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Preface 

The CNS/RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its 

application has been held during March 18-19, 2004 at Nishina hall of RIKEN Wako 

campus. 

The purpose of the symposium was to discuss recent progress in the field of 

gamma-ray spectroscopy in both high spin and high isospin as well as recent 

development of advanced gamma-ray detectors. 

Main topics discussed were 

• 	 Latest frontier of gamma-ray spectroscopy on high-spin, high-isospin nuclei and 

hypernuclei 

• 	 Development of gamma-ray detectors 

• 	 Application of gamma-ray detection techniques 

• 	 Perspectives for nuclear physics with gamma-ray detectors 

• 	 Other related topics 
In the symposium, more than 60 people, including 7 from abroad, participated. 

Good presentations and valuable discussions were made. We hope this symposium to 
be held every two or three years to continue and develop international cooperation 

and to stimulate physicists in: the fields of high-spin and exotic-nuclei studies. 

This symposium was supported in part by Grant-in-Aid for Scientific Research of 

the Ministry of Education, Culture, Sports, Science and Technology of Japan, Grant 

number 15204018. 
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Effect of weakly-bound neutron levels on pair-correlation and 
deformation : its implication in neutron-drip-line nuclei 

Ikuko Hamamotoa,b 

a Division of Mathematical Physics, LTH, University of Lund, Lund, Sweden. 

b The Niels Bohr Institute, University of Copenhagen, Blegdamsvej 17, DK-2100 Copen

hagen 0, Denmark 


A characteristic feature unique to the weakly-bound neutron systems is the importance 
of the coupling to the nearby continuum of unbound states, as well as the impressive role 
played by weakly-bound neutrons with low orbital angular-momenta P. Weakly-bound small
£ neutrons have an appreciable probability to be outside of the core nucleus and are thereby 
insensitive to the strength of the potential provided by the well-bound nucleons in the system, 
while the wave-functions of weakly-bound large-£ neutrons stay mostly inside the nuclear 
potential. 

In a given spherical nucleus the occupation probability of low-£ orbits in the presence 
of pair-correlation decreases considerably already when the one-particle energy approaches 
continuum. When one-particle levels enter into the continuum, the low-£ orbit soon becomes 
almost unavailable for the many-body pair-correlation. In contrast, the contribution to 
the pair-correlation by high-£ orbits which have one-particle resonant levels with narrow 
width in the one-body potential may be formally estimated in the BCS approximation using 
the resonant energies, though the associated wave-functions are indeed bound-state wave
functions. One also finds that the effective pair-gap of weakly-bound low-£ neutrons is much 
reduced compared with that of neutrons with larger £ values. 

Though in medium-size spherical nuclei the number of neutrons that occupy the levels 
with, say £=0 and 1 may not be a significant fraction of the total, in deformed nuclei the 
components of the low-£ orbits spread in essence over all :.Jilsson orbitals with small 0 values. 
The structure of one-particle levels in deformed ,B-stable nuclei is known to be approximately 
expressed in terms of asymptotic quantum numbers [NnzAO]. Weakly-bound neutron levels 
in deformed \Voods-Saxon potentials are studied in the absence of pair-correlation. It is 
found that for weakly-bound neutron levels with 011" 1/2+ the 81/2 component becomes 
overwhelmingly dominant as the binding energy of the levels approaches zero, irrespective of 
the size of deformation and the kind of one-particle orbits. This also means that the major 
component of any weakly-bound 011" 1/2+ neutrons in deformed nuclei must be 81/2 and 
thereby would exhibit halo phenomena. Consequently, all 011" = 1/2+ levels, which lie close 
to or in the continuum, become practically unavailable for both deformation and many-body 
pair-correlation. 

I plan to talk about what is outlined above, showing some concrete numerical examples. 
If I list our own publications on the subject, then : LHamamoto and B.R.Ylottelson, 
C.R.Acad.Sci., Ser.IV, 4, 433 (2003) ; Phys.Rev. C68, 034312 (2003) and to be published 
in Phys.Rev. C ; 
the part related to deformation: LHamamoto, submitted to Phys.Rev.C. 
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00 

:l)O~-~c&~~~~~~. 

~~'-'f"'~~~~~, Jr ~~~~~, 
s+-~ tAr~-~.~ i1t.- '(;.o-~...... W~-1~~ 
1~.7~, 

1{t";(f) == ! E Rt;m(r) Ytjm(f), 
r tj 

which satisfies 

H'Pm cm'llfm. 

The coupled equation for the ~adial wave-ftlIlction is writteil as 

tP l(t + 1) 2m . ) ,2~
(dr' - --;:r- + p-w.- V(r) - V,.(r» ~m(r) i""#<YIJ'" IV~ I 'Ytl"JRIi'm(r) 

~ 

VCr) = Vws f{r) 

V~(i? ;::: -f1~(r)Y20(f) 
, (A)2 1dl(r)~.(r) = -Vwsv ',- '. - -,.-(6.1)

2 T ar 

1 

k(r)= BVws#,{r)dr' . 

asymptotic behavior of.R.,;;.,(r) for r -+ 00 

Rtim ex: r ht(fJr) 

where ht(-iz) ~ it(~) + i1i(z) 

~ 
2me",

{J2 --rr-

The normalization (.,"Ondition is \\'ritten as 

L [00 I Rljm(r) 12 dr = 1 
IJ 10 
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.. The odd-parity excitations in Table 5·8 have this symmetry, but very small 
1.1 	 matrix. elements of P, since this operator obeys the selection rules An, = I. 

AA=Oor Anl-O. AA"",l. Hence, tbepro~rties of these e.xcilations are not 
expected to be significantly arf~ted by.thcvemovaJ of the spurious degree of

0.9 freedom associated with the center~of-mass motion. 
0.8 Decoupling parameters

~ =0.7 The clu$ification in Table 5,.8 is further supported by qi(!a$Urelllents of 

.0:g 0.6 variou.s,propetti~ C)fthe intrinsic sta~. ThQ$j. theox~_ly~tetmined,. 
decoupUngpawnettrs lor,the X- t/2 band,S·~ giv~~ T.&te ~8 ~d'cane 0.5 a. be~ witA:the tbeotctk:a1 values 1i&ted.(~~~'tIl~~.tion.

O~4 The theOteticalestimates are obtained frQm"t:q; (~'(~'wi~~e WJvc 
functipqs in Tab!b 5-9, and arc seen to~. ~i,t~jioa of tbe 

0..3 cu..rac:~~diffue&lces o~6{Ved fot ~C; .~~~~*" ... bf . the0.2 
difrc"nt.~ds.·Pc>r Qlc o.rbitSl2201/2] ~d{'»U~~~:~v.eespeci.tly 
large mOM(mu of inertia.hi~cr-otder [otado,.111 cO~ e(f~ts QUi be 

0.1 	 impo~L StICh'effects may '& r~nsible fOr the theor~tieatundere$timate0. .. 0 
... of Q for theseban<is; see the discus$ion on p. 308: 

-1 o D.,..-~ 4l,·r v.,... Yi., ~~~xtJ.,• 
r-' 
o 	 SJ{";'~ (N"JAO). j= J/2 j=3/2 1.,:,,512 j-.1/2
I 

"..rf... 
[IOlJ/~J 0.,920 0392,.../1;', ttl 
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,,,,,;~ ~ 	 ~.().l36 0.972~d'llt}01Vl'-fl~ £,.J.., [~SllJ 	 1.000" 0, f-J ,t::;:411; 	 0.135 0.5333.'15 [llJ liZ! Q§J2~Yao~~ .D.fitJf:o."1 laoQ.f/2k 0143 -0.615 O.l65 

[202 3/2) 	 0.912 0~236,L.o.~. 
150 (330 I /21 0~279 -0i646 -0.188 0..6&5 

us t .... 5-9 Sin~pa~ ,wave functi0a5 for nqa with 19~ A <:~.""cabtc 
13 ~ves tII~ .pUsi(JA ~rtiQe61J (NfJOI,,) of thll': 0IM-<~41~ " labctt:<i ,by
",: 

the UympCotic, ....'U1'D Jl1unbcms [Nnv\Q]. The wave{~ atcobtaiMd -~l.OO @ from ~ HamiltoaiaA (S-tO) employina the parameters of Table $-1 and the 
defonnalion.i.!:JU. The:: phases are as in Table 5~2b and Eq. (S-11) . 

.......... -......... 
2.75 ""'-"-- --------------	 Y M / - and GT-malrix elements fOI A == 15pt,oz __ - [IOI'fd 

HO The empirical evidence on M t moments in the (202 5/21 and [211 1/21 
--------~:::~~--,~,--- bands in 2SMg and 2sAI is caUeeted in Table 5-10 and is analyzed on the 

basis of expressions (4-87) and (4-88). for the K= 512 bands. the: constancy
2.2S ----- ® .......... , ....... ~ [IlOI.,l 


of the quantity (gK -. gf() derived from the different matrix elements provides 
A tests of the rot:ttional coupling scheme. 
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Nuclear dynamics at the barrier with gamma rays 

G. de France, GANIL 

The EXOGAM gamma ray array has been designed to optimize the use of radioactive 

beams from the SPIRAL facility, which delivers beams since fall 2001. The solid 

angle coverage, hence the efficiency, has been maximized to run low to medium 

gamma ray multiplicity spectroscopic studies. Furthermore background rejection 

(e.g. from the radioactive nature of the beam) and anti-Compton shielding is 

performed with BGO and Csi scintillators surrounding high resolution Germanium 

detectors to preserve good peak to background ratio. This efficient setup has also 

been used to study nuclear dynamics at the Coulomb barrier. 

A long standing question in nuclear physics is related to wether the fusion cross 

section is enhanced around (or below) the barrier or not when loosely bound 

projectiles are used. To adress this question, we have performed a serie of 

experiments using stable, tighly bound (4He), and radioactive, loosely bound 

(6,8He) projectiles leading to the same compound nucleus. The alpha particle 

experiment has been performed at the Pelletron laboratory in TIFR, Mumbai while 

the radioactive beam runs were made at the SPIRAL facility, Caen. 

In addition to fusion, transfer, breakup and inelastic processes occur at energies 

around the Coulomb barrier. Charged particle detection was ensured by an annular 

Silicon strip detector mounted at forward angles. The cross sections for the various 

reaction mechanisms have been measured by analyzing single gamma ray spectra as 

well as charged particles-gamma ray coincidences. 

Results from these runs will be discussed and the setup will be descibred in some 

details. 
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Nuclear dynamics at the barrier 

or 

6!'{-ray spectroscopy with radioactive beams: a 
tool to study reaction mechanisms at the 

Coulomb barrier, 

G. de France, GANIL 

gamma04 symposium, eNS, 2004 

GiANit... 

Outline 

·GANIL facility 

-Fusion reactions involving 6,8He 
-Motivations for these experiments 

-The runs 
-Results and interpretation 

-Conclusions 

-Shape coexistence (some prelim. results) 

-EXOGAM 

GiANi!... 
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SPIRAL - RIB: 
He, N, 0, F, Ne, 
Ar, Kr 

E < 20A keV 

E= 1.7A-25AMeV 

Stable beams from C to U 

E = O.3A - 1.0A MeV 

5A - 13.0A MeV 

27A-95AMeV 

SISSI - RIB 
E = 25A - BOA MeV 

Fusion involving 6,8He : 
Motivations (1) 

A. Navin, Y. Blumenfeld et al 

Sub-barrier fusion: 1 D barrier penetration model too 

simplistic (keep it for comparison): cr f(E)= TtA? L J (21 + 1) T, (E) 

1 , 

.~ 

10 I 
1St t>4 till liS 10 

Energy (MeV) 

0' f very much affected by: 
• the intrinsic structure of the colliding 
nuclei 
• the coupling of elastic channel to 
other direct reaction channels = 
modification of the barriers seen by the 
interacting nuclei: 

Barrier distribution measurements crucial: 
');>to recognize inelastic, transfer and 
breakup channels 
');> to include them in the calculations 

-15



Motivations (2) 

• 	 What is the effect of weak binding and g.s. structure of 
unstable isotopes ofHe on reaction processes at energies 
near the Coulomb barrier? 

-Fusion 
-Transfer, Breakup, Elastic scattering 

and with respect to the stable counterpart 4He 
~ 	model independent 

.. 	 Search for experimental signature for: 
Transfer involving weakly bound nuclei (6.8He) 
Relative importance of transfer vs. breakup 

Fusion with RIB/stable beams 
Target).- What is the effect of break-up on O'fus? nucleus 

}o> Any difference with fusion of (tightly bound) &~~stable beams? __ _ Fusion· 

. .. Or is it just a matter of detail? Weakly bOllnd 
prujtctUe 

Expectations: 
Enhancement due to the large radius 'halo 

structure' -lower barrier,coupling to pygmy 
resonance- (Takigawa & Sagawa, PLB 265 
(1991) 23) 

Enhancement below the 1 D barrier; reduction 
at the barrier (loss of flux due to breakup) 
(Hussein ef al., PRC 46 (1992) 377) 

Enhancement due to channel coupling 
(breakup) at energies below the barrier 
(Oasso & Vitturi PRC 50 (1994) R12) 1D-BPM 

Enhancement below the barrier and reduction 
above due to coupling to continuum 
(breakup) (Hagino et al., PRe 61 037602 Energy
(2000)) 

below and above (f\Jakatsukasa et al' J 

fUSI0!103 
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Experiments till now", 


.......-r--r-r-r--'l--r-~~~,......,..-r 	 M. Dasgupta et al. 
PRL82. 1395 (1999) 

____0- coupled chan nel s 

- scaled by O. 68 
• 	 complete fusio n 
c 	 complete + 

incomplete fusion 

35 40 45 	 50 

E c.m. (MeV) 

30 

1) a-decay 

>- Loosely bound Be isotopes 
usually compared to the stable 
9Be => Need to have a very clear 
and comprehensive knowledge 
of 9Be 

>- Very precise measurements of 
fusion cross section via a. decay 
of the compound nucleus (217Rn) 

>- Strong contamination with Po 
observed (> expected from Rn 
decay) => another source 

>- Due to 9Be break up => 
incomplete fusion 

! Break up of gBe induces fusion suppression." 

Experiments till now.,. 

",., . .. "" . 
7U + 165Ho 

• 	

.0103 	 " •. • 
• 	.,'!J 

f 
101 

,/:J 	 ~ - :t··t a 
• CF (7Li)l? 

ID-BPM (7Li) 

10 1 c CF (6LO 
.at. BUF (t,2n) 
L:;, BUF (d,ln) 

10° ~~~~~~~~~~~~~ 
20 25 30 35 40 45 

E c.m (MeV) Due to 7Li break up: 

suppression above Vb 
V. Tripathi at al., 

PRL 88. 172701 (2002) 
 enhancement below 

-17

2) y-decay 

>- Measurement of 7Li and 
comparison with 6Li 

>- Measurements of fusion cross 
section via y decay of the 
evaporation residues (2n to Sn 
channels) 

>- Measurement of breakup
fusion (t,2n) and (d,1 n) channels 



Experiments till now, ~ , 
3) fission 

.........-.-,.-.......,..---r-o--r--- M. Trotta et at 

~J r, c· ~.~. PRL84 2342 (2000) 
,10 

~ Measurements and • ~~. • 4.6He+ZSBU 
10": ~ comparison tightly/loosely bound .(;. 

nuclei.D- ......-- .....
E 10 

f'; ....··..1 l• " ,. ,,+.6He+209Bi ~ Measurements of fusion cross - .;" • x 100 J.J. Kalata et al.c 1 
0 .. PRL81, 4580 (1998) section via fission fragments '(j) 

-\..a 10 ...., ~ Huge enhancement below the 
10 barrier. Correction from neutron 

K. Yoshida at al. transfer induced fission 10 PLB3B9. 457 (1996) 

• 
0.8 1.2 1.4 1.6 1.8 

from N. AJamanos at 131. 

054606 (2003) I 
 ...Suppression or enhancement ? 1 

Experimental approach 

16.5<E1ab<34 MeV a 
19.5, 30 MeV 6He 

27 MeV sHe 
----~ ~-

p 
Projectile Target 

4,6,8He 63.65CU & 
 68Zn 65Cu188,190, 1920S 

68Ga 
y - ray array Peiietron, Spiral 

Intensity (pps): Intensity of low lying r6,8He: Annular Si CD detector
2x1010 a. transitions -7 a ERfor charged particle detection 
1-3.5x107 6He a E.R = (J' FUSION 

7x104 sHe 
(elastic,transfer & breakup) 

Particle galnma coincidence 
for tran,,~1er angular dt~lribulions 
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Setups 


Mumbai 


• 4 Compton suppressed Clovers 
• 14 BGO Multiplicity setup 

O.DIO ~ • mBa & 15~U I 
:.... 10 

II'..I 
II 

~ O.OOil·c 
!E 
~ 

!: 0.006 

= g 
:;?, 0004 

0.002 
0 200 400 600 800 1000 1200 1400 

Ey (ke'V) 

Setups 
Caen 

• Annular Si strip 
det. (16x16) 
.Plastic det. 
.Faraday cup 

o 200 4110 600 800 1000 12(m l-lOU 

• 8 Clovers (5 big) 

0.16 

g>-
0.14 

'u 
~ 

!E 0.12 
W 

3
<lI 

0.10 
o 
1)
< c).os 

0.06 

0.04 c.....................l---'-"..........,J.--'-".........J..~---.J..""'-'-----.l...~........c..~......,..J; 


Ey (keV) 
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Target thicknesses 


• Annular Si strip detector: 16*16 

• Osmium thickness measurement: 

- 184W target; known thickness 
530Jlg/cm2 

- Rutherford scattering peak + 
simulation => efficiency 

- 63CU+1900S 

0.78 +/- 0.16 mg/cm2 

- 65CU+1900S 

1.04 +i- 0.21 mg/cm2 

·"First"? Singles y -ray 
measurements with RIB to 
obtain fusion and transfer cross 
sections 

-y-rays observed in 
coincidence with charged 
particles ~ transfer, 
incomplete fusion ... 
-Dominance of 65,66CU for 6He 

. 63,64CU for 8He 

[ Cross sectionso])tained 
from the above y-rays 

-20

6He (Rutherford) --+

4He (breakup) 

6He+184W \@30MeV 

Results 
'I-Ie'" "'eu· 19McY 

;> SINGLES 
" 

~ 40 - I 
§ 
3. 
~ 20 
c 
::l 
o 

U 

i 

400 

o~~~~~~~~~~ 
ISO 300 4S0 t)()O 7$0 

E,(keV) 

61 40030 'i "He.;. hleu • 27M.:V 
>u 
.:J, :...l:I > 
.,., 
("·1 l! ! I • • ,.it Iio 20 . ~ .. •. !( I.l u 

I
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+8 ).11 . 

x 
';; lQ 
C 
::J 
o 

U 

o !J 

o 

j l ..0 

0 300 t.i)O 900 

I.. ~Hc + MCU • 19.:5McY ..,IJ'c·u 

• "~Cu· Iii it .. 7 .1 
SOO E . 1000 1500 
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Results 
103 

...
• • 0 

0 
6 t'>. 

00 

o ~R ~ 
0 

15 20 25 30 

Ecm (MeV) 

1 03 r:-r-.,..-,-...-,-..,......,.....,.....,...-;-r~-.--,.....,..-.........-....., 

-Comparison of evaporation 

residues with statistical model 

calculations (CASCADE with 

Ignatyuk level density formalism; 

a=A/9) for 4.6He + 65Cu 


-Good agreement for all channels 

in the case of a + 65CU but 

Large discrepancy in cross 


section for 66CU in 6He+65Cu 


Evidence for non compound 
nuclear process ~ transfer or 

cf,rf3JC[ reaction channel 
contribution? 

Results 

Similarly for 4,6 He + 63CU 

Larger cross-section for 64CU 
as compared to CASCADE: 
transfer to continuum, 

I incomplete fusion? .. 
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15 20 25 30 35 

E.m (MeV) 

102 
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~ 101 ~ 

.0 0.. 
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1500
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::3 Cl5"'0 ...... 

1000 


Q) I 
'(j5 0 

0:: 
500 
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10 1 

4He+ 63Cu 

• 660, 
• 66Zn 
... 6~Zn 

... 6lCu , 

1 03 h-+-t--IJ+--+--t--+-+-t-T--+--t-+-i~;-t-~ 

• 661-0 
... MZ:n 

• Me. 
• 6lCu 

olCu 

35 



Particle -1 coincidence: 6He 
Transfer Q-value spectra; charged 
particle spectra gated by 65,66CU for 6He 3000 

,Large spectroscopic factor of a+2n 
2000configuration for the g.s. of 6He 

"'C:I 
~ 

>;"Observed Q-value spectra consistent 1000 


with transfer, peaking at Qopt -0 as 

expected (6H e+65Cu ~ a +67Cu) 


0 

y Transfer (2n) to the continuum 300 


~ transfer followed by evaporation 
 ;:g 

~ measured ratio of residues consistent .~ 

200 


>
with expectation: 100 


E*»S1n-7 non-observation of 67CU 


E* - S2n -7 observation of 66CU 0 


E (MeV)
~Similarities of 2n transfer in 6He and 
8He (except peak at low energy: a 
evaporation? 4n transfer? .. ) 

(0) 

10 

22(x)o 

1 
::0 a 
0 

10 

'He+"Cu 
19.5 MeV 

E(MrV) 

'He+ 4UCu 
27 MeV 

w ~ ~ 
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Cross sections 
To obtain reaction cross section & relative 
contribution of transfer/BUF and breakup: 

-Reaction cross sections obtained from elastic 
scattering angular distribution 
-Larger reaction cross section for 6,8He compared to ex. 

-crR - (cr fus+ cr trans) =cr breakup 

cr trans  1.5 cr breakup 

Direct evidence of relative large transfer cross-section 
with RIB near Vc (335.:t50 mb at 19.5 MeV; 355::t50 mb at 
30 MeV) 
- 30% compared to complete fusion (projectile + target) 

-7implications on issue of adding transfer/BUF to 
fusion for comparing with models. 
-7additional constraint on CC calculation? 

5 15 25 

eem 

35 45 

a. elastic scattering NPA 147,107 (1970); NPA 388,573 (1982) 
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" 0,1
\:) 
-.. 

~ .. l"'"'\. ... 
6Hela '\"./''\..'-'/\.1 

\:) 

0.01 

0.001 [ 

'i:' 200 f
~ 
,.Q 

,§, 
Cl 100 

~ 
"C 

\:)<tl 0.1 
-.. 
\:) 

0.01 

• 'He + "Cu (E  17.9) O"l- 1502 mb " 
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What about Os ? 


• Coulomb excitation of 1900S 

OJ spectra from charged particle
y coincidences 

41 GE)XP ::: 300 +/- 28 
+/- 60 mb 

.. UCOULEX ::: 320 +/-30 mb 

" further confirmation of target 
thickness 

• Single y-ray 
spectrum at 30 MeV 
(Cu background 
subtracted) 

" nleasurement of 
3n and 4n channels 

... correction for 
branching ratios, 
feeding, isomers 
(i93Pt), etc. 

77 

1 
11 

Extracting cross sections 
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Extracting .cross sections." 


• 30 MeV results: 

- 0"4n - 345 +/-13 +/-69 mb 

- 0"3n - 62 +/-14 +/-12 mb 


• systematical error obtained from the FWHM of the 
target thickness distribution obtained from each 
ring/sector pair::::;> 20% 

• 19.5 MeV results 
- voie 3n ultra dominant 
- 0"3n < 11 mb 

Comparing cross sections.., 


-comparison 6He / 4He 

.. significant reduction of 
fusion cross section 
attributed to breakup of 6He 
but large error bars 
especially at the barrier 

.. interpretation in terms of 
loss of flux 

... ------~- ... ---------- ...... ---~- , 

( -+He) />.~~-- ---.~---

t/,4// 

/" 
l~ 

,:- 6 
4He + 1920S/t( He) 

6He + 1900S 
10 

f ! 
1 L __~ ______.~._.____.__~_.____'__..____._._.___ ....._1_._~ 

19 30 ECM (MeV) 
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Summary on fusion involving 6s8He 

• Using fusion with RIBs is not obvious (background, intensities,etc.) 
Even more delicate for building an excitation function with a cyclotron 

• ... but it works when triggering conditions, background,etc. are 
properly handled 

• Fusion and transfer cross sections measured with y -rays and Si strip 
with RIBs down to 107ppS (6He); 105ppS is the lower limit (BHe) 

• O'fus strongly reduced below and above the barrier for 6He as compared 
to 4He. Large error bars ... 

• Interpreted in term of flux reduction due to 6He breakup 

• Separation of transfer and breakup thanks to y-particle coincidences 

• Large transfer cross section measured (larger than breakup) 

Collaborators 


A Navin, V.lripathi, C.Simenel, Y. Blumenfeld, J.M, Casandjian, G. de France, 

A.Chatterjee, K Mahata, 

, K. Ramachandran, M. Rejmund, A. Shrivastava, , E.Tryggestad 

Many thanks! 
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Nano-second isomer spectroscopy of the 48Ca region 
through deep-inelastic collisions 

T. Ishii,l,* M. Asai,l A. Makishima,2 M. Matsuda,l S. Ichikawa,l T. Kohno,3 and M. Ogawa3 

1 Japan Atomic Energy Research Institute, Tokai, Ibaraki 319-1195, Japan 
2 National Defense Medical College, Tokorozawa, Saitama 359-8513, Japan 

3 Tokyo Institute of Technology, Meguro, Tokyo 152-8550, Japan 

* Electronic address: ishii@popsvr. tokai.jaeri.go.jp 

We have measured, rays from nano-second isomers produced in deep-inelastic collisions of 
8.5 MeV/nudeon 48Ca beams with a 198Pt target at the JAERI tandem-booster facility. The 
, rays from isomers were measured using an isomer-scope [1, 2], which detects projectile-like 
fragments by Si !:l.E - E detectors and absorbs prompt , rays emitting at the target by a 
tungsten ,-ray shield. Figure 1 shows a ,-ray spectrum setting the window for K isotopes on 
the !:l.E - E plot. This instrument also allows us to identify the mass number as well as the 
atomic number of an isomer by !:l.E distributions derived from ,-ray intensities. 

In one-proton-hole nucleus of i~K28, the 1('17/2 ~ dS/2 ~ s -;/2 cascade transitions were 

observed from the decay of the 7/2- isomer at 2020 keV with Tl/2 = 6.3(4) ns. The first excited 
3/2+ state in 47K was also found to be isomeric with Tl/2 = 1.1(3) ns. This transition is a very 
hindered l-forbidden M1 transition of B(M1; 3/2+ ~ 1/2+) < 5 X 10-4 W.u. The isomer with 
Tl/2 13(2) ns was also found in 48K and its level scheme was proposed. 

105 

104 

00 
~ 

~ 
~ 103 
0 

U 

102 

359 

"'''K 
1020 

47K 

]660 

101 

0 500 1000 1500 2000 

y-ray Energy (keV) 
Figure 1: A ,-ray spectrum of K isotopes measured with the isomer-scope. 

References 

[1] T. Ishii et al., Nuc!. Instrum. Methods A382, (1997) 153. 
[2] T. Ishii et al., Phys. Rev. Lett. 83, (2000) 39. 
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Nano-second isomer spectroscopy of the 48Ca region 

through deep-inelastic collisions 

T. Ishii, M. Asai, M. Matsuda, S. Ichikawa 

Japan Atomic Energy Research .lnstitut 

A. Makishima 
National Defense Medical Col/ege 

T. Kohno, and M.Ogawa 

Tokyo Institute ofTechnology 

\iIIl:'!t!.....inal ECR ion source 
--New·tubes 

';±~up~r-coll<Jucting booster 
·::<750kY·i40QWR = 30MV 

Experiments 
1. [)(;\cp-I nelastic Collisions 

48Ca(8.5MeVIA)+198Pt(4mglcm2) 

2. Isomer-scope: y-shield + Si(ilE-E) + Ge 
y-rays from isomers with T112>1ns 
identification ofmass numbers 
in-planelout-of-plane y-rayanisotropies 

I~esults 

1. ~n 19K 28 isomers 

f712 ~ 1 M2 transition
d312

11 ~ - very hindered L-forbidden Ml transitiond312- 8 1/2 

< 2 X 10-4 W.u. 
2. -LX 19 Kzt) level scheme 
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Isomer-scope 
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I I 

• 47K 
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~ 
~ 
+CI}e.
--CI} 
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47 K d -1 --+- S -1 < 9 xlO-4
19 28 3/2 1/2 


49 S d -1 --+- S -1 7(2) xlO-4
21 C28 3/2 1/2 

39 K S1l2-1 --+- d3/2 
-1 0.025(3)19 20 


207 TI d -1 --+- S -1 0.022(5)
81 126 3/2 1/2 


209 B·

83 1126 f7/2 --+- h9/2 3.8(4) xlO-3 

A. Arima and L.J. Huang-Lin, PL 41B(1972)429 

y(2) x s core polarization 

meson exchange 

cancellation 
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Summary 


• Using 48Ca beams and the isomer-scope, 

ns-isomers in 47K and 48K were found. 

• The L forbidden nd3/2 --+ Sl/2 M1 transition 
in 47K is very hindered « 1/2000 W.u.). 

• A level scheme of 48K is proposed. 
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SPECTROSCOPY OF LEAD AND TRANS-LEAD NUCLEI USING AN 


EVAPORATION RESIDUE DETECTOR +#
. . 

W. Reviol 

Chemistry Department, Washington University, St. Louis, MO 63130, USA 

The spectroscopy of light lead nuclei and of Z > 82 nuclei produced in fusion evaporation 

reactions is hampered by the presence of a large fission background. In particular the in-beam 

spectroscopy of these species requires a "filter" or "tag" to separate the gamma rays of the 

evaporation residues from those of the fission products and other sources of background. There 

are several solutions to this problem, among them the direct detection of the evaporation 

residues by time-of-flight and pulse height with a dedicated detection system. 

The Washington University group has built a detection system for evaporation residues 

consisting of 64 fast plastic scintillator detectors arranged in four angular rings. Its main 

characteristics are a large solid angle coverage, a high granularity, and a fast timing. The 

detection system is called HERCULES, an acronym that stands for "High Efficiency Residue 

Counter Under Lots of Elastic Scattering", and it is optimized for experiments in conjunction 

with the Gammasphere array. 

For the commissioning run of the Gammasphere plus HERCULES combination, the 

48Ti + 142Nd reaction at two different beam energies near the Coulomb barrier has been used. In 

this experiment, new spectroscopic information on yrast and near-yrast states in the very 

neutron deficient nuclei 186Pb and 186TI has been obtained which were populated in the 4n and 

3pn fusion-evaporation exit channels, respectively [1]. 

The talk will cover (i) a description of the HERCULES system and its performance, (ii) a 

presentation of the physics results from the commissioning run, and (ii) a very brief outlook for 

spectroscopic studies in the actinide region. 

+ In collaboration with D.G. Sarantites, C.J. Chiara, O. Pechenaya, and L.G. Sobotka. 

# Work supported by US DOE. 

[1] W. Reviol, et aI., Phys. Rev. C 68, 054317 (2003). 
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Spectroscopy ofLead lind Trans..Lead 

Nuclei using an 


Evaporation Residue Detector 


W. Reviol, D.O. Sarantites, C.J. Chiara, O. Pechenaya, J. Elson, and L.O. Sobotka 

Washington University, st. Louis, Missouri, USA 


"Frontier ofgamma-ray spectroscopy and its application" 
RIKEN, Wako, Saitama, Japan, March 18-19, 2004 

03/18/04 

Washington University; HERCULES in Gammasphere, August 20, 2002 
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Detailed t.pectroscopy in actinides and light lead nuclei ... 

Problems: 
- A 100 mb fusion cross section but> 95 % of it lost in the fission channel; 

+ -- 500mb Coulex and transfer. 
Inner ball gating on mUltiplicity of evaporated protons, a's or neutrons 

is not selective (too many channels are open). 
• Z-identification of residues by ~ExE (ion. chamber) does not work either. 

A "tag" is needed! 
Solutions (pluraI!): 

Recoil mass separation and Recoil Decay Tagging. 
)

)

Clean spectra - low cross sections - good identification capabilities! 
Limitations due to spectrograph angular acceptance: 
Low efficiency and choice of beam-target combination. 

Limited applicability ofRDT (500 ns ~ t i /2(a) ~ 500 J.ls). 

)
)

Direct residue detection by ToF and Pulse Height. (HERCULES) 
Limitation due to presence of elastic scattering: "somewhat dirty". 
Almost no identification capability. 

)

Isomer Tagging near the target. 

Applicability limited and no identification capability .. 

03/18/04 3 

Design Considerations for HERCULES 

• Fabrication of thin (1.0 mg/cm2) and unifonn plastic foils: (Stop only the ER's) 
• (2.5 mg/cm2 to stop Fission Fragments) 

• Response of scintillators to heavy evaporation residues: (Ensure high trigger 
efficiency a ICllv Ekin and high Z) 

• Radiation damage from elastics: (Control loss in pulse height, compensate for it) 

• Fast electronics recovery: (Achieve full recovery in IOns) 

• High segmentation in the array: (Reduce rate in each detector) 

• GeOlnetry: (Must have ERs reach the detector before next heam hurst) 

Parmneters 

03/18/04 

Ring # Dets Angular Range MsrlRing 

1 8 3.20  7.1 0 41.3 

2 14 7.10 - 11.20 73.8 

3 18 11.20 15.20 102.6 

4 24 15.20-19.1 0 128.4 
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i ......~.~J 
! 64 deL's 
I in four 
I • 
! nngs
i._ ..._____._ 
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Scintillator -·Photomultiplier System (Front View) 

Source Measurements 


• 	 252Cf: H.F. = Ba-like (Z=56),L.F. = Mo-like (Z=42) 

• 	 Detector thickness 0.97 to 2.5 mglcm2. 
Spin coating, unifonnity ..... 1% ! 

• 	 Light output as a function of Z and E 
Source plain and with Al degrader foils from 0.25 ~ 2.92 mg/cm2 : 


Eincident = 82 - 6 MeV. 


• 	 Identification of HF and LF for whole E range. 
---	 Measured Pulse height and ToF at 20 cm source-detector distance 

Use CsF y-detector as trigger. 

03/18/04 
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<Eabs>=11 MeV 
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<Eabs>=20 MeV 

~ ex randOJTIs 
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.I 
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Light Output Measurements with 252Cf Source 
HF: like 1468a, LF: like 106Mo, 

(Detector to Source dist.=20 cm) 
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Light Output as a Function of E and Z 

Energy of Fragments -- AI degraders 0.15 - 2.88 mg/cm2 

Detector Thickness 0.97 Ing/cm2 

500~~~~~~~~~~~~~~~~~ 

Ba-like (HF) •:c:
Mo--like (LF) 
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Overlap for E < 40 associated with d E/dx versus E 
behavior below the Bragg-peak. . 
d E/dx decreases with decreasing E but quenching 
of light output decreases also (Z-dependence of03/18/04 8
quenching disappears). 
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Accelerator Experiments 


• 	 Response to Heavy Evapor. Residues (6 hrs). 
Elastic Scattering of 160 MeV 197Au on 197Au (ATLAS). Prototype HERCULES 
detectors at angles 5° < Blab < 120° , Si detectors at symmetric angles. See also 252Cf 

source measurements! 

• Radiation Damage by Scattered Beam (2 d). 
4°Ar + 170Er·at 210 MeV and 5 pnA (ATLAS). Prototype HERCULES detectors at 5° 
and 9°. 

• Test I{un at Gammasphere (1 d). 
48Ca + 126Te at 210 MeV (88-Inch). Full HERCULES device and 100 Compton
suppressed Ge detectors. 

• 	 Commissioning Run at Gammasphere (6 d). 
For set up: 48Ti + 126Te at 230 and 238 MeV (6 hrs), 

48Ti + 142Nd at 230 and 238 MeV (88-Inch). Targets with various thicknesses. Blocked 
the first ring for e5 6°. Trigger: y 4, 

03/18/04 

1 Radiation Damage ofthe Scintillators I· 
1000 ff ! 
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The Commissioning Run for HERCULES at Gammasphere 


A series ofexperiments were carried out at the 88-Inch Cyclotron at LBNL 
in a 6 day run: 

(1) 21S-MeV 48Ti+126Te (0.74 mg/cm2 on 0.3 mg/cm2 Au). 

(2) 238-MeV 48Ti+126Te (same target). 

(3) 230-MeV 48Ti+142Nd (1.1 mglcm2; 0.] 6, 0.48 mg/cm2 Au). 

(4) 230-MeV 4RTi+142Nd (0.46 mglcm2 ; 0.1,0.37 mg/cm2 Au). 

(5) 238-MeV 48Ti+142Nd (same target). 

(6) 238-MeV 48Ti+142Nd (1.0 mg/cm2 ; 0.84 mg/cm2 Au target stack). 

The Setup,' 
HERCULES at 31 cm from the target; S.6° - 19.10 coverage. Gammasphere with 102 

detectors. Trigger: y4. 

The nuclei ~finterest: 186Pb+4n and 186Tl+p3n. 

The Bass fusion cross section is ~ 180 mb and the evaporation residue (ER) cross section is ~ 1 
, .. . 

03118/04 11 

48Ti+126Te at 238 MeV 
(0.74 mglcm2 Au backing) 

9:- 17.2° 

200 600 

Time offlight (0.5 nslchannel) 
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48Ti + 142Nd 

@ 230, 238 MeV 
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lCoincidence Spectra 

lR6Tl + p3n 
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Only the 276 and 322 keY 
trans. were previously 
known (Kreiner et al. 
PRL 47 (1981). 
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186Pb candidate non-yrast transition.s: "minlmum" 
conclusion 

• 	 The 425- and 554-ke V transitions carry at most 10% relative intensity 

each. 


• 	 Any non-yrast structure in 186Pb is by at least one order of magnitude 

weaker populated than the yrast band. 
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Summ.ary and Conclu.sion 

• 	Presented a detailed description of the HERCULES detector system. 

• 	 Showed that HERCULES performs in experiments at Gammasphere 
as expected and presented first results from its commissioning run 
(l86Pb, 186Tl). ' 

• 	186Pb: Established E2 character of prolate yrast band and saw 
candidate non-yrast states. 

• 	 186T1: Observed low-lying weakly-deformed (oblate) structure. 

• 	F or detailed spectroscopy in the presence of a large fission 
background, various, complimentary methods and setups are needed! 

03118/04 	 22 
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Instability of nuclear wobbling motion and phase transition 
to tilted axis rotation 

Masayuki Matsuzaki and Shin-Ichi Ohtsubo 

Department of Physics, Fukuoka University of Education, 

Munakata, Fukuoka 811-4192, Japan 


We study a possible correspondence between the softening of the wobbling mode and the 
"phase transition" of the one-dimensionally rotating mean field to a three-dimensionally rotat
ing one by comparing the properties of the wobbling mode obtained by the one-dimensional 
cranking model + random phase approximation with the total routhian surface obtained by 
the three-dimensional tilted-axis cranking modeL 
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Figure 1: Left: triaxiality dependence of excitation energy of the wobbling motion, right: 
cross sections at the x-y plane of the energy surfaces of the [(vh9/2,f7/2)2(7rhll / 2)2h6+ four 
quasiparticle configuration in 146Gd, calculated at nWrot = 0.25 MeV with C2 .0.19,.6.n 0.8 
MeV, and.6.p = 0.6 MeV. 

Th~ anharmonicity in the observed wobbling mode in 163Lu is also analyzed. 
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Figure 2: Energy surface of the triaxial superdeformed configuration in 163Lu as a function of the 
tilting angle (B, cp) calculated at nWrot = 0.5 MeV with C2 = 0.43, r = 20°, and .6.n = .6.p = 0.3 
MeV. The interval of contours is 100 ke V. 
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InslabUity of nuclear wobbUnClmet'en 
and phase tra:n'sitlon to tUtes aJfiS rotation 

Masayuki Matsuzaki, ShHchi Ohtsubo 

Introduction 

spherical , )I axial . . ~ triaxial 
:-tt..,ftenmg of sotlenmg ofI I 
quadnlpo~ Vlb ~ Y vib. ~ 

one-ditn. rot. one-dim. rot. .. three-dim. rot. 
(PAR) (PAR) !;{}tleniug (tf (TAR) 

wobbHn,g 
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• 	RPA based on cranking model (al'a Marshalek) 
give.s wobblin.g motion: 
• 	excitation energy (in rotating tram'e) 

nwwob = IIWrot 

. 	'. I' . ·rt· (eff) ( ..' . (eff), )• dynamlca Ine 18 J y Wwob),\.1z ((.(.;'wob, 

9il , .••.~~...,.•. "'.•..•.-~,..'.'......... "......-.-.... ~..... 

IIG (h} 

! 
I 

l , 
~~-~ 

n 10 .2{)\n 40 ~, NI 

7 (dcs) 

f') 

HI Z~~ 311 40 5<1 6\) '0 I') ;W 

r(@j;1 
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· u , 

146GdTiited A~;5Cra!1king 


. hw'rnt = O.25~1~~V, €2 = 0.19 ) 

( ~" O.8MeV, All = O.61vleV 
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Mlhll~i"~_wm .t.tes 
(l63Lu) 
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16~Lu. Total Routhlan, hC1><zO.5, Y'=~O 

TOlal RoothU,tn (MeV] 

90 1

.l 0 

.. r· :,~ 

Summary 

• Correspondence between RPA and TAC is g09d .' 

• Theo.reticaHy, instability of wobbling leads to tilted . 
axis rotation - "Phase transition" . 

• Anharmonicity in 2 phonon wobbling 
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Three- and four-body structure of light hypernuclei 

E. Hiyama1 

High Energy Accelerator Research Organization(KEK), Tsukuba, 305-0801, Japan 

One of the main goals of hypernuclear physics is to investigate the hyperon-nucleon (Y N) 
and hyperon-hyperon (YY) interactions. Interesting and important hypernuclear few
body problems contribute. To solve the three- and four-body problem precisely, we employ 
Gaussian:..expansion method (GEM) [1,2) which has been successfully applied to calculate 
properties of various bound three- and four~body systems. The basis functions describe 
well both short-range correlations and the long-range tail. Here we emphasize what is 
interesting and important from the view point of hypernuclear physics., Along this line, 
the recent epock-making experimental data and the related our theoretical calculations 
are reported. Then, the following three subjects will be presented: l)In order to obtain 
useful information on the Bpin-orbit force of the YN interactions, The discussion on the 
energy splittings of the 5/2+ - 3/2+ doublet in ~Be and 3/2- - 1/2- doublet in ~3C will 
be performed on the basis of three- and four-body model in connection with the recent 
high-resolution "(-ray experiments done at BNL-E930 and -E929. 2)Energy level of double
A hypernuclei, lAHe, lALi, ~ALi, ~ALi, ~ABe and ~~Be are predicted on the basis of the 
Q+x+A+A four":body model with x = n,p, d, t,3 He and Q, respectively Here, an effective 
AA interaction is constructed 'so as to reproduce, within the framework of the Q + A + A 
model, BA of ~AHe which was observed recently in NAGARA event of the emulsion 
experiment. The Demachi- Yanagi event, identified recently as ~~Be, is interpreted as an 
observation of its 2+ excited state on. the basis of the present calculation. 3)The four
body calculations of AA H taking both N N AA and N N NS channels are performed. And 
importance of the role of AA - SN coupling in this system in order to make this system 
bound will be discussed. 

References 

1. E. Hiyama, Y. Kino and M. Kamimura, Prog. Par. Nucl. Phys. 51, 233 (2003). 
2. M. Kamimura, Phys. Rev .. A 38, 621 (1988). 

1 work corabollation with M. Kamimura, T. Motoba, T. Yamada and Y. Yamamoto 
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Recently, ·hvpernuclear physics has been excited 
Three- and four-body structure of light 

by obtaining some epoch-making experimental 
hypemuclei 

data. 

,<£~-E37 .3 kEk--E?f>D 

I 
Cl 
.+:::.. 
I 

E. Hiyama (KEK) 

M. Kamimura (Kyushu Univ.) 

T. Motoba{Osaka E.C. Univ.) 

T. Yamada{Kanto Gakuin Univ.) 
~e "8I\f\e. J.N 

Y. Yamamoto(T suru Univ.) ~-

- The pwpose of my talk: . ' rTo introduce those dIIta r.port.ed and to discus~ 
i our theoretical 3- _ 4-body structure studies . 
I 

related those data. 

http:r.port.ed


In near Mure, at T JLAB, BNL, DA <J) NE and 

A new facility, J-PARC at KEK-JAERI and 

PANDA project at GSI usingp beam, they are 

Planning to produce many single 1\ hypernuclei 

and double 1\ nypernuclei. 

I 
C11 
C11 

I 

• 	Why is it interesting and important to study 

'structure of light hypemuclei? . 

• Why do the facilities intend to produce so many 

hypernuctei? 

Answer 

[1] 


One of the major purpose of strangeness nuclear 


physics: 


r·o· understand the baryon-baryon interaction. 

However, since there are very limited YN 


v.atteriog 4Itt and no YY data, YN and YY 


interactions so fw proposed have a large degree 

.' ... 

of ambiafty. 


In near fub.n, J-PARC facility, as for the YN 


scatterinl diIta, they arepianning to do this 


experiments. 


However, even at J-PARC facility, it is very 


difficult to perform YY scattering experiment. 




Therefore, it is very important to obtain 

information about YY interaction from 

spectroscopy experiments of many double 1\ 

hypemuclei. 

For this purpose, it is planned to produce many 

double 1\ hypemuclei at J-PARC and GSI. 

, 
01 My con1:ril»ution ----------- 0) , 

....stand the hypemuclear structure byrTo 

I 	. performinc OW' 3- and 4-body calculations and to 

Use this structure information to understand the 

YN and YY intenctions. 

How t«> CtnstJ'Rln YIJ s,,'r, - Drbit -R>r{e 

Successful example: .l..Se ,~c 

I;JC
/l. 

BlJL-E?J.? 
~8e 

BIJL-~?Jb 
· Meso., ~ 

· ~rk held 
What types of spin-orbit interaction is favor for 

explanation of the experimental data? 



---

L.eve \ stl'\{c:N1'! o-f A" 7to to clOo.Ibk. A '7rerl,IACI,., 
Why it is interesting and important to study of light 

hypemuclei? 

[2] 


How largely is·the nuclear structure changed when 


A pa1:icle is injected into a nucleus or unstable 


nucleus? 


We can predict novel dynamical change using 


few-body calculational method. 


I 
CJ1 
-.;a 

Exampkt: ~ 'AHeI 

:1-.' ~8t 

t\" r,J, t I 
, 
sHe ' fA l~e 

%.He 
W~At is ih'tmsti"3 i" st~1 of A" 7t-'O cl",b/«. It. 
~)TertMAJe~'? 

"b
AI'Df 

---------_ ........... 




Outline of my talk 

[1] 	YN spin-orbit force and l..Be andlC 

[2] Energy spectra of A=7 to 9 double 

A hypemuclei 

[3] Neutron-rich hypemuclei, ~H~ and~He 
I 

C.1l 
(Xl 

I 

Gaussian Expansion Method 

de.lfe.1ore.! b, ~rshA U",V. 

~""'r-et 
(1) 3-cluster structure of light nuclei 

(2) Coulomb 3-body muonic moleclllar ions 

appearing'in the muon-catalyzed fusion cycles 

(1987---) 

(3) 3-nucleon bound states with realistic NN and 

3N force (1988) 

(4) 	 Meta-stable anti-protonic helium atom 

(He+++p+e)(1995---) 
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Gaussian Expansion Method - >Hypernuclear Outline of my talk 

s1cture 

[1] YN spin-orbit force and ABe and lAC 
Study of the YN and YY interaction [2] Enerav spectr-. of A=7 to 9 double 

1\ hypernuclei 

[3] Neutron-rich ~, 'He and 1He 

~ E. H1."'~, r )cll'lD pw,J M. ~"'ilrffl"I 

~ ;,. f:..,"'.cle a,,; N'u.c.le... rJ"S{IS. 

v.t t/ (~~) ~lJ- .1.7. 
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Since there are very limited YN scattering data 

and no YY data, then it is absolutely to extract 

useful information on YN and YY interactions from 

Strucbwe studies of many kinds of light 

hypenwdei systematically. 

I How· te constrain the YN and YY interactions? 
0')-I 

Successful example in the case ofYN spin-orbit 

force and single A hypernuclei. 

Two types of YN spin-orbit forces proposed so 

far. 

(i) based on Meson theory 

(ii) based on, constituent quark model 

To compwe these two-types of potentials and 

discuss their validity is one of the most 

fashionable subjects in strangeness nuclear 

physics. 

If we use these two types of spin-orbit forces in 

hypemuclear structure calculation, then how is 

the spin-orbit energy splitting in the level 

structure? . 
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I 
By comparing our theoretical calculation and the 

Experiments of r -ray spectroscopy, we can 

~ that the desirable· strength of YN 

• iI,..tMt. strength should be closed to the 

In this way, it is so important to obtain information 

about YN interaction from the study of 

hypemuctear structure . 

~t it is also important to study structure of 

~ A hypemuclei to understand the YY 

interaction. 

I 
0':) 
0+:>
I 



What kinds of double A hypernuclei were 

observed. recently? Outline of my talk 

Recently, 2 epoch-making experimental data have ' 

[1] YN spin-orbitforce and AJ3e and "AC been reported by the KEK-E373. 

I 
0'> 
c.n 
I 

[~] Enet-Jy spectra of k=1· to 9 double' 

+A.tl\. 

}JAftAAA 'll.~tD.1 MeV 
. e"...1 

@~He ,,!He 0 t ,.s. 
(2), Observation of> 

ot' _ 1>e.tI\,,<.h" -"""1 i 
,~, ,~ 

11.33 .... ·)$· ... • f 
-O.~I ~t" 

.evt"t 
ffo

e.xc..itrJ s~~ 

1~ ~n.~, !Be 




I 

Analysis of KEK-E373 experiments is 'still in );at 
progress. Furthermore, it is planned to produce Important issues: 
m.anv 	double A hypernuclei, J-PARC and BNL. (i) 	 Does the A A interaction which is 

411signedto reproduce the binding energy of
, 	 , 

> reproduce the Demachi-Yanagi event 

consistently? 

(i) Using this 1\ A interaction, how is the 

cbtheoreticaJprediction of level structure of 
0') 

. 'ether double A hypemuclei? 



0) Does the 1\ 1\ interaction which is designed to 

reproduce the binding energy of Jfte reproduce 

the lNmachi-Yanagi event consistently? 

!;pe 
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Our 4-body calculation is predictive. 

Hoping to have the data of many double A 

hyperrudei in the future experiments, we have 

pre.Cited level structure of double A 

~Iei with A=7 ,..., 10 within the framework 

.,.. tr +x+ A+ A 4-body model, where x=n, p, d, 

t,~"" a. 

I 
~ 
00 
I 

t\ P " .1 jHe0= o. 0,0,0,0 ,@ 
OOUsing this A A interaction, how is the 

theoretical prediction of level structure of other 

double A hypernuclei? 
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1")'1 
How'Vis structure-change when 1\ particle is 

injected into a nucleus or an unstable nucleus? 

We can predict novel dynamical change using 

few-body calculational methods. 
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"Glue-like" role of I\. particle provide us with 

another interesting subject. 

1> 

n- Jrir \:r.e.. 

t. J-Yll \;r\e. 
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A hypernuclei 

[3] Neutron-rich hypemuclei, sHe and 7He 

There are a lot of interesting and important 

few-body problems in hypemuclear physics . 
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And GSI fiaciities, they .-e planning to produce 

many sindt: A and double A hypernuclei. 
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Gamma spectroscopy of hypernuclei - present status and future plans 

H. Tamura 

Department of Physics, Tohoku University, Aoba-ku, Sendai 980-0861, Japan 


I will summarize our Hyperball project of high-precision 'Y spectroscopy of A hy
pernuclei, talking about motivations and techniques, physics results, and future plans. 
Details of recent results on the AN spin-dependent interactions will be covered by 
Dr. Ukai in the next talk. 

Hyperball is a large-acceptance germanium detector array featured by high-rate 
electronics and BGO background suppression counters. It first enabled "y spectroscopy 
of hypernuclei under severe background from high energy meson beams. With Hy
perball, we have investigated structure of several p-shell hypernuclei, lLi [1,2,3), ~Be 
[4], lOB, lIB, fN, and 160. In these experiments, we use direct reactions of (K- ,7r-) 
and (7r+, K+) to populate specific states of hypernuclei, but in addition we also tried 
a pioneering experiment of in-beam 'Y spectroscopy with stopped K- beams [5]. 

Structure of hypernuclei is featured by "hypernuclear fine structure", a spin 
doublet with a small energy spacing caused by A-spin direction. We have revealed hy
pernuclear fine structure in l Li, ~Be, and 160, from which we have derived strengths 
of all the AN spin-dependent interactions (spin-spin force, two spin-orbit forces, and 
tensor force). These strengths allow us to discuss validity of various baryon-baryon 
interaction models. Another interesting subject in hypernuclear structure is "impu
rity effect" of A particle in a nucleus, such as the shrinkage of hypernuclei which we 
confirmed from the B(E2) measurement in lLi [2). 

I will also present our future plans and necessary experimental techniques, par
ticularly our proposing experiments with intense K- beams availabl,e at the 50 GeV 
proton synchrotron at J-PARC [6). 

1. H. Tamura et al., Phys. Rev. Lett. 84 (2000) 5963. 
2. K. Tanida et al., Phys. Rev. Lett. 86 (2001) 1982. 
3. J. Sasao et al., Phys. Lett. B 579 (2004) 258. 
4. H. Akikawa et al, Phys. Rev. Lett. 88 (2002) 08250l. 
5. K. Tanida et al, Nuc!. Phys. A 721 (2003) 999c. 
6. K. Imai et al., Letter of Intent for Nuclear and Particle Physics Experiments at the 
J-PARC, KEK, L06 (2003), http://yyy-PS .kek. jp/ jhf-np/LOIlist/LOIlist .html. 
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Gamma-Ray Spectroscopy of 

Hypernuclei 


-- Present Status and Future Plans--


Dept. of Physics, Tohoku University 

H. Tamura 
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y spectroscopy and 
AN spin-dependent interactions 

•Low-lying levels of A hypernucleus 

.....-___ ' (~.) or (1r+,K+) 


___....:::q~____ / "Hypernuc/ear 

separate 

(....2 keY FWHM) 


.2-body AN effective interaction Dalitz and Gal, Ann. Phys. 116 (1978) 167 
Millener et aI., Phys. Rev. C31 (1985) 499 

V~ = Vol r) + Va ( r) SA--SN + VAl r) ~NSA--'-+ VN( r) i.4NSN + VT( r) S,2 
LI SA SN T 

p-shell : 4 radial Integrals for PH sA w.f. 
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J-PARC (Japan Proton Accelerator Research Complex) 


By KEK+JEARI, completed in 2008 at Tokai, Japan 


Material and Biological 
Science Facility 

J-PARC 
under 
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New Hyperball for J-PARC Hyperball-J 

II g> 10% at 1 MeV (x4 of HyperbaU) 
" Rate limit -2x107 particles Is (x5) 

Bottom half viewed from top III Yield: x20 for single y 

x80 for "(( 

Plans of y spectroscopy at J-PARC 

(1) Complete study of light (A<30) hypernuclei 
(2) Systematic study of medium and heavy hypernuclei 

(K-,n-y) spin-flip/ no-flip productions AN f (AN ~N )
orce -'" p-wave,.. 

B(E2)-> shrinkage, New symmetries 

(3) n-richl p-richl morrir hypernuclei 
(K- , y y) in-beam method Charge sym. break in AN force 
(K-, nO y) mirror hypernuc/ei Shrinkage of n-halo 

(4) Spin-flip B(M1) 
(K-,n- y), (n+,K+ y) Doppler shift atten. IlA in nuclei (p-dependence) 
(K-,n-y p) y-weak coincidence 

(5) Double strangenss Ca:- atom X rays and AA-hypernuclei) 
(K-, K+y) EN, AA interactions 
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A-Spin-flip 8(M1) 


eli ? hypernucleus
2mc 	· 

B{M1) ex: I(<1>f 1J.l Z 1<1>i> 12 

= I ( cPA i cPc I 9cJcz + 9AJ21 cPA~ cPc> 12 

ex: (9c - 9A )2 

• Doppler shift attenuation method [established method for 8(E2)] 
for light hypernuclei 

• y-weak coincidence method 	(K-, rc-py) [new, used when 't(weak) - 't(M1) J 
for heavy hypernuclei 

Accuracy tl9A < 5% achievable at J·PARC -> P dependence of gA 

Summary 

• 	 Hypernuclear y spectroscopy with Hyperball in progress 

-> AN interaction, shrinking effect from B{E2) 

• 	 7ALi, 91'1.Be, 161'1.0: Hypernuclear fine structure 

.> All the AN spin-dependent force parameters 

(L1 J SA' SN' 7) determined. 


-> origin of "nuclear force" 


LS force (SA' S,J quark picture favored 

Tensor force (T) meson exchange OK 

• First success of'Y'Y coincidence 

• J-PARC high-intensity K beam + Hyperball-J 

..> "Table of Hyper-isotopes" incl. heavy, n-rich, ... 

gA in nucleu$ 
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A-N interaction studied from hypernuclear gamma spectroscopy 

Mifuyu Ukai Dept. of Phys. Tohoku Univ. 
for the E930(,Ol) collaboration 

The excitation energies of low-lying p-shell hypernuclear levels are described 
with four parameters of the spin-dependent AN effective interactions. They are 
the spin-spin force (~), the A-spin-dependent spin-orbit force (SA ), the N-spin
dependent spin-orbit force (SN) and the tensor force (T). Our purpose is the 
study of the spin-dependent AN interactions through precise measurement of 
hypernuclear structure. The past experiments using Hyperball succeded in de
termination of ~, SA and SN from the 7Li (7[+, K+)ILi[l] and the 9Be (K-, 7[-) 
1Be[2] reactions. The present experiment aims at determination of the tensor 
force strength, T and consistency check of all the spin-dependent interactions 
by measurement of various p-shelll hypernuclear levels. 

In 2001, we performed ,-ray spectroscopy experiment of p-shell hypernuclei 
(110, lXN, l~B, 1Be and ILi) using Hyperball, E930(,01) at the AGS D6 beam 
line of Brookhaven National Laboratory (BNL). Bound states of 110 and IX N 
were produced by the 16 0 (K-, 7[-) reaction and those of l~B, 1Be and ILi were 
produced by the lOB (K-, 7[-) reaction directly or via particle emissions. 

I will present the results on E930(,01), in particular, on 110 and I Li data. 
We observed two , rays of 110 and we found very small level structure of 110 
which is the smallest structure by far ever measured in a hypernucleus. The 
small structure provided a small strength of the AN tensor force. This is the 
first experimental data on the AN tensor force. Then all the AN interactions 
are experimentally determined. And we observed a new ,-ray peak by taking 
" coincidence with another known ,-ray peak of I Li. It is the first success of 
"coincidence. It is worthy of specially mention, the I Li data was taken only 
48 hour beam time while most of hypernuclear ,-ray spectroscopy experiments 
take one month or more beam time. 

References 

[1] H. Tamura et al., Phys. Rev. Lett. 84 (2000) 5936. 

[2] H. Akikawa et al., Phys. Rev. Lett. 88 (2002) 082501, and 
H. Tamura Proc. HYP03 Nucl. Phys. A to be published. 
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Gamma-ray spectroscopy ofp-shell hypernuclei 
with Hyperball in the (K-,1t -) reaction at BNL AGS 06 line 

[Q] 160 (K- - ) :'(yQ!);'··. 15 
,'It Y levels:.~:! AN 

Detennination of the AN tensor force strength,T 

lOB 7L·levels 9 BA A e A 1 

Consistency check of all the AN spin-dependent interactions 

BNL-E930('O 1) collaboration 

H. Tamura, Y. Miura,K. Mizunuma,M. Ukai 
O. Hashimoto, S. N. Nakamura, 
Y. Okayasu, T. Miyoshi 
K. Tanida 
H. Akikawa, K. Imai, H. Takahashi 
S. Ajimura, T. Hayakawa, K. Kishimoto, 
S. Minami 
T. Nagae, Y. Sato 
K. Nakazawa 
H. Hotchi, D. E. Alburger, R. E. Chrien 
M. May, P. Pile, A. Rusek 
G. B. Franklin, B. P. Quinn 
A.Banu 
L.Tang,L.Yuan 
J.Franz 
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SN T 
tensorspin-spin spin-orbit spin-orbit 

7 L'( 3+ 1+) (1;0 (r,(JjJtypical levels with A 1 2" ' "2 
large contribution 

l~ (t 1+)
A 2'2 

..................... , 

Experimentally determined No data 
by previous experiments with Hyperball 

one pion exchange 
(origin of large NN tensor force) 

N 1\ #~----------------------------------~~ 

! Al K NI + Nt ..:;t•••~A l
I ••••••• L :
: ......: 
• 1t I 
• I 

•I.., N 1\ N 1\ "• 
forbidden for AN contribution for 1\N tensor force 

predicted strength T 

T :20 keV ~ 60 keV (meson exchange models) 

ND NF NSC89 NSC97f 

[MeV] 0.018 0.033 0.036 0.054 
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3/26.2 
Mdoublet (A g.s.) is sensitive 
to the tensor force 

E( 11)-E(Oj= 
~_...&...._ O-© -O.38~+1.38SA-O.005SN+7.:~_r.!AL 

[MeVl 
. 15 0 1:0 = -0.05 '" + 0.15 [MeV] 

DJ. Millenero populated A=0.47,...,0.37, SI\=-O.O 1, SN =-0.44, (AL=0.031)
by (K,-r() (from experiments) ! expected y transition [MeV]T= +0.02'" 0.06 

(from meson exchange models) 

Other shell model calculation 

E(ll)-E(Oj=+ 0.1 '" 0.6 [MeV] 
S. Fujii 

200 kl spill 

~·I-· ............. . 
~ drift ~ 
: chamber: 

~DAC 1. ..........•...• 

H20: 20.0 g/cm2 
lOB : 14.2g/c~ 
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.J 
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- ,~ 
12 state 

(--- -7 MeV) 
2500 .- ······-·r--·-··-·--·····---
2000 
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'11 
~ 1500 
r<") 

;J) 

C 1000 
g 
(.) 500 

S: -SA> 50 MeV 

simulated 

30 

20 

10 

6500 6600 6500 6600 6700 
Ey[keV] Ey[keV] 

fitting results 

peak energy 
energy spacIng 
yield 
yield ratio 

6534. 

137 ± 

± 13 ± 
26.1±2.0 0.2 

18 ±5 I 210 ± 30 ± 5 
0.64+0.12 

1.7 keV 
keV 
counts 
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\ 

..j/''''' '""',Branching ratio o . 5 weak coupling 
Iy(I-~r )/Iy(1 ~O-) o.41 level mixing (M.illener) 

effective efficiency from Tty angular correlation 

e(I-~n/e(1 ~O) - 0.80 +0.02 (sYS.) simulated 

expo l~i~534)/N(65602= O.64±O.12 I 

rkeV] 
____656°1

26 1
° 0

l~O g.s. doublet __ 6~ f1Eg.s doublet= 26.1 +2.0 keY 

E(11-E(0-) 
== -0.3 8~+1.3 8SA-0.005SN+7 .8T+AL: 
== +26 [keY] 
~=0.48 """'0.37, SI\=-0.012, SN=-0.48, A2:=0.031 [MeV] 

( T= +26 ~ 32 keV ) 

meson exchange model prediction +20 ~ 60 keV 
agree with our result 

First result on the AN tensor force 
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y-ray spectroscopy of p-shell hypernuclei 

Hyperball + (K-, n-) reaction 

1;0 g.s levels determined -- First result on the AN tensor force. 

The tensor force T = 0.03 MeV 

Meson-exchange models OK 

~ ' We determined all the strengths of the spin-dependent interactions 
(present and previous experiments with HyperbaU )IL,__________________________________________~ 

. ·r 

y rays of 1-i 
in thelOS(K~ n-i~ reaction 
via 3He emission 

s-substitutional 

3He/ 

~---.-- .. _____ I 

·7 
AL 1 
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+
only 712 state is undetermined 
Ex. (keV) 

0+ 
3563--

3+ 
2186 T'--=......O__ 

o --..:..- 

6 

Ex. (keV) 

+
1/2 3877 

3/2+ 692 

+ 
112 0 

l~B Highly excited state 
(s-substitutional state) 

Li 7L' 
A 1 Dominant term o expected to be populate 

! observed at previous Hyperball exp 


~ expected to be observed at presentexp. 


o<-B < 100 MeV Doppler uncorrected 
3001600 E2 +2050 ---~i-5/21400 
250 i 

1200 ~ 

1:: ~:: 1 I 69~ J:L- i~;: . 
~: ._ 11:: _~~I~I. ~I _ ' 1 : 

o 1.__L-l_J._·-'s-o-'-,.:-'-...l·...L-'....lj-L.J.....L.J. ...1- ~W~~~I,~ti..J...i..J ..J...J o so 100

-BA [MeV] °600~~~8~oOo~'I;oo--'~liooLl600 "doo '~~~ 

s-substitutional state Observed Ml and E2 y rays of7 Li 
(-- 20 MeV) via baryonic" decay 

also observed in the previous experiment 
via 7Li(it ,K+) 
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coincidence y spectra
single y spectrum o<-BA< 100 MeV o 100MeV 

u 

60 

50 

::;; 40 
..:.: 

('~ 30 
E 
5 20 

3 

2 
A 

random fluctuation probability 
< 0.02% (0- 1 MeV region) 

~ 
I ,II 

Ey keY 

7/2 + Ml 

5/2 + _E~~~ 600 keY 

A7 L'1 
predictions 

No prominent peak 

SIN ratio bad ? 
------ hopefully find with other way 
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coincidence y spectra
single y spectrum o<-BA< 100 MeV 
o lOOMeV 

60 

50 

~ 40 
..:.:: 
r'I >
~ 30 12:::: 
:::I ')0 ~8 ~ 

tI:l 

d10 :::; 
0 
(.) 

E2 y-ray single count 

132 + 18 


Ey keY 

Jl 
c, 

~ooo 2050 2100 
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3 

2 
A 

2 

1 Llll.·I. 

o .L-'L:::r:::l:±±::r:::r::::r.::±:l 
400 450 500 550 

470.7±1.8±1.1 keY 
6.7 +2.6 counts 

o ~....lW-JU...WJJ..U...u.......tW..---1--.J..i..-.!IIU1l....J..U.-'-:--,--'-'---LI.l-.Lll.....ll......--'----'---<1.l..---L...-......uL.-.J..--J. 

1200200 400 600 800 1000 

coincidence y ray with the E2 

X 7 Li y ray after weak decay 
expected yield of 7Li( 478) 

,...., 0.2 counts 

~Li Ml transition(7/2 +---'5/2) 

205 0 ~!!-------l--

first success in y-y coincidence for bypernuclei 
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Ex. (keV) 

+ Ex. (keV)
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3563 T='l 0 

Ml 

Md 

E2 

"r 

7L'
1\ 1 

112 

Ml 
+ 

7/2 

+ 
5/2 

312+ 

Ml + 
1/2 

3877 CD £(3/2)-£(1/2)= 
1.44~+O.05SA+O.02SN+O.27T+A2: ] 

= 692 keY
3+ 2521t 

21 86 T_':-":O",,--_ 440 keV(2)8 
2050'1'" ® E(7/2)-£(5/2)= 

+ 1.31~+2.14SA+O.02SN-2.32T+A2: 2 o T=O I 692~ = 471 keY18 
o 	 L\ = 378 keV 

@ £(7/2,5/2)-£(3/2,112 )-£(3~6Li) = 

-O.06~+O.08SA+O.68SN+O.05T 

=- 368 keYValue of L\ seems consistent ~ 0.4 MeV 
SN=-444 keV 

Reliable value of SN is derived 

\. 

,)/ ..~, 
(-0.01,-0.45) experiment(SA, SN) 

level study of Be -- E930('98) and E930('01) 
Li -- E930(,Ol) 

( -0.15,-0.25) meson-exchange models 

( 0.0 ,-0.40) 	 quark model 

strength Me V 

AN spin-orbit force is explained well by quark model 
NN spin-orbit force -- both quark model and meson-exchange model 
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r·--"·~·-·---·-------------------~ 
~ 16lAO g.s levels determined -- First result on the AN tensor force. 
...~--.--

The tensor force T = 0.03 MeV 

All ~Li levels determined from y y coincidence for the first time 

The spin-spin force, L11"..J 0.4 MeV 

The N-spin dependent spin-orbit force, SN'" 0.44 MeV 

The AN ensor force E . t I It L. ~ xpenmen a resu '<» Meson-exchange models 

The AN spin-orbit force Experimental result cE;" Quark model 

We determined all the strengths of the spin-dependent interactions 
(present and previous experiments with Hyperball ) 
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Pairing effect on the giant dipole resonance width at low temperature 

Nguyen Dinh Dang 1 and Akito Arima 2 

1 - Rl1(EN, 2-1 Hirosawa, Wako, 351-0198 Saitama, Japan 


2 - House of Councilor.~, 2-1-1 Nagata-cho, Chiyoda-ku, Tokyo 100-8962, Japan 


Intensive experimental studies of! decays of highly-excited nuclei during the last two decades have 
shown that the width of the giant dipole resonance (GDR) increases sharply with increasing the tem
perature T from T > 1 MeV up to :::::::: 3 MeV. At higher T a width saturation has been reported. The 
increase of the GDR width with T is described reasonably well within the phonon damping model 
(PDM) [lJ) which considers the coupling of the GDR to particle-particle and hole-hole configurations 
at T i= 0 as the mechanism of the width increase and saturation. In general, pairing was neglected 
in the calculations for hot GDR as it was believed that the gap vanishes at T = Tc < 1. In reality, 
however, thermal fluctuations in finite systems smear out the superfiuid-normal phase transition so that 
the pairing gap survives up to T » 1 MeV [2, 3]. 

Very recently the! decays were measured in coincidence with 170 particles scattered inelastically 
from 120Sn [4]. A GDR width of around 4 MeV has been extracted at T = 1 MeV. This result and 
the existing systematic for the GDR width in 120Sn up to T :::::::: 2 MeV are significantly lower than 
the prediction by the thermal shape-fluctuation model [5]. Based on this, Ref. [4J concluded that the 
narrow width observed in 120Sn at low T is not understood. In the present work we included the thermal 
pairing gap obtained from the modified-BeS theory [3J in the PDM [1), and carried out the calculations 
for the G D R width in 120Sn at T ::; 5 MeV. In difference with the gap given within the conventional 
BeS theory, the modified-BeS gap never vanishes, but monotonously decreases with increasing T up 
to T :::::::: 5 MeV. The results obtained show that thermal pairing plays an important role in lowering the 
width at T ::; 2 MeV as compared to the value obtained without pairing. This improves significantly 
the overall agreement between theory and experiment, including the width at T = 1 MeV extracted in 
the latest experiment [4] (Sec Fig. 1). 

[1] 	 N.D. Dang and A. Arima, Phys. Rev. Lett. 80, 4145 (1998). 

[2] L.C. Moretto, Phys. Lett. B 40, 1 (1972). 

[3J N. Dinh Dang and A. Arima, Phys. Rec. C 68, 014318 (2003). 

[4] 	 P. Heckman et at., Phys. Lett. B 555, 43 (2003). 
[5] 	 W.E. Ormand, P.F. Bortignon, and R.A. Broglia, Phys. Rev. Lett. 77,607 (1996); D. Kusnezov, Y. Alhassid, 

and KA. Snover, Phys. Rev. Lett. 81, 542 (1998). 
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FIC. 1: CDR width fGDR as functions of T for 120Sn. The thin and thick solid lines show the PDM results 
obtained without and including the thermal pairing gap, respectively. Solid circles are the low-T data from Ref. 
(4]. The predictions by two versions of the thermal shape-fluctuation model [5) are shown as the dash-dot.ted 
and thin dotted lines. 

99



Pairing effect on the GDR width 

at low temperature 

Nguyen Dinh Dang 
RIKEN 

c 
o 
~ 
l 
.eos; 

a:: 
c 

" 


+ 

100



i-' 
o 
i-' 

The GD,R1s parameters 
1) Energy EGOR (801 A 1/3) 

2) FWHM r (- 4 - 5 MeV) 

3) EWSR (-60 NZIA MeV.mb) 

Microscopic descripti()n 
RPA 
Q+IO) = L(Xpha+pah+Ypha+ha,,)IO) 

Beyond RPA. 

12+10) = { RQ+ + P[Q+·Q+] llO) 




At finite temperatures the poles of the ph excitations remains essentially 

in their original location (stability of the HF energies); their residues, 

however, decrease according to (fh-fp). Simultaneously, a large number of 

additional poles appears at energies (Eh-Eh') and (Ep-Ep '). As the 

temperature increases, the corresponding residues will first increase 

due to the factor (fh-fh') and (fp-Jp '). Only at very high temperatures all 

occupation numbers will be equal, causing all residues to approach zero. 

E 

i-' 
o 
N 

I 

EF 

f(E) 
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I. Pairing at finite temperature 
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I_ 	 Pairing effect on GDR width at low T 

e GOR width is calculated within the phonon damping model (POM) as 
DO & Arima, PRL 80,4145 (1998), NOD et al., PRe 63, 044302 (2001)] 

r GDR = rQ +rT ' 

(EGDR) = 2n~2L[u~~)r(1- np - nh)8(EGDR - Ep - Eh) , 
ph 

r T =2YT{EGDR ) = 2nF} L[v~;')r(ns' - ns )8(EGDR - Es + Es') , 
• 	 ss' =PP'. 

hh' 

PDM prediction vs experimental data 


16 

14 (a) 
12 

8 

6 

4 

2

2Sf 
lSr-	 Data point at T=1: Heckman et a/. 

(b) 

PDM (no pairing & set A) 

PDM (pairing & set A) 

PDM (pairing & set B ) 

PDM (pairing & set B with LlN2) 


> 20 
Q.l 


PLB 555 (2003) 43 (of gamma
6 
decays in coincidence with 170cr 

Q 
(!J 10 scattered inelastically from 12OSn) 
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YlO pdlrl';'I1: 

Conclusions 

. 

"E"~~J~I.II~J,I'.~~':i:~l~~VleV, 

GDR line shape at low T 
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By (MeV) 

I pairing gap determined within the modified BCS theory was included in 
n damping model to calculate the GDR width in 120Sn at temperatures 

MeV . 

';;~';<i::,~ijj~~~{fiij~jeftrc~~0yvith the gap given by the conventional BCS theory, the modified
~-t,;;;;:~.!;,~J.a,~l,;·Q,~;!crea~)es monotonously with increasing T and remains finite even at 

,_ t 

,;: i.~a~6~use,'~9f;th'i~j~ffect the GDR width at T< 2 MeV becomes smaller than the 
:Q.qJu.f)o.PtalrTe~.:When pairing was neglected. This improves significantly the 
"over-aILagreement between theory and experiment, including the most recent 
data point at T=1 MeV. 
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High-Spin Isomer in 93Mo 

T. Fukuchi, Y. Gonoa, A. Odaharab
, H. WatanabeC

, S. Tanakaa , M. Inouea, 
Y. Wakabayashia 

, T. Sasakia , M. Kibea , N. Hokoiwaa , 

T. ShinozukaC
, M. FujitaC

, A. YamazakiC
, T. SonodaC , 

C.S. Leed
, Y.K. Kwond , J.H. Leed 

Center for Nuclear Study (CNS) , University of Tokyo, 

Wako, Saitama 351-0198, Japan 


aDepartment of Physics, Kyushu University, Hakozaki, Fukuoka 812-8581, Japan 

bNishinippon Institute of Technology, Kanda-machi, Fukuoka-ken 812-8581, Japan 


CCyclotron and Radioisotopes Center (CYRIC), Tohoku University, 

Aoba, Sendai 980-8578, Japan 


dDepartment of Physics, Chung-Ang University, Seoul 156-756, Korea 


The high-spin states of 93Mo were studied up to 9.7 MeV excitation using the 
82Se(l60,5n)93Mo fusion evaporation reaction. The 160 beam of 100 MeV was 
supplied by AVF cyclotron at Cyclotron and Radioisotopes Center (CYRI C), 
Tohoku University. A new ')'-ray detection system with clover type high-purity 
Germanium detectors have been developed. 

Two high-spin isomers were discovered as a 27/2- state at 4.4 MeV and 
a (39/2-) state at 9.7 MeV excitation energy in this experiment. Eleven ')'_ 
rays and 11 levels were newly found using the ')'-')' coincidence data. Spins and 
parities of states were assigned for 5 levels based on angular distribution and 
linear polarization measurements. The life-times of high-spin isomers at 27/2
and (39/2-) states were determined to be 0.8(1) nsec and 1.1(4) f-Lsec from beam
delayed and delayed ')'-"( coincidence measurements. 

High-spin isomer were systematically studied in N =83 isotones, and these 
isomer are consider to be caused by the sudden shape changes from near spherical 
to an oblate shape. Based on the analogy of configuration of high-spin isomers 
in N =83 and 51 isotones, a configuration of the high-spin isomer in 93Mo at 
(39/2-) state was deduced to be [V(d5/2g7/2hll/2)@1f(g9/22)h9/2-. A population 
of the high-spin isomer of (39/2-) was extracted to be 1.8(4)%. The excitation 
energy of this high-spin isomer is 1 - 2 MeV higher comparing with that of 
the yrast line. This may explain the small population of the high-spin isomeric 
states. A non-yrast high-spin isomer was not reported previously except for the 
K-isomers. 

The high-spin states and the isomers of 92Mo which is a member of Molybde
num isotopes were also studied in this experiments using the 82Se(l60,6n)92Mo 
fusion evaporation reaction as a by-product of 93. The shape of near yrast lines in 
excitation energies vs spin plots of 92Mo and 93Mo were compared. As a results, 
the near yrast states in 93Mo were well described using the weak coupling picture 
of a d5/ 2 neutron to a neutron magic core nucleus 92Mo. 
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High-spin Isomers in N=83 Isotones 
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High-spin Isomer in 147Gd 

The experimental and calculated 
deformation parameter 13 in 147Gd 

Measured Q-moment ·0,05 
O. Hausser et al.. 

NPA379(1982)287
·0,1 

~ ·0.15 + '''Gd Exp.c:Q 

-- '''Gd DIPMCalc,·0,2 

'0,25 Deformed Independent Particle Model 
T, Dossing, H,Sagawa at aI., Phys. Src. 24(1981 )258 

.0,3 ~~_"---'-_-'----'-_.....I..----'_-l.-._"----L. 
o 	 10 15 20 25 30 35 40 45 50 

Spin 

The OIPM calculation reproduces the 
experimentally determined deformation 
parameter well. 

The nuclear shapes suddenly change 
at the high-spin isomeric state. 

--... Shape Isomer 

~J=5 '1 Isotones 

The configuration of 
the high-spin isomer 

neutron protons 

Ii 13/2 

Ih 9/2 

2f712 2d 3/2 

3s 112 

@ 
® 

Ih 1112 

2d 312 2d 512 

3s 112 19712 

1h 1112 

[ v (f7/2h9/2i13/2) TC (h11/22)]49/2+ 

Measured g-factor was 
consistent with this configuration 

O. Hausser et aI., PRL42(1979)1451 

[ v (f7/2h9/2i13/2) 1t (h 11/l)]49/2+ odd 

[v (f7/2h9/2i13/2) 1t(ds/2-1h11/l)h7+ odd-odd 

protons 

-liI3/2 

--lh912 

- 2f712 

® __ 2d312 _ 

-3s112 -

-lhl112 

N=83 Isotones 

2d 312 

3s 112 
Ih 1112 

2d3/2 

Ihl1/2 
3s 1/2 

197/2 197/2 

2d3/2 
2ds/23s 112 

2ds/2 @ 
@ @ 

199/2 

---lg912 ---2pI/2 

---2p3/2 

N=51 Isotones neutron proton 

[v (d5/297/2h11/2) 1t (h 9/l)h9/2 odd 

[ v (d5/2g7/2h11/2) 1t (p1/£1d 9Ii)ho+ odd-odd 

Configuration of Expected High-spin Isomer 
z 
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Experimental systematics of isomers in N=51 isotones 


4 

4.35 ms 

(21/2) 3.167 


10.05 ns 
l 

29.U n.~ 167 . 6.85 h 4.5 ns 211i+ 2.540 
2.3 ns 

(l512)" 2.288 11 ~~203 21/2+ 2.245 (13+) 2.347 l7d+l 2.285 17/2+ 2.244 
3.05 ns 

5.9 ms 

3.2 h 10.15 d 
7+ 	 0.682 3.47x10

7 
y 52.0 m 1.51m 

2' 0.226 4.88 h 9.90m 
J 

stable n ro.J36 4.0x1O Y (2), 0.Q75 1.643 h 3+ 0.052 3.lOm 

2' 2.67d 0 5/2+ 0 (7f1=::J() 5/2+ 0 TLJO 5/2+ 0 TUG 5/2+ 0o 
90y 92Nb 96Rh 97Pd 

40 
91Zr39 41 	 45 46 

No high-spin data. 
At first, we chose 93Mo for the study. 
(stable beam & target) 

Experiment at CYRIC Tohoku University 
(Cyclotron and Radioisotope Center) 

Beam: 160 100 MeV 
Target: 828e 5.0 mg/cm2 

(900
/0 enriched) 

Reaction: 
828e (160,5n) 93Mo* 

Detectors: 
3 clover type Ge detectors 

with BGO AC8 

2 co-axial type Ge detectors 

1 LEP8 type Ge detector 


Total efficiency: 
0.94 % @1.3 MeV (Add-Back) 

Data amount: -..... 1.2 x 109 

coincidence events in 5 days 
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Schematic figure of detection system 


'---___~WI delayed- y 

y - y coincidence 
Delayed y-y 

coincidence 
Angular distribution 
Linear polarization 

rornpt y - y coincidences 
Ex(MeV) Gamma-ray spectra obtained by 

gating on 93Mo new y -rays 
!~ l,::tled 011 a 1067 he\! 'Ira) 

9 

8 

3512 
JJ12 

6 
1912 

5 "512 

4 

Level scheme for 93Mo 

In the past, up to the 35/2 state at 7.3 MeV. (A.E. Zobov et aI., NDS 80(1997)1) 

In the this work, extended to the 9.6 MeV. 
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Linear polarizations 
Difference spectrum between Computon 
scattered events in parallel and in perpendicular Ex(MeV) 

with respect to the reaction plane. 
669* 

9 , 648· 

8 

7 

6 

4 

2 
EnergylkeVl 

Electric and magnetic transition were 
distinguished in positive and negative 

0 
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• I.., , 

1516.,.,.," , 
" 2912 

2399

r_-:::;:1:e14 === 
1363 
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peak respectively. 

With the angular distribution information, spins and parities were determined. 

Delayed y - y coincidences 
Difference spectrum between post-prompt 
and pre-prompt. The delayed time conditions New high-spin Isomer 
were in range of 1 to 3 u sec.Ex(MeV) Ex =9.7 MeV , l.llls 

9 

648· 


,....-..%,.-, ,, , 1552· 
,I,I 

" " 1516·242 , , .1512 _.............IL-..__-L-l" ,
3311·7 912
 
... / '--.or;.....o,.__ 
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29/2· 

2St:r· 
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21J::f+ 

1312+


2 
912+ 

0 5/:2+ 

A population of this high-spin isomer is extracted to be 1.8(4)%. 
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Energy (keV) 

From the time distribution of y -rays, 
the half life of the high-spin isomer was 
determined to be T1/2=1.1(4)J,Lsec. 
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The levels me for 92Mo and 93Mo 
~~ 

~ 

~ 

93Mo were well understood 
~'" 

s::r;; 	 using the weak coupling 
picture of a d5/2 neutron to 
a neutron magic core 
nucleus 92Mo. 
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Level scheme of 92Mo was also constructed in this work. 


But we could not found the high-spin isomer. 


'" "'" 

The yrast lines of 92Mo and 93Mo 

10 

• 92Mo ( • Isomeric states) 

o 93Mo ( CJ Isomeric states) 

+ 12+. 
10•... 

9" •••• 1 
T .-.~.-.- , 

........- +./ '~"'23/2' 27/2 
4+ 5' .......'6+ 8.. f..' Above 29/2 state, 

A =1 transition was assumed. 
2 

o 2 4 6 8 10 12 14 16 18 20 

Spin (n) 

The high-spin isomer in 93Mo was excited 1-2 MeV from the yrast line. 

This non-yrast character may explain the sma!'1 population of the high-spin isomer. 


In the high-spin, two yrast line was different, 

One valence neutron play an important role (same as N=83 isotones). 
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Summary 
The high-spin states of 93Mo have been studied. 

The level scheme was extended to 9.7 MeV. 

The high-spin isomer was discovered as a (39/2 -) state 
at about 9.7 MeV. 

Future 
Experiments for other nuclei in N=51 isotones. 

OIPM calculations in N=51 isotones. 

(Now not fix the parameter) 


-116



Shell Model Description of High Spin Isomers in Ba Isotopes 

N. Yoshinaga 

Department ofPhysics, Saitama University 

Xe, Ba and Ce isotopes around mass A = 130 show the r instability in low-lying 

states, which is characterized by the energy staggering in quasi- r bands and some 

forbidden transition rates. During the past 20 years, these nuclei in this mass region were 

extensively investigated in terms of various models. One of the successful models to 

explain these features was the interacting boson model (IBM). Its application to the Xe and 

Ba isotopes indicated that the 0(6) dynamical symmetry provides a successful description 

of the energy spectra and electromagnetic transitions in this mass region [1 J. 
There exists another prominent feature in the even-even nuclei with mass A -130 

region. Sudden decreases of level spacing and B(E2) value around the states of spin 10 

were experimentally observed in many of these nuclei. These high-spin anomalies are 

called backbending phenomena. They are attributed to band crossing between the 

ground-state band and s band originating from the alignment of two neutrons in the Ohll/2 

orbitaL There are very few microscopic calculations of backbending phenomena in this 

region. The backbending phenomena as well as the low-lying states were extensively 

investigated in terms of a pair-truncated shell model [2J. A full-fledged shell model 

calculation was also performed for Xe isotopes 130-
136 Xe under the assumption of 

N =Z 64 subshell closure [3J. 

Recently, we have studied the Xe and Ba isotopes in the A -130 mass region by 

means of the full-fledged shell model. This calculation uses the single particle orbitals 

Og7/2' 1d5/2 and 0~112 (1d3/2 , Ohll12 and 2S1/2 ) for neutrons (protons), and the 

phenomenological multipole interactions are employed. The energy levels for quasi- r 
band as well as ground band and E2 transition rates are well reproduced in each nucleus. 

The results of this calculation will be presented and discussed. 

[1] R. F. Casten and P. von Brentano, Phys. Lett. 152B, 22 (1985). 

[2] K. Higashiyama, N. Yoshinaga, and K. Tanabe, Phys. Rev. C 67, 044305 (2003). 

[3] K. Higashiyama, N. Yoshinaga, and K. Tanabe, Phys. Rev. C 65, 054317 (2002). 
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Shell Model Description of High 

Spin Isomers in Ba Isotopes 


N_ Yoshinaga 

Saitama University 


Nuclear Chart 

N=50 

neutron 
hole 
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Triaxial deformation 

Nuclear shape 

neutron 

-
Oblate 

proton 

Prolate y unstable 

+- f3 ----+
triaxial spherical detbmlcd 

ackbendin phenomena 

Experiment of 132Ba 

Yrast band 

Alignment of two 
Oh'1/2 neutrons 

41 
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Experiment of N=80 isotones 


ir' truncated shell model (PTSM) 
SD-pair states 

S--pair D-pair 

Closed shell 

nuclear states 
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Single particle orbitals 


The single particle (hole) energies for proton (neutron) 


Neutron Proton 

-----------82----------
12.99) 	 Si'l 

1 	
::.7927 J 1

-----.;;;~ 111/2 

____(_10 d dJ/2.'.71178 

h3/2()2418 
1112 

11.33158 	 S 1/2 

(1.962112 	 d"J1 116547(, 	 d 
5/2 

2.4.l4f14 	 g7/2 ___.....0.;...-1) g7!2 

-----------50----------

Full· 5 levels (50<N(Z)<82) for both protons and neutrons. 


Hamiltonian 

Pairing+qua.drupole interaction 

jmr=Y,f{ 
- ~ [G pt(O)p(O) +G pt(2) .p(2) +K 'Q .Q' ] - K Q Q 

.L...,; Or r r 2r r r r' r r' Yf{ Y' f{
r=Y,f{ 

Strengths of two - body interactions 

GOy 	= O.l60-0.010Nv GOf{ =0.200-0.010Ny-0.005Nf{ 

= 0.017 + 0.0005 Nf{ G2f{ = 0.010 + 0.001 Nf{G2v 

Kv =0.075-0.0015Nf{ Kf{ = 0.014+0.006Nf{ 


KVf{ 	=-0.044 - 0.002Nv Ny number of neutron holes 

Nf{ number of proton particles 
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SD+H-pair states 


H- pair operator H = (hl112)2 

H =(~t1l2)2 = [C1\12 Cill2rJ 
) J=10 

Unique structure 

SD+H-pair system 

(str' (Dtrd (Htrh 
\-) = ISn, Dnd Hnh J) 

even~even nuclear states 

Hamiltonian 

Pairing+quadrupole interaction 

jm,=v,1! 

- ~ [G pt(O)p(O) +G pt(2) ·P(2) +K 'Q oQ . ] - K Q Q£.... 0", 2r , , r',,' V1! v' 1! 

Strengths of two - body interactions. 

Mass 134Ba 132Ba 130Ba 

Go G2 K Go G2 K Go G2 K 

neutron 0.110 0.034 0.150 0.110 0.042 0.150 0.110 0.048 0.150 

proton 0.130 0.014 0.040 0.130 0.020 0.040 0.130 0.030 0.030 

n-p int. 0.070 0.070 0.070 

(in MeV) 
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- -

134 132 1308a 8a 8a 
4 - - - 12+- -- (12( --1£. 

--1£. 12+ 

10+ 10;
10· - 0.55(7) ps -10+ 


'10") 10+ 
 -- 8.7(2)ns
31-_\_ 263(14) - - - -'- 

. ""s_ 8" 8+(8+) 8+ 

_5_+ 
5' 

1-_4_· 

11- -f 

_ 2+ 

-

__--L0" o 

- PTSM - expt. 

12 

4 

134
Sa 

130
Sa 

o 0 0.4 0.8 1.2 o 0.4 0.8 1.2 o 0.4 0.8 1.2 

Ey(MeV) Ey =E(J+1)-E(J-1) 
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Transition 

E2 transition 

T(E2;JL) = evQVfJ + e"Q"fJ 

effective charges 

ev = -1.2e err = 2.2e 

The neutron effective charge is negative, because we adopt the hole 
picture for neutrons. 

M 1 transition 

T(Ml;J.i) = J.iN~4~ ,~" [g(,j, + (gs, - ger)s, L 

gyromagnetic ratios 


gfv =0.05 gf" 1.05 gsv =-2.68 

3000 

1348a PTSM 

2000 0 expt. 

1000 v 
.§ 

N 0(1)- 1328a 
C\J 
~ 2000 
t 

....., 
~ 1000 
lJJ-co 

16 
J (T1) 
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2000 

130Sa 
1000 

00 4 8 12 



40 

Relative B(E2) values 
134Ba 132Ba 130Ba 

J+----+J+ PTSM expt. PTSM expt. PTSM expt. ()( (\)
i ( 

2 +----+ 2 + 
2 1 100 100 100 100 100 100 I ()() 


----+ 0 + 9.8 0.9(2) 19 2.7(4) 6.7 6.2(7)
1 


3 +----+ 2 + 
1 2 100 100 100 100 100 100 100 


----+ 4 + 36 ~2.6 39 38(6) 38 22(3)
1 


----+ 2 + 12 1.1 15 2.6(4) 6.4 4.5(6) n1 


4+----+2+ 100 100 100 100 100 100 I (H)

2 2 


----+ 3 + 17 30 ~50(11 ) 38 (I

1 


----+ 4 + 31 73 51 73(10) 57 54(10) 91
1 


----+ 2 + 30 2.4 6.0 1.8(3) 16 2.3(4) ()
1 


5 +----+ 3 + 100 100 100 100 100 100 100
1 1 


----+ 4 + 82 49 ~45(7) 60 ,·l(,

2 


----+ 6 + 32 42 47 4.':';

1 


----+ 4 + 0.036 2.4 ~2.2(3) 0.17 ()
1 


gg 
134

QSa 
130Sa - PTSMFexpt'-) expt 0,80.8 

I 0.410.4 

16
16 

00 

J (11)J (fiJ 

0.41-0.4 

(T 
~.... 132Sa 

- PTSM 

expt
08 

0.4 

16 

0 

J(n) 

-0.4 
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Experiment of 136Ba 

1"~-==' 
--"'--_~r-----'''''''''''M''''_'';'.:'':''''''' 

1 134
Sa 

01---------
o 4 8 12 16 

J (fi) 
- Hv pair -----. Hn pair 

1. J. Valiente-Dob6n et al, 
Phys. Rev. C 69) 024316 
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.8I-	

1.5 
E
E 	 1 

Surrmary 

· 	 Using the pair-truncated shell model, we have 
successfully reproduced energy spectra of Ba 
isotopes in addition to the E2 transition rates 
and g-factors near closed shell of ~82. 

· 	 OJr analysis shows that the 10+ isomeric 
states of Ba isotopes are understood as the 
rapid structural change by the alignment of 
neutron pairs in h'1/2 orbital. 

130



The RISING project at GSI and its first results 


Takehiko R. Saitoh* 

for the RISING collaboration 


* Gesellschaft fur Schwerionenforschung (GSI) , Planckstrasse J, D-64291 Darmstadt, 
Germany 

The RISING project (Rare ISotope INvestigations at GSI) combines the EUROBALL 
Cluster Ge-detectors, MINIBALL Ge-detectors in a second phase, HECTOR BaF2-detectors 
and the fragment separator (FRS) at GSI for high-resolution ry-ray spectroscopy measure
ments after in-flight isotope separation. The SIS/FRS facility at GSI provides secondary 
beams of unstable rare isotopes produced via fragmentation reactions or fission of relativis
tic heavy ions. These unique radioactive beams have sufficient intensity to perform '"'(-ray 
spectroscopy measurements. We are currently performing ry-ray spectroscopy with the FRS
RISING fast beam setup and an in-beam technique by using Coulomb excitation and sec
ondary fragmentation reactions at relativistic energies. We also plan to perform experiments 
with a stopped-beam technique for decay studies and with slowed-down beam technique for 
performing experiments with multiple Coulomb excitation, a few nucleon transfer reaction 
and a fusion evaporation reaction. We would like to investigate various important subjects 
for nuclear physics with RISING, and they are 
- shell structure of unstable doubly magic nuclei and nuclei in their vicinity, 
- isospin symmetry along the N=Z line and mixed symmetry states, 
- deformed shapes and shape coexistence, 
- collective modes of nuclear excitation and El strength distribution. 
The RISING project started in summer, 2003, with the fast beam setup for in-beam ,-ray 
spectroscopy at relativistic energies. We will perform experiments with the same setup in 
2004, but with the MINIBALL array in addition in December. In 2005, we plan to perform 
experiments both with fast and stopped beams. The Feasibility study of slowed-down beam 
experiments will be performed in 2006. The overview of the RISING project will be pre
sented in the lecture. 

Four experiments have been successfully performed with the FRS-RISING fast beam 
setup. In the first experiment, a primary beam of 84Kr was impinging on a gold target 
mounted at the center of the RISING Ge and HECTOR BaF2 arrays in the final focal 
plane of FRS, in order to investigate feasibility of Coulomb excitation measurements under 
excellent beam condition by measuring the 2+ --+ 0+ transition of 84Kr and to study the 
particle-ry-ray angular correlation at relativistic energies. Two relativistic Coulomb excita
tion experiments with secondary beams were also performed to measure B(E2) values of 
transitions depopulating the first 2+ state in neutron rich 56Cr and neutron deficient 1088n. 
A two-step fragmentation method was applied to observe excited states in 53Ni. The goal of 
the measurement was to study the mirror symmetry between 53Ni and 53Mn. A secondary 
beam of 55Ni was produced in fragmentation of 58Ni primary beam on a beryllium target 
and was bombarded on a secondary beryllium target mounted in the final focal plane of FRS 
in order to produce secondary fragments. Experimental detail and the first results of these 
experiments will be presented. 
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The RISING project at GSI 

and 


its first results 


Take R. Saitoh 
for the RISING collaboration 

GSI 


~ 18.03.2004 Gamma04, RIKEN Take R. SaJtoh 

W-ati 

FRagment:$_~~>"""'1 ··t ;:'K O';'·.~;tors 


Detailstudyfor"UCl.$I'fClrf"O",$fa~jJi~flr·' 


Exploring the whole nLlclear laf1dscap~ 
»- Shell structure. 

• Ex »- Nuclear shape and isoftness. 
and • Giant dipoleres()l1anp~'; 

• Symmetries;.· 

~.H~ 18.03.2004 Gamma04, RIKEN Take R. Saltoh 
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126 (d) 112Ii,,,.' 

3'~I~ 
if: 

ti2 70 
ldyz NIZ 
BIII'l ~ ~~ward 56Ni and 100Sn. (N=Z). 
~, 
3stn 

§§~ Single particle shell structure. 11m 
50 40 Effective n ..charge and core 

It..~ polarization. 
- p-n interaction and correlation. 

• 	 N»Z nuclei. 
- Different N/Z ratio. 
- Melting of Woods-Saxon shell 

gaps and enforcement of 
harmonic oscillator shell. 

- Isovector part of the 
interaction. 

- 54Ca, 78Ni and 132Sn. 

18.03.2004 Gamma04, RIK£N Take R. Saltoh 

Fltw'sics tIobestI·ded 

• Nuclear Shell structure. · Shape coexistence. 
• Nuclear shapes. 	 - Near Z=50 and Z=82. 

• 	 Shapes and softness. 
- Octupole deformation. 

- Triaxial shape and nuclear 
chirality. 

• 	 High-K isomers and multi 
quasiparticle configurations. 
-	 Doubly K-magic nuclei with 

Z,N=72 and 116. 

18.03.2004 Gamma04, RIKEN Take R. Saitoh 
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Ptwsics m be._ died 

• 	 Nuclear Shell structure. 
• 	 Nuclear shapes. 
• 	 Nuclear symmetries. 

18.03.2004 Gamma04, RIKEN 

• Nuclear mirror symmetry. 
- Coulomb energy difference. 

- Far from the N=Z line. 

• 	 A full mapping of the limiting 
symmetries. 
- U(5),; vibrator . 


.;... O(e):;triaxial. 


-SU(3) : axial symmetric. 

-X(5) :.transitional. 

Take R. Saltoh 

• 	 Nuclear Shell structure. • At N»Z. 
• 	 Nuclear shapes. - A new low-lying E1 GDR 

mode: Pygmy resonance. • 	 Nuclear symmetries. 
-	 Effective in-medium NN

• 	 Collective modes. interaction. 

18.03.2004 Gamma04, RIKEN Take R. Saitoh 
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The Rising experiments 

at relativistic energies 


18.03.2004 Gamma04, RIKEN Take R. Saitoh 

ACCELERATOR FACILITIES 

65IRI beam production 
• Projectile fragmentation. 	 ~•.~.··3e:GeVfu 
• Projectile fission (n-richl1yqfe.i). 

r:· E!'H'J IN G . EeR ION SOURCE 
HORCnS ,s, 

MEVVJ.!., 

UNllAC 

HADES 

$ 	 CAVE': 

o 	 SOm 

TARGET CAVE B 

AREA 

,!:;.*' t~.,.,,: 

18.03.2004 Gamma04, RIKEN Take R. Saitoh 	 -,.1:51 c:j 
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Dip.le·.••~ 
-1GeV/U/ . 

ction target I' 

A = Bp e 
Q ~yc u 

middle 

I 
secondary target 

/lr~t";MeV/u 

Clusters 

Fast plasticsci'ntillator :. Tint••Of·Fli,ght(TO·F) 

18.03.2004 Gamma04, RIKEN Take R. Saitoh 

Two types of experiments 
• 	 Secondary fragmentation. >-t Fragmentation 

- With a Be target. ~..... _r ....-. 
-	 Suppression of the inelastic . ·C'Qulo,mbe'nergy difference ~ 

excitation of the projectile. .as CI function of spins 

- B.r0~d a~gular ~ome~tum ~\. t 

distribution to high spins. 	 10 .' 20 .1., 40--·130 ~!!-~...... 

• 	 Coulomb excitation. t Coulomb excitation 

- With a Au target. ~_.rl"
- One step excitation. Cross section ' 

- High energy. 
 bm ~,transitionprobabilities 

L.s, ~ ~=--	 ~ 
mO~! I I 

to 20 30 40 I 

experimJntal target 
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RISING detectors 


RISING Ge-array 
15 EUROBALL cluster detectors. 

• 7 crystals each. 
• A total of 105 crystals. 

8 MINIBALL detectors (e 

• Mi 

~.....~ 18.03.2004 Gamma04, RIKEN 
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18.03.2004 Gamma04, RIKEN 

RISING Ge-array 
• 15 EUROBALL cluster detectors. 

• 7 crystals each. 
• A total of 105 crystals. 

• 8 MINIBALL detectors (end of 2004). 

• Wall-like array at forward angle. 
• Large Lorentz boost (~-0.4). 
• Optimum Doppler shift correction. 
• Minimizidg Doppler broadening. 

• Energy resolution (FWHM) : -1.2 0/0. 

• Total efficiency: -3 % at 1.3 MeV. 

• Scattering experiment at 1000 pis beam 
intensity feasible!! 

Take R. Saitoh 

RISING detectors 


• HECTOR array: 
8 BaF2 detectors. 

• For GDR experiments. 
• Time resolution : -1 ns. 
• Background study. 
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RISING detectors 


CAlorimeter TElescope array 

• Fragmentation 

__ F: 
......iit Outgoing \ Incoming 

/ • Inelastic scattering 
~E-E tele~c()l?e 

--- ------~ 
b ,.,/ : : ~e~~~~~~Ch. 

target A 

bmin =aocot(9max 12)1 r
projectile Ioutgoing 

z 

2 

min 

_ ZSZAU e
------~~. ~ Ilo - moc2 p2 

Outgoing =Incoming 
..~~Ii~o...~, 18.03.2004 Gamma04, RIKEN Take R. Saitoh f(TST1Iq 
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CAlorimeter 

I" 

TElescope array 
~E 

• 0.3 mm~~i9,! 
• For Z id~nti 
• Positi()~ ~~~~~tJ, ~,.,.,:,~;:<:,:.~..:~;l·',~,:/' 
Position 'resol.utlQrJ;'~5:::'mmt'·: 

,'..' .. "," ,. ': ;,:"J," :,' 

T18.03.2004 Gamma04, RIKEN 

, ·~t 
80 

60 

40 

20 

CAlorimeter TElescope array 

~E ","'" """, , 
• 0.3 mmthickSidetectQrs. 
• For Z identificati'on. ' 
• Position sensitive. ' 
Position resolution -5mm. 

• E)(cellentZresolution. 
• Mass analyses~ in progress. 

18.03.2004 Gamma04, RIKEN Take R. Saitoh 
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CAI~ri.~eter TElescope array 

L\E . ',' \;·i.,":::,,';i·;?~~;;:l0si1V..'.: I 
• 0.3 mm thick~nqe,t~;c,tpr$:~. ~3000 
• For Z identifi~~tIph~;:);r:::.,: :.. Vi 

• Positions~I1~~'i(v,~'>' ,; 2500 

Positionresohjtlon~5;:m,rp. 2000 

Cat. E dE Pad 2 HlstoCat. 0 I 
o-:---:-..,...,.-:-,-...."....",.------,..,.....,J 

Cal ADe 

1500 

1000 

500 

iii 

A 

18.03.2004 Gamma04, RIKEN 

First Accepted proposals 
No. Nuclei of Interest Primary Beam Spokespersons Experiment Type Accepted 

Request (days) 

1 
(5244) 

2 

34/36Mg 

MCa, 78Ni 86J(r Coulcx 

6 

13 

5 238UI88Kr I 90Sr 86Se D. Tonev Coulcx 10 

6 C. Fahlandcl",102-110Sn, 94-98Ru 124Xe Coulex 6M. GOl"ska 

7 

8 

9 

10 

13ZSn 238U G. cfcAn9~lis . Kr:u~d(·out !5 

7 

8 
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Relativistic Coulomb excitation 
with primary beams 

·Goals: 
• Study the feasibility of the Coulomb excitation. 
• Particle",), angular correlation. 

• 84Kr primary beam at -100 MeV/u. 
• Energy well defined. 

• 400 mg/cm2 Au target. 

~ 18. 

Determination of the impact parameters 
Outgoing particle distribution 
on CATE 

middle focus S2 

end focus S4 

secondary tar~et 

e1 
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... 

Relativistic Coulomb excitation 
with the 14Kr primary beam 

Scatteri·ng..,art91e, ~c;f.,~~t1~~~~"~ 

G&~.... 18.03.2004 Gamma04, RIKEN Take R. Saitoh~u~ 

Relativistic Coulomb excitation with the 
14Kr primary beam : Off·line analyses 

• Event-by-event tracking. 
• Scattering angle selection: 0.5 - 2.5 degrees. 
• <My>=1 : Selectivity of Coulomb excitation. 

50 

40 

30 

20 

~=""'~. 
i ' 

Underflow 
Overflow 
Intearal 6977 

,120' ' 
FWHM-1 ~5 0/0 
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50 

WIt,n,q~t.~~~J1t-by-event
trackitig. .' , 

Relativistic Coulomb excitation of 
the fragment beam 
New shell structur. QtN:»Z 

Relativistic Coulex in N=28~34QndN=~ .... !50 nuclei 

• 

• 

Secondary beam: 56Cr - 100 MeV/u. 
- Large beam spot on the target. 
- Large momentum dispersion of the secondary beam. 

Coulomb excitation target: 197 ,1 g/cm2. 

G_!Si]~,
~1 18.m 

Relativistic Coulomb excitation of 56Cr 
Offline analyses 

• Event-by-event tracking. 
• Scattering angle selection: 0.5 - 3.5 degrees. 
• Event-by-event vic measurement by TOF. 

---------;Mean 

0.5-3.5 degrees RMS 

30 

[}6C! I ~nderflOW 512-v 2+·>0+ - .....: 

"I ~ j 90' 
11" k~ 8(E2) 

~I~~~20 

10 

! I 
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primury larnet 

Two step fragmentation experiment 
Isospin Symmetry and Coulomb Effects 

Towards the Proton Drip-Line 

28 

T= 1/2 mirror-pairs 

22 

27 /;,':rshell 

26 
Complete isobaric 

25 
multiplets in/7l]-shel1 ... 

24 

23 

T= 1 isobaric triplets 

21 

20 T = -3/2 (N=Z-3) members of thez 
T=3/2 quadruplet - no excited 

D !!5i] 
~ states known ... 

N=ZLine 

Two step fragmentation experiment 
Isospin Symmetry and Coulomb Effects 

Towards the Proton Drip-Line 

CATE 

Fina1 fi'aglnent 
identi fication 

• Primary beam: 58Ni, 600 MeV/u. 
• Secondary beam: 55Ni, 171 MeV/u. 
• Secondary fragment target: 98e, 700 mglcm2 
• All outgoin~ fragments from the target were identified by CATE. 

Series of studies on different nuclei with one experiment. 
~r::&]~~ 53Ni and 53Mn for studying the mirrorsymmetry. C.E.D. ,.. ~~ 

ltJ 18.03.2004 Gamma 04, RIKEN Take R. Saltoh ,.r5r1l'1 
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.-50Cr 2+ -> 0+ 

50Cr 4+.> 2+ 

, 5DCr 6+·> 4+ 

/. 50Cr 8+·> 6+ 

II" 

18.03.2004 Gamma04, RIKEN Take R. Saitoh 

2500 


2000 


1500 


1000 • Excellent Z selection by CATE. 
• Mass analyses in progress. 


500 • Identification of 53Ni. 

• Spin assignments. 

100 

50 

18.03.2004 Gamma04, RIKEN Take R. Saitoh 
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y-ray (crystal) multiplicity 


18.03.2004 Gamma04. RIKEN 
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Fragmentation 

10 20 30 40 

GD~,
~l 18.03.2004 

:;:!: 0 :;:!:• 

• ~ 0 ~ 

• ~ ~ 

• lX)
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N 
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• 

• 

• 


<J:) ~ • M N ~ ~ M N .... oNi A+!o!ldlllnW!O uesl/IJ A+!o!ld!~lnW !O SI/IJ8 Si 

Gamma04, RIKEN Take R. Saitoh 

50Cr 
Changing the velocity 

11 
/ 

y 



¥2+ 8.9 ps 

4+ 2.2 ps 

I 6+ 1.3 ps 

50Cr 
Constant velocity 

---/ 

1# 
/ 

/ 
/ y 

18.03.2004 Gamma04, RIKEN Take R. Saitoh 

¥2+ 8.9 ps 

4+ 2.2 ps 

I 6+ 1.3 ps 

"'"' 'Sa 

50Cr 

GEANT4 simulation 

132Xe 

Target: 197Au 300 mg/cm2 


Energy: 600 keY 


Lifetime, 8(E2) 
Excitation 

18.03.2004 
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y-ray angular distribution 


~«H]~i 


Fully prolate ali 

Fully oblate ali 
I·· ............. 
 II" 11·.._···1 

~ ~ 
c::::> 


(6ep 9€-+-6ep € €)/(6ep 91-) 


18.03.2004 Gamma04, RIKEN Take R. Saitoh 
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RISING with stopped beams 


18.03.2004 Gamma04, RIKEN Take R. Saitob 
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What is the stopped beam experiment? 

• Fragment beam production at relativistic energies. 
• De-accelerate the fragments with .. · 

Fragmentation 

What is studied with stopped beams? 
• To study the nuclear structure at extreme. 
• Decay study. 

• low background. 
• Feasible with very low fragment intensity - 1 pIs. 

c.f. 1000 pIs needed for experiments at relativistic energies. 
• Example: 190W experiment in 2000. - 1pis. 

Ii 

• Stop the fragment at the catcher. >, 

• Decay study with the EUROBALL J 

10 20 30 40 

tcher , 
SCI 

y:,

'9 

Populol.ic)n of gs--tnJnd if. 190Vv K'-12+,m+

• y-isomE ~ 
10· "'::""233'• a- and 53 

! 

OL..l....L...L..~~~~uu..; 

easurements• Electro rn 

in ps-ns §35
o 
u ~I1B 

o 100 200 300 400 500 600 700 800 900 1000 

18.( ,,),-Energy (keV) 
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.0 

Coming up
• 2004 

~ May: Experiments at relativistic energies with HECTOR 
for GDR and N»Z nuclei. ' 
~ December: Experiments at relativistic energies with MINIBALL. 

- Seven proposals being already approved. 
- Five new proposals submitted and four approved. 

18.03.2004 Gamma04, RIKEN Take R. Saltoh 

Coming up
• 2004 

)0- May: Experiments at relativistic energies with HECTOR, 
for GDR and N»Z nuclei. 
};; December: Experiments at relativistic energies with MINIBALL. 

- Seven proposals being already approved. 

- Five new proposals submitted and four approved. 


- 2005 

)r Winter: Experiments at relativistic energies with MINIBALL. 

:r Summer: Experiments with stopped beams. 


- y-isomer decay. 

- a- and ~-decay. 


- Life time measurements in ps-ns with electrical timing methods. 


- 2006 

)i;- Experiments with relativistic beams and v~~.r°~jI'ftOlr,.,()y· 

'r Feasibility studies for experiments with s 


- Multiple Coulomb excitation. 

- One- and two-particle transfer reactions. 

- Fusion and deep inelastic reactions. 


GSiW. 
18.03.2004 Gamma04, RIKEN Take R. Saitoh~'l 
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Study of high ·spin states by using secondary fusion reaction 

Eiji Ideguchi 

Center for Nuclear Study (CNS), University of Tokyo 


Studies of high-spin states in atomic nuclei by in-beam gamma-ray 

spectroscopy have provided detailed information on the nuclear structure. 
In such studies, high-spin states are achieved mostly through a fusion 
reaction using a combination of a stable-isotope beam and a stable-isotope 
target, since large angular momentum can be brought to the nucleus of 

interest in the reaction. However, nuclei produced in the fusion reaction are 

limited, in many cases, to the proton-rich side relative to the B-stability line. 

By utilizing a neutron-rich beam in the fusion reaction, nuclei will be 

produced in the neutron-rich side and the region ,available for high-spin 

studies will be largely expanded. 
In order to actualize this method, an experiment to produce a low-energy 

secondary beam (....... 6MeV/nucleon), which is indispensable for inducing the 

fusion reaction, was performed at the RIKEN accelerator research facility. 

In the first experiment, a secondary 37p beam was produced at the RIPS 
Facility [1] in RIKEN by the fragmentation reaction of an 40Ar beam (63 

MeV/nucleon) impinging on a 9Be target with 1.5 mm thick. The energy of 
the 37p beam was lowered by using a wedge degrader at first momentum 
dispersive focal plane (Fl) and a rotatable degrader placed at the second 
focal plane (F2). The 37p beam was transported to the final focal plane (F3) 

and irradiated on the secondary 9Be target 10 11m thick in order to induce 
the secondary fusion reaction, 9Be(37P, xn)46-xK. The intensity of the 37p 

beam at F3 was about 1.0xl05 counts per second. Gamma rays from the 

secondary reaction were measured by using the CNS Ge array [2]. 
In the second experiment, neutron-rich 45Cl, 46Ar beams are employed to 

induce secondary fusion reactions with thin 9Be target, and high-spin states 
in 49SC and 50Ti are investigated. In the symposium the results obtained in 

these experiments will be presented. 

References 
[1] T. Kubo et al.: Nucl. Instrum. and Methods. B 461, 309 (1992). 

[2] S. Shimoura et al.: CNS Annual Report, p. 5 (2001). 
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ISecondary fusion reaction for high-spin study I 
I 

• High-spin study established 

Fusion reaction: 

Stable isotope beam + Stable isotope target 


• High-spin study induced by Rl beam 

Fusion reaction: 

RI beam + Stable isotope target 


~ High-spin states in Stable I Neutron rich nuclei 

IHigh-spin studies done] 

Experimental Chart of Nuclides 2000 

Highest Spin (Audi 1995) 


J 
180.0 

• 0.5-2 
• 2.5-5
.5.5-10 
.10.5-20 

•C >20Known Nue Ieus 
~ Stable 

http://ie.lbl.gov/systematics.html 
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40Ar + 9Be ~ 37p ~ 9Be(37p, xn)46-XK 

48Ca + 9Be ~ 44S ~9Be(44S, xn) 53-xCa 

45Cl ~ 9Be(45Cl, xn) 54-xSC 

46Ar ~ 9Be(46Ar, xn) 55-xTi 

Fragment separator (RIPS) + Energy degrader 

CNS Ge Array: GRAPE (Gamma-Ray detector 
Array with Positiol1 and Energy sel1sitivity) 
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Production of Low-energy 2ndary beam using RIPS 


22 Img/cm2 

Ge Ball 

37]>
43MeV/u 

4°Ar
63MeV/u 
31pnA 

F 1 :Wedge degrader 

1 

1 

6MeV/u 

F2:]>lastic O.Imm 
Al degrader ]>]>ACX 2 

Q tm 

Low energy 37p beam at F3 


Energy at Target X-Y at Target (mm) 

E=6+2MeV/AX: + I8mm, Y: +7.5mm 
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Experimental setup 
(Schematic) 

CNS Ge Array 

F3F2 
37p beam 

~ II I I 
Al Rotatable Plastic Scinti. PPACl PPAC2 
degrader 

• 	 Secondary target ~Be 10 f.J,m (1.8mglcm2) thick.. 10cmq, 

• 	 2 PPAC's before 2ndary target 

~ Beam Image, incident angle on target ~ Doppler correction 
• 	 F2 Plastic-F3PPAC TOF 
~ Beam Energy 

• 	 CNS Ge Array (about 5 % for 1 MeV r ray) 
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/GRAPEI 
eNS Qamma-&ay detector Array with ~osition 
and gnergy sensitivity 

18 segmented planar Ge' s 

S. Shimoura et al.: 
eNS Annual Report, p. 5 (2001). 
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Gamma-ray spectrum (Preliminary) 
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Summary 

• Development of low-energy 2ndary beam 
37p beam: Intensity = 1 X 105cps at F3 

Purity = almost 100% 


Energy = 6+2MeV/A 


45Cl, 46Ar beam: Intensity = 3.2 X 105cps at F3 

Purity = 46Ar 50%, 45C150% 

Energy = 4.3 + 1.3MeV/A 
• Gamma-rays due to 2ndary reactions 

42K,50Ti 

-166



I'-ray spectroscopy on unstable nuclei at RIBF 

H. Sakurai 

Department of Physics, University of Tokyo, 
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan 

Radioactive isotope (RI) beams, bringing out a high isospin degree of freedom, have given 
great opportunities to reveal out new and exotic phenomena in extreme conditions of 
isospin asymmetry. Such potentials of the RI beams have been demonstrated by the 
in-beam "( spectroscopy with fast RI beams delivered at RIKEN. To enforce the great 
advantages of RI beams, the RI Beam Factory (RIBF) is being constructed [1]. 

Since the intermediate energy CEX was applied for 32Mg [2], several methods have 
been developed and applied for the light mass region available at the present facility; the 
proton inelastic scattering for finding collective natures [3] and for determining energies 
of low lying excited states [4], the RI beam fragmentation method for observing higher 
excited states [5], the transfer reaction for single particle states [6], and very recently the 
recoil shadow method for life-time measurements [7]. In addition, technical efforts have 
been made in developing cryostat targets for hydrogen and helium as well as a NaI crystal 
ball [8], a segmented Ge detector system [9], and a combination of stripped and coaxial 
Ge crystals [10]. 

Such unique and powerful methods and techniques have proceeded into heavier and 
more neutron-rich region at RIBF, where the newly constructed accelerator complex and 
fragment separator lead to high performances in RI beam production. One of experimental 
setups following the separator is the zero-degree forward spectrometer (ZFS) {II], to 
identify ejectiles scattered from secondary targets with a high resolving power, and to 
realize high signal-to-background ratios. These features are necessary for RI beams with 
low intensities in the medium and heavy mass region. 

The "(-ray spectroscopy on unstable nuclei with fast RI beams at the RIBF, is illus
trated through the overview of the RIBF facility as well as the present R&D activities. 

References 
[11 T. Kubo, Nucl. lnstrum. Meth. B 204 (2003) 97. 
(2) T. Motobayashi etal., Phys. Lett. B 346 (1995) 9. 

[31 H. Iwasaki et al., Phys. Lett. B 481 (2000) 7. 

[41 Y. Yanagisawa et al., Phys. Lett. B 566 (2003) 84. 

[51 K. Yoneda et al., Phys. Lett. B 499 (2001) 233. 

[61 S. Ota et al., CNS-Rep. 59 (2003) 14. 

[7] N. Imai et al., Phys. Rev. Lett. 92 (2004) 06250l. 

[81 S. Takeuchi et al., contribution of this symposium. 

(9] M. Kurokawa et aI., IEEE NucL Sci. 50 (2003) 1309. 


[10] M.K. Suzuki, Master thesis, Dept. of Phys., Univ. of Tokyo (2004). 

[111 H. Sakurai et al., proposal submitted to the INPAC for RIBF, 2001 
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Gamma-ray Spectroscopy in the Digital Era 

AJ. Boston, University of Liverpool, Liverpool, UK 

ajb@ns.ph.liv.ac.uk 

Experimental nuclear physics research is underpinned by the development of state-of
the-art instrumentation based on semiconductor technology. Over the last 30 years 
nuclear structure research, utilising the technique of gamma-ray spectroscopy, has 
relied on the excellent energy resolution associated with high purity germanium 
detector technology in order to resolve the complex decay schemes associated with 
excited nuclei. Large arrays of escape suppressed germanium detectors, such as 
Euroball and Gammasphere, were built with the aim ofprobing nuclei at high spin 
and high excitation energy. 

With the advent ofradioactive ion-beam facilities such as SPIRAL, at GANIL France 
and ISAC II at TRIUMF Canada, the extremes of isospin will be probed for the first 
time. These new facilities deliver beams with intensities several orders of magnitude 
below that of existing stable beam facilities and therefore have presented a challenge 
for the experimentalist wishing to use these facilities. 

A new generation of gamma-ray arrays offering a much higher efficiency, while 
maintaining the quality of the collected spectra are being assembled. These new 
arrays have required advances in detector fabrication techniques and utilise digital 
signal processing. The advent of digital gamma-ray spectroscopy allows not only the 
energy and time of an event to be derived but also provides the mechanism to identify 
the interaction position of the incident photon. Such work requires precise calibration 
of the detector response, in order to allow Pulse Shape Analysis (PSA) algorithms to 
be developed. This detector characterisation work will be presented in the context of 
existing detector arrays such as EXOGAM and future spectrometers such at the 
Advanced GAmma Tracking Array (AGATA). 
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Figure 1: The characterised intensity map of an EXOGAM Clover detector 
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Digital Gamma-ray Spectroscopy 


v 
--~ 

Fast Preamp 

• 	 Digital sampling of detector signal provides powerful 
alternative to conventional analogue electronics. 
• 	 High rate capability 
• 	 Improved gain stability 
• 	 Ability to extract more than energy and time from 

signal. 
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Detector Characterisation 


What is characterisation? 

• Provides a full description of the detector response 
• 	 Ca Icu lation of reference pu Ise sha pes 


- Calculation of E-fields 

- Simulation of interaction pOints 


• 	 Full characterisation of germanium crystals 

- Detailed source scans 


• 	 Define how to characterise detectors 

- Define reference pOints 


• Standardise scanning set-ups 
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Liverpool System 
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Detector scan results 
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Analysis of the pulse shapes 


• T30, T60 T90 variation gives the 
position between anode and 
cathode: 
- Radial position of 

interaction in Coaxial (Clover) 

• Energy determinati 
- Moving Window 

Deconvolution 

• Image cha rges: 
Azimuthal position 
Clover 

6x6 Risetime Analysis 

T30 

T60 

T90 
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Risetime: Linear fits for radius 
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Mirror Charge Asymmetry Analysis 


A = QI -Qr 
Q1 +Qr 

• QI and Qr are magnitudes of mirror charge signal in the 
left and right neighbour. 

• The asymmetry cancels out the radial contribution and 
yields information regarding the azimuthal position of 
the main interaction. 
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Image charge asymmetry results 
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AGATA prototype triple cluster 


90X40mm~ 
100 tapering angle 

• 	 Prototype symmetric triple cluster 
• 	 Ordered from EM 
• 	 Requirement to define segmentation scheme of detector 
• 	 Database of calculated pulse shapes constructed for 

consideration. 

Calculation of pulse shapes 

• Calculation of the signals 
induced on the contacts using 
the weighting field method 

FEM-model 
of detector 

Calculate weighting 

fields 
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Calculation of pulse shapes 
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Pulse shape database 


Az • A lmm grid was used to evaluate 
the pulse shapes. 

• 	 Following cylindrical symmetry 
arguments interactions only in seg. 
B ~ 25,000 grid pOints were used. 

• 	 Net and image charge considered. 
• 	 662 keV photons from 137CS 

considered. 
5 

6 
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• Layout of segments: 
• 	 Enhance amplitudes of transient 

signals 
• Counting rates per segment 
• Capacitance of segments 
• 	 Equalise mean charge collection 

times 
• Shape of front part of detector 
• 	 Length of inner hole 
• 	 We would prefer a more semi

spherical shape of the front part of 
the crystal! 

(Liverpool/Milano/CSMSM Orsay) 

EXOGAM Detector Scans - Intensities 

Design of detector 
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Different manufacturers have different manufacturing 
philosophies 

-187



II) 

c: 
o 
:i:i 

.~ 
Ci 
0
ro 

~ 
"0c: 
ro 
>
0

S 
II) 

e 
t 
Q) 
0
Il) 

>
~ 
to 
E 
E 
ro 
01 .... 
o 
II) 
I... 

Q) 


:i:i
c: e 
u.. 

II) 

c: 
o 
:i:i 

.~ 
Ci 
0
ro 

~ 
"0
c: 
ro 

~ 
~ e 
t 
Q) 
0
Il) 

>
~ 
ro 
E 
E 
ro 
01 .... 
o 
~ 
Q) 
:i:i
c: e 
u.. 

Small Animal Imaging with 

Semiconductor Detectors 


Dr Andy Boston 
University of Liverpool 

ajboston@liv .ac. uk 

smartPET 

.JZ.I... THE UNIVERSITY Ikh Daresbury Laboratory 

fIIII:IIt WCCLRCof LIVERPOOL 

Project funded by the Medical Research Council 

smartPET : Prototype detector 

• 	 The prototype detector for the imaging project was the 
GREAT planar detector 

• 	 On loan from the GREAT collaboration. 
• 	 The detector is a 24 x 12 germanium orthogonal strip 

detector. 
• 	 The crystal is fully depleted at +600V and operating 

voltage is +800 V. 
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The GREAT Planar Detector 
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15mm 	 130mm 

Lithium-strip contact 
Anode 

Anode configuration 

70mm 

Boron-strip contact 
Cathode 

Cathode configuration 
Lithium diffusion: O.7mm deep Boron ion implanted: O.3Jlm deep 

12 horizontal strips 24 vertical strips 

Strip width: Smm Strip width: Smm 

Inter strip distance: O.7mm Inter strip distance: fVO.1mm 


The GREAT Planar Detector - A Top View 

Anode side - Aluminium window 1.1mm thick 

lSnun ~ 
1...___...;.;.:;,;.;...:.;.. 

L________.....;._____..-..;._____-----.J ~ 14rnm 

Cathode side - Beryllium window O.Smm thick 

tlncident gamma 
rays ~ 

24 <III-

• 	 The detector casing is aluminium 
• 	 O.Smm beryllium window in front of the boron implanted 

side ( cathode) 
• 	 1.lmm aluminium window on the lithium diffused side 

(anode). 
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Scan Intensity Plots - Cathode strips 1-24 


III 
c: 
o 
:p 
ttl 
.~ 
C. 
a. 
ttl 

~ 
"0 
c: 
ttl 

>a. 
8 
III e 
t) 
QJ 
a. 
III 

>

~ 
ttl 

E 
E 
ttl 
0'1 
"o 

III 
c: g 
ttl 
.~ 
C. 
a. 
ttl 
III 
~ 

"0 
c: 
ttl 

>
0.. 
o 
U 
III 

~ 
0.. 
III 

>
~ 
ttl 

E 
E 
ttl 
0'1 
"o 

• Co-57 source 
• 2mm steps 

• 2mm collimator z 
• @ 3min/position 
• Gated on 122keV 

350.0 

300.0• Intensity/position 
250.0• Co-57 source 

8 
~ 
c: 200.0• lmm steps 

150.0• lmm collimator 
100.0

.@ 5min/position 

• Gated on 122keV 
50.0 

.. Counts• Intensity/position 2d surfaceY 

1900 
1800 
1700 
1600 
1500 
1400 
1300 
1200 
1100 
1000 
900 
800 
700 

Pulse Shape Analysis - Interaction Depth 


~ Incident gamma ray O(t 

Time 

+800 V 

• The shape of the charge pulse is position dependent: 

• Rise times at T30, T60 and T90 used to find interaction depth 

• Time difference method - time to collect electrons vs. holes 
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smartPET : Image charges 


Drift of charge carriers induces a signal on adjacent electrodes: 
- Magnitude depends on the position of interaction relative to 

the electrode 

- Image Charge Asymmetry parameter 

- Vertical and horizontal position 
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smartPET : Pulse Shape Response 
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Compton Camera Characterisation 
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~ 

" Solid State 
Detector Array 

Gamma-ray spectroscopy in the 

Digital Era 


Frontiers of gamma-ray spectroscopy 

AGATA 
GRETA 

And its applications 

Dr Andy Boston ~ THE UNIVERSITY 
ajboston@liv.ac.uk .-. of LIVERPOOL 
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Perspectives of AGATA and 

lifetime measurements for dipole bands in the 142Gd region with EUROBALL 


R.M. Lieder 

Institut flir Kernphysik, Forschungszentrum Jlilich, D-52425 Jlilich, Germany 


The investigation of new phenomena in atomic nuclei requires the study of their structure 
under extreme conditions at the boundary of stability, where the excitation energy, the spin or 
isospin take extreme values. The most powerful means for such studies is the high-precision 
,-ray spectroscopy with highly efficient and highly granulated ,-detector arrays. The array 
should for a maximum coverage of the total solid angle consist only of Ge detectors. Such 
a detector system is the Advanced Gamma-Tracking Array AGATA, designed by a European 
collaboration. A new type of Ge detector has been developed for this array which allows 
to follow the tracks of the ,-rays in the Ge shell. These ,-ray tracking detectors consist of 
high-fold segmented Ge detectors and front-end electronics, based on digital signal processing 
techniques, which allows to extract energy, timing and spatial information for a ,-ray by pulse 
shape analysis of the Ge detector signals. Utilizing the information on the positions of the 
interaction points and the energies released at each point the tracks of the ,-rays in a Ge shell 
can be reconstructed in three dimensions on the basis of the Compton scattering formula. For 
AGATA a geometry consisting of 192 tracking detectors is considered. The total number of 
segments in the array is 6780 and, with the conservative assumption of a position resolution of 
5 mm, the calculated photopeak efficiency is 40% and 25% at ,-ray multiplicities of 1 and 30, 
respectively. This gives a sensitivity of AGATA for high-spin spectroscopy which is about two 
orders of magnitude larger than that of present-day ,-detector arrays. 

In the nuclei l'U Eu and 142Gd, lying close to the magic nucleus 146Gd, dipole bands have 
been found which are considered as magnetic rotational bands [1,2]. To prove this interpretation 
lifetimes have been measured with EUROBALL IV using DSAM to determine the B(Ml) and 
B(E2) values. They were compared with B(MI) and B(E2) values calculated in the framework 
of the TAC model [3] and the semi-classical SPAC model [1] in which the shears mechanism is 
combined with pi-incipal axis cranking. To the dipole bands DBI and DB3 in 142Gd, vhl}/21rh~1/2 
and vhll/21rhtl/2g7i~ configurations have been assigned. The dipole bands DB2 and DB4 may 
originate from those due to the breakup of a second hll/2 neutron-hole pair. The dipole bands 
DBI and DB2 in 141 Eu have similar features as the dipole bands DBI and DB2 in 142Gd 
and their configurations may result from the subtraction of an hll/2 proton. Calculations in 
the framework of the TAC model have been carried out considering these configurations and 
deformations ranging from C2 = -0.05 to -0.15. The SPAC model calculations have been carried 
out for an "inverse" initial alignment in which the angular momentum vectors of the involved 
particles and holes )1 and )2 are initially oriented in such a way that the angles with respect 
to the rotation axis are 81 = 900 and 82 = 1800 

, respectively. The angle 82 decreases much 
more rapidly with increasing spin than fh so that a crossing occurs at a certain spin value with 
the result that then the B(Ml) values become small. Such small values have been found for 
the 17+ -+ 16+ transition in DB1 and the 12- -+ 11- transition in DB3 of 142Gd. The dipole 
bands in 141 Eu and 142Gd can generally quite well be described in the framework of the TAC 
and SPAC models, indicating that they can indeed be considered as magnetic rotational bands. 

This work was partly supported by the IB of BMBF at DLR, Germany under the WTZ 
contract RUS 99/191 and by the EU under the contracts no. ERBFMRXCT970123 and HPRI
CT-1999-00078EU. 

[1] E. Podsvirova et al., Eur. Phys. J. A, to be published 
[2] R.M. Lieder et al., Eur. Phys. J. A13 (2002) 297 
(3] S. Frauendorf, Rev. Mod. Phys. 73 (2001) 463 
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using points 
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FWHM =4.5 keV 

Corrected using 
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Gamma-ray Compton imaging by strip Ge telescope 

Shinji Motomura, Hiroshige Takeichi, Shuichi Enomoto, Michiya Kibe; Yasuyuki Gono; and 
Yasushige Yano 

The Institute of Physical and Chemical Research (RIKEN), Saitalna 351-0198, Japan 
* Graduate School of Science, Kyushu University, Fukuoka 812-8581, Japan 

We have constructed a prototype of the Compton camera for the y-ray emission 
imaging[1,2] (GREI) system. The GREI system enables us to visualize distributions of mixed 
radioisotopes (RIs) simultaneously and nondestructively. This systen1 is expected to establish 
new methodologies in biology, nuclear medicine, and so forth[3]. 

The Compton camera consists of two sets of double-sided orthogonal-strip germanium 
detectors which are arranged in paralleL The dimensions are 39 mm x 39 mm x 10 mm and 
39 mm x 39 mm x 20 mm for the front and rear detectors, respectively. The strip pitch is 3mm 
for both detectors. The transverse position of a y-ray interaction in the detector can be 
determined by a combination of the anode and cathode strips with the accuracy given by the 
width of the strip. It is also possible to determine the depth of the interaction point by the time 
difference between the signals from the anode and cathode strips [ 4,5]. 

In order to prove the feasibility of the Compton camera by examples, we have performed 
experiments to visualize the Rls distributed in soybean samples. A soybean sample was 
administered with the three RIs of 137Cs, 59Fe and 65Zn. The sample was fixed 011 a plane 
15mm apart from the center of the front detector. 

The sections of the cones defined for each detected event were accumulated on the plane 
where the sample was fixed, in order to obtain a two-dimensional image called a simple 
back-projection (SBP). The SBP image was separately obtained for each RI and then 
deconvoluted using a point-spread function. It was successfully visualized that each RI has a 
different distribution in the sample (Fig. 1). 

,4 ,2 0 Ii -<l ,4 -2 \) 


x[eml X [em] 


Fig. 1. Distribution of each RI in the soybean sample visual ized by the Compton camera. 
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Gamma-ray Compton imaging by strip germanium telescope 
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Topics 

II Introduction of the multitracer method 
CJ Production of multitracer at RIKEN 

a Gamma rays of multitracer 

.. Present status of the Compton camera 
o Principle of y-ray Compton imaging 

a Strip Ge telescope 
o Implementation with DOl measurment 
IJ Image reconstruction method 

,. 	 Examples of y-ray imageing 
C1 Imaging of a single tracer 

o Imaging of multitracer 


n Example of 3D imaging 
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Introduction of Multitracer method 

~-------------------------------------------------• Production of Multitracer at RIKEN 

RIKEN Ring Cyclotron 
135 MeV / nucleon 

/Injection 

Multitracer 
Solution-

12C, 14N, 160' Metal foil 

Nuclear 
Fragmentation 
Reaction Products 

target 
Ag,Au 

Separation 

Introduction of multitracer method 


• 	 Gamma rays of multitracer 

[J 	 There are more than 100 peaks of "I rays between 1 00 keV and 2 MeV-using Ge 
detectors is almost the only solution for separating these peaks. 

o 	With conventional "I-ray imager equipped with collimators, the spatial resolution gets 
worse when the "I-ray energy is higher than -300 keV . 

A Compton camera consisting of segmented Ge detectors was proposed •
for an imager of multitracer "I rays. 
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Present status of the Compton camera 


• Principle of y... ray Compton imaging 

Segmented Ge telescope 

Present status of the Compton camera 


• 	 Strip Ge telescope-two crystals are enclosed in the common cryostat. 

D 	 Dimensions 

Front: 39mm x 39mm x 10mm 

Rear: 39mm x 39mm x 20mm 


o 	Strip pitch: 3 mm for both detectors 
(13 strips on each side) 


Cl Distance between the detectors: 60 mm 
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Present status of the Compton camera 


• Implementation with depth-of-interaction (001) measurment 

...•. Cathode J~.,- ~ -............l:"'--.~ 


Anode ~......•.~ 
PC 

[J 001 resolution of -1 mm is achieved by using the current modules 

Present status of the Compton camera 

• Image reconstruction method 

... o... 
" .. ....... 


• ~ I) I Q 
>(.,." l • ~ • 3 Z 

• 8 1« 'l""; 

IMeasured data I !SSP image I I Distribution of '(-ray sources I 

[J Measured data ~ Simple back-projection (SSP) image 
• The cone determined for each event is simply accumulated-but there are c~unts even 

where there are no sources in the SSP image. 

[J SSP image ~ Distribution of y-ray sources 
• We have tried deconvolution with a point-spread function 

[J We call this two-step reconstruction "deconvolution after back-projection (DABP}." 
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I~Zn (1115 keY) 

1 

Examples of y-ray imaging 


• Imaging of a single tracer (65Zn) 

·.--·.-----.-----...·-.-·.-.-~······-
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Energy [keV] 
Soybean sample administered with 65Zn 

Gamma-ray energy spectrum measured 
by the Compton camera 

Examples of y-ray imaging 


• Imaging of a single tracer (65Zn) 
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Examples of y-ray imaging 


• Imaging of multitracer (137Cs, 59Fe and 65Zn) 

10 

~ 
d5 . 10 

~ c
6 10 
() 

10 

Soybean sample administered 
with 137CS, 59Fe and 65Zn 

Examples of y-ray imaging 

o 200 -400 600 aoo 1000 1200 1400 1600 1800 2000 

Gamma-ray energy [keV] 

Gamma-ray energy spectrum measured 
by the Compton camera 

• Imaging of multitracer (137Cs, 59Fe and 65Zn) 

DABP image of each tracer 
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Examples of y-ray imaging 


• 	 Example of 3D imaging-3D image can be obtained 
by measuring from only one direction 

Soybean sample administered 
with 137CS, 59Fe and 65Zn 

3D SBP (137CS) 

Summary 

3D DABP (1 37CS) 

• 	 We have constructed a prototype of the Compton camera suitable for 
multitracer imaging and its feasibility was demonstrated by examples. 

• 	 Both 20 and 3D images were successfully obtained by DABP 
reconstruction method. 
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Detector Array for Low Intensity radiation 


S. Takeuchia,*, T. Motobayashia, H. Murakamib , K. Demichib , H. Hasegawab and Y. Toganob 

a The Institute of Physical and Chemical Research (RIKEN), Wako, Saitama 351-0198, Japan 
b Department of Physics, Rikkyo University, Toshima, Tokyo 171-8501, Japan 

A new array of NaI(Tl) detectors has been developed to be used in studying structures 
of unstable nuclei by in-beam ,-ray spectroscopy at the RIKEN Accelerator Research Facility 
(RARF) and the RI beam factory (RIBF) [1]. In those facilities, unstable nuclei are provided 
as fast secondary beams, and , rays to be detected are emitted from fast-moving residual 
nuclei of secondary reactions with appropriate targets. Since the ,-ray energy is 'Doppler
shifted depending on the emission angle with respect to the direction of the residual nuclei, a 
high angular resolution of the detection system is necessary for a high energy resolution after 
Doppler-corrections. The present development is aimed at improving the detection efficiency 
and 'energy resolution, which are crucial for detailed spectroscopy of very unstable nuclei with 
a very-low-intensity beam, such as that with ,-, coincidence. 

A detection array consists of 160 NaI(TI) scintillators surrounding the target. A typical 
intrinsic resolution is around 8-9% at 662 keV (137Cs). Sixteen layers, each of which consists of 
8-14 scintillators, are arranged coaxially with respect to the beam axis, and are closely packed 
to cover the angular range of 22-1620 The angular resolution of ,-ray detection is 7-90 

, which• 

is much better than that of about 200 for the previous NaI(TI) array. 
The improvement of the energy resolution was demonstrated in two independent experiments, 

which conditions are almost the same, (secondary beams of 12Be with /3 := 0.3 on a liquid helium 
target), except for the ,-ray detectors. The width of full energy peak for the new array is 30% 
better than that of the previous array for, rays of E-y = 2.1 MeV corresponding to 2+ -. 0+ 
transition in 12Be. 

The efficiency was estimated by means of the GEANT code[2] to be 24% at E-y = 1 MeV 
with /3 = v / c = 0.36. This condition of E-y and /3 corresponds to typical inelastic scattering 
experiments in RARF. In the case of RIBF, secondary beams are faster than the present facility, 
and the efficiency is estimated to be 18% at E-y = 1 MeV with /3 0.6.f'V 

References 

[1] S. Takeuchi et al., RIKEN Accel. Prog. Rep. 36 (2003) 148. 
[2] GEANT3: Detector Description and Simulation Tool (CERN, Geneva, 1993). 
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RIPS 

01 

02 

radioactive beam 

Inelastic scattering in inverse kinematics 

Detector Array for Low Intensity radiation 


DALI and DALI2 

S.Takeuchi, T.Motobayashi 

Heavy Ion Nuclear Physics Laboratory, RIKEN 

H.Murakami, K.Demichi, H.Hasegawa, Y.Togano 

Department of Physics, Rikkyo University 

2004/03/19 CNS-RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its application 

y-RAY SPECTROSCOPY 
WITH UNSTABLE NUCELI 

Tar get 

Liq.H2 I Liq.4He I Pb I ... 

y-ray detection array 

Excitation energy 

Transition probability 

Angular distribution for particle-y 

2004/03/19 CNS-RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its application 
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Unstable- nuclei 
- Low Beam intensity 

-+ High detection efficiency 

Fast secondary beams 
- RARF {(3 - 0.3) and RIBF {(3 - 0.6) 

-+ Doppler Shift 

Depending on the emission angle 
-+ High angular resolution for High energy resolution 

Detector 

~ 
Scattered particle 

Target 

2004/03/19 CNS-RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its application 

DALI 
32Mg{p,p') ~-O.3 

CSOO 1000 lCSOO 2000 2500 3000 

>(1) 

o ~ 
N 

§ 
I'll " 
o 
u 

Previous system (typical spec.) 

up to 68 Nal(T1) detectors 

angular resolution: -1 5 degree 
E-y [keY]

efficiency: about 15% for 1 MeV 
H.Hasegawa, Master's thesis, Rikkyo Univ., 2003 

2004/03/19 CNS-RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its application 
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DEVELOPMENT of A NEW ARRAY 
v T o NM o T A 

For More neutron-rich nuclei: Low Intensity 


For using at RIBF Fast beam 


REQUIREMENTS: 
Higher Efficiency 

Higher Angular Resolution 

++ • High Energy Resolution 

· Angular Distribution measurements 

~ 

160 Nal(TI) Detectors 

Large Volume and Many Segments 

2004/03/19 CNS-RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its application 

Half of DALI2 

2004/03/19 CNS-RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its application 
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OVERVIEW - DALI2 

160 Nal(TI) detectors 

Each detector 
- 4.5 x 8 x 16 (cm 3) 

- L\E/E - 996 @ 662keV 

Array 
- 16 layers 
- 6-14 detectors in each layer 

2004/03/19 CNS-RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its application 

DALI and DALI2 

DALI DALI2 

Arrangement Brick wall like Hedgehog like 

Size 6 x 6 x 1 2 (cm3) 4.5 x 8 x 16 (cm3) 

# of Detectors 68 160 

Volume - 30 liter - 90 liter 

# of Layers 6-8 16 

Angular resolution - 1 5 degree - 8 degree 

Energy resolution (~-O.3) 12% @ 1 MeV 9% @ 1 MeV 

Efficiency (~-O.3) 15% @1 MeV 24% @1 MeV 

2004/03/19 CNS-RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its application 
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IMPROVEMENT of ENERGY RESOLUTION 


12Be(a.,a.')12Be* 

Ey = 2100 keY, ~ - 0.3 

(a) : DALI 

£\E/E = 9.8% (FWHM) 

(b) : DALI2 	 (£\9-8°) 

£\E/E = 6.6% (FWHM) 

2004/03/19 CNS-RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its application 

IMPROVEMENT of 
ANG U LARDI STRIBUTI0 N 

DALI 	 36Si(Be,Be')36S;* DALI2 16C(p,p')16C* 

E(2+) = 1399 keY E(2+) = 1766 keY 

1800 18002000220024002800 
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2004/03/19 CNS-RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its application 
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48Cr Coulex (K. Yamada et al.) 

~ .... 0.3, Ey = 752 keV 
y-y coincidence 

-+ Efficiency,... £1 X £2 

8E/E = 10.8% (FWHM) DALI : DALI2 = 1 : 3 
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Energy [keY] 

PAST EXPERIMENTS with DALI2 


2004/03/19 CNS-RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its application 

EXAMPLES 


2004/03/19 CNS-RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its application 
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54Ni,SOFe,46Cr Coulex 


27F(p, p')27F*, 16C(p,p')16C* 


4He(220,23F*) 


26Ne(Pb, Pb)26Ne* 


78-82Ge Coulex 


19C(p,p')19C* 
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COMING EXPERIMENTS with DALI2 


y-y coincidence of 32Mg and 34Si 


Inelastic scattering of 64Cr 


Inelastic scattering of 42Si 


With Liquid hydrogen and/or helium targets 

FUTURE EXPERIMENTS in RIBF 

Efficiency and Energy resolution: 18% and 1 2% for 1 MeV (~-O.6) 
Target: More neutron-rich nuclei ( ex. 78Ni >0.1 . cps) 

Possible array for higher efficiency and energy resolution is 

the combination of DALI and DALI2. ? '1 +2=3' DALI3? 

2004/03/19 CNS-RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its application 

SUMMARY 

We have developed DALI2 for in-beam y-ray 

spectroscopy with fast unstable nuclei (@RIBF). 


The performance' is improved compared with DALI. 


- Energy Resolution ilE/E,..., 9%@1 MeV 


- Detection Efficiency E ,..., 24%@1 MeV 

Several experiments have already done with DALI2 
and we are planning experiments with low intensity 
beam and/or n1easuring y-y coincidence. 

2004/03/19 CNS-RIKEN Joint Symposium on Frontier of gamma-ray spectroscopy and its application 
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DOPPLER SHIFT and BROADENING 


If t£;.b)'(pr2(P-cosO~blJ(~p)'sin ow> J(Mob Y 
fJcos()lab 1- pcos ()Iab p + E 1ab 

[\ y 

,ll-r·(! n '.j" In (' nt Beam velocity or Intrinsic resolution 

Target thickness 

g 10 

~ 
Scattered particle 

16Detector 

o ISO 100 160Target 
' ... (d....) 

2004/03/19 CNS-RIKEN Joint Symposiu m on Frontier of gamma-ray spectroscopy and its application 
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STRUCTURE OF IlBe STUDIED IN jJ-DELAYED 

NEUTRON- AND ,),-DECAY FROM POLARIZED llLi 


Y. Hirayamaa 
, T. Shimodaa , H. Izumia , H. Yanoa , M. Yagia , 

A. Hatakeyamab, C.D.P. Levi\ K.P. Jacksonc , and H. Miyataked 

a Department of Physics, Osaka University, Osaka 560-0043, Japan 

bInstitute of Physics, Graduate School of Arts and Sciences, 


University of Tokyo, Tokyo 153-8902, Japan 

cTRIUMF, 4004 Wesbrook Mall, Vancouver, BC V6T2A3, Canada 


d IPNS KEK, Tsukuba, Ibaraki 305-0801, Japan 


The structures of the ground and the first excited states of a light neutron-rich nucleus 
11 Be has been discussed related with the single-particle level inversion, the halo structure 
and so on. However, the structures of the higher excited states have not been investigated 
experimentally. We have applied the new method of j1-delayed decay spectroscopy [1] for 
a spin-polarized 11 Li in order to establish the level scheme, in particular firm spin-parity 
assignments, and the decay scheme of 11 Be, successfully. This method takes advantage 
of the discrete nature of the j1-decay asymmetry depending on the spin values of the 
daughter states. 

The 11 Li beam with polarization as high as 50% was obtained at TRIUMF ISAC. The 
j1-decay asymmetries from 11 Li were measured in coincidence with the delayed neutrons 
and/or ,-rays. The line shapes of the ,-rays emitted from lOB showed the broader width 
than Ge detector resolution due to the preceding neutron emissions. From the Doppler
broaden line shape analysis, the lifetime of the lOB state and the neutron decay path were 
determined successfully. The neutron TOF spectrum was unfolded into individual peaks 
with the help of not only the coincidence relation but also the j1-decay asymmetry. The 
detailed decay scheme of 11 Li ~ 11 Be ~ lOBe was established, clarifying the previous 
contradictory delayed neutron measurements [2, 3]. From the j1-decay asymmetry the 
spins and parities of 8 states in 11 Be were assigned unambiguously. The log ft-values of 
the 11 Li decay and the neutron spectroscopic factors of the 11 Be states were determined. 

The present results were compared with the predictions by the Anti-symmetrized 
Molecular Dynamics (AMD) theory which predicts various types of cluster structures 
both in llBe [4] and lOBe [5]. Some of the levels in llBe show good accord with the AMD 
predictions. 

References 
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Structure of 11 Be studied in ~-delayed 


neutron- and y- decay from polarized 11 Li 


Y. Hirayamaa , T. Shimodaa , H. Izumia H. Yanoa, M. Yagia , 

A. Hatakeyamab, C.D.P. Levyc, K.P. Jacksonc, and H. Miyataked 

8Department of Physics, Osaka University 
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cTRIUMF 


dlPNS KEK 


Latest com ilation of ener levels in 118e 

[ Aim of the present work) J;:~:r'20.68 

"U 0.003 

Bench mark nucleus to test nuclear models 
for neutron-rich nuclei 15.722 

8U+t 

only a few spin-parity assignments 

prevents comparison 

between experiment and theory 

level by level 
, 

Establish 

level scheme of 11 Be 

in particular firm spin-parity assignments 


decay scheme of 118e , 
[ structure of 11 Be excited states 1 

F. Ajzenberg-Selove, Nucl. Phys. A506 (1990) 1. 
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a new method of ~-delayed decay spectroscopy from a polarized nucleus 

~ -delayed decay spectroscopy ~ - decay from a spin polarized nucleus 

Establish 
level scheme of 11 Be 
decay scheme of 11 Be 

rl-ray angular distribution : 

W(9)=1 +v/c APcos 9 

A : asymmetry parameter 
P : Polarization 

I· 

AP= JR-l
JR+ 1 

llBe 

If A 

51Z +0.6 

31Z -0.4 

liZ -1.0 

R- tW(O) I W('tt))+ 
- W(O) I W('tt»

Assign a spin-parity firmly and si·multaneously 

( TRIUMF - ISAC 1 

• Production of 11Li nuclei 
spallation reaction 
Ta target with 500 MeV - 40 J..LA 
proton beam 

• Collinear optical pumping method 
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( Detector·Setup 1 
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Flight Length: 1.5 m 
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Disagreement points exist c::; Hidden peaks exist 
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[ TOF line-shape) 
• neutron energy 
• level width 
• detector response 
• spin-parity 

!
~-n-y triple 
coincidence spectra 

C :2Q90IttV 
C1 93(14)% 

C20.01(~'" 

A : 219keV 
0.4«9)% .179 0+ 

5.960 1
.9582+ 

D :2811 keY 
1.1(2)% 

lOBe ...........--.3.361 2+ 

c: 2590 keV r .. 216(55) keV 
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unknown neutron decays from 

8000known levels and assumedlevels 

further included neutron decays I'J'J 6000 
..e- from known levels :i 

- from assumed levels §4000 
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~ 0.0 

-0.8 
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TOF (ns) 

4 

O~"~~~~~~~~~~ 

-0.4 ~····-hf···IHI··I+·jlt······ 

3n.- 0 ( New Level and Decay Scnernesof11Be J 
llLi 

T1n.- 8.S ms 
 --- from known levels 
Qp'" 20.610 MeV previously unknown transitions ___ from assumed levels 

18.1 

IS.no ali + t 

normalized to average value ~ 
between Aol at al. and Morrissey .t al. 11 

Be 

determined 

In 

• log ft 
11Li -+ 11Be 

• spectroscopic 
factor 


lOBe + n 
 11Be-+ 10Be + n 
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Q(.'}"" 20.610 MeV 
18.1 

i-="""""'-=~:L.--_ ....SI2...-_--...::.10=.6 

r-=~~~-- =312;;...-_~=, 

r---:.:=J...!2J..:.~~_ .;....;312;.,..-_--:.;.;;..;l 

Y. Kanada·En'yo, H. Horiuchi, A. Dote, Huc!. Phy •• Aea7(a001) 146c 

Y. Kanada.En'yo and H. Horiuchi, PhY •• ReV. cee (2002) 024305 

IIBe 

t312~ 

~ 
.. 'k Slngl....lpha crust.r 

I..r""-~...;w. 

ttr 

'12

211(0 
It!' .. 3/2-

AMDtheory 

312- 0 

llLi 
T1I2- 8.S msAnti-symmetrized 

Molecular Dynamics" .' . 

• rotational bands 

2-alpha cluster state 


.:t 

I(ft = 1/2 - .'fI,.......•. , 


3n: p-shell (O"t.U) 

I(ft =3/2- .@~':. e 

2n: sd-shell (2"00) 

I(1t =1/2+ @.-.:. · 
1n: ad-shell (11it.U) . 

• single-alpha cluster.tate ' 

111m 
K" -1/24

Transitions with the largest spectroscopic factor are shown. [ Spectroscopic Factor J 
assumed lowest possible L 

/
new cluster states?", 

~ 3""12....-__.....::.=_ 

1 TIm 

.. \ 

oTIm 

2+ 3.368 

0.43 oTIm 

• 

10.6 

2.69' 

(312, 512)+ 1.78 

lOBe + n oTIm 
llBe IY. Kanada-En'yoet al.,Phy•• ReV. ceo (1999) 064304) 
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• 	 We applied a new method of ~-delayed decay spectroscopy 
for a spin polarized 11 Li. 

The ~-decay asymmetry was measured in coincidence 

with the delayed neutrons and y-rays. 


• 	 We established the level scheme and decay scheme of 118e. 
Spins and parities have been assigned for 8 states. 

From the analysis of the Doppler broadened line shape, we determined the 

neutron decay path and the lifetime of 108e excited state. 

~..decay intensities (Iog ..ft) from 11Li have been determined. 

The neutron decay paths and their intensities have been determined, 

and the neutron spectroscopic factors have been estimated. 

Three new levels are suggested to account for the observed spectra. 


• The present results are in accord with the theoretical 
prediction by the Anti-symmetrized Molecular Dynamics. 

Various types of cluster states exist in 118e. 

• The polarized radioactive nuclear beams are very effective 
to study structure of unstable nucleus. 
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Gamow-Teller beta decay of 46Cr 
T. K. Onishi!, A. Gelberg2 , H. Sakurail , K. Yoneda3 , N. Aoi3 , 

N. Imai3
, H. Baba4

, P. von Brentano2
, N. Fukuda3 , 

Y. Ichikawal , M. Ishihara3 , H. Iwasaki!, D. Kameda5 , 

T. Kishida3, A. F. Lisetskiy6, H. J. Ongl, M. Osadal , 
T. Otsukal , M. K. Suzukil , K. Vel, Y. Vtsuno7 , and H. Watanabe3 

1. Department of Physics, University of Tokyo, 
2. Institut fiirKernphysik der Universitat zu Koln, 3. RlKEN, 

4. Rikkyo University, 5. Tokyo Institute of Technology, 
6. Michigan State University, 7. Japan Atomic Energy Research Institute 

The Gamow-Teller (GT) strength B(GT) in the /3 decay of 46Cr was mea
sured. It is suggested that the strengths of the GT transition of the even-even 
nuclei with IN - ZI = 2 (T = 1) and A = 4n + 2 (n: integer) can be a good 
test for the"Wigner SU(4) symmetry. For the medium mass nuclei such as 58Zn, 
such GT transitions were observed. But, for 46Cr, no GT transition was found 
yet [1]. Only the 1+ state at 993 keV was known in the daughter nucleus 46V 
[2]. In the present work we observed the GT transition to this 1+ state and 
determined the strength B (GT) for the first time. 

The experiment was carried out at RlPS in RIKEN. A 46 Cr beam was pro
duced by the fragmentation of a 80 MeV/nucleon sOCr beam on a 139 mg/cm2 

Be target. The 46Cr ions were implanted into a 5-mm-thick plastic scintillator. 
The beam was pulsed to observe the decay of the implanted 46Cr. To detect 
/3-rays from 46Cr, we used two sets of 6.E-6.E-E plastic scintillators of 2 mm, 
2 mm and 130 mm thick, respectively. For ,-rays, we used 4 Clover type Ge 
detectors and measured "Y single and /3-, coincidence spectrum. The branching 
ratio of the GT decay was deduced from the ratio of the observed ,-rays to the 
number of implanted 46Cr, which was extracted from the measured purity of 
46Cr and the total number of ions implanted into the stopper. 

A , line at 993 keV was observed in both , single and /3-, coincidence 
spectrum. This line corresponds to the known 1 + state in 46V [2]. The branching 
ratio of this GT decay was determined to be 0.216 ± 0.050 and the half-life of 
46Cr was determined to be 240 ± 140 ms, which is consistent with the previous 
value, 260 ± 60 ms [1]. Thus, we obtained the log jt value of 3.78~g:ig for this 
GT decay, using a weighted average of the 46Cr half-life (257 ± 55 ms). This 
corresponds to the B(GT) value of 0.64 ± 0.20. The result is compared with 
other experimental data in the vicinity of 46Cr and shell model calculations in 
the full pf shell space in this talk. 

References 
[1] J. Zioni et al., Nucl. Phys. A181, 465 (1972) 

[2] C. Friessner et al., Phys. Rev. C60, 011304 (1999) 
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Gamow-Teller beta decay of 
46Cr 

T. K. Onishi 1, A. Gelberg 2, H. Sakurai 1. 

K. Yoneda 3, N. Aoi 3, N. Imai 3, H. Baba 4, 

P. von Brentano 2, N. Fukuda 3, Y. Ichikawa 1, 
M. Ishihara 3. H. Iwasaki 1, D. Kameda 5, T. Kishida 3, 

A. Lisetskiy 7. H. J. Ong 1, M. Osada 1, T. Otsuka 1, 
M. K. Suzuki1, K. Ue1, Y. Utsuno 6, and H. Watanabe 3 

1. Department of Physics, University of Tokyo, 
2. Institut fuer Kernphysik der Universitaet zu Koeln, 
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6. Japan Atomic Energy Research Institute, 

7. NSCL, Michigan State University 

Introduction 

• 	 46Cr is a nucleus of 
A=4n+2(n:integer),N=Z-2. 

5 
• 	 These nuclei decay with 

strong GT transitions.~ 
Wigner's SU(4) symmetry 

(cf. GT transitions of the nuclei 2 


of A=4n,N=Z-2 are forbidden.) 1 


• 	 The gap of the 8(GT) values 0 

between 42Ti and 50Fe is A 

large. 

~What about 46Cr? 
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Purpose of this experiment 

. ../ 46Cr 

(J. Zioni et aI., Nucl. Phys. A 181(1972) 465) 
0+ T =1 llalf-life: 260 ± 60ms 

?/ 46Cr -0 IF-·".... n y erml decay was 
.. observed 

1+ T =O..~:· QEC =7603keV 
~V 0.26s (46Cr 0+-+46V 0+) 

0+ ~T=l ./46V
0+ T =1 (C. Frissner et al., Phys. Rev. C 60,011304(1999)) 

46v -Recently, 1+ state at 993 keV 
has been found with in-beam 
y spectroscopy_

I46Cr can decay with GT transition to this1 + state of 46V I 
--+observation of the 993 keY (3 -delayed y -ray 
--+determination of B(GT) (branching ratio, half-life) 

Experimental setup 
"'beam line'" 
~ DI axe 

../ @RIPS in RIKEN 

../ Primary beam 

-+50Cr(60% enriched),80AMeV,5pnA 

../ Production target 

-+98e 139 mg/cm2 

../ The beam was pulsed 

-+For measuring the half-life of 46Cr 

beam-on : 500ms 

... beam-off: 790ms 


beam RIPS. 
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............ 600 

>
(1) 

:IE 
500........... 


Cf.) 

Cf.) 


0 400 
>-. 
bD 
' 
(1) 300 
c: 

UJ 

200 

100 

Beta detectors 

Particle identification 

-,
~ 
"'. 

5O C",~- r_ 
.. 
~ 

I 

438 .~I 
C~ 

. .. 
39Arf.K 

'; 38Ar .. 
. 37C I 

t.~-

280 300 
TOF (ns) 

Experimental setup 

"'detectors'" 


Purity of 46Cr 
~O.1 0/0 

Intensity of 46Cr 

~20cps 

I:::. E-I:::. E-E plastic scintillator 

beam 

Gamma detectors 
4 clover type Ge detectors 
(Total photopeak 
efficiency :1 % (1 MeV» 

Active stopper 
(plastic scintillator) 
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Observation of the {3 -delayed- y 
ray of 46Cr 


Without /3 coincidence 	 With /3 coincidence 

100 

o I...-----'-_.....L.-----J_---I o l....-----I.._--'--_.....L.-----..I 

950 	 970 990 1010 1030 950 970 990 1010 1030 
Energy (keV) Energy (keV) 

• 	 In both spectra, there is a gamma line at 993 keV 

--+The 993 keV y -ray is a 13 -delayed y -ray. 

• 993 keV is the energy of 1+ state of 46V. 

Half-life 

4W~~~~~~~~ 

800~~~~~~~~ 
400 

700 
> 350 

1/1 600 
~ 300 ~ 500Q 2W 

~ 
~ 200 ~ 400
8 150 5 300 

100 	 u 200 beam on beam off 
50 100 
o~~~~~~~~ o I...--..l....--...I-..l-.....l..---I---J.....--l-----I
950 960 970 980 990 1000 1010 1020 1030 o 200 400 600 800 1000 1200 1400 

Energy (keV) 
Time (ms) 

• The photopeak--+1 

• The backgrounds--+2,3 
• 	The dead time correction (by random trigger) 

Half-life: 240 + 140 ms cf. the previous value 260±60 ms 

A GT tra.nsition of 46Cr has been observed 
for the first time. 

-239



GT branching ratio 


0.268 

+ 

bB: branching ratio of GT transition 
to the 1 + state in 46V 

46V 	 N?: number of counts in the 993 keV peak 
e?: total photopeak efficincy 

Fig.S decay scheme of 46Cr N46Cr: Total number of implanted
(this work) 46Cr fragments 

RESULT 

IbB=O.216±O.050 

log ft,8(GT) 


• Half-life (weighted average) :0.257 + 0.055 s 

• Partial half-life :1.19 ± 0.37 s 

• (-value :4980 

• ft=5926 + 1842 s 

Ilog ft=3.78 (+0.11,-0.17) 1 

K = 6145secB(GT) = K 	 2 
gA/gv=-1.267(gA / gv) ft 

18(GT)=0.64±0.20 1 
cf. 8(F;46Cr,O+-+46V,O+)=1.75 ±0.37 
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Discussion 1 

6~~~~~~~~~~~ 

5 

4 

2 

1 

10 15 20 25 30· 35 40 45 50 55 
A 

• The 8(GT) value of 46Cr is smaller than lighter nuclei and 
near to the value of 50Fe. 

• An effect of deformation? 
(46V is a deformed nucleus.) 

Discussion2 


• Theoretical calculations 
0.8 shell model 
0.6 FPD6,KB3,GXPF2 

0.4 quasideuteron model

• Theoretical calculations 
reproduce the 

0.2 

o 
experimental data. FPD6 KB3 GXPF2 QD 

Theoretical calculations and exp data 
(open box: unquenched 
filled box: quenched(O.8) 
redline: experimental data) 
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Summary 


• 	The GT transition of 46Cr to the 1 + state in 46V 
has been observed for the first time. 

• The branching ratio of this GT transition was 
determined. Its value is 0.216 + 0.050. 

• The GT strength was deduced, 
8(GT)=0.64 + 0.20. 

• The 8(GT) value is smaller than lighter nuclei 
and near to the value of 50Fe. . 

• Theoretical calculati'ons reproduce the 
experimental data. 
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g-Factor measurements of high-spin isomers and 
condensed matter studies with l'-TDPAD method 

H. Watanabe, H. Deno, A. Yoshimi, Y. Kobayashi, T. Haseyama, T. Kishida 

RIKEN (The Institute of Physical and Chemical Research), 2-1 Hirosawa, Wako, 

Saitama 851-0198, Japan 


K. Asahi, D. Kameda, H. Miyoshi, K. Shimada, S. Emori, G. Kato 

Department of Physics, Tokyo Institute of Technology, 2-12-1 Oh-okayama, Meguro, 

Tokyo 152-8551, Japan 


Y. Gono 


Department of Physics, Kyushu University, Fukuoka 812-8581, Japan 


A.Odahara 

Nishinippon Institute of Technology, Kanda, Fukuoka 800-08, Japan 

A large number of isomeric states with various lifetimes and spins have been discovered 
so far. In general, an isomeric state produced by a heavy-ion fusion reaction is highly 
oriented due to the large orbital angular momentum brought in perpendicularly to the 
direction of projectile. It is well known that the angular distribution of the, ray from 
the oriented state is anisotropic for a nuclear spin I ~ 1. Suppose such an aligned isomer 
is subjected to an extranuclear field Bell, the angular distribution rotates around the 
magnetic field axis with the Larmor frequency WL gJ.lNBell/Ti, where J.lN is the nuclear 
magneton. A nuclear g-factor can be derived from the measured WL if the magnitude of 
BelI is precisely known. On the other hand, information about the hyperfine field can be 
obtained with a known g-factor. Thus, aligned isomeric states formed in nuclear reactions 
become excellent probes for studies of nuclear moments and/or condensed matter physics. 

High-spin isomers have been systematically observed for N = 83 isotones with 60 ~ 
Z ~ 66. By means of conventional,-ray spectroscopic studies, it has turned out that the 
excitation energies of these high-spin isomers are nearly constant. Among these isomers, 
however, both the magnetic dipole and electric quadrupole moment have been measured 
only in 147 Gd so far; the configuration and the deformation parameter were determined to 
be [7r(hIl/2(dsl2)o) ® V(f7/2h9/2iI3/2(d3/~)O)]49/2+ and f3 -0.19, respectively. It is worth 
extending this kind of study to other N 83 isotones to investigate the mechanism 
producing the yrast traps at very high spin. We have measured the g-factors of the 
high-spin isomers in 143Nd (T1/ 2 = 35 ns) and 149Dy (Tl/2 = 28 ns) by combining the 
recoil-shadow and the ,-ray time-differential perturbed angular distribution (TDPAD) 
techniques with the pulsed beam method. The experimental results indicate that the 
g-factors of these high-spin isomers slightly increase as the atomic numbers Z decrease. 

Furthermore, we plan to develop spin-aligned isomers as secondary beams and to apply 
them to condensed matter studies. A series of intermetallic Ce compounds reveal very 
interesting physical phenomena caused by the co~petition between the RKKY interaction 
and the Kondo effect. The I1f = 10+ isomer in 134Ce (T1/ 2 = 308 ns) is appropriate to the 
investigation of the hyperfine fields at Ce site. In this symposium, we also introduce the 
application of this isomeric beam to the microscopic study of the ferromagnet CeRh3B2 
compound which has an anomalously high Curie temperature Tc = 115 K. 
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,'Larmor frequency 

g4/t1Bu,fJ(T)
{,(k =-=-=--:....-;....

h 

T1/2 =30~ns, 
g = -0.183 

134Ce 

n ~ 
... ...~ Isomeric g ..factor '-f (Cora-excltatlon, -polarization effect, etc.) 

g known Local susceptibility 

, I ••• 

g-Factor measurements of high-spin isomers and 

~ 

condensed matter studies with y -TDPAD method 

Hiroshi Watanabe 


Applied Nuclear Physics Laboratory, 

The Institute of Physical and Chemical Research 


Outline 
• Introduction 
• g-Factor measurements of the high-spin isomers in 149Dy and 143Nd 
• Condensed matter studies with the spin-aligned 134Ce isomeric beam 

Spin-oriented isomers as probes for studies of 

nuclear moment and solid-state physics 


0.6 ...---,------.------.--'--.----.----, 

0.4 

--' 0.2 1 

Lf ~.o; 1+\H-I'++/++++-I+M+\-prftPtrsl.~ 
-0.4 

-O.S IL---'----'----'-_'------L----J 

o 500 1000 1500 2000 2500 3000 
t [ns] 

_-- Nuclear structure -------,-, 
• Configuration of the isomer 

Material science l 
• Local moment 

."Nuclear relaxation time 4felectron spin fluctuation 
• Exchange 


TN' =2(J +l){gj(O)h}' 1:; +- 1:;~ =4: {D.(e.)J,,(T)},k.T 
 interaction 

...._-.... =fJ(T)-l =gJ(J +l),LUB(O) 
X/OC 3kBT 
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9 4912+ 35n. (27+) >2u. 4912+ 0.95u,27+) iOn. 49I2+O.51uI(27+) 1.1u. 49/2+ 28n& 

8 

>' 7
G» 
:I-~ 6 
e» 
! 5 
W 

C 
o 4 

27/2- 27na 

~ u 3 2112+ 4na 
2712-510ma

)( 
W 


2 
 11- 4.5na 


1312+ 8.8na 
 1312+ 12na 1312+ 12.5na
1312+ 22na

9+ O.71ua 9+ 235ua 

712- 5- 349d 712- 340d 4- 4.59d 712- 38h 712- 4m9+ 2m 
o 

143Nd 144Pm 145Sm 146Eu 147Gd 143Tb 1490y 

g-Factor measurements of, the high-spin isomers 
in 149Dy and 143Nd 

• High-spin isomer in 149Dy (Z =66) 

Eex= 8.52 MeV, T1/2= 28 ns 
1= (47/2, 4912) not determined 

Y. Gono at al., Eur. Phys. J. A13 (2002) 5-8 

• High-spin isomer in 143Nd (Z = 60) 

Eex= 8.98 MeV, T1/2 = 35 nSf 

/P = 49/2+ .-Angular distribution + Linear polarization 
x. H. Zhou at al., Phys. Rev. C61 {1999} 014303 
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RIKEN Accelerator Research Facility (RARF) 

Injector: RIKEN Heavy-ion Linac (RILAC) 

Main accelerator: K540 RIKEN Ring Cyclotron (RRC) 


Production of the high-spin isomer in 149Dy 

-<} Projectile: 132Xe 7.0 MeV/u, T= 1 j..LS 

-<} Target: 	natural Mg of 6.0 mg/cm2thickness 

(_. Production of the high-spin isomer in 143Nd


I ~ Projectile: 136Xe 7.6 MeV/u -+ 6.5 MeV/u, T= 1 J1,S 


l-<} Target: 12C of 1.7 mg/cm2 thickness 

"'-._------------------

[ Experimental setup for the measurement of g-factors1 

Pb Stopper 	 Dipole 

Magnet
Pb Shield 

-CD Inverse reaction & Recoil shadow method 
... Only y rays emitted through isomeric states can 

@ Spin relaxation control 
( I ) Recoil into Gas ... Suppress the nuclear spin relaxation during flight I 
( II ) Stopper heating system ... Make the relaxation time long after stopping t 

. ,,-."'''-,-,--~. 	 ----' 
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--

•••• ••••• •••• 

For Dy3+ ion: J =15/2, gJ =413 

calibrated with the known g-factor 
.of the isomeric state in 1520y 
. (produced concurrently with the 149mOy) 

..... 1520y 1= 21 Isomer (present work) 
4 

3.5 

152Dy /- 21 Isomer (g. O.55±O.06) 
,8(T) : calculation (5% uncertainty) 

oL------====================w 

y -ray Time-Differential Perturbed Angular Distribution 
(TDPAD) technique 

Intensity of r ray: N(t,B,B.,) =N.exp~ ~~. t )W(t,B,B,,) 

Angular distribution: W(t, Br, Boff) = LBt(I)At(y)Pt[cos(0, - OJL •t)] 
k~even 

LJ B ) = N (t, Br,Boff) - N (t ,Br + It / 2, Boff)R(t, Ur, .ff 
N(t, 0" Boff) + N(t, 0, + It /2, B.ff) 

3A22 
== cos[2(o, - OJL· t)] for k ~ 2 

4+An 
OJL : Larmor frequency 

Ig factor: g=;;., I 
B.ff = Bal +Bill! = P(T)B int 

peT) :Paramagnetic peT) = 1+gJ(J + l)jia.8(O) 
Correction Factor 3kBT 

0.2& 

f"'"f .-'(....., ... 

:J.22 

Calibration of the paramagnetic field 	 ••• 
4.5.-------------------"'--..;..,.......----, 


1.2 1.6 

tgJ~ 

0.22 

0.21 	

8/11 

calibrated with 
8(0) =3.51 (1 0) MG 

for Nd3+ ion given by O.Riegel et a/. 

o 	 0.001 0.002 0.003 0.004 
11T [K-1] 

For Nd3+ ion: J =9/2, gJ = 
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0.05-
~ 0 
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-0.1 
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-0.2 
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0.4 

0.3 

0.2 

0.1-
 0~ 
-0.1 

-0.2 

-0.3 

-0.4 

I 

T= 328 K 

, II,(ill' 


I 

0 10 20 30 

rJIII 
. 

V I: 
. 


40 50 60 

t [n8] 

T= 533 K 

t [n8] 

., 
••• 


T CiJ L 
[K] [rad/ns] Ii 

328 

533 

0.19(2) 6.4(9) 

0.11(2) 3.6(5) 

~ 
gexp =0.41 (6) 

Nucl. Phys. A 728 (2003) 365 

If 

302 K 

60 70 

7: N= 11(3) ns 

••••••••••••• 
Estimation of 7: N for Nd in Pb 

J ·ti 2 1 
7:N . 

2(J + 1){gNj.bIB(O)}2 T.J 

.; = 4: (NJ<)' M[1+ 2(2J + l)NJ< .1n(~)] 
.NJc=-O.04 

D'= l04meV 

B(O) = 3.51MG for Nd3+ ion in Sn and Pb 
given by D.Riegel et al. 

J =9/2 

13 
12 
11 
10 

'0 9 
..s 8 
It 7 

- 6 
5 
4 
3 

_ =0.56 

100 200 300 400 500 600 700 
T [K] -consistent 

7: N= 8 ns @T= 302 K 

Measured at T = 

10 20 30 40 500 
t [ns] 

Cl)L =0.082(6) rad/ns, 

gN =•0.56(4) 
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143Nd 145Sm 147Gd 149Dy 

The observed g-factors gradually increase as the proton number decreases! .. 
The investigation is now in progress ..... 

Condensed matter studies with 
the spin-aligned 134Ce isomeric beam 

Many interesting physical phenomena
II..., can take place in Ce-based compounds 

and alloys. 

Why Ce beam? 

JcPc( E~) ~ t t 	 t 
Cetn3 CeCu2Siz CeCue CeRuzSi2 CeNt 

CeAI2 CeAI3 CeSn3 

CeB. 


IAnomalous ferromagnetism 	in CeRh3B21 1...... Tc =115 K 

t/ 

the highest Curie temperature among known 
~ Ce-based compounds with nonmagnetic constituents 

• Ce local moment ~ 	Mechanism producing the 
• 	4(spin fluctuation ~ anomalous ferromagnetism 

can be unveiled. 
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Overview of the experimental g-factors of 
the high-spin isomers in N = 83 isotones 

Main configuration 

= 




••• •••• ••••• •••• 
•• 

Setup @F3 
Fusion reaction with inverse-kinematics 

• Low energy beam 
• Charge state distribution • IIVery stronghyperfine 'fields are 

produced by the atomic electrons 

Angular acceptance (± 80 mrad) 
'.." Momentum acceptance (F1 slit ± 10mm) Keep the initial nuclear alignment by 
. Decay in flight (L =27.5 m) 

. Cross section (by PACE2) transporting only Ce ion which has 
Charge distribution 

the Ne-like atomic shell (150)Yields of 134mCe (Q == 48+) @F3 
7000 

Optimal condition for the production of 134mCe48+6500 ' 

6000 
5500 • Projectile: 131Xe, E =8 MeV/u, 1=5 pnA (T =311 s) 
5000 • Target : 98e, 7.5 11 m 
4500 • Reaction: 98e(131Xe, 6n) 134mCe (Isomer ratio = 17 %)
4000 
3500 
3000 
2500 
2000 
1500 L .._-'-----'----'----'----'-_'----'-----'-----' 

6 6.5 7 7.5 8' 8.5 9 9.5 10 10.5 ; 134mCe intensity @F3 ... 6.9 X 103Is 
Incident Energy [MeV/u] 

Summary 

...•.-...-.~~-------------------------------------------~ .... 
Spin..aligned isomers become excellent probes for studies ••• 

(of nuclear moments and condensed matter studies. 
, t', ,~-.. ~," ,_'''' _ 

g-Factor measurements of high-spin isomers 

g(149mOy) = 0.41 ± 0.06 
g(143mNd) = 0.56 ± 0.04 
Main configuration of the high-spin isomers in N = 83 isotones 

[TC (111/22) <811 (7/2h9/2i13/2)] 

The g-factors of these isomers gradually increase 

as the proton number decreases. 


Condensed matter studies with spin-aligned isomeric beams 


134Ce isomeric beam will be develop.ed. 


CeRh3B2 (Tc =115 K) will be studied in near future. 
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I"-ray spectroscopy with 6 Clover detectors at Tohoku 
ISOL 


M.Fujita, T.Endo, T.Miyake, A.Yamazaki, T.Sonoda*, T.Suzuki*, A.Goto*, Y.Miyashita*, 
N.Sato*, E.Tanaka, H.Tamura* and T.Shinozuka 

Cyclotron and Radioisotope Center, Tohoku University, Sendai, Japan 
*Department of Physics, Tohoku University, Sendai, Japan 

The new detectors for precise {3 - , and , - , spectroscopy measurements have been 
installed in combination with the ion-guide technique at Tohoku ISOL facility. The ion
guide is a kind of ion source for the ISOL and has a great advantage of widely applicable 
to any elements. Recently, a new type of the ion-guide system called "RF ion-guide" have 
been developed to obtain higher efficiency. The new RF ion-guide system provides us more 
neutron-rich unstable nuclei produced by proton-induced fission reactions. 

A high resolution and large solid angle ,-ray detection system has been developed with 
six clover-type HPGe detectors and BGO Compton suppressors. The clover detector consists 
of four coaxial n-type Germanium crystals of 50 mm diameter and 70 mm length mounted 
in a common cryostat. The average photopeak efficiency of the individual crystals at 1.33 
MeV is 2.58 x 10-4 at 25 cm from the 60CO source, whereas the total photopeak efficiency 
in add-back mode is 16.1 x 10-4 , which corresponds to 122 % of the relative efficiency. A 
new goniometer for 6 clover detectors has been constructed and placed at 2 m higher place 
than the ISOL beam line. The permanent magnet for the measurement of the perturbed 
angular correlation has been located at the center of the goniometer. The mass-separated 
unstable nuclei are transferred to the magnet position from ISOL beam line by the tape 
transport system. 

By combination of the RF ion-guide and the newly developed ,-ray detection system, 
several experiments are planned. For example, a search for 78Ni and a precise {3 - , spec
troscopy around this region in addition to the nuclear g-factor measurement for the low lying 
isomeric states of short-lived isotopes are planned. 

Figure 1: 6 clover detectors and PAC system for mass-separated neutron-rich unstable nuclei 
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y • ray spectroscopy with 6 clover detectors 
at Tohoku ISOL 

M.Fujita , T.Sonoda*,T.Endo, T.Miyake, A.Yamazaki, T.Suzuki*, A.Goto*, 

Y.Miyashita*, N.Sato*, E.Tanaka, T.Otsuki*, H.Tamura* and T.Shinozuka 

Cyclotron and Radioisotope Center, Tohoku University 

* Department of Physics, Tohoku University 

• clover -type HPGe Detectors 

• RF-IGISOL method 

• 	 Application of Clovers + RF-IGISOL 
(PAC system for the g-factor measurement) 

• Future Experiments 

Clover Detectors at CYRIC 

6 clover-type HPGe detectors have been installed in 2001. 


In April 2004, all 6 detectors will be able to use Simultaneously. 


Each detector consists of four coaxial N-type Ge detectors, arranged like a four leaf clover. 

dimension: 51 mm tf; x 71 mm (for each crystal) 

active volume: 470 cm3 (89% of the original crystal volume) 

Ge-Ge distance: - 0.5 mm 

the distance from the surface to end cap : 20 mm 

the end-cap: Be ( 2 mm thick) 

~-fflffi.
i. ' -I I I l IJ !,ill 

I i [ 

I 
:1. \ 
, t ! 

" 1 
t 

I 
1""30 1
I j~l 

1 

-254



BGO Compton Suppression Shields 

The Compton-suppressors consist of 12 crystals of BGO (Bi4Ge30 12) 

specifications for the clover detectors 
PULCLO#1 

10 " 

lCi " U ....,_..""r..... 

III 1: 

52.7~II1_1 Lrr28

52_'_ TI1---1 I 1152 ,

52.7nm KI... ·· .. ·L-p28'

""'11. 
200mm 

Ge BGOIUppnuilln Sum 

03 April 2003 

#1 #2 #3 !#4 
Resolution In keVat 1.33 MeV 1.93 2.07 1.87 2.01 

Resolution In keV at 122 keV 1.01 1.17 1.08 1.02 

Resolution In keV at 14 keV 1.01 1.17 1.08 1.02 

Relative efficiency In % 19.4% 19.5% 19.5% 20.5% 

Peak to Compton ratio 47.0 43.6 48.8 44.7 

FWTM/FWHM 1.80 ·1.89 1.85 1.87 

FWFMI FWHM 2.42 2.60 2.45 2.51 

122 % 
in add-back 
mode 

Improvement of the clover detector The electronic flashes broke the FET In many 
Stop electronic flashes times 

Electronic components 

High vOltage-ground proximity 

Different materials 

( at the end. the mounted detector has been measured at 5000 V without electronic flashes) 

Reinforce Eurlfet and Improve It to reduce restore time without any resolution degradation. 

The inner Eurifet restore was restored by an external restore transistor 

The restore time is currently almost 3 Ils for a saw signal amplitude of 12 V 
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lon-Guided Isotope Separator On-Line ( IGISOL ) 

reaction products or fission products 100He -1P Torr 0,-, ..:""':'" ~cm ....' are stopped in the He gas atmosphere 
ch!l.ltlber dlluriler 

~.'If:t':'.inn 

I1(:>XIW 

':::' 
+ 

~)\'·~'Irc.di.· most ions remain in 1+ state 
~ 

~~:;n 
( He 1st ionization energy: 24.6 eV ) 

~L~/·~l~~--.J +=' _____ 

~~'n tC=OII 1+ ions are transferrd by He gas flow W"Bet 

Advantages of the IGISOL method 

• Applicable to any elements ( no limitation) 

• Stable operation 

Low efficiency « o. 1 % ) ---+ RF-IGISOL method 

• Low stopping power in He gas • Use Large Volume Gas Cell 

• ions are collected by gas flow only • gas flow + DC&RF electric field 

RF-IGISOL(2) 

The volume of the gas cell is 1000 times 
larger than the original one 

• ions are transferred by DC field 

• 100 ring electrodes (RF-car::~:ke the barri/'>: 

t exit hole 3 or:..&.l...l'l....I....I--40.-0-o...l.............I....I....I-o...I-J-.J. 


r(mm) 
ring electrode 
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238U (p,f) Ep = 50 MeV, Ip = 10 nA - 3JlA 

Cyclotron beam current 60nA(BSP31-4)FIX 

RI Beam 

~~ 

'b':1'I-:"'-. 

~Bl1":"'-~-

Mass =100 ~-ray counts 

a slit at the focal plane was removed 
Mass 100 region 

M 101 
liable 

A-100U~L'
Yields' aay 5.2 ± 1.0 lons/).LC,mb .t~mnt;: 

RIcINt 
100Y 10 ± 0.6 ions/).LC,mb 1j:""'.'1!ilCl't!'t::tfl 

o 1.1. 

cf. 9Ty 1.8 lons/J.1C,mb by old IGISOL :Nb 
Count 

.00 
•• Ru UJ'

111111 
I .. 

••Tc."z;. U.+1Py 

I 
M99 

Count liable 

"Ru ..oIl> 
.. 2.IH••", 

I.. 

:Tc ,.Y".Uh 

Enel1)'(keV)Count:,r.b 
,Nb 

100 r~ 
o ~~~~~~~~~~~~~~~~~ 


lOGO 1100 Hili 1* I... 


EnerQY(keV) 
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101 
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101 
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101 

.. Sr 1211u 

2.10 

::Zr 1.410, 
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PAC Measurement system 

applications of "RF-IGISOL" + " 6 clovers" 

• g-factor measurement of the low-lying isomer states of the N-rich Rls 

Perturbed Angular Correlation method for nano-second isomer 

6 Clover-type HPGe Detectors + goniometer + 1.2 T permanent magnet 

Future Experiment 1 
g-factor measurement of 134 I ( 79.5 keV, T1/2=1.62 ns) state 

238U ( p,f ) reaction at Ep =50 MeV 

cr (134Te) = 16.3 mb YRF.IGISOL - 240 [ions Is] 


500 events I day
Ncoin 

___ 111911
configuration of the first 3+ state is expected to ====== 3p.,,~
(nd5Iz ) (VS1/2)-1 or (nds/z ) ( vd3/z)-1 IiI.V.! 

g - +1.02 g - +1.24 

'11..';111 
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r"134Te 
52 

l:~'~~ • "1~.~O 

neutronsprotons 

http:T1/2=1.62


Future Experiment 2 
Magnetic field measurement of 99Tc in Cso 

100Mo(y,n)99Mo @ LNS in Tohoku Univ. 

g (5/2+) = +3.62(5) I.Alfter et.al. ZP A347 1(93) 

known g-factor ~ deduce the magnetic field in materials 

How much does the magnetic field change in Fullerenes ?? 

b!.d'~ h 

t?' ~!Mo 
r:;~_-13S7.2 

'.", 
na.IIU 

ltiM i:~:: 
1l'.141 

Summary 

• 6 clover-type HPGe detectors with BGO Compton suppressors have been installed in 
CYRIC 

• In April 2004, all clover-detectors will be abailable. 

• The RF-IGISOL method has been developed in CYRIC. ( JPS: 28pZB-1 T.Sonoda ) 

• The PAC measurement system which consist of 6 clovers, a goniometer and a permanent 
mag net has been constructed. 

• g-factor measurements ( 134 I 79.5keV state & 99Tc in Cso ) are planned. 
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Results of the Offline/Online experiments 

227 Ac fJ -decay-recoil soU/'cc 

".
-II' MIISS separator

'

a-decay-recoil nuclei are emitted into the gas cell 
DIstance 227;\c sourct>-exithol~ffi!!jJ Distance 227Ac source-exit holelsOrrul1 I 

H,I)(' ON 

(;,IS only II 11. .n ..& II. ... III 

Dislam'e( 111m, 

-260



. f l6e 
• .c B (E2) measurement 0 

. t 1 technIque lor CA new experlIllen a . ·c H KawasakiC, H. Baba, C 
B .A H SakuraiB , K. Denuchl , E GomiC H Hasegawa ,

A
N. ImaiA, H.J. Ong A~':~kudaA, Zs. Fli16pD, A. G~lb~rg A;: Kond;F T. Kubo , 


Zs. DombradiD, Z. Elekes 'B E' Kanekoc , S. Kannoc , T. KlshMlda b' ~Qhl'A T.'NakamuraF, 

h · l ...... F H Iwas akI, . A M' F Toto ayCAoO' B

K. Is I~wa, ..' G T Minemura , M. lura,· . F M.K. Suzuki, , 
. K. Kurita

C 
, ~GMTIc~m~~~shlB .A. SaitoC, S. ShimouraG, l'Ksu~m~~oaA2 H. WatanabeA , 

M. Notam, .' 'A' M T makiG K. Yamada, . on , 
E. TakeshitaC, S. TakeuchI, . :nd M.'IshiharaA 

E 
. . C ATOMKi? , Universitiit zu K6ln , 

RIKENA , Univ. of TokyoB, Rf~kTkYOh ~n~~NS Univ. of TokyoG
Tokyo Inst. 0 ec., ' 

1 l6e has1. . e r of the 2+ state in an unstab e nuc eus 
In the present work, the mean l1fetl~ h .1 The r is inversely proportional to 

Penmental tec nique. '1 
been directly measure d by a ~~w ex . + 0+ The technique essentially follows the recOl 
the reduced transition probablhty, B(E2,21 ~l' 1 )' th h ged-particle decays with velocities 

h d (RSM) r11 which has been app Ied to e car. . 11
shadow met 0 l ' . f h RSM t deexcitation "'( rays from lnelastlca Y 
of (3 ~ 0.01. Instead, we apphed the concept 0 teO 
excited 16e with a velocity of (3 ~ 0.3. . d' t f 

If the r is 50ps and (3 = 0.3, the mean decay length, (3",(cr, has a macroscopIC IS ance 0 

4.7 mm. In the case, when one puts a lead plate surround the targe~ a~d places :'y-ray detect?rs 
to make their detection efficiencies sensitive to the position of deexcltatlOn by USI~g a shadowmg 
effect of the lead plate the r can be determined by measurement of the "'(-ray YIelds. 

The experiment w~ performed at the RIKEN accelerator research facility, A radioactive 
beam of 16e was produced by the projectile fragmentation reaction of a 100 MeV/nucleon 

18
0 

beam. The 16e beam was separated by the RIPS beam line and bombarded on a Be targ~t
5 

102

of 370 mg/cm2-thickness to excite the beam. The 16e beam had a typical intensity of 2x10
particles per second. The average energy in the target was 34.6 MeV/nucleon. The target was 
surrounded by a 5 cm-thick lead plate. The de-excitation "'( rays from the inelastically excited 
16e nuclei were detected by two rings of NaI(Tl) scintillation detectors composed of rectangular 
crystals with volume of 6 x 6 x 12 cm3 . The centers of rings were set at polar angles of 1210 and 

0 
, respectively, from the target position with respect to the beam direction. 

The r has been determined to be 77±14(sta)±19(sys) ps. The central value of r corresponds 
to B(E2) of 0.26 Weisskopf units [4], which is smallest among all the known B(E2) values of the 
other even-even nuclei. The new experimental method will be reported and the B(E2) obtained 
will be discussed through comparison with the global systematics between the excitation energies 
and B(E2) values [5], and theoretical works [6, 7]. 
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r 


A new experimental 

technique for B(E2) 

measurement of16C 

J 

Nobuaki IMAJ 

RlKEN 


• lifetime Stability line 

D Coul. Ex. 

Z<8 

nucl.ex. Coul.ex. 

New method for B(E2) 

measurement of 16C is needed 


2004/19/March gamma04 
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Mean lifetime measurement 


• Inelastic Scattering of RI beams 
• High velocity (13=0.3) 

c:> 	 A = ~y!c 

~ I.OcmC, =IOOps,/3 =0.3) 


• Thick lead shield 
c:> y-ray path is different 
¢ effective efficiency is different 

C' (/) 5.cm 
c." = exp - J1 I : path length in lead 

16C ----l'~.--... 

J.t: attenuation coeff. o 


Rl/R2 ratio 	 Mean life 't 

2004/19/March 	 gamma04 

Experimental setup 


RIPS beam line in RIKEN 
target: 370 mg/cm2 gBe 

beam: 16C of 34.6 AMeV, 200kcps 

lead: 5-cm thickness 

y-ray detector: 32 Nal(TI) 
R1: 14xNa/(TI) 121 deg. 


R2: 18xNal(TI) 102 deg. 


plastic scint. 

PPACX2 

incoming and outgoing angles: PPACs 

PIC of ejectiles: plastic scint. hodoscope 

PA hodoscope 

~beam 

target 

lead slab 

2004/19/March 	 gamma04 
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Energy spectrum ofy ray 


Doppler uncorrected Spectrum of R1 
Shape: GEANT simulation 

Ex(MeV) 


Background: Exponential 4.250 ......... 

4.142-~ ------- 
4.088 
3.986 

3.027~ 
o 

1 1.766 

tJ 

0.0 

Level scheme of 16C 

2004/19/March gamma04 

:;, 
rv~'\"" 

r-~"" 
;$'

",'Y 

~ , 

,\<J:>.... 

Monte Carl,o Simulation 


GEANT 3 code 
Geometry 


energy dependence (137CS, 22Na,60Co) 

position dependence (22Na z=O.O-2.0cm) 


Beam profile ~ 

experimentally obtained parameters for ;: 

emittance and scattering angles 


Angular distribution of y rays 

Mean-life #f" LP8
ECIS79 with optical potential sets for 


12C+12C @35AMeV and 160+12C@38AMeV 


2004/19/March gamma04 
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Cross check (Target: Z=O.O and 1.0 cm) 

Mean lifetime of t6C(2+) 


R1/R2 t [pS] 
Z=1.0 1.70±0.06 63±17 

Z=O.O 1.06+0.03 92+22 

Hatched zone: measured R 1 IR2 ratio 

Solid line: Monte Carlo simulation 

Weighted average= 77 +14 [ps] 
Systematic error: 25% 

o • 10 'P6 lq.D 1. 110 
Mean-life T LPs] 

target position (20%
) + optical pot. (5%

) 

T = 77 +14(stat) +19(syst) [ps] 
N. Imai at ai, PRL92,062501('04) 

2004/19/March gamma04 

Comparison with systematics 


r-""'I 

d16C: 8(E2J,) =0.63 e2fm4 
~ ........
=0.26 [W.u.] ~ 
~ ......... 


-
~ 

~ 
~ 

69 .........
B(E2)sys =6.47 x E-1.0Z2 A-O
. 

~ 

-~ ..........S. Raman et.al.,PRC37, 805 ('88). 

-
~16C: 8(E2)/8(E2)sys =0.032 ~ 

~ 

closedMshell : square 

IAnomalousll: hindered B(E2) I 
2004/19/March gamma04 
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Theoretical Calculations 


• AMD Calc. 
proton/neutron e oblate/prolate (?) 
e.g.) Y. Kanada-Enyo, PRC 55, 2860 (1997) 

8(E2) =1.3 e2fm4 
10.0 

(Y. Kanada-E'nyo private com.) .;-' 10.0 

• Shell model Calc. a &.0 .... 
01 

small effective charge of n (?) 
Q) 

....... 1.0 

e.g.) Q-moment of 15.178 
H.lzumi et ai, PL8366, 51 ('96) 
H. Ogawa et ai, PRC67, 64308('03) 

large proton shell gap (?) " e 8 10
Neutron number 

11 

e.g.) R. Fujimoto PhD. Thesis Univ. of Tokyo 

Fujimoto int.+ Sagawa-Asahi effective charges (ep-1.15e en-O.1e) 
8(E2) =1.1 e2fm 4 

Other experiments of 16C 


• Inelastic scattering on Pb 
Interference between nucl. and Coul. Excitation 

2.5Angular distribution of do-Ida 
............. 

!... 

¢ 8M/bc=3.1 +/-0.5 ~2 
c 

Absolute value of do-Ida !... 

..8 1.5 ........,

c!> Dc =0.42 +/- 0.05 fm 

~ 
C:1(8(E2J- )=O.28(6)e2fm4) -0 

Z. Elekes et aI., PLB in press "".g 0.5 

-

I.1OIPbC·C. j'C')D~ 
E..=52.7 AMeV 

- 6../6c=3.1 (totol) 
- Coulomb port 

nucleor port 

....... 6../6c=0.67 (totol 


• Inelastic scattering on proton 0 I...I...I...&..............................................................~""""-' 

1.5 2 2.5 3 3.5 4 

H.J. Ong et aI., to be submitted to PLB 0scotter.lob (deg ree) 

2004/19/March gamma04 
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Summary 


• 	New experimental technique to directly 
measure lifetime of the excited state 

• 	The mean-life of 16C(2+) is determined to be 
T 	= 77 + 14(stat) + 19(syst) [ps] 

• 	The corresponding B(E2) is anomalously 
small. 

• 	The same B(E2) value is obtained from the 
inelastic scattering on Pb. 

2004/19/March 	 gamma04 
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In-beam Gamma-ray Spectroscopy of Neutron-rich Nucleus 23F 
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'A H JOB S 0 FA' D 'B' ,M . N0 tanI, .. ng, . ta, . SaIto ,H. SakuraI , S. Takeuchic , E. TakeshitaD , 

Y. YanagisawaC , A. Yoshidac 

A Center for Nuclear Study, University of Tokyo 

B Department of Physics, University of Tokyo 


C RIKEN 

D Department of Physics, Rikkyo University 
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Neutron-rich fluorine isotopes are interesting in their features. The stability of neutron
rich isotopes remarkably changes between oxygen and fluorine isotopes. The fluorine iso
topes are extended up to 31 F with N = 22 beyond the magic number of N = 20 while the 
heaviest oxygen isotope is 240 with N = 16. For understanding this feature, it is essential 
to investigate proton/neutron shell structures in the nuclei. 

The present study aims at searching single proton states in neutron-rich fluorine iso
tope 23F. We have, hence, measured de-excitation, rays from the excited states in 23F via 
the proton transfer reaction, 4He(220,23F). The experiment was performed at the RIPS 
beam line in RIKEN. The secondary beam of 220 was produced by a projectile fragmen
tation reaction of 63-MeV /nucleon 40Ar beam with a 9Be target, and bombarded a liquid 
helium target[l] of 100 mg/cm2. The mean energy of 220 was 35 MeV/nucleon, and its 
intensity was 2 x 103 particles/s on average. The 220 ions and contaminating beam parti
cles were identified event-by-event using ~E and TOF. Reaction products were identified 
from TOF, ~E, and E, which were measured by a telescope consisting of 9 SSDs and 36 
NaI(Tl) scintillators[2]. Furthermore, de-excited, rays from the reaction products were 
detected by 150 NaI(Tl) scintillators[3] surrounding the secondary target. 

In the talk, I introduce the details of 'this experiment and reported its preliminary 
results. 

References 
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In-Beam Gamma-ray Spectroscopy 
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N.Iwasa4, S.Kanno3, S.Kubono, K.Kurita3, M.Kurokawa2, T.Minemura2, 


T.MotobayashF, M.Notani, H.J.Ongl, S.Ota5, A.Saito3, H.SakuraiI, 

E.Takeshita3, S.TakeuchF, Y.Yangisawa2, A.Yoshida2 


Center for Nuclear Studr, Jlpiyersitf of Tokfo 
IDepartment of Physics, University of Tokyo. 
2RIKEN(The Institute of Physical and Chemical Research). 
3Department of Physics, Rikkyo University. 
4Department of Physics, Tohoku University. 
SDepartment of Physics, Kyoto University. 

• Motivation 
• Experiment and Its Setup 
• 	 Analyses 

a) Secondary Beams 
b) Outgoing Particles 
c) Gamma-rays 

• Results and Discussions 
• Summary 
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Neutron Drip lines of Z--8 
Neutron Drip-Line 

--'--'--~-r~~~~--~~~~~~I 

20F 21 F 22F 23F 24F 2~F 26F 27F :z 
--~-T--r-~~r-~~--~~~~~~I 

I 
21 0 220 230190 200 2~0 


17N 18N 19N 20N 21 N 22N 2~N 


16C 17C 18C 19C 20C 22;C 
, 

--.... N 16 20 22 
Z=8 to Z=9 : Neutron Shell Changes Attractively! 

As the Function ofNeutron Numbers, 

Proton Shell Changes?? 

To Investigate on the Proton Shell in Fluorine Isotopes. 

~Search for Single Particle States. 

Approaching by Proton Transfer Reaction 


Experimental Tar2et : 23F 

• 6 Known Excited States (Resolution: --50ke V) 
• No J1t information on 23F. 
• Transfer Reaction onto Unstable Nucleus 220 

with Inverse Kinematics. 
• Excitation Energy Determined by De-excited y-rays. 
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Measurement : 
Three Different Reaction Approaching 23F* 

• 4He(220,23Fy): Proton Pickup Reaction 
• 4He(23F,23Fy): Inelastic Scattering 
• 4He(24F ,23Fy): Fraglnentation 

• 
N 


r:~~i~rimental Setup) 

RIPS beam line (RIKEN) 
Liquid 4He Target 

(100 mg/cm2) 

Wedge Degrader 
(321 mg/cm2) 

SSD+Nal(Tl) Telescope 
for Particles 
(TOF -aEparticle -Eparticle) 

Nal(Tl) Scintillator Array 
for Gamma-rays 40Ar (63 AMeV) 
(150 Nal(Tl)s) 

PPAC 

Scattering Angle: a8 =0.5 deg. (Lab) 


Beam Particle Identification: TOFbeam-~Ebeam 

Outgoing Particle Identification: TO F particle-~Eparticle-Eparticle 
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( Analysis: Secondary Beams) 

Property of Secondary Beams 
Produced by Fragmentation Reaction of40Ar + 9Be 

Secondary Beam 


Beam Energy 


Momentum Spread 


Purity 


Intensity 

[counts/sec] 


Measurement Period 


220 


35A MeV 


4% 

42.0% 

2XI03 

23F 

41.5A MeV 

4% 

12.8 % 

6X 102 

3 days 

24F 

36A MeV 

4% 

6.9% 

3X 102 

( Analysis: Outgoing Particles) 


SSD-Na!(Tll Telescope for Outgoing Particles 

• Schematic View • Particle Identification for F isotopes 

Acceptance: 
0scat =0-6 deg. (Lab. flame) 
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Analy~is: G;-;~;=~~y;] 
. .. ,', ~"',""-'. ~~---.,-~~.-,.-~--,) 

N aI(Tl) Scintillator Array for y-rays 

Specifications 

• 150 NaI(Tl) Crystals 
• Surrounding a secondary target: 

8lab = 20-160 degrees. 
• Efficiency for y-rays: 

17.6% for 1.33-MeV y-ray (60CO) 
• Energy Resolution for Moving Particles: 

8.2%(0-) for 3.2-MeV y-rays 
from 220(21+-40\+) at p= 0.27. 

Photograph taken at the position 
of the secondary target. 

Result 8.; Di;~;;~n~Ga~;a-raySp~~t;;'! 
, -. ,·"' .. ...,·,'~,<,.~"'"."'<j,>'Il·"""'i__~....~'''"..,'lf~--.~... ,. ·~"'..'.-;~~'4·.....,..,t~,...,..1lI '1IlI'/!' .......,~ 

• Comparison with y-ray Spectra • y-y Coincidence Events 
50 0 ......--r-.--r~.,--,-,-,--r-T-I-r-r-,-,-...,--,-...,..--,--,-,-, 

4-00 >' 
6 

Q)300 


200 6 5 

1-0 
Q)100 

>'
II) 500 ~ 
~ Q) 4 
0 
t") 

400 :E 
Q)rn 300'" "'t:)~ 

:::1 200 ~ 30 
.!!... 100 ~ 
'"0 uQ)
:;:: 600 <0 2500 >. an 

Q) 

;.§ 1 
>. 
S 

I
1000 2000 3000 4000 5000 ?

-y-ray Energy [keY} 1 2 3 4 5 6 7 
Summed y-ray Energy [MeV] 

4.1-MeVy is a candidate of de-excited y 

from a single particle state! 
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Result&Discussion II: Level Scheme of 23F ] 
Ex 

[keVJ 
~~~ 7005(41)• 

••). 

024 e 

E,[KeV] 


Reconstruction of Gamma-Energy Spectra 

laoo 

(preliminary) 
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'4623(11 
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0 

by Simulated Response Functions 

N ext Step in Analysis 
""<'~~''"''<-'----------

Angular distribution for the 4.1-MeV state 
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Ex 
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To deduce J1t of excited states 
by DWBA analysis. 

Search for adequate optical potentials 
e.g. Global potentials modified 

by inelastic scattering on 220. 

Bern [deg.] 
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Summary 


• Measurement of De-excited y-rays in 23F 


by Proton Transfer Reaction onto 220. 


[ additionally (23F,23Fy) and (24F,23Fy)] 


• Candidate of Single Particle State at 4.067 MeV. 

• Level Scheme of 23p Constructed by y-y Events. 

• Comparison of Angular Distributions with DWBA 
for J1t Assignments and S-factors. 

~-'"''''-~'''''!'~-'''''''''4_",,"_~fk1f~IIVt''~'l~, 

Liquid Helium Target J 
<"';"V"'~""'0";'-'''"''~'''"'~_'__~~~i''' 

Specification of Liquid Helium Target 

• Thickness: 100 mg/cm2 

• Size: 30 mm diameter 
• Window: 6-mm Havor 
• Cryostat: 	 Keeping at 4K 

[Melting Point of 4He is at 4.2K @ latm] 

• Developed in CNS/RIKENl) 
1) H.Akiyoshi et. al.: RIKEN Accel. Prog. Rep. 34, 193 (2001). 
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New effective interaction for pf -shell nuclei and its 
implications for the stability of the N =Z=28 closed 

core 

aM. Honma, b,cT. Otsuka, dB. A. Brown and eT. Mizusaki 

a Center for Mathematical Sciences, University of Aizu, Tsuruga, Ikki-machi, 

Aizu- Wakamatsu, Fukushima 965-8580, Japan 


bDepartment of Physics and Center for Nuclear Study, University of Tokyo, 

Hongo, Tokyo 113-0033, Japan 


C RIKEN, Hirosawa, Wako-shi, Saitama 351-0198, Japan 

d National Superconducting Cyclotron Laboratory and Department of Physics 

and Astronomy, Michigan State University, East Lansing, MI48824-1321, 


USA 

e Institute of Natural Sciences, Senshu University, Higashimita, Tama, 


Kawasaki, Kanagawa 214-8580, Japan 


The nuclear shell model has been one of the most powerful tools for the study 
of nuclear structure. Owing to recent developments in computational facilities 
and numerical calculation techniques, most of the pf-shell nuclei are now in the 
scope of exact Onw calculations. The current frontier of such direct calculations 
corresponds to the middle of the pf-shell (A 60), where the maximum MI'.; 

scheme dimension reaches to two billion. 
The ,-ray data provide us with crucial information of the effective interaction 

for shell-model calculations. The microscopic theory for deriving the effective 
interaction from the nucleon-nucleon potential is not necessarily successful es
pecially for cases of many valence nucleons. For a practical use, we have derived 
a new effective interaction GXPF1 [1] for full pf-shell calculations, by modify
ing such a microscopic interaction empirically, including the knowledges from 
many-body data. 

One important problem in this mass region is the softness of 56Ni core. The 
recent ,-ray spectroscopy has revealed the amount of the core excitation in 
low-lying states. For example, the measurements of electromagnetic transitions 
in 58CU [2J suggest the enhancement/hindrance of low-lying electormagnetic 
transitions in comparison with the prediction with an inert 56Ni, which can 
reasonably be explained by taking into account the core excitation explicitly. 
Another interesting topic is the shell evolution as a function of the valence 
nucleon number, especially in neutron rich nuclei. The systematic experiments 
[3, 4] for neutron rich Ti isotopes suggest the appearance of N = 34 shell gap 
for Z I'.; 20, which has been predicted by our shell-model calculations. 

References 
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New effective interaction for pf-shell nuclei 

and 


its implications for the stability ofN Z 28 closed core 


2004.3. 18-19 CNS-RIKEN joint symposium "gamma04" 

M. Honma (Univ. of Aizu) 

T. Otsuka (Univ. ofTokyolRIKEN) 

B. A. Brown (MSU) 

T. Mizusaki (Senshu Univ.) 

Contents 
• Introduction 

• Effective interaction GXPFI 

• Softness of the 56Ni closed core 

• Summary 

Shell model 


• 	 Powerful tool for the study of nuclear structure 
- Data analysis and prediction 

• 	 pf-shell 
- Current frontier of shell model calculation 

M = 0 dim. -- 2 X 109 for 60Zn 

- "soft" 56Ni core ~ active 2-shel1 problem 


• 	 Conventional Lanczos diagonalization 
- Feasible up to -- 108 ... code MSHELL by T. Mizusaki 

- Truncation of model space: (!7/2YI-I (P3/2 is/2 P1/2Y2+1 

- t --5 calculation is possible for most pf-shell nuclei 

• Monte-Carlo shell model 
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Effective interaction 

• 	 Microscopic (realistic) 

- Derived from NN-interaction (renormalized G-matrix) 


• 	 KB ... T.T.S.Kuo and G.E.Brown Nucl. Phys. Al14 (1968) 241 

- Hamada-Johnston potential, 

- Renormalization due to core-polarization 

• Problems for many valence nucleons 

• 	 Microscopic + monopole correction 

- Modify monopole part ofKB interaction empirically 


• KB3G ... A. Poves et at, NPA694 (2001) 157 

• Excellent for A~52, but Fails for 56Ni, 57Ni, 55CO, ... 

• Problems in cross-shell excitation over N, Z=28 shell gap 

GXPF 1 interaction 
M. Honma et aI., PRC65 (2002) 061301(R) 

• Modify realistic G interaction 
M. Hjorth-Jensen, et aI., Phys. Repts. 261 (1995) 125 

- Bonn-C potential 

- 3rd order Q-box + folded diagram 

• Fit to 699 experimental energy data of 87 nuclei 

• Vary 70 well-determined LC's of 195 TBME and 4 SPE 

• Mass dependence 	 ( A )~ 0.3 
V(A) =V(A =42)x 42 

• Data selection to avoid intruder: 47 ~ A, Z ~ 32 

• Energy evaluation by FDA* .. 168ke V rms error 
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G vs. GXPFI 


V(abed; JT)•
abed; JT 

7=hl2' 	3= P3/2' 5=is12' 1= Pl/2 

• T=O ... attractive 

• T=l ... repulsive 

• Large modifications in 
V(abab ; JO ) with large J 

V(aabb ; Jl ) pairing 

Monopole part 

• 	 Monopole part Hm 

Average energy of a 
given configuration 

=> B.E., shell gap 

r 	 :LJ (2J + 1)V~~b
V =~~----

uh :LJ (2J +1) 

• 	 Effective single-particle 
energy (ESPE) 
- Assume the lowest 

filling configuration 

Energy difference by Hm 
due to relTIoving (adding) 
one nucleon 

~ 
~ 
N 
"""II « 
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oT=O 
x T=1 

-6 -5 

7777;01 

~'7373;50 
7575;60 

-4 -3 -2 -1 
V(G) (MeV) 
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Collective strength 
M. Dufour et aI., PRC54 (1996) 1641 

• 	 Multipole part HM (=H - Hm) 
- Particle-particle 

- Particle-hole 
H M => Le;tQ.trk • Q.trk 

A.rk 

• Empirical fit reduces collective T 0 strength (EI0 and e20 ) 

• Pairing strength: TO> T 1 in G and GXPFI 

T= 1 pairing T=O pairing 	 err 

Interaction £01 EI0 e20 e40 ell 

G -4.20 -5.61 -3.33 -1.30 +2.70 

GXPF1 -4.18 -5.07 -2.92 -1.39 +2.67 

KB3G -4.75 -4.46 -2.79 -1.39 +2.47 

Binding energies 

Empirical Coulomb energy 
n(n-l)

Ee = VJtJt 2 - VJtv + eJtn n, V· .. valence nucleon # 

Fe 
-Ni 
--Zn 

4 

3 
Odd-Z 

-3 

-5 :-- -~ --,------,---'-----'------'---'---'-------'------'---' 
~ ~ ~ ~ ~ ~ • M ~ ~ ~ 26 	 28 ~ • 34 36 38 40 

N N 
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56Ni closed core probability 

Probability of closed-core configurations ( 
hn: orbit is maximally occupied) in the 
calculated ground-state wave functions 

=> Measure of core-breaking 
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•4 

2 

4 8 

i" 
/.. 

-Exp. 

Semi-magic nuclei 

• Good test of effective interaction 
- Y rast states ... lowest configuration is dominant 

=> test of ESPE (monopole properties) 

- Core-excited configurations can appear at low-energy 
=> test of multipole properties 

- Relatively small low-lying level density 

- Shape coexistence 

ex. 56Ni 4p-4h deformed band 

D. Rudolph, et aI., PRL82 (1999) 3763 

• Examples: 
- 54Pe ... 56Ni + two proton-holes in.hl2 

- 58Ni ... 56Ni + two neutron-particles in P3/2 

54Fe yrast 

• Op-2h configuration 12 


O+, 2+, 4+, 6+ .. :rc(f,/2)-2 

more than 40% prob. 
 10 

• 	 Ip-3h ... 1st gap 
One-proton excitation 8 

3+, 5+ ~ 
7+-11+ 	 ~ 6 


w
• 	 2p-4h ... 2nd gap 
)( 

Two-protons excitation 
12+
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-- --
__ 

----- --

54Fe 2p-4h band 
• Band head Ex ........2.5MeV 

• 0-' 2' 2 f'} , 4+5... v(f,I2)-2 ........ 30% 

• Q(2 t-}),= -0.09 eb (mixing with 2+2 ) 

• B(E2; 2+3 ! )= 11 W.u. 

B(E2) & B(Ml) (W.u.) 

Jtr. 
I 

Jtr
f type Exp. Cal. 

o ... .. 
2+

1 E2 <16 3.8 

I'- ~ 
2+

1 M1 0.0035(21) 0.0013 

2+
I E2 1.0(13) 1.7 

0+
1 E2 0.74(19) 0.8 

ep = 1.5, en= 0.5 
= 1 1 g = -0 1 g eff= 0 9g freegIp 	 ., In ., s • s 

58Ni yrast 
• 	 2p-Oh configuration 


0+, 2+...V(P312)2 

1+, 3+, 4+...v(P3/2)] (fs/2)] 

more than 40% prob. 

• 	 3p-lh ... 1st gap 

One-proton excitation 

5+........ 8+ 


• 4p-2h ... 2nd gap 
One-proton & 

one-neutron excitation 
10+........ 12+ 
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58Ni 4p-2h band 

• Band head Ex "'3.5MeV 5------------------~ 
• OJ· 3' 2+b ... n(f,/2)-2 '" 40% 
• Q(2+6}= -0.30 eb 
• B(E2; ~)= 18 W.U. 

B(E2) & B(Ml) (W.u.) 

)( 

w 2 ~ 
J1r:,

I 
J1r:

f type Exp. Cal. 

0"':, 2+ 
1 E2 5.5 3.5 

")+ 
,.. 6 2+

2 Ml 0.0051(20) 0.0089 
2+

1 Ml 0.0032(8) 0.0003 
2+

1 E2 0.30(10) 0.29 
0+

1 E2 0.15(4) 0.08 

1 

o Cal. Exp. 

ep = 1.5, en =0.5 012 

gIp =1 1 ., gIn =-0 ., 1 goSeft' =0• 9goS free J 

N=Z odd-odd nuclei 

• Good test of isospin properties 

• T 0 and T 1 states are almost degenerate near the g.s. 

• Large isovector M 1 transition between T 0 and T 1 states 

for a proton-neutron pair in j=l+ 1/2 orbit 

Quasideuteron configuration (QDC) 


A. F. Lisetskiy, et aI., PRC60 (1999) 064310 

Core-excitations => breaking of a simple picture? 

• Examples: 
54CO "'/'12 

58Cu ... P312 
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54CO energy levels 

5 

• T 1 - ..r 
0+1,2,2+1,3,4+3,4,6+2 (in 

lAS ... 54Fe 4 

• B(Ml; 1+T=O-+O+T=I) (W.u.) 
~• No experimental data ..... 3 • -

(9+)..".>• Single-j, g/Iee 3.4 ID - .-- (6+)
~ 0.7*gs 2.3 --- •x .-..r-w2 

• h12+P3/2 
_-~f fwith one p and n 

T=i0.7*gs 2.1 
• Full-pf, gsfree 1.9 ..r

geff 1.7 
~Cal.Exp.

0 
0 1 2 3 4 5 S 7 8 9 10 11 

J 

58Cu energy levels 

• Core excitation for J~6 
• T 1 ... 0+1,2,2+2,4+3 

8 4~-------------------------~ 

- T-1 
6 112

3 ~ 
~ 
x >

CDw :~'\p -lh •4 2 2-
)( ~~ w 

~ 
2 1 

Qi!.: eP· 
0 0

0 4 8 12 0 1 2 3 4 
J J 
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Isovector M 1 


• QDC ( single-j ) ... n(P3/2)1 V(P3/2)1 

• pf5 ( inert 56Ni ) ... P3/1's12Pl/2 space, SDI int. 

• Full pf-shell ... hnP3II'sI2P 112 space, GXPF lint. 
• Free g-factors 

58CU B(Ml) * A. F. Lisetskiy et aI., PRC68 (2003) 034316 

Jtr;T (ini.) Jtr; T(fin.) 

0
1
;1 

2'" ;1 

pf5 QDC 

8.8 13 

2.94 

0.23 

4.32 

1.53 

Summary 

• Microscopic interaction can be modified for a practical use 
- T=O ... more attractive 

1 ... more repulsive 

- Monople corrections 

- Pairing, QQ 

• 56Ni core excitation is important 
- Proton excitations enhance in Ni isotopes 
- Semi-magic nuclei ... high-spin states & low-lying collective bands 

- N=Z odd-odd nuclei ... deviation of isovector M 1 from a simple picture 
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Gamma-Ray Spectroscopy by Secondary Fusion Reactions 
using CRIB 

A. Odaharaa , Y. Gonob, Y. Wakabayashib, T. Fukuchic , N. Hokoiwab, M. Kibeb, 

T. Teranishic , S. Kubonoc, M. Notanic , Y. Yanagisawad , S. Michimasac , J.J. Hec , 

H. Iwasakie , S. Shimourac, H. Watanabed , T. Kishidad, E. IdeguchiC
, H. Babaf , 

S. Nishimurad , M. Nishimurad , J.Y. Moon9 S. Katoh and H. Sagawai 

a Nishinippon Institute of Technology, Kanda-tyo, Fukuoka-ken, 800-0394, Japan 

b Department of Physics, Kyushu University, Hakozaki, Fukuoka, 812-8581, Japan 


C Center for Nuclear Study(CNS), University of Tokyo, Wako, Saitama 351-0198, Japan 
d RIKEN, Wako, Saitama 351-0198, Japan 

e Department of Physics, University of Tokyo, Hongo, Tokyo 113-0033, Japan 
f Department of Physics, Rikkyo University, Nishi-Ikebukuro, Tokyo, 111-8501, Japan 

9 Chung-Ang University, HukSuk-Dong, DongJak-Ku, Seoul, 156-156, Korea 
h Yamagata University, Kojirakawa-machi, Yamagata, 990-8560, Japan 

i Center for Mathematical Sciences, University of Aizu, Aizu- Wakamatsu, Fukushima, 965-8580, 
Japan 

Search for high-spin isomers in N =51 isotones with Z <40 has been started by means of 
the l'-ray spectroscopy method using secondary fusion reaction. Since these isotones are close 
to the stability line, it is difficult to produce high-spin states using reactions by combinations 
of stable beams and targets. Therefore, it is very effective to use the radioisotope beam. 
High-spin isomers in the N =51 isotones can be searched for, using the 82 Se+17N reaction. 

An unstable nuclear beam of 17N was developed using the low energy radioisotope beam 
separator(CRIB)[l] of the Center for Nuclear Study(CNS), University of Tokyo. 

High-spin isomers of N=51 isotones are expected to be shape isomers stemmed from a 
sudden shape change from near spherical to an oblate shape. They may also be expected to 

have stretch coupled configurations resulting from the breaking of a neutron magic 50 core, 
as a similar type of isomerism observed in lV=83 isotones[2]. The configurations of these 

isomers in N =51 isotones are considered to be [v(d5/ 2g7/2hll/2)7rg9/22h9/2 - for odd nuclei 

and [v( d5/ 2g7/2hll/2)7r(Pl/2g9/l)ho+ for odd-odd nuclei. 
The CRIB consists of two dipole, three quadrupole and small correction magnets. The 

17N beam was produced by the transfer reaction of 9Be(180,17N)10B. An 180 primary beam 
of 126.4MeV was accelerated by the AVF cyclotron in RIKEN with O.4pJLA intensity. This 
primary beam was stopped by slit at a dispersive focal plane(F1}. The mixed RI beam of the 
17N(73%) and 170(27%) was obtained at the secondary target position, since both particles 
with the same Bp values could not be separated. The beam energy and intensity of 17N was 
104±2MeV and 1.1 x 105particles/s, respectively. 

Seven l'-rays coming from the secondary fusion reaction were observed by the measure
ment for 2.4 days using two clover Ge detectors, although the background level originating 
from the thermal neutron capture l'-rays was 200 times higher than the counts of these peaks. 
These seven l'-rays were assigned to be transitions belonging to 92Nb and 93Nb produced by 
7n and 6n channels of the 82Se+17N reaction, respectively. 

References 
1 S. Kubono et al., Eur. Phys. J. A 13 (2002) 217. 

2 Y. Gono et aL, Eur. Phys. J. A 13 (2002) 5. 
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Gamma-Ray Spectroscopy 
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using CRIB 
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CRIB (CNS, University of Tokyo in RIKEN) 


( Installed in E7 ) 

-
primary beam 
from A VF cyclotron 

F1 

\
dispersive 
focal plane M3 03 

secondary target 
Si detector 

Search for High-Spin Isomers 
in N=51 isotones 

1. Development of 17N Secondary Beam 
using CRIB 

2. Gamma Spectroscopy Method 

Search for High-Spin Isomers 

in N=51 Isotones with Z<40 
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,. High-Spin Shape Isomers 

(1) N=83 Isotones 

(2) N=51 Isotones 

2. CRIB experiment 

(1) Development of 17N RI beam 

(2) Preliminary y-ray Spectrum 
from the Experiment 
using Secondary Fusion Reaction 

82Se+17N 

(67rl..71n) 
1O.286+x 
420nsIHigh-Spin Shape Isomer I oblate 

49tT:. {3 "" - O. 19 
~ (27+) (4912~86 (27+) (27+) 

3Sns 8.597 -'-~49~ 588 8.620 (49r.t)-- 0.96 11S _._ __ 8.523 
>2115 IOns 5IOns 1.310J,lS ~ 

~+y 
7SIns 

Systematics 
odd nuclei

of High-Spin Isomers 
[v (f7l2h9/2i13/2) TC h11/22]49/2+

in N=83 Isotones 
odd-odd nuclei 

[ v (f7/2h9/2i13/2) TC (h11/lds/2)h7+ 

27fI i1f2 . 

2112"1'160 0.55 84ns 06s
(2~()7"'2.62S+y~ 
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Systematical Study 
of High-Spin Isomers 

in N=83 Isotones 

• High-Spin Shape Isomers 

• 	 Z=64 sub-shell gap 

etc.... 

~ 
27+ 9.56 49ft" 9.54 
----~ 49n.+913 

[ DIPM calculation] 

49rzt" 8.97 27+ 8.93 . 
--(9.O'i)~~ 

N=83 Isotones 
Systematics 
of High-Spin Isomers 

27fE 2.74 rI.!1:...:J,.;z 

~ 
l~ l~ I~lL.J.:.2!.~~~ 

~~~L-....U.~~"!.!£.-IJ.~~ 
ItdNd Itfpm ItfSm l~u ItlGd ItfTh ItlDy 19rno IggEr 
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75105 

Systematics 
of High-Spin Isomers 

[ Experiment] in N=83 Isotones 
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Z=64 shell gap energy 
between 2ds/2 and 1h11/2 orbits [ DIPM calculation] 
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Search for high-spin shape isomers 
with the same isomerism 

as those of N=83 isotones 
in other mass region 


stretch coupled configuration 

oblate shape 


•

We selected N=51 isotones. 

IWhy did we select N=51 isotones? 


N=83 isotones N=51 isotones 
high~spin shape isomers expected hi9h-spin shape isomers 

odd nuclei odd nuclei 
[ v (f712h9/2i13/2) 7t h11/22]49/2+ [v (dS/29712h1112)7t99Ilh9/2 ~~Sr 
odd-odd nuclei odd-odd nuclei 
[ v (f7/2h9/2i13/2) 7t (h111lds/2)h7+ [ v (d s/297/2h 11 12) 7t (99Ilp1/2)ho+ ~gy, ~~Rb 

2d3/2semi-double closed 1h11/23S1/2 197/2shell nucleus 197/2
1i13/2 2d3/2

2ds/21h9/2 3S1/2
2d3/2 2f7/2 @ 2dS/2351/2 

~1h11/2 @ 199/2 @
64 @

2ds/2 2d3/2 2P1/2 199/2
197/2 

proton neutron 2P3/2 neutron 
proton

146Gd
64 82 ~gZr50 
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Search for High-Spin Isomers 

in N=51 Isotones with Z>=40 


stable beam 160 and 180 

reaction 82Se+160, 82Se+180 

Cyclotron RI center (CYRIC) 

Tohoku University 

N=51 Isotones 
Systematics of Isomers 

93Mo high-spin isomer 
T. Fukuchi et aI., 
Phys. Rev. C, 
to be submitted 

82Se(160,5n)93Mo 
110 MeV 

4.351ls 
(21!:r) 3.167 

2.3ns 
17IT 2.244 

5.9fJ.S 
32h 10.15.0 

7+ . 0.682 3.47xl!Yy 52.0m l.51m 
-- X 0.226 ~,4.88h 9.9Qm 

stable i!J [[}364.0xhry at QJ>J5 1.643h 3+ 0.052 3.10m 
X 2.67dO 512+ 0 (~~ i!J...JJI 512+ 0 Ja....[[ 512+ 0 

~Y Uzr ~fNb ~~Mo ~Tc ~~Ru ~~Rh ~Pd 
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Systematic Study of High-Spin Isomer 
in N=S1 Isotones 

N=83 isotones 	 N=S1 isotones 
1. yrast isomer 	 non-yrast isomer 

• 	 Change of proton sub-shell gap energy 
Z<64 Z<40 

2d3/2 1h11/2351/2 197/2
197/21i13/2 2d3/2

1h9/2 
2ds/2 35 1/2

2d3/2 2f7/2 @ 2dS/235 1/2 
199/2~1hll/2 @ 	 @

64 	 @
2ds/2 2d3/2 	 2P1/2 199/2
197/2 


proton neutron 2P3/2 neutron 

proton

146Gd
64 82 	 ~gZr50 

Search for High-Spin Isomers 

N=51 Isotones with Z<40 


unstable nuclear beam 17N 
It is difficult to populate high-spin states 

of N=S1 isotones with Z<40 (~3Y, ~~Sr, ~~b), 
because these nuclei are close to stability line. 

primary reaction 9Be(180,17N)10B 
CRIB low-energy radioisotope beam separator 

eNS, University of Tokyo 
( CRIB is installed in RIKEN. ) 

secondary reaction 	 82Se(17N, aSn)90Y 
82Se(17N, ap5n)89Sr 
82Se(17N, 2a3n)88Rb 
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Set up using CRIB (CNS, University of Tokyo) 

F1 

(BP  0.858 Tm) 

Fl slit t lOmm 

primary target 

(9Be 2.3mglc.m.2 J 

18 0 primary beam 
180 8+ 126.4 MeV 

O.4p~ 
momentum acceptance 2.2 % 

(17N7+ 104 T 2 MeV) 

plastic scintillator 

Q3 '" secondary tar~et
M3 ,,(82Se 4.9m cm2 )

Si detector clover Ge 
+ ( paraffin + Cd + Pb ) shield 

Particle Identification Primary beam 180 126 MeV, O.4pflA 
Primary target gSe 2.3 mg/cm2 

120 
secondary beam 

energy intensity 
[MeV] [ pps] 

17N7+ 104 1.1 X 105 

(24%) 
170 7+ 103 0.4 X 105 

( 9%) 
180 7+ 94 1.5X 105 

: . : (31%) 
50 ,,:,', , 

30 40 
j " j, J ,',,,L_,.L.L.i.•L ,L..,J.. -l..-i __L.t..t, .Li.l ....I ...J ....l_ 

SO 60 70 80 90 
140 6+ 93 0.9X105 

RF [n8] (20%) 
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projection spectrum 

of Y'I coincidence 
using secondary 

_____fu_s_io_nr_ea_c_tio_n....... 

for 2.4 days 

82Se(17N,7n )atNb 
82Se(17N,6n)~~Nb 

after subtraction 
of background 

y -rays 

.0 ,...;
z.o,...; .0 

200 ~ ~ f ~ 
~~~ 1'\ ~~ 

i!l \J,U\~~, N I
~100# ~ ~lrri' I U~'I~~~~t~~\ 

..00 ~ 
~ 300 ~ 400 500 600 700 800 

o~~~~____________~~ 
900 1000 1100 1200 1300 1400 1500 1600 

Energy [MeV ] 

Conclusion 

1. Search for high-spin isomers in N=51 isotones 
with the same isomerism as N=83 isotones. 

1.1)ls high-spin isomer in 93Mo 
using stable beam 160 [CYRIC, Tohoku Univ. ] 

2. Search for high-spin isomers for systematic study 
N=51 isotones with Z<40 using CRIB (Univ. Tokyo) 

(1) Development of 17N RI beam 
(2) We succeeded to observe r -rays of nuclei 

produced by secondary fusion reaction 

B2Se(17N,7n )92Nb, B2Se(17N ,6n)93Nb 


(3) After shield test of thermal neutron, 
we will start to search for high-spin isomers 

82Se(1?N, aSn)90Y, B2Se(17N, apSn)89Sr, B2Se(17N, 2a3n)88Rb 
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GAMMA04 

High-spin shape isomer and Ge-telescope 

Yasuyuki Gono 

Department of Physics, Kyushu University 

We performed high spin isomer search experiments at RIKEN Accelerator 

Research Facility. A gas-filled isotope separator system was used to separate 
reaction products from primary beams. The recoil catcher technique was 
applied using the fusion reactions in the inverse kinematics. 

Filled gases, 14N, 160 and 2oNe, worked as targets unexpectedly and high 
spin isomers in 144Pm, 145Sm and 147Gd isotopes were produced. These high 

spin isomers were further studied and showed characteristics of oblate shape 
isomers [1]. 

Furthermore it turned out that the recoiling isomers have enough kinetic 
energies to induce secondary fusion reactions. Then the development of a 
high spin isomer secondary beam was started. It was relatively difficult to 

develop a stable secondary high spin isomer beam. A Coulomb excitation of 

174mHf beam was only successful example of the use of this kind of secondary 
beam [2]. 

To develop the high spin isomer beams, a new type of windowless gas 

target was developed [3]. Also segmented germanium detectors were 

prepared for the correction of Doppler shifts of gamma rays. They were used 

combining with clover detectors forming germanium telescopes. 

'lWo segmented Ge's were later combined together to form a Compton 

camera. The development of the Compton camera is now under progress. 

References 

[1] Y.Gono et al., Eur. Phys. J. A13, (2002) 5 .. 
[2] T.Morikawa et al., Phys.Lett. B350 (1995).169. 
[3] T.Kishida et al., NIM A438 (1999) 70.. 
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