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ORLaND
Oak Ridge Laboratory for Neutrino
Detectors

A proposed national facility to support a number

of different neutrino detector collaborations
simultaneously.

ORLaND: A facility to support a long-term

neutrino research program in an underground
laboratory at the SNS



/.4 Bes.§

APPROVED ami Umder Constractia

State of the Laboratory

¢ ting (Brookhavern}
Th cumulator ring bunches
the high-anergy protons and
bombards the target with an
intense pulse of protons

sixty times a second.

i iree [Lawrshoe Berkeley) The

h.yd-rogt.-

n hans that are injected into the

A { selerator increases the snergy of
the hydrogen kans electron volls

ak Ridge)
When the proton pulse
girtkes the Inrgﬂ!_ @ puilses
of peutrons is generated
by & nuclear reaction
process called spallaton

Exgeriment 5

{Argonne and Oak Ridge)
The neutron puls

slowed te useful energie
and are guided into the
axperiment hall, where
they are used in neutron-
scattering experiments

The Nation’s Next-Generation
Neutron-Scattering Facility

Avignone



=
()
=

MNeuLwrinu riux

0.03

0.025

0.02 |-

0.01s

0.01

0,005

0.035

i | { i i i |

10 20 30 40 50

Neutrino Energy (MeV)

<fv.> = 3 X/0° % /o see
AT 50 meters




Avignone - 05

NEUTRINO FLUX AND ENERGY
SPECTRA

at 50 m: <®v> = 3-10° v, fem*/sec
Normalized spectra
N(ve) = (12/ W) E% (W - Eye)
N(v,) = (6/WHE%, (W-2/3Ey,)
W=52.83 MeV

v, is monoenergetic at ~ 30 MeV

R, = 9.4.10" v/sec at 1 GeV/2MW
E,=1.3 GeV Rep. rate 60 Hz

P=2 MW RMS ~ 340 nse¢c FWHM 600 nsec



| ®
| BUGEY , CHooz, DONVT ; FOMESTAKE, KAMLANY,

3
=
)
=N
e
r 4
>
B
by
s
2
b=
~




07

Avignone -

ORAL

ORLaND

The SNS will produce 9.4x10"* neutrinos in 60Hz pulses
with FWHM less than 400 ns and total width ~ 600 ns!

That will make it the most intense, pulsed, intermediate
energy neutrino source in the worlid!

The pulsed source would drastically reduce backgrounds
from cosmic rays

it would also allow separation of v ufrom "V yand Ve

Spectra of V. "V uand Ve well known

Intensity of Ve severely suppressed: Ve/ U= 3 x10*4
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o Most powerful pulsed neutrino source in
the world

e Well known neutrino spectra

» Different neutrino flavors separated in
time

o Excellent background conditions

o Two target stations
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*0(ve,e)F

Haxton, PRD 36, 2283 (1987)
<0>=8.84-10" cm® DAR spectrum

LARGE CHERENKOV DETECTOR

FIDUCIAL VOL. 1472 m’ of water
N ~ 4.9:10°*".1%0

Event rates
R(y")=(8.84-10* cm?) (3.0-10° cm™ sec™) (4.9-10°") (3.2-107sec)
R ~41000 y™

For 30% efficiency ~ 12300 events per year
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w.c. HAXToN
Phys.Rev.D 36,2283 (1987)
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G U16S® grev) > G165 S ymeV) = 30



Avignone - 16

VOLUME 76, NUMBER 15 PHYSICAL REVIEW LETTERS 8 APRIL 1996

Signal for Supernova ¥ and v Neutrinos in Water Cerenkov Detectors

K. Langanke,' P. Vogel 2 and E, Kolbe?
'W. K. Kellogg Radiation Laboratery, 106-38, California Institute of Technology, Pasadena, California 9112
?Physics Department, California Institute of Technolegy, Pasadena, California 91125
YInstitut fiir Physik, Universitit Basel, Basel, Switzerland
(Received 27 November 1995)

We suggest that photons with energies between 5 and 10 MeV, generated by the (. ¥»'py) and
(v, ¥'ny) reactions on 'O, constitute a signal which allows a unique identification of supernova v, and
¥y neutrinos in water Cerenkov detectors, We calculate the yield of such y events and estimate that a
few hundred of them would be detected in Superkamiokande for a supernova at 10 kpc distance.

PACS numbers: 95.55.Vj, 25.30.P1, 97.60.Bw
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FIG. 1. Schematic tllustration of the detection scheme for

St

Supernova v, and », neutrinos in water Cerenkov detectors.
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Langanke, Vogel, and Kolbe,
Phys.Rev.Lett. 76, 2629 (1996) (SN spectrum)

Kolbe, Langanke, Thielemann,
Eur.Phys.J. A3, 389 (1996) DAR spectrum.

<0>=9-10"" ¢cm® DAR spectrum

USE AGAIN LARGE SIZE CERENKOV
DETECTOR
N ~ 4.9:10°".'%0

Event rates:

For *0(v,Vvy ny) "0
R(y"H=(9.-10* cm?) (3.0-10° cm? sec™) (4.9-10*") (3.2:107sec)
R~4200y"

For *O(v,,v, (n or p)'y)lsx
R(y")=(4.6-10* cm?) (3.0-10° cm? sec™') (4.9:10*") (3.2-107sec)
R ~ 21500 y!




Avignone - 18

d(vee)pp

Kubodera and Myhrer in “Proceedings of the
Accelerator Production of Tritium Symposium?”,
May 14,15, 1996, Columbia S.C. eds. F.T.Avignone and
T.A.Gabriel, World scientific p.148

<0>=5.4-10" cm” DAR spectrum

SNOINO
30 ton Cherenkov Detector

(d20 is expensive, 30 ton can be borrowed,
but 2000 ton - I don’t know)

30 tons of d;0 is contained in an acrylic cylinder
inside a large cylinder filled with H,O.

Event rate
R(ton)=(5.4-10"*"' em?) (3.0-10° cm™ sec™) (6.-10% ton™)
R=0.842 day ™' ton™' Efficiency ~ 30 %
R(detected) ~ 2800 y™ 30 ton™
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Nuclear Physics for Core Collapse Sup

Infall Epoch

« Core Deleptonizatioh via e-p A
Need Accurate e-A, v-A Weak Rates

-

Single Nucleus Approximation
vs. Ensembles of Nuclei and Matter

Key Nuclei
NSE 2:o_m_ ?o @ ﬁm,.\

=

52, 5ACy 80 ,mmwm. .
80Zn, °Cu, %Ca, “S5e, i

Fostbounce Epoch
Fueling the Shock

Neutring Opacities in
Correlated Nuclear Matter
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¢ Neutrino nuclear interaction cross sections are
critical for understanding dynamics of
supernova explosion
» Neutrino nuclear interaction strongly affects
production of heavy elements during
supernova explosion
® At SNS we can measure VN cross sections by
building highly segmented detector where we
can install targets of different materials

At 40 m from the SNS target, v flux is = 1.0-10"* vem™ y ',
With 30% efficiency, to achieve 3% accuracy in one year
we need N= 3.2- 10 nucleons or 5 ton target.
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CHERENKOV DETECTOR

LIQUID TARGETS
d(ve.e)pp (heavy water)
80 (vese)'°F (water)
80(vy,ve M0 (water+Gd)

T (va,e)'?Xe  (Nal aqueous solution)
*%Pb(ve,en)*"Bi (PH(C104),)
#8i(ve,e) P (silicone-200 oil)

Is it possible to dissolve some rare earth and other

elements in solutions appropriate for Cherenkov
detectors?

e stability
e index of refraction
¢ light transmission vs., A
e safety (health, fire, etc.)



OTHER AVAILABLE TARGETS

Metal or other solid (SOUDANINO)
SIV, ZTAl! 9BE, IIB, SZCP, 59Cu’ 109Bi’ lBlTa

BB B,
000000000
eeooesss
652200000
TERBEEBE®
280088900
e BB LD
000000000

e ANALYSIS ON **Fe(v..e)**Co COMPLETE

e WRITE-UP IN PROGRESS
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EXPERIMENTS CONSIDERED ALREADY

Fe(v..e)*Co
d(Ve.e)pp
sl aN'N
#Si(ve,e) P ut,
p‘

0 (V€)' F

O (vy, vxm)°0
O

Bph(vexn)’®*Pb  OMMIS nerA, bk

28Ph(ve,e )2 Bi =" Bi+n+y,

]l- wash.

Z“BPIJ(\!,;, 1»,»2,‘;)me’E“:>2*[""'Pb+n+\(s

2y e)FXe —— U. Per
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*F(v.,e)*Co

Kolbe, Langanke, and Martinez-Pinedo
arXiv:nucl-th/9905001
<0>=2.73:10" cm® DAR spectrum

SOUDANINO

0.5 mm thick walls tubes
10 mm OD - 9 mm ID = 14.9 mm?
for 2.5 meter tube - 0.075 cm®250 cm = 37.25 cm’/tube
=7.87 pV=0.294 kg/tube
~ 3400 tubes/ton

Event rates
R(ton)=(2.73-10" cm?) (3.0-10° cm® sec™) (9.89-10%" ton™)
R=0.677 day ton™' Efficiency ~ 30 %
R(detected)=75 y"' ton™

To reconstruct the spectrum, we need 1000 events
For 1000 events per year - 13.5 tons fiducial.
In addition 50 cm on each face to contain events




AVAILABLE TARGETS

"Li(92%)

2C(98.9%)
YF(100%)
8i(92%)

YK(93%)
1V(99.8%)
Fe(92%)
BNb(100%)
3Cs(100%)

19T m(100%)

*Be(100%)

“N(99.6%)
BNa(100%)
IP(100%)
“Ca(97%)
*Cr(84%)
*Co(100%)
In96%)
La(100%)

2985(100 %)

206,207,208

"B(80%)

°0(99.8%)
TA1(100%)
8(95%)
S¢(100%)
*Mn(100%)
®Y(100%)
271(100% )
S Th(100%)

Bl1a(100%)
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Bmz, eV
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ORLaND

Line width Ecorrespcsnds to one
year of data taking at 1 MW
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Size of Detector at ORLaND
(number of events is for ~ 2MWY)

Task Target 20t 200t 2000t
~l kevent | ~10k | ~100 Kk event
event
Deuterium D,O Cross section
Strangeness ? ? ?
Oxygen H,0 Cross section Double diff.
_ Cross section
Iron Fe Cross section
Silicon Si0; Cross section
Lead PbSiO, | Cross section
Tantalum Ta Cross section
Search in new
Neutrino | Mineral oil, Test of regions of
Oscillations H,0? LSND parameters,
signal precise
measurement in
the LSND region
Measurement
Sin’9,, | Mineral oil, with 1%,
H,0? _ accuracy
Neutrino 10 times better
magnetic | Mineral oil, sensitivity for
moment H,0? Vv, than present
limit
“KARMEN Any?
” time Test Study
anomaly




Avignone - 35

Size of Detector at ORLaND
(number of events is for ~ ZMWY)

TASK 20t 200t 2000t

~1kevent | ~10k event | ~100 k event
Deuterium | Cross section |

Oxygen Double diff.
E Cross section
Strangeness ? % ? ?
Iron Cross section
Silicon Cross section
Lead Cross section
Tantalum | Cross section
Test of Search in
Oscillations LSND signal | new regions
of parameters
Sin“6, Measurement
with 1%
“KARMEN” Can be done

time anomaly




