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Coherent exclusive production channels have been used in the past 

to obtain total cross sections (a*) for the interaction of unstable 

systems with nucleons. (1) By studying the atomic-number (A) dependence 

of reactions such as: 

(1) 

p� + A -+ (PTI+TI - ) + A (2) 

- - + ­TI + A -+ (TI TI TI ) + A� (3) 

it has been possible,with the aid of Glauber-type of scattering model, 

to extract a* values for different kinds of multihadron systems. In a 

recent article, Faldt(2) indicated that models, such as the most favored 

Kolbig-Margolis(3) formulation, which ignore possible contributions of 

spin-flip terms to coherent production, may provide incorrect estimates 

of total cross sections for the interaction of these unstable systems 

with nucleons. In this note I will present experimental results which com­

plement Faldt's remarks, and suggest that large spin-flip type of contribu­

tions may, in fact, be present in certain kinematic regions of coherent 

production. Consequently, ignoring the presence of such terms may re­

suIt in the extraction of rather meaningless values for a*. In addi­

tion, I will indicate that nuclear targets may be particularly sensitive 

to the details of mechanisms contributing to diffraction production. 

The data I will discuss were obtained in our investigation of 

reaction (1) at Ferrnilab. General features of these data were presented 

earlier, (4) and a more recent work, detailing the extraction of a*, 

. tt d f bl . t . (5 )has been subm1 e or pu 1ca 10n. 

Figures 1 and 2 reproduce some of the important features of 

reaction (1) as given in ref. (5). Figure l(a) displays the differential 

cross section for reaction (1) on a copper target for the'pTI mass (m) 
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2 
interval 1.35 < m < 1.45 GeV. The t' variable is equal to (PLOL) , where 

PL and 8 are the momentum and angle of the pn system in the laboratory
L 

frame. The calculated Coulomb-dissociation contribution (Primakoff pro­

duction) to reaction (1) is indicated in the graph. (Although the electro­

-6 2
magnetic cross section peaks sharply at t' - 4 x 10 GeV, resolution 

substantially broadens that distribution.) The figure also shows the 

sum of the calculated Coulomb term and the nuclear diffraction component 

(using the Kolbig-Margolis Model), for different values of 0*, super­

imposed on the data. The A-dependence of the cross section for the same 

mass interval as in (a) is given in Fig. l(b). Again, the Coulomb and 

the nuclear-model calculations are shown for comparison with the data. 

(Several typical error bars are also indicated on the data points in Fig. 1.) 

Figure 2 displays mass spectra for production on C, Al, Cu 

2
and Pb targets, for two intervals in t': t' < 0.001 Gev in (a), 

2
where Coulomb production is important; and 0.005 < t' < 0.030 Gev in (b), 

where hadronic processes dominate. The cross section in Fig. 2(a), at 

smallest masses (in the 6(1236) region), is approximately proportional 

2 
to Z , where Z is the nuclear charge; while in Fig. 2(b), particularly at 

large masses, the cross section is only weakly dependent on target material. 

These are just the sort of features expected for the two coherent-production 

processes. (The shaded region in Fig. 2(b) shows the calculated contri­

bution from Coulomb production in Pb. The width of the band indicates 

the uncertainty in the Primakoff calculation due to uncertainty in the 

photoproduction data for the reaction yn + pn- at low energies, which is 

used in calculating the electromagnetic component in reaction !.) 

Finally, also displayed in Fig. 2(c), are the results of extracting 0* 

from fits to the kind of data shown previously in Fig. l(b). The values 
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of 0* are substantially smaller than the known total cross sections of� 

~40 rnb for nucleon-nucleon scattering.� 

Now I wish to present new data on the decay angles of the pn 

system in reaction (1). Figure 3 displays distributions of Gottfried-

Jackson polar angle (e ) of the proton, as a function of m, for eu and
GJ

e data. Two very unusual features are apparent in the figure. First, 

is that at all mass values, there appears to exist a clear steep en­

hancement in the data at large negative cose • Second, is that the
GJ 

cos8 distribution shifts to more positive values as the mass increases.GJ 

(AIthough there seems to be a dip in some of the data near cos8GJ '" 1 , 

the region of cos8 > 0.9 has both poor statistics and poor acceptance,GJ 

particularly for large masses.) These features are similar to previous observa­

tions reported for reaction (1) at lower energies. In particular, the data 

·· (6). . f 8 2a f Muhlemann et. aI, wh~ch are ava~lable only or cos GJ::: -0. , and the 

data of Vander Velde et aI, (7) which are for cos8 < 0.0, are both in general
GJ 

agreement with our measurements in regions of mutual overlap. For comparison, 

data for reaction (1), on a hydrogen target, (8) are given in Fig. 4. 

We showed in a previous publication(9) that the t' distribution 

for production on hydrogen was a strong function of cos8 Of par-
GJ 

. 

ticular interest were the facts that for cos8GJ > 0.9 the t distribution 

appeared to display a minimum at t' = 0, and that for cos8 <-0.9 the
GJ 

t distribution was peaked at t' = 0, while for Icos8GJI < 0.3 the t' 

spectrum was exceedingly steep, displaying a rather sharp minimum at 

2t' '" 0.2 Gev (this last effect was particularly dramatic for small m 

values). These results were compared to a Deck-like model, wh~ch was 

only partially successful in accommodating the data. The model was 

quite good (except for a factor of two in the overall normalization) in 

the region of phase space where the n-exchange graph of Fig. 5 was 
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dominant, namely, the region of cos8GJ > 0.9. 

Figure 6 presents the previously published data on hydrOgen(9) for 

convenient comparison with t' distributions on a Cu target for data with 

1.165 < m < 1.550 GeV, and 1.55 < m < 1.85 GeV, in Fig. 7, and 8, re­

spectively. It is clear that, ignoring the first several t' bins 

(dominantly Coulomb production), the shapes of these t' spectra are also 

2 
strongly dependent on cos8GJ. In fact, the shapes in t for t' ~ 0.01 Gev 

range from exp(-265 t ' ) for data at IcoseGJI < 0.3 in Fig. 7 to 

exp(-140 t') for data at cos8GJ < -0.9 in Fig. 8. After an initial, 

2
exceedingly steep, drop off for t' $ 0.003 Gev (similar to that 

expected for the Coulomb-production contribution shown in Fig. 1), the 

data for cose > 0.9 in Fig. 7 show only a weak falloff in t'. (The
GJ 

expected Coulomb contribution to data in Fig. 8 is substantially smaller 

than that in Fig. 7.) The weak t' dependence for data with small 

8 suggests that substantial helicity-flip terms contribute in this
GJ 

region of phase space. Figures 9 and 10 display results for Be and C 

targets (~ombined to improve statistics), which confirm the variation 

of the t' spectra in nuclei with changes in 8GJ . 

Several interesting implications emerge from the extraordinarily 

large variations observed in the slopes of the t' spectra (the shape of 

the elastic scattering distribution for protons on Cu(lO) can be repre­

sented approximately as exp(-180 t»). First, is that extraction of a* 

through an averaging over such differing t distributions must certainly 

be suspect to some extent. Second, is that production on nuclear targets 

must be exceedingly sensitive to the details of the diffraction mechanism. 

In particular, the sharp rises observed in the t' distributions in 

hydrogen for cose < -0.9 and for Icos8GJI < 0.3 are amp~ified and seenGJ 
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just as clearly on nuclear targets, and the same is true for the weak t' 

dependence for cos8 > 0.9. Also, the rise in the cross section forGJ 

cos8GJ ~ -0.6, which was not observed in the hydrogen data (recall that 

2these data were only for t > 0.02 GeV ), must, in the context of the 

Deck Model, reflect the dominance of the baryon-exchange contributions 

over TI-exchange for very small t values. 

To summarize, examining the trends of the data for reaction (1) as 

a function of t, it appears that, although production on nuclear targets 

may connect smoothly with production on hydrogen, there are nevertheless 

surprising features in the nuclear data which provide new challenges to 

models which attempt to describe the diffraction dissociation mechanism. 

In addition, it appears that substantial helicity-f1ip amplitudes may be 

present in certain regions of phase space and, consequently, as emphasized 

by Faldt, ignoring such contributions altogether in extracting cross 

sections for scattering of unstable systems on nucleons, can often 

yield inconsistent and erroneous results. 
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Figure Captions 

1.� Differential cross section for reaction (1) on a Cu target for the 

prr mass interval between 1.35 GeV and 1.45 GeV, and the atomic 

number dependence of the cross section for t<0.02 Gev2 are given 

in (a) and (b) ',respectively. Both graphs are for neutron-momenta 

between 200 and 260 GeV/c. The absolute prediction for the Coulomb 

contribution is shown both separately and combined with the nuclear­

model expectations for different N*N total cross sections. 

2.� Mass dependence of the cross section for reaction (1) at small and 

at larger t values. The best-fit values extracted for the N*N 

total cross section are given in (c). 

3.� Distributions in the Gottfried-Jackson polar angles for Cu and C 

2targets, presented as a function of mass, for t<0.05 Gev . The 

data have large losses in acceptance for cos8 > 0.9, and con­
GJ 

sequently the results in that bin, particularly at large mass, 

have additional systematic uncertainty. (Several statistical error 

bars are shown on the acceptance-corrected angular distributions.) 

4.� Angular distribution in 8 for hydrogen data, presented as a
GJ� 

function of mass, for two intervals in t.� 

5.� Diagrams which are thought to contribute to diffraction production 

in reaction (1). 

6.� Distributions in momentum transfer, as a function of mass and 

cos8 for hydrogen data. The curves are predictions based onGJ , 

the graphs given in Fig. 5, but reduced by an arbitrary factor of 

~2 for comparison with the data. 

7.� Distributions in momentum transfer on a Cu target for three regions 

of cos8 The data are for masses between 1.165 and 1.55 GeV and
GJ 

.� 

incident neutron momenta between 150 and 300 GeV/c.� 
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8.� Distributions in momentum transfer on a Cu target for three regions 

of cos 6 The data are for masses between 1.55 and 1.85 GeV and
GJ 

.� 

incident neutron momenta between 150 and 300 GeV/c.� 

9.� Distributions in momentum transfer on a C target for three regions 

of cos 8 • The data are for masses between 1.165 and 1.55 GeV and
GJ� 

incident neutron momenta between 150 and 300 GeV/c.� 

10.� Distributions in momentum transfer on a C target for three regions 

of cos 6 • The data are for masses between 1.55 and 1.85 GeV andGJ� 

incident neutron momenta between 150 and 300 GeV/c.� 



N� 
U� 
"­N 

>
Q) 

19 
"­
.0-
~r;  0.01 

n+Cu-(p7T-)+CU 
230±30 GeV/c 
1.35 < M< 1.45 GeV 

(0) 

5 

n+A-( p7T-)-+:A 
230 ±30 GeV/c 
t<O.02 (GeV/c)1 
1.35 < M< 1.45 GeV 

( b) 

~*N==15mb  

D;*N=25mb 

I 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\, 
\ 
\ 

\~Coulomb 

\ 
\ 
\ 
\ 
\ 

\ 
\ 

2 

.5 

.2 

b 

-.0 

E 

o;*N=35mb 
, ,I , ,I ,, 

I 
I 

I 
I 

,/LCOUIOmb
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 

0.01 0.02 10 20 50 100 200 
t' (GeV/c)2 

A 

( ( , ( (j) 



) ) )� 

Id~  

(a) n+A-~B1T-~+A
230± Ge Ie 102 (b) 

n+A ­ (p1T-)+A 
t 

l < O.OOI(GeV/e) 2 

• Pb 
230 ± 30 GeV/e I 

0.005< t l < 0.03(GeV/e) 
oCu .Pb 
*AI 
.t..C oCu 

- .y. *AI 
101­ 0o 90 

>
Q) 10 • • .t..C 

->Q) 

<..=> 
....... 
.c 
E-

~I~ 

f 

0 
0 

000 

000 0 0 

It It! oy 

f ' If If l< 

f.*
~6 ~ 6 6 

0 

0 

It 

Pb Coulomb 
Calculation 

• 

• 
• 

c:> 
....... 
..0 

E 

~T~ 
I 

· I· 
o09oo°C:°M°C\t9 ~ 

• 
1+ t cP66ci::' II ° 

It 66 66* * 
6 

6 cJr 66 ~  °t .o~  

6 66 ~  

6 

~  

6 ~t 

.~  

6 
f 

\t­

1.2 1.4 1.6 
Mass (p1T-) 

. (GeV) 

.n­ ? 6 40~ 

..-.. 

1 I 
..0 

~ 30t 
.z 20 

+++ 
~ t , 

1.2 1.4 1.6 (GeV) 

z
l:5 10 1.2 1.4 1.6 (GeV) 

Mass(p1T-) . Moss N* 

€J� 



n+A- p7T-+A 
t< 0.05

Cu C1000� 

400� 

M< 1.3500 
200 

I 

-1.0 0.0 1.0 -1.0 0.0 1.0 

dN 400 

dD, 600 1.3<M< 1.4 
200 

300 

r 

I I ..." 
-1.0 0.0 1.0 -1.0 0.0 1.0 

800 400 

1.4< M< 1.6 

400 200 

I I 

-1.0 0.0 1.0 -1.0 0.0 1.0 

200300 
1.6 < M < 1.8 

100150 

...." 

I I 

-1.0 0.0 1.0 -1.0 0.0 1.0 

COS 8GJ (3) 



0 
~ ~ 

If)� lf1 

(\J� (\J 

v 0 v a 
L 0 Z ci 
v� v 
ro� ro 

0 
I� ~ " 

1I1 0� 0 0 a 
lfl 0 lfl-;"� -;" 

~ ~ 
roro 

V� 0v� a 
Z� 

V� 
L a� a 

V 
(Dl.D 

a0 

0� -;" a 0 0 0 -;"
l">� to <0 ". N 

..----4 
0 

~ ..----4 Jl.D� (D 

(!)V� V 
CD-t-> v� 0 --t-> v 0 

L: L 0 
v 0 v (/)V� V:::t'� :::t' 0

(\J� ..----4 
0� 0 

,� -,, U 
0 0� 0 0 0 0 00 ". l">� 0 (X) <0 ". N 

• 

~	 ~ 
:::t':::t' 

v 0� V 0 

L: a� Z 0 
v� v 
en� en 

0� 0 

,0� 
I 0 0 0 -;"l">� :J' l"> N ~ 

0 ~ ...: 
en 

en 
0� 0 

0� 0V� 
V� L:� 
E� 

I I� ~ ,.0 

0 <D CD :J'� 0 0 0 I'N� l"> N 

rneSOJ P 
(q rI) -Op 



(0)� pion exchange Deck 

n p 

7T 
h--p---7T 

IP 

p p 

(b) proton� exchange Dec k 

n 1T 

Ph------....-- P 
fP 

p� p 

(c)� direct product ion p 
n rr 

fP 

. pp 



eose < -0.9 

\00 ------......----, 

(0) 

leosel < 0.3 

100D-r---""-­

(bl 

100 • (h). 
10 

0.1 

0.2 0.4 0.6 0.6 1.0 

100..-.....................---.-.....--, 

(k) 

10 

0.\ 

o. 0 \ ~o......2"'""""0""".14-,0"""'•.,......,,0,....,.a,.--,11•0 

cosO> 0.9 

~1 < 1.30 

0.01 

O.l 0.4 0.6 o.a \.0 

(f) 

1.30 < H < 1.40 

0.1 

0.01 

0.2 0.4 0.6 o.a 1.0 

(i) 

1. 40 < M < 1. 55 

tt 
0.1 

o. 0\ L-.;o......~2"""""0""'.14~0....6-,0,.....6,,-L,-J1•0 

1.55 < M < LBO 

o. I j�
o.J 0.2 0:' 0:6 0:. \.0 

N­
>
Q) 

(9 
......... 
.c 

-::L 

t 
(d) 

o. 0 I "---'0""".~2~o...,..14~0.'=6-->0""'.a~l. 0 

100 ..-..........----......--.....---. 

(g) 

0.1 

o. aI L..-.:o"""'•.,...--;;0,.......I4~O....6--,0......a,.....-;-"l. 0 

100 .---.---.--......-~--.. 

0.1 

O. 0 I '--'0""".r-=o--"'.4"-0="'.-=-6~o'-'c.6~1. 0 

Itj 
. het. GJ 

--~---_ .. 



", 

o� 

::J

°0
+>~

"'--Q)(!)

It::: (!) 0 
0LO c.. 01.0-rt1--=� 

t V V 
::J 0.::E 

U V V 

+~~
 
C · 

.........� 
N -II 

14 I. >Q) 
(!) 
.......... 

m °• •0 rt) 
I • V0V Ct:>Ct:> V (J)(J) _ 

0
8<.t> 0 

(J) VV 
0 en° 0 •""=-0 

I 
• 

e4 

40 

40 

0 

to 
0 

•
0 

~ 
0 

•
0 

• 0 4 

e tOt 

• 

• 

0 

t+-4 

0 

0 

14 I 

N o
• o 

• 

• e 

0o tOt 

0 
O. 

4 

~ 

0 

Z 
"'0 

-..... 
"'0 
q 
"'0 



~ io\ I ~ I I 3 ~I I 

n + Cu -- (p7r-)+ Cu 
150 < P < 300 GeV/c 
1.55<M< 1.85GeV 

• -1.0<cos8<-0.9 

102 o ICOS 8 I < 0.3 

x O. 9 < cos 8 < I. 0dN 
dndt' r, 

~ 

• , 
10 l=-Q •0 

2 
x 

~t • 

. . 1.0 
~ 0 

0 

!f
• I . 
0 
, I n I 

0.02 0.04 0.06 (GeV2 
)

t' 0" 



0 

ID " (!) 

+ 0>�......... ,(1)� 
I > (!) 

~(8o 
o.OL{)
'-' L{)
to.�ro­v 
o 6.~
 
" v V
IDOLO 
(!) LO ~ 

+ -• 

C 

en 0•o rt>.-= 
I • V

V 0 
Ct:>VCt:> 

en en 
0- 0 
uQ) u 
V en V 

0 0 en0
• •--0 

I 

t-.i 

• 

.~ 

• 

~o 

0 

......... 
N 

>Q) 

19 
'-' 

<.0 
0 

•
0 

~ 

• 0 ~ 
0 

•
O 

• • 
0 -+­

• 

t-+-l 

• 
0 

0 

• 
tOt 

~ 

C\J 
0 

•
0 

o 

o • 



) )� )� 

n + Be le.-. (p7T-) + Be/C 
150 < p< 300 GeV/c�

102� 
1.55 < M<� 1.85 GeV 

• -1.0<cos8<-O.9 
o Icos 81 < 0.3� 

dN� I • 
X 0.9 < case < 1.0

dnd? I t ! • 
10~ 

o . f ,[J x
[J x • 

ri<� x 

~	 )\ • 
[J 

1.0 
~ o 

~ 

0.02� 0.04 0.06 (GeV 2
) 

1"' 

,iE) 
'--.../ 




