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I. INTRODUCTION 

In an experiment performed at the Fermi National Acceler

ator Laboratory. we ~ave measured t·he inclusive reaction 

(l) 

at incident proto,n momenta 46<pbeam<400. GeV/c, and at momentum 

transt:ers and missing masses covering the ranges 

0.04<ft[<0.40(GeV/c2 ) and (mp + mw) 2<M~< 10 Gev2 . 

Recently at the same energies and in a simila·r momentum 

transfer interval new precise data on elastic proton-helium 

scattering were published 1 • A comparison of both diffractive 

processes, especially in the t range, where multiple scattering 

effects are important, may illuminate the similarities and 

differences between both processes. The main features of 

elastic proton-helium scattering, i.e., a sharp decrease of the 

cross section at small I t [ values, and the presence of a dip 

and secondary maximum, can be reproduced1 using Glauber 

analysis with a nucleon-nucleon elastic scattering amplitude 

that is predominantly imaginary, spinless and central (in 

impact parameter space). 

As for coherent diffraction dissociation on nuclei, it 

was first observed for nucleon diff'raction dissociation on 

deuterons at the ISR 2 that the data disagree with Glauber 

model predictions with central elementary nucleon diffraction 

dissociation but agreement can be obtained if peripheral (in 

impact parameter space) and spin dependent elementary diffrac

tion dissociation amplitudes are used. 
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One of our objectives to study reaction (l) is to see if 

these conclusions hold for coherent diffraction dissociation 

on heli urn. Another interesting possibility which can be 

investigated with helium data is the propagation of diffrac

tively produced states in nuclear matter and the related 

problem of the total cross section for diffractive states on 

nucleons. Due to the compactness of the helium nucleus and 

the large contribution of multiple scattering effect·s one can 

expect helium data to be sensitive to how the diffractively 

produced states interact before leaving the nucleus. 

Earlier reSults on two similar reactions at Fermilab 

energies have been reported, 

dissociation on protons]-? 

p p + X p 

and on deuterons;,a 

p d + X d 

namely inclusive proton 

(2) 

(3) 

Combined analysis of proton diffraction dissociation on 

different targets in reactions (1) - (3) may yield information 

on exchanges of different quantum -numbers in proton 

excitation. 

In Sec. II we describe the experiment and details of data 

analysis. In section III we present our experimental results 

and discuss some results of phenomenological fits to the data. 

The Glauber analysis using both central and peripheral ampli

tudes of elementary diffraction dissociation is described in 

Section IV. In S~ction V we summarize our conclusions. 

II EXPERIMENTAL PROCEDURE AND DETAILS OF DATA ANALYSIS 

The data were taken in an experiment with the circulating 

internal proton beam intercepting a helium gas jet. Recoil 
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particles were detected by sets of sandwiches of silicon semi-

conductor detectors. 

The experiment was primarily designed· and performed to 

study p 4He elastic scattering 1 but coherent diffraction 

dissociation of incident protons on helium was measured 

simultaneously. The detailed description of the experimental 

set-up and appar.atus is published elsewhere 1 • In the present 

paper we C:liscuss details relevant for inelastic data analysis. 

The gas jet target was viewed at angles, w, 0 - 120 mrad, 

from a direction perpendicular to the beam, by sets of totally 

depleted surface barrier silicon detectors. The front 

detectors ranged in thickness from 15 J.!In to 200 ).lin and the 

back detectors from 200 ~ to 2000 1.1 m. The detectors were 

placed on a movable carriage at a distance 7. 2 m from the 

target yielding angular resoiution 6w =tO. 7 mrad. The 

uncertainty in angle less than about ± 0 .2. mrad. The 

detectors were calibrated with a 2~~Th alpha particle source 

and a.lso by using elastic peaks and the geometry of the 

experiment. The uncertainty of energy calibration is less 

than ± 1.5%. The detector energy resolution was 50 - 150 keV. 

To identify recoil particles, for each detector sandwich 

we sorted recoils into plots of the front detector energy, TF 

vs. back detector energy, T8 • Only recoils stopping in the 

rear detector were analysed. For each event we determined a 

recoil mass identification parameter, I, 

(4) 

where g and h are polynomial functions of T8 , determined in 

such a way that for the centers of gravity of 4He band on the 

scatter plot I = 4 and for 3He - I = 3. In Fig. 1 a typical I 

parameter plot on a logarithmic scale is shown for a detector 

sandwich. 4He recoils were defined by the cut 3.5<I<4.5. The 
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separation b~tween 4He and 3He recoils is excellent over all t 

intervals studied. , The contamination from 3He is less than 1% 

for the thinnest sandwiche~ and .is negligible (<J.S%) for the 

thick: ones. 

Two permanently fixed, stacks detecting elastic events 

were used to monitor the jet - beam interaction rate. The 

absolute normalization of differential cross sections for 

reaction (1) was found using simultaneously measured proton -
helium elastic events and published cross sections 1 • The 

normalization errors of our inelastic cross sections are ± 4 

to 5% for each incident energy. 

The main source of background for reaction (1) is the 

elastic scattering from residual heli~m gas outside the target 

region. The residual gas density varies slowly with angle and 
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is typically less than 10% of ·the density in the gas jet. we 

eliminated this background by applying a momentum transfer and 

beam momentum dependent cut on missing mass M~M~ min' where 

(5) 

The parameter wa is the angular size of the downstream part of 

the aperture, i.e., from the jet target to the most downstream 

point in the accelerator main ring as seen by the detector. It 

is equal to ll mrad and it does not depend significantly on 

the detector and its angular position. The maximum missing 

mass we can measure is determined by the maximum accessible 

angle, w, and linearly increases with beam momentum. The mass 

ranges overlap for close beam momenta and move to higher 

masses as momentum increases. For exanple at t 

-O.~(GeV/c) 2 and the lowest beam momentum, 46 GeV/c, the 

missing mass range is 1.2<M~<2.2 Gev2 and for the highest 

momentum, 394 GeV/c, it is 3.7<M~<l3.0 Gev2 . 

Another important source of background is inelastic 

events from residual gas. To evaluate this background we 

folded the density of residual gas (determined from the data 

at 46 GeV/c where the separation between elastic and inelastic 

events is sufficiently good) with measured diffraction disso-

ciation cross sections 

values. It turned out 

. 2 
at different t,Mx and beam momentum 

that at small masses (M 2<S GeV2 ) this 
X 

background has conplicated t, mass and momentum dependence and 

it oscillates around the average value 9% of the inelastic 

contribution from the target. For large masses the background 

is nearly constant and equal to about 9%. The data were 

corrected for. this average inelastic. background. For large 

masses this correction practically removes the inelastic 

background; for small masses it substantially reduces its 

contribution to less than± 6%. 
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The experimental momentum transfer resolution is less 

than ±0.001 (GeV/c) 2 • Due to errors in detector calibration 

the maximum systematic error on t is (6t/t) ±1.5%. 

The missing mass resolution is mainly·determined by the 

detector angular acceptance, Aw = 0. 7 mrad. and the binning of 

incident momentum, AP ~ 16GeV/c. 
beam' 2 

In our acceptance region 

the missing 

±0.34 GeV2 
mass resolution .C.Mx varies between ±0.05 and 

depending on M2 
t and 

X • in general it 

increases with increasing t or M~. Table I illustrates the 
2 missing mass resolution dependence on Mx, t and P.beam· The 

systematic errors on M~ are due to systematic errors on angle 

and recoil energy. In our t range they increase from 

±0.005 GeV2 to ±0.07 Gev2 for small missing masses and low 

incident momenta and from ±0.015 Gev 2 to ±0.2 Gev2 for large 

masses and high momenta. 

TABLE I. Missing Mass Resolution A{M~), in Gev2 as a function of 

P M2 and t. beam• x 

-------------~--- ----------T---------- --- "'i---- -------- -~-- ---------
I I I I I I I I 

Pbeam : 46 : 97 : 259 : 347 
I I I I [GeV/c] : : : : 

-------------;------T------T------r------,------,-----~-----T-----[GeV/C]2 I I I I I I I I I I I I I I I I I I I I I I I I 
M2 [Gev2] :.os :.40 :.os :.40 : .os ! .40 : .os: .40 1 -~------------- ------~------L------L------J ______ J _____ J-----~------1 I I I 2 ~r. ·21 I I I I I l------~------~·~~~--~Q~Y- -~------~----~~-----~-----~ 1.2 10.01 ,0.08 10.04 I 0.09 I I I I I I I I I I I I I I I I I 1.4 10.17 1Q.l8 10.09 I 0.12 I I I I I I I I I I I I I I I I I 3.0 : : :o.l4 : o.16 : o.1o : o.24: 

I 1 I I I I I 
5.0 : : : : : 0.13 : 0.25: 0.13 0.32 I I I I I I I I I I I 1 I I - _2.:. Q--------!-- ---- ~- -----.!.----- -1

----- -- ~- Q.:. ~!- ~-Q.:. ~Q _I_Q.:. !~-- Q.:. ~ 1--
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III, EXPERIMENTAL RESULTS 

A. Missing ~ distributions 

We obtained differential cross sections for coherent 

proton diffraction dissociation on helium for the following 

incident momenta: 46, 97, 200, 259, 301, 348, 394 GeV/c., 

The differential cross sections as a function of missing 

mass at different t intervals are displayed in Figs. 2a - 2h. 
10 ' 
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Fig. 2: Differential cross sections as a function of M~ in diffe-

rent t intervals. Different symbols correspond to cross sections at 

four incident momenta: ¢- 46 GeV/c, ¢- 97 GeV/c, ·- 200 GeV/c, 

.j.- 394 GeV/c. 
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AS discussed in Section II, at different momenta our data 

cover different mass ranges, so to show the mass dependence in 

a wide interval we plotted together the cross sections for 

four averaged incident momenta: 46, 97, 200 and 394 Gev;c. 

The pronounced peak at dominates cross 

sections at almost all t values. The bump at 2.8 Gev2 can be 

seen at small momentum transfers and its relative contribution 

is the largest at ltj=0.07- 0.09 {GeV/c} 2
• where it becomes 

corrparable to the peak at 2 Gev 2 • At large masses {M~ 4 GeV2} 
X 

the cross sections drop approximately as 1/M~. A peculiar 

feature of the data is the behaviour of the ratio between 

cross sections f-or the peak at 2 Gev2 and for the high mass 

tail. At small momentum transfers this ratio decreases with 

increasing I tj for It j<O .14 GeV;c 2 but at high momentum 

transfers it becomes even larger than for the smallest I tl 
values. 

For large masses the following formu~a was fitted to the 

cross sections 

d 2o 

(M~) a 
(6) 

dtdM2 
X t fixed 

where A and a are fitted parameters. The fitted values ofc( 

for different momenta and t values are plotted in Fig. 3. All 

2 mass distributions were fitted in the same range, 5<Mx<,7.5 

cev2 , for all t intervals and momenta. Within errors the 

parameter a does not depend on energy and t. The mean value 

for all energies and t intervals is o.mean"' 1.18±0.03. If we 

included (where it was possible) in our fits the data at the 

highest masses (M~ >7.5 Gev2) the parameter became sfightly 

lower. In the framework of the triple Regge model 

behaviour of the cross section reflects the dominance of 
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Fig. 3' Fitted values of the parameter 0 as obtained from the 

fit d
2 o A to the large mass data 5.0 < M2< 7.5 Gev

2
• 

dtdM~It (M2) ct x-
fixed X 

triple - Pomeron coupling in process (l),a isnot equal to 1 as 

well as some energy dependence of the cross sections, suggest 

that non - triple - Pomeron couplings cannot be neglected. 

B.Four momentum transfer distributions 

The t distributions for different missing mass ranges are 

shown in Figs. 4a - 4h. The cross sections drop 2 - 3 orders 

of magnitude in the measured t range with no clear evidence of 

a dip as seen in elastic scattering 1
• A kink appears at 

ltl ~ 0.1- 0.2 (GeV/c) 2 • The cross section can be described 

as a sum of two exponentials. At small t values it decreases 

with a slope parameter equal to 30 - 60 (GeV/c)2 and at high 

momentum transfers with slope 5- 10 (GeV/c) 2
• 

The details of this patte.cn show an interesting mass 

dependence. To study this dependence the data were fitted 

with the formula 
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Fig.S: Fitted values 
60 ' ' ' ' 

of the slope parameter. t+ 
Black points ob}ained 50 - h+t++ 

-
from the fit _Q__Q_ 

dtdM~fM2 f' d 
+++ X lX€ 

40 Aeb(t+0.065) in the t '-- -
+ 

range 0. 04 < I t ! :; + 
.:;:o.oa (GeV/c) 2 for •• + 

+ + + + + + the 30 ••• 
reaction p4He .... x4He. t 
Open points are the ~ 

HJ ~~~ N 

slope parameter for ·~ ~20 -
the reaction pp ... Xp ::> 
(ref. 4). 
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The fitteri s 1 and s 2 parameters do not depend- on ener$JY within 

error limits. s 1 decreases monotonically as the mass 

• -2 2 2 -2 
increases, from 60 (GeV/c) at Mx"" 1.5 GeV to 33 (GeV/c} 

at M~ ""4 Gev 2 and stays constant for higher masses. The s 2 

parameter varies similarly. It decreases from 10 (GeV/c)-2 at 

M~ ::-:1.5 Gev2 to 5 (GeV/c)-2 at M~"' 3 Gev2 ana becomes approxi-

mately constant at higher masses. The kink shifts from 

JtJ~ 0.1 (GeV/c) 2 at the smallest masses to JtJ~ 0.2 (GeV/c) 2 

at M~ ~ 4 Gev
2

. 

To compare our results for the slope parameter with 

existing data on the p p..., X p" and p d+ X d 8 reactio-ns a one 

exponential fit was done for the low t cross sections 

= Aexp [b(t + 0.065)] (8} 

II 

-
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I 
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1.3 53.2 ± 2.1 2.9 32.9 ± 0.7 
1.4 52.5 ± 1.2 3.1 35.9 ± 1.2 
1.5 49.4 ± 1.0 3. 3 33.4 ± 0.9 

1.6 4.9. 0 ± 1.0 3.5 30.4 ± 0.9 
1.7 48.9 ± 0.9 3.7 28~8 ± 1.2 

1.8 48.2 ± 1.0 4.1 31.7 ± 0.6 
1.9 48.6 ± 1.0 4.6 30.4 ± 0.6 

2.0 46.7 ± 0.8 5.2 30.5 ± 0.5 
2.1 42.4 ± 0.8 6.0 31.5 ± 0.5 

2.2 40.5 ± o. 7 7.0 31.1 ± 0.6 
2.3 40.3 ± 0.9 8.0 31.7 ± 1.0 
2.5 37.5 ± 0.8 9.0 30.3 ± 1.3 
2.7 31.1 ± 0.8 __________ !Q~Q __________ ~!~?-~-!~z ______ (a;-see-sq:-(a;-in-text ___ 

in the t range 0. 04 < I~ :s 0.08 (GeV/c) 
2

• Within our total 
errors the b' parameter does not depe~d on energy. In F.ig. 5 
and in Table II we present the b (M2) 

X 
dependence with b para-

meters averaged over incident momenta. The errors are 
statistical. The systematic errors on b at small masses are 
less thari 2: 1.5 (GeV/c)~2 and at large masses (M} 5 GeV 2 ) they 

are negligible. The slope parameter is equal to = 50 (GeV/cT 2 

at the smallest masses, about 45 (GeV/c)-2 ~t M~ .. 2 Gev2 , 

and then quickly drops 

at b= 31 (GeV/c)-2 for 

as the mass increases and flattens out 

We compared the slope-mass correlation for our data to 

those of ref. 4 for reaction {2). Open points in Fig. 5 are 

slope parameters from proton target data. We observe a 

similar slope - mass correlation for proton and helium data. 
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C. Energy dependence 

Due to the limited number of energies available for each 

missing mass and to systematic errors it was not feasible to 

determine precisely the energy Oependence of the data for each 

t and M; interval independently. But within the limits of 

errors one can conclude that the shapes of the t and mass 

distributions do not depend on energy, and the energy depend-

ence of the cross sections is consistent with the formula 

{9) 

The energy dependence is illustrated in Fig. 6. In 

we have plotted (GeV/c) 2 

(a) 
' .! (b) Pbeam (GeV!c) 

~ 4 
N 

'*** 

0 46 
> X 97 ., 
"' '* 

• 200 
N + 259 !\ 
~ 3 *f' 

.. 301 
! .6. 348 *• 'I :::> t . I II ., ' * 394 

"' If • t 
0 

t * • 
' "' -" 2 ¢ 

..s ' I ' ' 0 .. 
NX 0 t ·~ ! •; 

::;;; 
* 

.. ' • 
"0 

I :!'~ 11 II' 'I' 'C 
b 

0 *'~~> ,."' 
N .... l:t't .. "0 .. 

0 I I I 

I 2 4 6 810 2 4 6 8 10 

M' (GeV'l 
d2 

X 

Fig. 6, (a) A" --"- as a function of t-l~ 
dtd~~~t~-0.065(GeV/c) 2 

and incident momentum. (b) The same as (a) except 

reduced to 300 GeV/c using A'=A(l + 2 8)/(1+___1.§.-) 
3lfO Pbeam • 

All errors are statistical. 
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determined from the fit of formula (8), as a function of M2 and 
X incident momentum. In Fig. 6 b are shown corresponding cross 

sections reduced to the momentum 300 GeVjc according to' the 
formula 

A' A (1 + 30208 } I (1 + ~ 
Pbeam 

D. cross sections 

In Table III we present the cross sections at four 
incident momenta: 46, 97, 230, 347. GeV/c. The data at 230 
GeV/c are averaged over 200 and 259 GeV/c and the data at 347 
GeV/c are averaged over 301, 348 and 394 Gev;c. 

For each missing mass range and incident momentum we have 
listed the cross sections as a function of t. The listed 

TABLE III. Differential cross sections d 2
o/dtdM2 

for p
4

He-+- x4
He. 

___________________________________________________________ ! ____________________________ _ 

----------------------------------------:~~!m __ :~-=~~~~--------------------~-------------"2 

~-Ge~2 ~ 1.2012<1.4 1.4<M2<1.6 1.6(M2<1.8 1.8(;.(2,0 2.0<M2(2,2 2.2<M2<2.4 -~----~---------! ____________ ! ____________ ! ____________ !-------------~-----------~----
r -t 21 2 2 - -2 -2] ~:~~~~~~---------------------~-~~~:~~! ___ LP_~-~-:~=~~=~---~-~=~--------------------------.04 2663± 362 5790±314 6972 ±424 10683±704 .OS 217()!; 103 3734± 99 4833± 141 6643± 236 8707±780 .06 1066± 68 2009± 74 3116± 111 4342± 197 4091±337 .07 730± 49 1346± 50 1705± 65 2456±120 3202± 160 .08 505± 31 915± 33 1120± 45 1552± 80 2101±103 .09 337± 24 707± 31 737± 36 822± 56 1278± 78 .Jo 278± 20 500± 26 612± 35 631± 51 1060± 70 .!! 243± 19 292± 22 455± 32 509± 48 610± 58 .12 !84± 18 301± 22 370± 31 316± 42 519± 55 .13 157± 17 320± 24 332± 27 345± 42 380± 42 434± 94 .14 176± 17 209± 14 308± 19 299± 23 301± 25 416± 40 .15 162± 14 187± 11 250± 16 272± 21 278± 22 242± 28 .17 !66± 9 184± 6 236± 9 264± 11 241± 12 225± 17 .20 129± 9 148± 7 !Sot 9 232± 11 246± 15 151± 22 .23 83± 16 101± 7 136± 8 190± II 212± 18 .26 73± 6 ,, 7 129± 12 144± 28 .29 46± 6 58± 8 85± 16 .32. 32± 6 44± 11 .35 30± 15 

14 



TAB.LE III. (cont'd) Differential cross sections d 2o/dtdM2 for p4He + x4He 
X 

-----------------------------------------~!!!?:5!!!!_:~-~~~:: ________________________________ _ 
"2 

[ Ge~2] 1.40l<t.6 1.6<M2<I.8 1.8<M2<2.0 2.0<M2<2.2 2.2<M2<2.4 2.4<M2<2.6 
---------------~------------~------------~----------~-------------~------------~---
E-'2l 2 2 -2 -2J (GeV/c) d a/dtdMx [vb X (GeV/c) x ~V · ------- -------------------------------------------------------------------------

.04 4448±418 6120!:321 9037:!:393 9978±294 8115±360 6940±354 

.OS . 2980±157 3972:!:206 6182:!.210 7226±157 6654±213 5197!::184 

.06 1873±157 2683!:130 3883±201 4708±130 4547±175 3286±145 

.07 1002!: 80 1355± 83 2013± 90 2934± 88 2819± 87 2243± " .08 715± 76 803± 57 1254± 61 1846± 70 1759± 64 1744± 77 

.09 516± 73 570:!: 46 757:!: 52 1129± 46 1358! 63 1339± 62 

.10 310:!: 70 349:!: 34 492± , 805± 40 969!: 43 825± " .11 250:!: 31 373± 28 364:!: 30 621± 44 565± 56 

.12 267± 27 292± " 364± 27 452± 36 384± " .13 194± 29 292± 29 302± 34 390± " 401± " .14 209± 48 239± 26 272± 33 305:!: 44 236:!: 38 
.15 267± 34 262:!: 23 180± 21 262:!: 27 175± 22 
.17 248:!:. 30 240± 12 211± 11 163:!: 12 14()±. 13. 
.20 204:!: 14 179± 14 150± 15 121± 13 
.2) 157.:!: 24 115± 11 125± 16 
.26 151± 34 86± 26 

"' Ge~2 
2.6012<2.8 2 

------------------~-------=~~~~~~=~=------------------------------------------------
[cce~/c)~ d2o/dtd~ [ 11b x (GeV/c)-2 x GeV-~ 
--------------------------------~--------------------------------------------------

.07 2296±129 2565±192 

.08 1893± 99 2033±144 

.09 1397±117 1615±125 

.to 1045± 88 1283± n 

.11 794:!: 84 956± 92 

.12 570± 49 697.tl5~ 

.13 309!: so 

.14 308!: 44 

.15 292± 44 257± 41 

.17 176± 16 160~ 22 

.20 163:!: 31 

________________________________________ !!!~!!~-==~-::~~~----------------------------------
"' r,•'] 2 2· 2 2 2 2 LGeV 2.2<11 <2.4 2.4<M <2.6 2.6<M <2.8 2.8<M <3.2 3.2<M 0.6 3.6<M <4.0 ------ __________ !; ____________ !; ____________ ! ____________ ! _____________ !------------lL __ _ 

~~=~~::~J-------------------~~~:~:~~! ___ fr:_~-:~:~::=~-~-:=~=~----------------------
.04 7156±294 5402±251 6276±328 5555±269 3513!: 97 2660!: 97 
.05 3978:!:182 4524± 92 4657!:138 4222±.105 2467± 46 2016!: 46 
.06 3494.±142 3093± 84 3546±153 3001± 80 1887± 43 1460± 38 
.07 1781±147 1946± 55 2313± 8& 1911± 53 1442!: 32 1083!: 23 
.08 1441± 70 1475± 73 1684± 59 1390± 32 1013± 27 854± 19 
.09 1054± 75 1027! 60 1206± 48 1059! 29 721:!: 18 629!: 17 
.10 807!: &2 698!: 60 890:1: 46 750± 20 531± 15 457± 13 
.11 384±116 493± 41 622!: 40 534± 17 410± 13 341!: 13 
.12 368:!: 73 429± 58 483± 43 380± 17 274!: 12 258:! }() 
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TABLE IIi. (cont'd) Differential cross sections 
z z 4 

d a/dtdMx for p He + 

.!) 259:!: 27 274:!: 30 273:!: " 1"69± ' 173:!: 8 

·" 200t 2Z 250.! " 228± !0 l33± 5 121± 5 
.15 179:!: 10 132:!: 7 93± 4 94.!: ' .17 138.!: 8 91!: 3 67!: 2 58± I .20 60!: 3 40± 2 32± I 

·" 40:!: 4 3o± 3 22± I .26 43! 7 23± 3 16± I 

·" 19± 3 14! 3 
.32 1!± 3 16± 
• 35 • u:t 4 13! 
.38 

" 6 10± 
---~2------------------------------------------------------------------------------------

Gc~2 4.0<M2<6.{1 6.0<H2<s.o 8.o<M2Go.o __________________ ! ___________ ! ___________ ! __________________________________________ _ 

.04 1951± 74 

.OS 1&32± 21 l057.t 31 

·" 1161± l7 743:!: 25 
.07 860± 12 5'.).6! " 434.t 51 
• 08 &31:!: • 417:!: 10 344± 24 
.09 454± 7 29"9! 8 2JJ! 16 
.!0 365± 7 138! 7 213± IS 
.11 252! 5 168:!: 7 138! 12 
.!2 ISO.! 5 141± 7 95.! 11 
.!3 139! 4 84± 5 70± 11 
.14 lOJ± 1 "' 3 58± 3 
.IS 78± 2 55± 2 42.t 3 
.!7 49± 1 "' I 29! I 
.20 )Q± I "' I ts± 1 
.23 22± lJ± 16± 2 
.26 !6.± J2± 12! 
.29 15± w± 
• )2 12! 6' 
.35 ,, ,, 
.38 ,, 

-----------------------------------------~2~!!!!_=~~-=:!':: _________________________________ _ 
•' 
c:v2 

2.8<M20.2 J.2<H2<J.6 3.6<M2<4.0 4.0Qt2<6.U 6.0<M
2

<S.O 8.0<M
2
<i0.0 __________________ ?!: ____________ ?!: ____________ ?:!; ____________ ?:------------~------------?!: ____ _ 

{::;~~~:~J----------------------~~~~~=~~! __ J~~-~-~~~~=:~~-~-::~1 ________________________ _ 
.04 4726.±147 3246.±122 2434±134 1789± 29 1219± 31 7)9:':106 .os 3967± 76 2528± 58 1874± 48 1420± IS 10!9± !3 718± 22 
.06 2649± 66 1889:!: 62 1450:!: 43 1038! 13 765! 12 540± 15 
.07 2064! 56 1290± 31 980± 32 737± • 526± ' 385± ' .08 IJ20± 44 961± 29 756± 23 562± 7 385± 6 3Qll: 7 
.09 997 47 674± 24 540± 18 438± 6 296± 5 220± 6 
.10 731 51 526!: 23 395:!: 15 323± 4 212± 4 172± 5 
.11 300 73 312:!: 19 298± 13 230± 4 158± 4 125± 5 
.!2 310± 28 212± 10 178± 3 us± 3 96± 5 
.13 148± 15 145± 12 127± 3 83± 3 72:!: ' .!4 128± 13 106! 7 95± 2 60± 2 50:': 2 
.15 130± 24 86± 5 70± 54± )7! I 
.!7 au 10 51! 2 45:!; )0± 27± 1 
.20 32< 3 28± 20± 15' 1 
.23 20± 14' U:t I 
.26 14± JO' 9± 1 

·" '" 
,, 

" 1 
.32 " 7' " 1 
.35 " 5' " 1 
.38 " 4' 
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errors are statistical. The normalization errors are about 

equal to~ 5%. Small mass data (M~ < 5 Gev 2) have additional 

systematic errors of less than ~6%, which are due to inelastic 

background from the residual gas. 

The quoted etrors refer to the relative normalization of 

inelastic cross sections. To account for the ' absolute 

normaliZation one has to include also systematic normalization 

errors of elastic proton helium scattering 1 which are ~4.8%. 

IV. GLAUBER ANALYSIS OF THE DIFFERENTIAL CROSS SECTIONS 

A. Basic formulae 

For coherent production p 4He + x4He, where X is a state 

with specified missing mass, we used the following Glauber 

formula 9
- 11 for the amplitude: 

4 
n 

i =1 

(ll) 

+ where q is the momentum transfer vector, p is the laboratory 
+ 

momentum of the projectile, b is the impact parameter vector, 

is the density distribution, and is the 

distance of i-th nucleon from the nucleus mass center. r1 is 

the profile function for the process aN+ 6 N on the i -th 
+ + + target nucleon and the argument of r 1 is (b-s1}, where s 1 is 

the transverse component of The indices e, e*' d 

correspond to processes 

17 



p N-+-p N 

XN+XN 

and pN+XN 

(12 ) 

(12a) 

(12b) 

As intermediate states we have included in formula (11) 

only p and X 12
• we neglected longitudinal momentum transfer 

which is very small at our energies and missing mass range: 

(M2 - rn2 ) I 2p _< 0.02 (GeV/c) x p beam (lJ) 

For the helium density we have used the uncorrelated wave 

function with the Gaussian one particle distribution 

(14) 

where R 1. 36 fm. 

The proton-nucleon elastic amplitude was parametrized as 

follows 

where a is the proton-nucleon total cross section, p is the 

ratio of the real to imaginary part, and B is the slope of the 

differential cross section. 

In a similar way we parametrized the amplitude for X- N 

elastic scattering 

* e* + ipo* . ·B f (g) "' (1- 1p*) exp (--4rr 2 (15a) 

For elementary diffraction dissociation we have considered two 

cases: central and peripheral diffraction dissociation 

anplitudes 2
, 13

' 1 .. 
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For the central case we used a spinless, purely imaginary 

anplitude with slopes determined from the fits to the cross 

sections for nucleon diffraction dissociation on protons 

where g, c, a 1 and a 2 are fitted parameters. The anplitude fd 

is normalized in such a way that 

a~cr 
--2 
dtdMX pp+ Xp 

(17) 

The profile functiOn corresponding to anplitude (16) has a 

maximum at impact parameter b = 0 similarly to elastic 

scattering. With formulae (11}, (14} - (16) we obtained 

d 2o p; I F(q)l2 (18) 

dtdM2 
p 4He +x 4He X 

where 

~ 
2 2 2 4 ~(~) (- 1 )n-1 

n-m m-1 Bt,n,m 
F (q)=ip exp <\~) " " 

A
1
c

1 c2 2 
1=1 n=l m=l 

B.ttn!m 
2 

q 
x exp ( - 4 

(19) 

where A1 
c 

211 (R2+2a1 ) (20) 

g(1-C) 

~ 2n (R2+2a2 ) 
(20a) 

c1 
cr(l-Q) 

2n(R2+ 2B) 
(21) 

o*(l-p*) 

c2 
2n (R2+2B~~") 

(2la) 
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__ 1_, 
8 t,n,m 

(n-m)~ (m-1) ___ 1 __ _ 
R +28 R2+2B* 

(221 

For the central case the coherent diffraction dissociation 
cross section shows similar behaviour to elastic proton-helium 
scattering~ i.e.~ it has a dip as a result of destructive 
interference between terms corresponding to the single and 
multiple interactions. 

For the peripheral case elementary diffraction dissocia
tion is described by a set of several helicity flip 
amplitudes, each of them parametrized as follows: 2 

where t:,.).. is an amount of helicity flip in the production 
vertex, J~A is the Bessel function of order t:.A and $ is the 
azimuthal angle of q. It is assumed, as in ref. 13 that the 
spin state of the target nucleon is unchanged. The 
differential cross section for elementary diffraction 
dissociation is then 

( 241 

and usual1y 2
'

13 
AAmax ::_ 4. The profil-e functions correspond

ing to (23) are peaked at impact parameter b"' b0 • For the 
peripheral case we calculated each he1icity flip amplitude for 
process (1) separately and using (11), (14), (15), (23) we got 

B 
X JA\ (b

0
q ~) 

UA Bl,1 
Bn m q2 2 exp (----"'f"---"· -:1 exp (-b 

4 ' 0 

B -B 1,1 n,m) 
2 

Bl,l 
(25) 
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where 

( 26) 

c 1 and c 2 are defined by (21) and Bn,m by a formula analogous 

to (22) except now there is no index 1!., The differential cross 

section tor reaction (1) is 

d 2a 

dtdM; P4He + X4He 
(27) 

Helicity flip aliplitudes given by (25) were obtained in the 

approximation of near forward production and elastic scatter-

ing. The approximation lS well justified for this experiment. 

It is worth stressing that as in the Humble model of 

peripheral diffraction dissoc~ation 13 the helicity flips take 

place only in the production vertex so within the framework of 

this model it is not expected there will be any suppression of 

the cross section for production on helium due to spin 

effects. 

Peculiar features of coherent peripheral diffraction 

dissociation on nuclei, as discussed in detail in ref. 2 for 

the deuteron, include the existence of interference terms of 

both types, destructive and constructive, depending on t range 

and an appearance of diffractive minima and maxima at 

different t values for different helicity flip anplitudes. 

B. Analysis of experimental data 

we compared our experimental momentum transfer distribu-

tions with the predictions of Glauber formulae {18 )-(22) and 

(25)-(27). 
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The proton-nucleon elastic amplitude was parametrized 

with flS) using the same values foro, p, Bas for proton

proton elastic scattering 15
• For the elastic scattering of a 

diffractively produced state X on a nucleon we asswned B*="B, 

p*=O and we considered two variants! 
2, 1 6, 1 7 

another with o*=40 mb. 

one with o*=20 mb and 

Existing high resolution data on the inclusive process 

p p +X p unfortunately do not cover all the mass range of our 

experiment. At small masses, below and near the two pion 

production threshold, we have used Fermi lab data 18 on the 

exclusive reaction n p ... (pn )p and for high masses,M;;::. 4 Gev2 , 

we have used data on the inclusive reaction (2) from the 

Single Arm Spectrometer group'. Unfortunately we lack good 

input for our analysis for intermediate masses. Although 

there exist precise data on inclusive proton dissociation on 

protons" in this mass range they are not particularly useful 

for our analysis because the t range they cover is too narrow. 

The amplitudes of elementary proton diffraction dissocia-

tion which we used in the Glauber analysis were parametrized 

as (16), {17) for the central case and as (23), (24) for the 

peripheral case with the parameters found in the fits to the 

data of refs.3 end 18. Before applyfng the small mass data on 

the exclusive reaction n p + pTI p to our analysis we 

renormalized them by an isospin factor 3/2. 

For the peripheral case we have used explicitly an 

assumption of the Humble model1 ', i.e.,that parameters a and 

b0 of (23) are the same for all masses. We have included the 

minimum number of helicity 

reproduce the data with good 

flip 

2 
X • 

amplitudes necessary to 

For small masses it was 

sufficient to include t:..A ::= 01 1 and for high masses !;,.)..::= O, 1, 

2, 3. 

22 



The Glauber model predictions for central and peripheral 

amplitudes are compared with our data in Fig. 7. For central 

diffraction dissociation the model predicts the t dependence 

similar to that of elastic proton-helium scatteringti.e., the 

presence of a dip at It I~ 0.10- 0.18 (GeV/c) 2 arising from 

destructive interference between terms corresponding to single 

and multiple interactions. For peripheral diffraction 

dissociation there is no dip and cross sections are larger. 

This is mainly due to the incoherent contribution of terms 

(25) corresponding to different helicity flips, each having 

interference minima and maxima at different t values. Also to 

some extent the cross sections for t in the range ltl > 0.17 

(GeV/c) 2 are enhanced due to constructive interference between 

single and double scattering terms for the r£ln helicity flip 

amplitude, 6A = 0. 

The t dependence of the experimental data is substan

tially different from the model predictions for central 

diffraction dissociation. In the case of peripheral diffrac-

tion dissociation the shape of the predicted curves is in much 

better agreement with the data. As for absolute values of 

cross sections, for peripheral diffraction dissociation the 

predicted values are on an average about 30% lower than the 

experimental data for small masses and about 70% higher than 

the data for large masses. In view of systematic errors in the 

helium and proton data and approximations of the model the 

difference at small masses is not significant. However for 

large masses it cannot be explained completely by the same 

effects. A possible explanation of the difference at large 

masses may be a contribution of amplitudes with helicity flip 

of the target nucleon in reaction (2). For coherent 
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Fig. 7: Differential cross sections for p4He + x4He as a 

function of t. Solid lines represent the Glauber 

model predictions with peripheral elementary proton 

diffraction dissociation, dashed ones with central 

diffraction dissociation. 2 (a) Mass range 1.2<Mx<l.6 

Gev2 , total cross section a *(XN) =40 mb. 

range 4<M2<6 Gev2 , a*(XN}=40 mb. 
X 
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diffraction dissociation on helium such amplitudes ~auld be 

suppressed. 

To illustrate how diffr.action .dissociation a·n helium is 

sensitive to the absorption of the produced state in subse-

quent collisions we plot in Fig. 8 Glauber model predictions 

for the peripheral case with a* = 20 mb and a* = 40 mb 

together with the experimental data. The theoretical curves 

are normalized to the data at small It! values ( /t! ~ 0.1 

At small masses the agreement is much better for 

O* = 40 mb. The comparison is not so conclusive for large 

masses and probably a more refined model would be helpful to 

solve the ambiguity. 

V. CONCLUSIONS 

Inclusive coherent proton diffraction dissociation on 

helium has been measured using the circulating beam in the 

Fermilab accelerator intercepting a thin helium gas - jet 

target. The recoil helium nuclei were detected with sandwich-

es of solid state detectors. The t, missing mass and momentum 

ranges' were 0.04< [t[<0.40(GeV/c) 2
, (mp+mll') 2 <M~<lO Ge,l and 

46<pbeam<400 GeV/c. 

The characteristic features of the mass distributions are 

a large enhancement at M; 'C 2 Gev2 and a high mass tail 

decreasing approximately as 1/M;. At small ! t! values the 

relative contribution of th"e 2 Gev2 enhancement decreases with 

increasing [t! but starting from [ tJ of about 0.14 (GeV/c) 2 it 

becomes large again. 

At small momentum transfers the differential cross 

sections are sharply decreasing functions of [ t j with the 

slo,pe parameter values reflecting the helium form ,factor and 
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Fig. 8: Differential cross sections for X~He. 
Curves are Glauber model predictions with peripheral 

elementary diffraction dissociation normalized to 

experimental data at small jt I values (j tj.::_ 
O.l{GeV/c) 2). The solid lines are obtained for total 

cross section o*(XN)=40 mb and the dashed ones with 

o*{XN)=20 mb. {a) Mass range 1.2<M~<l.6 Gev2 • (b) 

Ma~s range 4<M~<6 Gev2. 
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the slope of elementary proton diffraction dissociation. The 

slope - mass correlation for small momentum transfer data for 

helium and proton targets are similar. At large momentum 

transfers the t dependence of helium differential cross 

sections is governed by multiple scatt.ering processes yielding 

small values of slope. 

within the framework of a simplified Glauber model we 

find the cross section of the coherent diffraction dissocia

tion on helium is very sensitive to the details of the 

amplitude of elementary proton diffraction dissociation and on 

the total cross sections of the difft:actively produced states 

on nucleons, r:i"(XN). We find that using central elementary 

diffraction dissociation one arrives at predictions which are 

substantially different from the data, whereas for peripheral 

diffraction dissociation it is possible to reproduce the shape 

.of the cross sections. 

The disagreement in absolute values of cross sections 

between the high mass data and a simplified Glauber model may 

be only partly of an experimental origin. The possible exPla

nations of it could be a contribution of amplitudes with spin 

flip of the target nucleon in reaction (2). 
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