


I. ' INTRODUCTION
In an experiment performed at the Fermi Naticnal Acceler-
ator Laboratory we have measured the inclusive reaction

plHe + x%He {1)

at incident protop momenta 46<pbeam<400‘GeV7c, and at momentum
transfers and missing masses covering the ranges

ZeuZ< 10 cev?.

0.04<|t]|<0.40(Gev/c?) and tm, + m)

Recently at the same energies and in a similar momentum
transfer interval new precise data on elastic proton-helium
scattering were published!. A combarison 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 |t | values, and the presence of a dip
and secondary maximum, can be reproduced® using Glauber
analysis with a nucleon-nucleon elastic scattering amplitude
that 1s predominantly imaginary, spinless and central (in
impact parameter space}.

As for coherent diffraction dissociation on nuclei, it
was first observed for nucleon diffraction dissocfation on
deuterons at the ISR ? 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.



One of our objectives to study reaction {1l) is to see if
these conclusions hold for coherent diffraction dissociation
on helium. Another interesting possibility which caﬁ 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 effects one can
expect heliﬁm data to be sensitive to how the diffractively
produced states interact before leaving the nucleus.

Barlier results on two. similar reactions at Fermilab
energies have been reported, namely inclusive proton
dissociation on protons}—7?

pP*r Xp , (2)
and on deuterons)®

pd» X4 . (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 exper;ment and details of data
analysis. In Section III we present our experimental results
and discuss some results of phenomenclogical fits to the data,
The Glauber analysis using both central and peripheral ampli-
tudes of elementary diffraction dissociation is described in

Section IV. 1In Section 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



particles were detected by sets of sandwiches of silicon semi-
conductor detectors.

The experiment was primarily designed and performed to
study p4He elastic scattering' but coherent diffraction
dissociation of incident protons on helium was measured
simultaneously. The detailed description of the experimental
set-up and apparatus is published elsewhere'. 1In the present
paper we discuss 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 um to 200 ym and the
back detectors from 200 ym to 2000y m. The detectors were
placed on a movable carriage at a distance 7.2 m from the
target yielding angular resolution Aw=#0.7 mrad. The
uncertainty in angle less than about : 0.2 mrad. The
detectors were calibrated with a zggTh alpha particle source
and also 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 receoils into plots of the front detector energy, Ty
vs. back detector energy, Tg- Only recoils stopping in the
rear detector were analysed. For each event we determined a
recoil mass identification parameter, I,

I =Tp . giTg + h(Ta), (4)
where g and h are polynomial functions of TB’ determined in
such a way that for the centers of gravity of %He band on the

scatter plot I = 4 and for 3

He - I = 3, InFig. 1 a typicall
paraneter plot on a logarithmic scale is shown for a detector

sandwich. %ge recoils were defined by the cut 3.5¢I<4.5. The
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sepa:atibn betweén 4He and 3He recoils is‘excellent over all t
intefval; studied.. The contamination from 3He is less than 1%
for the thinnest sandwiches ang .is negligible (<2.5%) for the
thick ones.

Two permanently fixed. stacks detecting elgstic events
were used to monitor the jet - beam inferaction rate. -Tpg
absolute normalization of differential cross sections for
reaction (1) was found using simultanecusly measured proton ~
helium elastic events and published c¢ross sections!. 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 heliqm gas outside the target

region. The residual gas density varies slowly with angle and



is typically less than 10% of the density in the gas jet. We

eliminated this background by applying a momentum transfer and
2

beam momentum dependent cut on missing mass Mi’Mx win’ where
2 2 —
M »m + 2P JF¢ W_ - (5)
x min P beam 2

The parameter w, 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 11 mrad and it does not depend significantly on
the detector and its angular position. The maximum missing
masg 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 example at ¢t =
—0.;(Gev/c)2 and the lowest beam momentum, 46 GeV/c, the

migsing mass range is 1.2<M3<2.2 Gev2 and for the highest

momentum, 394 GeV/c, it is 3.7<M<13.0 GevZ,

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 at different't,sz and beam momentum
values, It turned out that at small masses (Hi<5 Gevz) this
background has complicated t, mass and mementum 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 egqual 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 t 6%.



The experimental momentum transfer reéolution 'is less
than £0.001 (GeV/c)Z. Due to errors in deteétor calibration
the makimum systematic error on t is {(At/t) :1.5%.

The missing mass resolution is mainly” determined by the
detector angular acceptance, Aw= 6,7 mrad. and the binning of
incident momentum, Ap £16GeV/c. In our acceptance region
the missing mass reggggtion AMﬁ varies between 30.05 and
+0.34 Gev2 depending on M:, t and Ppeam’ in general it
increases with increasing t or Mj. Table I illustrates the
missing mass resoclution dependence on Mﬁ, t and gbeam' The
systematic errors on M: are due to systematic errors on angle
and recoil energy. In our t range they increase from

£0.005 GeV? to 10.07 GeVe

for small missing masses and low
incident momenta and from x0.015 Gev2 to 0.2 Gev2 for large

masses and high momenta.

TABLE I. Missing Mass Resolution A(Mi), in Gev2 as a function of

2
Pheam’ Mx and t.
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II1. EXPERIMENTAL RESULTS
A. Missing mass distributions

We obtained differential cross sections for c¢oherent
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.
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Fig. 2: Differential c¢ross sections as a function of Mi in diffe-

rent t intervals, Different symbols correspond to cross sections at
four incident momenta: ¢)- 46 GevV/c, [:} - 97 GeV/c, ¢- 200 GevV/c,
é— 394 GeV/c.



As discussed in Section 1I, at different momenta our dJdata
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: de, 97, 200 and 394 Gev/c.
The pronounced peak at Mi = 2 Gev2 dominates cross
sections at almost all t values. The burmp at 2.8 Gev2 can be
seen at small momentum transfers and its relative contribution
is the largest at [tl=0.07 - 0.09% (Gev/c)z, where it becomes

comparable to the peak at 2 Gev2

. At large masses (M§-4 Gevz)
the c¢ross sections drop approximately as 1/M§. A peculiar
feature of the data is the behaviour of the ratio between
cross sections for the peak at 2 Gev2 and for the high mass
tail. At small momentum transfers this ratio decreases with
increasing |t| for it|<0.14 Gev/c? but at high momentum

transfers it becomes even larger than for the smallest [ﬂ

values,

For large masses the following formula was fitted to tne

cross sections

a% - A 6
5 - I\ o ‘ (6}
dthx t Eixed (Mx)

where A and o are fitted parameters. The fitted values of L
for different momenta and t values are plotted in Fig. 3. all
mass distributions were fitted in the same range, §<M§ﬂ?.5
Gevz, for all t intervals and momenta. Within errors the
parameter ¢ does not depend on energy and t. The mean value

for all energies and t intervals is a = 1.180.03, If we

mean
included (where it was possible) in our fits the data at the
highest masses (Mi >7.5 Gev?) the parameter became slightly
lower. In the framework of the triple Regge model 1/M§

behaviour of the cross section reflects the dominance of
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triple - Pomeron coupling in process (l).a isnot equal to L 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 deop 2 - 3 orders
of magnitude in the measured t range with no clear evidence of
a dip as seen in elastic scatteringl. A kink appears at
|tt = 0.1 - 0.2 (Gev/c)z. The cross section can be described
as a sum of two exponentials. At small t values it decreases
with a siope parameter equal to 30 - &0 (Gev/c)_2 and at high
momentum transfers with slope § - 10 (GeV/cTz.

The details of this pattern show an interesting mass
dependence. To study this dependence the data were fitted

with the formula
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The fitted By and B, parameters do not depend on energy within

error limits. B; decreases monotonically as the mass

A 2 2

increases, from 60 (Gev/c)” to 33 (GeV/c)~

at M2 =4 Gev?

at m§= 1.5 Gev

and stays constant for higher masses. The B
‘ 2

2
parameter varies similarly. It decreases from 10 (Gev/c) < at

2 2 2

My =1.5 Gev”® to 5 (Gev/c)~? at Mi = 3 GeV” and becomes approxi-

mately constant at higher masses. The kink shifts from

|t]= 0.1 (Gev/c)2 at the smallest masses to |t]= 0.2 (GeV/c)2

at Mi > 4 GevZi.

To compare our results for the slope parameter with
existing data on the p p+X p * and p d+ X d° reactions a one
exponential fit was done for the low t cross sections
2 :

——d——‘z’ = Aexp [b(t + 0.065)] {8}
dtdmx MZ
x fixed

11



M2 [cev?) b [(Gev/c)™2] 2 [Gev?] b [(Gev/c)™2]
1.3 53.2 ¢ 2.1 2.9 329 = 0.7
1.4 52.5 & 1.2 1 35,9 + 1.2
1.5 49.4 2 1.0 3.3 33.4 £ 0.9
1.6 49.0 + 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 t 0.7 1.0 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 10.0 31.5 + 1,5

in the t range 0,04 < | < 0.08'(Gev/c)2. Within our total
errors the b’parameter does not depend on eﬁergy. In Fig. 5
and in Table IT we present the p (Mﬁ) dependence with b para-
meters averaged over incident momenta. The érrors are
statistical. The sysfematic errors on b at small masses are
less than + 1.5 (GeV/c) 2 and at large masses (ﬁ§>5 Gevz).they
are negligible. The slope parameter is equal to = 50 (Gev/c)'2
at the smallest masses, about 45 (GeV/c) 2 at Mis 2 Gevz.
and then quickly drops as the mass increases and flattens ocut
at bs 31 (Gev/c)"? for b 4 cev?.

We compared the slope-mass correlation for our data to
those of ref. 4 for reaction (2). Cpen points in Fig. 5 are
slope parameters from proton target data. We observe a

similar slope - mass correlation for proton and helium data,

12



C. Energy dependence

pue to the limited number of energies available for each
missing mass and to systematic errors it was not feasible to
determine precisely the energy dependence of the data for each
t and Hi interval independently. But within the limits of
errors one c<an conclude fhat the shapes of the t and mass

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

ence of the cross sections is consistent with the formula

2
da%g t
4 - (1+38 £Y £, wd (9)
dthx Pheam
The energy dependence is illustrated in Fig. 6. In

o - 42 4 2 ,
Fig. 6a we have plotted A =d o/dthx te —0.065 (GeV/’c)z
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Fig. 6: (a) A= Hq—% as a function of Mi
atdy ]t=-0. 065 (Gev/c) 2

and incident momentum. (b) The same as (a} except
reduced to 300 GeV/c using A'=A(l + %g-)/(l+_3§.-.).
Pheam

All errors are statistical.
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determined from the fit of formula (8), as a function of Mi and

incident momentum. In Fig. 6 b are shown corresponding cross
sections reduced to the momentum 300 GeV/c according to the

formula

28 28 o
A' = A (1 + =% + .
l+555)7 01 oo {10}
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/o.

For each missing mass range and incident momentum we have

listed the cross sections as a function of ¢, The listed

TABLE 11l. Differential cross sections dzc/dtdni for paﬂe > XAHe.

Phosn 46 GeV/c
w '
[ cev? | L2o<la Laaa.e  Lewla.s L2000z 2.206¢2.4
— - x X x - X x x
i —
Ecev/c)ﬂ dzo/dr.dMi [ub x (cev/er? x gev 2:|
.04 26634362 - 5790:314 6972424 106832704
.05 21708103 3734 99 4833%141 6643:236 87074780
.06 1066t 68 2005t 74 3116£111 43424197 4091%337
-07 730 49 1346t 50 1705t 65 2456£120 3202+ 160
.08 505¢ 31 915 133 1120% 45 1352t 89 2101¢103
.09 337 24 707t 31 737t 36 822t 56 1278¢ 78
.10 278t 20 500t 26 612¢ 35 631¢ 51 1060t 70
o1l 243t 19 292t 22 455 32 509t 48 610t 53
a2 184¢ 18 301 22 370 31 316% 42 519t 55
13 157t 17 320 24 332t 27 345t 42 380% 42 434 94
14 1765 17 209t 14 . 308t 19 299 23 3015 25 416t 40
.15 1628 14 187t 11 250¢ 16 272 21 278 22 242+ 28
17 166t 9 184t 6 236t 9 264% 11 2412 12 2255 17
.20 129t 9 148t 7 180t 9 232t 11 246% 15 151z 22
.23 83t 1s 101t 7 136 8 190t 11 212t 18 .
.26 73t 6 92t 7 129t 12 144t 28
.29 46t g 58t 8 85t 16
.32 3z 6 4t 11
.35 30 15
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TABLE III. (cont'd) Differential cross sections ,dza/d:dni for ple + x’He

Pheam 97 GeV/c
u
[cevzl Laoiicle Leaa.s 1.8l 20002 20004 2.403c0
x x x x X x
-t
[(Gevlc)z] izc;’dr_dﬂi [ub x (Gevlc)’_z x lev-zJ
.04 4448418 BI201321  9037%3s3 9978294 81154360 6940354
.05 .29802157  3972:206 61828210  7226%157 6656£213  5L97+184
.06 18735187 26835130 3883t20] 4708130 5475175 3286%145
.07 100Zf B0 1355% 83 2013t 90 2934* g% 819t 87 2243t 85
.08 715¢ 76 803t 57 1254% 81 1846¢ 70 1759% 64 1744% 77
.09 5162 73 570% 46 757t 52 1129t 46 1358 63 1339¢ 2
.10 3102 70 349% 34 4924 33 805+ 40 969t 43 825¢ 58
T 250+ 31 373t 28 364% 30 621% 4 5651 36
az . 267k 27 293¢ 23 364¢ 27 452 36 354k 57
13 196% 29 292 23 302¢ 34 390t 51 - 401 57
T 209% 48 230 26 272+ B 305: 44 2362 38
ST 267% 34 262t 23 180¢ 21 262¢ 27 175t 22
) 268+ 30 240% 12 2115 11 163t 12 140% 13
.20 2042 14 179¢ 14 150% 15 1212 13
.23 157% 24 1158 11 ©.  125% 16
.26 151% 34 86+ 26
n,
Gey? 2.6aik2.8 z.a<ni<3.z
M 2 2T 2 =
[ceevier?] alotaral | ub x (gevrc)? x GevY
.07 22962128 25652197
.08 © 1893t 99 2033t1a4
.09 1397£117 16152125
.10 10652 88 1283% 0%
1 794 84 936¢ 92
a2 ST0E 49 6975153,
13 3092 50
A4 308t 44
.15 292 44 2574 41
RY; 176+ 16 teos 22
.20 163% 31
Phesn 230 GeV/e
ni
[?evz] 222 2aaicnie 6afs  z.8ma.2  daale  3.6aice.o
=, % X X, X x
e _
EGeV!c)z] dzo/dtdni [}b x teevie)? x cev’%]
.04 71564294  S4020251 62762328 55554269 3513t 97 2660 97
.05 I78LIB2 4524% 92 4657ELIB 42224108 2467t 46 2016% 46
.06 3494%142 3093t 84 35464153 3001% 80 1887+ 43 1460% 38
.07 17814147 1946t 55 2313% 86 1911% 53 1462¢ 32 1083% 23
.08 14412 70 1475% 73 le#4t 59 1390% 32 10135 27 854¢ 19
.09 1054 75 1027f 60 1206t 48 10S9% 29 7212 18 629+ 17
.10 807 62 698% 60 890t 46 750¢ 20 $31% 15 457¢ 13
A1 384x116 493% 41 622¢ 40 534% 17 4102 13 3612 13
a2 368¢ 73 4291 58 483% 43 380¢ 17 2742 12 2582 10
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TABLE IIL. (cont'd) Differential cross sections dzuldtdmi for pl'He - X4He
.13 259% 27 274% 30 2734 42 159 ¢ 173t 8
.14 200% 22 250¢ 19 228% 10 1335 5 121%¢ 5
.15 179* 10 1318 7 93E 4 942 4
.17 132 8 91¢ 3 67 2 58t |
.20 : 60+ 3 40r 2 32r 1
.23 40t 4 30 3 22¢ |
.26 43 7 23+ 3 16 |
.29 192 3 14 3
.32 1t 3 16t 3
.35 . 1t 4 13 3
.38 7t 6 10t &

HZ
%2 2 2 2
Gev 50060 6.0GI<ED  5.000K10.0
- .
Ecevfz)q d2°/dthi { ub x (Gev/e) 2 x gev

.04 1951% 74
.05 1632% 21 1057% 31
.0k 11612 17 743t 25
.07 860 12 556 14 4345 51
.08 631t 8 417¢ 10 U4E 24
.09 454 7 299t g 23:t 16
.10 355t 7 238t 7 213% 15
Y 252 5 168t 7 138* 12
.12 180 5 141% 7 95¢ 1
.13 139 4 84t 5 70t 11
W14 103 3 76t 3 s8% 3
A5 788 2 55t 2 42% 3
.17 a9r st | 9% |
.20 0t 1 21t | 18t 1
.23 2t ] 13t 16 2
.26 162 1 12t | 12t 2
.29 15+ 1 w0t 1
32 12+ [T
.35 9t | 3t 2
.38 8t :

Phoan 347 GeVe
:
Gev? 2800432 3.20050.6  3.600¢6.0  4.000¢6.0  6.004%8.0  8.0¢<10.0
— X X X x X X
“toA 2 2 -2 7
[(Cevlc) B d u/dtdt{x [ub x (GeV/e) © x Gev_]

.04 47262147 32462122 24342134 17852 29 12195 32 7392106
.05 967 76 2528+ 58 18742 43 1420% 15 1019% 13 718% 22
.06 7649 56 18892 62 14502 43 10382 13 765t 12 540% 15
.07 2064+ 56 1290 3L 980% 32 7372 8 526¢8 8 385 9
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errors are statistical. The normalization errors are about
equal to + 5%. Small mass data (Mi <5 Gevzj 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 scattering1 which are +4.8%.

Iv. GLAUBER ANALYSIS OF THE DIFFERENTIAL CROSS SECTIONS

B. Basic formulae

For cohetent production p4He + X4He, where X is a state

with specified missing mass, we used the following Glauber

formula®'! for the amplitude:
rZ5% la;*

F(3) = 32 ¢ 1% Ja%e alwi‘l,’fz, E

Lal
[
—
(=1

-
3'
do . "
s -5 (ri®r;%er90,70+ £ ey ®n 0r er o 9 #er Ir 00r
i <5 i<jek :

e, e, e.d
—ry Ty ryry

+ 1,80 %0 90, # poer dr Str ot rldrze*r3e*r4e*)}
(11

where & is the momentum transfer veétor, P is the laboratory

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

ty 2 is the

distance of f-th nucleon from the nucleus mass center. Fg is

Ppl 2 is the helium denéity distribution, and 14

the profile function for the process o N+ B N on thef —th
+ -+

target nocleon and the argument of Ta is (b-sy), where Sy is

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

correspond to processes
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pPH-pHN R {1z )
XN+XN , ‘ (12a)

and pPN+XN . {12b)

As intermediate states we have included in formula (11)
only p and £'%2 We neglectéd longitudinal momentum transfer

which is very small at our energies and missing mass range:
=2 -nd) 7 2 < 0.02 (Gev/c) (13)
dy X 4] beam — 7° - 13

For the bhelium density we have used the uncorrelated wave
function with the Gaussian one particle distribution

X 4 3 2,.2
e > > +> - 1 Ll ) /R (14)
"’“1"2"3"’4" =0 (Fﬁ) e i '

where R = 1.36 fm.

The proton-nucleon elastic amplitude was parametrized as

follows
£ = #2200 exp B ohH (15}

where ¢ is the proton-nucleon total cross section, p is the
ratic 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

*

* ipa* R
£57(q) = 1B (1 - 10%) exp (-3— q%) . {15a)
For elementary diffraction dissociation we have considered two
cases: central and peripheral diffraction dissociatien

amplitudes ?» 12214
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For the central case we used a spinless, purely imaginary
amplitude with slopes determined from the fits to the cross
sections for nucleon diffraction dissociation on protons

22 2

. a
29 - B {cemizt druQem- 5 a0} 06

where g, C, a, and a, are fitted parameters. The amplitude fd

is normalized in such a way that

by -+
B - - |fd(q}|2 (17
dedMy ppr xp T :
The profile function corresponding te anplitude (16) has a
maximum at impact parameter b = 0 similarly to elastic

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

, ‘
a0 = = rl (18)
aeanl 4ue .yiEe

where

2.2 2 4 n n-m m-1 B
T R 4 -
Fla)=ip exe (gg) 1 I m=§(p)(—l)“ Lagc) ¢, Aot
) By .n,m qz
xexp (- BB, (19)
where Ay = .._.._i.g.C_.._.
21 (R%+2a;} (20)
g(1-C) (20a)
A, = ————p——— a
2 an(r?+2a,)
¢, = —=e) . (21)
21{R%+ 2B)
o*(1-p*)
C. = —— (21a)
27 an(rs2m%)
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B St (em—i s (m-1) e (22)

By nem R%+2a, rR%+2 RZ4 2B+
For the central case the coherent diffraction dissociation
cross section shows similar behaviour to elastic protén—helium
scattering, i.e., it has a dip as a result of destructive
interference between terms cerrespending to the single and
multiplé interactions.

For the peripheral case elementary diffraction dissocia-
tion is described by a set of several helicity £lip

amplitudes, each of thenm parametrized as follows:?

d

Epy (D = 32 g, exp(-2 ¢ Ty (boa ) expliAkg ), (231

where A)x is an amount of helicity £lip in the production

vertex, J is the Bessel function of ordexr A\ and ¢ is the

AX
azimuthal angle of E. 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

2 kg
e = |f (@] 2 (24)
dtam? pp s Xp p Are _
and usually®2?? @A) X 4. The profile functions correspond-

max

ing toe (23) are peaked at impact parameter b= b For the

o*
peripheral case we calculated each helicity flip amplitude for
process {1) separately and using (11), (14), (15), (23) we got

- i 2.2 4 n _ 1B
Fﬂl (q) =1 p exp('—i') é‘;l mzl ( )y (- l) AA Cil m 2 _%_Lm_

B B 2 B, ,-B
m 9 2 1,1 “n,m
% dpy 03 gy exp (LB T exp (52 Ll nom,
1,1 , B{ ,
(25)
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where

QM

Ay, = ——=—
2ﬂ(R2+Za)

A . (26)

C1 and C2 are defined by (21) and q1 m by a formula analogous
L]

to (22) except now there is no index & The differential cross

section ror reaction (1) is

dzc ™
2 T o2 Ai 'Fm
dthx P4ﬂe - X4He <3

2

(273

v

Helicity £lip aﬁplitudes given by (25) were obtained in the
approximation of near forward production and elastic scatter-—
ing. The approximation 1s well justified for this experiment.

It is worth stressing that as in the Humble model of
peripheral diffraction dissociation!? 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 nuclel, as discussed in detail in ref. 2 for
the deuteron, include the existence of interference terms of
both types, destructive and constructﬁve, depending on t range
and an appearance of diffractive minima and maxima at

different t values for ditferent helicity flip amplitudes.

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 (15} using the same values Ffor o, p, B as for protoen-
proton elastic scattering’®. For the elastic scattering of a
diffractively produced state X on a nucleon we assumed B*=B,
p*=0 and we considered two variants: one with g*=20 mb and

2,16,17
another with g*=40 mb.

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
praduction threshold, we have used Fermilab data’® on the
exclusive xea_ction npa (pn-)p and for high masses,Mi > 4 Gevz'
we _have used data on the inclusive reaction {(2) Erom the
Single Arm Spectrometer group‘. Unfortunately we lack good
input for our analysis for intermediate masses. Al though
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 c¢ase and as (23), {24) for the
peripheral. case with the parameters found in the fits to the
data of refs.3 ad 18. Before applying the small mass data on
the exclusive reaction n p-pr 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 model?, i.,e.,that parameters a and
bo of (23) are the same for all masses, We have included the
minimum number of helicity flip amplitudes necessary to
reproduce the _d.ata with good xz. For small masses it was
sufficient to include AX = ¢, 1 and for high masses AA= 0, 1,

2, 3.
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The Glauber model predictions for central and peripheral
amplitudes are compared with our data in Fig. 7. Fer central
diffraction dissociation the model predicts the t dependence
similar to that of elastic proton—helium scattering,i.e., the
presence of a dip at |[t]| = 0.10 - 0.18 (Gerc)2 arising from
destructive intefference hetween 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 heli;ity flips, each having

_intexference minimé and maxima at different t values. BAlso to
some extent the cross sectiens for t in the range [t] > 0.17
(Gev/c)2 are enhanced due to constructive interference between
single and double scattering termsfor the ron helicity £lip

amplitude, a) = 0.

The t dependence of tﬁe experimental data is substan-
tially different from the model predictions for central
diffraction dissociation. 1In 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 sﬁall 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 filip

of the target nuclecn in reaction (2}, For coherent
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diffraction dissociation on helium sych amplitudes yould be
suppressed. ' ' l "

‘To illustrate how diffraction dissociation oh helium is
sensitive to the absorption of the produced state in subse-
guent collisiens we plot in Fig. 8 Glauber model preaictions
for the peripheral case with o#* = 20mb and og* = 490 ms
together with the experimental data. The theoretical curﬁes
are normalized to the data at small |t]| values (1&] < 0.1
(Gev/c)z). At small masses Fhe agreement is much better for
U* = 40 mb. The comparison is not so conclusive for large
masses and probably a more refined medel would ke helpful to

solve the ambiguity.

V., COHWCLUSIONS

Inclusive coherent protén diffraction dissociation. on
helium has been measured using the c¢irculating beam in tﬁe
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

2 and

ranges were 0.04<1t|<0.40(GeV/c)% (mp+mﬂ)2 <Mi<10 GeV
46<pbeam<400 GeV/c.
The characteristic features of the mass distributions are

a large enhancément at Mi:rz GeV2

and a high mass tail
decreasing approximately as 1/M§. At small |t| values the
relative contribution of the 2 Geve enhancement decreases with
inéreasing [t | but starting from |[t] 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 | with the

slope parameter values reflecting the helium form factor and
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2

o*{XN)=20 mb. (a) Mass range 1.2<Mi<1.6 GeV™, (b)
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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 scattering 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 c¢ross sections of the diffractively produced states

on nucleons, o*(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

.0f 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

£lip of the target nucleon in reaction (2).
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