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1. INTRODUCTION

In this paper we present results of an analysis of the anti-
deuteron breakup reaction and np elastic scatterlng extracted
from it at 6.1 GeV/c per nucleon.

The data have been obtained by processing about 70 K pic-
tures of the 2m HBC "Ludmila" exposed to an RF-separated anti-
deuteron beam’'!’ with a 12.2 GeV/c momentum at the Serpukhov
accelerator. Some details of the experiment are given in ref/?/

The possibility of reliable registration of P -spectators
is an important advantage as compared to pd experiments. More-
over, nowadays tnere exist very few data on Pn elastic. scatter-
ing. Data between 1.8 and 5.5 GeV/c/3/ show somewhat distinct
features from pp ones. So, an experimental study of ap elastic
scattering is also an important problem.

Questions concerning the event selection and cross section
determination of the reaction dp-ppn are discussed in the fol-
lowing section. The 4-momentum transfer squared distribution
of the antideuteron breakup reaction is compared with simple
Glauber calculations 4/ (section 3). The extraction of np elas-
tic interactions is described in section 4. The results are
compared with pn and pp data at similar energies.

Main conclusions of this paper are presented in the last
section.

2. DP » PPN EVENT SELECTION
AND CROSS SECTION DETERMINATION

oL
As }he hadron coﬁ%amlnatlon in the antideuteron beam was
~ 407 , the events of the reaction

dp - ppn ! (1)
were extracted by the adopted’3/ kinematic program HYDRA con-
taining three mass hypotheses for beam particles: d,p and 7.
This led to a large number of ambiguities (~75% of all the
events). Thus selectlng the events, we took into account a pos-
sible presence of contamination and the passage of events (1)
through other channels, mainly OC fit,

dp - ppMM. (2)




The 1C hypothesis
77p » 7 pn° 3)

was a main competitor for the reaction (1). ;

About 937 of all ambiguities in the reaction under study
were the events having unresolved hypotheses (1) and (3).
should be str¥8¥&d that in our case there is no m1x1ng w1th
elastic interactions and coherent processes, which is a common
difficulty for target deuteron experiments because of a signi-
ficant difference in the laboratory momentum of negative se-
condaries in these channels.
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Fig.1. The Llaboratory momentum distribution of negative
secondaries for ambiguities dp sppn/npon pﬂ (a)
pure dp» ppn events (b) and pure =7p-a"pn® events te).

In Fig.l is shown the Pj;, distribution of negative par-
ticles for the events having the two unresolved hypotheses (1)
and (3) (a), only the hypothesis (1) (b) and only the hypothe-
sis (3) {(c). One can see that the distribution of unresolved
events is very similar to the hypothesis (1) with a maximum at
P%emn/2. Vice versa, events (3) are concentrated in a large P,
region. Moreover, it is known that the cross section of the
reaction #7p » 7 pr® is (O. 5+0. 1) mb at 12 GeV/c’%/ So, even
though the beam contamination consists completely of #~ —me-
sons, we obtain that the »”p »# pr° contamination in the re-
action (1) does not excged 0.8/ taking into account pure events
(3). The value of mitual m1x1ng of the channels (1) and (2)
can be evallidted from the missing mass distribution (fig.2a).
Using the probability cut for IC fit events, PiyE) > 0.52.
which was put in the kinematic program, only 0.6% of events
from the overlapping region remained unresolved.
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Fig.2. a)MM 2 distribution for 2-prong events dp..p+x
b) MM® distribution for selected events d -ppn, ¢) p(xg)
distribution for selected events dp > ppn.

From the above considerations all events, having the hypothe-
sis (1) with P(x2)>0.5% and P,, of negative secondary
<8.2 GeV/c, were assumed to belong to the studied class’and
were taken with weight 1. The MM2? and Esz) distributions for
events (1) thus selected are presented in fig.2b,c. The value

of (MM2)1/2 = (940.2+1.9) MeV/c? c01nc{hes with the antineut-—

_ron mass with a good accuracy.

Thus, 629 fitted events (1) were selected from 2428 2-prong
dp 1nteract10ns. To determine the cross section of the reac-
tion dp - ppn, the following corrections were introduced:

(i) scanning efficiency of 2-prong events (W, = 1.021),
(ii) losses of the events with short steep proton tracks
(Wy ® = 1.037),

(iii) the total program processing eff1c1ency (wp = 1.242).

The weights Wea) were determined from the requirement of
1sotropy of the azimuthal angle distributions of protons for
various 4-momentum transfer intervals (fig.3). Using all these
corrections, the total number of weighted events (1) is equal

to Ny (@ » Dpa) = 834+33 and* o ... (@) = (10.4+0.7) mb.

3. T-DISTRIBUTION AND COMPARISON WITH GLAUBER THEORY

We compare the measured differential cross section of the
reaction (1) with Glauber theory for spinless particles. Ac-

we normallzed our data to the dp inelastic cross section
94 (@) = 0j, B = 0y, B ~ 0, (D = (89.8+4.1) mb 7%/,



cording to/ Y .

do do do

(Ef)breakup = (E) sc 7 (—(ﬁ') el ’ (4)

where «b/dﬂ) is the total scattering cross section on deute-

ron without new particle productlon. The corresponding formulae
for expression (4) are given in the Appendix.

For calculations, we have used three types of form fac-
tors /7.87,

a) exponential form factor (GAUSS):

-» --33. 2'
S(q)=e 337Q ) . (5)

b) form factor obtained in’/?/ from the Bressel-Kerman deute—
ron wave function (ABB):

-1.87¢%

- .
-64.6q _ 0.087e "V : 6)

 0.3390 ~12:34%

S(Q) =0.698e

¢) "relativistic invariant" form factor ("Rell™):
~141q2 ~26.1¢2 ~15.5q2
S(Q) = 0.34e71419% , 0580726107 0,08¢71%-%9" | 100

The elastic Np amplitude was parametrized in the standard
form: - ;

: P.ow ~%b_q®
o Np . =9 (8)
o ) = ———re (i ~Je Niz)
(0' ( +p )

where the quantities

0. =613+0.8 mb o_ =587+ 1.0 mb

pp ; ; np

ps = 00 by = 12.60.3 (GeV/c)~®

were taken from the known Pp and pn data at 6.1 GeV/c/SJO/ @nd i

unknown quantity p; was assumed to be equal to Py

The measured differential cross section of the reaction
(1) is compared with theoretical predictions in fig.4. The
curves correspo?d to form 1lae (A.2). The parameters fitted
under various assumptlons of the ngpe parameter by are pre-
sented in the Table. As is seen, our statistics is 1nsuff1—
cient to draw a reliable conclusion concerning the choice of
form factor.
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Table

Fit results of the d » pM differential cross section
by formulae (A.2) with various types of ground state
antideuteron form factor

- =
b= 12.6 (GeV/c) br=bo=bg

3@  b(GeV/ey® x®/ND ob)  Po(Gev/e)” x*/ND  o(b)

(5) 13.8+1.0  17/12 8.8+0.2  13.2+0.4  16/12 8.6+0.2
(6) 20.2+4.4  48/12 9.8+40.5  14.6+0.4  51/12 10.2+0.3
(7)  26.3+48.1  72/12 10.3+0.6  15.3+0.5  25/12 10.8+0.3
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Fig.3. a) Azimuthal _angle distribution for ﬁe’caowl
protons from dp-ppn events in the normal plane_to
the beam direction, b) t-dependence of weight W
averaged over azimuthal angle 6.

4. ELASTIC np SCATTERING

The elastic np interaction can be studied directly with the
help of the_events of reaction (1) containing an antiproton
spectator: dp -p ;pn. The problem of spectator selection in
the reactions with target deuteron breakup has ‘been discussed
in detail in/3/ As compared to these reactions, the use of an
antideuteron beam allows us to select a rather large number of
elastic mp events since we are not limited by AL 0.1 GeV/e.
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a) All events with P(P) < 0.22 GeV/c and P(D) > 0.25 GeV/c in

Fig.4. Differential cross :
section of the antideuteron the antideuteron rest frame have been selected;
breakup reaction. The curves ; ; w
2 correspond to formilae (A.2) B) The events satisfying the condition R = .S < 0.15
with different antideuteron a0 . R
100} form factor. B and SD vepre- Eave l.aeen selected. Here w-(py) = Y@ “dp with the wave
sent contributions of double . | function Y(?) taken from rédf. 1/ Po
- scattering and interference g We have selected 256 and 237 events with the help of the
. terms, respectively. methods a) and B), respectively.
§ o i We have ¢hecked our selection procedure comparing the momen-
i ol { tum.and angular distributions of the spectator with the distri-
§ : bt_xtlons calculated from the deuteron wave functior/11/ (see
E ' ;"Elg,S). .Note that the spectator angular distribution should be
& Fig.5. Momentum and angle isotropic when neg}e(}tigi}lg the effect of flux factor and energy
§ distributions of antipro- deper.xder'xce of a.(p) "™ . The agreement between theoretical
S tons (a,b) and antineutrons pl:edlctlons and the data indicates correctness of our selec-
4 (e,d) in_the d rest frame tion procedure. '
fon dP - P teiys i : o 0 0 . The 4-momentum transfer
tract'ed by method (a) & squared distributions for elas-
fapidd Tonoe) ond method 2 . tic np events are plotted in
_(ﬂ)f(dotted 1ines). Curve fig.6. The lines represent the
in fig.5a represents the = : : do
a M 20 0 calculation using the Har- % fltsblg the eapresc on (TIT 7
-t (381 tenhaus-Moravscik wave = Ae® in the region
LAY g
funstion "1V, S0 0.10<-t < 0.30 (GeV/c)® . The
L . fitted values of the slope™
- ‘parameter b coincide, within
a P = : ; errors both grou f
30P (6) P ’ ? g pS o -
) 14l 07 03 o1 03-¢ Gevicf events; lf(aoa-f= (12.4+1.4) (GeV/c s
aal ) Lcal F1:g.6.. .4—n?0mentwn__transfer and bi" = (13.0+1.3) (GeV/e) ™™
20} distribution of np elastic As final results, we take an
{ . events extracted by methods average value b= of (12.7+
10 (a) and ( B). +1.3) {(GeV/e) ™2, This result
U gl : . : is'cc.nnpared with other pn’?
. ar.xd PP data in fig.7a. As an additional check of our selec-
@ o 02 03 E tion procedure, we extravéted elastic PP events and obtained
. : ¢ ; ;ﬁ-:e (12é9_tl.3) (GeV/e) ™™ in agreement with the world data at
. lab o= GeV/c.
"l Our Yalue of b_ as well as the value obtained at 1.8 GeV/c
0 : agree with the__co?responding slope values for pp scattering but
; . 3 disagree with pn data at 5.55 GeV/c. It is seen from fig.7a
i . : : t ts__lat the slope: parameters obtained for the rsactions ptp and
a 03 05 ~ 0 ' P n at <t>' = =0,2 (GeV/c)2 (and also for K- p and wtp) are
Plae cos® ‘well described by the universal function/13/:
Following ref./s/, we have used two different methods for : b’+2(t)
the selection of elastic np events: bhip(p't) =bh(t)'; h ; +2‘al” o ®)

pd
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Fig.?. a) Energy dependence of the slope parameter b

at <t> = —0.2 (GeV/c)® for np_and pn elastic scattemnq.
Curz/;less/ - fit of the pp and pp data by expression.

(9) b) Energy dependence of Aby . Solid line - fit
of the p¥p data by expression (10) (q = 0.52+0.02).
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Fig.8. Py, —dependence of elastic cross sections for
PP ;Pn and ©ip interactions.

taking into account a powe#qlawi ﬁ‘ependence of the slope para-
meter at low energy. From (9) it follows that the difference
of the slope parameters for the differential cross sections
of particle and antiparticle vahishes as a power of laboratory
momentum

Ap ol _ _Const
oy hy - (10)

where q@ = 0.52+0,02 for ptp/m{ This difference is plotted in
fig.7b for the PP and P~ n data as a function of laboratory
momentum. The b values for the mp data are taken from/14,15/
We see that our point as well as the point at 1.8 GeV/c lie on
the line describing the p¥p data.

We have also estimated the elastic cross section using opti-
cal theorem and assuming pure imaginary forward Tp scattering
amplitude:

o Oior (@P)
o (@p) = =— =(13.9£1.5) mb,
167 (he) 2b -
where o, (np) “tot (n) = (58. 7+#1.0) mb was interpolated from

the Pb data’10/ (see fig. 8) If we use the extrapolated value
of g p(pn) = (15.0+2.1) mb/!%/ then we get (1+p2) = 1.08+0.17,
where p—= Ret.. (0)7Imf- €0) .

CONCLUSIONS

We _have done a first study of the antideuteron breakup reac-
tion dp »ppn at 12.2 GeV/c. The cross section of this reaction
is equal to (10.4+0.7) mb. This value agrees, within errors,
with the theoretical prediction obtained in terms of Glauber
formalism for spinless 1nteract1ng particles. The d1fferent1a1

. cross section also agrees with the model prediction.

Elastic np scattering has been studied with the help of
events selected from the channel (1). The slope parameter of
the differential cross section was determined ig the region

<t> = -0.2 (GeV/e)?2, b= (12.741.3) (GeV/c)™® and' the elas- .- .

tic cross section was estlmated to be Oof @p) = Q3. 9+41.5) mb.
The values of by and op (D (np) agree, w1th1n errors, with the pp
data at similar energles.

APPENDIX

In the case of spin-independent interaction ome can write

the differential cross section of dp -» Ppi  as /4/:

do do ae 2.q 2 2
Bubi ooty (s =(1 ~-S @)L~ + 1. ) +
) i T a0 ONE @ LG

+2Ret_ (@ tz @ 6O -sg(-—)) - --Jm{t*@ fis@- ---)-S(-%)-S(Ef’)] :

xty @Bt - 39-6® 3 2@ - [18@"+ P -5 5@ x



-

Sy e
xfn(q+2) fp(2 q)d'*™ q’} +

s k)g M8(q - 41831 -8@™ x

x @+ )t -1 rZ-(*"+A) rz (8- 34 .4, 4

i

where (@) is the form factor of an antideuteron ground state.
To a small-angle scattering approximation which is true in our
case

2
-g-g-»= L _9_4_7_ and q2 ==f + t BF R A
dQ 7 dt \ M2

For maximal simplification of the expression (A.1) we use the
following approximations; Byq® ¢
a) the form factor S(a 2 01 with normalization 2 C;=1,

which is rather general and convenlent for an 1ntegrat1on ex-~
pression;

b) the amplltudes fa- -(q) are supposed to be purely imagina-
ry at-our energies (for pp this fact is known from experimental.
data’?/ ), and exponential parametrization is used

2

c) the parameters b’ii and biare assumed to be close so that

1 -vA >, o
exp{-—-g-(bﬁ. bp.)q q'i=1

(see, for example, ref./lg/).

Using these approximations, we get the formulae convenient
for practical purposes: !

b
dt breakup

where 8 and D are the contributions of single and double scat-
tering processes, respectively, and SD is the interference term:

=S+8D +D, . (A.2)

bt bt
n

S = {(c2e +afe P).
18~ n p
Lp—tbyt
* [1-8® l/—-f—)]+2a_aie-§( b ey TR =) (A.2a)

1 1 1
0=0= =(b=+bt bt bt
s R
3272
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Ci {exp[ Bi(bﬁ+bﬁ) t]- s1\/“ !

213 +b b..) 2 :
X 2 4( ] (A. Zb)
i (2B +b_+D F)
2,2 i G : Ci
'ﬂ"p’ -(b +b‘;)t{2 ! -z 12;_
‘ b+ b
25643 B (bi+b..)(4B +b..+b..) i (2B;+ b+ b) (A:2¢)

In the calculations we used the known results:

0 2 2
~px : 1 c
xe « I (cx) dx = — exp(—-),
‘{ o(e%) 50 T dp

where I (cx) is a zero-order Bessel function of purely imaginary
argument Eqs.(A.2a-c) were used for fitting the experimental
(do/dt) distribution with bz as a free parameter.

In the case of equal antinucleon—nucleon scattering ampli-
tude approximation

_ Ly
f;@ - fs(a) L VR

4

Eqs.(A.2a-c) can be rewritten as:

0% b i B
BB Wb eyt ~ssazh).
8 2
\
Bib- e
i -t
2 C, texpl - “b e (‘/2 )}
~=h=t G B
s 0 R 5 el D | . 3
3272 1 (By+b ) !
4
g oot C
el o2z Lzt g,
10247 3 ! b (2B, + bo) (By+bs)
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