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Pacnpe.r:~eneKHe KBS.QpaTa '16ThtpexMepaoro nepe.QaKKoro ~Mnynbca 
B K8H8il6 npSIMOI'O pa3B8il8 .QeltTpOHS npH HMnyllbC6 na.Q8IOIU6I'O 

.QeATpOHa 3,3 raB/c 

l13y'18l10Cb .QHcjlcjlepeHUH8llbH06 C6'16HH6 -9:- .QliSI peSKUHH dp .. p n p . 
npH HMnynbCe .QeATpOHS 3,3 raB/c, KOTOpoe cpaBHHBSliOCb C TeOpHeA MHOI'O-
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The Four-Momentum ~ransfer Distribution for the 
Charge Retention Breakup at 3.3 GeV/c Incident 

Deuteron Momentum 

The ~ differential cross section is studied for the 
dp~pnp reaction at 3.3 GeV/c deuteron momentum and com­

pared with the Glauber multiple scattering theory. Within 
the limits of the uncertainties of the existing elementary 
nucleon-nucleon data, the simple Glauber model calculations 
with the realistic deuteron form factor give satisfactory 
agreement with experiment. 
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.\ 1. The Sample 

'rhe events used in this study have been obtained in an 

exposure of the JilfR 1 m hydrogen bubble chamber to the deuteron 

beam with a lliomentum of 3.33 ± 0.08 GeV/c. A sample of 838 events 

fitting the reaction 

dp-pnp ( 1) 

was collected. The events of reaction (1) belong to the onG­

constraint fit catee;ory. A fraction of chese events (12:))) nas 

one or two competitive hy[!Otheses. Alnong the w"bit;uous llypotheses 

we always accept the fit to reaction (.1) with a weight equal to 1. 

As a result of this procedure, some cizidentified events ane 

accepted; however, as was shown elsewllere/1/, U"" fraction of 

events accepted with wrong mass assignments is still less than 

1%, and the 1'raction of events going to otner channels is aoout 

4%. L'he events going to other chunnels do not affect the Gllupe 

of the overall d6jdt diGtribution, and tr,erefore no bias is 

introduced. 

As usual, in deuteron bubble cha;::ber e::pe.cir .. ents a deuteron 

target is used when substantial biases are introduced due to 

losses in spectator-nucleons, 1'hat is why an o,.posite beam-tar{:;et 

configuration was chosen as it allows tr1e spectator-nucleons to 

oe easily seen in the bubole chamber. 

Preliminary results of tnis study ·.-.-ere presented at 

Batavia /lf, U,,psa.la/j /and ,.;osco\/
4 1. Our ;oresent esti:Jate of 

the dp--ppn total .r·vaction cro:oG section is :)7.2 ± 1.4 r1b 

whereas in the preliminary data ;.:., 3 /tne; value of 40.5mb was 
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'l'he dif:t'erential cross section dOfdt for the charge 

retention channel. 
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used (the lat Ger value was used by 3a:.rdinos and Nil kin in t!wir 

reviev/5 I), Information on the deuteron brcmkup reaction 

induced by the proton at high energy is still very scanty • 

f<'irst results concerning the pd- ppn reaction at 1 G·.=V 

incident proton energy at· fixed scat t;ering angles have been 

ootained in che counter experiment by Sinpson et al. /6/ 

In this paper we are concerned with t;he "charge retention" 

reaction, i.e. the process proceeding without charge exc11ange 

between incoming particle and tart;et. &poriraentally, we '-<Scribe 

to this channel all the events in whicn the proton is the 

slowest particle in the laboratory system (631'? event::.). ·rhe 

remaining 1441 events corres,?onding to the charge excimnge 

reaction were analysed in a separate paper /7/ 

2. liesults and Discussion 

Figure 1 shows the four-momentum transfer distribut;ion 

from the proton target to the slowest ~roton in the laboratory 

system. The distributions A and B correspond to the events 

ascribed to the charge retention and charge exchan~e channels, 

respectively. A distinct separation is observed for ltl less 

than 0.6 (GeV/c) 2 • •.rhe cross section for the charge retention 

channel was found to be equal to 30.8 ±1.2mb. 

l'he experLnental dG"'/dt dill'erenetial cross section for the 

charge retention reaction is slwwn in fig. 2, A study of the 

slow proton azimuthal anGular distribution shows that tncre are 

no systematic losses in the events above the 0.01 (GeV/c)
2 

ftj 

value, i.e. above the first bin of our distribution. 
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We compare the measured db/dt distribution with the simple 
• Glauber model calculations (neglecting the spin) • According to 

E'ranco and Glauber/d I, the diif erential cross section for the 

deuteron breakup reaction is 

(dbjdt)oreakup = (d6/dt)scatt:- (dC/dt)el. 

where (db/dt)breakup represents the differential cross section 

leading to dissociation of the deuteron into two nucleons; 

(d0/dt)scatt. was calculated using a closure approximation. 

'l'he calculations were made for three different deuteron form 

factors: 

1) 'l'he form factor we have obtained from the Hulttiln 

• lO r; 2 2 2 2 .1 -1 deuteron wave functJ.on :; (p) - L(P + 0( ) (p + j3 )j 

with o(: 45.8 and j3 = 236.81 
.J . 
·- 2 S(q) = L A.exp(-B.q) 

• - f J. J. 
c-.. -2 

~ = 0.40b2 B1 = 114.8 (GeV/c) 

A2 = 0.4594 B2 = 27.07 (GeV/c)-2 

A3 = 0.1272 B} = 5.769 (GeV/c)-2 

2) The Gaussian form factorl91: 

S (q) = exp (-33 q2 ) 

3) l'he form factor ob~ained by Alberi, Bertocci and 

There is a large probability that at low Jtl values 

a deuteron re1aains unbroken. Corresponding events can be found 

in the elastic channel. rhis does not take place if there 

occurs a spin-dependent interaction, and therefore the dr,/dt 

behaviour near t = 0 reflects the spin-dependent contribution 

to tho nucleon-nucleon amplitude. 
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I 

Bialkowski (ABB) from the Bressel-Kerman deuteron v1ave 

function 1101: 
.3 . 2 

S(q) =X Ai exp (-B. q ) 
~·::/ J. 

B1 = 1.871 (GeV/c)-2 
A1 = -0.03799 

~ = 0.3384 B2 = 12.33 (GeV/c)-2 

A
3 

= 0.6952 B
3 

= 64.59 (Ge'l/c)-2 

We have used the following parametrization of the elementary 

proton-nucleon amplitude : 

fpN = ~ (i +«N) exp (1/2 bNt) 

A = 9.52 + 0.45 mb112(GeV/c)-1 
n -
~ = 12.57 ± 0.62 mb1/ 2 (GeV/c)-1 

~ = -0.4 ± 0.1 

o(p = o.o 

bn = 5.7 ± 0.6 (GeV/c)-2 

bp = 6.8 ± 0.7 (GeV/c)-2 

The ~· AP and bn' bp values were obtained fro~ ~he fit to the 

elementary pp and np data ~1 • 12{n the (0.1-0.4) (GeV/c) 2 

interval of the four-momentum transfer. 

'l'he results for the di1'1'erent form factors are Given in 

fig. 2 together with the contributions of uouble scattering and 

the interference between single and double scatterings for the 

ABB form factor. 

The solid curve in fig. 3 represents d0/dt calculated 

with the AJ3d form factor fitted to trw exi_)eril~ental distribution. 

'l'he value j 2 was calculated with terms which allow one to keep 

the fitted parameters ~· Ap• bn and bp of the elementary 

amplitudes within the limits of their errors. 
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A comparison of the experimental d6/dt dL'.~. erential cross 

section witn the calculated curves shows that within the accuracy 

of the c;;isting ele1~en tary nucleon-nucleon <lata the simple Glauber 

model calculations l'.ith the form factor obtained from the Bressel-

,~erman wave function are consistent with the experimental data. 
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