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Komapos B.W. u nap. E1l - 11564

HaBawonenne xoppensunu mexay aeyms 6BIC TPBIMIL MIPOTOHAMH
B NPOTOH~ANepHHX B3aumonedcTBuAXx npu 640 Ms3B

Meroaukoll CUMHTHAAAUMOHHLIX CHETUYHKOR H3MepeHo anddepenunanbHoe
CeyeHHe 3SMHUCCHH Hal3aa GbLICTPLIX NPOTOHOB C 3Hepruedr or 50 no 145 MosB
B copnaneHusx ¢ nporonami (235-330 MsB), mbineraomumu BIHepen
B NPOTOH-SICPHBIX B3aUMONEICTBHAX, C UeNLI0 H3YYeHHS MexXaHu3ra Taxkol
dMRCCHH. JKCNEPHMEHTATLHIIE YCIOBHA COOTBETCTBYIOT KHHEMATHKE
KBa3ucpoB0IHOro paccegnus nNanalmWHX ITPOTOHOB Ha OBYX HYK/IOHaX fapa
MHWeHH. Pe3yabTaThl CpPaBHUBAIOTCS C NPeACKA3aHMSMH HECKOILKUX Monenei
dMUCCHH Ha3an GbICTPHIX NPOTOHOB,

Pa6ora erimonnena B JlaGopatopuu AnepHbIX npoBaem OWAU.

Mlpenpunr Obveannexnnoro HHCTHTYyTa fAAepHLIX uccienoBaHkit, [ly6ua 1978

Komarov V.I, et al, E1l - 11564

Observation of Correlation between Two Fast
Protons in Proton-Nucleus Interactions at 640 NMeV

The differential cross section for the backward emission

of fast protons of energies from 350 to 1435 MeV has been measured
in coincidence with forward cutzoing protons (255 to 330 MeV)

in proton~nucleus interactions by a scintillation counter method,
The experimental conditiors correspond to the kinematics of the
quasifree scattering of incident protons on two nucleons within

the target nucleus, The results are compared with the predic-

tions of several models describing backward fast proton emission,

The investigation has been performed at the Laboratory
of Nuclear Reactions, JINR,
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Recently several models/1‘7/ have been der—:-—
loped to describe the production of backward emitted
protons (BEP) of energies above 30 MeV in hadron-
nucleus interactions. Although the models use very
different physical processes, the inclusive BEP
spectra can be rather well reproduced by all mo-
dels, Therefore none of the models can be favoured
on the basis of inclusive data alone, However,

a strongly different behaviour of particles accom-
panying BEP can be obtained from some of these
models, So the model of ref, /2/ predicts the forward
production of a single proton of an energy To—’F-e,
if a BEP of the energy T is emitted in a reaction
initiated by a proton of the energy T, (¢ being the
average nucleon-nucleus interaction energy). From
the model of ref, 6/ correlations between the BEP
and q),lasi—elastically knocked out “fragments .(see
ref, /8 ) or groups of nucleons with an invariant
mass close to those of the appropriate fragment
must be expected.

The present letter contains the results of mea-
surements performed to observe correlations bet- )
ween BEP and forward outgoing protons from quasi-
free scattering of the incident proton on a nucleon
pair [pN] within the nucleus:

po + [pN] - p, +N +p,. (2)
Here p, denotes a proton detected in coincidence

with the BEP P4, and N is a nucleon unobserved
under the conditions of this experiment.



The energy intervals for the detection of P1
and p g were chosen in accordance with the kinema-
tics of the process

Po + [PNl - @ N\ o +Pg . (2)

i.e,, process (1) with zero relative momentum AplN
in the c.m.s. of the p ;N -pair. The proton p; was
detected by a scintillation counter telescope in the
energy interval 255 MeV < Tl < 330 MeV determined
by the proton range in telescope absorbers, Pion
detection in this telescope was suppressed by
means of a threshold Cherenkov counter., The BEP
energy T3 was measured by a (AT,T) scintillation
counter telescope between 50 and 145 MeV with an
energy resolution of about 10% (F‘WI—IM). Solid
angles and angular acceptances were AQI = 0,02 sr,
Aay = +3.4° and AQz= 0.1 sr, Aa 3= + 9° for
Py and pg,respectively, Experimental conditions for
the detection of p3 were the same as in the inclu-
sive measurement of ref.”?, The experiment was
performed in a coplanar geometry,

The most important correction of the measured
cross section (at the level of about 5%) was caused
by the background of proton-deuteron coincidences
from the quasi-elastic (p, pd) -reaction, The error
of the absolute calibration amounts up to 20% and
is not included in the quoted errors,

The angular dependence of the cross section
on the angle a3 for a fixed value « 1= 12°% is
shown in Fig, 1. The ag -distribution is strongly
asymmetric with respect to a, = 180° and depends
noticeably on T3, It should be noted that the kine-
matics of process (2) for a,=12° leads to the wva-
lues a,=124° and T3 = 74.4 I{/Ie\/.

A still more pronounced correlation is observed
in the a, dependence of the cross section at
ag=122° (see Fig, 2 ). A fit with a Gaussian to
the experimental points of this dependence vyields
the mean values ay = 10.4°+ 1,7° for 50 MeV <
<T8<90 MeV and a; = 10.9°+1.1° for
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105 MeV<T3 <145 MeV. These values should be com-
pared with @;=12.6° which follows from the kine-
matics of process (2).

The BEP energy spectra decrease monotonously
with increasing T3 at all the investigated angles
ay ,a3.0n the assumption that events at ag >180°
are caused by processes in which angular corre-
lation with p, is absent, the contribution of pr.'o—
cess (1) should be more pronounced in the diffe-
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Fig, 2. Differential cross section versus ay for fixed
ag. The arrow indicates a; expected for process (2),
The curves are results of phase space calculations
for processes (1) and (2) and are arbitrarily norma-
lized at a; =12°

rence of the sgpectra at ag=110°~130° and a,=
= 230°- 250°,A broad bump in such a difference
spectrum cannot be excluded, indeed (see Fig, 3).
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Fig. 3. Energy spectra of backward emitted protons
summed up over the two angle regions given in
the figure together with the difference between
the two spectra (D). The curves with the corridor of
errors are second order polynomial fits, The arrow
indicates T3 expected for process (2).

The measurements performed at a,;=12°, ag=122°
with  Be, C, Al, Cu and Pb targets point out that
the discussed production of two fast protons is
observable with all these targets and that the cross
section per targer nucleon decreases with increasing
the target number A (see Fig. 4),
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Fig. 4.

A—dependence of the differential cross sec-

tion per nucleon of target nucleus. The curves are

drawn to guide the evye.

The measured distributions show that the main
contribution to the cross section is due to pro-
cess (1) This is verified especially by the fact
that the experimental cross section as a function

of ajis very close to the phase space distribution

for process (1) (see fig., 2),
space distributions for such
P +N +N+pg,p+12C > p, +pg+

whereas the phase
reactions as p+[p2Nl-
B or p+ 122C o>

-p1+Pg+Pg+ 10Be differ essentially from the experimental

one.Furthermore, the kinematics
with small relative momenta in
and ag=122° determines o=
ard T3 =180 MeV,
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forp+ [p2N]l > p; + N+ N+ p,

the system p;+N+N
18°, Tl= 155 MeV,

The experimental cross section d”ls (255 MeV <
<TI<330 VeV, ag4=122°)/(d2, i, ) can be integ-
rated owver Ql’ if the angular distribution of forward
outgoing protons is assumed to be axially symmet-

rical around the direction given by a; =10°, The
result do g (a3=122°)/d93 can be compared with
the cross section doj, . (a 3=122°)/d0 4 of BEP

production in inclusive measurements /9/. The absorp-
tion of forward outgoing protons in the target nuc-
leus is taken into account by a factor y =~ 0.66.
This gives (do,4 (ag=122°)/dQ4)/(y-do (ag=122°)/dQ,) =
= 0,28+0.04 (statistical error), i.e., the process mea-
sured in the present work contributes considerably
to the inclusive measured cross section. This con-
clusion is confirmed by the fact that there are for-
ward emitted protons of energies T1 outside the
interval 255 MeV to 330 MeV, The existence of
such protons follows from the measured Ti1 -depen-
dence for a;=12°a4=122° in the region of 180 MeV<
<T1 <330 MeV, in which the cross section changes
weakly (from 0,16 to 0.23 pb MeV 2gr 2 ).

The mechanism proposed in ref,/2/ predicts a cor-
relation between BEP and forward outgoing protons
which have energies 470 MeV< Tl < 565 MeV under
the conditions of the present experiment, These
energies are remarkably out of the used Tl-region,
Therefore, it seems to be questionable to extract
information on the high momentum components of
the single particle wave function of the nucleus from
inclusive measurements/#2/,

The inclusive BEP spectra have been explained
in ref,/8 by the quasi-elastic backscattering on clus-
ters which do not break up during the interaction.
Following this model we have calculated the phase
space distribution using a Gaussian for the den-
sity of the momentum distribution of the [pN]clusters
in 2 with a dispersion ¢2 known from experi-
ments on quasi-elastic deuteron knock-out /10/ The
calculated distributions are remarkably narrower
than the experimental ones (e.g., see Fig.2).An agree-
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ment can be achieved only, if in contrast to ref, /6/
the relative momenta ApN up to several 100 MeV/c
are included in the calculations,

We would like to thank J,Erd, V.B,Kopeliovich,

and V.D,Toneev for fruitful discussions.,
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