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We present a theoretical analysis of the first data for a high-energy and momentum-tthasfequasi-
elasticA(p,2p) X reaction. The cross sections for this reaction are calculated within the light-cone impulse
approximation based on a two-nucleon correlation model for the high-momentum component of the nuclear
wave function. Nuclear effects due to modification of the bound nucleon structure as well as the soft nucleon-
nucleon initial and final state interactions, with and without color coherence, have been studied in detail. The
calculations show that the distribution of the bound proton light-cone momentum fraetjosh(fts towards
small values &< 1), an effect that was previously derived only within the plane wave impulse approximation.
The shift is very sensitive to short-range correlations in nuclei. The calculations agree with data on the
C(p,2p) X reaction obtained from the EVA/AGS experiment at Brookhaven National Laboratory. The theoret-
ical analysis of the data allows the contribution from short-range nucleon correlations to be singled out. The
obtained strength of the correlations is in agreement with values previously obtained from electroproduction
reactions on nuclei.
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[. INTRODUCTION high internal momentum in the nucleus is generated mainly
by short-rangeNN correlations. Therefore, at sufficiently
One of the important signatures of quark-gluon structurhigh energies and high-momentum transfers one expects to
in the nucleon-nucleon interaction at short distances is th8€ able to probe the short-range properties of the nucleus.

observed strong energy dependenees(') of the wide In Refs.[10,11], the authors calculated the cross section
angle pp elastic differential cross section at=12 Ge\?, of high-momentum-transfer\(p,2p)X reactions within a

: plane wave impulse approximatigRWIA) and observed a
wher¢S|s the square of thei N center of ma_séc.m.) energy. strong sensitivity to the high-momentum components of
Despite the ongoing debate on the validity of perturbativepe nyclear wave function. Motivated by the recent mea-

QCD in this energy regiofil—3] or the debate on the rel- syrements of high-momentum transf@A reactions at
evance of a particular mechanism of subnucleon interactioBrookhaven National Laborato8NL) [12] we carried out
(i.e., quark-interchang@4—6|, three-gluon exchangg’,8],  a detailed analysis of the high-momentum transfgo,2p) X
reggeon-type contributiof®]), it is commonly accepted that reaction, investigating specifically the competing nuclear ef-
the power-laws dependence of the elastic cross section sigfects, not discussed previously. These effects may obscure
nals the onset of the hard dynamics of the quark-gluon interthe observed sensitivity found in PWJA1]. Our main goal
action. is to see whether these reactions probe short-range correla-
In this paper we address the question of what happen%ons (SRO and to study their sensitivity to the dynamical

when wide anglepp scattering takes place inside the structure of these correlations.

nucleus, i.e., the incident proton is scattered off a boun The structure of the paper is as follows: In Sec. Il we
e : P ~10 Butline the basic theoretical framework for the calculation of
proton. If this reaction has the sames

_ energy depen-  he high-energy wide angle quasielastiép,2p)X reaction.
dence as that of the cross section of fpge scattering, one  \we also discuss the nuclear effects which can compete with
may expect that the incoming proton will favorably scatterthe expected signatures of scattering from SRC. In Sec. Il
off a bound proton with larger initial momentum aligned in we present the predictions of the model presented in Sec. II.
the direction of the incoming protdri0,11]. This kinematic ~ Section IV describes briefly the EVA experiment at BNL.
condition corresponds tpp scattering with a smalles and  The calculations are compared with the data obtained in that
therefore a larger scattering cross section. Thus, if nucleagxperiment in Sec. V. Section VI summarizes the results of
effects do not alter the genuisalependence of thep cross ~ our study.
section, the high-momentum-transfet A—p+p+ X reac-
tion preferably selects the high-momentum components of Il. THE BASIC THEORETICAL FRAMEWORK
the nuclear wave function. In quasielasticdQE) scattering a projectile is elastically
Due to the short-range nature of the strong interaction, thecattered from a single bound “target” nucleon in the
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Within the light cone PWIA, the cross section of the
quasielastiA(p,2p) X reaction can be expressed as a convo-
lution of the elementary elastigp scattering cross section
off a bound nucleon and the four-dimensional light-cone
spectral functiori10],

incident proton

d°o v 1 |Mppl? Pal@,p?,pr+)
3 3 - i 2 2
target proton proton (d°p3/2E3)(dp4/2E,) Z 4 pA (2) a
=S 2 = ams Dons )
7 T dt '
Nucleus
PPl pry) .
Aa '
FIG. 1. The kinematics for quasielasip,2p) X scattering. Where
nucleus while the rest of the nucleus acts as a spectator. A
i i ing is given i P2=PstPs—P1, P=P5+P;
schematic presentation op2p) QE scattering is given in 27 K3 T4 P t—F3 T My
Fig. 1.
. . a=a,+ aa—a a.—Api_’zALpiz (3)
A. Kinematics 4T 3T @y, i Pa Epe Pi'

Pa=(Ea.Pa),  P1=(E1,p1), P3=(E3.P3), P4 _
=(E4,p4), Pr=(Eg,pg) are the four-momenta of the target ~ 1he superscriptst” and “ z" denote the transversex(y)
nucleus, the incoming proton, the scattered proton, thénd Iongltudlnatdlrect|ons with respect to the incoming pro-
ejected proton and the recoil nucleus, respectively. For simton momentump;. The “+” and “ —” indices denote the
plicity we do not showp, andpg in Fig. 1. Using the nota- energy and longitudinal components of four-momenta in the
tions defined in the figure, the Mandelstam variables are light cone reference frameThe variablea, as defined, de-
scribes the light cone momentum fraction of the nucleus car-
s=(p3t+pa)? t=(pi—Pps)°. (1) ried by the target nucleon, normalized in such a way that a
nucleon at rest hag=1. j , is the invariant flux with respect
o the nucleus, whileM ,, and [do/dt)PP are the invariant
0a‘tmplitude and cross section for elagbip scattering.

The primary high-momentum-transfer process in th
A(p,2p) X quasielastic reaction is happ elastic scattering.

Since the general predictions al1re based on the impl_ication The light cone spectral function represents the probability
the strongs dependence £1/s') of the hard elastipp finding the target nucleon with the light-cone momenta

cross section we will limit our palculgtmns to high-energy (a,p;) times the probability that the residual nuclear system
and high-momentum-transfer kinematics where that depe jas a momentum componepk, =Eg+ p%. The spectral
+~ ERT PR

ﬁﬁ]?t(;% IfoZfi;vgi\e,ixgﬁgrgf:_tjlg%°-l_—hus, our calculations Afinction is normalized as followfsLO]:
The missing energyK,,) for A(p,2p)X is defined by da

En=E;t+EAr—E3z;—E;—E,_;. The available high-energy f Pa- pA(a’ptZ Prs)—d?pdprs =A. (4)

A(p,2p)X data have a missing energy resolution of about 2A a@

240 Mev [12]. Therefore, the calculations with which we

compare with the data are integrated over a wide range of

missing energies. This integration simplifies the calculations, _ ) ) o
as discussed below. The integration over a wide range of the missing energy

allows us to use the following approximations for the spec-
tral function.
For target proton momenta below the Fermi s (

A clear interpretation of the quasielastic measurements is- Prerm~ 250 MeVic) we use the nonrelativistic limit of the
possible in PWIA. Within this approximation, it is possible light-cone spectral functiofil4,10],

to separate nuclear properties from the reaction mechanism.

In high-energy scattering the reaction evolves near the Pa(a,p?,prs)=~2n(p,)d(Prs—[VM2_,+p3—pil),
light cone r=t—z~1/(E+ p,)<t+z, wherez is the direc- (5)
tion of the incident proton an& andp, are the energy and
leading longitudinal momentum of the high-energy particles———
involved in the scattering. Thus, it is natural to describe the !Sincez direction is chosen as the direction of incoming proton
reaction in the light-cone reference frart@milar to high-  momentum, the “” component corresponds to the light-cone lon-
energy deep-inelastic scattering from a hydrogen tadgfj. gitudinal momentum.

C. The light-cone spectral function

B. Plane wave impulse approximation
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wherea~1—p%/m andp,=ps+ p,— p; is the missing mo- A?

mentum of the reactiom(p) is the momentum distribution PA(“'ptz'pR”%zp# ay(A)p3( e py)
of nucleons calculated within the mean field approximation.
For the momentum range opfem<p»<0.7 GeVk) we m?+ p;
assume the dominance of the two-nucleon short-range corre- X8| Pr+ m(2—a) ~Ma—2|. (9
lations, which allows us to model the spectral function as
follows [10,15: It is worth noting that the above approximation is justified by
) the fact[16] that it correctly predicts the position of the
P 2 _ A A)ph 2a > maximum in the missing energy distribution at fixed values
A(@,P,Pr+) 2pa_ 22(A)p; (A—pB)’ Pt of missing momentum. Therefore, in a regime in which the

integration over the wide range of missing energies is al-
lowed, Eq.(9) represents a valid approximation of nuclear
spectral functions in the domain of the large values of bound
nucleon momenta. The same model was also used to describe

pA*Z(Bap(2A72)t)

@ . 2
+mp(/\72)t

%S B m2+(p(A72)t+ py)? inclusive nucleon and pion production in forbidden kinemat-
Pr+ m(A—a—B) ics for scattering off a free nucleddi0,14], and electropro-
R , duction[14,15 reactions from nuclei akgjoenr>1 and Q2
ME Lt p(A—2)t) B, , o = Ge\.
mﬁ B p(A—Z) !

D. Proton-proton elastic scattering cross section
where (B,p(ZA_Z)t) and p,_», are the light-cone momentum
and the density matrix of the recoilingA2) system. The
parametera,(A) is the probability of finding two-nucleon
correlations in the nucleus and p} is the density matrix of
the correlated pair which we set equal to the light-cone den
sity matrix of the deuterohl14],

The next quantity that is needed to calculate the quasielas-
tic A(p,2p) X cross section in Eq2) is the differential cross
section ofpp elastic scattering. Fs=12 Ge\? we use the
phenomenological parametrization of the frp@ elastic
cross section. We assume a combinatios parametrization
at 90° presented in Ref41] and 6. ,, parametrization in the
2 (1) form suggested in Ref18],

k
o e,

pY(a,pf)=5——
2la,Pr)= 5= do pb (10}
%) _pp:45'0—(_) (1= G05050) ™

dt S
M2+ p? N sr Ge\?
k=\/—F5———m3(0<a<?2). )
a(2—a) S 5 pl S
1+p1\/@ cos¢(s)+z Gov?

X F(s,0cm),
Note that the factorization of the nuclear density matrix into
the product of the correlation ané (- 2) density matrices is (10)
specific for the short-range two-nucleon correlation approxi-
mation. In this approximation it is assumed that the singulashere p1=0.08, vy=1.6 and ¢(s)

character of th&IN potential at short distancéexistence of = 7/0.06In(In[s/(0.01 Ge\f)])~ 2. The functionF (s, 6. ) is
repulsive corgdefines the main structure of the nucleon mo-used for further adjustment of the phenomenologically moti-
mentum distribution in SRC and that it is less affected by thevated parametrization of the data at 608, ,,<90° [19].
collective interaction with theA—2) nuclear system. Note

that the expression in E7) is the light-cone analog of the E. Calculation of the a-dependence of the cross section
approximated spectral function in R¢L6], where the valid- in PWIA

ity of the two-nucleon correlation approximation was dem-
onstrated by comparing the nonrelativistic analog of @&q).
with the exact calculations of the spectral function Sfe

Our main objective is to study the dependence of the
A(p,2p)X quasielastic cross section at large fixed c.m.
and infinite nuclear matter. angles and high-momentum transfers. The reason for this

To obtain the density matrix of the recoiling\ 2) sys- choice is twofold: first, ther dependence naturally expresses

tem, additional physical assumptions are required. Howevef€ Sensitivity of theA(p,2p)X cross section to Fhe_ high-
the fact that we are interested in the cross section integratd§®Mmentum component of the nuclear wave function; second,

over a wide range of missing energies, allows us to simpliff e « variable is not sensitive to soft initial and final state
Eq. (6) by neglecting the momentum of the recoiling ( reinteractions of energetic protons with target nucle@es

_ imafti Sec. Il F 3. Thus thea distribution will largely reflect the
2) system(SRC at rest approximati A . :
) sy ( PP on distribution of the nucleon within the SRC without substan-

pA72(,81p(2A72)t):(A_2)5(A_2_:8)6(p(2A72)t)' (8 tial mo_dification due to initial and final state interactions.
In Fig. 2 we present the dependence of th&C(p,2p) X
Inserting Eq.(8) into Eq. (6) one obtains the following cross section calculated within PWI(&ec. Il B for different
expression for the light-cone spectral function in the highvalues of incoming proton momenta. Here the c.m. angle of
missing momentum range, the pp— pp scattering is restricted to 98%°. The calcula-
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FIG. 2. PWIA calculation of thea dependence of the

12C(p,2p) X cross section at different values of incident proton mo-

menta.
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modification of the bound protons in nuclei and the initial
and final state interactions of incoming and scattered protons.

1. Nuclear medium modification of bound protons

We consider possible binding modifications of the
nucleon structure, which are consistent with the observation
of the modification of deep inelasti®IS) nucleon structure
functions measured in lepton-nucleus scattering, a phenom-
enon known as the “EMC effect[20]. One of the mecha-
nisms that describes the observed modification of DIS struc-
ture function is the suppression of pointlike configurations
(PLO) in a bound nucleon as compared to a free nucleon
[21,10,22.

Pointlike configurations are small sized partonic configu-
rations in the nucleons which, due to the color screening, are
weakly interacting objects. In the color screening model of
Refs.[21,10, the binding of the nucleonic system causes a
suppression of the nucleon’s PLC component. This suppres-
sion does not lead to a noticeable change in the average
characteristics of a nucleon in the nucleus. However, it is
sufficient to account for the observed EMC effect in DIS
scattering from nuclei. Since high-momentum trangbgr
elastic scattering is mainly due to the scattering off a PLC in
the proton, the expected suppression of PLC will reduce the
cross section op p scattering from bound protons. This sup-

tion is done for'2C using a harmonic oscillator momentum pression can be estimated by multiplying the frge cross
distribution forn(k) in Eqg. (5) and a high-momentum tail of section of Eq.(10) by the factor{21]

the deuteron wave function, with Paris potential in Ef),
with a,(*°C)=5.

Elastic p scattering on a proton at rest corresponds to
a=1. As can be seen from Fig. 2, most of the strength is at
a<1 which corresponds to scattering off a proton with mo-

menta in the direction of,. This is a quantitative illustration
of the discussion in the Introduction: tipg cross section on
bound protons scales with the totalp c.m. energy as
~(sa) 10 therefore theA(p,2p)X cross section is domi-
nated by smaller.

k2 -2
—+26A

o 11
“aE | 0 W

to
sky=| 1+ @(to—t)( -

wheree,~8 MeV is the average nuclear binding energy and
AE~0.6—1 GeV is a parameter that characterizes a typical
excitation of the bound nucleon. Thedependence in Eq.

(12) is due to the fact that in the wave function of a nucleon

One can clearly observe a double peak structure imthe the PLC dominates at high values of the momentum transfer

distributions. The first peak, closer to=1, is due to scatter-
ing off a proton in the Fermi sea E(p). The other peak, at

[23] (—to~2 Ge\?). As follows from Eq.(11), the 8(k,t)
correction tends to reduce the expecteshift shown in Fig.

an even lowerx value, is due to the scattering off the SRC 1, since it introduces an additional (I ~2-3) dependence,
Eq. (6). As the incoming energy increases, one can see thevhich softens thega) ~1° dependence of thpp cross sec-

shift of the strength of the distribution to lower range

tion in Eg. (2). Note that a similar suppression is expected

which shows the dominance of the incoming proton scatterwithin the rescaling model of the EMC effe[24-24. On
ing off a target protons with high Fermi momenta aligned inthe other hand, in a number of models of the EMC effect,
the direction of the beam. This shift shows the onset of thétch as pion and binding modefer review see Ref[10])
regime where one expects to probe short-range nucleon coie shift toa<1 is stronger than in the multinucleon calcu-
relations in the nucleus. This picture demonstrates the selefdtion [11,26. Thus, our estimate within the color screening

tivity of hard A(p,2p)X reactions to the large values of the
bound nucleon momenta in the nucleus, predicted originall;?lu

in Refs.[10,11.

F. Competing nuclear effects

The PWIA calculation discussed above usesilpehard
scattering cross section parametrizatj@y. (10)] for scat-

model can be considered as an upper limit for suppression
e to binding nucleon modification.

Using Egs.(2) and(9)—(11), the calculated cross sections
as a function ofx are shown in Fig. 3. As Fig. 3 shows, the
medium modification effect suppresses the cross section in
the smallera region, where the cross section is dominated by
the scattering from deeply bout8RO protons in which the
suppression of PLC is larger. However, the suppression does

tering off a free proton. The two nuclear effects that cannot diminish the downward shift of the distribution. It
obscure thea dependence expected within PWIA are thewould require very unreasonable modifications of the bound
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ok state reinteractions for two-nucleon correlations.
0.2
OIS el Py = 18 Gevie nucleon[Figs. 4b—d]. The main feature of the GEA is that
g L it takes into account the nonzero values of the spectator mo-
005 F | i mentum(it does not treat the spectator as a stationary scat-
00'2 o4 06 08 » 2 14 terer as is done in the conventional eikonal approximation

o This feature is especially important in the SRC region as the
_ _ correlated nucleon momenta are large and cannot be ne-
FIG. 3. Thea dependence of the cross section for different gjacted.

values of incident proton momentum. Dashed line, PWIA; solid Within GEA, the effect of the rescatterings in the SR
line, with EMC effects discussed in the text. The kinematics are thg, range Ofa<,0.8 or a>1.2) can be accounted for by in-
same as for Fig. 2. troducing a correction factor that multiplies the SRC spec-

o ) tral function of Eq.(9). We definex as follows:
nucleon structurécontradicting the EMC effects in D)So

eliminate thea shift (to the <1 regior) completely. |Fat+Fp+Fo+Fyl?

K= ’
|Fal®

(12
2. The effect of the initial and final state interactions

The major nuclear effect that can obscure the informatiorwhereF, is the PWIA amplitude, ané,, F., andF, are
on SRC is the contribution of initial and final state interac-the single rescattering amplitudes corresponding pto
tions (I1SI, FS)) of the incident and outgoing protons in the +(NN)src— P+ N+ N scattering shown in Fig. 4. To obtain
nuclear medium. Since the momenta of the incoming and ththe F’s, we use the rescattering amplitudes for ¢i{@, pp)n
two outgoing protons are above a few GeVbne can cal- reaction calculated in Ref29],
culate these rescatterings in eikonal approximation.

For rescattering from uncorrelated nucleons with mo- E __(277)3/2Ahard d?k, foN
menta 0.8 a<1.2 andp,=< Prerm, We apply the conventional O ai Pep (S (2m)?
Glauber approximation. This is justified since under these o Do
conditions the spectator nucleons can be considered as sta- X (k[ (p) —niy (pi1, (13

tionary scatterers. Because of the integration over a large
range of missing energies we can further simplify the calcuwhere j(n)=Db(1),c(1),d(—1). Agg'd is the amplitude of
lations by using the probabilistic approximation of R&f7].  the pp hard scattering which, within the factorization ap-
The above approximation cannot be used for the boungroximation, cancels inc. fPN is the amplitude of a small
protons in SRQwhich have a large value of Fermi momen- angle(soft) pN scattering./ is the deuteron wave function
tum). There the spectator nucleon cannot be treated as a stand ¢/’ accounts for the distortion due to F&ke Ref[29]).
tionary scatterer and therefore the Glauber approximation is For higher order rescatterings we have applied the proba-
not valid (see, e.g., Ref(28]). To calculate ISI/FSI in this bilistic approximation of Refl27] which we used already for
case, we assume that the first rescattering most probably hapmall Fermi momenta. This is justified since in the kinemat-
pens with the partner nucleon in the SRC. Indeed, as waiss of two-nucleon SRC the second and higher order rescat-
demonstrated in Refl15], because of the large virtuality of terings happen outside the SRC. It is worth noting that the
the interacting nucleon in SRC the distance of the first soferror from the last approximation is rather small since, for
reinteraction after the point of hard interaction is less than intermediate size nucleiA~12-16), the overall contribu-
fm and it decreases asand p, increase. Within the two- tion of higher order rescatterings in the considered kinemat-
nucleon correlation model one can account for the soft resics of theA(p,2p) X reaction is smal(a few percent as com-
catterings in the SRC using the calculation of thg,2p)n pared with the single rescattering contributi@7]).
reaction in generalized eikonal approximatiofGEA) It is important to emphasize that, for reinteractions with
[28,29. Within GEA we calculate the single rescatterings ofuncorrelated nucleons at high energies, there exists an ap-
the incoming and knocked-out protons with the correlatedproximate conservation law for the light-cone momenta of
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interacting particle$28,30. Namely, for energetic particles, within the quantum diffusion model of R€f37]. This model
small angle soft reinteractions do not change éhaistribu-  that describes the dafa1] reasonably wel[23] assumes the

tion. following amplitude for the PLON soft interaction:

To demonstrate this, let us consider the propagation of a
fast nucleon with momentunp,=(E4,p3,0) through the ) Gn(tool(2,Q?) o161
nuclear medium. After the small angle reinteraction with a f"~-C"(z,ki,Q?) =io(2,Q%)e”? GulD ,
nucleon of momentump,=(E,,p3,p5), the energetic (17)

nucleon still maintains its high momentum and leading
direction having now a momenturpiz(Ei,pf,ptll) with  where b/2 is the slope of elastidNN amplitude, Gy(t)
((pY)2)/(p?¥)2<1. The other nucleon momentum after the [~(1—1/0.71)] is the Sachs form factor artd= —k . The

collision is p§=(E§,p§, ,ptzl)- The energy momentum con- last factor in Eq.(17) accounts for the difference between

; : ; ; .  elastic scattering of PLC and average configurations, using
servation for this scattering allows us to write for the i :
9 the observation that thedependence ofic"™N~""N/dt is

t
componen roughly that of ~G2(t)G2(t) and thatG2(t) ~expEey3),
Pi_ Pa. Pi_ P whereRy, is the rms radius of the hadron.
ata,=ajta,= wt T (14 In Eq. (17), o(1,Q?) is the effective total cross section

for the PLC to interact at distan¢drom the hard interaction
The change of thex, (* —”) component due to rescattering POINt andoy is the pN total cross section. The quantum

can be obtained from Eq14), diffusion model[37] predicts
Ap,- P2-—Ps- Pi-—P1i- z (r(Q?>3 z
Aay= m m = m <1, (19 Utot(Qz):UtOt{ |_+t—2(1_|_) 0(lh—2)
h (re) h
which means
+0(z—1p) ¢, (18
ar~a;. (16) =l ]

In Eq. (15 we use the approximations; /m,p;_/m<1  \here |,=2p;/AM?, with AM2=0.7-1.1 GeV. Here
which are well satisfied in small angle reinteractions SiNcqr,(Q?)?) is the average squared transverse size of the con-
<(pt1')2>/(pz')2<1. Thus, with the increase of the incident figuration produced at the interaction point. In several real-
energy a new approximate conservation law is emerging: istic models discussed in R¢B8] it can be approximated as
is conserved by ISI/FSI. The uniqueness of the high-energyr(Q?)2)/(r?)~1 Ge\?/Q? for Q>=1.5 Ge\. Note that
rescattering lies in the fact that, although both the energy andue to expansion of the PLC, the results of the calculations
the momentum of the nucleons are changed by the rescatteare rather insensitive to the value of this ratio whenever it is
ing, the combinationE,— p3) is almost not affected. In the much less than unity. For numerical calculations we assumed
same way, the rescattering of the incoming and two outgoingt M2~0.7 Ge\V? which was chosen to describe the nuclear
protons in the p,2p) reaction conserves the reconstructed transparencies frorA(p,2p) X [31] andA(e,e’p) X [39] ex-
component of the target proton. Therefore, thdistribution  periments(see comparisons in Rgi23]).
measured inPA(p,2p) X reaction reflects well the originat In Fig. 5 we compare the prediction of the quantum dif-
distribution of the target proton in the nucleus. A numericalfusion model for the nuclear transparertyvith the data of
estimate of this conservation will be presented in the follow-the EVA experimen{12,32. The transparency is defined
ing section. as the ratio of theA(p,2p) X cross section calculated using
To complete the discussion on ISI/FSI we should mentioPWIA, color screening and rescattering effects, to the cross
that for incident proton momenta exceeding 6—9 GeV/ section calculated within PWIA only. The comparison shows
the Glauber approximation overestimates the absorption dhat there is fair agreement with the data up to 9 GeV/
protons for the data of Ref$31,32. This overestimate is incoming proton moment@Note that one expects the proba-
attributed to the color transparen¢@T) phenomenorn(see, bilistic model of rescattering to work within 20% accuracy.
e.g., Refs[33-36), in which it is assumed that the hard The decrease of the experimental values of transparency in
pp— pp primary process in thé&(p,2p) X reaction is domi- the p;>9 GeV/c region can be understood in terms of the
nated by the interaction of protons in pointligg q configu-  interplay of the hard and soft components in the amplitude of
rations. As a result, immediately before and after the hardhigh-momentum-transfepp scattering/41,17 which is not
interaction the color neutral PLC has a diminished strengthincorporated in the current calculations. Since, in the further
for ISI/FSI reinteraction. Since the PLC is not an eigenstatenalysis, we will concentrate on incoming proton momenta
of the QCD Hamiltoniarifree nucleons have a finite sjzthe  5.9<p;<7.5 GeVkt where this interplay does not play a
interaction strength will evolve to the normal hadronic inter-role, we will use the simple formulas of Eqd.7) and (18)
action strength parallel to the evolution of PLC to the normalfor numerical estimates. The detailed analysis of the energy
hadronic size during the propagation of the fast proton in thalependence of the nuclear transparemaoyill be presented
nuclear medium. We estimate the charge tran&®dan effect  elsewhere.
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FIG. 5. Thep,; dependence of the transparentycalculated
within quantum diffusion model. Data marked by triangles and FIG. 6. Thea dependence of thé&(p,2p)X cross section for
circles are from Refd32] and[40], respectively. different assumed dependences of the hard elagbip scattering
cross section.
[ll. RESULTS OF THE MODEL

) ) ) tudinal momentump,. One can characterize this excess
In this section we discuss the results of the model P'€through the variable

sented in Sec. Il for several nuclear observables that can be

measured in thé\(p,2p) X reaction. We are particularly in- p3+p;

terested in two kinds of information: how the substructure of X= ) (19
high-momentum-transfepp scattering reveals itself in the P1

nuclear reaction and the information one can obtain abouyhich will increase as the power of the hapg scattering
short-range nuclear structure. For numerical estimates we agross section increases. In Fig. 7 we show the calculated

ply the kinematics of the EVA experimefit2]. Because of  gependence of the cross section for different assusmet
the multidimensional character of the kinematical restric-nengences. The expected shift to the highélower ) is
tions, the Monte Carlo method was used to perform the calgjearly seen in Fig. 7. The distribution for quasielastic
culations. Furthermore, we will present the cross sections i 2n)X reactions peaks at< 1, if one assumes ne de-
arbitrary units since we are interested mainly in the shapes of
the a and p; dependences of th&(p,2p) X cross section.

/ N
22000 [
A. How the quark substructure of hard pp scattering S i
- - = 1750 b
is reflected in the nuclear observables i‘ : — g0
Since the cross section for the high-momentum-transfer S 1500 ,

scattering of incoming proton off a bound proton at fixed and S i
large 6, ,~ 90° is roughly proportional togs) ~°[see Egs. vﬁ 1250 F
(2—-(10)], an observation that reflects the sensitivity of
A(p,2p) X reaction to the high-momentum component of the
nuclear wave function is the shift of thespectrum to lower =3 _
a values(see Figs. 2 and)3To see whether this sensitivity B 750
persists for the EVA kinematics, in Fig. 6 we representdghe ™S B
dependence of th&(p,2p) X reaction cross section assuming 500
different s dependences of the cross section for hardp i
— p+ p scattering. These calculations are merely to illustrate 250
the connection between tledependence and the shift. [

a

[

1000 |

X

Figure 6 confirms that the larger the negative powersof 00:8 0.85" 09 0"95 ' i ‘ 1;,5 11
dependence for the happ scattering, the larger the average z oz
longitudinal momentum of the interacting bound nucleon x=(p3+p4)/p]
(a<l).

As a result of thex shift the total longitudinal momentum FIG. 7. Thex dependence of the cross section for different hard
of the final outgoing protons is larger than the initial longi- elasticpp scattering power laws.
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FIG. 8. Thea dependence of the cross section calculated for
two models of the nuclear wave functions. HO is harmonic oscilla-
tor and HO-HMC corresponds to the short-range correlation
model of Sec. Il C. Thé\(p,2p) X cross section is calculated within
PWIA atp,;=6 GeV/c and 6. ,,=90°.

FIG. 9. Thep, dependence of the cross section for the two
models of nuclear wave functions described in the text. The kine-
matics of the calculations and notations are the same as in Fig. 8.

verse momentum distribution is strongly distorted due to the
initial and final state interactions. Note that hereafter, for the

pendence of the elementap+ p—p+p reaction. As the transverse missing momentum distribution, we will consider

dependence ors increases, the peak is shifted towardsOnly the p, component ofp,, where§=[%x2] and 2)

x>1 which represents the nuclear "boosting” effect: the OUL jefines the scattering plane of the incoming proton. This re-

going .protons have more_Iong|tud|r]aI mom.e”t“m than thestriction onp, is related to the fact that the experimental data
incoming momentum. This effect is reminiscent of sub- Y

threshold production in nuclei, in which a very low available has a better resolution for thecomponent of missing mo-

: . ; mentum.
energy in the nuclear medium can cause considerable

changes in the cross section of the reaction. L i ) )
C. The effect of initial and final state interactions
" o , As was discussed in Sec. [lsee Eqg.(15)], one expects
B. Sensitivity to short-range correlations in nuclei that the soft rescatterings with uncorrelated nucleons at high

The next question that we would like to address is theenergies will conserve the parameter of interacting nucle-
sensitivity of thea shift to the existence of high-momentum ons. Thus the measured, distribution of A(p,2p)X cross
components in the nuclear ground state wave function. Teection is not affected strongly by the ISI/FSI and will reflect
asses this sensitivity we calculate the cross sections of thide originala distribution of the target proton in the nucleus.
A(p,2p)X reaction using two models for the nuclear wave In Fig. 10 we show the results for th® and « distribu-
function: a harmonic oscillatofHO) model and the two- tions of the 2C(p,2p)X differential cross section ap,
nucleon SRC model for high-momentum components=6 GeV/c and . ,,=90°. The dashed lines correspond to
(HMC) of the nuclear wave function, described in Sec. Il Cthe PWIA prediction, thus representing the “true” momen-
(HO+HMC). In Fig. 8 we present the dependence of the tum distribution of the bound nucleon. The solid lines repre-
2C(p,2p)X cross section calculated within PWIA g,  sent the calculation including ISI/FSI. In the latter case
=6 GeV/c and 6. ,,,=90° using these two models. and « are reconstructed through the momenta of the incom-

As Fig. 8 shows, even at the moderate energypef ing (p;) and outgoing protonsps,ps4), as it was done in the
=6 GeVlc, the o dependence has substantial sensitivity toexperimentsee Sec. 1. Notice the effect of the ISI/FSI on
the high-momentum structure of the nuclear wave functionthe p, distribution versus the effect of the same ISI/FSI on
Thus, the measured cross section at smallill allow us to  the « distribution. As we mentioned before, both the recon-
obtain the characteristics of the high-momentum tail of thestructed energy and the momentum of the target proton are
wave function. modified by the rescattering, but their linear combinatien,

In Fig. 9, we show the results of the PWIA calculations is almost unchanged.
for the transverse momentum distribution of the cross section Finally, in Fig. 11 we show the transverse momentum
of 2C(p,2p)X reaction. It also exhibits a sensitivity to the distribution (py) calculated for the same kinematics as in
high-momentum part of the nuclear wave function. HoweverFig. 10. Figure 11 shows substantial ISI/FSI effects ongthe
as will be shown below, unlike the distribution the trans- distribution for both calculation with and without color trans-
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FIG. 10. Thep, and o dependences of the cross section with

and without rescattering with uncorrelated nucleons. IV. MEASUREMENTS AND DATA

parency. The large contribution from ISIESI in the trans We compare the calculations with the data that were col-
verse momentum distribution is attributed to the structure o*eCtEd in EXP 850 using the E.VA spectrometer at the_ AGS
7 . ) : ccelerator of Brookhaven National Laborat¢fy?]. In this
small angle hadronic interaction at high energies. The rescat-_ . S : .
S . . section we will briefly describe the experiment and the pro-
tering is mainly transverse thus affecting mostly the trans- ) .
: ; cedures relevant for comparing the data with the calcula-
verse momenta of interacting nucleons. :
. - tions.
The above discussion allows us to conclude that the ex- The EVA collaboration performed a second measurement
perimental study of thev distribution provides direct infor- . . . P R
over a wider kinematical range with incident momenta above

mation on high-momentum components of the nuclear wav
function. On the other hand, the large values of missingcl?'5 GeVE. These data have not yet been analyzed. Some of

transverse momenta are mainly sensitive to the dynamics g‘;[acil,%lﬂ;u%r:shlp Iat\?elsr l\aNe (ngaéea\pl);ﬁgg:lgons for these new
initial and final state interactions. In the subsequent section ' 9 '

we will discuss the analysis of the first experimental data on _
A(p,2p) X. A. The experimental setup

The EVA spectrometer, located on the secondary Gie
consisted of a 2-m-diameter and 3-m-long superconducting
solenoidal magnet operated at 0.8sEe Fig. 12 The beam
entered along the axis and hit a series of targets located at
variousz positions. The scattered particles were tracked by
four cylindrical chambers@1—-C4, Fig. 12. Each chamber
had four layers of long straw drift tubes with a high resis-
tance central wire. For any of the 5632 tubes that fired, the
drift time to its central wire was read out. In three out of the

B N four cylindrical chambers, signals were read out at both ends,
providing position information along thedirection as well.

The information from the straw tubes provided the target

identification, the measurement of the particles transverse

T momentum as they were bent in the axial magnetic field, and

w: ISUFSI+CT their scattering angles. The overall resolution caused by the

ot
<
IS

ISI/FSI-No CT

.....

dc/dpy [arbitrary units)

No ISI/FSI beam, the target, and the detector were determined from the
T two-body elasticpp scattering measurement. The standard
0 005 01 015 02 025 03 035 0.4 045 05 deviation(o) for the resolution of the transverse momentum
is Ap;/p=7% and 0.27 Ge\W for the missing energy. The
Ipy|[G€V/C] polar angles €5, 6,) of the two outgoing protons were mea-

sured with a resolution of 7 mrad. The beams ranged in

FIG. 11. Thep, dependence of the cross section with and with-intensity from 1 to 10’ over a 1 sspill every 3 s. Two
out rescattering effects. counter hodoscopes in the be&omly one shown in Fig. 12
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provided beam alignment and a timing reference and twamot applied on the data, however the cuts on the laboratory
differential Cerenkov counter@ot shown in Fig. 12iden-  polar angles limit thed. ,, to the range of 83° to 90° for the
tified the incident particles. Three levels of triggering were“proton at rest” kinematics.

used to select events with a predetermined minimum trans-

verse momentum. The first two hardware triggers selected C. The longitudinal (&) distributions

events with transverse momentgp,>0.8 and p;
>0.9 GeVk, for the 6 and 7.5 Ge\W measurements, re-

spectively. The third level soft\(varg trigger required two.al_cover the largest possible acceptancerione had to merge
most. coplanar tracks, eac.h §a}t|sfy|ng the second level trlgg%e measured distributions from different targets. The dis-
requirement and low multlplICIty'hlt'S in the S”"?‘W tubes. Seetributions from the individual target positions were normal-
R8f52[42’431 for a detailed description .Of th‘? trigger system. ized to each other using overlapping regions. The experimen-
De_trar:IrsegfstcP:"e dE'[Z? Z?secgﬁrget;grggI\(/Z;]rzghzgﬁ_ggx tal error in each bin includes also the relative normalization
gets, L1 %, . error. The value off;— 6, was limited by the largest com-

were placed on theaxis inside theC1 cylinder separated by mon acceptance of all target position
~20 c.m. The targets were 55.1 c.m? squares and 6.6 . ) '

: O . To summarize, the following angular acceptance cuts
c.m. long in thez direction except for the Cptarget which ere applied on the datél) | § _ga |<% 06 radiar?é\for all
was 4.9 c.m. long. Their positions were interchanged at sev? | PP " bt b 37 Vs <DL o :
eral intervals in order to reduce systematic uncertainties antf9€t positions an Hoth beam energie )o ownstream
to maximize the acceptance range for each target. Only the {rget, 23.8< 9;<32.0° and 23.5% §,<29.5° orf; andé,

target was used to extract the QE events, while the othergverted; (3) middle target, 20.0%63<30.0° and 22.0°

Each target position corresponded to a limited polar an-
gular range 03, 6,) and«a is a strong function o3+ 6,. To

served as normalization and reference targets. <0,<28.0° orf3 and ¢, inverted; and4) upstream target,
19.0°< #;<28.0° and 21.0% 6,<27.5° or 65 and 6, in-
B. Event selection and kinematical constraints verted.

ielasti . ith onl h d These cuts yield for 5.9 Ge¥/the following a accep-
Quasielastic scattering events with only two charged par,, e ranges(1) Downstream target, 08a<1.05; (2)

ticles in the spectrometer were selected. An excitation energy.iqdle target. 0.76Z a<0.967: and3) upstream taraet. 0.7
of the residual nucleu$t i <500 MeV was imposed in <a<0.867g. + 0.7622<0.967; and3) up get =

order to suppress events where additional particles could be For the 7.5 GeW¢ data the angular ranges were as fol-
produced without being detected in EVA. Since this cut isIOWS 1) DoWnstream target, 22.8°0,<32.0° and 22.0°
abovem,, some inelastic background, such as that coming_ 04'<31 5° or 6, and 6, r,epla.ced?(Z) middle targét

from pA—pp7°(A—1) events, could penetrate the cuts and21 0°< 6.<27.0° and 21.0% 6,<27.0°* and(3 tream
had to be subtracted. The shape of this background was d?éréet g% 0% é3<26 0° a-nd 36 0% 6.'4<,26 Oo( ) upstr

termined from a fit to theE s distribution of events with

: . - These cuts yield for 7.5 Ge¥/the following « accep-
extra tracks in the spectrometer. An inelastic backgrounq!(,jmce ranges(1) Downstream target, 0.967a<1.05; (2)

with this shape was subtracted. The measured distributions;; .
g5 . <1. .
represent background subtracted quantities. See Ré{4.2 <fg|g_é2?_et’ 0.8342<1.0; and(3) upstream target, 0.767

for more details.

The coordinate system was chosen with fhepordinate
in the beam direction and thedirection normal to the scat-
tering plane x,z). The latter was defined by the incident  Thep, distributions were studied for narrow regionscof
beam and one of the emerging protons. The selection amornthe regions ofa were chosen to yield a large overlap be
the two was random. This arbitrariness in the selection didween the 5.9 Ge\W and the 7.5 Ge\W data sets for each
not affect the extracted quantities of interest. The data wertarget position(1) 0.74<«<0.84 for the upstream target po-
analyzed in terms of the momenta in theirection,p,, and  sition; (2) 0.82<«<0.92 for the middle target position; and
the light-conex variable.a was determined with a precision (3) 0.95<a<1.05. for the downstream target position.
of o=3%. p, (perpendicular to the scattering plartead a The shapes of thp,, distributions for the two data sets at
resolution of v=40 MeV/c. The resolution inp, (in the 6 and 7.5 GeW are consistent in each one of the thiee
scattering planewas o =170 MeV/c. Because of its better regions.
resolution,p, was used to represent the transverse compo- The shapes of thp, distributions in the threer regions
nent. for 6 GeV/c are very similar to those of the 7.5 GeV/data.

The laboratory polar angles of both detected protons wer&ince the data sets of the two energies were found to be
limited by a software cut to a region af3°-5° around the consistent, they were added in order to reduce the statistical
center of the angular acceptance, for each target positiomrrors. Even after this procedure the poor statistics for the
The angular range enforced by the software cut was smallé).95<«a<<1.05 range did not allow us to draw conclusions for
than the geometrical limits of the spectromefege Fig. 12  this range. All the data presented consist of events that
but it ensured a uniform acceptance. Since the experimemassed all the quasielastic cuts. The residual inelastic back-
was focused on shapes and not absolute values, an accepound was subtracted in a way similar to that described for
tance correction in theég,6,) plane was not needed. An the « distributions(see Refs[12,4€ for details. All mea-
explicit cut on the center of mass scattering angjlg, was  suredp, distributions were normalized to 10 000 p§=0

D. The transverse(p,) distributions
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FIG. 13. A comparison between calculatedlistributions(®)
and the experimental dat®) at 5.9 GeVt (a) and 7.5 GeVe (b).

5.9 GeVk (a) and 7.5 GeV¢ (b).

and all were shown on a logarithmic scale to emphasize their

FIG. 14. Calculated longitudinak distributions with (®) and
without (V) s weighting compared to the measured dé&fg, at

shapes. The data are compared to the calculations in Sec. Yeak aroundr=1, as shown by the calculations with ng *
weighting” (triangles. The data clearly show a shift to lower

V. COMPARISON OF THE CALCULATIONS WITH THE
DATA

A. The longitudinal () distributions

tion of the theoretical calculations with the multidimensional
kinematic cuts applied in the experiment. The following cuts
have been included in the calculatiokisr The angular and

acceptances are constrained for the same ranges as preser{gg

in Sec. IV for the data(2) 60°< 6. ,,<<120° (for all target
positiong. The calculations include all the described nucleal
effects(EMC, ISI/FSI, and CT.

Figure 13 shows the measured longitudiaaistributions
at 5.9 GeVt and 7.5 GeV¢ together with the calculations.
In the calculation we used the two-nucleon correlation model
for the high-momentum component of the nuclear wave
function, discussed in Sec. Il. For the paramedg('’C)
which defines the strength of the SRC in the nuclear spectral
function[Eg. (9)] we used the valua,~5 obtained from the
analysis of highQ? and large Bjorkerx A(e,e’)X data Ref.
[15].

The calculations agree well with the datg;=0.8 for
5.9 GeVk and y?=2.0 for 7.5 GeVt.

The next question we ask is whether the data allow us to
understand the ingredients contributing to the strength of the
«a distribution at lowera values.

First, we determine whether the high-momentum-transfer
elasticpp scattering off the bound nucleon still follows the
s 1%energy dependence. In Fig. 14 we compare the calcula-
tions using s-independent pp cross sections”(triangle
pointy and the “real” pp cross sections parametrized ac-
cording to Eq(10) (solid points. If there were no scaling for
hard pp scattering in the nuclei, the-distribution would

a, which confirms the strong dependence of the quasielas-
tic process.

Next we address the question of whether the strength seen
at a<1 comes from SRC in the nucleus. Figure 15 shows

As was mentioned in Sec. Ill the calculations are imple~, caiculateda distributions for the incoming proton mo-
mented through a Monte Carlo code that allows INCOTPOrar,antym of 5.9 GeW. One distribution is calculated with

the harmonic oscillator wave function onlye., a,=0, in
Eqg. (9)] (triangle points. The second distribution is calcu-

d with the SRC contribution to the high-momentum talil
he nuclear wave function, described by=5 (solid
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FIG. 15. Longitudinale distributions for 5.9 GeW (O, data;
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as HO and HG-HMC in Fig. 8. The open circles are the
data. It is clearly seen in the figure that thedistribution
calculated witha,=0 does not provide sufficient strength at
low « to describe the data, and SRC contributions are nec-
essary.

It is important to note that both the stroegependence of

hard pp scattering and the contribution of SRC are needed
for agreement with the data. A mean field wave function for
the nucleus would require a very unreasonable energy depen-
dence of thepp scattering cross section, in order to explain
the observed strength of the cross section<afl.. Moreover

the agreement with the data using the same valug, gfa-
rameter obtained from electronuclear reactions indicates that
we are dealing with a genuine property of the nucleus that
does not depend on a specific probe. 104

—
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T
HH
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w
T
—O—e

dc/dpy larbitrary units]

L ol i | PR BT
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B. The transverse(p,) distributions

As it was discussed in Secs. Il and Ill, we expect the FIG. 16. A comparison between the calculat®) and experi-
transverse missing momentum of the quasielasfis,2p)X  mental(O) p, distribution combined for 5.9 Ge¢/and 7.5 GeVé
cross section to be sensitive mainly to the dynamics of ISImomenta. The kinematics for the upstream target with Qa4
FSI. The studies of electronucleA(e,e’p)X reactions, in <0.84 is usedsee text for details
which FSI occurs through the rescattering of only one
knocked-out proton, demonstrated that the eikonal approxi-
mation can describe the FSI with better than 10% accuracylata afp, =0 will produce a large discrepancy at large values
(see, e.g., Ref47]). This indicates that the expected level of of p,, .
accuracy in calculations of ISI/FSI i(p,2p) X reactions, in Next, this discrepancy may be the indication of the limit
which one incoming and two outgoing protons undergo theof applicability of the probabilistic approximation of ISI/FSI.
soft rescatterings, will be on the order of 15—-20 %. Keepingn that approximation we neglected the interference terms
these accuracies in mind, we compare the theoretical calcihat may contribute at large values of transverse momenta.
lations with the data checking how well the probabilistic Indeed, as the complete calculation @fp,2p)n reaction
approximation of ISI/FSI can reproduce the shape of thelemonstrated29], interference terms are not negligible at
transverse missing momentum distribution. p;=150-200 MeV¢t and their contribution tends to dimin-

The following kinematical constraints are imposed in theish the overall cross section.

Monte Carlo calculations(l) middle target, 0.82 <<0.92;

(2) upstream target, 0.74x<0.84; (3) |6;— 6,/<0.06 rad
(for all target positions and 60%< 6., ,,<120° (for all target
positions. The calculations include all the effects discussed
in Secs. Il and lli(i.e., ISI/FSI, EMC, C7 and the strength
of the SRC is calculated with,=5.

Figure 16 compares between the measured and calculated
transversep, distributions. Since the theoretical and experi-
mental distributions are normalized to 1000 at the first bin,
only the difference in shape between them is relevant. The
kinematics correspond to the the combined 5.9 Geafthd
7.5 GeVk energies for the upstream tardet=0.79+0.05).

See Sec. IV for the detailed procedure of combining the
5.9 GeVk and 7.5 GeW¢ data sets. We followed the same
procedure in the calculations. Figure 17 shows the compari-
son for the kinematics of the middle stream target0.87 ]

+0.05 similar to Fig. 16. 1020- b

—
=4
-~
1
L

do/dp_ [arbitrary units]

y
——
—0—

i | PR MY P
2 025 03 035 04

The calculations presented in Figs. 16 and 17 overesti-
mate the data at the transverse missing momenta above lp.J[GeVic]
0.2 GeVk. There are several reasons for such a discrepancy. Y
First, one should notice that the tail of the distribution above F|G. 17. A comparison of calculate®) and experimentalO)
py=200 MeV/c is only 10% of the peak value at,=0.  p, distributions for combined 5.9 Gew/and 7.5 GeV¢ energies.
Since calculation and the data are normalized at the maxifhe kinematics of the middle stream target with 6:82<0.92 is
mum, even a small discrepancy between calculation and thgsed(see text for details
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Another reason for the discrepancy may be the fact thatjualitative agreement with the new data recently obtained at
within the eikonal approximation, starting at transverse missEVA [32].
ing momenta £150-200 MeVt), the ISI and FSI are After briefly describing the experiment, we confront the
dominated by incoherent elastic rescattering which enhancealculations with the data. The comparison demonstrates that
the cross section of the nuclear reactizee Ref[48] for  the theoretical expectation of theshift, based on scaling in
detail9. It was observed in Ref§49,5Q that incoherent elas- hard elastic scattering off a bound nucleon in the nucleus,
tic rescatterings are much more sensitive to the CT phenonwas correct. The physical meaning of this shift is that hard
ena than the ISI/FSI terms contributing to the nuclear absorpguasielastiq p scattering is sensitive to the high-momentum
tion. The qualitative reason is that the absorption iscomponents of the nuclear wave function. One observes that
proportional to the total cross section of PINCinteraction a momentum tail in the nuclear wave function, which is

ol cn While incoherent elastic rescattering is proportionalneeded to explain the data, is significantly larger than can be

to (US’EC’N)Z. Thus the overestimate of the calculation mayexpected from the mean field approximation. The value of
indicate that the onset of CT is stronger than that modeled ithe two-nucleon SRC strength needed to describe the data is
the calculationgsee Sec. )l Note that a noticeable~20%) in agreement with that obtained from electronuclear reac-
change in the strength of the incoherent elastic rescatteringons. The analysis of the transverse missing momentum dis-
will produce only an~5% change in the absorption. Thus tribution shows that it is very sensitive to ISI/FSI and both
such a modification of the size of the CT effect will still improved calculations and data are needed for understanding
maintain the agreement of the calculation with the transparthe details of the dynamics that generate the high transverse
ency data of Ref[31]. momentum strength. Thus, studies of the transverse momen-
Ending the above discussion, we can only conclude thatum distribution may emerge as an additional tool for study-
the strength of the high transverse momentum distributions igg the color transparency phenomenon.
generated by ISI/FSI. However both an improved theoretical It is worth emphasizing that the extension of quasielastic
calculation of ISI/FSI and a better experimental resolutionstudies to higher energies, in which a lower valuer@fan be
are needed for understanding the details of the dynamics bgrobed,(see, e.g., Fig. )2 will provide a new window for
hind this strength. investigation of the quark-gluon structure of short-range
nucleon-nucleon correlations. In particular, it might enable
the experimental investigation if two nearby nucleons will
VI. SUMMARY substantially overlap that the quarks from these nucleons can
form a multiquark state51-53. These configurations would
We present a theoretical analysis of the published data oplay a dominant role in the determination of the deuteron
the high-momentum-transfer quasielastip(2p) X reaction.  form factor asQ?— [51]. An important characteristic of
First, we outline the light-cone plane wave impulse ap-these configurations is a large probability of hidden color
proximation in which the high-momentum component of thestated54]. A signature of hidden-color states in hard proton-
nuclear wave function is treated within a two-nucleon shortnycleus scattering will be the large probability of produc-
range correlation model. This work confirms the predictionstion of A isobars,N*’s and residual nucleons with large ex-

by Ref.[11] of an « shift of theA(p,2p) X cross section. We  citation energiesE i~ (M, — My)— (My+ — My) ~300—600
further develop the SRC model taking into account the meweyv [52].

dium modification of the bound nucleon as well as initial and
final state reinteractions of the incoming and two outgoing
protons in the nuclear medium, combined with color trans-
parency effects.

For nuclear medium modifications we demonstrated that
within the color screening model, which describes reason- Part of the data related tp, distributions has not been
ably the available electroproduction data, the strength of theublished before. We would like to acknowledge the EVA
SRC is not obscured. Furthermore, we demonstrated that icollaboration for allowing us to present them in this paper.
the high-energy regime the distribution of the bound pro- The authors are thankful to the EVA collaboration, especially
ton is practically unaltered by ISI/FSI. As a result the to the spokespersons S. Heppelmann and A. Carroll, for very
distribution of the Cp,2p)X cross section reflects the genu- useful discussions. Special thanks to J. Alster for many valu-
ine distribution of the bound proton in the nucleus. We alsoable comments and Y. Mardor for providing the details of her
demonstrated that the transverse missing momentum distranalysis of the experimental data. M. Sargsian gratefully ac-
bution is strongly sensitive to the dynamics of initial and knowledges a contract from the Thomas Jefferson National
final state reinteractions, and we discussed its potential use taccelerator Facility(TINAF) under which this work was
study effects related to color transparency. done. TINAF is operated by the Southeastern Universities

In addition to thew and p; distributions we discussed the Research Associatiof8URA) under DOE Contract No. DE-
dependence of the cross section on the total longitudinal moAC05-84ER40150. This work was supported also by DOE
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