PROCEEDINGS

oF SCIENCE

Diffraction on nuclei: effects of nucleon-nucleon
correlations and inelastic shadowing within an
improved Glauber-Gribov approach

Claudio Ciofi degli Atti  *
INFN, Sezione di Perugia, Via A. Pascoli, Perugia, Italy
E-mail: ci of i @g.infn.it

The importance of the effects of nucleon-nucleon (NN) shange correlations (SRC) and Gri-
bov inelastic shadowing (1S) on various high energy sdaiggsrocesses involving nuclear targets
is demonstrated within an improved Glauber-Gribov appnoac

Sixth International Conference on Quarks and Nuclear Physics
April 16-20, 2012
Ecole Polytechnique, Palaiseau, Paris

*Speaker.
TCollaboration between INFN, Sezione di Perugia and Depeatéo de Fisica, Universidad Tecnica Federico Santa
Maria (UTFSM), Valparaiso, Chile.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Diffraction on nuclei: effects of nucleon-nucleon correlations and inelastic shadowing
Claudio Ciofi degli Atti

Contents

1. Introduction 2
2. Formal approach 2
3. Resultsof calculations 5
4. Acknowledgments 6

1. Introduction

It is well known that high energy processes involving nuctaagets, namely hadron-nucleus
(h—A) and nucleus-nucleu®\Q) scattering, provide useful information on several phesoalike,
e.g., hadronization and confinement, hadron propagatiomeitium, mechanisms of formation of
high density matter, and many other ones. Most of theotadjgaroaches to describe scattering at
multi GeV energies involving nuclei, are based upon Glauber mulpégtering theory [1] within
the independent particle model description of the nucldis latter approximation seems to be
out of date, for the nucleus is a self bound saturated liquidres nuclear constituents spend part of
their time in strongly correlated configurations [2], whitdve been recently experimentally inves-
tigated in a quantitative way [3]. Besides nucleon-nucl@dN) short-range correlations (SRC),
intermediate hadron-hadron inelastic scattering (Griln@lastic shadowing (IS) [4]), lacking in
the Glauber approach, have to be considered. The importdribe effects of both SRC and Gri-
bov IS in several high energy scattering processes have dtedied in a series of recent papers
[5]-[10], finding that the two effects act frequently in thppmsite directions. The main results of
these papers will be concisely illustrated in the followBgctions.

2. Formal approach

The nuclear quantity entering most Glauber-like calcatatiis the modulus squared of the
nuclear wave functionyp|?, whose exact expansion is usually truncated at lowest dgitegie-
density approximation) viz

A
| Wo(r,....ra) > = I_Ilpl(fj) + 3 A, [] ealri) 4o = [ Pary)- (2.1)
|= i<] ki, j 1=

Here thetwo-body contraction (two-body correlation function) A(ri,r;) = pa(ri,rj) — pa(ri) po(rj),
contains the effect of SRC, represented by a hole in the ey-klensityp, at short inter-nucleon
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Figure 1: The proton-neutrofipn) and proton-protoripp) two-body densitieg, = pnn in 180 calculated
[2] within a mean field model (MF) and by solving the many-bgigblem with a realistic NN interaction
(Wy). The behavior opyy at relative distances< 1.5+ 2 fmis governed by the repulsive short-range core
and by the attractive intermediate-range tensor forcer(&ef. [2]).
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Figure 2: The thickness functiofi{(b) and the correlation contributiodT(b)) in p—2C andp —2%8Pb
collisions at HERA-B energies. The total thickness funtiiogiven byT = T — AT/ (after Ref.[6])

separations (see Fig. 1). It has been shown [5] that SRC ¢ead additional contribution to the
nuclear thickness function as follows & {s,z}) [5]

ATR(b) = o_]';’\' /d231 d*s20% (s1,52) ReM ™ (b —s1) RelPN (b — ), (2.2)
tot

whereA, (s1,s,) represents the transverse two-nucleon contraction artdtdiehickness function

is T! = T! — AT/ The thickness functions ¢fC and?°&Ph at HERA-B energies calculated with
realistic two-body densities from Ref. [11] are shown in.Fig. SRC increase the thickness
functions and, consequently, the total neutron-nucleasscsection at high energies, making the
nucleus more opaque [5], unlike Gribov IS corrections wiligtease nuclear transparency.
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Figure 3: The total neutron-Nucleus cross sectimf vs pjab. Left panel: Glauber single density approxi-
mation (Og; dots) and Glauber plus Gribov inelastic shadowig (+ Ag;s; dot-dash). Right panel: Glauber
(0g; dots); Glauber plus SRCdg + 0src; dashes); Glauber plus SRC plus Gribov inelastic shadowiag (
+ Osre + Ay, full) (after Ref. [5]).

208pp Glauber Glauber g-2q model 3g model
+SRC +SRC +SRC

G [mb] 3850.63 3885.77 3833.26 3839.26
oA [mb] 1664.76 1690.48 1655.70 1660.67
oA [mb] - - 2.62 0.59
O oMb - - 2.58 2.56
Tge" [mb] 120.92 112.65 113.37 113.88
Ole [mb] - - -2.08 -2.62
o/ [mb] - - 17.55 17.63
ot [mb] - - -2.08 -2.62

Table 1: Various p —2%8Pb cross sections at LHC energies calculated with two modeta@fight-cone
dipole cross section (after Ref. [6]).
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3. Resultsof calculations

An exhaustive calculation of the totadyy, elastic,a*, quasi-elasticoly, inelastic, iy,
and diffractive dissociation hadron-nucleus cross sesfiovhich include both SRC and Gribov
IS summed to all orders by the light-cone dipole approact8[B], has been performed in Ref.
[5, 6, 10] demonstrating the opposite roles played by SRCI&ntt has been found that the total

contribution to the thickness function due to SRC and Gril®xeads as follows
ATAP(b,rr,a) =

1 _ _
= el /dZSg_dZSQA,J&(S]_,SQ) RelN(b —s rr,a)Relr®Nb—s, rr,a).  (3.1)
ip

whereM%N is the (qq) — N profile, ggip(rr) the dipole cross sectiomy the dipole transverse
separation and its fractional light-cone momentum. SRC and Gribov IS aftdso the number of
inelastic collisiondNY), = AgiN /g, which is the normalization factor used to obtain the nugleu
to nucleon ratio of the cross section of a hard reaction. €halts of calculations, performed with
realistic one- and two-body densities and correlation tions from Ref. [11], are shown in Fig. 3,

andin Tables 1 and 2. The behaviorNif)’ﬁI is entirely governed by the non-diffractive cross section

GLAUBER
oM [mb] o [mb) oA [mb) oA Tmb] oAb Negi
RHIC 42.10 3297.56 1368.36 66.06 1863.14 4.70
LHC 68.30 3850.63 1664.76 120.92 2064.95 6.88
GLAUBER+SRC
o [mb] o [mb) oA [mb) oA mb] oNA[mb] Nea
RHIC 42.10 3337.57 1398.08 58.47 1881.02 4.65
LHC 68.30 3885.77 1690.48 112.65 2082.64 6.82
GLAUBER+SRC+GRIBOV{— 2q)
oV [mb] o [mb) oA [mb) oA mb] oNA[mb] Nea
RHIC 42.10 3228.11 1314.04 71.99 1842.08 4.75
LHC 68.30 3833.26 1655.70 113.37 2064.19 6.88

Table 2: Number of inelastic collisionBle in p—2°8Pb scattering at RHIC and LHC energies (after Ref.
[10]).

ai’;]'A which, as shown in Table 2, is decreased by SRC and incregsédiliov IS. The effects of
both SRC and Gribov IS amount to few percent in agreement th@hresults of the calculation
of deuteron-gold scattering [8]. A further step in this tygfecalculations is to consider the high
energy collision of two nucleiA andB; in this case the correlation contribution to the thickness
function can be written as follows

1
ATg(b) = NN

></dZSApA(SA)/dZSBleSBZAé_(SBlasBZ)rNN(b_SA+SBl)rNN(b_SA+SBZ)+
+{A+— B} (3.2)
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Figure 4: Uncorrelated thickness functiofi(b)/A? (dash); correlation contributioATS}(b)/A? (dot-
dash); total thickness functioffl; /A2 = [T} (b) — 2ATS5(b)] /A2 (full) in 2°8Pb —2%8pp collisions at RHIC
energies

where the 1st term describes the interaction of a nucledghrith two correlated nucleons iB
and the 2nd term in figure brackets viceversa. The thicknesgibn including the effects of SRC
in 208ph —208pp scattering at RHIC energies is shown in Fig. 3. Calculatmfifsossible effects of
SRC in heavy ion scattering are in progress.
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