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Nonlinear effects: AA UPC  at LHC vs  HERA

The parameter to compare is: 
(gluon density/area) x (strength of interaction)

C!s(Q2)xG(x, Q2)

Q2 ”area”
where Cg ! 9/4Cq

LHC vs  ep HERA 

for  central  γA collisions (with no centrality trigger the gain is  a factor of
 1.5 smaller ).  A factor of 3 gain = change in x by a factor ~100.

(9/4)A1/3!S(p2
T )xGN (x ! 5 · 10!5, p2

T )/p2
T

!S(Q2)xGN (x ! 10!4, Q2)/Q2
! 6

Will be possible to study energy dependence of the dijet cross section in the x range between 
10-2 and 10-4 and check whether taming of the increase is happening at the smallest x.

3

Areas: �R2
A &�r2

N (rN � 0.8 fm)
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Question 1: What is dynamics of leading particle production in the hadron - nucleus interactions?

Small pt -  key uncertainty in modeling high energy cosmic ray propagation through atmosphere. 
Most of cascade is due to pions - photons is the closest we can get to pions for these energies. 
Interpretation of the AUGER experiment. 

Transition to hard regime:  pt  ~ 2 GeV/c and above. 

Is A-dependence / dependence on centrality  of σ-1ineldσ(γ+A → h+X)/dxF stays the same when 
σ(ρN) grows from 25 mb to 40 mb? How does it depend on pt  starting from very low  pt(ALICE) ? 

RHIC experiments observe  forward pion production in Deuteron-Gold at y=4, pt <2.5 GeV/c(a) 
pQCD found to work in pp for  pt >1.5 GeV/c; (b)  Strong suppression ( factor of 3) in dAu and 
much larger suppression at small impact parameters (potential pitfall - definition of centrality) 

Interpretations - effect is due  to strong gluon fields in nuclei a x  ~ 10-4

color glass condensate - eikonal rescattering + gluon suppression ✵

✵ fractional energy losses for propagation of partons through strong gluon fields

Major Impact on energy flow from large to central rapidities in AA collisions at RHIC and LHC
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R.Vogt, S.White, MS, 2005

case coherent diffraction would reach 50% of the total cross section). In our numerical studies,

we used the only nuclear difffractive PDFs currently available[6], which is based on the leading

twist description of the hard diffraction in ep scattering and uses a quasieikonal approximation
to model diffraction off N ! 3 nucleons.

In our calculations, we use a leading order QCD approximation, and the MRST PDFs[7]

and focus on the small x kinematics where a photon interacts predominantly with a gluon of the
target either via photon - gluon fusion (direct mechanism which dominates in this kinematics)

or through the parton constituents of the photon (resolved photon mechanism). We define x1 as

the fraction of the beam momentum carried by the photon, while x2 is the momentum fraction

carried by the gluon from the nucleus (per nucleon) or proton involved in the process.
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Figure 1: Expected rate of dijet photoproduction for a 1 month LHC Pb+Pb run at 0.4 "
1027cm!2s!1. Rates are counts per bin of ±0.25 " x2 and 2 GeV/c in pT .
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 Expected rate of dijet 
photoproduction for a 1 month 
LHC Pb+Pb run at 0.4x1027 
cm-2s-1. Rates are counts per bin of   
±0.25 x2 and 2 GeV/c in pT. Large 
rates for b-meson jets as well.

Many more important handles to study dynamics, for 
example associated multiplicity at different rapidities,...

Question I1: What are parton densities in nuclei at small x - is there significant 
deviation from the sum of nucleon pdfs (LT nuclear shadowing)? 

M.Klasen & R.Vogt talks

Are significant nuclear effects expected in the UPC AA kinematics at LHC? 
The leading twist theory  FS 98 based on AGK cutting rules and Collins factorization theorem for 
diffraction indicates that effects are likely to be significant (Guzey’s talk)



Question I1I: Where color coherence of pA interactions shows up. The pattern of the 
correlation of the jet production and centrality in γ A collisions - new probe 
of inelastic photon - nucleus interaction dynamics

Two key features of high energy scattering relevant for pA scattering at the LHC

High energy projectile stays in a  frozen configuration distance lcoh =cΔt

�t ⇠ 1/�E ⇠ 2ph
m2

int �m2
h

At LHC for                                       lcoh ~ 107 fm>> 2RAm2
int �m2

h ⇠ 1GeV2

Strength of interaction of white system is proportional to the area occupies by color.

QCD factorization theorem for  the interaction of small size color singlet wave package of quarks and gluons. 

⇤(d, x) =
⇥2

3
�s(Q2

eff )d2

�
xGN (x, Q2

eff ) +
2
3
xSN (x, Q2

eff )
⇥

Q2
eff = �/d2, � = 4÷ 10 Baym, Blättel, Frankfurt, MS, 93;

 Frankfurt,Miller, MS 93



Constructive  way to account for coherence of the high-energy dynamics is Fluctuations of interaction 
cross section formalism.  Analogy: consider throwing a stick through a forest - with random orientation  
relative  to the direction of motion.   (No rotation while passing through the forest - large lcoh.) 
Different absorption for different orientations
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+
High energy picture 

of inelastic h A collisions 
consistent with the Gribov - 

Glauber model  

Frozen configuration - same strength of interaction with different 
nucleons along the path essentially semiclassical  picture!!! Large size is 
enhanced in high multiplicity events.

Classical low energy 
picture of inelastic h A 

collisions implemented in 
Glauber model  based 

Monte Carlos 

wounded nucleons

spectator nucleons



Convenient quantity - P(σ)  -probability that nucleon interacts with cross section σ with the target.   

dσ(pp!X+p)
dt

dσ(pp!p+p)
dt

| t = 0
=

�
(� � �tot)2P (�)d�

�2
tot

⇥ ⇥� variance
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∫P(σ)d σ= 1, ∫ σ P(σ)d σ=σtot, 

Pumplin  &Miettinen

∫ (σ - σtot)3 P(σ)d σ= 0, Baym et al from pD diffraction

P (�)|�!0 / �nq�2 Baym et al 1993 analog 
of QCD counting rules

+ additional consideration that for a many particle system fluctuations near 
average value should be Gaussian 

model and the Monte Carlo calculations which take into account finite radius of the NN

interaction neglected in the optic model.

IV. EFFECTS OF FLUCTUATIONS IN THE MONTE CARLO MODEL

An additional source of event-by-event fluctuations of the number of wounded nucleons

comes from the fluctuations in the number of nucleons at a given impact parameter. These

fluctuations are present already on the level of the Glauber model [8]. These fluctuations

decrease with increase of !tot(NN) due to an increase of the overall number of interacting

nucleons, N , at a given impact parameter. In the case when no fluctuations of ! are present,

we have:

!N(!inel)" = !N"
!inel

!!inel"
. (14)

In this case we can write
!

N(!inel)
2
"

= !N"2 (1 + "!) , (15)

where "! is the quantity calculated for dispersion in the case of no color fluctuations. The

dependence of "! on !inel(NN) is presented in Fig. 1 for b = 0 and b = 4. In the calculation

we use the event generator [8]. The event generator includes short-range correlations between

nucleons, however this e!ect leads to a very small correction for the discussed quantity.

When both fluctuations are included average N does not change. Hence the dispersion

of the distribution over N including both e!ects can be calculated as follows:

!

N2
"

=
#

d!inelP (!inel) !N"2
$

!inel

!!inel"

%2

(1 + "!) . (16)

Now we can calculate the total dispersion. The first term in (1 + "!) gives simply "". The

second term takes into account the dependence of "! on !inel:

"tot = "" +
#

d!inelP (!inel)

$

!inel

!!inel"

%2

"! . (17)

As a result the overall dispersion is somewhat smaller that ""+"!(!tot) since the the integral

in the second term is dominated by ! > !tot. In order to perform numerical analysis we

follow [10], and take the probability distribution for !tot as [16]:

Ph(!tot) = r
!tot

!tot + !0
exp{#

!tot/!0 # 1

"2
} , (18)
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sponds to ((o- - (~r)) 3 ~- 0, as would occur for a distribution nearly
symmetric: of approximately (~r) (88).

For small values of o-, further information can be obtained from QCD,
which implies (19)

P(o’) - "Nq-2 4.4

for ~r << ((r), where Nq is the number of valence quarks. Thus, 
nucleon distribution Pu((r) is --O" for small (~, while for the pion P~(o-)
is approxiimately constant. The results of reconstructing PN(o-) and
P~(o’) from the first few moments of P(o-) and from Equation 4.4 
shown in ].~igure 6. They indicate a broad distribution for proton projec-
tiles and an even broader one for pion projectiles. One expects even
further broadening for K-meson projectiles.

4.3 Sm’all-Sized Configurations in Pions
One can test this approach by using QCD to compute P,(~r = 0) 
high energies. Indeed, the physics at small (r is dominated by small

0.030 I I I I

--.pOCDrongefor P~ (0)

0.025 ~ ~7~~)

v._. o.ozo
d~

~ (or)0.015 -
/~.~-

/- \\O.OIO

0.C~3~

o zo 40 60 ~o too
o" (mb)

Figure 6 C, ross-section probability for pions P~(cr) and nucleons P~v(~) as extracted
from experimental data. P,,(cr = 0) is compared with the perturbative QCD prediction.

www.annualreviews.org/aronline
Annual Reviews
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FIG. 1: The cross section distribution P (!, s) at di!erent energies: the solid curve corresponds to
!

s = 9 TeV (LHC); the dashed curve corresponds to
!

s = 1.8 TeV (Tevatron); the dot-dashed

curve corresponds to
!

s = 200 GeV (RHIC).

IV. RESULTS AND DISCUSSION

Using Eqs. (15) and (18), we calculate the total, elastic and di!ractive dissociation cross

sections for proton-208Pb scattering as a function of
!

s. The result is given in Fig. 2.

In our numerical analysis, we used the following parameterization of the nucleon distri-

bution !A("r)

!A("r) =
!0

1 + exp ((r " c)/a)
, (22)

where c = RA " (# a)2/(3 RA) with RA = 1.145 A1/3 fm and a = 0.545 fm; the constant !0

is chosen to provide the normalization of !A("r) to unity.

One sees from Fig. 2 that cross section fluctuations decrease the total and elastic cross
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p
s = 30GeV

PN(σ) extracted from 
pp,pd diffraction  Baym et 
al 93. Pπ(σ) is also shown

PN(σ)

Extrapolation of Guzey  & MS
 before the LHC data

!� ⇠ 0.25

!� ⇠ 0.1

L. Frankfurt, V. Guzey, MS 
 Phys.Rev. D58 (1998) 094039

P�(�) / 1/�|�!0

FIGURES

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
σ

P(
σ)

f 02 /e2

Q2=0

Q2=1 GeV2

Q2=2 GeV2

10 mesons

FIG. 1. The distribution P!(!, Q2) as a function of Q2 (we plot f2
0/e2 P (!, Q2))

19

σ/σρN

Soft component

http://inspirehep.net/author/profile/Frankfurt%2C%20L.?recid=452246&ln=en
http://inspirehep.net/author/profile/Frankfurt%2C%20L.?recid=452246&ln=en
http://inspirehep.net/author/profile/Guzey%2C%20V.?recid=452246&ln=en
http://inspirehep.net/author/profile/Guzey%2C%20V.?recid=452246&ln=en
http://inspirehep.net/author/profile/Strikman%2C%20M.?recid=452246&ln=en
http://inspirehep.net/author/profile/Strikman%2C%20M.?recid=452246&ln=en


9

Color fluctuations lead to broadening of the distribution over Ncoll . Effect is mostly  
sensitive primarily to the value of variance ωσ. Explains deviations from the Glauber 
model observed by ATLAS and ALICE.  For γA fluctuations are much stronger  -- expect 
much larger effect which would be different for charm component.
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FIG. 1: The probabilities PN of having N = Ncoll wounded nucleons, averaged over the global impact

parameter b, as a function of Ncoll for the Glauber model (!� = 0) and in the color fluctuation model with

!� = 0.1 (our base value used in the current analysis) and !� = 0.2. The inset is in log scale.

imately Gaussian. If the cross section for large ⇢ is approximately proportional to the area that

is / ⇡⇢2, one would expect presence of a tail in P (�) / exp(�c�). To explore sensitivity to the

presence of such a tail, we introduced another model of

P (�) = a� exp(�c |� � �0|) , (8)

with parameters fixed to reproduce the same total cross section and dispersion as in the basic

model. We find that the distribution over Ncoll practically does not change – see Fig. 2.

This confirms our conclusion [3] based on the comparison of the model based on Eq. (3) and

the two-component model. Still changing the behavior at small � one can generate a very di↵erent

shape for the same variance, see [14]. Hence it would be interesting to explore this issue further

as the sensitivity to the tail for the central collisions should grow since at the LHC in central pA

collisions, one typically selects Ncoll ⇠ 14.

As we already mentioned in the Introduction, the existing data on soft hadron production can be

fitted in the models with and without color fluctuations [1]. Hence to probe e↵ects of fluctuations

it appears promising to look for their e↵ects in the processes with a hard trigger which correspond

to somewhat di↵erent geometry than the minimal bias inelastic collisions.
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FIG. 2: Comparison of the distributions over N = Ncoll in the color fluctuation models with !� = 0.1 and

di↵erent shapes of distribution over � – Eqs. (3) and 8.

III. DISTRIBUTION OVER THE NUMBER OF COLLISIONS FOR PROCESSES WITH

A HARD TRIGGER

One of the typical setups for pA collisions is the study of soft characteristics of the events which

are related to the number of wounded nucleons for events with a hard subprocess (dijet, Z-boson,

. . .). In the case of inclusive production, the cross section is given by the QCD factorization theorem.

Putting an additional requirement on the final state breaks down the closure approximation and

hence requires special treatment. The main aim here is to get a deeper insight into dynamics of

pA interactions and in particular to probe the flickering phenomenon which we discussed in the

Introduction.

On average, in the geometric model for hard processes in the kinematics, where nuclear

shadowing can be neglected (i.e., for x � 0.01 and even smaller x for large virtualities), the

multiplicity of the events with a hard trigger (HT), which we will denote as MultpA(HT ), is

MultpA(HT ) = �pA(HT + X)/�pA(in). Using Eq. (7) one finds that a simple relation for the

multiplicities of HT events in NN and minimal bias pA collisions holds:

MultpA(HT ) = hNcolliMultpN (HT ) . (9)

Here we will consider the rates of hard collisions as a function of Ncoll with the additional

factor of Ncoll in the denominator in order to focus on the deviation from the naive optical model

9



Summary of some of the relevant  experimental observations of CMS  & ATLAS in pA 

❖  Inclusive jet production is consistent with pQCD expectations (CMS) 

8 6 Results and discussion

The fit is restricted to the region Df1,2 > 2p/3. In the data, the width of the azimuthal angle
difference distribution (s in Eq. (1)) is 0.226 ± 0.007, and its variation as a function of E|h|>4

T is
smaller than the systematic uncertainty, which is 3–4%. The width in the data is also found to
be 4–7% narrower than that in the PYTHIA simulation.

6.3 Dijet pseudorapidity

-1CMS pPb 35 nb

 = 5.02 TeVNNs
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Figure 5: (a) Distribution of dijet pseudorapidity (hdijet = [h1 + h2]/2) is shown for pPb dijet
events with pT,1 > 120 GeV/c, pT,2 > 30 GeV/c, and Df1,2 > 2p/3 as the red solid circles. The
results are compared to NLO calculations using CT10 (black dashed curve) and CT10 + EPS09
(blue solid curve) PDFs. (b) The difference between hdijet in data and the one calculated with
CT10 proton PDF. The black squares represent the data points, and the theoretical uncertainty
is shown with the black dashed line. (c) The difference between hdijet in data and the one calcu-
lated with CT10+EPS09 nPDF. The blue solid circles show the data points and blue solid curve
the theoretical uncertainty. The yellow bands in (b) and (c) represent experimental uncertain-
ties. The experimental and theoretical uncertainties at different hdijet values are correlated due
to normalization to unit area.

The normalized distributions of dijet pseudorapidity hdijet, defined as (h1 + h2)/2, are studied
in bins of E|h|>4

T . Since hdijet and the longitudinal-momentum fraction x of the hard-scattered
parton from the Pb ion are highly correlated, these distributions are sensitive to possible mod-
ifications of the PDF for nucleons in the lead nucleus when comparing hdijet distributions in
pp and pPb collisions. As discussed previously, the asymmetry in energy of the pPb collisions

An effective way to address these questions is to study correlation 
between dijet production and accompanying soft multiplicity in   
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❖  Dependence of jet rate  on ET in the nucleus fragmentation 3< |η| < 5 (ATLAS); sum 
of ET in nucleus and proton ranges 4< |η| (CMS)

/ Nuclear Physics A 00 (2014) 1–4 3
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Figure 1. Summary of jet RCP results. The top and bottom rows show the 0–10%/60–90% and 30–40%/60–90% centrality selections. The jet
RCP is shown at multiple rapidities y

⇤ in each plot. In the left plots, the RCP is plotted as a function of jet pT, while on the right, the same data is
replotted as a function of the total jet energy pT · cosh(y⇤).

Since the RCP is the ratio of jet yields in di↵erent p+Pb events, many of the systematics cancel between the nu-
merator and denominator. The remaining dominant systematic uncertainty arises from the di↵erence in the correction
factors introduced by the di↵erences in the shape of the jet spectra at di↵erent centralities. On the other hand, since
the R

PYTHIA
pPb is the ratio of the corrected p+Pb spectrum to an MC reference, the dominant systematic uncertainty is

the uncertainty on the jet energy scale in data.

4. Nuclear modification factor for jets

Figure 1 summarizes the jet RCP (using 60–90% p+Pb collisions as the reference) as a function of y

⇤ and pT. At
su�ciently high pT, the RCP is suppressed (< 1) at all rapidities. At fixed y

⇤, the suppression increases systematically
with pT. At fixed pT, the suppression increases systematically with more forward going (y⇤ < 0) rapidities. Finally,
the suppression is monotonically stronger is successively more central events. The right panels of Figure 1 plot the
RCP for many rapidities as a function of the total jet energy p, where p = pT · cosh(y⇤). It can be seen that the
RCP(pT, y⇤) at all observed y

⇤ is consistent with a single function of the total jet energy alone, RCP(p).
Figure 2 summarizes the jet R

PYTHIA
pPb (using a PYTHIA reference spectrum tuned to reproduce ATLAS data) as a

function of y

⇤ and pT. At mid-rapidity, the minimum bias (0–90%) R

PYTHIA
pPb is consistent with a slight enhancement

(⇡ 1.15–1.20) at mid-rapidity and with unity at more forward rapidities. In all rapidity bins measured, the R

PYTHIA
pPb is

consistent with a flat pT dependence. However, this is not the case with the centrality-dependent R

PYTHIA
pPb . In central

(0–10%) events, the R

PYTHIA
pPb systematically decreases with pT below the minimum bias value, while in peripheral

(60–90%) events, it systematically increases with pT above the minimum bias value.
3

6.3 Dijet pseudorapidity 11
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Figure 8: Dijet pseudorapidity distributions in the five HF activity classes. (a) The distributions
are normalized by the number of selected dijet events. (b) The distributions are normalized by
the number of dijet events with hdijet < 0.

measurement is sensitive to the nuclear EMC effect [50]. Using this normalization, the shapes
of the hdijet distributions in the region hdijet < 0 are found to be similar, as is shown in Fig. 8(b).

Figure 9 summarizes all of the E|h|>4
T dependent dijet results obtained with pPb collisions. A

nearly constant width in the dijet azimuthal angle difference distributions and transverse mo-
mentum ratio of the dijets as a function of E|h|>4

T is observed. The lower panels show the
mean and standard deviation of the dijet pseudorapidity distribution, measured using jets in
the pseudorapidity interval |h| < 3 in the laboratory frame, as a function of the HF transverse
energy. Those quantities change significantly with increasing forward calorimeter transverse
energy, while the simulated pp dijets embedded in HIJING MC, representing pPb collisions,
show no noticeable changes.

One possible mechanism which could lead to the observed modification of the hdijet distribu-
tion in events with large forward activity is the kinematical constraint imposed by the selec-
tion. Jets with a given transverse momentum at larger pseudorapidity will have a larger energy
(E = cosh(h)pT). If a large part of the available energy in the collision is observed in the for-
ward calorimeter region, jets above a certain transverse momentum threshold are restricted to
be in mid-rapidity, which leads to a narrower dijet pseudorapidity distribution. Moreover, the
modification of the PDFs due to the fluctuating size of the proton, as well as the impact param-
eter dependence of the nuclear PDFs, may further contribute to the observed phenomenon.
Therefore, the hhdijeti is also studied as a function of the forward calorimeter activity in the lead
direction (EPb

T ) at fixed values of forward activity in the proton direction (Ep
T).

The correlation between hhdijeti and EPb
T in different Ep

T intervals is shown in Fig. 10. With low
forward activity in the proton direction (Ep

T < 5 GeV, blue circles and solid lines near the top
of the figure), the hhdijeti is around 0.6 and only weakly dependent on the forward activity in
the lead direction. The observed high hhdijeti indicates that the mean x of the parton from the
proton in the low Ep

T events is larger than that in inclusive pPb collisions. With high forward
activity in the proton direction (Ep

T > 11 GeV, red stars and solid lines near the bottom of the
figure), the hhdijeti is found to be decreasing as a function of EPb

T , from 0.37 to 0.17. These
results indicate that the degree of modification of the hdijet distribution is highly dependent on
the amount of forward activity in the proton direction.

CMS

ATLAS
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❖      xp scaling  (ATLAS) - suppression effect scales with  

xp =pT × cosh(y*) / EN

xp = 0.5
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important feature of pQCD that cross section of small
size configurations grows much faster with collision en-
ergy than for the average configurations.

Our finding has a number of implications. It confirms
the presence of the CF in pA interactions and hence sug-
gests that CF should contribute into dynamics of central
AA collisions[11].

The found evidence for weak interaction of x ⇠ 0.5
configurations has also important implication of the EMC
e↵ect since it was shown in [13] demonstrated in [13] that
smaller size configurations in bound nucleons should be
suppressed. So a presence of the EMC e↵ect of the sup-
pression of quark distribution in nuclei as compared to
the free nucleons starting at x ⇠ 0.4 and fully devel-
oped at x � 0.5 matches nicely observation of the pat-
tern of the suppression of the jet production observed at
the LHC.

Further experimental studies are necessary to study
the jet suppression pattern for the processes where glu-
ons with x

g

� 0.4 give significant contribution. This
would allow to measure the e↵ective size of these config-
urations and check how e↵ective squeezing in this case.
Comparison of W+

,W

� production at large x
q

would be
also very interesting since there are indications of the dif-
ferent transverse structure for proton configurations with
leading u and d quarks [17].
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×  corrects ATLAS data for difference of Ncoll in Glauber and CF models

We can estimate  σ(x=0.5)/σtot[fixed target]=1/4  
Z �(s1)

0
P (�, s1)d� =

Z �(s2)

0
P (�, s2)d�from probability conservation relation:  

Theoretical expectation - configurations with large x partons are smaller and 
hence interact with a smaller cross section. Our analysis indicates that σ(x=0.5) 
~ σtot/2  gives a reasonable description of the data



UPC allows another   critical measurement is hard diffraction: 

!A ! jet1 + jet2 + X + A for direct photon:  βγ≈ 1

In the black disk regime !("A ! jet1 + jet2 + X + A)

!("A ! jet1 + jet2 + X)
" 0.5

Question IV: How to discover in unambiguous way onset of the regime of of maximal 
strength interaction in hard processes - black disk regime / saturation?

  Inclusive signals: gross deviations from LT approximation 

F2A(x,Q2) =
�

q

e2
q/12⇤2Q22⇤R2

A[1/3 ln A + ⇥ ln(x0/x)]�(0.05/A1/3 � x), ⇥ ⇤ 0.2÷ 0.3☀

☛

❑ Probing the onset of the BBL

☛ In the BBL amplitudes weakly depend on the virtualities for the
scales where BBL holds.

☛ Strong suppression of the leading hadron production combined with
a very significant broadening of the pt spectrum Dumitru, Gerland,
MS

☛ use of the Gribov orthogonality argument allows to predict cross
section and the structure of the final states in the di!raction in
BBL (Guzey et al 02)

d!(!+A!“M ""+A)

dtdM2
=

"em

3#

(2#R2
A)2

16#

$(M2)

M2

4
!

!J1(
!
"tRA)

!

!

2

"tR2
A

,

where $(M2) = !(e+e# # hadrons)/!(e+e# # µ+µ#).
The weight of various partial channels is the same as in e+e# #
”hadrons”. This corresponds to a dramatic enhancement of the
process % + A # 2jets + A as compared to the leading twist
predictions. This would allow to look for precursors of the BBL.

UIUC, November 7, 2003 M.Strikman
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A.J. Baltz et al. / Physics Reports 458 (2008) 1–171 59

Fig. 44. The probability of hard diffraction on the nucleon, P j
diff, defined in Eq. (64), as a function of x and Q2 for u quarks (left) and gluons

(right).

Fig. 45. The probability of hard diffraction, P j
diff, on 40Ca and 208Pb, at Q2 = 4 GeV2 as a function of x for u quarks (left) and gluons (right).

the LHC, similar to inclusive production, considered in Ref. [142]. Dijet production is another alternative, studied by
ZEUS [143] and H1 [97] using protons.6

The discussion presented here is relevant for hard processes produced in direct proton interactions. Spectator parton
interactions will suppress the probability of diffraction for resolved photons. Estimates [144] indicate that spectator
interactions will decrease the probability of nuclear diffraction by at least a factor of two for A � 200. Thus, the A
dependence of diffraction with resolved photons will also be interesting since it will measure the interaction strength
of the spectator system with the media, providing another handle on the photon wavefunction.

6 The recent HERA data seem to indicate that the factorization theorem for direct photoproduction holds at lower transverse momentum for
charm production than that for typical dijet production.

 The probability of hard diffraction on the nucleon, P j diff as a function of x and Q2 for u quarks (left) and 
gluons (right) based on the HERA data. 

 The probability of hard diffraction for scattering off Pb, 
P j diff as a function of x and Q2 for u quarks (left) and 
gluons (right) for Q2=4, 10, 100 GeV2 calculated by 
Guzey et al 12 in the same approximations as LT 
nuclear pdf’s.  diff/total ratio is sensitive to the strength 
of fluctuations in the interaction strength  -  
contribution of large x to small x via DGLAP evolution 

Black limit

Evidence for onset of BDR at 
HERA for gluons at Q=2 GeV
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Author's personal copy

340 L. Frankfurt et al. / Physics Reports 512 (2012) 255–393

Fig. 70. The probability of diffraction, Pj
diff of Eq. (189), as a function of Bjorken x for different values of Q 2. All curves correspond to 208Pb.

Table 4

The parameters a1 and a2 of the fit of Eq. (190).

a1,ubar a2,ubar a1,gluon a2,gluon

10�4

FGS10_H 0.0758 1.205 2.307 1.223
FGS10_L 0.0675 1.565 2.048 1.566

10�3

FGS10_H 0.0426 1.109 1.090 1.149
FGS10_L 0.0404 1.471 1.008 1.484

While the color fluctuation approximation is our main approach to the treatment of the multiple interactions, one can
also evaluate Pj

diff in the quasi-eikonal approximation. The latter is done by replacing �
j
soft(x,Q

2) in Eq. (170) by �
j
2(x,Q

2),
see Eq. (52) and also Fig. 29. Since �

j
2(x,Q

2) < �
j
soft(x,Q

2), the absorption of the diffractive state X is not as large as in the
color fluctuation approximation and, as a result, the probability of diffraction should be significantly larger.

The trend of the A dependence of the probability of diffraction Pj
diff is rather non-trivial since it comes from different A

dependences of the numerator and denominator in Eq. (189). To disentangle the two and also to better understand the role
of nuclear shadowing in nuclear diffractive PDFs, it is useful to study the A dependence of the numerator of Eq. (189). An
example of this is presented in Fig. 71, where we plot

R 0.1
x dxP�f D(3)

j (�,Q 2, xP)/A as a function of A at Q 2 = Q 2
0 = 4 GeV2.

In the figure, the points (squares for x = 10�4 and open circles for x = 10�3) are the results of our explicit calculations for
12C, 40Ca, 110Pd, and 208Pb; the smooth curves is a two-parameter fit to the A � 40 points in the following form:

1
A

Z 0.1

x
dxP�f D(3)

j (�,Q 2, xP) = a1A1/3(1�a2), (190)

where a1 and a2 are the free parameters of the fit. The resulting values of a1 and a2 are summarized in Table 4.
The parameterization in Eq. (190) interpolates between the two limiting regimes:

R 0.1
x dxP�f D(3)

j /A / A1/3 correspond-
ing to the (unshadowed) impulse approximation and

R 0.1
x dxP�f D(3)

j /A / A�1/3 corresponding to full-fledged nuclear shad-
owing. As one can see from Table 4 and also from Fig. 71,

R 0.1
x dxP�f D(3)

j (�,Q 2, xP)/A decreases as A is increased. This is
consistent with the expectation of the onset of the full-fledged nuclear shadowing that reduces the A dependence of the
t-integrated diffractive parton distributions (structure functions, cross sections) from A4/3 (impulse approximation) to A2/3.

Note that apparently 12C is too light for this trend to present; we did not include the A = 12 point in the fit of Eq. (190).
Having addressed the A dependence of the nuclear diffractive PDFs, we can now better understand the A dependence and

the absolute value of the probability of diffraction Pj
diff. Since both

R 0.1
x dxP�f D(3)

j (�,Q 2, xP)/A and fj/A(x,Q 2)/A are rather



In AA scattering it will be possible to measure gluon nuclear diffractive pdfs 
(or at least rapidity gap probabilities) in most of the small x kinematic range 
where measurements of nuclear gluon pdfs will be feasible . The key 
element is the  possibility to use the direct photon mechanism to determine 
which of the nuclei has emitted the photon - - 10% of the dijet 
production  for direct photon contribution is diffractive

16

The measurements are likely to be doable practically for the
whole range where inclusive measurement of pdf ’s will be possible.
Key element - possibility to use the direct photon mechanism to
determine which of the nuclei has emitted the photon. Numerical
studies are in progress.
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Question V: How small dipoles interact with nuclear media?

Expectations: small size, low energies ( relatively large x ~ 10-2  ÷ 10-3 )

cross section is small, but 
onset of LT nuclear shadowing

σinel =
π2

3
F2d2αs(λ/d2)xGT(x.λ/d2)
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Question VI: What is Asymptotic behavior of the amplitude of the elastic 
scattering of small dipoles in QCD at large t ? Does  BFKL 
approximation works?

Both questions can be addressed by studying rapidity gap processes at large t=(pρ-pγ)2  which were 
first studied at  HERA

xq

N

γ ρ, J/ψ

X

Elementary reaction - scattering of a hadron (γ, γ*)
off a parton of the target at large t=(pγ-pV)2 FS 89 (large t pp→p +gap + jet), FS95

Mueller & Tung 91

regime of color opacity, a direct evidence is very limited, see however [?]. The rapidity gap
processes we discuss in this paper will provide additional handles to address these questions.

To probe this physics a number of small x processes which originate due to elastic scat-
tering of a parton and a small quark-antiquark (qq̄) color singlet dipoles (we will refer to
them in the following simply as dipoles) at large momentum transfer and at high energies
were suggested. This includes hard di�raction in pp⇧ pX process at large t, production of
two jets accompanied by rapidity gap-coherent Pomeron [?], the rate of production of two
back to back jets with a large rapidity gap in between [?] as compared to the rate of two jet
production in the same kinematics without rapidity gaps [?, ?], photo(electro) production
of vector mesons at large t with a rapidity gap [?, ?, ?]. Production of two jets with a gap
in between was studied experimentally at the Tevatron, see e.g. [?]. Over the last ten years
the theoretical and experimental studies were focused on the photo/electro production o�
a proton. Studies of these processes at HERA resulted in the measurements of the rele-
vant cross sections [?, ?, ?, ?, ?] in a region of the photon-proton center of mass energies
20 GeV ⇤ W�p ⇤ 200 GeV .

The HERA data agree well with many (though not all) predictions of the QCD motivated
models (several of which use the LO BFKL approximation[?]), see for example [?] and
references therein.

Clearly it would be beneficial to extend such study to higher W�p and over a larger
range of the rapidity gap intervals to investigate how energy dependence of the small dipole
- parton scattering changes with t. Recently we demonstrated [?] that this will be possible
using quasireal photons in the ultraperipheral collisions (UPC) of protons with nuclei at
LHC.

Here we perform a more detailed analysis focusing on study of ⇥ meson photoproduction:

� + p(A)⇧ ⇥ + rapidity gap + X, (1)

at large t and with a rapidity gap between ⇥-meson and produced hadronic system X in
the proton-nucleus and nucleus-nucleus UPC at LHC. We consider the kinematics where the
rapidity gap interval is su⇤ciently large (⌅ 4) to suppress contribution of the fragmentation
processes. Related physics can be investigated in the di�ractive production of charm or two
jets separated by large rapidity gap from the nucleon fragmentation region. For example,
studies of the A-dependence of production of two jets in the processes like � + A ⇧ (jet +
M1)+ rapidity gap+(jet+M2) will allow to check presence of the color transparency e�ects
in the gap survival in hard photon induced processes [?].

The CMS and ATLAS detectors are well suited for observing such processes since they
cover large rapidity intervals.

The main variables determining the dynamics of the process are the mass MX of system
produced due to the dissociation of proton target, the square of the transfered momentum
�t ⇥ Q2 = �(p� � pV )2, and the invariant energy of the qq̄- parton elastic scattering

s� = xW 2
�p, (2)

where

x =
�t

(�t + M2
X �m2

N)
, (3)

2

⎫
⎭⎬

regime of color opacity, a direct evidence is very limited, see however [?]. The rapidity gap
processes we discuss in this paper will provide additional handles to address these questions.

To probe this physics a number of small x processes which originate due to elastic scat-
tering of a parton and a small quark-antiquark (qq̄) color singlet dipoles (we will refer to
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were suggested. This includes hard di�raction in pp⇧ pX process at large t, production of
two jets accompanied by rapidity gap-coherent Pomeron [?], the rate of production of two
back to back jets with a large rapidity gap in between [?] as compared to the rate of two jet
production in the same kinematics without rapidity gaps [?, ?], photo(electro) production
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vant cross sections [?, ?, ?, ?, ?] in a region of the photon-proton center of mass energies
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The HERA data agree well with many (though not all) predictions of the QCD motivated
models (several of which use the LO BFKL approximation[?]), see for example [?] and
references therein.

Clearly it would be beneficial to extend such study to higher W�p and over a larger
range of the rapidity gap intervals to investigate how energy dependence of the small dipole
- parton scattering changes with t. Recently we demonstrated [?] that this will be possible
using quasireal photons in the ultraperipheral collisions (UPC) of protons with nuclei at
LHC.

Here we perform a more detailed analysis focusing on study of ⇥ meson photoproduction:

� + p(A)⇧ ⇥ + rapidity gap + X, (1)

at large t and with a rapidity gap between ⇥-meson and produced hadronic system X in
the proton-nucleus and nucleus-nucleus UPC at LHC. We consider the kinematics where the
rapidity gap interval is su⇤ciently large (⌅ 4) to suppress contribution of the fragmentation
processes. Related physics can be investigated in the di�ractive production of charm or two
jets separated by large rapidity gap from the nucleon fragmentation region. For example,
studies of the A-dependence of production of two jets in the processes like � + A ⇧ (jet +
M1)+ rapidity gap+(jet+M2) will allow to check presence of the color transparency e�ects
in the gap survival in hard photon induced processes [?].

The CMS and ATLAS detectors are well suited for observing such processes since they
cover large rapidity intervals.

The main variables determining the dynamics of the process are the mass MX of system
produced due to the dissociation of proton target, the square of the transfered momentum
�t ⇥ Q2 = �(p� � pV )2, and the invariant energy of the qq̄- parton elastic scattering

s� = xW 2
�p, (2)

where

x =
�t

(�t + M2
X �m2

N)
, (3)

2
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The   rapidity gap between the produced vector meson and knocked out 
parton (roughly corresponding to the leading edge of the rapidity range filled 
by the hadronic system X) is related to Wγp and t  (for large t,  Wγp as

yr = ln
xW 2

�p�
(�t)(m2

V � t)

The choice of large t ensures two important simplifications. First,  the parton 
ladder mediating quasielastic  scattering  is attached to the  projectile  via two 
gluons. Second is that  attachment of the ladder to two partons of the 
target is strongly suppressed.  Also the transverse size dqq̄ ⇥ 1/

⇤
�t

d��+p�V +X

dtdx
=

d��+quark�V +quark

dt

�
81
16

gp(x, t) +
⇤

i

(qi
p(x, t) + q̄i

p(x, t))
⇥
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Analyses with z cut, M2X/s < const cuts are good for study of the 
dominance of the mechanism of scattering off single partons. However 
they correspond to rapidity interval between VM and jet which are 
typically of the order Δy = 2 - 3. 

Optimal way to study BFKL dynamics  is to keep M2X < const and vary W

Difficult but not impossible at HERA natural at LHC

At LHC one can study energy dependence of  elastic qq - parton scattering at W’=20 GeV -  400 GeV  

�el(qq̄ � q(g)(W � = 400GeV )/�el(qq̄ � q(g)(W � = 20GeV ) ⇥ 10 !!! if  δ=0.2 -- NLO BFKL  

-

20

W

0
= W (qq̄ � parton) / exp(yr)
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We argue that the process !! A ! J=c ! “gap”! X at large momentum transfer q2 provides a quick
and effective way to test the onset of a novel perturbative QCD regime of strong absorption for the

interaction of small dipoles at the collider energies. We find that already the first heavy-ion run at the LHC

will allow one to study this reaction with sufficient statistics via ultraperipheral collisions, hence probing

the interaction of q !q dipoles of sizes "0:2 fm with nuclear media down to x" 10#5.

DOI: 10.1103/PhysRevLett.102.232001 PACS numbers: 12.38.#t, 13.60.#r, 24.85.+p

Soon after J=c was discovered, the J=c photoproduc-
tion experiments on nuclear targets have established that
nuclei are practically transparent to the J=c ’s produced at
photon energies in the range "20–120 [1,2]. The absorp-

tive cross section "J=cN
abs was found to be close to "4 mb

that is much smaller than the cross section of interaction of
ordinary mesons "25 mb. The observed transparency is
natural within the Low-Nussinov model of two-gluon ex-
change where the cross section of hadron interaction with a
small color singlet dipole quark-antiquark configuration in
the photon wave function is proportional to the square of
the transverse size of the color dipole [3,4]. Note that the
average size of c !c configurations involved in photoproduc-
tion of J=c is significantly smaller than the J=c size. Such
suppression of interactions of small dipoles is a well known
effect in electrodynamics—for example, a muonium can
propagate through the media much easier than a
positronium.

Within the leading lnQ2, ln$1=x% approximations of
perturbative QCD, one expects (differently from the
Low-Nussinov model) that the cross section of the inter-
action of small dipoles with hadrons should increase rap-
idly with an increase of invariant dipole-hadron energy
W!N & !!!

s
p

due to the growth of the gluon fields in hadron
targets at small x / s#1:

"dip#T$x; d% &
#2

3
F2d2$s$%=d2%xGT$x;%=d2%; (1)

where F2 & 3$4=3% is the Casimir operator for the two-
gluon (q !q) dipole and %" 4–9. For a dipole of a size
"0:25 fm relevant for production of J=c , Eq. (1) corre-
sponds to energy dependence / s0:2 and describes well the
behavior of both the exclusive electroproduction of vector
mesons and the inclusive cross section of deep inelastic
electron-proton scattering observed at the Hadron Electron
Ring Accelerator (HERA); for a review and references, see
[5].

A naive extrapolation of the observed pattern to LHC
energies indicates that the strength of this interaction may

reach values comparable to that experienced by light had-
rons, leading to a new regime of strong interaction physics
at the LHC characterized by a strong absorption of small
color dipoles by the media. On the other hand, it is evident
that to avoid conflict with probability conservation starting
from some energies such a rapid increase of the cross
section should be tamed.
So the question is whether it will be possible at the LHC

to observe this new perturbative QCD regime when the
coupling constant is small but the interaction is strong. In
practice, it is very difficult to devise a high energy probe
for virtualities of a few GeV2 for the hadron colliders
especially for the high energy strong interactions involving
nuclei where gluon densities per unit area are higher and
where new high gluon density physics should be enhanced.
Such a problem is absent for electron-ion colliders, but
these colliders are far in the future.
An alternative which we discuss here is to use ultra-

peripheral collisions (UPCs) of ions at the LHC in which
one of the nuclei serves as a source of quasireal photons
and another one as a target. The recently published study
[6] demonstrates that it is feasible to select UPCs at the
LHC and that the rates for many processes of the dipole-
nucleus interactions are high enough. This includes the
process of coherent photoproduction of J=c [7].
However, this process could be effectively studied only
up to relatively small energies W!N " 130 GeV due to the
inability to separate contributions due to the lower and
higher energy photons emitted by two colliding ions.
Here we suggest a strategy which avoids the above-
mentioned shortcoming of the coherent J=c production.
It is based on the study of the large momentum transfer
#t ' q2 ' $p! # pJ=c %2 process: !! A ! J=c !
gap! X. In addition to the theoretical advantages which
we will explain below, it also has some appealing ob-
servational features. Observation of J=c and hadrons
allows one to determine unambiguously which of the
nuclei emitted the photon. As a result, it is possible to
observe the process up toW!#N " 1 TeV. Besides, accep-
tance of all three LHC detectors which plan to study heavy-
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Complementary to γ+ Α →J/ψ  +Α and has several advantages: 

� +A ! J/ (⇢, 2⇡)+ ”gap” + X at large t

(i)  larger W range (due to ability to determine which of nuclei generated photon

(ii) Regulating x of the parton in nucleus - shadowing vs linear regime 

(iii)  More central collisions - larger local  gluon density 

Qualitative Predictions:

❃ Aeff/A  should increase with t at fixed W - smaller dipoles 

❃ Aeff/A  should decrease with increase of W  at fixed t - onset of black disk regime.  
Larger shadowing for small x (regulated by the rapidity covered by X-system)



gA!x;Q2; ~b " ~0# $ gN!x;Q2; ~! " ~0#: (10)

An effective way to implement this condition is to use the

eikonal expression for screening of gA!x;Q2; ~b#:

gA!x;Q2; ~b#
gN!x;Q2#

" 2

"eff!x;Q2#

!
1

% exp
"%T! ~b#"eff!x;Q2#

2

#$
;

which leads to gA!x;Q2; ~b#=gN!x;Q2# & 2="eff!x;Q2#,
and find the maximal value of "eff!x;Q2# which satisfies
Eq. (10) for large T!b#. The t dependence of the gluon
generalized parton distribution gN!x; t# is measured at
HERA in the exclusive vector meson production. For x'
10%4 exponential fits [ exp!Bt#], find B' 5 GeV%2. Using
this fit we find "max

eff " 4#B' 27 mb. This geometrically
constrained LT (gcLT) model leads to the solid curve in
Fig. 2. One can see that the magnitude of the suppression
predicted by such a gcLT model is rather close to that
obtained in the eikonal model; the effect of absorption is
large and strongly depends on energy and q2.

To determine for what kinematic range at the LHC the
measurements of the cross section of the ultraperipheral
process A( A ! A( J=c ( gap( X are feasible, we
used the standard expression for the photon flux generated
by the relativistic ions. To calculate the cross section of
$p ! J=c ( gap( X, we adopted the QCD motivated
parametrization of [10] which fits all relevant HERA data
using CTEQ6L parton distributions [15]. Pgap

A was calcu-
lated within the models described above. We imposed the

cut ~xmin $ 0:01 corresponding to MX & 10
%%%%%
q2

p
.

Since it is possible to determine experimentally which
colliding ion serves as the source of photons, we do not
account here for the symmetrical contribution from another
ion which increases the counting rate by a factor of 2. The
results presented in Fig. 3 indicate that, for the planned
integrated luminosity for one month of running per year
4:2) 105 mb%1, it will be possible to measure Pgap

A in a
wide range of q2 up toW$N ' 1 TeV. A much larger range

of q2 will be feasible for the process $( A ! !( gap(
X due to both a larger elementary cross section and the
absence of the suppression due to a small branching ratio
for J=c ! l(l%. Measurements with !’s will also allow
one to determine up to what q2 the end point contribution

which corresponds to very small Pgap
A / A%2=3 gives a

noticeable contribution and at what q2 the leading twist
contribution leads to Pgap

A !!# * Pgap
A !J=c #.

In conclusion, we find that a study of the J=c in UPC
with rapidity gaps will allow one to determine the pattern
of absorption for the interaction of small dipoles with
0:15 fm & d & 0:25 fm up to W$N ' 1 TeV which corre-

sponds to interaction with gluon fields with x down to 10%6

for virtualities of'4–10 GeV2. The ability to vary both q2

and W$N will allow one to separate the regions where

opacity should be large and where the high energy color
transparency will hold. Extension of these measurements
to smaller q2 will help to get a better understanding of soft
diffractive dissociation induced by a small dipole. The
discussed J=c measurements will also serve as an impor-
tant benchmark for the studies of J=c production in the
heavy-ion collisions at the LHC as well as help to under-
stand the possible role of small dipoles in generating a
strongly fluctuating pedestal in the inelastic pp collisions.
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The rapidity distribution for the J/ψ photoproduction in the UPC 
Pb+Pb→Pb+ J/ψ + gap + X (for one nucleus emitting photons) 

which is formally a higher twist effect in d2, has a physical
meaning of the probability for a small dipole to pass
through the media without inelastic interactions for the
energy W!N.

This effect can be expressed through the profile func-

tion for the dipole-nucleus scattering !dip;A!x; d; ~b", which
is the Fourier conjugate of the elastic dipole-A ampli-

tude. It is normalized so that "tot!dip# A"!x; d" $
2
R
d2b!dip;A!x; d; ~b". The range of gluon x probed in

this case is of the order x % m2
J=c =W

2
!N (and somewhat

smaller if one uses the charmonium model for the J=c
wave function like in [12]). In the dynamics driven by

inelastic interactions, j!!x; d; ~b"j & 1. Application of
S-channel unitarity (essentially the probability conserva-
tion; cf. [13]) allows one to demonstrate that the probabil-
ity for the dipole not to interact inelastically is equal to

j1# !!x; d; ~b"j2 leading to

Aeff $
Z

d2bT! ~b"j1# !!x; d; ~b"j2: (7)

Here we neglect fluctuations in the size of the dipole which
is a good approximation for the regime of moderate ab-
sorption where average interaction strength enters into the
answer. In the case of large absorption, the filtering effect
takes place leading to enhancement of the contribution of
small dipoles. A more detailed treatment will be given
elsewhere.

Choice of kinematics with ~x > xsh results in dominance
of hard interaction at small impact parameters. Thus, using
a heavy nucleus as a target, one can probe propagation of a
small dipole through '10 fm of nuclear matter and deter-

mine j1# !!x; d; ~b"j.
To estimate the suppression effect as given by Eq. (7),

we use two popular complementary models for the inter-
action of a small size dipole with the matter. One is the
eikonal model where the small size dipole interacts via
multiple rescatterings off nucleons with the strength given
by the dipole-nucleon total cross section. Deviations of the
dipole-nucleus interaction from / A is a higher twist effect
since the interactions with n ( 2 nucleons is /d2n. The
second model is the leading twist shadowing model which
includes only two gluon attachments to the dipole. In this
case deviations from the linear regime in A are due to soft
interactions of the two gluons with the nucleus.

In the eikonal model, neglecting fluctuations of the c "c
transverse size, we obtain

!!x; d; ~b" $ 1# exp)#"dip#N!x; d"T! ~b"=2*; (8)

where "dip#N!x; d" is given by Eq. (1). Since for heavy
nuclei T!0" + 2 fm#2, Pgap

A + exp)#"dip#N!x; d"T!0"* be-
comes small already for "' 5 mb which corresponds to
x' 10#3. Hence in this model a large suppression effect is
expected which grows with W!N and, for fixed W!N ,
decreases with an increase of q2; see Fig. 2 (the curves

for q2 $ 50 GeV2 aim to illustrate the trend of the t
dependence of Pgap

A ; the actual measurement for this range
of t will require a long running time).
An alternative model is the leading twist approximation

over parameter #2
QCD=!4m2

c , q2" for the dipole scattering
off the nucleus which was used for the description of
coherent J=c production. Contrary to the eikonal approxi-
mation, this approach accounts for essential nuclear modi-
fication of the nuclear parton distributions at small x. Since
in the leading twist Eq. (1) describes the inelastic dipole-
nucleus cross section, the probability for a dipole of the
size d to pass through the nucleus without inelastic inter-
actions is

Pgap
A $ 1

A

Z
d2bT! ~b"

!
1#"dip#N!x;d"

gA!x;Q2; ~b"
gN!x;Q2"

"
; (9)

where Q2 $ #=d2 and gA!x;Q2; ~b" is the gluon den-
sity of the nucleus in impact parameter space

[
R
gA!x;Q2; ~b"d2b $ gA!x;Q2"]. In the kinematic range

x ( 3- 10#3 where shadowing effects are still small,
one can unambiguously calculate the shadowing correc-

tion as a function of ~b through the diffractive gluon
parton distribution function (pdf) gdiff!x; xP; Q2", which
is measured in hard processes at HERA. Higher order
rescatterings could be estimated by introducing
"eff!x;Q2" $ R

0:01
x dxPgdiff!x; xP; Q2"=gN!x;Q2"; for de-

tails, see [14].
The very small x and low virtuality diffractive pdfs one

has to use for such an analysis are not reliable as they
involve extrapolations from larger Q2 and x. A straightfor-
ward application of the data leads to a very strong shadow-
ing of gA and hence to a small absorption; see Fig. 2 (dotted
line). However, it is very difficult to envision leading twist
(LT) dynamics where partons of nucleons at a given impact
parameter b would screen the nuclear pdf below the maxi-
mal value of generalized gluon density gN!x;Q2; ~$" of one
nucleon at this b [in the Glauber model for the nucleon-
deuteron interaction, this condition corresponds to
"!hD" ( "!hN"]. For the limit of large A, this implies a
condition
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Integrated over mass of produced system cross section of the nucleon dissociative ρ meson 
photoproduction at -t=5 GeV2 in the ultraperipheral lead-lead collisions at LHC. The upper figure 
- the limit of the mass of produced system MX is proportional to the photon-nucleon center of 
mass energy MX < 0.1Wγ p, in the right figure for central rapidities the limit of MX  is fixed by 
restriction  MX < 5GeV. Solid line - calculations with Glauber-Gribov screening, dashed line 
calculations in the leading twist approximation neglecting nuclear shadowing correction which is 
very small for discussed kinematics, dot-dashed line - one-side contribution when ρ meson is 
produced by photons emitted by only one nucleus: large positive rapidities correspond to vector 
mesons produced by high energy photons.  The counting rate can be estimated using expected 
luminosity for PbPb collisions L=10-3  μb-1 sec -1.

Feasible to reach WγN= 1 TeV  -  where BDR should hold down to dipole sizes 0.15 - 0.2 fm

24



Conclusions 

Small x physics with protons and nuclei in a factor of ten  larger energy range than at HERA though at 
higher virtualities both in inclusive and diffractive channels. As compared to pp at the LHC  the  x range is 
more narrow but virtualities where data can be meaningfully interpreted is smaller.

Interaction of small dipoles at ultrahigh energies -  approach to black body regime, color 
opacity

Color fluctuations in inelastic γA (especially with a dijet trigger)  and rapidity 
gaps  -  new frontiers of studying high energy QCD


