Transverse structure of the nucleon and
onset of the black disk limit
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Collisions of two composite objects:
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Three dimensional structure of high energy nucleon

Onset of black regime of interaction for small dipoles

Centrality trigger for pp collisions.

Structure of inelastic final states in central pp/pA collisions &
comments on peripheral collisions

Implications for elastic and total cross sections - universality at
asymptotic energies




Iwo ingredients crucial for building a realistic
description of pp/pA interactions at LHC
energies and for cosmic rays:

Realistic implementation of information about transverse
structure of the parton distributions in nucleon - generalized
parton distributions - studied at HERA in exclusive processes.

Breakdown of the leading twist approximation for the
interaction of partons up to rather large virtualities -

approach to black disk limit. Problem - current MC

are forced to introduce a cutoff on minimal p. of the jets which is
a strong function of pp energy but not a function of parton’s x.

Another effect which maybe important:
transverse correlations between the partons
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Image of nucleon at different resolutions, q. Rest frame.

. resolution | fm, g < 300 MeVI/c

resolution 1/3 fm

1000 >q > 300 MeVic
- + ...
Constituent quarks, pions (picture inspired

qq pair in by chiral QCD)

g > 1000 MeVic
pQCD evolution




Key features of high energy QCD:

@® Slow space-time evolution of the fast component of the high energy wave
functions of colliding hadrons (Lorentz slow down)
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® Already at a rather modest resolution ; Q22=4G6V2
of the probe, Q~ 2 GeV, nucleon B
consists of not simply three quarks and
few gluons but of tens of constituents 4§
and the number of constituents rapidly :
grows with energy.

o
I

® Gluons carry ~50% of the nucleon momentum at the resolution scales as

low as (O? ~ m? (nonperturbative dynamics). Speeds up generation of stron
N P Y > P8 g
gluon fields at small x - high densities before log x effects become important
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Scaling violation for gluons at
small x
- from G.Salam study

Current studies of the perturbative QCD lead to expectation that the growth of the parton
densities predicted by LO DGLAP is weakly modified when NLO is included and the attempt to
sum various extra terms does not modify result noticeably down to smallest x relevant for GZK.

Can we trust pQCD prediction that the growth persist down to very small x?




Image of nucleon at different resolutions, q. Fast frame.

Energy dependence of the transverse size of small x partons.

N7

(a) (b)

(©) longitudinal momentum transverse coordinate

n
R*(n) = 2 Random walk in b-space (Gribov 70). (Drunken sailor walk)
(0
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Length of the walk ©C rapidity, y as each step a change in rapidity of few

units. 5 5 ;i /
nxy = R°=Rj+cy= Ry+clns

lmplications:

(a) The transverse size of the soft wee parton cloud should logarithmically
grow with energy.

Logarithmic increase of the t-slope of the elastic hadron-hadron
scattering amplitude with energy:

f(t) <exp(Bt/2), B(s)=By+2d In(s/sp)

o o« 1/k,



z-X cut of the fast nucleon

the rate of increase of transverse size with x decreases with increase
of the resolution scale

Momentum P in z direction

e e ——

| _Sx>
T IVTNp
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Transverse size of x>0.|
quarks and gluons is smaller
than the average proton size

pbredominantly due to the pion
cloud effects - Frankfurt, MS,

Weiss
- will discuss later

transverse size of the parton cloud

< >

wee parton are spread over | fm even at high energies
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Longitudinal momentum/transverse Image at High resolution

Implications: (b) Gribov diffusion is much weaker as the transverse momenta in
most of the decay ladder are much larger than the soft scale. Transverse size

shrinks with increase of resolution scale!!! No analogous effect in classical mechanics.
Note however - at very small x, Gribov diffusion at a soft scale generates via

QCD evolution smaller increase of the radius at higher resolution scales.

Evidence for suppression of diffusion: for ZEUS and HI| observe that o isa
factor of two smaller for the process Y + p — J/Y + pthan for soft processes

Confirms our prediction of 94 - BFGMS

Additional important effect: transverse distribution of x=.05 gluons
in the nucleon is significantly smaller than a naive guess based on the

e.m. radius of the nucleus.



Implication - hard processes correspond to collisions where nucleons
overlap stronger & more partons hit each other - use hard collision
trigger to study central collisions.

soft

hard dijet
q. =100 GeV

hard | B -

Xip = 2¢./W~107

“peripheral” "central”

(dominate .total
Cross section)
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To quantify the difference of the impact parameters and the role of small x
gluon field we can use theoretical analyses of the hard phenomena studied
at HERA:

® Determination of the transverse distribution of gluons.

® Strength of of “small dipole”-nucleon interactions at
high energies

13



QCD factorization theorem for DIS exclusive processes
(Brodsky,Frankfurt, Gunion,Mueller, MS 94 - vector mesons, small x;
general case Collins, Frankfurt, MS 97)

Meson distribution
amplitude

Hard scattering
process

Generalized
parton distribution
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Extensive data on VM production from HERA support dominance of the
pQCD dynamics. Numerical calculations including finite transverse size effects
explain key elements of high O° data.The most important ones are:

® Energy dependence of J/vproduction;absolute cross section
of j/y,Y production.

® Absolute cross section and energy dependence of p-meson

production at  (Q* > 20 GeV? Explanation of the data at lower Q?is

more sensitive to the higher twist effects, and uncertainties of the
low Q° gluon densities.
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O Universal t-slope: process is dominated by the scattering of quark-antiquark pair in a
small size configuration - t-dependence is predominantly due to the transverse spread
of the gluons in the nucleon - two gluon nucleon form factor, F,(x,1). do/dt « F;(x,1).

Onset of universal regime FKS[Frankfurt,Koepf, MS] 97.

~ 13
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d
Convergence of the t-slopes, B ( d—f = Aexp(Bt),

of p-meson electroproduction to the slope of
J/W photo(electro)production.

—> Transverse distribution of gluons can be extracted from v+ p — J/\y+N
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Effective Pomeron Trajectory
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trajectories similar within errors

ZEUS photoproduction

ZEUS electroproduction



Shrinkage of the Forward Peak
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data point from 1D fits fo ¢
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line from a 2D Fit (W and t) :
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Y +P->J/1P+P,<EY>=100GeV

Binkley et al 82

do/dt(nb/GeV?/ c?)

: M N
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—t(GeV?/ ¢?)

Theoretical analysis of //¥ photoproduction
at 100 GeV > E, > 10 GeV corresponds
to the two-gluon form factor of the nucleon
for 0.03<x<0.2, O~ 3GeV? —t <2 GeV*

F,(x,0%t) = (1 —t/mé)_z. mf, = 1.1 GeV*
which is larger than e.m. dipole mass

m>,  =0.7 GeV*. (FS02)

The difference is likely due to the chiral

dynamics - suppression of scattering off
the pion field at x>0.05 (Weiss &MS 03)

Note that discussed effect in soft interactions included in the Pomeron -
nucleon vertex since low energy pion-nucleon cross section is large.

& & @ Large difference between impact parameters of soft interactions and hard

interactions especially for xparton > 0.01.



x-dependence of transverse distribution of gluons

2
Fy(x,t) = 1/(1 —1/mg(x)*),m;(x = 0.05) ~ 1GeV?,m;(x = 0.001) ~ 0.6GeV~.

For x=0.05 it is much harder than e.m. form factor (dynamical origin - chiral
dynamics) = more narrow transverse distribution of gluons than a naive

expectation. (Frankfurt, MS , Weiss -02-03)
The gluon transverse distribution is given by the Fourier transform of the two

gluon form factor as

d°A,
L2 — L (AL A2 .2
F(opiQ) = [ G 0 B = —a2:0)
It is normalized to unit integral over the transverse plane: /dzp F,(x,0;0%) = 1.
My (mgp
Fo(x,p) = 5 ( 5 ) Ki(mgp)

The (O° dependence is accounted using LO DGLAP evolution at fixed P
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Sketch of the squared radius of the parton distribution for
soft and hard regimes as a function of x.
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Our model for the r—dependence of the average transverse gluonic size
squared of the nucleon, (p?) at the scale Q2 = 2 + 4 GeV? relevant to J /1
production. Short-dashed line: (p?) = 0.28 fm”, as extracted from the
t-slope of the J/v) production cross section measured in various experiments
(F& S 02) Long-dashed line: Sum of the constant value (p?) = 0.28 fm~
and the pion cloud contribution calculated in Strikman & Weiss, 2003 Solid

line: The parameterization based on the experimental value of «; . as
measured at HERA.

M.Strikman
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2 p Fy (x, p, )/ fm’!

The change of the normalized p—profile of the gluon distribution,
F,(z, p; Q%), with Q°, as due to DGLAP evolution, for 2z = 107°. The
input gluon distribution is the GRV 98 parameterization at Q2 = 3GeV?,
with a dipole—type b—profile.

M.Strikman
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0.45
Change of <p?(Q?)> with x - leads to
effective 0" which drops with Q but

04 |
' still remains finite even at very high Q.

<p2> / fm?

0.35 |

03 I I I I I I

0%/ GeV?

The change of the average transverse gluonic size squared, (p?), due to
DGLAP evolution, for x = 1072, 1072 and 10~ *.

M.Strikman
24



Multi-jet production - study of parton correlations in nucleons

a) b)

Where is the infinite number of primordial *sea’ partons in the infinite momentun

state of the proton: inside the constituent quarks (a) or outside (b) ?

A view of double scattering in the transverse plane.
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At high energies, two (three ...) pairs
of partons can collide to produce
multijet events which have distinctive
Kinematics from the process two

partons — four partons.

Note - collisions at points
separated in b by ~ 0.5 fm
= independent fragmentations




Experimentally one measures the ratio

do(p+p— jeti+ jetr+ jets+Y)
dQ21234 f(xl,X3)f(X2,X4)

do(p+ﬁd?2{if1+j€f2) . dO(PJer—;jefﬁ‘Y) N ()'efff(xl)f(xZ)f(X3)f(X4)

where  f(x1,x3), f(x2,%4) longitudinal light-cone double parton densities and

Ocrf is "~ transverse correlation area".

CDF observed the effect in a restricted x-range: two balanced jets, and jet +
photon and found O.rr =145+ 1.7 ;1 mb rather small - a naive expectation is

O¢ff ~60mb indicating high degree of correlations between partons in the
nucleon in the transverse plane. No dependence of O¢ff on X; was
observed.
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Possible sources of small Oe¢ff for CDF
kinematics of x ~0.1-0.3 include:

@ Small transverse area of the gluon field --accounts for 50 % of the
enhancement Ocf~ 30mb (F&S & Weiss 03)

@ Constituent quarks - quark -gluon correlations (F&S&WV)

If most of gluons at low Q~ |GeV scale are in constituent quarks of radius
r/rn ~1/3 found in the instanton liquid based chiral soliton model

(Diakonov & Petrov) the enhancement as compared to uncorrelated parton

L 2
approximation Is 8 l’” N _

§|9r62]

Hence, combined these two effects are sufficient to explain CDF data.
(F&S&WV)

@ QCD evolution leads to “Hot spots” in transverse plane (A.Mueller).
One observes that such hot spots do enhance multijet production as
well. However this effect is likely not to be relevant in the CDF
kinematics as x’s of colliding partons are relatively large.
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In order to analyze the strengths of interaction with the gluon fields at
small x it is convenient to consider virtual photon - nucleon scattering in
the nucleon rest frame.

Space-time picture of DIS, exclusive vector meson
production - a three step process:

® transition Y — /& where h arevarious ¢9¢.99E ...

configurations long before the target:
lcoh ™ C(Qz)QO/szc(Qz) < 1
Slow evolution of this wave package.

® interaction of the evolved configurations with the target,

® formation of the final state.

28



Convenient to introduce a notion of the cross section of the interaction
of a small dipole with the nucleon. Such a cross section

can be legitimately calculated in the leading log approximation. One
can also try to extend it to large size dipoles hoping that a reasonably
smooth matching with nonperturbative regime is possible.

A delicate point: in pQCD the cross section depends both on the
transverse separation between quark and antiguark and the off-shellness
(virtuality) of the probe which produced the gg pair. In most of the models
on the market this is ignored.
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Consider first “small dipole - hadron” cross section

2
Ginel = %dezas(k/dz)xGT (x\/d?)

F2 Casimir operator of color SU(3)
F2 (quark) =4/3 F2 (gluon)=3

Comment: This simple picture is valid only in LO. NLO would require
introducing mixing of different components.Also, in more accurate expression
there is an integral over x, and and extra term due to quark exchanges

30



HERA data confirm increase of the cross sections of small

dipoles predicted by pQCD

0 an (@5 % Q%) (mb)

The interaction cross-section, ¢ for CTEQ4L, » = 0.01,0.001,0.0001,
A = 4,10. Based on pQCD expression for ¢ at small d;, soft dynamics at
large b, and smooth interpolation. Provides a good description of F5, at
HERA and J/¢) photoproduction. Provided a reasonable prediction for oL
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Impact parameter distribution in “h”(dipole)p interaction

Study of the elastic scattering allows to determine how the strength of the
interaction depends on the impact parameter, b:

|
Lu(s,b) = 2is (200)° /a’ ’quhN(s t); ImA = 50, exp(Bt/2)

Oror = 2 / d*bRel (s, b)

Oel:/d2b|r(sab)|2

o — / b(1 — (1—ReT'(s,b))? — [ImI'(s, b))

r(b) =1 = Ojpes = Ou

- black body limit(BBL)

1
Note that elastic unitarity: EImA — ‘A‘z + ... allows ['(b)<2



Using information on the exclusive hard processes we can also estimate t-dependence
of the elastic dipole-nucleon scattering and hence estimate

[,z from c(qgN).

In the case gg-N scattering we assume pQCD relation rgg — quq

0.5

b (fm)

0.5

b (fm) 0 1 p(fm)
1




N Hard scattering
process

Diffractive
parton
distribution

e, S

QCD factorization theorem for diffractive processes consistent with
the data to define universal diffractive parton densities:

X
ij(g,Qz,Xp,t)

34



To test proximity to BDL it is useful to define and calculate the probability of
diffractive scattering depending on the type of parton coupling to the hard probe

PJ(X7Q2) — /dt/pr f]l')(x/xﬂ)aQ27xPat)/fj(x7Q2)

If P;(x, Qz) is close to 1/2 interaction of “j” parton approaches BBL

1 oI T T TTTim T T 17T T 11T 1 LI L] B N N L) B B B R R L) I I R R R
0=2GeV ----- . 0=2GeV -----
10 GeV —— . 10 GeV ———

A 05 anti-u - A’ 0.5 F gluon -

e
0 Lol il T |
10° 10* 107 10?2 107! 1
A X

P,(x<3-107%,0*=4GeV?) > 0.4 FS98
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Incident partons which have large enough energies to resolve

x~ 10*— 10~ in the target nucleon and which pass at impact
parameters < 0.5 fm, interact with the nucleon in a regime which is
close to the black disk limit.

—

Implications for LHC - impact parameters for collisions with
new particle production vs generic inelastic collisions

New hard dynamics for fragmentation in pA and AA collisions
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First consider central pA collisions

Pr

Black disk limit in central collisions:
Leading partons in the proton, xi,
interact with a dense medium of
small x2 — gluons in the nucleus
(shaded area), acquiring a large
transverse momentum, p |

O x ~10-1
!
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What happens when a parton goes through strong gluon fields? It will be
resolved to its constituents if interaction is strong. To estimate the
transverse momenta of the resolved system use a second parton as a

regularization - consider the propagation of a small dipole of transverse
size d, which interacts in LO pQCD with cross section:

2
Ginel = %dezocs(K/dz)xGT (x,\/d?)
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To estimate the maximum transverse momentum for interactions close
to the BBL, we can treat the leading parton as one of the constituents of
a small dipole scattering from the target. This “trick” allows us to apply
the results of our study of the dipole —hadron scattering. In this analogy,
the effective scale in the gluon distribution is ngf ~ 4p% , corresponding
to an effective dipole size of J~3/2p,

Criterion of proximity to BDL:

[ 4Poled(p =0) > T ~ 0.5

corresponding to probability of inelastic collision of

1 —|1-T*>0.75
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BERT /
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— > /
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1 O, 40 - Vs=14TeV / -
4\/
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Black—disk limit in central collisions:

(a) The profile function for the scattering of a leading gluon in the proton
(regarded as a constituent of a dipole) from the nucleus at zero impact
parameter,, as a function of the transverse momentum squared,

(b) The maximum transverse momentum squared, BDL, for which the
interaction of the leading gluon is “black” (for quarks it is a factor of two
smaller).

P21 BDL strongly depends on x, while cutoff in the MC’s depends only on s!!!
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fast partons in a nucleon before collisions ¢t partons in a nucleon after central

collisions
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The leading particle spectrum will be strongly suppressed compared to minimal bias events
since each parton fragments independently and splits into a couple of partons with
comparable energies. The especially pronounced suppression for nucleons: for 7 > ().]the
differential multiplicity of pions should exceed that of nucleons.

1 AN pA—h+X
]TI _ — E /dxxfa(xangf)Dh/a(Z/vagff)
a=q,8

—

0 quarks

—_
Sooo 5=

dz
O o U4 & h A LNV LT

dN/
S

Z

p—
—_—
S oo oo

-—— QJ/A=35

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 12 14 1.6 1.8 20 2.2 24 2.6 2.8 3.0
z k, (GeV)

—_
()

il il il il il il il il il il il sl

Longitudinal (integrated over p t) and transverse

distributions in Color Glass Condensate model for
central pA collisions. (Dumitru, Gerland, MS -PRLO3).
Spectra for central pp - the same trends.
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— QJA=5
QJ/A=15 ]
——- Q/A=35 |

zdN(p-pbar)/dz

10 2 3 4 s 6 7 8 910"

Z
Longitudinal distribution of net protons

Note for moderate Qs coalecence becomes important for
moderate z enhancing the proton yields for these z’s.



Cosmic rays of ultrahigh energies: s<| 0! Gev2=1000 S| HC

Interpretation is very sensitive to the forward physics - number of
leading particles,...

A parton with a given x| is and resolution pt is sensitive to the
partons in the target with x=x2=4p:*/sNNx|

For s=10'" GeV?, x=0.1, p=5 GeV/c, x>x2=10° are resolved!!!



Can one study the same effects in pp?

Main idea/Qualitative expectation: hard partons are more
localized in transverse plane - gluon density in a nucleon at small

impact parameters is comparable to that in heavy nuclei at small b.
Hence in events with hard interaction trigger, spectator partons
experience much stronger gluon fields.

ot hard dijjet
q. =100 GeV
hard | @8-y
b
-2
Xjp = 2q./W~10
“peripheral” "central”

(dominate total

Cross section) .5



Impact parameter distribution for a hard multijet trigger.

For simplicity take 7 = x5 for colliding partons producing two jets with
T1Ty = 4qi/s. Answer is not sensitive to a significant variation of x; for
fixed ¢, .

The overlap integral of parton distributions in the transverse plane, defining
the b—distribution for binary parton collisions producing a dijet follows from
the figure:

46
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Hence the distribution of the cross section for events with dijet trigger over
the impact parameter b is given by

P5(b) = fdQﬂl fd2/02 5(2)(5 — p1+ p2)Fy(x1, p1) Fy(z1, p2),
where 11 = 2¢, /+/s. Obviously /% (b) is automatically normalized to 1.

For a dipole parameterization:

2

m m 3
Pab) = 15 (5%) Ks(mgh)

For two binary collisions producing four jets assuming no correlation
between gluons in the transverse plane:

Py(b) = /dfi(jzf(b);&(b) = I (m2gb)6[K3(mgb)]2.

More realistic estimate for 4 jet case using information from the analysis of the CDF data gives:

O‘eff(TI’LOdel)—O'eff(CDF)
ocff(model)

O‘eff(CDF)

P4,corr(b) ~ PZ(b) aeff(model)

- Py(b)

M.Strikman



q,/Gev=10 |

27 b P(b)/ fm™

The b—distribution for the trigger on hard dijet production, P5(b), obtained
with the dipole form of the gluon b—profile, for\/s = 14000 GeV and
g, = 10GeV and 100 GeV'. The plots show the “radial” distributions in
the impact parameter plane, 27b P5(b). Also shown is the corresponding
distribution for a trigger on double dijet production, P,(b), with the same

Pl-

M.Strikman



25 b P(b)/ fm’!

2 7 b P(b)/ fm™

172
S

27 b P(b)/fm’

[E—

[ P,
N P, ——
', \\ P]n _____
1/2 _
Ky =
1800 GeV
//X/ O
20
\
LN S
1 2 3
b/fm

Difference between b-distributions for
minimal bias and dijet, four jet events
strongly increases with increase of incident
energy. Solid lines: b—distributions for the
dijet trigger, > (b), with ¢, = 25 GeV/, as
obtained from the dipole—type gluon
p—profile. Long—dashed line: b—distribution
for double dijet events, P;(b).
Short—dashed line: b—distribution for
generic inelastic collisions.

M.Strikman




Let us estimate what average transverse momenta are obtained by a parton in the collision at a
fixed b and next take into account distribution over b .

®  Fixing fast parton’s x (XI) resolved by collision with partons

in other proton

@ Determining what minimal x are resolved in the second proton for

given virtuality 4p
P

L 0*=4pt smallx — largex,
X18

® for given p — distance of the parton from the center of another nucleon —

determining maximum virtuality - minimal size of the dipole- d, for which

[ =0.5.

® converting from d to average @ < pi >

P | acquired by Maximal p | for which

a spectator parton interaction remains black

for given  x;

50
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The critical transverse momentum squared, below which the interaction of a leading gluon
with the other proton is close to the black body limit, as a function b (x))

For leading quarks, the values of PZJ_,BDL are about half of those for gluons.

Also, a spectator parton in the BDL regime loses a significant fraction of its energy similar to

electron energy loss in backscattering of laser off a fast electron beam. Very different from
eikonal type picture (scattering off the classical field)



Qualitative predictions for properties of the

final states with dijet trigger

® The leading particle spectrum will be strongly suppressed
compared to minimal bias events since each parton fragments
independently and splits into a couple of partons with comparable
energies. The especially pronounced suppression for nucleons: for z > 0.1
the differential multiplicity of pions should exceed that of nucleons.

® A large fraction of the dijet tagged events will have no particles with
z>0.02—-0.05. This suppression will occur simultaneously in both
fragmentation regions, corresponding to the emergence of long--range
rapidity correlations between the fragmentation regions = large

energy release at rapidities y=4 - 6.

® Average transverse momenta of the leading particles > 1 GeV /c

Many similarities with expectations for spectra of leading hadrons in central
pA collisions.
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Implications for the searches of new heavy particles at LHC.

@ Background cannot be modeled based on study of minimal bias events.

@ Events with production of heavy particles should contain a significant
fraction of hadrons with transverse momenta p.1 ~ p1,BDL

originating from fragmentation of partons which passed through by the
strong gluon field. Transverse momenta of these hadrons are unrelated to
the transverse momenta of the jets. Strong increase of multiplicity at
central rapidities: a factor ~2 increase observed at FNAL, much larger at

LHC.
é Difficult to identify jets, isolated leptons,... unless p.(jet)>>p.epL

ﬂ Significant corrections to the LT approximation results for total cross
sections and small p?i < p?igpL differential cross sections of new

particle production.
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What dynamics governs the BLACK DISK (BD) regime in
hadron-hadron collisions?

In central pp collision at collider energies leading quarks get transverse
momenta > | GeV/c

If a leading parton got a transverse momentum p |
probability for a nucleon to remain intactis P, ~ Fy(p”)

it  (p1)>1GeV/c= P, < 1/2

However there are three leading quarks (and also leading gluons) in each nucleon.

6
—  Probability not to interact = |1 —T'(b)|* < [Pq] ~ 0

o T(h~0)=11!

Explains the elastic pp data for small b, predicts an increase of b
range, b<br where =1, br=c In's - Froissart regime.
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Probability of inelastic interaction:

P(b) =2 ReI'(b) — [T'(b)|?

Large b > | fm collisions generate ~ 50% of the total inelastic cross section of pp scattering. In
such interactions nucleons interact mostly via their periphery - and valence quarks are likely
not to be disturbed. Hence for such events - leading particle effect will survive. Challenge is to
model simultaneously both small and large b collisions. Necessary for determining a fraction of
events with leasding nucleons. In any case this picture leads to large fluctuations of the global
stucture of the events in pp and to leasser extent in p-air interactions. At LHC look for
anticorrelation between the forward protons/neutrons and activity at central rapidities.

55



~ hard dynamics

0.0— - - - -
104 105 108 10 102 10 s [GeVZ]

Energy dependence of the black body regime cutoff parameter br
estimated based on hard dynamics compared to the estimate
based on soft dynamics - Landshoff - Donnachie model at large b.
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Conclusions

Small x physics is an unavoidable component of the new patrticle physics production at LHC.
Significant effects already for Tevatron.

Minijet activity in events with heavy particles should be much larger than in the minimum bias
events or if it is modeled based on soft extrapolation from Tevatron.

Significant corrects for the LT predictions especially for moderate transverse momenta.

Many of the discussed effects are not implemented or implemented in a very crude way in the current
MC for LHC and cosmic rays

Forward physics for cosmic rays sensitive to small x physics - connection between pPb at LHC and GZK
cosmic rays

Total opacity at small b ( I" = 1 ) is due transition from soft to semi hard QCD - consistent with
expected changes of the inelastic events for small impact parameters.
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