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— Linear dynamics: DGLAP or BFKL or some resummation.

— Non-linear dynamics |V RAK|

(saturation): computable Saturation,
within pQCD or beyond nQAM=AY
perturbative techniques G ‘,

(e.g. Regge). - A — Q2 x AY3z™

Dilute system

— Enhances the
non-linear, density _— RA=|
effect

— |s an additional @ DGLAP
variable (A, centrality).

— A>>| simplifies theory. In Aaco

eA physics at the LHeC. 3



o analysis at LO (EPS08) and (HKNO7/,dFS, EPS09)
and with through the Hessian method available:
HKN, EPS.

o : existing data do not cover the LHC or UHECR

kinematics: pA@LHC and future eA colliders.

Valence Sea quarks Gluons

Constrained by DIS
Constrained by DY

Constrained by Sum rules

Assumptions

eA physics at the LHeC.

[these ranges are very approximative...
but valid in general for other analyses]

Salgado in ECT™, July ‘08

= ALICE CMS
B Jets =
] Photons []
Il Hadrons @

Present
DIS+DY




analysis at LO (EPSO8) and (HKNO7,dFS, EPS09)
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config. E(e) E(N) N ,fL(e+) fL(e’) |Pol| L/10** P/MW years type

SPL
RR hiQ”
RR lo x

LR

LR

° : 450, 1000, 2000, 4000, 7000 + 70, | use the same luminosity

as in C, G, |; fractional systematics taken from C; Q2<sx.
eA physics at the LHeC.
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° : 450, 1000, 2000, 4000, 7000 + 70, | use the same luminosity

as in C, G, |; fractional systematics taken from C; Q2<sx.
eA physics at the LHeC.




® The one | have at hand (NA ’02): parameter-free extension of
(3-flavor) GBWV (assumed valid for x<0.01, Q?<500 GeV?).

‘ 1 - ..
gaalz,r,b) =2 [1 — exp (—5ATA(1))0(1],(I. r)

p—
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~ NMC data
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® Statistics looks large enough,
even for central collisions!

® b<| fm means 9 % more central

collisions for Ca, 3 % for Pb.
. minimum bias; dashed: b<1 fm [X/Sd’bT,(b)]
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® Statistics computed keeping the
fractional error corrected by luminosity.

Fu(x,Q%) for p

® The error bars are large but for the
lowest Q2.

- Q’=2,5, 14, 30, 70, 208, 658 GeV*
l 1 1 Ll Ll 1 1 Illlll 1 1 lll 1 L1l
0 5° - - - Q’=2, 5, 14, 30, 70, 208, 658 GeV*
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F,°(x,Q%) /140 F,°(x,Q%)] F,°(x,Q%) /1208 F,°(x,Q%)]
: Q’=2, 5, 10, 20, 50, 100, 200, 500 GeV?

L 1
- T S
_A~”7F---- ——
T 4»
. 1 ]
’
2

Q*’=2, 5, 10, 20, 50, 100, 200, 500 GeV?

® Jotal uncertainties propagated as if Gaussian.
® Errors bars relatively small (of the same order as in fixed target).

o — subtantial
improvement of DGLAP fits etc.
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e cA: good prospects for F; for Fi, only the lowest Q2.
o

oA is also required, possibly for p
and sure for A (cross sections for different energies).
o (Juan Rojo) to see whether they

may distinguish saturation; maybe ratios are no longer so useful as
in fixed target experiments, and anyway we just need a couple of
nuclei, not A as a ‘continuous variable’.

o a la EPS (Eskola and Salgado)
to see how the uncertainty bands shrink.
o

; need of distinguish coherent (etA—e
+VM+A) from incoherent (e+A—e+VM+Adss) diffraction.
o : EPSO8, EKS98 available in LHAPDF (Manual, 3.4): c, b?
eA physics at the LHeC.



F? and F- NLO DGLAP in NNPDF analysis: F? and F7 NLO DGLAP in NNPDF analysis:
Gluon uncertainties with F)’ LHeC data only Gluon uncertainties with )" and [ LHeC data

[::::] NNPDF1.2 \ [::::] NNPDF1.2

NNPDF1.2 + LHeC small-x F2p \ NNPDF1.2 + LHeC small-x F2p, FL
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F, at the LHeC - Simulatad data from FS04 saturation model F_ atthe LHaC - Simulated data from FS04 saturation model

' L"—~l-3C' aimula:e'd data '—l;' LEeC ai;nula:e'd data ™l

— NNPDF1.0 + LHeC data ' NNPDF1.0 + LEeC

0°=50 GaV*

.
l‘_._.

‘.!."'“Uu

T Gty Y

Q°=2 G4v* T

¥

12-08 1e-05 0.0001 0.001 : 12-08 1e-05 0.0001

X

@ F;, alone not enough discrimination power (at least with the Hypothesis Testing
Criterion)

@ F; measurements vital to disentangle between scenarios — But precise data with
large lever arm in Q° required




Pseudo-data from AAMS0S (BK + running coupling)

"~ LHeC AAMS09 ——

NNPDF fit
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Same for AAMSO09 (BK equation with running coupling) — For joint F, + F, fit:

Pseudo-data from AAMS0S (BK + running coupling)

"~ LHeC AAMS09 ——
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NNPDF fit
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Compare predictions at LHeC from NLO, NNLO and NLO+small-x resummation (ABF)
in NNPDF1.0 for F>(x, Q%)

Q?=20 GeV?

NNPDF1.0, NLO
NNPDF1.0, NLO small-x res
NNPDF1.0, NNLO

LHeC pseudo-data

LHeC pseudo-data ~ +—1
05
1e-05

Experimental LHeC uncertainties smaller than spread between small-x QCD scenarios

(NNLO vs. NLOres) )

Compare predictions at LHeC from NLO, NNLO and NLO+small-x resummation (ABF)
in NNPDF1.0 for F,(x, Q%)

Q?=13.5 GeV? Q%=30 GeV?

LHeC pseudo-data ———
NNPDF1.0, NLO
NNPDF1.0, NLO small-x res
NNPDF1.0, NNLO

The LHeC has the potential to disentangle between different scenarios for small-x pQCD
— But this requires a fully small-x resummed global PDF analysis! )
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Low X section CDR outline

L. Introduction d. Saturation in nuclei: A-dependence, LT shadowing, distinguishing saturation

II. Unitarity/BBL ‘ V. Diffraction '

a. QCD and unitary /black-body limit: saturation 1. Exclustve vector meson

b. Recombination, saturation models, saturation scale (GLR, color glass conden- a. Porward tagging (neutron, proton, dissociating p/n)
sate snd JIMWLK, BK) b. Plot of o(w) for different @? proton and Pb, also for heavy flavor
. Dipole models c. Plot of A(mplitude) vs b for different W, proton and Pb
. Nuclear targets 2. Inclusive
. Significance for heavy ion program a. Deconstructing 50% diffractive/total
. Significance for the ultrahigh energy neutrino interactions b. Question: is diffractive /total more interesting (ideal) w/ nuclear targets
. . . . . y ¢ pd
Il Lepton probes and main signatures c. Interesting question about DGLAP failure im evolution of Fj H1 data
d. Semi-inclusive F’.-“,’ /F3 ratio (charm, jets)
a. Low-x physics at LHC, limitations e.
b. Why electron probes f.

Unitarity limit on the dipole scattering amplitudes versus b
Leading twist versus multiple scattering contributions to nuclear shadowimg
and diffraction on nuclei

T . Brar Buntd 3 djIng2
. Diffraction, why a good starting point, A and b sensitivity g Understanding the Gribov limit in dF; /dM

. Exclusive diffraction < V1. Inclusive measurements, structure functions ’

f. other gluon sensitive measurements a. Fy, Fy statistical, systematic errors for proton, Pb vs (z, Q?) for varying electron

IV. HERA data « saturation models beam energies
. Dipole model with saturation, fit with DGLAP (PDF flexibility, resummed ap-
a. K-GB-W fits to HERA data proach)

b. Updated dipole models and uncertainties c. Tests of violation of DCLAP evolution
c. Regge models d. Jets, heavy flavor as alternative measure of G(z, Q%)

< VII. Jet and multi-jet observables, parton dynamics ,

a. Forward di-jets, angular docorrelation

. Fa: quark sensitive

emphasis on diffraction - U PO

VIII. Experimental issues

Nuclear radiative corrections, systematic errors

. Forward acoeptance

. Forward neutron taggimg

a
b
c. Forward electron, photon tagging
d
e

. Forward proton tagging




To be done: plans for CDR

® Need results for inclusive diffraction, ratios for eA/ep, coherent and
incoherent processes.

Calculations for VM ( and possibly DVCS).
® Dipole model extrapolations. Non-dipole models too.

® Energy dependence of the ]J/Psi (other VMs too) cross section.

® t-dependence. Profile amplitudes in impact parameter for ep and eA.

Inclusive: simulations with the small x resummation.

Parton dynamics: results for forward jets, angular de-correlation,
unintegrated parton distributions.

Monte Carlo calculations!

Continue EVO discussions every 2-3 weeks

Proposed next meeting: Thur.-Sat., June 25th-27th at CERN prior to Blois
conference for working meeting on Low-x part of CDR

.
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