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LH C nPDFS:R: fZ/A ~ measured

™ “expected if no nuclear effects
Af 1/p

RHIC

® [ ack of data = models give vastly different

R,(x,Q*=5 GeV?)

results for the nuclear glue at small scales
and x: problem for benchmarking in HIC.
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LH-C Relevance for the HI program:

Gluons from saturated nuclei = Glasma? - QGP = Reconfinement
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LH-C Relevance for the HI program:

Gluons from saturated nuclei = Glasma? - QGP = Reconfinement

|

® Nuclear
wave
function at
small x:
nuclear
structure
functions.
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LH-C Relevance for the HI program:

Gluons from saturated nuclei = Glasma? - QGP = Reconfinement
\f
® Particle production at
o Nuclear the very beginning: which
wave factorisation in eA!?
function at
small x: ® How does the system
nuclear behave as ~ isotropised
structure so fast?: initial conditions
functions. for plasma formation to
be studied in eA.
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LH-C Relevance for the HI program:

Gluons from saturated nuclti”{a?f—) QGP = 'mt

® Particle production at ® Probing the
e Nuclear the very beginning: which| | L adium through
wave factorisation in eA! energetic particles
function at (jet quenching
small x: ® How does the system etc.): modification
nuclear behave as ~ isotropised of QCD radiation
structure so fast?: initial conditions and hadronization
functions. for plasma formation to in the nuclear

be studied in eA. medium.
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LH.C Physics goals:

® Proton structure to a few
1020 m: Q2 lever arm.
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LHeC Experiment:

0 Newphysicsof; ® Precision QCD/EW physics.

HERA Experiments: scales ~10"%m |
5[] H1 and ZEUS ST

Q’/ GeV’

10 ixed Target Experiments: . .
e e Higgs physics.
10 4 — [ BCDMS :
; (11171 E665 —— o 'i.i, .-\,, \<\:: o . .
oL S e Armmnie ] ® High-mass frontier (Ig, excited
_ o ree - fermions, contact interactions).
107 ’ Nuclear =2 RS =7 I
Structure ESsess s
0 £ | et S e Unambiguous access, in ep
L and eA, to a qualitatively novel

| ' regime of matter predicted by
' QCD.

® Substructure/parton dynamics
inside nuclei with strong

implications on QGP search.
Small-x in eA at the LHeC: 2. eA at the LHeC and comparison to the LHC. 6



Design considerations:
o [ ~103cm?s.

® Power < 70 MWV.
® Synchronous pp/ep.

E.=60 GeV (benchmark).

Accelerator:

\/s=0.8 TeV/nucleon

Baseline:
Energy Recovery Linac

60 GeV, Power 100MW

<+ 10-GeVlinac
0.03 km
e- final focus

Luminosity per nucleon

e- IP beta funct. g*, , [m] 0.12 0.14
full crossing angle [mrad] 0 0
geometric reduction H, g 0.91 0.94
repetition rate [Hz] N/A 10
beam pulse length [ms] N/A 5
ER efficiency 94% N/A
average current [mA] 6.6 54
tot. wall plug power[MW] 100 100
CDR numbers for

luminosity, to be
considered now as
lower bounds.

(Nominal Pb)
(Ultimate Pb)

I 1_28_1
eN —
.m_QS_1

eD: Len=ALea>~3% 103! cm-2s7!
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LH.C

electron beam LR ERL LR
e- energy atIP[GeV] 60 140
luminosity [10%2 cm-2s-1] C10 0.44 S
polarization [%] 90 |90
bunch population [10°] 2.0 1.6
e- bunch length [mm] 0.3 0.3
bunch interval [ns] 50 50
transv. emit. yg, , [mm] 0.05 0.1
rms IP beam size o, , [um] 7 7

e- IP beta funct. g*, , [m] 0.12 0.14
full crossing angle [mrad] 0 0
geometric reduction H, g 0.91 0.94
repetition rate [Hz] N/A 10
beam pulse length [ms] N/A 5
ER efficiency 94% N/A
average current [mA] 6.6 54
tot. wall plug power[MW] 100 100

CDR numbers for
luminosity, to be
considered now as
lower bounds.

Accelerator:

\/s=0.8 TeV/nucleon

Baseline:
Energy Recovery Linac

60 GeV, Power 100MW

total circumference ™~ 8.9 km
0, 30, 50 GeV

<+ 10-GeVlinac :
0.03 km :
e- final focus

Luminosity per nucleon

172571 (Nominal Pb)
(Ultimate Pb)

Len =
.III_QS_1

eD: Len=ALea>~3% 103! cm-2s7!

Small-x in eA at the LHeC: 2. eA at the LHeC and comparison to the LHC. 7



LHC vs. LHeC:
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LH.O LHC vs. LHeC:
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® The LHeC will explore a region
overlapping with the LHC:

=¥ in a cleaner experimental setup;
=¥ on firmer theoretical grounds.

Small-x in eA at the LHeC: 2. eA at the LHeC and comparison to the LHC.
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LH.C

(Glauberized 3-5 flavor GBWV model, NA ’02).

eA inclusive: comparison

® Good precision can be obtained for Fy and FLat small x

1.2—
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»+ DSSZ
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LH-C Nuclear PDFs at small x:

® [, data substantially reduce the uncertainties in DGLAP analysis;
inclusion of charm, beauty (new!); and FL (new!) also give constraints.

Small-x in eA at the LHeC: 3. Physics case in eA. I



LH.C

Nuclear PDFs at small x:

® [, data substantially reduce the uncertainties in DGLAP analysis;

inclusion of charm, beauty (new!); and FL (new!) also give constraints.

Pb Pb
R R
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o LA ~ M EPSO9NLO 1.4
Q 15 a Fit 1 L M 1.2
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% 10 LT ¥ 1.0
. 'iillllliiliiiiiiii! , n .
‘ﬁ 0.8 ..:iiiifi!”!!”!!!-‘vs’ - Sea 0.8
(\] F T
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e 02+ R 0.2
. honly
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g 10— T e S E SGUITTON | CERSSRRIT o 410
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LH-C Nuclear PDFs at small x:

® [, data substantially reduce the uncertainties in DGLAP analysis;
inclusion of charm, beauty (new!); and FL (new!) also give constraints.

Valenc
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Diffraction in ep and shadowing:

® 1106.2019

e Diffraction is linked to nuclear shadowing through basic QFT
(Grlbov) eD to test and set the ‘benchmark’ for new effects.
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Diffraction in ep and shadowing:

(Grlbov) eD to test and set the ‘benchmark’ for new effects.
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LH:C Elastic VM production in eA:

1‘ Y(Q) vV
S D s s
W) * coherent - b—Sat
A A % I t=0, @2 =0
N\ g
t \_/W_J 3 =1 . ﬂ@S@ﬂt
(t) S Saturation .~
0
=
® For the coherent case, w2 effeC'E'S’, .
predictions available. ~ N
15

Cdlcium

e Challenging experimental f
problem (neutron tagging in ZDC?).

Q) VM I Lead
. 0.5
incoherent f
(W)
C - n 0 S S T S S S N SO SN T SN S NN R
kt’J\ — A 0 200 400 600 800 1000
(t) W (GeV)
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LH:C Transverse scan: elastic VM

e t-differential TAs JTA

measurements
give a gluon
tranverse
mapping of the AN
hadron/nucleus. ’ ............ o
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LH:C Transverse scan: elastic VM

e t-differential
measurements
give a gluon

tranverse

mapping of the
hadron/nucleus.

had rc/

\\

I
|
|
|

® [arge extent
in t with good
precision.

® Sizable
saturation effects
expected.
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LH:-C Dihadron azimuthal decorrelation:

® Dihadron azimuthal decorrelation:
currently discussed at RHIC as
suggestive of saturation.

e At the LHeC it could be studied far from the kinematical limits.

~ F 0.24 - I ; | - | - | ' |
§ 0.02— p, >2 GeVic STAR PRELIMINARY Proton 2.75 TeV
o L ’ « p+p (-0.0045) " |----Proton 7 TeV
© B 1 GeVie <p, Py, - d+Au central (-0.0145) 0.20 LI Lead Nucleus 2.75 T eV _
0.015— '
B | Albacete-Marquet ’10 - pred>3 GeV
; I
o.o1ii ' o TI‘} 0.16 | pT>2 GeV -
- R Zlead=Zass=0.3
- Iy =
0.0051- 012 L Q2)’40G7 V2 |
B = (S
o L1
0 6 0.08 - -
1 do* N—hiha+X 004p- /7 |
oY ! e
C(o12) = - . - AT TN
(' 12) da(""i_*hlx) dzp1dzpoddrs | e S
e 0.00 = - - - -
2.6 2.8 3.0 3.2 3.4 3.6
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LH-C Radiation and hadronization:

® | HeC: dynamics of QCD radiation and hadronization.
® Most relevant for particle production off nuclei and for QGP
analysis in HIC. 1 dNh(z,v) / 1 dNB(z,v)

. T N¢  dvd: N¢  dvdz
® [ ow energy: hadronization A dve p dvc

. , , i
inside = formation time, | T T I T
(Pre-)hadronic absorption’... . 7IIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII|

R (z,v)

e,
- . N . aes
T LA
e . . . s . . T b . . : :

~ratio of FFs A/p

Z=Phadr/Pparton

_Ehadron rest frame
V=Estruck parton

o)
® High energy: partonic evqutioty/

° o § \““ Q _
altered in the nuclear medium. = ~ ./ MSTWOBLO, ghat=0

o MSTWOBLO+EPS09, ghat=0

s MSTWOSLO+EPS09, ghat=0.72, L,
: MSTWOSLO+EPS09, ghat=0.72, t.,.
-*--I 0.4 ;\ \\\\\H‘ | \\\\\H‘ | \\\\\H‘ | \\\\\H‘ | \\\\\H‘ | \\\\\H‘
10 10° 10° 10" 10° 10°
v (GeV)
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LH-C Radiation and hadronization:

® | HeC: dynamics of QCD radiation and hadronization.
® Most relevant for particle production off nuclei and for QGP

analysis in HIC. Rh (o) — L ng(;,u)/ 1 dNE(z,v)
Az, v) =
. N¢  dvdz Ng  dvdz
® Low energy: hadronization A SV D Ve )
[ ] [ ] [ ] [ ] /“ X
inside = formation time, | T T I T

(pre-)hadronic absorption,...

______

/~ratio of FFs A/p

Z—Phadr/Pparton

_Ehadron rest frame
V=Estruck parton

@ L
e High energy: partonic evolutlon/§/ |
N o6l MSTWOSLO, ghat=0
altered in the nuclear medium. = STWOBLOLERSQS. dhoted
© os| |/ MSTWOBLO+EPS09, ghat=072, L.,

LO+EPS09, ghat=0.72

é -*--I 0.4 ;\ \\\\\H‘ | A\\\H‘ | \\\\\H‘ | \\\H‘ | \\\\\H‘ | \\\\\H‘
I 0’ 10" 10° 10°

Fixed- -target LHeC v (GeV)
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LH-C
o At an LHeC@CERN:

Summary:

=¥ High-precision tests of collinear factorization(s) and determination of PDFs.

=» Unprecedented access to small x in p and A.

=» Novel sensitivity to physics beyond standard pQCD.
=¥ Stringent tests of QCD radiation and hadronization.
=?» Transverse scan of the hadron/nucleus at small x.

=¥ ... with implications on our understanding of QGP.

¢ The LHeC will answer the question of saturation/
non-linear dynamics. For that, ep AND eA essential!!!

Small-x in eA at the LHeC.

x DENSE @ x [fixed Q]
— . REGION o —
=9 S <
o & DENSE
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(D) 4
>
4‘__%» BK/JIMWLK
£ 3
2 DILUTE
% REGION '
|
= DILUTE
= REGION
. DGLAP
In Aqcp In Q In A
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LH-.C Outlook:
e VWith CERN and NUPECC mandate to further motivate the

physics case and produce a TDR around 2015, several items have to
be done/improved:

=» Refine DGLAP fits with flavour decomposition (include neutrino
data, relax assumptions) and optimized F_ scenarios, and LHC data.
=» Monte Carlo generators!!!

=¥ Studies on diffraction: separation of coherent from incoherent,
ndPDFs, dijets,...

=» Large x, EWV bosons.

=?» Nuclear GPDs: nuclear DVCS etc.

= eD.

=¥ |et reconstruction, angular decorrelation...
- .

— Cooperation with EIC in some of these items desirable.
Any collaboration is more than welcome!!!
Small-x in eA at the LHeC. 18
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e VWith CERN and NUPECC mandate to further motivate the

physics case and produce a TDR around 2015, several items have to
be done/improved:

=» Refine DGLAP fits with flavour decomposition (include neutrino
data, relax assumptions) and optimized F_ scenarios, and LHC data.
=» Monte Carlo generators!!!

=¥ Studies on diffraction: separation of coherent from incoherent,
ndPDFs, dijets,...

=?» Large x, EWV bosons.

=?» Nuclear GPDs: nuclear DVCS etc.

= eD.

=¥ |et reconstruction, angular decorrelation...

.. Thanks for your attention!

— Cooperation with EIC in some of these items desirable.
Any collaboration is more than welcome!!!
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Backup:

Small-x in eA at the LHeC: Understanding the IS of URHIC.
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LH-C  Small x and saturation:

Y =1n1/x} Ef 10
Saturation
nQ%(Y)=AY g -
G (15 2) 2 1/3 ~—0.3
4”*%2 28 ~Y :>QS O(A / €T | 6
T 5 i
| Dilute system i
y 4 i
T BFKL :
2 |
DGLAP .
- 0 i iiiiiii! t iiiiiii! t iiiiiii! t t s
S - - 10 10° 10> 10" ]
In A In Q2

e QCD radiation of partons when x decreases leads to a large
number of partons (gluons), provided each parton evolves

independently (linearly, A[xg] « xg).

® This independent evolution breaks at high densities (small x or
high mass number A): non-linear effects (gg—g, A[xg] « xg - k(xg)?).

Small-x in eA at the LHeC: |. Motivation. 20



LH-C  Small x and saturation:

Y:|n1/xA an lu RN T T TTIT] T T TTTIT1 T T TTTT0
Saturation
InQ%(Y)=AY 8 N
rG A () Q5 2 1/3,.~—0.3
2 S 6
T (
Dilute system
4 .
I BFKL
2 |
DGLAP
0 -
¢ ]
In A? n Q2

QcD

e QCD radiation of partons when x ge€reases leads to a large
number of partons (gluons), provigéd each parton eyolves

independently (linearly, A[xg] < xg).

® This independent evolution breaks at high densities\(small x or
high mass number A): non-linear effects (gg—g, A[xg] « xg - k(xg)?).

Small-x in eA at the LHeC: |. Motivation. 20



LH-C Status of small-x physics:

® Three pQCD-based alternatives to describe small-x ep and eA

data (differences at moderate Q%(>A%qcp) and small x):

— DGLAP evolution (fixed order perturbation theory).

— Resummation schemes: BFKL, CCFM, ABF, CCSS.
— Saturation (CGC, dipole models).

e Non-linear effects (unitarity constraints) are density effects:

where! = two-pronged approach at the LHeC: | x/ TA.

§ DENSE
REGION 2
G

’b-"

BK /JIMWLK
DILUTE
REGION @ X
DILUTE
REGION
DGLAP

[fixed Q]

In 1/x
In 1/x

DENSE
REGION

€p

non-perturbative region

In )\QCD In Q In A
Small-x in eA at the LHeC: |. Motivation.
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LH.O Kinematics:

LHeC - Low x Kinematics LHeC - High Q° Kinematics

102 £=7000 Gev 10°F  E=7000Gev

E.=60 GeV
E.=60 GeV
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10 : B HERA
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m_-‘_E',"‘:_.'SDQG.eV d
1 |
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X X
3 2 2) 2 2)
“E T o borm: G oG8 @ Small-x demands |
Wk 9,=170, 179, 179.5° 208'3Qingce... REd: 2750450 | 4
10 AB wETo to bottor;.(.)-z-%x"' i egree accepta’nce°
: 6 =170, 179, 179.5

-
-
-
- -

® Higher luminosity

-
-
L.
-
-~
=

1

o
= 3 would benefit high-x
wEe S ed: 7000+50 - 0w - I
10° 107 10° 10° 10 X 10° 10 10° 10° 10° X and Q2 StUdIeS.
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Small-x in eA at the LHeC: 2. eA at the LHeC and comparison to the LHC. 22



LH.O Kinematics:

< 10°F
% = nuclear DIS - F, , (x,Q?)
O B Proposed facilities:
S 105
o 10°E | [ Lhec
~ Fixed-target data:
10°E
103 e-Pb (LHeC)
- (70 GeV - 2.75 TeV)
10 =
~ Q7 (Pb,b=0fm)
10 3 i
| perturbative |
I )l > ——— = ; ——
—non-perturbative
107
Cocoonl vl e il il sl
10° 10° 10* 10® 102 10" J

® Small-x demands |
degree acceptance.

® Higher luminosity
would benefit high-x
W ey o=t and Q2 studies.

Black: HERA Green:100+20

Small-x in eA at the LHeC: 2. eA at the LHeC and comparison to the LHC. 22
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LH.C

e PbPb:

=» EW bosons.
=» VMs in UPCs.
=» Ridge.

e pPb:

=» Charged particles.

= Ridge.

=>» Flow.

=» Back-to-back correlations,
central-forward and forward-
forward?

=>» EW bosons, DY?

=>»VMs, HF?

=> UPCs?

=¥ Jets and interjet activity!

Small-x in eA at the LHeC: 2. eA at the LHeC and comparison to the LHC.

LHC studies:
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LH.C

e PbPDb:

= EWV bosons.
=» VMs in UPCs.

60
" b)

[ ® CMS
— POWHEG + PYTHIA 6.4

e Paukkunen et al., idem+EPS09
- --— Neufeld et al., MSTW+isospin

LHC studies:

10°
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------ - Neufeld et al., idem+eloss
1 PR P U S e ]

=?» Ridge.
20
10¢
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. 00
=¥ Charged particles.
=?» Ridge.
= Flow.

=» Back-to-back correlations, 2
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02040608 1 12141618 2
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CMS, 1201.3093

CMS \[5,,=2.76TeV L, (PbPb)=6.8ub" L, (pp)=231 nb"
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Small-x in eA at the LHeC: 2. eA at the LHeC and comparison to the LHC.
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LH.C

e PbPDb:

=» EW bosons.
=» VMs in UPGCs.
=?» Ridge.

do/dy (mb)

e pPb:

=» Charged particles.

=?» Ridge.

=>» Flow.

=» Back-to-back correlations,
central-forward and forward-
forward?

=» EW bosons, DY?

=»VMs, HF?

=>» UPCs!?

=¥ Jets and interjet activity!?
-> ..

LHC studies:

Pb+Pb — Pb+Pb+J/ vy \fsN =2.76 TeV

------- AB-MSTW08
----- csS JUOTT

AB-HKNO7 ’
—— — STARLIGHT
_______ GM

e ALICE a)

" ALICE, 1209.3715

- -

RSZLTA . .’ _
- AB-EPS08 '.' " — _—— N

!
I
I
I
>
P
m
n
w
@

Small-x in eA at the LHeC: 2. eA at the LHeC and comparison to the LHC.
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LH.C

e PbPDb:

=» EW bosons.
=» VMs in UPCs.

= Ridge.

e pPb:

=¥ Charged particles.

=?» Ridge.

=>» Flow.

=» Back-to-back correlations,
central-forward and forward-
forward?

=» EW bosons, DY?

=»VMs, HF?

=>» UPCs!?

=¥ Jets and interjet activity!?

LHC studies:

CMS, 1105.2438

(D) cms simulations

A\ 0.4
!6.6 PYTHIAS pp MC \z = 2.76 TeV

(a) cms I Ldt=31ub"
PbPb\[Brgy = 2.76 TeV, 0-5% centrality - |

0.3
519 6 NP 518 04
zl= 6 Zl= 03}
€5 6 oo, B8 021
2 6 S0 2 0.1 0.2
6.0
5.8
4 -4

ALICE, 1109.2501

3<p, <4 GeVic Pb-Pb 2.76 TeV 8<p! <15 GeV/c Pb-Pb 2.76 TeV

0-10% 0-20%

2< p:_ <25 GeV/c 6< p: <8 GeV/c

Small-x in eA at the LHeC: 2. eA at the LHeC and comparison to the LHC.
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LH.O LHC studies:

e PbPb: ALICE, 1210.4520

1.8F p-Pb |5, =5.02TeV
=» EW bosons. e ALICE, NSD, charged particles, In__1 <0.3
=» VMs in UPCs.

-) Rldge. 8 -0-;‘[1-1 i : _i—- + :
. g'z Saturation (%). rg-mc E
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forward? 3 e Bk — 1 5 ELS%][‘E’] BE2.0 with shad. [4]]
=» EW bosons, DY? L e oal BavY: = & ? - o 1CBK [7] DPMJET[32] -
> VMs, HF? of T e I

) P A E lab

=> UPCs! . . o 0 2 4 6 8 10 12 14 16 18 20
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- ..

Small-x in eA at the LHeC: 2. eA at the LHeC and comparison to the LHC.



LH.O LHC studies:

CMS pPb \[5,, = 5.02 TeV, N1 ™ < 35 @ CMSpPb\S=502TeV,Nj'™>110
1<p, <3GeVic e

CMS, 1210.5482

1<p, <3GeVic

e PbPDb:

§Z § 0.20 S \{“ !
=» EW bosons. B3 0 R
=?»VMs in UPCs. ) NS \
. 2 '«3:.;’:‘:“:‘:"»‘« 5
=?» Ridge. ¢ R
- .. 4 4
2<p,m“g <4 GeVie pPh |5, =502 TeV 2<pmng <4 GeVie PP {5, =502 RV
Pb i U \LICE, 1212.200|
® pPb:
=» Charged particles. g o T el
-» Ridge. L. B
=? Flow. NEPR S IR
=» Back-to-back correlations, E 2
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¢ . 0 ,\(\-ad\ ¢ < ““‘a&
forward? 2T 2
) 7 - ATLAS p+Pb fsN_N=5.02 TeV
=» EW bosons, DY TEF0GeY LN JL-1ub" 05p<aGev

=» VMs, HF?
=* UPCs!? '
=¥ Jets and interjet activity!?
-> ..

;i %ejéﬁ- LAS, 1212.5198

C(Ag,An)

Small-x in eA at the LHeC: 2. eA at the LHeC and comparison to ihe LHC.
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LH.C

e PbPDb:

=» EW bosons.
=» VMs in UPCs.
=?» Ridge.

e pPb:

=¥ Charged particles.

=?» Ridge.

= Flow.

=» Back-to-back correlations,
central-forward and forward-
forward?

=» EW bosons, DY?

=»VMs, HF?

=>» UPCs!?

=¥ Jets and interjet activity!?

LHC studies:

_ATLAS,

1303.2084

N D D D D B L | | rrrrprrrrprr T rT e e e

[ E°>80 GeV ATLAS I 55 <XE;°<80 GeV I 40 <ZE:°< 55 GeV 1 25 <TE-°< 40 GeV :
0.3Fp+Pb \[5,=5.02TeV | @V {2} I - ° -
FL,=1pb", Il <25 T dev {4} 1 o | ° ]

L 1 ® 1 P 4 4

[ I ov,(ercy I ] o ]
0.21 ° I 1 1+ - o * T o T o ]
[ L ¥ I 1 * ]

.. .t%ﬁm .i%L i *{l i *o *{ 1
Ar .%q il } 'I“ 4 7T O*Dg = T ig@_ i
L ;F g o I f Al :

L IfE. = 4
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1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
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Small-x in eA at the LHeC: 2. eA at the LHeC and comparison to the LHC.
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LH.C

e PbPDb:

=» EW bosons.
=» VMs in UPCs.

LHC studies:

=?» Ridge.
ATLAS, 1303.2084
N AL BLELELELE BLALRLAL RLUNLELELE BB AJSLBLAL AN B B BN UL B AL LELELELE BLELELELE BLELELELES BLELELELE DY LRLELELE BLLELALE N NLELELIL BLELELELE B
Z [ 3EP-80GeV ATLAS ] 55 <SET°<80 GeV [ 40 <TE;°<55 GeV 1 25 <¥E;"< 40 GeV
3L p+Pby\5,=5.02TeV | @v,{2} 1 1
® PPb: 03; E:-,=1}1?:j |n|<2.§ :2{4} l o | ° *
L 4 it @
=» Charged particles. 02 o® i ) S sz{zpci «* | 1 . oy
-)Rldge 01:_ 't*ﬁw .; LJ. . __ *{lﬁ .*‘L{
Tt ™ %ﬂ%rl |1 .*SQTQ Mo by
é M. g__i' ' 7 T i ‘_, - 3‘: |
=» Back-to-back correlations, O sk
1 2 3 4 5 1 2 3 4 5

central-forward and forward-
forward?

=» EW bosons, DY?

=»VMs, HF?

=>» UPCs!?

=¥ Jets and interjet activity!?

® The existence of collective effects
in pPb is somewhat unexpected.

® Are they really final state! Do they
exist also in eA?

Small-x in eA at the LHeC: 2. eA at the LHeC and comparison to the LHC.
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LH.C L HeC scenarios:

config. E(e) E(N) N ,fL(e+) ,fL(e') |Pol| L/10** P/MW years type

A 20 7 p 1 1 - 1 10 1 SPL

B 50 7 p 50 50 04 25 30 2 RR hiQ2
@ 50 7 p 1 | 0.4 l1 30 1 RRIlox

D 100 7 p 5 10 09 25 40 2 LR

E 150 7 p 3 6 0.9 1.8 40 2 LR

F 50 35 D 1 1 -- 05 30 1 eD
@ 50 27 Pb 103 103 0.4 103 30 1 ePb
H
)
N

50 I p -- 1 -- 25 30 1 lowEp
50 3.5 QCa 5-10-3 !  5-1031? ? eCa

e For F: 10,25,50 + 2750 (7000); Q?<sx; Lumi=5,10,100 pb"!
respectively; charm and beauty: same efficiencies in ep and eA.
Small-x in eA at the LHeC: 3. Physics case in eA.



LH-C Note: FL in eA

4. J2,NC 2
ne _ _Qw d7omT F, |1 — y I ;oo )2
Or = ora?Y, ded@2 ~ "’ { YL B =1+1-y

® [ traces the nuclear effects on the glue (Cazarotto et al ’08).

® Uncertainties in the extraction of F» due to the unknown nuclear
effects on FL of order 5 % (larger than expected stat.+syst.) =

measure F_ or use the reduced cross section (but then ratios at two

energies...).
NA, Paukkunen, Salgado, Tywoniuk, 10

14 T T
| == R EPS09 { fI ——BanDS "~ Rn HKNO7 /|| == ReFas10
12} - ‘™ U ——Rg nDS 4 — Rg HKNO7 | Ffl i
|+ Re EPSO09 ] /| H-re Fas10
o L ——" o E(/M“\}" /'_ ISR 4 A W S |
a L a4 L it = H s
o a ] b/ i
o 0-95 tr 08 - HF b
o Sl i
S 09 - gm;,, o6 b \__ |
£20.85 -
o r i
0.8 - 04 - Q’=4 GeV? T Q’= 4 GeV? qr Q’= 4 GeV? Q’=4 GeV?
0’75 j 0'2 T T T T T T T T T T T T T
/
7k - 1 — 4 — R HKNO7 !
07T &= R;, EPS09 — PRanDS —_ R /| == Rg FGS10
12 b i Rg nDS 1 Re HKNO7 /4
0.65 |- [ 11 Rg EPSO0O h /|| H-ne Fas10
0.6 1.0 : }
055 - Q°=2,5,10,20,50,100,200,500 GeV? gz 1l
, e o8 FTTIITLL
0.5 Ll e i
—6 —5 —4 -3 —2 2 - -
10 10 10 10 10 a.mci 06 -
04 Q’= 100 GeV? T Q’= 100 GeV? T Q’= 100 GeV? T Q%= 100 GeV?
0-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10° 10° 10* 10°® 10% 107 10 10° 10* 10° 10% 107 m% 10% 10* 10° 10% 107 ¢ 10° 10* 10° 10% 107 1

X X X

Small-x in eA at the LHeC: 3. Physics case in eA. 25



Elastic VM production in ep:

e,
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=
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e Elastic J/P production
appears as a candidate to
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signal saturation effects
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Small-x in eA at the LHeC: 3. Physics case in eA.

lllllllllllllllllll

YP—>J/\I’+P '

¢ Hi
o ZEUS
LHeC Simulation
—— b-Sat (eikonalised)
----- b=Sat (1-Pomeron)

: L L
LHeC cenllal values llom
extrq)obtlng HERA data

._-'

q
"-
- . :
: - :
3 " :
-
Le”

"
-t
-

i E. :150 GeV
Ee = 1OOGeV

lIIllIlll

= s_ EE altheLHeCwmlE -7TeV

PR T R T
500 1000 | 1500 2000 2500
w’ (GeV)
1—2
/o} /o} >/\/\FE
Non-linear,
b saturation.
p:( v
26



LH-C Diffractive DIS on nuclear targets:

V(@) VM

: J\(,?;\)NO VM [ D
(W) (W)

n
A N b A c *—\:/’ n "
\ S, \ ~—<—" A
- — - - - - n
(t) (t)
® Cha” enging < 04 | Q=3 GeV? ] Q*-3GeV’ - Q=3 GeV’ Q%=3 GeV?
: 208 e ® 0
experimental problem, ' I R, B TENLLL L L LK X W
10 10 10 10 10 10
requires Monte Carlo
. . . . 8-82 - - 0=30GeV® ¢ - Q=30GeV? | °=30GeV?
simulation with detailed : © satsr,,
. 002 ; L. ‘Hm;m L ‘Hm;m Lol Hmuém Cood
understanding of the 0
nuclear break-up. ot 0001 T xg00
0.06 3 3 E Q=300 GeV E Q=300 GeV
0.04 - - = 15
0.02 - - = -
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® For the coherent case, 10 10 10
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LH.C

2 700 > >
g . 2< 0’ <8 GeV
..
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107
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Small-x in eA at the LHeC: 3. Physics case in eA.

1.1

RR(z,v)

Radiation and hadronization:

® [Large (NLO) yields at small-x (HI cuts, 3 times higher if relaxed).
® Nuclear effects in hadronization at small V (LO plus QW,Arleo ’03).

1 dN%(z,v)

1 dNB(z,v)

/

— e -~
N ) dv dz

Np

dv dz

0.4 :

Data from HERMES, Nucl. Phys. B 780 (2007) 1

.
.
.
AY
A\l
‘

formation time

-z

MSTWOBLO, ghat=0
MSTWOBLO+EPS09, ghat=0
MSTWOBLO+EPSO9, ghat=0.72, L.

MSTWOBLO+EPSO09, ghat=0.72, t,..

8 10 12 14 16 18 20

v (GeV)
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LH-C Radiation and hadronization:

® [Large (NLO) yields at small-x (HI cuts, 3 times higher if relaxed).
® Nuclear effects in hadronization at small V (LO plus QW,Arleo ’03).

—~
o) r =~
S i 2 2 N
& 1220°<8GeV MSTW-DSS (ep) 3 2<Q°<4.5GeV’
24500 | ---  MSTW-DSS (ePb) S »
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© L r
= 3000 | 60+2750 — nDS-nFF  (ePb) O MSTW-DSS 6042750
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1500 = I ¢ — apsspss pp T T TN
60+7000' ____________ N - —— nDS-nFF (Pb)
0 L A | —— EPS-DSS (Pb)
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- 8<0°<20GeV » S0 < 4
600 | 10|
400 1
s T TN
200 ;
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' 2 2 : 15 < 0° <70 GeV*
- 20<Q° <70 GeV ; <Q" <70 Ge
140 | 10
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F pp23.5GeV
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LH-C Radiation and hadronization:

® [Large (NLO) yields at small-x (HI cuts, 3 times higher if relaxed).
® Nuclear effects in hadronization at small v (LO plus QWArIeo '03).
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LH-O Jets:

~3dcx{fj§ _/dE_, (ub/GeV per nucleon) dcs‘(‘jizoldniet (ub per nucleon)
10
: 410°
: § g
10* 1
3 ©H410° s
- £ 0
10° -
2410*
10° 2310’ 1
107 § . §
g_‘g 102 R ETpt>20 GeV ) g
oL NLOQCD o ] 1E
E w = -
: 3 10 a
D) E 2 : e(50)+p(7000), CTEQ6.1M I=
10 7 —
E v pdf: GRV-HO 1 4 =
; 104|£(60)+Pb(2750), CTEQ6.1M |5
10"t k;-algorithm, D=1 X n .
I 1<3.1 (5°<6. <175° 10 e(50)+Pb(2750), CTEQ6.1M+EPS09| €
ol e - - S
lllllllllllllllllllll 1 10.2 lllllllllllllllllllllllllllllllllllll I.ll
50 100 150 200 250 -3 -2 -1 0 1 2 3
Erp (GeV) .,

® |ets: large ET even in eA.

® Useful for studies of parton dynamics in nuclei (hard
probes), and for photon structure.

® Background subtraction, detailed reconstruction pending.
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LH-C Outlook:

e With CERN and NuPECC mandate to further motivate the
physics case and produce a TDR around 2015, several items have to
be done/improved:

=» Refine DGLAP fits with flavour decomposition (include neutrino
data, relax assumptions) and optimized F. scenarios, and LHC data.
=» Monte Carlo generators!!!

=¥ Studies on diffraction: separation of coherent from incoherent,
ndPDFs, dijets,...

=?» Large x, EWV bosons.

=» Nuclear GPDs: nuclear DVCS etc.

=* eD.

=¥ |et reconstruction, angular decorrelation...

— Cooperation with EIC in some of these items desirable.
Small-x in eA at the LHeC.
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Outlook:

NuPECC LRP

EURISOL in future updates of the ESFRI list, based
on the successful EURISOL Design Study in FP6.

* The Technical Design Study for intense radioactive
ion beams at ISOL@MYRRHA.

¢ The Technical Design Study for a polarised proton-
antiproton, PAX, and an electron-nucleon/ion collider,
ENC, at FAIR.

¢ The Technical Design Stydy=fere=meh-gpergy elec-
tron-proton/ion collide, LHeC, at CERN.
¢ The inclusion of Nuclear ™eysics.prog es at the

multi-purpose facilities ELI and ESS.

10 15

2.2 Facilities Roadmap

We present below the roadmap for building new large-
scale Nuclear Physics research infrastructures in Europe.
The time span ranges until the middle of the next decade.
Facilities whose first phases have already been approved
are coloured in blue, future upgrades thereof in dark blue.
The ISOL facilities SPIRAL 2, HIE-ISOLDE and SPES
are designated to lead to EURISOL. PAX and the ENC
at FAIR, EURISOL and the LHeC at CERN are still in the
design or R&D phase. They are coloured in purple.
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Roadmap for New Large Scale Facilities.
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Thanks for your attention!
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