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LH-.C Motivation:

e Complementarity of the three kind of collisions for our
understanding of the interaction of matter:
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LH.C

Motivation:

e Complementarity of the three kind of collisions for our
understanding of the interaction of matter:

resolving proton stuctue
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LH.C

® Very good
description
of Fac,p) (FL?)
within
DGLAP,
steep gluon
in |/x.

® Large
fraction of
diffraction

O diff Otot~ 1 0%

(Cooper-Sarkar,
1206.0984).
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LH-C Motivation:
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LH-.C Motivation:

o HERA: successful but unfinished QCD program - eA, eD, high
and small x, new concepts (TMDs,...), instantons, odderon,...
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LH.O Global fits:

= Cross sections computed in collinear factorization
% Define RA( Qz) f;‘l(x,QZ)
i \ L —
i (z,Q?)

= Using a known set for free protons (CTEQ, MRST....)
= and DGLAP evolution of the nuclear and free proton PDFs

= Find the minimum of y?

NO

Final

vary{a;} answer

(fulfilling sum rules)

Compute observables

{RA(2,Q%)) for {a;} oo

QCD at the LHeC: I. Introduction.
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LH.0 nPDFs (1):
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nPDFs (I):

® [ ack of data = models give vastly different

results for the nuclear glues at small scales
and x: problem for benchmarking in HIC.
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nPDFs (I):

® [ ack of data = models give vastly different

RHIC

results for the nuclear glues at small scales
and x: problem for benchmarking in HIC.
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The ‘QCD phase’ diagram:

Our aims:
understanding

Y=In 1/xA

," ﬁ‘ Saturation

® The implications of
— Q7 x AV3x~7%%  ynitarity in a QFT.

@ Dilute system ® The behavior of QCD at
large energies.

I BFKL

®
GLAP The. hadron wave
— function at small x.

—— =

2
In A%, In Q2

G

® The initial conditions for
Origin in the early 80’s: GLR, Mueller et  the creation of a dense
al, McLerran-Venugopalan. medium in heavy-ion
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LH:C The ‘QCD phase’ diagram:

Y =1n1/xA Our aims:
Saturation understanding
nQ%(Y)=AY
Gl (z,| QUeEstIions: ations of
TRAQ  QFT.

_~|® I'heory: can the dense regime be
"~ |described using pQCD techniques? Or for of QLD at

non-perturbative - Regge, AdS/QCD,...? >

® Phenomenology: where in this plane [ Wave
do present experimental data lie? mall x.

>

2
InAZqp In Q2

® The initial conditions for
Origin in the early 80’s: GLR, Mueller et  the creation of a dense
al, McLerran-Venugopalan. medium in heavy-ion

QCD at the LHeC: I. Introduction. collisions. 9



LH.C  Saturation ideas: CGC

x Hadron wave function
A

_>
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time
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LH.C  Saturation ideas: CGC

x Hadron wave function
A

Source (frozen)

_>

Classical,

AHe | /X

~
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time
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LH-C Status of small-x physics:

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

data:
— DGLAP evolution (fixed order PT).

— Resummation schemes.
— CGC (dipole models and rcBK).

Differences lie at moderate Q?(>/A%qcp) and small x. Hints of
deviations from NLO DGLAP at small x (Caola et al’09, Albacete et al’l2).

e Unitarity (non-linear effects): where?

L

. BK/JIMWLK
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o [fixed Q]
REGION 2
RS
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In 1/x

Two-pronged
approach: | x/

DENSE
REGION

ep

DILUTE @ T A. eA: test/

REGION eA

enhance density e O
REGION @
effects.

In Agcp In Q

BFKL

non-perturbative region

In A
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® |ets.
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4. Small x and eA:

CDR to appear within one week;
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LH.O Project:

oLHeC@CERN — ep/eA experiment using p/A from the LHC:
E,=7 TeV, EA=(Z/A)E;=2.75 TeV/nucleon for Pb.
® New e*/e” accelerator: Ecm~ -2 TeV/nucleon (E<.=50-150 GeV).

® Requirements:

* Luminosity~ 1033 cm2s/.

* Acceptance: |-179 degrees
(low-x ep/eA).

*Tracking to 0.1 mrad.

* EMCAL calibration to 0.| %.
* HCAL calibration to 0.5 %.
* Luminosity determination
to | %.

* Compatible with LHC

operation.

nuclear DIS - F, ,(x,Q?)

Proposed facilities:

| LHeC

Fixed-target data:

e-Pb (LHeC)
(70 GeV - 2.5 TeV)

Q’ (Pb, b=0 fim)

perturbative

non-perturbative

KKK

\HHH‘ \ \HHH‘ \ \\H\HJO’K\/?;{#\HHH‘ \ \HHH‘ \ \HHH‘ L

10° 10° 10* 10°® 102 10"

X

QCD at the LHeC: 2.The Large Hadron Electron Collider. 13




LH.O Project:

Requirements | LHeC HERA How?
high lumi for high x A\ ) 3]
and Q2 0733 |-5% 10
large acceptance | |-179 deg. | 7-177 deg. |kinematic coverage
|
: tracking 0.1 mrad |0.2-1 mrad modern Si
c c kinematic
EMcal 0.1 % 0.2-0.5 % .
reconstruction
f Hcal 0.5 % | % tracking + calo e/h
accurate lumi/pol 0.5 % | % demanding

QCD at the LHeC: 2.The Large Hadron Electron Collider. 13



Physics goals:

® Proton structure to a few
10-2° m: Q2 lever arm.

/0 Precision QCD/EW physics.

® High-mass frontier

(leptoquarks, excited fermions,

' contact interactions).

i ® Unambiguous access, in ep

(o] III| | IIIII| T T TTTTTI
> |
() ; . I
3 0 6 LHeC Experiment: /é

S mm o =
o4 HERA Experiments: New Physics

10 5 ; [ ] H1 and ZEUS J|
= Fixed Target Experiments:
E ] NMC Precision QCD anc.j
104 B BODMS Electroweak Physics
- [ E665
- [—] SLAC Large x
10° Partons
10 2 = E
- Nuclear ~
- Structure ; /
10 = High Parton Densities SSFE
i LSRN : T
- p ‘:':§:‘:‘.’.‘.‘.‘. & Dynamics D
1 E A""A H N =
-110
10 &= =
E III| | IIII| IIII | | III|
- -6 5 4 3 2 1
10 10 10 10 10

i and eA, to a qualitatively novel
| regime of matter predicted by

| QCD.

0?1 1 e Substructure/parton dynamics

inside nuclei with strong
implications on QGP search.
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and design

considerations:

LH.0 Power constraints .

Ring Linac
electron beam 60 GeV
e~ (e*) per bunch N, [107] 20 (20) | 1(0.1)
e~ (e™) polarisation [%)] 40 (40) 90 (0)
bunch length [mm)| 10 0.6
tr. emittance at IP ~ye; , [ mm] | 0.58, 0.29 | 0.05
IP 3 function 37 , [m] 0.4, 0.2 0.12
beam current [mA] 131 6.6
energy recovery intensity gain - 17
total wall plug power [MW] 100 100
syn rad power kW] 51 49
critical energy [keV] 163 718
proton beam 7 TeV
protons per bunch N, [10%] 1.7 1.7
transverse emittance el | [um 3.75 3.75
collider
Lum e~ p (e*p) [10*2ecm—2571] 9 (9) 10 (1)
bunch spacing [ns] 25 25
rms beam spot size 0, [pm)] 30,16 7
crossing angle # [mrad| 1 0
Loy = A Log [10%2em—2s71] 0.3 1

QCD at the LHeC: 2.The Large Hadron Electron Collider.
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Machine: Ring-Ring option
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Preliminary; LHeC Design Study Report, CERN 201[2

0.6 GeV

from EPA

6.87 GeV

Machine: Ring-Ring option

150
Cobles Tray 5

33) Beapersion supprassors]

24 ) Electricel powering for Lranspd

services

20) Safaty

IR Option 1 degree 10 degree [
Beams Electrons  Protons  Electrons  Protons Z
Energy 60 GeV 7 TeV 60 GeV 7 TeV =
Intensity 2 - 10 1.7 - 10" 2. 100 1.7 . 10! ey
Bz 0.4 m 4.05 m 0.18 m 1.8 m 35
B: 02m  097m  0Olm 0.5 m QZ L9
€ 5 nm 0.5 nm 5 nm 0.5 nm

€y 2.5 nm 0.5 nm 2.5 nm 0.5 nm 5

o 8 45um 30pum

Oy 22pm 15.8um

Cross angle 1 mrad 1 mrad SS

Ebb.x 0.086 0.0008 0.085 0.0008 t)assATLAS
Ebb.y 0.088 0.0004 0.090 0.0004 x

LN\ 2

Luminosity @ 1032 cm“@ 1.34 - 10% em—2s71

A\

(Nominal Pb)
(Ultimate Pb)

20}

10¢

I

4 ILC RF-un
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-10¢+
ee sections

204

Pl

Injection

16



LH-C Machine: Linac-Ring option

7.9 km V
) >
injector 140-GeV linac : s H E LR’ I 40 G eV
0.4 ki
Polarized source = nal focus

N x 10 GeV section accelerator
——p

HE LR, ER, 140 GeV

N x 10 GeV section decelerator

‘— Energy flux is carried out by 10 GeV beams

Baseline:
Energy Recovery Linac

60 GeV, Power 100MW

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

Preliminary; Bogacz@DIS| |; LHeC
Design Study Report, CERN 2012

QCD at the LHeC: 2.The Large Hadron Electron Collider. | 17



LH-C Machine: Linac-Ring option

7,94 electron beam LR ERL LR —
* e- energy atIP[GeV] 6 —— 440
et 140-Cev lnac | |luminosity [10%2 em2s1] [ C 10 044D} HE LR, 140 GeV
polarization [%] 90 |90
bunch population [107] 2.0 1.6
Polarized source e- bunch length [mm)] 0.3 0.3
N x 10 GeV section accelerator bunch interval [ns 50 50
= 1/transv. emit. ysx['y [r]nm] 0.05 0.1 )\’ ER’ I 40 Gev
Dup rms IP beam size o, , [um] 7 7
ereroy 1] o 1P beta funct. p*, [m] = 012 0.14 _
Baselir] |full crossing angle [mrad] 0 0 /
Energy| |geometric reduction H,, 0.91 0.94 i
60 Ge\| repetition rate [Hz] N/A 10
beam pulse length [ms] N/A 5
ER efficiency 94% N/A comp. RF 500 MeV
average current [mA] 6.6 54 —
tot. wall plug power[MW]

(Nominal Pb) | pp 40 c0V

—25~1  (Ultimate Pb)
eD: Len=ALea>~3% 103! cm%s-!,
Large L for e challenging. "3

7 e- 1inal focus

QCD at the LHeC: 2.The Large Hadron Electron Collider. 17
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LH.0 The detector: low-x/eA

Preliminary; LHeC Design Study Report, CERN 201(2

QCD at the LHeC: 2.The Large Hadron Electron Collider.
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LH.0 The detector: low-x/eA setup

Solenoid

Preliminary; LHeC Design Study Report, CERN 201(2

QCD at the LHeC: 2.The Large Hadron Electron Collider.
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LH.0 The detector: low-x/eA setup

calorimeter
inserts

hadronic ’
calorimeter

muon detector electromagnetic calorimeter

Preliminary; LHeC Design Study Report, CERN 201(2

QCD at the LHeC: 2.The Large Hadron Electron Collider.
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LH.0 The detector: low-x/eA setup

dipoles forward tracker solenoid central tracker

® Other detector options: low
acceptance (8°-172°), solenoid

outside, also considered.

® Plus luminosity detector, electron
tagging, polarimeter, ZDC and leading

aloimeerf S proton detector.

hadronic ~ '
calorimeter

muon detector electromagnetic calorimeter

Preliminary; LHeC Design Study Report, CERN 201(2

QCD at the LHeC: 2.The Large Hadron Electron Collider.
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Kinematics:

ﬂLl—ﬂ—l—ll\

LHeC - Low x Kinematics

LHeC - High Q® Kinematics

E/=300026V

. E/=300Gev

10} E=7000Gev 10°F  E=7000 Gev
=60 GeV
E,=60 Ge E,=60 GeV
mm HERA
o | == HERA
- 1()5 .
| '
a 104
10 7 6 s )
10 10 10 10
| - - «— 104?
°
® c

Prellmlnary, LHeC Design Study Report CERN 20I2

il 10t .:E..a
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® No small-x physics wWithout ~

10

| degree acceptance.

10%E

Present | I
10=

1 L

QCD at the LHeC: 2.The Large Hadron Electron Collider.
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LH.C L HeC scenarios:

config. E(e) EN) N [L(") [L(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 2.7 Pb 10* |04 0.4 103 30 1 ePb
H
)
N

50 I p -- 1 -- 25 30 1 lowEp
50 3.5 QCa 5-104 !  5-1031? ? eCa

e For Fi: 10,25,50 + 2750 (7000); Q?<sx; Lumi=5,10,100 pb-!
respectively; charm and beauty: same efficiencies in ep and eA.
QCD at the LHeC: 2.The Large Hadron Electron Collider.

2107 NY3D 240day Apmg udissg DaHT ‘AJeuiwifa.g
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and Drell-Yan in p+A
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=== RHIC d+Au limits
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Salgado
p+Pb @ LHC (7 TeV+2.75 TeV)

N |
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= O Vd
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é 10
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d’Enterria

Q’/ GeV’

® Existing ep:
Pp@LHC at
y=0; eA: not
even
dAu@RHIC.

o | HeC:
clean scan of
the LHC x-
Q? domain.

QCD at the LHeC: 2.The liarge Hadron Electron Collider.

LHC:

HERA Experiments:

LHeC

Kinematics: LHC vs. LHeC

(E.=140GeV and

Hl and ZEUS Ep:7TeV)

Fixed Target Experiments:

BCDMS
SLAC

o

T 1 Iluh‘

[ 1 1HeC
[ eRrHIC

Fixed-target data:

l||||H\| T \H”Hl T I|IJI|T\

nuclear DIS - F“(x,O’)

Proposed facilibes:

T llml‘

Qf (Au, b=0 fm)

N penurbatV

JH”\Tl

1l

“non- perturbative

|HH|

_lwlwlu‘ | llllHl‘

;/.“-/"’
| ||l||!;:"|1u1|1| ||\|I|H‘ 1 ll[HH‘ L

e-Pb (LHeC)

(70 GeV - 2.5 TeV)

[YEnterria arXiv0707.4182
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10°
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10"

1
X
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Kinematics: LHC vs. LHeC

[YEnterria arXiv0707.4182
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— S = ~—— . , O 106l |
o () = | LHC: jets,W,Z,DYy A o | e B 1
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%O 10 - _ perturbative
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LH.O Contents:

l. Introduction.

2.The Large Hadron Electron Collider.

3. Precision QCD:

® Parton densities.

® Coupling constant.
® Heavy flavors.

® |ets.

® Photoproduction.

4. Small x and eA:

CDR to appear within one week;
cern.ch/lhec;

LHeC workshop 14-15/6/2012

® |[nclusive measurements and small-x glue.

® |nclusive diffraction.
® Exclusive diffraction.
® Final states.

5. Summary and outlook.

QCD at the LHeC.
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http://cern.ch/lhec
http://cern.ch/lhec
https://indico.cern.ch/conferenceDisplay.py?ovw=True&confId=183282
https://indico.cern.ch/conferenceDisplay.py?ovw=True&confId=183282

LH:C  One example of EWV process:

LHeC: probing the HWW vertex.

VBF at LHC and LHeC: comparison

higgs + 2jets: VBF (LHC), higgs + jet + missing Ep (LHeC)

e e Ve
N ¥ W
o L H
N -
)
N oW
= )
(q°) ll _""" _ d s
o — :‘ d —RZ
- -\\-‘Q\:'Si:_ .
£ .
O _
a'd ep collider

hadron collider

ep process uniquely addresses the HWW vertex.

March 27, 2012.

QCD at the LHeC: 3. Precision QCD.

DIS 2012, Bonn.
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Parton densities

LH.C

HERA I

HERA I+LHC(Wasymm)

HERA T

n
=
A
O
m
+
H
j&al
e

>
n
©
=
)
s
=
+
H
o
[
&
s

HERA I+LHeC N

HERA I+BCDMS

O
[0}
e
=
+
H
2
=
s

Avmv._”m>

nx

v v Y N
PRy

o — (q\] o <
o o o o
1 1 1 1
‘oun *Tax

AR I

o

(x)T®*nx +oun -*Tox

-0.1
0
0
0

arks

0.1

ence qu

001 0,01
Val

HERAPDF-like, GM VFNS

0.0001 0.
X

le-05

le-06

n ~0
IMum 0]
aegm
G Q 2
M0 +
L+ O
[ o H =
[ Mﬂpm
[ T
SRS
oo+
i H
. <
[ m Jers 1)
3 S >
3 H ¢
MMM BPEPEPETE BRI B -WM% PRI EPEPEEPE P Laas
<t o (9] Lo | (@] — (9] o <t
o o o o o o o o
] I ] ]
(x)T®%px +oun *Teox
X
L v ~0
H = m Q
L A ET -
.Mnb"XL
(gm0 +
B+ © H
F I H
BEE
TR
| mAam |
C o+
L -
[ g
14
L ]
o)
P | P
(a8] o™ <t
o o o
I

(x)T®%px

‘oun

‘181

0.001 0.01 .
3. Precision QCD.

0.0001

le-05

le-06

07 NYID ua0day Apnag usisaq DHIHT Aqeulwi|pud

24

QCD at the LHeC



Parton densities:
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Parton densities:

s

— 0.4 ——p HERA. ———rrr———rr—r———vy 0.4 .IHERA""
o asymnmn
N 0.3 pHERA I;EEE qu+BgDM% : 0.3 FEA THERA TonepMs
yd HERA I+LHeC M 0 HERA I+LHeC mmmmm
0.2 . 0.
of | % B
6 > 0.1 > 0.1
t :’ -0.1 « =0.1
O 'E') T)
8‘“ 0.2 " -0.2
i -0.3 -0.3
-g -0-4 mo-d 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
le-06 1le-05 0.0001 0.001  0.01 0.1 . - . . . . . .
3 x Gluon ,
In:o HERAPDF-like, GM VFNS 3
= 0.4 o c
) HERA I+BCDMS -
a E
U || 2 ® Large improvement in proton |
Al 3
T | | sland neutron PDFs, both at small | 5
— ||
2| | 5land at large x.
| = -
g g -0.2 o _o0.2
& ~0.3 X 0.3
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CD at the LHeC: 3. Precision QCD.
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Coupling constant:

QCD at the LHeC: 3. Precision QCD.

N s (M) DIS extractions of O

g BBG 0.1134 *2o0as valence analysis, NNLO [80]

y GRS 0.112 valence analysis, NNLO [81]

5 ABKM 0.1135£0.0014 | HQ: FFENS Ny = 3 [82]

O ABKM 0.1129 £ 0.0014 | HQ: BSMN-approach [82]

o JR 0.1124 £ 0.0020 | dynamical approach [83]

o JR 0.1158 £ 0.0035 | standard fit [83]

& MSTW 0.1171 4+ 0.0014 | [84]

=a ABM 0.1147 £0.0012 | FFNS, incl. combined H1/ZEUS data [85]
-:%; BBG 0.1141 *9-0029 valence analysis, N°LO [80]

st

({:) case cut [Q? in GeV?] | ag Funcertainty | relative pleClSlOIl in ¢
50| | HERA only (14p) Q% > 3.5 0.11529  0.002238 1.9

2| | HERA+jets (14p) Q2> 3.5 0.12203  0.000995

O | | LHeC only (14p) Q2 > 3.5 0.11680  0.000180 0.15

2| | LHeC only (10p) Q2> 3.5 0.11796  0.000199 0.17

— LHeC only (14p) Q? > 20. 0.11602 0.000292 0.25

| | LHeC+HERA (10p) Q2 > 3.5 0.11769  0.000132 0.11

€| | LHeC+HERA (10p) Q2> 7.0 0.11831  0.000238 0.20

£ | | LHeC+HERA (10p) 0? > 10. 0.11839  0.000304 0.26

o . . A

o ® Open issues on mg, scales, order of perturbation th.,...
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Coupling constant:

QCD at the LHeC: 3. Precision QCD.

N . (M) DIS extractions of s

< BBG — ‘ —

— GRS |® Substantial improvement in the less

E."j o1known coupling constant, combination

0 Jr |with jets still pending.

o JR U TIO8 £ 0.0035 [ standard 0t [S3]

& MSTW 0.1171 4+ 0.0014 | [84]

=a ABM 0.1147 £0.0012 | FFNS, incl. combined H1/ZEUS data [85]
-:%; BBG 0.1141 *9-0029 valence analysis, N°LO [80]

z case cut [Q? in GeV?] | ag Funcertainty | relative pleCISIOIl in ¢
20| | HERA only (14p) 02 > 3.5 0.11529  0.002238 / ]\
2| | HERA-+jets (14p) 02> 3.5 0.12203  0.000995

O | | LHeC only (14p) Q2 > 3.5 0.11680  0.000180 0.15

2| | LHeC only (10p) Q2 > 3.5 0.11796  0.000199 0.17

— LHeC only (14p) Q? > 20. 0.11602 0.000292 0.25

>~ | LHeC+HERA (10p) Q? > 3.5 0.11769  0.000132 0.11

£ | | LHeC+HERA (10p) Q2 > 7.0 0.11831  0.000238 0.20

£ | | LHeC+HERA (10p) Q? > 10. 0.11839  0.000304 0.26

o . A

o ® Open issues on mg, scales, order of perturbation th.,...
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Heavy flavors:

N [ d [ J o [ J
— Total cross sections in ep collisions
2 5 .
- - \
E E10° L Charm p oo o —o 0 9© [o10 3
= ° 5 : Charm DIS ./././I/H’./. 9 N
) 10° - 10 g
bt -
B 10* = Beauty yp M 10 @
& , - Beauty DIS -
a'd 10 - n 10 LS
>N C CC e- .w
= 10° . CCedp 5 10°
% s W—=c¢ = 5
1 S —>

&0 0= sw-e ./E-/'*./P‘/- 10
o - bW —t
o I = pW—t 10°
D -

1011 3
% 0 10
T 10 10°
- -t yp emoemomeoen [ .HeC
2 103 tt DIS omomono  HERA g
=
N C | ‘ | | | | | | | ‘ |
k= 20 30 50 70 100 200
A= E_(GeV)
Q . . . .
= ® Compared to HERA: higher lumi plus better efficiencies.

QCD at the LHeC: 3. Precision QCD.
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Heavy flavors:

N 10 LHeC ep 607000 GeV? 10 fb! o o - LHeC F,ec (RAPGAP MC,7 TeV x 100 GeV, 10 fb™, £ =0.1)
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LH ( / J et S Ey. = 7007 TeV_sqrt(s) = 14 TeV 10 fb'

@ (ub/GeV per nucleon) @ (ub per nucleon)
® Useful for studies of "

parton dynamics in nuclei |
(hard probes), and for

cleon
T B
=
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3 a 3
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C Photoproduction cross section:

N

S| Small angle electron detector 62 m far from the interaction
z| point: Q2<0.0l GeV,y~0.3 = W-0.5 +/s.
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log,y(Q*/1 GeV?)

b(EvX<Xcut)/b(E)

Impllcatlons for UHEV's:

E, =10" GeV

O—tot

® V-n/A cross section (T energy loss)
dominated by DIS structure functions /
(n)pdfs at small-x and large (small) Q?.

e Key ingredient for estlmatlng fluxes.
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LH.O Contents:

l. Introduction.

2.The Large Hadron Electron Collider.

3. Precision QCD:

® Parton densities.

® Coupling constant.
® Heavy flavors.

® |ets.

® Photoproduction.

4. Small x and eA:

CDR to appear within one week;
cern.ch/lhec;

LHeC workshop 14-15/6/2012

® |[nclusive measurements and small-x glue.

® |nclusive diffraction.
® Exclusive diffraction.
® Final states.

5. Summary and outlook.

QCD at the LHeC.
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LH:C  ep inclusive: comparison

® Extensive model comparison: LHeC will have discriminative

power.

® Note: size of radiative corrections pending
(see the talk by Spiesberger at DIS2012).
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@ ep inclusive: extracting the glue

| NNPDF1.2

- NNPDF1.2 + LBeC emall-x F2p
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QCD at the LHeC: 4. Small x and eA.
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® | HeC substantially reduces the uncertainties in global
fits: FL and heavy flavor decomposition most useful.

NNPDF2.0

32



LH:C  ep inclusive: searching
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ep inclusive: searching
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eA inclusive: comparison

® Good precision can be obtained for Fy and FLat small x
(Glauberized 3-5 flavor GBWV model, NA ’02).
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LH.0 eA inclusive: constraining pdfs

® [, data substantially reduce the uncertainties in DGLAP analysis;
inclusion of charm, beauty and F. done.
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LH:C  eA inclusive: constraining pdfs

® [, data substantially reduce the uncertainties in DGLAP analysis;
inclusion of charm, beauty and F. produce minor improvements.
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LH:C  eA inclusive: constraining pdfs

® [, data substantially reduce the uncertainties in DGLAP analysis;
inclusion of charm, beauty and F. produce minor improvements.

I_DL 2L L,

(\r-\ _IIIIIIIII |

C L4y

8121 | |

Q 1.0 prooeeee L

° “, [ BBEE EPSO9NLO L4

N|| L B -

& 3 — F}t 1 1.2
c 8 -~ Fit 2 10
80— (I & Ne -
n 9 S —_
o N ! 0.8
a Z = o
Ol & 0.6
o H v 3
TV £ = 0.4
. - —_ . .
= 0 NS 0.2
< O- S VUL
S|l E04r Qo : 0.0
E >|| £.02F 10° 100 100 100 1
T S| T 00 L
a3 107 10 L

QCD at the LHeC: 4. Small x and eA.



LH-C Note: FL in eA
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® [ 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...).
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LH-:C ep diffractive pseudodata:
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® Large increase in
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Xp region studied.
® Possibility to
combine LRG and
LPS.
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LH-:C ep diffractive pseudodata:
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® Large increase in
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LH-O Diffraction and non-linear dynamics:

® Dipole models show differences with linear-based
extrapolations (HERA-based dpdf’s) and among each other:
possibility to check saturation and its realization.
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QCD at the LHeC: 4. Small x and eA.
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Diffractive dijets:

e Diffractive dijet and
open heavy flavour
production offer large
possibilities for:

— Checking

factorization in hard
diffraction.

— Constraining DPDFs.

® Large yields upto large
PTjet.

® Direct and resolved

contributions: photon
PDFs.
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LH-C Diffractive DIS on nuclear targets:
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LH:C Elastic VM production in ep:
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LH-C Odderon:

® Odderon (C-odd exchange contributing to particle-antiparticle
difference in cross section) seached in +*)p — Cp, where C' = 7% 1,7, n. ...
or through O-P interferences.

c
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LH:C Elastic VM production in eA:

® Many interesting features in the nuclear case
(see also Lappi et al ‘10, Horowitz ’| I).
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LH.O DVCS:

e Exclusive processes like Y*+h—p,®,Y+h give information of
GPDs, whose Fourier transform gives a tranverse scanning of the
hadron: key importance for both non-perturbative and
perturbative aspects, like the possibility of non-linear dynamics.

® Only small-x case where higher luminosity really helps!!!
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LH.C

Transversity GPDs:

-
® Chiral-odd transversity o
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LH:C Dijet azimuthal decorrelation:

e Studying dijet azimuthal decorrelation or forward jets (pt~Q)

would allow to understand the mechanism of radiation:
— kt-ordered: DGLAP
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LHC Forward jets:

e Studying dijet azimuthal decorrelation or forward jets (pT~Q)

would allow to understand the mechanism of radiation:
— kt-ordered: DGLAP
— kr-disordered: BFKL. 5

. o
— Saturation? C
. . o o o -
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LH:-C Dihadron azimuthal decorrelation:

® Dihadron azimuthal decorrelation is currently discussed at RHIC
as one of the most suggestive indications of saturation.

e At the LHeC it could be studied far from the kinematical limits.
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LHeC  [In-medium hadronization (l):

® The LHeC (Vmax~10° GeV) would allow to study the dynamics
of hadronization, testing the parton/hadron eloss mechanism by
introducing a length of colored material which would modify its
pattern (length/nuclear size, chemical composition).

® L ow energy: need of

hadronization inside —
formation time, (pre-)
hadronic absorption,...

® High energy:
partonic evolution
altered in the nuclear
medium, partonic
energy loss.

QCD at the LHeC: 4. Small x and eA. 50



LHeC In-medium hadronization (ll):

® [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).
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LHeC In-medium hadronization (ll):

® [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).
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LHeC In-medium hadronization (ll):

® [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:C Summary:

® Many issues open about precision pQCD and small-x physics.

e Pdfs: current ep experiments cover pp@LHC at y=0; in eA, not
even dAU@RHIC is really constrained.

® An ep/eA collider offers huge possibilities to test our ideas about
QCD: hadron structure, high-energy behavior, radiation,...

e eA:amplifier of density effects, implications on UrHIC
complementary to pA@LHC.

o At an LHeC@CERN:
=?» Unprecedented access to small x in p and A for pdfs.
=» Novel sensitivity to physics beyond standard pQCD.
=¥ Stringent tests of the dynamics of QCD radiation.
=?» High precision tests of collinear factorization(s).

=¥ Transverse scanning of the hadron at small x.

QCD at the LHeC.
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LH.0 Commitees and authors:

2007: Invitation by SPC to ECFA and by (r)ECFA to work out a design concept I_I

2008: First CERN-ECFA Workshop in Divonne (1.-3.9.08)

http://cern.ch/lhec

The LHeC Study Group

2009: 2"d CERN-ECFA-NuPECC Workshop at Divonne (1.-3.9.09)

2010: Report to CERN SPC (June)
3" CERN-ECFA-NuPECC Workshop at Chavannes-de-Bogis (12.-13.11.10)
NuPECC puts LHeC to its Longe Range Plan for Nuclear Physics (12/10)

16
)

2011: Draft CDR (530 pages on Physics, Detector and Accelerator) (5.8.11)
being refereed and updated

2012: Publication of CDR — European Strategy
New workshop June 14-15 2012 LH.O

Preliminary; LHeC Design
Study Report, CERN 2012

Goal: TDR by 2014 B
Perspective: Operation by 2023 (synchronous with pp)

QCD at the LHeC.
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http://cern.ch/lhec
http://cern.ch/lhec

Tentative timeline:

NuPECC — Roadmap 5/2010: New Large-Scale Facilities

2010 2015 2020 2025

a g R&D Construction - Exploitation

§ R&D Construction 12 Exploitation

-

.i R&D Construction g Exploit.

# .

§ Design Study R&D Tests onin, Collider
i R&D  Constr./ . 150 MeV/u Post-accelerator
g J loitati d
i Constr. Exploitation Injector Upgrade
6 constr/ We are here: at the transition from
: N Design Study to R&D
g Design Study R&D . - - .
! Design Study Engineering Study

G. Rosner, NuPECC Chair, Madrid 5/10 — published in December 2010

QCD at the LHeC.
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LHC

Injectors

Tentative timeline:

New rough draft 10 year plan

Not yet approved!

| 2010 | 2011 2012 | 2013 | 2014 | 2015 | 2016
MIJ JASONDIIFTMAM.! JASONDI T MAMI JAZSZONDIIMAMI I ASONDITrFWVMAMIIJASISONDIIrMAMI I ASONDIIrNMAMWMI JIASOND
LSl
Machine: Splice Consolidation &

T

Collimation in IRS

ALICE - detector compietion

Qam plpes

TLAS - Consoldatson and new forward

CMS - FWD muons upgrade +
Consobdatson & mnfrastrastructune

LHCD - consolidations

2Cryo-collimation point |

X-Mlas manenance

SPS upgrade

I 7 $PS - LINACA connection & 7 PSB energy upgrade ]

LHC

Injectors

| 2016 |

| 2018 |

2019 |

2020 |

JFMAMI J AS ODND

|

Machine: Collimation & prepare for
rrab cavities & RF cryo system

ATLAS: new poued detect. - detect.
for ultimate luminosity,

ALICE - Inner wertex systam

CMS - Nevw Pined. New HCAL
Photodetectors. Completion of
FWD muans upgrade

LHCH - full trgger upgrade, new

vertex detector ¢tc.

Xomas maintenance

JPMANMI JASONDI FPMAMI JASONDI PMAMIJI JASONDIIPFMAMIJASONDIFMAMI

X-mas maintenance

-

J A5 OND

Installation of
the HL-LHC
hardware.
Installation of
LHeC
Preparation for
HE-LHC

July 26, 2011

QCD at the LHeC.

S. Myers, HEP2011, Grenoble

42

Preliminary; LHeC Design Study Report, CERN 2012
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LH.O Tentative timeline:

New rough draft 10 year plan Not yet approved!

| 2010 | 2011 | 2012 [ 2013 | 2014 ] 2015 | 2016

— LHC death by radiation damage estimated by 2030-2035.

— LHeC should work for ~ 10 years.

— No disturbance to LHC operation: built on surface,
installation during LS3.

—

Preliminary; LHeC Design Study Report, CERN 2012

QCD at the LHeC.
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LH.C

Tentative timeline:

New rough draft 10 year plan Not yet approved!

Ia

2010 2011 2012 2013 2014 2015 2016

—_— Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Magnet pre-
series
Legal
preparation
Civil engineering

Preliminary; LHeC Design Study Report, CERN 2012

QCD at the LHeC.
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LH.O Tentative timeline:

New rough draft 10 year plan Not yet approved!

2010 2011 2012 2013 2014 2015 2016

2012 CERN-ECFA-NUPECC Workshop on the LHeC

14-15 June 2012 Chavannes-de-Bogis, Switzerland Search

The 2012 Workshop on the Large Hadron electron Collider will provide an overview on the completed conceptual design
Overview report, and is directed to steps for the further development of the LHeC, its physics programme & detector design.

Workshop Programme
More information on LHeC webpages.

Registration
Contact address:

Registration Form ECFA-CERN LHeC Workshop Secretariat
Mailbox Lo18oo

List of registrants CERN

1211-Geneva 23

Venue or e-mail

&2 Support Dates: from 14 June 2012 09:00 to 15 June 2012 18:00
Timezone: Europe/Zurich

Location: Chavannes-de-Bogis, Switzerland

July 26, 2011 S. Myers, HEP2011, Grenoble 42

Preliminary; LHeC Design Study Report, CERN 2012

QCD at the LHeC.



LH.O Tentative timeline:

New rough draft 10 year plan Not yet approved!

2010 2011 2012 2013 2014 2015 2016

Thanks to the organizers for the invitation!!!}..

Overview
Workshop P

Registration

|  Thanks to you all for your attention!!!

List of registrants CERN

1211-Geneva 23
Venue or e-mail

&1 Support Dates: from 14 June 2012 09:00 to 15 June 2012 18:00
Timezone: FEurope/Zurich

Location: Chavannes-de-Bogis, Switzerland

Preliminary; LHeC Design Study Report, CERN 2012
QCD at the LHeC. 54
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C__The detector: some details

LH.0 Detector: tracking
Transverse momentum All in 3.51-
o/ P% > 6x104 GeV1

Ap solenoid

Central Pixel Tracker

transverse impact /4 p— N/ CST- AR 35emesch O\
Parameter9 10 Hm min-innerR = 3.1 em I.Iayer.; SEST Rj 21.2cm Central Forward/Backward Tracker
| max-inner-R = 10,9 cm § I;’y:‘. ;7:;5'62‘:;
4'| =36.7cm (4 CFT/CBT ;
AR = 15.cm ' ayer: iey min-inner-R = 3.1 e¢m. max-inner-R = 10.9 ¢
\_ \_ 3. layer: ~427cem

Preliminary; LHeC Design Study Report, CERN 2012;
B. Cole at HP2012

Forward Si Tracker Backward Si Tracker
(FST - AZ=8.ecm ) [BST - AZ=-8.em h
min-inner-R = 3.1 cm; max-inner-R= 10.9 cm min-inner-R = 3.1 cm; max-inner-R= 10.9 cm
Planes 1-5: Planes 1-3:
751 = 370./330./265./ 190./ 130.cm z1.3 = -130./ -170./ -200. cm
J \. J

QCD at the LHeC: 2.The Large Hadron Electron Collider.



Hadronic Calorimeter

TP e
Electromagnetic Calorimeter

_
‘Solenoid

B. Cole at HP2012

Hadronic Tile Calorimeter [modular, outside coil: flux return]

Liquid Argon EM Calorimeter [accordion geometry, inside coil]
Barrel: Pb, 20 X, , 11m3 FEC: Si -W, 30X, BEC: Si -Pb, 25 X

= with Al
s without Al

| .
-t

8.47+0.05) -
..Z:;I_L@fo.ns:o.uzm- -

£

f

Preliminary; LHeC Design Study Report, CERN 2012;

Electron Energy (GeV)

QCD at the LHeC: 2.The Large Hadron Electron Collider.
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at midrapidity ruled out initial state effects as the explanation for

Features in dAu@RHIC:

e Control experiment for initial state effects in AA: Cronin in dAu

the suppression observed in AA.
® Suppression at forward rapidities predicted by small-x evolution.
® Azymuthal decorrelation in the forward region also seen.
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Features in dAu@RHIC:

e Control experiment for initial state effects in AA: Cronin in dAu
at midrapidity ruled out initial state effects as the explanation for
the suppression observed in AA.

® Suppression at forward rapidities predicted by small-x evolution.
® Azymuthal decorrelation in the forward region also seen.

—— CP
L BRAHMS L 10
_ > BRAHMS
o o » h(x200); N=2.2; K=1 ° o h(x20): 11=2.2: K=1
©) « h(x50); n=3.2; K=1 = 10, e « h(x4); N=3.2; K=1
- STAR - " Ho STAR

2 1 » ™(x20); 1=3.3; K=0.4 1 e P

. m%(x10); n=3.8; K=0.4 . » T n=4; K=0.3

-1

« 1% n=4; K=04

d*N/dn/d’p
o

d*N/dn/d?

—h
o
o
—_
<
N

Albacete-Marquet ’10
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Features in dAu@RHIC:

e Control experiment for initial state effects in AA: Cronin in dAu
at midrapidity ruled out initial state effects as the explanation for
the suppression observed in AA.

® Suppression at forward rapidities predicted by small-x evolution.
® Azymuthal decorrelation in the forward region also seen.

S 002 p._ >2 GeVic STAR PRELIMINARY
o ’ « p+p (-0.0045)
O 1GeVic<p, <P, . d+Au central (-0.0145)

0.015

0.01

N, air A —
pair(29) / d*p1d®py d*p

Yi,s|PiL | PL

deAu—)hlth deAu—mX
/Ntm'g :/
Y,

0.005

_IIIII|IIII|L.,'I_.|_‘I|IIII|I
——

Albacete-Marquet '10
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Features in dAu@RHIC:

e Control experiment for initial state effects in AA: Cronin in dAu
at n

® Saturation physics describes these data, but:
S =» The normalization is not determined by the
® .
| calculation < problems to compute the b-dependence.

=?» A full NLO analysis is still missing.
3l =¥ RHIC data lie at the edge of phase space.

® Other descriptions exist: NLO pQCD (problems with pp

reference), eloss models,... o
d3p

® Note: these studies are very important to understand
the mechanism of soft/semihard particle production: ridge,
initial conditions for HIC, isotropization,...= ‘benchmarking’

the bulk.

QCD at the LHeC: 2.The Large Hadron Electron Collider. 57



UPCs in pPb:

® [arge luminosities in Yp.
® |[nteresting kinematical coverage.

1072
10°!
".‘\1 030
7}
o 9
Tl | S
§ ol be @PbPb _ > 1978
3107} : S
; =
< ' ' ~10°°
! =
1026 > E i% 5
' <107
5[0 _
102 : N 10?4
1024 A A ! ! I I 1023
0 200 400 600 800 1000 1200 1400

V%W,HGeVY

QCD at the LHeC: 2.The Large Hadron Electron Collider.
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UPCs in pPb:

® [arge luminosities in Yp.
® |[nteresting kinematical coverage.

> 10° - Nuclear DIS & DY data:
e 8 ~  Ultra-peripheral QQ:  ® NMC (DIS)
3 - - ==LHCY (lyl <2.5) = SLAC-E139 (DIS) - PPH
31 0 KN 1 04 = FNAL-E665 (DIS) pp (ALICE) ]
107 | c ' LHC J/W (Iyl <2.5) A EMC (DIS) (Atlas,CMS)
. | - * FNAL-E772 (DY) pPb ——
107 10°-
~ i —
~ 107 F , n |
S ) | | . .« J
0 S
= ~ O’ (Pb, b=0fm)
E 1w+ | 10 2%
6 | _ perturbative -
102 : 1 g_"""""""": """""""""""""""""""
] 02 5 _ E non-perturbative N A
| 10" at
1024 | ' ' - A
0 200 400 , - | | A | | | 250 300 350 400
- [ L1 [ [ L [ [ LI [ L [ [ L [ [ LI [ L LI
] ] ] ] _ ] Vi
10° 10° 10* 10° 102 10

Preliminary; LHeC Design Study Report, CERN 2012
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Preliminary; LHeC Design
Study Report, CERN 2012
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® Existing ep:
pp@LHC at y=0;
eA: not even
dAu@RHIC.
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Introduction:

e At the SPS and at RHIC, pA (dAu) runs have been an essential

part of the heavy-ion programs. Prominent examples:
=» SPS: ]/ absorption in pA — anomalous suppression in PbPb.
=» RHIC: Cronin in dAu — jet quenching in AuAu as a final state effect.

A g e ] | W ——
= 80+ Theoretical rescale to 158 GeV i u-Al, Len Seall, T-Iaas
ol / / P
E 70 | o NASLpm.pid58GeV ] Y | 14 v Au-Au, Periph
5 60 [0 NAS0LIp-Be, Al, Cu, Ag, W 450 GeV l . I
-~ 50t A NAS0 HI p-Be, Al, Cu, Ag, W 450 GeV - 12 r A {
é- 40_ S A NASOP'BesAl,C“,Ags“"st‘woGev 7 ' 1 :-c- |||||| %-lﬁu%u}l lllll :'lll‘%.l+llll |||||||||||||||||||||
© ] < | l [
o 30 ‘ < 08 M ’ {
| T |
20t * 06 T
O NA38S-U200 GeV +*++ . 0.4 } ¢ ¢ ' +
ﬁ o 05 _. + + + + + + + + +
" ¥ NAS0 Pb-Pb 2000 158 GeV + L = [ ¢ '
9I-I I 1 1 1 I 1 | | I | 1 1 I 1 1 1 I 1 1 | | O - I I I I : I l I :
0 ) 4 6 3 10 0 2 4 6 8 10
L (fm) PHENIX, 110 p (GeV/c)
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Introduction:

e At the SPS and at RHIC, pA (dAu) runs have been an essential

part of the heavy-ion programs. Prominent examples:
=» SPS: ]/ absorption in pA — anomalous suppression in PbPb.
=» RHIC: Cronin in dAu — jet quenching in AuAu as a final state effect.

e A pPb run @LHC with <£>~102°(/3)cm s for | £dt-0.1(/3)
pb-!in the 2012 run (4.4-5 TeV/n instead of nominal 8.8).

® Rapidity shift (0.46) due to asymmetric
system, smaller for dPb (0.12) but no injector: 1. Z,A,

+Pb and Pb+p (ALICE p-arm, LHCb).

e All LHC experiments with capabilities for this running mode:
ALICE,ATLAS, CMS, LHCb, LHCH,...

® Check in November 201 I, approved in Chamonix last February.

QCD at the LHeC: 2.The Large Hadron Electron Collider. 60



Introduction:

o At the | &y Comparison of Angular Coverag
part of th = range in n covered by the LHC experiments

DY . —
> RH| .. . e W e oe a4 o« o2 0 2o« o 0 w pffect.

ATLAS LHCD

o A PPb“ | . * . s hadron PID ..l(/3)

. muon system

ential

CMS+TOTEM I lumi counters
b- I — HCAL
tracking
10 0 0 4 B 0 b 4 [ s 10
® Rapidit e
O specifics of LHCb

system, Y| -» tracking, particle-1D and calorimetry in full acceptance 7 1 A2

+ P =% particle identification for hadrons (also ALICE) ) g
P b anc =» no dedicated lumi counters Al Z2

=% no acceptance in very forward region

. AII LH : Mchae! Schmeling, May 31st, { Ode:

ALICE,ATLAS, CMS, LHCb LHCH,...

® Check in November 201 I, approved in Chamonix last February.
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pPb at the LHC:

® Offers the best possibility (before lepton-ion colliders) to test:
=¥ The small-x glue far from the kinematical limits.
=?» The production mechanism: clear differences between
collinear factorization and saturation!?

— p(I),A(I) s (13=0.l

44TeV.n=4 N_ =65

coll

I I I 1'4-. - Iﬂ. T T | p(II),A(I),as=0
- I I I I I I ] I I I I I I I I I I I I I I . & 4 .
- | Cp: Q@ <0168 GeV P, AM, o =01
12 PPb collisions \[s=8.8 TeV 1 o > GV DAD.a -0
N o qufo_s GeV’ g p(M, A(), @ =0.1
1 B .........................::.--::::: ] AQD: Qéosd)'é’] GeV2 f - - p(]I),A(H),as:O
e } 1 b —— p(ID,A(D, 0 =01
08— — ! | .
= N |
RS Qi) 1 20 '
I ,'\_',,'..'..'-.'--'--'- . S L CGC -
04— ‘ (Albacete-Marquet)—
0.2 y=0 y=4 -
—  =eeessssssess y=2 """""" y=6 .
0 B 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 I_
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Jalilian-Marian & Rezaeian, | 110.2810
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pPb at the LHC:
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Summary:
® A pPb run at the LHC offers huge possibilities (unique before |A

colliders) for:
A) Benchmarking for the HIC program, particularly for reducing

uncertainties coming from nPDFs:

Observable Expected impact of the p+A data for benchmarking of A+A
Jets The expected effects from nPDFs are small. Cold nuclear matter effects
in the structure of highly virtual jets are also expected to be small,
but little experimental or theoretical information 1s available at present.
W/Z bosons This observable provides unique possibilities for constraining the
nuclear PDFs and also to serve as benchmark for Z+jet production in A+A .
Photons The expected effects from nPDFs are small for most of the regions studied.

A p+A run would serve as a benchmark for the A+A results.

Sizable uncertainties appear from nuclear PDFs for pr < 10 GeV/c
which could affect the interpretation of the A+A data. No information
exists on the modification of the hadronization by cold nuclear matter.

The effect of both the nuclear PDFs and the hadronization presents

large uncertainties, especially for the case of J/V integrated in pr.
p+A runs would be essential for a correct interpretation of the A+A results.

Heavy flavour

Quarkonia

B) Discovery: clarifying the relevance of saturation physics.

C) Others: UPCs, measurements of interest for UHECR.
QCD at the LHeC: 2.The Large Hadron Electron Collider.



Summary:
® A pPb run at the LHC offers huge possibilities (unique before |A

colliders) for:

A) Benchmarking for the HIC program, particularly for reducing
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C) Others: UPCs, measurements of interest for UHECR.
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