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LH.O Contents:

. Status and motivation.
2.The Large Hadron Electron Collider.

3. Inclusive measurements at low Xx:

® [nclusive measurements and small-x glue in ep.
e nPDFs.

® UHE neutrinos.
® Photoproduction cross section.

4. Summary.

CDR, arXiv:1206.2913, ]. Phys. G 39 (2012) 075001;
arXiv:1211.4831;arXiv:1211.5102;
LHeC talks at DIS2013 and LPCC 17-18.04.201 3; talk by A.Valkarova on
diffractive observables

Inclusive observables at small-x at the LHeC.
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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.
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LH C nPDFS:R: f"//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 nPDFS:R: fZ/A ~ measured

™ “expected if no nuclear effects
Af 1/p

RHIC

® [ ack of data = models give vastly different
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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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Design considerations:
o [ ~103cm?s.

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

E.=60 GeV (benchmark).

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=0.8-1.2 TeV/nucleon

Baseline:
Energy Recovery Linac

60 GeV, Power 100MW

<+ 10-GeVlinac
0.03 km
e- final focus

Luminosity per nucleon

. 172571 (Nominal Pb)
eN = m~2s~! (Ultimate Pb)

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

Inclusive observables at small-x at the LHeC: 2.The Large Hadron Electron Collider. 7



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=0.8-1.2 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!

Inclusive observables at small-x at the LHeC: 2.The Large Hadron Electron Collider. 7



LH.C

electron beam

e- energy atIP[GeV]

luminosity [1032 cm2s-1]

polarization [%]

bunch population [10°]

e- bunch length [mm]
bunch interval [ns]

transv. emit. yg, , [mm]
rms IP beam size o, , [u
e- IP beta funct. g*, , [m]
full crossing angle [mrag
geometric reduction H,

repetition rate [Hz]

beam pulse length [ms]

ER efficiency
average current [mA]

tot. wall plug power[M

CDR nu
luminos
considere

lower |

Accelerator:

e With HL-LHC parameters,
luminosities around 1034 cm2s-! are

within reach: 1000 fb-! in 10 years!!!

Lepton—Proton Scattering Facilities
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LH.0 The detector: low-x/eA setup

Solenoid

Inclusive observables at small-x at the LHeC: 2. The Large Hadron Electron Collider.



LH.0 The detector: low-x/eA setup

dipoles forward tracker solenoid central tracker dipoles

calorimeter

calorimeter
inserts inserts
backward
tracker
hadronic '

calorimeter

muon detector electromagnetic calorimeter

Inclusive observables at small-x at the LHeC: 2.The Large Hadron Electron Collider.



LH.0 The detector: low-x/eA setup

dipoles forward tracker solenoid central tracker dipoles

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

outside, also considered.

® Plus luminosity detector, electron

tagging, polarimeter, ZDC and leading
proton detector.

calorimeter
inserts

calorimeter
‘ inserts

backward

§ tracker
hadronic ’

calorimeter

muon detector electromagnetic calorimeter

Inclusive observables at small-x at the LHeC: 2.The Large Hadron Electron Collider.
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LH.C

Physics goals:

(*|> llllll I llllllll I UL I IILLRRL I FrrrrTT T rFrrrmm I ULLBLLELR!
L - .
3 0 6 LHeC Experiment:
o F New physics on |
o HERA Experiments: scales ~10"%m |
10 5[] Hl and ZEUS SO |
- Fixed Target Experiments:
~ 271 NMe
107 _ (7] BCDMS
- [IIII E665 B— s |
C . . IS
.- 1 stac ) High precision | == = =1
10° - £ partons in LHC Bssss
: plateau [
= E o
10 2 o o o O - -.;_::'.“
, Nuclear [0 o8
T T o T o el ol e )
/| Structure | 5SS 5
1 =
b
10 = -
! -6 -5 -4 -3 -2 -1
10 10 10 10 10 10 10 1
X

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

® Precision QCD/EW physics.
® Higgs physics.

® High-mass frontier (lq, excited
fermions, contact interactions).

e Unambiguous access, in ep
and eA, to a qualitatively novel
regime of matter predicted by

QCD.

® Substructure/parton dynamics
inside nuclei with strong
implications on QGP search.

Inclusive observables at small-x at the LHeC: 2.The Large Hadron Electron Collider. 10
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Physics goals:

10°

10

10

10

10 2

10

Klein

Higgs at the LHeC

LHeC is a Higgs “Factory”: 200 fb cross section in CC e'p: L=1 ab': 2 10° Higgs events
Clean final state, no pile-up, low QCD bgd, uniquely WW and ZZ, small theory unc.ties

LHeC Higgs CC (ep) | NC(e7p) | CC (e*p)
V. Polarisation 0.8 0 0
¢ 9 ‘ Luminosity [ab™!] 1 1 0.1
D w & || Cross Section [fb]
b &= Acceptance 0.92 0.93 0.94
o H__ Decay Channel Neécep| Nycep| Nege'p
' b ""\'\‘;j‘;-y H — ce
S A H — gg
u i H—WW
—@ 4 SalPS- H - 77
= u H—-11"
H — vy

Ultimate e and p beams, 10 years of operation

Table 1: Cross sections and rates of Higgs production in ep scattering with the LHeC. The cross sections are
obtained with MADGRAPHS (v1.5.4) using the pr of the scattered quark as scale, CI'EQ6L1 partons and
My = 125GeV. The acceptance is obtained with kinematic cuts on final state partlcleb (|Mjet] < 5, |Mer]| <
et > 1GeV, Fiee > 15GeV, E’ > 10GeV, E, > 5GeV) but excludes the tagging rohablhtles

cf CDR, Talk of Bruce Mellado, also Uta Klein ICHEP12

ILC: 1034 cm2s1, 280fb, 15000 cavities, width - LHeC: 103%4 200fb 960 cavities, no width

Inclusive observables at small-x at the LHeC: 2. The Large 'Hadron Electron Collider.
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Proton PDFs at small x:

LH.C

ies poorly known at small x and small to moderate

® Parton dens

ions.
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LH-C  Proton PDFs at small x:

® Parton densities poorly known at small x and small to moderate
Q?: uncertainties in predictions.

® | HeC will substantially reduce the uncertainties in global fits: FL
and heavy flavour decomposition most useful.
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LH.C

Effects beyond DGLAP?:

7

C Linear approaches
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® | HeC F; and F_ data will have discriminatory power on models.

Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x.
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LH.C

Effects beyond DGLAP?:

Pseudo-data from AAMSO09 (BK + running coupling)
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NLO DGLAP cannot simultaneously accommodate LHeC F; and
FL data if saturation effects included according to current models.
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LH.C

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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Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x.
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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.

Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x. 15



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.
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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.
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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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Impllcatlons for UHEV's:

E, =10" GeV

1 e v-n/A cross section (T energy loss)
| dominated by DIS structure functions /
(n)PDFs at small-x and large (small) Q2.

e Key ingredient for estlmatlng fluxes.
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Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x.
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LH:C Photoproduction cross section:

® Small angle electron detector 62 m far from the interaction
point: Q2<0.01 GeV,y~0.3 = W-0.5 +/s.

® Substantial enlarging of the lever arm in W.
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Inclusive observables at small-x at the LHeC: 3 Inclusive measurements St Iow> X.
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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!!!

Inclusive observables at small-x at the LHeC.
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LHC Future plans:

e Next: follow CERN mandate and go
towards a TDR. This requires a further elaboration
of the physics case:

=¥ diffraction: studies on DPDFs and nDPDFs.

=¥ GPDs: complementarity of exclusive VM production and
DVCS, also in the nuclear case.

=» complementarity with the LHC, both ep/pp and eA/pA.

Any collaboration is more than welcome!!!

Inclusive observables at small-x at the LHeC.
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Future plans:
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Backup:

Inclusive observables at small-x at the LHeC.
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LH.C Legacy from HERA:

e Structure functions in an extended x-Q? range, xg « |/x*, A>0.
® Large fraction of diffraction Oif/ Ococ~ | 0%.

® But: no eA/eD, kinematical reach at small x, luminosity at high x /
for searches (odderon,...), flavour decomposition, TMDs,...
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Inclusive observables at small-x at the LHeC: |. Status and motivation.

July 2010

HERA Structure Functions Working Group



LH.C Legacy from HERA:

e Structure functions in an extended x-Q? range, xg « |/x*, A>0.
® Large fraction of diffraction O4if/ Otot~ 1 0%.

® But: no eA/eD, kinematical reach at small x, luminosity at high x /
for searches (odderon,...), flavour decomposition, TMDs,...
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LH-C  Small x and saturation:
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- 10* 10° 102 101
In/\gco InQ2 0 0 0 0 X]

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)?).

Inclusive observables at small-x at the LHeC: |. Status and motivation. 23




LH-C  Small x and saturation:
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The ‘QCD phase’ diagram:

Our aims:
understanding

Y =1In1/x 4

t~‘ Saturation

® The implications of

rG ~ e
— Q3 o AY22™7%%  ynitarity in a QFT.

Dilute system ® The behaviour of QCD
at large energies.

® The hadron wave

DGLAP .
— function at small x.

—— =

2
In A%, 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

collisions.
Inclusive observables at small-x at the LHeC: |. Status and motivation. 24



The ‘QCD phase’ diagram:

=|n 1/x A
/x fixed Q2 ng
Hie
" \g\k ns of
Y E L FT.
T 215 |
v / r of QCD
CIaSS|caI
Ao | /XXs @ & S
time Vave
w — w function at small x.
In A2 In Q»?'

QCD

® 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

collisions.
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The ‘QCD phase’ diagram:

_ A
In 1/x x

fixed Q2

~
-~

‘!l O
A
X !
- |
Q
-0-':.\

N\

satura

ng

ns of
FT.

factorisation is at work?

v / r of QCD
CIaSS|caI L
AHo /0K o @ & ‘ 'S
time Vave
Questions:

® [heory: can the dense regime be described using pQCD
‘techniques? Or non-perturbative - Regge, AdS/QCD,...? Which

® Experiment: where do present/future experimental data lie?

Inclusive observables at small-x at the LHeC: |. Status and motivation.

24



LH.O Kinematics:

LHeC - Low x Kinematics LHeC - High Q° Kinematics

102 £=7000 Gev 10°F  E=7000Gev

E.=60 GeV
E.=60 GeV

m HERA

10 : B HERA

105 — P
m_-‘_E',"‘:_.'SDQG.eV d
1 |
10}
-1 !
10 =3 2 1 ¢
107 10°° 10 10° 10 10 3 1
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.
Black: HERA Green:100+20

Inclusive observables at small-x at the LHeC: 2. The Large Hadron Electron Collider. 25



LH.O Kinematics:

< 10°F
% = nuclear DIS - F, , (x,Q?)
(O] B Proposed facilities:
S 105
o 10°E | [ Lhec
~ Fixed-target data:
10* =
10° e-Pb (LHeC)
~ (70 GeV - 2.75 TeV)
10° =
~ Q7 (Pb,b=0fm)
10
| perturbative A
1—— o e e e — ‘ ——
—non-perturbative
107=
:lllllll | llllllll | ll'|||||>"‘ llllllll | llllllll | llllllll L 1 111l
10° 10° 10* 10° 102 10" J

® Small-x demands |
degree acceptance.

® Higher luminosity
would benefit high-x

Top to bottom: Q®=sx,
0,=170, 179, 179.5°

208'7Qln

I IllIlllI 1111

wf__Red: 7000150 vz .
10° 107 10° 10° X T0° 10° 107 :/or: 10° 10 X 10° and Q2 StUdIeS.
Black: HERA Green:100+20

Inclusive observables at small-x at the LHeC: 2.The Large Hadron Electron Collider. 25



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 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 F: 10,25,50 + 2750 (7000); Q?<sx; Lumi=5,10,100 pb"!
respectively; charm and beauty: same efficiencies in ep and eA.

Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x.



LH-C Note: FL in eA

O"NC' _ Q4;lf (120"'\:6' _ F 1 _ i&
" 2ra?Y, dedQ? ~ " * Y, B |’

=14 (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 T T
- . —— R, NDS - —— Rp HKNO7 -
=== R, EPS09 A —_oah T oA /|| == Rq Fas10
12 L u Rg nDS AL Rg HKNO7 | ]
|+ Rrg EPS09 ] i /| H-re Fas10 _
J
a L o4 L 4} == |‘_ L L
b oo | E /\} I
0.95 - 08 - HE= 4
| - I i
ST &ma, 0.6 i
ge\ko.ss = i
b - 1
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[ I [
075 j 0'2 T T T T T T
|
7 - - + — 4+ — R HKNO7 It
07T &= R;, EPS09 — PRanDS —_ R /| == Rg FGS10
12 i Rg nDS J- Rg HKNO7 |
0.65 |- | +1- R EPS09 h 1] /| R Fasto
0.6 - 1.0 [ } L
0.55 L Q°=2,5,10,20,50,100,200,500 GeV* 22 il T \[ =
i C 08F (1114 HE
0.5 vl el el L JAEEE \
—6 —5 —4 -3 -2 a - - ‘
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Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x.
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LH-:C ep diffractive pseudodata:

(lab)

rlﬂ.hll

I~

]]max

X (M,)

from LRG selection ..

® LHeC.E_=50GeV
s HERA

PRI |

2 15 -

log,  (Xpp)

® Large increase in
the M2, xp=(M2-t
+QY)/(W+Q?), p=x/
Xp region studied.

® Possibility to
combine LRG and
LPS.

Diffractive Kinematics at x;,=0.01

Current HERA Data
. ILHeC E_ = 20 GeV
- [/LHeC E_ = 50 GeV
["ILHeC E_ = 150 GeV _

Q% / GeV?

105°  Diffract i 2 2
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Diffractive Kinematics at X,,=0.0001
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> -
8 Current HERA Data
—— . I - 3
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Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x.



LH-:C ep diffractive pseudodata:

& ® La rge increase in § 10%°  Diffractive event yield (x,, < 0.05, Q" > 1 GeV?)
the M2, xp=(M2-t 0
X (M,) +Q2)/ (W2+Q2), B=X/ 1o’ ’*‘ *"i‘*“‘
Xp region studied. " .

Note: diffraction in ep is linked to shadowing in eA
(Gribov): FGS, Capella-Kaidalov et al,...

L]

R,'?f(x,s GeVd

[

ot
-------
-----
..........
......
............

.
.
......
L
L

Q

Q
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a;—llllllllllllllllll

: - nDS
ata: LHe N 02—
0 » g g aaal AT | TR AT | IR | 01 wal ul |
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p

Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x.
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Diffractive dijets:

e(k) e(k’) e(k) e(k))
v* (Q) (u) T VA (0) R
jet remnant
—jet M (u)
: l u
IP Vv - : !
ot e XP
remnant Zp (V) i !
e GAP remnant
Xip GAP
p(P) YR
P Y (P
(a) p(P) (b) ( Y)
—10* ==
S = T —_
S 10° _—___ Diffractive DIS Q%2 (100 fb™)
0 =
;‘:'1 02 = 3 NLOJET++ (NLO)
9 =
m __—
2 10 =
O -
1 T
T
T+

102
1073

10

3
IIIIIIﬂ] Illlllﬂ] IIIIIIH] Illlllﬂ] IIIIIIH] IIIIII"| IIIIIH[| IIIIIIﬂ| TTT

10-5 L

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

— Checking
factorization in hard
diffraction.

- -
(=] o
2] )

=
dN/dE"" [GeV]

® Large yields up to large
PTjet.

L = =
o R <

—h

® Direct and resolved

contributions: photon
PDFs.

Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x.

— Constraining DPDFs.
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Elastic VM production in ep:

e,

=

p

g

p

e Elastic J/P production

appears as a candidate to
signal saturation effects

at work!!!

Linear,
sensitivity
to (xg)?.
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Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x. 30



LH:C Elastic VM production in eA:

7(Q) VM
[ o D
kW) 4 coherent
A N\ A
\ )
W—J
(t)

® For the coherent case,

predictions available.

e Challenging experimental

problem.
7(Q) VM
W) incoherent
A - __—nN
¥‘z\ n ’
- ~ — A

(®

1/A* do/dt (ub/GeV?)

g
th

[\®)

1.5

0.5

YA = JWA
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nosat

Saturation .-
effects i
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0
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200 400 600 800 1000
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Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x.



LH-C Transverse scan: elastic VM

hadron 1.0

e t-differential

measurements 206
give a— gluon virtual photon %

tranverse
mapping of the
hadron/nucleus.

ol — =
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Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x.
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LH.C

® Exclusive processes give information
about GPDs, whose Fourier transform
gives a tranverse scan of the hadron:

DVCS:

DVCS sensitive to the singlet.
® Sensitive to dynamics e.g. non-linear

effects.
DVCS, Ec=50 GeV, I°,
pTVUt=2 GeV, | fb’!
‘r' —@— Xx=4.7e- —0— x=1.2e-
> 1 03 —— x=:.:e-gi —— x=;.:e-gz
Q oo —8— x=24e-04  —o— x=6.0e-03
g .,:"‘_._ o —o— x=5.3e-04 —o— x=1.3e-02
o] ++_._++I—0— :
& +++—o—_._+—0—_._—o—
% “_.__._—0— _.__._—0—_._ o _:_ ————— °
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O 2 Soo +—0—_._ ——— ® ® ¢
g®) 1 0 e e ¢
~~ "o ® o ———0— — ¢ R N ¢
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o i T — $
(&) i — +
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2011
Inclusive observables at small-x at the LHeC: 3 Inclusive m Note the huge Q™!
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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.

B 024 T T T | T I ' | ! |
002§ 2 Gevic STAR PRELIMINARY Proton 2.75 TeV
o - ’ - p+p (—0.0045) [ |----Proton 7 TeV
© L 1GeVle<p <p . d+Au central (~0.0145) w Lead Nucleus 2.75 T eV
0.015:— 0.20 |- |
B! | Albacete-Marquet ’10 - pred>3 GeV
E . L1
001 R Hd o016  pr>2 GeV -
B i P Zlead—Zass—0.3
o.005:— I.‘- 012 L )’=07 1
- Q2=4 GeV?
0:__I | I 1
0 6 0.08 .
. oo4¢y+ /S -
1 do.'y N—hihe+X (/7 e
C(d19) = - . .
(' 12) dO’('}l‘.‘,\’—)hIX) thleth(,D]Q ...........................................
dzh1 0.00 L2220 SSET—n

2.6 2.8 3.0 3.2 3.4 3.6

Inclusive observables at small-x at the LHeC: 3 Inclusive measurements (Ic)ftzlow X. 34



LH:C Dijet azimuthal decorrelation:

® Studying dijet azimuthal decorrelation or forward jets (pt~Q)
would allow to understand the mechanism of radiation:

— kt-ordered: DGLAP
— kr-disordered: BFKL.
— Saturation?

® Further imposing a rapidity gap
(diffractive jets) would be most

interesting: perturbatively
controllable observable.

Ad* < 120°

o 10}

103

1010}

10°
108
10’

10©
10°¢

10?
103

. 50 ex7000p |

MEPS
CDM

CASCADE

1107 <x<110°[

110%<x<110°]

110%<x<110*

110* <x <1103

............

1102 <x 41107?

Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x.
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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!? G
® Further imposing a rapidity gap S 10tk
(diffractive jets) would be most —
interesting: perturbatively 107 1] — =
controllable observable. F | B
102__ L e=1
X b X by small § L e
| C | I :‘
C 10 =
;‘v; — Up— evolution
: P -
T REEEE 1 | sasanl Ml |
"forward’ jet 10 ° 10 ! ‘IO.3 10 2 10 1
W X, = Ejet = larve
E jet  Eproton :

Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x.
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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.

0,0.15
"y - %,,=0.00001 *  x,,=0.0001 - %,,=0.001
e L A2 2 L A2 2 L A2 2
01 Q =3 GeV | Q =3 GeV | Q =3 GeV
B ol ol
0.05 - ¢ L o
- s T § @
0 ‘ | | | ‘ ‘ | | | \HH‘ ‘ | | | ‘
-2 1 -2 -1 -2 1
10 10 10 10 10 10
01 - ~ X,,=0.0001 ~ x,,=0.001
- Q%=30 GeV? o Q%=30 GeV?
0.075 - = - e
0.05 - 0o 8 é E 8
0.025 — — —
0 Ll L L L Ll L
-2 -1 -2 -1 2 1
10 10 10 10 10 10
0.1 ¢
- . =0.001
0.08 [ H1 fit B C - Xp
S Q=300 GeV?
0.06 - o ipsat C F .
004 - o bCGC - - .
L L a
002 = (E =50 GeV)1° -
0 7-1 ‘ ‘ — 7-1
10 10

1 Ll -1 1 1 1 1 1 1 Ll
10 B

LA
W

o
*x 0.08
0.06

0.04 |

0.02

0 7\\\\

0.15

0.1

0.05

0.1
0.08 f
0.06 f
0.04 :

0.02

- X,,=0.00001 - X;5=0.0001 - x,,=0.001
- A2 2 T A2 2 A2 2
- Q=8 GeV Q°=3 GeV Q°=3 GeV
g ® e x
‘ L L1 ‘ \H‘ L \H‘ \H:HH‘ L1 ‘ |- ‘
-2 1 -2 -1 -3 -2
10 10 10 10 10 10 10
- - X;5=0.0001 - X,;;=0.001
- Q°=30 GeV? - Q°=30 GeV’
° o ] ; o
L - U O O j 8 B é g
\_2‘ L \1 \_2‘ \\\\\\\‘1 \\\\\\\\\‘-2\ \\\\\‘-1\ L
10 10 10 10 10 10
- o HifitB - o .
. O
- O Ipsat - r o
- o bCGC o - o
N B X|B=0.OO1 -
- (E=150GeV)1° - Q%=300 GeV*
““_1 | L i ““\_1 \\\\\\\‘-2\\\\\\\\‘-1\\\\\\\\
10 10 10 10

Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x.




LH-C Diffractive DIS on nuclear targets:

V(Q) VM

> [ W D
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Inclusive observables at small-x at the LHeC: 3 Inclusive measurements at low x. B 38



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.

1 YL YL\ *
AQ2 1, m2) = L 80d0(W", @, t, m3,,0) _ J1 cosfdcos 2 Re [MF (MF)’]

[do(W2,Q2,t,m3,,0) f_ll d cos 6 [lM}"‘P + |M:'3;‘|2]
. 0.20 | I2 ''''' S
® Sizable charge ong] & 3GV
: { t=-08GeV
asymmetry, yields 010{ o =03..07

and reconstruction 005 Agop =0.2..0.35 GeV |

endin "

INg. -

P S %1 1,=005 Ge\N
-0.10 1

0.1 +——F"7"—""7"—""TT—T T
03 04 05 06 0.7 0.8 09 1.0 11 12 1.3 14 15

Inclusive observables at small-x at the LHeC: 3 Inclusive measuremenis, @sdow x. 39
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LH.O Transversity GPDs:

® Chiral-odd transversity

GPDs are largely unknown. Y—>< ; }

P\ P
® They can be accessed .
through double exclusive s O=
production: y
ep(p2) — 6,72*/)T(q) p(p2) — e,pOL,T(q/O) pr(pp) N'(p2r) - F -
1oj . prr=2GeV; — | 103 Su—
10 ggg¥2 ............ ' 102
s 10° L. -
S ol > 10
G 10 e &
£ o'} £ 10
g 107 g 107!
Néi 107! N%— o
8 102 L
-3
0% | | 10 :
10_L:0'5' Tt 107 102 100 o Rl'E 10*  10° 102 10" 10°
g g
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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
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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).
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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).
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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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Tentative timeline:

New rough draft 10 year plan

Not yet approved!
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LH.O Tentative timeline:

New rough draft 10 year plan

Not yet approved!
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