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LH.O Contents:

l. Introduction.

2. eA at the LHeC and comparison to the LHC.

3. Physics case in eA:
® |nclusive measurements and nuclear PDFs.

e Diffraction.
e Final states: dynamics of QCD radiation and hadronization.

4. Summary and outlook.

CDR, arXiv:1206.2913, . Phys. G 39 (2012) 075001;
arXiv:1211.4831;arXiv:1211.5102.
See the talks by Jansova, Newman and Paukunnen this afternoon.
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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
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® Particle production at
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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 nucl(iM{a?f—) QGP = mt

_ ® Particle production at ® Probing the
e Nuclear the very beginning: which| | e dium through
wave factorisation in eA? energetic particles
function at (jet quenching
small x: ® How does the system | |atc.): 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 nPDFS:R: fZ/A ~ measured

. expected if no nuclear effects
— Afisy

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.

new HIJING

“Yellow Repoft on -
Hard Probes, 2004

RE°(x,1.69 GeV?) § . RE%(x,1.69 GeV?)

e Available DGLAP

(Q’=4 GeV?) ] - 7 | E
anaIYSiS at N LO = *° * N 2 ! x 1 10 10° 10" 10° 10? 10" 1 20 10° 102 10" x 1

1_ LO anaIyS|s |

b Rg(x,100 GeV?)

show large
uncertainties at small
scales and x.
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LH C nPDFS:R: fZ/A ~ measured

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

new HIJING

""" Yellow Repoft on -
Hard Probes, 2004

e Available DGLAP
analysis at NLO
show large
uncertainties at small
scales and x.

. ™ expected if no nuclear effects
Af i/p

® [ ack of data = models give vastly different

results for the nuclear glue at small scales
and x: problem for benchmarking in HIC.

1.4
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| Shadowing *
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LH-C  Small x and saturation:

Y =1In1/x4 an 10 T
Saturation
nQ%(Y)=AY g |
G g (2 Q5) 2 1/3 ~—0.3
7;3?2(28 = QYo A 6
T17ATes .
‘ Dilut t -
ilute system 4 :
I BFKL I
2 |
DGLAP -
@ 0 IS I ST R ST R
> 10* 10° 10> 10! ]
In A2 n Q2

QcD

® 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)?).
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LH-C  Small x and saturation:

Y =In1/x4 an 10

Saturation
nQ%(Y)=AY

- > Q2 oc AV/3y~—03

S
I Dilute system

I BFKL

DGLAP
—

2 >y
In AZqp In Q

® 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)?).
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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?*(>/\?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/ T A.

§ DENSE
REGION
: 5

BK /JIMWLK
DILUTE
REGION @
DILUTE
REGION
DGLAP

[fixed Q]

In 1/x
In 1/x

DENSE
REGION

€p

non-perturbative region

In )\QCD In Q In A
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LH.O Contents:

l. Introduction.

2. eA at the LHeC and comparison to the LHC.

3. Physics case in eA:
® |nclusive measurements and nuclear PDFs.

e Diffraction.
e Final states: dynamics of QCD radiation and hadronization.

4. Summary and outlook.

CDR, arXiv:1206.2913, |. Phys. G 39 (2012) 075001;
arXiv:1211.4831;arXiv:1211.5102.
See the talks by Jansova, Newman and Paukunnen this afternoon.
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LH.C

electron beam LR ERL LR
e- energy atIP[GeV] 60 140
luminosity [10%2 cm2s-1] 10 0.44 5
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,, 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:

Baseline:
Energy Recovery Linac

60 GeV, Power 100MW

0, 30, 50 GeV

<++ 10-GeVlinac 14

0.26 km
0.03 km
e- final focus

Luminosity per nucleon

m—2s~! (Nominal Pb)
m 2!

(Ultimate Pb)
eD: Len=ALea>~3% 103! ecm-2s”!

Len =
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LH.O Kinematics:

LHeC - Low x Kinematics LHeC - High Q° Kinematics

102  E=7000 Gev 10°F  E=7000 Gev

E,=60 GeV
E,.=60 GeV

m HERA
BN HERA

® Small-x demands | degree acceptance.
e Higher luminosity would benefit high-x and Q? studies.
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LH.O Kinematics:

LHeC - matics
% nuclear DIS - F, , (x,Q%
0] Proposed facilibes:
5 et 10°E [ tHeC
10 - E,=7000 GeV ‘b E [ eRHIC
- B Fixed-target data: E,=3009 ey,
E,.=60 GeV [ " NMC g
m HERA
10 | e-Pb (LHeC)
i (70 GeV - 2.5 TeV) S/ FE
- . E/=300Gev
1 E Q’ (Au, b=0 fm)
<
a =
1 /&:? _non-perturbative
10 L |
-7 Lo i -
10 = o 1
- ,./ 7
mURE TR SN R R T T BRI A | St SRRt 1T B W N 1T S BN W A TR AR AR X

10%  10° 10* 10° 102

10"’ 1
X

® Small-x demands | degree acceptance.
e Higher luminosity would benefit high-x and Q? studies.
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LH.C

LHC vs. LHeC:

108%—I IIIIIII| T IIIIIII| T T TTI T TTTITh T TTTTT T IIIIIII| T IIII‘I‘F%
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o o
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- Q’(Pb,b=0fm)
10
” perturbative
Yl e ey e —————
- non-perturbative
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LH.C

10°
107
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10°

Q? (GeV?)
o}

107

p+Pb LHC (7 TeV+2.75 TeV)

Present nuclear DIS
and Drell-Yan in p+A
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® NMC (DIS)
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® The LHeC will explore a region
overlapping with the LHC:

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

Q? (GeV?)

10

10°

p(7000)+e(60)
pP(920)+e(30)

10?

10

\

—
Q
\

:HII| IIIIIIII| II'iIIIII|‘ [RANERIIH IIIIIIII|

0,=170%179°,179.5°

—
=
N

\

10'25— |
10° 107 10° 10°
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1045— 2081
TE 908
= 208pp(2750)+e(60)
102 -2 208
E Qsat,GBW(Pb)
10 = /
1;— ~
10‘1;—
1o-2f 8e=170°,179°,179.5°

Existin
- (approximate)

8 :HII| | IIIIIII| LU, IIIIIII|} (AN

—
S,

107 10 10°

Kinematics for FHeC:

® Obvious extension of
the kinematics.

® Larger electron energy
drastically compromises
small-x unless we can
enlarge substantially the
acceptance for e.
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LH.C

Q? (GeV?)

Kinematics for FHeC:
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® Obvious extension of
the kinematics.

® Larger electron energy
drastically compromises
small-x unless we can
enlarge substantially the
acceptance for e.
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LH.C LHC studies: PbPb

=¥ Benchmarking:

EVV bosons or
VM production
in UPCs, both

sensitive to
nPDFs.

=» Search for
‘non-standard’
physics like
saturation:
multiplicities, the
ridge,...

do/dy (mb)

ALICE, 1305.1467

Pb+Pb — Pb+Pb+J/y s, =2.76 TeV a)

N
I RaaoTes e ALICE Coherent J/y

AB-HKNO07 --... O Reflected
— — STARLIGHT

------- GM
=i LM-fIPSat
e AB-EPS09 . _._aa.

RSZLTA .’ “eo
e AB-EPS08 . ,*

IlllllllIIIII|IIII|IIII|IIII|IIII|IIll|l

o"‘
’\

K
] _\‘
3
4
(47 ¢
!
[
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LH.C LHC studies: PbPb

=¥» Benchmarking: CMS, 1105.2438

(b) cms simulations
PYTHIAS pp MC \Jz = 2.76 TeV

(a) cms j Ldt=31ub"

EW b O S O n S O I" PbPb\[2y, = 2.76 TeV, 0-5% cem;a]ny 2N\

YM production > N
in UPCs, both o5 o2 o [Ho2 18 02
sensitive to = =

nPDFs.

=» Search for

‘ : ALICE, 1109.2501
non-standard 3<pl <4 GeVic Pb-Pb 2.76 TeV 8<p' <15GeV/c PL-Pb 2.76 TeV

2< p: <25 GeV/c

physics like

6< p; <8 GeV/c

saturation: ’;’ 10| ; 20:

multiplicities, the
I"idge, e oo / ) M_,[rgd]

2
Ao (rad)

Heavy lon Physics in e-A and p/A-A: 2. eA at the LHeC and comparison to the LHC.
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LH.C

=» Benchmarking:
jets, quarkonia
and heavy
flavours.

=» Search for
‘non-standard’
physics like
saturation:
multiplicities and
pt distributions,
flow, ridge.

LHC studies: pPb

CMS, 1401.4433

0.75

< pT. 2/ pT. 1>

0.65

| p,,>120,p_, > 30 GeVic

(b) _

B Il < 3,40, , > 2n/3 _
. O g4 0 O O -
® o o ° 1
[ O PYTHIA + HUING |
L O PYTHIA + HIJING, Al ér*”“""“]
PYTHIA I
lllllllllIlIllIlllllllIlIllllI
0 10 20 30 40 50 60
F

1 deijet

Nyjer N

dijet

0.5

0.4

0.3

0.2

0.1

L

IIIIIIIIIIIIIIlIIIIIIII

----- CT10
CT10 + EPS09
 pPb

o

llllllllllll

Illllllllllllllllllllll

Heavy lon Physics in e-A and p/A-A: 2. eA at the LHeC and comparison to the LHC.
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LH.C LHC studies: pPb

ATLAS, 1303.2084

-) BenChmal”king: > -ZET>8OGeV ATLAS | ”55'<):ET<80 GeV I 40<ZET<55 GeV 1 25<zE$°<4o GeV
. . 0.3f p+Pb\[_ =5.02TeV | ev 2} I 1 . |
jets, quarkonia R St ot el o
and heavy 5 i.ﬁi Lot ] LA { 5
flavours 0'15555”"*{& i *%%T{ ' ”fé}%@‘%a *igjﬁ‘r i
. O"...IF..J.. """"""" Iéj...
N 1 2““31 4 5 “11 2 3 4 “51““1““2 3 4 5 1 “2““3““41 5
P, [GeV]
= Search for _ALICE, 1307.3237 __
non-standard g P V%“f’imev ]
physics like & O°F oo
saturation:

multiplicities and
pt distributions,
flow, ridge.
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LH.C LHC studies: pPb

ATLAS, 1303.2084

- Benchmarking: > L 2P 80 Gev ATLAS 55<)2E "< 80 GeV I 40 <TEP< 55 Gev : 25 <TEf°< 40 GeV

0.3 [—— - o
jets, quarkonia _'1® The existence of collective effects |°
and heavy |(ridge, flow, scaling of sequential Y
flavours. ,{suppression with multiplicity,...) in

pPb is somewhat unexpected.

‘-) Search for’ ® They may compromise the use of
non-standard pPb as benchmark for PbPb.

physics like e Are they really final state? Do they [

SatT'TaT.'O.nf . exist also in eA?
multiplicities and =, o= T :
pr distributions, O E

. Py ol ot vy v by b b b b bl ]
0.5 1 1.5 2 2.5 3 3.5 4
ﬂOW, rldge. ;- é p. (GeV/c)

Heavy lon Physics in e-A and p/A-A: 2. eA at the LHeC and comparison to the LHC.
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LH-C

® Good precision can be obtained for F ) and FLat small x
(Glauberized 3-5 flavor GBW model, NA °02).

—_

Fbo.?(%,Q%) /(208 F,”(x,Q%))
©
[@)]

0.9
scale!!!
0.85
0.8
 Q°=2.4,7.9,12,20,35,60,120,200,400 Ge\?
0.75 - T
10 ° 10> 10 " 10 > 10 2

eA inclusive: comparison

1.2F

RE(x,5 GeV?) E

<= DSSZ

----------- EPS09 - FGS10
...... nDs .
— HKNO07 Data: LHeC B
e

X

the

Note

1.2

0.8
0.6
0.4

0.2

Not optimized!

Re (x,5 GeV?) /

Data: LHeC

o - o
NSO D
o a =

(e}
~
(o)}

" (x,02)/ (208 2 (x.9%)
S _

O
N
o)}

0.9
0.875 -

0’85 :_ 1 Lo
10

Heavy lon Physics in e-A and p/A-A: 3. Physxics case in eA.
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LH-C  Nuclear PDFs at small x:

® [, data substantially reduce the uncertainties in DGLAP analysis;
inclusion of charm, beauty; and F_ 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; and F_ also give constraints.

Pb Pb
R Ry
—~ | | | | |
o 4 W EPS09NLO L4
0 N B Fit 1 -
O 2 Valence e - f 1
Q10 | s Ly 8 10
e LA ! W | ’
| 0.8 RIS — Sea - 0.8
N T e
Q: 0.6 TR ETL L 0.6
- "
o~ 04 = Q%1.69 GeV? T 0.4
= 02 — 0.2
2oy
o~ L4 | B EPSO9NLO - 114
- af + : 12
g 10 o B R G icnrisiaae® - O 1.0
S 08 F 03
I -
N 06 — 4 06
S 04 Q’=100 GeV> B 0.4
2. 02 — 0.2
= 00 | | | | | | 1 | | | 00
10* 100 100 10" 10" 100 10° 10" 10" 10° 100 10" 1
xr X

T
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LH-C  Nuclear PDFs at small x:

® [, data substantially reduce the uncertainties in DGLAP analysis;
inclusion of charm, beauty; and F_ also give constraints.
b

=Lbh =b =Lbh

Valenc

1.69 GeV")
o
I T

RP@.Q°

100 GeV?)

R 2.Q°

1iYJ 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y
T X X

Heavy lon Physics in e-A and p/A-A: 3. Physics case in eA.
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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.

—

=

121 R""(x 5 GeVd)

L ]
e =

-t
-----------
---------------------
o .

—
- et v L
)
- ot ™ 1 o' at*
- — -

.
"
.t
L
— TR N
.
i

llllll ~ 0_4— sImams

""" N - nDS -
Data: LHeC ~ 02— ata: LHe -

raaal g g aaaul g aaaal NPT | 01 g g aaaul o g aaaual g aaaaal 5 R |

10° 10* 10° 10% 10"

010‘ 10+ 10° 10? X 10"
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Diffraction in ep and shadowing:

Data: LHeC - 02~ ata: LHe -
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LH:C Elastic VM production in eA:

f Y(QZ) VM
o D -
(W) ¢ coherent - b=Sat
A A s t=0, °=0
AN <
t \/ é 25 . ﬂ@g@)ﬁt
(t) < Saturation .-
@)
=z effects .-
® For the coherent case, ¥ 2
predictions available. o

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

V(Q) VM I Lead
. 0.5
incoherent f
(W) ',
A ‘(n — Tt :'l
:\—i\nn*A’ 0 200 400 600 800 1000
(t) W (GeV)
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LH:C Transverse scan: elastic VM

e t-differential Y+Ao7. IV

measurements Lead
. — b-Sat
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LH:C Transverse scan: elastic VM

o t-differential AL A
measurements Tl Leag
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tranverse . W 400 Gev
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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.

_— - 0124 L) I L) I L) I ) I ) I
g 0.02— p, >2 GeVlc STAI(R PRELII;/IINARY Proton 2.75 TeV
o B ’ - p+p (—0.0045 [ |----Proton 7 TeV
© | 1GeVie<p, <P, . d+Au central (-0.0145) | | |-~ Lead Nucleus 2.75 T eV i
0.015— '
E% % Albacete-Marquet ’10 - pred>3 GeV
| 3 ] 1 ls
0.0t * £ B 016 pre>2 GeV -
N i AR Zlead=Zass=0.3
C Iy =0
0.005— = .
— 0.12 L Q2Y4 G7 V2 -
B = (S
Oll | | |
0 6 0.08 | -
* N—shyhat X 004y /. L e -
C(d12) 1 dov TTmRTE L T TN
P12) = dO’(’Y‘C-‘lz:hIX) dzhldzhgd('blg - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
0.00 = ' : : '
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(|)12
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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 dNB(z,v)
Alz,v) =
oy N¢  dvdz Ne  dvd:
® Low energy: hadronization A Ve D ve )
[ ] [ ) [ ) [ ) /“ X
inside = formation time, | S Tt T

(pre-)hadronic absorption,...

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

L m s m o m o m oo moam gepest

~ratio of FFs A/p

Z=Phadr/Pparton

Ehadron rest frame
V=Estruck parton

e High energy: partonic evolutmy/

o6 \ / MSTWO8BLO, ghat=0
altered in the nuclear medium. = e

¥ o5 MSTWOBLO+EPS09, ghat=0.72, L.
f MSTWOSLO+EPS09, ghat=0.72, te.
-’--I 0.4 ;\ | \\HH‘ | | \\\\H‘ | | \\\\H‘ | | \\\\H‘ | | \\\\H‘ | | \\HH‘
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 clNg(,:,u)/ 1 dNB(z,v)
alz,v) =
oy N¢  dvdz Ne  dvd:
® Low energy: hadronization A Ve D Ve )
[ ] [ ) [ ) [ ) /“ X
inside = formation time, | S Tt T

(pre-)hadronic absorption,...

______

/~ratio of FFs A/p

Z=Phadr/Pparton

Ehadron rest frame
V=Estruck parton

I
® High energy: partonic evolutIOIy/
~ 0.6

- MSTWOBLO, ghat=0

altered in the nuclear medium. =~ — °° STOSLOLEPS0S, ahatad
o |/ MSTWOBLO+EPS09, Ghot=072, L.,

LO+EPSQ9, ghat=0.72

é -’--| 0.4;\\\\\\\\‘ \A\\\H‘ \\\\\\H‘ \&\\H‘ \\\\\\H‘ \\\\HH‘
10 l 10° , 10" 10° 10°

Fixed-target LHeC v (GeV)
Heavy lon Physics in e-A and p/A-A: 3. Physics case in €A. 21




LH:C Jets:

do'gi _/dE ., b/GeV per nucleon) do’ 0/dn (ub per nucleon)
10° E .
410
: § g
10* 1
3 g—_gm’ ool
10‘:r ] i
: 8_1 10
10‘55— fa—;w’ 11
i 5 c
107 E_; . E>20 GeV ] %
i c : |3
oL NLOQCD S ] z
E w = -
5 310 8
omgE E 2 e(50)+p(7000), CTEQ6.1M I=
10 —
E v pdf: GRV-HO 1 4 =
; 5 104[£(50)+Pb(2750), CTEQ6.1M s
10" ky-algorithm, D=1 - - -
: In,|<3.1 (6°<6,,<175") 3"’ (50)+Pb(2750), CTEQ6.1M+EPS09| £
1()“‘Elllllllllllllllllllll 1 10.2 —lllllllllllllllllllllllllllllllllllll lﬁ
50 100 150 200 250 -3 -2 -1 0 1 2 3
Er (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 Summary:
o At an LHeC@CERN:

=?» 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.

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

x DENSE @ x [fixed Q]
"l e REGION % —
=8 ®S; <
o & DENSE
v B REGION
()
=
g 5 BK/JIMWLK
£ 3
2 DILUTE
% REGION '
|
= DILUTE
= REGION
DGLAP

In }\QCD In Q In A
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LH-C Outlook:

¢ 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,...

— Synergies with EIC in some of these items exist.
Heavy lon Physics in e-A and p/A-A.
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LH-C Outlook:

¢ 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,...

- .. :
Thanks for your attention!

— Synergies with EIC in some of these items exist.
Heavy lon Physics in e-A and p/A-A.
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LH.C LHC studies: PbPb

' =» EW bosons: |
' nPDFs.
' =»VMs in

UPCs: nPDFs.

Benchmarking

'=>» Multiplicities: |
' particle '
- production.
' =» Ridge:
particle

' production.
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LH.C LHC studies: PbPb
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'=>» EW bosons: |
' nPDFs. |
' =»VMs in

UPCs: nPDFs.

'=>» Multiplicities: |
particle '
- production.
' =» Ridge:
particle

: production. ]
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LHC studies: PbPb
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' =» EW bosons: |
nPDFs.
=>»VMs in

'UPCs: nPDFs.

'=>» Multiplicities: |
 particle "
- production.
' =» Ridge:

' particle |
‘production. |

part
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LHC studies: PbPb
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LH.C LHC studies: PbPb

=> EW bosons: | CMS, 1105.2438
'nPDFs. i
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LHC studies: pPb

~ {sayd.eag

Benchmarking

=» Back-to-back

correlations,

central/forward?

=» EVV bosons, DY?
- UPCs!?
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central/forward?
=» EVV bosons, DY?

- UPCs!?
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LHC studies: pPb

. CMS, 1210.5482

CMS pPb \[5,, = 5.02 TeV, N[, * <35 @ CMSpPb\§ =502TeV, Nj'™>110

1<p, <3GeVic

- < 0O
2 020 '22% 1.8
0'01 U ’ g; 1
4
4
2<pm<4~GeV‘."c pPh |5, =502 TeV 2<pm<4GcV."c
1< prm<2GeV"c 60100 ‘I<p.rw<2GeWc
-
E 0.6
e =
=, % ol
2 2
0 4
3
&7 i 2
’ 2 -1 N
. ATLAS = p+Pb {5o=502TeV
ZEr <20 GeV fL=1up" 05 *caGev
(a) '
~1 1.
(: —
=
s 3
5 E

M

E_ 141 \
i




particles.

- Jets and interjet k
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LHC studies: pPb
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LHC studies: pPb
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Benchmarking

=» Back-to-back
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=» EVV bosons, DY?
- UPCs!?

LHC studies: pPb
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=» EVV bosons, DY?
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LHLC LHC studies: pPb

ALICE, 1310.5492
® The existence of collective effects
(ridge, flow, scaling of sequential Y
suppression with multiplicity,...) in
pPb is somewhat unexpected.

1sayd.eag

ﬁ,’ rl -

-> Jets and interjet y

. . ) I
activity. ; They may compromise the use of
= VMs. HF a pPb as benchmark for PbPb.
, HF.
Se——— ® Are they really final state? Do they
Benchmarking , ,

. ——exist also in eA?
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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 10 1 SPL

B 50 7 p 50 50 0.4 25 30 2 RRhiQ’
@ 50 7 p 1 1 0.4 1 30 1 RRIlox

D 100 7 P 5 10 09 25 40 2 LR

E 150 7 P 3 6 09 18 40 2 LR

F 50 35 D 1 1 - 05 301 eD
@ 50 27 Pb 103 103 04 103 30 1 ePb

H 50 1 p - 1 - 2530 1 lowEp
m 50 35 Ca  5-103 ?  5-1032 ? eCa
N

® For Fi: 10,25,50 + 2750 (7000); Q?<sx; Lumi=5,10,100 pb-!
respectively; charm and beauty: same efficiencies in ep and eA.
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LH-C Note: FL in eA

4. 2 _NC 2
e  Qw dfo™Y | _y_& . 5
o T SV, dwd(E [1 Y, FJ o =140 -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_
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Elastic VM production in ep:
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LH-C Diffractive DIS on nuclear targets:
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LH.C

Radiation and hadronization:

® [arge (NLO) yields at small-x (HI cuts, 3 times higher if relaxed).
® Nuclear effects in hadronization at small vV (LO plus QW,Arleo ’03).
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LH-C Radiation and hadronization:

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

Radiation and hadronization:

® [arge (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 Outlook:

¢ 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.
Heavy lon Physics in e-A and p/A-A.

33



LH-C Outlook:

e With CERN and NuPECC mar

physics case and produce a TDR NuPECC LRP
b e d O n e/i m P rove d : EURISOL in future updates of the ESFRI list, based 2.2 Facilities Roadmap

on the successful EURISOL Design Study in FP6.

* The Technical Design Study for intense radioactive o
ion beams at ISOL@MYRRHA. We present below the roadmap for building new large-

« The Technical Design Study for a polarised proton- scale Nuclear Physics research infrastructures in Europe.
antiproton, PAX, and an electron-nucleonvion collider, The time span ranges until the middle of the next decade.

° ENC, at FAIR. Facilities whose first phases have already begn approved

9 Reﬁ n e D G LA P ﬁts Wlth fI avo l « The Technical Design Stydy-fe rehmagorgy elec- are coloured in blue, future upgrades thereof in dark blue.
tron-proton/ion collide The ISOL facilities SPIRAL 2, HIE-ISOLDE and SPES

e The inclusion of Nuclear s os at the are designated to lead to EURISOL. PAX and the ENC

multi-purpose facilities ELI and ESS at FAIR, EURISOL and the LHeC at CERN are still in the

data, relax assumptions) and opti
=» Monte Carlo generators!!!
=¥ Studies on diffraction: separat

. — El
ndPDFs, dijets,... - — —— o

=» Large x, EWV bosons. S R

>
=» Nuclear GPDs: nuclear DVCS -

-2 oD B
cL.
00 Pty Pt taDsin | | ety T e——"

=» Jet reconstruction, angular de == T CECOeEmEmm——
é . Roadmap for New Large Scale Failties.

-
D J Constnuction Commissioning Exploitation ﬁ
3

Commissioning Exploitation SIS300

H H E
-

— Cooperation with EIC in som
Heavy lon Physics in e-A and p/A-A. | st e e SR s



LH-C Outlook:

¢ 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.
Heavy lon Physics in e-A and p/A-A.

33



LH-C Outlook:

¢ With CERN and NuPECC mandate to further motivate the
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Thanks for your attention!
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