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Outline

o Introduction - collision systems

o J/W in PbPb collisions

= Final state effects
= CMS detector & analysis method
= Nuclear modification factor Raa

o J/W in pPb(dAu) collisions
= |nitial state effects

= Nuclear modification factor Rppp and Raau
= Status of J/psi analysis in pPb with CMS

o System size study - Cu+Au collisions

© Summary
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o pp collisions

c = No single hadro-production model describes all quarkonia data.
(
[cross section] [polarization]
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© pPb collisions

= Cold Nuclear Matter effects
= pt broadening, Initial energy loss, absorption, nPDF, etc.

o PbPb collisions

= Quark-Gluon plasma formation in central collisions
(deconfined state of strongly interacting matter)
= Sequential suppression, recombination, etc.
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final state effects in PbPb

» Quarkonia @@

= Bound states of heavy quark and antiquark
= Large mass requires a large momentum transfer during the early stage.
= Powerful tool to probe QGP

© Debye screening (suppression)

= Loosely bound states (with smaller binding energies) melt at lower temperature.
= Sequential melting of the quarkonia = Thermometer of QGP

Perturbative Vacuum

Color Screening

—ro>r(T)

© Recombination (enhancement)

= combination of quarks and antiquarks which are initially produced
in “different” nucleon-nucleon collisions.

PLB 178 (1986) 416 PLB 490 (2000) 196

PRC 63 (2001) 054905
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Centrality

o Centrality

= related to the overlap fraction of the geometrical cross sections ’
= 0% is the most central, 100% is the most peripheral collisions. &~
= [n CMS experiment - defined by transverse energy deposit in HF
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Muon Reconstruction

PbPb

Global
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AN\

————‘

Bl
Ny oy O

Silicon 77/
Tracker //// ' ..-— S

Electromagnetlc "
Calorimeter
Hadron

Calorimeter Superconducting
Solenoid Iron return yoke interspersed

with Muon chambers

Om Tm 2m 3m 4m 5m é6m
L l ] ] ] | l

o Excellent muon ldentification and triggering in the muon system
© High momentum and vertex resolution of the tracking system
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o Separation of prompt J/P and non-prompt J/y
= 2-Dimensional simultaneous fit for myy & ¢,y
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Raa VS centrality

Raa =

© Nuclear modification factor _

1 Naa

< Ngoyp > Npp

© Centrality dependence
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KOREA

: Raa =1 No modification compared to pp collisions

1.4
é I Inclusive Jyy — p'y’, Pb-Pb |5, =2.76 TeV and Au-Au |5, =02 TeV
m 12 Fh/| w ALICE (arXiv:1311.0214), 2.5<y<4, O<p_<B GeV/c global syst.= = 15%
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= Different kinematic ranges, different collision energies, prompt vs inclusive
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Raa VS Pt

o pt dependence

1.4—_l Idl\hélplrlelllm;nlalr}lll R I__ § 1.4 L -
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o CMS and ALICE show similar suppression in the overlapping prt range.
© ALICE shows less suppression at low pT compared to PHENIX.
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Raa VS Pt
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o CMS and ALICE show similar suppression in the overlapping prt range.

© ALICE shows less suppression at low pT compared to PHENIX.
— Recombination contribution important at low pt1?
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© Rapidity dependence

llIlIllllllllIIIIIIIlllllllIIIIIIIIIIIIIIII]III
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o CMS - No strong rapidity dependence

o ALICE - More suppression at forward rapidity
- CNM models fail to describe data.
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o pt broadening
= Before the hard scattering, multiple elastic

scatterings can occur.
— Projectile can get pt from soft scattering.
— Yields decrease at low pr,
while increase at intermediate pr.

p(or d)

o |nitial State Energy Loss

= Energy loss by soft scattering reduces the initial energy of hard scattering.
= Yields decrease at forward rapidity, while increase at mid-rapidity regions.

© Nuclear absorption

BO(db) = Right after cc_bar pairs are created,
_\ e they interact with surrounding nucleons and break up.
p(or d) 2] = negligible at LHC energy
B (bu) (crossing time shorter than quarkonia formation time)
D*(cd)
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PDF in nucleon

o Parton Distribution Function in nucleon

= Q% : momentum transfer
= X : fraction of nucleon momentum carried by parton

HERA I+II inclusive, jets, charm PDF Fit ‘ Og < 1 In Qi (Y)

saturation
region
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June 2011
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- P!l). uncert.
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= Distributions of partons are related to the momentum fraction, Bjorken x.
= At low X, gluons are saturated and occupancy becomes constant.
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PDF in nucleus

o nuclear Parton Distribution Function

= A : mass number of nucleus

= X : Bjorken x

= Gp : gluon structure function in proton
= Ga : gluon structure function in nucleus

« RiPPP =1
- Parton distributions in nucleus are different from those in free nucleons.

=« NPDF is different for various model predictions (especially at low x).
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J/ in pPb with CMS

o J/@ in pPb collisions

= J]/psi production measurements help in constraining nPDF of gluons,
which dominate the production process.
= [n case of 2—1 process, x2(of Pb nucleus) can be approximately :

Q 10° T T T T T T T
e Y 2= (VN . .

10° |-

s
2
2
M? (GeV?)

o J/P with CMS at LHC

« M =3.09 GeV/c?
= +/Snn = 5.02 TeV ‘ 104 < x» < 10-2

» -2.87 <ycm < 1.93
= 0 < pT <30 GeV/c

= We expect to investigate smaller x regions than RHIC
» Different kinematics range (mid-rapidity, higher pt) with ALICE, LHCb
— Better understanding & more constraints on nPDF models
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110

o Nuclear modification factor
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1 OpA

0.8 [

Rpa =

0.7 F

Ry, (0-100%)

A O pp

0.6 F

®*E Global Scale Uncertainty + 7.8%

04|~ —— EPS09 and c,,=4 mb
0.3 : 1 l_ I_ IGIFoln Isaltulra}ioln 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-3 -2 -1 0 1 2 3

y
o [Shadowing + Breakup] reproduces PHENIX data.
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I 0.8
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0.6

0.4¢ EPS09 NLO (Vogt) 0.4 :—- EPS09 NLO
[ CGC (Fulil et al.) - —— — nDSg LO
0.2 | [ eLoss, q,=0.075 GeViitm (Arieo et al) 02 —— E.loss
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o [Shadowing + Energy loss] describes ALICE and LHCb well.
o [CGC inspired model] in poorer agreement with data
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forward rapidity

midrapidity

" ALICE Preliminary
"L pPb Y e 5.02 TeV, Inclusive My sy

1.4

- ALICE Preliminary
[ p-Pb (s, = 5.02 TeV, inclusive J/ y — e*e’

backward rapidity

ALICE Preliminary
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o Forward : Rppp increases with pr, goes to unity for pr > 5 GeV
o Mid-rapidity & backward : small pr dependence, compatible with unity

= EPSO9 calculation is consistent with data (pt > 2.5 GeV).
= Energy loss shows disagreement at forward rapidity and low pr.
= CGC overestimates suppression at forward rapidity.
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= ALICE inclusive J gy’

o Rppbforward X Rpr backward — Rrbpb ?

T e R, (203<y  <353)x A, (446<y _ <-2.96), |5 =502 TeV
(prefiminary)
A Ry, (25<y__<d, (5,5 2.76 TeV, 0-80%)
(submitted to arXiv)

+ g

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

= Assumption
- Production mechanism g+g —J/y
- CNM effects factorize in p-nucleus
and are donimated by shadowing

"™ L hypothesis: factorization of shadowing effects from the two
= nucied In Pb-Pb and 2->1 kinematics for 'y procuction

1 2 3 4 5 6 7
p. (GeV/c)
] o’ ]
I ALICE inclusive Jiy-i*u S, u
6 "R x A
L Ry’ (552,76 TeV, 2.5<y __ <4, 0-60% (submitied 10 8eXiv)
e
" R |5,,75.02 TeV, 2.00< Y ooy 353 (prefiminary)

2L RI™: (5,,25.02 TeV, 4.86<y__ <296 (proliminary)
() votat umcnrtainty
N

factodzation of shadowing allects Yom Pa two
- eciel in PD-PD and 2.>1 lnamasics ior My praduction

'Lllllllllllllllllllllllllllllllllllllll

0 1 2 3 4 5 6 7 8
pT(GeV/c)
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o At low pr,

enhancement (recombination scenario?)
o At high pr,

strong suppression
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o Observables

= Less background compared to PbPb collisions
= Tracker-tracker muon pairs can be used
= Basic technique is similar with PbPb analysis

—~— 30_'["]177! 1]11[1171]1111—

= Production cross-sections s [ :

= Forward to backward ratios Rrs @ 25 .

= Event-activity dependence o f
20~ CcMmS -

- (1u) -

© Down to pt~0 GeV/c - -
151 -

= J/P Acceptance
- at mid-rapidity : pt > 6.5 GeV/c
- at forward rapidity : pt> 0 GeV/c

lllllllll[
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o Both initial and final state effects depend on system size.

L L L 1
o W e Iy _
Lol S L2dyi<22 _

® U+U s =193 GeV (gl. sys. 8.1%)
pp reference: (5=200 GeV x 0.964

o AutAu |5, =200 GeV (gl. sys. 9.2%) ~

¢ Cu+Cu |5 =200 GeV (gl. sys. 8.0%) |

- e
T r

_ “ " & . = % { ©Raaconsistent
. with each other

e

Nuclear Modification Factor,

L 2 2 L | 1 L 1 Y | 1 1 1 1 | 2 2 2 | 2
0.0 100 200 300 200
Number of Participants
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Backward (Au-going) Cu+Au Forward (Cu-going)

A

o Final state effects r” \ PV o Initial state effects
= Higher energy density ‘%‘r o i = probes small x in Au
— more suppression << N> - PDF more strongly modified
- (or more enhancement?) S ﬁ‘? in heavier Au compared to Cu.
z ~ 4~ =Llonger crossing time for Cu than Au
K i \} N - energy loss depends on Au

- break-up depends on Cu

K v W

AA

Y
=

T T e 1041873 1 arXiv.1404.1873
Iy—pup

Cu+Au |8, =200 GeV (gl. sys. 7.1%) |
012<y<22 0 -22<y<-12

0.5 . .
_ © Raa is also asymmetric?

. B % : = Their ratio R (forward/backward)
- in the next slide

Nuclear Modification Factor, R

[T TR TR PR a1 5 2 5 o W 5 4 3 3
0 100 200 300 400
Number of Participants

5th December 2014 HIM 2014-12 21



Backward (Au-going) Cu+Au

Forward (Cu-going)

o Final state effects R 47 o lnitial state effects
= Higher energy density {r Vs i = probes small x in Au
— more suppression << N> - PDF more strongly modified
— (or more enhancement?) DR in heavier Au compared to Cu.
- ;> = Longer crossing time for Cu than Au
Kk 2 - energy loss depends on Au
Y\ \ - break-up depends on Cu
| pl-arXiv:1404.1873 =~ ' T arXiv.1404.1873
Fogﬁig&y‘iu :g;:i\léalculation #

Backward: -2.2<y<-1.2 = EPS09 + 4mb breakup

e

J—
=

.\' i

g
/

|
L
——
[ S .

|.
[e——

Cu-going R, , / Au-going R, »
5
=

=
N
|

R

L PR T SR SN NN SUNT SN SN SHN SN SHN S S
50 100 150 200
Number of Participants

S

= [nitial state effects cause R decrease with centrality
= Final state effects would increase R with centrality.

—: © This study may provide insight on the
balance of hot and cold nuclear effects.
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o J/WY measurements in pp, pPb and PbPb collisions play a key role
to understand and factorize the initial and final state effects.

© |[n PbPb, suppression has been observed and its dependence on

centrality, pr and rapidity in different kinematic ranges and beam
energies need to be interpreted further.

© |In pPb, data can be described by several CNM models, especially
huclear shadowing, but no single models can describe all results.

o System size can help to investigate the different sources of J/yp
modification in heavy ion collisions.
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CMS detector

| SILICON TRACKER
® Pixels (100 x 150 um?) |
| ~1m?  ~66M channels
% Microstrips (80-180um)

Tracker

CMS Detector

ECAL

KOREA

Pixel]s ~200m? ~S/3.6M channels
S A SO NS CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
EC AL ~76k scintillating PbWO, crystals
HCAL
Solenoid PRESHOWER
Steel YOke — Silicon strips
MU@WS \ ‘ ! ~16m? ~137k channels
RN
A\
[ ~ L H N
STEEL RETURN YOKE | Yo
~13000 tonnes
SUPERCONDUCTING |
SOLENOID /
Niobium-titanium coil / _ ~_
carrying ~18000 A / , W]’ FORWARD
oy N ~_ | CALORIMETER
y \ Steel + quartz fibres
. HADRON CALORIMETER (HCAL) N R e DI
Total weight : 14000 tonnes Brass + plastic scintillator | MUON CHAMBERS
Overall diameter :15.0 m ~7k channels L Barrel: 250 Drift Tube & 480 Resistive Plate Chambers ‘
Overall length :28.7m 8  Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers §
Magnetic field :38T : AN A T W
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© 1st PbPb run @ +/Snn = 2.76 TeV

= Nov. - Dec. 2010
= Recorded luminosity by CMS : 7.

o 1st pp run @ +/Snn = 2.76 TeV
= March 2011

28 pb-1

= Recorded luminosity by CMS : 225 nb-1

o 2nd PbPb run @ +/Snn = 2.76 TeV

= Nov. - Dec. 2011

» Recorded luminosity by CMS : 150 pb-!

© pPb run @ +/Swn = 5.02 TeV
= Jan. - Feb. 2013

180.0
160.0
140.0
120.0
- 100.0
Kel
=4
80.0
60.0
40.0

20.0

0.0

CMS ION LUMINOSITY 2011 and 2010

o

| —aasasancect— 2010

5/11 10/11 15/11 20/11 25/11 30/11 5/12 10/12

Day/Month in 2010 and 2011

CMS Integrated Luminosity, pPb, 2013, Vs = 5.02 TeV/nucleon

w
(%]

Data included from 2013-01-20 14:08 to 2013-02-10 05:05 UTC

41)

w
o

35

I LHC Delivered: 31.69 nb !

[] CMS Recorded: 31.13 nb ! 130

» Recorded luminosity by CMS : 35 nb-1 E
o 2nd pp run @ +/Snn = 2.76 TeV 2 10|

= Feb. 2013 (3 days) 5 {s

» Recorded luminosity by CMS : 5.41 pb-! O S o o o e
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e Dimuon mass IO lots - pPb

; | | I L L I | I I 1 I | L L I g
B CMS Prellmlnary 2013 3
§_ p’ ® ¢) ppb V NN - 502 TeV _§
= n y(2S) L =35nb’ E
Y(1,2,3S) _
Z 3
107 =
10 g =
1 - 0 1st pPb run in Jan.-Feb. 2013 _:
= = /S = 5.02 TeV, Line = 35 nb-! h'] =

B | | 1S Lea] e | II | | |  Kreted frend B 1631 I | | | | LS B bied | Il

1 10 10°
m,,, (GeV/c®)
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2 Debye screening :

© Debye screening

= The larger the binding energy, the higher the dissociation temperature Tg.
= As temperature goes up, Debye length r\(T) decreases.

Mass [GeV]

3.10 ;:: 368 946 10.02 10.36

AE[GeV] | 064 {005 110 054 020
Radius[fm] | 025 | 045 014 028  0.39
T/Te /() [fm!]

. S -| vas)
:‘"—‘:: ) Xe -
E 1 e -
< R J/yp - | I/v(1S)
= .
% | :L ) %s (2P)
3 L %(1P)
< @2s) (1P) (18) vie)
~ ! N

€(2S) €(1P) € (1S)

Energy Density
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Prompt J/¢ Raa

© Nuclear modification factor

R Lpp  Npppb  Epp
AA — TsaN N ' - . ..
AAINMB Npp  €pbPb  : Raa =1 No modification compared to pp collisions

E IIII TTTT llllIIIIIII[IIIIIIIIIIIIIllll L IIII'IEIIIIIIII'IIIIII IlI|III|III|III|IIIIIIIIIII|III|III|III|III|III
o 14 CMS Preliminary I CMS Preliminary Jd 44F CMSP ma;y ]
" PbPb\/sy, = 2.76 TeV ] " PbPb\[s\, =2.76 TeV i - PbPby\/syy 6 TeV i
1.2 Line = 150pb-1 0 12 0 12C -
1I 1I - 1I
08 -_+ A PromptJiy 1 °8[ PromptJiy 4 %8[C Prompt J/y
0.6 - o6l - osf -
: L i ; i ' i
_ a" . i ) § :
04 m — 04— — 04+ - =
N i - . - - - : : - -
0.2 |yl <24 - 02k Cent.0-100%—  0.2F Cent. 0-100% —
i 6.5<pT<30 GeV/c i B ly| <24 . - 6.5<pT<3O GeVic
O|||||||||||||||||||||||||||1||||||||||| O—IIIIIIIIIIIIIIIIIIIIIIIIIIIII— O_lllIlllllllllllIllllllIllllllllllllllllllllllll
0 50 100 150 200 250 300 350 400 O 5 10 15 20 25 30 0 02040608 1 12141618 2 2224

‘:> N Q p, (GeVic) Iyl

© Suppressed by factor ~5 in the most central bin
© No pt and y dependent suppression is observed.
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Prompt J/¢ Raa

o Rapidity dependence o pt dependence
m:,:):14_||t;|lvllsl|I:|>re|Illrlr;lﬂlal.r|y| rrrrprrrrrrT T T T |__ I:,:):14_||C|>|I\/I|S||I:|>re|||Ir|r;|n|a|‘rlyl L L O O O B Y IO |__
[ PbPb\/s,, =2.76 TeV ] - PbPDb\/s,, =2.76 TeV i
1.2:— - 1.2:— —
. Prompt JAy i . Prompt JAp i
1: e lylk1.2 . 1: ¢ 6.5<p <30 GeV/c 7
0.8 m 1.2<lyl<1.6 7 0.8 +3<p <6.5GeVlc
B * ¢ 1.6<lyl<2.4 ] B # + ]
0.6 # - 0.6 ‘ -
i * Z . t Y * Z
0.4~ & - 0.4/~ ¢ +
- 8 ¢ i d L 2
[ Mpommepneppasppaonspunaipnerag | | | | | |: :|  i i i i i o T A TR AR REIN N RNE A ANOE |:
OO 50 100 1 50 200 250 300 350 400 OO 50 100 1 50 200 250 300 350 400

N N

o Left : No strong dependence on rapidity at high prt region
o Right : At forward rapidity region, lower ptJ/p is slightly less
suppressed in the most central bins.
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mé1.4iIIC|NAISIIPIrI-eIIIi'IT;iInIaIrI};IIIIIIIII[I[IIIIIII: 14__| Id'\}lélplrlellirlninlalr&lIIIIIIIIIIIIII_— 1.4i.|||(|:||\I/I|él;:ll||.|llilnla||||||||||||||||||||||||||'|—
 PPPE\ Sy = 270 TeV : [ PbPb\[syy =2.76 TeV ] - PbPb\[sy = 2.76 TeV
125 Line = 150pb-! - 12F 4 12 ]
: . B
0.8F 0.8 0.8

Non-prompt J/yA

06‘+ f X 1 oo + ] oof E
el M e ey

Non-prompt J/y/ Non-prompt J/\p—:

0.2~ Iy] < 2.4 -4 o2k Cent 0-100%—]  0.2]- Cent 0-100% =
- 6.5<p_<30GeVic . B ly| <24 . - 6.5<p, <30GeVic .
T T NN RN IR RN AR NNl EREEE P N T T e Do bovabovabvn b bova beva b bova b v Lo d |
00 50 100 150 00 250 300 350 400 OO 5 10 15 20 25 30 00 02040608 1 12141618 2 2224

@ - @ Gt

o Suppressed by factor ~3 in the most central bin
© Hints of smaller suppression at lower pt region, mid-rapidity region

Information on the b-quark energy loss in medium
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o Rapidity dependence o pt dependence

= 140 CMS Preliminary - = 14f CMS Preliminary -
- PbPb\ /s, =2.76 TeV i - PbPb\ /s, =2.76 TeV i
1.2 . 121 -
. Non-prompt J/y ] C & Non-prompt J/Ay ]
1; o lyl<i.2 i 1:_ ¢ 6.5<p_<30 GeV/c |
0.8l + + = l2dyl<i® 7 0.8l +3<p <6.5GeVic
B ¢ 1.6<lyl<2.4 ] i i
0.6/ - 0.6/~ .
i + # + ¢ ] i + j
0.4F t 6 04F i ]
; + B ; o
0.2 [ yrrcmmmmemse sy — 0.2 -
-1 6. 5<p <30 GeV/c | I , i
N Sl b ] P e e e i T AT NI DI B NRERE
% 50 100 150 200 250 800 350 400 % 50 100 150 200 250 300 350 400

N

o Left : In all rapidity bins at high pt region, centrality dependent
suppression is shown.

o Right : In the forward region, lower ptJ/P has strong centrality
dependence and less suppressed than high ptJ/yp.
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Prompt J/¢ Raa

© ALICE : pp & ee channel o ALICE vs CMS

é 1.4, g 147
o . ALICE Pb-Pb |5, =2.76 TeV o - PO-PD |8, =276 TeV
1257 @ Jw—e'e,lyi<08, p >0 GeVic global syst.= = 13% 1.2  m AUCEUN — ww, 2.5<y<4, centrality 0%-90% global syst. = = 8%
l m  Jhy = p'n, 25<y<4,0<p <B GeV/c global syst.= = 15% i ® CMS Jiy — u'u, 1.6dyl<2.4, centrality 09%—100% global syst. = = 8.3%
0.8 -i!&i $ 0.8} +
0.6 . [] @ ] " 0.6 @

0.4§- 0.42- O " #* $

0.2\ 0.2
0lllllll 0111111111
0 50 100 150 200 250 300 350 400 0 1 2 3 4 5 6 7 8 9 10

(N o) p. (GeV/c)

ALICE : centrality 0-90%
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CNM effects

© Nuclear absorption (break-up)

JHEP 0902:014 (2009)

Y 12
é ] EKS98 “ NA3
= 0 < Jly 2L NA50-400

[ * E,. = 158 GeV

E 1 0.28<y<0.78 ¥ NA50-450
> ® EB866
23 8 NAG0 7 HERA-B

0 1 )

T 1 E. =400 GeV PHENIX

6- \ﬁ.o\ﬂqco.as lyl<0.35

4f ]

20 40 60 80 100 120 140 160 180 200
\ Sy [GeV]
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© Centrality in PbPb Pb
= related to the overlap fraction of the geometrical cross sections

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

3 cMS ‘  —
- 107 PbPD \'s,, =2.76 TeV 4
n
Q@  mlktirrtrrororovroor 1T
o \
; 10% 1 !
&
8 10° 1
B b
5 §.‘.§ £ % ¢ ¢
2 k42 82 ¢ 3.2 1 1  gee-----ss-=----e-
@ 10* .
& 1
A |
0 05 1 15 2 25 3 35 4 45 5 —
Z E;in HF [TeV]
peripheral » central

@ @

o Event-activity variables in pPb
= EHF : raw transverse energy deposited in forward region HF (4<|n|<5.2)

T O
v
©
o
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o) Pb

backward --- @pueedp- ------cnnnnnnnnnnns e +--- forward

E1 =4 TeV E> = 1.58 A-TeV

Mandelstam invariant — R

(m1~m2~1GeV/c2W
! = (Ey + E»)? (71+?2 , | Mz <<Bi VJ
B S=(m?+ P9+ (m}+ P2 +2E:1 B — (P + PE+ 271 72)
‘S=M+%+2E1E2—2?1'?2

= —2|71|| P 2|cos(180°)
~ 2E1E2

D S~4FEE; B VS=Ax4x1.58~502TeV
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p / Pb
backward ---’-—)— ------------------- (—‘ --+--- forward

!
|
|
f
:
|

~ \
o rapidity distribution is invariant! /[\\ Aan // \\

0 Yiab 0 Yem
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nPDF : Theoretical Models

e Kopeliovich et. al. =
: Shadowing - nDSg nPDFs
: Cronin effect (parameterized from low energy data)
. Opreak-up (COlOr dipole o from HERA)

e Landberg et. al. 1 l

T Q7= 169 GeV? 1.4
: Shadowing - EKS98, nDSg, or EPSO8 nPDFs & r SN2
) . 3 nDS .
. effectnvg Opreak-up (0, 2.6, 4.2, 6 mb) o E;';ﬁa"é&'?;'"~ ..... - 1.0
: No cronin effect [T ' 0.8
C e EKS98 :
: No initial state energy loss ———_ 0.6
e Nagle et. al. g‘:
- Shadowing - EPS09 nPDFs 00
. Opreak-up (0-20 mb) 10 107 107 TN 1.
: Tried initial state energy loss &xr

e Kharzeev et. al.
: Shadowing - Coherent scattering / Color Glass Condensate model
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Nucleon at rest

® Very complicated non-perturbative object...

® Contains fluctuations at all space-time scales smaller than its
own size

® Only the fluctuations that are longer lived than the external
probe participate in the interaction process

B The only role of short lived fluctuations is to renormalize the
masses and couplings

m Interactions are very complicated if the constituents of the
nucleon have a non trivial dynamics over time-scales
comparable to those of the probe
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m Dilation of all internal time-scales of the nucleon

B [nteractions among constituents now take place over
time-scales that are longer than the characteristic time-scale
of the probe
> the constituents behave as if they were free

B Many fluctuations live long enough to be seen by the probe.
The nucleon appears denser at high energy (it contains
more gluons)

m Pre-existing fluctuations are totally frozen over the time-scale
of the probe, and act as static sources of new partons
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Saturation regime at low x and Q?
Gribov, Levin, Ryskin, Phys.Rept.100,1983
Mueller, Qiu, Nucl. Phys.B268,1986
Blaizot, Mueller, Nucl. Phys.B289,1987

g (x) [

N gluon recombinationg g — g
i i >
|

He Y

Large-x, linear — BFKL
Balitsky, Fadin, Kuraev, Lipatov
Small-x, non linear — JIMWLK/BK

Jalilian-Marian, lancu, McLerran, Weigert, Leonidov, Kovner

Balitsky, Kovchegov

x-evolution

Q%(x) defines the scale below which the gluon density saturates
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Color Glass Condensate

A At small-x, hadronic matter can be described by the Colour

log (x1) | @ Saturation (lass Condensate (CGC) model

McLerran, Venugopalan, Iancu, Leonidov, Mueller, ...

Colour gluons are coloured
Glass fast partons as “frozen” sources of soft gluons
Condensate high gluon occupancy

If large Q% : weakly coupled QCD-based theory
but not necessarily perturbative — CGC is a
classical effective theory

Aqcp log (Q?%)

Q2 o x 03 A3 saturation for low x (high Vs=1/x), large A

— Q% Luc= 3 Q%RHIC
— Q%po=6 Q%
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[40]
L
N Forward 1.2 [ pb s.=5.02 TeV, inclusive Jhy—u'y, 0<p, <15 GeV/c

R — RN ——

B Z\]Backward :

0.8}

0.6

0.4}

e ALICE : EPS09 NLO (Vogt)
. [~~~ EPS09LO (Ferreiro et al.)
" PT < 15 GEV/C 02+ —  — nDSGLO(F:noI:et:I.)
- 2 96< |YCM| < 3 53 F eessses Eloss, q =0.075 GeV’/fm (Arleo et al.)
] ] [~ EPS09 NLO + Eloss, q,=0.055 GeV/fm (Arleo et al.)
0 1 | 1 i 1 | 1 i A | i 1 L 1 A 1 1 | I 1 A

2.8 3 3.2 3.4 3.6 3.8
cms
E1,4_,,,,,,.,,.,,,,,.,,,.,.v-21,4_,...,. T
e | LHCb 1t © LHCb ]
e LHCb (8) SR _gqey  —* LHCD, Promptdry (b) O LHCb Uy fromb
= pT < 14 GeV/c 1.2~ p, <14 GeV/c - 1.2~ p, <14 GeV/c B
= 2< |yem| <5 Z ) - .
g . ki B
0.8f- ' 1 osf - { | I .
p EPS09 LO ’ ; .
0.6~ EPS09 NLO 1 osF B
. nDSg LO | ! i
a E. loss N o EPS09 LO N
041 -~ E. loss + EPS09 NLO : - 0.4¢ nDSgLO 1 : .
0 1 2 3 4 5 0 1 2 3 4 5
lyl lyl
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L) L L) L) L) l L) L) L)
LHCb —#— LHCDb, Prompt J/vy

1.4 —#— LHCb, J/y fromb 1
- 25<|y|<4.0 3

1.2 =
i -

! eI
0.8 '—_!—' *--—-i -

0.4~ Prompt J/y
EPS09 NLO - EPS09 NLO (Vogt)
0.2 — E.loss 0.2 |- [ ELoss, q,=0.075 GeV¥/fm (Arleo et al.)
o - E. loss + EPS09 NLO . [ []EPS09 NLO + Eloss, q,=0.055 GeV?/fm (Arleo et al.)
— — o) SRR BN S S I B .
0 5 10 0 2 4 6 8 10 12 14
P. [GeV/c] p. (GeVrc)

© Shadowing + energy loss in good agreement with data
o pT dependence (suppression stronger at low pt?)
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pp inter/extrapolation (LHCb)

Reference cross-sections in pp at /s = 5 TeV
LHCb-CONF-2013-013

» Input to the determination of the nuclear modification factor R ,p},

» Interpolated from measurements at 2.76 TeV, 7 TeV and 8 TeV

» Three different fit functions used to interpolate
(\/s/py)Pr = adopted as nominal

Po +D1Vs

Po(l — ep1\/§)
» Discrepancy between the three interpolated values taken as systematics
» Checked against functions from LO-CEM and FONLL

_— 8 ] ' — l 1
i ! ] =
b LHCDb v %YL LHCb
5 | Prompt]/y ,, q 07
= | e = 0.6}
= 5| = 0.5}
2 | 2 04
~ 4 - -
A TN — linear - 0'3. P -
. —— power law 0.2 = 4
> exponential 0.1k exponential]
" L' 0 8 . . ~ ‘ ]
3 K 5 6 7 5 9 2 3 R 5 6 7 3 o
\SlTCVl \S[TCV' 16
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* pp reference cross-section: no measurement at required energy, need to
interpolate. Two step procedure in both analyses.
- Dimuon analysis [!l:

) /s interpolation: performed bin-per-bin in rapidity (or pr) using
available ALICE pp results at 2.76 and 7 TeV
2) Further rapidity extrapolation: due to rapidity shift, p-Pb ycms-range
lies slightly outside the pp Yems-range

- Dielectron analysis:
|)\/§ interpolation: performed using available PHENIX, CDF and ALICE
resultsat y = 0
2) pt dependence: phenomenological scaling inspired by reference [2]
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