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ALICE

. Ultra-peripheral collisions ...

« Ultra-peripheral collision = Impact

parameter larger than sum of _
nuclear radii R2-[ s

« The EM field of protons and ions
can be viewed as a beam of quasi
real photons (intensity = Z2) i }Rl

- Using Pb-Pb and p-Pb data at the ". -
LHC it is possible to study y-Pb, yp
and yy collisions at higher center of
mass energies than ever before

« ALICE is using LHC as a photon-
hadron collider!

source

J/y

target
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% Ultra-peripheral collisions | w

ALICE LHeC Study group, ArXiv: 1211.4831
31200““\“3“\‘3“‘\““\3““

: - < - H LieC contal vaues Lo
« Charmonium photo-production ~ 1000 | © zeus RS A

*  LHeC Simulation
—— b-Sat (eikonalised)
...... b-Sat (1-Pomeron)

cross section is proportional to
square of gluon structure function
(at LO) of the target (Pb, proton)

« Charmonium rapidity measures
energy of the photon-target(p,Pb) 1
interaction %

« Charmonium photo-production y-Pb
permits us to study perturbatively c a. saigado et a12012 1. phys. 6: nucl. part. phys. 39 015010
non linear effects at low x in the T N [
gluon distribution of the target
(key words: shadowing,
saturation)
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) Ultra-peripheral
aLice  collisions

« Very clean signature - two or four
tracks in an otherwise empty detector
« Decay channels:
o pO->mt T
o Jp-> 1T
. p(2S)-> 1+ I
o W(2S) ->J/pat

Forward J/ -> pu*

Michal Broz - 28.2.2017 - QCD challenges in
pp, pA and AA collisions at high energies

Y(2s) ->ete + v

Central J/Y -> pu* i
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ALICE and UPC trigger Ui g e
« Central barrel trigger on UPC
= 2010: veto on VO, hits in SPD > 2, TOF hits > 2

= 2011: veto on VO, hits in SPD > 2, 2 < TOF hits < 6 with back-to-back topology

= 2015: veto on VO, veto on AD, hits in SPD > 4 with back-to-back topology / TOF hits
< 6 with back-to-back topology
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ALICE and UPC trigger o Ak colions at g i
- Forward rapidity trigger on UPC
s 2011: veto on VO-A, hits in VO-C, single muon with p; > 1 GeV/c

ALICE s 2013: veto on VO-A , hits in VO-C, di-muon, each with p; > 0.5 GeV/c
s 2015: veto on VO-A, veto on AD, di-muon, each with p;> 1 GeV/c
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New ALICE detector for
aiffractive physics
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ALICE Diffractive (AD) detector

ALICE
EMCAL AN\ L3 magnet
- TRD RSOSSN\ \

Dipole magnet

Beam shielding

Muon filter
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% ALICE Diffractive (AD) detector

ALICE
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% ALICE Diffractive (AD) detector

ALICE . L
- Double layers of scintillator counters

Scintillator

/ WLS
« ADA:z=17.0m,4.9<n<6.3
« ADC: z= -19.5m, —7.0 <N < —4.8
- Increase pseudo-rapidity coverage from 8.8 to 13.2
- Enhanced trigger efficiency at low diffractive masses
- Increased capability to impose veto for exclusive
processes in UPC
A-side C-side
> 1.2 — ——— -~ 1.2 e e
e [ ALICE Simulation . ] 2 " ALICE Simulation ‘ ]
o) | 2014/09/10 Pythia pp 1s = 13 TeV; SD n>0 ] o [ 2014/09/10 Pythia pp 1s = 13 TeV; SD n<0 ]
3] 1 ---without AD 7 2 1 ---without AD =
NE) : — with AD - HU:J : — with AD :
% 0.8:— Run?2 E “g 0.8:— E
" ol : . " sl | .
0.4f i Runl . 0.4 i Runl A
0.2f - 0.2F .
0: g R ;---:"':“. | .: 0: A beaedensh ....-q"f-i“'. .:
1 10 10° 1 10 107

M, (GeV/c?) My (GeV/c?)
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ALICE

0% {n Pb-=Pb

JHEP 09, 095 (2015)
Preliminary 2017
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pO ]n Pb'Pb JHEP 09, 095 (2015)
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ALICE central rap]d]ty N; E ALICE Pb-Pb | 5\, =276 TeV :
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e 2011 - ata = - —— Soding (res.+cont.) 7

. . e = 15~ |t e —

- Pions are identified by TPC dE/dx P S A Rose stoay 3

« Coherent events selected by p; < 0.15 S L 3

: = ‘ ]
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contamination s 05F E

- Invariant mass fitted by Breit-Wigner S bl e
resonance + continuum term (Soding) 04 06 08 1 12 14

M,.. (GeV/c?)

ALICE Pb-Pb \ Sy = 2.76 TeV

—4— ALICE, stat. errors
-------- STARLIGHT coherent
------- STARLIGHT incoherent
—— SUM coh.+incoh.

e

« M=761.6+ 2.3 (stat.) ~ t+6. 1(syst ) MeV/c2?
= PDG =769 — 775 MeV/c2

1 IIIIIIII

1/N,, dN/dp, (w'm) { GeV/c )

+12 0 b .

- I'=150.2 + 5.5 (stat.) (syst )MeV/c22 " F ++5 0.6 < M(x'n) < 1.1 GeV/c?
L0 (n*m)] < 0.5 ]

= PDG =148 — 152 MeV/c2 - vl i

- |B/A| = 0.5 + 0.04 (stat.) tg'(l)g(syst.) 0l .
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pp, pA and AA collisions at high energies

- Cross section obtained by integrating the resonance contribution over

[2m, .M + 5T]

« GDL: Proper QM Glauber calculation for scaling o(yp) = o(yA)

« GM: Based on the color dipole model with saturation implemented by the
Color Glass Condensate formalism

« STARLIGHT: Scales the experimentally measured yp cross section using a
Glauber model, neglecting the elastic nuclear cross section

JHEP 09, 095 (2015)
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pp, pA and AA collisions at high energies

0 3 10°
- — 4.5F
p ]n Pb Pb § E —|— Data
ﬂ L IC E . . (3, 4'0:_ Soeding fit with p®-o interference
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g 2015 Pb'Pb data i 3'05_ --------- Pol6 background
- Pions are identified by TPC dE/dx 25 oz:"p':” ':[G‘”:‘] -
« Coherent events selected by p; < 0.15 =%F 050 < V(rx) <050
GeV/c and corrected for incoherent BT A
contamination 1of Y . POPD ISy, =5.02TeV
- ' g, . ALICE Preliminary
« Invariant mass fitted by Breit-Wigner i e
resonance + continuum term (Soding) 0050 1o E R
: : M, [GeV/c?
« p° — w interference term can improve the -,
d ot £ iant h S 100 ALICE Preliminary
escription of invariant mass shape 8 o
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] =
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ALICE . GKZ: Gribov -Glauber shadowing

« GM: Based on the color dipole model with saturation implemented by the
Color Glass Condensate formalism

- STARLIGHT: Scales the experimentally measured yp cross section using a
Glauber model, neglecting the elastic nuclear cross section

e Pb+Pb — Pb+Pb+p s, =5.02 TeV
=700
O N
8 600
500(—
400 : 3
300 :_ /.,/‘/ = = STARLIGHT \‘.‘\
- l/ —— GKz \\
200:— : / |- ALICE stat. — - GM CDM (upper limit)
E ./ ALICE syst.  -«--- GM CDM (lower limit)
100} 7
- A ALICE Preliminary
OI_II JIIllIlllIlllIJlJ]IlJIllll L
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ALICE

Jw in Pb-Pb

ALICE, Phys. Lett. B718, 1273 (2013)

ALICE, EPJ C73, 2617 (2013)
Preliminary (2017)
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pp, pA and AA collisions at high energies

% Coherent cross section from 2011 data

ALICE | ALICE results are able to distinguish between the different models

» No nuclear effects: AB-MSTWo08

 Glauber approach: STARLIGHT, GM, CSS, LM

« Partonic models: RSZ-LTA, AB-EPS08,09, AB-HKNo7

« Models with moderate nuclear gluon shadowing (EPS09) are favored

g s Pb+Pb — Pb+Pb+J/iy |s,, =276 TeV  a)
- 7 g e e ALICE Coherent J/y
2 F AB-HKNO7 JUCTTTEIN .. © Reflected
8 6. — — STARLIGHT -
- --- - GM
SRETEEE LM-fIPSat
5F----- AB-EPS09 .  __.._
- RSZ-LTA . -~ T .
gE " ABEPSOB S 0T e (N
E 3 t':"" Pl g \
3 Pt
2
Iy
SIS N
0 "._J‘ :‘I", i | | | \‘%-t HI

o
na
(]
na
o

ALICE, EPJ C73, 2617 (2013) y
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% Incoherent cross section from 2011 data

ALICE ALICE sets strong constraints on models

« Glauber approach: STARLIGHT, LM
« Partonic models: RSZ-LTA

- STARLIGHT overestimated both cross sections, but got the ratio
incoherent/coherent right (=0.41)

L8221 Pb+Pb — Pb+Pb+J/y |s,, =276 TeV  b)
= 2F e ALICE Incoherent J/vy
T, gf — — STARLIGHT
8 TF ---- LmM-fIPsat T~
1.6 / ~
. RSZ-LTA \
1.4F /
= / \
12F y; \
1E- / N\
- N
0.8 7 ~
- o eeea.
U,E;_ // "'-#l"" - “l‘ \\
0.4/ - Tt AN
0.2 ;,,/I"" | | | \T\”
|| -4 1 1 | 2 U 2 4

ALICE, EPJ C73, 2617 (2013)
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ALICE Preliminary, PbPb \s,, = 5.02 TeV

% Forward J/y in 2015 data

ALICE

300 UPC, L, = 216 ub™
- p,<0.25 GeV/c
2501 .W -40<y<-35
C N,, = 1123+ 40
Nyog =32+ 12
x2/dof = 1.00

Counts per 50 MeV/c?

N

o

o
T

« J/p -> put - measured in the muon _
arm 150/ ‘
- J/y and yp(2S) fitted by crystal ball o0
- (2S) at 30 significance sow \
o(y(2S))/o(J/w) ratio close to o IL,\*

HERA Yp results 2 25 3 35 4 45 5 55 6

m,, (GeV/c?)

—

« Background, dominated by yy->uu - ALICE Preliminary, PbPb s, = 5.02 TeV
. . . - UPC,L,=216pb'  2.85<m,, <3.35GeV/c?
process, is essentially exponential 40<y<25 + AlCEds
with low-mass decrease due to 108 reoneent

Incoherent J/y with nucleon dissociation
Coherent J/y from y(2s) decay
Incoherent JAy from y(2s) decay
Continuum yy to pp

Sum

trigger condition which is fitted by
fourth-order polynomial

Counts per 0.04 GeV/c

10?

10

iy

3
(GeV/c)

2
Dimuon P
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% Forward J/

ALICE

Y in 2015 data

- Analysis performed in 3 rapidity bins

L [ ALICE Preliminary, PbPb |, = 5.02 TeV % oo ALICE Preliminary, PbPb s,,, = 5.02 TeV L 5007~ ALICE Preliminary, PbPb |s,, = 5.02 TeV
[} B [ F [} L
E = - 5
= 300 UPC, L, = 216 b = a0k UPC, L, =216 b s I UPC, Ly =216 ub’”
s F ; p,<0.25 GeVic Fa: p, <0.25 GeV/c 2 400 f p, <0.25 GeV/c
Q. 2501 R -40<y<-35 e 700 35<y<-3.0 i -83.0<y<-25
E Ny, = 1123+ 40 £ s00k ﬂ Ny, = 3094 + 72 £ I | Ny, = 1402 + 48
8 2001 Ny =82:4+12 S Nygs) = 30 £ 24 § 300 Nyes) = 55+ 18
» x2ldof=1.00 500~ x2dof = 1.21 C x2/dof = 0.84
150 = r
50: 400: 200—
100/ 300t B
E 200;_ 100__
50 E i
y 100; L
of——1 l &J/-\ LT T TIPS ot o 0“ .
2 2.5 3 3.5 4 4.5 5 5.5 6 2 5.5 6 2 5.5 6
m,, (GeV/c?) m,, (GeV/c®) m,, (GeV/c?)
"; 10°E ALICE Preliminary, PbPb \JSN =5.02 TeV § ALICE Preliminary, PbPb |s, = 5.02 TeV § . ALICE Preliminary, PbPb |s,, = 5.02 TeV
s UPC, L, =216 ub"  2.85<m,, <3.35 GeV/c? 3 UPC, L, =216 ub"  2.85<m,, <3.35 GeV/c? & 10E upc L, =216pb"  2.85<m, <3.35GeV/c?
< -40<y<-35 & ALCEdata <+ 10° -35<y<-3.0 ¢ ALICEdata < -30<y<-25 & ALICEdaa
g Coherent J/y g Coherent J/y g Coherent J/y
= Incoherent Jiy 5 Incoherent J/y . Incoherent J/y
8 102 = Incoherent JAy with nucleon dissociation | & Incoherent J/y with nucleon dissociation 8 Incoherent J/y with nucleon dissociation
% Coherent J/y from y(2s) decay % Coherent J/y from y(2s) decay -12 10? = Coherent J/y from y(2s) decay
= r Incoherent Jiy from y(2s) decay 2 5 Incoherent Jiy from y(2s) decay =1 F Incoherent Jiy from w(2s) decay
8 | + + Continuum ¥y to pup O 10 Continuum yy to pp 8 L Continuum yy to pp
Sum Sum B Sum
10F ! I t H+
10 }l
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% Forward J/y in 2015 data

ALICE . No nuclear effects: Impulse approximation
- STARLIGHT: VDM + Glauber
- EPS09 LO: EPS09 shadowing
- LTA: Leading twist approximation
- GM, LM: Color dipole model
- Models with moderate nuclear gluon shadowing (EPS09) are favored

’g - ALICE Preliminary Pb+Pb — Pb+Pb+J/y |s,, =5.02 TeV
— 10 @ ALICE data
5 | - --- Impulse approximation L
O -~ —— — STARLIGHT gt
© g~ —— EPS09 LO (GK2) 2
— e LTA (GK2)
[ i - CGC (GM IIM BG) F
gl e CGC (GM BCGC LC) 2’ e
I CGC (LM IPsat) /,’ // s
4 b
2 s
O_I_ BT 1, o T AT T W N S S S T M N T S A

&

5 4 -3 =2 1 0
y
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pp, pA and AA collisions at high energies

@ Mid-rapidity J/y in 2015 data

ALICE . o
« New data with 4x more statistics

- J/y photoproduction accompanied by neutron emission (measured
with Zero Degree Calorimeters)

« Incoherent cross section

oy, 450r q, 240p
3 EALICE Preliminary, Pb-Pb \s,, =5.02 TeV N 290 - ALICE Preliminary, Pb-Pb \s,, = 5.02 TeV
2 4001~ J/ an 27F Jy et e
s "UVF v — Ut = y—>e'e
o I o 200
@ 350F UPC, L, , ~ 95ub" 3 1800 UPC, L, = 95ub
% = Coherent enriched sample % C Coherent enriched sample
O 300 - p, <0.20 GeV/c O 160 - p, <0.20 GeVic
250(— 09<y<0.9 140F 0.9<y<0.9
- “ 120
200}~ N,,, = 1204 + 39 100F- N,,, = 1060 + 46
150 80~
100 60
40
50 20:_ ----
0 ok > 3
2.5 3 3.5 4 4.5 2.5 3 3.5 4 4.5

M, (GeV/c?) M, (GeV/c?)
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@ Mid-rapidity J/y in 2015 data

ALICE . o
« New data with 4x more statistics

- First observation of J/y->pp in UPC
- Protons identified by Time-Of-Flight
- Moderate number of candidates, but very clean signal

% 25IALICE Preliminary, Pb-Pb |s,,, = 5.02 TeV
s —  Jy-opP
2 sl UPC, L, = 95ub"
C -
a Coherent enriched
© T sample p_< 0.2 GeV/c
15—
- Opposite sign
B | - Like sign
10— Signal
5 -
_IIII’—EIIIIIll_-lll_!_|nli—ll_lllllllll
8.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4 4.2

M,7 (GeV/c?)
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ALICE

w(2S) in Pb-Pb

Phys. Lett. B 751, 358-370 (2015)
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pp, pA and AA collisions at high energies

CO h erent _ Phys. Lett. B 751, 358-370 (2015)
1.6 ALICE  Pb+Pb+y(2S) |s,=2.76 TeV
aLice Y(2s) - S

Cross section

1.2F
. 1F
- Measured via 3 decay : ;
0.8 r
channels : !
0.6
- Moderate number of :
. 0.4F
candidates, but very clean :
. ° o 2 __
signal in cascade decay via 02 | |
J/ll) y(2S) - I'[ y(2S) > puwntn y(2S) se et
Phys. Lett. B 751, 358-370 (2015)
300 F E
2 7L Po4Pb - Po+Pbay(2S) |5y = 2.76 TeV 2 gEPD+Pb - Pb+Pbey(2S) (Sy = 2.76 TeV 2 7EPb+Pb — Pb+Pb+y(2S) Sy = 2.76 TeV
2 T lyl<0.9 — ly|<0.9 s b ly|<0.9
o 250/~ g = I
o T o b © 6~ Coherent enriched
= - g T o = C sample p, < 0.3 GeV/c
= § I 3 = | =
3 200/ Ny, = 579 + 29 3 °F i 3 o
e | m,, - 3.002 £ 0.001 °© f cample p. <015 Gev/c S [ "] opposite sign
r o, = 0.024 +0.001 g | [_]Opposite sign 4 [ Like sign
150~ afF [ Lke sion - .
L Ny = 18.4% 9.3 r B signal 3l . Signal
. M, o) = 3.664 +0.013 :
100— ¥ _ F N =11+3.3
] Gy o5 = 0.022 +0.009 Nygy = 17 £ 4.1 ha yi2s)
- RN F
7 et il | | L1
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pp, pA and AA collisions at high energies

% Coherent Y(2s) cross section - Model comparison

ALICE

Data disfavor models using impulse approximation and strong nuclear
shadowing

Difficult to give a preference between models with mild shadowing
(EPS09) or Glauber nuclear treatment (STARLIGHT, GDGM, LM)

= 2.2

2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2

0

do/dy (mb

= Pb+Pb — Pb+Pb+y(2S) |s,, = 2.76 TeV

[ g Dawa Models with:

— uncert? = stat® + syst? o

C . Impulse Approximation

[ —-- AN MSTW08 L No Shadowing

[ ——  STARLIGHT No Nucl. Eff. o7 T, -M dorate Shadow

:_ . STARLIGHT ¥ N - oderate Shadowing

[ — GDGM No Shadowing !‘ ’\’\ .Strong Shadowing

[ mmmms GZ LTA Moderate Shad. ,*' Ky

[ i GZ EPS09 ’ * B s

L anonsn GZ LTA Strong Shad. F N,

C 3 ' K

F — M L/ %%

. AN EPS09 ;s N 8

F —— GDGM Moderate Shad. 7/ . 7 TP <!

—— AN EPS08 ; s PP LLLLTS Nix) , 1

:— —— GDGM Strong Shad/ : P S Py e W\,

: 2.

: al I | [ IS T, (7 —
5 4 2 0 2 4

Phys. Lett. B 751, 358-370 (2015) y
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Ra ti O to J / C rOSS S ec ti O n pp, pA and AA collisions at high energies

- Many sources of systematic uncertainties cancel in the measured ratio
aLice © RIo(w(2S))/6(J/w)] = 0.34 F) 05 (stat+syst)
- Change of the ratio from pp to Pb-Pb may indicate that nuclear effects affect
1S and 28 states differently

- The same models that reproduced correctly the pp ratio, fail describing the
Pb-Pb ratio

- The AN EPS09 model, although it assumes a p(2S) wave function identical
to the J/y one, describes in a satisfactory way this ratio

Comparison to pp data and models Comparison to Pb-Pb models
T I T T T T | T T T T I T T T T [ T T T T | T T T T T T T I T T T T [ T T T T l T T T T I T T T 1 } i 1 1 1 |
ALICE e
ALICE (UPC Pb-Pb) = AN-AB-MSTW08 .
LHCb UPC """""""""""""""""""""""""""""""""" AN-AB-HKNO7 .
( PP) —— AN-AB-EPS09 *
CDF (UPCpp) —eo— L AN-AB-EPSO08 s el
GZ-RSZ-LTA .
H1 (vp) - | GZRSZ-EPS09 ]
____________________________________________________________________________ GDGM-GM No Shadowing e
GDGM-GM (pp) . GDGM-GM Moderate Shad. ®
""""""""""""""""""""""""""""""""""""""""""""""" GDGM-GMStrong Shad. @ ol
STARLIGHT (pp) . ‘. o Tz |
| | | } | STARLIGHT .
-0.1 0 0.1 0.2 0-3 0.4 0-5 1 1 I-OI.1I 1 1 1 6 1 1 1 I0!1 1 1 1 I0-|21 1 1 I0}3L 1 1 IO-I4 1 1 10.5

o(y(29)) / o(J/y) Phys. Lett. B 751, 358-370 (2015) o(y(2S)) / 6(J/y)
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% Mid-rapidity @(2S) in 2015 data

ALICE
« New data with 4x more statistics
- First observation of J/yp->pp in UPC
- Protons identified by Time-Of-Flight
- Moderate number of candidates, but very clean signal
>, gf ALICE Preliminary, Pb-Pb | sy, =5.02 TeV N - ALICE Preliminary, Pb-Pb | sy =5.02 TeV
= E y(@S)se'ent = 7= BRI
8 4 UPC, L, = 96ub" 3 - UPC, L, = 95ub
£ - 3 6 o
% 3.5:— Coherent enriched § - Coherent enriched
8 . E— sample p. < 0.2 GeV/c 8 50 sample P, < 0.1 GeV/c
2.55_ I:I Opposite sign ) E_ D Opposite sign
25 - Like sign C - Like sign
E I:I Signal . ;_ D Signal
1.55— Nw<25)=14t4 2:— Nw(28)=17i4
1= -
0.52— H H H U= |'[I I
85 s S Y — 95 3 55

Mg, . (GEV/C?) (GeV/c?)

uunn
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ALICE

J/w in p=Pb

ALICE, Phys. Rev. Lett. 113, 232504 (2014)
Preliminary (2017)
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% J/y in p-Pb and Pb-p corward 2/ T

ALICE ° 2013 p-Pb data

¢ Measuring the charmonium rapidity = .,
w.r.t. the direction of the target the g 180
energy in the photon target system can £,
be determined

 Unique to p-Pb (Pb-p) is that the source § 80
g

ALICE, Phys. Rev. Lett. 113, 232504 (2014)

ALICE
p-Pb \s,, = 5.02 TeV

2.5<y<4.0

IIII|H|‘H[IIII'III|IH|III‘II\M

of the photon is known (big advantage
w.r.t. pp and Pb-Pb) 20

- Central: Both leptons in central barrel

30
« Semi-forward: One muon in MUON,  F Auce 36ey<26
the other in central barrel . Pb-p | S, = 5.02 TeV

« Forward: Both muons in MUON

T III|IIII|IIIIll\l\lllllllll TTT

10 | 15
= | <« W, interval ALICE Forward ] 10
=~ 1
é L & W, interval ALICE Semi-forward
- 5
T “= W, interval ALICE Central ;
£ bost 0 S———
© L 15 2 2.5 3 35 4 4.5 5

102 " %? . M, Gevic?)

e t¥ * H1 *
% * ﬁ? o ZEUS
A——
ﬁ —
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Cross section for J/y in yp

ALICE

First direct yp o)
measurement at the LHC <
ALICE data are g,
compatible with a power 7
law with exponent o
0.67+0.06 5

Exponent is compatible
with those from H1
(0.67+0.03) and ZEUS
(0.69+£0.02+0.03)

LHCD solutions
consistent with the

power-law fit obtained
from ALICE results

103

10

ALICE, Phys Rev. Lett. 113, 232504 (2014)

32

-t
o
[\°]
T

¢

ALICE (p- Pb)

ALICE ( Pbtp
Power law fit to ALICE data

JMRT LO
e JMRT NLO

— — b-Sat (eikonalized)

- b-Sat (1-Pomeron)
STARLIGHT parameterlzatlon

-
=

103
W,

HERA and ALICE cross section points stay on the same power law

The most straightforward interpretation is that no change in the behavior of
the gluon PDF in the proton manifests itself between HERA and LHC

o (GeV)
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pp, pA and AA collisions at high energies

Cross section for J/y in yp

ALICE ALICE, Phys Rev. Lett. 113, 232504 (2014)

—~ 108 : , —

. JMRT: 1O model based 2 - . ALICE (p- F’b) ]
on a power law. NLO [ M él&lz?eEr Jﬁ tpt to ALICE data ,/' /,.:’-
model includes the 2 o A -
expected main NLO 0
contributions T

© 10°F E

« b-Sat (eikonalised)
includes b-dependent
saturation effects based
on a CGC inspired model

----- JMRT LO
- JMRT NLO
— — b-Sat (eikonalized)
5 — - - b-Sat (1-Pomeron)
- STARLIGHT (| STARLIGHT parameterlzatlon

parameterization is based 10 e B
on a power law fit using 10 W, 1(0G eV)
only fixed-target and

HERA data

- HERA and ALICE cross section points stay on the same power law

- The most straightforward interpretation is that no change in the behavior of
the gluon PDF in the proton manifests itself between HERA and LHC
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% p-Pb at 8 TeV

ALICE

- Data at 5 Tevand 8 TeV p-Pb and Pb-p were recorded in 2016

* 10x more stats at high W, ~0.7 - 1.4 TeV

- Search for gluon saturation effects in p at low x

- Study proton-dissociative cross section at high W, using AD and ZDC

~_ 160 ~ 350
2 C ALICE Performance, Pb-p \s,,, = 8.16 TeV S C ALICE Performance, p-Pb |s,,, = 8.16 TeV
> a NN > - N
= 140 2 r
s 140 UPC,L=~127nb" | g 300— UPC, L =8.7 nb’
8 o0l p, < 1 GeV/c g p, <1 GeV/c
8 B 4<y<-25 £ 250[— 4<y<-25
3 100— N, =607 £ 27 3 - N,, = 1305+ 39
° © 200
80— -
T 150/—
100/~

50

lllllllll

05 2 25 3 35 4 45 5 Q 2 25 3
m,, (GeV/c?) m,, (GeV/c?)

o[ T



Michal Broz - 28.2.2017 -
QCD challenges in pp, pA
and AA collisions at high

energies

ALICE

J/w in peripheral Po-Pb

Phys.Rev.Lett. 116,222301 (2016)
Preliminary (2017)
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% Excess of very low-p; J/y in peripheral Pb-Pb

ALICE Phys.Rev.Lett. 116,222301 (2016)

ALICE, Pb-Pb |5, = 2.76 TeV

« Clear excess at very low p; in peripheral 25<y<4

Pb-Pb collisions with respect to expected ‘
hadronlc prOdHCtlon 3r + 1<p, <8 GeV/c, global syst =+ 11.5%

- Enhancement of J/yp R,, in most 2y Common global syst = + 6.8 %
peripheral collisions for p; < 0.3 GeV/c

+ 0 < p. <0.3 GeVlc, global syst = £ 15.7 %

+ 0.3 < p, <1 GeV/c, global syst =+ 15.1 %

1

4+ 0-20% 08

—+-20-40% 0.6

—s—

I

:

—+-40-90% 0.51 | ‘ | | ‘ | |
04"""50 100 150 200 250 300 350
(Nogr?
J/P
AA = Naa
B J/P
<Ncoll> Npp
ALICE Pb-Pb |5, = 2.76 TeV _ .
R NN =1 — No medium eff
10 Inclusive JAy — pty’, 2.5<y<4 \ 0 medium eftect

global syst. = +4% <1 — Suppression

LI Illllll

11 1 1 I | - | D T | l [ IR T I | l | O i | I [ N ] l 11 1 | l L1 1 | > 1 _> Enhancem ent
0 1 2 3 4 5 6 7 8
P, (GeV/c)

arXiv:1506.08804
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% Excess of very low-p;

ALICE

Clear excess at very low p; in
peripheral Pb-Pb collisions
with respect to expected
hadronic production

Enhancement of J/yp R,, in
most peripheral collisions
for p; < 0.3 GeV/c

Remarkably similar to J/yp
photo-production in ultra-
peripheral collisions

No theory prediction yet

It is not clear how to include
at the same time the
coherence condition and the
fact that there was a
hadronic collision that broke
the colliding particles

J/y in peripheral Pb-Pb

Raw counts per 0.1 GeV/c

Jhy candidates / ( 40 MeV/c)

Phys.Rev.Lett. 116,222301 (2016)

35

30

25

20

15

10

\III‘IIII|\II\|II\I|III\I\I\Illllt

ALICE, Pb-Pb |\ 5,,, = 2.76 TeV
25<y<4
28<my, <34 GeV/c?
70-90%

+++%%++++4++++++

OS dimuons (data)
—— Coherent photoproduced J/y
L I L 1 1 I 1 Il 1 I 1 Il Il | L 1 I ‘ Il L 1 I | | 1 I

o

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

p, (GeVic)
ALICE, Phys. Lett. B718, 1273 (2013)

35
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ALICE
3.6<y<-26

Data
Sum
------- Coherent Jiy
............ Incoherent Jhy
=« JAy fromy’ decays

i d 'Y

el =
= L
111

3
L
|_.
-H
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QQ
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% Excess of very low-p- J/L|J m per1pheral Pb Pb

-
ALICE > 800 ALICE Prellmlnary |
o] Pb-Pb |5 = 5.02 TeV i

 Clear excess at very low p; in B oo Jy —e'e, [y|<0.9 5
. . . o 2.92 < m,., <3.16 GeV/c? .
peripheral Pb-Pb collisions ? i
with respect to expected £ 400 e centrality 50-70% —

. . () — ultra-peripheral (scaled) |

hadronic production )
200 —]

« Enhancement of J/y R, , in ? -
most peripheral collisions e i -
for pr < 0.3 GeV/c C ]

° Remarkably Similar to J/.LP 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 > (GeV/C)
photo-production in ultra- gecaome e
peripheral collisions > F ALICE Preliminary :
o 3 e00- Pb-Pb |5,y = 5.02 TeV =

« No theory prediction yet - - Jy — e*e, |y|<0.9 :
O 500 .-

. . o - 2.92 < My, < 3.16 GeV/c? =

- It is not clear how to include a E
at the same time the £ Lk e centrality 70-90% E
coherence condition and the @ I — ltra-paripheral (scaled) 3
fact that there was a 1 -

. o« . 100 —

hadronic collision that broke E
the colliding particles Op T e e—— E
~100Ek= Ly by byw i | | | | | | —
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Summary and outlook

ALICE ALICE has measured:

= coherent and incoherent photo-production of J/y in Pb-Pb collisions
o directly, exclusive J/yp photo-production in yp collisions
o the exclusive photo-nuclear production of yp(2s)
« The cross section for the J/yp found to be in agreement with models
with moderate nuclear gluon shadowing (EPS09)

« The measured cross section for the p(2S) disfavors models with no
nuclear effects and models with strong gluon shadowing.

« No change in the behavior of the gluon PDF in the proton between
HERA and LHC

« An excess at very low p; in peripheral Pb-Pb collisions was observed
which may point to coherent-like production in peripheral Pb-Pb
collisions

- ALICE is analyzing new data from Run2 of the LHC: increase in
luminosity and center of mass energy of the photon-target system,
new detectors for extended coverage in rapidity to veto non-
exclusive reactions and to study dissociation — Stay tuned!
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% Yp cross section for y(2S)

ALICE
» Photonuclear y(2S) production may probe nuclear gluon

shadowing.

- However, to correctly interpret the nuclear effects, one has to
understand the underlying y+p -> p(2S)+p baseline.

- Here the uncertainties are much larger for yp(2S) than for J/ .
' Sigma(gamma+p->psi(2S)+p) |

o [nb]
I

108

STARLIGHT Parameterization
JMRT NLO

JMRT LO

m H1¥(2S)

10
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200 400 600 800 1000 1200
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pp, pA and AA collisions at high energies

Cross section models in Pb-Pb

ALICE

AB: Adeluyi and Bertulani, PRC85 (2012) 044904 - LO pQCD scaled
by an effective constant to correct for missing contributions. MSTWo08
assumes no nuclear effects, the other three incorporate nuclear effects
according to different PDFs

CSS: Cisek, Szczurek, Schafer PRC86 (2012) 014905 - Color dipole
model based on unintegrated gluon distribution of the proton

STARLIGHT: Klein, Nystrand PRC60 (1999) 01493 - GVDM coupled
to a Glauber approach and using HERA data to fix the yp cross section

GM: Goncalves, Machado, PRC84 (2011) 011902 - Color dipole model,
where the dipole nucleon cross section is from the IIM saturation
model

RSZ.: Rebyakova, Strikman, Zhalov, PLB 710 (2012) 252 - LO pQCD
amplitude for two gluon exchange where the gluon density
incorporates shadowing computed in leading twist approximation

LM: Lappi, Mantysaari, PRC87 (2013) 032201 - Color dipole model
based with Glauber approach and a saturation prescription



@© J/y in Pb-Pb
ALICE central rapidity

ALICE, EPJ C73, 2617 (2013)

e 2011 Pb-Pb data

- yPb interaction can be

= Coherent — coupling to whole
nucleus

<pp> = 60 MeV/c

> Incoherent — coupling to
single nucleon

<pr> = 500 MeV/c
« Measured at

central rapidity

s coherent (py < 0.2 GeV/c)
incoherent (p; > 0.2 GeV/c)

= J/p->pt

o J/p->ete

= Leptons identified
using dE/dx in TPC

J/y candidates(counts/40 MeV/c)
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C Pb+Pb — Pb+Pb+J/y |s,=2.76 TeV
C |vl<0.9

—e— data
sum
— Y
------- coherent Jhy
— — incoherent J/y
coherent J/y from y’ decay
------- incoherent J/y from y' decay
hadronic

L ITH sl

L[ 1

L

dimuon P, (GeV/c)

Pb+Pb — Pb+Pb+J/y l,lm=2.76 TeV
- lv|<0.9
: —e— data
—— sum
—
------- coherent J/y
— — incoherent Jhy
coherent J/y from v’ decay
incoherent JAy from y’ decay
hadronic

1.5 2 2.5 3
dielectron p, (GeV/c)
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