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Michal Broz - 28.2.2017- QCD challenges in

pp, pA and AA caollisions at high energies

. Ultra -peripheral collisions

ALICE

A Ultra -peripheral collision = Impact

parameter larger than sum of _
nuclear radii Rz‘[ s

A The EM field of protons and ions
can be viewed as a beam of quasi
real photons (intensity & 2y ;i }Rl

A Using Pb-Pb and p-Pb data at the -
LHC it is possible to study A-Pb, Ap
and A &ollisions at higher center of
mass energies than evelbefore

A ALICE is using LHC as aphoton-
hadron collider!

source

P

target
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% Ultra -peripheral coII|S|ons ‘P

*  LHeC Simulation

ALICE LHeC Study group ArXiv: 1211.4831
31200 I i [ 3 T “‘\3““

A Charmonium photo-production < TR T s
p p » 1000 ° ZEUS olyp) = (2.96 nb)(W/Gge\_Q‘j-Z%‘.-—"

—— b-Sat (eikonalised)

crosssection is proportional to

800 ; ------ b-Sat (1-Pomeron) é

square of gluon structure function sook B
(at LO) of the target (Pb, proton) w00 ALICE-" .-~ i
A Charmonium rapidity measures o 1

Vertical (dotted) lines indicate values of
W _\E \ 4E E, at the LHeC W|th E,=7TeV.
1

energy of the photon-target(p,Pb)

interaction % 500 1000 1500 2000 2500
. . W (GeV)
A Charmonium photo-production 1-Pb
permits us to study perturbatively c. asaigadeet al20123.Phys G Nucl. PartPhys 39 015010
non linear effects at low x in the rab == ersoo T
gluon distribution of the target < 12
(key words: shadowing, S 1
saturation) o 08
© 06
55 0af
o B
0.2; 1
0 1 Ll 1 1
10° 10* 10° 10? 10* 1



) Ultra-peripheral
ALce - collisions

A Very clean signature - two or four
tracks in an otherwise empty detector
A Decay channels:
[ 0%->¢" ¢
[ J/Y >t
[ ¥ (29)->1* I
[

T (2S)->J/T ¢* ¢

Forward J} ->>t>

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

- (28)>€ete+ -

Central J} ->>t>




) Ultra-peripheral
ALce - collisions

A Very clean signature - two or four
tracks in an otherwise empty detector
A Decay channels:
[ 0%->¢" ¢
[ J/Y >t
[ ¥ (29)->1* I
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ALICE and UPC trigger icha Bz 2822017 QCD chalenges i ‘
A Central barrel trigger on UPC
[ 2010:vetoonVO,hi t s i @, TOPHs@ 2

ALICE [ 2011:vetoonVO,hi ts i n 2SRD TA@F2 h,i t s-todack topology h t

[ 2015:vetoonVO,vetoon AD,hi t s i # with Pabk-t@®back topology / TOF hits
O 6 wi ttdabadk sopology

ACORDE

(" Strip ) (" Drift

= N
ZDC
E&»

[ TRIGGER
~ ACHAMBER !
116m from L.P,

DIPOLE
MAGNET,

ABSORBER



ALICE and UPC trigger il ey PO e
A Forward rapidity trigger on UPC
[ 2011: veto on \0-A, hits in VO-C , single muon with p;> 1 GeV/c

ALICE [ 2013: veto on WO-A, hits in VO-C ,di-muon, eachwith p;> 0.5 GeV/c
[ 2015: veto on VO-A, veto on AD, di-muon, each with p:> 1GeV/c

(" Strip ) ("Drift ) ( Pixel )

ACORDE

TRACKING e —
cHAvBERs) B
' MUON |
FILTER
(]

-
- -

_:~§-

|
[ TRIGGER
. \CHAMBER
‘ ~116m from |.P,

)

DIPOLE
MAGNET,

ABSORBER



New ALICE detector for
aiffractive physics
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ALICEDiffractive (AD) detector

ALICE

L3 magnet

Dipole magnet

Beam shielding

Muon filter
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% ALICEDiffractive (AD) detector

ALICE

19.57m 16.95m
| |
[ \ |
0.9m 3.4m
A )
f A\l \
Beam | T\
Pipe R_LJ*
SPD
voc vioa
i FMD-C FMD-A :
! : SPD L :
| Do : Do |
! ] : : Lo !
1 4 B X 1
: dy = | dp |
- — ; 3
I ] : I
| | |
I : : i
: I | 1 | : 1 I 1 1 :
—7.0 —4.9 —3.7 -2 0 2 2.8 4.8 6.3 1

—3.4 —1.7 1.7 5.1
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@ ALICEDiffractive (AD) detector

ALI L
C]f Double layers of scintillator counters

\\

AADA:z=170m,4. 9 < E < 6. 3
AADC:z=7T 19m,57. 0 <48E < 1

A Increase pseudorapidity coverage from 8.8to 13.2

A Enhanced trigger efficiency at low diffractive masses

A Increased capability to impose veto for exclusive
processes in UPC

1L

ADA
Scintillator

v

WLS

M, (GeV/c?)

A-side Gside

> 1.2 T — T T T T > 1.2 T — T
e [ ALICE Simulation ] 2 " ALICE Simulation ]
@ [ 2014/09/10 Pythia pp 1s = 13 TeV; SD n>0 ] o [ 2014/09/10 Pythia pp 1s = 13 TeV; SD n<0 ]
2 1= --without AD 7 2 1 -~ without AD =
o L —with AD i © L —withAD 4
o) - - s - i
0.8 - 0.8 —
8 Tt Run2 : 8 Tt 1
0.6F : - 0.6 : -
0.4f 7 Runl . 04f- S Runl 4
0.2} : - 0.2 3 -
0 E q- Ml 1- 0 C u.i-q"f'i“- |-

10 10? 1 10 10?

M, (GeV/c?)
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ALICE

0% {n Pb-=Pb

JHER9, 095 (2015)
Preliminary2017



1°%in Pb-PDb
ALICE central rapidity

A 2011 Pb-Pb data
A Pions are identified by TPC dE/d x

A Coherent events selected byp, < 0.15
GeV/c and corrected for incoherent
contamination

A Invariant mass fitted by Breit-Wigner
resonance + continuumterm (S° di) n g

do/dM.._ {|y|<0.5) (b/(GeV ¢2))

A M= 761.6N2.3 (stat.) ﬁ(syst.) MeV/c 2
[ PDG = 76971 775 MeV/c?
At = IN%.6 (stat) pugt(syst.) MeV/c 2
[ PDG = 1487 152MeV/c?
_ N o)
A |B/A| =0.5 NO0.04 (stat.) n&_;t%yst.)

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

S L B B B T
- ALICE Pb-Pb \ s, =2.76 TeV .
2r —4— ALICE, stat. errors

- — Soding (res.+cont.) 7
Ll L T BW resonance
Y T ST Ross-Stodolsky 7

i n*n) < 0.15 GeV/c A
0.5 ]
) e T E R o = SO I Pri i

e

—_
<
n
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JHER9, 095 (2015)

0.4 0.6 0.8 1 1.2 1.4
M,.. (GeV/c?)

ALICE Pb-Pb \ Sy = 2.76 TeV

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

0.6 <M(n'n) < 1.1 GeV/c?
|y(n*n)| < 0.5

1 IIIIIIII

1 LI IIIIII
b _o-

—9-

4 ETITL
. T
- o

-
il II

IIIlllIIIEJLJIIJlJLlIlJlJLlJlJLJIlJLJLlJlJLllIJ
0O 01 02 03 04 05 06 07 08 09 1

p (') {GeV/c)

=
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pp, pA and AA caollisions at high energies

% Cross section

ALICE A Cross section obtained by integrating the resonance contribution over
[2m, My+ 510 ]
A GDL: Proper QM Glauber calculation for scaling G(Ap) + G(AA)

A GM: Based on thecolor dipole model with saturation implemented by the
Color GlassCondensateformalism

A STARLIGHT: Scales the experimentally measuredA pross section using a
Glauber model, neglecting the elastic nuclear cross section

JHEM9, 095 (2015)
—~ 10°

| I 1

E = | rrrd et L (; 3 o) = L | ! ! ! 0' vt ! ’/'.’ - =

£ B00F PbPb)s,=276TeV Po+Pb > Po+Pbsp®d £ F A+A — A+Asp =2
!: 700 = o - - T

© 600F = ! g i

500 - 3 0k _:

400 - e BE s 5 ] -

s0f N3 - A STARLIGHT (Au+Au) 1

200 f— —+— ALICE, stat. errors —f STARLIGHT (Pb+Pb) -

100 E_ ALICE, sys. errors _E (o2 —-- GDL (Au+Au) — - GDL (Pb+Pb) |

E / —STARLIGHT GM —GDL % 3 7 . STAR (Au+Au) ¢+ ALICE (Pb+Pb) 3

0 C 1 O [N TN T TN (NN T ST T NN ST TR NN (NN SN MO S N R S - C L 1 o3 g g gl L L Lo

6 4 =2 0 2 4 6 e o )

<

10
\ Sy [ GeV)
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pp, pA and AA caollisions at high energies

O . - - _103
1 In Pb-Pb s —
ﬂ L I C E 1 1 (3, 4.0 :_ Soeding fit with p°-o interference
Central rapldlty ;% 3‘5:_ --------- Soeding without p®-w interference
% ; -------- p° Breit-Wigner
A 2015 Pb ‘Pb da.ta. it 3'05_ --------- Pol6 background
A Pions are identified by TPC dE/d x 25E 050 <M /[GeVIcT <140
5 0__ 0.00<pT(Tc*,1t)l[Gerc] < 0.10
A Coherent events selected byp; < 0.15 F 050 < V(') < 0.50
GeV/c and corrected for incoherent 150
L - ~ Pb-Pb \s, = 5.02 TeV
contamination YE . ALICE Preliminary
A Invariant mass fitted by Breit-Wigner i R e
resonance + continuumterm (S° d) ng s 0s . H0 e T4
N - . M., [GeV/c?
A 8°7 Rinterference term can improve the = —
description of invariant mass shape 5"C ALICE Preliminary
p p % E —— Data
5 — STARLIGHT coherent p°
i1} =

——— STARLIGHT incoherent p°
LS background

——— STARLIGHT y-y -> up

— All

A Second diffractive peak clearly visible

A Coherent p; distribution from 10
STARLIGHT significantly wider than data -

0.50 < M, /[GeV/c?] < 1.20

-0.50 <Y < 0.50

10

....T_ﬁm.m

5 040 045 0.50
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o

o

o

o_
=g
o

o=
20
o~
o -
'_l_
ar
O_
N

o

O_
ey
N
o
g
Qr
o+
by



pp, pA and AA caollisions at high energies

Michal Broz - 28.2.2017- QCD challenges in 16 H

% Cross section

ALICE A GKZ: Gribov -Glauber shadowing

A GM: Based on thecolor dipole model with saturation implemented by the
Color GlassCondensateformalism

A STARLIGHT: Scales the experimentally measuredA pross section using a
Glauber model, neglecting the elastic nuclear cross section

2 Pb+Pb — Pb+Pb+p |s, =5.02 TeV
5700 - TN
8 600
500— // e \\
400/ ’//——_—__ TN
: [ A\
300 r /.,‘/ = = STARLIGHT \‘.‘\
- l// —— GKZ \\
200 :— ’I/ |- ALICE stat. — - GM CDM (upper limit)
E ./ ALICE syst.  -«--- GM CDM (lower limit)
1001 i
- A ALICE Preliminary
OI_II JIIllIlllIlllIJlJIIlJIlllI L]

I
(00}

-6 —4 —2 0 2 4
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energies

ALICE

Jw in Pb-Pb

ALICEPhys. LettB718, 12732013)

ALICEEPJ C72617(2013)
Preliminary(2017)



pp, pA and AA caollisions at high energies
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% Coherent cross section from 2011 data

ALICE A ALICE results are able to distinguish between the different models
A No nuclear effects: AB-MSTWO08
A Glauber approach: STARLIGHT, GM, CSS, LM
A Partonic models: RSZ-LTA, AB-EPS08,09, AB-HKNO7
A Modelswith 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 gF. — — STARLIGHT .
- - --GM
E - LM-fIPSat
5f-- -~ AB-EPS09 . ...,
- RSZ-LTA & " IR ,
4___..._... AB_EFSDB:& "fﬂ-__-""h. '\‘\ .
E ‘ t':"" o R
3 o e
2F- -
- /s
= )
— - ~/
0 r— < il | | | "ﬁ%‘t."::_

o
na
(]
na
o

ALICEEPJ C72617(2013) y
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% Incoherent cross section from 2011 data

ALICE 2 ALICE sets strong constraints on models
A Glauber approach: STARLIGHT, LM
A Partonic models: RSZ-LTA
A STARLIGHT overestimated both cross sections, but got the ratio

i ncoherent/ coherent right (ao.

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

ALICEEPJ C72617(2013)

41



Michal Broz - 28.2.2017- QCD challenges in 20

% Forward J/ O in 2015 data

ALICE

A J/IT -> *T-measured in the muon
arm

A JIT andT (2S) fitted by crystal ball

AT ( 2 S)0 significaBce
a(t ( 2)K4(J/7 ) ratio close to
HERA Ap results

A Background, dominated by A &7 1
process, is essentially exponential
with low -mass decrease due to

trigger condition which is fitted by
fourth -order polynomial

Counts per 0.04 GeV/c

Counts per 50 MeV/c?

o
o
S

"

pp, pA and AA caollisions at high energies

—

300}

250

150

ALICE Preliminary, PbPb \s,, = 5.02 TeV

UPC, L, =216 pb™
p,<0.25 GeV/c

.W -40<y<-3.5
N,, = 1123 + 40
Nyes) =321 12
x?/dof=1.00

25 3 35 4 45 5 55 6
m,, (GeV/c?)

10°F|

10?

10

ALICE Preliminary, PbPb |sy, = 5.02 TeV

UPC, L, =216 pb’  2.85<m,, <3.35GeV/c?
-40<y<-25 & ALICEdata

Coherent J/y

Incoherent J/iy

Incoherent J/y with nucleon dissociation
Coherent J/y from y(2s) decay
Incoherent JAy from y(2s) decay

Continuum yy to pp
Sum

iy

3
(GeV/c)

2
Dimuon P
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21

% Forward J/ O in 2015 data

ALICE
A 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 %
1k P!
L L L Il mﬂl Il 1 | 1 L1 | 1 1 1 I 1 1 1 L 1 I Il 1 L 1 \ 1 Il 1 1 { il L b 1 L 1 \I.Irh-l Ik 1 Il 1 ‘ 1 11 1 L 1 I ‘ \l ‘{I X L]‘w‘{
0 0.5 1 15 2 25 3 0 0.5 1 1.5 2 25 3 0 0.5 1 15 2 25 3

Dimuon p; (GeV/c)

Dimuon p+ (GeV/c)

Dimuon P; (GeV/c)
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pp, pA and AA caollisions at high energies

% Forward J/ O in 2015 data

ALICE A No nuclear effects: Impulse approximation
A STARLIGHT: VDM + Glauber
A EPS09 LO: EPS09 shadowing
A LTA: Leading twist approximation
A GM, LM: Color dipole model
A 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 e
O -~ —— — STARLIGHT gt
© g~ —— EPS09 LO (GK2) o
m e LTA (GKZ)
[ i - CGC (GM IIM BG) s
gl e CGC (GM BCGC LC) 2’ e
(I— CGC (LM IPsat) PR i
4_
2_
O_I_ g = '—1‘”1_”1.—1 Lo b oo b o by oy |

6 5 4 -3 = 1 0
y
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pp, pA and AA caollisions at high energies

@ Wid-rapidity 3/ O in 2015 data

ALICE | o
A New data with 4x more statistics

A J | photoproduction accompanied by neutron emission (measured
with Zero Degree Calorimeters)

A 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
= "UUF YUt = f y—oe'e
o I o 200F
@ 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~

1001z O

107 Y el
50 20:_ ----
0 ok o 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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@ Wid-rapidity 3/ O in 2015 data

ALICE | o
A New data with 4x more statistics

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

% 25IALICE Preliminary, Pb-Pb |s,,, = 5.02 TeV
s —  Jy-opP
Yo — K
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 -
B |l’_E:||Illl_I||_!_|n|I—lrl|ll|||ll
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’51, 358370(2015)
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pp, pA and AA caollisions at high energies

Co h erent Phys. Lett. B/51, 358-370(2015)
1.6 ALICE  Pb+Pb+y(2S) |Sy, = 2.76 TeV
aLice O(2S) - S

Cross section

1.2F
. 11
A Measured via 3 decay : I
0.8F | '
channels :
0.6F
A Moderate number of :
- 04F
candidates, but very clean :
signal in cascade decay via 02F | |
J/ ‘r‘ y(2S) - I'[ y(2S) > puwntn y(2S) se et
Phys. Lett. 51, 358-370(2015)
300 F =
L7 PbePb - Pb+Pby(2S) |5y = 2.76 TeV L EPb+Pb - Pb+Pbry(2S) |5y = 2.76 TeV 2 7EPb+Pb — Pb+Pb+y(2S) Sy = 2.76 TeV
2 ssob ly|<0.9 s ly|<0.9 = ly|<0.9
o o — o r
2 o r © 6 Coherent enriched
£ - ! T &b = C sample p, <03 GeV/c
3 200-— Ny, =579 +29 3 - oherent enriche 3 5~
S L } n:j::, =3.092 + 0.001 © 5?_ gan"]\ple ,;T < 0.?5dGeVIc o - |:] Opposite sign
1503_ o,, = 0.024 +0.001 4é EEE:::: sign 4;— . Like sign
5 Nyps = 184+ 9.3 - =T it [ signal
-3 M, s) = 3.664 £0.013 | B -
§ O, s = 0.022 +0.009 N, s = 17 £ 4.1 2:_ N, s =11£3.3
5054 4. 4.4 £
\\ l -
T 11— : |1
: M| B S s ) fg iy ol B
02.6 2.8 3 3.2 3.4 3.6 3.8 4 . . 4.5 5 5.5 8.5 3 35 4 4.5 5 5.5
M, (GeV/c?) M. o (GeV/c?) M o o (GeV/c?)
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pp, pA and AA caollisions at high energies

% Coherent O(2s) cross section 0 Model comparison

ALICE A Data disfavor models using impulse approximation and strong nuclear
shadowing

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

= A
£ [ Pb+Pb — Pb+Pb+y(2S) |s,, =2.76 TeV
E 2 NN
g D@ Models with:
'C>; 1.8 uncert? = stat® + syst? o
— C [ Impulse Approximation
®) 1.6 [ shees ANMSTWOS oy .No Shadowing
O [ —  STARLIGHT No Nucl. Eff. il ™ N
1.4 F —  STARLIGHT o N [l Voderate Sha _—
- == GDGM No Shadowing !\ ’\’ .Strong Shadowing
B A
1.2 [ emman GZ LTA Moderate Shad. ,*' Ky
NP1 GZ EPS09 g "Ranal .
TE e GZ LTA Strong Shad. A N %
F - LM !N
0.8 [ -imim AN EPS09 g / -‘
0.6  —— GDGM Moderate Shad. oy . 5 9 . J
C e AN EPS08 {‘//‘,\ .......... O N
0.4 - —— GDGM Strong Shad/"}~ o | anssiesasec il s, 2
B g st
0.2
O = _I I | L % 7 S—
-6 4 2 0 2 4

Phys. Lett. 51, 358-370(2015) y
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Ratio to J/ U CrOSS Section pp, pA and AA collisions at high energies

% A Many sources of systematic uncertainties cancel in the measured ratio

A RLG(F (29)y G/ T)] =0.34 © (stat+syst )

A Changeof the ratio from pp to Pb-Pb may indicate that nuclear effects affect
1S and 2S stateglifferently

A The same models that reproduced correctly the pp ratio, fail describing the
Pb-Pb ratio
A The AN EPS09 model, although it ass
to the J/ T one, descri bes I n a sati
Comparison to pp data and models Comparison taPb-Pb models
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ALICE u
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AN-AB-EPS08 .
CDF (UPC pp) —o— Gz RSZATA T T
H1 (yp) - | GZRSZEPS09 ]
____________________________________________________________________________ GDGM-GM No Shadowing e
GDGM-GM (pp) ] GDGM-GM Moderate Shad. ®
"""""""""""""""""""""""""""""""""""""""""""" GDGM-GMSwongShad. | @ ...
STARLIGHT (pp) . ~> s T
| | | J | STARLIGHT L
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o(y(28)) / o(Jly) Phys. Lett. B'51, 358-370(2015) o(y(28)) / o(J/y)
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pp, pA and AA caollisions at high energies

% Mid-rapidity O(2S) in 2015 data

ALICE

A New data with 4x more statistics

A First observation of J/ T ->pp in UPC

A Protons identified by Time -Of-Flight

A Moderate number of candidates, but very clean signal

a

b - . 7. 8
% . 5:_ALICE Preliminary, Pb-Pb \s,, = 5.02 TeV § - ALIGE Preliminary, Pb-Pb | s, = 5.02 TeV
Rolm . i [0) -
g = y(@S)se'enn s = BRI
g 4 UPC, L, = 96ub 3 o UPC, L, ~ 95ub”
2 - . 2 E
% 3.5:— Cohelrent enr(l)cgeg v = = Coherent enriched
8 . E— sample p_< 0.2 GeV/c 8 5 sample P, < 0.1 GeV/c
= Opposite sign - | | Opposite sign
25 |:I 41— i ’
- - Like sign C - Like sign
2 . -
- I:I Signal 3 D Signal
156 -
= Nw(23)=14t4 2:_ Nw(28)=17i4
1= C
E L I L | L I L 1 1 ‘ L L L L I L L 1 L : 1 l 1 1 L 1
85 3 35 2 a5 5 5. 85 3 3.5 55
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Michal Broz - 28.2.2017 -
QCD challenges in pp, pA
and AA collisions at high

energies

ALICE

J/w in p=Pb

ALICE, PhyRev Lett. 113, 2325042014)
Preliminary(2017)
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pp, pA and AA caollisions at high energies

Forward J/- ->>*>"

% J/ U in p-Pb and Pbp

aLice A 2013 p-Pb data
A Measuring the charmonium rapidity 200

(&)

ALICE, PhyRev Lett. 113, 2325042014)

w.r.t. the direction of the target the 31805 aLce 25y<40
) g ]
energy in the photon target system can 8 ,,,p PP \sw=502Tev

be determined 3 120

A Unique to p-Pb (Pb-p) is that the source & s
of the photon is known (big advantage
w.r.t. pp and Pb-PDb) 20

A Central : Both leptons in central barrel

a

IIII|H|‘H[IIII'III|IH|III‘II\M

Dimuon candid
(o]
o

A Semi -forward : One muonin MUON, |  Auee 36<y<-26
the other in central barrel ST Newm T
A Forward : Both muons in MUON F
%10 ; 4—> ijpinier\;allALléEl Forward | | - ; 10;_
é L & W, interval ALICE Semi-forward -
T e !
a W, interval ALICE Central \ e | | |
%’ *.jri;# 1.5 2 25 3 35 4 4.5 5
102~ " 7 . M, Gevic?)
: st :
Lot H = ZEUS
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pp, pA and AA caollisions at high energies

Cross section for J/O in np

ALICE

A First direct Ap
measurement at the LHC

A ALICE data are
compatible with a power

law with exponent
0.67N0.06

A Exponent is compatible
with those from H1
(0.67N0.03) and ZEUS
(0.69N0.02N0.03)

A LHCb solutions
consistent with the
power-law fit obtained
from ALICE results

—_

o(y+p — Jy +p) (nb

-t
o
[\°]
T

; ALICE, Phy:Rev Lett. 113, 2325042014)
10°F ! ‘ ]
- = ALICE (p Pb) ]
¢ ALICE ( Pbtp ]
Power law fit to ALICE data -
o Hi
vy LU LT

10

32

----- JMRT LO
e JMRT NLO
— — b-Sat (eikonalized)
— - - b-Sat (1-Pomeron)

--------------- STARLIGHT parameterlzatlon

A HERA and ALICE cross section points stay on the same powetaw

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

W,

|
103
o (GeV)
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pp, pA and AA caollisions at high energies

Cross section for J/O in np

ALICE ALICE, PhyRev Lett. 113, 2325042014)

—~ 10° . — T
A JMRT: LO model based £ | = ALICE (o Pb) ]
onapower law. NLO @ * _ Power law fto ALICE data =
model includes the 2 o A - g
expected main NLO T
contributions T
S |

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

-t
o
[\°]
T

----- JMRT LO
R JMRT NLO
— — b-Sat (eikonalized)

i — - - b-Sat (1-Pomeron)

A STARLIGHT | STARLIGHT parameterlzatlon
parameterization is based 1o e e
on a power law fit using 10 W 1(0Gev)
only fixed-target and
HERA data

A HERA and ALICE cross section points stay on the same powetaw

A 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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pp, pA and AA caollisions at high energies

% p-Pb at 8 TeV

ALICE

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

A 10x more stats at high Wy, ~0.7 - 1.4 TeV

A Search for gluon saturation effects in p at low x

A Study proton-dissociative cross section at highW, 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 "0 UPC,L=~127nb" | g 300— UPC, L =8.7 nb’
’g 120 p, < 1 GeV/c ‘g - p, < 1 GeV/c
g [ 4<y<-25 £ 250— 4<y<-25
é 100} NJ/\IJ=607i27 § E NJllp'z 1305 + 39
80— C
T 150/—
- 100 —
C 501
C :J [ — l | - 1
5 5

1 1 1 | 1 1 1 1 | 1 1 |
2 25 3 35 4 45 5 Q 2 25 3
m,, (GeV/c?) m,, (GeV/c?)



J/w in peripheral Po-Pb

Phys.Rev.Lett116,222301 (2016)
Preliminary (2017)
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pp, pA and AA caollisions at high energies

% Excess of very low-p; J/ O In peripheral Pb-Pb

ALICE

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

AEnhancemenRy,inorostJ / T
peripheral collisions for p; < 0.3 GeV/c

arXiv:1506.08804

1

Phys.Rev.Lett116,222301 (2016)

ALICE, Pb-Pb \s,, =2.76 TeV
25<y<4

+ 0 < p. <0.3 GeVlc, global syst = £ 15.7 %
+ 0.3 < p, <1 GeV/c, global syst =+ 15.1 %
+ 1< p, <8 GeV/c, global syst= £ 11.5 %

ol * Common global syst = + 6.8 %
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