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Measuring quarkonlum N ALICE

THE ALICE DETECTOR T/ . ITS SPD (Pixel)
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O Central barrel : dielectrons, |y|<0.9, p+>0 (unique for charmonia!)
d Forward muon arm : dimuons, 2.5<y<4, p+>0 (muon trigger)
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Forward-y charmonium: : p*u" spectra

pPp

ALICE pp \s=13TeV,L_=3.2pb’+3.4%

D<p_|_<:30 GeVie ¥e/ndf =2.17

2.5<y<4 i N, =339660 + 850
' m,,, = 3099 + 0.2 MeV/c® -
6,,=70+02 MeVvi/c®
N, 5 = 8280 + 290
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ALICE Preliminary
p-Pb, s, = 8.16 TeV
203<y, <353
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counts per 25 MeV/c?
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Counts per 50 MeV/c?

a J/y, ~70 MeV resolution from pp to Pb-Pb
a y(2S), S/B becomes unfavorable in Pb-Pb

Muon ID based on
track matching
between muon tracking
and muon triggering
system

ALICE Performance 23/06/2016
Pb-Pb, \s,, =5.02 TeV, L _ =225 ub"

Centrality 0-90 %
25<y<4 P, < 12 GeV/ie
%%ndf = 1.59, S;’Baﬁ =0.14
m,,, = 3.1002 = 0.0005
G,y = 0.069 £ 0.001

N, = 285202 + 2787

4 4.5
m,, (GeV/c?)
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Forward-y bottomonium: utu spectra

pPp

Muon ID based on

ALICE Performance traCk matChIng .

bp, 15 = 13 TeV between muon tracking
25<y<4 and muon triggering

system
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ALICE Performance, 25/11/2016
p-Pb, s, =8.16 TeV

2.03<y__<3.53
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Counts per 100 MeV/
w
(=]

ALICE Preliminary, | s,,, = 5.02 TeV,
Centrality 0-90%,

58 — 0.64 +0.04
¥indf = 1.10

Counts per 50 MeV/c2

O Good S/B for Y(1S), up to Pb-Pb
0 Measurements are still statistics-limited
for Y(2S) and (in particular) Y(3S)
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Counts per 20 MeV/c?2

Mid-y charmonium:
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ALICE Preliminary
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Electron ID based on
TPC dE/dx

ALICE Preliminary

N Events: 14.96 M

14000Egig scaled in: 1.5- 2.5, 3.2- 4.2
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O With respect to dimuon measurement 200
O Better mass resolution I
O Worse S/B in Pb-Pb 4005
a Only J/vy results for the time being |
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Data taking and luminosities

Run 1 (2009 - 2013)

Pb-Pb, Vsyy = 2.76 TeV L =26 ub'! (MB)
L =69 ub-! (dimuon)

p-Pb, Vs, = 5.02 TeV L =51 ub! (MB)
L,pp = 5Snb™! (dimuon)
Lpp, = 5.8 nbi(dimuon)

pp, Vs = 0.9, 2.76, L,,276™" = 1.1 nb-! (MB)
7, 8 TeV L,,2767V = 19.9 nb! (dimuon)

Run 2 (2015 - 2018)

Pb-Pb, Vsyy = 5.02 TeV L = 19 pb'! (MB)
L = 225 ub! (dimuon) Focus

p-Pb, Vs\y =5.02 TeV L = 0.4 nb'! (MB) of

p-Pb, Vsyy =8.16 TeV L., = 8.7 nb't (dimuon) this talk
Lpp, = 12.9 nb! (dimuon)

pp, Vs = 5.02, 13 TeV L, 5927V = 106 nb! (dimuon)

6
E. Scomparin, Quarkonium results from ALICE, HF Production Workshop, Berkeley 2017




Charmonia

.
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pp collisions: from tests of QCD...

d Twofold aspect NRQCD: Ma, Wang and Chao,
d QCD studies, comparison to models PRL 106 (2011) 042002
. NRQCD+CGC: Ma and Venugopalan,
O Reference for hot medium effects PRL 113 (2014) 192301
seen in AA collisions FONLL: Cacciari et al., JHEP 1210 (2012) 137

—e— ALICE,L_=3.2pb"£3.4% 4 —e— ALICE,L =32 pb' +3.4%

[ ] Systematic uncertainty B || Systematic uncertainty

[ NRQCD, Y-Q. Ma et al., (prompt JAy) 1 [ NRQCD, Y-Q. Ma et al., (prompt J/y)
[ NRQCD + CGC, Y-Q. Ma et al., (prompt Jf"#}g 4 . + FONLL M. Cacciari et al., (J/y-from-b)

- - : NRQCD + CGC, Y-Q. Ma et al., (prompt Jy)"
FONLL, M. C ¢ al. (Jhw-from-b ) )
- acdlar et al. (J/y-from-b) + FONLL M. Cacciari et al., (J/y-from-b)

30
P, (GeV/c)
ALICE, EP]JC 77 (2017) 392

O Models properly account for higher mass resonance decays

0 Low p;: NRQCD coupled to a CGC description of the proton
reproduces data (b-decay contribution small)

d High p;: non-prompt J/y is sizable, taken into account via FONLL
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p collisions: from tests of QCD...

ALICE, EPIC 77 (2017) 392

O Extensive data-theory
comparisons performed at
all energies available at the
LHC so far

0 Good agreement between
the models and the data
is observed for all measured
cross sections, for both
J/w and w(2S)

M. Butenschoen and B. A. Kniehl,
PRL 106 (2011) 022003

@ ALICE inclusive J/y, 2.5<y<4
pp Vs =13 TeV
Ly =3.2pb"+3.4%
BR uncert.: 0.6°

25 30
Py (GeVie)

L= 1063 nb"£2.1%
BR uncert.: 0.6°

[ NRQCD, M. Butenschoen et al.
+ FONLL M. Cacciari et al.

10 12
Py (GeVie)

-

10 12
p, (GeVie)

e ALICE inclusive J/y, y(2S)

pp (s =8TeV, 2.5<y<4
—19pp"
Ly =1 b’
BR uncert.: 11%

] NRQCD, M. Butenschoen et al.

p, (GeVie)

of(dp_dy) (ub/(GeVic))

o

2

60, e (00 )

d GJ,,WJ(dedy)

® ALICE inclusive Jiy, 2.5<y<4

] NRQCD, M. Butenschoen et al.
+ FONLL M. Cacciari et al.

6 8 10 12 14 16 18 20

P (GeVic)

ALICE inclusive Jiy, 2.5<y<4
pp 5=2.76 TeV
L= 19.9nb"+1.9%

] NRQCD, M. Butenschoen et al.
+ FONLL M. Cacciari et al.

7 8
P (GeVic)

7 TeV, 2.5<y<4
A4pbT+

{71 NRQCD, M. Butenschoen et al.
+ FONLL M. Cacciari et al.

10 12
P, (GeVic)

® ALICE inclusive J/y, y(2S)
pp s =7 TeV, 2.
= -1
Ly = 1.4 pb
BR uncert.: 11%
[ NRQCD, M. Butenschoen et al.

10 12
P, (GeVic)

b/(GeVic))

dZG/(dedy) (ub/(GeV/c))

e ALICE inclusive J/y, 2.5<y<4

] NRQCD, M. Butenschoen et al.
+ FONLL M. Cacciari et al.

10 12 14 16 18 20
pT(GeV/c)

] NRQCD, M. Butenschoen et al.
+ FONLL M. Cacciari et al.

10 12 14 186
pT(GeV/c)

® ALICE inclusive Jiy. w(2S)
pp Vs =13TeV, 2.5<y<4
= bt

int
BR uncert.: 1%
] NRQCD, M. Butenschoen et al.

10 12 14 16
P (GeVic)

/vy
y(2S)
v(2S)/3/vy
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...to more differential observables

d Charmonium production from hard initial processes — no strong
correlation with event activity expected

d Data at 7 TeV suggest (stronger than) linear increase

d PYTHIA 6.4.25 (Perugia 2011) calculations with J/p produced only in hard
processes (NRQCD) do not reproduce the trend

d Clearly suggests importance of other physical processes, e.g.
multi-parton interactions, percolation effects, color reconnection...

ALICE, PLB 712 (2012) 165

ALICE pp\s=7TeV

B Jy-optp (25<y<4) @) Pythla 6.4 (lyl < 09)
® Jiy—e'e (ly <0.9) O Pythia64 (25<y<4)

Normalization uncert.: 1.5%

4
dN, /dn
(N, /dny

Q Effect also seen in D-meson production (ALICE, JHEP 09 (2015) 148)
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...to more differential observables

ALICE Preliminary

pp, \s=13 TeV

Inclusive J/y — e'e (|y| < 0.9)
10% normalization un-::enainly

ALICE preliminary
pp, Vs =13 TeV
Inclusive J/yr — e*e (ly| < 0.9)

[] Data data Pythia 8.2 (Menash 2013)

== Ferreiro et al.
EPOS3(D.2 < p <4 GeVic) 4<p <8GeVie

PYTHIA 8 (Monash 2013) e W B<p <1 GeVic
[ Kopeliovich et al. v

= 11 P < 30 GeVic

7
dN_/dn
(dN . h.-"ci )

INEL=0

Ferreiro, Pajares, PRC86 (2012) 034903; EPOS3, Werner et al., Phys.Rept.350 (2001) 93;

PYTHIAS8, Sjostrand et al., Comput.Phys.Commun.178(2008)852; Kopeliovich et al., PRD88 (2013) 116002
Q dN_/dn/(dN./dn ) almost doubled wrt run 1, higher p; reach (30 GeV/c)
0 Qualitative agreement with models assuming

O Multi-parton effects in J/p production (PYTHIA8, EPOS3 w/ hydro)
Q Contributions of higher Fock-states (Kopeliovich et al.)

O Soft particle saturation (Ferreiro: percolation, PYTHIA8: color
reconnection)

11
E. Scomparin, Quarkonium results from ALICE, HF Production Workshop, Berkeley 2017



Moving to p-Pb collisions...

AL 4 - - 7 mes -

o - k3 - b M
H \xt ) g

forward-y i

i
“p-going direction” Sl

“Pb-going direction”

d Mid- and backward y:
behaviour similar to pp
d p-going direction: saturation at
high multiplicities (Bjorken-x
3 35 4 45 Ffange in the domain
dN¢/dn / N, /d) of shadowing / saturation)

S0 Q Multiplicity dependent
= 9 ALICE p-Pb W=5.02 TeV .
2 %E measurement - study of very high
25 nclusive J/y . 0.0 o
T - 208<y, <353, p-going dection multiplicity p-Pb events (1% most
g 75 = -4.46 < y__<-2.96, Pb-going direction central events)
-1.37 < <0.43 - .

T 6 T Yo O Increase of the relative J/y yield

SE ALICE,arXiv:1704.00274 with dN./dn / ( dNg/dn )

4

3

2

1

0
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p-Pb collisions: J/y results at Vsyy =8.16 TeV

Q Clear J/y suppression at forward vy,
R,pp, cOmpatible with unity at

backward y

0 Rpp, at Vsyy = 5.02 and 8.16 TeV are
compatible (slightly different x: range)

O p; coverage extended to 20 GeV/c

a R,p, increases with p; at forward y

0 Weaker dependence at backward y

n:%‘ : ALICE, inclusive JAy — p'y

1.2F

- 1
0.8
0.6
0.4 ALICE-PUBLIC-2017-001

® p-Pb |s,, =5.02 TeV (JHEP 02 (2014) 073)

02 ® p-Pb |s,, =8.16 TeV (preliminary)

O _I 11 1 | Ll 1 1 I L1 11 | 11 1 1 | 11 1 1 i 11 1 1 l L1 1 1 | L Ll | L1l 1 1 | )

-5 4 -3 -2 -1 0 1 2 3 4 S5

yCmS
o 22¢
- o[ ALICE
- Inclusive Jiy — p'u,2.03 <y <3.53

1.8 1.8
1.6 — 1.6
14F 1.4
12F QP H 1.2

: g < E = il 1
0.8F 3 g 0.8}
o6l @ 06
04 3 ® p-Pb |s,, =5.02TeV (JHEP 02 (2014) 073) 0.4
0'2 3 ® p-Pb |s,, =8.16 TeV (preliminary) 0'2

O [ 1 1 | | 111 I - | L1l | 1 11 I 1 11 l 1 11 | 111 | L1l | 11 1 0

0 2 4 6 8 10 12 14 16 18 20

P, (GeV/c)

- ALICE

Inclusive Jiy — 'y, -4.46 <y <-2.96

=

ﬁgEEEEBHHH

® p-Pb |s,, =5.02TeV (JHEP 02 (2014) 073)

® p-Pb s, =8.16 TeV (preliminary)

'EEN AN T TR TR | |

0 2 4 6

b by by 1y
8 10 12 14

1 | L1l | L1 1
16 18 20
P, (GeV/c)
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p Pb collisions: J/y results at Vsyy =8.16 TeV

ALICE Preliminary d Good agreement between data and
models based on shadowing and/or
energy loss, as at Vsy, = 5.02 TeV

Inclusive J/y — 'y, p-Pb ys,, = 8.16 TeV

‘% A Theoretical uncertainties still prevent a
CrEars 0. Lansbarg o more quantitative comparison

CGC + NRQCD (R. Venugopalan ef al.)

e+ CEu e, ducowe o Ducloue et al., PRD91(2015) 114005

- = Transport (hot + cold nuclear effecis) (P. Zhuang et al.) LanSberg et al'l EPJC77(2017) 1
« == Comovses . Fecroc) Ma et al., PRD92 (2015) 071901
Chen et al., PLB765 (2017) 323

F. Arleo, R. Vogt in arXiv:1707.09973

- ALICE preliminary - ALICE preliminary
Inclusive Jiy — - Inclusive J/y — p'p’
p-Pb {s,, =8.16 TeV, 2.03 < Y s < 3:53 8L pPbysy,=816TeV,-446<y_ <-2.96

EPS0SNLO + CEM (R. Vogt) -
[ nCTEQ15 (J. Lansberg et al.) 4r | EPS09NLO + CEM (R. Vogt)
CGC + NRQCD (R. Venugopalan et al.) r | nCTEQ15 (J. Lansberg et al)

o ?gﬁ; cr'i’“::: D:;:‘:;:;:s” P Zhuana et al il — Transport (hot + cold effects) (P. Zhuang et al.)
| L1 : | plo ? | +| l L | ? tl .| | IJI |g I I.) 1 C 1 1 1 11 11 | 11 1 11 | 1 1 l 11 | 11 | I 11

8 10 12 14 16 18 20 8 10 12 14 16 18 20
p. (GeVic) p. (GeVic)
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p-Pb collisions: y(2S) results at sy, =8.16 TeV

o 1.8

ALICE, Inclusive y(2S) — p'w

Ry

1.6;
1.42— M pPb,|s,=502TeV (JHEP 12 (2014) 073) i
2l '+ el areer e d Strong suppression of y(2S) at

BOTH forward and backward y

1-“"‘%[ """""""""""""""""""""""""""""""""""""""" 0 Effect also seen at Vsyy = 5.02 TeV
ad: E $ O No sizeable Vs, dependence, both
06

T Fe iny and p+

0.4
0.2}

O:JIIIIIJIIIIlllllllllllll!llllllJIIIlIJIlIlIJlIIl!

-5 -4 -3 -2 - 0 1 2 3 < 5

‘chs
o 1.8
Q:“ 16 [ ALICE, Inclusive y(28) —» p'n,2.03<y_  <3.53 ALICE, Inclusive y(2S) — p'y,-4.46 < y_ <-2.96
14 W pPb,\s,=502TeV (JHEP 12 (2014) 073) 1.4 _ B p-Pb,\s,,=5.02TeV (JHEP 12 (2014) 073)
® p-Pb,\s,,=8.16 TeV (Preliminary) i ® p-Pb,\s,,=8.16 TeV (Preliminary)

12F 1.2F

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1
0 2 4 6 8 10 12
P, (GeV/c)

1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 I 1 1 1
0 2 4 6 8 10 12
P, (GeV/e)
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D
J J U U
g 1.8:
o | f ALCE
) Inclusive Jiy, w(2S) — p'u
1.4 p-Pb\sy=8.16TeV
1.2
1 E. B RN I
0.8
06 %
0.4 H
[ ®  Jiy (ALICE-PUBLIC-2017-001)
02 ®  y(2S) (Preliminary)
0:lllllljI|||.||I|ll|||lli|l||ll||| |IIJ|II
-5 -4 -3 -2 - 0 1 2 3 4 5
ycms
e 187
o 1 gf AUCEPPb|sy=816TeV, 203 <y, <353
) Inclusive Jiw, w(2S) — p'u
14+
1.2
] S —— _B_—E—.
@ﬁ@ﬁ j
0.6 ot $
0.4 ——@— $
i ® J/y (ALICE-PUBLIG-2017-001)
02 ® y(2S) (Preliminary)
0 : 1 1 | | 1 1 L ! 1 1 I 1 | 1 1
0 2 4 6 8 10 12
P, (GeV/c)

=)
o

HD

Q
C ® U
0 s ) 0
1) [J
(] ) - @ [
Dad alrQd onge s s
. = C CJ =
(] r (] - [ [
u adron ga OMOoVe ode
J OGP drople
1.8
6 [ ALICE, p-Pb |5, =8.16 TeV, -4.46 <y < -2.96
’ Z_ Inclusive J/w, yw(28) — p'y
1.4
T 5 e s el
L T
] P L e ST 1

0.8

0.6
0.4

0.2F

%ﬁfgﬁ% I

® J/y (ALICE-PUBLIC-2017-001)

of

— ® w(2S) (Preliminary)
L PR 1 L Ll i
0 2 4 6 8 10 12
P, (GeV/c)
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p-Pb collisions: y(2S) results at Vs, =8.16 TeV

U_—“ ALICE, inclusive J/w, y(2S) — u'n Q-_-“ ALICE, inclusive J/hy, w(25) — u'u
1.6 p-Poys,, =816Tev 1.6 p-Pb {5, =8.16 TeV,203<y__<3.53
1.4 @ )y (ALICE-PUBLIC-201 7-001) Comovers (E. Ferreiro, Phys.Lett. B749{2015), 98) 1 4 . ® Jiy {ALICE-PUB-2017-001) CGC+ICEM, ¥. Ma et al (arXiv:1707.07266)
® yi(28) (preliminary) ey == y(28) - ® y(28) (preliminary) | o || wezs)
12 — CGC+ICEM (Y.Ma et al, arXiv:1707.07266) 12 —
- A (25
e | g R i
0.8F 0.8F - =
0.6 J& os.g.ﬂ‘$ ﬁ $
0.4 Ef 0.4 —% H
0.2F 0.2F
0“ IIIIIII |III| IIIIII |IIII|lIJI|IIII|IIlIIIIII GﬂlllllllllllllllllI|Il|IlI|IIJIJ
5 4 -3 -2 -1 0 1 2 3 4 5 0 2 4 6 8 10 12 14 16 18 20

ycms F'T {GEV!‘C)

O Comparison with models including final-state interactions

O Ma and Venugopalan - soft color exchanges between hadronizing
cc pair and comoving partons

Q Ferreiro = “classical” comover models, break-up cross section tuned

on low energy results
d Fair agreement with data
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Pb-Pb collisions: run-2 results, forward y

Inclusive J/y — p*u = AL'CE, Pb-Pb m =5.02 TeV
® ALICE, Pb-Pb sy, =502TeV,25< y <4,p <8GeVic
B ALICE, Pb-Pb \s,, =276 TeV,25 <y <4,p_<8GeV/c
O PHENIX, Au-Au | sy, = 0.2 TeV, 1.2 <ly| <22, p_> 0 GeV/e

Inclusive Jiy — pr
25<y<4,03<p <8 GeV/c

el g gy @mE
= m

Eﬁﬁ

Transport, p_ > 0.3 GeV/e (TM1, Du and Rapp] —————————_
Transport (TM2, Zhou et al.)

Statistical hadronization (Andronic et al.)

Co-movers (Ferreiro)

100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 450
(N_ ) (N_ )

ALICE, PLB 766 (2017) 212 Zhao et al., NPA 859 (2011) 114, Zhou et al., PRC89 (2014) 054911
Ferreiro et al., PLB731 (2014) 57, Andronic et al., NPA904-905 (2013) 535

0 No significant centrality dependence beyond (N, ,.) ~ 50

Q J/y suppression at Vsyy=5.02 TeV confirms observations at Vsyy=2.76
TeV with an increased precision

Q pr > 0.3 GeV/c to minimize contribution of photo-production when
comparing to theory models

O Theoretical uncertainties larger than in the experimental results

part part
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Pb-Pb collisions: run-2 results, mid-y

ALICE, inclusive J/y — e‘e’
®  Pb-Pb,\s,, =502 TeV (Preliminary)
Pb-Pb, | 5,y = 2.76 TeV (PLB 734 (2014) 314-327)

%

III|III|IlI|III|

Ll 1 1 | Ll 1 1 | Ll 1 1 I Ll 1 1 | Ll
150 200 250 300 350 4
(N

part

“‘-/O

8F ALICE, Pb-Pb | s, = 5.02 TeV, 0-20%

[ ] Jhw s ptn 25 <y <4, (PLB 766 (2017), 212)
Jhy —» e*e’ |y] < 0.9 (Preliminary)

d Compatible results at the two energies

0 Increase at low p; compared to
forward-y measurement

d Transport models qualitatively describe
the data, some tension with TM2

Zhao et al., NPA 859 (2011) 114
Zhou et al., PRC89 (2014) 054911

II|IIII|IIII|IIII'|IIII[IIIIlI’IIIlIIIllIIII|IIII
8F ALICE Preliminary, Pb-Pb \ 5, = 5.02 TeV, 0-90%

Inclusive J'y — e*e, |y| < 0.9

Transport (TM1, Du and Rapp) -
Transport (TM2, Zhou et al.)
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Multi-differential J/yv R,, (forward y)

03<p_<2GeVic =~ ¢ 0-20%
2< p, < 5 GeV/c ’
S5<p <8 GeV/c
=502TeV,25<y<4 8<p_ <12GeVic ' Pb-Pb \s

ALICE Preliminary, inclusive Jiy — p*p’ ALICE Preliminary, inclusive Jiy — p*p’

4 20-40%

Pb-Pb \s,,, w=502TeV,25<y <4 ¢ 40-90%

Q R,, Vs p;for different centrality bins (and vice-versa) at Vsy,=5.02 TeV
Q Striking features observed

- R, VS centrality (almost) flat in 0<p;<2 GeV/c

> ~80% suppression for central events at p;~10 GeV/c

20
E. Scomparin, Quarkonium results from ALICE, HF Production Workshop, Berkeley 2017



Multi-differential J/yv R,, (forward y)

Vsyy=5.02 TeV

e 03< o < 2 GeVic
2«p <5GaVic
e

300 350
4

Zhao et al., NPA 859 (2011) 114

Q R,, Vs p; for different centrality bins (and viceversa) at Vsy,=5.02 TeV
Q Striking features observed

=2 R,, VS centrality (almost) flat in 0<p;<2 GeV/c

- ~809% suppression for central events at p;~10 GeV/c
O Precise results open up the way to precise comparisons with models
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Pb-Pb collisions: y(2S) results

L 'I LI B [ LU LI L L T 1T 17T T 171 ] . r T T .l ™TT7T [
ALICE inclusive J/y, y(2S), Pb-Pb, 2.5<y<4, O<p <3 GeV/c ] r Jhy, ¢(2S), Pb-Pb |{5NN =5.02TeV
YSu = 5.02 TeV (Preliminary) 1 L ALICE, 3<p_<8 GeV/c, 2.5<y<4.0, Inclusive (Preliminary)

Vi = 2.76 TeV (JHEF 05 (2016) 179) L CMS, 3<p_<30 GeV/c, 1.6<y<2.4, Prompt only (arXiv:1611.01438)
Upper limits include global uncertainties F Upper limits include global uncenainties

5.02 TeV
Jr.,

2.76 TeV

| :

bl
200

l e f|$

350 400 150 200 250 300 350 400
(Np3ﬁ> (Npar‘l)

100 150

|
250

300

T T T T T LU N D B BN B B B B N B
T T T T I

1.8 ALICE inclusive J/iy, w(2S), Pb-Pb Y55, = 5.02 TeV, 2.5<y<4, 0<p, <8 GeVlc O Uncertainties are rather Iarge

1? e e (S/B sub-optimal)

1:2 —— Jly (arXiv:1606.08197) O More Suppressed than J/\V

1 Uppor limks nclude global uncertainics Q ALICE s\y=2.76 and 5.02 TeV

osf [ results are compatible

06} Tom 8 == O d Indications for suppression at
2: low AND intermediate p;

N: d Good agreement with CMS results

150 200 250 300 350 <N40{>] at \/SNN=5-02 TeV
part
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ALICE, arXiv:1709.05260

Zhou et al., PRC89(2014) 054911 Pb-Pb collisions: J/\|! V>

Du et al., NPA943 (2015) 147

ALICE 20 - 40% Pb-Pb, \.'sTlN =5.02 TeV
Inclusive Jhy
dhe’e’, |v| < 0.9, v,{EP, An =0}
QU 25 <y <4 v {EP, An=1.1}
- global syst : 1%

ALICE Pb-Pb, \ =5.02TeV global syst : + 1%

@Inclusive Jhy = pu, Prompt D°, D*; D'* average,
v,{EP,An=1.1},25<y <4 v,{EP, lAn|= 0.9}, [yl < 0.8
¢ 5-20% *40-60% O 30-50%, arxiv:1707.01005
® 20-40%

X.Du et al.

e Inclusive Jiy, y1<09 Inclusive Jiy w -
Inclusive Jiy, 25<y < Inclusive J/y w/o non-collective
Primordial Jiwr, 25 <y <4 Primordial J/y

O A clear v, signal is observed in various centrality and p; bins
d Comparison with models

4 low p; v, reproduced including a strong J/y regeneration component

a high p; v, underestimated (prompt J/y from CMS also show v,20)
0 Comparison with open charm v, (different kinematics!)

O Low-p; Vv, larger for D mesons

O Do J/v and D inherit their elliptic flow from thermalized

charm quarks ?
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40-100% VOM

J/v v, in p-Pb collisions

Q Azimuthal correlations between
forward/backward J/p and mid-rapidity
charged particles

ALICE p-Pb \s,, =8.16 TeV
3< p:f'” <6 GeV/c

Normalized yields

1.5 < |An| < 5.0

i

0-20% VOM X
Jiy =
-8 -446<y <-2.96

——203<y”" <353

12}
ke]
R

>
e]

@
N
©

£

p—

<]
=z

d Correlations expressed as associated
' SPD-tracklet yields per dimuon(J/w) trigger

(0-20%) - (40-100%) VOM 0 40-100%: clear away-side correlation (_]etS?)
— gogzséc;z(é«g;)zazcos(zmm a 0-20%: additional enhancement at both near

~imieim 20+22,008(A0) and away sides
- Jet correlations eliminated via subtraction

Normalized yields

Q J/yp v, extracted assuming factorization
of J/w and tracklet v,
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J/v v, in p-Pb collisions

ALICE, arXiv:1709.06807
ALICE, arXiv:1709.05260

— ALICE p-Pb ® \5,,=5.02 TeV N s, =5.02 TeV
(0-20%)-(40-100%) VOM 2.03<y’"<3.53 -4.46<y’"<-2.96
vy "{2,5ub), 1.5</An|<5.0

—O— ALICE Pb-Pb # |5,,=B.16 TeV & 15,,=8.16 TeV
| 5y=5.02 TeV, 5-20% VOM
vy YEP, JAn|>1.1

2.03<y”’"¥<3.53 -4.46<y""<-2.96

Q p;<3 GeV/c — v, compatible with 0 (in line with expectation of
no recombination)
d 3<p;<6 GeV/c — v,>0
Q Total (forward+backward,5.02+8.16 TeV) significance about 50
O Values comparable to the measurements in central Pb-Pb collisions
- common mechanism at the origin of the J/yp v, ?
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Bottomonia
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Y results in pp: Vs = 8 TeV

€ 120 ALICE *Y(1S) #Y(25) +T(35), L_=1.23 pb' + 5%

BR systematic uncertainty not shown

¥ “t

—e— ALICE, L_ _123pb +5% pp \s=8TeV

= LHCb, L =21fb" £1.2% Oppeeiie
(] Systemanc uncertainty
BR systematic uncertainty not shown

ALICE, EPIC 76 (2016) 184
LHCb, JHEP 11 (2015) 103

a Integrated luminosity enough for a measurement of 1S, 2S and 3S states
A In 2.5<y<4, p<12 GeV/c

Qo yus) = 711x6(stat)+7(syst) nb

d 6 25y = 261 5(stat)+4(syst) nb

Q6 y3s) = 9t4(stat)+1(syst) nb
d Results in agreement with LHCb measurements within 1.2 ¢
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1.2k

0.8

0.4F [ ] CEM:+EPS09 NLO (Vogt, arXiv:1301.3395 and priv.comm.)

0.2f

Rpr
a

0.4

0.2

0.6

ALICE p-Pb | s, = 5.02 TeV, inclusive T(1 S)ou'y, p.> 0
Lo (-4.46 < Yems < -2.96)=5.8nb", L, (2.03< Yoms < 3.53)=5.0nb"’

NG 8 |
1
—_— o
Y ’
i N
#

-‘w“\

| Eloss (Arleo et al., JHEP 1303 (2013) 122):

- EEEEEE Eloss
| [ ElLoss + EPS09 NLO
AR | | [ ] ] | AP T
4 3 2 1 0 1 2 3 4
ycms

ALICE p-Pb | s, = 5.02 TeV, inclusive Y(18)—u"p’, p,>0
Ly (-446<y_ <-296)=58nb", L, (203<y_ _<353)=50nb"

2-52+EPS09 LO (Ferreiro et al., Eur. Phys. J. C (2013) 73:2427):
Shadowing

[ CGC (Fujii et al, arXiv:1304.2221)
- EMC
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Y results in p-Pb: run 1

p-Pb |, = 5.02 TeV, inclusive Y(1S)—u'yw

v ALICE
LHCb

of ALICE, PLB 740 (2015) 105-117
" LHCb, JHEP 07 (2014) 094

FRNEET BRI ST NS A A AT Lo oo Lo o Loy g g 1y 10
-4 -3 —2 -1 0 1

d Model predictions describe the
measured R, at forward y and tend
to underestimate the suppression at
backward y

d Compatible within (large) uncertainties
with LHCb results

d Run 2 data will be soon available
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Y results in Pb-Pb: run 2

b ALICE Preliminary, Popb (5,2 502 Tev O Transport and anisotropic hydrodynamical
El InclusiveT[1S)—>p‘p',2.5<y<4.0cpT<1zGeWc global sys.= + 10% models qualitatively describe the
[] Transport Model [Zhou et al., PRC89 (2014) 054911, private comm.] Centra”ty and pT_dependence Of Y(].S) RAA

without regeneration
---- feed-down: (1P,2P) 27% and (25,35) 11%

. foecdown: (1P.2P) 37% and (25,35 12% d Some tension in the y-dependence ?
N d Contribution of regeneration is small

0 Ry, (Y(2S)) = 0.26+ 0.12 + 0.06(sys.)
< R,, (Y(1S)) = 0.40 + 0.03

+ 0.04(sys.)

ALICE Preliminary, Pb-Pb |s,, = 5.02 TeV ALICE Preliminary, Pb-Pb |s,, = 5.02 TeV

. m Inclusive T(1S) - pu'p’, 0 < p, <12 GeV/c, 0-90% global sys.= + 3% C
I M nclusive T(1S) — u'w’, 2.5 <y < 4, centrality:0-90% global sys.= + 5%

L L L L L L L L L L L L L E LT T

Transport Model [Rapp et al. EPJA 48(2012)72, private comm.]

without regeneration
with regeneration

[1] Strickland et al., arXiv:1605.03561
woe 477 5 =1 “_
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Conclusions

O Bottomonium

O Pb-Pb results show a significant suppression of Y(1S)
d Indication for a stronger suppression of Y(2S)
0 Good agreement with available theoretical models

O Forthcoming run 2 p-Pb results - more precise estimate of CNM effects
d Charmonium

Q Significant v, for J/y observed in BOTH p-Pb and Pb-Pb collisions
- common mechanism ?

O Precise differential results on J/y R,, available
- stringent comparison to theory

O p-Pb collisions: evidence for final state effects on y(2S)

O pp collisions: precise results on multiplicity dependence of J/vy yield
- described by models including effects related to MPI
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Backup
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p-Pb collisions: J/y results at sy, =8.16 TeV

ALICE . ALICE
Inclusive J/y — p*u, 2.03 < Yeme < 3.53 Inclusive J/y — ', -4.46 < Yome <~

90 58y Leng g

® p-Pb\|s,,=8.16 TeV (preliminary) ® p-Pb\|s,,=8.16 TeV (preliminary)

m p-Pb\s,,=5.02TeV (JHEP 11 (2015) 127) . m p-Pb\s,,=5.02 TeV (JHEP 11 (2015) 127)

Q Centrality dependence of J/y nuclear modification factor (Qpp)

Q Higher luminosity collected at Vs,, = 8.16 TeV allows a flner binning
with respect to Vs, = 5.02 TeV

Q Similar pattern at both energies, slightly lower values at Vs, = 8.16
TeV but compatible within uncertainties

0 The nuclear modification factor decreases with N_,, at forward
vy while an opposite trend is observed at backward y
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J/v v, p-Pb: combined energies

p-Pb, (0-20%)-(40-100%), \'s,,=5.02,8.16 TeV
—e—— 2.03<y”"Y<3.53
—=——  -446<y""<-2.96

[S,=5.02 TeV

Pb-Pb, 2.5<y"¥<4, |
—o—— 520%

Inclusive Jiy
—  Primordial J/y
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Low-p+ J/y: ALICE (vs PHENIX) ).Adam et al, ALICE

PLB766(2017) 212

Inclusive J/y — pp

® ALICE, Pb-Pb s, =502TeV,25<y <4,p_<8GeVic

® ALICE, Pb-Pb |5y, =276 TeV,25<y <4,p_<8GeV/c

O PHENIX, Au-Au\s,, =0.2TeV,12<y| <22, p. > 0 GeVic

Inclusive J/y — p*w’, 0-20% centrality

® ALICE, Pb-Pb\s,,=502TeV,25<y <4

® ALICE, Pb-Pb |s,, =276 TeV,25<y <4

®  PHENIX, Au-Au\s,, =0.2TeV,1.2<|y| <2.2

forward y

IE@-.EHEII.I. Ofc)
®

Eﬁﬁ

100 150 200 250 300 350 400
(N .0

part

O Results vs centrality dominated by low-p; J/vy

O Systematically larger R,, values for central events at LHC
0 R,,Increases at low p; at LHC
O Precise results at Vsy,=5.02 TeV, compatible with Vsy,=2.76 TeV

RHIC energy - suppression effects dominate

FOEElIZlE mterpretatlon:{ LHC energy - suppression + regeneration
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Raa VS Y: ALICE and CMS Y(15)

D Krouppa and Strickland (arXiv:1605.03561) Krouppa and Strickland (arXiv:1605.03561)
@ ALICE ® ALICE

0 Suppression increases with y at Vsyy=2.76 TeV
0 Suppression constant vs y at Vs y=5.02 TeV

Q Vs=2.76 TeV: typical features of a (re)generation pattern,
which seems to vanish at Vs =5.02 TeV

O Systematic uncertainties not negligible
O Can the y-dependence of CNM effects play a role? Not likely
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I/ v,

d The contribution of J/y from (re)combination could lead to an elliptic flow
signal at LHC energy - hints observed in run-1 results

V. Khachatryan et al.
® ALICE (Pb-Pb |s,, = 2.76 TeV), centrality 20%-60%, 2.5 <y < 4.0 . (CMS), arXiv:1610.00613

- Y. Liu et al., b thermalized Promnt J/w - —
------ Y. Liu et al., b not thermalized E.Abbas et al. (ALICE), I ¢ Cent. 10-60%

« X. Zhao et al., b thermalized PRL111(2013) 162301
+16<lyl<24 ml|y|<24

~ g CMS
P IO | High p;

O v, remains significant at large p; (~10 GeV/c) where the contribution
of (re)generation should be negligible
- Likely due to path length dependence of energy loss

36
E. Scomparin, Quarkonium results from ALICE, HF Production Workshop, Berkeley 2017



CNM effects - charmonia

O LHC energy > Strong CNM effects observed at forward-y and low p;
O Can be described via shadowing + coherent energy loss and also
via a ColorGlassCondensate approach

p-Pb \s,,=5.02 TeV ALICE inclusive J/iy—su*y

ALICE (JHEP 02 (2014) 073): inclusive J/y—p*i, 0<p <15 GeV/c : o RS (203<y <353 x RIS (448<y_ <-2.96), |8y = 502 TeV
Ly (-4.46<y_ <-2.96)=5.8nb", L (2.03<y__<3.53)= 5.0 nb" Lt cma pPo cma TN

ALICE (JHEP 06 (2015) 055): inclusive J/y—e'e, p.=0

L, (-1.37<y__ <0.43)=51 ub"

B Apy (25<y_<4), | S, = 2.76 TeV, 0-90%
(Phys. Lett. B734 (2014) 314)

global uncertainty = 3.4%

EPS09 NLO (Vogt)
/1l CGC + CEM (Fujii et al.)
[l CGC + CEM (Ducloué et al.)
CGC + NRQCD (Ma et al.)

[ ELoss, qﬂ:ﬂ.l]?s GeV/fm (Arleo et al.)

[ EPS09 NLO + ELoss, q =0.055 GeV*/fm (Arleo et al.)
—— EPS09 LO central set (Ferreiro et al.)

=..« EPS09 LO central set + o_,_=1.5 mb (Ferreiro et al.)
«=« EPS09 LO central set + o, = 2.8 mb (Ferreiro et al.)

O Qualitative extrapolations of CNM effects to Pb-Pb imply strong high
Py suppression and hints for J/y enhancement at low p;
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Future of LHC heavy-ion program
(today)

2015 2016 201? 2018 2019 2020 2021

J[E[MalmM] 2] a]a]s[o]n]e]a]ElMlalM]a [ ]a]s]oln]e]aTE M alM] ]2 ]als[o]N]e]a [FIMlalM] 3 [a]a] slom]] T M[alM] ] 2 ]als[oN]ela [EIMl M2 {2 [a]l s]ofw]c] 2 TF[M[a]M] ]2 ]a]S[o]N]D]

Shutdown,/Technical stop
Protons physics
Commissioning

Ions

0 2016: p-Pb run, shared between Vsy, = 5 TeV and Vsyy = 8 TeV
d EYETS: CMS pixel upgrade (for pp luminosity)
O 2018: Pb-Pb run, maximum available energy, L= 1027 cm=2 s1
O LS2: ALICE upgrades apparatus (TPC, ITS, MFT) - stand 50 kHz event rate
expected for run-3 and improve tracking
LHCb upgrades tracker - higher granularity, push towards central collisions
ATLAS new muon small wheel > reduce fake trigger
CMS muon upgrade > add GEM for p; resolution, RPC for reducing
background (better time resolution), extend coverage to n>2.4
0 2021-2023: LHC run-3, experiments require L,,,>10 nb-! for Pb-Pb
(compared to L, ~ 1 nb! for run-2)
Possibility of accelerating lighter ions under discussion
Q 2026-2029: LHC run-4
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Prospects for quarkonium studies

d Factor ~10 gain in run-3 surely beneficial for w(2S), Y(2S), Y(3S) studies
and for all non-R,, analyses (see next slide)
- Possibility of investigating (very) peripheral collisions

Q Possibility of accelerating lighter ions
d Once considered very useful in the frame of detecting “threshold”
effects and/or scaling behaviors for various observables
Q ...but we have now extensively seen that threshold effects are not
really detectable
a Asymmetric collisions (see Cu+Au @RHIC) are in principle interesting,
but admittedly it is not easy to extract physics out of it
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Prospects for quarkonia studies
d CMS prospects for run-3 (CMS-PAS-FTR-13-025)

1650

Approved Upgrade

Observable pmin statistical pymin statistical

(GeV/c) uncertainty (GeV/c) uncertainty

Charmonia

Iy Raa (forward rapidity) ] 1% at 1 GeV/c | 3% at 1 GeVl/c
Iy Rp s (mid-rapidity) [ 5% at 1 GeV/c | 5% at 1 GeVie
Iy elliptic flow (v, =0.1) [ 15% at 2 GeV/c I Jo at 2 GeVl/c
w(25) yield | 30 % i 10 %
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ALICE projected highlights

» 0By o 0080 - - - . .

—:}N - [e I—im —1nb’ 0 ] —S:bN : g;t::ify-l:"‘lg;‘{;{;zﬂ.TPC TRD PID (y|<0.9) : f
5 007y " 10 o 1 g oorf conmalty: ; vV, measurement for
5 B Centrality 2060%] 5 ,ooF E J t id d
E l’.II.[}E‘:g o FUll2.5 <y < 4 g E : g e L=1nb ,.Ic:urrenl readout g /\V a ml = an
2 oo o d 2 qusk m L,=10nb E f
S oo open:37<y<d] 3 "% ] orward-y
Q E ] u —o— ]

B oos 4 & owf -
= ODBE— — —E = EIOSE— —E

B e F = -]
0.020— 0 - n.02f - = L
11— 5 e ] o 7
== E 3 . O y(2S) precision
0.0 —— 0.01 g — —1— 7
. o m w . E — —— ]
DtI_IIII|IIII|IIII|IIII|IIII|IIII|IIII- %:I_IDIT'I_F'_I‘TIE'IT:I_H_I;IIII|IIII|IIII|I_ measurement
1 2 3 4 7 1 2 3 4 5 B 7
P (GeVie) Py (GeVie) only in run-3
& 1 — - & 0350 :

o G.EE— y(2S) statistical model scenario 2 E y(25) pp scenario - — w(2S) 3

z % 2.5<y<4.0 and p >0 Z osf 2.5<y<4.0 and p_>0 %ﬂﬂ; _x, E
=] G.E-:_ Q r 3 o 0 E:_ ) _:
S . Soosf|* Lim=1nb : S, _— E
= 0T = e ¥ 07E e, e, ITANEDOM miodel =
s —+ S F|nly=100b 7t I ;

g ﬂ.ﬁg— g 0_2:— {I'E;_ .H'“::_:%--"'- — _E

— 05F - F 0.5F — I
@ r D r o “"-——______ E

o {],4;— +_*++ CCG.15: +__*_,_*_+ {I.d-;— ____;

ﬂ_ﬂf—*—‘ 01::._' {I.HE— atistical mode —E
0zf —+= . —+ l 0.2fF 3
01:__._0—I—'—.—'_._'_i_._i_._*_| 005 = v ¥ 0 15_ _E
E C "F Pb-Pb (5,=276 TeV, y=0 3
0‘|||||||||||||||||||||||||||||||||||||||||||| D_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII D':|||||||||||||||||||||||||||||||||||||||—
] ] 90 0 ) 0 50 100 150 200 250 300 350 400
Centrality (%) Centrality (%) Npart
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Building a reference c,, 2> interpolation

O Simple empirical approach adopted by ALICE, ATLAS and LHCb
CERN-LHCb-CONF-2013-013; ALICE-PUBLIC-2013-002.

ATLAS Preliminary
10<p <30 GeV
O<|lyl<1.5

Prompt Jiy

LHCb

inclugive Jhy

) =
< =

¥ L
l.r '] L

o ci

= =)
=. —
= =
= =
5 B

— Power Law o --——-linear
—=— Interpolated value 2 power law
—e— Experimental data

inter: spread of interp. with
empirical functions

theo: spread of interp. with
theory estimates

O y(2S) = interpolation difficult, small statistics at Vs=2.76 TeV
O Ratio w(2S) / J/w > ALICE uses Vs=7 TeV pp values (weak Vs-dependence)

ALICE estimate (conservative)
> 8% syst. unc. due to different s
(using CDF/ALICE/LHCDb results)
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J/v elliptic flow: analysis technique

J/y v, = <cos 2(¢,,~¥ep)> is computed using the Event Plane from SPD (An=1.1) at fw-y

TPC (An=0) at mid-y

v,/v is obtained modeling <cos 2(¢,,,-¥ep)> VS inv. mass as

counts / 25 MeV/¢?

Vo(my) = vo¥va(m, ) + v,0K(1- “(mw”l

Vy = V,0%8/6gp

ALIGE Preliminary
Pb-Pb Sy, = 5.02 TeV, 20-40%
Inclusive Jiy — p*u’, 25<y <4, 2< p, <4 GeV/c

- Opposite sign pairs
— Fit total

- - Fit signal

--- Fit background

4

M, (GeV/c?)

a(m,, ) is S/S+B from inv. mass fit

v,k background parametrized by several
functions

ALICE Preliminary
Pb-Pb |s,,, = 5.02 TeV, 20-40%
Inclusive Jiy — p’, 25 <y <4, 2<p <4 GeVie
An=1.1
- Opposite sign pairs
— Fit total v,(M,,)

-- Fit background va(M,,) e
ALICE Preliminary
K-
Pb-Pb 5y, = 5.02 TeV
e

+TPCygpvoc o' = 0.88
50—40% - 0.68

04 * Tpcvoc B

20-40%
@ VOC,op 100 R4 = 0.77

4 4.5 10 20 30 40 50 60 70 80

Mp_u (GEV/CZ) Centrality %



Cold nuclear matter: the y(2S)

a In principle should be affected by CNM in the same way as the J/y
O Formation times should prevent any “nuclear absorption”
d Shadowing/energy loss cancel, at least at first order

ALICE, p-Pb ﬁ: 5.02TeV,-4.46 <y <-2.96 ALICE, p-Pb ﬁ: 5.02TeV,2.03<y_ <3.53
Inclusive J/y, w(2S) — p'w Inclusive J/y, w(2S) — p'w

- |ELoss (Arleo et al.) — J/y: EPS09 LO + comovers (Ferreiro) i ELoss (Areo et al.) — J/y: EPS09 LO + comovers (Ferreiro)
EPS09 NLO (Vogtetal) — ¥(2S): EPS09LO + comovers (Ferreiro) EPS09NLO (Vogtetal) ~— V(2S): EPS09LO + comovers (Ferreiro)

) ) Jiy: QGP+HRG (Du et al.) o / )
--+ EPS09 LO (Ferreiro) M * \ ) EPS09 LO (Ferreiro) Jiy: QGP+HRG (Du et al.)

w(2S): QGP+HRG (Du et al.) . w(2S): QGP+HRG (Du et al.)

d Results show a (much) stronger y(2S) suppression

O Not a “real” surprise, already seen by PHENIX even if with large
uncertainties

a Very strong rapidity dependence, compatible with an effect related
with the hadronic activity (not so strange, seen the weak binding)
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Collectivity in p-Pb

0.3

ALICE Preliminary 0-20% (VOA) n <0.8

p-Pb \ 5y, = 5.02 TeV without non-flow subtraction
e i
v Kg

=0

11

e v,>0 In two- and multi-
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signs of collectivity
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» Forward/backward muons
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dominated by heavy-flavour 0.06
decays 004
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Measurement of J/ v,

* Azimuthal correlations between
forward/backward J/y and h*

mid-rapidity charged particles PX

» Correlations expressed as
associated SPD-tracklet yields
per dimuon(J/y) trigger
1 SEY(Myu, piy" . Ap,An)
(Myy, Pt") ME" (Myy, pt",Ap,An)

ij MU _
V¥ (Muu,pr" A, AN) =
|.I'I}_1
I — event-multiplicity class (VOM)

J-zvertexbin SE — # of associated tracklets from same event
Nog —# of trigger dimuons ME — mixed event

* Yields projected on A@ in 1.5<|An|<5.0

« Yields per J/y trigger obtained from fit of yields vs M,

S B S/B — signal/background from M,,, fit
S+BYJW + S+BYB(M“”) Y s — background v, (2nd order polynomial)
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