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Outline

 New results on JAy, y(2S) and Y states in p-Pb collisions at Vs, = 5.02 and 8.16 TeV

* J/y results:

R, vspyand Q . vs centrality at Vs = 5.02 TeV at mid-y | NEW!!
[ALICE-PUBLIC-2018-007]

* R, vsprandyand Q, vs centrality at Vsyy = 8.16 TeV at forward-y
[arXiv:1805.04381, ALICE-PUBLIC-2017-007]

 Multi-differential study of J/y O, at forward-y | NEW!!
* Y(2S) results:

* Op, VS centrality at \/SNN = 8.16 TeV at forward-y | NEW!!

e Y results:

* R, vsprandyand Q , vs centrality at Vsyy = 8.16 TeV at forward-y
[ALICE-PUBLIC-2018-008]

New publication!!

NEW!!

ALICE
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p-Pb collisions in ALICE

ALICE

—> Study pA collisions to understand Cold Nuclear Matter (CNM) effects such as nuclear parton shadowing/color
glass condensate, energy loss and comovers absorption

- No Quark-Gluon Plasma (QGP) is expected in pA collisions. So, the measurement of CNM effects in pA collisions
is important to quantify the QGP effects in A-A collisions

—> Quarkonia in ALICE can be measured in two different rapidity intervals:

Central Barrel: Jhy —>e*e (Iyl <0.9)
Forward muon arm:  J/y—> wipn (2.5<y<4)

—> p-Pb collisions at Vs, = 5.02 and 8.16 TeV
— ALICE data are collected with two beam configurations: p-Pb and Pb-p, with Ay= +/- 0.465

2.03<y,,.<3.53 -1.37<y,,,<0.43 -4.46<y, <-2.96
Forward rapidity Mid rapidity Backward rapidity
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Inclusive J/y results 1n p-Pb collisions

arXiv:1805.04381

ALICE-PUBLIC-2017-007

ALICE-PUBLIC-2018-007




I R 5y VS Y, at Vs = 8.16 TeV

ALICE

o 1.4
S p-Pb ys,, = 8.16 TeV
x e Stronger suppression is observed at forward
1.2 ® ALICE inclusive J/y

rapidity, while R _,, 1S compatible with unity at
o LHCb prompt Jiw (PLB 774 (2017) 159) piaity pPb p y

‘ y I 4l I o TN |

backward rapidity

0.8 | » Results are compatible with LHCD results at the
i T: - same energy
0.6~ [ | EPSO09NLO + CEM (R. Vogt) +
- [ | nCTEQI15 (J. Lansberg et al.)
4 I EPPS16 (J. Lansberg et al.) ) )
0.4 1 CGC + NRQCD (R. Venugopalan et al.) * Models based on different shadowing
[ - EGC " |CEM(|(:BA D|“°'°“e le)t al) implementations, CGC, energy loss, transport
0.2 | [ Energy loss (F. Arleo et al. . .
i Transport (P. Zhuang et al.) models and comovers fairly describe the data.
=== Comovers (E. Ferreiro)
OII[IilIIliIIIIilIIllIlIIIIIlIlIIII|IIII|IIII|IIII
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JW R, and Q , at Vs = 8.16 TeV compared to models

ALICE
8 2r 2 r
o F ALICE, p-Pb {s, =8.16 TeV,-4.46 <y <-2.96 o [ ALICE, p-Pb {s,,=8.16 TeV,2.03<y <353
L e RS sE ons R h d d
Lo nclusive J/y 16EF nclusive J/y ° pPb SNOWS a pT epen €nce ,
140 14F Forward-y with an increase from low to
12f 12 high p, at both forward and

------------------------------------------------------- L .-
N L g =i backward rapidity
0.8 0.8 ﬁ <H>
0.6 o BaCkward_y 0.6 [ ]EPSO09NLO + CEM (R. Vogt)

F 04F [ InCTEQ15 (J. Lansberg et al.)
0.4 E [ |EPS09NLO + CEM (R. Vogt) e [ ]1CGC + NRQCD (R. Venugopalan et al.)
02kC [ |nCTEQ15 (J. Lansberg et al.) 0.2F CGC + CEM (B. Ducloue et al.)
$3 It — Transport (P. Zhuang et al.) E : | | — Transport (P. Zhua‘mg et aI\.) : J
C - | | S T | ) | - - | )N T J I J ] S | ] A | | I | | Ll = L e el L — = = <
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0"-1 4 ALICE preliminary i ey 1.4 ALICE preliminary Forward_ 1 e Qpr shows a reduction from
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120 5 Pb|sy=816TeV, 446 <y, <-2.96,p_ <20 GeVic . 1 12F ppoys816Tev,208<y, <353,p <20GeVIc ] peripheral to central collisions at
e — = - ) |t Rt ol B b i ks o §  forward rapidity, while trend is
08 g B O [+ iiger 5 5 the opposite at backward rapidity
: ] i O A
0.6F Backward-y . 06F IeNE ® ®§ g
041 EPS09s NLO + CEM (Vogt et al., NPA 972 (2018) 18) 041 EPS09s NLO + CEM (Vogt et al., NPA 972 (2018) 18)
05 _ Energy loss (Arleo et al., JHEP 10 (2014) 073) _ 0.2 _ Energy loss (Arleo et al., JHEP 10 (2014) 073) _ arXiv:1805.04381
r Transport Model (Du and Rapp, NPA 943 (2015) 147) 1 r Transport Model (Du and Rapp, NPA 943 (2015) 147)
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Jy Rpr and Qpr

ats. = 8.16 TeV compared to models

ALICE
2 2r 2 C
o 18 F ALICE, p-Pb {5, = 8.16 TeV, ~4.46<y <-2.96 o 18 [ ALICE, p-Pb |5, =8.16 TeV,2.03 < y_ < 3.53
Cob Tl bl e More precise results with smaller
140 140 Forward-y uncertainties are able to constrain
12¢ 12f the theoretical predictions
[ i o s o
0.8F Backward 0.8 ﬁ; ; <H,
0.6 ackwar =) 0.6 [ ] EPSO9NLO + CEM (R. Vogt)
F 04F [ InCTEQ15 (J. Lansberg et al.)
0.4 r [ ]EPS09NLO + CEM (R. Vogt) il [ |CGC + NRQCD (R. Venugopalan et al.) . .
02F [ InCTEQ15 (J. Lansberg et al.) 0.2F CGC + CEM (B. Ducloue et al.) ° The models fall tO descrlbe
TE — Transport (P. Zhuang et al.) r : I I —_— Tr?nsport i(P. Zhua‘mg et aI\.) : J
U ST i ai S el T R T % 2 4 5 B 0 12 1 06 18 2 simultaneously all aspects of J/y
i Gl suppression (rapidit and
2 T L LT . I L S g T R o [ e e o e L S ) B L PP p Y Pr
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i Inclusive J/y — p*u L Inclusive J/y — ptu ]
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o R e em———— ]
- l¢] y : i
08F o o [ . 08F . .
: ] i O ;
0sF Backward-y Lol TTREE ® s 4
041 EPS09s NLO + CEM (Vogt et al., NPA 972 (2018) 18) ] 041 EPS09s NLO + CEM (Vogt et al., NPA 972 (2018) 18)
of Energy loss (Arleo et al., JHEP 10 (2014) 073) 8 0ok Energy loss (Arleo et al., JHEP 10 (2014) 073) ] arXiv:1805.04381
r Transport Model (Du and Rapp, NPA 943 (2015) 147) q r Transport Model (Du and Rapp, NPA 943 (2015) 147)
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NEW!! JAWR , and Q ,, atvs,, =5.02 TeV (mid-y)
pPb pPb NN AN
% 1.8 [ T T T I T T T I T T T I T T T I T T T I T X T I T T T ] & 1.8 [ T T T | T T T | T T T ] T T T | T T T | T T T T T T T il
«c e :_ ALICE p-Pb \'s,,, = 5.02 TeV . _: 0‘-’-1 6 :_ ALICE_ p-Pb \ s, =5.02 TeV _:
"L Inclusive J/y— e'e’, -1.37< y___<0.43 Mld—y : PF Inclusive Jiy— e'e’, 1.37<y <043 -
1.4 | 1.4 -e-2016 Sample (Preliminary), L, , = 256 ub‘1 . =
B ] - -=2013 Sample (JHEP 11 (2015) 127), L, = 51 pb" 5
12 m ] 1.2 —
- ia— T g
wdle et ooy I
0.6F %— 4 os @ =
E -»-2016 Sample (Preliminary), L, = 256 ub™' 7 = 7
0.4— -=-2013 Sample (JHEP 06 (2015) 55), L, =51 ub™ ] 04 :_ Ml d _:
0.2/~ —: 0.2 :— y _:
0 : | | | | L | | | | | | | | | L | | | i | i i i | i \ | : 0 T e e T [ e e [ I T [ T Ve o o B
0 2 4 8 10 2 0 2 4 6 8 10 12 14
p_ (GeVic) <N o >

ALICE-PUBLIC-2018-007

« Run2 analysis with increased luminosity (L,  (2016) =256 ub™, L, (2013) =51 ub') shows increased precision

* R p,increases with p;

« No centrality dependence of Q , is observed

Biswarup Paul
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NEw! | JAY R . and Q . compared to theory at Vs, = 5.02 TeV(mid-y)
p p ALICE
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ALICE-PUBLIC-2018-007

» Theoretical models based on shadowing and/or energy loss, CGC and comovers are in fair agreement with the data
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NEW!! Multi-difterential study of J/y Q , at Vs = 8.16 TeV

ALICE
@ 2 B T T T I 1 T T I T 1 1 I T T 1 I T T T I 1 T T I 1 T 1 i f 1 _6 | T T 1 I 1 T 1 I T 1 T I 1 T ] I 1 T T I T 1 T I 1 T T il
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1.6  p-Pb|s,=816TeV,-446<y__<-2.96 e i [ pPbys,=816TeV,203<y <353 .

E e ] NN m i
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% 1 hd .1 I — % #_. ['

M &3 =E= T = i 5 o 5 - s e SRS - | SRR

- Y i osHlh R - E

i3 E 0.6} B -
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o 10-20% ] 0.4k o 10-20% Forward- s

20-40% Backward-y E 4T 20-40% y ]

e 40-60% i - e 40-60% .

[ . 60-80% . e . 60-80% 4

0.2F o 80-90% g 4 - o 80-90% ]

0 P (SN e e ) [ S| B e e B O C Uiz s g ] gty 0 A | ST e s ] M T | LSS5y ] g g ]
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

P, (GeV/ce) P, (GeV/c)

Clear evolution of O, vs pin different centrality classes

At backward rapidity, enhancement in most central collisions for p,. > 3 GeV/c

At forward rapidity, stronger suppression at low p, in most central collisions and Q ,, is compatible with unity for
pr > 7 GeV/c within uncertainties for all centrality intervals
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NEW!! Multi-differential Jy Q , compared to theoretical models
ALICE
f 2-| LINELENS| R SR T TR A S N T G I i S R e e i S L o 2_- LIS P IS S e e [ e o s [ L e e R e [P R ] [RL
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o 12 = S/ CoF sy i : both theory models show no p.,
OF o _8. | <3 -10% O Pb \s,,= 8.16 TeV, 2.03 3.53, 80-90% B . .
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ALICE

Azimuthal anisotropy (v,) of J/y

* In a strongly-interacting medium, pressure
gradients convert any initial spatial anisotropy
into a momentum anisotropy

* Anisotropy is quantified by the 2" order
coefficient v, of the Fourier expansion of the

particle azimuthal distribution

 In Pb-Pb collisions, non-zero J/y v, suggests

charm quark participation to the collective
expansion of the system

= ALICE Preliminary

0.2 —e—— p-Pb (0-20%)-(40-100%), 2.03 < y”"¥ < 3.53

——=—— Pb-p (0-20%)-(40-100%), -4.46 < y”" < -2.96
——6— Pb-Pb520%,25< y"" <4
5 Jhy

—<—— Pb-Pb 20-40%,2.5< y" " <4

0.1

] Inclusive J/y
Primordial J/y

IlllllllllilllllllllIIIIIIIIIllIlIIIlIl

Q12 9 #5608
;/‘"(Gewc)

PLB 780 (2018)2 P

« Observation of non-zero v, in p-Pb for p. >3 GeV/c!
» Total significance (forward + backward, 5.02+8.16
TeV, 3 <p;<6GeV/c) ~ 50

e Values are similar as the ones obtained in Pb-Pb
e Common mechanism?

Biswarup Paul
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Inclusive y(2S) results in p-Pb collisions



WY(2S) R, VS Y, At Vs = 8.16 TeV

ALICE

o 14 o 1.8
Cl:nd i ALICE, inclusive JAy, y(2S) — p'w 'Ind C ALICE, inclusive JAy, w(2S) — p'w
1ok p-Pb \s,, =8.16 TeV ® J/y (arXiv:1805.04381) 1.6 p-Pb ysy, = 8.16 TeV
E % Mieb N elininay) 14 :_ ® J/y (arXiv:1805.04381) Comovers (E. Ferreiro, PLB 749 (2015) 98)
T I o =< onotmmn nn s I @ y(25) (Preliminary) I= e E
i i) 1.2F CGC+ICEM (Y.Ma et al, PRC 97 (2018) 014909)
- - EHov  lves
0.8 sy G0 e T e e g S e L b e I
0BL 0.8F
- oot .. =
04 | EPSO9NLO + CEM (R. Vogt) - J& .......
B ‘ \ nCTEQ15 (J. Lansberg et al.) 0.4 i
0.2 i CGC + CEM (B. Ducloue et al.) 0oLk
r \7 Energy loss (F. Arleo et al.) L
O_|||||||||||lll||ll||ll|IllIllll[lllllllllllll[lll O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
e e e Ty 1 2 3 4 5 S s R o R 1 2 3 4 5
y Y ems

cms

* Y(2S) suppression is stronger than the J/y, especially at backward rapidity
* Theoretical predictions based on shadowing and energy loss can not describe the stronger W(2S) suppression

* Model including final-state effects reproduce Y(2S) behaviour also at backward rapidity
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NEW!! V(2S) Q. ,, vs centrality at Vs, = 8.16 TeV
p ALICE
§ 25 B T T T | T T T | T T T | T T T | T T T | T T T | T T T i f 25 i T T T | T T T | T T T | T T T | T T T | T T T | T T T H
g‘l - ALICE Preliminary, p-Pb {s,, = 8.16 TeV, Inclusive J/y, y(2S) — p'u—| OQ | ALICE Preliminary, p-Pb \'s,, = 8.16 TeV, Inclusive J/y, y(2S) — p'u|
B 446 <y <-2.96,p <20 GeV/c ]  203<y,  <3.53,p <20GeV/c il
2+ Transport Model (Du, Rapp, NPA 943(2015) 147) = 2 |— Transport Model (Du, Rapp, NPA 943(2015) 147) —
E Cldhy 7 = Oy -
i CJw(2s) i C Ov(s) il
L Cl:o]rjﬁnvers + EPS09LO (Ferreiro, PLB 749 (2015) 98) . |~ Comovers + EPS09LO (Ferreiro, PLB 749 (2015) 98) i
1.5+ v — 15— Oy A
- Oves Backward-y 1 "L Oves ]
[ Sy o e ek b i i © EPSOSSLO (Vogt etal, PRC 87 (2012) 054910 Forward-y gl
%q 13 v S '
- ] i ‘ [ = m _
B ] B | #l ,+] I#' il
i | | | | | | ] Bl N
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 — | | | | | I —
O 2 4 6 8 1 O 12 14 1 1 1 | 1 1 1 k 1 1 1 1 1 1 1 1 1 1 1 1 1
(N ) 0 2 4 6 8 10 12 14
coll (N_)

* The y(2S) suppression is stronger than J/y, especially at backward rapidity

* At forward rapidity the Q ,, of W(2S) follows the same trend as J/y while at backward rapidity trend is different

* At backward rapidity, final-state effects needed to explain the W(2S) behaviour. Some discrepancies between the

data and the model in the peripheral region

Biswarup Paul
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Inclusive Y(1S) and Y(2S) results in p-Pb collisions

ALICE-PUBLIC-2018-008




NEW!! Y(lS) and Y(2S) R, vsy_  atVs,, =8.16 TeV
pPb cms NN ™ ALIGE

i 1-4_""I""l""l""l'"'|""|""|""| """" ] g 1.4_\ L2 [ o L g 1.4_!!ll|llll|llll|llll|llll|llll|llll|llll|llll|llll_

Q:Q ALICE, inclusive Jiy, Y(1S) — ' 1 & ALICE Preliminary o F CaiieE - ]

1.2F p-Pb|s,=8.16TeV - 12F : Py - 10 —]

. = Y(IS) . - e e il AR T - Inclusive T(1S), T(2S), p-Pb | 5, = 8.16 TeV, p <15 GeVic :

3300 - o e e (e e r

0.8F it $$ 1 osf ff $LJ$L :| 08 BE% cog -

L il B ] C il

0.6 % & 0.6 - $ = 0.6 _EH_ =0

0.4 _ _ 0.4 ‘EPSOQNLO+CEM (Vogt et al, NPA 972(2018) 18) il 0.4 :_ _:

! o ] [ EPSO09NLO + Energy loss (F. Arleo et al., JHEP 03 (2013) 122) . ® Y(1§)->up -

3 ® Y(1S) (preliminary) E = il o 1

ok Al 0.2 02 sl

0 r ® J/y (arXiv:1805.04381) i L Energy loss (ibid.) Y( 1 S) r B Y(2S) - up Y(ZS) ]

e e e S g 1 JE g g [ o 1 E 07. | T I | A il T = e i s A=y )

U5 5 5 5 5 g b B 5 o i 2 3 4 5 Limse s e e AR E3E S s

ycms ycms cms

Similar Y(1S) suppression at forward and backward rapidity
Y(1S) and J/y R, agree within ~ 10 both at forward and backward rapidity

ALICE-PUBLIC-2018-008

Theoretical predictions based on shadowing and energy loss describe the forward rapidity results but slightly
overestimate the backward rapidity results

Y'(2S) suppression is consistent with Y(1S) but a small hint of being more suppressed (as observed by CMS and
ATLAS at mid-y)
Larger statistics at Vsy, = 8.16 TeV allows us to measure Y(1S) R, in rapidity, p, and centrality bins
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NEW!! Y(1S) R , VS py at Vs = 8.16 TeV

ALICE

& 2 - | ST I (RS l. l- el v e oy = adene vt 1=~ ol | el s Lo s ol i W i | st : g 2 - S | e e | (R L. R S O ] . i L] R e g
e 18LC ALICE Preliminary H4 o 18b ALICE Preliminary E
- Inclusive Y(1S) — u'p BaCkward_y - - Inclusive Y(1S) — p'w FOI'WEII'd-y -
1O E b sy =8.16 TeV, -4.46 < y, <296 = 1O F o pb s, =816 TeV, 2,03 < y, <353 &
1.4F = is =
121 3 1.2F |_]__| =
1 E— e e e T B g e
0.8F | —E&— = - 08¢ ]
0.6 - 2] T | &
0.4 i i 0.4 .
0.2F || EPSO9NLO + CEM (Vogt et al, NPA 972(2018) 18) ] 0.2 || EPSO09NLO + GEM (Vogt et al, NPA 972(2018) 18) =
IE 7 0y R ] 5 4] .4 .1 i O o 0 W s

O e ] [ ey e e v P ] e et e ot e e [t i) 0
0 2 4 6 R f1 @ el 12p (G;f//c)

P, (GeV/c) i)

ALICE-PUBLIC-2018-008

A similar behaviour at both forward and backward rapidity with a hint of a stronger suppression at low p..

» Theoretical predictions based on shadowing describe the forward rapidity results but slightly overestimate the
backward rapidity results

Biswarup Paul QM 2018 — Venice, Italy 18



NEW!! Y(1S) Q. vs centrality at Vs, = 8.16 TeV

ALICE
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« Almost no centrality dependence of Q ,, both at forward and backward rapidity

A hint for a stronger suppression at forward rapidity
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Conclusions

ALICE

> Quarkonium production has been measured in p-Pb collisions at ¥ Syy =9.02 and 8.16 TeV

= Run2 results increased significantly the precision of the measurements
- Models face difficulties in describing consistently all results

Jhy:

= J/y shows a stronger suppression at forward-y than at backward-y, where R, is compatible with unity
- Theoretical models based on CNM effects qualitatively describe J/y results

y(2S):
= Y(2S) shows a stronger suppression than J/y, final-state effects needed to explain the Yy(2S) behaviour

Y:
—> Similar Y(1S) and Y(2S) suppression at backward and forward-y
- Shadowing and energy loss models describe Y'(1S) behaviour at forward-y results while they overestimate backward-y results

Posters:

* J/y production at mid-rapidity in p-Pb collisions with the ALICE detector (Shinichi Hayashi)
* Inclusive y(2S) suppression in p-Pb collisions with ALICE at the LHC (Jhuma Ghosh)

* Upsilon production in p-Pb collisions with ALICE at the LHC (Wadut Shaikh)

Venezia 1

Biswarup Paul QM 2018 - Venice, Italy 20



Thank you



NEW!! JW Q,atVsy, = 8.16 TeV

ALICE
O [ b et bl bl ) s le b Sl s Bt mlei Nl b i (@) 2 (RIS O WP L SV IR V. EELD [ SRV e T TS ) [TETL A T T e L S
0 il o - i
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: g ad hd e LJ : L -
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- = I = 4 34 . 1E aa
; -8 i , : f
0.6F - . 0.8f .
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0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
P, (GeV/c) P, (GeV/c)

Biswarup Paul QM 2018 - Venice, Italy



NEW!! Multi-differential Jy Q , compared to theoretical models

ALICE
& 2 | T ] ] I T ] T I T T T I ] 1 T I 1 ] T I 1 T T I T L] T ﬁ 2 B T L T I T T T I T L ] I T T T I T T T I T T T I L] T T i
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O 1.8F . P y+ _ 1 o 18k ALICE preliminary E
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1 6 :_ p—Pb VS_NN= 8.16 TeV, -4.46 < ycms < -2.96, 40-60% _: 1 6 :_ p_Pb VS_NN= 8.16 TeV, 203 < ycms = 353, 40-60% _:
1.4F 40-60% . 1.4F 40-60% -
1.2F Backward-y 0 - 1.2F | Forward-y -

| L S S | — T — -

X B S s k|
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O 2= d 6o g 10 1 g JESEE R B e D
p, (GeVic) p. (GeVic)
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Azimuthal anisotropy (v,) of J/y

Low multiplicity

Clear away-side
correlation presumably
due to recoil jet

High multiplicity

Additional enhancement
at both near and away
sides

Low multiplicity

High multiplicity

Jet correlations
eliminated via
subtraction

Normalized yields Normalized yields

Normalized yields

40-100% VOM
ALICE p-Pb | s,,,=8.16 TeV, Preliminary
3< p" <6GeVic

1.5 < |An| < 5.0 "

TE S S T | Pl TN 18R -

0-20% VOM
3.3
—— 446 <y"¥ <296 ]
——203<y"V<353

3.2

3.

SN P S (R e S e [ SR S (N
[ =

) (0-20%) - (40-100%) VOM

a,+2a,cos(Ap)+2a 2cos(2A<p)
— — a,+2a,c08(2A0)

SR a,+2a,cos(Ag)

ALICE
Forward-y Backward-y
}2” [ — ALICE p-Pb, Preliminary ® |s,,=5.02 TeV L B \s\,=5.02 TeV
i § (0-20%)-(40-100%) VOM 203<y’<353 | | -4.46<y""<-2.96
L v¥{2,sub}, 1.5<|A7|<5.0 L
01— L
C zn [+] l$ $ - [lem =
| @ .............................. i @ B S i R
: $ Global syst. uncertainty 7% : Global syst. uncertainty 5%
iNO ) E —&— ALICE Pb-Pb ¢ \sy816Tev | | + |5,,=8.16 TeV
s \jNN=5'°2 eV, i5:2076 VoM 2.03<y"¥<3.53 -4.46<y"¥<-2.96
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0 1 2 3 4 5 6 p j/“’7(GeV/c)8 0 2 3 4 5 6 p i/“‘7(GeV/c§3
e pr<3GeV/c — v, compatible with 0
In line with expectation of no recombination
[ ]

3<p;<6GeV/c - v,>0

Total (forward+backward,5.02+8.16 TeV) significance

about 50

Values comparable to the measurements in central Pb-Pb

collisions
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