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m ALICE

* The flow observable

EN _
B = = PpoTdy{l T Z 2@ os((P = Wrp))y

/

Flow coefficients : vn =<cos {n(®, — Wr,)} >

directed flow (vi), elliptic flow (v2), triangular flow (v3), ...

L . Y’
» Motivations for charmonium flow study v

* Why is it interesting !

 How to measure it !

A g ®
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 What are the results ?
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Hydrodynamics : charged hadrons with ALICE
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ALICE

Comparison to hydro at low pr.

* Vv origin: early, partonic stages
of the system

* v, governed by the QGP
evolution
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Mass ordering

ALICE 10-20% Pb-Pb \'s,, = 2.76 TeV

ALICE 40-50% Pb-Pb \s,, = 2.76 TeV
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Mass ordering

ALICE

At low pT (pT1< 2 GeV/c¢) :
mass ordering

ALICE 10-20% Pb-Pb \'s,, = 2.76 TeV

ALICE 40-50% Pb-Pb \s,, = 2.76 TeV
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Mass ordering

At

low pt1 (b7 < 2 GeV/c) :

mass ordering
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For intermediate p7:
v2 (Baryons) > v, (Mesons)

ALICE 40-50% Pb-Pb \s,, = 2.76 TeV
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Motivations for charmonium studies

ALICE

 Heavy quarks in Pb-Pb collisions at the LHC

- early production (c ~ 0.1 fm/c vs. QGP ~ 0.3 fm/c)
— experience the full system evolutionuuwehys azsr poos) 184-283

* interact with the QGP : sensitive to the medium properties

e Charmonium (cc) in Pb-Pb collisions : hard probes of the QGP

Open guestions :

= Do charm quarks thermalize?

= Do they follow collective dynamics of bulk?
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http://inspirehep.net/record/661031

Quarkonium suppression :

- Initially : J/y suppression predicted by
Matsui and Satz in 1986 by Debye

screening mechanism Phys.Lett. B178 (1986) 416-422

- Different quarkonium binding energy

sequential suppression with increasing

medium temperature Phys. Rev. D 64 (2001) 094015

Yaa
Tan)opp

Raa =
(

Quarkonium yield in AA compared
to the pp one, scaled by the overlap
factor T,, (from Glauber model)

(Re)combination : -

I
wo |°
energy "‘1;-;.' *

* Increased charm quark density

L
)

’a
~

-

—enhanced quarkonia production

Less relevant for bottomonium than

Rev. C 63 (2001) 054905

charmonium Phys.

Phys. Lett. B 490 (2000) 196-202
J. Phys. Conf. Ser. 509 (2014) 012019

Run2

107" 1 Eur.Phys.J. C39 (2005) 335-345

Phys.Rev. C84 (2011) 054912
Phys.Rev. C86 (2012) 064901
Phys.Rev.Lett. 109 (2012) 072301
Phys. Lett. B 766 (2017) 212-224
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http://inspirehep.net/record/230496
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.63.054905
http://www.sciencedirect.com/science/article/pii/S0370269300009916?via=ihub
http://iopscience.iop.org/article/10.1088/1742-6596/509/1/012019/meta
https://arxiv.org/pdf/hep-ex/0412036.pdf
http://inspirehep.net/record/894560
http://inspirehep.net/record/1127261
https://journals.aps.org/prl/references/10.1103/PhysRevLett.109.072301
https://arxiv.org/abs/1606.08197
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.64.094015

The elliptic flow of D mesons

* Heavy quarks participate to the collective expansion dynamics

ALICE

a __I I I I | I I I T II I-I I I | I I I I __ a : | I I | I I I I I I I | T T [ | [ I I | :
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—0.05 [ Syst. from data — - le <0.8 .
- [ Syst. from B feed-down . 0.1 M.l <0.8 -
- . - 9, ]
_0.1_ ol b e e by | _O 2_ [ b ey e by T

3 10 15 20 25 2 4 6 8 10 12
p. (GeVic) p. (GeV/c)

* Recombined states should inherit their flow
- Relevant observable for quarkonium (re)generation study

* Further constrain theoretical models describing quarkonium production
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B

ALICE
Acta Phys.Polon.Supp. 5 (2012) 323-328

Results of J/y v, at RHIC

Phys. Rev. Lett. 111, 052301 (2013)

- No-s_ T AL r+rr+r|jrrrrjrrrryrrr|rrrro|rrrr|yrrrrop ot
F Au+Au 200 GeV 0-80 % o Jy > F ,tﬁﬁ.?,'fi"u‘:?.?fgsgs,m, T i Initially produced J/\y (PRL97:232301)
E A O 02— in transport model (PLB655,126) == Comovers (Lynnik priv. comm.)
- ST in fireball (PRL97:232301)
0.2 o charged hadron - « + initial mix (Zhao, Rapp priv. comm.)
- 0.1 f— —
3 Ho co0o,ba o} 1 R T (- Sy -
E o(? ¢ 0 __ oy JTT‘J .................................... 7
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E 0304 0.1 — \\\ —
5 d - 4 -
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: - 1 V= -0.10:0.10+0.02 5
3 maximum non-flow B T B ¥ S B - — E J—
>N 51 PR | 1 1 1 pT (GQV/c)
@ Jhy v, Au+Au @ 200 GeV 0- 80%
e Uiy, u+u @ 193 GeV 0- 80%
. Wangmel Zha_l - SQM 2017
0.1 initially produced [31] F :
E . coalescence 1rom thermalized ct [32] 0.1I.-_§................ ............--.-,................E...............--..................§ ..............................................
F e initial + coalescence [33] ok 5
.0.2 = — — nitial + coalescence [34] al T
" = — hydrodynamic [35] [ | ’r
hl L 4 L l L 2 L l A4 s 2 l A l A 0- 3 :
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; DAu-ts-Au non-flow estimation
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0 1 2 3 4 5 6 7 8
P (GeVlc)

vo ~0 at RHIC energies
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http://download.springer.com/static/pdf/98/art%253A10.1140%252Fepjc%252Fs10052-017-4781-1.pdf?originUrl=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1140%2Fepjc%2Fs10052-017-4781-1&token2=exp=1493800099~acl=%2Fstatic%2Fpdf%2F98%2Fart%25253A10.1140%25252Fepjc%25252Fs10052-017-4781-1.pdf%3ForiginUrl%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1140%252Fepjc%252Fs10052-017-4781-1*~hmac=5a0e4770398bc3991bb48e8ec106aa137fd657bd3ca30d814099058e5dc84ad4
http://iopscience.iop.org/article/10.1088/0954-3899/35/10/104136/meta;jsessionid=36DC53128564919664778FD32B3CDE20.ip-10-40-1-105
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.052301

Results of J/y v, at Vsyy = 2.76TeV %

ALICE
CMS PbPb |sy = 2.76 TeV CMS PbPb |5, = 2.76 TeV
0-2_""|'"'|""|""|""|""|""|""_ 0.2_ T I | | | ]
. Prompt J/ ] . Prompt J/y 1 Fir.st hlnt Of J/\Il V2
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0.151 lyl <2.4 8 0.15[ Cent. 10-60% 7
I Global uncert. 2.7% ] Global uncert. 2.7% ] m e a S u r e d l.,)y b Oth
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=" 0.1_— a E
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J/w v2 measurements with ALICE in Pb-Pb %

ALICE
Run 2 (2015-2016) Pb-Pb at +/snn=5.02 TeV

Performed both at
mid and forward y
rapidity

——

4 - £ = &
[ : : B i woll] g
(1 1
Y w2

—
- an—

=

Quarkonium — et*e-:

° )’|<O9 ‘9\“.\
* down to pT =0 ot
° — -| "‘\'

Muon 7
spectrometer [

Quarkonium = Uty-:

- 25<y<4
+ down to pt =0 VO : Event plane (EP) + centrality
+ L=225ub-! ITS (SPD) : vertex + EP

TO : luminosity
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J/y elliptic flow: how to measure it ?

ALICE
* Focus on methods based on event plane determination
1 2] 20 - 40% Pb-Pb 5.02 TeV
Ipn = 7 arctan(Qn’xS Qn,y) E L ﬁ\lall(jsﬁveJ/weup : Inclu3|veJ/1|f—>!j
515000__ is ;/254:“)2 [ <4 GeV/c :_ |Ly| 10351b2 p. < <6 GeV/c
e Opposite-sign pairs === Fit total Q . ®  Opposite-sign pairs:
. . . . ’ [ Fit signal ==== Fit background 1 ® . O  Mixed event pairs |
- Fit of (cos(2 A)) distribution ™ Pote,  — vosomome
. . I ®s e
Vs inv. mass with 5000} ..
I Ceo
AQ = @uu- ¥2Ep PN
g: 0'1:_ ® Opposite-sign pairs_:_ ¢ ® Opposite-sign pairs_:
1 = Fit total v,(m,,) — Fit total v,(mee)
S 005
Q\] ¢ ¢
o I ‘ ¢
* Model total flow as SRS T ) |
2'4'"2'6'"2'8"'é"é'z"é'4'3'é'é'8"iz4 26 28 3 32 34 36

S signal shape extracted w (GeV/c?) Mg, (GEV/C?)

S+ B from My fit

v
v9(Myp) = 0278 O (M) + 0o K(1-0 (M)
T

background : e.g.
polynomial function
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Results at Vsyny = 5.02TeV %ﬁ

T LA AL RN AL ENLRLNL N BRI i
i [ ALICEPb-Pb, s, =5.02TeV ]

> 015 E Compatible results between

01 $ E both rapidity measurements
0.05 :— ﬁ —:

- - ~ 021 T T T 7 T T 1 T T T 1 T ]

- - Li [ ALICE 20 - 40% Pb-Pb, | 5, = 5.02 TeV :

O :... ........ @ ....................................................................................................................................... __ >C\l 0.2 :_ _:

N Inclusive Jiy — pu-, v{EP, An=1.1},25<y <4 ] E E

~0.05 [— ¢ 2200 ~ “E & E

E * 40-60% global syst : + 1% - 0.15— | % ¢I * —

N Y S N S T B S I B B T - (A m .

0 2 4 6 8 10 12 = .

p. (GeV/c) PF E

0 :_ ................................................................................................................................................... _E

0.05 E op Inclusive J/y — e*e, |y| < 0.9, v.{EP, An = 0} N

° ° E —U. [ Inclusive J/y "= u'n,25<y <4, v{EP, An=1.1 -

A significant v2 is observed for % e TR

. . . 0.1 S IRV P ARV RPN S P

various centrality and pt bins Cr s e

Highest significance : 6.60 for 20-40% and 4<pt<6 GeV/c
v2=0.113 £ 0.015(stat) £ 0.008(syst)
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J/w v2 comparison with Vsyy =2.76 TeV and D mesons

ALICE

0.2 T T Comparisontoopencharm
ALICE, Inclusive J/y — p*u,2.5<y <4,20-40%
— indication of :

charm recombination and
thermalization in the medium

||||||||||||||T|||||||||
— \ .
_@_

—LIIIlIIIlIIllII|l||l||lll|ll||

0.05
] —— 0_25 [T T T —r r .| r r 1. 1. 1 1 T T ]
(0] T R § N R —" (Al — .
wF ALICE Pb-Pb \s - 5.02 TeV n
~ 0.2 _
> - ]
—0.05 —® Pb-Pb |5, =5.02 TeV (@xiv:1700.05260) - a -
— ™ Pb-Pb \ Sy = 2-76 TeV (PRL111(2017)162301) 0.15 :_ _:
_01 C 1 1 1 ] 1 1 1 | 1 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 : :
0 2 4 6 8 10 2 0.1 —T + —
P, (GeV/c) - .
0.05 + + ~
oF -
. . * Inclusive J/y — P, an=1.1,2.5 < y < 4, 20-40%, global syst: 1%, arXiv:1709.05260 .
C O m Patl b I e Wlth res u Its at —0.05 | W Prompt D°, D*, D™* average, Ianl - 0.9, Iyl < 0.8, 30-50%, ariv:1707.01005 —:
Syst from B feed-down ]

Vsnn = 2.76TeV with a higher o T S
precision
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Collective effect for J/y in p-Pb ?

ALICE

forward vy backward vy

—a— ALICE p-Pb
VOM 0-20% 40-100%
1.5</|An| < 5.0

VS, = 5.02 TeV Vs, = 5.02 TeV

2.03<y’’ <353 446 <y’ <-2.96

0.1

5.02TeV ,

el

_ o
B
"

Pb-Pb

Global syst. uncertainty 5%

ire) - -
= - - -
P b 20ok —&— ALICE Pb-Pb, |s,, = 5.02 TeV (5 =816 TeV - {5 = 816 TeV
P - o [ 25<y"" <4, VOM 5-20% 2.03<y" "’ <3.53 B 446 <y’ <-2.96
i EP, JAn| > 1.1 )
0.1 @ =
: : 1
_ Ll dﬂ - i
K 1 B A
8.16 TeV of-w- oo fihoofoeeeeeeeeen B SO O AL

Global syst. uncertainty 5%
ALLAlLAALlA]lAljALLllLAAl llllllll lllllllllllllllllllllllllllllllllll

1
0 1 2 3 - 5 6

2 3 - 5 6

» Angular correlations between inclusive |/y (in the dimuon channel) and charged hadrons

* Sizeable v2 measured in p-Pb collisions at 5.02 and 8.16 TeV (compatible with Pb-Pb in 5-20%)

- No significant (re)generation contribution is expected and lesser path-length effect w.r.t Pb-Pb
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Comparison with theory

ALICE

S 0-2 B 1 1 1 I 1 1 1 1 1 1 I 1 I 1 1 _
i [ ALICE 20 - 40% Pb-Pb, | s,y = 5.02 TeV :
>‘\‘ 0.15 @ Inclusive J/ly — ptu, 2.5 <y <4, v, {EP, An = 1.1}, global syst : 1% _]
_ @ ]
0.1 ® —
0.05 =
0 :_/n ................................................................ —
- X. Du et al. K. Zhou et al. i
B /// Inclusive Jiy Inclusive J/y w non-collective 7]
-0.05— ‘ Inclusive J/y w/o non-collective —
. Primordial J/y Primordial J/y -
_01 B 1 1 1 | 1 1 1 1 1 1 I 1 1 1 I 1 1

0 2 4 8 10 12

p. (GeV/c)
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Comparison with theory

—— 0-2 C 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 I 1 1 1 _
& L ALICE 20 - 40% Pb-Pb, | 5, = 5.02 TV ]
>‘\‘ 0.15 @ Inclusive J/ly — p'u’, 2.5 <y <4, v, {EP, An = 1.1}, global syst : 1% _]
L ® i
0.05 [— =
0 s LI =
B X. Du et al. K. Zhou et al. i
B /// Inclusive Jiy Inclusive J/y w non-collective 7]
-0.05— . Inclusive J/y w/o non-collective —
e Primordial J/y Primordial J/y -
_01 B 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

0 2 4 6 8 10 12

p. (GeV/c)

Magnitude at low pris
reproduced by including a

strong J/y (re)generation
component

B

ALICE
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Comparison with theory %ﬁ

~— 0.2 e e N
] - ALICE 20 - 40% Pb-Pb, | s, = 5.02 TeV -
>‘\‘ 0.15 @ Inclusive J/ly — p'u, 2.5 < y <4, v {EP, An = 1.1}, global syst : 1% _]
E ¢ o ]
0.1 c ) ¢ N
e 5
0.05 - \‘%zz\ =
0 :fn .............................................. _:
B X. Du et al. K. Zhou et al. 1
B /// Inclusive Jiy Inclusive J/y w non-collective ]
-0.05— ‘ Inclusive J/y w/o non-collective —
e Primordial J/y Primordial J/y 9
0.1 L PR I TN TR TN NN T TN TR NN TN TR SR NN TR S T N S T
0 2 4 6 8 10 12
p. (GeV/c)
Magnitude at low pris At high ptthe v, is
reproduced by including a underestimated (prompt J/y
strong J/y (re)generation from CMS also indicate a
component non-zero v, )
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Comparison with theory %ﬁ

~— 0.2 e e N
i - ALICE 20 - 40% Pb-Pb, | 5, = 5.02 TeV -
>‘\‘ 0.15 @ Inclusive J/ly — p'u, 2.5 < y <4, v {EP, An = 1.1}, global syst : 1% _]
B . 1
B [ 1 . .
0.1 ) % - Additionnal
B E&“%yx 7 component from
0.05 &%\ =t initial magnetic field
E/ -------------------------------------------- - could help better
() [RERREENEEIREETRRMINY ...........: 15333888 e ssssR S s sssaR s ssSBR R 000 | . .
L X. Du et al. K. Zhou et al. 1 describe hlgh PT
L 7 Inclusive Jiy Inclusive J/ ‘V 1 anisotropy
-0.05— Inclusive J/y w/o non-collective —
e Primordial J/y Primordial J/y 9
0.1 B R T TR T T N TR T TR N TR TN SN NN TR SUN SH S T T
"0 > 4 6 8 10 12
p. (GeV/c)
Magnitude at low pris At high ptthe vy is
reproduced by including a underestimated (prompt J/y
strong J/y (re)generation from CMS also indicate a
component non-zero v, )
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Comparison with theor %ﬁ

~— 0.25 e
L] - ALICE 20 - 40% Pb-Pb, | s, = 5.02 TeV .
T 0.2 Inclusive J/y |
> Tr fete, |y| < 0.9, V,{EP, An = 0} |
C OuL,25<y <4 V,{EP, An=1.1} 7
0.15 :— - global syst : 1% —: Additionnal
0.1 3 = component from
- 1t initial magnetic field
OF Y ST & could help better
] & describe high pr
C X. Duetal. K.Zhou et al. 25 <y <4) 1 anisotropy
—0.05 2234 Inclusive J/y, |y|<09 Inclusive J/y w non-collective __
C Inclusive J/y, 25<y <4 Inclusive J/y w/o non-collective -
T Primordial J/y, 25<y <4 Primordial J/y ~
0.1 I I T T I TN TR T N TR TR TR [N TN TR SN N SR T TR MR .
0 2 4 6 8 10 12
p. (GeV/c)
Magnitude at low pris At high ptthe vy is
reproduced by including a underestimated (prompt J/y
strong J/y (re)generation from CMS also indicate a
component non-zero v, )
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Summary

* The J/y particle flows !

* First hints at 2.76 TeV
» Clear signal at 5.02TeV

* Why not at lower energies !

_——
» Transport models reproduce the amplitude...

+ but not the pr dependance Thank you for

- at high pt the |/y v» is largely underestimated your attention !

* Papers on arXiv :
1709.05260 : J/y elliptic flow in Pb-Pb collisions at Vsyy = 5.02 TeV

1709.06807 : Search for collectivity with azimuthal J/y hadron correlations in high multiplicity p-Pb
collisions at Vsyy = 5.02 and 8.16 TeV
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CMS measurement of prompt D%v;, at 5.02 TeV %

ALICE
CMS PbPb \s,, = 5.02 TeV
O251"'l'"'l""E)""l'"'|""l""l'"'k._""I""I""I'"'I""I""I""I""I '"'I""I'"'I""I""I""I""I""I_.
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0.1F 3 ;
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=’ sl o-- ‘E Ny
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:u|||||||||||||||||||||||||||||||||||||||-:|||||||||||||||||||||||||||||||||||||||| ||||||||||||||||||||||||||||||||||||||||:
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STAR measurement of prompt DOv; at 200 GeV

ALICE
— 0
® STARD STAR Au+Au \/SNN =200 GeV|
N - --- SUBATECH .
> - —— TAMU c-quark diff. 0-80%
ey - TAMU no c-quark diff.
D 0.2} — Duke-2rTD=7
) L e LBT
= . —- PHSD
g _ — - 3D viscous hydro _J,
o
> 0.1
O x o
—-— y :
o) .
82
-
< 0

Audrey Francisco QGP France Etretat, Octobre 9-12th 2017 19



D9 meson v, with STAR at 200GeV/c

ALICE

L 031 eD° oA  STARAu+AU |s, = 200 GeV

. - AT 0K 10-40%
% o 8 ) % ) ¢

als B2 e g% T
[‘;" c%fmmm*: g _ -

o8 5 N ?

a 01| gcc’a i“ - }

O s °
o S : : :
T _gg{? ________________________________________________ ) v2 consistent with light mesons

R R e e |
py (GeVic) suggestion of local thermal

S o0° on  STARAutAuysy=200GeV| equilibrium for charm quarks
> AT oK 10-40%

= 0.1 = S 5
T T B 5 T _
= oz ¢ 8= -
: . abI 5t °
$ 0.05 - * —
> | B $
5
R b)
C -
< [ | | ] | |

0 0.5 1 1.5 2 2.5
(m,-mg)/n_(GeVe %)
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Non-prompt J/y v, with CMS

ALICE

06 CMS PbPb s = 2.76 TeV 0 e CMS PbPb {5, = 2.76 TeV
Nl . B L I L I LI L I L I L I LI I_ . T T 1 | | T T 7T T T 7T T T 1
= - Open beauty: nonprompt J/yr - >N _ | dedenl charm: plmmpt J/qlr | _
B += 16<|y/<24 | B += 16<|y|<24 i
0.5 * Dbi<24 . 05 = ll<24 -
N Charged hadron A N Charged hadron ]
- & <08 N L ¢ <08 i
04+ Open charm: prompt D (ALICE) — 0.4 Open charm: prompt D (ALICE) _
B o |y| <08, Cent. 30-50% i ' - o |y| <08, Cent. 30-50% ]
0.3:— % Cent. 10-60% _: 0.3:_ % Cent. 10-60% _:
0.2:— .$ _: 0.2 "
i :. Y : - B i
0.1 ﬂ-— — By f _
n i = . =
0 e s s 'T' I = e 0?1 L1 I 111 I L1 1#1 [ 000 + L1l AT
0 5 1 0 15 25 30 0 15 25 30
(GeV/c) p (GeV/c)
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Quarkonium studies ®

HLICE

< I I I I 1 I 1 I I I 1 - < i LI I LI I LI I LI l LI I LI I 1 I LI I LI
Oy 4fy  olusivedy o uw 1 44k ALICE, Pb-Pb (8, = 5.02 TeV
' i ® ALICE, Po—Pb |5, =5.02TeV,25<y <4,p_<8GeV/c ] T r
1okl = ALICE, Pb—Pb \'s,,=2.76 TeV, 25 < y < 4, p: <8 GeV/c 19 _ Izngluswe i/woz e 8 GeV/ _
' O PHENIX, Au-Au s, = 0.2 TeV, 1.2 < |y| < 2.2, p_ > 0 GeV/c “r D <Y <4 US<Pp <0 LeVIC ]
1 * 1 el B
0.8} L . 0.8} -
el |§| | [@ ® @ ] I i
0.4F @ q [ . 0.4f .
02f g B g g - 020 Trnapor i e O PP :
i I[:" i [ Statistical hadronization (Andronic et al.) i
O L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I 1 ] 0 " Ll ?ol-Tolvelrsl (::elrrle”l’oz 1 l L 1.1 I L1 1.1 l L1 1.1 I L1 1.1 I L1 1.1 I L1l 1.1 i
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 450
/NI
<Npart> NPA 859 (2011) 114, PRC 89 no.5, 459 (2014) 054911

. . . . . . NPA 904-5 (2013) 535¢
* Suppression + (re)combination : description of experimental results &, noa 57

Main sources ol uncertainties
Feed-down from higher quarkonium resonances and b decays
Precise determination of open charm cross-section

CNM effects on quarkonium production
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J/w Nuclear Modification factor vs pr, <pt>, raa

ALICE
O C
T T T T T T T T T T T = . I ALICE, Inclusi W
‘I:E1 4 - ALICE Prelilminary, inclusl,ive Jy — p*lu', Pb-Pb \'STLN =5.02 TeVl, 25 <y <44 % 25 F CE. Inclusive Jiy = wp
E ¢ 0-20% Transport (TM1, Du and Rapp) E O 24F 25<y<4,p <8GeVic
t2p ¢ 2040% 20-40% B oof B B B [
C ¢ 40-90% []40-90% 7 Q -
1 _—H ------------------------------------------------------------------ >~ 22F ¢
0.8 :_ — - E| 2.1 ;— & 0
sf . B % 3 [ 2 ' 4 @
0 = [ % ¢ E| o 1-9? o Pb-Pb, Sy, = 5.02 TeV (Preliminary) [
C ® [ ¢ H 18 o Pb-Pb, 5, = 2.76 TeV (arXiv:1506.08804)
02 EI q7b 1, A PR B L1 P
- 0 50 100 150 200 250 300 350 400
<F | : N . ! . ! | l < Npart>
8. ¢ (p2.)
T O ——— . PT)AA
(S , . —
0 7 4 6 8 10 12 AA 2
P (GeV/c) pT DP
< F L LB LR BN BB AL LR NLRLEL L B
12 ALICE, Inclusive J/y — p*uw
» J/y suppression is stronger at high p_and in central : 25<y <4 p <8GeV/c
.. E ® Pb-Pb, {s,, = 5.02 TeV (Preliminary)
collisions 1:+ ‘i ® Pb-Pb, |5, = 2.76 TeV (arXiv:1506.08804)
sty
- Transport model predicts similar trend 3 + E
08 [ ? ¢ -
C ¢ §
* Brackets give limits for possible contamination from o7} + .
. E [ Transport [TM1, Du and Rapp] (ys,, = 5.02 TeV) :
PR T T T N TN T TN N [N T T T T [N TN T TN T N TN TN M M A P T T T T N N A
J/‘II PhOtO-PrOdUCtlon 0'60 50 100 150 200 250 300 35<0N 4>00
part
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Theoretical models for J/y production in Pb-Pb %

ALICE
e Transport models: based on thermal rate equation with continuous J/y dissociation and

(re)generation in QGP and hadronic phase X. Zhao, R. Rapp NPA 859 (2011) 114, K. Zhou et al, PRC 89 (2011) 05491

. J/y produced at chemical freeze-out according to their statistical
WEIght A. Andronic et al., NPA 904-905 (2013) 535
0 J/y dissociated via interactions with partons - hadrons + regeneration

contrlbutlon E. Ferreiro, PLB749 (2015) 98, PLB731 (2014) 57

- SN I I RN RN LR N IR IR

0 4 4F ALICE, Pb—Pb |5, = 5.02 TeV ]

Inclusive J/y — p'

1.2 25<y<4,03<p_<8 GeV/c 7]

;

0.8F

0.6}

0.4}

| Transport, p_> 0.3 GeV/c (TM1, Du and Rapp) -
0.2 | Transport (TM2, Zhou et al.) -

- Statistical hadronization (Andronic et al.) 7
Co-movers (Ferreiro)
Ll l L1l 1.1 l L1l

11 1 Ll 1L 1l I Ll 1L 1l I Ll 1 1l I Ll 1L 1l l Ll L 1l I L1l I-
0 50 100 150 200 250 300 350 400 450
(N__2

part

Audrey Francisco QGP France Etretat, Octobre 9-12th 2017 24




Quarkonia particles

3.10 353 368 9.46
064 020 005 1.10
0.02 -0.03 0.03 0.06
025 036 045 O0.14

Charmonia decay schemes:

ALICE

Phys. G32 (2006) R25

10.02 10.26 10.36

054 031 0.20

-0.06 -0.08 -0.07

028 034 0.39

o IllIIIIIII|IIII|IIIllllllIllllllllllllllllllllll
F

P

DD 1
P (2S)
n (2S) \/
](v J/ Xc(lp)
hadrons
TTIT
— Jp(1S)
N (1S)}
hadrons hadrons) radiative
‘=07 T (012" 1"
=0 0 1 1
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Y(2S) Nuclear Modification factor

ALICE
§ 2 : T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I :
T 1.8F ALICE inclusive Jy, (2S), Pb-Pb Y5 = 5.02 TeV, 2.5<y<4, 0<p <8 GeV/c
1.6 -
14 - w(2S) (Preliminary) E
(s i ——— Jhy (arXiv:1606.08197) .
' i o Upper limits include global uncertainties
1: i
0.8
- m m .
0.62—D Tom @ ® @ 0 ooyg0d
0.4F =
0.2F m -
O : 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I :
0 50 100 150 200 250 300 350 400
(Npan>

- Y(2S) is expected to be more easily dissociated than J/y
(lower binding energy)

+ Data shows a stronger suppression in semi-central and central collisions
* For low significance : upper limit at 95% CL

+ More statistics are needed — upgrades for LHC run 3
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W(2S)/y(1S) Raa ratio comparisons

ALICE
S- 2_5 [ T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T T T T T T T T ]
=3 : Jhy, y(2S), Pb-Pb {5 = 5.02 TeV :
Q'_-< 2+ ALICE, 3<p,<8 GeV/c, 2.5<y<4.0, Inclusive (Preliminary) —
% E CMS, 3<pT<3O GeV/c, 1.6<y<2.4, Prompt only (arXiv:1611.01438) Cent. E
N (5l Upper limits include global uncertainties 0-90%]
> Kol o _
\-& - -
< - i
o i ]
1_ |
05F [ -
0 i 1 | 1 111 | 1 11 1 | Y 1 | 1 | 11 1 | 11 1 | 111 1 | 111 1 [lﬁl] 1 ]
0 50 100 150 200 250 300 350 400
<Npart>
S 2_5 B T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T T T T ]
5{ i ALICE inclusive J/y, w(2S), Pb-Pb, 2.5<y<4, 0<p <3 GeV/c )
< . i
@ 2 VS = 5.02 TeV (Preliminary) .
o Al V5o = 2.76 TeV (JHEP 05 (2016) 179) Cent.
o { Upper limits include global uncertainties 0-90%,
> 1.5 _
\-& - —
< | i
x 1] . ]
g - { -
0.5 .
0 i 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 ]
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Y{(1S) Nuclear Modification factor

ALICE
< R
< | o
1ol ALICE Preliminary, Pb-Pb |'s,, = 5.02 TeV @ - ALICE Preliminary, Pb-Pb |s,, = 5.02 TeV
| B Inclusive Y(1S) » u'u,25<y <4,0<p_<12GeV/c global sys.=+10% 2
K T - W Inclusive Y(1S) — u'w’, 2.5 <y < 4, centrality:0-90% global sys.= + 5%
et eeeaeeaeeenee e ee e eseeeee s e e e e e e e et T s
1 Transport Model [Zhou et al., PRC89 (2014) 054911, private comm.] C Transport Model [Rapp et al. EPJA 48(2012)72, private comm.]
i without regeneration 08 [22%%] without regeneration
0.8 ---= feed-down: (1P,2P) 27% and (2S,3S) 11% T F "] with regeneration
- N, — feed-down: (1P,2P) 37% and (2S,3S) 12%
- \\\.\!\i\.\.\.\.\.\\\g\?\.\w N N R L LT U T T -
0.4 - j}y&\\\\\ SR o2l
N : | | | Ll | L0y |
021 % 2 4 6 8 10 12 14
. p, (GeVic)
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 0 50 100 150 200 250 300 350
<Npart>
. Strong Y{(IS) suppression vs centrality (similar to v/snn =2.76 TeV)
» Compatible with transport models w/wo (re)generation
* No significant variation with pr
[ J

Need precise feed-down measurement for 2S and 3S (from pp)
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Y{(2S) Nuclear Modification factor and 1S/2S ratio

o o .
S gz s ALICE Preliminary, Pb-Pb |s,, = 5.02 TeV
o, [
121
. M nclusive Y(1S), Y(2S), 0 < p; < 15 GeV/c, 2.5 <y < 4, centrality 0-90%
1 g g g
i Transport Model [Rapp et al. EPJA 48(2012)72, private comm.]
08 = ithout regeration
= With regeration
0.6
0.4
02
0IIllIIIlIIIllIIllIlllllllllllllllllllll B
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
<Npart> <Npart>

» Stronger suppression of Y(2S) with respect to Y(IS)

- Compatible with anisotropic dynamics description and transport
models without regeneration

* More statistics are needed @ LHC run3
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Low-pT excess

ALICE
Compared to expected shape from |/y hadro-production
visible excess of J/\|1 at low p in seml perlpheral and perlpheral
© [T T T T L =L RS =
S 500 ALICE Prehmmary ] > - ALICE vpﬁhmmary ]
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collisions ¢ Lo I < B Mt 5
Jy — e*e, |y|<0.9 S s00b- v ]
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8 i B 400 E
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i 100 =
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S 0B Jly — e'e’, [y|<0.9 ERNG; i Jy = e*e, |y|<0.9 ]
= - < eV/c m = B ]
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p. (GeV/c) p. (GeV/c)
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Event by event analysis of azimuthal correlations
ALICE

For 2 independant sub-events and if no correlation except flow
(Q2QP) = (Q)<QP and Vi =v22"vyb

- Applying it to J/y and SPD tracklet correlation:

Extract signal and 2nd harmonic contributions from yield

Y(Ad,An) per trigger

 Then the same analysis is performed using SPD trackers only :
V,SPDonly = y,SPD *y,SPD
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How to get V,from Y(Ad,An)?

|. Combine z bins and projectY on A axis

Yij(AP,AN) = Yi(Ad)
2. Extract signal and 2nd harmonic contributions

« Dimuon fit : O((Mpp)YJl‘P +(1'O((Mpp))YBCk

* Fourrier fit : ag + a1 cos(A) +2 a2 cos(2A¢)

* From peripheral collisions (in p-Pb 40-100%) : assuming v ~ 0

orqrssod oxe
SUOT)RUIQUIOD JUIJJI(]

- get baseline : bo +2 b1 cos(A¢-1) V2= ar /(aO + bO)

» subtract yields Ysub =Ycent _Yperiph
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v{SP,IAn| > 0.9}

ALICE 10-20% Pb-Pb \[S_NN =2.76 TeV

04 — On* K*
K =p+p
0.3*9¢ *A+A

— =+ - ==t
FE4E "Q+Q

v,{SP,|Anl > 0.9}

0.4

0.3

0.2

0.1

Flow of identified particles

ALICE 40-50% Pb-Pb \/S_NN =2.76 TeV

— ot

Ks
-

L A2 =+
E+4E

K:t
=p+p
*A+A

*Q+Q |

For p,<2 GeV/¢: observe mass ordering indicative of radial flow
For p,~2-3.5 GeV/¢: crossing between v,of p and
For p,>3 GeV/c: particles tend to group into mesons and baryons
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Pseudo-rapidity dependency

ALICE

= 0.09 - 25-50%: event average Pb-Pb \s,, =2.76 TeV

:_p >0
0.08E ' | aili b8 8 %
0.07 F oq Yo .

7 . ALICE

0.06 E— o + + * * ®  PRELIMINARY
0.05F ¢ b t

0.045- * +
0.03F
0.02 _ = ALICE v,{2} Pb-Pb2.76 TeV + \

o CMS v,{EP} Pb-Pb 2.76 TeV arXiv:1204.1409

0.01F o PHOBOS v,{EP} Au-Au 200 GeV PRC 72, 051901
0:lllllllllllllllllllllllllllllllllllllllllllllll 2 A

4 -3 -2 -1 0 1 2 3 4 S
n

- depends on particle multiplicity
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pr/nq scaling ? %&

ALICE 10-20% Pb-Pb \'s,, = 2.76 TeV ALICE 40-50% Pb-Pb \'s,, =2.76 TeV

el *0  *AHATEHE R ° *0  FAHATEHE
£ &
:U' ....... :U'
S e 3
£ L e s L
c c
5 s

0.5 : 0.5

0

pT/ ng (GeVic)

* below | GeV/c: ok

- then : 20% variations in both centralities
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Second method for v, extraction
» First method dNjy/dAg with Ap = @, - Wep

ALICE

- Division of A into 6 bins

* Ny extraction (Fit of the inv. mass spectra)

* Invariant mass fit using the same signal and background functions as
used for the Raa analysis (arXiv:1606.08197)

- Signal: Extended Crystal Ball and NA60

- Background:Variable width gaussian and Pol2-to-Pol3 ratio

N vs Ag
s F 27 ndf 083/4
. I = I e ?% 4aor- Prob ?_9344
Fit of Njy = f(A@) with No {I+2v2 cos(A@)} N W susms

2<p <4GeVic )
25<y<4
0,00 <A®<0.52 fad

3200}

20 <pt<4.0 GeVic
Centrality : [20-40%)

' h M B B B I B B S R
m,,. (GeV/c®) m,, (GeV/c?) m,, (GeV/c?) m,, (GeV/c?) m,, (GeV/c?) m,, (GeV/c?) A 0 0.5 1 1.5 2 25 3
" ’ Ap = oow - by, (rad)
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J/w elliptic flow : non flow evaluation

ALICE
E 0.25 B T T L] I T T ] T ] I T T T I L] T T I T T 1 I T T T _ E 0-25 B T T T I T T T I T T T I T T T I T T T I T T T ]
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0.1 — — 0.1 — i + # ¢ —
0.05 * + - 0.05 — * =
oF * - 0F .
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E 0-25 B 1 T L] I T T T I T T T I L] T T I T T 1 I T T T _ 0'25;_ InCE:;/lDebJ}"'slNl=e?e(?’2l;—|e<\/o9_;
L " ALICE Preliminary ] 0ok | 20-40% .
>' 025 pp-pb |s,, = 5.02 TeV, 40-60% E : | :
u . 0.15 hd —
0.15F Inclusive J/ly —» pu7,25<y <4 — B Il i
- ] _ 0.1 + -
0.1F + + — B L 1
- ] 0.05[ .
0.05 + ¢ - A (. E
0F + . _o_o5f— m+ Data - EP A = 0 —f
N ] B ® Data- EP A 20.8 ]
—0.05F V2{EP An = 5. 3} ] -0.1- -
E + V2{EP An = 1 1 } gIObaI SVSt + 1% : _0 15: L1 1 ‘ L1 1 ‘ L1 1 ‘ L1 1 ‘ L1 1 | L1 1 :
01— L L b "o 2 4 6 8 10 12
0 2 4 6 8 10 12 GeV/
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J/w v with the <v2> method : results with the SPD

ALICE

« 05— T T 7 T T « 05 ———T——T7 77— 3
> = 3 > C -
~ PbPb s =5. e -] ~ s =5. e -]
02 — Inclusivm',;;)i;<v4 — 02 — |nizzzm,:.s?:<v4 ]
— <v,>method with SPD ] — <v,>method with SPD ]
- Centrality : 05 - 20 % n - Centrality : 20 - 40 % n
0.15 08/12/2016 — 0.15 08/12/2016 —
E E E I:IJ rT'| T E
0.1F - 0.1F i 3 o =
0.05 - + : + “l“ 3 005 " =
of—& ! : of :
~0.05 |- — -0.05 - =
.« v5'P corrected with EP resolution ] = v5'P corrected with EP resolution ]
0.1 & \$PP observed = 0.1 . \SPP observed =
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5 0.25 F 1 3
af L L
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0.15 08/12/2016 —
o ;4 + E 3 centrality bins :
0.05 - =
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F + Vv,  corrected with EP resolution 3
-0.1 E 4 V3 0 observed E 40_600/0
<p.> (GeV/c)
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J/Ww=> UM reconstruction

137 QA validated runs of LHC |50 muon_calo pass| (RCT)

Event Selection :
Centrality : 0-90%, zyertex = [-10,10]cm,
|(MUU7||(MUL7 (CMUL7-B-NOPF_MUFAST|CMLL7-B-NOPF_MUFAST)

« Standard muon and dimuon cuts :

Each track :
Lpr trigger matching,
4.0 <M <-2.5,
17.6 cm < Rups < 89.5 cm
Dimuons :

Opposite sign,
2.5 <y <4.0

B

ALICE
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Sources ol uncertainty

ALICE

 Signal extraction

- Event plane determination : + 19% (centr. correlated)

* J/4 reconstruction efficiency (embedding) : +0.006 (uncorr.)
 IEP from the real event and randomly generated J/¢

« Maximum observed for the centrality 20-40% : 2 < pt < 4 GeV/c tor
the SPD and 4 < pr <6 GeV/c tor the VOA

(aV} [aN] 0.3

> [ ® ALICE (Pb-Pb |sy, = 5.02 TeV), centrality 20 - 40%, 2.5 < y < 4.0 > [ ® ALICE (Pb-Pb {Syy = 5.02 TeV), centrality 20 - 40%, 2.5 < y < 4.0
0.2 - . 0.2——
V2, obs signal = -0.0058 + 0.0023 + 0.0000 L
I i V2, obs Si9nal = 0.0064 + 0.0040 + 0.0000
0.1 l 0.1 l
1] S R— LT g— oo - * 4 ¢
-0.1F global syst. = + x.x% S PD -0.1 B global syst. = + x.x% \' OA
B 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 C 1 1 | 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
p; (GeV/c) P, (GeV/c)
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J/w->ee reconstruction %
ALICE

* Full LHCI50 (194 runs) is in use e.g. lowlR + highIR + highIR pidfix

- Event Selection :
Centrality : 20-40%, zvertex = [-10,10]cm,
IKINT7

* muon and dimuon cuts :

pr=1

—0.9<N<0.9 ITS 0<%2/NCls < 5.0
—1.0 < dcaxy < 1.0 SPD any

—3.0 <dcay < 8.0 TPC refit required
Tracks with kinks rejected TPC 70.0 < NCIs < 160.0
I'TS refit required TPC 0 <y2/NCs <9275
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Systematics for J/->ee

ALICE
Description std. varation
Event level cuts
Mult .o vs. Ng : p[0] + [p[1] - Mult .o + p[2] - Mult 5y > Ny
p[0] = 1000, p[1] = 0.5, p[2] = 5.13e-6 p[0] = [750,1500]
p[O] + [p[l] -Mult .o+ P[Z] -Mult.%,o < N1k
p[0] =-750, p[1] = 0.3, p[2] = 8.13e-6 p[0] = [-1250]
Vertex diff cut Off \Vitxspp — Vixrracks < 0.2|
Track level cuts
no, 'c -25 < no/t <3 [-3,-2] < no, ¢ < [3,2.5]
no, FC no, ¢ > 4. no’¢ < [3.5,4.5]
X7rc/Nspe 0 < Xfpc/Nipe < 275 0 < X7pc/Nipe < [2.5,3]
PID post calibration On (see [Jim16]) Off
J/y-Signal extraction
Background estimator Event-mixing Like-sign
Signal counting Bin counting MC fit function
Bin width 40 MeV/c? 80 MeV/c?
Signal range 2.92-3.16 GeV/c? 2.85-3.26 GeV/c?
v;/ Yextraction
v;/ Yextr. method Fit-method (sec. 8) In- and out-of plane method (sec. 7)
Event-plane estimator TPC VOC
Fit method
v5 fit range 2.32-3.76 GeV/c? [2.,2.6]-[4,3.5] GeV/c?
V5 signal shdw. range 2.88-3.26 GeV/c? [2.84,2.92]-[3.26,3.16] GeV/c?
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Detector equalization and resolution

 Focus on methods based on event plane determination

- From detector multiplicities :

4 0o
— n®. _ .
//Cln Q=2 e = Qn,x + lQn,y
| i=0
/ scint.
| Y. s, cos(n®)) \
[ / Qn,x = scint. = Qn COS(n.‘Pn)
2 s
~ scint. Y, = <L grctan .
y S s, sin(n®,) o (@, Qn,y)
Qn,y = sc%u. = Qn Sin(nan)
5;

» Correct for detector resolution : using 3 sub-event method

<cos {n(¥; —11’3 )}><cos {n(¥; —¥; )}>  A.M.Poskanzer and S. A. Voloshin, Phys Rev. C58, 1671

a —
< COS {n(‘pz ‘PR)} > = V <cos {n(¥), -5 )}>

* Detector equalization to deal with non-uniform acceptance
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Event plane calibration : FlowVectorCorrections framework

ALICE

 Framework ran on:

+ For |/y—pp
137 (MUON) QA validated runs of LHCI150 muon_calo pass| (RCT)

- Event Selection :

Centrality:VOM 00:90%; zvertex: -10.0:10.0cm; kMB | kMUSPB
(CINT7-B-NOPF-CENT|COVOL7-B-NOPF-CENT|CINT7-B-NOPF-MUFAST)

 For |/y—ee
 Full LHCI150 (194 runs) is in use e.g. lowlR + highIR + highlR pidfix

» Corrections up to pass 4

- Event Selection :
Centrality:VOM 20:40%; zvertex: -10.0:10.0cm; 2D correction on N« and Multyg

- Auto-correlation removal
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Detector equalization and resolution

ALICE

* Maximum residual oscillations after equalisation :

SPD (20-30%): v2 = 0.0012;v4 = 0.015; ve = 2e-6

* ratio of cross-terms to same-terms as an estimation of the uncertainty
on the EP determination : | % systematic uncertainty correlated with

centrality
» Resolution calculated using the 3 sub-events S ;
: 0.9 =
method with VOA,VOC and SPD AT, |
S .%o o E
O.7i— _'_**_*__*__.__._ ++ —:
- Centrality bins used for |/y v, analysis are large o S
Cok— _*_—'— - ]
0.5 e =

- Non uniform distribution of the number of J/y - meepmmey T

0.3  Pb-Pb |s,,=5.02TeV

C _*__._ ]

0.2~ 20-40% .

-+ TPC0a voc R50-40% = 0.88 o

; : : 0.1= * VOApc yoc R =0.68 T

5-20% 5 20-40% 5 40-60% E 60-90% T o VOC . 320'40% - 0.77 ]

i ; ; E - VOA-TP : ]

SPD | 0.87297:£0.00019 | 0.91031x0.00014 | 0.83192:£0.00022 | 0.55432:£0.00333 | N il i I T M N

10 20 30 40 &0 60 70 80

Centrality %

Audrey Francisco QGP France Etretat, Octobre 9-12th 2017 45



Equalization steps

ALICE

My

1. Gain equalization of individual detector channels

counts
h
v

10°

M= M./{M,) —_—

2. Recentering S
h ] . (0, 5)%: 1156.80 +/- 3.40 (xnDOF = '6666.3.89)

_— — - o B — (5, 10)%: 4902.79 +/- 7.00 (x/nDOF = 62885.18)
— q q 4 - - : (10, 20)%: 24739.09 +/- 15.73 (;*/nDOF = 110682.65)
M 11 N 10 . L : (20, 30)%: 40284.68 +/- 20.07 (x*nDOF = 94973.73)

""" - (30, 40)%: 49376.78 +/- 22.22 (y*/nDOF = 85796.77)

o, {5 = 5.02 TeV, M rigger: v < 10 cm . (40, 50)%: 53877.72 +/- 23.21 (x*/nDOF = 81278.93)
h ’ (50, 60)%: 56214.40 +/- 23.71 (*/nDOF = 78891.75)-1
{HE155 T eate Pt - (60, 70)%: 61108.16 +/- 24.72 (;¥nDOF = 73963.64)

~ - - (70, 80)%: 74269.05 +/- 27.25 (y*nDOF = 60670.53)

I 4 .4 I ’-":“l“ Ly L: - (80, 90)%: 97482.71 +/- 31.22 (x*nDOF = 37121 .o?)

|||||||||||||||||||

/ -1.5 —1 -0.5 0 0.5 1 1.5
dn - dn/dq,, EP angle SPD

4. Alignment

3
i

3. Width equalization

After correction

qlll - / / @
— 4 ‘ c |
n n n.Q0 S
8 E B — ey
. 10°
S. Twist = I I
(/m i ((m \N' r, l(m )/(1 \.\— .w-) :
Iu.-: xr.y) Iu.{.r.y ) ' IH.I_I]..I’I £A2n 4 *2n -
- (0, 5)%: 67111.01 +/- 25.91 (x*nDOF = 215.92)
= e (5, 10)%: 67188.58 +/- 25.92 (x’/n?DOF =142.68)
6. Rescallng 10%E 0 X 1340007 o 30,00 CARDOF = 30A4T)
— - (30, 40)%: 134389.56 +/- 36.66 (y’nDOF = 271.77)
: PD+PD, |5 = 5.02 TeV, MB trigger \‘.'I <10cm B (40v 50)%3 134417.91 +/- 36.66 (Z:/nDOFi272.70)
" "y 4( y—) I Y oo S oo
prm— L - (70, 80)%: 134490.32 +/- 36.67 (;/nDOF = 186.85)
1 nlr.uy 1 nlr.uyl “A2n Loy o0 v, (80, 900%: 134410.28 41- 36.66 ;/nDOF = 165.73)
- R -1.5 —1 -0.5 0 0.5 1 1.5

EP angle SPD
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uals oscillations

EP equalization : resid

ALICE

2 24
c c
n - n
: 2
o o A——gﬁ."-‘:‘ - e —— —— —————— -I"—'";_%‘ o = ————— B e — d
1 05 __ 1 05 -
— e e e— J—
— - MT?“’ et AT
:g. .:%9)(:; G;E!,; ;.15:9#;/2:59: s(;alrlr?gg: 1 g.; g; (0, 5)%: 67111.01 +/- 25.91 (x’/:!DOF =215.92)
—— (5, : .29 +/- 25, =8. (5, 10)%: 67188.58 +/- 25.92 (x*nDOF = 142.68)
4 : (10, 20)%: 134637.12 +/- 36.69 (;*/nDOF = 17.93) 4 (10, 20)%: 134393.88 +/- 36.66 (xnDOF = 263.63)
107 gg, ig;://:: :33:::;.:: :// gg.gg (éz::%i = ;2.:(1); 10° — (20, 30)%: 134393.87 +/- 36.66 (;2/nDOF = 264.87)
- - ) : .52 +/- 36. =31. — (30, 40)%: 134389.56 +/- 36.66 (;/nDOF = 271.77)
[ Poepb, 5, = 5.02 Tev, MB trigger: v < 10 cm — ggv :g;:f :33::;%2? z g:-:: g:;:%i =:f-§g ™ PoePb, {is = 5,02 TeV, M8 trigger: v} < 10m ————— (40, 50)%: 134417.91 z 36.66 u:mgn 272.70)
—_— \ - .21 +/- 36. =41. B ’ —————— (50, 60)%: 134407.95 +/- 36.66 (/nDOF = 256.36)
— LHC150 muon_calo_pass1 - gg- ;g;z‘: :m;g;; 3‘ gggg (é:/’:%r: = ?;-88;)6) — LHC150 muon_calo_pass1 (60, 70)%: 134459.00 +/- 36.67 (x’/nDOF = 214.90)
- _— N : X - 36. = . — %: - 3,
B 50 90)0/:. 1297879 4 36.58 (/nDOF = 76485 = - (70, 80) ‘/ 134490.32 +/- 36.67 (lenDOF 186.85)
T Dy | ¢ : . . : )1 | o L o, (80,90)%: 134410.28 +/- 36.66 (”/nDOF = 165.73)
1 1 1

. VOA fromndbla&e/afvﬁb 10%) 10 57 (OU- bU/o) Event plane Wseo

X

—

o
w

- SPD: + 7%

* Fitto : | + vacos(2A®) + vicos(4AP)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII"HHII

. SPD (20-30%): v2 = 0.0012; v4

WepsPD
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