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@ Results from 2011 Pb-Pb run at Vs =276 TeV :

T(1S) R,, versus centrality
T(1S) R,, versus rapidity
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¢ Results from 2013 p-Pb and Pb-p run at \/SNN =5.02 TeV :
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Comparison to model predictions

€ Summary
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Motivation: Bottomonium in Heavy-lon Collisions HE

B Quarkonium ( J/y and Y') suppression is one of the most striking
signatures for QGP formation in AA collisions

B Charm (1.2 - 1.4 GeV ) and Bottom (4.6 - 4.9 GeV ) quarks are
massive

— Production takes place at very early stage of the collision

B Sequential suppression pattern acts as a QGP thermometer

Resonance JIy v Y(1S) Y(2S) Y(3S)

Mass [GeV] 3.10 3.68 9.46 10.02 10.36
AE [GeV] 0.64 0.05 1.10 0.54 0.20

Radius [fm] 0.25 045 0.14 0.28 0.39

B Quarkonium (re)generation effects may take place if the initial
heavy quark multiplicity is large

B Y expected to be cleaner than J/y
— Absence of b-hadron feed-down
— Less recombination is expected than for charm

T/Te 1/(r) [fm1]
a
2 |- [Y(19)

- Xb(lp)

1.2ml 7/v(15) Y'(25)

% (2P) Y'(35)

Tl 207 wes)

Fig. 5. The QGP thermometer.
Agnes Mocsy, Eur.Phys.].C61, 2009
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ALICE Detector

EMCAL s FMDTO&VO

tracking

sslilas muaon filter

: trigger
chambers

ZDC ~116m
-
from IP

ZDC ~116m

~ from IP

TOF

PHOS  absorber dipole magnet

— Forward Rapidity: 2.5<y<4.0

— Acceptance down to zero p_ Abert
sarper

— Y(1S) — uy ( 2.48 %)

— SPD used for vertex determination

— Centrality in Pb-Pb estimated by fitting VZERO
amplitude with Glauber model

Tracking

chambers Trigger

chambers

Magnet Filter
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Nuclear Modification Factor
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The suppression of quarkonia can be quantified by measuring the Nuclear Modification Factor

RAA(pr) , Which is the ratio of the production in AA(pPb) collisions to the production in pp scaled

by the number of binary collisions.

© [ 0%90% b-Pb |5 = 2.76 TeV
3 r 2.5<y<4
2 r 1
S I ALICE
PERFORMANCE
dNY(1S) % » 3/05/2013
AA(pPb) £
d o Ny 4 = 135220
R _ Y O 2 My y) = 9.44+0.03 GeVic?
AA(pPb) ~ d NY( 1S) Gy i) = 0.144£0.027 GeVic?
Y(1S) pp ¥2/ndf = 0.99

< coll >AA(pr) X dy

—_
o
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: Ny
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o
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o
©

Nms) — measured number of Y(1S) — u'y

N — number of binary collisions

coll
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Estimation of pp Reference Cross-Section
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B The pp reference do/dy for Y(1S) in the forward rapidity regions of interest for
Vs =2.76(5.02) TeV is evaluated in two steps:

1. Interpolation of do/dy at y=0 using available 2. Extrapolation of do/dy from mid to forward rapidity

mid-rapidity data (Tevatron + LHC) to get Y(1S) using the rapidity shape given by Pythia 6.4
cross-section at 2.76(5.02) TeV
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References for Experimental Data Points:

CDF( 1.8 TeV ) — D. Acosta et al. [CDF Collaboration], Phys. Rev. Lett. 88 (2002) 161802.

DO (1.96 TeV ) — V. M. Abazov et al. [DO Collaboration], Phys. Rev. Lett. 94 (2005) 232001 [Erratum-ibid. 100 (2008) 049902] [hep-ex/0502030].
CMS( 2.76 TeV) — S. Chatrchyan et al. [CMS Collaboration], JHEP 1205, 063 (2012) [arXiv:1201.5069 [nucl-ex]].

CMS( 7 TeV ) — V. Khachatryan et al. [CMS Collaboration], Phys. Rev. D 83, 112004 (2011) [arXiv:1012.5545 [hep-eX]].

LHCb( 7 TeV ) — R. Aaij et al. [LHCb Collaboration], Eur. Phys. J. C 72, 2025 (2012) [arXiv:1202.6579 [hep-ex]].
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Pb-Pb Results at Vs =2.76 TeV

( Integrated Luminosity 69 pb™)




Nuclear Modification Factor of Inclusive Y(1S) in Pb-Pb
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© [ (2] ALICE:Pb-Pb\sy,=276TeV,L =69ub’ € [ % ALICE: Pb-Pb sy =2.76 TeV, L _ = 69 ub”, 0%-90%
12 N/ Inclusive Y(1S), 2.5<y<4, p >0 GeVic 190 Inclusive Y (1S), p_>0 GeVic
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B We observe suppression of inclusive Y(1S)
B Suppression stronger in central collisions

B No rapidity dependence within uncertainties
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Comparison of J/y and Y(1S5)

2043 ALICE
< 1.4 < 14
& ALICE: Pb-Pb\s,,, = 2.76 TeV, L_ =69 ub™, 2.5<y<d & I ALICE: Pb-Pb(s,,, = 2.76 TeV, L =69 ub", 0%-90%
12— A Inclusive Y(18), p >0 GeV/c [l Uncorrelated syst. 12 A Inclusive Y(1S), p >0 GeV/c [l Uncorrelated syst.
[ ALICE v inciusive Jry, 0<p_<8 Gevic [ ] Correlated syst. [ ALICE 'y inciusive Jiy, 0<p_ <8 GeVic [ ] Correlated syst.
A - | paTEE R R R R R R RS R R RN R R R S
0.8[" i 081
0.6 E HE B E 0.6[— I i !
0.4 B m E 0.4 ¢| E % i
0.2 02—
0 B | I | | N I | 111 1 | 111 1 | | I - | | I - | 111 1 I 11 1 1 B 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | ] 1 1 | 1 1 1 I 1 1 1 | 1
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— Suppression of Y and J/y is comparable within the
present uncertainties

— Y is expected to be less sensitive to
regeneration than J/y

— Feed down from higher excited states Y(2S),
Y(3S), x, %, ~ 50 %

— Weak rapidity dependence of R , for both
J/g and Y(1S)

* for

J/p in Pb-Pb see the talk of Lizardo Valencia Palomo
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Comparison of ALICE forward-rapidity results with CMS mid-rapidity
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ST Pb-Pb s,,, = 276 TeV, inclusive I (1S), p >0 GeVic e [ Pb-Pb |s,,, = 276 TeV, inclusive Y(1S), p >0 GeVic
12 A ALICE:L_ =69 b, 2.5<y<4 12[- A ALICE:L_ =69 ub", 0%-90%
" m ALICE . P  ALICE 1 09,..100°
B PRELIMINARY ¥ CMS: Lint =150 l.lb y |y|<2.4 | PRELIMIMARY v CMS: Lint =150 l.lb , 0%-100%
1] LI fr e
08 08
0.6:— ml I I 0.6_— l
o4 A ! b F oG- o
02— 0.2 :_ Open: reflected
- [ Uncorrelated syst. [ | Correlated syst. "t [ Uncorrelated syst. [ | Correlated syst.
0_ IllIIllllllIllIlllllllllllllllllllllllll _llllllllllllllI|IIII|IIII|IIIIIIIII|IIII|
0 50 100 150 200 250 300 350 400 L a— 2 1 0 1 2 3 1
part y
— The suppression at forward rapidity in ALICE is — No strong rapidity dependence of R within the
similar to that at m|d-rap|_d|ty _measured k_)y CMS large range probed by ALICE and CMS
for both central and semi-peripheral collisions

Reference for CMS Data points: PRL 109, 222301, (2012)
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< 141 p <141 ‘ P
o I A ALICE: Pb-Pb\s, =2.76 TeV, Lim =69 ub - A ALICE: Pb-Pb s, =2.76 TeV, Lint =69 ub
1.2  Inclusive Y(1S), 2.5<y<4, pT>0 GeV/c 1.2 Inclusive Y (1S), 2.5<y <4, pT>0 GeV/c

Uncorrelated syst. [ | Correlated syst.
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0.47= M. Strickland, arXiv:1207.5327

Boost-invariant plateau Gaussian
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— Strickland anisotropic hydro model includes feed-
down of Y(1S) by higher mass states, but does not
include recombination effects and cold nuclear matter
effects

— Data is described with the hypothesis of a boost
invariant plateau temperature profile with minimum
shear viscosity at forward-rapidity

Uncorrelated syst. [ | Correlated syst.

IIIIIIIIIIII

_ A. Emerick et al., Eur. Phys. J. A48 (2012) 72
— and private communication

0.2/ wumm Nuclear absorption I Primordial
| === Regenerated I Total
o_l I-'!-I-l-I--I-I-I-T-I-I-I--I-l-l-l- -I-I-l-l--l-l-l- T -I-I-I--I-l-l-l--l-l-l-
0 50 100 150 200 250 300 N350

part

— Emerick et al. rate equation model includes small
bb regeneration, feed-down from higher mass (~ 50
%) and CNM effects by an overall absorption cross-
section of 0-2 mb

— The model is in fair agreement with data within
uncertainties
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p-Pb and Pb-p Results at Vs = 5.02 TeV

[ Integrated Luminosity 5.0 nb™ (p-Pb) and 5.8 nb™'(Pb-p)]
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Nuclear Modification Factor of Inclusive Y(1S) in p-Pb

amMm
3043 ALICE
& : 5 L
-1 D Al I S oo femesozter (0
§ B ALICE 2.04<y Cms<3'54 1 2: Inclusive Y(1S)-u'w, p.>0 ALICE
o PERFORMANCE 2 PRELIMINARY
g i 1[ 14/07/2013 NT(1S) — 290+33 E
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-4.46< Ypye<-2.96 2.03<yee<3.53

— A suppression is observed for inclusive Y(1S), stronger at forward rapidity
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Comparison With Model Predictions

Ko} o
& b p-Pb |S,,, = 5.02 TeV
m o Inclusive Jly—u, pT>O

| 1T

o Inclusive Y(1S)—u'w, p>0

Rpr

p-Pb | s, =5.02 TeV

-4 -3 2 -1 0 1 2 3

0.8
0.6 ¢ Inclusive JAy—spy, p>0
04l @ Inclusive Y(1S)—u'y, p>0
~  EPSO09 atNLO (Vogt, arXiv:1301.3395 and priv.comm.)
02— 7 Y(1 S)
- L
_|||||III|IIII|IIII|II|I|I||||||I||IIII|IIII|III
4 . 1 > 3 4
yCITlS y

cms

— EPSO09 calculation at LO from
Ferreiro et al. model describes the
data within uncertainties.

— The agreement is better for J/y

— EPSO09 calculation at NLO from Vogt
model describes quite well the J/p data

and reproduces, with slightly larger values,
the observed trend for Y (1S)

* for J/p in p-Pb see the talk of Igor Lakomov
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Comparison With Models RFB

QM
2013 ALICE
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02— - =
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RY(1S) _ RpA _ NpA X < >Ap NAp
FB T T_Y(1S) Y (1) Y (1) MB
Rap Ny ( AcoxEff ) , N

— The J/ @ R__is significantly lower than Y(1S)

— Within the uncertainties Ferreiro Model explains
quite well the R__ both for J/y and Y(1S)

— All the models reproduce the forward to backward ratio
within uncertainties

— The Y(1S) result is at the upper edge of shadowing
calculations, while for J/p the agreement is at the lower
edge
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J Results on Y(1S) from Pb-Pb at Vs =2.76 TeV:

— The nuclear modification factor for inclusive Y(1S) has been measured at forward rapidity 2.5 <y < 4.0 down
to zerop,

— Suppression stronger in central collisions
— No rapidity dependence within uncertainties
— Suppression pattern is comparable with forward-rapidity J/y result from ALICE within uncertainties

— No strong rapidity dependence of R, within the large range probed by ALICE and CMS

J Results on Y(18) from p-Pb at Vs =5.02 TeV :

— We observe small suppression of Y(1S) in p-Pb data, which tends to increase from backward to forward
rapidity

— J/p suppression is comparable with Y(1S) within uncertainties

— Jiy R_, is significantly lower than Y(1S)

HANK YOU

Palash Khan, 26/07/2013 SQM 2013, Birmingham, UK 16/16
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Signal Extraction - PbPb

S ALICE
Event Cuts: ' -
Physics Selection O L 0%-90% Pb-Pb \sy\ =2.76 TeV
. . . =~ NN
Unlike Sign Trigger > 40 2.5<y<4
Centrality (0-90) % % - | '
Muon Cuts: 8 | it
Trigger Matched Track (Lpt,Lpt) T 30mN
1776 cm <R abs <89.5cm -'GC_J' Nr(1S) = 135+20
pDCA Selection = M, g = 9-44+0.03 GeV/c?
A w - (19)
pT >=2GeV T Oy 45 = 0.144+0.027 GeV/c?
Dimuon Cuts: i ¥?/ndf = 0.99
40<y<-25 B
y 10— h~ +
: T, J(
; I -
B 1 1 1 1 I 1 1 1 1 | 1 — e 1 1 1 r-l_l 1 1 1 I I—l_l 1 1 |
Mo = MPPS 4 (MFT P8 o % 9 95 10 105 11 115 12
Y(2S) Y(2S) Y(1S) PDG 2
Y(15) Y My (GeV/c?)
e oy o MYES, — Signal fitted with Double Crystal Ball
Myi35) =My + ( MY(TS) -Myis)) IV
s — Tail parameters fixed from embedding
PDG PDG — Mass, Sigma and Amplitude free for Y(1S)
Mv(zs) MY(SS)

Sy2s) ~ Ovy1s) W/PD%
Y(15) Y(15)

Svyi3s) ~ Ovy1s) W/PD%

— Amplitude of Y(2S) and Y(3S) kept free
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Acceptance Efficiency

(@])"!
w 031 w 0.4r
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<0.28 < 255
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0.26— ALICE C —— ALICE
- PERFORMANCE 0.3__ PERFORMANCE
0.241 02/05/2013 n 02/05/2013
0_225.. ..... PO errs oS-SR 0.25—
—o— E .
0.2 0.2
018 -
- Embedding MC Y(1S) — u’ 0.15 .
0.16— lisi 276 TeV - Embedding MC Y(1S) — p'w
0_143_ in MB PL-Pb co ISIO:S 2 \Swy=276Te 0.1~ in MB Pb-Pb collisions at \s,,=2.76TeV ,_o
- 2.5<y<4, p.> 2 GeVic ':—.—' 0%-90%, pu>2 GeVic
0.121 0.05 T
0 :I L1 | | 111 | 11 1 1 ‘ | - | | - | L1 11 | 1111 | 111 | | I :
.10 10 20 30 40 50 60 70 80 90 OT 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 |
Centrality (%) 2.6 2.8 3 3.2 34 3.8 4
y
— Particle multiplicity high in Pb-Pb collisions, which affects tracl reconstruction efficiency
— Embedding technique provides the most realistic background condition
— Y(1S) generated using fast generator and forced to decay in dimuons
— Particle transport and detector response provided by GEANT3
— Run by run simulation done to incorporate time dependence of detector set up
Palash Khan, 26/07/2013 SQM 2013, Birmingham, UK 19
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Comparison of Upsilon(1S) R, , as a function of Rapidity and Model
ALICE

14 ——
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R and R
PA FB

ALICE

Nuclear Modification Factor RDA ;

NY(‘.'S}

R, = P
pA Y (1S) MB Y(1S)  y(18)
<ACCXEff> " x<T ,>x Ny X Ay x BR "~ X o,

O Tpr= 0.0983 + 0.0035 mb™ (arXiv: 1210.4520)

€ BR*do/dy  — 945 +62-76 (norm) + 27-56 (extrap) pb for 2.03 <y < 3.53 in p-p
— 510 +34-41 (norm) +35-95 (extrap) pb for 2.96 <y <4.46 in p-p

2500

T T T

BRxds' /dy (pb)
s
3

g

do/dy for Y(1S) obtained with Pythia6.4
_ csm 2CSC - csm csm clogtll productions (several tunings), validated
- e oL e with 7 TeV pp data from CMS and LHCb

1000

':'_IIIIIIIII]IIIIIII

— csm_d6t csm_s7 csm_z1 —
00 csm_z2 nrgcd_cteq6ll - nrgod_d6t R
— nrged_z1 nrqcd_z2 = Exp data
¢ {IHEIII { IllleIlllélHIE.IEHIlEIHIlEHEH”-I1-l”|4.5
v
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Event Cuts and Muon cuts

ALICE

Event Cuts:
Physics Selection

Unlike Sign Trigger

Muon Cuts:

Trigger Matched Track (Lpt,Lpt)
-40<n<-25

176cm<R_ _<89.5cm

pDCA Cut

Dimuon Cuts:

40<y<-25

p-Pb ( LHC13de ) 9.274e+06
Pb-p ( LHC13f) 20.913e+06

Rapidity Coverage 2.035<y  <3.535 2965 <y  <4.465

250<y_<4.00 250<y <4.00
Common Rapidity 2965 <y <3.535
Coverage 2965<y  <3.535 250<y <3.07
) lab )

343 <y_ <4.00
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Signal Extraction: p-Pb and Pb-p

2013 ALICE
NS: 150 p-Pb |5, = 5.02 TeV ‘g Pb-p |, = 5.02 TeV
3 N 2.04<y_ <3.54 R TN 4 4.46<y_ <-2.96
5 ) A g [N A
2 " My(ys) = 9.45£0.02 GeV/c® 2 3 L My g = 9454002 GeV/c?

o Oy 1) = 0-161£0.022 GeV/c s | Gy 16, = 0.159£0.022 GeV/c?
S x*/ndf = 1.07 Yo ¥2ndf = 0.80

50:— ool

T N [ S R VR o_""" '“‘Jﬂi%]rﬁﬁmﬁjr"’ u

m,., (GeV/c?)

10 11 12 13 14 15

m,., (GeV/c?)

— Tail parameters taken from pure simulation

— Mass, Sigma and Amplitude free for Y(1S)

— Amplitude of Y(2S) and Y(3S) kept free

— Mass and Sigma of Y(2S) and Y(3S) fixed from Y(1S) mass and sigma values

— Tail Parameters of Y(2S) and Y(3S) are assumed to be the as that of Y(1S)
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Invariant Mass Spectrum In Common Rapidity Region for p-Pb and Pb-p
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Comparison With Models
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— Arleo et al. Model is based on parton energy loss mechanism. Although this model
reproduces the suppression in backward within the uncertainties it over estimates the
suppression in forward

— Fujii et al. Model includes low-x gluon saturation and agrees with the ALICE data
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