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Bottomonia - Motivations

s aITCE

e Perturbative gqg production, non-perturbative evolution

e Production and properties sensitive to the medium (QGP, CNM)

L) [ fieeyiom cellifen: T in proton-proton collisions

e bb pair produced in first stages of the 0 T lreelh oy presineden mreekls

collisions

® Reference for heavy-ion measurements

® The bound state is exposed to the deconfined Y
medium ® Tuning of detector performance

e Color screening effects can modify the yields
[Matsui and Satz, PLB 178 (1986) 416)]

® Screening effect depends on the temperature Tin proton—nucleus collisions

Having different binding energy, sequential e Important Rrobe for cold nuclear matter
suppression for different resonances expected effects studies
[Digal et al., PRD 64 (2001) 0940150]

e With respect to charmonia:

Stachel, PLB490 (2000) 196] expected to be
less important

e No feed-down from open heavy flavours,
only from higher mass bottomonium
states

< T,
e Statistical regeneration [Braun-Munzinger and ’ I II I ” ” ‘ I
VW Y
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T — ptp~ reconstruction with ALICE

s aITCE

Muon tracking system Muon SpeCtromEter

e Forward rapidity: 2.5 < yj.p < 4

® Quarkonia reconstruction down to pp = 0

® Minimum Bias trigger: SPD and VZERO

e Di-muon trigger: opposite-sign muon pair
candidate (single muon track pr 2 050r1
GeV/c, depending on data sample) in
coincidence with MB trigger

® \ertex determination: SPD

i hotbek e Centrality in Pb-Pb: Glauber fit to VZERO
signal amplitude
Vo-C
Dipole magnet Muon filter sPD
¢ VO-A
Data sets
system CM Energy Int. Luminosity
pp Vs =T7TeV 1.35 pb~ !
Pb-Pb | /sxn = 2.76 TeV 69 ub~!
p-Pb | /snx =5.02 TeV 5.0 nb~!
Pb-p /5NN = 5.02 TeV 58 nb !
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® T in pp collisions



pp - T cross section
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e pp collisions at /s =7 TeV

e Production cross sections of T(1S) vs pr and rapidity

e Good agreement for both T(1S) and T(2S) with LHCb

results [EPJ C 72 (2012) 2025]
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Nuclear Modification Factor
iThemba

LABS ALICE

Y~y (Ay)
(Tpa(an)) X 0¥ (Ay)

Rpacan)(Ay) =

Ingredients:
e Yv: corrected yield of T(1S) — putpu~
o (Tpa(aa)): nuclear overlap function

o o’ reference in pp collisions needed at the same c.m. energy
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Estimation of pp reference cross section

o do%”/dy at forward rapidity evaluated in two steps

Step 1: Interpolation

Interpolation of available data of do}® /dy at y = 0 at
different energies (Tevatron and LHC data):
phenomenological functions and pQCD bb calculations in
a CEM-like approach.

Y cross section vs energy

vo

« Data
—y=Ax®

BR do/dy__(pb)
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CDF (1.8 TeV): Phys. Rev. Lett. 88 (2002) 161802

DO (1.96 TeV): Phys. Rev. Lett. 94 (2005) 232001 [Erratum-ibid. 100 (2008) 049902] °
CMS (2.76 TeV): JHEP 1205, 063 (2012)

CMS (7 TeV): Phys. Rev. D 83, 112004 (2011)
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Same approach both for
p-Pb at \/syn = 5.02 TeV and
Pb-Pb at /snn = 2.76 TeV

Step 2: Extrapolation

Extrapolation from mid to forward using
Pythia6.4 T productions (tested against
/s =7 TeV data).

Blue unc.: do/dy(y = 0) uncertainty

Red unc.: extrapolation uncertainty

[T T T T T T T T T ™)

L —— CMs ]

E - Pythia E

o E

F /s =2.76 TeV ]
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® T in p-Pb and Pb-p collisions
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e Inclusive T(1S) production in p-Pb collisions at \/syn = 5.02 TeV

ALICE

PERFORMANCE
14/07/2013

Pb-p sy =5.02 TeV
-4.46<y  <-2.96

Ny = 152419
My s = 9.45£0.02 GeV/c?
Oy sy = 0.159£0.022 GeV/c?

x2/ndf = 0.80

Events/(100 MeV/c?)

150

100(—

50—

p-Pb |5 = 5.02 TeV
N 2.04<y <354

PERFORMANCE
14/07/2013

N, 1s) = 290433

My 1s) = 9-45+0.02 GeV/c?
Oy = 0-161£0.022 GeV/c?
x2/ndf = 1.07

i) pry ) L | =
8 9 10 1 12 13 14 15 7 8 9 10 11 12 13 14 1
m,., (GeV/c?) . m,., (GeV/c?)
-4.46<y.s<-2.96 2.03<yns<3.53
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p-Pb - Nuclear Modification Factor
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e Inclusive T(1S) production in p-Pb collisions at \/syn = 5.02 TeV

g
o 14 p-Pb sy =5.02 TeV
12 Inclusive Y(1S)-u'w, p>0 ALICE

PRELIMINARY|

Backward

o Compatible with no os
suppression

o+

Forward

e Indication of
suppression at forward

rapidity
H4C L, (4dbey, <2.96)= 5.8 nb"
020 L (204<y_ <3.54)=5.0nb"
T T T T T
-4 3 2 E] 0 1 2 3 )
[ Vors
-4.46<Y.,s<-2.96 2.03<y,.<3.53

Pb
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p-Pb - Comparison with models (1)

[AST™ QLICE

o Nuclear modification factor. Comparison with models and J/1) measurements

o o
& b P-Pb Sy = 5.02 TeV & e P-Pb 5, =5.02TeV
C o Inclusive Jiy—p'y, p >0 (arXiv:1308.6726) F
12 e Inclusive T(1S)-u‘w’, p, >0 (preliminary) nm}g}sv 12} ‘ Pﬁk}g‘ﬁv
0.8 i 0.8~ 2
06— # 081 o Inclusive JAy—'it, p_>0 (arXiv:1308.6726) #
0.4~ EPS09 at LO: Ferreiro et al. 04— ® Inclusive Y(1S)—pu'y, p>0 (preliminary)
E Shadowing: Y(1S): Eur. Phys. J. C (2013) 73:2427 E EPS09 at NLO (Vogt, arXiv:1301.3395 and priv.comm.)
02 :_ Shadowing: J/y: arXiv:1305.4569 02 :_ Jy
[/ AP PP I PP I PP I I I P o] P PP I PP NPT BRI NIV PP PPN P
ycms ycms
e Comparable R,py, for J/4 and T(1S)
e EPS09 shadowing models are in fair agreement with both the J/1 and
the T(1S) measurements within the experimental uncertainties
T production measurements ALICE at the LHC Stellenbosch, 4 Nov 2013 8 /16




p-Pb - Comparison with models (I1)

[AST™ QLICE

o Nuclear modification factor. Comparison with models and J/1) measurements

g F = [ F
& e PP VS = 5.02 TeV & e p-P {fom = 5:02 TeV
[ e Inclusive Jy—u W, p>0 (arXiv:1308.6726) ALICE r ALIGE
12— . N . PRELIMINARY 12 PRELIMINARY,
r e Inclusive T (1S)—p u,pT>0 (preliminary) K.
i F i 1
08— & I 0.8~ ----...__EE e
06— # 081 o Inclusive JAy—'i, p_>0 (arXiv:1308.6726)
E n .
04— 04— @ Inclusive T(18)-u'w’, p.>0 (preliminary) S
E CGC (Fujii et al, arXiv:1304.2221) E ELoss with q0=0.075 GeVZ/fm (Arleo et al., arXiv:1212.0434)
02— r(1S) 02— = - Y(18)
N J L - - I
ol Lo b b b e b Ly o] P PP I PP NPT BRI NIV PP PPN P

Yems

e J/4 calculations in the Color-Glass
Condensate framework underestimate the
Ryp1, at forward rapidity

e Better agreement for T(1S5)

T production measurements

Yems

e Parton energy loss effects can explain the

measured nuclear modification factors for
J/4, but they may overestimate data on T
at forward y. Uncertainty on the pp reference
prevents a firm conclusion for the T.
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p-Pb - Comparison with models (llI)

RFB

)

T T

Themba
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Forward /Backward (FB). Comparison with models and J/1¢ measurements

p-Pb s, =5.02 TeV
o Inclusive Jiy—p'w’, p.>0 (arXiv:1308.6726)

T(1S): ALICE preliminary

ALIC

o Inclusive T(1S)—>u’|.(,pf>0--, iminary)

o
=3

14
@

14
kS

4
[

EPSO09 at LO: Ferreiro et al.
Shadowing: Y(1S): Eur. Phys. J. C (2013) 73:2427
Shadowing: J/y: arXiv:1305.4569
1 1 1 1 1 1

PRELIMINARY]

EPS09 at NLO (Vogt)

Eloss (Arleo et al.)

EPS09 at LO
(Ferreiro et al.)

nPDF central set
nPDF low shadowing set
nPDF high shadowing set
nPDF low EMC set

nPDF high EMC set

CETTT T[T T T

05 1 15 2 25 3

® Advantage of Rrp wrt Rypyp, :

e b e e
25

15
RFB

3

no need of pp references—smaller uncertainties

e Disadvantage: rapidity acceptance restricted to the common region 2.96 < |ycms| < 3.53

® Model predictions for Rpp are in agreement with the measurement within uncertainties

® The Rpp of J/4 is lower than the T(1S5) one

F. Bos:
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Pb-Pb - Nuclear Modification Factor

iThemba

LABS  ALICE
e Raa for T(1S) at \/syN = 2.76 TeV

<14 «14
& [ ALICE: Pb-Pb (S, = 276 TeV, L, = 69 b’ < ALICE: Pb-Pb {5y = 276 TeV, L, = 69 ub", 0%-90%
1.2 Inclusive Y (1S), 2.5<y<4, pT>0 GeVic 1.2 Inclusive Y (1S), P1->0 GeVic
[ ALICE [ ALICE
[ eaccwmiany [0 Uncorrelated syst. [ | Correlated syst. [ eacuwmase [0 Uncorrelated syst. [ | Correlated syst.
1 1
08 08
06 E 06
04 20%-90% i 04 . I
02r 0%-20%
) S N VAN S | 0 TN N S N R P AV
50 100 150 200 250 300 3?0 .| 28 3.2 3.4 3.6 3.8
N y

e Raa Vs (Npart) suggests a stronger suppression in more central collisions.

e Raa shows no rapidity dependence within uncertainties.
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Pb-Pb - Comparison with CMS
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e Raa for T(1S) at \/syN = 2.76 TeV

1.4 14
é C Pb-Pb \S = 2.76 TeV, inclusive 1(1S), pT>0 GeVic n? C Pb-Pb s = 2.76 TeV, inclusive T (1S), pT>0 GeV/c
12— A ALICE: L, =69 ub”, 25<y<4 12— A ALICE:L_ =69 b, 0%-90%
[ ALICE " [ ALICE 4 0or1000
C [lfrrecwminny ¥ CMS: L, =150 ub™, [y|<2.4 [ eacmovery ¥ CMS:L =150 ub™, 0%-100%
1 1
08 08
06 Bl l l 06 l
04 E E ] [ 0.45I * * I
02:7 ozi Open: reflected
I [ Uncorrelated syst. [ | Correlated syst. "t [ Uncorrelated syst. [ | Correlated syst.
) P P A A N (TSN AR B Y A N BN IS AP AR
50 100 150 200 250 300 350 400 - - - - o 1 2 3
ard i

e Comparison with the mid-rapidity measurements by CMS

o Similar suppression at mid and forward rapidity

CMS: PRL 109, 222301, (2012)
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Pb-Pb - Comparison with J/1
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e Raa for T(1S) at \/syN = 2.76 TeV

<14 <14
& % ALIE: Pb-Pb (5= 276 TeV, L = 69", 25y<4 & F ALICE: Pb-Pb 5, = 276 TeV, L =69 b, 0%-90%
120 A Inclusive (1S), p,>0 GeVic [l Uncorrelated syst. 125 A Inclusive Y(1S), p,>0 Gevic [l Uncorrelated syst.
L ALICE 'y inclusive ury, 0<p,<8 Gevic [ | Correlated syst. FALICE v inclusive iy, 0<p <8 GeVic[ ] Correlated syst.
1 1
08 E 08
0.6 E @E E E 06 I E i
04 E [E E 04 m E % [
02 02
ok R I D P e B S B S I I
S0 100 150 200 260 00 880 94 726 28 32 34 36 38
y
part

e Comparison with forward rapidity measurements of J/v — pu*u~ by ALICE
e Inclusive T(1S) and J/4 show a comparable suppression

o The interpretation of these results is not straightforward because of the different
contributions of (re-)generation and feed-down from higher mass-states for T and J/v
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Pb-Pb - Comparison with models - Centrality
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e Raa for T(1S) at \/syN = 2.76 TeV

1.4 1.4
é F A ALICE:Pb-Pbys,, =276 TeV,L =69 ub" n:‘é E A ALICE:Pb-Pbys,, =276 TeV,L =69 ub"
1.2 Inclusive Y(1S), 2.5<y<4, p >0 GeV/c 1.2 Inclusive Y(1S), 2.5<y<4, p.>0 GeV/c
[ ALICE F ALIC
[ sscuzwanany [ Uncorrelated syst. [ | Correlated syst. [ nectuanany Uncorrelated syst. [ Correlated syst.
1
0.8 0.8
0.6/ 0.6/
0.4 0.4 " v:
[ A. Emerick et al., Eur. Phys. J. Ad8 (2012) 72 [ M. Strickland, arXiv:1207.5327
[ and private communication [ —4ms=3 Plateau
0.2 wmmm Nuclear absorption e Primordial 0.2 T s>
E legenerated == Total [ —dmys=1
ol ol L 1 1. | 1 | 1
% ‘% 50 100 150 200 250 300 350
part
e Rate equation approach in isotropic o Complex potential approach in anisotropic
expanding fireball hydro evolution
o CNM effects, regeneration and feed-down o No CNM, no regeneration, but feed-down

included e The boost invariant temperature profile

with 47n/s = 1 is favoured

Fair agreement within uncertainties.
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Pb-Pb - Comparison with models - Rapidity

iThemba

LABS  ALICE
e Raa for T(1S) at \/syN = 2.76 TeV

Pb-Pb s, =2.76 TeV, inclusive Y (1S), pT>0 GeV/c
A ALICE:L_ =69 ub",0%90% (open: reflected)
ALICE Vv CMS:L, =150 ub", 0%-100%

PRECIMINGRY y Uncorrelated syst. [ Correlated syst.

0.8f

0.6

0.4

M. Strickland arXiv:1207.5327

0.2[— Boostinvariant plateau — 4mys =3 —4mys=2 —4mys=1
Gaussian profile --4mys=3 --4ms=2 --4dmys=1
0 L1 1, L 1, TN 1 I
-4 -3 -2 -1 0 2 3 4

e Complex potential approach in anisotropic hydro evolution

No CNM, no regeneration, but feed-down

The same 477)/s leads to a disagreement with CMS results

e Predictions to be considered an upper limit for calculations including
CNM effects
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Summary and Conclusions
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LABS ~ ALICE
pp collisions at /s =7 TeV
e T(1S) and T(2S) measurements in agreement with LHCb ones

p-Pb collisions at /sy = 5.02 TeV

e Hints for suppression at forward rapidity, effect smaller, if
any, at backward rapidity

e Suppression comparable to the J/1) one

e EPS09 shadowing, CGC and coherent energy loss models
reproduce the data within experimental uncertainties

Pb-Pb collisions at /sy = 2.76 TeV

e Nuclear modification factor measurement of inclusive T(1S) at
forward rapidity

o Clear suppression observed, stronger in more central collisions

o Suppression weakly dependent on rapidity (including mid-rapidity
measurement by CMS)

e Models reproduce the Raa centrality dependence at forward vy,
difficult to explain the rapidity dependence in thermal models
with a single 47n/s value
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