Upsilon production in hadronic collisions

Bottomonia(Y's)

(PAG sum

Proton-Proton (pp) res EPJC 74 (2014), 2974
H eavy—wn ( Pb-P b) result. PLB 738 (2014), 361
Proton-Lead (p-P b) resul PLB 740 (2015), 105

The first PAG summary at ALICE PHYSICS WEEK (April, 2012) Frascati :
https://agenda.infn.it/contributionDisplay.py?contribld=65&sessionld=1&confld=4447
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Heavy Quarks

Formation takes place only ez
Sensitivity to initial gluon density and g

Suppression or enhancement pattern of hea
important and critical features of the medium

E
E

Cold Nuclear Matter effect (CNM):
Different scaling properties in central and forward ra
CGC; Gluon shadowing, etc

Proposed Signature of De-confinemen

Color screening of static potential between hea
J/P suppression: Matsui and Satz, Phys. Lett. B 178
Suppression determined by T and binding e

De-confinement — Color screening — he “dissolved”




Quarkonia

B L E RIS Bottomonia: Y(1S), Y’ (2S), Y”(3S)

Lattice QCD: Evaluation of spectra Upper limit melting
temperatures
T/T,. 1/ {ry [fm1]

Models based on potential with larg [ leas
binding I most bound states melt t (1P)

Upsilon (1S) survives until 2T, L2 7/v(15) Y(@5)

1 (2P) TU(35)
w(1P)  w(25)

The QGP
thermometer

Quantifying suppression
requires: Baseline p+p
measurement

Increasing binding energy Measurement of Cold Nuclear
~ Matter effects: p+A collisions

Lattice results : Consistent with quarkonium
Suppression pattern 0 thermometer of Q

(1) = 25 (T)

PRL 99, 211602

R) Debasish Das (SINF



Bottomonia vs Charmonia

Bottomonia :

Regeneration effects are much weaker.
No feed-down from open heavy-flavors but only fro
Suppression effects should be more evident.

— Total
= = Direct
- —- Regenerated

LHC

Pb-Pb 5.5 TeV
Quasifree
Feeddown included

Ratio N™3/N"

500 1000 1500
Numbr of binary collisions N

— —
_— e — — —

coll

Regeneration (@ LHC: Dominant mechanism

More charmonia created A
Suppression picture : complicated lCtlll?e . holds.for Y
PRL 97,232301 for charmonia ! > Despite regeneration @ LHC

werful probe for QGP

Debasish Das (SINP)



The experiment (LHC-CERN)

arge on ollider xperiment

Central barrel (Jn|<0.9) Forward Muon Sjel-Te{ge] sy 11 AES

Tracking ITS+TPC+TRD dedicated to (di-)m e ER CERIE 1 Yyl
Ml PID TPC+TRD+TOF down to p. =
.

= (di-)electron measuremé (

S TRACKING

el : CHAMBERS

ZDC = = i s . MUON

<116m from LB, { e N : FILTER
S | S y B o

(-4<n <-2.9)

e Trigger detectors
“/.J" { e N VZERO scintillator Hodoscopes
2.8<n <5.1
TRIGGER v0-A

i = = HAMBER - -
S ﬁvo-f W
o | .
1 — - ~116m from |.P,

< + miufltiplicity in Pb-Pb ITS (pixel
" detector) — primary Vertex (n< 1.4)
Muon trigger chambers
-4<n <-25
"TTrack selection:
-- Muon trigger matching
-~ -4<n<-25 and 17.6<R <89 cm

(Ra b

i
DIPOLE
MAGNET

Data sample (ALICE Y analysis in Pb-Pb 2.76 TeV): .= track position at the absorber end)
Minimum bias trigger (VOA && VOC && SPD) <y, ,<-2.5 and track momentum > 2 GeV/c
Rejecting for beam-gas or electromagnetic interactions lity selection:
using tracks to point to interaction vertex a geometrical-Glauber model fit of VO amplitude
Run selection dependent on the stability of the muon = bins used in this analysis:
spectrometer tracking and triggering performance o], [20% - 90%] & [0% - 90%]




Y(1S) analysis in Pb-Pb 2.76 TeV

PLB 738 (2014) 361
ALICE-PUBLIC-2014-001
Pb-Pb @ 2.76 TeV

--The Y signal is extracted by means of a fit to the of
dimuon invariant mass spectrum

ALICE, 0-90% Pb-Pb | s, = 2.76 TeV
Lipy = 69 b’

Inclusive Y(1S)—p'w
2.5<y<4,p_|_>0

x%/ndf = 0.99

--The Y line-shapes are described by extended crystal ball
with the tail parameters fixed with Monte Carlo results

Events/(100 MeV/c?)

--The underlying background is fitted using a sum of two
exponentials or a sum of two power-law functions

--The amplitude, position and width of Y(1S) are kept as free
parameters

% 0%-90%
=
--Parameters of the double exponential and amplitude g
of Y (2S) and Y(3S)kept free = "y0s20t3
E \ Nyss, = 135:20
> M, 15 = 9.4420.03 GeV/c®
--Width of 2S and 3S constrained to those of 1S as per PDG ratio [ Oy = 0-144£0,027 GeVIC*

xzfndi =0.99

--The mass differences between states were fixed from PDG
values

https://aliceinfo.cern.ch/ArtSubmission/node/193 My (GEVICT)

6 Debasish Das (SINP)



Y(1S) : Acceptance x Efficiency

PLB 738 (2014) 361
ALICE-PUBLIC-2014-001
Pb-Pb @ 2.76 TeV

-- Acc x Eff correction plotted as a function of centrality :
and rapidity | ALTCE

PERFORMANCE

02/05/2013

-- Small decreasing of the reconstruction efficiency with L oz
increasing centrality ~7% due to increasing detector
occupancCy ' Embedding MC Y(1S) — 'y

in MB Pb-Pb collisions at \s,,, = 2.76 TeV
2.5<y<4, p_>2 GeVic

-- Acc x eff peaked at mid-rapidity and decreasing towards the
edge of the acceptance : 87030 %0

Centrality (%)

--Systematic uncertainty on Y(1S) cross section includes
conributions from tracking (~10%) and trigger (~2%)
efficiencies, matching between tracking and trigger detectors ' ALICE

(1%), signal extraction (~5-10 %) and Monte Carlo inputs to ' 02/05/2013
acceptance calculation (~4-7%)

Embedding MC 1(1S) — p'w
in MB Pb-Pb collisions at \ s, = 2.76 TeV
0%-90%, p::-2 GeVic

7 Debasish Das (SINP)



Inclusive Y(1S) : Nuclear Modification factor

PLB 738 (2014) 361

ALICE-PUBLIC-2014-001
Pb-Pb @ 2.76 TeV

Y(1S) vield per unit rapidit

0% - 90%

<y<4.0 p.>0

r0S + stat. =+ syst.)
+0.05 £0.04

dly 1) Mys)

dy  BR-Nyg-Axe-Ay

Y(1S) Nuclear Modification factor

age nuclear overlap function

Ay,

erence y-differential cross-section

The inclusive Y(1S) cross-section per unit of rapidity in pp collisions at 2.76 Te
the rapidity interpolation of LHCb data [ R Aaij et. al. , LHCb Collab. , arXiv:140

8



Comparisons of Y(1S) R, ,: ALICE and CMS

PLB 738 (2014) 361
ALICE-PUBLIC-2014-001
Pb-Pb @ 2.76 TeV

PbPb 166 ub™, pp 5.4 pb™ | Sy = 2.76 TeV

'4 1 _4 LI T T T T T T L T T T TT T LI LI
& 14 0P [, = 276 TeV, incusive T(19) p.>0 < : N ' lCM|S :
1.0F @ ALICE: L, =69 ub", 0-90% (open: reflected) 1. o Cent. 0-100%, |y| < 2.4 Preliminary
! =150 pb”, 0-100% (PRL 109 (2012) 222301) E i
s sSsssns 1 __ __
- C o AY(s) 2
n 0.8+ —
: - 4res) :
- 0.6F .
0.4 [ 0.4 - =) ] ¢I ¢ —
0-1 L1 L | I Ll 1 1 1 L L 1 1 I Ll L 1 1 Ll L 1 I Ll L 1 l Ll 1 1 J Ll L 1 l — * ! + 1 I :
_4 ,3 _2 _1 0 ‘I 2 3 4 O o b b b Pl P P b b by

O 2 4 6 8 10 12 14 16 18 20

Y § CMS-PAS-HIN-15-001 p: (GeV/c)

Y(1S) more suppressed in recent measurements than what was &

(CMS :PRL 109 (2012) 222301) old: R, (Y(1S))=0.56 £ 0.08 £ 0.07
new: R (Y(18)) =0.425 £ 0.029 + 0.0

The results now compare better with ALICE measurements

Debasish Das (SINP



Comparisons of Y(1S) and J/y R, ,

PLB 738 (2014) 361
ALICE-PUBLIC-2014-001
Pb-Pb @ 2.76 TeV

1.4 1.4
mﬁ ALICE: Pb-Pb \s,, =276TeV,L =69 ub’ 25<y <4 u:ﬁ " ALICE: Pb-Pb | Sy =276 TeV, L, =69 ub”, 0-90%
12 e Inclusive T(1S), p.> 0 1 oL e Inclusive T(1S), p.> 0
m Inclusive J/y, 0 < p. < 8 GeV/c (arXiv:1311.0214) E m Inclusive J/y, 0 < P, < 8 GeVic (arXiv:1311.0214)

L] 3 e LA 1_— """""""""""""""""""""""""""""""""""""
0.8f 0.8
0.6 0.6( H':I IEI E|
0.4 :— 0.4 | EI |I|
0.2 :— * 0.2 [ IE |E|

B o - J | —— I - L1 ] - - l Ll L1 I Ll 1 1 ] - — l Ll 1 L :
00 50 100 150 200 250 300 350 OIlJlLJllll]llJl.J.lLlllJIJJLJ.]I.]I[JIJ!

24 26 28 3 32 34 36 38 4

N oar! y

Inclusive Y(1S) showing more suppression in rapidity and centralit

Not a straight forward interpretation due to important contributions ¢
regeneration of J/Y and feed-down from higher mass states for Y



Comparisons of Y (1S) R, , with Dynamical model

PLB 738 (2014) 361
ALICE-PUBLIC-2014-001
Pb-Pb @ 2.76 TeV

<1.4

- Pb-Pb\s,, =2.76 TeV, inclusive T(1S), pT >0
1.2~ e ALICE: L, =69 ub’, 0-90% (open: reflected)
m CMS: L =150 ub”, 0-100% (PRL 109 (2012) 222301)

o ALICE: Pb-Pb |5, = 2.76 TeV, L,,, = 69 ub’*

Inclusive Y(1S),25 < y < 4, p,> 0

LI

A R S RS SS SN ETEerSeSsssssessecascccmccsccscssssscssssessasas

-
-

~ L]
.

N
L
“aa,
L .
-----
------
_____________
-------

o

- - -
- -
-
- i
- " ~
- .
- -~
- ~ -
- \ -
- -~
| -
~ L
. -
~
- -
-

M. Strickland, arXiv:1207.5327

!

M. Strickland arXiv-1207.5327  —HH—{H-

IIItIII|III|III|I

Boost- t plat G fil
:?E?m:;%?%an PR %usmn Em h % 0.2~ Boost-invariant plateau = =4mn/s = 3« 41n/s = 2==4nry/s = 1
_43;3 =1 | —4§$§ | | | | } Gauslsian prcllfile L 4|1tnfs = 5; 4::11.r’s| =2— 4|nn,fs = ‘}
1 1 ' 1 1 'l 1 | i 'l i i 'l i i 'l 1 i O 1 - 1 1 Il 1 11 1 1 1 1 1 1 1 1 11 11 | 1 1 1 1 1 11 1 1
00 50 100 1 50 200 250 300 350 -4 -3 -2 -1 0 1 2 3 4
N D y

part

Thermal suppression of bottomonium states :

Utilizes a potential model to determine the impact of QGP phase on '}
States and decay widths utilizing this potential is integrated over

the space-time evolution of QGP using anisotropic hydro formalism
Two temperature rapidity profiles: Boost invariant or Gaussian
Three tested shear viscosities

Feed down from higher mass states included
No Cold Nuclear Matter(CNM) effects included
=1 Does not also include recombination ettects

M. Strickl



Comparisons of Y (1S) R, , with Dynamical model

B. Krouppa, R. Ryblewski & M. Strickland
ArXiv:1507.03951, Phys. Rev. C 92, 061901(R)

PLB 738 (2014) 361

ALICE-PUBLIC-2014-001

Pb-Pb @ 2.76 TeV

-
-
-
]

_______ I 0.8

0.6

m CMS: L =150 ub, 0-100% (PRL 109 (2012) 222301)

............................

S =1 o "' Pb-Pb\s,, =276 TeV, inclusive Y(1S), p, > 0
-------- AmgfS = 2 Viann =276 TeV 1.2~ e ALICE: L, =69 ub™', 0-90% (open: reflected}
osl | T~ 4mn/S = 3 0 — 100% “b
. ® ¥(ls), CMS Preliminary 0 < pr < 40 GeV -
O Y(1s), ALICE 1 1 et e e ne e
O ¥ (2s), CMS Preliminary - L

'|
"
------
- .
-‘

0.4

II|III|I
’
¥
»
+
»
*

0.2

M. Strickland arXiv-1207.5327  —HH—{H-

Boost-invariant plateau = =4nn/s = 3« 4nn/s = 2==4n1)/s = 1
Gaussian profile --4nn/s =3 4nn/s =2—4an/s =1
| L L I 1 1 1 1 I 1 il 1 L I 1 1 1 1 1 'l I Il L 1 1 I 1 1 1 1 | Il L L L I

o
AFTT]

Thermal suppression of bottomonium states (new calcu
Compared to earlier predictions the model shows milder trend and cle
Change in centrality averaging where previously a flat probability dis
Three tested shear viscosities

Feed down from higher mass states included

No Cold Nuclear Matter(CNM) effects included

Does not also include recombination effects

Debasish Das (SINP
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Comparisons of Y(1S) R, , with Transport model (l)

PLB 738 (2014) 361
ALICE-PUBLIC-2014-001
Pb-Pb @ 2.76 TeV

1.4 . :
C e ALICE: Pb-Pb |5, = 2.76 TeV, L, = 69 ub" & [ PO-Pb Sy =276 TeV, inclusive T(1S), p, >0
C P NN " {2F e ALICE: L, =69 ub", 0-90% (open: reflected)
s Inclusive Y(1S), 2.5 <y <4,p >0 [ m CMS: L, = 150 ub”, 0-100% (PRL 109 (2012) 222301)
PP —— 1:—- --------------------------------------------------------------------------
- A. Emerick et al., EPJ Ad8 (2012) 72 - A.Emerick et al., EPJ A48 (2012) 72
- [ Total 7] Primordial -- Regenerated 0.8 - [ Total Primordial - - - Regenerated
— 0.6
__ 0-4 % - . ‘ /
- 0.2
T o el e Rt ettt e e el 0; ------- | |------| ----- | | il i

E 00 1 50 200 250 300 350

)

(N

part

Transport model [ A. Emerick et al., EPJ A 48 (2012) 72 ]

Suppression of primordial resonances by the QGP

Suppression and regeneration mechanism implemented using a rate eq
Spatio temporal evolution tuned according to recent LHC results
Small regeneration component included

Feed down from higher mass states included

CNM included via an “effective” o_ _ with values at 0 and 2 mb

lerestimated by this transport model

13 Debasish Das (SINP



Comparisons of Y'(1S) R, , with Transport model (ll)

PLB 738 (2014) 361
ALICE-PUBLIC-2014-001
Pb-Pb @ 2.76 TeV

141 140 — —
& F e ALCE PbP {Spy =276 TeV, L, =69 pb! o | POPb 5 =276 TeV, inclusive 1(1S). p, >0
19F o 1 2 e ALICE: L, =69 ub™, 0-90% (open: reflected)
- Inclusive Y(15), 2.5<y <4.p >0 L = CMS: L, = 150 ub™, 0-100% (PRL 109 (2012) 222301)
- K. Zhou et al, PRC 89 (2014) 054911 E K Zhou etal. PRC 89 (2014) 054911
D'BZ_ — Total —initial -- Regenerated D'B:_ —Total —Primordial  -=-- Regenerated
0.6 0.6
0.4F 0.4
0.2F n.z:—@ | @
- mwdomra=mto==gmmpyo=m g m =P T D;" erts==cf 19570 | [ ryoa=" CrTs== =~ r1a-l
DU 50 100 150 200 250 300 350 -4 -3 2 1 0 1 2 3 4

(N
Transport model [ K.Zhou et. al. ArXiv : 1401.5845 ,
PRC89 (2014) 054911 and private communication|
Similar approach as before but also using potential model results
quantitatively
Small regeneration component included
Feed down from higher mass states included

CNM included using the EKS98 shadowing parameterization  Different rapidity behaviour ---
What role do CNM effects play?

MS mid-rapidity point but
E results at forward rapidity

Debasish Das (SINP



Y(1S), Y(2S) in p-Pb & Pb-p collisions @ 5.02 TeV

PLB 740 (2015) 105
p-Pb @ 5.02 TeV

& y N g
S = ALICE p-Pb {s,, =5.02 TeV, L;;=5.8 nb S ALICE p-Pb {s,=5.02 TeV, L,,=5.0nb
= 60 - 446<y  <-2.96,p >0 - 203<y_ <353,p >0
= | «2ndf = 1.00 = 100 J2indf = 1.15
o o
o - o
= 401 =
A 2
5 5
> > 50
L L i
: N
—t Omm-ululﬁ-!-fwl
8 85 9 95 10 105 11 115 12 8 85 9 95 10 105 11 115 12

m,. (GeV/c? m,. (GeV/c?)

2.03<y _<3.53)

It



Production cross-sections and ratios

PLB 740 (2015) 105
p-Pb @ 5.02 TeV

-
PN .S .SPFEL A E-X FaVa s Vs X Fa¥Va AN L VaValal «WaWa a

IOTE y 3w B i DS, ALIGE p-Pb | s, = 5.02 TeV, inclusive Y(1S)-u'w, p_ > 0
= Ly (-446<y_ <-296)=58nb", L, (203<y <353 =5.0nb"
GY(IS) (_4.46 <ycms<_2.96) =557 +0.72 (Stat) + 0.60(s o Correlated uncertainties: 1.6%

6"'¥ (2.03 <y_ <3.53) = 8.45 + 0.94 (stat) = 0.77(syst) pk
6" (-4.46 <y <-2.96) = 1.85 £ 0.61 (stat) + 0.32(syst) pb
¢"® (2.03 <y_ <3.53)=2.97 +0.82 (stat) £ 0.50(syst) pb

Rapidity integrated cross-section ratios of Y(2S)/ Y(1S):
o07

(-4.46 <y <-2.96) : 0.26 £ 0.09(stat) = 0.04(syst) 5 E T : *NDE:
cms 06 I 28 = M)

( 2.03 S 3.53):0.27 £ 0. 08(stat) + 0. 04(syst) osE |4 I

0.4
UFO L1115

0.3 TEITAs)

:a:!."I\'DF: 16.1."].1

(T 25+3s))/T (1s)

0.2
T(3sVT(1ls)

0.1
E] 155 + CI 032 :I: [:J.(I-‘SS
0.138 £ 0.010 T0.015 [ (32 I
015 0,121 0.008 £0.020 ' -

[ATCAS W | p+p | p Tp ~an0 ' 010 0.02- 107 10* 10°

2.0< 5 .256 £ 0.005 [0.12 0.381 = 0.006 s (GeV)
W.Zha et. al.,ArXiv:1308.4720 Debasish Das (SINP) W.Zha et. al.,ArXiv:1308.4720




p-p cross-sections @ 5.02 TeV

ALICE-PUBLIC-2014-002
p-Pb @ 5.02 TeV

- No experimental data exist for pp at 5.0:
- Using energy interpolation at forward rapidit

--LHCb measurements of Y(1S) at 2.76, 7 and 8 TeV

--Several functional forms used
--Of which some are also based on pQCD FONLL calculat1

Thus interpolated cross-sections used are :
do""¥/dy (2.0 <y <3.5,5.02 TeV) x BF(u'pw) = 967 + 76 pb
de""¥/dy (3.0 <y <4.5, 5.02 TeV) x BE(u'p) = 513 = 58 pb

|
N
o
A

s
A
W
(&)

30<y<45
%

e LHCD pp collision data
LO-CEM MRSTO01 M= m,/2

——— FONLL central
Power law

1000 e LHCb pp collision data

LO-CEM MRSTO1 we= m,/2

= FONLL central
Power law

BF do/dy (pb

800

600

400

200

(03]

o

o
III|III|III|III‘III|IIIIIIIIIII|I

8 9
Vs (TeV)

-
-
-

7 8 9
Vs (TeV)



Forward to Backward ratio (R_))

PLB 740 (2015) 105
p-Pb @ 5.02 TeV

R_ calculated from production cross-section rati

-- Hence it does not depend on ¢ ppY“S)

— But needs to be restricted in the common rapidity

p-Pb | s = 5.02 TeV, inclusive Y (1 S)—utu
296 <y, |<3.53, P, > 0

ALICE

EPS09 at NLO (Vogt)

Eloss (Arleo et al.)
Eloss
Eloss + EPS09

EPS09 at LO
(Ferreiro et al.)

ALICE p-Pb {5y = 5.02 TeV
@ Inclusive Y(1S)—u'u, P10
= Inclusive Jiy—p’, p. > 0 (JHEP 02 (2014) 073)

Shadowing
EMC

All models describe the data within the present uncertainties of the

18 Debasish Das (SINP)



Y(1S) nuclear modification factor in p-Pb

PLB 740 (2015) 105
p-Pb @ 5.02 TeV

Inclusive Y(1 S) R ALICE p-Pb | 5, = 5.02 TeV
pPb ' Ly (-446<y_ <-2.96)=58nb", L, (203<y _<3.53)=50nb"
A
R ., of Y(1S) show no S R of Y(IS) show
suppression (0.86) suppression (2.75)

at backward rapidity ' ity

Uncertainties as :

* Bars : Statistical

* Open boxes : Systematic

* Full box : Correlated
systematic

? RpPb of Y(1S) and J/y are
similar at forward rapidity.

® |Inclusive Y (1S)—u™y, p; > 0

® Inclusive J/y—p'u, p; > 0

@ At backward rapidity Rpr

of Y(1S) is slightly smaller

than J/y but consistent
within uncertainties.

Under the assumption of a 2—1 production process the sampled Bj
Backward(anti-shadowing region): 1.2:107% <x <5.3:10 (J/yp)
Forward(shadowing region): °<x<8.1:107 (J/y)

19 Debasish Das (SINP)



Rpr comparisons : LHCb and ALICE

p-Pb \s,,, = 5.02 TeV, inclusive T(1S)-u"w

v ALICE

LHCb

Comparison with LHCb Rpr of Y(1S) :

— Both experiments show compatible measurements
— Rppb systematically higher for LHCb than ALICE

Debasish Das (SINP

ALICE-PUBLIC-2014-002
LHCb-CONF-2014-003
p-Pb @ 5.02 TeV

al p-Pb |[s),, = 5.02 TeV, inclusive T(1S)—u'y
- v ALICE
= m LHCb
e - _"“““““E“““m-
_I IIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIII
- 1 0 1 2 3 4
yCITIS



Model comparisons with Rppb of Y(1IS)[I]

PLB 740 (2015) 105
p-Pb @ 5.02 TeV

Arleo et al. [JHEP 1303 (2013) 122]
— Model has a contribution from coherent parton
energy loss
— With or Without shadowing (EPS09) calcuations
— Forward: Better agreement with ELoss and
shadowing
— Backward: Better agreement with ELoss only

Vogt [arXiv:1301.3395]
— NLO CEM calculation
— EPS09 shadowing parameterization at NLO used
— Fair agreement with measured Rpr within

uncertainties dominated by EPS09 parameterizations
— But slight overestimation

ALICE p-Pb | s = 5.02 TeV, inclusive T(18)-p 'y, p, >0
Liy(-446 <y <-296)=58nb", L, (203<y_ <353)=50nb"

o

-l
- -
Y
CLidd
-
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Model comparisons with Rpr of Y(1S) [ II ]

PLB 740 (2015) 105
p-Pb @ 5.02 TeV

Ferreiro et al. [EPJC 73 (2013) 2427]
— A 2—2 production model at LO
— EPS09 shadowing parameterization used at LO
— Reasonable agreement with the measured Rpr

— The red band shows the uncertainity in the EMC
region 1.e at high Bjorken-x

— Although slightly overestimates it in the
anti-shadowing region

CGC(Fuji et. al. ArXiv:1304.2221)
— CGC framework coupled with CEM
— Slightly underestimating in forward rapidity

ALICE p-Pb | sy = 5.02 TeV, inclusive Y(1S)—u"y, p_ >0
Liy(446<y <-296)=58nb", L, (203<y <8353 =>50nb"

CGC (Fuijii et al, arXiv:1304.2221)

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

22 Debasish Das (SINP)




Results @ p-p 7 TeV

EPJC 74 (2014) 2974
p-p @ 7 TeV

— Y'(]_S) and Y(ZS) ylelds measured in pp @ 7 Te pp \s = 7 TeV, inclusive Y(1S), 2.5<y<4

— Y cross-section vs P, and rapidity , | @m

— Results in good agreement for Y{(1S) and Y{(2S) 8 e
with LHCb results [EPJ C 72 (2012) 2025] —
— Fraction of inclusive Y(1S) coming from Y{2S) S ALIC R L= 3-35(p5 506 o
—v— LHCb, L, = 25 pb™ + 3.5% e
decays : f "® = 0.90 + 0.027(stat) £0.005(syst) £ Systematic uncertainty

BR syst. unc. not shown

ppis=7TeV,L, =1.35pb"

O<pT<1ZGeV/c 2indf = 1.2

Ny =380%40
my = 9464 + 15 MeV/c?
oy =145+ 19 MeV/c®

Ny =101£20
28

—e— Y(1S)ALICE,L =1.35pb™'+ 5% -mT(2S) ALICE
—¥— T(1S) LHCb, L "= 25 pb '+ 3.5% —~ 1(2S) LHCb
—+—Y(18) CMS, L "= 36 pb'+4%  —+ T(2S) CMS
— Systematic uncertainty

BR syst. unc. not shown

!

HiH HiH
BT e Sy

S
=
o
=
o
S
—
L
o
o
2]
2
c
>
3]
o

https://aliceinfo.cern.ch/ArtSubmission/node/189
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Comparisons with Models : p-p 7 TeV

EPJC 74 (2014) 2974
p-p @ 7 TeV

NN T
Pp1s=7TeV } [ Scaled direct Y(1S) CS@LO pp\s=7TeV
2.5<y<4, L;,,;=1.35pb" £ 5% —e— ALICE, inclusive Y(1S) 2.5<y<4, L;,=1.35 pb'1 5%
[ Systematic uncertainty
BR syst. unc. not shown

pp \s=7TeV ¥ _|*,_

L, =1.35pb"+5%

T

Scaled CSM direct Y(1S)
Lo

[ INLO
[ INNLO® [ Inclusive Y(1S) CS+CO@NLO

i El éLI?E, ir;_clusiver}’(jtS) "' —e— ALICE, inclusive Y(1S)
ystematic uncertainty [ Systematic uncertainty
BR syst. unc. not shown BR syst. unc. not shown

10 12 5
A : 4 10 12
P, (GeVie) P, (GeV/c)

Color Singlet Model [NPA470 (2013) 910]

)
=
>
0]
e
e
&
~
i)
Q
)
©
oy
©

Non-Relativistic QCD (NRQCD)
[PRD84 (2011) 114001, PRD85 (2012) 114003 ]
-- Theory overestimates the data

-- Smaller disagreement at high p_

— Calculations for LO and NLO
* Qualitative features like data for low p_and rapidity dependence

* Underestimates the data at high p_

— Also the leading-p_ NNLO contributions Y(2S) -to-Y(1S) ratio in good

* Better agreement at high p_, but with large uncertainties ‘agreement with CSM and NRQCD
‘approach[Mod. Phys. Lett. A 28, 1350120 (2013)]
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Results @ P-pP 8 TeV submitted to EPJC

p-p @ 8 TeV

o, LN L L L L L L B
S 10° ALICEpp (s=8TeV,L_=123pb’ —
2 0<p_<12 GeVie w2ndf =11 ]
8 e 2 5<y<4 NT{IS): 460 +40 ]
E My s, = 9482 14 MeV/ic®
gl i i a Gy = 132 = 14 MeVie® ]
Y(1S), Y(ZS), Y(3S) yields I.ne.asured inpp @ 8 TeV 2 | R |
— Y cross-section vs p_and rapidity 3 N5, = 48 23 E
— Results compared with LHCb results i §
[JHEP 1511 (2015) 103] - 7

10 =

B

m_|||||

_— IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII ||||||| Ly L L L IIIII
€ 0o LALICE +1(1S) #1(25) +T(3S), L =123 pb" £5% ] T T L
— 100 it M, (GeVic)
3 [LHCb +Y(1S) *1(2S) +7(3S),L_=2f"+12% | "
% 80 [ [ ]Systematic uncertainty BR syst. unc. not shown ]

L _ = L I I E L B

- %@ m$ . g pp Vs = B TeV, inclusive T(1S), 2.5<y<4

r T [4}] 1[] F -

| — Q.‘ o _'-'$'.'_ 3

B 5, I

- g pp (=8 TeV @ . > ™ —--

- —=C=

i O<p_=12 GeV/c I = e

[ == == T == == = 1L |

I~ o r ]

g -+ 3 |

i —a— ALICE, Lim =123pb £5%

—= LHCb,L_=2fb"+12%
[ ] Systematic uncertainty
BR syst. unc. not shown
1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
4 5] 8 10 12
P (GeV/c)

https://aliceinfo.cern.ch/ArtSubmission/node/1827
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Summary and Outlook

e production of inclusive Data taking and analysis goals for 2015
forward rapidity has been measured

at Vs =7 TeV and 8 TeV [ also Y(3S)] (subt pp@13 TeV
* The production of inclusive Y(1S) in Pb-Pb (very preliminary statistics)

collisions at \/SNN = 2.76 TeV shows

, - RUN II : ~1500 Y(1S) [for two major periods]
-- Strong suppression of Y(1S) at forward rapidity

than at central rapidity. However new CMS data Ob-Pb in RUN II
show more compatibility with ALICE in rapidity
-- Available models do not reproduce the strong 02 TeV Energy
rapidity dependence of the R = and underestimate h respect to 2011
the measured suppression at forward rapidity
* What role do CNM effects play? esults show
The production of inclusive Y(1S) and Y(2S) in Y(s)
p-Pb collisions at \/SNN = 5.02 TeV which shows Bl
— A suppression of Y(1S) at the forward rapidity lity bins with smaller stat uncertainty

(small-x region); Similar R as for Jy citing if an betterment in Y(2S) signal

— No indication, within uncertainties, of different
CNM effects on Y{(2S) with respect to Y(1S) co.cern.ch/event//353424

acts discussed in DQ meeting and QM poster]
Quark Matter-2014 [ALICE]: https://indico.cern.ch/event/21943 [D.Das]
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https://indico.cern.ch/event//353424

Perspectives of Run-II : p-Pb

@ 5 TeV (L =~ RUN T — x 2 stat)

pPh ¢ 2.08=pCM<3 53 « 85 107> =¥ [18)= 248 10

Pbp: -4.46<yCM<-2.96 : 3.65 1072 < xY(1S)< 1.63 10!

2. pPb @ 8 TeV (L;; ~ RUN I — x 2 stat)
pPb : 2.03<yCM<3.53 : 3.46 10~° < xY(1S)< 1.55 10~
Pbp: -4.46<yCM<-2.96 : 2.28 1072 < xY(1S)< 1.02 101
— 8 TeV x-Bjorken closer to the PbPb (cold effect)
— Reop of excited states
— pp ref at 8 TeV make the Rop measurement of T(1S) and T(2S) ready to be

published....

3. In favor to 8 TeV

lindico.cern.ch/event//353424
yrospects discussed in DQ meeting ]
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Systematics inpp @ 7 TeV

EPJC 74 (2014) 2974
p-p @ 7 TeV

Source Centrality Rapidity [ntegrated
Signal extraction 5 6% (1) 5-10% (II) 5%

[nput EMC distributions 4% (1) 5-7% (1) 4%
Tracking efficiency 1[]% (I 9-11% (I1) 10%
Trigger efficiency ( ) % (11 2%
Matching efficiency (1) % (11 1%

(Tan) 3 4% (1) 3% (1) 3%

Nng 4% (1) % (1) 4%

BRy (15)— 1= X Oy (1s) 4% (1) 4-7% (1) 4% (1) 4%
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Systematics in p-Pb @ 5.02 TeV

PLB 740 (2015) 105
p-Pb @ 5.02 TeV

Source Backward rapidity Forward rapidity
Signal extraction: Y(15) 5%-6% () 4%-6% (1)
Signal extraction: T (2S) 12% (1) 12% (II)
[nput MC parameterization: Y'(1S5) 2%-5% (II) 4%-6% (1)
[nput MC parameterization: 1(25) 5% (1) 5% (1)
Tracking efficiency 6% (II) 4% (II)
Trigger efficiency 2% (11 2% (1II)
Matching efficiency 1% (11) 1% (1)
TSy .
opp  (interpolation) 11%-13% (1) 7%-12% (1I)
Z (correlated) 1.6% (I) 1.6% (1)

£ (uncorrelated) 3.1% (I 3.4% (1)
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Systematics in Pb-Pb @ 2.76 TeV

PLB 738 (2014) 361

ALICE-PUBLIC-2014-001
Pb-Pb @ 2.76 TeV

Source Centrality Rapidity [ntegrated
Signal extraction 5-6% (1) 5-10% (1I) 5%

[nput EMC distributions 4% (1) 5-7% (II) 4%
Tracking efficiency 10% (I) 9-11% (1) 10%
Trigger efficiency 2% (I) % (1) 2%
Matching efficiency (1) % (11 1%

(Tan) 3 4% (11) % (1) 3%

Nz 4% (1) % (1) 4%

BRy (15—t - X O7ss) 4% (1) 4-7% (11) 4% (1) 4%
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