Bottomonia in CMS

in pp, pPb and PbPb collisions

Emilien Chapon
Laboratoire Leprince-Ringuet, Ecole polytechnique, Palaiseau

Heavy ion meeting, January 26", 2016
IPNO, Orsay

European Research Council

Established by the Eurapean Commission



uarkonia in heavy ion collisions

Sarah Szabo

Quarkonia as good probes of the medium evolution.

Two families (charmonia, bottomonia), several excited states: importance
of quark mass, binding energy and size?

pp collisions: production mechanism “in vacuum”

pA collisions: cold nuclear matter effects

@ AA collisions: quark gluon plasma
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Bottomonia

Why study bottomonia?

@ Three states with similar production rate but different binding energy
@ Higher mass than charmonia: better acceptance in CMS (down to 0 pr)
@ No non-prompt component

o Very high melting temperature for T(15)
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Feed-down contribution to bottomonia production

Y(1S) from all
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Muons in the CMS experiment

Silicon A

7
ECAL
)‘ml Electromagnetic
HCAL - Hadron Superconducting

i

Iron return yoke interspersed
Transverse slice

@ Muon reconstruction: silicon tracker + muon sub-detectors

o Tracker pr resolution: 1-2% up to pr ~ 100 GeV/c.
o Excellent pr resolution.

@ separation of quarkonium states

m o displaced tracks for heavy-flavour measurements
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© T inpPb
9 T polarisation vs multiplicity in pp
© 7T in PbPb



Outline

~ T
o _ ]

S1000F pyt j<103 CMS pPb |[5,, = 5.02 TeV ]

C ot 1

o [ p'>acevic L=31nb" 4

812000 1

S1200f 1

21000 b

e ]

w L 4

80of- 4 daa 1

[ — total fit b

600 ------ background ]

© TinpPb : ]
400 4

200 P

Covvn v b benn i b b Lol
G7 8 9 10 11 12 13 14

My (Gevic’)

e of by



Double ratio

PRL 109 (2012) 222301

T(nS)

[T(IS) PbPb _ prpb(T(nS))

[T(HS)} Reupb(T(1S))
o Double ratio cancels initial state TAS) | op

effects for excited ground states
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http://prl.aps.org/abstract/PRL/v109/i22/e222301

T in pPb

Double ratio 3

JHEP 04 (2014) 103
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http://link.springer.com/article/10.1007%2FJHEP04(2014)103

T in pPb

Single ratio of nS/1S in pp and pPb ]

JHEP 04 (2014) 103

@ T(nS)/T(1S) ratios fall with
event activity
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http://link.springer.com/article/10.1007%2FJHEP04(2014)103

T in pPb

Single ratio of nS/1S in pp and pPb ]

JHEP 04 (2014) 103
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http://link.springer.com/article/10.1007%2FJHEP04(2014)103
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Quarkonium production

The non-relativistic QCD approach (factorisation):

possibly colored “pre-resonance” QQ pair red quarkonium (H)
of any possible 2S*1L , quantum numbers

anti

red

2) non-perturbative evolution
to the observed bound state
1) perturbative phase Quantum numbers change!

c(A+B - H+X)=0(A+B = ([QQ] + X)® P([QQ] — H)

o Different long distance matrix elements .
(LDMEs) — different polarisations. L s

E o Multiplicity dependence? LA =
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T polarisation vs multi in pp

Upsilon polarisation vs multiplicity in
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN15003

Outline
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T in PbPb

Previous analyses ‘
PRL 109 (2012) 222301
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@ T(nS) are suppressed in PbPb - CMS 0-100% |

e 12 PbPb\ sy = 2.76 TeV ]

collisions C ]

@ Stronger suppression for excited |

states is observed ol TSyl <24), 95% upper limit

+ Y(2S)(lyl <24)

@ Ordered with assumed binding * Y(S) (] <24)
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http://prl.aps.org/abstract/PRL/v109/i22/e222301

T in PbPb

Signal extraction

CMS-PAS-HIN-15-001
Different single muon cuts for different states:

e T(1S): pi* > 3.5GeV, pi? > 4GeV
o T(25,35): piy"? > 4GeV

pp 5.4 pb* Vs=2.76 TeV PbPb 166 ub™ Sy = 2.76 TeV
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN15001

T in PbPb

Analysis procedure and systematic uncertainties

CMS-PAS-HIN-15-001

o Raw vyields corrected for acceptance x efficiency
@ Results given for |y(T)| < 2.4, 0 < p7(T) < 20 GeV.

o Efficiency correction from simulation, corrected for data-MC differences
using a tag and probe method.

Systematic uncertainty Magnitude corr.
Signal extraction < 28% no
Acceptance x efficiency ~ 2.5% (pp), ~ 8.2% (PbPb) no
Tag and probe: ulD, trigger 0.4% - 17% no
Tag and probe: inner tracking 3.4% (pp), 10% (PbPb) yes
pp luminosity 3.7% yes
Min. bias (PbPb norm.) 3% yes
Overlap function Tpp 6.2% yes (pT, y)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN15001

Cross sections in pp

CMS-PAS-HIN-15-001

@ Cross sections extracted for the three states.

@ Important input to production models.
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN15001

T in PbPb

Cross sections in PbPb ‘
CMS-PAS-HIN-15-001

@ First measurement of the kinematic dependence of T(2S) production in

AA.
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN15001

T in PbPb

Cross sections in PbPb

CMS-PAS-HIN-15-001

@ First measurement of the kinematic dependence of T(2S) production in
AA.

o Let's compare pp to AA: nuclear modification factors (Raa).

 PbPb 166 pb™ VS = 2.76 TeV PbPb 166 pb™ Sy = 2.76 TeV
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN15001

T in PbPb

Raa: pr dependence

CMS-PAS-HIN-15-001
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN15001

T in PbPb

Raa: pr dependence
CMS-PAS-HIN-15-001
Lop  Naa €pp

Rapa = —F———
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Raa(T(2S)) = 0.12 £ 0.03 £ 0.02
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the measured range.

=
HERENA
(]

0.2
E e T(1S) well described, some
00 tension for T(25)

EI pY (GeVvlc) LI/( Lj

E. Chapon LLR Bottomonia in CMS 26/01/2016 19 /23


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN15001

Raa: rapidity dependence

CMS-PAS-HIN-15-001
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN15001

: rapidity dependence

CMS-PAS-HIN-15-001
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN15001

Raa: rapidity dependence

PbPb 166 pb™ pp 5.4 pb™*

T in PbPb

\Syn = 2.76 TeV
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CMS-PAS-HIN-15-001

@ No significant y dependence over
the measured range

@ Similar 1S suppression in the
ALICE rapidity range

@ Good description in the model, at
mid-rapidity only
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Raa: centrality dependence

CMS-PAS-HIN-15-001
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T in PbPb

Raa: centrality dependence

CMS-PAS-HIN-15-001
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN15001

Raa: centrality dependence

CMS-PAS-HIN-15-001
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN15001

T in PbPb

Raa: centrality dependence

\Syn = 2.76 TeV
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CMS-PAS-HIN-15-001

o Strickland: thermal suppression in
QGP, satisfactory description

e TAMU: also includes CNM and
regeneration effects

o Regeneration dominates for
T(2S) in central events
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Summary

Comprehensive study of T production

on event activity

ASSOOEbP\bl(?GuPJ e, VBwz2TeTY in pp, pPb and PbPb collisions.

® E H MS ] . .

3 b i CMS o Larger suppression of excited T

8 3000r " Preliminary . H H

o E R, states in PbPb than in pPb, with
o r ent. 0%-100%

= 25005 <24 respect to pp

S 2000F > 3.5 Gevie o Different T(nS)/T(1S) depending
i [ pl*> 4.0 Gevic

1500 — total PbPb fit
+++ PbPb background @ No evidence for different
1000 == pp shape . .
(R, scaled) production mechanisms vs.

5008 multiplicity
) S Y E Y B @ Suppression in PbPb: stronger for
8 10 12 14 . .
m,., (Gevic?) excited states, stronger in central

events, flat in pr and y.

2015 PbPb data (y/swv = 5.02 TeV)

@ /syn dependence of T(1S) suppression?
@ How suppressed really are T(35)?
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Additional material



Quarkonium production

The non-relativistic QCD approach:

possibly colored “pre-resonance” QQ pair quarkonium (H)

red
of any possible 25*1L , quantum numbers b, P
\% k anti
= red
ey

2) non-perturbative evolution
L v J to the observed bound state
1) perturbative phase Quantum numbers change!

c(A+B = H+X)=0(A+B — ([QQ] + X) ® P([QQ] — H)

o o(A+ B — ([QQ] + X) (short-distance coefficients, SDCs): perturbative

o P(|QQ] — H) (long-distance matrix elements, LDMEs):
non-perturbative, dependent on the QQ quantum numbers (colour, spin,
orbital momentum), constant and universal

@ Are LDMEs really universal?

@ Dependence with charged particle multiplicity, pp vs pPb vs PbPb...? J




Quarkonium polarisation

@ The polarisation information is stored in the angular distribution of the
particle decay:

W (cos B, ¢|X) = 1+ Agcos® 0 4 Ay sin 6 cos 2¢ + Ay sin 26 cos ¢

@ The polarisation parameters (Ag, Ay, Aog) depend on the choice of
reference frame.

@ A frame-independent approach:




Event activity dependence for T(15)

_ _ _ JHEP 04 (2014) 103
Goal: measure self-normalised cross sections as a function of multiplicity.

Q :\ L ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTTTT ‘: Q Froor ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTT T[T T T T[T ITT[TT19
g 7= O pp {5 =276 TeV = S 7 oppis=276Tev 4
g - ] [ ]
g o ® pPb s, =5.02 TeV E > o ® pPb |y, = 5.02 TeV E
$ [ % PbPb s, =2.76 TeV ] $ [ % PbPb =2.76 TeV ]
> L ] S . e
s |))Ch;1“‘< 24 4 > o |)>Ch;1”< 24 4
aF v(15) T af v(1s) T
FYaso 1 g R
L Y09 L ' E L Dasy Pl I
E ] F - ‘;LF’ ]
£ Lk E A K ]
[ x ] E Py E
E P cMs E E o CcMS ]
L Iyl <193 T Iyl <1.98
QLeT® \Quh\u\uu\uuhm\uuhm\m’ ol s&'\‘Hw‘Hw‘HwHumumumumr
0 0.5 1 15 2 25 3 35 4 0 1 1.5 2 2.5 3 3.5 4
Inl<2.4,  [Inl<2.4 > >
N‘r']aCksl trr]acks total E!Ir']I 4/ EElnl ! mtal
Positive correlation in pp, small Unit slope in pp and pPb.

negative correlation in PbPb
(suppression).


http://link.springer.com/article/10.1007%2FJHEP04(2014)103

Rpa of T from other LHC experiments

1.4
12

P+Pb |5, =5.02 TeV.

ATLAS‘ Preliminar‘y

e

0.6
0.4
0.2

-
aa
=
o

4

$ATLAS, Y(1S), p, <40 GeV
#LHCb, Y(15), p, <15 GeV
4ALICE, Y(15), p, >0 GeV

-4 -2 0

|
N

<
*

PP

[Y(25+38)/Y(S)], [[Y(2S+38)/Y(1S)]

3]

5
LI

q—

V<12

T T T
ATLAS Preliminary
p+Pb |5, = 5.02 TeV
pp V5 =2.76 Tev

.

o

il
7

=}

|
25 30 35 40
p, [GeV]



Raw Raa (Strickland, 1507.03951)
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Feed down contributions (LHCb, EPJC 74 (2014) 3092
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