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Bottomonlum at CMS
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: The CI\/IS IS an |deal experlment to reconstruct Y(nS) states (bb) in their decays into p+p-
Large detector acceptance for muons |n|<2.4

Very good dimuon resolution let sets apart the 3 Y(nS) states

Many high precision results produced in pp collisions CMS 2.7 b (13 TeV)
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Bottomonlum in Heavy Ion Colllsmns

Y(nS) productlon is an ideal probe for studylng the PRV RERERERERE IR R T ——
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IN bottomonium w.r.t. charmonium

Y(nS) as a probe of QGP temperature
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450 MeV Y(1S)
Rich programme at LHC . (1P)
PbPb and pPb collision at different energies (5.02 and 2.76 TeV) 240 Mev [ J/V(1S)
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pp runs at the same nucleon-nucleon energy of Heavy lons runs




Observables and definitions for PbPb studies
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Double Ratio of excited to ground state
- Cancellation of efficiency and acceptance
corrections

| Nuclear Modification Factor
-+ Absolute modification from pp to AA

P
: Centrality Centrality ~0% |
.+ Degree of overlap between the two Heavy lons Nuclei High <Npart>
- From 0% (largest overlap) to 100% (peripheral collisions)
<Npart> e_. 1

- Average Number of participating nucleons Large Centrality >90%

- Quantification of centrality Low <Npart> *

KObtained with a Glauber model MC simulation




Y(nS) |n colllsmns at 5 02 TeV
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+ Raw yields in the pty- channel
- Clear absolute suppression from the raw yields of Y(1S), Y(2S) and Y(3S) in PoPb
 No visible peak of Y(3S) in PbPb collisions with given statistics



Raa Y(NS) vs Centrality at 5.02 TeV
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- Nuclear modlflcatlon as a functlon of

centrality for all 3 states

1 - Suppression of Y(1S) and Y(2S) have

similar downward trend towards
smaller centrality

1. Y(3S) strongly suppressed

- Sequential melting (integrated results):

Raa Y(1S) = 0.376 + 0.013 + 0.035
RaaY(2S) =0.117 + 0.022 = 0.019
Raa Y(3S) = 0.022 + 0.038 + 0.016



Raa (nS) vs Predictions at 5.02 TeV
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Results overlaps within the theoretical and experimental uncertainties



RAA Y(nS) Comparlson at 2. 76 and 5 02 TeV
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Suppression is expected to be larger for higher QGP temperatures

Raa at two different collision energies can provide information on the medium temperature
- Indication of larger suppression at 5.02 TeV for the Y(1S)
Still compatible within uncertainties ]
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Y(ZS) Double Ratlo vS. Centrallty
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Double Ratio in pPb Collisions
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PbPb 5.02 TeV

0.83+0.05 +£0.05 0.71+£0.08 +0.09

0.308 + 0.55 = 0.019 <0.26 at 95% CL
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Y(25)/Y(1S)

Y(3S)/1Y(1S)

Double Ratios are smaller than unity in pPb ....

.... but much higher than what measured in PbPb at 2.76 and 5.02 TeV
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RAA Y(nS) VS pr and Rapldlty at 5 02 TeV
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Event Act|V|ty dependence In pp, pr and Pbe
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Excited-to-ground-states ratios found to decrease with increasing Event Activity

Unexpected dependence in pp and pPb with Multiplicity!
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Summary

CMS has a W|de program for Y(nS) productlon in pp, pr and Pbe CO||ISIOn

> 0.5

In PbPb collision:; %o.45‘
. Suppression is dependent on centrality. = 04
0.35F

- Suppression is independent of Y(nS) kinematics 0_35
In pT and ‘y‘ 0.252

- With exception of the Y(1S) vs. ptin 5.02 TeV 0.2
where a small increase is observed. 0.15¢

- Sequential melting picture consistent among 0251

different collision energies.

In small systems:

CMS

L pp\Syy =276 TeV  pPb\s,, =
C Oy, <193

1 |
5.02 TeV PbPb\s,, =2.76 TeV

® |y |<1.93 w y,,,l <24
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10

10

n|<2.4

tracks

Unexpected reduction of excited states over ground state observed for increasing

event activity both in pp and pPb
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Cross Sections vs pr
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Cross Sections vs |y|
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Y(1 S) polarlzatlon VS Nch ln pp colllsmns
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Event activity dependence of Y(nS) production: self-normalised ratios
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Multiplicity dependence of Single Ratios in pp at 7 TeV
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