Recent results from CMS Heavy lons

Nicolas Filipovic

ELTE-Budapest
On behalf of the CMS Collaboration




foreword

The CMS Heavy lon Group in 2015/2016 was busy:

Recording new 5 TeV PbPb + pp data
Excellent run preparation and operation
Wrapping-up Run 1 analyses (pp, pPb, PbPb)

Plenty of Run 2 data coming out in papers

Z->pp event in a PbPb collision

s ©° Today: CMS-HI results from Run 1
& Run 2

* Selected results in correlations,
heavy flavor/quarkonia and jets!

Teaser for next week's
HardProbes2016!
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Collectivity
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Collectivity In pp collisions ?

CMS-PAS-HIN-16-010
arXiv:1606.06198

h* - h* The 'ridge": correlation between particles that
are produced far away from each other

CMS pp \s =13 TeV
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* + First observed in AA collisions, then in pA & pp

* |n pp: study the dynamics of the initial stage
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Collectivity In pp collisions

CMS-PAS-HIN-16-010
arXiv:1606.06198

+ From the 2D distributions, extract background from low-multiplicity events:
— 1D correlation function for light/strange hadrons
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+ Analysis of the correlation shape versus multiplicity:
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Correlations in PbPb

CMS-PAS-HIN-15-014

« v, and first v, measurement up to p. ~100 GeV in PbPb at 5.02 TeV
« Consistent with no triangular flow above p_ > 30 GeV
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« Note: in comparison, v,(pp) < 0.1, v,(pPb) < 0.2 ~ v (peripheral PbPb)
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v,and R,, in PbPb

« Fourier harmonics of charged particles yields vs p_: address azimuthal anisotropy in

PbPb collisions

o Clear complementarity to R, ,, the nuclear modification factor:

25.8 pb™' (5.02 TeV pp) + 404 pb™ (5.02 TeV PbPb)
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« At high-p_, charged hadron production « Charged hadrons are less suppressed
is more isotropic - R,, rises

— decreasing elliptic fFlow
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heavy flavour + quarkonia
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0
D meson R, ,

CMS-PAS-HIN-16-001

Y
Lpp  Npypp  €pp

Raa = . [
TaalNas NY,  eroro Heavy q.uarl.<s formed prior to
thermalisation of the medium
25.8 pb™! (5.02 TeV pp) + 404 ub' (5.02 TeV PbPb) R RAA +V, necessary to get real
4 43_ CMS L= |Ry D’ insight on heavy quark energy
r Preliminary —*— R,, charged hadrons lOSS

— —_—. l. 0-80%
1'2: Taa and lumi. a0 etal. 0-80%

[ | M. Djordjevic * D, B, Should be less suppressed
than light quarks and gluons

< F lity 0-100%

rfco_g_— [C;:le:lt:a ity 0-100% ++_+_

o I g . R,,(D? compatible with charged
0.6~ 2 hadrons within uncertainties
0.4 :

B - But, R,, also contains nuclear
0-2:— absorption, shadowing...
_II | | I II| | N I|
¢ ] 10 102 - So, what about thev,?
P, (GeV/c)
... Stay tuned!

Nicolas Filipovic 9 LHC days in Split 2016



J/Y in PbPb

CMS-PAS-HIN-12-014
, , CMS-PAS-HIN-12-001
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P(2S) in PbPb

PRL 113 (2014) 262
« Sequential melting: excited states suppressed more than ground states
- R, (W(2S))/R,, (J/w) <1 (double ratio)

« Run 1 riddle: charmonium double ratio > 1, at low p_, in CMS ?!
— Larger luminosity in 2015 PbPb @ 5 TeV ... wait and see!
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Bottomonia in pp, PbPb

. . . . CMS-PAS-HIN-15-001
* Upsilon family: ideal probe for deconfinement T fre27571
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CMS-PAS-HIN-15-013
Jet quenching: jet goes through the medium and loses energy...

* What happens to the jet in a dense medium?
— Energy loss at the parton level
— Modification of fragmentation function
— Flavour/mass dependence of parton energy loss?

Jet
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Boson-jet in PbPb @ 5 TeV

CMS-PAS-HIN-15-013

.« > Zjetp imbalance in PbPb:
Xjz = LZ energy loss of the initial parton + quenching
PT quark-jet dominated measurement
+ VS = 5.02 TeV PbPb 404 ub™, pp 25.8 pb” ] Sy = 502 TeV PbPb 404 ub™, pp 25.8 pb”
.IIII|IIII|IIII|IIII|IIII|IIII|IIII|III|: :IIII|IIII|IIIIIIII|IIII|IIII|IIII|III|:
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\ {].3:— E [1.4:— * .
0-752— + —i U-Sf—{:: 70 <M'< 11GGeWcE_§
=5 3 antik; JetR=0.3 J
n'?g ] 0'2: plet > 30 GeVic, I’ < 1.6 3
i 0.65F- i 0.1 86, > fr =
SRR e e
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« Jet energy loss increases * Probability of jet associated to Z is lower
with the p_(Z) in PbPb at all p.(2)

» Jets lose energy and fall under the

- e selection threshold _ ,
..Staytunedfor photon-jet studies! 15 LHC days in Split 2016



b-jet pairs in PbPb

CMS-PAS-HIN-16-005
— Flavour dependence of jet energy loss

» Select b-tagged back-to-back jets: probe b-quark pair creation

 Compare to the p_-imbalance of inclusive di-jet events

25.8 pb™ (5.02 TeV pp} + 4{]4 j.Lb (5.02 TeV Pbe} 25.8 pb (5 UE TeV pp} + 4{!4 j.Lb (5.02 TeV PbPb)
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* More data will place more constraints on flavour and mass depedence
* CMS can also do c-jet tagging!
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Jet-track correlations

CMS-PAS-HIN-14-016
What is the QGP response to the hard parton process?
— Compare: charged particle eta-distributions with respect to leading
and subleading jet PbPb

e Gkl prie ot d PbPb 166 ub' (2.76 TeV) CMS
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* Large fraction of jet energy radiated out ol 6f ;
of leading jeF cone (large eta and.phi.) Sk :
* Further modification on sub-leading jet £ | -
o - i

(see paper or backup) > RN
ﬂﬁ.: pbuual | 1 I_=

Nicolas Filipovic 17 A



Dijet energy imbalance decomposition

CMS-HIN-15-011

» Jet substructure and large angle radiation: Sub to JHEP & arXiv
Where did the energy go ? Gy pmmageom
S R g
A, inclusive Subleading jet shape
pp 5.3 pb™ (2.76 TeV) PbPb 166 ub (2.76 TeV)
§ pp reference PbPb cent. 0-30%
< ok CMS
1
-1 . .
10 Jet momentum density profile:
10 ; i .
VR 'of.iﬂ: CEEE -6'_ R « Excess of low p_ particles out of jet
r . .
B o551 oy .5 '‘cone’, in both leading and
[ 1<p< 2Gov Tt subleading hemispheres
] 2<pMc3Gev §£ 42
B s<pic4Gov &%  Higher imbalance due to quenching
RO A SEPCE o o o - higher excess on the subleading
- py> 8GeV e 'et Side
=== Total p"> 0.5 GeV g . | . . J
I, J¢ 24 02 04,06 0.8

 Low-p_ tracks in jet peaks seem to

-'=’1I'Itkl~i12|::fI Gﬂ\f M ;; ge‘-f . only account for partial
p_ > e p > \ an} redistribution of energy
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» Healthy and wealthy heavy ion program running in CMS!
Not a full review of PbPb 2015 run (results coming out soon)

« Some hot questions hanging:
— small systems (pp, pPb): why do particles seem to flow?
— light vs heavy flavour: flavour and/or path dependence of energy loss?
Or else?
— quarkonia: interplay between suppression, regeneration, nuclear
effects ...?
— jets, di-jets: fragmentation, jet substructure, what have we learned?

* CMS recorded pp and PbPb data in Dec 2015 at 5 TeV to address these
questions!

» Will take 5 and 8 TeV pPb data this November

... a recurring thought: stay tuned!

Thanks For your attention!
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Splitting functions in PbPb and pp (6 TeV)
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Jet-removal technique In pp ridge

* In pp, the away-side is dominated by jets (fragment and thus contribute to the particle
yield)

CMS pp 1s=13 TeV
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Energy flow in pPb

. o CMS-PAS-HIN-14-014
* Large Et produced in pPb collisions at 5.02
TeV
» ~ peripheral PbPb collisions at 2.76 TeV
» Eta shifted to the Pb side
* Centrality dependence different than
generators and stronger on the Pb-going side
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Collectivity In pp collisions

CMS pp \s =13 TeV
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Inclusive-jet R, ,

CMS-HIN-13-005
* Quantitative measure of jet quenching
* Centrality-dependent, weakly pT-dependent
* Independent of anti-kT jet distance parameter
8 pp 5. 43 pb + Pbe 166 ub (2 76 TeV) R
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Jet-track correlations
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Jet-track correlations

Subtracting pp jet shape
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charmonia in pPb
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Energy loss contributions in balanced jets
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Integrated momentum balance

Long range asymmetry |An|<2.5
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(Sub)-leading jet-track p. modifications in PbPb
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