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Heavy lon highlights from CMS

2015+16: 13 TeV p+p 2015:5TeV pp & Pb+Pb  2016:5 & 8 TeV p+Pb

Asymmetric dijet in Pb+Pb

High multiplieity
p+Pb at 8 TeV

e Gluon distribution function in Pb

« Azimuthal anisotropy in p+p, p+Pb and Pb+Pb

« Charge separation signals from p+Pb and Chiral Magnetic Effects
« Parton flavor and shower dependence of energy loss

« Suppression of quarkonium states in a hotter and denser medium

All exciting new results with LHC Run |l data!
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Nuclear Parton Distribution Function

Anti-shadowing
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In d+Au
0.2

Shadowing
T TN TR—
X EMC
Different Interpretation of d+Au pion Data
* EPS09 & nCTEQ15: gluon (anti-)shadowing ,
* DSSZ: modified parton-to-pion fragmentation « Limited knowledge in the
(and nol/little PDF modification) x>0.3 (EMC) region
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Gluon PDF In the Pb nucleus

Dijet average n Q2 ~ 20000
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Evidence of nuclear modification
of gluon PDF at x~8x107°

arXiv: 1605.06966

e Submitted to PLB
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* Inconsistent with DSSZ
* Evidence of gluon anti-shadowing and
modification in the EMC region x>0.3

EPJC 74 (2014) 2951

CMS-PAS-HIN-16-003
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Initial — final state anisotropy

Initial State Anisotropy (€,) Final State Anisotropy (v,)

Hydrodynamics

qu does the initial state How does that translate
anisotropy fluctuate? to final state anisotropy?
(1) v, event-by-event fluctuation

(2) Linear (mainly from €_) and non-linear contribution (from lower
order) in v.: mixing coming from initial state geometry or at freeze-out

(3) Correlation strength between v, from small to large systems?
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Results: 5 TeV Pb+Pb

(1) Elliptic flow fluctuation (2) v,component for n=7
CMS Prelimmary Pbe 5 02 TeV CMS F’rehmma
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* Elliptic power: describes the data well « Significant fraction of v, is from non-
* Allows extraction of initial anisotropy and linear contributions of lower order

response coefficient harmonics g CMS. |
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Correlation between v,, v, and v,

Symmetric Cumulants
CMS Preliminary
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* Negative correlation between v, and v,
Normalized correlation of v, and v,: similar in

p+Pb and Pb+Pb = common origin of the
observed anisotropy?
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Positive correlation between v, and v,

Ordering observed: pp > pPb > PbPb
= different transport properties?




Chiral magnetic eff.: charge separation

For the same multiplicity:

COS 2\PB — 2‘PEP

Gabor Veres: Heavy lons at CMS

Magnetic field
from all the charges

Bp+Pb = BPb+Pb

arXiv: 1610.00263

Almost no correlation
between event plane and
the direction of B in p+PDh.
Strong correlation in Pb+Pb

y = (COS((pa + Pp — prc))

Ve
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arXiv: 1610.00263
Submitted to PRL

Pb+Pb and p+Pb with the same event

Charge Separation Signal Y

PbPb centrality(%)

x107° 65 55 45 35
| I I I
Sy =5.02 TeV CMS _
B ; SS 0OS 7
B e ® pPb, ¢ (Pb-going) 7
I [I] E] O O PbPb ]
i . i
hall m =5 § § o B
- Opposite Sign o v
I - i
p+Pb ¥ |
O —
O' ¢ Pb+Pb |
% g\g -
] 1 | 1 1 1 1 1 | | | |
3
10° Noffllne 10

trk

Y

multlpI|C|ty are similar..

Challenges CME
Interpretation!

0.01

Charge separation in p+Pb and Pb+Pb

Normalized v, difference vs.
charge asymmetry A,
CMS Preliminary

T T | T I T I | I I | I ]
185 < NOI'™ < 220 5 PbPb .
0.3< p, < 3.0 GeV/c
JAn| > 1

% pPb

PbPb "™ (v,) =0.108 £0.005
pPb r™™ (v,)=0.149 £ 0.008 -

Gabor Veres: Heavy lons at CMS

~0.05 0 0.05
Corrected A

Significant slope observed in p+Pb
Challenges CMW interpretation!

CMS-PAS-HIN-16-017

CMS, !
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Charged particle R, and R,, at 5 TeV

With high statistics p+p data at 5 TeV

27.4 pb” (pp) + 35 nb" (pPb) + 404 ub™! (PbPb) 5.02 Tev - 27.4 pb” (5.02 TeV pp) + 404 pb '(5.02 TeV PbPb)
T TTTT I T T T TTT II T T T TTTT | T T 1 . _I I | I I I T TTT I T I L L I i
" IR, [ T, uncertainty CMS T 1_4:_ CMS E
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« Charged particle R, possible anti-shadowing + Similar suppression in Pb+Pb at 5 TeV
and hadronization effects and 2.76 TeV

- R,, measured up to p,=400 GeV for the first time! ¢ Almost no suppression at very high p;

arXiv: 1611.01664
Gabor Veres: Heavy lons at CMS Submitted to JHEP 10

compared to p+p ref. g |
p p p MTA-ELTE CMS %
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Flavour dependence of energy loss

Pb+Pb 5.02 TeV b-dijet and inclusive dijet balance:
Xy = Pra/ Pra

350.68 ub' (5.02 TeV PbPb)

i Large double ratio if b-jets are less quenched
14 CMS * charged hadrons ly| < 1.0 £ 258pb" (5.02 TeV pp) + 404 ub™ (5.02 TeV PbPb)
A= .. 8p ; eV pp) + u : e
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arXiv: 1611.01664 part coll

B* CMS-PAS-HIN-16-011

Submitted to JHEP * Db-dijets are not more symmetric than dijets

* Similar b-jet and inclusive jet . lCMS
asymmetry &
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Flavour dependence of energy loss

PbPb 2.76, 5.02 TeV b-dijet and inclusive dijet balance:

X, = /
350.68 b (5.02 TeV PbPb) 3= Pr2/ Pra
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p; < 10 GeV between b — J/i and other particles
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arXiv: 1611.01664 part coll

B CMSPASHIN-I6011  submitted to JHEP * b-dijets are not more symmetric than dijets
I arxiv: 1610.00613 * Similar b-jet and inclusive jet CMS
Submitted to EPJC MTA-ELTE
asymmetry Lendiilet
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Heavy quark ,flow”

P, (GeV/c)

P, (GeV/c)

« Low p,;: D°v, and v,is significantly lower than that of charged particles
« High p;: D° v, = charged particle v,

Same parton energy loss picture

from high p;D° R,, and v, measurements gm CMS
Lendiilet
Gabor Veres: Heavy lons at CMS 13
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Boson-jet momentum ratio in Pb+PDb

arXiv: 1702.01060

PhOton'j et Z-] et Submitted to PRL
1 (S = 5.02 TeV PbPb 404 ub™, pp 27.4 pb”’ Vow=5.02Tev
lllllll l|illl[|"' ||||||||rrr]11|||||||||||||||||||||I|||
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« “Absolute energy loss” by comparing y/Z and jet p-

* First evidence of Z-jet momentum imbalance,
consistent with results from y-jet

CMS-PAS-HIN-16-002

g MTA-ELTE C M S
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Tracing the 'lost' energy

_ Jet-hadron correlation in p+p and Pb+Pb at 5 TeV
Jet axis

PP reference

PbPb Cent. 0-10%
_CMS Preliminary 0+ §

Pb+Pb

-

@ 0.7 < p**< 1 GeV

QGP : 1 < p_T_SSOCl< 2 GeV a
0 2<p™> <3 GeV = =
assoc. 4 V il
B 4 <07 <8 GeV 2 Qé\
B 8 - o< 12 GeV g 15 <
B 2<p < 16GeV 5 e oo oo o oo oo
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* Jet shapes and fragmentation functions in p+p and Pb+Pb collisions at 5 TeV
sitive to the possible medium response to hard probes and induced radiation

e
N letes CMS-PAS-HIN-16-020 wraare [CIMS
% \ Lendiilet
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Jet sub-structure

Does the jet suppression correlate with the shower shape?
It does, in the following scenarios:

When the prongs are Presence of extra emission  |f there are correlated
separated enough so that and/or modification of parton  packground particles with
they are seen by the QGP branching in the QGP the shower in the QGP

Let's measure the fluctuation of jet substructure!

MTA-ELTE C M S %
S Lendiilet
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Sub-jets: momentum sharing

One hard subjet Two hard subjets

Zg = small

Zg _ P2
Pr1t P12

 Quark and gluon Z distributions are very similar in p+p
« Jets with two hard subjets (large Z ) are “relatively”
more suppressed than jets with a single core (small Z)

— - QGP “could see”
4 EE/RW the parton shower!

e Gabor Veres: Heavy lons a
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Quarkonium suppression

1 _2 I I I | I I I | I I I | I I I | I I I | I I I
" PbPb |s,, =2.76 TeV CMS
- Cent. 0-100% ]
1_ Prompt charmonia |
- om Jy (arXiv:1610.00613) .
- p_€[6.5,30] GeV/c, |y| < 2.4, Cent. 0-5% .
0.8~ o w25 (PRL113,2014) -
i 0_€[6.5,30] GeVi/c, |y| < 1.6 i
< | Bottomodnia l
< 0.6 p_€[0,20] GeV/c, |y| < 2.4 |
o Y-Vl arxiv:1611.01510 1
% Y(15) B
L+ Y(29) - .
04 Y Y(3S) 95% C.L. Y(1S) _
i = |
0.2 ;v(ZS) Y/(3S) Y(2S) ]
i ] ] ] | ] ] | | ] ] ] | ] ] ] | ] ] ] |

Y 02 024 06 08 1 12

Binding energy [GeV]
At 5 TeV: what will be the results from a hotter and denser QGP?
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Inclusive Y suppression

Pb+Pb at 5 TeV
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8 9 10 11 12 13 14
_ V/c2 * Highest precision mea§urement
(GeVic') * Y sequential suppression at 5 TeV
 Still no sign of Y(3S) with high statistics data

< | (CERN CMS-PAS-HIN-16-023 wraere | CMS
4 \ Lendiilet
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Inclusive Y suppression

Y(1S) Pb+Pb at 2.76 and 5 TeV Pb+Pb at 5 TeV

PbPb 368/464 ub™, pp 28.0 pb™ (5.02 TeV) PbPb 368/464 ub™", pp 28.0 pb’ (5.02 TeV)

1217 p™<30Gevic CMS - 12 p; <30 GeV/c CMS + s
<24 Preliminary : - |y““| <24 Preliminary 1 i
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e 0-00%  ll " Krouppa, Sfickiand e ¥(i§) Wi
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m§ 0.6 o~ -= 4n n/s=3 1 (3S) 95% CL T N
0af el 1 TR -
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| I | L1 11 I L1 11 ‘ L1 1 | | L1 11 I | I | I L1 11 | L1 11 I | O ‘v 1 ]
00 50 100 150 200 250 300 350 400 0 0 100 150 200 250 300 350 400

O * o W 8

* Indication of larger suppression at5 TeV ¢ Highest precision measurement
* Consistent with predictions from a hotter ¢ Y sequential suppression at 5 TeV
and denser medium * Still no sign of Y(3S) with high statistics data

CMS-PAS-HIN-16-023 waere | CMS/ |
Lendiilet
arXiv: 1611.01510 i
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* Successful low pileup p+p & Pb+Pb run in 2015 & p+Pb run in 2016
* Take home message from CMS:

* Evidence of gluon (anti-)shadowing and EMC effects in Pb

* Similarity of collective phenomena in small and large systems

* Charge separation signal from p+Pb challenges pure CME and
CMW interpretations of the Pb+Pb data

* Precision measurement of absolute energy loss with boson-jet

* Parton flavor and shower dependence of energy loss

* Sequential suppression of Quarkonia

For all the details and links to papers, presenatations, please see:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN

200112016



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
http://qm2017.phy.uic.edu/

BACKUP
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VERY FORWARD
CALORIMETER

Total Waight

The CMS experiment

| CHYSTAL ECAL |

| MUON CHAMBERS | | INNER TRACKER |

: 14,500 t.

Overall diameter: 14.60 m
Overall length : 2160 m

Magnetic field

: 4 Tesla



The CMS Experiment

| | | |
0m Tm 2m am
Key:
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Electron

----- Photon

Silicon
Tracker

]|

Transverse slice
thraugh TS

Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron)

Electrormagnetic
Calorimeter

Hadron Supearconducting
Calorimeter Solenoid

Gabor Veres: Heavy lons at CMS

Iron return yoke intersparsed
with Muon chambers

24

DBy, CERN, Febricary 2004
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Heavy lon runs in CMS

e 2010: Pb+Pb at 2.76 TeV/nuleon pair, 7.3/ub

e« 2011: Pb+Pb at 2.76 TeV 165/ub
e 2013: p+p and p+Pb at 5 TeV 35/nb
e 2015: p+p and Pb+Pb at 5 TeV 464/ub

 2016: p+Pb at 5 and 8 TeV 185/nb

MTA-ELTE C M S %
Lendiilet
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Charmonium suppression

Pb+Pb at 2.76 and 5 TeV

o
o
o

o

R.p, P+Pb at 5 TeV

pPb 34.6 nb™, pp 28.0 pb™ Vs = 5.02 TeV
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JI¥Y and W(2S) difference increases as we move to
backward (lead-going) direction (higher dN_/dy)

PbPb 351 ub™, pp 28.0 pb™ (5.02 TeV)

part
229 /R

* Prompt Y(2S) is more suppressed than

J/W¥ from 5 TeV data

Can not be explained by nPDF or coherence

energy loss model

YR,

W in PbPb CMS-PAS-HIN-16-004
Y(2S) R,a CMS-PAS-HIN-16-015

* Final state effects from comoving
(local) medium?
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