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New CMS HIN papers since QGP France '15

http://cms-results.web.cern.ch/cms-results/public-results/

publications/HIN/index.html
Heavy-lon Physics .
Runl |/psi

i i d ot i [ =
Suppression and azimuthal py of prompt roromst 3/% PoPb collsions at /A =276 | izt EJJC P

Observation of charge-dependent azimuthal correlations in pPb collisions and its implication for the search for the et R AT
ral magnetic effect
HIN-A3-005 Measurement of inclusive jet cross sections in pp and PbPb collisions at \/aay = 2.76 TeV Submitted to PRC 17 Septener
HINAS.01 rse momentum for quenched jets in PbPb collisions at /&M =276 TeV Submitted to JHEP DEGoEs
HIN-AG010 Evidence for collectivity in pp collisions at the LHC Submitted to PLB 20 June 2018
HIN-12.008 Coherent J /4 photoproduction in ultra-peripheral PbPb collisions at /sxx = 2.76 TeV with the CMS experiment Submitted to PLB. 23 May 2018
HINAS.006 Multiplicity and rapicity dependence of strange hadron production in pp. pPb, and PbPb collisions at the LHC Submitted to PLB 22 May 2018
HINA4.008 Pseudorapicity dependence of long-range two-particle correlations in pPb collisions at /Fxay =5.02 TeV. Submitted to PRC 18 April 2016
HINA5.003 T (uS) polarizations versus particle multiplicity in pp collisions at v/ =7 TeV PLB 701 2018) 31 9 March 2018

Measurement of inclusive jet production and nuclear modifications in pPb collisions at /sy = 5.02 TeV. EPJC 76 (2016) 372 8 January 2018

HINALO1E Correlations between jets and charged particles in PbPb and pp collisions at /sy = 2.76 TeV JHEP 02 2016) 156 1 January 2016

Study of Z boson production in pPb collisions at /SNy = 5.02 TeV. PLB 750 (2016) 36 2 Denerzw:‘eg

Hit18007 Transverse mometum spectra of b jets in pPb collisions 3t /&Y = 5.02 T8V PL8 754 2010) 50 12 october
HIN-12010 Measurement of transverse momentum relative to dijet systems in PbPb and pp collisions at /sy = 2.76 TeV. JHEP 01 (2018) 008 e Sevle-;;‘eg

+ (in the next month): Runl T Raa (Nicolas F.’s thesis), Run2 1 double ratict
(-
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New CMS HIN preliminary results since QGP France '15

Heavy-lon Physics

CMS.PAS.HINA6.008 Strong suppression of T excited states in PbPb collisions at /7 = 5.02 TeV September 2018
CS-PAS-HINAG.014 Study of B* meson production in pp and PbPb collisions at /i = 5.02 TeV using exclusive hadronic decays September 2018
Relative modification of prompt ¥(2S) and J/4 yields from pp to PbPb collisions at /&N = 5.02 TeV R un 2 p S i ( 2 S ) September 2018
PAS-HIN-16:002 Study of solated-photonsjet correlations in PbPb and pp collisions at /W = 5.02 TeV. September 2018
CMS-PAS-HINA6.00; D° meson wn harmonics in PbPb collisions at 5.02 TeV September 2018
CHS-HIN-A3.005 Measurement of inclusive jet cross sections in pp and PbPb collisions at \/#f = 2.76 TeV i ERE 17 September
Fansuerse mamertum blance of bt pair in pp and PoPo calisions e = sz RUN 2 Cli- bj ets  wane
CMS-PAS-HIN-16003 Dijet pseudorapicity in pp and pPb collsions at /¥ = 5.02 TeV with the CMS detector July 2018
PAS-HINA6.008 Splitting function in pp and PbPb collisions at y/aW¥ = 5.02 TeV July 2018
HIN-16-001 D° meson nuclear modification factor in PbPb collisions at /& = 5.02 TeV June 2018
CHS-PAS-HINAS.014 High-pr track va harmenics in PbPb collisions 2t 5.02 TeV. Nay 2018
HINAS013 Study of Z+jet correlations in PbPb and pp callisions at /&Y = 5.02 TeV May 2018
HINAS.015 Measurement of the charged particle nuclear modification factor in PbPb collisions at /3F¥ = 5.02 TeV. May 2018
HIN-AE-010 Observation of particle-species dependence and collectivity in azimuthal correlations of pp collisions at the LHC Submitted May 2018
S-HIN-15.008 Multplicity and rapicity dependence of strange hadron spectra in pp, pPb, and PbPb collisions at LHC energies Submitted October 2015
HiNA Aeimuthal anisotropy harmonics from long-range correlations in high multiplicity pp collisions at v/3 =7 TeV October 2015
HINAL014 y p of transverse energy PPb collisions at /&N = 5.02 TeV September 2015
HINAS.012 Charmitagged jet production in pPb collisions at 5.02 TeV and pp collisions at 276 TeV. September 2015
CMS-PAS-HINAS.011 y for quenched jets in PbPb versus pp collisions at \/aa = 2.76 TeV Submitted to JHEP September 2015
HIN-15-008 Differential flow harmonic t, in pPb and PbPb collisions September 2015
-HIN-15-005 Nuclear modification factor of prompt D®in PbPb collisions at /Gy = 2.76 TeV. September 2015 I/L
HINAS010 Principal componert analysis of two-particle azimuthal correlations in PbPb and pPb collisions at CHS September 20157
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Heavy-ion datasets

Year | System | \/swy [TeV] | Luminosity (CMS) | Lumi. xA®
2010 | PbPb 2.76 7pb7! 303nb~?
2011 pp 2.76 230nb~? 230nb~!
2011 | PbPb 2.76 150 pb~? 6.5pb~?
2013 pPb 5.02 30nb~ T 6.2pb~ !
2013 pp 2.76 5pb~t 5pb!
2015 pp 5.02 28pb~T 28pb~T
2015 | PbPb 5.02 550 pub~? 24pb~!
2016 | pPb 5.02 ~0 ~0
2016 pPb 8 ~ 100nb~1? ~20pb~1?

e Equivalent yield of Ny scaled hard probes

between PbPb and corresponding pp

reference.

e 20x more PbPb data in 2011 than 2010.

@u ~ (3 = 5)x more data in 2015.

E. Chapon LLR
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Very successful heavy ion run at 5 TeV
Recorded luminosity

pp 28 pb’!
PbPb 550 ub’!




Very successful heavy ion run at 5 TeV
Recorded luminosity

- pp 28 pb!

Larger luminosity —— PbPb 550 ,le'l

_ross section for hard
probes is larger

Increased
¢ statistics to
4

study rare




Very successful heavy ion run at 5 TeV
Reference for Recorded luminosity

2013 pPb data at ———  pp 28 pb'
same sy PbPb 550 ub'

: Verify the
+ sconclusions
.\ from pPb




Triggering in PbPb

Level 1
Heavy ion specific
e Jets with UE subtraction:
large statistics of low pr jets
but reasonable bandwidth
e Centrality: comparable
statistics for peripheral and
central events

HLT

e Global track reconstruction

e Online reconstruction of rare
probes
o b-jets, high pt tracks, D
mesons...

=Y
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Outline

@ nPDF

@ Light flavour

© Hidden heavy flavour: quarkonia
@ Heavy flavour
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Dijets and EWK bosons in pPb

(//4— > \ Tdijet = (,,71 + 7]2)/2 ~05 |og(x1/xz) CMS-PAS-HIN-16-003
';’gj’ VSu=5.02TeV pp 25.8 pb™' pPb 35 nb™!
VS =5.02TeV pp25.8pb’ CMS |
T " [ et tey Preliminary
0 - Egpr Uncer gpgﬁminanf 3 ' 0.02¢
A e MMHT14 . g o
8| 3 b CT14 - .. E ém i 0
= L%oa - - e n'z
" 250'2 3 - o g —0.02F N
0.1F - - ] 07— EPSH « pPb _ [w= E(FD"?ESQ15
' 5 75<p}<95GeV ol =il , | = Dsszfen
I I N T S e e oyt g
. I ‘ " Anti-shadowing Niier
Shadowing
Dijets in pPb (NEW) W and Z bosons
Update using the 5 TeV pp reference e Quark nPDFs
e Disagreement between pp ref. and NLO e Asymmetries
g e Sensitivity to shadowing, anti-shadowing (forward-backward, lepton 1
and EMC regions charge)
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Light flavour

Light flavour

Light flavour
Higher and higher pr

¢ Do quenching effects sustain at very high pr?

e Suppression, path length dependence and inner structure modifications

Boson-jet studies

e What is the absolute Ej.ss and how does it occur?

e What are the characteristics of the medium?

LU
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Light flavour

Charged hadrons suppression

CMS-PAS-HIN-15-015

e 16 25.8 pb (5.02 TeV pp) + 404 b (5.02 TeV PbPL) 16 25.8 pb’' (5.02 TeV pp) + 404 ub ™' (5.02 TeV PbPb)
L cMms [[& ] cmMs 5.02 Tev F evms III CMS 5.02 TeV
145 protminar CMS 2.76 TeV 14 profimin o CMS 2768 TeV
r Frel ¥ [ ¥ T ATLAS 2.76 TeV
12 10F ALICE 2.76 TeV
F Ty and lumi. uncertainty | F T, and lumi. uncertainty
k i< { | F Ini<1
b3 _ " [ I
o 08 .@@f I + ‘ 0.8]
L L e g r
0.6p* . |L¥J ! 0.6
04 o |9 ‘ D4ﬁ -
F L i
0.2f .2f % *
[ 70-90% L 0-5%
oty ‘5 o =
P, (GeV) p, (Gev)

e Energy loss at high pr

e Rising trend as a function of pt up to 400 GeV — approaching 1
o Center of mass energy dependence

o Slightly larger Ejoss — higher T and density

LU
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Light flavour

Charged hadrons vs jets at high pt

CMS-PAS-HIN-15-015, arXiv:1609.05383

2.76 and 5 TeV charged hadrons 2.76 TeV jets

15 25.8 pb™' (5.02 TeV pp) + 404 ub™ (5.02 TeV PbPb)

Tt CcMS %] cms s.02 Tev CMS pp 5.43 pb™ + PbPb 168 b (2.76 TeV)

145 prei o CMS 2.76 Tev R
| Preliminary v ATLAS 2.76 TeV antikjets, bl <2 o

195 ALICE 2.76 TeV 13- *R=02 4 R=03 ¥ R=04
E T, @nd lumi. uncertainty Y

ini<i
& 08} < 0F

0_5: o 0.6

0.4 ) 0.4

02— w 03’
C 0-5%

| | ' L

150 200
Jet P, [GeVic]

10
p; (GeV)

e Charged hadrons at high pr — hard fragmenting high pr jets

o Center of mass energy is different but change is expected to be small
e High pr tracks are less suppressed than jets

LU
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Light flavour

Charged hadrons: flow coefficients

CMS-PAS-HIN-15-014

e 1420 GeV

e’/ CMS Preliminary  PbPb 5.02 TeV
0-5% 20 - 30% oMs '
@ @ oy s 010-Pbeﬁ=502TeV [# 4
Cd y
o v {sP) @ ()
3 - DvP(ﬂ) tl ‘
%: * v > =L 2
Aﬁ-o—--%----é - 00-&-*&----&-— 005f Dé A
O 54 (B

hgh

26 46 6-‘6 8‘0 2(‘) 4;) 6(’) Bb 14<p <20 GeV/c
P, (GeVic) P (GeVic) i AL 5ts
low
Together with Raa provides additional constraints *2

on models \

¢ Low pr 1-1.25 GeV

e v3 has little centrality dependence

e High pr e Low and high pr correlation
e non-zero v up to 60 GeV — path length e What is the origin of high
dependence of Ejss pT v27?

L4 V3:0—>?

LU
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Light flavour

Splitting function: inner jet structure

CMS-PAS-HIN-16-006

““Fraction of energy carried by the low pt subjet

e Jets with two subjects that are well separated in angle z, = __bPT2
o ARp > 0.1 — wide jets pritpr2

pr2 << pr. 9| CM;-PreIiminan/ — pT2 ~ P
8| =
4 == *-pp 3
£ PYTHIAG

%I _gm 6 “-PYTHIAS o
“I = 5 A HERWIGH
S +* 3
3 E
== 3
: il o

1

9

01020304
Most jets fall below / 4

the 0.1 threshold

LU
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Light flavour

e Jets with two subjects that are well separated in angle

Z,

CMS-PAS-HIN-16-006

PT,2

= Pr2
o AR > 0.1 — wide jets pTitpT2

PbPb/pp

1.8F cMs So=502Tev = ' o a0z w01
0' I 0% 1.6E Preliminary ﬁs.ﬁ pe’ 3 i;ﬂiﬁ‘: Be0z,,=01 E

: PLPD 404 b 3 "
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g 17 L+ ER *%“‘-IF ]

low prjet & FrERp R + = -+— *{ high prjet
g os —-— = ]
0.6F — ¥ E
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E. Chapon LLR

More imbalanced subjets in PbPb

CMS Overview
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Light flavour

Jet-track correlations: pr differential jet shapes

arXiv:1609.02466

[ os<p<1Ger [ 2<p<acev [ 4<pi'<8Gev
[Ji1spt<2gev [ 3=p"<4Gev [N o''>5Gev

A, jetshape .
pp53pb' (276 TeV)  PbPb 166 ub (276 Tev) . o026V
5 pp reference PbPb cent. 0-30%
=10 CMS

Subleading Jets

10" "_,_.——F‘_—\—._._
L)

0.6 [0.8 )2 04 06 O
: 02 04,06 08

0 02 04

S(AnA¢) / ME(AnAG)

A

Intermediate prjet shapesis Large angle excess
Sensitive to broadening of soft particles
Derived from 2D correlations functions in An A¢
e Simultaneous info of fragmentation functions and jet shapes

-
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Light flavour

Boson-jet: absolute Ej,ss and more

Absolute Ejoss

e Parton pr and ¢ before quenching

Parton flavour
e More quark jets

PYTHIA6 22 Truth _ gyon

121 dijet ps* > 30 GeVim roavy quark

d S
ijet 3
i
£
. o i .
Z—] et o (Bov) y-jet
PYTHIAG 22 Tulh _ g0 PYTHIAG 22 Tulh _ gy00
12 Zjetp? > 30 GeV  gm pmarmverk 12 yjetp] >30 Gev gmpon ek

Fraction of jets

Fraction of jets

04

et (Bev) et Bv)

Varying virtuality

e 7 mass makes virtuality higher

"EPYTHIA 6 22 Truth
Cp?">30, pt" > 30 Gev
— 7-jet

Ly

10"

Ty
Ll

— Z-jet

T

Event fraction
sl 40wl

T
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Light flavour

Z-jet

i
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Boson-jet: transverse momentum imbalance

CMS-PAS-HIN-15-013, CMS-PAS-HIN-16-002

photon-jet
S =5.02 TeV PbPb 404 ub™, pp 25.8 pb™
11 ey

A e e e ey
F CMS [s1PbPb E
9 Preliminary ~ [©]pp (smeared) 3
0-30% 3
o anti-k; JetR=0.3
" p“‘ >30 GeVic 7
Jet -
\n \<16:
° A >7—_:
w8
= ]
) ; o
:.‘mH‘m‘w....mummm.h‘.‘z
50 60 70 80 90 100 110 12

p;(GeV/c)

0

e Similar energy loss by jet recoiling against Zs and photons

e Also measured: azimuthal correlations

CMS Overview
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Quarkonia

Quarkonia

Hidden heavy flavou

x10° PbPb 351 ub™ (5.02 TeV)
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+ PbPb data
— PbPb fit
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Hidden heavy flavour: quarkonia

) at 2.76 TeV: Raa and v,

arXiv:1610.00613

- = CMS VS = 2.76 TeV CMS PbPb s, = 2.76 TeV
e/ U LA MM A AR A e A 0.25 T
o 1.4; Prompt Jg ] r Nonprompt Jy Cent. 10-60% 1
1_2} 6.5< pT <30 GeVic 7 0_2} 7
r lyl<2.4 J P +l6<lyl<24 «|y|<24 1
T 1 0.15F 1
0-8}+ \ = oL 1
06 a, ] 0.1~ ]
L o 1 [ ]
0.4F = — r ]
; "aow ] 0.051- J 3
0.2F j [ T ]
:\u\\uuMu\\uu\uu\uu\uu\uu: G\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 50 100 150 200 250 300 350 400 0 5 10 15 20 25 30
Noart P, (GeVic)

e Final J/ results from Runl
¢ Raa of prompt and nonprompt J/i
e v, of prompt and nonprompt J/ip (first time!)

@ See Javier's talk I/L
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Hidden heavy flavour: quarkonia

Charmonia at 5.02 TeV

Zm e CMS-PAS-HIN-16-004
(//E;R ‘) PbPb 351 b, pp 25.8 pb™ (5.02 TeV)
7 8 [T
§ 14w |y|<16,0-100% CMS
o C P 7
a\ 1o[-® 16<ly|<24,0-100% Preliminary
o L ]
=~ L Prompt only 4
2 1 .
=~ I 95% C.L. 1
£ o8- I ] [M]
5 I I ] Y4 lpoep _ Raa(1(25))
5 06 ] (25) RAA(J/’l/J)
n r ] b P
o 04 .
2 ]
0.2 -
Lol b b bl
o0 20 25 30

P, (GeV/c)

e Double ratio < 1 in all bins: 1(2S) more suppressed than J/i)
e 95% C.L. upper limits when no significant 1(2S) in PbPb

e No significant pr dependence

See André’s talk _ I/L
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Hidden heavy flavour: quarkonia

Bottomonia at 5.02 TeV

CMS-PAS-HIN-16-008

A 7 PbPb 351/464 pb™, pp 25.8 pb™ (5.02 TeV)

g L[ e -
= [ pH<30Gevic 1 ]
2 14 <24 .C.MS T 3
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s [ p;>4Gevic 1 ]
ﬁ 1.2 J9s% CL ] 7
8 1:‘ 70-100% B! E
é 60-70% 7
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¥ 04 * os%t 4
= T4
g o2 + 4
= O b b o b b o LT b
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part

o Excited state more suppressed than the ground state

e Stronger difference in central events

See Abdulla’s talk
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Heavy flavour

Heavy flavour

Heavy flavour
Can we see the dead cone effect?

o As pr gets larger, effect gets smaller

e At low pr, contribution from other effects, e.g. radial flow

Coalescence

e Is D meson v» enhanced?

LU
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Heavy flavour

Di-b-jet vs inclusive flavour dijets

CMS-PAS-HIN-16-005

2058 (3.02 TeV o
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— no significant difference in the imbalance of dijets for heavy flavour and LI/(L
inclusive flavour
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Heavy flavour

Di-b-jet vs inclusive flavour dijets

CMS-PAS-HIN-16-005
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See Yetkin's talk
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Heavy flavour

D® meson suppression

CMS-PAS-HIN-16-001

W1 K

Primary vertex Secondary vertex cjet
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e Same level of suppression as charged hadrons
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Heavy flavour

D° meson flow coefficients
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Up to1A40 GeV

e Low pr differences
e Mass ordering
o Agreement at high pr
e No sign of difference in path length dependence of Ejy for inclusive flavour
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Heavy flavour

B* meson suppression (BT — JAyK™)

CMS-PAS-HIN-16-011
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First ever measurement of fully reconstructed B meson in PbPb
e Strong suppression of 7-50 GeV B mesons
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Heavy flavour

Comparison to inclusive flavour

CMS-PAS-HIN-15-015, CMS-PAS-HIN-16-001, CMS-PAS-HIN-15-011,
PRL 113 (2014) 132301, arXiv:1609.05383, arXiv:1610.00613

High pr Low pr
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No significant separation within systematic har
uncertainties Separation at low pr?
e B mesons are sensitive to lower pt b quarks e B— Ji
than b jets e Not clear which effects
e What is the effect of gluon splitting? are dominating
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Summary
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e nPDF
o Update pPb dijets with the 5 TeV pp reference

o Light flavour

o Observables calculable from first principles

e Quenching of “special” jets (V-jets, jets with two subjets)
e Heavy flavour

o No significant sign of flavour dependence at high pt
e Quarkonia

e Sequential suppression of bottomonia and high pr charmonia as usual?
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