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Introduction

Charm quarks produced in the primordial stages of the collision (~0.1 fm/c)

m >> typical medium temperatures - experience the medium full evolution

charm

Very good probe of initial state effects in both “Large” (PbPb) and “Small” (pp,
pPb) colliding systems

O Small systems: origin of observed collective effects?
O Large systems
= Understanding of energy loss and coalescence mechanisms

= Electromagnetic (EM) fields effects at initial stages?

o Av, between positive & negative electric charges



The CMS Detector

ECAL/HCAL

CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0m Pixel (100x150 ym) ~16m* ~66M channels Tra C ke r
Overall length :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field  :3.8T f

p——

SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

Hadron Forward
alorimeters

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Lead-lead (PbPb) Collisions




DO Reconstruction and Selection: 2018 Data

Minimum Bias events from PbPb collisions at 5.02 TeV

DO(tic) —» Km, BR = 3.88 + 0.05 %, ct(D% =122.9 um m fu (pointing angle)
DY Reconstruction

O Pairing oppositely charged tracks (no PID)

L Secondary vertex reconstruction SV (secondary vertex)
Prompt D° candidate selection o

O MVA Boosted Decision Tree (BDT) i’

" D°variables — N DCA from detector
o do/o(dy), &, SV probability resolution for prompt D° DCA®PV (primary vertex)

=  Tracks (Km)
o Distance of closest approach significance, error on p;, number of hits

Nonprompt (NP) D° contamination (from B hadron decay) as systematic uncertainty
O Estimate contribution using DCA variable (nonprompt D° enriched region for DCA > 0.012 cm)



Signal Extraction

Simultaneous fit on mass distribution and v, (Av, ) versus mass
O v, measured using Scalar Product (SP) method: correlates D° meson in tracker region with particles in HF

Phys. Lett. B 816, 136253 (2021)

x10° CMS ‘ PbPb 0.58 nb™" (5.02 TeV
L C bki
350 Cent. 20-70% ¢ Data 0.32- * FZ“‘“ ? sasbig
r—-06<y<0.0 - Fit 2 0.3F — Fitto v,
(\{) 30; 3.0< pT < 3.5 GeV/c S(minv) E’ 0.28 ;
é o5 0 gw(minv) ~o. 26|
0 oo - Bln) 0-24§ v3® = 0.199 + 0.006
% 15f 003 NV S|g+bkg
] S ol - 0.02F sig+bkg
S0 T T— £ 001 Fitto Av;
w ; % Y 0 E
- >-0.01F
5 L0020 w0
N ~0.031 Av,? =-0.002 +0.007
175 18 185 19 195 2 175 1.8 185 1.9 195 2
m,,, (GeV/c?) m,,, (GeV/c?)

O Mass fit: background (3™ order polynomial), signal (double Gaussian), swap (single Gaussian)
O v, background (linear function), Av, (background is canceled)




Flow Coefficients (v, & v;) as Functions of p;

Similar trends compared to

charged particles Phys. Lett. B 816, 136253 (2021)
cms o o e __PbPb0.58 nb™ (5.02 TeV)
. T pompioneByi<1  § Cocasionsrpomg DD |
v, : considerable dependence on ezt | o e i, i< PHSD . GUJET 3.0
centrality 0.2 b [TAMU SMCs
SV 0.15f "

0.1F

v; : small dependence on

0.05F

centrality of

0.12F

0.1F

Theory I
O Resonable qualitative description o.0sf

QO TAMU oosp

» Added event-by-event space-  f
momentum correlations ~0.02f

(SMCs) between charm quarks-o.osf

and the high-flow partons in 1 10 1 10 1 10
the QGP medium P, (GeVic) p. (GeVic) p, (GeVic)



Av,(D° — ﬁ) as Function of Rapidity

Electric field can generate non-zero Av,

. . . 0
O Currently, no theoretical predictions for D° mesons Phys. Lett. B 816, 136253 (2021)

CMS PbPb 0.58 nb™ (5.02 TeV

= Predictions for charged hadrons at LHC energies: 0.027 T | LS = | ?:)
|Av,|~0.001 [Phys. Rev. C 98, 055201 (2018)] 00151 Prompt D° — D° E

. C 4 20-70%, 2.0 8.0 GeV/ ]

= Expected bigger values for D [Phys. Rev. C 98, 055201 (2018)] 4 g¢F- + <Pr< evic E

' - — Average value .

0.005F =

- b ]

e > ol I 1 — -

Average value extracted with a fit to data < - - -
_ 0,005 Charged hadrons B

Q| Av5t = 0.001 + 0.001 (stat) + 0.003 (syst) TR .
-0.011~ -

Comparable to the values for charged hadrons 00151 AV2" =0.001%0.001 (stat) +0.003 (syst) 1
O Constrain medium properties: electric conductivity - -
_0.027 | I | | ‘ | | ‘ | | ‘ | | I | ]

0 0.5 1 1.5 2
Iyl



Event-by-Event (EbyE) Flow Fluctuations

EbyE fluctuations of heavy quark flow explored experimentally

non:flow

f

v,{2}2~(v)? + 8 + 02 (Scalar Product)  v,{4}*~(v)? — 62 (4-Particle Cumulants)

flow (EP) flow-fluctuations flow (EP) flow-fluctuations

v,{4}/v,{2} Consi-derin.g t-hat no.n.-flow effects are nggligible,
this ratio is sensitive to flow fluctuations

Q Scalar Product method use large eta gap = non-flow is
suppressed

Comparison of the ratio between charm and charged particles

1 Study of fluctuations from initial-state geometry and energy loss



DO v,{4} vs p;

Overa” V2{4} < V2{2} o CMS-PAS-HIN-20-001
CMS Preliminary e POPD 058 b (5,02 TeV)
v,{4}/v,{2} comparison 0% TEOE e Toa T L]
. . C 7::\ vat I | o zz{z}: Energy\/l IIoss ]
U 10-30%: consistent with charged °' % & o Enewy s
particles > o ;
- - hi itti i 0.05 E
 30-50%: hint of splitting of ratio oo | . ]
between D° and charged ST ST T T T TS
ticles at hich a2 e : Catlter ool
particies at nigh-py T S W Energyloss ]
* Energy loss fluctuation effects <4 ' = R T
> C I ]
become more significant? O T S s
2 4 6 8 10 12 14 2 4 6 8 10 12 14
. . GeV GeV
Theoretical calculations Py (GeV) Py (GeV)

(J Resonable qualitative description
DAB-MOD [Phys. Rev. C 102, 024906 (2020)]




D® v,{4} vs Centrality

v,{4} increasing and then declining:
explained by initial collision geometry

v,{4}/v,{2} comparison
U 10-40%: consistent with charged particles
1 More central and peripheral

* Hint of splitting between D° and charged
particles

= Energy loss fluctuation effects more visible
for DY mesons?

] Theoretical calculations

= Better description from Langevin dynamics
for 10-50%

= Larger deviation for 50-60%, but large

uncertainties
DAB-MOD [Phys. Rev. C 102, 024906 (2020)]

CMS Preliminary Pbe 0.58 nb™ (5.02 TeV

CMS-PAS-HIN-20-001

~

0.2

0.15

0.05

Prompt D’ +D IyI <1
—e— V,{2}

2.0<p_<8.0GeV
—o— V,{4} T

P
P

.
~o
0

Calculation for prompt D°

------ v,{2}, Langevin
v,{4}, Langevin
v,{2}, Energy Loss

v2{4} Energy Loss
P IR S NI RS S S S R \\\\\I\\

| —e— Charged particles

Calculatlon for prompt D |
— Energy loss i
—— Langevin —

S

—e— Prompt D°+F

-

10 20 30 40 50 60
Centrality (%)
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Proton-proton (pp) &
proton-lead (pPb) Collisions




V2 S i g n a I EXt ra Ct i O n Phys. Lett. B 813, 136036 (2021)

c™s __ PR11SpbI(13TeY)
. B offiine e Data
D% mesons selected using BDT A ey TR
.. i |ylab|L1 D°+D° signal
D Slmllar to Pbe N %E;ﬁ?’wap
\ |:|TC+TC_

Also considers D? — KK, mtm

----Combinatorial
10000

Events / 5 MeV

V, extracted from 2-particle
correlations

1 dealr Nassoc 3
= 1+ 2V, A cos(nA -
ND() dA(P 27T nZ::l nA ( (P) i 0_012;
RS 0.01:

Vv

Signal fraction [at(mi,y,)] from mass fit = oos

0.006 &

S+B . S B 175 18 185 19 195 2
VZK (minv) - O((rninv)VZ_A'l' [1 - O((rninv)]VzA(rninv) m_, (GeV)




Prompt D% v, in pp@13 TeV

After non-flow subtraction cns e 136;;61‘21025”@-1 3Ty
: : _ 0.15 ——r———————————5

{ Single particle v, from VZSA using Cly I<1 ® Prompt D
charged particles as reference [ o Kg ]
(0.3 < p;< 3.0 GeV/c) o1 8 *’i & % OAfA ]
[ & s oh :

[ ui

v, (D%) = V, 5 (D, ref /\/ " (ref, ref) o 005f fﬁﬁ) + d:+ i
ER j
Prompt D° v, slightly below Oﬁi) ......................................................................... ]
strange particles S }
Q Similarly to pPb ~0.05 N =100 —'

v, compatible with zero at S
high-p; p. (GeV)




CcMSs pPb 186nb™ (8.16 TeV)
———

10° T~
0 - - i G
NP DY: V, Signal Extractio | = o
2 '-E [ Prompt D°
o
S % - 3<|pTI<41GeV
M ] Vi < E
Measure V), for each DCA region s *
P
. . ©
(different nonprompt fraction
Linear fit
0 0.02 0.04 0.06 0.08
O Nonprompt DV, is the gxfrapolation to “fraction=1" DCA (em)
cwMs  PPb186NbT(B.16TeV)
cMs Phys. Lett. B 813, 236036 (2021)  ;pp 186 nb™ (8.16 TeV) - 185 < N < 250 * Data y
L L BN B> < I B B B I - 2<p <5GeV R
1 1 40000 Yo' <1 DE_J'D signal
[ 2<p <5GeV <N <250 T 5<p, <8GeV 1 . :\' DK&Swap |
T i 2 [ faca
0.01~ lylabl < E [ | F'|Combinatorial 7
» < :ij 20000
>N
0.005
0- 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 { 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 > 00087
0 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 1 r ]
Nonprompt D° fraction Nonprompt D° fraction 0.006[ ‘ ‘ ‘ ‘ =
1.75 1.8 1.85 1.9 1.95 2




Nonprompt D° Meson v,

Subtract non-flow effects and divide
by reference particles V,

Prompt D° v, comparable with J /i

Comparison with Color Glass
Condensate (CGC) models for
b hadrons

O Feed-down effects & decays by pythia 8

Ie!
>
7L\

>

0.3

0.2

0.1

Phys. Lett. B 813, 136036 (2021)

CMS

pPb 186 nb' (8.16 TeV)

T T ]
Iylabl<1

O Kg ® Prompt D°
0 A m D° from b hadrons

CGC (Zhang et al) —

- - - Prompt D’
== Prompt J/y

— D° from B mesons

p, (GeV)

| 12<ly_I<24 ]
" & Prompt J/y gt P ]
- |;I'}| EE: ]
- 9 B o 5 SR
— D - —""‘.‘~__ - —
i 0 g - ¢+. ¢ i’x‘\ o |
L DD“D’”’ '+ ‘--‘-_ .
= _
i + 185 < N, < 250 ]

A R RN R N IR B S B

1 2 3 4 5 6 7 8



Nonprompt D° Meson v,

.. Phys. Lett. B 813, 136036 (2021)
Subtract non-flow effects and divide

: CMS Pb 186 nb™ (8.16 TeV
by reference particles V, — 71— |p — ( — |)_
03— lyl<1 CGC (Zhang etal) —
. O Kg ® Prompt D° - - - Prompt D° 1
Prompt D° v, comparable with J /i - & A m D°frombhadrons - Prompt J/y .
ool 12<ly 1<24 — D" from B mesons
<l lab - R ]

. . P tJ/
Comparison with Color Glass S 0 FROmPLAY g o 1
(7] B _
Condensate (CGC) models for > - 0 i - P
b hadrons i ¢+¢ t;i. ]
L T T~ o
O Feed-down effects & decays by pythia8 [ DS;LV '+; +’ % o _
op T + """""""""" P s
185 <N, <250 ]
Indication of flavor hierarchy betwe_en/‘ — P ST

charm and bottom quarks at low-p; 0 1 2 3% 4 5 6 7 8




Summary

PbPb collisions

d D%mesons v, and v, from 2-particle correlations

= Higher p; coverage and finer bins in both p; and centrality

= Measurement of Av,(D° — D?)

o Information can constrain medium electric conductivity

d DO mesons v, from four-particle cumulants

= Energy loss fluctuation effects more visible for D° mesons

compared to charged particles?

pp and pPb collisions
O Non-zero v, values for prompt D in pp collisions
O Indication of hierarchy between c- and b- quarks
d Resonable description of D® mesons flow by CGC models

0.3
[ o KS
ra A
0.2
[+ Prompt Jhy ar >

v {4}iv,{2}

0.2

0.15

0.05

0.8

0.6

CMS

0.1-

CMS Prellmma/y Pbe o 58 nb (5 02 TeV)

T T

L Prompt D°+D IyI <1 D SY'St ;
[ —e—v{2} ]
[ —e—v{4}

B L o

20< p, < 8.0 GeV

[ [cen]

Calculation for prompt D’ ]

------ v,{2}, Langevin |
—— v,{4}, Langevin ]
v{2}, Energy Loss
v,{4}, Energy Loss

t

Calculatlon for prompt D° ]
Energy loss

L <$> —— Langevin i
[ —e— Prompt D%+D° ]
—e— Charged particles _EF |

0 10 20 30 40 50 60
Centrality (%)
PPb 186 nb (816 TeV)
I T I

T
IyIabI

<1 CGC (Zhang et al) ;
@® Prompt D° - - Prompt D°
m D° from b hadrons - Prompt J/y

12<Iy I<24 — D° from B mesons

Gl
o

T
I R R I RN R

offline

185 < N <250 ]
| I | I | | I

S I R R SR S
p_(GeV)
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2018 PbPb Data




Flow Measurement: Scalar Product Method

V,, V3, Av, (DO — F) as functions of centrality, rapidity and p+

Tracker
——- B 3
-5<n<-3 -2 0 2 3<n<5
QnA I Q]rjlo QnB
QnC; |T]| < 075

aQ,= Zj wjein‘bi (W]- = tower E; for HF, w; = track p; for tracker, wj=1 for Do,m)

p%/D0 .
<Qn QnA> AVn{SP} _

(QnAQ;BXQnAQ*nc) (QnAQ*nB><QnAQ*nc>
{QnBQnc) {(QnBQnc)

(QR”Qna)-(QR" Qiia)

Q v, {SP} = Average over all events




v, & v5 as Functions of p; (|y|<1 vs 1<]|y|<2)

First time: forward region
(1<]y|<2)

Overall similar behavior

L Small deviation at high-p; )

 Similar features as in
charged hadrons

Important information for = |

3D hydrodynamic
medium description

CMS

0.25r7

PbPb 0.58 nb™ (5.02 TeV)

T
E Prompt D°+ D°

Phys. Lett. B 816, 136253 (2021)

02 & iy<1 E 3 g
015 H1<lyl<2 3 I .
EImN = ;
- = - = L
oot 3 ol ] 2isaii ]
O T e R e USROS ere e T4
0.15F" T ' ' = o T
E 0-10% ] L 30-50% ]
0.1 E - .
; - :

0

-0.05




v, & v, as Function of Centrality and Rapidity

Centrality bins Rapidity bins
0 Mid-rapidity & forward region: similar trends
praity g _ O Weak dependence observed
U Clear dependence of v, as function of _
centrality Q Slight tendency to lower values at larger
O v, is almost constant with centrality rapidities
U v, trends understood in terms of collision
geometry CMS Phys Lett B 816 136253 (2021) PbPb 0.58 nb™ (5.02 TeV)
_I TTTT I TTTT I TTTT I TTTT | TTTT | TTTT | TTTT 1 T I LI I LI I LI I LI I T i
03 Prompt D° + D°, 2.0 < p_< 8.0 GeV/c + Charged particle, 2.0 < p_ < 8.0 GeV/c .
@V, lyl <1 - v, Iyl <1 1 +v, i<t ]
025 ¢-v, 1<lyl<2 —4vVv;l<lyl<2 T v, i< .
r —— g I 1
02} —— + .
>c0.15:_ —— _::_ E '_B_' _:
- =§=‘=ﬁ=—§—:: —f— ]
r —f— T 1
0.1 T, T p
o.os%-:ﬁ= $ —— —s— B -
- 1 20-70% ]
O—I 1111 I 1111 I 1111 I 1111 I 111 I 1111 I 1111 r_l I 1 1 1 1 I 1 I I 1 1 1 1 I I_
0 10 20 30 40 50 60 70 0 0.5 1 15 2

Centrality (%) Iyl
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EM Fields in HI Collisions




Electromagnetic Fields in PbPb Collisions

Phys. Rev. C 98, 055201 (2018)

Strong and short lived EM fields in A
PbPb collisions at LHC 3
1 Generated by spectators and G — — U
.. — —_—
participants |
EDC':ES; , Total directed flow, v; < 0
3 Charge-odd contributions to flow e ! ‘. 444
111 “Coulomb araday orentz T
coefficients (v,) N s R
D \'j : : : > Z
= Non-zero Av,, for opposite-charge HEER N s,l,,m
S ELorentz EFaraday ECouiomb: -
L Measurements constrain medium ~_ ¥¥v |
parameters S
= E.g. electric conductivity i 3




Effect on Av, of D%uc) Mesons

Charm quarks produced in primordial stages of collision (~0.1 fm/c)

U m

charm

>> typical medium temperatures: lower probability of annihilation

EM fields vanish very fast: peak magnitude approx. 0.1 - 0.2 fm/c

Non-zero Av, mainly due to magnetic field from spectators

T ARARREN
2030%

T

T

TrrT

AuAu@200 GeV

B Field

Simmd

—4.0

Larger effect =

R
—=—— PbPb@2760 GeV
PbPb@5020 GeV 1

2.0

on D% mesons

pas —1.0 -
] S
100
L =3 S
3,00 Pr € [1,2] GeV ] 10 _
C (C) ] (d) é_2_0 A= (T[+ -T )
40 g 5l 1l 5 50 6 16746 Phys. Rev. C 98, 055201 (2018)

Yy

Y

0.04

0.02-,"

-0.02}

-0.04

Phys. Lett. B 768, 260 (2017)

oke:

T T T T

—-—-D [Eq]’ [=tf.o4

- == D[cq], =2 fm/c.
-—-+ DJcq], t=5 fve_, <

— T T
Dleq]. =t




Effect on Av, of D° Mesons

Mostly produced by Electric field from collision participants

1 Coulomb interaction

TT T[T T T T [ TIr T [T T T [TorTT

20-_']"”]""]' 7 IRERRNREREE NI
<V 20-30% AuAu©200 GeV

B Field -

S0 0ep s V"ﬁ 120 Bigger effect on D° meson Av,?
0.0F {2 pr 3w, 4
00;_:?;;;;{:;;:}:;;;};:;;{;_: .f.?..,.,..,.........l.:40 >
L ] ———PbPb@2760 GeV —2.0
: | T Av, measured for D® mesons!!!
5' B Flil.d _;0.051»
= R )

ypr € [1,2] GeV 1107 = (t —77)

-2.0 Phys. Rev. C 98, 055201 (2018)

- pr € [1,2] GeV
- () 1 @)
_407.I|...I|...I..l.ll...llf.I.n.l....lu..l.n.l..—

~°20 -1.0 00 1.0 2.0/-20 -1.0 0.0 1.0 2.0
Yy Yy
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4-particle Cumulant Method




Four-particle Cumulants (1) Liuyao Zhang, 152021

Differential flow: PRC 83, 044913(2011)

d,{4} = ((4")) — 2= ((2")) ((2)) @
0 ~
d,{4}(D") 0

(—cn{4})3/*
™~ cn{d} = ((4)) — 2 = ((2))? 3)

v {4}3(D°) = —

d,,{4}: fourth-order differential cumulant.

cn{4}: four-particle cumulant — reference flow.




Four-particle Cumulants (ll) Liuyao Zhang, 152021
d,{4}:

dn{4} = ((4")) — 2 * ((2")) ((2)) -5<n<-3
\
Y
wr
» @
t t
(2') = (e"W192)) (4') = (en(W1+d2=d3=¢4))
definition: i ;0
. D HF - AHF+\*¢nHF+\*1_a DY AHF—nHF+\*

QnEZIii1em¢i (4,) — Re[Qn Qn (Qn ) (Qn ) ] Qn Qn (an ) ] if: Do(eta<0) (4)

MHF— MHF+ (MHF+_1)

Note: weight M¥F~ = ¥(E;); from HF- , MHF* = ¥ (E;); from HF+




Four-particle Cumulants (lll)  viuyao zhang, 152021

cn{4‘}:
cn{4} = ((4)) — 2 * ((2))?

(2) = (e(P1=¢2)) (4) = (ein(@1+d2=P3=04))
¢

y— Re[ QHF~QHF~(QHF*)* (QHF*)* 1+Re[ QBF~(QHF*)* 1-Re| QXF~(QHF*)* (@HF*)" + QFF~QHF~(fiF*)’] 5
N MHF— o (MHF-_71) « MHF+ (MHF+_1) (5)

Note: weight M7F~ = ¥(E;); from HF- , MHF+ = 3(E;); from HF +

(4




Motivation to Use the Ratio Liuyao Zhang, 152021

3. why uses four-particle correlation technique to measure harmonic flows.
=> To judge the fluctuation from soft and hard components

vy{4}(hard) _ v,{4} (vz{z})4 (1)  W2v,v5 (hard)) ) ]l

vo{2}(hard) = v,{2} v(4} \w2)2 ~ (v2)XV,V; (hard))
\_'_J lﬁ_l L'_I L
N ¢ ¢ ‘ H
ard particle: Soft fluctuation: Hard fluctuation

* Highpy charged particles. initial condition fluctuation| [energy loss fluctuation
* Heavy flavor particles over full py.

. . _ _ {v3v,V; (hard)) (v3) v,{4}(hard) _ v,{4}
» Initial condition fluctuation dominated:  T2)(v,v; (hard) @22 [> 72 (2)(hard)  7,(2)

» Significant energy loss fluctuation: _v3v,v; (hard)) (v3) [> v2{4}(hard) It

(v2Xv, V5 (hard)) (v2)2 v2{2}(hard)

1. arXiv:1906.10768v2
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Small Systems




Nonprompt (NP) D® mesons in pPb collisions

Non rombpt DO mesons mostI Phys. Lett. B 813, 136036 (2021)

P P Y CMS pPb 186nb™ (8.16 TeV)

from B hadrons decay A

- offline 0 .

A Distinguish prompt vs nonprompt - 185 <N, <250 * gitri;fnt:t'ign ]

D® mesons by using DCA variable . @ D° from b hadrons |

P . X . *‘g [ Prompt D°

D°DCA/ e~ S ]

=== T Tars D < 3<p, <4GeV I

PV DO flight distance 8 10 1y, <1 E

Austin Baty, QM2019 K =} .

Z ]

O Template fits using Monte Carlo 10° s

simulations to extract nonprompt :
DO fractions

0 0.02 0.04 0.06 0.08
DCA (cm)




Non-flow subtraction: jets contribution

Removes residual contribution of back-to-back dijets to the measured v, results

: : Jet yield
total number of pairs per DY %gn\chdate clyic .
fflin .
Vsub V A — V (Nofﬂme < 35) NaSSOC(NtC:‘k " < 35) Ylet
— Vn fflin
\ Nassoc Yjet(No ¢ <L 35)’

_l

N, . ratio «

L] Scale of the relative contributio

Jet yield ratio
O Account for increasing of jet yields in high-multiplicity region
Q Little dependence on p; over full p; range

Jet yield := difference between integrals of the short-range (| An|<1) and long-
range (| An|>2) event-normalized associated yields for each multiplicity class



Multiplicity Dependence

Phys. Lett. B 813, 136036 (2021)

. . . . CMS pp 11.5 pb™", pPb 186 nb™
First time: D° v, as function of N, in pp ; T | . ]
s . 0.1F -
and pPb collisions e
0:.. ................................................................................ —
- epPb8.16 TeV ly, /<1
Within uncertainties, no clear trends for ~ of =137V 2<p<aGeV

V, Vs Ny, in pp

o .
LA L B

Compatible results of pp and pPb for
multiplicities around 100

0 \/sub
Prompt D" v3*

S

I

I

A

©

_|

A

(e}

)

(0]

<

Significant non-zero v, values down to
multiplicity equal to 50 in pPb

|
o
2 o : :
I 1 T 1 ! 1 T 1 1 1 T T
!
| i
[
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i

6<pT<SGeV

0 50 100 150 200 250 300
offline
Ntrk




