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Introduction

SPRACE team participates in flow & correlation analyses in CMS

[ Understanding QCD properties using pp, pPb, and PbPb collisions
D F . f infm (10 m) ©
ocus in two fronts il

&

= Femtoscopic correlations -
o Space-time dimensions of the particle emitting source — %

o Hadron-hadron final state interactions
= Azimuthal anisotropy
o Quark-gluon plasma (QGP) response to IS

1< p'Trig <3 GeV/c
1< p;““ <3 GeV/c

— Initial collision geometry and its fluctuations
o Parton energy loss in the QGP
o Hadronization mechanisms




Introduction — azimuthal correlations

Recent work in analyses involving heavy-flavor quarks to probe

 Interactions with the QGP (energy loss), hadronization mechanisms, etc ...

In hydrodynamic models: v2 (elliptic flow) and v3 (triangular flow)

Two-particle correlations CMS PP o = 2.76 TeV

(a) CMS PbPb sy, = 2.76 TeV, 220 < NCI™ < 260 52.0

Back-to-back jets i ~sum lAni>2 .

[T Y ]
...... Ve Lm=120ub"
= Vg, 0-0.2% centrality -

%E 515
N

51.0

A¢ (radians)

. . . pair
Projecting in Ad — T = Raee s 4 N ou, cos(mad)]
the long-range wig dAG T m

correlations Voa = Vi

Fluctuating initial geometry + pressure



Introduction — femtoscopic correlations

Two-particle correlations at low-q
Q 9% = qfhy = —(p1 — P2)°
Theoretically
O Related to Fourier transform of the source shape

= C(@~1AF[p(@]? - C(q) = N(1 £ AelaRIT)
= Sensitive to final state interactions: Coulomb & strong

Experimentally

enratio (SR): C(a) = N A@
O Single-ratio (SR): C(q) NB(q)

Recent work on

O Data analysis: high charged particle multiplicity in
proton-proton (pp) collisions and strange hadrons (V°)
in pPb collisions

O Phenomenology: D° and V° hadrons

25

Identical bosons

R=1.5fm

——a=10
- a=15
—a=20

a = 1: Cauchy-Lorentz
a = 2: Gaussian

_a = free parameter: Lévy
et

08

4 06
q[GeV]




The CMS Detector

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 Tr ac ke r
Overall length :28.7m Microstrips (80x180 ym) ~200m?* ~9.6M channels
‘ .

Magnetic field :3.8T
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

ECAL/HCAL| Sooosintuing oo,

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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Promt D° meson flow coefficients (v, & v;)

As function of p; and
centrality

Similar trends compared
to charged particles

3\

>

0.05F @
-

O v, : considerable
dependence on centrality °*

3 v, : small dependence on oot
. ~°0.04F
centrality ootk
oF 1+
Theory 002}

-0.04

1 Resonable qualitative
description

Phys. Lett. B 816, 136253 (2021)

M —PbPb 0.58 nb” (5.02 Te)

0.3F
0.25F
0.2F
0.15f

0.1F

B
OF

' Calculations for plrompt D° + DO
= LBT == SUBATECH
PHSD CUJET 3.0
TAMU SMCs

E 4 Prompt D° + DO, lyl < 1
F <+ Charged particle, Inl < 1

. 10
P, (GeV/c)

10 10
P, (GeV/c) P, (GeV/c)

Charm-quark flows like lighter quarks!



Nonpromt D° meson flow coefficients

B hadrons decay to DY

CMS Preliminary

CMS-PAS-HIN-21-003

PbPb 5.02 TeV (0.58 nb™)

mesons

Compared to prompt .

D mesons ors 1

—0.055

Centrality: 0-10%

—e— Prompt D° (PLB 816 (2021) 136253) |

—e— D° from b quark hadrons

E 8
i ﬁmmir&—a—.

Centrality: 10-30%

Centrality: 30-50%

!

 Mass ordering of flow ot
magnitudes ook

Aty

= o002k
—0.02F

d Weaker p; and of

L
__m  ——

centrality dependence -oo¢

0

Observed non-zero v,

5101520
P, (GeVic)

510

...and also bottom-quarks!

1520 25
P, (GeVic)




Prompt D° multiparticle correlation (v,{4})

1 More central and peripheral
= Hint of splitting between D° and charged s e
particles :. R R :

Calculation for prompt D’
o Energy loss fluctuation effects more i —$- T G0l Foss (Langeviy T Red Eloss
visible for D% mesons?

. . 0.8:* '—Kl?‘l B E 7:

1 Theoretical calculations nf. o PrometDf+D° $ N

o —4— Charged particles i

= Better description from Langevin
dynamics for 10-50% @ Centrality (%) @

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

Prompt D + D°
—— v,{2} lyl<1

v,{4} increasing and then declining: oms e ass s o2 ey
explained by initial collision geometry 02 cscvmnrgro” e

E vz{4}: CoII: E-loss (Langevin) vz{4}: Rad: E-loss E

0.15— [_] Syst. |

v,{4}/v,{2} comparison « [T el o
2 2 S B L L S i
0.1 : S =

vA4) v,{2}
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CMS JHEP 03, 014 (2020)pp (13 TeV)
T T T ‘ T ]

Studies on pp collisions (13 TeV) ==

o CS

Two-particle correlations: charged hadrons

Three different methods to measure particle
emitting source parameters

U Source size (R;,,) increases with number of tracks :
oL+ L

e e ey | \:
= But seems to saturate at higher multiplicities oW o 0 e
tracks
CMS pp (13 TeV)
RARREREREN REARE RERRRRRRES

3

Rinv [fm]

2 I ;,.‘J';T:

. . " HCS method, x = (aN,_Jdn)"®
Comparison with Color Glass Condensate (CGC) , fssres

Intramethod variation

 Similar shape, but large difference in magnitude o g et constan
(no system expansion) =
= L. Maclerran et al. NPA 916, 210 (2013) 3
= A. Bzdak et al. PRC 87, 064906 (2013)




CMS Work in Progress pPb, \s,, =8.16 TeV

P Pb collisions (Kg Kg) ? SRR
0 Quantum statistics

= |dentical Kaons (bosons)

-
T
]

-
=)

 Strong interactions

o
©
[
T T

" From a,(980) and f,(980) resonances
J Background

Pull
ANONA
T W'E]l

. CMS Work in Progress Pb, sy =8.16 TeV ork in Progress , (S = 8.16 Te!
" From jets and other sources.,.r : : g i g PP o= 80T
22" | 227 1S
D Result |nterpretat|on 2% . [ sysematc nceraes 2 0<k;<2GeV H
_ 18 185
1 g 1.6 1.6 |E| |E|
- l:{il’lV N Wlth kT DtE1.4§E| . H H 145 @BH o H
] 12F 121 O
o System expansion 3 - o R
0.8 ? K3K3 H 0.8 ﬂ E High Multiplicity (HM)
. . . . E 0.6 Systematic Uncertainties
. l:{il’lV 4 Wlth mUIUp“CIty P 06 08 1 12 14 16 TE0 100 l1§f9n‘e‘ 0 a0
(k;) [GeV] (Nge )

o More particles produced, larger system

Dener’s Ph. D. thesis: https://repositorio.unesp.br/handle/11449/217847



https://repositorio.unesp.br/handle/11449/217847

CMS Work in Progress pPb, s, =8.16 TeV

1612 x2 } ndf: 61.55 ‘/ 66 A\ 2.4!0 +1.50 (slalt) +2.10 (sys{) 1
‘ O I S I O I I S [ Prob: 0.63 Rin,: 1.20 = 0.25 (stat) = 0.31 (syst) fm ]
1.4 5 f,: 0.89 = 0.37 (stat) = 0.53 (syst) fm N

% i _ "“ AN G XK d,: 5.30 = 1.70 (stat) = 1.95 (syst) fm _:
d Quantum statistics § p———
T 08
= |dentical fermions 2 06 oanm <o o _
. . 0.4 0< kT <2GeV :-_ -_- gSI _f
 Strong interactions ST
= Effective range expansion 095 s
1L S
. S 2l ]
o f,: scattering length E 5 e e g R R
_ I S T B S S e
o d,: effective range q,, 1Gev]
12 CMS Work in Progress pPb, |sy, = 8.16 TeV
J Background g _
10 AADAA
= From jets and other sources 13
 Positive fyindicates a positive E o a
correlation £ i |
o e
r [] systematic Uncertainties

L T R R S S
Dener’s Ph. D. thesis: https://repositorio.unesp.br/handle/11449/217847 -2 -1 fy [?m]


https://repositorio.unesp.br/handle/11449/217847

Femtoscopic studies of DY mesons correlations

U Two-particle correlation function (C(k)) vs. pair https://scipost.org/submissions/2110.15455v1/
relative momentum (k) ™ ‘ IR 2p | R
18 N\ R=151fm | 1.8 R=30Mm |
P A . L[ 1.6} \ — - Quantum Statistics (OS){ 1.60 _ it 3
C(l\.lkg) — ( 1, 2) N C(lx) — /dI’ S(I‘)“Il(k I‘)‘Q i \\ s ] _g:an;:JmStansucs(QS):
P(l‘tl)P(AZ) ’_\"‘14; \\ ---- Strong Interaction (SI) E 1.4r "
X r \ ] x ---- Strong Interaction (SI)
(_)1.2; AN ] oO1.2¢
= Quantum Statistics (QS) 1t — 1 | —
*  Final-state interactions 08" v 1 0% T
O,Gj hyp! long rangei 06; hyp+ long-range 7
¢ Coulomb interaction — 1F??M ‘V]‘ 200 0 1|£)0M ‘v‘ 200
o . e e
* Strong interaction (SI) Y .[ ]
. D°D%, DD’ |
. . . R W]
O For the case of two identical spin zero mesons 1813 Yo+ Viergance
oo 1.6f .
A2 p2 p , - p — r QS+SI
Ck)y=1+4 e B 4 877/ dr r*S(r) [\w[)(k,r)lz —_7[2)(151’)] é‘a [l —R-15Mm
\ ;o 0 P o140 ]
Qs pet o —-R=301m
1.21 ----R=45fm N
U Scattered wave function W,(k,r) and C(k) > i ——
numerically from o fo0 200
k [MeV]

=  Lippmann-Schwinger equation for non-local potential
More visible effect of the strong

14 Isabela’s M. Sc. dissertation: https://repositorio.unesp.br/handle/11449/215132 interaction for lower value of R



https://repositorio.unesp.br/handle/11449/215132
https://scipost.org/submissions/2110.15455v1/

CMS PbPb 0.58 nb' (5.02 TeV)
AL Bl S A LY B SRR A

T T
02 [ Calculation for prompt D’ ]
L ======- v,{2}, Coll. E-loss (Langevin) v{2}, Rad. E-loss -
I v {4}, Coll. E-loss (Langevil ad. E-loss A
A st.

SPRACE team participates in flow & T i
correlations analyses in the CMS |
collaboration wf ST E e

Studies on the QCD properties by using (e o

Centrality (%)

vA4Y v A2}

J Femtoscopic & azimuthal correlations S PTAREERE S
Recent contributions to e

d Azimuthal anisotropy with D° mesons
1 Femtoscopic correlations with

= Charged particles, V° hadrons, and D° mesons




Plans

Finish ongoing analyses and publish the results
Q v,{4} with DY mesons: on arXiv (submitted to PRL)
Q v, {2} of B>DP: just released preliminary results (Quark Matter 2022)
L Femtoscopy with V° hadrons: in approval process in the CMS collaboration

New studies
d Femtoscopic correlations
* |nvolving heavier hadrons (composed by c/b-quarks)
= Other colliding systems & more dimensions

= Phenomenology: final state interaction - development of treatment based
on effective field theory

O Azimuthal correlations
= Two-particle and multiparticle v,, using heavy-flavor (Run3 data)
o Including searches for strong magnetic fields created in PbPb collisions
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Introduction — why study heavy-flavor (HF)?

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

detector
collisions hydrodynamic evolution freeze-out measurements
~1-10fm/c "
© ¢
(P ) Q|
© =A Phys.Rev.C 90 (2014) 2, 024911
@ O@ @ = ] 10
K T
Oy O
& © 2 0.16
""""""" initial t t QGP phase transition hadron gas .
i:tlelraacstiaones phase (hadronisation) phase decoupling 0.14
Heavy lon ision Evolution

y coordinate [fm]

o & A& N o v & o ©
Temperature [GeV]

Mur quarks >> typical medium tempera

O Experience the full evolution of the medium

Langevin drag and diffusion modeling
O HF quarks flow with the medium

o 8 6 -4 0o 2

X (-:%ordinate [fm]
[llustration of few ccC pair trajectories in
the expanding medium after 10 fm/c

4 6 8 10

O Energy-loss by scatterings with medium constituents




Introduction — why study heavy-flavor?

Very good probe of initial state effects in both “Large” Phys.Rev.C 90 (2014) 2, 024911
(PbPb) and “Small” (pp, pPb) colliding systems

O Origin of observed collective effects in small systems

 Understand energy loss and coalescence
mechanisms

y coordinate [fm]
b & A b o v & o o O

-4 2 0 2

U Electromagnetic field effects at initial stages of L

collisions lllustration of few cC pair trajectories in
= Av, between positive & negative electric charges  the expanding medium after 10fm/c

4 6 8 10

Temperature [GeV]



DO Reconstruction and Selection: 2018 Data

Minimum Bias events from PbPb collisions at 5.02 TeV

DO(uc) — Km, BR = 3.88 + 0.05 %, ct(D°) = 122.9 um m S (pointing angle)
DO Reconstruction
O Pairing oppositely charged tracks (no PID)
O Secondary vertex reconstruction SV (secondary vertex)

Prompt D candidate selection R
O MVA Boosted Decision Tree (BDT) i :'.do (decay length)

= DPvariables — DCA from detector
o dy/o(do), @, SV probability resolution for prompt D° DCA Y 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 - Blmn) 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 L0025 w0
N ~0.03} 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 K < 7 (single Gaussian)
Q v, background (linear function), Av,, (background is canceled)




Flow Measurement: Scalar Product Method

Vv, Vg, Av, (DO — W) as functions of centrality, rapidity and p+

Tracker
—a I 3
-5<n<-3 -2 0 2 3<n<5
QnA I Q]r::o QnB
QI‘IC; |n| < 075 o
aQ, = Zj Wjeinq’i (w; = tower E; for HF, w; = track p for tracker, w; = 1 for DY DY)
(277 q;) (QRha)-(QR"Qia)

Average over all events

Av, {SP} =
{(QnaQne)Qnanc) {QnaQneNQnAaQnc)
(QnBQ*nc) (QnB Q;d




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

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

Overall similar behavior

0 Small deviation at high-p; ..

O Similar features as in
charged hadrons

Important information for = |

3D hydrodynamic
medium description

025,GMS . Phys. Lett. B 816, 136253 (2021)  popposg g0z Tey)
E Prompt D + D° 1
02 Gyi<i E 3 E
015 H1<lyl<2 E S E
o1F FL A E 3
l =3 - = L]
NS S BRI E o o neat S ol
0.15-_I ; + = } : } '_ ——t — _
E 0-10% 30-50%
0.1F 3 o 7
05F . — ol O A4 ‘
O F et oo v _é_ ..... 3 _—Q—ﬁ ..................... $ ..... .
-f 5- =
1




Av,(D° — DO) as Function of

Electric field created by participants = non-zero Av,
O Currently, no theoretical predictions for D° mesons

» Predictions for charged hadrons at LHC energies: 0.02

|Av,|~0.001 [Phys. Rev. C 98, 055201 (2018)]
0.015

= Expected bigger values for D° [Phys. Rev. C 98, 055201 (2018)] ¢ o1

0.005
SO

Average value extracted with a fit to data <
Q{Avit =0.001 4 0.001 (stat) + 0.003 (syst) ~0.005
-0.01

Comparable to values for charged hadrons
O Constrain medium properties: electric conductivity

-0.015

-0.02

Rapidity

Phys. Lett. B 816, 136253 (2021)
CMS PbPb 0.58 nb™ (5.02 TeV)

T I T ‘ ‘ T T T T ‘ T T T T I T ]
Prompt D° — D°
- $20-70%, 2.0 < p_<8.0 GeV/c

— Average value

Charged hadrons

Av,"® = 0.001+ 0.001 (stat) + 0.003 (syst)

0 0.5 1 1.5 2
Iyl



Vv, & v; as Function of Centrality and Rapidity

Centrality bins Rapidity bins
O Mid-rapidity & forward region: similar trends
d-rapidity & fo & : 0 Weak dependence observed
O Clear dependence of v, as function of _
centrality QO Slight tendency to lower values at larger
Q v; is almost constant with centrality rapidities
O v, trends understood in terms of collision
geometry cMS Phys. Lett. 8816 136253 (2021)  pupp 058 o' (5102 TeV)
_I TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT _I I LI I LI I LI I LI I 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 ]
0251 4-v, 1<lyl<2 4V l<lyl<2 = Hv, <1 .
C —,— g I 1
02 —— T ]
>co.15§— —*— : —f— —— _B——H— -
r —f— T 1
01 N T ]
o.os%ﬂ=_$_é — ‘
- 1 20-70% ]
O—I 1111 I 11 1 1 I 1111 I 1 11 1 I 1111 I 1 11 1 I 11 1 1 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 (%) lyl



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)? — o2 (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

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

Comparison of the ratio between charm and charged particles

 Study of fluctuations in initial-state geometry and energy loss



D° vy{4} vs p;
Overall v,{4} < v,{2}

v,{4}/v,{2} comparison

[ 10-30%: consistent with charged *'% 7

Y
>

particles
1 30-50%: hint of splitting of ratio

0.05

between D° and charged

particles at high-p; &

" Energy loss fluctuation effects s :":o gf
0.6-

become more significant?

Theoretical calculations

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

0.2F

0.4 F

CMS-PAS-HIN-20-001

CMS Preliminary

Pbe 0 58 nb (5 02 TeV)

------------------------
Prompt D°+BU, lyl <1
—o— V,{2}

r —e— v {4}

10-30%
0 I...I.........I..II...I.

Calculatlon for prompt D
- v,{2}, Langevin
v.{4}, Langevin
v{2}, Energy loss
v,{4}, Energy loss

T
—e— Prompt D%+D°

T T
Calculation for prompt D° E

—e— Charged particles —— Langevin 1
prmr————itrr T [l Energy 1SS . 3
E ' o 1
- T + ——
2 4 6 8 10 12 14 2 4 6 8 10 12 14
p_ (GeV) p_ (GeV)



B—> D° Flow

Comparison with models
CMS-PAS-HIN-21-003

e CMS Preliminary PbPb 5.02 TeV (0.58 nb™
oo : S ="
o1t D" from b quark hadrons - %1 CUJET3 TAMU centrality 20-40%
o~ 0.05F -

IIIIO
—

-0.05

Centrality: 10-30%

0.08 Centrality: 0-10% Centrality: 30-50%

0.06

0.04

0.02

[]
L[

[T
LT

-0.02
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Four-particle Cumulants (1) Liuyao Zhang, 152021

Differential flow: PRC 83, 044913(2011)

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

(_Cn {4})3/4
~ cnld} = ((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))

t ¢
2y = (ein(¢1—¢2)> (4') = (emW1+d2-¢3-04))
definition:
Y DO nHF - nHF+\*nHF +y*1_D? AHF— ;nHF ++
QnEZ?i]_eln(pl (4,)=Re[Qn Qn" (Qn ") (@Qn " ")']-Qn Qn (an )°] if: D°(eta<0) (4)

MHF— MHF+ (MHF+_1)

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




Four-particle Cumulants (lll)  viuyaozhang, 152021

cn{4'}:
cni{d} = ((4)) — 2 % ((2))?

RHP

o
Pt Prot

(2) = (em(P1792)) (4) = (ein(@1+d2-P3=¢4))
¢

y — Rel @™ Qi (Qff™)* (@i™*)" 1+Rel QF™ (g )" 1-Re| @7 (@R (@) + o o (Qzn )] (5)
MHF= » (MHF_—I) « MHF+ (MHF+_1)

Note: weight M#F~ = ¥.(E7); from HF- , MPF+ = ¥ (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 (v)  (W2w,v; (hard)) ) ]1

v,{2}(hard) = v,{2} v{4} \w2)2 ~ (v2)Xv,V; (hard))
I_'_l lﬁ_l t_'_l 1
o oartic] ¥ ¢ ¥ H
ard particle: Soft fluctuation: Hard fluctuation

* High p; charged particles.

initial condition fluctuation| |energy loss fluctuation
* Heavy flavor particles over full pr.

_ _ (v3V, V5 (hard)) (vd) v,{4}(hard) v,{4}
» Initial condition fluctuation dominated: T2, v (hard)  w2)2 L)) v2(2}(hard) . 7,(2)

» Significant energy loss fluctuation:

(v2v,V; (hard)) (v$) Q vz{4}(hard) 1
(v2Xv,V; (hard)) (v2)2 vz{2}(hard)

1. arXiv:1906.10768v2
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Studies on pp collisions (13 TeV) — m; dependence

From hydrodynamics chis  HEP 03,014 2020) 5 gy
NPA 946, 227 (2016) L Mo bias A

0.8 [1Syst.: HCS ]
D |ntercept [ = Intramethod variation E

| @ High-multiplicity

o € _ :
= Source geometrical size (at freeze-out) = 06 D.if;m ;ﬁjd ariation 8
D Slope c; i — Linear fit i

[ e Linear fit
= Larger slope =2 larger flow

0.2
o Lower multiplicities L
0 1 1 |
= Smaller slope = smaller flow 0

o Higher multiplicities




Measuring strange particles

VO particles: -
egative
Q K°.—» w*m~ (BR: 69.2%) Track
= Mass (PDG): 0.4976 GeV
Q A/A - pr~ /prct (BR: 63.9%)
= Mass (PDG): 1.1156 GeV

= the lower-momentum track is Positive
assumed to be the pion Track

CMS does not have yet a PID Ve,
detector /

d Combine positive tracks and w
negative tracks in certain range COF')'ci)siinin
of M.,




Invariant mass
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Fit: Double gaussian with same mean (signal) + 4th order polynomial (background)



Non-identical lambdas

_ CMS Work in Progress pPb, sy, =8.16 TeV

6 _ CMS Work in Progress pPb, \syy = 8.16 TeV
O

M AR: ALICE PbPb at 2.76,5.02 TeV

. H o pA ® pA: ALICE Pm!;t VS = 2.76,5.02 TeV = * AR: ALICE PbPb at {5, = 2.76, 5.02 TeV/
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Prob: 0.14 Riny: 1.79 = 0.34 (stat) = 0.39 (syst) fm
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----- . 31,0 0.23 = 0.041 (stat) = 0.12 (syst) fm
s dy: 2.90 = 0.34 (stat) + 0.64 (syst) fm

= Non-zero imaginary part
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o annihilation process
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