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Why heavy ions ?

< Heavy ion interactions represent by far the
most complex collision system studied in
particle physics lab around the world.

% So why are people attracted to the study
of such a complex system ? q ?
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Heavy ion collision and QGP

% Because they can offer an unique way to understand:

> The nature of confinement/deconfinement

> Expansion of the universe after the 6@¢ ﬁg @
big bang - origin of our today's world §§§§

Nature

— pressure and  heat = QGP
lor

Quark-Gluon
Plasma Nucleons  Nuclei Atoms Today

10-fsec 104sec 3 min 15 Mil Years

—~—gi—

Experiment
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Some of the questions accessible through this talk

What are the properties of the
produced medium?

nucleus B

- Does the created medium depend on the
State

structure or shape of the colliding nuclei? Is it
thermalized?

Initial

Final ¥ State - How the hard probes like jet, heavy flavour

interact with the medium?
- How are the final state particles correlated?
- Is formation of QGP droplet possible in small

colliding systems?
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Understanding medium properties
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Understanding medium properties

Soft probes
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Understanding medium properties

Collectivity in XeXe & PbPb

Soft probes
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Understanding medium properties

Collectivity in XeXe & PbPb

1. Soft probes

2. Hard probes
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Understanding medium properties

Collectivity in XeXe & PbPb

Jet-medium interaction in PbPb

1. Soft probes

2. Hard probes
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Understanding medium properties

Collectivity in XeXe & PbPb

Jet-medium interaction in PbPb

1. Soft probes Heavy flavour flow in PbPb

2. Hard probes
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Understanding medium properties

Collectivity in XeXe & PbPb

Jet-medium interaction in PbPb

1. Soft probes Heavy flavour flow in PbPb

2. Hard probes

3. Small systems
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Understanding medium properties

Collectivity in XeXe & PbPb

Jet-medium interaction in PbPb

1. Soft probes Heavy flavour flow in PbPb

2. Hard probes
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Understanding medium properties

Collectivity in XeXe & PbPb

”

Jet-medium interaction in PbPb

1. Soft probes Heavy flavour flow in PbPb

Starters

A 4
Main course

2. Hard probes :
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Let the feast begin

- Let the feast begin.
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y = 60°
n<im=r3
y oblate

Sayan Chatterjee (IIT Madras) PHANC 2025 (27 - 30 Mar 2025) 16

O
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Initial state — Final state (Xe + Xe)

body - body

Change in size and initial collision geometry :
change in :

tip - tip
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Initial state — Final state (Xe + Xe)

body - body

Change in size and initial collision geometry :
change in :
e Nuclear overlap

tip - tip |

cms, |
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Initial state — Final state (Xe + Xe)

o plasm?

ow’"’GIuo

Change in size and initial collision geometry :
change in :
e Nuclear overlap
e Pressure gradient & Number of nucleonic interactions

tip - tip
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Initial state — Final state (Xe + Xe)

Change in size and initial collision geometry :
change in :
e Nuclear overlap
e Pressure gradient & Number of nucleonic interactions
e Number of particles produced — Momentum
anisotropy
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Initial state — Final state (Xe + Xe)

ma
yon P13° o plasm?

Ouark‘G Ouark'Gluo

body - body

Change in size and initial collision geometry :

change in : Comparison between XeXe and PbPb :
* Nuclear overlap o Nuclear deformation effect
e Pressure gradient & Number of nucleonic interactions o System size effect
e Number of particles produced — Momentum
anisotropy

tip - tip

CMS./|
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v,{12, |An| > 2 § vs Centrality

CMsS Prqliminary PbPb 2 b’ (5.36 TeV) + XeXe 3.42 b’ (5.44 Tev),
0.14f =

5 oi12§— ‘“‘w‘\‘.\nm&‘:‘uuf ) VZ{Z}(XCXB) > VZ{Z}(Pbe) till ~20%
% 00018§: ,,O... 0.5<p_<3.0GeVic _f CenTr‘ahTy ] . ]
goos gt" e - o More elliptic flow fluctuations
el 5 o E [https://arxiv.org/pdf/1711.08499]
O oy
uﬁ: 8 E!XeXe R, = 5:20: 0270 B_01ﬁ-0?(_)3 3
g R Do nosmaosnsowi-om o Hydrod : dictions b
X 1'43,_, PbPD : R, = 6.647, 3, = 0.537, B, =0.006, ;=0 = Y ro Y"Cm“C Pre IcTions Y
s E IP-Glasma+MUSIC+UrQMD for
= 08, T = v,{2}(XeXe/PbPb): closest match with
°6:0 e et parameter set
g N A R, = 5.601 fm, a, = 0.492 fm, p, = 0.207,
$ oot - £ = -0.003
% 0.855— / Hydro/Data "E D4
% 08E/ =
g o.75jz L
0 10 20 30 40 50 60 70 CMS-PAS-HIN-24-004

Centrality(%)
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Probing the Initial State through Higher Moments

e Naive expectation:

° -line
o v, oc¢ forn= 23 [Phys. Rev. C 62,054909] Non-linear
o Redlity: ] response (v,, V)
eanty - Pb+Pb 0.08/ & 50-60% f
T e e A
Link PbPb 90-100% P — 0.50 *h % : = 70-80% % Seml-per'lpher'a|

—— 0.15

collisions

e n>3:Non-linear
response observed
right from
semi-central
collisions

0.05ke  omt

e Higher-order moments of <v k> (n=4;k=2,4,6): probe increasing non-linearity [Phys.
Rev. C 92, 034903]

e For this we used mixed harmonic cumulants which correlate different moments of v, and v,

e Through this we can Study the effects of different initial-state model conditions

CMS,/ |
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https://indico.cern.ch/event/975877/contributions/4118500/attachments/2185275/3692705/OO_and_pO.pdf

Initial vs final-state predictions for nMHC(v.", v,')

CMS Preliminary XeXe 3.42 ub" (5.44 TeV) CMS Preliminary XeXe 3.42 Ho" (544 TeV)
8 ] 1.5 =
IR SR Xt F 0.5<p_<3.0GeVic ]
o 1 5 b Inl <2.4 ]
L —02f- = i o ]
5 T 1 9 E ® XeXe ) ]
- =3 T o —
I H A —
= o4 0.5<p_<3.0 GeVic B .
- mi<24 ] ; ]
-06- ® XeXe 3 . ]
15— ‘E : i N 'I!Ili :
[ IP-Glasma+MUSIC+UrQMD . I R wopgrm————
@ o 111 TRENTo- S L - §\E |
1 | o-IC - B -
oy . 1111l |P-Glasma IC 1< L + ‘ T E
Q  osf pe + + - (I? C l ! ‘ 2]
b I i - . ' -~
T C e 1 3 2 _ol [] IP-Glasma+MUSIC+UrQMD Sa
0: ......................... RS coisbaiiseisusaseivavavers _E - R THERToAES | b
£ ’ - ! L ! - = winl IP-Glasma IC ]
0 10 20 30 40 50 60 -3 =
R 0

Centrality(%) 0.5 ]
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i
g
v, 8 ag, , v, ® be 5 :
2 2 ' "3 > 3 = ]
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Higher-order moments
of v,*(k=4,6):
completely different
results from IC models

Increasing non-linearity
of v, with increase in k,
moving from central to
peripheral regions

Goes way beyond the
naive expectations of
"v, and v, being
positively correlated”,
as suggested by just
NSC(2,4)

CMS/ !
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Menu I — Outcome

® First systematic study of 2-, 4-, 6- and 8-particle mixed harmonic cumulants in XeXe
and PbPb collisions at 5.44 TeV and 5.36 TeV respectively

® Best match of XeXe using IP-Glasma+MUSIC+UrQMD hydrodynamic prediction with

parameter set :
o (R, =5.601 fm, a, = 0.492 fm, p, = 0.207, p, = -0.003)

® Study of higher-order mixed harmonic cumulants :
o Harmonics involving higher-order moments of v, - has non-linear effects .
o Responsible to different predictions as compared to initial-state models
e XeXe-5C(234),5C(235), SC(3,45),SC(2,4,6), nMHC(v,"k, v;"1), nMHC(v,"k, v, 1)

‘e PbPb - nMHC(v,"k, v,") CMS-PAS-HIN-24-004
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Jet transport in QGP and
jet-medium interaction
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Jet-like correlations in heavy ion collision

Jet shower in vacuum

Evolution of highly virtual parton via gluon
radiation

Jet shower in medium

Jet production 7

/ .
< Highly energetic
’_ﬁ/ jet (leading jet)

<

Superposition of

Quark-gluon

plasma e vacuum shower
Low energy jet * medium-induced gluon emission
(subleading jet) Strong interactions with the medium

Jet shape in flowing medium

Vacuum Static medium: Flowing medium:

(reference) Broadening Anisotropic shape

PhysRevlLett.93.242301

CMS/|
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Analysis method: Near-side width

CMS-PAS-HIN-24-008 Gy (1) = - x| )7
Yo, Wx - I
4 2er(1/ YX) Wy
F(A¢) =0 [1 &3 2 ZVnA COS(T’lA(P)] e G7A¢,wA4,
n=2 2T
Width, o, =/“G/7)
T'(1/7)
V1,40 91,A1 + G V2,00 92,A1
CMS PbPb |'s,, =5.02 TeV (0.607 nb™) 71 (_:MS : PbPb_\s,, =502 TeV (0.607 nb:)
| - Generalised Gausg8,3.0< p. . <4.0GeV | ' | — Background . il
as | —longrange Gaus [ 120< p_ <3.0GeV| L Fit 0-10%
g [ —Fit s 1 e T <24 |
£ -+ DATA 0-10% ki = el Al<40 ]
2 Inl<2.4 5 "’s 691 w
s lAgl < 1.5 Sla i
S ol 6.8 ]
_‘| g |
= i
6.7 30< p,, <40GeV
i 20< pTvam<3.0 GeV
—2 o0 2 —161
An A¢ (rad)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-24-008/index.html

Results: Width of the near-side peak (o, & o, )

% -
CMS PbPb |\, =5.02 TeV (0.607 nb™) CMS PbPb |s,, =5.02 TeV (0.607 nb™) o The near S'de. peak has a
0.8 [T e 0.8 ey SIS i N similar shape in pp and
DATA HYDJET DATA HYDJET . °
3< pp, <4:2< p <3 A [ - | 3< p, <4i2<p. <3 A @@ | PbPb peripheral (50-80%)
3< pT'mg<4 3 pT'aSSO 4 9 {HE | 83< pT'm,g<4'3< pT‘asso<4 ¢ ] ” . h 1_ .
06—i< pT:mg<g §< pT:asso<3 & ({;} i 06—2< gT:"i9<g §< ZT'M<3 & % i collisions, where IT IS
- < p.' "<8:3< p < R < R B B < : :
< P Pran<s Vv 4< ppa<8i4< prin<8 v - 9PPA"°X"’Q“X"'Y symmetric
< < I 1 n an n.
< ’A u Inl <2.4 : < - Inl<24 1 ¢
O o4 % J . A7l < 4.0 1 © o4k ANl < 4.0 1 . . .
- Wl e ! | % This symmetric trend
@*Qig - a (o i o % | vanishes in longitudinal
s B ;i 0| . widths (An) towards
Sl S - - R S AN 7 £l central collisions.
TS ERET P PR PR STl ST S AU ETs SErr AR PUNIE EWEE TR Fres PR ST ST Frews P S S
0 10 20 30 40 50 60 70 80 90 pp 0 10 20 30 40 50 60 70 80 90 pp h trality dent
) . R e ce ity depende
Centrahiny (o) Centeality (%) ‘ Iongiiugir:gl bZoadF:an?ng ?s
mostly effective in low-p.
< Whereas, Hydrojet behaves almost independently with regions.
centrality for both longitudinal (An) and transverse (Ag)
directions. CMS-PAS-HIN-24-008
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Boost invariance study of near-side jet peak

< Mid-rapidity refers to the region around zero-rapidity, notable for its
observed boost invariance.
< Whether boost invariance also applies in forward rapidity regions ??

CMS Pralimingy.— | puepn 502 TeV CMS Protminary—— Pb4Pb 5.02 ToV CMS Fredmingry — PP 5,02 ToV
— = | 33 % sl
_ s8{ 40%, B0ceve | 20, ora. i 83' 409, B0 GaVic | 00, 5. R 58] 40w, <80GCeVk 1oy, 2D,
T 56| 209,,.0000 | 24, <24 § O ane, geveite | 2ae, 24 T 5| 209, 000VG g 24
. | : et

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
N ~ J \ N J N ~ J
Forward rapidity Mid-rapidity boost invariant Forward rapidit

boost invariant ? ? (Symmetric system) boost invariant ? ?
-24<«<n_ <24

asso
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Result: Boost invariance study of near-side peak

[ & 15< Prasss <2:0GeV | 12.0< - . <16.0 GeV
2 LIF & 20< p reep < 3:0 GeV =
\é Y 3.0< p - <4.0GeV
1.05
s
S Aiidg
o l'
:’: : . d A ‘. ‘.
>N f |
0.95F 00< I”t,-.gl <05 0.5 <I77 I<1 .0 1.0< In I<1 5 1'5<|'7mg| <20
AT FroTs PV T FRTT] I

Y
%

PPU PRETY FRRRY FYRTY PRTTI AT

A T TR T CT T I AN A ARARACTATANTARANSRTARRR R NTIT AU

ol b Lo boas o b b b s

0 10 20 30 40 50 60 70 80 90 pp
Centrality (%)

At mid n,.
their uncer‘ramhes
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, the associated yield ratio is consistent with one and almost independent of p. . within
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Result: Boost invariance study of near-side peak

O 15< p  <20GeV | 12.0< - . <16.0 GeV
2 LIF L 8 20< p. ss<3.OGeV F e
v Y 3.0< Prisses S 4.0 GeV
>~§ 1 .05. =
<"l
o l' .
% : u | |
Sy [
0.95F 00< I”t,-.gl <05 0.5< Inmgl <1.0 1.0< In I < 1.5 15« Inmgl <20
AT FroTs YA T FRTT] I

Y
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Result: Boost invariance study of near-side peak

L O 15< p_ s <20GeV | 120< - . <16.0 GeV
2 LIF & 20< p. ss<3.0C-ieV e
\é Y 30< p, S<4.0GeV % g
<l -
S~
o
A 2 u
£} i 1\
Ny [ [
0.95F 0.0< Inmgl <0.5 i 0.5< Inmgl <1.0 i 1.0< Inmgl 2 1.9 l 1.5« Inmgl <20
.llllllllllllllllI|Illlllllllllllllllllllllllllalll llllllll IllIlllllllllllIIlIIIllIllllllllllllllllllllllllII lllllllllllllllllllllllllllllllIllllllllllllllllllllll .lllllllllllIIlllllllllllllllllllllllllllllllllllllllll
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K/
%

At mid n, ., the associated yield ratio is consistent with one and almost independent of p. __ within
their uncer‘ramhes

K/
%

A significant increase in the associated yield ratio is observed when we move toward forward n, ;.

CMS-PAS-HIN-24-008
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Result: Boost invariance study of near-side peak

L. & 15b< Prasso <2-0GeV | 12.0 < P <16.0 GeV
o Mg 20<p s<30caev - ; g
4 Y 3.0< p o, <40GeV % g i
<l - -
>~ [
= I [ ,
;% : Ut )
Py [ !
0.95F 00< Intrigl <05 [ 0.5< Inmgl <1.0 _ 1.0< Inmgl <15 l 1.5< Inmgl <20 %
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At mid n, ., the associated yield ratio is consistent with one and almost independent of p. __ within
their uncer‘ram‘rles

K/
%

A significant increase in the associated yield ratio is observed when we move toward forward n, ;.

K/
%

However, at high n, , , a significant dependence of Pr . iSObserved across centrality, where
asymmetry increases towards central region. CMS-PAS-HIN-24-008
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Menu 1I - Outcome

< Longitudinal hydrodynamic flow deform initially conical jets, leading to a (A¢ -
An) asymmetry.

< Agp - An asymmetry could be explained by the path length dependent energy
loss of the progenitor parton of the trigger hadron.

< Longitudinal boost invariance measurement of near-side peak for the first
time in CMS, and even in LHC.

< Mid-rapidity holds boost invariance, whereas boost invariance phenomena
started violating towards forward rapidity.

< Also forward rapidity shows p. . as well as system-size dependencies.

CMS
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Menu 111

Heavy Quark Flow -> How b and ¢ flow

Q6P

in

A heavy duck flows with Duck Duck Plasma
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Heavy quarks as a probe to QGP

Thermalisation Hadronisation:
of QGP QGP lifetime?
Quarkonia melts
and flow develops
< >
— T | | ﬁ
~0.1  ~1 ~10 1015

time scale (fm/c)

Charm production

t~h/2mq < Heavy quarks can experience the whole evolution of QGP.

< Heavy quarks traverse through the QCD medium and interact strongly
with it — energy loss

< Path-length dependent energy loss leads to final state momentum
anisotropy

CcMmS
S/ ~
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+
D  mass spectrum

memiscsu [ DE L 5(1020)2% - (K*K7)x* | BR: 2.27 + 0.08 %
0,14; ](l-i(:/o«mucvv :2;1+D;
I S iy How do heavy quarks

couple with the bulk

- medium? A ?)

Entries/4 MeV/c?
=
=
oo

0.06 ®
o What about it's N
(}91192 196 196 198 2 30 204 506 506 2. 1- rans p 0 r'.r

e [GEVICT properties? J

< Signal mass spectrum — Double norm
gauss

< Signal Background — 2nd order
Chebyshev poly

CMS/ !
38 |

Sayan Chatterjee (IIT Madras) PHANC 2025 (27 - 30 Mar 2025)




Momentum anisotropy

«10° CMS Preliminary Pb+Pb,|S. =5.02 TeV 2 p
L 10-30% - Y _ 2y
014 8<p, <10V & :_2“ 5 i BibRiiing i = atan;—
L Chi2NDF =0.85 multiple collisions i
o012 ew=7320% Sionel i p
’ - 5B ---- Combinatorial ' -3 C—— X
b ooif y r o ; ’
o -
x SRE coordinate space: momentum space:
§ 006i initial anisotropy final anisotropy
0.04f av
L . . —°<1+22vncosrz(¢—‘1—‘”)
- Anisotropy coefficient, vn de p
0 _-J-J-J- ealel ] | 4 J.J.J.J.J.J.J..’..l-'..L.L.L.L.L.L.L.L. vn - < cos n(¢ o ,(pn) >

19 192 194 196 198 2 202 2.04 2.06 2.08 2.1
Ty [GeViET) v2 — Elliptic flow — Initial state geometry

& Signal mass spectrum — Double norm v3 — Triangular flow — Initial state fluctuation

gauss We can probe — Path-length dependent parton energy loss
< Signal Background — 2nd order . )
Chebyshev poly — Hadronization mechanism

CMS /!
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D;-’ flow results

PbPb 5.02TeV (0.58 nb™)CMS Preliminary PbPb 5.02 TeV (0.58 nb')
LN L L LS UL LSLEL LIS L 3 LA LR B 2 (AT SERLR BRI B

0.9CMS Preliminary POPb 5,92 TeV (0.58 by CMS Preliminary PSR
- Cent : 0-10% ® | Prompt Ds* CMS -} Cent : 10-30% ® | Prompt Ds*CMS f Cent ; 30-50% _® | Prompt Ds* CMS
0.25}- [®] Prompt D°CMS —[~ e | PromptD°CMS ~[ [® ] PromptD°CMS
0.2:; Ed __ a o PromptDs’AUCE_i
ﬁéa 0.15}- -+ f’. + _ % o | =
S 01F g + ﬂ T 0 "Wab et — =
E o S Ei o 4 | o it t L Lull d q: 4
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Menu I1I - Outcome

< Non zero v, for measured in centrality and p; ranges indicate that charm
quark flow is mostly driven by initial state geometry.

< Consistent with ALICE v, measurement in 30-50%, and precision has
increased significantly as compared to ALICE.

# Minimal effect of hadronization on D, flow in the measured p_ ranges.
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Ridge is everywhere

JHEP 09 (2010) 091 Phys. Lett. B 724 (2013) 213
pp Vs =7 TeV, N> 110 PPb Sy = 5.02 TeV, 220 < NU < 260 PbPb (s =2.76 TeV, 220 < N2 < 260

— — Pbe

_—

R(An,A¢)

N S b Y,
1<p;<3GeVic -4 1 <p;<3GeVic # s 1 <py<3GeVic 4 o

The first unexpected discovery at LHC: Ridge in high multiplicity pp & pPb collisions from CMS

Discovery of "Ridge” in pp & pPb => 'pr' T P e am
= v {4} g W
sign of collectivity? same origin? LS T,
o = o.0s} - t .. .* P

Geometry + Fluctuations _s g Y =3 — + PbPb

. . | - 0.3 < P, < 3.0 GeV/c 03 <= P, < 3.0 GeV/c 03 < P, < 3.0 GeV/c
Well described by hydrodynamics IPPOTETRY L LLASORN FETERIN. | BIOEY. FITPTIT. . IO

N NG NG

Similar trend of in three systems Phys. Rev. Lett. 115, 012301 (2015)
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Removing non-flow using subevent cumulant

- Cumulant method:
Multiparticle correlation technique
Non-flow suppression in a data-driven way

« B9 Ll ?
. = .". + ..‘. i
o0y O .‘G S

c,{4} = ((4)) — 2 {(2)K(2))

=> Differential cumulant : dn{4} = ((4')) = 2«2’)) i «2))

Phys.Rev.C83:044913,2011

PO

1POI 3 RFPs
dn{4} Final
=> Differential Flow v {4} = —— " > ina
) {4} (—cn{4})3/4 observable

t .% % DU p+Pb HIJING ( 8.16 TeV
B S B A Rt s
Soaaf 60 = N'“" < 120 o 3
C . 012 =
- In standard cumulant, nonflow from jets orf- 5 Eoubovenis® 3
contribute to four-particle correlation oosf- & ARLERm: =
ven o_oei_ s —.E_
C - Subevent method removes these nonflow 004~ - * o 3
correlations e 5 y W o ® 3
ofmentfn.g- 9.2 .85 R orend
2.4 S 0 1.2 2.4 o o ozf- | ) 1 1 ! I I =
> - Large coverage of CMS: enough statistics A B ST S RN TR T | TN
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v,{4} in 185 < NPI™¢ <250 vs p

pPb 186 nb™ (8.16 TeV) PbPb 0.60 nb™ (5.02 TeV)
?0.2_'"|"'|'"I"'I"']"'["']'ll|'ll|l_ullIll||rl||l|l|l|l|l|lllllllll|||ll_|
;z(. - CMS Preliminary ¥ =@ ]
0.15 = .
N I @ L
S - .
0.1 @ g | l - s ;
T @ et i....+ =X ;‘......ir * ?
o - 8 g
0.05, R g ¢ T mi<24 E
w 4 =
e e poo F
F 185 < N ™ <250 ] » W/0 subevent ;
—0.05~ + i o 2 subevent a
C T o 3 subevent ]
’ * - + 4 subevent .
_04—lll|llllllllllIllllllllllllllllllllll_lllll]lllllIlllllllllllllllIllllllll;
‘0 2 4 6 8 10 12 14 16 18) 2 4 6 8 10 12 14 16 18
p(GeV) p(GeV)

< At low p., PbPb has larger v,{4} than pPb

% At high p., similar magnitude and similar trend of subevent v,{4} arXiv:2502.07525
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https://arxiv.org/abs/2502.07525

4- subevent v {4} in 185 < Ngj™

pPb 186 nb™' (8.16 TeV) + PbPb 0.60 nb™ (5.02 TeV)
JLAS EELED RN RN R LD ERU AL RN

P
S i s ]
;c'(: 0.2- CMS Preliminary 185 < offine < 250 ]
F o 4 subevent i
0.15F .
S ;
0 < & @ A —
o . - * % :
e TR T * pPb 8.16 TeV §
B ° PbPb 5.02 TeV ]
O— ilassdaea T aaaTesslasaisaafiaifonigl

0 2 4 6 8 10 12 14
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<230 vs p.

< At low p, PbPb has larger v,{4}
than pPb

L X4

% At high , similar magnitude and
similar trend of 4 subevent values
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https://arxiv.org/abs/2502.07525

4- subevent v_{4} in N2|™ bins with ' > 6 GeV

—pPb 186 i (8.16 ToV) + PoPb 0,60 n (5,02 TeV)

o.15[ =
2t CMS Preliminary 7
> I i
0.1 ' & o
" @ :
0.051 H p, of POl > 6 GeV 4 subevent
-1 hmi<24 3
O._...- ................................................................ —_
: * pPb 8.16 TeV ]
_0.050 °PbPb 5.02 TeV i Similar magnitude and trend for
2 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 L l 1 1 1 boTh Pbe and pr when > 6 Gev
a4 1o Tad <200ff|ine> across all multiplicity bins
arXiv:2502.07525 ik
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Menu 1V - Outcome

% The results of with subevents for pPb & PbPb collisions at =
8.16 TeV & =5.02 TeV, resp.

% After using subevent to remove nonflow, we have obtained a
significant positive value for at high-p. in pPb

% A remarkable similarity in high multiplicity pPb and peripheral
PbPb collisions

CMS
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Feast summary

% First time nonlinearity effect observed in higher order moment of v,
XeXe and PbPb (Using 6 and 8 particle nMHC observable).

Sayan Chatterjee (IIT Madras)

CMS Preliminary XeXe 3.42 ub" (5.44 TeV)
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Feast summary

% First time experimentally observed that boost invariance phenomena
starts violating towards forward rapidity region.

L & 15« P aneo <2.0GeV _
, LIF 8 20< p aseo < 3:0 GeV %%
L ¥ 30< p e, <40 GeV |f
1.05

o q f
Maint i LT 1 :
Co\-\f'se S 1<0 '

5 L 15< In, ) <2.0

PP PYTTL PRYUY YTTI FRYYY FYVTY FVTY PUVTY IVPPL PPPPLPPPTL| FTTTY [YTT1 FRTTY FVTY IRTTI (RTV1 FYTT1 [YTTI FRTTA FO1 IVPT)
0 1020 30 40 50 60 70 80 90 pp 10 20 30 40 50 60 70 80 90 pp

Centrality (%) Centrality (%)

e —lI=c: =

CMS /|
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Feast summary

% First time v, in 0-10% and 10-30% centrality and v; in 10-30% explored
for D_ heavy flavour.

Sayan Chatterjee (IIT Madras)
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Feast summary

% A remarkable similarity in high multiplicity pPb and peripheral PbPb

collisions

Sayan Chatterjee (IIT Madras)

‘ pr 186 nb (8 16 TeV) + Pbe 0.60 nb (5 02 TeV)
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Feast ends

Hope you
enjoyed the
feast and
presentation !l
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