UNIVERSITY ?’ﬁ ATLAS

Shengquan Tuo
(Vanderbilt University)
for the ALICE, ATLAS, CMS and LHCb collaborations

U.S. DEPARTMENT OF

ENERGY

Office of
Science

Boston

2024

Shengquan Tuo LHCP 2024, Boston



Physics
Initial conditions and
Collision geometry

Final detected
particles

Freeze-oy
Hadronization =" . .-~

QGP phase _s——

.

DR
e
DR
v
DR
------
.o
DR
grets S
e s

« Shape
« Size
 Fluctuations

Initial state

Quark-gluon plasma

Time: 0 fm/c <1 fm/c ~10 fm/c ~1015 fm/c

« Transport properties

— Shear and bulk
viscosities

« Speed of sound
Shengquan Tuo LHCP 2024, Boston 2



Azimuthal flow and correlations at LHC — recent results

Observables Physics

Initial conditions and

« Azimuthal flow: Fourier coefficients v, Collision geometry

— Vv, extended to forward region in pseudorapidity (ALICE and LHCDb)
— Ridge yield in low multiplicity (ALICE)
— V, at high p1, with/without jets, or inside jet cone (ATLAS and CMS)
— Flow decorrelations (ALICE and ATLAS)

« Shape
e Size
 Fluctuations

« Bose-Einstein correlations / Femtoscopic correlations
— Correlation radius in pPb (LHCDb)

— Correlation radius in pp with event shape selection (ALICE)

Quark-gluon plasma
« Mean transverse momentum

. /  Transport properties
— <pr> fluctuations (ALICE and ATLAS)

| B — Shear and bulk
— <pt> in ultra-central collisions (CMS) viscosities

« Speed of sound
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* The decrease in forward is described by hydrodynamics
 AMPT reproduces the asymmetry in p-going vs Pb-going
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* Ridge yield extended to low multiplicity region

* Models cannot describe the yield at low
multiplicity: mechanisms not understood
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Baryon-meson grouping and splitting of v, : described by Hydro+Coal+Frag, not transport
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https://indico.in2p3.fr/event/29792/contributions/137123/
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Baryon-meson grouping and splitting of v, : described by Hydro+Coal+Frag, not transport
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Ultra long-range v, in low multiplicity (ALICE)
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* V,is not affected by jets

o Jet constituents have
Zero V2
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Bose-Einstein correlations (ALICE and LHCDb)
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16



Data/Fit

P(p, ))

107"

192

103

0.5

Y

Y

| i — T T —= =+ I * & I © ° & 1 —r 1 % & T ° T 0
ALICE Centrality Pb—Pb, \s,, = 5.02 TeV 0.2<p_<3.0GeVic
L 0-5% 30-40% | <08 50-60%
o Data ¥ N, - Ng}j”
E - - Gauss fit — Gauss fit
3 2
: ) . I o . e

! 7

1 (¥ ox

4 )]

0.6 0.8 1 0.6 0.8 1
(pT) (GeVlc)
Phys. Lett. B 850 (2024) 138541
- I e PbPb|s.=502Tev | S ' o
B ALICE : HIJ_IN(:‘; Vs =5.02Te - g% ALICE 02<p_<3.0GeVic,|n|<0.8 7
B — ~— V-USPHYDRO T — _ —]
[ mfeen WRRwse ] S vRGSE emenmoseT
| PYTHIA8 CR OFF - Xo X 5, =544 TeV - ~ PYTHIA8 CR OFF © MC-Glauber+MUSIC  _
F ~ V-USPHYDRO 1 - Xe-Xe, s =544 TeV A
o Skewness ] 6 - HUING —
s ’ . ---- Gaussian baseline |
[ = A : ] Kurtosis.
i -4 s i 1
— s "»‘; . == = '  & ] *
N Sk : "7 i 4+ —
| 0.2< LS 3.0 GeV/c _ T
" 7] <0.8 1 TR 0000000 .
— L 1 1 1 L L 1 L I II_ L 1 1 1 1 1 1 1 I 1 L1 1 1.1
1 3 6 10 15 1 3 6 10 15
1/3
dN /d 173
{ ch n>lnl<0-5 (N ch/ d 77>|n|<o.5

Negative skew

Positive skew

Positive Kurtosis

Normal

Negative Kurtosis

Positive skewness and Kurtosis,
both decrease as dN.,/dn increases

17



<p;> fluctuations (ALICE and ATLAS)

A

Y

Positive Kurtosis

Negative Kurtosis

oD/ (o, D™

= T T o 1 & ¥ I = & & [ <+ * T [ & ¢ & ¥ & [ & T T T ¥ — 4
= . ALICE Centrality Pb-Pb, s, = 5.02 TeV 0.2< P < 3.0 GeV/c i
B il 0-5% 3040% | <08 50-60%
o Data . * N - Ncr:T;min
1072 F - - Gauss fit — Gauss fit
10° F = T
- : . } }
i [
8 4r J} T
= [ {:
O 2 | j;; T
. 0.6 0.8 1 1
®.)
Phys. Lett. B 850 (2024) 138541
/\'_ 2 T T 1 1 T T I /\'_ T T T T T T 1 T I
S i - Pb-Pb, |s,,=5.02Tev | 2
o= - ALICE HIJING NN 1< B ALICE 02< PT <3.0GeVic, |n[<0.8 7
[ %-pp, s=5.02Tev M STEYDRO | ~ % pp, Vs =5.02 TeV g _ .
15  PYTHIA8 CRON MC-Glauber+MUSIC ] i PYTHIAS OR ON - 5:)\”;% [y =5.02TeV |
B PYTHIA8 CR OFF - Xe-Xe, \[s, = 5.44 TeV - PYTHIA8 CR OFF MC-Glauber+MUSIC
i HIJING - i i
- V-USFHYDRO . - - Xe-Xe, s\ =544 TeV -
1L Skewness ] - FINING .
B . B ---- Gaussian baseline |
[ = ] I Kurtosis |
= g .
051 S W -
- + —
5 —oE i
L 0.2<p_<3.0GeV/c &= i
- Inl <08 % .
0 [ 1 1 1 1 1 1 11 l AT ' ' L 1 1 1 N o
1 3 6 10 15 1 3 6 10 15
1/3
dN /d /3
{ ch n>|nl<0-5 <chh/d 77>|r,|<o.5

1.01

Negative skew

Positive skew

Normal

[ AtLAs Prefiminary T BN W]
| Pb+Pb 5.02 TeV, 470 ub’ 1 = ATLAS Preliminary |
| 0.5<p_<5GeV d B Pb+Pb 5.02 TeV, 470 ub”
L <25 4 0.5<pT<5GeV J
 arXiv:2306.09294 ] ) mi<25
i Nrehc based 7] rec
L c : 4 - @ N_  based -
— Param. | (a) L ch i
— — YE; based b
== Param. |l eto | 0.6 | © ZE; base (b) ]
i @ N’ based | - arXivi2306.09294 7
L ©-XE; based | - N based s
asee®c>e - | 0.4 —=Param. | +—
L— L L L '--Paraml ” R B B |_
0.9 1 1 . 12 0.9 1 1.1 1.2
rec
ch, scaled Nch. scaled

Positive skewness and Kurtosis,
both decrease as dN.,/dn increases

Hydrodynamic models reproduce
the results in central and mid-central

collisions
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<p+> In ultra-central collisions and speed of sound (CMS)
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« Sound modes arising from longitudinal compression
wave propagating in the fluid medium: cq
— Directly constrains the equation of state
« A steep rise of <p;> is observed in ultra-central

— Agree with hydrodynamic model predictions

e ¢2=0.241 = 0.002 (stat) = 0.016 (syst)

« First time determination of ¢, with high precision
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A Hyperon decay parameter

dN @ *
d_Q & 4 1 + @COSH

Hyperon polarization

SQM talk by Chenyan Li

Flow -> Vorticity -> Spin-orbit coupling -> polarization

PRL 131 202301 (2023), PRL 123, 132301 (2019), PRL 128, 172005 (2022)
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The results might indicate complex

vorticity structures in pPb collisions
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Summary

* Rich results from flow and correlations at LHC
— Flow extended to forward region, including in pPb
— Ridge yield and PID v, extracted at low multiplicity in pp and pPb
— Relation between flow and jets studied in detail in small systems
— New flow decorrelations for understanding longitudinal dynamics
— Bose-Einstein correlations with event shape engineering
— Power hiding behind <p> isbfé'iyaabzd: speed of sound in QGP
— A\ polarization observed in pPb Veg

* Work on Run3 data is ongoing

Full list of results at LHC:
ALICE ATLAS CMS LHCDb

Shengquan Tuo LHCP 2024, Boston
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https://alice-publications.web.cern.ch/submitted
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN/index.html
https://lbfence.cern.ch/alcm/public/analysis

