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Just off shift from STAR control room this morning

Status of STAR:

* 2days ago we successfully reached the goal of
11.5 GeV Au-Au (230M good MB events) data
taking during my shift

* right now STAR is taking 9.2 GeV Au-Au data
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Why carry out relativistic heavy ion collisions?
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Net Baryon Density

Discovery of QGP:
RHIC 2005 Au-Au
LHC 2010 Pb-Pb

Quark Gluon Plasma (QGP)

* hot and dense QCD matter

* strongly coupled perfect liquid
* deconfined quarks

e early universe

Open questions:

* QCD phase diagram

e critical point

e light and strange quark production time
* hadronization

e transport



Balance Function — distribution of balancing charges

Bass, Danielewicz, Pratt PRL 85, 2689 (2000
B(p1,p1) (2000)

measure BF of final state
identified hadron pairs

+ — General conserved charges:
* e: electric charge

e S: strangeness

* B: baryon number
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System lifetime

Balancing charge separation in Ay
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Balancing charge separation

Bass, Danielewicz, Pratt PRL 85, 2689 (2000)

Later hadronization towards central collisions -> narrower BF of rr, KK, pp

px r®
Blast wave

p(B)

Voloshin PLB 632 (2006) 490-494

Ap, = my - sinh(Ay) = mp - Ay =
N
pp A | AA Central
AA AA
Peripheral Central AA Peripheral
PP

|
1B Ay

Larger radial flow towards central collisions leads to smaller separation of balancing pairs in Ay
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F of unidentified hadron pairs hh and tmt

N PRL 90, 172301 (2003) Au-Au @ 130 GeV
0.1<p<2.0GeV/c 0.1<pr,p<07GeV/c
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Narrowing of B and B™™ towards central Au-Au collisions
-> larger radial flow towards central collisions leads to smaller separation of balancing pairs in An & Ay
-> later hadronization towards central collisions leads to narrower BF



BF of identified hadron pairs wmr and KK

0.6 | M Kaons Au+Au
| O Pions Au+Au HIJING
| [ ] Kaons Au+Au HIJING
A | W Pions Au+Au UrQMD
ﬂ = 1 Kaons Au+Au UrQMD ==
i o0
ﬁiacﬂj op o7
i s
0.5 ]
p St i +[}- k
= g & >
% KK

Wrlyv v g 2

~ @ Pions Au+Au

— A Pions p+p  /\ Pions p+p HIJING big uncertainty

: Y Kaons p+p i\yKaons p+p HJING <> Pions Au+Au Blast Wave

IllllllllllllllIllllllllllllllIIllIlIII

0 100 200 300

\ Npan ‘

Au-Au @ 200 GeV PRC 82, 024905 (2010)
0.2<pr<0.6Gev/c

B™™(Ay) narrow towards central collisions, while BXX(Ay)
no centrality dependence.

-> larger radial flow towards central collisions leads to
smaller separation of balancing pairs in Ay for mm and KK.

-> (Ay) for KK is smaller than tm due to ¢ decay.

-> no late hadronization for KK?

Sys .
A y tem Ilfetime

: diffusion
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Two-wave Quark Production

Scott Pratt - CPOD 2013
Generalized BF (between different particle species)

-> understand balancing between quark species

strange quarks
-> access to light and strange quark production time

# of quarks

System lifetime

£
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isentropic expansiy____———— : diffusion
thvﬁlirzation T (fm/c)
1 | | | | | | 1 1
0 | 2 3 8 9

4 5 6 7
—~
)
Pratt PRL. 108, 212301 (2012) ~
. 0.06
hadronization contr. —a— hadronic contr. —a—
06 early QGP contribution —g— early QGP contr. —g—

total —e—

Ay
1t larger 2" wave up/down quark production -> smaller (Ay) -> narrow towards central collisions
KK: dominant 1t wave strange quark production -> same (Ay) -> no centrality dependence



Baryon number BF & Net-baryon fluctuation

STAR, arXiv:2001.02852

Pruneau, PRC 100, 034905 (2019) submitted to Nature Physics
o 2 | y | ]
2 g PP @ 0-5% _
1 & (a) 0.20 ® S 70-80% (b) C2 ] 40
“ @
° |
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@ 00000 0 0 o o
0.5 : : .
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05 ‘ ]
—50
. g. o ° e’
) s oL | | 0 009@ ¢ ¢ —:0
acceptance Q 05 1 - 5 10 20 50 100 200
BF Integral . N N C, (ANp high energy A-A collisions
* hadron species pairing probability (never measured before) 1- CSkellam(AN ) = IBF(Q) in the limit (N,) = (N;)
2 p

* interplay of pair production process, acceptance, and BF width

Differential baryon number BF in BES -> critical point search



Two-particle Number Correlation Function

a,f—hm K,p Aand £ ...
. apy o Yy N R a — reference particle
2-Particle Cumulant Czaﬂ (p“, pﬁ) = pgﬁ (pa, pﬁ) - p1(@") - Pf (pﬁ) B — associate particle

D1, P2 — single particle & pair number density per event

Measurement: aB (=q =B\ N B/~ aB (=g = assuming efficiency factorizes
M — Measured CZ.M(pa’ p'B) = Ef‘(p“) & (pﬁ)l' CZ (pa' pﬁ) Sg(ﬁ“'ﬁﬁ) ~ ef (p%) - 31ﬁ (5ﬁ)

Require separate efficiency estimation for single particles

P k) e (%pP)
P23 - pP @) p (%) - p¥ (BF)

Efficiencies cancel in the ratio -> robust observable

af(=q =
Normalized 2-Particle Cumulant R, (pa: pﬁ) =

- 12
w
g ! Ravan et al., PRC 89, 024906 (2014)
g 08}
% +
. i N\ . Pavg(®T)
Acceptance correction ” il FAY weight: w v, =0
P 04 _":‘ } & * (y’ (p‘ z pT) pi(yJ(prerT)
v, |/ 5. | small V, bins "



Balance Function (BF) Definition

Associated particle distribution R p ﬁ(p ,D ) .
(per trigger yield) A% (p,pF) = : P& (5% ) (pﬁ) P1 (pﬁ) Raﬁ(P ,pF)
e . atB(=q =B B
BF of positive reference particle a* Baf"’ﬁ(ﬁa,pﬂ@) _ gatBT _ gatpt — P2 a+(p4a'p ) _ pf ) - P2 a+(p P ) (*B)
pt (@*) (%)
B a2 B
BF of negative reference particle a~ B"‘_ﬁ(ﬁ“,ﬁﬁ) _ pa Bt _ B = P;pg_((;;‘:?ﬂ) ,g+(;ﬁ) Pz . ((1; ;’ ) " P1 (ﬁﬁ)

"‘”’(p PpP) =5 [B“””(P ,pP) + B F(p%,pP)]
~ 108 @) RS (3, 57)- o8 (87) [RSF (5% 57) + 0 (57) [RS P (5% 7)) - 08 (5°) RSP (5.5

=

Balance function
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Balance Function Measurement

B“ﬁ(y , 0%, yF, oP)
p1 (yﬁ¢ﬁ)|”(y , yﬁqoﬂj—p (yﬁ¢ﬁ)|“ﬁ(y , p° yﬁq)ﬁj
+p "(y*, oF) |R F(y, 00,8, qoﬁi—p (vF, 0P) |R Py, 0%, yP, qoﬁi

0.2 < p™* < 2.0Gev/c
* measure Raﬂ B, oP) for interested p; range < b <
v 0% yF, ¢ pr 0.5 < pp < 2.5GeV/c

. pﬁ(yﬁ (pﬂ) (assuming constant for mid-rapidity) calculated from previous p; spectra measurements
yP

B (Ay, Ag) = f B (y%, @% y#, pF)dyF doFf

average over yﬁ

Ay = y* —yF

12



(Ay, Ag) (rad™)
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BF measures charge-dependent (CD) correlations

A = 2 (AP 45

30 -40 %
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Remove charge independent effects

B (ay, 090 = A% = A3 — %

30 - 40 %

Keep effects related to balancing pairs
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BF of unidentified hadrons: STAR BES | & ALICE

: 7GeV  —~39GeV | ALICE (a) |ALICE
5 GeV +--62.4 GeV 0.8 Low-pT interval  0.2<py 4q0c<Pr 1ig<2.0 GeV/c
R 6 GeV 4200 GeV *
GeV  -e.2.76 TeV ALICE 0.7F e, < * N
07:" \ 0_6,{pp \s=7TeV **ﬂ'
- E . - S 3 e R -~ 0.5 -@- p-Pb \/SiNN =5.02 TeV
N N 0 L * PO sy =276 TeV
C | Intermediate- P interval 20<pnmc<3 0<th <‘i’ii ev/c
0.6 . 0.3 s W
E e PRC 94, 024909 (2016) 0.2 High- P, interval 3.0<p; ,s0c<8. O<meg<15 0GeV/c
C0.1<An<16 e 0.1 o qemee* *******
B 0.2<p.<2.0 GeVfe¢ T ®-- EPJC 76 (2016) 86
_IIIII-II-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 0 Hll 1 lllllHl 1 llllllllz 1 1111““3 1
09556900 150 200 250 800 350 400 1 10 10 10
N, (N_) (nl<0.8)

> Low p;:
* pp, p-Pb: similar widths at overlapping multiplicities -> similar origin in BF
* p-Pb and Pb-Pb: different at overlapping multiplicities -> different origin
» Intermidiate & high p;:
* narrower & no multiplicity dependence -> initial hard parton scattering &

B™(An) narrow towards central Au-Au and Pb-Pb collisions

-> larger radial flow in central leads to smaller (An) separation

-> larger 2" wave up/down quark production in central -> smaller (An)
lower energy (7.7 GeV): narrow towards central collisions -> QGP

oversimplification in correction for acceptance subsequent fragmentation o _
* similar values for all multiplicities over all three systems -> similar dynamics

14



R,(P) vs. models — unidentified hadrons

ALICE, Pb-Pb /s = 2.76 TeV urQMD AMPT EPOS

02< P, < 2.0GeV/c R 0-5%

ALICE
.) " aD:N
®» °©
I\ N\ ) » sl 5
.’ ) :\:;\\\\\:\\\\\\\%\Eé\\\\\\\\ " | =
R
AQ
PRC 100, 044903 (2019) Basu, Gonzalez, JP, et al. arXiv:2001.07167, Submitted to PRC

* models qualitatively reproduce near-side peak, but Not its amplitude and collision centrality evolution.
* broad dip at (Ay, A@) = (0,0) in data due to HBT Not reproduced by models -> no HBT afterburner
+ models qualitatively reproduce away-side tail in peripheral and its suppression in central collisions -> resonance decays, e.g. p° 15
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R,(P) vs. models — unidentified hadrons

ALICE, PRC 100, 044903 (2019)

0.0015f -»-0-5% X1 UQMD [ ¢ <A <2n AMPT [ 02<p <20GeV/lc  EPOS [ ®#0-5% xi ALICE
[ --30-40%  x1 I i [ ®30-40%  Xx0.5
[ - 70-80%  x0.2 + + [ =70-80%  x0.08
+* 4
0001} k ++* *++ i
o
) + + * +
i ¢ + [ s
0.0005 | I [ ¢ + L +
‘”0'00“ l 4 ’_0 ¢ *, 4 |+++$+ ¢ *,
-,
®. - ¢.
0 "“'*’ toeees m*w 408, eet*evee,
‘#
” IIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-IIIIIIIIIIIIIIIIIIIII
i — o 0 1 22 -1 0 1 2-2 -1 0 1 2
An An An An
| _e—UrQVD Basu, Gonzalez, JP, et al. arXiv:2001.07167, Submitted to PRC
-eo- AMPT
| e - models N d itude and l lution of longitudinal
| _m ALICE models Not reproduce magnitude and centrality evolution of longitudinal rms
L . E
L S * EPOS: reproduces a narrowing but widths too narrow by ~30%
e i -> corona particle dominance since No event-by-event charge conservation in core
?f + R ¢ e -> average radial flow imparted to corona > core
AE S IR L K
$ + + + . ¢ * UrQMD: weak amplitude of near-side peak -> insufficient high-mass resonances
r | | | N AMPT: weak amplitude of near-side peak -> incomplete handling of charge conservation
20 40 60 80

Centrality(%)
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BF of full species matrix (™, K%, p/p)x(nt, K%, p /D)

ALICE

+ — General conserved charges:
* e: electric charge

e S: strangeness

* B: baryon number

v/ : previous works
v/: JP PhD dissertation 2019 (ALICE)

B (Ay,A@) | h* mt K* p/P
e ht v
mt Vv v v
K* v Vv v
p/p v v v

15t BF measurement of full species matrix of (t, K=, p/p)x(nt, K%, p/p).

17



PIDBF-F u | | S pe o i es Mat ri X 0.2 <p®  <20GeV/c P PhD dissertation, arXiv:1911.02234
0.5 < pP < 2.5 GeV/c IP (for ALICE), NPA 982 (2019) 315-318
JP et al. (ALICE), PRL + PRC In Preparation

ALICE K p KK Kp

B™ P (ay, Ag) (rad™)
BX K (ay, Ag) (rad™)

(]

BP7*® (ay, Ag) (rad’)

/ A\
1Y \ AA ) AN b
G RGN . ,”Q:O\\M"
A A 0N ) 2059 “‘ IR
R RS
oMY DY ‘W‘ﬁ, MRS
M

A

)
/7N
s

0NN
Lol Gt

7\

B™ (ay, Ag) (rad")
B ™ (ay, Ag) (rad™)
BX€ (ay, A¢) (rad™)
B (ay, Ag) (rad™)

Bptrf%ptn) (dy, Ag) (rad')

A
AAIAN
A“!‘t’l““‘ AR
‘v‘g’%’;{“\\\v\“pﬁ‘“"‘ﬁ

il

AR
A IR

DILNE
NN
LYY
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\
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ALICE .

0.4

0.2

0.6

0.4

B (Ay)

0.2

0.4

0.3

0.2

0.1F

1D BF Ay Projections

0.2 < pF™ < 2.0 Gev/c
0.5 < pj < 2.5 GeV/c

this thesis e0-5% e 0-10% e 0-20%
~Pb-Pb |5 =276TeV ©30-40% | 0.1} ™K ©30-40% | ool ™ * 20 -40%
T e s °70-90% f e60-90% 8 ® 40 -80 %
B ’5 -i .
[ ] [ ] Q
!l () .! 0.05F i@ 0.01+ g g
ae ae
- "...I ogllee l'.." lgggﬂgggl liii Eiil
- h 1 i I“ ”I
! S S L B | L
*0-10% *0-10% *0-20%
- Kn w30-40% 04 KK * 30 —40 % Kp * 20 —40 %
# o oxe0-0% | x60-90% | ool % * 40— 80 %
' * i
i
LA ﬁ##hf 0.02| # E
- ¥y |
T B L T T
i t;t i;g ok ok
=0-20% =0-20% =0-20%
- P § =20-40% 0.15- PK = 20-40% | 0.15F PP = 20 - 40 %
# .40-80% l " 40 - 80 % " 40 - 80 %
0.1F E gﬂ 0.1F H H
LT !E ] !ﬂﬂﬂ Eﬂﬂ!
1' Y 0.05 ﬂl lﬂ 0.05f ﬂg h
Bl i 1
1 1 1 1 1 1 1 1 1
1 0 ] 1 0 ] - 0 ]

JP PhD dissertation, arXiv:1911.02234
JP (for ALICE), NPA 982 (2019) 315-318
JP et al. (ALICE), PRL + PRC In Preparation

|Ap|<mt

Note different scale

7T clear centrality dependence

KK: no centrality dependence

-> consistent with radial flow and two
wave quark production

BF including m:
Clear centrality dependence

BF including K, p:
no / little centrality dependence

-> different production mechanisms
form, K, p

19



[ ] [ ]
02 < mK <20G V/ JP PhD di: tation, arXiv:1911.02234
1D BF A¢ Projections i’ S 20GeV/e  JponD disertotion antvasi1 02234

0.5 < pj < 2.5 GeV/c
JP et al. (ALICE), PRL + PRC In Preparation

ALICE this thesis e0-5% K e0-10% | 002 p ©0-20%
Pb-Pb /s,y =2.76 TeVe 30 — 40 % ©30-40% ©20-40%
0.4k ™ ©70-90% ' 60 -90% ' © 40-80%
'e i § Ay|<li4
th 0.05 § 0.01 (L) :Ay:<1 0
02 o 4 @ i i X | y| ' pl;
) ' . Ay|<1.2 other pairs
ge®® (LM " ii Y p
W Mgt gy LU L T
ok teighotgdens lf UHTETETTTT L] ! ' !
*0-10% *0-10% *0-20%
04l <7 . *80-40% | o5l KK %30 -40% | 9031 Kp * 20 —40 % Note different scale
—~ * 60 —90 % ﬁ#ﬂ * 60 —90 % * 40 - 80 %
8 i 0.02- m
= * 0.1 PLi ’ # #
Sod 1 )
39“ ': 0.0 #ﬁ f# 0.01+ # # _ .
o & it : 5}# #ﬁ f { BF including m:
. nm ﬂiﬁt}tﬁﬂfﬁﬁ ﬁ#ﬁ iy gﬁf oh #&ﬂﬂ%ﬁ%ﬁ%ﬂﬂ* Clear centrality dependence
oF il
pr = 0-20% oL PK = 0-20% oL PP =0-20% BF including K, p:
0.3F . ol B i e todl e T no / little centrality dependence
L iy §
0.2 fal 0.05- II II 0.051 'ﬂ. H .ﬂ. -> different production mechanisms
LN form, K, p
0.1 , K,
jlllll llh'l “l hﬂ " § ﬂgo Ogﬂh !ﬂ
0 TITITRTTTIO Whifiigganill of T,
1 1 ' 1 1 1 1 1 1 1
0 2 4 0 2 4 0 2 4

A¢ (rad) 20



JP et al. (ALICE), PRL + PRC In Preparation

0.2 < p™ < 2.0 Gev/ JP PhD dissertation, arXiv:1911.02234
® BF RMS Widths and Integrals (:z: s20cue  shodemm o,

ALICE

GA(p

1 this thesis
@
® K
®
0.8 A<

1.5

0.8

0.6

|Ay|<1.4 T

|Ay|<1.0 pp -
|Ay|<1.2 other pairs it

Pb-Pb v =2.76 TeV
* Kn pn
* KK M pK

Kp H pp

20 60 80
Centrality (%)

B(Ay) RMS Widths:

= KK & pp no centrality dependence; Tt & cross-species pairs narrow towards central
collisions

= Similar values for all cross-species pairs.

= Qualitatively consistent with radial flow and two-wave quark production
-> detailed modeling required to distinguish them.

ULA R D
[ e
.
i - o
osfaruman® o 3
| O Pions Au+Au HIJING & o °
| (] Kaons Au+Au HIJING
% Pions Au+Au UrQMD Jﬁ‘ -
Kaons Au+Au UrQMD [ STAR PRC 82, 024905 (2010) &
<
| 15 ~~~—"
0.5<_ ‘H 4 %
' Au-Au @ 200 GeV
fAPmnsp.p APmnsp.leJlNG 02 < pT < 06 GeV/C
| JKaons p+p Y'rKaons p+p HIJING () Pions Au+Au Blast Wave
I ol b Lo b Ly L)
0 100 200 300
Npart
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% BF RMS Widths and Integrals

ALICE

1 this thesis

@ x * Kn pn

® K * KK W pK

® Kp H pp
0.8

[Ap|<m

|Ay|<1.4 T

|Ay|<1.0 pp .
1.5 |Ay|<1.2 other pairs e

Pb-Pb |5 = 2.76 TeV

Centrality (%)

JP PhD dissertation, arXiv:1911.02234
JP (for ALICE), NPA 982 (2019) 315-318
JP et al. (ALICE), PRL + PRC In Preparation

0.2 < pF™ < 2.0 Gev/c
0.5 < pj < 2.5 GeV/c

B(A@) RMS Widths:
= Different values for different species pairs
-> radial flow affects pairs of different mass differently.
=  Widths for pp is same with T due to different Ay range. Other effects?
= All species pairs narrow towards central collision -> qualitatively radial flow > diffusion.
= More detailed information on radial flow profile in context of hadron species pairs.

22



% BF RMS Widths and Integrals

ALICE

1

0.8

1.5

0.8

0.6

|- this thesis Pb-Pb \[ Sy =2.76 TeV
@ x * Kn pn
® K * KK W pK
RS Kp | pp
[Ap|<m

|Ay|<1.4 T
|Ay|<1.0 pp 9
I | Ay|<1.2 other pairs it

1
0 20 40 60 80
Centrality (%)

0.2 < pF™ < 2.0 Gev/c
0.5 < pj < 2.5 GeV/c

ALICE, PRC 88, 044910 (2013)

.\é_ 0.09 ;_ Cleymans et al,, Tc‘hz 170 MeV, Hy= 1 M‘eV _;
E.... Andronic et al, T =164 MeV,u_=1 MeV E
008 ;_ ch B _;
0.07; ""é
0.06 3
40 WHEH E
0.05F é § & g E 8 E
g [ LCETEE
0045 =
0.03F o ALICE, Pb-Pb, |5, =276 TeV =
0.02F (@) BRAHMS, Au-Au, |8, = 200 GeV
0.01F x  PHENIX, Au-Au, {5y = 200 GeV
0: | T | 3

10 10? 10°
dNe/d

Balance Function Integrals
= 1t measurement of hadron species pairing probability (within acceptance).
= Sum of integrals of m triggered, K triggered, p reference BFs ~0.65.

= Minimal centrality dependence for most pairs, but 7T increasing towards central collisions

R
¥

0.25

0.2

0.15

0.1
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e Cleymans et al,, Tch =170 MeV, M= 1 MeV _:
. Andronic et al,, TCh =164 MeV, By = 1MeV 1

g ool B B o ey

o ALICE, Pb-Pb, Sy = 2.76 TeV
BRAHMS, Au-Au, |5, = 200 GeV
PHENIX, Au-Au, S, = 200 GeV |

(b) ]
+ STAR, Aw-Au, 5y =200 GeV ]

o vl | L

10°
dNe/dn

10?

-> B(mrmr) losses beyond acceptance more for peripheral than central collisions.
= Hadron species pairing probabilities very different from single hadron ratios.

e.g. Km not larger than KK by /K ratio; pp larger than pK.

-> better constraint for models.

JP PhD dissertation, arXiv:1911.02234
JP (for ALICE), NPA 982 (2019) 315-318
JP et al. (ALICE), PRL + PRC In Preparation



4. Balance Function experimental outlook

AN —
7N rt T +— General conserved charges: v: previous works ALICE
* e: electric charge v: JP PhD dissertation 2019 (ALICE)
ud ud * S:strangeness % : JP et al. (STAR) BES work in progress
* B: baryon number
+ - R -
K K B“ﬂ(Ay, Ap) ht t Kt p/D /10//10 E/E
u s us e ht v
p p e nt vvk | vk v*
uu uu K* vk vV k vk * *
d d a
o p/D VX vx VX * *
A° A0 —
- A%/A0 * * * *
u u
s d sd 5~ /Bt * * * *
= = « differential B®# (p%, pg)
d d uncharted territory « B w.r.t event plane

* BB in jets

%)
7}
(7]l
%]l
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Su m ma ry & conCI USionS My contributions in BF research:

JP PhD dissertation, arXiv:1911.02234
» Generalized BF (between different particle species) key observable
-> understand balancing between quarks
-> have access to the timing JP et al. (ALICE), PRL + PRC In Preparation “BF of m, K, p”
-> equivalent to net-baryon C, for critical point search

JP (for ALICE), Nuclear Physics A 982 (2019) 315-318

JP (for ALICE), J. Phys.: Conf. Ser. 832 (2017) 012044

> GBF (Pb'Pb @ 2.76 TeV): Basu, Gonzalez, JP, et al. arXiv:2001.07167, Submitted to PRC
= Three 1%
« 15t GBF measurement of full species matrix of Tl'i, Ki, p/ﬁ Gonzalez, Marin, Guevara, JP, et al. PRC 99, 034907 (2019)
* 1%t 2D differential measurement of PID BF. JPetal. (STAR), PRL In Preparation “BF of , K, p, A and £”
* 1t measurement of hadron species pairing probability.
= B(Ay) Widths: oy e .
* qualitatively consistent with radial flow and two-wave quark production More excmng results in
-> a detailed model required to distinguish them. STAR BES coming soon!

» B(Ap) Widths:
* qualitatively radial flow > diffusion.
* more info on radial flow profile in context of hadron pairs.
= BF Integrals:
* minimal centrality dependence.
* hadron pairing probabilities different from single hadron ratios.
-> better constraint for models.

» From Model Comparisons

* Models need to properly account for balancing charge production & transport mechanisms.
25



Thank you!

Quark Matter 2018 Talk ALICE Shift Leader (Honor) — Pb-Pb runs 2018

ALICE

Balance functions of (un)identified had
in Pb-Pb, p-Pb and pp collisions from A

Jinjin( ) Pan
n behalf of the ALICE Collaboration

Look forward to learning at BNL .
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Momentum Space Variables

Transverse plane

beam direction

Fig. A. Zaborowska

p — particle momentum

2 _ .2 2

pr — transverse momentum pPr=pr. * P,

¢ — azimuthal angle _ 1, E+tp.

0 — polar angle | [t @ )} |p| Y=5 E—p
. 4 1N =—In| tan s

’7 pse_quorap|d|ty |p| Lorentz invariant

y — rapidity
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Centrality of Relativistic Heavy lon Collisions

Peripheral Collision (near) Central Collision
Spectators j r !

@

Centrality measured by the multiplicity of charged particles

Participants

Masashi Kaneta
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Definition of Anisotropic Flow

= Flow refers to a collective expansion of matter.

= The system follows an anisotropic expansion.

= Anisotropy in the azimuthal particle distribution are
studied in terms of the Fourier decomposition.

Spatial B ,
Anisotropy Voloshin and Zhang. Z.Phys.,C70:665-672,1996.
Transverse Plane y
he
density gradient -> pressure X
for anisotropic expansion
Momentum
Anisotropy
' AN 1 dEN azimuthal angle around the beam axis
E——= (1+2v,cos(¢p—Y,,)+2v,cos(2(¢p—Y, . ) +...)
Hiroshi Masui (2008)
v =(cos| n(¢—VY,,)
< [ - ]> directed flow elliptic flow reaction plane
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Models Used In This Work

AMPT

Structure of AMPT model with string melting

A+B

nucleon

Syspectators

fragment into partons

ZPC (Zhang's Parton Cascade)

till parton freezeout

Quark Coalescence

\ 4

A

ART (A Relativistic Transport model for hadrons)

HUING
* QCD Lund jet fragmentation

* Hard parton scatterings dominate
* Emphasis on mini-jets in pp, pA & AA

EPOS 3.0

CGC - initial condition

Core — Corona approach
Viscous hydrodynamic expansion
Statistical hadronization (Cooper-Frye)

Final state hadronic cascade (UrQMD model)

TEXAS

‘The University of Texas at Austin

Event Generation:
A. Knospe, C. Markert

Hadronic relativistic dynamics

Event Generation: W.J. Llope WAYNE STATE

UNIVERSITY

dn/dp, (normalized)

dn/dp, (normalized)

)

Werner et al. NPA 931(2014)83-91

4
35
3
2.5
2
1.5
1
0.5

% 05 1 15
p, (GeV/c)
B EPOS3.076
35 P cMS
3 f— 'v'yvVWVWV"VWVWWVVVVy
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Track Crossing Correction

The cause of track crossing

tracks with Ay ~ 0

Ad
~

The solution / correction

Like-sign: p,-ordered analysis

Merging
Loss

X X
merged hits
PR e e / ) [ -
[ 3 7 - [ 3
[ 'y 7 ] ~ L @
[ i ) 7 ] B S—
(E— e T —
= — %T
T o ] i ]
rI— [ T e
I [ N ) ] [ -
[ 9 ] =% [ e
\ ] B [ i e
I ] ® —— —
__ prvertex
o —+ &
y

A

Unlike-sign: charge-ordered analysis

Merging
Loss

At given Ad, count un-merged pairs and use count at -A¢

¢

Same rel. angle
No Merging Loss

<

Same rel. angle
No Merging Loss

32



Correcting The Collision Centrality Bin Width Effects

Gonzalez, Marin, Guevara, JP, Basu, Pruneau, PRC 99, 034907 (2019)

p,(M,e.1,.0,Ilm)
p,(n,e |m)p (n,,e, | m)

2-Particle Normalized Cumulant (for multiplicity m) R,(n,¢,.1,.¢, |m)=

in.k = 1 Mmax.k
P ML0) =P (L) == q(m)p, (1., | m)

Weighted Average o, )
(Bin k) _ =) _ Mo k
p2 (np(ppnza(pz)_pz (771,(/)]:772»(,02)—Q_z”pmmmkQ(m)pz(nla(P]anz,(Pz|m)
i :
Uncorrected - Weighted Average
Bin k)
; n,9,,1,,9,)
R(Bm’k)(n @1, P, )= -p2 L2 -1 D 1 Max
’ U pmR (L) p R (n,,9,) RO (M, @,.1,.9,) =aZmzm‘mqr(m)l’g(nl,cﬂl,772,902 | m)
1 moox k :
= Qk Zm:m"""‘k q(m)pz(nl’¢l’n2’(p2 |m) ~1 — I:L mmij q(m) P, (771,(/’1»772,(/’2 |m) :|_1
1 Mimax k 1 M ax .k m=m_. , TI 1) m TI B m
{Zm_"; a(m)p,(n,., |m)}{2m._,,; 9(m ), (1,0, |m’)} i PP P, (T, @, [1)
o, o,
p (.| m)=<ny P (1,0|m) o .
2,110,100, | m) = (n(n=1)), P, (110,71, @, | m) P1, P, — Probability Densities
: P.(1,.9,.1,.9,) —_ P,(n.9,.1,.90,)
RO (1,,0,.1,,9,) = o2 o L2 ] |:> R (1.0.1,.0,) = B 2" 2
) RV —ag e R 2 O =P (0 )P (0,)
j—
o X qm)n(n=D), 1 s (n(n=1)),
o= & 1 e ﬁ = Q_zm—m ,,,,, (m) <n>2
(G D, A, )’ ’ "
) .

Correction [ ROML0.1,.9,) = fo (RO (1,0,.1,.0,) + 1)~ 1
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Correcting The Collision Centrality Bin Width Effects
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Gonzalez, Marin, Guevara, JP, Basu, Pruneau, PRC 99, 034907 (2019)
(&/4 1 +— AFaF =p =
R :—[R2 +RY+ R+ R,
4

1
CD — — S
RS —_Z[R; — R+ R —R;

» Results corrected agree with those obtained
with the weighted mean within 1% for both
R, and R,P.

» The correction enables reasonably accurate
corrections of the R, correlators in the
context of HIJING and UrQMD models.

» Given these models provide relatively
realistic representations of single and pair
particle spectra, the correction method
should provide reasonably reliable bin-width
corrections of R2 correlation functions
measured at any heavy ion collider.
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