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Why Measure General Balance Functions?

Six Reasons to Measure General Balance Functions

« Understand/Probe
 Two-stage charge production model
- Collision dynamics, e.g., radial flow
 Hadro-chemistry - Charge/Strangeness/Baryon/Resonance production
« Background/Support for other studies
e Search for CME/CMW effects:
 BF -> Better system expansion models

* More reliable calculations of charge conservation backgrounds in
CME searches.

e Search for DCC production
« Differential correlators - neutral and charge kaons

e Studies of (higher-moments) net charge/baryon fluctuations.
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Why Measure General Balance Functions?

Bass, Danielewicz, Pratt PRL. 85, 2689 (2000)
Pratt, Cheng PRC 68, 014907 (2003)

Two-wave Production Bozek PLB 609 (2005) 247251

Kapusta, Plumberg PRC 97, 014906 (2018)
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Two-wave quark production model: « Strong late stage contribution « Weak late stage contribution
™ : predominantly produced at late stage  * Hadronization part narrower « Weak centrality
+ K= : predominantly produced at early stage ¢ Narrows with centrality dependence.

Investigate if BFs for i, K¢, ..., evolve differently with centrality at LHC & RHIC (BES)




Why Measure General Balance Functions?

Hadro-chemistry
Scott Pratt, Phys. Rev. C 85, 014904

* D)

Correlations: Coordinate Space

B(Ay, Ag) (rad™)

Longitudinal & Radial Expansion

Hadronization

a, b: net charge, strangeness, baryon a, B : particle species (pion, kaon, etc)
a (had) o
Gav(n1,m2) = go ) (n1,m2) + g5 (1, m2), Xap (1) = ;d Gec.aor,b (M (7))
had had GP o
gup ¥ (m,m2) = — [X(g,b '(m) = Xop )(m)} 0(m — n2), P = Y daatdanna(m),
acQGP

9ab(M1:m2) = Y (16 (1)) qa.,ads,6(ns(n2)) exp {Z Gov,cted (M1 772)96,d}

apf cd

= Xae(m)tea(ni, n2)Xa(n2),
cd

A tool for studying the chemical evolution of

tas(m1,m2) = 3 xS (1) gealn, m2)x5y  (12). the quark-gluon plasma
cd

dN
9 (11, 712) = ([na(m) = na(n)] [ns(n2) =nz(2)]) =P B, ;(An,A¢)= d—;Rﬁ?(An,Aqﬁ)

~ 4N (1)) Goattab (M1, M2)28,6(n3(12))-
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Why Measure General Balance Functions?

Support for net-charge (baryon) fluctuation studies

A. Bazavov et al. PRD 85 (2012) 054503  B. Friman, et al. EPJC 71 (2011) 1694,

g—,j The Phases of QCD 140 r 2
21;:_ Xl,dlu/Tz \
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E-By-E fluctuations of net charge/baryons/strangeness probe properties (phase structure) of QCD
matter.

LHC: Test lattice QCD predictions at ug = O; If close to 2nd-order phase transition for vanishing quark
masses — signs of criticality?

 RHIC/BES: Search for critical point. Caveats: GCE expectations must
« Measure susceptibilities be “corrected” for various
AN, = VT effects:
A B/~ X1 ° o
) ) N Charge Conservation
g 0 (P /T ) <( 5~ B>)>‘ X2 =0 * Vx =?=V, correspondance
Y, = . VT y 8 * Energy-momentum conservation
" 0 (M g / T)n <(ANB—<ANB>) >/ o’ = (VT3XB)3/2 e Quantum number conservation

- Finite system size and lifespan
<(ANB _ <ANB>)4 > /g 4_3 - Vv, _ k Stopping/Fluctuations
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Correlation Functions

Densities:

pi(p) = p(@,1,Pr )
P, (Py»D,) = P, (9,1, D7 1592515 P 2)

2-Cumulant:
C,(n,n,) = p,(N,1,)— (M) P (1,)

Normalized Cumulants:

p,(An,A¢) ~
p,(n,6,)®p, (1,.9,)

R (An,A¢)=

Transverse Momentum Correlator (1):
M. Sharma & C.P., PRC 79, 024905

(2009)

p..b.)Ap. Ap. dp_  d
<APTAPT>(A77,A¢)EJ p,(B,.B,)Ap, ,Ap, ,dp,  dp,

p,(An,A¢)
Dimensionless pT Correlator: Ap;pr >0
Ap,Ap,. )(An,A¢) Vi ‘l
I’Z(An,A¢)=< ) 2
<pT> ApTApT<O
C. Pruneau, WWND, Beaver Creek, 2019.. (pr) pr

Transverse Momentum Correlator (2):

S. Gavin Phys.Rev.Lett. 97 (2006) 162302
M. Sharma & C.P. et al (STAR), PLB704, 467 (2011)

Jpz(ﬁl'ﬁz)pT,lpT:2 de'l de'z _<pT,1><pT,2>

G (An,AQ)=
AT p,(n,.,¢,)®p,(1,.9,)

Charged particle pair combinations:

1

- LS : Like-sign pairs 0" =2(0""+0"7)

» US : Unlike-sign pairs O(US):%(OG—)_'_O(—F))

. 0D = %(O(LS) + O(US))

(C)_l us) _ n(LS)
0P _2(0U 0")

CD: Charge Dependent

Balance Functions (BF):

dN
B(An,A¢)= ERECD)(AU,M)

Note: Byv|ly) = “L{2R,_ - R,. —R__}




Measurements by ALICE

Systems

* p-p collisions

* p - Pb collisions

 Pb - Pb collisions ,fs,, =2.76 TeV

Charged particle tracks (ITS+TPC):
0.2<p, <2.0; |n<1.0

Pairs ‘An‘ <2.0

Centrality Determination w/ VO Detectors

Track Quality Criteria:
e DCA,<3.2 cm, DCAy<2.4 cm;
e >70 hits/track;
e Suppression of electrons with TPC track dE/dx

 NUE Correction w/ weight technique

Claude Pruneau
Wayne State University

w College of Liberal Arts & Sciences
Department of Physics and Astronomy
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Correlation Functions P. Pujahari, et al., arXiv:1805.04422, Submitted to PRC.

R2(CD) in Pb — Pb @ 2.76 TeV

1
0P — _(0<US> _ O(LS))
— 2
. |
ALICE, Pb-Pb |/s, =2.76 TeV ALICE, Pb-Pb |,y = 2.76 TeV ALICE, Pb-Pb s, = 2.76 TeV
02<p <20GeVic ____ R () 0-5% 02<p <20 GeVic - (a) 0-5% 02<p <20 GeVl/c . (a) 0-5%
0.0 — L S
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Correlation Functions In Preparation, S. Basu et al.

o€l — Comparison w/ Models

ALICE DATA EPOS 3.0 (320k events) UrQMD (225k events) AMPT (200k events)
EPOS, Pb-Pb |s,, =2.76 TeV Phis - \ AMPT, Pb-Pb \[s =276 TeV
ALICE, Pb-Pb \/37NN -92.76 TeV (d) 0-5% NN (d) 0-5% UrQMD, Pb-Pb SNN =276 Te (d) 0-5% NN
0.2<p_<20GeVic : (a) 0-5% : '
0.008] g . oot A_ oot
— _- -------- » 7 ” - | = _ _ |
gn:N 0.006 A S - v 0.008 gn:“' gn:“' 0.01
0.006- 0.005/
0.008">
EPOS, Pb-Pb \]S =276 TeV UrQMD, Pb-Pb =2.76Te _ _
(e) 30-40% ___ 7 @ 30_40%r ; VS = 2. e (6) 30-40 QMPT, Pb Pb\[sNN =2.76 TeV
0.06
— 0.06+
Qmm 5, 004 5
0.04- ’I o
0.02-
K O e
EPOS, Pb-Pb |sy, = 2.76 TeV UrQMD, Pb-Pb |[s, = 2.76 Te'
(f) 70-80% "N () 70-80% ’ LN AMPT, Pb-Pb \s = 2.76 TeV
7 (f) 70-80%
0.554" . = L - 095
S o
o S . _ 038
= Za
= i
R 036"

A®

3 models considered reproduce flow modulations (qualitatively)
* Near-side/Away-side shapes challenge models.
e EPOS qualitatively best for this observable.

10/25
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Correlation Functions In Preparation, S. Basu et al.

R.CP — Comparison w/ Models

ALICE DATA EPOS 3.0 UrQMD AMPT
ALIGE, Pb-Pb |5, = 2.76 TeV EPOS, Pb-Pb |5 = 2.76 TeV _ UrQMD, Pb-Pb |5, = 2.76 TeV 5o, AMPT, PO-PD s, = 2.76 TeV
0.2<p <20 c@c ) 7 _ (a) 0-5% (d) 0-5% 77 o @05% -\ (d) 0-5% :
0.0031 b 02" )
S N 0.0023- /‘v‘k ............................... g g g ool
0.0017 ‘é """"""""""""" S o o
.-
#;z\\& \ N
AQ AQ
i _ UrQMD, Pb-Pb |5, = 2.76 TeV AMPT, Pb-Pb {5 = 2.76 TeV
o 19,4 EPOS: POPD Sy = 2.76 TeV () 30-40 P m (©) 30-40% ° Vs e
gﬂc‘“ . ;&\\\K\\\\ 8 . . 8.
o 04
Al
AMEE—— S 0001
‘\\\\\g}g&\l\&\\\\\\\\ 054 0.001
AQ
EPOS, Pb-Pb i i}
(f) 70-80% o 0 70_800/?MPT, Pb-Pb 2.76 TeV
5 ne= b
@) \
3 /ﬁi\\\\\\\\t\”‘\\ R
AN w8y
p \\&\\\\\l\\\\ \ \\\ N s
A

e EPOS: Qualitative Agreement, Insufficient correlation strength

(corona/core?)
* UrQMD: No agreement Lesson: Need to account
 AMPT: Qualitative Agreement, Correlation strength incorrect, no for charge conservation!

centrality evolution
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Unidentified Charged Hadrons BF ALICE Eur. Phys. J. C 76 (2016) 86

Pb-Pb, p-Pb & pp Collisions

Pb-Pb fSNN =2.76 TeV
O°2<pT,assoc<pT,trig<2°O GeV/c

(a) 0-5%

(d) 30-40%

= 021" g
R S
= 0.1 051
e <
S =
m O- N
—1 o 0-
—1

< 0°2<pT,assoc<pT,trig<2°0 GeV/c

* Pb-Pb: narrowing towards central collisions _ ALICE ()
-> delayed hadronization (longer system lifetime) 0.8 Low-p, interval
-> radial flow 0.7 w. * ok
. P'|l°l|.3,.pp: narrowing towards large multiplicity 06 B pp (5=7Tev ****9(
COTISIONS _ 0.5 ~® PPbYs, =502Tev
6 2.0<P1 zs0c<3.0<Pr 4rig<4.0 GeV/c & ) 0.4l * POPb sy =276 Tev
3.0<p_|_ assoc<8°0<pT trig< 15.0 GeV/c Intermediate-pT interval *

) ) _ % * X ok
 Pb-Pb, p-Pb, pp: no multiplicity dependence 0.3 mpnliipfenre, X E
« may indicate different quark production mechanisms 0.2/~ High-p_interval

(interplay of bulk & jets) 0.1 o Qeseer TS i
OIIIIl | IIIIIII| | IIIIIII| | IIIIIII| |
1 10 102 10°

(N_) (nl<0.8)
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Unidentified Charged Hadrons BF J.Pan, etal. O

Pb-Pb @ 5.02 TeV

0°2<pT trig» P assoc<2°0 GeV/c

ALICE Preliminary Pb-Pb | s, =5.02 TeV ALICE Preliminary Pb-Pb | sy, = 5.02 TeV ALICE Preliminary Pb-Pb | sy, = 5.02 TeV
p <2.0 GeV/c

0.2<p

T trig’ pT assoc<2'0 GeVic ) O'2SpT trig’ P T assoc<2'0 GeVic 0.25pT trig’ " T assoc
0-5% 30-40% 70-80°/

‘f(; 0.4 = ﬁ — 0ol & o 01y il

g 0.3 il | -('iU sl Nl 8

= s e Y )\ o gy =

T :

= = R <

ST s :

5 //')‘\\\\ oo &

i
LAY
EER
-1 SOSAR
G 2 4 T 2 D 1 0 2
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Near-side Peak Widths
j1.2_|lll|lllIIIIIIlIIIIIIIIIIIIIIlIIII|IIII|II_ :1_“““““““““‘“““““““““““_
© E 02= thrig’ Py assoc = 2.0 GeVic E b<1 B Pb-Pb v— 576 TeV 7
1.1 . - — e -Pb, \s,,\ = 2. eV Eur.Phys.J.C76(2016)86 ]
pT dependent BF: . 8.2 - zmg’ § ?SSSC:;; i G:: /OCGeV/c 1 %% L popo \/Q =5.02TeV y E
centrality dependence changes with T at0=p p <20GeVic ER o ]
pT range 0.9 lAnl<1.6 = 0'8:_ -
no narrowing for 1.0<pT trig, pT I ERG . @ ]
assoc<2.0 GeV/c : S I - . B @ :
0.7 = B - fo] .
s = & o R 4 o6 -
. - = . - .
No difference between 2.76 & 5.02 TeV o83, § + s % & = - :
W 1 osf -
0.5(~ $ & $ N - 02sp P <20GeV/c .
C _ ] - IAnl<1.6 ]
0.4— Pb-Pb, | Sy = 5.02 TeV - 0.4r -/2<Ag< /2 ALICE Preliminary -
C ALICE Preliminary B ]
03:|1||||1||||||1|||||l||||I||||||1||||||||||: 0.3_\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\_
0 10 20 30 40 50 60 70 80 0 10 =20 30 40 50 60 70 80

Centrality (%) Centrality (%)
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Unidentified Charged Hadrons BF J.Pan,etal. /

Associated Charge Yield — Pb-Pb @ 5.02 TeV
Near-side Away-side Total

m1 .2 _l T | L | LI | L | L | LI | L | T T T | I I— >-m0-5 _I T T | LI | LI | L | L | rrTr1rr17rr1rrirrorT | I I— m1 _2 T T TT I T TT I T T 11 | T T T 1 | T 11 | T 171 | T 11 | T T 11 I T T

. Pb-Pb, \ s, =5.02 TeV ALICE Preliminary | - Pb-Pb, \ s =5.02 TeV ALICE Preliminary | | Pb-Pb, \ s, = 5.02 TeV ALICE Preliminary i

__ 0.2 < pT trig’ pT assoc <2.0 GeVic lAnI <16 _— 0.4_— 0.2= pT trig’ pT assoc <2.0GeV/c _— —_ 0.2 < pT trig’ pT assoc <2.0GeV/c IAT]I <16 —_

| =02sp,.p,. <10GeVc wW2<Ag<m2 | F " 022 Pr g Pr g, < 110 GeV/C : [ =02sp,. P <10GeV W2<Ag<3u2 |

= 02sp  <10=p  <20GeVic . " (1’-5 < Prassc= 10'= pzrgag(: f,,o GeVie . “02sp <10sp  <20GeVic .

i ] -om 1, , <2.0GeV/c . B ]

o8- = 10sp P <20GeVic _ 0.3 = Prig Pr assoc - o8l =10sp. P <20GeVi _

- . [ lAnl<1.6 i - ]

i i - n/2<Ag@< 3n/2 ] i i

0.6 — 0.2_— o 0.61— —

= - i ] [ B T owm = o@m |

BE W R o om O 1 : - ¥ ] ma® =]

0.4 B o 0.1 . . 0.4 -

—— i == .

- S S| - i - - ™ == ] - —

i i S e o -.- i - .

0.2 = offE = & = = o, = = ] I i

’ _ﬁa s EES === E = cm= ‘. - | - 7 0.2-_33 - - - === === === cas _—

== | —
_1111111111111|1111|11111111111111[1111[1— _ I NN ET NS SN FENTE SRS FNETE SRS ;HIIIHl[l,,1|,1,1I,,HIHHIHHIHHIIJ—
0 0 0

0 10 20 30 40 50 60 70 80 ' 1O 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

Centrality (%) Centrality (%) Centrality (%)

Balancing Charge Yield (integral of BF):

Amount of balancing charge within experimental acceptance
First measurement of balancing charge yields

pT dependent BF: centrality dependence changes with pT range
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PID Balance Functions

ALICE Int.J.Mod.Phys. A29 (2014) 1430044

& 200rwyE . _
§ 180" Pb-Pb\{s_=2.76Tevé CUtS and Purlty
£ 160} N 1
W c 1
8 120" : ]
o 100_" .‘ h s L ] TPC nO'n<2, n0K<2
RN i i 0 0.2<py, p<0.8 GeV noy ,>2, no, ,>3
no,>1 no,>1
"""""""""""" TOF no,<2,
0.8<p, pr<2.0 GeV  noy ,>2
- TPC + TOF Noy<2
= 0.8<p, pr<2.0 GeV no, ,>3
Purity >96% >96%
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PID Balance Functions J. Pan, et al.

Pion, Kaon BF: Pb — Pb @ 2.76 TeV
T o oy

ALICE Preliminary  Pb-Pb \ s, =2.76 TeV
0.2sp <2 GeV/c =* 30-40%

ALICE Preliminary  Pb-Pb \s,, =2.76 TeV
0.2<p <2 GeV/c a* 70-90%

; //*». .;
.................. ‘N\‘fw \-‘\3‘\ ‘\“ « '
‘\ i m‘\&‘ ey wm

ALICE Preliminary  Pb-Pb | s, =2.76 TeV
0.2sp <2 GeV/c K* 50-90%

ALICE Preliminary  Pb-Pb |\ s, =2.76 TeV
0.2<p <2 GeV/c K* 30-40%

I ALICE Preliminary  Pb-Pb \s,, =2.76 TeV
—_— 0.2spT52 GeV/ic K* 0-10%

g o . g ol

§ 0.054 "} "\ /’l “ 2:

z ll (B '4’@\ A *//’ 2 &)

& ‘ “ b \“m A mv:f \\\ «\ /0\;:"‘ &
f«\ié\g,\:«f«‘\*%a\ AR "(‘

K=:Modest shape dependence on collision centrality
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Balance Functions J. Pan, et al.

Pion, Kaon— Projections

— ALICE Preliminary e 0-5% ' ALICE Preliminar -
0.6 .. _ y e Efficiency corrected
g.bzsz@_ei\ﬁmv " 30-40% P Pb-Pb sy =2.76 TeV e Absolute normalization
P * 70-90% 0.3 o 0.2=p, =2GeVic e Can be integrated meaningfully
n* ¢ @ ) Ayl < 1.6
il ¢ @ et
= 0.4+ . . _8 D.' '.D ® 0-5%
2 as_ a8 — 0.2~ ; . = 30-40%
m !! Set !! <81' . - . * 70-90% T
- . m o o :
0.2 319*"%:,****9: 0L JHte  wxeel Considerable shape
- * ® . .
*,_.-it h‘:, BN Qggg?ﬂmmﬁmgﬂ dependence on collision
ugt 1. mg guE :
ML | NN o o HHIMNTH A centrality
—1 0 1 0 2 4
Ay Ao (rad)
0.3 —
K+ ALICE Preliminary e 0-10% Qtlgg \/P;illriu;a;g .
T | megeme g | 015
Mllm_ * 50-90% % ﬁ layl < 11
=71 K=
0.2 X —
N E E E E E 8 0.1- EHQEE ® 0-10%
5], : H 30-40%
M H E E H E E H 38- E E * 50-90% K=:
- m
0-1 EE EE 0.05- EE EE ﬂ Modest shape
% H H % ﬁﬁ Eﬁﬁg gﬁg EEQ dependence on collision
e b teatthatt centrality
—1 -0.5 0 0.5 1 0 2
Ay Ag (rad)
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Balance Functions J. Pan et al.

Pion, Kaon Balance Functions — Pb-Pb

1
ALICE Preliminary ALICE Preliminary
Pb-Pb \sy, = 2.76 TeV 2~ Pb-Pb \5,,=2.76 TeV
0.2 =< p. =< 2 GeV/c 0.2 =< p, = 2 GeV/c
0.8
>
b<
-
e
s,
0.6/
A S S
. ® Ayl =<1.6,Apl = x
® K lAyl<11,Apl<mn
| | | |
0.4 | | | |
0O 20 40 60 80 0 20 40 60 80

Centrality (%) Centrality (%)

e Longitudinal Widths

* Pions: Narrow.lng VS. centrall.ty  Signature expected (Pratt et al.) for
e Kaons: ~Invariant vs. centrality e Strong radial flow
e Azimuthal Widths e Delayed hadronization (pions)

 Pions: Narrowing vs. centrality * Two stage charge productionity
e Kaons: Narrowing vs. centrality
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PID Balance Functions

Comparison With STAR Results

f%\ STAR PRC 82, 024905 (2010)
E 0.2<p1<0.6 GeV
1 "
ALICE Preliminary kwx ? H?— ¥ ? ? ?
Pb-Pb \syy = 2.76 TeV e
B @
0.2<p <2 GeV/c B @
Pr -~ ® Pions Au+Au @~
0.8+ 0.6 | M Kaons Au+Au @ <>
. | O Pions Au+Au HIJING @ @
______ . RIS S | [] Kaons Au+Au HIJING ¢
> [PUes TEE A} L W Pions Au+Au UrQMD
< | :'ffx"’* ﬂ — b Kaons Au+Au UrQMD 0.
o e | <
@ e ! -
0.6 \\\\\\\ ________________ /”L‘:i’—-_-_-:::::'_'_'_'_'_:'_::".' """"""" 0.5 .}i’%; "E:‘}_‘ *%71;'*‘ :!: {} ’-E} "
S ANER e - g &
® n*lAyl=<1.6, lAgl = x A Pionsp+p /\ Pions p+p HIJING
® KU lAyl<11,Apl == Y Kaons p+p .7 Kaons p+p HIJING () Pions Au+Au Blast Wave
IIII|IIII|IIlllllll|lIIIIIIII|IIII|IlII
0.4 | | | | 0 100 200 300
0 20 40 60 80 Npart

o Centrality (%) o o o

o m+ width narrowing towards central collisions ¢ similar trends and magnitudes
¢ Kt no change of width with centrality measured by STAR
¢ consistent with two-wave model o In Au-Au @ 200 GeV
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Balance Functions Doyl Vo

BF Yields

1 . . >-m1 .2 [ I [ | LI I LI I L I LI I L I L I T
ALICE Preliminary " Pb-Pb,|s, =5.02TeV  ALICE Preliminary |
Pb-Pb |5y =2.76 TeV " s 02sp., P, <20GeVic WAni<i6 ]
0.8 0.2=<p.<2GeV/c | 2 02<p. ,p.  <10GeVic -T2<A¢<3m/2 |
T Ttrig’ © T assoc
- m02=<p <10=p_ <20GeVic 7
- T assoc T trig h"' -
o8 " 10=p_ tig’ P assoc < 2.0 GeV/c —
m N R - |
. e == |
0.4 e 5 ® o= om
0.4 =
0.2 I -
® n=lAyl<1.6,A¢l<n 0'2?3 W W e = = o
® K lAyl<11,lAgpl=mn L .
O | | | | o_l L1 1 I L1 11 | | .| I | | L1 | | .| I | | .| | | I—
0 10 20 30 40 50 60 70 80
0 20 40 60 80 Centrality (%)

Centrality (%)

* Yield vs. centrality is sensitive to ...
e Hadro-chemistry, What particles accompany a pion? A pion? A kaon? etc.
e Resonances, string fragmentation/melting, etc
e System expansion dynamics
e Use to constrain BW models or Hydrodynamic models.
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ALICE Collaboration: Published and In Progress ...

RoCD Balance functions (BF), General Balance Function (GBF)

Analysis/Publication Status/Opportunities

P(P)

Pb-Pb 2.76 TeV(1.2)
p-p 7 TeV@)

p-Pb 5.02¢)

Pb-Pb 5.02 TeV®)
Xe+Xe

Pb-Pb 2.76 TeV®)

Pb-Pb 2.76 TeV®)

Pb-Pb 2.76 TeV(©)

Pb-Pb (2018)

Pb-Pb (2018)

p-p 7 TeV® Pb-Pb (2018) Pb-Pb (2018)
1B p-Pb 5.020)

Xe-Xe

Pb-Pb (2018)

Pb-Pb 2.76 TeV® | Pb-Pb 2.76 TeV® |Pb-Pb 2.76 TeV#4 |Pb-Pb (2018)
K= Pb-Pb (2018) Pb-Pb 5.02 TeV®) |Pb-Pb (2018)

Xe+Xe

Pb-Pb 2.76 TeV@4 | Pb-Pb 2.76 TeV® |Pb-Pb 2.76 TeV® [(Pb-Pb 5.02 TeV®)

p= Pb-Pb (2018) Pb-Pb (2018) Pb-Pb 5.02 TeV® [Pb-Pb (2018)
Pb-Pb (2018)

A Pb-Pb (2018) Pb-Pb (2018) Pb-Pb 5.02 TeV®) |[Pb-Pb 5.02 TeV®)

Pb-Pb (2018)

ALICE, PLB 723, 267 (2013)

ALICE, Eur. Phys. J. C76, 86 (2016), 1509.07255

J. Pan, D. Caffarri, QM18

e Currently: PID Cuts based on dE/dx, TOF
e Near future: Diff. Identity Method

e Expanded kinematic range,

e Better statistics iyt
e OPPORTUNITY FOR “NEW?” STUDENT S/
Post-Docs

D. Caffarri - paper in 20192020.

(1)
(2)
(3)
(4) J. Pan (PhD Thesis) - paper in 2019.
(5)
(6) S. Basu - paper in 2019/2020.
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Correlation PAG V. Gonzales et al.

Momentum Correlator G-

p.(..5.)p...p..dp. .dp S. Gavin Phys.Rev.Lett. 97 (2006) 162302
GZ(An,Aqb)EJ LS T2 T T2 (A ) M. Sharma & C.P. et al (STAR), PLB704, 467
pl(n1'¢1)®p1(n2’¢2) ' ’ (2011)

Pb-Pb s, =2.76 TeV  ALICE Preliminary Pb-Pb s, =2.76 TeV  ALICE Preliminary

S S
3 2
S S
Of o)
& 13 5 ALICE Preliminary Pb-Pb {5y = 2.76 TeV (2D) 3
O 1.2 — BES ALICE Preliminary Pb-Pb Y[s, = 2.76 TeV (1D RMS)—E
11E ~* STAR Au-Au |5, = 200 GeV (1D RMS) E _ _
(E -+ STAR RMS low limit + E ° Broadenlng of G2 w/ Centrallty
3 - I . Different than STAR’s
08 ¥ = - Implications on viscosity at LHC ?
07 - E
0.6 E—. > _E
0.5 E_ """""" STAR: PLB 704 (2011) 467-473 g
0 50 100 {50 200 250 300 350 400

(

N )
part
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Correlation & Balance Function Measurements

e Charged hadrons BF (Pb-Pb @ 5.02 TeV):
e pr dependent BF

e narrowing towards central collisions similar

JSNN
System | (TeV)

Pb-Pb 2.76
to Pb-Pb @ 2.76 TeV for pr<2.0 GeV/c T T
e Balancing Charge Yield consistent with '
. . . p-Pb 5.02 v v
narrowing towards central collisions
pp 7 v v
e Charged pions & kaons BF (Pb-Pb @ 2.76 TeV): v - published
e B(Ay): m+ narrowing towards central 1 v - new results
collisions similar to h+ ALIGE Preliminary
e Kt no centrality dependence o (2o e
o Similar trends and magnitude to STAR results | ~ St
for Au-Au @ 200 GeV | s
e Consistent with two-wave production model 5 e
e B(Aw): both m+ and K+ narrowing towards 0 f:‘
central collisions B IR = e S
e Strong radial flow - Tune models o ylo 6 e
e From Model Comparisons | o Kbyl 11, iyl =
e Models need to account properly for charge 0% 20 40 60 80

conservation. Centrality (%)



New Ideas...

Identity Method for m, K, p, A identification

LA L B L B B B B |

ALICE Preliminary, Pb-Pb {5, = 2.76 Te pDta 3 .
m « = Total Fit E PID Matrlx
0241<03,073¢p<0.75 GeVie OElectron 1

Generalised Gauss function: (JPion E T-TT TT- K TT- p

) [TJKaon
i [CJProton
K-m K-K K-p

=N

Measurements of moments of particle

multiplicities w/ IM

» Two particle species: M.
Gazdzicki, et al., PRC83 (2011)
054907; M. Gazdzicki, EPJC 8, 131
(1999), nucl-th/9712050.

» Arbitrary number of species: M. |.
Gorenstein, PRC84, 024902 (2011).

* Measurements of higher

—
=S
T

2

counts (a.u.)

[
he O tserf a(x
4

pmt p-K Pp

2
T

—y
o
LLLLL B R

L PSP 0 /A SO N PO PR INFURTR A CWa |
0 60 80 100 120 140 160
TPC dE/dx Signal (a.u.)

1, K, p identification: moments: A. Rustamov and M. |.
. , Gorenstein, PRC86, 044906 (2012).
* Compute probability (weight) of measured dE/dx, « Measurements of moments in the
corresponds to 11, K, p, fill histograms for each species presengte of ;ransv:rStta .
s L . e . momentum-aepenaent erricienc
(statistical identification), lossea . A Prmeau pRG 96,
* Calculate sum of weights (W) instead of multiplicity 054902 (2017)
N : : » Differential CFs w/ efficiency
* Calculate moments of W distribution, invert response losses: C. Pruneau, A. Ohlson,
matrix to determine moments <N> and <N(N-1)> arXiv:1806.02264v1, Accepted PRC
. . . g . . * Nu-Dyn: K, ip, Kp, ALICE (Mesut
* Account for misidentification/impurity (and Arsland). submited to EP JC(, iy,
efficiency) without lowering efficiency by imposing 1712.07929

strict selection cuts.

- Essentially an unfolding method

- Applicable to integral and differential correlation functions
- Concept applicable to primary/secondary track unfolding also... -
24/25
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Last: a shameless plug...

e Correlation observables are all inter-connected ... For basic intro, see:
e Measure/emphasize different aspects of the physics we seek ~ Wwwcambridge.orgS781108416783
to understand. CLAUDE A. PRUNEAI
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