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LunDs Technique Trigger ALICE
Ad=180

1. Angular correlation between trigger
and associated particles is mesured: e
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LUNDS Physics Motivation

JSAway-side” (A ~ 1) jet correlations:
Correlation of particles between
back-to-back jets

ose-Einstein correlations:
e (Ad,An)~(0,0)

Momentum conservation:
~ -cos{A¢)

.Near-side” (A¢ ~ 0) jet peak:
Correlation of particles within
a single jet

ALICE

Result Extraction

1.

2.

Width An or width Ag:
- Dynamics of particle production

- System size evolution

Integral or Yield calculation:

_ Any fA@, d?N
>1= fAm fA‘Pz dAndAg dAnhe

May want to scale C, by the _ Gy ::> Ry = _ P2
number of uncorrelated pairs: ks 2
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C (Ag, An) or C, (Ag, An): Cumulant
R, (Ap, An): Normalized Cumulant

p- = Pair particle density

p1 = Single particle density




Balance Function (2-Particle correlations) o = %
ALICE
x

1 do
Cumulant C2 (.xl,xz) = p2 ('xl’x2) — pl (xl )pl (x2) x={y,0,p;} p(x)= ga Who is his partner?

Conservation of quantum numbers.

-> for each general charge, an opposite
balancing charge produced at approx.
the same space—time.

G (%, ;) R, is a robust observable!
P, (x,)p,(x,) Single track efficiencies cancel out
of the ratio

Normalized Cumulant R,(x,x,)=

4 different charge combinations for R,:
(+-), (- +), (+ +), and (- -)

Smaller

An or Ap
. . 1
Charge Independent (Cl) combinations Cl = E{LS+US} 15— %{(H)Jr (—)!
Charge Dependent (CD) combinations | US = l{(+_) | Wide angle
CD = E{U S - LS } Back-to-back
An or Ag
(a) Clocking Hadronization (b) Kinematic lensing due

R,P is proportional to the Balance Function

dN. R W
B(Ax)zﬁRsz dth[R2 —R"+R," - R, |

to radial boost
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Eur. Phys. J. C 76 (2016) 86

Pb Pb

ALICE Pb-Pb ysy = 2.76 TeV
a) 0-5% e

B(AnAg ) (rad”)
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b) 0-10%

B(An.Ag ) (rad)
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Balance Function (identified hadrons) in Pb—Pb

Phys. Rev. C 100, 044903 (2019)

ALICE p-Pb ysy,, = 5.02 TeV
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Who is his parther?

Conservation of quantum numbers.

-> for each general charge, an opposite
balancing charge produced at approx.
the same space—time.
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LunDs Balance Function (identified hadrons) in Pb—Pb - = %
ALICE
ALICE, Eur. Phys. J. C 76 (2016) 86 ALICE, Phys. Rev. C 100, 044903 (2019)

N
Pb Pb Pb Who is his partner?
S— p U FS— p P X
— a— S —0 — Conservation of quantum numbers.

-> for each general charge, an opposite
balancing charge produced at approx.
the same space—time.

ALICE Pb-Pb s, =2.76 TeV ALICE p-Pb Ysy, = 5.02 TeV ALICE pp Vs =7 TeV
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https://arxiv.org/abs/2110.06566

Projections of Balance Function in An and A@
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= Tr1r pairs - clear centrality dependence, KK pairs = no centrality dependence
-> qualitatively consistent with two-wave quark production model
* pp and cross-species pairs moderate centrality dependence.
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Width of Balance Function in An and Ag %
ALICE

arXiv:2110.06566 [nucl-ex]
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Width of Balance Function in An and A@

arXiv:2110.06566 [nucl-ex]
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KK and pp widths no centrality
dependence

T T and cross-species pairs narrow
towards central collisions.
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Azimuthal narrowing for all species
—> radial flow focusing

Qualitatively consistent with radial
flow and two-wave quark production

ALICE

Two-wave quark production model
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Centrality (%)

Integral of Balance Function (2-Particle correlations)

B+, 5(dn, do)dndpdpr

BF Integral

®

ALICE

In Reality: Limited Acceptance

dn=1.6 dlp=="f-
Iy= I J B .;-(dn, dp)dndpdpr < 1
dn=—1.6 Jdp=-%

= Pairing
Probabilities
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Integral of Balance Function (2-Particle correlations)

B sy+(dn, dp)dndedpr = 1

B+ 5)(dn, dp)dndedpr

—00

® I
o TK
e TIP

« Kit
» KK
*Kp

pT
= pK

= pp

BF Integral

ALICE

In Reality: Limited Acceptance

dn=1.6 dqo=3—z‘-
Iy = I J B, .;(dn, dp)dndpdpr < 1
dn=—1.6 Y dp=-%

= Pairing
Probabilities

dn=1.6 ~d¢=37_‘
dn=-1.6 Ydp=-%

—> Pairing probabilities are

- Low py particles mostly

very different from single balance by low pt

hadron ratios.

—> Ki1r not larger than KK by

K/1T ratio;

pp larger than pK.

particles




=—hadron correlations in pp collisions at Vs = 13 TeV

ALICE
o =K =p =-A =2
Trigger E(ssd) E(ssd) E(ssd) Z(ssd) E(ssd)
ﬁi}\ N f7@@ — TV TVTee "o -

Associated * (ud) K*(us) p(uid) A(uds) £(55d)

(-)
Background ™~ (ud) K=(us) p(uud) A(uds) E(ssd)
(Subtracting same

quantum number correlation)
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=—hadron correlations in pp collisions at Vs = 13 TeV
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ALICE Preliminary pp Vs = 13 TeV
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ALICE Preliminary pp Vs = 13 TeV
12< p‘T"g <12GeV/c
0.2 < p?° < 3 GeV/c

(EK +TK)2

=—hadron correlations in pp collisions at Vs = 13 TeV

1.2.< pi? < 12 GeV/c
0.4 < p° <3 GeV/c

12< p‘T"g <12 GeVic
04< p_‘fs“c <3GeVic

ALICE Preliminary pp Vs = 13 TeV

ALICE Preliminary pp Vs = 13 TeV

(EP+Ep)2
Minimum bias

Minimum bias

pr—
~—A
I

ALICE Preliminary pp Vs = 13 TeV
1.2<pf¥<12GeVic
0.6 < p==° < 12 GeV/

EA+E AR
Minimum bias

g
2
Q
=
‘o
3:
q = )
pe e rg 12
% 1 %
Ep+TB)2 ALICE Preliminary pp Vs = 13 TeV EA+ER)2
Minimum bias

1.2<p™ <12 GeV/c
0.6 < p2*=° < 12 GeV/

ALICE

b —— b=
— —_

ET +ET)2

Minimum bias

s
;
0
:

ALICE Preliminary pp Vs = 13 TeV
12< p‘T"g <12GeV/c
12< p,‘}ss"c <12 GeV/

(ET+EE)R

Minimum bias

ALICE Preliminary pp Vs = 13 TeV
12< p‘T”g <12 GeVic
12:< p:“"“ <12 GeV/t

> > 0.

§ J 0015

3 =3

3 3

2 2"

© ©

z z

T o R
(v ro &



Projection of =-K correlations in An and Ag %

ALICE
2\ :ALICE Preliminary pp Vs = 13 TeV, minimum bias <9]' 0'5__ALICE Preliminary pp Vs = 13 TeV, minimum bias
Ke) FE-K 1.2 <pl <12 GeVic, 0.2 < p* < 3 GeV/c, | O [E-K 1.2 < p[ <12 GeV/c, 0.2 < p* < 3 GeV/c,
< aliol <310 Ss 0s < 0.45/ i< SS 0S
© 0.6 o I
&5 L e m ALICE i i e =m ALICE
= B m PYTHIA8 Monash = i F‘\ B m PYTHIA8 Monash
Z m mm EPOS LHC P - / \ m m EPOS LHC
— — W PYTHIA8 Junctions = 0.4[ / — = PYTHIA8 Junctions
2K 0.5 = PYTHIA8 Ropes I / \ = PYTHIA8 Ropes
0S & US 35] =
- //
0S-SS
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Projection of =-K correlations in An and Ag %
ALICE

2\ | ALICE Preliminary pp Vs = 13 TeV, minimum bias <9]' 0-5__ALICE Preliminary pp Vs = 13 TeV, minimum bias
Ke) FE-K 1.2 <pl <12 GeVic, 0.2 < p* < 3 GeV/c, | O [E-K 1.2 < p[ <12 GeV/c, 0.2 < p* < 3 GeV/c,
< allae<3n/10 SS 0S < .45 Ayl <1 SS 0S
© 0.6 o I
= L e m ALICE = i = e m ALICE
= L B m PYTHIA8 Monash = i [\ B m PYTHIA8 Monash
Z - m  EPOSLHC P - m  EPOSLHC
=K — 0.5 = Eﬁﬂlﬁg ilqunctions = 04~ mm  PYTHIA8 Junctions
_ el = opes L / \ PYTHIA8 Ropes T
- I : esults challenge hadronization models:
_ : | = F - Results challenge hadronizat del
0S & US : 350 U ‘ R =y
0.4k : \ { Lund string breaking (PYTHIA) " ‘E
B I . . .
i E SE‘_J ndard: with junctions: E
1 = —— 1
0.31% : 7N : E
L B : id oo T . | 1
N II with ropes: - :
(N Py | 1
” S el e s bl stcied o svey s e B R /
D 2 Corom
s 0 ! ' central AA  core+corona model: E
1 3 ¥
001 5 i hpel:iphelral AA E
1 igh mult pp,pA low mult pp 1
1 1
1 1
0 . 05 : core => hydro => flow + statistical decay :
: corona => string decay :
07 Sefpemmae ~
« Wider peak in data than in PYTHIA - strange quarks produced at an earlier time
» Local conservation of quantum numbers - not implemented in EPOS
» Junction model reduces peak amplitude - favors this baryon production mechanism over diquark breaking 10
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Integral of =-hadron correlations for |Ay| < 1
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. ALICE Preliminary pp Vs =13 TeV ® ALICE
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ALICE

Differences in per-trigger yields between
opposite- and same-sign or baryon number
particles, integrated over the volume within
|Ay| < 1, for all particles and models

T K P A B

How electric charge, strangeness, and baryon number
of the trigger are balanced in phase space.
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Multiplicity dependence of =—hadron correlations
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Ayl <1 SS 0S

N e o Minimum bias

B gl | 0 - 50/0

N N ¢ ¢ 40-100%

Red = high multiplicity
Grey = minimum bias
Blue = low multiplicity

Similar relative difference seen for 1, K, p

No evidence of multiplicity dependence on =
production mechanism

—>underlying quark distributions are the same
Quantitatively points towards common origin of
baryon production

ALICE
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Los | Summary & outlook

ALICE
h n k p
Q (h|
» Balance function for i, K, p pairs for Pb-Pb collision at \/Syy = 2.76 TeV a | / / Y,
= Species dependent width evolution behavior in An
= Narrowing of azimuthal widths for all specie pairs | Qs |k v v v
—> Radial flow focusing (kinematic lensing) & Two-wave quark production mechanism. Q P v v v

> 2-particle correlation (=-h) pairs for pp collision at \/s = 13 TeV
= No multiplicity dependence in correlation structure for all pairs
- common origin of =/strangeness production across multiplicity.
= =-strangeness correlation peak is much wider in data than in PYTHIA
- Strange quarks are produced earlier in the event than from Lund string model alone.

= Local conservation of quantum numbers needs to be implemented in EPOS.

» Currently, Run 3 preparations are ongoing , where many observables will benefit from more statistics and larger ALICE

acceptance.
— ALICE continues to provide many interesting results on correlations and fluctuations, So Stay tuned!!!

Thank you !!!




UNIVERSITET

SQM2022 Sumit Basu

Back Up

ALICE



wes | Back Up Slides - | &

UNIVERSITET

P— p— p— p— p— p—
) Em E-K _ E-p =E—A S
g 2-°_AucE Preliminary pp Vs = 13 TeV, minimum bias |  0.5[ALICE Preliminary pp Vs = 13 TeV, minimum bias 0257 Atice Preliminary pp Vs = 13 TeV, minimum bias ALICE Preliminary pp |s = 13 TeV, minimum bias [ ALICE Preliminary pp {s = 13 TeV, minimum bias
g HE-T, 1.2 < pl® < 12 GeV/e, 0.2 < p2**° < 3 GeVle, [ 2K, 1.2<p™ <12 GeV/c, 0.2 < p2=* <3 GeVic, LE-p. 1.2<p[° <12 GeVic, 04 < <3 GeVie, | o oel B-A, 1.2<p!®<12GeVic, 06 <p>*<12GeVie, | 0.06[ =% 12« P <12 GeVic, 1.2 < p=* < 12 GeV/c,
1Ayl <1 SS 0S LAyl <1 ss 0S Hlayl <1 SB OB ayl<t SB OB fayi<t =
T 24F % m ALICE L e O licE .k e = ALICE , e = ALICE 0.05F g % s auce
£ m = PYTHIA8 Monash [ = = PYTHIA8 Monash 0.2k = PYTHIA8 Monash = PYTHIA8 Monash XE m w PYTHIA8 Monash
2 [ m EPOSLHC L = - EPOSLHC : = m EPOS LHC 0.2} m  EPOSLHC r m  EPOSLHC
O S o r U S < ) 2._ — PYTHIA8 Junctions 0.4 — PYTHIA8 Junctions = PYTHIA8 Junctions = PYTHIA8 Junctions 3 = PYTHIA8 Junctions
5 == PYTHIA8 Ropes , E{E = PYTHIAS Ropes = PYTHIA8 Ropes = PYTHIA8 Ropes 0.041- = PYTHIA8 Ropes
0.35F el 0.15

0.03F

0.3

0.1 0.02}

0.25} 0.01F
( ]

1 0.05[

0.2 0.2

w . - 3 3 - -
8 | + 0.15- 0.03} EEIE{E]EW 0.15- 0.04f
0sss |%o ¢ T m | i :

0.1 0.1
| 7\*‘_ I
~ 4 0.05

ey e o s g 05

4 0
A (rad)

>
S
J

—> Results challenge hadronization models:

————————————————————————————————————————————— - P —————————————————————— -

Lund string breaking (PYTHIA) - EPOS:

AY

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
4

central AA core+corona model:
standard: with Junctions: peripheral AA
= . high mult pp,pA low mult pp

core => hydro => flow + statistical decay
corona => string decay

1.1
\ o/ with ropes:

I (]
1 1
1 1
I 1
1 1
1 1
1 1
1 1
1 . 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
\ \

\ Adolfsson etal. Eur. Phys. J. A 56, 288 (2020), Bierlich et al. J. High Energ. Phys. 2015, 148 ., \ K. Werner. hal-02434245 (2019)
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Red = high multiplicity
Grey = minimum bias
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Multiplicity
dependence

Blue = low multiplicity
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—>underlying quark distributions are the same
quantitatively points towards common origin of baryon production
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