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Outline

Motivation

> importance of particle correlations at high-p;

Monte Carlo studies of two-particle correlations in terms
of guantum number conservations

> Focusing on identified associated particle spectra
> |dentified particle yields from like-sign and unlike-sign correlations

> Comparison of triggered relative yields in p-p, Pb-Pb

> Collision energy (p-p)
> Event multiplicity (p-p)
> Centrality (Pb-Pb)

Summary, Outlook
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Importance of particle correlations at high p_

Hadronization in QGP
- High-p; hadrons, particle ratios, collective effects

— High-p; factorization holds: PDF x pQCD x FF + jet quenching HI (PID?)

— Intermediate p;: recombination rises

Fragmentation effects, including PID: recombination effects in mtermedlate pT

x10%

(Rcp,Ran Barion/Meson,v,) g b
‘% 450—::
Jet-like correlations: ridge (AuAu,dAu,pPb) pook

430
420 A5

- PID could shed light on formation mechanism...

Quantum number conservations:

- The measured hadron spectra and extracted fragmentation functions are
integrated distributions:

« convolution of initial state, QCD and final state effects of high energy collisions
- One way to decouple the specific hadronization contributions is

 to test the conservation of quantum numbers by tracing the baryon number
and flavor-specific emission patterns of hadrons from the partonic medium
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Quantum number conservation in correlations

Identified two-particle azimuthal correlations

* Identified triggers, identified associateds mtegrated In mid- rapldlty

region
g e w '~ Trigger p_T > Assoc p_T
K K - Trigger, Assoc eta |n| < 1
w+ 1t- K+ + D= . %>, - Trigger, Associated species
’ ’ ’ P P ’ ‘0 o selection both on near and
away sides

g
T T T T

AD [rad]
Expectation: conservation of quantum numbers

,K,p — momentum p, charge Q (+K strangeness, +p baryon number)
Fragmentation / hadronization for different particle flavours
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Quantum number conservation in correlations

e N

Monte Carlo datasets and analysis cuts

AN ,/

Collision system Vs (V/sNN) Statistics e p-p events generated by PYTHIAS (tune 4C)

pp 14 TeV 500M e Pb-Pband p-Pb events generated by HIJING
P-p 7 TeV 100 M e only charged, final-state particles (r*, K%, p, p,
p-p 2.76 TeV 100M  and the charged hadrons (h™)
p-p 200 GeV S500M e |10, > 1and [74s0e| > 1 were rejected
Pb-Pb (0-10%) 9 76 TeV 4M e transverse momenta of the trigger particles se-
Pb-Pb (30-40%) 2.76 TeV 2M  lected within 2 GeV /c < pr 4,54 < 25 GeV/c
Pb-Pb (80-90%) 2.76 TeV 10M ® DT .assoc < PT.trig t0 avoid double counting
SThb (b = 02 ToV 10M ® Pr spectra were projected within [Ag| < 1
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Quantum number conservation in correlations

e N

Identified associated particle spectra, dN

assocl d pT,assoc

AN

pp ¥s = 7 TeV -- Pythia 6.421, Perugia-0 (tune 320) ; 200M events

Example — NEAR side §1012 . i Associated species
E~1011 Trigger particle: p ,2 < P, (GeVic) < 25 : ?
=10 ni<1.0 =
. Projected within 0.0 < |An| < 2.0 i Y
Trigger particle: proton = 10: Projected within |A®] < /2 —®
in 2 < p_[GeVic] < 25 range ® 12? ——
PID-PID associated p, spectraup NEAR side
to high-p, 10° 5
p-p @ 7TeV, Pythia6 (tune320) 10: iE""" pp @ 7TeV
Associated: mi+,m-,K+,K-,p,pbar 102 =
10

Acceptance: |n|<1. R

1L 1 | | 1 1 | | 1 1 1 | L1 | | 1 1 | | 1 1 1 |
0 2 4 6 8 10 12 14 16 18 20
p [GeVi/c]

T.assoc
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Quantum number conservation in correlations

Identified associated particle spectra, dN

assocl d pT,assoc

Example — NEAR side §1012 . i Associated species
. E‘1011 Trigger particle: p ,2 < P (GeVic) < 25 : i*
/ \\ !E- 1010 i < 1.0 —_ E+
[ \ é Projected within 0.0 < |An| < 2.0 i .
« Trigger particle: proton * 10: Projected Yithin |A®)] < 72 vy
in 2 < p, [GeV/c] < 25 range © 12? aaly
« PID-PID associated p, spectraup NEAR side
to high-p, 10° .
e p-p @ 7TeV, Pythia6 (tune320) 10: PP @ /TeV
~+ Associated: mt+,1-,K+,K-,p,pbar |0 =
'« Acceptance: |n|<1. 4 1100

~* Observation:
differences between
proton/anti-proton triggered
associated yields

Strong effect on the near side

\

» October 15, 2014

pp ¥s = 7 TeV -- Pythia 6.421, Perugia-0 (tune 320) ; 200M events

024|6810
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Quantum number conservation in correlations

Identified associated particle spectra ll.

Quantum number conservation

can be tested by plotting the  Pythia 8 (tune 4C), pp Vs=14 TeV
identified associated spectra for & | LIRSS T ST —
|dent|f|ed trigger hadrons ;_: - s Near side, |A¢|<n/2 . Away side, n/2<A(<3n/2
S — L * Associated particles
) ] e x 1072 102 ® R )
Effect is on the NEAR side qg 10 == iﬁg% ) Ee sroor
A3 = PRI~ . ®. "K' OK
, Z - x 107 4 = ey X107 a4y W O R A =
The yields of the PID- © p-6— fﬁ'fgg oo ¥ %, " F
associated spectra significantly ~ : j B DL e a W %o
decrease with the selection of 3 — et e *&* BE
. = -9
charged pion, kaon and proton = 107 F fa e dya A
triggers, respectively = - * . ——
1{'}712 - ! NEARl Slde 1 | 1 \ AWAY Slld |
The basic conservation laws of | 0 10 20 0 10 20
the quantum numbers — such Pr.assoc [GEV /c]

as charge (Q), baryon number
(B), and strangeness (S) — are
fulfilled and could be reflected
in the PID-associated spectra
after the hadronization process
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Quantum number conservation in correlations

~ Identified associated particle spectra Il. \

Quantum number conservation
can be tested by plotting the

identified associated spectra for  :
identified trigger hadrons 3

k)
Effect is on the NEAR side ¥

a3
The yields of the PID- 5
associated spectra significantly
decrease with the selection of 3
charged pion, kaon and proton =
triggers, respectively =

The basic conservation laws of
the quantum numbers — such
as charge (Q), baryon number
(B), and strangeness (S) — are
fulfilled and could be reflected
in the PID-associated spectra
after the hadronization process
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1012

Pythia 8 (tune 4C), pp Vs=14 TeV
Trigger particle: ©*

= ‘ﬁ Near side, |Ad|<n/2 ®  Away side, 1/2<A(<37/2
— L J
i %102 i;a 102 i.'. Assm:ciitedga:ficles
— . oY % , e, =K' OK
X110 1@& QQ x 10 ***ii.. Ap A
— * IDE oo i Yes
L ﬁ Bl e A Ey e
= A mE m— o0
- A5 — * ¢ @
I & A &
— A —h— &
— f L —zF—_
- NEARside, |, AWAY side,

0 10 20 0 10 20

PT . assoc [GGV/C]

Trigger / Assoc Strength of effect
Near side Away side

nt /(xT,77) ~ 2 ~ 1

Kt/ (KT, K7) ~ 5 ~ 1

p/ (p,D) ~ 10 ~ 1 9




Quantum number conservation in correlations

" Identified associated particle ratios — a closer look

1 e ddNassoc

N1{ i PT ,assoc . .
= . ie{mt K= pE R, je{hF)
1_ % dNassoc

N}j rig dp T ,assoc

pp Ys = 7 TeV -- Pythia 6.421, Perugia-0 (tune 320) ; 200M events

81012 _ Associated species

%1011 Trigger particle: p*, 2 < ptTrlg (GeVic) < 25 —— 7

= —— T

!%1010 il < 1.0 —— K

8,0 Projected within 0.0 < |An| < 2.0 i K

s 10 Projected within |A®] < /2 g
S e gy 8

(Associated Yield) 5, 510 —— i
. 1~V 10

(Associated Yield) ;4 prons o *

10° . Associated Yield
I I 1 ( ) HADRONS l
'

- 10°
Identified associated particle ratios 1*
710

_?_

L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L 1 1 | 1 | 1 | 1
0 2 4 6 8 10 12 14 16 18 20
p [GeV/c]

T.assoc

1
107
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Quantum number conservation in correlations

Identified associated particle ratios — a closer look

1 % dNassoc
NTIr'ig dP T ,assoc
1 dNassoc

- X
N#r'ig dP T ,assoc

pp @ 7TeV, PYTHIA 6 (tune 320)
|A@| < pi/2, |An| < 2.
Trigger particle: proton

- in 2<p; (GeV/c)<25
Associateds:t+,11-, K+ ,K-,p,pbar
Acceptance: |n|<1

In an unmodified fragmentation
process the baryon number and
charge is conserved and leads to
highly correlated distributions in
the same phase space

October 15, 2014

/N dp

dN;5goc/dP

T.assoc

T.assoc

i € (nt, KE, pt hE),  j e {h?)

pp Ys = 7 TeV -- Pythia 6.421, Perugia-0 (tune 320) ; 200M events

2
10 E " Associated species
- Trigger particle: p*,2<p ° (GeVl/c) <25 —— "
B T —— T
B l<1.0 —— K_*
10 Projected within 0.0 < |An| < 2.0 —=— E*
F Projected within |Ad| < n/2 e P
B ——n
1 -
e
C e —
_ﬁq‘,—ﬁ‘_ e
L —‘.—u—i—
102 B
10-3III|III|III|III|III|III| |I|I|I|

0 2 4 6 8 10 12
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Quantum number conservation in correlations

Identified associated particle ratios — a closer look
1 X dNﬂSSOC
NTIr'ig dP T ,assoc . + + + + . +
, i e{m K=, p* h7), je{hT)
L x GNassoc Ys = 7 TeV -- Pythia 6.421, Perugia-0 (tune 320) ; 200M event
J pp Ys = T TeV -- Pythia 6.421, Perugia-0 (tune ; events
NTr'ig dPT,assoc 8 10° g _ Associated species
% - Trigger particle: p*, 2 < |:rt"g (GeVic) < 25 —— "
(g B T —— T
<] - il < 1.0 ——
pp @ 7TeV, PYTHIA 6 (tune 320) 5%, 10 Projected within 0.0 < |An]| < 2.0 =
_ 84 - Projected within [A®] < /2 b
|AQ| < pil2, |An| < 2. Z - o
1

Trigger particle: proton

T.assoc
* TTTT

- in 2<p; (GeV/c)<25

ANz ogoc/dp
)
T

Associateds: i+, 11-,K+,K-,p,pbar

Acceptance: |n|<1

—
<
P2

In an unmodified fragmentation
process the baryon number and | | | | | | |

H -3 L1 1 L1 1 L1 1 L1 1 L1 | L1 1 1
charge 5 conserve_d a_md !eads_ to 10 0 5 4 5 3 10 12 14 16 18 20
highly correlated distributions in D [GeV/c]
the same phase space T.assoc

T
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Quantum number conservation in correlations

Identified particle yields from like-sign and unlike-

sign correlations in pp collisions
Pythia & (tune 4C), pp {5=14 TeV ;
. Trigger / Assoc T
- To extract and enhance the expected - Projected wihin jan] < 1 Troo= /A ¥ rojected within an] < PP
quantum number conservation effects, | Projected within [Ad] < w2 K i m ko L Proiected within 72 < Ad < 32

Mear side Away side

the ratio of the PID-triggered-to-

- ] - T T T T T T T T T T T T T T ST T T T T T T T T TS s =~ -
charged hadron-triggered g“/ I \“
associated spectra have been plotted [ Sgoo000oo=ro I .""“%i:i: |
ANDIE AN o |
de .assoc dPT .assoc

UPT assoe

; e
5

-“—

-
%
II ]

I

> The splitting effect can be observed for
any of the trigger species both in p-p

furdrom |

I:I xrl':."." (o8
s
-
.—
.
o

. L 21077 ! 3
and Pb_Pb COIIISIOnS- The Spllttlng |S S : ] 1 1 1 1 | 'I_I 1 1 ] 1 1 1 1 I T 1 1 1 1 1 1 1 1 1 1 1 |
larger on the near-side than on the pHVING, PO-Fb {8 =278 TV (0-10%) %
away-side. L " Projected within Jan] < 1 o o 1 Projected within Jan] < 1

= Projected within |Ad] < o2 oy H g H‘ Projected within =/2 < Ad = 3n/2
o = | Mear side . T Away side
-~ Qualitatively the strength of the T O - —

quantum numbers: o

T

charge (Q) < strangeness (S) < S i
baryon number (B) - %ﬁ_ ]
101 E =
> The largest splitting effect can be .%E'“ﬁ::*:—_

seen for unlike-sign correlations of
protons and antiprotons.

10-2F
[ |

30
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To extract and enhance the expected
guantum number conservation effects,
the ratio of the PID-triggered-to-
charged hadron-triggered
associated spectra have been plotted

AN PID

ASSOoC

1pT.a.5'SOC

hadron
/ L\ assoc
1pT.a.5-soc

The splitting effect can be observed for
any of the trigger species both in p-p
and Pb-Pb collisions. The splitting is
larger on the near-side than on the
away-side.

Qualitatively the strength of the
guantum numbers:

charge (Q) < strangeness (S) <
baryon number (B)

The largest splitting effect can be
seen for unlike-sign correlations of
protons and antiprotons.
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Quantum number conservation in correlations

Identified particle yields from like-sign and unlike-
sign correlations in pp and PbPb coII|S|ons

F Pythia & (tune 4C), pp {5=14 TeV

F Trigger | Assoc I
[ Projected within Jan| < - ! -;:1 o= | Projected within |an] < 1 pp
| Projected within [Ad] = :c."2 K im K oK+ Projected within &2 < Ad < 30/2
Mear side . Away side
Y Bl B2 - EEE 1 _____________
W_D.":’ E .-
BN ranc =510 [ '“u‘:’:—e’_g—_:i:_
P 1
:_ L
o g
- “¢#¢ @ +
L
. ¥ —1— .
I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I :: 1 1 I
t HIJING, Pb-Pb 5 =2.76 TeV (D-10%) I Pbe
F Trgger | Assoc T
[ Projected within [an| < 1 ey _JT- o - | FProjected within jan| < 1
Projected within |Ad] < o2 oy H g H‘ Projected within m/2 = Ad < 3n
| Mear side t. T Away side
L o P AR AR ]
[ - OC,(JD'D'-U—O- i [I_ E - t \
ﬁﬁ%gﬁhﬂ- | T e, ==
- i = - * ] ——
E%"“& T P oo
#: =
e e
) "
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Quantum number conservation in correlations

Identified particle yields from like-sign and unlike-
sign correlations in pp, pPb, and PbPb collisions

By plotting the differences between the (+/-) unlike-sign and (+/+) like-sign
trigger/associated particles pairs for the PID-triggered-to/charged hadron triggered yields

AN PID Thadron \ (+/7) N PID \hadron (F/+) N PID N (F/=) N PID N (/)
( N assoc / dN a]gsto’cgﬂ> / ( di\'assoc / dN c;s?.s(o];m> ( dN assoc ) / ( N assoc )
de._a.ssoc de._a.ssoc de,a-ssoc de,assoc de,a-.s-soc de.as.soc

T T T T T T T
7 pions kaons —+ protons
T Near side, [A(|<n/2 Near side, |A¢|<n/2 Near side, |Ao|<n/2
— 10k , T .
7 £ * A 3
K :) 4 A
» i
S s Al NN
o ] AA 4 at
~ oy u] ‘
2% 1 Eaclaaa Iy BRI " | e N SR/ N AR P TR EE
~a [ ] 1‘ A, A
=~ A
z o
=
~ 10— —— I I I I I I
| Pythia 8 (tune 4C), pp 1s=14 TeV T
T | Hijing, PbPb \sy,=2.76 TeV (0-10%) |
i Hijing, pPb {s,,=5.02 TeV (min.bias)
/";.‘* 10 & pions = kaons ES protons 3
f Away side, n/2<An<3n/2 Away side, 1/2<Ap<37/2
:;,
'_i:..
5“2 1 |G- === - Sy
- i 4
101 l l l l l

October 15, 2014 295 3-77-1010—-252-925 3—7 7—1010—-252—-9253—7 7—10 10—25

PT.assoc [GQV/C']



Quantum number conservation in correlations

Identified particle yields from like-sign and unlike-
sign correlations in pp, pPb, and PbPb collisions

By plotting the differences between the (+/-) unlike-sign and (+/+) like-sign
trigger/associated particles pairs for the PID-triggered-to/charged hadron triggered yields

d

N.TPID

“Vassoe

dN hadron

assoc

( de._a.ssoc

/

de._a.ssoc

dNIID

] N hadron
assoc

“'assoc

d

)/

/

de,a-ssoc de,assoc

NPID N (/=) APID
o ( di\'assoc ) / ( d*‘\‘a..s-soc
de,a-.s—soc de.as.soc

>(+/+)
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T T
protons ‘ ~
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L

1

A0

10

. (+/=) . (+/+)
] PrD ;. ! ] Pl ;. !
((]N”_Hsm__/(]p']',u.ss(x:) / ((]Nn..‘i.s'm:/(]p'l'ﬂ-‘i-‘iﬂt’?)

| | —
[ Pythia 8 (tune 4C), pp 1s=14 TeV

pions
Away side, n/2<An<3n/2

| Hijing, PbPb \5,,=2.76 TeV (0-10%) |
Hijing, pPb {s,,=5.02 TeV (min.bias)

kaons

protons
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Quantum number conservation in correlations

Identified particle yields from like-sign and unlike-
sign correlations in pp, pPb, and PbPb collisions

By plotting the differences between the (+/-) unlike-sign and (+/+) like-sign
trigger/associated particles pairs for the PID-triggered-to/charged hadron triggered yields

ATPID Ahadron N\ (/) A PID Arhadron \ (/1) APID N (/=) ATPID N (/1)
( dN assoc / dN a]gsto’cgﬂ> / ( di\'assoc / dN c;s?.s(;cml> o ( dN assoc ) / ( dN assoc ) D
de._a.ssoc de._a.ssoc de,a-ssoc de,assoc de,a-.s-soc de.as.soc

PION: The PID-triggered
associated spectra for the
like-sign and unlike-sign
trigger/associated particle
pairs is similar for pions
in p-p, p-Pb and Pb-Pb
collisions

October 15, 2014
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A
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A S
I I I I I I I I I
[ Pythia 8 (tune 4C), pp \s=14TeV T I
| Hijing, PbPb \5,,,=2.76 TeV (0-10%) |
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Quantum number conservation in correlations

Identified particle yields from like-signh and unlike-
sign correlations in pp, pPb, and PbPb collisions

By plotting the differences between the (+/-) unlike-sign and (+/+) like-sign
trigger/associated particles pairs for the PID-triggered-to/charged hadron triggered yields

A PID
N assoc
de._a.ssoc

N PID

d 'assoc

/ AN radron\ (/) /
de._a.ssoc

de,assoc

/dﬂﬂy?””)
de,assoc

ANPID (+/-) dNPID (+/+)
‘Vassoe ‘Vassoc
( de,a.s—soc ) / (de.ﬂssuc )

The PID-triggered
associated spectra for the
like-sign and unlike-sign
trigger/associated particle
pairs is similar for pions
in p-p, p-Pb and Pb-Pb
collisions

" KAON / PROTON

In contrast, there is
clear difference
between the p-p, p-Pb
and Pb-Pb systems for
kaons and protons at
the near side.

Oc
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Quantum number conservation in correlations
Identified particle yields from like-sign and unlike-
sign correlations in pp, pPb, and PbPb collisions

By plotting the differences between the (+/-) unlike-sign and (+/+) like-sign
trigger/associated particles pairs for the PID-triggered-to/charged hadron triggered yields

- . s +/— o - . (+/+ - (+/— - +/+
(nD /e >( o (n /ch\ﬁ;%;é’;’”> v (nD) "~ (n )( "
de._a.ssoc de._a.ssoc de,a-ssoc de,assoc de,a-.s-soc de.as.soc

The PID-triggered \ ' : | pions | ' kaons 1 | protonsI
. T r Near side, [A(|<n/2
associated spectra for the |

Near side, |A¢|<n/2 Near side, |Ao|<n/2

+
*
g kowsian | T OF v 1 PooA A
like-sign and unlike-sign ; - 4 h :
trigger/associated particle & ﬁ I I Y
pairs is similar for pions f‘“ N A A A 44 =N i-'{.'. __________ i ‘__ ;: |
in p-p, p-Pb and Pb-Pb S ¥ W e
collisions. Z b
i - lo_l'Pth' sIt 4{:I ’—1LTV | | |
In_ contrast, there is clear - e ) B e e 1
difference between the £ | Hiing. pPb Vs,=5.02 TeV (min.oias)
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33
Less deviance on the z
away side. — o
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Quantum number conservation in correlations

" Yield dependence on collision energy in p-p

‘ 10 17— T T T T 1 = |
— PP Pythia 8 (tune 4C) Near side, |Ad|<n/2 =
- C (5=14Tev 4 -
it aLI : Tt i
Near side: ol =2 H MLk B
the splitting L FE 1 | # it -
decreases with T S (A PR ﬁ It Sl P

increasing +/s b +<# m ‘

AN

(d\,uu dps
[ TTTITTI

1 _{)i)_é'{-
| |||||||1

l(]_] | L ‘I L L
0 10 20 0 10 20 0 10 20
Pr.assoc |GEV /€]
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Quantum number conservation in correlations

Yield dependence on collision energy in p-p

.

Near side:

the splitting

decreases with

increasing /s |
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Quantum number conservation in correlations

~ Yield dependence on event multiplicity in p-p
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Quantum number conservation in correlations

~ Yield dependence on event multiplicity in p-p
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Quantum number conservation in correlations

Yield dependence on centrality in Pb-Pb
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Quantum number conservation in correlations

Yield dependence on centrality in Pb-Pb
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Quantum number conservation in correlations

A@ projections
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A@ projections
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Quantum number conservation in correlations
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Quantum number conservation in correlations
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Quantum number conservation in correlations

A@ projections
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‘ : | Summary

MC simulations and analysis have been performed to study PID-PID azimuthal correlations at
mid-rapidity

The observed splitting effect of the PID-triggered-to-charged hadron-triggered associated
spectra shows

- a peculiar pattern which

- Is the most prominent for p-p unlike-sign associated particle pairs (compared to K+/K-, +- pairs) on the
near- and away side;

- has a reverse behaviour in Pb-Pb and in p-Pb on the away-side and remains unchanged on the near-
side

in Pb-Pb;

- has similar behaviour in the p-p, peripheral Pb-Pb and minimum bias p-Pb on the near-side in terms of
the conservation of baryon numbers;

- decreases towards higher event multiplicities in p-p;

- decreases with increasing collision energies from RHIC to LHC in p-p.

* No experimental measurements to contrast with the observed MC analysis

- Further Monte Carlo checks needed to have a better understanding...
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‘ : | Outlook

« Data analysis has been started to perform the same analysis exploiting the PID
capabilities of ALICE at the LHC

 The observed interesting patterns can be measured at higher momentum in
ALICE

* In principle this can be done by the TPC, statistical method: at relativistic rise,
rdE/dx

e Spectra analysis has been started under the supervision of Antonio Ortiz

- on pp data @7TeV (investigating multiplicity dependence as well)

- on p-Pb data with different centralities using different centrality
estimators (VOA, SPD, VOM, ZDC)
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Azimuthal correlations

ALICE: p+p @ 7 TeV: Real data
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Quantum number conservation in correlations

A@ projections (flavor conservations, K)
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« Near side flavor and charge correlations decrease as a function of p 4. and
Pryig (the width narrows) compared to the away side correlations

« Away side stays roughly constant when the trigger particle momentum is
increased
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