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Badamy wzajemne zachowanie sie
czgstek wyprodukowanych w
zderzeniu w zakresie roznic
pseudopospiesznosci An i katow
azymulatnych Ag.

Per trigger yields — parujemy
ze sobg czastki trygerujgce i
stowarzyszone, z czego czastka
p - particle momentum; trygerujgca ma wyzszy ped

9 - polar angle; pr - transverse momentum;

n - pseudorapidity: © - azimuthal angle;

A. Zaborowska, Pair angular correlations for pions, kaons and protons in proton-proton collisions in ALICE
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https://indico.cern.ch/event/849263/contributions/3769928/attachments/1999618/3337260/2020.03.06 CorrelationsPAGMeeting.pdf

Definition
sygnat Yield of associated particles per trigger particle measured as a function of the azimuthal
angle difference Ay and pseudorapidity difference A7 expressed as:
[ ] [ ] [ ] 2
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C(An, Ag) = pairs S(An, A@) / o
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pairs a - normalization factor
Ntig - total number of trigger particles in the event class and pr interval
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M. A. Janik, Two-particle correlations as a function of relative azimuthal angle and pseudorapidity in
10.06.2020 proton-proton collisions registered by the ALICE experiment



https://indico.cern.ch/event/849263/contributions/3769928/attachments/1999618/3337260/2020.03.06_CorrelationsPAGMeeting.pdf

e Ksztatt namiotu (splot 2 rozktadow jednostajnych)
* Sygnatitto podobne do siebie

... jednak po podzieleniu widac réznice!

Signal Background
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10.06.2020 A. Kawecka, Two-particle angular correlations of T mesons in Xe-Xe collisions in the ALICE experiment.



Efekty fizyczne w tunkcji AnAg

" ALICE 5 = 7TeV pp

M. A. Janik, Two-particle correlations as a function of relative azimuthal angle and pseudorapidity in
10.06.2020 proton-proton collisions registered by the ALICE experiment
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zasada zachowania pedu

A. Zaborowska, Pair angular
correlations for pions, kaons and
protons in proton-proton collisions in
ALICE

M. A. Janik, Two-particle correlations as a function of relative azimuthal angle and pseudorapidity in

proton-proton collisions registered by the ALICE experiment
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M. A. Janik, Two-particle correlations as a function of relative azimuthal angle and pseudorapidity in
10.06.2020 proton-proton collisions registered by the ALICE experiment
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proton-proton collisions registered by the ALICE experiment
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10.06.2020 proton-proton collisions registered by the ALICE experiment
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proton-proton collisions registered by the ALICE experiment
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small systems

| ciezkie jony

Correlation function

C(An,A)

M. A. Janik, Two-particle correlations as a function
of relative azimuthal angle and pseudorapidity in
proton-proton collisions registered by the ALICE
experiment
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A. Kawecka, Two-particle angular
correlations of Tt mesons in Xe-Xe collisions
in the ALICE experiment.

ALICE Collaboraion, Long-range angular
correlations on the near and away side in p—Pb
collisions at VsNN=5.02 TeV,

arXiv:1212.2001
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ciezkie jony

v
gtowna roznica w
porownaniu do small
systems: elliptic flow
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Badania

* Rezonansow

e Zachowan kolektywnych
e Zasad zachowania

* Dzetow i minidzetow



zmierzone funkcje

Rezonanse

Eksperyment ISR (1975 )

* zderzenia pp

* region central rapidity = zeby
sttumi¢ produkty dyfrakcyjne

e duze multiplicity (zeby bada¢
zdarzenia o podobnej
charakterystyce = multiplicty
ma wplyw na ksztatt f
korelacyjnej)

Vs =23 Gev Vs= 53 Gev

Fig 5 The measured angular correlation functions, C“(An, A¢), 1n unts of 10-3 For clanty,

smooth curves have been drawn through the data which have typical error barsot £ 04 X 107

R. Eggert et al., Angular correlations between the chared particles produced in pp
collitions at ISR energies., Nucl.Phys., vol. B86, 1975

10.06.2020



obliczone funkcje — wktad od rezonanséw

0

[1e 6 Calculated angular correlation functions, C'”laq Ap), for pD »agta - nand w—n'7w

decays Invanant cross sections for meson production have the torm exp (—-J’z} X exp (-BpT).
where ¥ and pr{ are the rapidity and transverse momentum of the decaying meson B has the

value 6 GeV ™! in the case of the top curves. For the bottom curves. B was adjusted to yield an
mvariant cross section of the form exp (-6py) for the decay pions Density functions are nor-

malized in the square In] < 2 5 as for the /s = 53 GeV data Lines of constant C”'[ﬁﬂ. Ag) ate
labelled in umits of 10™3

R. Eggert et al., Angular correlations between the chared particles produced in pp
10.06.2020  collitions at ISR energies., Nucl.Phys., vol. B86, 1975

n, w, p°

Eksperyment ISR (1975 )

zderzenia pp

region central rapidity = zeby
sttumi¢ produkty dyfrakcyjne

duze multiplicity (zeby bada¢
zdarzenia o podobnej
charakterystyce = multiplicty
ma wpltyw na ksztat f
korelacyjnej)
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ISR — whioski dot. rezonansow

* Rezonanse kontrybuujg do ksztattu funkcji korelacyjnej AnAg
* Rozpady dwuciatowe = struktura dla Agp =mt

* Rozpady trzyciatowe = struktura dla near-side peak i/lub
longitudinal ridge

* Mata zaleznos¢ ksztattu funkcji od y, duza zaleznosc¢ od pr



Rezonanse cd

Eksperyment PHOBOS
(2007 r)

a) final p+p data 200 GeV b) final p+p data 410 GeV

Wyniki zgodne z przewidywaniami
ISR —

,The gqualitative features of the
observed correlation structure are
consistent with an independent
cluster approach according to a
simulation study from the ISR
experiment using a low-mass
resonance (p,w,n) gas model”.

B. Alver et al., (PHOBOS Collaboration), Cluster properties from two-particle angular
correlations in p+p collisions at Vs = 200 GeV and 410 GeV, Phys.Rev., vol. C75, p. 054913, 2007. arXiv:0704.0966

10.06.2020 17



Rezonanse cd

(a) CMSVs = 0.9TeV (b) CMSy/s = 2.36TeV (c) CMS\'s = 7TeV

R(ANA))
R(ANA))
R(ANA))

V. Khachatryan et al., (CMS Collaboration), Observation of Long-Range Near-Side Angular
Correlations in Proton-Proton Collisions at the LHC, JHEP, vol. 1009, p. 091, 2010

10.06.2020
arXiv:1009.4122

Eksperyment
CMS (20107)

Potwierdzenie
wynikow ISR i
PHOBOS ale
podobne s3 tylko
cechy jakosSciowe —
ilosciowo korelacja
jest silniejsza = jest
jeszcze jakies
dodatkowe zrédto
korelacji.

Model PYTHIA odtwarza ksztaftt longitudinal ridge,
ale ma az tak silnej korelacji.

18



/achowania kole ktyvvn € — korelacje dtugozasiegowe

e Zderzenia ciezkich jonow — widoczny charakterystyczny ksztatt
cosinusa

» Zderzenia centralne — duzy wktad od elliptic flow, peryferyczne —
podobne do zdarzen small systems

* Wspdtczynniki v,, = z rozktadu sygnatu na szereg Fouriera
1 diN™ . ‘\TE ASSOC

e 1+Zzl;_ﬁm{nm) Un = /Vna
{Virig LA S N




/aleznosc od centralnhosci zderzenia

. _ STAR, Au-Au,
zderzenia peryferyczne » zderzenia centralne 200i 62 GeV

FIG. 1: (Color online) Perspective views of two-dimensional charge-independent angular correlations Ap/,/prer on (na. éa)
for Au-Au collisions at \/sxnx = 200 and 62 GeV (upper and lower rows respectively). Centrality increases left-to-right from
most-peripheral to most-central. Corrected total cross-section fractions are (left to right) 84-93%, 55-64%, 18-28% and 0-5%
for the 200 GeV data and 84-95%, 56-65%, 18-28% and 0-5% for the 62 GeV data (see Tables III and IV).

10.06.2020 arXiv:1109.4380 20



Wyznaczenie v, i sktadowych wyzszych rzedow metodg

korelacji dwuczgstkowych, ALICE

przyktady funkcji korelacyjnych dla
réznych pr i réznych centralnosci

3<p!<4GeVic Pb-Pb 2.76 TeV 8<p! <15GeVic Pb-Pb 2.76 TeV
1 L] 0-20%

2< p: <2.5GeVic 6< p: <8 GeVic

C(A9, An)
C(A¢, An)

2
Ao frad]

Fig. 1: Examples of two-particle correlation functions C(A¢@,An) for central Pb—Pb collisions at low to
intermediate transverse momentum (left) and at higher py (right). Note the large difference in vertical

scale between panels.

ALICE Collaboration, Harmonic decomposition of two-particle angular correlations
in Pb—Pb collisions at VsNN = 2.76 TeV arXiv:1109.2501
10.06.2020
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Rozktad funkcji na szereg Fouriera

— kolorowe linie - kolejne rzedy,

linia przerywana to suma, punkty

to dane doswiadczalne
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Wyznaczenie v, i sktadowych wyzszych rzedow metoda

korelacji dwuczgstkowych, ALICE
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ALICE Collaboration, Harmonic decomposition of two-particle angular correlations
in Pb—Pb collisions at VsNN = 2.76 TeV
10.06.2020

arXiv:1109.2501
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Efekty kolektywne w zderzeniach p-p?

(a) CMS MinBias, pT>0.1 GeVic (b) CMS MinBias, 1.OGeV/c<pT<3.OGeVlc

CMS, 2010

R(An,A0)
R(An,A¢)

Zachowanie kolektywne w
systemie pp?

The CMS Collaboration, Observation of Long-
Range, Near-Side Angular Correlations in
4 Proton-Proton Collisions at the LHC

R(An,A¢)
R(An,A0)

arXiv:1009.4122

1U.VU0.ZVUsZV 23



Podobne wyniki dla systemu p-Pb

CMS pPb \[s,, = 5.02 TeV, N°I'"™ < 35 (a) CMS pPb \[Sy, =502 TeV, Nj7™* > 110 (b) CMS, 2013
1<p,<3GeVic 1<p,<3GeVic

_ e
g%‘:;’- g'fg g%g.; : 3 These observations are
I‘?g,o 16 ‘ _ gg 16 qualitatively similar to those in pp
= ST N\ 55 collisions when selecting the
s> 4 4 same observed particle
g multiplicity, while the overall
strength of the correlations is
4 =~ significantly larger in pPb
collisions.
Figure 1: 2-D two-particle correlation functions for 5.02 TeV pPb collisions for pairs of charged
particles with 1 < pr < 3GeV/c. Results are shown (a) for low-multiplicity events (Noifline <
35) and (b) for a high-multiplicity selection (N2ifin¢ > 110). The sharp near-side peaks from jet
correlations have been truncated to better illustrate the structure outside that region.
The CMS Collaboration, Observation of long-range, near-side angular correlations in pPb collisions at arXiv:1210.5482

the LHC

10.06.2020 24



Podobne wyniki — ATLAS i inne eksperymenty na LHC

ATLAS 05<p7°<5.0GeV ~ ATLAS 0.5<p7°<5.0 GeV
Vs=13 TeV 0<N <20 Vs=13 TeV

NN

NN

C(anA9)

Figure 2: Two-particle correlation functions, C(An, A¢), in 13 TeV pp collisions in N3¢ intervals 0-20 (left) and

> 120 (right) for charged particles having 0.5<p%b<5 GeV. The distributions have been truncated to suppress the
peak at Ap=A¢=0 and are shown over |5|<4.6 to avoid statistical fluctuations at larger |Az|.

ATLAS Collaboration, Observation of long-range elliptic azimuthal anisotropies in Vs =13 and 2.76 TeV
pp collisions with the ATLAS detector

10.06.2020

arXiv:1509.04776
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/derzenia p-Pb — niezidentyfikowana czastka trygerujgca +
zidentyfikowana stowarzyszona, ALICE
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Odjeto zderzenia o niskiej krotnosci od
zderzen o wysokiej krotnosci

Obliczono v, dla piondéw, kaonow i
protondw -2 zblizone wartosci

arXiv:1307.3237

ALICE Collaboration, Long-range angular
correlations of i, K and p in p—Pb collisions at
VsNN =5.02 TeV
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/derzenia p-Pb — niezidentyfikowana czastka trygerujgca +
zidentyfikowana stowarzyszona, ALICE

> O4F AIICE p-Pb ysy=5.02Tev | 1 o
: 60_100,,: o ° T v.{2PC) v,{SP} 40-80% 3
0.35 3 T u » B E
0.3F += s+ = { =
: F *~ « 0 I :
0.25¢ ¥ e p @ E
0.2F ¥ = Obliczono v, dla pionéw, kaondw i
0.15F + 3 protonéw —> zblizone wartosci, ale
0.1 + = wida¢ mass ordering
0.05F * &
of E
o I__ I_
0.25 - J
B :
0.15F + -
0.1f I .
0.05f 3 3 arXiv:1307.3237
ALICE Collaboration, Long-range angular
0 5 4 _ _ _ 4 correlations of t, K and p in p—Pb collisions at
(GeV/c) GeV/c) VsNN =5.02 TeV

27



Dzety | minidzety

* Dzety — wktad gtownie dla duzych p+ dla near-side i away-side peak
* Dobrze widoczne dla zderzen elementarnych
* Zderzenia ciezkich jonéw — ttumienie dzetéw



STAR — analiza wktadu od procesow twardych i miekkich
Zderzenia p-p, 200 GeV

0.15 < p: < 0.5 GeV/e. 0.5 < pr < 6 GeV/c

Za pomocg cutu na

yr = Inf=E =2

(odpowiada to pr
okoto 0.5 GeV/c)

,odcieto” procesy
miekkie od
twardych

minijets (z gteboko nieelastycznego

longitudinal string fragmentation )
rozpraszania)

R. J. Porter and T. A. Trainor, Soft and hard components of two-particle distributions on (y t, hep—ph/0406330
n, @ ) from p-p collisions at Vs = 200 GeV

10.06.2020 29



ALICE — badanie zaleznosci ,jet-like structure” od multiplicity

Zderzenia p-p

EJ'_ 4 5’ 3.5 - —a— ALICE data
9 - ALICE pp @ 5 =7 TeV T E e Sucrn of fit components
Z 3.5 Ml <08 = | reer - Constant
= - P, >07GeVic = : Fit: y2/NDF = 1.63 ) ; gum:an ::
'E 3:_ PT_M? 0.4 GeVic ‘E' - = : - Gaussian
= - Nonarged, i <08,p_> 026w = 30 - 2'5: Gaussian AS
< m =
= R D T 2:_
2 C
1.5 is =7 TeV
1.5 C 'ﬁ@ 5«: n;
1 P > 0.7GeVic
1 C p, . > 0.4GeVic
0.5 0_5:_ Hl:h.'pld.h|-il.5.prbﬂ23l’ﬂ'.'c= 30
E PR e ' P Y L P T
0 -1 0 1 2 3 4 0 -1 0 2 3 4
Ag (rad) Ao (rad)
ALICE Collaboration, Multiplicity dependence of two-particle azimuthal correlations in pp arXiv: 1307.1249
collisions at the LHC

10.06.2020
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ALICE — badanie zaleznosci ,jet-like structure” od multiplicity

Do funkcji dofitowano 3 Gaussy i z ich parametrow:

)
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<N uncorrelated seeds ) —

Ratio MC / Data

<Nassoc. near+away, pr>>pr., mg) - (Nassoc.near—side> + <Nassoc.away—side>

badano tez energie 2.76 i 0.9 TeV

25— —e— ALICE
—a— PHOJET

—a&—— PYTHIAS8 4C
20— PYTHIAG Perugia-0 (320)
PYTHIAG6 Perugia-2011 (350)

pp@\Vs=7TeV
i <09
P, = > 0.7 GeVic

Ncharged, nl < 0.9, p,> 0.2 GeVic

ALICE Collaboration, Multiplicity dependence of two-particle azimuthal correlations in pp arXiv: 1307.1249

collisions at the LHC

10.06.2020
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ALICE — badanie zaleznosci ,jet-like structure” od multiplicity

~ 250" = ALCE(pp@/s=7TeV) ~ 250 = PHOJET (pp @\s =7 TeV)
§ [ 4 ALICE (pp @ /s =2.76 TeV) § -+ PHOJET (pp @\'s = 2.76 TeV)
(7)) B v =0. w B v = V.
3 20/ ALICE (pp @ /s = 0.9 TeV) 5 20~ PHOJET (pp @\'s = 0.9 TeV)
5 5
E | g I
3 15[ 3 15
= - c |-
= " = I
P - P i
~ B e - .
101 101 Tl
i [ '
: - .
S 5
[ - nl <09
- Prvia > 0.7 GeVic - e > 0.7 GeVic
_llllIlllllllllllIlllllllllllllllllll _llllllllllllllllllllllllllllllllllll
0 10 20 30 40 S50 60 70 0 10 20 30 40 50 60 70
Ncharged, nl < 0.9, p_> 0.2 GeV/c Ncharged, nl < 0.9, p.> 0.2 GeV/c
ALICE Collaboration, Multiplicity dependence of two-particle azimuthal correlations in pp arXiv:1307.1249
collisions at the LHC

10.06.2020




ALICE — badanie zaleznosci ,jet-like structure” od multiplicity
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ALICE Collaboration, Multiplicity dependence of jet-like two-particle correlation structures in
p—Pb collisions at VsNN = 5.02 TeV

10.06.2020

Zderzenia p-Pb, 5.02 TeV

Wyniki zgodne z wynikami dla pp.

Whioski:

- ridge w zderzeniach o duzej krotnosci nie
pochodzi od minijetéw, tylko od innych
zrodet.

These findings are consistent with a picture
where independent parton—parton
scatterings with subsequent incoherent
fragmentation produce the measured
minijet associated yields, while the ridge
yields, which vary with multiplicity, are the
result of other sources.

arXiv:1406.5463
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ALICE — badanie dzetow w zaleznosci od pr

ALICE, pp
s =276 TeV
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(e)

jet peak in Pb—Pb collisions at VsNN = 2.76 TeV

10.06.2020

Zderzenia Pb-Pb i p-p,
2.76 TeV

arXiv:1609.06667
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ALICE — badanie dzetow w zaleznosci od pr

Zderzenia Pb-Pb i p-p,

2.76 TeV
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ALICE Collaboration, Evolution of the longitudinal and azimuthal structure of the near-side arXiv:1609.06667

jet peak in Pb—Pb collisions at VsNN = 2.76 TeV
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Theoretical aspects

@ Larger width in An than in Ay fHcE
o Interaction with longitudinal flowing medium Zderzenia Pb-Pb i p-p,
Romatschke, Phys. Rev. C75 (2007) 014901 2.76 TeV
Armesto, Salgado, Wiedemann, Phys. Rev. C72 (2005) 064910
Armesto, Salgado, Wiedemann, PRL 93,242301 (2004)

Vacuum Static medium: Flowing medium:
(reference) Broadening Anisotropic shape
P S e Przyczyny?
( S PN alY,
I \

@ Interaction with turbulent color fields
Majumder, Muller, Bass, Phys. Rev. Lett. 99 (2007) 042301

@ Double hump-shape in the energy distribution of the jet
Armesto, Salgado, Wiedemann — PRL 93,242301 (2004)

Monika Kofarago Angular correlation measurements in Pb—Pb collisions by ALICE 3 /18

https://indico.cern.ch/event/539093/contributions/2568083/attachments/1474554/2283289/Kofarago.pdf
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Korelacje czgstek zidentyfikowanych

ALICE pp Vs =7 TeV

(e) m'n (c) pp + PP

C(Ag, An)

AOSNIS X
2% &, ™ "g‘:&"\"’:"‘ x
AT NS

NS QO‘,“O“\
NS "‘

C(Ag, An)

BT

ALICE Cc.)llaboraYtlon,.Il.‘iSIght u7to pqrt/c/e pr.oc_juctlon mechanisms via angular arXiv:1612.08975 37
correlations of identified particles in pp collisions at Vs = 7 TeV
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Korelacje czgstek zidentyfikowanych

mezon-mezon VS barion-barion

Oprodcz piondéw, kaonow i protondw mozemy
badac inne, bardziej egzotyczne czgstki

np. = czy Q)
Particle | Composed quarks | Charge | Spin
Proton uud + 1/2
Lambda uds 0 1/2
ALICE Collaboration, Insight into particle production mechanisms via angular correlations of identified Xi dss - 1/2
particles in pp collisions at Vs = 7 TeV Omega SSS - 3/2

Table 1.1: Properties of analyzed baryons.

particles | momentum | charge | strangeness | baryon number
pions v v

kaons v v v
E. tobejko, t. Graczykowski, M. Janik, G. Kornakov, AnA¢ angular

protons v v v _ _ - .
correlations of baryons (pp, p/A, AA, p=, and pQ) in high multiplicity
pp collisions at V s=13TeV, Analysis Note

A. Zaborowska, Pair angular correlations for pions, kaons and protons in proton-proton collisions in
ALICE
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Korelacje kgtowe

* Dobre narzedzie do obserwowania szerokiej gamy efektow fizycznych
* Punkt startowy do dalszych analiz

* Chcemy, zeby modele teoretyczne odtwarzaty efekty widoczne w
funkcjach AnAg



Bonus — funkcje korelacyjne dla zidentyfikowanych czgstek, zderzenia Xe-Xe

Jezeli ktos

T+ T K'K*+ KK pp + pp | zastanawiat sie,

A jak wyglgdajqg
funkcje
korelacyjne w
catym zakresie
centralnosci dla
zderzen ciezkich
jondéw przy
energii 5.44 TeV...

1 0 . 5/\\‘:\
0 \
q?-o.s \
3

10.06.2020 A. Kawecka, Two-particle angular correlations of T mesons in Xe-Xe collisions in the ALICE experiment. 40



(b)
3<p_  <4GeVic

ab ALICE, Pb-Pb :
?gtl;gi 5 0.5<p_"<5.0 GeV . (5= 2.76 TeV 2<p '™ <3GeVic

N&H=>120 50-80%




