(M1, M, ) Koppeasinun

BuicTpoTHbIE (M,1, ) KOPPEJASIIIUUA YACTHI] C
Pa3HBIMH 3apsiaMHU U BO3MOXKHAS KJIacTepHas
Npupoaa ucTouHukoB B POPD crokHoBennsx

B. /1. KOpOoTKKx

Ha ocHoBe aoknaaa J.Jia “Forward-backward multiplicity correlations in PbPb,
pPb and pp collisions from ATLAS”, Jiangyonglia_gqm2015

M AOKNAaaa Ha cemuHape CERN
http://cds.cern.ch/record/2055672, ATLAS-CONF-2015-051
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Geometry Really Matters

Strong interactions build space-momentum correlations

leading to a hubble expansion Sorensen. QM2012

The system remembers the geometry

This iIs a more detailed view of the initial conditions

H. Kowalski, T. Lappi and R. Venugopalan, Phys.Rev.Lett. 100:022303

How much this lumpiness shows up in the data and what it tells us about
viscosity was big story at QM2011




Yrnbl nMmnynbcoB Yactuy Ha LHC

n =-In(tan(6/2))

KuHemaTtunyeckue
nepemeHHble
5 4aCTULLbI U3 30HbI
v n=1(645) CTONIKHOBEHMUA
n =0 (6=90)

n =2 (6~15°




Puox- adpdekt B pp, pPb and PbPb

CMS N = 110, 1.0GeV/c<p_<3.0GeV/c 3<p' <4 GeV X Pb-Pb 2.76
(0.0005% of B) y p} eve Pb-Pb 0-10%
Pp & 2<p;<25 Geﬂg/’ —————— \
3 . s
s ‘ g
= ° . 2
- . | Near-side (NS)
4 | ridges in high
multiplicity events | 5 \ce pLg 708 (2012) 249
4 at LHC energies

CMS, JHEP 1009 (2010) 91

2<p,, <4GeVic Pb p-Pb |5, = 5.02 TeV
1<prm <2GeVie p N 0-20%

_(20% of MB)\

CMS pPb \ s, = 5.02 TeV, N " > 110

S

§§18

%l 17| _g
2 162

CMS, PLB 718 (2012) 795  ATLAS, PRL 110 (2013) 182302 ALICE, PLB 719 (2013) 29

B Puas 66111 M3MepeHus oT pasHocTen An=1;-1,, HO He Bbl1I0 U3MepPEHUI KoppenaLmii
ana nap (n*;m%,) cyuérom sapaga yactuy, 4




(n,,M,) correlations

m Alternative observables: 2D correlation function

E. L. Berger, NPB &5 (1975) 61
g (N ()N (1)) NG

TN () (Rs(m)Rs (1)) A= TNy

//’7 Single particle distribution
Mixed events may not match perfectly
FB asymmetry — acummeTpuma uncna yactumy, no boictpore 1, ”Bnepep,-l-las%
E,'.-: L L N B B B B 2 [ AL L B L B B
E'E 1.4F-Event 1 Centrality 10-15% - | Event2 centality 1015% 4 | R emove residual centrality dependence
R p, > 0.5 GeV 10 p, > 05 GeV 1 )
A |_ J 1 H | ] C(nlsnﬁ
B TN TNV R
0.8 JE [ ]
ATLAS  Preliminary | [ ATLAS  Preliminary ] Cp(fh) _ fC(mJ]z)dn:’CP(m) _ IC(UIJFE)(!UI
0.6 Pb+Pb, | 5,,=276 TeV | - Pb+Pb,|5,,=276 TeV 2Y 2Y
i e e e e
M n See 1506.03496 and talk by Peng Huo

N(n) =dN/dn is the multiplicity density distribution in a single event and <N(n> is the average
distribution for a given event-multiplicity class

CemuHap JICB O39B3 B.J1. KOpoTKux 1 mapta 2016r.



' o
o) =1+E L) Ty(n) = ZHHYPH(E) 0o /

N
R.s‘(}?) = (N(l}])

Po(z) =1, Pi(z)=2, Pz) 2(:5;# 1) s veee T'.
] ' AD

nel-Y.Y], ¥=24

= a,—> fluctuation in the FB asymmetry of N(1)), ) /Y
= a,~> fluctuation in the width of N(n))

s Legendre expansion of two-particle correlations

T (n2) + Ty (m2) T (11)

Cx(mi,me2) =1+ Z (andm) Tn(nl) 5

n,m=1

=1+ {(a})mne + (a3) ——




Short-range correlation dsrc (171, 72)
Legendre spectra

[ ®  Centrality 80-85%
ATLAS Preliminary |

0.2
— f
E L Pb+Pb, ‘ISNN=2'?S TeV
S [ B L~7 ub"
= ' o
S - e P_>05GeV y
e .0.1— ® T e o -
= . . . -
Previously measured in Pb+Pb collisions |

- ml<24  CONF-2015-020
e ee @

tﬁ.—

|

N.=n,;M,~0 & large n.

m Corr. Func.=short-range corr. (SRC) + long-range corr. (LRC)
C(m,n2) =1+ dsrc(m,n2) + LRC(n1,m2)

Goal of this measurement:

1. Data-driven method to separate SRC from LRC
2. Compare SRC or LRC 1 three collision systems, pp,pPb.PbPb at similar N,



n Cy(ny.n,) calculated using charged particles p~0.2 GeV.
s High-multiplicity track (HMT) trigger used to increase statistics

E;ﬁ 1#& ATLAS Prehmmary 4Ge‘u’ Iulczlﬁ 3

) oo ;

% 10* E “.‘.'ﬁ“:‘"m".“""“"“" ‘m-m-u-umnn-n;

= 104 S { ]

Inner detector n<2.5 E o pw fet3Tev 0, “Fo E!
Pb+Pb 2.76 TeV, 2010, MB 100 E o puPb (=502 TeV | E
p+Pb 5.02 TeV, 2013, MB+HMT i s s o
p+p  13TeV, 2015, MB+HMT 90 100 200 S“E,ec

= Analysis carried out in many bins over 10 < N;* < 300.

s Results presented as a function eﬂu.lency-corrected values Ngp = bN
= b~1.19 for pp and ~1.29 for pPb and PbPb

How signals in three systems compare at same N,?



s CF for +- and ++ -- pairs separately.
s different SRC, similar LRC (based on ratio) A
200 < N¥¥ <220, p,>0.2 GeV.

Dpp—chargli_—;- ""' same-charge 4

B KopoTKO-aencTByoWwmx Koppenaumax (nl,n2 ) Bknag nap ¢ pasHoiMu
3HaKamu 3apagoB (+,-) bonablue, yem ¢ oAMHAKOBbIMU 3apaaamu (++), (--)

CemuHap JICB O39B3 B.J1. KOpoTKux 1 mapta 2016r.



Properties of short-range correlations

s CF for +- and ++,-- pairs separately. LRC i{f}_}f out Djf the ratio
' NN Ty 1+ 12

= different SRC, similar LRC (based on ratio) Bem-)= ez, ) no=m-m

200 < N* <220, p_>0.2 GeV

s ~ 1+ 551!11(:'[T!+~ n-) — 5£1tt(:(?F+~ n-)
Dpp_Charg__e, B same-charge ./

)

Pb+Pb
2 Ty,

more +- pairs than + pairs in each event more than 3 times for SRC 7, =—2,...0,...2

OTHOLWEHME KOPPenALMOHHbIX PYHKLUMIA: N,.=N;+N,

C* n=n,—"M;
R(n,,n.)= o 1 npu pasnom uucne nap (+) u (£
i

R(n.,n.)= oE =1+(60" —=87) npu nepasnom uucne nap no 3naxy 3apsoa

CemuHap JICB O3PBS B.J1. KOopoTKkMx 1 mapta 2016 .




Properties of short-range correlations

LRC drops out of the ratio

s CF for +- and ++,-- pairs separately.

. o . Ct=(ny,m-) Ne =1 +7
= different SRC, similar LRC (based on ratio) f(n4n-) = CH::I:(TJ,_I_’ ) A,
| 200< N[ <220, p, >02 GeV 14 8 (neon) — 655 (e n-)
opp-charge - A\ same-charge _ 4

s  Amplitude quantified via

) = _ﬂgER(mJ?—)fﬂ.Sdn_—l N SRERIRORON 3 :::—:: Proiminary |
~04R(0.7-)/08dn_ -1 s P & ]
Shape along 1. 3 0.6 Width ] [ Amplitude
= 1.peak width is constant in 1. o4 1 |
[ ATLAS Preliminary
Shape of Osre — Osre 02 Pb+P ?
ol . . . . .

factorize . and n_ KL T



Properties of short-range correlations

s CF for +- and ++,-- pairs separately. LRC i{f}_}{a out D)f the ratio
. . ; ' NN My =1 + 7
s different SRC, similar LRC (based on ratio0) Ry, n-) = Cﬁ[ﬂ'_j ) :; L _f;l J_r”’j

2005N;$,“-:220 p,>0.2GeV,
opp- charge T '

~ 1+ 8 (4, 1-) = S5pc(04,1-)

G G
£ E
+ #
&) O

Hence, 0p(n..1.) assumed

to factorize in n..n.. £ . o1 2 [ amas preimnay
+— EY i e T I S
SRC =f(n+)g™ (n-) § 1 o R ]
% 0.6/ idt ] [ Amplitude
++ 3 [ : :
Ssre = f(n+)g™=(n-) ® odt ]
ATLAS Preliminary ]
R(nen-)» 1+ f(ns) g7 (n-) —g7=(n-)] 02r  PoiPD -:

Key 1s to determine g(1.)! A I B A s o



s Take Cy(n) m
between data and fit in |n_|<2 is the g(n.) for SRC dsre = f(n+)g™ (n-)

= Vary 1, and the range of 1, slices to check systematics. dsre = S(n+)g™(n-)

n.>n,=1.5, difference
1--Mo

200 = N < 220 on }
fain g C" (1 - . ysul

ki . dsre = f(no)g(n-)  COF ’(fhwfiz)

-Hle.4 im, | T




Estimate short-range correlations

atic function 1n [n_>n,=1.5, difference

s Take Cy(n.) n
between data and fit in n_|<2 1s the g(n.) for SRC

= Vary 1, and the range of 1, slices to check systematics.

55Rc = f(?h)g “(n-)
Osre = f(n+)g"*(n-)

200 = N*™ < 220

Obtain g(n) 5 — f(
....... ] SRC — J 1\

:_FrLI'::GA

( ‘rHlllJ(Ul 1o )

u—).f;{_w—)

-
) |IT_he SRC more +— pairs than ++ pairs in each event by factor 3
The LRC, C""(n,,N.), has similar magnitudes between ++,-- and +-




Correlation functions in three systems

100 = N} < 120 p,>0.2 GeV
VSun =276 TeV, 7 ub” \Sp = 5.02 TeV, 28 nb™

Cn(n1,m2)

Short-range
sre(1M1:12)

Long-range

CX® (n1,m2)

0
-1 AW

- 0 -
22 1 W, 20

After SRC subtraction, similar LRC 1n all three systems

Most FB asymmetry in pPb collisions 1s due to the SRC.



A\,

s SRC: more +- pairs than == pairs in each source

s LRC: no charge dependence = reflect global event property



Legendre spectra in Pb+Pb

Tu(m)Tm(m2) + Tu(m2)Tm(m) G
2
n,m=1 ‘

o
Cn(n1,m2) or C¥°(m,m2) =1+ Y (8nm)

Pb+Pb

e “Cn(n1,m2)-

0.004 Vsw=27b1ev,rD+rD, 7 ud -
100 = N> < 120

K ST
- <a,,>
T : p,>02GeV

0.002 ) -

ATLAS Preliminary -

|

Before subtraction

.__;_kw.__--
Qe

e T - e

N - AN O YN o © + W D~
© ©C @ MO CC O S O
Npt? Vgt” Vgt Vgt Ngp® gt” - 0. WD

S o oo

Il

i +- pairs

++,--pairs  Before SRC subtraction

ATLAS Preliminary

ATLAS Preliminary ~ )

Pb+Pb Pb+Pb
2 1o 2
= 1.02{" =
£ W i
$) O

s The strong charge dependence = SRC contributes to all coefficients

CemuHap JICB O39B3
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Legendre spectra in Pb+Pb

00
Ty Th + T, T
C(m1,m2) or CRP(m1,72) =14+ Y (Bnam) (1) T (12) ; (72) Tea(m1)
;m=1
Pb+Pb o
I C

g ﬂ_{]l:lrfl.—l '.,|_ 276 |E".I-'q|-'£+r|-?|:rl: p?z )_ ‘B

= ! ATLAS Preliminary

é . <HE> 00=NZ<120 |

= I L L After SRC subtraction

S oo | _

L @ 5‘, | <a"an+2>_

= s ®©

y: o "8 e .f N

g FERRR

'D.'I]DE-—I mb(?}'] ‘??2)
:.. .4—pzurf'

® i+ - pairs

0.001 —
| Dominated by a,

After subtraction

e W W W W T e A

f e S e e e

The strong charge dependence = SRC contributes to all coefficients

After SRC removal, results are independent of charge combinations!



Legendre spectra in three systems
Tu(m)Tm(n2) + Tu(n2) Tm(n)

C(m1,m2) or CRP(m1,72) =14+ Y (Bnam) 5
Pb+Pb "m p+Pb p+p

:I Calculated from Cy,(n_n,) 0-0'3'5_- Calcuiated from Gy (n,n,) ] L Calculated from Cyyfn.n.) -
g 0004  (Sm=276TeV, PbsPb, 7 ub"  _| 8 VS = 5.02 TeV, p+Pb, 2B nb" - 8 {= = 13 TeV, p+p, 14 no"
- ATLAS Preliminary 0 1]C|4- ATLAS Prelminary u ATLAS Preliminary -

5‘:—_-‘_1,I 'F““<a2> 100=N"<120 | | 100 =N <120 | 0.005 100 =N"<120
E 50 p,>0.2 GeV 1 * p,>0.2 GeV : . I p, 0.2 GeV

= ' \ : 0002~ 4 i B

4 | B | i | [ ] I

:f_; 8 v : <auan+2 > ] | ® (%] i L ™ ]

o et g a f \l - *elg . I * 8
L [ ] ' ~ W)

- a T B B ¥ = a8 . | » !_
= ‘o s ® 1 CI 8 ] i g H g &=

— 0002-§ Calculated from G, *nyn,} | ! Caleulated from C"(nn,) ] 1 Calculated from C°(nn,)
,g :. .4—pa.ir5 D_D-D155. .a—pa.irs — :D .4—pairs

Q I i i i

E ® i+ - pairs i i * ++-pairs ] ® ++—pairs
et o - D.DD1_ ] C'.':'[H— —
= j

= 0.001- - ) - .

. Dominated by a i .

) 3 y 1 1 D.EH]C'EI-_— . .
= i i _
g
- ] ) _!_i_ﬂ_l_|_g_e_

ol_® - 5 5 5 e L8] S 'TE—.—.—'—E—Q—'—.: H g E ]
'-'ﬁ '-'U '-'ﬁ '-'ﬁ Ilﬁ I‘E‘_ o o 0 0m Lo I = '-'ﬁ1 w0 ﬂﬁ_ Ilﬁ1 1] !ﬁm lﬁr M o ﬂ N’-‘ﬁ 1i] Nfﬁ
TN N T T T T T ey T T e s e e
The strong char ge dependence = SRC contributes to all coefficients

After SRC removal, results are independent of charge combinations!



N, dependence of LRC (in terms of a,)

) :;:;;_
Cg}lb(??lanz) ~ 1+ (%)mm L

AOMUHUpyer !
s (Calculated from Legendre expansion method for all-charge,

opposite-charge and all-charge pairs

- L] L] L] I T L] L] L] I 1 L] T L] I L] T L) T T T T I T T T T I T T T T I T T T Ll L] T 1] I Ll T L] L I T L] T L I T T
:?EE, 10" _a ATLAS Preliminary p, > 0.2 Gel] - ATLAS Preliminary p, > 0.2GeV JL ATLAS Preliminary p, > 0.2 GeV
e L3 1t 1l G |

b

VS =2.76 TeV, Pb+Pb, 7 pb ™

direct calc. from CSN”b[ﬂ‘.I]E]

VS, = 5.02 TeV, p+Pb, 28 nb”’ Vs =13 TeV, p+p, 14 nb’

\direct calc. from C*N”“[n1,nz}

& direct calc. from C:m{l]fnzj

2N _ . p * P b

o g

#® all charge pairs #® all charge pairs #® all charge pairs

2 4= pairs 0 +- pairs
[ B ++,- pairs - plairs | : | |
0 100 200 300 0 100 200 300 100 150
NCI‘I Nch Nch

No dependence on charge combinations

CemuHap JICB O39B3 B.J1. KOpoTKux 1 mapta 2016r.



ATLAS Prelimina

Properties of SRC in p+Pb

s Most of the FB asymmetry 1s in the magnitude of the SRC.

= 1-width of SRC 1s constant as a function of n..

ATLAS Prelimina ATLAS Preliminar

p+Pb p+Pb p+Pb
~ 1.03 11,015 v 1015

- 1.02 = =

— .T/ S

o M O © 1008

)

U

] " amas Preliminary |
ePettgotesny, [ PP /:
200 = N < 220 Width of | |

04r +- e 2
V5.0, = 5.02 TeV, p+Pb, 28 nb” " (-)-g7(n-)] |

0. Pb :
p.>0.2 GeV Z{: B :
0 1 A A A

f(n

o
o)

ATLAS Preliminary

Gaussian Width
=

| I

e 0.8 L
-2 0

[A%]

0 ——
on

o

on



] ' o ' ,12)dnd
s Quantify SRC using its average amplitude Agpc = J Osrc(m,m2)dmdn,

100 = N;" <120




s Quantify SRC using its average amplitude Agpc = J Osrc(m,m2)dmdn,

100 = N;° < 120

E‘“ 0.008%"
£ 00087
o0 -
[
ul
o
-2 1w,

E T T T T T T T T T T T T [ T T T ] [ T T T T I T T T T I T T T T I T T T T L] T T I T T T T I T T T L] I T l-
iﬂm ATLAS Preliminary P> 0.2 GeV ATLAS Preliminary p.> 0.2 GeV ATLAS Preliminary P, =0.2 GeV
= — 4 419 — . 11 2 .
= e A 2.76 TeV, Pb+Pb, 7 ub™ e V5,,=502TeV,p+Pb, 28 nb" . o Vs = 13 TeV, p+p, 14 nb"

O
N Pb+Pb e
10F o e JF 1F A - B
[ 1¢f 1 A -
: o {'_.‘-: I ]
, oo f 1 p+p
#® all charge pairs | [® all charge pairs 11 ® all charge pairs
0 4= pairs \t] O +- pairs O +- pairs
dE pairs . l 1 B pairs | 1 H"i pairs J |
0 100 200 300 0 100 200 300 50 100 150
Nch Nch |.\"In::h

Strong dependence on charge and system size



ﬁSRC

"y
Q

T T T 'I

Bce napbl 3apsaaos

k .

N, dep. of SRC and a, in three systems

SRC

L L
ATLAS Preliminary pT:‘aO.2 GeV

® Pb+Pb \s,,=2.76 TeV
O p+Pb |s,,=5.02 TeV

 p+p

strength of SRC on single-particle level
PR I T T T

Vs=13 TeV

100

s They follow power-law function

200

300
N[:h

a, for LRC

ATLAS F’nallrnuna\rg..rr P, ::-DEGEV
® Pb+Pb |5,=2.76 TeV
O p+Pb |s,,=5.02 TeV -
p+p Vs=13 TeV

N

a, frn:}r'n CN (1] r|}

—

100 200

Pb+Pb p+Pb pp
a for \/Asrc | 0.502+0.022 | 0.451 +0.020 | 0.342 +0.030
a for \/ (a?) | 0467 +0.011 | 0.448 =0.019 | 0.489 +0.032

» LRC: num. of sources, n, controlled by N, think in terms of partons !
» SRC: pp vs PbPb at same N_.,=2 n is similar but pairs/source is larger?



SRC a, for LR
& I e el o -
& - ATLAS Preliminary p_>0.2 GeV T‘E, ATLAS Frellmlnary P, ::-DEGEV
< ! —10" [} *
® Pb+Pb \s,,=2.76 TeV K ® Pb+Pb \s,=2.76 TeV 7
O p+Pb |s,,=5.02 TeV . O | p+Pb |s,,=5.02 TeV -
107 p+p fs=13Tev - -\ Yp+p V5=13 TeV
strength of SRC on single-particle level
P T T T SN T T T T N SR S TN TR NN TR T T R L P T T N TR S
0 100 200 300 0 E 00 200 300
N[:h Nch
m They follow power-law function
Pb+Pb p+Pb pp

a for \/Asrc | 0.502+0.022 | 0.451 +0.020 | 0.342 +0.030
a for \/ (a2) | 0.467+0.011 | 0.448 =0.019 | 0.489 +0.032

a smaller in pp=> num. of cluster is smaller or cluster size is larger at same N,?



Expected scaling behavior?

SRC can be related to the number of sources » contributing to N

n=mns+np X Nep

LRC expected to be related to the asymmetry between 7, and n,

_nf—np 2 2
A= () o (43

Assume mndependent cluster picture nesss o761 €ach source emits
the same number of pairs and the number of sources follows
Poisson fluctuations, then

\/ﬁSRC ~ (a%) ~ i ~ L&r ¥ ~ 0.5

w
n ch

Sources could be:
wounded nucleons, or partons (via frag.), flux tubes, or final state resonance decays



Correlations from Initial State

Long Range: /| { Late Stage:
= Early Time Short Range
/ A \ ——fc—=c*=

i

P
é;}{;’;””’ i N

(
f{o’*v‘"

.1}“\" W)
i

> L

Wwh O LN WA O,

By collision vertex I

st

‘l"\ﬂ“l.“q‘.\m.

The longitudinal width of the correlation is related to the time

the correlation was established*

late stage correlation will be narrow in An, early times wide

@sen, QM201

Ipumitru, Gelis, Venugopalan, McLerran:
Nucl. Phys.A 810:91,2008



BeicTpoTHBIE (N1, ) KOppPEJIALNU

Conclusion on ATLAS work J.Jia QM2015

1. BuepBbie u3MepeHbI U NIPOAHAJIU3UPOBAHbI PABHO- U MIPOTUBOMOJIOKHO
3apsizKeHHbIe 2-X YaCTUYHbIE 1;-T), Koppejsuuu B POPD cTonkHoBeHusx.

2. Paznesiennl kopotko-AeiicTBywmmne SRC u nimmnHo-aeicryomme LRC
koppeasimun. SRC nmerort 6osbie + — nap, MeHblue + +, + — nap,
LRC nMeroT Takux nmap oAMHAKOBOE KOJUY€eCTBO.

3. Iloka3ano, 4To nocJe BoiyuTanuss SRC ¢(yHkumus koppeassuuu
CsiP(n,m,) onMHaKoBa s BeexX TPEX cucrem Pp, pPb, PbPb

4, I'Ipeu,rlonaraeTc;l KnactepHad rnpmnpoga UCTOYHMUKOB E. L. Berger NPB85 (1975)61.
KaXKabl NCTOYHUK NCMYyCKaeT npnMmepHoO paBHOE YMNCJT10 HaCTuul, a YNCI10
NCTOYHNKOB COOTBETCTBYET rlyaCCOHOBCKpMy pacnpeneneHunto

CemuHap JICB O39B3 B.J1. KOpoTKux 1 mapta 2016r.


http://inspirehep.net/author/profile/Berger, Edmond L.?recid=89788&ln=en
http://inspirehep.net/author/profile/Berger, Edmond L.?recid=89788&ln=en

Cnacunb0o 3a BHUMAHMe

[lanee npoluy paccMoOTPEeTb MOU NPEAJOKEHUS
ANA AOKNa0B HEKOTOPbIX COTPYAHMKOB
Ha NabopaToOpHOM CEMUHApe

CemuHap JICB O39B3 B.J1. KOpoTKux 1 mapta 2016r.



BO3MOXHble A0KNaabl COTPYAHUKOB

[Janee mon pekomeHaaunmn — npeanorKeHma (MoXKHO TaKkKe BbibpaTb CaMOCTOATE/IbHO
n3 QM2015) HeKoTopbIM COTPYAHUKAM, paboTatowmMm B COOTBETCTBYIOLLIMX HAaNPaBAEHUSAX.

J1.B. ManunuHa « ALICE n FAIR-NICA noche QM2015» (Ha3BaHue ycnoBHoe, J1.B. npegnoxur
cBoé, QM15 Femtoscopy of identified particles in Pb-Pb collisions with ALICE at the LHC)
HacTosuiee nccnegoBaHue noKkasasno He0bXxoAMMOCTb Y4ETa NepepaccesHuin 1
KaK cneactsme HapyweHue myscaling-a ¢ pa3HbiIMU MaKCUMaJIbHbIMU
BpemMeHaMM UCNYyCKaHMs NMMOHOB U KaoHoB (9.3 n 11.7 pm/c).

— 120
Pb-Pb s, =276 TeV Centrality 0-5%
"‘"é, 1001 ALICE Preliminary
N —&— 1 1=9.30 +0.24 +1.0 fm/c
BO | S'_l,l-’Sll_ arrar
- KK t=11.70 + 0.64 + 1.0 fm/c
Sy’SL arror

| 1 l | | | | | ]
%.E 04 06 08 1 12 14 16 1.8
(m.) (GeV/c?) 30



VE.&

I.X. 9060Ba «[APMOHUKN OJIMHHO AEUCTBYIOLLNX KOPPENAUNn B PP CTOJIKHOBEHUAXY

(Ha ocHoBe goknaaa Zhenyu Chen «Anisotropy harmonics from long-range correletions

in high multiplicity pp collisions» QM15_Zhenyu_v6_Vn_high_multi.pdf)

[MonHoe n geTanbHOEe nccneaoBaHMe aHM30TPOMHbIX TAPMOHUK B pp
CTONKHOBEHMUAX, BKAOYasa naeHTndukaumto yactuu, Double Ridge B pp. He nnoxo 6bl
CPaBHUTb C HalWMM nccneagosaHmem rno V2 B pp CToNIKHOBeHMAX B cTatbe ¢ D. D’Enterria

Preliminary
D.DDE T T T T I T T T T | T T T T | T T
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V,, V3, become relative constant at high multiplicity



C.B. MeTpywaHKo «Pa3HbIN BbIXoA, CTPYM B 3aBUCMMOCTM OT YIAa NJOCKOCTU COObITUAY
(Ha ocHoBe goknaga R.Bertens «Azimuthal anisotropy of R = 0.2 charged jet production
in 2.76 TeV Pb-Pb collisions», rbertens_ QM2015_v3.pdf + arXiv:1509.07334)

PaboTa MHTepeCcHa Tem, YTO BMepBble A0Ka3aH 3KCNEPUMEHTA/IbHO Pa3HbIiA
BbIXOA, CTPYM B 3aBMCMMOCTM OT YA NNOCKOCTU peakumun Ans BTOpPou
FAPMOHUKMN .
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E.H. HazapoBa «/lucbannaHc ctpym c yuétom unfolding», (Ha ocHoBe goknaaa D.Perepelitsa,
“New results on fully corrected dijet asymmetry in Pb+Pb collisions with ATLAS”,
dvp-QM15-ATLAS- 9-29-15_Perepelitsa and dvp-EPSHEP-7-23-15 Perepeltsa_jets.pdf
+ J.Jia, ATLAS-CONF-2015-052.pdf)

Unfolding ancbannanca ctpyn Heobxoamm ana nocnenyroLLero CPaBHEHMUS C
Teopuei. HoBas 3agava gna aHanusa CMS B 3TomM HanpaB/ieHUN.

XJ for pﬂ > 100 GeV VS. centrahty
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C. Obpasuyos «Experimental overview on quarkoniumproduction» (Ha ocHoBe AoKnaaa
R. Arnaldi “Experimental overview on quarkoniumproduction”)

New results on quarkonium in pp, pA and AA shown in QM:

New differential J/y cross-section results at RHIC and LHC top
energies will help constraining production models

New results confirm the role of suppression and recombination
mechanisms at play on the various quarkonium states

Interplay of shadowing and energy loss describes J/y production.
Comover-like effects seem to affect excited quarkonium states




A. benses « Open heavy-flavor measurements» (Ha ocHoBe aoKknaaa R. Averbeck
“Experimental overview on quarkoniumproduction”)
Xopowunit 0630p No agpoHam C TAXKENbIM aPOMATOM.

B-jet suppression at the LHC
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ALICE dN/dn distribution
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Projections of CF in p+p
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m Consistent a, at different slices = LRC dominated by a;.
Consistent between tfour methods



a, from four methods

. . ! ' b
m (1) Quadratic fit to n- direction, CN (W—)‘Imlfﬂ-l
= (1) Quadratic fit to n+ direction, C{® (5 )0.9<p_1<1.1
m (111) Linear fit to r correlator, P (1) |2l <24
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m (1v) Legendre expansion
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ATLAS Prelimina

Properties of SRC in p+Pb

s Most of the FB asymmetry 1s in the magnitude of the SRC.

= 1-width of SRC 1s constant as a function of n..
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Estimation of the SRC in pPDb

R(nen-) w1+ f(n:) 97 (=) 9™ (n-)] » Osre = f(n+)g" (n-), Sspc = f(n+)g™(n-)
.  Asymmetry between proton-going and lead-going direc 1s due to SRC

s LRC 1s very symmetric

200 = N° < 220 \S, = 5.02 TeV, 28 nb’ p >0.2 GeV
ATLAS Preliminary = ' T ATLAS | ATLAS Preliminary
p+Pb Pz 1.E}1-I'L|{D'4 .& Prelim. p+Pb
g e N © ee DPb | —u 1
= 102t L 1.005F X i = o002 \
_ 1.01 [ L N ] ] = 1
b= { "o o001 -
& |3 1.8 i .
] < ' :
0.995F .
IS‘ L 1 I i DI " M " M 5|--
"n.
ATLAS F"rellmmar;n.nI - . ATLAS
p+Pb 5 =1.008} M,1<0-4 o Frelim. ]
—w 1.015{" & oe PHPD
= 1.008}" i 1t ]
H Z *
O 0.995 '
0.995[ .
5 0 ?] .
_2 .2 -1 'ﬂl.ql - - - - - - ) "11\.1

s The LRC, C***(n,,n.), has similar magnitude between charge combinations.
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Legendre spectra before and after subtraction
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m a_ values significantly reduced after SRC subtraction

= Dominated by a;,.



Constructing correlation function

s Signal and Background distributions (Nm)N(m))  SGp.m.)

= Tracks from events with similar Ny and z,.. — (N(n,))}(N(n,)) BGp.m,)
s Due to symmetry in PbPb or pp, only one quadrant 1s independent.
= =020, = >0 Cv(nme) = Cv(pom) Cu(nm) = Cn(=mis-m2)
= In pPDb collision, only one half 1s independent
= 1.=1,-1,"0 Cn(mi,m) = Cn(m2.m)
= But distribution can be symmetrized in any case to compare PbPb and pp
200 < N;° < 220
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Origin of pseudorapidity correlations

m dN/dn shape reflects asymmetry in num. of forward/backward sources

= Sources can be wounded nucleons, or partons in nucleons (MPI)

NF " NB
pert A+A N#n, p+p
F ” B
Underlying Event 'nderlying Event
F =
N par
projectile L e N A o
. . L. z: h) = Minimum Bias
m Asymmetry seen directly in p+A collisions :
= 10
T
5 :
A- Q= p |
al E
dN;’ld?? o .fr (n)ivgart + .fﬁ (ﬂ)NI?art 2: .
pL—L . 1 N I - | I
= Naturally exists in A+A collisions on EbyE bases! ~ = ** * 74 "2 2?2

s Goal: understand event-by-event fluctuation of dN/dn

1. Probes early time dynamics, longitudinal flow, final state effects.
2. Inputs for 3+1D hydrodynamic models W/O boost invariance



Projections of correlation function

CF dominated by a,, thus:

(ai) >

b'm(?".?],i’;!z) ~ ]+ (ﬂl)??mz =1+ —(??+ 7?%)

'1 ref

2. Quadratic fit of C®(1-) in narrow slice of 7., this gives a; as a function of 7,.

3. Quadratic fit of Cf;}“‘b(m) in narrow slice of 77—, this gives a; as a function of 7_.

4. Linear fit of the n dependence of r'°(1, Nret) in narrow slice of 7.

EUb(n’ nref) CEUb( =11, Nref )/OSUb (n& nref) =1-2 <tl%> NMref

similar to the CMS correlator for flow decarrelation 1503.01692

Compare to a, obtained from Legendre expansion method

Fit in limited n, and n, space, the systematics largely independent!



CR® (1, 12) =
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: Theory
Rapidity Correlations at Fixed Multiplicity in
Cluster Emission Models, thesis

Edmond L. Berger (CERN). May 1974. 60 pp.

Published in Nucl.Phys. B85 (1975) 61
CERN/D.Ph.II/PHYS 74-17, CERN-TH-1800
DOI: 10.1016/0550-3213(75)90557-X
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BO3MOXHble A0KNaabl COTPYAHUKOB

JHanee Mou pekOMEHAAINH — MTPEUI0KEHHsI (MOKHO TaKKe BBIOpaTh CAMOCTOSITEIILHO
n3 QM2015) HeKOTOPBIM COTPYJHUKAM, pabOTaIOLINM B COOTBETCTBYIOIINX HAMPABICHUSX.

JI.B. Manununa « ALICE u FAIR-NICA nociie QM2015» (Ha3Banue yciaoBHoe, JI.B. npennoxut

cBoé, QM15 Femtoscopy of identified particles in Pb-Pb collisions with ALICE at the LHC)
Hacrosee nccnenoBanue noka3aino HE0OX0IUMOCTh yUETa epepaccessHui 1
Kak ciencTBue HapyiieHrne MT scaling-a ¢ pa3HbIME MaKCUMaJIbHBIMH
BpeMEeHaMH1 UCITyCKaHuUs MMOHOB U KaoHOB (9.3 u 11.7 dm/c).

C.B. ITerpymanko «Pa3Hblil BBIXOJ CTPYH B 3aBUCHMOCTH OT YTJIa TNIOCKOCTH COOBITHSD)

(Ha ocHoBe nokiana R.Bertens «Azimuthal anisotropy of R = 0.2 charged jet production

in 2.76 TeV Pb-Pb collisionsy, rbertens QM2015_v3.pdf + arXiv:1509.07334)
Pabota nHTEpecHa TeM, YTO BIIEPBbIC T0Ka3aH IKCIIEPUMEHTAILHO Pa3HBIN

BBIXOJI CTPY#l B 3aBUCHMOCTH OT yTJIa IUIOCKOCTH PEAKIMHU [Tl BTOPOM

TapMOHHUKH W BBITTOJITHEH unfolding auc6amnanca cpyii.

I'.X. Diito6oBa «I"apMOHUKYM ATMHHO AEHCTBYIOMINX KOPPESIHUA B PP CTOIKHOBEHHUSIX)»
(na ocuoBe moknana Zhenyu Chen «Anisotropy harmonics from long-range correletions
in high multiplicity pp collisions» QM15 Zhenyu v6 Vn_high multi.pdf)

[MonmHoe u AeTanbHOE HCCIeJOBaHUE AHU30TPOITHBIX TAPMOHUK B PP
CTOJIKHOBEHHMSIX, BKJIIOUas naeHTudukanmto yactui, Double Ridge B pp. He mmoxo 0w
CPaBHHMTb C HallleH Teop-myOuKaiuei mo V2 B pp cronkaoBeHusx ¢ D. D’Enterria

E.H. Hazaposa «J/Iuc6amnanc crpyii ¢ yaérom unfoldingy, (Ha ocnose mokiama D.Perepelitsa,
“New results on fully corrected dijet asymmetry in Pb+Pb collisions with ATLAS”,
dvp-QM15-ATLAS- 9-29-15 Perepelitsa and dvp-EPSHEP-7-23-15 Perepeltsa_jets.pdf
+ J.Jia, ATLAS-CONF-2015-052.pdf)

Unfolding muc6amnarca cTpyii, HEOOXOAUMBIi IS CPAaBHEHHS C TEOPUEH, U
Bo3MOkHOCTH CMS B 3TOM HampasjICHHU.

C. O6pasuos «Experimental overview on quarkoniumproduction» (aa ocHoBe T0KIa1a
R. Arnaldi “Experimental overview on quarkoniumproduction”)
Xopommii 0030p 10 KBAPKOHUSM.

A. BemsieB « Open heavy-flavor measurements» (Ha ocHoBe qokiaazna R. Averbeck
“Experimental overview on quarkoniumproduction”)
Xopommii 0030p O aApOHAM C TSHKETBIM apOMAaTOM.



Summary

m Two-particle correlation Cy(n,,1,) measured in PbPb, pPb and pp
collisions for p~0.2 GeV and |n|<2.4 at similar event multiplicity N ;.

= Sum of a short-range component (SRC) + a long-range component (LRC).

m Data-driven method to separate SRC and LRC based on the fact that
SRC differs between +- and += pairs, but not for LRC
= LRC 1s symmetric in all systems, but in pPb SRC 1s asymmetric for njand -.

= LRC consistent with 1+(a%)n1,. (a%) is extracted via Legendre expansion as
well as from the projections of the LRC in limited 1;.1, phase space

m N_-scaling of LRC (via a,) and SRC are studied
= LRC (via a,) controlled by N, not by collision systems or charge combination
= SRC depends strongly on collision system and charge combination
= N_, dependence of LRC and SRC follows power-law with an index close to 0.5
—> relation to the number of sources for particle production?
Important inputs for 3+1D hydrodynamic models W/O boost invariance
Insights on particle production, longitudinal transport, final-state effects
See works by Bzdak, Bozek, Broniowskil509.02967.1509.04124; . Akihiko. Schenke 1509.04103



BbiBOAbI

O Asyx- yactuuHbie koppenaunn Cy( My, M,) n3mepeHsl B PbPb, pPb 1 pp ctonkHoBeHUsAX
npu pt>0.2 GeV n |Nn|[<2.4 npn 0ANHAKOBbIX MHOXECTBEHHOCTAX COObITMA.
* [lonyyeHo pasnoxkeHne Ha cymmy SRCun LRC.

 Paspenenne Ha SRC 1 LRC BbINONHEHO 3KCNepMMeHTa/IbHO Ha OCHOBE TOro, YTo A
SRC HabntopaeTca otTanume mexay +— u =+ napamm, Ho ero Het anAa LRC.
* LRC cummeTpuryHO ANna BCexX CUCTEM, HO acMMMeETpUYHO ana pPb anan u - 1.
* LRC cooTBeTCTBYET 3aBUCUMOCTU 1+<a?;>nM,, rae <a’;> - koadpduumeHT
Pa3/10XKeHNA No NoAMHOMaMm JlexaHapa B Y3KOM nHTepsase $pa3oBoro
NPOCTpaHCTBa ( My, M,)-

d WUccneposanca N, - ckenmHr LRC 1 SRC no napametpy <a?;>
* LRC KoHTponupytotca mHoxectBeHHOCTbO N, , HO He pasmepom cUcTem UK
KoOMbuHaumen 3apaaos.
* SRC cMnbHO 3aBUCAT OT CTAaNIKMBAOLLMXCA CUCTEM U OT KOMBUHALUMKN 3apAa0B.
* N, —3asucumoctb LRC 1 SRC chepyet cteneHHON GyHKLUMU C NOKasaTenem,
6nAn3kMm K o = -0.5,
* [lpepnonaraeTtca cBA3b C YACIOM UCTOYHUKOB MCMYCKaeMbIX YacCTuL,



