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Ridges in Pb-Pb, p-p and p+Pb
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= Two-particle correlations show long range correlation structure along
An at Ap=0.
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= Two-particle correlations show long range correlation structure along
An at Ap=0.

Is there an effective mechanism that rules them all? Is it initial state
effect, final state effect or both?

" Final state effect may not imply hydro.
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Two-particle correlations show long range correlation structure along
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effect, final state effect or both?

" Final state effect may not imply hydro.
Is there an away-side ridge in pp and pPb?



Ridges in Pb-Pb, p-p and p+Pb 5
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= Two-particle correlations show long range correlation structure along
An at Ap=0.

= |s there an effective mechanism that rules them all? Is 1t initial state
effect, final state effect or both?

" Final state effect may not imply hydro.
» [s there an away-side ridge in pp and pPb?
= What is its detailed pr, 1, and centrality dependence?
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ATLAS Detector

Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC)

Inner detector

In|<2.5

LAr electromagnetic
barrel

Forward Calbrirheter (Fcal)

L/ 3.2<|n|<4.9
= Tracking coverage : [n]<2.5
= FCal coverage : 3.2<|n|<4.9 used to determine Centrality (Pb side only)



High multiplicity event :

AT L A S High multiplicity p+Pb event

Run: 217946 Ny, (pr > 0.4 GeV) = 273,
JA EXPERIMENT  Event: 32291041 N (py > 1.0 GeV) = 106 (shown)

Date: 2013-01-20 FCal A (Pb going side) ZE,. = 139 GeV
http://atlas.ch

contains 273 tracks with p>0.4 GeV, but only p;>1 GeV tracks are
shown




Event activity : N, vs 2E-(Pb)
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Event act|V|ty classes (centrallty)
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= (Classes made by dividing ZE; in Pb-going side into 12 fine classes.

= Four coarse classes:
= >80 GeV (0-2%), 55-80 GeV (2-9%), 25-55 GeV (9-39%) and <20 GeV (48-100%)



Near side ridge in p-Pb
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Ridge on away side ?

Subtracting a pedestal and
integrated over away side
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Ridge on away side ?

ATLAS p+Pb |s,,=5.02 TeV

VA OSAA

Subtracting a pedestal and
integrated over away side
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| 0.5<p’<4 GeV
AG|>21/3

= Away-side is broadened o
along An, for central events.  z°®
. >
" |sthere an away-side ridge? : :
-@- ZE>80 GeV
i - £E;<20 GeV 7
R T e e

An



Y(A®)=(Number of pairs)/(Number of triggers) — Pedestal(ZYAM)

Per Trigger Yields
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Compare central PTY with peripheral PTY for 2<|An|<5
In peripheral case see away-side jet contribution
See ridge on near side in central events

Excess is also seen on away side



Per Trigger Yields

A0

Y(A®)=(Number of pairs)/(Number of triggers) — Pedestal(ZYAM)

Compare central PTY with peripheral PTY for 2<|An|<5
In peripheral case see away-side jet contribution

= See ridge on near side in central events

= Excess is also seen on away side



Per Trigger Yields
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Y(A®)=(Number of pairs)/(Number of triggers) — Pedestal(ZYAM)

Compare central PTY with peripheral PTY for 2<|An|<5
In peripheral case see away-side jet contribution
See ridge on near side in central events

Excess is also seen on away side

Excess is symmetric



Auto-correlation bias for N, based result
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= clear drop in the away-side yield for events explicitly required to
have small N, : Auto-correlation bias



Auto-correlation bias for N, based result”
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pr dependence of ridge yield
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the away-side. Yield difference is symmetric

Ridge persists to at least 6 GeV!



p- dependence of ridge yield
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the away-side. Yield difference is symmetric
Ridge persists to at least 6 GeV!, similar p; dependence as Pb+Pb
ridge : suggestive of hydrodynamic origin



Recoil subtracted correlation function

Remove the recoil on the per-trigger level, then convert the remainder back

into a 2D correlation function
ATLAS  p+Pb |s,=5.02 TeV
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. ZE° >80 GeV
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C . (PTYCentml + PedestalCentml . PTY Peripheral)



Recoil subtracted correlation function

Remove the recoil on the per-trigger level, then convert the remainder back

into a 2D correlation function
ATLAS  p+Pb |s,,=5.02 TeV

[L=1ub" 0.5<p*"<4 Gev
. ZE° >80 GeV

;ﬂE 1.04- - g 1.04;
E.: 1.'[]'2-"_“ %: 1.02;
© 0.98 | O .98

C . (PTYCentml + PedestalCentml . PTY Peripheral)

Ridge remains symmetric to An=5 and ~ constant, and for all FCal E; classes

The near-side removal of short-range correlations not complete!
(about 5-10% signal remain)



After recoil removal: charge dependence
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After recoil removal: charge dependence

ATLAS  p+Pb \5,,=5.02 TeV

[L=1ub" 0.5<p>°<4 GeV
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Peripheral subtracted correlation function”

Extract anisotropy c, from correlation function: ¢ < v__
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Peripheral subtracted correlation function™

Extract anisotropy c, from correlation function: ¢ <« v

n,n

Factorize c, (as in Heavy lon 2PC’s): ¢, (p7.p7) =S5,(P7)s, (D7)
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Peripheral subtracted correlation function”

Extract anisotropy c, from correlation function: ¢ <« v

n,n

Factorize c, (as in Heavy lon 2PC’s): ¢, (p7.p7) =S5,(P7)s, (D7)
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Factorization of s_
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* Check whether we get the same answer using different ref. p-.
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Factorization of s_
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* Check whether we get the same answer using different ref. p-.
c2(p,pr) = 52(pF)s2(P7)

The factorization is valid at 10-20% level for s, !



Measurement of correlations via cumulants™

[ $E™°> 80 GeV ATLAS | 55 <XE;°< 80 GeV I 40 <zE°< 55 GeV I 25 <XE"< 40 GeV
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= (Can also study the long correlations via 2 and 4—particle cumulants
= 4-particle cumulants suppresses short range two —particle correlations
(jets, resonance decays etc)
= Peripheral subtraction not necessary
|

v,14} centrality and p; dependence similar to the results from 2PC for
central events

Some deviation for peripheral events



Comparison to hydro calculations
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.; - ATLAS_ 1 Hydro calculations: P. Bozek
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Vv,14} and results from 2PC consistent with hydro calculations



Q.16

Q.14

012 f

0.10

0.08

0.08
0.04

0.0z

Q.00

-0.02

Comparison to CGC calculations

0.35

ATLAS Central =
ATLAS Peripheral —8—

0.5<pf%< 1.0 Gev, 0.5 < p]™ < 4.0 GeV

0.30

0.25

0.20

Q.05

0.00 F

ATLAS Difference @

0.5<py®210Gey; 06<py™ <40 Gav

0.5 1 1.5

25

-0.08

0.5 1 1.5 2

25

ATLAS Central —S—
ATLAS Peripheral —&—

1.0« py¥<2,0GeV, 1.0<pP™ < 2.0 GaV

0.25

0.20

0.05

0.00

ATLAS Difference @

1.0<py® < 2.0 GV, 1.0 <pT" « 2.0 Gav

05 1 1.5

2.5

-0.05

0.5 1 1.5 2

2.5

ATLAS Ceuh'lal =
ATLAS Peripheral —&—

2.0<pl™<30GeV; 20<p]™ < 3.0 GeV

0.08
Q.07
0.08
0.05
0.04
0.03

0.0z
0.01

0.00

T T
ATLAS Diffarence @
2.0« py® < 3.0 GeV, 2.0 <pT" « 3.0 Gav

05 1 1.5

2.5

-0.01

0.5 1 1.5 2

25

Also possible from initial stage

saturation effects (C.G.C)

Ridge magnitude and p; dependence

is well described

Kevin Dusling, Raju Venugopalan (arXiv 1302.7018)



Summary

long-range correlations(ridges) are seen in central p-Pb events.
The ridge is also present on the away side.

Magnitude is almost flat out till |An|=5 and increases with
centrality.

Shape largely described by a cos(2Ad) component
pr dependence of the ridge is similar to that seen in HI collisions

= Magnitude as quantified by 2"* harmonic coefficient (c,) increases till
~3GeV then drops

= Suggests similar origin of ridge in p-Pb

Also possible from initial stage effects (C.G.C)
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Centrality Dependence
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charge dependence of the yield
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No change dependence of the per-trigger yield



Recoil subtracted correlation function

Remove the recoil on the per-trigger level, then convert the remainder back
into a 2D correlation function

ATLAS  p+Pb |s,,=5.02 TeV
. |L=1pb" 05<p*°<4 Gev TN
L ™\ 55 < ZE[° < 80 GeV N

= 1.04{" ‘= 1.04
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C . (PTYCentml + PedestalCentml . PTY Peripheral)

Ridge remains symmetric to An=5 and ~ constant, and for all FCal E; classes

The near-side removal of short-range correlations not complete!
(about 5-10% signal remain)



* Hijing has no ridge,
mostly short range

Clear bias effects in N, based selections
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Parameters

> EF’range [GeV]| >110 | 95-110 | 80-95 65-80 55-65 45-55 | 35-45 | 25-35
Percentage [%] 0.21 0.45 1.24 3.11 3.99 6.37 9.71 | 13.80
(SEEP)[GeV] 122.4 101.2 86.4 71.4 59.6 49.7 39.7 29.7
(Nen) 183.148.2(159.947.2|141.346.4 |122.545.5|107.2+4.8| 93.3+4.2 |78.8+3.6(63.3+2.9
ON.. 37.042.1 | 33.14+1.9 | 31.5+1.8 | 29.64+1.7 | 27.6+1.6 | 25.9+1.5 [24.141.4(21.841.2
Y EF’range [GeV]| 20-25 15-20 10-15 < 10 > 80 55-80 | 25-55 | < 20
Percentage [%] 8.67 10.11 11.98 30.36 1.90 13.47 | 29.88 | 52.45
(SEEP)[GeV] 22.4 17.4 12.4 4.9 94.4 64.8 37.3 9.0
(Nep) 51.042.3 | 41.841.9 | 31.74+1.5 | 15.940.7 [150.3+6.8|113.945.1|74.7+3.4|24.5+1.1
ON.. 19.64+1.1 | 17.941.0 | 15.740.9 | 11.84+0.7 | 35.2+2.0 | 29.44+1.7 |26.1+1.517.5+1.0




