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Outline

e Azimuthal anisotropy in p(d)+A collisions
e HBT measurements in p(d)+A collisions

e Event shape control study in A+A
collisions
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Initial Fluctuations
Simplified Distribution

¢ Initial spatial anisotropy =
Momentum anisotropy

e Only second-order event-plane

Alver et.al. PRC81.054905
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Differential vn measurements
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e Substantial higher order flow
harmonics vn Is observed in both
RHIC and LHC energy ranges
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Ridge & vn in p+Pb collisions
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e Ridge and v23 are observed
p+Pb collision events
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ALICE: Physics Letters B 726 (201 3)
ATLAS: Phys. Rev. Lett. 110(2013)
CMS: Phys. Lett. B 7198(2013)
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iIn high multiplicity
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Ridge and vz in d+Au collisions
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o Peripheral subtraction at 0.48<|An|<0.7

e None zero vz is observed in 0-5% d+Au collisions,
Similar pt dependence of vz in 0-2% p+Pb collisions

« Consistent with hydrodynamics calculations
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Initial or Final State Effect?

012 b.Pb 4.4TeV E
vV, 0.1 [ Bozek PRC 85 014911 -
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cGe Hydrodynamics

o Both initial state (CGC) and final state (hydro) effects
can explain vn In small collisions systems

e Need more constraints by differential measurements
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Long-range rapldlty correlatlons

|
'PRC.72.031901
25MPC Au -goiNng  d+Au . go0% |

‘e, 200 GeV o 20-40%
Céntral Arm . 40.600 —
.‘T.rack o 60-80% |
3 s 80-100%

—

¢ Min-bias

}-going

o Muon Piston Calorimeter (MPC) : at 3<|n|<4

o Rapidity separation of |An|>2.75 is achieved by
measuring correlations between tracks (|n|<0.35) and

MPC towers
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Track-tower angular correlations

k— =
s(Ag) = d(wiower Nsame ") : Track-Tower correlations
d(Ap) in same events

A¢ — ¢t0wer _ ¢track

: Transverse Energy of each tower
(Proportional to multiplicity)

Wtower

Nirack—tower- Number of Track-Tower Pairs in same events

same

M(Ag) : Track-Tower correlations in mixed events
C(A¢) = S(Ag) f M(Ag) : Correlation Function
- M(Ag) [ S(Ag) by Event Mixing
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Correlations in p+p and 0-5% d+Au

collisions
arX|v 1404 7461

No Ridge

1.06F (a)@p_ _:0.2-1.0 GeVic
- 1.04F -0.35<n _ <0.35 =

id

R o 1:04; wac .

I g e S 1.02F -3.7 <nt°wer< -3.1, Au-going 1
< - el .
S et et g, ]

e Ridge is observed in 0-5% d+Au collisions, which is not

observed in p+p collisions

T. Todoroki
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*Au-going” & “d-going”
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e Ridge is observed in “Au-going” direction

e No ridge is observed in “d-going” direction

o Non-zero cos2A¢ is observed in both directions
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Centrality dependence In “Au-
going” direction

C(A9)

e Ridge is observed only in most-

1. o4— a) ® d+Au 0-5% (BBC Au) E
1. 03_ 1.0<p_, <3 0 GeV/c _:
1ot My, I<0 35 :
1.01F | i
1.00;.’_ A
000jg ..

0.98F-

0.97

Frr[rrrrprrrrrrrr[rrrr 1o 1o

= d) @ d+Au 20-40%

1 094

central d+Au collisions

e NOnhe-zero cos2A¢ is observed in all

centralities
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arXiv:1404. 7461
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Centrality dependence in “d-going”
direction
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No ridge is observed even in most-central

None-zero cos2A¢ is observed in all
centralities, cos2A¢ overwhelmed by cos1A¢

What if peripheral subtraction?

Subtraction method appears to be important
when discussing correlation shapes
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Ridge across |An|>6

arXiv:1404.7401

1_015:_ a) ® d + Au 0-5% ]
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preliminary

e ET Integrated tower-tower correlations

o Forward-Backward correlations show a ridge across |An|>6!!

e Unlike jet effects
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v2 with more rapidity gap

0.3~ d+Au@200 GeV p+Pb@5. 02 TeV (a)_
| @ V,(EP) 0-5% [0 ATLAS 0-2% .
A V,(2p) 0-5% ¥ CMS 0-2%
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g $ (b)

£ 150 H _

> 1o phidnge -

> 1.0k gl g h g B, -

I § o T TR R R

0.0 05 1.0 1.5 2.0 25 3.0 3.5 4.0 45 5.0
pT(GeV/c)

o EP method using MPC : MPC-CNT rapidity gap |An|>2.75

e Sizable v2 observed across large rapidity gap
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PID vn in p(d)+A

PHENIX arXiv:1404.7461v1
ALICE Phys.Let.B726.164-177

0.25_IIII|IIII|IIII|IIII|IIII|IIII|I||||||__IIII|IIII|IIII|IIII|IIII|IIII|IIII|II_
- 0-5% d+Au @ 200 GeV (a)T 0-20% p+Pb @ 5.02 TeV (b):
0.20. M pion + 1 O pion ]
- @ proton I O proton _
< 0.15F : + T é; -
: O]
0.10 T ] -
: . ! i oo @
I viscous hydro. T ] %] []
0.05 ws = 1.0/(4x) T DD © -
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- _prOton | - Iq) Cqu) | | | | 1]
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o Mass dependence In low pT
o Baryon/Meson difference at intermediate pt

o Qualitatively consistent with hydrodynamics.
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Non-flow effects in p+A collisions
Recoil Jet Subtraction . o tuned to

ATLAS arXiv:1409.1792v]1 completely subtract
near-side yield

e Subtraction results in
vn=0~0.05 at high prt

e ~10% reduction of
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Scaling among p+A and A+A vn

ATLAS arXiv:1409.1792v 1

oo, s I wenedeeni=es] o Scaled va in A+A
o L O 1F ] m = =
S | g_-@"’]%% . .+ collisions match that in

b ATLAS 10_ . ATLAS . E p+A collisions

S ot i s ez 4 o SUQQests similar origin

o 5o*T 00 % & °f ’ 1 of vnin both systems

e ATAS o AT AT and similar medium

I[ s mm e smns, o] FE@SpPONSE to initial
_ ﬁﬂw _5 geometry in both

i g 1  systems

Ecc./Expan. Time

Radial Flow
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Multi Particle Cumulants

I I I I I | I I I I | I I I I I I I | | | | | | | | | | | | | |
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e M.P.C is less sensitive to non-flow than 2-part. cum.

« ~10% reduction of vz in both p+A and A+A collisions

e Convergence in vz2{n=4,6,8,LYZ} in p+A and A+A collisions

« Consistent with hydrodynamics prediction Bzdak et.al. arXiv:1311.7325
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HBT Methodology

\ Space momentum correlation

/“ Cy = P(p1,p2)/{P(p1)P(p2)} ~ 1+ |p(q)|?
- 4%' = C5°7¢ + Cpte
Ve A1+ G) Faond] + [1 - A

[/ sde *

" >/ G = exp (—R2G% — B2 — Roq?. — 2R q00s)

- Fcoul : coulomb correction factor
LCMS Frame A : fraction of pairs in the core

beam

s : (sideward) geometrical size
o : (outward) geometry and time duration

L : (longitudinal) beam direction
0s : outward-sideward cross term
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Event selections of d+Au and Au

collisions for HBT Analysis

+AuU

E I 200 GeV Au+Au ;';léllmﬁr'n\'alé
ci 6(— ® 200 GeV d+Au -
[ - [ .
& [ Bjorken energy density vs Noo ol Initial Parameters for peripheral
4= ! Au+Au and central d+Au
: 4 T
E set .
Tt ged? ig-'—' 1 dE,
i s - B TR* %
0 ISP T PO T O B | ! ) RS TN Y IO D% T | ) !
10 10°
T Npart
s New OEr,dn R € )
Au+tAu 16.7x1.1 19+.1.5 0.71 0.5
d+tAu  15.7x1.6 22+1.5 0.44 2.5

|\

|\

Glauber Model
initial size R

Nagoya Mini-Workshop

o, & 0, 2 RMS widths
of density distribution

Slide from N.Ajit QM’14
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HBT correlation in d+Au & Au+Au

arXiv:1404.5291

e T - HBT correlations 14T 200 GevdrAu (0-10%) | 200 GeV AurAu (60-88%)

L. At &mw

measured at similar Npart & Kkt

N <k, >

part T

AutAu 16.7+1.1 0.39

d+tAu  15.7¥1.6 0.39

e HBT correlations in d+Au
larger than those in Au+Au
iImply smaller HBT radii
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mt dependence in d+Au & Au+Au

)
IBW fit function| ;
2 ’g 3
Rside — Rgeom/\/<1 + 6 (mT/T))a ;
2r
Riong = 10/ (T/mr)[(Ka(mr/T))/ (K1 (mz/T))], 1
TABLE 1. Fit parameters
d+Au Au+Au
7o (fm/¢)  3.24£0.04 + 0.4 (syst) 3.8 +0.04 £ 0.3 (syst)
X2 /ndf 26/5 24/5 E
Rgeom (fm) 2.2 4+0.03 £0.2 (syst) 2.8+ 0.03 £ 0.2 (syst) ;_;_
xX* /ndf 6/5 4/5

arXiv: 1404 5291

N b
: (a) Rout I ( ) :
- T \Sw= 200 GeV (n'n* & ') ]
B ®ung + @ Au+Au (60-88%)

N Tt A d+Au (0-10%)

[ === Au+Au systematic unc.
T == d+Au systematic unc.

03 04 05 06

2 03 04 05 0.6
m; (GeV/c)

o Qualitatively similar mt dependence in d+Au & Au+Au

e Similar expansion dynamics?

o Blast-wave fitting defined by expansion velocity & freeze-

out temperature works well for
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Emission duration & freeze-out

volume arXiv:1404.5291

2'5; @ s, =200GeV (v’ &) -
‘Rout /Rside~1 ‘ g 25 @ Au+Au(60-88%) A d+Au(0-10%)
D\:w1 5 f— —— systematic err. —— systematic err. —f
Short emission duration « - b o 00 5 b =
0'5:_-'—: === ————————— _:
< 30:—' (b)‘l """ -
[Freeze-out Volume| 2 x o -
T 2 Qe -
v(dAu)<v(AuAu) o O Ay OO
[ A—A -
0] N R S S S —
. . 1E - =
Similar mt dependence $05 gug0—O -9 @
0703 0.4 0.5 06

m. (GeV/c)
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HBT radii as a function of Npart

o d+Au & Au+Au HBT
radii do not scale
together but show a
similar linearity

e Pp+p at 7 TeV also
show a linearity with

€ 4
respect to <dNcn/n>1/3 <7
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arXiv:1404.5291
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Initial R dependence in p+A & A+A

collisions

Glauber MC to obtain
initial size R vs Npart

oy oy : RMS width of
density distribution

arXiv:1404.5291

o Implies possible radial expansion in p+A systems

(@ 200 GeV Au+Au - PHENIX Fo  Po+Pb276 Tev1 16
8 & 200GeV Aut+Au - STAR 1 p+Pb 5.02 TeV |

"A 200 GeV d+Au - PHENIX 109 <k <03 Gevic |

2 <k,<0.
. - ALICE 112
—~ 6  k~04Gevic T Ll =
E | | E
N’ i M i 1 ~
S 4+ &% - 8 2
r | Yol o

I S~
2 u @ 4~ 7 4

el I _

I (@) (b)]
O.|||||.||||||||||..|||.|| ! Co Ly O
00 05 10 15 20 25 1 2

R (fm) R (fm)
e Linearity and good scaling are seen in p+A and A+A collisions
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Event-by-Event Fluctuations of vn
~ LHC Data Hydro Calculation

ATLAS:JHEP11(2013)183 Niemi et.al. PRC87.054901

[ =& o ; — ' '
102_ ATLAS Pb+Pb 3 Au+Au 200GeV | == v, sBCn/s=0.0 |]
E M=2'76 TeV E 20-30% == 9, SBC7n/s=0.16 |
0L
i L =7 Hb_1 i Py 10
1 = G [
= = _
N - AU 1
= - =~ 107
(@} - ™
10° {1 £
- L@- data p,>0.5GeV,n|<2.5 3 au ,
:l n 10° ¢ =
- i =S
:: — GIaner 0.3662 i <’U2 >~ =0.061 (77/8 :OO) £ \‘
102 E - = MC-KLN 0.28¢, F <wvy, >=0.043 (n/s=0.16)
g 0'1 S 0'2 -10 -05 00 05 1.0 15 2.0

v, (Vg — <Vy >)/ <Vy >, (69— <€y >)/ <€y >

o Eve-by-Eve fluctuation seems to be independent of
shear-viscosity

e Possible probe to access IC
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Event-Shape Engineering
- | JJia et.al : arXiv:1403.6077

Schukraft et.al: arXiv:1208.4563

= - -y

N S B - - T T
g Centrality 25-26% ATLAS Preliminary
_.; """H"q.“'h
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:: 1 0o o o ) 52
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£ g 288 |2k
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FCal q,

e |an| : Strength of Flow
ZL (Z COS N, Z cos ng;)

) ()

(an,a%) =

qn| = ¢%% + ¢¥°

e Possible control of initial geometry
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vn(n=2,3,4,5) vs g2
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V2 - V3 correlations
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o Negative-correlations between v2 and vz v3 = ¢cg + €102
o Linear response to initial geometry

‘ 2P 13D 135
UQBZQCI)Z — &06267’2(1)2 v3e”” T = qpeze 3

o Anti correlations at initial eccentricities?
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V2 = V4 correlations
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e LiInear-term and non-linear term

e Clear non-linear term is seen in data: upward bending
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V2-Vn correlations
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e Compared with Glauber and MC_KLN ¢,-¢n correlations

e Access to IC if a unique hydro response to a given initial
correlation
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Linear/non-Linear terms
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e Most-central : v4 is almost independent of vz
e NL term increases with centrality

e Similar trends in vs
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v (viscous)/v,(ideal)

o Acoustic viscous dumping

Viscous dumping

e Viscous dumping of vn with “n”
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o Dumping pattern may be
determine by the data
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Twist Effect

Jia et. al. arXiv:1403.6077

o Twisted medium between
forward and backward
directions emerging from
participant fluctuations

e Correlation length of initial
fluctuations in rapidity
directions

e Possible underestimate of
Vn i.e. overestimate of
shear-viscosity due to
neglecting decorrelated
term
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AMPT TW|st Effect -
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Pl * o Correlations among EP,
'I,I ” ECC; J2,3 etc.

¥1d. o Final twist probes initial

. twist
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AMPT : Twist Effect

Jia et. al. arXiv:1403.6077
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Summary

e Similar trends among p(d)+A and A+A collisions in
vn and HBT measurements

« Observables in p(d)+A collisions are qualitatively
consistent with final state effects

« Hadron mass dependence of CGC?

e Event Shape Control Study is a promising method
to address initial geometry of heavy ion collisions

« Possible access to initial state model
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Auxiliary Slides
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Scaling in HBT

Hydro models associate a larger expansion time with a larger

initial size R Does it make a good scaling parameter ?

Use Glauber model to get
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V,-V, correlations : comparison to EP correlations
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The non-linear & linear components from EP correlations are obtained as:
NL _ L _ 2
AL = 04 (cos 4@y~ D)y, vf = Ju2 — (ALY
The results from the two procedures compare quite well
In most central cases almost all v, is uncorrelated with v,
Correlated component gradually increases and overtakes linear componentas N __.~120
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Compare linear & non-linear components from this analysis to EP correlation

results

" The non-linear & linear components from EP correlations are obtained as:

AL = v5 (cos2D; + 3D3 — 5@5)), Uk = \[Ug _ @y
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