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Vo In p+p 13 TeV

CMS Zhenyu Chen
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e ATLAS Template fit e CMS Low mult. subtraction method
-Template function using low mult. -Subtract low mult. from high muilt.
-Assume vz = 0 in low mult. -Assume vz = 0 in low mult.
-No multiplicity dependence -Strong multiplicity dependence



PID vo In P+pP 13 TeV

CMS pp F 13 TeV
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e vo{2} without subtraction

-Non-flow is included

-Low mult. does not show mass

ordering

-Mass ordering at high mult.

*vo{2} with subtraction
-Suppress non-flow
-Mass ordering is still

Seen
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co{4} in p+p 13 TeV(CMS)

eFour particle correlation o 00 0 o g
cnid} = ((cos[n(P1 + @2 — @3 — ¢4)]>> """""" <
“2{eosin(or +2)]))? 0 g 00 >0
vof{d} = {L/—cn{ll} CMS Zhenyu Chen
x10~° CMS
ppr
-Negative cn{4} = positive vo{4] 7| + ey
-Suppress non-flow, fluctuation | : (525 TV
- | prS = e
epp 13 TeV shows negative co{4} &, | . 0;(”: <53TG:V/C
-Indicate positive vo  hi<24
-Energy dependence 000 g
- Collectivity ? -
0 50 100 150 200

5 offline
Ntrk



co{4} In p+p 13 TeV(ALICE,ATLAS)

10 ALICE K. Gajdosova
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_ATLAS M. Zhou
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Method1:Event classification with 0.3<pT<3.0 GeV
Method2:Event classification with pT>0.4GeV(=CMS)

-c2{4} and event classification with same pT range
-c2{4} shows no negative sign

e ATLAS(Method?2)
-c2{4} shows negative sign, consistent with CMS result
-C2{4} depends on event classification(multiplicity fluctuation)
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co{4} In p+p 13 TeV(ALICE,ATLAS)
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d+AuU V3

PHENIX Q. Xu
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ev3 N d+AuU IS observed
-Event plane method

eHydrodynamics reproduces ordering of va
-v3 (SHe+Au) > vz (d+Au)
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PID vs in p/d/AHe+AL

PHENIX Q. Xu
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eCharged mand p vz in p/d/*He+Au is observed
- Event plane method

e\ass-ordering feature is seen
- Less pronounced in p+Au
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d+Au BES: vovs pr
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PHENIX J. Velkovska

20 GeV
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Non flow 7
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d+Au BES: Ridge

PHENIX J. Velkovska

200 GeV 62 GeV 39 GeV 20 GeV
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e| ong range correlation is observed in d+Au BES
- pr>0, |An|>2, charged hadrons (Forward vertex detector)

ot|liptic component decreases with decreasing energy
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d+Au BES: vovs n
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Event p\ane de-correlat

1O

ATLAS M.Soumya

e LC . ot IP. Huo
R R -
dc | 8 9
e s =)
O g
R _ <qn( Uref)Qn( )q ("‘77) n(+77ref)> 0.95F  PbsPb 30-40 E\]
"I g (= ret) &5 (=) () () ——
COS( [ ( 77I"ef) \Ijn(lrlref) (\Pn(_n) _\Ijn(n))])> g 502 TeV
cos(n [V, (—=1ret) — Un(Mret) — (Yn(—n) — ¥n(n))]) 3"'bf5'""1“"1f5'“'2"“;]
Rn,n|n,n — 1 :nindependent Wn Runinn = 1 — 4Fp3'n
\Pn(_nref) =V, (77) — \Ijn(_n) =V, (nref) T o ) 'A'T’-/"ji;;"m;‘g”g“;;;&:\;' o
Rn,nln,n <1 :ndependent W, 0.02F EPo+Po5.02Tev ]
eDe-correlation increasing linearly with é;o g#
- . 0.01F ®) —
ncreasing N gap | “OBpeg® ®
eDe-correlation is smaller at lower energy |
eDe-correlation is smallest at mid-central o585 55556460
13 N



Forvvard/BaCkvvard asymmetry Of Vp
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* Empirical relation among vz, €2 and dN/dn
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-vo/€2 « f(AN/dn)

-Study of eccentricity
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Vh/€n 1 ASymmetric |n|t|a\ eccentricity

PHENIX M. Shimomura
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Vn/€n : SYmmetric |n|t|a\ eccentricity
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p+Pb HBT rad” VS y(rapidity of pion pair)

oy =V -0.465

R

-Center of momentum frame
eCentral: Pb-going > p-going

ePeripheral :

Pb-going~p-going
radi

Pb
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HBT w.rt W_in Pb+Pb with event shape engineering

v Event shape engineering
-Select larger flow vector Qn «vn

ALICE M. Saleh&N. Tanaka
Pb-Pb 5,,=2.76 TeV
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HBT w.rt W, in p+Pb with event shape engineering

o~ Reina ATLAS M. Clark
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Proton vz w.rt Wy ghec i Au+Au at 1.23AGeV

HADES Behruz Kardan
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summary

epp 13TeV at LHC
- vo.ATLAS/CMS show different multiplicity dependence

- Vo:mass ordering is observed as seen in A+A
- c2{4}:Inconsistency between ATLAS/ALICE and CMS

ep/d/3He+Au at RHIC

-mass ordering Is less pronounced in p+AuU
-d+Au BES pT and n dependence is changed between 39 and 62.4

¢ ongitudinal direction
-n dependent EP
-Initial geometry is almost n independent
-HBT radii is n dependent

el-vent shape engineering
-PbPb:Unlike €2 Final , €3 Final IS l€SS Sensitive
-pPb: HBT radii w.r.t W2 same oscillation as seen PbPb

o ow energy(Fixed target HADES)

-v3 W.I.t PSiqis new observable at BES?
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Template fit method (ATLAS)

eExtract flow component(ve) via template function
Lovv mult. Vo term
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Ridge yield

o> > depends on baseline G
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Subtraction method (CMS)

—xtract flow component(vz) via low mult. subtraction
CMSpp¥s=18Tev =~~~ Phys. Lett. B 765 193
. 0 aesc h*-h* '
I L L e _ 04+  Shortrange -
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-Unlike ATLAS, CMS assumes Ay tat 4
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~1D vo> In Pb+Pb at 5.02 TeV
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€n . Asymmetric initial eccentricity

MC-Glauber model 0.8
“n,Au(Cu) = 7 coslniPn(Ce) ~ MC-Glauber
| () ® Cu+Au Au .
® Cu+Au Cu

. Cu_
OO 100 200 300 400 500

Iocal /dﬂ

€n, Au. Au participant eccentricity

€n. cu. Cu participant eccentricity
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€n :Symmetric initial eccentricity

MC-Glauber model 0.8_""11-wwmlmm

n _(I)n u u ]
(r" cos[n(dau(cu) = Pncutan)]) | MC-Glauber

gn,Au(Cu) — n _~
(r™) 06‘ ® Cu+Au Au -

® Cu+Au Cu

SO A 100 200 300 400 500

Iocal /drl

€n, cu+Au. CU+AU participant eccentricity

€n, cu+Au. CU+AU participant eccentricity




Additional removal of non-tlow
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Vo IN p+p 13 leV

CMS Zhenyu Chen
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-No multiplicity dependence -Strong multiplicity dependence
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p+Pb HBT vs local dN/dy
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HBT w.rt W, in p+Pb with event shape engineering
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Event Plane Reconstruction
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= Target Spectators
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¢ Event plane based on projectile spectators  ~-----"" 7 — 0bs /?R
’ T n

¢ Resolution determined with two sub-event — (cos[n(‘lln — ‘I'RP)])
method and corrected with method described

in J.-Y. Ollitrault, arXiv:nucl-ex/9711003 = \/ 2 (cos[n(¥4A — UE)])
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Additional removal of non-flow:3sub method

ATLAS M. Zhou
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inal eccentricity with ESE
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v2{2} and v2{4} in the d+Au beam energy scan

mV {4} ~—
2 pHIENIX
preliminary

= TR

79% conffidence level that
7,{4} is real for 10 <N, , < 20;

51015202530354045 5 1015202530354045 5 1015202530354045 5 1015 20 25 30 35 40 45
X

FVTX FVTX FVTX
racks N'tracks acks Ntracks

o v2{2} relatively constant with NEVIX and collision energy

o Observation of real v,{4} in d4+Au at all energies!!!
o Strong evidence for collectivity

R. Belmont, CU-Boulder PHENIX Plenary Session, 7 February 2017 - Slide 10
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Insights from AMPT
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Proton vz{Wgp}
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Quark Matter 2017 - Chicago - 8th February 2017 18
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o New tool to select the initial source geometry (1]
o by the magnitude of the flow vector Q,

IQnI = V'/Q%,x + Q%,y |On|
Qnx = Y W;COS Ny, On = M
Qny = Z w; Sin ny;

M: the multiplicity of
the events

Effect of large g, selection on v,
g5 o S 7

_— 1.8 _—
2 s | ALICE Prefiminary” 3 5 | ALICE Preliminary
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» .g L —e— 20% large *°**° LI L —e— 20% large " **°
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tE el e e w,, S,
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- 1o .
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In selected events v, is increased about 25% and v; about 15%

[1] J. Schukraft, A. Timmins, and S. A. Voloshin, Phys.Lett. B719 (2013) | Mohammad Saleh QM2017 02/08/2017
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How to measure twist only

Z' w.eingb,‘ ,
Flow Vector {4, = IZ Iw. = {n e"
B

“Nref N ef
R qn ( 7776f)Qn (— T])"/) (117 \(In (77rcf)>

nnlnn=

<qn ( 7776[")(1 (+n) Qn( 77)(172 (nrcf)>
R | ~ 1 — 4FtwWi y 77 This correlator is sensitive only
nnnn =~ n:

to the event-plane twist
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