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Motivation

Geometry Control Scan

Phys. RewLett. 113. 112301 (2014), figure courtesy of B. Schenke

p+A collisions ->
Cold Nuclear Effect &
Important handle for collectivity
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Motivation

arxiv:1805.02973, submitted to Nature Physics
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Mid-rapidity, Initial geometry
-> final state collectivity

Extend collectivity study to dlfferent Kinetic ranges in p+A




Do we have more soft observables?

A wide range of longitudinal observables are
needed to understand soft processes in p+A

Question: How is the flow related to longitudinal particle production?

- Longitudinal dynamics

Question: How do fluctuations contribute to the collectivity?

2+ Flow fluctuations

Question: In what degrees of freedom does the particle flow collectively in p+A?

- Flow for identified particles

A Coherent Picture in p+A !
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Small system measurements in PHENIX

Central Arms
n| <035 / Muon Arms
eyt Kp | ;- 1.2<n|<2.2

Detector Setup

BBC
3.1<n|<3.9

“e
.
.
.

Midrapidity: DC, PC, TOF -> tracking and PID

Forward: BBC, FV1X -> triggering, event selection, correlations with
midrapidity particles, event plane determination

Muon arm: FV 1 X, Muon Tracking, Muon ID -> heavy flavor tracking and
iIdentification
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Longitudinal dynamics




Vo(n) vs dNg/dn in Geometry Control Scan
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Vo(Nn) at different centrality bins In

* V5(n) is enhanced at backward
rapidity where the multiplicities

are higher

* Peripheral events exhibit more

non-flow effect
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Longitudinal dynamics

» Larger flow in backward region than in forward region

- Flow and longitudinal particle productions do not scale well in p+A

» non-flow effects are important



Flow fluctuations



Multi-particle correlations in p+Au

Phys. Rev. Lett. 120, 062302 (2018), .
3719
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e Adding n gap suppresses non-flow
® Multi-particle correlation suppresses non-flow quite effectively
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Multi-particle correlations in d+Au

> | d+Au \s_ =200 GeV

° V2{2} 0.12 Phys. Rev. Lett. 120, 062302 (2015)
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e Real v2{4} observed
o Vo{4} = v,{6}, strong indication of collectivity
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Flow fluctuation from multi-particle correlations
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o Vo{2}[Nn gap]? = Vo2 + 0,2  Vo{4}2 = Vo2 = 052 Phys. Rev. Lett. 120, 062302 (2018)

o If fluctuation ov2 > mean v, c.{4} is positive

* |Implies collectivity in p+Au is dominated by fluctuations, while d+Au is not
* AMPT (A Multi-phase transport model) describes the sign



Multi-particle correlations In p+A

0 03510] 1111111111111111 S e o o e ™ [ T T T 1 —r 1 T | r 1 1 1 1 11
< . PHENIX +Au = 200 GeV ’
§ 0.25- | P W< m<3 1 0.10+ PFb VSN =5TeV d
8 «4» - L e V32, 1ANI>2)
° 0_15; " PHENIX p+AUE - 4 v,{6} CMS p+Pb
- : . - L O v.{8}
0.1 0 Vv{LYZ) o
- L
0.05} oY
j 0.05 - .‘. L * ‘ * § *) |
vo{4} in p+Au is %02 - . vi{4} in p+Pb is
complex %% , d ¢ + 1 positive
& OF : i 1
° F E 0.3 <p_<3.0GeVic
-0.01 . C, {4} = () - 2(2))* : o4 1
_o'ozl(b) lllllllllllllllll —| AMIPT ,,,,,,,,,,,,,,, —* I | | | ] I | | n f I | | | | I | |
0 5 10 15 20 25 30 35 40 4F5VTX 0 100 200 300 (
N tracks Noffline

trk

¢ p+A at RHIC enengy has more contributions from fluctuations than LHC
energy
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Flow fluctuations

» Small variance limit breaks in p+Au but not d+Au

* Flow fluctuations are the main source of collectivity in p+Au
forward/backward rapidities
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Flow for identified particles



Vo(p1) KET scaling for identified i and protons

arXiv:1710.09736, accepted by Phys. Rev. C
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* Approximate quark number scaling, similar to A+A collisions
* The scaling in larger systems holds better generally
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Vo(pT) for heavy flavor muons
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* First measurement of heavy flavor vz in small collision systems at RHIC
* Heavy quarks flow even in small collision systems!
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Rpau for direct photons
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® Central p+Au collisions shows "direct photon Rpau > 1
® Data suggests thermal photon yields
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Flow for identified particles

* |dentified particles flow in a wide range in p+A at RHIC
* Thermal photons yields indicates the existence of QGP

* Flow shows quark number degrees of freedom in p+A
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Summary and Conclusions

- Flow and longitudinal particle productions do not scale well in p
+A and non-flow effects are important

 Small variance limit breaks in p+A and fluctuations are the main
source of collectivity

* |dentified particles flow in a wide range in p+A at RHIC
* Flow shows quark number degrees of freedom in p+A
» Hydrodynamics describes (nearly) all the observables

* Any model should describe all the observables simultaneously
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p+A collisions ->

Earlier: Cold Nuclear Effect M Ot i vat i O

Now: Important handle for collectivity Phys. Rev. Lett. 115, 142301 (2015)
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p.(GeVic) Hydrodynamics does a good job describing these p_ [GeV/c]

Some other models also work
At RHIC, two important control experiments are done:

¢ Geometry Control Scan -> Change the projectiles and/or targets
e Beam Energy Scan on d+Au -> Ranges from 20 GeV to 200 GeV
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Complete sets of GCS
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o/ = 0.08 in both models |* ydrodynamical models provide a arxiv:1805.02973

simultaneous and quantitative description of

the data in all three systems.
At RHIC, two important control experiments are done:
o Geometry Control Scan -> see Sylvia’s presentation tomorrow
e Beam Energy Scan on d+Au -> ranges from 20 GeV to 200 GeV



Vo(P1) for identified 1+ and protons

arXiv: ] 71 0 0973 0, accepted by PhyS Rev C

llllllllllllllll Illlllllll LI llll | I L llll I L I L | L lll llll I L I L I L lllllllllllll-
0_25_p+Au at VSN =200 GeV 0-5% (a) | d+Au at\[ syy = 200 GeV05% (b) 1 He+Au atv = 200 GeV 0-5% (c) -

- ermbae Ay I p dAu, , 1} *HeAu }

- = = '+7n IEBE-VISHNU (no rescattering) T o/ + 1

0.2[ —.. p+p iEBE-VISHNU (no rescattering) T (- T [ﬂ [{] U -
~O.15F [{ 1 § L
> : @ | T ﬁ § I @EI.H'] [ﬁ@[] :

0 1'_ T _@,._----.1,' T %E— ------ o 4
T 1 :J%r v 1 ) {e -
I o T R - 1 .7 1 of ]

e e N - _
0.05F EE' : 1 ,1’?] o k
. @E PHENIX 1 ,g¢ , o
T 2z T /./ /./
O-_ﬁ';lllnnnlnnlll 11111111 I I NN IR NN NN F RN AN N N T AT PR A F NN A
05 1 1.5 2 2.9 3 05 1 15 2 25 3 05 1 15 2 25 3
p_(GeV/c) p_(GeVi/c) p_(GeV/c)

See more at session ‘Collectivity in small

systems’ 11:10am 15th by Sylvia Morrow

» Vo(11*) > vo(proton) at pr < 1.5 GeV/c, reversed at higher p;

 The hydro model describes the low-pt mass-ordering in vy(pt) well
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Vo(N) vs dN./dn In Geometry Control Scan
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Vo(n) vs dN./dn in Beam Energy Scan

Phys Rev. C 96 064905 (20] 7)
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Analysis methods for Flow

Two - particle correlation method
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Vo(pt) and v (p1) for hadrons
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Eccentricity distribution
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* High skewness in p+Au, deviates from Gaussian
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* Additional flow fluctuation in p+Au must take place
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Vo(pT) In different centrality bins
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dN.,/dn vs centrality in p+Au
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arXiv:1712.02618 [hep-ph]

e Wounded Quark Model: Heavy-lon collisions consists of

iIndependent quark-quark collisions
e Assuming a common quark sougce



dN../dn in BES
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dN.,/dn vs v,(n) in small systems
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o Hydro describes the shape well, although

deviation In the very backward region

 All the small system dN.,/dn scales with N,
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Vo(n) and dN.,/dn in models
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e Bozek model is a hydrodynamics model
e The trend in data is well captured by AMPT/Hydro model
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Multi-particle correlation in Pb+Pb and p+PDb
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Vo(n) and vy(centrality) for hadrons
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