ZIMANYI SCHOOL 2020

20th ZIMANYI SCHOOL

WINTER WORKSHOP

ON HEAVY ION PHYSICS

December 7-11, 2020

: Budapest, Hungar: - -
1. E.: From darkness, the light pest, gary Jézsef Ziményi (1931 - 2006)

Study of Uranium nuclei deformation via flow-mean transverse
momentum correlation at STAR

Chunjian Zhang
(For the STAR Collaboration)

December 7-11, 2020

Supported in part by
S22, U.S. DEPARTMENT OF

| ENERGY q\\\w Stony Brook University




Shape-flow transmutation

Smaller R (fixed multiplicity, same Np,)

Larger pressure gradient
higher collision rate of partons

Faster collective expansion
Larger radial flow

Larger mean p+

« System size affect the transverse momentum of particles

(P)a > {poB
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(pr) >x 1/R

G. Giacalone, PRC102, 024901(2020)
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Larger pressure gradient
higher collision rate of partons
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Larger radial flow
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» Shape affect anisotropic flow of particles

0.08

Pb+Pb, /s = 5.02 TeV

0.06}
S 0.04}
0.02} b~3 fm
0-5%
0085 0.1 0.2 0.3
)

F.G. Gardim et al., arXiv:2002.07008v1

The fluctuation in shape and size are converted into flow and mean p+ fluctuation.



Eccentricity and system size in deformed nuclei

For a deformed nucleus, the leading form of nuclear density becomes:

p(r,6) = i
1 _|_ e(T—R0(1+B2Y20(0))/a Yao = \/g(3cos20—1)

Deformation is quantified by quadrupole 5, parameter
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Measuring the flow - (py) correlation can be used to reveal the deformation factor. ?



Shape deformations in atomic nuclei

A. gorgen, Tech. Rep. 051, 019(2015)
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Hartree-Fock-Bogolyubov (Gogny D1S effective interaction)
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Can we constrain Uranium deformation 3, using flow-mean p; correlations?

G. Giacalone, “Phenomenology of nuclear structure in HI”

A few values based on the nuclear structure approximations

The 3, of 238U still have a large uncertainty:

reference | Ramanetal. | Lobneretal. | Molleret al. | Moller et al. | CEA DAM Bender et al.
method exp exp FRDM FRLDM HFB “beyond mean field”
B 0.286 0.281 0.215 0.236 0.30 0.29

[Raman et al., ADNDT78,1(2001)]

[Lobner et al., NDT A7, 495 (1970)]

[Msller et al., ADNDT59,185(1995)]

[Moller et al., 1508.06294]

[Hilaire & Girod, EPJA(2007)]
[Bender et al., nucl-th/0508052]

The B, of "°Au is small and can be used as baseline

reference | Moller et al. | Moller et al. | CEA DAM
method FRDM FRLDM HFB
B2 —0.131 —0.125 —0.10

[Msller et al., ADNDT59,185(1995)]

[Moller et al., 1508.06294]

Or access BNL nuclear data center

[Hilaire & Girod, EPJA(2007)]



https://www.nndc.bnl.gov/nudat2/reCenter.jsp?z=92&n=146

Observables

Pearson correlation coefficient: measuring linear correlation between two variables X and Y.

D ik Wiwjwre™ e (pr g, — ((pr))) >
evt

Zi;& jAk Wil Wk

1] ZZLj (p2)) = {[prl)eus

w; is track weight

/ \

(oprdpT) = <

> iz wiwi(pr; — ((p1)) (P15 — ({PT))) >

Var (Ui) dyn = 'Un{2}4 o ,Un{4}4 Zi#j W;W;

P. Bozek, PRC93, 044908(2016); B. Schenke et al., PRC102, 034905(2020); G. Giacalone, PRC102, 024901(2020), PRL124, 202301(2020), arXiv:2006.15721;
F.G. Gardim et al., PLB809, 135749(2020) ; ATLAS EPJC79, 985(2019)



Non-flow suppression and self-correlation removal

ATLAS 2<p‘T’"’(GeV)<3

Short range non-flow correlations: jets, resonance decays, HBT, etc.

n?
\/Var (vi)d n(&pT5pT> \
(prbpr) = > iz wiwi(pri — ((p1)) (P15 — ((PT)))
Subevent method is crucial for non-flow suppression: propT iy Wit »
Full event 2-subevent 3-subevent
va,pr |n| < 1.0 vg n< —0.1 B >0.1 v‘? n < —0.35 3|y < 0.3 v§n > 0.35

Correlate particles from different rapidity windows with gap

P. Bozek, PRC93, 044908(2016); B. Schenke et al., PRC102, 034905(2020); G. Giacalone, PRC102, 024901(2020), PRL124, 202301(2020), arXiv:2006.15721;
F.G. Gardim et al., PLB809, 135749(2020) ; ATLAS EPJC79, 985(2019)
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Non-flow contribution in PYTHIA and HIJING

PYTHIA and HIJING only have non-flow.
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Subevent method suppress nonflow clearly.



The STAR detector

ZDCSMD

Dataset:
Au+Au@200GeV, year2011

U+U@193GeV, year2012

(pT), Vn, No, are measured within:

0.2 <pr<20GeV/c and 0.5<pr<20GeV/c

In| < 1.0

Centrality is defined by Ng, (|]1<0.5).

The track efficiency is estimated from embedding data



Event-by-event v, vs. (pt) in ultra central (0-0.5%) centrality

WWND2020, Shengli Huang (STAR Collaboration)
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v3 and correlations are positive and similar for Au+Au and U+U collisions.
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The anticorrelation in v, vs. (p) for U+U is due to deformation. 9


https://indico.cern.ch/event/841247/contributions/3740391/attachments/1998234/3334318/WWND2020_Shengli_Deformation7.pdf

Dynamical v variance and (pr) fluctuations
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Nuclear deformation play a role in flow and size fluctuations.
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Covariance Cov(Vﬁ, [PT])
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U+U collisions show a sign-change behavior in Cov(v3, [pr]) while not in Au+Au. But they are consistent for Cov(vZ, [pt]).

This sign-change behavior indicates the effect of deformation. .



Pearson coefficient p(Vl% ) [PT])
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p(v3, [pr]) has a clear difference: negative (anticorrelation) in U+U central, positive in Au+Au central.

p(v3, [pr]) is always positive in Au+Au and U+U collisions.



Pearson coefficient p(vn, Pt ) comparing with IP-Glasma+Hydrq,.(:, ;)

p(vn’ [pT]) -
IP-Glasma+Hydro: private calculation provided by Bjoern Schenke (based on B. Schenke, C. Shen, P. Tribedy, PRC102, 044905(2020)) \/Var 2 dyn (dprdpr)
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p(v3, [pt]) has a clear difference: negative (anticorrelation) in U+U central, positive in Au+Au central.
p(v3, [pt]) is always positive in Au+Au and U+U collisions.
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Pearson coefficient p(vﬁ, [pT]) comparing with IP-Glasma+Hydro

IP-Glasma+Hydro: private calculation provided by Bjoern Schenke (based on B. Schenke, C. Shen, P. Tribedy, PRC102, 044905(2020))
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p(v3, [pt]) has a clear difference: negative (anticorrelation) in U+U central, positive in Au+Au central.

p(v3, [pt]) is always positive in Au+Au and U+U collisions.
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Pearson coefficient p(vﬁ, [pT]) comparing with IP-Glasma+Hydro

IP-Glasma+Hydro: private calculation provided by Bjoern Schenke (based on B. Schenke, C. Shen, P. Tribedy, PRC102, 044905(2020))
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p(v3, [pt]) has a clear difference: negative (anticorrelation) in U+U central, positive in Au+Au central.

p(v3, [pt]) is always positive in Au+Au and U+U collisions.
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Pearson coefficient p(v,%, [pT]) comparing with IP-Glasma+Hydro

IP-Glasma+Hydro: private calculation provided by Bjoern Schenke (based on B. Schenke, C. Shen, P. Tribedy, PRC102, 044905(2020))

— ] 1 L I ] 1 L I L] T L] I L] T 1 2 -[ L] L] I I ) L L I ) L L I ) L L i
&'_ -: . &F K ; (] Hydro Au+Au: B, =-0.13
N>'N N>'co | | (] Hydro U+U: B,=0.00 |
= I 1 = + [ Hydro U+U: 8, =0.15
0.2 _K . - 0 2'_ + ] Hydro U+U: g, =0.28 _'
I L.:.‘.‘..." 1 . I + |
000000, "0%0%% 00000,
- .‘... . + —
i Oo... ® _
%
OO0 - e _ \GRRRERRRTERREE —
) cov(vn lpnl) | _ % ]
p(vy, [pr]) = —e— Au+Au |fs =200 GeV °
Var (v2 Sprépr) | o -
\/ ar (vn)dyn< PToPT) —e— UsU ﬁ=193 GeV ..
| Standard method ® 1
-0.2[0.2<p_<2GeV/c ¢+ -
T
- STAR Preliminary . STAR Preliminary
1 1 1 l 1 1 1 l 1 1 1 I L 1 1L B 1 L L I L L L I L L L I 1 ]
0 200 400 600 0 200 400 600
N,, (m|<0.5) N, (m|<0.5)

p(v3, [pt]) has a clear difference: negative (anticorrelation) in U+U central, positive in Au+Au central.

p(v3, [pt]) is always positive in Au+Au and U+U collisions.

A hierarchical behavior shows the 8, dependence in Uranium p(v3, [pr]) but not in p(vZ, [pt]).
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Pearson coefficient p(v,%, [pT]) comparing with IP-Glasma+Hydro

IP-Glasma-+Hydro: private calculation provided by Bjoern Schenke (based on B. Schenke, C. Shen, P. Tribedy, PRC102, 044905(2020))
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p(v3, [pt]) has a clear difference: negative (anticorrelation) in U+U central, positive in Au+Au central.
p(v3, [pr]) is always positive in Au+Au and U+U collisions.

A hierarchical behavior shows the 8, dependence in Uranium p(v3, [pr]) but not in p(vZ, [pt]).

The sign-change is due to deformation effect and it quantifies the Uranium deformation value around 0.28 with largelAcertainty.



Pearson coefficient p(vﬁ, [pT]) comparing with TRENTo model

TRENTo: private calculation provided by Giuliano Giacalone(based on PRC102, 024901(2020), PRL124, 202301(2020) )
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TRENTo overestimates the STAR data but still shows an hierarchical 8, dependence in Uranium p(v3, [ptD.
TRENTo also confirm the sign-change behavior is due to deformation effect.

TRENTo predicts the Uranium deformation value from 0.28 to 0.4. 13



Pearson coefficient p(v,%, [pT]) comparing with transport AMPT model

AMPT-SM: Chunjian Zhang, Jiangyong Jia et al., (In preparation)
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AMPT shows a clear 8, dependence in Uranium p(vZ, [pr]) while notin p(v3, [pt]) -

AMPT also confirms the sign-change behavior is due to deformation effect.

It is helpful to fully understand the initial conditions and the evolution of transportation. 14



Pearson coefficient p(vﬁ, [pT]) and effects of non-flow

Au+Au collisions U+U collisions
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Standard method is consistent with subevent methods at high Ng,.

Subevent calculations could decrease non-flow contributions in peripheral collisions.

Non-flow effect is not responsible for the Uranium sign-change. 15



Pearson coefficient p(v2, [pr]) in different p; selection

IP-Glasma+Hydro: private calculation provided by Bjoern Schenke (based on B. Schenke, C. Shen, P. Tribedy, PRC102, 044905(2020))
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Features are same for 0.5<p;<2 GeV/c as 0.2<p;<2 GeV/c.
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Conclusions and outlooks

We presented flow and mean transverse momentum correlation from STAR that demonstrate a clear shape—flow transmutation.

» Study of mean p fluctuation is also an intriguing possibility to probe nuclear deformation..

The sign-change behavior in Pearson coefficient p(v2, [pr]) in central U+U collisions could be used to constrain deformation
parameters.

» Subevent calculations could decrease non-flow contributions in peripheral collisions.
« Main features are robust against pt selection.

IP-Glasma+Hydro model partially reproduces the data with Uranium deformation parameter 5, around 0.28 with large uncertainty.

Precise data-model comparison (IP-Glasma+Hydro, TRENTo, AMPT) could be helpful to constrain the initial conditions
such as nuclear deformation parameters, shear/bulk viscosity and speed of sound in EoS.

Heavy ion collisions open up an avenue for studying nuclear structure.

Thank you for listening.
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Pearson coefficient p(vZ, [pr]) in 0.5< p;< 2 GeV/c

IP-Glasma-+Hydro: private calculation provided by Bjoern Schenke (based on B. Schenke, C. Shen, P. Tribedy, PRC102, 044905(2020))
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