Nuclear deformation

https://arxiv.org/pdf/1906.06429.pdf

(a) nuclear shape deformation
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(C) final states of heavy ion collisions using different deformed nuclei
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In large Nch: larger v2 fluctuation, sensitive to the beta2



Calculation 1
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Mechanism

Physics motivation

Some ideas in hydro calculations:

body-body

ik,

Fluid cell follows hydro calculation(Cooper-Frye freeze-out)

nucleus-nucleus collision events

smaller R = larger p;

Elliptic flow is essentially a linear response to the initial eccentricity:

Vy = R2€E
. A arXiv:1910.04673

= Bky

The value of elliptic flow saturates around a value, so V2
4

Calculation 2

(C) final states of heavy ion collisions using different deformed nuclei
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Vary beta2 in Glauber and then calculate the eccentricity cumulant~Npart/Nch
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Point-by-Point Systematic Study @ 27 GeV @

Efficiency Systematics @ AuAu 27 GeV
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e Systematic error contribution of each set of cut is

calculated by: Apgy°

— pOO max

cuts cuts

= P00,min
Vi

e Total systematic errors for each pT bin is calculated

by: ApOO,sys =

Xu Sun—Weeklvy BulkCorr Meetina

Z (Ap (I;O,sys)z‘
i

Event Plane Reconstruction

EPD TPC
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Second harmonic event plane angle:
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Re-centering calibration:
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1 . .
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n
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Momentum-conservation correction

* Methods for correcting for
momentum conservation effects on
flow and event-plane resolution are
known [1]

* There’s no way to get this
information from the EPD

- Must know p; of each track
used in event-plane

- But they require the knowledge determination

of particle transverse

momentum
f= (wpr)
3 (w?) (%)
M
= (wpr)go | 7o v - .
(w?)o N (p7) [1] N. Borghini, et al. “Effects of momentum conservation on the
analysis of anisotropic flow”. https://arxiv.org/pdf/nucl-th/0202013.pdf
12 March 2020 STAR Collaboration Meeting - Bulk Corr PWG 8



QA’d data tree generated by Bill Llope.

Analysis done separately for + & - magnetic field
polarities, then weighted averaged the R2results.

Event selection:

200 GeV Au-Au 2010

Accepted events: 2*¥107,

Trigger: Minimum Bias,

Centrality selection: refmult, refmult2, refmult3 (default)
Longitudinal event vertex position range: |Vz|< 30 cm,
Vz 6 crIn bin for R,, then weighted average R, .

Track selection:

N-pcciusters > 18 out of @ maximum of 45,

nhitratcut = 0.52,

ly|<=0.6,

DCA<2cm,

Data tree, PID strategy same with
STAR (Jowzaee, Llope, et al.) arXiv:1906.09204

no,<2, noy ,>2 noy<2,no,>3,
0.2<pq, p<0.6 GeV no,>2

TPC no,<2,no,>3,
0.4<p, p<0.9 GeV no,>2

TPC + TOF -0.15<m?<0.15  0.15<m?%<0.4
0.6<p, p;<2.0 GeV

TPC + TOF 0.65<m?<1.1
0.9<p, p1<2.5 GeV

Centrality definitions:

refmult — charged multiplicity measured in TPC for || < 0.5 (not
corrected for reconstruction efficiency);

refmult2 — charged multiplicity measured in TPC for 0.5 < || < 1.0
(not corrected for reconstruction efficiency);

refmult3 — charged multiplicity measured in TPC for || < 1.0 (not
corrected for reconstruction efficiency) excluding protons and
antiprotons.
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Event Plane method

« Q vector calculation
:wi = (Mip>3) ? 3 : mip

N
Q: = Zx,- cos(2¢;)
i=0
N
Qy =Y wisin(26))
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0.-Yo
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« Normalization
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Dataset and reconstruction method

Runi4 AuAu

https://drupal.star.bnl.gov/STAR/system/files/Dstar%20ana%20in%20200GeV.pdf

Softpion Tof PID cut

e Dataset:

v Al_ t _ 1

v Run 14: AuAu @ 200 GeV;

v’ The analysis uses picoDst produced from MuDst and picoDO tree produced from picoDst;

ﬁ N Bexp ﬁth 1

¥' This cut is defined according to 7’s A 7 distribution, ~(mean-3*g, mean+3*o)

(pion sample is extracted from K - ntnT)

A i . ) @ 2y IR A R .
v The dataset is processed with SL16d library; prrange/GeV  A1/B low A1/ high = © L i
v’ MB trigger: . - 0.15<p1<0.16 -0.03 0.18 1.8 ‘ A\ R
Trigger ID 0.16spr<017  -0.08 0.178 : »
- h \5 .
450050 vpdmb-5-nobsmd-hlt 0.17<pr<0.18 -0.022 0.095 1.6 N\ | "% Inlow pregion
450060 vpdmb-5-nobsmd-hit L et RIS 0.073 i ‘ N o O 15~01;3G1eV)’ the
0.19<pr<0.2 -0.02 0.059 1.4 : N 5 mean o is
450005 vpdmb-5-nobsmd 0.2<pr<0.21 -0.02 0.05 I < T\ 10° mexp
450015 vpdmb-5-nobsmd 0.21<p1<0.22 -0.0218 0.05 120\ - PR about one sigra
450025 vpdmb-5-nobsmd 0.22p1<023  -0.0226 0.047 .} @ higherthan_—.
F/e " H i H i ;
0.23<p1<0.24 -0.023 0.043 1 (e ——— o
0.24<p1<0.25 -0.0235 0.0386 7 S e S AR
0.25<pr<0.3 "0.025 g 0804702 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
pr>0.3 -0.03 0.03 p(GeVic)
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D reconstruction cut:
|Rapidity|po<1;
k/m:p; >0.3GeV;
k/m:|nl<1;
k/m : atleast one hit in layer of PXL and IST
7 PID : Based on TPC dEdx: |no|<3;

If TOF available: |~ — ——|<0.03;

B Bexp

k PID : Based on TPC dEdx: |no|<3;

* K invariant mass for D° candidates:
1.83<M(D%)<1.90 GeV/c?
* Tgp cut:
pr>0.15 GeV/c%
nHitsFit>=20;
gDca<=3cm;
In1<1;

Spectra from TOF

e From TOF, we find the spectra using m? distribution in different pr
bins*.

e m? is calculated as,

1

PID: Based on TPC dEdx: |no|<3;

of light
@ We can find a Texpected Using the PDG value of the mass of a
particular hadron.

1
If TOF available: |~ — <0.03;
available: |7 =27l If TOF available: |%— ﬁi|<o.o3, pt>0.3;
DO standard topological cut. 1 P 1
10w[i]<E - B—<high[i], 0.15<p;<0.3;
exp
dE 2 plq|
C) =qPexp | B[ togy [ 2L (2)
theory

Where, q = charge, p = momentum, Mpat = My or Mk or Mproton. B is

the Bischel function.

https://drupal.star.bnl.gov/STAR/system/files/Spectra.pdf

C2T2
m? = p2 ( m T 1)

Here, T = time of flight, | = pathlength, p = momentum, ¢ = speed

p2

Where, had =, K or p

Thad — é(ml%ad +1>1/2

exp

(4)



27 GeV data analysis

Data set analyzed and cuts applied

« Run18, Au+Au 27GeV, P19ib

« MB trigger = 610001, 610011, 610021, 610031, 610041, 610051
. Eventcuts: |1Vz| <70cm, VixR<1.0cm, |Vz—=VPD| <5cm

. Primary Track cuts: bCA < 3cm, 0.15 < pT < 2.0 GeV/c, |y| < 1.5,

NhitsFit > 15

« EPD setup: 0.3 < nMip

« StRefmultCorr is used for centrality
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Event Plane method

« Q vector calculation
‘wi = (Mip>3) ? 3 : mip

N
Q= Zu; cos(24;)

=0

=
Q, Z w, sin(24;)

T |}
N
0,=20
i=0
« Normalization
0, ,_ 9
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« Weight (wi)
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It shows the average transverse momentum as a function of collision energy and collision centrality in data and UrQMD
calculations..

Our absolute \eta range is in 0.5 and transverse momentum is from 0.2 to 2 GeV.
Mean pt is increasing from peripheral to central collisions.

We also can see that as the collision energy is raised, UrQMD tends to under predict {pt)>.



The system created in ultra-relativistic heavy-ion collisions is expected to reach a
state close to thermal equilibrium [70,72]. Such a thermal system can be described
by the appropriate thermodynamic ensemble. In heavy-ion collisions, typically only a
subsystem can be analysed due to the restriction of the measurement to the (pseudo-
)rapidity range of the detectors. Therefore, this subsystem is embedded in the heat
bath of the overall system and it is able to exchange energy and particles with this
bath. Hence in most cases, the grand-canonical ensemble is the appropriate choice [70,

72]. Considering a measurement of rare particles with specific quantum numbers,
the conservation of this quantum number within the subsystem has to be taken into
account and the canonical ensemble has to be applied.

In the grand-canonical ensemble a system is characterised by the pressure P(T,V, i),
which depends on the temperature 7', the volume V' and the chemical potentials fi of
the system. The chemical potentials ensure the conservation of all relevant charges
within the full system. In the strongly interacting matter produced in a heavy-ion colli-
sion, these charges are the baryon number B, the electric charge () and the strangeness
S [72]. Therefore, the relevant chemical potentials are ji = (up, g, ts)-
Event-by-event fluctuations of the temperature and the conserved charges can reveal
properties of the strongly interacting matter created in heavy-ion collisions. One of
the most important applications is the investigation of the phase transitions described
in section 1.1.2 and depicted in figure 1.1. As discussed there, the exact location and
properties of these phase transitions are not known. Phase transitions are expected to
have a strong influence on fluctuation signals, especially in the vicinity of a possible
critical endpoint of a potential first-order phase-transition line [25,26,70,71]. In addi-
tion, fluctuations may provide insight into the relevant degrees of freedom within the
collisions, i.e. whether the initial state of the collisions is compatible with a nucleonic
scattering scenario, or whether the sub-nuclear partonic structure has to be taken into
account [73,74].



write(52, ) IAEVT,IARUN,nhadron,bimp,npartl,npart2,
NELP,NINP,NELT,NINTHJ

OPEN (52, FILE = , STATUS =
format(3(i7),f10.4,5x,6(i4))

I = 1, MULTI1(J)

ITYP = ITYP1(I, J)

PX = PX1(I, J)

PY = PY1(I, J)

PZ = PZ1(I, J) ..

EE = EE1(I, J) Initial ampt

XM = XM1(I, J)

GX = GX1(I,J)

GY = GY1(I,J)

6Z = 6Z1(I,J)

FT = FT1(I,J)

WRITE(52,123)1,ITYP,PX,PY,PZ,XM,GX,GY,GZ, FT
format(I6,1x,16,2(1x,8.3),1x,f10.3,1x,6.3,4(1x,8.2))

write LW, ) IAEVT,IARUN,nlast,bimp,npartl,npart2,

1 NELP,NINP,NELT,NINTHJ

m;;:ﬂ
ip=1,nlast OPEN (16, FILE = , STATUS =
if(amaxl(abs(xlast(1l,ip)),abs(xlast(2,ip)),
abs(xlast(3,ip)),abs(xlast(4,ip))).1t. ) then
e (161 ) ip,INVFLV(lblast(ip)), plast(l,ip),
plast(2,ip),plast(3,ip),plast(4,ip),
xlast(l,ip),xlast(2,ip),xlast(3,ip),xlast(4,ip)

else Final ampt

e(16p ) ip,INVFLV(lblast(ip)), plast(l,ip),
plast(2,ip),plast(3,ip),plast(4,ip),
xlast(l,ip),xlast(2,ip),xlast(3,ip),xlast(4,ip)
endif
1008 continue




Line 6808

; : . . : 1 142 14.1744 o ©
write (E JRRE T T 0.00000000 0.00000000 0.00000000 .00000000 0.00000000

; : ; i 0.00000000 0.00000000 0.00000000 .00000000 0.00000000
px(i), py(i), pz(i), xmass(i), 0.00000000 0.00000000

x(i), i), RGNt 0.165 -0. 0.205
& ( ). gy(1), gz(3) (1) -0.314  -1. -0.611
continue -0.250  -0. -0.367
0.426  -1. -1.068

-1.418 g=as 3.002

event = event + -0.653  -0. 0.433
0.311 0. -0.087

0.516 0. 0.917

format (al2) -0.165 =0k 0.012

format (2(a8, 2x), 1S ,16, i F b ' -6.951  -@. =eN15i
-0.201 0. 0.201

Zxemmadaee Jx, el0.4 S2easiic) -0.247 0. 0.417
: : 0.201 . 0.287

ROGMAE (110, 2), HIRLE O - R O e Wb} 020 B fesh
-0.162 Ho. .035

0.322  o. 27
format (I10, 1>, IO (elien e e T D R e = S ) ool B oot

format(3(i7),f10.4,5x,6(i4)) 0.794  -0. -164
-0.072 -0. .450

return -9.221 E=ek .346
-0.399 0. .356

-0.011  -0. .323

.285E+01 -.154E+01 -.208E-01 0.103E+00
.285E+01 -.154E+01 -.208E-01 0.103E+00
.206E+01 -.501E+01 -.705E-01 0.121E+00
.206E+01 -.501E+01 -.705E-01 0.121E+00
.132E+01 0.921E+00 0.132E+00 0.158E+00
.132E+01 0.921E+00 0.132E+00 0.158E+00
.276E+01 -.137E+01 0.812E-01 0.161E+00
.276E+01 -.137E+01 0.812E-01 0.161E+00
.223E+01 -.496E+01 -.262E-01 0.172E+00
.223E+01 -.496E+01 -.262E-01 0.172E+00
.482E+00 -.467E+01 0.104E+00 0.210E+00
.482E+00 -.467E+01 0.104E+00 0.210E+00
.119E+01 0.915E+00 0.594E-01 0.211E+00
.119E+01 0.915E+00 0.594E-01 0.211E+00
.119E+01 0.915E+00 0.594E-01 0.211E+00
.118E+01 0.873E+00 0.186E+00 0.213E+00
.118E+01 0.873E+00 0.186E+00 0.213E+00
.118E+01 0.873E+00 0.186E+00 0.213E+00
.214E+01 -.498E+01 -.254E-01 0.221E+00
.214E+01 -.498E+01 -.254E-01 0.221E+00
.135E+01 0.937E+00 0.834E-02 0.224E+00
.135E+01 0.937E+00 0. .224E+00

0 EE+0 00

ocNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNRoNoNoNoNoNO)

Event, run, multiplicity, impact parameter, projectile ,target , number of elastic in P, number of inelastic in T, number elastic in T, number of inelasticin T

000000
000000
00

counts, quark ID, px, py, pz, mass, X, V, z, t



Line 1080

hijingl.383 ampt.f

write(54, ) IAEVT,IARUN,mul,bimp,npartl,npart2,

NELP,NINP,NELT,NINTHJ
write(54,*)HINT1(21) ,HINT1(22) ,HINT1(23),HINT1(24),HINT1( : ZZF)(:'(jE!t

IHNT2(9)
write(54,*)HINT1(31),HINT1(32),HINT1(33),HINT1(34),HINT1(
IHNT2(10)

write(54,*)VVX, VWY

1 142  14.1744 O 0
0.00000000 0.00000000 0.00000000 .00000000 0.00000000
0.00000000 0.00000000 0.00000000 .00000000 0.00000000
format(3(i7),f10.4,5x,6(i4)) 0.00000000 0.00000000
9] 0.165 -0. 0.205 0. .285E+01 -.154E+01 -.208E-01 0.103E+00
2  -0.314 -1. -0.611 0. .285E+01 -.154E+01 -.208E-01 0.103E+00
if(ioscar.eq.3) WRITE (95, *) IAEVT, mul 2 -0.250 -0. -0.367 0. .206E+01 -.501E+01 -.705E-01 0.121E+00
=D 0.426 -1. -1.068 0. .206E+01 -.501E+01 -.705E-01 0.121E+00
i R oo 1 il .002 0. .132E+01 0.921E+00 0.132E+00 0.158E+00
AL 2 -0.653 -0. .433 0. .132E+01 0.921E+00 ©0.132E+00 ©.158E+00
=) 0.024 0. .015 0. .204E+01 -.108E+01 -.120E+00 0.964E+00
1 0.516 0. .917 0. .276E+01 -.137E+01 0.812E-01 0.161E+00
2  -0.165 -0. .012 0. .223E+01 -.496E+01 -.262E-01 0.172E+00
-1 -0.951 -0. .191 0. .223E+01 -.496E+01 -.262E-01 0.172E+00
1 -0.201 0. .201 0. .A82E+00 -.467E+01 0.104E+00 0.210E+00
E ) IAEVT,IARUN,mul,bimp,npartl,npart2, -1 0.102 0. .931 ] .115E+01 -.432E+01 0.124E+01 0.158E+01
NELP,NINP,NELT,NINTHJ -2 0.207 0. .178 0. .112E+01 ©.950E+00 0.242E+00 0.412E+00

f‘t],*)HINTl( ) ,HINT1(22) ,HINT1(23),HINT1(24) ,HINT1( A -1 0.112 -0. .248 . .115E+01 0.852E+00 0.462E-01 0.290E+00
THNT2(9) -2 -0.139 0. .001 . .142E+01 0.110E+01 0.108E+00 0.506E+00

L 2> GRI» | 30" oy 5l ()8 _118E+01 0.873E+00 ©.186E+00 0.213E+00

FYEL, *)HINT1(31) , HINT1(32) ,HINT1(33) ,HINT1(34) ,HINT1(35), -2  0.082 -0. .104 o, .120E+01 0.884E+00 ©.147E+00 ©.282E+00
LHNT2 ( ,)* -1 0.570 -0. 415 0. _114E+01 0.822E+00 ©.303E+00 0.347E+00

M@K, *) VX, WY -2 -0.072 -0. 450 0. 214E+01 -.498E+01 -.254E-01 0.221E+00
.346 0. .214E+01 -.498E+@1 -.254E-01 0.221E+00
.356 0. .135E+01 0.937E+00 ©.834E-02 0.224E+00
004 0. _120E+01 -.718E+00 -.391E+01 0.448E+01

w

1
[oNoNoNoN ol loNoNoNoNoNoNoNoNoNol

DO 3 I=_1, MUL 1 -6.221 -6.
2 -0.399 0.
-2 -0.039 -0.

JRRISERIRLY P5 (1) ,
PXSCI)STPYS (1), PZS5IEINEEXtIASSEICINNE
GXSICIDERGYS (1) , GZ5/(ENENiRIEIE)

Event, run, multiplicity, impact parameter, projectile ,target , number of elastic in P, number of inelastic in T, number elastic in T, number of inelasticin T

000000
000000
00

counts, quark ID, px, py, pz, mass, X, Y, z, t



WRITE(99,*) bimp,thetaP,phiP, thetaT,phiT
60p ) IAEVT,IARUN,IHNT2(1)+IHNT2(3),bimp,npartl,npart2,

0, *)HINT1(21) ,HINT1(22) ,HINT1(23),HINT1(24),HINT1(25),

{6, *)HINT1(31) ,HINT1(32) ,HINT1(33) ,HINT1(34) ,HINT1(35),

THNT2(10)
write (¢, *)VVX, VWY
DO JP=1,IHNT2(1)

IF(NFP(JP,5).GT.-1) THEN

write (E
DO JP=1,IHNT2(1)

4,*) IAEVT,MISS,IHNT2(1),IHNT2(3),bimp

write (e, , JP, NFP(JP,3),NFP(JP,4), :
1 YP(1,JP)+BBX/2, YP(2,JP)+BBY/2, YP(3,JP), NFP(JP,5)
ENDIF
203 continue write (Ell,243) YP(1,JP)+0.5*BB*cos(phiRP),
DO JT=1,IHNT2(3) 1 YP(2,JP)+0.5*BB*sin(phiRP),JP, NFP(JP,5),yp(3,jp),
IF(NFT(JT,5).GT.-1) THEN 2 NFP(JP,3),NFP(JP,4)

ENDDO

606 , JT, NFTWJT,3),NFT(JT,4), .
YT(1,JT)-BBX/2, YT(2,JT)-BBY/2, YT(3,JT), NFP(JP,5)
ENDIF
continue
format (A, 1X,15,2X,15,1X,1I5,1X,A,1X,A, 1X,
F10.3,3X,F10.3,3X,F10.3,1X,1I5)

1 1 476 3.2078 © 0 3E191 5 200

.00000000 0.00000000 0.00000000 0.00000000 0.00000000
.00000000 0.00000000 0.00000000 0.00000000 0.00000000

.00000000 0.00000000
0 153 0.229
-1. -0.104
o 2.265
74 -2.010
-0. -4.472
3 -3.710
SHE 0.051
0.961
-2.093
.767
1.234
.394
.120
.917
.363
.616
.262
.998
.063
.994
.624
.071
.615
.714
.355

.119
.308
.274
.202
.090
.683
B
.501
474
.457
.384
.244
.095
.078
.074
.056
.812
.774
.757
.679
eI
.544
.509
.498
.439
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1.4.2. Basic concepts of fluctuation analyses

A brief introduction to the basic concepts of event-by-event fluctuation analyses in
heavy-ion collisions is presented here. The principles of event-by-event fluctuations are
discussed in more detail in [70] and a review of hadronic fluctuations and correlations
can be found in [71].

The system created in ultra-relativistic heavy-ion collisions is expected to reach a
state close to thermal equilibrium [70,72]. Such a thermal system can be described
by the appropriate thermodynamic ensemble. In heavy-ion collisions, typically only a
subsystem can be analysed due to the restriction of the measurement to the (pseudo-
Jrapidity range of the detectors. Therefore, this subsystem is embedded in the heat
bath of the overall system and it is able to exchange energy and particles with this
bath. Hence in most cases, the grand-canonical ensemble is the appropriate choice [70,

the fireball fluctuate. Even when we take a subsample
with exactly the same number of participants, the size is
slightly (a few percent) different from event to event. The
amount of these fluctuations depends on a specific model
of the nucleon structure and elementary collisions, but
the effect persist as a generic phenomenon. If two fire-
balls created with the same number of participants (thus
having nearly equal entropy) have different size, then the
smaller one will lead to faster collective expansion (cf.
Fig. ED In hydrodynamics this is caused by a larger ra-
dial gradient of the pressure, whereas in transport mod-
els by a higher collision rate of partons. As a result, the
smaller system leads to a larger radial flow, and conse-
quently, a larger average transverse momentum in the
event, denoted as (pr). Thus, on these general grounds,

we expect a strong negative correlation between the ini-
tial fireball size and (pr).
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Averaging over N, events is denoted with another pair
of brackets, for instance the event-averaged transverse
size is denoted as

Nev
((r)) = 3 () )
V k=1

e

For sources with a large azimuthal deformation, a def-
inition of the size parameter more appropriate for large
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Define centrality
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