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The size of Ru and Zr is between the sizes of Cu and Au, so system size dependence of the QGP properties can
be studied

Possible difference between Ru and Zr such as shape and isospin can be studied

Large datasets of isobar collisions (~4 Billion good events) provide opportunity to study charged hadron spectra
with great precision
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STAR experiment

Main detectors used in analysis:

Time Projection Chamber(TPC):

 Measures charge and momentum of particles
e Particle identification

(In] <1,0< ¢ <2m)

Time Of Flight detector(TOF):
e Particle identification
(In] <0.9,0< ¢ < 2m)
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Dataset and cuts

Dataset: 2 s
2018 combined Ru+Ru/Zr+Zr /Sy = 200 GeV data § s
~4B good events in total iy
Only 327M events are used in study 1
Trigger: Minimum-bias trigger -
Vertex cuts: B}

V.<2cm

-35<V,<25cm

V2 1pc — Vzvppl<5cm
Track selection:

0.15 GeV/c < py <5 GeV/c
Inl <1

gDCA<3cm

nHitsFit >= 15

nHitsDedx >= 10
nHitsFit/nHitsMax >= 0.52
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PID technique

* Particle identification at high momentum region is challenging when using dE/dx or m? alone
* PID capability could be improved if TPC and TOF information are combined

1 dE /dXmeasured 2 — 52 c°T? -1
(dE /dx), N

107

30
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PID technique

Shift: Rotation:

fscale = O'(TLO',T)/O'(mZ (1)) (x(no-n' m2)> _ (COS(CX) — SiD(CZ)) (x,>

x' = (nox — p(o)/ frcate y(om,m*) ) \sin(@)  cos(a)/\y’

y' =m? — u(m?*(m)) — [u(mz(K)) — p(m?(m))
pu(nog) — u(noy)

(a) (b)

m? (GeV/c?)
y (no,,m?)

o

STAR, PRC 88, 014902 (2013)
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¢ reconstruction

Counts
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Kaon enriched samples are obtained by reconstructing ¢ mesons.

¢ ->K"+K"
x10°
unlike sign
—— like sign
— US-LS
= Run18 Ru+Ru/Zr+Zr |/sy, = 200 GeV
= | ! | S S N i O N N
0.96 0.98 1.06 1.08 1.1
M, (GeVic?)

Like sign pairs were used to estimate
background

Apply an invariant mass window of
(1.015,1.025), kaon candidates for ¢ in
this mass window are saved as kaon
enriched samples

Fit no, and m? distribution of kaon
enriched samples in different p regions
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Rotation parameter for kaon enriched sample
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K? reconstruction

Pion enriched samples are obtained by reconstructing K?.

K-> nt+mn~
Topological cuts

Pion DCA >0.7 cm
x10°
§ o : Run18 RusRUZI+Zr Sy = 200 GeV DS ISV <0.8cm
8 daughters
:i Decay length >2.5cm
sE- K? DCA >0.8 cm
4 :
3;_ * Apply an invariant mass window of
jf_ o (0.494,0.504), save pion candidates in this
8325 ‘ 0|4 B If.'l.t‘lSI B 0|5 B IOl..i5I B 0.|6 — ‘0.65 mass Wlndow

M,... (GeV/c?) * Repeat the same procedure for kaon enriched
samples to get rotation parameters vs. pr
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The deviation at higher p can be caused by contamination.
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Yield extraction

x10° 10°
2 F 2 F
| B o — o
3 [ —m Run18 Ru+Ru/Zr+Zr ifs,,, = 200 GeV, 235 m— Run18 Ru+Ru/Zr+Zr {5, = 200 GeV,
@25 i+ -0.5<y<0.5 O F_K -0.5<y<0.5
o p,:0.65~0.70 GeV/c 03— b % p,:2.50~2.60 GeV/c
0.2~ 025
0.15[ ot 0.21—
5 0.15 f—
01— C
B 0.1
L + -
008 - K p 0.05 —
ok S b o= el A
-1 -0.5 0 0.5 1 1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

x(f‘no,,,mz) x(no,,m?)

* Multiple student’s t functions are used to fit the projected distribution
* Bin counting method was used to extract raw yield when 0 < pt <1 GeV/c

* Raw yield was extracted by fitting when pt > 1 GeV/c
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Raw pr vields
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Summary and outlook

2018 combined Ru+Ru/Zr+Zr /sy = 200 GeV data was used
Pion and kaon enriched samples are used for rotation parameter
determination

Raw p vields of identified particles are presented

Outlook

e Efficiency correction and systematic uncertainty study

* Rapidity differential study

 Compare to spectra in Au+Au and Cu+Cu collisions
 Compare spectra for Ru+Ru and Zr+Zr with unblind data
* Fit spectra to get freeze-out parameter
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Back Up
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PID technique

Shift: Rotation:
fscale = a(nan)/a(mz (7)) (x(nan» m2)> _ (COS(C{) - sin(a)) (x’)
x' = (noy — 0w/ frcate y(omm?)) \sin(a)  cos(a)/\y*
y' =m? — p(m?(m) a = tan™ [u(mzm) — u(m?(m)
u(nog) — u(noy)
(1.2 < p1<1.4 GeV/c, -0.2 <y< 0)
% 14— R T i &E‘ °-4:
E 1'2; E: 02=" s
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Kaon enriched sample
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Rotation parameter extraction

pt:0.80~0.95

3 n

o pt 18 nSig

r Enlries 93253
Mean 0.55657
Std Dev 0.9887
¥ [ ndf 384T / 63
Prob 0
n 1004 0.1
[l 0.5031 + 0.0033
P2 0.8246 + 0.0014
p3 £.8952404 + 2.3412402

i
1
o2
p2

L
10
b
pt_21_nSig
Enlries 62827
Mean D124
Std Dev 08798
x* / ndf 2818/ 64
Prob 0

100+ 0.2

~0.1516 £ 0.0037
0.B702 £ 0.0016
A.1220+04 1+ 1.6832+02

nSigmaPion distribution for pure kaon sample fitted with
student’s t function in different p; interval (-0.5<y<0.5)

pt:0.95~1.00

pt_19_nSig
Enlries 23407
Mean 0.3045
Sid Dev 0.9807
¥ ndl 3601/ 67
Prob 0
o0 100£0.1
l 0.2642 + 0.0033
p2 0.87164 0.0014

p3 58232404 + 2.0980+02

pt_20_nSig
Enlries 73048
Mean 0.08008
Std Dev 0.9788
i ¢ nalf 2024 /67
Prab 0
0o 100+ 0.2
1l 0.03963 + 0.00354
P2 08774 £ 0.0015
b3 4.9880+04 + 1.8850+02

10 15 20
T
) pt:1.10~1.15
<10°_ B 3
16 E Entries. 54919
F Mean —0.2824
14 F Std Dev 08727
F x ¢ ndl 2768 / 64
12 : Prob 0
F 0 100 £ 0.2
10 pl ~0.3312 £ 0.0040
C p2 0.85611 0.0017
B8 na 34340404 £ 1.5080+02
6F =
4t =
2t =
0 : 1 Ll Ll
-1 5 10 15 20

[
pl
P2
<]

L
10
kA
pt_23_nSig
Enlries 47679
Mean ~0.4353
Std Dev 0.9768
£ ndl 2338 /63
Prab Q

100£03

—0.4708 + 0.0042
0.8677 £ 0.0019
2.877e+04 L 1.349e+02
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Rotation parameter extraction

pt:0.90~0.95 pt:0.95~1.00 pt:1.00~1.05
- L 18 m2 o ___PL 19 m2 FESEUTEES e pl_20_m2
s Entries 93253 105k Entries 83407 10°F Entries 73048
10 § hean 0.2408 § Mean 0.2405 E Mean 0.2401
F 5td Dev 0.02138 E 5td Dev 0.02334 F Std Dev 0.02547
10%E % ndf 1307/ 18 10%E £ ndf 1147/ 19 1045 72 Fnd 101/
E Prob o E D Prob 0 E Prob 4]
b PO 4165376 E p0 30.82 = 2.48 po 2867 + .17
10°F p1 0.2402 = 0.0001 10%EF el 0.2398 = 0.0001 103 L pl 0.2392 + 0.0001
E p2 0.02008 = 0.00007 E p2 0.02174 £ 0.00008 E p2 0.0236 + 0.0001
102-_ p3 71852237 F p3 6106 2213 F p3 5121191
E 102 3 107 E
10F < i 1 F ]
g 10 3 10 E
1= E E ] E 3
; i 1= — - -
TR A T T T S N SEN S N TIN N Ev 01| R B R E B R 1 Eao 10 | 1 T | 3
-0.5 0 0.5 1 1.5 2 -0.5 0 0.5 1 1.5 2 -0.5 0.5 1 1.5 2
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5 . | pt_ 21_m2 S ‘ pt 22 m2 T | pt_ 23 _m2
10°E Entries 62827 Entries 54919 Entries 47679
E Mean 0.2398 Mean 0.2395 [ Mean 0.2391
= 5td Dev 0.02779 5td Dev 0.03005 10°E 5td Dev 0.03253
10E ¥ 4 ndf 1064 /23 £ 891.3/25 E # ¢ nd 915.9/27
E Prob o Prob 0 Prob 0
F PO 26332223 RO 39.74=3.91 3| PO 40.29 = 4.43
3_ el 0.2388 = 0.0001 el 0.2383 = 0.0001 10 ; pl 0.2378 = 0.0002
10°F p2 0.02578 £ 0.00012 p2 0.02814 £ 0.00013 p2 0.03046  0.00016
= p3 4250 £ 17.1 p3 3560 = 15.3 F p3 2067 £13.7
. ] E 10%¢ 3
2L _ E = =
10°E ] b
E E 10g E
10¢ E 1 i ]
E — 1 =
1 TR R v by g Eao 10 | | IR R | =
-0.5 1 1.5 22 1 1.5 3 -0.5 0 0.5 1 1.5 3
m m m

m? distribution for pure kaon sample fitted with student’s
t function in different py interval (-0.5<y<0.5)
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