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Data sets and Analysis cuts

hCentralityWeighted

@ Data sets: production_isobar_2018 <10° e Lo
400 :_4,—,_1—’—,‘ Std Dev 2:383
@ Production tag: P20ic ;
I 350_—
® Trigger: 600001, 600011, 600021, 600031 (MB) é ol
® Embedding Request ID: 20201503 sl
(5M events for each for pi+, pi- and 1M events each for K+/K-) !
S B S S R S A R
® Badrunlist: Zr+Zr 70-80%, 60-70%, ... 5-10% 0-5k in order

19126008,19126011,19127047;19083050,19084032,19084033,19085039,19086016,19086026,19088052,
19088053,19088055,19089005,19095031,19097001,19097005,19097040,19097046,19100054,19102055,
19103007,19103022,19107002,19115020,1911/7030,19122004,19122005,19122010,19126043,19083051,
19097057,19110051,19117036, 19120021, 19120025
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Data sets and Analysis cuts

@ Analysis cuts

Event Level cuts Track quality cuts PID cuts

(-35,25) cm pr (GeV/c) > 0.6
btofYLocal (TOF matched -18,18
Vr <2.cm TPC Nhits =20 ( ) [ )
DT =S 8m nHits/HitsMax (052 121 | |
IBadrun_ list e “ 0 Pp<l6&&B>0 hybrid PID functions
g < 20cm
GoodTrigger - n
n <L > i i i
lisBadRun() p=1.6&& B >0 (Pion) hybrid PID functions
nHitsDedx > 10.
passnTofMatchRefmultCut()
0-80% charge +1 p = 1.6 && !TofisAvailble [nok|< 2. && |NoR|< 2.
- 0
# Events 278 Primary tracks Iylpo <10
?106 hnEvent . . E
3500F= e 1sgmrento hybrid PID functions E 5 10°
3000 i_ Std Dev 1.399 :— :
- 5.1-2.25p, p<1.6 =
2500; £ (p) = { 1.5, p>1.6 =
2000}~ g 10°
15005_ max _ 6.129 - 19316p, p525 5_ -
1000} fg' ™ (p) = 1.3, p>2.5 =
5005_ . ;_ Default cut ~20 10°
ot = L o min __}-7.54+583p-1.31p*~, p<1.7 — for high pr
“onts g Gf::fvem Y Semion Fiag fx™" () —{ -1.4149, p>17 = . w
g6, } ] 25 3

p (GeV/c)




D? signal reconstruction

hadronic modes: D° — K~ + n*; D% — K* + = (I';/T ~ 3.95%)

N e e
[STAR Isobar @200 Gev ) |

g ®) | ©
,:\ R NEORC L W L T ) N SN L 0 JRE e T (Y [T T T T T T T 1 X B g: (SE) - US (ME) ] 10-40% ' 40-80% .- + (x4
o 400 _ STAR Isobar 200 GeV MinBias i 8 F 0-80% 0.0 < p < 8.0 GeV/e 1 ,4: 3 b 0-10% . 1 e<p<soGeve 1 0<p<s0Geve v
T © 0.0<p_<8.0GeV/c + same event (SE) | - 6000 T 1 2 | secn<soceve
\>_<, [ |yl <1,0-80% — mixing event (ME)] S £ N. =289 § i
» 350F o SE-ME [x40] Z b ] =
T L (@) © 5000F (b) i w2 Y
3 300} 1< % | &
o [ S = °
250:— 1 2 5 ul- |
[ X
200_ _TD/BOOO ® k i1 P | i of EEEPISSETN ] | SV SNV (IDPEDTUIRSTES | (v, o IEPUPTUICSNCE (TSP [SPCEECSSPGreS Y
I o L5 Fy2ndf = 26.9/29 0=125 + LOMeV[" yndf=21129 =118 +06MeV] y/ndf=362129  'o=113 + 0.9 MeV]
150 ; - g p=l.867 +0.001 GeV N‘. =14.0 u=1.865 + 0.001 GeV N“l=20.ll 1=1.866 + 0.001 GeV Nﬂu: 15.0
[ ] O RawYield = 1.80e+06 + 1.29¢+05 RawYield = 2.62¢+06 + 1.31e+05 RawYield = 2.25¢+06 + 1.51e+04
: 10 E 1 1
100 g .
50 ]
i §
- ' ' 1 0 B0 oAl ® OO O~
0 { B Fronar i8] P M | P | M | I | P | [
0.5 1 1.5 2 2.5 3 " . 1.75 1.8 185 19 1.95 2 >
Mass, (GeVic?) Mass,  (GeV/c?) i .
1.8 1.9 2 1.7 1.8 1.9 2
M, (GeV/ch)

@ The K, Tt invariant mass distribution with centrality 0-80% and pr range 0-8 GeV/c at midrapidity. ® DO signal at 0-10% (a), 10-40% (b), 40-80% (c) centrality bins with
-10% (a), 10-40% , -30%

@ The mix-event method can well reproduce the combination background (solid red line). transverse momentum range 0-8 GeV/c at midrapidity.
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Efficiency correction procedures

0.6 : ‘ : :
d? N _ AI\Ira"v/f;ge()w/2 élsobari . = 200 G;eV
2nprdprdy  2nppAprAy X N X B.R. é % ;
nprapray TpTAPTAY events 05— o 0-10%
¢ 10-40%
reco __ o,
€po = €accept X €Tpc X €pID o 40-80%

a 0-80%

€pPID = €noy * €TOF * €5TOF * €noy (1 — €ror)

D° efficiency

* AN"*W : the raw yield measured in the bin AprAy ;

|I\Ill\lllillll'\ll\lllll

0.2
* €accept X Erpc . TPC acceptance and tracking efficiency (embedding);
* ep;p : particle identification efficiency (data). ; | | | | i | | | |
% 1 2 3 4 6 7 8 9 10

5
P, (GeV/c)

® DYfficiency as a function of D? transverse momentum at different centrality bins.

T

@ (a) TPC tracking efficiency for Pion (a) (b) - (C)

Efficiency
Y

Efficiency

efficiency

.,m Lo o8 S8 BN B8 O S an NS S8 SS Sa s o Sl
b4 = TOE PID off
WPYgTriwen
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g
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@ (b) TOF matching efficiency for Pion

LR

e == =S 0.94

lk\

= TPC PID eff

0.6 0.6

#
[
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@ (c) Pion TPC PID efficiency (black circles)
and TOF PID efficiency (red circles) =

0.9

> 0-80%

©'0-80% : : e
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° -109
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Systematic uncertainties

@ Signal extraction
> The difference between the fitting and counting methods (1.69, 2.04) GeV/c?:

» The order of polynomial function to depict the residual background (Pol3);

. . 2. _
» Signal fit range (1.73, 2.00) GeV/c*, o °
I
. [
g : . Y; =N, >0.6)/€]5°° (pr>0.6 C g
» pr cut variation for daughter particles; 1= Nraw(pr>0.6)/€p0 " (pr>06) C ¢ w .
]
— reco -
Yy = Nraw(pr>0.2)/ehs (pr>02) i -
. . . . . i =
» Mix-event like-sign normalization factor; R = YirNeventz =Yy Neventy 07,
Y1*Nevent2 E
Table 3: DO raw yield (x10°) at different pr range and centrality bin : ?
v
pT GeV/c | 007 [ 0-10 | LI-L6 | 1.622 | 2230 | 3.040 | 4050 ] 5080 - 8
e 2 F e owv 107 . = X
Tit 10.76 9.09 9.95 1013 7.90 3.04 .08 058 | € e -10%a = 8 . a
Count 10.57 9.37 9.69 9.64 7.93 3.05 1.04 0.62 o F W 10-40% - - s . -
Average 10.66 9.23 9.82 9.89 7.01 3.04 1.06 0.60 10:3 = 40-80% B .. “ 5
Sys. (%) 0.9 1.5 1.3 2.5 0.2 0.2 2.0 3.5 3 0.5— Y 0.80% B n ‘ u
Fit sys. (%) 0.2 0.2 0.3 0.3 - 0.2 0.2 0.1 c - -l . . 8 L] ™
0-10 S 04— —— Const. Fits 4l * * L ‘ .
Fit 314 259 410 3.63 349 0.95 0.38 0.13 ] B 107°F . M * $
Count 2.92 2.66 3.99 3.66 3.70 0.93 0.35 0.12 2 = u N . x
Average 3.03 2.62 4.04 3.65 3.60 0.94 0.37 0.12 n 03 - N . M
Sys. (%) 3.7 1.2 14 0.5 2.9 11 35 3.8 et = B .
Fit sys. (%) 3.2 45 28 13 7.1 2.8 2.1 7.9 = = T T ® B N N = ¢
010 O ™ 1! : ' 0.001 '
Fit 6.5 135 5.0 5.58 349 1.78 0.57 0.28 = i 5 ¢
Count 6.30 454 5.08 5.28 3.39 1.69 0.56 0.29 0.1 - - ® - f 107°E o +0.001 ‘
Average 6.38 4.45 5.06 5.43 3.44 1.73 0.57 0.29 I T = T 1 - *
Sys. (%) 12 21 05 2.7 14 2.7 0.6 2.0 o v 1Y my - ¢ -0.002 o
Fit sys. (%) - - 0.2 0.3 0.1 0.2 ; 0.5 |« +0.002 e 0-10%
40-80 L -0.004 m 10-40%
Fit 1.26 .09 0.94 0.90 1.06 0.40 0.17 0.10 -0.1 : + 40-80% '
Count 127 116 0.8 0.95 0.92 0.46 0.16 0.10 5| © +0.004 + 0-80%
Average 1.27 112 0.91 0.93 0.99 0.43 0.16 0.10 0.2 10 B
Sys. (%) 0.14 3.2 34 3.0 73 7.3 35 L3 P I EPEPEETE IPEPEETY PEEPETE APETETTE AP NPT AT SR N T N
Fit sys. (%) 0.8 3.4 14 1.1 0.2 0.3 0.4 0.3 05 1 1.5 o 25 3 35 4 4.5
p, (GeVic) 1 2 3 4 5 6
pr (GeV/c)
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Systematic uncertainties

@ TPC tracking
» DCA: 2cm (default); R(nHitsFit) Nygta(nHitsFit > 15)/Nyqrq(nHitsFit > 20)
nrictsri =
NMC (nHitsFit > 15)/NMC (nHitsFit > 20)
» nHitsFit: 20 (default)
w w
& 14 70-80% | 60-70% | 50-60% & 4T 70-80% i 60-70% |- 50-60%
= 12 - 8 = 120 - :
L | [T -
[z 1 - - L - e
I od : _ T o _ _
B sl i I X o8 N
141 40-50% | 30-40% | 20-30% 141 40-50% | 30-40% | 20-30%
1.2} - - 1.2f - :
i [ -_'-:‘an-__ | — | —
1 - - 1t
0.8 2 - 0.8 - r
0.6 » = 0.6 B . ) . . o
1.4F - - 1.4¢ i i
Ll 10-20% | 510% | 0-5% 1l 1020% | 510% | 0-5%
T 6 8 S 1 = - 1 B <n<-0.6
—: -g‘““‘: : i 06 02
o o _gghsee ol
0.6_ L L L I 1 I 1 1 1 1 1 L 1 :|0:6:\q§|‘12{J L 0-6_ L I 1 1 1 1 1 1 1 1 1 :\06“:2(\10 1
05 1 16 2 25 05 1 156 2 25 05 1 15 2 25 05 1 15 2 25 05 1 15 2 25 05 1 15 2 25
p, (GeV/c) p, (GeV/c)

@ PID cuts 3%
@ B.R. 0.5%

® p + p inelastic scattering cross section 8%
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Systematic uncertainties

[ Isobar 200 GeV 0-10%

[ Isobar 200 GeV 0-10%

L dNR,/dpr dy

Raa =
(

Noin ) d*ND /dpr dy

Table Systematic uncertainties in DY analysis
0-10% 10-40% 40-80% Correlation in pT
Raw yield 11.3-19.6% 10.0-14.0% 8.3-11.2 % uncorrelated
Double counting  0.7% 0.8% 0.9% uncorrelated

spectra PID 3% 3% 3% Largely correlated
TPC 2-6% 2-6% 2-6% Largely correlated
B.R. 0.5% 0.5% 0.5% global

R <Nbin> 1.6% 0.6% 0.4% global

AA ppbase 20.6-71.8% 20.6-71.8% 20.6-71.8% partially correlated
0-10% 10-40%
Rep Raw yield 13.6-20.7% 12.4-16.5 % uncorrelated
(/40-80%) B.R. 0 0 global

TPC

0

0

Largely correlated

Integrated cross
section

Total

pt>0
12.7-15.8%

pt >4 GeV/c
12.0-15.2 %

. raw yield extraet ° yield extract
+ = TPCtrack
b + BR. " N
B v PID A p+p base lower limit
- ' o uric? o
E & fit range 1.73-2.00 GeV/c® with Pol3 v p-+p base upper limit
F % Norm.sys 1F
- I " single track p, ‘\? F + p + p inelastic cross section
o ) F
(=] [ o
x
=4 Tl S N * . E = I v M I . b
X f= o ‘ X . o, - °
5 [t ', e 1 ’ . 510 * . . .
= 3 = = L] L] L] - L] = L . . * * *
@ Q
AL S . g
> >
2] + + + @ + + * + (2]
= = = = [ [ [ [ a
.
- 102
1077 *
*
L 1 1 1 L E L 1 1 1 1 L 1 L
[ Tsobar 200 GeV 10-40% . ) F  Isobar 200 GeV 10-40%
F e raw yield extract F ®  yield extract
= TPC track
+ BR " N
1 v PID A p + p base lower limit
E & fit range 1.73-2.00 GeV/e® with Pol3 o
d +  Norm.sys 1k ¥ p+pbase upper limit
:E- * single track .. ,\? F o= + p +p inelastic cross section
P 3
o o
o o X
—10'F ¢ . * . . . t — I v v Y v h¢
X F @ . % A a A i
-~ o n ~ . .
5] . L ¢ 1 v FY <] 10~ . . . . . .
g [ u '] - [ L] = + + 4 ¢ ¢+ + + +
] N . [}
102 * @
>
w + + ¢ 4 + + ] + %)
* 2
w0k . 10~
* . L] = = L] L] L] L] L]
* *
- — ‘4“-‘0‘ L - L L L L L L L 1 L
[ Isobar aeV 40-8 F
F N o raw vield extract [ Isobar 200 GeV 40-80%
[ - _",(_- (rack [ . yield extract
1k +* B.R. - Nii
E v PID 4 p+p base lower limit
F & fit range 1.73-2.00 GeV/e® with Pol3 .
» Norm. sys 11 v p + p base upper limit
’-5 [} single track p. r < Fox ‘ p + p inelastic cross section
ﬂg 10 ¢ N . . N ‘ S b
S x
= H . v Y
. v X M - v Y
X 3 M ! . . H M . X X A ~ ~ I a
= anol N . ~
o 10°E S0 * . L L
E F+ + + + + + + + g10 ¢ o 3 8 . . ] .
2 5 Q
2 3 [
@102 * @
E *
F *
% *
L -2
104 * * 3 10 C
[ @ = = = [ [ . .
L 1 L L 1 L L [
1 1 1 1 1 1 1
0 1 3 4 5 7
p, (GeVic) 0 1 7

@ DO spectra at 0-10% (1), 10-40% (2), 40-80% (3).

3 4 5
P, (GeV/c)

@ D° Ry, at 0-10% (a), 10-40% (b), 40-80% (c).
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pr Spectra and Integrated yields

n 10 r—— — — .
) STAR Isobar VS = 200 GeV '
E . ® lsobar : {1}{- }l_g;f:}xztsu Isobar 200 GeV @ IsobarD°
= ‘@q O AuAu * 4&80;" B3] 0-10% & Au+Au 200 Gev D°
= ‘o —_— i v 4 T, : A
=10 ! t.& =P O 0-10% (20 xN.R | g 100k Isobar |syy =200 GeV . +»+ Langevin dynamics L Isobar @ 200 GeV
=, & E} [ 10-40% [=5 x N.R] \"u'! ® lsobar D’ e ] e L e @p >0 GeVicin Isobar
3 Q_ O 40-80%xN.R. v ) i . 1517 Op,>0Gevicin Auau @ 200 Gev /2014
" _‘ g‘ = O AuAuD’ @ 200 GeV /2014 AuAu <N, >
;‘:’ 10 3 ‘% i O ___-5:‘ ¥ pip g @*.._ @ i mm pp sys. & Sat.
= .t‘ m 'O ZD BRREE | N H_“H ______ § e
R Edo| Cowba : o
5 . . o = e o % o) 8 1 1 1 il 1 1 1 i
10 . 5 hggu = e = " s o= - -
wosn Levy Fit "5}..‘ . 10-40% 0.5 —% O L] - ! .C_.) 9
p+p scaled by <N_ > "'.é-. P:>0GeVie i
10 e ) ¢ ; U e e e e e e
2 ' T 0% - 0.8} 0 ' ' '
15 _G-—- - _ O PT>4 GeVie m ' H H H - .pT>4GL-\'fr in Isobar
1 .ﬁ..@.g % ..... T Q...i.:.. """"""""" H Op, >4 GeVie in AuAu @ 200 GeV / 2014
g o N 0.6 f-es S I N e - A 1.5
0.5 o
n © } I o0 } ¢) ] 1 1 1 1 ] 1 ] -
- (c Yo A -
=15F #0.0 - 04f' @ _© : p T
E = g PO SO 5 ¢ o _ 15F  40-80% o -
£ E@ | R R g8 ] hd I o) e 8 v 0 N
S5 F 02} i o el e - @] -
: . . . S« b R B | PR -f]------ 8 0.5 ¢ - O
F (d ' 40-80% [ S0 Il weee---m
15 Y T ” Hﬂ % H .
— = -~ 3 - 0 . . ; i
1 &.Q.Q.. ..........%.....@................g.. 0 100 500 200 0.5} & % o | | .
05 b N i 0 100 200 300
0E : 4‘."1 é part 0 : MEFEEE R T P B ST R R Npar‘t
GeVie 0 1 2 3 4 5 6 7 8
b, (GeV/O) p_ (GeVic)
@® DY invariant yields at mid-rapidity (Jy|<1) vs. transverse momentum for different centrality @® D° Ry, for different centrality classes in Isobar collisions compared to that of Au + Au results,
classes in Isobar (solid) and Au + Au (open) collisions at +/Syy = 200 GeV. quenching of hard probes.
@® DY integrated corss sections per nucleon-nucleon collision in Isobar. @® DY integrated Ryy vs. < Npqre> for pr > 0 and pr > 4 GeV/c in Isobar and Au + Au collisions.
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my Spectra and Collectivity

2 2 :
d*N _ d“N _ dN/d!} e (mr—ma)/Tess dN _ dN N fR e (pT sinh p) K, (mT cosh ,o)
2nprdprdy  2mmrdmrdy  2nTeg (mo + Tegr) prdpr  mrdmr  Jo TN T Tkin
N . = 0
0.8 - ; 1.];'01](501:Jar@21]!} GeV Central ISObar m — 200 Gev P D
Isobar sy, =200 GeV . o orzoD A.{Hsu @ 200 GeV Cenral 1 Isobar sy, =200 GeV
- i 0.3
O 0-10% (x 20) 0.7} o © 0-10% (x 20)
- ® D’ Au+Au 20-40% @ 200 GeV
® 10-40% (x 5) 06l 5 ® 10-40% (x 5) I
0 40-80% - ; e T 4080% =
< osf © 0.2}
[¢}] - / - .
S ' & . = S
= ~ 04| P +
= - ; . - - c
A = £}
- (o 0.3 3 ‘.‘ |_ ,
E '." % - —— Blast-Wave Fit = 01l g=3 D
[, exponential fits = 0.2 ;9 1077 — Tsallis Blast-Wave Fit % ¢’ o)
a . 1 . 1 . 1 . 1
107k , | . | . ] . ] - 0 2 4 6 8 i <= K 0]
0 2 4 6 8 A e
p. (GeVic) 1 p; (GeVic) Au + Au S = 200 GeV
T B A P I S NN T B N
_I Ll_l I Ll L1 I Ll L1 I Ll 11 I Ll L1 I Ll L1 I Ll Ll I | I L 0
00 05 1 15 2 25 3 35 4 0 0.1 02 03 04 05 06
Mass (GBV/CZ) Centrality (B) q—1 (B) (C)
0-10% 0.282£0.018 0.070£0.007
10-40% 0.207-+0.030 0.080-0.069
40-80% 0.189+40.031 0.089+0.005

@ DO invariant yield at mid — rapidity (Jy|<1) vs. pr for different centrality bins fitted with

@® DY invariant yield at mid — rapidity (|y|<1) vs. py for different centrality bins fitted blast-wave function.

with mr distribution.

_ o _ _ _ @® DY freeze out temperature in Isobar collisions are consistent with that of in Au + Au collisions
® T,zs for DO in central Isobar collisions is consistent with that of Au + Au results. for the same centrality.

® The average flow velocity increases with central collision, and (g —1) is also found to be close to zero.
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Event plane method to measure D° v,

_ of i
S [ = 0.9F £ g vt
Q | . =3 M E 1515407 + 1.024e406
o — after recentering —_ - 3
42__ —— before recentering UO) 08; 1<p_<2GeVie E
: L 0.7k X e E
40— © - —t—— E 3
38_—' D-O'S_‘ . h :\ I | I ‘l\\\|\\\|‘\\é
T 04F == Pl e AR Tl
36 (]>,) 032_ ® % | 6=13.7 +1.6 MeV S
e 2200 —
0.2 g ]
* 0.1 i
1 1 | 1 1 1 | 1 1 1 1 I 1 1 1 | 1 1 1 | 1 1 | 1 E| L 1 1 I 1 L 1 1 | 1 1 1 1 I 1 L L 1 | 1 1 1 1 I 1 L L L 0
R N K 25, %70 20 30 20 50
centrality (%) 17 18 o e
(1 Event plane reconstruction and recentering (2 Event plane resolution 3 Signal reconstruction with 4 pr bins and 5
A® bins (semicircle)
B 1 2/ el 2538/3
21500:— N 1.097e+06 + 7.059e+04 =T T T T T T T T T T T T LA B B L B B B T T T T T T T T
B E v, 0.07495 + 0.04215 B §
5 1400 — . 0.41— —
E F 1<p, <2GeVic &) v, correction - ’
1300 — + T B 7]
1200;- """"""""" ® A scale of A/sinA = 1.01664 is done to correct for finite %2 + + A -
1100 = bin width A = 0.1, B i A 4 + B + 7
10002— e i ® The 75 | - . 0. = 0__ __________ T _____________________________________________________________ -
E e v, is divided by <1/R>, weighted by the D" yield, to B 1
900 — get physics v,. ool -
aooi— ) N . L _
oo N(1 +207c0s(2(6 =) _ ® Isobar_blinded 200 GeV 0-60% §
02. . '0|2' . ‘ol4' s 'ols' . 'ola' L 1I - .1|2. s .1|4‘ L https://drupal.star.bnl.gov/STAR/system/files/D0_spectra_v2_20211230.pdf 04— —
' ' ' ' ' e . A Au-Au 200 GeV 0-80% .
i . 0 X _0.60 1 1 1 1 JI 1 1 1 1 2‘ 1 1 1 1 :; 1 1 L 1 4' 1 1 1 1 5' 1 L 1 1 Bl 1 1 1 L =
@) Different (¢-y) bin D° signal at 1.0 < py < 2.0 GeV/c o (GeVic)
=
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Summary and Next plan

® DY p; spectra, Ry4 and integrated cross sections are measured in Isobar, and
the result Is compared to Au+Au collisions at 200 GeV;

® Non-zero D° v, in Isobar collisions at 200 GeV is observed:

@ The next step is to push D° Ry, result to PWC review.
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Back up

dE/dx (GeV/cm)

Isobar /Syny = 200 GeV' Primary tracks

F=y
o

A=
o

Isobar 200 GeV Primary tracks
P T R I W B R B A B A |

-1 0 1 2
Charge x IMomentuml| (GeV/c)

12 -3 2

TPC PID

2.5

1B

1.5

rrliéry tracl:ks |

- Isobar 200 GeV Pri
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Less than 1.7 M events are used to provide analysis method check;

A more precise comparison is needed with published hadron v, result in Isobar.
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