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Motivation for Analysis

* BES-II provides significantly more statistics for lower collision energies.
o BES-I1 19.6 GeV: ~19M events after cuts
o BES-II 19.6 GeV: ~400M events after cuts

* Preliminary results for BES-I energies show increasing global spin alignment for ¢-
meson at lower AuAu collision energies < 19.6 GeV.

o Clarity py, behavior in lower energy regime.

* Cross-check py, values for K*? from BES-I. No significant deviation from 1/3.



Introduction to Spin Alignment

Preferential alignment of a particle’s spin along the orbaital
angular momentum produced 1n heavy-ion collisions.

L
Ppe B
. ih . . . K 1
Poo: 00" element of the spin density matrix. \é. 5
0* : angle between K™ daughter and polarization axis in 4%_!@!/
arent’s rest frame. o s 7
p N \(fp )
Poo 1S found by fitting the parent particle’s yield (N) vs Z
cos(0%*). Event plane
aN — NO X [(1 — pOO) + (31000 — 1) COS2 9*] Phys. Rev. C 98, 044907
d cos 0*

Nucl. Phys.B18,332(1970)

Poo # 1/3 1ndicates spin alignment.



Data and analysis cuts

Au+Au 19.6 GeV, BES-II

Event Cuts Track Cuts
- Vertex: |Vz| <70 cm - 0.1 <|pT| < 10.0
|VI'| <2 cm GeV/c
- nBTOFMatch > 2 - [IDCA| < 3.0 em
- TPC hits > 15
- Trigger IDs (minbias): - TPC hit ratio > 0.52
640001, 640011, 640021, -In| < 1.0

640031, 640041, 640051
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2"d Order EP Cuts

- 0.15GeV/e <|pT| < 2.0 GeV/c
IDCA| < 1.0 cm
n| < 1.0

- Total n separation for sub-
event planes = 0.10

- Run-by-run, Centrality, and
Vz binning for re-centering and
shift calibrations.

_Vz bins = {(-70,-30],
(-30,01,(0,301,(30,70)}



Default ¢ PID and Reconstruction settings

PID Fitting+BG subtraction
K- Mixed event background
IDCA|<2.0 Background normalized to tail of
TPC: |noy| < 2.0 signal+background, m=[1.04,1.05]
R GeV
TOF: 0.16 <m2 <0.36 L ,
Breit-wigner + residual polyl for fit
" o= == Fitregion m=[0.994,1.05] GeV

[1.20,1.80]

Integration signal extraction in region
m-2I'’,m-2TI']




efficiency

¢ meson Efficiency vs cos(0%)
BES-I BES-II
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Efficiency vs cos(6%)

No direct answer to why we see a
slight negative linear slope with
respect to cos(0*).

Linear trends of the two data sets
appear consistent overall.

Efficiency Ratio BES-II/BES-I
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o P = 0.4-0.8 GeV/c mp, = 0.8-1.2 GeV/c
AP = 1.2-1.8 GeV/c v P, = 1.8-2.4 GeV/c
oP;= 2.4-3.0 GeV/c o P, = 3.0-4.2 GeV/c
., ,AuAu19GeV 20%-60% , | , ,

1D 0.2 0.4 0.6 0.8 1

cos(6%)




Resolution and Acceptance Correction

* Decay ¢-meson in Pythia6 with the following kinematics.

* Random p; from measured spectra in specific py bin.
* Random rapidity from uniform distribution over [-1,1]
* Random ¢ using measured elliptic flow as input.

 Calculate cos(0*) for K* daughter.

* Use ¢-meson yield vs cos(0*) from simulation to calculate F (acceptance
coefficient)

x g(0*,B).

dN B dN
dcos 0*dj m) ~ dcosf*df

g(0",B) <1+ F cos® 0* + F'sin® * cos 23

g(0*)x1+F cos? 0*

Phys. Rev. C 98, 044907



Resolution and Acceptance Correction

* Since we do not know the reaction plane and can only calculate the event plane
with a finite resolution, we must change coordinates to a primed frame for our

calculation in which,
U =y 4+ A.

* We can extract p,, from the the updated function where F 1s set by simulation.

dN ,F / 2 nl*
[dcos@’*] ’ oc(1+ 5 )+ (A" + F)cos” 0
B'F
+(A'F — ) cos* 0%,
. A(1+3R)
T 4+ A(1-R) 4 3Poo—1
,  A(l-R) 1= poo
4+ A(1—-R)

Phys. Rev. C 98, 044907



EP Resolution and Acceptance Correction

* To ensure py, with respect to the 2" order EP is consistent with p,, with respect to
the 15t order EP one must use the 2™ order EP “resolution” with respect to the
reaction plane that the 1% order EP 1s perturbing around.

Ro1 = (cos2(¥y — VU, 1))
* R, can be found by using the following relation.
D15 = (cos2(¥y, — Uy))
= (cos2(V1 — ¥, 1+ ¥, — U3))
~ (cos2(¥1 — ¥, 1)) (cos2(V¥, ;1 — Uy))

= R1 - Roy.
* Since we are using the 2" order sub-event plane for our py, calculations, we must
Sub
use R51" 1nstead.
R3Y” = Ry1 /N2

Phys. Rev. C 98, 044907



Acceptance Correction QA

04 * Input a p,, value to acceptance

: E simulation.
o 1 * Grab output p,, and apply
a0.35- ~ acceptance correction.
2 | 1 * Input and acceptance corrected
g - - output match!
0.3 _

0.25

0.25




1st Order EPD EP Resolution & R,

n weights implemented
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@¢-meson Pyy VS Pt

Mid-central Au+Au collisions (20-60%)
BES-II Weighted average over pr.
Poolt = 0.3512 £0.0026 (stat) = 0.0013 (sys)

Poot > 1/3 with 6.156

BES-I Weighted average over pr.

Poo. = 0.370 = 0.008 (stat.) £ 0.007 (sys.)
Poot > 1/3 with 3.5¢

pOOH < pOOI with 1.7c

Non-trivial pr dependence.
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Default K*° PID and Reconstruction settings

PID
K-

IDCA| <2.0
If TPC: |ncg| <2.0
Else, use TOF: 0.16 <m2 < 0.36

71:+/-

IDCA| <2.0
If TPC: |nc,| < 2.0
Else, use TOF: -0.2 <m2 <0.15

Fitting+BG subtraction

Rotated pairs background

Background normalized to tail of
signal+background, m=[1.15,1.2] GeV

Breit-wigner + residual poly2 for fit
Fit region m = [0.77,1.06] GeV

Integration signal extraction in region
m-2I'’,m-2TI']




Raw K*0
cos(6*

20-60% Centrality
pr=[1.2,1.8] GeV/c

Poly2 residual backgrounds
have similar shapes in each

cos(0%) bin.
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K*0 raw pgo VS P

20-60% Centrality

Efficiency vs cos(0*) will be

performed with the same

simulation procedure as ¢.
No ToF Matching Efficiency.

Acceptance + Resolution
correction.

We have everything for the resolution
correction already.

pOO
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0.5
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0 ¢ (bw integrating)
o ¢ (bin counting)
.......... Poo = 1/3

AuAu 19GeV 2019
20%-60%
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Summary and Outlook

Efficiency vs. cos(0*) linear trends are consistent between BES-I and
BES-II.

First look at fully corrected ¢-meson py, for 19.6 GeV BES-II data set.

We want to do some more QA for the acceptance + resolution correction step.

First look at raw p,, for K*? for 19.6 GeV BES-II data set.

We will perform efficiency, acceptance and resolution corrections very similarly

to ¢.

THANK YOU FOR YOUR ATTENTION!



BACKUP SLIDES
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Meson Efficiency vs cos(6%)

Using method laid out by Xu Sun 1n his analysis note from BES-I:

- Use Pythia6 for sim.

Decayed K™ and K~ will go through a MC process to simulate TPC and ToF effect.

Two independent random numbers will be generated for each decay daughter and compared
with TPC Kaon tracking efficiency and ToF matching efficiency (with different fitting pro-
cedure described in 3.1.3) in a specific binning as shown in Sec. 3.1.1 and 3.1.3.

If both random numbers are smaller than the corresponding Kaon efficiency, this track will
be kept, otherwise, this track will be killed (€, |,<1 = €rpc * €ror)-

If both K+ and K~ survived from above MC process, reconstructed ¢-meson will be filled
into a cos(6*) histogram and compared with MC distribution to extract ¢-meson efficiency.

20



ToF Matching Efficiency

* Evaluated using real data.

* Nrpe = tracks passing strict |nGg|<0.6 cut in addition to TPC performance cuts in
attempts to accurately identify desired daughter particle, K*-.

* Nrp = tracks with B > 0 and pass the above cuts.
* Matching Efficiency = N/ Ntpc

* There 1s some hadron contamination addressed by applying fit excluding specific
regions of matching efficiency.



¢ Meson Signal Extraction

x10°

5/25/22

pt5_Centrality_9_GosThetaStar_3

2nd_Dca_0_Slg_0_Phl_SE_copy

Entries
Mean
Std Dev

2273931
1.023
0.01609

+
f
it ey
bt tihy iy b
i

1.04

' b 1

1.05

Kaon cuts
0.16 <M?<0.36 GeV/c?
Inc| <2.5

Full 19.6 GeV data set.

Mixed event background normalized to the
same event signal between [1.04,1.05].

Subtract normalized mixed event
background from same event signal.
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¢ Meson Invariant Mass

20-60% Centrality A0 Eriies o888
1.2<p;<1.8GeV/c Mean 1.021
100 Std Dev 0
Mass yields fit with Breit-Wigner + poly1: [1 20, 1 80]
80

1 AT
2 (m —my)? + (I'/2)?

BW (mipy) =
60
¢@-meson yields are found by bin counting and
integrating between [mg — 21", mgy + 2T
in each cos(0) bin

I!I|I|I|I|I|I|I|I|IIIIIII

20
I' and m,, are fixed from cos(0") integrated
] 0 :
y1€lds o 05, P GT
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
098  0.99 1 1.01 102 1.03 1.04 1.05

Fit each cos(0™) with BW-+polyl with fixed
values from above .



0/7 < cos(6*) < 1/7 1/7 < cos(0*) < 2/7 2/7 < cos(6*) <3/7
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. " T
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Bin counting

- Simply count the individual bins
between [m, — 2I", my + 2T
and subtract integrated linear
background in same range.
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Integrated

-  Use BW+polyl fit in individual
cos(0™) bins and subtract integrated
linear background in same range.
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BES-I/Il TPC Efficiency Comparison

BES-I
K" @ Au+Au 19GeV
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 20%-60%
EEE fit to 20-60%

25 % 15 2. 253 35 & 45 5
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BES-II
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ot
o

°Efficiengy
> o

I

II[II]II|IIIIIIIIIIIII[I]IIIIIIIIIIIII[IIII

— 50%-60%
— 40%-50%

— 30%-40%
—— 20%-30%
— 20%-60%

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III[|IIII

| | | | | | | | | | | | | | | | | |

Standard STAR
embedding procedure.

We embed 1individual
daughter particles K*-

BES-II has ~10% higher
TPC Tracking efficiency
than BES-I.
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BES-I/Il ToF Matching Efficiency
Comparison

BES-I BES-II
h_mEfficiency_Kminus_Cent_9

K @ Au+Au 19GeV
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BES-I/Il ToF Matching Efficiency
Comparison

BES-I BES-II
K" @ Au+Au 19GeV h_mEfficiency_Kplus_Cent_9 .
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il || j
3 0.6 It { ‘ i . |
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Efficiency
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$-meson py, VS pr : Systematics

1. Choose central values for each source of systematic error.

2. Vary one cut at a time while keeping the others at the default value. Calculate p,
for each variation and calculate the sources error with:

7 7
o pOO,maI T pOO,mz"n,

ApéO,sys — \/ﬁ

3. Combine all sources of systematics:

ApOO,syS — \/Z(Ap60sys)2

)

Central Variations
dca < 2.0 < 2.0, <25, <30
Inok] < 2.5 < 2.0, <25, <3.0
Normalization range for mixed-events background [1.04, 1.05] [1.04, 1.05], [0.99,1.00] and both
Yield extraction breit-wigner integration || bin counting and breit-wigner integration
Counting and integration range < 2.00 < 2.00, < 2.50, < 3.00

5/25/22 30




p00

K*® Poo VS Pt

Rotated Pairs Background

Mixed Event Background
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within uncertainties for

pr> 0.8 GeVle.
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Increase in K*0 p,, in low p; region

* Loss of information due to minimum p- cut.

* Below results are from simulation.
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Rotated Same Event BG, ToF && TPC
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Rotated pairs background normalized to the
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Performed same analysis with mixed event
background.

35



I S ' JE

. . L _

PID Selection Differenc .- -

Raw pg, using BW integration for ] ' @ TPC Il ToF K** BES-I 1

y161dS 1S shown. i ® TPC && ToF K*° BES-Il |
..... p =1/3

Points are consistent in pT bins >= 1.2 ol + i

GeV/c. S ‘ :

a i _

j ........................... :i .......... % ............................................ :

pT < 1.0 GeV/c was not presented for 0. _

BES-I. Low pT cut effects. ' ! ]

_ AuAu 19GeV 2019 s i

i 20%-60% |

Statistical uncertainty 1s slightly lower ol o

for ToF || TPC (BES-I method). : 2 ‘




pT =[0.4,0.8] GeV/c (20-60%

0/7 < cos(0%) < 1/7 1/7 < cos(8*) < 2/7 2/7 < cos(0%) <3/7 0/7 < cos(6%) < 1/7 1/7 < cos(0*) < 2/7 2/7 < cos(0*) < 3/7
x10 x10° x10° x10° - x10° x10°
eazad 1) T T T T T Enties 30671 400 T T T T T Entries 725 A T T T T T Enwries 483 sofL T T T T T Entries 202 P T T T T T Entries 341 F T T T T T Entries 231
F [ Mean 08517 ] 0877 400~ Mean 08474 F Mean 08747 80— Mean 0877 Mean 08719
L : Std Dev 0 1 Std Dev 0 + 0 u Std Dev 0 SdDev 001719 Std Dev 0
3001 B x ] [ [ ]
F n 4 1 = [ 60 — 1
E oo - ] 300 i . 300~ L i 60[- = ]
[ 1t L ] 2 1 [ r 1 1 ]
n n L] 1 [ L 4 4
2001 b 1 F 1
F ] [} ] ] . L 40 - 1 a
E 4 i il 200 H . 200 L 1 a0~ 7 j
r L] n s 1 4 r - E 1 4
[ 1 | ] h 1 1 [ L . 1
100 i - 5 ] P r ] ] 1
[ ' ] 100 1 E 1oor 201 ] 20 -
- 1 1 E L] L r - - 1
[ . ] i ] F ] ]
o =1 =] 0 L = I o & .
L 0 AT
L) Q) -
o 6_ % 7 ¢
-100 ] ] 1 1 1 I _100 I 1 1 I I i) *100$ _20k 1 I ] ] ] Lo h -20 I 1 I 1 I 10
075 0.8 085 09 095 1 1.05 075 08 085 09 095 1 1.05 075 08 085 09 095 1 1.05 075 08 085 09 095 1 1.05 075 08 085 09 095 1 1.05 075 08 08 09 095 1 1.05
5 3/7 < cos(0*) < 4/7 2 4/7 < cos(0*) < 5/7 . 4/7 < cos(8*) < 5/7 s 5/7 < cos(0*) < 6/7
x10 10 10
LSRR RS RN RS LR R e == 500 T . 1001..;.“...|'|..|u.'|...'|..Emm o 1201.u.|n|.|'...Innlnnl..Em"es o)
L 08773 Mean 0.8437 0.8491
400 [ 400 Std Dev [ [
s00- 300 —' E
200F 200 3
100F 100 3 E
of= o -]
i) 5100 1 1 1 9
075 0.8 085 09 095 1 1.05 075 08 085 09 095 1 1.05
6/7 < cos(0") < 7/7 . Integrated Yields 20-60% , 6/7<cos(07) <717 s Integrated Yields o 20-60%
%10 10 x10
R A AR L LS L P asE — y [ T T — oF
E Mean F 08639 08743
E Std Dov 3 F o $ o I
E E O bin counting ’0 L O bin counting
E 2.5F e 4 S Lo
E E O breit wigner .’ O breit wigner
] 83 = [
3 : S N 151
E 1.5 o '0 |
E F >
E 1t .,_é_ L
? 0.5] : o’ I
E - L
of= - ’
5 5 [T o
075 08 08 09 095 1 105 L rarmn 75 (I TVTER: D I 075 08 085 09 095 1 105 i I I BN T
075 08 085 09 095 1 105 02, 04 . 0.6 0.8 0 02, 04 . 0.6 0.8
cos(0) (w.rt. 2" event plane) cos() (w.rt. 2 event plane)




pT =[0.8,1.2] GeV/c (20-60%

ToF || TPC

0/7 < cos(0™) < 1/7 1/7 <cos(8") < 2/7 2/7 < cos(0™) < 3/7
x10° x10° x10°
700 — A e e e
Mean 0818 0se24 oser7
Std Dev  0.05672 600 Std Dev  0.05508 0.04084
500
400
300
200
100
0 =
1 1 1 1 1 1 1 1 1 1 1 1
075 08 085 09 09 1 1.05 075 08 085 09 095 1 1.05
3/7 < cos(0") < 4/7 . 4/7 < cos(0*) < 5/7 5/7 < cos(6*) < 6/7
x10 10
600 T O i L R AL M B E= ot
" Mean 0.8607 0.850
500 : Std Dev_ 0.04223 500 3 02514 500
1 3
] ]
400 ' 400 3 400
' E
1 4
300 ' 300 - 300
= ]
200 - 200 3 200
] ]
100 ] 100 E 100
" - ]
(] SR - -- L b
1
-100 -100
075 0.8 085 0.9 095 1.05 075 08 085 09 095 1 1.05 075 08 085 09 095
. 6/7 < cos(0%) <717 . Integrated Yields g 20-60%
0 0 10
o184 F Emies 72563 [
0844 r Mean 08579 &
ooias 4 S0 Goiors 7 '
g . [O 80 1.90% r O bin counting o)
L - e r .0
3 F O breit wigner R4
[ 6.5 -
2 td
D

u IFEFITETS RIS A A TS AW A S WA e A

075 08

085 09 0.95 1 1.05

0— L

I "
- "
K
6 %:'
===
s | e i
0.2 0.4 0.6

P
0 B i 0.8
cos(8) (w.r.t. 2™ event plane)

ToF && TPC

0/7 < cos(0™) < 1/7 1/7 <cos(0") <277
x10° x10
T e e e
120 . B [men  osus
L] 1 Std Dev 0
100 1 . 3
1 [ 4
80| ' 1 =
1 ] | ] -
(] ] ]
60 [} ] -
L] 1 .
1 ] n 1
40 1 [ -
] 1 ]
20| & i -]
' ]
0 r &
_20 2
{ 1 1 1 1 1 1
075 08 08 09 095 1 1.05
, 3/7T<cos(0") <4/7 4/7 < cos(0*) < 5/7
x10
T e L RAAEZEazss na s
i 140

T[T T T

1

3

6/7 < cos(0*) < 7/7

120

100

g -

%
E

9

1000

800

600

400

200

Haoaaleoa sl

08489

075 08

0.85

0.9

x10

2/7 < cos(0™) < 3/7

3

140

o R S RAREEmamEs o

1 1 1 1

0.75

1
08 085 09 095 1

5/7 < cos(6) < 6/7

140
120
100
80
60)

40

g T T[T T T

20f9, 4

0.75

=
08 085 09 095 1

20-60%

1.6

O bin counting

O breit wigner *

o

0 A

B é
L4
L L
. NP P
0.4 0.6

P [T gy
023 B i 0.8
cos(8) (w.r.t. 2™ event plane)




=)
%

0/7 < cos(0™) < 1/7

600

500

400

TTTTTTT T T X

300

Entries

35770

Mean 08722

St1dDov 0.

07413

M PR FRETE FEETE FTTE

pT =[1.2,1.8] GeV/c (20-60%

ToF |

TPC

s 1/7 < cos(0*) < 2/7 s 2/7 < cos(0*) < 3/7
1
c‘"')j . T T T T Temies 30203
Mean 0.8600
s0of- SuDov 007267

400

300

F 1 200
200F h
o L]
C [}
100f 1 100
E 1
r 1
oD 4 l L L ol
075 0.8 085 09 095 1.05 075 0.8 08 09 095 1 1.05
. 87<cos(6") <417 , 47 <cos(6") <57 5/7 < cos(6") < 6/7
[ 10 10
A A A soof T T e sooft T T T A T
500 (Mean 0865 Mean 0.8580 Mean 0.8557
F spev 00068 Suov 000233 SuDw_oose
E ] 400f E 400 ]
400 5 ] 1
3001 3 300 7
300p E ;@ ] 1
2ok ] 200 @& . 200 b
L 1 ] ] ] 100 ' ]
o 1 1 00— = ] 7]
100 H - ] [ ]
r L] 1 Q - 1 4
L 1 ] ¥ B ' ]
ofemmdemmmm———— € Of==qm==mmmm====g OfmmmqmmmmmmmaasT .
Tl 1 1 1 1 1 ul 1 1 1 1 1 1 1 H 1 1 1 1 1 1
075 0.8 085 09 095 1.05 075 08 085 09 095 1 1.05 075 08 085 09 095 1 1.05
, 6/7<cos(07)<7/7 . Integrated Yields o 20-60%
ST 10 x10
[T E Eries 175102
soor 1 3 Mean 0846 E Mean 0864 N
L 1 StdDov_0.05543 3.5 Std Dev_0.06816 45
o 1 E E ~L O bin counting
E ] £ [1.20,1. i
o 1 1 E [—$— O breit wigner -4
30 3 25F A P
AN 1 E .-
E 3 b e
[ & ] -
200F 3 2o -
: 5 of
100 - E L
L ] = r
of- : : -
- Xs) 0.5 4.2
075 0.8 085 09 095 1.05 %' T T
. 0 02, 04 0.6 0.8

cos(8) (w.r.t. 2™ event plane)

0/7 < cos(0%) < 1/7

Entries.
Mean

4625
08765

S1dDev  0.05631

Ml REE N FEw |

120

100

80

Entries

Std Dov

X
08691

Nl NS NS AW FEwE

ToF && TPC

1/7 < cos(8*) < 2/7
x10°
140 T T T Enties 3664
Mean 08761
120 S Dov_ 00503

100

80

60|

40

20,

417 < cos(0) < 5/7

120

100

80

60|

40

20

o

10
AT T T T T T

Entriee

3080

2/7 < cos(0*) < 3/7

5415
08787
006100

1
-

075 08 085 09 095 1

5/7 < cos(6) < 6/7

2010
08558
01522

al 1 1 20 1 1 1 1
075 08 085 09 095 1 1.05 075 08 085 09 095 1.05 075 08 085 09 095 1 1.05
' 6/7 < cos(0%) < 7/7 . Integrated Yields 20-60%
x10 10
frr T e £ —
120b b Moan 08673 F Mean 08700 1.6
E SuDev_ 000978 so0l- SdDev 00478
100:_ _: O bin counting
o ] O breit wigner
80 7 600 1.55 9
60f =
402 ] 400 -
5 7 15 LIl
Fo ] ~ol ™
206570 E 200 =
P ] ~
- - ~ 1~
of= ~J
o 1.45
- IFEFIFETS IFEFAATS IS NI A A T 0 &N L
075 08 085 09 095 T P PR hhnn i S B P | A
075 08 085 09 095 1.05 0 02, 04 0.6 0.8

cos(8) (w.r.t. 2™ event plane)




pT =[1.8,2.4] GeV/c (20-60%

, 07 <cos(6") <177 1/7 < cos(8*) < 2/7 2/7 < cos(8*) <3/7 , 0/7<cos(6%)<1/7 , \7<cos(0")<2/7 2/7 < cos(8") <3/7
x10 x10° x10° x10 %10 x10°
160FF T T T T T [emmee 12388 . T T T T L T T I T T T T T [emee 10780 1873 e T T T T T Tenties 1845 F T T T T T enmies 1300
r Mean 08368 - Mean 08868 = " ] Mean 08834 35 0.8867 089 Mean 08837
1a0F sidpev 007818 140 SidDov 007724 140p [] 1 SuDev 00757 00634 39 S1d Dov_005677 St Dev_0.05784
n 3 3 E ¥ 1 3
s ] 7 120 ° ' 3 30 30 3
120 B 120 1 E ' ' ] E
[ ] ] ] 1 B
F ] 4 F 1 25 25 ]
F 4 - 100 1 1 e ]
100 = 100 ] [ 1 ! ] ]
[ ] ] F 1 1 ] 20 20 E
F 1 80 - L 1 1 ]
8°§ 7 h [ ' ] 15 15 3
1 : 1 1 ]
E ] 60, - H - ]
60 - b 1 10 =
-o b 1 " 1 1 10 ]
P ] 40 e 40f ! 3 ]
40:_ : B E F ] Bl vealles, 5 g
o 1 - - .1 <
20F 1 20| 20f X of 7
h L L L L L Lo oL h | ) L | | R b 1 1 1 1 1 shH 1 1 1 1 1 b 1 1 1 1 1 L..d
0.76m m0eGm m0sGE = 9.0 = 905 = ol m mm0E = 0.75 075 08 085 09 095 1 1.05 075 0.8 085 09 095 1 1.05 075 08 085 0.9 095 1 1.05 075 08 085 09 095 1 1.05
, 37 <cos(6") <417 , H7<cos(6) <57 , 5/7<cos(6") <6/7 , 3/7T<cos(6%) <4/7 , 47<cos(0") <5/7
x10 10 x10 x10 10
1401....“...'....|....|....|..Em‘“ = 1401—....“...|....|....|....|..Emm — 140 ea—— R RS B ES Pl Ay G e P s RS RS L LIS R reere
L Mean 08778 ] 1 Mean 08606 35E Moan
F S1d Dev_0.07331 120 L 1 Std Dev_0.06002 E
120 120 : [] T 301 ]
- L] J r 4
E 100 [ 1 B E 3
1001 100 [] 1 1 25:_ 3
F ] [} 4 o 3
8o 80 1 1 3 20F E
F L} 1 ] o E
F 1 Q 1 p 15E 3
sof; 6! ' 3] E E
: k E E
FQ¥ PN ' ] 10f E
40_—® 40 1 1 ] E E
[ ' ! 1 5 by, TR 3
200 20 : ] :%Q 1 J
F M )] -
E 1
of= Ofm e e e ccm s e 2R E g
il 1 1 L I I 1] -5k 1 1 L 1 I = =
0.75 075 08 085 09 095 1 1.05 075 08 085 09 095 1 105
6/7 < cos(8*) < 7/7 , 6/7T<cos(87) <717 Integrated Yields . 20-60%
x40 R RRRERRRRR R 10’ 10
(AR RARRE RRRAE LR RALRE Ll e 1000 — asf T T RS AR L e 250F ——— 420F
120 ' Mean 0853 08778 E og742 L osste i
3 : Std Dev_0.06536 07452 30F 04948 [ 05635
L H E r E 200 I O bin counting
1004y ' . soo_ 25F : |
o ] ] E 3 it wi
8ol H E 20E r 400 O breit wigner
n 1 1 E 150
[ ' ] 600 o F
sor ' E 15F [
E [} 4 E L LR ]
- ' 3 E 100~ =
4of ' ] 400 Top b 380 =
o 1 ] E N =1
201 . 5F [
F N 50—
[} 200 M 3 02 L
L 1 1 - 4 E o,
PY:| | PP T PP IS NPT PP i | O PR, DU L DT UL PR Y - 0 a 360
075 08 08 09 095 1 105 (T T T P T T N I I R 075 08 08 09 095 1 105 TN T e e e |
075 08 085 09 095 1 1.05 0 02 04 0.6 0.8 075 08 08 09 095 1 1.05 0 0.2 04 0.6 0.8
x d 5 nd
cos(0) (w.r.t. 2" event pblane) cos(8) (w.rt. 2" event nlane)




0/7 < cos(0%) < 1/7

X
=)

pT =[2.4,3.0] GeV/c (20-60%

ToF && TPC

ToF || TPC

1/7 < cos(8*) < 2/7

x10°
o)

N
o
TITTTI T

Entries 1840

'ar""l"'l"'

10
T

3/7 < cos(6%) < 417

3

25

20

T T[T T T T T T

6/7 < cos(0™) <717

T[T T[T T T T

Enties 1017
Mean 08914
SdDev 007712

T T T T T Tenties 1035
25 Mean 08065
SidDev_ 00708

4/7 < cos(8*) < 5/7

T
T T T T T Entiies 2031

07701

-y
o,
w

25

20

]

T T T[T T T T T

TP I I I I TP B

08683
07752

'l AT AT IS A

0.75

0.85

0.9

0.95

160

140

120

100

80

60

40

20

Entiee 15113
Mean 08873
Sid Dev_0.07847

o&"v‘"l"'l"'l"'l"

SETT T T

200

180

160

2/7 < cos(0*) < 3/7

3

25|

20

Mean 08943
007756

_&l"l""l""l""l"—%

o=

0
0.

x1

T
1

.75 08 085 09 095 1 1.05

5/7 < cos(6) < 6/7

o 20-60%
(0)

O bin counting

O breit wigner

M PR B RN
02, 04 0.6 0.8
cos(8) (w.r.t. 2™ event plane)

0/7 < cos(0%) < 1/7

6000

5000

4000

3000

2000

T T T T T

1000

-1000

Entries 207
08835
SwdDev  0.04018

3/7 < cos(6%) < 417

=

6000

5000

4000

3000

2000

1000

-1000

IIIIIIIIIII]IIII]IIIIII“I

Entries 321
Mean 08918
SidDev 005217

FERY ERTRY FAREE FTAT b

o
SETT
@
o
™
o
o
@

1/7 < cos(8*) < 2/7

7000 T T T T TT  Enries 209

Mean 08891

6000 Std Dev 00564
)

5000
4000
3000
2000

1000

—1000|

—2000E 1 1 1 1 L

075 08 085 09 095 ]

4/7 < cos(8*) < 5/7

P AR RERRE RARES LERRE MRS R
6000
5000
4000

3000

2/7 < cos(0*) < 3/7

£ 443
r Mean 0.8937
6000 swavov_000255
5000 4
4000f E
3000 4
2000 4
1000 4
0] N
1000 k 1 1 1 1 1 1o
075 08 085 09 095 1 105
o
08816
06405

6/7 < cos(0™) <717 o 20-60%
3 x10
7000 T T T — £
u Mean 08707 Mean 08841 I
6000 M Std Dev 0.0366 S1d Dov_0.05428 i
1 O bin counting
5000, ]
1
2000 : O breit wigner
! ) =
3000 : 3 0 _l_ g aguasp=”®
2000 (* 2
1000
0 -
-1000 é [
AP TP PP P O PP Y r [} 55
075 0.8 085 09 095 TS PR PN PR FETE PR [ M P R AR B
075 08 08 09 09 1 105 0 02. 04 0.6 0.8

cos(8) (w.r.t. 2™ event plane)




4000

3000

2000

1000

4000

3000

2000

1000

-1000

e
9
a

0/7 < cos(0%) < 1/7

TTTT T T T g

Entries 293
Mean  0.9005
Std Dev 0.0813

saa ol

a2 a7

T

08 085 09 095 1 1.05
3/7 < cos(6%) < 417
O RRaas xee eSS s
0.8924
07922

6/7 < cos(0™) <717

pT =[3.0,4.2] GeV/c (20-60%

ToF || TPC

1/7 < cos(8*) < 2/7

Entries. 206
4000 osor7
ogrr
3000 3
2000) 3
1000 ]
0
—~1000!
075 08 085 09 095 1
417 < cos(0%) < 5/7
5000 e
Mean 0.8756
4000 Sid Dev_ 0.06704

3000

2/7 < cos(0*) < 3/7

Entries

5000

06747

4000

3000

2000

T T T T L

1000

Mean 08014
Std Dev 0.

o.
—1000f

b

075 08 085 09 095 1 1.05

5/7 < cos(6*) < 6/7

T o —

i =
4000"_ 08742

L 08020
3000F B

08514
SidDev_ 006988

] 2000 B
2000 = >
E 1000 —
1000 3 [ O
1 of=
0 } :
-1000F ' ' % 3
-1000) F
il 1 . s il 1 1 1 1 1 1
075 08 085 09 095 1 1.05 <7075 08 085 09 095 1 1.05
5 20-60%
10
25| 35F
[ O bin counting
20 [
30-_ O breit wigner
15 y 17 bk B e =
) o5k bt EE 2
) L R
4 L
20f
5 N
0 151
TN P N P R P SRR R R R B
075 08 08 09 095 1 105 0 0.2 0.4 0.6

cos(8) (w.r.t. 2™ event plane)

ToF && TPC

0/7 < cos(0*) < 1/7 1/7 < cos(8*) < 2/7 2/7 < cos(0*) < 3/7
1400 T T T T[Enmes 115 1400| 1200fF T T T T T Enmes 155
Mean 09017
1200| Bans 1200 1000
1000 3 1000 800
800 E 800 600F
600 3 500 400
400 = 300 200
200
200
5 of
0 =
200, 200
-200 _400 -400
—400 —600 -600 1 1 1 1 1 1, 7]
075 0.8 085 09 075 08 085 09 095 1 1.05 075 08 085 09 095 1 105
3/7 < cos(0") < 4/7 4/7 < cos(0*) < 5/7 5/7 < cos(0") < 6/7
= 1200 LT T T o T T T T e
08965 F Mean 08880
-oooss 1000:_. Std Dev :«m 800
r 800 B 500
& 6oof- E 400
% 400 7 200,
b 200 0
o ~200
—200 —400[
—400f 1 1 1 1 _eoall 1 | 1 1 | 1
075 0.8 085 09 095 1 1.05 075 08 085 09 095 1 1.05 °"075 08 085 09 095 1 1.05
6/7 < cos(0") <7/7 Integrated Yields 20-60%
1200 T T T T T = r a——
E 7000 058884
1000F E 05352 !
E 6000} O bin counting
800 E
E 5000F o
600 E O breit wigner
E 4000F 3
400 E 3
3000 5
200 E k
2000
of E
F 1000
—200f
E o
| rEA (PR P (AR PR PR e _1000E-
075 08 085 09 095 1.05 "IN U RS PRI PR PR I AP R Lo s o0y
075 08 085 09 095 1 105 0 0 0.8 1

cos(8) (w.r.t. 2™ event plane)



5/25/22

efficiency

....................... [ d-ns---
0-8 FETTS T SECEEREEELS S ECETERCEEE 'ET SEETSEEERIE i ki 1 |?|- :

'_ """ ‘ """""" *""""""1 """"""" ‘ """"""" .‘ """""" I """""" "' il |
S— A R [ S— S— —
0.6 =
CETCEEF CETERRPPERES 8. . ... T — - . TR— T — PRIy
i AuAu 19GeV 20%-60% _

- e p. = 0.4-0.8 GeV/c mp = 0.8-1.2 GeV/c

0.4—4 P = 1.2-1.8 GeV/c VP, = 1.8-2.4 GeV/c —

- o p.=2.4-3.0 GeV/c o p, =3.0-4.2 GeV/c

0 0.2 0.4 0.6 0.8
cos(6”)

1

43



