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Reconstruction of strange particle decays
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Statistics: 260 mln. events

Strangeness production in /sy = 3 GeV Au+4Au
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Figure 2. Transverse-momentum spectra of A (a) and K (b) at mid-rapidity from different centrality
bins in Au + Au collisions at \/syg = 3 GeV. The spectra are scaled by consecutive factors of 107!

for each centrality bin as indicated in the legend. The vertical lines and boxes represent the statistical

and systematic uncertainties, respectively. The dashed curves represent fits to the data using the Figure 3. The rapidity dependence of dN/dy of particles for different; centrality bins in Au+Au

collisions at /Fyn = 3GeV. The vertical lines and boxes represent the statistical and systematic
blast-wave model.

uncertainties, respectively. The solid lines represent the three-Gaussian function that fit the data
points. The dashed lines are the calenlations from hadronic transport model UrQMD [42].
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Steps towards physics analysis

BM@N Note
REC-2025-01, ANA-2025-01

Reconstruction of decays of strange particles produced in
Xe+Csl interactions with the BM@N detector

Roman Zinchenko', Julieta Drnoyan', Mikhail Kapishin', Igor Roufanov!,
Veronika Vasendina!, Alexander Zinchenko®*:! , and Dmitry Zinchenko!

IJoint Institute for Nuclear Research, Joliot-Curie 6, Dubna 141980, Moscow
region, Russia

February 24, 2025

Abstract

In December, 2022 - January, 2023 the BM@N experiment conducted its first physics run
with full detector configuration. Over 500 million events of Xe beam interactions with CsI target
with the beam kinetic energy of 3.8A GeV were collected.

Since then, strong efforts have been put to reconstruct the collected data and make preparations
for physics analyses. The current status of such an activity related to reconstruction of strange
particles weakly decayed to charged hadrons is presented in this paper. Main steps of the analysis
procedure for a study of the strangeness production in nuclear collisions are outlined as well.
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A etficiency (10M DCM-SMM)
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A yield in y and centrality (Fitted MC
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A: dN/dy and Teff vs y and centrality (MC)

DCM dN/dy reco / DCM dN/dy gen
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A: Boltzman fits of m,, spectra in MC
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Soften the cuts to increase the signal
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A: yield in y (Fitted
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Centrality 0-10%,
y =-0.15-0.15,
8 m; bins

Centrality 40-60%,
y =0.75 - 1.05,
8 m, bins
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A yield in y (Mixed data)

— Rapidity

13.05.2025

Yield

10"

1w

1w

10"

10

10°

10"

10
10°

1)

10

Centrality -

£/ ndl 216716
po 5726407 £ 1118408
Pl 0.1695 + 0.0027

-0.1 5<me<0. 15
0 < centr< 10

10°

10°

7 I ndf 144116
po 3.917e+07 + 7.803e405
Pl 0.1595 + 0.0027

-0. 15<y <0 15
10 < centr < 20

10°

i ndf 114316
po 4.9020+07 + 85300405
Pl 0.1415 + 0.0020

-0, 15<y <0 15
20 < centr < 40

¥ i ndf 208716
po 1.886e+07 + 4.83%e+05
P 0.1257 £ 0.0023

-0. 15<y <0 15
40 < cenir < 60

72 ndt 16396

po 6.239e+07 + 8.799e+05

m 0.1566 + 0.0014
0.15<y <043

0<centr< 10

10

7 I ndt 423116

po 4.039e+07 + 65410405
p1 0.1438 £ 0.0016 §
0.15<y_<045 g

10 < centr < 20

i

10

7 ¢ ndt 216316

po 4767e+07 + 67130405
pl 0.1365 + 0.0013
0.15<y_<045

20 < centr < 40

10

¥ ¢ ndt 16776

E Pl 1.895e+07 + 4.13de+05
E p1 0.1196 + 0.0016
r 0.15<y, <045

40 < cenir < 60

£ ndi 48956
53948407 1 93838405

»l 0.1352 £ 0.0013

045<y <075

0<centr< 10

107

10

10°

I ndf 63378
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Pl 01317 £0.0014 1w

045<y <075
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10"

10°

72 ndf 18.48/6
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pl 01222 + 0.0011

045<y <075
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10°

10
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2 ndf 9.206 [ 6
p0 2.763e+07 = 8.813e+05
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10°
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B0 22440407 & 7.5656405 10
pl 01082  0.0019

#* ! ndf 38.81'6
o 3.341e+07 £ 9.850e+05
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E % ! ndf 42.75!6
E po 1.783e+07 + 7.458e+05
L (2] 0.08636 + 0.00181

075¢y_<1.05 L 075¢y_<1.05 oL 075¢y_<1.05 wh 075<y_<1.05
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A: dN/dy and T, vs y and centrality (exp data)

dN/dy and T, (fitted and

Centrality

Centrality

Centrality

Centrality

background)
-0.15<y__<0.15

0.15<y_ <0.45

0.45<y_<0.75

0.75<y_<1.05

13.05.2025

0—-10%

2.38 + 0.06
2.36 + 0.07
0.165 + 0.003
0.169 + 0.003

2.22 +0.04
2.32 +0.04
0.155 + 0.001
0.157 + 0.001

1.56 + 0.03
1.67 +0.04
0.136 + 0.001
0.136 + 0.001

0.67 + 0.03
0.70 £ 0.03
0.115 + 0.002
0.115 + 0.002

10 — 20%

1.47 +0.04
1.51 +0.04
0.159 + 0.003
0.160 + 0.003

1.41 + 0.03
1.43 £ 0.03
0.148 + 0.001
0.150 + 0.001

1.06 + 0.02
1.09 £ 0.03
0.132 + 0.001
0.132 + 0.001

0.52 £ 0.02
0.54 + 0.02
0.108 + 0.002
0.109 + 0.002

A. Zinchenko

20 — 40%

0.72 +£0.02
0.74 £ 0.02
0.142 + 0.002
0.142 + 0.002

0.68 + 0.01
0.69 + 0.01
0.136 + 0.001
0.137 + 0.001

0.55+0.01

0.56 + 0.01
0.122 + 0.001
0.122 + 0.001

0.32 +0.01
0.34 £0.01
0.100 + 0.002
0.100 + 0.002

40 — 60%

0.27 £0.01
0.28 £ 0.01
0.125 + 0.002
0.126 + 0.002

0.26 +£ 0.01
0.26 + 0.01
0.120 + 0.001
0.120 + 0.001

0.23 £ 0.07
0.23 £ 0.06
0.109 + 0.001
0.109 + 0.001

0.16 + 0.01
0.16 + 0.01
0.087 + 0.002
0.086 = 0.002
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A: T, and dN/dy (exp data, 2 event samples N ><(0.018 )

T .and dN/dy
(<0.018 and

0.15<y_<0.15

0.15<y_<0.45

045<y_<0.75
0.75<y, <1.05

13.05.2025

Centrality
0-10%

0.166 + 0.003
2.25+0.08
0.166 + 0.003
2.50 +£ 0.08

0.151 + 0.002
2.15+0.05
0.158 + 0.002
2.32 +0.05

Centrality
10 — 20%

0.159 + 0.003
1.41 + 0.05
0.161 + 0.003
1.52 +0.05

0.147 + 0.002
1.37 +0.03
0.149 + 0.002
1.44 + 0.03

A. Zinchenko

Centrality
20 — 40%

0.141 + 0.002
0.67 +£0.02
0.144 + 0.002
0.70 £ 0.02

0.133 + 0.002
0.63 +0.01
0.138 + 0.002
0.67 +£0.01

o

Centrality
40 — 60%

0.126 + 0.002
0.24 £ 0.01
0.124 + 0.002
0.25+0.01

0.118 + 0.002
0.23+0.01
0.121 + 0.002
0.24 +£0.01



yield

10’

106 ............. ................... ................... oy

T 105 SN T T SN
"""""""" —o— 7560 - 7753 : ;
—o— 7754 - 7920 — ?560 ?753 : : : : :
e —o— 7930 - 8100 . TV T R R — 7754 -7920

—— 7930 - 8100
+8|150 8|350 TR 10 | —— 8150 - 8350

[
0810911111112113114115116117 001 03 03 04 05 06 07 08 09 1
M. (GeV/c?) mt

my

_ 7560 - 7753 | 7754-7920 | 7930-8100 | 8150 - 8350

i 0.149 + 0.003 0.157 + 0.003 0.157 + 0.002 0.172 + 0.004 0.165 + 0.003
dN/dy 1.50 + 0.06 1.87 +0.07 2.06 + 0.07 1.92 + 0.08 2.38 + 0.06
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A: “bronze” runs (10 — 20%, y = -0.15 — 0.15)

3 e 7560-7753 207 T e o B
0.0035F — — - : ___________________ o —e=TT54-7920 = =
- f . —»— 7930 - 8100 B
3 YO B . S N R S
105:_ .................................................... N
- - 75607753
-8 —— 7754 - 7920
Oii ' : ' ' L | | 104T 8150 8350 e | | | |
10810911111112113114115116117 0 01 02 03 04 05 06 07 08 09 1
M, (GeV/c?) mt
_ 7560 - 7753 7754 - 7920 7930 - 8100 8150 - 8350
i 0.144 = 0.003 0.154 = 0.003 0.157 = 0.003 0.160 = 0.004 0.159 = 0.003
dN/dy 0.94 £ 0.04 1.16 £ 0.04 1.24 £ 0.04 1.16 £ 0.04 1.47 £ 0.04
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A\ rapidity spectra
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Towards better reconstruction




Using TM VA for good / fake track discrimination

TMVA response for classifier: BDTD - 4-hit negative

35000; - Gocid tracks ' Entries - 72475 | _E 3.5 i Signél I I L B *—: 35000; - G(‘;Gd tracks | Entries - 170837
30000/ Fae cacks | 1 [l Suow _ams| Z ) Background 4 30000[|EF Faketracks [ gl suabev _aont |
25000 S L 1 25000,
20000F oF Jz 20000
150001 sk 32 15000}
- - 13 -
10000 E s 10000:
5000 o8 E _ 5000F
C L E . . :E C L
9% S0 5 0 5 10 15 o -—era el S % H0 5 5 10 15
Hits on track BDTD response Hits on track
3
< 8><10 | Run7830 | ; _ x10° [Run7830]
N h B :
% Tf h ;’;::‘es 1811?;: . N;, 6 A Entries it 96157 |
g 7 A A 4 e
~ b6fF Mass= [.TI55 | = 5 ——
= F f \ Sigma = 0.0025 3 N Mass = 1.1155
—~ 5F S/B=08 iy B Sigma = 0.0025
o - ,/ \ S/YS+B =177.6 o 4f S/B=18 !
= 4f S =13318.1 'd:, B I l ﬂﬁ;ﬁ?ﬁﬁ
U g Au-w"’/ c 3 = : .
3: ..._._ =52 (1T} B ; \
- » 2F ‘
1" | E— : nee
T T y e SO T RN R RS A
1.08 1.1 1.12 1.14 1.16 0 1.08 11 112 114 1.16

M, (GeV/c?) M. (Gevic)
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- MC: 15 cuts vs 13 cuts

Generator: DCM-SMM, 10M events

-§ 150 EoSA+T Mass = 1.3219 -§ T E oS A+T Mass = 1.3212
- - MC, 15 cuts, IOM Sigma = 0.0043 = 5ol MC, 13 cuts, 10M Sigma = 0.0026
S S/B=0.5 St S/B = 0.6
> R S/VS+B =103 > i + S/NS+B =9.7
2 100 2 i S =260
2 T S 100~
88 - @ L ++
20 ++++ % 50 ) +
[ b " ! gL
§ |.¢ | 1 | | | | 1 | | | 1 1 1 #ﬂ ;_-.¢ 1 | | 1
P25 1.3 1.35 1.4 P25 1.3 1.35 1.4
M,,, (GeV/c?) M,,, (GeV/c?)

my
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= “golden&&platinum&&bronze” runs

(OS]
o)
=)
oe]
]
o

Entries / (2 MeV/c?)

L T AT rl';’. FE S AT '1;1000 T A+T
- 13 cuts, 19M g _ 'platinum’ runs, 49M Z 13 cuts, 68M
i ! o 600 ‘ S
200F P - § L ) 8 -
i 2 a0 L * 2 sool ;
i i Mass = 1.3238 i - % Mass = 1.3218 , " Mass = 1.3223
1001 +++ Sigma = 0.0039 ' i Sigma = 0.0023 v, i Sigma = 0.0032 "ﬂ
- S/B=0.3 m oo S/B=0.1 ~, - S/B=0.2 LR
— S/VS+B =8.8 b - S/S+B=7.1 ", - e S/{S+B =104 .,
T S =383 -, S =394 I S=762
oL Oloe o o o 1 0y Oloe o o o 1
1.3 1.35 1.4 1.3 1.35 1.4 1.3 1.35 1.4
M, , (GeV/c?) M, (GeV/c?) M,  (GeV/c?)
“Golden” runs, 19M “Platinum” runs, 49M “Golden” + “platinum” runs, 68M
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= : “golden” runs (19M)

2
=
-

R N ESA+Tm R i
2 13cuts 19M % 3001 ++++ Mass = 1.3229
= i ‘ot = I ++ Sigma = 0.0045
S ook ’ S r } S/B =04
2 I 2 S S/YS+B=11.3
g £ 200 J
5 I = I S =455
- - } Mass = 1.3238 } - S
"4 Sigma = 0.0039 L _
100 ’ =
[ ++ S/B =0.3 ” 100~ E oA+
. S/{S+B =8.8 i - * ML M .
-, S = 383 -, o
U I.. l 1 | 1 1 l | l 1 1 1 | __n. 1 1 | 1 l | l 1 1 H
1.3 1.35 1.4 P23 1.3 1.35 1.4
M, (GeV/c?) M, (GeV/c?)
W/o good / fake track discrimination Using TMVA-BDTD for good / fake track
discrimination
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Summary and next steps

Summary Next steps
1. 10 mln. events of DCM-SMM have been produced — 1. Start writing the analysis note to facilitate the
more simulated lambdas are needed to extract analysis process.
efficiencies. , ,
2. Do better evaluation of systematics (how to
2. 100 runs of experimental data with N,/event > 0.017, handle lambda yield variation in groups of runs —
~60 mln. events with reconstructed vertex (N > 1) golden, platinum, bronze).
have .b(?en ‘processed to obtain laFn‘l')da mT spectra for 3. Perform some additional checks towards
4 rapidity intervals and 4 centralitiies. reconstruction improvement.

3. Some systematic effects were checked.

4. Procedures to produce physics distributions are
available and tested.

5. Some steps toward reconstruction improvement were
tested.
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Detector (tracking) efficiency

PuBLisHED For SISSA By €) SPRINGER

FHEP

RECEIVED: July 16, 202§
ACCEPTED: Septeraber 30, 2024
PUBLISHED: October 18, 202§

Strangeness production in /sy = 3 GeV Au+Au
collisions at RHIC

The STAR collaboration

13.05.2025 A.

Source

A

4]
K3

Topological cuts
Track selection
Tracking efficiency
Signal extraction
Extrapolation

Feed-down correction

0.7-3.4%
0.1 -0.5%
10%
0.4 - 0.8%
3.6 - 11%
0.4 - 0.8%

1.1 -3.1%
0.6 — 4.6%
10%
0.1 =0.7%
0.2 - 1.6%
N/A

Total 10.8 - 15.3% 10.2 - 11.6%

Table 1. Summary of systematic icertainties for the A and K3 dN/dy measurements in 0-10%
AutAu collisions at /sy = 3.0GeV. The ranges indicate the variation of the systematic uncertainty

among rapidity bins.
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