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Motivation - Experimental studies

M. Juric et. al., Nuclear Physics A 754 (2005) 3¢c-13c

Nuclear emulsion experiment in 1970s

Hypernuclide Bx /MeV

SH 0.1340.05
AH 2.04 +0.04
A He 2.39£0.03

AB, (g.s.) =B (§H),s - Ba (1He), = 350 £ 60 keV
AB, (exc) =Bj (#H)... - Bp (1He)..= 30 £ 50 keV

B The charge symmetry breaking (CSB) inA=4

hypernuclei shows a large value in ground states
while it is quite small in excited states.
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J-PARC E13 Collaboration,

‘HiA 0

PRL 115, 222501 (2015)
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Motivation - Theoretical studies

Model calculations D. Gazda and A. Gal, PRL 116, 122501 (2016)

A. Gal, PLB 744 (2015) 352-357 PRL 116, 122501 (2016) PHYSICAL REVIEW LETTERS 25 MARCH 3016

Table 2: Calculated CSB contributions to AB}(0; ) and total values of AB{ (0} ) and

ABj}(1%,.), in keV, from several model calculations of the A = 4 hypernuclei. Recall that

Ab initio Calculations of Charge Symmetry Breaking in the A = 4 Hypernuclei

ABZXP(OQ-‘S.) = 350 + 60 keV [3] ; Daniel Gazda]:2‘3‘* and Avraham Gal*' ,
THe TH Po(%) Alyy AVe AWy |ABY  ABI 3 2ECT*. Vila Tambosi, 38123 Villazano (Trenio), iy
model Ops. O 05 OF, | Of e e catuh it of Ploics, The Hebrom, Univessity, Tomeston 91904, lradt
ANNN [9] o - _42 91 49 _61 (Received 7 December 2015; published 22 March 2016)
NSC97, [10] 1.6 47 —16 44 75 —10 0.4 T T T | T T
NSC97; [11] 1.8 100 —10 sl ) |
NLO chiral [12] 2.1 55 -9 = 46 . H S oty
(AY). [present]  0.72 39 —45 232 226 30 021 g : ]
(AY)¢ [present]  0.92 49 —46 263 266 39 :25 galls ™2 5 |

keV sl . ]

< N i

oL, -

B Most of model calculations can not reproduce the experimental results. WA o S S
) e . e . i

B D. Gazda and A. Gal introduced the A-2% mixing in calculation and show i | : : , , , I

26 28 30 32 34 36
ho (Mev)

that the CSB in ground and excited states are comparable.
B Need independent experiments to test.

AB'~' ~ —AB/~" < 0.
| | |
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STAR fixed target program

231!

elc

S’ IS - e ‘ ‘ ——— .
o Quark-Gluon ) — — — - — A4 il

Plasma

N ‘
i ELE
)i BE |

N

}mwululuuﬁ '
[ =9 \ . F

. e, 7,

I
L |
I ?
,,,,,, V- o
e £ S — - ! WITH HYDRAYIC
: l % 3 I 7 v TO MOVE EAQ
] = TPC . s HALF NORTH
- o WN% o SOUTH
E 1] | //\SECTO \L o
m l 18 A ~ ( B ,
o ' N o \\ I ‘/\; P "\‘ [ gramr
E '"‘ 2 —o \i/ '@ﬂ' == ¢ aa y ‘
@ o ——— RN 4
7 < =l
= ” FORWARD % & v
RA( \

P
§ /, TRAC) XU
§ —sszTEM ks
g P e o
i ) NN
[,/ N | N 77 S~ | 1~ N T
/| = - < ‘
. A
’
=
1]
[

Baryon Chemical Potential p,

B STAR Aut+Au at \/syy = 3 GeV FXT run in 2018, ~ 317M events
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Charged particle identification
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B Charged particle PID is based on the dE/dx from the TPC. 3He and 4He are also selected according to

the mass square from the TOF.

2022/6/29 HYP 2022 - Tianhao Shao 6



+H and iHe reconstruction

4 2‘{]_]3 — 3He + p + n~ Reconstructed with KFParticle package

KFParticle class describes particles by:
r={X,Y,Z Px Py, P E }

N\ a2 €, €,
[ State vector J Cy Oy G Gy,

C = <rrT> = |Cop Gpo Cop, o-[%x Copy Cpp. Cpik
A Cxpy Cypy Czpy Cpxpy O':y prpz prE
Cop. Cp. Cop. Cpp. Cpyp, ng Cpe
Gz Ge Ce Cpr prE Cp.e 0-1% i

AL 3He

(Covaria nce matrix )

m KFParticle package shows a high quality of the

reconstructed particles, high effciencies, and

Vertex
high signal to background ratios.
KFParticle Finder — M. Zyzak, “Online selection of short-lived particles on many-core computer
4 4 architectures in the CBM experiment at FAIR,” Dissertation thesis, Goethe University of Frankfurt,
Decay topology of jH and ;He. 2016, http://publikationen.ub.uni-frankfurt.de/frontdoor/index/index/docld/41428

] ] |
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+H and iHe reconstruction

B Using TMVA-BDT to optimize the signal.
B Training samples:
® Signal: MC simulation
M Background: rotate “He or 3He track by 180 degrees

AH AHe

TMVA overtraining check for classifier: BDT

TMVA overtraining check for classifier: BDT
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Corrections
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Energy loss correction

Cross check with
/A invariant mass
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Correction due to magnetic field distortion
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+H and jHe invariant mass

STAR, arXiv:XXXX
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B Background : rotate “He or 3He track by 180 degrees
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The invariant mass distributions of tH and ;He with corrections.
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B m(4H) = 3922.38 +0.06(stat.) +0.14(syst.) MeV/c2
B m(4He) = 3921.69+0.13(stat.) +0.12(syst.) MeV/c?
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Systematic uncertainties

Systematic uncertainties for A binding energies.

m AH Systematic error (MeV) | tHe Systematic error (MeV)

Momentum scaling factor 0.11 0.11
Energy loss correction 0.08 0.05
BDT cut 0.03 0.01

Total 0.14 0.12

B Systematic uncertainties mainly come from momentum corrections.

B As tested in the MC simulation, the systematic uncertainty from the momentum scaling factor can be
mostly canceled when we calculate the binding energy difference between iH and ;He.

] ] |
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A binding energy

M Calculate the A binding energy according to the masses of _
STAR, arXiv:XXXX

hypernuclei and their constituents: H+A ‘He + A

2
BA = (MA Ex Mcore - Mhypernucleus)c

M.ore = M(Triton) or M(He3)

. 1.09 £ 0.02 1.41 £ 0.003
| A | Triton | _He3 _

Mass (MeV/CZ) 1115.68 2808.92 2808.39 0* e $0.16+£0.14 + 0.10

222+0.06+0.14 0" o
2.38+0.13+0.12

B B, (fH) =2.22+0.06(stat.) +0.14(syst.) MeV AH ‘ \He
B B, (‘He) = 2.38+0.13(stat.) +0.12(syst.) MeV B (MeV)

97 +0.13+0.12
1.13 +0.06 + 0.14 +09 0.13+0
. 1 $-0.16+0.14 +0.10

1

Energy level schemes of tH and ;He in terms of A binding energies. The ground states binding energies

are from this analysis. The values for excited states are obtained from the y-ray transition energies.

M. Bedjidian et al., PLB 62, 467-470
J-PARC E13 Collaboration, PRL 115, 222501 (2015)
W W |
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Charge symmetry breaking

STAR, arXiv:XXXX
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B The A binding energy difference between ;H and ;He in ground states (left figure) and in excited states (right figure).
The green shadows are projected statistical uncertainties obtained according to the high statistics run 2021 3 GeV
data (~ 2 billion events).

m AB,0%) = 160 + 140(stat.) + 100(syst.) keV
B AB,(1%)=-160 + 140(stat.) + 100(syst.) keV

B Charge symmetry breaking effects in ground states and excited states are comparable.
| |
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Summary

B Invariant masses and A binding energies of H and tHe have been measured in 3 GeV Au+Au collisions :
m(AH) = 3922.38+0.06(stat.) +0.14(syst.) MeV/c?, B, (1H) = 2.22+0.06(stat.) +0.14(syst.) MeV
m(iHe) = 3921.69+0.13(stat.) +0.12(syst.) MeV/c?, B, (iHe) = 2.38+0.13(stat.) £0.12(syst.) MeV

m To study the charge symmetry breaking in A = 4 hypernuclei, the A binding energy differences between H
and jHe in ground states and excited states have been measured/extracted :

AB,(0*) = 0.16 + 0.14(stat.) = 0.10(syst.) MeV
AB,(1*) = -0.16 + 0.14(stat.) = 0.10(syst.) keV

m Our results show that the charge symmetry breaking effect in excited states is negative, and the magnitude

is comparable to the ground states.
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