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Introduction: History of Anti-matter Discovery
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Introduction: History of Anti-matter Discovery
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Introduction: History of Anti-matter Discovery
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Introduction: Anti(hyper)nucleus Production

hadronic phase
and freeze-out
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Primordial Primordial
Matter

« Matter-antimatter asymmetry in early

’? universe is the precondition for the existence
of the matter world today

The source of this asymmetry is still not clear
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MATTER ANTIMATTER

CPT theorem =

Symmetry of matter-
antimatter properties



Introduction: CPT symmetry test with heavy-ion collisions
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Introduction: CPT symmetry test with heavy-ion collisions
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RHIC-STAR

EXA/LEAP 2024

Time Projection Chamber
» tracking = p/Z, dE/dx
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Time-Of-Flight detector
« TOF + p/Z + L = m2/Z2
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Data Sets

data set year N events Trigger:
AUAU@200 GeV 2010 ~606 M * Minimum bias trigger
» Central trigger
AuAu@200 GeV 2011 ~626 M « Electromagnetic and hadronic
triggers
UU@193GeV 2012 ~512 M
ZrZr+RuRu(lsobar)@200GeV 2018 ~4.7 B

« Use as many triggers as possible to find signal and measure lifetime
« Use minimum bias trigger for production yield ratios measurement
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Decay Channels & Daughter Particle Identification

JH—>He+rm”
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. 3He PID: (Q<0 || p>2.) && [naHe [<3 && (if TOF matched, 1<M2/Q2<3);
. 4He PID: (Q<0 || p>2.) && [na*He|<3 && ( [nO*He|>3.5 || 2.8<M2/Q2<4.1)):

« TPID: |nogl<3;
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Decay Vertex Reconstruction
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Science 328, 58 (2010) S. Gorbunov and . Kisel, CBM-SOFT-note-2007-003, 7 May 2007
. . M. Zyzak, “Online selection of short-lived particles on many-core computer architectures in
o KF(KaIman Fllter) Particle package for decay the CBM experiment at FAIR,” Dissertation thesis, Goethe University of Frankfurt, 2016
vertex reconstruction
+ Topology cuts obtained by optimizing H Particle | Xeprm o | Xiorin | oo | Xeopo | LIdL He DCA
significance JH& JH <2000 >10 <5 <2 >3.5 >3.4cm <icm
« blind for /H and H CH& 'H <2000 >10 <5 <3  >35 >34cm -
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Signals
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Background invariant-mass distributions
obtained by rotating the (anti)He daughter
track before reconstructing the decay
vertex

NSig

Zcoum = \/2 [(NSig + NBg) In <1 + N

Z shape obtained with
RooStats()::AsymptoticCalculator()
assuming pure background vs. background
+ Gaussian signal

)- N

Bg

15.6 +H signal candidates
Significances Z;oynt = 4.8, Zshape = 4.7

The heaviest antihypernucleus observed
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Lifetime Measurements & CPT Symmetry Test
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Yield Ratios

This Analysis Au+Au, U+U, Zr+Zr, Ru+Ru
This Analysis Au+Au, U+U
This Analysis Zr+Zr, Ru+Ru
STAR Au+Au Science(2010)
STAR Au+Au Nature(2011) b 3
STAR Au+Au PRC(2009) 1 =
ALICE Pb+Pb PLB(2016)
1= Thermal Model
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Branch fraction assumed:

.+ 25%for H—He+7m~

- 50% for ‘H—"He+ 7"
Phase space: 0.7<pt/M<1.5, |y|<0.7
H o F

*He ~ *He
collision systems separately to have a fair

ratios measured in large and small

comparison with previous measurements

Our results are consistent with previous results,

3 H
except that the 3/I\-Ie 3,:I:e ratios are lower than

Science 2010 results by 2.8 & 1.9 0
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Yield Ratios

This Analysis Au+Au, U+U, Zr+Zr, Ru+Ru
This Analysis Au+Au, U+U

This Analysis Zr+Zr, Ru+Ru
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icture
Nature 2024, DOI: 10.1038/s41586-024-07823-0 Phys. Rev. Lett. 97, 152301 P

Science 328, 58 (2010) Phys. Lett. B 754 (2016) 360«  Consistent with thermal model predictions
Nature 473, 353-356 (2011) Phys. Lett. B 697.3 (2011)
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Yield Ratios

X This Analysis Au+Au, U+U, Zr+Zr, Ru+Ru jL\H / He ~ 4 X% ?\H / SHe
i This Analysis Au+Au, U+U
— This Analysis Zr+Zr, Ru+Ru — A -— ;90—
& STAR Au+Au Science(2010) iH / ‘He ~ 4 x 3H / SHe
A STAR Au+Au Nature(2011) X A A
STAR Au+Au PRC(2009 - —1— , : ATT
8 ALICE PbaPb p,_szmg - Factor 4 due to spin-1 excited states of /H & + H
1= Thermal Model H+ A 0[BA[MeV]  °He+A
- T=164MeV p_=24MeV X o y o
.9 B A A
s | | 1
__fl | 1+ 0.942 + 0.036
A N B I 1.081£0.046 1.405+0.003 %
| * _T % | | 3H 1/,+ :,,"" 1.086 £ 0.019 "'.: 3He /2%
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101 | | | | | | | | | M
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icture
Nature 2024, DOI: 10.1038/s41586-024-07823-0 Phys. Rev. Lett. 97, 152301 P

Science 328, 58 (2010) Phys. Lett. B 754 (2016) 360
Nature 473, 363—356 (2011) Phys. Lett. B 697.3 (2011)

Consistent with thermal model predictions
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Summary

- 156 X“ﬁ signal candidates observed,
with a significance of 4.7 o
« Lifetimes of (anti)hypernuclei compared
» LSt Tan Bl

« Confirming CPT symmetry

» Various (anti)particle production yield

ratios presented

« “He/*He ~ 3He/*He x p/p 151 STAR Ng,: 15.6+4.7

_ _ _ 475 N, : 6.4+0.4
. 4H/4H ~ 3H/3H x p/p  xH Zoo 4.8

- 2 hape 47

. 4H/%He ~ 4 x 3H/*He £ 10 e

o o o I
-+ 4H/'He ~ 4 x 3H/°He 2 { “
- Consistent with coalescence Thanks © : ol o TR

picture and thermal model 3.9 3.95 4

“He + r* invariant mass (GeV/c?)
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Back Up: Yield Ratios Measurement - A = 3 Particles

10° g
= STAR Collaboration
— Au+Au@200GeV in 2010 and 2011, U+U@193GeV in 2012
100 Zr+Zr@200GeV in 2018, Ru+Ru@200GeV in 2018
o — S
S [ . 3 33— 3 377 -\,
= - i are obtained by integrating over
- 10 b
o F | the measured pt spectrum.
a
e 10 —4— H, |y|<0.7, minimum bias
% E —$— 2A, |y|<0.7, minimum bias —
o 1 = —o—  °He, |y|<0.7, minimum bias \\%\
— —&+—  °He, |y|<0.7, minimum bias \I\
10—1 P T | O T T S S SO NN SO SO S S N \
0 1 2 3 4 5 6
p_(GeV)

Blast Wave function fit:

2 .
1 d°N o~ IR rdrmolo(pT sinh pjl(l(mT coshpj
27p, dprdy 0 T T

» Physical Review C Volume48, Numberb5, 1993
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., 8 %ﬁ S:8.3:3.3 B:2.7+0.2
== S/S+B: 2.5
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5;_ — Rotation equiv. Gauss N : 3.7
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c C L
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2 el Ly 1y PRI I S S I B P N
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4He + ©* invariant mass (GeV/c?)

“He Purity =81.6 %

102 . .
- M?/Q? Range: 2.8~4.1(GeV/c?)? * For A =4 particles, the yields are too low to
- STAR Preliminary .
Lt o obtain a pr spectrum.
310:— T . . . .
g % ‘He « An average efficiency is obtained for the

whole measured pr range, assuming Blast

Wave functional shape with the same T

11 ) - ) - 1 IA’I; 1 1 1hi | IENEERN] I ) - l - I ) - l L1 11
16 2 256 3 35 4 45 5 65 6 .
MBIQ? [(GeV/cH] and B as those of A = 3 particles.
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