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History of Anti-matter Discovery

Mass (GeV c?)

Paul Dirac

Dirac, P.A.M.,
The Quantum Theory of the Electron.
Proc. Roy. Soc. Lond. A 117, 610 (1928).

INPC 2025

45 4172
4H_e KH /—\He
3—
KH
— H
| I
[ [ | I
1940 1960 1980 2000 2020

Discovery year

Qiu, Hao — IMP, CAS



History of Anti-matter Discovery

| —

Paul Dirac

> s
Tl
s
&

| T
Dirac, P.A.M., 1940 1960 1980 2000

The Quantum Theory of the Electron. Discovery year
Proc. Roy. Soc. Lond. A 117, 610 (1928).

INPC 2025 Qiu, Hao — IMP, CAS

|
2020



Emilio Segre  Owen Chamberlain

45 4172
4He KH ATE
3—
KH
H
Paul Dirac T T I T 1
Dirac, P.A.M., 1940 1960 1980 2000 2020
The Quantum Theory of the Electron. Discovery year

Proc. Roy. Soc. Lond. A 117, 610 (1928).
INPC 2025 Qiu, Hao — IMP, CAS



History of Anti-matter Discovery

BROOKHAVEN NATIONAL LABORATORY
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Matter-antimatter (A)symmetry

« Matter-antimatter asymmetry in early universe MATTER  ANTIMATTER
? is the precondition for the existence of the
- matter world today
The source of this asymmetry is still not clear

CPT theorem
= Symmetry of matter-antimatter properties
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Relativistic Heavy-ion Collisions

V~C T ~ several hundred MeV ~ 102K

coalescence

Quark Gluon Plasma (QGP) @ @
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Heavy-ion Colliders and Experiments
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STAR Detectors
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Observation of Antihypertriton
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Observation of Antihypertriton
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~111 M events used

70 £ 17 antihypertritons were observed
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« The 1st antihypernucleus observed in experiments
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Mass (GeV c?)

Observation of Antihelium-4
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Observation of Antihelium-4

normalized dE/dx deviation
- from expectation for 4He & *He
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Observation of Antihyperhydrogen-4
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Mass (GeV c?)

Observation of Antihyperhydrogen-4

5 \
4 “He %ﬁ ?’\E
2 d
14 e BH :
|
0 T T T T T
1940 1960 1980 2000 2020

Discovery year

H—>He+rm”

3/4He

_> DCApepi— Z:df

Decay Length: L

2
DCA— X primary <—_/-..

2
DCAo— Ziopo

Primary
Vertex

A total of ~6.4 B collision events used
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 significance Zy oyt = 4.8

The heaviest antimatter hypernucleus observed

STAR Collaboration, Nature 632, 1026 (2024)
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Observation of Antihyperhelium-4
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Production Yields

A reduction factor of ~103 for each additional
antibaryon in the production yields

« Very difficult for the antibaryons to be “by chance”

close enough in both position and momentum

space, and coalesce
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Baryon number

STAR Collaboration, Nature 473, 353 (2011)
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Production Yields
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Production Yields

‘He/*He ~ *He/3He x p/p
iH/AH ~3H/3H x p/p

« Consistent with the coalescence picture & the
thermal model prediction
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Production Yields
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Production Yields
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CPT Symmetry Test — Mass Differences
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CPT Symmetry Test — Lifetime Differences

TH T = 16 =+ 43(stat.) & 20(sys.) ps
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STAR Collaboration, Nature 632, 1026 (2024)
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* No significant lifetime difference between antihypernuclei and their corresponding hypernuclei

 Consistent with CPT theorem
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CPT Symmetry Test — Interaction Differences

 No difference between p-p and p-p correlation functions

- = No difference between p-p and p-p interactions

Consistent with CPT theorem

STAR Collaboration, Nature 527, 345 (2015)
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Summary 5_ @

. 1—\3’17, 4P7e, *H & j‘-\H—e have been observed sequentially
by STAR & ALICE experiments at RHIC & LHC

Mass (GeV c?)

T
1940 1960 1980 2000 2020

* Production yield (ratios) are consistent with expectations

of the coalescence production picture and the statistical

thermal model

« CPT symmetry is confirmed by comparing the masses,
lifetimes and interactions of (hyper)nuclei and

anti(hyper)nuclei
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Outlook

« STAR aims to take 16-18 B 200 GeV Au+Au collision Outer Tracker ALICE 3
Inner Tracker — ——
events by 2026

TOF
 After the continuous-readout upgrade, ALICE-Il takes t 3

heavy-ion collision data at an event rate of 50 kHz,

instead of 8 kHz before
RICH
ECal

to run at luminosities a factor of 20 to 50 times higher Mo

Absorber
than now Muon identification

FCT

 ALICE-Ill with all-silicon tracker instead of TPC aims

« These much larger data samples in the future will offer

potential for precise measurements and discoveries

about antimatter in relativistic heavy-ion collisions Thanks ©
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