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Motivation and Significance (Discovery of hypernucleus)
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The first hypernucleus discovered in a balloon-flown emulsion plate in 1952
M. Danysz and J. Pniewski, 𝑇ℎ𝑒 𝐿𝑜𝑛𝑑𝑜𝑛, 𝐸𝑑𝑖𝑛𝑏𝑢𝑟𝑔ℎ, 𝑎𝑛𝑑 𝐷𝑢𝑏𝑙𝑖𝑛 𝑃ℎ𝑖𝑙𝑜𝑠𝑜𝑝ℎ𝑖𝑐𝑎𝑙 𝑀𝑎𝑔𝑎𝑧𝑖𝑛𝑒 𝑎𝑛𝑑 𝐽𝑜𝑢𝑟𝑛𝑎𝑙 𝑜𝑓 𝑆𝑐𝑖𝑒𝑛𝑐𝑒 𝟒𝟒, 348−350 (1953)
!"56712589:;<=;>2020?
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Motivation and Significance (Why study hypernuclei ? )

STAR collaboration, Science 328, 58 (2010)

Hypertriton (𝚲𝟑𝐇)

ü Enrich our knowledge about hypernuyclei physics.

ü Excellent probe to investigate YN interactions.

ü Implications for the EOS of neutron stars.

ü CPT testing in hypernuclei sector.
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Motivation and Significance (Measurements of hypertriton)

ALICE Collaboration, Physics Letters B 797, 134905 (2019) 

“A measurement of the

lifetime to a precision of a

few percent will guide and

constrain the theoretical

input leading to a more

precise determination of

the Y-N interaction,

eventually contributing to

solving the hyperon

puzzle.”

YN interaction ---- lifetime of hypertriton
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Motivation and Significance (Measurements of hypertriton)

Patrick Achenbach et al., POS (Hadron2017) 207

YN interaction ---- 𝚲 binding energy 𝑩𝚲 of hypertriton

Ø Larger statistical uncertainties.

Ø No knowledge on the systematic error and may suffer from a large systematic error.

Ø 𝐁𝚲 spread in a big range.

Ø No measurements in recent 45 years.

Peng Liu et al., Chinese Physics C 43, 124001 (2019)

https://doi.org/10.1088/1674-1137/43/12/124001
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Motivation and Significance (Antihypertriton)

CPT testing in hypernuclei sector8 J. Chen et al. / Physics Reports 760 (2018) 1–39

Fig. 9. A subset of CPT tests and their precision in dimensionless units. The tests represented here involve the mass difference between K 0 and K
0
[58,59],

the g-2 for the positron [60–62] and muon [63,64], the charge-to-mass ratio and g-factor of the antiproton [65,66], and two forthcoming comparisons
between neutral atoms of antihydrogen and hydrogen [67]: the ground-state hyperfine-splitting (GS-HFS) and the 1S–2S transition frequency [68,69].

includemeasurements fromWA33) have somewhat different kinematic conditions, but the plottedmeasurements generally
correspond to Bjorken |x| . 0.2 and pT . 0.2 GeV/c . These conditions also apply in the case of theWA33measurements. The
compiled d̄/⇡ ratios have a strong dependence on laboratory momentum over most of the plotted range, with evidence of
flattening above 100 GeV/c. However, the WA33 measurements reproduced in Fig. 7 indicate considerably higher rates of
antideuteron production than the rates compiled in Fig. 8, well beyond the reported errors.

1.4. Antimatter and symmetry

Symmetries play a major role in our understanding of many aspects of the structure of matter at the most elementary
level, and play an essential role in our understanding of antimatter [50,51]. The charge conjugation operator C changes a
particle into its antiparticle; thus, it reverses the sign of electric charge, baryonnumber, leptonnumber, aswell as strangeness
and heavy quark flavor quantum numbers. The parity operator P applies an inversion, i.e., it reverses the sign of all three
spatial coordinates in a Cartesian system; a plane mirror reflection reverses one coordinate only, and is a useful proxy for an
inversion, since it is equivalent to an inversion and a 180� rotation.

After the 1956 proposal by Lee and Yang [52] to search for parity violation in weak decays, and the subsequent
experimental discovery of such a violation in the beta decay of 60Co [53], it was initially speculated that the combined
operator CP might be conserved without exception. However, even before the discovery of parity violation, Gell-Mann and
Pais pointed out that the K 0 and its antiparticle K

0
must have remarkable properties by virtue of their common decaymodes

and the consequent second-order weak coupling between them [54]. These ideas led to the 1964 discovery by Christenson,
Cronin, Fitch and Turlay of a small CP violation through the decay (with a probability of about 1/500) of K 0

L to two pions
instead of the parity-conserving three pion decay [55].

Another related operator is time reversal, T . This operator is relevant for antimatter in part due to the Stueckelberg–
Feynman [56,57] interpretation of a hole in the negative-energy sea (an antiparticle) being equivalent to a particle
propagating backward in time. Time reversal symmetry is especially difficult to test directly for weak interactions, but there
are compelling reasons to believe that it is violated when CP is not conserved — see below.

In parallel with the above theoretical and experimental developments in the area of parity and CP , independent work by
Schwinger [70], Lüders [71–73], Pauli [74] and Bell [75], based on general considerations of quantum field theory, locality
and Lorentz invariance, established the CPT theorem. This theorem indicates that every process in nature exactly conserves
the three combined operators C , P and T . A further consequence is that particle–antiparticle partners have exactly the same
mass and lifetime, and exactly oppositemagneticmoments [50,51]. Many tests of thesematter–antimatter symmetries have
been carried out, of which a subset is represented in Fig. 9. No CPT violations have ever been observed, and an especially
precise test is provided by the magnitude of the mass difference between K 0 and K

0
, depicted in terms of a dimensionless

fraction by the first (red) bar in Fig. 9, and known to be< 4⇥10�19 GeV/c2 at 90% confidence level [58,59,76,77]. Owing to the
fundamental importance of CPT , many qualitatively different tests of this symmetry are of scientific interest and continue
to be investigated and improved. Overviews of the relevant literature can be found in Refs. [59,66,78].

Jinhui Chen et al., Physics Reports 760, 1-39 (2018) ALICE Collaboration, Nature Physics 11, 811-814 (2015) 

Ø “Qualitatively different tests of CPT symmetry are a continuing priority for fundamental physics,  as are revisitations of 
past tests with improved accuracy.”  STAR collaboration, Nature Physics 16, 409-412 (2020)

Ø The first observation of antihypertriton in 2010 by STAR collaboration provides us an opportunity to test CPT 
symmetry in hypernuclei sector, which is never tested.

https://doi.org/10.1038/s41567-020-0799-7
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𝚲
𝟑𝐇 has many decay channels:

ü Non-mesonic decay channels (1.63%):
𝚲
𝟑𝐇 → 𝐝 + 𝐧
𝚲
𝟑𝐇 → 𝐩 + 𝐧 + 𝐧

ü Mesonic decay channels (98.37%):
𝚲
𝟑𝐇 → 𝟑𝐇𝐞 ( 𝟑𝐇) + 𝛑# (𝛑𝟎) (37.34%)
𝚲
𝟑𝐇 → 𝐝 + 𝐩 (𝐧) + 𝛑# (𝛑𝟎) (60.09%)
𝚲
𝟑𝐇 → 𝐩 + 𝐧 + 𝐩 (𝐧) + 𝛑# (𝛑𝟎) (0.94%)

Good PID of charged particles in STAR detector.
Reconstructing 𝚲𝟑𝐇 (𝚲

𝟑3𝐇) through:

𝚲
𝟑𝐇 → 𝟑𝐇𝐞 + 𝛑#

𝚲
𝟑𝐇 → 𝐝 + 𝐩 + 𝛑#

Reconstruction of hypertriton and antihypertriton
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Peng Liu (for the STAR Collaboration), talk of NN2018 and JPS Conference Proceedings 32, 010091 (2020)
Peng Liu (for the STAR Collaboration), talk of QM2018 and Nuclear Physics A 982, 811-814 (2019)
For details: !"56712589:;<=; (2020)

https://drupal.star.bnl.gov/STAR/files/NN2018_PengLiu_Final.pdf
https://doi.org/10.7566/JPSCP.32.010091
https://indico.cern.ch/event/656452/contributions/2869748/attachments/1649440/2637321/QM2018_PengLiu.pdf
https://doi.org/10.1016/j.nuclphysa.2018.10.023
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Reconstruction of hypertriton and antihypertriton

Data:

Au+Au collisions at 𝐬𝐍𝐍 = 200 GeV,  

1.2 billion in 2014, 3.4 billion in 2016.

Details on the HFT :  https://drupal.star.bnl.gov/STAR/starnotes/public/sn0600

Precisely determining of decay vertex due to the high spatial resolution (< 30 𝛍𝐦) of the HFT

https://drupal.star.bnl.gov/STAR/starnotes/public/sn0600


Event display of antihypertriton decay through 3-body decay channel
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STAR collaboration, Nature Physics 16, 409-412 (2020)

A typical antihypertriton
3-body decay in the
detectors. The left side
shows a less magnified
view of the STAR detector,
including a projected view
of the large number of
tracks detected by the
TPC in a typical gold-gold
collision. The right side
shows a magnified view
of the four cylindrical
layers of the HFT located
at the centre of the TPC

https://doi.org/10.1038/s41567-020-0799-7


Invariant mass distributions with excellent signal/background ratio
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STAR Collaboration, Physical Review C 97, 054909 (2018)

STAR collaboration, Nature Physics 16, 409-412 (2020)

For details: !"56712589:;<=; (2020)

𝐦
𝚲
𝟑𝐇&𝚲

𝟑𝐇 = 𝟐, 𝟗𝟗𝟎. 𝟖𝟗 ± 𝟎. 𝟏𝟐 𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟏 𝐬𝐲𝐬𝐭. 𝐌𝐞𝐕/𝐜𝟐

𝐦
𝚲
𝟑𝐇 = 𝟐, 𝟗𝟗𝟎. 𝟗𝟓 ± 𝟎. 𝟏𝟑 𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟏 𝐬𝐲𝐬𝐭. 𝐌𝐞𝐕/𝐜𝟐 𝐦

𝚲
𝟑𝐇 = 𝟐, 𝟗𝟗𝟎. 𝟔𝟎 ± 𝟎. 𝟐𝟖 𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟏 𝐬𝐲𝐬𝐭. 𝐌𝐞𝐕/𝐜𝟐

Ø The hypertriton S/B ratio is close to a factor of 23 better than the previous measurement 
using only the TPC

https://doi.org/10.1038/s41567-020-0799-7


Results (mass difference)
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ü First CPT symmetry validation in hypernuclei sector with a precision of 10-4, which is an order of magnitude 

improved over the early data with same mass number.

ü New mass difference between 3He and 3𝐇𝐞 is placed by STAR measurement.

ü Place constraint to Standard-Model Extension (SME). Colladay, D. et al., Physical Review D 55, 6760 (1997)

STAR collaboration, Nature Physics 16, 409-412 (2020)

∆𝐦
𝐦

= [𝟎. 𝟏 ± 𝟐. 𝟎(𝐬𝐭𝐚𝐭. ) ± 𝟏. 𝟎(𝐬𝐲𝐬𝐭. )]×𝟏𝟎7𝟒

∆𝐦
𝐦 = [−𝟏. 𝟓 ± 𝟐. 𝟔(𝐬𝐭𝐚𝐭. ) ± 𝟏. 𝟐(𝐬𝐲𝐬𝐭. )]×𝟏𝟎7𝟒

For details: !"#$%&'#()*+,-+ (2020)

https://doi.org/10.1038/s41567-020-0799-7


Results (𝚲 binding energy)
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ü Early measurements are in agreement with 0 within statistical errors.

ü The current STAR result differs from 0 with a statistical significance of 3.4𝝈.

ü The central value of current STAR measurement is larger than the commonly used measurement from 1973.

ü Theoretical calculations span in a wide range.

ü Physics Today: “Strange matter interacts strongly with nucleons”(https://doi.org/10.1063/PT.6.1.20200327a)

STAR collaboration, Nature Physics 16, 409-412 (2020)

𝐁𝚲 = 𝒎𝒅 +𝐦𝚲 − 𝐦
𝚲
𝟑𝐇

= 𝟎. 𝟒𝟏 ± 𝟎. 𝟏𝟐 𝐬𝐭𝐚𝐭.

±𝟎. 𝟏𝟏 𝐬𝐲𝐬𝐭. 𝐌𝐞𝐕

For details: !"#$%&'#()*+,-+ (2020)

https://doi.org/10.1063/PT.6.1.20200327a
https://doi.org/10.1038/s41567-020-0799-7
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