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Motivation and Significance

Hyperon-Nucleon interaction

(YN interaction)

Hyperon-Nucleon-Nucleon interaction 

(YNN interaction)

Hyperon puzzle
➢ The presence of hyperon in neutron star (NS) is 

energetically favorable.

➢ Presence of hyperon leads to a smaller predicted 

maximum mass of NS. 

➢ Observation of NS with about 2 solar mass.

➢ How to understand the difference ?
Rev. Mod. Phys. 88, 035004 (2016)

Eur. Phys. J. A 52 : 29 (2016)

Strong force
➢ A new degree of freedom, strangeness inside 

nuclear matter

➢ Insights into strong interaction
Eur. Phys. J. A 48, 41 (2012)

arXiv: 1711.07521

Very poor understanding on the YN and YNN interaction due to the difficulty in 

obtaining the stable hyperon beams.



STAR collaboration, Science 328, 58 (2010)

(Anti-) Hypernuclei

Lifetime, 𝚲 separation energy ….

YN, YNN interaction CPT testing

A good playground

The measurements on those hypernuclei are needed !

Motivation and Significance

12/04/2018                                                    Peng Liu   NN2018, Dec. 4-8, 2018 - Saitama, Japan                3



STAR collaboration, Phys. Rev. C 97, 054909 (2018)“Hi, I am Hypertriton (𝚲
𝟑𝐇) ”

✓ A lot of measurements of lifetimes were carried out.

✓ Recent data suggest shorter value than free 𝜦′𝒔 lifetime.

✓ Stronger YN interaction in hypernucleus system?

How about the 𝚲 separation energy which is directly connected to the YN interaction ?

Motivation and Significance
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Motivation and Significance
PoS(Hadron2017)207 PoS(Hadron2017)207

➢ Larger statistical uncertainties.

➢ No knowledge on the systematic error and may suffer from 

a large systematic error.

➢ 𝐁𝚲 spread in the big range. 

➢ No measurements in recent 45 years.

More precise measurements on 𝐁𝚲 are  highly needed !
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The Relativistic Heavy Ion Collider (RHIC)

12/04/2018                                                    Peng Liu   NN2018, Dec. 4-8, 2018 - Saitama, Japan                6

A large number of strange particles and even the hypernuclei are produced in Au+Au collisions at 𝒔𝑵𝑵 = 200 GeV 

which are performed at RHIC.  Phys. Rep. 760, 1-39 (2018)

RHIC, located at Brookhaven National Lab, New York,  USA.

An ideal place for the study of hypertriton.



The Solenoidal Tracker at RHIC (STAR)
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Time-Of-Flight (TOF):



The Heavy Flavor Tracker at STAR (HFT)

Taking data:

Au+Au collision,  about 1.2 billion in 2014,  about 3.4 billion in 2016.

Details on the HFT : 

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

Detector Radius (cm)

Hit Resolution

(𝑹 × 𝝓) / Z 

(𝛍𝐦/𝛍𝐦)

Thickness

SSD 22 30/860 1% 𝐗𝟎

IST 14 170/1800 1.32% 𝐗𝟎

PXL
8 6.2/6.2 0.52% 𝐗𝟎

2.8 6.2/6.2 0.39% 𝐗𝟎

PXL: PiXeL

IST: Intermediate Silicon Tracker

SSD: Silicon Strip Detector
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Reconstruction of 𝚲
𝟑𝐇 and ഥ𝚲

𝟑ഥ𝐇
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𝛬
3𝐻 → 𝑝 + 𝜋− + d 𝚲

𝟑𝐇 has many decay channels:

✓ Non-meson decay channels:

𝚲
𝟑𝐇 → 𝐝 + 𝐧

𝚲
𝟑𝐇 → 𝐩 + 𝐧 + 𝐧

✓ Meson decay channels:

𝚲
𝟑𝐇 → 𝟑𝐇𝐞 ( 𝟑𝐇) + 𝛑− (𝛑𝟎)

𝚲
𝟑𝐇 → 𝐝+ 𝐩 (𝐧) + 𝛑− (𝛑𝟎)

𝚲
𝟑𝐇 → 𝐩 + 𝐧 + 𝐩 (𝐧) + 𝛑− (𝛑𝟎)

Good PID of charged particles in STAR 

detector.

Reconstructing 𝚲
𝟑𝐇 (ഥ𝚲

𝟑ഥ𝐇) through:

𝚲
𝟑𝐇 → 𝟑𝐇𝐞 + 𝛑−

𝚲
𝟑𝐇 → 𝐝 + 𝐩 + 𝛑−

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



PID of decay daughters
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Invariant masses of 𝚲
𝟑𝐇 and ഥ𝚲

𝟑ഥ𝐇
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Phys. Rev. C 97, 054909 (2018)

Due to the good performance of PID and high spatial resolution in STAR:

➢ Invariant mass distributions obtained with excellent signal/background ratio.

➢ Signal/background is higher by factor of 23 relative to the early reconstructed distributions.

➢ Significance of signal : 11.5 for 𝚲
𝟑𝐇 and 6.9 for ഥ𝚲

𝟑ഥ𝐇.

Precise measurement on 𝚲
𝟑𝐇 and ഥ𝚲

𝟑ഥ𝐇 are made based on these distributions.

STAR preliminary STAR preliminary



Binding energy, 𝐁𝚲, of 𝚲
𝟑𝐇 and ഥ𝚲

𝟑ഥ𝐇
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Current STAR measurement of 𝐁𝚲:

✓ Larger than the values from 45 

years ago.

✓ Substantially and significantly 

differs from zero.

Difference between our measurement and 

the old measurement ?

Recalling the old measurement process.

STAR measurement:
𝐁𝚲 = 𝟎. 𝟒𝟏 ± 𝟎. 𝟏𝟐 𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟏 𝐬𝐲𝐬𝐭. 𝐌𝐞𝐕

STAR preliminary
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Recalling the old measurement process.

Binding energy, 𝐁𝚲, of 𝚲
𝟑𝐇 and ഥ𝚲

𝟑ഥ𝐇
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Recalling the old measurement process.

By comparing the difference of 𝐐𝟎
between old and new values,

the best estimations of 𝐁𝚲 of old 

measurements are obtained.

Binding energy, 𝐁𝚲, of 𝚲
𝟑𝐇 and ഥ𝚲

𝟑ഥ𝐇
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✓ STAR measurements substantially 

and significantly differ from zero.

✓ The larger 𝐁𝚲, the stronger YN 

interaction.

✓ Our results constrain the hyperon-

nucleon interaction.

Theoretical calculations:

❖ 0.10 MeV by Dalitz in 1972. Nucl. Phys. B 47, 109(1972)

❖ 0.01-0.37 MeV with ab initio calculation in 2002.

Phys. Rev. Lett. 89, 142504 (2002).

❖ 0.262 MeV with SU(6) quark model baryon-baryon 

interactions. Phys. Rev. C 77, 027001 (2008).

❖ -1.2 MeV with AFDMC in 2014. Phys. Rev. C 89, 014314 (2014)

❖ 0.23 MeV with improved AFDMC calculation in 2018.

arXiv: 1711.07521

STAR measurement:
𝐁𝚲 = 𝟎. 𝟒𝟏 ± 𝟎. 𝟏𝟐 𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟏 𝐬𝐲𝐬𝐭. 𝐌𝐞𝐕

STAR preliminary

Binding energy, 𝐁𝚲, of 𝚲
𝟑𝐇 and ഥ𝚲

𝟑ഥ𝐇



Mass difference between 𝚲
𝟑𝐇 and ഥ𝚲

𝟑ഥ𝐇

12/04/2018                                                    Peng Liu   NN2018, Dec. 4-8, 2018 - Saitama, Japan                16

∆(𝐦/|𝐪|)

𝐦/|𝐪|
𝐝

= 𝟎. 𝟗 ± 𝟎. 𝟓 𝐬𝐭𝐚𝐭. ± 𝟏. 𝟒 (𝐬𝐲𝐬𝐭. ) × 𝟏𝟎−𝟒
∆(𝐦/|𝐪|)

𝐦/|𝐪| 𝟑𝐇𝐞

= −𝟏. 𝟐 ± 𝟎. 𝟗 𝐬𝐭𝐚𝐭. ± 𝟏. 𝟎 (𝐬𝐲𝐬𝐭. ) × 𝟏𝟎−𝟑

∆𝐦

𝐦
𝚲
𝟑𝐇

= 𝟏. 𝟎 ± 𝟎. 𝟗 𝐬𝐭𝐚𝐭. ± 𝟎. 𝟕 (𝐬𝐲𝐬𝐭. ) × 𝟏𝟎−𝟒

➢ CPT testing in 

hypernuclei sector 

for the first time.

➢ No violation of CPT 

symmetry observed 

with high precision. 

𝚲
𝟑𝐇 : 2990.95 ± 0.13 (stat.) ± 0.11   (syst.) Τ𝐌𝐞𝐕 𝐜𝟐

ഥ𝚲
𝟑ഥ𝐇 : 2990.61 ± 0.28 (stat.) ± 0.11 (syst.) Τ𝐌𝐞𝐕 𝐜𝟐

STAR preliminary



Summary
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1. Hypertriton and anti-hypertriton mass.

𝚲
𝟑𝐇 : 2990.95 ± 0.13 (stat.) ± 0.11   (syst.) Τ𝐌𝐞𝐕 𝐜𝟐

ഥ𝚲
𝟑ഥ𝐇 : 2990.61 ± 0.28 (stat.) ± 0.11 (syst.) Τ𝐌𝐞𝐕 𝐜𝟐

2. CPT examination in hypernuclei sector for the first time.

∆𝐦

𝐦
𝚲
𝟑𝐇

= 𝟏. 𝟎 ± 𝟎. 𝟗 𝐬𝐭𝐚𝐭. ± 𝟎. 𝟕 (𝐬𝐲𝐬𝐭. ) × 𝟏𝟎−𝟒

3. Higher 𝚲 separation energy observed.

𝐁𝚲 = 𝟎. 𝟒𝟏 ± 𝟎. 𝟏𝟐 𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟏 𝐬𝐲𝐬𝐭. 𝐌𝐞𝐕
Higher 𝐁𝚲, stronger YN/YNN interaction in hypertriton which was seen as a weekly-bound state 

ever.



Thanks for your attention !

Contact info. pengliuhep@gmail.com
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