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Motivation and Significance

q Hyperon-Nucleon (Y-N) interactions play an important role in understanding the 

neutron star and QCD theory [1, 2, 3].

q Precise measurement of masses of hypertriton (!"#) and anti-hypertriton ($!
"$#) provide insight into 

Y-N interactions and the CPT symmetry.

1. Mass is more sensitive to the Y-N interactions than the lifetime.

2. There is no measurement for $!
"$#.

q The production of light nuclei is sensitive to the temperature and nucleon phase-space density of 

the system at freeze-out, hence it could be an excellent tool to explore the QCD properties [4, 5, 6].
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The Solenoidal Tracker at RHIC (STAR)

Figure 1. The view of the STAR Detector.
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The Heavy Flavor Tracker at STAR (HFT)

Figure 2. The view of the HFT Detector.

Taking data:
About 1.2 billion Au+Au collision events in 2014.  About 3.4 billion Au+Au collision events in 2016.

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

Detector Radius (cm)
Hit Resolution

(! × #) / Z 
($%/$%)

Thickness

SSD 22 30/860 1% '(
IST 14 170/1800 1.32% '(

PXL
8 6.2/6.2 0.52% '(

2.8 6.2/6.2 0.39% '(

PXL: PiXeL
IST: Intermediate Silicon Tracker
SSD: Silicon Strip Detector
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Particle Identification with TPC and TOF 

Figure 3. The <dE/dx> versus rigidity measured by TPC 
in 2014 Au+Au collisions at !"" = 200 GeV.

Figure 4. The #/% versus rigidity measured by TOF 
in 2014 Au+Au collisions at !"" = 200 GeV.
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!
"# and $!

"$# Reconstruction

%&' → ) + +, + d

Figure 5. The topology of the !"# ($!
"$# ) two-body decay and three-body decay.

Because of the high spatial resolution (better than 30 -.) of the HFT, the decay vertex can be 
determined precisely.

!
"# has many decay channels:

ü Non-meson decay channels:
!
"# → / + 0
!
"# → 1 + 0 + 0

ü Meson decay channels:
!
"# → "#2 ( "#) + 5, (56)
!
"# → / + 1 (0) + 5, (56)
!
"# → 1 + 0 + 1 (0) + 5, (56)

Good PID of charged particles in STAR 
detector.

Reconstructing !"# ($!
"$#) through:

!
"# → "#2 + 5,
!
"# → / + 1 + 5,
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!
"# and $!

"$# Invariant Masses (before energy loss correction)

Figure 6. The invariant masses 
of !

"# and $!
"$# before energy loss 

correction.

Dataset used:
Au+Au collisions at %&& = 200 GeV.
Run14: 1.2B events.
Run16: 3.4B events.

!
"# and $!

"$# candidates obtained 
with excellent S/B ratio.

(A) (B)

(C) (D)

&%'(
)
*+,* -

. /.0 *
*,* + &23( 4/ + 2

Fit Function:
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!
"# and $!

"$# Invariant Masses (with energy loss correction)
Figure 7. The invariant masses of 
!
"# and $!

"$# with energy loss 
correction.

Energy loss in the material in 
front of and in the TPC.

!
"# (2-body + 3-body)
2990.90 ± 0.11 (stat.) ± 0.15   
(syst.) ⁄'() *+

$!
"$# (2-body + 3-body)
2990.59 ± 0.25 (stat.) ± 0.15 
(syst.) ⁄'() *+

!
"# and $!

"$# combined
2990.85 ± 0.10 (stat.) ± 0.15 
(syst.) ⁄'() *+

Systematical uncertainty source:
Ø Energy loss correction.
Ø Different cuts impact.
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Hypertriton !"
definition:
#" +#% − #

"
'(

1. Early measurements of !"
have large statistical 
uncertainty due to the limited 
statistics.

2. The difference between the 
STAR measurement and the 
previous measurement is 
0.31 ± 0.11 (stat. only) MeV. 

Worldwide Binding Energy of "*+

Figure 8. A summary of worldwide binding energy of "*+ experimental measurements. The vertical lines are the 
statistical uncertainty, the brackets are the systematical uncertainty. The gray band is the mean value with its statistical 
uncertainty measured in 1973. 
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Mass Difference Between !
"# and $!

"$#

Figure 9. Measurements of the mass-over-charge ratio differences between light nuclei and 
anti-nuclei. The error bars represent the sum in quadrature of the statistical and systematical 
uncertainties (standard deviations). Dotted line is the CPT invariance expectation.

1. !
"# was discovered in 1952.

2. $!
"$# was discovered in 2010 by STAR 

collaboration [7].

3. Mass difference between !
"# and $!

"$# was 
measured for the first time.

4. The mass difference consistent with CPT 
prediction.

5. Test of CPT symmetry in the light 
hypernuclei sector.

∆('/|*|)
'/|*| ,

= .. 0 ± .. 2 3454. ± 6. 7 (3834. ) ×6.:7

∆('/|*|)
'/|*| "#;

= −6. = ± .. 0 3454. ± 6. . (3834. ) ×6.:"

∆'
' !

"# = 6. . ± .. 0 3454. ± .. > (3834. ) ×6.:7

[7] B. I. Abelev et al. (STAR Collaboration), Science 328, 58 (2010).
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Triton Production – Triton Invariant Yield

Figure 10. Mid-rapidity (|y|<0.5) transverse 
momentum distribution of triton in Au+Au
collisions at !"" = 7.7 ~ 200 GeV for 0-10%, 
10-20%, 20-40% and 40-80% centralities.
The vertical lines represent the statistical 
uncertainty, the brackets represent the 
systematical uncertainty.
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Triton Production – Coalescence Parameters

Figure 12. Collision energy dependence of the coalescence 

parameter !"# $%& !'&. The vertical lines are the statistical 

uncertainty and the brackets are the systematical uncertainty.
Figure 11. !"# versus ()/+ at ,-- = 7.7 and 200 GeV
for 0-10%, 10-20%, 20-40% and 40-80% centralities.

ü !"# decreases (freeze-out volume increases) from 
peripheral to central collisions.

ü !"# energy dependence is similar to !'& below 

collision energy 200 GeV.

E/
d1N/
dp/1

= B/ E6
d1N6
dp61

7
E8
d1N8
dp81

/97
≈ B/ E6

d1N6
dp61

/
Coalescence formula [4]:

[4] László P. Csernai, Joseph I. Kapusta, Phys. Reps. 131, 223 (1986).
[5] A. Z. Mekjian, Phys. Rev. C 17, 1051 (1978).
[8] STAR Collaboration, arXiv:1707.01988v1 [nucl-ex].
[9] Ning Yu for the STAR Collaboration, Nucl. Phys. A 967, 788 (2017).

ü The coalescence parameter !+ reflects the 
local nucleon density [4].

ü In thermal model, !+ ∝ <=>9+, <= is the 
freeze-out volume [5].
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Triton Production – Neutron Density Fluctuation

Figure 13. Collision energy dependence of neutron 
density fluctuation !". 
The vertical lines are the statistical uncertainty and the 
brackets are the systematical uncertainty.

Neutron density fluctuation can be expressed as [6]:
!" = $" % / " %.

In our measurement, !" can be approximated as
'( ) '*/'+% ≈ -(/ + ∆"), with g = 0.29.

The neutron density fluctuation !" shows a non-monotonic 
energy dependence with a peak around 20 - 30 GeV.

Proton yield is from [8].
Deuteron yield is from [9].

[6] Kaijia Sun et al., Phys. Lett. B 774, 103 (2017).
[8] STAR Collaboration, arXiv:1707.01988v1 [nucl-ex].
[9] Ning Yu for the STAR Collaboration, Nucl. Phys. A 967, 788 (2017).
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Summary

ü The mass and binding energy of hypertriton and anti-hypertriton with STAR Heavy Flavor Tracker were 

measured. 

!
"# mass: 2990.90 ± 0.11 (stat.) ± 0.15 (syst.) ⁄&'( )*. 

+!
"+#mass: 2990.59 ± 0.25 (stat.) ± 0.15 (syst.) ⁄&'( )*. 

Binding energy (!"# and +!
"+# combined): 0.44 ± 0.10 (stat.) ± 0.15 (syst.) MeV.

ü Mass difference between hypertriton and anti-hypertriton was measured for the first time, which is a test 

of CPT symmetry in the light hypernuclei sector.

∆-
- !

"#
= /. 1 ± 1. 2 3454. ± 1. 6 (3834. ) ×/1;<.

ü Production of triton with the STAR BES-I data was measured. 

ü The coalescence parameter =" and neutron density fluctuation >? were extracted from our measurement.

Energy dependence of >? shows a non-monotonic behavior with a peak around 20 – 30 GeV.


