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Example of versatile colliders and detectors
major upgrades over the last twenty years to improve 
particle identification and vertex reconstruction and is 
still evolving with an extension to forward rapidity as 
of today. pioneered in using new technologies: MRPC, 
MAPS, GEM and siPM. 
Estimate 35M(initial) +75M(upgrades)$. 

3C$,3%$031351&')$20030$1&$<DEF$)4,53$7G8H



Observation of antimatter H4Lambda
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Charge Symmetry Breaking in B=4 hypernuclei
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|B|=3 hypertriton lifetime
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Potential discrepancy? 
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B=1,2,3 nuclear yield ratios
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Spectra and two-particle ratios
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Quantum Wavefunction overlap efficiency
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Coalescence wavefunction 
overlap between nucleus 
and nucleons 
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Possible sign of Density Fluctuation
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Baryon Number (B) Carrier
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[1]: Artru, X.; String Model with Baryons: Topology, Classical Motion. Nucl. Phys. B 85, 442–460 (!"#$ ).
[2]: Rossi, G. C. & Veneziano, G. A; Possible Description of Baryon Dynamics in Dual and Gauge Theories. Nucl. Phys. B 123, 507–545 (!"## )
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Baryon Number (B) Carrier
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Model implementations of baryons at RHIC
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Measurements of quark electric charges

15

<52113'4,T$5'&))$)3514&,$%& $$
%

A7MZB2IA8MZB2IA8MZB2^7MZ
A7MZB2IA7MZB2IA8MZB2^8
A8MZB2IA8MZB2IA8MZB2^8MZ

_[`

F4&'02,=$<543,53$8aa7



Measurements of quark baryon number?
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Measurements of quark baryon number?
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Three approaches toward tracking the origin 
of the baryon number
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Double ratios between Ru+Ruand Zr+Zr collisions

!"#$%&'( )*#+,&-#../+&0100

Outlook:
�| Extract freeze-out 

parameters from fully 
corrected spectra. 

�| Study connections 
between charge stopping 
and baryon stopping.

�ÑThe double ratios of �è�>���è�?

and�L�� �§�Lare larger than 1. Due 
to extra charge in Ru?

�ÑThe double ratios of �- �?���- �> is 
consistent with unity within 
uncertainties.
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Identified hadron spectra to low momentum
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Separate charge and baryon transports
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Quantifying baryon number transport
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STAR, Phys. Rev. C 79 (2009) 34909; 96 (2017) 44904 
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! RHIC Beam Energy Scan (BES-I) 

span large range of rapidity shift 

! Exponential with slope of 
' & =0.61±0.03

! Consistent with the baryon 
junction transport by gluons: 
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Quantifying baryon number transport
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Rapidity asymmetry in photon-
nucleus collision

! Selection of photon+Au collisions from 
Au+Au at 54.4GeV ultra-peripheral 
collisions 

! Antiproton shows flat rapidity 
distribution 

! Proton shows the characteristic 
asymmetry increase toward nucleus side 

! Slope is closer to the slope of the beam 
energy dependence 

! PYTHIA shows much larger slope 

R").*+&!+S"1&B>R!E&3.-&;LNO<&6T;CDCK
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Three approaches toward tracking the origin 
of the baryon number
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What do we know about pp collisions?!"#$%&'()(*+,(-
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Conclusions
! Baryon number is a strictly 

conserved quantum number, 
keeps the Universe as is

! We did not know what its carrier is;
It had not been experimentally 
verified one way or the other until 
now;  

! Discovery of the simplest QCD 
topology: the baryon gluon junction 

! Explore other signatures 

! Discovery of the heaviest antimatter 
nuclear cluster (hyperhydrogen 4) 

! Continue to improve our 
measurements on hypernuclear
lifetime and binding energy (CSB)

! Use nuclear yields to study production 
mechanism, quantum wavefunction 
overlap: thermal vs coalescence model

! Use nuclear yield ratios as a sensitive 
probe of nucleon density fluctuation 
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Lifetime of |B|=4 hypernucleus
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Baryon stopping in UrQMD
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Baryon rapidity loss
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! Scaling at certain x range, 
quarks behave as point-like 
particles 

! Evolution with x due to gluons 
! At DIS (high Q! >1 GeV! )

Bjorken Scaling for quarks
_[`



Tracking the origin of baryon number at RHIC

! RHIC nuclear energy is at a sweet 
spot

! U+U, Au+Au, O+O, Cu+Au, 
Cu+Cu, He3+Au,  d+Au,p+Au, 
p+p

! LHC and HERA energy are too high 
with small baryon excess (<1%)

! Isobar collisions with a beam-
energy scan at RHIC to study the 
charge and baryon transports
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Tracking the origin of baryon number at EIC 
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