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Status of Symmetry Energy Constraints using Heavy Ion Collisions

NuSYM11 NuSYM13

Tsang et al., PRC 86, 015803 (2012)
Lim & Lattimer APJ 771, 51 (2013)

Tsang, Zhang et al., PRL122, 122701(2009)

NuSYM10

C. Drischler et al., PRL 125, 202702 (2020)



Decoding the constraints on the Symmetry Energy
Lynch and Tsang, PLB 830, 137098 (2022) 



The SAMURAI TPC would be used to constrain 
the density dependence of the symmetry 
energy through measurements of:

– Pion production 
– Flow, including neutron flow 

measurements with the nebula array. 
The TPC also can serve as an active target both 

in the magnet or as a standalone device.
– Giant resonances.
– Asymmetry dependence of fission 

barriers, extrapolation to r-process. 

Device: SAMURAI TPC (U.S. Japan Collaboration)
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SπRIT Experimental setup

Chamber in SAMURAI magnet B=0.5T

VETO

Time Proj.
Chamber

30 degree

1. Detectors
1. TPC
2. Kyoto and Katana trigger arrays
3. Katana VETO array
4. Beam line detectors (BigRIPS, start 

counter, BDC)
5. NeuLAND + its VETO

2. 3 DAQs: 5MB/event & 2ms dead  time per 
event.



Beam

Thin-Walled Enclosure
Protects internal 
components, seals 
insulation gas volume, and 
supports pad plane while 
allowing particles to continue 
on to ancillary detectors.

Rigid Top Plate
Primary structural member,
reinforced with ribs.
Holds pad plane and wire 
planes.

Pad Plane (12096 pads)

Mounted to bottom of 
top plate. Used to measure 
particle ionization tracks

Field Cage
Defines uniform electric field.
Contains detector gas.

Voltage Step-Down
Prevent sparking from 
cathode (20kV) to ground

Wire Planes (e- mult)
Mounted below pad plane.
Provide signal multiplication 
and gate for unwanted events

Rails
For inserting TPC into 
SAMURAI vacuum chamber

Anatomy of
Front End Electronics
STAR FEE for testing,
ultimately use GET

Target Mechanism

Calibration 
Laser Optics
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Experimental Setup
April 2016

, Slide 10

Primary Beam Target Ebeam/A δsys evt(M) 2016

124Xe 108Sn 112Sn 269 0.09 8 4/30-5/4
112Sn 124Sn 270 0.15 5 5/4-5/6

238Ｕ 132Sn 124Sn 269 0.22 9 5/25-5/29
124Sn 112Sn 270 0.15 5 5/30-6/1

Z=1,2,3 100, 200 0.6 6/1



Big spiral of a pion



Collaboration

2016
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J.W. Lee et al., Eur. Phys. J. A 58, 201 (2022).

p, d, t, 3He, alpha particle momentum 
and rapidity spectra.
Comparison to AMD depends on 
parameter sets to obtain reasonable 
agreements

M. Kaneko, PLB 822, 136681 (2021).

Kaneko; JungWoo Lee



Mizuki Kurata-Nishimura, under review

Directed Flow Squeeze out Flow

Parameter sets in AMD either describe Z=1 OR Z=2 particle 
momentum and rapidity flow spectra but not both.
More work on clusters in transport models.
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Tommy Tsang et al. Physics Letters B 853 (2024) 1386613

To by-pass cluster problem, use of the coalescence invariance observables (weighed by 
A or Z) to extract EOS parameters in transport models, S0, L, η, 𝑚𝑚𝑣𝑣

∗ , 𝑚𝑚𝑠𝑠
∗.

Observables calculated with ImQMD model.

YingXun Zhang

Chun Yuen Tsang



Closure Tests with ImQMD

Tommy Tsang et al. 
Physics Letters B 853 
(2024) 1386613, thesis



Tommy Tsang et al. Physics Letters B 853 (2024) 1386613



Lynch       Jhang         Wang
Observables+ImQMDBayesian analysis

Fanurs Teh    Estee           Tsang

• Diverse set of data with 
different systems, different 
observable at different energy

• Results are consistent with 
b/p splitting slightly negative

• Data is consistent
Transport Model Proof?



Collaboration
Lynch       Jhang         Wang

Estee et al, PRL 126, 162701 (2021)

Two different constraints 
correlations are orthogonal to 
each other producing a nice 
overlapped region. 

Different definitions of effective 
masses splitting in different codes

Need to be resolved in transport 
codes – in progress

YingXun         Cozma          Estee           Tsang

Dan Cozma: dcQMD

YingXun Zhang: 
ImQMD



Isoscaling from Relative Isotope Ratios

Factorization of yields into 
p & n densities

Cancellation of effects from 
sequential feedings

Robust observables to study 
isospin effects

Tsang et al., PRC 64 (2001) 054615

𝑅𝑅21 = 𝑌𝑌2(𝑁𝑁,𝑍𝑍)/𝑌𝑌1(𝑁𝑁,𝑍𝑍)
𝑅𝑅21 = 𝐶𝐶 exp 𝛼𝛼𝑁𝑁 + 𝛽𝛽𝑍𝑍

𝛼𝛼 =
Δ𝜇𝜇𝑛𝑛
𝑇𝑇

, 𝛽𝛽 =
Δ𝜇𝜇𝑝𝑝
𝑇𝑇



Isoscaling 21

𝑅𝑅21 =
𝑌𝑌2 𝑁𝑁,𝑍𝑍
𝑌𝑌1(𝑁𝑁,𝑍𝑍) = 𝐶𝐶 exp 𝛼𝛼𝑁𝑁 + 𝛽𝛽𝑍𝑍

at 270 MeV/u
JungWoo Lee

J.W. Lee et al. EPJA, 58 201(2022)



J.W. Lee et al., Eur. Phys. J. A 58, 201 (2022).

Break at pt/A~270 MeV/c cannot 
be explained by statistical or 
transport models.
Clustering around (N-Z)=0, 1 & -1
Is t/3He the same as n/p?

JungWoo Lee



Isoscaling 23

𝑅𝑅21 =
𝑌𝑌2 𝑁𝑁,𝑍𝑍
𝑌𝑌1(𝑁𝑁,𝑍𝑍)

= 𝐶𝐶 exp 𝛼𝛼𝑁𝑁 + 𝛽𝛽𝑍𝑍

Rensheng Wang Fanurs Teh



𝑅𝑅21 = 𝑌𝑌2(𝑁𝑁,𝑍𝑍)/𝑌𝑌1(𝑁𝑁,𝑍𝑍)
𝑅𝑅21 = 𝐶𝐶 exp 𝛼𝛼𝑁𝑁 + 𝛽𝛽𝑍𝑍

𝛼𝛼 =
Δ𝜇𝜇𝑛𝑛
𝑇𝑇

, 𝛽𝛽 =
Δ𝜇𝜇𝑝𝑝
𝑇𝑇
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SMM by S. Souza

Temperature Dependence of isoscaling parameters

Fanurs Teh



What about neutrons?
Is t/3He the same as n/p?
Is Y(n) ∝Y(p)*Y(t)/Y(3He)?

Pseudo-neutron

Isoscaling

Rensheng Wang
Fanurs Teh







neuSIM4 : Neutron Simulation programs
Jeonghyeok Park et al., 
NIMA 1065, (2024), 169475
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https://www.sciencedirect.com/journal/nuclear-instruments-and-methods-in-physics-research-section-a-accelerators-spectrometers-detectors-and-associated-equipment/vol/1065/suppl/C






n-productions from transport models needs Work

Fanurs Teh

YingXun Zhang



Conclusion:
• Data from SpiRIT I is available 

• 108Sn + 112Sn @ 270 MeV (May 2016)
• 132Sn + 124Sn @ 270 MeV (May 2016)

• Moving Forward : SpiRIT II in Progress
• 124Xe + 112Sn @ 320 MeV (June 2024)
• 136Xe + 124Sn @ 320 MeV (Oct 2024)

• Evaluate the neutron detection and production mechanism
• Transport Models – panel discussions & TMEP meeting
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