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EOS of Nuclear Matter

« Key subject not only for nuclear physics but also
astronomy and QCD.

Neutron Mass vs Radius with EOS

4|« Heavy neutron stars > 2 x M(sun)
PSR J1614-2230 (2010) P
PSR J0348+0432 (2013)

 Supernove explosion?
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S(p): Isospin asymmetry dependence at p, < p < 2 p
%(p,é) == %(p,()) + 52@:Symmetry energy term IBUUO4 model

Isospin asymmetry par.:6=(pn —P,,)/(p,,+pp)=(N—Z)/A X = 1 softer EOS
X = -1 stiffer
Isospin asymmetry dependence of Ty

O Zhang Russotto et al
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Feature : Systematic measurements at supra saturation density
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Bao-An Li, et al., PRC71,014608(2005)
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FIG. 6. (Color online) Evolution of the 7~ /7™ ratio in the
reaction of *2Sn + !24Sn at a beam energy of 400 MeV/nucleon and
an impact parameter of 1 fm.
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n-/n* Production Ratio

Based on pBUU model
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In dense and isospin asymmetry medium, neutron is repulsive while Proton is attractive.
n/w* ratio sensitive to the high-density behavior of symmetry energy.
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Proton and neutron flow

Based on TIBUU model

1325n 41243 /1%83n + 11230 300MeV/A b=3fm
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«  BUU model predicts proton and neutron flow is sensitive to EOS

[1 4+ 2v1cos(¢) + 2v9c08(2¢) + ...

+  Observe azimuthal asymmetry emission with respect to a reaction plane
v; : Directed flow
v, : Elliptic flow

Differential flow
N(y)

1 } : 5%5(p)
Fn— -~ Pz ) Koym =93 L
L oV =1 & e &

P=pPo

15

o [1245n+ 12450, E/A=50 MeV, b=5 f$.+L
10— b

L B I B B I

Kom=t61 MeV o o'
"

. (o]
T

A I e

ity )
& :
_5_ i
% o ;d)'d" O proton
5—10}@+:+'+' ® neutron
A Fiao o lommeplae ol vt on [oms
Z_15;""I""I""I""I""I""
~ E
a, 10:—
Vv 3
51
2N
of

AT I T P e <, & P

_5 3
BT R YR Y I YRRy
(Y/ Ybeam)cms

FIG. 2. The average transverse momentum per nucleon in the
reaction plane for neutrons and protons as a function of reduced
rapidity with the Ky, parameter of +61 MeV (upper window)
and —69 MeV (lower window), respectively.

(0002) 1221 68 o118y sAyd I uy-oeg

N\

-,
-

B E

> E N T

N

NISHI

2



First experiment at SAMURATL in RIBF-RIKEN

e-Rl scattering with SCRIT
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TPC: Time Projection Chamber
“Snap shot”

Time projection chamber is ideally suited

Path in horizontal plane from

for identifying particles in magnetic field

Products from reaction ionize gas inside a

detection volume, called the field cage

In field cage, electric field and magnetic

‘ B field
0.5T

l E field

osition in vertical drift
direction from time

field are applied perpendicular to beam

direction.
2-D path traced out on pad plane
The time at which the electrons hit the

pads provides vertical dimension
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SpiRIT-TPC

« SnRIT-TPC is designed and
constructed at NSCL/MSU
to be used in SAMURAL
magnet chamber.

Pad Plane Area

Number of Pads

Rigid Top Plate

Pad size
Drift Distance
Pressure

Gas composition

SnRIT TPC Parameters
13mx09m Gas Gain 2000
12096 (112x108) E-field \ 135 V/em
12 mm x 8 mm Drift velocity ‘ 5.5 cm/us
50 cm dE/dx range Z=1-8, 1, p, d, t, He, Li-l
1 atmosphere Two-track res. 2.5cm 1
90% Ar + 10% CHa Multiplicity limit 200
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For inserting TPC into
SAMURAI vacuum chamber
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SnRIT-TPC Read-out Electronics

RIKEN HPC o
SpIRITROOT analysis | - >
isk
i _/> ~
Semi-online
‘ Analysis
G. Jhang et al.. J. Kor. Phys.Soci, 69
|| el
10Gb network

4 AsAds into
one Cobo

48 AsAds
in total

AsAd Temperature Monitor (2016/05/03 17:31:39)  Top plate temperature
Beam left (2016/05/03 17:31:01 AsAd <= 4 AGET
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Performance of Gating Grid
“

ST R « (Gating grid wires block
» — unwanted events
1@{ ETRRERY — Ions from avalanche
;:Z_ : . S‘olid line's are
§ SBk , Garfield Simulaitons
d o7 * Electron transparency as a function of the
& oo e, different voltage between adjacent wires (AV)
0 S W agreed with Garfield simulations.
ISR, SR «  This result has been submitted to NIMA!

Avoffset (V)

BIKEN

o
RIKEN




Auxiliary detectors.

SBT:
Start
Counters

Active
Collimator

KATANA-
Veto

Kyoto
Array

BDC:
Beam
Drift
Chamber

NeuLAND

RIM=EN

After STQ
mag.

In front of
the target

After the
exit window

Left and
Right side

In beam line
after S.C.

8.5m, 30deg

Hitting

No hit

Pulse
Height <=
-30mV

Multiplici
ty>= 4

not
included

not
included

Count number of beam
and determine start
timing

Eject beam passing
through out of the
target.

Eject more than Z=20
beam passing through
Trigger central

collision events

Reconstruct a beam
track

Detect neutron and
charged light particles

SBT:Start Counter (hitting)

Active Collimator (no hit)
o i»\

yoto Array
Multiplicity >=4 . KAATANA V <= Z(20)




Photogrammetry Measurement

Put reflecting point stickers on the measuring surface ‘ J ey
Take pictures from a several angles.
Analyze picture data. AL £, T

The absolute position of point is reconstructed.
Absolute position determined with ~0.2mm.
This results will be submitted soon!
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TPC measurement timeline

238 Primary beam:
132G + 124G

79Se + natural Al 238y Primary beam 124Xe Primary beam:

108 112
79Se + natural Sn 132G + natural Sn 1122“ + 1242“
n+ n

October 22-23, April 8-10, 2016 April 30 - May 6, 2016

2015

1249 + 112G
Z = 1-3 cocktail beam

October 29, 2015

@ @ 0.,.0.0_0

Cosmic ray studies

May 11-13, 2016

May 20-22, 2016

May 25 - June 1, 2016
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Sn Beam ID
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2D & 3D Event D

1245 + 112gp

ID: 16 (Gain not calibrated) - Top view
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132Sn+124Sn E/A=300 MeV (May 2016)

Central reactions
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Track Reconstruction -

1. Pulse Shape Analysis

f. Fixed shape

Cosmic event

hx f(t — to)

2. Helix tracking: 3D momentum tor tmeatsorn
1.  Track separation 2 [ 2=2 |
2. Riemann fit: 2D P .. TN v
3. Helix fit: 3D o . O N E=
4. Clustering _:--f_‘ &
5

Initialize GENFIT parameters

3. GENFIT: precise fitting
(Parameterization, extrapolation)

4. RAVE(Reconstruction vertices)

1328n+124Sn E/A=300 MeV (May 2016)
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Vertex Reconstruction

Run#3176 - Event ID: 71 (Gain not calibrated) - Top view

Run#3176 - Event ID: 75 (Gain not caliorated) - Top view

10?

Target
Ladder

10

Entrance
1 window

400 —200 0 2 400 600 800 1000 1200 1400
7 position [mm]
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Correlation between
Extrapolated track from TPC and Beam at the target.

1%25n Beam

Each track extrapolated onto the target

Two drift chambers provide us beam
position at the target

Nice correlation
verifies vertex

reconstruction
algorithm.
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Correlation with auxiliary detectors

TPC&Kyoto multiplicity correlation
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Nice correlations show confirmation of successful event
triggering systems
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Preliminary PID

PID by TPC (1328n + 124Sn @E/A=280MeV)
100 B ——— —

e (Gains are not calibrated.
 nt/n* can be identified. .,

« Better resolution is 70
obtained in latest studies.”
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Summary

R S

The first StRIT-TPC experiments performed at SAMURAI RIKEN-
RIBF successfully in Spring 2016.

Track reconstruction software is under development.

Correlations with auxiliary detectors show confirmation of
successful event triggering systems.

Good progress to obtain /n* spectral ratios to eventual place
constraints on the symmetry energy at high density.

Perspectives
— Several technical papers on TPC are being prepared.

— New physics results are comingl
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