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Physics motivation

O We constrain symmetry energy term in EOS at Supra-
saturation density.

O Heavy nuclear collision with 300 MeV/u beam is expected
to reach to nuclear density of two times larger than the
normal nuclear density.

O Symmetry energy can be studied using radioactive beams
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v/t Production Ratio
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FIG. 2 (color online). The 7~ /ar" ratio as a function of the
neutron/proton ratio of the reaction system at 0.4A GeV with
the reduced impact parameter of b/b,,, = 0.15. The inset is

the impact parameter dependence of the 7~ /7" ratio for the
%Ru + %Ru reaction at 0.4A4 GeV.
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0 FOPI data show /t* ratio is
larger than (N/Z)? ratio.

0 MDI used in the IBUU0O4
indicates the soft EOS is
preferable.

O SpiRIT experiment can
directly compare with
common Z and different N
system:s.

RRRRR



[ ]
RIKZN

Directed and elliptic flow

OFF plane emission
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a Heinz U, Snellings R. 2013 Annu. Rev. Nucl. Part. Sci. 63:123-51
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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.




BigRIPS in RIBF-RIKEN

O Unstable Sn beams provided by RIBF-Big-

e-Rl scattering with SCRIT
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Beam & Target configurations
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SnRIT-TPC

O SxaRIT-TPC is designed and constructed at NSCL/
MSU to be used in SAMURAI magnet chamber.

Rigid Top Plate

Readout electronics

SRIT TPC Parameters
Pad Plane Area 13mx09m Gas Gain 2000
Number of Pads 12096 (112x108) E-field 135V/em ; R >
Pad size 12mmx8mm Drift velocity 5.5 cm/s O N Pad Pla ne
Drift Distance 50cm dE/dx range 2=18,m,p, d, t, He, Li-0 Field Cage
Pressure 1 atmosphere Two-track res. 2.5cm
Gas composition 90% Ar + 10% CHs Multiplicity limit 200

Thin-Walled Enclosure
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- g For inserting TPC into

SAMURAI vacuum chamber
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Exp

erimental Setup at SAMURALI in RIBF-RIKEN
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2D & 3D Event Display

124gp 4+ 112
sn_, o S_n ID: 16 (Gain not calibrated) - Top view
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Central reactions
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Track Reconstruction ?
n
5 [ f. Fixed shape
O Pulse Shape Analysis | ( )‘
| \K hx f(t—to
O Helix tracking: 3D momentum T
v' Track separation 2 2.2
v" Riemann fit: 2D >0 T e
v' Helix fit: 3D ) \< i,
v' Clustering —
o o o 1325n+1248n E/A=300 MeV (May 2016)
v’ Initialize GENFIT parameters ...
O GENFIT: precise fitting v
|, /// ey |

(Parameterization, extrapolation)

O RAVE(Reconstruction vertices)
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Vertex Reconstruction

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

Run#3176 - Event ID: 75 (Gain not calibrated) - Top view = i o & 00
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Particle Identification by TPC

PID by TPC (1328n " 1248n @E/A 280MeV)

(gE/d)J(;(ADg/mm()ﬂ
Q o n o
S & o o

oy
o
oOJT e U MITTITT T RTTTPITITTITTITTIT[ATTI T TIITTATT
S
LI . . :
e
o
n

. / ’
i ‘: - ;
1: TPERS . 2
. L] - - L
: 3 e
N 20N
4 § Nw o
RERRLY ' { |"'
.
e s s e L
S lll-
-
o
(%)

1 ll|llll|

SR = 10

1 /i R Rl o T o5 { ) ) 1
500 1 000 1 500 2000 2500
) /Q (MeV/c)

O 7, ntcan:be identifiedw. "

O p, d, t, >*He are also visible.
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Active Collimator (no hit)

NE
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Centrality Trigger
by charge of beam fragment with
KATANA_V e — .

= e : -
addles — >
i Peripheral Central
O If beam like heavy 1:3_“\
fragment hits KATANA_V,
veto trigger is generated. o
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Centrality Trigger
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Tracking Efficiency

09E- R
O Tracking efficiency canbe | ﬁﬂ%ﬂﬂ i
estimated from the trigger Nﬁ
arrays, KTANA and Kyoto o !
Multiplicity Arra it
|y Y ol
O More than 80 % efficiency. o
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Kyoto Multiplicity Array ID

KATANA hit pattern (no track)

IIIIIIIII|IIII|IIII|II[I|IIIIII

&
8
o
8
8
g

RRRRR

EEEEEE




Correlation between
Extrapolated track from TPC and Beam at the target.
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Nice correlation indicates the successful operation of DAQ synchronization and vertex reconstruction

Intrinsic spatial resolution is estimated to be ~ Imm.
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Figure I Average in-plane transverse momentum versus normalized rapidity in the reaction
Au-+Au at S00A MeV. The points at ¥/ Yaeam < O are reflected.




Acceptance

Proton Neutron:Y - Pt : : ,
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Summary

The first experiments were performed from April to June in 2016.
For (132S5n+1%4Sn) , (1%Sn+!12Sn) reaction, ~10M triggers accumulated.
L Pard i Hewere identified:
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Correlation between TPC and ancillary detectors confirmed that
v' Typical space resolution is ~ Imm
v' Tracking efficiency is more than 80%

O

Development of tracking reconstruction code has been on progressing
O The evidence of flow was observed.

O Perspectives
v’ @*/w ratio comparison among neutron rich and poor configurations.
v Evaluate vl and v2 for n*, @ n, p, d, t, °He , *He.
v w*/w, p/n ratio with respect to the reaction plane
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On Site Experimenters
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Other Participants: H. Baba, Chica, Ichihara, Kondo, T. Nakamura, H. Otsu, Saito, Togano B. Tsang (MSU)*

Y. Zhang (Tsinghua U)
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NeuLAND Collaboration: Leyla Atar, Tom Aumann, lgor Gasparic, A. Horvat, H. Scheit
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