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Numatron Parameters

A. Particle, Energy and Intensity
Intensity (pps)

Particle Max. Energy (GeV/u)
vt 1.27 ~ 10°
Krist 1.47 n 10t
Ne!?t 1.8 w10t R
*Space Charge Limit
B. Injector T/A(MeV) Freq. B(v/c) £(q/A)
Bevalac /Berkeley G )
Cockcroft-Walton (500 KV) 0.0147 —_— 0.006 0.029(U" ")
Widerde (m-3m) 0.146 25 0.018 -_—
Wideroe (m=3m) 0.305 25 0.026 4
Stripping —_— e —_ 0.067(u**™)
Low Energy Widerde (m) 1.10 25 0.048 _
Heavy Iom Besm 2 Low Ene R lon Besm 3 Alvarez 1.60 100 0.059 _—
TEy Heavy fon Stripping — —_— —_— 0.193(U“5+}
Alvarez 10.0 100 0.146 —_—
C. 1st Synchrotron
Injection Energy 10 MeV/u
Maximum Energy 250 MeV/u

Repetition Rate of RF Stacking 100

4 Momentum Spread of Stacked Beam 0.7 %
p Tranafer
f Beam Tran Line ~Kicker Hagnet Useful Aperture radial 18 cm
Septum Hagaet vertical 5 cm
il lector
RF Cavities Inflec Vacuum 2 x 107" torr
’ Space Charge Limit
Low Ioeryy Besa Tramspert Systes STRGROTON Number of Particles/sec
Fast Ixcraction
Chanasl D. 2nd Synchrotron
4 Saptum . .
:-._:-.—:-u Magnet Guide Field meax) 18.0 kG
Quadrupole Field (dB/dr)pay 1.38 kG/cm
Repetition Rate 1 Hz
Stripper Section 3 Slow Extraction Magnetic Radius 9.55 m
Chanael Average Radius 33.6m
$low Excractiom Circumference 211.2 m
Chanpal Number of Normal Periods 24
Number of Long Straight Sections 8
Focusing Structure FODO
Useful Aperture radial 9 cm
vertical 3.5 em
Number of Betatron Oscillations 6.25
LaYOUt Of NUMATRON Phase Advance per Normal Period 70°

2015/12/5

Vacuum

1 x 107° torr
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Super#%

iz cEIEiA+Q vBWindow Frame HBY AR R—IV
Bmax [T], BL [Tm] 3T, 7 Tm

PolesGap [m] , BEE [t]
AT & Stored Energy
EREIE
2.2GeV/HiFRAA
AENER

R

1.6x2.8x1.0m, 620 t
4.4 MAT, 36 MJ

1200 MY

55°

o)

. BA. RS

1.5T, 2.3 Tm
1.5x1.0x1.0m, 140 t
1.4 MAT, 36 MJ

100 MY (FEE%+BLE)

3T, 7 Tm
BEf%2.0mx0.8 m, 480 t
3.6 MAT, 28 MJ

few x 100 MY (?)

53°
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B Request of Badget

(y,n) reaction: neutron-rich side (y,p) reaction: proton-rich side (p.p"), (p,2p) ete.

neutron

¥ proton
y detector detector detector
ppac aJetector _ PPAC PPAC \\
FoA—~F—F1- S Hie -
de Sstrip H target /
Pb targ / IC Pb target
//hod e d|CC
hod hod
Pol. d-induced reaction EOS measurement

H/He target U |07
/ 11
dc/// beam dump
hod

polarimeter Q Triplet ﬁ—}\ hod
R = rull /
/




High density matter in neutron stars
investigated through nucleus-nucleus
collision

SAMURAI Pion Reconstruction and lon-Tracker
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Nuclear Equation of State

E(p,6) =E(p,0)+ Ey,, (0)5° +0(5°)
S =(pn—P,) P

Ksym 2 3
Esym(p):Esym(po)_l_Lg_'_ 2 & +O(‘9)

g=(p—py)13p, B DA R
Sy = Egm(pp) = J ; sOMetimes NS
6Es m (,0) 20 __
L =3p,— =3/ py)Fy s |
P=P \% | Neutron matter
s |
0 f
I | | ! | | L
0.25

_20 1 | | 1 1 | 1 1 1 | 1 | 1 1
0 0.05 0.1 0.15 0.2

n (fm™)

A.W. Steiner et al., Phys. Reports 411 (2005) 325



mm—

124Sn
1125n
1125n

1245n

13ZSn
124Sn
IOSSn

112Sn

@ 1245Sn,,

@200~300 MeV

a2

PR

238

300
300
300

124Xe

High-density
(participant region)

plpo~(y+1) 2.3 @ 300 MeV/nucleon

Change initial (N/Z)p,y; (N/Z)5ge: COMbination

to see the change of participant.
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Density p/p,
Tsang et al. Phys. Rev. C 86, 015803 (2012) 12




Influence of symmetry pressure;
Possible Probe

80

expels attracts

T T T ; Wr—7T———7———7—
MDI interaction ,'/ 1
- s 2 I |1 "sn+™sn, E_=400 AMeV, b=1 fm
Prediction of 60 PR el 11 ”
transport theory S T { |
S 40/ -0 o 268 | |}
= ) ~ ' N
& =27 x=1 s
W 20- /,f.:)' £ 24|
\.h-/
Suppress Y(n)/Y(p), /R -
- + - - . . -
Y(m)/Y(m), etc. /s
2.0 |||||||||||
5 10 15 20 25 30
t (fm/c)

One of good probes

Bao-An Li et al., Phys. Rev. C 71, 014608 (2005)

n—nt production ratio from HI collisions in wide range of 6
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SAMURAI
Superconducting Analyzer for Multi particles from Radio Isotope Beams
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Readout electronics

| Pad Plane Area
Number of Pads
| Pad size
Drift Distance
Pressure

Gas composition

2015/12/5

1.3mx09m

12096 (112x108)

12mm x8 mm

50cm

1 atmosphere

90% Ar + 10% CHa

~ For inserting TPC into
2.06m long x 1.50m wide x 0.74m SAMURAI vacuum chamber

Gas Gain
E-field
Drift velocity

dE/dx range

Two-track res.

Multiplicity limit

SJ-ERIT_TPC Structu re NIMA 784 (2015) 513-517.

Rigid Top Plate

2000

| 135 V/cm

5.5 cm/us

‘Z=1-8, i, p, d, t, He, Li-O
| 2.5cm

200

15



Simulated results for 132Sn+124Sn at 300A MeV
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Trigger system

tive Collimator

Ac & target EScintillator
. (il Trigger
[{ﬁj . Array

SAMURAI
Spectrometer

Ka ow {}e;;d—aad trigger wal

1 Gating Grid Wire Plane
Anode 4.05 4 20
Induced-Charge [h2 N )
Ground 8.1 1 75 ) . 2 Ground Wire Plane
- > Anode Wire Plane

Gating 14 1 75 :
gl‘ld Pad Plane

(12mm x 8mm pads)

2015/12/5

17



Side array & Front array

Event Selection | trigger efficiency [%] vs b [fm] |

counts htemp
] Entries 26127 100
600— | raw data Mean 7.989 B +
& I-TLF:JS 2.828 - M
500 j thr =3 80 _— ¥ ¥
4°°i thr.='5 - ¥
F | thr. =7 60
- r = L
300 - +
: B ¥
- | thr.=9 yh 40—
200 s = rLr o :
: ki o ¢ minimum-bias
100[— ¥ % .+ 3 veto bars && NHit>0 ¥
- - - ¥ NHit>3 +
o(; : I 2 ‘ : ' 4‘ ‘ UXVH:N 8 10 ; : 12 . 0 L 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1
b 0 2 4 6 8

[ Input data of Simulation ]

UrQMD code is used for event generation
: 300 MeV/A, 1329n + 12450, b = 0-12 fm,
& SAMURAI magnet magnet field map (0.5 T)

Impact parameter
2015/12/5



Active Collimafor(Tsinha)

Wavelength of Max.
Plastic:BC-408 Emission

90mMm*50mm*6mm

Peak sensitive wavelength
MPPC:S10931-100P

3mm*3mm
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KATANA(Kracow)

Materials:
-aluminium PA6 — (Fe < 0.06%)
-brass

-poliamid

Weight

18kg

Width: 1846mm

! Height: 685mm

“~15 paddles
3 x 1mm thick,
1646 12 x 10rqm thick 17
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| 32ch EASIROCx2 |

Multiplicity Array Pisess .-

Multiplicity Logic

Multiplicity Trigger Logic ]

3step D-FF + adder

A

|

| ROM 1 " D-FF N _2dder

' ROM || D-FF [

>

64bit
Discri.out - x8

| [
| ROM | D-FF

multi. threshold
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>

X+ ) -
f‘f+\r
T
|
* X Trigger
| Comparator geer,

- ROM

|- D_FripFrop

- adder circuit

VME-EASTROC MODULE V2

Sl Nctworks BB
T100Mbps

8bit calculation

for synchronization
of signal

add two numbers

4 VME-EASIROC

[Specification]

-1/0 (current)

64ch MPPC input,
shaper, discriminator, trigger,
probe (NIM)output

-ADC

Pulse height hold type

- MHTDC in FPGA

LSB = Tns
Leading/Trailing
Time Window = 4us

- Multiplicity Trigger logic in

FPGA

- test by function
generator
multiplicity = 4

- jitter comes from
D_FF
~ 3nsec width

- rough estimation
of timing delay
~ 52nsec
by subtracting
cable delay

21



SYSTEM GET Concentrator

Generic Structure (H&S)
212 Final Dyn Rnge
10Gbit B.width

4 Level Digital Trigger

FARM

Trigger4
Event-
Building
Data
Control

Web
Service
Security

- AsAd

AGET
ADC
FPGA

PULSER
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48 AsAd boards Front-End RV WA P —
12 CoBo boards Coding ~  .Clock
2 u-TCA crates V. I, EM & Temp et
2 MuTANT boards Control/Satb




Start counter Kyoto wall 1
. 1

|
TPC 2039.5 mm

l T |
}! ______________________________________________________________________________ i I ______

| . I
Katana

I alternative
|
I
Veto scintillators Secondary target 150 cm Kyoto wall 2
Active Collimator Katana array

Reactions from 2(50%
3Se+Al 10/23/2015
As Commission Run



450
soof- | target
350 f— Entriesl.1ISt2 24741 \A
— Mean -249.9
300 Std Dev 160.5
= Front Flange
“E start -276.86 H
20E- Al bar  counter AC target W]
150 ;— l j J ladder?
100 E— Veto C
50 E— -497mm
I Sta{C
oo 200 ~300 =) ~100 ' é ‘3|77
[
|
7" Albar
-442mm TPC




Summary Rough roadmap

* |Oct. 2015: Commission of TPC outside SAMURAI magnet.

* Nov. 2015 - Mar, 2016: Data analysis, calibration and improvement
and development of online/offline software.

e Jan—Mar, 2016: Remedy any issues arising from the commission
run. Insert and test TPC as well as all auxiliary detectors inside
SAMURAI magnet. Set up experiment SAMURAI15.

e Early April, 2016: Commission of TPC inside SAMURAI magnet
e Late April, 2016: Performance of SAMURAI15 experiment.
 (May, 2016: Performance of SAMURAI22 experiment.)

 May-October, 2016: Calibration of TPC and all the auxiliary
detectors.

 December, 2016: Preliminary results from SAMURAI15 and proposal
of new TPC experiments
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