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Naive Approach
The pressure from symmetry energy
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One of good probes

n—n* production ratio from HI collisions in wide range of 6
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What Z.Xiao et al. found

PRL 102 062502 (2009)
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SAMURAI-TPC AND POSSIBLE
PHYSICS USING IT

Tetsuya MURAKAMI
Kyoto Univ/RIBF

@GET Meeting at GANIL in 2009
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Layout of RIKEN RI beam factory (RIBF) ki
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RIBF before 2007
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Fixed design of Large Magnet ~2004-5
SAMURAI (7)

(SUPERCONDUCTING ANALYZER FOR MULTI-PARTICLES WITH RADIO-ISOTOPE
BEAMS)

Bending Magnet
Superconducting
Large B*L (7Tm)

Large pole gap (80cm)
Weight ~ 630 ton

Q,

“ : “l‘ﬂ" / (not shown

(not shown in picture
in picture)

7y,
Deuteron ‘
roton Heavy Ion
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WHAT KIND OF EXPERIMENT ?

(y,n) reaction: neutron-rich side (Y.p) reaction: proton-rich side (p.p")s (p,2p) etc.
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Status ~2009

CURRENT STATUS
o Budget approved 1.56BJPY in FY2008 — 2011

o All the contracts have been made in FY 2008
-- all the specifications are fixed

o Contracts done for
* Superconducting dipole magnet
» Almost full set of HI detector
» Almost half volume of the neutron detector
» Proton detectors
» Triplet quadrupole magnet for beam transmission
» Peripherals (vacuum pumps, circuit modules,...)

o START EXPERIMENTS IN SUMMER 2011
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DETECTORS //

o Heavy Ion Detectors

eam chamber

o Chamber/case/feedthru

o Electronics

o Gas handling
OJpstream chamber

o Chamber/case

o Electronics

ety
o Gas handling &

Neutron Detectors
ownstream

o Chamber/case/feedthru A Scintillator, PMT, Electronics
o Electronics Proton Detectors

o Gas handling @ Microstrip Silicon

harge measurement — Readout circuit

o Ion chamber 8 Proton Drift chamber

o Electronics Hodoscope + elec.

OV elocity measurement
o Plastic hodoscope

o Cherenkov - MWDC - Hodoscope
OTo’cal E (pure CsI) — Z=1 detector —Beam dump

— Polarimeter

Polarized Deuteron Experiments

o Detector
o Electronics TPC
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POSSIBLE STRUCTURE OF VACUUM CHAMBER
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RIBF: Radio-Isotope Beam Factory

Accelerator complex of two linacs and five cyclotrons

28GHZzECRIS

NPCSM workshop 2016

e-RI scattering with SCRIT
(construction)

(construction)

Field integral =7Tm
Pole Gap=80cm
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experimental setup

Equipment
e TPC g
- i-
~Time Projection Chamber ! — !
12 , U, P, d) t) BHe) 4He’ i v 4
IMF’s .

i
1
7

The SAMURAI chamber

1s at air /
Target

E—F zi' ] il '.
124 S Imm’ Deteci@is) | ||
N (*2Sn, le TPC M=
- 128n) l_:‘_,.. (Time projection - W

selects central collisions ' Chamber)

and suppresses peripheral I

collisions. Parameters Vs

B3 Tnhorisontd 5 Pad plane area 1.34m x 086 m

e plane from Number of pads 12096 (108 x 112)

pad positions

Pad size 12 mm x 8 mm

provides neutron
information

Drift distance 53 cm

W
5
A\

Pressure 1 atmosphere
Position in vertical
direction from
drifttime

dE/dx range Z=1-3 (STAREL), 1-8
(GETEL)

Two track resolution 2.5 cm

direction

R. Shane et al.
Nucl. Instr. Meth. A 784 (2015) 513-517 AR 200 (may impact

absolute pion eff. in
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Readout system of SPiRIT-TPC
~05 MJPY (including DAQ))
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E. Pollacco, et al., Procedia 37 (2012) 1799-1804
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SPIRIT TPC:
48 AsAd boards
12 CoBo boards

2 p-TCA crates
2 MUTANT boards

NPCSM workshop 2016

Concentrator

FARM
Trigger4
Event-
Building

Web
Service

3-Level
Trigger
.Clock
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Oct 2010: DOE Funded ($1.2 M)
July 2011: Conceptual design

GET electronics installed
(MEXT)

Clementine Santamaria, NSCL

Feb, 2014
Shipped to RIKEN

May, 2013 (MSU)
4

Oct, 2015: Beam test
April 2016: Commission
May 2016: 108Sn+112Sn
May 2016: 132Sn+124Sn
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TPC measurement timeline

79Se + natural Al 38U Primary beam 24Xe Primary beam:

38U Primary beam:
79Se + natural Sn 1328 + natural Sn 108G + 126 132G 4+ 124§

1281 + 24Sn

April 8-10, 2016 April 30 - May 6, 2016
October 22-23, 2015

2480 + 12Sn
Z =13 cocktail beam

May 25 - June 1, 2016

October 29, 2015

U U 020,0,0

Cosmic ray studies

May 11-13, 2016

May 20-22, 2016

NPCSM workshop 2016 20
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Gating Grid Driver (GGD)
NSCL

s
fi
TR

Active Collimator
(Upstream)
Tsinghua University

KATANA — Kyoto array
(12 + 3 scintillators) o o ’:';3;-‘;“ _ 2 (30x2 scintillators) |

IFJ Poland %:?"‘wb“"’"‘i . P‘- ol Kyoto University

Trigger Box
IFJ Poland

Clementine Santamaria, NSCL
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Centrality selection

ABtis Event Selection

|___htemp |
m 276;3 trigger efficiency [%] vs b [fm]

RMS 2.828
N

minimum-bias
3 veto bars && NHit> 0
NHit> 3

[ Input data of Simulation ]}
UrQMD code is used for event generation
: 300 MeV/A, 1328n + 1245n, b = 0-12 fm,
& SAMURAI magnet magnet field map (0.5 T)

Impact parameter
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hist2

Entries 24741
Mean -249.9
Std Dev 160.5

start
Al bar counter

AC

target \\\\‘

target
ladder?
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Event ID: 90 (Gain callbrated) Top view

Event ID: 24 (Gain calibrated) - Beam right view

7000 20 PCSM workshop 2016







Final Roadmap of SaRIT project

Primary |Beam |Target |E,../A |& Goal Date
Probe minimum &  4/30-5/4

Probe intermed. 8 5/4-5/6

Probe maximum &  5/25-5/29

Probeintermed. d 5/30-6/1

Original plan
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Commissioning in magnetic field
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April 2016

Event ID: 231 (Gain not calibrated) - Top view

ﬂ U s DEPARTMENT OF
6 ENERGY
Ofﬁce of Science ||

\"AY(NH‘T”E

MEXT

Event ID: 9 (Gain not calibrated) - Top view
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Momentum (MeV/c)
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Verify performance of trigger detectors

Entries 28495 P Entries 13587
Mean x 8.161 Mean x 184.3
Meany Meany 24.32

StdDevx 4758 Low KATANA veto ADC |sdpevx 2194

Std Devy 8.046 D StdDevy 7.384

TPC muiltiplicity

Py
S
=
=]
£
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o
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= High Kyoto multiplicity
-> high centrality.

800 900 1000

30 35 0 700
Kyoto multiplicity KATANA VETO Amplitude[ADC]
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Obtain right beam energies

108Sn+12Sn:
@F7: 2908.68 AMeV
@ Tgt center: 269 AMeV

Energy calculated at center

w4 Energy measured between of target using LISE++
these two points using

112G 4124G - y A |
@F7: 208.42 AMeV
@ Tgt center: 270 AMeV

1325n+124Sn:
@F7: 203.1 AMeV
@ Tgt center: 269 AMeV

swaacnt k. SHARAQ
SHARAQ-Q3
smoz%ﬁn

24Sn+"2Sn:
@F7: 295.89 AMeV
@ Tgt center: 270 AMeV
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Data summary: 253TByte

TRGE
Run 750-1023 : 2015 Oct commissioning = 9.7TByte
Run 1735-2047 : 2016 Apr commissioning = 15TByte

Run 2261-2509 : Sn-108+Sn-112 - 70TByte
Num of Matched events: 8.3M

Run 2542-2653 : Sn-112+Sn-124 - 42TByte
Num of Matched events: 5.0M

Run 2836-3039 : Sn-132+Sn-124 - 73TByte
Num of Matched events: 9.5M

Run 3044-3184 : Sn-124+Sn-112 - 38TByte
Num of Matched events: 5.3M

Run 3185-3196 : Cocktail 300MeV/u - 1.7TByte
Run 3197-3211 : Cocktail 100MeV/u - 3.0TByte

RIDF: 0.1TByte
KATANA: 0.7TByte
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Managed to get purity
for most of beams (except for *+Sn

RUN_2251 BIQRIPS Beam PID

Entries 71119
Mean x 2.314
Mean y 56.54
Std Dev x 0.01088
| StdDevy 0.7031

RUN_2839 BigRIPS Beam PID

| Entries 119011

- | Mean x 3.297
" | Meany 57.11
| Std Dev x 0.01194

| Std Devy 0.5827
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Types of events

10851+1125n E/A=300 MeV

0 200 400 600 800 . 1000 1200 1400
Vertex Reconstruction z (mm)
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Run#3176 - Event 1D: 1 (Gain not calibrated) - Top view

600 B0
Z (mm)




Impressive Example of events

From 132Sn+124Sn
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Sneak view of 150k events!!!

p (MeV/c)
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Summary
We have just finished the first series of STRIT
experiments in May.
First sight of data seems very promising.

Need various checks of analysis.

A few technical reports have been prepared as PhD
thesis.

We hope to release the first results in a year.
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