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B2 NIE9Yin inverse kinematics
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Beam = Physics objective >, 100-300MeV/u

@ / ,' Invariant mass

gamma ray
-5

\\
\
\

100-300MeV/u

a'), (d,d) : ISGR

.p’) : M1, Dipolarizability

.p) : proton-neutron distribution

2p), (p,pn), (p,pa) : single particle
/ nucleon corr.

(TKI—E) O..ZI\/IeV—ZOI\/IeV (o). (d.20) : GT, SDR -

Missing mass Coulex: IVGR
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Experimental condition

« Consider 132Sn (d,d")

 Incident energy of 100 MeV/u
e cross section ~ 0.1 mb within the acceptance

of CAT

e Luminosity : 0.01 mb-?

« target thickness: 0.3 mg/cm2 (D,, ~5¢cm, 0.4 =
atm) c 10°g
« Very high intensity: maximum 1Mcps (purity ~ =
100/2)/) E 10°E
« Typical injection rate 300kcps D 1
: D ol
« Heavy ions: Z~50, A~130 ©
e Large energy deposition @
« Huge number of secondary electrons (delta o
rays) 0
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« Gas pressure optimization
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« Readout pad and tracking method
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Consideration of operation pressure

Monte Carlo simulation 0.2atm 0.3atm 0.5atm - 1.0atm
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Multiplication &
Dual gain operation




Multiplication

« HRIIKE, BEXAKZ, ~NU T L
e HXEIX 0.4 atm LUF
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0.4-atm E/KZ= two THGEMS

10°

Gain
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Operation with high-intensity beams

w/ beam intensity of 106 cps
=> 0(1) mA at last THGEM.

segmented THGEM [
~— dE/dX of deuteron and 132Sn@100MeV/u e 100
E 1032 S o for DGGEMs
~ - 1328n 1OOMeV/U %\ 80p ¥ for Grid + THGEMs
> b 100 =
S 5 60 .
B 10k % 7
2 - 4 407., "
> L _ 1 mesh grid  § | . | IR
0 Recoiled deuteron g 5 ol
GC) L ! | ! ! ! ! ! | : I '.~"~°o
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9.8M 2 H
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0 - I =D oo = = energy resolution than mesh grid along the
oM 2 mm Transfer Field
l mlu\m R e beam path. . S. Ota et al, J. Radioanal.
______ THGEM1 . .
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0.4-atm 7k 3= Dual gain Multilayered
THGEM oot et o016

Recoil Beam Recoil
region region region
Read Pad
2mm
Gaml
==
V2 —__— _—
V] e ——
16.2mm
Mesh = %= = = == = = = = = — \
S5mm
Energy |dE/100mm dE/dx
[MeV/100mm] [MeV/mm]
Field Cage 132Xe 184 .4 9.54 0.0954
MeV/u
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Readout & [racking



Readout pad

« Concept: small number of readout channel
(relatively low definition)
« Challenge to improve the resolution of track
with low-definition pad array.
e Using charge information to deduce the position

« (Unexpectedly) Important for the delta-ray
discrimination for the trigger

1*100 =100 3.9*%24 =935
4K HD
— 32 hits 14 hits
3*10%/sqrt(4)
= 0.1 mm?
r 0.3 10 = 30mra
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Bragg curve Titting

 fitting the calculated charge
to the measured charge

 How to calculate the charge

 Needs brag curve
« If there is no diffusion
* Assume a line segment = .
track of particle
+ Calculate intersection of the
line segment and a readout
pad
+ Calculate the total kinetic

ener§y at each intersection
nd deduce the energy

geposit /
 There is diffusion — =

+ Response function for an range

=

enertgy deposit at a certain
poin

* Integrate the response to the
energy deposition along the
trajectory
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Estimation of delta-ray by irradiating high intensity beam

Projectile 132Sn 2000 particle
Energy: 100MeV/u

fPos.fX>10} fHitsTPC .fCharge {fHitsTPC fPos.fX<-10||fHitsTPC.fPos.fX>10}

400 ChgrgeRecoil c = Qharge
s L Entries 451051 . F Entries 10789
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Roadmap for Development
Fa 21 [22 123 |24 |25 26 o7 lre [20 130 31 [32 |3 _
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-irst Rl beam experiment



CNS Active Target (S)

2017/03/04

TPC + Silicon

pure Deuterium or Hydrogen, or He + CO2

No magnetic field

Charge measurement is essential

] 9cm x 9cm, 0.5mmt [

25cm

i = Vv
E~1kV/cm/atm

AR e RIEWS
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BT D Readout system

Self triggering using side pad
+ ext. trigger by SSD
300 Hz accept, so far / 12bit 1500sample

ol

AVAVAVAVAVAVAVAVAVA
5 7

| RN SRR o
{‘ Optical link
80MB/s
Flash ADC A3818 Pkl
Server

V1740 (CAEN)
preamp (REPIC)  19pit 2\Vpp bOMS

T ~80ns pulse shape
0.3V/pC gm
.
Commercial base and -
low cost (easy to get in 100
2009) - .
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Ktau and ISGMR in A=132 nuclei @RIBF

2017/03/04

Ky~ Kvol(]- + CA_l/g) N - Z)/A]2 + KCoulZ2A_4/37

Incompressibility
B — Fiy | T4 asymmetric term of
GMR = 7 . e
< = = incompressibility
Z

53

Isotope: many stable nuclel are available => extend to the unstable nuclei region
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v MWDC
132Sn
100 MeV/u
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= @ 8
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& OO o |~

Diamond: S. Michimasa et al.

(2013)
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Data acquisition system

TPC part
« High density FADC from CAEN
« High speed optical link readout (~60 MB/sec)
« Software zero suppression
Silicon part
« HIMP system (for SAMURAI Silicon at RIKEN)
Beam part

« Single VME board readout (MOCO)
« Data rate and live time

Parasitic

timestamp

Parasitic

Exp DAQ

2017/03/04
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The first experiment
at RIBF 133Sb  Beam PID |

« 1325n 100
MeV

 Intensity :
350keps

o Purity: 2b-
30%
e Beam PID is
done w/o dE
information

« 25TB data in
total

2017/03/04 .




Preliminary result

w/0 beam information

« Rejection of delta rays

2017/03/04

* Pulse height
e Clustering

cut

« Rejection of beam-like particles

« Event selection by pre-tracking w/

centroid trac

Recorded pulses

soTotal Event# = 4 {Accepled Event# = 4).
w?’ > b B -
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data acquired for 1500 sec

Only one true
event for GMR
is expected in
this spectrum

EREMF  HFB)+
CNS
REOET @ HTHRE
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phys0239 (analyzed on 20170207)
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Mean 004624
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Blue: stop in TPC
Red: 1.5 (Chi2 ratio of
deuteron and proton)
Green: 2.0
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Next step
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Active region: (x,y,z) = (100,100,]
Reaction points of Z: +/- 100mm

Sigma of beam: bmm

Scattering Angle in CM system (degree)
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Physics case

e Equation of state through proton-neutron finite system
 relation between colored and colorless matter
« relation between finite and infinite system

« Degrees of freedom of nucleon
« Effect of pair interaction, many body force
 Forming cluster
 nucleon-nucleon pair (T=0/ T=1)
« alpha particle
e others?
« Astrophysics
 Nucleosynthesis



Field of study

(d,d"), (a,2”), (p-p))  E
incompressibility

(d,2p) symmetry energy/

GT+ strength in iron Cluster
group

(a,d), (a,6Li), (a,a)
Nucleon correlation

o
-

q(d,p) for ANC,
(p,d), (d,1), (a,1), (a,3He) .. Transfer reactions

N, rumber of neuyors

>
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Tools for physics

* Missing mass spectroscopy of unstable nuclei

* inverse kinematics Active Target + BigRIPS / OEDO

- elastic / inelastic scattering
« transfer / pickup reaction

« normal kinematics => SHARAQ/OEDO

« exothermic reaction (positive Q value)

« Key of experiment
e high luminosity
« high intensity beam
 thick target
 event-by-event particle identification of high intensity beam (1lus)
« detectors for probe
* high-rate large scale data acquisition lus TR FHRITE T T 87z
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