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Decay study at a fragmentation facility

primary beam
Implant detector (Stack of DSSSD)
4t Jayer 39 layer 20 layer 1stlayer Fragmentation_X—

Secondary beam
(Cocktail beam)

l Beam line

PID 23U (345 MeV/u) + °Be

10*

10°

X-y position of an implant Correlate 3
X-y position of 3-ray emission events with PID

10°

10

Implant detector requires : AR
Good position resolution for both ions and beta = :s 2o s 20 m w as e e
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Segmented scintillation detector as an

implantation and decay counter

readout pMT YSO

>.<
<
s 5
a \ ,(.3Dr beam
D QO —
2 <
s— 3F | B &
& T 0
z o >
® N =
= o QO
) 8 —~+
°%’ S Compared to DSSSDs
= | Fast response time (~300 ps) . More y absorption
=K é Hard to radiation damage . ~10% energy
$3 o High stopping power resolution for ions
58S = High beta efficiency
o3 @ . Good position correlation
° 7 Can be thick

Simple and compact
. THE UNIVERSITY OF
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Position sensitive detector with a

segmented scintillator

Surface of the segmented YSO Multi-anode PMT Hamam: a’t"s*TluiHl |1i2‘7‘00

YSO (Yttrium Orthosilicate, Y,SiO:) crystal
Effective atomic number: Z~39
Density: ~4.5 g/cm?

Wavelength: 420 nm
Decay time: ~70 ns

48.5 x 48.5 mm effective area
8 x 8 anodes

' Resistive readout board
. 4chfor position

1 ch (dynode) for

timing

48 x 48 segments
Each segment: 1 x 1 mm
Thickness: 5 mm
Reflective material: ESR

THE UNIVERSITY OF
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137Cs source

Enough resolution to see 1 x 1 mm segments
The image is linear except along the edge
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First implementation of YSO detector

at RIKEN w/ BRIKEN

ZeroDegree F11
0 10 20m _ BRIKEN

BigRIPS (PID)

YSO

. BRIKEN exp. in Oct./Nov. 2017 at RIBF
= . In-flight fission of 345 MeV/u 238U
Seam | E Region around and beyond 78Ni
DSSSDs i % 140 3He counters for Pn measurement

Two ORNL clover detectors

(WAS3ABi) - Shared implantation between DSSSDs and YSO

THE UNIVERSITY OF
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lon ranges in YSO and Si

Range distribution in YSO

2 (345 MeV/u) + Be (4 mm); Settings on 2Cu* 2%; Config: DSSWSDSSMMMDDMWSMDDMSMMSDS....
dp/p=5.98% ; Wedges: Al (5 mm), Al (3.5 mm); Brho(Tm): 8.2719, 7.7496, 7.7331, 7.7331, 7.3263...

Material: Y2Si05 (6000 ym) _Strag Method: 1_(% stopped in detector [100% incomed indoif s sgee

|Z_ B 5mm =. 5 mm of YSO stops all the ions between Z=27 to 31

Yield (pps/pm)
o

Depth (um) sroims
Range distribution in WASABI
238U (345 MeV/u) + Ble (4 mm); Settings on 82Cu29+.29+; Config: DSSWSDSSMMMDDMWSMDDMSMMSDS ...

dp/p=5.98% ; Wedges: Al (5 mm), Al (3.5 mm); Brho(Tm): 8.2719, 7.7496, 7.7331, 7.7331, 7.3263....
Material: §i (10000 pm) _Strag.Method: 1 (% stopped in detector [100% incomed intositep: suies sgou

« >1 8 layers (8 mm) of Si are required to
{ stop all the ions

Yield (ppsium)

- V v i
O N L V) @ NN “h onN o 6N 0]
g3 T T

U} 1000 2000 3000 4000 5000 6000 7000 8000 2000
oA 3 Depth (pm)

. 4 mm Si+5mm YSO are installed in this gxperlment THE UNIVERSITY OF
2018/1/25 Decay Station Workshop at MSU 7 Ur TENNESSEE



Position correlation

Position correlation between Position correlation between implantation
YSO and WAS3ABi(DSSSDs) and beta
(lons that punched through) x-y images of beta events gated by implant position

¥ limplarastion

I S (T,B_Timp< 1s)

Entries 850 |
05 Meanx 7748 osf- NCa e Leka hist3
. Mean y 0.2491 wE- E S T Entries 4627
— 0.4 StdDevx  3.811 4 - o - Meanx  0.4986
S .. Std Devy 0.09442 3 — = | | Meany  0.4276
= 0. o it M Std Devx 0.1966
s 0 3 = E u Std Devy 0.2037
[ - = - "7‘
o E E - |
= 3 3y i
. : -
o 0.25 AT VA LAY PO S TP MNP F VA T | C J--I u
02 01 02 03 04 05 06 F - . e
w Y . C o
> o Beta image . . - -
107 . - -
o without the gate osf- =
02—
""""" PO A T D (OO i i o (O M o
. . 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9
WAS3ABI y position it X =0.3¥0.01 , Y= 03 20,02

Implanted at the top left corner

Implant positions obtained from YSO were consistent with those obtained from WAS3ABi.
Observed position correlated events between beta events and implant events.
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Decay curve of "6Ni implanted into YSO

P~ | EDM=3.48764e-10 STRATEGY= 1 ERROR MATRIX ACCURATE
0@ canvasi @ EXT PARAMETER STEP FIRST
File Edit View Options Tools ®  NO. NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 1.00000e+06  5.27277e+05  9.77258e-02** at limit **
2 lambdao 3.91527e-09  3.43928e-09 3.86768e-01  9.87265e-07
3 lambda1l 1.08644e-09 fixed
Entries 14922 | 4 lambda2 1.21605e-10 fixed
Mean 2.618e+08 i 5 Bkg .34000e+01 fixed
Std Dev 5.534e+09 Half-1ife0=1.77037e+08+-1.55514e+08 s

¥/ ndf 311.3/222 - .
Constant 1.302e+10 + 5.5416+08 Half-lifel=6.38e+08+-0 s

lambda0 _2.964e-09 + 2.930e-10 Half-life2=5.7e+09+-0 s
kgkroot [1] .q
g ; (2:}) wS [briken@mars utk]$ vi FitHalflife_Bateman_76Ni_Granddaughter.cpp
’2 B [briken@mars utk]$ root -1 FitHalflife_Bateman_76Ni_Granddaughter.cpp
) T root [0]
"‘{ ’1 34 _q (1) Processing FitHalflife_Bateman_76Ni_Granddaughter.cpp...
* Lambda0® :2.96217e-09

Half-1ife00=2.34e+08

I
Lambda10 :1.08644e-09

Lambda20 :1.21605e-10

| g Half-1life20=5.7e+09
I||H| | I i [ FCN=311.316 FROM MIGRAD STATUS=CONVERGED 82 CALLS 83 TOTAL
|.|l|||||‘| I i1
VI |

’I
il Half-1life10=6.38e+08
Nl‘

EDM=1.18346e-07 STRATEGY= 1 ERROR MATRIX ACCURATE
EXT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 1.3015%e+10 5.54075e+08 4.16578e-05 -7.76965e-02
lambda® 2.96360e-09 2.92955e-10 1.29749e-03 1.64326e-03
lambda1l .08644e-09 fixed
lambda2 1.21605e-10 fixed
.34000e+01 fixed

This site is better seen using the latest version of| H 2
= alf-life2
Database Manager and Web Programming: Alejandro Sonzogni, NNDC, Brook

. The decay curve was fit with a function including the daughter and grand-daughter decays.
. Obtained half-life of ®Ni was consistent with a literature value.
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Beta efficiency

Decay spectrum of 76Ni with
r<2.5 mm position correlation Ay = Ny f"yoe_modt

Ni76_1000bin2
= Entries 1094

Mean K 4 10s
StdDev  5.558e+0 Al — NO[ Aoll(e_t’lo _ e_tll)/(ll _ ﬂ.o)dt
0s

~tlo

10s e e~ th e~ thz
A, = N, f AogA A + + dt
20 s TR {(az — 2001 —29) T Qo= 2o = A1) (Ag = A) (A — Az)}

f,g_ M‘m WM It WWW Number of detected beta from 76Ni:

i3  {(Integral 0 to 10s) — (Integral -10 to 0s)} * Ag/(AgtA+A,)
. : - - = 6232 * 0.35 = 2170 events

Number of 76Ni ions implanted to YSO: 3307 ions

8
l\Illlllll||HI|IHI|IHIIIIIW

Beta efficiency of 7®Ni with 2.5 mm correlation: ~65%
Ni isotopes are expected to be implanted in the very front part of YSO.
Higher efficiency is expected for an ion implanted deeply.
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Future design

3D readout will be enabled with SiPM
Large arrays possible to fit the size of the beam spot.

) \H‘
N

a /{
el v ; g y :
\ r S LT i . e .. .
,‘_:" . 25 \ -
===

Sy
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Summary

We are developing a YSO scintillation detector as an implantation and decay
counter for fragmentation facilities.
Implemented in an experiment at RIKEN RIBF (~78Ni region).
The lon-beta correlation by YSO was successful
The decay curve of "®Ni was consistent with a literature.
The online analysis shows ~65% beta efficiency with 2.5mm position window.

TODO
Study of the light yield of YSO to various ions for the better way of gain
adjustment.
Testing fast timing for the future neutron-ToF measurements.

3D readout with SiPM

) THE UNIVERSITY OF
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Beta range in YSO

2018/1/25

R(mm)

16

14

10

Electron ranges in YSO (Zeff=34, p=4.44 g/cm?)

Decay Station Workshop at MSU
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Gamma-ray

10T
1

00 200

File Edit View Options Tools Help
ProjectionX of biny=[1001,1100] [y=0.000000..1100000000.000000]
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Position distribution of implant and

beta events

beta.y:beta.x {beta.z==4} implantation.y:implantation.x {implantation.z==4}

1 htemp
= Entries 1966996 = _htemp
0.9 Mean x 0.4836 E Entries 64389
“E Mean y 0494 D 09/ ::eanx 0.4937
- - ean y 0.512
— De B -
08 _ 2}‘;0@:; o 333 b 0sE- Std Dev x 0.1687
£ - = StdDevy 0.1791
=) 140 07
BoE 120 06
S 100  05F
0'4;_ 80 0.4
0.3 60 0.3
0.2 40 0.2
0.1 20 0.1
O:'"'l""I“"I"'llllll]lllllllll||1|||||||||1|| 0 °:||||||||||||||||||||||||||||||||||||||||||||||||| 0

0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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