Development of gaseous Xe scintillator
for particle identification
of high-intensity and heavy-1on beams
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1- PUFPOSe 4 ReSUIt Beam Information

 Production of high-intensity Rl beams Atomic Z ~ 35,55(secondary beams)

thanks to development of accelerators @RIBF, RIKEN. Number Z = 92 (primary beams)
Intensity [kcps] =1

(Analysis for high-intensity beam is future work.)

* But, can’t use maximum-intensity beam

due to beam-PID (Particle Identification) detectors, especially AE detector. F7 vacuum chamber
FoCalyPlane ..
» Requests under high-intensity beam : Good radiation hardness & Fast response PPAC lon Chamber | ppAC Pla PPAC | Beam position on Xe.

lon Chamber AE (Reference of Xe evaluation.)
Plastic scintillator | Timing.
Xe gas scintillator AE (Development in this work.)

Current AE detectors
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Current AE detector Problem

lon Chamber Slow response
(Standard @RIBF)
Si detector ‘ Bad radiation hardness

Plastic scintillator Insufficient energy resolution
for large Z beams.

N
2
5
Z
o
=
E
<

4.954e+06/ 7734
0.9978 £ 0.000807
0.0006032 £ 0.0003438
—0.0001768 £ 4.04%—-05
—8.191e—06 + 1.347e-06

Drawn by D. Nishimura

Development of new AE detector : gaseous Xe detector

Characteristics of Xe gas
» (as state = structureless
» (Good radiation hardness
« Small decay time constant : ~100 ns (lon Chamber : us order)
» [Fast response
* Need small energy for production of scintillation photon (~20 ev/photon)

Geometric mean of
QDC of 4 PMTs of Xe

» Good energy resolution o
Previous research w R . (-
separate §Z~0.2 (5¢) for Z~50 beams with prototype chamber. . ol | | oo

(1 mmt Al window + 4 atm. Xe gas = 800 mg/cm? : too thick!)

Requested performance
* Thickness : ~130 mg/cm2 (comparable to lon Chamber)

» Energy resolution : separate Z from Z+1 with (at least) 3o LN i Se— S
- : ( ) v AIQ Z (from Xe)

Z & AE resolution for Z ~ 35 beams Z resolution | AE resolution [%6]

2 . DeS i g n Of N eW Dete CtOr * Overall, the resolution of the Xe scintillator 0.218(1)

Within 5 mm rad. 0.194(3)

_ : IS close to that of IC. o
Configuration of Detectors. - The resolution near the center is Within 10 mmrad.—0.204(2)

better than lon Chamber Within15mmrad.  0.231(2)
0.255(2)
Gas, pressure [atm.]  P101 Xed  Xe?2 B e

Summary of the AE resolution ® 10n Chamber
@® Xe gas scintillator
(within 5 mm rad.)

Total thickness [mg/cm?]
Beam-axial length [cm]

In Z < ~ 60, achieve 3o separation.
The reason for the resolution plateauing
at ~1% Is under investigation.

Prototype

(~ X

Energy resolution [%]

Each dashed line represents
the resolution required for No separation of Z.

50 60 70 80
Atomic number Z of beams

In order to capture more light, set 4 PMTs and placed iﬁém’é“ibéék to center. 5 . EXtra Pe rfO I‘maﬂ Ce

ow -

* Timing resolution : 74 ps (o) for 238U
3. Performance test @BigRIPS beam line, RIBF » Position resolution : 0.39 mm (o) for 238U

TOF-Bo AR Teed 2381 beam @345 MeV/ (Both are preliminary result and expected to improve with further analysis)
-Bp-AE metho u

L PPAC x 2 PPAC x 2 PPAC x 2
== Plastic scintillation counter Plastic scintillation counter
T O F e TO F & pOS I tl O n \ lon chamber/Si detectors

e Shs = 4. Summary

Scope of AE detectors
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0 X By oW, R @ @\_,V"“g g""*n.,% » We are developing Xe gas scintillator 2 Pﬁ

)/2 AE + [ 3 \’ g e "q’ Deguder 5N as a new detector which can work ™ Xe gas

d_E o Z_ = / 3 i LLASACT mhffﬁff{? " under high-intensity & heavy Rl_beams. % scintillator
dx  B? N. Fukuda, et al., NIM B 317 (2013) 323. * We developed a new chamber with small =
: N material thickness to introduce it in BigRIPS. -

Since B resolution is much better than that of AE, . Achieved good resolution close to that of

we estimate AE resolution of the Xe scintillator by using Z resolution. lon Chamber inthe Z < ~ 60.
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