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In-beam y ray spectroscopy (£ E—Lyig#&n )

One of useful methods for study of stable or unstable nuclei by measuring
de-excitation vy rays.
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y ray yield - Transition strength > Nuclear structure or shape
y ray distribution > Angular momentum

Nuclei which we investigate are unstable...
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Experiments by means of in-beam y ray spectroscopy.
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Unstable nuclei (F&RERF#%)

« Decays to stable nuclei by f decay with a certain lifetime.

* Provided as fast secondary beams.
-Low beam intensity
- nuclei far from stability line > ~1cps

- Energy : ~200A4 MeV

-Low event rate (y ray emission)

- with 2-3 g/cm? target : Pb, C, Be, CH,, ...

(size : ~ 30mmda)

- Typicaly, AB/B is around 10%
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y rays which we measure.

* Energy range 100 keV - 5000 keV in moving frame
50 keV - 10000 keV in lab. Frame

* Low intensity
- High detection efficiency

* Doppler shifted
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Corrections of Doppler shift effects

Doppler shift [B=v/c ~ 0.3 (RARF) and B ~ 0.6 (RIBF)]

- vy ray energy depends on the emission angle.

- High angular resolution

Detector

E, ~ 200A MeV

Beam particle

Scattered patrticle
Target

2-3 g/cm? at RIBF
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32Mg(p,p’) p~0.3
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y rays which we measure.

* Energy range 100 keV - 5000 keV in moving frame
50 keV - 10000 keV in lab. Frame

« Low intensity (low event rate)
- High detection efficiency

* Doppler shifted
- Angular resolution

* Emission angle Forward peak (Lorentz boost)
- Detector arrangement

« Background
- Timing resolution (to eliminate by time info.)

w%/NiSHINA Jan. 11, 2011

EEEEEE



The policy of the design

Efficiency CPIES)
Granularity (#l51E)
Flexibility (RLEMNEL)

High detection efficiency and high angular resolution array

Measure|y rays
160 - 180 Nal(Tl) detectors

v ray energy - Excitation energy

y ray yield - Transition strength 3 Nuclear structure or shape
y ray distribution > Angular momentum
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DALI2 (Detector array for Low Intensity radiation 2)

Collaboration : RIKEN Nishina Center & Rikkyo University
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Specification

DALI-2 detectors

« SAINT-GOBAIN X 90 detectors
45 x 80 x 160 (mm)
About 8%@662keV (137Cs)

« SCIONIX X 84 detectors
40 x 80 x 160 (mm)
About 9%@662keV('37Cs)

DALI-1 detectors
e BICRON X ~50 detectors

60 x 60 x 120 (mm)
About 8% @662keV(137Cs)
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PMT : HAMAMATSU R580
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Detector configuration
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- DALI2 - for RIBF exp.

DALI2 specification

Arrangement Hedgehog like
Detector Size (cm3) 45x8x16
# of Detectors 160-180
Volume ~ 100 liter
# of Layers ~16
Angular resolution ~ 8 degree
Energy resolution (~0.6) 10% @ 1MeV
Efficiency (B~0.6) 20% @1 MeV
Timing resolution ~ 3ns (FWHM)

y-ray energy
Emission angle of y ray

- For Doppler-shift corrections

Ref. S.Takeuchi et al., RIKEN Accel. Prog. Rep. 36(2003)148
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Circuit

For Timing
SAMP : N568B fast out
CFD :V812
TDC : V1190A
For Energy
SAMP : N568B
ADC : V785 y trigger (OR)

HV system
CAEN SY1527
160 channel
~ 1200V

SAMP CAEN N568B

Fast out

Beam Trigger _17

CFD CAEN V812

TDC CAEN V1190A

ADC CAEN V775

TDC start

ADC gate

BUSY 2

v trigger rate
Beam trigger rate
Coincidence rate
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1 kcps to 200 kcps
~1 cps to 500 kcps
~1 cps to 2-3 kecps
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vy ray spectra of in—-beam y ray spectroscopy
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Timing resolution : ~ 3ns (FWHM) for 1MeV
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Add-back analysis

345" £ (2+) = 3326 keV
34Si + Lig.H,

10 PP 1 P In....| | P
o 2000 400 &oo0g Q 2000 4000 8000

Mermal Cluster

Cluster#1 = Det.#1 + Det.#2 + Det.#3

Cluster#2 = Det.#4 + Det.#5 + Det.#6

peak / B.G. improved
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32Mg (Z=12, N=20)
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Angular distribution of y rays
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Monte Carlo simulation by GEANT code

INPUT
Geometry
Energy resolution for each detector

y ray energy
Velocity of nuclei

10x10°

OUTPUT <10
Response of the detector system for y rays. :
258

- level scheme, transition strength, >
new v lines, etc... =
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DALI2 - 2009 ﬁ
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DALI2 - 2010
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Lig.H2 for MINOS?
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Past experiments with DALI2 (present-2002)

*Mg Coulex and inelastic scattering for reaction study
A=130 region Coulex and nucleon removals for reaction study

*Ne inelastic scattering
“C(p.p'). #°C Coulex
“Ne(p.p'). *Mg(p.p)
*Si(p.p"yHsi
“Mg(p.p")*Mg’
E\r:l.E-ZCr{ppu}

£0(d,py*o

=T EC(p,p)

°B breakup with H, He, Pb
Fc(p.p)”c

"=Ge Coulex

“Ne Coulex, Coulomb Breakup
*He(*0.7F")
“cip.p)c

“F(p.p)F
“Ni,*Fe,*Cr. Coulex

“Be(a.a')*Be”, “Be(a.t)"B’
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