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\’1%? Fast Electronics Scintillation
S Timing (FEST

Use of a small LaBr, scintillator array at Yale.

QX-WRIGHT/V

Rare earth B(E2) systematics.
Advantages vs. conventional scintillators.
Prospects for CARIBU decay experiments, in

the context of planning toward FRIB.
— (,ouper Scintillator® Working Group)
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Interacting Boson Approximation
(IBA) deformed rotors with fixed
boson charge:

B(E2:0f — 27) = ¢4 N (2N + 3)
N = N, + N,

Apparent saturation in rare-earth
region led to introduction of
“effective valence nucleons”

*'T\:Tﬂ'_._il'! — j\r?f ,j:,fc
f\-"}ffif — *’T\Ti’r,rﬁ(l - *?\:TTTJJ f)

Figure from J.-y. Zhang et al.
Phys. Rev. C 73, 037301 (2006)

B(E2) Systematcs of Rare-

Earth Nuclel
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Straight forward, with or
without B-gate,

1 Moth
B(E2)oc— other
( )OCT ﬁ_

&

1

‘Det.1‘ ‘Det.Z‘ 2"

Start v L,
0.~
Stop(delayed) TAC ‘ Daughter

Time differences
sorted offline
| DAQ |

t -t ~exp(A=1/7)




HPGe Detector

To Tape Holding

|\Bm: Station

Tap\’_‘_‘Smtterm_g Chamber y
Phug 3 1]
_ . Target \
Recoil nucler”| _|_ | Collimators LaBrs

|7 LaBry

Counting

LaBr;

Moving Tape Collector Setup

3 LaBr3 Scintillators:
1.5"x1.5" cylindrical

Supplied by
University of Cologne

Time resolution
comparable to BaF,

...but superior (min. 3%)
energy resolution

3 detectors allow for 6
permutations



HPGe Detector

To Tape Holding

Qox

Tap\’_‘_‘stmttﬂmg Chamber

Phg

Counting
Station

Target

Recoil nuclet | Collimators

LaBr;

Beam

BGO suppression would be great!
(didn't use shields in the end —
too much distance to the probe)



Background Subtraction

Divide energy gates into peak
and background (A+B)

B =B~
1 2
do not Bg gate on Compton's!

Detector 1 Detector 2

2
§ —— Az
O BT | Bj B;
100 150 200 250 300
Energy [keV]

AA A +B)A +B)
B.(A+B )L (A+B)B,
+B1 B?

1




Divide energy gates into peak
and background (A+B)

B =B~
1 2
do not Bg gate on Compton's!

Detector 1 Detector 2

E
O BT | Bj B;
100 150 200 250 300

Energy [keV]

AA (A +B)A +B)
B,(A+B) 1 (A +B)B,
+B1 B?

1

Background Subtraction

Detector 1 Detector 2

Counts

y -

s

100 150 200 250
Energy [keV]

300
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Counts

Counts
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150000 -
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S2Eu Source Test

x 10

LaBrg, 152g, spectrum
5% Energy Resolution @ 245keV

3% Energy Resolution @ 1408keV

IS

250

650 850 1050 1250 1450

Energy [keV]

450

BaF,, ™?Eu spectrum

250

650 850 1050 1250 1450
Energy [keV]

450

separable
peaks,

background
visible

peaks overlap,

background ?



"W Sample t-d Spectra
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Lifetime [ns]
0
N
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_________ B U
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1 MW
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Detector Pair

"W 2" (Nathan Cooper et. al.)

T=1.339(8)ns
© =1.64(10)ns

| 128 } _________________ | .

Lifetime vs. Detector Pair

1.3

1.2

(1,2) (1,3) (2.3) (2,1) (3,1) (3,2)
Detector Pair

"*Hf 2 * (Marco Bonett-Matiz et. al.)
1=1.237(10)ns
T = 1.28(6)ns
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Pre—-2006 W Data

Revised W Systematics
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- |BA Trend

eff. val. nucleon

1
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=> Things seem a bit
more complicated
than anyone expected
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17\ : J.-M. Regis et al. NIM A 606 (2009)
172W, Y®W : M. Rudigier et al. Nucl. Phys. A 847
(2010)



or

DeSPEC = Decay Spectroscopy s .ﬁ

Collaboration at FAIR, Neig  Y-ray detection

measure time

Part of the NuSTAE umbrella collaboration
(one of the 4 main, Pillars of FAIR)

DEPSEC Fast-Timing Array

Paddy Regan, Surrey

Could operate in ‘passive stopper’ (isomer) mode or
Surrounding AIDA Si1 array for beta tagging.

‘Compact box’ geometry with (upto) 36 LaBr, detectors surrounding ‘stopper’ at final
focus of GSI/FAIR FRS.

Combine European and US Scintillator Arrays for Campaigns?
More granular ‘spherical’ geometry (‘prompt flash problem’).

UK NuSTAR has funds for (up to) 36 LaBr, detectors (or 24 depending on price variations

and size) plus digital EDAQ- Additional money/detectors in Europe from Spain, Germany
(Koln), Romania (Bucharest); Bulgaria (Sofia) etc..

Operate with large efficiency Ge in specific cases for high-resolution gating?



Next step: 4-page write-up to the FRIB SAC with status report,
input based on this workshop

Science: g mmary FRIB Scinti Working Group, Rutgers Workshop

 First (second) excited state lifetime in transitional /deformed regions
e.d. n-rich A~90-100 etc.

« High-efficiency gamma-counting at decay stations (existing&future)
[be careful: Ge resolution may win over Scintillator efficiency]

* Isomer lifetimes

* beta-delayed neutron emission

* (p,n), (d,n) etc. transfer reactions -> single-particle configurations

* beta-decay strength measurements

Proposed Equipment, R&D:
(overarching question to Scint. R&D: how big can you grow them?)

- Scalable array of LaBr, detectors, to be packed closely or used

separately, stand-alone or in combination with other (Ge, ...) detectors
for spectroscopy / fast timing
- alternative materials ? CeBr, promising, similar to LaBr, properties

 Neutron Arrays: ideally with detectors with gamma-neutron discr.
» Total Absorption Spectrometer



CeBr, — Competition to LaBr,

O 3 PMT: R6233SBA,; hv -650 V; gain 10x1.0; shaping time 4 us; 1000 sec; oil
T T T T T T T T T

CeBr3 #Atall

- 2 10!
“ § rd~22 ns
s | £
O < -
% 0.2 - é; 102
-
3 g 107
>
7 0.1 i
= Al
3 10
k= 0 50 100 150 200
1 137Cs Spectrum time, ns
00 "0 600
0 1000 2000 T -
MCA channel [ /,W\
M ] L 179 ps
= 3 | \\
Energy Resolution @ 662 keV — 3.8% s | b
200 | /’ \
Linearity — Less than 10% deviation [ // \\

Sharmistha Mukhopadhyay, RMD S e
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FEST-application to isotopes from CARIBU, recently shown: powerful
combination with high-res Ge detectors
(Argonne, Bucharest, ...)

e.g., E2 evolution in transitional regions (Zr/Mo/Ru...),

N>82 Ce-Ba region [intruder configurations, shape-coexistence,
phase transition?],

isomer studies (!!)

Intensities not so diffrent from ,normal“ beta-decay... with 10° pps
beam an 1b x-section: about 10,000 parents per second produced
... should be in range for some CARIBU isotopes

Moving Tape to get rid of daughter activity!
Maybe another moving tape application? (-> pert. ang. corr. g factors)



Perturbed Angular Correlations
after B-decay for g factor measurements

Geometry of Detectors and Field Direction

min. ~1ns
—
no alignment after ~ /

n Pet 2

g1
—L I’ g, tl

B-decay

=> coincidence
needed,
1%ty aligns

Y1

external B field W(6, B)
causes precession
of intermediate
state

=> g factor

Zvi Berant
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EXPERIMENTAL SYSTEM

Superconducting Assembly for Magnetic
Moment Measurements at Yale (SAMMY)

Moving Tape Collector + Superconducting Magnet (6 T)
8 HPGe detector

Beam

Collimators l

HpGe detectors

Target

Plug (Pb) - =
o _
LA
LW
Tape holding
box x4 .
Scattering Aluminized Superconducting
chamber Kapton tape magnet

Schematic description of the experimental system

Zvi Berant
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worth a thought for intense rare isotopes ...
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