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Characterisation of LaBr;(Ce)
Performance for PARIS
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Outline
} MOtivation Detectors can be = ill_
slid forwards and 5 '_l-e" 1‘1
—fi
Bt

» SiPM Array — |
- Light Response Y
> Timing Measurements
- Temperature Response
» Phoswich Detector
> Neutron Response
> Coincidence Timing Measurements
> Pile Up Measurements
> 27Al(p,Y)?8Si Beam Test

» Summary & Conclusions

Images courtesy of J.Strachan (STFC)
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i

Motivation: PARIS

 Energy range between
0.1 and 50 MeV

E1.t1 E2,12

Ty LaBrBPD Ban/(:IZ 1 . TWO Iayers Of
— BaF2 / Csl PMT 2 SC|nt|”atOrS |n d 41T
arrangement: LaBr;(Ce)
and BaF,, or Csl(Na)
g 3« An outstanding question

within the collaboration
is what set-up to adopt.
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Large Area APD’s

« Novel SiPMs from SensL provide high
gain and low dead space

e Built-in preamp takes in 5 V and
creates a bias voltage of ~28 V.

« Sensitive from 400-850 nm, peaking at
~ 520 nm.

« 16 pixels, 3.2 x 3.2 mm.

« Collectively, large amount of noise
(50-100 mV), small S/N.
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SensL Spectra & Pulse

| Sensl Detector with No Sources (Noise Spectrum) | [__Sensl Detector Spectrum with 137Cs Source |
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“New" SiPM Array

» 4 new SensL arrays
with FPC cables were
purchased.

» 4 boards were made
at the University of
York to read off the
signal.

» Switches allowed
greater flexibility
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Energy Spectra with New Arrays

scintillator coupled to 3
the detector produced “

I -
» 17x17x6" CslI(Tl) - = m
A
spectra NV

» FWHM resolution with a : - ST
137Cs source, found to

be ~19% r
|
|

» Similar resolution when AV
measuring the FWHM of
the 511 keV photo-

peak (~25%)

CCCCCC

K

University of Brighton



)

o

%M-’ﬁ;ﬁ PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE |ION AND STABLE BEAMS

ddddddddddddddddddddddddddddddddddddddddddddddaddddddddddddaddddddddadddddddddddddddddddddddddddddddddddadods

Timing with the SiPM

SiPM Timing Resolution
BaF2 @ \x | SiPM Low CFD Threshold, 2.78hr Spectrum
511 kev 300 T T T | T | T | T | T | T T T
HV
HV Osc. } 250 —
Quad
HV = -1200v | CFD Quad | V=BV i |
| CFD 200 _]
Fan InfOut | TFA: ORTEG 474 g
Quad CFD: ORTEC 934 2150 —
| [ Fanin/Out | £ In/Out: LeCroy 428F S
Coi Coincidence: LeCroy 465 B 7
come. | Time Counter: ORTEC 996 Lo i
n Gate & Delay Gen.: ORTEC 416A
Gate & TAC: TPHC ORTEC 467 L i
Delay MCA: ORTEC "Easy MCA"
Gate & Delay: 50 ns
100 ns B ]
300 ns 0 Y RPETOTPI N | PRIV Y NI
TAC 0 50 100 150 200 250 300 350 400 450 500
Time (ns)

TAC Range: 400ns |
MCA

» Start-stop timing coincidence measurement with 1" BaF,
detector revealed a timing FWHM of ~ 120 ns
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Temperature Response of LAAPD

Detector Response of Green LED
Temperatures 2C o 30C

Temperature (C)
» Llabyr:'irllth in the copper plate is pumped with cooled
alcoho

» Temperature tests between 2°C and 30°C shows linear
degradation in the FWHM of green LED (565 nm) Signal.
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Temperature Response of LAAPD

Resolution of Green LED Vs. Temperature
10

Resolution (%)

0 5 10 15 20

25 30 )
Temperature (C)

» Temperature and energy resolution is linear.
» Resolution with scintillator still not optimised.
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SiPM Conclusions

» SiPM Array

> Light Response - Very good with a green LED. Newer models give
a spelcltrum of poor energy resolution when used with a 6” CsI(TI)
scintillator.

> Timing Measurements - Timing resolution with respecttoa 1”
BaF, in a start-stop set-up was poor when used with a CsI(TI)
crystal (~120 ns)

- Temperature Response - Energy resolution responded linearly
with temperature. Lower energy resolutions recorded at lower
temperatures.

- Tests reveal several shortcomings that might be improved with an
alternative method.
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Phoswich Tests

Phoswich Response Csl(Na)
Different Locations of 137Cs Source Produce Different Response \
800 T I T ‘b/
Csl(Na) | LaBry(Ce) —

LaBr3(Ce)

/’ 3.8% \ Source here
_\ CsI(Na)\

Gain: 1 i

Shape. Time: 250 ns Source here —,
HV:-1500V -

Time: 5 minutes Y

\ | LaBr,(Ce)
L ™. . " | ]
0 S000 10000 15000
Channels

» The signal is read out on one device (i.e. PMT).

K

University of Brighton




§

%Wéjg PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE |ION AND STABLE BEAMS

ddddddddddddddddddddddddddddddddddddddddddddddaddddddddddddaddddddddadddddddddddddddddddddddddddddddddddadods

Neutron Response

« Neutron response of the
phoswich detector was
observed with a 10.5 GBq
241Am/°Be source.

« Large thermal n-capture
cross-section from 13°La,
79Br, 81Br.

e |s PSD between gammas
and neutrons possible?
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Neutron Activated Spectrum

— /= 511keV, 554keV (82Br
1044keV (82Br) w*):_‘ ’ ( )

1317.4keV (82Br) \,
-~ \3_1 9keV (82Br)

“._ 7T6keV (82Br)
__"‘f
1473, 1474keV (138La, B2Br) N 1044keV (82Br)
e SR 4 1317.4keV (82Br)
1596.2 keV (140La) )

e

CE 1596.2keV

_____

1473, 1474 keV (138La, 82Br) =

Counts -+

CE 1596.2keV

Alpha Contamination in 138La

2{.32Me\l (211Bi)
2.41MeV (219Rn)

1.87MeV (223Ra)

1678.9keV (B- 140La)
-~

2.62MeV (215Po)

3000

Channels

In-beam spectrum showing the lower energy
regions up to 1MeV in the inset.
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— | 511keV, 554keV (B2Br Counts |
1044keV (82Br) “"’)"\ ’ (528n) ounts
1317.4keV (82Br) Y
P . _§19keV (828r)
AN

- 776keV (82Br)
k"*—’-‘-{ 7000+

1473, 1474keV (138La, 82Br) \-‘k 1044keV (82Br)

1596.2 keV (140La) et 1317.4keV (82Br) |
.2 ke a L 1
U CE 1596.2keV
CE 1596.2keV R -
1473, 1474 keV (138La, 82Br) -

Alpha Contamination in 138La

30004
2’.32Me\l (211Bi)

2.41MeV (219Rn)
2,62MeV (215P0)

1.87MeV (223Ra)

1678.9keV (B- 140La)
-

2500 3500 Channels 4500 5500 6500

In-beam spectrum showing the lower energy
regions up to TMeV in the inset.
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n-Response

139La
9.0b 99.91%

n
140La |

B- Decay (40.27h)
100%

140Ce .

328.76keV MI1+E2
487.02keV EZ2
815.77keV MI1+E2
1596.21keV EZ2

79Br
2.5+8.3b  50.69%

100% |.T (4.86s)
l n

80Br
T (4.42h) T~
‘/OG% B- Decay (17.68m) NG (17.68m)
80Br 80Kr V°17°% gose

11.88keV X-ray 616.3keV 2+ 665.8keV
11.92keV X-ray

37.05keV E1

81Br
2.4+0.24b  49.31%

Stable
n
82Br

LT (f.lm} B- Decay (35.34h)
97.60% (B- 2.40%) 100%

82Br 82Kr
11.88keV X-ray 444keV B- (98.5%)
11.92keV X-ray 554keV EI1(+M2)
45.95keV M1 619keV E1(+M2)
698keV E1(+M2)
776keV E2

828keV E1(+M2)
1044keV E2(+M3)
1317keV E1(+M2)
1474keV E2
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Pulse Shape Analysis for LaBr,(Ce)

Fast Region excluded

Pul iscrimination i swich Componert

(n,y) pulse shape ot
discrimination _
not possible. -

Slow
Component
Window

Fast Component
L
=]

L_ILII L |

bt
=
lll

B |n-Beam Neutron data ol
B 152Eu, 22Na Lab Sources— kﬁ
e

L]
y = 3.9902x + 0.36255
77777777777777777777777777
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wokr-:

Slow Component

University of Brighton



% pART; PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE |ION AND STABLE BEAMS

dddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddde

Timing Coincidence Measurements

Timing Properties of the Phoswich

™ Set_up Involved 1500 Maximum individual exposure to both segments
irradiating a 1 inch A
Bicron BaF,
scmtlllator formed 120017 ]
the “start” channel.

900 — LaBr3:Ce —
Z 696 +/- 13ps

« Front-end timing 3
resolution of 696 or | 1
+ 13 ps, and : 23851 /- 436ps

Csl(Na) has a 3001 .
timing resolution : A _
of 24 £ 1 ns. o 1A Y. N R R e A .

30 100 150 200 230 300 350 400 450 500 350 600
Time (ns)
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Electronics Timing Resolutions

Intrinsic Timing Resolution from the Electronics
For the Front end of the Detector

» Timing Resolutions i
of the electronics R
are shown opposite. -

3 34 35 36 37

» ~125 ps and 1.44 ns o

Intrinsic Timing Resolution from the Electronics
for the CsI:Na segment

for the LaBr;(Ce) and SRS
Csl(Na) segments i
respectively. o]

FWHM: 144 +0.11 ns

|||||||||
2 2 2 2.

PR S
250 270 280 290 3
Time (ns)
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Improving the Timing Measurements

« Optimisation of the timing loop resulted in a marginal
Improvement to 665 + 2 ps. Therefore, the timing Is
constrained by the fast component of BaF, (~600 ps).

« Need to test with another detector with a comparable
time match eg. LaBr;(Ce).

Segment | Int. Timing Res. | Timing(ps)/ch | Intrinsic Timing Res. | Delay (ns) | TAC Range (ns)
LaBr;:Ce 696 £ 13 45.0+0.1 685 £ 13 100 400
Front Elec. 125 +1 45.0 £ 0.1 125+ 1 100 400
Csl:Na 23851 £ 434 167 +4 23810 £ 426 400 2000
Back Elec. 1436 =110 167 =4 1436 £+ 110 400 2000
K
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Pile-Up Measurements

» HV plateau had to be determined by
altering the CFD LLD and TFA settings.

» Two °7/Co sources of different strengths
were used; one hot source (4.2 mCi) and
one weaker source (3.9 uCi).

» Results were generated based on ratios
between “Measured” and “True” counts.
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Pile-Up Measurements

Measured Counts vs. True Counts
At Various Source IDistances

le+(7 T T | T | T I T I T I T T
HV Plateau Curves for Counts/10s g
At Various Gains and Distances, with LLD at 130mV = - -
| [ S B R R 2
le+05 | ! : : : : : o
E ——  Gainx10, INT=20, 15cm i ; : ; I 1 ‘5 86+0‘6 — 5 cm ]
— Gainx20, INT=20, 15cm i i - . i ] E
: : | e = - .
—  Gainx20, INT=20, 20cm ! : ! '3 . =4 =
3 Gainx20, INT=20, 25c : : : $ §
2 10000 = ——  Gainx20, INT=20, 25cm i E - | |
; — e ] g 6e+06
2 | I 12 10 cm
o I 1 : + 1 - . [y B L |
2 ! i + ; W 4 —
£ : ! PN gl . gg
: | Lnr T o i
S ook P : ! | 5 4er06 15 cm
E ‘ e ! . <
F : ! . 1=
| | 1 = - i
| i ] 8
S 12 26406 20 cm
! " i W] .'-c+ ]
ol ] I R I = 25cm
1200 1400 1600 1800 2000 i 30 cm
High Voltage (V) = i
0 1 | I | I | 1 | 1 | 1 | I |

0 5000 10000 15000 20000 25000 30000 35000 40000
True Counts per 10 Seconds (Weak Source)

Rate found to be ~ 800 kHz, primarily from LaBr;(Ce)
R
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27Al(p,y)%2Si Experiment

Delay: apc

. Phoswich FIF ~140 ns

ECL-| | riro ] b6 [ Delay (3 NM-

NIM ECL

Common Gate

» Proton beam incident on 100ugcm-2 27Al target.

» Purpose to look at resonant capture and observe
performance of phoswich under laboratory conditions.

Several QDC modules used with the phoswich
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Calibration Tests e
L

XP2282

P PR I BRI R
00 5000 6000 7000 8000

Courtesy of O.Dorvaux LaBr Nal(Tl) Teooy Source
x10° 662 keV (1¥Cs)
B 1173 keV (*Co)
140— 1332 keV (°°Co)
N 10000
120— 104
> F 100 ns 3 000 .
= 100-— 50 ns 80 ns i Q 6000~ Vs
= - 70 S P z
(@) - i S a000— 10
o~ 80— ¢ .
= T 2000 10
Q .k F e - 4
Q 60_— < 1
&

o /,/' | Courtesy of O.Dorvaux
40 / Q(120 ns)
,4/ —2 . "
20 1GHz Card
) sl I I I P T I S I N LaBr Csl(Na) 1600V Source
0 10 20 30 40 50 60 70 80 90 100 662 keV (¥¥Cs)
F - - 1173 kgV (Zng)
QDC(SO _ 100 nS) 14000? - _—::, 1332 keV (*°Co)
Calibrations with lab sources were :
used to determine the appropriate g "’

gates used with the QDCs to maintain
linearity.

Q(120 ns)
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Yields and Resonance Strengths

Counts/uCh

a) Ep=2926 Ep-4055 by

: B
I . Clpyl™N
L et v Y ]

180 200 220 240 260 280 300 320 320 340 360 380 400 420 440 460

) Epsogses ] 107 Ep-6322 9
10°

~ £, ErE9T

Counts/uCh

Er Yo Wy
(keV) (Counts/uC) (eV)
202.8 0.094(13) 1. 10(15)><10—
2927 0.40(3) 5.0(4)x10 ®
202.6 1.9(1) 2.80(15)x 10
326.6 13.3(7) 2.10(11)x107?
405.3 58(3) 1.04(5) %102
446.7 9.4(7) 1.80(15) %102
504.9 151(19) 3.1(4)x1072
506.4 204(24) 4.1(5)x1072
611.5 26(3) 5.8(7)x107%
632.2 1296(130) 0.29(3)
654.7 538(53) 0.12(1)
679.3 219(26) 5.8(6)x1072
731.4 501(34) 0.142(8)
736.5 726(52) 0.175(15)
743.0 94(10) 2.30(25)x 1072
760.4 556(39) 0.14(1)
767.2 802(57) 0.200(15)
773.6 1696(170) 0.42(4)
887.8 14(5) 1.20(15) <10 2
923.0 551(55) 0.145(15)
037.3 721(72) 0.19(2)
991.9 7308(517) 2.00(15)
1025.3 1318(132) 0.36(4)
1089.7 303(22) R.A(6)x1072
1097.3 150(16) 42(4)x1072
1118.6 2078(298) 0.85(9)
Eur. Phys. J. A 9, 479-489 (2000)
» Resonance Strengths and yields

at resonance energies.

CountsiiCh)

107k

10"k

Energy LOSS 20.35 ke\ A9 794692000

Yield Curves: 10ugcm=2 (¥)
50ugcm-2(e)
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27Al(p,y)?8Si Reaction

# amma Spin &
(keV) Parity
QDC_VOIE_2 1 1778.9 ¥ OF
w0t 2 2838.9 4+ - 2%
= 2.47 % 3 3064.0 R-9479
B /2 4 4470.0 3*- 2
10° = S 5082.6 3 -2
: 3 4 6 7 | 6 | 77220 R-4F
2 I 7 | 105420 | R -2°
5 10°E 8 | 123331 | 1T -0O°
(&) —
- 1.43 % 8
10
1 gl_ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | H H| H ‘ ‘ ‘ H
0 500 1000 1500 2000 2500 3000 3500 4000

Channels
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QDC 0, Phoswich Response

I [ I | I [ I | [ [ | I I [ I [ I [ I I [ [ I [ I H
B l 7 MeV ]
10° = =
- m 2.8 MeV 1st and 2nd Escape -
B Peaks of 7.7 MeV 1st and 2nd Escape B
~ Peaks of 10.5 MeV 7]
» 107 7.7 MeV =
£ E
g _ 10.5 MeV |
o | ! | |
B 3-6.5MeV / N
10 - .
1 — ‘ i ‘l i
:I | ] | | ] | | | | ] ] | ] | | ] | | | | ] ] | | | | ] | |H| |HH || H
0 500 1000 1500 2000 2500 3000 3500 4000

Channels

X
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summary

» SiPMs were very noisy, but eventually generated a spectrum. Although, a
poor timing resolution of ~120 ns for a 6” Csl(Tl) scintillator was
recorded, they displayed a very linear trend in energy resolution with
respect to temperature.

» Neutron activation observed due to isotopes with large thermal neutron
cross-sections in Lanthanum and Bromine.

» (n,y) pulse shape discrimination not possible.

» Phoswich timing resolutions of ~0.7 and 24 ns for LaBr;(Ce) and Csl(Na)
with respect to the BaF, scintillator, were limited due to poorly time
matched BaF, in start channel.

» Pile-up rate found to be ~ 800 kHz, primarily from LaBr;(Ce).

» LaBr;(Ce)/Csl(Na) Phoswich produced poor spectra in-beam, where gain
matching the Csl(Na) scintillator proved to be extremely difficult.
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Background Spectr

5 1.05x101y
138 &
57La L
789|(eV & o B— — = 2.00 ps
1436+5+33 .o L 664% 33.6%
\ 0.192 ps= - QEC1738 QB—1D44
l 0t stable
138 “
zsCe
0+ 0
stable
138
sgBa
, vV <,
Beta's
(L] 000 (=) -—h"""‘"‘- 2000

« Lower channels cut due to K-Shell X-Rays Intensity.
« FWHM @ 1436keV is 169.10keV, Resolution 4.77%
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Alpha Contamination

2113'.: 2320kev 05-Dec-03 15:35:14 16000511 T
223Ra: 1870keV \ 2278c Counts
B' 22001
219Rn: 2410keV N 227Th
227Th: 2100keV 215Po: 2620keV "l597&69ﬂ”0“
| 223Ra
ﬂlﬁ?lﬁ, 5606keV
219Rn
ﬂl 6819keV 1400+
215Po
ul 7386.1keV
211Bi
qltmzz 9keV
2077
o i N 207Pb om0
o Contamination from 138La -

62lﬂﬂ I BBIDD ‘ TDIDD

5000 ' 5400 Channels S800
AU RLEI RN LY |

» 227Ac (ty,,=21.2yrs), in the same group
(I1IB) as Lanthanum sk
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Alpha Scintillation Properties

Comparison of Alpha Energies in LaBr3:Ce

« Ratio between A — .
the two is 0.35. i .
7500 — |
« Alphas emit i |
7000 — ]

65% less light.

 |n agreement

Alpha Energy (keV)
g
S
I
I

with LaCl; 6000 [~ -
measurements I I
by Hartwell sl Y =455.97 + 2.6462*X ]

and Gehrke* i T

5([)9 | | | | | | | | | | | | | | | | | | |
2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000
Resultine Enerev in Detector (keV

* J.K.Hartwell, R.J.Gehrke, Appl. Radiat. Isot. 63 (2005) 223.
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Source Position Sensitivity

Csl:Na -

Csl:Na 60Co Peaks:
1173 @ 7.6% FWHM

e

LaBr3:Ce

LaBr3:Ce 60Co Peaks
1173 @ 3.9% FWHM

Source here |

00 Channels

« What happens when we place it in the centre of the two

detectors? See 4 Peaks for 6°Co!
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Timing Coincidence Measurements

 Set-up involved irradiating

BaF?2 z\_/./\_;, Phoswich
"% D:
e [ a 1” Bicron BaF,
Hy o (A HY scintillator formed the
Quad Rt
HV = -1200v | CFD Quad (Cetaom) HV = -1200 V “start” channel.
1300V for GG Fo (-1300V for Csl:Na)
Fan In/Out | TFA: ORTEC 474
Quad CFD: ORTEC 934
| [ FaninOut | 0o LeCroy 428F ¢ B Oth C h anne I S were

Coincidence: LeCroy 465

Coinc. | Time Counter: ORTEC 996 triggel‘ed by the

Unit Gate & Delay Gen.: ORTEC 416A

T ool |  ThcTRHC ORTEC ST coincidence unit externally.
Gate & Delay: 50 ns
100 ns
300 ns - -
e TimIng measurements were
TAC Range: 400ns taken from the CSI(Na) and
LaBr,(Ce) segments.
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2"Al(p,y)?8Si Reaction

» Population of 742, 760.4,767,
and 773.6 keV resonances

observed due to AE <<T. o Ter oo " oo

» Resonance strength wy, is high o4 oo 1] J e L
for 760.4-773.6, with 773.6 the - ‘
strongest. o

» FWHM resolution of 2+-0* with
2"x2"x4” LaBr;(Ce) crystal =

2.47% ‘ i H
. . 1.78 | Iﬂi“”: 1.78 J 1.78 T‘I” l ‘”5*;*** ¥
» 10.54 MeV transition with the | B N |
same detector produced a FWHM
of 1.43%
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P am 7 CIME cyclotron

> /%// Acceleration of ions E < 25 MeV
o’ 4
7/

Production cave
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(stable ions)
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Existing
experimental
halls

sting
elerators

— .
Experimental hall " - ol W it
with exotic nuclel: .

CIME Cyclotron

at low energy (DE
Acceleration of exotic nuclei E < 25 AMeV,

" 6-8 AMeV for the fission fragments
Experiment: \

Super Seg P
Spectro "\‘ £

-Source Ensemble
nverter + UC, Target
10" fissions/s

Experimental hall Ty, i o i
Neutrons For sC - -1 euteron - Froton source
ience (NFS) S NONCR 57y
Linear Supraconductors, :
Accelerator LINAC
E = 14.5 AMeV for nonqu"

E = 40 MeV for deuterons
E = 33 MeV for protons N

"Nl =3,1ma e
\ University of Brighton




) N\
%PAE@* PHOTON ARRAY FOR STUDIES WITH RADIOACTIVE |ION AND STABLE BEAMS

dddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddde

Physicz Caze Reesil vie E, AE /E | AL sum/E sum AM Q AT Ancillaries Mizeellamezeous
range coverage
(emns~1) (%) (%) (units) (=r) (nz)
(MeV) iprototype
(finally) seenario)
Jacobi A up to
transition [0.1-30] 6 <5 <« ~5 en-4n | <1 v-calorimeter® | High e fficiency
40-150 10% AGATA™ Beam rejection 7
HI spectro
Shape Phaze A up to ~3 21 - 4n
Diagram [0.1-30] & « ~h 1 wcalorimeter High e fficiency
& 180 115 HI spectrao Beam rejection 7
Het DR in n- <5 »10% /41
rich nuclei
Izazpin mixing A up to
[5-30] 6 - - up to 4x «1 wcalorimeter High e fficiency
a0- 100 % HI spectrao Beam rejection 7
Reaction A up to
dynamics [0.1-25] &6-8 <B e 4 up to 2n <1 vcalorimeter | Complex coupling
1a0-220 % n detector
FF detector
Colleetivity vs. A up to
*‘?“I*J'F"“E'""'“"'“ [5-25] 5 - - up to 2x <1 v-calorimeter | Complex coupling
ton 120200 | &% LCP detector
HI detector

Courtesy of Ch. Schmitt (GANIL), May 2008
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Phyzicz Caze Reeoil vie Er .ﬁE' / E‘, AF, sum /Y, sum ﬁM‘ Q AT Ancillaries Mizcellamezous
range coverage
(%) (%) (unitz) (=r) (nz)
(MeV) iprototype
(Finally) seenario)
Radiative A up to
Capture [1-30] ¢ md <« rough a «1 | HIspectro High e fficiency
20-30 3% High current ?
Multiple A up to
(nermal) Coulex [2-6] ~ 5 - - up To 2x «1 | AGATA Complex coupling
40 Th CD detectors

Asztrophysics A

< 0.2% [0.1-6] - <5 rough ~ 4 <1 | vcalorimeter | Highefficiency

16-90 Background
Shell structure A up to
at "'""f""“‘di“"" [0.5-4] ~ 3 - - up to 4r 21 | vwcalorimeter | Highefficiency
energies 1640 40% HI analyzer —very low I,
- =veoincidence
Relativistic A up to
Coulex [1-4] il - ideally, forward «wl | AGATA Angular
40 50-60% M =1 with HI analyzer distribution
~q i3 Lorentz boost
aperture

Courtesy of Ch. Schmitt (GANIL), May 2008 %
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