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Introduction

Internal Conversion
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Introduction

Internal Conversion
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Introduction

Electromagnetic Properties

e Odd-proton orbitals in 2'Md
e B(M1)/B(E2) depends on (gx - gr / Qo)
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Introduction

In-beam v-ray Spectroscopy of > Lr

48Ca + 29Bi = 2%Lr + 2n, o ~ 300 nb, S. Ketelhut et al., PRL 102 212501 (2009 J
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Introduction

Spectrometer Design Considerations

Resolution

Intrinsic

Broad Range Doppler Broadening
Typically 0-1 MeV
Backscattering - normal incidence Delta Electron Suppression
" " Kinematics
Magnetic Field Biased Target
Profile Physical .Block
S h HYV Barrier
(i y High Counting Rate Capability
Tagging Techniques
Detector
Thickness Combination with Ge
(S}IZC Larit Maintain Ge Efficiency
ranularity y Maintain P/T
Effect of stray field o)
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Previous Devices
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ICEMOS - '38pb

5O 101007/s01039900m000 EPldirect

© Springer-Verlag 1999
Evidence of Multiple Shape-Coexistence in '8*Pb

Y. Le Coz™*, T. Becker!, H. Kankaaupiii2, W. Korten, E. Mergel?, P.A. Butler®
JF.C. Cocks?, O. Dorvaux?, D. Hawerolt!, K. Helariutta?, R.D. Herzberg®
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Previous Devices
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GAREL-+ at the Vivitron

1 ‘;. Jd‘ - ‘ Coll NN Softron frame:
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Silicon detector

e Tl .
| m f %} . i Pumping and cooling
oot | i 0 100mm

P.Paris et al., NIM A451, 662 (2000)
Betatronc constructed in Orsay
Coupled to RFD and 15 Tapered Ge
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GAREL-+ at the Vivitron

Eur. Phys. J. A 4, 103-105 (1999)
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Fig. 2. 5 coincidence spectra: y-ray spectrum gated by the
Pulsed beam 4ns on, 480ns off 495 keV CE line (top) and CE spectrum gated by the y-ray
<19 lines at 694 and 1233 keV (bottom), together with the propose
Ni("Ep2n) Kr. partial level scheme of "*Kr (the dotted transitions were not
Carbon Catcher Foil

seen in coincidence with the feeders of the 05 state)
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Previous Devices
@®000000

The Original SACRED Electron Spectrometer

3.6. Studies using electron spectroscopy with SACRED

P.M. Jones, P.A. Butler, J.F.C. Cocks ', G.D. Jones,

1) Oliver Lodge Lab

atory, Department of Physics, University of Liverp

R. Julin, J.F. Smith* and W. Trzaska

169 3BX, UK

From left: Wladyslaw Trsaska, Rauno Julin, Peter Jones, Peter Butler

1. Electron spectroscopy group

The tradition of in-be
at JYF
ator laboratory as a jo

lectron spectroscopy
d in the new acceler
t effort b Liver-
pool and the local JYFL group. The aim is
ore powerful in-beam methods for

will be contin

conversion-electron studies of heavy nuclei,

2. Report on Progress

The superconducting solenoid was installed
at the Accelerator Laboratory in its dedicated
experimental cave in April 1994, The magnet
was cooled during this period and was immed
ately able to support its maximum field of 2 T
The multi-element silicon array for conversion
electron detection (SACRED) was sited at the
end of the solenoidal field, the electrons being

transported to it through the solenoid
The cave was commissioned with beam from

I Greenlees

the cyclotron during May 6-8 and we were able
to take data throughout this period. In these
initial test exper

nts the spectrometer was

low mode, using the re
£(**0, 4n) to pn[vuh(e the
20 ns 10* isomeric state in *$40s

operated in recoil sh
1

(1). Electron.
electron coincidences from the 13 element PIN
array were collected using the Liverpool V)
based data acquisition system. The matrix
and subsequent gated spectra shown in figure 1
shows clearly the E,--E, - correlations expected

from the decay structure.
Tests of prompt electron detection were also
carried out during May 24-26 and August 8
As expected the largest background in

this type of measurement arises from the delta

electrons produced with atomic cross-sections.
In these first experiments we employed several
techniques to reduce this background:

i) a stopper disc placed on the target-detector

i) electrostatic potential applied to the target
(45 kV).

iii) division of the total rate over the individ-
ual elements of the array.

The best data were obtained using the re-
action ™Ex(a, 4n)'™Yb at 42 MeV, us
the same techniques as employed for the mnu
shadow mode. From the rotational band struc-
ture, transitions were observed down 70 keV, al-
though the background remains high. The elec-
tron energy peaks observed are notably charac-
teristic of the regular structure. Several reac-
tions were also tried with Th targets, but the
background from the backing foils was too high
for these targets.

Y

3. Prospects

To make further progress for the in-beam
mode, we intend to replace the stopper disc /
HV combination by a single high voltage deflec-
tor plate alone. Difficulties were experienced
in aligning the beam spot, magnetic axis and
stopper disc and in any case the beam profile
for an inclined target is perhaps too large to al-
low effective low energy
method. The new electrostatic deflector will
be rated to a higher voltage (30-50 kV). Deltas
with energy sufficient to pass this barrier are
emitted but with cross-sections of less than a
few barns.

References
[1] . Chowdhary et. al Nuck. Phys. A485 (1988) 136

EGAN2012
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The Original SACRED Electron Spectrometer
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Previous Devices
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The Original SACRED - Holy Grail
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Previous Devices
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The Original SACRED - Some Results

e-e spectrum for the reaction 42MeV **Th(a,4n)**’u.

gated on the 109, ,,, 165, and 219, transitions.
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The SACRED Electron Spectrometer

Beam In

Cold Finger

25 Element
Annular Si
Detector

High Voltage Barrier

Carbon He
Containment Windows

Target Chamber

H. Kankaanpii et al., NIM A534, 503 (2004) /jﬁg ﬁ
P. A. Butler et al., NIM A381, 433 (1996) THE UNIVERSITY |

of LIVERPOOL UNIVERSITY OF JYVASKYLA
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Recoil-Decay Tagging with SACRED

Previous Devices
0O0000e0
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H. Kankaanpéi et al.,
NIM A534, 503 (2004)
see also:

R.D. Humphreys et al.,
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Conversion-Electron Spectroscopy of 2>*No

VOLUME 89, NUMRBER 20 PHYSICAL REVIEW LETTERS 11 NOVEMBER 2002

Conversion Electron Cascades in 353No

P A Butler,' R.D. Humphreys,' PT. Greenlees,” R.-D. He]lbe]v D.G. Jenkins,' G. D. Jones,! H. Kankaanpiii
H. Kettunen,” P R-\hki]a\: C Schaley\"'J Uunmo, N. Amzal,' I. E. Bastin\‘ PMT Bmu,‘ K. Eskola.‘J Gerl,*
NI H'\mmond K. H'\uschlld K Hal'ulutt'\ E-P. HeBberger.* A. Hiirstel,” P. M. Jones,” R. Julm * 8. Juutinen,’
A. Keenan,” T-L. Khocn W. Kallen, P Kuuilmeml. Y. Le Coz, M. L.amo. A-P Lapp'men M. Mulkku,
P Nieminen,” S. W (Odegard,’” T. Page,' J. Pakarinen,” P. Reiter,” G. Sletten,” Ch. Theisen,” and H.-J. Wollersheim™
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University of Lodz ICE Spectrometer

10 mm 7
target
permanent Zar e )
magnet chamber of the
selector spectrometer

Pb absorber

Avaibie onine at v siencediect com
ScienceDirect
permanent
magnet
electron guide

ELSEVIER Nuckse Iostruents nd Methods in Physcs Ressurch A S45 (C008) 155164

Electron spectrometer for “in-beam™ spectroscopy

. A. Krol*, J. Perkowski®, K. Sobezak®, R. Wojtkiewicz*, M. Kisieliiiski®,
M. Kowalezyk®, J. Kownacki®, A. Korman®

1. Andrzejews

heat sink Peltier
module
o i niche for | module
See talk of J. Perkowski J e
3
s
external
heat radiator cooling water
nou
tlan
ion beam
direction
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The SAGE Spectrometer - Vision 2004

The Future? ...SAGE
Combined Electron—-Gamma Spectroscopy

e _ﬂ
. . Separator
SACRED ‘ ‘

Ge Array

Electron Efficiency ~ 10%
Gamma Efficiency ~ 4%

Paul Greenlees (JYFL, Finland) Electron Spectroscopy EGAN2012 19740
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The SAGE Spectrometer - Vision 2004

Permanent Magnet "Solenoid"

NdFe_E 40 MGOe

<40mm =

Paul Greenlee (FL, Finland)

Axial Field Profiles

~15cm

~30cm




The SAGE Spectrometer -

Current Devic
00@0000000000000

Vision 2005
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The SAGE Spectrometer - Vision 2005

Effect of Stray Field on BGO Signal J
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The SAGE Spectrometer

)

UNIVERSITY o

LVERPOOL [

UNIVERSITY OF JYVASKYLA
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Anatomy of the SAGE Spectrometer

Paul Greenlees (JYFL, Finland) Electron Spectroscopy
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SAGE - Silicon Detector

@ 90 segments
. Simulated normalised count rate distribution
@ 51 mm diameter using data from SACRED experiments

@ 1 mm thick
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SAGE - Silicon Detector

C.A.E.N. A1422 charge
sensitive hybrid preamplifiers
e 400 mV/MeV
e Low noise

@ Suitable for high
count-rates

Electron py EGAN2012 26/40
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SAGE - Electronics

201 Fully digital channels
90 Si channels
111 Ge channels

Detector

Detector

Lyrtech VHS-ADC

[ @
e channels )

Lyrtech VHS-ADC

Detector

Detector ‘
Detector ABC 3 Event
Builder

° (]
Y 16 channels )

Online
Sort

Detector

Data readout
and control

Paul Greenl f inland) S 3G 012 271740
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SAGE - Shielding

@ Photomultiplier
tubes are sensitive
to magnetic fields

@ Shields: Weaken
and redirect stray
magnetic field

28/40
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The SAGE Spectrometer

Current Devi
0000000000 e00000

Figure 4.5: An example drawing of simulated events visualised in Geantd. Electrons
are presented with red lines and gamma rays with blue. Only some of the electrons
reach the detector while the others either interact with the surrounding materials
(open circles) or are reflected back by the HV barrier. Note also the magnetic bottle
effect of electrons being trapped in the magnetic field.

Full Geant4 Simulation
P.Papadakis, D.Cox, J.Konki, K.Hauschild, P. Rahkila
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SAGE - Field Profile
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Paul Greenlees

SAGE magnetic field profile
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SAGE- efficiency

e Source Data
— Geant4

©
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T T

Transmission efficiency [%]
I

0 \ \ \ \ .
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SAGE experiments to date

Campaign 2011/201

@ S11: Commissioning of the SAGE spectrometer through

Campaign 2

in-beam investigation of 177Hg , P.Papadakis

@ S01: Commissioning of the SAGE spectrometer, R.-D. @ S06: Exploring nuclear shapes in the transitional region of
Herzberg N 90: Coulomb excitation of '32:154Sm to study EO

@ S02: Simultaneous conversion-electron and gamma-ray transitions with SAGE, P.Davies, C.Barton
spectroscopy using SAGE; an in-beam study of 253No, R.-D. @ S07: Probing EO transitions in 188pp, using the SAGE
Herzberg spectrometer, J.Pakarinen

@ S04 Exploring shape co-existence in 2°2:2%*Rn, D Jenkins, @ 510: Spectroscopy of the odd-proton *#%-2>' Md, Ch.Theisen
APIRsifinem, PR @ S08: Simultaneous conversion-electron and gamma-ray

@ 505: Shape co-existence in 32~ 158 Hg, P.A Butler, spectroscopy using SAGE; an in-beam study of 2%3No, R.-D.
P.Rahkila, P. Van Duppen Herzberg

@ 509: Complete spectroscopy of the transfermium nucleus
255Lr, M.Sandzelius, K.Hauschild, A.Lopez-Martens
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ICC determination with SAGE- '3*Ba
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ICC determination with SAGE- 77 Au Preliminary!

177Au Gamma Spectrum 177Au Electron spectrum
Gamma-Gamma Gates on 160,289,453 Gates on 160,453 gammas -> 160 electrons - > all subsequent gammas.
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@ re00s icC Value Error ICC Value Error
(@or27) K ICC Exp 0.132 0.037 KICC Exp 0.088 0.024
sy ‘B 100 K ICC BRICC 0.090 0007 K ICC Theo 0.091 0.004
@ z&%saa LICCExp 0.082 0.002 L1CC Exp 0.062 0014
(17:2%) 2813 903.1 LICCBRICC 0.050 0.001 LICCBRI 0.051 0.001
(132%) 743.0
(13227) 688.6 ————
LY. 9P 9 o2 K/LExp 1610 0400 K/L Exp 1421 0.508
22 e K/L BRICC 1.82 0.04 K/L BRICC 1.644 0.04

o
1= 2408 Poxg
179X (1pva 00 W 2) ;
Eq=6.12 MeV 0.0
1180(12) ms 7;515MEV

1462(32) ms




Future Devices
[ Je]

SPEDE Concept

CD detector
Si detector
Target /
Beam | ‘
¢ | @ HIE-ISOLDE
@ Measure ICE in Coulex experiments
y-ray @ J. Pakarinen - Marie Curie Funding

MINIBALL array

Paul Greenlees (JYFL, Finland)



Future Devices

SPEDE Simulations

T
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SPICE - A. Garnsworthy TRIUMF

R TRIUMF

Main Features of SPICE with TIGRESS

\ I NdFeB magnetic lens in
backward angle geometry

i) LN,-cooled 16-fold segmented
\\ I ‘ —200 Si(Li) detectors (38x38x5mm)
i ) — Heavy-Met photon and

charged-particle shield

I i, /\ ~ 12 Compton-Suppressed

TIGRESS Clovers

12.5% Singles Eff. @ 1.3MeV
I D \\ Downstream CD for

coincidence charged particle
or Heavy ion

Paul Greenlees (JYFL, Finland) Electron Spectroscopy EGAN2012 37740
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Recoil-Shadow Mode at JYFL

SACRED @RITU

Transverse Geometry

Beam Recoil-Shadow Method

Target Chamber Beam

Paul Greenlees (JYFL, Finland) Electron Spectroscopy EGAN2012 38740



Summary

In-beam electron spectroscopy is a challenge!

Combined electron-gamma spectroscopy an even greater
challenge!

Essential part of spectroscopy of heavy nuclei
Essential in study of EO transitions

Steady progress over past 10-15 years

Can now run with beam intensities of 10 pnA or so

Combined electron-gamma spectroscopy possible at 200 nb
level

Improvement still possible to lower limit further

New devices being developed for use with radioactive beams

Future Devices
oeo

Paul Greenlees

JYFL, Finland) Electron Spectroscopy



Future Devices
[elelelele] J

Introduction

>vious Devices

Thanks! - SAGE Team

el Sandzelius, Rauno J Andrew Mis
, Joonas Konki, D:

Paul Greenlees (JYFL, Finland) Electron Spectroscopy EGAN2012 40/40



Internal Conversion - EQ Transitions
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Figure 68 Speeds of EO transitions with p* =0.010. For the 4
Weisskopf estimate half-life for E2 (4 = 100) is also shown.
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The Original SACRED - Some Results
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The Original SACRED - Some Results
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SAGE - First Results

186‘Hg

1165 g+ M.Scheck et al., To be published J

4+ 1080 I
808 4+

@15+ 9 18Hg y-spectrum 2> 84i->2
523 )+
ot a2 20 4007 T 6i->4
i2}
o or—* 5 3004 8,->6
5]
g | _/212 206 220 04
= 2004 .
x
Gate: E.-= 124.5 keV (BG corrected) 1
120 100]
<
1004 * ]
- K T T T T
2 80 A T
c g K
Se] & T8
O X % @
c
v
40| 3
O
20+
0,
0,
100 200 300 400 500 160 2000300
Energy [keV] Energy [keV]

I Greenlee: nd)



SAGE - First Results
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PHYSICAL REVIEW C 83, 037303 (2011)
Combined in-beam electron and y-ray spectroscopy of 1*15Hg
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SPICE - A.Garnsworthy TRIUMF

Absolute Efficiency Curves for SPICE Lenses
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