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Internal Conversion

Ei = Eγ − Bi;
i = K, LI , LII , ..,MV , ..

αtot = Ne
Nγ

= αK + αL + ...

α ∝ Z3

n3E2.5
γ

α increases strongly with
multipolarity

α larger for magnetic transitions

Conversion coefficients for Z=103
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Internal Conversion

Fraction of 200 keV E2 converted
f = α

1+α
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Electromagnetic Properties

Odd-proton orbitals in 251Md

B(M1)/B(E2) depends on (gK - gR / Q0)
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In-beam γ-ray Spectroscopy of 255Lr

48Ca + 209Bi⇒ 255Lr + 2n, σ ' 300 nb, S. Ketelhut et al., PRL 102 212501 (2009
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Spectrometer Design Considerations

Efficiency
Broad Range
Typically 0-1 MeV
Backscattering - normal incidence

Magnetic Field
Profile
Strength

Detector
Thickness
Size
Granularity

Resolution
Intrinsic
Doppler Broadening

Delta Electron Suppression
Kinematics
Biased Target
Physical Block
HV Barrier
High Counting Rate Capability
Tagging Techniques

Combination with Ge
Maintain Ge Efficiency
Maintain P/T
Effect of stray field

Paul Greenlees (JYFL, Finland) Electron Spectroscopy EGAN2012 7 / 40



Introduction Previous Devices Current Devices Future Devices

ICEMOS - 188Pb
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GAREL+ at the Vivitron

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

Pulsed beam 4ns on, 480ns off
58Ni(19F,p2n)74Kr
Carbon Catcher Foil

Paul Greenlees (JYFL, Finland) Electron Spectroscopy EGAN2012 10 / 40



Introduction Previous Devices Current Devices Future Devices

The Original SACRED Electron Spectrometer
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The Original SACRED Electron Spectrometer
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The Original SACRED - Holy Grail
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The Original SACRED - Some Results
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The SACRED Electron Spectrometer

Beam In

Cold Finger

25 Element

Detector
Annular Si

High Voltage Barrier

Carbon He 
Containment Windows

Target Chamber

RITU
To

H. Kankaanpää et al., NIM A534, 503 (2004)
P. A. Butler et al., NIM A381, 433 (1996)
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Recoil-Decay Tagging with SACRED
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δ electrons produced with
atomic cross sections!

H. Kankaanpää et al.,
NIM A534, 503 (2004)
see also:
R.D. Humphreys et al.,
PRC69, 064324 (2004)
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Conversion-Electron Spectroscopy of 254No
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University of Lodz ICE Spectrometer

See talk of J. Perkowski
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The SAGE Spectrometer - Vision 2004

The Future? ...SAGE
Combined Electron−Gamma Spectroscopy

Ge Array

SACRED
Separator

Electron Efficiency ~ 10%
Gamma Efficiency ~ 4%
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The SAGE Spectrometer - Vision 2004
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The SAGE Spectrometer - Vision 2005
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The SAGE Spectrometer - Vision 2005

Effect of Stray Field on BGO Signal
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The SAGE Spectrometer

SAGE
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Anatomy of the SAGE Spectrometer

P. Papadakis et al., AIP Conf. Proc. 1090, 14 (2009)
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SAGE - Silicon Detector
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SAGE - Silicon Detector
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SAGE - Electronics
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SAGE - Shielding
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The SAGE Spectrometer

Full Geant4 Simulation
P.Papadakis, D.Cox, J.Konki, K.Hauschild, P. Rahkila
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SAGE - Field Profile
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SAGE- efficiency
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SAGE experiments to date

Campaign 2010
S01: Commissioning of the SAGE spectrometer, R.-D.
Herzberg

S02: Simultaneous conversion-electron and gamma-ray
spectroscopy using SAGE; an in-beam study of 253No, R.-D.
Herzberg

S04: Exploring shape co-existence in 202,204Rn, D.Jenkins,
A.P.Robinson, P.Rahkila

S05: Shape co-existence in 182−188Hg, P.A.Butler,
P.Rahkila, P. Van Duppen

Campaign 2011/2012
S11: Commissioning of the SAGE spectrometer through
in-beam investigation of 177Hg , P.Papadakis

S06: Exploring nuclear shapes in the transitional region of
N 90: Coulomb excitation of 152,154Sm to study E0
transitions with SAGE, P.Davies, C.Barton

S07: Probing E0 transitions in 188Pb using the SAGE
spectrometer, J.Pakarinen

S10: Spectroscopy of the odd-proton 249,251Md, Ch.Theisen

S08: Simultaneous conversion-electron and gamma-ray
spectroscopy using SAGE; an in-beam study of 253No, R.-D.
Herzberg

S09: Complete spectroscopy of the transfermium nucleus
255Lr, M.Sandzelius, K.Hauschild, A.Lopez-Martens
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ICC determination with SAGE- 133Ba
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ICC determination with SAGE- 177Au Preliminary!
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SPEDE Concept

HIE-ISOLDE

Measure ICE in Coulex experiments

J. Pakarinen - Marie Curie Funding
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SPEDE Simulations

Geant4

J. Konki (JYFL)
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SPICE - A. Garnsworthy TRIUMF
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Recoil-Shadow Mode at JYFL
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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 E0 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
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Thanks! - SAGE Team

Paul Greenlees, Rodi Herzberg, Mikael Sandzelius, Rauno Julin, Andrew Mistry, Janne Pakarinen, Panu Rahkila
Juha Sorri, Philippos Papadakis, Joonas Konki, Danny Cox
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Internal Conversion - E0 Transitions

Monopole Strength Parameter
ρ2 = ln2

(T1/2)K
× ΩK

ΩK electronic factor, analogous to ICC

Simple Two-Level Model
Two levels: spherical and deformed
|0+i 〉 = a|sph〉+ b|def 〉
|0+f 〉 = −b|sph〉+ a|def 〉

〈0+f |m(E0)|0+i 〉 ' abkβ2

k = 3
4π ZeR2[1 + 4π2

3 ( a0
R )2]

ρ2 ∝ a2(1− a2)β4

In this model: large ρ2 values imply the presence of
sizeable deformation, as well as mixing of
components with different r2 (Kantele)
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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

100 200 300 400 500

0

20

40

60

80

100

120
−e

X
−

ra
ys

Gate: E   = 124.5 keV (BG corrected)

+
+

1
2

+
+

1
1

+
+

1
gs

4 
 −

>
 2

6 
 −

>
 4

2 
 −

>
 0

398 keV
 −>

Energy [keV]

C
ou

nt
s

M.Scheck et al., To be published

400

300

200

100

216 220212

250

0

200

150

100

50

300 400 500200100

4 
 −

>
 2

+
2

1
+

6  −> 4+
11
+

8  −> 6+
11
+

4  −> 2+
11
++

11
+2  −> 0  &

2  −> 2+
12
+

+
11
+10  −> 8

+
11
+10  −> 8

− +11 −> 10

2  −> 2+
12
+

4  −> 2+
21
+ − +11 −> 10

6  −> 4+
11
+

4  −> 2+
11
++

11
+2  −> 0  &

8  −> 6+
11
+

X rays

x1
0 

 C
ou

nt
s

C
ou

nt
s

Energy [keV]

3

Hg   −spectrumγ186

Hg e  −spectrum−186

Paul Greenlees (JYFL, Finland) Electron Spectroscopy EGAN2012 4 / 7



SAGE - First Results
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SAGE Collaboration
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SPICE - A.Garnsworthy TRIUMF
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