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Doppler-corrected e and y-ray spectroscopy

“* Physical Motivation
> In-beam conversion electron spectroscopy complements the results obtained

from y-spectroscopy
» A method for determining the multipolarity of nuclear transitions

» The only method for detecting EO-transitions

s+ Doppler Correction after Inelastic Heavy lon Scattering

> 238U + 18173 system at the Coulomb barrier
» Electron spectroscopy with mini-orange devices

s+ Doppler Correction after (HI,xn)-Reaction

> 26Mg(136Xe,4n)58Dy reaction
» Electron spectroscopy with high transmission orange-f3 spectrometer

% Summary

Hans-Jurgen Wollersheim - 2022



207Bj source
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207Bj emits y-rays and electrons

v-energy [keV]

e—energy [keV]

569.6 481.7 [K]
553.8-556.7 [L]
565.8-567.2 [M]

1063.7 975.7 [K]

1047.8-1050.6 [L]

1059.8-1061.2 [M]
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Energy resolution with 2°/Bi source
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MICRON #2512-17

\oltage: 200V
207Bj E=482, 976 keV
range 0.94, 2.31 mm (ee" interaction)

experimental set-up
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Conversion electron spectroscopy

lifetime of a nuclear state:

1= S (L) L+ ey (L)} _l
P! }

i v (E2)=1.225-10"-E>-B(E2;N —» M)

total conversion coefficient:

NSk (L) = I_e

/4
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Coulomb excitation
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Coulomb excitation experiment
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Doppler effect

238 J4+181T,
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Surface oscillations in deformed nuclel
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EO/E2 branching ratio

Y.(EO) _ Qg [s71] B(EO; I - I")
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Q,: conversion probability electronic factor

D.A. Bell et al.; Can. J. of Phys. 48 (1970),2542
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Doppler-corrected e and y-ray spectroscopy
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Lorentz transformation R MINUEB

* “‘~-./
Py P P* = const.

total energy:

& Y | Ef=—y-v-P-cos6@+y-E

NN

- E = +/(mc?)2 + (Pc)?
rest system laboratory system
E", P* total energy and momentum in the rest system
E, P total energy and momentum in the laboratory system
Doppler formula for zero-mass particle (photon): E=Pc

E*X=—y-L-E-cos8+y-E

E*

y-E(1— B - cosB)

Hendrik Lorentz

E. Byckling, K. Kajantie J. Wiley & Sons London
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| orentz transformation

y-ray angular
distribution

&°

(3, 9,)=(30°,180°)

Contraction of the solid angle element in the laboratory system

aQ (B9’
o | E

with

E*=y-E-(1—pf-cosf) Doppler formula
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Electron spectroscopy with mini-orange devices

magnetic filters

SmCo magnets
for symmetric configuration 1 - 5 kG

Absolute Transmission (%)
F

0 200 40 &0 80 1000 1200
J.v. Klinken et al.; NIM 151 (1978) 433 Energy (keV)

T. Dresel et al.; NIM A275 (1989) 301
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Experimental arrangement @ ansb

particle detector (PPAC -
200 < §, < 539 1
Doppler broadening
A9, = 20°
target — Mini-Orange: 19 cm
, Mini-Orange — Si detector: 6 cm
e —detector l bea -
For projectile excitation:
T, =y T, -{1 — By -1+ 2m, c2/T, -c05931}+mec2 (y—1)
with
cosB,, = cosd,cosV, + sind;sind,cos(p, — @)
===
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| orentz transformation

T T T T T I ]
1.0 |- o
y-rays 10% -
P e energy shift
-+
o 08f -
[+ })
,( ! 238U+181Ta )
S oslk E=1428 MeV
= —9E EO
$,=25.5 The Doppler shift in kinetic energy of
04 L '33"'1550 i electrons is larger than the Doppler shift
' of massless photons of similar energy.
1 1 1 L |
1 I 1
1.0 - i
o o y-rays 20% : -
] e e 4 | solid angle contraction
3 238U+181Ta
7
T E=1428 MeV
s 0
$,=25.5 The Lorentz transformation also leads
0.4 | 3,=155° | toacontraction of the solid angle in the
laboratory system.
L | 1 1 1 1 1
0 500 1000 1500 2000

T.rest (keV)

Hans-Jurgen Wollersheim - 2022 (=



Electron spectroscopy with mini-orange devices
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Coulomb excitation experiment
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Experimental arrangement

particle detector (PPAC

—————

e —detector

optimal energy resolution:
COS 0y = %1
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Compound nucleus formation

136xe + 26Mg — 162Dy al

E/A, =41 MeV/u

Lorentz transformation:

Te* = yTe{1 - ﬂcm\/1 + 2mec2/Te cos Se} + mecz(y -1)

*

AT,
T, 2 2
e {1 - ﬁcm\/ 1+ 2m.c /T, cos Se} + mgc(y — 1)

2 :
ﬁcm\/ 1+ 2mgc /T, sin 3.A,

*
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Experimental arrangement with orange spectrometer
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L. Handschug et al.; NIM 161 (1979) 117
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Conversion electron spectroscopy after (HI,xn)-reactions
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resolution of the spectrometer LN
including Doppler correction (dﬁu)e/
as calculated for a point source 0.4
scattering in the target (i) 0.004
beam optics (i) 0.11
evaporation of neutrons (i) G.0%
energy loss in the target (iv) 0.31
energy straggling of the projectiles (v) 0.006

quadratic sum
experimental resolution

A. Balanda et al.; GSI 79-11, p.50
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High resolution in-beam ¢y-ray and conversion electron
spectroscopy can be performed in inelastic Hl scattering and
in (HL,xn)-reactions.

The strong Doppler broadening can be compensated for by
proper positioning of the detection devices.

This is demonstrated for Ge-detectors, mini-orange devices and
orange-f-spectrometer.

The observed width of y-ray lines and conversion lines at an
emitter velocity of vic=10% was AE,/E, = AT.[T.~1%.
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