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

+ Doppler Correction after (HI,xn)-Reaction
> 26Mg(136Xe,4n)58Dy reaction
» Electron spectroscopy with high transmission orange-f3 spectrometer

% Summary
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Coulomb Excitation
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The Doppler Effect
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Surface Oscillations in Deformed Nuclel
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EO/E2 Branching Ratio

Y.(EO) Qg [s71] B(EO;1 - I")
Y,(E2) 2.56-10%A%/3-E° [MeV] B(E21 -1

L )
Y

L = 14 B2 for 2[3—>2
0.511 MeV

10" - -

100 i 1.022 MeV ]
1.533 MeV
2.044 MeV —

Y.(E0)/Y,(E2)
=
r

~Z715

40 60 80 100 120 140
VA

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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| orentz Transformation
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Doppler formula for zero-mass particle (photon):

EfX=—y-B-E-cos@+y-E

E*=y-E(1—L"-cosf)

E. Byckling, K. Kajantie J. Wiley & Sons London

total energy:
E*=—y-v-P-cos@+vy-E
with

E = /(mc?)? + (Pc)?

E”, P" total energy and momentum in the rest system
E, P total energy and momentum in the laboratory system

E=Pc

Hendrik Lorentz
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Experimental Arrangement

RArGRIS HEIEEBr (FEAG) experimental problem:

Doppler broadening due to finite size of Ge-detector

AE
F~1% for A9, =20° B; =10%

For projectile excitation:

E*=y-E-(1-pB;-cosf,)  Doppler shift
with

cosb,, = cosd cos?I, + Sinﬁlsinﬁycos(q)y — <p1)

AE = E™ - By - sinf,, - AB,, Doppler broadening
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Inelastic Heavy-lon Scattering
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| orentz Transformation

y-ray angular
distribution

(3, 9,)=(30°,180°)

Contraction of the solid angle element in the laboratory system

Q.  (E1)°
dQ* | E

with

E*=y-E-(1—["-cosf) Doppler formula
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Electron Spectroscopy with Mini-Orange Devices

J. v. Klinken et al.; NIM 151 (1978) 433
T. Dresel et al.; NIM A275 (1989) 301

magnetic filters

SmCog; magnets
for symmetric configuration 1 - 5 kG
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Experimental Arrangement

particle detector (PPAC

—————

Doppler broadening

A3, = 20°
target — Mini-Orange: 19 cm
Mini-Orange — Si detector: 6 cm

For projectile excitation:
Te* =yTe {1_ﬂ1 \/1+2meC2/Te -COSHel}‘l‘nleC2 (]/_ 1)

with
c0s8,1 = cosY,c0s9, + sinY;sind,cos(@, — ¢1)
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| orentz Transformation
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Electron Spectroscopy with Mini-Orange Devices
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Experimental Arrangement

particle detector (PPAC

optimal energy resolution:

CoS 0, = 1

counts (2 keV)!
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Compound Nucleus Formation

| 136xe + 26Mg — 162Dy ul

E/A, =41 MeV/u

Lorentz transformation:

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

AT, ﬁcm\/ 1+ 2mec2/ Te sin 3.A8,

e {1 — ch\/ 1+ 2m‘=_.c2/Te cos Se} + mecz(y -1)
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Experimental Arrangement
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L. Handschug et al.; NIM 161 (1979) 117
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Conversion Electron Spectroscopy after (HI,xn)-Reactions

L) . Mg (Pxe, 4n) "Dy :
00 B = ' E/A=41MeV/u

600 ]
w
o 500 i
- -
3 400 4
J
300 -
200 P . 4 L, W& | L , . : F__T__WW -
100 - PR e,
0 1 s L L I A 1 A ' 1 A1 A1 1 1
650 700 750 800 850 900 955
‘ CHANNELS
resolution of the spectrometer AP /4
including Doppler correction (dﬁu)e
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scattering in the target (1)
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energy straggling of the projectiles (v)

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 HI 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-fi-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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