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1. Experimental setup
2. Many-ion decay spectroscopy
3. Single-ion decay spectroscopy

4. Outlook
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"Cooling": enhancing the phase space density

Electron cooling: G. Budker, 1967 Novosibirsk

M: with a cold, collinear e- beam. The ions
- getthe sharp velocity of the electrons,
small size and small angular divergence
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Broad-band Schottky frequency spectra
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Two-body beta decay of stored
and cooled highly-charged ions
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Decay Schemes
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Two-body beta decay

-

i

E 140 p 58+ lll
© |
:.- E \ 14DCeSS+
| g |
' ; o | | 3§5ck:.v |||
140 p . 58+ B 1405 o 58+ "é |
. '% |||||
| z (" [
W | |260Hz |
o f scales as m/q
: |'|| - Two-body 3 decay:
2 167 > g does not change
g 0.1
£
2 g Change of f only due
2 to change of mass
0.01
E 1 140C958+
! I EE\
i i -
b @ 0.1
:
E 140 p - 58+
h : 0.01
545 54.75 550 5525 AT 580 o048

Frequency - 59200 [kHz Frequency - 59200 [kHz




EC Decay Rates

140Pr

Aec(H-like)/Az(He-like) = 1.49(8)
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Aec(H-like)/Ao(He-like) = 1.44(6)

noise power
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N. Winckler et al., Phys. Lett. B 679 (2009) 36-40



Electron Capture in Hydrogen-like lons

Gamow-Teller transition 1+ — 0*

140 58+ 140 57+
Pr ¢ Pr

>S=0
I=1

32—~

1/2 ——*=

F=14+s=1/2

M= +2.7812y

I. N. Borzov et al., Phys. Atomic nuclei

Theory: | AH)/A(He) = (21+1)/(2F+1)

Z. Patyk et al., Phys. Rev. C 77 (2008) 014306

Theory Measurement

| [ MOPFr S 3/2 1.49 (9)
Ratio H/He: { 142Pm > 3/2  1.44 (6)




Single ion decay spectroscopy



Examples of Measured Time-Frequency Traces
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Flrst EC- decay of He- Ilke 142Pm ions measured in E082 experiment

142 Nd59+
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Old Schottky pick up
Data provided by the Sony real-time
spectrum analyzer in frequency domain
representation
Welch's overlapped

segment averaging

New resonator cavity
Data provided by the Tektronix real-time
spectrum analyszer in time domain
representation

Multitaper method
(F. Nolden, to be published)

DPSS Tapers nPi=4

wy(t)




Comparison Wosa vs MTM for identical input

Welch's overlapped ]
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Example of one parent ion which: "
decays to one EC-daughter ion  :
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Example with 4 parent ions, 2 EC
and 2 B* -decays
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Another example with 3 parents and 2 EC-decays

Time-resolved Schotky Spectrum
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FRS-ESR Mass - and Lifetime Collaboration
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Schottky_Spectrum_20100601-074620-0135827547




" _ i
___._,E_______E___,_.__,_E_r_z_.g.i_E______:i_i____._._______.______i

_;:i___.__.__v____:sﬁ__ig_!i__—_._ _=____s____s____.Eﬁgsa_;____._._i___i_

gt

i o

__-___-_________.______1______ s 10
aih f._.e.___.1_1_,£_4§____.________
o _r_.__ dapi o f

ST ki - __ _—_ _E_ﬁfi i

S i

_ A
_.__.___E_g._i._;%;__is_______..__l,_=._.__=,..__.__E__ W

M~
<<
i
M~
™~
(0]
Ty}
o™
1
=
[
N
(o]
<t
~
<
1
o
w
o
o
1
o
2_
=
-
et
i
QO
o)
Q.
S_
-
-
]
-]
O
=
Q
7))




i e 0 L

3_5______!________=u____=E.___g_l___..__‘___a___i"_____i-:iﬁ —
|

ga‘%__véga ._.__;_n____*._;__a___if_______i___ﬁ.!____=_n_ U

H A A A

K}
gl dy L ______ | ___.__-_._.-_5__-;_‘_______
et i fr— i, '] i .__1.__.____.__.._._._..__.__...._ P

_ E__ _i._ __.____._. 1_._ _f_rl. .ﬂ__ ___fi-t_T-—_ -l.t.ﬂi______i .-;.___1__.__ ._._

_{!_gi_s_l __-____s____s-_..!_ﬁ_____i___g_{!ii!_ S

M~
<<
i
M~
N
o0
(Tg]
o
1
=
[
N
(e
<t
~
<
1
o
w
o
o
1
==
2_
=
-
Fd
S
QO
o)
Q.
S_
-
-
]
e
O
=
Q
w
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142Pm60+: zoom on the first 33 s after injection
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Decay scheme of 1%?|
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Experiment: 31.07.2008-18.08.2008




Decay Statistics

Correlations: 10.808 injections ~1100 EC-decays
Many ions: 5718 injections ~4900 EC-decays
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