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v Gae Why searching 1 nuclear level for nuCIock
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MU Experimental Approach NnUC lock
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concept: = populate the isomeric state via 2% decay branch in the o decay of 233U
= gpatially decouple 22°(MTh recoils from the 233U source: avoid background
= detect the subsequently occurring isomeric decay
triodic
Buffer gas Laval aperture extraction  getection
stopping cell nozzle electrode electrode  gystem

235U l;,::_225:...;-rhz«'3‘

229Th :>225Ra‘~_-2+'

Phosphor screen

HEEEEEE | &

- ) T
| == i

HEEEEEEN
v visible light

m)Th2#3*

B 2

221 217 1+/2+
FE = Al daughter nuclides

217At =,:3‘38i1 2+

ZISPO :::}%DDP b‘!*:Z»

233U RF + DC RF quadrupole Quadrupole MCP CCD
source funnel ion guide mass separator

3 P.G. Thirolf, LMU Minchen Intern. Conference on Shapes and Symmetries in Nuclei, Gif-sur-Yvette, 6.-10.11.2017



MU e Experimental Setup NUC lock
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o G lon Extraction from Buffer Gas Cell NUC lock

<MLL Mass scan of extracted ion species: efficient 222MTh3* extraction R

* *
* *

*

i'EﬁThi'lr
1000 a0 5 i ;ﬂ;ﬁ;,w
: \W ufs SO Th 0.37(7) 5.5(11) 10(2)
] o Yoo 2
g T l"i “*’ UM B 21.0(42)  16.0(32) <1.5.10°
|!
10— b o S e i ey Rn  5.8(12) 9.3(19) 0.053(11)
000{ = ] = (1) P
@)= At 8.6(17)  13.0(26) 0.033(7)
8 ) e e e e Po  73(15) 81(16) <0.0021
5 . RS . . s 0.
8 H W | e _
ol Bi 4.3(9) 21.0(42) 0.083(16)
100 110 120 130 140 150 160 170 180 1490 200
e ro 2.2(4) 11.0(22) <0.012
8 ] TR | = iy
1" J | fl o 1 [eV] 2" [eV]
: i
nHJJHMJLm I*“ LHJMJ J'HJI.LLH.'UHJMM Ll mu.l.u; —— 11.6 19.8
210 250 260 270 280 200 300
I'.-‘gggmmcl‘;argg[ul'e] Th 63 119 183
800 q=1 233Ut’1ﬂ]1] q=2 220Tp2+ 233 2+ ¥Mp2oT3+ (=3 Ra 5.3 10.1 31.0
0 = Fr 4.1 224 335
400 2000
é 300 1500 RN 10.7 21.4 29.4
g =THH
20 om] [ 233 At 9.3 17.9 26.6
100 5004 SUTH,
R | 2™ [ W\ Po 84 19.3  27.3
228 230 232 234 105 10 115 75 76 77 78 79 80 _
mig /el mig [wel ik [ue] Bi 7.3 16.7 25.6
L. v.d. Wense, B. Seiferle, M. Laatiaoui, PT, EPJ A51, 29 (2015) I(He*) = 24.6 eV

5 P.G. Thirolf, LMU Minchen Intern. Conference on Shapes and Symmetries in Nuclei, Gif-sur-Yvette, 6.-10.11.2017



MU Isomer Detection Process NnUC lock
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extracted 22°MTh3*jons: -impinging directly onto MCP surface behind triode exit
- ‘soft landing’ on MCP surface
- neutralization of Th ions
- iIsomer decay by Internal Conversion: electron emission

- electron cascade generated,
accelerated towards phosphor screen

\ - visible light imaged by CCD camera

229mTh3+

-25 \V
+18900 vV

25V
+1800 V

+6000 V +6000 V

internal conversion (IC) energetically allowed for neutral thorium:

I(Th*, 6.31 eV) < E*(*®*"Th, 7.8 eV)
isomer lifetime expected to be reduced by ca. 10-° (from ~10% s > ~ 10 ps)
Th9*ions: IC is energetically forbidden, radiative decay branch may dominate
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v =i Direct Signal of IC Decay from 229mTh NUC lock
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eMLL | vd. Wense, PTetal., Nature 533, 47-51 (2016)
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MU e Verification Measurements NUC lock

o **
* *

* *

MLL .
. ***

Background-corrected isomeric decay signals:

-> isomeric decay - ionic impact
5001 during extraction of 229Th2* wof220Tp2r | ﬁ . 200
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- ionic impact signal decreases with U,,cp - comparable mass peak amplitudes for
. 229 2+ 233 |2+ i i
- 2332+ signal drops to zero Th=*, 33U=*ion impact signals
. . - - _ 233] |2+ i
- 229Th2+ signal remains, cutoff at E,; =0 for Uy,cp=-25 V <33U<* signal vanishes
. _ 229 2+ Qi i
(rise: IC electrons back-attracted to Th=*signal remains

MCP surface)

all potential background contributions could be excluded, mostly by several ways
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wu i Next step: Halflife determination NUClock
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- charged 22°™Th?*: t;,, > 1 min. (limited by RFQ storage time)
- neutral 22°M"Th: pulsed extraction from RFQ

229mT|ﬂ2+ 229mTh| Decay via
. internal
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- expected conversion coefficient: o = N/N, ~ 10°

—> provides constraint for strength of photonic decay branch
(if IC cannot be suppressed, e.g. by suitable crystal lattice implantation)
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MU Halflife: Neutral 22°Th NUC lock
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- bunch width: ca. 10 us

- ca. 400 22°(MTh2*3*jons/bunch - confirms expected conversion coefficient: ~10°
—> photonic decay branch ??
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MY nuC lock
e Collinear Laser Spectroscopy of 22°Th R
eMLL
= Collaboration with PTB Braunschweig: (E. Peik, M. Okhapkin et al.):
Goal: resolve hyperfine structure of 229MTh2+

TR TR | i
l) \‘,,.‘ e O

laser excitation of 229(MTh2* jons behind QMS:

- 3 external-cavity diode lasers
—> CO- and counter-propagating laser beams

- preparatory experiments on 22°Th at PTB Paul trap
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MU Summary & Perspectives NUC lock
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= 229-Thorium isomer exists: first direct detection via IC decay channel

= |constraints of 22°"Th properties: 6.3 eV <E*<18.3 eV Nature 533 (2016)
t>60S
= Half-life of neutral 2°"Th: [t,, =7us =2 a~10° PRL 118 (2017)

= Hyperfine structure of 22°"Th measured via collinear laser spectroscopy:

=nuclear moments, charge radius, (prolate) deformation revision submitted
to Nature
= |someric excitation energy: method: EPJA53 (2017)

measurements with (retarding field) magnetic bottle electron spectrometer in
progress

= contrary to general paradigm: laser excitation of 22°"Th feasible with existing
laser technology = experiment in preparation method: PRL 119 (2017)
= charged ?2°"Th: needs longer storage time

- setup of a cryogenic Paul trap in progress
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| | nuC lock
we made a big step towards the ultimate

®
«MLL goal of a Nuclear Clock
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but many more are yet to come
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