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Th-229 doped LiSraAlF6 
crystal

Let there be light!
•Th:LiSAF 
•Synchrotrons & Lasers

Forty years in the wilderness
•Th-229 
•Mössbauer to the rescue

The Goal is control

Let the SNSPD guide you!
•New detectors & Approaches
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Molecular ions
ISM Chemistry

w/ Wes Campbell
Alma

Radioactive Qubits 
(Ba-133)

w/ Wes Campbell

Nuclear Clock

Sterile Neutrino search

Paul Hamilton & Christian 
Schneider @ UCLA 

ISM ‘Simulator’
Quantum control for advancing science

Hunter 
Collaboration
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The heroes of our story

Dr. Christian 

Schneider

Dr. Justin Jeet
Richard Elwell

NIF



nuclear structure
H atom:  

E = -13.6/n2 [eV]
Nuclei: 

E = Eo(N,nz) + CΛΣ + DΛ2
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First on the scene: L. A. Kroger and C. W. Reich, Nucl. Phys. A 259, 29 (1976).

B.R. Beck et al., PRL 98, 142501 (2007); ibid., LLNL-PROC-415170 (2009).

• The 229Th nuclear isomeric transition

229Th = 228Th + n

228
n

K = 5/2

228

n

K = 3/2
Spin-orbit and orbit-orbit  
interactions nearly cancel

0.0035

7.8(5) eV 
160(10)nm

Γ = 100 μΗz λ = 



The nuclear clock

E. Peik and Chr. Tamm, Europhys. Lett. 61, 181 (2003).
E.V. Tkalya et a., Physica Scripta. 52 296 (1996)

Q ~ 1019 

BBR shift minimal, small differential shifts (nuclear magneton), etc.

Clock proposals:

7.8(5) eV 
160(10)nm

Γ = 100 μΗz λ = 

A nuclear clock at these levels would lose  
<40 ms over the age of the universe  

the solid-state version would lose  
<3ns/year and be highly portable
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NIST F-1 Clock 

Nuclear clock @ UCLA

Nuclear clock based on 
rare thorium-229 

isotope

~10 kHz



Finding the isomeric transition

The haystack:  
140 nm < λ < 180 nm

The challenge (~40 yrs):
The needle:  
Ɣ~ 10 μHz – 100 μHz



VUV Beam

Only possible because of the high Th-229  
density in a solid

Photodetector

The haystack:  
150 nm< λ < 170 nm

Th-doped crystal

The challenge (~40 yrs):

Finding the isomeric transition
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The needle:  
Ɣ~ 10 μHz – 100 μHz



Just need a magic crystal!

1. Accepts Th as dopant
2. VUV transmissive
3. Low phosphorescence background

4. Radiation resistant

Requirements:

Procuring Th-229:

3 mg = 6 Million Dollars



Th nitrate from ORNL 
converted to ThF4

5 years of work, culminated in: 
• Ability to grow small crystals 
• Three 3 mm X 3 mm X 10 mm xtals 
• Stable and contains thorium-229. 

Fabrication of first 229Th:LiSrAlF6 crystal

232Th work

Second batch of crystals:

3x1016/cc 1x1017/cc

Saed 
Mirzadeh

Hans
Jenssen



Advance Light Source

August 20th - September 5th 2014:

ALS Beam

Thorium Experiment

96 hours of beam  



exclusion limited 
by: 

ALS Tunability 
ALS Flux 
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Minkov & Palffy 
PRL 118 212501 (2017)

Tkalya et al., 
PRC 92 054324 (2015)
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4-wave mixing VUV source: Pulsed dye laser + Xe cell 

UCLA VUV laser system

~20,000x 
brighter 
than ALS

‘unlimited’ 
beam timeMixing Chamber

Spectroscopy 
chamber

Realtime  
monitoring: 

Spectrum 
Wavelength 

Energy 



Nearly autonomous operation

+

VUV Power monitoring Frequency monitoring

Laser spectrum monitoring



UCLA VUV laser system

About once per hour 
over the last 3 years 

we get an email…



UCLA VUV laser search
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L. Von der Wense et al., Nature 533, 47 (2016) 
B. Seiferle et al., PRL 118, 042501 (2017) 

Confirmation in Munich

Confirmed existence, 
2% isomeric 
produced in decay, 
and IC Decay channel

J. Thinking et al., Nature 556, 321 (2018)

Energy consistent 
with Beck et al. 



Internal Conversion

229mTh

-

IC lifetime ~ 10 us 

229gTh

Confirmed existence, 
2% isomeric 
produced in decay, 
and IC Decay channel



Peter
Lars

Benedict

Ekkehard



SNSPD operation Principle 

V

I Sae Woo Nam Galen O’Neil

Varun Verma and Dileep Reddy

In collaboration with:



Sae Woo Nam Galen O’Neil

Varun Verma and Dileep Reddy

SNSPD IC Detection

4 K

U233

SNSPD

Alpha
Embedded 
 Th:Click!
In collaboration with:



SNSPD IC Detection

4 K

U233

Clicks again!

2% of the time: 
Th-229m produced

SNSPD

Sae Woo Nam Galen O’Neil

Varun Verma and Dileep Reddy

In collaboration with:



SNSPD Interarrival time 
histogram

Excess of 
correlated events 
consistent with IC 
decay!
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SNSPD IC Detection

If Bias current is too low the 
SNSPD never goes ‘normal’



SNSPD IC Detection

4 K

U233

SNSPD

VUV Light



SNSPD IC Detection

Suggested possibility of measurement



Sae Woo Nam Galen O’Neil

Varun Verma and Dileep Reddy

In collaboration with:

SNSPD          SNSPI



SNSPI IC Detection
Position Histogram

Black: All Events 
Blue: successive events



SNSPI IC Detection

Red: Events within 30 us 
Black: expected bgnd



SNSPI IC Detection

V

I

For each Ibias:
Position cut Time cut



SNSPI IC Calibration

V

I

VUV Light

Different 
VUV colors

Comparison of VUV Curve 
to thorium IC Decay 

Measure IC Energy

(I hope)



What’s next?
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Image Credit: Lars von der Wense

Seiferle et al., Nature 573, 243 (2019)

Sikorsky et al., Phys. Rev. Lett. 
Nature 125, 142503 (2020)
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Status of the search

Global value



the search continues with an upgrade
In collaboration with:

Christian
Schneider

Thorium metal Target 



the search continues with an upgrade



Summary
Forty years in the wilderness

Crystal-based search
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New detections


