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HFS INTERACTION SUMMARY
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aho Sk, = mh @k, @
Shifts:

A[MHz] = <100 + 0 + <100 <200 MHz

5[kHz]= 001 +<10+ 0 <10 kHz
Other effects:

« 2"d Order Doppler > 1 Hz/K
« Zero-phonon transition mode
dependence > Ty = 500 K

Optical phonons frozen out (also possibly
resolvable side-bands)
 Acoustic phonons don’t matter
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How do you get intense,

tunable light sources at 165 nm? :
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~ 1028 cm?

=> 1028 cm? x 10%® photons/s*cm? x 10'8 nuclei

= 10° nuclei excited per second!!!
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EXPECTED FLUORESCENCE RATE AT ALS
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Excitation at ALS should lead to
a fluorescence rate of 15 kHz
after only 100 s of illumination

IF'=2aX 10mHz
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FIG. 1: (color online). Total fluorescence rate after sample il-
lumination for 1000 s with the ALS is indicated by the shaded
region. This region is bounded by the upper and lower limit
expected for the excited state decay rate, I,
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Excitation at ALS should lead to
a fluorescence rate of 15 kHz
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Given our light detection
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FIG. 1: (color online). Total fluorescence rate after sample il-
lumination for 1000 s with the ALS is indicated by the shaded allow the monochromator

region. This region is bounded by the upper and lower limit measurements na rrOWing range
expected for the excited state decay rate, I,
to 0.1 nm




HOST CRYSTAL PROPERTIES
PRUINS

e reasonably transparent in
the VUV

(down to ~160 nm) b /i 35 ‘:’& u .f

e pure crystalline structure
with all e”’s paired

e must chemically accept 22°Th in the 4+ charge state

e resilient to radiation damage from alphas emitted by
229Th (~100 uCi)

e |low VUV induced fluorescent backgrounds






THORIUM DOPING TESTS

Properly measuring doping concentration:

Variability for the same sample (Th:LiCAF) using
different techniques.

Results for one growth run:

Rutherford back-
scattering 500 ppm 5x10'8 cm®
(LANL)

Secondary lon
MS

Gas discharge
MS

Neutron
Activation

10 ppm 1x10"" cm™

300 ppm 3x10™ cm®

1.4(7) ppm 1x10'® cm’s

~ /PRUINS



THORIUM DOPING TESTS
BRUIN:}

Properly measuring doping concentration:

Only Neutron Activation provides reliable results

EAI Project: 5876-12

Thorum by Instrumental Neutron Activation Analysis

Sample ID Mass (g) Thorium (ppm)
11-4-15 0.522 26000 (+1300)

12-41 1.993 <2

12-4-2 0.739 130 (=7)

Note: Due to the nature of the samples, an irradiation of 1 munute was used.

Calibrated sample, 10000 ppm thorium
1% Th:LiSAF sample

~1% doping efficiency






ALS BACKGROUND RUNS
PRUINS

* Since August 2008 we have been awarded and used 144 beamtime hours
(8 hour shifts)

* We have characterized 6 potential host crystals, most doped with %3?Th:
« Th:NaYF, Th:YLF, Th:LiCAF, Th:LiSAF, Th:BaMgFs, Na,ThF,

* While crystals do show some VUV induced fluorescence, it is of a low level
and short-lived

|IOP Conference Series: Materials Science and Engineering 15, 012005 (2010).









ALS - CRYSTAL MEASUREMENT

-
>
o
—
o
o
o
Q.
()

PMT

PRUINS

Procedure:

1. Illluminate crystal (5-200 s)

2. Block ALS beam, open PMT
shutter

Collect/count photons (5-100 s)
Repeat a few times

5. Change beam energy repeat
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TH:BAMGF 4

Th:BaMgF, Excitation Spectrum Th:BaMgF, Fluorescence Induced by 9.0 eV Light

U T T T T T

200000

T T T T T T T

n —— Th:BaMgF fluorescence

Fit
150000

/// |

»n
v
£
2]
=
=]
=
o
©)
=
Q
=
=]
=
=¥
s
+~
o
=

Fluorescence [Arb U]

ALS Beam Energy [eV]




»n
v
=

2]
=

=]

=

o
©)

=

Q
=

=]
=
=¥
s

-

o
=

200000

150000

100000

TH:BAMGF 4

Th:BaMgF, Excitation Spectrum

T T T T T T T

7k

ALS Beam Energy [eV]

Fluorescence [Arb. U.]

Th:BaMgF Fluorescence Spectra

140 160 180

Monochromator wavelength [nm]

200




»n
v
=
2]
=
=]
=
o
©)
=
Q
=
=]
=
=¥
s
+~
o
=

200000

150000

100000

TH:BAMGF 4

Th:BaMgF, Excitation Spectrum

7k

T T T T T T T

ALS Beam Energy [eV]

Fluorescence [Arb. U.]

Th:BaMgF Fluorescence Spectra

160 180

Monochromator wavelength [nm]




| H E)auje? 1




THLISAF
PRUINS

1%Th:LiSAF 5/30/12; Illuminate 200 s; Expose 100 s
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200 s lllumination, 100 s photon collection (50 ms delay)
*Maximum fluorescence rate detected ~100 kHz
*Fluorescence lifetime at 9.5 eV measured to be 500 ms






THLICAF
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1% Th LICAF Suorescence under ALS 9.0 2.1 ilumination

Boam shutter ‘dosed’ @140
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Photodsode Sagnal for TheLICAF

The first 5 ms afler beam shutier dose Is ignored
5 8 crystal Bumnation dme
-4 mV Discrimnalorn

a8s 9
ALS Beam Emergy [eV]

Phocodode Sigaal (uA)
———— It e

*Target doping 1% molar e TR TR
5 s lllumination, 5 s photon collection (5 ms delay) s
*Highest value (at 7.4 eV) corresponds to 350 kHz, 12 ms lifetime



MOCK SEARCH FOR ISOMER
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data for Th:LiCAF into account
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200 s lllumination, 100 s collection (5 ms delay)
eLargest value corresponds to ~25 kHz
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Phocodbode Signal for Na T, Na, ThF, Fuorescence vs uminaton Time

Photodiode Sigoal (uA)
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5 s lllumination, 5 s photon collection
eMaximum fluorescence rate ~400 kHz, but mostly with ~35 ms lifetime
*Showed dark spot/radiation damage due to VUV beam
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Na,ThF, Fluorescence Spectra
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5 s lllumination, 5 s photon collection
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Na,ThF, Fluorescence Spectra
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5 s lllumination, 5 s photon collection
eMaximum fluorescence rate ~400 kHz, but mostly with ~35 ms lifetime
*Showed dark spot/radiation damage due to VUV beam



SUMMARY
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e \We've characterized 6 potential host crystals.
® Doping looks very promising
* All six appear to be okay in terms of VUV induced fluorescence
(short-lived and broadband), but Na,ThF, and Th:NaYF show signs of

radiation damage (possibly impurities)

e Th:LiSAF and Th:LiCAF exhibited lowest fluorescence levels
® BG Fluorescence rates of ~10-100 kHz, but short lived (<500 ms)
e Compare to expected rates of 15 kHz with lifetime of 10,000 s
or 1 GHz with lifetime of 100 s!



