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Apply quantum optics + precision sensing techniques to address
dosimetry limitations

> Measure radiation-induced absorption by hydrated electrons in

water Tissue Equivalent W

. . - Fiber Optical Readout
> Detection enhanced by optical cavities il H 1400 -
> Microscopic detector sizes using optical fiber mirrors T

Cavity-Enhanced Optical Absorption
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Fiber Fabry-Perot cavities (FFPCs)

> Atomically smooth micro-mirrors on the ends of optical fibers
> pm-scale optical cavities the width of a human hair

GeV defect
in diamond
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fiber
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mirror

Quantum optomechanics Dark matter detection Diamond quantum optics 7




Fiber Fabry-Perot cavities (FFPCs)

> Atomically smooth micro-mirrors on the ends of optical fibers
> um-scale optical cavities the width of a human hair

Single-mode fiber Multi-mode fiber
(3.5 um core) (105 pm core)
1500x
127 pm ) & > | >
M




Fabricating fiber micro-mirrors

Ablate fiber end-facet with high-power CO, laser - spherical profile
Coat with alternating layers of Ta,O¢ and SiO,

—
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Freshly-cleaved optical fiber

-
——
»

Effective
diameter
100 um

Laser ablation, glass melts, reflow
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@ High-reflectivity mirror coating Radius of
, Curvature
' T mm

—

Large ROC and diameter enable long cavity, better sensitivity




Detector schematic

Detector cavity separated from source and readout electronics by

Active detection volume 13 pL

Fiber Fabry-Perot cavity
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Challenges: sensitivity to acoustic and mechanical noise, fluid handling




Packaging - prototype design

> Orthogonal channel for fluid / gas
handling

Laser
transmission

Laser input

=
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PEEK basin \

Solution injection/purging
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Sensitivity predictions

> Expected signal amplitude modelled based
on optical cavity characteristics

47117y
P(t) = P,
&)= F (T1 + T + 200 L + 26 + 2a(t)L)*

Mirror transmissivities  Cavity absorption  Hydrated electron absorption

Target cavity characteristics o 1.0000
)]
L
Mirror radius of curvature 1000 um g 0.9995 -
E
Mirror diameter 100 um & 0.9990 4
3
Cavity length 1700 um % 0.0985 -
Mirror transmissivities 0.25% - . . . . . .
(symmetric) . =20 0 20 40 60 80 100

Time (us)
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Sensitivity predictions - considering noise

> Instantaneous sensitivity (“minimum detectable dose”)

Dy = ¥ noise <__

%|
gD 1D=0

Target cavity characteristics

Shot noise,
Photodiode dark noise

Sensitivity predictions

- Averages
Minimum required
detectable dose (150 UGy)
Shot-noise limited 50 uGy 0

Mirror radius of curvature 1000 um
Mirror diameter 100 um

Cavity length 1700 um
Mirror transmissivities 0.25%

(symmetric)




Sensitivity predictions - considering noise

> Instantaneous sensitivity (“minimum detectable dose”)
AV, e Shot noise,
Dmin — \

P Photodiode dark noise,
'y |D=[} Laser classical noise,
oD Acoustic/vibration-induced noise,

Target cavity characteristics

Sensitivity predictions
Mirror radius of curvature 1000 um - Averages
Minimum .
detectable dose required
Mirror diameter 100 um (150 uGy)
Cavity length 1700 um Shot-noise limited 50 uGy 0
Mirror transmissivities 10x shot-noise 500 uGy 13
. 0.25%
(symmetric)

> Conclusion: ability to extract dose information from clinical (sub-mGy)
radiation pulses 14



Radiation dosimetry in fiber-optical cavities

A cavity-enhanced hydrated electron sensor for real-time, in-vivo, tissue-equivalent dosimetry

Tissue-equivalent medium Microscopic
spatial resolution

[ —— I~1OO um

Fiber-optical readout
Thank you!
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