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Idea: produce axions and detect them behind light tight barrier; ALPS |l experiment
currently uses heterodyne detection scheme, laser @ 1064nm

With single photon counter: possible to go below shot noise from local oscillator

ALPS Il Collaboration,
arXiv:2512.14110
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Moscow Univ.Phys.Bull.,
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Requirements: energy resolution to filter out light for cavity alignment,
high detection efficiency, ultra-low dark current <1 photon / day
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Still need to determine system detection efficiency (SDE) at high LT
fidelity and background rate simultaneously N

TES can also be used as target and detector for direct dark matter N

deteCtiOn Schwemmbauer et al.,arxiv:2506.18982, accepted for publication in PRD (2026) - 1g;ie><cult;r

1kpx x 1yr
—— SNSPD



https://www.nature.com/articles/s41598-025-33353-4
https://doi.org/10.1103/zytz-n25v

Determining the system detection efficiency
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Fiber transmission
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Background spectrum for TES1

Fitted with black body spectrum
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Average pulse A =655nm

« 19 hours of background data taken

- After photon selection: background rate

(2.2+0.2)x 10 Hz
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Background spectrum for TES1

Fitted with black body spectrum
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« 19 hours of background data taken - Observed spectrum fitted with folded
. After photon selection: background rate blackbody model in unbinned likelihood
framework

(2.2+0.2)x 10 Hz
 Blackbody temperature T = (297 £+ 1)K
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Background spectrum for TES1

Fitted with black body spectrum
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« 19 hours of background data taken « Observed spectrum fitted with folded - Simulated 20 day measurement to
. After photon selection: background rate blackbody model in unbinned likelihood determine detectable monochromatic line
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 Blackbody temperature T = (297 £+ 1)K - Result: 17, > 2.71“8‘2 x 10 Hz

MM et al.,arxiv:2605.07423, submitted 1[0)



https://arxiv.org/abs/2605.07423

Improving energy resolution with cold optical filter bench

11



Improving energy resolution with cold optical filter bench

mmmms HhDCR W/ filter
—-= iDCR (Shah et al. 2020)
=== 1DCR (Meyer et al. 2024)

Vibrational isolation

‘-
| I |

N
=
o
O
-
o
-
>
o
=
N
—
Q
<
s

Filter width [nm]

..........

11



Improving energy resolution with cold optical filter bench

mmmms HhDCR W/ filter
—-= iDCR (Shah et al. 2020)
— == 1DCR (Meyer et al. 2024)

Vibrational isolation

‘-
| I |

N
=
o
O
-
o
-
>
o
=
N
—
Q
<
s

1 102

Filter width [nm]

Filter in our lab has 2nm transmission window,
could improve energy resolution by factor 75

11



Improving energy resolution with cold optical filter bench

« Cryo-compatible piston stages

for remote auto-alignment =

Compensates for misalignment
by thermal contraction

mmmms HhDCR W/ filter
—-= iDCR (Shah et al. 2020)
=== 1DCR (Meyer et al. 2024)

ooooooo

Vibrational isolation

‘-
| I |

N
=
o
O
-
o
-
>
o
=
N
—
Q
<
s

1 102

Filter width [nm]

Filter in our lab has 2nm transmission window,
could improve energy resolution by factor 75

..........

11



Improving energy resolution with cold optical filter bench

.- llllllllllll » Piston stage

= Room temperature =g

aaaaaaaaaaaaa

mmmms HhDCR W/ filter
—-= iDCR (Shah et al. 2020)
=== 1DCR (Meyer et al. 2024)

ooooooo

Vibrational isolation

‘-
| I |

N
=
o
O
-
o
-
>
o
=
N
—
Q
<
s

Filter width [nm]

Filter in our lab has 2nm transmission window,
could improve energy resolution by factor 75

..........

Cryo-compatible piston stages

for remote auto-alignment =
Compensates for misalignment

by thermal contraction
Transmission window shifts as

a function of temperature >

Compensated by changing
angle of incidence

11



Improving energy resolution with cold optical filter bench

.- llllllllllll » Piston stage

= Room temperature =g

aaaaaaaaaaaaa

mmmms HhDCR W/ filter
—-= iDCR (Shah et al. 2020)
=== 1DCR (Meyer et al. 2024)

ooooooo

Vibrational isolation

‘-
| I |

N
=
o
O
-
o
-
>
o
=
N
—
Q
<
s

10’ 10

Filter width [nm]

Filter in our lab has 2nm transmission window,
could improve energy resolution by factor 75

..........

Cryo-compatible piston stages

for remote auto-alignment =

Compensates for misalignment
by thermal contraction

Transmission window shifts as

a function of temperature >

Compensated by changing
angle of incidence

Achieved above 80%
transmission for single-mode
fibers (without filter) at room
temperature

11
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Cryo-compatible piston stages

for remote auto-alignment =

Compensates for misalignment
by thermal contraction

Transmission window shifts as

a function of temperature >

Compensated by changing
angle of incidence

Achieved above 80%
transmission for single-mode
fibers (without filter) at room
temperature

Could enable photon energy
selection for SNSPDs
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Conclusions

Actively characterizing optical / infrared TESs for
fundamental physics applications

Have achieved an SDE of 86% and bDCR = 2.2 x 107 Hz

Developing analysis and simulation frameworks for rare

event searches with TESs L A
20 day measurement should be sensitive to: = T e
vﬁ 2.1><10::Ez
" +08 —5 % — ii(g)iig—SHz
. Detection of ny > 2.77. X 107 Hz photon flux at — sann
1064nm
_ _ =
. ALPS ||: gALPS I > 9 38+0.16 5 1011 Gev—! 2
ay ~ —0.14 ks

. LIDA: g'P* 2 2.57% 030 x 10714 GeV~!

Developing an auto-alignable cryogenic optical filter bench
to suppress blackbody backgrounds
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Counting photons and SDE results

B Observed time delays
Expected distribution, exp(—nrtesAf)

Trace folded with low-pass and trapezoidal filters

>
g
O
N
s
2

—— Raw time trace

—— Filtered time trace 2000 4000 6000

12900 12920 12940 12960 Time since last event (us)
Time (us)

- We confidently identify pulses with « Time intervals follow expectation from
separation > 0.5 us Poisson process, no significant dead time

e Both channels show an SDE of 86% = 1%

MM et al.,arxiv:2605.07423, submitted 15
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Photon selection and energy calibration

0.000 0.025 0.050 0.075 0.100 0.125 0.5 1.0 1.5
Trise (MS) Energy (eV)
 |lluminated TESs with 1064nm and 655nm laser light - Pulse height of photon-like events used to calibrate energy
 Traces fit with exponential rise and decay function - Energy resolution @ 1064nm:
- Selection of photon-like events based on best-fit . AE/E = 0.062 +0.001
parameters

- FWHM = (0.172 £ 0.002) eV

MM et al.,arxiv:2605.07423, submitted 16
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