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Detection of sub-GeV Dark Matter

Dark Matter — electron scattering
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Detection of sub-GeV Dark Matter

Dark Matter — electron scattering
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B  Scattering via mediator (heavy or light) coupling to electrons (e.g.

dark photon as massless mediator)

Maximum Energy transfer Er in scattering event is entire kinetic
energy of DM particle with mass 12, :
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Detection of sub-MeV Dark Matter

Dark Matter — electron scattering
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* Characteristic DM halo velocity vx ~ 107°¢

» Scattering via mediator (heavy or light) coupling to electrons (e.g.
dark photon as massless mediator)

Maximum Energy transfer Er in scattering event is entire kinetic
energy of DM particle with mass 12, :

ET

max

_ 2 —6
= Fxin ~ m,v° ~ 107°m,,
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DM Searches with Superconductors
Role model: SNSPDs

Example: principle proven for SNSPDs *  lownoise
o ‘Large’ target mass (4.3 ng) —

. Low energy threshold Siont
7nm

150 nm

(Superconducting Nanowire Single Photon Detector)
380 um

* First measurements already set new bounds
* Only 4 dark counts in 180 hrs

* 0.73 eV energy threshold
* Allows to exclude DM-electron scattering parameter space

2 pm

—

Hochberg, V. et al. arXivi2110.01586 (2021)
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DM Searches with Superconductors
Role model: SNSPDs

Low noise
‘Large’ target mass (4.3 ng)

Example: principle proven for SNSPDs
Low energy threshold

(Superconducting Nanowire Single Photon Detector)
* First measurements already set new bounds
* Only 4 dark counts in 180 hrs
* 0.73 eV energy threshold
* Allows to exclude DM-electron scattering parameter space

102 . . , :
2 pm 1073 1072 1o 100 101 102

==
mpwm [1\46\/]

Hochberg, V. et al. arXivi2110.01586 (2021)
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DM Searches with Superconductors

SNSPD vs TES
Superconducting Detectors for Super Light Dark Matter

Limits of SNSPDs: Yonit Hochberg,! Yue Zhao,? and Kathryn M. Zurek!
Works like a Geiger counter "Theoretical Physics Group, Lawrence Berkeley National Laboratory, Berkeley, CA 94720

Berkeley Center for Theoretical Physics, Unwersity of California, Berkeley, CA 9,720
“Stanford Institute for Theoretical Physics, Department of Physics,
Stanford University, Stanford, CA 94305, U.S.A.

We propose and study a new class of of superconducting detectors which are sensitive to O(meV)
electron recoils from dark matter-electron scattering. Such devices could detect dark matter as light
as the warm dark matter limit, mx > 1 keV. We compute the rate of dark matter scattering off
of free electrons in a (superconducting) metal, including the relevant Pauli blocking factors. We
No pulse-sha pe discrimination demonstrate that classes of dark matter consistent with terrestrial and cosmological/astrophysical
constraints could be detected by such detectors with a moderate size exposure.

Light mediator
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arXiv:2110.01586
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DM Searches with Superconductors

SNSPD vs TES
Superconducting Detectors for Super Light Dark Matter

Limits of SNSPDs: Yonit Hochberg,! Yue Zhao,? and Kathryn M. Zurek!
Works ||ke a Geiger counter "Theoretical Physics Group, Lawrence Berkeley National Laboratory, Berkeley, CA 94720

Berkeley Center for Theoretical Physics, Unwersity of California, Berkeley, CA 9,720
“Stanford Institute for Theoretical Physics, Department of Physics,
Stanford University, Stanford, CA 94305, U.S.A.

We propose and study a new class of of superconducting detectors which are sensitive to O(meV)
electron recoils from dark matter-electron scattering. Such devices could detect dark matter as light
as the warm dark matter limit, mx > 1 keV. We compute the rate of dark matter scattering off
of free electrons in a (superconducting) metal, including the relevant Pauli blocking factors. We
No pulse-shape discrimination demonstrate that classes of dark matter consistent with terrestrial and cosmological /astrophysical
constraints could be detected by such detectors with a moderate size exposure.

Light mediator
10—23 i 3

! N
I: s Previous BOH’“(L
Proposal: Use a Transition Edge Sensor (TES) o] | ______ d
: bounk
« Superconductor "e i

V LOW nOiSG Terrestrial
« Energy information (Pulse shape analysis possible)
v/ Possibly lower energy threshold 5107

X Lower mass (0.2 ng) 1038

1074 ; . . ;
1073 1072 107! 100 10t 10?
mpm [I\IOV]
arXiv:2110.01586
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DM Searches with Superconductors
SNSPD vs TES

Superconducting Detectors for Super Light Dark Matter
Limits of SNSPDs:

Works like a Geiger counter

Yonit Hochberg,! Yue Zhao,? and Kathryn M. Zurek!

"Theoretical Physies Group, Lawrence Berkeley National Laboratory, Berkeley, CA 94720
Berkeley Center for Theoretical Physics, Unwersity of California, Berkeley, CA 9,720
“Stanford Institute for Theoretical Physics, Department of Physics,

Stanford University, Stanford, CA 94305, U.S.A.

We propose and study a new class of of superconducting detectors which are sensitive to O(meV)

electron recoils from dark matter-electron scattering. Such devices could detect dark matter as light
as the warm dark matter limit, mx > 1 keV. We compute the rate of dark matter scattering off
of free electrons in a (superconducting) metal, including the relevant Pauli blocking factors. We
No pulse-shape discrimination

demonstrate that classes of dark matter consistent with terrestrial and cosmological /astrophysical
constraints could be detected by such detectors with a moderate size exposure.

Light mediator

10—13 ]

Possible sensitivity based on our T

Proposal: Use a Transition Edge Sensor (TES) "\
« Superconductor

+ Low noise = 10-2
« Energy information (Pulse shape analysis possible) g

£ TES prelim.
v/ Possibly lower energy threshold G107% N\ [
X Lower mass (0.2 ng) 1= 1 pgyr
Terrestrial
10—33 -
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TES Single Photon Detection

Detection techniques in the ALPS Il experiment

Light Shining through a Wall experiment
Challenge: Detect single photon from axion-photon conversion

o o o o v HHHHHHHHW\
06snm aser |l el R R R R

Application of two photon-measurement schemes:

HETerodyne interferometry (HET) Transition Edge Sensor (TES):
e detects photon fields e Single photon detection
® mixing of regenerated fields with local oscillator e Using superconducting tungsten chip

® measurement of resulting beat note

More details: “Analysis of Transition Edge Sensor data for the ALPS Il
experiment.” — José Alejandro Rubiera Gimeno
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TES Single Photon Detection

Transition Edge Sensors

E=hy AT
aR oI
Vh‘as
: A8
Vouf
cold bedh SQuID Teadout

* Cryogenic microcalorimeters

* Operated at superconducting
transition temperature

* Read-out using
Superconducting Quantum
Interference Devices (SQUIDs)
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* Incident photon leads to temperature
increase

F ' >T

Voltage in V

x1072 1064 nm Pulse, Free Fit

X2/dof = 4.83E+03/1894
X2 2.55E+00

Amplitude: 1.74E-02 +- 1.09E-04 V
Decay Time: 5.93E-06+- 6.85E-08 s
Rise Time: 2.39E-07+- 7.95E-09 s
Constant: 8.08E-04 +- 5.75E-05 V
Pulse height: -2.94E-02 +- 1.44E-03 V

—— Data
—— Fit

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5

Time in s x107°

* Small temperature increase leads to large

variation in resistance

* Change in resistance is measured in changing
current

* Signal is proportional to photon energy

e Energy resolution < 10%

* DM signal expected to look like photon
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TES as Dark Matter Detector

Current Challenges

TES chips and module
provided by NIST and PTB

TES @ ALPS Il Status

oy

1R. Shah et al., PoS, EPS-HEP2021, 801 (2022)
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TES as Dark Matter Detector

TES chips and module
Current Challenges

TES @ ALPS Il Status

* Optimized infrastructure
(setup, analysis) for signals
at 1064 nm—1.165 eV

* Limited knowledge about
response to other
wavelengths

Low background

(electronic noise, radioactivity,
cosmic backgrounds)

—s currently: 6.9x10°® cps!
(intrinsic background for
1.165 eV signals)

1 R. Shah et al., PoS, EPS-HEP2021, 801 (2022)
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TES as Dark Matter Detector

Current Challenges

TES @ ALPS Il Status

Challenge/Goal

* Optimized infrastructure
(setup, analysis) for signals
at 1064 nm—1.165 eV

* Limited knowledge about
response to other
wavelengths

Determine TES response at
different (lower, sub —eV)
energies

Calibration measurements
currently prepared using
different wavelengths (880
nm — 2000 nm)

Low background

(electronic noise, radioactivity,
cosmic backgrounds)

—s currently: 6.9x10°® cps!
(intrinsic background for
1.165 eV signals)

1 R. Shah et al., PoS, EPS-HEP2021, 801 (2022)
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TES as Dark Matter Detector

Current Challenges

TES @ ALPS Il Status

Challenge/Goal

* Optimized infrastructure
(setup, analysis) for signals
at 1064 nm—1.165 eV

* Limited knowledge about
response to other
wavelengths

Determine TES response at
different (lower, sub —eV)
energies

Calibration measurements
currently prepared using
different wavelengths (880
nm — 2000 nm)

Low background

(electronic noise, radioactivity,
cosmic backgrounds)

—s currently: 6.9x10°® cps!
(intrinsic background for
1.165 eV signals)

>

Further investigate intrinsic
backgrounds

Investigate alternative TES
modules with lower noise
background

1R. Shah et al., PoS, EPS-HEP2021, 801 (2022)
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provided by NIST and PTB




* Determine TES response at
different (lower, sub —eV)
energies

* Calibration measurements
currently prepared using
different wavelengths (880
nm — 2000 nm)
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Voltage [mV]

TES pulses - simulation and an

How low can we go?

e Based on laser (1.165 eV) calibration
e and noise measurements

Simulation of electronic noise & pulses

t=0.001849 Pulse U vs. t

alysis

Pulse number 1
5 Entries 10000
= Mean 102.3
0 Std Dev 68.46
_5 —
e T it e
_10 —
- Thresholdat -8 mV
- =il
-15—
el ey Bl el ..
20— Thresholdat =17 mV
sE- . 11165 eV photon pulse
-30—
— | 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 20 40 60 80 100 120 140 160 180 200
time [us]

DESY. | Simulation of Direct Dark Matter Searches using ALPS II's TES detector| Christina Schwemmbauer | COSMIC WISPers | 13/09/2023

Page 22



Voltage [mV]

TES pulses - simulation and analysis

How low can we go?

e Based on laser (1.165 eV) calibration
e and noise measurements

rise time
decay time
Simulation of electronic noise & pulses
t=0.001849 Pulse U vs. t
5 Entrizzlse numbe:g)ooo U(t) = — = 24 il —|— VO
E Mean 102.3 ———(t—tg) T (t—tg)
5 Std Dev 68.46 e rise ~+e decay
-5
I8 I e S ‘ = =TI e known pulse shape fitted to all triggered pulses
A Aa resholdat—8 m . .
] 4 (recording single-photon pulses of an attenuated laser)

___________________________________ <

® can apply cuts on parameters e.g.
o reduced x*
o rise and decay time of the pulse
o pulse height / amplitude

Thfeshold at—-17 mV

. 11165 eV photon pulse

|IIIIllllllllillllllllilll
|

20 40 60 80 100 120 140 160 180 200
time [us]

o
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TES pulses - simulation

Triggered noise baseline simulations
t=0.001849 Pulse U vs. t

Pulse number 1

2 s/ Entries 10000
o = Mean 102.3
e Simulated rate of triggered noise pulses for different thresholds g SHDw 6646
e Without simulated pulses — expect only noise contributions g M
—10;—_ N . A fhfeshold at-8 mv
8 — ™ Threshold at -12 mV
20 f_ Thwrreshold at-17 mV
250
-sof—
ol | 1 1 | 1 | 1 | 1 1 1 1 | 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 20 4|0 6|0 8|0 1 (lJO 1 éO 14|10 1 éO 1 E|50 200
time [us]
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TES pulses - simulation

Triggered noise baseline simulations
t=0.001849 Pulse U vs. t

- Pulse number 1
5 Entries 10000
' - Mean 102.3
e Simulated rate of triggered noise pulses for different thresholds £ StdDev_ 6846
e Without simulated pulses — expect only noise contributions g M
=10 ;—_ N I . A fh?eshold at-8 mv
= “~L_Threshold at -12 mV
20 f_ Th;feshold at-17 mV
250
-30 f—
=l 11 11 1 11 | 1 | I | 1 11 11 1 11 1 | 1 I | | 1 11 | 11 1
0 2|0 4|0 6|0 810 1 (I)O 1 éO 140 160 180 200
time [us]
False Triggers
-17 mV trigger -12 mV trigger
Type Time
Rate [1/s]
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TES pulses - simulation

Triggered noise baseline simulations
t=0.001849 Pulse U vs. t

- Pulse number 1
5 Entries 10000
o = Mean 102.3
e Simulated rate of triggered noise pulses for different thresholds g SHDEY . oD
e Without simulated pulses — expect only noise contributions g M
— Simulation fits order of magnitude of 3 day intrinsic measurement g o I Threshold at -8 mV
with -12mV threshold 15 T\Threshold at -12 mV
20 f— Trﬁwrreshold at-17 mv
&
-sof—
o—l 1 1 2|0 1 | 14'0 | 1 1 6|0 1 1 | 810 1 1 l1|00I 1 l1£0' 1 114|01 1 I1éol 1 I1é0' 1 1200
time [us]
False Triggers
-17 mV trigger -12 mV trigger
Type Time
Rate [1/s]
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TES pulses - simulation

Triggered noise baseline simulations
t=0.001849 Pulse U vs. t

- Pulse number 1
5 Entries 10000
o = Mean 102.3
e Simulated rate of triggered noise pulses for different thresholds £ StdDev 6846
e Without simulated pulses — expect only noise contributions g M
— Simulation fits order of magnitude of 3 day intrinsic measurement g o I Threshold at -8 mV
with -12mV threshold a5 T\Threshold at -12 mV
20 f_ Trﬁwrreshold at-17 mV
For sub-eV: Can we discern low energy =E
pulses from noise? e | | 1 | | | | |
0 1 1 20 1 | 140 | 1 1 60 1 1 | 80 1 1 1100| 1 l12ol 1 11401 1 I1601 1 I180| 1 1200
time [us]
False Triggers
-17 mV trigger -12 mV trigger
Type Time
Rate [1/s]
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TES pulses - cut-based analysis
Example: 1.165 eV photon pulses

Rise Time [us]

Counts

cutting away signals outside of central region

/
/

/ /
/ f
decay time vs./;i‘se tir'(yé - Data

s decay vs_rise
Entries 4646
Mean x 3.603

Mean y 0.3639
Std Devx 1.062
Std Devy 0.1457

C ' el ,. ey %
e e pp—
10 12 14
Decay Time [us] . .
rise time
Amplitude - Data
Amplitude

= Entries 4646

- Mean 18.64
500 = Std Dev 3.107
400/~
300~
200p=

= Constant = (§23 +- 10)
100 p= 4 =(19.0780 +- 0.0301) mV

- o = (1.9724 +- 0.0253) mV

= oly = (10.34 +-0.13) %

)= s ad 1 1
0 10 20 30 40 50 60
Amplitude [mV]

decay time

Assumptions for DM-electron scattering:

— expect similar rise and decay time of pulses
(governed by TES circuit)

— expect varying pulse height (linearly)
proportional to the deposited energy

DESY. | Simulation of Direct Dark Matter Searches using ALPS II's TES detector| Christina Schwemmbauer | COSMIC WISPers | 13/09/2023
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TES pulses - cut-based analysis

Rise Time [us]

Counts

Example: 1.165 eV photon pulses

cutting away signals outside of central region

/
/

y
/
decay time vs. yise timé - Dafa
Vi / [

decay _vs_rise
Entries 4646
Mean x 3.603

Mean y 0.3639
Std Devx 1.062
Std Devy 0.1457

-0

8

5]
=]

10

Amplitude - Data

0

12 14
Decay Time [us]

Amplitude

Tnllllllll'lllllllllllIlllll

Constant = (623 +- 10)

= (19.0780 +- 0.0301) mV
o0 =(1.9724 +-0.0263) mV
oly = (1034 +-0.13) %

Entries 4646
Mean 18.64
Std Dev 3.107

1

ickos
20

30 40

50 60
Amplitude [mV]

rise time

decay time

Assumptions for DM-electron scattering:

— expect similar rise and decay time of pulses
(governed by TES circuit)

— expect varying pulse height (linearly)
proportional to the deposited energy
Simulating lower energy pulses:

— simulate pulses based on 1.165 eV calibration
and assumptions above

— adjust cut-based analysis for different energies

What is the TES response to lower energies?

Are these assumptions correct?
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TES Calibration

Experimental setup: Using laser diodes of different wavelengths

Goal: Determine calibration curve e.g. pulse height vs. energy

laser diodes ;,(-aa:;twr%ughs : ;'lEfI‘iciency/CaIibration determination;
! 880 R — fiber known input energy ;
; = P & power from lasérs :
¢ 2051 nm ‘ woumsi
2(0.6 —1.41 eV) \ | \

(a) Optical Bench (b) Vacuum Cryostat (c) Pulse Analysis

*For illustrative purposes only!

attenuator
T a.u. — energy
10K | \ | voltage in a.u.
900 mK | i
20 mK | : i time window
* calibrated , :
attenuators | § —
‘ i SQUIDs ] ? —
calibrated o
powermeter rfaadoutHacqwsmon}
TESs
140mK control
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TES Calibration

Simulating response to laser diodes

measured energy spectrum from laser diodes

60000 - EEE 885nm

1064nm
50000 + 1325nm
ot BN 1638nm

I 2051nm

30000 -
20000 -
10000 - k
0
0.6 0.8 1.0 1.2 1.4
E,(eVv)
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TES Calibration

Simulating response to laser diodes

measured energy spectrum from laser diodes

60000 B 885nm
1064nm
50000 + 1325nm
40000 4 B 1638nm
3 BN 2051nm
© 30000 -
20000 A
10000 - k
0
0.6 0.8 1.0 1.2 1.4
E,(eVv)
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simulated pulse height for different diodes

1007 pumm 885nm
1064nm
80 - 1325nm
B 1638nm
601 HENE 2051nm
40 4
20 -
0 T T T ] 1 T T T T
0 5 10 15 20 25 30 35 40
Vi (MmV)
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TES Calibration

simulated pulse height for different diodes
Simulating response to laser diodes

100 -

_ BN 885nm

measured energy spectrum from laser diodes w 1064nm
60000 B 885nm 80 - 1325nm
50000 - . ' 122::: B 1638nm
40000 - B 1638nm 604 HENE 2051nm

I 2051nm
5 30000 -

I(a.u.)

20000 -

10000 - \
0

0.6 0.8 1.0 1.2 1.4
Ey(eV)

0 5 10 15 20 25 30 35
Vi (mV)

simulated energy vs. pulse height calibration curve

+
+

20 + Can be immediately tested with new
+ sensors and compared with simulation

0.6 0.8 1.0 12 1.4
E, (eV)

Vi (mV)
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Baseline simulations

Using cut-based analysis for lower energy pulses

] ] . Based on these assumptions, for now we can
Noise-only simulations

: test background rate for lower triggers after analysis:
Trigger Rate for -12 mV threshold « ~ 70 min noise-only simulation

0.422 (0.010) Hz « Applying cuts optimized for 1.165eV and 0.583eV

after analysis & cuts
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Baseline simulations

Using cut-based analysis for lower energy pulses

] ] . Based on these assumptions, for now we can
Noise-only simulations

test background rate for lower triggers after analysis:

Trigger Rate for -12 mV threshold « ~ 70 min noise-only simulation

0.422 (0.010) Hz « Applying cuts optimized for 1.165eV and 0.583eV

after analysis & cuts

Cuts based on Trigger Rate for -12 mV threshold

1.165 eV < 0.0007 Hz

0.583 eV < 0.0007 Hz
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Baseline simulations

Using cut-based analysis for lower energy pulses

] ] . Based on these assumptions, for now we can
Noise-only simulations

test background rate for lower triggers after analysis:

Trigger Rate for -12 mV threshold « ~ 70 min noise-only simulation

0.422 (0.010) Hz « Applying cuts optimized for 1.165eV and 0.583eV

after analysis & cuts

Cuts based on Trigger Rate for -12 mV threshold

No noise passing analysis & cuts with

~56% acceptance of 0.583eV pulses

1.165 eV < 0.0007 Hz
Promising for sub-MeV direct DM searches!

0.583 eV < 0.0007 Hz
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Summary

e TES technology used in ALPS Il may be viable for direct dark
matter searches in the sub-MeV DM mass range exploiting
DM-electron scattering

e Similar measurements have been conducted using SNSPDs

e Could reach new sensitivities without dedicated hardware
development

* Could be a proof of principle for similar technologies as
dark matter detectors

DARK MATTER CANDIDATES:

/-LeVmeV eV KVMV GV TV 10™% g pMg

Mg 9 kg TNIO®ks 0%k 10%s 10%s  10™%g
1 | P

WITH SPACE. CAMOUFLAGE

A IO BPEPN I PR RS N PN PSP B P ST P | PR [EP T RO SO Doy W Bt B DR A GrOH DX P |
r—-BLPLKHOLESRLX.EDOm'BY—-‘

Ax:ous TQ BALS PouENT n:cao BUZZK!LL
NEUTRALNOS NO-GEE- LENSING LFNSNG ASTRONOMERS

ELECTRONS PAINTED i OBEusné MMA NEUTRON - S0LAR SYSTEM

8-BALLS MONOUITHS, Ravs STARDATA ~ STABILITY
PYRAMIDS

MAYBE THOSE ORBIT LINES IN SPACE
DIAGRAMS ARE REAL AND VERY” HEAVY
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Summary and

TES technology used in ALPS Il may be viable for direct dark
matter searches in the sub-MeV DM mass range exploiting
DM-electron scattering

Similar measurements have been conducted using SNSPDs

Could reach new sensitivities without dedicated hardware
development

Could be a proof of principle for similar technologies as
dark matter detectors

Outlook

Measure TES response for different energies (1.4 eV — 0.6
eVi.e. 880 nm — 2000 nm)

Perform calibrated intrinsic background measurements to
compare with SNSPD results

Further investigate intrinsic background

Investigate and test new/optimized TES modules

DARK. MATTER CANDIDATES:
Mev me\/ eV keVMeV GV TV 10 g ,«3 9 Kg TNI0%s 10%ks 10%g 10%%s  10%%s
PR DO RPN PP Sl [ ISR (il Pl Rruirts] PR b trdll EPOICT RCacll PR S O T RO MO Caer ol B B DR A ey PO et |
—BLACK HOLES, RULEDOUTBY"'I
[ |
Ax:ous o BALLS PouENT r'm:Ro BUZZKILL
NEUTRALNOS NO-GEE- LENSING LFNSNG ASTRONOMERS
Eu:cmons PAINTED i OBEusné MMA NEUTRON - S0LAR SYSTEM
8-BALLS MONOUTHS, Ravs STARDATA ~ STABILITY
LITH SPACE. CAMOUFLAGE PYRAVIDS”
MAYBE THOSE ORBIT LNES IN SPACE
DIRGRAMS ARE REAL AND VERY HEAVY
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Summary and Outlook
* TES technology used in ALPS Il may be viable for direct dark o Measure TES response for different energies (1.4 eV — 0.6
matter searches in the sub-MeV DM mass range exploiting eV i.e. 880 nm — 2000 nm)
DM-electron scattering
o Perform calibrated intrinsic background measurements to
e Similar measurements have been conducted using SNSPDs compare with SNSPD results
* Could reach new sensitivities without dedicated hardware o Further investigate intrinsic background
development
o Investigate and test new/optimized TES modules
* Could be a proof of principle for similar technologies as
dark matter detectors
DARK MATTER CANDIDATES:
Mev me\/ eV keVMeV GV TV 10 g ,«3 9 Kg TNI0%s 10%ks 10%g 10%%s  10%%s
MR O BPEPS PP ST S RN P P RSN PR FU BRI PGP SO o O T ROt RO R u RO N DRF T GGGl SO N PRt |
—BLACK HOLES, RULED OUT BY.. —'1
T I B
AXIONS 2\ Q-8ALS POLLEN r'm:Ro BUZZKILL
NEUTRINOS || NEUTRAUNGS NO-SEE- LENSING Lmsme ASTRONOMERS
ELECTRONS PAINTED o OBEU% mvp  NEUTRON - SOLAR SYSTEM
8-BALLS MONOUITHS, Ravs STARDATA ~ STRBILTY
LITH SPACE CAMOUFLAGE PYRAMIDS
| MAYBE THOSE ORBIT LINES IN SPACE
TESSINOS DIAGRAMS ARE REAL AND VERY HEAVY
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Fancy video material on Youtube:

f -,T/F////"‘ Drone flight through the ALPS Il experiment at DESY

=
1627 Aufrufe + vor 2 Monaten

. Deutsches Elektronen-Synchrotron

In May 2023, the “light through the wall” experiment ALPS Il at DESY will start taking data. Its objective: the detection of dark matter ...
4K Untertitel

Introduction to the ALPS Il experiment at DESY

218 Aufrufe « vor 2 Monaten

’ Deutsches Elektronen-Synchrotron

The ALPS Il experiment at DESY in Hamburg aims to find the extremely elusive dark matter. To do this, it needs to detect the light

Das ALPS-Experiment und die Dunkle Materie

Dr. Axel Lindner, DESY
ALPS Lead Scientist $ SHORTS
1807 Aufrufe + vor 2 Monaten

"‘ ‘ Deutsches Elektronen-Synchrotron

Das Rétsel um die Dunkle Materie, die schatzungsweise ein Viertel des Inhalts des Universums ausmacht, besteht schon seit

Other ALPS Il related talks @ Cosmic WISPers:

“Analysis of Transition Edge Sensor data for the ALPS I
experiment.” — José Alejandro Rubiera Gimeno

Animation by SciComLab



Backup

ALPS Il - General Idea

*  SM-coupling to two photons a-->-—<9Y%rr4

e Detection via Primakoff-like Sikivie effect

* Possible ALP production by photon-ALP — oscillation in the B T\I_P
presence of strong magnetic fields o

( >< \ K. Ehret et.al., NIMA 612(1)83-960 (2009
/

Light Shining Through Walls (LSW) experiments

= P, X g?L,WBQL2
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https://www.sciencedirect.com/science/article/pii/S0168900209020531

Backup

Any Light Particle Search with ALPS Il - Experimental Setup

Production Cavity Regeneration Cavity
ownee LPHPEEPEEEEH o PEEUEEHEPHEY e

Il Al

12x HERA dipole magnets 12x HERA dipole magnets

|
100m (each)

Single-photon detection
requirements for ALPS II:

Detection probability: P'y—m,—)’y X - - gg’y’y B4IL4  Low energy photon detection

Low background (< 1 photon/day)
High detection efficiency

Expected rate of low energy (~ 1.16 V) photons: N ~ 2.8-10" 5% ~ 1%
(for gary = 2- 1071 GeV ™)
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Backup

SNSPDs
250 nm
2nm
7nm
150 nm
380 pm
g (a) . DM scattering
. Ibias or absorption (i)
= K3 Y | A | Source 1
: : AB_I',IaS L\ B /‘:’ Hot spot (i)
i ~ Tee A
= - 3K | |
& . ; v
: ' AT, [ s A i J ' event
- 0.3K: | ‘ g
T Lt i Oscilloscope
i
p Hochberg, Y. et al., Physical Review Letters, 123(15). (2019)

Counter

Hochberg, Y. et al. arXiv:2110.01586 (2021)
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http://arxiv.org/abs/2110.01586
https://doi.org/10.1103/PhysRevLett.123.151802

(25 x 25) pm? sensor

Backup ,
Quantum Sensing Details ///

&

Optlcal stack Sensitive tungsten mass

SiNX 127 nm
i~a Sl 2 am

"SaSi 2nm
"SiNx 132 nm
“NAg 80nm

+— Si substrate

* Very small active area — energy deposition in tungsten layer
e Option for fiber coupling

e Optical stack & efficiency optimized for 1064nm (1.165 eV)
photons

* Wider range of energies interesting for direct DM searches

SQUID chips
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Backup

ALPS Il Setup

Detection requirements

TES solution

* Photon detection at low
energies (1064 nm
— 1.165 eV)

* High quantum efficiency

optimized optical structure to
increase absorption at
1064 nm

Low background

(electronic noise, radioactive
backgrounds, photons

from black-body radiation)

< 1 photon/day

shielding in cryostat and tests

to reduce background:

e fiber curling

 filtering of black-body
photons

— currently: 6.9x10°® cps?

(intrinsic background)

High detection efficiency

preliminary results suggest at
least 80% efficiency

1R. Shah et al., PoS, EPS-HEP2021, 801 (2022)
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Backup

ALPS Il Setup

Still to do

Detection requirements

* Photon detection at low
energies (1064 nm Determine linearity of TES

— 1.165 eV) response (pulse height)

* High quantum efficiency

Low background Good intrinsic background (no

(electronic noise, radioactive optical fiber attached)

backgrounds, phot0|_1$ _ Still need to reduce extrinsic

from black-body radiation) | background (introduced by

<1 photon/day optical fiber from the outside of
the cryostat)

High detection efficiency Investigate options to optimize
system efficiency
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Backup

Simulation of pulses

\PSD comparison

VPSD [pA/VHZ]

\PSD
—— Noise in Data
—— Noise in Simulation

10

L Freque1ncc]:y [MHZ]

Voltage [mV]

Pulse U vs. t
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= (t —to) (t —to)
- A |expy— —expy— + Vo, t=ty
— fZ(t)= T3 g
- Vo, else
i EEPRRURPIRN NEPURPURPIR FEPUR PO DRPUNI PO REPUN I IS rI RS e i
20 0 20 40 80 80 100 120 140 160
Time [us]
Pulse U vs. t
; -
E s
® =
(=]
g E
E 0
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-10[—
-15—
20—
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-30—
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160
Time [us]
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BaCku p t=0.001849 Pulse U vs. t
Pulse number 1

. . . = Entri 10000
False trigger simulations E Moeh 1023
& Std Dev 68.46
= g
____________________________ oy .
t IOV Thresholdat -8 mV

e Simulated rate of triggered noise pulses for different thresholds

e Without simulated pulses — expect only noise contributions

e Simulation fits order of magnitude of 3 day intrinsic
measurement with -12mV threshold

___________________________________ =

Thresholdat -17 mV

1 Il 1 | 1 1 1 1 ¥ 1 | 1 Il 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
40 60 80 100 120 140 160 180 200
time [us]

False Triggers - Rate of noise pulses passing different trigger thresholds

Usual trigger thresholds for 1064nm pulses Threshold [mV]
-17 -16 -15>14 -13 -12 -11 -10 -9
Simulated time # Samples Rate [1/s]
500 sec 2.5e6 0.014 (0.005) 0.32 (0.03) 4.21 (0.09) 38.8(0.3)  251.1(0.7)

IR A P Y A
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Backup

Simulation — Cut-based analysis for lower energy pulses

Pre Cuts Post — 0.583eV optimized - Cuts

decay time vs. rise time - Data decay time vs. rise time - Data

= = e decay vs_rise
S & 25 £ S Entries 1
g s =" ‘ o E Mean x 3.782
= g r Mean y 0.327
o [ ] Std Dev x 0.8234
2 F 20 a StdDevy 0.1166
T sf - 2 X
- - - 4 14
4= " - . 15 o 12
5 - o — 3 -
3 - " & - 10
- = 10 - 8
- - - 2
2+ - 0 - -
: - - - ™ 6
B = T o = - C
- - - 5 -
1= oyl iyt [ . = 1= 4
C = ] _— 5 - - 2
0 = Hi-d:-l.m_l.:_-_i..l__l.l.__-i.'-__l. Ll o 0 o o
0 1 8 9 0 0
Decay Time [us] Decay Time [us]
decay time vs. amplitude - Data decay time vs. amplitude - Data
- 10 — 18 decay_vs_amplitude
E E z - Entries 1269
& 18~ 3 o - Mean x 3.782
3 F ¢ 3 16— Meany 9502
2 16 s £ E Std Devx 0.8234
E‘ E £ 14— StdDevy 1.316
< 1 < F
- 7 -
- 12—
12— s C
- 10—
10 5 -
C —— 8
8 4 =
E 6
61— 3 C
C 4
4= 2 -
2 1 E
0 E 0 0(_ 1 2 3 4 5 6 8 9 10 9
0 1 2 3 r 5 3 2 Decay Time [us]

8 9 10
Decay Time [us]
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