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Dark Matter Detection: Last 10 Years
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* Lots of focus on DM-electron interactions
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* Many experiments probing DM masses in
the MeV-GeV range
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Searching Below the MeV Scale

Existing Technologies
* Low kinetic energy of DM requires targets 10°
sensitive to very small energy depositions 1| Bubble chambers v
"y
* Existing detection technologies have O(eV) _ 1w} B
th res h 0O ld S E Semiconductors/Insulators P (éé}
glo_lllllllllll ll/!z-//lllllllllll_i
* Probing fermionic DM with masses below & ,,.] -~ optical Phonons
. . . S & Low-Gap Materials ]
O(MeV) requires new detection techniques & ' |
///’/ Superconductors, Superfluids
1073F - Single Phonon Detectors
00102 107 100 107 107 i0?
Adapted from PM Mass [MeV] New ldeas
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Next-Generation Experiments
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DM-—e~ scattering cross section [cm?]
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The SPLENDOR Experiment

» Search for Particles of Light Dark Matter with Narrow-Gap
Semiconductors o f

dark mziltteN‘ P
« SPLENDOR is developing novel single crystal particte ~F'o(10 mev)

semiconductors with bandgaps of O(1-100 meV) A““" -
* Single crystal synthesis allows for scalable substrates

with lower dark rates than existing heavily-doped IR-

conduction band

Complex dielectric function for EusInaSbe

sensitive photodiodes N Refesd] — Tmle]
* Materials have highly-anisotropic band structures 3 Rele.. Imfe.]
— Providing sensitivity to daily DM modulation effects s L
0°
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Dark Matter-Electron Scattering in Semiconductors

 Inelastic scattering process

* Canformulatein terms of the Loss Function
— Experimentally measurable and theoretically calculable

T(vy) = / (gi‘;g V(q)? [2(;—21“1 (‘g<q,1wq))] \/
-
® 7\

W(q,w) = Im (— : )

e(q,w)

Y Hochberg et al, Phys. Rev. Lett. 127, 151802 (2021).

 What materials can we use?
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In-House Materials Discovery

* LANL hasthein-house capability to synthesize new
single-crystal materials
— Using flux growth and chemical vapor transport
techniques
* Many small bandgap candidate materials grown
and characterized

Flux Growth Chemical Vapor Transport

Trnax, tmax

Ai Quartz tube
/ \ r
Fe oSt Quartz Wool 200°Ch Trem
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Materials Characterization p(T) = Aexp[(To/T)F]

Eu5|n25b6
* Initial resistivity measurements indicate activated ‘ol oakeumen:  R=1079
30} 0.2 attoA ///,’/ 20 mK

behavior with band gaps of O(1-100 meV)
— Indicates sub attoAmps dark rates at mK temperatures

* Materials have photoresponse to IR light

* Beginning to show signs of full charge collection
— Ongoing studies at lower temperatures

T-1/2 (K-1/2)

15 IEUSIrI]ZSb(SI EU5|nZSb6
; T T R p—
— B L a-e=mTT
[a— ,r.‘—
é O 101- ”””
[a— @) L ,/
O = g
= 8 ol g7
g o 10 :
r— ho] I I
3 S ol |
= Lo
L 1 1 1 L 1 L 8 f 1 1 1 1 1 |-
7 8 9 10 11 12 13 14 15 0 25 50 75 100 125 150
Applied E-Field [V/cm]

Time [ms]

NATIONAL LABORATORY

1% Los Alamos



Materials Theory rva = [ G L @ 2

* Use many-body perturbation theory to calculate loss function W(q,w) = Im (_

from first principles
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Detection Scheme

* Use well-known point-contact style detector design
* Design goal: minimize total capacitance
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Charge Amplifier Design SLELEE
* Split-stage cryogenic HEMT-based amplifier TR
. - - - - T A
— 4 K gain stage with 200 pF HEMT
— 10 mK buffer stage with 1.6 pF HEMT (buffers the ! L
upstream capacitance) N & |
e ———1
* Detector housing | kBB
— Minimize capacitance by placing detector material as Ef_”_f@f‘
close to 10 mK board as possible .
* Currently testing in a BlueFors dilution refrigerator!
L O—O—0—0—0—< s
BESENIE
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Preliminary Performance of Amplifier

* Firstinput noise measurements in non-optimized setup
— Indicates a charge resolution of 22¢™!

Preliminary Split-Stage Amplifier Noise Specturm

107> : ,
—— Theoretical Noise Spectrum
] HEMT Combined
~ 10773 ---- HEMT 1/f
f ---- HEMT White Noise
= 10774 ---- HEMT Current Noise
g —— Johnson Noise 100 kQ
§ 10-8 1 Preliminary Measured Noise Spectrum
% ~~~~“‘~-
g 10-] ""“*\ﬁ ~~~~~~ Transistor Bias Channel
. S Dot s — Vidz 998 mV
2 e
£ 10710, e — laga 826 pA
__________________ Veg2 -95 mV
R e
T 10° 104 10° Voar 79 mV
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Summary and Outlook

* Narrow bandgap materials can
significantly expand our low-mass
DM reach

— Using tried-and-true detection
techniques

* Near-term goals of SPLENDOR:

— Optimization of HEMT operating
conditions

— Hunting noise sources

— Surface DM search dataset expected
later this year with prototype detector
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Thank you!

1% Los Alamos

NATIONAL LABORATORY



Backup
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HEMT IV Curves

200 pF HEMT B1I3 at 4K
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1.6 pF HEMT B2A5 at 380mK

0.0004 0.025
0.0003 0.020 4 T ot
.'.... .
— o Lo ”
0.0002 RETIER L.t Lt
. ° F i P feo®”
0.0001 Joeeet & 00104 e Jee?t
..-" esee®”® .".' ._.-" Seee
© a0 . .« L4
0.0000 4 o “..,.- . 0.005 4 ® . .-.' ...-_.-' ——
o aee oo . e .
R . o° ve® Lees
-0.0001 4 3888 Cteceseesse ooool 38380
0.10 0.15 0.20 0.25 0.30 0.00 0.05 0.10 015 0.20 0.25 030
Vas [V Vas [V]
102 4 R
.
e ®
T
. ceceeenas T
10-3 4 LI .0 |l;!! 1R
.. ceves . spblte
A R TIPS e el 2 .
c cee, L 100 .,
k) . ce., e
D 1044, .00 .o
. .
Leessessetteeeaay, Pe
I-. .
.
.
.
..
10 L : : : . : 00, . . . . .
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.00 0.05 0.10 0.15 0.20 0.25 0.30
Vas [V] Vas[V]

—0.025

—0.030

—0.035

—0.040

—0.045

—0.050

—0.055

Vgs [V]



