Electron Trap as a meV Axion and
Dark-Photon Dark Matter Detector

Yawen Xiao

Aug 26,2024
TeVPA 2024



(D]
e
o p
=

AXIoNns
1 5 10~/ =

L > ga477 aF,, F* + 5 Mad

@ e v SN1987A
1 10~ )
_ 2 .
— Jary aks- B+ 5 MTa Tr‘_1 1010 I Globular clusters zlffuse"y
Fermi-SNe MR 2] . StAB

40 wSTH T | Nig 55

> 10_11 tee g’ﬁl"}% Fermi Q\ﬂ’%% - WINERED ¥ § §
Q) \7 k4 S@LQ\OQ"OOS Pulsars a g g
10—12 Chandra /g > T S g.
o Pseudo scalar O = N < :
10713 = C
_%‘ 14 § %
o Strong CP problem: QCD Axion N 107" 5
501077 4
o Dark Matter Candidate 10-16 3
10-17 ;
—18 i -Newton
10 = T NNuStTAR N
7] INTEGRAL v
10_19 BRI L BRI L DALY BUALLL RRULALLLL DAL BRI AL BURLALLLY BRULALLL BUUAAALLL WAL BSARLLL AL

P A\ QO 9 % 17 _6 5 A& % 72 A Q \ L 2 A o, 0 7
A0 A0 A0 40T 407407 407407407 40740 40 A0 40 40 407 40" A0 A®° 10

mg [eV]



10~ %
Nag W

» &=

2 -~

AXIONS
1 o 107 / :

L > ga477 aF,, F* + 5 Mad

Solar v SR OSTE
1 9 10~ CAST Wi
=g a’Y’Ya’E - B + §maa’ — 1010 EUNE: i e glonsr iy Gloebular clusters [Difsweey
| 11 f—lenzlli-SNe D < 421@ 3 o@' . % Q| mst i~ — - SN1987
% 10_ 1\287 %fioe Fermi Q&f& g é\\;ﬂsars a : WINERED v g é
10—12 o a > T S 954,
Pseudo scalar O - : e .
hd 10_13 o % s
~ \
. —14 _
Strong CP problem: QCD Axion glO E
00 1071 3
Dark Matter Candidate 10-16 3
1017 4
meV ~ wavelike DM 015 o — N
= NuSTAR ,M
10_19 BRI L BRI L UL EBULLL DALY NALLLL BRI AL AL RLALLL ||||||;1\}Tllﬁﬁll;l{|1ﬁﬁllll 111

P A\ QO 9 % 17 _6 5 A& % 72 A Q \ L 2 A o, 0 7
A0 A0 A0 40T 407407 407407407 40740 40 A0 40 40 407 40" A0 A®° 10

mg [eV]



Electron Penning trap
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Electron Penning trap
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monitor the cyclotron state by quantizing axial shift

jump in cyclotron mode = w, shift = z = classical current signal



Electron Penning trap
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Interaction with Dark Matter
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Interaction with Dark Matter
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Interaction with Dark Matter

Dark matter will generate photons from the wallt




Interaction with Dark Matter

Dark matter will generate photons from the wall!




Background-free Detection
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[S. Peiland G. Gabrielse, Phys.Rev.Lett.83(1999)7]

Proof-of-principle experiment: Background-free over 7.4 days!
9



Proof-of-Principle Experiment
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Proof-of-principle experiment: Background-free over 7.4 days!
6



From DPDM to Axion:

Scanning hurts magnetic field: a strong external magnetic field

Separate the generation and detection process: Open Trap
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From DPDM to Axion:

+ Scanning hurts magnetic field: a strong external magnetic field

+ Separate the generation and detection process: Open Trap

® Opentrap

Waveguide: transport all generated photons to the trap

>

Cavity with strong magnetic field: generating Axions
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FOCUSing_EffeCt Of CaVity Pc,ca,vity — Kzrc,free

Dark matter drives light to be emitted from the walls;

The right cavity geometery can focus this into the center

9
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Dark matter drives light to be emitted form the walls; BREAD:
The right cavity geometery can focus this into the center A Nicer Design with the same idea
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Diclectric Layers

— - photodetector

\ Each layer itesltf will contribute to the focusing effect

T J * N, layers with the same thickness in one stack:\_DM = thickness

layers

* N, stacks with different thicknesses: broader frequency range

* Limited the size of the BREAD cavity N, X N, < R/d

» 1 switch/month

[,=T,xN;

Baryakhtar et.al [1803.11455]
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Conclusion

Using Electron Trap as a Dark Matter Detector
Background-free Over 7.4 Days
Detect both Axion and DPDM

Increase the Result by Optimizing Parameters



Projection
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Resonance & Selection Rule
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Axions: I'¢ free € ggy~y Beoxt Ao,

H=H0+Hint —

DPDM: T, ¢, oc €2-PPM
’ ACUA/

The transition rate is enhanced by

: 1
the dark matter width Awy4 =~ §mA'UZ

Selection Rule: only one jump at a time.
Due to the small coupling with dark matter

First-order perturbation theory applied [



[Horns et al., 1212.2970]

E" = ey/2ppy cos ot

E™ = — €y/2ppy cOs (w1 £ kx)
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