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WIMPs and WISPs
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Axion as Particle Dark Matter: Constraints
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Axions and ALPs

= Axions are light bosons invoked to solve the strong CP problem
- ALPs are not bound by m?2f* ~ m2f?

= They can interact with Standard Model particles, electrons, protons, neutrons,
photons etc.

» Most notably their coupling with photon &£, = ZgawaFquW

= In terms of electric and magnetic field 341;; = ga},aE -B
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ALPs Electromagnetism

In presence of axions, Maxwell's equations are modified as

V-E=gB-Va+p,

7) da .
VXB_E=80W EXVCZ—BE +Jel
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ALPs Electromagnetism
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= In presence of external B field, axion-sourced current density j, () = —g,,B

- Axion as a coherent oscillating scalar field a() = aycos (m,t) =

cos (m,t)

suchthat VvxB,=j,

1
= The current oscillates with frequency @ = m, (1 + Ev - v)
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Detection Scheme

= The external magnetic field converts axions
into an oscillating displacement current J,

= The oscillating current in turn induces a
toroidal magnetic field B, L j,

= The toroidal magnetic field creates an
alternating EMF

= EMF induces current in pickup loop

= Pumped by an LC circuit and picked up by
SQUID magnetometer
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Experimental Design da
A _ Ja= —Yayy By E = Gayy 2ppm By sin(m,t)
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By z-axis [T]

14T Cryogen-free Magnet System
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Comparison Factor C

1 Bo(r) X (r—r’)
gV: j de 713 av - nloop |q)a,max| = .ga'yy\/ 2pDM| BO,maX| gV Vmagnet
|B0,max|Vmagnet loop Ir —r’'|

\ J
\

comparison factor C

TABLE I. Comparison of experimental parameters between
WISPLC, ABRA. and SHAFT, C' = |Bo, max|Vmagnet Gv -

|B0,max| (T) gV Vmagnet (mS) C/CSHAFT

SHAFT? 1.5 0.108° 9.5 x1077° 1
ABRA.© 1 0.027 89 x 104 1.55
WISPLC 14 0.074 2.4 x 1072 1.60 x 10°
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SQUID Current Sensor

Integrated two-stage current sensor
from Magnicon with 16-SQUID series
array amplifier readout

05
04

Characterised at 3 K 0
bandwidth ~ 2 MHz w
Vo = 2500 uV/d, @FLL ﬁj-;

Measured flux noise S5/ ~ 1 udo/vHz
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Experiment Design

= Broadband detection = Resonant detection
Psquip ~ Mi(Lp + L) Pq Bsquip ~ QMi(Ly +Li) @
flux transfer eff.: k = ®,/Pgqup =~ 107* Q ~ 10*
Pickup Loop SQUID Pickup Loop Aw SQUID

M Ay M
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SQUID Noise

= Broadband

reduced spectray, = 8, y; = 5.5andyy; = 6

M; IN _ Y w? MV 2yvywM{ Ve
N W= 2 (L + L) + Z,|R
yoljo(Li + Ly) + Z| 'Rz [jo(Li + Lp) + Z|
é Ly L; R
_ jw(L; + L,) » Z,, frequency independent

Z. ~ w?M?/2R
: — Ty = 10 mK
SQUID output voltage noise N m

Syt = 2yykg(T + Ty)R
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SQU ID Noise Total SQUID output voltage noise

2 2
Syr=S +w2M-2<ﬁ> S +2a)M-éS +S <§>
= Resonant v i\zy) 7 1z TR 7y

SQUID-sourced noise
at resonant freq. ~ u®,/vHz

output noise is the Johnson-Nyquist noise
from the of the input circuit S, = 4kgTR;

can be significantly reduced by using superconducting
resonator designs (Devlin et al. 2021)
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Sensitivity
. . 10°°
Axion coherence time: T ~
ma
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51/2 ’ - a
SNR = { o ®
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Current Status

= 14 T magnet in commissioning phase
= successfully reached full field

= next step: integration of the detector
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Backup Slides

SQUID Noise measurement, 1 sec, unshielded
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