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The Axion

An elegant solution to two problems

Nuclear Physics Problem Dark Matter Problem
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ADMX
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ADMX

Power of axion signal in cavity:

~ 10724 Watts
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Noise Temperature

Input Signal
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amplifier

Convenient to treat device
noise sources as if they
were all thermal noise
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To receiver

ADMX Recelver

Physical Temperature Key
[ ]4-10kK
[ Jax
DC Block [ Jak
Q
[ ]s00mk
|:| 100 mK Low Noise Factory (LNF) High Electron
Mobility Field Effect Transistor (HFET)
(@]
R 2nd Stage
— Gi’ HuE
Ist Stage .. Iﬁiﬂ :gitsa;
E N G, 6;N,, | added power
o— [ output
Antenna ¢ kToB - kToBG; KloBt2 ‘
C

Noise input x System gain

Simplified Model of Cascaded Amplifiers



Room Temperature Measurement
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LNF Noise Temp, Physical Temp 300K

Raw Noise Temperature
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Liquid
Nitrogen
Test
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“Due to be calibrated in 1996”
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Amp Noise Temp (K)
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T out (K)

Amp Noise Temp, Physical Temp ~10K
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Ts is a critical
parameter in

~ determining ADMX
sensitivity and scan rate

Do not trust things that
are out of calibration.
Do trust liquid nitrogen.

N

LNF 021 H looks like a
promising amplifier to 4

add to the ADMX LA\
receiver chain! / N

Noise temperature
measurements are hard
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Thank you to the ADMX team!
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HARDHATS
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Thermometry Data

300 ‘ n
= —heater temp
% . ——amp temp
X 200 !
o
=
®
5 100
Q
-
© |
0 B | | | | | | | | |
1.50247 1.50248 1.50249 1.5025 1.50251 1.50252 1.50253 1.50254
Absolute Time (9:00am-9:00pm 8/11/2017) «10°
I I I I I I I I I
£ | —heater temp
% 60 _H_;\,—ﬂ-“1~‘"‘»"{-r,‘ —amp temp
\x—/ A ™
o)
E 40
©
3 20
-
) T
2 L
0 ! ! ! ! ! i

1.502488 1.502492 1.502496 1.5025

1.502504 1.502508
Absolute Time (9:00am-9:00pm 8/11/2017)

%10°






4\ Figure 2 — X
“ile Edit View Insert Tools Desktop Window Help >
Ndde M AAUDR L2082 ad
Average Output Power and Amp Temp vs. Input Power -
-65 112
-66 111
=R
=
67 il 110 £
(=i
£
o)
-68 |- - 19
=i
£
<
69F | 7 18
70 + / 17
-71 I I | I I 6

10

40

50

60

70




«10% Noise Temp (Noise Source 2)

3
2|
11
o Hoa—ilLJ
-1~ raw data
——mean value = 500K
08 1 12 14 16 18 2

Freq (Hz) x10°

Manufacturer Data RT Noise Temp: ~60K




The Axion

An elegant answer to two problems
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Originally postulated by Pecci-
Quinn theory in 1977 to solve
problem in QCD:
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QCD Lagrangian
term
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These terms must cancel to 1 partin 10”-10
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Axion field could explain this
hidden symmetry
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Axion Density:
10**axions/cm3in the local
galaxy

a )
Axion Mass:
N J
o (mu 7n'd) 12 f7r -
" mut+ma fro/N T
a )

J




Axion Mass Constraints

Red Giants (KSVZ)

Search
Window

Red Giants (DFSZ)
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Dark Matter Experiments
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Detection Theory

Resonant conversions of axions
to photons:

Ly =, 290
\

Axion coupling constant

E - B,

Kim-Shifman-Vainshtein-Zakharov
(KSVZ) model, g, = —0.97

DineFischler-Srednicki-Zhitnitsky

(DFSZ) model g, = 0.36
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Haloscope Detection Scheme



The Axion

An elegant answer to two problems

Nuclear Physics Problem Dark Matter Problem

Why do two seemingly unrelated What is this “missing mass” that
terms in QCD Lagrangian cancel to makes up ~30% of our universe?

: 107
1 partin 107 iR 1

Axion Mass: . = M,
“ my+ma fro/N

Axion field could Axion Density:

explain this hidden 10*axions/cm? in the
symmetry local galaxy




Temperature (Kelvin)
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Output Power (dBm)
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