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MOTIVATIONS

Why Radio Gravity?



High-Frequency Gravitational Waves
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High-Frequency Gravitational Waves
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High-Frequency Gravitational Waves
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High-Frequency Gravitational Waves

Astrophysical GWs
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High-Frequency Gravitational Waves

107%%s 10~ %

HFGWs to probe Dark Matter

102t eV 10MeV
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DETECTION HEURISTICS

How do we measure GWSs?



Detector Energy

Detector stores EM energy: Uin ~ (Eo(t)E) (1)) Vet
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Detector Energy

Detector stores EM energy: Uin ~ (Eo(t)E) (1)) Vet

In frequency space, effect of GWs on the stored energy more clear

U ~ (<Eo (W) B} (w)) + (B <w>E;;<w>>) Vies
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Linear signal: e.q. interferometers
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Detector Energy

Detector stores EM energy: Uin ~ (Eo(t)E) (1)) Vet

In frequency space, effect of GWs on the stored energy more clear

U ~ (<Eo (W) B} (w)) + (B <w>E;;<w>>) Vies

/ N\

Linear signal: e.q. interferometers (Quadratic signal: e.g. power measurement

Clearly better, right?
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Detector Energy: Quadratic Detector

Uy, ~ (Ep(w)Ep (w)) Vet
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Detector Energy: Quadratic Detector

Uy, ~ (Ep(w)Ep (w)) Vet

Experiment can be performed such that background energy at detection frequency ~ zero

1 1
N = (= -
= (2>ba_|— <2>Opt
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Detector Energy: Quadratic Detector

Minimum detectable power seen by detector

(Npg)'/? w

Pmin ~
tint
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Detector Energy: Quadratic Detector

Minimum detectable power seen by detector

(Npg)'/? w

Pmin ~
tint

Signal power in quadratic measurement

Psig ~J hQ‘T(w)‘Q W Uin
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Detector Energy: Quadratic Detector

Minimum detectable power seen by detector

Signal power in quadratic measurement

Psig ~J hQ‘T(w)‘Q W Uin

1 1

Best possible sensitivity: hl. ~

n \/Uintint T(UJ)
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Detector Energy: Linear Detector

Uy ~ (Ep(w)E; (w)) Vet
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Detector Energy: Linear Detector

Uy, ~ (Ep(w)Ep (w)) Vet

Experiment is performed such that (Ey(w)E)(w)) # 0
N];/g ~ Uip tint
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Detector Energy: Linear Detector

Noise power seen by detector

N 1/2
Pmin ~ W (UI )
7ljimt
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Detector Energy: Linear Detector

Noise power seen by detector

N 1/2
Pmin ~ W (Ul )
7ljimt

Signal power in linear measurement

Psig ~ h T(Cd) W Uin
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Detector Energy: Linear Detector

Noise power seen by detector

N 1/2
Pmin ~ W (UI )
tint

Signal power in linear measurement

Psig ~ h T(w) W Uin

1 1

Best possible sensitivity: hl. ~

n \/Uintint T(UJ)

0 Sebastian A. R. Ellis — HFGWs: How and Where to Find Them LISA CosWG Workshop, Porto, June 20, 2024



Detector Energy: Linear Detector

Noise power seen by detector

N 1/2
Pmin ~ W (UI )
tint

Signal power in linear measurement

Psig ~ h T(w) W Uin

1 1
Best possible sensitivity: hl. ~ v

°)

5

n \/Uintint T(UJ)
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Caveats and Takeaway Messages

1 1

Best possible sensitivity: hl. ~

on \/Uintint T(CU)
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Caveats and Takeaway Messages

1 1

Best possible sensitivity: hl. ~

on \/Uintint T(CU)

Differences appear once bandwidth accounted for
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Caveats and Takeaway Messages

1 1

Best possible sensitivity: hl. ~

on \/Uintint T(CU)

Differences appear once bandwidth accounted for

Bandwidth and other detector details shoved under 7 he rug
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Caveats and Takeaway Messages

1 1

Best possible sensitivity: hl. ~

on \/Uintint T(w)

Differences appear once bandwidth accounted for

Bandwidth and other detector details shoved under 7 he rug

Stochastic backgrounds (almost) always imply quadratic measurements
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Caveats and Takeaway Messages

1 1

Best possible sensitivity: hl. ~

on \/Uintint T(CU)

How about that Jransfer function?

Bandwidth and other detector details shoved under 7 he rug

Stochastic backgrounds (almost) always imply quadratic measurements
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ACTE |
Static B-field

Cavities




Interactions of Gravitational Waves with light

Y

/\/—\/

1
SEM = /d4$\/ —J <_ZQMQQV6FMVFQB - g'LWJ,uAu)
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Interactions of Gravitational Waves with light

Y
T ~

Guv = M + Py, g =" — R e [0 T O(th)

1
SEM = /d4$\/ —J <_ZQMQQV6FMVFQB - g'LWJ,uAu)
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Interactions of Gravitational Waves with light

Y
T T ~_

Guv = M + Py, g =" — R e [0 T O(th)

1
SEM = /d4$\/ —J <_ZQMQQV6FMVFQB - g'LWJ,uAu)

Equation of motion: OF ~ —0 (h F)
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Interactions of Gravitational Waves with light

Y
T ~__

G = T+ T g =0 =1 e LD O(RE?)

1
SEM = /d433\/ —g (_EguagyﬁF,uuFaﬁ - g'LWJ,uAu>

Equation of motion: OF ~ —0 (h F)

Effective current from spatial or temporal variations of i or £

1

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (PRD 2022)
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Intuition for EM signal
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13

Intuition for EM signal

Estimate sensitivity to GWSs by

comparing sizes of currents
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Intuition for EM signal

Frequency [MHZz]
10*

Estimate sensitivity to GWSs by
comparing sizes of currents

Neutron Stars

Globular
clusters

EENRRLERNARE CAST-CAPP  , paix
HAYSTAC

HAYSTAC
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Intuition for EM signal

Frequency [MHZz]
10*

Estimate sensitivity to GWSs by

comparing sizes of currents

Neutron Stars

Globular

JEF" ~ Gayy0r(aB) + O(v)

e <107 T /m
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Intuition for EM signal

Frequency [MHz]
10° 10*

Estimate sensitivity to GWSs by

comparing sizes of currents

Globular
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Framing the Question

Proper Detector Frame — complication
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Framing the Question

Proper Detector Frame — complication

Textbooks give long-wavelength approximation wg feav < 1

o 4 . . . . 1
ds?® ~ —dt2(1 + Rpipjx'x’) — 3 dt dx’ (R()ijkajjxk) + dx' dx’ ((57;3- — §Rikﬂxkxl>
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Framing the Question

Proper Detector Frame — complication

Textbooks give long-wavelength approximation wg ficay <1

o 4 . . . . 1
ds?® ~ —dt2(1 + Rpipjx'x’) — 3 dt dx’ (R()ijkajjxk) +dz' dz’! | 0;5 — §Rikﬂxkxl>
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Framing the Question

Solution — GW as sum of plane waves

kl kr _ ’ T
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Framing the Question

h X 6iw9(t_z) el azhrjrkT N _5zzathrjrkT
k1

Solution — GW as sum of plane waves
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Axion Cavity Modes Couple to GWs
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Axion Cavity Modes Couple to GWs
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Axion Cavity Modes Couple to GWs

But TM modes not optimal...
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Sensitivity of Resonant Cavities

Projected Sensitivities of Axion Experiments Coherent GW

wg /2w € [0.65,1.02] GHz

T Py = - Q W3 V3/3 (1 ho Bo)?

caVv

wg/2m € [5.6,5.8] GHz

1O ~3x10% Byp=9T
HAYSTAC ¢~ 207 70 Tois k

wg/2m € [1.6,1.65] GHz

Q~4x10% By=73T
‘/cav = 3.47 L, Tsys ~ 12K

wg/2m = 26.531 GHz

Q~13x10% Bg=7T
‘/Cav ~ 0.0078 L, Tsys Y 4: K

] GHz

v wg /27 g !
SQMS params. — //A\%; 1_01059ﬂ _Tfysr,rw 1 KF//

Strain Sensitivity hg
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Projected Sensitivities of Axion Experiments Coherent GW

wg /2w € [0.65,1.02] GHz

T Py = - Q W3 V3/3 (1 ho Bo)?

cav

wg/2m € [5.6,5.8] GHz
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Axion Cavity Sensitivity to PBH binaries

%/\"’“‘M

s
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Axion Cavity Sensitivity to PBH binaries

%/\"’“‘M

s

Wg = 14 GHz X (10_6 M@/Mb) (TISCQ/T(,)S/Q
dw, /dt o< (My/ry)*/6
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Axion Cavity Sensitivity to PBH binaries

%/\"’“‘M

s

Wg = 14 GHz X (10_6 M@/Mb) (T‘ISCQ/T(,)S/Q
dw, /dt o< (My/ry)*/6

5/3 2/3
ho ~ 10727 x m M / “9 /
’ D )\ 1011 M, 1 GHz
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Axion Cavity Sensitivity to PBH binaries
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ACTE Ii

Loaded Cavities

as Weber Bars,

a.k.a. LIGO w/ RF




MAGO 2.0: Mechanical and EM Signals

* “Why Cavities?” in Latin
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MAGO 2.0: Mechanical and EM Signals

On the operation of a tunable electromagnetic detector for
gravitational waves
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$CERN, Geneva, Switzerland

Received 6 December 1977, in final form 20 April 1978

* “Why Cavities?” in Latin
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MAGOQO 2.0: Mechanical and EM Signals

readout

* “Why Cavities?” in Latin
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Mechanical and EM Signals

readout

a theorist's view...

* “Why Cavities?” in Latin
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MAGO 2.0
3

E Load the cavity in pump mode
S

21

pump mode

Wo GHz
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MAGO 2.0
3

E Load the cavity in pump mode
S
x 0o
= £: :Signal mode: w1 — wy K wy
' W
Wo ~~ GHz Wi GHz
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MAGO 2.0
3

21

S
E Load the cavity in pump mode
S
L
o
e ;
= =
o, S
20
% .
:
i=
;
: . .
wp ~ 10kHz wo ~ GHz wi ~ GHz
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MAGO 2.0
3

dP/d

GW

mechanical resonance

wp ~ 10kHz Wg

21

Load the cavity in pump mode

D)
IS
: 3
Q, S
.EP:
Wo GHz Wi v GHz
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MAGO 2.0
3

dP/d

GW

mechanical resonance; -

wp ~ 10kHz Wg

21

Load the cavity in pump mode

resonant GW
Wg — W1 — Wo

<
3
: 3
] =
2, S
20
Wo GHz Wi v GHz
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MAGO 2.0
3

dP/d

GW

mechanical resonance; -

wp ~ 10kHz Wg

21

Load the cavity in pump mode

resonant GW
Wg — W1 — Wo

<
3
: 3
] =
2, S
20
Wo GHz Wi v GHz
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MAGO 2.0
3

dP/d

GW

mechanical resonance; -

wp ~ 10 kHz W

21

Load the cavity in pump mode

resonant GW
Wg — W1 — Wo

O
<
O.
g .
T .
oo
20
U).

pump mode

Wo ~~ GHz Wi GHz
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:Signal mode: w; — wy <K wo

How does this work? [y

Wo + Wy
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MAGO 2.0

w ~ GHz

22
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Sebastian A. R. Ellis — HFGWSs: How and Where to Find Them

Aw ~ (a/R)*

LLLLLL L e
LLLLLLL
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EM and Mechanical signals
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EM and Mechanical signals

Parametrics of the EM signal: E2™ ~ Qem (wy Leay )2 BT E

23

Sig
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EM and Mechanical signals

Parametrics of the EM signal: F

Sig

Mechanical signal: lmech)

S1g

(EM) ™~ Qem (wg Lcav)2 hTT EO
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EM and Mechanical signals

Parametrics of the EM signal: F

:

5 M)

Sig

™ Qem (Wg Lcav)2 hTT Eqg

; : . mech . W Lcav
Mechanical sugnal. ES(ig )~ Qem Rt Ey min (1 : gc
S
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EM and Mechanical signals

Parametrics of the EM signal: EQIQM) ~ Qom (wg Leav)? W™ Ey

. . mec . Lcav 2
Mechanical signal: E;g Y Qe hTT Ey min (1 R, )
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Noise in MAGO 2.0
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Noise in MAGO 2.0
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Noise in MAGO 2.0

Loading/Readout
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Noise in MAGO 2.0
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Noise in MAGO 2.0
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MAGO 2.0 sensitivity to coherent GWs
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HEURISTICS |

Prospects for stochastic GWs?



Stochastic GW SNR

27

Stochastic backgrounds have zero mean — necessarily quadratic measurement
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Stochastic GW SNR

Stochastic backgrounds have zero mean — necessarily quadratic measurement

Single detector: SNR ~ Ssig ()
Snoise(w)
q o\ 1/2
Two detectors: SNR ~ | tiy / df sig (W)
Snoise(w)
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Stochastic GW SNR

27

Stochastic backgrounds have zero mean — necessarily quadratic measurement

Single detector: SNR ~ Ssig ()
Snoise(w)
g o\ 1/2
Two detectors: SNR ~ (tint / df ( sig (W) ) )
Snoise(w)
w? Sp(w)
2y (w) o Suig (@) ~ [T (w)]?Sn(w)

Hy
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Sensitivity to stochastic HFGWs
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Sensitivity to stochastic HFGWs
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Open questions

How to optimise the transfer function?

29

Sebastian A. R. Ellis — HFGWs:

HAYSTAC -

SQMS params.

How and Where to Find Them

Projected

yensitivities o

Axion Experiments

wg/2m € [0.65,1.02] GHz
Q~8x10% By=75T
%av - ]-36 L, Tsys ~ 06 K

wg/27r € [5.6,5.8] GHz
Q~3x10% Byp=9T
‘/cav = 2 L, Tsys [ad 013 K

wg/2m € [1.6,1.65] GHz
Q~4x10% Bg=73T
‘/Cav - 3-47 L, Tsys g 1.2 K

wg/2m = 26.531 GHz
Q~13x10% By=7T
Veav ~ 0.0078 L, Tyys ~ 4 K

arXiv: 2112.11465

wg/2m € [1,2] GHz
0—5T

Veav = 100 L, Thys ~ 1 K

77770/

10~ 107%

107% 107%
Strain Sensitivity hg

10~ 20

1071

MiniGRAIL

N St T T
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LIGO-Virgo

scanning (thermal)

arXiv:2303.01518

ARN
10*

R LR
106 107
Wy [Hz]
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Projected Sensitivities of Axion Experiments

Open questions =

%av - ]-36 L, Tsys ~ 06 K

wg /21 € [5.6,5.8] GHz
HAYSTAC -{|@~3x10% By=9T

‘/cav = 2 L, Tsys [ad 013 K

wg/2m € [1.6,1.65] GHz
Q~4x10% Bg=73T
‘/Cav - 3-47 L, Tsys g 1.2 K

wg/2m = 26.531 GHz

Advances in readout Q~1ax10l B =TT | grXiy: 2112.11465

wg/2m € [1,2] GHz

— networks, quantum techniques? SQUS parais //AV// s

10—24 o IIiloll—Q?) o 10—22 | 10 21 | 10 20 | Iilol—19

synergies w/ Axion searches, QC(?) Sirain Sensitivity
see e.q. arXiv:2308.11497 by Schmieden & Schott

MiniGRAIL

\]AURIGA

LIGO-Virgo

‘ N PR RSN

. scanning (thermal)

arXiv:2303.01518

IR R R R LR
10* 10° 107

w, [Hz|
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Projected Sensitivities of Axion Experiments

Open questions

HAYSTAC -

Advances in readout

wg/2m € [0.65,1.02] GHz
Q~8x10% By=75T
%av - ]-36 L, Tsys ~ 06 K

wg/2m € [5.6,5.8] GHz

Q~3x10% Byp=9T
‘/CaV:2L7 TsySNO.ng

wg/2m € [1.6,1.65] GHz

Q~4x10% Bg=73T
‘/cav - 347 L, Tsys [ad 12 K

wg/2m = 26.531 GHz

Q13X 100 B =TT | arXiv: 2112.11465

— networks, quantum techniques? QS paras. -

wg/27r € [1,2] GHz

V —1OOLT s~ 1K

A

synergies w/ Axion searches, QC(?)

10_24 I I LI I]I‘I()Il_23 I I I 10_22 I 10 21 I 10 20 I

Strain Sensitivity hg

T

see e.q. arXiv:2306.11497 by Schmieden & Schott

Optimisation of MAGO-style setup?
FNAL + DESY

MiniGRAIL

\]AURIGA

: ST S

. scanning (thermal)

arXiv:2303.01518

IR R LR
10° 107

w, [Hz]
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Projected Sensitivities of Axion Experiments

Open questions =

%av - ]-36 L, Tsys ~ 06 K

wq /27 € [5.6,5.8] GHz
HAYSTAC -{|@~3x10% By=9T

‘/Cav = 2 L, Tsys [ad 0.13 K

wg/2m € [1.6,1.65] GHz
Q~4x10% Bg=73T
‘/cav - 347 L, Tsys [ad 12 K

wg/2m = 26.531 GHz

Advances in readout Q-taxon BT L arXiv: 2112.11465

wg/2m € [1,2] GHz

— networks, quantum techniques? SQMS pasais. - //AV// s

10—24 o IIiloll—Q?) o 10—22 | 10 21 | 10 20 | Iil()l—19

synergies w/ Axion searches, QC(?) Sirain Sensitivity
see e.q. arXiv:2306.11497 by Schmieden & Schott

MiniGRAIL
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: ST S

. scanning (thermal)

Signals above kHz?

arXiv:2303.01518
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Projected Sensitivities of Axion Experiments

Open questions =

%av - ]-36 L, Tsys ~ 06 K

wq /27 € [5.6,5.8] GHz
HAYSTAC -{|@~3x10% By=9T

‘/Cav = 2 L, Tsys [ad 0.13 K

wg/2m € [1.6,1.65] GHz
Q~4x10% Bg=73T
‘/cav - 347 L, Tsys [ad 12 K

wg/2m = 26.531 GHz

Advances in readout Q-taxon BT L arXiv: 2112.11465

wg/2m € [1,2] GHz

— networks, quantum techniques? SQUS params. - 78 i V//

A

synergies w/ Axion searches, QC(?) Surain Sensitiviy
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T

see e.q. arXiv:2306.11497 by Schmieden & Schott
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Stochastic GWs require dramatic technology e
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Projected Sensitivities of Axion Experiments

Open questions =

%av - ]-36 L, Tsys ~ 06 K

wq /27 € [5.6,5.8] GHz
HAYSTAC -{|@~3x10% By=9T

‘/Cav = 2 L, Tsys [ad 0.13 K

wg/2m € [1.6,1.65] GHz
Q~4x10% Bg=73T
‘/cav - 347 L, Tsys [ad 12 K

wg/2m = 26.531 GHz

Advances in readout Q-taxon BT L arXiv: 2112.11465

wg/2m € [1,2] GHz

— networks, quantum techniques? SQMS pasais. - //AV// s

10_24 I I LI I]I‘I()Il_23 I I LI 10_22 I 10 21 I 10 20 I Iil(;_lg

synergies w/ Axion searches, QC(?) Sirain Sensitivity
see e.q. arXiv:2306.11497 by Schmieden & Schott
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BACKUP



31

Resonant Cavities
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Resonant Cavities

Mature technology & constantly improving

Benefit from decades of development for accelerator use
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31

Resonant Cavities

Mature technology & constantly improving
Benefit from decades of development for accelerator use

Cavities for fundamental physics already in use:
e.g. Axion Dark Matter
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Resonant Cavities

Mature technology & constantly improving
Benefit from decades of development for accelerator use

Cavities for fundamental physics already in use:
e.g. Axion Dark Matter

Domain where various subtleties arise...

31 Sebastian A. R. Ellis — HFGWs: How and Where to Find Them
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Framing the Question

32

A more detailed estimate requires some GR
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Framing the Question

A more detailed estimate requires some GR

GWinTT Jauge. 6’Mh“” = 0, h,u’u =0, hgo=hg; =0
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Framing the Question

A more detailed estimate requires some GR

GWin TT gauge: 0,h"" =0, h,' =0, hgy=ho;=0

Riemann tensor invariant at O(h):
1

Roioj = —58752}1;;5'T>

ROijk 8t (ﬁkh;ET — 6’]-

Rz’kjl (8k@j h?;T + 826)1 hrjrkT — azaj hElT — 8l~c8l hZT)

|
2
|
2
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Gravitational Wave and a Hollow Sphere
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Gravitational Wave and a Hollow Sphere

Mechanical modes of a sphere
Uipn = Vor +1V X L¢T1 + 1 L¢T2 : U(X, t) = up(t) Up(X)
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Gravitational Wave and a Hollow Sphere

Mechanical modes of a sphere
Uipn = Vor +1V X L¢T1 + 1 L¢T2 : U(X, t) = up(t) Up(X)

Equation of motion

W 1 / }AL'T'T
e P - 2 ~ . 2x/1/3 g 1wgt g __ YJ 3 *1 ]
Up Q Up T wp Up = % wg V;:av "Tmech h() e "Tmech = 1/3 d°x Up L
p Veay Vvshell Vshell
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Gravitational Wave and a Hollow Sphere

Mechanical modes of a sphere
Uppnn = Vor +iV X Lo, +iLor, . U(x,t) = up(t) Uy(x)

Equation of motion

S Wp . 4 2 1 2 V1/3 g h 1wqat g iLEZ;T / d3 U*z J
Uy Up + W, Up 2 ——= W N g€ 9 n = X x
p D p P g ' cav h mech 1/3 D
QP 2 e Vcaé Vshell 7 Vihen
o2
g _
1/3 g w2 —w2 ‘wg wp‘ > Wp/Qp

<UP> ~ hO cav Mmech X g P
Qp , |wg —wp| K wp/Qy

Tiny displacement << nm
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Gravitational Wave and a Hollow Sphere

Mechanical modes of a sphere
Uipn = Vor +1V X L¢T1 + 1 L¢T2 : U(X, t) = up(t) Up(X)

Equation of motion

W 1 / B'T'T
e P - 2 ~ . 2x/1/3 g 1wgt g __ YJ 3 *1 ]
Up Q Up T wp Up = % wg V;:av "Tmech h() e "Tmech = 1/3 d°x Up L
D ‘/Cav Vvshell Vi

. %
1/3 g Wy — wy| > wy/Qp Cur Cavis?* pt. 2

(U,) ~ho VB po x { wi—wi
Qp, |wg— wp| <wp/Qp MAGO 2.0

Tiny displacement << nm

* “Why Cavities?” in Latin
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Gravitational Wave and a Hollow Sphere

TT frame intuition
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Gravitational Wave and a Hollow Sphere

Mechanical modes of a sphere
Upn = V¢L +1V X L¢T1 +ZL¢T2 '

TT frame intuition
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Gravitational Wave and a Hollow Sphere

Mechanical modes of a sphere
Upn = V¢L +1V X L¢T1 +ZL¢T2 '

Spheroidal

TT frame intuition
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Gravitational Wave and a Hollow Sphere

Mechanical modes of a sphere
Upn = V¢L +1V X L¢T1 +ZL¢T2 '

Spheroidal Toroidal

TT frame intuition
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Noise in MAGO 2.0

Signal and Noise PSDs: Scanning

10—34 o o oD oD oD ot
107 10 10° 10° 107 10° 107
wy [Hz|
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Noise in MAGO 2.0

Signal and Noise PSDs: Scanning
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Noise in MAGO 2.0

Signal and Noise PSDs: Scanning

10734 L L L) B L L L) B B L L) I B L
10° 104 10° 100 107 108 10
SF wy [Hz| 1 T
Sh Y 1 P 5 ? Sh ~
wg (ML) Q Wo UO

Mech < MHz

35 Sebastian A. R. Ellis — HFGWs: How and Where to Find Them LISA CosWG Workshop, Porto, June 20, 2024



Noise in MAGO 2.0

Signal and Noise PSDs: Scanning Signal and Noise PSDs: Non-Scanning

10_34 o o e o e o e o e o ]-0_34 T LN L L LN L
10° 10 10° 10° 107 108 10° 10° 10 10° 10° 107 108 10°
g SFp wy [Hz| g 1 T w, |Hz]
h ™~ — N2 h ~
wg ( ) Q CU()U()

Mech < MHz
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Noise in MAGO 2.0

Signal and Noise PSDs: Scanning Signal and Noise PSDs: Non-Scanning

10t 100 108 107 108 1
w, |Hz Hz 2
Sh N ; SFp 5 g [ ] Sh N 1 T wg [ ] Sh N wg
wg (ML) QWOUO th(WQU())
Mech < MHz Amp > MHz
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Noise in MAGO 2.0

Signal and Noise PSDs: Scanning Signal and Noise PSDs: Non-Scanning

S0t 108 108 107 108 1
w, |Hz Hz 2
S, 4SFP : g [Hz] S, 1 T S, ~ 4SFp : wy |Hz] S, ~ W,
wg (ML) QWOUO wg (ML) hwo(wQUg)
Mech < MHz Mech < MHz Amp > MHz
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Noise in MAGO 2.0

Signal and Noise PSDs: Scanning Signal and Noise PSDs: Non-Scanning

S0t 108 108 107 108 1
w, |Hz Hz 2
S, 4SFP : g [Hz] S, 1 T S, ~ 4SFp : wy |Hz] S, ~ W,
wg (ML) QWOUO wg (ML) hwo(wQUg)
Mech < MHz Mech < MHz Amp > MHz

NB: missing radiation damping effect studied in Lowenberg, Moortgat-Pick: 2307.14379
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Fermilab Vibrations

w, [Hz]

Sebastian A. R. Ellis — HFGWSs: How and Where to Find Them

Integration time:

: W1
tint ~ to MIn ( : 1)
Ql wg

Thermal:
Q1 ~ Qing(w1/T)

Vibrations:

Q1 ~ QUi
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