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Conclusion This Morning
ldentify regime of GW by hierarchy with respect to size of detector:

s Low-frequency regime: 1/L > @, — use PDF and account for current &

boundary changes

e.g. Heterodyne experiments
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Transfer function for mechanical transduction

WAL - %
w2 — w? - j U (W) ~ ——2— Kt (W) ,‘ ‘
Qm !
2

2

\

Wl

(w%—w -1 0 )él(w) :/dw’éo(w—w')gmﬁm(w’)




Transfer function for mechanical transduction

“oL; Yl
w2 — w* jm U (W) ~ ——2— Kt (W) ,l ‘ ' ‘
Qm !
2

2 |

Wl

(w%—w -1 0 )él(w) :/dw’éo(w—w')gmﬂm(w')

|

N %

- 2, 4,2
((w%_wz)z I w;c;%> ((W?n—wg)Q | wg;m>



Gravitational Wave and a Hollow Sphere

TT frame intuition

4 Sebastian A. R. Ellis — SRF for GW detection: MAGO CERN, Feb. 11th, 2025



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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Gravitational Wave and a Hollow Sphere

5 Sebastian A. R. Ellis — SRF for GW detection: MAGO CERN, Feb. 11th, 2025



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
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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
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MAGO 2.0: Mechanical and EM Signals
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MAGOQO 2.0: Mechanical and EM Signals

readout
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MAGOQO 2.0: Mechanical and EM Signals

readout

a theorist's view...
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MAGO 2.0
3

E Load the cavity in pump mode
S

pump mode

Wo GHz
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MAGO 2.0
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MAGO 2.0

w ~ GHz
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w~GHz et Aw ~ (a/R)?
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Aw ~ (a/R)*
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EM and Mechanical signals
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EM and Mechanical signals

Parametrics of the EM signal: ES." ~ Qo (wy Leav)? ™" By
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EM and Mechanical signals

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

Mechanical signal: ES Y ~ Qo ™" By min (1 ,
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EM and Mechanical signals

Parametrics of the EM signal: EQIQM) ~ Qom (wg Leav)? W™ Ey
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EM and Mechanical signals
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Gravitational Wave Signal: Mechanical

Mechanical modes of a hollow sphere:  Amni = Qo.mn [fmn(7)Ymi(0; 0)7 — igmn (1)7 X LY (0, )
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Gravitational Wave Signal: Mechanical

Mechanical modes of a hollow sphere:  Amni = Qo.mn [fmn(7)Ymi(0; 0)7 — igmn (1)7 X LY (0, )
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Gravitational Wave Signal: Mechanical
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Gravitational Wave Signal: Mechanical
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Gravitational Wave Signal: Mechanical

Power in a heterodyne setup from monochromatic source

Wm Wg

g
81g _Ql Wi (‘nglech‘ ‘nénech‘ hO E0)2 ‘/C&V X ‘*’3 2 2 WmWg
Z-wZ)? Y9 T Wm > Tq,

12 Sebastian A. R. Ellis — SRF for GW detection: MAGO CERN, Feb. 11th, 2025



Thermal Noise

Power spectral density:

13
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Phase Noise
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Phase Noise
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Phase Noise

1

Sphase (W) 25 E%d Se (w — wo)
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Phase Noise

1

Sphase (W) 25 G%d Se (w — wo)

X
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Mechanical Noise

15

Vibrations
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Mechanical Noise
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Mechanical Noise
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Non-standard Noise Sources: Field Emission
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Non-standard Noise Sources: Field Emission

synchrotron

transition

Bremsstrahlung .
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Non-standard Noise Sources: Field

Field Emission
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Emission
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Limits max B-field ~ 0.2T
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All Noise Sources

Vibrations

Field Emission
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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
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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

Signal and Noise PSDs: Non-Scanning
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Noise in MAGO 2.0

Signal and Noise PSDs: Scanning

Signal and Noise PSDs: Non-Scanning
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Noise in MAGO 2.0

Signal and Noise PSDs: Scanning Signal and Noise PSDs: Non-Scanning
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Noise in MAGO 2.0

Signal and Noise PSDs: Scanning Signal and Noise PSDs: Non-Scanning
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NB: missing radiation damping effect studied in Lowenberg, Moortgat-Pick: 2307.14379
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Noise-equivalent strain
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Optimal Scanning
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MAGO 2.0 sensitivity to coherent GWs
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From Proposal to Practice

First characterisation of the MAGO cavity, a

superconducting RF detector for kHz-MHz
gravitational waves

Lars Fischer® Bianca Giaccone® Ivan Gonin® Anna Grassellino® Wolfgang Hillert®
Timergali Khabiboulline’® Tom Krokotsch® Gudrid Moortgat-Pick®¢ Andrea Muhs®
Yuriy Orlov® Krisztian Peters® Sam Posen® Oleg Pronitchev’ Marc Wenskat®°

Ongoing collaboration between INFN/DESY /FNAL
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Characterising the Prototype

o1 " 1 !
= @ Scanned geometry
E @ Nominal geometry -
—, 80 —
X - —
S
A 60 — —
E - —
3
s 40 — —
o
E - —
=
= 20 [— O o
S — Q) —
= e @°
o-F ¢ T I T N T NN I T NN T NN B

1.0 1.5 2.0 2.5 3.0 3.0 4.0 4.5 0.0
Mechanical Mode Frequency w;, /27 [kHz]

Mechanical modes

23 Sebastian A. R. Ellis — SRF for GW detection: MAGO CERN, Feb. 11th, 2025



Characterising the Prototype
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Conclusion

MAGO operates in:
a Low-frequency regime: 1/L > @, — use PDF and

account for current & boundary changes

Renewed collaboration between INFN/DESY /
FNAL

First data expected in 2025
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