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Upper Limits for GW-Cavity Coupling
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Can show in general (for GWs in z direction): e For hollow cylinder: F—I— %
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The & that maximizes F_|_,>< needs (fx,fy) o (r,—Y) > Existsfora cylinder without ends

= Cylindrical cavities can couple stronger to GWSs than spheres (but are directional)
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Cylinders Match GW Quadrupole Pattern

Effect of a GW on a circle of test masses Lowest Vibrational Quadrupole Mode of a Ring
90° 90°

e ———
Also exists for
longer cylinders

1800 OO 1800

Quadrupole mode of closed
cylinder looks more like this:

(fxvfy) X (T, =Y) 2700

(GW travels into the plane)
270°

A MAGO-sized cylinder (R=0.1 m, L=0.4 m) has T, , ~ M4%° = 0.5 > slightly worse coupling
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Cylinders have more predictable vibrations

I

*
Pure quadrupole vibration does not exist Main Body could still oscillate freely
due to complicated shape despite connections

Remember: . . _
- More control over vibrational modes of cavity

Predicting precise Vibrations of Cavity + Flanges
is nearly impossible




MHz EM-Mode Transition for Modified Shape

The quadrupole vibration induces no strong EM-mode transition in a cylinder
— Cutting out a cylinder in the middle does gives us a good mode pair

Mechanical Vibration

90°

270°

EM-Mechanical Coupling Coefficient: Cy; = 0.8 (preliminary result),

induces

W

Pump Mode TEMyg, Signal Mode TE(,;

Aw <1 — 100 MHz

\ Transition =

V1/3

R : :
I'y « = ——still holds for inner & outer cylinder
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Signal Readout/Geometric Rejection

No Signal

o

TEMgo,

TEMgo1 + TEgyq



Coupling Coefticients
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Simultaneous Axion Sensitivity  »=:

Pump Mode
B-Field of TEM;, f=0.1499 GHz
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Signal Mode

f=0.3673 GHz

E-Field of TEogo2,
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Downside: Frequency spacing ~ 100 MHz — 1 GHz
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Axion Sensitivity (other mode) »=y¢ /[ mr o 00 <0147
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Downside: requires different pump mode from GW detection



Further thoughts

e |solate the inner cylinder from the outer one
— Reduced vibrational noise, (mostly) freely oscillating cylinder
- Inner cylinder could be used to tune the resonant frequencies

e Round off edges to prevent strong fields

e Consider other geometries with ‘holes’
e.g. ellipsoids, doughnuts, ...



