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Main goal
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• Lowest limit set by ADMX à 2 µeV (480 MHz)
• Upper limit in Klash proposal: 1 µeV
• Design of a cavity in the low-UHF band (around 300 – 400 MHz) à 1∼2 µeV
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• Main operational 
parameters:



• Optimal coupling: 𝜅 = !
"

or 𝜅 = !
"

( depending on the goal):
• Mechanical system for moving the probe
• A non-perfect coupling is expected at cryo conditions
• The coupling will vary with tuning → Re-coupling is mandatory

• Maximize 𝑉 (order 2): 
• Cavity/ies as large as possible, with the desired resonant frequency

• Maximize 𝐶 (order 2): 

• Choose the correct resonant mode:
• 𝐸 parallel to 𝐵#
• Similar profile to 𝐵#
• Avoid sign changes in 𝐸

• Maximize 𝑄$ or 𝑄% (order 1):
• Good conductor plating (copper)
• At these low frequencies a high 𝑄$ is expected (~10&)

• Maximize the scanning range (5∼10%):
• The simplest mechanical system 
• Trying to reduce the impact on 𝑉, 𝐶 and 𝑄$ (trade-off)

Operational goals
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The whole detection system
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The BabyIAXO magnet
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• BabyIAXO: dipole magnet → 𝐵#: vertical polarization, avg. 2.5 
T (we assume uniform 𝐵# so far)

• Proper mode: TE101 in rectangular cavity (optimal 𝐶 = 0.657)
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, 𝑚 and 𝑝 odd

Other modes: 𝐶 ≈ 0

𝑎 = 0.5 m



• Previous RADES designs at 8.4 GHz: multicavity
concept for increasing the volumen.

• At this frequency range (300 – 500 MHz) multi-
cavity is not necessary. The whole length of the
magnet can be filled with just one cavity, without
excesive mode clustering.

• TE102 is avoided by placing the probe at d/2 
(maximum for odd modes, zero for even modes).

First design – rectangular cavity
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TE103 𝐶 = 0.073
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More on quality factor, coupling and the figure of merit
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The coupling in characterized by the coupling 
coefficient 𝛽,  and it affects both 𝜅 and 𝑄$
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1
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Therefore:
optimum for improving 𝑔'*

optimum for improving )-$
).

Conclusions:
• Optimal coupling: 𝛽 = 2
• Assuming we can get this coupling, a 

convenient FoM of the haloscope
(independent of the coupling) is 𝑄%𝐶!𝑉!.
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• 𝑄% depends on cavity dimensions and shape

• For a rectangular cavity:

• It increases with b
• It’s almost constant for large 𝑑

𝑸𝟎 for rectangular cavity
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𝑎 = 0.5 m 𝜎 = 2𝑒9 S/m

Some numbers: 𝑎 = 0.5 m, 𝑏 = 0.5𝑎 = 0.25 m, 𝑑 = 20𝑎 = 10 m

Δ𝑓'-* % = 1
𝑄& = 0.95 6 109 → 𝐵𝑊 % ~10-*

𝑉 = 1.25 m*

𝑓1/0%"% = 300 MHz

𝐶 =
64
𝜋+ = 0.657

𝑄:𝐶(𝑉( = 1.28 6 109 m;

𝑄: = 1.9 6 109



Optimizing the FoM – From rectangular to cylindrical

Maximum width= ~ 0.56 m // Height = 0.51 m // Length = 10 m

• The edges are rounded to maximize the volume and to get higher Q
• a > b: - Avoiding degenerated moldes

- Lower and upper room for connectors and ancillary systems
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Optimizing the FoM – Rounded edges

Δ𝑓 = 0%
𝑓1 = 365.9 MHz

Δ𝑓 = 0%
𝑓1 = 327.9 MHz

Δ𝑓 = 0.36%
𝑓1 = 303.3 MHz

Δ𝑓 = 0.26%
𝑓1 = 357.3 MHz

Δ𝑓 = 0.33%
𝑓1 = 317.7 MHz

Δ𝑓 = 0.37%
𝑓1 = 302.1 MHz



Optimizing the volume – Rounded edges (10 meters long)



Prospects for axion detection sensitivity – 10 m long cavity

ma=1.4; %ueVolts
k=0.5;
Tsys=6; %Kelvins
V=2500; %liters
C=0.45;
Ql=5e4;
Be=2.5; %Teslas
SNR=5;

30% reduction due tuning system
Conservative value (Q0 = 3.1e5) 
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Ql=5e4
Ql=1e5

𝑄$ = 5×102 → 𝐶'* = 2 with 𝑡 = 0.8 hours

𝑄$ = 1×10& → 𝐶'* = 2 with 𝑡 = 0.15 hours

Assuming Ql = 5e4  → BW = 340 MHz / 5e4 = 6.8 kHz
For sweeping 100 MHz: 14700 frequency steps
Total time = (0.8+0.25) x 14700 = 15435 h. ∼ 643 d.

Assuming Ql = 1e5  → BW = 340 MHz / 1e5 = 3.4 kHz
For sweeping 100 MHz: 29412 frequency steps
Total time = (0.15+0.25) x 29412 = 11765 h. ∼ 490 d.

KSVZ model



1 m long cavity (benchmark)

Parameter Value

Volume (m") 0.219

𝑄% 3.53e5

C 0.695

FOM (m() 8190

𝑓1&'%"%(MHz) 343.8



• Ports positions close to one edge
• Very low tuning for long cavities
• Only valid for short ones (d/a<5)

Very low volume

• Technological risk: metal contact of the
sliding part

Tuning system –sliding wall

Fixed part

Sliding part

Ports
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NOT PRACTICAL → RULED OUT



Tuning system – vertical opening

• Extra room for mechanical system
in one or both sides

• Reduction of volume
Maximum gap 10 mm

Tunability of 8-9 MHz

Not enough



Thickness (mm) Gap (mm) Q

5 0 1.33e5

5 10 1.34e5

50 45 1.33e5

100 75 1.33e5

Larger thickness at the vertical cut

Tuning system – vertical opening

• Extra room for mechanical
system in one or both sides

• Extra room for extra thickness
• Reduction of volume

NOT PRACTICAL → RULED OUT



Concept for increasing the tuning range

GrooveTongue

Tuning system – vertical opening

• Technological risk: metal contact of the sliding part
• Trade-off between volumen and tuning range

The tongue can be long high tunability

But :

NOT PRACTICAL → RULED OUT



Tuning system – vertical cut + dielectric insertion (sapphire)

Vertical 
movement

Tuning range: 334.16 - 222.26 MHz
Effective tuning range: 0

Very low FoM

- Extra room for the dielectric sheets in the bore
- Mechanism to align the dielectric (risk)
- Very low C and Q (the dielectric “widen” the slot)

Effective tuning: frequency range where FoM is reduced less than 30% (∼5700)

RULED OUT



Tuning system – inner dielectric / metal – horizontal movement

Horizontal 
movement

- Extra side room for moving mechanism
- Tech risk: alignment of dilectric sheets inside the cavity
- High impact on 𝑄$ and C factors

Tuning range:
196.33 - 251.52 MHz
Low effective range: 0

Very low FoM

RULED OUT



Tuning system – rotating metal plates – Y axis

Tuning range = Effective tuning range: 
441.91 - 492.64 MHz (10.9%)

The best one so far!



Tuning system – rotating metal plates – X axis

Tuning range: 447.4 - 341 MHz

Effective tuning range:
381.5 – 341 MHz (11.2%)

More sensitive to plate rotation

Mode crossing



Problem for X or Y axis rotating plates: parallelization

For longer cavities (10m)  à Need of increasing the amount of plates

Techological risk: synchronous movement of plates or N different systems

This is the main drawback of X or Y rotating plates



Tuning system – rotating metal plates – Z axis

Very simple mechanism

Tuning range:   306.22 - 341.82 MHz
Effective tuning range:

339.36 - 341.82 MHz (0.7%)

Extremely low! 

Mode crossing



Tuning system – rotating metal plates – Z axis: reducing the plate

Width = 12 cm Tuning range = effective TR: 329.8 – 342.37 MHz (3.7%)
Less weight for the axis → less warping



Combination of rotating plates

Y rotation X rotation Z rotation

• For the same cavity, different mass regions can be explored.

• The effective tuning range (in red) is lower and discontinuous.

• Very complex mechanical system.

Frequency range

0 − 90! 0 − 90! 0 − 90!

Z rotation X rotation Y rotation



• Analysis of the behaviour of a 10 m long rounded cavity (without tuning mechanism)
• Prospects for Ca𝛾=2: t ∼ 0.15 ∼ 0.8 hours / freq. point (3.4 ∼ 6.8 kHz)

• Analysis of different tuning mechanisms for a short cavity (1 m long)

• Most promising tuning mechanism → metallic rotating plates:
• X or Y axis + parallelization: 

• More complex
• Wider tuning range

• Z axis:
• Simpler
• Narrower tuning range

• At this point we need:
• Expected distribution of magnetic field in BabyIAXO (accurate computing of C)

• The challenge:
• Behaviour of 10 m cavity (with tuning mechanism):

• More crossing modes
• Complex design of the tuning system

Conclusions


