ALPHA STATUS AND RESONATOR
DEVELOPMENT AT STOCKHOLM UNIVERSITY

JACOB LINDAHL, STOCKHOLM UNIVERSITY




WHY THE AXION?

Strong CP Problem
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Peccei-Quinn Field showing spontaneous symmetry breaking



WHY THE AXION?
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Bullet Cluster with hot intracluster gas marked in pink and dark matter in blue



AXION PARAMETER SPACE
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POST-INFLATION AXION
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CAVITY HALOSCOPE

a Jayy

----»—---

B

Inverse Primakoff Effect

Example Haloscope Inside Magnet Bore

* Signal Power
« P xVB?%CQ
* Scanning Rate
+ Lo BHy2c2Q
* Form Factor
U E 'Bexthcl2

* C — 2 2
J elEI?aV, [IBextl?dV,




PLASMA HALOSCOPES

Traditional Haloscope:

fcavity X V_Z
Lawson, Millar,Wilczek et al (2019)
Wire Metamaterial = Artificial Plasma
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S: spacing

d: diameter Electrical Field of TMO10 mode

: . inside a wire metamaterial
How to reduce mechanical complexity? ©
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ALPHA: PHASE |
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https://arxiv.org/abs/2608.10292
https://arxiv.org/pdf/2608.10292

ALPHA: PHASE IRESONATOR
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PHASE | EXPERIMENT SETUP

ALPHA

DR PTC

DR Vacuum Can

DR 40 K

DR 4 K
Dilution Refrigerator (DR)

DR 1K
Variable Temperature Source (VTS)-

DR MXC

Shielded JPA

1 K Magnet Bore Radiation Shield

Nano-Positioners

e
o
—-—
®
c
o]
w
]
o
@
=
2}
L
o
-—
]
c
o
©
=
—I
(o2}

Magnet 4 K

Magnet Vacuum Can

Magnet 40 K

Experimental setup for ALPHA Phase |



MAJOR UPCOMING MILESTONES

® Spiral Dark Photon Run: 2026 ® First Axion Science Run: 2028-

L)
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@ Magnet Delivery: 2027
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SPIRAL TUNING METHOD
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DARK PHOTON CAVITY

PEEK Support Spiral Copper Support Spiral

Wire Diameter changed from 3.175mm to 2.5mm and focused on 10.5-1 |GHz e



DARK PHOTON CAVITY
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ALPHA DP RUN PROJECTION

Dark Photon Haloscope Mass Window
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RING NESTED GROUP ROTATION
(RINNEGAN)

One central rotation p—=
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RINNEGAN PROTOTYPE

* Confirmed rotation of rings
In cryogenics

* Prototype Measurements
happening now!

* Will be used for
simultaneous Dark Photon
search at Stockholm
University!

Rotation test of protype rings Assembled Rinnegan Protot°
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RINNEGAN MODEMAP

Measured Modemap
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CONCLUSIONS

ALPHA Phase | will scan 10-20 GHz at KSVZ
sensitivity

First dark photon science run in 2026

Spiral design will be used for the 10.5 - || GHz
dark photon run

Rinnegan prototype is being tested

Simultaneous Dark Photon search 10.5-11 GHz
at SU

2D 6-arm simulated Electrical fiea



BACKUP SLIDES




POST-INFLATION AXION

Simulation of early universe axion energy density
Credit: Malte Buschmann, Princeton University




7500

7000-
6500
6000
5500
5000-
4500

o 4000-

O 3500
3000-
2500-
2000-
1500-
1000-

500-

DP CAVITY QUALITY FACTOR
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° e 3DSim.QRT
o * el $ Unloaded Q
® [} ¢
. o *
 { o
§ bt { ! e ® e

9.5 9.6 9.7 9.8 9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9 11.0

Frequency [GHZz]

Measured and 3D simulated quality factor at 100 mK

Factors Affecting the Q
Contact Resistance

Surface Roughness

o

Contact Resistance Test Cavity Q



SCANNING RATE COMPARISON

M. Lawson et al. [28]
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RESONATOR SCANNING RATE COMPARISON
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DARK PHOTON CAVITY MODEMAP

Measured Modemap
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