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Strong CP Problem

*to a very, very, very high precision
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1. Remove backgrounds
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• Magnet off spikes
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• Transient excesses

C. Salemi  61



• AM radio stations
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• Single bin excesses
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• Peaks that move
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2. Calibrate
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Axion effective current 

distributed in magnetic field
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Axion effective current 

distributed in magnetic field

Axion magnetic field 

oscillates in toroid bore

Current induced in pickup

Current propagates 

through wiring
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3. Fit axion signal
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DMRadio-50L DMRadio-m3

DMRadio-GUT

under construction! in design

the future:

DFSZ sensitivity

to neV axions

+
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50 L volume, 1T field

*ABRA-10cm ~ 0.9 L
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50 L volume, 1T field

optimized axion-detector coupling

with pickup sheath
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50 L volume, 1T field

optimized axion-detector coupling

with pickup sheath

J. Ouellet
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50 L volume, 1T field

optimized axion-detector coupling

with pickup sheath

resonant readout

Updated Flat-Pack and 
Butterfly Designs

• Started from 3000 pF dynamic range 
requirement


• All plates are now 1 mm thick and plate 
spacing is 2.5 mm


• Have two new versions of the Flat-Pack and 
Butterfly designs sketched out, still need to 
convert to a CAD model

Design
Radius of 
Enclosure 

(cm) 
Height (cm) Mass of Nb 

(kg)
Total Mass 

(kg)

Flat Pack ~ 27 cm 0.5 cm 2.15 kg 2.88 kg

ButterFly ~ 6 cm 3.5 cm (10 
layers) 1.56 kg 2.29 kg

Note this 
corresponds to just 

the coarse capacitors 
and these are lower 

bounds on these 
values

4
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DAQ

Axion 
Effective 
Current Pickup Current sensor
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DAQ

Axion 
Effective 
Current Current sensor

LC resonator

Pickup
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50 L volume, 1T field

optimized axion-detector coupling

with pickup sheath

resonant readout

Updated Flat-Pack and 
Butterfly Designs

• Started from 3000 pF dynamic range 
requirement


• All plates are now 1 mm thick and plate 
spacing is 2.5 mm


• Have two new versions of the Flat-Pack and 
Butterfly designs sketched out, still need to 
convert to a CAD model

Design
Radius of 
Enclosure 

(cm) 
Height (cm) Mass of Nb 

(kg)
Total Mass 

(kg)

Flat Pack ~ 27 cm 0.5 cm 2.15 kg 2.88 kg

ButterFly ~ 6 cm 3.5 cm (10 
layers) 1.56 kg 2.29 kg

Note this 
corresponds to just 

the coarse capacitors 
and these are lower 

bounds on these 
values

4

noise reduction
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50 L volume, 1T field

optimized axion-detector coupling

with pickup sheath

resonant readout

Updated Flat-Pack and 
Butterfly Designs

• Started from 3000 pF dynamic range 
requirement


• All plates are now 1 mm thick and plate 
spacing is 2.5 mm


• Have two new versions of the Flat-Pack and 
Butterfly designs sketched out, still need to 
convert to a CAD model

Design
Radius of 
Enclosure 

(cm) 
Height (cm) Mass of Nb 

(kg)
Total Mass 

(kg)

Flat Pack ~ 27 cm 0.5 cm 2.15 kg 2.88 kg

ButterFly ~ 6 cm 3.5 cm (10 
layers) 1.56 kg 2.29 kg

Note this 
corresponds to just 

the coarse capacitors 
and these are lower 

bounds on these 
values

4

noise reduction
+ test bed for new 

quantum sensors

Kuenstner et al. arxiv 2210.05576
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solenoidal magnet,

1 m3 volume, 4-5T field

*ABRA-10cm ~ 0.9 L *1 m3 = 1000 L
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solenoidal magnet,

1 m3 volume, 4T field

coaxial pickup 

sheath

solenoidal magnet

coaxial sheath
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solenoidal magnet,

1 m3 volume, 4T field

coaxial pickup 

sheath

solenoidal magnet

coaxial sheath

<latexit sha1_base64="Fg9nz/664SGEnxCqrSBxV468S0c="></latexit>

~B
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solenoidal magnet,

1 m3 volume, 4T field

coaxial pickup 

sheath

solenoidal magnet

coaxial sheath

<latexit sha1_base64="Fg9nz/664SGEnxCqrSBxV468S0c="></latexit>

~B
<latexit sha1_base64="k6SvCxS0gPpZQGtRhWNKd3oCJGg="></latexit>

~Jeff
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solenoidal magnet,

1 m3 volume, 4T field

coaxial pickup 

sheath

solenoidal magnet

coaxial sheath

<latexit sha1_base64="k6SvCxS0gPpZQGtRhWNKd3oCJGg="></latexit>

~Jeff

<latexit sha1_base64="jH81FmLn0rZK4sIMvBL/WQNscBs="></latexit>

~Ba
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solenoidal magnet,

1 m3 volume, 4T field

coaxial pickup 

sheath

solenoidal magnet

coaxial sheath

<latexit sha1_base64="jH81FmLn0rZK4sIMvBL/WQNscBs="></latexit>

~Ba

<latexit sha1_base64="HI/Q5SPPm4Z9rQ1Ia/IyyxuH5Vg="></latexit>

~Jpickup
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solenoidal magnet,

1 m3 volume, 4T field

coaxial pickup 

sheath
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peV neV µeV

ma [eV]
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Frequency

Brouwer, Salemi et al. Phys.Rev.D 2022

See also:

Benabou, Salemi et al. arxiv 2211.00008

Brouwer, Salemi et al. in prep



C. Salemi  103



C. Salemi  104
*ABRA-10cm ~ 0.9 L *1 m3 = 1000 L *10 m3 = 10,000 L
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*ABRA-10cm ~ 0.9 L *1 m3 = 1000 L *10 m3 = 10,000 L
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peV neV µeV

ma [eV]
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Brouwer, Salemi et al. accepted Phys.Rev.D 2022



C. Salemi  107

0.3 0.5 0.8 1 3 5 8ma [neV]

10°10

10°9

g
9
5
%

a
∞
∞

[G
eV

°
1
]

SHAFT

SSC

CAST

95% U.L. [This Work] 1/2æ Containment Run 1 [Ouellet et al., PRL 2019]

2.99790 2.99794 2.99798
ma [neV]

2 £ 10°11

5 £ 10°11

2 £ 10°10
10°1 100Frequency [MHz]



J. Foster J. Ouellet N. Rodd

R. Henning Y. Kahn B. Safdi L. Winslow

R. NguyenA. Gavin K. Pappas

C. Salemi

J. Fry

I. Vital

Undergraduate 

researchers

Principle 

investigators

Postdocs and 

research scientists

Graduate 

students

A. Colon Cesani



C. Bartram, H.M. Cho, W. Craddock, D. Li, W. J. Wisniewski

SLAC National Accelerator Laboratory

J. Corbin, C. S. Dawson, P. W. Graham, K. D. Irwin, F. Kadribasic, S. Kuenstner, N. 

M. Rapidis, C. P. Salemi, M. Simanovskaia, J. Singh, E. C. van Assendelft, K. Wells
Department of Physics,
Stanford University

A. Droster, A. Keller, A. F. Leder, K. van Bibber 

Department of Nuclear Engineering,
University of California Berkeley

S. Chaudhuri, R. Kolevatov
Department of Physics,
Princeton University

L. Brouwer
Accelerator Technology and Applied Physics Division,
Lawrence Berkeley National Lab

B. A. Young

Department of Physics,
Santa Clara University

J. W. Foster, J. T. Fry, J. L. Ouellet, 

K. M. W. Pappas, L. Winslow
Laboratory for Nuclear Science,
Massachusetts Institute of Technology

R. Henning

Department of Physics,
University of North Carolina Chapel Hill;
Triangle Universities Nuclear Laboratory

Y. Kahn

Department of Physics,
University of Illinois at Urbana-Champaign

A. Phipps
California State University, East Bay

B. R. Safdi
Department of Physics
University of California Berkeley



C. Salemi  110

Thank you!


