
SQUATs* for single THz photon sensing with BREAD
and other activities at SLAC

*Superconducting Quasiparticle-Amplifying Transmons



C. Salemi  2



C. Salemi  3



C. Salemi  4

C

L

C

Lj

*Properties determined by charging energy (Ec) 
and Josephson energy (Ej)



C. Salemi  5

C

L

C

Lj

*Properties determined by charging energy (Ec) 
and Josephson energy (Ej)



C. Salemi  6
Frequency (GHz)

S2
1 |even> |odd>



C. Salemi  7

(0) observe qubit resonance by 
injecting signals down a feedline 
that is coupled to the qubit

Frequency (GHz)

S2
1



C. Salemi  8

(1) photon from 
DM interaction

(0) observe qubit resonance by 
injecting signals down a feedline 
that is coupled to the qubit

Frequency (GHz)

S2
1



C. Salemi  9

(1) photon from 
DM interaction

(2) breaks Cooper 
pair in islands

(0) observe qubit resonance by 
injecting signals down a feedline 
that is coupled to the qubit

Frequency (GHz)

S2
1



C. Salemi  10

(1) photon from 
DM interaction

(2) breaks Cooper 
pair in islands

(3) QPs drift 
across island

(0) observe qubit resonance by 
injecting signals down a feedline 
that is coupled to the qubit

Frequency (GHz)

S2
1

*QP = quasiparticle



C. Salemi  11

(1) photon from 
DM interaction

(2) breaks Cooper 
pair in islands

(3) QPs drift 
across island

(4) and tunnel 
across junction

(0) observe qubit resonance by 
injecting signals down a feedline 
that is coupled to the qubit

Frequency (GHz)

S2
1

*QP = quasiparticle



C. Salemi  12

(1) photon from 
DM interaction

(2) breaks Cooper 
pair in islands

(3) QPs drift 
across island

(4) and tunnel 
across junction

(0) observe qubit resonance by 
injecting signals down a feedline 
that is coupled to the qubit

(5) resonance shifts as 
qubit parity swaps

Frequency (GHz)

S2
1

*QP = quasiparticle



C. Salemi  13

(1) photon from 
DM interaction

(2) breaks Cooper 
pair in islands

(3) QPs drift 
across island

(4) and tunnel 
across junction

(0) observe qubit resonance by 
injecting signals down a feedline 
that is coupled to the qubit

(5) resonance shifts as 
qubit parity swaps

Frequency (GHz)

S2
1

*QP = quasiparticle



C. Salemi  14



C. Salemi  15



C. Salemi  16

Spot resolution 
(resolve axion velocity)



C. Salemi  17

Spot resolution 
(resolve axion velocity)

Fewer sensor swapouts



C. Salemi  18

Spot resolution 
(resolve axion velocity)

Better sensitivity to gaγγ

Fewer sensor swapouts



C. Salemi  19

Spot resolution 
(resolve axion velocity)

Better sensitivity to gaγγ

Fewer sensor swapouts

arxiv: 2310.01345

https://arxiv.org/abs/2310.01345


C. Salemi  20



C. Salemi  21

Team @ SLAC:
• PIs:

• Noah Kurinsky
• Dave Schuster

• Postdoc:
• Chiara Salemi (device design, testing)

• Grad students:
• Jadyn Anczarski (fabrication)
• Aviv Simchony (housing design, testing)
• Zoe Smith (housing design, testing, fabrication)
• Taj Dyson (readout chain) 
• Hannah Magoon (rotation fall/winter 2023) 

(readout chain, testing)
• Post-bac:

• Noshin Tabassum (fabrication, testing)

+ Caleb Fink,
postdoc @ LANL
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Microscope 
photo of recently 

fabbed SQUAT 
(Anczarski)

HFSS simulation of qubit resonance 
used to tune device parameters 

(Salemi)

Simulated events in SQUAT for 
optimizing readout parameters 
(Kurinsky)
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Team @ SLAC:
• PI:

• Noah Kurinsky
• Postdoc:

• Chiara Salemi
• Grad student (rotation fall 2023):

• Dhruv Tandon
• SULI undergrad (summer 2023):

• Lionel Whitehead
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Motion of focal spot 
with changing axion 
velocity for λdeB~10d 

(Whitehead)

Estimated memory resources 
needed to simulate reflector 
geometry for THz regime 
(Whitehead)
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Team @ SLAC:
• PIs:

• Kelly Stifter
• Noah Kurinsky

• Postdoc:
• We are hiring!

• Post-bac:
• Noshin Tabassum
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from optical fiber

focusing 
optics

steerable 
MEMS mirror

stationary 
mirror

to device

Measurement of calibration 
spot.  Most recent spot size is 
61 um with pulse time of 10 us 
(Tabassum)

Updated MEMS housing for 
mating with qubit housing 
(Tabassum)

Focusing and steering optics 
(Stifter)



SLAC has a rich program of TeraBREAD-related efforts
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https://academicjobsonline.org/ajo/jobs/25538

https://academicjobsonline.org/ajo/jobs/25563
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https://academicjobsonline.org/ajo/jobs/25538
https://academicjobsonline.org/ajo/jobs/25563
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By tuning the trap and island size, we can 
increase the number of tunneling events 
that we see

There is a huge increase in tunneling 
events when using a trap near the 
junction.  The effect is especially important 
with large unit cell size (large qubit islands)


