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DARK MATTER

“There are a lot of things we understand about the universe, but the fun is in all the things we do not.”

The evidence of existence of dark matter is based on astronomical observations of its gravitational interactions.

* Velocity discrepancy in galaxy clusters (1933 - Zwicky)

* Galaxy rotation curves (1970s - Rubin and Ford)
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QUANTUM SENSING - LIGHT DARK MATTER SEARCHES
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QUANTUM SENSING - LIGHT DARK MATTER SEARCHES

DARK PHOTON

Some anomalies in astrophysics could be explained through
the interactions between the dark matter and dark photons.

* Introducing a new gauge U(1) symmetry in the SM;
* Kinetic mixing with the electromagnetic field.

1 Ty ! 1 T p! uwrEM
Lo —=FWEL +-myA*A, + ceAHJE

4 2
Hidden Microwave
Photon Photon .
€ AVAVARREE S

WP8: Application for Quantum Sensing and Machine Learning

107
10—10
10—11
10—12

[O)
10713

1071
10—15
10—16

Frequency [GHz]
1071 10° 10!

DOSUE

Cosmology

Xvno
@varigesio

WISPDMX

CAST-CAPP
XVINAVIN

LOFAR
(Sun)

APEX
1e20PIS-XINAV FATHALTV 10

TASEH *EPIS-XINAY
XVdns

HAYSTAC-2

XVIA-ddV.

A4S Suilpg + SWOS
CAPP-7
CAPP-8

Dark E-field

HAYSTAC-1
avnos NVOUO
ORPHEUS

ppm = 0.45 GeV cm 3

10~4

1 T 11 L |
10—° 10~°
m v [eV]

10.5281/zen0do0.3932430



https://doi.org/10.5281/zenodo.3932430

DM DETECTION USING QUBITS: DIRECT EXCITATION

Assumption: the DM candidate generates a weak coherent effective electromagnetic field.

If the field is resonant with the qubit |g) — |e) transition it can trigger the qubit to be in an excited state.

Qubit state  [1h()) = Py()lg) + e "“atyp,(t)]e)
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DM DETECTION USING QUBITS: QND MEASUREMENTS
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EXTENDING THE QND DETECTION SCHEME

Increasing the number of qubits (N) in a photon counter device
provides several advantages:
1. Reduction of readout errors

N
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2. Improved detection efficiency; oo (i)

3. More effective quantum non-demolition (QND) measurement;
4. Reduced scan time in experimental searches.

-5 0 5
(w—w)/2m (MHz)

5 10

N =2 Keq <2(x1+ X2)

1.00 ‘ ‘
0.99F \
~ 0.8,

)
o
{=]
3]

=1
Ne)
=

o » Total phase shift¢ = 2n

Magnitude (a.
o o
© ©
R

I
©
=

I
©
&

3F
f | )
1+

|
—
o

(w—we)/2m (MHz)

10.3390/app14041478

WP8: Application for Quantum Sensing and Machine Learning

-5 0 5

-5 0 5 10

(w—we)/2m (MHz)



https://doi.org/10.3390/app14041478

SIMULATIONS OF MULTI-QUBIT CHIP DEVICE

Using an input-output theory we can model:
* Theinteraction between an input field and the cavity
* Theinteraction between the cavity and the qubits
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From the model, itis possible to evaluate the conditional probability
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SIMULATIONS OF MULTI-QUBIT CHIP DEVICE -2 QUBITS

N=2 . .
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SIMULATIONS OF MULTI-QUBIT CHIP DEVICE -2 QUBITS
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SIMULATIONS OF MULTI-QUBIT CHIP DEVICE -4 QUBITS
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PHASE DISTRIBUTION

Simplest case: single qubit in the absence of excitation, relaxation, and decoherence phenomena.
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Extending to a system of independent N qubits without entanglement, in which the total phase is equally distributed ¢; = ¢ /N

N
PO = () P(g)*P(le)V ™

k

k is the number of qubits in the |g) in a system of N qubits.
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LOW-ENTANGLEMENT (?)

Negativity for a single qubit in a system of N qubits
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Negativity
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CONCEPTUAL PLANAR CHIP DESIGN

LINES COMPONENTS
UNIMIB
[ Input line [ Storage resonator ]
[ Charge line [ Floating transmon qubit ]
WUUU' ",
[ Readout line ryoee. [ Readout resonator ]
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PRELIMINARY CONCLUSIONS

« The N = 2 qubit model works correctly and does not introduce any entanglement effects;
* For N = 3 qubits, some low entanglement begins to emerge which:
* Requires a more refined theoretical model for a complete description of the system's dynamics;
* Suggests considering the use of entangled initial states, such as GHZ states, with a proper detection protocol;

19)S" + |e)®N
V2

* Further analysis is needed for cases with different y values, particularly when dealing with non-uniform phase distributions.

NEXT-STEPS

In progress  Refine the theoretical model through the input-output theory;

|GHZ) =

Done Design of 3D version with 2 qubits;
Planning  Design of 2D version with 2 qubits;
Not started Fabrication of the devices;
Not started Characterization of the devices;

Not started Axion and dark photon measurement campaigns.
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