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ﬁ Axions and the Strong CP problem (Afik‘X)

Standard model symmetry group is SU(3) x SU(2) x U(1)
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Evidence for CP conservation in the SU(3) strong interactions
from multiple measurements of neutron and nuclear electric
dipole moments. For example, neutron EDM < 1026 e-cm.
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Even simple dimensional arguments @
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show that this is unexpected. Why do =
the SU(3) QCD interactions conserve 107" em

CP when SU(2) QED interactions do % 2 »
‘T

not”? This is the strong CP problem.
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@S=S The Peccei Quinn Mechanism
and Axions
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ﬁ QCD Axion Phenomenology %

The axion is a pseudoscalar; has the
same guantum numbers as the T
and the same Interactions, but with

coupling strengths scaled with the axion mass

Energy scale where axion produced is feq

fro ~ 10'° GeV (3,ue\/>
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Sikivie-Type Resonant detectors
for halo axions

Primakoff Conversion

TN - The conversion is resonant, i.e. the frequency

must equal the mass + K. E.

is the critical factor
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ADMX experiment
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@SxS | atest results from %

ADMX
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Quantum electronics of todays %
most sensitive axion detector
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ﬁ How can a UK experiment %

improve on the state of the art?

- Combination of a large magnet volume ‘high-ish’
field AND a 10mK base temperature target.

* New low noise microwave amplifiers, bolometers,
and Qubit devices for unparalleled low noise. Start
in a well-motivated mass range, 25-41 micro-eV.

 Theoretical work to understand detector modelled
as an integrated quantum measurement system

* Develop novel resonant structures to simplify the
apparatus, speed up the search, widen mass range.
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Research Programme

- Acquire the world’s largest B>V magnet for hldden sector searches. ’
- Hidden sector theory/phenomenology. N » |

* Form collaboration with ADMX
4+Science results in years 1-3.

4+Benefit from considerable expertise in ADMX.
+Immediate profile in the field for our collaboration.
4+Training pathway and early data for Ph.D. students.

- Develop four varieties of quantum electronics
+SLUG loaded SQUID amplifiers.

(. ~ |tesla

4+Travelling wave parametric amplifiers. Bl m >
4+ Bolometers. Example fndge Example magnet: Tesla
4 ] Bluefors/Oxford Insts Engineering - a UK company.
QuBlITs Dry dilution refrigerator 9.4 T x830mm bore. Dry
. Quantum systems theory_ T< 5mK, Power > 400uW Cryogenics.

4+Research into quantum systems composed of individual quantum devices.

- Commission high-field low-temperature facility at Daresbury Laboratory

+Established national facility with the ——
right infrastructure for our needs.
4+ Appropriate lab already reserved.

- Generate science results from
our receiver in ADMX.

* First science data from UK target.
- Exploit major investments by
funding agencies in R&D on
quantum devices.
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e Quantum Electronics %

QSHS groups are world leading in quantum electronics and
guantum systems design critical to searches for axions and ALPS

Josephson, Travelling Wave Parametric Amplifiers, Bolometric
O detectors, and Qubits

Oxford QuBits and SIS mixer

Cambridge Lancaster - device - xetlsLee | Tan

(Withington  physics, low noise
quantum electronics &,

NPL- Hao, Lewis, Gallup
Squids, high field facilities
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8258  Resonant Feedback (»x)

¢ |[dea to replace cavity natural resonance with a feedback
circuit. 100 parallel axion searches

e Resonant frequency decoupled from detector geometry, so
a wider range of masses can be
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Attenuat Resonant feedback paper:

OI‘:
Nucl.Instrum.Meth.A 921 (2019) 50-56
Cited by recent preprint from Guido Muller

on using the same concept for ALPS2:
15 https://arxiv.org/abs/2010.13204




8258  Resonant Feedback (»x)

¢ |[dea to replace cavity natural resonance with a feedback
circuit. 100 parallel axion searches

e Resonant frequency decoupled from detector geometry, so

a wider range of masses can be

Cold: Cold!
< - >

i—i(d
r%?

%% —| H(s)

- Resonant filter

A

Attenuator

frequency (GHz)

Resonant feedback paper:
Nucl.Instrum.Meth.A 921 (2019) 50-56

® AII-cryogenic version! Cited by recent preprint from Guido Muller

on using the same concept for ALPS2:
15 https://arxiv.org/abs/2010.13204
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2258 ~ Summary ()

* Bleeding edge quantum electronics is becoming crucial
for some non-accelerator particle physics experiments.
- Activity in the UK through the new ‘Quantum Sensors for
the Hidden Sector’ initiative (gshs.shef.ac.uk)

- Aim at a UK based axion / axion-like particle facility
including a 1Tm bore magnet with a 10mK insert.
Collaboration of Sheffield, Lancaster, Cambridge, RHUL,
Oxford, UCL, NPL, Liverpool

* Collaboration with ADMX

- UK emphasis will be on an integrated, quantum systems
approach to the design of cryogenic electronics.
 Realising this future is all about the technology.
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