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Principle of storage ring Axion/ALP search

Qupm = ®, Horizontally polarised
deuteron beam.

~l

Polarimeter

Frequency scan -
search for ‘QMDM = Wgq

- (#
resonance.
Change in vertical
y polarization.

w, = mgyc?/h axion induced frequency to spin of nuclei.
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Bound on oscillating EDM of deuteron
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Karanth et al, arXiv:2208.07293[hep ex] 0 -

SWATHI KARANTH AXION SEARCHES - MU DAYS 2022

fAC [kHZ]

120.0 120.2 120.4 120.6 120.8 121.0 121.2 121.4

3


https://arxiv.org/abs/2208.07293

Bound on ALP-EDM coupling

Coupling of ALP to deuteron EDM "

|Gaay| < 1.7 X 1077GeV 2

Only few days of data taking.

Karanth et al, arXiv:2208.07293[hep ex]

Figure courtesy of C. O'Hare, “cajohare/axionlimits:

Axionlimits,” (2020), URL
https://doi.org/10.5281/zen0d0.3932430
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Extra Slides




Axion / axion-like particle (ALPs)

Act as classical axion field a(t) = ay cos(w,t + ¢,)

e w, ALP oscillation frequency - connected to axion mass Aw, = m,c*

e ¢, Local phase of ALP field - unknown and changes with every new measurement

Oscillating coupling to spin of nucleons or nuclei:

* - Oscillating electric dipole moment . i ool PR 84, 055013 (2011)

e - Axion wind effect P.W. Graham et al., PRD 88, 035023 (2013)

Time development of the spin direction of a beam of polarized charged

particles in a storage ring. Precisely measured
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Scan management

Vary the spintune frequency
in search of resonance.

Measure polarization as a
function of time.

About 100 scans

Frequency Range
119997 Hz — 121457 Hz

Total width =~ 1500 Hz

ALP mass range
0.496 neV — 0.502 neV

ramp rate = {0.01;4 Hz/s

A
frev [hz] —
i — ;
RF time [s]
Solenoid -
; —>
- 30s
- 135 < fconstant
30s frequency ramp requency
constant
frequency
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Axion scan - example

Data from a single bunch with
a step function fit.

AA;gr = —0.00105(233)

Jump must be present in all
four bunches to be considered
as a signal
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ALP-gluon and ALP-nucleon coupling
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Figures courtesy of C. O'Hare, “cajohare/axionlimits: Axionlimits,” (2020), URL https://doi.org/10.5281/zenod0.3932430
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Polarimeter

Detector

Spin - orbit interaction gives the asymmetry in events.

Left-right asymmetry

_ Np—-Np _ .
AR = NoiNe P,A, > ALP signal
1. Initial contact ' Up - down asymmetry
2.Subsequent entry and scattering Ni—N
Ayp=—2—2=pPA > Check horizontal pol.
Detector-beam view UD ™ Ny+Np Xy P

Requires unfolding to find the in-plane polarisation.
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Spin dynamics in a storage ring

Spin precession in a storage ring with E and B is given by Thomas-
BMT equation.

Fukuyama et al, Int. J. Mod. Phys A28 (2003)

s L . )
E = (QMDM — Qpey + {gpm + 'Qwind) X S
~ 1\ > , .
‘Q‘MDM — —i<G + _) B G: magnetlc anomaly
m 14 d(t): Electric Dipole Moment
— 1 > d(t) = dpc + dacagcos(wyt + ¢,
QEDM=—§al(t)c,B><B (t) = dpc + dacaocos( ba)

Cy: Coupling constant

Qwind = Sh Zfa (haoa(t))ﬁ doa(t) = wgapsin(wg t + ¢Pg)
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