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Axion / axion-like particle (ALPs) U

Why is strong What is the nature of

iInteraction CP dark matter?

Invariant?

* | ight, small interaction
and stable at a large time
scale

e Axions good candidates.

e Dynamic CP violating
term

e Pseudoscalar axion
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Axions Axion like particles

Solves strong CP Does not solve strong
problem CP problem

Strict correlation

between m, and £, No strict correlation

DM candidate DM candidate

m, mMass f, decay constant
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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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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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JEDI Collaboration

http://collaborations.fz-juelich.de/ikp/jedi/

Search for Electric Dipole Moments of charged particles at COSY Juelich,
Germany.

Work on prerequisites for EDM search using storage rings.
Beam intensity at least N=4 x 10'’particles per fill

High polarization P=0.8

Long spin conference times 7~1000 s

Efficient polarimetry with Ay~0.6 and detection efficiency f~0.005

A proof-of-principle experiment to search for ALPs.
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Cooler Synchrotron COSY
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[ ]
Straw Tubes:
Polarimeter i
0°, 90°, 45°, -45° Range Hodoscope:
3 x 24 Elements (10 cm)

Use forward angle elastic ] //2"24 Elements (15 cm)

: WASA forward detector P Pizza Shaped
Scatterlng on carbon

target.

Beam

White noise beam

> z-direction

extraction. : ———

- Carbon Target \
- Angular Coverage:
= 0:2°-17°
Window Counter: ®: 0° - 360°
2 x 24 Elements Trigger Hodoscope:

Pizza Shaped 1 x 48 Elements (5 mm)
Pizza Shaped
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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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Long Spin Coherence Time

Vs =yYG = —0.16 fspin = 121kHz Comp|eX|ty

Beam emittance

'W]lw

Momentum spread
Beam chromaticity
Orbit deviation

Optimisation

e Beam bunching
e Cooling

e Careful sextupole

correction Long SCT
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What next?

Storage
ring

SWATHI KARANTH

Polarised
beam

Polarimeter

Long spin
coherence
time
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Search for
axions

But we do
not know
mass of
axion.
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Model calcula'rlons

*  Ramp frequency in search of
resonance

*  Describe the polarization
Jjump at resonance crossing.

* Phase plays an important role
in determining the jump.

Unknown frequency w,

Unknown phase ¢,
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e Scan the frequency for resonance
e Signal: Jump in vertical polarisation

e Use beams with perpendicular polarisation.
e Different bunches have different jump value.
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Unknown phase and 4

Simultaneous searches with

perpendicular beam polarization
using 4 bunches.
B1 =
S e
o |3
<
=
-l
E in the
particle frame B2 ;
BO
Spin
A
A top-down view of the B3
ring - fixed point in time
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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 [h2] =
n S —— >
RE time [s]
Solenoid _
; —>
- 30s
- 135 < fconstant
30s frequency ramp requency
constant
frequency
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RF Wien filter test

Set WF with radial magnetic
field.

Produces driven oscillations.

Revolution/turn € = f"SC.

rev

e
w
[T 1T

Asymmetry
o
)

[T T T T T TTT
e

P

—_—
J——

—IIII|III'I—‘_;F—lII

¥2 / ndf 228.318 /192
Amplitude —-0.121562 + 0.004288
Damp. coeff. 0.00537935 + 0.00044062
Frequency 0.110897 + 0.000062
Phase -0.592528 + 0.033356

Asym offset 0.0146625 + 0.0011714

RN

260 280
Time [s]

220 240
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Wien filter test and anaIyS|s of da'ral -

016 H — Wlen Fllter ALR

- toen, = 121 s
0.14 |-

A test of methodology. 0.12;— w=247s L.
- (] SR . ——
Scans to cross a fixed fiyr.
2 0.08 e
The size of the jump is as 50_06;5
expected based on the 0.04 [F g
calibration/driven oscillation €. o.02 kb B tebE-LlAf
A check for the calibration 5
used to CalCUlate the dAC from _0-024_— 11 | 1 1 1 11 1 | 1 1 | 1 1 11 1 11 | | L | 1 1 —
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data. time [s]

Experimental data from WF
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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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Jumps from aIIII bypl

00 o

ches at a single time bin.

0.06

. QIJ'* ARt i L ,ﬁooz-HMAMEMAw~EMMAEMM~€w~~£~~w§
Axion scan gL L !I“ﬁ\v

The amplitude A is calculated from the sinusoidal <00t

fit.

AN RN Ry AN AN LA NN PR AN AARRE!

f(Pm) = Cisingy, + Cycos¢y,
A= Ct+C2

¢, - angle between E and S 0.06 it

O —
(N

Feldman Cousins method - use of probability 0.5

density function 0.04ErH
0.03

Pl b il

Deal with the systematics .

Construct confidence intervals ootEL T et

Calculate true value A for an estimated A at 90% 0

confidence level. B s e L
—0.02
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Bound on oscillating EDM of deuteron

0.497 0.498

?0 % CL upper limit on the

ALPs induced oscillating
EDM

3
K
Average of individual points%’
|dAC| < 6.4 X 10_236 - CIn =

d

e

m, [neV/c?]

0.499 0.500 0.501 0.502

Ramp rate = 0.1Hz/s
. Ramp rate = 0.124 Hz/s

Karanth et al, arXiv:2208.07293[hep ex] 0 -
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fAC [kHZ]
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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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https://doi.org/10.5281/zenodo.3932430
https://arxiv.org/abs/2208.07293
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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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Summary

ALP induces an oscillating EDM (dac) and/or an axion wind effect,
allows searching for ALPs in a storage ring.

Polarized deuteron beam to search for resonance.

Frequency range 119997 Hz — 121457 Hz. Total width =~ 1500 Hz.
ALP mass range 0.496 neV — 0.502nev

Wien filter used as a test to observe a signal at resonance crossing.

Result from the search:
First upper limit on deuteron EDM |d,¢| < 6.4 X 107%%¢ - cm
First Bound on ALPs and deuteron EDM coupling |gady| < 1.7 X 1077GeV 2
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Extra Slides




Axion - gluon coupling

NEDM - through nuclear spin precession

in electric and magnetic field (Result
published)

Cosmic Axion Spin Precession
Experiment (CASPEr), an NMR-based
dark-matter search

Mass range
107%2eV<m, <107 %eV

Frequency
107° Hz < f < 10°Hz

Axion - photon coupling

Axion Dark Matter eXperiment

Haloscope At Yale Sensitive To Axion CDM
Cern Axion Solar Telescope

Etc.

Mass range m, = peV f = GHz
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Confidence interval

Feldman Cousins [ref] using the probability density
function PDF

Deal with the systematics

Construct confidence intervals

Modified to include the average of multiple cycles.
P=A/o
P denote the estimated value

P denote the true value

ForP <3.42i.e., < P > interval is

calculated at the expectation 68% (blue)and 90% (grey)

Va|ue P =313 confidence interval for
' analysis of 8 cycles.
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Projections

* proto type ring (single frequency)

- proto type ring 1 MHz window

proto type ring 1 kHz window

proto type ring 1 mHz window (frozen spin)

COSY proton (single frequency)

COSY proton

* COSY deuteron (single frequency)

COSY deuteron
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Future experiments — at COSY and other
rings

High beam intensity.
Large polarization and long spin coherence times.

Slower ramp speed. Depends on:
Coherence time of axion;

Resonance width;

Larger frequency overlap with adjacent scans.
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How to search ALPs in a storage ring?

—»\l _'\ A
v ——
L — 1 o
B B E

Axion Spin tune Accumulation of

oscillation = frequency => vertical
frequency (fac) (fspin) polarization
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