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Axion / axion -like particle (ALPs) U

What Is the nature of

Why Is strong
dark matter?

Interaction CP
Invariant ?

dLight, small interaction
and stable at a large time
scale

@Axions good candidates.

@Dynamic CP violating
term

Pseudoscalar axion
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AXxions Axion like particles

Solves strong CP Does not solve strong
problem CP problem

Sifict cor’relatlon“ No strict correlation
between a and Q
DM candidate DM candidate

O mass "Q decay constant
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Axion / axion -like particle (ALPs)
Act as classical axion field 6(0) @ Al(@uo ~ 1)

Zl ALP oscillation frequency aconnected to axion mass 9| a4
%o Local phase of ALP field aunknown and changes with every new measurement

Oscillating coupling to spin of nucleons or nuclei:

@- Osclllating electric dipole moment P.W. Graham et al., PRD 84, 055013 (2011)
@A- 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 Oand § is given by Thomas-
BMT equation.

Qﬂ’ .

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

http://collaborations.fzjuelich.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= particles per fill

High polarization|f= .

Long spin conference timé$ 1000 s

Efficient polarimetry with=«~ . and detection efficiencl~ :

A proof -of-principle experiment to search for ALPs.
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Cooler Synchrotron COSY
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Polarimeter o e

0° 90° 45° -45° Range Hodoscope:
o - 3 x 24 Elements (10 cm)
Use forward angle elastic 7 // 2 x 24 Elements (15 cm)
WASA forward detector P Pizza Shaped

scattering on carbon

target. Beam

White noise beam

> z-direction

extraction. i —————
/ ||'|\ Mh_ﬁ_\

- 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

Detecton

Spin - orbit interaction gives the asymmetry in events.

Left-right asymmetry

! —— 00 > ALP signal
1. Initial contact ' Up - down asymmetry
2.Subsequent entry and scattering . _
. ! —— VO > Check horizontal pol.
Detector-beam view.

Requires unfolding to find the in -plane polarisation.
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Long Spin Coherence Time

SWATHI KARANTH

Complexity

@ Beam emittance

@ Momentum spread
@ Beam chromaticity
@ Orbit deviation

Optimisation

@ Beam bunching
@ Cooling
@ Careful sextupole

correction Long SCT
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What next?

Storage
ring
Polarised
beam
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Polarimeter
Long spin
coherence
time
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Search for
axions

But we do
not know
mass of
axion.
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Ly A mm—— = 120860
_ P'u'l Phase = 0 rad .
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In determining the jump. 5 10 15 20 75

Time [s]

@Scan the frequency for resonance

nknown fr n : : : isati
Unkno equency | @Signal: Jump in vertical polarisation

@Use beams with perpendicular polarisation.

Unknown phase %o
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@Different bunches have different jump value.
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Unknown phase and 4 bunches

_| | | | | T | | | | T | | | | | | | | | | | | | 1
Simultaneous searches with
perpendicular beam polarization
using 4 bunches.
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Scan management

R |,
ramp rate wo
P TP C ([

Vary the spintune frequency
In search of resonance.

Measure polarization as a
function of time.

About 100 scans
Frequency Range
ppwwakp ¢ p (L
Totalwidth p o ¢ U
ALP mass range
m @l A6m nmig A6
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