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Axion / axion - like particle (ALPs)

Why is strong 
interaction CP 
invariant?

ØDynamic CP violating 
term

ØPseudoscalar axion
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What is the nature of  
dark matter?

ØLight, small interaction 
and stable at a large time
scale

ØAxions good candidates.



S W A T H I  K A R A N T H S E A R C H  F O R  A X I O N S  - P I C 2 0 2 2 3

Axions

Solves strong CP 
problem

Strict correlation 
between ά and Ὢ

DM candidate

Axion like particles

Does not solve strong 
CP problem

No strict correlation

DM candidate

ά mass Ὢdecay constant



Axion / axion - like particle (ALPs)
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Act as classical axion field ὥὸ ὥÃÏÓⱷ╪ὸ ╪ꜚ

Ɇ‫ ALP oscillation frequency åconnected to axion mass ᴐ‫ ά ὧ

Ɇ‰ Local phase of ALP field åunknown and changes with every new measurement

Oscillating coupling to spin of nucleons or nuclei:

Ø- Oscillating electric dipole moment

Ø- Axion wind effect 

Time development of the spin direction of a beam of polarized charged 
particles in a storage ring. Precisely measured

P. W. Graham  et al., PRD 84, 055013 (2011)

P. W. Graham  et al., PRD 88, 035023 (2013)



Spin precession in a storage ring with Ὁand ὄis given by Thomas-

BMT equation.
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Spin dynamics in a storage ring 

Ὃ: magnetic anomaly

Ὠὸ: Electric Dipole Moment

Ὠὸ Ὠ Ὠ ὥÃÏÓ‫ὸ ‰

ὅ : Coupling constant

‬ὥὸ ‫ὥÓÉÎ‫ ὸ ‰

S W A T H I  K A R A N T H S E A R C H  F O R  A X I O N S  - P I C 2 0 2 2 5

Fukuyama et al, Int. J. Mod. Phys A28 (2003)
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Spin dynamics in a storage ring 
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JEDI Collaboration

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

Germany.

Å Work on prerequisites for EDM search using storage rings.

ÅBeam intensity at least Ἒ= particles per fill

ÅHigh polarization  ╟= .

ÅLong spin conference times Ⱳ~1000 s

ÅEfficient polarimetry with ═◐~ . and detection efficiency █~ .

Å A proof -of-principle experiment to search for ALPs.
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http://collaborations.fz-juelich.de/ikp/jedi/



Cooler Synchrotron COSY
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Å Circumference184 m

Å Accelerate and store polarized /unpolarized 

deuterons and protons.

Å ὴ πȢσ σȢχ'Å6ȾÃ

Å WASA forward detector as the polarimeter

Å Selected working conditions

Ç Polarised deuteron beam

Ç ὴ πȢωχ'Å6ȾÃ, Ὕ ςσψ-Å6

RF Solenoid 



Polarimeter
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WASA forward detector
Å Use forward angle elastic 

scattering on carbon 

target.

Å White noise beam 

extraction.



Spin - orbit interaction gives the asymmetry in events.

Left-right asymmetry

! ὖὃ ALP signal

Up - down asymmetry

! ὖὃ Check horizontal pol.

Requires unfolding to find the in -plane polarisation.

Polarimeter
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1
2

1. Initial contact
2.Subsequent entry and scattering

Detector

Up

Down

Left Right

Detector -beam view



Complexity

ØBeam emittance 

ØMomentum spread

ØBeam chromaticity

ØOrbit deviation

Optimisation

ØBeam bunching 

ØCooling

ØCareful sextupole 
correction

Long Spin Coherence Time
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What next?

Storage 
ring

Polarised 
beam

Polarimeter

Long spin 
coherence 

time

Search for 
axions
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But we do 
not know  
mass of 
axion.



Model calculations

Å Ramp frequency in search of 

resonance

Å Describe the polarization 

jump at resonance crossing.

Å Phase plays an important role 

in determining the jump.
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ØScan the frequency for resonance

ØSignal: Jump in vertical polarisation
Unknown frequency ‫

ØUse beams with perpendicular polarisation.

ØDifferent bunches have different jump value.
Unknown phase ‰



Unknown phase and 4 bunches
Simultaneous searches with 

perpendicular beam polarization 

using 4 bunches.
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A top -down view of the 
ring åfixed point in time

At the detector åfixed point in the ring

Ὁin the 
particle frame



Scan management

ÅVary the spintune frequency 

in search of resonance.

ÅMeasure polarization as a 

function of time.

ÅAbout 100 scans 

Å Frequency Range  

ρρωωωχ(Ú ρςρτυχ(Ú

Total width ρυππ(Ú

Å ALP mass range   

πȢτωφÎÅ6πȢυπςÎÅ6
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