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Motivation

Standard Model of Particle Physics successful but . ..
@ Fails to explain matter-antimatter asymmetry in the universe

@ Why is CP-violation in the strong sector not present (although allowed)?
@ What does Dark Matter consists of?
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Outline

@ Introduction:
Axions and Axion-like particles

@ Experimental Method:
How to search for axions/ALPs in storage rings

@ Experiment:
Analysis & Results

@ Next steps
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Axion/Axion Like Particle (ALPs) |
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Axions/Axion Like Particles (ALPs)

hypothetical pseudoscalar elementary particle postulated by
Peccei,Quinn,Wilczek,Weinberg to resolve the strong CP problem

axion are also Dark Matter candidates

axion like particles (ALP): similar properties as axions, (but ALPs don’t solve
the strong QCD problem)

huge experimental effort to search for axion/ALPs (haloscopes, helioscopes,
light shining through the wall, mainly coupling to photons)

in storage rings with polarized beams axion-gluon/nucleon coupling can be
studied
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Axion Coupling
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Electric Dipole Moment (EDM) axion wind term

For low axion masses, if axions saturate dark matter they can be described by
: . . 1
classical field: a(t) = ag cos(wat + ¢a) , mac® = hw,, Coupling £ mj
a
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studied by many
experiments

Axion Coupling
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Electric Dipole Moment (EDM) axion wind term

accessible in storage ring experiments
with spin polarized beams
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Experimental Method
How to search for axions/ALPs in storage
rngs



Principle of Experiment

Observe polarization vector P in storage ring J
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Spin Motion in Storage Ring

with respect to momentum vector in magnetic field

ds
o = (Qvipm ) xS
q L qhgz q
Onvipm = fGB : _QZmS 1+G)—=S
ﬁ S spin

g B magnetic field
G magnetic anomaly
g g-factor
1 magnetic moment
g, m mass, charge
B =v/c

[2, 3, 4]
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Spin Motion in Storage Ring

with respect to momentum vector in magnetic field

ds
o = (Omom + Gepm + Dwing) X S J
Guipm = —3 GB
vertical
— 1 — — -
QEDM:_S_d05XB B
S 1 CN 2 radial
med Sh 2f (77,80 ( )) /8

|Ovom| > [Qepml, | Qwindl

EDM d = dbc + 9aa~ a0 cos(wat + o) (EDM)

[2, 3, 4]
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Properties of Method

@ AC measurement (i.e. systematics are under control)
@ axion wind effect enhanced in storage rings (Vparticle ~ C)

. 1Cy y
Qwind = _ﬁ 277-6 (haoa(t)) B

@ One can look for ALPs at a given mass given by Qypwm Or scan a certain mass
range by varying Qmpm
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Experiment:
Analysis & Results




COoler SYnchrotron COSY

@ pol. deuteron beam
p ~ 970MeV/c

@ polarization P ~ 0.40

@ ~ 10° stored particles per
300s cycle

] QMDM ~ 27 - 120kHz

e JEDI (Julich Electric
Dipole moment
Investigations)
coIIaboratlon o
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Left-Right Asymmetry Az oc Py Scan

> 1P|, Qvpm, Ma

0.05¢ 1 @ axion signal o
0.04f 1 accumulation of vertical
0.035 poalrisation « left-right
- counting rate asymmetry
<50'02 @ Axion signal would show
0.01 - up as jump in asymmetry
0 ] at the corresponding
- E frequency wg o< my
-0.01F ]
—0.0Zf f

120 140 160 180 200 220 240
time [g]

15/34



Left-Right Asymmetry Az oc Py Scan
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Results on Oscillating EDM djc, 90% Cl
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published in PRX: [5]
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Axion Coupling to EDM operator gaq- (Axion/%luon Coupling))
AC

Q@ Qagy = @

104 102 100 wzfAC [11{0/‘] 106 108 1010 1012 ao — 055 GeV/Cm3
(Dark Matter is saturated
JEDIHG.] by ALPs)
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— e SN1987A
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Axion Wind Effect: Coupling to Nucleons Cy/f;
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Next steps?




How to Explore a Wider Mass Range m,

Up to now experiment was performed in a very narrow frequency range. How to
access wider mass range?

Qvom = 7GQrev )

@ modify beam energy (changes v, Qrev)
© use different nuclei (changes G)
© Use additional electric field

- _ . q B _ 1 BXE
QMDM— m [GB <G 72_1> p

allows to reduce Qmpm down to 0
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Summary & Outlook



Summary & Outlook

@ Axion/ALPs well motivated candidates for cold dark matter

@ First storage ring experiment at COSY performed by JEDI collaboration to
search for ALPs

@ A new method to search for axion/ALPs using polarized hadrons beams was
established

@ In an engineering run (few days of data taking) limits reached which are
comparable to other experiments

@ POF IV milestone CML-12 (promised for 2024!)

Posters, related to EDM/axion searches:

Achim Andres, Max Vitz, Daoning Gu, Saad Siddique |
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Principle of Experiment
@ store polarized hadrons
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Principle of Experiment
@ store polarized hadrons

@ flip polarization into horizontal
plane,
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Principle of Experiment
@ store polarized hadrons

@ flip polarization into horizontal
plane,

@ maintain precession in horizontal
plane for ~ 100s
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Principle of Experiment
@ store polarized hadrons
@ flip polarization into horizontal
plane,

@ maintain precession in horizontal
plane for ~ 100s

) e if mac® = s~ Qnoadlis

polarization will turn out of the

horizontal plane, resulting in a

~ vertical polarization component, if

~~ the relative phase of axion field
and a spin precession match.
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Principle of Experiment
@ store polarized hadrons
@ flip polarization into horizontal
plane,

@ maintain precession in horizontal
plane for ~ 100s

@ if Mac® = fiwa = Quvomh,
polarization will turn out of the
horizontal plane, resulting in a
vertical polarization component, if
the relative phase of axion field
and a spin precession match.

@ Vertical polarization can be
measured using a carbon target
and a polarimeter.

Left-right asymmetry A,z is
proportional to vertical polarization
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Typical Asymmetry Measurement
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Fit: f(®m) = Cy cos(Pm) + Cosin(Ppm)
A=./C2+C2
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Artificial Signal Using RF Wien Filter
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Projections
¥ proto type ring (single frequency)

proto type ring IMHz window

[ ] prototype ring 1mbiz window (frozen spin)
COS¥ proton (single frequency)

COSY proton

* COSY deuteron (single frequency)

Estimate for one year
(107 seconds) running
time [?] for COSY and a
prototype storage ring
for EDM measurements

Axion Searches at Storage Rings
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