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Motivation I

= Up to now LSW experiments in the laboratory have mainly used optical
photons in the eV range.

= This limits the accessible maximal WISP-masses.

= Do keV photons offer totally new possibilities for experiments?

week ending

PRL 105, 250405 (2010) PHYSICAL REVIEW LETTERS 17 DECEMBER 2010

Photon Regeneration Experiment for Axion Search U

R. Battesti,'** M. Fouché,' C. Detlefs,” T. Roth,” P. Berceau,' F. Dug en,! and C. Rizzo'

opens a new domain of experimental investigation of photon propagation in magnetic fields.

> Could one do better (in principle)?
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Formulas (1)

> Conversion probability photon <> hidden photon:

p =y x Mue x sinz(qL/ )
=X Ezqz 2

% Kinetic mixing hidden photon <> photon.

E: photon energy

L = length

g =nXE — VEZ—myp? with refractive index n.
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Formulas (2)

> Conversion probability photon <» ALP:

EZ
= 0.25 X X 2% FZ2
P=025X o X (gLB)* X F

g: coupling ALP < 2 photons.

B: magnetic field strength.

L: magnetic field length.

E: photon energy.

g =nXxXE — VJE? —my? with refractive index n.

F: sin(0.5qL)/(0.5qL) x tan(®*?/ ,,) nPoleven,
cos(0.5qL)/(0.5qL) x tan(®*%/, .,) nPolodd.

* nPol: number of alternating dipoles (assuming equal distribution, no gaps).

> For more elaborated calculations see:
Phys. Rev. D 82, 115018 (2010), “Optimizing light-shining-through-a-wall experiments for
axion and other weakly interacting slim particle searches”,

Paola Arias, Joerg Jaeckel2, Javier Redondo, Andreas Ringwald. @
DESY |
Y

Axel Lindner | WISP Searches at SR Sources, 7"PATRAS Workshop | 30 June 2011| Page 8



Tools: Insertion Devices

> Electron or positron bunches circulate in a synchrotron.

> These bunches produce X-rays by wiggling around in a magnetic field:

~
~
~
~
~
~
~
~
~
~
~

http://en.wikipedia.org/wiki/Insertion device

> Characteristics:
= Short flashes of light (44 ps at PETRA llI).
= Large intervals between flashes (192 ns at PETRA 1lI).

= Different photon polarizations possible.
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Tools: Insertion Devices

= Wigglers:
Periode and strength of B-field not tuned to
radiation wavelength, corresponds to a
series of bending magnets.

= Broad wavelength spectrum.

= Power proportional to nPol (number of dipole magnets).

= Undulators:
Radiation produced by a particle bunch
interferes constructively with the motion
of other bunches.

= Small bandwidth..

= Power proportional to nPol?.
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Tools: Insertion Devices

Bending magnet

Wiggler

Undulator

Free-electron laser
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(Toy) Parameters of the Radiation

= Pulse length: 44 ps

= Interval: 192 ns

=~ Beam diameter: 1 cm? at 40 m behind the undulator

> Flux: 10'° photons per second (“a realizable dream”)

> Energy Spectrum:
x10"°

Spectrum tunable in principle

to any photon energy
(courtesy of W. Drube, DESY).
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log10(time[hours])

Detector Assumptions

See talks by T. Dafne and I. Irastorza

Micromegas

> Efficiency close to 100%.

> Background counts 10 per second.

= Trigger-able.

= Background reduces to about
107 counts per second with the
pulse structure given above.
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Time needed for a 56 detection
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amplification gap
10 kV/mm

http://cerncourier.com/cws/article/cern/41011

One could imagine to be
sensitive to signal rates above
10-° counts per second

(reconversion probability 10-2°).
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Search for Hidden Photons

= Set-up: two 20 m long vacuum tubes separated by a wall.

il gio-' i
N | m

-2 5
Iog(mleV)
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Search for Hidden Photons

= Set-up: two 20 m long vacuum tubes separated by a wall.
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Search for Hidden Photons

= Set-up: two 20 m long vacuum tubes separated by a wall.

0
= HP search with B
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> Probes astrophysics results in the laboratory.
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Search for Axion-like Particles

> Set-up: two CAST-like dipoles separated by a wall with
L=15m,B=10T
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Search for Axion-like Particles

> Set-up: two CAST-like dipoles separated by a wall with
L=15m,B=10T
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Search for Axion-like Particles

> Set-up: two CAST-like dipoles separated by a wall with
L=15m,B=10T
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J. Jaeckel and A. Ringwald, arXiv:1002.0329 [hep-ph].

Not competitive, but
probes some of the
astrophysics results
in the laboratory.

See also:

R. Rabadan, A. Ringwald,
K. Sigurdson,

Photon Regeneration from
Pseudoscalars at X-ray
Laser Facilities,
hep-ph/0511103, Phys.
Rev. Lett. 96 (2006)
110407.
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Search for Axion-like Particles

> Set-up: undulator magnet in generation and regeneration part,
L=25m,B =0.6T, nPol=781 (like SPring-8 undulator).
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Search for Axion-like Particles

> Set-up: undulator magnet in generation and regeneration part,
L=25m,B=0.6T, nPol=781 (like SPring-8 undulator).
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Search for Axion-like Particles

> Set-up: undulator magnet in generation and regeneration part,
L=25m,B=0.6T, nPol=781 (like SPring-8 undulator).
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Reminder: LSW with Chameleons

> See talk by P. Brax:
keV Chameleons could make it through a wall!

A new experiment

Intrinsic solar uncertainties could be overcome with lab experiment mimicking the sun:a
chameleon-through-wall experiment using a powerful X-ray source in a CAST pipe.
Chameleons would be created, go through a wall and then regenerate X-rays on the
other side.

Source Specfrum

Possibility to
probe

Dark Energy
in the
laboratory?
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New Indirect WISP Searches?

Rotation = g%:(B-w'm_?)?-sin?(m_2l/4®)

Ellipticity = g%/ (B-o'm_?)? - 72 [m_2/2® - sin?(m 21/2)]
f

Aq Ay
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New Indirect WISP Searches?

> Both effects are proportional to w?:
increase by a factor of 108 for 10 keV compared to optical light.

> New possibilities due to better polarization of SR radiation?

B. Marx et al., Optics Communications 284 (2011) 915-918

We report on the measurement of the highest purity of polarization of X-rays to date. The
measurements are performed by combining a brilliant undulator source with an X-ray
polarimeter. The polarimeter is composed of a polarizer and an analyzer, each based on
four reflections at channel-cut crystals with a Bragg angle very close to 45°. Experiments
were performed at three different X-ray energies, using different Bragg reflections:
Si(400) at 6457.0 eV, Si(444) at 11,183.8 eV, and Si(800) at 12,914.0 eV. At 6 keV a
polarization purity of 1.56x107° s achieved. This is an improvement by more than two
orders of magnitude as compared to previously reported values. The polarization purity
decreases slightly for shorter X-ray wavelengths. The sensitivity of the polarimeter is
discussed with respect to a proposed experiment that aims at the detection of the
birefringence of vacuum induced by super-strong laser fields.
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Summary

> Light-Shining-through-Walls with Synchrotron Radiation:

= Hidden photon: tests parameter regions probed by astrophysics only.
= ALP: only relatively small additional parameter region accessible.

= Chameleons: interesting, new approach to probe for Dark Energy in the laboratory.

= Polarization studies:

= New possibilities with advance in polarization purity for X-rays?

> Reminder: K. Baker’s talk on search for dark stuff at Jefferson Lab

> New ideas for new opportunities welcome!

= PETRA lll extensions at DESY under construction.

= Beamlines at the European XFEL & at FLASH Il under construction.
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