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Outline

• Search for new physics at low energies

• Introducing ALPS

• Experimental considerations

• Outlook and summary
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New Physics at low Energies?
Basic idea:

• there might be unknown light particles
– QCD axion
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The QCD Axion
The axion was invented to clean the CP problem of QCD:
• QCD prediction for electric dipole moment of the neutron:

dn ≈ 5·10-16 θ
• Experiment: θ < 10-10

• Theory (1977):
Peccei-Quinn symmetry which predicts a new particle, 
the axion (christened by Frank Wilczek).

• Axion and cosmology:
Candidate for cold dark matter with m ≈ 10-5 eV
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New Physics at low Energies?
Basic idea:

• there might be unknown light particles
– QCD axion
– scalars or pseudoscalars related to 

Dark Matter  or Dark Energy
– predictions from string theory

• Search for effects in a very well known and 
calculable environment
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Examples related to QED

• Primakoff effect
– new neutral particles?

• virtual (or real) production of
– new charged particles?
may also involve external fields
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What to expect from QED

http://www.physik.fu-berlin.de/~kleinert/
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QED: Vacuum Magnetic Birefringence

Different coupling of polarization 
component parallel and perpendicular to the 
magnetic field
→ different indices of refraction /velocities

Linear 
polarization 

turns into 
elliptical 

polarization Talk by A. Ringwald
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QED: Vacuum Magnetic Birefringence

Very small effects:

Δn (┴ - ║) = 3.6·10-22 (9.5 T @ LHC dipole)

Ψ= 2·10-10 (250 km length, λ = 1550 nm)

(P. Pugnat, CERN)
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QED: Vacuum Magnetic Dichroism

different 
absorption of 

light polarized ║
and ┴ to the 

magnetic field
→ rotation Talk by A. Ringwald
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New Particles may interfere!
Rotation:

Ellipticity:
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The PVLAS Experiment

• Located at INFN Legnaro (Padua)

• Capability to measure 
rotation and ellipticity
with unprecedented precision

• If new particles exist:
measure induced effects, 
no direct detection
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The published PVLAS Result

Rotation measured:
in the magnetic field light is absorbed 
≈ 1028 · (QED expectation)
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BFRT Limits

Best limits so far from 
measurements of rotation, 
ellipticity and regeneration.
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PVLAS and BFRT

Compilation by A. Ringwald

BFRT: Cameron et al. 1993
PVLAS:Zavattini et al. 2005

-1
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PVLAS and BFRT

Compilation by A. Ringwald,
see also:
http://www.desy.de/~ringwald/

-1
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One Interpretation

• A new neutral particle is produced by 
interaction of light with the magnetic 
field (so that the interacting photons are 
lost).

• Properties of such a particle:
– scalar or pseudoscalar (“axion-like”)
– 1 meV < mass < 1.5 meV
– coupling strength 1/M with

2·105 GeV < M < 6·105 GeV

Independent confirmation of this interpretation badly needed!
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Limits from Astrophysics

General approach:
production of axions or axion-like particles would 
open up new energy loss channels.

hep-ph/0611350v1
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CAST at CERN
Looking for axions from the sun

Talk by M. Kuster, CERN SPSC (07.06.05)
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CAST at CERN
Looking for axions from the sun
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Limits from Astrophysics
hep-ph/0611350v1

A. Ringwald

More laboratory experiments!
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Detour: a low Energy Frontier?

• Neutrinos
– sub eV masses from mixing?

• Dark Energy
– could be explained by 1 meV axion-like particles

(see for example H. J. de Vega, N. G. Sanchez, astro-ph/0701212 )

• PVLAS / BFRT:
indication of a 1 meV axion-like particle
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Detour: Hint at String Theory?

hep-ph/0608248

Thursday 8:30 and Saturday 8:30: 
Talks by A. Ringwald
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Brief Introduction to 
Photon Regeneration Experiments 

Light shining through a wall

Skivie 1983, Ansel‘m 1985, Van Bibber et al. 1987
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Brief Introduction to 
Photon Regeneration Experiments 

1992: Brookhaven-Fermilab-Rochester-Trieste

Cameron et al. 1993
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Theoretical Basics

q =  pγ - pΦ
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Theoretical Basics

Experimental parameters:

• Strength of magnetic field: B
• Length of magnets: l
• Momentum of photons: pγ
• Polarization to discriminate 

between 0+  and 0-

axion-like particles (ALPs)

Secondary and primary 
photons have same 
properties!

q =  pγ - pΦ
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The ALPS Project

Axion-like Particle Search
following a proposal by A. Ringwald

Can we help to clarify the situation with magnets available at DESY?
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Experimental Setup

Challenge: only one magnet can be used,
mirror and absorber in the middle of the magnet,

no direct access possible.

magnet
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ALPS Parameter 

Rate of re-converted photons ~ (B·l)4

• HERA-dipole: B1 = B2 = 5 T ; l1 = l2 = 4.21 m                                 
• Initial photon flux ≈ 1021 (200 W @ 1064 nm)

Sensitivity ≈ [ 2.8 (magnet length) · 1.4 (laser) ] · BFRT
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ALPS Challenges

• initial photon flux 1021-22/s (200-400 W @ 1064 nm)
• avoid “gaps” in sensitivity to test “PVLAS islands”
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A closer Examination

• Sensitivity 
decreases rapidly 
for „higher“ ALP 
masses

• High rate only for 
ql << 1: F(ql) = 1

• Oscillation similar 
to υ mixing
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How to recover?
Try to retain ql << 1 in the interesting mass region:
• increase q: higher photon energies

30 nm 
(APFEL @ FLASH) However:

• hard to get beam-
time at FLASH

• time-consuming, 
costly to install
large magnets at
FLASH
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How to recover?
Try to retain ql << 1 in the interesting mass region:
• increase q: higher photon energies → not possible
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How to recover?
Try to retain ql << 1 in the interesting mass region:
• decrease length of magnet
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How to recover?
Try to retain ql << 1 in the interesting mass region:
• decrease length of magnet

Optimal length:
• 0.6 to 1.4 m
• but very low rate!
• no profit of length

of  HERA dipole!
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How to recover?
Try to retain ql << 1 in the interesting mass region:
• decrease length of magnet → strong rate losses
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Try to retain ql << 1 in the interesting mass region:
• adopt photon momentum to ALP momentum

– p (ALP) = 
– in medium with refraction index n:

p (photon) → p (photon) · n

(ALP)m(photon)E 22 −

How to recover?
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Try to retain ql << 1 in the interesting mass region:
• adopt photon momentum to ALP momentum

However:
• n < 1
• works only with

plasma 
(or with X-rays)!

How to recover?
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Try to retain ql << 1 in the interesting mass region:
• adopt photon momentum to ALP momentum

→ not possible

Unfortunately the ALPS Letter of Intent (as well as other 
proposals) had a sign-error pretending ALP-photon 
coherence could be retained with n>1.

How to recover?
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A “Wiggler“ Configuration

• N magnets of 
length L 
in n alternating 
orientations

• NL = l

A. V. Afanasev et al., arXiv: hep-ph/0605250, 2006
van Bibber et al., Phys. Rev Letter 59 (7), 750 (1987)
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A “Wiggler” with one Dipole 

• from theoretical point of view:
alternate magnetic field ≡ shift phase of light by 180°

≡

phase shift (λ/2) plates

Possibility to profit from the length of the HERA dipole!
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ALPS as a “Wiggler”
Same configuration on laser and detector side

1064 nm
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ALPS as a “Wiggler”
Same configuration on laser and detector side

532 nm
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All about Phase Shift Plates

Plates correct for 
phase shift between 
photons and ALPs

hep-ph/0706.0693v1
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Phase Shift Plates at ALPS
hep-ph/0706.0693v1

Saturday 10:30: 
Talk by J. Jäckel
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Summary: general Considerations

Compared to previous “light shining through a wall“ exp.:

• with only one HERA dipole improved sensitivity
• implementation of phase shift plates in magnet insert 

allows to avoid “gaps” in sensitivity

ALPS: possibility for a fast check for axion-like particles



20 June 07, Patras ALPS A. Lindner

Summary: main Requirements

• Initial photon flux ≈ 1021 photons/second
– Laser: some 100 W @ 1064 nm
– Remark: 

set-up of optical delay lines or cavities too ambitious 
within our timeframe due to constraints given by the 
magnet (next section)

• Laser beam linear polarized
• Detector: sensitive to few photons / second



20 June 07, Patras ALPS A. Lindner

• Magnet

• Magnet insert

• Laser system

• Detector system

• Magnet

• Magnet insert

• Laser system

• Detector system

Experimental Considerations
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Location of ALPS
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Magnet: HERA Dipole

• Designed and constructed in 
the late 1980’ties to keep 
920 GeV protons on track

• superconducting
• Bmax = 5.6 T
• magnetic length: 8.4 m 

Installed and ready for operation!
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Magnet: HERA Dipole

Installed and ready for operation!
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Magnet: HERA Dipole

B =
 5.

6 T

B =
 5.

6 T
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Magnet: HERA Dipole
• Challenging: 

– the magnet beam pipe is 
bent and hence the clear 
aperture is only 18 mm

– no access to mirror in the 
middle of the magnet

• Important constrain on beam 
quality of laser

• beam pipe insulated against 
cold part, can be kept at room 
temperature

13 m

26 mm
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• Magnet

• Magnet insert

• Laser system

• Detector system

• Magnet

• Magnet insert

• Laser system

• Detector system

Experimental Considerations
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Sketch of Insert

Turning the detector-side tube for alignment 
with approx. 0.1% fraction of beam intensity 
passing the mirror
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Fix Windows to the Tube
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Tube at Detector Side 
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Mirror Support
(centre of HERA dipole!)
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How to move the Mirror?
Movement necessary for alignment
• How to align a mirror deep inside a 5 T magnet?
• dedicated picomotor actuators developed by New Focus

(molybdenum, copper)

Tested successfully in 5 T field!
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• Magnet

• Magnet insert

• Laser system

• Detector system

• Magnet

• Magnet insert

• Laser system

• Detector system

Experimental Considerations
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Laser System

General considerations:

• high photon flux
• linear polarization
• beam quality sufficient to 

– match magnet geometry
– allow for focusing on small detector element 
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Setup
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Setup
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Laser System: Beam Quality

• Avoid diffraction losses at laser entrance window:
beam diameter σ < 2/π d (entrance window) σ < 12 mm

• Propagation of a Gaussian beam inside the laser beam tube: 

4/
)( 2

0

22

0 σπ
λσσ
⋅

⋅⋅
⋅=

Mzz

λ
πσ ⋅Θ⋅= 0

2M Θ = divergence angle

M2 = beam quality

z = coord. along beam
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Focus Spot Size

The secondary photons should be focused on a small spot 
size to allow for a small detector (element) with low noise.
The beam of secondary photons has the same properties as 
the laser beam. Therefore the possible focus spot size of the 
laser beam is discussed.

σπ
λσ

⋅
⋅⋅

=
2

min
Mffocus spot size: f = focal length

σ = spot size on lens
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Focus Spot Size

Spot sizes in the range of 
15 μm possible for beams
with qualities M2 < 5f = 20 mm

σ = 5 mm

Focus spot size comparable to pixel size of digital cameras!
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How to choose λ
• Signal proportional to photon number flux 

provided by the laser: S [Hz]
• To be optimized:

Time to measure a significant signal taking into 
account a detector background rate B [Hz]

2S 
B225    t    5

tB2
tS ⋅

⋅>⇔>
⋅⋅

⋅

S [Hz] B [Hz] t [s]

5 1 2

5 10 20

0.5 0.1 20

Optimize system of 
camera (“B”) and laser (“S”)!



20 June 07, Patras ALPS A. Lindner

Possible Laser
High power lasers with sufficient beam quality:
fiber laser (Nd:YAG) at 1064 nm (http://www.ipgphotonics.com).

• multi 100W fiber laser @ ≈1064 nm
• “industry standard”:

easy to operate, reliable
• M2 <  1.15
• linear polarized
• Critical issues:

– maximize output power
(500 W not demonstrated yet)
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Possible Detectors
Low background detectors for 1064 nm

Si InGaAs

http://www.hamamatsu.com

Si: very low QE at 1064 nm
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Possible Detectors
“dream detector“ option for 1064 nm: 
mercury-cadmium-telluride used in infrared astronomy

G. Finger et al., NIM A (2005)

Wikipedia
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Possible Detectors
“dream detector“ option for 1064 nm: 
mercury-cadmium-telluride used in infrared astronomy

G. Finger et al., NIM A (2005)

Wikipedia

G. Finger et al., NIM A (2005)

Wikipedia

SL 9 impact on Jupiter
20 July, 1994
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Possible Detectors
“dream detector“ option for 1064 nm: 
mercury-cadmium-telluride used in infrared astronomy

G. Finger et al., NIM A (2005)

Wikipedia

G. Finger et al., NIM A (2005)

Wikipedia

SL 9 impact on Jupiter
20 July, 1994

• high QE at 1064 nm
• very low dark current
• reliable operation for years

However:
not available anymore!



20 June 07, Patras ALPS A. Lindner

Available infrared Detector

SWIR InGaAs MicroCam (Teledyne)

• dark current < 8e-/sec (40 · HgCdTe!)
• long delivery time 
• necessity of R&D (by Teledyne)?

Therefore: switch to another wavelength?
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532 vs. 1064 nm

50 W laser at 532 nm  sufficient to clarify PVLAS/BFRT

1064 nm 532 nm
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532 vs. 1064 nm

1064 nm 532 nm

Advantages and disadvantages of 532 nm compared to 1064 nm:

• Laser power about 50 instead of 200 W:
Rate factor ≈ 8 smaller

• Only 3 instead of 6 retardation plates
• 1064nm: cw operation 532nm: pulsed 15-25 kHz

at 532 nm background suppression by triggering possible
• 532 nm: detector systems with very low noise available:

overcompensation of rate loss

• 532 nm: light is visible!
simplified operation
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Decision: first stage 532 nm

• Laser Zentrum Hannover will develop a laser 
system by end of July 2007

• System at DESY in August 2007
• Detector at hand:

preliminary time schedule



20 June 07, Patras ALPS A. Lindner

SBIG ST-407

• CCDCCD Kodak KAF-0402ME
• Pixel Array 765 x 510 pixels
• CCD Size 6.9 x 4.3 mm
• Total Pixels 390,000
• Pixel Size 9 x 9 microns
• Full Well Capacity ~100,000 e-
• Dark Current 1e-/pixel/sec at 0° C

Many others (superior)
commercial systems available!
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Status and next Steps
• Mainly due to problems with detector purchase 

some delay of ALPS schedule
• Now decided to start with 532 nm instead of 1064 nm
• July 2007: 

decision on configuration of 532 nm option
• August 2007: 532 nm laser system at DESY
• End of August 2007: start data taking at 532 nm
• September 2007: 

decision on 1064 nm option as 2nd step of ALPS
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Infrastructure is being set up
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Infrastructure is being set up
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Infrastructure is being set up
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If we see a Signal …
… there are several ways to prove its ALP origin:

1. dependence on polarization orientation:
distinguish JP = 0+ and 0-

2. dependence on magnetic field strength: 

)( 4BfN =&
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If we see a Signal …
… there are several ways to prove its ALP origin:

3. dependence on refraction index (gas pressure):

Possibility to 
determine 
mass of ALP!
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If we do not see a Signal …
… there are several ways for future experiments:

1. Has ALPS the sensitivity to look for paraphotons?
M. Ahlers, H. Gies, J. Jäckel, J. Redondo, A. Ringwald
on the preprint archive today: hep-ph 0706.2836

2. PVLAS anomaly may be explained by 
millicharged particles:
could be probed by 
dark current of 
accelerator cavities
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Regeneration Plans worldwide

A. Lindner, K. Zioutas, CERN Courier March 2007 Now also GammeV at Fermilab
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“Spin-off”
he

p-
ph

07
04
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49
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Summary

• The “low energy frontier” is exciting.
– A lot of interest also by the press and media

• “Table top” experiments might contribute 
significantly to particle physics (and cosmology).

• ALPS could be one of the first experiments to 
clarify the axion-like particle interpretation of the 
PVLAS anomaly.
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Summary (cont.)

• Independent of ALPS result: 

many fascinating physics ideas for the years to 
come in the “new” (?) field of “table top” particle 
physics.

• New light sources will be available!
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Future Dreams …

Fundamental physics at a 
new generation of light 
sources:
X-ray Free Electron Lasers
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Thanks to the ALPS Team!

K. Ehret, E.-A. Knabbe, (U. Kötz), AL, N. Meyer,
D. Notz, A. Ringwald

DESY

G. Wiedemann
Hamburger Sternwarte

M. Frede, M. Hildebrandt, D. Kracht
Laser Zentrum Hannover
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