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Summary
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Physics themes
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QED effects

(lowest order)

(lowest order)
2n+1 interactions with external field

5

Photon splitting
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Experiments on microscopic QED interactions

G. Cantatore - DESY Hamburg - 7/4/2009
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ALPs, MCPs, ... (WISPs)
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Photon Colliders
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Photon Colliders
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Photon Colliders
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Photon Colliders
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Basic principle of polarization measurements
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Basic principle of polarization measurements

Static detection
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Basic principle of polarization measurements

Homodyne detection
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Basic principle of polarization measurements

G. Cantatore - DESY Hamburg - 7/4/2009



Photon regeneration (intensity detection)

2By . (mZL !
re — —=S1Nn
Pores = | N om2 dw

in vacuum and with m, < w
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The Precursors

main concern: QED vacuum polarization
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The Precursanrs

Volume 85B, number 1 PHYSICS LETTERS 30 July 1979

EXPERIMENTAL METHOD TO DETECT THE VACUUM BIREFRINGENCE
INDUCED BY A MAGNETIC FIELD

E. IACOPINI and E. ZAVATTINI
CERN, Geneva, Switzerland

Received 28 May 1979

In this letter a method of measuring the birefringence induced in vacuum by a magnetic field is described: this effect is
evaluated using the non-linear Euler—Heisenberg—Weisskopf lagrangian. The optical apparatus discussed here may detect an
induced ellipticity on a laser beam down to 10711,

main concern: QED vacuum polarization
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main concern: QED vacuum polarization
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The Precursors

Volume 85B, number 1 PHYSICS LETTERS 30 July 1979
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Fig. 3. Principle elements of the experimental apparatus.
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The Precursors

main concern: QED vacuum polarization
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PHYSICAL REVIEW D VOLUME 47, NUMBER 9 1 MAY 1993

ARTICLES

Search for nearly massless, weakly coupled particles by optical techniques

R. Cameron,* G. Cantatore,’ A. C. Melissinos, G. Ruoso,’ and Y. Semertzidis®
Department of Physics and Astronomy, University of Rochester, Rochester, New York 14627

H. J. Halama, D. M. Lazarus, and A. G. Prodell
Brookhaven National Laboratory, Upton, New York, 11973

F. Nezrick
Fermi National Accelerator Laboratory, Batavia, Illinois 60510

C. Rizzo and E. Zavattini
Dipartimento di Fisica, University of Trieste and Istituto Nazionale di Fisica Nucleare Sezione di Trieste, 34127 Trieste, Italy
(Received 5 October 1992)

We have searched for light scalar and/or pseudoscalar particles that couple to two photons by study-
ing the propagation of a laser beam (A=514 nm) through a transverse magnetic field. A limit of
3.5X 107 '% rad was set on a possible optical rotation of the beam polarization for an effective path length
of 2.2 km in a 3.25 T magnetic field. We find that the coupling g,,, <3.6X1077 GeV ™' at the 95%
confidence level, provided m, <1073 eV. Similar limits can be set from the absence of ellipticity in the
transmitted beam. We also searched for photon regeneration in a magnetic field and found the limit
8ayy <6.7X 1077 GeV ™! for the same range of particle mass.

PACS number(s): 14.80.Gt, 12.20.Fv, 14.80.Am




The Precursors

main concern: QED vacuum polarization
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The Precursors

main concern: QED vacuum polarization
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Panorama of polarization experiments
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Common features

Main problem: noise background
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PVLAS Phase I mission completed ...
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PVLAS Phase I mission completed ...
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OSQAR dipoles
requisitioned after LHC
accident, should be
returned in July
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http://arxiv.org/abs/hep-ex/0611050
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Photon regeneration through the ages...

2wBy . (m2L !
Preg :NpO,reg :N[ 37/”( Ao )]

2
Moms

N is the number of passes in the cavity

Ruoso et al., Zeitschrift fur

/////// | Physik C Particles and Fields
e (1992) vol. 56 (4) pp. 505-508

LIS

B=37T | =44 m WALL B=37T,1=44m

Cameron et al., Phys. Rev. D
(1993) vol. 47 (9) pp.
3707-3725

(e)

G. Cantatore - DESY Hamburg - 7/4/2009



Photon regeneration through the ages... (cont.)
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Current reach of photon regeneration
experiments

G. Cantatore - DESY Hamburg - 7/4/2009


http://www.desy.de/~ringwald/axions/talks/graz.pdf
http://www.desy.de/~ringwald/axions/talks/graz.pdf
http://www.desy.de/~ringwald/axions/talks/graz.pdf
http://www.desy.de/~ringwald/axions/talks/graz.pdf

G. Cantatore - DESY Hamburg - 7/4/2009



Moving on to Phase 11
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Table-top setup
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Table-top setup
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Table-top setup
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PVLAS Phase II solutions
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PVLAS Phase II solutions
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PVLAS Phase II solutions
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PVLAS Phase II solutions
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PVLAS Phase II - Table-top apparatus in Trieste

Schema 3D

VLA Phase Layou‘l' dell'O'H'iCG
532 nm _-M
4 >

Controllo LabView
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PVLAS Phase II - current status

PEM gradient

MIM uniformity

Finesse 170000

W 'WWWWWW\

-1
20081.10 20081.50 20052,00 20082.50 20083.00 20083.50 20054,00 20084,50 20065,00
freq. (M)
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PVLAS Phase 1I ellipsometer development stages
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ALP parameter space coverage

Phase two bounds assume "goal sensitivity" of 1e-8 rad/VHZ at 1064 nm (red curves) and 532 nm (green curves)

and 400*8*3600 s of integration time, with a cavity finesse of 220000 and a string of two 2.3 T, 50 cm long permanent magnets
Mimumum observable ellipticity and rotation angles: 2.95e-12 rad

Other bounds are also plotted for comparison purposes
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The Next Step: Resonant Regeneration

Photon .
Detector normal regeneration

2wBy . (Mm2L !
Pores = | 3z 5"

resonant production

2By . (m2L
59T
M,m?2

Pres.prod. = (F/m) [

Matched Fabry-Perots resonant regeneration

. 2 ZCUB()
Sikivie et al., Resonantly Enhanced Axion- Pres.reg. = 2 (/) [ M,m?2

Photon Regeneration, Phys. Rev. Lett. (2007)
vol. 98 (17) pp. 4
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The Next Step: Resonant Regeneration

Photon .
Detector normal regeneration

2wBy . mgL 4
Po,reg = M—m28m

resonant production

2wBy .
Pres.prod. = (F/ﬂ') [M m02 S’Ln(

Matched Fabry-Perots resonant regeneration

. ZCUB()
Sikivie et al., Resonantly Enhanced Axion- Pres.reg. =

Photon Regeneration, Phys. Rev. Lett. (2007)
vol. 98 (17) pp. 4
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(production cavity with two detectors)
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Mmq

(production cavity with one detector)




The challenge(s)




The reward
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The reward
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The reward
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Challenge I - matching two cavities

Use "IR"” high-power beam to produce and detect ALPs

Frequency doubled “double 1.” ;(iiol:l_ ll){leN)[\” Wall feedback
Nd:YAG laser high-R M g Photon
detector

1064 nm (1.17 eV) 5 i<

532 nm (2.34 eV)

T B* “double \.> B * “double \”

high-R M high-R M

feedback
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Challenge II - low background detector

started with a PMT and an APD (0.35 Hz DCR)
will move to LN2-cooled APD
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Challenges III-1V : laser power and statistics

100 W should be within reach and will not thermally stress the optics

above 100 W things get harder, but feasible
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Dreams
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Schematic of “single-magnet” resonant regeneration

“plunger™
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ALPS magnet insert

magnel (cross seclion)
10y m

From A. Lindners presentation - Axion Training Workshop 2007 - Pa’rra_sf




Schematic of “single-magnet” resonant regeneration

“plunger™

magnel (cross seclion) S m Sm

. - -
0 0 T 1

. . mirror-seplum )
1 mirror @ sandwich mirror
plunger insertion

mirror mirror
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Reality check
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Dreams vs. reality

Axion Like Particles
Inverse coupling to two photons vs. mass

Inverse coupling [GeV]

Mass [eV]
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Outlook for resonant regeneration
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Conclusions
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Apparatus parameters

G. Cantatore - Axion Training 08 Patras Workshop - DESY Hamburg - 18-21/6/2008



Vista generale 11

PVLAS PHASE II - Comm. II 3/10/2008 - G. Cantatore



Sezione ellissometro

A-A (1:8)

////////////////




PVLAS Phase Il

532 nm
1064 nm

b —

Settembre 2008 — Incontro con referee




Stumentazione per misure di pressione e temperatura dei

gas test

Misurazioni congiunte di pressioni e temperature (custom-made LabVIEW software)

TCO ['C] TCA1 () TC2['C] TC3 ']
-0.17 0.26 0.04 0.058
24.80 2470 24588 2494

J

Fluke 20T-150U temp probe
(verificaa0°CeT, )

NI-DAQ 9211A

quattro termocoppie tipo J

Settembre 2008-Trieste-Incontro con i referee di PVLAS fase 11 G. Raiteri
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DAQ e analisi dati

Ampiezze prima e
seconda armonica

N\

Controllo frequenza e
ampiezza di modulazione

Af di demodulazione
(rispetto la portante)

/

PVLAS PHASE II - Comm. II 3/10/2008 - G. Cantatore

AN

Spettri segnali amplificati dal Lock — In
e spettro di y




Lavori in corso

Progetto camera da vuoto per ruota-analizzatore

min.incremental motion: 50 urad — vacuum compatible

Settembre 2008-Trieste-Incontro con i referee di PVLAS fase 11 G. Raiteri
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Vista generale I
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Dettaglio portaspecchi




Camera di campionamento




Modulatore MIM
(Mirror Integrated Modulator)
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Simulazioni

e)
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Test di Finesse a 1064 nm




Test di sensibilita

Test set-up, PEM modulator (v T 20 kHz ), in air

[o]

10°

-1/2
1

Sensitivity in ellipticity [Hz

4 6
Frequency [Hz]
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Idealized photon-photon scattering experiment
with “high energy” photon source

G. Cantatore - Axion Training 08 Patras Workshop - DESY Hamburg - 18-21/6/2008



Relevant quantities

G. Cantatore - Axion Training 08 Patras Workshop - DESY Hamburg - 18-21/6/2008



Detection Times at FELSs

FLASH
(DESY)
SPARX (LNF)
XFEL (DESY)
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Pros and con's
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