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Laboratories involved in the Biréfringence Magnétique du Vide project :

Laboratoire Collisions Agrégats Réactivité, Toulouse, France :

B.Pinto da Souza (Ph-D), G.Ballly, E.Baynard, S.Faure, M.Fouché, L.Polizzi,
C.Robilliard, G.Trénec, J.Vigué, C.Rizzo.

Laboratoire National Champs Magnétiques Pulsés, Toulouse, France :

S.Batut (Ph-D), R.Battesti, S.George, B.Griffe, J.Mauchain, M.Nardone, O.Portugall,
G.Rikken.

Laboratoire Matériaux Avancés - VIRGO, Lyon, France :

P.Ganau, J-M.Mackowski, C.Michel, A.Remillieux, L.Pinard.

In collaboration with

F.Amiranoff, A-M.Sautivet, LULI, Ecole Polytechnique, France.

D.Bernard, LLR, Ecole Polytechnique, France.

G.F.Bignami, A.Dupays, M.Roncadelli, INAF-IASF Milano and INFN Pavia, Italy.
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BMV Project :
Laboratory tests BMYV experiment at the LNCMP

Photon Regeneration experiment
at LULI

Astrophysical tests Quantum vacuum lensing
&
Photon-Axion conversion
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Funded since 2000
Motivated by QED
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Experimental scheme : based on lacopini and Zavattini’s idea (1979)

Cavity mirrors (P ~ ppm)
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Pulsed magnetic field

/=1064 nm Photodiode

laser @

S.Askenazy, et al., CP564, Quantum Electrodynamics and Physics of the Vacuum, edited by G.Cantatore (2001) AIP 5




C.Rizzo Trieste 03/10/06

BMV
) LNCMP o] 8300 A
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100 pulsesat11.5T B=143T,

100 pulsesat12.5T
B2L =28 T2m; BL=2.6 Tm

LN cryostat ready
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Magnet R&D

Next steps :

-Computer studies of
forces and constraints

- New coils with
stronger wire

Goal

25T
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Much stronger conductors available! Trade-off heating versus mechnical strength.
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Fabry-Perot Mirrors : 4 ready in Toulouse

B @ e ﬂ.".LAeoRATDiHE
7 e\%% ¥ 7 MATERIAUX
LA AVANCES
Miroirs (HB)22 HBB haute réflectivité pour cavités BMV
P, Pa T

R&fS Diffusion (ppm) @ 1064 nm Absorption @ 1064 nm | Transmission (@ 1064 nm
éférence

Sur & 16 mm Au centre (ppm) (ppm)
06033/11 " - - 17

concave 8 m, incidence 0° incidence 1°

06033/12 8 8 0.8 o 1,9
concave 8 m, incidence 0° 2 incidence 1°

06033/13 1.5
concave 8 m, incidence 0° ? 7 0.8 incidence 1°

06033/14 1,6
concave 8 m, incidence 0° 11 & 0.8 incidence 1°

650000 > F = > 290000

T+P, +P,

22, Bd Niels Bohr ,
69622 — Villeurbanne Cedex Mai 2006
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ppm loss cavity mirrors need Experimental « clean room »
special care at the LNCMP

10
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Magnet #1 Magnet #2
| | | LN cooling

NI e e ]

Al

Extra vacuum chamber

Mirror #1 Mirror #2

2 m cavity
Polariser Analyser

Experimental set up "
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Optical set up completed july 2006

First data with low finesse cavity and magnetic field before end 06

12
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BMV experimental scheme 0°, 45° Light polarisation with respect to B
I ; [
! ' = — ! t | 0°or| 45°
i' ‘ ’ '\ e e
[ — > ]
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P(t) | =1| —
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I" cavity birefringence
Y(t) ellipticity to be measured
o2 polarizers extinction

12 = 1.o? + (T + P (b)) —I\(p:(z+l“2)+2ll“‘11(t)+?<)

We need
|45o _ |O° I IO I 5O
Y(t)=-¢ € avec = el’e
2Itr And we can check that :

Without field = 0° polarisation

13
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Basic signal analysis T
j P(t) B(t)2dt
0

P(t) = o B(t) a

}B(t)“dt

Computer simulation : Ellipticity + noise
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» BL = (2x)2.3 Tm; B2L = (2x)21 T2m
Expected : > flnesse = 200 000

S gt — -8 1/2
» Sensitivity = 10-5/Hz BMV, 30 pulses, 1 day

Dicroism

Test of PVLAS results
in 2007

Excluded area

15
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BMYV Project :

Laboratory tests BMV experiment at the LNCMP First data end 06
PVLAS test in 07

Photon Regeneration experiment
at LULI

Astrophysical tests Quantum vacuum lensing
&
Photon-Axion conversion

16
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Photon Regeneration experiment at LULI

(Laboratoire pour I'Utilisation des Lasers Intenses)

Campus of the
Ecole Polytechnique

Outside Paris

17
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thanks to BMV pulsed magnets

24 kV; 3x(1,2)3 m3
Pulsed magnet portable supply (here at the ESRF, Grenoble)

18
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Experimental scheme

10 T over 0.4 m

aque absorption

1 .5 kJ aser + manipulateur \v
sous v1de

1.053 um 1

=20m

>10 cm

Groupe de

21
810 photons . g e
turbo (70 I/s)
5 ns Bouchons UE:> ( )
e E ~ 10" mbar | T / I.- 1|
Ndllu é - 208 EEE—— |7 ma T V= b me e : Py D _;___—. ._..‘.—.--h??_ff:_.___.
2000 4IRS - = : .
_lTl_ 6 107-10” mbar / = 9 6 10”-10” mbar
| _ ~ 60 ¢cm f/ : _ ~ 60 cm vers gdétecteur
D | Groupe de 4 Point focal Groupe de 11
Lentille gompagey faisceau pompage
focalisation turbo (~ 70 Is) | 12 turbo (70 Us) |
(£~20 m) 4
13 Synchronisation 15 Mise a la terre parties métalliques 17 Protocoles d’alignement et de tir
14 Passage de cébles, installation 16 Prise de données 18 19 CommerCIa"y available

single photon counter,
0.2 detection efficiency,
5 10-° counts/ns noise

19
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Laser room at LULI

20
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Tight schedule : everything in place at LULI for march 2007 !

6
10

about 1 photon per pulse
expected according to PVLAS

1500J3; w=1.2 eV; B*L=4 Tm; 20 tirs; eta=0,10
PVLAS

M en GeV

Limits after 20 pulses

of 1500 J each (5 days) :>

men eV

21



BMYV Project :

Laboratory tests BMV experiment at the LNCMP
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First data end 06
PVLAS test in 07

Photon Regeneration experiment
At LULI

Ready at LULI 03/07
Beam time in 07

Astrophysical tests Quantum vacuum lensing
&
Photon-Axion conversion

22
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Very high magnetic fields in the cosmos ? Pulsars (10’ T — 1011 T)

Neutron star Binary System J0737-3039

0 Discovered by M.Burgay et al. in 2003
. Seen almost edge on!
émsm (Bo~ 17T ~23m9  Radio beam eclipse !
Revolution time : 2 h 45 min.
X-rays beam \\ \\\ P,UISar .
VN (By ~ 108 T, 7, ~ 2.77 s
\\/_\.\ ] ]
\os m Photon-axion Conversion
m  Quantum Vacuum Lensing NASA GLAST
O Variation of the vacuum refraction
index along the photon trajectory ﬂ
ESA XMM-Newton ——>  Modulation of the photon flux

A. Dupays et al., PRL 94, 161101 (2005) A. Dupays et al., PRL 95, 211302 (2005) 23
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BMYV Project :

Laboratory tests BMV experiment at the LNCMP Operational
Summer 2006

PVLAS test in 07

Proposal to be
submitted, juin 06
for runs in 07

Photon Regeneration experiment
At LULI

Astrophysical tests Quantum vacuum lensing X_rays observation :
XMM/Newton

Scheduled in 07

Photon-Axion conversion _
v_rays observation :

GLAST, operational in 07
Approved

24



Budget 2000-2008  (without salaries)
1 M€ project

11%
° 9%

2%

11%

01
W2
O3
04
HS
06
W/
O8

6 Physicists, 2 PhD Students, 15 Engineers and Technicians
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CNRS SPM

Min. Edu. Nat. Rech. Tech.
Univ. PS & IRSAMC

LCAR
LNCMP
IN2P3

Agence Nat. Rech.
Requested to IN2P3

25
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Plague sbsorption
laser + manipulateur
sous vide

The BMV Project Ty v
Carlo RIZZO

axote
Cryostat 1 > turbo (70 Vs)
o : = .'1?”‘_-1
N :
Carlo.rizzo@irsamc.ups-tise.fr | : ,7;_:;_] e
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