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e The X- AXions experiment :

Oscillations of X-photons into massive particles : the X-AXions
(XAX)

« The BMV experiment :

Measurement of the Vacuum Magnetic Birefringence
predicted by Quantum ElectroDynamics theory

Bircfrimgence Magnetique du Vide
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An X rays experiment at ESRF

Wall

wwysse - Shining wall experiment

°-' - Search for higher mass wmmp  photons with higher energy : X rays

Grenoble, France \
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Coils

« First magnet : superconducting magnet
B,=3ToverL, =150 mm

« Second magnet : pulsed Xcoil
B, =12 T over L, = 365 mm
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Experimental setup
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N;=1.2 x 10'? photons/s at ® = 50.2 keV
N;=3.1 x 1010 photons/s at ® = 90.7 keV
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QOptics Hutch Exp. Hutch 1 Exp. Hutch 2
Si(111) or S4{311) Kr
monochromator ionization B, B. E
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Number of regenerated photons :

Bi1L, m2L Bs Lo . m2L
NRP—IXN X (QT) sm(:2( 4w1) X (g 22 ) sm(32( 4w2>

5 mm thick Ge detector cooled with liquid nitrogen™

e 11=99.98 % at w = 50.2 keV
« 1 =84 % atw=90.7 keV
« background = (7.2 +/- 0.7) x 103 Hz

Signal filtered to reject events that

do not correspond to the incident
photon energy
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Detector alignment

X-Rays @ 50 keV or 90 keV

Single Channel Analyzer
Energy discriminator

—/ Ge detector
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 Expected :

 Monday & Tuesday : transportable generator installation
» Tuesday evening : Test of the X-Coil - 12 T
« Wednesday : Start of the experiment
4 magnetic pulses per hour 24/24h
« Sunday : Stop of the experiment

At least : 300 pulses

10
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U Reality :

 Monday & Tuesday : transportable generator installation
» Tuesday evening : magnetic field slowly increased
19h17 : XCoil resistance = 50 Q instead of 150 mQ2

« Wednesday : XCoil resistance = 50 Q = Xcoil broken

Replaced by a superconducting magnet — 3 T over 97 mm
Nitrogen filling
« Thursday : Try Helium filling = fail
magnet heating
23h30 : end of nitrogen filling

 Friday & Saturday : Experiment with a wall inside the first magnet
= background to high

« Sunday : Helium filling = 18h50 : OK
evening : o = 50.2 keV
« Monday : w = 90.2 keV
19h19 : end 11
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Results

X-ray beam Magnets w (keV) t; (s) Ninc (Hz) Count rate (Hz) N, (Hz)
OFF OFF 13913 0 (72+0.7) x 107°
ON OFF 50.2 7575 12510 (5.7+£09) x 1073
ON ON 50.2 7276 1.2 x 10'? (6.2+0.9) x 107° (0.5+26) x 107*
ON OFF 90.7 7444 3.2 x 10'° (7.9+1.0) x 107%
ON ON 90.7 7247 3.1 x 10'° (8.1+1.1) x10~° (0.2+3.0) x 107

mmmp No regenerated photon detected

smmp Extension of exclusion limits for existence of axion :
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R. Battesti et al., Phys. Rev. Lett. 105, 250405 (2010) Mgiey)
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Conclusion

®m Photoregeneration using X-Ray

widening of the energy window of purely terrestrial experiment
=> But axion is still running

Opens a new domain of experimental investigation of
photon propagation in magnetic fields

m Perspectives
* Photoregeneration using periodic magnetic fields
=> enhancement at a given axion mass

* Ellipticity measurements : vacuum magnetic birefringence

13
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Bircfrimgence Magnetique du Vide
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Linear polarization Elliptic polarization

Induced magnetic birefringence :

This effect exists in any medium, even in vacuum

« From QED theory : An =4x10-2* B>= An xB?

Z. Bialynika-Birula et al., Phys. Rev. D 2, 2341 (1970) Very challenging !
W. Heinsenberg et al., Z. Phys. 38, 714 (1936)
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- ALP test (BMV) :
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Experimental set up based on lacopini and Zavattini idea
(1979)

cavity mirrors (T ~ ppm)

Polarizer Analyzer
\ /I - — |\‘ /
A | ' ] \

f | \ | _ 5@ | } )CSZD

optical fiber
‘ Photodiodes

‘ pulsed magnetic field

A=1064 nm
laser

Y = gsin(%) — Y(t) = ;Anu (f) (BQLmag) sin(20)
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LNCMI Toulouse bank of capacitors

14 MJ, 1 GW

=

=\ B

PN

7/ } \\
LNCMI

100 impulsions a 11.5 T
100 impulsions a 125 T

Xcoil

Transverse field

B=143T 8300 A
B2L = 28 T?m t~5ms
Re

5 pulses per hour
Designed for BMV at the LNCMI in 2002

Laser

19
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. photon lifetime in the cavity (L ,, = 2.28 m long) : T = 1.28 ms
o mmp  flight distance in the cavity =384 km
E = F = I =529 000

time (ms) 20
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P N R et al.
RIVRD Pl — s B/ | o
| P 3 km 6.4 m 4 km 23 m 4 mm
T 159 us 442 us 970 us 1.28 ms 8 us
F 50 70 000 230 529 000 1 900 000
Av 1 kHz 360 Hz 164 Hz 124 Hz 20 kHz
+  FSR-= L° iy
5 « cav: F _ 5V
£
£ == ov = __°
= j 2LcavF
}k K » frequency

pxFSR (p+1)xFSR N
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Expected values

o An,(air) ~7,5-1071% T2
o An,(He) ~2-10716 T2

o An,(vacuum) =4-10724 T2



[ mirror’s ellipticity " ( t) I !
(t) ellipticity to measure
g2  extinction of polarizers Battesti et al, Eur: Phys. J. D 46, 323-333, 2008
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5(sin(20))

1 O
sin(20) <1% = 60<3

e Mechanical alignment : we evaluate 8 within +5°

rotation : 1 turn = 2,4°
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Conclusions and perspectives

e Already done :
Coupled high magnetic field and the best Fabry-Perot cavity

e Future :

- Increase of the transverse magnetic field : new XXL-coil :

BL,,, > 300 T?m
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Transverse magnetic field (T)

B oo oh e -

0 10 20 30 40 <
time (ms) 73 cm
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Conclusions and perspectives

e Our smallest measured An_ is 4x10-17 T-2 per pulse with a SNR of 60.
mmmp Our best sensitivity is 6.6 x 10-1° T-2 per pulse

- insertion of 2 XXL-coils on a new setup N\
2 = 2
= B Ly = 300 T'm Improvement of the
- improvement of I'? (1077) > | sensitivity -
- decrease 62 (10-3) v
- stabilisation of our locking system 2.6 x 102! T per pulse
J

e Vacuum measurement
5000 pulses (2 months) 10°

= —---A
mmmp QED: An—4.102 B2 = s
10° BMV Il
mmmdp New axion terrestrial limits 107 4 e

0.0001 01

0.001 0.01

m, (eV)
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XAX /BMYV
experiments
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