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Summary

• Physics case
• Opto-polarimetric detection scheme
• PVLAS experimental set-up
• Latest results
• Prospects: the VMB@CERN proposal
• Conclusions

1Federico Della Valle – Orosei – 30/04/2019



The image part with relationship ID rId13 was not 
found in the file.

Light propagation in an external field

• Experimental study of the structure and the nature of 
the quantum vacuum

• General method:
– Perturb the vacuum with an external field 
– Probe the perturbed vacuum with a polarized light beam

Anisotropy of the index of refraction of 
vacuum induced by an external magnetic field

2Federico Della Valle – Orosei – 30/04/2019

Magnetic field

Light 
beam

�ñvacuum = (nk � n?)B + i(k � ?)B

nmedia =
c

vlight
<latexit sha1_base64="dZ4nZBPgmJElDrFPTtp3F3a+PaQ=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EYounFZwT6gCWEymbRDZyZhZlIoIV/gxl9x40IRt67d+TdO2yy09cCFwzn3cu89Ycqo0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vQmRiibiQU9T4nM0FDSmGGkjBXZDBLknOeQkoqi49mKJcI6LfLKQGR2OdFEEdt1pOnPAVeKWpA5KtAP7y4sSnHEiNGZIqYHrpNrPkdQUM1LUvEyRFOExGpKBoQJxovx8/k4BG0aJYJxIU0LDufp7IkdcqSkPTSdHeqSWvZn4nzfIdHzl51SkmSYCLxbFGYM6gbNsYEQlwZpNDUFYUnMrxCNkEtEmwZoJwV1+eZV0z5uu03TvL+qtmzKOKjgBp+AMuOAStMAdaIMOwOARPINX8GY9WS/Wu/WxaK1Y5cwx+APr8weAUp0F</latexit><latexit sha1_base64="dZ4nZBPgmJElDrFPTtp3F3a+PaQ=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EYounFZwT6gCWEymbRDZyZhZlIoIV/gxl9x40IRt67d+TdO2yy09cCFwzn3cu89Ycqo0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vQmRiibiQU9T4nM0FDSmGGkjBXZDBLknOeQkoqi49mKJcI6LfLKQGR2OdFEEdt1pOnPAVeKWpA5KtAP7y4sSnHEiNGZIqYHrpNrPkdQUM1LUvEyRFOExGpKBoQJxovx8/k4BG0aJYJxIU0LDufp7IkdcqSkPTSdHeqSWvZn4nzfIdHzl51SkmSYCLxbFGYM6gbNsYEQlwZpNDUFYUnMrxCNkEtEmwZoJwV1+eZV0z5uu03TvL+qtmzKOKjgBp+AMuOAStMAdaIMOwOARPINX8GY9WS/Wu/WxaK1Y5cwx+APr8weAUp0F</latexit><latexit sha1_base64="dZ4nZBPgmJElDrFPTtp3F3a+PaQ=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EYounFZwT6gCWEymbRDZyZhZlIoIV/gxl9x40IRt67d+TdO2yy09cCFwzn3cu89Ycqo0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vQmRiibiQU9T4nM0FDSmGGkjBXZDBLknOeQkoqi49mKJcI6LfLKQGR2OdFEEdt1pOnPAVeKWpA5KtAP7y4sSnHEiNGZIqYHrpNrPkdQUM1LUvEyRFOExGpKBoQJxovx8/k4BG0aJYJxIU0LDufp7IkdcqSkPTSdHeqSWvZn4nzfIdHzl51SkmSYCLxbFGYM6gbNsYEQlwZpNDUFYUnMrxCNkEtEmwZoJwV1+eZV0z5uu03TvL+qtmzKOKjgBp+AMuOAStMAdaIMOwOARPINX8GY9WS/Wu/WxaK1Y5cwx+APr8weAUp0F</latexit><latexit sha1_base64="dZ4nZBPgmJElDrFPTtp3F3a+PaQ=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6EYounFZwT6gCWEymbRDZyZhZlIoIV/gxl9x40IRt67d+TdO2yy09cCFwzn3cu89Ycqo0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMYtLBCUtkP0SKMCpIR1PNSD+VBPGQkV44vp35vQmRiibiQU9T4nM0FDSmGGkjBXZDBLknOeQkoqi49mKJcI6LfLKQGR2OdFEEdt1pOnPAVeKWpA5KtAP7y4sSnHEiNGZIqYHrpNrPkdQUM1LUvEyRFOExGpKBoQJxovx8/k4BG0aJYJxIU0LDufp7IkdcqSkPTSdHeqSWvZn4nzfIdHzl51SkmSYCLxbFGYM6gbNsYEQlwZpNDUFYUnMrxCNkEtEmwZoJwV1+eZV0z5uu03TvL+qtmzKOKjgBp+AMuOAStMAdaIMOwOARPINX8GY9WS/Wu/WxaK1Y5cwx+APr8weAUp0F</latexit>



The image part with relationship ID rId13 was not 
found in the file.

Federico Della Valle – Orosei – 30/04/2019 3

H. Euler and B. Kockel (1935): an effective Lagrangian density describing
electromagnetic interactions in the presence of the virtual electron-positron sea
discussed a few years before by Dirac:

H Euler and B Kockel, Naturwissenschaften 23, 246 (1935)
W Heisenberg and H Euler, Z. Phys. 98, 714 (1936)
H Euler, Ann. Phys. 26, 398 (1936) 
V Weisskopf, Mat.-Fis. Med. Dan. Vidensk. Selsk. 14. 6 (1936)
See also: J. Schwinger, Phys. Rev., 82, 664 (1951) 

Non-linear behaviour of Electromagnetism in vacuum
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Index of refraction
Linearly polarized light propagating through a transverse magnetic field 

By applying the constitutive relations to LEK one finds

Light propagation is still described by Maxwell’s equations in media but 
these are no longer linear due to Euler-Kockel correction.

Federico Della Valle – Orosei – 30/04/2019

D =
@LEK

@E

H =
@LEK

@B
<latexit sha1_base64="7tnQCI60mWf8y2JI4EryMTlBjuY="></latexit><latexit sha1_base64="7tnQCI60mWf8y2JI4EryMTlBjuY="></latexit><latexit sha1_base64="7tnQCI60mWf8y2JI4EryMTlBjuY="></latexit><latexit sha1_base64="7tnQCI60mWf8y2JI4EryMTlBjuY="></latexit>

D = ✏0E+ ✏0Ae


4

✓
E2

c2
�B2

◆
E+ 14 (E ·B)B

�

H = ✏0
B

µ0
+

Ae

µ0


4

✓
E2

c2
�B2

◆
B+ 14

✓
E

c
·B

◆
E

c

�

<latexit sha1_base64="ocSXxQwztF1zAerzd4DIO+49SC4="></latexit><latexit sha1_base64="ocSXxQwztF1zAerzd4DIO+49SC4="></latexit><latexit sha1_base64="ocSXxQwztF1zAerzd4DIO+49SC4="></latexit><latexit sha1_base64="ocSXxQwztF1zAerzd4DIO+49SC4="></latexit>

✏(EK)
? = 1� 4AeB

2
ext

µ(EK)
? = 1 + 12AeB

2
ext

n(EK)
? = 1 + 4AeB

2
ext

<latexit sha1_base64="zuwBpAnVOC3bMTkHZvFgQsIrbZo="></latexit><latexit sha1_base64="zuwBpAnVOC3bMTkHZvFgQsIrbZo="></latexit><latexit sha1_base64="zuwBpAnVOC3bMTkHZvFgQsIrbZo="></latexit><latexit sha1_base64="zuwBpAnVOC3bMTkHZvFgQsIrbZo="></latexit>

✏(EK)
k = 1 + 10AeB

2
ext

µ(EK)
k = 1 + 4AeB

2
ext

n(EK)
k = 1 + 7AeB

2
ext

<latexit sha1_base64="Yw2r6hn+gxlkZIpmbPUdvzSp0Lg="></latexit><latexit sha1_base64="Yw2r6hn+gxlkZIpmbPUdvzSp0Lg="></latexit><latexit sha1_base64="Yw2r6hn+gxlkZIpmbPUdvzSp0Lg="></latexit><latexit sha1_base64="Yw2r6hn+gxlkZIpmbPUdvzSp0Lg="></latexit>

The superposition principle no longer holds.
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Vacuum magnetic birefringence

v ≠ c
anisotropy

Ae can be determined by 
measuring the magnetic 
birefringence of vacuum.

O(a4), O(a5) ? Also a theoretical challenge
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The QED bestiary
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Index of refraction: imaginary part

S. Adler (1971) calculated the QED 
absorption related to photon splitting 

Unmeasurably small
Federico Della Valle – Orosei – 30/04/2019

ñvacuum = nB + iB
<latexit sha1_base64="8DC1cUda7tgZsIR4GT3+bQv/+gk=">AAACDHicbVDLSgMxFM34rPVVdekmWARBKDMi6EYodeOygn1AZxjupGkbmmSGJFMoQz/Ajb/ixoUibv0Ad/6NaTsLbT0QOJxzLjf3RAln2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFaENEvNYtSPQlDNJG4YZTtuJoiAiTlvR8Hbqt0ZUaRbLBzNOaCCgL1mPETBWCktl3zDepViGma8EHgFJUzG5kWHtnPlDSBIIazblVtwZ8DLxclJGOeph6cvvxiQVVBrCQeuO5yYmyEAZRjidFP1U0wTIEPq0Y6kEQXWQzY6Z4FOrdHEvVvZJg2fq74kMhNZjEdmkADPQi95U/M/rpKZ3HWRMJqmhkswX9VKOTYynzeAuU5QYPrYEiGL2r5gMQAExtr+iLcFbPHmZNC8qnlvx7i/L1VpeRwEdoxN0hjx0haroDtVRAxH0iJ7RK3pznpwX5935mEdXnHzmCP2B8/kDa3abMg==</latexit><latexit sha1_base64="8DC1cUda7tgZsIR4GT3+bQv/+gk=">AAACDHicbVDLSgMxFM34rPVVdekmWARBKDMi6EYodeOygn1AZxjupGkbmmSGJFMoQz/Ajb/ixoUibv0Ad/6NaTsLbT0QOJxzLjf3RAln2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFaENEvNYtSPQlDNJG4YZTtuJoiAiTlvR8Hbqt0ZUaRbLBzNOaCCgL1mPETBWCktl3zDepViGma8EHgFJUzG5kWHtnPlDSBIIazblVtwZ8DLxclJGOeph6cvvxiQVVBrCQeuO5yYmyEAZRjidFP1U0wTIEPq0Y6kEQXWQzY6Z4FOrdHEvVvZJg2fq74kMhNZjEdmkADPQi95U/M/rpKZ3HWRMJqmhkswX9VKOTYynzeAuU5QYPrYEiGL2r5gMQAExtr+iLcFbPHmZNC8qnlvx7i/L1VpeRwEdoxN0hjx0haroDtVRAxH0iJ7RK3pznpwX5935mEdXnHzmCP2B8/kDa3abMg==</latexit><latexit sha1_base64="8DC1cUda7tgZsIR4GT3+bQv/+gk=">AAACDHicbVDLSgMxFM34rPVVdekmWARBKDMi6EYodeOygn1AZxjupGkbmmSGJFMoQz/Ajb/ixoUibv0Ad/6NaTsLbT0QOJxzLjf3RAln2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFaENEvNYtSPQlDNJG4YZTtuJoiAiTlvR8Hbqt0ZUaRbLBzNOaCCgL1mPETBWCktl3zDepViGma8EHgFJUzG5kWHtnPlDSBIIazblVtwZ8DLxclJGOeph6cvvxiQVVBrCQeuO5yYmyEAZRjidFP1U0wTIEPq0Y6kEQXWQzY6Z4FOrdHEvVvZJg2fq74kMhNZjEdmkADPQi95U/M/rpKZ3HWRMJqmhkswX9VKOTYynzeAuU5QYPrYEiGL2r5gMQAExtr+iLcFbPHmZNC8qnlvx7i/L1VpeRwEdoxN0hjx0haroDtVRAxH0iJ7RK3pznpwX5935mEdXnHzmCP2B8/kDa3abMg==</latexit><latexit sha1_base64="8DC1cUda7tgZsIR4GT3+bQv/+gk=">AAACDHicbVDLSgMxFM34rPVVdekmWARBKDMi6EYodeOygn1AZxjupGkbmmSGJFMoQz/Ajb/ixoUibv0Ad/6NaTsLbT0QOJxzLjf3RAln2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFaENEvNYtSPQlDNJG4YZTtuJoiAiTlvR8Hbqt0ZUaRbLBzNOaCCgL1mPETBWCktl3zDepViGma8EHgFJUzG5kWHtnPlDSBIIazblVtwZ8DLxclJGOeph6cvvxiQVVBrCQeuO5yYmyEAZRjidFP1U0wTIEPq0Y6kEQXWQzY6Z4FOrdHEvVvZJg2fq74kMhNZjEdmkADPQi95U/M/rpKZ3HWRMJqmhkswX9VKOTYynzeAuU5QYPrYEiGL2r5gMQAExtr+iLcFbPHmZNC8qnlvx7i/L1VpeRwEdoxN0hjx0haroDtVRAxH0iJ7RK3pznpwX5935mEdXnHzmCP2B8/kDa3abMg==</latexit>

Bcr =
m2

ec
2

e~ = 4.41⇥ 109 T
<latexit sha1_base64="hvRD2FIrXqzqzgoD3xiFnOu+LBY="></latexit><latexit sha1_base64="hvRD2FIrXqzqzgoD3xiFnOu+LBY="></latexit><latexit sha1_base64="hvRD2FIrXqzqzgoD3xiFnOu+LBY="></latexit><latexit sha1_base64="hvRD2FIrXqzqzgoD3xiFnOu+LBY="></latexit>

�B = �2.5⇥ 10�92

✓
1 µm

�

◆4 ✓ B

1 T

◆6

<latexit sha1_base64="yBdGl/FD0CZV2J2d5h/axSlXJSk="></latexit><latexit sha1_base64="yBdGl/FD0CZV2J2d5h/axSlXJSk="></latexit><latexit sha1_base64="yBdGl/FD0CZV2J2d5h/axSlXJSk="></latexit><latexit sha1_base64="yBdGl/FD0CZV2J2d5h/axSlXJSk="></latexit>

7

↵?,k =
4⇡

�
?,k = (0.51, 0.24)

✓
~!
mec2

◆5 ✓ B

Bcr

◆6

cm�1

<latexit sha1_base64="SUgtK3D5Ih1M4NDSm2G0xf3S5Hg="></latexit><latexit sha1_base64="SUgtK3D5Ih1M4NDSm2G0xf3S5Hg="></latexit><latexit sha1_base64="SUgtK3D5Ih1M4NDSm2G0xf3S5Hg="></latexit><latexit sha1_base64="SUgtK3D5Ih1M4NDSm2G0xf3S5Hg="></latexit>



The image part with relationship ID rId13 was not 
found in the file.

Federico Della Valle – Orosei – 30/04/2019 8

Other QED tests: 
• Microscopic tests

- QED tests in bound systems – Lamb shift, Delbrück scattering
- QED tests with charged particles – (g-2)
- High energy light-by-light scattering (ATLAS, this workshop)

• Macroscopic tests
– Casimir effect (photon zero point fluctuations)
– MBV of magnetars (Mignani et al, this workshop)

– Recent proposals:

– Refraction of light by light (Sarazin et al, this workshop)
– Direct light-by-light scattering (King and Heinzl, this workshop)

QED laboratory tests with only photons in the initial and final 
states are still missing

…
…

D Bernard et al, EPJD 10, 141 (2000)
Lündstrom, Tommasini…
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Axion-like particles (ALP)
Extra Lagrangian density terms to include contributions from hypothetical 
neutral light particles weakly interacting with two photons

scalar (e.g. chameleon)pseudoscalar

ga, gs coupling constants

Absorption → rotation 

Dispersion → ellipticity

both interactions are polarization dependent

Maiani L, Petronzio R, Zavattini E,  Phys. Lett B 173, 359 (1986)
Raffelt G and Stodolsky L Phys. Rev. D 37, 1237 (1988)
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€ 

La = gaφa

 
E γ ⋅
 
B ext( )   

€ 

Ls = gsφs

 
B γ ⋅
 
B ext( )
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Linear birefringence
• The index of refraction (real part) is different for two orthogonal directions

QED vacuum magnetic birefringence
L = 1.64 m, l = 1064 nm, B = 2.5 T

DnQED = 2.5×10-23

yQED = 1.2×10-16
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€ 

Δn = n|| − n⊥ ≠ 0

 = ±a

b
= ⇡

L

�
�n sin 2#

• A linearly polarized light beam traversing a 
birefringent medium acquires an ellipticity y
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€ 

k⊥

Linear dichroism
• The extinction coefficient is different for two orthogonal directions

A linearly polarised light beam traversing a 
dichroic medium is rotated by an angle e

QED vacuum magnetic photon splitting
L = 1.64 m, l = 1064 nm, B = 2.5 T

DkQED = -5×10-91

eQED = -2×10-83
Larger effects might come 
from axion-like particles
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Absorption 
coefficient

€ 

k||

ñ = n+ i

€ 

Δκ =κ|| −κ⊥ ≠ 0
↵ = 4⇡



�

" = ⇡
L

�
� sin 2#
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Sensitive magnetic polarimetry

Emilio Zavattini
(1927 -2007) 

• signal modulation; beat with a 
known effect for linearization

• high magnetic field B
• longest possible optical path L



The image part with relationship ID rId13 was not 
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• Signal modulation
Periodic change of the effect: modulate either field intensity (BFRT) 

or field direction (PVLAS, Q & A).
Add a modulated ellipticity: heterodyne detection

Pulsed magnets: (BMV, OVAL)
Beat with a static effect: homodyne detection

• High magnetic field B
Superconductive magnets: (BFRT, PVLAS LNL)
Electromagnets: (BMV, OVAL)
Dipole permanent magnets: (PVLAS Ferrara, Q & A)

long duty cycle; high frequency rotation (PVLAS reached 23 Hz)

• Longest possible optical path L
Multi-pass cavity: (BFRT)
High-Q Fabry-Perot resonator: (BMV, OVAL, PVLAS, Q & A) largest 

optical path-length multiplication factor ≈ 5×105 (PVLAS Ferrara)

13Federico Della Valle – Orosei – 30/04/2019

Experimental strategies

BFRT: R Cameron et al, PRD 47, 3707 (1993)
PVLAS LNL: E Zavattini et al, PRD 77, 032006 (2008)

M Bregant et al, PRD 78, 032006 (2008)
Q & A: H-H Mei et al, MPLA 25, 983 (2010)

BMV: A Cadène et al, EPJD 68, 16 (2014)
OVAL: X Fan et al, EPJD 71, 308 (2017)
PVLAS Ferrara: F Della Valle et al, EPJC 76, 24 (2016)

G Zavattini et al, EPJC 78, 585 (2018)
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Signal modulated in time. Beat with a calibrated effect
• Signal linear in the ellipticity
• Smaller 1/f noise

Heterodyne detection - ellipticity

I0
polariser analyser

ITr
yQED = 1.2×10-16

s2 ≈ 10-7–10-8

static detection excluded 

polariser magnetic field
Mod

analyser

y(t) at nSignal h(t) at nMod
ITr

I0
Ellipticity modulator

Main frequency components at nMod ± nSignal (and 2nMod)
14Federico Della Valle – Orosei – 30/04/2019

€ 

Itr = I0 σ
2 +ψ 2[ ]

€ 

ψ

€ 

ITr = I0 σ
2 + ψ(t) +η(t)( )2[ ] = I0 σ

2 + ψ(t)2 +η(t)2 + 2ψ(t)η t( )( )[ ]
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Signal frequency layout

h2/2

hy

nMod 2nMod

n

Nearly static birefringences as(t)  generate a 1/f noise 
centred at the carrier modulation frequency nMod

noisesignal

nMod+nSignalnMod-nSignal
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ITr = I0 σ
2 + ψ(t)+η(t)+αs (t)( )2!

"
#
$

= I0 σ
2 + η(t)2 + 2ψ(t)η(t)+ 2αs (t)η(t)+...( )!

"
#
$

ITr(n)
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Signal amplification: 
Fabry Perot cavity

Fabry-Perot: resonant optical cavity increasing the effective optical path.
Made of two mirror placed at a separation d which is an integer multiple of l/2.
The laser is frequency-locked to the cavity using a feedback circuit. 

Amplification

Finesse

cavity decay time
t = 2.7 ms

d
Vacuum magnetic birefringence:

L = 1.64 m, l = 1064 nm, B = 2.5 T
N = 445000

DnQED = 2.5×10-23

NyQED = 5.4×10-11
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polariser magnetic field analyser ITrI0
Ellipticity

modulatorFabry-Perot mirrors

N =
2F
⇡

⇡ 5⇥ 105
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The PVLAS apparatus



The image part with relationship ID rId13 was not 
found in the file.

Timeline of vacuum birefringence

68% c.l.
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DnPVLAS-2014 =    4.0 ± 20×10-23 T-2 T2014 ≈ 1×106 s F Della Valle et al, PRD 90, 092003 (2014)

DnPVLAS-2015 = – 2.4 ± 4.8×10-23 T-2 T2015 ≈ 3×106 s F Della Valle et al, EPJC 76, 24 (2016)

DnPVLAS-2016 =    3.8 ± 3.2×10-23 T-2 T2016 ≈ 5×106 s A Ejlli, PhD Thesis, 2017, unpublished

∆
BFRT: R Cam

eron et al, PRD 47, 3707 (1993)
PVLA

S-LN
L: E Zavattini et al, PRD 77, 032006 (2008)

M
 Bregant

et al, PRD 78, 032006 (2008)
PVLA

S-TEST: F Della Valle et al, N
JP 15, 053026 (2013)

BM
V: A

 Cadène
et al, EPJD 68,16

(2014)
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Rotation PVLAS 

Ellipticity PVLAS 
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ALPS 2010
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PVLAS is model independent
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 Relative intensity noise
 Diode dark current

Iout = 2.5 mW
RIN(50 kHz) = 3·10-7 1/√Hz
σ

2 = 1·10-7

G = 0.7·106 V/W

The sensitivity problem
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low frequency

Pulsed magnetOVAL

 Experimental optical path difference 
        sensitivities = ellipticity normalised for the 
        number of passes N and wavelength λ.

Experiment       cavity       amplification N wavelength     length
BFRT (1993):      multipass 35-578,  514 nm     14.9 m
PVLAS-LNL (2008): F.P.    23'000, 45'000     532 nm, 1064 nm   6.4 m
PVLAS-TEST (2013): F.P. 150'000 1064 nm           1.4 m
PVLAS-FE (2016): F.P. 450'000 1064 nm          3.3 m
BMV (2014): F.P. 280'000 1064 nm          2.3 m
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Intrinsic noise?
Sensitivity in optical path difference DD between two perpendicular polarizations

Sensitivity in DD does not depend on finesse

BFRT: R Cam
eron et al, PRD 47, 3707 (1993)

PVLA
S-LN

L: E Zavattini et al, PRD 77, 032006 (2008)
M

 Bregant
et al, PRD 78, 032006 (2008)

PVLA
S-TEST: F Della Valle et al, N

JP 15, 053026 (2013)
BM

V: A
 Cadène

et al, EPJD 68,16
(2014)

O
VA

L: X Fan et al, EPJD 71, 308 (2017) 
PVLA

S-FE: F Della Valle et al, EPJC 76, 24
(2016)

G Zavattini et al, EPJC  78, 585 (2018)

Updated graph from G. Zavattini et al. EPJC 76, 294 (2016)
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Intrinsic noise
• Measured ellipticity noise and Cotton-Mouton signal as a 

function of the finesse
• Introduced controlled extra losses p ≈ 10-5 in the cavity by 

clipping the beam
• Finesse range (F1 – F6): 250’000 – 690’000

Cotton-Mouton
signals

Noise and Cotton-Mouton ∆D signals are independent of the finesse
G Zavattini et al, EPJC  78, 585 (2018)
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<latexit sha1_base64="HH+UURS6CAmLe3ypNrBG10pdI1s=">AAACInicbVDLSgMxFM34tr6qLt0Ei+DGMiOCuhN14VLRqtCp5U6a2mAmSZM7Yhn6LW78FTcuFHUl+DGmj4WvAwmHc84luScxUjgMw49gZHRsfGJyarowMzs3v1BcXDp3OrOMV5iW2l4m4LgUildQoOSXxnJIE8kvkpuDnn9xy60TWp1hx/BaCtdKNAUD9FK9uHtaz+NDLhHoYTc2VhvUscquYpCmBXG7nUEj7l8DAYzP3G2E5Z16sRSWwz7oXxINSYkMcVwvvsUNzbKUK2QSnKtGocFaDhYFk7xbiDPHDbAbuOZVTxWk3NXy/opduuaVBm1q649C2le/T+SQOtdJE59MAVvut9cT//OqGTZ3arlQJkOu2OChZiYpatrrizaE5QxlxxNgVvi/UtYCCwx9qwVfQvR75b/kfLMcheXoZKu0tz+sY4qskFWyTiKyTfbIETkmFcLIPXkkz+QleAiegtfgfRAdCYYzy+QHgs8veOWk0g==</latexit><latexit sha1_base64="HH+UURS6CAmLe3ypNrBG10pdI1s=">AAACInicbVDLSgMxFM34tr6qLt0Ei+DGMiOCuhN14VLRqtCp5U6a2mAmSZM7Yhn6LW78FTcuFHUl+DGmj4WvAwmHc84luScxUjgMw49gZHRsfGJyarowMzs3v1BcXDp3OrOMV5iW2l4m4LgUildQoOSXxnJIE8kvkpuDnn9xy60TWp1hx/BaCtdKNAUD9FK9uHtaz+NDLhHoYTc2VhvUscquYpCmBXG7nUEj7l8DAYzP3G2E5Z16sRSWwz7oXxINSYkMcVwvvsUNzbKUK2QSnKtGocFaDhYFk7xbiDPHDbAbuOZVTxWk3NXy/opduuaVBm1q649C2le/T+SQOtdJE59MAVvut9cT//OqGTZ3arlQJkOu2OChZiYpatrrizaE5QxlxxNgVvi/UtYCCwx9qwVfQvR75b/kfLMcheXoZKu0tz+sY4qskFWyTiKyTfbIETkmFcLIPXkkz+QleAiegtfgfRAdCYYzy+QHgs8veOWk0g==</latexit><latexit sha1_base64="HH+UURS6CAmLe3ypNrBG10pdI1s=">AAACInicbVDLSgMxFM34tr6qLt0Ei+DGMiOCuhN14VLRqtCp5U6a2mAmSZM7Yhn6LW78FTcuFHUl+DGmj4WvAwmHc84luScxUjgMw49gZHRsfGJyarowMzs3v1BcXDp3OrOMV5iW2l4m4LgUildQoOSXxnJIE8kvkpuDnn9xy60TWp1hx/BaCtdKNAUD9FK9uHtaz+NDLhHoYTc2VhvUscquYpCmBXG7nUEj7l8DAYzP3G2E5Z16sRSWwz7oXxINSYkMcVwvvsUNzbKUK2QSnKtGocFaDhYFk7xbiDPHDbAbuOZVTxWk3NXy/opduuaVBm1q649C2le/T+SQOtdJE59MAVvut9cT//OqGTZ3arlQJkOu2OChZiYpatrrizaE5QxlxxNgVvi/UtYCCwx9qwVfQvR75b/kfLMcheXoZKu0tz+sY4qskFWyTiKyTfbIETkmFcLIPXkkz+QleAiegtfgfRAdCYYzy+QHgs8veOWk0g==</latexit><latexit sha1_base64="HH+UURS6CAmLe3ypNrBG10pdI1s=">AAACInicbVDLSgMxFM34tr6qLt0Ei+DGMiOCuhN14VLRqtCp5U6a2mAmSZM7Yhn6LW78FTcuFHUl+DGmj4WvAwmHc84luScxUjgMw49gZHRsfGJyarowMzs3v1BcXDp3OrOMV5iW2l4m4LgUildQoOSXxnJIE8kvkpuDnn9xy60TWp1hx/BaCtdKNAUD9FK9uHtaz+NDLhHoYTc2VhvUscquYpCmBXG7nUEj7l8DAYzP3G2E5Z16sRSWwz7oXxINSYkMcVwvvsUNzbKUK2QSnKtGocFaDhYFk7xbiDPHDbAbuOZVTxWk3NXy/opduuaVBm1q649C2le/T+SQOtdJE59MAVvut9cT//OqGTZ3arlQJkOu2OChZiYpatrrizaE5QxlxxNgVvi/UtYCCwx9qwVfQvR75b/kfLMcheXoZKu0tz+sY4qskFWyTiKyTfbIETkmFcLIPXkkz+QleAiegtfgfRAdCYYzy+QHgs8veOWk0g==</latexit>

• Increase the frequency of the signal by rotating faster
– with
– Maybe improve by a factor 2 with the PVLAS apparatus

• Increase the signal: B2L of magnet
– Only real option is to use superconducting static magnets
– One LHC magnet has B2L = 1200 T2m. At present we have 10 T2m.
– Superconductor magnets cannot be modulated at ≈ 10 Hz

• Change origin of modulation
– Rotate the polarization inside the field
– … But must be kept fixed on the mirrors.
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How to beat the noise

G Zavattini et al, EPJC 76, 294 (2016)



The image part with relationship ID rId13 was not 
found in the file.
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Separate magnet from modulation

Polarization modulation scheme
• Insert two half wave plates co-rotating @ nwwith a fixed relative 

angle ∆f
• Rotate polarization inside the magnetic field
• Fix polarization on mirrors to avoid mirror birefringence signal

� Total losses ≤ 0.4% (commercial). Maybe 10 times lower is possible
� Maximum finesse ≈ 10000 (with ≤ 0.04% losses)

nw nw

G Zavattini et al, EPJC 76, 294 (2016)



The image part with relationship ID rId13 was not 
found in the file.

I(t) = Iout
�
⌘(t)2 + 2⌘(t)N

⇥
 0 sin 4�(t)+

+↵1 sin 2�(t) + ↵2 sin
�
2�(t) + 2��

�⇤ 
<latexit sha1_base64="5oQ5V7Jye4TU1yWXch4dC+gDbaA="></latexit><latexit sha1_base64="5oQ5V7Jye4TU1yWXch4dC+gDbaA="></latexit><latexit sha1_base64="5oQ5V7Jye4TU1yWXch4dC+gDbaA="></latexit><latexit sha1_base64="5oQ5V7Jye4TU1yWXch4dC+gDbaA="></latexit>
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Wave-plate defects a1,2

• a(0)
1,2  ≈ 10-3 (from manufacturer): appears @ 2nd harmonic

• a(1)
1,2  ≈ 10-6 (wedge of wave-plate): appears @ 1st and 3rd harmonic

• a(2)
1,2 => appears @ 4th harmonic

• Condition is that a(2)
1,2 < y0 with y0 ≈ 10-14. Must be tested.

Signal and possible problems

Signal appears a the 4th harmonic of nwaveplate

↵1,2 = ↵(0)
1,2 + ↵(1)

1,2 cos�+ ↵(2)
1,2 cos 2�+ . . .

<latexit sha1_base64="r/p8z+dzCSDPwQBLbR/TzG6H2SI=">AAACRnicbZBLS8NAFIVv6qvWV9Wlm2ARWpSSBEE3QtGNywr2AU0Mk+m0HTrJhJmJUEJ+nRvX7vwJblwo4tZpm0WtXhg4c757uTMniBmVyrJejcLK6tr6RnGztLW9s7tX3j9oS54ITFqYMy66AZKE0Yi0FFWMdGNBUBgw0gnGN1PeeSRCUh7dq0lMvBANIzqgGClt+WXPRSweIT+1z5zsavHykFatWna6ZNm1zMVcuvGILiNnjpw5Y32upF+uWHVrVuZfYeeiAnk1/fKL2+c4CUmkMENS9mwrVl6KhKKYkazkJpLECI/RkPS0jFBIpJfOYsjME+30zQEX+kTKnLmLEykKpZyEge4MkRrJZTY1/2O9RA0uvZRGcaJIhOeLBgkzFTenmZp9KghWbKIFwoLqt5p4hATCSidf0iHYy1/+K9pO3bbq9t15pXGdx1GEIziGKthwAQ24hSa0AMMTvMEHfBrPxrvxZXzPWwtGPnMIv6oAP0YYr+Q=</latexit><latexit sha1_base64="r/p8z+dzCSDPwQBLbR/TzG6H2SI=">AAACRnicbZBLS8NAFIVv6qvWV9Wlm2ARWpSSBEE3QtGNywr2AU0Mk+m0HTrJhJmJUEJ+nRvX7vwJblwo4tZpm0WtXhg4c757uTMniBmVyrJejcLK6tr6RnGztLW9s7tX3j9oS54ITFqYMy66AZKE0Yi0FFWMdGNBUBgw0gnGN1PeeSRCUh7dq0lMvBANIzqgGClt+WXPRSweIT+1z5zsavHykFatWna6ZNm1zMVcuvGILiNnjpw5Y32upF+uWHVrVuZfYeeiAnk1/fKL2+c4CUmkMENS9mwrVl6KhKKYkazkJpLECI/RkPS0jFBIpJfOYsjME+30zQEX+kTKnLmLEykKpZyEge4MkRrJZTY1/2O9RA0uvZRGcaJIhOeLBgkzFTenmZp9KghWbKIFwoLqt5p4hATCSidf0iHYy1/+K9pO3bbq9t15pXGdx1GEIziGKthwAQ24hSa0AMMTvMEHfBrPxrvxZXzPWwtGPnMIv6oAP0YYr+Q=</latexit><latexit sha1_base64="r/p8z+dzCSDPwQBLbR/TzG6H2SI=">AAACRnicbZBLS8NAFIVv6qvWV9Wlm2ARWpSSBEE3QtGNywr2AU0Mk+m0HTrJhJmJUEJ+nRvX7vwJblwo4tZpm0WtXhg4c757uTMniBmVyrJejcLK6tr6RnGztLW9s7tX3j9oS54ITFqYMy66AZKE0Yi0FFWMdGNBUBgw0gnGN1PeeSRCUh7dq0lMvBANIzqgGClt+WXPRSweIT+1z5zsavHykFatWna6ZNm1zMVcuvGILiNnjpw5Y32upF+uWHVrVuZfYeeiAnk1/fKL2+c4CUmkMENS9mwrVl6KhKKYkazkJpLECI/RkPS0jFBIpJfOYsjME+30zQEX+kTKnLmLEykKpZyEge4MkRrJZTY1/2O9RA0uvZRGcaJIhOeLBgkzFTenmZp9KghWbKIFwoLqt5p4hATCSidf0iHYy1/+K9pO3bbq9t15pXGdx1GEIziGKthwAQ24hSa0AMMTvMEHfBrPxrvxZXzPWwtGPnMIv6oAP0YYr+Q=</latexit><latexit sha1_base64="r/p8z+dzCSDPwQBLbR/TzG6H2SI=">AAACRnicbZBLS8NAFIVv6qvWV9Wlm2ARWpSSBEE3QtGNywr2AU0Mk+m0HTrJhJmJUEJ+nRvX7vwJblwo4tZpm0WtXhg4c757uTMniBmVyrJejcLK6tr6RnGztLW9s7tX3j9oS54ITFqYMy66AZKE0Yi0FFWMdGNBUBgw0gnGN1PeeSRCUh7dq0lMvBANIzqgGClt+WXPRSweIT+1z5zsavHykFatWna6ZNm1zMVcuvGILiNnjpw5Y32upF+uWHVrVuZfYeeiAnk1/fKL2+c4CUmkMENS9mwrVl6KhKKYkazkJpLECI/RkPS0jFBIpJfOYsjME+30zQEX+kTKnLmLEykKpZyEge4MkRrJZTY1/2O9RA0uvZRGcaJIhOeLBgkzFTenmZp9KghWbKIFwoLqt5p4hATCSidf0iHYy1/+K9pO3bbq9t15pXGdx1GEIziGKthwAQ24hSa0AMMTvMEHfBrPxrvxZXzPWwtGPnMIv6oAP0YYr+Q=</latexit>

G Zavattini et al, EPJC 76, 294 (2016)



The image part with relationship ID rId13 was not 
found in the file.
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VMB@CERN with 1 LHC magnet
• Signal

• Intrinsic noise

• Shot-noise

• Maximum measurement time

• LHC example:

R Ballou at al, CERN-SPSC-2018-036 / SPSC-I-249

=) T = 12 h
<latexit sha1_base64="IhU+ihc9S+7NkUUQ/EeZs0Rw3sU=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVUmFBAtSBQsDQ5H6kpqocly3terYke2Aqij8AQu/wsIAQqyMbPwNbpoBWo50paNz7rXvPUHEqNKO820VlpZXVteK66WNza3tHXt3r6VELDFpYsGE7ARIEUY5aWqqGelEkqAwYKQdjK+mfvuOSEUFb+hJRPwQDTkdUIy0kXr2sZe9kUjST70bwYeSDkcaSSnuYePCrT4kngzhKO3ZZafiZICLxM1JGeSo9+wvry9wHBKuMUNKdV0n0n6CpKaYkbTkxYpECI/RkHQN5Sgkyk+yZVJ4ZJQ+HAhpimuYqb8nEhQqNQkD0xkiPVLz3lT8z+vGenDuJ5RHsSYczz4axAxqAafpwD6VBGs2MQRhSc2uEI+QRFibDEsmBHf+5EXSqlZcp+LenpZrl3kcRXAADsEJcMEZqIFrUAdNgMEjeAav4M16sl6sd+tj1lqw8pl98AfW5w9bvJ1h</latexit><latexit sha1_base64="IhU+ihc9S+7NkUUQ/EeZs0Rw3sU=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVUmFBAtSBQsDQ5H6kpqocly3terYke2Aqij8AQu/wsIAQqyMbPwNbpoBWo50paNz7rXvPUHEqNKO820VlpZXVteK66WNza3tHXt3r6VELDFpYsGE7ARIEUY5aWqqGelEkqAwYKQdjK+mfvuOSEUFb+hJRPwQDTkdUIy0kXr2sZe9kUjST70bwYeSDkcaSSnuYePCrT4kngzhKO3ZZafiZICLxM1JGeSo9+wvry9wHBKuMUNKdV0n0n6CpKaYkbTkxYpECI/RkHQN5Sgkyk+yZVJ4ZJQ+HAhpimuYqb8nEhQqNQkD0xkiPVLz3lT8z+vGenDuJ5RHsSYczz4axAxqAafpwD6VBGs2MQRhSc2uEI+QRFibDEsmBHf+5EXSqlZcp+LenpZrl3kcRXAADsEJcMEZqIFrUAdNgMEjeAav4M16sl6sd+tj1lqw8pl98AfW5w9bvJ1h</latexit><latexit sha1_base64="IhU+ihc9S+7NkUUQ/EeZs0Rw3sU=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVUmFBAtSBQsDQ5H6kpqocly3terYke2Aqij8AQu/wsIAQqyMbPwNbpoBWo50paNz7rXvPUHEqNKO820VlpZXVteK66WNza3tHXt3r6VELDFpYsGE7ARIEUY5aWqqGelEkqAwYKQdjK+mfvuOSEUFb+hJRPwQDTkdUIy0kXr2sZe9kUjST70bwYeSDkcaSSnuYePCrT4kngzhKO3ZZafiZICLxM1JGeSo9+wvry9wHBKuMUNKdV0n0n6CpKaYkbTkxYpECI/RkHQN5Sgkyk+yZVJ4ZJQ+HAhpimuYqb8nEhQqNQkD0xkiPVLz3lT8z+vGenDuJ5RHsSYczz4axAxqAafpwD6VBGs2MQRhSc2uEI+QRFibDEsmBHf+5EXSqlZcp+LenpZrl3kcRXAADsEJcMEZqIFrUAdNgMEjeAav4M16sl6sd+tj1lqw8pl98AfW5w9bvJ1h</latexit><latexit sha1_base64="IhU+ihc9S+7NkUUQ/EeZs0Rw3sU=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVUmFBAtSBQsDQ5H6kpqocly3terYke2Aqij8AQu/wsIAQqyMbPwNbpoBWo50paNz7rXvPUHEqNKO820VlpZXVteK66WNza3tHXt3r6VELDFpYsGE7ARIEUY5aWqqGelEkqAwYKQdjK+mfvuOSEUFb+hJRPwQDTkdUIy0kXr2sZe9kUjST70bwYeSDkcaSSnuYePCrT4kngzhKO3ZZafiZICLxM1JGeSo9+wvry9wHBKuMUNKdV0n0n6CpKaYkbTkxYpECI/RkHQN5Sgkyk+yZVJ4ZJQ+HAhpimuYqb8nEhQqNQkD0xkiPVLz3lT8z+vGenDuJ5RHsSYczz4axAxqAafpwD6VBGs2MQRhSc2uEI+QRFibDEsmBHf+5EXSqlZcp+LenpZrl3kcRXAADsEJcMEZqIFrUAdNgMEjeAav4M16sl6sd+tj1lqw8pl98AfW5w9bvJ1h</latexit>

�D = 3AeB
2L = 4⇥ 10�24

✓
B

1 T

◆2 ✓ L

1 m

◆
m

<latexit sha1_base64="iV5A+D4YwVeG9ZJVIU13IHHe1eo="></latexit><latexit sha1_base64="iV5A+D4YwVeG9ZJVIU13IHHe1eo="></latexit><latexit sha1_base64="iV5A+D4YwVeG9ZJVIU13IHHe1eo="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Q+YAf133RGmkVa9g7xIV6sDxMUU="></latexit><latexit sha1_base64="Q+YAf133RGmkVa9g7xIV6sDxMUU="></latexit><latexit sha1_base64="Wi0kV6o73PwavWrVaCL+CI7azPI="></latexit><latexit sha1_base64="iV5A+D4YwVeG9ZJVIU13IHHe1eo="></latexit><latexit sha1_base64="iV5A+D4YwVeG9ZJVIU13IHHe1eo="></latexit><latexit sha1_base64="iV5A+D4YwVeG9ZJVIU13IHHe1eo="></latexit><latexit sha1_base64="iV5A+D4YwVeG9ZJVIU13IHHe1eo="></latexit><latexit sha1_base64="iV5A+D4YwVeG9ZJVIU13IHHe1eo="></latexit><latexit sha1_base64="iV5A+D4YwVeG9ZJVIU13IHHe1eo="></latexit>

T =

✓
S�D

�D

◆2

. 106 s
<latexit sha1_base64="Mi2BhjH2mjar1wZLQDHBPxjcCWA="></latexit><latexit sha1_base64="Mi2BhjH2mjar1wZLQDHBPxjcCWA="></latexit><latexit sha1_base64="Mi2BhjH2mjar1wZLQDHBPxjcCWA="></latexit><latexit sha1_base64="Mi2BhjH2mjar1wZLQDHBPxjcCWA="></latexit>

S(intrinsic)
�D = 2.6⇥ 10

�18
⇣ ⌫

1 Hz

⌘�0.77 mp
Hz

<latexit sha1_base64="SYf9AkhNmfVA8ZbPCaZXmuHaW1E="></latexit><latexit sha1_base64="SYf9AkhNmfVA8ZbPCaZXmuHaW1E="></latexit><latexit sha1_base64="SYf9AkhNmfVA8ZbPCaZXmuHaW1E="></latexit><latexit sha1_base64="SYf9AkhNmfVA8ZbPCaZXmuHaW1E="></latexit>

S(shot)
�D =

r
e

I0q

�

⇡N

mp
Hz

<latexit sha1_base64="D+4t9+Z8UopN+qzi1NzPd6RhxDE="></latexit><latexit sha1_base64="D+4t9+Z8UopN+qzi1NzPd6RhxDE="></latexit><latexit sha1_base64="D+4t9+Z8UopN+qzi1NzPd6RhxDE="></latexit><latexit sha1_base64="D+4t9+Z8UopN+qzi1NzPd6RhxDE="></latexit>

S�D = 10
�18 mp

Hz
@ 3 Hz

<latexit sha1_base64="UPF4ZH9in9LQfKGJRMBj9O2oI20="></latexit><latexit sha1_base64="UPF4ZH9in9LQfKGJRMBj9O2oI20="></latexit><latexit sha1_base64="UPF4ZH9in9LQfKGJRMBj9O2oI20="></latexit><latexit sha1_base64="UPF4ZH9in9LQfKGJRMBj9O2oI20="></latexit>

B2L = 1200 T2m
<latexit sha1_base64="Ory4GHhg++zsmoKUP+RVhX1uLyg=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFWSIOhGKHXjwkWF3qBNy2Q6aYfOJGFmIpQQceOruHGhiFtfwp1v4zTNQlt/GPj4zzmcOb8XMSqVZX0bhZXVtfWN4mZpa3tnd8/cP2jJMBaYNHHIQtHxkCSMBqSpqGKkEwmCuMdI25tcz+rteyIkDYOGmkbE5WgUUJ9ipLQ1MI9qfef2ynYs6yHpCQ4bad/JgKcDs2xVrExwGewcyiBXfWB+9YYhjjkJFGZIyq5tRcpNkFAUM5KWerEkEcITNCJdjQHiRLpJdkMKT7UzhH4o9AsUzNzfEwniUk65pzs5UmO5WJuZ/9W6sfIv3YQGUaxIgOeL/JhBFcJZIHBIBcGKTTUgLKj+K8RjJBBWOraSDsFePHkZWk7Ftir23Xm5WsvjKIJjcALOgA0uQBXcgDpoAgwewTN4BW/Gk/FivBsf89aCkc8cgj8yPn8Ap/WWQg==</latexit><latexit sha1_base64="Ory4GHhg++zsmoKUP+RVhX1uLyg=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFWSIOhGKHXjwkWF3qBNy2Q6aYfOJGFmIpQQceOruHGhiFtfwp1v4zTNQlt/GPj4zzmcOb8XMSqVZX0bhZXVtfWN4mZpa3tnd8/cP2jJMBaYNHHIQtHxkCSMBqSpqGKkEwmCuMdI25tcz+rteyIkDYOGmkbE5WgUUJ9ipLQ1MI9qfef2ynYs6yHpCQ4bad/JgKcDs2xVrExwGewcyiBXfWB+9YYhjjkJFGZIyq5tRcpNkFAUM5KWerEkEcITNCJdjQHiRLpJdkMKT7UzhH4o9AsUzNzfEwniUk65pzs5UmO5WJuZ/9W6sfIv3YQGUaxIgOeL/JhBFcJZIHBIBcGKTTUgLKj+K8RjJBBWOraSDsFePHkZWk7Ftir23Xm5WsvjKIJjcALOgA0uQBXcgDpoAgwewTN4BW/Gk/FivBsf89aCkc8cgj8yPn8Ap/WWQg==</latexit><latexit sha1_base64="Ory4GHhg++zsmoKUP+RVhX1uLyg=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFWSIOhGKHXjwkWF3qBNy2Q6aYfOJGFmIpQQceOruHGhiFtfwp1v4zTNQlt/GPj4zzmcOb8XMSqVZX0bhZXVtfWN4mZpa3tnd8/cP2jJMBaYNHHIQtHxkCSMBqSpqGKkEwmCuMdI25tcz+rteyIkDYOGmkbE5WgUUJ9ipLQ1MI9qfef2ynYs6yHpCQ4bad/JgKcDs2xVrExwGewcyiBXfWB+9YYhjjkJFGZIyq5tRcpNkFAUM5KWerEkEcITNCJdjQHiRLpJdkMKT7UzhH4o9AsUzNzfEwniUk65pzs5UmO5WJuZ/9W6sfIv3YQGUaxIgOeL/JhBFcJZIHBIBcGKTTUgLKj+K8RjJBBWOraSDsFePHkZWk7Ftir23Xm5WsvjKIJjcALOgA0uQBXcgDpoAgwewTN4BW/Gk/FivBsf89aCkc8cgj8yPn8Ap/WWQg==</latexit><latexit sha1_base64="Ory4GHhg++zsmoKUP+RVhX1uLyg=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFWSIOhGKHXjwkWF3qBNy2Q6aYfOJGFmIpQQceOruHGhiFtfwp1v4zTNQlt/GPj4zzmcOb8XMSqVZX0bhZXVtfWN4mZpa3tnd8/cP2jJMBaYNHHIQtHxkCSMBqSpqGKkEwmCuMdI25tcz+rteyIkDYOGmkbE5WgUUJ9ipLQ1MI9qfef2ynYs6yHpCQ4bad/JgKcDs2xVrExwGewcyiBXfWB+9YYhjjkJFGZIyq5tRcpNkFAUM5KWerEkEcITNCJdjQHiRLpJdkMKT7UzhH4o9AsUzNzfEwniUk65pzs5UmO5WJuZ/9W6sfIv3YQGUaxIgOeL/JhBFcJZIHBIBcGKTTUgLKj+K8RjJBBWOraSDsFePHkZWk7Ftir23Xm5WsvjKIJjcALOgA0uQBXcgDpoAgwewTN4BW/Gk/FivBsf89aCkc8cgj8yPn8Ap/WWQg==</latexit>
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What sensitivity could be reached?
Sensitivity in optical path difference DD between two perpendicular polarizations
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PVLAS-FE

BFRT

PVLAS-LNL

PVLAS-TEST BMVPVLAS-FE

low frequency

Pulsed magnet

Shot-noise: finesse = 700, Iout = 100 mW

Shot-noise: finesse = 7e5, Iout = 2.5 mW

wavelength = 1064 nm, q = 0.7 A/W

wavelength = 1064 nm, q = 0.7 A/W

OVAL

 Experimental optical path difference 
        sensitivities = ellipticity normalised for the 
        number of passes N and wavelength λ.
___________________________________
Shot noise with λ = 1064 nm, q = 0.7 A/W

 Finesse = 700, Iout = 100 mW
 Finesse = 700'000, Iout = 2.5 mW

Experiment       cavity       amplification N wavelength     length
BFRT (1993):      multipass 35-578,  514 nm     14.9 m
PVLAS-LNL (2008): F.P.    23'000, 45'000     532 nm, 1064 nm   6.4 m
PVLAS-TEST (2013): F.P. 150'000 1064 nm           1.4 m
BMV (2014): F.P. 280'000 1064 nm          2.3 m
PVLAS-FE (2016): F.P. 450'000 1064 nm          3.3 m

U
pdated

graph
from

G. Zavattini et al. EPJC 76, 294 (2016)

SDD ≈ 10-18 m/√Hz goal sensitivity
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Conclusions
• I have presented a brief updated report of the opto-

polarimetric method to measure vacuum magnetic 
birefringence

• PVLAS, the most advanced experimental effort in this 
field is unable to reach the goal due to insufficient 
sensitivity. PVLAS achievements:
– integrated signal is less than one order of magnitude from the 

QED signal
– best laboratory limits for axion-like particles with m > 1 meV

• New idea: separate magnet and modulation
– employ a LHC magnet (B2L = 1200 T2m)
– modulate the effect by inserting two co-rotating 

half-wave plates inside the optical cavity 
(polarization fixed on the surface of the mirrors)
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