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Vacuum	  as	  fundamental	  physics	
•  Vacuum	  has	  rich	  structures	  which	  are	  related	  
to	  fundamental	  physics…	
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Higgs	

Vacuum	

<Φ>	  =	  246GeV	

Higgs	  Field	  
(discovered	  in	  LHC)	

e+	

e-‐	

Vacuum	  Polariza3on	   Dark	  Energy	  
(Reaccelera3on	  of	  the	  Universe)	

Our	  target	  is	  vacuum	  polariza3on	  
Ø It	  could	  induce	  the	  anisotropy	  of	  vacuum	  	  	



Vacuum	  Magne0c	  Birefringence	
•  QED	  predicts	  the	  light	  and	  magne0c	  field	  can	  interact	  
each	  other	  mediated	  by	  the	  virtual	  e-‐e+.	  	  

•  As	  a	  result,	  the	  refrac3ve	  index	  of	  vacuum	  could	  
become	  anisotropic	  
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Magne0c	  Field	  B	

Incoming	  
Light	

outgoing	  
Light	  

virtual	  e+e-‐	

Δn = n|| - n⊥ = kCM×B2   �
(QED predicts kCM=4.0×10-24[T-2])�
	

reciprocal quantity. The second half of the same table, with primed run numbers, presents

the values obtained by applying Equations (21) and (22). The lines marked with ψ give

four determinations of the magnetic birefringence of vacuum; as many determinations of the

dichroism are given by the lines marked with θ. These numbers are listed in Table III.[? ]

The weighted averages of the numbers listed in the “In-phase” column of Table III are

∆n(PVLAS) = (−1.5± 3.0)× 10−22 @ B = 2.5 T, (26)

∆κ(PVLAS) = (−1.6± 3.5)× 10−22 @ B = 2.5 T. (27)

The quadrature value of ∆n results to be (+5.2± 3.2)× 10−22. All the numbers found are

compatible with zero. The value of ∆n(PVLAS) is an order of magnitude larger than the

birefringence predicted by QED [Equation (4)] and serves only as an upper limit.
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Figure 13. Time evolution of the measurement of vacuum magnetic birefringence normalised to

B2
ext. Error bars correspond to 1σ. Values have been taken from the following references: BFRT

[12]; Legnaro [13], Ferrara Test [27], BMV [28], PVLAS 2014 [26].

Figure 13 shows the time evolution of the measurement of the QED magnetic birefringence

of vacuum. To compare the different experiments, the measured values of the birefringence

have been normalised to B2
ext. By extrapolation, one could predict that it should not take

too long before the measurement is performed successfully. Anyway, this will not happen

if the sensitivity of the polarimeter will not improve by an order of magnitude. The next

section briefly discusses the noise issue.
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VMB	  is	  the	  non-‐linear	  effect	  of	  electromagne0sm,	  
	  but	  not	  observed	  yet	  .	

Limit	  to	  the	  kCM	
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•  The	  undiscovered	  par0cle	  which	  can	  couple	  to	  photons	  
such	  as	  Axion-‐like	  par.cles	  (ALPs)	  could	  also	  induce	  the	  
VMB	  

•  VMB	  has	  a	  good	  sensi0vity	  for	  ALPs	  	  
Magne0c	  Field	  B	

Incoming	  
Light	

outgoing	  
Light	  

ALPs	
VMB	  contribu3on	  from	  ALPs	

Contribu0on	  from	  ALPs	

4	Measurement	  of	  the	  VMB	  is	  also	  good	  probe	  for	  new	  physics	
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Concept	  of	  our	  experiment	

	  
•  Δn	  induce	  the	  change	  of	  polariza0on,	  and	  it	  is	  
propor0onal	  to	  	  B2LB	  

•  To	  obtain	  strong	  magne0c	  field	  and	  enough	  sta0s0c,	  
we	  use	  high	  repe..ve	  pulsed	  magnet	  

•  Fabry-‐perot	  cavity	  is	  used to	  enhance	  the	  effec0ve	  
path	  length	  by	  2*Finesse/π.	  	  

Detector	  

n||	

n⊥	
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Fabry-‐perot	  Cavity	  
Target	  spec	  F	  =	  450,000	  	  
	  	  	  	  	  	  	  	

Pulsed	  Magnets	  	  
Target	  spec	  	  
	  	  	  	  B	  =20T	  
	  	  	  	  L	  =	  0.8m	  
	  	  	  	  6Hz	



Overview	  of	  Current	  setup	

Magnet	
Vacuum chamber 	

Optics	

•  Arranging	  op0cs	  and	  a	  magnet	  on	  a 1.2m*2.4m	  op0cal	  
bench	  	  

Electrode	

2.4m	
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	  input	  laser	  	

B	

Mirror	  	polarizer	

Mirror	

•  One	  magnet	  between	  the	  two	  	  
	  	  	  	  	  mirrors.	  
•  Mirrors	  and	  polarizers	  are	  in	  the	  	  
	  	  	  	  	  vacuum	  chamber	  connected	  to	  	  
	  	  	  	  the	  magnet.	  	  
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detector	  

magnet	

Inside	  the	  chamber	

mirror	

Polarizer	

Schema0c	  view	  of	  setup	  	  	
1.4m	
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Current	  status	  ①	  Magnet	

	  20cm	

•  We	  are	  developing	  strong	  pulsed	  magnet	  with	  high	  repe00on	  
•  The	  length	  of	  the	  magne0c	  field	  is	  20cm	  along	  the	  light.	  	  
•  11.4T	  for	  single	  shot	  and	  8T	  0.15Hz	  con0nuous	  opera0on	  was	  

achieved	  

Shape	  of	  the	  coil	  	

Awer	  the	  reinforcement	  	 8	



•  We	  made	  a	  L	  =	  1.4m	  Fabry-‐perot	  cavity	  using	  
R>99.999%	  mirrors	  

	  
	  
	  
•  Measured	  finesse	  from	  decay	  0me	  of	  the	  
transmiyed	  intensity	  is	  ~300,000	  

Current	  status	  ②	  Fabry-Perot	  Cavity	  	
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Fiyed	  by	  const*exp(-‐t/τ)	

time[ms]	

Finesse	  =	  πcτ/L	
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Test	  run	
	  Summary	  of	  the	  Current	  status	  
•  Magnet	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  B	  =	  8T,	  LB	  =	  0.2m,	  0.15Hz	  
•  Fabry-‐perot	  cavity	  	  F	  =	  300,000,	  	  	  Intensity	  40μW	

•  Test	  run	  was	  done	  in	  December.	  
•  2	  types	  of	  measurement	  were	  performed	  	  

① Measurement	  using	  N2	  for	  calibra0on	  
② Measurement	  in	  the	  vacuum	  	  
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•  8T	  and	  -‐4T	  magne0c	  field	  is	  applied	  inside	  the	  cavity	  by	  turns	  
•  The	  change	  of	  the	  polariza3on	  is	  observed	  

Time[ms]	

Intensity	  passing	  thorough	  	  
the	  polarizer	  [W]	

Magne0c	  field	  [T]	  

Measurement	  of	  N2	
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Time[ms]	

Time[ms]	

Intensity	  before	  the	  polarizer	  [W]	

Result	  @N2	  200Pa	
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Analysis	  of	  the	  N2	  measurement	
•  The	  change	  of	  the	  polariza0on	  is	  fiyed	  by	  the	  magne0c	  field.	  
•  From	  the	  pressure	  dependence,	  the	  anisotropy	  of	  the	  

refrac0ve	  index	  induced	  by	  the	  N2	  can	  be	  decided.	  
•  |kCM

N2
measured| 	  = 2.5*10-‐17	  [T-‐2Pa-‐1	  ]	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ⇄	  |	  kCM
N2

calculated	  |	  	  = 2.3*10-‐17	  [T-‐2Pa-‐1]	  	  	  
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Magne0c	  field	  [T]	  

•  The	  test	  run	  in	  the	  vacuum	  was	  also	  done.	  
•  ~100	  pulse	  was	  applied	  inside	  the	  cavity	  for	  each	  
polarity	  of	  the	  magne0c	  filed.	  	  	  

•  For	  current	  sensi0vity,	  no	  signal	  should	  be	  observed.	  

Time[ms]	

Time[ms]	
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Magne0c	  field	  [T]	  

Test	  run	  in	  the	  vacuum	

Magne0c	  field	  [T]	  



P1[T-‐2]	

•  The	  change	  of	  the	  polariza0on	  is	  fiyed	  by	  P0	  +	  P1*	  B(t)2	   for	  
each	  polarity	  of	  magne0c	  filed	  at	  the	  same	  0me.	  

•  The	  mean	  value	  of	  the	  distribu0on	  of	  P1	  is	  consistent	  with	  0	  
as	  expected.	  	  

Analysis	  of	  vacuum	  measurement	

Distribu0on	  of	  P1	
kcm	  measured	  <	  3×10-‐18[T-‐2]	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  @95%	  C.L	  
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Future	  prospect	
•  Next	  upgrade	  toward	  the	  observa0on	  of	  VMB	  	  

ü 	  Improvement	  of	  the	  pulsed	  magnet	  
Ø 	  Change	  the	  wound	  wire	  from	  Cu	  to	  Ag-‐Cu	  to	  
achieve	  20	  T	  	  

ü 	  Building	  longer	  cavity	  with	  more	  magnets	  
Ø 	  L	  =3.2m	  with	  4	  magnets	  (LB	  =	  0.8m)	  	  

ü 	  Improvement	  of	  the	  fabry-‐perot	  
Ø 	  	  more	  intensity	  is	  needed	  to	  reduce	  the	  noise	  

	  	  	  	  First	  observa3on	  of	  VMB	  will	  be	  
accomplished	  in	  a	  year	  
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Summary	

•  VMB	  is	  non-‐linear	  electro-‐magne0c	  effect	  predicted	  by	  
QED,	  but	  not	  observed	  yet.	  

•  We	  are	  developing	  a	  high-‐finesse	  fabry-‐perot	  cavity	  and	  
strong	  pulsed	  magnets	  to	  observe	  VMB	  

•  Test	  run	  of	  the	  current	  system	  is	  performed	  with	  8T	  and	  
0.2m	  pulsed	  magnet	  and	  F	  =	  300,000	  fabry-perot	  cavity.	  

•  The	  obtained	  limit	  is	  3×10-‐18	  [T-‐2]	  	  (95C.L.)	  
•  Upgrades	  of	  the	  magnets	  and	  cavity	  is	  under	  planning.	
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