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Classical Electromagnetism in vacuum™

Classical vacuum has no structure. The superposition principle is valid
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Heisenberg's Uncertainty Principle-
AEAt = i

Vacuum is a minimum Vacuum has a structure

energy state and can :> which can be observed by
fluctuate into anything perturbing it and probing it.
compatible with vacuum

/' ) /' Y. ‘Evidence of microscopic structure of
vacuum is known (Lamb Shift ....)

P
P
_qup_) /' ) — 2.9 JZJ_> *Macroscopically observable (small) effects
- have been predicted since 1936 but have

/' / Tg:tl:rr:& never been directly observed yet.
P
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Aim of PVLAS

PVLAS was designed to obtain experimental information
on VACUUM using optical techniques.

The full experimental program is o detect and measure

‘LINEAR BIREFRINGENCE
‘LINEAR DICHROISM

acquired by VACUUM induced by an external magnetic
field B
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Linear Birefringence .

In coming beam can be expressed as
- E
Ein = EOe E(O)

After a phase delay of the component parallel to B by ¢

1+ i(‘P) c0s 29

E =Ee™ :

out™

R sin29
2

A signal is induced along the direction of the analyser A:

2

Max. component along A: (‘PJ
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Ep’ =qEg

y axis (E, direction)




Linear Dichroism C

In coming beam can be expressed as

— = 1
Ein = EOe E(O)

After reduction of the component parallel to B by a factor q (q<1)

1+(q—1)coszﬁ 1+(q_1)c0521‘}

4 . . 2
E..=E.e™ _ ~E e ™
P (ql sin29 | (q—l

< |sin2Y
: 2

A signal is induced along the direction of the analyser A:

Max. polarization rotation: a=(1—qJ
2
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“ Today's presentation - Dichroism -

We have observed consistently a dichroism signal generated by a 1.1 m
long, 5.5 T magnet. The beam traverses the region N=52000 times.

Total rotation measured = (2.2 + 0.3) -10"rad

(q ; 1) =—(3.7+0.4)- 10 *rad/pass

There is a reduction of the component parallel to B.
What has happened to the missing part?

Can we exclude a systematic error?

Do we have a physical 'handle™?

*What is the comparison of our result with other experiments?
*Future plans.
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Data Acquisition

Rotating table has 32 ticks equally spaced which trigger
ADC + start tick.

Photodiode signal (I,.) is demodulated at wson, 2W5om
with lockin amplifiers.

Also acquire

1. light intensity (I,) (AC and DC coupled)

2. Position Sensitive photoDiode of output beam

3. stray magnetic field in 3 positions

4. laser feedback signal
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\ PVLAS: schematic drawing

upper

optical bench
The granite tower (blue in vacuum
the drawing) supports the Rk
upper optical bench and is i
mechanically isolated from -
the hall (in green) magnetin | floor level
The turntable, holding the ____f _________ T m X _________ __1__
magnet, rests on a beam D w mmtingu ﬂ
fixed to the floor (green in | turntably ¥
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Lower"op’rical bench
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Mirror mount

Photo gallery - 2

Mode TEM,,

Mode TEM,,

Mirrors




Control room

3

Magnet
position

Photo gallery -

magnet
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PVLAS Experiment

High sensitivity ellipsometer based on;
‘Fabry-Pérot cavity for path length;
-superconducting magnet for high field;
‘rotating magnet to reduce 1/f noise;
*heterodyne technique.
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Ellipticity measurement principle

Static measurement is excluded: I, = 10[02 + 'If(t)z]
*Modulate the effect and add a carrier n(t) to signal at wsop

‘Rotating the field at €2y, produces an ellipticity at 2Q4.,

polariser  magnetic field modulator analyser

“ 17 =

P at wMag n at Wsom

Ideally,
I, = L[o® + (¥ () +n®)’] - 10[02 +(TO? +n@)* + Z‘P(t)"(t)z]

Main frequency components at wgont2Q 4 ANd 2050y
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Run 965
B=55T
F=61850

‘™
=
L
P
=
T

— ellitticita’ con Neona 15 mbar
delta_n = 2.6e-16

|
Y ' =6-107 1/4/Hz; 2

s _18 Magnet rotation frequenc
An® =2-10 1/4/Hz;







Dichroism measurements

polariser magnetic field QWP

SOM

analyser

Iy

— >

E ITr

QWP can be inserted to transform a rotation into an ellipticity with
the same amplitude. It can be oriented in two positions: 0° and 90°.

w(t)

e {—w)

I. =TI,|0%+ (tp(f) + n(’r))z] _T,

a(t) at 20y, I MN(t) at wgoy,

foro = 0°
for 9 = 90°

0% + (W(? + (12 + 29(Hn(t)

Main frequency components at wgon2Q 4 ANd 2050y

BNL - 21 Oct. 2665







-
% )

BNL - 21 Oct. 2005

signal amplitude [Volt]

signal amplitude [Volt]

10 -
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PVLAS run 903
QWP axis 0°
Field intensity 0 T

Acquisition time = 650 s

Average number of passes = 4.2-10*

) )
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PVLAS run 808
QWP axis 0°
Field intensity 5.5 T

Acquisition time = 640 s

Average number of passes = 4.6-10*
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4% Results for the measured dichroism in vacuum & _

o0

st _

g2 L

QWP 90°: Result of weighted

— — average with the quarter 31 »
wave plate at 90° 210712 ', KN}X
€ul
QWP 0°: Result of weighted Ho fl
— — average with the quarter 0 0

wave plate at 0° |

N,: Physical axis defined by ;
....... measuring the Y
Cotton-Mouton effect in Nitrogen

270

Dichroism signal = — HalfDifference A: QWPO -QWPI0 - pichroism
(2.2+0.3)-10-7 rad 2

—  Hadlfsum Z: QWPO + QWPI0 = Spurious signal
2
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Error or physical signal?

Candidate Test Comment

residual gas pressure measurement excluded

mirror coating direct measurement excluded

birefringence

electrical pick-up measurement without the | excluded
cavity

beam pointing instability | correlation with measured | possibility.
position signal

polarizer movement measurement without the | excluded
cavity

diffusion from magnetised | pinhole insertion excluded

surfaces

physical signal
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Final Vacuum Result

Total rotation measured = (2.2 + 0.3) -10"rad

(q ; 1) =—(3.7+0.4)- 10 *rad/pass

Questions: What is the origin of this dichroism?

1. Possible systematic error.
2. If it is physical, is it an absorption or a mixing?

3. QED-QCD interference leading to photon splitting?
- R ?
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Vacuum as a Medium - QED oL

Scheme:
- perturb the vacuum state with an external field
- probe the perturbed vacuum state with a polarized laser beam
- deduce information on the structure of the vacuum state

The propagation of light will be affected by the polarized vacuum fluctuations.

‘It seems that the leading term is due to e*e pairs.
*This effect can be calculated by the leading term in the Euler-Heisenberg effective
lagrangian.
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LEH 87 (

m23

e

For fields much smaller
than the critical field

(B << 4.4-10!3 gauss

E << 4.4-1013 statvol‘r/cm)

one can write

1

_1 EZ—BZ)—

a % e
—[dn—
87!20"'7

F,= hc = critical field;

E—

a’k’

907

2
eC

-n | _

R cosh(n (E2 -
E-B

R cosh(r]‘/(E2 -B?

B2)+ 2i(E']§)/Fc) _F2 E2 _Bz]

e L
EH EM QED

1

_Ac[(g? _p2)’ *.*2]
LQED-4n[(E B’) +7(E-B)

= 4/3-10-3% cm’/erg

‘Higher order terms are neglected
-virtual pairs other than e*e are neglected
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Induced Magnetic Birefringence of Vacuum

‘Light propagation is still described by Maxwell's equations in
media. They no longer are linear due to E-H correction.,

-By applying the constitutive relations to L., one finds
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Linearly polarized light passing through a transverse
external magnetic field.

e =1+10AB2 [¢, =1-4APB?
n||=1+7AeB(2) nl=1+4AeBg

J\u
J\\

An = 3AB,° ®# 4-10-32B,2 (B, in gauss)

‘v £ C A, can be determined by
s measuring the magnetic
amso‘l'r'opy birefringence of vacuum.
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Induced linear birefringence and dichroism

2 /. \2
Dichroism |, _ —sin219(BL) N( Smx)

4M X
iptici : kB’L sin2
Ellipticity W = sin 29 = N(l— 1 x)
4M°k 2x
Lk’ - B i
= | f&m (n _ l)k oth a and y are proportional to N
2| 2k * Both a and v are proportional to B2
27 rF me| @ depends only on M for small x
k = R N = — k, = | - the ratio y/a depends only on k,?

Both M and k., can be disentangled
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— Measured dichroism = (2.2+0.3)- 10" rad
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y=axA2
a=38e-9 TA-2
Chiguadro = 2.5; n.d.f.=4

Dicroismo

Preliminary

| |
3 4 6

Campo [T]
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Using gases as physical ‘handle’ in axion search ("""

Lf we assume that the effect is due to a light neutral particle
use a ?as to change its effective mass causing

we can

oscillations o

o= —sinZﬂ(

2
E) N(
4M

sinx

X

:

Kk 2

L

- +(n—1)k]
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Dicroismo (rad)

10-11 :

10-12

the signal as a function of pressure.

10° g

Dicroismo in vuoto ,
Dicroismo con p > 0 mbar (~ 10 mbar Ne)

107
10° ¢

10-10 :

10° 10
massa (eV)
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Istituto Nazionale
di Fisica Nucleare

1-

—— Asse fisico
+ Dati Neon

Dicroismo [10-7]

+ Dati dicroismo con Ne
— Fit dicroismo indotto da produzione reale di ]
pseudoscalari incluso ellitticita residua del Neon|

massa pseudoscalare = (1.18+0.06) meV¥
costante accopp. inversa = (27+3) - 10" Gev

2 =8.7
nd.f.=5
m BTSSRI NSNS T U SN N T T S A AN U T S N (N S S S T A A A A A MO O A O A o

o] 2 4 6 8 10 12
Pressione Ne [mbar]




+ Dati esclusa ellitticita Ne residua

— Fit dicroismo indotto da
produzione reale di pseudoscalari

massa pseudoscalare = (1.18+0.06) me¥
costante accopp. inversa = (27+3) - 10’ Gev

¥ =18.7

n.d.f. =95
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10 15
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® Data having subtracted rotations
proportional to gas pressure

— Fit of data with the expression of
the induced linear dichroism by a
pseudocalar boson

M = (3.8+0.35)-10° GeV
m,=(1.0£0.1)meV

% = 40.6

n.d.f. = 40

Preliminary
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Ellipticity? e

-Everthing is birefringent. Furthermore birefringences are not uniform

-Small movements will cause variable signal

* The physical ‘'handle’ available for dichroism does not work here
*Cotton Mouton effect
Dependence of boson induced ellipticity is small and does not have a
strong dependence on index of refraction

What I can say is that here too we always have a signal at twice the
magnet rotation frequency. Variability is greater than dichroism signal.
Analysis is still on going.

Per pass we have 1.4-10-12 < ¢ < 9-10-12 (Preliminary)
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due to a pseudoscalar particle o

—— Measured dichroism = (2.24+0.3)- 10 rad
+ Neon gas measurement

—— Measured ellipticity: 3-1 08 < v<b6- 107

For vacuum dichroism
and gas measurements a
3 o interval is given.
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Other experiments

* Two types of limits

- model dependent

*"microwave cavity expt."(BNL-Rochester-Fermilab) based on the
existence of galactic halo axions. Very low masses and very
narrow bands

- "solar axion expt." (BNL-Rochester-Trieste-Fermilab) based on
the conversion of solar axions in a magnetic field

*CAST solar axion experiment: M > 8.6-10° GeV for m < 20 meV

- model independent

- "laser expt." (BNL-Rochester-Trieste-Fermilab) PVLAS
precursor

-PVLAS

E. Masso proposes solution by introducing boson form factor which

suppresses solar (high energy) production.

hep-ph/0504202 v2 31 May 2005
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b [GeV]
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BFRT dichroism upper bound

BFRT ellipticity upper bound

o,

1.7x10° GeV < M, < 5.6x10° GeV
1meV <mp < 1.5 meV

=¥ PVLAS measured dichroism

Mass my, [eV]




4 Near future and on going activities

-Continue with different wavelength: A = 532 nm

‘First measurements have already been performed.
Apparatus is functioning. Next run in October.

‘Change gas: Measured with He and 532 nm. Will repeat
in October

‘Input beam has been stabilized. Cavity will also be
stabilized

-Search for unexpected photon splitting

‘Regeneration experiment
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& Regeneration

Shining wall

Laser

Production = Detection

¢
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&
Y Localization of the effect

Dati in vuoto - P~10" mbar-B=55T

Confronto cavita FP - no cavita FP
_’ 10°

Run 572 - Vuoto, B=55T,C
Run 577 - Vuoto, B=5.5T, No Cavita FP

By removing the F.P. the signal
disapears.

10°°

Other property

Elllitticita [rad]

Moreover by substituting one of the 10* “
mirrors with a short cavity the signal

disappears. o
By introducing the QWP before the

modulator the signal diminishes

lu-lll

1.2 1.6 2 24 28

l Frequenza [unita di freq. di rot. del magnete]

The signal is generated within the cavity
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