
 
Abstrak

Tato p
v techni
optickýc
zkoumá
 
Klíčová

Laser ex
 

1. 
Light i
the wav
is emitte
features
the elec
frequen

Dark m
of the to
in the U
matter. 
like WIM
The axi
Nambu-

2. 
A numb
on the c
 

 

 
One of t
and Co
Univers
are e.g.
principl

kt 

práce popis
ickém záze
ch jevů, kt
ní propojuj

á slova 

xperiment, v

Introdu
is electrom

velength in 
ed in small
s properties
ctromagnetic
ncy/wavelen

matter is a 
otal mass in

Universe. Ro
One of the 
MPS (Weak
ion is a hyp
-Goldstone 

Experim
ber of exper
concept of a

Fig. 

these exper
ontrol Engi
sity in Pragu
. PVLAS, C
le, but differ

Ved

suje pozad
emí a přípr
teré jsou p
jeme s konst

vakuum, ax

uction 
magnetic r

the range 
l quanta of

s of waves 
c wave en

ngth, and po

type of hy
n the unive
oughly 73%
physical th

kly Interact
pothetical ne
boson). 

mental Sea
riments have
axions coupl

1 Feynman d

riments is th
ineering of
ue is among
CAST in C
rs in parame

Dark S

Ing. Kar

oucí práce: 

dí vědeckéh
ravě prove

příznakem n
trukčními ře

ion, light, d

radiation p
(380; 750)

f energy –
and particl

ncounter it
olarization. E

ܧ
ypothetical 
erse. We ar
% of the U
heories pred
ing Massive
eutral weak

arch 
e attempted
ling with tw

diagram of d

he OSQAR e
f the Facu
g the collab
CERN, ALP
eters. None

Side of th
 

rolina Ma
 

doc. Ing. Jo
 

ho experim
edení exper
nových fyz
ešeními opt

detection. 

perceptible 
) nm. The 
called pho

les – the w
ts intensity
Energy of a

ܧ ൌ ௛௖

ఒ
 

matter exp
re able to o

Universe is 
dicts that da
e Particles)

kly interacti

d to detect a
wo photons.

decay of the a

experiment
ulty of Me
borating me
PS, BMV, 

e of them ha

he Light

acúchová 

osef Zicha, 

mentu OSQ
rimentů. C
ikálních ob
ického a me

with hum
light, as w

otons. Phys
wave-particl
y, direction

a photon dep

 

pected to b
observe onl
dark energ

ark matter i
or axions. 
ng sub-eV 

axions. Expe
  

 

axion (a) into

t in CERN. D
echanical E
embers. The

BFRT, AD
as reported p

CSc. 

QAR (CERN
Cílem exper
bjevů. Expe
echanického

man eye. 
well as all 
ical behavi
le duality. 
n of prop
pends only o

be the sour
ly less than
gy, and 23%
is formed w

pseudo-sca

erimental ap

o two photon

Department
Engineering,
e other com
DMX, Gam
positive resu

RN), které 
rimentu je 
erimentální 
o charakter

Visible lig
types of ra

ior of the r
Main prop

pagation in
on its wave

  

rce of a la
n 4% of th
% consists 

with exotic 

alar particle 

pproaches a

ns (γ). 

t of Instrum
, Czech T

mpeting exp
mmeV, whic
ults yet. 

spočívá 
detekce 
metody 

u. 

ght has 
adiation, 
radiation 
erties of 

n space, 
length: 

(1) 

arge part 
e matter 
of dark 

particles 

(pseudo 

are based 

mentation 
Technical 
eriments 
ch share 



2.1 
The OS
and pho
particles

The firs
very fir
The Qu
electric 
indices.

The sec
It tries t

2.2 
The ph
Probabi

Weakly
to photo

Number

These e
is given
of conv

2.3 
In 201
in confi

 

 
 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

The

SQAR expe
oton Regen
s.  

st experimen
st time. Vac

uantum Elec
field of p

 Presence o

cond experim
to search for

Con

hoton regen
ility of phot

y interacting
ons at magn

r of detectab

equations sh
n and canno
ersion is inc

Exp

0 a new 
iguration dis

 source of 
 a, b – adju
 beam exp
 first LHC
 light trap 
 optical fil
 second LH
 dark cham

e OSQAR E

eriment (Op
neration) is 

nt is aimed 
cuum magn
ctrodynamic
photon give
of axions can

ment - photo
r axions wh

nversion Pr

neration ex
ton – axion 

g axions ca
netic field ag

ble axions p

how the im
ot be increa
creasing the

perimental 

phase of 
splayed in F

f photons - la
ustable mirro

pander  
C magnet 

lters  
HC magnet  
mber 

Experiment

ptical Search
a laser-bas

at measurin
netic birefrin
cs predictio
es predictio
n still cause

on regenera
hich are con

robability 

xperiment l
conversion 

Pஓ↔୅ ൌ
ଵ

ସஒ√

an pass thr
gain.  

per time inte

Nୟ‐୮ ൎ con

mportance o
ased. Theref
e length of t

Setup 

the exper
Fig. 2. 

Fig. 2  Lay

aser 
ors 

ts 

h for QED
sed experim

ng very sma
ngence can
on about in
on of the r
e sizeable de

ation - is des
nverted phot

looks for 
in vacuum 

√஫
gଶBଶLଶ ൎ c

rough optic

erval is give

nst. η
୔

஛
gୟஓஓସB

of key expe
fore the on
the laser bea

riment has 

ayout of the e

D vacuum m
ment for sea

all vacuum 
n be induced
nteraction o
relative dif
eviation fro

signed as ”l
tons in the m

photon-axio
is given by

onst. 	gଶBଶLଶ

cal barrier 

en by 

BସLସt   

erimental pa
nly way lea
am propaga

started. T

experiment. 

9. CCD
10. data a
11. cooli
12. cooli
13. vacuu
14. vacuu
15. cooli
16. laser 

magnetic bir
arch of axi

magnetic b
d by magnet
f external m

fference of 
om this theo

light shining
magnetic fie

on convers
y  

 

and can be

arameters. T
ding to rise

ating in the m

The experi

 camera 
acquisition  -
ng  (H2O) 
ng (liquid H
um pump (p 
um pump   
ng (LN2)  
beam 

refringence
ions and ax

birefringenc
tic field in 
magnetic fi

vacuum re
ory. 

g through th
eld.  

sions (see 

  

e reconvert

  

The magne
e of the pro
magnetic fi

iment was 

- PC 

Helium, T = 1
= 10-6 - 10-7

, Axions 
xion-like 

e for the 
vacuum. 
eld with 
efractive 

he wall”. 

Fig. 1). 

 (2) 

ted back 

(3) 

etic field 
obability 
eld.  

set up 

 

.9 K)  
mbar) 



Magnet
axions. 
superco
down to

Source 
profile c
of the b

 
 
Photons
Weakly
tight ma
signal o

In 2011
measure
have be
benches
measure

In all o
technica
deliveri
the axio
at the C
most of 
phase o

The exp
by bette
the who
the leng
in 2013 
 

tic field int
The magn

onducting di
o 1.9 K with

of the phot
can be fitte
eam with re

s, which are
y interacting
agnet the ax

on the camer

1, also the 
ement of las
een assigned
s B1 and E
ement of va

of the expe
al support o
ng the lase

on-like-parti
Czech Techn
f the possibi
f the experi

periment ca
er detecting
ole system. 
gth of the o
focus on bu

terferes wit
netic field 
ipole magne
h superfluid

tons was an
d with a Ga
espect to the

Fig

e not conve
g axions pa
xions are co
ra should in

vacuum m
ser beam de
d to OSQA

E2 in the SM
acuum magn

erimental ru
on site incl
er beam, a
icles. Simu
nical Unive
ilities that c
iment is bein

an be impr
g camera, 
As equation

optical path 
uilding a re

th linearly 
of 9T ov

ets of the La
d Helium.  

n Ar+ laser 
aussian curv
e transverse

. 3 Laser inje

erted into ax
ss through 
onverted ba
nherit the sa

magnetic bir
eflection in 

AR, installed
M18 hall. T
netic birefrin

uns, the tea
luding adju
s well as m

ultaneously 
rsity. We m

can be explo
ng prepared

roved in qu
better foca
n (2) shows
in magneti

sonator cav

polarized l
ver 14.3 
arge Hadron

with appro
ve. λ/2 wav
e magnetic f

ection into th

xion in the 
the light tr

ack to photo
ame profile 

refringence 
magnetic fi
d and align
The optical 
ngence.  

am from C
ustment and
measureme
to these ex

might say th
ored with ex
d.  

uality and 
alization of
s, the quant
ic field. Th

vity.  

laser light 
m length 
n Collider. 

oximately 4W
ve plates we
field.  

he dipole ma

first magne
rap without 
ons and dete
as the incid

experiment
field. In 201
ned on the d

path has b

Czech Techn
d rectificati
ent of the b
xperiments,

he three yea
xisting instr

quantity. Q
f the laser 
tity factor c
erefore the 

and thus c
is provide

The dipole 

W at 514 n
ere used to c

agnet 

et, are absor
alteration. 

ected by cam
dent laser be

t was meas
2, two new

dedicated ho
een rectifie

nical Unive
on of the o
beam defle
, design wo
ar measurem
rumentation

Quality fact
beam, or 

can be impr
advance w

converts ph
ded by tw

magnets ar

nm. The las
control pola

rbed in a li
In the seco
mera. The e
eam. 

sured togeth
w spare LHC
horizontal cr
ed and prep

ersity has p
optical com
ection, or d
ork has be

ment have e
n. Transition

tor is bein
better stab

roved by in
workings for

otons to 
o spare 

re cooled 

ser beam 
arization 

ght trap. 
ond light 
expected 

her with 
C dipoles 
ryogenic 

pared for 

provided 
mponents 
detecting 
een done 
exploited 
n to new 

ng raised 
bility of 

ncreasing 
r the run 



2.4 
The lase
was tim
beam in
system 
in intern

Measure
with ba
made se
about th
methods

Obtaine
and [9].

2.5 
A new 
Enginee
shared w
testing o

It is eq
of the A
placed o
highly r
parts (p
camera,

 

Resu

er system h
me demandi
n much sho

via intern
nal handboo

ed signal of
ackground n
equential ac
he time stab
s. 

ed results o
 

Las

laser labor
ering at the
with other p
of the proto

quipped wit
Academy of
on the top 
reflective cu
piezo actuat
, powermete

ult of Rese

had to be adj
ing. We hav
orter time. O
et, based o
ok which se

f the „shini
noise, interf
cquisitions o
bility of the 

f the exper

er Laborat

ratory was 
e beginning
projects. Th
otype.  

h large cas
f Sciences o
of the cast

ustom mirro
tors) and in
er, piezo co

Fig. 

arch and D

justed from
ve impleme
One of them
on PC wit
rves as a re

ng through 
fering with 
of backgrou
system.  M

rimental me

tory 

established 
g of 2013. T
is laborator

st iron opti
of the Czec
t iron table
ors, optical 
nstrumentati
ntrollers). 

4 Equipmen

Developmen

m square one
ented sever

m involved 
th a videoc
eference mat

the wall“ e
cosmic ray

und signal f
Measured da

easurement

d at the Dep
This labora
ry is solely 

cal table; o
ch Republic
. Next it w
component

ion (Shack

nt of the new 

nt 

e several tim
ral techniqu
establishme
camera. Al
terial for ne

experiment 
ys. Before w
for 24 hours
ata were eva

were publi

partment of
atory has re
dedicated to

obtained fro
c. Two stee

was equippe
ts (beam sp
-Hartmann 

laser labora

mes. The ad
ues helping 
ent of lowc
ll procedur
ewcomer stu

is a convol
we started t
s. This way 
aluated usin

ished and c

f Instrumen
eplaced prev
o work on r

om the Ast
el 0.5x1 m 
ed with a 5
plitter, λ/2 p

wavefront 

 
atory. 

djustment pr
to adjust t

cost remote
res were d
udents. 

lution of re
the experim
we get info

ng various s

can be foun

ntation and 
vious one t
resonator ca

tronomical 
optical tab

50mW He-N
plates), mec

sensor, hig

rocedure 
the laser 

e sensing 
described 

al signal 
ment, we 
ormation 
tatistical 

nd in [2] 

Control 
that was 
avity and 

Institute 
les were 

Ne laser, 
chatronic 
gh speed 



Work on
made se
with ex
for use i

 
 

3. 
A brief 
presente
in vacu
search 
building
axion-p
current 
 
 

Acknow

This wo
P203/11
No. SGS

 
List of s

λ w
c sp
h Pl
P op
η de
gaγγ co
B m
L le
t tim

n the resona
everal custo

xperimental 
in vacuum. 

Conclu
f description
ed. First res

uum in stron
for axion 
g a resonant
hoton conv
exclusion li

wledgement

ork was par
1/1546 and 
S 13/060/O

symbols 

wavelength 
peed of the l
lanck´s con
ptical power
etector effic
oupling con

magnetic fiel
ength of the 
me 

ator cavity i
om mechan
verification

sion 
n of develo
sults of the O
ng magneti
experiment
t cavity whi

version prob
imits for ax

t 

tially suppo
by the Gra

OHK2/1T/12

light in vacu
stant
r 

ciency 
nstant 
ld 
optical bea

is under dev
nical parts, l
n of adjustm

Fig. 5 C

opment on t
OSQAR exp
c field. The
s continue 
ich is a very
bability fact
xions and ax

orted by the
ant Agency 
2. 

uum 

am in magne

velopment.
like a mirro
ment metho

Cavity mirror

the OSQAR
xperiment w
e vacuum m
in followi

y promising
tor and ther

xion-like par

e Grant Age
of the Cze

etic field

A 1-m prot
or mount an
ods, optimiz

r holder. 

R experimen
were obtaine

magnetic bi
ing years. 
g instrument
refore incre
rticles. 

ency of the 
ech Technic

totype has b
nd easels. T
zing the opt

 

nt during la
d from lase
irefringence
The develo
t. It will ena
eases the ch

Czech Repu
cal Universi

been build. W
The work c
to-mechanic

ast three ye
er beam prop
e measurem
opment foc
able to reac
hance to ex

ublic, grant
ity in Pragu

We have 
ontinues 
cal parts 

ears was 
pagating 

ment and 
cuses on 
ch higher 
xtend the 

t number 
ue, grant 

(nm) 
(ms-1) 
(Js) 
(W) 
(-) 

(ms-2) 
(T) 
(m) 
(s) 



Literature 

[1] SIKIVIE, P. Experimental Tests of the Invisible Axion, Phys. Rev. Lett. 51, 1415–1417 
(1983). 

[2] SCHOTT, M. et al. First Results of the Full-Scale OSQAR Photon Regeneration 
Experiment, 6 October 2011, < http://arxiv.org/pdf/1110.0774>.  

[3] SOA, D.V. - LONG, H.N. - THUC, L.N., Photon-Axion Conversion Cross Section in 
a Resonant Cavity, 20 November 2006, <http://arxiv.org/pdf/hep-ph/0611258v1.pdf>. 

[4] BACHOR, H. – RALPH, T., A Guide to Experiments in Quantum Optics, 2nd edition, 
Wiley-VCH, (2008). 

[5] WEINBERG, S., A New Light Boson?, Phys. Rev. Lett. 40, 223 (1977). 
[6] WILCZEK, F., Problem of Strong P and T Invariance in the Presence of Instantons, Phys. 

Rev. Lett. 40, 279 (1977). 
[7] KITTEL, D.: Precision Mechanics, Morrisville: Happiness Tech., 1989 
[8] SALEH, B.E.A., TEICH, M. C., Fundamentals of Photonics, Weinheim: Wiley, 1991. 
[9] SULC, M. et al, Axion search by laser/based experiment OSQAR, Nuclear Instruments & 

Methods in Physics Research A (2012), <http://dx.doi.org/10.1016/ j.nima.2012.11.107>. 
[10] ZAVATTINI, E. – IACOPINI, E. Experimental method to detect the vacuum 

birefringence induced by a magnetic field, Phys. Rev. Lett. 85B (1979) 151. 
 
 
 


