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” Motivation A

Q(ED) & A(xion) experiment
() QED
(i1) (Pseudo)scalar-Photon Interaction

e Bottom Up Approach: Markus Ahlers’s talk
Pecci & Quinn: PRL 38 1440 (1977)
Weinberg: PRL 40 233 (1978)
Wilczek: PRL 40 279 (1978)

Kim: PRL 43 103 (1979)
Dine et al.: PLB 104 1999 (1981)
Shifman el al.: NPB 166 493 (1980)

» Top Down Approach: Joseph Conlon’s talk
String

* Phenomenological Study Approach
From analysis of EPs (1973-1977)
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VoLume 38 14 FEBRUARY 1977 Numper 7
Department of Physics, Montana State University —————— ———
Bozeman, Hontana Equivalence Principles and Electromagnetism*
59718 Wei-Tou Mi
. Department of Physics, Montana State University, Bozeman, Momtena 59715, and Department of Physics,
December, 1973 National Tsing Hua Unfvevsity, Hsinchu, Tafwan, Republic of Chinat

(Received 16 June 1976)

The implications of the weak equivalence principles are investigated in detail for elec-
tromagnetic systems in a general framework. In particular, I show that the universality
of free-fall trajectories [Galileo weak eguivalence principle (WEP(I])} does not imply
the validity of the Einstein equivalence principle (EEP). However, WEP[I] plus the uni-
versality of free-fall rotation states (WEP(I does imply EEP. To test WEPITI] and
EEP, 1 suggest that Ebtvis-type experiments on polarized bodies be performed,

Named as “Axion’ after 1978 _\L

L = —(1/167)¢F;; Fye”™
F=A4ji—Aij "% = 1

Modified Maxwell Equations - Polarization Rotation in EM Propagaton

Constraints from CMB polatization observation = Ni’s talk tomorrow
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2007)

ALP search comp. in 2007 BFRT PVLAS Q&A
Experiment (A: 514 nm) (A: 1,064 nm) (A: 1,064 nm)
Magnetic field B (T) 2.63-3.87 5 23
Magnetic region length L (m) a8 1 0.6
Effective number N of reflections 254 44,000 18,700
Effective N B2L2 (T2m?) T8, 700 1, 100,000 249 900
Measured dichroism (nrad) 0.35 £ 0.30 (20) —0.4 £53(17)

Derived vacuum dichroism

. i 5 9 1
(10-14 rad T-2m-2) 0.45 +0.38 15.6 £ 2.0 1+18
Pseudoscalar mass m,, (meV) form, < 08 1-1.5 for m, <
Coupling energy scale M [lﬂ"" GeV) =28 0.2-0.6 = (0.6
MCP search comp. in 2007  BFRT PVLAS Q&A
Experiment (A: 514 nm) (A: 1,064 nm) (A: 1,064 nm)
Magmetic field B (T) 2.63-3.87 & 2.3
Magnetic region
length L (m) 8.8 1
Effective number
of reflections 254 44,000 18,700
Effective NB2/3[ _
(w/wo)~ Y3 (T3 m) 2,650 18,600
Measured dichroism (nrad) 0.35 4+ 0.30(27) —0.4 + 5.3 (1g)

Derived vacuum dichroism

(rad T-2/3m—1) (1L3+£11)x 10-1%  (13.9+1.8) x 10-13  (—0.2+2.8) x 10-13

Millifermion charge ratio

£(10-7) 3.5(+1.0,-2.3) 8.5+ 0.4 0 (+4.6, —0)

e ————

ANNNN\\Y

LSW:
CAST, BMV, PVLAS, LIPSS, GammeV, ALPS,
Tokyo axion helioscope, OSQAR, and so on....

6.5+10 20) @ 23T
91112 (20) @ 5T Phys. Rev. D77 (2008) 032006
2 2 2 2 g2
. B ext ¥ . rﬁl:rJI Bta!!
€= | 3oz, 00 M =~ o2
M m, 4w 16M

mﬁ,2 < 2mw /1

) —-1/3
Af ~ G){H' — k1)~ 2.0 10153-”(1) BE-HL.J

il

The status and prospects of the Q & A experiment
with some applications

@

For m: < 0.03 eV, y > 1,

T..= 189 hr

Mod. Phys. Lett. A 22 (2007) 2815
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o Quantum electrodynamics (QED)

N I Euler and Heisenberg (19306):
N i L = —2% (BB +7(E. B
L jJ_ I 45(4m)2m?
¥ ;
e Anggp = —— B’
"QED = 3 et
m2c2
¢ B. = leZ _ 449x10°T
B <B eh.
é é Angep < 1; Angegp x B2,
it

ﬂ'ﬂ-@gp_‘u = .ﬂ'?IQED |B=1T ~ 4 x 10_24
11

(CM E) CME Ofﬂitrogen: inu = —2.66 % ]_0_1

An=ny; —n, = An,(B/1 T)?(P/1 atm)

o= sn (E)[ [ (B0 an] ()
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Gaseous CME |Ellipticityl vs. Pressure

gj = = B g O 335.72+6.000 prad/Torr, 0=0.9240, ¢’ 2=1.3070 //
Gas __ B Thoe®) o gyl o eyt sy o
L T[B]rfz NP (T- m )for/. =1064nm K 15:345—0220-.3:rad."l'0rr 0—03945: 1.2629 //’/ B: 23 T
! Ar: 0.81010.0443 pradiTor, Q=0.1220,°=8.3410 d P O 5 300 T
N, (-1.90 £0.15% £ 0.08c%) = 107 107} Ce ort
0, (~1.68 +0.32° + 0.08% = 10° g T: 295 - 298 K
CO, (-3.97 0255 +0.15%) = 107 Z_NCW z
Ar {40}+032§+016}x1€l9 E e
Kr (7.78 + 1.18% £ 0.30% = 10° =
§: Statistical uncertainty from ;2-fitting of the slope ¥ cwE(F)/P.
] ; fode AT o, Bl.n 0L D7 S0y - os . p . .
- Systematic uncertainty (V- 5.6%. B°: 2.2%. P: 2.5%, 7y 1.6%). i Pz Systematlc uncertamty:
10" 10 10°
Pressure (Torr)
COZ CME: ellipticity peak in radians at 2mm Ar CME: ellipticity peak in radians at 2‘mm
e 0.004 (rad) 5 Is-n 0.0003 (rad)

Statistical uncertainty:
limited by pressure

0.0002
1395444 87 prad

£ 2064.09:206 74 rad '

150/ B aeseie2aTor . = Lo ; B e L .
1905 49:23.55 pead e , gauge readings at the
@ 20482825 Tol g gy 7405+ Thprd |243154517 pra
l g -%?ﬁﬂlﬁf . @9&;.02:?90]7:”{ @293.4a=?l_sn 10 — 100 Torr range.
180" ""E:""; 'u 10" 180 ’(:J r-.-eo(?- - 0 x
~f26 3741152 prad i 171.0848.18 prad
_243‘151135?'?-237:“]021-“1- il 244 3547 B5 Toy
- @3025:9.96 Tom ! 1102845 83 jirad 1
aﬂ-'ﬁﬁ?:sgotmd , B repatnn WY In agreement with the
210 : 200 37.95¢11.66 jrad e PVILAS results within 1.2c.

§@ 492048 06 Torr

M. Bregant et al, Chem, Phys, Lett. 392 (2004) 276
- M. Bregant et al, Chem, Phys. Lett. 410 (2005) 288,
a1’ 21 F. Brandi et al,, |. Opt. Soc. Am. B 15 (1998) 1278.
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& EIIipsométry & extinction ratio (c?) A
measuremen

. . Pad "i\ N TA — SA TA
Iout = I"‘; L (Uz —I_ (_1‘2) EB‘ ( -+ i & - - E :‘[: v a U Bff o IV {1: f
I\--'ii!l'x k! _-"l ‘] f-'_'_/i ]7[ f{‘ ’/f\ ."“ ),( | \II[ II ﬂ Jr'l._lrrlI L-\ 2 r\:ﬂ_%
; X =T J_-'_'U’ Fobad & ¥ JJ_U N PR L/ S
so - min(ly, ) R X, PCMI  cm2 . FC/A PD2)
T - i ¥ T 0 L
I in I\__+ d ;’J Hr
* " p—L QWP lpp3
# # Y/ sac s
08X 10  One of the measurement for Analyzer No. 4 «10~"" Merge of one of the measurement among 3 Analyzers (No. 3, 4, 5)
- 1 ! ! ! —— 3 .

T T T T T T T
Malus law for extinction ratio of an analyzer o I(cr.i) = lo (02 + ociz}
o, (= 6 - eoﬁset): Mis—aligned angle from ideal extinction

I(cr_i): Transmitted Intensity foroai_. I(o&i) = |002.
o _ 2 . 2 o 2
For an o satisfying I(cr_c) = 2-IDG , one find that: o =0

2| By least-square-fitting the following model : 1(6) = aEli2 + bE)i +c -
for the parameters a, b, and ¢, one can relate o= (cla) - (bzr’az)m.

6 (rad)

— The experimental value of ° is determined.

§1_5— i
il i
-2.2 . . ' L ! Analyzer No. 5
0 20 40 60 80 100 120 ;
ozt (V)
0.5+ -
Analyzer No. 3 | No. 4 I No. 5 ~ Analyzer No. 3
[02] x 1010 37.41204 | 5.16842 | 18.70704 ; | . | | | T |
. . —. 25 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2
Tl % 1010 0.99468 | 0.11864 ) 0.18273 0 (rad) o
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+  Measurement
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F 31827

Vv
o
-
)

(=]
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0.08

0.06

Transmitted light intensity (V)
2

—9.5 -1 -05 0 0.5 1 1.5 2 25 3

time (sec) x 107
I, T* FSR T _FSR®(t) .
O(t) = 2nL(t)/A, Q = 2u/\, FSR = ¢/2L,,
r = Lo (FSR P 14
N 2,/(2) \ 70 F 22
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{Substrate)

{ Dimention)

(V- STOOVE |

(V-groove separation
(Radius of curvature)
(Coating of inner surface)

(Reflectivity of inner surface)

(Coating of outter surface)

(Reflectivity of outter surface)

(Tranamittivity)

FSR\ /? FSR\'?
2d(t) —
() 7

(Finesse) F

(Cavity Length) L{m)

R
RHU(—"] g ( o )

(Beam =

Fused Silica
@50 mm x50 mm
1.5 mm = 2
20 mm
Sm oofflat)
Hizh-Reflection
R = 99.99%
Anti-Reflection
R < 0.25%
>085 % (1-R)

30,000+£1,673
3.45
(J.0588

(Free Hpeﬂ:tra Range) ['SR(MHz) 43.478

(Cavity Line-width) Avr(Hz)

1449
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Suspension of FPI cavity mirrors

<(g/)"?

T

The status and prospects of the Q & A experiment
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X-pendulum:

Designed by TAMA Collaboration

Simulate simple pendulum with long wire
Resonance: 0.24 Hz & 0.29 Hz (2-dimention)
Displacement: 80 ym (no damping)

—3 Um (eddy current) = 6 FSR

The status and prospects of the Q & A experiment
with some applications
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Suspension system

Double pendulum:

Intermidiate mass (IM)

Cavity mirror (CM), Recoil mass (RM)
Main Resonance: 1.53 Hz & 4 Hz
Isolation ratio by (X-pendulum): 27 & 72

Pitch

i
Yaw

. Tungsten
Wires

Intermediate
Mass IM

Recoil
Mass RM

-

Cavity
Mirror CM

Hsien-Hao Mei
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- Sum

7 FPI

pBs1 FR  pBs2 PD3

A Bl 2 N | N

(] o2 U >——
\

I2MHz Y Coil-Magnet actuator : L
EOM S :
7 PDl1 i i
10'; L
:5_{\,' Demodulator .

e frequency tunning path
= = gavity length control path

=]
T

N
Ll

Magnitude (abs)
T

o

Laser Coil Driver _eol
i 8"_13:-
I Switch §18E .
S35
To PZT T
Hy error signal H> e :
—380 8 H N Y sciedcpidjboccecpecdecjidepigadecaiajond.. :
10" 10° 10’ 10 10’ 10°
1. (t) Frequency (Hz)
g | L e . - Nd-YAG single mode laser
TN i '/ ) s\
i S -@» (A= 1064 nm, P = 600 mW)
fr Pound-Drever-Hall locking
(— D. Tanner’s talk: resonant enhanced vy reg.)
Lo oo | et w Laser frequency HiA4:
(" Ay (Hz/V) }——;i Hi (V/V) }—7 .
\Zf ) Y Dynamic range & 200 MHz
17 (1) Control band width 13 kHz
) . FPI cavity length H>.4o:
@-—=1 42 (HZ;\:;,]—LLHQ (V/V) o] Dynamic range + 1 mm
() Control band width 220 Hz

with some applications Hsien-Hao Mei /
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Lasing of the system (Film)




& _Magnet with motor

Transverse magnetic field vs. Position

bl o e ML

mm Mm&a&ur&ment[Facmry] IEFdL—T" B AL = 2?21}5 rr m).
—__ 2008 measurement (Laboratory). | BZdL = ﬁ" EH.L 25315 (T°m).

25

IR g
A5 A |

Transverse magnetic field B (Tesla)
&n

)

[y

- L i i i i i i

_ 0.5
Br (T) ' =90
B <0.1% o,

Leakage of By or B4

at 10 mm away from magnet (T) < 10—
Length L (mm) 600
Height H (mm) 1100
Axial free diameter ¢ (mm) 25.4
Rotating Speed (rev/s) 0-10

Model

Torgue cont. stall
Rated Speed
Current Cont. Stall
Peak Current

(-

BSM100B-4250
23 Nm

1200 RPM

12 A rms

33 A rms

The status and prospects of the Q & A experimet
with some applications

1.2 1.3 1.4 1.5 1.6 1.7 1.8 19

; Photo—receiver
beam spliter

| Steering Mirror

——n 633 nm Laser

i

(b)

Hsien-Hao Mei
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Position (m) (Position = 0 dendtes surface of CM,; Position = 3.45 denotes surface of CMZ}
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pulse sigmal {Volf)
&
Vi L

Nyt I =Dy B o
[m | meM, me[0137}: {n, |n eV} . B

The resampled 128 siznal points are

‘-?(-_\-1411 1_1'(1.':';} = "’(le+ﬁm]

A

r L]
!
i =>
Vo - =t — —
L
Eh LA Vi)
L
1y - sa:u.an% tick g Sappling rick
Ny Hpet=----- TR seiek) T (g secick)
Rizing edge of the pulse next 1 the nammowest W, - VIN,)
pulze amenz any 32 contioious pulses siznal Q= VI, + 01— V)
The tick "2, +17 was the u:l:uclseml:igg;roinm The ek "I =" s now the chosen mggsr
before applyins the intarpolation me paint after applying the intarpolaton method.
For each mmgre Totation L'f\:l& ﬂ:e mizgar For each g rma‘hm-:l‘c 2 tha wigEer
poinss are “H.=17, N + points are "I+, 7, "M, M
sigmal (Vilt) iiguali.b.ll}
A Arificially aqual-separated
—= 128 small segments A — Vi) |
A= I, -N i+ {ay—a,)
128
Vit i)
>
> PR

Wil

The resamplad 128 signal paints over one magmet rotaton cycle locat on ticks ™7

b HA ™.

= V(0n)(1-Bu) V(00 1)
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Birefringence (rad)

ﬂDl‘IE _...............: ................................................... e s I

[ 9

4 Interpolation re- sampllng

0. DC removed and averaged b|refr|ngence

301287 £ 61355 Torr
f— 20380 £ 6.2015 Torr

| 8.8745+0.0034 Torr
|~ 5.9300 £ 0.0131 Torr
25912+ 0.0144 Torr

| —— 05323 +0.0085 Torr

-0.015
0

a2 48

G4

&0 a5 112

Phase within one magnet rotation cycle (= ©/64d rad)

fpAQ = 20 kSa/s

Jfm = 6.7742 cycle/s «+ 2952 — 2953 Sa/cycle

ﬁes
Sig

me

= 128 fm < 128 Sa/cycle

Hsien-Hao Mei
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" Detection bench elements

PR3 L PD2
'
Ls </ :
A
BS 14
AN LG
Faraday Cell
1 Quarter wave—plate
1
CCD Camera From FPI
FC (Faraday Cell): QWP (Quarter wave plate):
modulation depth No = Irc X0.019 rad/A  resolution (roll) = 200 prad
A (Analyzer): VWP (Variable wave plate):
extinction ratio 0% = 92.87 dB resolution (roll) = 3.5 mrad
resolution (roll) = 174.5 prad resolution (tilt for retardation) = 6.28 mrad

enhanced by VFocus 9852 mount for tilt: 615 prad

The status and prospects of the Q & A experiment _ )
. o Hsien-Hao Met
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& Wave-plate-liké & Rotation-like

nature

-~

[Jp (5. 9)]" = J5p(N4.8)=cosNS T, +ism N<

.

|:CD.‘323

JDIC(_;E-~‘9):JH?('5F§--'9)

~

sin 2.9 }

smn28 —cos28

J

[ [T=()]" = JR(N@}

[j (i ‘9}}?\.’_} e cos29 sm2d
TR 2T 528 —cos28

; 0 -l
[L’TR(‘?))]L =IE+EN;;7L O}+D(N2¢JE)+...

cos24 sm29

[JH*P (%'9] JR((.‘O]]‘N

(-

The status and prospects of the Q & A experiment
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Axial stray field (Faraday rotation)

AC 19 Baum=Bcosdsing'

B - B1om=Bcosbtoss'
A Wy
4 IR —T & /A k
of: b - ’
'. -
L& Bra
T T )
Wi L " Bag
’ \l:'- E I; e Om
w R "”E:{),f,.\
’H\.ei{'

B.L:lFBSll'lﬁj.‘(lss'
By, =Bsindsing'

O/A: Optical Axis k

Dhstorbion from Ba e — Ba s,

il AT . 0 ']. ~ ¢ 3 N
:IIHN?LinzL@ —CDSES}FING{I UH[JR[@”"?(?”Q}}

No<=<1and Np <=1
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'. c}%\

(MB=¢,)

g

j-IFFII = EI:.'I-' ) Eﬂﬂr

{J,a Tplee) Tl sin(e,t+ g )} Joup - TeprJp - E
E =

o Rotating B field
FA { H_ ﬁ}nlﬂ our
VWP
(dichroism)
TA with gaseous Cotton-Mouton effect,

Verdet effect, mirror birefringence,

dichroism and vacuum birefringence.

: A e sin aw mirror Verdet effect, vacuum
E

Optical component / Effect

Jones matrix representation

P/A: polarizer with transmitting axis at x/y

BIR: birefringence nature of CME. vacuum (7, 6). or mirrors (. %)
DIC: dichroism nature of vacuum (8.6)
S: Faraday rotation or Verdet effect (v sm( 8+ ¢)) from stray field

FC: polarization rotation modulator ( mpsin(eyt + dy)

QWP quarter wave-plate

VWP: variable wave-plate to compensate mtrinsic birefringence
R: misalignment of the analyzer with angle o

|1 o] . [0 0]
Tlooo)4 o 1]
Jer(v. 6) = Jgp(v. 6)
Jpic B, 6) = Jyp(—if. 6)
Jo( v sin( G+¢h,)) = Jp( v sin G+ )
Jec( mosin( @y t+d)) = Jr(mosin( ey t+¢y))
Jomp('4. 0) = Jyp(7/4, 0)

Jrwp(=<. &) =Jwp(=<. 9)
Jp(a)

The status and prospects of the Q & A experiment
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Table 2. Detected I,,, components at major frequencies preserved to p3 where p" denotes for

Detected intensity

combinations of the products generated from vy, 8. &, Up. 1. and vy to order n.

y - Birefringence detection at PD2 with QWP
I I, {"J__fo +3 [’?g +N? {%1 +f5 +15 +0s }"‘ Uiy _Lfﬂ]"‘ (o +N&ysm2& F J
_ + N, coslfcos({m to ) +(9, gsﬁs)'
I@f + Iim(Nyy+uy ) ’ N _f |
o +%N%cos({mf @, )+ (0, F 9, )

I ANy, cosl(@; £2a,)t + 6, ) NBNE, cosl(@; +20,)t + (4, £2£)
o'l {V[h—l—[)HE}V._GCOSZ ces[(ofiio )+ ‘;gjf q(;,))

2 la=NZysm Eg;sinwjfpr Qf) 0

.! i1 lCOS(zfﬂfr+2¢fJJ

y - Dichroism detection at PD2 with VWP
Iy I, [Uﬁn _%lf?g +N* [%2 + 0 +Up +U5 ]+ Uy + Uiﬁ“
+cos({mf t@, ) +(¢, 19, J}
Loz, Iyo(Nug + 0y -1
FLNB, cosl(o, 20,)1+(0, 7))

I HNB,V1+4a’ cos(_(fuf +20, )t + (¢, + tan’ 2cr) )
Ol F (o, + oy, Jeos|(@, 200, )1 + (¢ £2,))

—2fgmpesintoi+o-)> ()

—11m Icosiimfr+ Egﬁf)l

The status and prospects of the Q & A experiment
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P DAQ

~  Lock-in CME measurement

Moniter 2L
BS L/ LA M
S A ﬂ%
:K:I PDS\E;
| b, DAQ-Cho

* o DSP

=— KD de-220 Hz
L SS9
7 ¥ <] owomswitch PD4
'II | mom 13
\-.J PDI gﬁ: filter a

» DAQ-Chl

>' é Prn’tmp

\ ] PreAmp Fifer] de-13 kHz
: . .
12 MHz - piezo

Nd-YAG

The status and prospects of the Q & A experiment
K with some applications

DAQ-Ch2

DAQ-Ch3
: DAQ-Ch4
LAat2or vy DAQ-ChS5
bulse DAQ-Ché6

(G) vacuum gauge ® frequency mixer
[ vacuum valve low pass filter

@ signal source > signal amplifier
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Lock-In detection

Source  Channel Birefringence detection lock-in amplified signal

: NG, sm(2a, 1 +25)+(Nuv, +0,,)c0s2Esm(2am, f+2 ,
LA, X i - Iomy || N, sin 2e, 1+ N&, ANt ')., (Vs + i) : AT' (20,1+29,)
+(Nuy, + UMJCDS:;[CDS(@HTI—I-Q)—TP&' Wo cos(@,f—¢;)| | |
LA, Y, 0
LA, X 0
LA, £ SIS
Source  Channel Dichroism detection lock-in amplified signal
— . -
LA, X Ky Iy, NByV1-4a* sm(2e,t +tan™ 2a |+ (Nv, + Uy, )sin2a,  +2¢,) |
] +(Nu, +uy, )sm(@,f +¢,) -1 NG, sin(e, 7 — ¢, )] |
LA, T 0
LA, X5 0
LA Yz Kpa -t 1o
X, (2) Gs gy =tum Foou®) oy oz 10640m
)f(r } = 'IF?G <1 l'r M ,TIBJQTT NP (#
U\ ) =——75 I
4 Lir) - . ——
. ol N, (~1.90 = 0.15% £ 0.08¢%) = 10
()= Fwlt)) 0, (-1.68 £ 0.32° £ 0.08% x 10°
” ! N . ] ] O, (-3.97 0255+ 0.15%) x 107
¥, =¥ (2w, )= Ny, (or N, fordichroismdetection)  ar (4.05:£0.32¢ £ 0.169) x 107
Kr (7.78 £ 1.18° £ 0.30% = 10°

§: Statistical uncertainty from ;2-fitting of the slope ¥ cue(P)P.
T Systematic uncertainty (V- 5.6%, B 2.2%. P- 2.5%, 1, 1.6%).
The status and prospects of the Q & A experiment

with some applications Hsien-Hao Mei

/




Current Status & Challenge
X-plate Damper: Re-arranged
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IM: Intermediate Mass
A RM: Recoil Mass

_ / CM:: Cavity Mirror 1
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x 107 DC magnetic field around cavity mirror
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Position (m)

Spatial mapping w. r. t. cavity mirror of the above measurement

0.02 0.04 0.06 _CI_.DB 01 0.12 0.14 0.16
Fosition (m)
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Polarization rotation (rad)

387.27 hr Polarization Rotation A

X: Polarization rotation spectrum. (378.27 hours of intergration at 3 mTorr) X: Polarization rotation peak in radians at 2e_. (Dichroism)

T noise floor 1.5400 nrad and sensi

1 (378.27 hours of intergration at 3 mTorr, 39165 points, 256 cycles/point)
3 90

3x1078

ad (at 63 7123° w

a '

: o | .
S .
Tmean 7.6533 nradiat -63.7123°
std. dev. 1811527 nrad

. std. dev. of mean 0.91538 nrad

180

(®%+ 3% - 7 6533 + 1.7941 nrad(~20)
% - 3.3895 + 1.7941 nrad(~20, 95% c. f.)
noise floor 079394 nrad -~
sensitivity 0.92649 urad/Hz'"?

330

wity 1767 urad/z"y T

2 4 6 8 10 12 14 16
Frequency (unit of magnet rotation frequency)

Bl
~ - |sin® ~ 5
M*m; 4o 16M

240

2 2 52
maf _ BEH.!I 270

E:

Im?<2rw/l

Stray field contamination at cavity mirrors
Hold on! Enhanced by dc leakage of IM damper field

The status and prospects of the Q & A experiment _ )
with some applications Hsien-Hao Mei /
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DC magnetic field measured at cavity mirror position:
By = 41.71 uT — 100 times smaller than 5 mT leakage —
Bparty = 31.63 uT as a comparison using the same probe

The status and prospects of the Q & A experiment
with some applications
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Birefringence (rad)

156.05 hr Ellipticity

X: Birefringence spectrum.

(156.0535 hours of intergration at 3 mTorr)

X: Birefringence peak in radians at 2mm at 3 mTorr
(156.0535 hours of intergration, 14866 points, 256 cycle/point)

v - P v B B +
1 1 1 1 1 1 1

3 90

1.5%1078

180

“ Tmean 42.593 nrad(at—3.4301°)
std. dev. 178.1549 nrad.
std. dev. of-mean 14612 nrad
42 593 + 2.8639 nrad
(~20,95%c. 1) .
noise floor 1.3593 nrad
~sensitivity 1.0188 prad/Hz

210 330

12

2 4 6 a 10 12 14
Frequency (unit of magnet rotation frequency)

1 anlm malj r mgf
=— —sin |——
2 |\ M*m? 2 2w

An_ = (7.35+0.23) x 104

Not yet! CME:
An, (H,0) = 7.5x 10

theoretical ~

The status and prospects of the Q & A experiment
with some applications
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Q dP
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B, (kGauss)

(-

—r |

[ —

1.8 mx new magnet ready forshlpplng

Main specs for design:
B=23T

L=18m

w, /21 = 600 rpm

Main body lies on its
supporting structure.

Y(mm) {X=Z2=0, Y =980 mm}

The status and prospects of the Q & A experiment

with some applications

|B,| 22.3 T for | Y-Yopnppr| S 0.7 m
o W :“;.‘.L [
|| I [ —
lﬁ -] ] e (o -] & |o a o HI o a o [-] o -] [+] & o L) o o “ ‘ I
'En
i ] L] o ] o Ty ] L= L] N o o L] = i L o i O o ] [ ] =
2 . ||
Measured in June 2009
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Operation test for 600 rpm (film)




” Prospects A
O & A experiment from now on:

Length of cavity (L.p) 3.5m 7m 7m
Length of magnetic active zone (L) 0.6 m 2.4 m 4.2 m
Laser wavelength (A; together with optics) 1064 nm 532 nm 532 nm
Finesse of cavity mirrors (F) 30000 10° 10°
Number of passage (N = 2F/x) 19100 63700 63700
Magnet’s rotational modulation (f_ =
19 m 7 1ps 10 rps 20 rps
o ~ 1 prad/HzY2 10 nrad/HzY2 2 nrad/Hz2
SenSItIVIty (SN\I’ o SNBO) from thelv;?8 hrintegration 4 Mjrrors’_birefr_ingeqce sho'F noi;e_limit_@ 0.1W
Integration time (T,,) 387 hr (~ 16 d) SRR RIS :2 (=42
0.8 nrad 5.3 prad i.lpraad
Noise floor after T, . (No,, or No, ) ' (28%xN (3.3%xN
QED effect in elli I:t " (\|V\O| " (~10°xNw5 gep) s s
effect in ellipticity (Nyg ogp o
NRZILAY. R 0.72 prad 19.1 prad 33.4 prad
ALVS SOUPING SCAIR M =84 ™ = ™ 16x105GeV  15x10°GeV  2.6x10° GeV.

" Phle status and prospects of the Q & A expetiment . )
Hsien-Hao Met
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Q & A experiment in ALPs search

Q & A experiment in axion search

10", - S
- Current status: B=23T,L=06m, = 1064 nm, S, ~1 urad/Hz 2 :
9
10" = Goal for next step: B=2.3T,L=2.4m, = 532 nm, sN ~S ~ 100 nrad/Hz"? =
; By .goal Nq;o,goal 3
10° L ]
10" ¢ e
> _-“"\’“‘
Q 6 "1"‘
910 E “,.w‘“‘
= - — s
chi 5 ///,-—””7
o 107 £ //’f,,,/"’
= i
10 L
i — Mod. Phys. Lett. A22 2815 (2007), 20 over 18.9 hrfor N = 18700
103 r Current potential (2008-2009), GB over 378 hrfor N = 19100
__ Current potential (2008-2009), o, over 156 hr for N = 19100
102 i ___ Goal for next step (2009-2011), G over 3780 hr for N = 63700
: _ Goal for next step (2009-2011), g over 3780 hr for N = 63700
0
1
10 = 5
(m?<27w/l
-
10 e — ——l =
107 10 10° 107
mq) (eV)
2 2 z g2
- B 1tm SiIlz ma'"" thlf 1 BE”&J mj"f . mf!
I 2 S —8in
M?m 4o | 16M V=2 [ omt || 20 20

The status and prospects of the Q & A experiment
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Q & A experiment in QED detection

Q & A experiment for [V detection [compared with [V O
10 | ‘ I ' I I ' \
Current status: B=23T,L=06m, » = 1064 nm, N = 19100
Goal fornext step:B=23T,L=24m, L =532 nm, N = 63700 ’\o\'
'
10° - G -
\"'\ ]
b ‘\"' '\’\‘
\v"\ \o"\
6 -7 -7
10' T T T T ; . e |
¢“\' \‘\‘\
\'\‘\ '\'\'
I B R | P R
© T _=158da - *
Pt 8 : Y ' »*
v10 L int ’\‘\ ‘\" -
—Z, "\o‘ ‘.\o‘
9_ v ""\‘ "‘ ‘\‘
= i PE e e
= \'\4‘ \‘\o‘
im 10/ T~ 330 day . o ‘\‘\,.o |
9“0 ¥ »* -~
& » '\,\o" ‘\'\»
\'\ \'\
- \'\‘\o \“‘\o === Current status: |‘PO CME(Oz)l
(U = -t -* Goal for next step: [¥ (0. .
- P == 0,CME“™2
!‘,w ’\,\O* ___ Current status: |‘PO ED| =7.0<10"" rad
o7 Goal for next step: |‘P il P 1 910" rad
10741 '\,\0" ~ Current status: Sy ~ 1 10 ® rad/Hz "2 i
4 ~ Goal for next step. SlP ~1.0<10" rad/Hz""?
i ~ Achieved noise floor: (%T ~1.0x107 rad
o— 5
10'16 | | I I I
107" 10° 10° 10 107
L P (Torr )
Anggp |pmiT~ 4 X 10~ 0 = QTAA? ( ) ~ sin 26 = 1, sin 26

The status and prospects of the Q & A experiment
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Summary & Outlook

e Q & A experiment searches for QED or (pseudo)scalar
predictions through ellipsometer-measured birefringence and
dichroism.

o Cavity mirrors are suspended for seismic noise isolation.
e Magnetic field shielding around cavity mirrors is improved.

 Sensitivity in polarization rotation and in ellipticity detection
are both around 1 prad/Hz2 with a 78% duty cycle within 48
days.

o« Anew magnetwith B =23 T and L = 1.8 m Is already made
for enhancing the physical effects. A copy will be added in
the next stage.

o« A7 m FPIl with F ~ 10° cavity using 532 nm mirrors is under
construction.

o We are currently aiming at 10 nrad/Hz'? sensitivity.
o \With these.improvement.and upgrading of vacuum, QED

a0 Mei

‘birefringence would be measured to 28 % in about ays. /
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