Measuring VMB with the ALPS |l Magnet String

Orders of magnitude higher FOM

Figure of merit: AB2L
» Differential index of refraction : An = 3AeB2  (Ae = 1.32%10-24T-2)
« Phase retardation: [ = 3Ae(27/A) B2L

 ALPS Il has AB2L 600x larger than leading experiment

* Challenge: much lower magnet modulation frequency
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Challenges with Optical Cavities

Amplifying the signal

* Phase retardation with cavity:
[ = (12Ae/A) F B2L

» Cavity finesse amplifies signal

* Limit to SNR: dynamic
birefringence of cavity

Challenge

* Birefringence noise appears to
iIncrease at lower frequencies

DESY. APS

n

Sensitivity in optical path difference S, [m/+/Hz]

10

10

10

10

10

10

10

10

10

L] J— o 8 P A LI L P LI S S LI S S LI —
FPVLAS-FE ® Experimental optical path difference
15 :Iow frequency sensitivities = ellipticity normalised for the
= number of passes N and wavelength A.
-16 ;_ & Shot-noise sensitivity limit
E PVLAS-LNL i
17 L. § 13
as [ -
S PVLAS-FE E
- PVLAS-TEST -
19 | i
-20 ____ T _:
= Experiment cavity amplification N wavelength length 3
BFRT (1993): multipass 35-578, 514 nm 14.9 m .
5 PVLAS-LNL (2008): F.P. 23'000,45'000 532nm, 1064 nm 6.4 m §
PVLAS-TEST (2013): F.P. 150'000 1064 nm 1.4 m S
PVLAS-FE (2016): F.P. 450'000 1064 nm 3.3 m p
3 |BMV (2014): F.P. 280'000 1064 nm 2.3 m 1
OVAL (2017): F.P. 320'000 1064 nm 1.4 m E
0.001 0.01 0.1 T 10 100 1000
Signal frequency [Hz]
2



Challenges with Optical Cavities

Amplifying the signal

* Phase retardation with cavity:
[ = (12Ae/A) F B2L

» Cavity finesse amplifies signal

* Limit to SNR: dynamic
birefringence of cavity

Challenge

* Birefringence noise appears to
iIncrease at lower frequencies

 But we don't know what the
birefringence noise spectrum
will look like!
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