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Axions in the Dark Side
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Laser Based ALP Search Experiments

name place magnet (field length) laser wavelength power | Ppyias photon flux at
detector
5T 1064 nm
ALPS DESY 200W =101 10/s
4.21m
CW
1T 1053 nm
BMV LULI 500W =102t 10/pulse
0.25m
4 pulses/day
17T S00nm
LIPSS Jefferson Laboratory |1y 10 KW =10"3% |0.1/s
om o
9.57
540nm
OSQAR 1.0m 20
{preliminary phase) CERN 9.5T clmkw =10° 10/
3.3m
5T 1064 nm
PVLAS 1m 0.8W .
(regeneration) INFN Legnaro 29T = =10 10/s
0.5m Npass=5x 10°

Fully model independent approach

- No need solar-axion or astro-cosmo-axion production model
Probe various scientific interest
- Precision measurement of QED

- Any scalar / pseudo-scalar / paraphotons / milli-charged particles

- Magneto optical properties of the vacuum




PVLAS : INFN

PVLAS experiment designed to study magneto-optic property of the vacuum
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e Detection
- Photodiode with low noise amplifier




PVLAS : Calibration
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PVLAS Results in Vacuum
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=> Is this an indication of a new particle ?



PVLAS : Interpretation
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If one interpret the result as ALP

Scalar particle with mass 1.2 meV and
g~2x10- GeV-1is consistent with rotation
and ellipticity measurements
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In contradiction with CAST

and star cooling, unless
coupling is suppressed at high T
or high density.




Early 2007 @ Fermilab Cafeteria
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If we take the PVLAS results seriously : 1.2 meV and M = 4e5 GeV

(B1/5T)2(By/5 T)(ww/2.33 &V)!
(M /4 x 10° GeV)4(my/1.2 x 10-3 eV)?

csin? (T (mg/1.2 x 1073 eV)%(L;/2.0 m) a2 (T (my/1.2 x 1072 eV)%(Ly/2.0 m)
2 (w/2.33eV) 2 (w/2.33 eV)

PGammeV _ (39 X 10—21) X

regen

Nd:YAG laser : 3.2W laser (E=2.33eV), 5e18 ph/sec

Tevatron magnet : 5T Total budget request
PMT : 100Hz dark count rate, 40%Q.E. $30,000
Rpoise= (20Hz X 5n8) x (100H2) = 1e-5 Hz, R;;,= 2e-3Hz ’

In order to have 5 sigma results : run time ~ 3 hours




GammeV

* Dark Sector in the Universe has an interesting scale
in the 10-3 eV (meV) range that arises also
in other particle physics phenomenon

— Dark Energy density
« A% =7x1030 g/cm?3 ~ (2x103 eV)*

— Neutrinos
* (Am,q)? = (9x10-3 eV)?
* (Ams,)? = (50x10-3 eV)?

— See-saw with the TeV scale:
* meV ~ TeV4/Manck

— Dark Matter Candidates
e Certain SUSY particles (low mass gravitino)

e Axions and axion-like particles
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GammeV experiment
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GammeV experiment setup

LED
Laser Box Tevatron magnet (6m) Plunger \EMT Box
e ] | []
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..................... I v . |
[ ] s\ [ (2m)

Monitor sensor

Wall : concave mirror
Coated for high power
green laser light
10m focal length

Surelite Nd:YAG

1064nm (doubled 532nm)
160m)/pulse, 3.2W @ 20 Hz
Pulse width = 5 nsec

Hamamatsu H7421

GaAsP, QE=40%
Dark Count= 100 Hz

Tevatron dipole : B=5T



GammeV : Laser Box

Reflected beam spot monitor
Camera image from laser box

Power meter

Camera

to magnet




GammeV : Tevatron Magnet (TC1206)

| Operating B-field : 5030A = 5T |
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GammeV : PMT
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Experiment Schedule

2006.03 : PVLAS results published at PRL

2006.11 : Experiment design

2007.04 : Review and approval from Fermilab

2007.05 : Acquire and machine parts

2007.06 : Assemble parts, test electronics and PMT calibration
2007.07 : First data but magnet and laser problems

2007.08 : Start data taking in earnest

2007.09 : Complete data taking and analysis : first result report




Data taking

Experiment modes

e Leaky mirror mode : set coincidence timing window
e Polarization (controlled by 1/2 wave plate)
- Vertical E-field : Pseudo-scaler coupling search (E¢B)
- Horizontal E-field (1/2 wave plate) : Scalar coupling search (B¢B)
e Mirror position : 3 m (center) or 1 m into the warm bore
- Vary the path length of the magnetic field
to control sensitive parameter space of the photon-axion coupling

Experiment monitoring

e Beam path accuracy checked at the beginning and at the end of each run
 Laser power (~3W) and coolant temperature (41°) monitor

e Reflected beam spot monitor : Video camera in the laser box

e PMT event rate monitor : ~100Hz

e Vacuum level monitor : ~1e-3 torr



Beam coincidence time

Beam coincidence time is estimated using leaky mirror setup

3W of powerful laser light
(~1e17 photons/pulse) 10

Reflect out most of the photons 10
 Reflect 99.9% of photons at the laser box
* Reflect 99.9% of light at the PMT box 10

inrontof the PAT ctho e P
\[\

e Two ND filters (OD7 absorptive)

=> Reduction factor of photons : 1e-19
(1 photon per every 100 pulses)

Time constant

e GPS time sync delay : 158 nsec
e Cable delay : 40 nsec

 Time of flight : 48 nsec

PR WO T T T T T WO 1
Eﬁm -255 -250 -245 -240 -235 -230

[nsec]

158 + 40 + 48 (nsec) = 246 nsec




Look at the ALP search data

GammeV Preliminary
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e All the data combined for each run mode
e Systematic uncertainty is understudy

spin. | position | B e | ecend | S
Scalar Center 1.34 M 0.41e18 1.56+0.04 1
Scalar Tm 1.47M 0.38e18 1.67+0.04 0
Pseudo Center 1.43M 0.41e18 1.59+0.04 1
Pseudo Tm 1.47M 0.41e18 1.50+0.04 2

* Efficiency estimated : 0.36+0.09 (0.4 Q.E. x 0.9 abs. at windows and lens)

* No statistically significant indication of a signal observed



Interpretation : Pseudo-Scalar
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Interpretation : Scalar
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e The first preliminary results from GammeV ALP search reported
e ALP interpretation of PVLAS results excluded by > 5 sigma
e Systematic uncertainty check is under way

e PVLAS reported new results with upgraded conditions (hep-ex/0706.3419)
The new results completely exclude the previously published results

http://gammev.fnal.gov




