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e milli-eV mass scale %%né_rr_\_e_\_/_

* milli-eV (10-3eV) mass scale arises in
various areas in modern particle physics.
- See-saw with the TeV scale:
* meV ~ TeVa/M,qnek
- Neutrinos
+ (A = (9x10-3 eV)2
* (Ams,)? = (50x10-3 eV)?
- Dark Energy density
* A*=7 x 1030 g/cm3 ~ (2x10-3 eV)*
- Dark Matter Candidates

» Certain SUSY sparticles (low mass gravitino)
- Axions and axion-like particles / other scalars

Energy frontier
Neutrinos
Astrophysics
all in onel
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ne PVLAS Experiment GamSmeV

» Designed to study the vacuum by optical means:
birefringence (generated ellipticity) and dichroism
(rotated polarization) INFN, Legnaro
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L, ! PVLAS Polaraization G y
'3 Rotation Results amsmev.
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Axion-like Particle
Interpretation GamemeV.

10-6
£
©
&
™~
it
00 10-8 &
- +preliminary -
- ALP 0* (50) -
10-8 Z
10-6 =
- PVLAS only -
- ALP 0* (50) T
10— 10-3
m, [eV]
PRD 75, 035011 (2007)
June 4, 2007

W. Wester, Fermilab, All Experimenter’s Meeting

Scalar particle with mass 1.2 meV
and g~2x10-° GeV-lis consistent
with rotation and ellipticity
measurements using both green and
IR light.
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“LighT Shining Through a WG”"Gam meV
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Assuming 5T magnet, the PVLAS "signal”, and 532nm laser light
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" BFRT Exper'imen’r %ném_e_\_/_

 Brookhaven, Fermilab, Rochester, Trieste (1992)
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" BFRT Exper'imen’r GamsSmeV

 Brookhaven, Fermilab, Rochester, Trieste (1992)
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e GammeV Experiment GamsmeV

Search for evidence of a milli-eV particle in a light shining
through a wall experiment to unambiguously test the
PVLAS interpretation of an axion-like (pseudo-)scalar

Calibration LED

Laser Box Tevatron magnet (6m) Plunger \':MT Box
A | []
---------- L v ] PMT
1 e\ — (2m)
/ Warm bore «“yall”
Monitor sensor \ =, P et

&y Wall": concave mirror
to control divergence +
Mcoated for high power
green laser light

Existing laser in Acc. Div.
nearly identical with PPD's
laser last used by KTeV

High-QE, low noise,
fast PMT module

(purchased)
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» Black = BFRT 3 sigma
upper bound

* Pink = PVLAS 3 sigma
signal region
* Grey = GammeV 3 sigma
exclusion with 5 hours
running at each beam
dump position

- Blue = center of magnet

- Red = 0.8m from end
- By changing the —
baseline, we cover

the entire PVLAS
signal region
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Sensitivity of proposed expts, using M=4e5 GeV, m=1.2meV

"Name Place Magnet Laser Pregen | PhOtons /s | Ry (Hz) | Eff | R . (HZ)
BFRT BNL 3.7 T"4.4m | 514nm 2e-24 | le21 2e-3 0.1 | 6e-1
(1993) 1.5W*200 pass PMT
ALPS DESY 5 T*4.2m 1064nm 2e-24 | le21 2e-3 27?2 | ???

200W welder
PVLAS |LNL 5 T*1m 1064nm 2e-23 | 3e22 7e-1 05 | 1le-3
(6/07) | Italy 2.2 T*0.4m | 0.06W*1e5 pass TES
LIPSS JLab 1.7 T*1Im 900nm 6e-24 | 5e22 3e-1 0.3 | le-1/pixel
10kW cw FEL CCD
OSQAR [ CERN |95 T3m | 514nm 2e-20 | 3e20 5e0 0.5 | le-3/pixel
95 T*1lm | 100W CCcD
BMV LULI 10 T*0.4m | 1053nm, be-BHz | 7e-22 | 4el7 2e-4 0.2 | 1le-8
(9/07) France 5 ns pulse (le22/pulse) | (4/pulse) InGaAs APD
0.07W avg
APFEL |DESY |22 T*6m | 32nm, le4 Hz 7e-20 | 6elb Se-3 0.1 |?22?
10 ns pulse (1e13/pulse) EMT, MCP,
0.4 W avg APD?
FNAL FNAL 5 T*3m 532nm, 20 Hz le-21 | 5el8 5e-3 0.4 | le-5
5 ns pulse (2e17/pulse) PMT
3W avg
HERA DESY | 4.3 T4.2m | SR: 50 kHz 2e-19 | lel7 3e-2 0.1 | 5e-5
SR 100 ps timing MCP



# Installation and Commissioning %%émev

* Nov 2006: Aaron gives a theory seminar, William attends
* Feb 20: Ideas presented at food for thought seminar

* March 23: Review for funding within PPD

* April/May: Start putting systems together

» June 1: start installation and commissioning

* Mechanical: Lab 8 within PPD

* Magnet: Technical Division, Magnet Test Facility

* Laser/Optics: Accelerator Division Linac Laser Lab
» Electronics: WH14 Electrical Engineering Dept.

» June 15: goal is to start data taking
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L. 2

Mechanlcal assembly S comée’rm in Lab 8
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L. 2

» Laser and OPTICS _‘
- 3.2W measured in green [N

- multi-hour operation

- Optical layout designed
* Magnet

- Alignment of warm bore

mple  [HARH
e

5040A = BT T s
L TC1206 NMR measuremen t{at 204.1cm) Phofod‘jwdﬁe laser- pulse @ 1 7my
02 - [ 0 1
a0 i .l B s
5 A } :
499 g e ; Lot L g ‘
E 407 \ ,
495 E
] =
404 | ‘ | i 3
482 * W 50.0mve 8
492 8

= . . — . . — . — 1 15:51:53
4050 408 4970 4080 4990 5000 5010 5020 | SO 0, 805 g g o g
June 4, 2007 | A} W. Wester, Fermilab, All Experimenter’s Meeting



. .
nge Conclusion

e GammeV is a search for a
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milli-eV particle in the
PVLAS region of interest.

* This experiment is modest
in scope and cost. It will be
done within a few months.

+ 2007 may be the year of
the milli-eV dark particle
and just maybe light does
shine through walls!
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