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New Physics

ÅThe next layer of the ònew physicsó has 
already started to reveal itself.
ðNeutrinos have mass!

ðDark Matter exists!

ðThere is something called Dark Energy!

ÅòQuarks to the Cosmosó and 

òThe Quantum Universeó ask 

current fundamental questions 

in particle physics, astroparticle 

physics, and related fields.
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Dark Matter exists
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Strong CP problem
ÅThe theory of the strong force predicts an 

electric dipole moment of the neutron.

ÅPrecision measurements: dEDM < 10-28 e-cm

ÅRelated to an angle parameter Qwhich can 
be any number between 0 and 2 p. Why ~0?

ÅPreferred solution is a new 

field with a new boson  

called the axion

ÅA real mystery in 

particle physics !!
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Axions
Å Axions òclean-upó

the strong -CP problem!
ñIf the axion does not 

exist, please tell me 

how to solve the 

strong CP problem.ò  

(Wilczek)

ñAxions may be 

intrinsic to the 

structure of string 

theory.ò  (Witten) 
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Axions as dark matter
ÅThe axion is also a viable candidate for the 

dark matter of the universe!

K van Bibber
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GammeV motivation

Åsub-eV (10-3) eV mass scale arises in 
various areas in modern particle physics.
ðDark Energy density
ÅL4 = 7 x 10 -30 g/cm 3 ~ (2x10 -3 eV)4

ðNeutrinos
Å(Dm21)2 = (9x10 -3 eV)2

Å(Dm32)2 = (50x10 -3 eV)2

ðSee-saw with the TeV scale:  
ÅmeV ~ TeV2/M planck

ðDark Matter Candidates
ÅCertain SUSY sparticles (low mass gravitino)
ÅAxions and axion -like particles

Energy frontier
Neutrinos

Astrophysics
all in one!



Gam meV

2/18/2010 W. Wester, Fermilab, Engineering Week 8

PVLAS Experiment
ÅDesigned to study the vacuum by optical means: 

birefringence (generated ellipticity) and dichroism 
(rotated polarization)

PVLAS
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PVLAS Rotation Results

PRL 96, 110406, (2006)
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PVLAS ALP Interpretation

QCD axions

CAST

A new axion-like particle with mass at 1.2 meV and g~2x10 -6

is consistent with rotation and ellipticity measurements.

Additional data by PVLAS has since no longer

seen the anomalous effects. However, the source

of the anomaly has not been clarified.

PRD 77, 032006 (2008)
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Light Shining Through a
Wall Experiment

New Yorker
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Light Shining Through a
Wall Experiment

New Yorker

My boss 
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Light Shining Through a
Wall Experiment

Assuming 5T magnet, the PVLAS òsignaló, and 532nm laser light

K.  Van Bibber, et. al., PRL 59, 759 (1987)
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BFRT Experiment
ÅBrookhaven, Fermilab, Rochester, Trieste (1992)
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BFRT Experiment
ÅBrookhaven, Fermilab, Rochester, Trieste (1992)

BFRT is not 
sensitive in 
the PVLAS 
region of
interest. 

PVLAS

BFRT


