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FUISOIVEG problem of mass hierarchy
BWWihat is behind the mass values of leptons
e guarks?
= Neutrino masses at sub-eV scale
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— S Strategy
— |ncrease energy (new accelerators)

— Explore low energies at sub-eV scales with
high precision and sensitivity
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Peccei and Quinn:
CP conserved through a hidden symmetry

This CP violation should, e.g., give a large neutron electric dipole
moment (T + CPT = 1215); none is unobserved.
(9 orders-of-magnitude discrepancy.)

s wd iy
Why doesn’t the neutron have
T| In> |= # [n>

i W an electric dipole moment?
=Llln

This leads to the “Strong CP Problem™: Where did QCD CP violation go?

1977: Peccei and Quinn: Posit a hidden broken U(1) symmetry —
1) A new Goldstone boson (the axion);

2) Remnant axion VEV nulls QCD CP violation.
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Qriginal papers proposing a new pseudoscalar boson

VoLUME 40, NUMBER 4 PHYSICAL REVIEW LETTERS 23 JANUARY 1978

A New Light Boson?

Steven Weinberg
Lyman Labovatovy of Physics, Havvavd University, Cambyidge, Massachusetts 02138

{Received 8 December 1977)

It is pointed out that a global U(l) symmetry, that has been introduced in order to pre-
serve the parity and time-reversal invariance of strong interactions despite the effects
of instantons, would lead to a neutral pseadoscalar boson, the “axion,” with mass rough-
ly of order 100 keV to 1 MeV, Experimental implications are discussed.

PHYSICAL REVIEW LETTERS 30 JANUARY 1978

Problem of Strong P and T Invariance in the Presence of Instantons

F. Wilczek®'
Columbia University, New York, New York 10027, and The Institufe for Advanced Studies,
Princeton, New Jevsey 08540
(Received 29 November 1977)

The requirement that P and T be approximately conserved in the color gauge theory of
strong interactions without arbitrary adjustment of parameters is analyzed., Several pos-
sibilities are identified, including one which would give a remarkable new kind of very

light, long-lived pseudoscalar boson,



week endin
PRL 96, 110406 (2006) PHYSICAL REVIEW LETTERS 24 MARCH 2006

Experimental Observation of Optical Rotation Generated in Vacuum by a Magnetic Field

E. Zavattini.! G. Zavattini.? G. Ruoso.? E. Polacco,* E. Milotti.” M. Karuza,! U. Gastaldi.* G. Di Domenico,”
E. Della Valle,! R. Cimino,® 8. Carusotto.* G. Cantatore, ™ and M. Bregam'

{(PVLAS Collaboration)

stituto Nazionale di Fisica Nucleare ( INFN), Sezione di Trieste and Universita di Trieste, Trieste, Italy
2Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Ferrara and Universita di Ferrara, Ferrara, lialy
*Istituto Nazionale di Fisica Nucleare (INFN), Laboratori Nazionali di Legnaro, Legnaro, Italy
“Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Pisa and Universita di Pisa, Pisa, Italy
3Istitute Nazionale di Fisica Nucleare (INFN), Sezione Trieste and Universita di Udine, Udine, Italy
“Istituto Nagionale di Fisica Nucleare (INFN), Laboratori Nazionali di Frascati, Frascatt, Italy
{Received 29 July 2005; revised manuscript received 8 February 2006; published 24 March 2006)

‘We report the experimental observation of a light polarization rotation in vacuum in the presence of a
transverse magnetic field. Assuming that data distribution is Gaussian, the average measured rotation is
(3.9 = 0L5) > 107" rad /pass, at 5 T with 44000 passes through a | m long magnet, with A = 1064 nm.
The relevance of this result in terms of the existence of a light, nentral, spin-zero particle is discussed.

DOL: 1001 103 PhysFevLew. 96,1 10406

PACS numbers: 12.200Fv, 07.60.Fs, 14.80.Mz
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BRA/ICAS results

e UpeRtexperimental idea of
S Vaiani; R. Petronzio, and
e Zavattinn, PLB 175, 359 (1986)

COSMOLOGY

Science, 17 March 2006

Magnet Experiment Appears to
Drain Life From Stars

It’s an unassuming experiment: to see how a
magnetic field affects polarized laser light.
And the rotation the researchers saw was tiny,
a mere 100,000th of a degree. If the result is
true, however, the implications are huge.
According to researchers in ltaly who con-
ducted the experiment, this slight twist in the
beam-—the result of disappearing photons
suggests the existence of a small, never-
before-seen neutral particle, which, if made in
stars, would siphon off all their energy.

Even theorists who find that scenario far-
fetched are struggling to explain the dis-
appearance of the photons. “1*'m skeptical of
the particle interpretation,” says theoretical
physicist Georg Raffelt of the Max Planck
Institute for Physics in Munich, Germany.
“But there are no other obvious explanations.”

Standard physics predicts a very small rota-
tion in a beam’ polarization ina magnetic field
due to ordinary particles popping in and out of
the vacuum. But when researchers at the
PVLAS experiment at Legnaro National Labo-
ratory of Italy s National Institute for Nuclear
Fhysics turned on their 5-tesla magnet in 2000,
they immediately saw a rotation 10,000 times
larger than expected, says PVLAS member
Giovanni Cantatore of the University of Trieste.

A twist in the tale. By rotating a laser beam with
magnets, this experiment may have found never-
befare-seen particles.

some cosmologists propose isthe invisible miss-
ing dark matter that makes up a large chunk of
the mass of the universe, However, the particle
suggested by the PVLAS experiment is not what
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o Ellipticie
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WEORE050//061. (2005); Phys Rev:DA7, 3707 (1998)
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Volume 47, Number 2 (March 2007)

A wo" kShep at the Institute for Advanced

Jrl dyApaid much attention to a small-scale

ex 9eriment that might have found the first
: |rect lndication of a new particle
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IEIIENTS) to detecivAxion-LikerParticles

Table 1
name place magmet (field length)  |laser wavelength power | Ppypas photon flux at
detector
1 1064 nm
ALPS DESY 200W =104 10/s
: 4.21m
. oW
- 1053 nm
: 117 21
BMY LUILI BOOW = 10- 10/pulse
0.25m
4 pulses/day
177 Q00nm
LIPSS Jefferson Laboratory |7 10 KW =10735  (0.1/s
oW
.57
540 nm
DSQAR 1.0m ”
(preliminary phase) | CERN 9.5T LKW =10 10/s
oW
3.3m
aT 1064 nm
PVLAS 1m 0.8W .
(regeneration) INFN Legnara 297 8 =107 10/s
0.5m Npass=5x 10°
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B Photon Regeneration

light shining through a wall’ e
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pseudoscalar particle or

- Light, ne itral boson coupling to photdhs |~ L e EEE
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Rate estimates

OI'OO

. P = J~ YRS AN WY )2

5513??_ AR, P, £ (AQ/Q) (N +2)/2
: 21 (P2)




B e tersammnitiall run

> B-fl2fe)e — el
- rrJag?" plefunk 0m
> |R FEL geoyye] 02 KW
SNz FEL Wavelengn 935 nm (1.3 eV)

- Fle‘ i efificiency 0.4

-“:Iﬁ‘Tear polarization 100%
~ s acceptance 90%

e expt’l efficiency ~ 90%

2 expected signal rate > 0.01 Hz
at g,, = 1.7 x 10° GeV+!
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ngZLZ =
P = ! (B =1.7 Tesla; L=1.0 meters) axion-photon
4 conversion
—6.2x107"% probability, P
photon rate,
_n; = 200 watts (935 nm) n (200 W)
- =1.0x10% v'sls e
regeneration
rate, r
o
r=neP’e Ag? ® &y (% =0.9; &,=0.4) magnetm
e— 0.4;
=0.012 Hz

AQ/Cre=*60



FIPSS) sensitivity range

JLAB in —1 day with
IR FEL
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LIPSS IR run at 900 nm

Energy (meV)

100 1080

10000 llll L) L) llllll' L] L] llllll' ] LI | llllll

1000
10 Jlab THz ~ JLabFEL
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FEL proof of principle:
Neil et al. Phys.
Rev.Letts 84, 662
(2000)
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Table-top sub PS
lasers

0.01
1E-3
1E-4
1E-5
1E-6
1E-7
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1E-10
1E-11
1E-12

R |
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LAt

Flux (Watts/cm™)

THz proof of principle:
Carr, Martin, McKinney, Neil, Jordan & Williams
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1 10 100 1000 1 10000
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NIABIEEL : regenenation experiment

Injector
Superconducting rf linac




. operational at 10 kW
 extracted power

» 800 nm; tuneable

»up to 75 MHz rep rate
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e experiment is mounted in Laboratory in
B Building. . ‘Lhere are twoue\Wisliicnets

~

BB for PS oeneratioff, and two for photon
A tHON ~(H omeusp] - each)

o

Lab 1 in FEL Building

A
2 GW magnets (4 total) /

VS

32ft8in

optical tables

laser light

v

39 ft
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MIPSS detector.
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Spec-10:400 g.e. high at 935 nm
LN cooled
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0N ANGE of vacuum

Sign

suppression factor - 1 meV

1.3 meV

: : : pressure, Atm
0.006 0.008



Ssuilictive Interfierence In piRoLen,
WEREAtion Vsiiagnet Ienain

suppression L=1.1m

\
0.6
0.4r
0.2
- —
0.0006 0.0008 0.0012 0.0014 0.0016 0.0018 0.002 " "'

LIPSS Present Configuration

Longer magnets: less sensitivity in PVLAS region



10 nsitive%-yet to cover full parameter space of PVLAS
er did reach the sensitive region Igg,seala‘r coupling

confidence level exclusion |

LIPSS initial (IR) run

field

coupling (1/GeV)
S

10 =

particle mass (meV)



-

SEeHEEic Viagnetic FIEld: S

SPLIUNILY 2t Optical FreqUencies

REIBVES 0FI==1"constraint
Ko Wan Bibber et al, PRL 59 (1987) 759

2 ? II9E USEd t0 measure mass my,

‘I

AA Baker, McFarlane et al, hep- ph/0605250

:r-Reqwres magnet length —~ m in IR;

I - —-

= -Not practical for X-rays: need — km-long
magnets

e Similar effect from phase shift plates’
Jaekel&Ringwald, hep-ph/0706.0693
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PEIEdIcC magnetic field-effect

1
P, :ZQZBZLZ form, =0

e

y—>

P =q—1292|32 tanz(%)[1—(—1)n cos(qL)]/ 2

10m, n=8

o 10m, n=20
0.4 Suppression .
0.3 (\
0.3
0.2r
O,
0.1
| w\} \\
0.0‘005 O.AOLOlS 0.602 0.3025 0.603 : !
0.0005 0.0015 0.002 0.0025 0.003

Mass, eV



BEENEIC field for LIPSS in presentigs
sIigUration

SRESCINE LM mMagnet consIsts off 2' segments
=PRIy o the segments can be flipped

Mass, eV




Ement by InterferenCenvitiigs

iErence beamt(PSE)




S ummary -3

- I
WESSHhas begun topest axion Interretation: of

PAVIRASHIiesult

— claitzl Jphsgezllzigdogiile|tztilely
ises JLAB EELL and 1ts facilities

ISNSE dipole magnets that are on-hand (=1.8 T)
e =ilised ultra-low noise CCD array

—— & © 000 watts average power; light polarized perpendicular to B

;,.-;.—._,- ran in Spring 2007 24 hours, 935 nm
—-SOome reach into sensitive reglOn 0] parameter Space

s continue experiment iIn —winter 2008
— Upgrade optics to get higher power
— additienal diagnostic monitoring equipment
— get pseudoscalar data
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