WIMPS and LIPSS




m PVLAS results and implications
— overview only

m previous experimental studies

— how did all previous searches miss it?

mLIPSS (
— plans and history

@ summary




PVLAS results




Dichroism
rotation of polarization plane

Maiani et.al., Phy. Lett. B175 (1986); www.ts.infn.it/experiments/pvlas
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Dichroism

rotation of polarization plane

hep-ex/0507061 (2005); Phys Rev D47, 3707 (1993)




ellipticity

dispersion; photon-axion

Maiani et.al., Phy. Lett. B175 (1986); www.ts.infn.it/experiments/pvias
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ellipticity

dispersion: photon-axion

hep-ex/0507061 (2005); Phys Rev D47, 3707 (1993)




PVLAS setup

FPohlrizer

6 T ; 1 meter long dipole magnet
1064 nm ; 0.1 W laser
60 km path length in magnet

using 6 meters long
optical cavity

cryostat rotation 0.3 Hz




www.ts.infn.it/experiments/pvlas

PVLAS Run 000903_12 (vacuum)
QWP axis 0

field intensity 0 T

avg. number of passes = 4.2-10*
acquisition time = 649.77 s

psd (dBVms)
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'PVLAS Run 000808_2 (vacuum)
QWP axis 0

field intensity 5.5 T

avg. number of passes = 4.6-10*
acquisition time = 635.87 s

rolation
(1.2 £0.1)-107 radians
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Gas calibration spectrum

RUN 648, 20 mbar di Neon
B=46T,F =55 000

Amplitude spectrum
demodulated at the

carrier frequency - —
(506 Hz) of the
ellipticity modulator

Signal

The expected
birefringence signal
appears at twice the

magnet rotation F : P IL*IJ
frequency (0.6 Hz in E I Li"wﬂ
this case) . “'nl\r’r
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Sensi‘l’ivi‘l’y Freguenza (unita di freq. rotazione del magnete)

W' =6-10""7 1/+/Hz; Measurement time 130 s
An® =2-10"% 1/./Hz:

&. Cantatore - IDM 2004 Edinburgh 3 www.ts.infn.it/experiments/pvlas
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PVLAS results may be
explained by a region . . .

1.7x10°<g<1.0x10° GeV!
0.7<m<17 meV

PVLAS effect is 10% stronger than QED (Euler-Heisenberrg) prediction!




Interpretation




pseudoscalar coupling




AXxion interpretation?

A. Ringwald; hep-ph/0511184
K. Zioutas et.al., PRL 94, 121301 (2005)
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possibilities . . .

Peccei and Quinn:
CP conserved through a hidden symmetry

This CP violation should, e.g., give a large neutron electric dipole
moment (T + CPT =}'215); none is unobserved.
(9 orders-of-magnitude discrepancy.)

Unud d
" R Why doesn’t the neutron have
T| In> )= # |n>

an electric dipole moment?

] —.lln“

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.

Peccel, Quin (1977); S. Weinberg (1978); F. Wilczek (1978)



matter/energy budget of universe

stars DaON neutrinos
dark energy 4

® Dark Matter ~30%

B Dark Energy ~65%
1

dark matte

axion a dark matter
candidate




a

— detect relic (big-bang leftover), or solar, or stellar axions

— produce and then detect axions in terrestrial expt
|

1 LIPSS uses this strategy —




relic axions




relic axions

@ axions created
moments after
the big bang.

thermalized
over time

mass range
must be
consistent with
astrophysical
observables




Sikivie. 1983

Condition for
resonant conversion:
hv =m_c?

Local axion number density ~ 10'3/cc

system output:

T /71_axion signal, width §(10°°v)
(%130“ ?1 7 \—, cavity thermal
ensity

L
frequency
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Sikivie (1983); Ansel’'m (1985); van Bibber et al (1987)
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microwave cavities
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V. cavity volume

m (f) mass (coupling)

B: magnetic field

R: galactic halo axion density on Earth
C:. mode dependent constant (0.6)

Q,: cavity’s loaded quality factor

Q.. galactic halo axion quality factor (10°)

1 P,: average thermal noise power
W T, cavity temperature plus noise ‘temperature’




Cavity is tuned in roughly 1-2 kHz steps
(Cavity BW approximately 10 kHz)
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microwave cavity experiments find no
evidence for relic axions in parameter space
Indicated
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solar and stellar axions




CERN Axion Solar Telescope

Axions from the sun...
...become x-rays inside an LHC dipole magnet




CAST experiment

A decommissioned LHC test magnet

B moving platform

3 4 magnet bores, for x-ray detection
— solar temperature - keV axions - keV x-rays

2 3 X ray detectors
1 X ray focussing system to increase S/N ratio
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X-ray camera




CAST finds no evidence to date for solar
axions in parameter space indicated

Current the best
astrophysical bounds

- Tokyo+SOLAX

] -1 B cimsimanniis o
- HB stars

CAST (expected) axion models
'iU-'I'I

| | L L L | | LA i el T | | L1 |
1 D% 10-3 10-2 (1l 100
axion mass (eV/c?)

‘[ vary He gas pressure to
match dispersion relation




astrophysical bounds
L. Rosenberg, SLAC Summer Institute 2004

Example:neutrinos from SN1987A
Ellis and Olive, 1987; Raffelt and

Seckel, 1988: Turner, 1988, etc

Supernova in the LMC.
Neutrinos are trapped and diffuse out
over timescales of around 10 seconds.
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- FOEE STEEIN | TRADEES - Kamiokande and IMB together recorded
| 1 | 19 neutrinos from SN1987A.

-3 -2 -1 0
log(me (+¥)] An axion of mass between the length of the

103 and 2 eV would take explosion would
so much energy out that... be observably
forshortened.
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Overall summary: Astrophysics (stellar evolution and SN1987A),
cosmology, and laboratory experiments leave the invisible CDM
axion window 10-<m_ <103 eV (with large uncertainties)




:> CAST finds no evidence to date for solar axions in
parameter space indicated
mmm)>  SN1987A does not rule out PVLAS result
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cryogenic dark matter search in Soudan underground laboratory

new limits
In large
mass
range; no
evidence
for
WIMPs
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production and detection




FQWW Azion
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foq must be considerably greater than
the weak scale

sensitive to massive (> eV) axions; none seen
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SUBTRACT
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Phys. Rev. D47
3707 (1993)

BFRT results:
regeneration expt

no ps signal seen

FIG. 18. Integrated charge spectrum. The pedestal is at
channel 63 and the single photoelectron peak [see inset in (a)] is
fitted by a truncated Gaussian centered at channel 108, with
standard deviation of 34 channels. The sensitivity is 0.25
pC/channel. (a) Dark current spectrum including the electronic
noise. (b) Subtracted spectrum when light was admitted from
the first magnet; used for calibration. (c) Subtracted spectrum
when no hight was allowed into the second magnet.




searches to date: summary

10° <m, <103 eV

20
o f (GeV)

m, (eV)

AcCC or Sn 1987a
searches

Open Axion
mass range




searches to date: summary

10° <m, <103 eV

Very light axions forbidden:
else too much dark matter

7] Too much
7| dark matter

H

<Dark matter range:“axion window’

7] SN 1987a:
741 Too much
] energy loss

/ -'I;: Too many
/] events in
1 detectors

4 S

AV Heavy axions forbidden:
’ + e e e
T T e P else new pion-like particle

Laboratory experiments




searches to date: theoretical iIssues

@ neutron and electron edm conflict?
@ no conflict with atomic contribution (E?).
@ higher order (nonlinear) ged effect?

m noncommutative field theory?
m ...




possibilities at JLAB




possibllities at JLAB FEL

A polarization plane rotation, ellipticity
2 reproduce PVLAS with different apparatus

A regeneration
1 FEL photons regeneration <

1 Primakoff photons regeneration

8 photon collisions
1 wide angle axion production at wiggler center
1 polarization plane rotation

& four wave mixing in vacuum
- 2>2 o 321

@ microwave cavity

3 primordial axions
1 solar production and lab regeneration (a la CAST)




‘light shining through a wall’

B couple polarized laser
light with magnetic
field

2 Sikivie (1983); Ansel’'m
(1985); Van Bibber et
al (1987)

pPS — photon (or photon-ps)
conversion probability




JLAB FEL setup |: regeneration experiment

Injector
Superconducting rf linac '

i e

-y g ossrst T ewe-T _.J:.L

IR wiggler e :  “parasitic “

UV wiggler

beam
dump
source superconducting wiggler for conversion
accelerator essential for of electron energy
recycling electron energy into light

magnet detector
2T;1m(?)

recycled electrons
optical
electron beam cavity
mirrors
/@; #@@'@‘:’F WOERENY ) laseriigns

¢’s produced at JLAB FEL light shield
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back-of-the-envelope

) | P — gZBZL2/4 Prob for photon-axion prod

m g = coupling constant (1/M)
m B = magnetic field
m L = magnet length

Y =nP,P, e (AQ/Q) (N+2)/2 yew )

1 n = photon flux (#/s)

1 P1 (P2) = production (regeneration) probability
1 ¢ = detection efficiency

1 AQ/Q = solid angle

8 N, =number of reflections




JLAB facllity spectroscopic range

Energy (meV)
10

100 1000

JLab THz JLab FEL

FEL proof of principle:

00009 :
Table-top sub-ps  jNeil etal. Phys.
lasers Rev.Letts 84, 662

(2000)
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=
o
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N
=
s
<
=
TS

THz proof of principle:
Carr, Martin, McKinney, Neil, Jordan & Williams

Napurg, 420, 153 (2008) 0w v v vuvi
10 1000 10000




experimental requirements

B B-field parallel to photon polarization

3 photon-axion coherence ma2 <4drwl L

l large magnetic field

2 shield detector from field; vacuum vessel




rate estimate, as example . . .

2p2) 2
P = 9 BL axion-photon
B 4 conversion
probability, P

=10

N =1.0mJ/pulse x 75MHz JLAB FEL photon
rate, n
= 6x10” 's/s

photon regeneration

AQ) :
Y ~ne PZ ° oc rate estimate, Y
Q) 2 T; 1 m magnet

>1Hz e~ 0.5; AQ/Q ~ 0.5




rates (using current FEL)

1.0 1.0 10-1
1.0 1.0 5x 101

1.5 0.8 10-1> .01
1.5 0.8 5x 101> 4.2

uses: dipole magnet at end of straight section: 1.0 m
long and 0.31 Tesla

100 kW (1 eV) FEL laser light
g.e. ~ 0.3; detector accep ~ 0.9




experimental iIssues




Hamamatsu
R5509 PMT
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Rockwell Scientific Hawali 1RG — for example

FPA Parameter
Detector technology
Detector input circuit
Readout mode

Pixel readout rate

Total pixels
Pixel Pitch
Fill factor
Output ports

Rockwell FPAs
MBE HgCdTe or Si PIN
SFD
Ripple

100 kHz to 5 MHz (continuously
adjustable)

1024 x 1024
18 pm
> 98%

Signal: 1, 4, 32 selectable
Guide Window and Reference

Spectral range

0.3-53pm

Operating temperature

> 30K

Quantum Efficiency (array
mean)

> 65%

Charge storage capacity
Pixel Operability

> 100,000 e-
> 95%

Dark Current (array mean)

< 0.1 e-/sec (77K, 2.5 pm)

Read noise (array mean)
Power Dissipation

<15e- CDS @ 100 kHz
<4 mW @ 100 kHz

L 1SN

SRR L A N N

dark current and read noise
gquantum efficiency

spectral range




begin with this? (on hand)
SBIG ST-237A

: Diag FOV
Pixel Number Pixe CCD ccD 11" Fastar Dark NCET Full Well  Peak Compute =l
Arra of Pixels I Sizemm Ared (544mm current  \oise  Capacit QE ' AT
y Size mm2 FL) at 0 C. pacity Interface  Transfer

ST-237A 325,000 . 38 arcmin 20,000e- Parallel

gd -

7o

=11

a0

40

3a

20

10

0
400 430 500 330 GO0 g0 TO0  ¥30 800 da0 800 930

Wavelength nim




‘light shining through a wall’

www.desy.de/~ringwald

B couple polarized laser
light with magnetic
field

2 Sikivia (1983); Ansel’'m
(1985); Van Bibber et
al (1987)

pPS — photon (or photon-ps)
conversion probability

photon-ps
coherence; {} ~ 1

mf<4dL




g [GeV-1]

g [GeV-]

10—+

see web site:
www.desy.de/
~ringwald
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ps-photon coherence - LIPSS

w=12eV
(1064 p)

(same as PVLAS)

coherence fator




PVLAS and BFRT: photon-axion coherence

Coupling scale M vs axlon mass m_a

PYLAS lower3s

PYLAS upper3s

BFRT rotat3s
BFEFRT ellipticity3s

BFET regen3s

Coupling scale M (GeV)

Coupling scale M vs axion mass n,

— PVLAS_upper3s
BFRT_3s

—PVLAS_lower3s | |

Allowed region

Coupling scale M (GeV)

1.5

axion mass m; (meV)

plots from K.
McFarlane

m,” < 2zol L




Coupling scale M (GeV)

PVLAS and BFRT: photon-axion coherence

Coupling scale M vs axlon mass m_a

plots from K.
PVLAS lower3s McFarlane

PYLAS upper3s
BFRT rotat3s
BFEFRT ellipticity3s
BFET regen3s

m,” <4zol L

axlon mass m_a (meW)

Coupling scale M (GeV)

Coupling scale M vs axion mass n,

\ LIPSS: IR FEL ——PVLAS_lower3s | |
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uncertainty relation — ultralow count rates
Heitler (1954); Rev. Mod. Phys 75, 777 (2003)

m QM uncertainty relation
— AnA¢p>1

m imit on the measurement precision of the
number of quanta n in a wave, and the
phase of the radiation ¢.




B use focussing lens at end of regeneration magnet

A use new rf structure in upstairs lab with two
powerful magnets

21 use B field of electron beam




: pixel array
focussing

lense

SIN~1

per pixel




0.42 m
5.92 KGauss
223.24 A

0.8 Tesla - 1.5 Tesla with shims




with current setup, IR light . . .
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UV FEL - the way to go!!

mvisible and UV light - use phototube

Mreduce noise

M Can use Ionger magnets

@ more space on vault floor




photon regeneration from pseudoscalars at x-ray lasers
Rabadan, Ringwald, Sigurdson hep-ph/0511103
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axion interpretation?

A. Ringwald; hep-ph/0511184
K. Zioutas et.al., PRL 94, 121301 (2005)

||||I'I'I'1 ll-Llll""l'l'lTl'I‘_l'l'l'lqu TTT ||||I'I'I'1 lllllll! |||||I‘ TTIT

Las:er (PVLAS) JLAB in ~1 hour with

UV FEL
l’ Solar (CAST)
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Initial ‘engineering’ run

m 100 kW IR FEL

m 2 GW magnets for regeneration

m SBIG Astronomical Instruments ST-237A
CCD camera

M begin within next couple of months (?)




8 A. Afanasev alerted okb > 2 years ago of importance of
measurement

okb made initial approaches to FEL people (Boyce,
Shinn, etc), axion experts (Rosenberqg); very low level

Initial meetings began at Hampton ~ year ago; VFWM

discussed; HU laser experiment discussed.

PVLAS result: Afanasev again emphasized importance
of measurement. K. McFarlane and other HU particle
experimentalists joined discussions

# initial meeting of interested Hampton and JLAB scientists
(Williams, Boyce, etc); more serious now

@ series of meetings at JLAB; talks at TAWG and JLAB




Initlal meetings participants

A. Afanasev — particle/nuclear theorist

G. Biallas — FEL experimentalist

J. Boyce — FEL experimentalist

O.K. Baker — particle/nuclear experimentalist
H. Brown — graduate student

S. Ma — graduate student

K. McFarlane — particle experimentalist

J.T. Seo — optics experimentalist

T. Shin — particle experimentalist

S. Shukui — FEL experimentalist

V. Vassilakopoulos — particle experimentalist
G. Williams — optics experimentalist

Q. Yiang — optics experimentalist
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summary

3 axion search not just a shot in the dark now!!

3 can perform regeneration experiment to test
PVLAS result at JLAB FEL

a2 this Is particle physics at the FEL

|




