&s cHves
167 GlvGap

'CCP viol. — =0

The CP problem: to understand
the smallness of § =6+ Arg Det M,

PQ Chiral symmetry allows to rotate away

SSB\‘ Axions Light particles

at high scalef a Weakly coupled



Consider @ light PS or S coupled to 77

Loyy = 8 9pyy ¢ € BFWFaﬁ = Ggyy @ EB

(= 9¢vy ¢ [|EI" = |BI])

g=M"

) (Current) axion experiments sensitive to 7y coupling

() Other GB or PGB
Family, Lepton num.sym. =) familons, majorons

MetaSM theories =) 0, 07

() Even for the axion, there might be extra .
contributions to mass, altering relation 777 fa

() Interesting implications, cf. SN dimming, ...



Axion Physics
What Is New !

“Axions’’

Axion-like Eduard Massé
(UAB/IFAE, Barcelona)



with:  Carla Biggio
Tony Grifols
Jorg Jackel
Javier Redondo
Andreas Ringwald
Francesc Rota
Fuminobu Takahashi
Ramon Toldra

Gabriel Zsembinszki



() Primakov-like processes

allows ¥ — @ and ¢ — 7y

(cf. Primakoff process for WO’y’y)

O @Y mixing in external B-field

~
Lint = Loyy = Ggyy ¢ € B
Vs A\

strength of photon polarization

interaction



M
\\ He burning 100CeV

N D 1 1 1 1 Y N ) )
N\

5
— <~ N~~~ 7 e
part. phys.

m 10~ 3%eV keV

EM, Toldra
Klebart, Rabadan



CAST Helioscope
Sikivie
M > 0.9 x 1010 Gev
K. Zioutas et al.

(m < 0.02 eV) PRL (2005)

PVLAS
Light _—7 External
polarization “7 field

Observe selective absorption
(dichroism)

o= (3.94+0.5) 10712 rad/pass

E. Zavattini et al.
PRL (2005)



photons decay into light particles

Scale: 1 10° < M <6 10° GeV M = gq;yl,y
Mass: 0.7 <m < 2 meV

the particle
IS NOT be the standard axion



Spin-two
particle

)~ L =g x"E,,F," !t vanishes
Need higher-order terms
0T L=gx" FyF,” Rotation effects (m/F)”

» If particle interpretation OK,
spinless option favoured



Obvious and dramatic conflict !

M
He burning\ \ \ \ \ 1 101°Gev
CAST
PVLAS.

— N s~ e
part. phys.

m ‘| ‘.

10~ %eV eV

PVLAS strength of interaction
leads to [:eajotic ~ 106 L@



Ringwald et al



A way out of the puzzle is to have a model where
the Sun emits much less axion-like particles
than expected

» There would be less energy loss
and thus stellar limit are avoided

CAST limit not valid because
’ it assumes “solar- standard” @ - flux



Suppression of production in the stars

Y% Neutral particle coupled to 2 photons
Triangle diagram of charged particle

o ! Y Amplitude ~ 1/A
- -
~y A = mass scale
¢ composite ff cf. pion
¢ coupled to f cf. Higgs, standard axion

A ¢ Coupling is weak

* mass scale A is |ar'ge Problem: no running with energy

% ¢fsmall .. models?



Holdom
® QED L= —%FQ +ej-A Photons, charged particles

@ Extend QED: U(1) x U(1)

Paraphotons,
Paracharged particles
+ ultramassive fermions with charge and paracharge

— _%(1+?7)F2—%(1—|—77’)F’2
(small) + 5 ¢ F.F 4+ %MQ A2

*—_ paraphoton mass
+ej- A+ €5 A

low energy fermions



* A’ (massive) paraphoton

* particles with paracharge ¢

adquire small electric charge

: f
X E 6/ charged particles
f

» others



charge T-dependent q(T)
Q(Tstellar ~ keV) < Q(Tpvlas ~ 0)

O PVLAS works at T=0 charge eq
1l aem 0)2 = 1 ib—-«f—- y !
A 400)° = I gsaev ~
f
) Stellar energy loss B (No longer by
now dominated by AN Primakoff effect)
47
Davidson

g<1071° (RG) Campbell, Bailey, Peskin
Hannestad, Raffelt



Charge suppression at keV energies !

May be obtained within a
two-paraphoton model with partial cancellation

Introduce ~1,vo

€1 = €2  high-energy structure

f
U 5%% el = —e5 (para)charge assignments
f
p1 7 B2 scalar sector
12
* q(T) ~ q(o) To simplify
T €1 — €e,ep — —¢€

p<LT po =0, p1=p+0



Cannot univocally determine parameters A, , q(0)

2
g(T = 10keV) ~ (mﬁevp qg(0) <1015

1l aem 2 __ 1
x “2m ¢(0) — 4%x105 GeV

= Ap* < 1072 eVP

Y If assume A ~ v

W Bound on new scale

N~ p <04 eV

W Consistent with all masses of same order

N\ ~ o~ m¢ ~~ 10_3 eV (e-units)
= ¢(0) =10~/



(Looking for ALPS)

() Axion Like Particles (ALPs)
that explain PVLAS result
and not contradict CAST
neither astrophysical constraints

perhaps indicate a dependence
of ALPS properties

on the environment (density, temperature, ...)

() (Low-energy) laboratory searches
Important



Hermes (Messen ger’s
God) of Praxiteles

Evasion of astrophysical bounds
difficult = possible in sophisticated models

If PVLAS confirmed

not many new-physics models
do the job



CONCLUSIONS

If PVLAS signal confirmed, and it is due a new
particle coupled to photons, we need a model
to explain why astrophysical bound are not valid.

Astrophysical

+ + constraints

NEYW
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