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Introduction

= Historical remarks. Massive photons?

Limits on electrodynamics: paraphotons?
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Zh. Eksp. Teor. Fiz. 83, 892-898 (September 1982)

The accuracy to which the electromagnetic interaction at large distances has been investigated is
discussed. For a quantitative parametrization of possible deviations from electrodynamics a mod-
el with two paraphotons is used, the mass of one of them not being negligible.
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The possible existence of a second species of photon which is
uncounpled to known forms of matter is considered here. Explicit
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mass terms in the lagrangian can give rise to photon masses i )

and to oscillations of photon identity, without sacrificing the : ]

ability of the gange theory to be renormalized. Current upper 4

limits on the photon mass are ~6x107'eV ¢~ (refs 1, 2). I i

Photon oscillations corresponding to much smaller masses can o L 1 bt T ]
alter the spectral shape of the cosmic background 0 5 10 15 20 25

radiation (CBR). Indeed, we show that the apparent dis- Frequency (cm™!)
crepancy” between theoretical and observed CBR spectra can

oscil . Fig. 1 Predicted spectrum of the cosmic background radiation
be resolved in terms of photon oscillations, and a mass para- o, o4 on equation (6) with Ty =3.17K, Tg=2.0K,

-18 ~-2
meter of 5X107" eV ¢ sin? 26 =0.4, u = 5% 108 &V ¢~2, and bandwidth averaged as in
rel. 3. The 1o flux limits (shaded area) of ref. 3 and other data
points are taken from ref. 4. The spectrum of an ordinary 2.96 K
blackbody (dotted line), which best fits the integrated flux of ref.
3, is also shown for comparison.
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CMB today (1994 actually...)
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COBE/FIRAS photon spectrum dataset of 43 measurements.
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Introduction
= Fenomenology

The existence of those particles can be motivated as string compactifications.

The Hidden photon arises as a U(1) gauge boson of a hidden sector.
It's very light (WISPs).
Only interact with SM through our usual photon.

ALPs interacts with photons also, only in the presence of electromagnetic fields.

C. Gonzalez Diaz. PUC XII SILAFAE 2018 29-Nov-2018



Photon-HP Oscillations
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Non Orthogonal Lagrangian!, proposed transformation:

Ar = cosxoA,

S B — sin x(A,
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Photon-HP Oscillations

COS X 0>
2

1 1 sin X o
L=—F, F" —--B, B" —
4 4" 2

B, F"* +

2
m,Y/BMB“,
Non Orthogonal Lagrangian!, proposed transformation:

Ar = cosxoA,
S

B — sin x(A,

New Lagrangian...

1 1 1
Lint = _Z WFW o ZSMVSW + §(Au SM)TMQ(AM Su) (1)
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Photon-HP Oscillations
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Photon-HP Oscillations

2 i 2 2
M2 — m?, sin® xo m?, sin xo cos Xo
m?y, sin o cos Xo mi, cos X0

this matrix can be diagonalized by a simple rotation
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Photon-HP Oscillations

2 i 2 2
M2 — m?, sin® xo m?, sin xo cos Xo
m?y, sin o cos Xo mi, cos X0

this matrix can be diagonalized by a simple rotation

and allows us to identify propagation states

(2)=v(3)
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Photon-HP Oscillations

2 i 2 2
M2 — m?, sin® xo m?, sin xo cos Xo
m?y, sin o cos Xo m?, cos” Xg

this matrix can be diagonalized by a simple rotation

and allows us to identify propagation states
(2)-v(2)
Y2 Vs

2
2
M2, losc
vac 2 . Y
P75 = sin” 2xpsin < 1

and the probability

w

)

(3)
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Photon-HP Oscillations

just add a “mass term” for the photon lm?YAMA“

2
this implies
m2, sin? m2,sin vn cos
M2 _ ~! X0 ~! X0 X0
mi, sin x CoS Xo mi, cOs> X0
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Photon-HP Oscillations
just add a “mass term” for the photon $m2A, A¥

2
this implies
2 in2 2
v mZ, sin® Xo mZ, sin xo €Os Xo
m,2y, sin o cos Xo m,2y, cos? o '
this mass matrix is diagonalized now by
sin 2 coS 2x0 —
sin 2y = X0 ;CcOs 2 = Xo =& (4)
\/sin 202 + (cos 2o — £)2 \/sin 202 + (cos 2o — €)2
where
=
=2
Y
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Primordial plasma, m,

the “mass term” refers to a effective photon mass acquired in the travel of the
photon trough the primordial universe

wi — 2w (n — g

— 14x10°2 (Xe _73%x1073 (eiv)2 (1— Xe)) ( "p ) . (5)
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Then...
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Then...

To(w) = 55 lexp(w/T) 1]
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Then...
To(w) = S5 lexp(w/T) ~ 1]

I{w) = Io(w)[l = P32, ]

Y—7Vs
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where
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where
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photon-HP exclusion plot with 99 % C.L.

C. Gonzalez Diaz. PUC XII' SILAFAE 2018 29-Nov-2018



Jupiter
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HP constraints obtained from arXiv:1002.0329. Summary of astrophysical,
cosmological and laboratory observations.
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Axion-Photon Oscillation

1
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1 uv 1 2 2
Lscalar = Zg—l-F,UJ/F ¢ — §g+(B — F )¢
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Axion-Photon Oscillation

1 ~ - -
»Cpseudoscalar — _Zg—FuuFﬂyqb — g—B ) E¢

1 1
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= Epseudoscalar — g—BTWAqu
= Lscalar = g—i-BTWAJ—qb
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Axion-Photon Oscillation

1 ~ - -
»Cpseudoscalar — _Zg—Fuz/F'wjgb — g—B ) E¢

1 1

Lscalar = Zg+F/LVFMV¢ — 594—(32 - E2)¢

— Epseudoscalar — g—BTWAqu
= Lscalar = g+BTwAJ—¢

208 mg
itnd : cos 20 =

\/m (2g Bw)? | \/m Zng

sin 260 =
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ALPs bounds in medium

sin 26 o5 — cos 20 — &
\/sin 20% + (cos 20 — £)2 \/SiIl 20% + (cos 20 — £)2

sin 20 =

2
where ¢ = cos 20 (Z_;)
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ALPs bounds in medium

sin 26 ~ cos 20 — &

sin 20 = ;. cos 20 =
\/sin 20% + (cos 20 — £)2 \/sin 20% + (cos 20 — £)2

2
where ¢ = cos 20 (Z—;)

—1

d In m? (t)
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ALPs-photon exclusion plot with 99% C.L.
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Finally...
3-particle Oscillations: ALPs-HP-photons
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Finally...
3-particle Oscillations: ALPs-HP-photons

1 1 sin 1 ~
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Finally...
3-particle Oscillations: ALPs-HP-photons
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3-Particle Mass Matrix

we can linearize the equations because the interactions between the particles
are very weak and terms like A.S, ¢S and 5SS can be neglected, obtaining

L . m? L m2sin2yp -
— (87 — V2)A + gsin® x001¢pBext = (mi sin® xo + 27 p/— XOS
COS“ X0 2
(7)

(07 — €2)$+ mi(g — —gsin Xoﬁtg' Bewt — g8in® x00: A + Bex (8)

L L L1 S
—(87 = V?2)S + gsin 00 Bext = mi (COS2 XoS + 5 sin 2X0A> (9)
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3-Particle Mass Matrix
With the equations decoupled, we use the next Ansatz for the fields

A(y,t) = e A(y)
d(y,t) = ' o(y)
S(y,t) = e™'S(y)

and, with the relativistic approximation (w? + 0y) ~ 2w(w — 10, ), the redefinitions
A — iAand S — iS, the system (7)), (8) and (99) takes the form

[(w — i8y>]12x2 + Ml] (éi) — (10)
4

[(w — iay)]lgxg -+ MQ] ) =0 (11)
S|
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3-Particle Mass Matrix

2 2 -
. m m5, sin 2x
_i (mi Sln2 Xo + COSQVX()) - 4w
M, = ; (12)
_my sin 2x M5 cosTXp
4w 2w
N PRI
N 1 i —_J92 — X qi
55 | My sIn” xo + —= > 5 tan” xo 1 SN 2X0
M, = m? (13)
gB 2 ¢ 9B
2, tan” xo T 2w —ztan X0
m5 . B m
X g X 2
K o S1n 2X0 — 5 tan X0 ~ 5. COS X())
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Effective mixing in matter

When we deal with oscillations in matter, there is a effective mixing of the
particles, related to the vacuum mixing. We have to compute this new mixing
through the multiplication of our non-diagonal mass matrix ((13)) with 3 different
rotation matrix, where each of one corresponds to a mixing coupling of the theory

1 0 0 Cyiz 0 Syqs
Uxos = 0 Cxos  —Syas , Uxys = 0 1 y
0 Sx23 Cx23 —Sx13 0 Cx13
Cx12  ~Sxi2 0
and Uy, = Sx12 Cxia 0
0 0 1

this is analogue to PMNS matrix for neutrino oscillations.
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Blue line corresponds to m, = 0, g = 0, orange for my = 10713, g = 10~?! and

green for mg = 10712, g = 10719, x was fixed to 107° and m., = m,
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