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• No direct interaction between axions and photons. Introduce via aug-
mentation of axion field strength (string-inspired)

• Consequence : optical activity in D=4 FRW background → Effect too
small to be measurable

• Change to warped background : RS1→ Antiwarping in axion-photon
interactions
• Augment the augmentation with 6 P terms ⇒ Huge T − B E − B

correlations between temperature and polarization anisotropy

• Large 6 P correlations not seen, will perhaps never be seen! Problem for
RS1 ?
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Kalb-Ramond (2 form) Field B in D = 5

Field strength: H = dB
Action

S[B] =

∫

M5

H ∧∗H

Equation of Motion

d∗H = 0

Local solution
∗H = dV

Bianchi

dH = 0

⇒ d∗dV = 0
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String-inspired Augmentation of H (restricted to photon field)

H→ H′ = H − M−1
5 ΩMax

ΩMax ≡ A ∧ F

where F = dA

Modified gauge invariance

δH′ = 0

under

δA = dΛ

δB = M−1
5 dΛ ∧ F

Composite gauge invariance
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CompactifyM5→M4 ⊗ S1

D = 4 EoM

d∗H ′ = 0

d∗F = M−1
P
∗H ′ ∧ F

Assume

• FRW Cosmological background

• ∗H ′ = dΦ⇒ Φ̇ = f0

⇒
2 ~B =

f0

MP
∇× ~B

Plane waves of circ pol⇒ LC & RC pol travel at different freq→ Optical
activity→ rotation of pol plane SenGupta & PM 1999; Kar, SenGupta, Sinha, PM 2002
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∆Ψ ' 2
f0

MP
∆t

Evidence (?) for cosmic optical activity Jain & Ralston 1999

⇒ ∆Ψ << 1 → very small additional optical activity beyond galactic
Faraday rotation

Consider axion-poton coupling in RS1 braneworld (Randall & Sundrum 1999 )

Warped metric

ds2 = e−2σ(y) ηµνdx
µdxν + dy2

where, σ(y) = k|y|
D = 5 2-form Bianchi identity

d∗dV = M
−3/2
5 F ∧ F
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VM = (V µ,Φ)⇒

2RS Φ = M
−3/2
5

∗Fµν Fµν δ(y − a)

Expanding

Φ(x, y) =
∑

n

Φ(n)(x) χn(y)

Zero modes Φ(0)(x) satisfy

2 Φ(0) = M−1
P expσ(a) ∗Fµν Fµν

Antiwarping in axion-photon coupling! Maity & SenGupta 2004; Chatterjee & PM 2005

Exponentially large axion-photon coupling ⇒ unobserved exponentially
large optical activity! → Contradiction ! Who is to blame ?
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6 P augmentation of H in D = 4 PM 2003

H̃ = H +
1

3MP
A ∧ (ζ+F + ζ−∗F )

⇒ EoM

d ∗H̃ = 0 ⇒ ∗H̃ = dφ

d H̃ =
ζ+

MP
F ∧ F +

ζ−
MP

F ∧ ∗F − ζ−
MP

A ∧ d∗F
d F = 0

d ∗F = ∗H̃ ∧ (
ζ+

MP
F +

ζ−
MP

∗F )

Observe that φ has no fixed parity: φ = φ(+) + φ(−) where ± refer to even
and odd parity scalar fields

⇒
S
6P
int ∼ ζ+M

−1
P

∫
φ(+)F · ∗F
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Temperature anisotropy of CMB
∆T

T
(n) =

∑

l,m

aTlm Y Tlm(n)

Polarization anisotropy Lue et. al. 1999

PEab(n) =
∑

l,m

aElm Y Elm,ab(n)

PBab(n) =
∑

l,m

aBlm Y Blm,ab(n)

whereE,B imply irreducible components of polarization tensor (sym rank
2) corresp gradient (vector), curl (axial vector)

Correlates of multipole moment coeff aXlm , X = T,E,B

CXX
′

l ≡ 〈aXlm aX
′

lm〉
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If CTEl 6= 0 due to reionization (or otherwise) and ∃ S
6P
int ∼

∫
φ(+)F · ∗F

Passage of Thomson scattered photons through H̃ ⇒ 6 P correlations

CTBl = CTEl sin 2∆Ψ

Remarks

• New augmentation not string-inspired, but can be embedded in a super-
symetric gauge theory by choice of gauge kinetic function PM 2003

• Existence of ζ− ⇒ time-varying (increasing) α−1
eff = α−1

0 +

(ζ−/MP )φ(−)(t), but (∆α/α) ∼ 10−5

• Embedding the augmentation in a braneworld scenario may have inter-
esting consequences
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Is the antiwarping seen in an RS1 braneworld still there ? Maity, Sengupta, PM

Warped RS1 metric

ds2e−2σηµνdx
µdxν + r2

cdφ
2

D = 5 augmentation

H̃MNL = ∂[MBNL]

+
1

M
1/2
P

Aδ
µ
Mδ

ν
Nδ

λ
L[ζ+Fµν + ζ−∗Fµν ]

⇒
Sint =

1

M
1/2
P

∫
d5x
√−gδMµ δNν δ

L
λ δ(φ− π)HMNLA

[µ

· [ζ+F
νλ] + ζ−∗F νλ]]
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Kaluza-Klein decomposition

Bµν(x, φ) =

∞∑

n=0

Bnµν(x)χn(φ)

where
−1

r2
c

d2χn
dφ2

= m2
nχne

2σ

Zero modes χ0 =
√
krce

−krcπ

Integrating over the bulk

Sint =

√
k

MP
rce

krc

∫
d4xHµνλA[µ[ζ+F

νλ] + ζ−∗F νλ]
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6 P interaction on the braneworld

S
6P
int =

√
kr2
c

MP
exp{πkrc}ζ+

∫
φ(+) F · ∗F

Observe: antiwarping factor expπkrc multiplying ζ+ ⇒ unobservably
large P-violating multipole moment correlations in CMB anisotropy
Need unnatural fine tuning of dφ/dt to reconcile results obtained with ex-
periment
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