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

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

e Change to warped background : RS1 — Antiwarping in axion-photon
interactions

e Augment the augmentation with /£ terms = Huge ' — B E — B
correlations between temperature and polarization anisotropy

e Large A correlations not seen, will perhaps never be seen! Problem for
RS1 ?



Kalb-Ramond (2 form) Field Bin D =5



Kalb-Ramond (2 form) Field Bin D =5
Field strength: H = dB



Kalb-Ramond (2 form) Field Bin D =5

Field strength: H = dB
Action



Kalb-Ramond (2 form) Field Bin D =5

Field strength: H = dB
Action



Kalb-Ramond (2 form) Field Bin D =5

Field strength: H = dB
Action

Equation of Motion



Kalb-Ramond (2 form) Field Bin D =5

Field strength: H = dB
Action

Equation of Motion

LLocal solution



Kalb-Ramond (2 form) Field Bin D =5

Field strength: H = dB
Action

S[B| = HA"H
M
Equation of Motion
dH = 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: ' Q40

Qrfor =ANF
where F = dA
Modified gauge invariance
JH' =0
under
0A = dA

0B = M:'dAAF

Composite gauge invariance
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Compactify M5 — My ® S!
D = 4 EoM
dI'H = 0
d&*F = M, ' *H'AF

Assume

e FRW Cosmological background

o *H' =dd = & = f
=

Plane waves of circ pol = LC & RC pol travel at different freq — Optical
aCtiVity —s rotation of pOl plane SenGupta & PM 1999; Kar, SenGupta, Sinha, PM 2002
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Evidence (?) for cosmic optical activity jain & Ralston 1999

AV ~ 22—

= AV << 1 — very small additional optical activity beyond galactic
Faraday rotation
Consider axion-poton coupling in RS1 braneworld (randai & sundrum 1999 )
Warped metric

ds? = ¢~ 20W) Nuwdatdx” + dy?
where, o(y) = k|y|
D = )5 2-form Bianchi identity

v = M. P FAF
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Expanding

D(z,y) = » O"(z) xn(y)

n

Zero modes V) (z) satisfy
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VM = (VI ) =
DRS(I) = M5_3/2 *FWFW5(y—a)

Expanding
da,y) = YoM (@) xnly)

n

Zero modes V) (z) satisfy

00 = MEl expo(a) “F* Fyy

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

Exponentially large axion-photon coupling = unobserved exponentially
large optical activity! — Contradiction ! Who is to blame ?
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and odd parity scalar fields
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Temperature anisotropy of CMB

St = Y b, v

[.m
Polarization aniSotropy Lueet. al. 1999

E E ~F
Pab<n> - Z Arm, Ylm,ab<n>
[.m
B B B
Pab<n) - Z i, Ylm,ab<n>
[.m

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

Correlates of multipole moment coeff az)fn , X=1TFE.B

xx' _ , X X
CI** = (ajp, Qi)
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If CTE = () due to reionization (or otherwise) and - Sznt ~ [ qb
Passage of Thomson scattered photons through H = /P correlations

clB = o't sin2A0
Remarks

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

e Existence of (-~ = time-varying (increasing) o« f o= 0401 +

(¢ /Mp)¢! (L), but (Aa/ar) ~ 107

e 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 ? uity, sengupta, PM
Warped RS1 metric

ds’e” > ndatde” + ride?
D = 5 augmentation

Hy vz = 9By

1
+ —1 AR 8K 0 ¢ Fpw + € Fpu]
MP
=N
1
Sint = i /d55€\/ —g0,16, 650(¢ — ) H AW
P

G FA 4 R
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n=>0

where
—1d%xn, > 9
=m e
2 dg2
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Zero modes yg = Vkrce



Kaluza-Klein decomposition

where
—1d°xn o 9
= M5 Xne
2 dg2
Zero modes yo = \/kree ke

Integrating over the bulk

Sint = 1/ Tce /d4xH AL +FV)‘] + (VN
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/P interaction on the braneworld

k
Sf:w = \/MLGXP{Wch}CJr/Qb

Observe: antiwarping factor exp wmkr. multiplying (;+ = unobservably
large P-violating multipole moment correlations in CMB anisotropy

Need unnatural fine tuning of d¢/dt to reconcile results obtained with ex-
periment



