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Special Galileon

@ scalar field theory in d dimensions

d+1
;C Zg ¢ 8/‘1'1 )U'dgyl Vg H 8#7,8Vz¢ H nu]]/j
n=1 Jj=n
=)k oa 2(1—k) _
for sGal: gop = — o o 1) , g2k+1 =10

o Gal symmetry: ¢ — ¢ +a + bz,

o sGal symmetry: ¢ — ¢ — %G’“’ (OéQJSul’,/ + qub&,qb) ,
where G*¥ is symmetric and traceless

e Gal symmetry ensures O(p?) soft-behavior, sGal symmetry even O(p?)
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Special Galileon — geometry

fluctuations of a d-dimensional brane in a 2d-dimensional flat space

@ metric on the brane: g, = 1, + é@uagb - 00,0
@ inverse metric: gt =¥ — é@“aqﬁ 200" p+ ...

@ Christoffel symbols, Riemann tensor, etc. as usual
o external curvature: Ky, = —10,0,0,¢

o Gauss equation implies: Ragu = 9% (Koualovg — KousKova)

e another invariants: d?Z = (—1)?"!det (n + é@@(ﬁ) dix
d?’Z = (-1)%"1det (n— 100¢) dz

o it holds: Vd9ZdiZ = /g d'x
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Graphical representation®
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Figures courtesy of J. Novotny
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Graphical representation
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Minimal coupling to photon

o L2 =100+ 5150 [(0¢)® +2(00¢3) — 30690¢ : 90¢]
@ the simplest possible term to add to the sGal action is schematically

/ F%dp(a,b)

@ ...or not so schematically
1 174
/_4F,uaFV,BgM gaﬁ d#(aa b)

where pi(a,b) = aVdi4Zd4Z + bd?Z + v*dZ

we must have a + b+ b* = 1 (photon kinetic term normalization)

a must be real (action hermiticity)

this term yields interaction vertices with 2 photons and how many
galileons we want
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Minimal coupling to photon

e example: expanding up to O(¢?) yields for b = 0:

1 1 1 1
_ _ [72e% . _ -4 . 2
L, 4@{ FloF [1 + %02 00¢ : Q0P 12 (00¢™) + 302 (00¢ : D0P) }
2

a?

+ %FWF,,C@"&b - 00¢ - DD - DI &

FoF,%0"0¢ - 00" ¢ [1 + ﬁ&% : 884

+ %FuaFygauagzﬁ - 90" pO*D¢p - aa%}

@ similarly, we can compute the part corresponding to a = 0
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Next-to-minimal coupling to photon

@ let us try 4 photons now

@ possible terms to add to the action are schematically
/ FACdp, / FYVK)dp, / F3(VF)Kdy, / (VF)?F2du
where V is the covariant derivative constructed using the metric g
@ the easiest to analyze is the derivative-less one

@ there are in fact 12 unique terms of this type (assuming parity
conservation), so we can write

12
5= e / (P dpas, be)
=1

@ this introduces 12 x 3 = 36 new free parameters to the model
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Next-to-minimal coupling to photon

@ the list of the terms is the following

I = ICWag“Qg”"gO‘BICQUg x F

I = Kuwag"9" ¢*°Koop x G

I3 = 6" Kuva9g* Kpowg® x F

I = 0" Kuwag™ Kpoeg® x G

I = Kuwag"?9" Kooslg™" Favy g  Fsxg™] x F
Is = Kuvag"?Kooplg* Furg 119" Fsng™’] x F
It = 0" Ko g’ Koo 9% Fin g Fsxg ] x F
Is = ¢" Kywalg™ Fir g Fsxg™ 1K 30092 x F
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Next-to-minimal coupling to photon

Iy = Ko g9 Koo s [0" Fun g Fsag™ Feg" Fee g™

1o = Kpvag"Kooslg” Fsrg™1[9%" Fin g Fsng™ Frig”]
It = Kuwag"*Koeslg"  Fsxg Feg* (9% Fry g7 Fspg™’]
Ny = KuvaKoopl9" Foug 9" Foxg  Fug" 119" Farg™’]

@ the terms might be linearly dependent, not known yet
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Next-to-minimal coupling to photon — derivative terms

@ currently work in progress

@ example:

1
ViKapy = — Eauaaaﬁ8v¢

+ K879 Topa + Kagy9* Tops + Kapog® Topy
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Thank you for your attention
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