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cnergy growth In unitary gauge

Massive spin-2 propagator
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Longrtudinal polarization tensor
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Ricci scalar contains two derivatives: vertices ~ O(E~)
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t Hooft-Feynman Gauge

* As In the gauge theories, power counting Is much more
transparent in the 't Hooft-Feynman gauge.

» Goldstone modes have the same masses as the gauge

bosons.
AAAN = I -
H =y v o k2 —m?’ k k2 —m%

* In warped extra dmension model, KK masses are

determined by transcendental equations
Y1 (mnz2)J1 (mnz1) — 1 (mnz2) Y1 (mnz1) =0

« How come Goldstones have the same non-trivial masses!?
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Quantum Mechanical SUSY

* Fortwo Hamiltonians

H, = A"A Hy = AAT
» SUSY doublet W = (4, 4p5)* , with supercharges
H={Q,Q"},
: (@,Q} = {@", @'},
Q:C‘)l 8) Q*:@ %) Q.H] = (@' H] =0
(=1)", H] =0,

{Q, (—1)F} = {@I{E =kl

* They have degenerate eigenvalues, except for the

oround state
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Metric Perturbation in Feynman Gauge

5D Metric in conformal coordinates
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KK spectra in Feynman gauge

0 hfj;) , A,S”’) ‘and '™ have degenerate spectra, except

for the massless state “Eaten”
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Goldberger-Wise Model

B il eaten pattern tor GVV model
(See arXiv: 2207.0288/ for detalils)
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Residual Symmetry of 5D Ditfeomorphism

SO A nfinitesimal coordinate transiormation

M e $M $M §M

* Expand the parameter using wave functions

Sl 2 = 0 GNP )

n=0
gzl 2) = £(z%, 2) Zﬁ(n) )™ (2) |
s KKimodes transform as
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Massive Graviton Propagators

»  Unitary gauge

uvpo 2 1 _pupp VU_prU
Ph T p2 A9 it - 4 - -

* Feynman gauge
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Polarization lensors and VWard |dentities

* For a scattering involving a longitudinal KK graviton
ek TIie — i/ Bl e e

TS i
P N
n =(N
Au ﬁp!
where ¥ & # £+ ] I(1 #p/IpI) %O(m/E)
) 3 m2(
!:Jg! & 54#3%%0 =

» Similarly, for KK graviton with helmty & 1 Bad energy growth subtracted.

h A h ~uv
B R el
| 1" H :b
where !, $ % Mk +451, # O g
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Fquivalence Theorem for KK Gravitons

A O(mEER
T[;Veg” — T Sngg 1 Tj,,gg”

I O(s)
70 & 70 (0%
M h"Vh"Paaa= M ()"0 4548+ O(sO)

Y0 & Y0 &
M h{"Ph{"2 a84= (1 i)Nr (i)Nee M AMVAN) 244+ O(SD)

* [rue for torus, Randall-Sundrum, and Goldberger-Wise models.

| |
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Fquivalence Theorem for KK Gravitons

» Scattering of a palr of bulk scalar into KK gravitons

(N3) 1 (N4)
g(ni) gnz) | hL 3 hL 4

g(na) ~_ _-1(ns) g(ni) ._ ,1(n3)  g(ny) . s ) , 1 (n3)
\\Y” \\\\ // \\ /I \‘\ ,’,
SOX S p —_ :X:
/’L\ /), \\ II \\ /// \\\
gn2) -~ e @) ) S N g ol L) =) o N (na)
! 7 #ZS OI/O . :
M Shgnz) 1 (ns)y (na) = 4 (3cos 2+ 5) K (MK § (l)%ﬁs(l)fén)fén)%
96 1=0
g . #°s
M(Z): 57&“4: 24& mg,j ar?mj (2" (30052—7}"'1) mjzanni a'Jsmm + &(n)k(n)fén)fén)o/ol_ O(SO)
R i 12
+ 2(3cosZ+1)mp +16m2m3 " 24md a5
. 81(30052¢+1)mﬁ+4m§,m Bgamm + 16M2 M2 1 @nn 035mm #28

3 by il
1
" 14Mps Do * §M§am% 0" 32

(Unitary gauge result arXiv: 2311.00/70)
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A Robust Method Including Subleading Terms

*  Ward identities also tells us what the subleading terms are
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Truncation Error

* It only a finite number of intermediate KK states are included
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» It only a finite number of intermediate

Truncation Error
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Summary

» OM SUSY ensures that KK gravitons and their
corresponding Goldstone modes have degenerate
SP=Elid.

- [ransparent power-counting in Feynman gauge

* [he scattering amplitudes of the longrtudinal KK
oravitons equal those of the Goldstone bosons at O(s),
for torus, RS, and GW models.

- Ward identities allow us to exactly compute the
amplitudes without large cancellation
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GW Model and OM SUSY

(x>, Z)g 55-component of metric

o=
O(x*, 2) GWV scalar
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Spectrum that Is degenerate to KK g'”aVitonS""' S s o
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Polarization lensors and VWard |dentities

» KK decomposed gauge fixing terms in Feynman gauge are

Ler = FOREM» pWEM.
. 1 1 :
Fl.gn) — #I hl(ll’:) n _#uh(n) + $__mnA£ln) :
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* Ward identities can be derived by

TR (e %"u! n™)+ #=m, AP 1 $=0,
* & 0
T Imah® e A + Zmo 1 s=o.
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A Robust Method Including Subleading Terms

*  Ward identities also tells us what the subleading terms are
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Infinite Parameter Lie Algebra
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