Scattering Amplitudes of Massive
Spin-2 Kaluza-Klein States with Matter

Kirtimaain Mohawn

DPF-Pheno 2024
University of Pittsburgh
16tk May 2024

With
R. Sekhar Chivukula (UCSD), Xing Wang (UCSD), Dipan Sengupta (UNSW) and Elizabeth H. Simmons (UCSD), Joshua Gill
(UA), Dennis Foren
arXiv:1903,05650, 191006159, 2002.1248%, 2104 .0%169, 2206.1062F, 2207.028 %7, 2311,00770, 2312.0%576



Motivalkion

- Cawn Dark Matter o M,Lv have 8, ravitabtional tnteractio ns?
- Yes, but interactions are Planck scale s uppresse A,

- Cawn Dark Matter c;mij have qravitational interactions
and and still behave Like a WIMP?

- Yes.
Simple Example with a brane scalar:
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Particle Content

@ Tower of massive spin-2 states 7,

o Radion (r)

o Groldberqger-Wise Scalar to stabilize extradimension
@ SM +DM
o DM in Bullk or localized on TeV Brane

& DM : Scalar, Fermion or Vector
|
® Spm +DM couple to Xh”” (T/ft,S/M) + Tlgly)M))

o A= M, e (Usually a few TeV or more)
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Lets Calculate bhe

e 4T EBad High Energy Grrowkh
massive : :, : < OV > X S6 OT' E12 ?

spin-2
states

massless

0 graviton

Log1o({ov) [cm3/s])

spectrum/"tower"
of spin-2 states

ms [TeV]

arXiv: 1611,0327%, 1709.096%%, 1907.04340, 2004.,14-403
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Wi = the bad h L) h ener I9Y
qrowth?

o Counting energy from
polarization and vertices(*),
we see that the energy of the
o\mPLE;Eucie should grow Like

s> (E®)

® = Unitarity is violated at a
scale wmuch smaller Ehan A
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o Unitary Gauge: This talk
o Owne radion field ()

af A
S 3 v o
4

KK decomposition of 8§D fields

o Tower of Gravitons (k)

o (e mwassless Geravikton +

Tower cwf Massive Grravitowns 00
Pk (2) + Y 7 (2)k"™ (2)
% n=1

3 ) = O 22 [Vy(mnz2)Ja(mnz) — Jy(mn2zz)Ya(maz)]
) = CU22 [Yi(mnz2)Ji(Mnz) — J1(Mp22)Yi(mn2)]

) = C((p"")z2 Y1 (mp2z2)Jo(mypz) — J1(mp22)Yo(my,2)]



UV\L&QT&? A Exbra
DineinsLons

® Let’s look at 2 — 2 scattering of gravitons - worst
high energy behavior using simple power counting
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Preliminarie

o Decompose the §D graviton field into a
tower of 4D fields

o Determine the fifth dimensional wave

{azf ") = my g™ {(az + ANg™ = m, k™
function for each mode from the Sturm-

(=0, — 34") g™ = m,, f(M) (=0, — 2A)k™ = m, g™

Licuville erobi.ém :

<
o Wave functions are orthogonal and complete <f ) f (m)> = [ dze YO fM(z) = 6, .

4|

o Substitute wave functions inko overlap
integrals that set the couplings of the
vertices

|+ Qningng — <f(m)f(n2)f(n3)>a
| brinans = (8, £))(8, f(r) f(na)y,

brsriar = ((0:f")(0:£")k®),

g = (fEFOFIFON = rz dze*Of B N )f " (2)f ™(z)
/14 2]



More o this i ‘Ewﬂooﬂwwejmmam Gauge
U next kalk from Xing Wang

k2 (7 + cos 20) sin® 0 | o At each order of S, relations

. 2304m8
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bebween overtap integrals ensure
that the bad high energy growth
vanishes

: et
Example: ) ay . = a,,,,

J
Possible to prove amatvﬁbaattj using
@ompt&emess and or%hogomat&v

Finally, as expected, we find that
the amPLLEud@; grows as 0(s) =>
UV\&&N&:’ violated at ~ A ~ M e



B rane S &&{&T’

o Ampii&udes appear to
Qrows As E®

o Cawncellations due ko sum
rules ensure the
ampt&udﬁts grow ombj as
E-

° te. MO =MD =0 and

~ B
M = () PR A RO PR M) = - w [’“(")(5)]2

Connection bo Groldstone Boson Equiv&iﬁhiﬁé
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Now also cownsider the 8D
W&ve{uh&&&oms cwf Bulle Fields,

Ampumc&e.s appear te grow as
E6

Cawncellations due bo sum rules
ensure the amptn&udes grow

c;a-mlv as L7, 2

g E«.ﬁ«. M(6) — M(4) — O QMGU\Z@) # O

12

B
3 P

a

X h(n)

ainins = (SOVIE 8,
P, P, <f('n1)f(n2)f(n3)f(n4)>(p

ninanina

(5 — cos 20) Zm anmafmm 2m2 (5 — cos 20)a’,
7=0

—2(cos 20 + 3) Z mg ; (a ;S;mj) +2m% ,,(cos 20 + 3)al ,mm + IGbSnmm} :
7=0

~ K*(1 —cos26)

s KOROET L),

Connection to Groldstone Boson Equiv&tﬁ.ma@.



Also done for a stabilized
RS model with
Goldberger-Wise Scalaralr
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Sum MATY

> Naive power counting implies bad high energy
growth for am[pu&ud@.s thvolving massive
gravitons

- We have showi using sum rules how
cancellakions pro&e&d so Ehakb evevx&uattj all
amplitudes grow as 0(s)

What are the symmetries that are behind these
sum rules and cancellakions? - See next kallke bj
Xing Wang

5 What next?

@ Now that we have all the correct ampt&&udes,
work in progress on evaluation of the relic
d@.msi.,&j i these models,
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