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Motivation

Warped Extra Dimensions

@ Very versatile model that has prompted many interesting ideas given its simplicity.

@ Solves the hierarchy problem using the space-time geometry by means of
localizing the Higgs field near the IR brane.

@ When Standard Model fields in the bulk — generate fermion masses by
localization in the extra dimension (explains fermion mass hierarchies).

@ AdS/CFT correspondence relates the 5D setup to a 4D conformal theory.
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@ Presence of IR brane — spontaneous breaking of the conformal symmetry —
existence of a Nambu-Goldstone boson known as radion in the 5D
language/dilaton in the 4D dual.

@ One way to stabilize the extra dimension is to couple the radion to an additional
scalar field — gravity-scalar system provides stabilizing potential and generates a
mass for the radion.

@ These interactions deformations from pure AdSs space «
of the conformal symmetry.

@ Assumption that the only light states besides SM particles are the radion/dilaton
and the Higgs.

@ Study the Higgs-radion mixing with the Higgs a fundamental 5D scalar in the bulk
of the extra dimension and construct a general effective Lagrangian.

@ See how the radion may provide an explanation for the at the
LHC.
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Motivation

4D effective action

@ Deformations from AdSs space/explicit breaking of the conformal symmetry—
generates radion/dilaton mass and mass mixing with the Higgs.

@ Most general effective phenomenological Lagrangian for light scalar degrees of

freedom,
Leff = %mh(x)auh(x) - %m,z,h(x)Z <1 + 02 A2 > O r(x)0tr(x)
S X% — o1 "2 0,h(x)0" r(x) — e5 "2 mEh(x)r(x)

where ¢y, ¢; and ¢z are O(1) numerical coefficients.
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Motivation

Mass mixing matrix and mass eigenstates

@ Diagonalize kinetic term by the shift h = b’ + ¢y (Vew/Ar)r'/Z and r = r' /Z, where
2 2 ng
V4 :1+(02+C‘)F'

r

@ Mass matrix in the basis (r’, '),

Vi

m? 1V 1 V
7%+ 3 :é”(cfm,%—i—Zq cam?) 3R (cymi + cam?)
1 2 2 2 '
Z Rx(crmy + csmy) ms,

@ Mass eigenbasis is obtained by the orthogonal transformation,

(W)= o) ()
H) 7 \Un— Uny) \o+) "

@ Gauge basis related to mass basis via (note , c,?h + c,?r #1fori=h,r)

\
I

1
Cro+ + Crnop— = E(Ur,+¢+ +Ur,—9-),

C1 V, C1 V,
h = cwét+ + chnd— = (Un 4 + ?%Ur,+)¢+ + (Un,— + ?%Ur,f)qﬂ .
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Motivation

Higgs and radion couplings

@ Higgs is a light scalar doublet charged under SU(2), x U(1)y.

@ Coupling effects due to involving resonances of the
conformal sector, suppressed due to heavy resonances mass, Mres ~ g,f — we
restrict to SM Higgs couplings values.

@ For radion/dilaton we use 5D language as an easy tool to calculate couplings,
results are general with the replacement Ay ~ f .

@ Particularly interesting is the (in the bulk),
Smatter = /d4Xdy\/§(D#HTD“H)
= /d4xdy e HAVFTFO (1 4 2F(x, y)) 2AN+HFN) p, HE DHH
~ /d“xdy (1 — 4F2(x,y) + O(F(x,y)%)) e~ AV D, HI D*H,

where the index on the r.h.s is contracted using the Minkowski metric.
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Motivation

Higgs and radion couplings

o Radion-diHiggs coupling: (2m2 — (c1/2)m2)/A;.

@ Phenomenologically relevant couplings of the gauge states h(x) and r(x) to SM

particles
h(x) r(x)
_ m¢ mg
fF ] o
2m2
ww vW 7/\& 7<1E
Jd
V)
m
z 11
% - “AKR
1 4 o 101 4 o
vy v (F1(Tw,n) + §F1/2(Tt,h)) M ~ A (H + [bQED - Flw,r) — §F1/2("'[,r)} S
1o 101 1 o
99 L 22 F (e p) ~Ar (& + [aco = 3F1j2(rt.0)] 22)
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Phenomenology

The Diphoton Excess

@ Recently ATLAS and CMS reported a mild excess in the diphoton channel around
for collisions at /s = 13 TeV.

° resonance still uncertain (ATLAS prefers large while CMS prefers
narrow).

@ Events do not seem to come along with other particles.
@ Resonance was not seen in previous run at the LHC for /s = 8 TeV.
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Phenomenology

The Diphoton Excess

@ We use the cross sections preferred by the diphoton excesses derived in

AT = o(pp — S)13 Tev X B(S — v7) = 1014 b,

“1C:'3\A‘?ev =o(pp = S)i3Tev X B(S — vv) = 3.74:11-‘5‘33 fb.

@ Most important from 8 TeV searches
Final State | Observed Bound

tt < 300 fb
ww < 381b

2z <171

Zy <4.0fb

Yy <1.4fb

hh <361

Jii <25pb

Table: Constraints on the radion from 8 TeV resonance searches.
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Phenomenology

The Diphoton Excess

@ Scan with flat priors in the range —2 < ¢y,c3 < 2,5 < kL < 35and 1 TeV
< Ar <5TeV

@ Demand that ¢ identified with the satisfies resonances
searches constraints while ¢_ state is identified with the
and is consistent with the measured Higgs signal strengths at the 2-o level.

@ cp, gives a measure of how much couplings the heavier eigenstate
possesses.

@ cpr in the limit v/A, < 1 points towards alignment ¢; ~ —cs,

2
my Vew 3
Cr=(C1+C) 55— +O((Vew/A ,
= (01 00) g S+ O (vew/M)°)

@ For large values of ¢4, radion coupling to two Higgs is enhanced — constraints
from searches.

@ Non-Unitarity implies that though cp, = 0 that does not mean that ¢;, ~ 0 and
thus may have radion-like couplings.
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Phenomenology
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Phenomenology

The Diphoton Excess

@ Branching ratios for a 750 GeV radion to various SM final states vs kL.
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Phenomenology

@ Ratio of radion production cross sections at /s = 13 TeV and /s = 8 TeV

a(pp — )13 Tev
a(pp — g Tev

@ Simultaneously have 6 fb diphoton signal at 13 TeV while avoiding ditop searches,

~ 4.7

B(r — tt) < 300 a(pp — 13 Tev
B(r — ) 6 a(pp — r)s Tev

@ Not satisfied for kL =~ 30 but for kL < 20 — 15. Decreasing the size of the extra
dimension the coupling to gg and ~~.

=~ 235.

Peter Cox, A.M, Tirtha S. Ray and Andrew Spray arXiv:1311.3663, JHEP 02, 032 (2014) and arXiv:1512.05618



Phenomenology

The Diphoton Excess

@ Region consistent with diphoton excess imposing all constraints in green, while

the blue and red regions are excluded by the 8 TeV diphoton and ditop searches
respectively. All in the alignment limit.
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Phenomenology

The Diphoton Excess

— DiHiggs may dominate the constraints for ¢; > 0.35. .
Composite scale Ay > 2 TeV forcy =0and Ay > 3.5TeV forc; =0.5.
Smaller warping factor — "Little Randall-Sundrum".

Possibility of exploring this scenario with ditop final states and diHiggs in the
alignment limit at LHC run 2 .

Width is small, ' < 1 GeV
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Conclusions

Conclusions

@ Constructed the that describes the mixing in the
radion-Higgs system.

° that radion coupling to pair of massive gauge bosons is
suppressed compared to usual brane Higgs models — explain the
at the LHC while avoiding stringent constraint from diboson searches.

@ We are able to the observed excess while avoiding the 8 TeV searches for
Ar > (2 —3.5) TeV and kL < 20 — 15.

@ Dominant decay modes to {f and gg, with the providing the most stringent
bounds and best prospects for probing in a model-independent way in the
immediate future. In the alignment case it is possible that the signal may
dominate the branching ratio and may be the best way to probe the model.
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