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Why extra-dimensions

® (Gauge) Hierarchy problem:
Why gravity is much weaker than the other
fundamental forces? or why mgy < Mp;?

» (Fermion) Mass hierarchy problem:
Why m, <1077 GeV < m, ~ 10° GeV?
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Large extra-dimensions

®m Flat extra-dimensions (e.g. ADD, UED). [hep-ph/9803315; 9804398; 9807344]

u Warped extra-dimensions (e.g. RS) [hep-ph/9905221; hep-th/9906064]




Randall-Sundrum model with two branes
(RS1)

A 5D model with two D3-branes on S;/Z, orbifold along the extra-
dimension to solve hierarchy problem.

® A UV-brane is located at y = 0 orbifold fixed point and an IR-brane is
located at y = % orbifold fixed point.




RS1 background solution

5D gravity action for RS1

1
Srs1 = /d45€dy\/ —g{ —~ MIR+ A — Myyo(y) — \rd(y — 5)}

® Solution preserving 4D Poincaré symmetry:

ds® = e_%b("y'nw,dm”dmy + bgdy2

)‘UV - _)‘IR — 12]{}Mf



RS solution to the hierarchy problem

m All mass scales in RS model are of the order of 5D fundamental scale

M,
m ~ M, ~ Mp, ~ 10" GeV
T— m——
® The physical (observed) mass scales on the IR-brane (our brane) are
—kL

rescaled due to the non-trivial warp factor e

Mops ™ me "0/2 ~ mew ~ (’)(102) GeV, for kby/2~ O(37)




Warped models

® There are many scenarios of warped extra dimensions depending on the
localization of the fields:

» IR SM: whole SM localized on the IR brane.
» Mixed SM: gauge bosons+light fermions in the bulk, whereas,

Higgs+heavy quarks on the IR brane.
» Bulk SM: the full SM in the bulk.

® We consider the “Mixed SM" scenario, where Higgs, t; r and b, are
localized on the IR brane while the remaining fields propagate in the

bulk.
A, ® Zero-modes of bulk fermions and
b auge bosons correspond to the SM




The RS dynamics

ds® =e 2kb°|y|n dztda” + by’ dy?

I—
® Expansion around the background squt|on.

My = Ny + My 2R (2, ) by — by + b(z)

® 4-D gravity and a scalar (the radion):

M1 - 602
S4= d4.’1,‘\/|g4| — ( )R4+ *aﬂba Qb+




Stabilization of the extra dimension
- the Goldberger-Wise mechanism -
ds® = e_%b(’ly'nm,da:“da:u + b02dy2

® In order to fix dynamically by a bulk scalar field could be invoked

1
Sew = /d4xdy\/—g [—ME’R—F <§3M<p8“go - V((p))

Distance between branes is stabilized. Back-reaction not very relevant.




Radion - brane SM interactions

m SM localized at the IR brane

® The ¢y-SM couplings:

¢O T o= { 0 h08”h0+2mWW+W +mZZ ZI“L—|-}
A A¢

where A, = \/Ee_kbO/QMPl




Radion - bulk SM interactions

® Higgs and heavy fermions localized at the IR brane

® vector bosons in the bulk

4 1 un kL 1 un kL

2




Higgs-radion mixing
m The 4D effective action for the stabilized RS model is
Sir = /d4~’5\/ |94 [fR(94)fITFI+QZVDMﬁTDVﬁ - V(ﬁ)]

+/ [ 000" ¢ — —m¢0¢0]

gif = konQ(%)mw, Q(¢g) = e %/, Ay = V6 Mpje /2

= After rescaling H — ekb°/2H0 the Higgs field is properly normalized

Lot = 1(9,00)" — Im, ép — 66QUQH{Hy + | D, Ho|* — V (H)




Higgs-radion mixing

® Mass eigenstate basis for the Higgs-radion system

C )
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What is the v+ resonance at 750 GeV?

m ATLAS and CMS collaborations have observed di-photon excess at the
invariant mass of ~ 750 GeV at energy /s = 13 TeV.

o(pp = vy) | ATLAS 390 | CMS 340
8 TeV (0.440.6) b | (0.5+0.6) fb
13 TeV (10£3)fb | (6+2.6)fb
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Singlet+X; ms=750 GeV; small wid

Strong couplings are needed!



Bounds and compatibility

8 TeV vs 13 TeV

o(pp — X X)750 upper bounds

77
ot

<171b

< 0.65 fb

XX 8 TeV 13 TeV
ji | <2.5pb | <12.5pb
tt < 300 fb | < 1500 fb
hh < 39 fb < 120 fb
Zy < 111b < 28 fb

WW | < 381%b < 190 fb

<85fb
< 2.25 b




Higgs-radion Phenomenology:
Model details

® SM gauge fields in the bulk, Higgs doublet localized at the IR-brane.

® EWPOs, in particular T' parameter receive large corrections due to gauge

KK-modes, therefore we employ custodial symmetry in the bulk.
Contours of Ay (TeV)
Ay [TeV] contours
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Radion (dilaton) — SM interactions

® For the SM fields localized at the IR-brane, the radion (like dilaton)
couples with the trace of the energy-momentum tensor, i.e.

$o-SM )
L = _A_¢T/7

= With the Higgs-gravity mixing, the trace of the energy-momentum ten-
sor could be rewritten (EoM) as




Phenomenology of the 750 GeV radion

The Higgs-radion scenario gives a cross section of (5 — 15) fb in the
di-photon final state at 750 GeV for 1.5 TeV < A, < 3 TeV near the
conformal limit £ ~ 1/6.

The cross-section o(g9 — ¢ — ~7) as a function of £ for m; =
125 GeV, m,, = 750 GeV and m{ = 3 TeV (left panel).

The cross-section o(gg — ¢ — ) for different values of m{ and A
(right panel)




gg and ~~v enhancement - deconstruction

g [gh ¢(b + by +akb ) gh,¢zlelNcFl<T )]( ‘“’kl-k27k’1‘k;)
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g, v, b

with g, = (d+ ), g, = (c+¢a), g5, = b, g;EZa. by +by = —11/3, by =7




gg and ~~v enhancement - deconstruction
For small 0 (6 < (1/6)°) and ¢ = 1/6: 9o~ L and g, ~ 0

= $gg:

< [20b (s + o ) o0 S Fuatr] = (b + ) = (719)

" Py

gravitational ¢y intercations = no dim4 strong coupling is needed!




Phenomenology of the 750 GeV radion
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Phenomenology of the 125 GeV Higgs

® The Higgs-radion scenario must fit the Higgs data for the 125 GeV state.

= Below we show /LI{/(X), where X = vy, ZZ, bband Y = gg, WW as
functions of £ for m;, = 125 GeV, my = 750 GeV and m{ = 3 TeV:

oY - h—X)
O'SM(Y—)}L—)X)

1.025 6 1.035 6 1.035 6

iy (X) =

1.03 - 1.03
1.025



Radion©@750 GeV: Benchmarcks

BMP | m{[GeV] | & | Ag[TeV] | k/Mpy | pgy(vy) | 1gq(22) | pww(22)

1 3 0.153 1.5 2 1.013 1.017 0.999

2 5 0.159 1.67 3 1.011 1.015 0.999

3 5 0.159 2.0 25 1.008 1.01 0.999

4 5 0.159 2.5 2 1.005 1.006 1.000

5 5 0.159 2.78 1.8 1.004 1.005 1.000

6 3 0.148 1.87 1.6 1.008 1.011 0.999

7 5 0.167 1.67 3.0 1.012 1.015 0.999

BMP | T5MGeV] | aby(v1) | 009(id) | 059(22) | olg(WW) | 02y(it) | aby(hh)

1 0.201 9.70 3.54 51.2 38.2 325 75.2
2 0.163 8.37 3.05 12.8 17.6 3.38 7.78
3 0.106 5.89 2.12 8.86 12.3 2.35 5.42
4 0.068 3.83 1.36 5.65 7.88 1.50 3.48
5 0.055 3.12 1.01 471 6.55 1.14 2.65
6 0.135 6.01 2.18 6.5 14.0 515 120
7 0.168 7.64 2.77 77.1 122 6.52 15.2

upper bounds @ 13 TeV 12.5 85 190 1500 120




Summary

® The Higgs-radion scenario predicts two relatively light scalar state A and

0.

= We interpret the state h as the SM-like Higgs at 125 GeV with small
mixing angle and £ ~ 1/6.
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