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@ IR localized Higgs to address the gauge-gravity hierarchy

@ geometric interpretation of flavour
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Models & Particle Content

@ minimal RS: only SM fields (promoted to 5D) + Higgs localised near IR branes
@ custodially protected RS: extended gauge group SU(3), xSU(2). xSU2)r xU(1)x X Z»

— custodial symmetry only broken by UV brane BC
— extended fermion sector (but NO unique choice for fermion reps.)
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@ models where the Higgs ’leaks’ into the bulk
(P o
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Dipoles and Loops

@ Exhaustive phenomenology of tree-level processes (electroweak, flavour )

From direct production Mxx ~ 2.7TeV

higher from EWPO without custodial protection [e.. Agashe et al., 2003; Duling et al., 2009; Casagrande et
al., 2010]

from gluon FCNCs ~ 20 TeV without extra flavour structure [e.g. Csaki, Falkowski, Weiler, 2008]

o nggS production/decay [Casagrande et al., 2010; Azatov et al.,2010; Carena et al.,2012; Malm et al.,2013; Hahn et
al.2013]

@ Dipoles and Penguin loops

> we are after the coefficients of the operators
i,j flavour indices

Flavour-changing radiative transitions related to 1 — e7y [Agashe et al., 2006; Csaki et al.,
20101, b — S’y,b — §8,[Gedelia, Isidori, Perez 2009; Blanke et al.,2012], and ¢ — Ug [Delaunay et al.,2012]
Flavour-preserving; (anomalous) dipole moments [¢ — 2, electric dipole moments, ...]
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Strategy

@ 5D Lagrangians are quite involved at first glance

5d scales SM scales
distinct scale hierarchy k > T > v > my
——

i
uv I IR

matching scale
@ strategy:

1. Step (in symmetric phase — no vev):
integrate out the “bulk” — match onto an SU(2), x U(1)y symmetric effective theory

[:RS e ['cﬁ” — AC«SM = Z C, i [Buchmiiller & Wyler]
2. Step: change into the “broken” phase

3. Step: compute the final dipole coefficient in the effective theory
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After 1. Step: EFT before EWSB

@ Operators that contribute in the lepton sector

Z GO, ag,ij L‘@O’HUEJ'B“V + aw,ij iiTaCI)JHVE/ wW4H* + h.c.
i
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@ changing to the "broken’ phase
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2. Step: EFT after EWSB

@ Operators that contribute in the lepton sector

Z CO; D agij L‘@O‘;WEJBWJ + aw i l_,,'Taq)(J‘Mij WEEA L h.G:

+ by (Liy L) (EpyuE;) + c1,i (EiryuE, ,)(@T'D“@)
+ c2,i (LivulL ,)((PTID“@) + ¢35 (L' T°Li )(q) iT D,,d)) =<2

@ changing to the ’broken’ phase gives
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+ h.c. of previous line + . . .

the Greek Wilson coefficients are Latin ones dressed with flavour rotation matrices
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3. Step: loops in the effective theory

g — 2 & . — ey correspond to the flavour conserving and violating part of
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UV and IR divergences require regularisation
1
BUT finite due to — X €

€
Scheme dependent — dependence must cancel with the dependence of the 5D loop in «
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3. Step: loops in the effective theory

g — 2 & p — ey correspond to the flavour conserving and violating part of .
P p B 4 L{;:i L%_i
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Back to step 1: 5D formalism

@ work in a 5D QFT
no KK sums; vertices and propagators are five-dimensional [Randall, Schwartz, 2001]

@ zero-mode (~ SM fields) must be separated explicitly [Grossman, Neubert 1999]
0 1 —2CL -7 0 1+2CE cr
R (@ mﬁ(kz)z(h) e mﬁ(kz)z(h) 3

@ use mixed coordinate-momentum representation for propagators in the unbroken theory
[Randall, Schwartz, 2001]
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Tree-level coefficients are ’for free’
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the hypercharge boson zero-momentum propagator is
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all integrals are elementary
very similar to computation of AF = 2 tree-level processes

— agrees with KK sum calculation [Casagrande et al. 2008]
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Genuine 5D Loops

custodially prot. RS model:

‘V;;j' ‘gj’ v ‘@—V 15 topologies

evaluate a la expansion by regions
Beneke, Smirnov 1997
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Phenomenology and Results

@ a7 relative to the mass matrix
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— suppressed FCNCs
(in full analogy to GIM mechanism)

@ Higgs contributions
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a;“ggs is technically less challenging, e.g.,

iggs < H [~ i T
aj* = (10ue) X & X Jemr s X i (U/TIYY' V] 85)(1/T) 5 +

BUT result depends subtly on the nggS localization [see also Carena 2012, Delaunay 2t
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Phenomenology and Results

@ Flavour violation
naive estimate: GIM mechanism suppresses gauge contributions to . — ey

7| |2aem ( >4 me Bes H
A GET* my,’ 6
MEG bound is violated unless Mxx > 15 TeV for (Y) = l and H =1

— Br(p — ey)

@ Flavour preserving (g, — 2 and de|)

with above estimate g, — 2 has the very simple form:

1 TeV?
T2
(independent of all 5D parameters but 7') compared to

Aa, =26.7-107"

al? — aht = 287(63)(49) x 107"
and

1TeV?
T2

d5"8 < few x 107 %e m

(current bound 10~%% m)

J. Rohrwild (Oxford) Dipole operators in RS FLASY 2014 — Brighton, 17-21/06/2014 14



Phenomenology and Results

@ Flavour violation [assuming ~ 5 TeV resonances and O(1) Yukawas]
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@ Flavour preserving (g, — 2 and d|)
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Summary

@ complete 5D calculation of leptonic dipole operators
@ results usually depend on the details of the Higgs treatment
@ g — 2 is model independent but numerically too small to be observable

@ flavour-changing transitions are strongly dependent on the 5D parameters; very large
effects possible

@ correlations with other LFV processes (not dipole dominated)?
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