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Flavour physics is one of the best probes of BSM physics

There are several indications pointing towards the possible existence of NP

Anomalies in the decay of the B meson were reported through the measurements
of the b — sil transitions in the form of foll. ratio:
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This was further corroborated by the measurement of the following ratio:

Ree — B(B® = K*utpu~) _ 0.66010 50 (stat) + 0.024(syst), 0.045 < ¢* < 1.1 GeV?
B(BY — K*Pete™) 0.68510-113 (stat) £0.047(syst), 1.1<¢?><6.0 GeV?

RIM ~0.93 for low ¢? while R = 1 elsewhere
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looking LHCB, BELLE
GOoQOD!



Motivated by the P! anomaly, it is not uncommon to consider NP purely in the
muon sector

However, this will not necessarily constitute the holy grail for our analysis, leaving
the door open for electrons as well

As a model building exercise, we focus on custodial models of RS and present
example where electron and muons contribute

Electrons or muons or both? We try to address this question for the structure of
solutions to the anomalies at the LHC.



Description of
custodial RS models
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Muons and electrons
both
play a role

v

From indirect to
direct searches

v

R(k), R(K*) to
B — KTt

Possible hint on the structure of the
solutions
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ndrum Model ... ... ..

S1/Z5 compactified

ds® = e_Qkandx“da:’/ + dy?

Planck \ TeV
| effective 4D scale depends on the position in
the bulk

One Fundamental gravity scale!

Hierarchy
problem Solved!!

Provides insight on strongly coupled
theories #£win

Solution to the Yukawa hierarchy problem
Hwin



Elements of the framework 1.:

Gauge bosons in RS
The bulk gauge symmetry is: SU(2);, x SU(2)r x U(1)x

KK excitations of the corresponding bulk gauge fields lead to a tower of states:
We consider the lowest scale with mass Mgk x = 3TeV

In the mass basis there are three neutral states with similar mass contributing to
the 7' Zx, A FCNC

They have a similar wave function profile which is peaked near the IR brane: Origin
of non-universal couplinas
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Elements of the framework 2.:

Dimensionless
O(1) parameters

Fermions in RS

We consider fermion field with a bulk mass parametrised as: mg = ck

Allanach, lyer, Sridhar 2015

These bulk masses control the o

localisation of the fermion zero mode
(SM fermions) in the bulk

f(y)

UV brane
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The choices are governed by the proximity to the Higgs field and hence a
relatively larger effective Yukawa coupling

Except for the third generation doublet and top singlet, other fields are away
from the IR brane



Elements of the framework 3.:

Gauge KK states here tooll

Non-universal couplings.

Allan yer, Sri

Since the fermions are at different points in
the bulk: Non universality is in built

The third generation quarks are likely to be
closer to the Higgs and hence the gauge
KK states -> Larger coupling

The coupling of a pair of SM fermions
to KK states can be expressed as
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We assume universal coupling ob B _

between the first two generations: U(2) J Bulk mass parameter ¢
a'? = g (D31 D22(1(2) — I(1)) + D3 D32(I(3) — I(1)))
The flavour violating a® = §(Di,D13(I(1) — I(2)) + DiyDss(I(3) — 1(2)))
couplings are: a'’ = § (D5, Das(1(2) — I(1)) + D31 D33(1(3) — 1(1)))

I(c)




We are now in a position to understand the contributions to b-sll transitions

The effective operator contributing to this process is given as

V.G ra
thVts I F
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Oy = (5901 )(Iul) Oy = (5p7"br)(I7ul)
O10 = (527"b1) (7" Oror = (5rYDR) (17,7°1)
The couplings a*are

related to the FV co-eff %
defined earlier

The tree level contributions to b-sll is simply

Lyrc S X [l (X)(51%b) + 0l (X)(Sr ) + T (ad (Xt — aly (X)) 1]
X=Zsm Za,Zx,yv1)

Using this the WC are simply

V21, V21,

ACy = —M)Q(GFQQ% (X)ay(X), AC= —ma?% (X)) (X)
2T S \/577 S

AChy = M}(GFQQ% (X)a4(X), ACH = m@% (X)a4(X)



Two scenarios are possible

Will de discussed Non-universality in muon
singlets. Lepton doublets universal

here.
but non-negligible
A

Scenario A: The muon singlets are closer to the gauge KK states (couple more). The lepton
doublets are universal.

Unorthodox scenario as there are contributions to the WC from the lepton doublets as well

These are largely due to ensure fits to the muon mass with O(1) Parameters.

The fit in this case is 4D scenario with €9, C10 for both electron and muon contributing

Scenario B: The lepton singlets now have near universal coupling and smaller coupling to the
gauge KK states. The muon doublets are now closer to the KK states and hence larger coupling

™~

The fits to muon mass is better with O(1) Parameters. Will not be discussed

here
-
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Mainly C9 and C10 for the muon contribute with a possibility of €9=-C10



G. D'Ambrosio, A. I.
1712.0812°2
Scenario A
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The following ranges were used in the scan:

Cup €0.45,0.55] ¢, €[0.4,0.5] ¢ € [0.45,0.55]

The Z- mu mu coupling is not a problem as the singlets are also embedded in custodial
representations!

The ¢ values for the lepton doublets are chosen such that to ensure an extension into 5D
leptonic MFV.



This is a 4D fit to b-s Il data.

A model independent fit along these lines was performed in  Hurth, Mahmoudi, Neshatpour
1603.00865

It was shown to relax the allowed ranges on the WC required to fit the data.
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From indirect searches to colliders
Electrons or muons or both?

We found that solutions are possible in a consistent model with even electrons playing
arole

These were associated with fits to data on 2D or 4D plane involving both electrons &
muons

That brings us to the question: Is it possible to get a hint on the structure of WC
from colliders

We present an explicit example with an effective Z' model



G. D'Ambrosio, A. I.
18xx.XXXX

Consider a Z' model with the following effective lagrangian

Lor = 222 [(smub) (Ere)] + 2 [(33ub)(in* )] + “2257 [(57,) (777)]
+ 2 9V (@3ub) (10, + (b b) (7 7)]

M2

)\b)\ - _ )\c>\ — _
MQ“ (0y,0) (ay* ) + MQ“ (eyue) (py* p)
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The Wilson co-efficients for the R(K) and R(K*) anomalies are given as

VR esde V2T dus s
Gpoz M2 o GFOé M2

Cs =

The ratio of WC is simply i_

I

A key part of this ratio is that the quark dependance cancels out as it is common
for both



Example of a fit o the anomalies with both electron and muon

Altmanshoffer, Strangl, Straub
1704.05435
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The fit admits a wide parameter space of WC. Is there a way to explore the
structure of these WC at colliders?



Consider the on-shell production of Z' at colliders and consider
the following ratio

O'Z’)\i»ce,u N,u

0N )\gﬁée Ne

Now the electron and muon are in general associated with different acceptance
efficiencies

Is there a way for the above ratio to roughly reflect the ratio of WC

Its clear that if €, = €¢ then

2
A2 \G




G. D'Ambrosio, A. T.
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Typically muons have a larger acceptance that electrons

my = 1500 GeV

4 — U | 4 — ee
Simple Isolation(> 1 leptons) 71.73 51.4
Mass cuts (> 800GeV) 67.85 48.50

mz = 3000 GeV

4 — uu | 4 — ee

Simple Isolation(> 1 leptons) | 59.33 39.79
Mass cuts (> 1000GeV) 58.79 39.61

Is there a way to get them as close to each other as possiblell
So the analysis is democratic?

Move from conventional electrons to electron jets!



One way to pull up "electron’ efficiency is to use electron-jets

" jets’

Give up isolation

E-cal
: : CD,tau,e, photon
-Calorimetric four-vectors ‘iets' Q au.e. P ? ’
JETS all fall under jets
-Track four-vectors nomenclature
-Cluster them using anti-kt 0.4,
pT=100 GeV
Hecal Track four vectors are scaled by an arbitrary

small number to avoid over counting

Different samples can be distinguished by studying the properties of jets:-JET SUBSTRUCTURE
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To extract maximum information from the electron jet system we make the
following selection

vvvvvvvvvvvvvv

Use substructure variables to distinguish electron jets from QCD jets o

Some Tracks getting
lost?

Capture Missing Tracksl!

‘“‘» Leading jet has exactly one track: Takes care of photon fakes
; & . Sub-Leading jet may have either one or zero track. This is to capture events lost by
L4 tracker.

We put a min invariant mass cut of 1000 GeV on leading jets to ensure a democratic analysis

QCD fake rate was found to be < 1 event in 300000

mz (GeV) | Z — pup | Z — ee (Electron jets)

2000 71.45 64.75 G. D'Ambrosio, A. I.
2500 66.35 63.06 18 xx.xXXXX
3000 58.79 60.37

3500 51.68 59.50




A Brief commenton 7' — 77

G. D'Ambrosio, A. T.
18 xx.XXXX

This could give a rough estimate of B — K771 (097,10)

We look at hadronic decay of tau.

One way to possibly distinguish it from qcd jets is to look at track multiplicity

For leading jets we look at jets with either 1 or O tracks but with large hadronic content.
This distinguishes it from the electron jets.

QCD fake ~ 0.2%

my (GeV) | Z — up | Z — ee (Electron jets) | Z — 77 (tau jets)
2000 71.45 64.75 31.25
2500 66.35 63.06 37.28
3000 58.79 60.37 40.88
3000 51.68 59.50 43.98




What about ICPTOQUGPkS!! Disclaimer: Preliminary
Consider the following effective lagrangian
L=X\,QcirgL(®)T + X3, Qiry(r.®3)TL1, + h.c.

With the following hierarchy of couplings .
Gudrun Hiller's talk:

G My s Mo Moriond QCD
sl my bl cl my tl
Using this the WC are simply With the ratio
Ce N\
Ape M2 Ay ms)\g 9 — be
Cf oc 25250 — “Blbe . Ol o TSR u M 2
9 MIQ,Q mij%Q ) M%Q mbM%Q 09 )\b,u

With this hierarchy, b quark fusion dominates over the charm contribution

We are interested in the T channel production: The cross-section goes as %

Implying a pattern
Cé‘; 2 Similar to Z

Cg

O ~



To Conclude...

We considered a scenario in a warped framework where both Muon and electron
couple to NP

Extent of muon and Electron contribution can be extracted at LHC

The techniques can also be extended to di-tau final states with some hints on
other flavour experiments.



Gherghetta, Pomarol
Elements of the framework 2.:

Fermions in RS

Bulk fermionic lagrangian in a warped background is written as
Livion = € °°W {iv“(?“ —v5e 7 (05 — 20’)} 1

where o = k|y|. Expanding the bulk field as

U(z,y)

= 5 2 @) e @)

But

5D theory is non-chiral



Scenario B: 6. D'Ambrosio, A. T.
1712.08122
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The Z- mu mu coupling is not a problem as the doublets are also embedded in custodial
representations!



From B anomalies to rare Kaon decays

Rare Kaon decays are likely to constitute the next probe for NP

The SM expectation is

B(Kt — ntvv) =83+0.3+03x 107" B(K, — nvp) =2.94+0.2+0.0x 10~

The current experimental bound is

B(K" — ntvp) =173 152 x 1071 B(Kp — 7%wp) <2.6 x 107%  (90% C.L.)

The NA62 aims to achieve 15% precision wrt SM in 2018

The KOTO experiment is focussed at measuring the KL decays



G. D'Ambrosio, A. T.

Scenario A: 1712.08122
The effective lagrangian for s — dvutransitions is given as
4GF05
L = “ViaClas 1 (Srv,dL) (v
2/ 27 ts 7 sit T ) y'n) Neutrino couplings are
determined by the lepton doublet
parameters!

108
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Figure 6: Scenario A: Plots depicting the excess over the SM expectation for the K decays modes.
The ¢ parameters for the doublets is universal and chosen to be ¢, = 0.51.

Due to universality of lepton doublets, the contributions cannot be enhanced beyond a
point!



S . B G. D'Ambrosio, A. I.
cenario o. 1712.08122

B(K, -7’ v)/Bsm _ . B(K*»n*vv)/Bsm

Figure 7: Scenario B: Plots depicting the excess over the SM expectation for the K decays modes.
¢y, = 0.4 and c., = 0.6 are fixed for the computation while ¢,,, is varied.

The larger contributions in this case are primarily due cr, is free compared to
Scenario A.



How do we reproduce
chiral SM ?

22

vV =

odd -no zero mode

_wL (-l-) ] even -massless zero mode
Yr(—).

: (0) 1€F1 Localized profiles!!
Zero mode for the Z2 even field say J1~ satisfies ~

Using orthonormality

70, -20) /" =0 ——pp IO _ Nh0Sy-nE)

field re-definitions

Introducing a bulk mass term 1/, = co’ = ck modifies the solution to

g)) _ Ne(05-c)o(y)



Gherghetta, Pomarol

05 0<0S SM Couplings are
given by the
“overlap’ of these

fly.c)

Gauge Boson

\ profiles:

UV y IR Yukawa

hierarchy
solved!!

TR
y@ = y® /O dy fo" (0, y) 15 (cL, v) 1)y (cr. )
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How to get rid of QCD

tracks

Chakraborty, Iyer, Roy ‘17
1707.07084

Select jets with zero tracks
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Some Tracks getting
lost?
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