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Source for i in SM

S ~ Im {VgKMmT mV(;KM}

For constant v:

S ~1Im [VCT*KM?JT?JVCKM} Cb//Qb

— o EWscaleflavour physics

Froggatt-Nielsen
= 7z dependent Yukawas Randall-Sundrum



Network equations

Fluide type Ansatz:

k
B 1 | U = <—Z5f>
Ji = eBwitvwkz—pi) L1 0f; “o

CP-odd Energy-Momentum average, linear in: u;, u; and v, :

v K1 pf' + v(m?) Ko+ — (C) =0

5 - k.
— Ky + vy Kt + vy (m?) Kgu — < C> = 4+, K5 Im {V‘LmTNmV}
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System and Kernel
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System and Kernel
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Varying Yukawas across the
wall

Effective description following from Flavon-Higgs coupling

Broken phase  Free parameter Higgs vev in
Ny v broken phase

Y(Yo, Y1, d, M

?

Symmetric phase |

Higgs vev

Baldes, Konstandin,
Servant '16
1008.03254 & 1604.04526
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summary

e Framework for CP-violation and diffusion for z-
dependent Yukawas.

* Fully consistent and general formalism (diffusion
and CP-violation from first principle).

* Application possible to low-scale tlavour physics
(Froggatt-Nielsen, Randall-sundrum, etc.)

Baldes, Konstandin, Von Harling, Servant ‘16

Servant '16 1612.02447
1604.04526 & 1608.03254
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Special case: 1 tlavour

m = |lmle*?

S oc Tm | Vimt " mv| = (\m|29’)/

“ Agrees with semi-

0 has to be space dependent! classical treatment

This is not the case for two mixing flavours.
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~roggat-Nielsen

U(l)rny  with two FN fields X0

Charge assignment

Qrn(o) = Qrn(x) = —1

Yukawa type interactions after SSB
(X) (X)

Us (0) Us (+1)

Qs (0) Q2 (+2) Q1 (+3)
Ui (+4)

L D Y <A_x> Q:0U; + yij <A_x) QipD; Ds (+2) Dy (+2) D; (+3)

+f/z’j <§S—>> ’ Qz'CEUj + Y, (%) ’ Q;PD; 1000

VEVs during EWSB
¢»:0—=>vy o0:N;/b—=As/5 x:Ay—0

X — ¢ -Potential =

100 150
3 ¢ [GeV]

200 250



Froggat Nielsen
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Randall-Sundrum

Higgs localised
Charm fop on IR brane
>
5t dimension
< >
UV R —
At high temp. -> AdS-Schwarzschild
Low temp. -> RS metric
—> "Brane Nucleation” —

Von Harling, Servant ‘16
1612.02447
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Randall-Sundrum
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Deriving the equations

Hermitian part of the Kadanoftf-Baym equations

Expand to second order in gradients (smooth background)
and at tree level

Neglect off-diagonals (fast flavour oscillations)

Fluid type Ansatz tor particle densities:
1
fi — 6,8(Wi+vwkz_,ui) + 1 l 5fz

Take different momenta and average over energy and
momentum
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Kinetic equations

(ko — 5 ([V' (i)' v]) 00 ) Fram©

2
(kzé’z - % ({VT (me)/ V} >” 8kz> s ' : ‘

COllISION tEIM mrmeeeeeeeee e eeemarrerreeme=™"

CP-violating source term:

Source depends on m sienlk,]. T .
[} S = o7 “Im _VTmT mV} y Ok, JL/R,i
ink to
Yukawa couplings (V are the Eigenvectors of m'm)
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Collision term

] kZ tot
__ 1inel § : . C ) — _Ttot,
<C> =1 . o <WO7J >

_ -3 ,,2
* Yukawa interactions eg. tr <tr+h Ly ,=42x107"y T
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Yukawa interactions e.g. tr <> tgp+h [y, =42x10"2y T

2

Helicity flip e.g. tr, <> tg Uim.q = 637

. T — L
W-scattering e.g. tr <> b W = 560
Higgs number violation h <> 0 U'n = sor

Strong sphaleron all L <+ all R Py =49 x 1077
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Fps =107°T exp(—ap(z)/T)
a ~ 40 NEW
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Ve K1t + v (m?) Ko po+ ' — e z,uz- =0
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Ky + vy K5t + v, (m?) Koo + L% = £, Ks Im [V‘LmT"mV}

e.g. Fromme, Huber '06 Source 2N
nep-ph/0604159  |nteractions: m ={y(2));

Couple different particle species together

* Yukawa interactions e.g. tr, <+ tg + h Fyq=42x10"%y2T
C . m2
o Helicity flip e.g. tf, <> tRr Ty = s
e W-scattering e.g. tr, <> br Tw = &
* Higgs number violation h <> 0 I'y, = gg%

e Strong sphaleron all L <+ all R e =4.9x 1074T
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