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Flavour Symmetries

G r rules the fermion interactions:

-3 Allows to describe masses and mixings

- Rules Yukawa interactions

-3 Rules the fermion interactions in any d>4 ops.

When UF is present, the bounds from

different experiments/observables can be
MUCH STRONGER linked
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Impact on Baryogenesis

Fuchs et all, JHEP 05 (2020) 056

In the SMEFT case, with d=6 ops. modifying the Yukawas,
have concluded the following:

-y Strong sphalerons wash out baryon asymmetry
generated by both k: and &y

- A valid possibility is with s, if
R+ 2 0.08

Y

(Analysis done with only one ; at atime, but similar
results with more than one k; contemporary)



Impact on Baryogenesis

Fuchs et all, JHEP 05 (2020) 056

In the SMEFT case, with d=6 ops. modifying the Yukawas,
have concluded the following:

-y Strong sphalerons wash out baryon asymmetry
generated by both k: and &y

- A valid possibility is with s, if
R+ 2 0.08

Y

(Analysis done with only one ; at atime, but similar
results with more than one k; contemporary)

If there is UF , then Feu,r S 0.0017 gand therefore,
baryogenesis cannot be explained even with <!
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We verified this is the case for two extreme cases:

=3 Minimal Flavour Violation (MFV)

Effective approach where any
source of flavour and CP violation
Is controlled by the Yukawas!
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We verified this is the case for two extreme cases:

=3 Minimal Flavour Violation (MFV)
Effective approach where any
source of flavour and CP violation

Is controlled by the Yukawas!

-3 Froggatt-Nielsen (FN)
Simplest flavour model, but low

predictivity power!
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SMEFT with d=6 operators affecting the Yukawas:

L=-Q HY uy — QyHY dy — L HY el +

S - H'H — H'H
/I ] ! 7/ !/ !/
~ (QUHC Uy + QL HC ) - — L HClep =5 + e
q /
primed fields in the flavour basis!
After EWSB:
-_/ / UQ / / 1 / ?]2 / / A / /02 / / - v
EI— _U’L Yu—|—2—/\gcu ’LLR—|—dL Yd—l_z—[\?]Cd dR—I_eL Ye—|—2—/\%ce GR- E—F
-_/ / 3?}2 / / 11 / 3/02 / / A / 3/02 / / - h
— UL (Yu+mcu> uR—I_dL (Yd—I_Q—/\ng) dR—l_eL (Ye +2—j\%ce> 6R_ E‘F

+ h.c. + ...



The Formalism

SMEFT with d=6 operators affecting the Yukawas:

L=-Q HY uy — QyHY dy — L HY el +

S - H'H — H'H
~ (QUHC Uy + QL HC ) - — L HCler =5 +he.
q /
primed fields in the flavour basis!
After EWSB:
-_/ / UZ / / 1 / ’U2 / / A / ’U2 / / - v
LI— _U’L Yu—|—mcu ’U,R—i—dL Yd—|—m0d dR—I_eL Y€—|—2—AA§C€ 6R_ E—'_
-_/ / 3?)2 / / 11 / 3/02 / / A / 3/02 / / - h
— _U/L (Yu+mcu> U’R dL (Yd—l_Q—/\ng) dR—l_eL (Ye +2—j\?ce> eR E‘l‘

+ h.c. + ... -
\ masses = Higgs couplings!



going to the mass basis:
2

/ (% ; T
) S v )
L=—urY,up— —dp.Ydp— — e Y.ep—+
ur, UR\/i LYd R\/§ €L €R\/§
- V2 _ V2 - V2 h
— (Uy, Yu‘|_A_20u uR‘|‘dL Yd‘|‘A_CZICd CZR‘|‘€L Y€—|_A_%C€ €ER ﬁ—|_

+h.c. +...
where C; =V/C};U; .
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going to the mass basis:
2

Yj+ 5 Ch = VYU

22
L=— WYU,U’R% — EYddR% — @YeeR%‘F
2 2 e ,02 h
— {UL (Y + AQC > ug +dp, (Yd +- ch) dr + €r (Ye + A_%Ce) 63} \ﬁ+
+hc +...
where C; =V/C};U; .
The matching with the K formalism is:
2
YiK;=Y;+ —diag(ReCy)
Ve . — L — fRy =Yy + j5diag(ReCy
Lot = =22 (kythth + ik y50) h 8
Yfo — dlag(Ime)

A2
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going to the mass basis:
2

/ U r t
L=— WYU,U’R% — EYddR% — @YeeR%‘F
- v? — v? - v? h
— Uy, Yu—|—A—20u uR—I—dL Yd—|—A—CZICd dR—l_eL Y€—|—A—%C€ €ER ﬁ+
+ h.c. +...
where C; =V/C};U; .
The matching with the K formalism is:
2
/l} o
- y¢ _ - Yfo :Yf | Aleag(ReC’f)
Lot = =22 (50 + iRy y50)
YKy = Fdiag(Ime)
215 |2
o _ V|G| 2, =2
Useful: 7y = o2 + Ky

w 10
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Collider Bounds
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Collider Bounds

—1
: I'(h —» F | PR
The signal strength:  p5 = —- ( )) (thtat)

o I'SM(h — F P tot
% 1 for P = VBF, VH )
o i for P = ggF, ttH + tH
1 for F =VV*
2 for F' = ~~,
SM(h > F) )" for F = bb relevant
r- for F' =77 ProCesses
7“3 for F' = uu

?g’;ﬁ =1+4BRy," (r; —1) + (BR;," + BR>M + BR.Y) (rf — 1) + BR}Y (r? — 1)
h,tot. 0




—— ATLAS: Combined
— CMS: Combined
—— ATLAS: h->uu

== CMS: h>uu

— CMS: I}

== Collider Data

— EDM
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2| — ATLAS: Combined
° ° — CMS: Combined
== ATLAS: h->uu

=— CMS: h->puu

— CMS: I}

== Collider Data

— EDM
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Bounds on A assuming G

Slﬂeugg—l A 274T6V

sinf.11 =1 =sinb.33 | Ay 2 6.0 TeV

S1n 9%33 —

Collider (diag couplings)
sinfe 17 = 0 = sin 0, 33
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. = 1 TeV  CP conservation
. 2> 3 TeV Maximal CPV

A
Meson oscillations =3 {
A

Muon radiative decay === A, > 2 — 4 TeV
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Flavour Bounds on

0.83 <12, < 1.32
0.58 <77, 4 S 1.58
0.50 <72 < 1.60

T?/’l’?e




Flavour Bounds on 7,

From Colliders: 0.83 <12, < 132

0.58 <12, 4 < 1.58

0.50 <7 <1.60

~Y 7',,u,e Y

From Flavour:
0.88 < % <1.12

Y QN

0.99 < r; <1.01

Y

2
Flavour data imply bounds on "y only a few %
better than colliders
(good news for future Higgs collider measurements)

21



Higgs and Top Decays

BR | Experimental Bound 95%C.L. | FN Prediction

t — hu 4.5 x 1073 2 x 107°

t — hc 4.6 x 1073 5.6 x 1073 4 x 107°

Experimental Bound 95%C.L. FIN Prediction

6 x 1078
6 x 10710
4 x 1078

8 x 1077

Experimental Bound 95%C.L. A

6.1 x 107° 1010
2.2 x 1073

1.5 x 1073




Final Remarks

Colliders (diag.) Flavour (off-diag.)
Ay 2 0.8 TeV

Ag Z 0.5 TeV




UNION EUROPEA

MINISTERIO Fol
DE CIENCIA F
E INNOVACION

FONDO EUROPEO DE
DESARROLLO REGIONAL

“Una manera de hacer Europa”



On eEDM
d.

o
< =4 \2Gpm, x B
e (4%)3\/— it =

R = 12.68k, + 3.83%k: + 0.018%;, + 0.015%,]

Experimentally: ¢/ < 0.0045

In order to relax the bounds found on k., there should
be a cancellation between the first two terms!

In the absence of any cancellation,

Fer < 0.0017
Is completely general.



Anarchy (A

put-Anarchy (A )
Hierarchy (H)




Flavour Bounds

Eff. Coupl. | Bound on |yes.| | A, [ TeV] | Bound on |Im(yes.)| | A, [ TeV]
Gsd s 2.2 x 10710 0.7 8.2 x 10713 3
Yeulr 1.8 x 1079 0.7 3.4 x 10710 1
fgbd?);kzb 1.8 x 1078 0.6 5.4 x 107? 0.8
Uos 4.0 x 1077 0.6 4.0 x 107 0.6

s 4.4 x 10710 0.6 1.6 x 10712 2
42, 4.4 x 10710 0.6 1.6 x 10712 2
T 2.8 x 1079 1 5.0 x 10710 2
y> 2.8 x 1079 0.2 5.0 x 10710 0.4
o 2.0 x 1078 0.4 6.0 x 10~° 0.5
0 2.0 x 1078 1 6.0 x 10~° 1
i, 4.4 x 1077 0.3 4.4 x 1077 0.3
Uz, 4.4 x 1077 1 4.4 x 1077 1




Ag [ TeV]

Eftf. Coupl. Bound
A Aur H
|JerYre| 2.2 x 102 8. x 1073 — _

Re(Jerfre) 1.4 x 1074 3 x 1072 = —

In(Yer Yre) 1.1 x 10719 1 — —
| Uepn e 3.6 x 107! 2 x 1073 — _

Re(Jeuiue)| || 1.4 x 1072 8 x 1073 — _

Im(:&e,u?),ue) 1.1 x 10_9 0.3 — —
‘Q,MT/QT/L| 4.0 9 x 10~ 3 — —

Re(§urfrn)| || 2.5 x 1073 5 x 1072 — _

I (s Urp) | 1.2 1 x 1072 — _
Jer U] 6 x 1078 0.8 0.5 0.5
Iymym\ 6 x 1078 0.2 0.3 0.3

r |2 2.5 x 1076 0.6 0.6 0.3
9] 2.5 x 1076 0.2 0.2 0.3
Yer|? 3.6 x 1076 0.6 0.3 0.1
Ure|? 3.6 x 1076 1x1072 |2x1072 |4 x 1072
Gpe|? 3.5 x 10712 0.3 0.6 0.6
Gep|? 3.5 x 10712 4 2 2
Ypels 1.8 x 1074 3x1072 | 3x1072|2x 1072
Jyelre 1.8 x 1074 4x1073 | 8x 1073 | 1 x 1072
?);‘N;&; 1.8 x 1074 0.1 5x 1072 | 4 x 102
yeﬂym 1.8 x 1074 1x1072 | 1x1072|2x 102
YenGjir 2.0 x 1074 0.1 7x107% | 5x 107*
JenJrp 2.0 x 107 5x 1072 | 4% 1072 | 5 x 1072
z);ez),} 2.0 x 104 3x1072 |4x 1072 |3 x 102
Ul 2.0 x 1074 1x1072 | 2x107% | 3 x 102




CV Conservation

Bound |y« | FNH

Upper Bound




AB Al HE

Bound |yes.| B

Bound |yer. | Bound [Re(yes)l| | FNIH
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Maximal CPV
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