Flavor without symmetries

Alex Pomarol, UAB & IFAE (Barcelona)
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“Cheap’ ways to explain it:

w- Demand BSM is very heavy ~10°TeV but... hierarchy problem?
w Demand similar BSM flavor-structure as in the SM:

Imposed CP & Flavor Symmetries in the BSM

Nevertheless...

“...symmetry and its generalizations are not fundamental at all, but
just accidents, approximate consequences of deeper principles. To
the extent that these symmetries were our spies in the high
command of nature, we were exaggerating their importance,

as also often happens with real spies”

Steven Weinberg




This is also the lesson from the SM:
Not based on symmetries!

gauge symmetries m redundancies of the theory
arise as a consequence of Lorentz symmetry

Weinberg’s Book I, page 246

CP & flavor symmetries in the BSM
should arise from dynamics!
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Symmetries from dynamics

Only few examples known:

SUSY: Gauge Mediated Susy Breaking (GMSB)

soft-masses through gauge interactions (flavor blind)

mmy Ko

but today minimal GMSB highly tuned to reproduce Mu~125 GeV

Y

Beyond minimal models... EDMs are sizable!

Mg \°
o~ 10728
d 0" ““cme AS H@/\v tan O




Symmetries from dynamics

Only few examples known:

Composite Higgs:

Yukawas from linear mixing to operators of the strong sector:

Liin = €y, e, f,  partial-compositeness

\> portal to the strong sector



Explicit example (for the top):

SU(4) strong sector

. m.v three eh RE 4 (fundamental)
Fermions: v
_UV five \M)m 6 (antisym. matrix)
Global sym.
r ]

L

G=SU(5)xSU3) xSUB) xU(l)x x U(1)

v

H = 50(5) x SU(3)color x U(1)x

arxiv:1502.00390

b urv =0,

Operator that can
be coupled to the top

dimension at weak coupling: 9/2

dimension needed at strong coupling: 5/2 (Y= 2)

Possible? lattice could tell us!



Geometric perspective

X

_——X
N
N

. . ~
warped extra dimension AR

" small masses by
small overlapping
with the Higgs



Flavor & CP-violation constraints

2
Q* r r
A2, ercr. €€ Jiv" [ifevuti

\> scale of the strong sector: expected ~TeV

€Exbound: A > 10 TeV

,Qm gxv
1672 >w

e e, fiouw [; 9F*

EDM bound: A > 100 TeV A mv

L—eYy bound: A > 60 TeV AWV



Towards suppressing EDMs

Avoid linear mixing of light fermions to BSM:

Lyin = €y, 1; Oy, @
@ EDM at most
at two-loop!

Bilinear mixing: L ~ mgm\u

\> portal to the BSM: the Higgs

Not possible in the MSSM,
but possible in composite Higgs models



Possibility considered here:
G.Panico, AP 1603.06609

(also related work by Matsedonskyi |5, Cacciapaglia etal 15)

Lin = €5, : O,
\> portal decouples at higher energies:

e.g.if a constituent get a mass ~/\r

Lpi1 ~ \@.GE@ bilinear mixing generated at /\r

\> Operator of the strong sector that at Air
projects into the Higgs:

0|0 |H) # 0

. c.g. Q.E ~ %%
The larger the scale of decoupling,
the smaller the fermion mass!




Down-quark sector

Decoupling
energy scale

Ag

Ag

Operator

G&mu G@E

Gmm ) @@hm

@Fm , @@hw



Envisaging from explicit examples:

SU(4) strong sector

mv three /H\N:mm 4 (fundamental)

Fermions:
_UV five %m 6 (antisym. matrix)

b urv =0,

add more elementary fermions W
with explicit masses

rel

Myq ﬂHm_‘H, a‘&
Z/_\m M_WR; ﬂH\m
My E_U‘M, E_u



Geometric perspective

_UH: _UHW \X




Geometric perspective

_UH: _UHW \X

Ay AR

small masses by small overlapping with the Higgs
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Emergent flavor structure

0 0 0
g« | 0 0 0
. 0 0 mmv mww
v
0 0 0

oo @0 oo Agv&l

s;, €sp  €Esr mwm A
s

(2) (2)

0 € €sp




Emergent flavor structure

br,br— |
MHZMHN/

A\U—HZQHW/

1) (1 1) (1 1) (1
D 0
© Gx m,mwhv mmww
(1) (1)
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0 mmwv m,mw
0 m@v (2)
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Emergent flavor structure

Down-quark sector

Decoupling

energy scale

Ag

e

Operator

G&mg G@E

@mmu G@hm

G@m , G@hw



Emergent flavor structure

Down-quark sector

Decoupling
energy scale Operator
Ag T @&mu G@E
>m T @mmﬁ G@hm

h@ = mevmwhw @@hw + m@mm G@m |

lin L br

below Ab:

3 1
Ly = >mmL

Am%v@hwv@imww bR)

below AR:

00 0

B g0 0 0 A?wv%L
down — J* AL
00 B3 )\

b g



Emergent flavor structure

Down-quark sector

(2) _ /. (2)
Decoupling Ly = (&, @5+m QSVGQS
enerqy scale Operator @ @
>& T G& @,
rRY Y QL1
below Aq:
2N hmwl\/gw Zm@h@thnm @S+m§©Ev®mAm%v§+m3mm+m3 R)
A, .
below AR:
0 0 0 o
2 2) (2 A H—
A s =00 4262 242 | (42)
b T Obrs O, 0 e

>Hw A 4



Emergent flavor structure

Down-quark sector

Decoupling
Operator
energy scale P
>& b
Ag ] @mmg G@hm below Ar:
1) (1 1) (1 1) _(1
D D AN
Voo (1) (1) Ar
down = Jx s, m&m A >& v
(1) (1)
>@ T G@m 9 G@hw "orda




Emergent flavor structure

“Onion’’ structure:

Y oY,
arYs Y,

ux down =

G () dn
Y5 = 9+€1,€n, Aﬂv ~ my /v

e Smaller Yukawas for large decoupling scale!

e Mixing angles suppressed by Yukawas: 0~ Yi/Y;

CKM mostly the rotation in the down-quark sector!




Similarly for the up-quark sector (and lepton sector)

Decoupling scale t Operator

>§ T G:m
Ag T G&NQGQE




Scales of decoupling:

100 -

—— up-—type
--- down—type
N LT E leptons

- -
—_— TS i~

dimension of the
Higgs operator



20

22 24 26 28

dimension of the
Higgs operator

30

dH:
determines the

profile of the
5D Higgs field



Scales of decoupling:

dH~2 needed to pass FCNC
(“walking TC”: du~2 instead of ~3)

—— up-type
d --- down—type
100 T~ e leptons
Va .......
C2 I U
— 1t 104 lll llllllllllllllllllll
w b SR .....-..:.:..:.u.:::.,. :::::::::
< TRtwa T e nTRTI o
HOO I = === ~=tra-= ~atir - =
m 3" fam
, ]
| }
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
i 20 2.2 24 2.6 2.8 3.0

dimension of the
Higgs operator



Flavor and CP-violating effects



AF =2 | t partly-comp. s partly-comp. bilin. mixing (2nd fam.) | bilin. mixing (1st fam.) Anarchic
s A >Bxzy Y| A > 4z Ak 2 1.8201/a% A > 0224 Arr > 4wy
52 - Air 2 1,/9% A 2 1,/9-

o - Ar = 0.5+/g.a?s AR 2 1,/9%
i - Ar Z 5\/af? Ar Z 5v/af? Ar Z 5\/af? Ar 2 10
bd AR 2 5x¢ Ar 2 624 Ar 2 6x¢

044 - AR 2 0.3/g.0d® AR 2 0.6,/7x
44 - AR > 0.44/a3? AR > 0.3\/a® Ar 2 0.8
wm AR 2 5x Amr 2= Txy Amir 2 0. @Qm Te Ar 2= Txy

05 - Ar 2 0.4./gx AR 2 0.4\/5x
bs - Ar > 1 Ar > 0.1/as? Ar > 1
cu Air 2 1z
s Ar 2 0.7,/g«
a L : ) Amr 2 1.1

Table 2: Bounds on Amr for the different scenarios considered in the text. The effects are separated
according to their origin: from the top (or strange) partial compositeness at Ar, or from the UV
scale Ay at which the second and first families get bilinear mizings to the Higgs. The results are given

in TeV. Entries with a 7-” correspond to negligible bounds, while

2

operator is not generated. The most relevant constraints are highlighted in boldface.

—~” means that the corresponding

Lt = mﬁv\mﬂ



AF =1 7 t partly comp. b partly comp. s partly comp. Anarchic
SLoteFubr  |f - A A > 0.12g. A > 0.12g. A > 0.12g.
SrotVeF,,br - Ar 2 0.8g. Ar 2 0.8g.

5.0 gsGuudr - Ar 2 0.59. Ar 2 1.1g.
Sro" gsGuudr - Ar 2 1.1g. Ar 2 1.1g.
Spy"bp H'i D H |{Am 2 3y/Gemr (%) Arr 2 0.4,/GaTs A 20437 | A 2 3/G57%
Siyrd HY D H A 2 4G () A 2 0.50,/Ga%5 Aim 20557 | A > 4y/gemr

AF =0 _ t partly-comp. b partly-comp. s partly-comp. Anarchic

by b HYi'D W H |[fAm 2 5y/Ge@r (%)} Air 2 0.6,/Ga%5 A 2 0.6,G:@ | A 2 5/G57%
Neutron EDM _ t partly-comp. b partly-comp. s partly-comp. Anarchic
dpoteF,,dr - AR 2 0.24g./a® Ar > 1.2g.\/a% AIR = 2.5g.
urot el ur Air 2 0.9g.
dro" gsGudr - AR 2 0.3g./a® AR 2 1.5g.\/ad AR > 3.2g.
uro"’ gsGuuur Ar 2 1.2g.
cro"gsGuucr AIr 2 19«
bro" gsGLubr — Ar 2 0.6g. Ar 2 0.6g.
trot gsGuutr AR 2 0.249. Ar 2 0.24g.

Leptons t party comp. T partly-comp.  partly-comp. Anarchic
eroteF,er AR 2 1.6,/g ¢ Ar 2 o.mm*/\&ﬂ‘&% Ar 2 Nb*/\g Ar 2 32g.
ot eF,er. r Ar 2 1.2g./afTgaly’ AR > mm*/\ﬁ Ar = 19g.
To' eF L, r Ar 2 o.ﬂm*/\ﬁ Ar 2 1.39. Ar 2 1.39.
To'eFver,r " . y A 2 o.f?)\ﬁ Ar 2 0.4g.

Table 3: Bounds
The results are given in TeV. Entries with a

on Ar from assuming that the top, bottom, etc. are partly composite at AR.

».»

correspond to negligible bounds, while

77 means

that the corresponding operator is not generated. The most relevant constraints are highlighted in
boldface. If a custodial Ppr symmetry [31] is present in the top mizings, the bounds denoted by (*)

are absent.



Different effects at different scales:

Effects from the top

4 AF = 2 transitions

S

M\w
T > Aﬁwhw\v\t@hwv

physical basis
rotation ~Vckm

m_Au DZWA_» DZWW

correlated and all close
to the experimental value for Ajgr~2-3 TeV



Different effects at different scales:

A
Effects from the top
A, T
>& 4 AF = 2 transitions
M\w

Ao T > (Qrsv*Qr3)’

, |
AV Predictions:
Ao e Only CKM phase

. AMp, N AMp,

AMp,  AMB, g\



Different effects at different scales:

A
Effects from the top "
A T
A; T AF = 1 transitions
g«Yt ~ T e o

1 ~ Qr3y'QrsiH' D \H

>m >w
IR
physical basis
A+ rotation ~Vckm
C

»\/.@ -1 A‘\ofszwmm T G\%Eﬁ%m@ + Aa\mxzva%tht AA<oxszw@h + (Vekm)s2st + A<ow§VwH&th:

correlated prediction for K= Uy, €'/€, B—=Xll, Z—bb

all close to the experimental value for Ajr~4-5 TeV



Different effects at different scales:

Effects from the top

L AF = 1 transitions
Ag

| — P

A ~ = Qr3Y'Qr3iH'D ,H
S




Different effects at different scales:

Effects from the strange scale

AF = 2 transitions

physical basis
rotation ~Vckm

€K

close to the experimental value for As~10° TeV



Different effects at different scales:

108
— up-type |
»\/Q ./U --- down-type
d >
(D]
=
=
100 iR —
T 3™ fam
A X Y T T Y,
C e cascamssensnnt?
dy
Ay dH~2 needed

close to the experimental value for A~10° TeV




EDMs

e EDM of u,d,e suppressed by Ag,,..>10° GeV

® | argest constraint from the top EDM:

2
t o G T Weinberg operator
edm — 2 A2

167 At

C

® Two-loop Barr-Zee-like diagrams to de:

w dn & de around the present bound
for Alr~ TeV

Always EDM!




If only one scale for each family:

Decoupling scale

Ay~ Ag ~ A

Ao~ Ay ~ A,

>w2>@2>ﬁ

A

Operator

G&m“ @@E O

UR

Gmm @omu @@hm

@Sﬂ @@hw G@m

Splittings within a given family must be
explained by different mixings (€f) at the respective scales

Only main difference: h—eY gets close to the exp. bound



Other issues:

® Modifications to Higgs couplings:

Similar effects as with linear mixing

® Neutrino masses:

2 9 M&E.|H
. 1 - gzv° [ Air
Majorana: ———L°OyOxgL —— my, >~ =
A2 AR \ Ay
- fordw~2, m, ~ 0.1 —0.01 eV for A, ~0.8—1.5x 10% GeV
dimension-7 operator
. 1 =
U_ rac. — g1 Gm N\Tm for du~2,

>&m —1
v dimension-5 operator as in the SM



Summary

® Flavor symmetries must be an emergent phenomena

® A working example: Flavor from mixing to the BSM
at different dynamical scales (different branes)

e Consistent with all experiments for TeV new-physics scale:

_ *@w _ t
100 ] >Wm (9ij drivtdry)? WMQ@_ (driv"dr;) oMmNm% ;
80+ Il AM; neutron EDM - *
I 9ij = Yoz (Vorm)is(Vora)ag
60 M ex ol electronEDM -~ - cron e
> - M Bopw  WMpoey -.w
T
2N
G 10ferr

multiple flavor 3" family 21 family anarchic
scales partly comp. partly comp.

F many observables around the corner!



