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lw’ccrpre’ciw@ other “null results”:
the absence of new flavor sources
loeg ond the SM




Adfter many years,
no clear progress ow the origin of flavor in the SM:
Mawny tdeas, but without sharp predictions
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.. contrary to gauge couplings —> predictions from GUTS
Higgs gquartic — predictions from SUSY or Composite Higgs



Adfter many years,
no clear progress ow the origin of flavor in the SM:
Mawny tdeas, but without sharp predictions

.. contrary to gauge couplings —> predictions from GUTS
Higgs gquartic — predictions from SUSY or Composite Higgs

In BSMs for the hierarchy problem things are even worse or more
interesting), AS generically predict wew sources of flavor...

(Fv™ 1) (Frvafr) =3 €, €€, AMg, B XI, ...

not sertous deviation seen!




“Cheap” way to avord them:

w Demand stmilar BSM flavor-structure as in the SM:

Minimal Flavor Violation (MFV)

Flavor under control for new ph 55105 scale at ~Tev

—dad

but global symmetries are accidental

So, why/how they arise?
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Sy mwmetries from d Yna mLeS!

But only few examples Rinown.:

SUSY: Gqauge Mediated Susy Breaking (GMS®B)

soft-masses through gauge tnteractions (flavor blind)

but toda Y mintmal GMS®B lf\igth tuned to reproduce m,,~125 Gev

Begjowd mintmal models... EDMs are stzable!

Mg \°
d, ~ 107°% t
0" “"cme (10 TeV> an [3




Sy mwmetries from d Yna mLeS!

But only few examples Rnown:

COVM,Posite Hiogs:

Morve difficult, as we must address the origin of Yukawas:

Higgs assoctated to a composite operator: Oy ~ U

As dimenston of OH Ls Llarger than 1 (dw>1)

Yukawas, ffOH, are Lrrelevant couplings!

we cannot ‘Puslfl thelr origiw to Pla WGIQ—‘PM gsics!



Sy mwmetries from d Yna mLeS!

But only few examples Rinown.:

Oomposi’ce Hiogs:

Most Linteresting possibility:

Yukawas from Linear mixing to operators of the strong sector:
[flin = €f, fz @, f; (portal of f; to the strong sector)

\> depending on the dimension of Of, we can have
relevant or irrelevant couplings

w Large or small mixings =x.



O (1) numbers (anomalous dimensions Yi of Of)
cawn Lead to large hierarchies:

From the RGE:

o |

A Vi |

w small mixings at AR

The smaller mixing, the smaller the mass:

oINS el AT}

\> coupling of the strong sector



Explicit example (for the top): arXiv:1502.00390

SU(4) strong sector

a) three W € 4 (fundamental
Fermions: ) LRS! ) } YUYW = Otop
b) five TE 6 (antisym. matrix)
Operator that can
Global sym. be coupled to the top

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

v

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

dimension at weak coupling: 9/2
dimension needed at strong coupling: 5/2 (Y= 2)

Possible? Lattice could tell us!



AdS/CFT perspective

- easier from string theory?



Flavor & cP-violation constraints

2
Ix

A2 CfiCfiCfCf fﬂufjfk%fl
Afr

\S> scale of the strong sector: expected ~Tev

€k bound: A > 10 TeV

gf gxU

€fi€f; fiaw/fj g+

1672 A%R

EDM bound: An > 100 TeV (%)

U—eYy bound: A > 60 TeV (%)



arXiv:1106.6357

Other alternatives: arXiv:1203.4220

Cowstoer some SM fermion fuLng composite:

For example: QRr UR, dr

1f arise from a strong sector with elementary fermions,
it Ls not unconcelvable to be flavor symmetric

ALL flavor mixings from Left-handed:

2

But also gewem’ced: i; (ﬂR%LuR)Q

IR

give deviation in dijets distributions, pp = jj: AR Z 20 TeV (%)



Towards suppressing EPMs:

Avotd Linear mixing of Light fermions to BSM:

Liin = €4, f@ Oy, @

Bilinear mixing: Ly ~ ﬁ@ Hfj é

Not possible in the MSSM, EDPM at most at
but possible tn composite Higgs models two-Loop!



PossibiLitg constdered here:

£lin — €, JF’L sz

G.Panico, AP 1603.06609

(also related work bgj Matsedowsi’egi 15, Cacciapaglia etal 15)

S portal decouples at higher energies:

p_ Y

E.9. Uf a constituent get a mass ~/\y

Ly ~ [iOrf; bilinear mixing generated at Ns

\> Operator of the strong sector that at Ar

The Larger the scale o

projects tnto the Higgs:
0|0 |H) # 0

€.9. Oy ~ Zz?ﬂ
f decoupling,

the smaller the fermion mass!




Down-quark sector

Decoupling Operator
energy scale
Ag OdR’ OQLl
AS OSR ] OQLQ
Ay ObR ) OQLB



Envisaging from explicit examples:

SU(4) strong sector

a) three \IJL’RE 4 (fundamental)

Fermions:
b) five TE 6 (antisym. matrix)

b orw =0,

add wmore elementary fermions W
with explicit masses

rel

Mvyq \E'T q{j
Mys \HT \IJS
My \Iij \Ijb
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AdS/CFT perspective

Ap Ar
CFT; @& CFT, & CFT,— CFT,



Arising flavor structure

Down-quark sector

Decoupling

energy scale Operator
Ag OdR? OQLl
AS OSR? OQLQ
A ObR ) OQLB



Arising flavor structure

Down-quark sector

( (3)

Decoupling Operator lin — Ebi)@LB Oqps + €4, 08 Oby,

energy scale
below Abp:

Ag OdR’ OQLl )
Ly = A1 (Ezgi)QLs)OH(Gz(,?bR)
b
AS OSR? OQLQ
below AR:
0 0 0
A dyg—1
ydown — Gx 0 0 0 (%)
Ab 0 0 eéi)eé:;) ’




Arising flavor structure

Down-quark sector

) = (2>QL3‘|‘€ Qr2) 00,

lin

Decoupling
Operator
energy scale| ¥ 2+ @) O,
Ay
below Aq:
Agif—l (Eé?QLS +eVQra + GglL)Qm)OH(E&) br + €eMsp + eélR)dR)
Ag
below AR:
0 0 0
A di—1
b Ovacl)QL:a Viown = g« | O eg)e%) egi)el(f) (AIR)
2) (2) As
0 €, €sn



Arising flavor structure

Down-quark sector

Decoupling

energy scale Operator

e
AS OSR? OQLQ

Vdown = 9+
Ay ObR ; OQL3

below AR:

1) (1) (1
[« i eé) i, o
)

1
\ by, eglp?

(1) _(1)

€dr €or

)

/



Arisiv\,@ ﬁavor structure

“onlon” structure:

Y afY,
oY, Y,

y down =

dp—1
W 6 (AR
Yr= €11, € fr (A—f> — mf/?}

® Swmaller Yukawas for Large decoupling scale!

® Mixing angles suppressed by Yukawas: 0i~Yi/Y,

CKM mostly the rotation in the down-guark sector!




simitartg for the up-quark sector (and Lepton sector)

Decoupling scale Operator

Au OUR
Ag OdR ; OQLl

Ag Os,,
AC OCR? OQLZ
Ab ObR



Scales of decoupling:
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L dimenston of the Higgs operator
(O ~7TT)



Scales of decoupling:

7‘ —— up-—type

3 ~F - --- down-type
'k ~N; R

4 106 ~30 R leptons .
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L dimenston of the Higgs operator
dn~2 needed to pass FCNC ( O ~TY )
(“walking TC”: dy~2 instead of ~3)



Flavor and OP—\/ioLatiwg effects



Different effects at different scales:

E{fects from the top

AF = 2 transitions

phgsicaL basts

rotation ~VckMm

<

€x, AMg4, AMg;s

correlated and all close
to the experimental valuwe for Air~2-3 TeV



Different effects at different scales:

E{fects from the top

AF = 2 transitions

Interesting predictions:

® Only CKM phase

, AMp,  AMp,
AMgp, ~ AMpg, |,

S



Different effects at different scales:

E{fects from the top

AF = 1 transitions

_ 4
Q3" Qr3iH' D H

phgsicaL basts

rotation ~VckMm

<

K—uu, €€, B=XIl, Z—bb

correlated and all close
to the experimental valuwe for Air~4-5 TeV



Different effects at different scales:

Effects from the top

AF = 1 transitions

~ g*ZYt Qrsy'QrsiH' D ,H
Afr )

> , %\,6 /
_ed V=Xl Zbb
/
Y _erelated and all close

to _aeexperimental value for Air~4-5 TeV



Different effects at different scales:

Effects from the strange scale

AF = 2 transitions

ot
¢
‘Q
x
Q)
~
(\)
Va
2
"l
Y
O
~
N

phgslcaL basts

V' rotation ~VckMm

€K

close to the experimental value for As~10° TeV



Different effects at different scales:
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Like tn “walking” TC, we need Large

anomalous dimension for On:

Og ~ Y du~2  (y=1)

=T

lf S0, theorg close to an unstable ‘PDLWC L the ¢
For du<22, relevant stnglet i the theory:

dimL|0xP1<4 (large N)

Onl?



Like tn “walking” TC, we need Large

anomalous dimenston for OR:

O ~ Y du~2  (Y=1)

l-(: S0, theara close to an unstable ‘POLV\,‘C L the CFT:
For dy<2, relevant singlet in the theory: |Og|?

dimL|0xP1<4 (large N)

dp~2 w dim [ |0n*]~4 marginal deformation

>

usefvd, to generate AR <Mp: O(

*es
-----------------------------------




Like tn “walking” TC, we need Large

anomalous dimenston for OR:

O ~ Y du~2  (Y=1)

!-(: S0, theorg close to an unstable ‘POLV\,‘C L the CFT:
For dy<2, relevant singlet in the theory: |Og|?

dimL|0xP1<4 (large N)

dp~2 w dim [ |0n*]~4 marginal deformation

>

usefvd, to generate AR <Mp:

X
From AOS/CFT: near conformal
dim of CFT operator & mass tn AdS
| |
5P thggs mass slightly o1/ Ve

below the BF-bound: m? = —4 —¢_ 4

~ q
~



EDMS

® EDM of w,d,e suppressed by Ndue>107 GeV

® Largest constraint from the top EDM:

weilnberg operator

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

w dn & de arouwnd the present bound
for AR~ TeV

ALwags EDMI



Hf only one scale for each family:

Decoupling scale Operator

Au ~ Ad ™~ Ae OdRa OQLl OuR
Ae ~ A NA,LL OSR OCR,OQLQ
Ay~ Ay ~A. L O Ogps Oy

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

Ownly main difference: n—>ey gets close to the exp. bound




Other Lssues:

® Modifications to Higgs couplings:

Similar effects as with Linear mixing

® Neutrlno masses:

1 g2v? A\
’ = X
Malorana: L*OyOnlL My = ( >
4 A2dm 1 A \ Ay
for dp~2, my ~ 0.1 —0.01 eV for A, ~0.8—1.5x 108 GeV

dimension-#* operator

, 1 _
Dirac: AdH_l OHLVR fOV dH—"";Z,
g dimension-s opemtor as L the SM



S ra

Flavor from dywnawmical scales (bilinear mixing)
consistent with BSM TeV ph 5sics

neutronEDM - -
W electronEDM - I

multiple flavor 3" family 28 family anarchic
scales partly comp. partly comp.

L-P mang observables around the corner!

BUYS You more tume to dream...



