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SM and Flavor

Interaction Basis — Mass Basis
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Flavor and NP

Flavor Physics a((ows to test enormous mass scales (FCNCs) ...
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suppressed (GIM) — large NP sensitivity g« ~ 1;Myp > v
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Protection mechanism for NP?
Partial Compositeness, flavor symmetries, ...
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Flavor Puzzle as Motivation for NP

* Large hievarchies in quark + lepton masses
and in CKM matrix
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Hints for NP in Flavor Physics
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Hints for NP in Flavor Physics
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Flavor Puzzle as Motivation for NP

* Large hierarchies in fermion masses
and in CKM matrix

m [GeV]
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Hierarchy Problem & Flavor Puzzle as Motivation for NP

* Instability of Higgs mass * Large hierarchies in fermion masses
and in CKM matrix
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Composite Higgs

Models

* Higgs is composite at small distances JE&

- (new strong force)

= iHl'emrchg Problem solved

* Higgs = (pseudo) Nambu-Goldstone Boson

of spon. broken global symmetry 200
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* MCHM: SO(S) - 50(4)‘ Contino, Nomura, Pomarol, ph/0306254

" Agashe, Contino, Pomarol, ph/0412084

minimal: 4 Higgs dof (SO(5)/S0O(4)), custodial sym.

=

PANIC 21

Kaplan, Georgi, Dimopoulos, ...

F. Goertz




Composite Higgs Models

Kaplan, Georgi, Dimopoulos, ...

Addresses the flavor puzzle:j\
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S0(5)—- 50(4) Composite Higgs

composite

AT elementary N
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f — N at scale A (new confining force) Q-
0" h,SM m, =0 C
* Higgs as composite Goldstone

*  Confining group Grc=SU(Nrc), SO(Nrc), Sp(Nrc)
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Coupling to SM breaks 50(5)
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See Contino, 1005.42649, Azatov, 1212.1380, Bellazzini, Csaki, Serra 1401.2457,
Panico, Wulzer, 1506.01961 & Goertz, 1812.07362 for comprehensive & condensed reviews
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Partially Composite Fermions
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See Contino, 1005.4269, Azatov, 1212.1380, Bellazzini, Csaki, Serva 1401.2457,
Panico, Wulzer, 1506.01961 & Goertz, 1812.07362 for comprehensive & condensed reviews
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Partially Composite Fermions
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See Contino, 1005.4269, Azatov, 1212.1380, Bellazzini, Csaki, Serva 1401.2457,
Panico, Wulzer, 1506.01961 & Goertz, 1812.07362 for comprehensive & condensed reviews
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Partially Composite Fermions
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/

See Contino, 1005.42649, Azatov, 1212.1380, Bellazzini, Csaki, Serra 1401.2457,
Panico, Wulzer, 1506.01961 & Goertz, 1812.07362 for comprehensive & condensed reviews
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UV Completion?!
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PANIC 21 Cacciapaglia, Pica, Sannino, 2002.04914 E  Goertz




Models of Lepton Flavor
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Models of Lepton Flavor
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/: ‘Anarchic’ Model
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/: ‘Anarchic’ Model
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1: ‘Anarchic’ Model
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2: Flavor Symmetries

resonayness

1003.3552

<1

Gy Ay X Zn Sa X Z% XXZN | A@RT)xZyxZy | Ss | T' | U(N)

Ref Csaki, Delaunay, Grojean, Hagedorn, Serone, Hagedorn, Chen, Ding, Alma, Rojas, Frank, Chen, von Gevrsdorff,
. Grossman, 0806.0356 1106.4021 Serone, Valle, 1509.06683 Hamzaoui, |Mahanthappa,| Quiros, Wiechers,
11104612 Pourtolami|Yu, 1208.4300
. ' 09073963
del Aguila, Carmona, Hagedorn, Serone, Iigirféz . Frigerio,
Santiago, 1001.5151 11104612 Nardecchia,
Servra, Vecchi,
Kadosh, Pallante, 1004.0321 | Ding, Zhou, 1807.04274
1304.2645
Kadosh, 1303.2645

X € {45, A(96), A(384)}
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2: Flavor Symmetries

Stroyy seetor

resonayness
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11104612 Pourtolami|Yu, 1208.4300
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3: Minimal Seesaw Model

Carmona, FG, JHEP (1410.8555)
e Carmona, FG, PRL (1510.07658)
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3: Minimal Seesaw Model

Carmona, FG, JHEP (1410.8555)
e Carmona, FG, PRL (1510.07658)
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3: Minimal Seesaw Model

Carmona, FG, JHEP (1410.8555)
e — Carmona, FG, PRL (1510.07658)
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Unificati f LH and RH fields!!
Atieation © n l lr vr Cr YR seesaw triplet

very minimal realization of lepton sector... (i
- small m,
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3: Minimal Seesaw Model

Carmona, FG, JHEP (1410.8555)
e — Carmona, FG, PRL (1510.07658)

i
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resonayness
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3: Minimal Seesaw Model

Carmona, FG, JHEP (1410.8555)
—_— Carmona, FG, PRL (1510.07658)
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s ™ E e
Of fundamental )‘L 70 Al >‘R 70 AL
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O symmetric | A’YL A’YR
e B
Unification of LH and RH fields! 0 v ln g

very minimal realization of lepton sector...

omly 2 0f » = strong flavor protection: ‘
0 < € < el < € flavor sgmmetry broken by single spuwon-edmgoma(lze

& custodial protection for Zlplp
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3: Minimal Seesaw Model

Carmona, FG, JHEP (1410.8555)
— Carmona, FG, PRL (1510.07658)

+ Lepton compositeness solves
issue with ligb/\t/ top partners:

€R
Car;joma,1z"2ievszP (:)4-10,8555)
Carmona, FG, PRL (1510.07658)
o, N 4 4
Or, fundamental LoD )‘L l_;g Oe + >‘R Eg (,)g
OL ¢ tri mix ’ L™~ L ; RY™R
Og ymmetric ) A’YL A’VR
pe . y
Unification of LH and RH fields! 0 v ln Sh

very minimal realization of lepton sector...
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4: “Minimal” Fundamental PC

Sannino, Strumia, Tesi, Vigiani, 1607.01659

Stroyy seetor
@ ’ f resoyiees
e'~1 |
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Flavor Observables

Flavor Physics allows to test enormous mass scales (FCNCS) ...

suppressed (GIM) — large NP sensitivity g ~ 1;Myp > v

A (TeV) (|C|=1) LFV Process
CLe 6.3 x 10 1 — ey
Che 1.6 x 10 1 — 3e
Cte 1.4 x 10* - Au — e Au
Ces 6.5 x 10* T — ey
T 2
C 6.1 x 10‘ T — uy
C* 2.7 x 103 p — ey [1-1oop]
oy 28 T — ey [1-1oop]
- 26 T — py [1-loop]

Protection mechanism for NP?
Partial Compositeness, flavor symmetries, ...
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Lepton Flavor Violation

and Dipole Moments

O)y =evF, Loty
Dipole operator

u-=ey t=pl=c

BR(p — ey) <4.2 x 10713 @90% CL

Baldini et al., 1605.05081

BR(T — ey)<3.3 x107°
BR(7 — py)<4.4x 1078

RPP 2020
Electron EDM A=l"=ec
spin —
&t d, < 1.1 x 10~ Pecm
| ¥ ACME 2018

spin
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LFV 7: ‘Anarchic’ Model

and Dipole Moments

7 /
O)y =evFylro"ly
Dipole operator

U= ey t=pl=c

BR(pu — ey) = 967‘(‘262 ‘ +|C7,| )

ny 1 92 o e C’y \/I gi e _ K
ue 2 €LE¢R> epn ™ 2 €LER
1672 \/2m?2 1672 \/2m?2

Electron EDM =l=¢ |
T-Reversal 3
ﬁ d} e g3 ..
de ~ Im(ce) 755 m2 LR/
O(1)eC
My ~ G f

See also Agashe, Blechman, Petriello, hep-ph/0606021
Csaki, Grossman, Tanedo, Tsai, 2004.2037
Keren-Zur, Lodone, Nardecchia, Pappadopulo, Rattazzi, Vecchi, 1205.5803

Agashe, Bauer, FG, Lee, Vecchi, Wang, Yu, arXiv:1310.1070
PANIC 21 79%% . i F. Goertz
Frigerio, Nardecchia, Serra, Vecchi, 1807.04274




LFV

and Dipole Moments

7: ‘Anarchic’ Model

0 /
O)y =evFylro"ly

Dipole operator

U= ey t=pl=c

BR(p — ey) = 967T2€2

O

e 16m2 \/am2 L R> “eu™ 167r2\/§ 2 €LER
Ve 3 7 N -~ Y
7 = L\l + e s A e
m VU TR Y ey e .
gx ~4—» m, = 80TeV
Electron EDM =l=¢ |
... T-Reversal 3
650 ¢ e
de ~ Im(ce)167r2m_§ L %\ﬁ
O(1)eC
My ~ G f

See also Agashe, Blechman, Petriello, hep-ph/0606021

Csaki, Grossman, Tanedo, Tsai, 1004.2037

Keren-Zur, Lodone, Nardecchia, Pappadopulo, Rattazzi, Vecchi, 1205.5803
Agashe, Bauer, FG, Lee, Vecchi, Wang, Yu, arXiv:1310.12070

Frigerio, Nardecchia, Serra, Vecchi, 1807.04274
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LFV

7: ‘Anarchic’ Model

and Dipole Moments

) A— 0 /

Dipole operator
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) ereh?2 + |€fen]? S > 2 20TeV
ms LREH IR S L~ .
Electron EDM =l=c
= T-rReversaI : 3 - \/i .
ﬁ — h € gy v my~ gV 2 €€ My =
D de ~ Im(ce)ﬁm—zeieﬁﬂ i a -2 75 TeV

Exchange of heavy resonances g

See also Agashe, Blechman, Petriello, hep-ph/0606021

Csaki, Grossman, Tanedo, Tsai, 1004.2037

Keren-Zur, Lodone, Nardecchia, Pappadopulo, Rattazzi, Vecchi, 1205.5803
Agashe, Bauer, FG, Lee, Vecchi, Wang, Yu, arXiv:1310.12070

Frigerio, Nardecchia, Serra, Vecchi, 1807.04274
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Lepton Flavor Violation

and Dipole Moments

u—ey

€

0 v !
O)y =evFylro"ly

Dipole operator

t=pl'=c|

BR(,u—)e'y)—967r262 (| e| +‘C’ ‘)

Electron EDM

E T-Reversal h
5 ™
spn

PANIC 21

U=l=¢ |

1. Anarchic Model

2./3. A/ Min. Seesaw

4. MFPC

= >20TeV
g«

Im(ce)~1

M > 75 TeV
s
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Lepton Flavor Violation

and Dipole Moments

O)y =evF, Loty
Dipole operator

1. Anarchic Model | 2./3. A./Min. Seesaw 4. MFPC

u-=ey t=pl=c

"

wsl C g s my Lz

P o > 20 TeV >(0.1—1)TeV
8w el s e et WV Jx O«

= 10710 |, S 3",::.“‘:**.‘ ::,".:, “;».ﬁ*; ey
t A T N
32 . Y
Q 107

0 0.02 0.04 0.06 0.08 0.1

v/A
Ay—model with g, =4, m,=3TeV
del Aguila, Carmona, Santiago, 1001.5151

Im(ce)~1
Electron EDM U=l=c m
g T-Reversal h a z 75 TeV

spin
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Lepton Flavor Violation

and Dipole Moments

0 v !
O)y =evFylro"ly

Dipole operator 1. Anarchic Model | 2./3. A,/Min. Seesaw| 4. MFPC (m% ~ 1)
= ey = t=c]
7 e
e N N m m m
g . — ‘ . s * s . * S .
"L~ —(f) e, S JETC}—(ﬂ S ® ‘ PR 20 TeV , 2(0.1-1)TeV , 20.1TeV
| MFPC Flavor structure induced by :
| - fundamental constituents :
} If ms ~ 1 (< mass only via TC ints.) :
v \\—){:(JZ@ ~ Yo \ - diagonal, real
Im(c.)~1
Electron EDM U=l=¢ | . -
g T-Reversal ﬁ - Z 75 Tev * >O,]_ Tev

More stringent limits from Z — ff ...
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Lepton Flavor Violation

and Dipole Moments

In general less stringent bounds from

1t — e conversion & i — eee

TNy

I'(pAu — eAu) 7% 10-13
Leapture (1Au) SINDRUMII VY.,

2> 3TeV K

PANIC 21

1. Anarchic Model

2./3. A/ Min. Seesaw

4. MFPC (m% ~ 1)

T >90TeV | 2>(0.1-1)TeV| —£>0.1TeV
Im(ce)~1

2 > 75 Tev M > 0.1 TeV
g* g* ~

F. Goertz




LFU Tests

Rg =

Rz =

_ B(BT = K'p'p™)

B(Bt — Ktete™)
_ BB = K*ptu”)

-~ B(BY — K*ete)

SM: Rxk~Rg~~1

Wilson coefficient

5\

A
K

™

[ L 6] exp |
R[ : _ +0.042 +0.013
¢ = 0.846 5039 “o.012

Yy,

-

Ryt 0% = 0,697 53 +£0.05

LHCb 2103.11769, 1705.05802

1
rab e ! BaBar
Belle | 0.1<¢? <8.12 GeV?
|
I Belle
—_—
12 ] 10<q? <60 GeV?
|
SM 1 LHCb 3 fb!
o 10f - _ ! 1.0<q? <60 GeV?
N . LHCb 5 b
—F— 1
0.8} | 1.1< ¢ < 6.0 GeV’
1
I LHCh 9 fb™*
06l el 1.1<q? < 6.0 GeV?
b — sppu LFU, By — pp all rare B decays i ;
I

best fit  pull

best fit pull

best fit pull

== <
P
1Ry -
‘\\:\7 . }/I
T T
05 1 1°5
0.4L, I ) | | . . . R
06 07 08 09 1.0 11 12 13 K
Rk

bspips _ () {7+0.19 _ () 74+0.20 _ () (+H0-14 ( )
Co 087001 480 | —0.7%n 4lo| —0807,;, Wok@ Altmannshofer, Dev, Soni, Sui, 2002.12910 ... 3.1co LHCb 21
g +0.497928 1.90 | +0.607011 4.70| +0.557013 480
G = g —0.601013 430 | —0.3520%8 460 | —0.41200 (590

Altmannshofer, Stangl, 2103.13370

05 = (57, PLb)(17*"0)
O = (57, PLb) (64" v5L)
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LFU Violation

BBt = Ktputu™) Rl 0.042 +0.013 )
Ry = BB = Krete) | R = 0.846 5039 o012 |
B B(BO — K*M+M_) [1.1,6]exp +0.11
R = B s RO = 0,690 4 0.05

LHCb 2103.11769, 1705.05802

/RK; Ry« # 1 generic prediction in CHM

0 .

/stro'/\.g sgetor

y 1250700025

Z/
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LFU Violation

_ BB = K utu™) Rl 0.042 +0.013 )
= B(B+ — K+ete™) Hie = 0846 T5.039 “oon> |
B(B® — K*uu™)
RK* :

 pllLlexp _ +0.11
BB o Koete R = 0.695040 4 0.05

LHCb 2103.11769, 1705.05802

1 .2p1p1
gt 1 2\ (1 2
OXY = (QX’Y,LLQX)(ZY’YNKY) @
| 1.2 /1,2 2 1 42 |
—c 6 €y € 10
XY m2 XXy Y LH muons 9*2 GiE%EZE% ~ 2
i ms TeV
1.4 =
e 2 =3
e ’;},‘?’ g* S b e e 10
G . Zen..  RH electrons: —5€x€x€pep ~ 4 -
- mz T6V2

X=L,R

0.8r

o6t~

0.‘6 0.8 i 0 . I
R Carwxona FG EPJC (1712.02536)
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LFU Violation

+ + -
RK:B(B — KM ptp”) R%’G]GXP_OE%% 10.042 10.013
o B(B+ — K+€+e_) —0.039 —0.012 /\
* 4+ ,,—
_ B(B — K" ) [1.1,6]exp <0 1
Ry = RO — 0691011 + 0,05
B(BY — K*ete™)
LHCb 2103.11769, 1 705.05802
1 2£1£1 1 2 il 2
O?{%f = (QX’YMQX)(KY’YWY) @
[ 1.2 /1,2 L g2 ot g2 )
q 00 g* q oy 2 -3
~ el e e 10
XY m2 X XY LH muons: 2 €5 b et el ~ 5
| o m? TeV
- o 2 10—3
Am’"g S2¢20r 8 RH electrons: g—’;eﬁfeg(eeRe% ~ 4. >
- 4 resonayess ms TeV
/ X=L,R
o)
ef <1

Rather small effects natural in anarchic setup
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LFU Violation

R, — BBt — Ktutu™)
5= BBt — Ktete)

Ry

R%’G] P _ 0.846 +0-042 +0.013

3

—0.039 —0.012

-

_

| 1.1,6]exp
Ry

= 0.6970 o7 + 0.05

LHCb 2103.11769, 1705.05802

1. 2,)1p1

qq el _ -1 2\/71 2

XY = (QX%%{)MY’Y KY)
' 2 N

q'q? e Yk Eqleq2 Egj €§/2 72 10-3
A m2 X X LH muons —26%6%6%6% ~——s

ms TeV
1.4
\\\ CESP 57 NP
S 7" Cos,; (u-e).

PANIC 21

0.8r

o6t~

0.6 0.8 1.0

1:2 114
re Carmona, FG, EPJC (1712.02536)

Fit anomalies
(and use other chirality to reproduce mass...)
Niehoff, Stangl, Straub, 1503.03865
Megias, Panico, Pujolas, Quiros, 1608.02362
Megias, Quiros, Salas, 1703.060149
Megias, Quiros, Salas, 1707.08014
Sannino, Stangl, Straub, Thomsen (MFPC), 1712.07646
Frigerio, Nardecchia, Serva, Vecchi, 1807.04274
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LFU Violation

™

_ B(B* = Krptp”) |

- plLSlexp 0.042 +0.013
R = 2o Krete) | Ry = 0.846 5039 L0012 |
B(BY — K*u*tu™) L1l
B = -1,ojexp _ +0.11
K = BE S Koo Ry 0.69-5 3} +0.05

LHCb 2103.11769, 1705.05802

1. 2,)1p1

qq° e /-1 2 1l 2
OXY = (QX’YMQX)(KY’YWY) @
' 2 N

1 29192 1 2 1 2

g'q?ee® 9« gt q* 0 4 2 _3

€y €y EVE 10
XY m2 X XY LH muons g—Zeie%e%e% ~——
me TeV

Fit anomalies
(and use other chirality to reproduce mass...)

Niehoff, Stangl, Straub, 1503.03865

Megias, Panico, Pujolas, Quiros, 1608.02362

Megias, Quiros, Salas, 1703.060149

Megias, Quiros, Salas, 1707.08014
. <« Sannino, Stangl, Straub, Thomsen (MFPC), 1712.07646
0‘5’_ g ’ Frigerio, Nardecchia, Serva, Vecchi, 1807.04274

[1.1,6.0]
Ry,

05 - - - . . - -
05 06 07 08 09 1.0 L1 12 13 14
[1.0,6.0]

Ry
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LFU Violation

~

_B(BT = KTpp) R plLlesp 0.042 40.013
R = 2o Krete) | Ry = 0.846 Z5035 Lo.01 |
B(BY — K*u*tu™) [ LL16e

B = -1,ojexp _ +0.11
K= BT S Footes RL: 0.69203% +0.05

_

LHCb 2103.11769, 1705.05802

1. 2,)1p1

qq° e /-1 2 7l 2
OXY = (QX’YMQX)(KY’YWY) @
e 2 '\‘

1 2,12 1 2 1 2
q'q? et 9« q' ¢* o v 5 _3
~N ——€r €3 €€ 10
XY m2 X XY LH muons 9—2626%6%6% ~——s
me TeV

pu—— S

= -
Aromg s4etor

120N 0NCL5 Fit anomalies

(and use other chirality to reproduce mass...)
Niehoff, Stangl, Straub, 1503.03865
Megias, Panico, Pujolas, Quiros, 1608.02362
Megias, Quiros, Salas, 1703.060149
Megias, Quiros, Salas, 1707.08014
Sannino, Stangl, Straub, Thomsen (MFPC), 1712.07646
Frigerio, Nardecchia, Serva, Vecchi, 1807.04274

<1

Rather small effects natural in anarchic setup Origin of lepton compositeness?
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LFU Violation

BBt = Ktputu™) Rl 0.042 +0.013 )
Ry = BB = Krete) | Ry = 0.846 5039 o012 |
B B(BO — K*M+M_) [1.1,6]exp +0.11
R = B s R = 0,69 80k +£0.05

LHCb 2103.11769, 1705.05802

RK; Ry~ # 1 generic prediction in CHM

i T

"" 1, e 1, 2 _3
>C/'0/‘.:’j szccor 10
1230000025 RH electr.: 9*2 €% eg( eeRe% mo Al 5
B ms TeV
UR X=L,R

Large effects predicted in min. seesaw model! Carmona, FG, JHEP (1410.8555)
Carmona, FG, PRL (1510.07658)

PANIC 21 F. Goertz




LFU Violation

_ BB = K utu) Rl 0.042 +0.013 )
Ry = BB = Krete) | Ry = 0.846 5039 o012 |
BB — K*utu™) - l116]exp +0.11
R = B s R = 0,69 80k +£0.05

LHCb 2103.11769, 1705.05802

/RK; Ry« # 1 generic prediction in CHM

[AMgg/AMEM -1

.. ——»|corvect direction

R+

- Ry, R~ > 1 would have excluded model

e Carmona, FG, EPJC (1712.02530)
I TR o Carmona, FG, JHEP (1410.8555)
R Carmona, FG, PRL (1510.07658)
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LFU Violation [/

REP = 0.340 =+ 0.030

(B
= ) ¢ exp __
. B(B— D*r) > NP? ¢ - REP =0.2950.014
N (B 1909.12524 and hflav.web.cern.ch

RM = 0.293 + 0.008
RM = 0.257 +0.003

v

-

]
»

=y
.
|

0. 15 e -
[ Natural CH explanation very challenging
0.0k Megias, Quiros, Salas, 1703.0601.9 130 B
Megias, Quiros, Salas, 1707.08014 ~
0.050 1 Sannino, Stangl, Straub, Thomsen, 1712.07646
I > ) ] Carena, Megias, Quiros, Wagner, 1809.01107 1.1 =
oS 0.00 S
= <
g S e B
r a 0.9 s
—0.051- QU i
I ~< * g A
i - = g
=010 071 STV g8 = —49T
i 1 = gs, = +4gr
—0.15 |
'90.10 —-0.05 000 005 010 015 020 0.25 = gs, =+dgr €:R
CiL oW v
4G . 4 , 0.5 0.7 0.9 1.1 1.3
i N = Ui (o =
Loomirs = =8 5 Vi (1) @ bu) (7v1) — 2 (@) ()

i=1,2 RD/R%M

Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558 Angelescu, Becirevic, Faroughy, Jaffredo, Sumensari, 2103.12504
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LFU Violation [/

— Dri) A , ;  RS® =10.340 £ 0.030

B( L0

= ' exp
B(B — D*rD) : RSP = 0.295 4+ 0.014
B(

v
-
]

=y
b*
|

1909.12524 and hflav.web.cern.ch

Bauer, Neubert, 1511.01.900 R%M = (0.293 £ 0.008
RM = 0.257 +0.003

0.15

Natural CH explanation very challenging

0.10f Megias, Quiros, Salas, 1703.0601.9

1.3} Exp
Megias, Quiros, Salas, 1707.08014 —
0.05 1 Sannino, Stangl, Straub, Thomsen, 1712.07646

I “ ] Carena, Megias, Quiros, Wagner, 1809.01107 1.1+ -

8000 ZA
, , S N -4
; Attractive Candidates: Leptoquarks = S
~0.05(- 2 o
' <

/ " == Jvi.
—0.10- —
r 0.7 9s, = —4gr

gs, = +4gr

0156 | ]
2010 —005 000 005 010 015 020 025 -

(e}
CLL

gs, = +dgr € iR

PSS N S (N N N N (N (N N S S N M|

0.9 1.1 1.3

oo
w” '
o
-1

4G ) - ) ;
s B 5 wb[ 103 ) @yebr) (Forvs) — 2%, <a1bR><fRuL>} ‘
V2 i=1,2 ( ) RD/R%M

Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558 Angelescu, Becirevic, Faroughy, Jaffredo, Sumensari, 2103.12504
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LFU Violation [/

0.340 £= 0.030

( 1 eXp
] —
., B(B— D*tp) : cD
RD = = . J
* 01 — :
B(B — D KV) l=e, T 1909.12524 and hflav.web.cern.ch
SM
Bauer, Neubert, 1511.01900 RD _ 0293 == 0008
SM
Rpy = 0.257 £ 0.003
0.15 i . )
[ Natural CH explanation very challenging
0.0k Megias, Quiros, Salas, 1703.06019 1301 Exp
i N Megias, Quiros, Salas, 1707.08014 p——
0.050 i Sannino, Stangl, Straub, Thomsen, 1712.07646 I
I Carena, Megias, Quiros, Wagner, 1809.01107 1.1- =
o5 oo Cir=0 24
o L s
g SA - 7
_ Composite Leptoquarks T o ™
—0.05- [~ b e
[ Barbieri, Murphy, Senia, 1611.04430 = S _
i Blanke, Crivellin, 1801.07256 .
[ Fuentes-Martin, Stangl, 2004.11376 0.7+ ==
oqsleit. .. | Y N II (see also Gripaios, Nardecchia, Renner, 1412.1791) =
Z010 —005 000 005 010 015 020 025 I gs, = £4gr € iR
CiL 0.5 ¥ . I P M-
4G N - 0.5 0. 0.9 1.1 1.3
Coomirs = =0F 3 Vi [(1 03 (@ube) (i vi) — 2C (wbr) (PR ) .
i=1,2 RD/Rb

Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558
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Angelescu, Becirevic, Faroughy, Jaffredo, Sumensari, 2103.12504
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LFU Violation [/

=y
b*
|

B — D*{D) (=e,p :T

Bauer, Neubert, 1511.01900

T
B Natural CH explanation very challenging
0.0k Megias, Quiros, Salas, 1703.0601.9
I Megias, Quiros, Salas, 1707.08014
Sannino, Stangl, Straub, Thomsen, 1712.07646

Carena, Megias, Quiros, Wagner, 1809.01107

0.0 \

o3 0.00[

Composite Leptoquarks

—0.05]-

Composite Higgs GUT
| (‘Gauge-Higgs-Grand -Unification’)

—0.10-

' Potential Origin in

&

015l Lo L e e N Lioool ;
2010 —005 000 005 010 015 020 025 Angelescu, Bally, Blasi, FG, 2104.07366

c
CLL

4G u; _q e U (=1 =
Lovir === 3 Vi [(H%) (b (ryve) = 2C (Whbr) (TR V1)
i=1,2

Cornella, Faroughy, Fuentes-Martin, Isidori, Neubert, 2103.16558

PANIC 21

RGP =0.340 4 0.030
RGP =0.295 4+ 0.014

1909.12524 and hflav.web.cern.ch

RM = 0.293 + 0.008
RM = 0.257 +0.003

1.3+ Exp
1.1+ _
5&6
~ SN e o
*Q 0.9 -
s | e -
- = g
0.7k = 9s, = —49r
= gs, = +4gr
= gs, = *dgr €:iR
0.5 I R U R
0.5 0.7 0.9 1.1 1.3
SM

Angelescu, Becirevic, Faroughy, Jaffredo, Sumensari, 2103.12504
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Composite SU(6)/5U(5) GUT

Angelescu, Bally, Blasi, FG, 2104.07366

SELOsY SLEEOL
SU (5) | ‘ T .
SU(5) SU(6) — Gsu —

\ y. y
\ U = Vi
| \ . / g JA v
N - u

‘Unifies Higgs & Gauge Ints.!!

(FF) 0

gauged symmetry
SSB by condensation

(23 — 12) = 11 GBs — Higgs + singlet + (3,1)_; 3 LQ
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Composite SU(6)/5U(5) GUT

Angelescu, Bally, Blasi, FG, 2104.07366

SU@6).
e

STrOsg S2EE01
sui) - el

SU(5) =

SU(G) — Gsm

o
(FF) #0 'Unifies Higgs & Gauge Ints.!!
gauged symmetry
SSB by condensation
1.3 Exp
1500‘*
[ L1+
R 74
3 1000 ~ S\ p—
) A 097 e B
S o3 e
so0 e
L 0.7+
 gs, =+49r
0 = gs, = +dgr € iR
0 500 1000 1500 2000 2500 3000 3500 0.5 = J | ’
0.5 0.7 0.9 1.1 1.3

RD/RSDI\I
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Conclusions

" Lepton Flavor Physics provides powerful probe of Composite Higgs

and Partial Compositeness paradigm N
t @h, 1, pes

vt SO(5)— SO (4)
e/ <1

* Constraints/ Slgmatures can be used to test different variants

ﬁ”‘ St )

spin ° e
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Holographic pNGB Higgs

Contino, Nomura, Pomarol, ph/O306254

d nggS — 5th Comp. Of gauge fleld - pNGB Agashe, Contino, Pomarol, ph/041208 49
- Gauge_HiggS Unification Manton, Hosotani, Fairlie,

Hatanaka, Inami, Lim... map A complex field
charged under

5th momentum

n=44 —_
n=34 —_—
= 2.1 — —
4D n=11 _—
uv bmme: IR bV‘aV\@I effectiveI
elementary sector composite sector theory n=0L — —_—

50(5)

. A A
sD vector field Ay = / T /ﬂ
4D vector 4D scalar»H:ggs Z Z—"\‘) i@/

Massless pNGB: 4D shift sym. <> 5D gauge sym.
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One Step Further:

Unification of all forces & EWSB (Higgs)!

Gauge-Higgs Unification r Gauge-Higgs Grand Unification
S0(5): Apy = (4] @ﬁ/l L8 o/ Afy = (A AD) Gour

U(l)x: Xy = (X, X5)

SUB).: Gy = (G, G3)

PANIC 21 F. Goertz 58



Gauge-Higgs Grand Unification

/-

Embed GUT group in enhanced global symmetry of CH:
Unification of all forces & EWSB (Higgs)!

G

a;

A

Gauge-Higgs Grand Unification

Aty = (@A A2 G

PANIC 21 F. Goertz 59



Novel Breaking Pattern

Angelescu, Bally, Blasi, FG, 2104.07366 and W&W‘[O@d...
SU(5) SU12)L xSU3).xU(1)y = Gsm
SU(6) () () | (=) (=) () [0
| () D |+ ) ) (=)
4 a-| (] e e
g +=) (=) | () () () | (=
SU(3)ex SUR2)xU(1)y (+2) () [ () () | (=)
UV brane: IR brane: \[(__) (=) (=) (=) (=) (__))
elementary sector composite sector
A5Z—|—H—

(23 —12) = 11 GBs — Higgs + singlet + (3,1)_; 5 LQ

o * Scalars want to
DON'Z be heavy ... )
PANIC

e Could use them ...
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RS - Partial Compositeness

i
Addresses the flavor puzz(e:} . Copnposite

y%,R ~ (A/AUV)’YL’R 3 YL,R = [OL,R] — 5/2 Qright
— Hierarchies generated naturally

y <1

X L =yqO + h.c.
Yr=|cr —1/2| -1

Overlap with Higgs — mass

O 8 () ~ (1 — +20)71/2

Dual picture:

Extra Dimension Slice of AdSs

——w Froqgatt-Nielsen-like
mass matrices

&=l 8y B2
UR

The Quark Masses

UV brane:
elementary
sector

DR

|
i
1
|
|
|
|
|
1
1
1
|
1
1
|
|
|
|
1
|
|
|
|
|
|
i
1
|
i
1
s 8 B 8
§

S £ 2 = E &=

1 A BE
Anomalous Dimensions y <> XD Localization ¢ <> FN U(1) charge Veru N( = _ Az)




Solution to Flavor Puzzle

Uus |
Uz
ui |

00 05 10
Cui,Qi,di ~u 0(1) Goertz, 1112.6387

e Profiles ff”(gb) o eckridl < ) iass Wierarchies KK IW\odes
(RH) c=-m/k f

14 2c¢
Fm) o e
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