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|. Motivation

Address SM Hierarchy Problem: mechanism to protect Higgs mass.

(v )2<<<1

Asas <1

* Naturalness m— new physics at the TeV
* Environmental Selection
* Finite Naturalness, ...

* Cosmological Relaxation
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Motivation

Address SM Hierarchy Problem: mechanism to protect Higgs mass.

(v )2<<<1

Agnr <1

* Naturalness m— new physics at the TeV

flavour robustness of
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Introduction

Strong dynamics breaking EW symmetry.

Coupling to quarks:

® linear mixing (partial compositeness) QLOqL + ﬂROqR

® bilinear mixing (TC-like) qr.qrQO
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Partial Compositeness

L = YidY + OidO + epO + ... + h.c.

O ¢ CFT
X et — dim (0) — 5/2
dlog,u_fye Cee v = dlm

effective low energy description >
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Partial Compositeness

L = i@y + Od — muy)O + epO + h.c.

€

tangb:m light =Y cos¢ + Osin ¢
M heavy = —¢sin ¢ + O cos ¢
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Partial Compositeness

L = i@y + Od — muy)O + epO + h.c.

tan ¢ = light =Y cos¢ + Osin ¢
heavy = —¢sin ¢ + O cos ¢

|
|
|
¢ ) ® CHM
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Partial Compositeness

L = i@y + Od — muy)O + epO + h.c.

tangb:m light =Y coso + Osin ¢
M heavy = —¢sin ¢ + O cos ¢
i
_ ® » CHM
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¢ ® ® + ¢ o ® pPNGB CHM
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Partial Compositeness

L = i@y + Od — muy)O + epO + h.c.

€

tangb:m light =Y coso + Osin ¢
M heavy = —¢sin ¢ + O cos ¢

e Flavor hierarchies

Agashe, Perez, Soni 0408134

* GIM-like mechanism suppressing FCNC and &P cacciepagia ecal. 0709.1714

Redi, Weiler | 106.6357

Alberto Parolini 5 26/11/2015



Flavor constraints

Panico Wulzer 1506.01961

m, > O(1) TeV
m, > 10 TeV EK

m, > 0(10) TeV.  AF =0
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Flavor constraints: lepton sector

Feruglio et al 1509.0324|

<& 3 B ér m, > O(10) TeV e EDM
X dh g ;1(:‘* vi X m, > 0(10) TeV 1L — e
7

B*, B,W*
er ER
—i v -

~

X
s Yy A
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Flavor constraints: lepton sector

Feruglio et al 1509.0324|

er // \\ Ep My > O(].O) TeV e EDM
A== == == = A
& 5 § L m, > 0(10) TeV i — e
5
B*, B,W*
€1, e
—A N— =0 is a (stable) solution
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An alternative model

Strong dynamics breaking EW symmetry.

Coupling to quarks:

® linear mixing (partial compositeness) (jLOqL + ﬂROqR
® bilinear mixing (TC-like) qr.qrQO
qLIRILIR
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An alternative model
1501.03818

JHEP 1506 (2015) 085
G. Cacciapaglia, H. Cai, T. Flacke, S. Lee, AP, H. Serodio

Mixed couplings:

® linear mixing for top (potentially bottom) QLOqL + ﬂROqR

® bilinear mixing for other quarks qr.qrQO

(charm mass is compatible with Ay < 10° TeV)
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Higgs as a pNGB

e G/H, dimG/H >4, SO(5)/SO(4) = V(h)=0 at tree level

GZSO(5)XU(1)X Y =13+ X

l

H = 80(4) X U(I)X

SU(2) x U(1) C Gsar C H

. = V(h)#0

Partial compositeness (at least for the top)
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The Model

(i B—i X535
B—I—X5/3

Leomp =iQpr (P+ B)Qrr +iTrrPTLr — Mi(QrQr + QrQL)
— M,y (TLTR + TRTL) -+ icL@iLfy“diLTL - icR@%’y“dZTR + h.c.

_ o
—Lonie =Yra1 fGrUVR + yrai fTRUYL + h.c.
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Up Sector Mass Matrix

§¢:<u c t 1 X2/3

Alberto Parolini

|11

|21

J J ZH

|31

|12

|22

F J FH

|32

v = S.f ~ 246 GeV
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Up Sector Mass Matrix

t N Ty 0
Ul MupUur = ( ; DM) my = Var MyV,
. 0 0 0
my ~ ; méy +mdl, =] 0 0 0
0 0 1
N
O(1) 0O(1) O(5)
VuL,r~ | O(1) O() O(5<)
O(Z) O(z) 1
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Up Sector Couplings

2 2
ms ms  Mmemy
2

tL L9 2 tR o9 2
OANC |33 “ew M2 OANC 355 = ey M2
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Flavor Preserving

2
g (mi\*(1—s5p) g (mi\* (2= s50)
5 Y 5 Y
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Flavor Preserving

2
) ~ g my ° (1 B S%R) 5 -~ g Tt : (2 o S?bL)
Y= e \ M, ) 282, 0 PR T\, 2
o L 11/2 Ty (1 o SngR) 1
CKM unitarity: 5AE M2 ~ < 10~

M* \/§S¢R 7
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Flavor Preserving

2 2 \2 2 2
59275 ~ 9 Tt (1 — SgbR) 5th - g r (2 — quL)
L ci \ M, QS?bR ’ K civ \ M,

ur (1 — S?bR)
M>|< \/§S¢R ~

CKM unitarity: SALA|V2 ~

2 d 2 2
_ 985 [ Yrafmyss N g o o (M
5gaL — O) 5gaR — 86[/; (MZ I yszQ) = 9 S¢LC¢L< >

Loop effects in Zbb couplings and S, T parameters: as in conventional CHM
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Flavor Violating

| | 1 (mc)4 1012 (1 TeV)4
Higgs mediated up FCNC —5~ ~ 5
T g me\* 1071 /1 TeV)*
mediated up 16¢i,ms5, \ M, ) — TeV* \ M,

Z mediated down FCNC

104
TeV?

(VitasVars1)? QY + (VirasVars2)* Q5 + (Ve Vars)? Q(ﬂ
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Flavor Violating: Top Couplings

LHC Run |
TNC-TIV _ _
Yte.L =2 Yte.R ™~ fjw* ~ 107% B(t = he) <6+8x107°
(BANH),y ~ 0 ~ 107 B(t — Ze) <5 x 107
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Flavor Violating Processes: heavy resonances

_ _ 1
L=®(gpQQ + gsTT) + 5m?pqﬂ
~ 2 4 2 2 ~ 2 —10
g M my we (1 71eV g 10 ue
() () Git) 2= () (afee) e @

QBSéL%L 2 iy ” db ~db sb sb ds ds
[ ~ |:Z4 Q4 _I_Z4Q4 —l_Z4 Q4i|

o
¢

M,

1 TeV 2 2 1075
(Y () <0 st sttt
L))

dadﬁ _ * *
<4 = VirsaVarss Z VarysVarsa

Y0
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Summary

+ vector resonances

+  /bb, Zcg, ...
+ CPand &F
+  Higgs couplings
+ W FV couplings

+ UV four fermion operators (qq)(qq) Ayy < 10° TeV
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Summary

vector resonances
Zbb, Zcc, ...

CP and &P

Higgs couplings

W FV couplings

UV four fermion operators (qq)(qq)

+ + + + + +

Up sector: OK

VirasVaris| <1070, |VigsaVares| < 1071/2 V113 Vares| < 1075/2
Varia| <1071, |Vares| < 1071/2 .
Down sector: |28 <1=1072, |25 <1+10"Y2, |2%| <107* =106,
VirssVarsi| <1070 +107%,  [Vips3Varse| <1+1077,

V730 Vara| < 1073 1075 .
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Summary

+  vector resonances
+ /Zbb, Zcc, ...
+ CPand &P
+  Higgs couplings
+ W FV couplings
+ UV four fermion operators (qq)(qq)
Up sector: OK
D o(1) 0(1) O(m
own sector: _ ,
Var~ | O() O() O(5:
o) o) 1
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Extensions

|. Different top partners, different cosets
2. Vector-like quarks
3. Different origin of bottom mass

4. Fully composite right top
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Additional top partners

forinstance 14 =1 +4+ 9

2 3
SeoLCHL €7 |
L = (bcz ° I h br, (m%vmd}% + m{vaasr +m%\/33bR)
HIL
) ) 0 0 0 dr
X (dL ST, bL) 0 0 0 SR
mGysr Mbvaa  MUvas br

1 (emp\° 10~
L ~ _2<_b> [ZZbQZb+ZibQZb+Z§LZSQZZS] ~ e [Zgbgilb‘l‘zibQib‘l‘ZZSQZlS]
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Bottom mass

Main motivation: dynamical explanation of structure of 3x3 down unitary transformation.

B 1 _
L=yprf wLUtdzlg%Z + h.c. = §nySQBLbR + h.c.

Tr[Q14d3R] Qs =U(Q1 + Qs+ Qo)U*
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Bottom mass

Main motivation: dynamical explanation of structure of 3x3 down unitary transformation.

B 1 _
L=yprf wLUtdzlg%Z + h.c. = §nySQBLbR + h.c.

[0 0 1 i 0)

; 0 0 —i 1 0
dih=—"11 —i 0 0 0
2v2 i 1 0 0 0

\ 0 0 0 0 0

_ ; S
L = daLmiﬁng + h.c., m?=mdy S; | nyf; L g,
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Conclusions

® Top partial compositeness and direct Yukawas
(in pPNGB composite Higgs models)

° Analysis of indirect bounds

® Generalizations Additional partners
Bottom partial compositeness (without partners)

vector-like quarks
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Thank You
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