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Rich spectrum and phenomenology

Composite Flavour Dynamics including Flavour Anomalies
Intriguing DM paradigms (see SIMP, TIMP, hidden worlds, ...)
Can be natural, but it is not a must

Microscopic theory can be fundamental a la Wilson (Safe or Free)

Tremendous progress in charting strong dynamics

Conformal Window 1.0 and 2.0
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e Fundamental Composite Higgs
e 1C Baryon DM

e TC Meson DM

o Stealth DM

e Solitons/Little Higgs
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Partial Composite Goldstone Higgs

Higgs is a composite pseudo goldstone SM doublet

D.B. Kaplan & H. Georgi, 84

SM fermions masses via (effective) Lagrangian operators

fB D.B. Kaplan, 91

Extra-dim, no-lagrangian approaches, (in)effective theories

[t talks like a Higgs, it walks like a HIggs, but it is not the /—/iggs
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Price of naturalness
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so far..

+ QQX, QQQ UV attempts by Cacciapaglia, Gerghetta, Ferretti,
Vecchi, FS

+ Phenomenology by Buttazzo, Cacciapaglia, De Andrea, De Curtis,
Isidori, Moretti, Nardecchia, Pomarol, Redi, Tesi ...

+ No theory linking composite TC baryons to SM fermions exists
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‘No microscopic fermion theory exists able to give masses to SM fermion

|
L - e




A small revolution

Conformal Window 2.0: Large Nf Story

Sannino, ERG 2016, Heidelberg
Antipin and Sannino, 1709.02354
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Safe QCD

+ Must exist a critical Safe Nf
+ Unsafe region in Nf-Nc

+ Continuous (Walking) transition?

Sannino, ERG 2016, Heidelberg

Antipin and Sannino, 1709.02354
Pica and Sannino 1011.5917, PRD
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Fermion mass generation with only TC fermions




Sometimes it's hard to
open your hand, but you
need to...
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(Partial) Composite Pandora Box

Sannino, Strumia, Tesi, Vigiani, 1607.01659

Extend fundamental dynamics to include techniscalars

F 5

+» Richer composite spectrum
+ [arge anomalous dim. not needed

+ “All” SM fermion masses generated

fB = f(FS)

Renormalizable operator

;‘ Fundamental composite dynamics generating ‘all” SM fermion masse
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If you do not like the new scalars:
Think at them as composite

Play with an extra-dimensional setup
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Underlying theories
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First complete microscopic composite theory of flavour dynamics

» SP(2)=SU(2) TC Gauge Group \ B
e e
+ 2 TC Dirac Flavours \4\% |
e
» 12 TC complex scalars B \J\f\J
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Liin = —3G2,G" +iF'6" D, F — (3 F 'mpercF + hec.) +
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L attice proof of ChSB SU(4)/Sp(4) */

Lewis, Pica, Sannino, 1109.3513 Appelquist, Sannino, 98, 99

Ryttov, Sannino, 2008

And lattice vector spectrum Katz, Nelson Walker, 2005
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EVV effective theory

S\ mro Bron <— Lrpc
Flavour physics EASE : :
AQCD VEW Ao A pranck
1 GeV 246 GeV = 10 TV 10'% TeV

LEET = »CSM-Higgs + Lo+ Z CpaOp + (Z C/’L\OA + h.c. )
A A

NP in “A” operators. They can be reliably classified and computed
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R+

+ Strong constraints via €y, but enough parameter space

+ Strong constraints from tests of e-p universality in charged current decays

+ Large devisions from SM disfavoured by Z partial widths (modified ZTT coupling)
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What next?

Composite neutrino physics

Fundamental Composite Minimal Falvour Violation and/or
Froggatt Nielsen,...

Fundamental partial composite dynamics on the lattice
Baryogengesis

Electroweak phase transition

Dark matter

Safe embedding and its dynamics on and off the lattice



thank you

“Nothing is invented, for it's written in nature first. Originality consists
of returning to the origin.”

Antoni Gaudf
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Basis of four-fermion operators

MFPC allows for 5 self-hermitian (and 3 complex) four-fermion ope.

1 S o
04(1}) = 4A2N2 (/10,1012 , ) (1290 1494 T 0925 ] e
TC
1 - o
Oﬁ) ~ 4472 A2 (0" ay 10" a, ) ("2 930)"494) (875,07, — 076,05, €iyiy€isiy
0(3) _ 1 (w/l& w’iz )(&"é%@”ﬁ%)zalazzT (6. E i — € i € )
af 647T2/\-%-C aq az aszdg \“l1lg =213 1113 ™~1214
4 1 . . L
Og'f) B 647T2/\%C (Qp/ualwﬂzw)(w/1303¢/1404) (50%’350%’4651"36"2"4 +[3 ¢« 4])
1 S o
0(5) = (w/llaﬂbuzaz)(wugagw”dradr) (50%1360204611'4@2!'3 T [3 N 4])

o 64An2A2.



Basis of four-fermion operators

3 complex four-fermion ope.

1 . . . .
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3 1
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Modified coupling between SM fermions and Gauge bosons
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EW precision data: Z — bb

Fundamental partial compositeness

ifre —.
Ol'lf - /\_Tc(w”lala'ulb”zaz) €iyip (ZTDMZ)Glaz
TC >

Down type quarks
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R g (+)

NP contribution to  (SLv.by) (LYY )
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Constraints @95% CL
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Flavour

.g(fTC/;TC) T

Yrp =~ Yy - v ¢ = T C-loop function
S
SM spurion structure
Coupling Flavor symmetry of SM fermions Flavor of T C-scalars
UB)rL URB)g URB)g URB)y UB)p| URB)sy UB)s,.
YL, 3 1 1 1 1 3 1
YE 1 3 1 1 1 3 1
YQ 1 1 3 1 1 1 3
YU 1 1 1 3 1 1 3
YD 1 1 1 1 3 1 3
mg. 1 1 1 1 1 33 1
msg . 1 1 1 1 1 1 33

3 Mix matrices in yi+ 2 in m24s
+ \ery rich structure

+ Hundreds of composite states to discover

+» Effective theories used so far are ineffective
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Fermion Masses
qq Q

V4 A2

79 QQ > 4q q4q

qHq

FM generation equivalent of Ptolemaic’s ubiquitous circle:

Require a single scale for all generations. FCNC requires

A > 10° TeV ¥ Too small top mass

Epicycle: Walk your way out. Need large anomalous dim.

D(QQ) =3 —vm , Yim, —> 2
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Status of Walking Epicycles

+ State-of-the-art: 4 and 5-loops anomalous dim. ¢

+ | attice results support 4 loops

+ Small anomalous dim. unless strong QQQQ

First walking theory observed Pica, Rantaharju, Sannino, 1704.03977 PRD 10t}

Dietrich and Sannino, 2006
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Ryttov and Shrock, 2010, 2016
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Fermion Masses ||

Fundamental partial compositeness qg Q)

D.B. Kaplan, 91
Epicycle: Large PC Baryon anomalous dimensions

3 9 9 B
5 D(QQQ) = 5 7 §§ 2<~y7 <3

Epicycle of the epicycle: Requires also suppression of

49 QQ QQ QQ > 7 > Ym
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Status of Partial Compositeness Epicycles

Tiny PC Baryons anomalous dim (solid estimate beyond PT)

Physical expansion & 3-loops results

497 ~ Y

1.0}

0.5¢

unsuppressed operators

7q QQ QQQQ T 7

Pica and Sannino 1604.02572
Ryttov 1604.00687

= —— — — — T :
Partial compositeness epicycle is very challenging |
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