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Why TeV-Compositeness in 20167!

» Still a challenging question theoretically
= top quark mass?

» and phenomenologically
 What EFT (symmetries, spectrum)? New signatures”?
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The main challenge for models
of Higgs compositeness: the top mass
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1
L = _ZFZ +qiDg + |DH|* -V

+yqqH ?9?7?

1
L0 ( >
A(2:utoff
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2 options:

coupling between the SM fermions
and Higgs dynamics

IRRELEVANT RELEVANT
AX ~ Ayv AX < Ayv
Actual operator not important We can decouple the UV!

No EFT: what UV? why the same scale? What coupling can achieve this?!

Tuesday, June 28, 16



2 options (from a more concrete perspective):

q9
AqqOp
IRRELEVANT
(ETC)
A\ dlO5]-1
Yt ~ Yt UV (m)
)\qOF

> RELEVANT?!
(Partial Compositeness)

Yt X ALAR
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Lsm-Higgs + LorT +90F +990B + 9999 4 Ayy (Mp?!)

CFT with d[O_F]<2.5

ﬁSM—Higgs + LcrT + qOF + C]ﬂ/@/B - W/%ﬁ] A

/

small deformation of the CFT
if marginally relevant

5D Randall-Sundrum scenarios
are an effective realization
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An ambitious possibility:
d[O F]<2.5




What is O ?

qo" " VUEE, qV1VoWs
no asymptotic seems the
freedom... best option...
-3<Y<-2

must be non-perturbative: lattice.
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Need toy models to test on the lattice




Wish-list

(] Partners for top-quark (all quarks if we want decouple the flavor scale)

[C] A strong approximate IR fixed point (or walking)

[CJ A baryon with dimension <2.5 within the conformal window?

[J Realistic phenomenology
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An example with NGB Higgs (more by G. Ferretti)

An QCD-like SU(3) candidate with Nf Dirac flavors
Ny =3N1r +2Np + Ng+ Ng» > 7

Nn g

Op = Yl (1IF) or L")
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ACWWD + SU(3), Nf Ayv

Acw ~ Ayve be

CW with
o] < 2 KEYH
—3-dlvy]
A~m ( m )
Acw
SU(N)XSU(NY/SU(N)

Nf>N=light flavors
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Phenomenology
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anomalous couplings to GG

L\

octet + singlet triplet
tripletT 11 — singlet

A

collider stable

(T-hadrons) color singlets > Higgs
(must be light)

Anomalous couplings. ..
(WW — BB)n
WB¢ o< U(l)p
BB¢ x U(1)p

NGBz(
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Minimal SU(4)xSU(4)/SU(4)

% All consitituents are heavy except D+S+S’.

% 15 Goldstones: SU(2), x SU(2)ecust € SU(4)y
NGB =(2,2) +(2,2)+ (3,1) + (1,3) + (1, 1)
U — eiH/f Cacciapaglia and Ma (2015)
¢a0-a | \}5771 Hl ‘I_ZHQ
- 1
Hy —iHy  ¢Loa — 5l

11 =

% Problem? Generically, couplings to fermions break custodial:
T parameter too large when <5 TeV! Mrazek et al. (2011)

0L = miQ iHIHQ + hc
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An interesting approach: “choose the right couplings to RH top”
b b
> AD0@ 13 AP wOP +3 AP o
a b f C
Special combination = 1) respects custodial (no tadpole for H_2)
2) decouples the “dangerous” NGBs (rho is OKl!)

NGB:(2,2)+QA)+9,/1)+(}/{)+(1,1)

oV = Cu tr [()\uU)()\uU)*] -+ O(Ai) positive masses
4
C’u:4/dpE /ds ps) > 0.

2t ) P2+
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The coupling respects an SU(4): technically natural

U — VUTVIT Tz(g ‘j)

U=1 = o0V =—-C, Sp(4) symmetric!
Below the heavy NGB:
Effectively SU(4)/Sp(4)
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Conclusion

2k Partial Compositeness is a very attractive/ambitious option
-- UV-complete models without fundamental scalars
-- may account for fermion mass hierarchy (see RS models)

3k Toy models exist
-- satisfy all basic requirements under theoretical control
-- have realistic vacuum alignment and Higgs potential
-- very rich collider phenomenology (colored scalars, TC-hadrons, etc)

3k Prove/Disprove d[O_F]<2.5 on the lattice!
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Back-up slides
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SM Yukawas

SM fermions are “partially composite”...

(V)
X
4 41 A

Yy %)\L(A))\R(A)

need RG evolution of )\qO
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A relevant coupling?

)\3

d[0]<5/2 d\ 5 C
( ) A+

d~ — =
© 1672

dlnpu 2

dA
u—

If irrelevant: of course a perturbation
If slightly relevant: a perturbation
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V1atps = Thy (PST4s)

| Lpc = ¢TDS +uTDD + uTSS' + dTSS + he.

DS

. Lrre = quDS - qdDS" |

+leDS + teDS" + Q7 Q5,1 + he

Lonngs = —mTTT — mDDﬁ — m55§ — mg S’'S’ + hc.
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Kaplan-Georgi (1984)

NGB from QCD-like models
Higgs is pseudo-scalar?!

As long as the EFT (Standard Model) is right nobody cares:

1 - CP/P are ambiguous because defined up to U(1) hypercharge

2 - If Higgs is odd: ygqgh breaks it ‘explicitly’ while <h> ‘spontaneously’
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