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Outline

Could the observed 125 GeV “Higgs” particle be a com-
posite of strong dynamics?

Can this be studied on the lattice?

e “Higgs” as light composite scalar in technicolor
e “Higgs” as dilaton

e “Higgs” as pseudo Nambu-Goldstone boson
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Could the observed "“Higgs” be a composite techni-

scalar?
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1980s: flavor problems
1990s: Precision electroweak marginal (S, T, ...)
2010s: “Higgs” discovery

Focus on tuning of Higgs parameters...



o Tuning?

mqys < N\ = unexplained suppression ~ /\_5 ~0.1%

N

“tuning”

o3 coupling is relevant = must be suppressed to avoid
unitarity violation down to mp

Mp
cubic suppression ~ e ~ 4% additional tuning

Jovv ~ ghSVMV) ...but ~100% corrections expected
Aghvv
a0 ~ 1071 = 10% tuning
9hvv
AGnyr

~2x10"1 = 20% tuning
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"Higgs™ as 0?

total tuning ~ 10~




"Higgs™ as Dilaton?

Goldberger, Grinstein, Skiba (2007)

Assume conformal symmetry is spontaneously broken at
scale A > mpy by strong dynamics.

= dilaton ¢(x) — Ap(AX) A = scale parameter
Spontaneous scale breaking = all scales o« (¢)
m2 my¢

= Leff = %f—gv(PZWZ + T(th‘F

@ couples to mass like a standard model Higgs.



"Higgs™ as Dilaton?

Two problems:
e “tuning”

e Requires special structure of UV theory




Dilaton Tuning?

K
Veff = _§0

4
Allowed by nonlinearly realized conformal symmetry
= expect K ~ (4m)?

mz
e=f+9¢" = Lin= TdJ W2 +

Need f = v to 10% to explain gyvv =~ ghSVMV)

. allowed range of k
= tuning ~ ~ 0.5%
expected value

(SM) (SM)
Does not explain gegg ~ 94,54 Jovy = 9pyy -



UV Theory for Dilaton”?

Spontaneous breaking of conformal invariance requires
special structure.

Walking Conformal
technicolor technicolor
g g| \:
; AL = N0
S SRS A< 4
/'\ u

Conformal symmetry explicitly broken by running at A
= no light dilaton expected.

Need approximate conformal symmetry at A
= break conformal symmetry with A ~ 4 operator.



Natural Dilaton

Contino, Pomarol, Rattazzi (2010 [unpublished])

Chacko, Mishra (2012)
Coradeschi, Lodone, Pappadopulo, Rattazzi, Vitale (2013)

Bellazzini, Csaki, Hubisz, Serra, Terning (2013)
ALyy =A0, Ap=4-—¢€

K(A
Vs = ( (q)))qo“ kK depends on A
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(Meh)

Assume K(A)=0at A =Ax =A(¢«) \ll
= (k) = O(€) \60

§~1O‘3 = (P)~V

g

tuﬁring?
Still need ~ 10% tuning to get goyy ~ g

(SM) (SM)
.and gogg = Gpgq + Fovy = Gpyy -



Dilaton on the Lattice?

Dilaton requires a theory with very special structure:

e Theory must have fixed point with nearly dimension-4
operator.

e Phase diagram depends on new marginal coupling A
= modifications of UV action are not irrelevant!



PNGB Higgs

Strong sector has global symmetry G spontaneously
broken to H

= NGBs € G/H e.qg. SO(5)/S0(4) or SU(4)/Sp(4)
G exact = NGB’s massless, derivatively coupled.

Theory has electroweak preserving vacuum:

EW
Fluctuations about EW vacuum
< Higgs
v=fsin@

Recover standard model
forv<f




PNGB Higgs

1%
Requires tuning ~ f_2 (or “little Higgs” structure)

ghvv =Gy % [1+0(v¥/F?)]

= tuning ~ 10%

NC)/?
1672
= additional ~ 2% tuning...

Top loops: Am?, ~ A% ~50m

...or top partners with mass below A.



Top Partners

Top + top partners fill out G multiplet
= reduces G breaking in top + top partner loops.

=>m7r <1 TeV
Current LHC bounds: mr = 700-800 GeV

Flavor in composite Higgs?
Partial compositeness or Yukawa-type



Partial Compositeness
ALfiavor = 2o, QLY| + Ztpt T + Zpa b By,

W,, Tr, BR = gauge-singlet fermion operators
In strong sector (e.q. “baryon” operators)

Me X 20, Ztg,  Mb X 2Q, ZbR
Unitarity = [W] > 3

[Zz] = % — [W] = z's may be nearly marginal or relevant

= no ETC-like flavor problem.




On the Lattice?

Requirements for a successful model:

e Composite fermion operators with qguantum numbers
of Qr, tr, br.

e Dimension of fermion operators < %

e Composite fermion states

Examples:

Sp(4) ~SO(5) gauge theory with 4 x44+6 x5
Barnard, Gherghetta, Ray [arXiv:1311.6562]

SU(4) gauge theory with5x6+3 x (4@ 4)

Ferretti, Karateev [arXiv:1312.5330]



Conclusions

Higgs compositeness requires some combination of
dynamical accidents (tuning)
special UV theories

This makes them hard to study on the lattice.

Most promising direction: PNGB Higgs models
Composite fermion operators
Top partners (baryons)
Effective potential from top loops?



