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Little Hierarchy Problem and the Little Higgs

* Radiative instability of Higgs mass
—> New physics around TeV scale
—> Little Hierarchy Problem

—> Little Higgs Theories

* Little Higgs theories:
* EFT below some cutoff ~ [0 TeV
* Higgs is a pNGB of some spontaneous global symmetry breaking

* Collective symmetry breaking (CSB) N.Arkani-Hamed, JHEP 07 (2002) 034

The global symmetry is completely broken by a collection of spurions, but not by any

single spurion.
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EWSB Prediction and NDA

* Making EWSB predictions in Little Higgs theories
—Compute the scalar effective potential via Coleman-Weinberg

—UV divergences appear

* Two approaches (widely) adopted in Little Higgs literature

|. NDA cutoff approach: A = 47 f qualitative rather than quantitative
M. Schmaltz, JHEP 08 (2004) 056 J. Reuter et al., JHEP 02 (2013) 077
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C.Csaki etal., 1811.04279  A.Manohar and H. Georgi, NPB 234 (1984) 189

2. Free parameter approach: predictivity is lost X-F Han et al., PRD 87 (2013) 055004

* EFT understanding: IR & UV contributions
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Introduction to the SLH

* The Simplest Little Higgs is based on global symmetry breaking pattern
M. Schmaltz, JHEP 08 (2004) 056

[SU(3)1 X U(l)l} X [SU(3)2 X U(l)g] — [SU(2)1 X U(l)l] X [SU(Q)Q X U(l)?}

and enlargement of electroweak gauge group to SU(3);, x U(1)x

* We adopt a nonlinear realization, with the Goldstones parametrized as
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Gauge bosons:

AL ASB,=>Z, Z A; Al ALALAS AS AT=>W, XY CP-even scalars: H, 0. CP-odd scalars: n, g, x, w

* Counting: 10-8=2 degrees of freedom (H, n) will ultimately be physical.
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Introduction to the SLH

* Fermion field content and Yukawa Lagrangian (anomaly-free embedding like 331 models)
F. del Aguila et al, JHEP 03 (201 1) 080
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* Yukawa Lagrangian (CSB for top sector)
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The Hidden Mass Relation

We write down the bare potential with a quartic term required by renormalization
Ve = —u5(®] g2 + PLp®15) + As|®] 325/
The soft-U(1)-breaking mu-term is introduced to make the pseudo-axion massive.

Scalar effective potential is calculated via renormalized perturbation theory (see Peskin &

Schroeder, Section | 1.4)
Viree = ”2((1)]:;(1)2 + (I);(bl) + )\R‘(I)J{(I)ZP

One-loop potential at small field value is expressed as

~

_ o -
Vitoop = Viloop + Vitloop  Vitloop = )\|<I>‘{<I>2|2 Moop = A(R)h* h= (hTh)1/?

Combining tree and one-loop, the scalar effective potential at small field value is given by

V= —p2(®]®y + &ID1) + \DTDo 2 + AR XA = g + A
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The Hidden Mass Relation

* In the scalar effective potential

~

V = —p2(d1®y + ®18,) + N @I Dy)2 + A(R)R

/\E)\R+)_\

The radiative correction contribution from gauge and Yukawa sector is computed to be (in

Landau gauge and MS renormalization scheme)

Parameter Definition
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The Hidden Mass Relation

* Counting the parameters: 5—3

vev=246, Higgs mass=125

fotg, My, p, )\ E—) |15, My

Hidden relation between pseudo-axion mass and top partner mass

* The derivation of hidden mass relation is based on stationary point condition and the

associated Hessian matrix. The result is

2 2 2 —1 2
m, = [mj, — v Aa(3 —20t5, ) + v A(5 — 20, )]sy
— L — 3 4 g4 4
= Vafscs A= T2 Ay — i —(l-l-tW) ]
=3 [ Mz g M2 gt 2 e MG

* The mass relation can be viewed as a zeroth-order natural relation.
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Other Constraints

Lower bound on My from M7z = (Afcs + A\5's3) f°

m
Mr > V2= fs25 ~ fs2p

* Constraint from partial wave unitarity: using methods from S. Chang & H-J. He, PLB

586(2004)95.As a result we require
MZf S V 87TfCﬁ MT S V 87TfC[—}
 Lower bound on Z’ mass from LHC constraint: taken as | > 7.5 TeV.

* Accordingly, for f~7.5 TeV, we obtain an absolute lower bound on top partner mass
at about 1.8 TeV, which is much more stringent than current top partner direct

search limit from LHC.
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Characterization of the Parameter Space

Aror = max{Abor, Adgr}  THHEV)
, 1'4;' 4. [ =8TeV o
Ador = |22 I 1.2} 4
m; Oy |
A%QOT = M% 8m2]2l
my, Oug

Most natural region is featured by
mT~2TeV, and pseudo-axion mass

around 500 GeV, with tuning at a

few percent level. Small pseudo- 10 15 (TeV)

, S Log means log,,.
axion mass region is unnatural. & 810
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Summary

| have presented an analysis of the SLH scalar effective potential without setting
the UV contribution at NDA cutoff to zero (which is a widely used but ad hoc
assumption).This allows me to identify a hidden mass relation to be the definite

prediction of the SLH theory, which has been overlooked in the literature.

The analysis presented here could also be relevant for some other models in

which Higgs arises as a pNGB.

Thank vou!
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