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- The pNGB Higgs potential V' (h) =V, + V;
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© Solution: Independent Positive Higgs quartic coupling ¢ =
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- Existing Solutions still introduce a lot of fine tuning due to
its complication and unsuppressed Higgs quartic!

- Simplest mechanism with only one Higgs doublet and can
be implemented in any pNGB Higgs models?



- Simplest Solution: Higgs quartic from singlet (77) and triplet (A)
fermion mixing.

Case |: Effective Yukawa mixing
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Case llI: Effective kinetic mixing

L = Tr[ApA] + ipn

Independant of Higgs

A Higgs quartic can be generated by integrating out the fermions
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- Positive Higgs quartic conditions

1. The effective kinetic terms must be Higgs independent;
2. The triplet-singlet mixing must be momentum dependent.
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- Toy model: a vector-like doublet fermion W -,

Ling = AlL\TJQRALH—I—)\QL\TJQRHﬁL—I—(L — R)—I—hc

- Effective Lagrange
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- For pure chiral coupling, Higgs quartic is positive.



- Realisation in minimal maximal symmetric CHM based on SO(5)/SO(4)

50(5)1 X 50(5)2
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SO(5):
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- A and 17 mix with composite partners ¥,, € 14 at second site




-~ The interactions
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- Effective interactions
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©  Minimal maximal symmetric CHMs

V(h)=—vsi+Bsh Y=~ B =P+ ba
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- Higgs mass and vacuum 100
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- Higgs mass is suppressed and
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- Natural twin Higgs with 8as;.as Twin parity breaking source

V(h) = (5f - 5g)(8i + i) + Basy,

4 4 2
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[Z Simplest Higgs quartic generating mechanism that
can be implemented in any pNGB Higgs Model

lZThis independent quartic can significantly suppress the
tuning in minimal CHMs and achieve natural Twin
Higgs.

M the triplet and singlet Dirac fermions and unbroken
twin parity are the main predictions
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BACK UP
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- Gauge contribution can be significant

Vy(h) ~ 9{* 3 low( ) (% s8).

- The full Potential

Y 4
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Solution B Vf,9 ¢ = Vim _ (v —9)
/2 207
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- Direct Detection

Spin-1

ATLAS
Vs=13TeV, 36.1 fb
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- The Higgs Potential V' (h) = —”YS%L + ﬁsi
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h -~ h
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The Coupling Deviation
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- S0(8)/S0(7)
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Little Hierarchy Problem Always EXists

V(h) = (v — ) sin® % + 8, Sin4% - vin _ (7 — )
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- Realisation: SO(8)/SO(7) coset space ~¥# N-Suppression

Nk .
LY — o f1t g sin( ; ) + yz ftrtr cos( ; ) + h.c.

- Symmetry in UV completion
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- Higgs potential from (twin ) top Sector

4 r4 A
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- Electroweak Symmetry Breaking
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© Suppression .Yy
Yo = 5
h
- The potential in term of Sin(?) and SM top Yukawa Yt

V(h) = (X[J; vg)siHQ(;L) | vfsin4(%)
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. Get Yukawa coupling sin(Nh/f) (cos(Nh/f))




- UV completion: introduce m (hidden) Dirac fermions

- Twisted mass V' =diag(1,1,1,1,—-1,—1,—1,—1)

SO(S)L X SO(S)R — SO(S)V/
- SM fields(hidden partners)

qL(éjL) c 8 tR(tR) c1
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- Collectively break Higgs shift in chain pattern
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- Linearly realised sigma field
¥ — gX gt H — gH
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- The interactions form =1

_ar Z/m%ﬁvaw%H. LR

- Effective Yukawa coupling
L~ MW, Stp+ MiW: Stp + h.c

0

in( &2

sin(=7+)

Z _ U2m—|—1v _

28



- Numerical results m=1 == N=3
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One simple solution to Hierarchy: Higgs

is Composite

_ Higgs
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Lighter Higgs: pNGB from G —H breaking.
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Much Lighter Higgs: Composite Partners Collectively

Break Shift symmetry
L~y,fqUVR + Mf\T/\If + h.c.




- Higgs Coupling Measurement

Model Collider | LHC | HL-LHC
Nnow
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From JHEP 1807 (2018) 048

33



© Neutral Naturalness in pNGB Higgs
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-~ Neutral Naturalness
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- Light Higgs
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Successful EWSB
N €< 1
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N-Suppression
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~ Ordinary
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- Neutral Naturalness
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- General Higgs Potential
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- Bounds:




. SO(8)/SO(7) coset
space

- Interactions -The Potential In Term of

- Nh = . Nk
L =y ftrtr Sin(T) + yz ftrtr cos( 7 )

vl = vz
41



. s0@®)/so(7) X =UVUT H=UY
V =drag(1,1,1,1,1,1,1,—-1), ¥V =(0,0,0,0,0,0,0,1)
> — gZ/gJr H — gH

Introduce m Dirac Fermions(Hidden)
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- Twisted Mass V' = diag(1,1,1,1,—1,—-1,—1,—1)

SO(S)L X SO(S)R — SO(S)V/
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- Numerical Results m=1 == N=3
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- Natural Little Hierarchy
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- The Higgs Potential V(h) - Vg + Vf
. o, h h
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Little Hierarchy
Problem!!
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