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Naturalness

In EFTs, elementary scalars should have masses at the
cutoff .

While in the SM, the mass of the observed Higgs is only
125 GeV, which is weird, maybe unnatural.

SUSY CHM

No colored partner particles has been discovered at the
LHC

Agray~1018 GeV

AGUT~1016 GeV

Acp

AFlav

e Mg 2 103GeV



EFT Perspective on Precision Higgs Couplings in NN models Huayang Song  University of Arizona

Neutral Naturalness
Since 2005, a class of solutions to the Hierarchy Problem

has emerged, in which the partners of the top quark are Twin Higgs SO(8)/S0(7)

not charged under SM gauge . (hep-ph0506256)
Brother Higgs

SO(6)/SO(5

A trigonometric parity (Z, Symmetry) ensures the Higgs (11778385239; (6)/50(5)
potential gets rid of the quadratic divergences. Minimal
Neutral

Bounds from direct colored production effectively vanish. Naturalness S0O(5)/50(4)
(1810.01882)

_ Scalar Partner Fermion Partner

Some Other mOdels prEdICtS Folded SUSY Quirky Little Higgs
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Model Details

In order to render explicit the pNGB nature of the physical Higgs, we parameterize the
multiplet H non-linearly in the fundamental representation of the corresponding

global symmetry
o V20, 7% o
H:(er—)eZ f <I>=<f+—)U¢>

V2 V2
11t
Loxn — (1 — COS lTl) % I; i 110
- I $in 7
T
_IHWJI sin % Ccos %
where ¢ is the radial mode and |I1| = / n e
1
The physical Higgs doublet H is identifiedas H = \ﬁ(rb + Iy, Iy — 4lI3) T
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Model Details

We express the Lagrangian of the scalar sector of these models as:
Ls = (D H)T(DWH) Sym(H) %reak(H)

where the potentials 15y, and Vp,..qk respectively preserve and explicitly break the global
symmetry and can be defined as

Vsym — _:U'2|H|2 + )‘|H|4 ’
o 2
Vbreak: - +HTm H + ‘HT(SH‘

With m2 — m2:ﬂ-n><n 0 5 — \/S]]-nxn 0
B 0 —m?ly,/ 0  —ivVélyxy

And in general the relevant top sector Yukawa couplings can generally be written as

o _ ~ = ~
Lp O <f+ﬁ> [At\I'LU\IIR+)\t\IfLU\I/R]

where the SM and Twin fermions are embedded as ¥z = (—ibL, —br, —itz,t£,0,..,0)"
Ur = (0,0,0,tr,0,..,0)T
U, = (0,..0,)7,
P Uy = (0,..0,t5)"
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EFT for Higgs doublet H

We then integrate out the radial mode o and derive all the couplings of the
physical Higgs boson to SM and mirror quantum states

LEFT |DAH|2 +UH|H|2 /\H|H|4 + 55 2f2 OH + f2

EFT A X = [H[> |H]? (46f*  2m?
Ly~ D [ MN(QrHqr + h.c.) + X\gqq f (1— 2 /2 + 2\ mZ2 w2

ag (o}

where we define  Og = |H|®, Oy = (9,|H|*)?

4m? 1 85f?
M%—I:25f24_2m2, , CH:m% 5_ mg
4m 8om 16m2 160
A =20+ 55 — — 6 = 5 —
femg mg 45 f 45

V-
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EFT for Higgs doublet H

At low energies the Higgs potential receives important contributions from loops
of light states, in particular from the top quark and its twin particles.

So we carry out RG improvement calculation to obtain the EW scale couplings and
Higgs mass in order to compare to physical observables.

Loop Induced Decay into
Mirror Gluons

The decay of the Higgs boson into (mirror) gluons is mediated by loops involving

heavy quarks 000 §

o

(0099999 g
which is considered as invisible decay of Higgs in our study.

- S
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Higgs Precision Measurements

Prec| collider CEPC |
NG 240GeV |
[ Ldt 5.6ab~!
production Zh
_ Ao /o 0.5%
g decay
ﬁ h — bb 0.27%
._; h — cc 3.3%
% h — gg 1.3% |...,
o h — WW* 1.0%
h— 711" 0.8%
h— ZZ* 5.1%
h — v 6.8%
h — ptp~ 17%
Kb (vz)h — bb 2.8%
CEPC-CDR

VS

Property Estimated Precision
my 5.9 MeV

'y 3.1%
o(ZH) 0.5%

University of Arizona

30% LHC Run-ll
4.6% HL-LHC
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Global Fit strategy

[Observables Experimental : y; ] uot =

(0 XB1r) sy
. . 2 e,
Fitting X Fit:
=3 (™M ; pg)? + Y Inv@BsM (B;z‘)2
O-/-Lz' GBRi

[Parameters in New Physics Models ]

Fixing v, my,

mg, f,m, 5 A ;. [

A
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Results

[Twin Higgs Doublet Modelj [Twin Higgs Doublet Modelj
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Results

[Twin Higgs Doublet Model]
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Results
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Co n CI u s l o n s Twm nggs Doublet Model]

30 ———-—r— s
= CEPC SM : /
: CEPC, Total
|—  HL-LHC, SM
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2000 FinnnnTRIS

=

<b]

O, .

o, 1500}

N o

500 |

500 1000 1500 2000 2500 3000

my [GeV]
Neutral naturalness is an increasingly appealing paradigm.

While the new sector is SM neutral, it can be probed at the
future lepton collider simply by Higgs couplings measurement.

PN
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Results
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Nonlinear Parametrization

Coset structures for different models

\H\ H]|

Twin Higgs (SU(4)/SU3)) :H = (f + o/V2 ><| Hl 0, cos(T )"

Twin Higgs (SO(8)/SO(7)) :H = (f + o /V2)( ZE'“‘ sin ’?' ,0,0, ()cos(‘fﬂ))T
S0(5)/S0(4) iH = (1 + o/VE) (= sin Lo cos( )T

SO(6)/S0(5) 1 = (f +o/v/3)( ’|Hl|  sin “}[’ 0, (m(“;‘))
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Nonlinear Parametrization

Goldstone Matrix for different cosets

coset U matrix
1 - (1—COb lHl) ?HHlT 8 %sinl—?|
Twin Higgs (SU(4)/SU(3)) 0 0 0 ;
{gl sin 1H] 0| cos |—IJ{|
1— (1 cos |1}I|) IlIHII O4x3 %Sin%
Twin Higgs (SO(8)/SO(7)) O3n Towsl Oset
— % sin |HT| 0 | cos %
SO(5)/SO(4) L= (1 I?') r|“|]; T sin 1})
—% sin |T| cos %
1-— (1 — COS |1}I|) rll HIT O4x1 |H—z| sin %
SO(6)/SO(5) Ores . 0
—% sin |1;| 0 | cos %

P
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Nonlinear Parametrization

Covariant derivative in different models

coset Dﬁ Df
Twin Higgs (SU@4)/SUQB)) | 9ulaxs — ig%G W2 — z%IBM Oulaxa — z'g%"wg - i%z?ﬂ
Twin Higgs (SO®B)/SO(7)) | Oulaxs —igT W —i% B, Oulaxs — iglL WS —i% B,
SO(5)/SO(4) Oulaxs — igtfWe —ig'th B, D11
SO(6)/SO(5) Oplaxa — igtiWe —ig'thB, Oulaxa — igy fB;
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RG Improvement of the Higgs
Potential and Couplings

The RG-improved Higgs effective potential is obtained by solving the one-loop 3-
function of the vacuum energy in the background of the Higgs field.

dVi(He,t) 3

My(H., t)* + M:(H,, t)*
| |

dt 1672
Valle t) = - 4;2 [MH(HC)rt N _6417r2 [_ %“%f " g’\th ?fcf h4r
1,0 5 S om0 00 g )
where

86 f? 4m2)H3}

Mt(H67t) — )\t(H07t)a Mf(HC7t) — 5\t(1¥67t)f|:]‘ T (1 T + m2 2f2

m?2
The total improved effective potential is

VRGE(HC,t) = Vi(H,,t) + Vg(Hc,t) + Vf(Hca t)

PN
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RG Improvement of the Higgs
Potential and Couplings

The loop correction to the filed strength of the Higgs doublet renders the kinetic terms in
the non-canonical

3\,
(am)?’

In our calculation, 1,(m,) and g¢(m,) are computed from A,(m;) and gs(m;) using two-
loop and one-loop fixed-order formulae, respectively

2 9\ 2 2 99 4 2
Ae(mo) = Ae(my) [1 B (Qs(mt) 9 () ) log m(27 N gs(my) 2y
t

IDiH.|> = Zy, |D{H.*, Zg, =1+

A2 6472

9s(me) = gs [1 -
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RG Improvement of the Higgs
Potential and Couplings

The EW scale EFT is given as

EFT,EW Agr |2 RGE (fy
cE — |DAH.? + VRSE(H,/\/Zy 2f222 0H+f223 Os
EFT,EW QrHcqr < - |Hc|2 85f%  4m?
’ Hc’t h. . Hc’t ]._ 1_ .
Lg D Ag( )( T, + h.c.) + Ag( )qq f [ 227 m2 + m2

The mass of the mirror fermion b and % is

A fe = A | f v? 1 2fm2 45f
Ma = g M TN T oz \of T mE T m2

the Yukawa couplings become the coupling of the physical Higgs boson to
vector bosons is given by

Lhss D AThGG + A\Th(qrqr + hec.)

h
Lhvy = —v [g v? W+W"’ + %Z Z“} -+ mirror terms

and 2 = Aq

Y \2ZnZn, . C ’U2
with  Zp =1+ Hf2

Y-

S\QH:— S\q'l) l+4m2 _85_f
T 2ZpNZy [ f 0 fm2 o m2 ]



