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Higgs Boson as a PNGB

e The PNGB Higgs boson is theoretically motivated to address the
little hierarchy problem

V(h) ~ A (s) + c)

e Many models: little Higgs, holographic/composite Higgs, twin Higgs...

2



Higgs Nonlinearity

e PNGB Higgs boson can arise from a coset depicted below

global symmetry breaking

G/H -

electroweak symmetry
breaking

0-—246 GeV

(/C

also see Jiang-Hao Yu’s talk
e Higgs nonlinearity is denoted by the misalignment angle
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How to extract the Higgs nonlinearity

from Higgs coupling deviations?



General Considerations:

* The Higgs couplings to the top and gluons are more
model dependent; depend on fermion embeddings

* |nstead we are interested in Higgs couplings only relevant
with electroweak symmetry breaking

 Higgs couplings to gauge bosons (W, Z, photon)



PNGB Higgs Couplings

Top-down: use CCWZ with specific G/H

SO(5)/S0(4), SUE)/SUE)... Bellazzini, Csaki, Serra, 1401.2457

Bottom-up: use shift symmetry approach with only the

group H at infrared,;
Low, 1412.2145, 1412.2146

Universal up to the normalization of decay constant

Nonlinear Sigma Model:

Lnpom = O(p?) + O(p*) + - - -
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Considering the 2V V couplings

e At the order of O(p”), custodial symmetry assumed

(ZSHH)TD/HH 1 Higgs nonlinearity:
1

= —8“h5‘“h , (hy

v .o (h
> ., () +h Zr7 S = o T 5y
+ (217 )—Sm 2 () & W IrWw—H 4 - ! V2

V2f H 2 cos? Oy
M2
Lhvy = U" vi1-=¢

* Unfortunately, Higgs nonlinearity is not the only source
that can modify the hV V' couplings!
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Heavy Particles

* e.g. considering a scalar singlet also see Jing Shu's talk

V(H,S) = mgH HS + m%5*

‘ --::’---
1

Og = —0,(H H)0"(H"H) <h>
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e Op can fake Higgs nonlinearity in hV/' V' deviations, regardless of the
Higgs boson nature

e At dimension-six level, we only consider Og in hV'V deviations



Higgs Nonlinearity & Heavy Particles

e The signal strength of h — V' V™ channels:

o, x BR(h — V*V)
oSM % BR(h — V*V)su

SM
Oh .Ftotal

— _SM
O-;Sl Ltotal

u(h — V*V) =

- FpneB - Foy

e One cannot distinguish the Higgs nonlinearity from On
with only the information of 4,1/ V/ couplings

1
Fpng = 1 — & oy = 1+cr



* We need to eliminate the faking effects of Oy inthe h V'V
couplings

e Since the effect of Op is universal for all the single Higgs
processes, it can be cancelled out in the ratio

R_uw%Zw
~ u(h = V*V)
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Considering the h Zy effective coupling

Z Z

\\ NN\ 0
__/,___ o __/) _____ / )___
8 Y Y
N\ NN\ s

 The following effective coupling at the order of O(p*)is
iInsensitive to Higgs nonlinearity

Lz~ = (CawOnw + ¢upOun) /M2,

1
— —A/izfy tan QW—(c’?“hZ” — thZ'u)A,uu

U

e |dentical to dimension-six operators (¢ — 0)
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CCWZ for SO(5)/SO4) at 0(p™4)

Azatov, Contino, Di lura, Galloway, 1308.2676

2
L= f—Tr d,d"| + Z c;O
O = Tr[d,d"]’ Lnzy = CawOnrw + cHBOHB) /M2,
Oy = Tr[d,d,] Tr [d*d"] — —Akz. tan Oy — (8“hZ” 0" hZM) A,

U

OF = Te[(BL)? = (BR Y ,

Op =Tx[(EL £ EL) i[d*,d"]]

= D (T [y db)* = 37 T (T°%(dy, o))’

ar,=1 ar=1

» Consistent with out results on the hZ Y effective coupling
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* The signal strength of the 7 — Z~ channel:

op X BR(I’L — Z’y)

h— Z~v) =
. k opt x BR(h — Z7)sm .
_on Lo po - FJ = 0.0087
O-}SLM Ftotal &
|F§,y -+ F%\/FPNGB —+ A/ﬁlZ7 tan QW‘Q F%7 = —0.00097
[Fy, + Fy |2 ‘
e The Ratio:
R— |F§fy T F%\/FPNGB + AKz~y tan9w|2

|F, + Fz.|? Fpncs
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Triple Gauge Couplings

De Rujula et. al. NPB 1992;
Hagiwara et. al. PRD 1993

Lrco/gwwy = iguy (WL WV, = W WiV, )

A
+ iy WIW,V,, + &—%W/@W@VV

Akz~y = Ak, — 2Ag; 7 cos 9‘24/
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Non-Compact Cosets

Alonso, Jenkins, Manohar, 1602.00706

O(5) — O(4) O4,1) — O(4)

 Only the substitution & — —& is needed
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Uncertainties

e HL-LHC: 14 TeV with integrated luminosity of 3 ab !

e CEPC: 240 GeV with integrated luminosity of 5ab ™

5/«Lh—>ny 5,uh—>vv* 5%7 591,2 5/‘4327
HL-LHC 0.3 0.1 0.0029 | 0.0011 | 0.0033
CEPC 0.25 0.01 0.00022{0.000160.00034

ATL-PHYS-PUB-2014-006, 1307.7135,
1704.02333, 1507.02238...
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* Higgs nonlinearity at CEPC:
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Higgs nonllnearlty at hlgh luminosity LHC:
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Conclusions

The Higgs nonlinearity can be probed in the ratio

p(h — Zv)

R =
u(h — V*V)

The faking effects from the O operator is cancelled

Our result is valid in any symmetry breaking patterns, as
long as custodial symmetry is assumed

Our result does not depend on the Higgs boson production
and the Higgs boson total width

Fhank (yow/
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(soldstone Covariants

- L V2 R AWE .-
D,h = —8 h+ 1 — f:/__’ sin l, | (h -0, hh—h-h d.h) .
f! fh - Vh-h f

| 2 Vh-h\ _ = -
EA = = ( + cos oy hW'TAh
V2f ) ‘ |

: h-h

Low, 1412.2146
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Higgs Nonlinearity Factor

e when Fé,y-f-FZM;\/FpNGB—I—AKZ,YtaHQW > 0

2 2
P FEV -+ A/ﬁ:Z7 tan Oy Ai-ﬁ:Z7 tan Oy
PNGB = =
VRI|F, + FY| - FJ (VR-1)F},

e otherwise,

2 2
. Fy. + Akz, tan Oy AFK 7z~ tan Oy
PNGB = —
VR|F, +FY|+FY (VR+1)FY
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Error Propagation

e when Fév-‘rFZMg\/FpNGB—I—A/{ZWtaHQW > 0

2 2
6V FpNGB _ 0K 7~ N VR
v Fxen \ A“%7 vVRy—1

e otherwise,
2 2
6V FpNGB _ 0K Z~ N oV R
v Fixnes \ Aky, Vo + 1
0Kz, = \/ 5K2 + 4 cos 04,092 , OR = \/ (6pn—zy)" + RS (Opnsvy-)”
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Other Materials

hVV |PNGB|SM-like|| hZ~y |PNGB|SM-Ilike
E-effect| / X E-effect| X% X
On V Vv On v v
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