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New Physics beyond the SM

• The particle physics SM is one of the most successful model in the 
last century. 

• It is an effective field theory up to electroweak symmetry breaking 
scale for particles interact with our sector strongly enough. 

• In principle, NP must be introduced at some scale due to lots of 
theoretical and phenomenological reasons. 

• Although there are some comments according to the “naturalness” 
defined by the preference of Homo Sapiens, in practice, nobody 
really knows when it will appear. TeV? 10 TeV? 100TeV? (tree 
level, 1-loop level, 2-loop level, …) Seesaw? GUT or Planck scale?



New physics “particles”: where are they?
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Cheers!

Indirect search: 
effective operators

Weakly interacting 
heavy particles, 

very challenging

Weakly 
interacting “light” 

particles, very 
challenging



What can we do with CEPC?
• As a Higgs factory, CEPC will generate ~ 1,000,000 SM Higgs 

bosons. 

From Manqi Ruan14/01/2017 IAS@HKUST 2

Higgs program at CEPC

Observables: Higgs mass, CP, σ(ZH), event rates ( σ(ZH, vvH)*Br(H->X) )

Derive: Higgs width, branching ratios & absolute value of coupling constants



What can we do with CEPC?
• As a Higgs factory, CEPC will generate ~ 1,000,000 SM Higgs 

bosons.  

• One of the most important scientific motivation of CEPC is 
understanding the properties of the SM Higgs and the nature of the 
SM EWSB.
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Figure 3.6 Feynman diagrams of the e+e� ! ZH , e+e� ! ⌫⌫̄H and e+e� ! e+e�H processes.
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Figure 3.7 (a) Production cross sections of e+e� ! ZH and e+e� ! ⌫⌫̄H, e+e�H as functions of
p

s
for a 125 GeV Higgs boson. (b) Higgs boson decay branching ratios as functions of mH , taken from [29].

Table 3.2 summarise the cross sections for the signal and background processes at
p

s =

250 GeV and the corresponding numbers of events expected for an integrated luminosity
of 5 ab�1. Along with the 10

6 Higgs events, 5 ⇥ 10

6 ZZ, 8 ⇥ 10

7 WW and 2.5 ⇥ 10

8

qq̄(�) events will be produced. These events are the main backgrounds for Higgs analyses.
On the other hand, they are important for SM measurements and studies of systematic
uncertainty of the Higgs measurements.

3.3.2 �(ZH) and mH Measurements

Unlike hadron colliders, the center-of-mass energy at an e+e� collider is precisely mea-
surable and adjustable. In a ZH event, where the Z boson decays to a pair of visible
fermions (Z ! f ¯f ), the Higgs boson mass can be reconstructed with the recoil mass
method:

m2

recoil

= (

p
s � Ef ¯f )

2 � p2

f ¯f = s � 2Ef ¯f

p
s + m2

f ¯f (3.2)

where Ef ¯f , pf ¯f and mf ¯f are, respectively, the total energy, momentum and invariant mass
of the fermion pair. The m

recoil

distribution should exhibit a peak at mH for the signal
process of e+e� ! ZH (with a small contribution from ZZ fusion), and is expected
to be smooth for background processes. The reconstructed width of the peak will be
dominated by the detector resolution and the beam energy spread, while the effect of the
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Figure 3.9 Recoil mass spectrum of e+e� ! ZX candidates with the Z boson decaying to a pair of
leptons, for an integrated luminosity of 5 ab�1, for Z ! µµ (left) and Z ! ee (right).

e+e�
(�), e⌫W, eeZ production. These become the dominant backgrounds after event se-

lection. This simple-cut based event selection results in 10k signal events (27% selection
efficiency) and 147k background events.The right-hand plot of Fig. 3.9 shows the recoil
mass spectrum. A relative precision of 2.4% for the inclusive cross section has been
achieved, and an accuracy of 14 MeV is expected for the Higgs boson mass measurement.
To take into account the energy loss due to bremsstrahlung and FSR, the momentum of
the electron/positron track can be corrected by adding the energy carried by the photons
located inside a small cone around the track. With this correction, the accuracy of the ZH
cross section measurement can be improved to 2.1% in the Z ! e+e� channel.

Model-independent event selection is necessary for the absolute cross section mea-
surement. However, additional cuts which might break this requirement can be used to
improve the Higgs mass measurement. For instance, in the Z ! e+e� channel, the main
backgrounds (Bhabha, single W and single Z events) can be suppressed more effectively.

3.3.2.2 Recoil Mass with Hadronic Z Decays

The recoil mass technique can also be applied to the hadronic decay channels (Z ! qq̄).
This analysis benefits from the larger Z ! qq̄ decay branching ratio, but suffers from
poorer jet energy resolution and random combinatorics of jet-pairing with additional jets.
This measurement is highly dependent on the performance of the PFA, jet clustering and
jet flavour tagging algorithms.

An analysis based on fast simulation has been performed. After event selection, the
main backgrounds arise from WW and Z� production. Fig. 3.10 (left) shows the recon-
structed recoil mass distribution. A relative precision of 0.65% for the inclusive cross
section has been achieved [30]. Jets from Higgs decays can lead to mis-pairing in recon-
structing the Z ! qq̄ decay, which may further violate the model-independence of event
selection. Thus it is crucial to understand and to control the event selection efficiency ho-
mogeneity of different Higgs decay modes. As shown in the right-hand plot of Fig. 3.10,
average signal efficiency is 33.9%, with a relative variation of 6.5%.



• The combination of different Z decay modes gives:
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cantly improve the measurement of � . These are the most useful inputs from the LHC to
combine with CEPC. Similar studies with the ILC can be found in Refs. [40, 56, 57].

The 10-parameter fit and the 7-parameter fit for several integrated luminosities are
shown in Tables 3.12 and 3.11, respectively. In addition, the combinations with expecta-
tions (with theoretical uncertainties included) from HL-LHC from Ref. [58] are shown in
the same tables.2 It is assumed that the HL-LHC will operate at 14 TeV center-of-mass
energy and accumulate an integrated luminosity of 3000 fb�1.

LHC 300/3000 fb-1

CEPC 250 GeV at 5 ab-1 wi/wo HL-LHC
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Figure 3.18 The 7 parameter fit result, and comparison with the HL-LHC. The projections for CEPC
at 250 GeV with 5 ab�1 integrated luminosity are shown. The CEPC results without combination with
HL-LHC input are shown with dashed edges. The LHC projections for an integrated luminosity of 300 fb�1

are shown with dashed edges.

The CEPC Higgs properties measurements mark a giant step beyond the HL-LHC. First
of all, in contrast to the LHC, a lepton collider Higgs factory is capable of measuring the
absolute width and coupling strengths of the Higgs boson. A comparison with the HL-
LHC is only possible with model-dependent assumptions. One such comparison is within
the framework of a 7-parameter fit, as shown in Fig. 3.18. The details of combination
with HL-LHC with several benchmark CEPC luminosities is shown in Table 3.11. Even
with this set of restrictive assumptions, the advantage of the CEPC is still significant.
The measurement of Z is more than a factor 10 better. The CEPC can also significantly
improve a set of channels which suffer from large background at the LHC, such as b, c,
and g. It should be emphasised that this is comparing with the HL-LHC projection, with
aggressive assumptions about systematics. Such uncertainties are typically under much
better control at lepton colliders. Within this 7 parameter set, the only coupling for which
HL-LHC can give a competitive measurement is � , for which the CEPC’s accuracy is
limited by statistics. This is also the most valuable input that the HL-LHC can give to the
Higgs coupling measurement at the CEPC, which underlines the importance of combining
the results of these two facilities.

2It noted that LHC and CEPC have different sources of theoretical uncertainties; for detailed discussion, see
Refs. [5, 29, 59–61].
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What can we do with CEPC?



• The combination of different Z decay modes gives:

What can we do beyond the SM?
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fundamental physics for decades to come. The CEPC/SPPC program gives us the ideal
combination of leaps in precision and energy needed to unravel the deep new mysteries
opened up by the discovery of the Higgs.

Let us begin by giving a lightning tour of the raw physics capabilities of these machines.
The CEPC will produce millions of Higgs particles, measuring the Higgs couplings

to the gauge bosons and fermions to exquisite accuracy, typically at the percent to sub-
percent level, as shown in Fig. 2.2. Moreover, CP-violating Higgs couplings, which are
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Figure 2.2 Top: The 7 parameter fit, and comparison with the HL-LHC, discussed in detail in Chapter 3.
The projections for CEPC at 250 GeV with 5 ab�1 integrated luminosity are shown. The CEPC results
without combination with HL-LHC input are shown with dashed edges. The LHC projections for an
integrated luminosity of 300 fb�1 are shown in dashed edges. Bottom: Comparison between the LHC and
several benchmark luminosities of the CEPC.

predicted in certain extensions of the Standard Model Higgs sector, can be seen at the
percent level, and tiny branching ratios for invisible and exotic Higgs decays can be probed
at the 10

�4 level.
Furthermore, when running on the Z-pole, the CEPC can produce up to 10

11 Z bosons,
measuring the couplings of the Z to the 10

�4 level, and improving the limits on precision
electroweak observables by an order of magnitude or more [3], as shown in Fig. 2.3.

Most importantly, the leap in energy at the SPPC gives a huge increase in the reach for
new physics. A seven-fold increase in center of mass energy relative to the LHC, with

What can we do with CEPC?



What can we do with CEPC?
• As a Higgs factory, CEPC will generate ~ 1,000,000 SM Higgs 

bosons. 

TABLE II from Q.-F S, F Feng, Y Jia, W.-L Sang, Phys. Rev. D96 (2017) 051301, see also  
Y Gong, Z Li, X Xu, L.L Yang, X Zhao, Phys. Rev. D95(2017) 093003
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√
s (GeV)

LO (fb) NLO Weak (fb) NNLO mixed electroweak-QCD (fb)

σ(0) σ(α) σ(0) + σ(α) σ(ααs)
Z σ(ααs)

γ σ(ααs) σ(0) + σ(α) + σ(ααs)

Total 223.14 6.64 229.78 2.42 0.008 2.43 232.21
240 L 88.67 3.18 91.86 0.96 0.003 0.97 92.82

T 134.46 3.46 137.92 1.46 0.005 1.46 139.39
Total 223.12 6.08 229.20 2.42 0.009 2.42 231.63

250 L 94.30 3.31 97.61 1.02 0.004 1.02 98.64
T 128.82 2.77 131.59 1.40 0.005 1.40 132.99

TABLE I: The (un)polarized Higgsstrahlung cross sections at
√
s = 240 GeV and 250 GeV in the α(0) scheme. Provided are

the LO, NLO weak and NNLO O(ααs) predictions as well as individual contributions for the O(α) corrections σ(α), and for
the O(ααs) corrections in (13).

√
s schemes σLO (fb) σNLO (fb) σNNLO (fb)

α(0) 223.14 ± 0.47 229.78 ± 0.77 232.21+0.75+0.10
−0.75−0.21

240 α(MZ) 252.03 ± 0.60 228.36+0.82
−0.81 231.28+0.80+0.12

−0.79−0.25

Gµ 239.64 ± 0.06 232.46+0.07
−0.07 233.29+0.07+0.03

−0.06−0.07

α(0) 223.12 ± 0.47 229.20 ± 0.77 231.63+0.75+0.12
−0.75−0.21

250 α(MZ) 252.01 ± 0.60 227.67+0.82
−0.81 230.58+0.80+0.14

−0.79−0.25

Gµ 239.62 ± 0.06 231.82±0.07 232.65+0.07+0.04
−0.07−0.07

TABLE II: The unpolarized Higgsstrahlung cross sections at√
s = 240(250) GeV in three different input schemes. To

estimate the uncertainties caused by the input parameters
(first entry), we take MW = 80.385±0.015 GeV, mt = 174.2±
1.4GeV and∆α(5)

had(MZ) = 0.02764±0.00013. We also change
the strong coupling constant from αs(MZ) to αs(

√
s) (second

entry) with its central value taken as αs = αs(
√
s/2). For

the conversion from the α(0) scheme to the α(MZ) and Gµ

schemes, we use ∆α(MZ)|NLO = ∆α(MZ)|NNLO = 0.059 and
∆r|NLO = 0.0293,∆r|NNLO = 0.0331, respectively.

Summary and Outlook. Stimulated by the anticipated
exquisite accuracy of the σ(HZ) measurements in the
next-generation e+e− Higgs factory, for the first time we
calculated the mixed electroweak-QCD O(ααs) correc-
tions for the Higgsstrahlung process. It is found that
this mixed electroweak-QCD corrections are quite siz-
able, about 1.1% of the LO result in α(0) and α(MZ)
schemes, well above the projected experimental (sub-
)percent accuracy for the σ(ZH) measurement. In the
Gµ scheme, we find that the NNLO electroweak-QCD
corrections amount to 0.3% of the LO result. A compre-
hensive study of parametric and QCD scale uncertainties
exhibits large uncertainties in the NNLO electroweak-
QCD predictions in the α(0) and α(MZ) schemes, which
however are considerably reduced in the Gµ scheme. It
is important to note that to make closer contact with
the actual experimental measurement, it is also useful to
conduct a careful analysis on the ISR effects, as well as
to study the process e+e− → µ+µ−+H by including the
effect of finite Z width.

Note added. After this work was submitted, there
also appeared an independent computation on mixed
electroweak-QCD corrections to Higgsstrahlung pro-
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FIG. 3: Differential unpolarized/polarized cross sections for
Higgsstrahlung at

√
s = 240 GeV at NLO O(α) and NNLO

O(ααs). The green band indicates the uncertainties from
the input parameters as adopted in Table II and the three
different input schemes.

cess [42].
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~ 1% theoretical error at NNLO (EW+QCD) level
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What can we do with CEPC?
• Higgs boson is sensitive to the NP.  

• It decays VERY VERY slow!

CEPC-SPPC preCDR, Volume I-Physics & Detector, The CEPC-SPPC Study Group

Z W t H
Width (GeV) 2.4952 2.085 1.41 0.00407

M/𝚪 36.545 38.55 123 3.07×104

H→VV, H→VV*

It is possible to measure the NP effect in the Higgs  
decay process even it is tiny.



Exotic decay of the SM Higgs boson
• NP at high energy scale can modified the branching ratios of the 

Higgs decay modes. If the effect is significant, ~percent level, we 
may discover it indirectly. 

• On the other hand, there are chances that the Higgs boson decays 
into exotic light particles in the NP!

NP

SM 
decay mode

H

NP

Exotic 
decay 
modes

H



Exotic decay of the SM Higgs boson

• Light exotic particles weakly couple to the SM sector: 

- SUSY model: MSSM, NMSSM, … light neutralinos, gravitino; 

- Hidden valley with Higgs boson as the mediator: “Higgs portal”; 

- Dark matter: dark force, … 

- Bayrogenesis: exotic light scalar; 

- Neutrino mass: N-loop radiative seasaw; 

- …



Exotic decay of the SM Higgs boson
• Some technical assumptions: 

- The first decay is two-body decay; 

- In the final state, there are only SM particles or missing energy. (For exotic 
decay modes with displaced vertices, please see Nathaniel’s talk. )

h h h h

h h h

h → 2 h → 2 → 3 h → 2 → 3 → 4 h → 2 → (1 + 3)

h → 2 → 4 h → 2 → 4 → 6 h → 2 → 6



Exotic decay of the SM Higgs boson
• What can we do with HL-LHC?

Exotic decays of the 125 GeV Higgs boson
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We perform an extensive survey of nonstandard Higgs decays that are consistent with the 125 GeV
Higgs-like resonance. Our aim is to motivate a large set of new experimental analyses on the existing and
forthcoming data from the Large Hadron Collider (LHC). The explicit search for exotic Higgs decays
presents a largely untapped discovery opportunity for the LHC collaborations, as such decays may be
easily missed by other searches. We emphasize that the Higgs is uniquely sensitive to the potential
existence of new weakly coupled particles and provide a unified discussion of a large class of both
simplified and complete models that give rise to characteristic patterns of exotic Higgs decays. We assess
the status of exotic Higgs decays after LHC run I. In many cases we are able to set new nontrivial
constraints by reinterpreting existing experimental analyses. We point out that improvements are possible
with dedicated analyses and perform some preliminary collider studies. We prioritize the analyses
according to their theoretical motivation and their experimental feasibility. This document is accompanied
by a Web site that will be continuously updated with further information [http://exotichiggs.physics
.sunysb.edu].

DOI: 10.1103/PhysRevD.90.075004 PACS numbers: 12.60.Fr, 14.80.Bn, 14.80.Da, 14.80.Ec

I. INTRODUCTION AND OVERVIEW

The discovery at the Large Hadron Collider (LHC) of a
Higgs-like particle near 125 GeV [1,2] (referred to as “the
Higgs” h for simplicity in this paper) is a triumph for
theoretical [3–11] and experimental particle physics and

marks the culmination of several decades of experimental
search. However, the experimental investigation of this new
state has only just begun. The Higgs plays an essential role
in the Standard Model (SM) of particle physics and impacts
a wide range of new physics beyond the SM (BSM).
The discovery of this new state presents us with a rich
experimental program that includes the precise measure-
ment of its couplings to SM particles, the search for
additional Higgs-like states, and the focus of this paper:
the search for “exotic” decays, i.e., decays that involve new
light states beyond the SM.
The aim of this document is to provide a summary and

overview of the theoretical motivation and basis for a large
set of new analyses that could be done by the LHC
experimentalists. In the course of doing so we provide a
thorough and unified description of a large class of models
that generate exotic Higgs decays and perform numerous
original collider studies to assess the current status and
discovery potential of different modes.
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• Assume we have 1,000,000 ZH events, with zero background, we 
still need the branching ratio to be ~ 5×10-5 to reach a 95% C.L. 

• If the LHC can give a competitive result, we need to work hard to 
combine the data from other Z decay model and Higgs production 
channels. 

• If the LHC gives a much better result than this. CEPC can hardly 
give better result.



Exotic decay of the SM Higgs boson
• What can we do with HL-LHC?



Exotic decay of the SM Higgs boson
• What can we do with HL-LHC?



Exotic decay of the SM Higgs boson
• Our simulation, what we do and what we do not do. 

✓  Parton level event generation, with Higgs and Z boson decay; 

✓  Gaussian smearing effect, b-tagging and veto; 

✓  Parton level background event generation; 

✓  Optimize cuts for each specific channel. 

X    Full ISR and initial state effects 🙁; 

X    Parton showering, hadronization, jet clustering 🙁; 

X    Jet substructure analysis 🙂； 

X    BDT or MVA technology 🙂； 

X    Hadronic Z decay mode 🙂.



Exotic decay of the SM Higgs boson

• An example: 

- h→2→4 

- Insert light (pseudo)scalar (a, s) or vector boson (Z’). 

- h→ss(aa)→(jj)(jj), h→Z’Z’→(jj)(jj). 

- Effective Lagrangian:

Le↵ =
p
2"svhss+

p
2"avhaa+ "1g

0
1vhZ

0
1µZ

0µ
1 + "2g

0
2vhZ

0
2µZ

0µ
2

+ yssf̄f + iyaaf̄�5f +
↵scs
⇤s

sGµ⌫G
µ⌫ +

↵sca
⇤a

aGµ⌫G̃
µ⌫

+ g01Z
0
1µf̄�

µf + g02Z
0
2µf̄�

µPRf

Spin correlations are kept  in our simulation.



Exotic decay of the SM Higgs boson

• An example: 

- Parton level simulation. 

- Detector effects (energy resolution, PID efficiency):

CEPC-SPPC preCDR, Volume I-Physics & Detector, The CEPC-SPPC Study Group
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Figure 3.4 Lepton identification performance.

uds quarks. The b-tagging performance is close to that expected, while the c-tagging
efficiency is worse by about 20%. Detailed adjustments and optimisation are needed.

3.3 Higgs Boson Measurements

The software tools introduced above have been applied to centrally produced CEPC sam-
ples and the subsequence physics analyses. A SM sample set at 250 GeV center-of-mass
energy, including both Higgs signals and all 2-fermion and 4-fermion backgrounds, has
been generated [27]. All the Higgs signal and part of the SM background have been pro-
cessed to full simulation and reconstruction. Limited by the computing resources, the rest
of the SM backgrounds are simulated with CEPCFS, which has been validated with full
simulation at key physics distributions such as the Higgs recoil mass spectrum.

Samples simulated for the ILC studies [28] are used for cross-checks. It should be
pointed out that the beam spot size at CEPC is much larger than that at ILC or CLIC,
resulting in a much weaker beamstrahlung effect at single collision. Therefore, the beam-
strahlung effect is ignored in the current set of CEPC samples.

3.3.1 Production Cross Sections of Signal and Background Processes

The leading production processes for the SM Higgs boson (mass = 125 GeV) at CEPC
operating at

p
s ⇠ 240 � 250 GeV are: e+e� ! ZH (Higgsstralung or ZH), e+e� !

⌫⌫̄H (WW fusion) and e+e� ! e+e�H (ZZ fusion), as illustrated in Fig. 3.6. WW and
ZZ fusion are collectively referred to below as vector boson fusion (VBF) production.



Exotic decay of the SM Higgs boson

• An example: 

- Parton level simulation. 

- Main SM backgrounds: e+e-→Zjjjj+X. 

- Systematic error of the simulation due to the ISR effect. (We thank 
M.-Q Ruan for helpful discussion. ) 

- A parton level simulation which could give a reasonable estimation 
of the significance with clearly error estimation is acceptable in 
current study. 



Exotic decay of the SM Higgs boson

• An example: 

- Preselection cuts: 

- MadGraph5_aMC@NLO. 

- The ISR effect of the background is roughly mimicked by 
generating events with 1 additional photon (with pT>1GeV to avoid 
the IR divergence). (No ISR for signal events! ) 

- Additional cut to suppress the ISR effect:

| cos ✓j,`| < 0.98, Ej,` > 10GeV,

yij ⌘
2min

�
E2

i , E
2

j

�
(1� cos ✓ij)

E2

vis

> y
cut

,

a pair of OSSF leptons, ✓`` > 80�

|m`` �mZ | < 10GeV, |m
recoil

�mh| < 5GeV.

Evis > 225GeV.





Exotic decay of the SM Higgs boson (jjjj)
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Exotic decay of the SM Higgs boson (jjjj)
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Exotic decay of the SM Higgs boson (jj+met)

• Another topology 

• Benchmark model: supersymmetry.

h h h h

h h h

h → 2 h → 2 → 3 h → 2 → 3 → 4 h → 2 → (1 + 3)

h → 2 → 4 h → 2 → 4 → 6 h → 2 → 6

h h h h
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Exotic decay of the SM Higgs boson (jj+met)

In this work, we mimic the detector effect by adding smearing effects on the 4-momentum
of the particles. For photons in the final state, the energy resolution is determined by the
electromagnetic calorimeter (ECAL), which is

�E

E
=

0.16p
E/GeV

� 0.01. (4.7)

The energy resolution of jets is affected by the hadron calorimeter too, and is

�E

E
=

0.3p
E/GeV

� 0.02. (4.8)

For electron and muon in the final state, we estimate the resolution of their momentum
with the resolution of the tracker system

�

✓
1

p
T

◆
= 2 ⇥ 10

�5 � 10

�3

p
T

sin ✓
. (4.9)

4.1 h ! (jj) + /ET

In this channel, we take the NMSSM as a benchmark model. This final state appears if
the SM-like Higgs boson decays into �̃0

2�̃
0
1 with �̃0

2 ! �̃0
1h1(a1) and h1(a1) ! jj. We

generate the irreducible SM background e+e� ! `+`�⌫`⌫̄`jj with MadGraph5. After the
preselection cuts, the recoil mass distribution of the dilepton system is shown in Figure
5. It is clearly that the dominant background after the recoil mass cut will be the Higgs
strahlung process with h ! qq̄⌫`⌫̄`. After the recoil mass cut, the SM background cross
section is 0.063fb with y

cut

= 0.001, and 0.059fb with y
cut

= 0.002. The dijet invariant
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Figure 2. The recoil mass distribution of the SM backgrounds for `+`�⌫`⌫̄`jj (ycut = 0.001). All
of the preliminary cuts except the recoil mass cut are added.

mass distribution of the SM background after the recoil mass cut is shown in Figure 3.
There is a clear valley of the distribution between 35 and 75 GeV due to none of the Z
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Zh→Z+jj+met 
background. 

Br(h→jj+met)~1%, 
σ(Zh)~240fb, without 
cuts, it gives ~0.17fb 

background.
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jExotic decay of the SM Higgs boson (jj+met)
• Off-shell 𝜒2 decay. 

• Large m2: mjj~2m2/3.
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Summary and outlook
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95% C.L. upper limit on selected Higgs Exotic Decay BR

• The sensitivity to the invisible Higgs decay has been well studied 
and the results are from literatures. 

• The tau channels are extrapolated from our simulation with 40% 
tau tagging rate and more backgrounds considered. 

• The ILC(H20, polarized) and FCC-ee results are rescaled with 
luminosity.
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• The accuracy of the measurement of the total width of the Higgs 
boson is expected to be ~ 2.7%. Thus this offers a much worse 
sensitivity to most of the exotic decay channels. 

• The initial state effect, parton showering and hadronization effect, 
full detector simulation, hadronic Z decay mode, and jet 
substructure analysis are neglected in this work. However, they 
should be considered in a more complete version of the 
investigation of these NP signals.



Thank you!
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Exotic decay of the SM Higgs boson (jjjj)
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