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ADD GKK + g/q − ≥ 1 j Yes 3.2 n = 2 Preliminary6.86 TeVMD

ADD non-resonant ℓℓ 2 e, µ − − 20.3 n = 3 HLZ 1407.24104.7 TeVMS

ADD QBH→ ℓq 1 e, µ 1 j − 20.3 n = 6 1311.20065.2 TeVMth

ADD QBH − 2 j − 3.6 n = 6 1512.015308.3 TeVMth

ADD BH high
∑
pT ≥ 1 e, µ ≥ 2 j − 3.2 n = 6, MD = 3 TeV, rot BH ATLAS-CONF-2016-0068.2 TeVMth

ADD BH multijet − ≥ 3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → ℓℓ 2 e, µ − − 20.3 k/MPl = 0.1 1405.41232.68 TeVGKK mass

RS1 GKK → γγ 2 γ − − 20.3 k/MPl = 0.1 1504.055112.66 TeVGKK mass

Bulk RS GKK →WW → qqℓν 1 e, µ 1 J Yes 3.2 k/MPl = 1.0 ATLAS-CONF-2015-0751.06 TeVGKK mass

Bulk RS GKK → HH → bbbb − 4 b − 3.2 k/MPl = 1.0 ATLAS-CONF-2016-017475-785 GeVGKK mass

Bulk RS gKK → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 20.3 BR = 0.925 1505.070182.2 TeVgKK mass

2UED / RPP 1 e, µ ≥ 2 b, ≥ 4 j Yes 3.2 Tier (1,1), BR(A(1,1) → tt) = 1 ATLAS-CONF-2016-0131.46 TeVKK mass

SSM Z ′ → ℓℓ 2 e, µ − − 3.2 ATLAS-CONF-2015-0703.4 TeVZ′ mass

SSM Z ′ → ττ 2 τ − − 19.5 1502.071772.02 TeVZ′ mass

Leptophobic Z ′ → bb − 2 b − 3.2 Preliminary1.5 TeVZ′ mass

SSM W ′ → ℓν 1 e, µ − Yes 3.2 ATLAS-CONF-2015-0634.07 TeVW′ mass

HVT W ′ →WZ → qqνν model A 0 e, µ 1 J Yes 3.2 gV = 1 ATLAS-CONF-2015-0681.6 TeVW′ mass

HVT W ′ →WZ → qqqq model A − 2 J − 3.2 gV = 1 ATLAS-CONF-2015-0731.38-1.6 TeVW′ mass

HVT W ′ →WH → ℓνbb model B 1 e, µ 1-2 b, 1-0 j Yes 3.2 gV = 3 ATLAS-CONF-2015-0741.62 TeVW′ mass

HVT Z ′ → ZH → ννbb model B 0 e, µ 1-2 b, 1-0 j Yes 3.2 gV = 3 ATLAS-CONF-2015-0741.76 TeVZ′ mass
LRSM W ′

R
→ tb 1 e, µ 2 b, 0-1 j Yes 20.3 1410.41031.92 TeVW′ mass

LRSM W ′
R
→ tb 0 e, µ ≥ 1 b, 1 J − 20.3 1408.08861.76 TeVW′ mass

CI qqqq − 2 j − 3.6 ηLL = −1 1512.0153017.5 TeVΛ
CI qqℓℓ 2 e, µ − − 3.2 ηLL = −1 ATLAS-CONF-2015-07023.1 TeVΛ

CI uutt 2 e, µ (SS) ≥ 1 b, 1-4 j Yes 20.3 |CLL | = 1 1504.046054.3 TeVΛ

Axial-vector mediator (Dirac DM) 0 e, µ ≥ 1 j Yes 3.2 gq=0.25, gχ=1.0, m(χ) < 140 GeV Preliminary1.0 TeVmA

Axial-vector mediator (Dirac DM) 0 e, µ, 1 γ 1 j Yes 3.2 gq=0.25, gχ=1.0, m(χ) < 10 GeV Preliminary650 GeVmA

ZZχχ EFT (Dirac DM) 0 e, µ 1 J, ≤ 1 j Yes 3.2 m(χ) < 150 GeV ATLAS-CONF-2015-080550 GeVM∗

Scalar LQ 1st gen 2 e ≥ 2 j − 3.2 β = 1 Preliminary1.07 TeVLQ mass

Scalar LQ 2nd gen 2 µ ≥ 2 j − 3.2 β = 1 Preliminary1.03 TeVLQ mass

Scalar LQ 3rd gen 1 e, µ ≥1 b, ≥3 j Yes 20.3 β = 0 1508.04735640 GeVLQ mass

VLQ TT → Ht + X 1 e, µ ≥ 2 b, ≥ 3 j Yes 20.3 T in (T,B) doublet 1505.04306855 GeVT mass

VLQ YY →Wb + X 1 e, µ ≥ 1 b, ≥ 3 j Yes 20.3 Y in (B,Y) doublet 1505.04306770 GeVY mass

VLQ BB → Hb + X 1 e, µ ≥ 2 b, ≥ 3 j Yes 20.3 isospin singlet 1505.04306735 GeVB mass

VLQ BB → Zb + X 2/≥3 e, µ ≥2/≥1 b − 20.3 B in (B,Y) doublet 1409.5500755 GeVB mass

VLQ QQ →WqWq 1 e, µ ≥ 4 j Yes 20.3 1509.04261690 GeVQ mass

T5/3 →Wt 1 e, µ ≥ 1 b, ≥ 5 j Yes 20.3 1503.05425840 GeVT5/3 mass

Excited quark q∗ → qγ 1 γ 1 j − 3.2 only u∗ and d∗, Λ = m(q∗) 1512.059104.4 TeVq∗ mass

Excited quark q∗ → qg − 2 j − 3.6 only u∗ and d∗, Λ = m(q∗) 1512.015305.2 TeVq∗ mass

Excited quark b∗ → bg − 1 b, 1 j − 3.2 Preliminary2.1 TeVb∗ mass

Excited quark b∗ →Wt 1 or 2 e, µ 1 b, 2-0 j Yes 20.3 fg = fL = fR = 1 1510.026641.5 TeVb∗ mass

Excited lepton ℓ∗ 3 e, µ − − 20.3 Λ = 3.0 TeV 1411.29213.0 TeVℓ∗ mass

Excited lepton ν∗ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

LSTC aT →W γ 1 e, µ, 1 γ − Yes 20.3 1407.8150960 GeVaT mass

LRSM Majorana ν 2 e, µ 2 j − 20.3 m(WR ) = 2.4 TeV, no mixing 1506.060202.0 TeVN0 mass

Higgs triplet H±± → ℓℓ 2 e, µ (SS) − − 20.3 DY production, BR(H±±L → ℓℓ)=1 1412.0237551 GeVH±± mass

Higgs triplet H±± → ℓτ 3 e,µ, τ − − 20.3 DY production, BR(H±±
L
→ ℓτ)=1 1411.2921400 GeVH±± mass

Monotop (non-res prod) 1 e, µ 1 b Yes 20.3 anon−res = 0.2 1410.5404657 GeVspin-1 invisible particle mass

Multi-charged particles − − − 20.3 DY production, |q| = 5e 1504.04188785 GeVmulti-charged particle mass

Magnetic monopoles − − − 7.0 DY production, |g | = 1gD , spin 1/2 1509.080591.34 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 8 TeV

√
s = 13 TeV

ATLAS Exotics Searches* - 95% CL Exclusion
Status: March 2016

ATLAS Preliminary∫
L dt = (3.2 - 20.3) fb−1

√
s = 8, 13 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.

†Small-radius (large-radius) jets are denoted by the letter j (J).
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1. What could be possibly missed?

3

2. Could CEPC say anything about it?

What if no new physics signals were found 
at the LHC or even at the HL-LHC?



NP affects  
SM processes 

 through loop

Degenerate Dark Matter Model

4

Nearly degenerate 
mass

Missing Energy
F

DM

F̄

SMq

q̄

g

DM

SM, �, Z

Loop does not care about mass split at all, 
but demands HIGH PRECISION measurements

SM

SM

SM

NP



The demand for an e+e- collider

5
Precisions of a few percents are achievable for some of the couplings.  
The CEPC can robustly improve this precision by an order of magnitude.

 

high luminosity

IHEP-CEPC-DR-2015-01

clean background

High precision 

~ 10-3 
precision 



Our Framework
Add NP scalar S  and/or vector-like fermion F  to the SM
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SU(3)C ⌦ SU(2)W ⌦ U(1)Y

SM S, FZ2
+ -

e+e� ! µ+µ�, ⌧+⌧�

e+e� ! ZH

e+e� ! W+W�, ZZ Assuming NP does not  
talk to electron directly
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e+e� ! W+W�

e−

e+

γ∗ , Z∗

W−

W+

F

e−

e+

γ∗ , Z∗

W−

W+

S

Severely constrained
by DM direct detection Small mass split between real 

and imaginary components
of neutral DM scalar

Big savior:

1)



Simplified New Physics Models

8

New fermion multiplet

particles only through the gauge interaction,

�L = F̄ (i⇢⇢D �MF )F. (2.1)

where Dµ = @µ � igW a
µT

a
R � ig0BµYR is the usual covariant derivative, with T 1,2,3

R being the

generators of SU(2)W , and YR the hyper-charge. The interaction of F with the gauge bosons

is shown in Fig. 2 in terms of the electro-weak eigenstate gauge fields W a and B, which are

related to the weak bosons by W 3
µ = cWZµ + sWAµ, Bµ = �sWZµ + cWAµ, etc.

W a
µ

F j

F i

= ig�µT a
ij Ba

µ

F j

F i

= ig0�µY �ij

Figure 2: Feynman rules of the interaction of F with gauge bosons.

At the one-loop level, the e+e� ! W+W� process receives corrections due to F from

diagrams in Fig. 3. We work in the on-shell mass scheme, in which case the wave function

renormalization corrections of the external W legs are cancelled by the corresponding counterterms.

e�

e+

⇥
�⇤ , Z⇤
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W+

(a)
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W+
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⌫e

e+
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⇥

(c)
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(d)

e�

e+
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W�
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(e)

e�
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�⇤ , Z⇤

W�

W+

F

(f)

e�

e+

W�

W+

F

(g)

W W

F

(h)

Figure 3: Feynman diagrams contributing to the e+e� ! W+W� process due to the Fermion

F gauge interation. 3h illustrates a WW self-energy diagram.

The NP e↵ects inside loops reveal themselves through modification of various SM interaction

vertices. In our calculatins, we collect the contributions from diagrams Fig. 3d through 3g

as the corrections to the WWV vertices, and define them as the anomalous WWV vertices,

– 5 –

We list here the result in the large mass limit of the loop particles, for simplicity. For full

results in terms of scalar integrals, see Appendix C.1.1. The anomalous coupling are given by

g1,Z = � e2

120⇡2s2W

m2
W

M2

s2W
c4W

DRY
2
R,

�Z = +
e2

240⇡2s2W

m2
W

M2
CR,

Z = � e2

120⇡2s2W

m2
W

M2

s2W
c4W

DRY
2
R (2.14)

and

g1,� = 0,

�� = +
e2

240⇡2s2W

m2
W

M2
CR,

� = 0 (2.15)

where DR = 2R+ 1 is the dimension of the representation R.

The calculation of corrections to e+e� ! W+W� process for the case of a scalar S is

similar. S is coupled to the SM particles through the following interaction term,

�L = |DµS|2 �M2
SS

†S � V (S,H). (2.16)

where H is the Higgs field, and V (S,H) stands for the scalar potential term. The interaction

of F with the gauge bosons is shown in Fig. 5 in terms of the electro-weak eigenstate gauge

fields W a and B.

W a
µ

Sj

Si

= ig(k + k0)µT a
ij

k

k0

Ba
µ

Sj

Si

= ig(k + k0)µY �ij

k

k0

W a
µ Sj

Si

= ig2gµ⌫(T aT b + T bT a)ij

W b
⌫

Ba
µ Sj

Si

= ig02gµ⌫2Y �ij

Bb
⌫

Figure 5: Feynman rules of the interaction of S with gauge bosons.

At the one-loop level, the e+e� ! W+W� process receives corrections due to F from

diagrams in Fig. 6. Notice that the scalar potential term V (S,H) doesn’t contribute to the

correction to e+e� ! W+W� at one loop, and therefore we leave it implicit.

– 9 –

New scalar multiplet 



One Loop Corrections to e+ e− → W+W-

9
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which can be described by the following e↵ective Lagrangian [7]

�Le↵/gWWV = ig1,V

⇣

W+
µ⌫W

�
µ V⌫ �W�

µ⌫W
+
µ V⌫

⌘

+ iV W
+
µ W�

⌫ Vµ⌫

+
i�V

m2
W

W+
�µW

�
µ⌫V⌫� (2.2)

where V = � , Z, the gauge couplings gWW� = e, gWWZ = e cot ✓W with ✓W being the weak

mixing angle, the field strength tensor Fµ⌫ ⌘ @µA⌫ � @⌫Aµ with A = W , � , Z. While all

of {g1,V , V , �V } receive contributions from the triangle-loop and bubble-loop corrections,

only the {g1,V , V } interaction terms get renormalized, thus they can be written as,

g1,V = g1,V,4 + g1,V,� + �g1,V

V = V,4 + V,� + �V

�V = �V,4 + �V,� (2.3)

where the couplings with subscriptions 4, � denote the coe�cients of the corresponding

Lorentz structures from the triangle and bubble corrections to the WWV vertices, while �g1,V
and �V are the counter-term contributions from Fig. 3d and Fig. 3e to render g1,V and V
finite. They are given in terms of wave function renormalization constants �ZW , �ZAA, �ZZA, �ZAZ , �ZZZ ,

the electrical charge renormalization constant �Ze, weak mixing angle renormalization constant

�sW /sW , and the Z-boson mass renormalization constant �m2
Z , as follows,

�g1,� = �� =



�ZAA

2
+

cW �ZZA

2sW
+ �Ze + �ZW

�

+

"

��ZAA � cW
�

s�ZAZ + �ZZA
�

s�m2
Z

��

2sW
�

s�m2
Z

�

#

�g1,Z = �Z =



�ZAZsW
2cW

� �sW
c2W sW

+ �Ze + �ZW +
�ZZZ

2

�

+

"

�ZZZ
�

m2
Z � s

�

+ �m2
Z

s�m2
Z

� sW
�

s�ZAZ + �ZZA
�

s�m2
Z

��

2scW

#

(2.4)

where the terms in the first bracket come from the vertex renormalization Fig. 3d, while those

in the second bracket from the two-boson renormalization Fig. 3e.

In the on-shell mass scheme, the finite subtraction parts of the renormalization constants

are determined by requiring that the renormalized parameters of the theory actually are

equal to the physical parameters, i.e., the renormalized mass parameters are equal to the real

parts of the poles of the corresponding propagators, and the residues of the propagators

of the renormalized fields are equal to one. These conditions settle the mass and field

renormalization. We further renormalize the electrical charge by equating it with the ee�-

coupling for on-shell external particles in the Thomson limit, and renormalize the weak mixing

angle following Sirlin’s definition [19].

c2W =
m2

W

m2
Z

. (2.5)

– 6 –
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Large Mass Expansion

Effective
Field

Theory



Differential cross section of e+e−→W+W-
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Deviation from the SM contribution



Weak and Hypercharge Quantum Numbers of S
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Blue region :   
   Higher Reps 
   excluded by  
   mono-jet + MET data

Yellow region: 
    Representations
    with DM candidate
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Weak and Hypercharge Quantum Numbers of F
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Blue region :     
   exclusion by     
   mono-jet + MET

Yellow region:
    Representations
    with DM candidate
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‡
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F

Y F

Only fermion doublet allowed
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Deviation of e+e−→W+W- at the CEPC (240GeV)
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Gray shaded bands:  
    excluded by  
    Mono-jet + MET data



Electron-Positron Colliders (500GeV and 1TeV)
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µ� µ�

2) e+e� ! µ+µ�, ⌧+⌧�
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Effective couplings of Zµ+µ�/�µ+µ�

�L = F̄ (i/D �MF )F + |DµS|2 �M2
SS

†S � V (S,H)

yCijS
iµ̄RF

j + h.c.
+

yCijkS
iµ̄k

LF
j + h.c.{

Simplified new physics model

µ� µ�
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Figure 15: Mono-jet data constraints on model quantum numbers of F and S fields with

mass 200 GeV introduced in the NP corrections to the e+e� ! µ+µ� process. The yellow

region encloses the model representations, while the blue region indicates the exclusion by

mono-jet data. The contour lines attached with deviation numbers help to estimate the cross

section corrections at a 1000 GeV collider for the various model representations.
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Figure 16: Dependence of the loop particle massM in e+e� ! µ+µ� cross section deviations

from the SM at
p
s = 240, 500 and 1000 GeV, in the left-handed coupling scenario. The grey

bold part of the curves indicates the excluded mass region by the mono-jet data.

1. Cross sections and AFB’s exhibit a di↵erent YS dependence pattern, and therefore a

combination of both shall better exploit the discovery/exclusion potential of the e+e�;

2. In the plots for the left-handed coupling scenario, the curves at S = 1/2, F = S �

– 24 –

Blue region :   
    Higher Reps excluded by  
        mono-jet + MET data

Yellow region: 
     Representations with DM candidate

Weak and Hypercharge Quantum Numbers of S and F

IS IS IS



21The e+e- collider with 10-3 precision can probe certain parameter space
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Figure 15: Mono-jet data constraints on model quantum numbers of F and S fields with

mass 200 GeV introduced in the NP corrections to the e+e� ! µ+µ� process. The yellow

region encloses the model representations, while the blue region indicates the exclusion by

mono-jet data. The contour lines attached with deviation numbers help to estimate the cross

section corrections at a 1000 GeV collider for the various model representations.
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Figure 16: Dependence of the loop particle massM in e+e� ! µ+µ� cross section deviations

from the SM at
p
s = 240, 500 and 1000 GeV, in the left-handed coupling scenario. The grey

bold part of the curves indicates the excluded mass region by the mono-jet data.

1. Cross sections and AFB’s exhibit a di↵erent YS dependence pattern, and therefore a

combination of both shall better exploit the discovery/exclusion potential of the e+e�;

2. In the plots for the left-handed coupling scenario, the curves at S = 1/2, F = S �
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Figure 18: Dependence of the loop particle mass M in e+e� ! µ+µ� cross section and

AFB deviations from the SM at
p
s = 240, 500 and 1000 GeV, in the right-handed coupling

scenario. Fig. 18d and 18e focus on the details of Fig. 18b and Fig. 18c near the thresholds.

The grey bold part of the curves indicates the excluded mass region by the mono-jet data.

obtained at F = S = 0 and YS = �1 in the right-handed coupling scenario. The relative

low values of the cross section and AFB deviations from the SM for these two model

parameter configurations are due to the absence of the fermion gauge part corrections,
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may be used for the detection or exclusion, but such collider analysis is beyond our current

paper so we wouldn’t talk about it anymore.

4 e+e� ! ZH channel

4.1 Form factors and one loop corrections

We now calculate the correction to the e+e� ! ZH process due to the inclusion of a new

scalar �, which is coupled to the SM particles through the following interaction term,

�L = |Dµ�|2 �M2
��

†�� V (�, H). (4.1)

where V (�, H) is the scalar potential. For � in a general multiplet representation, many ways

of gauge-invariant and renormalizable coupling are admissable between a general multiplet �

and Higgs. For example, apart from the � self interactions like (�†�)2,

V (�, H) = �1C
1
ijkl

⇣

H iH†j
⌘⇣

�k�†l
⌘

+ �2C
2
ijkl

⇣

�†lH i
⌘⇣

�kH†j
⌘

+ �3C
3
ijkl

⇣

�†lH†j
⌘⇣

�kH i
⌘

+ �4C
4
ijkl

⇣

�lHj
⌘⇣

�kH i
⌘

+ �5C
5
ijkl

�

H iHj
�

⇣

�l�k
⌘

+ �6C
6
ijkl

⇣

�lH†j
⌘⇣

�kH i
⌘

+ �7C
7
ijkl

⇣

�†lHj
⌘⇣

�kH i
⌘

+ �8C
8
ijkl

⇣

H iH†j
⌘⇣

�k�l
⌘

+ �9C
9
ijkl

�

H iHj
�

⇣

�k�†l
⌘

+ �10C
10
ijkl

⇣

H†iH†j
⌘⇣

�k�l
⌘

+ h.c. + · · · . (4.2)

where the two fields in each round bracket form a irreducible representation of SU(2)W , and

each Cijkl is constructed to make the corresponding term invariant under SU(2)W . Whereas

the listing above is not exhaustive, we point out that some of the terms may not coexist due

to the U(1)Y invariance. Nevertheless, we demonstrate our calculation of these anomalous

couplings, for the purpose of illustration, only for the special coupling pattern through the

following scalar potential term:

� V (�, H) = �Cijkl

⇣

�†lH i
⌘⇣

�kH†j
⌘

, (4.3)

where the fields in the former round bracket form a representation J of SU(2), and those

in the latter brackets form a representation J̄ . Thus in terms of C-G coe�cients, Cijkl =

hHj|J�;mkihJ�;ml|Hii, where a summation over the repeated index m is implied.

The presence of nonzero Higgs VEV v leads to the H�� interaction, and mass splitting

of di↵erent components of � proportional to �v. Nevertheless, by our motivation in the

Introduction, such mass splitting is assumed to be small, and therefore we first work in the

electro-weak eigenstate for simplicity, and as an leading order correction in �. The Feynman

rules due to the interaction terms Eq. 4.1 and 4.3 are shown in Fig. ?? among others, and

the e+e� ! ZH process receives corrections from diagrams in Fig. 22.
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We now calculate the correction to the e+e� ! ZH process due to the inclusion of a new

scalar �, which is coupled to the SM particles through the following interaction term,

�L = |Dµ�|2 �M2
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†�� V (�, H). (4.1)

where V (�, H) is the scalar potential. For � in a general multiplet representation, many ways

of gauge-invariant and renormalizable coupling are admissable between a general multiplet �

and Higgs. For example, apart from the � self interactions like (�†�)2,
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where the two fields in each round bracket form a irreducible representation of SU(2)W , and

each Cijkl is constructed to make the corresponding term invariant under SU(2)W . Whereas

the listing above is not exhaustive, we point out that some of the terms may not coexist due

to the U(1)Y invariance. Nevertheless, we demonstrate our calculation of these anomalous

couplings, for the purpose of illustration, only for the special coupling pattern through the

following scalar potential term:

� V (�, H) = �Cijkl

⇣

�†lH i
⌘⇣

�kH†j
⌘

, (4.3)

where the fields in the former round bracket form a representation J of SU(2), and those

in the latter brackets form a representation J̄ . Thus in terms of C-G coe�cients, Cijkl =

hHj|J�;mkihJ�;ml|Hii, where a summation over the repeated index m is implied.

The presence of nonzero Higgs VEV v leads to the H�� interaction, and mass splitting

of di↵erent components of � proportional to �v. Nevertheless, by our motivation in the

Introduction, such mass splitting is assumed to be small, and therefore we first work in the

electro-weak eigenstate for simplicity, and as an leading order correction in �. The Feynman

rules due to the interaction terms Eq. 4.1 and 4.3 are shown in Fig. ?? among others, and

the e+e� ! ZH process receives corrections from diagrams in Fig. 22.
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scalar case gives far smaller corrections. Nevertheless, from Fig. 24 (a), we expect a larger

correction in the mass-eigenstate results for the scalar case when � = 0.2, especially in the

low mass region, say, around 100 GeV.
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Figure 25: Mono-jet data constraints on model quantum numbers of �, F and � fields with

mass 200 GeV introduced in the NP corrections to the e+e� ! ZH process. The

Therefore, choosing � = 0.2 and y = 0.2, we calculate the corrections to the cross sections

in the mass eigenstate approach and show them in Figs. 26 and 27.
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Figure 26: Dependence of the loop particle mass M in e+e� ! ZH cross section deviations

from the SM at
p
s = 240, 500 and 1000 GeV, in the HH†��† coupling scenario. The grey

bold part of the curves indicates the excluded mass region by the mono-jet data.

We observe a few interesting points as follows:
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Figure 27: Dependence of the loop particle mass M in e+e� ! ZH cross section deviations

from the SM at
p
s = 240, 500 and 1000 GeV, in the F̄�H coupling scenario. The grey bold

part of the curves indicates the excluded mass region by the mono-jet data.

1. Similar to the e+e� ! W+W� channel, the VLF loop corrections are much larger than

the scalar loop corrections, and both approach zero from the negative side in the large

loop mass limit, since in the considered space of model parameters the gauge corrections

dominate.

2. Consistent with our expectation, the VLF curves exhibit several kinks around M =p
s/2 = 120 GeV, where the NP mass spectra sit, whereas the scalar curves lack such

kinks.

3. In the J = � + 1/2 coupling pattern, the singlet � = 0, Y� = 0, though decoupled

with the gauge bosons, yet contribute to e+e� ! ZH through Higgs field strength

renormalisation. Such contribution is of order O(�2), as obvious by comparing between

di↵erent � values in Fig. 26.

4. As was expected from Fig. 24 , the scalar NP particle � does give sizable corrections at

low representations.

5. Though scarcely constrained by the mono-jet data, the scalar-Higgs coupling scenario

exhibits small corrections at large. On the other hand, however, the VLF corrections
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e+e− → ZH: Fermion Loop
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The e+e- collider with 10-3 Precision can 
probe certain parameter spaces of NP models
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Increasing c.m. energy would improve the sensitivity significantly
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