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Xsec asymmetry off Z pole enhances due to the interference terms: , 
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Symmetric: energy deviation from the Z pole is measured by a single parameter Δ± = Δ

Aσ(Δ) =
σ(MZ + Δ) − σ(MZ − Δ)
σ(MZ + Δ) + σ(MZ − Δ)
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•Cross Section Asymmetry — Symmetric off Z Pole Run

 vs δAσ Δ

largest

Ot
lq = (l̄γμσal)(q̄γμσaq)

flips sign for  
up-type quarks

amplified when  
summing up  
final state
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•Polarization and Forward-Backward Asymmetry

A(1)
pol/FB ( s) =

σ+ ( s) − σ− ( s)
σ+ ( s) + σ− ( s)

,
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a) One-sided:

b) Two-sided: 

A(2)
pol/FB (Δ±) = A(1)

pol/FB (MZ + Δ+) − A(1)
pol/FB (MZ − Δ−)

(L, R), (F, B)(+, −) =
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Probing New Physics with Off Z Pole Observables @ CEPC

BSM Sensitivities

•Cutoff Scales in New Physics Asymmetry Signal
A simple estimate of scale dependence in ANP

ANP = ASM+NP − ASM =
δσSM + δσNP

σSM + σNP
−

δσSM

σSM
≈

δσNP

σSM
since 

δσSM

σSM
≪

δσNP

σNP

Shorthand notation: SM, NPσi = σi,+ + σi,−, δσi = σi,+ − σi,−, i =

Nov. 8, 2021          13CEPC Intl. Workshop, Nanjing

a) For xsec, one-sided pol/FB Asymmetries:

b) For two-sided pol/FB Asymmetries: ANP ≈
δσNP

σSM
(s+) −

δσNP

σSM
(s−)
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•Cutoff Scales in New Physics Asymmetry Signal

Constraints for cutoff scales by projected precision

Is there NP?
identify NP signal

ANP ≳ n ⋅ δAexp
? constrain scales

A′ NP ∼ n ⋅ δAexp

Cutoff scale enhancement: N =
Λ′ 

Λ
=

ANP

A′ NP
=

δ
n

, δ =
ANP

δAexp

n-  levelσ projected sensitivity

CEPC Intl. Workshop, Nanjing Nov. 8, 2021          14
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Cutoff scale enhancement: N =
Λ′ 

Λ
=

ANP

A′ NP
=

δ
n

, δ =
ANP

δAexp

n-  levelσ projected sensitivity

Example at 2-  level,  when σ N = 2 δ = 8
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•New Physics Sensitivity without Systematic Uncertainties

Statistical uncertainty

δAstat = 2
N+N−

(N+ + N−)3 , N± = X±σ±

# of events

integrated luminosity

Equal luminosity assumption X± = X0 δAstat =
2
X0

σ+σ−

(σ+ + σ−)3
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Statistical uncertainty

δAstat = 2
N+N−

(N+ + N−)3 , N± = X±σ±

# of events

integrated luminosity

Equal luminosity assumption X± = X0 δAstat =
2
X0

σ+σ−

(σ+ + σ−)3

CEPC off and on Z pole runs Z mass scan

CEPC CDR Vol 2 (2018)
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•New Physics Sensitivity without Systematic Uncertainties

Statistical uncertainty
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Probing New Physics with Off Z Pole Observables @ CEPC

•New Physics Sensitivity without Systematic Uncertainties

Statistical uncertainty

δAstat = 2
N+N−

(N+ + N−)3 , N± = X±σ±

# of events

integrated luminosity

Equal luminosity assumption X± = X0 δAstat =
2
X0

σ+σ−

(σ+ + σ−)3

Investigation What is the room for scale enhancement? 

  vs δ =
ANP

δAstat
Δ, σ0

CEPC off and on Z pole runs Z mass scan

CEPC CDR Vol 2 (2018)

our trial Two-sided:  ab  X0 = 0.5 −1
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Probing New Physics with Off Z Pole Observables @ CEPC

Xsection asymmetry — symmetric off Z pole run:

•New Physics Sensitivity without Systematic Uncertainties

Asym
σ =

σ (MZ + Δ) − σ (MZ − Δ)
σ (MZ + Δ) + σ (MZ − Δ)
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Probing New Physics with Off Z Pole Observables @ CEPC

Xsection asymmetry — symmetric off Z pole run:

•New Physics Sensitivity without Systematic Uncertainties

Asym
σ =

σ (MZ + Δ) − σ (MZ − Δ)
σ (MZ + Δ) + σ (MZ − Δ)
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Probing New Physics with Off Z Pole Observables @ CEPC

•New Physics Sensitivity without Systematic Uncertainties

A(1)
pol, A(2)

polPolarization asymmetry — one(two)-sided:
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Probing New Physics with Off Z Pole Observables @ CEPC

•New Physics Sensitivity without Systematic Uncertainties
Improved cut-off scales (TeV) at  GeV off Z pole at 1-  level ♱ ±3 σ
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Probing New Physics with Off Z Pole Observables @ CEPC

Estimate systematic uncertainties

•New Physics Sensitivity with Systematic Uncertainties

ASM ({xi}) = ASM ({xi,0}) + ∑
i

∂ASM (xi,0)
∂xi

δxi, xi = xi,0 + δxi

δAsys = ∑
i (

∂Atot (xi,0)
∂xi

δxi)
2

Linear expansion on variables {xi}
relate to uncertainties

For independent {δxi}
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Probing New Physics with Off Z Pole Observables @ CEPC

Estimate systematic uncertainties

•New Physics Sensitivity with Systematic Uncertainties

ASM ({xi}) = ASM ({xi,0}) + ∑
i

∂ASM (xi,0)
∂xi

δxi, xi = xi,0 + δxi

δAsys = ∑
i (

∂Atot (xi,0)
∂xi

δxi)
2

Linear expansion on variables {xi}
relate to uncertainties

For independent {δxi} source

energy
luminosity
Z pole mass
theoretical error
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Probing New Physics with Off Z Pole Observables @ CEPC

Estimate systematic uncertainties

•New Physics Sensitivity with Systematic Uncertainties

ASM ({xi}) = ASM ({xi,0}) + ∑
i

∂ASM (xi,0)
∂xi

δxi, xi = xi,0 + δxi

δAsys = ∑
i (

∂Atot (xi,0)
∂xi

δxi)
2

Linear expansion on variables {xi}
relate to uncertainties

For independent {δxi}

Scale enhancement indicated by δ =
ANP

δAstat+sys

source

energy
luminosity
Z pole mass
theoretical error
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Probing New Physics with Off Z Pole Observables @ CEPC

Estimate systematic uncertainties

•New Physics Sensitivity with Systematic Uncertainties

ASM ({xi}) = ASM ({xi,0}) + ∑
i

∂ASM (xi,0)
∂xi

δxi, xi = xi,0 + δxi

δAsys = ∑
i (

∂Atot (xi,0)
∂xi

δxi)
2

Linear expansion on variables {xi}
relate to uncertainties

For independent {δxi}

Scale enhancement indicated by δ =
ANP

δAstat+sys
Are systematics significant?

source

energy
luminosity
Z pole mass
theoretical error

Investigation Rescaling factor δAstat /δAstat+sys
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Probing New Physics with Off Z Pole Observables @ CEPC

Achievable precision at CEPC and FCC-ee vs LEP

•New Physics Sensitivity with Systematic Uncertainties
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Probing New Physics with Off Z Pole Observables @ CEPC

Achievable precision at CEPC and FCC-ee vs LEP

•New Physics Sensitivity with Systematic Uncertainties

Xsec asymmetry (symmetric) 
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Probing New Physics with Off Z Pole Observables @ CEPC

Achievable precision at CEPC and FCC-ee vs LEP

•New Physics Sensitivity with Systematic Uncertainties

Polarization & FB asymmetries
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Probing New Physics with Off Z Pole Observables @ CEPC

Achievable precision at CEPC and FCC-ee vs LEP

•New Physics Sensitivity with Systematic Uncertainties

Polarization & FB asymmetries

Rescaling factors for asymmetry measurements 
 GeV off Z pole at 1-  level±3 σ
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Probing New Physics with Off Z Pole Observables @ CEPC

Theoretical uncertainty

•New Physics Sensitivity with Systematic Uncertainties

Higher order (HO) corrections

Complete EW 2-loop
0.31%δσ0

had

I. Dubovyk et al. 
Phys. Lett. B 783, 86-94 (2018)

CEPC Intl. Workshop, Nanjing Nov. 8, 2021          21
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EW & QCD

QED (ISR,FSR & IFI) amounts to 30%

Parametric Missing HO ( )NmLO, m ≥ 2
Ex.
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Probing New Physics with Off Z Pole Observables @ CEPC

Theoretical uncertainty

•New Physics Sensitivity with Systematic Uncertainties
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Uncertainties in theoretical predictions

Δα(5)
had (MZ) , Mt , Mh

δAth ∼ 10−4
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Probing New Physics with Off Z Pole Observables @ CEPC

•New Physics Sensitivity with Systematic Uncertainties
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Improved cut-off scales (TeV) at  GeV off Z pole at 1-  level ♱ ±3 σ

♱ orange — including HO w/o its uncertainty; gray — including HO w/ its uncertainty
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Probing New Physics with Off Z Pole Observables @ CEPC

Conclusion

We consider several types of asymmetry measurements designed to enhance BSM 

sensitivity under projected precision at future lepton colliders (e.g., CEPC). 

(a) two-sided cross section asymmetries  

(b) one- and two-sided initial-state polarization and FB asymmetries  

The two-sided asymmetries should have the BSM sensitivities enhanced due to flipping 

sign across Z pole for the SM-BSM interference contribution, and may have them further 

enhanced when the SM contributions are completely cancelled (in asymmetric off Z pole 

run). 

Aσ

A(1,2)
pol , A (1,2)

FB

CEPC Intl. Workshop, Nanjing Nov. 8, 2021          24J.Zhou (UMass Amherst)



Probing New Physics with Off Z Pole Observables @ CEPC

Conclusion

In practice, the enhancement due to cross section asymmetries is limited by the systematics 

(mainly from luminosity), unlike that due to polarization and FB asymmetries. 

The one-sided polarization and FB asymmetries tend to provide the most enhanced BSM 

sensitivities  in comparison with the two-sided ones in symmetric off Z pole run.  

The cutoff scale of up to  TeV may be accessible with completion of higher order 

corrections and their uncertainties being significantly advanced.

𝒪 (100)

CEPC Intl. Workshop, Nanjing Nov. 8, 2021          25J.Zhou (UMass Amherst)
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Probing New Physics with Off Z Pole Observables @ CEPC

•Asymmertic off Z Pole Run

Asymmetric: for a given  the energy deviations from Z pole are  so that σ0 Δ± AσSM (σ0) = 0

Δ− Δ+

σ0

σSM (MZ + Δ+) = σSM (MZ − Δ−)

Cross Section & Asymmetry

102

103

104

105

60 70 80 90 100 110 120
σ

S
M

[p
b
]

√
s [GeV]

e+ e− → Z/γ → j j
example

Note

• Intermediate observable  
• Experimental measurements  
• Theoretical guidance

σ0
Δ±

𝒜SM = 𝒜Z + 𝒜γ + ℬ

box
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Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

•Cross Section Asymmetry — Asymmertic off Z Pole Run

J.Z. (UMass Amherst)

 vs δAσ σ0

Δ+
Δ−
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Probing New Physics with Off Z Pole Observables @ CEPC

Cross Section & Asymmetry

•Cross Section Asymmetry — Asymmertic off Z Pole Run

J.Z. (UMass Amherst)

 vs δAσ σ0

Δ+
Δ−
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Probing New Physics with Off Z Pole Observables @ CEPC
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Cross Section & Asymmetry

•Polarization Asymmetry — One-sided
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Probing New Physics with Off Z Pole Observables @ CEPC
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Cross Section & Asymmetry

•Polarization Asymmetry — One-sided
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Probing New Physics with Off Z Pole Observables @ CEPC
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Cross Section & Asymmetry

•FB Asymmetry — One-sided
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Probing New Physics with Off Z Pole Observables @ CEPC
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Cross Section & Asymmetry

•FB Asymmetry — One-sided
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Probing New Physics with Off Z Pole Observables @ CEPC
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Cross Section & Asymmetry

•FB Asymmetry — Two-sided
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Probing New Physics with Off Z Pole Observables @ CEPC
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Cross Section & Asymmetry

•FB Asymmetry — Two-sided
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Probing New Physics with Off Z Pole Observables @ CEPC

•New Physics Sensitivity without Systematic Uncertainties

Aasym
σ =

σ (MZ + Δ+) − σ (MZ − Δ−)
σ (MZ + Δ+) + σ (MZ − Δ−)

Xsection asymmetry — asymmetric off Z pole run:
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Probing New Physics with Off Z Pole Observables @ CEPC

•New Physics Sensitivity without Systematic Uncertainties

Aasym
σ =

σ (MZ + Δ+) − σ (MZ − Δ−)
σ (MZ + Δ+) + σ (MZ − Δ−)

Xsection asymmetry — asymmetric off Z pole run:

N ∼ 2.57
N ∼ 7.74

at 1-
 le

vel 

σ

N =
δ
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Probing New Physics with Off Z Pole Observables @ CEPC

•New Physics Sensitivity without Systematic Uncertainties

Aasym
σ =

σ (MZ + Δ+) − σ (MZ − Δ−)
σ (MZ + Δ+) + σ (MZ − Δ−)

Xsection asymmetry — asymmetric off Z pole run:

N ∼ 2.57
N ∼ 7.74

sim
ilar e

nhancement  t
o 

symmetric
 to

tal
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Probing New Physics with Off Z Pole Observables @ CEPC

•New Physics Sensitivity without Systematic Uncertainties
A (1)

FB, A (2)
FBFB asymmetry — one(two)-sided:
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