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Additional U(1)’
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7 Parameters: mass, total width and 5 couplings:

Assuming flavor universality, negligible mixing with Z, charge Q’ 

commutes with SU(2)_L charge



Benchmark Models
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Current Limits (before LHC)
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Current Limits



Benchmark Scenarios

Two Scenarios 

(whether Z’ can be produced at LHC 14 TeV)

 Z’ mass 3 TeV

1. LHC 14 TeV 300 fb^-1 and 3000 fb^-1

2. ILC 500 GeV 500 fb^-1 

 Z’ mass 6 TeV

1. LHC 14 TeV 300 fb^-1 and 3000 fb^-1

2. ILC 500 GeV 500 fb^-1 
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Benchmark Scenarios

(3 TeV Z’ @ LHC 14 TeV) – A first Glance 

Invariant mass distribution

LEFT: Dilepton (e+e-) final State

Right: Bottom pair final state

FeynRules->Madgraph5->Pythia->Delphes



3 TeV Z’---- Leptonic Mode

 Clear Signal

 Good for mass determination

 Good for width determination

 Good for asymmetry A product of 

the Z’ chiral hadronic and leptonic

couplings. When fitting, need to take the contamination 

from quark direction definition into account, subjecting to the 

PDF uncertainties.
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3 TeV Z’----

Leptonic Mode:

Mass and Width Fitting Precisions
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For the ‘minimal width’

Width precisions:

30%~80% for 300 fb-1

10%~20% for 3000 fb-1

Mass precisions:

~5 GeV for 300 fb-1

~2 GeV for 3000 fb-1
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3 TeV Z’----

Leptonic Mode: 

AsymmetryAngular Distribution
Angular Distribution of the charged lepton 

(e-) in the Z’ rest frame, with positive 

direction defined as boosting direction

Rapidity Distribution.

Difference are small. 

Differences comes from 

different relative 

hadronic coupling 

strengths from up-type 

quarks and down-type 

quarks. 
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3 TeV Z’----

Leptonic Mode: 

Asymmetry and Cross Section



3 TeV Z’----Hadronic Mode
Important and challenging.

With possible b-tagging and top-tagging, the up-type coupling and down-type 

coupling overall strength determined. With top-quark charge tagging (even 

more, the polarization tagging), one could determine the chiral coupling of 

up-type quarks and then derive the down type chiral couplings.

Lack of statistics. Lepton Collider shows complementarity.
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Hadronic final state 

cross sections. Mass 

window of +/- 100 GeV

are enforced.
Parton level results here just 

provide a taste of the S/B. All 

other studies are with 

pythia+delphes.



3 TeV Z’----bb Mode
B-tagging necessary to probe the up-type and down-type 

quark couplings. 

Largest background: multi-light jets fake b jets.

7/2/2013Zhen Liu                      U of Pittsburgh                        SNOWMASS_BSM 15



3 TeV Z’ @ ILC 500 GeV
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• Very complementary to LHC results. Especially with 

good b-tagging efficiency (which also implies good 

top tagging as well as top charge/polarization 

tagging) and possible b-charge tagging;

• With combining both ILC and LHC could measure all 

five couplings;

• However, interferences are small, need to reply on 

high statistics and subject to systematic 

uncertainties;



ILC (Diagnosis) 

mu+mu- final state
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Cross section and 

Asymmetry can be 

slightly deviated 

from SM 

background.

To Extract Vector

and Axial-vector

couplings strength 

when the mass is 

known from LHC.
Systematics need to 

be added. 

SM



ILC (Exclusion Reach)
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Exclusion through contact operators, which modifies cross 

sections through interference.



Outlook
 Z’ well motivated

 For 3 TeV Z’

 Mass and width at LHC 14 TeV from dilepton final 
states;

 Lepton charge (Forward-backward) asymmetry 
well measured; Sensitive to certain product of 
leptonic and hadronic couplings;

 Can reach 3-sigma effect for bottom pair at HL-
LHC;

 Complementarity from ILC. Can determine the 
couplings to bottom quark, top quark much 
better.

 For 6 TeV Z’

 Study for both LHC and ILC constraining power 
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Thank You!
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Backup 
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Leptonic mode

(Dimuon final state)

The percentage of events 

with the quark (anti-quark) 

direction opposite to (same 

as) the boost direction.

As a function of rapidity;

As a function of partonic

center of mass energy.

Correction: the y-axis 

should be

\epsilon^{q_{FB}}_{PDF}
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