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Introduction

❑ Rare decays of Z bosons are important channels to look for 
BSM physics

❑ CEPC will offer a huge amount of Z bosons (in only 2-years 
dedicated running), ~ 1012  (which is actually larger than the 
number produced at the LHC: 50nb x 3ab-1 ~ 1.5 x 1011

❑ Rare decays can be investigated with unprecedented 
precision, and Z → four or more leptons is one of these 
channels

❑ This talk will briefly review the measurement strategy and 
results at the LHC, and then comment on the potentials with 
CEPC
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The BR(Z→4l)
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One of the rare 
channels, which 
have been 
established, but 
without a perfect 
precision

From PDG



Example with Details: A Previous ATLAS Measurement
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qq→ Z/Z*Z* → 4l modeled by Powheg MC for

• Cross section calculations (NLO QCD)

• Event generations (interfaced to PYTHIA)

gg→ ZZ →4l modeled by GG2ZZ MC for

• Cross section calculations (LO QCD)

• Event generations (interfaced to Herwig/Jimmy)

NLO Calculation by Powheg (CT10 PDF, Scales = m4l)
Phase space: 80 < m4l < 100 GeV and ml+l- > 5 GeV 

Z→4l is a rare decay

Phase space s
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Example with Details: A Previous ATLAS Measurement
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3rd and 4th leptons 
are pretty soft



Example with Details: A Previous ATLAS Measurement
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Relied on the ratio of Z→4l and Z→2l to cancel the 
theoretical and experimental uncertainties



Current Results from the LHC - CMS
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EPJC 78 (2018) 165

B(Z→4ℓ)= 4.8 ± 0.2 (stat) ± 0.2 (syst) ± 0.1 (theo) ± 0.1 (lumi) ×10−6



Current Results from the LHC - ATLAS
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JHEP 04 (2019) 048



Ideas of Using Z→ 4l decays to Search for BSM 
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For instance arXiv:1710.07635v2

Rare decays of Z to multiple leptons 
can have good sensitivity to its portal 
to dark / hidden sector

LHC could give sensitive constraints 
of dark photon with O(10) GeV 
mass range

CEPC can do better with large 
amount of Zs and precise 
detector?



Discussions
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Z rare decays are important physics channels for 
CEPC, especially given the large number of Zs

Z→4l, 6l, … can be a precise channel to study and 
have good sensitivity to BSM physics

At CEPC, Z bosons are produced at rest, lepton pT
would be even lower, this requires some care about
low momentum measurement

…


