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 Deviation at 2.4𝜎 - 2.6𝜎 from the SM
 Compatible with other anomalies observed in 

𝑏 → 𝑠𝜇𝜇 transition
~4𝜎 tension with SM

Puzzle with Anomalies in B Decays

 New contribution?
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Physics Model for B Anomalies
New physics contribution can be expressed as:

The best fit values for C9 is:

Z’ in a minimal phenomenological setting is:

 Selective U(1) fermion charges to 
evade current LH and LEP constraints.

 Coupling to muons in leptonic sector 
and b-s in fermionic sector.

 Adding muon neutrino and top quark 
couplings to preserve SU(2).

 Considering tau decays 

𝐿 ⊃ 𝑍′𝜇 [𝑔𝜇
𝑉 ҧ𝜇𝛾𝛼𝜇 + 𝑔𝜇

𝑉 ҧ𝜈𝜇𝛾
𝛼𝑃𝐿 𝜈𝜇 + 𝑔𝑏 

𝑞= 𝑡,𝑏

ത𝑞𝛾𝛼𝑃𝐿 𝑞 + (𝑔𝑏 𝛿𝑏𝑠
𝐿 ҧ𝑠𝛾𝛼𝑃𝐿 𝑏 + ℎ. 𝑐. ) ]
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𝒁′ Production via B-Fusion at LHC

B-fusion Zprime

Bottom Fermion 
Fusion (BFF)

Similarly, one can 
consider bottom-
strange quark 
fusion

ҧ𝑠

𝑔𝑏𝛿𝑏𝑠

𝐿 ⊃ 𝑍′𝜇 [𝑔𝜇
𝑉 ҧ𝜇𝛾𝛼𝜇 + 𝑔𝜇

𝑉 ҧ𝜈𝜇𝛾
𝛼𝑃𝐿 𝜈𝜇 + 𝑔𝑏 

𝑞= 𝑡,𝑏

ത𝑞𝛾𝛼𝑃𝐿 𝑞 + (𝑔𝑏 𝛿𝑏𝑠
𝐿 ҧ𝑠𝛾𝛼𝑃𝐿 𝑏 + ℎ. 𝑐. ) ]
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ҧ𝑠

𝑔𝑏𝛿𝑏𝑠

Z’ production cross section 
to be consistent with 
anomalies in B meson 
decays depends on 𝑔𝑏 for 
larger 𝑔𝑏 or 𝑔𝑏𝛿𝑏𝑠 for 
smaller 𝑔𝑏:

Production Cross Section at LHC

Larger 𝒈𝒃 (bb fusion)

2b+2m+jets
Smaller 𝒈𝒃
(bs fusion)

1b+2m+jets

𝑔𝑏𝛿𝑏𝑠𝑔𝜇
𝑉 Τ100 GeV 𝑀𝑍′

2

≈ 1.3 × 10−5

𝑀𝑍′ = 350 GeV 𝑔𝜇 = 0.13



~15 fb at 500 GeV

Fig. 3 

Physics Letters B 761 (2016) 372–392 

𝒁′ → 𝝁𝝁 at ATLAS and CMS

[Constraints from current inclusive di-muon resonance searches]
 The ATLAS limit for 500-GeV 𝑍′ is ~15 fb from Fig. 3. The leptonic production for the

SM 𝑍 is 1.981 nb from the ATLAS paper (cf. 1.89 nb at DYNNLO). Thus the ATLAS limit
on the cross section ratio R = 15 fb / 1.9 nb = 7.9x10^-6.

 The corresponding CMS limit on R is 1.4x10^-6 from Fig. 3b (CMS-EXO-16-047, CERN-
EP-2018-027), which is stringent compared to the ATLAS result.

Fig. 3b 

𝑅 = 1.4 × 10−6 at 500 GeV

JHEP 06 (2018) 120

 SM background becomes dominant for MZ’  < 500 GeV.
 Di-jet, 𝑡 ҧ𝑡 resonance searches produce weaker limits.
 Below 500 GeV, di-muon resonance + ≥1 b tagged jet.
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Final States at LHC
 Two main backgrounds: (i) SM DY 𝛾∗/Z + jets, (ii) top quark production.
 Use ISR jets to reduce the SM background
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Final States at LHC

OS di-muon resonance + ≥ 1 b tagged jet (at least 2jets)

MLM matching with xqcut = 30 and qcut = 60 for smooth DJR and being 
insensitive to physical observables (e.g., cross section, kinematical distributions)

 Two main backgrounds: (i) SM DY 𝛾∗/Z + jets, (ii) top quark production.
 Use ISR jets to reduce the SM background

2 b-s fusion both b and s from gluon 

splitting



Search for BFF Z’ at LHC

𝑀𝑏𝜇 or 𝑀𝜇𝑗 > 170 GeV 
(top mass bound)

ൗ𝐸𝑇
𝑚𝑖𝑠𝑠

𝑀𝜇𝜇
< 0.2𝐻𝑇 − 𝐿𝑇 < 0 (hadronic 

vs. leptonic activity)

[Preselection] OS di-muon + ≥ 1 b tagged jet (at least 2jets)

Teruki Kamon 10B-fusion Zprime

MADGRAPH5 v.2.5.4

PYTHIA 8.2

DELPHES 3.4 (CMS 

card)
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“Unboosted” 𝒎𝐓𝟐 - I am Number Four

We didn’t use the 4th requirement (unboosted 𝑚T2), which provides a 
good discrimination, but does not improve its sensitivity.

unboosted 𝑚T2𝑚T2
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Limit Extraction

B-fusion Zprime

• 𝑔𝜇 = 1 for calculating Z’ decay width 
• The significance increases for smaller 𝑔𝜇 .
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Allowed regions (yellow/green) in 𝛿𝑏𝑠-𝑔𝑏

Current & Future Constraints

Neutrino trident 
constraints

𝑀𝑍′ = 350 GeV𝑀𝑍′ = 200 GeV 𝑀𝑍′ = 500 GeV

𝑔𝑏

𝛿𝑏𝑠
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Summary

B-fusion Zprime

 Anomalies in B meson decays - one of 
hot topics

 Can be explained with Z’ coupling to 
b, s and muon.

 [Phys. Rev. D 97 (2018) 075035] Dedicated search for b-
associated Z‘ is beneficial:
 Showing that Z’ couples to third generation SM particles should be 

probed with di-muon + ≥ 1 b events via b-fusion processes.

 Flavor violating b-s-Z’ coupling introduces a minimum production 
cross-section.

 The limits on 𝜎 ∙ 𝐵 in the existing inclusive di-muon searches can be 
applied to these model parameter space. The reach can be 
improved by utilizing di-muon + ≥ 1 b for 350 GeV or lighter Z’.

 𝑝𝑝 → 𝑍′ → 𝑏𝑏 or 𝑏𝑠 and 𝑝𝑝 → 𝑍′ → 𝑡𝑡 for further understanding of 
such models.


