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CHMs

V ~ TeV

SM ~ EW
a1, a2 [pNGBs] 

a → -a symmetry 
broken only in the 
lepton sector
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CHMs

V ~ TeV

SM ~ EW
a1, a2 [pNGBs] 

muon 
anomaly

B anomalies!

a → -a symmetry 
broken only in the 
lepton sector
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CHMs

V ~ TeV

SM ~ EW
a1, a2 [pNGBs] 

B – B mixing
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The most natural channel: 
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- This decay occurs naturally also in SUSY [Dermidov & 
Gorbunov, 1112.5230]

- Clean signal. Essentially background free:

1

2
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The most natural channel: 
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- This decay occurs naturally also in SUSY [Dermidov & 
Gorbunov, 1112.5230]

- Clean signal. Essentially background free:
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Width smaller 
than 10 MeV, 
lifetime shorter 
than 10 fs
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The most natural channel: 

- Remove dominant background by vetoing a close in mass to 
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LHCb, 
1611.07704
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The most natural channel: 

- Remove dominant background by vetoing a close in mass to 

- The decay width vanishes in the limit of equal a masses
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1611.07704
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Alternative search

- This signal has not been studied experimentally

- The efficiency will be smaller, but this is compensated by the 
larger B  production cross section⁺
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1902.10156
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1902.10156Momentum 
dependence fully 
included in EvtGen
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Analysis strategy/efficiency estimation

- [Trigger] At least one muon with PT > 1.7 GeV

- Exactly four muons, with vanishing total charge

- All muon tracks with PT > 0.5 GeV and within 
2.5 < ETA < 5.0

- Each muon should have total momentum > 2.5 
GeV

- Veto muon pairs with mass in [0.95,1.09] U [3,3.2] 
GeV  

Inspired by 
1611.07704
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Other decay channels we considered:

- B  → D  + 4muons, with D  → K  π  π⁺ ⁺ ⁺ ⁻ ⁺ ⁺

- B  → K*  + 4muons, with K*  → K  ⁰ ⁰ ⁰ ⁺ π⁻

Easy to reconstruct, 
BR of about 9% 

BR ~ 67%

D⁺

c

c

dc

c

d

d

B⁰

K*⁰
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Effect of cuts:
larger final state multiplicity → smaller efficiency

c
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Limit procedure:

- Normalise efficiency with respect to four-muon 
channel

- Scale cross sections with energy and production 
mode, scale luminosity
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Limit procedure:

- Normalise efficiency with respect to four-muon 
channel

- Scale cross sections with energy and production 
mode, scale luminosity

1.8 from 8 to 14 
TeV

B  ~ B  ~ 3.7 B⁺ ⁰
s

 ⁰
[1111.2357]
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Limit procedure:

- Normalise efficiency with respect to four-muon 
channel

- Scale cross sections with energy and production 
mode, scale luminosity

- Scale upper limit on                                          
[from 1611.07704] accordingly: 

1.8 from 8 to 14 
TeV

B  ~ B  ~ 3.7 B⁺ ⁰
s

 ⁰
[1111.2357]
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Expected limits

(BR in units of 10 ¹¹)⁻

c

9/fb                    50/fb                          300/fb
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Comparison with other observables

g12 = 0.5

For 9/fb

[Di Luzio, Kirk, 
Lenz; 1712.06572

m1=m2=1 GeV
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One more search
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- Not so rare actually:
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One more search
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- Not so rare actually:
Provided 
m12/m2>yl
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Efficiencies and limits:



30

DESY theory workshop, September 26, 2019

Efficiencies and limits:
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Comparison with other observables

g12 = 0.5
m1 = 1.2 GeV
m2 = 2 GeV

3/fb

Upgrade II

B-
anomalies
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Comparison with other observables

g
sb

=0.04
g

12
 = 0.5

m
V
 = 5 TeV
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Conclusions
- Heavy vector bosons and light scalars arise in a number of new 
physics models (CHMs, B anomalies, muon anomalies…)

- It can well be that their prime signature are B decay modes not 
yet explored, e.g.:

- The LHCb sensitivity to these Brs is of the order of 10 ¹ !⁻ ⁰
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Thank you!
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Backup
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More about backgrounds
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Reconstruction of masses

- Minimise                                  .       . Then a2 is reconstructed from the 
two a1 closer in DeltaR. 
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