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Strange patterns of quarks and leptons as we see in the SM 
• Doublet x 3 generations  
• Similarity between quark and lepton sector 
• Vastly different masses 

5 orders of magnitudes

Postponing our questions:  
Why do Higgs boson couplings span at 
least 5 orders of magnitude?

CMS Higgs Wiki page
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couples differently depending on the fermion flavour and could have shaped the flavour structure

This leads to a speculation:



/ 303

At high energy scale (i.e. at the beginning of the universe), there existed microscopic interaction that 
couples differently depending on the fermion flavour and could have shaped the flavour structure

This leads to a speculation:

NP τ

μ

e

Fermions

NP



/ 303

At high energy scale (i.e. at the beginning of the universe), there existed microscopic interaction that 
couples differently depending on the fermion flavour and could have shaped the flavour structure

This leads to a speculation:

NP τ

μ

e

Fermions

NP Gravity

Weak force Strong force

Electromagnetic force

5th force 
My goal: Discover 
such force at CMS
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LHC — Largest & highest-energy particle collider
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There is more strong reason …

Hypothetical boson (spin 0 or 1)  
that couples to quark & lepton

Unification of the  
lepton & quark sector

0.2 0.3
R(D*)

BaBar 2012, had. tag
 0.018± 0.024 ±0.332 

Belle 2015, had. tag
 0.015± 0.038 ±0.293 

Belle 2017, (hadronic tau)
 0.027± 0.035 ±0.270 

Belle 2019, sl.tag
 0.014± 0.018 ±0.283 

LHCb 2022 
 0.024± 0.018 ±0.281 

LHCb 2023, (hadronic tau)
 0.018± 0.012 ±0.257 

BelleII 2023, had.tag
 0.031± 0.040 ±0.267 

Average 
 0.012±0.284 

HFLAV SM Average 
 0.005±0.254 

PRD 95 (2017) 115008 
 0.003±0.257 

JHEP 1712 (2017) 060 
 0.005±0.257 

PLB 795 (2019) 386 
 0.007±0.254 

PRL 123 (2019) 9,091801 
 0.005±0.253 

EPJC 80 (2020) 2, 74 
 0.006±0.247 

EPJC 82(2022) 12,1141 
 0.013±0.265 

EPJC 82(2022) 12,1083 
 0.008±0.275 

arXiv:2304.03137[hep-lat] 
 0.013±0.279 

arXiv:2306.05657[hep-lat] 
 0.022±0.252 

arXiv:2305.11855[hep-ph] 
 0.012±0.258 HFLAV

Summer 2023

R(D(*)) =
ℬ(B → D(*)τν̄)
ℬ(B → D(*)μν̄)

W�

b

d̄

⌫̄⌧
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c

d̄

<latexit sha1_base64="MMPf+VdqiTUhz4Dh7gli765Uig0="></latexit><latexit sha1_base64="MMPf+VdqiTUhz4Dh7gli765Uig0="></latexit><latexit sha1_base64="MMPf+VdqiTUhz4Dh7gli765Uig0="></latexit><latexit sha1_base64="MMPf+VdqiTUhz4Dh7gli765Uig0="></latexit>
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After discussing with Gino’s group
b

LQ

⌧+

bg

b ⌧�

Single prod.

λ

turns out to be also important  
• Cross-section       λ2 
• To explain B-anomalies, we 

need large λ → this process 
also becomes relevant

∝
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Naively speaking … we define,  
- CL = P(N < Nobs|B+S) / P(N < Nobs|B) 
- Reject signal if CL < 5%
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Non resonant

We are also ignoring …

• Cross-section       λ4 

• Particularly relevant when λ is large
∝
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LHCb has updated result (LHCb-PAPER-2020-002)
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I’m leading      which is close to completionRJ/ψ =
ℬ(Bc → J/ψτν)
ℬ(Bc → J/ψμν)

CMS-PAS-BPH-22-012

PRL 120, 121801 (2018)

Add another example of the 
CMS’ excellent capability for  
B-physics using the  
μμ final state!

Assuming SM value …

SM

http://cds.cern.ch/record/2868988?ln=en
https://doi.org/10.1103/PhysRevLett.120.121801
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• So far, only weak constraint from LHCb: B(Bs → ττ) < 6.8 x 10-3 PRL 118, 251802 (2017)
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• Statistically speaking, we have much less Bs 
mesons collected than LHCb (~1%) 

• But sensitivity wise, with these gains,  
we can be competitive 

• Nobody thought possible from energy-frontier 
experiment!

• Easy to trigger! 
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(2029 —)

• However, HL-LHC will be operated x5 higher 
luminosity than now

• To accommodate this, CMS will introduce 
track-trigger machinery

• Potential game-changer for CMS  
because we could trigger τh more  
efficiently than now by targeting  
“jet” with 1 or 3 charged tracks in it

Key: track information already available at the first  
stage of the online event selection (L1-trigger)

If made, this is going to be the first  
in hadron collider to trigger jets  
with substructure at L1! 
(ATLAS can’t do this)
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Aebischer, J., Isidori, G., Pesut, M. et al.  
Confronting the vector leptoquark 
hypothesis with new low- and high-
energy data.  
Eur. Phys. J. C 83, 153 (2023). 
https://doi.org/10.1140/epjc/
s10052-023-11304-5

https://doi.org/10.1140/epjc/s10052-023-11304-5
https://doi.org/10.1140/epjc/s10052-023-11304-5


/ 30Difficulties
32

Two taus are produced in close vicinity (Lorentz boost) 

τ

τ

Bs



/ 30Difficulties
32

Two taus are produced in close vicinity (Lorentz boost) 

τ

τ

Bs

0.0 0.2 0.4 0.6 0.8 1.0
)τ, τR(Δ

0.0

0.1

0.2

a.
u.

Private WorkCMS

making it more challenging to reconstruct it

tt̄ decay



/ 30Difficulties
32

Two taus are produced in close vicinity (Lorentz boost) 

 mass (GeV)-µ+µ

100

200

300

400

500Ev
en

ts

Observed
tt
Z+jets
W+jets
Single top
Diboson

CMS Private work

2.8 3.0 3.2 3.4
 mass (GeV)-µ+µ

0.5

1.0
1.5

O
bs

. /
 E

xp
.

Proof-of-principle studies: Look at  
B → J/ψ + X in tt̄ events using Run 2 data

τ

τ

Bs

0.0 0.2 0.4 0.6 0.8 1.0
)τ, τR(Δ

0.0

0.1

0.2

a.
u.

Private WorkCMS

making it more challenging to reconstruct it

tt̄ decay



/ 30Difficulties
32

Two taus are produced in close vicinity (Lorentz boost) 

 mass (GeV)-µ+µ

100

200

300

400

500Ev
en

ts

Observed
tt
Z+jets
W+jets
Single top
Diboson

CMS Private work

2.8 3.0 3.2 3.4
 mass (GeV)-µ+µ

0.5

1.0
1.5

O
bs

. /
 E

xp
.

Proof-of-principle studies: Look at  
B → J/ψ + X in tt̄ events using Run 2 data

τ

τ

Bs

0.0 0.2 0.4 0.6 0.8 1.0
)τ, τR(Δ

0.0

0.1

0.2

a.
u.

Private WorkCMS

making it more challenging to reconstruct it

tt̄ decay

6 hadrons  
final state? 
(ML …)


