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Overview

- What is the 𝑓! 980
- How do we approach it in this work
- Main results
- Conclusions
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What is the 𝑓! 980

- Particle zoo in the 60’s
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- We solved it! The 8-fold 
way and the quark model

𝑆𝑈 3 ! multiplet
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What is the 𝑓! 980

arXiv:2303.12927v1
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- What do we know:
- Observed as a peak in 𝜋𝜋, 
𝐾𝐾 spectrums

- Mass: 990 ± 20 𝑀𝑒𝑉
- Width: 10 − 100 𝑀𝑒𝑉
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- What do we know:
- Observed as a peak in 𝜋𝜋, 
𝐾𝐾 spectrums

- Mass: 990 ± 20 𝑀𝑒𝑉
- Width: 10 − 100 𝑀𝑒𝑉

- 𝐼" 𝐽#$ = 0%(0%%), in 
comparison 𝜂!& has 
𝐼" 𝐽#$ = 0% 0'%

- Decays into 𝜋𝜋, 𝐾𝐾, 𝛾𝛾

- Has a strong s𝑠̅ component 
(but there is something else)



- What if it’s a 𝑞:𝑞	state?

What is the 𝑓! 980
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- Put it in a scalar octet with other measured states
- L=1, S=1, J=0
- Pure state? Does not seem so

(1)

but it is not very promising experimentally



- What if it’s a 𝑞:𝑞𝑞:𝑞 state?

(2)

What is the 𝑓! 980
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- Put in a scalar tetraquark octet
- Does not require non-vanishing angular momentum
- Describes the mass spectrum hierarchy
- Can be expressed as:

with 𝜔 < 5 as an upper bound with their measured masses
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- What if it’s a combinations of both?
- It is dominated by the tetraquark component
- Describes the mass spectrum satisfactorily (has more degrees 

of freedom)
- KK molecule has also been proposed
- Could also add a scalar glueball component…

What is the 𝑓! 980
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Why the 𝑓! 980

- It is one of the lighter scalar particles
- It is common
- It is a strong candidate for an exotic quark state

- Exploring the nature of these exotic bound states could enhance 
our understanding of QCD
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Overview

- What is the 𝑓! 980
- How do we approach it in this work 

(and all that is needed to do so)
- Main results
- Conclusions We are here!
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How do we approach it in this work?

- Decays into the 𝑓!(980) to explore its nature

- Which decay do we choose?
- How do we explore it?

𝑓! 980 → 𝑓 𝐼 → 𝑓! 980or
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How do we approach it in this work?

- Which decay do we choose?

𝐵 (
! → 𝑓! 980 𝜇%𝜇'	

Rare 𝐵 decay, with no other hadrons in the final state, 
muons easy to reconstruct.
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Rare B decays
(𝑏 → 𝑠ℓℓ)

Using WET Extract WCs
from data

(can include NP!)

Extract form factors 
from data

Rare B decays
to 𝑓" 980

(𝑏 → 𝑠ℓℓ too!)

Usual approach:

Our approach:
Using WET + WCs from other B decays

Infer information 
about the nature of the 

𝑓"(980)
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Flowchart of our approach



- Weak Effective Field Theory

We will use the Wilson coefficients determined from the SM and from 
data on other decays with the same quark level transition.

(4)
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All we need to explore the selected decay



- Current state of Wilson Coefficients
- Come from data on other decays

Have possible weak phases! 18

All we need to explore the selected decay

(5)
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All we need to explore the selected decay

- Form factors calculations



- Form factors calculations

- All assume a pure 𝑠𝑠̅ state and use:

- Light Cone Sum Rules (LCSR LO, LCSR NLO, LCSR (2015))
- Perturbative QCD (PQCD)
- 3-point QCD Sum Rules (3PQCDSR)
- Covariant Quark Model (CQM)
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All we need to explore the selected decay



- Form factors calculations
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All we need to explore the selected decay



- Long-distance effects
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All we need to explore the selected decay



Overview

- What is the 𝑓! 980
- How do we approach it in this work 

(and all that is needed to do so)
- Main results
- Conclusions We are finally here!
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Main Results
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𝐵𝑅#$%&'()&*( =
Γ 𝐵+" → 𝑓" 980 𝜇,𝜇% + Γ(𝐵+" → 𝑓" 980 𝜇,𝜇%)

2
𝜏-!
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ℬ(𝐵67 → 𝑓7 980 → 𝜋8𝜋9 𝜇8𝜇9 =
(8.3 ± 1.7)×109:

Available experimental results



Main Results
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𝐵𝑅#$%&'()&*( =
Γ 𝐵+" → 𝑓" 980 𝜇,𝜇% + Γ(𝐵+" → 𝑓" 980 𝜇,𝜇%)

2
𝜏-!



Main limitations for the comparison
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- Long distance effects

- 𝑅 = !(#!→%%)
! #!→%% '!(#!→(()

or ℬ(𝑓) → 𝜋'𝜋*)

- 𝑓)(980) decay constant

- Assumptions about the nature of the 𝑓) 980 (𝑠𝑠̅)

- Experimental uncertainty is still big



Main Results
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𝑅 = 0.52 ± 0.12 𝑅 = 0.84 ± 0.02



Main limitations for the comparison
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- Long distance effects → Stay away from resonances

- 𝑅 = !(#!→%%)
! #!→%% '!(#!→(()

 or ℬ(𝑓) → 𝜋'𝜋*) 	→ ? 

- 𝑓)(980) decay constant

- Assumptions about the nature of the 𝑓) 980 (𝑠𝑠̅)

- Experimental uncertainty is still big → Use also LHC Run 2

Extract the form 
factors experimentally 
to limit the phase space 
in a more agnostic way

→



Main Results
- Observables vs form factors
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Observables integrated in 𝑞. ∈ 1,6 𝐺𝑒𝑉., and considering 𝐹/ 𝑞. = 𝐹/ in said range 



Conclusions

- The theoretical calculation is limited by several non-perturbative quantities, 
but some of them can be avoided.

- Current results ~agree, but both theoretical and experimental values are very 
uncertain.

- Form factors (𝐹+) could be extracted from observables (BR) to limit the 
available phase space and guide theoretical determinations, hopefully giving 
some insight into the nature of the 𝑓)(980).
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Thank you!
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Extra slides
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CKM suppressed
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PQDC approach



𝑅 = 0.52 ± 0.12





Main Results
𝐴0/)
#$ =

Γ 𝐵+" → 𝑓" 980 𝜇,𝜇% − Γ( J𝐵+" → 𝑓" 980 𝜇,𝜇%)
Γ 𝐵+" → 𝑓" 980 𝜇,𝜇% + Γ( J𝐵+" → 𝑓" 980 𝜇,𝜇%)

Sturdy!
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- Direct CP-violation



Main Results

Almost sturdy!
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- Mixing induced CP-violation



Main Results
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Main Results
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Main Results
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• In the LCSR calculations, 𝐹, ∝ 𝑓#! , and they use 𝑓#! = 180 ± 15	MeV
• In the PQCD calculations, 𝐹, ∝ 𝑓#! , and they use 𝑓#! = 370 ± 20	MeV
• In the QCDSM calculations, 𝐹, ∝ 𝑓#!

*+ and they use 𝑓#! = 370 ± 20	MeV
• In the LCSR (2015) calculations, 𝐹, ∝ 𝑓#! , and they use 𝑓#! = 370 ± 20	MeV
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- Direct CP-violation

(4)
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All we need to explore the selected decay



- Mixing induced CP-violation

Two different amplitudes that can produce CP-violation!
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All we need to explore the selected decay


