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Branching Fractions

• Branching Fraction: the fraction of the time a particle decays to a certain signature 
(final state) [7]

ℬ =
𝑠𝑖𝑔𝑛𝑎𝑙 𝑦𝑖𝑒𝑙𝑑

(𝑡𝑜𝑡𝑎𝑙 𝐵 𝑚𝑒𝑠𝑜𝑛𝑠)(ℬ𝑓𝑖𝑥𝑒𝑑)(ℰ𝑠𝑖𝑔𝑛𝑎𝑙)
=
Γ𝑏𝑐
Γ

• Given 𝑎 → 𝑏 + 𝑐, integration over all possible kinematic configurations of the 
final states yields the partial decay width, Γ𝑏𝑐. The total decay width, Γ = 1/𝜏, of 
particle a is the sum of all the corresponding partial decay widths. [2] [7]
• Decay width: probability of a decay channel occurring within a specified time interval

• Large statistics permit for precision measurements of absolute branching fractions 
[3]

• Units: mass (energy)



Ratios of Branching Fractions

• The ratio of branching fractions is typically measured instead of the 
individual absolute branching fractions in order to reduce systematic 
experimental and theoretical uncertainties. [1]

• Relative branching fractions are measured with respect to a decay 
channel which has similar topology. [3]

ℛ =
ℬ(𝑠𝑖𝑔𝑛𝑎𝑙)

ℬ(𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛)



Why are These Measurements Important?

• Obtaining the measurements of the ratios of branching fractions is key 
to many analysis as it sheds light on the properties of the 
corresponding particles.

• The physical behaviors of tricky decay channels (i.e. missing energy) 
may be investigated to a high degree of precision.

• This permits for a comparison between decay percentages of channel 
with similar properties. The results may in turn lead to new physics!



Example 1
𝐵± → [𝐷0→ 𝐾+𝜋−]𝜋±

Not a rare decay as 𝑏 → 𝑐
is the dominant transition 

(i.e. no jump in 

generations compared to 

𝑏 → 𝑢) [4] 

Cabibbo favored 

decay. The charge 

conjugate with 𝜋−

and 𝐾+ is doubly 

Cabibbo suppressed 

[4] 



Signal Selection
• Selection criteria (cuts) based on 

the signal MC sample in order to 
increase sample purity through 
background rejection.

𝐵± → 𝐷0 → 𝐾+𝜋− 𝜋±

3𝜎 cut based off 

double gaussian fit to 

signal

Cut and signal range 

based off two-

dimensional 

histogram of signal



Fit to Signal and Efficiency
• Signal region set to -50 MeV to 

+50 MeV

• Signal PDF defined as two 
bifurcated gaussians with the 
same mean

• Goodness of fit seen through 
𝜒2/𝑛𝑑𝑓

• When fitting the generic MC 
data, the signal PDF parameters 
of μ and σ are held fixed.

𝐵± → 𝐷0 → 𝐾+𝜋− 𝜋±

Uncertainties 

determined 

through 

asymmetric 

errors of fit and 

error propagation



Fit to MC Data and Branching Fraction

ℬ =
𝑠𝑖𝑔𝑛𝑎𝑙 𝑦𝑖𝑒𝑙𝑑

# 𝐵± 𝑡𝑜𝑡𝑎𝑙 ∗ ℬ𝐷0→𝐾𝜋 ∗ ℇ𝑠𝑖𝑔𝑛𝑎𝑙

=
2.27 ∗ 104

3.24 ∗ 108 (3.95 ∗ 10−2)(0.39)
≈ 4.50 ∗ 10−3

• Signal yield estimation completed 
through integration of signal PDF 
(two bifurcated gaussians)

𝐵± → 𝐷0 → 𝐾+𝜋− 𝜋±

2(𝑅𝑢𝑛 𝐸𝑣𝑒𝑛𝑡𝑠)
[9]

ℬ 𝑡𝑟𝑢𝑒 − ℬ(𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑)

𝜎(𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑)



Example 2
𝐵± → [𝐷0→ 𝐾+𝜋−]𝐾±

Cabibbo suppressed 

compared to 𝐵± → 𝐷0𝜋±

due to 𝑉𝑢𝑠 vertex instead 

of 𝑉𝑢𝑑 vertex [4]



Signal Selection
• Selection criteria (cuts) based on 

the signal MC sample in order to 
increase sample purity through 
background rejection.

𝐵± → 𝐷0 → 𝐾+𝜋− 𝐾±

3𝜎 cut based off 

double gaussian fit to 

signal

Cut and signal range 

based off two-

dimensional histogram 

of signal



Fit to Signal and Efficiency
• Signal region set to -50 MeV to 

+50 MeV

• Signal PDF defined as two 
bifurcated gaussians  with the 
same mean

• Goodness of fit seen through 
𝜒2/𝑛𝑑𝑓

• When fitting the generic MC 
data, the signal PDF parameters 
of μ and σ are held fixed.

𝐵± → 𝐷0 → 𝐾+𝜋− 𝐾±

Uncertainties 

determined 

through 

asymmetric 

errors of fit and 

error 

propagation



Fit to MC Data and Branching Fraction

ℬ =
𝑠𝑖𝑔𝑛𝑎𝑙 𝑦𝑖𝑒𝑙𝑑

#𝐵± 𝑡𝑜𝑡𝑎𝑙 ∗ ℬ𝐷0→𝐾𝜋 ∗ ℇ𝑠𝑖𝑔𝑛𝑎𝑙

=
1.34 ∗ 10−3

3.24 ∗ 108 (3.95 ∗ 10−2)(0.32)
≈ 3.23 ∗ 10−4

• Signal yield estimation completed 
through integration of signal PDF 
(two bifurcated gaussians)

• Note: smaller amplitude 
due to Cabibbo suppression

𝐵± → 𝐷0 → 𝐾+𝜋− 𝐾±

ℬ 𝑡𝑟𝑢𝑒 − ℬ(𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑)

𝜎(𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑)

2 𝑅𝑢𝑛 𝐸𝑣𝑒𝑛𝑡𝑠
[9]



Resulting Ratio of Branching Fractions

• In this example, the kaon mode is generally the signal mode as it is an 
excellent probe to the 𝜙3 angle of the unitary triangle for the CKM 
matrix. The pion mode has a very similar topology and a very clear 
signal, so it is an excellent normalization mode.

ℛ =
ℬ 𝐵− → 𝐾+𝜋− 𝐷0𝐾− + ℬ(𝐵+ → 𝐾+𝜋− 𝐷0𝐾+)

ℬ 𝐵− → 𝐾+𝜋− 𝐷0𝜋− + ℬ(𝐵+ → 𝐾+𝜋− 𝐷0𝜋+)

𝑡𝑟𝑢𝑒 = 7.756 ± 0.335 %

𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 ≈ 7.1 ± 0.5 % ← 1.2𝜎



Summary

• Ratios of branching fractions are excellent tools for probing physics 
phenomena.

• An example of a further analysis that utilize branching ratios is the 
investigation of R(D) in semi-leptonic decays probing lepton 
universality, as mentioned by Tom, Leo, and Swagato. 
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General



Cabibbo Matrix

• Cabibo matrix - rotate mass eigenstates to weak interaction states [4]
𝑑′
𝑠′

=
𝑉𝑢𝑑 𝑉𝑢𝑠
𝑉𝑐𝑑 𝑉𝑐𝑠

𝑑
𝑠

=
cos 𝜃𝑐 𝑠𝑖𝑛𝜃𝑐
−𝑠𝑖𝑛𝜃𝑐 𝑐𝑜𝑠𝜃𝑐

𝑑
𝑠

Cabibbo angle 

(𝑠𝑖𝑛𝜃𝑐 ≈ 0.22)

𝑉𝑐𝑠𝑉𝑢𝑑 = cos2 𝜃𝑐 ≈ 1
→Cabibbo favored

𝑉𝑐𝑑𝑉𝑢𝑠 = sin2 𝜃𝑐
→double Cabibbo

suppression



CKM Matrix

• Cabibo-Kobayahi-Maskawa (CKM) matrix [6], [4]

𝑑′
𝑠′
𝑏′

=

𝑉𝑢𝑑 𝑉𝑢𝑠 𝑉𝑢𝑏
𝑉𝑐𝑑 𝑉𝑐𝑠 𝑉𝑐𝑏
𝑉𝑡𝑏 𝑉𝑡𝑠 𝑉𝑡𝑏

𝑑
𝑠
𝑏

𝑩− → 𝑫𝟎𝑲−

𝑉𝑐𝑏𝑉𝑢𝑠 ≈ 0.039 0.221
≈ 8.619 ∗ 10−3

𝑩− → 𝑫𝟎𝝅−

𝑉𝑐𝑏𝑉𝑢𝑑 ≈ 0.039 0.974
≈ 3.799 ∗ 10−2

90% confidence 

limits



Decay Widths

• Measure of the probability of a decay channel occurring in a specified 
time interval in the parent (composite) particle rest frame

• When a particle’s mass is measured, the total rate shows up as an 
irreducible width [5]

• Obtained through calculating the amplitude then integrating the 
amplitude over all space through use of the matrix element in Fermi’s 
golden rule [8]:

Γ =
2𝜋

ℏ
𝑀𝑖𝑓

2
𝜌𝑓 where 𝑀 = 𝜓𝑓׬

∗𝑉𝜓𝑖

Final state 

wavefunction

Initial state 

wavefunction

Potential
Density of 

final states

Interaction 

matrix element

Transition probability 

/ decay width



Metadata

• Reconstruction Release: light-2201-venus

• MC Generation Release: release-05-00-02

• Campaigns: MC14ri_a (experimental MC data), MC14ri_d 
(confirmation MC data)

• Experiment Number: 1003

• MC Event Types: charged, mixed, ccbar, uubar, ddbar, ssbar, taupair

• Total 𝐵±

• per file: 1.08 ∗ 108 mesons (100 𝑓𝑏−1)

• overall: 3.24 ∗ 108 mesons



Backup Slides
𝐵± → [𝐷0→ 𝐾+𝜋−]𝜋±



Selection Plots: : 𝐵 → 𝐷𝜋 𝐹𝑖𝑛𝑎𝑙 𝑆𝑡𝑎𝑡𝑒𝑠



Fit Parameters: 𝐵 → 𝐷𝜋 𝐷0 𝐼𝑛𝑣𝑀



Selection Plots : 𝐵 → 𝐷𝜋 𝑀𝑏𝑐 𝑣𝑠. ∆𝐸



Fit Parameters: 𝐵 → 𝐷𝜋 𝑆𝑖𝑔𝑛𝑎𝑙 ∆𝐸



Fit Parameters: 𝐵 → 𝐷𝜋 ∆𝐸 MC14ri_a



Fit Parameters: 𝐵 → 𝐷𝜋 ∆𝐸 MC14ri_d



Backup Slides
𝐵± → [𝐷0→ 𝐾+𝜋−]𝐾±



Selection Plots: : 𝐵 → 𝐷𝐾 𝐹𝑖𝑛𝑎𝑙 𝑆𝑡𝑎𝑡𝑒𝑠



Fit Parameters: 𝐵 → 𝐷𝐾 𝐷0 𝐼𝑛𝑣𝑀



Selection Plots : 𝐵 → 𝐷𝐾 𝑀𝑏𝑐 𝑣𝑠. ∆𝐸



Fit Parameters: 𝐵 → 𝐷𝐾 𝑆𝑖𝑔𝑛𝑎𝑙 ∆𝐸



Fit Parameters: 𝐵 → 𝐷𝐾 ∆𝐸 MC14ri_a



Fit Parameters: 𝐵 → 𝐷𝐾 ∆𝐸 MC14ri_d


