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Motivation

• J/ψ and ψ(2S) are objects of interest for QCD investigations, as well as important tools 
for various studies at the LHC 

• For both aspects precise knowledge of various decay branching fractions is important
• Looking into PDG, precision of dimuon branching fractions of J/ψ and ψ(2S) is very 

different (~0.5% vs ~7.5%)

• ATLAS has measured differential cross section of ψ(2S) production at the same 
energies in two decay modes 

• Ratios of these differential cross sections allow to determine the ratios of respective 
branching fractions, which may improve their precision 
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ATLAS DATA - 𝝁+𝝁− & J/ ψ 𝝅+𝝅−modes
Taking the ratio of these two cross section measurements one effectively measures the ratio of branching fractions:

https://link.springer.com/article/10.1140/epjc/s10052-016-4050-8

https://link.springer.com/article/10.1007/JHEP09(2014)079

𝑩 𝛙 𝟐𝑺 → Τ𝑱 𝝍 𝝅+𝝅− 𝑩( Τ𝑱 𝝍 → 𝝁+𝝁−) ×
ⅆ𝟐𝝈 𝒑𝒑 → 𝛙 𝟐𝑺 + 𝑿

𝒅𝒑𝑻 ⅆ𝒚

𝑩 𝝍 𝟐𝑺 → 𝝁+𝝁− ×
ⅆ𝟐𝝈 𝒑𝒑 → 𝝍 𝟐𝑺 + 𝑿

𝒅𝒑𝑻 ⅆ𝒚

(DIVIDE)

R =
𝑩 𝝍 𝟐𝑺 →𝝁+𝝁−

𝑩 𝝍 𝟐𝑺 → Τ𝑱 𝝍 𝝅+𝝅− 𝑩( Τ𝑱 𝝍→𝝁+𝝁−)

𝒑𝑻 − 𝑻𝒓𝒂𝒏𝒔𝒗𝒆𝒓𝒔𝒆 𝑴𝒐𝒎𝒆𝒏𝒕𝒖𝒎
𝒚 − 𝐑𝐚𝐩𝐢ⅆ𝐢𝐭𝐲
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DATA ANALYSIS: Strategy 

Match the exact binning in 𝒑𝑻 and 𝒚

• Join transverse momentum and rapidity bins as necessary

Add up prompt & non-prompt production to avoid biases in 
prompt/non-prompt separation

• different systematics naturally cancel out in the ratio

Carefully propagate statistical & systematic uncertainties

• consider different ways to treat uncertainties

• Find the best combination

ATLAS data allowed us to obtain four distributions:

 𝒑𝑻 spectra in 3 rapidity intervals at 7 TeV collision energy

 𝒑𝑻 spectra in 1 rapidity interval at 8 TeV collision energy

• These 4 distributions are fitted with constants as shown 

R

𝒑𝑻
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Possible Combinations

Different ways of combining statistical and 
systematic errors have also been considered:

• Treating systematic uncertainties as 
independent have yielded smaller 
uncertainty bars and 𝒑𝑻 distributions 
inconsistent with a constant

• Other ways of combining gave results very 
close to our main result 
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Results
These 4 values are now fitted to a common constant

Out of the 3 contributing branching fractions in the 
Ratio, 𝐵 ψ 2𝑆 → 𝜇+𝜇− has the worst precision 
(8.0 ± 0.6)× 10−3 in the PDG table 

Using measured values for: 

𝐵 ψ 2𝑆 → Τ𝐽 𝜓 𝜋+𝜋− = (34.78 ± 0.33) %
𝐵 Τ𝐽 𝜓 → 𝜇+𝜇− = (5.961 ± 0.033)%

This fit result Ratio=0.3559 ± 0.0078 
allows us to extract a more precise value:

𝐵 ψ 2𝑆 → 𝜇+𝜇− =(7.4 ± 0.2)× 10−3

This is within one standard deviation from the PDG 
value, but its precision has improved by a factor of ~3

Thank You! 17/7/2026Trans-European School of High Energy Physics, Suceava, Romania


