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Outline

• |Vus| from τ decays

• Measurement of branching fractions at BABAR
• τ- → K- ντ

• τ- → K- π0 ντ

• τ- → K- π0 π0 ντ

• τ- → K- π0 π0 π0 ντ

(First presented at ICHEP 2018)

• Impact on |Vus| 

Feb. 15, 2019 Georges Vasseur  - LLWI 2019 2



Determining |Vus|
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|Vus| measurements:

• Kaons

• K → πℓν (Kl3)

• K→ℓν / π→ℓν (Kl2)

• CKM unitarity

• τ→s inclusive

• τ→Kν / τ→πν

• Tau leptons

Eur. Phys. J. C77 (2017) 895• Tension between result from τ → s inclusive 
and other estimates (3.1σ with CKM unitarity)
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τ → s inclusive

• Theoretical 
uncertainty 
through δR

• Experimental 
uncertainty in   
τ → s inclusive 
dominated by 
decays with 
neutral hadrons 
in final state
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Modes to be 
studied: 
K- (n π0) ντ .
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Uncertainties 
budget on |Vus| 
from τ→s 
inclusive (%)
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Cherenkov detector (DIRC) 
144 quartz bars and 11000 PMTs

solenoid 
1.5T

Electromagnetic calorimeter
6580 CsI(Tl) crystals

Drift chamber
40 layers

m chambers
RPC / LST

Si vertex tracker 
5 layers

e+ (3.1GeV)

e- (9GeV)

Detector and 
data sample

435.106 e+e- → τ+τ- events
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Analysis method

• 1-prong signal modes:
• τ- → K- (n π0) ντ ,  n=0,1,2,3 
• τ- → π- (n π0) ντ ,  n=3,4

• 1-prong control samples:
• τ- → π - (n π0) ντ ,  n=0,1,2 
• τ- → μ- νμ ντ

• Divide event into two 
hemispheres along thrust axis

• Require one track in each 
(oppositely charged)
• ℓ (tag)
• π or K (signal)
• No additional tracks

• Reconstruct from 0 to 4 π0 →γγ
• No additional photons
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Signal selection

• Various cuts:
• Event topology (thrust)
• Missing mass in event
• Missing mass in signal 

hemisphere

• to reject backgrounds:
• qq, dileptons, diphotons
• other τ decays

• τ decays with KS → π0 π0

and η → π0 π0 π0 counted 
as background
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Mode # selected
events

Purity
(%)

ε
(%)

K- ντ 80 715 77 0.99

K- π0 ντ 146 948 65 2.16

K- 2π0 ντ 17 930 38 1.34

K- 3π0 ντ 1 863 21 0.13

π- 3π0 ντ 58 598 83 0.49

π- 4π0 ντ 1 706 57 0.12
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Efficiency correction
• For π0: 

• Correction factor from       
data-MC comparison of 
control samples: 
• τ- → t- π0 ντ

• τ- → t- ντ

• (t- track not identified as e-)

• as a function of pπ0 

Feb. 15, 2019 Georges Vasseur  - LLWI 2019

• For charged particles:
• Standard BABAR PID corrections 
• Additional correction to take into account difference in topology 

for π as π, K as K and π as K (mis-)ID
• From the 3-1-topology τ+τ- control samples τ- → π- π+ π- ντ and      

τ- → π- K+ K- ντ: identify two tracks and check ID on the third track
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Split-off correction

• Fake photons by neutrons 
from hadronic showers

• Not well modelled in MC

• Use τ- → π- ντ control mode

• Relative excess in data:

• Correction factor applied to 
the simulation:
• w = 1-η = 0.972 ± 0.014
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d: distance between the track 
intersection with calorimeter 
and the nearest cluster 



Background and cross-feed

Plots of the momentum of the track in the signal hemisphere 
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K- ντ

K- π0 ντ

K- 2 π0 ντ

K- 3 π0 ντ

π- 3 π0 ντ

π- 4 π0 ντ



Uncertainties
• Analysis systematics limited

• Main sources : π0, PID, split-off corrections
• Backgrounds for modes with large number of π0’s
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Branching fraction results 
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K- ντ

K- 2 π0 ντ π - 3 π0 ντ

π - 4 π0 ντK- 3 π0 ντ

K- π0 ντ



Impact on uncertainties on |Vus|

• Substantial 
improvement 
for the 
modes under 
study

• Other modes 
still to 
improve
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Modes that have 
been studied: 
K- (n π0) ντ .
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Uncertainties 
budget on |Vus| 
from τ→s 
inclusive (%)



Impact on |Vus|

• With new 
measurements:

• |Vus| increased 
a bit

• Uncertainty 
slightly reduced

• Still 3 σ 
discrepancy on  
τ → s inclusive 
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0.2236 ± 0.0018

0.2216 ± 0.0015
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Summary

• BABAR has measured 1-prong τ decay branching 
fractions:
• τ- → K- (n π0) ντ ,  n=0,1,2,3 

• τ- → π- (n π0) ντ ,  n=3,4

• They are the most precise measurements to date
• Except for τ- → K- ντ

• They improve the τ → s inclusive |Vus| measurement
• But discrepancy with CKM unitarity still at 3 σ

• Publication expected in 2019
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