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LFV in τ decays theory 
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SM allows LFV: observed in neutral sector.
  

In charged sector may happen via loops with 
small expected BR (e.g. BRSM(τ→μγ)< 10-54).

Even less in τ→ 3l

If detected, LFV would imply New Physics with present (and near future) luminosities.

Many New Physics models predict  τ  LFV BR up to [O(10-8)].

If detected in more than one channel it provides

Useful information on NP flavor structure, by looking at LFV BF Ratios. [arxiv:hep-ph0610344v3]
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Some Predictions
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Undetectable
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BaBar
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Data Sample

6

Results from 8 different channels, 
different data sets used:

Used only data taken during Υ(4S) 
data taking period: 861M τ pairs

Used Both data from Υ(4S) and Υ(nS) data, 
where τ-pair production cross section is 

larger.
Nτ = 963 ± 7 M (515 fb-1)

(Belle: Nτ = 983 ± 7 M (535 fb-1))

τ → ��� τ → �γ
τ+ → e+e−e+ τ+ → µ+µ−µ+

τ+ → e+µ−e+ τ+ → µ+e−µ+ τ+ → e+γ τ+ → µ+γ
τ+ → e+e−µ+ τ+ → µ+µ−e+

Data Sets
Sample σ (nb) N events (106) LMC/LData Sample σ (nb) N events (106) LMC/LData

bb̄ 1.1 1470 3.3 bb̄ 1.1 1470 3.3
cc̄ 1.3 1132 1.8 ccc̄ 1.3 1301 1.9
uds 2.09 938 1.1 uds 2.09 1773 1.6
τ+τ− 0.92 184 1.5 τ+τ− 0.92 811 1.7
Data L = 468fb−1 Data L = 515fb−1
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Search for τ→μ/e γ
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Signal Characteristics
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Figure 127: mEC vs ∆E(after NN) for all tags (including the 3 σ blinded region)

initial state radiation

Photons at edge of acceptance
Blinded Signal box

Mec = M�
INV(�γ)

∆E = ECM(�γ)−
√
s
2

ΔE resolution dominated by 
ISR effects and neutral 
energy reconstruction

Mec dominated by tracking 
resolution and EMC 
performances

σ(Inv. Mass) = 18 MeV
Blinded region ±3σ ellipsis around (0,mτ)

σ(Mec) = 8 MeV
σ(∆E) = 42 MeV

Monday, 13 September, 2010



Alberto Cervelli
Universita’ di Pisa

Tau 2010, Manchester
13-17 Sept 2010

!"#$#%#&'()*
!#+ !

"#$

#+ !

"#$

• , '-.$ &)*$(/#"#/ ') 0(*(0(1#
2-&3.")4*/$ 5")0 678 "-/(-'(9#

$

!"#$

:")&#$$#$;

• <4"'=#" 8($&"(0(*-'()*> !"#$• <4"'=#" 8($&"(0(*-'()*>
– ?=-".# &)*$#"9-'()*

– @#&)*$'"4&'#/ 0-$$ &)0:-'(2%#
( = ( (/

$

!% "#$

A('= (* '-. $(/#

– B;CDE&)$ 0($$EB;FG

– !'-.+ $ E B;CC H#+ ! IJ EB;F H =I !% "#$.

– K($$(*. 0-$$ L G,B K#M H#+ IN E
G,B K#9 H =I E,BB K#9 H I

– ?)$ "#&)(% E B;FC, H#+ I

BO+P,+GBBF K-"&#%%) Q; R()".( PB

"#&)(% FC, H + I

Signal selection

9

Event selection requires:
• events to be in ΔE, Mec signal box
• signal track identified as an e (eγ) or μ (μγ)
• Signal candidates are divided in 5 categories, 
depending on decay in tag side and different 
selection is applied for each category

e-tag: tag track ID as electron, neutral energy in tag 
side < 200 MeV (e/μ)

μ-tag: tag track ID as μ, neutral energy in tag side < 
200 MeV (e/μ)

π-tag: tag track ID neither e nor μ, neutral energy 
in tag side < 200 MeV (e/μ)

ρ-tag: tag track ID neither e nor μ, one π0 

candidate in tag side mπ ∈ [90, 165] MeV
3h-tag: 3 tracks in tag side, not identified as e or μ

⎬
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Signal Selection II

10

Further selection is applied using three 
groups of selectors, and a Neural Network

Tag side selection:
•mν in the hypothesis that the signal side 
is fully reconstructed.
•2ΣPCM/√s
•Pseudomass: reconstructed mass in the 
hypothesis ν is colinear with signal τ and 
has a cutoff at mτ
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Figure 19: Neural Net variable 2: (N-1) plot (before NN) of the neutrino mass squared for
events in the non-blinded part of the GSB, broken down by tags: (a) e, (b) µ, (c) π, (d) ρ, (e) h3,
(f) all, (g) no e. Data are represented by black dots, background MC by non-magenta histograms
and signal MC by magenta histograms. A black arrow indicates a cut.
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Figure 19: Neural Net variable 2: (N-1) plot (before NN) of the neutrino mass squared for
events in the non-blinded part of the GSB, broken down by tags: (a) e, (b) µ, (c) π, (d) ρ, (e) h3,
(f) all, (g) no e. Data are represented by black dots, background MC by non-magenta histograms
and signal MC by magenta histograms. A black arrow indicates a cut.

Signal Side selection
•cosθopening: opening angle between lepton and 
track
•π0 reconstruction consistency
•Eγ >1 GeV & no further γ over 100 MeV
•2ΣPCM/√s <0.77

Global Selection
•cosθmiss & pTmiss are used to reduce QED bkg
•cosθrecoil :angle between reconstructed tau 
directions.
•ΔEγ : neglecting track masses 
5 EVENT SELECTION 15

!
1

!
2

photon

signal track momentum

total tag-side momentum

Figure 5: Reconstructing the photon energy in an e+e− annihilation with center-of-mass energy =√
s, assuming the direction of photon, signal track momentum and total tag-side momentum.

5.2.2 Neural Network Cuts

Finally, we require the output of a set of NN’s separately for each of the tags and separately for
√

s
= Υ (4S), Υ (3S) and Υ (2S) to be > 0.85. The NN’s are trained on signal MC and data in the non-
blinded part of GSB separately for each tag using the ROOT-based neutral network software [25].
The NN uses 6 input nodes (i.e. variables), 2 hidden layers with 6 and 5 nodes respectively, and
one output layer. The 6 input variables are:

2ΣP Tag
CM /

√
s, m2

ν , − ln(2pT
miss/

√
s), ∆Eγ , cos θrecoil and cos θopen.

The NN can be operated by removing the discriminating effects of individual variables and then
the impact on the efficiency and upper limit arising from the use of each of the input variables
on the selection procedure can be studied. The neural network tranforms all its input variables
(x) by (x − 〈x〉)/σ(x) before feeding them into its neurons parametrized as activation sigmoid
functions. To study the discrimination power of each input variable entering in the neural net,
each variable is fixed one-by-one to its mean value obtained from MC signal, MC backgrounds and
data distributions before applying the cut on NN for each tag and at each

√
s = Υ (4S), Υ (3S) and

Υ (2S). The change in the total signal efficiency after the NN cut > 0.85 is determined. The results
of this study are shown in Table 5 ( 6), along with the expected upper limit obtained from MC and
Data. These show that the data and MC track very well for all of these variations.

From these tables we conclude that the cos θopen is one of the most powerful variables for most
tags, because by fixing this variable to their mean value for signal, data and MC backgrounds, the
expected UL worsens the most. There is no single variable that can be dropped from the list of
inputs, although some variables could be dropped from specific tags. For the sake of uniformity,
all the 6 variables are retained in the analysis for both the τ± → µ±γ and τ± → e±γ searches.

5.2.3 Additional Cuts

Stricter requirements are applied to the leptonic tags, by exploiting the correlation between ∆Eγ

and cos θrecoil variables. As shown in Figure 6 backgrounds due to radiative Bhabha and di-muon
events are large even after NN cuts near (0,0) in the ∆Eγ vs. cos θrecoil plane.

For the τ± → µ±γ search 5, we remove events which pass both the following requirements:
5(N-1) plots of variables used here are presented in Appendix 2d′

∆Eγ =
ECM

γ√
s

− | sin(θ1 + θ2)|
sin(θ1) + sin(θ2) + sin(θ1 + θ2)
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After Selection

11
τ→ e/μγ

After NN: Mec vs DeltaE
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After Selection
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τ→ e/μγ

After NN: Mec vs DeltaE

17

21 APPENDIX 1h : τ± → e±γ : ∆E & MEC: AFTER NN 91

 E (GeV)!
-1 -0.5 0 0.5

 (G
eV

)
EC

M

1.6
1.7
1.8

1.9
2

1
10

210

310

410

510

  8.083(%)"noetag: e

 E (GeV)!
-1 -0.5 0 0.5

 (G
eV

)
EC

M

1.6
1.7
1.8

1.9
2

0
5
10
15
20
25

noetag: bhabha  26.25

 E (GeV)!
-1 -0.5 0 0.5

 (G
eV

)
EC

M

1.6
1.7
1.8

1.9
2

-210

-110

1

 1385.35##noetag: 

 E (GeV)!
-1 -0.5 0 0.5

 (G
eV

)
EC

M

1.6
1.7
1.8

1.9
2

0
0.1
0.2
0.3
0.4
0.5
0.6

noetag: uds   3.41

 E (GeV)!
-1 -0.5 0 0.5

 (G
eV

)
EC

M

1.6
1.7
1.8

1.9
2

0
0.1
0.2
0.3
0.4
0.5

   8.16cnoetag: c

 E (GeV)!
-1 -0.5 0 0.5

 (G
eV

)
EC

M

1.6
1.7
1.8

1.9
2

   0.00-B+noetag: B

 E (GeV)!
-1 -0.5 0 0.5

 (G
eV

)
EC

M

1.6
1.7
1.8

1.9
2

   0.000B
0

noetag: B

 E (GeV)!
-1 -0.5 0 0.5

 (G
eV

)
EC

M

1.6
1.7
1.8

1.9
2

-210

-110

1

noetag: Data   1389 Bkg 1423.2

Figure 66: mEC vs ∆E(after NN) for all but e tag
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After Selection

11
τ→ e/μγ

After NN: Mec vs DeltaE
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Figure 66: mEC vs ∆E(after NN) for all but e tag
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Figure 66: mEC vs ∆E(after NN) for all but e tag
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Background Estimation

12

τ→ e/μγ

Background Estimation: 2d Fit

19

τ→ e/μγ

Background Estimation: 2d Fit

18

Number of background events in the 2σ ellipse 
is estimated as:

τ→ e/μγ

Background Estimation: 2d Fit

19

PDF are extracted from MC samples and 
normalized to the Data using unblinded data 

sidebands

Bhabha PDF is extracted using data enriched 
data samples  
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Results
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τ→eγ τ→μγ

! Signal extraction: 

E.Guido, Univ.&INFN Genova                                                       Moriond-EW2010, La Thuile 10/03/06-1310

2. Results
∆E = E(lγ)CM −

√
s/2

mECand (beam energy-
constrained " mass)

! Signal reconstruction efficiency: 4% (6%) for     
"->e# ("->µ#) final states  

! Fraction of expected bkg from fits to the Fit Box

! Number of events in the 2$ signal ellipses 
compatible with bkg expectations 

! Systematic errors: tracking, PID and trigger and 
bkg filters efficiencies; track momentum and photon 
energy and resolution in the signal side

B (τ± → e±γ) < 3.3× 10−8

B (τ± → µ±γ) < 4.4× 10−8

Previous:

1.1× 10−7 (BABAR)

(Belle)4.5× 10−8
PRL96, 041801 (2006)

PL B666, 16 (2008)

The most stringent limits on LFV in 

these decays

! Upper limits @ 90%C.L.:

!±"!±#

!±"e±#

m!

no signal 

candidates

2$ ellipse
--- Fit Box
    50% contours
    90% contours

2 signal 

candidates

τ→eγ
• Efficiency (2σ) = 3.9 ± 0.3 %
• Expected Bkg = 1.6 ± 0.5 events
•Expected Upper Limit: 9.8 x 10-8

•Observed Number of events: 0

•Previous Limits: 
•BaBar (232 fb-1): 1.1x 10-7 
•Belle (535 fb-1): 1.2 x 10-7

τ→μγ
• Efficiency (2σ) = 6.1 ± 0.5 %
• Expected Bkg = 3.6 ± 0.6 events
•Expected Upper Limit: 8.1 x 10-8

•Observed Number of events: 2

•Previous Limits: 
•BaBar (232 fb-1): 6.8x 10-8 
•Belle (535 fb-1): 4.5 x 10-8

PRL104,021802(2010)

Nτ = 963 ± 7 M (515 fb-1)

Belle: Phys.Lett.B666:16,2008
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Search for τ→lll

14
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Analysis strategy

15

e- e+

τ−

τ+
Center of mass 
system

Low multiplicity events selected and event space divided in 
two hemispheres using thrust.
•Signal side: tracks and neutrals coming from LFV decay
•Tag side: standard 1-prong decay 

Blind analysis performed

Background reduced using PID and kinematical informations, 
multivariate algorithms (τ→μγ) 

Optimization performed for Best UL
(in Belle: optimization for best discovery significance)
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Selection Strategy
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Large Box (LB): identical for all 
channels. Almost all signal 
events lie in this region

Signal Box (SB): different for each 
channel, dimension optimized to give 
the best UL for each channel.

Data events in this region are BLIND

Grand Sideband (GS): is the 
unblinded region of the LB.

Background estimation made 
extrapolating data from GS to SB

∆M = Mec −mτ
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Backgrounds
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BhaBha tau-pairs

quark pairs data

ΔE

ΔM

ΔE

ΔM ΔM

ΔM

ΔE
ΔE
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Background estimation
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• PID applied to all signal tracks: identified 
as either e or muon depending on 
channel

• Tag track pt<4.8 GeV (suppress QED 
bkgs)

• One prong Pid veto:
• No electron for   e-e+e-, e-μ+μ-

• No muon for μ-μ+μ-   μ-e+e- e-μ+e-

• One prong mass compatible with tau 
mass

• Missing transverse momentum 

• >0.1 GeV/c for e-μ+e- 

• >0.2 GeV/c for μ-μ+μ-, e-μ+μ-

• >0.3 GeV/c for e-e+e, μ-e+e-

• Cosine of the angle between the 
reconstructed 3 prong tracks and 1 
prong track momenta
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Bakground Estimation
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Backgrounds are extracted by a 2-dimensional fit in (ΔM,ΔE) plane

Bkg PDF are obtained from unblinded sidebands

PDF for QED (Bhabha and di-muon) are obtained by fitting data enriched control 
samples

Data PDF is obtained as sum of the  Bkg PDFs contributions fitted to the data, the 
Data PDF is then integrated over signal region in order to extract expected 

background in signal region
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Background Fit
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ΔE ΔE

ΔEΔM

ΔM
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Results

21

Big improvement w.r.t previous 
BaBar results, thanks to better PID 

and tracking.

μ ID eff 66% → 77%
e ID eff 89% → 91%

with reduced systematics

Results scaled better than Lumi 
scaling only.

Errors dominated by:
PID uncertainty (signal efficiency)
Fit to the Data (bkg extraction)
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Latest Belle results
Phys. Rev. D 81, 111101(R) (2010)

Nτ = 861M (468 fb-1)

Phys.Lett.B687:139-143,2010
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A broader look

22
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Conclusions

23

• B-Factories have proven to be versatile machines for the search for new 
physics in over a decade

• Thanks to the high luminosity achieved and the constant development of 
new analysis techniques results have greatly improved over the years for LFV 
searches in the tau sector

• Many bounds on NP models parameters were set thanks to B-Factories and 
Super Flavor factories are expected to reach unprecedented sensitivities 
making it possible to rule out most of the present theoretical expectations 
or discover NP for the first time

Undetectable

??
??
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