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• Theoretical motivations for τ LFV searches 
• SuperKEKB and Belle II  
• τLF(U)V at Belle II 

• τ → μ γ  
• B+→ K+τl  

• Conclusions and Outlook
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• Lepton flavour is conserved in the Standard Model 
(accidental symmetry) 

• Neutrino oscillations  
→ first sign of neutral LFV beyond the SM 

• Also generates charged LFV,  
but at a non measurable level: 
 
 
 
 
→ Powerful probe for new physics
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Motivation for τ LFV searches
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LFV: Beyond the Standard Model
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• Predicted in many theoretical models

• Sensitivity of various channels to cLFV is model-dependent  
→ discriminate theories by comparing branching ratios 
and spectra across multiple modes
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Model Reference τ→μγ τ→μμμ

SM+ ν oscillations EPJ C8 (1999) 513 10-40 10-14

SM+ heavy Maj νR PRD 66 (2002) 034008 10-9 10-10

Non-universal Z’ PLB 547 (2002) 252 10-9 10-8

SUSY SO(10) PRD 68 (2003) 033012 10-8 10-10

mSUGRA+seesaw PRD 66 (2002) 115013 10-7 10-9

SUSY Higgs PLB 566 (2003) 217 10-10 10-7
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2.4  Model discriminating power of Tau processes 

Emilie Passemar 

•  Summary	table:	

 
 
 
 

•  The	no1on	of	“best	probe”	(process	with	largest	decay	rate)	is	model	dependent	
 
 

•  If	observed,	compare	rate	of	processes									key	handle	on	relaTve	strength	
between	operators	and	hence	on	the	underlying	mechanism	

  

Discriminating power: τLFV matrix
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Celis,	Cirigliano,	E.P.’14	

Celis, Cirigliano, Passemar (2014)

4-lepton

dipole

lepton-quark

lepton-gluon
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Effective Field Theory Approach
Belle
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• Model-independent approach with an effective Lagrangian:
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• Large τ-pair production cross section at Y(4S) (σ~0.9 nb) 
• Can probe a large variety of modes
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τ LFV at B Factories
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Accelerator Upgrade – SuperKEKB 
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40x increase in luminosity 
“Nano-beam” interaction point 
Increase in current  
 
 
 
 
 
 

 
 

 

First turns achieved Feb 2016! 

KEKB 

SuperKEKB 

Belle II Physics  /  Bryan Fulsom (PNNL)  /  ICHEP  /  2016-08-05 

See: Y. Onishi, ICHEP Highlights 08 Aug 12:10 

KEKB → SuperKEKB (x40 luminosity) 
• Smaller interaction point 
• Increased current 
Belle → Belle II (x50 int. luminosity) 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SuperKEKB and Belle II
Belle

First beams & commissioning in 2016



• With the upgraded accelerator come increased event rates 
and beam background: 

… and intra-beam (Touschek) scattering 
• Affects detector design and resolutions 

— Pileup from charged showers 
— Shift of calorimeter energies
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Beam Background
Belle
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Coulomb Bremsstrahlung Bhabha 2-photon 
Pair Production
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electron	
  	
  (7GeV)

positron	
  (4GeV)

KL	
  and	
  muon	
  detector	
  (KLM):	
  
Resistive	
  Plate	
  Counter	
  (barrel)	
  
Scintillator	
  +	
  WLSF	
  +	
  MPPC	
  (end-­‐caps)

Particle	
  Identification	
  	
  
Time-­‐of-­‐Propagation	
  counter	
  (barrel)	
  
Prox.	
  focusing	
  Aerogel	
  RICH	
  (forward)

Central	
  Drift	
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  (CDC)	
  
He(50%):C2H6(50%),	
  Small	
  cells,	
    
long	
  lever	
  arm,	
  fast	
  electronics

EM Calorimeter (ECL) 
CsI(Tl), waveform sampling (barrel) 
Pure CsI (end-caps) later 

Vertex	
  Detector	
  (PXD	
  +	
  SVD)	
  
2	
  layers	
  Si	
  Pixels	
  +	
  4	
  layers	
  Si	
  strips
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  beam	
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2cm	
  diameter

Target integrated luminosity: 
50 ab-1
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The Belle II Detector
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FIG. 5: LFV UL (90% C.L.) results from CLEO, BaBar and Belle, and extrapolations for
Belle II (50 ab�1) and LHCb updgrade (50 fb�1).
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VI. LFV ⌧ DECAYS

Lepton Flavor Violation (LFV) is highly suppressed in the SM, LFV ⌧ decays are then
clean and ambiguous probes for NP e↵ects. Belle II can experimentally access ⌧ LFV decay
rates over 100 times smaller than Belle for the cleanest channels (as ⌧ ! 3l) and over 10 times
smaller for other modes, such as ⌧ ! `� that have irreducible background contributions.

51

Extrapolation of existing results to 50 ab-1  
(in the no-background hypothesis)
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τ LFV projections for Belle II
Belle



• B(h → τμ) = (0.77 ± 0.66)% 
by recasting existing  
ATLAS h → ττ results 

• Implied limit on Yτμ coupling 
• Contributes to LQ, LL and  

(at loop level) dipole modes:

Francesco Tenchini HINT2016
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Constraints from High Energy 
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Figure 6: Constraints on the flavour-violating Yukawa couplings, |Yµt| and |Ytµ|. The black
dashed lines are contours of B(H ! µt) for reference. The expected limit (red solid line)
with one sigma (green) and two sigma (yellow) bands, and observed limit (black solid line)
are derived from the limit on B(H ! µt) from the present analysis. The shaded regions are
derived constraints from null searches for t ! 3µ (dark green) and t ! µg (lighter green). The
yellow line is the limit from a theoretical reinterpretation of an ATLAS H ! tt search [4]. The
light blue region indicates the additional parameter space excluded by our result. The purple
diagonal line is the theoretical naturalness limit YijYji  mimj/v2.

9 Summary
The first direct search for lepton-flavour-violating decays of a Higgs boson to a µ-t pair, based
on the full 8 TeV data set collected by CMS in 2012 is presented. It improves upon previously
published indirect limits [4, 26] by an order of magnitude. A slight excess of events with a
significance of 2.4 s is observed, corresponding to a p-value of 0.010. The best fit branching
fraction is B(H ! µt) = (0.84+0.39

�0.37)%. A constraint of B(H ! µt) < 1.51% at 95% confidence
level is set. The limit is used to constrain the Yukawa couplings,

p
|Yµt|2 + |Ytµ|2 < 3.6 ⇥ 10�3.

It improves the current bound by an order of magnitude.

Acknowledgments
We congratulate our colleagues in the CERN accelerator departments for the excellent perfor-
mance of the LHC and thank the technical and administrative staffs at CERN and at other CMS
institutes for their contributions to the success of the CMS effort. In addition, we gratefully
acknowledge the computing centres and personnel of the Worldwide LHC Computing Grid
for delivering so effectively the computing infrastructure essential to our analyses. Finally, we
acknowledge the enduring support for the construction and operation of the LHC and the CMS
detector provided by the following funding agencies: BMWFW and FWF (Austria); FNRS and
FWO (Belgium); CNPq, CAPES, FAPERJ, and FAPESP (Brazil); MES (Bulgaria); CERN; CAS,
MoST, and NSFC (China); COLCIENCIAS (Colombia); MSES and CSF (Croatia); RPF (Cyprus);
MoER, ERC IUT and ERDF (Estonia); Academy of Finland, MEC, and HIP (Finland); CEA and
CNRS/IN2P3 (France); BMBF, DFG, and HGF (Germany); GSRT (Greece); OTKA and NIH
(Hungary); DAE and DST (India); IPM (Iran); SFI (Ireland); INFN (Italy); MSIP and NRF (Re-

• CMS best fit B(h → τμ) = (0.84       )% → 2.4σ excess 
• Sensitivity UL: B95(h → τμ) <1.51%
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is for B(H ! µt) = 0.84%. The bottom panel shows the fractional difference between the
observed data and the fitted background. Right: background subtracted Mcol distribution for
all categories combined.
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LFV Yukawa coupling tested by both LHC and Belle II
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BaBar 
B90(τ→μγ) < 4.4x10-8 (515 fb-1)

Belle 
B90(τ→μγ) < 4.5x10-8 (535 fb-1)

• Blinding box approach with BG evaluated outside the signal region 
• Observables space: — ΔE = ECM

 (μ+γ)+ Ebeam/2  (expected ΔE = 0) 
                                  — Signal-side minv  (expected minv = mτ = 1.777 GeV/c2) 

• Signal regions after BG rejection cuts — data (points) and signal MC (shaded):

Past searches for τ→μγ 
Belle

Fig. 3. (a) Minv – ∆E distribution in the search for τ → µγ in the 5σ region. Dots
are the data and shaded boxes indicate the signal MC. The dashed ellipse shows the
3σ blinded region and the dot-dashed ellipse is the 2σ signal region. The dashed lines
indicate the 2σ band of the shorter ellipse axis, projected onto the longer ellipse axis.
The solid line indicates the dense BG region. (b) Data distribution within the 2σ

band. Here, E ≡ ∆E−∆E(0), M ≡ 3.0×c2×(Minv−M
(0)
inv) and α = 46◦. We obtain

the most probable values ∆E(0) and M
(0)
inv , M

(0)
inv = 1.776 GeV/c2, ∆E(0) = −5 MeV,

by fitting the signal MC distribution to an asymmetric Gaussian. Points with error
bars are the data and the shaded histogram is the signal MC assuming a branching
ratio of 5× 10−7. The solid curve shows the best fit.

We examine the probability to obtain this result and evaluate the 90% CL
upper limit using a toy MC simulation. The toy MC generates signal and BG
events according to their PDFs fixing the expected number of BG events (b̃)
at b̃ = b, while varying the number of signal events (s̃). For every assumed s̃,
10,000 samples are generated following Poisson statistics with means s̃ and b̃
for the signal and BG, respectively; the signal yield (sMC) is evaluated by the
UEML fit. To obtain the upper limit at the 90% CL (s̃90) we take an s̃ value
that gives a 10% probability for sMC to be smaller than s. The probability
to obtain s ≤ −3.9 is 25% in the case of a null true signal. In other words,
due to BG fluctuations a negative s value is possible with a large probability,
although the physical signal rate is positive [21].

The toy MC provides an upper limit on the signal at the 90% CL as s̃90 = 2.0
events from the UEML fit. We then obtain the upper limit on the branching
ratio B90(τ → µγ) at the 90% CL as

B90(τ
− → µ−γ) ≡

s̃90
2ϵNττ

= 4.1× 10−8, (2)

where the number of τ pairs produced is Nττ = (4.77 ± 0.07)× 108, and the
detection efficiency for the 2σ ellipse region is ϵ = 5.07%.

The systematic uncertainties for the BG PDF shape increase s̃90 to 2.2 [22].
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• Sensitivity study using Belle II MC 

• Event signature: 
— signal τ: μ track + γ 
— tag τ:     generic (non-μ) 

• Background: 
— τ → μνν 
— τ → eνν      + γ  
— τ → πν 
— ee → ee/μμ (γ) 
— ee → hadronic

15

Belle II MC

τ→μγ at Belle II
Belle
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• Belle II MC normalised to 1ab-1 for 
comparison with Belle. 

• Beam background is incorporated 

• Observables for background 
rejection: 

— four-momentum,  

— angular distribution, 

— event topology and shape  
(thrust vector magnitude,  
momentum flow,  
Fox-Wolfram moments, …)

16

Belle II MC

Momentum Flow Cones

Signal Selection
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ellipse represents a region of 3.811(59) signal events and 0 background events.

To determine an upper limit on the branching fraction of ⌧ ! µ�, we select a smaller section
of the total signal region. We define nupper limit as the upper limit of events expected in our
signal region — that is, the number of background events from MC – and n

⌧

as the number
of ⌧ ’s expected in a 1 ab�1 luminosity sample at Belle II. Assuming that the background is
Poisson distributed, we expect nupper limit = 2.30 at 90% confidence limit (CL). We calculate
an upper limit on the branching fraction of ⌧ ! µ� as

B(⌧ ! µ�) <
nupper limit

✏⇥ n

⌧

, (8.1)

=
2.30

4.59%⇥ 919 000 000⇥ 2
, (8.2)

= 2.726⇥ 10�8
. (8.3)

This is value is an improvement on the ⌧ ! µ� branching fraction determined at Belle,

B(⌧ ! µ�)Belle, 2010 < 4.5⇥ 10�8
.

Comparable values of branching fraction is a strong indicator of good reconstruction and
event selection performance at Belle II, especially with greater beam background than at Belle.
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<ΔE> ≈ 47MeV 
<Minv> ≈ 1.79GeV 

Results
Belle

Study elliptical signal region around mean: 
— Signal efficiency εsignal = 4.59%
— No background → nBG< 2.30 at 90% CL (Poisson)
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• First τ LFV sensitivity study at Belle II 
• Background-free search (even with high beam BG) 
• Sensitivity comparable with Belle 
• Naive extrapolation to 50 ab-1
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Belle (535 fb-1) Belle II (1 ab-1)
𝓛 (cm2/s) 2.11 x 1034 80 x 1034

εsignal 5.09% 4.59%
nBG  10 - Belle II (50 ab-1)

B90(τ → μγ) 4.5 x10−8 2.726 x10−8 5.452 x10−10

Sensitivity Comparison
Belle
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1.3.1 RD(⇤)

Figure 1.2: The semileptonic B ! D̄0`⌫ acts as a probe for 3rd generation couplings for a
hypothetical Higgs-like scalar when ` = ⌧

The variable RD(⇤) probes the lepton universality of ⌧ vs ` where ` = e or µ in the semilep-
tonic decay B ! D(⇤)`⌫. The B decay proceeds as shown in figure 1.2 with the presence of
the ⌧ acting as a probe of third generation couplings to any Higgs-like particles (scalar particle
with mass coupling). It is defined as follows,

R(D) =
B(B̄ ! D⌧�⌫̄⌧ )

B(B̄ ! D`�⌫̄`)
, R(D⇤) =

B(B̄ ! D⇤⌧�⌫̄⌧ )

B(B̄ ! D⇤`�⌫̄`)
(1.1)

The calculated branching fraction ratios in the SM are,

R(D)SM = 0.297± 0.017, R(D⇤)SM = 0.252± 0.003.[10] (1.2)

In the last few years, the BaBar[11], Belle [12], and LHCb collaborations [13] have all
reported an excess that remains resistant to SM explanation. Ratios of branching fractions
such as RD(⇤) are a useful measurement of NP as they are independent of uncertainies in CKM
matrix elements and detector uncertainties can also be mitigated from most sources.

In the Babar experiment, 471 million BB̄ pairs were used with a total integrated luminosity
of 426 fb�1. For semileptonic decay modes with missing mass, signal selection requires event
reconstruction via indirect methodologies. Missing invariant mass plotted against lepton three-
momentum (in the B frame) for instance yields sharply peaked m2

missing spectra for a chosen
normalization decay mode with 1 neutrino, whereas signal decays involving multiple neutrinos
have a broad distribution — thus providing a basis for signal selection.

Event selection, fit procedure and error analysis is extensively explained in the given paper
for reference. The measured values for RD and RD(⇤) were,

RD = 0.440± 0.058(stat.)± 0.042(sys.), RD(⇤) = 0.332± 0.024(stat.)± 0.018(sys.) (1.3)

exceeding the SM prediction above by 2.0� and 2.7� respectively, resulting in a combined
significance of 3.4�.

4

• The SM is built with the assumption of universality 
• Measurements of R(D(*)) show a 4σ deviation from SM predictions 
• Sensitive to NP couplings with Higgs-like particles 
• Interesting to study τ LF(U)V
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R(D(⇤)) =
BR(B̄!D(⇤)⌧�⌫̄⌧)
BR(B̄!D(⇤)`�⌫̄`)



• b→s transitions are penguin/box suppressed 

• Signs of deviations have been found there in the past; e.g. at LHCb: 
 

• Processes such as B+→ K+τl sensitive  
to NP contributions, e.g. Leptoquarks 

 

• If such a state mediating the transition  
existed, we could observe it at Belle II
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1.4 RK

Figure 1.4: The Feynman diagrams for the B ! K`+`� decays via a W box diagram (left) and
a penguin diagram (right).

RK is variable that probes the lepton universality between µ and e. It is defined in equation
1.6 as a ratio of branching fractions for the rare decay mode B ! K`+`� for ` = e and µ.
From the SM, electroweak couplings to the muon and electron are equal (up to a small phase
space correction) and therefore,

R(K) =
Br(B+ ! K+µ+µ�)

Br(B+ ! K+e+e�)
= 1±O(10�3)[14] (1.6)

Using proton-proton collision data 3.0 fb�1 in size at 8 TeV, the LHCb collaboration mea-
sured a value of,

RK = 0.745+0.090
�0.074(stat.)± 0.036(sys.)[14] (1.7)

within the constrained q2 range between 1 and 6 GeV 2.
The b ! s transition involved in the decay is a rare flavour changing neutral current,

mediated by either W box or photon/Z penguin diagram as shown in figure 1.4.
For these experiments, background from both semileptonic B to D decays as well as char-

monium resonances serve as the largest sources of background. While bremsstrahlung radiation
serves as a large barrier toward electron reconstruction e�ciency. In order to cancel out system-
atics arising from confounding decays, the variable RK can be found via the ratio of branching
fractions for each of the signal decays B+ ! K+`+`� with a corresponding control decay
B+ ! J/ (`+`�)K+.

The experiment follows a history of b to s experiments, following a measurement by BaBar
in 2012 [15] where the average RK value was 1+0.31

�0.25 ± 0.07(sys.). They similarly reported a
possible sign of q2 dependence on RK , finding,

RK =

⇢
0.74+0.40

�0.31 ± 0.06(sys.) 0.1 < q2 < 8.12GeV 2

1.43+0.65
�0.44 ± 0.12(sys.) q2 > 10.11GeV 2 (1.8)
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2.4  Model discriminating power of Tau processes 

Emilie Passemar 

•  Summary	table:	

 
 
 
 

•  The	no1on	of	“best	probe”	(process	with	largest	decay	rate)	is	model	dependent	
 
 

•  If	observed,	compare	rate	of	processes									key	handle	on	relaTve	strength	
between	operators	and	hence	on	the	underlying	mechanism	

  

Discriminating power: τLFV matrix
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τ LFUV in b→s
Belle



• Feasibility study based on cut and count approach 
• Past search on 429 fb−1 BaBar data (PRD 86, 012004 (2012)) 

• Simulated signal events: 
— Bsig: B+ → K+τ±l∓ 
— Btag: generic 

• Background events: BB/qq generic MC

Francesco Tenchini HINT201621

3.2 Event reconstruction

The full event is reconstructed by requiring tracks that combine to form the original ⌥(4S),
with decay chain ⌥(4S) ! B±

tagB
⌥
signal. One B is deemed the tag and decays into one of many

hadronic decay modes while the other, decays into the signal. This is shown schematically in
figure 3.2. The hadronic decay modes are outlined in table 4.3. One the Btag is found, the
signal B or Bsig is reconstructed in the rest of the event.

Event validation through truth level information can then be used during analysis to dis-
tinguish signal from background MC. All reconstructed tracks are truth-matched, tagged with
mother daughter information, truth level kinematics etc. Hence, the true identity and prop-
erties of each track in any given reconstructed channel and event are known. This project
therefore serves as a test of the e�cacy and performance of Belle II in comparison to Belle, for
both software and hardware improvements.

Figure 3.1: Schematic diagram of the event reconstruction process. The tag B meson is recon-
structed first in hadronic only modes (highlighted in red). Once this is complete, the signal
event is reconstructed in the Rest Of Event (highlighted in green). By reconstructing one B
meson fully, signal events that have missing mass (eg. involve the tau) can be reconstructed
and studied indirectly.
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TABLE IV: Results for the observed sideband events Nsb,i, signal-to-sideband ratio Rb,i, expected background events bi,
number of observed events ni, signal efficiency ϵhτℓ,i (assuming uniform three-body phase space decays) for each τ channel i
and B → hτℓ [9] branching fraction central value and 90% C.L. upper limits (UL). All uncertainties include statistical and
systematic sources.

B(B → hτℓ) (×10−5)

Mode τ channel Nsb,i Rb,i bi ni ϵhτℓ,i central value 90% C.L. UL

e 22 0.02 ± 0.01 0.4± 0.2 2 (2.6± 0.2)%

B+ → K+τ−µ+ µ 4 0.08 ± 0.05 0.3± 0.2 0 (3.2± 0.4)% 0.8 +1.9
−1.4 < 4.5

π 39 0.045 ± 0.020 1.8± 0.8 1 (4.1± 0.4)%

e 5 0.03 ± 0.01 0.2± 0.1 0 (3.7± 0.3)%

B+ → K+τ+µ− µ 3 0.06 ± 0.03 0.2± 0.1 0 (3.6± 0.7)% −0.4 +1.4
−0.9 < 2.8

π 153 0.045 ± 0.010 6.9± 1.5 11 (9.1± 0.5)%

e 6 0.095 ± 0.020 0.6± 0.1 2 (2.2± 0.2)%

B+ → K+τ−e+ µ 4 0.025 ± 0.010 0.1± 0.1 0 (2.7± 0.6)% 0.2 +2.1
−1.0 < 4.3

π 33 0.045 ± 0.015 1.5± 0.5 1 (4.8± 0.6)%

e 8 0.10 ± 0.06 0.8± 0.5 0 (2.8± 1.1)%

B+ → K+τ+e− µ 3 0.045 ± 0.020 0.1± 0.1 0 (3.2± 0.7)% −1.3 +1.5
−1.8 < 1.5

π 132 0.035 ± 0.010 4.6± 1.3 4 (8.7± 1.2)%

e 55 0.017 ± 0.010 0.9± 0.6 0 (2.3± 0.2)%

B+ → π+τ−µ+ µ 10 0.11 ± 0.04 1.1± 0.4 2 (2.9± 0.4)% 0.4 +3.1
−2.2 < 6.2

π 93 0.035 ± 0.010 3.3± 0.9 4 (2.8± 0.2)%

e 171 0.012 ± 0.003 2.1± 0.5 2 (3.8± 0.3)%

B+ → π+τ+µ− µ 89 0.04 ± 0.01 3.6± 0.9 4 (4.8± 0.3)% 0.0 +2.6
−2.0 < 4.5

π 512 0.050 ± 0.005 25± 3 23 (9.1± 0.6)%

e 1 0.050 ± 0.025 0.1± 0.1 1 (2.0± 0.8)%

B+ → π+τ−e+ µ 16 0.025 ± 0.010 0.4± 0.2 1 (2.8± 0.3)% 2.8 +2.4
−1.9 < 7.4

π 172 0.035 ± 0.008 6.0± 1.4 7 (5.8± 0.3)%

e 31 0.033 ± 0.013 1.0± 0.4 0 (2.9± 0.3)%

B+ → π+τ+e− µ 247 0.012 ± 0.005 3.0± 1.2 2 (4.6± 0.4)% −3.1 +2.4
−2.1 < 2.0

π 82 0.07 ± 0.03 5.7± 2.5 3 (3.7± 1.0)%

TABLE V: Branching fraction central values and 90% C.L.
upper limits (UL) for the combination B(B+ → h+τℓ) ≡
B(B+ → h+τ−ℓ+) + B(B+ → h+τ+ℓ−) with the assumption
B(B+ → h+τ−ℓ+) = B(B+ → h+τ+ℓ−). The uncertainties
include statistical and systematic sources.

B(B → hτℓ) (×10−5)

Mode central value 90% C.L. UL

B+ → K+τµ 0.0 +2.7
−1.4 < 4.8

B+ → K+τe −0.6 +1.7
−1.4 < 3.0

B+ → π+τµ 0.5 +3.8
−3.2 < 7.2

B+ → π+τe 2.3 +2.8
−1.7 < 7.5

Chapter 3

B+ ! K+⌧` sensitivity study

This project examines fully simulated Belle II events to conduct a sensitivity study for LFV
decays of the type B+ ! K+⌧` (` = µ or e). The final analysis is based on optimising signal
selection criterion in a cut and count approach. The expected upper limit on the LFV branching
fraction is then calculated from the Belle II dataset. We base this analysis on a technique where
one of the two B mesons in the event is fully reconstructed in a hadronic final state. The analysis
is based on Monte Carlo (MC) simulated events of the Belle II detector setup where event 4-
vectors are generated using EvtGen [35], a standard algorithm that describes B meson decay.
Detector response is then simulated using the GEANT4 [36] framework within the full Belle II
geometry.

3.1 Data sample

For this project 1.2 Million signal events were created with a uniform 3-body phase space
model, where the decay topology is only kinematically constrained. The simulated ⌥(4S)
decays into a BB̄ pair with one being a generic B meson (allowed to decay according to the
standard model) and the other into the signal B. The signal B is forced to decay according to
the four decay channels B+ ! K+⌧±e⌥ and B+ ! K+⌧±e⌥ with equal branching fraction.
The channels are then studied separately to form independent tests of background for lepton
dependent NP couplings. The experimental analysis will further be broken down according to
tau decay mode. This was done in order to find discriminating selection criterion between signal
and background that may di↵er according to either hadronic or leptonic tau decay channels.

For the background simulation, Monte Carlo was taken from Campaign 5 (2016) of Belle II.
100 Million event samples of B+B� and B0B̄0 were taken, as well as 50 Million event samples of
each of the continuum species uū, dd̄, ss̄, cc̄, for a total of 400 Million background events.
All samples were without the inclusion of beam background, ie. background events coming
from synchrotron radiation, radiative bhabha scattering or intra-bunch scattering (Touschek
scattering).

The corresponding integrated luminosities are shown in table 3.1. In our analysis, all back-
grounds are normalised to 429 fb�1, in line with the most recent study of B meson LFV
conducted by Babar (2012) [37]. This is done so that a direct comparison of final results can
be made.

Table 3.1: The integrated luminosity for each background MC data sample
MC � [nb] Nevents Lint

B+B�
0.55 100 ⇥10

6
180 fb�1

B0
¯B0

0.55 100 ⇥10

6
180 fb�1

uū 1.61 50 ⇥10

6
31 fb�1

d ¯d 0.40 50 ⇥10

6
130 fb�1

ss̄ 0.38 50⇥10

6
130 fb�1

cc̄ 1.30 50 ⇥10

6
38 fb�1

13
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Figure 6.9: N-1 plots for the variablesm(k⇡),Mbc, ROE tracks, cos(✓thrust), kPIDk,
piPIDPi and muDLLpi for the channel B+ ! K+⌧�(n(pi0)⇡�)µ+. Background
MC is scaled to 429 fb�1 and signal MC is scaled arbitrarily. Each plot is used to
determine the best selection criteria that can be made for a given variable, after
all other requirements have been made. The final criterion based on these plots
were m(k⇡) > 1.95, Mbc > 5.27, ROE tracks = 0, cos(✓thrust) < 0.9, log(kPIDk)
> �0.02, log(piPIDpi) > �0.006, muDLLpi > 5.
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Tag B
• Fully reconstruct tag side in the B → D0Xhad modes 

with a multivariate classifier (εtag=0.83%) 

• Keep the one with the highest MVA likelihood. 

Signal B
• Bsig from rest of the event after tag-side 

reconstruction. 

• Signal region around reconstructed mτ peak.   

• Reject background with cuts on:  
m(Kπ), event shape variables, vertex fit quality…  

Available data set is x100 of BaBar (2012)  
→ potential x10 improvement (assumes dominant BG)
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Belle
Selection and Outlook
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Figure 6.1: The variable m(⌧) plotted for the channel B+
sig ! K+⌧�((n⇡0)⇡�)µ+. Signal MC

is scaled arbitrarily. The true signal MC is plotted on the left whereas the truthmatched Btag
is shown on the right along with example Bcharged background for comparison. It can be seen
that the truthmatched tag produces a trailing tail for the expected tau mass gaussian that
extends to higher GeV.

6.2 m(K⇡)

For each event, the significant BB̄ background is dependent upon the charge of the B daughter
lepton. In the event of like charges between the Bsig and B`, the background comes from
confounding B+ ! K+⌧�`+ with the semileptonic B decay B+ ! ¯D(⇤)0(K+X�)`+⌫ if X is
an e, µ or ⇡. For example, the two decays,

B+
sig ! K+⌧(e�⌫)µ+

B+ ! ¯D(⇤)0(K+e�⌫)µ+
(6.7)

have identical FSPs K, e and µ. Conversely, the background changes when the charges between
the Bsig and B` are opposite. In this event, the dominant background arises from the semilep-
tonic D decay. Namely, B+ ! ¯D(⇤)0(K+`�⌫̄)X+ if the X is either an e, µ or ⇡. Where again,
we have the two decays

B+
sig ! K+⌧(e+⌫)µ�

B+ ! ¯D(⇤)0(K+µ�⌫)e+
(6.8)

with the same FSPs.
The variablem(K⇡) is defined as the mass of the combined four vector of the identified Kaon

and the final state particle with opposite charge to the K. The mass of the non-K particle is
forced to be that of the pion, 139.6 MeV. The 3-momentum of the particle is left unchanged. In
this way, if the track is truly a pion, then we reconstruct the D0 meson (in either B-semileptonic
decay or D-semileptonic decay case). Whereas, a broad combinatorial distribution is expected
to arise if the identification is incorrect and the particle is not a pion. This is illustrated in
figure 6.2. Hence, the use of m(k⇡) can significantly suppress BB̄ background.
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• τLFV is a powerful tool to search for new physics. 
• Belle II will effectively probe a wide set of decay channels. 

• Preliminary study for τ → μγ: 
— B90(τ → μγ) < 2.726x10−8 estimated sensitivity at 1 ab-1 

— effectively rejects beam BG (comparable to Belle). 
— Naive extrapolation: B90(τ → μγ) < 5.452x10−10 at 50 ab-1 

• LFUV feasibility study for B+→ K+τl with a fully reconstructed tag 
using a multivariate classifier. 
— Potential x10 sensitivity improvement of previous result.
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• Phase 1 (2016, complete): 
— Accelerator 

commissioning 
— No detector 

• Phase 2 (start of 2018): 
— Partial detector 
— Background studies 
— First physics 

• Phase 3 (end of 2018): 
— Full detector 
— Belle II run

25

Belle II Physics  /  Bryan Fulsom (PNNL)  /  ICHEP  /  2016-08-05 

Current Status and Schedule 

5 

Belle II Collaboration: ~700 members, ~100 institutions, 23 countries 
 
Phase 1 (complete) 

Accelerator commissioning 
 
Phase 2 (2017) 

First collisions 
Partial detector  
Background study 
Physics possible 

Phase 3 (“Run 1”) 
Nominal Belle II start 

Ultimate goal: 50 ab-1 

See: P. Lewis, Detector 05 Aug 09:20 

Total BaBar+Belle Luminosity 

KEKB Performance 

Belle II Goal 

SuperKEKB Goal 

Belle
Belle II Schedule
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τ → lνν τ → hadronic

Belle II MC

Belle
Background Rejection
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ee → ee ee → μμ 
Belle

Background Rejection

Belle II MC
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Event type Events projected  
(scaled to 1ab-1)

After selection  
(scaled to 1ab-1) Signal Efficiency

τ±→μ±γ 83 6 7.23%
τ±→μ±ντνμ     159,997,900 163
τ±→π±ντ     334,056,500 40
τ±→e±ντνe     163,857,700 0
e+e-→μ+μ-(γ) 1,148,000,000 15
e+e-→e+e-(γ) 300,000,000,000 0
e+e-→B+B- 550,000,000 0 Tot. background 

events (for 1ab-1)e+e-→B0B0 550,000,000 0
e+e-→qq 3,690,000,000 15 233

Belle
τ → μγ: After Selection
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Figure 6.9: N-1 plots for the variablesm(k⇡),Mbc, ROE tracks, cos(✓thrust), kPIDk,
piPIDPi and muDLLpi for the channel B+ ! K+⌧�(n(pi0)⇡�)µ+. Background
MC is scaled to 429 fb�1 and signal MC is scaled arbitrarily. Each plot is used to
determine the best selection criteria that can be made for a given variable, after
all other requirements have been made. The final criterion based on these plots
were m(k⇡) > 1.95, Mbc > 5.27, ROE tracks = 0, cos(✓thrust) < 0.9, log(kPIDk)
> �0.02, log(piPIDpi) > �0.006, muDLLpi > 5.
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Figure 6.9: N-1 plots for the variablesm(k⇡),Mbc, ROE tracks, cos(✓thrust), kPIDk,
piPIDPi and muDLLpi for the channel B+ ! K+⌧�(n(pi0)⇡�)µ+. Background
MC is scaled to 429 fb�1 and signal MC is scaled arbitrarily. Each plot is used to
determine the best selection criteria that can be made for a given variable, after
all other requirements have been made. The final criterion based on these plots
were m(k⇡) > 1.95, Mbc > 5.27, ROE tracks = 0, cos(✓thrust) < 0.9, log(kPIDk)
> �0.02, log(piPIDpi) > �0.006, muDLLpi > 5.
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Impact of each selection after applying the rest of the cuts

Belle
Sample N-1 plots

B+ → K+τ-(nπ0π-)μ+


