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Il Modello Standard !
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Rottura spontanea della simmetria quando il 
campo di Higgs acquista un valore nel vuoto
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No Higgs 

Impossibile estendere la teoria alla scala di Planck

Oscillazioni di neutrini

Materia oscura

Asimmetria materia-antimateria non spiegata 
quantitativamente

Il MS va considerato una 
teorie effettiva, limite a 

bassa energia di un modello 
piu’ generale che la include, 

valida fino a una scala di 
energia Λ ≈ MW
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Due approcci complementari:LHC Environment
• What we are interested in is the hard scatter of proton constituents (qq, qg, gg). 

•  At High Luminosity there is one hard scatter/crossing. 

• Which also leaves the “Underlying Event”:

• Additional parton-parton interactions

• Beam-beam remnants

• Initial/Final State radiation

6

Frontiera energia (LHC)
Produzione diretta di nuove 

particelle all’aumentare dell’energia 
disponibile nel centro di massa

Gli spettri di massa e la frequenza di 
decadimento delle nuove particelle 

discriminano tra diversi modelli di NP

Frontiera precisione (fisica del flavour)
Lo studio di processi virtuali tramite 

misure di precisione permette di testare 
indirettamente, tramite l’uso di teorie 
effettive, la scala di energia della NP.

Correlando le deviazioni dalle attese del 
MS in diversi processi e’ possibile 

stabilire caratteristiche generali della NP

Oltre il Modello Standard
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Attuali limiti sperimentali sulla NP
Forti limiti dai processi di oscillazione dei mesoni neutri: avvenendo a 

ordini superiori, nel MS sono sopressi e quindi le loro ampiezze 
possono competere con i contributi che la NP puo’ generare alle basse 

energie considerate

〈M |Hfull|M̄〉
〈M |HMS |M̄〉

= CMe2iφM MS recuperato per CM = 1;φM = 0
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Gli attuali limiti indicano una fisica oltre il MS fortemente allineata in fase rispetto al MS: 
questo implica che gli effetti di NP nel mixing dei quark devono essere molto simili (o gli stessi..) 

a quelli dello MS
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Da M. Pierini 
talk a ICHEP 08
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Modelli Violazione Minima Sapore
Mescolamento del sapore dei quark governato solo dalle interazioni di Yukawa, come nel MS

La violazione della simmetria di CP proviene solo dal MS

Queste assunzioni permettono di sopprimere contributi di fisica oltre il MS ad un 
livello consistente con le osservazioni sperimentali

Tra le esplicite realizzazioni dell’ipotesi MFV, vi sono quelle con 2 DOPPIETTI di Higgs, accoppiati 
separatamente ai quark di tipo up e quelli di tipo down

Parametro fondamentale di tali modelli e’ il rapporto di aspettazione nel vuoto dei due Higgs, 
chiamato tan β

Nel MS, masse e accoppiamenti dei quark sono legati dal vev dell’Higgs

Con due doppietti, la normalizzazione relativa tra top e bottom e’ legata a tan β e possiamo 
attribuire a grandi valori di tan β la differenza di massa piuttosto che ai differenti accoppiamenti

tanβ = 〈HU 〉/〈HD〉

yi = mi/〈H〉
yt = mt/〈HU 〉
yb = mb/〈HD〉 = mb/〈HU 〉 tan−1 β

yb ~ yt

Unificazione degli 
accoppiamenti di Yukawa di top 
e bottom favorito da scenari 

di Grand Unified Theories
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Il processo B± -> l±ν !
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Contributo di Higgs carico 
competitivo con MS 

Testa direttamente 
l’interazione di Yukawa

BR(B± → l±ν) = BR(B± → l±ν)SM × [1− (tanβ · mb/MH)2]2

Nei modelli con 2 DOPPIETTI di Higgs forte dipendenza 
da tan β

Inoltre, possibile sonda per mixing tra i leptoni:
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More exotic consequences of large tan!

"(B ! µ#)exp  =  "(B ! µ#µ) + "(B ! µ#e) + "(B ! µ#$) 

≈ SM ≈ 0 scalar LFV 
amplitude

  µR

   #$

H+
bR

sL

If the model has sizable non-MFV sources of breaking in the lepton sector 

(non-minimal LFV) %  large violations of LF universality in  B ! l#

sizable one-loop eff. coupl. 

 because of 3rd generation
& large mixing 

in the lepton sector

  µR

#$

 &    
 ~       

 #    
 ~       

 $    
 ~       

Masiero, Paradisi,
Petronzio, '05 

componente longitudianle 
del bosone vettore

W.S. Hou, Phys. Rev. D 48 (2342) 

G.Isidori & P.Paradisi
Phys.Lett. B 639 (499)
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Detector & DataSetThe BaBar Experiment
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B± -> l± ν : tecnica di analisi
Selezione del leptone

richiesta severa sull’identificazione 
come muone o elettrone e su pREST e 
pCM

No leptoni sul lato di tag

Selezione del tag B con variabili 
cinematiche
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Cerco il leptone di piu’ 
alto momento

Uso le rimanenti 
tracce nel detector 

per ricostruire 
l’altro B (tag B) con 

la somma di 
quadrimomenti. Da 
tale info, ottengo il 

momento del leptone 
nel sitema del B a 

riposo

Fondo tipico:

qq

B->Xu l ν con leptone al limite dello 
spettro

Eventi da fusione di 2 fotoni x elettrone

 Estrazione del numero di eventi con 
fit bidimensionale di Maximum 
Likelihood (ML)
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Eventi da fusione di 2 fotoni
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Selezione del tag B
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Figure 20: ∆E versus tag B pT distribution for onpeak data (upper left), signal MC (upper right),
τ+τ− + uds + cc̄ (lower left) and B+B− + B0B̄0 (lower right).

where the thrust axis T̂ is defined as the direction which maximizes the thrust:

T = max
[
Σi|#pi · T̂ |

Σi|#pi|

]
(16)

We recalculate the event thrust using the tracks and neutral clusters making up the tag B
using BtaThrustFitter In signal events, the angle between the signal lepton momentum and
the thrust axis is essentially random resulting in a flat distribution. For light quark and tau
events, however, the lepton momentum tends to lie along the thrust axis of the rest of the
event and cos θT is peaked near ± 1.

33

dati segnale MC

qq MC bb MC

B -> μν B -> eν

Eventi da 2 fotoni non presenti 
nel MonteCarlo
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Figure 15: Distribution of ∆E and mES for the muon sample for muBDTTight selection: signal in
blue dots, onpeak data in balck dots and background events are stacked on top of each other: uds
in red, cc̄ in yellow, τ+τ− in green, B0B̄0 in dark blue and B+B− in light blue.
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Figure 6: Data/MC comparison of the multiplicity of identified electrons and muons in the tag B
reconstruction in the muon sample for the muBDTTight selection. We require both Ne and Nµ to
be 0. Signal is blue histogram,onpeak data are black dots and background events are stacked on
top of each other: uds in red, cc̄ in yellow, τ+τ− in green, B0B̄0 in dark blue and B+B− in light
blue
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Figure 7: Data/MC comparison of the multiplicity of identified electrons and muons in the tag
B reconstruction in the electron sample. We require both Ne and Nµ to be 0. Signal is blue
histogram,onpeak data are black dots and background events are stacked on top of each other: uds
in red, cc̄ in yellow, τ+τ− in green, B0B̄0 in dark blue and B+B− in light blue

variables ∆E and energy-substituted mass, mES, defined by

mES =
√

E2
beam − "p2

B, (11)

and
∆E = EB − Ebeam, (12)

where "pB and EB are the momentum and energy of the reconstructed tag B candidate in the CM
frame. For signal events in which all decay products of the other B are reconstructed, we expect
the ∆E distribution to peak near zero and the energy-substituted mass to peak near mB. In reality,
being our analysis totally inclusive, we often fail to reconstruct all the decay products so that the
∆E distribution develops a negative tail while the mES distribution shows a tail below the B mass.
For uds and cc̄ backgrounds, ∆E is shifted significantly greater than zero since we’ve attributed
too much energy to the opposite hemisphere decay. ∆E is negative for τ+τ− decays, however, due
to missing neutrinos.

17

picca -1 GeV (e non 0)
per segnale perche’ spesso non si 
ricostruiscono tutti i prodotti di 

decadimento del tag B

ΔE ΔE

ΔEΔE
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pT pT
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Fisher topologico
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Sfrutta la fondamentale differenza di topologia tra 
un evento qq o ττ e un evento BB

Inoltre, dato la natura a due corpi del processo in 
considerazione, e’ possibile sfruttare variabili 
cinematiche date dalla conservazione dell’impulso

“Backward elimination” per trovare la migliore 
combinazione e numero di variabili

Ottimizzazione separata per e/μ e per periodi 
diversi di tempo
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Figure 21: Significance of the lower mES cut in the F.O.M. εSIG/
√

Nbkg for muBDTTight selection
(left) and the electron selection (right)

Sphericity S - another event-shape variable defined by

S =
3
2
min

Σj(pjT )2

Σj(pj)2
(17)

where the T subscript denote the momentum component transverse to the sphericity axis
which is the axis that minimizes S. S tends to be closer to 1 for spherical events and 0 for
jet-like events.

L2/L0 - The ratio of the second and zeroth Legendre Polynomials where

Ln = Σi|#pi| cos(α)n. (18)

The sum runs over all daughters of the tag B which have momenta #pi in the CM frame. The
angle α is the angle with respect to the lepton candidate momentum in the CM frame.

cos θν - the direction of the missing momentum in the lab frame. The missing momentum 4-vector
is calculated as

P (ν) = P (Υ (4S)) − P (tagB) − P (lep) (19)

where P (Υ (4S)) is determined from the sum of the e+ and e− 4-momenta obtained from
PepBeams. For continuum events, the missing momentum is likely due to undetected decay
products. Therefore, cos θν tends to point more in the forward direction than signal decays
which have real neutrinos.

cos θhypν - the direction of the expected (hypothetical) signal neutrino in the lab frame. This
direction is determined by inverting the direction of the lepton candidate in the CM frame
and then boosting back to the lab frame. This allows us to determine if the direction of the
expected neutrino is within the detector acceptance.

pT
rest - Lepton transverse momentum in Υ (4S) rest frame. Being a two-body decay, the candidate

lepton momentum is in general discriminating against any kind of not-two-body background.
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Il Fisher e’ una combinazione lineare di variabili tale da ottimizzare il loro potere 
discriminante tra due diverse classi di eventi

Using BaBar package StatPatternRecognition [10], we obtain the variable:

pFIT = a1 + a2 · pCM + a3 · pREST (13)

with a1 = −64.2035, a2 = 7.25836 and a3 = 18.985 for muBDTTight selection and a1 = −45.2927,
a2 = 5.63674 and a3 = 14.2574 for the electron selection.

This will be the final distribution from which we are going to extract the number of signal and
background events and from now on it will be referred to as pFIT . As, by definition, the linear
combination of pCM and pREST orthogonal to pFIT is completely uncorrelated to it, we can exploit
also

pCUT = −a1 − a2 · pREST + a3 · pCM (14)

and study the possibility to cut on this variable, which from now on we will call pCUT . The two
distributions for muNNTight selection, with background events stacked on top of each other and
signal events arbitrarly normalized, are shown in figure 18
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Figure 18: Distribution of pFIT (top) and pCUT (bottom) for muBDTTight selection: signal in blue
dots, background events are stacked on top of each other: uds in red, cc̄ in yellow, τ+τ− in green,
B0B̄0 in dark blue and B+B− in light blue

7 ∆E Cut Optimization

It has been decided to re-optimize the ∆E cut with respect to BAD 1331 as there it was fixed by
the Neural Network optimization. Figure 19 show ∆E lower cut and upper cut significance for the
muon sample after the loose cuts described above (ntuples production + tracks quality cuts + tight
PID requirement + in the detector fiducial volume). We use as F.O.M.

F.O.M =
εSIG√
Nbkg

(15)

and it suggests to cut −2.25 < ∆E < 0 GeV for muBDTTight selection.
For the electron channel, ∆E is used in combination with the transverse momentum of the tag

B in order to suppress two-photon background. Figure 20 shows the two-dimensional plots of ∆E

31
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Variabili del fit di ML : pFIT
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Figure 33: Distribution of mES (left) and pFIT (right) from MC simulation after all the cuts for the
muon channel: blue line is µ signal MC and background events are stacked on top of each other:
uds in red, cc̄ in yellow, τ+τ− in green, B0B̄0 in dark blue and B+B− in light blue.
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Figure 34: Distribution of mES (left) and pFIT (right) from MC simulation after all the cuts for
the electron channel: black dots are e signal MC and background events are stacked on top of each
other: uds in red, cc̄ in yellow, τ+τ− in green, B0B̄0 in dark blue and B+B− in light blue.

show the fit to the mES distribution for the muon and the electron channel on the MC simulation.
The Argus fits are shown just as reference, as its shape will be left floating in the final fit for both
muon and electron channel.

Figure 38 shows the background pFIT distribution of the data in the mES sidebands 5.17
< mES < 5.2 GeV/c2 for the muon channel and in the mES sidebands 5.16 < mES < 5.22 GeV/c2

for the electron channel. The different choice of the sideband region (and thus of the fitting region) is
due to the lower statistic available for the electron channel, which has a more powerful background
rejection. The pFIT distributions are parameterized with the sum of two Bifurcated Gaussians,
whose relative fraction will be left floating in the final fit on the data.

The fit parameters are shown in Tables 28- 30

52

) 2 (GeV/cESm
5.2 5.22 5.24 5.26 5.28 5.3
0

10

20

30

40

50

60

5.2 5.22 5.24 5.26 5.28 5.3
0

10

20

30

40

50

60
-

 B
+

B
0

B 
0

B
uds

cc 
-
! +!

" !" # !B

BABAR
preliminary

 
FIT

p
-5 0 5 10 15 20
0

10

20

30

40

50

60

70

80

-5 0 5 10 15 20
0

10

20

30

40

50

60

70

80

-
 B+B

0
B 

0
B
uds

cc 
-! +!

" !" # !B

BABAR
preliminary

Figure 33: Distribution of mES (left) and pFIT (right) from MC simulation after all the cuts for the
muon channel: blue line is µ signal MC and background events are stacked on top of each other:
uds in red, cc̄ in yellow, τ+τ− in green, B0B̄0 in dark blue and B+B− in light blue.
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Figure 34: Distribution of mES (left) and pFIT (right) from MC simulation after all the cuts for
the electron channel: black dots are e signal MC and background events are stacked on top of each
other: uds in red, cc̄ in yellow, τ+τ− in green, B0B̄0 in dark blue and B+B− in light blue.

show the fit to the mES distribution for the muon and the electron channel on the MC simulation.
The Argus fits are shown just as reference, as its shape will be left floating in the final fit for both
muon and electron channel.

Figure 38 shows the background pFIT distribution of the data in the mES sidebands 5.17
< mES < 5.2 GeV/c2 for the muon channel and in the mES sidebands 5.16 < mES < 5.22 GeV/c2

for the electron channel. The different choice of the sideband region (and thus of the fitting region) is
due to the lower statistic available for the electron channel, which has a more powerful background
rejection. The pFIT distributions are parameterized with the sum of two Bifurcated Gaussians,
whose relative fraction will be left floating in the final fit on the data.

The fit parameters are shown in Tables 28- 30
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Using BaBar package StatPatternRecognition [10], we obtain the variable:

pFIT = a1 + a2 · pCM + a3 · pREST (13)

with a1 = −64.2035, a2 = 7.25836 and a3 = 18.985 for muBDTTight selection and a1 = −45.2927,
a2 = 5.63674 and a3 = 14.2574 for the electron selection.

This will be the final distribution from which we are going to extract the number of signal and
background events and from now on it will be referred to as pFIT . As, by definition, the linear
combination of pCM and pREST orthogonal to pFIT is completely uncorrelated to it, we can exploit
also

pCUT = −a1 − a2 · pREST + a3 · pCM (14)

and study the possibility to cut on this variable, which from now on we will call pCUT . The two
distributions for muNNTight selection, with background events stacked on top of each other and
signal events arbitrarly normalized, are shown in figure 18
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Figure 18: Distribution of pFIT (top) and pCUT (bottom) for muBDTTight selection: signal in blue
dots, background events are stacked on top of each other: uds in red, cc̄ in yellow, τ+τ− in green,
B0B̄0 in dark blue and B+B− in light blue

7 ∆E Cut Optimization

It has been decided to re-optimize the ∆E cut with respect to BAD 1331 as there it was fixed by
the Neural Network optimization. Figure 19 show ∆E lower cut and upper cut significance for the
muon sample after the loose cuts described above (ntuples production + tracks quality cuts + tight
PID requirement + in the detector fiducial volume). We use as F.O.M.

F.O.M =
εSIG√
Nbkg

(15)

and it suggests to cut −2.25 < ∆E < 0 GeV for muBDTTight selection.
For the electron channel, ∆E is used in combination with the transverse momentum of the tag

B in order to suppress two-photon background. Figure 20 shows the two-dimensional plots of ∆E

31

Sfrutta l’idea del Fisher su due variabili cinematiche altamente discriminanti in un 
evento a due corpi come quello studiato
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Variabili del fit di ML : mES
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Figure 33: Distribution of mES (left) and pFIT (right) from MC simulation after all the cuts for the
muon channel: blue line is µ signal MC and background events are stacked on top of each other:
uds in red, cc̄ in yellow, τ+τ− in green, B0B̄0 in dark blue and B+B− in light blue.
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Figure 34: Distribution of mES (left) and pFIT (right) from MC simulation after all the cuts for
the electron channel: black dots are e signal MC and background events are stacked on top of each
other: uds in red, cc̄ in yellow, τ+τ− in green, B0B̄0 in dark blue and B+B− in light blue.

show the fit to the mES distribution for the muon and the electron channel on the MC simulation.
The Argus fits are shown just as reference, as its shape will be left floating in the final fit for both
muon and electron channel.

Figure 38 shows the background pFIT distribution of the data in the mES sidebands 5.17
< mES < 5.2 GeV/c2 for the muon channel and in the mES sidebands 5.16 < mES < 5.22 GeV/c2

for the electron channel. The different choice of the sideband region (and thus of the fitting region) is
due to the lower statistic available for the electron channel, which has a more powerful background
rejection. The pFIT distributions are parameterized with the sum of two Bifurcated Gaussians,
whose relative fraction will be left floating in the final fit on the data.

The fit parameters are shown in Tables 28- 30
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Figure 33: Distribution of mES (left) and pFIT (right) from MC simulation after all the cuts for the
muon channel: blue line is µ signal MC and background events are stacked on top of each other:
uds in red, cc̄ in yellow, τ+τ− in green, B0B̄0 in dark blue and B+B− in light blue.
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Figure 34: Distribution of mES (left) and pFIT (right) from MC simulation after all the cuts for
the electron channel: black dots are e signal MC and background events are stacked on top of each
other: uds in red, cc̄ in yellow, τ+τ− in green, B0B̄0 in dark blue and B+B− in light blue.

show the fit to the mES distribution for the muon and the electron channel on the MC simulation.
The Argus fits are shown just as reference, as its shape will be left floating in the final fit for both
muon and electron channel.

Figure 38 shows the background pFIT distribution of the data in the mES sidebands 5.17
< mES < 5.2 GeV/c2 for the muon channel and in the mES sidebands 5.16 < mES < 5.22 GeV/c2

for the electron channel. The different choice of the sideband region (and thus of the fitting region) is
due to the lower statistic available for the electron channel, which has a more powerful background
rejection. The pFIT distributions are parameterized with the sum of two Bifurcated Gaussians,
whose relative fraction will be left floating in the final fit on the data.

The fit parameters are shown in Tables 28- 30
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Figure 6: Data/MC comparison of the multiplicity of identified electrons and muons in the tag B
reconstruction in the muon sample for the muBDTTight selection. We require both Ne and Nµ to
be 0. Signal is blue histogram,onpeak data are black dots and background events are stacked on
top of each other: uds in red, cc̄ in yellow, τ+τ− in green, B0B̄0 in dark blue and B+B− in light
blue
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Figure 7: Data/MC comparison of the multiplicity of identified electrons and muons in the tag
B reconstruction in the electron sample. We require both Ne and Nµ to be 0. Signal is blue
histogram,onpeak data are black dots and background events are stacked on top of each other: uds
in red, cc̄ in yellow, τ+τ− in green, B0B̄0 in dark blue and B+B− in light blue

variables ∆E and energy-substituted mass, mES, defined by

mES =
√

E2
beam − "p2

B, (11)

and
∆E = EB − Ebeam, (12)

where "pB and EB are the momentum and energy of the reconstructed tag B candidate in the CM
frame. For signal events in which all decay products of the other B are reconstructed, we expect
the ∆E distribution to peak near zero and the energy-substituted mass to peak near mB. In reality,
being our analysis totally inclusive, we often fail to reconstruct all the decay products so that the
∆E distribution develops a negative tail while the mES distribution shows a tail below the B mass.
For uds and cc̄ backgrounds, ∆E is shifted significantly greater than zero since we’ve attributed
too much energy to the opposite hemisphere decay. ∆E is negative for τ+τ− decays, however, due
to missing neutrinos.

17

La massa del tag B ricostruita dal suo momento e dall’energia dei 
fasci : picca a 5.279 GeV/c2

12



Elisabetta Baracchini  -  Seminario Conclusivo di Dottorato  -  XXI Ciclo

ParameterizzazioneB± → L±νL (L = E, µ)
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Fit ai dati

B± → L±νL (L = E, µ)
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BR(B± →
µ(e)±νµ(e))

B

• εdata/εMC εdata < εMC

• (εMC)/(1 − εMC) εdata > εMC

Prima di effettuare il fit sui dati la procedura viene validata tramite Toy MC: si generano 
in modo Poissoniano campioni di segnale e fondo distributi in mES e pFIT secondo le 
distribuzioni parametrizzate e si fittano con la strategia che si vuole applicare ai dati

mES pFIT

B -> μν

B -> eν

1.4 +/- 15.3
eventi segnale

17.9 +/- 14.1
eventi segnale

segnale

fondo
fit totale
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Sistematiche
Le sistematiche legate alla misura del branching ratio possono sorgere 
dall’efficienza della selezione scelta stimata dal MonteCarlo o dalla 
parametrizzazione delle variabili del fit

Efficienza: 

Selezione del leptone: PID e efficienza di tracciamento da campioni di controllo 
standard di BaBar 

Selezione del tag B: uso di campione di controllo dalla topologia molto simile B-> D0(*)π

Selezione sul Fisher: uso della regione di ΔE (e tag B pT) fuori dalla selezione per 
confronto dati/MC

Parametrizzazione:

Incertezza sui valori variabili: 500 fit sui dati per ogni parametro generato 
Gaussianamente tenendo conto dell’errore e delle correlazioni

Accordo dati/MC per l’elettrone: uso della regione 5.16 < mES < 5.22 GeV/c2 (non usata 
nel fit finale) nella variabile pFIT

15
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Valutazione del UL

Approccio Bayesiano per la stima dell’upper limit:

Si genera secondo una distribuzione piatta il branching ratio per BR>0 fino a 
BR(B->μ(e) ν) = 3(5) x 10-6 

Si genera l’efficienza e il numero di B+B- distribuiti Gaussianamente secondo il 
valore e l’errore stimati

Si associa al BR generato un peso dato dalla likelihood del numero di eventi di 
segnale Ns ottenuto

Si itera 100000 volte: la distribuzione del BR pesato ottenuta a posteriori e’ la 
distribuzione da cui estrarre l’UL

BR(B± → µ±(e±)ν) ≤ NUL

numberB± · εµ(e)

Dove NUL e’ l’upper limit sul numero di eventi di segnale

P (BR|data) ∝ P(data|BR)P(BR) ∝
∫

dεsigdNbbL(Ns = BR · εsig · Nbb)P(εsig)P(Nbb)P(BR)

16
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Upper Limit

y = p0 + p1 · x

a = 0.887 ± 0.256

b = 0.0143 ± 0.0441

pFIT

± (stat)± (syst)% ± (stat)±
(syst)%

B
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B
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NUL ε
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BR >

BR 3 · 10−6

P (BR|data) ∝ P (data|BR)P (BR) ∝

∝
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Ns = 1.4 +/- 17.1
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Limiti su scenari di NP

B± → L±νL
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Conclusioni e Prospettive
Si sono misurati i seguenti upper limit:

B-> μν e’ al momento il limite piu’ competitivo al mondo; 

Purtroppo, una sovrafluttuazione non ci permette di dire lo stesso per B-> e ν

Questo processo e’ molto interessante per lo studio di modelli di Violazione Minima del Sapore 
oltre il MS, che abbiamo visto essere particolarmente favoriti dai presenti dati sperimentali

Le misure effettuate, anche se solo UL, pongono gia’ limiti molto interessanti sulla massa 
dell’Higgs carico e il valore di tan β

L’esperimento Belle dispone di un campione di dati ~ doppio, ancora decisamente limitato per 
una misura: solamente possibili futuri esperimenti su collisori e+e- ad alta luminosita’ (~100 
volte PEPII) potrebbero sperare di vedere tale decadimento

BR(B->μν)< 1.0 x 10-6

BR(B->eν)< 1.9 x 10-6
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Violazione del sapore leptonico

masse sleptoni
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FIG. 1: Contribution to the effective ν̄τ "RH+ coupling.

THE LEPTON FLAVOUR VIOLATING CASE

It is well known that models containing at least two
Higgs doublets generally allow flavour violating couplings
of the Higgs bosons with the fermions [8]. In the MSSM
such LFV couplings are absent at tree level. However,
once non holomorphic terms are generated by loop ef-
fects (so called HRS corrections [9]) and given a source
of LFV among the sleptons, Higgs-mediated (radiatively
induced) H!i!j LFV couplings are unavoidable [5]. These
effects have been widely discussed in the recent literature
through the study of several processes, namely τ →!j!k!k

[5], τ →µη [10], µ − e conversion in nuclei [11], B→ !jτ
[12], H→!j!k [13] and !i→!jγ [14].
In this Letter we analyze the LFV decay channels of the
purely leptonic π± and K± decays and discuss a possi-
ble way to detect LFV SUSY effects through a deviation
from the µ−e universality. One could naively think that
SUSY effects in the LFV channels M → !iνk are further
suppressed with respect to the LFC ones. On the con-
trary, we show that charged Higgs mediated SUSY LFV
contributions, in particular in the kaon decays into an
electron or a muon and a tau neutrino, can be strongly
enhanced.
The quantity which now accounts for the deviation from
the µ − e universality reads:

RLFV
π,K =

∑

i Γ(π(K) → eνi)
∑

i Γ(π(K) → µνi)
i = e, µ, τ.

with the sum extended over all (anti)neutrino flavors (ex-
perimentally one determines only the charged lepton fla-
vor in the decay products).

The dominant SUSY contributions to RLFV
π,K arise from

the charged Higgs exchange. The effective LFV Yukawa
couplings we consider are (see Fig. 1):

!H±ντ →
g2√
2

mτ

MW
∆3l

R tan2β ! = e, µ. (5)

Crucial to our result is the quadratic dependence on tanβ
in the above coupling: one power of tanβ comes from the
trilinear scalar coupling in Fig.1, while the second one is
a specific feature of the above HRS mechanism.

The ∆3!
R terms are induced at one loop level by the

exchange of Bino (see Fig. 1) or Bino-Higgsino and slep-
tons. Since the Yukawa operator is of dimension four, the

quantities ∆3!
R depend only on ratios of SUSY masses,

hence avoiding SUSY decoupling. In the so called MI
approximation the expression of ∆3!

R is given by:

∆3!
R $

α1

4π
µM1m

2
Rδ3!

RR

[

I
′

(M2
1 , µ2, m2

R)−(µ↔mL)
]

(6)

where µ is the the Higgs mixing parameter, M1 is the
Bino (B̃) mass and m2

L(R) stands for the left-left (right-

right) slepton mass matrix entry. The LFV MIs, i.e.
δ3!
XX = (m̃2

! )
3!
XX/m2

X (X = L, R), are the off-diagonal
flavor changing entries of the slepton mass matrix.
The loop function I

′

(x, y, z) is such that I
′

(x, y, z) =
dI(x, y, z)/dz, where I(x, y, z) refers to the standard
three point one-loop integral which has mass dimension
-2. Following the thorough analysis in [13], it turns out
that ∆3!

R
<∼ 10−3.

Making use of the LFV Yukawa coupling in Eq. (5),
it turns out that the dominant contribution to ∆re−µ

NP

reads:

RLFV
K $ RSM

K

[

1 +

(

m4
K

M4
H

)(

m2
τ

m2
e

)

|∆31
R |2 tan6β

]

. (7)

In Eq. (7) terms proportional to ∆32
R are neglected given

that they are suppressed by a factor m2
e/m2

µ with respect
to the term proportional to ∆31

R . Taking ∆31
R $ 5 · 10−4

accordingly to what said above, tanβ = 40 and MH =
500GeV we end up with RLFV

K $ RSM
K (1 + 0.013). We

see that in the large (but not extreme) tanβ regime and
with a relatively heavy H±, it is possible to reach contri-
butions to ∆re−µ

K SUSY at the percent level thanks to the
possible LFV enhancements arising in SUSY models.

Turning to pion physics, one could wonder whether the
analogous quantity ∆re−µ

π SUSY is able to constrain SUSY
LFV. However, the correlation between ∆re−µ

π SUSY and
∆re−µ

K SUSY :

∆re−µ
π SUSY $

(

md

mu + md

)2 (

m4
π

m4
k

)

∆re−µ
K SUSY (8)

clearly shows that the constraints on ∆re−µ
K susy force

∆re−µ
π susy to be much below its actual exp. upper bound.
Obviously, a legitimate worry when witnessing such a

huge SUSY contribution through LFV terms is whether
the bounds on LFV tau decays, like τ → eX (with
X = γ, η, µµ), are respected [14]. Higgs mediated
Br(τ → !jX) and ∆re−µ

K Susy have exactly the same SUSY
dependence; hence, we can compute the upper bounds
of the relevant LFV tau decays which are obtained for
those values of the SUSY parameters yielding ∆re−µ

K SUSY

at the percent level. We obtain Br(τ → eX) ≤ 10−10

[14]. Given the exp. upper bounds on the LFV τ lepton
decays [15], we conclude that it is possible to saturate
the upper bound on ∆re−µ

K Susy while remaining much be-
low the present and expected future upper bounds on
such LFV decays. There exist other SUSY contributions
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K SUSY at the percent level thanks to the
possible LFV enhancements arising in SUSY models.

Turning to pion physics, one could wonder whether the
analogous quantity ∆re−µ

π SUSY is able to constrain SUSY
LFV. However, the correlation between ∆re−µ

π SUSY and
∆re−µ

K SUSY :

∆re−µ
π SUSY $

(

md

mu + md

)2 (

m4
π

m4
k

)

∆re−µ
K SUSY (8)

clearly shows that the constraints on ∆re−µ
K susy force

∆re−µ
π susy to be much below its actual exp. upper bound.
Obviously, a legitimate worry when witnessing such a

huge SUSY contribution through LFV terms is whether
the bounds on LFV tau decays, like τ → eX (with
X = γ, η, µµ), are respected [14]. Higgs mediated
Br(τ → !jX) and ∆re−µ

K Susy have exactly the same SUSY
dependence; hence, we can compute the upper bounds
of the relevant LFV tau decays which are obtained for
those values of the SUSY parameters yielding ∆re−µ

K SUSY

at the percent level. We obtain Br(τ → eX) ≤ 10−10

[14]. Given the exp. upper bounds on the LFV τ lepton
decays [15], we conclude that it is possible to saturate
the upper bound on ∆re−µ

K Susy while remaining much be-
low the present and expected future upper bounds on
such LFV decays. There exist other SUSY contributions
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FIG. 1: Contribution to the effective ν̄τ "RH+ coupling.

THE LEPTON FLAVOUR VIOLATING CASE

It is well known that models containing at least two
Higgs doublets generally allow flavour violating couplings
of the Higgs bosons with the fermions [8]. In the MSSM
such LFV couplings are absent at tree level. However,
once non holomorphic terms are generated by loop ef-
fects (so called HRS corrections [9]) and given a source
of LFV among the sleptons, Higgs-mediated (radiatively
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[5], τ →µη [10], µ − e conversion in nuclei [11], B→ !jτ
[12], H→!j!k [13] and !i→!jγ [14].
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trary, we show that charged Higgs mediated SUSY LFV
contributions, in particular in the kaon decays into an
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The quantity which now accounts for the deviation from
the µ − e universality reads:

RLFV
π,K =

∑

i Γ(π(K) → eνi)
∑

i Γ(π(K) → µνi)
i = e, µ, τ.

with the sum extended over all (anti)neutrino flavors (ex-
perimentally one determines only the charged lepton fla-
vor in the decay products).

The dominant SUSY contributions to RLFV
π,K arise from

the charged Higgs exchange. The effective LFV Yukawa
couplings we consider are (see Fig. 1):

!H±ντ →
g2√
2

mτ

MW
∆3l

R tan2β ! = e, µ. (5)

Crucial to our result is the quadratic dependence on tanβ
in the above coupling: one power of tanβ comes from the
trilinear scalar coupling in Fig.1, while the second one is
a specific feature of the above HRS mechanism.

The ∆3!
R terms are induced at one loop level by the

exchange of Bino (see Fig. 1) or Bino-Higgsino and slep-
tons. Since the Yukawa operator is of dimension four, the
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hence avoiding SUSY decoupling. In the so called MI
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R is given by:

∆3!
R $

α1

4π
µM1m

2
Rδ3!

RR

[

I
′

(M2
1 , µ2, m2

R)−(µ↔mL)
]

(6)

where µ is the the Higgs mixing parameter, M1 is the
Bino (B̃) mass and m2

L(R) stands for the left-left (right-

right) slepton mass matrix entry. The LFV MIs, i.e.
δ3!
XX = (m̃2

! )
3!
XX/m2

X (X = L, R), are the off-diagonal
flavor changing entries of the slepton mass matrix.
The loop function I

′

(x, y, z) is such that I
′

(x, y, z) =
dI(x, y, z)/dz, where I(x, y, z) refers to the standard
three point one-loop integral which has mass dimension
-2. Following the thorough analysis in [13], it turns out
that ∆3!

R
<∼ 10−3.

Making use of the LFV Yukawa coupling in Eq. (5),
it turns out that the dominant contribution to ∆re−µ

NP

reads:

RLFV
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1 +
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m4
K
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H

)(
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e

)

|∆31
R |2 tan6β

]

. (7)

In Eq. (7) terms proportional to ∆32
R are neglected given

that they are suppressed by a factor m2
e/m2

µ with respect
to the term proportional to ∆31

R . Taking ∆31
R $ 5 · 10−4

accordingly to what said above, tanβ = 40 and MH =
500GeV we end up with RLFV

K $ RSM
K (1 + 0.013). We

see that in the large (but not extreme) tanβ regime and
with a relatively heavy H±, it is possible to reach contri-
butions to ∆re−µ

K SUSY at the percent level thanks to the
possible LFV enhancements arising in SUSY models.

Turning to pion physics, one could wonder whether the
analogous quantity ∆re−µ

π SUSY is able to constrain SUSY
LFV. However, the correlation between ∆re−µ
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)
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clearly shows that the constraints on ∆re−µ
K susy force

∆re−µ
π susy to be much below its actual exp. upper bound.
Obviously, a legitimate worry when witnessing such a

huge SUSY contribution through LFV terms is whether
the bounds on LFV tau decays, like τ → eX (with
X = γ, η, µµ), are respected [14]. Higgs mediated
Br(τ → !jX) and ∆re−µ

K Susy have exactly the same SUSY
dependence; hence, we can compute the upper bounds
of the relevant LFV tau decays which are obtained for
those values of the SUSY parameters yielding ∆re−µ

K SUSY

at the percent level. We obtain Br(τ → eX) ≤ 10−10

[14]. Given the exp. upper bounds on the LFV τ lepton
decays [15], we conclude that it is possible to saturate
the upper bound on ∆re−µ

K Susy while remaining much be-
low the present and expected future upper bounds on
such LFV decays. There exist other SUSY contributions
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Figure 20: Distribution of Fisher variable R2. Blue dots are on-resonance data, black dots are µ
signal MC and background events are stacked on top of each other: uds in red, cc̄ in yellow, τ+τ−

in green, B0B̄0 in dark blue and B+B− in light blue. From top to bottom and from left to right
Run1-Run6

variables (red dots). From left to right, the variables removed by the backward stepwise elimination
are, as written before,|cosθT | and cosθmiss . The final Fisher discriminant distributions run by run
are shown in figure 28: black dots are onpeak data, blue dots are signal events arbitrary normalized
and background events are stacked on top of each other. Figure 29 show the F.O.M. of the cuts
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Figure 21: Distribution of Fisher variable L2/L0. Blue dots are on-resonance data, black dots are
µ signal MC and background events are stacked on top of each other: uds in red, cc̄ in yellow,
τ+τ− in green, B0B̄0 in dark blue and B+B− in light blue. From top to bottom and from left to
right Run1-Run6

on the six Fisher and Table 14 the coefficients for the Fisher variables run by run and the relative
cut applied.
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Figure 22: Distribution of Fisher variable cosθhypν. Blue dots are on-resonance data, black dots
are µ signal MC and background events are stacked on top of each other: uds in red, cc̄ in yellow,
τ+τ− in green, B0B̄0 in dark blue and B+B− in light blue. From top to bottom and from left to
right Run1-Run6
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Figure 23: Distribution of Fisher variable cosθmiss. Blue dots are on-resonance data, black dots
are µ signal MC and background events are stacked on top of each other: uds in red, cc̄ in yellow,
τ+τ− in green, B0B̄0 in dark blue and B+B− in light blue. From top to bottom and from left to
right Run1-Run6
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Figure 24: Distribution of Fisher variable pT
rest. Blue dots are on-resonance data, black dots are µ

signal MC and background events are stacked on top of each other: uds in red, cc̄ in yellow, τ+τ−

in green, B0B̄0 in dark blue and B+B− in light blue. From top to bottom and from left to right
Run1-Run6

37

Sphericity
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

50

100

150

200

250

300

Sphericity Run 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

50

100

150

200

250

300 Data
-

 B
+

B
0

B 
0

B
uds

cc 
-! +!

" !" # 
!

B

Sphericity
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

200

400

600

800

1000

1200

Sphericity Run 2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

200

400

600

800

1000

1200

Sphericity Run 2

Sphericity
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

100

200

300

400

500

600

700

800

Sphericity Run 3

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

100

200

300

400

500

600

700

800

Sphericity Run 3

Sphericity
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

Sphericity  Run 4

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

Sphericity  Run 4

Sphericity
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

500

1000

1500

2000

2500

Sphericity E  Run 5

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

500

1000

1500

2000

2500

Sphericity E  Run 5

Sphericity
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

100

200

300

400

500

600

700

800

900

Sphericity Run 6

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

100

200

300

400

500

600

700

800

900

Sphericity Run 6

Figure 25: Distribution of Fisher variable Sphericity. Blue dots are on-resonance data, black dots
are µ signal MC and background events are stacked on top of each other: uds in red, cc̄ in yellow,
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Variabili del Fisher (e)B± → L±νL (L = E, µ)
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Discriminanti  di Fisher (e)
B± → L±νL (L = E, µ)
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Popolazione delle sideband
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Signal Efficiency Systematics
lepton selectiontag B selection 

PID Tracking EfficiencyUse B+/- -> D0(*) π+/-   control sample
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Figure 39: Distributions of (Nfit−N̄gen)/σNfit (pull) for signal (top) and background (bottom) yields
from the toy MC reweighted by the MC/data where we float all background shape parameters

14 Systematic Errors

14.1 Signal Efficiency

The systematic error on the signal efficiency can be broken into two parts: the lepton candidate
selection and the tab B reconstruction. The lepton candidate selection uncertainties include particle
identification and tracking efficiency. To determine the systematics involving the cuts placed on
the tag B and event-shape we use reconstructed B+ → D(∗)0π+ decays in the data. To determine
the systematics involving the cuts placed on the tag B and event-shape we use reconstructed
B+ → D(∗)0π+ decays in the data. The pion in this decay should be mono-energetic like the signal
muon but shifted downward in momentum by ≈ 400 MeV due to the mass of the D(∗)0. Once these
decays are found, the D(∗)0 decay products can be ignored to simulate the missing neutrino. Then
the reconstruction of the tag B can be performed on the rest of the event exactly as it would be
done for signal. Since the event topology is so similar, the systematic uncertainties can be estimated
by comparing the various cut efficiencies on the B+ → D(∗)0π+ MC and data.

We begin by locating D0 candidates in the D0 → k+π− mode using the D0ToKPiLoosePID list
constructed by CompositionTools. We tighten the default selection using SimpleComposition to
produce a D0ToKPiTightPID list with 1.84 < mKπ < 1.89 GeV/c2 and 1.8 < p∗Kπ < 2.7 GeV/c.
We attempt to form D∗0 candidates by combining the D0 candidates with π0 candidates from
the pi0SoftDefaultMass list and photons from the GoodPhotonDefault list. Photons from the
GoodPhotonDefault list are required to have an EMC energy greater than 100 MeV and lateral
moment less than 0.8 while π0 candidates are taken from the pi0SoftDefaultMass list and are
required to have a total momentum in the CM frame less than 0.45 GeV/c. The combinations
are done in SimpleComposition using the Add4 algorithm. Good D∗0 candidates are chosen by
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The systematic error on the signal efficiency can be broken into two parts: the lepton candidate
selection and the tab B reconstruction. The lepton candidate selection uncertainties include particle
identification and tracking efficiency. To determine the systematics involving the cuts placed on
the tag B and event-shape we use reconstructed B+ → D(∗)0π+ decays in the data. To determine
the systematics involving the cuts placed on the tag B and event-shape we use reconstructed
B+ → D(∗)0π+ decays in the data. The pion in this decay should be mono-energetic like the signal
muon but shifted downward in momentum by ≈ 400 MeV due to the mass of the D(∗)0. Once these
decays are found, the D(∗)0 decay products can be ignored to simulate the missing neutrino. Then
the reconstruction of the tag B can be performed on the rest of the event exactly as it would be
done for signal. Since the event topology is so similar, the systematic uncertainties can be estimated
by comparing the various cut efficiencies on the B+ → D(∗)0π+ MC and data.

We begin by locating D0 candidates in the D0 → k+π− mode using the D0ToKPiLoosePID list
constructed by CompositionTools. We tighten the default selection using SimpleComposition to
produce a D0ToKPiTightPID list with 1.84 < mKπ < 1.89 GeV/c2 and 1.8 < p∗Kπ < 2.7 GeV/c.
We attempt to form D∗0 candidates by combining the D0 candidates with π0 candidates from
the pi0SoftDefaultMass list and photons from the GoodPhotonDefault list. Photons from the
GoodPhotonDefault list are required to have an EMC energy greater than 100 MeV and lateral
moment less than 0.8 while π0 candidates are taken from the pi0SoftDefaultMass list and are
required to have a total momentum in the CM frame less than 0.45 GeV/c. The combinations
are done in SimpleComposition using the Add4 algorithm. Good D∗0 candidates are chosen by
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Figure 39: Distributions of (Nfit−N̄gen)/σNfit (pull) for signal (top) and background (bottom) yields
from the toy MC reweighted by the MC/data where we float all background shape parameters
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for D*

requiring the mass difference between the D∗0 and the D0 lie between 130 and 155 MeV. All good
D∗0 and D0 candidates are retained at this stage so there may be multiple D meson candidates
per event.

The good D0 and D∗0 candidates are then combined with candidates on the GoodTracksHard-
VeryLoose list using the TreeFitter algorithm to form B candidates. The pre-fit candidates are
required to have a mass between 4.5 and 5.5 GeV/c2 and ∆E within 300 MeV of 0. The post-fit can-
didates are required to have a vertex probability greater than 1% and to satisfy 5.15 < mES < 5.35
GeV/c2. The best B candidate per event is taken to be the one whose |∆E| is closest to 0. Finally,
we select good B candidates with |∆E| < 0.05 GeV. No requirement is placed on mES at this
point since we will perform a fit to the mES distribution for each cut combination to determine the
number of signal.

Figures 40 show the mES distributions for the decay modes B+ → D0π+, B+ → D∗0(γ)π+,
and B+ → D∗0(π0)π+ run by run. We decided to combine the three modes together to have more
statistic available. The black points are the on-peak data, the shaded histogram is the scaled off-
peak data and the red histogram is the MC sample with the B+B− contribution normalized to the
number of signal events and the B0B̄0, uds, cc̄ and tau+τ− to the number of background events in
the mES data distribution from an extended maximum likelihood fit. The mES plot is made after
requiring |∆E| < 0.05 GeV. In events where a B+ → D(∗)0π+ is successfully reconstructed, the
pion is treated as the lepton candidate. Figure 41 shows comparisons of cos θLab and pCM for pions
in the B+ → D0π+ data and MC in Run 4. The same distributions are overlaid for signal muons
in the MC. As expected, the B+ → D0π+ momentum distributions are similar in shape though
offset with respect to the signal MC due to the D mass. In particular, being

pl =
m2

B − m2
l − m2

ν

2mB
; pD0(∗) =

m2
B − m2

D0(∗) − m2
π+

2mB
(28)

we will have

pl − pD0(∗) =
m2

D0(∗) + m2
π+ − m2

l

2mB
= 0.3299(0.3823) (29)

Being BR(B± → D0π+) = 4.84·10−3 and BR(B± → D0∗π+) = 5.19·10−3,x and assuming that the
selction efficiency is the same for the two mode, we see that a shift of +0.35 GeV of B± → D0(∗)π+

candidate lepton momentum restore the agreement.
We discard the decay products of the D(∗)0 to simulate the neutrino in the signal decay and

then reconstruct the tag B from the remaining visible energy as done in the nominal analysis. One
modification is required, however, due to the hadronic interactions of the D(∗)0 decay products
in the EMC. In principle, the calorimeter energy deposited by these tracks should be associated
to the track and, therefore, not be present in the neutral cluster lists like CalorNeutral. But
due to the irregularity of hadronic showers, there are often “split-off” clusters that fail the track
association and are assumed to be neutral energy. Therefore the control sample contains a source
of extra clusters not present in the leptonic signal decay. The effects of the split-offs are evident
in several of the quantities used in this analysis, notably ∆E and mES. The result is that ∆E
develops a larger positive tail and the mES peak is less sharp at the B mass. Also, the | cos θT |
distribution is more sloped due to the correlation introduced between the directions of the pion
(“muon” candidate) and the rest of the event. These effects have been verified by using MC truth
information to remove all reconstructed EMC clusters that have charged tracks as parents in a
sample of B → Dπ cocktail MC. In the real data it is impossible to remove just the split-off
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then reconstruct the tag B from the remaining visible energy as done in the nominal analysis. One
modification is required, however, due to the hadronic interactions of the D(∗)0 decay products
in the EMC. In principle, the calorimeter energy deposited by these tracks should be associated
to the track and, therefore, not be present in the neutral cluster lists like CalorNeutral. But
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association and are assumed to be neutral energy. Therefore the control sample contains a source
of extra clusters not present in the leptonic signal decay. The effects of the split-offs are evident
in several of the quantities used in this analysis, notably ∆E and mES. The result is that ∆E
develops a larger positive tail and the mES peak is less sharp at the B mass. Also, the | cos θT |
distribution is more sloped due to the correlation introduced between the directions of the pion
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result is shown in figure 44: Run 4 and Run 5 after the ntuples preselection, where the blue curve
is the sum of signal and background contribution, while dashed red curve is the Argus component.
The MC and data efficiencies relative to the ntuples preselection are compared and from their ratio
the signal efficiency systematic is extracted. Table 23 shows the efficiencies,the ratios and the
systematics to apply to the signal efficiencies and hence to the signal efficiencies and yields run by
run, with statistic and systematic errors.
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Figure 44: Example of the fit to the BReco mES for Run 4 (left) and Run 5 (right) onpeak data
(top) and MC (bottom). Full blue line is the sum of Argus background and Bifurcated Gaussian
signal components, dashed red line is the Argus background component
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result is shown in figure 44: Run 4 and Run 5 after the ntuples preselection, where the blue curve
is the sum of signal and background contribution, while dashed red curve is the Argus component.
The MC and data efficiencies relative to the ntuples preselection are compared and from their ratio
the signal efficiency systematic is extracted. Table 23 shows the efficiencies,the ratios and the
systematics to apply to the signal efficiencies and hence to the signal efficiencies and yields run by
run, with statistic and systematic errors.
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Figure 44: Example of the fit to the BReco mES for Run 4 (left) and Run 5 (right) onpeak data
(top) and MC (bottom). Full blue line is the sum of Argus background and Bifurcated Gaussian
signal components, dashed red line is the Argus background component
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∆E ∆E > y = p0 +p1 ·x

B± → L±νL (L = E, µ)
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