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Details and motivation
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FIG. 1. Contributions to the B− → Λp̄νν̄ decay from (a) penguin and (b) box diagrams.

the B̄ → BB̄′ transitions in [18–24] can be reliably adopted, as the theoretical studies of

B(B̄ → ΛΛ̄K̄) [22], B(B̄0 → ΛΛ̄D0) and B(B− → Λp̄D(∗)0) [23] relating the B̄ → BB̄′

transitions are approved to agree with the data [25, 26]. In addition, with the B− → pp̄

transition, the CP violation for B− → pp̄K∗− [24] is found to be nearly 20% of the world

average [27, 28] even though it is still inconclusive experimentally due to the data errors.

The paper is organized as follows. In Sec. II, we provide the formalism, which involves the

decay amplitude and rate of B− → Λp̄νν̄ based on the form factors in the parameterizations

for the matrix elements of the B̄ → BB̄′ transitions. We give our numerical results and

discussions in Sec. III. In Sec. IV, we present the conclusions.

II. FORMALISM

The effective Hamiltonian for the inclusive mode of b → sνℓν̄ℓ is given by [29]

H(b → sνℓν̄ℓ) =
GF√
2

αem

2πsin2θW
λtD(xt)s̄γµ(1− γ5)bν̄ℓγ

µ(1− γ5)νℓ , (1)

with λt = V ∗
tsVtb, xt ≡ m2

t/m
2
W , and νℓ = νe or νµ or ντ , where D(xt) is the top-quark loop

function [30, 31]. From Fig. 1, via the effective Hamiltonian in Eq. (1) the amplitude of

B− → Λp̄ νℓν̄ℓ can be factorized as

A(B− → Λp̄νℓν̄ℓ) =
GF√
2

αem

2πsin2θW
λtD(xt)⟨Λp̄|s̄γµ(1− γ5)b|B−⟩ ν̄ℓγµ(1− γ5)νℓ , (2)

where the explicit form of the matrix element for B− → Λp̄ depends on the parameterization,

which has been studied in three-body baryonic B̄ decays. With Lorentz invariance, the most

general forms of the B̄ → BB̄′ transition form factors are given by [23]

⟨BB̄′|q̄′γµb|B̄⟩ = iū(pB)[g1γµ + g2iσµνp
ν + g3pµ + g4qµ + g5(pB̄′ − pB)µ]γ5v(pB̄′),

⟨BB̄′|q̄′γµγ5b|B̄⟩ = iū(pB)[f1γµ + f2iσµνp
ν + f3pµ + f4qµ + f5(pB̄′ − pB)µ]v(pB̄′), (3)

3

PRD 85 (2012) 094019

• Standard Model prediction:                        = (7.9 ± 1.9) x 10-7 (Geng & Hsiao, PRD 85 (2012) 094019).
• Rare, FCNC decay - suppressed by the standard model.
• New physics potentially hiding in loops - will affect branching fraction.
• Amenable to further study: angular asymmetries, T-odd observables etc.

• BaBar result (see backup slides for more detail)
• Presented at ICHEP 2018: indico.cern.ch/event/686555/contributions/2986950/
• First ever measurement of   . Results:

BF central value: (0.4 ± 1.1(stat.) ± 0.6(sys.)) x 10-5

BF upper limit at 90% confidence level: 3.0 x 10-5

(Compare theory: (7.9 ± 1.9) x 10-7)
No observation of signal or New Physics.
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·basf2 release-01-02-11

·Use MC9 FEI skim “feiHadronicBplus”: skim of first 0.8 ab^-1 generic Ups(4S) BGx1 events

Central FEI skim cuts
·Mbc > 5.24 GeV
·|deltaE| < 0.200 GeV
·signal probability > 0.001

·SigMC: MC9, 10 M events, phase3, Ups(4S), BGx1
·Skim sigMC using same cuts

MC, FEI and skimming

Scale background luminosity to BaBar

To give comparability with only existing experimental result. Scale down background luminosity from 
0.8 ab-1 to 0.424254 ab-1.
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Reweight signal MC

invariance, the most general forms of the !B ! B !B0 tran-
sition form factors are given by [23]

hB !B0j !q0!"bj !Bi ¼ i !uðpBÞ½g1!" þ g2i#"$p
$ þ g3p"

þ g4q" þ g5ðp !B0 & pBÞ"'!5vðp !B0Þ;
hB !B0j !q0!"!5bj !Bi ¼ i !uðpBÞ½f1!" þ f2i#"$p

$ þ f3p"

þ f4q" þ f5ðp !B0 & pBÞ"'vðp !B0Þ;
(3)

with q¼ pB þ p !B0 and p ¼ p !B & q, for the vector and
axial-vector quark currents, respectively. For the momen-
tum dependences, the form factors fi and gi (i ¼
1; 2; . . . ; 5) are taken to be [19]

fi ¼
Dfi

t3
; gi ¼

Dgi

t3
; (4)

with t ( q2 ( m2
B !B0 , whereDfi andDgi are constants to be

determined by the measured data in !B ! p !pM decays.
Note that 1=t3 arises from three hard gluons as the
propagators to form a baryon pair in the approach of the
perturbative quantum chromodynamics counting rules
[18,32–34], where two of them attach to valence quarks
in B !B0, while the third one kicks and speeds up the
spectator quark in !B. It is worth to note that, due to fi, gi /
1=t3, the dibaryon invariant mass spectrum peaks at the
threshold area and flattens out at the large energy region.
Hence, this so-called threshold effect measured as a com-
mon feature in !B ! p !pM decays should also appear in the
B& ! " !p$‘ !$‘ decay. To integrate over the phase space for
the amplitude squared j !Aj2, which is obtained by assem-
bling the required elements in Eqs. (2)–(4) and summing
over all fermion spins, the knowledge of the kinematics for
the four-body decay is needed. For this reason, we use the
partial decay width [35–37]

d# ¼ j !Aj2
4ð4%Þ6m3

!B

X&B&Ldsdtd cos'Bd cos'Ld(; (5)

where

X¼
!
1

4
ðm2

B & s & tÞ2 & st
"
1=2

;

&B¼
1

t
)1=2ðt;m2

B;m
2
!B0Þ; &L¼1

s
)1=2ðs;m2

$;m
2
!$Þ; (6)

with )ða; b; cÞ ¼ a2 þ b2 þ c2 & 2ab & 2bc & 2ca, and
t, s ( ðp$ þ p !$Þ2, 'B, 'L, and ( are five variables in the
phase space. As seen from Fig. 2, the angle 'BðLÞ is
between ~pB ( ~p$) in the B !B0 ($ !$) rest frame and the line
of flight of the B !B0 ($ !$) system in the rest frame of the !B,
while the angle ( is between the B !B0 plane and the $ !$
plane, which are defined by the momenta of the B !B0

pair and the momenta of the $ !$ pair, respectively, in the
rest frame of !B. The ranges of the five variables are
given by

ðm$ þ m !$Þ2 ) s ) ðm !B &
ffiffi
t

p
Þ2;

ðmB þ m !B0Þ2 ) t ) ðm !B & m$ & m !$Þ2; 0 ) 'L;

'B ) %; 0 ) ( ) 2%: (7)

The decay branching ratio of BðB& ! " !p$ !$Þ depends on
the integration in Eqs. (5)–(7), where we have to sum over
the three neutrino flavors since they are indistinguishable.
We can also define the integrated angular distribution
asymmetries, given by

A 'i (
R
1
0

dB
dcos'i

dcos'i &
R
0
& 1

dB
dcos'i

dcos'iR
1
0

dB
dcos'i

dcos'i þ
R
0
& 1

dB
dcos'i

dcos'i
; ði¼B;LÞ:

(8)

III. NUMERICAL RESULTS AND DISCUSSIONS

For the numerical analysis, we take the values of GF,
*em, sin2'W and V*

tsVtb in the PDG [38] as the input
parameters. In the large t limit, the approach of the

FIG. 2 (color online). Three angles 'B, 'L, and ( in the phase
space for the four-body !B ! B !B0$ !$ decay.

(a) (b)

FIG. 1 (color online). Contributions to the B& ! " !p$ !$ decay from (a) penguin and (b) box diagrams.
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perturbative quantum chromodynamics counting rules al-
lows the vector and axial-vector currents to be incorporated
as two chiral currents. As a result, Dgi and Dfi from the
vector currents can be related by the another set of con-
stants Djj and DD !jj from the chiral currents, and the 10

constants for B! ! " !p are reduced as [23]

Dg1 ¼ Df1 ¼ !
ffiffiffi
3

2

s
Djj; Dgj ¼ !Dfj ¼ !

ffiffiffi
3

2

s
Dj

jj;

(9)

with j ¼ 2; 3; . . . ; 5. We note that the reduction is first
developed in Refs. [32– 34] for the spacelike B!B0 bar-
yonic form factors, and extended to deal with the timelike
0 ! B !B0 baryonic form factors and the !B ! B !B0 transi-
tion form factors in the studies of the !B ! B !B0M decays

[18– 23,39– 43]. For DðjÞ
jj and DðjÞ

!jj , we adopt the values,

given by [23]

ðDjj; D !jjÞ ¼ ð67:7% 16:3;!280:0% 35:9Þ GeV5;

ðD2
jj; D

3
jj; D

4
jj; D

5
jjÞ ¼ ð!187:3% 26:6;!840:1% 132:1;

! 10:1% 10:8;!157:0% 27:1Þ GeV4;

(10)

extracted from the measured data of the total branching
ratios, invariant mass spectra, and angular distributions in
the !B ! p !pM decays. By using the various inputs, we
obtain the numerical results for the branching ratio and
angular distribution asymmetries of B! ! " !p! !! in
Table I, where the values of B! ! p !pe! !!e are taken
from Ref. [9]. The invariant mass spectra and angular dis-
tributions for B! ! " !p! !! are shown in Fig. 3, where the
shaded areas represent the theoretical uncertainties from the
form factors and Cabibbo-Kobayashi-Maskawa (CKM)
mixings. Note that the errors of the integrated angular
asymmetriesA"B;L in Table I are relatively small compared

to those in Fig. 3(b). The reason is thatA"B;L depend on the

ratios as shown in Eq. (8), which reduce the uncertainties.
From Fig. 3(a), we see thatBðB! ! " !p! !!Þ receives the

dominant contribution near the threshold of m" !p ! m" þ
m !p, when the curve sharply peaks in the invariant mass
spectrum. This reflects the fact of 1=t3 as the momentum
dependence in the B! ! " !p transition form factors. In

contrast, the curve in the m! !! spectrum is associated with
the total energy of the ! !! pair. This is due to the helicity
structure of !!#$ð1! #5Þ! in the amplitude, formed as
ðE! þ E !!Þ"$!ðpÞ with "$!ðpÞ the left-handed polarization.
Moreover, the fact that "$!ðpÞ couples to the left-handed
helicity state of the virtual Z boson results in a factor of
ð1þ cos"LÞ2 to explain the angular distribution for " ¼ "L
in Fig. 3(b). As a duplicate case, B! ! p !pe! !!e has the
same helicity structure for the lepton pair to couple to the
left-handed helicity state of the virtual weak boson W'!.
As a result, it is reasonable to have A"LðB! ! " !p! !!Þ ’
A"LðB! ! p !pe! !!eÞ in Table I. On the other hand, since
BðB! ! " !p! !!Þ can be traced back to the tensor terms
f2ðg2Þ in the B! ! " !p transition, which give the main
contributions, f1 !u #$#5! and g1 !u #$! are too small to pro-
vide factors of ð1% cos"BÞ2 as apparent angular dependent
terms, as given in Fig. 3(b) for " ¼ "B and Table I forA"B .
The domination of the tensor terms f2ðg2Þ in the B! !

" !p transition can be realized. The terms f3ðg3Þ disappear
due to "$!ðpÞwith p ¼ p! þ p !!, leading to the coupling of
"! ( p ¼ 0. Because of the relatively small value of jD4

jjj ’
10 GeV4, the terms f4ðg4Þ are negligible. The suppression
for f5ðg5Þ is in accordance with the limit of ðp !p ! p"Þ$ ¼
ðE !p ! E"; ~p !p ! ~p"Þ ! ð0; ~0Þ as the invariant mass m" !p

approaches the threshold area to receive the main contri-
bution forBðB! ! " !p! !!Þ (see Fig. 3(a)). Moreover, with
an additional p in f2ðg2Þ%$!p

!, the ratio of jf2ðg2Þpj2 to
jf1ðg1Þj2, which is equal toD2

f2ðg2Þjpj
2=D2

f1ðg2Þ ’ 8jpj2, can
be enhanced by jpj ! m !B ! ðm" þm !pÞ around the
threshold area. This explains why f2ðg2Þ prevail over the
other terms in the B! ! " !p! !! decay. Since the decays of
B! ! p !pe! !!e and B! ! " !p! !! are similar four-body
decays, we suggest a relation, given by

Rðj !Aj2Þ ) j !AðB! ! " !p! !!Þj2
j !AðB! ! p !pe! !!eÞj2

¼ 3RðConst2Þ 1=m
12
p !p

1=m12
" !p

;

(11)

where the factor 3 comes from the three neutrino flavors
and RðConst2Þ ¼ 0:012 is due to the constants of their own

TABLE I. Numerical results for B and A"i (i ¼ B, L) for
B! ! " !p! !! and B! ! p !pe! !!e [9], respectively, where the
theoretical errors are mainly from the uncertainties in the form
factors and CKM mixings.

B! ! " !p! !! B! ! p !pe! !!e [9]

B ð7:9% 1:9Þ * 10!7 ð1:04% 0:29Þ * 10!4

A"B 0:01% 0:02 0:06% 0:02
A"L 0:56% 0:02 0:59% 0:02

m m p
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FIG. 3 (color online). Invariant mass spectra as functions of
the invariant masses m" !p and m! !! and angular distributions as
functions of cos"B;L for B! ! " !p! !!, respectively, where the
shaded areas represent the theoretical uncertainties from the
form factors and CKM mixings.
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h_BgenReco_LambdaP_InvM

Entries  177546
Mean    3.222
Std Dev    0.7118
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Mean    3.222
Std Dev    0.7118

h_BgenReco_LambdaP_InvM
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h_BgenReco_Lambda0P_InvM_truth_reweight

Entries  177546
Mean    2.305
Std Dev    0.1869

h_BgenReco_Lambda0P_InvM_truth_reweight

·Simultaneous reweight to all four variable is impossible.
·Try reweighting to each variable individually, one-by-one: only reweights that made a difference to 
final result are mLambdaP and mNuNu, and they make the same difference.
·Reweight to mLambdaP.

mLambdaP before reweight mLambdaP after reweight
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Btag
·remaining tracks in event after FEI == 3 (Lambda(p pi-)pbar)
·if >1 Btag candidate in an event, keep candidate with highest signal probability

Lambda reconstruction
·95% efficiency proton and pion ID on remaining tracks
·Lambda daughters must obey expected DOCA order (pbar < p < pi) (see backup slides for detail)
·Reconstruct lambda from PID’ed tracks, KFit
·Lambda mass: PDG ± 40 MeV
·If >1 lambda candidate, choose one with best significance-of-distance relative to IP

Other
·Reconstruct Bsig and Upsilon(4S) (imposes “no overlaps” and charge consistency)

Signal selection cuts

WNPPC, 14 February 2014                    Robert Seddon, McGill University 7
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FIG. 1. Contributions to the B− → Λp̄νν̄ decay from (a) penguin and (b) box diagrams.

the B̄ → BB̄′ transitions in [18–24] can be reliably adopted, as the theoretical studies of

B(B̄ → ΛΛ̄K̄) [22], B(B̄0 → ΛΛ̄D0) and B(B− → Λp̄D(∗)0) [23] relating the B̄ → BB̄′

transitions are approved to agree with the data [25, 26]. In addition, with the B− → pp̄

transition, the CP violation for B− → pp̄K∗− [24] is found to be nearly 20% of the world

average [27, 28] even though it is still inconclusive experimentally due to the data errors.

The paper is organized as follows. In Sec. II, we provide the formalism, which involves the

decay amplitude and rate of B− → Λp̄νν̄ based on the form factors in the parameterizations

for the matrix elements of the B̄ → BB̄′ transitions. We give our numerical results and

discussions in Sec. III. In Sec. IV, we present the conclusions.

II. FORMALISM

The effective Hamiltonian for the inclusive mode of b → sνℓν̄ℓ is given by [29]

H(b → sνℓν̄ℓ) =
GF√
2

αem

2πsin2θW
λtD(xt)s̄γµ(1− γ5)bν̄ℓγ

µ(1− γ5)νℓ , (1)

with λt = V ∗
tsVtb, xt ≡ m2

t/m
2
W , and νℓ = νe or νµ or ντ , where D(xt) is the top-quark loop

function [30, 31]. From Fig. 1, via the effective Hamiltonian in Eq. (1) the amplitude of

B− → Λp̄ νℓν̄ℓ can be factorized as

A(B− → Λp̄νℓν̄ℓ) =
GF√
2

αem

2πsin2θW
λtD(xt)⟨Λp̄|s̄γµ(1− γ5)b|B−⟩ ν̄ℓγµ(1− γ5)νℓ , (2)

where the explicit form of the matrix element for B− → Λp̄ depends on the parameterization,

which has been studied in three-body baryonic B̄ decays. With Lorentz invariance, the most

general forms of the B̄ → BB̄′ transition form factors are given by [23]

⟨BB̄′|q̄′γµb|B̄⟩ = iū(pB)[g1γµ + g2iσµνp
ν + g3pµ + g4qµ + g5(pB̄′ − pB)µ]γ5v(pB̄′),

⟨BB̄′|q̄′γµγ5b|B̄⟩ = iū(pB)[f1γµ + f2iσµνp
ν + f3pµ + f4qµ + f5(pB̄′ − pB)µ]v(pB̄′), (3)

3

C.Q. Geng, Y.K. Hsiao.
Rare                   decay
Phys. Rev. D 85 (2012) 094019

Predict                       = (7.9 ± 1.9) x 10-7
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                   branching ratio                   branching ratio

SM prediction (4.5 ± 0.7) x 10-6

Exp. upper bound 14 x 10-6

•Rare decay (suppressed by the standard model)
•Allows us to search for new physics/test the SM
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Signal selection cuts

PDG Lambda mass = 1.116 GeV

Keep events with m_Lambda within PDG 
+/- 25 MeV.

Btag Mbc Reconstructed Lambda mass

Use Mbc > 5.27 GeV for final result.



0 1 2 3 4 5 6 7 8 9 100

20

40

60

80

100

120

140

160

180

200

N
um

be
r o

f e
ve

nt
s

stackh_Btag_Eextra

ssbar
ccbar
ddbar
uubar
taupair
mixed
charged
sig

0

200

400

600

800

1000

1200

1400

 7

Eextra
·ECL energy from neutral particles that are not used in Btag reconstruction.
·Suppress beam background by requiring (https://confluence.desy.de/x/QGIHAg):

Optimise cut using BF upper limit as figure of merit → keep events with Eextra < 0.5 GeV

Signal selection cuts
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the B̄ → BB̄′ transitions in [18–24] can be reliably adopted, as the theoretical studies of

B(B̄ → ΛΛ̄K̄) [22], B(B̄0 → ΛΛ̄D0) and B(B− → Λp̄D(∗)0) [23] relating the B̄ → BB̄′

transitions are approved to agree with the data [25, 26]. In addition, with the B− → pp̄

transition, the CP violation for B− → pp̄K∗− [24] is found to be nearly 20% of the world

average [27, 28] even though it is still inconclusive experimentally due to the data errors.

The paper is organized as follows. In Sec. II, we provide the formalism, which involves the

decay amplitude and rate of B− → Λp̄νν̄ based on the form factors in the parameterizations

for the matrix elements of the B̄ → BB̄′ transitions. We give our numerical results and

discussions in Sec. III. In Sec. IV, we present the conclusions.

II. FORMALISM

The effective Hamiltonian for the inclusive mode of b → sνℓν̄ℓ is given by [29]

H(b → sνℓν̄ℓ) =
GF√
2

αem

2πsin2θW
λtD(xt)s̄γµ(1− γ5)bν̄ℓγ

µ(1− γ5)νℓ , (1)

with λt = V ∗
tsVtb, xt ≡ m2

t/m
2
W , and νℓ = νe or νµ or ντ , where D(xt) is the top-quark loop

function [30, 31]. From Fig. 1, via the effective Hamiltonian in Eq. (1) the amplitude of

B− → Λp̄ νℓν̄ℓ can be factorized as

A(B− → Λp̄νℓν̄ℓ) =
GF√
2

αem

2πsin2θW
λtD(xt)⟨Λp̄|s̄γµ(1− γ5)b|B−⟩ ν̄ℓγµ(1− γ5)νℓ , (2)

where the explicit form of the matrix element for B− → Λp̄ depends on the parameterization,

which has been studied in three-body baryonic B̄ decays. With Lorentz invariance, the most

general forms of the B̄ → BB̄′ transition form factors are given by [23]

⟨BB̄′|q̄′γµb|B̄⟩ = iū(pB)[g1γµ + g2iσµνp
ν + g3pµ + g4qµ + g5(pB̄′ − pB)µ]γ5v(pB̄′),

⟨BB̄′|q̄′γµγ5b|B̄⟩ = iū(pB)[f1γµ + f2iσµνp
ν + f3pµ + f4qµ + f5(pB̄′ − pB)µ]v(pB̄′), (3)

3

C.Q. Geng, Y.K. Hsiao.
Rare                   decay
Phys. Rev. D 85 (2012) 094019

Predict                       = (7.9 ± 1.9) x 10-7
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(63.9 ± 0.5)%
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                   branching ratio                   branching ratio

SM prediction (4.5 ± 0.7) x 10-6

Exp. upper bound 14 x 10-6

•Rare decay (suppressed by the standard model)
•Allows us to search for new physics/test the SM
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Eextra

Detector region forward barrel backward

Energy (MeV) 62 60 56

abs(cluster timing) (ns) < 18 < 20 < 44

https://confluence.desy.de/x/QGIHAg
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Continuum suppression

continuum likelihood

KQK2MimK BM i?2 *J 7`�K2X .2+�v �M/ ?�/`QMBb�iBQM T`Q/m+ib 7`QK +QMiBMmmK 2p2Mib i?mb ?�p2j9d

D2i@HBF2 U+QHHBK�i2/V b?�T2b rBi? /B`2+iBQMb T`272`2MiB�HHv �HB;M2/ +HQb2 iQ i?2 #2�KXj93

q2 +�M i�F2 �/p�Mi�;2 Q7 i?Bb /Bz2`2M+2 BM iQTQHQ;v iQ /Bb+`BKBM�i2 #2ir22M i?2 irQ ivT2b Q7j9N

2p2MibX hQ /Q i?Bb r2 mb2 � KmHiBp�`B�i2 HBF2HB?QQ/ +QKT`BbBM; bBt p�`B�#H2b,j8y

Ç _k�HH @ i?2 `�iBQ Q7 i?2 2nd iQ 0th 6Qt@qQH7`�K KQK2Mib mbBM; �HH +?�`;2/ �M/ M2mi`�Hj8R

T�`iB+H2b BM i?2 2p2MiX � K2�bm`2 Q7 i?2 +QHHBK�iBQM Q7 �M 2p2Mi UBX2X ?Qr D2i@HBF2 Bi BbV- _k�HHj8k

`�M;2b 7`QK y iQ R rBi? y `2T`2b2MiBM; � ǳbT?2`B+�HǴ 2p2Mi �M/ R `2T`2b2MiBM; � ǳD2i@HBF2Ǵj8j

2p2Mi (Rd)X h?mb- BB 2p2Mib i2M/ iQ ?�p2 HQr2` _k�HH p�Hm2b r?BH2 +QMiBMmmK 2p2Mib i2M/ iQj89

?�p2 ?B;?2` _k�HH p�Hm2b- �b b?QrM BM 6B;m`2 9X8�Xj88

Ç h?`mbi K�;MBim/2 @ � i?`mbi �tBb Bb i?2 �tBb r?B+? K�tBKBb2b i?2 HQM;Bim/BM�H KQK2Mi� Q7j8e
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2p2Mib i?2`2 Bb MQ T`272``2/ /B`2+iBQM- ?2M+2 +QMiBMmmK 2p2Mib /BbTH�v � ~�i /Bbi`B#miBQM- �bjd9

b?QrM BM 6B;m`2 9X82Xjd8
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x@�tBbX JBbbBM; KQK2MimK +�M #2 /m2 iQ mM/2i2+i�#H2 T�`iB+H2b U2X;X M2mi`BMQbV Q` T�`iB+H2bjdd

r?B+? �`2 MQi /2i2+i2/ #2+�mb2 i?2v i`�p2H QmibB/2 i?2 �++2Ti�M+2 Q7 i?2 /2i2+iQ`X h?2`2jd3
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9X87X >Qr2p2`- +QMiBMmmK 2p2Mib T2�F KQ`2 bi`QM;Hv �i ±1 �b i?2v i2M/ iQ #2 �i bK�HH2`j3y
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h?2b2 p�`B�#H2b �`2 mb2/ iQ +�H+mH�i2 � KmHiBp�`B�i2 HBF2HB?QQ/ FMQrM �b +QMiBMmmK HBF2HB?QQ/ mb@j3j

BM;,j39

continuum likelihood =

∏
i PBB(xi)∏

i PBB(xi) +
∏

i Pcont(xi)
U9V

kR
where PBB(xi) and Pcont(xi) are probability density functions describing BB and continuum events 
respectively for the variable xi (see backup slides for list of variables).

Optimise cut using BF upper limit as figure of merit → keep events with contLH > 0.35 GeV
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Results
·Final background: 10.6 ± 2.4(stat.)

BaBar MC : 2.3 ± 0.7(stat.) ± 0.6(sys.)
BaBar data: 3

·Final sig eff (incl. Lambda -> p pi- BF):
(1.44 ± 0.07(stat.))e-04
BaBar: (3.42 ± 0.08(stat.) ± 0.80(sys.))e-04

·BF upper limit at 90% CL (Barlow): 1.2e-4
BaBar: 0.30e-4
Theory: (7.9 ± 1.9)e-7

Constraints
·FEI in phase 2: efficiency is factor of two lower in data than MC:

https://docs.belle2.org/record/1111 → §3.1.1
·Lambda reco in phase 2 prod 5 is factor of two lower in data than MC: 

https://confluence.desy.de/x/dyWdAw → 4 Sep → Updates of proton-ID with Λ
→ Phase 2 results suggest MC and data disagree by factor of four…

Outlook
·Graduating soon, so minimal/no more work from me on this analysis.
·This is a very early sensitivity study (basf2 rel-01, MC9 with MC7 FEI training) - lots of room for 
future improvements.

Results and outlook Reconstructed Lambda mass 
at end of analysis

https://docs.belle2.org/record/1111
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Details and motivation

The Belle II Physics Book 

DRAFT
14

/6
/2

01
8

of the neutrino flavor. The gray areas show the 90% CL excluded regions from the first6017

generation B factories, which rule out large enhancements of the Wilson coe�cients with6018

respect to the SM expectation. They also rule out a band where CNP
L + CR ' �CSM

L . In this6019

region the B ! K+⌫⌫̄, which is only sensitive to the sum CL + CR, is close to zero and the6020

combination of BaBar and Belle searches has already excluded a vanishing branching ratio at6021

90% CL. The coloured bands show the regions allowed at 68% CL by the full statistics Belle6022

II measurements, assuming the sensitivities quoted in Table 69 and the SM central values for6023

both FL and the branching ratios. The green band refers to the B ! K+⌫⌫̄ measurement.6024

For B ! K⇤⌫⌫̄, two bands are shown: the purple one accounts for constraints from the6025

branching ratio only, while the orange one shows the constraint obtained by combining both6026

the branching fraction and FL. As can be seen, a large portion of the cuttently allowed6027

parameter space will be excluded with the full Belle II statistic.6028

�0.8 �0.6 �0.4 �0.2 0.0 0.2 0.4 0.6 0.8

CNP
L /CSM

L

�0.8

�0.6

�0.4

�0.2

0.0

0.2

0.4

0.6

0.8

C
R
/C

S
M

L

flavio

Belle + BaBar B ! K⌫⌫ 90% CL excluded

Belle + BaBar B ! K⇤⌫⌫ 90% CL excluded

Belle II B ! K⌫⌫ 68% CL allowed

Belle II BR(B ! K⇤⌫⌫) 68% CL allowed

Belle II B ! K⇤⌫⌫ 68% CL allowed

Fig. 92: Constraint on new physics contributions to the Wilson coe�cients CNP
L and CNP

R

normalized to the SM value of CL, assuming them to be real and independent of the neutrino

flavor. 90% CL excluded regions from B ! K(⇤)⌫⌫̄ branching fraction measurements at

BaBar and Belle and 68% CL allowed bands from expected 50 ab�1 measurements of the

branching fraction and of FL at Belle II.

9.5.3. Experimental search for Bq ! ⌫⌫̄ or invisible final states. (Contributing author:6029

A. Ishikawa)6030

6031

The Bd ! ⌫⌫̄ decay and Bd-meson decays to invisible final states were searched for6032

by BaBar with semi-leptonic tagging [600] and by Belle using hadronic tagging [601].6033

The resulting 90% CL upper limits on the branching ratios are 1.7 · 10�5 and 1.3 · 10�4,6034

respectively. The Bs ! ⌫⌫̄ decay has instead not been searched for yet.6035

Since there are no charged tracks nor photons in the final states, only the tag-side B6036

mesons can be used for the searches. The Belle analysis used an old hadronic tagging without6037

hierarchical reconstruction method [75], which can increase the tagging e�ciency by a factor6038

of two. And another factor of two improvement can be obtained by introducing the FEI.6039

Requirements on event shape variables using multivariate techniques to suppress continuum6040

242/681

• Baryonic equivalent of 
• Predicted: (4.5 ± 0.7) x 10-6 (JHEP 2009, 022).
• Measured: 

BABAR (hadronic): <3.7 x 10-5 (PRD 87 (2013) 112005),
BABAR (semi-leptonic): <1.3 x 10-5 (PRD 82 (2010) 112002),
Belle (hadronic): <5.5 x 10-5 (PRD 87 (2013) 11110).

New Physics
·Branching fraction measurement can provide constraints on Wilson coefficients for left- and 
right-handed weak currents, as already done by Belle and BaBar B -> Knunu analyses.
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Continuum suppression

R2 cos(TBTO) cos(TBz)

angle between thrust 
axis of Btag and z-axis

Magnitude of the Btag 
thrust axis

thrustBm

angle between Btag momentum 
and z-axis in CM frame

Btag_cosTheta_CMcos(missP), CM frame

angle between thrust axis of 
Btag and thrust axis of ROE

·Build a mutlivariate likelihood from:

Reduced Fox-Wolfram moment

angle between missing momentum 
and z-axis in CM frame
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DOCA
·Distance of Closest Approach of a track to the IP

Expect: Lowest DOCA  - proton from B
Middle DOCA - proton from lambda
Highest DOCA - pion

Preliminary tests show that at an intermediate stage of the selection, the DOCA cut causes 13% drop 
in signal efficiency but 60% drop in background.
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• First ever measurement of   . Results:
BF central value: (0.4 ± 1.1(stat.) ± 0.6(sys.)) x 10-5

BF upper limit at 90% confidence level: 3.0 x 10-5

(Compare theory: (7.9 ± 1.9) x 10-7)

• No observation of signal or New Physics.
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• Presented at ICHEP 2018: indico.cern.ch/event/686555/contributions/2986950/

BaBar result
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Final results
• Data in signal region: 3 events
• Final background estimate: 2.3 ± 0.7(stat.) ± 0.6(sys.)
• Final signal efficiency: (3.42 ± 0.08(stat.) ± 0.80(sys.)) x 10-4

mpπ- cut
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• Branching fraction calculations: central value: (0.4 ± 1.1(stat.) ± 0.6(sys.)) x 10-5

upper limit at 90% confidence level: 3.0 x 10-5

(compare theory: (7.9 ± 1.9) x 10-7)
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Data in signal region: 3 events

Final background estimate:
2.3 ± 0.7(stat.) ± 0.6(sys.)

Final signal efficiency:
(3.42 ± 0.08(stat.) ± 0.80(sys.)) x 10-4


