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1. Introduction

B decays tor leptons represent a broad class of processes that can providestinggtests
of the Standard Model (SM) and its extensions. Of particular interestharenodes presented
in this report: the purely leptonic dec&/ — 17 v;[1, 2, 3, 4] and semi-leptonic deca@s—
D™ rtv.[5, 6, 7, 8]%. Both decays in the SM occur at tree level.

The purely leptonic decaB™ — 1v; proceeds via W-mediated annihilation in the SM. It
provides a direct determination of the productBomeson decay constaffig and the magnitude
of the Cabibbo-Kobayashi-Maskawa matrix elemfy|. The SM expected branching fraction is
(1.59+0.40) x 10~* and is given byZ(B* — 1tv;) = %(l— %)ngfﬂvub\z, whereGe is
the Fermi constantsz: is theB™ lifetime, andmg andm; are theB™ meson and lepton masses.

Theoretical predictions for semileptonic decays to exclusive final statgsire knowledge
of the form factors, which parametrise the hadronic current as fursctbn? = (Ps — Py )2
Branching fractions for semileptoni® decays tar leptons are predicted to be smaller than those
to light leptons. The predicted branching fractions, based on the SMyraued 1.4% and 0.7%
for B — D*" 1" v; andB® — D~ 1t vy, respectively (seeg., [9]).

B meson decays with — ctv; andb — tv; transitions, due to the large mass of thiepton,
are sensitive probes of models with extended Higgs sectors[10][d bhulti-Higgs doublet mod-
els, substantial departures from the SM decay rate could occl® forr*v;. The semileptonic
B decays to tau provide new observables sensitive to New Physics sydhiaaigations, which
cannot be accessed in leptoliclecays. Also difference to SM decay rate B+ D1 v; can be
large. Smaller departures are expected®er D*11v;, however they provide cleaner sample and
D* polarisation that can be used to enhance a sensitivity to NP effects.

Difficulties related to multiple neutrinos in the final states cause that there is litteriengn-
tal information about decays of this type. Prior to the B-factories erag thvs only inclusive
measurement o#8(B — ctv;) = (2.48+ 0.26)% from LEP[12].

2. Analysistechniques

At B-factoriesB decays to multi-neutrino final states can be observed via the recoil afnacco
panyingB meson Biag). TheBiag can be reconstructed inclusively from all the particles that remain
after selectindgsjg candidates or exclusively in several, hadronic or semileptonic decaysndte
remaining charged particles and photons are required to be consisteitievitipothesis that they
are coming fronB — Tv; or B— D™ 1v; decays. Choice of the, D or D* decay modes, as well
as the methods of thg,g reconstruction, depend on particular analysis requirements on purity and
signal extraction procedure, etc.

Different tagging techniques have been developed, using full or pegtianstruction of one
of the twoB mesons in the event to reduce background and improve the determinatioemigkic
guantities.

1Charge conjugate modes are implied throughout this report unlessvishestated.
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2.1 Exclusivereconstruction of Bgin hadronic modes

In BaBar results th&,q candidates are reconstructed in 1114 final stBigs— DY+ with
an algorithm that has been used at BaBar for a number of analysdsjmgumissing momentum[13][2].
These final states arise from the large number of ways to reconstrudtdhd D* mesons within
the Biag candidate and the possible pion and kaon combinations withi¥ #ystem. The/* sys-
tem may consist of up to six light hadrors{, 1%, K*, orKs). In both theD*) andY* systems, the
, Kg and charged kaons are reconstructed and identified employing stprata@tiures methods
available at B-factories.

For Belle case, th8g candidates are reconstructed in the following decay mong:—>
D*%h*, andBY,,— D*)~h*, whereh* can berr", p*,a; orD{”". Thea; candidates are selected
by combining go° candidate and a pion.

The selection 0Byg candidates is based on the energy substituted mass: /E2,,,— P3

(see Fig. 1 left) and the energy differentie = Eg — Epeam Here,Eg andpg are the reconstructed

energy and momentum of tii,g candidate in the*e™ center-of-mass (CM) system, aBgeamis
the beam energy in the CM frame.
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Figure 1: Left: The distribution of the energy substituted mases (called myc in Belle), for theBiag
candidates in Babar data[2]. The combinatorial backgrasiogerlaid. Right: The cdd, ., distribution,
in Belle results[3], forB~ — 1~ v; candidate events witBeci < 1.2 GeV( see 3.1) selected with @}ag
andBsjg requirements except for those on 8gs,.),. The histograms are the MC expectation for events

withoutB™ — 5(*)0I+v| decays for different background contributions( See suhse?2.2).

2.2 Exclusive reconstruction of Bgin semi-leptonic decays

TheBrag is reconstructed in a set of semileptoBiclecay mode8 — D®0X¢v,, through the
full hadronic reconstruction d° mesons and identification of the leptd#, = e, u). Other par-
ticles resulting from a transition from a higher-mass charm state down ©%aee not explicitly
reconstructed. ThBg candidates are selected using the lepton momemju@nd co¥ ),
the cosine of the angle between the direction ofBag momentum and the direction of the mo-
mentum sum of th® )% system (see Fig. 1 right). This angle is calculated usingggs.), =
(2EpeanEpyy — Mg — M2 ..,,)/ (2|Rs|[Poy|), WhereEp, Ppu andmy., are the energy sum,
momentum sum and invariant mass of Bi&)° and lepton, whilarmg is the B meson mass.
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Figure2: Egc distribution in data for hadronic tag events in Belle(rigdmid semileptonic tagged events for
Belle results(middle) and BaBar(left). The points withoedpars are data. Surimposed are the MC prediction
and fit results.

2.3 Inclusive reconstruction of Biagin hadronic modes

The inclusive tagging approach was, up to now, exploited only by Belletmmigion[5, 6].

With this method the reconstruction starts fr@y, candidates, reconstruction 8(*) on
the signal side strongly suppresses the combinatorial and continuurgrbaokls. Once &g
candidate is found, the remaining particles that are not assigriggltare used to reconstruct the
Biag decay. The consistency ofBag candidate with 8-meson decay is checked using the beam-

energy constrained mass and the energy difference varialigs:= |/ EZ..n— Plag Ptag = YiPi,
andAEiag = Etag— Epeam Etag= Y Ei, pi andE denote the 3-momentum vector and energy of
thei’th particle. All quantities are evaluated in thg4S) rest frame. The summation is over all
particles that are left after reconstructionBafy candidates.

3. Bt —=1hv;

3.1 B* — t"v; with hadronic tags

Belle analysis[1] uses a data sample of about 449° BB events with fully reconstructed
Biag decays. In this sample, the decaysBgg; into a1 and a neutrino is searched; thdepton
is reconstructed in five decay modes: — putv,vr, 75 — et vevy, TH — vy, 17 — i nly,
andtt — " vy, which taken together correspond to 81% ofmtlecays. Further require-
ments on the magnitude and an angular distribution of missing momentum proviklgrdnaed
suppression. For the signal side tracks, the momeum is to be in the region consistent with a
B — tv; decay. The selection criteria fBfyg andBsig are optimised for each of thedecay modes,
because the background levels and the background components arelepgmhdent. The remain-
ing energy in the electromagnetic calorimet&tc, (or Egxira), is the most powerful variable for
signal and background separation. It takes values around zesmf@l events, while background
events are distributed toward high&fc. due to the contribution from additional neutral clusters.

The signal yield is extracted from a fit to th&c, distribution (Fig 2). The combined fit
for all five T decay modes gives ﬂfi;? signal events. It corresponds to the branching fraction
BBt — 1hvr) = (1.79795%(stat) F520(syst)) x 1074 The significance, after including system-
atic uncertainties, is.302. This result represents the first evidence of the purely lepBuiecay.

2The significance implies inclusions of systematic uncertainties throughisueort.
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BaBar collaboration presented a search for the d&¢ays 71 v;[2] using 383x 1(f BB pairs.
They identify thet lepton in the following modest™ — e vev,, T — ptvyve, T8 — mhv; and
1+ — 't Pv;. They find 24 events with expected background oR¥4-3.03, which correspond to
a 220 excess in data and gives a branching fractiosgoB™ — 17v;) = (1.8703(stat) + 0.4(bck.
syst) & 0.2(other syst. x 1074,

3.2 B" — 1t v; with semileptonic tags

Belle measurement[3] of the decBy — 1" v; with a semileptoni® tagging method is based
a data sample containing 657.0° BB pairs. The strategy adopted for this analysis is similar to the
measurements with hadronic tag. Thg, mesons decaying semileptonically are reconstructed and
the properties of the remaining particle(s) in the event are compared todkpseeted for signal
and background.

The signal yield is extracted from a fit to tigc distribution (Figure 2). the clear excess
of signal events can be observed in the region figaf ~ 0. The measured branching fraction
is B(B~ — 17 v) = (1547535 (sat) T323(syst)) x 10-# with a significance of Bo. The signal
yield is of ng = 15432,

BaBar performed a search[4], with semileptonic tag, for the d&ay> |1~v, (| =1,u, ore)
in 458.9%10° BB pairs (see Fig.2). They foun#(B~ — 1~ v;) = (1.74+0.840.2) x 104, which
excludes zero at.20.

4, B— DWrty,

4.1 B— D™ ttv; with inclusive hadronic tag

Belle collaboration reported the first observation of an exclusive dedthythe b — ctv;
transition[5], in channeB® — D**1~v; observed WithByag reconstructed inclusively in a data
sample containing 535 10° BB pairs. Thet™ — e vev; and T~ — 11 v; modes are used to
reconstructr lepton candidates. ThB*t mesons are reconstructed in thet — DOt decay
channel. Thé° candidates are reconstructed in kerr™ andK ~rrt ri° final states.

To suppress background and improve the quality oBhgselection, additional requirements
are impose like: zero total event charge; no charged leptons in tag sidenet proton/anti-proton
number. The requirements that the candidate events h@\@ GeV < AEig < 0.05 GeV are
applied. These requirements result in fi4g distributions for most background components ,
while the distribution of the signal modes peaks, at large missing mass sgutreB mass (See
Fig. 3). The main sources of the peaking background are the semileptarsiys — D*I*v; and
B — D™ty (includingD*1+v).

The observed signal of 682 events for the deca§® — D*~ 1" v; with a significance of 20
was extracted fronVlig distribution. The corresponding branching fraction is listed in Table1l and
is consistent with SM expectations.

A new analysis foB* — D™*)%t*v; was performed in a sample of 6570° BB_pairs[6]. The
signal and combinatorial background yields are extracted from andedemnbinned maximum
likelihood fit to theMg andPye (Momentum oDC from Bsig measured in th&(4S) frame) vari-
ables. That — e"vevy, TH — vy, and in additionr™ — u™v; modes are used to reconstruct
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Figure 3: Mg distribution forB® — D*~ttv; decay Belle analysis[5]. The histogram represents exgecte
background scaled to the data luminosity. The solid curesvstthe result of the fit. The dotted and dashed
curves indicate respectively the fitted background and dnebinatorial component only.

T lepton candidates. THa° mesons where reconstructed in same way as in the previous analysis.
TheD*° candidates are reconstructed fré@¥r®, wherer? is reconstructed fully or with one miss-
ing y. In total, 13 different decay chains are considered, eight Bithand five withDC in the final
states.

The fits are performed in the randygag > 5.2 GeVKE?, simultaneously to all data subsets. In
each of the sub-channels, the data was described as the sum of foporents: signal, cross-
feed betweeD*°7v; andD°7* v, combinatorial and peaking backgrounds. The common signal
branching fractionsz(B* — D*°1"v;) and#(B+ — D°r*v;), and the numbers of combinatorial
background in each sub-channel are free parameters of the fit, whitetimalisations of peaking
background contributions are fixed to the values obtained from theledseC samples. The sig-
nal yields and branching fractions B — D*)%7+v; decays are related assuming equal fractions
of charged and neutrd meson pairs produced ¥i(4S) decays. All the intermediate branching
fractions are taken from the PDG compilation [12].

The branching fractions extracted from the fit are listed in Tablel. Thedjections inMag
and P variables are shown in Fig. 4. The signal yields are 3@* — D*Ortv; events and
14642 BT — D1t v; events.

4.2 B— D™ 1ty with exclusive hadronic tags

Babar collaboration presented measurements of the semileptonic decay®°tv;, B~ —
D9t~ vg, B - D1 vy, B = DTt vy, andB® — D*t17v[7]. The data sample consists of
232x 10° Y{(4S) — BB_decays. The events are selected with ar D* meson and a light lepton
(= eor u) recoiling against a fully reconstruct@&meson. For th&sj; meson decaying semilepton-
ically, D) candidates are reconstructed in the mda®s+ K~ ', K~ 0, K~ it et ir, Kt
Dt — Kt it K-t 0, K2, K=K+ ir™; D0 — DOm0, DPy; andD** — DOrrt, D+ 7.

The fitis performed to the joint distribution of lepton momentum and missing maasezlhnlﬁ]iss,
to distinguish signaB — D™ 1~ v; (T~ — |~V v;) events from the backgrounds, predominantly
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Figure 4: The fit projections tVag, andPpo for Miag > 5.26 GeV/c? (a,b) forD*01+ vy, (c,d) forDr+ vy
The black curves show the result of the fits. The solid dashedes represent the background and the
dashed dotted ones show the combinatorial component. TtHermpdashed and dot-short-dashed curves
represent, respectively, the signal contributions fi®m— D*°t"v; andB* — D°T*v;. The histograms
represent the MC-predicted background.

B — D®)¢~v,. The fit is performed simultaneously in four signal channels.

Figure 5 shows projections 'nnﬁ1iSS for the four signal channels, showing both the I11n§$4iss
region, which is dominated by the normalisation moBes D*)|v; , and the high'rfmss region,
which is dominated by the signal mo&e— D*)tv;.

Babar measures the branching-fraction rati3) = B(B— Dtv;)/B(B— DIl v;) andR(D*) =
B(B — D*rv;)/B(B — D*lv;) and, from a combined fit t8 andB° channels, approximately 67
B — Dtv; and 101B — D*tv; signal events where observed, corresponding to resulting ratios
R(D) = (41.6+11.7+5.2)% andR(D*) = (29.7 £ 5.6 + 1.8)%, where the uncertainties are sta-
tistical and systematic. The signal significances aéer&nd 620 for R(D) andR(D*), respec-
tively. Normalising to world averagesi~ — D)9 ~y; branching fractions[12], they obtaB(B —
D*tv;) =(0.86+0.24+0.114+0.06)% andB(B — D*1v;) = (1.62+0.31+0.104+0.05)%, where
the additional third uncertainty is from the normalisation mode. They presenhé first time,
distributions of the lepton momenturfp;|(Fig.5), and the squared momentum transfiér, The
measured branching-fraction ratios for individal) states are sumurised in Table2.

Belle collaboration presented similar study based on 6@#%50f the data sample[8]. The
B — Dtv; andB — D*tv; signals are extracted using unbinned extended maximum likelihood fits
to the two-dimensiongm?,.., EESL) distributions obtained after the selection of the signal decays.
The Bt andB® samples are fitted separetly. The cross talk between the two tags is found to be
small. Then for eacB® andB* tag, a fit is performed simultaneously to the two distributions for
theD1v; andD*1v;. The fit components are two signal modBs;> Dtv; andB — D*Tv, and the
backgrounds fronB — D/ve, B — D*¢ve and other processes. For the fitting of Ble— D* 1+ v;
distribution, theD1v; cross feed an®/v, background are not included, because their contribution
are found to be small. The fit region is defined(By2 < m2, . (GeV?/c*) < 8,0 < EEGL(GeV) <
1.2) for all the four signal modes.

The two-dimensional PDF’s fdd*)Tv; andD*)¢v; processes are created by taking the prod-
uct of one-dimensional PDF for each variable, as correlation betwden and EEGL for these
processes are found to be small in the MC simulation. The PDF for the ottlegrioaind processes
is made by using the two-dimensional histograms obtained by the MC simulationceimekation



The B — Tv;, and B— D™ 1v; decays Andrzej Bozek

40

30y

20y

10}

40

20,

[Events / 0.1 (GeV/c?)? in insets]

20y

(c) D**¢

Events / 0.16 (GeV/c)

10}

20y

Events / 0.5 (GeV/c?)?

10y

&t 4‘ "o 10 18
m?n;(Ge\A//C2)26 s Ipi| (GeV/c)
Figure 5: Distributions of events and fit projections irfmss(left) and in|R*| for the four final states:
D%, DO, D**1~, andD*I~. The normalisation region®?,.~ 0 is shown with finer binning in the
insets. TheP*| is shown in the signal regiom, . > 1(GeV /c?)2. The fit components are combinatorial
background (white, below dashed line), charge-crossfeeidround (white, above dashed line), Bhe>
Dl v; normalisation mode (// hatching, yellow), tBe— D*l vi normalisation mode (\\hatching, light blue),
B — D**l v; background (dark, or blue), thi— Dt v; signal (light grey, green), and tlie— D*tv; signal
(medium grey, magenta).
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between the two variables is significant for these background pra;esksieh mainly come from
hadronicB decays.

Figures 6 and 7 show the fit results 8t — D*)°tv; andB® — D)~ 1y, respectively. The
results for the four ratios are listed in Table2,

Taking into account the branching fractions for #ie+> D*¢v; normalisation decays, reported
in [12], the branching fractions for tH@ — D*tv; decays are obtained and listed in Tablel.

4.3 Summary of B— D®1ty;
Table 1: Summary of branching-fractions f& — D*)tv; decays|%]), where the first error is statistical,

the second is systematic, and the third is due to the bragdtantion error for the normalisation modes. In
brackets are significances, after including the systes{adip).

Mode Belle[5][6] BaBar[7] Belle[8]

BT — D Ottv, | 21270284+0.29(8.1) | 2.25+0.48+0.22+0.17(5.3) | 3.04 983 0294+ 0.22
B - D* 1ty | 2021339+£0.37(5.2) | 1.11+£0.51+0.044+0.04(2.7) | 1.51 7048 T548+0.15
B* —D°rfv; | 0.77+£0.22+£0.12(3.5) | 0.67+£0.37+0.11+0.07(1.8) | 1.01 7335 *513+0.10
B D 1w - 1.04:£0.35+0.15+0.10(3.3) | 2.56 "2 T3+ 0.10

- = =

Table 2: The measured branching-fraction ratios for individD&! states for analysis based on exclusive
Btag reconstruction.The first errors are the statistical andséwend errors are the systematic.

BaBar[7] Belle[8]
R(DY | (314+17.0+4.9% | (7013 "3H%
RD*) | (346+7.3£3.4)% | (47715 5)%
R(D) | (489+165+6.9)% | (48125 12)%
R(D*) | (207+£95+0.8)% | (4871379)%

The current experimental status of semi tauonic B decays is summrizedieIlab

There is no yet HFAG experimental average of the semi-tauBrdecays. Taking into ac-
count all available experimental results from Belle and Babar a naivehtegicaverages can be
calculated:

(B - DOrtv;) = (2.364+0.27)%

#(B° = D*"1+v;) = (1.704+0.34)%
% (Bt — D1t v;) = (0.8940.20)%

#(B° = D-1+v;) = (1.034+0.30)%

Experimentally all modes are clearly established, with significance at leagb\&r 50 for D*
modes). They are observed in both experiments and there is still a roomdiavement since the
results are not based on full statistics.

3it takes into account correlations in systematic for Belle results
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5. Summary

The studies oB decays ta at B-factories brought significant advances in this field, providing
the first evidence of the purely leptor&s” — 7+v; mode, semi-tauoni8 — D1 v; modes and
the observation of semi-tauorifodecays in thé& — D*11v; channels. These results are consistent
with the SM but, given the uncertainties, there is still a room for a sizeableéShbontribution.
The Super B-factories with: 50 times higher statistics should measure these modes with much
higher precision. Of particular interest will be measurements of diffedahstributions.
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