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1. Introduction

The asymmetridB-factories, PEP-Il and KEKB, and their companion detect@aB4R [fl]
and Belle [R] respectively, collide electrons and positrons with a ceffitarass (CM) energy at the
Y (4S) resonance of 10.58 GeV, just above the thresholdBfareson pair production. Together,
the two experiments have produced over 1.5 %abf BB decays, performed stringent studies of
heavy quarks and lepton decays, and successfully confirmed Siaviddel (SM) predictions in
the flavour sector. Although no major deviations from the SM have yet bmerd at current
sensitivities, evidence of New Physics (NP) can nevertheless reveldltiteough virtual effects
in the decays of SM particles. For example, the decay processBs of t7v;, Bt — /Ty,
(where? = e, ), andB — D™ tv; can be mediated at tree-level by a Charged Higgs boson in
place of the SMV+ bosor. By precisely measuring these decays, we hope to discover NP and/or
significantly constrain its parameters. This paper will discuss the lateshesdor theB™ — 1+ vy,
B+ — ¢tv(y), andB — D*)1v; decays.

1.1 B-Meson Reconstruction

With one to three neutrinos in their final-state, Bie — 1+v;, Bt — ¢tv,, or B— D& 1y,
decays cannot be fully reconstructed. Instead, we exploit the clasechhtics of the initiab™ e~
state and the clea¥f(4S) — BB production by reconstructing the recoiligmeson Biag). De-
pending on the analysis, this is done either "exclusively" or "inclusivéin'inclusive analysis
first selects the detectable signal decay products and then checksehthing particles in the
event are consistent withBag. This method provides a higher signal efficieney §% for the
BT — ¢Tv, analysis, after signal selection) but results in larger backgroundsvetsely, an ex-
clusive analysis first reconstructs tBgg and then checks if the remaining particles in the event are
consistent with the signal decay products. Bag is reconstructed using one of two tagging meth-
ods: hadronic tag which reconstru@gg — D*)%Xpaq 0r J/WXnag WhereXnaqis @ combination of
kaons and/or pions, or semi-leptonic (SL) tag which reconstiBgts— D®)0 and assumes an
undetected neutrino. This method results in a low signal efficiendy.3% for hadronic-tag anal-
yses andv 1% SL-tag analyses, before signal selection) but it compensates Wadipgpa highly
pure sample oB mesons with comparatively little ndBB (continuum) background. In addition,
because the hadroniggg uses only fully-detectable hadronic decay modes, the missing four-vector
of the otherwise undetectable signal neutrino is fully determined.

Several kinematic variables are useful in gy reconstruction. For exclusive hadronic-tag
and inclusive analyses, we requj&E| = |Eg,,, — §‘| to be consistent with zero, whetgs is the
total energy of the" e~ system andeg,,, is theBiag candidate energy, both in the CM frame. In ad-
dition, since the beam energy has better resolution than individual pagsdéution, we define the
“energy-substituted” mass of tBggasmes= /5 — ﬁithag, wherepg,, is theBiag three-momentum
in the CM frame. A well-reconstructel,g candidate will have amgs consistent with the nomi-
nal B-meson mass, while "combinatorial” background from misreconstrigtgdandidates will
populate the "sidebands," the region belowBameson peak imgs. In exclusive SL-tag analyses,
the direction of theBiag cannot be fully determined due to the presence of the neutrino iBifpe

1Charge conjugate modes are included implicitly throughout this paper.
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decay. However, four-momentum conservation require8ghgnomentum to lie on a cone around

the flight direction of theD*)% system in the CM frame. Thus, for SL-tag analyses, we use the

— —m2,
cosine of the angle between tBgg and theD*)%/ flight directions: co$gp, = %
tag ¢

whereEpy is the energy sum of the*)? and lepton|pp| = , /‘§1 — m%tag, andmg,, andmp, are the

invariant masses of thg,g and D(*)0¢ system respectively. For a well-reconstrudBeg, cosBg p¢
will be between -1 and 1.

2. Recent Searchesfor B™ — 17y,

The leptonic decayB" — 17v; andB" — ¢1v, proceed via an annihilation dfandu quarks
into a virtualW* boson. Leptonic decays can provide clean theoretical predictions qfeB&in-
eters without the QCD-based uncertainties arising from hadrons in tHesfaia. Specifically,
these decay modes provide experimental sensitivity toBmeeson decay constarig and the
Cabibbo-Kobayashi-Maskawa (CKM) matrix elemé¥it,|, both of which dominate the SM un-

certainty in the branching fraction, given BR(B* — ¢*v,))sm = GE:B Vup|? faTem? (1— AR
whereGr is the Fermi constantyg and 1z are theB-meson mass and lifetime respectively, and
m, andm, are the masses of the lepton and b-quark respectively. Because thedeggoays
are helicity suppressed, the decay rates for the lighter leptons are s$sdateeat the currers-
factories, having branching fractions of the order 1@nd 101 for the muon and electron modes
respectively. However, the SM branching fraction of the tau mod& &+ 0.25) x 10~% assuming
Vub| = (4.3240.3) x 103 [F] and fg = (190+ 13) MeV [f].

A virtual Charged Higgs boson can replace W& boson in the annihilation diagram, which
could significantly enhance or suppress the SM rate. In the type-ll twgsHilpublet model

(2HDM) [H] the SM branching fraction is multiplied by an additional factor(df— tar?ﬁ%)z,
wheremy is the mass of the charged Higgs andftas the ratio of the vacuum expectation values.
Thus measuring thB™ — 11 v; branching fraction can constrain NP parameters.

A recent search foB* — 1 v; at BABAR, which uses an exclusive hadronic tag analysis with
468 million BB events [[B], first reconstructsBiag and selects the signal decay by reconstructing
evv, uvv, v, or pv — v which constitute 70% of tau decays. These tau modes are
reconstructed by requiring exactly one correctly-charged track withénrelst of the event and
by applying requirements on the CM momentum for &heu, and Tt modes and a four-variable
likelihood ratio (LHR) for thep mode. The continuum background is further suppressed using
three event-shape variables since the ligetes~ — qq, 777~ events tend to decay in a more
jet-like manner than the isotropically symmetric decays BBaevent.

After reconstructing th@g and signal decays, there should be no additional particles in the
event. Thus, the most discriminating variable in this analysi.ig, the sum of the remaining
energy in the electromagnetic calorimeter, which should be zero. Althoughahible peaks at
zero for signal events, additional energy is typically present frorh socrces as particle shower
fragments, low-energy neutrals from tBgg, and beam-related photons in the detector. Therefore,
the MC modelling of theEeqyira Variable is validated with data using "double-tagged" samples in
which a second taggdglis reconstructed, either hadronically or semi-leptonically, opposite the first
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hadronicBig Finally, the branching fraction is extracted using an unbinned maximum likediho
fit to Eextrar The probability density functions (PDF) of the signal and peaking backgl are taken
from MC and validated with the data using thes distribution. The PDF for the combinatorial
background is taken from thregs sidebands in on-resonance data. After unblinding the data in the
signal region, a significant excess at |&a4 iS seen, corresponding to an exclusion of the null
hypothesis at 30. This analysis measur&R(B* — 17v;) = (1.80"02/ + 0.26) x 104 where

the uncertainties are statistical and systematic respectively.

AnotherB™ — ttv; analysis aBABAR was published recently, which uses exclusiveBgly
candidates in 459 millioBB events [[], thus providing a measurement from a dataset that is sta-
tistically independent from the hadronic tag analysis. After reconstruetiigy and the four tau
decay modes mentioned above, this analysis uses a variety of digigaknd event-shape vari-
ables, such as lepton momentum and@gsy, to produce three LHRs: for signal, continuum, and
BB backgroundEeyraiS used to extract the branching fraction and is validated using a SL double-
tagged sample. The MC background prediction is calibrated using datakiathesideband. This
analysis measureR(B* — 17v;) = (1.7+0.840.2) x 10~* at 230. When combined with the
hadronic tag measuremeBR(B™ — 17v;) = (1.76+0.49) x 10~ [F].

A similar analysis from Belle was recently published using exclusive SL tag$a7 million
BB events [B]. After reconstructing tHBiag, exactly onee, u, or 1 track is selected for the tau
decay and requirements are applied on the tau momentum afg oA SL double-taggetexira
distribution is used to correct the signal MC to the data. The sighal andjlackd PDFs are taken
from MC, while the continuum MC is corrected using off-resonance detiés analysis measures
BR(B" — 1*vy) = (1.547338+029) . 104 at 360. Belle also performed an hadronic tag analysis
using 449 millionBB events in 2006[]9], which resulted in the first evidenc86f— 1 v; at 350
with BR(B* — 17v;) = (L.797535 728%) x 1074,

Although these measurements are consistent with each other, combiningvieragedB] of
BR(B* — 1tv;) = (1.6440.34) x 1074, there is discrepancy from the SM expectation as quoted
above. In addition, when extractifRB™ — 17v;) from other experimental values fit to the
CKM matrix and Unitarity Triangle, the directly measurB&B* — 1v;) value is almost &
larger than the fit value€0.805+0.071) x 10~*[[Ld] and(0.763"0.524) x 10-# [[LT] as determined
by that UTfit and CKMfitter collaborations respectively. Neglecting thesfimlity of significant
statistical fluctuation in the measurements, the discrepancy beBR81 — 17 v;) and the other
CKM measurements suggests two possibilities: the lattice estimatg isfsignificantly incon-
sistent with experiment or we are seeing evidence of NP in eBher> 71v; or sin(2p3) of the
Unitarity Triangle. Nevertheless, the measurementBR(B" — 17 v;) have already excluded at
90% confidence level (CL) much of the NP parameter values omgheersus tai8 plane.

3. Recent Searchesfor BT — /v, ()

Although the leptonic decayB™ — ¢ v, where/ = e, u are less accessible th&1 — 17 v,
due to the branching fraction’s proportionality to the square of the leptos,ritteese two-body de-
cay modes can provide cleaner measurements since the lepton is montieataip®ut 2.64 Gelc.
A recentBABAR result, which uses the inclusive analysis method and 468 miBisevents [1P],
first finds a high momentum electron or muon within an event. This lepton along mjtiméss-
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ing energy within the event are assigned as the signal decay, and thef the event is then
assigned as thBg. Events with more than one lepton are rejected Bigis required to satisfy
AE and transverse momentum criteria, and the background is further sspgrasing a Fisher
discriminant of kinematic and event shape variables. Finally, a yield is ¢ésttdoom a two-
dimensional fit tamegs and pi, the latter being a linear combination of the lepton momenta in the
CM andByyg rest frames. Although no signal decays are observed, the extrapalaper limit of
BR(B" — ptv,) < 1.0x 1075 at 90% CL, approaches the SM expectation-& x 10~ ’. An up-
per limit of BR(B™ — e*ve) < 1.9 x 107% is also determined, but this is superseded by a previous
Belle result [IB] oBR(B* — e*ve) < 0.98x 10° and is still orders of magnitude above the SM
expectation of 1011,

Although the radiative leptonic modB;" — ¢*v,y, does not provide as clean of a measure-
ment of|Vp| fg as the purely leptonic mode, the presence of the photon removes the helgity su
pression, resulting in a more accessible decay rate at an order &f TiBe decay rate depends on

theB — yform factor, but can be approximatedB®(B* — (1 v,y) ~ % f2ma s (% - %)2
[L4], whereaem is the fine-structure constar® is the quark charge, ankk is the first inverse
moment of theB-meson wave function which is present in Be— 1 form factor and two-body
B — X decays. However, this parameter has large theoretical uncertainty,grigkin: £ v,y a
crucial decay for obtaining a clean measuremenitzf

A recent BABAR result forBR(B™ — /*v,y) was obtained from a cut-and-count hadronic-
tag analysis using 465 millioBB events [15] by first reconstructingBag and then suppressing
continuum background using event-shape variables. The signal daeonstructed by selecting
the highest energy photon within the rest of the particles, requiring exawglyelectron or muon,
and restricting the angle between the lepton momentum and the event’s missing nornethat
of a three-body decay. In addition? vetoes are applied to remove the largest backgrouri-ef
m°¢v,. Finally, requirements are applied to the calculated neutrino mgss,| Py(4s) — PBag— Pe —
py|2 wherep; is the four-momentum of particle which peaks at zero for signal events. Because
no requirements are applied to the lepton or photon kinematics, this analysisvi®rtloks first
measurement that is independent of Bhe> y form factor models. A measurementBR(B* —
rTwy) = (6.5755738) x 1078 is obtained at 20, as well an upper limit 0BR(B™ — (¥ v,y) <
15.6 x 106 at 90% CL which approaches the SM expected value and is the most striagerted
limit to date. Finally, this analysis also provides tighter, model-dependeritsésurestricting the
y—v andy— /¢ angles.

4. Recent Searchesfor B— D)1y,

Like BT — Ttvy, the decayB — D™ 1v; is also sensitive to a Charged Higgs coupling at
the tree level and is complementaryB6 — 17 v; in that it can restrict NP parameter-space on
the my versus ta8 plane that is inaccessible B — 17v;. However,B — D®)tv; also has
additional advantages, including a SM-predicted decay rate that is fdersoof magnitude larger
thanB™ — 17 v;, atBR(B® — D~ 1v;)sw = 0.69+0.04 andBR(B® — D*~1v;)sy = 1.41+0.07
[LH]. There is also less SM uncertainty due to no dependendd,gAf3, but instead depends on
Veb|? which is better known thafVy,|? and cancels out in the ratR(D) = BRB-DW) The SM

= BR(B—DV)
branching fraction oB — Dtv also depends on a vector and a scalar form factor; the former can be
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measured fronB — D/v while the latter can be constrained by Heavy Quark Effective Theory. A
dependence oranzﬁﬁ also exists for the 2HDM. Finally, becauBe— D*)1v; is a three-body
decay, it permits the study of other observables that are potentially serisitNP, such as the
transferred momentungf) and theD* andt polarization.

Belle recently expanded on a previous inclusive analysi&’ef> D*~ Tv; to include theD*)°
modes, using 535 and 675 milli@B events respectivel{TLT,[L8]. In these two analyses,Bifst:
K+ (n°) andD* — DO are reconstructed. Next, an electron, muon, or pion track are selected
for the tau decay, and the rest of the event is assigned & th&equirements oAE andmgs are
applied, as well as on additional variables suclyfasnissing energy, and visible energy within the
event. The largest background ®r D*) Tv; measurements is froB— D*)¢v,, which has only
one neutrino instead of the two or three iB a> D*)tv; decay. Therefore, the most discriminating
variable for aB — D*)tv; analysis isM2.., the square of the missing mass in the event, which
peaks at zero fd8 — D*) (v, while extending to 8 GeV foB — D) Tv;. However, since thBgis
not exclusively reconstructed, this analysis uses the varkhle= (Emiss— |Ppe + Pr,nl) /| Baiagl
wheref; is the three-momentum of particiewhich is similar toMr%1iss but with no dependence
onmes. Finally, in theB® — D*~tv; analysis, a fit tanes is applied, and in the new analysis, a
two-dimensional fit is applied toes and|Py0| in the CM frame while taking into account cross-
feed between signal modes. TB&— D*~ tv; analysis claims the first observation of an exclusive
b — ctv decay at 20, while the new analysis claims the first observatioBof— D°tv; at 350.

The branching fraction results are provided in Tdble 1.

Two hadronic tag analyses were also performedBaiar and Belle respectively [19, R0].
After reconstructing thég, a D™ candidate is reconstructed in approximately ten modes and
exactly one lepton is allowed within the event. Combinatorial background isresged using
Eextra and lepton momentum in both analyses, @R additionally applies requirements of
and the missing momentum in the event. All f@ir—~ D*)Tv; modes are then simultaneously
extracted from a two-dimensional fit M%issz |Pyi(4s) — PBiag — Ppo — Pr 2 wherep; is the four-
momentum of particle, and eitheiEeyra for the Belle analysis or the lepton momentum in Byg
rest frame for theBABAR analysis.BABAR also simultaneously fits tB — D**¢v control samples,
while Belle uses MC to estimate ti&— D**¢v contribution. Both analyses ug&— D¢y,
samples for yield normalization. TH@BAR analysis provides the first measurements of kinematic
distributions for NP studies, and both analyses provide measurements ratith(D(*)). The
results of the various — D™ Tv; branching fractions are consistent with the SM predictions and
are given in Tabl¢]1.

Belle Inclusive Belle Hadronic Tag BABAar Hadronic Tag

BT — D0tv; | 21270284+0.29(8.10) | 3.04"052 7949 (3.90) | 2.25+0.48+0.22(5.30)
B - D* vy | 2.02039+0.37(5.20) | 256927932 (4.70) | 1.11+0.51+0.04 (2.70)
BT — DOrvy | 0.77+0.22+0.12(3.50) | 1517535 7575 (3.80) | 0.67+0.37+0.11(1.80)
B - D tv, —~ 1.017048 013 (2.60) | 1.04+0.35+0.15(3.30)

Table 1: Measured branching fraction values for the redrt D*) Tv; analyses.
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5. Conclusions

Having been observed at boBaBar and Belle Bt — ttv; andB — D*)tv; are now well-
established decays. Althougt — utv, andB™ — ¢* v,y have not yet been observed, the sensi-
tivity of the these decays are near SM predictions, with the expectatiorsefdhg these decays
at the next generatioB-factories. Although all the branching fractions measured for the decay
discussed in this paper are consistent with the SM predictions within undersaitnere is room
for NP, especially with th&" — 1+v; decay. Futurd-factories, such as SuperB]21] and Belle-II
[BF], are expected to have exclusion and discovery potentials competittvéhe LHC by contin-
uing indirect searches of the Higgs with decays sudd'as> 7+ v;, Bt — ¢*v;, andB — D*) tv;.
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