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Goal:	  new	  physics	  in	  charged-‐current	  
decays	  to	  3rd	  genera:on	  

•  Tree-‐level	  decays	  B	  	  D(*)lν are	  ~free	  
from	  NP	  effects	  
–  Clean	  experimental	  signature	  (D(*)	  plus	  e	  or	  µ)	  
–  One	  missing	  neutrino	  

–  Large	  BF	  (~2%	  /	  ~5%	  for	  D	  /	  D*)	  

•  Compare	  with	  B	  	  D(*)τν	  
–  SM	  rate	  well	  predicted	  

–  Charged	  Higgs	  contributes	  at	  	  
tree	  level	  

–  Can	  give	  O(1)	  change	  in	  rate	  
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Contrast	  Bτν and	  BD(*)τν	  

Bτν	
 BD(*)τν	


CKM	  angle	   |Vub|	   |Vcb|	  

SM	  BF	   ~1*10-‐4	  	  
×	  BF(τe,	  µ,	  π,	  ρ)	  

~2%	  	  
×	  BF(τe	  or	  µ)	  

σtheory	  on	  BF	  
predic:on	  

~25%	   ~5%	  

decay	  
distribu:ons	  

none	  (2-‐body)	   sensi:ve	  to	  vector	  vs.	  
scalar	  currents	  

2012/12/7	   Kowalewski	  -‐	  Kruger	  2012	   4	  



BD(*)τν decay	  rate	  

•  Many	  common	  factors	  in	  decay	  rates	  to	  e,	  µ,	  τ 	  
•  Hadronic	  FFs	  parametrized	  using	  HQET;	  H±,0	  measured	  for	  e,	  µ	  
•  Common	  experimental	  factors	  (efficiency,	  acceptance…)	  
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Helicity	  amplitudes	  
common	  to	  e,	  µ, τ	  

Only	  H0	  affects	  D(l/τ)ν	  

Helicity	  
amplitude	  only	  
relevant	  for τ	  
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Experimental	  environment	  at	  Y(4S)	  

•  BBbar	  form	  ~1/4	  of	  
hadronic	  cross-‐sec:on	  

•  Decay	  products	  of	  B	  and	  
Bbar	  overlap	  completely	  

•  EB	  determined	  by	  beam	  
energy	  in	  CM	  frame	  –	  
single	  missing	  neutrino	  
gives	  sharp	  peak	  in	  	  
M2

miss	  =	  (ΣEi)2-‐(Σpi)2	  
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BB qq continuum 

1.05
nb	   3.3	  

nb	  

471M	  BBbar	  events	  
40	  i-‐1	  con:nuum	  



Y(4S)	  decay	  
•  BaBar	  has	  inner	  silicon	  

tracker,	  drij	  chamber,	  
DIRC,	  EMC,	  coil	  and	  
muon	  detectors	  (not	  
shown)	  

•  Charged	  mul:plicity	  
~11	  on	  average,	  
neutral	  mul:plicity	  
similar	  

•  Can	  impose	  
momentum	  balance	  in	  
3	  dimensions	  
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Strategy	  –	  tag	  one	  B,	  use	  M2
miss	  

•  Presence	  of	  3	  neutrinos	  in	  signal	  
	  fully	  reconstruct	  one	  B	  and	  
demand	  second	  B	  leave	  D(*),	  e	  or	  
µ	  and	  missing	  mass	  

•  Copious	  BD(*)lν	  normaliza:on	  
modes	  have	  single	  missing	  
neutrino:	  	  
	  they	  peak	  sharply	  in	  M2

miss	  
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M 2
miss = pe+e− − pBtag − pD(*) − p( )

2

M2
miss	  (GeV2)	  

BD0lν	  

BD0τν	  

From	  simula:on	  



Strategy	  –	  exploit	  lepton	  momentum	  

•  Lepton	  momentum	  spectra	  in	  CM	  differ	  
for	  signal	  and	  normaliza:on	  decays:	  	  
e	  and	  µ	  from	  τ	  are	  substan:ally	  sojer	  

•  Lepton	  ID	  improved	  at	  low	  momentum	  
(new	  algorithm,	  looser	  criteria)	  
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p*l	  (GeV)	  

BD(*)lν	  

BD(*)τν	  

From	  simula:on	  



Event	  selec:on	  summary	  
•  Require	  one	  hadronic	  B	  decay,	  an	  e	  or	  µ	  and	  a	  D	  or	  D*	  	  

•  Add	  further	  requirements	  on	  event	  topology:	  
–  hadronic	  B	  and	  semileptonic	  B	  charge	  correla:on	  (+/-‐	  or	  0/0)	  

–  no	  unassigned	  charged	  tracks	  
–  lirle	  unassigned	  EM	  energy	  (Eextra)	  

•  Form	  a	  Boosted	  Decision	  Tree	  based	  on	  
–  angle	  between	  the	  thrust	  axes	  of	  the	  

B	  tag	  and	  signal	  B	  candidates	  (Δθthrust)	  	  
–  reconstructed	  masses	  of	  all	  D	  candidates	  

–  Δm	  =	  mD*-‐mD	  for	  all	  D*	  candidates	  

–  ΔE	  =	  Ebeam	  –	  EB	  for	  tag	  B	  
–  charged	  mul:plicity	  of	  tag	  B	  
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Hadronic	  B	  tagging	  
•  Hadronic	  B	  decays	  have	  typical	  product	  BFs	  of	  ~10-‐3	  or	  less,	  	  

e.g.	  BF(B	  	  Dπ)*BF(D	  	  Kπ)	  =	  2*10-‐4	  
	  Need	  to	  sum	  large	  number	  of	  modes	  

•  Reconstruct	  seed	  meson	  (D(*),	  Ds
(*)	  or	  J/ψ);	  add	  up	  to	  5	  par:cles	  (of	  which	  

up	  to	  2	  neutrals)	  	  ~3000	  dis:nct	  modes	  

•  Require	  |EB	  –	  Ebeam|<	  4σE	  

•  Mul:ple	  candidates	  per	  event	  	  
–	  select	  tag	  +	  signal	  combina:on	  	  
with	  smallest	  Eextra	  

•  New	  tagging	  gives	  efficiency	  2x	  	  
higher	  than	  previous	  method	  
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From	  simula:on	  
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Normaliza:on	  decays	  BD(*)lν	  
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D0	  

D+	  

D*0	  

M2
miss	   p*l 



Fixed	  backgrounds,	  control	  samples	  

•  qq	  con:nuum:	  
off-‐peak	  data	  at	  
Ecm=10.54	  GeV	  
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mB	  
sideband	  

•  Combinatorial	  B	  background:	  	  
mES	  [5.20,	  5.26]GeV	  and	  	  
Eextra	  >0.5	  GeV	  

M2
miss	  

p*l	  

Two	  of	  the	  many	  
control	  samples	  

available…	  

e+e-‐	  	  
udscb	  

udsc	  
only	  



B	  	  D**(l/τ)ν	  	  	  D(*)[nπ](l/τ)ν	  
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•  Higher	  mass	  charm	  states	  
(D**)	  with	  missing	  
par:cles	  mimic	  signal:	  	  
B	  	  D**(l/τ)ν 
	  	  	  	  D(*)lν	  +	  M2

miss	  

•  Explicitly	  reconstruct	  	  
B	  	  D(*)π0lν and	  use	  
yield	  to	  constrain	  D**	  
background	  in	  fit	  

•  Sensi:ve	  to	  both	  resonant	  
and	  non-‐resonant	  D**	  	  

M2
miss	   p*l 

D0π0	  

D+π0	  

D*0π0	  

D*+π0	  



Fit	  model	  
•  Unbinned	  ML	  fit	  in	  2-‐d	  space	  of	  M2

miss	  ,	  p*l	  
•  8	  input	  samples:	  D(*)0l,	  D(*)+l,	  D(*)0π0l,	  D(*)+π0l	  
•  Constraints	  on	  rela:ve	  yields	  of	  D**	  in	  signal,	  D(*)π0	  samples	  

•  Fixed	  yields:	  con:nuum,	  BB	  combinatorial,	  charge	  cross-‐feed	  
•  Yields	  in	  D(*)l	  	  samples:	  	  

–  signal	  (4)	  
–  normaliza:on	  (4	  +	  2	  feed-‐down)	  

•  Yields	  in	  D(*)	  π0l	  	  samples	  	  
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22	  free	  parameters	  

Alterna:ve	  fit	  imposing	  isospin	  
constraint	  has	  17	  free	  
parameters	  



PDF	  construc:on	  
•  56	  individual	  2-‐d	  PDFs	  needed	  

(M2
miss	  projec:on	  of	  2	  

components	  shown	  at	  right)	  

•  Based	  on	  MC	  (9*Ldata	  for	  BBbar,	  
2*Ldata	  for	  con:nuum)	  

•  PDFs	  based	  on	  non-‐parameteric	  
kernel	  es:ma:on,	  uncertain:es	  
on	  bootstrapping	  
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M2
miss	  

BD0lν	  

BD0τν	  



Fit	  projec:ons	  
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M2

miss	   p*l	  (M2
miss>1.5	  GeV2) 

D0	  

D+	  

D*0	  

D*+	  

•  Clear	  signals	  in	  all	  4	  
channels;	  good	  fit	  
quality	  

•  B	  	  D(*)π0lν channels	  
shown	  previously	  

•  Full	  normaliza:on	  
modes	  shown	  
previously	  



Fit	  results	  

•  First	  Dτν	  result	  above	  5σ	  significance	  
•  Compa:ble	  with	  previous	  results	  and	  their	  average	  
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Stability	  tests	  
•  Results	  consistent	  over	  run	  periods,	  between	  e	  and	  µ	  
•  Consistent	  across	  wide	  range	  of	  S/B	  (altered	  BDT	  cuts)	  
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S/B	   	  	  	  	  	  R(D0)	  

1.3	   0.42±0.09	  

0.8	   0.43±0.08	  

0.3	   0.35±0.10	  

Nominal	  

Tight	  

Loose	  



Systema:c	  uncertain:es	  
•  Largest	  uncertain:es	  from	  modeling	  of	  D**	  background	  

(composi:on,	  decay	  modes,	  slow-‐π	  cross-‐feed)	  

•  Uncertain:es	  on	  bkg	  yields	  (con:nuum,	  BBbar)	  fixed	  in	  the	  fit	  
•  Uncertainty	  on	  efficiency	  doesn’t	  impact	  significance	  

•  Main	  systema:c	  uncertain:es	  are	  Gaussian-‐distributed	  
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ρ	  =	  correla:on	  
between	  	  

R(D)	  and	  R(D*);	  
nega:ve	  due	  to	  
D*D	  feed-‐down	  



Comparison	  with	  SM	  predic:ons	  
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Measurements	  
of	  R(D),	  R(D*)	  
an:-‐correlated	  
(due	  to	  D*D	  
feed-‐down);	  
ρ	  =	  -‐0.27	  

Using	  other	  
calcula:ons	  of	  SM	  
values,	  smallest	  
discrepancy	  is	  
3.2σ	




MSSM:	  2HDM-‐Type	  II	  model	  
•  Shape	  of	  q2	  and	  of	  fit	  

variables	  sensi:ve	  to	  
amount	  of	  H+	  	  

•  Fit	  yields	  and	  efficiencies	  
sensi:ve	  to	  tanβ/mH	  
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tanβ/mH	  GeV-‐1	  SM	  at	  0	  

2HDM	  
BaBar	  

R(D)	  

R(D*)	  

•  R(D)	  and	  R(D*)	  do	  not	  both	  agree	  with	  
predic:ons	  for	  any	  single	  value	  of	  tanβ/mH	  
	  2HDM-‐Type-‐II	  excluded	  over	  full	  
parameter	  space#	  at	  99.8%	  cl	  

#	  relies	  on	  mH<15	  GeV	  being	  excluded	  by	  bsγ	




Recent	  theore:cal	  work	  
•  These	  results	  spawned	  many	  recent	  preprints;	  they	  can	  be	  

accommodated	  in	  2HDM-‐Type-‐III	  scenarios	  (independent	  LH	  
and	  RH	  scalar	  couplings)	  and	  via	  mediators	  with	  non-‐zero	  spin	  
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•  Observa:on	  of	  enhanced	  semi-‐tauonic	  decays:	  

•  BDτν	  channel	  observed	  6.8σ	  with	  significance	  

•  Combined	  departure	  from	  SM:	  >3.2σ	


•  Incompa:ble	  with	  MSSM	  2HDM	  of	  type	  II	  (excluded	  at	  99.8%)	  
•  PRD	  in	  prepara:on	  includes	  addi:onal	  kinema:c	  distribu:ons	  

•  Further	  results	  can	  be	  expected	  from	  Belle	  and	  BaBar	  on	  
these	  decays	  

Summary	  
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Phys.	  Rev.	  Ler.	  109,	  101802	  (2012)	  

€ 

R D( ) = 0.440 ± 0.058 ± 0.042

R D*( ) = 0.332 ± 0.024 ± 0.018



Backup	  Slides	  
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Adjustments	  to	  simula:on	  
•  Control	  samples	  used	  to	  adjust	  small	  data-‐MC	  differences	  and	  

to	  validate	  modeling	  
–  B	  mass	  sideband	  5.20	  <	  mES	  <	  5.26	  GeV	  
–  Eextra	  sidebands	  0.5	  <	  Eextra	  <	  1.2	  GeV	  and	  1.2	  GeV	  <	  Eextra	  <	  2.4	  GeV	  
–  Pure	  normaliza:on	  mode	  sideband	  q2	  <	  4	  GeV2	  	  

–  Reverse	  cuts	  on	  BDT	  (veto	  signal)	  
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mES	  <	  5.26	  GeV	   Eextra	  <	  0.5	  GeV	  

Example:	  
Eextra	  difference	  
independent	  of	  
mES	  so	  correct	  

Eextra	  modeling	  in	  
signal	  region	  using	  

mES	  sideband	  


