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Outline
• Actors:	  the	  Super	  Flavour	  Factory	  (SFF)	  experiments

• (Main)	  plot:	  the	  quest	  for	  New	  Physics
–Mixing	  and	  mixing-‐related	  CPV	  in	  B	  decays
• at	  the	  ϒ(4S)	  resonance
• at	  the	  ϒ(5S)	  resonance

– Comparison	  with	  reach	  at	  LHC(b)
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Preamble:	  Where	  we	  are,	  where	  we’re	  going
• Today’s	  flavour	  physics	  landscape	  defined	  by	  BABAR,	  Belle,	  
Tevatron,	  and	  evolving	  with	  LHC
– Triumph	  of	  the	  CKM	  paradigm	  at	  the	  current	  precision	  level
‣ with	  some	  hints	  of	  tension	  
– 	  Indirect	  constraints	  on	  NP
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• When	  SuperB/Belle	  II	  start	  taking	  data	  (2018/2016):
– LHCb	  will	  have	  redefined	  some	  areas	  of	  flavour	  physics.
– LHC	  may	  (or	  may	  not)	  have	  found	  new	  par]cles.	  Scenarios:
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LHC	  finds	  NP
๏	  If	  compa]ble	  with	  present	  data,	  SFFs	  will:
➡	  constrain	  couplings	  and	  flavour	  structure
➡	  search	  for	  s]ll	  heavier	  states

๏	  If	  incompa]ble	  with	  present	  data
➡adjust	  the	  theory
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LHC	  does	  not	  find	  NP
๏	  Some	  model-‐dependent	  direct	  searches	  at	  
LHC	  found	  nothing	  to	  date
๏	  SFFs	  can	  indirectly	  explore	  energy	  scales	  
higher	  than	  those	  accessible	  at	  LHC
➡	  constrain	  the	  many	  available	  models
➡	  exclude	  regions	  in	  the	  (vast)	  parameter	  space
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• Example:	  the	  MSSM	  with	  generic	  squark	  mass	  matrices	  in	  the	  mass-‐
inser9on	  approxima9on	  with	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  to	  constrain	  the	  couplings

• In	  several	  NP	  scenarios	  the	  “high	  pT”	  experiments	  will	  probe	  the	  diagonal	  
elements	  of	  mixing	  matrices.

SFF’s+
LHCb
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Squark	  mass	  matrices	  and	  ΛNP
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• Flavour	  experiments	  are	  sensi9ve	  to	  
off-‐diagonal	  elements.
– in	  specific	  NP	  models,	  to	  mass	  scales	  

higher	  than	  LHC
• Example:
constraints	  on	  the	  Im(δ13)LL	  -‐	  Re	  (δ13)LL	  	  
plane	  from	  measurements	  of	  β,Δmd	  
and	  aSL	  at	  SuperB	  

5

in CP -violating asymmetries, in branching fractions
and kinematic distributions of penguin-dominated de-
cays and in leptonic decays can indeed be seen in the
five-year SuperB data sample.

TABLE I: Comparison of current experimental sensitivities
with a 10 ab−1 sample and the five year SuperB 75 ab−1

sample. Only a small selection of observables are shown.
Quoted sensitivities are relative uncertainties if given as a
percentage, and absolute uncertainties otherwise. An “X”
means that the quantity is not measured at this integrated
luminosity. For more details, see text and Refs. [1, 3, 4].

Mode Sensitivity

Current 10 ab−1 75 ab−1

B(B → Xsγ) 7% 5% 3%

ACP (B → Xsγ) 0.037 0.01 0.004–0.005

B(B+ → τ+ν) 30% 10% 3–4%

B(B+ → µ+ν) X 20% 5–6%

B(B → Xsl
+l−) 23% 15% 4–6%

AFB(B → Xsl
+l−)s0 X 30% 4–6%

B(B → Kνν) X X 16–20%

S(K0
Sπ0γ) 0.24 0.08 0.02–0.03

Table I shows a quantitative comparison of the two
samples for some of the important observables that
will be measured at SuperB, including all the so-called
“golden processes” of Table II (see the following sec-
tion). We list below some additional comments on the
entries of Table I

• The measurements of B(B → Xsγ) and
B(B+ → "+ν) are particularly important in
minimal flavor violation scenarios. It is crucial
to be able to search for small deviations from the
Standard Model value. Therefore the improve-
ment is sensitivity provided by SuperB is highly
significant (see Figure 5).

• A 10 ab−1 sample is not sufficiently large to take
advantage of the theoretical cleanliness of several
inclusive observables, such as the zero-crossing of
the forward-backward asymmetry in b → s"+"−.
Results with 10 ab−1 would not match the pre-
cision from the exclusive mode B → K∗µ+µ−,
which will be measured by LHCb. Furthermore,
these exclusive channel measurements will be
limited by hadronic uncertainties. SuperB can
provide a much more precise and theoretically
clean measurement using inclusive modes.

• Several interesting rare decay modes, such as
B → Kνν̄, cannot be observed with the statistics
of 10 ab−1, unless dramatic and unexpected New
Physics enhancements are present. Preliminary
studies are underway on several other channels

in this category, such as B → γγ and B → invis-
ible decays which are sensitive to New Physics
models with extra-dimensions.

• Another area for comparison is the phenomeno-
logical analysis within the MSSM with generic
mass insertion discussed in the SuperB CDR.
Fig. 1 shows how well the (δ13)LL can be re-
constructed at SuperB and with 10 ab−1. Im-
provements in lattice QCD performance, as dis-
cussed in the Appendix of the CDR, are assumed
in both cases. The remarkable difference in sen-
sitivity stems mainly from the different perfor-
mance in measuring the CKM parameters ρ̄ and
η̄.

FIG. 1: Determination of the SUSY mass-insertion param-
eter (δ13)LL with a 10 ab−1 sample (top) and with SuperB
(bottom).

Charm Physics

The influence of New Physics on the charm sector is
often overlooked. Constraints on flavor-changing neu-
tral currents from new physics in the up quark sector
are much weaker than in the down quark sector. Thus

Proceedings of SuperB Workshop VI, Valencia, Jan 7-15, 2008

Im
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The	  power	  of	  precision	  data:	  B➝D(*)τν	  
• A	  recent	  example	  of	  how	  well	  precision	  
“low	  energy”	  measurements	  can	  constrain	  
NP	  models
– B➝D(*)τν	  decays	  reconstructed	  in	  4	  different	  
modes	  and	  normalized	  to	  B➝D(*)ℓν	  to	  reduce	  
syst.	  errors:	  final	  measured	  value	  is	  R(D(*))

– No	  value	  of	  tanβ	  /mH+	  in	  the	  type	  II	  2HDM	  is	  
compa]ble	  with	  both	  D	  and	  D*	  measurements	  
➜	  the	  data	  rule	  out	  the	  model	  at	  99.8%CL

5

As described below, the fit procedure relies on the
Monte Carlo (MC) simulation [19–21] of the two-
dimensional m2

miss ! jp"
‘j spectra of the different signal

and background contributions. For semileptonic decays,
we parameterize the hadronic matrix elements of the signal
and normalization decays by using heavy-quark effective
theory-based form factors (FFs) [22]. For low-mass lep-
tons, there is effectively one FF for !B ! D‘! !!‘, whereas
there are three FFs for !B ! D"‘! !!‘ decays, all of which
have been measured with good precision [23]. For heavy
leptons, each of these decays depends on an additional FF
which can be calculated by using heavy-quark symmetry
relations or lattice QCD.We use the calculations in Ref. [7]
for !B ! D"! !!" and in Ref. [8] for !B ! D""! !!". For the
D""ð‘="Þ! background, we consider in the nominal fit only
the four L ¼ 1 states that have been measured [24]. We
simulate these decays by using the Leibovich-Ligeti-
Stewart-Wise calculation [25].

We validate and, when appropriate, correct the simula-
tions by using three data control samples selected by one of
the following criteria: Eextra > 0:5 GeV [26], q2&4GeV2,
or 5:20<mES < 5:26 GeV. We use off-peak data to
correct the efficiency and the jp"

‘j spectrum of simulated
continuum events. After this correction, the m2

miss and jp"
‘j

distributions of the background and normalization events
agree very well with the simulation. However, we find that
small differences in the Eextra spectrum and other BDT
input distributions result in a 5%–10% efficiency differ-
ence between selected data and MC samples. We correct
the continuum and B !B backgrounds by using the 5:20<
mES < 5:26 GeV control sample. The same correction,
with larger uncertainties, is applied to D""ð‘="Þ! events,
since their simulated Eextra spectrum is very similar.

We extract the signal and normalization yields from an
extended, unbinned maximum-likelihood fit to two-
dimensional m2

miss ! jp"
‘j distributions. The fit is per-

formed simultaneously to the four Dð"Þ‘ samples and the
four Dð"Þ#0‘ samples. The distribution of each Dð"Þ‘ sam-
ple is described as the sum of eight contributions: D"!,
D""!, D‘!, D"‘!, D""ð‘="Þ!, charge cross-feed, other
B !B, and continuum. The yields for the last three back-
grounds are fixed in the fit to the expected values. A large
fraction of B ! D"‘! decays (for B ¼ B0 or Bþ) is re-
constructed in theD‘ samples (feed-down). We leave those
two contributions free in the fit and use the fitted yields to
estimate the feed-down rate of B ! D""! decays. Since
B ! Dð‘="Þ! decays contributing to the D"‘ samples are
rare, their rate is fixed to the expected value.

The four Dð"Þ#0‘ samples are described by six contri-
butions: The Dð"Þ"! and Dð"Þ‘! yields are combined, but
otherwise the same contributions that describe the Dð"Þ‘
samples are employed. The four D""ð‘="Þ! yields in the
control samples are free in the fit, but their ratios to the
corresponding D""ð‘="Þ! yields in the Dð"Þ‘ samples are
constrained to the expected values.

The fit relies on 8( 4þ 6( 4 ¼ 56 probability density
functions (PDFs), which are determined from MC samples
of continuum and B !B events equivalent to 2 and 9 times the
size of the data sample, respectively. The two-dimensional
m2

miss ! jp"
‘j distributions are described by using smooth

nonparametric kernel estimators [27]. The fit is iterated
to update some of the parameters that depend on the
normalization yields, most importantly the rate of signal

FIG. 1 (color online). Comparison of the data and the fit
projections for the four Dð"Þ‘ samples. The insets show the
jp"

‘j projections for m2
miss > 1 GeV2, which excludes most of

the normalization modes. In the background component, the
region above the dashed line corresponds to charge cross-feed,
and the region below corresponds to continuum and B !B.
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precision, additional uncertainties could contribute [8], but
the experimental uncertainties are expected to dominate.

Our measurements exceed the SM predictions forRðDÞ
and RðD#Þ by 2:0! and 2:7!, respectively. The combina-
tion of these results, including their $0:27 correlation,
yields "2 ¼ 14:6 for 2 degrees of freedom, corresponding
to a p value of 6:9& 10$4. Thus, the possibility of both the
measured RðDÞ and RðD#Þ agreeing with the SM predic-
tions is excluded at the 3:4! level [32].

Figure 2 shows the effect that a charged Higgs boson of
the type II 2HDM [7,34] would have on RðDÞ andRðD#Þ
in terms of the ratio of the vacuum expectation values
tan# ' v2=v1 and the mass of the charged Higgs mHþ .
We estimate the effect of the 2HDM on our measurements
by reweighting the simulated events at the matrix element
level for 20 values of tan#=mHþ over the ½0:05; 1* GeV$1

range. We then repeat the fit with updated PDF shapes and
"sig="norm values. The increase in the uncertainty on the
PDFs and the efficiency ratio is estimated for each value of
tan#=mHþ . The other sources of systematic uncertainty are
kept constant in relative terms.

The measured values of RðDÞ and RðD#Þ match
the predictions of this particular Higgs model for
tan#=mHþ ¼0:44+0:02GeV$1 and tan#=mHþ ¼ 0:75+
0:04 GeV$1, respectively. However, the combination of
RðDÞ and RðD#Þ excludes the type II 2HDM charged
Higgs boson with a 99.8% confidence level for any value
of tan#=mHþ . This calculation is valid only for values of
mHþ greater than about 10 GeV [4,7]. The region for
mHþ , 10 GeV has already been excluded by B ! Xs$
measurements [35], and, therefore, the type II 2HDM is
excluded in the full tan#$mHþ parameter space.

In summary, we have measured the !B ! D%$ !&% and
!B ! D#%$ !&% decays relative to the decays to light leptons
!B ! Dð#Þ‘$ !&‘. We find

R ðDÞ ¼ 0:440+ 0:058+ 0:042;

RðD#Þ ¼ 0:332+ 0:024+ 0:018:

These results supersede the previous BABAR results and
have significantly reduced uncertainties. The measured
values are compatible with those measured by the Belle
Collaboration [12,14,15].
The results presented here disagree with the SM at the

3:4! level, which, together with the measurements by the
Belle Collaboration, could be an indication of new physics
processes affecting !B ! Dð#Þ%$ !&% decays. However, our
results are not compatible with the widely discussed type II
2HDM for any value of tan# and mHþ .
We acknowledge M. Mazur for his help throughout the

analysis and S. Westhoff, S. Fajfer, J. Kamenik, and I.
Nišandžić for their help with the calculation of the charged
Higgs contributions. We are grateful for the excellent
luminosity and machine conditions provided by our PEP-
II colleagues and for the substantial dedicated effort from
the computing organizations that support BABAR. The
collaborating institutions thank SLAC for its support and
kind hospitality. This work is supported by DOE and NSF
(USA), NSERC (Canada), CEA and CNRS-IN2P3
(France), BMBF and DFG (Germany), INFN (Italy),
FOM (Netherlands), NFR (Norway), MES (Russia),
MICIIN (Spain), and STFC (United Kingdom).
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Hun:ng	  for	  NP	  at	  a	  Super	  B	  Factory
• We	  DO	  NOT	  know	  what	  New	  Physics	  is	  out	  there
– many	  NP	  models	  on	  the	  market
– many	  non	  predicted	  parameters,	  including	  the	  NP	  mass	  scale	  ΛNP

• Precision	  measurements	  sensi]ve	  to	  loop	  diagrams	  can	  probe	  
rela]vely	  high	  energy	  scales
– e.g.,	  mHiggs	  from	  EW	  data,	  or	  mtop	  from	  B	  mixing

• As	  shown	  by	  the	  B	  factories,	  a	  huge	  number	  of	  measurements	  
can	  be	  performed	  in	  the	  clean	  e+e−➝ϒ(4S)➝BB	  environment

• Most	  are	  sta]s]cs-‐limited,	  and	  worth	  to	  be	  studied	  with	  large	  
(x100)	  data	  samples
– large	  control	  samples	  can	  further	  reduce	  systema9c	  and	  theore9cal	  
uncertain9es

• Very	  rare	  modes	  will	  become	  accessible
6



1	  Oct	  2012 Prospects	  at	  future	  B	  factories

Hun:ng	  for	  NP	  at	  a	  Super	  B	  Factory

• Example	  (from	  arXiv:1109.5028):	  golden	  matrix	  of	  observables	  which	  
can	  be	  measured	  at	  SuperB
– the	  more	  the	  ***’s	  the	  larger	  the	  expected	  devia]on	  from	  SM
• Detailed	  study	  of	  the	  palerns	  of	  devia]ons	  from	  the	  SM	  is	  crucial	  to	  
isolate	  the	  correct	  NP	  model	  (if	  any)	  
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The	  Future	  B	  Factories
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SuperB	  at	  the	  Nicola	  Cabibbo	  Lab	  in	  Tor	  Vergata
• SuperB	  is	  a	  2	  rings,	  asymmetric	  energies	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(e-‐	  @	  4.18,	  e+	  @	  6.7	  GeV)	  collider	  with:
– large	  Piwinski	  angle	  and	  “crab	  waist”	  collision	  scheme
– ultra	  low	  emi>ance	  la?ces	  –	  ideas	  taken	  from	  ILC	  design
– target	  luminosity	  of	  1036	  cm-‐2	  s-‐1	  at	  the	  ϒ(4S)
• 	  headroom	  for	  higher	  L

• 	  ∫Ldt=75ab-‐1	  in	  5	  years	  
– 80%	  longitudinally	  polarized	  electron	  beam
– possibility	  to	  run	  at	  τ/cc	  threshold	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

with	  L	  =	  1035	  cm-‐2	  s-‐1

– Linac	  can	  share	  beam	  with	  an	  X-‐FEL

• Design	  criteria:
– Minimize	  building	  costs
– Minimize	  running	  costs	  (wall-‐plug	  power	  and	  water	  consumpTon)
– Reuse	  of	  some	  PEP-‐II	  B-‐Factory	  hardware	  (RF)

9
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•  Decision in May 2011 for Tor Vergata Campus Site near Rome 
•  Cabibbo Lab start-up signed in October 2011 (http://www.cabibbolab.it) 

•  Accelerator Management now in place 
•  Starting first hires in May/Jun 2012 
•  Ministerial review for all Flagship projects in fall 2012 
•  Machine and Detector TDR by end 2012  
•  Start civil engineering 2013  
•  Start commissioning in 2018 
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SuperKEKB 

7 July 2012 Martin Sevior, ICHEP, Melbourne 2012 
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5-‐year	  int.	  Lumi	  ab-‐1	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  75	  (in	  2023)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  50	  (in	  2021)
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PID 
TOP + Aerogel-RICH 

1	  Oct	  2012 Prospects	  at	  future	  B	  factories

The	  Super	  Detectors
• Both	  SuperB	  and	  Belle	  II	  are	  based	  on	  the	  design	  and	  reuse	  of	  parts	  of	  their	  

“parent”	  detectors,	  already	  opTmized	  to	  perform	  high	  precision	  B	  physics

• Main	  differences	  to	  cope	  with	  expected	  increase	  in	  trigger	  rates	  and	  occupancies
– Luminosity-‐related	  backgrounds	  carefully	  studied	  by	  both	  experiments
• 	  ...and	  reducTon	  of	  the	  CM	  boost
– Belle:	  3.5/8GeV	  ➝	  Belle	  II:	  4/7GeV;	  BaBar:	  9/3.1GeV	  ➝	  SuperB:	  4.18/6.77GeV

• In	  principle,	  be>er	  performances	  than	  BaBar	  and	  Belle,	  in	  a	  harsher	  environment

12



1	  Oct	  2012 Prospects	  at	  future	  B	  factories

Mixing-‐related	  CKM	  
measurements
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Success	  of	  CKM,	  stresses	  in	  the	  UT
• The	  CKM	  matrix	  is	  the	  dominant	  source	  of	  CPV
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• There	  are	  some	  tensions	  in	  the	  current	  measurements
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Full results

Prediction Measurement Pull, σ

α, º (87.8±3.7) (90.6±6.8) <1

sin(2β) (0.75±0.05) (0.679±0.024) -1,4

γ , º (68.8±3.4) (72.2±9.2) <1

Vub, 10-3 (3.63±0.13) (3.8±0.6) <1

Vcb, 10-3 (42.3±0.9) (41.±1.) <1

εK,10-3 (1.96±0.2) (2.229±0.010) +1.3

Δms, ps-1 (17.5±1.3) (17.69±0.08) <1

B(B!!"),10-4 (0.822±0.008) (0.99±0.25) <1

βs, rad* (0.01876±0.0008) (0.01±0.05)

B(Bs!ll),10-9* (3.47±0.27) <4.5

D. Derkach “UTFIT angles” CKM2012

Situation before CKM2012

* Not included into the SM fit
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1	  Oct	  2012 Prospects	  at	  future	  B	  factories

Future	  B	  Factories	  &	  LHCb
General	  comments:
• The	  SFF	  reach	  es9mates	  with	  75	  (50)	  ab-‐1	  are	  based	  (unless	  otherwise	  
noted)	  on	  B-‐factory	  analyses	  already	  performed,	  and	  are	  therefore	  
quite	  sound

• Generally,	  be_er	  control	  of	  systema9c	  uncertain9es	  at	  e+e−	  colliders
– well-‐defined	  ini9al	  state,	  herme9c	  “4π”	  detector;	  modes	  with	  neutral	  
par9cles	  and	  missing	  energy	  (much)	  be_er	  reconstructed

• On	  the	  other	  hand,	  SFF’s	  have	  li_le	  (no)	  handle	  on	  Bs	  TD	  measurements
• Complementarity	  with	  LHC	  in	  general	  and	  LHCb	  in	  par9cular

16
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• VTX	  detector	  similar	  to	  BaBar.	  However:

1	  Oct	  2012 Prospects	  at	  future	  B	  factories

Vertexing	  @high	  ℒ	  -‐	  example:	  SuperB

17

Δ
t	  r
es
ol
uB

on
	  (p

s)

B➝ππ,	  βγ=0.28,	  hit	  resolu9on	  =10	  µm

Layer0	  technology	  can	  impact	  the	  per-‐event	  error
on	  S	  by	  up	  to	  12%	  (25%	  more	  luminosity	  needed	  to	  
reach	  a	  given	  sensi]vity)
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Measurement	  of	  α	  ≡arg[VtdV*tb/VudV*ub]
• Combined	  use	  of	  B➝ππ,ρρ,ρπ,a1π	  decays	  
allows	  constraining	  penguin	  contribu]ons	  
and	  reduce	  ambigui]es	  (isospin	  analysis)

• WA	  combina]on	  to	  date:

– δα≅(5-‐6)o

• Belle	  II	  reach	  with	  50ab-‐1:	  δα	  ≤	  1o

– Similar	  for	  SuperB
• LHCb:	  δα	  ~	  5o;	  sLHCb:	  δα	  ~	  1o

• Theore]cal	  error:	  δα	  ~	  1o	  	  [SU(2)	  symmetry	  
breaking]

18
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Figure 31: Averages of b → uud dominated channels, for which correlated averages are per-
formed, in the SCP vs. CCP plane. (Left) B0 → π+π− and (right) B0 → ρ+ρ−.

If the penguin contribution is negligible, the time-dependent parameters for B0 → π+π−

and B0 → ρ+ρ− are given by Sb→uud = η sin(2α) and Cb→uud = 0. In the presence of the penguin
contribution, direct CP violation may arise, and there is no straightforward interpretation of
Sb→uud and Cb→uud. An isospin analysis [329] can be used to disentangle the contributions and
extract α.

For the non-CP eigenstate ρ±π∓, both BABAR [222] and Belle [223, 224] have performed
time-dependent Dalitz plot (DP) analyses of the π+π−π0 final state [220]; such analyses allow
direct measurements of the phases. Both experiments have measured the U and I parameters
discussed in Sec. 4.2.5 and defined in Table 22. We have performed a full correlated average of
these parameters, the results of which are summarised in Fig. 32.

Both experiments have also extracted the Q2B parameters. We have performed a full
correlated average of these parameters, which is equivalent to determining the values from the
averaged U and I parameters. The results are shown in Table. 44. Averages of the B0 → ρ0π0

Q2B parameters are shown in Figs. 33 and 34.
With the notation described in Sec. 4.2 (Eq. (125)), the time-dependent parameters for the

Q2B B0 → ρ±π∓ analysis are, neglecting penguin contributions, given by

Sρπ =

√

1−
(

∆C

2

)2

sin(2α) cos(δ) , ∆Sρπ =

√

1−
(

∆C

2

)2

cos(2α) sin(δ) (154)

and Cρπ = Aρπ
CP = 0, where δ = arg(A−+A∗

+−) is the strong phase difference between the
ρ−π+ and ρ+π− decay amplitudes. In the presence of the penguin contribution, there is no
straightforward interpretation of the Q2B observables in the B0 → ρ±π∓ system in terms of
CKM parameters. However direct CP violation may arise, resulting in either or both of Cρπ #= 0
and Aρπ

CP #= 0. Equivalently, direct CP violation may be seen by either of the decay-type-specific
observables A+−

ρπ and A−+
ρπ , defined in Eq. (126), deviating from zero. Results and averages for

98
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Figure 5.33: Confidence level as a function of φ2 using B → ππ, ρπ and ρρ decays. The solid
and filled curves show the C.L. with the 5 ab−1and 50 ab−1data, respectively. The two dotted
horizontal lines indicate C.L.=68.3% (1σ) and 95.4% (2σ).

a+
1 π−) = (33.2 ± 3.8 ± 3.0) × 10−6 [132], and time-dependent CP -violation parameters with

φeff
2 = (78.6±7.3)◦ [133]. Conservatively assuming that roughly half of the systematic uncertainty

scales with the luminosity (mainly uncertainties due to the unknown level of CP violation in
the BB̄ background and the uncertainty due to the interference between a1π and other 4π
final states; these uncertainties will be reduced with more available data) one can expect a
measurement of φeff

2 with a precision of around 2◦-3◦ with an integrated luminosity of 5 ab−1

using this quasi two-body decay mode.

5.7.5 Summary of the φ2 measurements

We review the prospect of the φ2 constraints with the B → ππ, ρπ and ρρ decays at a high
luminosity B factory. The φ2 measurements with the B → ππ and ρρ decays provide an accuracy
of a few degrees, comparable with the isospin breaking effect, but a two fold ambiguity remains
from the isospin analysis. On the other hand, the B → ρπ decays yield a single solution of φ2

with a precision of one degree, provided that we reduce the systematic uncertainties caused by
the contribution of B0 decays other than (ρπ)0 to about a third of the current values. Figure 5.33
shows the combined φ2 constraints using B → ππ, ρπ and ρρ decays. The measurement error
with the 5 ab−1(50 ab−1) data sample is 2◦ (! 1◦).
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Search	  for	  NP	  in	  s-‐penguin	  modes
• In	  the	  SM	  the	  same	  value	  for	  “sin2β”	  is	  expected	  for	  the	  

b➝ccs,	  b➝ccd,	  b➝sss	  b➝dds	  modes,	  but	  different	  BSM	  
contribuTons	  can	  produce	  different	  asymmetries
– b➝sss	  modes	  (with	  different	  degrees)	  show	  the	  best	  

experimental	  and	  	  theoreTcal	  sensiTvity

19
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With 1 ab-1, there is insufficient 
sensitivity to see NP effects 

At 75ab-1, statistical uncertainty in many 
of these s-penguin modes will be 
comparable to current precision for 
                     , providing mass insertion 
scale sensitivity approaching 1 TeV at 
standard coupling 
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• The	  staTsTcal	  uncertainty	  in	  many	  of	  the	  b➝sss	  
modes	  with	  50-‐75	  ab-‐1	  will	  be	  comparable	  to	  the	  
present	  precision	  for	  B➝J/ψK0	  ,	  providing	  mass	  
inserTon	  scale	  sensiTvity	  approaching	  1	  TeV	  at	  
standard	  coupling

• Some	  of	  the	  systemaTcs	  on	  the	  measurement	  of	  
(Sf	  -‐	  SJ/ψK0)	  and	  (Cf	  -‐	  CJ/ψK0)	  are	  common	  to	  the	  
charmless	  mode	  and	  the	  reference	  one,	  and	  will	  
be	  at	  least	  reduced	  in	  the	  difference
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TABLE III: Experimental sensitivities for SuperB precision CKM measurement modes. Where appropriate, the sensitivity
for other experiments is also indicated. The current state of the art is also shown, with α and γ taken from UTFit [55],
and the remainder of the observables taken from HFAG. Entries marked with (est.) for Belle II are estimated from the
SuperB results, scaling by the difference in integrated luminosity. In order to control theoretical uncertainties on the
charmonium β measurement, one has to be able to measure Bd → J/ψπ0 or Bs → J/ψK0

S. The precision for the former
has been determined for SuperB integrated luminosities, however while LHCb will be able to measure the latter, the
precision on this control channel is not yet know, and is indicated by a ‘?’.

Observable/mode Current LHCb SuperB Belle II LHCb upgrade theory

now (2017) (2021) (2021) (10 years of running) now

5 fb−1 75 ab−1 50 ab−1 50 fb−1

α from uud 6.1◦ 5◦a 1◦ 1◦ b 1− 2◦

β from ccs (S) 0.8◦ (0.020) 0.5◦ (0.008) 0.1◦ (0.002) 0.3◦ (0.007) 0.2◦ (0.003) clean

S from Bd → J/ψπ0 0.21 0.014 0.021 (est.) clean

S from Bs → J/ψK0
S ? ? clean

γ from B → DK 11◦ ∼ 4◦ 1◦ 1.5◦ 0.9◦ clean

|Vcb| (inclusive) % 1.7 0.5% 0.6 (est.) dominant

|Vcb| (exclusive) % 2.2 1.0% 1.2 (est.) dominant

|Vub| (inclusive) % 4.4 2.0% 3.0 dominant

|Vub| (exclusive) % 7.0 3.0% 5.0 dominant

a
This estimate is based on the study in Ref. [56], combined with the expectation that the B → πππ approach will be systematics

limited at this level [57]. Ignoring systematic errors one may reach a precision of 3
◦
with 10 fb

−1
of data.

b
It is not clear how well any LHCb upgrade might be able to measure this angle, however it is unlikely to be competitive with

SuperB.

FIG. 2: Correlation between BR(τ → µγ) and BR(τ → µµµ) in the LHT for the symmetry breaking scale f = 500 GeV.
The solid lines indicate expected SuperB sensitivities.

can be used to test for right handed currents include the time-dependent CP asymmetry parameters measured

in B0 → K0
Sπ

0γ, a mode which is only accessible in an e+e− environment.

The set of inclusive observables encompassing b → sγ and b → s�� transitions can be used to constrain the

MSSM with generic soft SUSY-breaking terms. These measurements are essentially constraints on off-diagonal
entries of the squark mixing matrices as functions of the average SUSY mass. Figure 4 shows the constraints

that can be achieved on the real and imaginary parts of the mass insertion parameter (δd23)LR for a SUSY scale

1 TeV (top plot) and the region of mass insertions and SUSY masses where a deviation from the SM larger than

3σ can be observed at SuperB (bottom plot). SUSY searches at the LHC are starting to rule out the parameter

space for low energy scales ∼ 1 TeV, and it is possible that by the time SuperB starts running, there will be

no evidence for new physics. In this case combinations of flavour observables, such as those described here, can

provide a window to probe to energies beyond the reach of the LHC. For mass insertions ∼ 0.1 the energy scale

probed by SuperB is 10 TeV, and for larger values the scale increases. Direct searches for SUSY at the LHC

The impact of SuperB on flavour physics

From:	  “The	  impact	  of	  SuperB	  on	  flavour	  physics”
arXiv:1109.5028	  [hep-‐ex]	  

“SuperB	  Progress	  
report-‐	  Physics”
arXiv:1008.1541v1
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B➝KSπ0γ
• Mixing-‐induced	  CPV	  in	  b	  →	  sγ	  suppressed	  in	  the	  SM	  because	  the	  photons	  

carry	  opposite	  polarisaTons	  if	  from	  b	  or	  anT-‐b	  decays

– SKSπ0γ∝ms/mb	  sin2β≈	  -‐0.02÷-‐0.04	  (up	  to	  ±0.1	  including	  hadr.	  correcTons)

– Possibly	  much	  larger,	  e.g.	  in	  SUSY	  LR-‐symmetric	  models

21

4.9 Time-dependent asymmetries in b → sγ transitions

The radiative decays b → sγ produce photons which are highly polarised in the Standard
Model. The decays B0 → Fγ and B0 → Fγ produce photons with opposite helicities, and
since the polarisation is, in principle, observable, these final states cannot interfere. The finite
mass of the s quark introduces small corrections to the limit of maximum polarisation, but any
large mixing induced CP violation would be a signal for new physics. Since a single weak phase
dominates the b → sγ transition in the Standard Model, the cosine term is also expected to be
small.

Atwood et al. [238] have shown that an inclusive analysis with respect to K0
Sπ

0γ can be
performed, since the properties of the decay amplitudes are independent of the angular mo-
mentum of the K0

Sπ
0 system. However, if non-dipole operators contribute significantly to the

amplitudes, then the Standard Model mixing-induced CP violation could be larger than the
näıve expectation S " −2(ms/mb) sin (2β) [239,240]. In this case, the CP parameters may vary
over the K0

Sπ
0γ Dalitz plot, for example as a function of the K0

Sπ
0 invariant mass. Explicit

calculations indicate such corrections are small for exclusive final states [241, 242].
With the above in mind, we quote two averages: one for K∗(892) candidates only, and the

other one for the inclusive K0
Sπ

0γ decay (including the K∗(892)). If the Standard Model dipole
operator is dominant, both should give the same quantities (the latter naturally with smaller
statistical error). If not, care needs to be taken in interpretation of the inclusive parameters,
while the results on the K∗(892) resonance remain relatively clean. Results from BABAR [314]
and Belle [315] are used for both averages; both experiments use the invariant mass range
0.60 GeV/c2 < MK0

Sπ
0 < 1.80 GeV/c2 in the inclusive analysis. In addition to the K0

Sπ
0γ

decay, BABAR have presented results using K0
Sηγ [316], and Belle have presented results using

K0
Sργ [317] and K0

Sφγ [318].

Table 41: Averages for b → sγ modes.

Experiment N(BB) SCP (b → sγ) CCP (b → sγ) Correlation
K∗(892)γ

BABAR [314] 467M −0.03± 0.29± 0.03 −0.14 ± 0.16± 0.03 0.05
Belle [315] 535M −0.32 +0.36

−0.33 ± 0.05 0.20± 0.24± 0.05 0.08
Average −0.16± 0.22 −0.04± 0.14 0.06
Confidence level 0.40 (0.9σ)

K0
Sπ

0γ (including K∗(892)γ)
BABAR [314] 467M −0.17± 0.26± 0.03 −0.19 ± 0.14± 0.03 0.04
Belle [315] 535M −0.10± 0.31± 0.07 0.20± 0.20± 0.06 0.08
Average −0.15± 0.20 −0.07± 0.12 0.05
Confidence level 0.30 (1.0σ)

K0
Sηγ

BABAR [316] 465M −0.18 +0.49
−0.46 ± 0.12 −0.32 +0.40

−0.39 ± 0.07 −0.17
K0

Sρ
0γ

Belle [317] 657M 0.11± 0.33 +0.05
−0.09 −0.05 ± 0.18± 0.06 0.04

K0
Sφγ

Belle [318] 772M 0.74 +0.72
−1.05

+0.10
−0.24 −0.35 ± 0.58 +0.10

−0.23 –

93

HFAG	  average	  of	  
BABAR	  &	  Belle	  
measurements
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Figure 5.12: Expected errors on mixing-induced CP violation parameters as a function of the
integrated luminosity. Left plot for total B0 → K0

Sπ0γ (red), B0 → K∗0γ (green) and other
B0 → K0

Sπ0γ (blue); right plot for B0 → ρ0γ with the Belle’s measured branching fraction (red)
and the SM branching fraction (blue).

where AL,R are the left- and right-handed amplitudes, ξ is an efficiency factor as a function of
the energy and the momentum transfer of the electron, and δ is a phase of the modulation that
is determined from the relative phase between AL and AR.

This is actually a small effect due to several reasons. First, ξ is only about 0.1 when the
e+e− opening angle is not measured and one integrates over the energy and angle. Second, the
factor |AR||AL|/(|AR|2 + |AL|2) is at most 0.5. Third, the conversion probability is only 3% in
the current Belle detector, and it is not preferable to increase the amount of material to gain
more conversion events. Finally, the angle φ cannot be measured for a large fraction of events
because the opening angle is too small and immediately distorted by the magnetic field.

A sensitivity study was performed assuming the Belle analysis techniques and the Belle
detector. The efficiency is 0.36% for B0 → K∗0(→ K+π−)γ events, or 0.64% by summing up
also B+ → K∗+γ events, with very small background contaminations. It is not very likely to
further increase the efficiency by improving the analysis, and it is possible only by increasing
the amount of material in the vertex detector.

With the current track reconstruction code, there is no sensitivity to the opening angle at
all. By assuming that the conversion point is correctly measured, only 35% of events can be
effectively used for the φ measurement, with a φ resolution of δφ = 23◦ (Fig. 5.14(right)).
This will give a 2σ modulation for the maximal right-handed current case with 50 ab−1 data.
However, the φ measurement performance strongly depends on the reconstruction code, and
there is a large room for improvements. By assuming that all the events can be usable for φ
measurement, the maximal right-handed current case will show up as a 4σ effect. In addition,
if one can measure the opening angle of e+e−, the sensitivity significantly increases since ξ can
be larger than 0.5 for a large θ.

We note that a similar study can be performed by using very low q2 B → K∗e+e− [75], and
a combined analysis would be possible.
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Belle	  II	  es]mate	  of	  error	  on	  SKSπ0γ	  vs.	  integrated	  lumi,	  for:
B➝KSπ0γ	  (all	  modes)
B➝K*γ	  only	  
B➝KSπ0γ	  (all	  but	  B➝K*γ)



Correla:ons	  Among	  Observables

1	  Oct	  2012 Prospects	  at	  future	  B	  factories 22

• Very	  powerful	  tool	  to	  challenge	  NP	  
models	  against	  experimental	  data

• Example	  1:	  (SϕKS	  -‐SψKS)	  vs.	  (Sη’KS	  -‐SψKS)	  in	  a	  
U(2)3	  model	  	  (weakly	  coupled	  3rd	  
genera9on,	  consistent	  with	  other	  
exptl	  data	  	  e.g.	  on	  εK,	  Δm)

• Example	  2:	  SKSπ0γ	  vs.	  squark	  mass	  in	  
different	  models

Barbieri, Campli, Isidori, Sala, 
Straub 1108.5125 [hep-ph]

Figure 1: Correlation between SφKS − SψKS and Sη�KS − SψKS for positive µ (left) and
negative µ (right), showing points with γL > 0 (blue) and γL < 0 (green). The
shaded region shows the 1σ experimental ranges.

where δ = γCKM = φ3 is the usual CKM angle and the auf and bci,f can be found in [17].
For the gluino contributions, setting mg̃ = mb̃ ≡ m̃, we obtain

6�

i=3

bci,φKS
CNP
i = −0.73× 10−2

�
500GeV

m̃

�2

|ξL|eiγL , (39)

6�

i=3

bci,η�KS
CNP
i = −1.10× 10−2

�
500GeV

m̃

�2

|ξL|eiγL , (40)

bc8,φKS
CNP
8 = −1.82× 10−2

�
500GeV

m̃

�2

|ξL|eiγL
�
1 + 2

µ tanβ −Ab

m̃

�
, (41)

bc8,η�KS
CNP
8 = −1.10× 10−2

�
500GeV

m̃

�2

|ξL|eiγL
�
1 + 2

µ tanβ −Ab

m̃

�
. (42)

The effects of the QCD and chromomagnetic penguins in the above expressions are
comparable, with the exception of the left-right mixing piece only present for the chro-
momagnetic ones.

4.5. Numerical analysis

In figures 1 and 2 we show the correlations between the CP asymmetries, scanning the
gluino mass between 0.5 and 1 TeV, the sbottom mass, the µ term and Ab between 0.2

8

γ	  >0

γ	  <0

73

FIG. 32: The top figures are scatter plots of the time-dependent CP asymmetry for B → KSπ
0γ in terms of the averaged

squark mass. The varied parameters are those given in the specific flavour models, mSUGRA (top-left), SU(5) SUSY-GUT
(top-middle), U(2) (top-right) (see [414] for more details). The bottom figures are the result for the various observables
for the so-called δLL mass insertion model [415]. Large correlations can be observed between various SuperB observables
(see [416] for more details).

lot of attention, see e. g. [221, 421, 421–424]. The

guidelines of how to extract the new parameters of the

CKM4 matrix from future data has been presented

in [424] and will not be repeated here. Instead we

show in Figs. 34 and 35 the CP asymmetries SφKS and

Ab→sγ
CP , respectively, as functions of Sψφ. In both cases

a strong correlation can be observed. Therefore, if the

present deviation from the SM prediction in Sψφ will

be confirmed in the future more accurate experiments,

the SM4 unambiguously predicts large effects in SφKS

and Ab→sγ
CP . Together with the possible direct observa-

tion of a 4th generation at the LHC, these effects can
be used to tighten the allowed SM4 parameter space.

C. Minimal and custodially extended RS models

A theoretically appealing approach to the SM

flavour puzzle is given by Randall-Sundrum models

with bulk fermions [425]. In this scenario the ob-

served hierarchies in quark masses and CKM mixings

are naturally obtained from the different localization

of fermions along the 5D bulk. Implications for low

energy flavour violating observables have been studied

extensively in the literature, see e. g. [426–428].

Interestingly the observed pattern of effects depends
crucially on the realization of the model. In the min-

imal scenario with only the SM gauge group in the

bulk, the NP contributions to rare decays are domi-

nantly left-handed. Consequently large effects could

be expected in both B and K decays [426–428]. As

an example Fig. 36 shows the correlation between

Br(Bs → µ+µ−
) and Br(B → Xsνν̄) in the minimal

RS model. The latter branching ratio can reach values

larger than 10
−4

, which necessarily coincide with large

NP effects also in the former channel.

The situation is completely different in the case of a

custodially extended bulk gauge symmetry [427]. Due

to the suppression of left-handed flavour changing Z
couplings, rare decays in this case are dominated by

right-handed currents. Consequently, while large NP

effects can appear in the kaon sector, the effects in

rare B decays are predicted to be small and therefore

difficult to disentangle from the SM. The situation is

however different in the ∆F = 2 sector, where a large

SuperB Progress Report - The Physics - August 2010

Goto, Okada, Shindou, Tanaka,  
0711.2935 [hep-ph]
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More	  Ideas	  with	  BIG	  Samples
• Measure	  the	  photon	  polariza]on	  in	  B➝KSπ0γ	  using	  γ➝e+e−	  conversions	  in	  the	  detector	  

material

• The	  distribu]on	  of	  the	  angle	  ϕ	  (plane	  of	  e+e−	  pair	  WRT	  K*	  plane)	  depends	  on	  the	  
polariza]on	  amplitudes	  AL	  and	  AR:

• ξ~0.1	  an	  efficiency	  factor,	  conversion	  efficiency	  ~3%

• Belle	  II	  sensi]vity	  study:	  analysis	  efficiency	  with	  the	  current	  Belle	  tracking	  code	  (unable	  
to	  measure	  the	  e+e−	  	  opening	  angle	  but	  only	  the	  vertex	  posi]on)	  is	  ~0.36%
– 2σ	  effect	  with	  50ab-‐1	  in	  the	  case	  of	  maximal	  RH	  currents
– it	  should	  be	  possible	  to	  op]mize	  the	  code	  to	  allow	  the	  opening	  angle	  measurement	  

and	  increase	  the	  efficiency	  ➜	  4σ	  effect
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Figure 5.13: The definition of the angle φ (left), and the expected signal and background in Mbc

(middle) and ∆E (right) in B → K∗γ(→ e+e−).
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Figure 5.14: Measured versus true θ distribution (left) and measured minus true φ distribution
(right) in B → K∗γ(→ e+e−).
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The existence of the neutrino mass suggests that the left-right symmetry is restored at
a higher energy, while parity is spontaneously broken at a low energy energy. In left-right
symmetric models, the helicity of the photon from b → sγ can be a mixed state of two possible
photon helicities, while the left-handed (right-handed) photon is dominant for b → sγ (b → sγ)
in the SM. The expected size of the CP violation parameter is up to 4% in the SM (there is
also an argument that it could be up to 10%), and therefore any large CP asymmetry is a sign
of a sizable non-SM right-handed current in the b → sγ transition. In the left-right symmetric
models the expected size of CP asymmetry is ∼ 0.7 sin 2φ1 [73]. The same type of new physics
can be searched for by using b → dγ modes, too, although the possible SM uncertainty may be
larger. For predictions in SUSY models and constraints on the squark masses arising from the
measurement of the time-dependent asymmetry in the mass insertion approximation see Sect.
3.4.5.

In order to measure the mixing-induced CP asymmetry, a suitable final state is needed.
It is recently found that this test can be applicable to a final state with any P 0Q0γ final
state where P 0 is a neutral pseudoscalar meson and Q0 is either another neutral pseudoscalar
meson or a neutral vector meson. The candidate decay modes, for which at least the decay
mode (or the charged partner) is observed, are B0 → K0

Sπ0γ which includes B0 → K∗0γ and
B0 → K∗

2 (1430)γ, B → K1(1270)0(→ K0
Sρ0)γ, B0 → K0

Sηγ, B0 → K0
Sφγ, B0 → ρ0γ and

B0 → ωγ.
Although the branching fraction for B0 → K∗0γ is sizable (∼ 4 × 10−5), the number of

events in the K0
Sπ0γ final state is rather limited due to its small sub-decay branching fraction

and lower reconstruction efficiency. In addition, the efficiency further reduces by requiring hits
in the vertex detector associated with the charged pions from K0

S decay, in order to reconstruct
the B meson decay vertex from a displaced K0

S decay point and its momentum. Despite the
experimental challenges, the mixing-induced CP violation parameter in B0 → K0

Sπ0γ is already
measured using a 0.5 ab−1 data with a sensitivity of around ±0.3 [74]. In the case of B0 → K0

Sφγ,
B0 → K0

Sρ0γ, B0 → ρ0γ and B0 → ωγ, the vertex reconstruction is more straightforward.
Using the current analysis technique with an assumption of the current Belle detector, error

of the CP violation parameter is extrapolated as a function of the integrated luminosity. A
similar exercise is also performed for B → ρ0γ, assuming the Belle’s efficiency, backgrounds and
measured branching fraction. In this case, the vertexing efficiency is taken from the B0 → φK0

S
analysis. These results for both cases are shown in Fig. 5.12, or,

δSK0
Sπ0γ = 0.03 (at 50 ab−1),

δSρ0γ = 0.15 (at 50 ab−1).
(5.19)

Furthermore, the efficiency for the reconstruction of K0
S with associated charged pion hits will

be improved by the upgrade of the silicon detector by around 30%. The size of the error with
50 ab−1 is already smaller than the SM expectation in the case of B0 → K0

Sπ0γ.

5.3.6 b → sγ with γ → e+e− conversion

Another method to search for the non-SM right-handed photon is to use B → K∗γ events with
γ → e+e− conversions that occur in the detector. If the photon helicity is mixed, the photon
has an elliptical polarization (or linear polarization if the size of the left- and right-handed
amplitudes are the same). The distribution of the angle φ between the plane of K∗ → Kπ and
the plane of e+e− (see Fig. 5.13(left)) can be written as

1 + ξ(Ee, q
2)

|AR||AL|
|AR|2 + |AL|2

[cos(2φ + δ)], (5.20)
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+phase
– 	  compaTble	  with	  SM	  with	  current	  experimental	  errors;	  very	  important	  to	  

improve	  precision	  
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We report the results of a search for T , CP and CPT violation in B0-B0 mixing using an inclusive
dilepton sample collected by the BABAR experiment at the PEP-II B Factory. Using a sample of 232
million BB pairs, with a simultaneous likelihood fit of the same-sign and opposite-sign dileptons,
we measure the T and CP violation parameter |q/p| − 1 = (−0.8 ± 2.7(stat.) ± 1.9(syst.)) × 10−3,
and the CPT and CP parameters Im z = (−13.9 ± 7.3(stat.) ± 3.2(syst.)) × 10−3 and ∆Γ × Re z =
(−7.1 ± 3.9(stat.) ± 2.0(syst.)) × 10−3 ps−1. The statistical correlation between the measurements
of Im z and ∆Γ × Re z is 76 %.

PACS numbers: 13.25.Hw, 12.15.Hh, 11.30.Er

Since the first observation of CP violation in 1964 [1],
the neutral kaon system has provided many results prob-
ing the CPT and T discrete symmetries [2] in K0-K0

mixing. Similarly, the BABAR experiment can investigate
T , CP , and CPT violation in B0-B0 mixing.

The physical states (solutions of the complex effective
Hamiltonian for the B0-B0 system) [3] can be written as

|BL〉 = p
√

1 − z|B0〉 + q
√

1 + z|B0〉,
|BH〉 = p

√
1 + z|B0〉 − q

√
1 − z|B0〉.

where H and L stand for Heavy and Light. In the case
of CPT invariance, the complex parameter z is equal to
0. Similarly, T invariance leads to |q/p| = 1. Finally, CP
invariance requires both |q/p| = 1 and z = 0.

Inclusive dilepton events, where both B mesons decay
semileptonically b → X!ν (l = e or µ), represent 4% of
all Υ (4S) → BB decays and provide a very large sample
to study T , CPT and CP violation in mixing. In the
direct b → ! decay process, the flavor B0(B0) is tagged
by the charge of the lepton !+(!−).

At the Υ (4S) resonance, neutral B mesons are
produced in a coherent p-wave state. At the instant
that the first B meson decays, the second B meson has
the opposite flavor. Then, the second B meson will
continue to evolve in time. Defining the time difference
as ∆t = t+ − t− where t+(t−) is the decay time of the
neutral B tagged by !+(!−), and neglecting second order
terms in z, the decay rates for the three configurations
(!+!+, !−!− and !+!−) are given by
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e−Γ|∆t|
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+ cos(∆m∆t) + 2 Im z sin(∆m∆t)
}

, (1)

where ∆m is the B0-B0 oscillation frequency, Γ is the
average neutral B decay rate and ∆Γ is the decay rate
difference between the two physical states.

The same-sign dilepton asymmetry AT/CP , between

the two oscillation probabilities P (B0 → B0) and

P (B0 → B0) probes both T and CP symmetries and
can be expressed in terms of |q/p|:

AT/CP =
P (B0 → B0) − P (B0 → B0)

P (B0 → B0) + P (B0 → B0)

=
N++ − N−−

N++ + N−−
=

1 − |q/p|4

1 + |q/p|4
. (2)

Standard Model calculations [4] predict the size of this
asymmetry to be at or below 10−3. A large measured
value would be an indication of new physics.

Similarly, the opposite-sign dilepton asymmetry,
ACPT/CP , between events with ∆t > 0 and ∆t < 0 com-

pares the B0 → B0 and B0 → B0 probabilities and is
sensitive to CPT and CP violation. This asymmetry is
given by

ACPT/CP (|∆t|) =
P (B0 → B0) − P (B0 → B0)

P (B0 → B0) + P (B0 → B0)

=
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% 2
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.(3)

As |∆Γ|/Γ % 1 [3], we have Re z sinh(∆Γ∆t/2) & ∆Γ×
Re z× (∆t/2) and this asymmetry is not sensitive to the
CPT -violating term Re z alone, but to the product ∆Γ×
Re z.

In this Letter, we present measurements of |q/p|, Im z

and ∆Γ × Re z with a simultaneous likelihood fit of the
same-sign and opposite-sign dilepton ∆t distributions. In
the cosh(∆Γ∆t/2) term, we fix |∆Γ| to 0.005 ps−1, the
value reported in [3] with a 90% confidence-level limit of
0.055 ps−1.

This study is performed with events collected by the
BABAR detector [5] at the PEP-II asymmetric-energy B
Factory between October 1999 and July 2004. The in-
tegrated luminosity of this sample is about 211 fb−1

recorded at the Υ (4S) resonance (“on-resonance”) (232
million BB pairs) and about 16 fb−1 recorded about 40
MeV below the Υ (4S) resonance (“off-resonance”).

The event selection is identical to that described in [6].
Non-BB events are suppressed by applying requirements
on the ratio of second to zeroth order Fox-Wolfram mo-
ments [7], the squared invariant mass, the aplanarity and
the number of charged tracks of the event.
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7

which corresponds to the uncertainty estimated with
Monte Carlo and control samples. The systematic un-
certainty related to the charge asymmetry due to the
tracking is estimated by randomly removing a fraction
equal to 1.6 × 10−3 of the negative tracks from our data
sample. This fraction has been determined from an inde-
pendent data control sample. A 1.0 × 10−3 deviation of
|q/p| is observed. Similarly, the 1% uncertainty on charge
asymmetry for non-BB backgrounds induces a system-
atic error of 0.6 × 10−3.

The widths of the first and second Gaussian of the
resolution function for the obc and sbc categories as well
as the pseudo-lifetime for the 1d1τ and other categories
are varied separately by 10%. This variation is motivated
by the comparison of the fitted parameters of the signal
resolution function obtained on generic BB Monte Carlo
samples and on data being in agreement at 10% level.
The fractions of the short-lived and long-lived charmed
meson components for obc and sbc are varied by 10 %.

We have also varied the parameters ∆m, τB0 and τB±

independently within their known uncertainties [10] and
∆Γ from 10−5 to 0.1. Finally, one of the dominant sys-
tematic errors on ∆Γ × Re z is imperfect knowledge of
the absolute z scale of the detector and the residual un-
certainties in the SVT local alignment, giving an error of
1.2 × 10−3 ps−1.

TABLE I: Summary of systematic errors for |q/p|, Im z, and
∆Γ × Re z measurements.

Systematic Effects σ(|q/p|) σ(Im z) σ(∆Γ×Re z)
(×10−3) (×10−3) (×10−3 ps−1)

Ch. asym. of non-BB bkg 0.6 0.0 0.0
Ch. asym. in tracking 1.0 0.0 0.0
Ch. asym. of electrons 1.4 0.0 0.0
PDF modeling 0.3 2.5 1.2
Fraction of bkg components 0.2 0.4 0.1
∆m, τB0 , τB± and ∆Γ 0.2 1.9 1.1
SVT alignment 0.5 0.6 1.2
Total 1.9 3.2 2.0

For each parameter, the total systematic error is the
sum in quadrature of the estimated systematic errors
from each source, as summarized in Table I. When we as-
sume ∆Γ = 0, the systematic error for Im z is 2.9×10−3.

If we compare our results to ∆Γ × Re z = 0.0 and
Im z = 0.0 (no CPT violation case), the χ2 is 3.25 for
2 degrees of freedom, which gives a confidence level of
19.7%. Finally, assuming ∆Γ = 0, we obtain Im z =
(−3.7 ± 4.6(stat.) ± 2.9(syst.)) × 10−3.

In summary with the 1999-2004 data (232 × 106 BB
pairs), we have performed a simultaneous likelihood fit of
the same-sign and opposite-sign dileptons. We measure
the independent parameters governing CP and T viola-

tion, and the CPT and CP violation parameters. The
results are

|q/p|− 1 = (−0.8 ± 2.7(stat.) ± 1.9(syst.)) × 10−3,

Im z = (−13.9 ± 7.3(stat.) ± 3.2(syst.)) × 10−3,

∆Γ × Re z = (−7.1 ± 3.9(stat.) ± 2.0(syst.)) × 10−3 ps−1.

These measurements are a clear improvement over the
most precise results previously published [3, 11]. The
new measurement of |q/p| is consistent with the Standard
Model predictions [4].
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• Single	  best	  measurement	  in	  dilepton	  events	  	  (BABAR,	  PRL96	  (2006),	  251802,	  211�-‐1)

• Same	  data	  are	  binned	  to	  study	  sidereal	  ]me	  dependence	  of	  z	  (PRL100,	  131802	  (2008))
– z=z0+z1cos(Ωt+ϕ)	  with	  Ω=2π/sidereal	  day

– significance	  for	  z1≠0	  (CPT	  and	  Lorentz	  viola]on)	  is	  2.8σ

• Main	  systema]cs:

– detector	  charge	  asymmetry	  (ACP);	  PDF	  modeling,	  vertex	  detector	  alignment	  (ACPT)

• Important	  to	  improve	  precision	  tests	  of	  CPT	  and	  Lorentz	  invariance	  
conservaTon	  with	  50-‐75ab-‐1	  at	  the	  future	  B	  factories	  
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we measure the T and CP violation parameter |q/p| − 1 = (−0.8 ± 2.7(stat.) ± 1.9(syst.)) × 10−3,
and the CPT and CP parameters Im z = (−13.9 ± 7.3(stat.) ± 3.2(syst.)) × 10−3 and ∆Γ × Re z =
(−7.1 ± 3.9(stat.) ± 2.0(syst.)) × 10−3 ps−1. The statistical correlation between the measurements
of Im z and ∆Γ × Re z is 76 %.

PACS numbers: 13.25.Hw, 12.15.Hh, 11.30.Er

Since the first observation of CP violation in 1964 [1],
the neutral kaon system has provided many results prob-
ing the CPT and T discrete symmetries [2] in K0-K0

mixing. Similarly, the BABAR experiment can investigate
T , CP , and CPT violation in B0-B0 mixing.

The physical states (solutions of the complex effective
Hamiltonian for the B0-B0 system) [3] can be written as

|BL〉 = p
√

1 − z|B0〉 + q
√

1 + z|B0〉,
|BH〉 = p

√
1 + z|B0〉 − q

√
1 − z|B0〉.

where H and L stand for Heavy and Light. In the case
of CPT invariance, the complex parameter z is equal to
0. Similarly, T invariance leads to |q/p| = 1. Finally, CP
invariance requires both |q/p| = 1 and z = 0.

Inclusive dilepton events, where both B mesons decay
semileptonically b → X!ν (l = e or µ), represent 4% of
all Υ (4S) → BB decays and provide a very large sample
to study T , CPT and CP violation in mixing. In the
direct b → ! decay process, the flavor B0(B0) is tagged
by the charge of the lepton !+(!−).

At the Υ (4S) resonance, neutral B mesons are
produced in a coherent p-wave state. At the instant
that the first B meson decays, the second B meson has
the opposite flavor. Then, the second B meson will
continue to evolve in time. Defining the time difference
as ∆t = t+ − t− where t+(t−) is the decay time of the
neutral B tagged by !+(!−), and neglecting second order
terms in z, the decay rates for the three configurations
(!+!+, !−!− and !+!−) are given by

N++ ∝
e−Γ|∆t|

2
|
p
q
|2

{

cosh(
∆Γ∆t

2
) − cos(∆m∆t)

}

,

N−− ∝
e−Γ|∆t|

2
|
q
p
|2

{

cosh(
∆Γ∆t

2
) − cos(∆m∆t)

}

,

N+− ∝
e−Γ|∆t|

2

{

cosh(
∆Γ∆t

2
) − 2Re z sinh(

∆Γ∆t
2

)

+ cos(∆m∆t) + 2 Im z sin(∆m∆t)
}

, (1)

where ∆m is the B0-B0 oscillation frequency, Γ is the
average neutral B decay rate and ∆Γ is the decay rate
difference between the two physical states.

The same-sign dilepton asymmetry AT/CP , between

the two oscillation probabilities P (B0 → B0) and

P (B0 → B0) probes both T and CP symmetries and
can be expressed in terms of |q/p|:

AT/CP =
P (B0 → B0) − P (B0 → B0)

P (B0 → B0) + P (B0 → B0)

=
N++ − N−−

N++ + N−−
=

1 − |q/p|4

1 + |q/p|4
. (2)

Standard Model calculations [4] predict the size of this
asymmetry to be at or below 10−3. A large measured
value would be an indication of new physics.

Similarly, the opposite-sign dilepton asymmetry,
ACPT/CP , between events with ∆t > 0 and ∆t < 0 com-

pares the B0 → B0 and B0 → B0 probabilities and is
sensitive to CPT and CP violation. This asymmetry is
given by

ACPT/CP (|∆t|) =
P (B0 → B0) − P (B0 → B0)

P (B0 → B0) + P (B0 → B0)

=
N+−(∆t > 0) − N+−(∆t < 0)
N+−(∆t > 0) + N+−(∆t < 0)

% 2
Im z sin(∆m∆t)−Re z sinh(∆Γ∆t

2
)

cosh(∆Γ∆t
2

) + cos(∆m∆t)
.(3)

As |∆Γ|/Γ % 1 [3], we have Re z sinh(∆Γ∆t/2) & ∆Γ×
Re z× (∆t/2) and this asymmetry is not sensitive to the
CPT -violating term Re z alone, but to the product ∆Γ×
Re z.

In this Letter, we present measurements of |q/p|, Im z

and ∆Γ × Re z with a simultaneous likelihood fit of the
same-sign and opposite-sign dilepton ∆t distributions. In
the cosh(∆Γ∆t/2) term, we fix |∆Γ| to 0.005 ps−1, the
value reported in [3] with a 90% confidence-level limit of
0.055 ps−1.

This study is performed with events collected by the
BABAR detector [5] at the PEP-II asymmetric-energy B
Factory between October 1999 and July 2004. The in-
tegrated luminosity of this sample is about 211 fb−1

recorded at the Υ (4S) resonance (“on-resonance”) (232
million BB pairs) and about 16 fb−1 recorded about 40
MeV below the Υ (4S) resonance (“off-resonance”).

The event selection is identical to that described in [6].
Non-BB events are suppressed by applying requirements
on the ratio of second to zeroth order Fox-Wolfram mo-
ments [7], the squared invariant mass, the aplanarity and
the number of charged tracks of the event.
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which corresponds to the uncertainty estimated with
Monte Carlo and control samples. The systematic un-
certainty related to the charge asymmetry due to the
tracking is estimated by randomly removing a fraction
equal to 1.6 × 10−3 of the negative tracks from our data
sample. This fraction has been determined from an inde-
pendent data control sample. A 1.0 × 10−3 deviation of
|q/p| is observed. Similarly, the 1% uncertainty on charge
asymmetry for non-BB backgrounds induces a system-
atic error of 0.6 × 10−3.

The widths of the first and second Gaussian of the
resolution function for the obc and sbc categories as well
as the pseudo-lifetime for the 1d1τ and other categories
are varied separately by 10%. This variation is motivated
by the comparison of the fitted parameters of the signal
resolution function obtained on generic BB Monte Carlo
samples and on data being in agreement at 10% level.
The fractions of the short-lived and long-lived charmed
meson components for obc and sbc are varied by 10 %.

We have also varied the parameters ∆m, τB0 and τB±

independently within their known uncertainties [10] and
∆Γ from 10−5 to 0.1. Finally, one of the dominant sys-
tematic errors on ∆Γ × Re z is imperfect knowledge of
the absolute z scale of the detector and the residual un-
certainties in the SVT local alignment, giving an error of
1.2 × 10−3 ps−1.

TABLE I: Summary of systematic errors for |q/p|, Im z, and
∆Γ × Re z measurements.

Systematic Effects σ(|q/p|) σ(Im z) σ(∆Γ×Re z)
(×10−3) (×10−3) (×10−3 ps−1)

Ch. asym. of non-BB bkg 0.6 0.0 0.0
Ch. asym. in tracking 1.0 0.0 0.0
Ch. asym. of electrons 1.4 0.0 0.0
PDF modeling 0.3 2.5 1.2
Fraction of bkg components 0.2 0.4 0.1
∆m, τB0 , τB± and ∆Γ 0.2 1.9 1.1
SVT alignment 0.5 0.6 1.2
Total 1.9 3.2 2.0

For each parameter, the total systematic error is the
sum in quadrature of the estimated systematic errors
from each source, as summarized in Table I. When we as-
sume ∆Γ = 0, the systematic error for Im z is 2.9×10−3.

If we compare our results to ∆Γ × Re z = 0.0 and
Im z = 0.0 (no CPT violation case), the χ2 is 3.25 for
2 degrees of freedom, which gives a confidence level of
19.7%. Finally, assuming ∆Γ = 0, we obtain Im z =
(−3.7 ± 4.6(stat.) ± 2.9(syst.)) × 10−3.

In summary with the 1999-2004 data (232 × 106 BB
pairs), we have performed a simultaneous likelihood fit of
the same-sign and opposite-sign dileptons. We measure
the independent parameters governing CP and T viola-

tion, and the CPT and CP violation parameters. The
results are

|q/p|− 1 = (−0.8 ± 2.7(stat.) ± 1.9(syst.)) × 10−3,

Im z = (−13.9 ± 7.3(stat.) ± 3.2(syst.)) × 10−3,

∆Γ × Re z = (−7.1 ± 3.9(stat.) ± 2.0(syst.)) × 10−3 ps−1.

These measurements are a clear improvement over the
most precise results previously published [3, 11]. The
new measurement of |q/p| is consistent with the Standard
Model predictions [4].
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organizations that support BABAR. The collaborating
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‡ Also with Università della Basilicata, Potenza, Italy
[1] J. H. Christenson, J. W. Cronin, V. L. Fitch and R.

Turlay, Phys. Rev. Lett. 13, 138 (1964).
[2] CPLEAR Collaboration, A. Apostolakis et al., Phys.

Lett. B 456, 297 (1999).
[3] BABAR Collaboration, B. Aubert et al., Phys. Rev. D 70,

012007 (2004).
[4] M. Beneke et al., Phys. Lett. B 576, 173 (2003); M.

Ciuchini et al., JHEP 0308, 031 (2003).
[5] BABAR Collaboration, B. Aubert et al., Nucl. Instr.

Methods Phys. Res., Sect. A 479, 1 (2002).
[6] BABAR Collaboration, B. Aubert et al., Phys. Rev. Lett.

88, 231801 (2002).
[7] G. C. Fox and S. Wolfram, Phys. Rev. Lett. 41, 1581

(1978).
[8] BABAR Collaboration, B. Aubert et al., Phys. Rev. Lett.

88, 221803 (2002).
[9] BABAR Collaboration, B. Aubert et al., Phys. Rev. D 66,

032003 (2002).
[10] Heavy Flavor Averaging Group, K. Anikeev et al.,

hep-ex/0505100.
[11] BELLE Collaboration, E. Nakano et al., submitted to

Phys. Rev. D , hep-ex/0505017.

6

TABLE I: Asymmetry parameter values, with statistical errors, for ACPT in Eq. 6 (upper left) and with SME constraint in
Eq. 8 (upper right). Equation 7 implies z1 → −z1 for φ → φ + π. Systematic uncertainties are shown in lower part of Table.

Without SME constraint With SME constraint

ACP T parameter Im z0 Re z0 ∆Γ Im z1 Re z1 ∆Γ φ Im z0 Im z1 φ
(×10−3) (×10−3 ps−1) (×10−3) (×10−3 ps−1) (rad) (×10−3) (×10−3) (rad)

Value from fit −14.2 ± 7.3 −7.3 ± 4.1 −24 ± 11 −18.5 ± 5.6 2.63 ± 0.31 −5.2 ± 3.6 −17.0 ± 5.8 2.56 ± 0.36

Systematic effects
τB0 , τB± , ∆m, ∆Γ ±0.7 ±0.4 ±0.6 ±0.5 ±0.05 ±0.4 ±0.7 ±0.01
SVT alignment, z scale ±0.6 ±1.5 ±2.0 ±1.1 ±0.20 ±1.7 ±1.4 ±0.15
PDF resolution models ±2.0 ±1.0 ±2.5 ±1.2 ±0.02 ±0.8 ±1.0 ±0.01
Background fractions ±0.1 ±0.1 ±0.2 ±0.2 ±0.01 ±0.2 ±0.3 ±0.01
Sidereal phase ±0.0 ±0.0 ±0.0 ±0.0 ±0.03 ±0.0 ±0.0 ±0.03

Total syst. error ±2.2 ±1.8 ±3.3 ±1.7 ±0.21 ±1.9 ±1.9 ±0.15
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FIG. 1: Asymmetry Ameas
CPT for opposite-sign dilepton events

with |∆t| > 3 ps versus sidereal time. The sample includes
event types, e.g. B+B− decays, for which ACPT = 0. The
curve is a projection, for |∆t| > 3 ps, using results of the
two-dimensional likelihood fit for |∆t| < 15 ps.
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FIG. 2: Contours indicating 1σ, 2σ, and 3σ significance,
around the central values of Im z1 and Re z1 ∆Γ (solid circle).

obtain consistent results for Im z0, Im z1, and φ when
second-order terms (Eq. 5) of form |z|2 = ρ2 cos2(Ωt̂+φ),
motivated by finding |Im z1| > |Im z0|, are included in the
likelihood fit to data with ρ2 as a free parameter.

We use Eqs. 3, 4, and 7 to extract the SME quantities

∆a0 − 0.30∆aZ " (−3.0 ± 2.4)(∆m/∆Γ) × 10−15 GeV,

∆aX " (−22 ± 7)(∆m/∆Γ) × 10−15 GeV,

∆aY " (−14+10
−13)(∆m/∆Γ) × 10−15 GeV.

We now use the periodogram method [11] to compare
the spectral power for variations in z at the sidereal fre-
quency with those in a wide band of surrounding frequen-
cies. The spectral power at a test frequency ν is

P (ν) ≡
1

Nσ2
w

∣

∣

∣

N
∑

j=1

wje
2iπνTj

∣

∣

∣

2
, (9)

where the data, comprising N measurements wj made at
times Tj, have variance σ2

w. Here, Tj is the time elapsed
since the Unix epoch for opposite-sign dilepton event j,
and the weights wj = ∆m∆tj−sin(∆m∆tj) are suited to
the study of periodic variations in z according to Eq. 8.

In the absence of an oscillatory signal, the probabil-
ity that P (ν) exceeds a value S at a given frequency is
exp(−S); if M independent frequencies are tested, the
largest P (ν) value exceeds S with probability

Pr
{

Pmax(ν) > S; M
}

= 1 −
(

1 − e−S
)M

. (10)

We use 20994 test frequencies from 0.26 year−1 to
2.1 solar-day−1, spaced by 10−4 solar-day−1. This over-
samples the frequency range by a factor of about 2.2 and
avoids underestimating the spectral power of a signal.
The number of independent frequencies is about 9500.

Figure 3 shows the periodogram we obtain. The largest
spectral power is Pmax(ν) = 8.78, for the test frequency
ν = 0.46312 solar-day−1. With no signal, the prob-
ability of finding a larger spectral power in our peri-
odogram is 76%. Interpolation to the sidereal frequency
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FIG. 3: (color online). The central values (blue point
and red square) and two-dimensional CL contours for 1 −
CL = 0.317, 4.55 × 10−2, 2.70 × 10−3, 6.33 × 10−5, 5.73 ×
10−7, and 1.97 × 10−9, calculated from the change in the
value of −2∆ lnL compared with its value at maximum
(−2∆ lnL = 2.3, 6.2, 11.8, 19.3, 28.7, 40.1), for the pairs of
T -asymmetry parameters (∆S+

T ,∆C+
T ) (blue dashed curves)

and (∆S−
T ,∆C−

T ) (red solid curves). Systematic uncertainties
are included. The T -invariance point is shown as a + sign.

In summary, we have measured T -violating parameters
in the time evolution of neutral B mesons, by comparing
the probabilities of B0 → B−, B+ → B0, B0 → B+,
and B− → B0 transitions, to their T conjugate. We
determine for the main T -violating parameters ∆S+

T =
−1.37 ± 0.14 (stat.) ± 0.06 (syst.) and ∆S−

T = 1.17 ±
0.18 (stat.) ± 0.11 (syst.), and observe directly for the
first time a departure from T invariance in the B meson
system, with a significance equivalent to 14σ. Our results
are consistent with current CP -violating measurements
obtained invoking CPT invariance. They constitute the
first observation of T violation in any system through the
exchange of initial and final states in transitions that can
only be connected by a T -symmetry transformation.
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FIG. 3: (color online). The central values (blue point and red square) and two-dimensional CL contours for 1 − CL = 0.317,
4.55 × 10−2, 2.70 × 10−3, 6.33 × 10−5, 5.73 × 10−7, and 1.97 × 10−9, calculated from the change in the value of −2∆ lnL
compared with its value at maximum, for the pairs of CP - (left) and CPT - (right) asymmetry parameters (∆S+

CP ,∆C+
CP ) and

(∆S+
CPT ,∆C+

CPT ) (blue dashed curves) and (∆S−
CP ,∆C−

CP ), (∆S−
CPT ,∆C−

CPT ) (red solid curves). Systematic uncertainties are
included. The CP - and CPT -invariance points are shown as a plus sign (+).

TABLE II: Measured values of the (S±
α,β, C

±
α,β) coefficients. The first uncertainty is statistical and the second systematic. The

indices α = "−, "+ and β = K0
S ,K

0
L stand for reconstructed final states that identify the B meson as B0, B0 and B−, B+,

respectively.

Transition Parameter Result

B− → B0 (J/ψK0
L, "

−X) S−
#−,K0

L

−0.83 ± 0.11± 0.06

B0 → B− ("−X, ccK0
S) S+

#−,K0
S

−0.76 ± 0.06± 0.04

B− → B0 (J/ψK0
L, "

+X) S−

#+,K0
L

0.70 ± 0.19± 0.12

B0 → B− ("+X, ccK0
S) S+

#+,K0
S

0.55 ± 0.09± 0.06

B0 → B+ ("−X, J/ψK0
L) S+

#−,K0
L

0.51 ± 0.17± 0.11

B+ → B0 (ccK0
S , "

−X) S−

#−,K0
S

0.67 ± 0.10± 0.08

B0 → B+ ("+X, J/ψK0
L) S+

#+,K0
L

−0.69 ± 0.11± 0.04

B+ → B0 (ccK0
S , "

+X) S−
#+,K0

S

−0.66 ± 0.06± 0.04

B− → B0 (J/ψK0
L, "

−X) C−

#−,K0
L

0.11 ± 0.12± 0.08

B0 → B− ("−X, ccK0
S) C+

#−,K0
S

0.08 ± 0.06± 0.06

B− → B0 (J/ψK0
L, "

+X) C−
#+,K0

L

0.16 ± 0.13± 0.06

B0 → B− ("+X, ccK0
S) C+

#+,K0
S

0.01 ± 0.07± 0.05

B0 → B+ ("−X, J/ψK0
L) C+

#−,K0
L

−0.01 ± 0.13± 0.08

B+ → B0 (ccK0
S , "

−X) C−
#−,K0

S

0.03 ± 0.07± 0.04

B0 → B+ ("+X, J/ψK0
L) C+

#+,K0
L

−0.02 ± 0.11± 0.08

B+ → B0 (ccK0
S , "

+X) C−

#+,K0
S

−0.05 ± 0.06± 0.03

see	  R.	  Cowan’s	  talk
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TABLE I: Breakdown of main systematic uncertainties on the T -, CP -, and CPT -asymmetry parameters and the
(S±

!+,K0
S

, C±

!+,K0
S

) coefficients for B0 → B− and B+ → B0 transitions. The indices !+ and K0
S stand for reconstructed fi-

nal states that identify the B meson as B0 and B−, respectively. The first nine rows in each panel are evaluated using similar
procedures as in Ref. [20]. The tenth and eleventh rows (∆Γd/Γd and PDF normalization) are estimated by varying ∆Γd/Γd

by ±2%, while the sinh(∆Γ∆τ ) and cosh(∆Γ∆τ ) coefficients of the most general time-dependent decay rate g±α,β(∆τ ) [15] are
changed around their reference model values, 0 and 1, respectively. The PDF normalization also accounts for systematic effects
related to the ∆t range used to normalize the PDF. The total systematic uncertainty (last row in each panel) is calculated
adding the individual systematic uncertainties in quadrature.

Systematic source ∆S+
T ∆S−

T ∆C+
T ∆C−

T ∆S+
CP ∆S−

CP ∆C+
CP ∆C−

CP

Interaction region 0.011 0.035 0.02 0.029 0.012 0.024 0.015 0.026

Flavor misID probabilities 0.022 0.042 0.022 0.022 0.016 0.040 0.020 0.020

∆t resolution 0.030 0.050 0.048 0.062 0.057 0.033 0.012 0.011

J/ψK0
L background 0.033 0.038 0.052 0.010 0.002 0.001 0.001 0.002

Background fractions and CP content 0.029 0.021 0.020 0.026 0.013 0.012 0.008 0.009

mES parameterization 0.011 0.002 0.005 0.002 0.016 0.008 0.005 0.004

Γd and ∆md 0.001 0.005 0.011 0.008 0.003 0.007 0.011 0.012

CP violation for flavor ID categories 0.018 0.019 0.001 0.001 0.009 0.008 0.006 0.006

Fit bias 0.010 0.072 0.013 0.010 0.010 0.007 0.007 0.014

∆Γd/Γd 0.004 0.003 0.002 0.002 0.004 0.003 0.001 0.001

PDF normalization 0.013 0.019 0.005 0.004 0.017 0.012 0.006 0.007

Total 0.064 0.112 0.08 0.077 0.068 0.061 0.033 0.041

Systematic source ∆S+
CPT ∆S−

CPT ∆C+
CPT ∆C−

CPT S+

!+,K0
S

S−
!+,K0

S

C+

!+,K0
S

C−
!+,K0

S

Interaction region 0.015 0.024 0.023 0.026 0.014 0.009 0.015 0.008

Flavor misID probabilities 0.018 0.008 0.009 0.009 0.013 0.020 0.012 0.010

∆t resolution 0.062 0.033 0.051 0.072 0.051 0.030 0.045 0.012

J/ψK0
L background 0.046 0.021 0.029 0.015 0.002 0.001 0.001 0.001

Background fractions and CP content 0.024 0.020 0.024 0.016 0.012 0.004 0.007 0.007

mES parameterization 0.011 0.002 0.005 0.002 0.011 0.002 0.005 0.002

Γd and ∆md 0.004 0.001 0.002 0.003 0.003 0.003 0.009 0.008

CP violation for flavor ID categories 0.026 0.010 0.007 0.005 0.014 0.005 0.003 0.002

Fit bias 0.018 0.026 0.007 0.021 0.005 0.017 0.006 0.015

∆Γd/Γd 0.003 0.002 0.002 0.001 0.002 0.001 0.001 0.001

PDF normalization 0.019 0.015 0.007 0.004 0.008 0.002 0.003 0.003

Total 0.092 0.058 0.067 0.083 0.059 0.041 0.051 0.026
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• Cannot	  resolve	  the	  rapid	  Bs	  oscillaTon	  frequency
• However,	  CLEO	  and	  Belle	  have	  demonstrated	  the	  potenTal	  of	  e+e−	  machines	  at	  

the	  ϒ(5S)

• Expected	  precision	  from	  MC	  studies	  at	  the	  ϒ(5S):	  

• In	  general	  not	  compeTTve	  with	  hadronic	  experiments,	  with	  some	  excepTons
– AsSL	  ,	  ACH

– Bs➝γγ,	  Bs➝K0K0	  
– Absolute	  measurement	  of	  branching	  fracTons	  can	  be	  of	  use	  to	  LHCb
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Figure 2-16. Distribution of ∆E vs. mES for a sample of simulated Bd,s mesons
produced at the Υ (5S) resonance and decaying into J/ψ φ final states. Events

coming from B(∗)
q B(∗)

q (q = d, s) are all generated with the same relative rate. We
use full boxes for q = d and empty boxes for q = s. The colour scale identifies VV,
VP and PP events (from the darker to the lighter). Events from BdBdπ events are
also shown (black boxes).

provides the first milestone in this physics program. These studies exploit the high
Lorentz boost βγ of Bs mesons produced at high energy hadronic colliders; the
rapid Bs oscillations can be resolved, with current vertex detector spatial resolution
(∼ 100 µm), only with a large boost.

Similar tests for New Physics effects can be made by measuring quantities such
as ∆Γs and the CP asymmetry in semileptonic decays As

SL, which can be done at
SuperB, taking advantage of the large statistics, high efficiency of lepton reconstruc-
tion, and low backgrounds. These measurements do not require the Bs oscillations
to be resolved.

In a generic New Physics scenario, the effect of ∆B = 2 New Physics contributions
can be parameterized in terms of two quantities, CBs and φBs, given by the relation
(see also Section 2.1.6):

CBs e2iφBs =
〈Bs|H full

eff |Bs〉
〈Bs|HSM

eff |Bs〉
. (2.30)

In the absence of New Physics effects, CBs = 1 and φBs = 0, by definition. The
measured values of ∆ms and sin 2βs (discussed in Section 2.3.2) are related to
Standard Model quantities through the relations :

∆mexp
s = CBs · ∆mSM

s ; sin 2βexp
s = sin(2βSM

s + 2φBs) . (2.31)

The semileptonic CP asymmetry [224] and the value of ∆Γs/Γs [309] are sensitive
to New Physics contributions to the ∆B = 2 effective Hamiltonian, and can be
expressed in terms of the parameters CBs and φBs .

SuperB Conceptual Design Report
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� Υ(5S) decays through: B∗
sB̄

∗
s , B∗

sB̄s, BsB̄s with fB∗
s B̄∗

s
= 87%

- B∗
s always decays to Bsγ

- We don’t reconstruct γ ⇒ shifted ∆E and Mbc

� cross contamination between modes
- true D∗+

s decay, D+
s combined with a random photon → WC

- true D+
s decay, combined with a random photon → CFup

- true D∗+
s decay, lost its photon → CFdown

- true D∗+
s or D+

s decay → RC

need to pick one, the best

S.Esen / September 11, 2012 .

Belle	  DATA

see	  S.	  Esen’s	  talk
in	  previous	  session
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expected to achieve a comparable sensitivity with full
statistics (∼ 10 fb−1) of ∼ 1◦.

A. Summary

The recently reported evidence from the D0 collab-
oration for a di-muon asymmetry ACH that is incom-
patible with the Standard Model [1] has been followed
by theoretical attempts to interpret the result, for ex-
ample [247–252]. If this effect is confirmed, then we
can expect to observe new physics in meson decays in
the B and D sector. One prime example of an observ-
able that would be expected to manifest new physics
in Bs decays is the semi-leptonic asymmetry As

SL
. In

some models the phases postulated to be responsible
for large semi-leptonic asymmetries are flavour blind,
and thus we would expect effects to also be manifest in
other meson decays as well as in the Bs sector. Other
models have postulated a richer texture of new physics
that may be related to this D0 result. In both cases,
and even if the D0 result turns out to be a statisti-
cal fluctuation rather than evidence for new physics,
SuperB will be able to test a variety of new physics
scenarios using a wide array of measurements as out-
lined in Section 10.

The results presented in this section section are
summarized in Table XIV for two scenarios (i) a
short (1 ab−1) and (ii) a long (30 ab−1) run at the
Υ (5S) resonance. Collecting 1 ab−1 will take less
than one month at the SuperB design luminosity of
1036 cm−2 sec−1.

TABLE XIV: Summary of the expected precision of some

of the most important measurements that can be per-

formed at SuperB operating at the Υ (5S) resonance, with
an integrated luminosity of 1 ab

−1
and 30 ab

−1
.

Observable 1 ab
−1

30 ab
−1

∆Γ 0.16 ps
−1

0.03 ps
−1

Γ 0.07 ps
−1

0.01 ps
−1

As
SL 0.006 0.004

ACH 0.004 0.004

B(Bs → µ+µ−
) - < 8× 10

−9

|Vtd/Vts| 0.08 0.017

B(Bs → γγ) 38% 7%

βs (angular analysis) 20
◦

8
◦

βs (J/ψφ) 10
◦

3
◦

βs (K0K̄0
) 24

◦
11

◦

While it is clear that SuperB cannot compete with
hadronic experiments on modes such as Bs → µ+µ−

and Bs → J/ψφ, it is also evident that many impor-
tant channels that are not easily accessible at hadronic

experiments such as LHCb will be measurable at
SuperB. Besides the flagship measurement of the
semi-leptonic asymmetry As

SL
, the channels Bs → γγ

and Bs → K0K̄0 will also be measurable at SuperB.
Therefore SuperB will complement the results from
LHCb and enrich the search for new physics in flavour
decays by accumulating several ab−1 of data at the
Υ (5S) resonance [223].

Measuring an absolute branching fraction in a
hadronic environment is limited by ones determina-
tion of luminosity and the production mechanisms at
play. So in addition to being able to study these Bs

golden modes, it is anticipated that there will be bene-
fits to the field when interpreting some LHCb analyses
if one can obtain precision measurement of at least one
absolute branching fraction from SuperB. In order to
measure an absolute branching fraction with precision
it will be necessary to study a number of Bs decays at
the Υ (5S). In time and with an understanding of the
performance of LHCb, it will be possible to identify
a full list of useful branching fractions to measure at
SuperB and thus understand better how much data to
record at the Υ (5S) resonance.

5. Charm Physics

The SM projects a rather mundane weak phe-
nomenology for charm transitions; yet as has been
stated since the early discussions about a Tau-Charm
Factory in the late 1980’s, this fact can be turned to
our advantage: detailed studies in particular of CP
invariance in charm decays can act as (almost) zero-
background searches for physics beyond the SM. While
no clear signal for the intervention of NP has been
uncovered yet in charm transitions, the situation has
changed qualitatively in the last two years:

• D0 − D̄0 oscillations have been resolved experi-
mentally with xD, yD ∼ 0.5− 1%.

• This breakthrough has lead to ‘new thinking’
among theorists. They have begun to realize
that scenarios of NP motivated by considerations
outside of flavour dynamics can produce an ob-
servable footprint in charm decays; i.e., one is
no longer forced to invoke the old ‘stand-by’ of
NP scenarios, namely SUSY models with bro-
ken R parity, to produce observable effects in an
ad-hoc fashion. There is every reason to think
that this emerging renaissance of creative think-
ing about charm dynamics will continue and bear
novel fruits.

SuperB Progress Report - The Physics - August 2010
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Conclusions
• Signals	  of	  New	  Physics	  can	  be	  observed	  at	  the	  energy	  
fron9er	  LHC	  experiments

• A	  variety	  of	  measurements	  with	  high	  sensi9vity	  to	  New	  
Physics	  will	  be	  needed	  	  to	  relate	  such	  signals	  to	  
par9cular	  NP	  models

• The	  future	  SuperB	  and	  SuperKEKB	  flavour	  factories	  have	  
the	  experimental	  sensi9vity	  to	  perform	  high	  precision	  
measurements	  and	  will	  play	  a	  key	  role	  in	  deciphering	  	  
the	  code	  of	  NP,	  in	  a	  complementary	  way	  with	  other	  
exis9ng	  and	  planned	  facili9es
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