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Key Topics for SuperB/BelleII

•Radiative:

•Inclusive Radiative: B→Xsγ, B→Xdγ
•Semi-Inclusive Radiative: B→Xsγ (Xs reconstructed in 40+ modes)

•Exclusive suppressed: B→Xdγ, Xd=ρ,ω

•Semileptonic:

•Inclusive Charged Semileptonic: B→Xll

•Neutral Semileptonic B→Xνν (& invisible B→νν)

•Other topics:

•(Semi)Tauonic: B→Xττ (B→ττ)

•Complementary, B→Xlν, exclusive&inclusive (e.g. constraints on CR)

•Studies of all the above with Bs @ Y(5S), e.g. Bs→Xγ (B(s)→γγ)
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ØFocus on 
decays with 
Missing-E, 
Neutrals, or 
Inclusive
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The Colliders: (SuperKEKB L×40)

•Improvements

• Smaller beam profile( Improved background rejection?, Better Y(5S) resolution? )

• Possibility for 80% polarisation of one of the beams.

•Drawbacks:

• Likely to have multiple collisions in any readout window.

• Higher backgrounds due to Touschek (x 20), higher occupancy and potentially 
degrades the “excess neutral energy” as a discriminant
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present KEKB

SuperKEKB
5mm

1µm

100µm

(w/o crab)L

Hourglass condition: 
                       βy*>~ L=σx/φ

Half crossing
angle: φ

1µm

5mm
100µm

~50nm

83mrad

22mrad  L=8·1035 s-1cm-2

Belle	  event	  with	  increased	  
background	  overlaid.
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Luminosity Prospects SuperKEKB
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Milestone of Belle II/SuperKEKB

We will reach 50 ab-1

              in early 2020s

9 months/year
20 days/month

Commissioning starts
in late 2014.

Shutdown
for upgrade
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The Detectors: (Belle→Belle II)

•Improved hermeticity, detectors closer to beam-pipe

•Improved particle identification, coverage, vertexing

•Conclusion: there should be improvements in experimental systematic errors. 
5

SVD:	  4	  DSSD	  lyrs	  g	  2	  DEPFET	  +	  4	  DSSD	  lyrs
CDC:	  small	  cell,	  long	  lever	  arm
ACC+TOF	  g	  TOP+A-‐RICH
ECL:	  waveform	  sampling	  (+pure	  CsI	  end-‐caps)
KLM:	  RPC	  g	  Scintillator	  +MPPC(end-‐caps)
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The Analysis Tool of BelleII’s future: B tagging 

• Many B-meson rare decays use the same technique.
• Use a “Tagged B” to define 4-momenta of “Signal B”:
– Tagged B Hadronic decays : Signal B momenta well-defined.
– Tagged B Semi-leptonic decay : Signal B momenta defined in a cone.

• Semi-leptonic tagged modes generally have higher efficiency but lower 
purity than hadronic (due to neutrino).

• The number of reconstructed Btag decay modes can be >1000.

• Look for excess neutral energy (“Eextra”) not assigned to tagged or signal B.
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and Quinn, 1998) however significant new physics sen-
sitivity is possible (Grossman, Ligeti, and Nardi, 1997).
The large masses provides the potential for substantial140

enhancements due to large Higgs couplings in two-Higgs-
doublet models (Babu and Kolda, 2000; Logan and Nier-
ste, 2000). However, due to the missing neutrinos (between
two and four depending on the ⌧ decay modes) arising
from the ⌧ decays, the ⌧+

⌧

� final state is considerably145

more di�cult experimentally than the e

+

e

� and µ

+

µ

�

modes. This mode is not accessible at hadron colliders,
and only one search has been performed at B factories
to date. BABAR published a search for this mode (Aubert,
2006a) based on a data sample of (232±3)⇥106

BB events150

(210 fb�1) and using the method of exclusive hadronic tag
reconstruction of the accompanying B meson as described
in chapter 7. Evidence for a B

0 ! ⌧

+

⌧

� decay is sought
by considering all charged tracks and clusters which are
not associated with the reconstructed tag B candidate, as155

illustrated in figure 17.11.2. Only events with “one-prong”
decays of both taus are considered, hence signal events
are required to contain exactly two charged tracks, each
of which are identified as an electron, muon or pion. Each
of the two ⌧ leptons can potentially decay to ⌧ ! e⌫⌫̄,160

⌧ ! µ⌫⌫̄, ⌧ ! ⇡⌫ or ⌧ ! ⇢⌫, hence signal topologies
are defined corresponding to each combination of ⌧+

⌧

�

decay modes. Charged pion tracks are considered to be ⇢
candidates if a ⇡0 candidate, reconstructed from a pair of
photon clusters, can be combined with the ⇡ track to give165

0.6 < m⇡⇡0
< 1.0 GeV/c

2. Events with any additional
⇡

0 candidates are rejected, and the sum of any remain-
ing calorimeter energy (E

extra

) is required to be less than
110 MeV (summing all clusters with energy exceeding 30
MeV).170

Fig. 17.11.2. Illustration of a B0 ! ⌧+⌧� event in which
the associated B0 is reconstructed as a hadronic Btag. The
tau decay modes are depicted as ⌧� ! e�⌫⌫̄ and ⌧+ ! ⇡+⌫̄.
Since the B0 4-vector is determined by the tag reconstruction,
the signal B0 4-vector can be obtained using the known CM
energy, and the event missing energy can be fully attributed
to the neutrinos.

Backgrounds from B decays to open charm, which sub-
sequently decay to final states containing a strange quark,
are suppressed by vetoing events in which any signal can-
didate track is identified as a K

+, or if the combination

of the two tracks is consistent with K

0

S ! ⇡

+

⇡

� (note175

that this type of background is large due to the Cabibbo
favored b ! c ! s transitions). Similarly, events pos-
sessing a calorimeter cluster which is identified as a K

0

L
candidate, based on cluster energy and event shape infor-
mation, are rejected.180

Additional background suppression is obtained by ex-
ploiting correlations between the momenta and angular
distributions of the ⌧ decay daughters in the signal B rest
frame. The signal B rest frame is estimated from the 4-
vector of the reconstructed tag B. A set of neural nets,185

one for each of the ⌧+

⌧

� decay topologies, are trained to
discriminate signal from background based on four inputs:
the B rest frame momenta of the positively and negatively
charged ⌧ daughters, |p

+

| and |p�| respectively, the angle
cos ✓ ⌘ p

+

· p�/|p
+

||p�|, and E

extra

.190

Substantial backgrounds remain following this selec-
tion, primarily arising from b! c! s processes with sig-
nificant missing energy and no identified kaon. Typically
these are B decays with an undetected KL, with one or
more particles passing outside of the detector acceptance195

and/or semileptonic B or charm decays. A total of 281±48
background events are expected and 263 ± 19 events are
observed in data, distributed across all modes. A 90% C.L.
branching fraction limit of B(B0 ! ⌧

+

⌧

�) < 4.1 ⇥ 10�3

is obtained. Because of the limited sensitivity imposed by200

the high backgrounds, this analysis has not been repeated,
either by BABAR with a larger data sample or by Belle.

17.11.1.3 B

0 ! `

+

`

�
� (` = e, µ)

The B

0 ! `

+

`

�
� (` = e or µ) decays can occur by emit-

ting a photon from any of the initial or final-state fermions205

of B

0 ! `

+

`

�. But the dominant contribution comes from
the process where a photon is emitted from one of the
initial-state quarks, thus making it free from the helicity
suppression associated with B

0 ! `

+

`

�. In the SM, the
expected branching fractions for B

0 ! `

+

`

�
� are about210

10�10 (Aliev, Ozpineci, and Savci, 1997; Eilam, Halperin,
and Mendel, 1995). Therefore, observation of such signals
with current sensitivities of BABAR and Belle would pro-
vide clear evidence for new physics.

BABAR has searched for these decays using an event215

sample of 320⇥ 106

BB pairs. The signal MC events are
simulated using the leading-order calculation of the Wil-
son coe�cients C

7

, C

9

, and C

10

(Dincer and Sehgal, 2001)
(see also section 17.9 for a description of electroweak pen-
guin Wilson coe�cients) . The signal candidates are se-220

lected by combining a pair of oppositely-charged leptons
and a photon and requiring �0.5  �E  0.5 GeV and
5.0  m

ES

 5.3 GeV/c

2. The signals are counted in the
region (signal box), �0.146(�0.112)  �E  0.082 GeV
and 5.270  m

ES

 5.289 GeV/c

2 for the e

+

e

�
� (µ+

µ

�
�)225

mode. The dominant backgrounds include: (1) un-modelled
higher-order QED and two-photon processes for the e

+

e

�
�

mode, (2) B decays where ⇡0 produces the photon or J/ 

(or  (2S)) produces one or both of the leptons, and (3)
continuum processes. The backgrounds of type (1) are sup-230

pressed by requiring tightened fiducial conditions for the
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Inclusive b→sγ

•In general, inclusive B→Xs/dγ are theoretically clean but 
experimentally challenging compared to exclusive modes.

•BF(B→Xsγ): limit in charged Higgs mass

•BR and SM expectation currently have 7% errors

•Energy Spectrum&Moments: Determine heavy quark 
parameters for Vub extraction.

•ACP(B→Xsγ): Direct CP asymmetry in inclusive decays have 
sizeable long-distance contributions. However these may be 
robust with up to 10% deviations in non-SM models. 

•BF(B→Xdγ)/BF(B→Xsγ) : extract |Vtd/Vts|.

8
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BF(B→Xsγ)

•Three methods for inclusive analysis for B→Xsγ (in chronological order)

•Fully inclusive

•Subtract the on-resonance photon energy spectrum by the continuum spectrum.

•Free from the model uncertainty of hadronic system (Xs).

•Generally, has large backgrounds.

•Lepton tag is sometimes used for background suppression and flavor tagging.

•Sum of exclusive modes (semi-inclusive; pseudo-reconstruction).

•Reconstruct hadronic system (Xs) as a sum of exclusive modes. 

•Signal is cleaner than using the fully inclusive method.

•Model uncertainty of hadronic system; missing modes.

•Separation of Xs and Xd.

•Recoil tag (full reconstruction).

•Fully reconstruct the other side B.

•Very low efficiency (<1%), but very clean (continuum bkg becomes negligible).

•Measurement in B frame. Access to flavour information etc.

9
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Experimental Status: Inclusive b→sγ

10

Data
Background
subtracted

Fully Inclusive measurement
657M BB
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Recoil tag BF(B→Xsγ)

•Babar Analysis with 210 fb-1

•0.68 M tagged BB events with ~0.3% full recon. efficiency

•23% statistical error.

•By scaling the stat., get 3% stat. error at 10 ab-1

•BB background subtraction using MC

11

%)�%%)�%%)�%%)�%ൺ;ൺ;ൺ;ൺ;VVVVγγγγ����
>3K\V��5HY���'�����������������@

%D%DU�$QDO\VLV�ZLWK�����IE�

• �����0�WDJJHG�%%�HYHQWV�ZLWK������IXOO�
UHFRQ��HIILFLHQF\�
• ����VWDWLVWLFDO�HUURU�• ����VWDWLVWLFDO�HUURU�
• %%�EDFNJURXQG�VXEWUDFWLRQ�XVLQJ�0&�

VLJQDO�
��%%

6HS���������6HS���������6HS���������6HS���������
([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%ൺൺൺൺ;;;;VVVV�G�G�G�Gγγγγ DQG�%DQG�%DQG�%DQG�%ൺൺൺൺ;;;;VVVV�G��G��G��G�ഢഢഢഢഢഢഢഢ

&.0�����#�:DUZLFN&.0�����#�:DUZLFN&.0�����#�:DUZLFN&.0�����#�:DUZLFN
6

6��1LVKLGD�6��1LVKLGD�6��1LVKLGD�6��1LVKLGD��.(.�.(.�.(.�.(.����

����(γ�����>*H9@�FKDUJHG�%

%\�VFDOLQJ�WKH�VWDW��HUURU�����VWDWLVWLFDO�HUURU�DW����DE��

%)�%%)�%%)�%%)�%ൺ;ൺ;ൺ;ൺ;VVVVγγγγ����
>3K\V��5HY���'�����������������@

%D%DU�$QDO\VLV�ZLWK�����IE�

• �����0�WDJJHG�%%�HYHQWV�ZLWK������IXOO�
UHFRQ��HIILFLHQF\�
• ����VWDWLVWLFDO�HUURU�• ����VWDWLVWLFDO�HUURU�
• %%�EDFNJURXQG�VXEWUDFWLRQ�XVLQJ�0&�

VLJQDO�
��%%

6HS���������6HS���������6HS���������6HS���������
([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%ൺൺൺൺ;;;;VVVV�G�G�G�Gγγγγ DQG�%DQG�%DQG�%DQG�%ൺൺൺൺ;;;;VVVV�G��G��G��G�ഢഢഢഢഢഢഢഢ

&.0�����#�:DUZLFN&.0�����#�:DUZLFN&.0�����#�:DUZLFN&.0�����#�:DUZLFN
6

6��1LVKLGD�6��1LVKLGD�6��1LVKLGD�6��1LVKLGD��.(.�.(.�.(.�.(.����

����(γ�����>*H9@�FKDUJHG�%

%\�VFDOLQJ�WKH�VWDW��HUURU�����VWDWLVWLFDO�HUURU�DW����DE��

%)�%%)�%%)�%%)�%ൺ;ൺ;ൺ;ൺ;VVVVγγγγ����
>3K\V��5HY���'�����������������@

%D%DU�$QDO\VLV�ZLWK�����IE�

• �����0�WDJJHG�%%�HYHQWV�ZLWK������IXOO�
UHFRQ��HIILFLHQF\�
• ����VWDWLVWLFDO�HUURU�• ����VWDWLVWLFDO�HUURU�
• %%�EDFNJURXQG�VXEWUDFWLRQ�XVLQJ�0&�

VLJQDO�
��%%

6HS���������6HS���������6HS���������6HS���������
([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%ൺൺൺൺ;;;;VVVV�G�G�G�Gγγγγ DQG�%DQG�%DQG�%DQG�%ൺൺൺൺ;;;;VVVV�G��G��G��G�ഢഢഢഢഢഢഢഢ

&.0�����#�:DUZLFN&.0�����#�:DUZLFN&.0�����#�:DUZLFN&.0�����#�:DUZLFN
6

6��1LVKLGD�6��1LVKLGD�6��1LVKLGD�6��1LVKLGD��.(.�.(.�.(.�.(.����

����(γ�����>*H9@�FKDUJHG�%

%\�VFDOLQJ�WKH�VWDW��HUURU�����VWDWLVWLFDO�HUURU�DW����DE��



EWP Workshop, September 2012 Phillip URQUIJO

Status of BF(B→Xsγ)

•At Belle/Babar, the fully inclusive method, or the sum of exclusive methods have given the 
most precise results, but they are already systematics dominated. This is due to continuum 
and B backgrounds.

•L(off-resonance)/L(on-resonance)~0.1

•In the future (with > 10 ab−1), recoil tag method will be most promising.

•or a much longer off-resonance run

12

Mode BF Emin B(Eγ>Emin) Bcnv.(Eγ>1.6)

CLEO Inc. 321±43±27+18
-10 2.0 306±41±26 327±44±28±6

Babar Inc. 1.9 367±29±34±29 390±31±47±4

Belle Inc. - 1.7 345±15±40 347±15±40±1

Babar Full Inc. 391±91±64 1.9 366±85±60 389±91±64±4

Belle Semi. 336±53±42+50
-54 2.24 - 369±58±46+56

-60

Babar Semi. 335±19+56+4
-41-9 1.9 327±18+55+4

-40-9 349±20+59+4
-46-3
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BF(B→Xsγ)

•Other B decays are the main background source.

•Decay of π0, η : largest, but can be calibrated with control sample. 

•Other decay (ω, η’, J/ψ), and hadronic interactions of neutral particles in the 
calorimeter..
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•According to Belle inclusive analysis, 
6-7% systematic error is assigned to B 
background (excluding π0, η decay)

•The effect might be less for full 
reconstruction, but still around 3-5% 
systematic expected.

•This might be adequate with the 
current theory prediction.
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• ���LQ�ಯ6XSHU%�3URJUHVV�5HSRUWರ
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ACP(B→Xsγ), ACP(B→Xs+dγ)

•Sum of exclusives give ACP(B→Xsγ),

•ACP(B→Xsγ:Belle 140 fb−1) = 0.002 ± 0.050 ± 0.030 

•ACP(B→Xsγ:Babar 383 M BB) = −0.011 ± 0.030 ± 0.014 

•Most systematic errors are limited by the control sample statistics, 
and can be reduced in the future.

•Scaled 140 fb−1 from Belle results:

•δACP(B→Xsγ)[@5ab−1]=±0.009(stat)±0.006(syst),

•δACP(B→Xsγ)[@50ab−1]=±0.003(stat)±0.002(syst)± 0.003(model)

•Sensitivity to O(1%) asymmetry.

•Question: how to estimate the model error due to missing modes?

14
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-0.006<ACP(B→Xsγ)<0.028
-0.62<ACP(B→Xdγ)<0.14
ACP(B→Xs/dγ)~0
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ACP(B→Xs+dγ)

•Lepton tag
Wrong tag due to mixing (9%), 
lepton from non-B (3%), fakes.

•B→Xdγ is included in the signal.

•By simple extrapolation, 1% 
statistical error @ 10 ab−1

•Challenging due to detector bias, 
fitting systematics etc.
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where the first set of errors are statistical, systematic and
model, and their combination in the second form takes
the model-systematic correlation into account.
This value may be compared to the reported branch-

ing fraction of (3.20 ± 0.15 ± 0.29 ± 0.08) × 10−4 =
(3.20± 0.33)× 10−4 from Table XI; the three uncertain-
ties (independent in that case) are added in quadrature.
The difference in the central values is due to the differ-
ent choice of the central model; if a data-like model had
been used in Sec. X, the extracted branching fraction
would have been 3.36 × 10−4, the same value obtained
with unfolding.
The smaller statistical and systematic uncertainties on

the branching fraction from Table XI are in large part a
consequence of applying the efficiency correction to a sin-
gle wide bin of photon energy. As discussed in Sec. VIII,
this de-emphasizes the importance of the uncertainties in
the lowest-energy region, where signal efficiency is lowest
and background uncertainties are largest. The branching
fraction as derived from the unfolded spectrum of neces-
sity relies upon efficiency corrections in 100-MeV bins. In
addition, the combined uncertainty on the latter result is
increased by the model-background correlation discussed
above, an effect which does not occur when the model
range is chosen as described in Sec. XB.

F. Moments of the Spectrum

The moments of the spectrum provide information to
measure the HQET parameters mb and µ2

π in the kinetic
scheme [23]. The first, second and third spectral mo-
ments, E1, E2, E3 are defined in Sec. I, Eq. (1). They are
measured for three photon energy ranges: 1.8 to 2.8GeV,
1.9 to 2.8GeV and 2.0 to 2.8GeV. The moments are com-
puted directly from the unfolded spectrum in 100-Mev
bins given in Tables XIII and XIV using the correlation
matrices given in Tables XV and XVI.
The behavior of the moments for different photon en-

ergy ranges has been studied theoretically in the kinetic
scheme. The spectral moments in E∗ true

γ are given in
Table XVIII. The correlations between the moments are
given in Table XX to allow fits to predictions of the mo-
ments. The EB

γ spectral moments and correlations be-
tween the moments are given in Tables XIX and XXI.

XII. CONCLUSIONS

In summary, the B → Xs+dγ photon energy spectrum
in the CM frame has been measured in 347.1 fb−1 of data
taken with the BABAR experiment. It is used to extract
measurements of the direct CP asymmetry for the sum of
B → Xsγ and B → Xdγ, the branching fraction for B →
Xsγ, and the spectral shape and its energy moments in
the B-meson rest frame. The result for CP asymmetry
is

ACP = 0.057± 0.060(stat)± 0.018(syst) .

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

This Analysis

CLEO lepton Tag

Babar hadron Tag

Babar lepton Tag

)γs+d X→(B CPA

SM

FIG. 15: Measurements of ACP (B → Xs+dγ), with statistical
and systematic errors. The three published results, top to
bottom, are from references [42], [43] and [32], respectively.

The branching fraction and moments are presented for
three ranges of the photon energy in the B-meson rest
frame, 1.8, 1.9 and 2.0 to 2.8GeV (Tables XI and XIX).
For example, in the 1.8 to 2.8GeV range:

B(B → Xsγ) = (3.21± 0.15± 0.29± 0.08)× 10−4 ,

E1 = (2.267± 0.019± 0.032± 0.003)GeV and

E2 = (0.0484± 0.0053± 0.0077± 0.0005)GeV2 ,

where the errors are from ststistics, systematics and
model dependence, respectively, and the moments are
defined in Eq. 1.
Figure 15 compares the measured ACP (B → Xs+dγ)

to previous measurements and to the SM prediction. No
asymmetry is observed, consistent with SM expectation.
The current measurement is the most precise to date.
Figure 16 compares the measured branching fraction

to previous measurements performed for different Eγ

ranges. This measurement supersedes the previous fully
inclusive measurement from BABAR. It is consistent with
previous measurements and of comparable precision to
the recent Belle measurement [40]. In order to com-
pare with theoretical predictions the measurement for
EB

γ > 1.8GeV can be extrapolated down to 1.6GeV using
a factor provided by the HFAG collaboration [25]. They
fit results from previous measurements of B → Xsγ and
B → Xc"ν to predictions in the kinetic scheme to yield
average values of mb and µ2

π. These parameters are then
used to generate a B → Xsγ model in the kinetic scheme
which gives an extrapolation factor of 1/(0.968± 0.006).
When applied to the present result this gives B(B →
Xsγ) = (3.31±0.16±0.30±0.10)×10−4 (EB

γ > 1.6GeV)
which is in excellent agreement with the SM prediction

•Lepton tag
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Current limits from current B→Xsγ measurements
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Figure 6: A closer look at the 2HDM type-II results. Left: ∆B(µ0)/∆B(µ0 = MH+) as a
function of µ0 for tanβ = 50 and MH+ = 400GeV at the LO (dotted), NLO (dashed) and
NNLO (solid). Dash-dotted lines correspond to the partial NNLO result which has been
used in Ref. [9]. Right: B(B̄ → Xsγ) as a function of MH+ for tan β = 50. Middle lines
show the central values, while the upper and lower ones are shifted by ±1σ. Solid and
dashed lines correspond to the NNLO 2HDM and SM predictions, respectively. Dotted
curves represent the experimental average in Eq. (1).

the photon energy cut is E0 = 1.6GeV. Furthermore, if not stated otherwise, we choose
µ0 = 160GeV, µb = 2.5GeV and µc = 1.5GeV for the renormalization scales, where µ0

is the matching scale, µb is the scale at which on-shell matrix elements in the effective
theory are evaluated, and µc is the charm quark mass renormalization scale.

In a first step, let us discuss the branching ratio dependence on tanβ. In Fig. 5(a), we
chooseMH+ = 400GeV and show B(B̄ → Xsγ) in the 2HDM type-II for 0.5 ≤ tanβ ≤ 10.
The solid curve describes the NNLO result, while the dotted and dashed ones show the LO
and NLO central values for comparison. One observes strong dependence for tan β < 2 and
a nearly tan β-independent result for tanβ > 2. Actually, from tan β = 10 to tanβ = 50,
the branching ratio changes only by 0.03%. In the following, tan β = 50 is going to be
our default value for the type-II model; choosing tanβ < 2 would strengthen the lower
limit on MH+ .

In Fig. 5(b), we show B(B̄ → Xsγ) in the same model with tanβ = 50 as a function of
MH+ . As expected, for large values of MH+ , the 2HDM result approaches the SM one
that overlaps with the bottom frame of the plot in the NNLO case. For MH+ = 300GeV
the NNLO curve overshoots the SM prediction by about 35%, while the effect decreases
to around 2% at MH+ = 2 TeV.

The main effect of our new three-loop terms is in reducing µ0-dependence of the decay rate
and, in consequence, stabilizing the lower bound on MH+ . This is illustrated in Fig. 6(a)
where the charged Higgs contribution to the branching ratio ∆B ≡ B2HDM−BSM is plotted
as a function of µ0, while normalized to its own value at µ0 = MH+ = 400GeV. Apart
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Lower bounds on MH+ at the 95% 
C.L. as a function of the 
experimentally determined 
branching ratio (abscissa) and the 
corresponding uncertainty 
(ordinate). The current theory 
uncertainty has been used in panel 
(a), while panel (b) presents a 
future projection with assumed 
reduction of the theory uncertainty 
by a factor of two.
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Figure 7: Lower bounds on MH+ at the 95% C.L. as a function of the experimentally
determined branching ratio (abscissa) and the corresponding uncertainty (ordinate). The
current theory uncertainty has been used in panel (a), while panel (b) presents a future
projection with assumed reduction of the theory uncertainty by a factor of two.

From Fig. 6(b) one can extract (using the procedure described above) the following limits
on MH+ in the 2HDM type-II:

MH+ ≥ 380 GeV at 95% C.L. ,

MH+ ≥ 289 GeV at 99% C.L. . (37)

The above bounds replace the ones of Ref. [9] (295 and 230GeV, respectively). Our
95% C.L. limit is very close to the one presented in Ref. [7] (385GeV) together with the
new experimental average (Eq. (1)). On the other hand, it is significantly stronger than
the one in Ref. [4] (327GeV) that is based on the BABAR data alone. It is interesting
to mention that when the matching scale µ0 is varied between 80 and 400 GeV, the lower
limits vary by around 25 GeV when our new three-loop 2HDM matching contributions
are not included. This gets reduced to around 7 GeV only after including the three-loop
corrections, which demonstrates the stabilizing effect of the full NNLO matching. On the
other hand, for µ0 = 160 GeV fixed, the correction strengthens the limit only slightly, by
5÷ 6 GeV.

The contour plots in Fig. 7 show the 95% C.L. lower bounds on MH+ as functions of
the experimentally determined branching ratio and the corresponding uncertainty. Black
dots correspond to the result in Eq. (1), while the two black lines at the bottom indicate
the projected uncertainty to be reached by Belle II and SuperB [30]. The current theory

16
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Energy spectrum&moments of B→Xsγ

•Spectrum&Moments are used to determine 
Heavy quark parameters, mb and b-Fermi 
motion kinetic energy (e.g. µπ

2,l1)

•Important for precise |Vub|

•Insensitive to NP

•Energy moments from BABAR, Belle and 
CLEO for different Eg selection are consistent.
• Belle: PRL 103, 241801 (2009), BABAR: arXiv: 

1207.5772(2012) ,BABAR: PRD 72, 052004 (2005), CLEO: PRL 87, 
251807 (2001)

•HFAG 2012 (1S, using SL & radiative) 
Radiative provide very strong constraints

•mb=4.696 +/- 0.043 GeV, l1=-0.354 +/- 
0.072 GeV2

•(1S, using SL)

•mb=4.595 +/- 0.110 GeV, l1=-0.428 +/- 
0.099 GeV2
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-4)/10γs X→B(B 

FIG. 16: The measured branching fraction for this anal-
ysis (!) compared to previous measurements for different
Eγ ranges (minimum energies EB

γ given on the left axis).
The previous measurements are from CLEO (∗) [33], Belle
(") [40], and BABAR using the semi-inclusive technique
(!) [41]. Error bars show total uncertainties.

B(B → Xsγ) = 3.15 ± 0.23 × 10−4(Eγ > 1.6GeV)
[15] and can be used to provide stringent constraints on
new physics. An example is shown in Figure 17. The
effects of a type-II two-Higgs-doublet model (THDM)
on B(B → Xsγ) at next-to-leading order are presented
in Refs. [15, 63]. Software provided by the author of
Ref. [63] computes an excluded region, following a pro-
cedure described in Ref. [64]. The branching fraction,
including both the SM and the THDM contributions, is
calculated for each point in the MH± vs. tanβ plane.

FIG. 17: The shaded area shows the excluded region (at the
95% confidence level) in charged Higgs mass vs. tanβ for a
type-II two-Higgs-doublet model, using the measured value
of B(B → Xsγ) = (3.31 ± 0.16 ± 0.30 ± 0.10) × 10−4 (EB

γ >
1.6GeV) from this analysis. This plot is based on predictions
in references [15] and [63].

The various theoretical uncertainties are assumed to have
Gaussian distributions, and are combined in quadrature.
A point is then excluded if the negative 1σ deviation of
the prediction lies above the 95% confidence-level upper
limit of the measured branching fraction extrapolated to
1.6GeV. The region MH± < 327GeV is excluded at the
95% confidence level, independent of tanβ.
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FIG. 18: The measured first (top) and second (bottom) mo-
ments from this analysis (!) compared with the previous mea-
surement for different Eγ ranges (minimum energies given
on the left axis). These previous measurements are CLEO
(∗) [33], BABAR semi-inclusive (!) [41], and Belle (") [40].
Error bars show total uncertainties.

The effects of detector resolution and Doppler smear-
ing are unfolded to present the photon spectrum in the
B-meson rest frame for the first time in Fig. 14. This
spectrum may be used to extract information on HQET
parameters in two ways. First, the full covariance matrix
is provided to allow any theoretical model to be fit to
the entire spectrum. Secondly the moments have been
extracted and can be compared to predictions for differ-
ence energy ranges. Figure 18 compares the measured
moments to previous measurements.

Babar Inc.

ΔBelle Inc.

☐Babar Semi.

✳CLEO
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BF(B→Xdγ)
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7R�VXSSUHVV�bൺsγ
• 6XP�RI�H[FOXVLYH�PHWKRGV�
• 6WUDQJHQHVV�WDJ��ILQG�.�LQ�HYHQWV��

•B→Xdγ: |Vtd/Vts|

•Huge background from B→Xsγ
•To suppress b→sγ, 

•sum of exclusive methods and 

•strangeness tagging (find K in the event)

•New tree level b→sγ calculations may shed some light 
on ssbar popping backgrounds: arXiv1209.0965

http://arxiv
http://arxiv
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BF(B→Xdγ)

•MC study for Belle II

•sum up 2 to 4 pions, 
including up to 1 π0 for 
M(Xd)<2.0 GeV
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•20% systematics, 
mainly from b→sγ 
normalisation

tions of ∆E and mES. For signal, the mES spectrum is
described by a Crystal Ball function [12], and ∆E by
a Cruijff function [13]. The parameters of these func-
tions are determined from the fit to the high-statistics
B → Xsγ data sample. We use these fitted values to fix
the signal shape in the fits to B → Xdγ events.
The remaining B backgrounds contain a small compo-

nent that peaks in mES but not ∆E, which is modeled by
a Gaussian distribution in mES. Continuum and other
non-peaking backgrounds are described by an ARGUS
shape [14] in mES and a second-order polynomial in ∆E.
We perform separate fits for B → Xdγ and B → Xsγ

in each of the hadronic mass ranges 0.5-1.0GeV/c2 and
1.0-2.0GeV/c2. For each of the four fits, we combine
the component PDFs and fit for the signal, generic B
and continuum yields, the ARGUS and two polynomial
shape parameters. We scale the cross-feed contributions
proportionally to the fitted signal yield, re-fit and iterate
until the procedure converges. Projections of mES and
∆E from fits to data for B → Xsγ and B → Xdγ are
shown in the high mass regions in Figure 1. Table II
gives the signal yields, efficiencies (after corrections for
systematic effects) and partial branching fractions (PB).
We calculate PB using PB(B → Xγ) = NS/(2 εNBB̄),
whereNBB̄ is the number ofBB̄ pairs in the data sample.

FIG. 1: Projections of ∆E with 5.275 < mES < 5.286GeV/c2

for (a) B → Xsγ and (b) B → Xdγ, and of mES with
−0.1 < ∆E < 0.05GeV for (c) B → Xsγ and (d) B → Xdγ
in the mass range 1.0-2.0 GeV/c2. Data points are compared
with the sum of all the fit contributions (solid line). The
jagged line is an artifact of the fit projection over the sum of
several binned histograms. The dashed line shows the signal
component.

We have investigated a number of sources of systematic
uncertainty in the measurement of the partial branching

fractions, some of which are common to both B → Xdγ
and B → Xsγ and cancel in the ratio of branching frac-
tions (see Table III: those that do not cancel in the ratio
are marked by an asterisk). Uncertainties in tracking ef-
ficiency, particle identification, γ and π0 reconstruction,
and the π0/η veto have been evaluated using indepen-
dent control samples of data and MC simulated events,
and incorporated into our analysis. Uncertainty due to
the NN selection has been evaluated by comparing the ef-
ficiency of the selection in data and MC for the B → Xsγ
events, which are relatively free of background, assuming
that potential discrepancies between data and MC are
the same for the B → Xdγ sample. The means and
widths of the signal PDF are varied within the range
allowed by the fit to the B → Xsγ data, accounting
for correlations. Other PDF parameters are also varied
within the 1σ limits determined from the fit to MC. We
vary the b → sγ background in the fit to B → Xdγ by
the statistical uncertainty on our measurement of those
decays. The signal cross-feed originating from our mea-
sured channels is varied by the statistical uncertainty on
our measurement; other signal cross-feed backgrounds by
±50%. An additional uncertainty on the efficiency arises
from the fragmentation of the hadronic system among
the measured final states. For B → Xsγ the uncertainty
is constrained by the errors on the measured data; for
B → Xdγ an estimate is obtained from the difference be-
tween the default phase-space fragmentation (see below)
and a re-weighting using the measured data/MC differ-
ences in B → Xsγ.

To obtain inclusive B(b → sγ) and B(b → dγ) we need
to correct the partial B values in Table II for the frac-
tions of missing final states. After correcting for the 50%
of missing decay modes with neutral kaons, the low mass
B → Xsγ measurement is found to be consistent with
previous measurements of the rate for B → K∗γ [15]. For
the low mass B → Xdγ region, we correct for the small
amount of non-reconstructed ω final states (for example,
ω → π0γ), and find a partial branching fraction consis-
tent with previous measurements of B(B → (ρ,ω)γ) [15].
We assume that non-resonant decays do not contribute
in this region.

In the high mass region, the missing fractions depend
on the fragmentation of the hadronic system and are ex-
pected to be different for Xd and Xs. In our signal MC,
fragmentation is modeled by selecting an array of final-
state particles and resonances according to the phase-
space probability of the final state, as implemented by
JETSET [16]. We further constrain the distribution of
Xs final states to that observed for our seven decay modes
as well as the distributions of a number of other states
measured in [17]. According to this MC model we re-
construct 43% of the total width in b → dγ , and 36%
in b → sγ . A further 37% of the width of b → sγ is
constrained by the isospin relation between charged and
neutral kaon decays. We explore the uncertainty in the
correction for missing modes by considering several al-
ternative models: replacing 50% of b → sγ and b → dγ
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BF(B→Xdγ)

•A large part of the systematic 
error comes from missing 
modes or fragmentation.

•These will be improved by 
statistics (e.g. more 
reconstruction modes), but 
only slightly.

•What can we learn from 
B→Xsγ ?

20

TABLE II: Signal yields (NS), efficiencies (ε), partial branching fractions (PB), inclusive branching fractions (B) and the ratio
of inclusive branching fractions for the measured decay modes. The first error is statistical and second is systematic (including
an error from extrapolation to missing decay modes, for the inclusive B).

M(Xs)0.5− 1.0 M(Xd)0.5− 1.0 M(Xs)1.0− 2.0 M(Xd)1.0− 2.0 M(Xs)0.5− 2.0 M(Xd)0.5− 2.0
NS 804± 33 35± 9 990± 42 56± 14 - -
ε 4.5% 3.1% 1.6% 1.9% - -

PB(×10−6) 19± 1± 1 1.2± 0.3± 0.1 66± 3± 6 3.2± 0.8± 0.5 - -
B(×10−6) 38± 2± 2 1.3± 0.3± 0.1 192± 8± 29 7.9± 2.0± 2.2 230± 8± 30 9.2± 2.0± 2.3
B(b→dγ)
B(b→sγ) 0.033 ± 0.009 ± 0.003 - 0.040 ± 0.009 ± 0.010

TABLE III: Systematic errors on the measured partial and
inclusive branching fractions B. Systematic errors that do
not cancel in the ratio of rates are marked with (*).

Systematic M(Xs) M(Xd)
Error Source 0.5-1.0 1.0-2.0 0.5-1.0 1.0-2.0
Track selection 0.3% 0.4% 0.3% 0.4%
Photon reconstruction 1.8% 1.8% 1.8% 1.8%
π0/η reconstruction 0.9% 1.1% 1.4% 1.6%
Neural network 1.1% 4.9% 1.1% 4.9%
B counting 0.6% 0.6% 0.6% 0.6%
PID (*) 2.0% 2.0% 2.0% 2.0%
Fit bias (*) 0.1% 0.9% 4.9% 6.5%
PDF shapes (*) 2.3% 0.6% 3.7% 3.4%
Histogram binning (*) 0.8% 0.2% 1.8% 1.8%
Background (*) 0.8% 1.2% 5.9% 7.0%
Fragmentation (*) - 3.3% - 5.1%
Signal model - 5.8% - 6.0%
Error on partial B 4.0% 9.0% 9.3% 14.2%
Missing ≥ 5 body 9.6% 18.2%
Other missing states 7.5% 15.3%
Spectrum Model 1.8% 1.6%
Error on inclusive B 4.0% 15.2% 9.3% 27.7%

hadronic final states with a mix of resonances; varying
b → sγ fragmentation constraints within their statisti-
cal uncertainties; and setting the b → dγ fragmentation
rates to those of their corresponding b → sγ states. The
resulting missing fractions vary by up to 50(40)% rela-
tive to the nominal model in B → Xsγ(B → Xdγ). We
therefore independently vary final states with ≥ 5 stable
hadrons, or with ≥ 2π0 or η mesons, by ±50(40)%.
Results for the corrected B values are shown in Ta-

ble II. Adding the two mass regions, taking into account
a partial cancellation of the missing fraction uncertain-
ties in the ratio of b → dγ to b → sγ , we find B(b →
dγ)/B(b → sγ) = 0.040 ± 0.009(stat.) ± 0.010(syst.) in
the mass range M(X) < 2.0GeV/c2.
We correct for the unmeasured region M(X) >

2.0 GeV/c2 using the spectral shape from Kagan-
Neubert [18] with the kinetic parameters (mb, µ2

π) =

(4.65± 0.05,−0.52± 0.08) extracted from fits of b → sγ
and b → c$ν data [19], yielding corrections of 1.66±0.03;
the spectra for b → sγ and b → dγ are expected to be
almost identical.
Conversion of the ratio of inclusive branching fractions

to the ratio |Vtd/Vts| is done according to [6], which re-
quires the Wolfenstein parameters ρ̄ and η̄ as input. How-
ever, since the world average of these quantities relies on
previous measurements of |Vtd/Vts| we instead re-express
ρ̄ and η̄ in terms of the world average of the indepen-
dent CKM angle β [15]. This procedure yields a value of
|Vtd/Vts| = 0.199±0.022(stat.)±0.024(syst.)±0.002(th.),
compatible and competitive with more model-dependent
determinations from the measurement of the exclusive
modes B → (ρ,ω)γ and B → K∗γ [4, 5].
In summary, we have measured the inclusive b → sγ

and b → dγ transition rates using a sum of seven fi-
nal states in the hadronic mass range up to 2.0GeV/c2,
making the first significant observation of the b → dγ
transition in the region above 1.0GeV/c2. The value of
|Vtd/Vts| derived from these measurements has an exper-
imental uncertainty approaching that from the measure-
ment of exclusive decays B → (ρ,ω)γ and B → K∗γ, but
a significantly smaller theoretical uncertainty.
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BF(B→Xdγ)

•Another possibility: full reconstruction + strangeness tag

•Strangeness tag : not so straightforward

•Will fail for KS→π0π0,KL :33% of K 

•Baryonic decay (Λ: ok, but Σ ?)

•ssbar popping (e.g. B→KKγ)

21
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•A study in SLAC-R-709 “The 
Discovery Potential of a Super B 
Factory”

•Semi-leptonic tag is assumed.

•10-20% for |Vtd/Vts|@10 ab−1.

•If full reconstruction is necessary, 
need one order of magnitude

•more statistics (program@50 ab−1)
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Some detector improvements

•Photons: ECL (Calo.) waveform sampling. 
Improved energy resolution. CsI coverage 
extended to endcap.

•K/π: TOP+ARICH Significant 
improvement in discrimination.

22

Improved PID Performance (Luminosity gain)�

26 
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π+ π− Ks track

 IP profile

B vertex

γ
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γ

B decay point reconstruction 
with KS trajectory

Larger radial 
coverage of SVD
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Less Coulomb
scatterings

Pixel detector close
to the beam pipe
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Exclusive Golden mode: B→ KS π0 γ

•Flavour factories will do time-dependent CP-violation in exclusive 
mode B→ KS π0 γ

23

•New Vertexing 
layout: PIXEL
+STRIPS 
resolution: 
20µm to 10µm 
(large p).
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Radiative leptonic B+ → e+(μ+)ν γ
•Access to B distribution function 

parameter, λB

•BSM(B+ → e+(μ+)ν γ) = 5.0 × 10−6

•BaBar limits at 90% CL:

•Model independent: 

•< 17 × 10−6 (electrons), 

•< 26 × 10−6 (muons) 

•Model specific: 

•< 8.4 × 10−6 (electrons), 

•< 6.7 × 10−6 (muons)

•Belle: Results in preparation. Expect 
limits close to the SM value.

•It will be a Super FF precision 
measurement ~25 signal events per e and 
µ modes per 1 ab-1 with hadron tagging!
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•MC study, ~703 fb-1

•e mode



B→Xsl+l- & B→Xulν
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Inclusive B→Xsl+l-

•Theoretically clean compared to exclusive, error <5% at AFB=0

•More challenging than B→Xs/dγ (two orders of magnitudes lower B.F.), BR error 
~25%.

•Measurements: Branching fraction, forward backward asymmetry etc. (similar to 
exclusive B→K* ll).

•Study possible only in e+e− B factories.

•But, So far, all the analyses at BaBar and Belle are based on the sum of exclusive 
modes method.

•Acceptance for electron and muons very similar allowing comparison, test of lepton 
universality, and CP violation 

•Theoretical error on BF(B→Xsl+l-) in high q2 (>14.4GeV) region may be reduced by 
using information from B→Xul+ν .

•Estimate error would decrease from 30% to 15%. In low q2 region errors are ~10%.

•“Sum of exclusive modes” has been used at B Factories. “Recoil method” will 
become increasingly useful at Flavour factories (efficiency ~0.5% but improves 
rejection of semi-leptonic background).
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Inclusive B→Xs/dl+l- (Sum of Excl.)

•283.2±26.4±2.3 events :  B(B→Xsl+l-)=3.33±0.80+0.19
-0.24 ) 10-6

•18 Xs modes used, fraction of the Xs decay states covered by this semi- inclusive 
method is approximately 62% (41 % and 21 % for K± and KS

0 states, respectively)

•K±, K±π0, K±π∓, K±π∓π0, K±π∓π±, K±π∓π±π0, K±π∓π±π∓, K±π∓π±π∓π0, K±π∓π±π∓π±, KS
0 , 

KS
0 π0, KS0 π± , KS0 π± π0 , KS0π±π∓ , KS0π±π∓π0, KS

0π±π∓π±, KS
0π±π∓π±π0, and 

KS
0π±π∓π±π∓.
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Inclusive B→Xs/dl+l-

•So far, MXs and q2 
dependence for a few 
bins are obtained.

•Still statistics 
dominated.

•Main systematic error 
sources

•assumed Kll, K*ll 
fraction (6%)

•hadronisation + 
missing mode (5%)

28

%%%%ൺ;ൺ;ൺ;ൺ;VVVV�G��G��G��G�ഢഢഢഢഢഢഢഢ

• So far, MXs and q2 dependence for a few bins are obtained.
• Still statistics dominated.

DQDO\VLV�LPSURYHV�ZLWK

6HS���������6HS���������6HS���������6HS���������
([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%ൺൺൺൺ;;;;VVVV�G�G�G�Gγγγγ DQG�%DQG�%DQG�%DQG�%ൺൺൺൺ;;;;VVVV�G��G��G��G�ഢഢഢഢഢഢഢഢ

&.0�����#�:DUZLFN&.0�����#�:DUZLFN&.0�����#�:DUZLFN&.0�����#�:DUZLFN
18

6��1LVKLGD�6��1LVKLGD�6��1LVKLGD�6��1LVKLGD��.(.�.(.�.(.�.(.����

• Still statistics dominated.
• Main systematic error sources

 assumed Kℓℓ, K*ℓℓ fraction (6%)
 hadronization + missing mode (5%)

DQDO\VLV�LPSURYHV�ZLWK
VWDWLVWLFV

FRPSDULVRQ�ZLWK�;Vγ

%%%%ൺ;ൺ;ൺ;ൺ;VVVV�G��G��G��G�ഢഢഢഢഢഢഢഢ

• So far, MXs and q2 dependence for a few bins are obtained.
• Still statistics dominated.

DQDO\VLV�LPSURYHV�ZLWK

6HS���������6HS���������6HS���������6HS���������
([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%([SHULPHQWDO�3URVSHFWV�IRU�%ൺൺൺൺ;;;;VVVV�G�G�G�Gγγγγ DQG�%DQG�%DQG�%DQG�%ൺൺൺൺ;;;;VVVV�G��G��G��G�ഢഢഢഢഢഢഢഢ

&.0�����#�:DUZLFN&.0�����#�:DUZLFN&.0�����#�:DUZLFN&.0�����#�:DUZLFN
18

6��1LVKLGD�6��1LVKLGD�6��1LVKLGD�6��1LVKLGD��.(.�.(.�.(.�.(.����

• Still statistics dominated.
• Main systematic error sources

 assumed Kℓℓ, K*ℓℓ fraction (6%)
 hadronization + missing mode (5%)

DQDO\VLV�LPSURYHV�ZLWK
VWDWLVWLFV

FRPSDULVRQ�ZLWK�;Vγ

%%%%ൺ;ൺ;ൺ;ൺ;VVVV�G��G��G��G�ഢഢഢഢഢഢഢഢ

• So far, MXs and q2 dependence for a few bins are obtained.
• Still statistics dominated.

DQDO\VLV�LPSURYHV�ZLWK

6HS���������6HS���������6HS���������6HS��������� ([SHULPHQWDO�3URVSHFWV�IRU�%
([SHULPHQWDO�3URVSHFWV�IRU�%
([SHULPHQWDO�3URVSHFWV�IRU�%
([SHULPHQWDO�3URVSHFWV�IRU�%ൺൺൺൺ;;;;VVVV�G�G�G�Gγγγγ DQG�%DQG�%DQG�%DQG�%ൺൺൺൺ;;;;VVVV�G��G��G��G�ഢഢഢഢഢഢഢഢ &.0�����#�:DUZLFN

&.0�����#�:DUZLFN
&.0�����#�:DUZLFN
&.0�����#�:DUZLFN

18

6��1LVKLGD�6��1LVKLGD�6��1LVKLGD�6��1LVKLGD��.(.�.(.�.(.�.(.����

• Still statistics dominated.• Main systematic error sources assumed Kℓℓ, K*ℓℓ fraction (6%) hadronization + missing mode (5%)

DQDO\VLV�LPSURYHV�ZLWKVWDWLVWLFV

FRPSDULVRQ�ZLWK�;Vγ

%%%%ൺ;ൺ;ൺ;ൺ;VVVV�G��G��G��G�ഢഢഢഢഢഢഢഢ

• So far, MXs and q2 dependence for a few bins are obtained.

• Still statistics dominated. DQDO\VLV�LPSURY
HV�ZLWK

6HS���������6HS���������6HS���������6HS���������
([SHULPHQWDO�3

URVSHFWV�IRU�%
([SHULPHQWDO�3

URVSHFWV�IRU�%
([SHULPHQWDO�3

URVSHFWV�IRU�%
([SHULPHQWDO�3

URVSHFWV�IRU�%ൺൺൺൺ
;;;;VVVV�G�G�G�Gγγγγ DQG�%DQG�%DQG�%DQG�%ൺൺൺൺ;;;;VVVV�G��G��G��G�ഢഢഢഢഢഢഢഢ

&.0�����#�:DUZLFN
&.0�����#�:DUZLFN
&.0�����#�:DUZLFN
&.0�����#�:DUZLFN

18

6��1LVKLGD�6��1LVKLGD�6��1LVKLGD�6��1LVKLGD��.(
.�.(.�.(.�.(.����

• Still statistics dominated.

• Main systematic error sources

 assumed Kℓℓ, K*ℓℓ fraction (6%)

 hadronization + missing mode (5%)

DQDO\VLV�LPSURY
HV�ZLWK
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•Belle& Babar still yet to publish their results.
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Inclusive B→Xs/dl+l-
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AFB B→Xs/dl+l-

•Next Step: Forward-backward asymmetry, isospin asymmetry

•But, results & feasibility study exist only for exclusive modes.

•No estimation of forward backward asymmetry for inclusive mode

•One order of magnitude luminosity required to get reasonable 
uncertainties.

•Considering theoretical precision of exclusive modes, perhaps 
inclusive modes may not be competitive for some time.
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Current HFAG inclusive/exclusive results

31
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Inclusive |Vub|
•Unique to flavour factories.

•Measurement of |Vub| allows comparison of 
length of |Vub| side (tree) of Unitarity triangle 
and sin(2β) (loop).

•B→Xclν ~50 x larger than signal B→Xulν.

•Normalisation of decay spectra determines |Vub| 
while shape sensitive to mb and Fermi motion.

• Important feedback to B→Xs/d γ/l+l-

•Extra statistics at flavour factories will help to 
reduce theoretical and experimental systematic 
errors.

32

3 10×| 
ub

|V
3 3.5 4 4.5 5 5.5 6

da
ta

/m
c

>1.3 GeV*GGOU:p
-0.11
+0.10 0.27±Babar:4.33 

>1.0 GeV*GGOU:p
-0.11
+0.10 0.27±Belle:4.54 

GGOU: HFAG EOF2011
-0.14
+0.12 0.15±WA:4.39 

Untagged, LCSR
-0.32
+0.37 0.10±Babar:3.44 

Untagged, LCSR
-0.31
+0.37 0.10±Belle:3.44 

tagged, LCSR
-0.31
+0.37 0.14±Belle:3.38 

HFAG EOF2011 LCSR
-0.32
+0.37 0.07±WA:3.40 

HFAG EOF2011 Global Fit
 0.30±WA:3.30 

Belle, Lat.Ave. ICHEP 2012
 0.09± 0.53 ±:3.87 ν τ →B

WA (private), Lat.Ave. ICHEP 2012
 0.10± 0.42 ±:4.21 ν τ →B

Winter 2012
 -0.10
+0.21CKMfitter:3.41 

Summer 2012
 0.10±UTFIT:3.69 

HFAG Excl. 
Range 

In
cl
us
iv
e

Ex
cl
us
iv
e

HFAG Incl. Range 
(BLNP, DGE, GGOU, ADFR)

LCSR: Khodjamirian et al. 
q2 < 12
PRD 83:094031 (2011)

GGOU: Gambino 
et al.
JHEP 0710:058 
(2007)

B
→
τν

C
K
M

Fi
tte
rs



EWP Workshop, September 2012 Phillip URQUIJO

Exclusive |Vub| Double Ratios

•Can we learn something from Exclusive B→Xulν or use K(*)ll to 
improve Vub?, e.g. can double ratios cancel form factor errors? e.g. 
hep-ph/9711248 , or pQCD calculations in arXiv:1207.0265,

•K* & ρ lν will be studied to test for current chirality: 
complementary to EWP modes.

33

B ! ⇢`⌫̄` with hadronic tag at Belle
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Exclusive Vub projection



“Inclusive” B→Xνν, 
B→νν(invisible) 
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B → X ν ν
•Precise theoretical predictions (only one 

hadron in the final state, no charged leptons)

•Experimentally very challenging, Best 
constraints come from exclusive B→K(*)ν ν-
bar.

•Peaking backgrounds from B→τν
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B ! h(⇤)⌫⌫̄: results (Belle preliminary)

Channel Branching ratio
limit at 90% CL

Branching ratio
limit at 90% CL
previous Belle
analysis

PDG limit at 90% CL

B+ ! K+⌫⌫̄ 5.5 ⇥ 10�5 1.4 ⇥ 10�5 1.3 ⇥ 10�5

B+ ! K ⇤+⌫⌫̄
K ⇤+ ! K+⇡0

3.3 ⇥ 10�5 14 ⇥ 10�5 8 ⇥ 10�5

B+ ! K ⇤+⌫⌫̄
K ⇤+ ! K 0

s ⇡
+

2.9 ⇥ 10�5 14 ⇥ 10�5 8 ⇥ 10�5

B+ ! ⇡+⌫⌫̄ 9.8 ⇥ 10�5 17 ⇥ 10�5 10 ⇥ 10�5

B+ ! ⇢+⌫⌫̄ 21.4 ⇥ 10�5 44 ⇥ 10�5 15 ⇥ 10�5

B0 ! K 0
s ⌫⌫̄ 9.4 ⇥ 10�5 16 ⇥ 10�5 5.6 ⇥ 10�5

B0 ! K ⇤0⌫⌫̄
K ⇤0 ! K+⇡�
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B0 ! ⇢0⌫⌫̄ 20.8 ⇥ 10�5 44 ⇥ 10�5 44 ⇥ 10�5

B0 ! �⌫⌫̄ 12.5 ⇥ 10�5 5.8 ⇥ 10�5 5.8 ⇥ 10�5
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New Belle hadron 
tagging results Belle 2012

B ! h(⇤)⌫⌫̄: results (Belle preliminary)

B+ ! K+⌫⌫̄

 [GeV]ECLE
0.0 0.2 0.4 0.6 0.8 1.0 1.2

N
um

be
r o

f E
nt

rie
s

0

2

4

6

8

10

12

14 data
total fit
signal
background

+K

NSig = 13.3+7.4
�6.6

Sstat = 2.1�
Sstat+syst = 2.0�

B0 ! K 0
s ⌫⌫̄

 [GeV]ECLE
0.0 0.2 0.4 0.6 0.8 1.0 1.2

N
um

be
r o

f E
nt

rie
s

0

1

2

3

4

5

6

7

8

9

10
data
total fit
signal
background

s
0K

NSig = 1.8+3.3
�2.4

Sstat = 0.6�
Sstat+syst = 0.6�

Oksana Brovchenko Rare and forbidden decays at Belle 06.07.2012 12/21

B ! h(⇤)⌫⌫̄: results (Belle preliminary)
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B → X ν ν
•K* channel sensitive to longitudinal polarization fraction FL(q2). Which is theoretically clean.

• Inclusive decay rates (and FL) depend on 2 independent combinations of Wilson coeff’s CνL,R

• FL only depends on η. Observation would imply right-handed currents. By measuring inclusive 
and exclusive, η-ε plane can be over-constrained. 

•Non-MFV MSSM can have effects up to 35%. Non-universal Z’ models can have large effects; if 
Z’ may couple more strongly to ν than l+

36
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B→K(*)νν-bar predictions

37
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Invisible (+γ) decays

•B→invisible (+γ) includes 
searches for Dark Matter 
candidates.

•Models include R-parity violating 
SUSY and large EDMs.

•BF(B0→ ν χ̄0)∼ O(10−6 − 10−7))

•Can use recoil method and semi-
leptonic/hadronic tagged B at Y(4S) 
or lower mass Y(nS).

•Current best limit from 
semileptonic tag BF<2.4x10-5.

•Upper limits likely to scale 
somewhere between sqrt(L) and L 
at B Factories.

38

B0 ! invisible: results (Belle preliminary)
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•Belle PhysRevD.86.032002

•Hadron tagging
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(Semi)Tauonic: B→Xττ, B→ττ
•A design goal of the SFF’s is good tau reconstruction.

•Don’t expect to see these via SM due to limited reconstruction efficiency, 
rather as NP search modes (particularly with an extended Y(5S) run)

•However very few searches done to date.

•...enough stats could allow polarisation studies.

40

SM~ Limit

B→Xsττ 4x10-7 -

B→ττ 1x10-7 <4.1 × 10−3

Bs→ττ 1x10-6 -

http://pdglive.lbl.gov/popupblockdata.brl?nodein=S042T05&inscript=Y&exp=Y&fsizein=1&dclumpin0=G
http://pdglive.lbl.gov/popupblockdata.brl?nodein=S042T05&inscript=Y&exp=Y&fsizein=1&dclumpin0=G
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Bs system

•If flavour factories run at Υ(5S) 
would exclusive Bs→Xγ be of 
interest e.g. Bs→φγ? Could 
generate about ~109 Υ(5S)  with 
one year full running.

•Even if statistical error is worse 
than LHCb, absolute BF rather than 
a ratio could be important as a 
reference point.

•(A program of rare decays will be 
pursued Bs→γγ, Bs→ττ)

•Challenging: 

•σY(5S)/σY(4S) ~0.3, fs~0.2

•Excited modes complicate the 
environment

41
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TABLE I: Efficiencies, signal yields, branching fractions and
significances (Sig.) obtained from the fits described in the
text. The first uncertainty is statistical and the second sys-
tematic. The upper limit is calculated at the 90% CL.

Mode ε (%) SB0
s B̄0

s
SB∗

s B̄0
s

SB∗

s B̄∗

s
B (10−6) Sig.

φγ 24.7 −0.7+2.5
−1.6 0.5+2.9

−1.9 18+6
−5 57+18

−15
+12
−11 5.5

γγ 17.8 −4.7+3.9
−2.8 −0.8+4.8

−3.8 −7.3+2.4
−2.0 < 8.7 –

Both fits have six free fit variables: the yields for
the B∗

s B̄∗
s , B∗

s B̄0
s and B0

s B̄0
s signals (SB∗

s B̄∗

s
, SB∗

s B̄0
s

and
SB0

sB̄0
s
), the continuum background normalization and

PDF parameters, except the ARGUS endpoint which is
fixed to 5.435 GeV. The branching fractions (B(B0

s →
φγ) and B(B0

s → γγ)) are determined from the B∗
s B̄∗

s

signal yields with the relations

S
B0

s→γγ

B∗

s B̄∗

s

= B(B0
s → γγ) × εγγ × NB0

s
× fB∗

s B̄∗

s
, (2)

S
B0

s→φγ

B∗

s B̄∗

s

= B(B0
s → φγ) × B(φ → K+K−)

× εφγ × NB0
s
× fB∗

s B̄∗

s
, (3)

where ε’s are the MC signal efficiencies listed in Table I
and NB0

s
is the number of B0

s mesons evaluated as NB0
s

=

2 × Lint × σΥ(5S)
bb̄

× fs = (2.8+0.5
−0.4) × 106.

In the B0
s → φγ mode we observe 18+6

−5 signal events
in the B∗

s B̄∗
s region and no significant signals in the two

other regions. These signal yields are compatible with
fB∗

s B̄∗

s
= (93+7

−9)% [9]. We measure B(B0
s → φγ) × fs ×

fB∗

s B̄∗

s
= (10.3+3.2

−2.8±1.3) × 10−6 and B(B0
s → φγ) =

(57+18
−15

+12
−11) × 10−6 with a significance of 5.5σ, where the

first uncertainty is statistical and the second is system-
atic. Systematic uncertainties and computation of the
significance are detailed below. The measured branch-
ing fraction is in agreement with SM expectations [3, 4]
and with the measurements B(B0 → K∗(892)0γ) =
(40.1 ± 2.0) × 10−6 and B(B+ → K∗(892)+γ) = (40.3 ±
2.6)× 10−6 [11]. We observe no significant B0

s → γγ sig-
nal and, including systematic uncertainties, determine a
90% CL upper limit of B(B0

s → γγ) < 8.7 × 10−6. This
limit is about six times more restrictive than the previ-
ous one [9], though still about one order of magnitude
larger than SM expectations [5, 6, 7] and still above the
predictions of NP models [14, 15, 16]. The results are
summarized in Table I and fit projections in the signal
windows are shown in Figs. 2 and 3.

Systematic uncertainties are listed in Table II. The
error on the signal reconstruction efficiency is dominated
by uncertainty on the efficiency of the SFW requirement.
This uncertainty is evaluated by comparing efficiencies
in data and MC using the B0

s → D−
s π+ control sam-

ple. For the B0
s → φγ mode, we take as systematic

uncertainty the B difference between the results of the
nominal fit and the results of a fit where the continuum
is parametrized with a second-order polynomial function
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FIG. 2: Mbc, ∆E and cos θhel projections together with fit
results for the B0

s → φγ mode. The points with error bars
represent data, the thick solid curves are the fit functions,
the thin solid curves are the signal functions, and the dashed
curves show the continuum contribution. On the Mbc figure,
signals from B0

s B̄0
s , B∗

s B̄0
s and B∗

s B̄∗

s appear from left to right.
On the ∆E and cos θhel figures, due to the requirement Mbc >
5.4 GeV/c2 only the B∗

s B̄∗

s signal contributes. The bottom
right figure shows ∆E versus Mbc for selected data events.
The dashed lines show the signal window.
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FIG. 3: Mbc and ∆E projections together with fit results
for the B0

s → γγ mode. The points with error bars represent
data, the thick solid curves are the fit functions, the thin solid
curves are the signal functions, and the dashed curves show
the continuum contribution. On the Mbc figure, signals from
B0

s B̄0
s , B∗

s B̄0
s and B∗

s B̄∗

s appear from left to right. On the
∆E figure, due to the requirement Mbc > 5.4 GeV/c2 only
the B∗

s B̄∗

s signal contributes.

for ∆E. For the B0
s → γγ mode, the limit obtained with

the nominal continuum parametrization is found to be
conservative. For the B0

s → φγ mode, systematic un-
certainties on B are evaluated by repeating the fit with
each parameter successively varied by plus or minus one
standard deviation around its central value. The pos-
itive and negative uncertainty in B are obtained from
the quadratic sum of the corresponding deviations from

Belle: PhysRevLett.100.121801, 23.6 fb-1
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D→Xl+l-, D→Xγ ?

•Can these be of interest? Less likely to reveal NP due to long-distance non-
perturbative effects.

•Some measurements from CLEO/BaBar/Belle. Current B factory limits 10 x 
higher than theoretical calculations. 

•Requires Super Flavour Factories 

•SuperB can run at charm threshold

•0.5 ab-1 in about 4 months (700x106 charm pairs).

42
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SuperKEKB EWP

43

see arXiv:1002.5012: “Physics at Super B Factory”
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Timeline Belle II

44
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Summary

•Recoil tag method is promising for B→Xsγ
•δBF(B→Xsγ)~6% @ 50 ab−1 (Belle2); maybe less. , δBF(B→Xsγ)~3%@75ab−1 (SuperB) 

•Theoretical prediction clean.

•Less than 1% precision for ACP(B→Xsγ) 

•δACP(B→Xsγ) ~ 0.005 @ 50 ab−1 (Belle2) 

•δACP(B→Xs+dγ) ~ 0.01 (?)

•Sum of exclusive modes for Xdγ, Xsll .

•Vastly improved PID will help Xd measurements.

•Hadronic uncertainty, missing modes are the issue. 

•Calibration using B→Xsγ.

•Recoil tag method may be used for more inclusive approach when data samples>5 ab-1.

•Need (MC) studies (Software still in developmental phase)

•Numerous complementary measurements:

•Excellent prospects for K(*)ee, and NP with tau modes.

•Distribution function  from leptonic decays.

•Interplay with Vub

•Bs studies with tagging techniques.

45
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B-factory Approaches to Measuring B→Xulν

48

Untagged

Initial 4-momentum known

 missing 4-momentum = one ν
 Reconstruct B → Xq l ν 

using mB (beam-constrained)

  and ΔE = EB-Ebeam

Semileptonic Tag

One B reconstructed in D(*) l ν  
modes.

Two missing ν in event.

Full Reconstruction Tag

One B reconstructed completely in 
a known b → c mode without ν. 

   

Tag side

Rest used to reconstruct ν 

Signal

Signal

Tag side

< 0.5 ab-1

< 1 ab-1

> 1 ab-1

Eff.
High

Low High

Low
Purity

Lumi.

Signal
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Inclusive: Experimental Challenges

•Ideally must be as inclusive as possible to exploit OPE (not using Non-
pert. shape function)

•Previously used “sum of exclusive modes” but large systematic errors 
mean not competitive at flavour factories.

•Sum of exclusive modes can measure ACP(B→Xsγ) but difficult to 
interprete results as only 50% of modes included.

•Acp systematic errors are already quite small. Statistical could scale 
with sqrt(Lumi) ~ factor 10
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Flavour Factory Predictions
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Super Flavour Factory Vs. Current Sensitivities

54

Super B  Factory vs current sensitivities 

From TEB et al.,  hep-ph/0710.3799 and RMP 81, 2009 

Hard to condense all the 
NP observables into one 
sound bite…… 

(50-75 ab-1 compared to current 1 ab-1 ) 
46 
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Particle ID: Belle II

55

Aerogel radiator
Hamamatsu HAPD + readout

Barrel PID: Time of Propagation Counter (TOP)

Aerogel radiator

Hamamatsu HAPD
+ new ASIC

Cherenkov photon

200mm

n~1.05

Endcap PID: Aerogel RICH(ARICH)

200

Quartz radiator
Focusing mirror

Small expansion block
Hamamatsu MCP-PMT (measure t, x and y)
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Flavour Factory Predictions
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Exclusive

Exclusive

Exclusive
Inclusive

Sta/s/cal	  precision	  
~1%	  for	  most	  
observables


