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MOTIVATION: B→K(*)ll 
• b→sll transition: flavor-changing 

neutral current 
• Interference: Penguin and box 

diagrams 
✦ Lepton (e,μ) forward-backward 

asymmetry (AFB). 
• Beyond the SM contributions can 

be large.
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Manifest in the energy spectrum: q2 = mll2 

Sensitive to new physics 
at the TeV scale

Partial Angular Analysis



FULLER ANGULAR ANALYSIS
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Felicias Breiback ICHEP 2016



FULL ANGULAR ANALYSIS
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• “Famous” P5’ 
Discrepancy  

• 3.4σ 

• 8D Fit



MORE MOTIVATION: B→K(*)ll

• B→K*ll: Predicted  
AI ~ -1% in SM. 

• B→Kll: No precise 
prediction AI SM. 

• LHCb shows a  
AI  below zero in some 
q2 regions.
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CP Averaged Isospin 
Asymmetry (AI)

Branching 
fractions (B) in 
these flavor-
changing 
decays are not 
well measured.

AI ⌘ (⌧B+/⌧B0 )⇥B(K(⇤)0ll)�B(K(⇤)±ll)

(⌧B+/⌧B0 )⇥B(K(⇤)0ll)+B(K(⇤)±ll)

arXiv:1205.3422v3



EVEN MORE MOTIVATION: B→K(*)ll

• SM Predictes: 
 
With a small correction due to higgs 
penguin diagrams 

• New Particles: For example an extended 
higgs sector, can give ~10% deviation 
from SM
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Lepton Universality
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electron kaon neither combination
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B+→ J/ψK+

*H9�/c4 q2 *H9�/c4

RK = 0.745+0.090
−0.074( )± 0.036( )
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Advantage of e+e- vs 
LHC: 

Better e reconstruction 



ANALYSIS METHOD

• Event Selection 

• Fit signal and background in q2 
bin  

✦ Mbc...  
    and MKπ (for K*) 

✦ Fix: Nsig Nbkg 

• Calculate Diff. B, AI, and RK(*)
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EVENT SELECTION
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We apply cuts to insure well measured charged 
t racks and gamma , then veto peaking 
background.

e+e-→qqe+e-→BB

• I then developed two multivariate 
discriminates to an compared their 
effectiveness  

✦ Likelihood 

✦ Neural Network

Kakuno-Super-Fox-Wolfram 
(KSFW) utilize event shape 
in order to suppress 
continuum background



LIKELIHOOD METHOD

• KSFW 
• ΔZBB 
• cos θB
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LRBB,qq =
LS(BB,qq)

LS(BB,qq) + LB(BB,qq)

LS,B(qq) = P (KSFW )⇥
P (�ZBB)⇥ P (cos ✓B)

• KSFW 
• ΔZll 
• cos θB
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NEUROBAYES METHOD
• Use the NeuroBayes package from KIT 

• Equal size signal and background samples used 
for training  

• 8 NN trained NNkee (K±/KS), NNk*ee, NNkμμ (K±/KS), 
and NNk*μμ 

• Continuum training fails if I separate K and KS 
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K*ee Kee Ksee K*mm Kmm Ksmm
Continuum  
(5 stream) 9297 1866 466 11712 2374 547

Other BB  
(10 streams) 136750 8220 2392 109998 6734 1880

Signal 83617 219222 137864 121765 269755 167654



OPTIMIZE

• Perform a 2D optimization of the 
significance  

• Likelihood the optimized in q*r:  
|q*r| < 0.75 and |q*r| > 0.75
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Signif. = NSignalp
NSignal+NBackgrd

Signal
BB
QQ

Likelihood
NeuroBayes

NB_Q

N
B_

B



SIGNIFICANCE AND EFFICIENCY

PERFORMANCE IS THE SAME, but still an unresolved issue
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LR K*ee Kee Ksee K*mm Kmm Ksmm

Signif. 5.35946 4.90234 3.5892 9.79904 7.25788 4.75724

Eff. 0.938199 0.957814 0.97269 0.856836 0.9888 0.963318

NN K*ee Kee Ksee K*mm Kmm Ksmm

Signif. 5.6632 4.85164 3.51039 9.63919 6.97751 4.70041

Eff. 0.729199 0.834178 0.918757 0.729888 0.852004 0.938353

Calculate expected significance and signal efficiency for each channel
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 / NDF = 0.4786522χ

min Nll = -1042.64

RooRealVar::nsig = 37.2112 +/- (-6.09681,6.78669)

nsig window 36.1085 +/- 6.24359

RooRealVar::nbkg = 103.789 +/- (-10.0537,10.7383)

nbkg window 7.61408 +/- 0.761851
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RooRealVar::nbkg = 103.789 +/- (-10.0537,10.7383)

FITTING FOR SIGNAL YIELD
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Mbc 

MKπ

K*μμ: 0.0 < q2 < 2.0
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q2 (GeV2/c4) K*+-ll 
Fit Yield

K*0ll 
Fit Yield

0.0 - 2.0 24±8 45±7
2.0 - 4.3 15±4 32±6
4.3 - 8.69 21±5 31±6
10.09 - 12.86 7±3 11±3
14.18 - 16.0 9±3 12±4
> 16 13±3 14±4

Pseudo-experiment

Mbc (K(*)ll) 

MKπ (K*ll) 

• ArgusBG 
• Crystal Ball

• Threshold function 
• Relativistic Breit-Wigner  
   + Gaussian

• Signal PDF 
from MC 

• Bkg. PDF free 
• Simultaneous 

unbinned fit
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ISOSPIN ASYMMETRY
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CP averaged isospin asymmetry (AI) 

Derived directly for the efficiency corrected 
fit yields (previous slide) and number of BB.  
Expected to be small, but LHCb sees a large 
negative AI at in Kμμ [arXiv:1205.3422v3]. 
Below we calculate our expected sensitivity 
using MC, taking into account the uncertainty 
on the fit yields.

AI ⌘ (⌧B+/⌧B0 )⇥B(K(⇤)0ll)�B(K(⇤)±ll)

(⌧B+/⌧B0 )⇥B(K(⇤)0ll)+B(K(⇤)±ll)

q2 (GeV2/c4) K*ll Error Kll Error
0.0 - 2.0 0.12 0.11
2.0 - 4.3 0.14 0.07
4.3 - 8.69 0.12 0.07
10.9 - 12.86 0.14 0.1
14.18 - 16.0 0.18 0.11
> 16 0.23 0.09

Advantages of e+e- vs LHC: 
Include e in final state  
Good K0s reconstruction 
Good π0 reconstruction

Expected Error



FULL ANGULAR ANALYSIS
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• Simon Wehle (KIT) 

• B0→K*0ll 

• NN PID 

• 3D Fit 

• Compatible with 
LHCb

arXiv:1604.04042



BELLE INCLUSIVE ANALYSIS
• Y. Sato (Tohoku) 
• Inclusive has less theoretical 

uncertainty than B→K(*) l+l- 

• Semi-inclusive (sum of exclusive) 
method, with 36 modes of which 
20 are used for Afb  

• The fraction of all Xs decays 
covered by 20 final states  
is ~50 %  

• Neural network is employed for 
backgrounds suppression 
✦ Semi-leptonic B decays 
✦ Continuum (u,d,s,c) 
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Phys. Rev. D 93, 032008 (2016)
Currently Being Updated 

by E Kato (Tohoku)



BELLE INCLUSIVE ANALYSIS

• Consistent with SM

• Total Signal Yields


✦ Nsig 
ee = 139.9 ± 18.6 (stat)


✦ Nsigμμ = 160.8 ± 20.0 (stat)
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Fit Xsμμ 2nd q2 bin: Nsig = 23.9±10.5 (stat)

Bin 1: Consistent with SM at 1.8σ (6.6% C.L.)

Bin 3/4: Exclude C10*C9 > 0 with 2.3σ (97.9% C.L.)



INCLUSIVE Xsll
• Important for all 

cases not just 
inclusive 

• What is possible 
experimentally? 
✦ Inclusive analysis 

are supposed to 
be a Belle2 strong 
suit

19



Belle



B→h
(*) ν ν

B
+ → K

+ ν ν
Nsig ∼ 100±30

scaling from new Belle result

evidence with 50 ab−1

(had.tag only )

Further improvements (→ Belle II)

KLM improvements

time information (ECL)

∘ full reconstruction: possible improvements (more modes , more inclusive)

software

∘ semi -leptonic tagging

OTHER LEPTONS: K*νν

• BF(B+→K+ ν ν)=(4.4±0.7)10-6 
[Buchalla, NPPS 209, 137] 

• BF(B+→K*+ ν ν)=(6.8+1.0-1.1)10-6 
[Altmannshofer, JHEP 0904, 022]
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BR (B+→K+ ν ν) = (4.4± 0.7) × 10−6

[Buchalla , NPPS 209, 137]

BR (B+→K*+ ν ν) = (6.8 −1.1

+1.0 ) × 10−6

[Altmannshofer et al , JHEP 0904, 022]

improvements

∘ 535M BB → 772M BB
∘ reprocessed data with
improved tracking

∘ more efficient had. tag method
(probabilistic rec. of >1000 B decays)

∘ signal extraction via fit of EECL

[arXiv :1002.5012]

⇒ Sensitive to NP
(not affected by long distance effects from vector resonances)

B→h
(*) ν ν

possible contribution of the
NP right-handed currents: CR

νUltimate test of Belle II  
Further improvements to 
consider: tag efficiency, 
calorimeter timing, better 
KL ID 

Nsig at Belle II ~90±30
based on Belle 2013  
(hadronic tag only)

Belle II Projection 
Lint = 50 ab-1

Altmannshofer et.al. 
JHEP 0904:022,2009

(Theoretical uncertainties)

B→K* ν ν B→K ν ν
B→Xs ν ν

FL

10%. Such problems do not arise in the prediction of a global quantity as the branching
ratio.

Finally, we added all the individual uncertainties in quadrature.

3.2 Model-independent constraints on Wilson coe�cients

The four observables accessible in the three di↵erent b ! s⌫⌫̄ decays are dependent on the
two in principle complex Wilson coe�cients C⌫

L and C⌫
R. However, only two combinations

of these complex quantities enter the formulae given in section 2 and are thus observable.
These are [18, 14]

✏ =
p

|C⌫
L|2 + |C⌫

R|2
|(C⌫

L)SM| , ⌘ =
�Re (C⌫

LC⌫⇤
R )

|C⌫
L|2 + |C⌫

R|2 , (3.1)

such that ⌘ lies in the range [�1

2

, 1

2

]. The observables discussed in section 2 can be expressed
in terms of ✏ and ⌘ as follows

BR(B ! K⇤⌫⌫̄) = 6.8⇥ 10�6 (1 + 1.31 ⌘)✏2 , (3.2)

BR(B ! K⌫⌫̄) = 4.5⇥ 10�6 (1� 2 ⌘)✏2 , (3.3)

BR(B ! Xs⌫⌫̄) = 2.7⇥ 10�5 (1 + 0.09 ⌘)✏2 , (3.4)

hFLi = 0.54
(1 + 2 ⌘)

(1 + 1.31 ⌘)
. (3.5)

As ✏ and ⌘ can be calculated in any model by means of eq. (3.1), these four expressions
can be considered as fundamental formulae for any phenomenological analysis of the decays
in question. The experimental bounds on the branching ratios, cf. table 2, can then be
translated to excluded areas in the ✏-⌘-plane, see figure 2, where the SM corresponds to
(✏, ⌘) = (1, 0). We observe that the exclusive decays are presently more constraining than
the inclusive one.

Since the four observables depend on only two parameters, a measurement of all of
them would overconstrain the resulting (✏, ⌘) point. To illustrate the theoretical cleanliness
of the various observables, we show in figure 3 the combined constraints after hypothetical
measurements with infinite precision, first assuming the SM and then for a toy NP example.

A special role is played by the observable hFLi: since it only depends on ⌘, cf. eq.
(3.5), it leads to a horizontal line in the ✏-⌘ plane. Although a similar constraint could be
obtained by dividing two of the branching ratios to cancel the common factor of ✏2, the use
of hFLi is theoretically much cleaner since in this case, the hadronic uncertainties cancel,
while they would add up when using the branching ratios.

In the right-hand panel of figure 4, we show the value of hFLi as a function of ⌘.
Especially for negative ⌘, hFLi constitutes a very clean observable to probe the value of ⌘.

Another interesting point about FL is that, since it only depends on ⌘, the distribution
FL(sB) is universal for all models in which one of the Wilson coe�cients C⌫

L,R vanishes, such

– 9 –

ε

Resent Result

Buras	et	al	1409.4557

Better tag 
now!

Lots of interest



K*νν: THEORY
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Straub B2TiP (Oct 2014)

10%



SUMMARY
• The FCNC process B to K(*)ll is a rich topic 

than can be used to explore beyond the 
Standard Model 

• Tantalizing hints of new physics from other 
experiment 

• Angular analysis is compatible with current 
measurement. 

• Isospin asymmetry (AI) sensitivity is very 
competitive in the low q2 region 

• Belle2 will have an important role in looking at 
inclusive and missing energy modes
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FIT PROJECTIONS
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RECALL: Fix Nsig and Nbkg, then TWO Step Fit.

COS ΘK* / COS ΘBL  FITS
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Procedure: 
SigPDF = eff (Smoothed MC Hist) * Func (fL (AFB)| cos θK* (θBl)) 

BkgPDF = Smoothed MC Hist 

Final PDF = Nsig*SigPDF + Nbkg*BkgPDF
UNBINNED FITS

Step 1:

Step 2:

J. Yamaoka 17.08.2016 
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K*ll: 0.0 < q2 < 2.0

Composite Fit 
Signal 

Background 

After fitting and fixing FL, fit AFB

Pseudo-experiment

Generate many pseudo-
experiments to estimate 

final sensitivity.
J. Yamaoka 17.08.2016 
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AFB SENSITIVITY

• Using pseudo experiments estimate 
our sensitivity 

• Expected error “comparable” in most 
q2 bins.

Sensitivity should 
allow to confirm LHCb

afb
-0.5 0 0.5

Ev
en

ts
 / 

( 0
.0

12
 )

0

5

10

15

20

25

30
 0.0063±meanafb = -0.02238 

 0.0045±sigmaafb =  0.1413 

afberr
0.1 0.15 0.2 0.25

Ev
en

ts
 / 

( 0
.0

01
5 

)

0

5

10

15

20

25

30

35
 0.000±meanafberr =  0.14187 
 0.000±sigmaafberr =  0.01137 

afbpull
-4 -2 0 2 4

Ev
en

ts
 / 

( 0
.1

 )

0

5

10

15

20

25

30
 0.045±meanafbpull = -0.0377 

 0.032±sigmaafbpull =  1.000 

-log(Likelihood)
-300 -250 -200 -150 -100

Ev
en

ts
 / 

( 2
.2

07
49

 )

0

5

10

15

20

25

afb
-0.5 0 0.5

Ev
en

ts
 / 

( 0
.0

12
 )

0

5

10

15

20

25

30
 0.0063±meanafb = -0.02238 

 0.0045±sigmaafb =  0.1413 

afberr
0.1 0.15 0.2 0.25

Ev
en

ts
 / 

( 0
.0

01
5 

)

0

5

10

15

20

25

30

35
 0.000±meanafberr =  0.14187 
 0.000±sigmaafberr =  0.01137 

afbpull
-4 -2 0 2 4

Ev
en

ts
 / 

( 0
.1

 )

0

5

10

15

20

25

30
 0.045±meanafbpull = -0.0377 

 0.032±sigmaafbpull =  1.000 

-log(Likelihood)
-300 -250 -200 -150 -100

Ev
en

ts
 / 

( 2
.2

07
49

 )

0

5

10

15

20

25

Fit AFB Fit Err Pull

K*ee PSE: 0.0 < q2 < 2.0

28J. Yamaoka 17.08.2016 



Exclusive Xsll
• Are neutrinos the 

way to go 

• Impossible at 
LHCb?

29J. Yamaoka B2TiP 31.10.2014



Inclusive Xsll

30J. Yamaoka B2TiP 31.10.2014

• Probes SM at loop 
level 

• Set of observable for 
experimentalist 



Form Factors/Inclusive

31J. Yamaoka B2.US.SS 13.08.2015


