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¥ Physics motivations and experimental setups 

¥ Angular analyses of B  !  K 
*!＋! − decays: 

PRD 93, 052015 (2016) , arXiv:1508.07960 [hep-ex] 

Preliminary results , arXiv:1604.04042 [hep-ex] 

¥ Searches for rare b !  s ! (! ! ) processes: 

Search for B 0 !  "  !  decays, arXiv:1603.06546 [hep-ex] 

Search for B＋ !  K 
+ #＋#− decays, preliminary results 

¥ Summary & conclusions 
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Physics motivations 
and experimental 

setup s

Nature Methods 11,1242Ð1244 (2014)

http://www.nature.com/nmeth/journal/v11/n12/full/nmeth.3173.html


• Since the early 70Õs we know that Flavour Changing Neutral 
Currents  (FCNCs) are forbidden at tree level in the SM and only 
occur as loop-suppressed  

• New heavy particles  can contribute either at tree or loop-level  

• Branching fractions  or angular distributions  can be altered 

Motivations
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• Model independent description in effective field theory  

• Wilson coefficients (WC) C(!) encode short-distance physics, O(!) corr. operators 

Motivations
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• Extensive study of B mesons by the B-factories: 2000-2010  

Experimental setup
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! Mainly Bu and Bd produced (~770M + 470M bb") 

! Clean environment wrt hadronic machines
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Common analysis techniques

Simon Akar 7BEAUTY 16' - Radiative/EWP B decays @ B-factories

Kinematics of fully reconstructed B K/! separation

Very good 
particle ID 
between 1.5 
and 4 GeV/c

Variables are often combined in a likelihood function , used in a maximum likelihood 
fit  for signal/background separation and to measure parameters of interest

Background discrimination

Suppression by multi-variable classifiers  
based on event-shape variables :#

Strongly discriminate continuum events 
   (e+e-" qq (q = u,d,s,c))  

(Mbc)

BaBar
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Angular analyses of 
B  !  K 

*!＋! − decays 

Les Demoiselles d'Avignon, Pablo Picasso (1907), MoMA, NY



• Decay fully described by three helicity angles $  = (%! , %K, " ) and q2 = m2
!!  

• Angular observables, FL, AFB, Si appearing in the full 
decay rate are combinations of K* amplitudes 
depending on WC C7

(′), C9
(′), C10

(′) and form factors (FF) 

• Large part of theory uncertainty due to hadronic FF 

• Introduced the Pi
(′) observables, less dependent on FF:  

Angular analysis of B  !  K 
*!＋! − decays
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P2 = !
2

3

AFB

(1 ! FL)
P !
4,5,8 =

S4,5,8!
FL(1� FL)

P 0
6 =

S7!
FL(1� FL)

[S. Descotes-Genon et al., JHEP, 05 (2013) 137]

Also for B+ decays with KS
0  or π0
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http://arxiv.org/abs/1303.5794
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Angular analyses of 
B  !  K 

*!＋! − decays 

! PRD 93, 052015 (2016)  
arXiv:1508.07960 [hep-ex]  

471 million BB̅ pairs

Les Demoiselles d'Avignon, Pablo Picasso (1907), MoMA, NY

NEW!

http://arxiv.org/abs/1508.07960


• Analysis strategy: 
! Very challenging: BF(B  → K 

*&＋&−) ~ 10-7 
! 5 exclusive final states: 

! Analysis performed in 5+1 q2 bins 
! Veto J/'  and ' (2S) and used as control samples 

! Build 8 separated Boosted Decision Trees (BDT) to 
suppress BB! and qq! backgrounds (qq!  BDT > 0.4) 

! Measures FL, AFB and P2 in each q2 bin in 
a several stage LH fit (see next slides) 

! Ignore mKπ S-wave component in the LH fit 
(negligible bias compared to other uncertainties) 

Angular analysis of B  !  K 
*!＋! − decays
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BaBar
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• Fitting strategy: 
! Include in the fit a likelihood ratio (LR) built from BB! BDTs 
! Measures FL, AFB and P2 in each q2 bin in a several stage fit 

1.  3D fit to mES (>5.20), mKπ and LR !  PDF shapes and normalisations fixed for next steps 
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Angular analysis of B  !  K 
*!＋! − decays
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: Total PDF
: Crossfeed

: Charmonium
: Combinatorial

in q5
2

Overall fitted signal yields (statistical uncertainties only)
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• Fitting strategy: 
‣ Include in the fit a likelihood ratio (LR) built from BB! BDTs 
‣ Measures FL, AFB and P2 in each q2 bin in a several stage fit 
1. 3D fit to mES (>5.20), mKπ and LR !  PDF shapes and normalisations fixed for next steps 
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: Total PDF
: Crossfeed

: Charmonium
: Combinatorial

in q5
2

Angular fit region for next steps: mES (>5.27)

PRD 93, 052015 (2016)
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• Fitting strategy: 
‣ Include in the fit a likelihood ratio (LR) built from BB̅ BDTs 
‣ Measures FL, AFB and P2 in each q2 bin in a several stage fit 
1. 3D fit to mES (>5.20), mKπ and LR ⇒ PDF shapes and normalisations fixed for next steps 
2. 4D fit to mES (>5.27), mKπ, LR and cos( K ⇒ measure FL as only free param. 

Angular analysis of B  !  K 
*!＋! − decays
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• Fitting strategy: 
‣ Include in the fit a likelihood ratio (LR) built from BB̅ BDTs 
‣ Measures FL, AFB and P2 in each q2 bin in a several stage fit 
1. 3D fit to mES (>5.20), mKπ and LR ⇒ PDF shapes and normalisations fixed for next steps 
2. 4D fit to mES (>5.27), mKπ, LR and cos( K ⇒ measure FL as only free param. 
3. 4D fit to mES (>5.27), mKπ, LR and cos( &  ⇒ measure AFB as only free param. (FL from step 2) 

Angular analysis of B  !  K 
*! ¾Þ! !  decays
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• Angular fit results: (numerical values in back up) 
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SM from 
DHMV * 

[JHEP, 05 (2013) 137] 
* central values only

BaBar

BaBar

http://arxiv.org/abs/1508.07960
http://arxiv.org/abs/1303.5794


• Angular fit results: (numerical values in back up) 

! Results in the q0
2 bin: [1, 6] GeV2/c4 

! Tension appears in FL for the charged mode results  (first measurement)  
with both SM prediction and neutral mode result! 

! AFB in good agreement with previous results and SM predictions

Angular analysis of B  !  K 
*! ¾Þ! !  decays
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• Angular fit results: (numerical values in back up) 

! Global agreement with SM prediction with small tension in q2
2  

Angular analysis of B  !  K 
*! ¾Þ! !  decays
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Angular analyses of 
B  !  K 

*! ¾Þ! !  decays 

! PRD 93, 052015 (2016)  
arXiv:1508.07960 [hep-ex]  

! Preliminary results  
arXiv:1604.04042 [hep-ex]  

772 million BB!  pairs

Les Demoiselles d'Avignon, Pablo Picasso (1907), MoMA, NY

NEW!

http://arxiv.org/abs/1508.07960
http://arxiv.org/abs/1604.04042


• Analysis strategy: 
! Very challenging: BF(B  → K 

*&¾Þ&−) ~ 10-7 
! 2 exclusive final states: 

! Analysis performed in 4+1 q2 bins 
! Veto J/'  and ' (2S) and used as control samples 

! Build 2 separated NNs (one for each final state) 
to suppress BB̅ and qq̅ backgrounds 

! Adopted the folding method introduced by LHCb 
in 2013 [Phys. Rev. Lett. 111, 191801 (2013)] 

! Measures FL, S3 and P′4,5,6,8 in each q2 bin 
from a 3D angular fit (see next slides)

Angular analysis of B 
0
 !  K 

*0! ¾Þ! !  decays
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arXiv:1604.04042 [hep-ex]
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Belle 
preliminary

Belle 
preliminary

NN

http://arxiv.org/abs/1308.1707
http://arxiv.org/abs/1604.04042


• Fitting strategy: 
! Signal identified from a fit to Mbc (in the full range) 

                                          ⇒ 117.6 ± 12.4 signal candidates 
                                          ⇒   69.4 ± 12.0 signal candidates 

⇒ signal to background ratio is determined 

! Use sideband (Mbc<5.27) to model background angular 
PDFs (histograms) 

! Acceptance and efficiency included as 
per-event weight in the fit (back-up) 

! Iterative procedure using toys with 
simulated events to optimize NNs 
as a function of P′5 uncertainty in q2

2 

! Thanks to folding method only 3 free 
parameters (instead of 8) in angular fit: 
independent measurements of P′4,5,6,8

 

(details in back-up) 

Angular analysis of B 
0
 !  K 

*0! ¾Þ! !  decays
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• Angular fit projections: here P′5 in q2
2 as example 

Angular analysis of B 
0
 !  K 

*0! ¾Þ! !  decays
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• Angular fit result: (numerical values including q0
2 in back up) 

Angular analysis of B 
0
 !  K 

*0! ¾Þ! !  decays
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P′5

• Angular fit result: (numerical values including q0
2 in back up) 

! Good agreement between this measurements and LHCb previous 
results and compatible with SM prediction 

! Confirmation of the tension (at the level of 2.1  ) ) for P′5 in the same 
direction and in the same q2 region as LHCb!

Angular analysis of B 
0
 !  K 

*0! ¾Þ! !  decays
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Searches for rare          
b !  s ! (! ! ) processes 

! Search for B 
0 !  "  !  decays 

arXiv:1603.06546 [hep-ex]  
772 million BB!  pairs

Rear Window, Alfred Hitchcock (1954)

NEW!

http://arxiv.org/abs/1603.06546


• Analysis overview: 
! Very rare decay: BF(B 

0 → "  ! ) ~ [10-12, 10-11] 

! Presence of new heavy particles such as charged Higgs 
or squarks could enhance the BF ∈ [10-9 ; 10-8] 

! Current upper limit set by BaBar: 
BF(B 

0 → *  γ) < 8.5 × 10-7 (90% C.L.) [PRD 72, 091103 (2005)] 

! Require high energy photons: [2.0, 2.8] GeV/c in CM 
! Reject π0 and + using likelihoods based on the invariant mass 

! Background rejection from NN (C’NN), with loose selection applied 

! Measures signal yield (Ysig) from a 4D fit 
to Mbc, Δ∆E, C’NN and cos ( *   

(helicity angle ( *  is the angle between the K+ 
momentum and the opposite of the B flight 
direction in the φ rest frame)

Search for B 
0 !  "  !  decays
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• Results: 

! No significant signal found ⇒ placed an upper limit: 

BF(B 
0 !  "  ! ) < 1.0 " 10 -7 (90% C.L.) 

! Improves previous upper limit by one order of magnitude 

Search for B 
0 !  "  !  decays
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Searches for rare          
b !  s ! (! ! ) processes 

! Search for B 
0 !  "  !  decays 

arXiv:1603.06546 [hep-ex]  
772 million BB̅ pairs 

! Search for B¾Þ!  K+#¾Þ#− decays 
preliminary results  

471 million BB̅ pairs

Rear Window, Alfred Hitchcock (1954)

NEW!

http://arxiv.org/abs/1603.06546


• Analysis strategy: 
! Rare decay: BF(B¾Þ→ K+#¾Þ#−) ~ 10-7, and experimentally very challenging  

! Presence of new heavy particles such as neutral Higgs with large 
coupling to third family could significantly alter the decay rate 

! Recent measurement of RK exhibit tensions with SM predictions 

! Use B meson tagging technique  to handle weak signal signature: 
- Many neutrinos in the final state  
- Lack of kinematic constraints  
- Hadronic B tagging, determines charge and momentum 

of signal B (tag efficiency ~0.2-0.4%)  

Search for B¾Þ!  K+#¾Þ#− decays

Simon Akar 30

preliminary results
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X
here X: <5 h (h = K,π)



• Analysis strategy: 
! Construct NN to suppress signal like topology  

B¾Þ!  D(*)& , - & with D(*) ! K& , - & events 

! Measure the branching fraction using a counting 
method: 

where Ni
bkg is obtained from MC 

• Results: 
! No significant signal was found 
! Placed an upper limit: 

BF(B¾Þ!  K+#¾Þ#−) < 2.25 " 10 -3 (90% C.L.) 

! First search for this challenging decay mode!

Search for B¾Þ!  K+#¾Þ#− decays
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BaBar : Signal MC  
  (arbitrary scale)

: Combinatorial
: B¾ÞB!  bkg. (peaking)

NN
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Summary and conclusion
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¥ B-factories continue to produce exciting physics results , adding 
more information and using more sophisticated analysis 
techniques to improve the precision of measurements in radiative-
penguin B decays 

¥ All measurements presented in this talk are compatible with the SM 
predictions, with some tensions appearing in the angular analyses 
of B !  K*! ＋! # decays: 
! Belle reports a 2.1  )  deviation for P"5 in q2

2 

! BaBar measurement of FL for charged B decays 

¥ Expect several  new results in the coming years!  
! B＋ !  K*＋! ＋! # and B¾Þ!  K+#¾Þ#!  at Belle 

! Belle II with 50 times more luminosity  

BEAUTY 16' - Radiative/EWP B decays @ B-factories



¥ Angular analyses of B  !  K 
*! ¾Þ! !  decays: 

Go-To  

Go-To  

¥ Searches for rare b !  s γ(! ! ) processes: 

Search for B 
0 !  "  γ decays Go-To  

Search for B¾Þ !  K 
+ #¾Þ#!  decays Go-To  

Additional material
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• Numerical angular results: (first stat. / second total syst.) 

Angular analysis of B  !  K 
*! ¾Þ! !  decays
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http://arxiv.org/abs/1508.07960


• Numerical angular results: (total uncertainties) 

Angular analysis of B  !  K 
*! ¾Þ! !  decays
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• Systematics on angular results: from 3D fit 

Angular analysis of B  !  K 
*! ¾Þ! !  decays
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• Systematics on angular results: from combinatorial bkg. modeling 

Angular analysis of B  !  K 
*! ¾Þ! !  decays
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• Systematics on angular results: from angular efficiencies 

Angular analysis of B  !  K 
*! ¾Þ! !  decays
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• Systematics on angular results: AFB from FL  

Angular analysis of B  !  K 
*! ¾Þ! !  decays
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• Systematics on angular results: total uncertainties 

Angular analysis of B  !  K 
*! ¾Þ! !  decays
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• Numerical angular results: 
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• Systematics: P!4 
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BEAUTY 16' - Radiative/EWP B decays @ B-factories

• Systematics: P!5 

http://arxiv.org/abs/1604.04042
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BEAUTY 16' - Radiative/EWP B decays @ B-factories

• Systematics: P!6 

http://arxiv.org/abs/1604.04042
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BEAUTY 16' - Radiative/EWP B decays @ B-factories

• Systematics: P!8 

http://arxiv.org/abs/1604.04042
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BEAUTY 16' - Radiative/EWP B decays @ B-factories

• Angular acceptance: 
! Obtained from fully simulated MC 

! Assume no correlation between angular 
variables

fbin
e! (cos ! `, cos ! K , " , q2

) = #(cos ! `) ! #(cos ! K) ! #(" ) ! #(q2
)

http://arxiv.org/abs/1604.04042
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BEAUTY 16' - Radiative/EWP B decays @ B-factories

• Folding method: 

! Redefinition of angles allow to reduce the 
number of parameters in the decay rate 

! Four independent measurements (on 
the same data set) are performed with 
different foldings, each one allowing to 
measure a set of observables: 
FL, S3 and another Si such as

P !
4,5,8 =

S4,5,8!
FL(1� FL)

P 0
6 =

S7!
FL(1� FL)

S4, P!
4 

S5, P!
5 

S7, P!
6 

S8, P!
8 

http://arxiv.org/abs/1604.04042
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BEAUTY 16' - Radiative/EWP B decays @ B-factories

• Systematics: 

http://arxiv.org/abs/1603.06546

