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Recoil Analysis TechniqueRecoil Analysis Technique

Most of the searches for rare B decays exploit the Recoil Technique:

Breco
 
: full (partial) reconstruction of 

               one B into a hadronic 

               (semi-leptonic) final state 

Brecoil
 
: look for the signal signature,   

                 e.g. K(*) not accompanied by  

                 additional (charged+neutral) 

                 particles + Missing EnergyMissing Energy

Recoil technique at B-Factories: 
● search for rare decays (~10-5) with 

missing energy

     (Not possible at hadronic machines)(Not possible at hadronic machines)
● Several benchmark channels at 

SuperB: B , BK(*) , ...
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BBKK((**))  Analysis strategy Analysis strategy

Signal-side selection:

● BK: look for a single K+ (K0

S
) in Brecoil

● B*K*: look for a K*+ (K*0) in Brecoil. Several modes:

     K*K
S
(), K

S
(), K(charged); K*K(neutral)

● Opposite (same) charges of Breco and Brecoil for charged (neutral) modes

● No extra tracks in the event
● Kinematic cuts: K0

S
 and K* mass

● Kaon (K+,K0

S
) K* CM momentum

● Missing energy (E
beams

– energy of 

charged and neutral objects in event)

● Main discriminant variable:Main discriminant variable:

     Eextra  = (extra neutrals in the EMC)

BK*Eextra distribution for:
● signal (black)
● background (other colors)
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B
tag

 and B
sig

 candidates reconstructed without neutrals from Bwd-EMC

Bwd-EMC information only used at the last step of the selection:
➔ E

extra
(Bwd) = (extra neutrals on Bwd-EMC)

Test different E()
min

 cut for Bwd-EMC photons (none, 30, 50, 70 MeV)

Evaluate Bwd-EMC impact with the relative change on significance:

    S/S+B)                                               
S


B
B >> S)


S 
(

B
) is the signal (background) relative efficiency after E

extra
(Bwd) veto

Bwd-EMC Studies Strategy: Veto deviceBwd-EMC Studies Strategy: Veto device

Bwd-EMC 
region


lab

() for D*0D0

S/S+B)|
bwd

 - S/S+B)|
nobwd

S/S+B)|
nobwd


lab

() vs 
lab

()   for D0K-0()
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The SamplesThe Samples

Produced new signal samples with FastSim V0.2.7 (No Bwd-EMC bug):
➔ B+K+(DG_4a)                6.00 M
➔ B0K0(DG_4/DG_4a)      6.00 M
➔ B0K*0(DG_4/DG_4a)     6.00 M
➔ B+K*+(DG_4/DG_4a)     6.00 M
➔ B++(DG_4/DG_4a)     6.00 M

Background Samples are the same of Sep. 2010 (FastSim V0.2.6):
➔ B+B- SL-cocktail (DG_4/DG_4a):  340.72/344.32 M
➔ B0B0 SL-cocktail (DG_4/DG_4a):  284.00/284.56 M

All samples generated with bkg mixing NoPairs
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Bwd-EMC: The bug on Sep.2010 samplesBwd-EMC: The bug on Sep.2010 samples

Slide from 
Chih-hsiang

(E
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l -
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en

)/
E

g
en

A lot of energy is lost in large portion of the Bwd-EMC!!

top figure
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A patch to correct the 
Bwd-EMC information on the 

Sep. 2010 samples
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Sep. 2010 samples: bugged Bwd-EMC

 Sub-estimation of Eextra(Bwd-EMC) both for signal and BB-bkg samples

Sub-estimation of the Bwd-EMC impact on the analysis

But Bwd-EMC information is only used at the last stage of the selection 
(veto device strategy)

The idea:  re-simulate the selected events up to this point with the bug-fixed 
version of fastsim (V0.2.7) and extract Eextra(Bwd-EMC)
To do this need to define a “filtering algorithm” that:

● Selects primaries from the mc-truth list (mc-block in the n-tuples)
● Extract the production vertex and momenta of these primaries (not possible for 

machine background particles)

The method: filtering algorithm (I)The method: filtering algorithm (I)
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The filtering algorithm:

● Select only the stable particles in the event: , e+, +, K+, +, K0

L
, p+, n0

● Check that this particles doesn't come from machine background
● Select as primaries the earliest stable particles in the event full decay chain

The method: filtering algorithm (II)The method: filtering algorithm (II)

B+ (Semi-lep.  Tag)

e+

e-

D0



Re-simulating the event:
● Save primaries in a datacard (lundID, Momentum, production vertex)
● Inject primaries in FastSim V0.2.7 (with the new GfiInputFile generator)
● Save all the reconstructed neutrals in the event in a n-tuple

K-




e

e

B- (mimicking bkg)

K+









D0

 Mach-bkg photon








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The filtering algorithm:

● Select only the stable particles in the event: , e+, +, K+, +, K0

L
, p+, n0

● Check that this particles doesn't come from machine background
● Select as primaries the earliest stable particles in the event full decay chain

The method: filtering algorithm (II)The method: filtering algorithm (II)

Re-simulating the event:
● Save primaries in a datacard (lundID, Momentum, production vertex)
● Inject primaries in FastSim V0.2.7 (with the new GfiInputFile generator)
● Save all the reconstructed neutrals in the event in a n-tuple

K-


e

e

K+





Mach-bkg photon








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The filtering algorithm:

● Select only the stable particles in the event: , e+, +, K+, +, K0

L
, p+, n0

● Check that this particles doesn't come from machine background
● Select as primaries the earliest stable particles in the event full decay chain

The method: filtering algorithm (II)The method: filtering algorithm (II)

Re-simulating the event:
● Save primaries in a datacard (lundID, Momentum, production vertex)
● Inject primaries in FastSim V0.2.7 (with the new GfiInputFile generator)
● Save all the reconstructed neutrals in the event in a n-tuple

K-


e

e

K+










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The filtering algorithm:

● Select only the stable particles in the event: , e+, +, K+, +, K0

L
, p+, n0

● Check that this particles doesn't come from machine background
● Select as primaries the earliest stable particles in the event full decay chain

The method: filtering algorithm (II)The method: filtering algorithm (II)

Re-simulating the event:
● Save primaries in a datacard (lundID, Momentum, production vertex)
● Inject primaries in FastSim V0.2.7 (with the new GfiInputFile generator)
● Save all the reconstructed neutrals in the event in a n-tuple

K-


e

K+









= production vertex
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Re-calculating Eextra(Bwd-EMC) (no consideration of machine background):
● Select the reconstructed neutrals on the Bwd-EMC
● Sum up their energies to calculate Eextra(Bwd-EMC)

Eextra(Bwd-EMC) = Eextra(Bwd-EMC)
phy

 + Eextra(Bwd-EMC)
mach-bkg

● Eextra(Bwd-EMC)
phy

: particles from the physical event (BB-event)

● Eextra(Bwd-EMC)
mach-bkg

: particles from machine background

Hypothesis: Eextra(Bwd-EMC)
mach-bkg 

contribution is the same for the signal and 

BB-generic samples, and it should be mode independent

The method: filtering algorithm (III)The method: filtering algorithm (III)

● Extract Eextra(Bwd-EMC)
mach-bkg 

distribution from signal samples 
(histogram)

● Use histogram as a pdf for 
generating Eextra(Bwd-EMC)

mach-bkg
 

and added to Eextra(Bwd-EMC)
phy

● Calculate in this way the total 
Eextra(Bwd-EMC)
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The method: Validations (I)The method: Validations (I)

Samples: B+/0 and B/0genetic (no machine backgrounds)
● Save all the events
● Look for the reconstructed neutrals on bwd-EMC and calculate the total 

energy deposit (some kind of Eextra(Bwd-EMC))
● Neutrals on Bwd-EMC mainly due to the generic decay of the B

      Eextra(Bwd-EMC) expected to be similar to BB-generic background
● Apply the filtering algorithm and compare the filtered/un-filtered 
    Eextra(Bwd-EMC) distributions

Neutral Sample

Un-filtered
Filtered

Very small difference 
on the 1st bin efficiency
(less than 1.0%)
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The method: Validations (I)The method: Validations (I)

Samples: B+/0 and B/0genetic (no machine backgrounds)
● Save all the events
● Look for the reconstructed neutrals on bwd-EMC and calculate the total 

energy deposit (some kind of Eextra(Bwd-EMC))
● Neutrals on Bwd-EMC mainly due to the generic decay of the B

      Eextra(Bwd-EMC) expected to be similar to BB-generic background
● Apply the filtering algorithm and compare the filtered/un-filtered 
    Eextra(Bwd-EMC) distributions

Charged Sample

Un-filtered
Filtered

Very small difference 
on the 1st bin efficiency
(~1.0%)
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The method: Validations (II)The method: Validations (II)

Samples: signal samples for the semi-leptonic recoil analyses: B+/0K+/0
B+/0K*+/0and B+(machine backgrounds included).

● Only consider those selected events just before the Eextra(Bwd-EMC) 
requirement

● Apply the filtering algorithm on then and calculate Eextra(Bwd-EMC)
● Use the method described previously to include the Eextra(Bwd-EMC)

mach-bkg

● Compare the filtered/un-filtered Eextra(Bwd-EMC) distributions

B+K+
Un-filtered
Filtered

Very small difference 
on the 1st bin efficiency
(  1.0%)
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The method: Validations (II)The method: Validations (II)

Samples: signal samples for the semi-leptonic recoil analyses: B+/0K+/0
B+/0K*+/0and B+(machine backgrounds included).

● Only consider those selected events just before the Eextra(Bwd-EMC) 
requirement

● Apply the filtering algorithm on then and calculate Eextra(Bwd-EMC)
● Use the method described previously to include the Eextra(Bwd-EMC)

mach-bkg

● Compare the filtered/un-filtered Eextra(Bwd-EMC) distributions

B0K0
Un-filtered
Filtered

Very small difference 
on the 1st bin efficiency
(1.0%)
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The method: Validations (II)The method: Validations (II)

Samples: signal samples for the semi-leptonic recoil analyses: B+/0K+/0
B+/0K*+/0and B+(machine backgrounds included).

● Only consider those selected events just before the Eextra(Bwd-EMC) 
requirement

● Apply the filtering algorithm on then and calculate Eextra(Bwd-EMC)
● Use the method described previously to include the Eextra(Bwd-EMC)

mach-bkg

● Compare the filtered/un-filtered Eextra(Bwd-EMC) distributions

B+K*+
Un-filtered
Filtered

Very small difference 
on the 1st bin efficiency
(  1.0%)
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The method: Validations (II)The method: Validations (II)

Samples: signal samples for the semi-leptonic recoil analyses: B+/0K+/0
B+/0K*+/0and B+(machine backgrounds included).

● Only consider those selected events just before the Eextra(Bwd-EMC) 
requirement

● Apply the filtering algorithm on then and calculate Eextra(Bwd-EMC)
● Use the method described previously to include the Eextra(Bwd-EMC)

mach-bkg

● Compare the filtered/un-filtered Eextra(Bwd-EMC) distributions

B0K*0
Un-filtered
Filtered

Very small difference 
on the 1st bin efficiency
(1.0%)
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The method: Validations (II)The method: Validations (II)

Samples: signal samples for the semi-leptonic recoil analyses: B+/0K+/0
B+/0K*+/0and B+(machine backgrounds included).

● Only consider those selected events just before the Eextra(Bwd-EMC) 
requirement

● Apply the filtering algorithm on then and calculate Eextra(Bwd-EMC)
● Use the method described previously to include the Eextra(Bwd-EMC)

mach-bkg

● Compare the filtered/un-filtered Eextra(Bwd-EMC) distributions

B++
Un-filtered
Filtered

Very small difference 
on the 1st bin efficiency
(  1.0%)
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The method: Validations (II)The method: Validations (II)

Samples: signal samples for the semi-leptonic recoil analyses: B+/0K+/0
B+/0K*+/0and B+(machine backgrounds included).

● Only consider those selected events just before the Eextra(Bwd-EMC) 
requirement

● Apply the filtering algorithm on then and calculate Eextra(Bwd-EMC)
● Use the method described previously to include the Eextra(Bwd-EMC)

mach-bkg

● Compare the filtered/un-filtered Eextra(Bwd-EMC) distributions

B++
Un-filtered
Filtered

Very small difference 
on the 1st bin efficiency
(  1.0%)

 Filtering algorithm always gives a somewhat lower 
  efficiency
 Quote a systematic of ~+1.0% on the estimation of 

  BB-generic background efficiency
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Physics Results on Bwd-EMC Studies
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Signal V0.2.7/V0.2.6: BSignal V0.2.7/V0.2.6: B   

No E

(min) cut

E

(min) > 30MeV

E

(min) > 70MeVE


(min) > 50MeV

Warning:Warning:

log-scale in the log-scale in the 

vertical scalevertical scale

The Eextra 

distribution 

calculated with 

V0.2.7 has larger 

tails as expected

FastSim V0.2.7
FastSim V0.2.6
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No E

(min) cut

E

(min) > 30MeV

E

(min) > 70MeV

E

(min) > 50MeV

Warning:Warning:

vertical scale notvertical scale not

from zero from zero 

Relatively smalle 

difference in 

signal efficiency 

between V02.6 

and V0.2.7 (~1%)

Signal V0.2.7/V0.2.6: BSignal V0.2.7/V0.2.6: B   

FastSim V0.2.7
FastSim V0.2.6
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E

(min) > 30MeV

E

(min) > 70MeVE


(min) > 50MeV

BB++BB-- bkg (V0.2.6) filtered/unfiltered: B bkg (V0.2.6) filtered/unfiltered: B   

No E

(min) cut

V0.2.6 filtered
V0.2.6 unfiltered

Warning:Warning:

log-scale in the log-scale in the 

vertical scalevertical scale

Filtering 

algorithm gives 

larger tails as 

expected



Alejandro Perez,  XVII workshop, DGWG and EMC parallel session, May 31st 2011 27

No E

(min) cut E


(min) > 30MeV

E

(min) > 70MeVE


(min) > 50MeV

Warning:Warning:

vertical scale notvertical scale not

from zero from zero 

Filtered Eextra 

distribution has 

significant lower 

efficiency 

BB++BB-- bkg (V0.2.6) filtered/unfiltered: B bkg (V0.2.6) filtered/unfiltered: B   

V0.2.6 filtered
V0.2.6 unfiltered
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No E

(min) cut E


(min) > 30MeV

E

(min) > 70MeVE


(min) > 50MeV

BB00BB00 bkg (V0.2.6) filtered/unfiltered: B bkg (V0.2.6) filtered/unfiltered: B   

V0.2.6 filtered
V0.2.6 unfiltered

Warning:Warning:

vertical scale notvertical scale not

from zero from zero 

Filtered Eextra 

distribution has 

significant lower 

efficiency 
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BB   resultsresults
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BB KK resultsresults
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BB KK resultsresults
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BB K*K* resultsresults
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BB K*K* resultsresults
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Bwd-EMC studies:
● Bugged version of Bwd-EMC for Sep. 2010 production
● Implemented Off-line patch to try to estimated Eextra(Bwd-EMC) using mc-truth
● Small effect of patch correction on signal and significant effect on BB-background 

samples
● All analysis give similar results: 

➢ Negligible reduction on signal efficiency ~(2-7)%
➢ ~(15-20)% reduction on main backgrounds (BB, BB)

● Summary on S/S+B)gain due to Bwd-EMC (E(min) > 30MeV)
➢ B  (3.98 0.08)% (previous)  (6.08 (6.08  0.11 - 0.69(sys))%  (current)0.11 - 0.69(sys))%  (current)
➢ BK(5.41 0.10)% (previous)  (5.75 0.98 - 0.64(sys)0.64(sys))%  (currentcurrent)
➢ BK(3.69 0.36)% (previous)  (6.00 0.42 - 0.63(sys)0.63(sys))%  (currentcurrent)
➢ BK*(4.47 0.15)% (previous)  (6.95 0.16 - 0.66(sys)0.66(sys))%  (currentcurrent)
➢ BK*(7.96 0.40)% (previous)  (9.07 0.41 - 0.68(sys)0.68(sys))%  (currentcurrent)

Summary and outlookSummary and outlook
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