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o Apply MVA study on BB analysis: B - D™ *¢v,
| ® Use samples are skimmed with the Full Event Interpretation, using the

:

release-06 FEI training (without ECL cut) and release light-2210- devonrex
e 2.8 tb-! of generic MC15 BB and 1.0 fb-! qq run independent MC.
e Data: LLS1 dataset.

Apply hadronic FEI reconstruction:
¢Select events with one Btag with Mbc>5.27 Gev/c2 and -0.15<AE<0.1 GeV.
Apply fox Wolfram<0.2 offline.

2 Select oD ey ) o — 1)
IdOI<05and 2<ZO<2

muonID_noSVD>O 0

‘f;

D° - K n*, K n*n’, K n*n~nt,K)n*n, K K, n"n*
Modes with 7°: 1 842<MD<1 886 GeV/c2

IModes without z%: 1.853 < M, < 1.875 GeV/c2
tD* mass difference cut: 0.142<AM,.<0.150 GeV/c2

{4 . Apply a vertex fit to the Bsig candidate

5 Reconstruct Y(4S) — BB and look in the ROE for additional energy deposits.

6. Choose best candidate based on the candidates with the highest Btag sig probability and the

hlghest momentum of the slow pion daughter of the Bsig.

i7. Apply ROE_charge ==0 and ROE_nTracks==
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MC Cluster Classification

clusterTotalMCMatchWeight: compared BGx0 and BGx1 D*fv

NaN clusters: beam background clusters and hadronic split-offs or fake
photons are a considerate contributor in ROE gamma distribution. " -"I_ e
ik
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MC Cluster Classification

Cluster Attribute Real Photon Beam Bkg Fake Photon
mcPDG 22 NaN NaN or =22
clusterTotalMCMatchWeight — <0.0529099 >0.0529099

ROE clusters are required to have:

[clusterNHits>1.5]
0.29677< clusterTheta<2.6180]]

abs(clusterTiming)<200

[clusterReg==1 and E>0.080] or [clusterReg==2 and E>0.030] or [clusterReg==3 and E>0.060]]

This is consistent with the ROE cuts of the FEI skim (if | recall correctly)
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Higher abundance of lower E beam
background clusters in MC.
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EE CL
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EE CL
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Returns lateral energy distribution (shower shape variable).
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Returns lateral energy distribution (shower shape variable).
clusterLAT=07?
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clusterLAT peaks around 0.3 for radially

_=sPmmetrical electromagnetic showers and is

larger for hadronic events, and electrons with a
close-by radiative or Bremsstrahlung photon.
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Y The unaccounted fraction seems to be

0 20 40 60 80 100 120 140 160 mainly attributed to fake photons or
mMIinC2TDIist hadronic split-offs.
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“~._ The unaccounted fraction seems to be

mainly attributed to fake photons or
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ECL
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clusterAT

Howver It does look like there is an

unaccounted for portion of beam of fake phot\

clusters in data at clusterLAT=07?
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clusterLAT peaks around 0.% for radially symmetrical
electromagnetic showers and is larger for hadronic events, and
electrons yjth a close-by radiative or Bremsstrahlung photon.

The Unaccounted fraction seems to
be mainly attributed to fake photons
or hadronic split-offs.
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EE CL

CosTheta: the direction of a cluster is given by the connecting

line of origin and cluster centroid position in the ECL.
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Cluster centroids are generally biased towards the centers of the highest
energetic crystal. This effect is larger for low energetic photons.
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e Too much low energy beam backgrounds in MC.
e Deficit of clusters modelled as real photons 1n MC.
e Deficit of fake photons or hadronic split-ofts in MC.

e Trained two MVA’s to suppress beam backgrounds (get rid of excess) and fake photons
(get r1d of deficit).

16



Beam background and fake photon suppression ()
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Fake MVA: old variable list with PSD Eec. GeV



Beam background and fake photon suppression (3
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Beam background and fake photon suppression

Belle IT
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Beam background and fake photon suppression ()
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Belle Il [cdt=362fb""
300 0
Belle Il Jcdt=362fb? : o
e, _2sof | = o Updated variables, added
- eam y -
8000 1 Real LN I 7 B Continum
. BoOOpE= Realy S ot clusterTheta to fake
g - ¢ data 8 2005- data phOtOn MVA
o 6000 F ; I
g o 1507
n 4‘6‘ X
2 4000 S 100
= 2
g 8
3 & ~ | t i bi
O 2000 N mprovement In Zero bDin
0 W,
0 1y
8 1‘ ++If { + g -‘ . - ; \ i
i : IO _09_'_'_'_. _ _ARE — —_
Z|u ok o’“AAAAAAAAAAAAA 'AAAAAAAAAAAAAAN %E 0; @ e "e .00’0§§§§++Y++ V+ MR : fﬁ dt=3621b
g | & I ¢ ¢ ¢ tt Foof m B°>D*Iv
a . _ ey b s A i
g 0 0.5 1.0 1.5 2.0 2.5 [ mmm B° - DLV
b.0 0.2 0.4 0.6 0.8 1.0 Belle Il [cdt=362fb} Ere, GeV { = BB
Beam MVA: new variable list : ‘ B B+B~
2000 F B® - D*1v, : ;ake" ; 3 EEE Continum
camy —~ 200 3 77 . unc.
clustert, elusterE1E9 elusterLAL clusterTheta, 1750 [ Realy O 1 //’// y;;tat Hne
clusterZernikeMVA, clusterTiming, ; 7777, MC stat. unc. ,;o, ‘
clusterPulseShapeDiscriminationMVA N 1500 b data ~ 400 :
o 1)
= 1250 S 300
n >
¥ 1000 ey
§
5 750 O
S
O 00
250
0 @)
clustertl, elusterE1EY. clusterLAT 1r = - }
clusterZernikeMVA, clusterSecondMonent; S [ | § O[*e®®qeqs o? ¢ }
, ; L § : X V.Y
minC2TDist, clusterTheta g 0_‘.............."'.'."'.7".'"'17.*".'."7".""" % - ¢ §+§++' b ++ * *
clusterPulseShapeDiscriminationMVA g - - P S T S S SIS
]0.0 0.5 1.0 1.5 2.0 2.5 3.0

~0.0 0.2 0.4 0.6 0.8 2Q.0

Fake MVA: new variable list Eect GeV
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MC cluster classification

Considerable fraction of IsSignal photons have mcSecPhysProc==201. These are secondary photons

= D"ty
] D tv
=1 D
D'ty
Div
L Xiv

introduced by Geant4, which also pass IsSignal==1 or mcPDG==22. or
Sample XCv |D*¢v | DU D*ty Dty | D**ty '
isSignal 45.8 | 205 38 22.9 45.8 39.3 |
mcSecPhysProc| 7 4 | o4 19 16.9 16.7 18.5 3 2000}

isSignalg201 | 9.8 | 14 8 16.2 12.5 106 || 0 I
0

100 150 200 250 300 350 400

mcSecPhysProc
* New training files have been used with two options: ol — o
* 201 photons moved to background sample moﬁ_ = o
® Resulted in fake MVA identifying all photons as fakesi | = o
« 201 photons removed from training ° 1ooo§-
500 |

-250 0
mcPDG
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Beam background and fake photon suppression ()
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Fake MVA: new variable list with 201 y removed 22
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photon suppression (3%

Agreement in zero bin!
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Belle II

More to understand about ROE clusters
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NECLOutOfTimeCrystals

Out-of-time crystals identified to be a problem
in MC15rd.

Follow up study (requiring re-run of tuples) in
progress to examine overlapping clusters!
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Belle I

Conclusion

e EgcL distribution requires more detailed study:.

e Disagreement in some main variables hint to an excess of low energy beam
background clusters and a deficit of fake photon clusters in run independent MC.

e Loose cuts on beam background suppression and fake photon suppression 1s useful.
e Further studies on run-dependent MC and overlapping clusters underway.

e Comments/suggestions.
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clusterTheta

Returns ECL cluster's polar angle :math: \theta’
(this is not generally equal to a photon polar angle).

| The direction of a cluster is given by the connecting
line of :math: "\, (0,0,0)\,  and

cluster centroid position in the ECL.
| The cluster centroid position is calculated using up
to 21 crystals (5x5 excluding corners)

after cluster energy splitting in the case of
overlapping clusters.
| The centroid position is the logarithmically weighted
average of all crystals evaluated at

the crystal centers. Cluster centroids are generally
biased towards the centers of the

highest energetic crystal. This effect is larger for
low energetic photons.
| Beam backgrounds slightly decrease the position
resolution, mainly for low energetic photons.

note::
Radius of a cluster is almost constant in the barrel
and should not be used directly in any selection.

Unlike for charged tracks, the uncertainty (covariance)
of the photon directions 1s not determined

based on individual cluster properties but taken from on
MC-based parametrizations of the resolution

as function of true photon energy, true photon direction
and beam background level.

. warning::
Users must use the actual particle direction (done
automatically in the modularAnalysis using the average
IP position (can be changed if needed)) and not the
ECL Cluster direction (position in the ECL measured
from :math: (0,0,0) ) for particle kinematics.

note::

Please read this <importantNoteECL>" first.
Lower limit: :math: 0.0°

Upper limit: :math: \pi’

Precision: :math: 16  bit 26

clusterlfotalMCMatchWeight Returns the sum of all weights of the ECLCluster —>
MCParticles relations.



