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KEKB and Belle Experiment
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1. Silicon Vertex Detector

2, Central Drift Chamber

3. Aerogel Cherenkov Counter

4, Time of Flight Counter

5. Csl Calorimeter

6. KLM Detector

7. Superconducting Solenoid

8. Superconducting Final
Focussing System
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KEKB and Belle Experiment Tt

SuperKEKB is the intensity frontier

m Belle EXperiment . 1036 40x higher instantaneous luminosity than KEKB *
m 8 GeV HER, 3.5 GeV LER head-on colliding .
peak luminosity ]

m Energy set to generate Y(4S) (10.58 GeV) {oma] enosatesesollders
m Y(4S) decays into BB pair (5.28 GeV) ] i
m from 1999 to 2010, 710 fb~! integrated luminocity ;103“—5

collected, corresponding to 772 million BB pair ‘?: . 1

§ 103+

m Have several layers of detectors z o DADNE
m SVD, CDC, TOF, ACC, Csl, KLM E 10%2-}

!

m Now upgraded Belle Il experiment with SuperKEKB
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. . 31 4
is under operation 10 //' y. //
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SuperKEKB and Belle Il Experiment
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Add / modify RF systems
for higher beam current
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Damping ring ” e
—_—
,
._/

Low emittance gun

e
Iy

Positron source
————

New positron target /
capture section

Low emittance electrons
toinject
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Event generation

a' stands for Axion-Like-Particle (ALP)

B> K% (a' —yy) ,‘;,%i:
B* — K*d (@’ — yy) (What we show in this talk) m

BO_}KOa/ (a/_>,y,}/)

B* —>K*d (a —yy) . a
a' : Spin-less pseudoscarlar particle

a' : Decay into yy 100%

My :0.1~1.0GeV (0.05GeV interval )

My :1.0~3.0 GeV (0.1 GeV interval )

Each signal MC sample contains 100K events,
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m Background data skimemd to
include all K mode

m B2BlIl applied : allow using
Belle | data in Belle 2 Analysis
Framework (BASF2)

m B2BII conditions :
BELLE2_RELEASE =
release-05-01-06
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l onsei High Energy Physics.

Partilce List Selection Criteria Partilce List Selection Criteria
Charged track  |d0]| <3.0 cm K* 0.7<mpx <1.1GeV

120]l < 4.0 cm KO — k0pi0
eIDBelle < 0.9 KO — Kkt pi~
mulDBelle < 0.9 or mulDBelleQuality = 0 Kt — Kopi+

K* 2K >06 Kkt -kt pi®
L(Kp)>0.4 ALP 0.102>M /M, >0.166 GeV (7% mass reg

at L7K)>0.4 0.480 > M /[ M >0.584 GeV (1) mass regic
£L(rp)>0.7 0.866 > M/ [ My >0.997 GeV (7' mass regi

v Ey >50 MeV B Mp >5,26GeV

0.5< goodBelleGamma< 1.5 -0.6 <AE<0.3 GeV

70 pi0:mdst B — k04

Kg goodBelleKShort Bt —Kk*d
vertex kFit B0~ k%4
ksnbStandard = 1 (nisKs) BT —ktd
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Variables

l onsei High Energy Physics.

Selection Criteria

Description

liaol

lizoll

elDBelle

mulDBelle
mulDBelleQuality
2L(i )
goodBelleGamma
goodBelleKShort
Ma, cut

My

AE

Signed distance to the point of closest approach (POCA) in the r - ¢ plane

z coordinate of the POCA
Belle electron likelihood
Belle muon likelihood
mulDBelle quaility flag
Belle atcPID %;/(%; +Zj)

dependent energy selection for Belle data and MC (50/100/150 MeV)

0.468 < M < 0.528 GeV,Vertex fit not failed
3x RMS of n0,n,7/ mass distribution

Y (Ebeamlz)2 *551

Beam constraint mass for signal side B
(Bpeam/2) -~ EB
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->apply BASF2 mva

as MVA training sample.

Pre-MVA Cuts :

Precut

Mbc
deltakE
Easy
kopp Prob

1Eyo —Ey; |

® Easy = Eyo+Ey,
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TMVA not works well with B2BII dataset

training for each sigMC data leads MVA to select signal-like mass region :
so generate SigMC with various a’ mass (0.01~4.5 GeV, 10MeV interval) to use

peaking background mass region has removed.
100,000 evts from uniSig MC sample used as Sig training sample
50,000 evts from each CHM and UDS stream 01 used as Bkg training sample

Conditions

5.2~
-0.6~0.3
~0.9
~0.8

universal Sig

l onsei High Energy Physics.
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l onsei High Energy Physics.

Overtraining check for /gpfs/home/belle/sjcho/Private/01_B+toK+9qg/04_ana/04_mva/MVAFastBDTv3.root InpUt Val‘lab|eS

. == Test-Signal
%012 4 Test-Background
T m thrustOm
H =
%0’10 Train-Background
goos| | - m cosTBTO
30.06| "
Sood H m cosTBz
5002 -
0.
0.00 = m et
$ 0.016 Y in- i = -1
g 0,008 signal (train - test) difference p = 0.00 § . mm2
£ 0.000=—ee—————— T
5 -0.008 R2
|
% 88%2 - background (train - test) difference p = 0.00
1K E— m KSFW (14)
0.0 0.2 0.4 0.6 0.8 1.0
Classifier Output
m CleoCone (9)
B Eggy
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Continuum Suppersion Variables A'

Variable Description

thrustOm Magnitude of the ROE thrust axis
cosTBTO Cosine of angle between thrust axis of the signal B and thrust axis of ROE
cosTBz Cosine of angle between thrust axis of the signal B and z-axis
et Transverse energy
mm2 Missing mass squeared
R2 Reduced Fox-Wolfram moment R2
KSFW (14) Kakuno-Super-Fox-Wolfram
CleoCone (9) variables based on the sum of the absolute values of the momenta of all particles within thrust axis 9 concentric cones
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i High Energy Physics

m Use Koppenberg method to exculde 79,7
dauther candidates.

m Calculate the photon'’s probability for
being daugther of 70 or 5

B Ppy(y) = max(Pry(yi,y )

m y;: every y from mdst_gamma table

m if (E;<1.5and E; < 1.5 GeV) then
P =-0.1

m veto y which has 2/, >0.8

[ Signal

Chg bb

Mix bb

chmqq

uds qq

charged rare

mixed rare

charged ulnu
mixed ulnu
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Peaking background veto

m 70,7,7 are 3 major gamma pair
generating SM background.

m to reject designated mass region, each
MC samples are generated

m and upper/lower rms for each sample’s
AO0_M(M,,) value are calculated.

m peaking background veto region is from

3xrmsl to 3 x rms®
L _ [ EXMy-M)?
B ormsy =\ T f—— when M, >M_ o
R _ . | L(My—M)?
B orms =\ = when M, <M, o
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l onsei High Energy Physics.




Analysis Region J G

m 0.7 ~ 1.2 window is not very effective with low a’ mass
m also not very logical selection
m calculate o for each a’ mass sig MC

precut Condition

a’'mcPDG matched
Mbc 5.27~ (GeV)
AE  -0.2~0.1(GeV)

My 0.5~12

(M _s-re _Mass)2
w sl oy B T MAsIT / > ref_Mass
Nevt a
Y(M j-re _Mass)2
m rmsf= aref when M ; < ref_Mass
Nevt a

= m MainBand: 2.5 rmsl t0 2.5 rmsR
‘ m Side Band : main band width
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Optimizing Punzi FoM

igh Energy Physics

FoMP of FBDT m Punzi FoM maximized around 0.95
0.012

%(; r - m unify Punzi FoM cut 0.95 for all mass region
001 mewﬂ.ww‘“ “wﬂ‘; m Fomcalc:
e \

0008/ |

r w Precut Conditions
0.006; ’I‘

r \ Mbc >5.27 (GeV)
0.004 \ j AE -0.2~0.1(GeV)

C kopp Prob  <0.8
0.002— |

- ! Easy <0.9

0 Oé‘ 0‘85 ‘09‘ ‘0“35‘ ‘

: €si .
Punzi FoM = U/Tj\",hkg(a :3)

M, 1600 MeV representive.
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h Energy Physics

Charged rare

02
02
o2

major of rare B Background

= m from Ey, : Ey, distribution

) > Ey, <2.0|| Ey, > (mass/2.5) GeV

Not carefully optimized cut value

But Extremely powerfull to veto B — Xy
1.2 GeV, 2.4 GeV representive

S S °
5 S 2

1 15 2

b 05 25 3 °
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Background Distibution

AO_M Mbc ®m continuum is major source of bkg.
2 ®m BB and ulv events are almost suppressed.
22
2
18]
1 bkg remaining
14
3 chg 232
10
sl mix 6.2
°8 | chm  179.8
45 L
B =l uds 266.6
e 7 charged rare 18.66
1 Signal mixed rare 13.74
Chg bb charged ulnu 0.1
Mix bb mixedulnu 0
chm qq
uds qq
| charged rare
mixed rare

| charged ulnu
mixed ulnu

M, 2000 MeV representive.
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Fitting and applying PDF

A 2000 MoV Amass Sig
g CBApha = 03

A 2000 MoV Mbe Sig
WbeCBAIpha » 146
" MbcCothaan « 527096

BN - 42
- Mbccasigma = 00020
g = 13161

A 2000 MoV Amass con finuum

2000 MoV M continuum

A 2000 MoV Mb raro
g, rcephs 08
n= 5280
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A2000 MeV mass

A2000 MeV Mbc

s 2 s
g é 22
H F
2w
12
10
8
§) 6
. nBkg = 461 £ 19
nRare = 47 +17
2 2 nsig= 07 £1.9
16 17 18 [CRy 21

type

AO_M

Mbc

Signal
Generic
Special

CB
exponential
exponential

CB
BGArgus
CB

m fitting for each @’ mass region are performed.
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Profile Likelihood yonL.

Profile Likelihood Ratio and Posterior for nSig m Profile Likelihood Calculator
5 50
2 F m 95C.L
= 45; 95yield
g E _ Sig
B a4 = —2°
: m Expected U.L. Zag* Nop
IS 95yield
o u NSig = Nprc_output
E sig
25 Boc..,= Npaxs_cutx
E sig = T . sig
£ TN
15 B Npp=772x106
£
0.52—
ok | L L L. L
o 5 10 15 20 25 30
nSig

M, 2000 MeV representive.
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Expected U.L of BF with 95 CL

l onsei High Energy Physics.

Expected Expected

My (GeV)  €4i¢(%) Npig Nsig Nyiglo 95CL B.F UL
15 12.6 437.31+48.4 1.72+4.48 0.38 12.2 1.75E-08 1.23E-07
2.0 13.2 507.87 £39.6 0.73+4.34 0.17 10.9 0.72E-08 1.07E-07
2.5 9.0 358.53 +£20.5 —-2.28+3.43 0.66 6.35 -3.26E-08 0.91E-07
3.0 1.9 245.52+14.3 10.0+5.20 1.92 21.7 6.78E-07 1.47E-06
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conclusion and plan

m conclusion

>

vV vV.vy VY

| 2

koppenberg 7°/n applied.
FBDT trained and applied
Analysis region decided.

SigMC generated, full bkg stream skimmed.

FBDT optimized with Punzi FoM
Fitting done on remaining bkg/sig MC
Sig Yield value and expected U.L calculated

m plan
> Try 3D fit

>

new 7°,7n veto
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Back UP
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High Energy Physics.

AO_M Mbc [ Signal
Chg bb
Mix bb
chm qq
uds qq
charged rare
mixed rare
charged ulnu
mixed ulnu
SM BF Value
BF(B* — K*n,) 0.001030
A3000 MeV mass A3000 MeV Mbc
g " g e BF(nc¢—vy) 0.0003
L ' BF(BY — K*ncme—7yy) 3.09E-7
N BF(B* = K*ncme—yy) 227509E7
’ A ooy A m BT — K*n:(mc— yy) from Decay.dec
L T T T R BN X R ¥ 05 5msm 55 5% 5% 5 52

" m last BF from 2008 J.Wicht Belle paper
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