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KEK location 2

The Belle experiment is located at KEK in Tsukuba, Japan

KEK (Koh Enerugi kasokuki Kenkyu kikou), High Energy Accelerator Research Organization
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The KEKB accelerator and the Belle detector 3
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The KEKB accelerator 4

electron — positron collider
(running from 1999 to 13.06.2010)

asymmetric energies: 8 Gev (e’) and 3.5 GeV (e")
mainly running at the Y (4S) resonance (10.58 GeV)

B - Factory

Holds the luminosity world record: L > 2.1 - 10** cm? s™
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Total accumulated luminosity: 1023 fb™' (~772 million BB pairs forY (4S) )



The Belle detector 5
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Physics at Belle
CP Violation in Belle




CP Violation 7

Standard Model (SM) very successful, yet cannot be the complete theory
for example:

1) Dark Matter exists
(only 4% of the Universe accounted for by the SM)

2) Neutrinos do have mass

E) but are massless in the Standard Model

3) Asymmetry in the amount of matter and antimatter in the universe

Big Bang produced an equal amount of matter and antimatter.

[ Baryons, electrons €@ Observation Ep antibaMsitrons ]

Today:

E) CP Violation is involved (Sakharov conditions)
@ Charge conjugation (transforms particle Ep antiparticle)

@ Parity transformation (changes the sign of space coordinates)



CKM Matrix 8

The Standard Model (SM) with 3 families can accommodate the CP violation in
weak interactions through the CKM (Cabibbo, Kobayashi, Masukawa) matrix.

The CKM Matrix “rotates” mass base into flavor base.

d ' Vud Vus Vub d
S ' — Vcd cs Vcb S
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Wolfenstein parameterization

Expansion in powers of sin0,.=A(~0.226)

6 CP conservation would imply n=0

A AN (p @

unitary matrix: 4 free real parameters
(3 Euler angles and a phase)

ji\ Values not predicted by SM.

Phase introduces imaginary terms in
the Standard Model Lagrangian inducing
CP violation.




Unitarity triangle: Measuring the angles

Unitary triangle in the B system Via | Vis | Vs
VCKM — Vcd cs Vcb
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[ Big CP violation ]
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What do we measure ?

Production of B mesons at the Y (4S) resonance (10.58 GeV)

e e —-Y(4S)— B’ B’

Produced in a quantum-entangled state [ Flavor eigenstate ]
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e Asymmetric beam energies: Some state f(f)
“convert” time to distance or CP eigenstate
Az=BycAt €89 J/vw K
z=By L s D

ﬁ Good vertex resolution needed.



Belle |l

The next generation




Belle Il
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Belle was shutdown on 13.06.2010: Construction of an upgraded accelerator & detector started.

KEKB B SuperKEKB
BELLE B Belle II

SC solenoid
(1.5T)

=
S ‘
’ ;

new detector

Aerogel Cherenkov ct.
n=1.015~1.030
3 V et LER
T~ 4GeV
— &
r a-f/-
BN
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Small cell He/C,Hg
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new degign *
Si Vertex Detector
4 layer DSSD
Pixel Vertex Detector

2 layer DEPFET

new detector

40 times more Luminosity

than KEKB !

SuperKEKB: 8 - 10*° cm's”
\ J

new subdetector PXD
(MPI, HLL)




Background at Belle |l

? Which background
= How much background




Background at Belle |l

Two kinds of background are expected for Belle Il

Machine background

$ Beam/gas scattering (Bremsstrahlung and Coulomb scattering)
o/ Touschek effect (intra bunch scattering)
&/ Synchrotron radiation

Luminosity related background

Gamma/Gamma reactions
Radiative Bhabha scattering



Machine vs QED background

Expected rate increase of:

Machine

Dominating QED background: 2 photon processes

Luminosity related

factor of 40 due to luminosity

\\/e Expected occupancy of PXD
§i f
e SuperB BDK KW
; (private communication)  (Simulation)  (Simulation)
»
e_//\ o Tracks 13800 A ~800 ~800
i
Occupancy 1.3% = »  0.07 % 0.1 %

BDK: Berends — Daverfeldt — Kleiss
KW: S.Jadach et al.



QED backgound runs

Real data to clarify situation: Special QED runs taken at May 28th on Belle

Idea:
Problem:

Solution:

Measure QED background

Events consisting of tracks with a few MeV cannot be triggered at Belle

Random Triggers (unbiased background)
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QED background runs

| Selected tracks: PtvsTh(Exp73) | hPtvsTh

Entries 114667

Mean x 72.26+0.1052f Taken baCkground events ConSISt Of

Mean 8,395 + 0.004909

* B — physics ( few )

"] RMS x 35.57 & 0.07437

~“~7|RMSy 1.66+ 0.00347/

« Machine background
«QED

----------- Scales with luminosity

E) Take runs with varying luminosity
to subtract machine background

Analysis follows two paths:

-
Study hit distributions in SVD and CDC
(done by Elena Nedelkovska, see talk at last

QED run data \ | Young Scientist Ringberg meeting)

J

N\

: Study reconstructed tracks
_ (done by me)




Analysis strategy — Belle software

Search for two track events

both lists v2 probability
#tracks > 0 > 0.05

[THETT
[T
+

At least do loose interaction remove bad
Lists of one neg. charged region cut tracks (fit)
charged tracks ~ one pos. charged
track

do Vertex fit of — %2 probability dr<1.0cm
all track pairs — >0.02 dz<4.0cm
remove bad do vertex cut
list of vertices vertices (fit)

with associated
tracks



Invariant mass

Invariant mass

invMass
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QED background (?)
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Theta of tracks

Theta of final tracks vitxTrkThetaFinal
Entries 2708

Mean 75.25
1\ RMS 46.45

®* 90

80

70

60

/ all tracks

50

40

30 pt <1 GeV

20

10

EIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

80 100 120 140 160 180
theta [ded]




Machine background

Touschek




Touschek background

Touschek is a single Coulomb scattering effect of two particles

@ Transforms a small transverse momentum into a large longitudinal momentum

& Particles leave the nominal beam orbit

& If energy deviation of the particles leads to violation of accelerator parameters
both particles are lost !

ﬁ Reduces beam lifetime

Rate of Touschek scattering is proportional to E™ (E beam energy)
scales linearly with the bunch dimensions

SuperKEKB:

> Very small beams horizontal beam size 10.2 ym (LER), 7.75 pm (HER)
vertical beam size 59 nm (LER), 59 nm (HER)

Touschek is the main source of background at Belle |l




Touschek data

First Touschek background events were simulated:

« KEKB beam parameters and magnetic field

 Scattering positions were taken randomly along the ring (equally distributed)
« Particle was transported through the magnetic field of the ring

* Particles leaving the ring or hitting slits were removed

e Particle flux at #50cm from the IP was written out

Particles lost: LER 39 %, HER 48 %
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Touschek data visualization

Visualization of the
momentum vectors
(LER)

Y 5

LER (e+)

outside

Visualization of the
momentum vectors
(HER)

inside

HER (e-)



Touschek data 25
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Touschek data 26
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The Belle Experiment and CP Violation

Upgrade of the accelerator requires new background studies

Two types of background: machine and luminosity related

QED background track studies started. Next step: compare data to MonteCarlo

@
@
@
@
@

Touschek background
Dominating background at Belle Il
Next step: Simulate Touschek with SuperKEKB parameter



Merry Christmas
&

Happy new year




Backup

Things | couldn’'t show




Momentum of final tracks vixTrkPFinal
Entries 2708
* gol— Mean 3.929
— “ RMS 2.483
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Transverse momentum

Transverse momentum of final tracks vtxTrkPtFinal
Entries 2708
3+ Mean 2.365
I RMS 1.417
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