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Standard Model

» As of now, most fundamental constituents of matter are
guarks and leptons
» 3 generations of quarks, 3 generations of leptons.
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Despite its tremendous success recognized by several Nobel
prizes still many questions remain unanswered!:

— eg. Baryon asymmetry in the universe (CP violation)

— no dark matter candidate

— gravity not part of SM



Symmetries

Nature and its Law: ~ Symmetry = Beauty

P, C, T : most Fundamental Symmetry

P : Parity = Space inversion

C : Charge conjugate ( Particle <> Anti-particle)
[Lagrangian — Hermitian conjugate]

T : Time reversal

CPT Theorem
Lorentz invariant local quantum field theory — CPT symmetry

‘ Particle <> Anti-particle: Mass and Lifetime are identical




P& C Violation

P Violation

1956: Lee-Yang predict P violation [PR 104, 254]
1957: discovered by C.S.Wu in ®°Co B-decay [PR105, 1413]

Spin .
o e Weak Interaction
TCo D V-A
// \\ € Spin C violation

Simple v L-handed & ...... . ‘
C

Illustration
L=+1

Physical Particle — Anti-particle : CP



CP Violation

CPV: difference in behavior of particle and anti-particle

1964: discovered in K° decay (J.Cronin, V.Fitch et. al.)

[PRL 13, 138]
Observation of K,— n*r- Em)  CP Violation

r

[KO-K? mixing] Ky)=|K")+ RO> [CP=+1]

—0

K2>=‘KO>— K > [CP=—1]

If CP conserves Ki=Ks, KoK,

.

Ke—m'n (cp=+1), K —>nnnd (cP=—1)

Branching fraction = 2.3x10-3




Why CPV is Important ¢

Universe: almost “matter” only (no anti-matter)

Big-Bang — N(particles) = N(anti-particles)

Sakhalov’s 3 conditions (1967) for Baryogenesis to occur:
1. baryon number violation

2. CP violation

3. Interactions outside the thermal equilibrium

CPV is a key for Existence of Universe & us !

Andrei Sakharov (1921-1989)



The Cabibbo-Kobayashi-Maskawa
Quark Mixing Matrix

Vufl Vuﬁ Vuh
V=1 Va Vs Vo
Via Vis Vb
A 3x3 unitary matrix

Described by 4 parameters — allows CP violation

PDG (Chau-Keung) parametrisation: 612,623, 613, 6
Wolfenstein parametrisation: A, A, p, n



CKM: the matrix and the triangle

1—\%/2 A AN} (p — in) ]’yd Lyﬂ ]’ruh
V = —\ 1—)\2%/2 AN? +0 (A Vea| Ves | Vb
31 A _ 2 F
AN (1 — p—in) A)‘\; 1 hd h::. hh
Wolfenstein parameterization
2o Vsl
| Vud|2 T | VUS|2
Vep|?
A2)\4 _ | cb .
| Vg |? + | Vis|? /
) %)
7+ in = — Vua Vop
Ved V;b /(P3 /(Pl

B system: Very Good Place, All angles are of 0(0.1)!



CPV: Why B ?

Size of CPV in K: O(1073) ~ small
not enough information

to confirm KM scheme

Specialty of B
long lifetime (~1.5 ps)
Large B%-B? mixing
Various decay modes

Sanda-Bigi-Carter (1980)
Large CPV in B-system




Probability Density
o

o

o

BO-B° Mixing & CPV

@

Interference
Direct decay
Mixing + Decay Weak
Phase
difference

i1, RO
_ B0 Initial: B
4 B
5] Oscillation
0- T LA L R L L L L AL L R A
0 1 2 3 4

proper decay time, t

||~ Time dependent CPV




CPV in B: Time-dependent CPV

Sand
[ o (At) 5=07 oands
PBO (At) / Carter
made by H. Miyake At
Zlm}\,cp }\‘CP = i A
s = > P A
Acp(At) 1+ [Acp| SN
mixing decay
[ go(At) — T'go(At) Aepl2—1 b
— A= ) q ~ thth
[ g0 (At) + T'go(At) Aco|*+1 SREVAY
= Ssin AmAt + Acos AmAt no
Mixing-induced CPV Direct CPV (1=—C) A=A: No DCPV

sin-term only



Start of B physics — 1977
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9 GeV e x3.1GeV et

8GeVe x3.5GeVer

+11mrad crossing Head-on collision

KEKE (Japan) 8y=0.425 PEP-1I (USA) By=0.56


http://kekb.jp/

SLAC PEP-II

‘ Muon/Hadron Detector
Magnet Coil

. Electron/Photon Detector

. Cherenkov Detector

. Tracking Chamber

‘ Support Tube

' Vertex Detector

B factories

KEK-B

B
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Integrated Luminosity [fb]
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BaBar

- PEP Il Delivered Luminosity: 553.48/fb
BaBar Recorded Luminosity: 531.43/fb
BaBar Recorded Y(4s): 432.89/fb
BaBar Recorded Y(3s): 30.23/fb
BaBar Recorded Y(2s): 14.45/fb
Off Peak Luminosity: 53.85/fb
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Integrated Luminosity

Integrated luminosity of B factories

(fb™)

1200 —

1000 _ ..........................................

400 [t

200 |

In total, more than 1G BB pairs are recorded at B-factories
and used to measure angles.

199871 2000/1 2002/1 2004/1

2006/1 2008/1 2010/1

2012/1

>1ab™!
On resonance :
Y(5S): 121 b !
Y(4S): 711 b !
Y(3S): 3!
Y(2S): 25 fb "
Y(1S): 6 b !
Off reson./scan:

~100 b !

~ 550 fb*
On resonance :
Y (4S): 433 bt
Y(3S): 30 fb !
Y(2S): 14 b !
Off resonance:
~ 54 fb!



Experiment and Its Goal

L LE

B (beautyy Meson  Electron ce) Positron ce*)
Goals:

Ff!f.}"f!f..FIII!!J"IJ"J"J"If!l’f!f}'f!f..Fflllf!fff!f..F..FIIII!!II!J"ffl!lf!fff!fff!ll!f!ff#

¢ < Discovery of CP-Violation in B Decays (2001 Summaer,

¢

. ¢

¢ Precise Test of the Standard Model ‘
. . ¢

¢ Search/Evidence for New Physics — ’

T R R T
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Belle Detector




B meson reconstruction

Exploit kinematics of ete- — Y{(4S) — BB for signal selection

Beam-energy substituted mass Energy difference Event topology
) *) * * (multivariate
Mys =\Epa' - Py AE=E,—Ep,. | metnods)

T — e I "
S et Correctly i ¢ | -
L P . 40000 -
¢ @} reconstructed 1 8t L
§~= BB events 1 ol '
@2 2.5 MeV 1 e "
:';.2 5‘21 5‘2 SAE 5124 5‘25 sjza 527 528 529 .';3 ‘62 .O_TS .0: .om Ao 095 (;1 0.‘15 0.2

Mes (GoV) AE (GeV)

PETY FYTY PUTY TN 1O Y 1Y

Events / (0.002 GeV )

—_a
88858888
Events/ (0.016 GaV )

- Combinatorial E 200 i
80 = o
< background ool }
20 -3 b
c - A A I | A s A A c A A 1 A A 1 A
52 521 S22 523 524 525 S26 S27 528 529 53 €2 ©1s ©1 05 -0 005 01 015 o002 .
Mg (GeV) AE (GeV) (jet-structure)
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Measurement of sin(2¢1)

Sensitivity to CP violation between B decays to J/{ K° (GOLDEN MODE) with and
without mixing

Raw Asymmetry Events/(0.4 ps) Raw Asymmetry Events/ (0.4 ps)

sin(2B) = 0.687 £0.028 + 0.012 sin2¢»,=0.668+0.023£0.012
[7/]
2 400} 2 5501
(a) < 350) °
400 . % 300¢ @ 200
- g 250¢ £ 150}
200 . 5 200} (i
. ros 150| 100}
' E 100} 5
o.z 3 s0| 50
02 = Y » OF
0.4 3 = 0.6 'g 0.6¢
300 (© E 0.4 € 04
200 E = ool Wi 7
E @ 0.2+ | 2 0.2
100 = 0} ! 0
i 0.2} 0.2
04 @3 0.4} + 0.4
o - 0.6} 06
025 6420246 6420246
04F , , — At (ps) At (ps)
5 0 5
At (ps) -Cicp = Agep= 0.007+0.016%0.012

PRL 108,171802 (2012)
sin2¢1(=sin2p) at Belle (772M BB)

C=0.016 + 0.023 + 0.018
PRD 79 (2009) 072009




The angle B/ (b—>ccs)

ﬁ

PRELIMINARY

sin(2p) = sin(20,)

BaBar 0,687 +0.028 i 0.012
PRD 79 (2009) 072009 :
BaBar y_, K« 0.690 + 0.520 + 0.040 £ 0,070

PRD 80 (2009) 112001

0.2

BaBar J/y (hadronic) Kq : 1.560 + 0.420 x 0.210,
PRD 69 (2004) 052001 N :
Belle 0.668 +0.023 £ 0.013
Average b 0.678 +0.020
HFAG :

03 04 0.5 0.6 0.7 0.8 0.9 1

In SM, expect, S=nsin2f3, C=0

b—ccs C -
CP PRELIMINARY
BaBar | 0,024 + 0.020 + 0.016
PRD 79 (2009) 072009 i
BaBar 1., K« -0.290 *§ 330 + 0.030 + 0.050
PRD 80 (2009) 112001
Belle -0.007 +0.016 + 0.013
H :
Average * 0.013+£0.017
HFAG

sin2P=0.678 + 0.020
B=(21.4 0.8)°
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¢, Measurement

d—<€

Decay Diagram (Tree)

S;& Esing,

TDCP more complex because of the Penguin
pollution.
Solvable in 2-body (nr) or quasi-2-body (pp)
using isospin (Gronau-London [GL] method)
Dalitz analyses of the (pm) channels also
sensitive
If tree only, S; is directly connected to sin2¢2
and A;=0.
Interference with b— d penguin can be solved
by isospin analysis.

Penguin vy,
%
v1'b V-‘-d

b 7%, g

e

d >

Decay Diagram (Penguin)


http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=39&lastServiceTime=1091629566859&number=37
http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=10&lastServiceTime=1090676093961&number=1
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B— n*n- CPV at Belle (772M BB)

AE, Mbc, At, Ly, Fs/g for Km, rum, KK simultaneous 6D fit.
BO—>r+1t- signal yield : 2886 + 82 events.

EERR~ E  eaans .
70 ] 2 300 9= =
60 - - - .
] T 250 e
50 = - =
30 E R 150} =
20 E 100/~ :
10 -
ol e F 05
N - |t
0 T | Zrn Zco 0
-2r I T a8 ] -0.5
594 595 596 527 5298 599 5.3 75 5 25 0 25 5 75
M, (GeV/c?) At (ps)

S.p =-0.636+0.082+0.027
-Cyep = Agep =+0.328+0.061+0.027



New constraint by nrt/pp/pr modes

3 Combined
— CKM fit

B—pp (WA)
--- B—mn (WA)
B—pr (WA)

CKM12 (prel.)

e @ © ¥ o
- o o o o

anjea-d

80 100 120 140 160 180

60

¢, (deg)

o=$p2=(88.5 +4.7/-4.4)°



¢; measurement

, 3
interference A


http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=39&lastServiceTime=1091629566859&number=37
http://www.gachon.jp/dl/modules/xoopsgallery/view_photo.php?set_albumName=album12&id=fuyu_0030

¢; measurement

=Pure tree processes!
=|_arge uncertainties because of different amplitudes

=\Works for charged (and neutral) B’s.
=Different Methods: GLW, ADS, GGSZ

¢,=y constraint

Principle Method Name and reference

D or D° — CP eigenstate GLW, PLB253,483(1991),
PLB265,172(1991)

Enhance CP asymmetry by ADS, PRL78,3357(1997),

suppressed D decay PRD63,036005(2001)
Dalitz distribution in three- GGSZ, PRD68,054018(2003),
body D decay (Kgp™p-, etc) Belle Dalitz Analysis meeting

proceedings

Use all available information to get ¢5;=v.



¢; measurement
b, = (68 +15/-14)° GGS/Z* ARSTELW 03—v—(69 +17/-16)°

1

— B* — DK~
BT — D*K*

08 r

06

1-CL

04
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The sides of CKM




(Semi)leptonic B decays

|Vcb| (10-3) * BR(B—>1v,) (10°)
Exclusive 389+ 1.1
— Inclusive 41.9+ 0.7 Exp. | Tag | Measurement Ref.
— Average 41.0%£1.3
BABAR | sl. | 180+ 80+ 10 | PRDS81:051101,2010
scale factor 2.2 Belle | s.l 154135 27 | PRD82:071101,2010
in CKMfitter: 40.89 +0.38 +0.59
-3
| VUb | (10 ) BABAR | had. | 179755 +26 arXiv 1008.104
Exclusive 3.25 +0.12 +0.28 Belle | had. 164 + 34 PRLI7:251802,2006

— Inclusive 4.25 +0.15 +0.20
— Average 3.971+0.43

scale factor 2.0
— In CKMfitter: 3.92 +0.09 +0.45 In CKMfitter: 168 + 31

Marginal agreement between inclusive and exclusive measurements both for Vub and Vcb ( A

discrepency of 20)



Search for CPV in t/charm/Spectrocr~-

part of e SM.

le

ry co”-F -
“The 5’\'_0 't and Cewad | B2451L28 Ty B decay
nd er 5 Qo X(#160) 4156429 13941365 | DD Double-cham
u ey | Zi48y S4B SIS | TR0 | B decay
940) | — Noes ¥(4260) 4264212 83422 Sy ISR
) L \o ~ ] X ) X(4350) 4TSS | 1341814 g "
— [~ | Y(4260)
S 0 Z_* baryon ./ ; ; . ¥(4350) 4361813 74418 Y ISR
g l *03 . tl'igl’l‘i‘t -| X(3872) d Zany 443045 4543518 - B decay
'__c.| 100 Do :& D, i D£§J(231§7]24'50) Y(4550) 4664¢12 48415 yan ISR
of j ; 1. & e*e"Dcccec | V,(10890) 10809623 | 478976 | wT(0S) &2 annihiation
99/6 00/6 01/6 02/6_. 03/6 04/6 05/6 06/6 07/6
Z10610) 106084220 | 156425 (TnS)orhy)x | TISS)HY, deeay
¢ Z,010650) 108532415 | 144832 (TnS)orhx | TISS)Y, decay




B factories: a success story

> Measurements of CKM matrix elements and angles of the unitarity
triangle (¢1 at unprecedented precision)

> Observation of direct CP violation in B decays

> Measurements of rare decay modes (e.g., B=>tv, Dtv) by fully
reconstructing the other B meson

» Observation of D mixing, Evidence of CP violation in Charm

> CP violation in b=>s transit; new sources If CPV

roscopy



Physics at a SuperKEK B Factory

Flavour changing neutral current (FCNC) processes (like b->s, b>d) are
fobidden at the tree level in the Standard Model. Proceed only at low rate via
higher-order loop diagrams. Ideal place to search for new physics.

u,d
There is a good chance to see new phenomena;

— CPV in B decays from the new physics (non KM). arxiv:1011.0352

— Lepton flavor violations in T decays. 3
— There are many more topics: CPV in charm, new hadrons %7 SRR
Physics motivation is independent of LHC experiment at i
CERN, Switzerland. 7 |
™
— If LHC finds NP, precision flavour physics is compulsory. A LHC
— If LHC finds no NP, high statistics B/t decays would be a F.-. T —
unique way to search for the TeV scale physics. w0

i 10 10



Strategies for increasing luminosity

Super
KEKB

> 4

Beam-beam parameter

Lorentz Beam current
factor \
N\ . ’
[ - Y. . i g, l,, Ry Lumi. reductlon factor
= +— ¥ (crossing angle)&
2er, g, Rg}, "~ Tune shift reduction factor
(hour glass effect)
Classical electron 0.8 _1
radius (short bunch)

Beam size ratio@IP
1 -2 % (flat beam)

Vertical beta function@IP

(1) Smallerg,*

e
-
-
-
e
-
-7
-

“"Nano-Beam” scheme

(3) Increase §,

uest for BSM




Machine design parameters @ﬂ

param eters
Beam energy Eb
Half crossing angle ()
Horizontal emittance Ex
Emittance ratio K

Beta functions at IP | Bx"/By"

Beam currents o
beam-beam parameter Cy
Luminosity L

* Nano-beams and a factor of two more beam current to increase luminosity




Requirements for the Belle II detector

L:2x 10**cm?s?! 2 8 x 10** cm2s? BELLE & o amire .
(Belle) EHER)

Critical issues at L= 8 x 103%/cm?/sec
» Higher background ( x20)
- radiation damage and occupancy
- fake hits and pile-up
» Higher event rate ( x10)
- higher rate trigger, DAQ and computing
» Require special features
- low p pidentification 1_

. . BELLE [§.50 #0558,

Possible solution: H bty

» Replace inner layers of the vertex detector
with a pixel detector.

» Replace inner part of the central tracker

with a silicon strip detector.

» Better particle identification device

» Replace endcap calorimeter crystals

» Faster readout electronics and computing
system.

decreased boost yB = better vertex needed




Vertex Detector Upgrade

Belle II: Pixels (2 layers) + SVD (4 layers) 0 Belle: SVD (4 layers)
[cm] Z\éayers [cmf
[ 9 [
or 107 |ayers
- 3
[ 3 i
i 12 - ‘ 1
! T S S O OF | | | | | |
v A0 10 0 0 0 30 4 302010010203040
[cm] lon
Belle SVD:

* 4 straight layers of 4" double-sided silicon detectors (DSSDs)

e Quter radius of r~8.8 cm

 Three 4” sensors are
daisy- chained and read out
by one hybrid located outside
of acceptance region (VA1 chip)




Belle Silicon Vertex Detector (SVD)

Previous SVD limitations were

— occupancy (currently ~10% in
Innermost layer)
— need faster shaping

— dead time (currently ~3%)
— need faster readout and pipeline

Belle 11 needs detector with

— high background tolerance
— pipelined readout

— robust tracking

— low material budget in active
volume

10%
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Ave. oce. ratio(%) vs. chip

Current SVD is not suitable
for Belle Il



New Layout for Belle 11 SVD (2014-)

Belle Il environment:
- Occupancy : 0.4 hits/um?/s

- average particle momentum: ~500 MeV

-Radiation tolerance: > 1Mrad/year
- Acceptance: 17°-155°
-- Higher vertex resolution

- -> lower material budget (low scattering)

« New double-layer pixel
detector using DEPFET
technology

* Four layers with 6”
double-sided strip
detectors at larger radii
and forward part

Optimized for precision vertex
reconstruction of the decays of
short-lived B-mesons

20

10+

[cm] \éayers
L7

4 layers of double-side

O

strip sensors

3 Two layers of
PFET pixels
O- 1+h
praad e by va s by v by s by va s by aas
[
10 4
— B2HPK_#4
— B2HPK_#5
— B2HPK_#8
— B2HPK_#9
84 —— B2HPK_#13
— B2HPK_#16
— B2HPK_#17
— B2HPK_#46
— —— B2HPK_#47
< 6 — B2HPK #48
=,
<
2
S 47 4
///
7 e ———————
2
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SNR

Signal-to-noise-ratios

e Test sensors have been Gamma-irradiated with

Co-60
e Tested before and after at CERN beam test (120
GeV hadrons)
Atoll p-stop Common p-stop

40 40
35
30 -
25 1
20 A
15 A

10 -+ T ;
narrow half-narrow half-wide wide narrow half-narrow  half-wide wide narrow half-narrow  half-wide wide

Geometry Geometry Geometry

* Darkcolors: non-irradiated, Light colors: irradiated

SNR

Ill

* Four geometries: width of ,virtual” strip defined by p-stop

e Atoll pattern (half-wide) performs best, both irradiated and non-irradiated
— Chosen for final sensor



Readout System Concept

* Analog data transmission up to FADC by copper cable

— Signal conditioning using FIR (Finite Impulse Response) filter
* Prototype readout system exists

— Verified in several beam tests

* Final system to be ready for beam test at DESY in June, 2014

FADC+PROC
1748 ~2m Junction ~10m Unified optical
APV25 copper box copper data link
chips cable cable
Front-end Rad-hard Analog level translation, Unified Belle I
hybrids DC/DC data specification and DAQ system

converters hit time reconstruction



Going real!




The Belle Il Collaboration

A very strong group of ~400 highly motivated scientists!



Summary

] Started Data Taking in 1999 and continued till summer of 2010.

) Recorded peak luminosity of experiment 2.11 x 103 cm2 s, which is
world record itself.

) Successfully established the presence of CP violation for first time in
B-meson system.

) Nobel prize in 2008 for Kobayashi & Maskawa for their theoretical
work on CP violation.

J Belle2 (next generation experiment on CP violation in LHC era) is
approved and R&D is underway.

u Major upgrade at KEK in 2010-16 - Super B factory, L x 40

:lEssentiaIIy a new project, all components have to be replaced of
existing system.

1 The project has a sizeable Indian participation.

u Expecting a new, exciting era of discoveries, complementary to LHC



To: PEF’I/ BaBar
and KEKB/Bale
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http://www-public.slac.stanford.edu/babar/Poster/slac nobel poster 2008.pdf



http://www-public.slac.stanford.edu/babar/Poster/slac_nobel_poster_2008.pdf
http://www-public.slac.stanford.edu/babar/Poster/slac_nobel_poster_2008.pdf
http://www-public.slac.stanford.edu/babar/Poster/slac_nobel_poster_2008.pdf

Effect of Penguin on ¢,

M. Gronau and D. London, PRL 65, 3381 (1990)

Isospin relation
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Requirement for a Pixel Detector

* physics performance requirements
— excellent hit resolution
— low material budget (low multiple scattering)

— operate close to the interaction point

* detector technology requirements

. fa st readOUt Pixel Detector based on

— radiation hard Sl e
technology | vt

— high signal to noise ratio

— digest high background rate



DEPFET - DEpleted P-channel Field Effect Transistor

/'r Each pixel is a p-channel FET on a completelh
depleted bulk (sideward depletion). Charge is
collected by drift

» A deep n-implant creates a potential
minimum for electrons under the gate (internal

Sate) )

> Signal electrons accumulate in the internal
gate and modulate the transistor current
(g,=400pA/e’)

» Accumulated charge can be removed by a
. clear contact

p+ source

clear gate -

n+ clear—7

» Detection and internal amplification
» Good signal-to-noise ratio

» Low power consumption

\ » Thin detectors

\

gate

N

depleteq
N-Si bylk

rd
e
—
—\

——

/'/amphfler
-

// pj drain

™~ deep n-doping
nternal gate’
[

N
| deep p.wey)

P+ back contact

source clear gate
o
external internal |
gote: gate clear
o } - 1 o
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The CLEAR mechanism

+15V » The n* implant is a potential minimum for e-

oV ov| [0V

GEllte ClearGat?. Clear » The charge stored in the internal gate is

jﬁ&ﬁ&&’.‘ﬂ removed applying a high positive voltage
YA
* The e drift towards the clear contact and are
ENERNNRNNANRNNANNANRANRANANERNRANNEN then removed
backside * p-doped region used to shield the clear contact

pEH p+M nQO n+ B

* Clear-gate structure used to lower the potential

barrier between the internal gate and the clear



BACK-UP

Trapezoidal Sensors for Forward Region

el MICRON SEMICONDUCTOR led

- Trapezoidal sensor for &>
forWard reglon ———————————————————

 Different p-stop layouts  Nt=
on test sensors

‘%‘ Atoll p-stop

(]
)

. ]
, Combined p-stop




Origami Module with 6” HPK DSSD




Known as a firm SM reference

PRELIMINARY

sin(2p) = sin(2¢,) FEXE

Measurement from B Factories

This, LHCb result become obsolete

BaBar : ; ; 0.69 + 0.03 = 0.01
PRD 79 (2009):072009 g

BaBar y ., Ke: : | 0.69:0.52+0.04 007
PRD 80 Bhod)i112001 |

BaBar JAy (hadronic) K, | &, 1,56 = 0.42 = 0.21
PRD 69 (2004):052001 = | |

Belle : ; | 0.67 = 0.02 = 0.01
PRL 108 (2012) 171802

ALEPH ! v [ 0.84 70525 0.16
PLB 492, 259 (2000) =

OPAL : : 3.20 *350 + 050, |
EPJ C5, 379 (1998)

CDF ; : 0.79 "1
PRD 61,072005 (2000) _ _ i _ i e
LHCb : : : 0.53 *328 . 0.05
LHCb-CONF-2011-004 7 &

Belle5S : : N 0.57 + 0.58 + 0.06
PRL 108 (2012) 171801 ! s Bk

Average - 0.68 = 0.02
HFAG : |

-2 -1 0 1 2 3



B factories: a success story

Measurements of CKM matrix elements and angles of the unitarity
triangle

Observation of direct CP violation in B decays

Measurements of rare decay modes (e.g., B->tv, Dtv) by fully
reconstructing the other B meson

Observation of D mixing
CP violation in b—>s transitions: probe for new sources of CPV

Observation of new hadrons /spectroscopy

2008 Noble Prize to Kobayashi and Maskawa based on Belle Results



New constraint by nrt/pp/pr modes

3 Combined
— CKM fit

B—pp (WA)
--- B—mn (WA)
B—pr (WA)

CKM12 (prel.)

e @ © ¥ o
- o o o o

anjea-d

80 100 120 140 160 180

60

¢, (deg)

o=$p2=(88.5 +4.7/-4.4)°



p-value

New constraint by w/pp modes

KON - B (BABAR) NETA --- B-pp (BABAR)

o) --- B-nn (Belle) e+ CKM fit cnzpel) --- B—pp (Belle)  + CKM i
3 B-m (WA) 3 B—pp (WA)
1.0 . T T 3 { 1'0_"‘\”|”'|”'|"'|F.q.ll"'l"""'|”'_l_
o.a: '
06 3
®
3
04 =i &
o
0'0 1 I\\‘ :'\IJ l L1l Irll tl/II ;8 I | B | I | E5 I | I B I A |
0 20 4 60 8 100 120 140 160 180
0, (deg)
For it mode, isospin triangle is For pp, isospin triangle is flat, thus

found to properly close. no plateau in p-value plot.



Symmetries

Nature and its Law: ~ Symmetry = Beauty

P, C, T : most Fundamental Symmetry

P : Parity = Space inversion

C : Charge conjugate ( Particle <> Anti-particle)
[Lagrangian — Hermitian conjugate]

T : Time reversal

CPT Theorem
Lorentz invariant local quantum field theory — CPT symmetry

‘ Particle <> Anti-particle: Mass and Lifetime are identical




P& C Violation

P Violation

1956: Lee-Yang predict P violation [PR 104, 254]
1957: discovered by C.S.Wu in ®°Co B-decay [PR105, 1413]

Spin .
o e Weak Interaction
TCo D V-A
// \\ € Spin C violation

Simple v L-handed & ...... . ‘
C

Illustration
L=+1

Physical Particle — Anti-particle : CP



Time Dependent

CP Violation

Flavor-tag . T
' 0 09 econstruction
Y(4S) -> BB pairs / 2 .)/Y/y/(gﬁ )
- pF i ssssmsmansi « fle ¢
e S — A
8.0 Gev 3.5 GeV 0 P, f
Vertexing > Az : < K cp
By = 0.425 s
ozs : BO —
N B° fit Extract
Tl Btag B*tag ||| CPV

At = Aaz/ C[i'y

T'( BYAt)— fep) — T( BAAL) »fep)

AerAl) = =S¢, SIN(AMAL) + Af-pcos(AmAL
| T'( BAAO)—> fp) + T( BAAY—>fep) fp SIN( ) cp COS( )
= Im(2) = 1 q Alcp)
Step— Afn — o _4q
YRR EVER P Alcp

~Ctcp = Afcp

IAl =1 1f no DCPV
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http://www-acc.kek.jp/KEKB/pictures/KEKB_photo/KEKair2005/KEKair2004-04H.jpg

Readout Chip: APV25

Developed for CMS (LHC) by Imperial College
London and Rutherford Appleton Lab
— 70,000 chips installed

0.25 um CMOS process (>100 MRad tolerant)
128 channels

192 cell analog pipeline

— no dead time
50 ns shaping time — low occupancy

Multi-peak mode (read out several
samples along shaping curve)

Noise: 250 e + 36 e/pF
— must minimize capacitive load!!!




Physics Case for SuperKEKB

Next generation: Super B factories = Looking for New Physics i.e. Physics
beyond Standard Model

—> Need much more data (two orders!)

- In November, 2010 KEK Management approved the up gradation of
BELLE experiment viz. BELLE -> BELLE Il and KEKB -
SuperKEKB

« ~100 M US $ for machine approved in 2010 -- Very Advanced Research
Support Program (FY2010-2012)

« Full approval by the Japanese government in December 2010; the project
was finally in the JFY2011 budget as approved by the Japanese Diet end
of March 2011

« Most of non-Japanese funding agencies have also already allocated
sizable funds for the upgrade of the detector.

 Indian contribution in the project is very significant. A budget of Rs. 300
million 1s under the consideration of DST and DAE.



# modules

Distance from IP {cm)
Thickness (um)

# pixels

Total # pixels

Pixel size (um<)

Sensitive area (mm2)

8

1.4

o
68 x 250
3.072M

22 x 20
60 x S0

44 8 x 12.5

12

22

[
768 x 250

4 608 M

70 x 50
85 x 20

61.44 x 12.5



