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Accelerator " gcc_elerator
“B-Factory”, KEKB @ KEK nstitute

-Tokyo (40 minsdoy Tsukuba Exps) . | KEKB:

e  (HER): 8.0 GeV
e* (LER): 3.5 GeV

crossing angle:
22 mrad

a R
"'..,’ P. ‘!"’.¢
Hi S8

Ecus=M(Y(4S))c?

dN{/dt = o(ete—f) L

2010

[£dt = 1020 fbL
B9 (1.02 ab?)
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Accelerator
“B-Factory”, KEKB @, KEK - ~ Belle]dt ~ 1020 for
# BB Lo
e b —_— energ. threshold

vas,  for BB production
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o(e*e—hadroni) [nb]

“on resonance” production
ete - Y(4S) g BdoBdo, B*B-

o(ete - B_B) ~ 1.1 nb (~10° BB pairs)

"continuum” production e Y< C< hadrons
o(e*e” » ¢ C) ~ 1.3 nb (~1.3x10° X(S(C pairs) € < hadrons
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Detector Belle Central Drift
Chamber et
3(4) layer
Si det.
.
8 GeV
/ _ T Aerogel
. } s 2 . Cherenkov
e RN \, . (n=1.015-
uand K. - ' g 1.030)
Counter [ ;
(14/15 layers > 1.5T SC
RPC+Fe) EM calorimeter solenoid

Csl (16X,)

B meson decay: o~ 100 um
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Basic motivation

/ 7 >

B-
~ ot CP /
Why CP symmetry? — Why Universe evolved from symmetric state
N, — N2 Ny —Njg
———2=0 totoday’s —° ~107"°-10"° ?
Ng +Ng Ng + Ng '\ “matter dominated” universe
as observed for example

by AMS 1

A. Sakharov, 1967: 3 necessary conditions for asymmetric
universe evolution (received Nobel prize for peace in 1975):

baryon number violation, thermal non-equilibrium,

CP and C symmetry violation

(CPV) A.D. Sakharov, Pisma Zh.Eksp.Teor.Fiz.5, i it
32 (1967) (1434 citations) CPV s necessary condlyon
for matter dominated universe
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Basic motivation

CP symmetry among particles (Standard Model):

_ _ Carrier of Weak interaction
Kobayashi-Maskawa mechanism:

Vg Vs V. ) Cabibbo-Kobayashi-Maskawa X\‘- - - »<
V.4 Ves Vo (CKM) matrix / EJ
¢ th Vts \% M. Kobayashi, T. Maskawa, -
e ¥
>t
if Vi=V;" P> SM Lagrangian =%, / V5 9y

CP symmetry is conserved

If elements of CKM matrix
complex = CPV
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Basic motivation
Kobayashi-Maskawa mechanism:

- <
. N .
C12C13 S12C13 S13€™ o
Vua VusfVuo| | _ unitarity:
Vg Ve Vol | — ~S12C23 C12C23 S23 . .
. |__th Vis|Vio J S125237C12C23513€""  -C15S23  C3Cis VUdVUb +VCdVCb +V Vb =0
. >
N B NE oc J Tl Vuqub*
Ng +Ng VeaVer "
B B cd Vb Vi Vi

| ible value J nax -1 ~o01
maxima pOsSsSIDIe value 6\/7

exp. determined value J,,, ~3-107°

j_ = baryonasymmetry Ne=Ng ;516 (0,0) 01)
of the universe Ny +Ng

CPV as observed nowadays
Ng —Ng .10 -9 | Is too small to explain the
and not =10""-10 -
N. + matter asymmetry of the universe

B
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' VeV
Sin2¢ By = B (__cf
th th
Method
. +
BO or BO o Fully reconstructed B decay
\ Iy . H ::> into CP eigenstate
““““ T
_ Bsig___ | S < + - Tagging of
L | Ks SO O B 0- other B flavor
> — |

BO(B)

Determination of the time between decays of two B’s

............................................... / K- from the
/Btag [ a=azipye T :{> i
L I o ____ 4 A/ of typical

determined

decay
products
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Sin2 ¢,

At distribution for ¥(4S) — B°B° — (e.g. J/wKg) (Xey):

oAt /750

P(AL) =

i 1+ q- [Sysin(AmgAt) + Ay Cos(AmdAt)}
RO

q=%1: B, =B°%B® S,#0:time dependent CP violation (TCPV)
Am: BOBO oscillation freq. A # 0: time independent CP violation (DCPV)

Why S; # 0, 4; # 0 means CPV?

_ P(At;B,, =B°)-P(At;B,, =B")
" P(At;B,, =B°)+P(At; B,, =B°)

=S, sin(AmAt) + A, cos(AmAt)

BO and B behave differently! complex phase of CKM can be
_ _ measured - for example - by study
SM: for b — ccs : S=sin2¢;, A=0 of At for B°BO pairs from ¥(4S)
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S|n2¢1 one angle of unitarity triangle
Results IS mggsured with a great
precision

0.20¢

1/N-dN/d(A1)
o
C

Belle, PRD66, 032007 (2002)

significant measurement of TCPV in B system; otk
exp. evidence that CPV is indeed intrinsic ]
property of weak interaction (CPV in K° - 1964) "

Q
SiN24,=0.99£0.14£0.06 e

Belle, PRL98, 031802 (2008)

0
- N W
===
o O O

sin2¢,,1999-2010:

Asymmetry Entries /
% B

from free parameter of SM to precision -0.5}

i +30 :
measurement with accuracy +3% (world B R T T
average) £ At(ps)
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Verification of Kobayashi-Maskawa mechanism

$»#0 = only established CPV in B system;

KM mechanism: CPV in all processes arises from a single complex phase
iIn CKM matrix; = relation among CPV observables and magnitudes of

CKM matrix elements in various processes " [LLliiil i T
Cc my & A
#y; b — ccs (B® — J/wKy) g™

Amy ?
105;;— . EK Pl
i 9% e,
.1_5{-‘ ISt | o o | o AN
-1.0 0.5 0.0 0.5 1.0 1.5 2.0
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Verification of Kobayashi-Maskawa mechanism

$»#0 = only established CPV in B system;

KM mechanism: CPV in all processes arises from a single complex phase
iIn CKM matrix; = relation among CPV observables and magnitudes of

1-5!' ) PRI SR PO ] | RV7E & 93 I P.UF 3N

CKM matrix elements in various processes [ oo R

¢, b — cCs (BY — J/wK))
Vuol; b — /i (B® — 72'[‘/)
suppress 140x larger b — Ac

wolw/cos2 <0 -
{exel a1 CL>0.95) -

1 e | ooy ol RN,

1.0 0.5 0.0 0.5 1.0 15 2.0
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Verification of Kobayashi-Maskawa mechanism

$»#0 = only established CPV in B system;

KM mechanism: CPV in all processes arises from a single complex phase
iIn CKM matrix; = relation among CPV observables and magnitudes of

CKM matrix elements in various processes " [TLLliliil™ YA
[ 9y %
;b — ¢Ts (B® — JwKY) |
IVl, b— Au (B — z4v)
suppress 140x larger b — Ac e oobtell M WSS
Amg/Aamg; BO/BO, oscillations
help from Tevatron ol

¢ wl,w-‘oosib‘<0
| : 3 (exel a1 CL>0.95) -
1. e | ooy ol RN,
-1.0 -0.5 0.0 0.5 1.0 1.5
P

€ —

20
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Verification of Kobayashi-Maskawa mechanism

$»#0 = only established CPV in B system;

KM mechanism: CPV in all processes arises from a single complex phase
iIn CKM matrix; = relation among CPV observables and magnitudes of

CKM matrix elements in various processes LIl RIS
i 9, |
—_ 1.0 — : et
¢, b — cCs (BY — J/wK)) | ; /’
IVl & — o (B — 72'[‘/) , % 'e
suppress 140x larger b — Ac . q
0.0 f—---- === -

Amg/Aamg; BO/BO, oscillations
help from Tevatron ol
#,; b — uud (B®* — 7x)
measure all charge combinations

€ —

¢ ol w-‘oosib‘u:u
| : 3 (exel a1 CL>0.95) -
1. e | ooy ol RN,
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
P
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Verification of Kobayashi-Maskawa mechanism

$»#0 = only established CPV in B system;

KM mechanism: CPV in all processes arises from a single complex phase
iIn CKM matrix; = relation among CPV observables and magnitudes of

CKM matrix elements in various processes [ lX 2T X T
| VS
—_— 1.0} : '%
¢, b — cCs (BY — J/wK)) S Y
IVol; b— Au (B — 22V 05 - _A=f A
suppress 140x larger b — At _ [ { .
. . 0.0 - -t P P e, . » s s e e o e e
Amg/Aamg; BO/BO, oscillations C % )
help from Tevatron osk | VigEs %
#,; b — uud (B®* — 7x) | i
measure all charge combinations 1.0 - Koz &
. — L ¢ ol wicos 29 <0
foi BT — DA foom) KB = D= Teom) K™ L B
(foom = Kgm*m) Mo w5 00 05 10 15 20
mutibody final state, special P

technique (Dalitz analvsis
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Verification of Kobayashi-Maskawa mechanism

various measurements of

$»#0 = only established CPV in B? system; | variables related to CKM matrix
agree very well

KM mechanism: CPV in all processes arises from a single complex phase

iIn CKM matrix; = relation among CPV observables and magnitudes of

CKM matrix elements in various processes [l

excioded aroa has CL > 095 &

¢, b — cCs (BY — J/wK))
IVl, b— Au (B — z4v)
suppress 140x larger b — Ac
Amg/Aamg; BO/BO, oscillations
help from Tevatron
#,; b — uud (B®* — 7x) ;

measure all charge combinations 4.0 - om € —
— L s wl,w‘oosib‘uj
¢5; BT — DO(— f_,,) K'/B* — DO(— f ) K* [ : % ool 4 GL0.55) -
3 Com Com 1 {_L_L_L_L.in__lf'&_lhfl 2k L) 2 1o ] l = i i | l L1 L_.L_l_ {1 - -
(fcom — KSTE+TE') "0 05 00 0.5 1.0 15 2.0

mutibody final state, special P

technique (Dalitz analvsis
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Verification of Kobayashi-Maskawa mechanism

Perhaps most valuable confirmation of the \
Importance of B-factories (Belle + BaBar) : ~ Y

measurements:

“During the past decade, elementary particle
physicists have measured
Kobayashi and Maskawa's theory
with great precision and found
that it really does fit the data.”

L. Brink, 2008 Nobel Prize
presentation speech

KEKB/Belle
May 1999 - July 2010

KEKB accelerator control room, July 2010: director general of KEK pressed the
beam abort button of KEKB for the last time = SuperKEKB
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Maj 1999 - July 2010 ¢s, Dalitz
analysis

(fb™) Belle, PRD73, 112009
(2006) 48 citations
T L Y T T T I T

B — K*'r

Bl =i

N . X(3872)
: Belle, PRLO1, 262001
1500 | TCPV, B® — m*m ¢,  (2003)528 citations

- Belle, PRD68, 012001
+ (2003) 92 citations |

TCPV,B? — ¢Kg, KK Kg, nKs, |
. Belle, PRL91, 261602
. (2003) 145 citations :

500 | TCPV, sin(2¢y)

~ Belle, PRD66, 032007
- (2002) 96 citations

ol e

Belle, PRL103, 171801
/ (2009) 44 citations

B — Xsv
Belle, PRL103, 241801

~ (2009) 15 citations

DCPV difference,
BO - K in B* - K™

Nature, 452, 332
(2008) 63 citations

-\

D mixing
Belle, PRL98, 211803
(2007) 184 citations

1 4 A M 1

1998/1 2000/1 2002/1 2004/1

Belle, PRL93, 021601

(2004) 117 citatov
Belle, PRL93, 191802 BO

DCPV,

— wt, K

(2004) 137 citatov
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\zsoen 2008/1 2010/1 201

- Tty

Belle, PRL97, 251802
(2006) 199 citations
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Hints of iInconsistencies

“During the past decade, elementary
particle physicists have measured
Kobayashi and Maskawa's theory with
great precision and found that it really

does fit the data. L. Brink, 2008 Nobel Prize
presentation speech

Really? How precisely?
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B leptonic decays T

BB — 1v)
v’'s escape detection!

method:

fully reconstruct B,
(K nrmr*);

search for tracks from Bg,—1v NanHINR
(&); . candidate . SSS

no additional energy in EM calorim.  event N\ s
(from 70, v, ...); | o >400
signal at Eg; ~0

........
\\\\\\\

Belle, PRD82, 071101 (2010) Ezoo :

T1100 [t
50
0

0O 025 05 075 1
EECL(GeV)
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B —rv
u
" . W T
B(B — tv): contribution of charged Higgs B* -——-
boson (in Minimal Suypersymmetric b (HY) N
Standard Model)
Particles and processes not observed and not AEAtzh/2 Attiny —heavy particles
included in SM: “New Physics” (NP); can contribute virtually

2
tan: free parameter of MSSM BB > 7tV)=BMB" > r'v). (1_m_§tan2 £)°
H

Z;(BJr N Z'V) — (164 + 034) 107 Heavy Flavor Averaging Group,

http://www.slac.stanford.edu/xorg/hfag/

BM(B* —7v)=(0.76+78) 107 ek

http://ckmifitter.in2p3.fr/ contribution of NP can have

observable effect in rare
small hints of inconsistencies with

= disagreement with SM; the SM predictions were observed
uncertainty still large, need more data In several measurements
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Way to proceed?

Kobayashi-Maskawa mechanism confirmed with accuracy available from
existing B-factories;

hints of SM breakdown require at least one order of magnitude better accuracy;

o «1/AN = O(102) higher luminosity

Super
KEKB ,
. uest for CPV ulgtE; & Beyond
i ’ - = Standard
D
/O

Model

Belle I
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Super B Factories

c,~100um,c,~2um

two projects:

- SuperB, Frascati, Italy
(new)

- SuperKEKB, KEK, Japan
(upgrade)

squeezed (more “dense”)
beams = higher luminosity

Now boam pipe
& beliows

" More RF sources ..\
T e, 8 |

=<

| Mors RF cavites
| ——

Belle IT 2
Enargy axchangs | @
Ctiand ’ ’6\ Damping ring
N e
B
Posiron scwros
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Super B Factories

6,~10um,c,~60nm

Smm

two projects:

- SuperB, Frascati, Italy
(new)

- SuperKEKB, KEK, Japan
(upgrade)

squeezed (more “dense”)
beams = higher luminosity

Now boam pipe
& beliows

" More RF sources ..\
T e, 8 |

=<

| Mors RF cavites
| ——

Belle IT
Enargy axchangs \ ‘

C-tiand .
’ ’6\ Damping ring
N e

=

Posiron scwros

d
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Super B Factories

two projects:

- SuperB, Frascati, Italy
(new)

- SuperKEKB, KEK, Japan
(upgrade)

squeezed (more “dense”)
beams = higher luminosity

current luminosity is a world
record so far

—

large technological project

w

4 More RF sourcas L™
( _.__’. y |

J=3

| Mors RF cavites
| ———

Belle IT \ :
SuperKEKB: TN g P
upgrade of collider and Ne
detector (Belle II) \"
13 countries, 57 institutions, 360 researchers o
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High energy/high precision

Two complementary approaches

,q 1) S
2 ————(TOO0000 ——
4 \ q ’

/’{ I’R\ ~ &',';I.

q
\\\\ ~
"~ g
high energy frontier high precision frontier

Atlas, LHC & »
= Belle II, SuperKEKB

figures approx. to scale m

Search for production of unknown Search for effect of unknown particles
particles at highest achievable energies on processes very rare within the SM
LHC SuperKEKB
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High energy/high precision y -
id ____"jb
Two complementary approaches d W o
- BO u, c,t 1c1 B
power of the precision measurements » G u, c, t
illustrated: _ W- —
bp—mM8M8M-—------ d
: Vip* de
example of top quark discovery
predicted through the measurement CDF, PRL74, 2626 (1995)
of Bdo-_Bd0 oscillations; just before discovery we it actually appeared
knew it should be here here
also influences B, _ g, precisely T S
measuredatLEP N\ [ {7 ~& ]
IIH (X S—
precise measurements g 1501 ¥ Tevawon |
can yield evidence of = Y-

NP even if not observed
directly

\M

Direct search lower limit (95% CL)

1990 1995 2000 2005
Year

m, from B, _g,(mM,) 50
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Super B Factories/LHC

one example:

search for H* (MSSM);

gb »tH: Ht—th,t > bfv
signal of H* with m_,;=300 GeV/c?
and tang =30;

(free parameter of MSSM)

verification if signal indeed from H*:
contribution of H* to B(B — tv)

I'B" —>zr'v) ’

m
- ——=(1-—2 tan® B)°
*"(B* - r*v) m/,

Quest for NP

Atlas, reconstructed Belle Il, Egc, in

H*mass B — tv
. H' 5th, tan3=30, 1.=30 ! L=5ab?
& o T‘M _ 1600
i N\ my, = 300 CeV
g 100 }H AN~160iSOf
140 f } H“ ] 1200 —4— ]
20 +\ — -
, ——
100 *~ | 800 _J
A | | —+ SM
Py | —+ H*
5 400 —+  bckg.
Jo ’
N 25 250 P A o 128 LAY/ "7: “'J:)‘ll' |
my, [GeV] b ™=@} *= g5 =% = 34
tanﬂZZO, L=30fb1 tanﬂZZO, L=5ab? EECL[GeV]
200 1600
i ;:]’—
) AN ~ -140 + 50—
T4
100 Hii, 800
i:.‘m
50 ™ |, 400
200 300 400 0 *= %02 0N 0y

Eec [GeV]
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Complementarity

N%SUIJ ;ig‘f;ig(s)@vll' :CNIT:E 800GeV® Ng:zz _mSUGRA :«:STE 600GV
Super B Factories/LHC T — Bl I
1400 -___— o Euuo ;____ S
. vp . 1200 F o S 1200 [ L T
further examples of identifying the T - B
nature of NP: wf I —

400 | 400 | .
two NP models, mass spectrum of _ _
pred|Cted neW partICIeS Slmllar; s Higas l slepton l gaugino l squark i Higas I slepton I gaugino ‘ squark
difficult to test model 02 03 04 05 .0;6..0,'.-9;8.? 09 .:'1 020.30,40,50,60,70,8-0,911
based on observed SUSY SU(5)@vp, L. o8 mSUGRA . Jos
particles; (non-degenerate) .::ide” o6 b 1os

; expected i :
o 19:4 accuracy at R
the contributions to = : 102 | Belle Il with 02
e % e -

observables measured < v ? = 5ab — 10
at SuperKEKB differ R 1-02 {02
/ . P T {04 i {-04
TCPV in B — K*0y i A 5 06 0.6
TCPVINBY - ¢Kg ——| = = - W : R S

: A : 4

> S(¢Ks) S(4Ks)
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. . 70,
Time line Ifat  ©
@1 soapt /]
Super KEKB/Belle II b
30?—
approved by Japanese government; 20/
so far approved funding ~130 M$; - 5abl .
planned to start commissioning  [10%cm-2s] s | __
in 2nd half of 2014; af- |
2 |
5 abl at end of 2016; Ao 2012 2014 2016 2018 2020 2022

year

50 ab1in 2021;

Belle Il detector design/production
ongoing with large European
participation (~1/3 of collaboration)
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B Factories performance superseded expectations put forward
before the start of operation

 Confirmation of KM mechanism; important spectroscopic results
on new form of hadrons; several hints of inconsistencies of SM

« Super B Factories can provide complementary essential information
on possible NP to LHC

« SuperKEKB/Belle Il project is well on track, planned start of
operation in 2014
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1

I've done it - I've
found the most
basic particle!

I've found the )
particle that makes L-~""—
' up that basic I've found particles
particle! that make up
particles that...
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