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QB% LuminOSity Belle I
e*e” - Y(4S) > BB (1.1nb) 1fb~'~108 BB @ Y(4S)
World Record!!
fb~ Integrated Luminosity[fb-1] , Total ~1020 fb™’
] N M B M B / Peak 2.11 X103 cm™2 s’
e A 3 On resonance:
el Y(5S): 121 fot <—_ g
| Y(4S): 711 fb1 s
800 Y(3S): 3fb™t
| KE Y(2S): 24 fo
— Y(1S): 6 fb?
[ Off resonance, scan:
| ~ 100 fb-?
400_
200 | / ?%%g E
| / PEP-I/BaBar |  Total 550 fb'
0L Peak 1.21 x 10% cm™ s~

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

(BaBar@SLAC)
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Belle Collaboration
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B End of KEKB Operation

BELLE

The operation of KEKB & Belle has ended on June 30, 2010.
= Start of the upgrade to SuperKEKB & Belle |l

%% BaBar (PEP Il) ended
the operation in 2008.
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RAEMISH 1T SCPHIMED BN B

INKRZE 1| BB 2R(1973)

D=0 DEBATHIERLMELHIL,
UL E/ERTCPHMMEDBNMNELS

CKMITH: O+ —V DEBZRT 1=3')—175 JIEES
Vud  Vus 1-12/2 A A3 (in)
V=1 Voq Ve Vep | S| A 1-22/2 A2
Vis  Vip Ar3(1- p AL 1

THIDOFEETIEHMYDLLVDT,
—3)T4DREFBRZEERFELEICEL
ViaVip™ + VeaVep™ + VigVy" =0

1=5Y T4 =AM DDEAE DS
RIEHBelle3RERD KXE74 B K, (0.0) v gve® (1,0

BEIrEDER@ER

PaH S F (KEK) Belle D& $T#t R & Belle || £E& 10

2011¥5A 148



i RS [ =4k 72 L 1=-CPIE =t FiR itk B

ZDH6, @ NERBLERTAIE,

pagplirl %ODCP = ﬁ'{k fcp /\O)Hﬁii @ \
CP& EREDREALIL. B & BO 0D
BIEQRRAFDELLTEND /
[(BO(AL) — fep) — F(BY(AL) — fop)

M(BYAt) — fep) + T(BAY) - fep) S : mixing induced CPV
= S sin(AmAt) + A cos(AmAt) A : direct CPV

Acp(At) =

¥ (2 B0 - JIP Ky, DIFEIL. -

—— C
S=-¢sin(2@,) (¢ : CP eigenstate) b —4—.{/ JIY
A=0 BO W <E:
_d —F—\S

K</K,

(Golden mode)
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Measure position instead of time (B life time ~1.6ps)

tCPV = Flavor-tag |
time-dependent CP Violation / (B®or B ?) Reconstructlor’w
+ ..A/Eeff~3(V JP(en’)
(S ERRPPPTEL L ; \ —
L Bl T L feo

Extract
CPV
At=Azlchy By=0.425 (KEKB)
FAHEE&F (KEK = BEIREDFROER
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B Brh [ FD B s Rk B

BELLE
In an usual case: B mesons are produced almost at rest.
m ey — 0.1 ] :
. /‘ | fooo | : Eoos - .
‘ (p1,E1) 750 w o _ _
500 | -1 0 .
(P,E) \. m2 . _ E 0.05 E R
(pZ’EZ) 001005 0 00501 ' 526 528 53
M2 — E2_|P|2 AE (GeV) M, (Gev/c’)
= (E,+E,)?=|p,+p,|? - S
(E4+E,)*=Ip,*p,l Energy Difference 006 |
AE =) E— Ecm/2 & |
. 526 5.2 Z5.3
Beam Constrained Mass M, (GeV/c’)
- Mue = v/ (Ecm/2)?2 — (O pi)?
FAH & F (KEK) BEIREDFROER
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BELLE

Belle I

Golden mode: sin2@, with B® — J/PK?° 279V BB
Acp(At) = S sin(AmAt) + A cos(AmAL)

) | 3 *Belle D&T—42%FIA
S =-&sin(2¢,), A=0 » Reprocess T tracking
efficiency [ _E(+50%)

0 _, JIP Kq ete. BO _ JWWK,
“o 3000F " © 5000F .
% % i True K, bkg.
= i _*,fi't'f:s'ﬂﬁ""ed E 4000 | Fake K E bkg.
™ — B = Jiy K° o - :
~ 2000 o w(l;S)SK o Combinatorial bkg.
= [ — By K 5 3000 .
g £ Nsig = 10041
® i . Q 2000
1000_—NS|g = 15604 it - CP even
CP Odd | 1000 -
0 L o et _ ! 0 _i Fl e e
9.2 522 524 526 528 53 0 020.40.60.8 1 12141618 2
M,. (GeV/c?) p.* (GeVic)
A H& ¥ (KEK) - e SEIREDER@ER
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Measurement of sin2@,

all modes are combined
700 e — 4 %
2 P ho A | o af—— N— |

g
. = + 0.8 —
SO0 B T | E el ~
@ SOCF qay 0.4}
£ 400] ! A 5 o.zEL ﬁm\
ﬁ 300: }+ \ * 0 :\_ T @ Babar J/'l,bKO
| LAY 3 0.2} N4 ﬂ )
200} ay \3 0.4} & Belle J/4K° 535MBB
100} &éf’*é L) -0.6} .
ot b ] 0BE ——S—Babar (ct)K
6-4-20 2 46 T e 4202 4 8 ———@—— Belle (ct)K° 535MBB
-5, At (ps) £ At (ps)
: —@— HFAG ICHEP20[0
S = 0.668 + 0.023 (stat.) & 0.013 (syst.)
A =0.007=+0.016 (Stat.) == OIS (Syst.) T

T ——— 0.6 0.65 0.7 0.75 0.8

, .
World's most precise measurement sin(2¢, )
7 H & I (KEK) EBEIREDFR@ER
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> Unitarity Triangle

BELLE

Present constraints on UT.

Y A Belle and BaBar confirmed

T e N « CP Violation in the B meson
1.0 - j A& A, system

sin2o, « CKM mechanism as a source
0.5 ~ Am, of the CP Violation.

&8 2008 Nobel Prize in
Bl Physics
Makoto Kobayashi

;. JI B Toshihide Maskawa
% o sol.w/cos 20 <0 T e ;_' N
.3 ‘

-0.5

Illlllll_Lll‘lll|IIIII|lIII

-1.0

Illllllllllllllllllll
SO\

ICHEP 10 . (exch at CL > 0.95) | |~ ORC Y Ao
45 1L 1L Lo b Lo b b b ey o o] P e (,é‘; ;
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 ﬁ/ .-

Next target of B factories is the search and study of New Physics
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Measurement of sin2,

SN2z RERGTSE FTHEDFTE M IE
boc (B - Iy KO

ZUS551BFELLEITES,

sin2@, from b-ccs reference

‘ FPCP 2010

— sin(2B ) (2¢
= C PRELIMINARY
. JIy [bccs_ World Averape ™~~~ N§ T 0672002
b ., BaBar + + 0.26 +0.26 + 0.03
Bo C X Belle *— 0.90 53
= Average - 0.56 7515
— . T BaBar i | 057+008+002
d S x Belle ' 0.64 +0.10 +0.04
L ~ KS/KL = Average - : 0.59 +0.07
d [ ¥ BaBar i [ F—3—— oso g%
— v’ Belle + * 0.30+£0.32+0.08
Lo Average G BRI 074x047
% BaBar : - : 0.55+0.20 +0.03
b B 0 ,KO ﬂ e Belle : ———e— . 0.67+0.31 +0.08
— S ( - (M ) r] ) F I Average ! * - ; 0.57 +0.17
s e w BaBar R T 045792+ 0.060.03
X Belle : 0.64 *332+0.09 £ 0. 10
< Average —— t 0.54 "
=1 T BaBar T et t0.55° 5-1%002"
) x Belle—————— j + 0.11+0.46 £ 0.07
d)a n S Average * : ' 0.45 +0.24
L eeeen ~gaBar Pl
— X Belle - 0.63 1515
~ Average e 0.6253
K /K [T BaBar YT T | [~ : 0.86+0.08+0.03
S v Belle k1 |068+0.15+0.03 )%
= v Average \ : . 0.82+0.07

faH & F (KEK)
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D>
BELLE
* Possible contribution of charged Higgs (H") 5 : T
. +*
In tree level. \}?{F
* In the SM: B(B-1vy) = (1.20 + 0.25)x10™* B+ N T
G2 mpg m2
B(B — TI/) = _F m%(l _ _g)Qf%|vub|2TB u Vt
T mB
V,5|=(4.32£0.16£0.29)x 10" § dacays HFAG ICHEPOS B decay constant
Jr=190+13MeV, EESCL[? gr[))(iv:0902.1815 - Lattice QCD

However, experimentally

’ B meson beam !
very challenging due to /L, & Dy elc.

R = e+(3.5GeVp
more than 1 neutrino Iin (8GeV) Y(4S)\/ “full (0.1~0. 3%)

the final state B reconstruction
"B Dx etc.
BY - : V_) A Tag one of the B mesons
n*v e Fully reconstruct using hadronic mode.
r « Tag with B semi-leptonic decays.
FHSF (KEK) Belle DB §F#ER & Belle Il 25 El*gwiﬁgg =
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B-1v

hadronic tags 3 hadronic tags
449M BB NEW, preliminary

468 M BB

BF (B — ) =[1.7973 (stat) 3 3 (syst)] x 10~

first evidence | 3.50
Belle Collab., PRL 97, 251802 (2006) . T
significance

semileptonic tags
NEW 657M BB

Saso | +36 t
EBA Vsio = 14555 | B
gzso - ‘, T
200 | e BF (B ~11.8095 2 0261<10°
N - (B — wv)=[1.80,,(stat) £ 0.26] x
3.60 | \ _ BaBar Collab., arXiv: 1008.0104
50*__ 7 hacKkaroundl:
0 0z 04 08 08 1 2 semileptonic tags
BF (B—w)=[1.5473(star) 53 (syst)] x10™ BF(B— 1) =[1.7+0.8(star) +0.2]x1072.30
Belle Collab., arXiv: 1006.4201 submitted to PRD-RC s e L

slide from M.Rozanska
@Charged Higgs 2010 21



BtV

{ [1.79°038 (star) 3 5 (s1s1)] <10 hadronic tag
. 154703 (star) 43 (svs1)] x 107 semileptonic tag
[1.80° 7 (stat) = 0.26(syst)] x 10~ hadronic tag
[1.7£0.8(star) = 0.2(syst)] x10°  semileptonic tag
«— HFAG (1.64+0.39)x104

BFx10°  Consistent with the SM: (1.20 + 0.25)x104

2

SM prediction

K 3 CKM fitw/o BR(B - 1V)
ICHER 10 ~— Measurements (WA)

Alternative approach is to extract the B.F. .
from CKM fit (excluding direct meas.).

BF (B = W)sumny =[0-763%500]%107| (CKMfitter) ¢ **F

BF (B — W) g, =[0.805£0071]x10™ (UT fit)

] R L l SR TR S ERE EE

Tension! BR(B )W
B 37 = 3 L, 4oL =
A S (KEK) Belle DB &i#: R & Belle || 28 i) %a);#«;cig e
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SuperKEKB & Belle I
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= BelelzH+35MBEOkE =

(D-sBRBTCPIERILISRY 2 | (5 kercnmasERTIL R 7 |
(B0 & B*TCPIENTEDASSISRR | e =sincel )E %

b—ccs Worid Average i 0.67+0.02 -
oK’ Average —de— i Daa % '
2 + - : o : s
. b K'n WK'  Average »* : 0592007 \
Kq Kq Kg Average Hik— i 0744017
lag) ='K®  Avérage k0572017 0& = SM
A KErF p"Ks  Average —k i 05470 [
VK Avérage : E7045+024 vl oo bl Ll coa el
D Re : —— P 04540.
o = Lt 0 2 4 6 8 10 12 14 16 18 20
0 v . . -0.1
sl — g 2 2,2
f,Ks  Average H————f—— 0484053 q (GeV /c )
AI\' 0 K,  Average © 0202053
ll - = 1
—.—t w2 Kg Average—+— 270.52:0.41 —_ >
¢’ Kg Avérage —i—M 097538 Bel Ie z < :E) %ﬁ #% iEa @ 1= ? b\
©* © Kg NRvérage B ] : 001+033 —— (=

E. et K"K K® Average Hes | 0.82+0.07 -~
el L B ke B s TN
—BYF—=AMICFE? |

| FAE5M=KE1DODORA

n
c +0.018
S = |08237 00
= - fL(B-VV) 1 |
EPS 2009 m o)
= e ‘ CPV allowed I > o -
S N 0.759+0.037 deicice e
T FEEES
1)
— < p°K™ (BaBar) —e
8 . tree
= S enguin
e > I - 0.78+0.04 2'K” (Belle) »—o—p
oD [
()] c e mmEEnR
C»m —.— 0.78+0.05 'K (BaBar) ey
= S
a oK' (Belle) [a—
Direct |
? H#— measurement|%57°*00% — .
1 L ‘ I T Y O N Y I A | L1 1 1 ‘ Ll 1 1 ‘
e U 065 07 075 0.8 0.85sin(20}") 0z o4 os s

BEIrEDER@ER
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B SuperKEKB & Belle |l

BELLE

« (LHCTRER=N DL

FND)TeVRT—ILDFMED R,

« /PNARIIIATHIDCPHEIAE LS D | FILWLCPHEIAEDERRE,

Rl

cINFETHOIIRIE? 1D

mm)  Super

KEKB/N:EZ#&Belle 115E5&

50—
45
40
35
30
25
20
15
10

T I T T

L~8

UTA

L=/

IlllIIIIIIIIIIIIIIIlIllllllllllllllllllllll|Il||

L ~2x103°cm2s™1

I

T I T T T [ T T T | T T T i T

\:

50ab-' by ~2020

x103° cm=2s

T

EDTZ5I7KY
10ab™' @~2015| B&2EENTET

2010 2012

S e = 2014%&%0
2014 2016 2018 2020 f

faH & F (KEK)
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BELLE

T E DA

Belle || TIZ##pE

INEE5ITHE—FZRE

=) BXFEEROEDEENLOELELLD EHDAHEIN LIRS
K FTRI7ZSUSYIEEY
mSU MSSM+vg SU(5)+vg U(2) /
GRA  degenerate non- degenerate non- FS
degenerate degenerate
— Acp(sy) v
N S(K*y) v / /
{HGK S(py) v v v
&S S(gKs) v v v
“I_;_z ggf | SB:=IW 9 v v v
— B U—ey v v v ?
?J ) T My v v v v ?
g S | T-ey v v ?

vV IREREDLDT N [based on T.Goto et.al. PRD77, 095010(2008)]

faH & F (KEK)
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5 Physics with 50 ab™1

BELLE

Two recent publications:
* Physics at Super B Factory (Belle Il) arXiv:1002.5012
« SuperB Progress Reports: Physics (SuperB) arXiv:1008.1541

-5

10
In addition to the topics in this talk, cLede Upper limits
A / m Toun
. . -6 A TUUU
* Photon polarization of B-K*y. o] PRe / g fagtories
[ B—)K(DVV_ @® ’ 006 T decay
*CPVinD. 707 A-..- 2018
® LFV In .l. decay. mSUGRA+see$cmw
SUSY+SO(10)
° ... -8
10
SM+seesaw A\ m
SUSY+Higgs Super ctory
10
07 107 10" i 10 |
2  Integ. Lum.(ab?)
Reach of =
B factories  Super B factories
— =T o
FHS¥ (KEK) Belle DB FTH:E &Belle || £ BIAROFROER

2011¥5A 148 27



Colliding bunches
Belle Il

New IR ) g

C——
\ New superconducting
/permanent final focusing
quads near the IP

" New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

positrons to inject

Redesign the lattices of HER & Damping ring ’ =

LER to squeeze the emittance ‘ L '

TiN-coated beam pipe Low emittance gun
with antechambers

Add / modify RF systems '
for higher beam current

Positron source

New positron target /
capture section

»

Low emittance
electrons to inject

[NEG Pump]

To get x40 higher luminosity

28



Belle || Detector

SIDE VIEW
][] | Forsed |

| Backmaard || (]| [/[]1[]]] Barrel
Belle Il KM

KLM | , Super conducting coll
ia e ‘ - g
S’Ibéﬁc%"?bbﬁfw‘%%. T 2000 [ 11T T TIY9399 g dfd gm0y S vl
e : B[ [ ry
.Ji.‘- _'..\.n-_._;.__._,- il k;'__;ii;-..-__/_..'_'_'_’.”-’.»_‘-'_" . 2 L L1} i
| i
|
cbc a ) .
SVD PXD(2 layers) o
\ 310 570 =
2 g ’ mJ
i [ 3 |
J ’/F, AN . ~ -.‘\
1 [ARAN X NSNS S -
SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs - 99942222 AAAAANY ,
CDC: small cell, long lever arm — 1| il
ACC+TOF = TOP+A-RICH '
ECL: waveform sampling, pure Csl for end-caps t Belle KEM f —
o : - | e —
KLM: RPC = Scintillator +SiPM (end-caps) ! ! [ |EC LI
: - Balle-i(Nano beam cption 0T
Paragpgters are preliminary [-rmgmes. = o=

acs

FAHE F (KEK) = BEIREDFROEIR
201145 814 8 Belle D& ##5 R & Belle Il 3EER 29



B F=EH

BELLE

e 19994 28R F -71-BelleXEE& X 2010F I EERR T
*sin2q, D HAITE (BelleD xR HER)

BT EFTMIRIZRED HLHHRIE

*Belle 2 ~N(LHCTHRE SN F¥EDH )

BEIrEDEROER
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Backup
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D>

e Signal Reconstruction
CP = —1 modes:
Mode Signal yield
B — J/vK2, J/p— IT1- 12681 + 114
B — ¥(25)K2, ¥(25) — I+1- 908 + 31
W(2S) — J/Ymrm— | 1072 & 33
B — \clKg- Xc1 — J /¥ 943 1+ 33
CP = +1 mode:
B — J/yK} Signal yield: 10041 + 154

Missing information about KE momentum:
K,(_) cluster reconstructed in ECL or KLM,
match it with the Kf direction from
kinematical constraints.

FAHE F (KEK) = BEIREDFROEIR
201145 814 8 Belle D& ##5 R & Belle Il 3EER 32



Measurement of sin2@,

Good tag only, background subtracted. Belle preliminary
B — J/i,bKE B — ¢(25)KS B — Xng
g 350¢ 2 o 80
: 70F
S 300¢ S - BO ﬂ BO
o i 7
= E c (=4
w 150E - “ 30 —k
100} 20 ' L
50} _ 10F - s
e a 2023 s 64200246 a2 e
At (ps) At (ps) At (ps)
1 1 F 1¢
£ osf £ osf 8E 5 08|
E 06f + E 06 4 B E 06f
€ 04f T E o4} | AF € o04f AL
2 o02f) f 2 024 ¢ | 2 02f 2 o2}
; | 4]} 3 - 4 |
0 II} 0 | L} T - o: T N
0.2} 02k 4 2f 0.2f
0.4f Ty 04} af 0.4f -|—
0.6F -0.6F Iy 0.6F
0.8F 0.8 8f 08f
T e 420 2 36 e a2 0 232% Tea2o2a4s e a202 a6
At (ps) At(ps) At (ps) At (ps)

S =0.671+0.029
A= -0.014+0.021 A=0.0194+0.026 A=0.103+0.055 A = —0.023+0.083

faH & F (KEK)
2011¥5A 148

5$=0.641+0.047 S =0.739+£0.079 S =0.636 +0.117

CP violation is observed in all modes

BEIrEDER@ER
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Measurement of sin2@,

Belle preliminary

Systematic errors:
0.642 + 0.031+ 0.017

B°—JiyK® (535M BB) - —
BaBar B°—>(CC)K° N 0.687 + 0.028 + 0.012 AS AA
HEAG (ICHEP 2010)| _| o0670+0023 Vertexing +0.008  10.008
B JhK® | /\ R e A Flavor tagging :8:88‘3‘ +0.003
8wkt L % 0.641+ 0.047 _ _ |
et ™ Resolution function +0.007 +0.001
B y(25)K° 2% 0.739 + 0.079
8 K: i@' 0.636 + 0.117 Physics parameters +0.001 < 0.001
g AN - —
B (ca)K® (T11M éB; ¢ ___o.eeax 0.023+ 0.013 Fit bias +0.004 <+0.005
05 06 07 08 J/¥KQ signal fraction +0.002 +0.001
sin 2¢1 J‘,f’c'KE signal fraction +0.004 fg:%g
. ! . . . » )
Combination of four modes: (25)Ks signal fraction < 0.001 < 0.001
\ClKg signal fraction < 0.001 < 0.001
Background At +0.001 < 0.001
S = 0.668 + 0.023 = 0.013 (syst)
Tag-side interference +0.001 +0.008

A = 0.007 = 0.016 + 0.013 (syst) Total 10.013  40.013

Significant improvement in sys. error

BEIrEDER@ER
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B CP Violation in b-s

BELLE

D

S

boc (B - JIWK) b.s(B

A

B B é ¢ JIy
BY W c o BO
d S
| d

In the SM,

S =-¢ sin(2q,)
for b » s processes, but possible discrepancy
due to non-SM contribution.

* The theoretical uncertainty (within SM)
depends on the final states.
B - KOPKOKY, KO n’K° are the cleanest

Ko/K, - d ———

K°, n’KO) f\
\N\/\/%é J j S
—~5 g0

V\/\/\N§‘§< S |
3 Ks/K|
+ w By  QCDF
el estimates
s B -
s
s B8
i\( 3K, .

0.1 0

=

02

modes (0Sye,y ~a few %). §in2,°- sin2,
% E T (KEK) - - BIXEOER@ER
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B B-K*KKg

BELLE

New Belle result on B>K*K Kg 657M BB

40 [T .
[arXiv:1007.3848, accepted by PRD] Dalitz-plot ¥ .
— 22F N & | :
;va ’°'}; ¢KSO S ;
X o LA o £} :
”gnﬂ \\\6\1\ %' 13.: '- 3 ’ : 0(980) :ué 10; y -
b A S B SO N N
BO ﬁ,”ﬁ 2 ;: ff".-, ‘-"-'; :‘.;- WU . %5 ;—t‘;s “511_-\ 25 5 75
f/ Non-resonant” n "% SRR, o e ok .
mixing T ‘_' i ,z’, | a,’;"-rl o ot l\J ‘."?'J'-'r}.-r‘ v "4., [ a
& Ay W pNONresoNgntie NN ; ;
R s T SR st :
2 " - :
. : : S = MZ(K+K 0)
* Time dependent Dalitz analysis. + S ;
« Measure @,°" associated with individual 1t

25 0 25 5 75
At (ps)

iIntermediate state. |
e Multiple solutions; preferred one chosen with ¢ mass region

external information.
OKq: PeT=(322+£9.0+2.6£1.4)° ¢, =(21.1 £ 0.9)°
fo(890)Ks: @6 = (31.3+£9.0 £ 3.4 +4.0)°

FAHE F (KEK) = BEIREDFROEIR
201145 814 8 Belle D& ##5 R & Belle Il 3EER 36



D>

/>

sin2@, from b—ccs (reference)

CP Violation in b-s

sin(2p") =

sin(2¢;") NS

new Belle result ——

Now in a good
agreement with the SM.

New CPV effect can be
seen with much larger
data (note: predicted
OASIN2@,~ O(%))

PRELIMINARY
b—ccs World Average - >R ; 0.67 +0.02
[ _ BaBar T —— —— """"";"d'z'é'l'b'éé'i'dds"
— i Belle * 580 T3

Average e—t- : 0.56 318
——— e Rt R TR
< Belle ' 0.64+0.10 +0.04
= Average e : 0.59 +0.07
e gt e 7 P e
& Belle * © 0.30 +0.32 +0.08
. fverage W, ... 0742017
- BaBar *—t- . 0.55+0.20 + 0.03
= Belle — < 0.67+0.31+0.08
K Average et ' 0.57 +0.17
T TBaBar R ] T 0.45 3%, £0.06+0.03
Belle r— « 0.64 7033+ 0.00+0.10
o Average || . o0
BaBar : —h—t: t 0.55 1033+ 0.02
BoHe——— — | + 0.11£0.46 + 0.07

Average - : 0.45 +0.24
A BaBar i = O P N Y R
Belle * 0.63 *318

Average - 0.62 34

R ] BaBar T T T T T [~ 086 £ 0.08 +0.03
Belle 0.88 +0.15 +0.03 70}

. Average : - 0.82+0.07

faH & F (KEK)
2011¥5A 148
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D>

S Super B Factories

BELLE

 Although there exist interesting possible hints for the NP at the
present B factories, all the results are consistent with the SM.

* NP should exist at the higher energy scale, possibly in TeV region
considering the hierarchy problem - LHC will discover it.

e Super B factories can help the identification of the NP,
l.e. whether it is SUSY or others, or how SUSY breaking occurs.

SUSY scenario
mSU MSSM+vg SU(5)+vg U(2)
GRA degenerate non- degenerate non- FS
degenerate degenerate
Acp(sy) v
S(K*y) v v v
v o/ v
Observables S(er)
@ Super B S(0Ks) v v v
factories or other | S(Bs=>Jw @) v v v [based on
experiments p—>ey v v/ v ? T.Goto et.al.
Ty v 7 v v ? PRD77,
\ ey v v ? 095010(2008)]
B 37 = ~ =i =
A S (KEK) Belle DB 4R & Belle || £E e i
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D

D>

> Unitarity Matrix D

BELLE

CKM matrix is unitary: (p,m) | §4=B, P=0, P5=y
ViaVip”™ + VeaVep™ + VigVip™ = 0

* This relation becomes a triangle in the
complex plane = Unitarity Triangle
 Other triangles tend to be “collapsed”.
* Non-zero ¢, or ¢,
= Complex phase in the CKM matrix
= Strong support of KM mechanism.

12 3
Vag Vus Vb 1-12/2 }LZ A (pé@))
V= Ved Ves Vep | = —/13 1-A /22 AA
Vid  Vis  Vib AA3(1-ptin) -AA 1

* Precise measurement of Unitarity Triangi®ne of the
main goal of B factory experiments.

» Various B decay modes can be used to medkare
angles and sides of the triangle.

FAHE F (KEK) = - BEIREDFROEIR
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B Super B Factories B

Increase the luminosity by ~2 orders of magnitudes!! Japan
- - (KEK)
Peak Luminosity Trends (e'e” collider) SuperKEKB @éi’féw

R | , , +SuperB ~
" . AN
. | | | italy (INFN)
10 e e — M g = ®
: KEKB | ‘ S,l \B
[ uper
04 | . Target \"_/
" 3 PEP-TI
.g 1033 e ————— i —————) - SuperKEKB
.= —1
_|§ | OBSR DA®NEg®. | : 50 ab
LEP 1P BEPC-TI ‘ 8><1O35cm'2 5_1
10 Lo .f' ....... — I :
o LSFEAR 4 ‘ Super B
| I_J()mh‘ré; 5 ab_316 I, B
i | 1x10°°cm™s
1030 | L L 1
1970 1980 1990 2000 2010 2020
Year
FAH & F (KEK) BEIREDFROER
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Nano Beam Scheme

Super 7\
KEKE, SuperB
> 4 ‘ '-

KEKB SuperKEKB SuperB s
LER HER LER HER LER HER
Beam Energy 3.5 8 4 7 4.18 6.7 GeV
Half crossing angle 11 41.5 33 mrad
Beta func. @ IP (x/y) 1200/5.9 32/0.27 25/0.31 26/0.253 32/0.205 mm
Beam current 1.64 1.19 3.60 2.60 1.892 2.447 A
Luminosity [ X 1034] 2.1 80 100 cm1s™

[detailed tables are in backup slides]
o Collision with very small spot-size beam.

Increase beam current (moderately)

e Larger crossing angle.

* Change beam energy to symmetric side (to solve LER short lifetime).
* SuperB has plan to run at t-charm threshold with ~ 103> cm~1s-1

FAHE F (KEK) = - BEIREDFROEIR
201145 814 8 Belle D& ##5 R & Belle Il 3EER 41



B SuperKEKB Schedule B

BELLE Belle I

SuperKEKB is approved!

70¢

60— _ . -

: Milestone of SuperKEKB / 10 billion yen
2 50k (~90 million
2 4o 9 month/year 50 ab~" in ~2020 EUR) for
%? - 20 days/month machlne.
5 8§30  Continue efforts
S 20k to obtain
I additional funds.
: | | 5 ab~! in 2016 »Funds from

OF e — several
x103° gr_ el
> f Commissioning starts non-Japanese
[P mid of 2014 agencies.
E¢ 4 Shutdown
%g of— .. for upgrade
o [ ECE=T—> 7 ... b

B10 2012 2014 2016 2018 2020 2022

Year
A S (KEK) Belle DB &R & Belle || 28 BIFEOFROER
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Nobel Prize

2008 Nobel Prize in Physics

Makoto Kobayashi
Toshihide Maskawa

pwhich predicts the
east three families of

guarks in nature CP Violation

The spontaneous broken symmetries that Nambu studied, differ from the broken
symmetries described by Makoto Kobayashi and Toshihide Maskawa. These
spontaneous occurrences seem to have existed in nature since the very beginning of the
universe and came as a complete surprise when they first appeared in particle
experiments in 1964. It is only in recent years that scientists have come to fully confirm
the explanations that Kobayashi and Maskawa made in 1972. It is for this work that
they are now awarded the Nobel Prize in Physics. They explained broken symmetry
within the framework of the Standard Model, but required that the Model be extended to
three families of quarks. These predicted, hypothetical new quarks have recently
appeared in physics experiments. As late as 2001, the two particle detectors BaBar at
Stanford, USA and Belle at Tsukuba, Japan, both detected broken symmetries Press release by the
independently of each other. The results were exactly as Kobayashi and Maskawa had Royal Swedish
predicted almost three decades earlier. Academy of Science

FAHE F (KEK) = - BEIREDFROEIR
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D>

S B Reconstruction

_— L L} L) L L L .
4 -
- .o . " o
[ ] [ ] - - .
. LI A
Utlllze g -’ " T b
. LI - !
- - o - . L - 4
) - .
- - —-—
{ L

special kinematics %" A% ; :f“
at Y4s) T
b2l

A Evrergy (G Cearr Coearained Nans (Geax”

Energy difference: ~ .
AE=E;, +E —Ew/2 i ”
Beam-constrained mass: '
I\/IbC: \/(ECM /2)2 _(I_jjlw T ﬁKS)Z 300 e s

Hm e -
A
T T Y
-
)
L)
v
1
2 1 1

FAHE F (KEK) = BEIREDFROEIR
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D D

> Asymmetric Collider D

BELLE

- Asymmetric energy to study time-dependent CP Violation (tCPV)
- Measure position instead of time (B lifetime ~1.6ps)

By = 0.425 (KEKB) Flavor-tag |
=056 (PEP_”) / (BO or BO ’)) Reconstruction
JIp(pn’)
fCP
\Ks
Extract
CPV
22?551; gﬁK) Belle DB H#EE &Belle || £ El*gwt_’é*”z{g% e



D>
e B-1v
Limit to charged Higgs mass.
9 99 : 1000
| | ) m; ) <
Br(B—1v)=BRg,X|1—tan" B —; v <
' m, o &”
H = ¢
(Type |l 2HDM’) g
mbtanBJr‘mucot B mtanf T 0%

B+

Unique opportunity to study b-H*-u interaction

FAHE F (KEK) = - BEIREDFROEIR
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BtV

« RERE T W-HIRBETE
* SUSYTIEREBEYIT AHYDEFE
50 discovery region

V

1000 — .
. | Belle Il
THER
800 Eyﬁg@
= HE s
b,(B — TI/) = b‘(B — TI/)S_\[ XTH 8 600
- (1 - B .3) ™ DB
= = 79k
B(B-1v) =(1.53£0.33)x10™% % I —TCTHERR
[ICHEP2008] 200
o~ 2% @50 ab™ [
fg & V| DIREZHNETHST 1) I T .. P R
CENEE (ARIEELIZ 2.5% ERFE) 0 20 4Otan 80 80 100
b-H*-u {58 ZAIET SME—DFEX
FH S F (KEK) - EIREOER@ER
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B -KOvv

arXiv:1002.5012

| 0.5
B —Kvv, B~ 4106 &5 ¢
+ or
B —K*vy, B~ 6.8:10° = ¢
S :
SM: penguin-+box E
01 [
Look for departure from the I
expected value > el
information on couplings C, 02 [
and C¥_ compared to (CV )™ 03 |
04 f
Again: fully reconstruct one s e aons | Lt
of the B mesons, look for : | e
signal (+nothing else) in the 4 arXiv:1008.1541
rest of the event.
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5B TLFV

BELLE

LT TL—/N\—DHEN(LFV) 2R CIEELE
cZLDFYMBETILTIEFEINTILNS
BO7OK)—TId. XKED 1 AHELNS

(t 270K8)—),
T MARIE FEIHAKLE2(NVHAKDIES

DA—otY 58—
CMSSM + v SU(5) + Vg |l FE D)
\ L

BF, S hoieeen  demmen . foezn
£ " 1 T Sy
1010 '} & ; T - ey
| | { ] " - ey

10712 |

: ) %o WO 18 000 2%00 0 ] . 300 1000 1200 2040 2% I3
™ |, | Ge\

[TeV]

horizontal axis = lightest charged slepton mass

FAHE F (KEK) = - BEIREDFROEIR
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Nano Beam Scheme

Beam-beam parameter
Lorentz Beam current

factor \ \

u
~ y ( T) - Lumi. reduction factor
1+ — ¥ (crossing angle)&
O, y ;c‘, \ Tune shift reduction factor
| (hour glass effect)
Classical electron / 0.8 ~1
radius (short bunch)
Beam size ratio@IP Vertical beta function@|P

1 ~2 % (flat beam)

(1) Smaller g, (—- “NanO Beam Scheme

(2) Increase beam currents «
(3) Increase &,

Collision with very small sbot—-size beams
Invented by Pantaleo Raimondi for SuperB

BEIrEDER@ER
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SuperKEKB

KEKB SuperKEKB .
parameters units
LER HER HER
Beam energy Eb 3.9 38 Ji GeV
Half crossing angle [0) 11 mrad
Horizontal emittance € « 18 24 : 9.0 nm
Emittance ratio K 0.88 0.66 . 0.25 %
Beta functions at IP B X**/B 1200/5.9 : 25/0.31 mm
y
Beam currents Ib 1.64 1.19 . 2.60 A
beam—beam parameter Ey 0.129 0.090 : 0.0830
Luminosity L 2.1 x 1034
 Small beam size & high current to increase luminosity
» Large crossing angle
 Change beam energies to solve the problem of LER short lifetime

M. lwasaki, ICHEP2010

BEIrEDER@ER
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