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Reflections on Beauty:
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*CP violation in the Standard Model
*B(zauty) mesons & CP asymme’rr'y
°B production: e'e” -> Y(45) at KEKE
*Belle exper'lmen’r
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Selected results
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Introduction: Particles & Interactions

Fundamental particles (relativistic QM)

* massless, relativistic QM states
- "discretely symmetric”

Par‘i’ry Time reversal Charge conjugation
space time energy
r<->-r T<->-1 f <-> anti-f

Universe
- massive particles (quarks, leptons)
* matter >> antimatter

How can these be reconciled?? / field

)

particle | particle’

Forces (strong, EM, weak, gravitational)
vertex
» coupling strengths & symmetries -> mass, symmetries of cosmos

* matter-antimatter asymmetry requires CP-violating interactions
(Sakharov 1967)

K. Kinoshita MSU, March 22, 2005 !



CP Violation: matter-antimatter asymmetr s

Weak force:

P @ <@ P violated maximally
@ -0 e -0 ¢
CP c* 4-‘ CP conserved (mostly)

How can an interaction violate CP?

Complex couplmg constant _
CP{+_ gl f} =F_ 59/ F 27 ) g% f (hermitian conjugate)

To be obser'vable need 2+ m’rer'fer'mg amplitudes T,P:
T=gA P=g'A' -> |gA+g'A’| Cf|gA*+g'A™|

Equal only if relative phase of g,g'=0
K. Kinoshita MSU, March 22, 2005 !



How does weak force violate CP? i

Standard Model = 12 fermion flavors (+antifermion)

» 3 generations(distinguished only by mass)Xx2 Typesx2 ea(strong & EM couplings)
(stable, but for weak interaction)

- leptons: ~universal coupling, no generation x-ing

€ <«--->We---- >T~ <> seen
Wt "charged current"
<7 not seen
Ve 7 VTV,
Z0 "neutral current"
- quarks: neutral current - ~universal, no generation x-ing
- quarks: charged current - all different, approx. generation-conserving

U <«<--->C«---- >t

W AW > 4

Inelegant//

g<-—-->S<--->D

K. Kinoshita MSU, March 22, 2005 '
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p(/c}fl(/”f/ d s b d s’ b’
{matrix of u ' Vud VU, VU(,‘ b of 1 0 0 |
COUp“ngs} =g X ¢ VCd VCS VCb ca € gr X ¢ O 1 O
expressed “F
A Vg Vie Vil &F Ao o 1l

-d’, s’, b'are eigenstates resulting from perturbation by weak interaction.
# mass eigenstates d, s, b

d} — Cabibbo-Kobayashi-Maskawa (CKM) matrix

complex .
preserves metric p = unitary
" orthogonality

Sl (s (Glashow-Iliopoulos-Maiani)

- suppression of flavor-changing neutral currents
- multiplicity of charged current couplings
- AND ......

K. Kinoshita

MSU, March 22, 2005 =



GELLE

.. for >2 generations, e.g. 3, {9R+97} dof constrained by unitarity:
4 free parameters, incl. 1 irreducible imaginary part

== C/FP ’)/wtéfm ~ > (Kobayashi-Maskawa 1973)

Makoto d First 3rd-
Kobayashi : -~

generation particle (t)
m Seen 1975

MSU, March 22, 2005 n

Toshihide
Maskawa

K. Kinoshita



explicit parametrization(Wolfenstein): from decay rates,

1-22/2 & A8A(p=in)| 2-0.220 + 0.002

A 1-\2/2 A\2A A=0.81 + 0.08
lpo-mm1=0.36 + 0.09

\7\'3A(1 —p—lT]) -N2A 1 ] [1-p-m1=0.79 = 0.19

irreducibly

complex (p, M): "uni'rar'i’ry ’rriangle"
Satisfies unitarity condition — (p.M)
Vji*vjkzéik

(=1 k=3) Vip " Vig Ve ™ Vet Vip ™ V=0

o VioVag, 1, VaVaa _ g
Vcb* Vcd Vcb* Vcd
f f

-(p+wn) -(1-p-n) Self-consistent if CKM is correct

K. Kinoshita MSU, March 22, 2005 !




CP asymmetries with CKM e

-> o observe, need process w. all 3 generations (<- B decays),
interference between =2 processes

First goal: sin 2¢,in "golden mode" B -> J/y» K (Sanda/Bigi/Carter)

tree (real V)  + mixing+tree («V,4"2) (pm)
VC.:,*VCS Vi, ViV p Vs
S L fﬁ 1y
{ b " dw<c

T}szeu T s

measured /

identical hadronic processes
CP asymmetry from x-term(s) - no theoretical uncertainty: « arg(V,42) = 2¢,

Bottom line: CP-dependent oscillation in time:

dN 1
o — (B — fep) = Le "2 (1 + mynepsin2esin( AmAL));

2
-\ —1if By =B" “\+1ifer even) _'_
K. Kinoshita MSU, March 22, 2005

+1if By—g = BY —11f CP odd
Ny = ( ) nop
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TI(IS) | YI(ZS) IY(SS)I | * T(A}S) ]
044 946 10001002 1034 1037 1054 10.58 10.62
Mass (GeV/e) BR threshold
2nd decay

at t=At
AzRATByC |

— :
v(4s) B}
CP=-1, 4 first B decay
conserve (+=0), break CP
K. Kinoshita

At by asymmetric energy e‘e” -> Y(45S)
(symmetric Y(4S): CLEO 1979-2001)

Need
hadron (K/1T), lepton ID

««200um vertexing

statistics >>107 events

mode @ t=At

R < 10-3

flavor tag @1=0: e, y, K¢, ...
effective eff ~30%

MSU, March 22, 2005 n



KEKB

Colliding beams:

22 . 3 sy
%) /S
Superconducting : mr; Ge s
cavities (HER) RN elletor

H'H e A v O

KEKB B-Factory

ARES copper
cavities (HER)

ARES copper \~ :
cavities (LER) *-u .

e : s TTIST.QI.N
Lyox = 1.52 X 1034 em2s7! (world record)
Data (6/1999-3/2005) I
JLdt = 380 fb1@{Y(4S)+off(~10%)} el %
(>3.8x108 B events)
O(E*peqm) = 2.6 MeV
IP size = 771m(x) x 2.0tm(y) x 4.0mm(z)

K. Kinoshita MSU, March 22, 2005 n
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<>
The Detector s
Hadron identification

Charged tracking/vertexing . €DC: dE/dx

- SVD: 3-layer DSSD Si ustrip e |
- CDC: 50 layers (He-ethane) TOF: time-of-flight

’Q * ACC: Threshold Cerenkov
4 ‘ aerogel

1.5 T superconducting

solenoid Electron/photon

« ECL: CsI calorimeter

|

-
NS
<\

- KLM: Resistive plate
counter/iron

I.



2003 summer ber

Impact parameter resolution
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Rpp=2.0cm — 1.5 cm 152M BB pairs w SVD1
+ 123M BB pairs w SVD2

-> Better I.P. resolution
K. Kinoshita MSU, March 22, 2005



hot least, the people TS

Aomori U. IHEP, Vienna Nagoya U.
BINP ITEP Nara Women's U.
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¥ ~13 countries, 57 institutes, ~400 collaborators,

(authors vary, each paper)

K. Kinoshita MSU, March 22, 2005 H



Belle h Sics GELLE

120+5 papers published or in press (#1 in 3/2001)

65 papers submitted to ICHEP 2004
(CP asymmetry in B decay, other B decay, charm, tau, 2-photon)

Physics topics overlap in many analyses,
e.g., discovery of new charmonium(-like) states in B decay.

Recent highlights in CP

* time-dependent CP asymmetry
¢, update J/yKg ,J/YK,
~ g 0K, T /P10, K1t 'K, FOK,, 10K, wKg, KKK, K KK K, mTT*
~ g TP TTO p* T ~ 3t DT (2y+3)

- evidence/observation
B-> K*I*I-, TOTT0, D*D-, 1190, K* p, ...

* method for ¢3: Dalitz plot analysis
DOK* {DO->K 11T}

K. Kinoshita MSU, March 22, 2005 n




1) CP final state reconstruction 0~10-50 MeV] [z s

S0 - -

exploit 5
- exclusive pair production of B £
* narrow resolution of collision energy ¥

AE =E*__ -E*._ =0 (E*,..=s ¥2/2)[
0~10-50 MeV, depending on mode ==

A Eaergy (GaV)

M,. (Beam-constrained mass) | |
N\bc:(E*beamz-p*cand2 )1/2 5|9n0| regton - -
2) Flavor tagging: sign of other b =t .
all remaining particles in the event saf -
high-p lepton (p*>1.1 GeV): b->I- ' M*ic LY
or TL het K Char'ge b->K- ;Jzo:- 5320 233
| | medium-p lepton, b->c-> I e S (e
b 'y ﬁ soft 11 b->c{D™*->D11*}

— > > hard 1T b->{c}11-X
D * § DO K - multidimensional likelihood, £399%

* incorrect tag reduces ¢, net (28.7+0.5)%

K. Kinoshita MSU, March 22, 2005 H



GELLE

3) Continuum suppression 4) Vertex reconstruction
event parameters, likelihood ratio At~Az/Byc

Exp S Run 272 Farm 5 Evant 10889

Eher B.CO Eler 3.50 Tus Nauw 1523212208 1998
ELLE TrgiD  ©ODetver O Mogle © BFfeld 1.50 Depver 5.04
Plot{ch} 101 Btot{gm) 0G.2SVD-M D COC-M O KLM-M ©

BB
(?q 0.86

e A VR VR TR T SR S
¥ - > -

—Lsig

Lig*Log

sig

5) Fit to At distribution:
unbinned maximum likelihood

K. Kinoshita MSU, March 22, 2005 n



CP eigenstate T
"CP-side tag" 12000

| Dimuons i
| Yield: 9231. + 209.
. >
BO — J/’ll) Ks(%ﬂ: T ) 8000
1Y " Exp 5 Run 272 Farm 5 Event 10889
Eh 8.00 EI 3.50 Tue Nov 16 23212208 1999
golden mode BELLE o e o e S oo 4000
Ptot(g 10.1 Etot(gm) 0.2 SVD—M 0 CDC-M 0 KLM-W O
PR T AR TR N AT SR S S S S S
0 T T ] T T T I T T T ] T T T
- ctrons .
ield: 8193. + 174. 1
= | Mean: 3095.0+ 0.3 MeV/c® |
_ Width: 11.9+ 0.3 MeV/c?
: 000 [~ e —
‘ o i l ! ! ]
12000IIIIIIIIIIIIIIIIIIIIIIII / 7'0 -+ \\\\, 0 ——- L L —
S 1) {' SN 2.60 2.80 3.00 3.20 3.40
K T':+T|:_ . A = Dilepton mass (GeV/c?)
— + i s N - j n n
10000~ S D a— HiT = e 4 1|epfon+1 not-hadron
9T / ST
3 H S Ml i L AR IS
wwo g~ 4MeV/ : ,
ON e © :"IS_ 0%
0|0l -
6000 |- Ks mass+4 - il

4000

2000

PR T [T T SN T AN S N N Y T T T [ T T

0
0.470 0.480 0.490 0.500 0.510 0.520
Dipion mass (GeV/cT)

K. Kinoshita MSU, March 22, 2005



BELLE-CONF-0436

full reconstruction “partial” reconstruction
{charmonium}+K, tag (CP=+1)

{charmonium}+K, tag (CP=-1)

| h

800 |-

700 |
600 |-
500 |
400 |

300 | |
200 | %
100 | J

0 Wq\& \
5.2 5.22 5.24 5.26 5.28 5.3

M, (GeVic?) 0.0 05 10 15 2.0
c ppes (GeVic)

K. Kinoshita MSU, March 22, 2005 H

I K,
I KX BG, K _detected -
Ji X BG, other -

combinatorial BG

400 —

Events/(0.002GeV/c?)
BEO0O

LR TRLRER] O VT ¢ QLIS ok i)




Entries/ps

D

_+1)

17 Nggoy 1) (Ngee 1+ Nge

(Nqi

. <[>
Asymmetry -> sinl
| 140 fb! BELLE-CONF-0436
600 5417 evts <+ Q5=+
400 | visible in| | SiN2¢,= 0.728+0.056+0.023
200 raw data consistent with no
E direct CP violation
0= -
0 v ///////// b Am,_ & Am,
0.5 “ |
g oy — 2P 0
V!Vl q)1 |
O : ............ -1 f _
05| e : 2
D ,G,OOd Ta,g, B world average:
8 6 4 2 0 2 4 6 8 sin2¢,= 0.726+0.037
At(ps) ﬂ
MSU, March 22, 2005




|| Check on vertexing: sin2¢, (B = J/y Ks)
[hep-ex/0409049]

o.8

oO.6

o.4

o.2

-0.2

-O.4a

-O.6

-o.8

+
Good tags+
.
1 SVD2 4 .
T 1
- Good tags

K. Kinoshita

SVDI1: 152M BB
$=0.696 = 0.061 (stat)

A=0.011 %= 0.043 (stat)
SVD2: 123M BB

$=0.629 = 0.069 (stat)
A4=10.035 = 0.044 (stat)

sin2¢; (World Av.)=0.726+0.037

MSU, March 22, 2005 H



e.g. B -> J/ym® 2 processes, different phases, + mixing

Tree (T c Penguin (P) _-
: ree ()QCJ/W enguin (P) Iy — (p.M)
g C
0 W’ - : -
B d no BO b W d no
d > d d > d
x Vcb Vcd ocv’rb V’rd
mixing+ " mixing+ "
Vip 2Vig?VepVed Vi 2Vig?VipVid' |
0.0 1.0
+1if By—g= B
Bottom line: "direct" CP asymmetry possible 4= _1i B;_o— BY

CZ_]:(B — fop) = %Fe_rm(l + ¢~ [Acos(AmAt) + Ssin(AmAt))|)

"direct" asym
relation to ¢, depends on T/P relative amplitudes, strong phase (not known)

expect S = -sin2¢, if penguin is small
K. Kinoshita MSU, March 22, 2005



PRL93,260801 (2004)

40 8861100 LE Jhyn0 RawAsymé‘netry
> [ ..xr'-\!h“-"Lﬁﬂ-é

AN H
« g e
0.5F
O l“"'\'\ e O S \\A asad _1 3 ;
i | ]
4 6 8

30
25
04 0 01 02 5252255255275 53 |t )

20
At (ps)

B->J/yp 0 140 fb
15
10
5=-0.72+0.42+0.09
A = -0.01+0.29+0.03

E (GeV) M, (GeV/c)

sin2¢; (World Av.)=0.726+0.037

K. Kinoshita MSU, March 22, 2005 =



. n,n
n u,d, s
u,c,t ¢
+ VR
B g . b C
nn BT W~ K=, K™~
> -
u u u u

in the absence of New Physics, S = sin2¢,

K. Kinoshita MSU, March 22, 2005 H



Reconstruction of b->s
() KTK"K§ 253 fb-1

80 280

I (a) ¢Kg of (b) 6K} H

C‘%eo_ | £, {E’EEOOF 1

ém_ HT %jz Hl‘jﬂﬂ H * §150~ .T ~

ESOH = _-'"_.] S 400k . H CP = +1

A # M S ieial | Gnguler
10__;;{, o 0 ;

;,@ fo(950) K2 * ] () 7KE o @) kg |

% %200 4 515—

| | H 4 i

i dt | Pt || PRI
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RIS CANL
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o

Myl Gebie™) M, [ GaVic®) . 524 Mbcs('ése\//cz?'zs 53
K. Kinoshita MSU. March 22, 2005



Raw Asymimetry

Haw Asymmetry

Time-dependence:

K. Kinoshita

1F 1f = 1F
(@) oK o) KYK KO F(©) foosn)K3
e e 4 __ e _ —_— e _J
0+'+' = 0+ = % |
0.5F S 2 E-05F T -0.5F
1E poor tégs =04 £ of 00<r <08 £ F 00<r506
L L L 1 1 ?J.\_ 1 L L L L ?J.\_ - 1 1 1 L L
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0.5f + Z osf z 0.5:+
e —_* | e e ey e -
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a5 -05f 05F + +&
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1k 1E 1F 0.0 /.:
F () 7K (@) K3 05-<f> K3 (high-Raye)
1S N i A = =1 e
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05E + Z 05k ‘i_ z 05F
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05 ay 05 -0 5F
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LR e e B 57 % -8 o8 =6 0 on fn
Al insl At fnq\ At Ins)
Mode SM expectation for & S A
oK +sin2¢;  +0.06 £ 033 £009 +0.08 + 022+ 0.09
K“LK_K‘g —sin2¢; —049+£ 018004 —008+ 012+ 0,07
fo(QSO)Kg —sin2¢y 4047 £ 041 £ 008 —0.39+0.27 £0.08
n’rng +sinZ2¢y +0656+018+004 —0194+0114+005
wKY +sin2¢;  +0.75 £ 0647518 4026048+ 015
K" +sin2¢; +030+£059+011 —0.12+ 0204 0.07
K<K<Ke ~sin2p, +1.26:0.68+0.18 +0.54+0.34+0.08

MSU, March 22, 2005 H

Raw Asymmetry

Projected fit

~SM expectation

- KsKsKs

-:5 -2I.5 0
At (ps)

1 1
25 5
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WOF‘ld AVZI"G e Slnz fr'om b—)S en U|ns BELLE
WA .(M‘?'Ti.ond.qu-).

Charmonium

Sin2q,(b->5q) = GRS e
0.39 = 0.11 (Belle) oS S B B A |
0.45 = 0.09 (BABAR) 8 07D |

DO . , | g
0BT+ 00k : r .
=— + 1 1
D D 1 L .
0751 0.28 ! = b
1 1 1

World Average (WA) NG
sin2¢,(b->sgg)= 0.43 = 0.07 KL

TI':I.&3|EI.11 i H I B

(de-bary ¢

WRIE I,

0 | i
OKs s : | .

Compare with ccs:
0.55 .
KRG

sin2¢,(b->ccs) ] : L,
= 0.726 = 0.037 KK K b
AQ;raﬁé (s-penguin i

CL=21x104(370) ||, =ssw W00 L

-08 06 04 -02 QO 0.2 04 06 Q0.8 1 1.2

S-pengLin

— 7% Sf
K. Kinoshita MSU, March 22, 2005 -
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Tree-penguin interference -> direct CP violation

o NB—f) = N(B - )
T NB— f)+NB - f)

eXPZCT ACP(K+1T-) ~ ACP(K+1TO)

K. Kinoshita MSU, March 22, 2005 H



Acp(BO — Kn) <5

275M BB [PRL 93, 191802 (2004)]

signal: 2139 + 53 :
A =-0.101:0.025+0.005
3.90 significance

MeV

1€S/4U

Entries/20MeV

Ent

[PID eff. bias correction:

OA = -0.01 = 0004] > 3 0'5% 90
E g - E jg 3 K r®
. = ‘= 50F
Slgnall 728 + 34 § ’ S 40F
z o 30
A=+0.04+0.05+0.02 o fg?
020.25 0 0.25 0525 0 0.25
AE (GeV) AE (GeV)

If Agp(K 1) # Ap(KrTT9) -> anomalously large e.g. EW penguin
or new physics

K. Kinoshita MSU, March 22, 2005 E



B
Summar

Belle in 2005:

* KEKB luminosity 1.52x103%cm2s! (design: 1x1034); >350M B pairs

» sin2¢, via YKO is now a "precision" measurement

» alternative probes of sin2¢,- sensitive to new physics
B->J/yT1t0 - penguin may be small (need more data)
penguin-dominated B -> sqq - suggestive!

- direct CP violation in K1, difference K+t~ vs K*+110?

» observations/hints in many modes, possibly CP in future

Next

» aiming for (450) fb! by summer

» Luminosity > design

* the CP challenge: heating up - stay tuned!

K. Kinoshita MSU, March 22, 2005 H



