KEK, August 13, 2003

*Weak interaction: CP, CKM matrix
*B(zauty) mesons & CP asymmetry

*B production: e*e- -> (45) at KEKB
*Belle experiment

Highlights for 2003
Selected CP & other results (preliminary)

Plans
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Kay Kinoshita
University of Cincinnati
Belle Collaboration



CP Violation el

Why is it of interest?
e matter-antimatter asymmetry in universe
requires CP-violating interactions (Sakharov 1967)
Weak interaction - the only known force that
* violates CP symmetry (a little)
.. but t0 1998, only in K, (1963)

e violates P symmetry (maximally)

... but preserves CP symmetry (mostly)
right-handed particles, left-handed antiparticles.
no coupling to LH particles, RH antiparticles.

» allows particle to change identity (flavor)

What is source of CP asymmetry in K, ? in universe?

... step back, look at weak coupling strengths...
KEK, Amn-



Weak coupling strengths
Standard Model = 12 fermion flavors (+antifermion)
+ strong, EM, weak forces, Couplings:
””ificaﬂo”."f EM+weak * no generation x-ing, except
3* generationsx2 typesx2 eq, charged-current quark
stable, but for weak interaction leptons: ~same
generations distinguished only by mass quarks: all different, approx

generation-conserving

e - - ,>‘u - =T 1Wt "charged current"

Generatiot ~_ v
A AR T S
Type Q/ | e | 1 P 3 t )/‘// X/\/\; - E - ;A\X\\; o t ZO "neutral current"
- T Ve = Ve =y €<>
lepton| -1 e y é i .
(no strong) 0 Ve Vy V1 y-- -C=----- t <—seen

% ?'< g < > suppressed
quar'k +2/3 Up Charm | Truth ‘ ‘

(strong) d<  +G= = b < - »not seen
’ -1/3 | down | Strange beauty

Inelegant.//
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% rance restored. @ %ﬁwﬁwﬂ/gm/ c;%

Decture

» strong doublets, genem’nons degenera‘re perturbed by weak force:
new doublets d g b'
no generation x-ing, universal W-coupling (=g, seen in leptons)

d',s', b’ are linear combinations of d, s, b:

J 4 Cabibbo-Kobayashi-Maskawa (CKM) matrix
s |= M s complex .
b' 1 b preserves metric @ = unitary

“ orthogonality

(éjzﬁ/dmd (Glashow-TIliopoulos-Maiani)

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

... for >2 generations, e.g. 3, {9R+917} dof constrained by unitarity:
4 free parameters, incl. 1 irreducible imaginary part
> GG Qfabation >>>>(Kobayashi-Maskawa 1973)

Makoto
Kobayashi

!Firs’r 3rd-
generation particle (t)
® seen 1975

8y
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3-generation Matrix
d s b explicit parametrization(Wolfenstein):
Wae x of Vg Vs Vi) [ 132i2 A A3A(p-in)!
couplings}=e| Voy Ves Vep|unitariy -\ 1-02/2  N2A
\Wig Vis Vil 1 PoAG-p-in) 224 1
Vji VJ kzéi k from decay rates,
A=0.220 = 0.002
(19 YV Vs Vg Vi Lo,
=> Mub*_ud_'_ 1+ M’rb*_’rd =0 u (p T_Il)l—p—inl=0.79 +0.19
Vcb;c vcd vcijcd *
~(p+un) -(1-p-w) VodViio \\fd\\fi
VodVh Gl

(p, m): "unitarity ftriangle"

Self-consistent if CKM is correct



o]
CKM CP phenomenolo S
CP asymmetry - due to >3 generations

-> need process w. all 3 (occurs with many B decays),
interference in =2 processes (but not foo many)
-> probe different angles w different decays

— Program: are all asymmetries
1.0 (p,m) 99 | asymmet
consistent w single

Vtq Vio' KM phase?

Vﬂ dvEE first result

BO->Trmr
BO->pm

VedVe BO->J /K, |
BO-> D*m BO->¢K,
BO—>D*p \ BO-)D(*) D(*)
B">DCPK 0.0 1.0 = AW-




eg. B~ J/p K, for sin 2¢, (Sanda/Bigi/Car'Ter')

tree (real V;)  + mixing+tree («V.4"?)

b c - c
_ﬂ c YA d t Db = YA
d b W k

- \S}KS t

(no cc of hadronic phase under CP)

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

dN 1
(B = fop) = JTe (1 + mynepsin2¢nsin(AmAt));
- (+1if By =B’ [ —1it CP odd
M = (_1 if B,_, = BO> flep = (+1 it CP even>

This is only the cleanest, simplest - "golden mode"
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CP phenomenology: variations S

e.g. B -> J/ym@ 2 paths, different phases, + mixing

Tree : Penguin -
- Q Ay ? iy - (p)
BY W a b d

d d d d !
Ochb vcd oLv’rb v’rd
(relative amplitudes, strong phase not known)
mixing+ " mixing+ "
aVip ?Vig?Vep Vg aVip 2Vig? Vi Vig

. (Jrlif By = BOJ
- . 20
Bottom line: "direct" CP asymmetry possil:)#lvdg,,/ —lit By =B

dd]tV<B — for) = ;Femt(l + ¢~ [A-—cos(AmAL) + S—sin(AmAt))

"direct" asym/
KEK, August 13, 2003



cETT At by asymmetric ete- -> (4S)
gzo} ~ ]
gls__ ++ | What else is needed?
% . + 1+>107 B's just to get started - KEKB
o :,+ . + ) ik hadron (K/m) ID -
" vy ey Vs st | dE/dx Aerogel, TOF

044 946 1000 1002 1034 1037 ‘1'0.5d 058 1062 |ep1'on ID - CSI, mUIT”Gyer' H
Mass (GeV/e') BB threshold . <««200um vertexing -

2nd decay double-sided silicon strip
o, al1' T=At

. AzmAtByC |

mode @ t=At
< 103

— B |
(45) 1 t | flavor tag @1=0: e, y, K¢, ...
CP=-1, first B decay effective eff ~30%

conserved (t=0), break CP _n_
KEK, August 13, 2003




La = 1,06 X 103 cm2s-! (wld record)

Data (6/1999-6/2003) ik
JLdt = 158 fbl@{ (4S)+off(~10%)} 2/
(1.52x108 B events)
O(E en) = 2.6 MeV W S

IP size = 771m(x) x 2.0pm(y) x 4 Omm(z)

KEK, August 13, 2003 n



Belle detector S

Charged tracking/vertexing

- SVD: 3-layer DSSD Si pstrip
- CDC: 50 layers (He-ethane)
Hadron identification

- CDC: dE/dx

- TOF: time-of-flight

- ACC: Threshold Cerenkov fae

Electron/photon R )

- ECL: CsI calorimeter ‘ > \ Superconducing
- KLM: Resistive plate counter/iron N

SVD

CDC

PID {Aerogel)
TOF

KEK, August 13, 2003 n
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BELLE
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We present a measurement of the standard model CP violation parameter sin2¢ (also known as
sin23) based on a 10.5 fb ! data sample collected at the Y{4S) resonance with the Belle detector at the
KEKB asymmetric ¢ "™ collider. One neutral B meson is reconstructed in the J /¢ K, ¢(28)Ks, xa1Ks,
neKs. J /UKy, or J/rm CP-eigenstate decay channel and the flavor of the accompanying B meson is
identified from its charged particle decay products. From the asymmetry in |h§ud%smbuuuour: of the time
i § ¥ s i} Z .5g*0 + ’

0031 9007/01/86(12)/2509(6)$15.00  © 2001 The American Physical Socicty 2509 interval between the two B-meson decay points, we determine sin2¢, = 0.587 % (stat) g ja(syst).
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B
Belle physics results ST
58 papers published or in press (1st in 3/2001)

54 abstracts submitted to XXTI Lepton-Photon (Fermilab)

“mwm 18 - CP asymmetry in B decay
25 - B decay non-CP

>vvw< 8 - charm hadrons
>\w 00 1- QCD PhYSICS TOPICS o.ver'lap In many
analyses, e.g., discovery of new

charmonium states in B decays.
>\w 2 - TC(U

KEK, August 13, 2003



I
|||| Recent highlights el

CP and related
* time-dependent CP measurements
update of J/yK, (¢;)
with J/9m0(~¢;), D™ (2d1+¢3), 0Ks(91)
- evidence/observation
B-> K*I*I-, MO0, D*D-, mOp°
* new method for ¢5: Dalitz plot analysis
DOK* {DO->K mr*m}
Charm
* new processes/ particles
new excited D, states
new charmonium
first radiative: DO->¢y
- difference of CP lifetimes in D (ycp)

KEK, August 13, 2003 ﬂ



~3% background

Envardna] 10 RS

Kinematics for final selection:
exploit

- exclusive pair production of B Signal region /ﬁ‘(MeV/cz

* narrow resolution of collision energy
AE =E* cnd E* beam=0 (E*peam=s 12/2)
0~10-50 MeV, depending on mode
M. (Beam-constrained mass)

-(C* 2_nx 2\1/2
Mbc‘(E beam ~P~ cand )/

L Eneegp (G

& - —

Bumnini s Riwae™

]
T
I

Do oo rarTmd s KMoan |G-l|l.'-:':-

KEK, August 13, 2003 n



Time dependent measurements:

sin2¢;: {charmonium}+K, tag (CP=-1)
BELLE-CONF-0353

Fully reconstructed

1000 Mode N Puty
oo | 2911 used JI(E)K(n ) 1997 09764 0.001
wo| —m M (K ) B 0824002
) VRSO ) 15 0934001
ol v | e s
S 500 | ° Xaald /Uy Bg\m™ T Jazl
Siwp TR (KK iKO( )13 0RE008
Bap KK 7 ) lrtr) T 0T0£0
| C(pp)KO( ) 20 0914002
Allwith ¢ = -1 911 0.933 £ 0002
0

352 524 326 528 53 I ) (K ) 174 0934001

Beam Constrained Mass (GeV/c )
KEK, August 13, 2003 n




U o

d0d -

I | I I I 1
Iy K,
1399+67 signal

I I L

O 9% < %3G K, ielached
O 9 ES alher

|

oo T ~akzal B

[2332 events, purity ~0.60]

404 Farmn 1 Event  @1383
Sat Qs 11 2325251 1959

KEK, August 13, 2003 n



T # high-p lepton (p*>1.1 GeV): b->I-
- [,/ # net K charge b->K-

b .~ c " s _ = medium-p lepton, b->c->I"
D+ +’D0 K u softm b->c{D™*->D°mr*}
n # hard  b->{c}m X

* multidimensional likelihood, €299%

- wrong-tag fraction w j< i(
classify events based on e T e S
expected w (MC) - 6 bins. TR TG
(actual w -B° mixing amplitude in data)>s MR | T M

o]

- effective efficiency

= g(1-2w): net (28.7£.0.5)%  _ . e
Flavor-specific BO gov e
(B->D*+ I V) _0_50é L 0_55 =

10 - 10
At (ps) At (ps)

mixing amplitude <->w
KEK, August 13, 2003 n



Az:. vertex reconstruction

Constrained to measured IP in r-¢
* 0,:~1.43 ps (rms)
* Overall eff. = 87%

Validate resolution via lifetime
Tgo = 1.551+0.018 ps |
(PDGO2: 1542:0.016) \

Ep 5 Fun %
Eher 6.00 Eler 3,50 T

TrgiD  © Detver
Phot[sh} 10,1

e 7
| NoERT:
&

a4/

l? it |
B S Sy
[

KEK, August 13, 2003 n




Fitting At distribution el

# use data wherever possible to validate
# unbinned maximum likelihood fit, includes
- signal root distribution (analytic)
- wrong tag fraction (const)
flavor-specific tags -> w, mixing oscillation (Am,)
- background: right & wrong tag (MC, parametrized)
- detector & tagging Az resolution

parametrized,evt-by-evt - params from lifetime fits,
validate by measuring T, Ty, Amy

accounts for detector resolution, poorly measured tracks,
physics (e.g. charm), approximation of At=Az/pyc

Checks- separate opp CP tags, verify null signal for

flavor-specific tags
KEK, August 13, 2003 n



600

N
)
-]

(\®)
-
-

Entries/ps

+1)

©

47Nt/ (Ngee 1N
o
)

(Nqé
=

S
N

wn O

-

0.5 |

sin2¢,= 0.733+0.057+0.028

Poor tags

consistent with no
direct CPV.

Good tags

BELLE-CONF-0353

— -
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Separate CP odd/even

Raw asymmetry (all r-bins)

s f (cB)K(E=—1)

= + + CP = -1 sample

sin2¢, = 0.73+0.06

Raw Asymmetry

R P

+ CP = +1 Sample
+ Ll (BO->J/y K)
} | sin2¢;= 080013

At(ps) BELLE-CONF-0353
KEK, August 13, 2003 ﬂ




Latest average from {cc

sin2¢, (Belle 2003, 140 fb1)
=0.73320.057+0.028

sin2¢, (BaBar 2002, 81 fb1)
=0.741+0.067+0.033

sin2¢,; (NEW World Av.)
=0.736+0.049

KEK, August 13, 2003 n
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C :
b CJ/W CJ/\II 1} Jiy w0 RawAsymrgnetry
B’ " P i ost |
d 7: B’ ©F ;
(relative ampll’rudes s‘rr'ong phase not known) 0 ]
05}
B->J/yn° : +
225 F N
20 E 0f 88.6+10.0 18 ]
3 35 )
173 At (ps)
15 30
12.5 E 25
10 E 20 5=-0.72+0.42 (stat. only)
7'2 18 (expect -sin2¢, if penguin is small)
2. .- 5 [ = N |
g 0 SN L TN Tﬁu‘& o T

04 0 01 02 5252255255275 53 BELLE-CONF-0342
AE (GeV) Mbc (GeV/C ) 4
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b->{c c d}: observation of D* D- el

d 7
.éﬁ f D { Cuesh 4} per-
g
d %<

(¥)+
d} D N\z} D+

Yield: 24.3 + 6.0
Significance : 5.0

Efficiency : 7.95 %

B=(2.46 + 0.61+042)x 104

HE H B H

5.200 5.225 5.250 5.275 5.300
Mpc (GeV/c?)

May be used in the future for time-dependent
CP asymmetry measurements

KEK, August 13, 2003 H



D

More time-dependent sin2d. - or new physics N

modes dominated by b->sqq penguins
In the absence of New Physics, S = sin2¢;,

b N
LUt
b g
P
u
W
b S u,d, s
K+ K** n1m
U d
U,C,t C u,a,s
Bt g ;
u p b 5 B B
1 B~ W= K :K*
U > U Uu - U

KEK, August 13, 2003 H



Time-dependence in b->s penqguins:

.Y K*KK%(q)Ks excluded)| poor tags

05 F

0.5
0

o
[0}
T

1
— —
L]

o
o (&)}
T

05
+ |

0 - |
> -t —'——1— 2
E -0.5 + g -
E aF 00<r<0.5 3
P 0
< 1F <
2 ] 2
&U 0.5 &‘5

0

05F
good fags _
L T Q5<rs10
75 5 25 0 25 5 75
At (ps) +0.18

S=051+0.26 +0.05 -0.00
3rd error: due to uncertainty in CP content.

(A=-0.01+0.16+0.04)

[Sin2¢y(world average) = 0.736+0.049] e Amn-

1 FB® > 'Ky

Tt et
L

F0.0<r<05

S=043+0.27+0.05

BELLE-CONF-0344




D
|||| b->s penquins: search for new physics S

Theoretically cleanest 35t B® — 0Kqg 68+11
example: ~ ag b
> E
b 8 G o5
o g |
B u,c,t 8 § 202_
g i
8 -~ 15 L
SN
. n _ - £ 10 Jr..|| ,Jr|
i, d u, d L H|H | I+ T
T
Belle (78 fb1): o

° Y R TR
5--0.73+0.640.22 i

In the absence of New Physics, S=sin2¢;¢¢ = Sin2¢,

KEK, August 13, 2003 ﬂ




CP Asymmetry in B->¢Ks Ve

BELLE-CONF-0344
1 ;'BO — 0K 1 FB" — oK Control Sample

<
)

5=-0.09+0.26

Raw Asymmetry
o

0.5 :

. +0.09
SII’\Z(I)Ieff = -0.96 i0'5o_o 11 <4 {iffers by 3.bo

[Current sin2¢;(world average) = 0.736+0.049]

KEK, August 13, 2003 n



Probability & statistics el

Feldman-Cousins

treatment
—~ including
£ systematic from
= CP in the
Y

background finds
this value ruled
out at 99.95% CL
or 3.0

KEK, August 13, 2003 n




D
|||| Systematic uncertainties S

S A
b - +0.06 -
Fitting near |S|=1 '5.00
backgnd K*K-K,, fO(980)K, jg-gg +0.04
background fraction-other | +0.05 | +0.04
Vertex algorithm +0.02 | +0.05
Total ‘_’8?? +0.07

Correlation between A and S ? A=-0.15 +0.29+0.07

If Ais fixed to zero, S=-0.99+0.50
KEK, AWE-



BaBar result ¢K

BABAR

preliminary

BaBar 2003: 110 fb

B? Tags
S

B’ Tags
S

(A=0.38+0.37+0.12)

Asymmetry

SiN2¢.¢¢ = +0.45+0.43+0.07

KEK, August 13, 2003 H



I
|||| BaBar B-> oK. Systematics el

81 fbl: sin2¢,.¢ = -0.18+0.51+0.09

!

110 fb-1; SiN2dy.¢¢ = +0.45+0.43+0.07

Data size increased and was reprocessed. Extensive
checks with data and Toy MC. The large change is
attributed to a1l statistical fluctuation.

KEK, August 13, 2003 n



BaBar B-> pK. Systematics N

Systematic uncertainty due to S C
Fit bias 0.04 0.05
Event yield 0.01 0.05
Parametrization of Af resolution 0.03 0.02
Background composition/C P asymmetry 0.03 0.05
mpgs background parameterization 0.02 0.05
Uncertainties in the SVT alignment 0.01 0.01
Beamspot position 0.01 0.01
PDFs for the event yield in signal and background 0.004 0.04
Potential S-wave contamination 0.002 0.015
BY /B efficiency difference 0.002 0.02
Doubly-Cabibbo-suppressed decays 0.009 0.027
Total 0.07 0.12

KEK, August 13, 2003 H



Observation of BO->mOom0

Gronau, London PRL 65, 3381 (1990): isospin analysis
of B->mtmt to obtain ¢, without time-dependence
om0 is most difficult step.
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DO->¢y (¢->K*K")
large bg from DO->¢m°
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B
Summar

Belle in August 2003:

+ KEKB L=1.06x1034cm?s! <- @design! (1x1034cm—2s1)

* 152M B pairs: sin2¢, has become a "precision" measurement

- first results on alternative probes of sin2¢; (or new physics!)
B->J/y 9 - penguin may be small (need more data)
surprise deviation in B->¢K, - 3.50 - hints of new physics?
consistency with SM in other b->sss

- developing sensitivity to ¢,, ¢3

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

* large charm sample - new states, modes, searches for NP

Next
»+ 500 fb! by 2005
* Luminosity >@ design

* the CP challenge: just getting started - stay typed! n
KEK, August 13, 2003





