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Beyond the CP violation measurements
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The Belle Collaboration
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[= population of those who use @1, @, @3 (instead of , sorry if you confused!
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Where we stand...

@ Success of the Standard Model (U(1) ® SU(2) ® SU(3) symmetry)
hasn’t been providing answers to our fundumental questions:

Baryogenesis

Grand unification of forces \Y; e UIT
ilies?
| Quark/lep_ton families” W Vel Vil Vy
@ Higgs boson is the only
missing piece in the SM Z u I/C I/t ’

@ What we wish is a theory g ’ d l/s |/b ’

(and experimental evidence) o
beyond SM (SUSY?) "SM building blocks"

(Neutrino mixing isthe only available piece of info beyond SM)

CPV In B decays — one more non-trivial test of the SM — has been
discovered by two B-factories (KEK and SLAC).
The aim is now to find any sign of new physics with more and more data.
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Unitarity triangle

Unitarity of the CKM matrix = V> V,; + V" Vi + V
U

B - 1UT, PTT, etc

B—)T[IV, pl\),
B_ X/|v, etc__ Y, VAm, B py, &tc
\ *Q 1‘0'/4/
N

Non-zero area

T

constrained at the first

i th —_ O
Is already over-

Q=Y = CP violation

v

0=

<

. & :
8- DK, x__B-D"In

- JIPK,, etc
B - K11, TUT, etc

B-n'Ks

B Xl
XV B @K, €etc

Mixing for ¢1(= ), P2(= a) and | V|
Semileptonic decays for |V | and |V |

Rare decays for ¢o3(= y) and |V |
(All the sides and angles are measureable with Bg and B* decays)

fan
the

However, It Is Impor-

t to further shrink
errors.
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Where to look for new physics

@ Penguins

+ S ol

..........

SM New Physics (SUSY)

SM |Amplitude| may be modified
New phase? = &1, 0o, 3 may differ, or direct CPV

@ Mixing @ Also in trees

d . . b d —:—:—b_ Bb C DO Bb C DO
. . + : : We——m1r L —r

b 1 1 d b 1 1 d ’..’V ’~..V

Recent Highlights from Belle — p.5/60




How the B-factories designed

@ Need huge luminosity (the single most important factor)
@ Boosted CM frame, vertex detector for At measurement
@ Charged tracks and photons, partlcle IdBfOI‘_e u, t, Kand p, and K;

detection flavor ta Iy
SIOWT[| 1K ( ) (e / p)
e (8 GeV) e’ (3.5 GeV) | 411
Az measurement N\ K< (TT
. wAt= Az | s (170
< >
Im|im = - .
|| + = | Experimetnal dilution
m|| @ - | | | | | | | | | | | Itm | | I/ >
’a\ g more B i more B k\ z
} = (1-2w) sin2g,

No theoretical ambiguity
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Outline

~Introduction
- Next = KEKB performance surpassing £ = 10%* cm=2s™!

~ Approaches to go beyond SM
@ Search for new CP Violating B decays
® Radiative/electroweak rare B decays

~ Comments on the new Dg; resonance
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KEKB performance — a brief history

KEKB Design started
KEKB Construction started
first physics run
surpassed the PEP-I1 luminosity, £ = 3.4 x 10 cm=2s7!

Accumulated 100 fb™*
Design luminosity £ = 10°* cm—2s~! achieved!

Accumulated 158 fb~*



KEKB parameters

LER
P —

on 9 May, 2003

LER(et) HER(e")

Energy 3.5 GeV 8 GeV

Current 1.41 A 1.06 A

Number of bunches 1284 (/ 3 km)

Crossing angle 22 mrad

Beam lifetime 105 min 247 min . | |
Peak luminosity ~ 1.031 x 10% cm2s~ : SR

Positron Target
Electron
Source

Most of the parameters are close to or better than the design values
— simulation did a good job for the accelerator design!
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Mt. Tsukuba

Interactian
Pl

| ,_‘:\
= ' HER ;| High Enargy Ring
LER : Low Enwrgy Ring

Pozitron Tarmgaot

Electron fRecent Highlights from Belle — p.10/60
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How to get to the design

@ Diligent efforts of KEKB crews!
And joint-effort of KEKB-Belle members, too
@ Excellent accelerator design
Infinite crossing angle — simpler IR, less background, heating
Large circumference — allows large freedom in the tuning space
@ Flexible control software and quick feedback to the tuning knobs —

good operation points are found in the “adiabatic” on-the-fly tuning
during the luminosity runs

5 x 10 electrons / bunch i

22 mrad
width

o(x)=0.1mm

! height

T o(y)=3um

~ 7x10% positrons / bunch

length 1224 bunches
o(z)=7mm in the ring
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Solving many difficulties

@® LER (¢7) photo-electron instability — beam size blows up by
photo-electron clouds. We added solenoids around the beampipe all
along the ring to effectively trap the photo-electrons.

@ Heating and damaging — many components, such as the moveable
beam-masks and bellows, have been damaged and replaced. When
the beam (or synchrotron light) spots a single point, serious damages
are made. We have been improving / replacing the components.

¥ Beam-graved

M @ trace on

| solen0|ds P - the mask




KEKB 4 year history

Luminosity of KEKB

Peak Luminosity
in a Day
{1/nbfs)
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The best day — 12 May 2003 (0.579 fb~!/day)

Peak Luminosity 10461 [/nbisec] @03:48
Integrated Luminosity 579,10 [/pb] 05/12/2003 0:00 - 05/13/2003 0:00 JST
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Lumlnosny race
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will be ready by LP0O3 MO DT vvso JOVEUE JOUOUR NV OO OOS ]

7/1/99 1/1/00 7/1/00 1/1/01 7/11€ecer%tflll/gﬁhg{1%s/?1%n%@e{I%S i(')/fg/ga




Belle Detector
* / 7 SVD (silicon vtx det.)

I layer DSSD
150° J
17° 50 layers axial+stereo, He + C,H;
ACC (aerogel cherenkov
n=1. ~1.
o 35CeV _ ToF (time-of-flight)
€ — o(t) ~ 100 ps

ECL (electromag. cal.)
Ei ~9000 CsI(Tl) crystals
1.5T thin SC solenoid

14/15 layers RPC + iron

N EFC (extrem fwd cal.)

BGO crystals

Vix Oxy,z ~ Ddum @ 1 GeV
Trk  opt/pr = 0.19p; ® 0.34% Belle Detector nicely works at £ = 10%* cm=2s !
Ca  op/E~18% @1GeV No signifi cant performance degradation

K-id e ~90%, fake~ 6% upto3GeV  Trigger/DAQ works (500 Hz, e(BB) > 99%)

eld  €>90%, fake~ 0.3% (> 0.5 GeV) probably OK up to a few x10%* with minor changes
‘Ll'|d € > 900/0’ fake < 2% (> 1 GeV) Recent Highlights from Belle — p.16/60




SuperKEKB

We need significantly more data, as
discussed later.

Upgrade scenarios are seriously
being studied, aiming for B physics
at 10> to 10%¢ cm~2s~! luminosity

36

L~10
Constraints: ILER=9'4§ | er=20A
8 GeV x 3.5 GeV L ~2x10 Gradually increase RF

wall plug power < 100MW Y|

crossing angle < 30mrad &

I er=1.5A & One year shutdown to:
L ~ 2x10* :' install ante chamber

Present KEKB increase RF
L ~10%* s ] modify IR
e~ Crab crossing upgrade Belle
I er=1.5A
| | | | |
2003 04 05 06 07 08 09 10 11

[ Yamauchi: FPCP’03 ]

Vertexing: Pixel + DSSD
Particle-id: TOP + RICH
(Time Of Projection counter with quartz-bars)
Calorimeter: pure Csl for endcap
DAQ/trigger: full replacement

(R& D going on)
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®
®

design and enormous diligent efforts. But we do not st
almlng fOT 1035 ﬂnd more/ -

Radiative/electroweak rare B decays
@ Comments on the new D,; resonance
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b — ccs indirect CPV

e \
CPV phase -

C Iy, w,... - ,
J m Vio - No SM phase S Very small SM %CJ/w,w
I e No new physic New physics??
B° /.\ ® _ P y/ @ o ( )
) _ _

* d b * S b S_
Vio tw Voo Ves K ° (K_O) Vt; Vis

K° (K9
@ Now we know that B — ]/¢K? and other b — cCs indirect CPV
gives the CP violating phase in BB mixing

dg(AAtt) o %[1 — g& rsin 2¢1 sin(AmAt)]

@ Theoretically clean

SM b — s penguin: dominant t and ¢ quark loops give the same
phase; u quark loop is suppressed (< 1% effect)

New physics phase would be overwhelmed by the SM phase
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b — ccs indirect CPV in one page

@ 78 fb~! data = 2958 event (81% purity)
mm———c Effective flavor tagging efficiency 28.8 + 0.6%
Lt @ Effective _avor agging efficiency 28.8 + 0.6%
@ At resolution of 1.43 ps (tg = 1.55 ps)
.l -1— qui+1 ZW 0.4+ —+—
: qu__l ¥, _

O
[N

1/NedN/d(A)

—,

0 8 6 4 -
At (ps) At (ps)
sin2¢1(B) = 0.719 £ 0.074 £ 0.035 (Belle) L arge CPV
=0.741 + 0.067 = 0.034 (BaBar) inBala
=0.734 £ 0.055 (WA by HFAG)
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Any other indirect CPV?

@ Testing ground for the CPV in decay into a CP eigenstate

Ex o orvsics S

=t ) % %’
d =—r— b
BY : ® / @ @
: N B B m g m
b Vo tl Ve, d b b \_/ b N/
t w small if not ccs

CPV phase is known!

% o 'AWTB 11 —g&515f sin(AmAt) + Af cos(AmAt)j]

Decay part is less known

@ Examples b — ccd —]/%b”O DD .
(rare decays) b — sss ¢ KO KTK~ KSU
b—sy — K1(127O)07/ KY DY, -

b— uud —nn, pt
(Angular analysis can disentangle CP of a mixed state for VV and 3-body decays)
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AnalySiS procedure Please allow me to show this, although you might

Reconstructing
CP decays

have already seen aI ready more than 100 ti meﬁ

300 , S

2200 |- -4 >

= = D) ‘ ‘

2 T 1 0.0 i —

a T 1o AR R N i

o i 15 UL TECE T

Liloo B 1< '-.j'::,'": - ST
0 ] ] | L‘"M -0.2 AT IR S T T

-0.20 0.00 0.20 5.200 5.250 5.30

A Energy (GeV) Beam Constrained Mass (Gev/c?)
200
|

AE=E, - E; | 'l

beam

Mbc = \/Ebeam |p B|2
frome, u, 7, K 1d. and mom

Very clean for B — J/¢K? ol _J_L_J]

5.200 5.250 5.30
Beam Constrained Mass (Gev/c?)

%)

2 MeV/c

100 —

Events/(
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Analysis procedure

Reconstructing
CP decays

@ Rare decays suffer from huge continuum
background (e*e™ — g9, g = u,d, s, c)
& no abundant cc In continuum

@ Need a background suppression
@ Then AE, M, to reconstruct the signal

g 25 — B_)qng § 20 ‘
- D) [
— 15 F o :
- 3 - 10 |
210 F g |
- -
q>) : q) 5 l_'l'l -'l_l
2 s bl Wi e T
O:..I ........ P e Frd Y oL 1 . 1 l
-0.2-0.1 0 0.1 0.2 5.2 5.2255.255.275 5.3

AE (GeV) M, (GeV/c?)
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" 2.jet like
continuum
p(q) ~ 5 GeVic Ks

Spherical
B decays

p(B) = 0.3 GeV/c

Background

suppression

@ Event shape: moment of the event = Fisher disc.

[%) Fisher disc. and B fight direction

S = combined into alikelihood ratio

£ E' continuum B — ¢K signal

E=2

N = '
< ___"1
..l....lT...l._..-.T._...-I..._.T._..-.T.T.".l—.r.‘.'l—.'."..._

O 01 02 03 04 05 06 07 08 09 1

LR
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Flavor

tagging

L

@ Leptons B g .,
High_p €+ t \c — siv ‘+ |
) I I\ b - clv
Medlum'P 5_ 0.06:— ) +++
_ i
@ Hadrons T ST N
K= signature "
AO_)PH_ 00'Hlol.s""l""1.5””2””2.5”
. P, (GeVic
High-p 7* Combine all info using a look-up tabl
Low-p 7t~ _| Into asingle variable “r” (0 <r < 1)
~andassign g = +1
_ (B® like signature if opposite charges: g = —1)
b — clv B’ —» Dt

B o
L, k- A0 e

\_) pn_ — EOHS_IOW
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Analysis procedure

Variable » almost gives the wrong-tag fraction 1 — 2w,
which is measured with a control sample B — D*~¢*v

Nop—Ngg _ 1
NoriNer = To00 cos(Am At)
< = 1
Mixing measurement in 6 |r| bins [
08} rd
0.5} _ +
Oww 5—0.6 i +
-0.5} Gl
0.5 0.2 _
Flavor O\ﬁf&/«H_ N v
t : 03 N 0002 04 06 08 1
agging <r>
0.5( -|-
°| Efficiency > 99.5%
05/ + + .
0 ‘5 1‘0 At(ps)o é_) 1‘0 — eeffective — 28.8 i 0-5 /O

(exactly the same as b — ccs CPV measurement)
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Analysis procedure

:

:

At from

vertexing

Maximizing the likelihood to extract info out of At
HL = f (1= fog)PsigR(AL — At )AAY + fbgpbg

/0.8

entries

oA/ T

Use Pgie = W on non-CP events =

to get the 12 param. resolution function R

(ZCP, Ztags Tcharms PB OUtIier)

For the CP sample, use
e—lAtl/TB 20 -15  -10 -5 Atzps) 5

Psig = > [1 — &rg(1 — 2w){Ssin(AmAt) + A cos(AmAt)]
B

Entries/ 2 ps

O A~ @
L L

2 AR

Recattl—l(ilj §hts from Belle — p.27/60



b — sss indirect CPV

Raw asymmetry

O
ol

PK? K*K~K{

r 170
Ky

pureb — s penguin mixed CP state with small u7s and dds

B gk

=
©
w1

o

o
o ol

Raw asymmetry
Raw asymmetry
S
(63}

B
=al

8 6 -4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 s
At (ps) At (ps)

1
o
=
=

1+ B? 5 KKK 1t

B° - 'K

\«42;‘*?
| |

8 6 4 -2 0 2 4 6

At (ps)

S=-073+064+022 S=+049+043+0.11703 S =+0.71+0.3700

A=-056+041+016 A=-040=033+0107% A

~0.06
= 4+0.26 £ 0.22 + 0.03

[PRD67,031102(R) (2003)]

® B — ¢K gives negative S (S # sin2¢,?)
@ Other S are consistent with sin 2¢; (S ~ sin 2¢;)
@ no sign of non-zero A (A ~ 0)
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b — sss comparison

OP,f\lI_8 98
3.2 ,,+05
ALE+POI_-€!200
084 ,,,+0.16 :
CDF 00

0.
0.79 g s

BABAR 02
0.741+0.067 +0.034

Belle 02 I

Combined with BaBar, we
may be seeing some differ-
ence between b — ccs and
SSS.

Charmonium Modes

0.719+0.074 £0.035

Average (charmonium)
0.734+0.055

BABAR 02

-0.18+0.51 +0.07 '
Belle 03 . — \
—-0.73+0.64+0.22 ' '
BABAR 03
0.02+0.34+0.03 )
Belle 03 o0 :
0.71+0.37 :
Belle 03

i
A
/

0
S

@]
~~
/
/
/ o
2

Error of Acp
/.

n'Ke

10

0.49+0.43 oo

Average (s penguin)
0.19+0.20 s

Average (All) i ] E 107 ratal Brror ~
0.701+£0.053 : : | Winter 2003 t: error

i~
! SYyS. error e
v by by b e b PRTIR T P IS I N

3 25 2 15 1 05 0 0.5 1 15 2 B -

sin(2p)

KKK

Integralted luminosity ](Oab'j
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Indirect CPVin b — s5)?

@ Radiative decays provide a very (theoretically) clean environment to
Identify new physics in b — s penguins

@ Unfortunately, B — K*y, K* — K¢nt” has no precise vertex

@ Proposed to use B® — K;(1270)y, K1(1270) — K2p°, p° — m* ™
[D.Atwood et a., PRL79,185(1997)]

@ Our result on B — Krtrry shows that it is hard to disentangle
Kp (CP) and K*7t (non-CP) states.

[Belle29 fb~!, PRL89,231801(2002)]

D
o

Ng " data Ng I L data
2 - — total = 30 total
g 30 [T K*my g MM Kpy
S f / \ aa 5) qa
N C / %y & W ) 26 B b_sy+ Bé
2 o0 - =
c C TN — )
g B \ o
() - \

10 é/ SN 10

o Y %%
0 0
0.5 0.75 1 1.25 15 0.8 1 1.2 1.4 1.6

5 2
Mm(G eVvic®) Recent Highlié\}/ll{grégr?l\]é/e(ﬁe)— p-30/60




Possibility: indirect CPV in B — Koy

[Belle90 fb~! FPCP 03]
@ New observation on B* — K™ b — sssy) — very clear signal!
)4 )4 y g

14

3) “o 25} RE)
ik > | S4 0
o 101 o | L0
N | P S ]
% 8r = 151 5
§ 6l I ! % % 2 /
o | m * ZlO_— o J
_ [ Z
244 ur " el l1'-|+ A
%.2 5.22 5.24 5.26 5.28 1 1 05 1 1 1 15 1 2 l 25 QS.Z 522 5.24 5.26 5.28
M., Gev/c® M (K'KY), Gev/c? M,., Gev/c®

@ B’ — K¢y will be useful for indirect CPV

Not a CP eigenstate, but the CP content can be extracted
from an angular analysis (a la B — J/y¢K*¥)

Need a few ab~! for a meaningful result (but promissing)
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B>

@ PRL89, 071801 (2002) [45tb"] &
has been updated [78 fb™'] <
[hep-ex/0301032, to appear in PRD] 2

@ Improved event selection, error g
evaluation c

80 F i
70 E Total .
N >0 é_ }l B — Tmsignal
2 40 | continumFm >
£ 30 ]l g
@ J RN
20 IURE:; 4 <
10 f ﬁﬁ ™
B - Kmt
O 1 1 I 1
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CPVinB — i

Snn = —1.23 £ 0.41(stat) *505(syst)
Aqnr = +0.77 £0.27(stat) = 0.08(syst)
S = A =0isexcluded by 3.40 =

(another evidence for CPV in B decay) <L 0o~
2.20 hint for direct CPV (A > 0)?

Belle and BaBar disagree by 2.20:
Sqr = +0.02 £0.34 + 0.05,
Ann = —Crr = +0.30 £ 0.25 + 0.04

10——""—""—""""""""""""""""—

140

120 ( C;%.683 \ / /// \\\

00 | Constraints on ¢,

80 With a range of the Penguin/Tree amplitude ratio
%0, (0.15 < |P|/|T| < 0.45) [SM gives |P|/|T| = 0.3],

40 and ¢ = 23.5° (strong phase § as free param.),
201502100 50 0 50 100 150

— 780 < (PQ < 1520 (955% CL) Recent Highlights from Belle — p.33/60




Why not direct CPV in b — s?

t Similar size
b s,d amplitudes
”'X'."’ New Physics
Aqp t X SiN(@sy-@p) X SIN(gyy-Oyp)
Weak phase Strong phase
b d 2 : :
sd | ‘NP/SM difference difference
"V;/‘.' SM (When |NP| < |SM])

@ Chances to see the direct CP asymmetry in the charged B decays
@ Need also a strong phase difference (need a good luck)

@ Pure b — s penguin examples: B — ¢K*, B* — Kin*, B — K'y
( Direct CPV is expected in the SM in many hadronic rare decays,

where Tree and Penguin amplitudes interfere (like in B — ™ 1t™),
but it is also interesting to see the first partial rate asymmetry in B decays,
regardless SM or new physics)
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B* — Kot asymmetry

[Belle 29 fb~! PRD66,092002(2002)]

20— 20
L | O +
> [ > [ KT
D 15- o 15-
= =
K o K of
- 10 - 10t
) I 2] I
m O O
fb] === I RS | FE P A ;:Zﬁi?ii?‘:k P T B A
-0.25 0.00 0.25 0.50 -0.25 0.00 0.25 0.50
AE (GeV) AE (GeV)

Pure penguin in SM, large A., was seen?!

Belle2002 (29 fb!) 0.46 +0.15 + 0.02 (30)

-1 0.09 +0.01
Belle2003 (78 fb™') 0.07 009 +001

But disappeared now (a good lesson!)

b

Data sub-sample

[Belle 78 fb~! hep-ex/0304035,t0 appear in F

sol B™—> KIn~
> | m
g L
- L
C\14O
~ L
@ L
§ L
= 20
Sq i
iy AR
-8.25 0.00 0.25 0.50
AE (GeV)
60
> L
=
S
C\14O
~ L
@ L
§ L
= 20
Sq B
0 m 4l s i
-8.25 0.00 0.25 0.50
AE (GeV)
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% JoF @ KTty b)) Ky E
B % K ')/ asymmetry §§§Y'em 219.9 +16.8 +25 [PL’l ; Yield 232.9 +17.4 +2.4 ;Jl’l :gg
20F 3 A P
15F (v = ] 415
1§ﬂ 'J]"[rleu"ir”MJLﬂm s Il, rL,] [] E-M".""W" Ji ﬂnJ] ﬁ.ﬂd l&l :éo
o (L L oo
' Very Sma” SM ACP’ IeSS than é ig;YleldBOO £10.0 +1.8 ﬂ["l :i_YieIdGGA £9.4+18 L :igg
1% is predicted g2 1 N s
. . . c gmmjlplnn 1 n””nnnﬂnunﬂnﬂﬁnd [ 7S ﬂnuﬂ Vﬂ\uﬂun“w_ﬂljﬂ u“"“’LJHUJ [u| 1‘2‘ E
@ A, is zero-consistent in data o e SR
‘ Systematic error iS under goo 2E:Yie|d42.6 +79+0.8 P“"“ Yield 43.9 +7.9 +0.8 I!P :;2
0 I 4%— [ [ —;4
control, cango downto 1% with ¢ | mNu G I gl 1] %
XZO data' %Wﬂgﬂ%ﬂ 52“]“]-,5'_2,2 SN%H-M” 5.26 528“ 58
Beam-energy constrained mass (GeV/cz) '
Belle  [7817) Lol (-0.1+4.4+0.8)x10
preliminary
) -2
BaBay, 195%?2%63)]] —_—— (-4.4+7.6+1.2)x10
) -2
G B Qzsal3oh5 -- . «___|{(BALSER
=
@E’odov%o (FPCP’03) = C0.5+3.Zhgl
20 I 20

AcC p (B s K*y) x10 -2 Recent Highlights from Belle — p.36/60




Direct CPV search (no evidence yet)

KT [78 fb]
ICHEPOZ
78 fb
he% ex/0304[) ]
Ko [78 fb']
Morlond’OS
rF]’K { 45 ']
LB546,196(2002)
wK? { 78 b
PLB546,196(2002)
(pK [78 fb]

Moriond’03

+

oK [78 fb]

Mo ond 03

(pK [78 fb]

Moriond’ 03

TP [78 fb]
Moriond’'03

+ -1]

WTT 78 b
PLB546,196(2002)

-1
Eerg) -ex/0306[)7087fb ]

._50.

(-7 6 +1)x10'2

(7 % $x10”

(23 +11 *Hx10™

(-1.5 +7.0 +0.9)x10
6 ‘2 +1)x107
(1212 +5)x10™

(13 +29 *B)x10~

(7 £15 *P)x107

(-14 +24 *?)x10”
(48.0 50 +2. O)xlO

(0 +22 +3)x10
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Interfere, and strong phase from

SO T >6F *
® ey o o | (@eeK o~ (b)egK
Possibility: B — Koo 5
@ 5 s-quark final state (b — sssss)! S ong | “Fangme
: _ 3F 4
® b/ — spenguin © b — (cc)s 2} )| 1
o] 00 ]

— - + OFf -
Breit-Wigner from cc resonance | (EndaroK g | (NN
- 4 r
(16 MeV width for . — ¢o) ; °F J
2 C
@ No SM weak phase difference — o [ UL | o e L
if new physics phase, seen as A,! R T el B
(no need of luck for the strong phases!) 4} 51
2 H 1|1|Jl LlL 25f
O5.2 | | .5.3 O—O.é IIIII O” | 02
Mpc (GeV/c?) AE (GeV)

Belle 78 fbh™" [hep-ex/0305068]

B(B~ — ¢PK~; Mgy < 2.85GeV) = (1.8 1% +£0.2) x 107

BB~ — 1K) x B(ne = pPp) = (23719 £0.5) x 107

First observations, at comparable rates!
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More on B — 5 kaons

B* — KYK K*K K' decays pro- 3| @ S |©® i
vide a clean environment: we are up- 21 =5

dating some of the PDG J/¢ and 7. 3 5 3 (IU—FH_L
branching fractions by up to an order g * g i IIH

Q8 20 3 31 3.2
M k- (GeV/c?)

P I R
%.8 29 3 31 32

' |
of magnitude! VL. (Gevic)

Decay mode Branching fractions
Belle[hep-ex/0305068] PDG2002
ne— oo (1.8798+£07)x107°  (7.1+2.8) x 107
ne = KK~ (29703 £1.1) x 107 N.A.
ne — 2(K*K™) (14702 £0.6)x 107 (21 £12) x 107 (1)
J/v - ¢K*K-  (24719+0.3)x10™° (0.74 +0.11) x 1073
0.8
J/y = 2(K*K™) (14152 +£02) x 107 (0.70 £ 0.30) X 1073
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Summary — systematzc searcl fo

@ Comments on the new D, resonance
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b— sy

o)
0

@ Penguin diagram can accommodate
heavy new particles (SUSY, H)

u,d
b - Sy penguin

Branching fraction in an effective hamiltonian: Heg oc ¥.2; Ci(1)O0i(1)

5

GZ
b IV;thI2 (IC‘;ff >+ 1/my, 1/m, Corrections)

T
32714

KoM

['(b—sy)=

Normalized with b — clv: (Gzm? |V§5th|2 cancels by assuming |V; Viy| = V)

@ Probe for new physics through Wilson coefficient |Cy|

Branching fraction ~ 3.5 x 10~* (both in experiments and SM)
Calculation completed at NLO

@ Tool for B-meson dynamics:
photon energy spectrum to understand lepton spectra for V;, Vi
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b — sy examples

500 1\ T T T T T B-» Xsyl ]
I B->Tv --eeees 10 8
900 t %I>R>I<E E: _\I{ e - resummed > resummed A=500 GeV
: S —-—— NLO S ——— NLO
~ 8 ~
? 300 /?\{ /?\{ 6
+ TYPE Il 2HDM S | Areey 1 % _ = 500 Gev
200 H o o -Z::::::
"""""""""""""" 4 [ R \\\
100 L et et e e e e e e e e e et L _ E llowed SR \\\\\
10 2|o llllllllllllllll 3: 0 40 50 60 ;o 2 L - - 2 - : -
tan B 0 10 20 30 40 0 10 20 30 4
tanp tanp
Lower bounds on type-1| BF in particular MSSM scennario Carenaet al., PLB499, 141
charged Higgs mass (w/o SUSY) m(H*) = 200 GeV, m(f) = 250 GeV, others 800 GeV

Gambino-Misiak, Nucl. Phys. B611, 338

Type-11 charged Higgs is very heavy, unless destructive SUSY contributions

type-| both up and down quarks get their masses from the same Higgs doubl et
type-ll  up quark masses from Yukawa couplings to H,, while down quarks
get masses from couplingsto H; (realized in MSSM).
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b— sy

Gambino and Misiak
Kagan and Neubert

- + + +0.43 -4
hEé &I%ogormm (54.6 b | (3.880.36+0.377,55 )x10

BaBar (20.7 b ] , i .| (4.3£0.5+0.8+1.3)x10 ™
hep-ex/0207074

. 0.18 -4
%&%9807(2001)[9.1 b et (3.21%0.43+0.27'5;9)x10

: +0.50 -4
FQBeE)LI1§151(2001) (5.8 ] | (3.36 4£0.53+0.421029)x 10

LEPH = (41mz9 NN P I I A (3.11+0.80+0.72)x 10"

-4
é})/dgvrig gcp,og) o (3.40+0.39)x 10

2 3 4 5 6
BF(B - Xgy)x10

No deviation from SM — many constraints on new physics

-0.37 < Cf < —0.17 or +0.21 < C&f < +0.43 (exp.) & CEf = —0.313 (SM)

Need a better precision (experiments and theories)
and/Or SearCh SomeWhere else Recent Highlights from Belle — p.43/60




o

Precision measurement 10 years after the first B — K*y by CLEO

@ Large theoretical BF S ——— S [FPCP 0378 fb™]
uncertainty to constrain 2 e 4 TR | 3
new physics, but, o 6 [\ § A o

@ Isospin asymmetry will £ st | Gl | ¢ S
tell the sign of C/C7 £ ot (2.
[Kagan-Neubert PLB539,227(2002)] 0 ¢ “hl T
SM giveS +5 t0 10% ii "””M”JJL H m [L"M ‘L :_I 000 N ﬂ!ﬁlu JL :j
asymmetry L EI@L HJJI”Z”% S AL g‘qluJL||45|ég,|uﬂ}Lx.2§1 _y

Beam-energy constrained mass (GeV/c 2)

(TB+/TBO)$(BO —> K*Oy) — B(B+ BN K’“”)/)
(tp+/Tp0)B(B° — K%y) + B(B* — K*y)’

Aoy =

Ao+ = +0.003 + 0.045(stat) + 0.018(syst) = Need to revisit with more

Recent Highlights from Belle — p.44/60
data.




b— st ¢
t— v/Z e

s
s

u,d

basypengum b - sll penguin b - sll box

As it goes through virtual y/Z, the decay rate is now a function of the
virtuality, or § = s/m; = (Mg+¢- [my)*
02 S0 _ (e Gimp | Vi, V|

1 Y/
12 in TR G

x [(1 +28) (ICol2 +C1oP?) + 4 (1 N )|c7|2 + 12Re (cycg)] + corr.
@ Reliable NNLO calculation only up to M+, ~ 2.4 GeV (8 = 0.25),
calculation breaks down at resonances: Mg+,- ~ M;,,, and above.

@ There is large allowed space for Cy, C1¢ and the sign of C.
@ Suppressed by 1/a,.,,, not seen before Belle/BaBar  recen rignighes from et p asjeo



Forward Backward Asymmetry

Agrgls one of the key observable to distinguish SUSY models.

m 0.6
s

Examples of Arg with SUSY <

| FsIM3ab? -»
Ly ' ' ' ' _ 04
0.5' 4—- 0.2 —_ /%
2 ' PN e
M : /o T
T M
3 1 02 -

FB
o
o

N

N

-0. 5¢
3 | o[ 3ab! simulation example
0 0.2 0.4 0.6 0.8 1 i
3 [
_06 lllllllllllllllllllllllllllllllll
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
M2(Il)/M?8

Eitherin B —» K*¢*¢~ orininclusive B — X €
[B — K{* ¢~ cannot be used. BY — K¢n(n*n™)m(n”) requires fevor tagging]
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B — K¢t~ analysis

@ Kinematics close to abundant decays:

B - J/U(— ¢OKW or D(— Km)mr &~
- =09/ |
@ Fake 7 — pis not a problem e ? e ;
20.8 e ) ¢¢¢¢+ i
@ //y and y”’ are vetoed | NN
0.7 . 25%p<145
0.6 ‘ tight muon selection
05 muon:2 Y+ u+p'
0.4: pion;K | ']
: ¢
03} »
i 4a \ p(L)>1 GeV
02} - .
I Tadl 4
0.1+ A ‘+++++++
00 02505075 1 12515 175 2 225 25

2.80 3.00 3.20 3.40 3.60 3.80
Dilepton mass (GeV/cz) Dilepton mass (GeV/c?)

P(GeV/c)

=
=

©
o
©

pion fakerate

0.08

10.07
0.06
0.05
0.04
0.03
0.02

0.01
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B — K{{ signal

Greub '95
P a— ) Melikov '97 RN
S6r (a) Ke'e 1 s ) Kee 1 QYerags., —— (63 15)x10
10 1 ' ] %&IA% [60 fb ] ——i (5.8 5 +0.6)x1(
oAy 1 BaBar [} e (7.8 ;2'; f'll'sl)xlo
| 1 ICHEP02 ) 0t
el 1 CLEO (917 , <17x10
o= 2 R PRL87,1818003(2001 7
o< 1 CDF &88 pb 7 | <52x10
) i ] hep-ex/9905004 . X
0 " 10" 0" 10
8 ] BF(I13 - Kl
6 | 1% 1 B — K{*¢ signal is established
4 h 1 47 "
2 H 1 27 §
0 o H+—F—+—H 1 1T\ ] . Ali’01 K*uu .
() K 1T 1 Belle [e0™ | <14x10
i 1 1w0okb 1 IcHEP02
10 . [ BaBar (s’ , <30x10”"
1 ICHEP'02
i 5 1 CLEO (917 , <33x10""
5 ] 1 PRL87,1818003(2001)
[ ﬁ ] 1 CDF (88 pb™] | <40x10™
o Lo , LN ol 1 v 1  hep-ex/9905004 ,
52 5225 525 5275 53 52 5225 525 5275 53 10~ 10° . 0>
M,. (GeV/c?) BF(B - K II)
* p+ p— 1
[Belle ICHEP 02 60 fb] B — K*¢* ¢~ will be there soon

(update of PRL88,021801(2002))
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B — X {7 analysis
Belle has performed a semi-inclusive analysis for B — X 7€~
/E Xs

Reconstruction

Backgrounds
@® X. =akaon+0to 4 pion B X
(covers (82 + 2)% of signal) ®5- ]/gb ’
kaon = K* or K¢ @B - Xt
oion = 7 + o 7TOS (upto 1 no) (These are good control samples, too)
My < 2.1GeV ® o ctv,c— sty
@ lepton = e or @ clvb— tly

p(e) > 0.5 GeV
p(u) > 1.0 GeV
Myp+p- > 0.2 GeV

@ octey
@ continuum background
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B — X.{*{~ branching fraction

I T T Clear signal (5.40)
. L (B Xpp 1.
‘ T ) In Mbc = \/E;:)eam2 o |p*B|2

30 - T i
| Al -
< | -- 1 Branching fractions in 107°
= | o - B— Xeetem 5.0 +23%7
E (d) X,e"W + c.c. B— Xsutu~ 7.9 +21 fﬁé
Z60 T | B> X6t 61 £147

40 t (fOr Myp+p- > 0.2 GEV)

. (SM (4.2 + 0.7) X 1079)

0

52 5.22 524 526 528 5.2 522 524 526 5.28 In agreement with SM (error IS

= e D) still large), constraint on Wilson
Belle 60 fb! PRL90,021801(2003) | goefficient Cy and Cg
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Constraints on Cy and Cqj

15¢ ' ' : ] 15¢

5 0 5 - : : ' 5
NP NP
c9 (MV& c9 (MV\)
@ Cutting out some non-SM Cy and Cy space from b — s €~
with a |C7| constraint from b — sy

- 15 ~10

@ But sign of C7 is not determined yet
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B — X.[T(~ distributions

Dilepton masses X masses

VTS FURUEUES B L S i I
e @) B (b)_
300: SM predictions )
(Ali et a.)

200 |

Belle 60 fb~!
PRL90,021801(2003)

|
o
o

o
ITTp 1T 17T 11

SI\/I acceptarféé
correct

From bin-by-bin fit to My,

Entries / (0.2 GeV/cZ)

N
(@) ol
||||I
/\X L1 L1 1 L1 1
H-+HHHH B B s e B e e e e

With more data, one can
perform Arg measuremts

ol
ERRERE

g = 0 pole J/Iyy’

[ rernoved] [Vetoed] Recent Highlights from Belle — p.52/60




00

O
Summary i _ 1751 1]
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New D resonances

BaBar

; { a)

—+ Dy(2317)

i

% +++ +++H+*+* !

S

; + Ht + + ++ SR mﬁ*,
2.1 2ﬁ2 H 2ﬁ3‘ 2ﬁ4‘ 2.5

m(D, 7t°) GeV/c?

[ hep-ex/0304021]

Events/5MeV

20

10

0.

—
o

D?,(2459)

o

N
o

R

T 02 03 04
M(D,y7°)-M(D,y) (GeV)
[ hep-ex/0305017]
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| —

D, at Belle

§Z D4j(2317) — DI 7" (feed-across accounted)

= @ 643.2 + 50.4 events

) ® 5M = M(Ds)) - M(D?) = 348.9 = 0.5 MeV
- ® M(D,)) = 23174 + 0.5 MeV

>1O:o.'1: 015 02 025 03 035 04 045 05 Go:\jlcci.e %

gs" Ds;(2460) — D+ 1¥ (reed-across accounted) g

E ® 79.1 +18.0 events

40,

D R @ OM = M(Dgy) — M(D;Y) = 345.4 + 1.3 MeV
. @ M(Dy) =2457.8 + 1.4 MeV

el o T e e i e
00.1 015 02 025 03 035 04 045 05 055

GeVi/c?

In agreement with BaBar and CLEO
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] : 5 L=0 L=1
JD S] pl’Opertles? iq = 1/2 jq=1/2222  jq =32
2.6 - 0~ 1= o'? 1T 1t 2t
E D*K threshold ————DsJ(2572)
@® D, are below DWK threshold, ——nted
and have to go through isospin ~ **§ ~ DKteshod /. _ _
: : . s -
violating channels D" 7° 8 e
(Dsj(2460) is not 07/1~ (no D;(2460 — DK)) | geW P_Wavf,,,,
= S Mesons- - :
@ Much lower D,; masses than ex- | s
pected for missing J© = 0%, 1* =
BaBar CLEO Belle
M(D4j(2317)) (Mev) 2316.8 + 0.4 — 2317.4+0.5
M(D4j(2317)) = M(D;) ~ (MeV) — 350.0+12+1.0 348905
M(Dj(2460)) (MeV) — — 2457.8 + 1.4
M(D4j(2460)) — M(DZ) ~ (MeV) — 3512+ 1.7+1.0 3454+13

Mass splitting favors the 0™ and 1™ hypothesi s [Bardeen-Eichten-Hill hep-ph/0305049]
CLEO found no signal in other D,; decays: Dg*)y, Dsntri™, Dgj(2317) — Din® and
D;;(2460) — D;(2317)y (no evidence to disfavor 0" and 17)
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Radlatlve D decays

o~ 9
o C 14 - C
2 14| - 8
= 0 n 2= -
91 12 - F
a0 > 10 [ 6 £
c 10 [ o :
q>_) 1A - = r " o
w . HHERT S 8 2 s5f -
8 Elpnt ~ - ) T
§ﬁ%§i @ - o 4F
6 [0 5§ °F
z o C 3 -
4 - 1 g [ -
4 N £ C
r AEr 5 0 A 2% 2 - ——
2 2 22 s 1 1 C
E A LA H —% r
0 razrvazvarvaze Yo aAary A v Azl (7] 4 0 EV Urretrrott 0:| v Lo b b by bowa b b L
2.2 2.3 2.4 2.5 2.6 2.7 02 015 -0.1 005 0 0.05 0.1 015 02 -1 -0.8-0.6-0.4-02 0 02 04 08 08 1
2
M(Dgy) (GeVic) AE (GeV) cos(eDsy)

D,7(2460) — Dygy 1s observed in B — DD;;(2460)! (D = D° or DY)
] # 0 for Dj(2460), also J© # 1~ (no decay into DK) = uniquely 17

(unless ] > 2, aso supported in the angular analysis: o sin? B}¢1)

B(B — DDgj) x B(Dsj — D}y) = (53115 +1.6)x 10~

=
N
o

Ds(2460)/10MeV
8

[0
o
g
+
e
—
+
—

11 |
" t & Dg(2460) — Dsy is also observed in continuum
. No Dg;(2317) — Dyy is found (J = 0 is likely = 07)

%3 035 04 045 05 055 06 065 07
G o) - per) GeV/c? Recent Highlights from Belle — p.57/60




| — 1

- 141

Dg from B decays

=
o]

Events/ 10 MeV/c?
=
N
L
o
I T 17T

r 12
12 = P E
10 % = i
— O — —
- A — 8 -
85 o - @ C
o zzlZ I c 6 y
o il S -
6 zlz m C s
V] L 4 - (4
Eezmaty b ] 1A ]
2 L |5 7 a,
= 7 7 = | X #ﬂl
0 G e e G 0 At Baiirtrezia tiaaai
21 215 22 225 23 235 24 245 25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

M(DsT?) (GeVic?) AE (GeV)

o f

% 12 C

s [

o -

10 1

w -

c |

S 8-

Ll

Events/ 10 MeV

]
14
H
A
] ]
74 14
> &

| ] M
1 14
% 200z
& Z_%ﬁ A H B8 ninzEznZzlz2
7 glielaa A e B
birl A 4 il vom

' 1 A
0 a4 127 | 0 i Wi WA VA VA VA VA4 114
225 23 235 24 245 25 255 26 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
M(Dgr®) (GeVic?) AE (GeV)

Existence of B — DDy for j, = 1/2,

o = N w B (&) [«2) ~ o)
T T T[T T T T[T T T T[T T T T [T I T T[T T[T T TTTT

rd 1 2
Vyrrrdd (4

B — DDy(2317), D4(2317) — Dfn”

18.81>-< events (5.3¢ significance)

B(B — DDyj) x B(Ds; — DI 1)
=(9.9752 +3.0)x 107

16.7+7% events (6.00 significance)

B(B — DDyj) x B(Dsj — DI 1)

= (258170 £7.7) x 107

B(Dsy)/B(Dsn’) = 0.21 + 0.07 + 0.03

| 1S consistent with prediction for 17

[Bardeen-Eichten-Hill hep-ph/0305049]

and non-existence for suppressed j, = 3/2 (BaBar) also prefers j, = 1/2 for new Dy
Many supports for ordinary L = 0, j, = 1/2 states,
despite many theoretical speculations (4-quark state, ...)
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are B decays
e new Ds; resonance
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Summary

~ Some of the recent Belle highlights are discussed. There are many

other topics that | could not cover today: semileptonic B decays (V .z,
V), ©3 measurement, hadronic rare B decays, T and charm physics,

~ With more data (158 fb™! this summer, more in the coming years),
we will provide exciting results in CPV, radiative/electroweak
decays, and many other modes.

~ Plan is to improve KEKB and Belle, and go beyond 10> cm=2s~*

or more!
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