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< Contents 5

e Introduction
« B® s D*t*v (another missing energy decays)
» Discovery of more New Particles.
¢ Results from Y (5S) data.
» D°-D° mixing
s Summary
There are many other new results in mixing induced CP

violations, rare decays, charm and t physics ...,
which cannot be covered in this talk.
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Belle Detector ) JKeKs,

f_,,_-,;—-'t;:'f:\ Aerogel Cherenkov _Parti_C|e
SC Solenoid - = \ Counter ldentification

Energy esicmy
Calorimeter

TOF Counter

3.5GeV e?

Particle
Identification =\ U\ [NY o e g
8GeV
Q. al momentum
- = N — Central
‘ = ~._ Drift Chamber
— = Particle
” Identification

Silicon Vertex
vertex Detector KLMuon Detector

K, , Q detection

General purpose detectors for various B, charm, t physics.
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<O B0 > D*ttv ) JKEKB,

OELLE

Decay of B meson to t lepton.

e Interaction of quark and lepton in 3rd
generation

~Test of the Standard Model.
v Sensitive to the New Physics.

Leptons Quarks

- |_ast year, Belle founds the evidence of "i“ "‘“;l ST

B > 1tv decays_ The Generations of Matler
However, this kind of measurement is experimentally very
challenging

ST, A than 1 neutri
ety . ways. more than 1 neutrinos
— in the final state
—> TV,
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B BO —y D* 1ty KEKB

Rifsli R

Full reconstruction technique

(the example below is based on B — 1v)

In usual analyses,
we only look at
the signal side.
However, in the
mode with >1
neutrinos, we also
reconstruct the
opposite site B.

8GeV e-

reconstruct the
opposite side
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reconstruct the other side
In hadronic mode

decay mode in interest

* This method is possible only in B factory experiments.

* The drawback of this method is very low efficiency (~ O(0.1%)) of
the B reconstruction.

* However, still possible thanks to excellent luminosity of KEKB!!
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« Sensitive to charged Higgs.

« New Physics at Tree level.

« SOme sensitive observables (e.g. T polarization)
« EXpected branching fraction : 1.2% ~ 1.6%

Analysis strategy
Signal sub-decay modes:
D- — Dr
T — evy, E)” — K*r
T — evv, D° — K*r'n?
Slightly different approach 1o nv, D> K
compared to B~ —» tv

clean signature l

@ + Pmis
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<O B0 > D*ttv KEKB.

Rk p

Background suppression using visible energy / missing mass

£ . b) 2 ]
1 E| MC 1 £ ] X MC before cut after cut
£ 1, g
5ig| Enﬁu MC [ MC
Ly 7500
. R signal
visible energy E,;s<8.3 GeV - [1D*ev
o0 W D”ev
250 g Hl other B decays
ReSU|t ﬂs_z 522 52 A28 528 5.7 %2 52; 524 S26 528 53 . G':'ntmuum
v F ang [GEVfCEI M!:-w IGE'I.I"J"C‘El
S ol —
84535 M BB
— 35
Z

w
=
TTT

SIGNAL YIELD Ng= 60*12 6.76 (5.2 with syst.)
BF (B = D 1v.)=(2.02 33 (stat) = 0.37(syst)) x 10 ?

25

200

151

10 T

First observation !

bbb b b

82 521 622 523 624 526 526 ser;r,:s[Gs.ezsmzcia [P RL 99, 191807 (2007)]
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5B X(3872) KEKs.

OELLE

B Factories have been found new particle (resonances).

« X(3872) was first observed by Belle in 2003, and was confirmed by
BaBar, CLEO and CDF.

« Decays to nrnd/y, nnrnJdhy, yJhy, DODOx0 are known.

« X(3872) is naively considered to be made of cc.

« However, there seems to be no corresponding quarkonium state
according to the theoretical calculation. T T

« Possible explanation: X ]
« DD* meson molecular state

=

wi25)

fsd

(=]

(=]
I

Events 010 Gevic

«4-quark state X(3872)
. hybrid (ccg), glue ball (gg) o0 |- P .
T At

izl T ) - ML) [GeVicT]
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<5 X(3872) KeKs,

RiRR

OELLE

What Belle can do is to measure properties of this exotic state.

e.g) X(3872) is likely to have JP¢ = 1**, because

« X decays to yJ/vy, and hence C=+1
« Angular distribution favors J” = 1*

X(3872) in B decays:

«In some models, the mass of X(3872) is different between B® and
B* decays, if X is a 4-quark state.
Am = m(Xg,) — m(X;,) = (8 £ 3) MeV
« The decay from BY is suppressed if it's a D*D molecular state.
R = B(B? - K°X)/B(B* - K*X) < 0.1
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OELLE

5 X(3872)

New Belle result with 657M BB
data sample

« X(3872) is reconstructed via J/yn*n~
« First observation of B® — K°X(3872)
« NOo mass splitting
Am = m(Xg,) — m(Xg,)
=(0.22 £ 0.90 £ 0.27) MeV
« Neutral mode is not suppressed
R = B(B? -» K°X)/B(B* > K*X)
=0.94+£0.24 +£0.10

Events/( 0.0025)

#r2 073 074 075 0.76 0.77 0.78 &a‘&w'{lﬁlﬂ

AM

@ 18
s 16
= 14
]
512
10
8

II|III|Il1Illllllllllllllllllll

6
4
2

SM @ m(X) = m(J/y)
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> Friends of Y(4260) KRS,
New resonances are also e V1R
searched for by using ISR Y
process. €€ — y,irY ¥
+
e
Y(4260) dlscovered by M 'BABAR
a008). | ;
<>
Y (4008) Sy | sl Y (4360) ! Y >z y(2S)
....... O > _
> Uy : Solution | S i \ -: 673fb
% S N Solution I % I - —
S 40] o10F Y (4660)
g | o /
S 20F M- £ o .
o W ‘ - ]
0 * e e Y Od; = TR }-..54.4‘. r@'_ﬂg‘é@s
: M(rc* ;f J5fl ) (GeV/Eé;z) >0 M(* T w(2S)) (GeV/c?) |
[PRL 99, 182004 (2007)] [arXiv:0707.3699]
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/o

Z(4430) ) JKEKB,

New resonances are also searched in many other decays of B meson,
and is found in the y'n*K~ final state:

23, _ K*(892)
— — K,*(1430)
2 —
20
2, B — y'mK*
(=4
2 P
s 17 -
Some structure (?) is seen in
14 the Dalitz plot of
0 B - y'n"K* decays
M?(Kn) [GeV?]
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Z(4430)

Rifsli R

Clear signature of a resonance
at 4430 MeV!!

— named as Z(4430)

«Npeak = 124 + 30 events
eM=4433 £ 4 + 1 MeV
[ = 44710730 MeV

Events/0.01 GeV/c®

Z(4430) is a charged particle!!

| . Not cc (because of charge)
28 406 Aa 455 s Likely to be 4-quark state!

M y") (GeVic)
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> Physics at Y(55) KEKD,

BELLE i\'ifﬁb‘

Belle accumulated ~23 fb~! Y(5S) data. sl |
e'e- — Y(4S)—>BB  (B=B*, B°) *

mz.a"‘

e*e — Y(5S) — BB, B*B, B*B*, BBn, !
BBnr, B,B,, B,*B,, B,*B.* |

> >’ 24 [
(B*—>By, B*—>B.y) L
Opened a new window to Bs physics. | e

New result: first observation of radiative Bs decays!!

B(B, — ¢7) = (5.7 L5 177) x10° (5.50)
l_ Signal yield 18 + 6.

GeVic ?)

Events / ( 0.01

SM: B(B; — ¢y) = (3.94 £ 1.07 £ 0.53) x 107

L Gl

'] 'l 'l 'l ']
K3 532 534 536 538 54 542 544

M, (GeVic?)
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> Y(5S) ->Y(1S,2S)n*n~ KEKS,

BELLE R

Y(5S) decay can also be studied. B(Y(4S) - Y(18,28) n*n) ~ 1 x10~*
o 108 — So, the expectation is
> 106 [ [ (%) pizee candlicates B(Y(5S) > Y(1S,2S) n*n~) ~ 2 x10°5
O 104 F '
2 102 ! However, we are seeing the
= 10 f Y(5S) signal in data!!
9.8 |
9.6 [ If the signal comes from Y(5S)
: e R et NG B(Y(SS) - Y(1S)ntRT)
G e e il =(0.53 £0.03 +0.05)%
0.4 0.6 0.8 1 1.2 1.4
AM = M(uurm)-M(uy) (Gevie®) — PB(Y(5S) — Y (2S)n* ™)
u 350 E a nn candidates in the — I'E on I —
E :gggi ) i a&?zg}t th 1:{(::3)} W Y[?IEJ E,Y{ES} - (078 + 0.06 = 0.1 1)%
el ' ' ' Maybe, bottom version of
8 'sof | “Y” resonance (Yb) ??
c 0 - BT
u o4 o M= M{m:ﬁi}-l"ﬂ{uew’czj Need scan!
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5 DO Mixing KEKS,

Rk p

Mixing of neutral mesons was C > > > U
observed in K9 B %, B.9, but —
o d s D" W W D°
not in D meson. _ _
u -« -« - C

«T00 small in the SM.
DY mixing has been searched in B factories.

B factories are also charm factories!

DO mixing is often expressed in terms of two parameters, x and v.
IDY(t)) = e (I'/2+im)t {(i():—ih ((y +ix)T't/2] |DV) — (E) sinh [(y + ix)T't /2] |L_J”j:=}
yL

|DY(t))

g~ ([/2+im)t {[‘.UH]I [(y +ix)['t/2] |DY) — (E) sinh [(y + ix)T't /2] |f.)[-':i=}

q

M1 — Mo | T +NON-zero X or y = mixing

v =2 [, 11,  +InSM,bothxandyis < 1%.

w
]
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> DO Mixing KEKE,

BELLE o

One of the way to measure D° mixing
is to measure lifetime difference:

_7(D° > K™ 7") 1
(D’ - K K")

Yep

) Beamspot
extrapolate production vtx

1=410.1£1.5fs

« Decay time is measured from the
positions of D* vertex and D vertex.

« K-K* is CP even final state.

. In case of no CP violation in D° system, y = y-p

Other approach:
.DO_)K(*)[V
0D0—>K+TC_
-D0—>Ksn+’rc' x=0.80+£0.29" 0010 y=0.33+£0.247220 (2.40)
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KEKB
west for CPY

4 6 8 10

5
-_—

—4-20

4
=
Py
§

| X
first evidence!!

Result:

] 0/S214]Ua

>
~~
LO
N
o

I_I

(1.31+0.32 +

Yep

(Siginficance 3.20)

[PRL 98, 211803 (2007)]

H o8 81 QrBpwie

I
Iz

x;?»g. mﬂ_.ﬁ _ HEE

R

"Tppg

_ =~ 2
'] 1 A
e L -S.m
TR D
,ww ! <
= 9 s S ]
E R “|_| = 4=
= i | = 7
- ! 2]
__,LA = | ﬁ...._._ -
fg 4 %
;| _ S ]
nE SIS
T T
LT T T T T D T
o T e T e T e T e TR v T T e T
¢f) ] /521412

REECTRHUEE =

m.m.@.ﬁm.ﬂi»ﬁ..m.

If we combine other measurements,

mixing is established with ~5G

=il
SEEE

PRI
FELLY | g0
L | YOS o
I | ol RS
HENLE | @ S E -
il | e o | 1

LB T U s
SR FERLEER G | ShE-O e
BHCCRRDMERLE | SR IS
E B | i E e
;ﬁaa_e;wEu HEEUBEOM —

et QD
IR | R

AEFHBSIYT B | CEMA0- vk
FHHESRE~E0 [ —b Rk EE
BHREFIEHRE | ~ooRE—~
RREHIEL | SHI0"  BOEK | BHRER wnow
HEEZHANY  |PH-cokd 8| RISEEINGLG
FEUEORER | B RECHIREN | BRI FR0S1-S
RO EROLEE 2" ECMEE |0

L TRRERO RS QUEh e 4| oS Rsm
RPN (ECR ECEHERT ME | LU SR ety
v o BEEER D t.x&?.&m ?. u.vr i

Y AOERULFen T | dnadatish v

AN RHOR M =R

OFENG HOmE.

ﬁ_._.*mﬁx _m #rmﬂ

EHAR Y- R ﬁ/hmcﬂt\i ..»

m (-

&m_%oﬁe_
AEENRIR
HEH % Eh—
BB e
A BIRE SIS
REREENRROM
Q0 MBORS) &° A
FEGPREMENG D
2 EHN2— SR
EREE RFxOvn
£) SKEEHE (a0
LD~ CEEHE
h—JeHIm” §ER
ELoEEsRR
DU EXBANR—L
BREERNAN-CH
BEREN—JIROBH
REVERY EaSY
ERAE mpRHLD
—RESHEYR 3K
PR HACEE R [
ok ERSCES
BRI OREIRO K
FORREMER
DLIHE RO S
BOmsT” ERaY
FHL HEREON R~
D EREENDI0EE
IDHETORE" EE
Homiit—oo)” m
FENEERSOEY
PEIGHAVRBOS
7 BenEENUEK
R

KEKB Review

Recent Update in Belle

S.Nishida (KEK)

20

Dec. 3, 2007



D>

< Summary KRS,

OELLE

* First observation B® — D*"t*v

» Evidence of D°-D° mixing
Precise test of the standard model and probe to
New Physics

 More new (charmoniuum-like) particles.

e New charged Z(4430) is a 4-quark state (?).

e New results on Bs decays using Belle’s data at Y(5S).
» Anomalously large rate to Y(1S,2S)x" n~

More analyses are going on.
Stay tuned with new results!
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KEKB
st for CFV

Rty

Backup
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5B CP Violation in the SM KEKB,

RiRR

Kobayashi-Maskawa

Complex phase in the quark mixing matrix
Theory (1973)

— source of CPV In Weak Interactions

|ﬂ|:> Requires 3 (or more) generation of quarks

.only 3 quaks (u, d, s) were known at that time!
. all 6 quarks are discovered.

- 2 3 ® )
Vag Vi 1-22/2 A INEIC D)

V=| v Ve Vep | =| A 1-12/2 AX2
3(1._ N A2
Vee Vi IVELS A 1
CKM Matrix
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Time Dependent CP Asymmetry () £,

R CP Violation manifests itself in
proper-time difference (At)
distributions of two B meson
decays.

2ImAcp

_ \ .
— F(B_g(At) — fCP<_F(B((:J) (At) — fCP) > = 1+ |Acpl?
(B0 > fo T (B(A) > 1)

P P
= S sin(AmAt) + A cos (AmAt) [Acpl”+1
Mixing induced CPV  Direct CPV _ G AB*> fep)

hop = B AR Tor)
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Measurement of sin2¢, ke,

BO — Jiy Kg, i Acp(At) = S sin(AmAtL) + A cos(AmAL)
_E C Jhy * S = -£ sin(2¢4) (€ : CP eigenstate)
RO W'i < E ] A=0
_d _'_\3 Ks/KL precise measurement of ¢,

A‘\ In the SM,
S =-¢ sin(2¢4)

&b

o, N

However, the value will change
with non-SM contribution to the loop

Search for New Physics

Ko/K,
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CPV In penguin 5

b >S5  penguin b —d penguin
B" > Ksz'z’ n, Zaris|  B® o KK T
— 05Ff —~ 05} ™
@) [ @) [
< 05 i_"_ + { <C -U.5;—
1 preliminary b preliminary
75 5250 25 5 75 75 5 25 0 55 5 75
At(ps) At(ps)
S =+0.43+0.49+0.09 S=-0.38+0.77 £0.08
A=-0.17+0.24 +0.06 A=-0.38+0.38+0.05
2.00 difference from the SM Consistent with the SM
predicton:
S=-sin2¢,~-0.68 arXiv:0708.1845
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> Sin2¢, Summary KEEE,

BELLE -

. eff . eff
Sln(ZB ) Sln(zq)] )‘ LP 2007
PRELIMINARY

b—ccs__ World Average ! Ao ... 068+003 - ' '

DBaBarwﬁ-_—u 0.21+0.26 +0.11 Tree penQUIn dlﬁerence
< Bele : e . 0.50+0.21+0.086 .
< Average': e 0.39+0.17 IS now 0.10
. BaBar - -+ 0.58+0.10+0.03
=< Belle 0.64 +0.10 £ 0.04
= Average ! . : 0.61 +0.07
T x BaBar T —H T 0.71+0.24 +0.04
J Bele it | 0.30+0.32+0.08

p Average: i a1 088020

o BaBar o : * 0.40+0.23+0.03
Belle j - : 0.33+£0.35+0.08
B Average ; i : : 0.38 +0.19 . . .
C W BaBar T b 061 85 +0.00£0.08 the difference is 2.20 if
o Average: : S i 0.617%5

T = o - e B we exclude this result:
=

Belle : — |: ' 0.11+0.46+£0.07

Cgagar e ae— simple average is too
X Belle ! -— 0.18+0.23 +0.11

= Average | naive because the error
aBar— | i . 0.72+0.71+0.08 . .
Belle ! : | ! 0.43+049+0.09 IS non-gaussian
Average : : : -0.52 + 0.41
“BaBar S - S PR b T R R R
Belle — 0.68+0.15+0.03 735}
Average I 0.73+0.10

i
FEF .
|

iy ol |
i
T

. X

HE AL -
T

"'?I‘:

Y 1

=

‘0 0y
:i‘t?tl{gl

KK K

e E———

-2 -1 0 1 2
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W B — py, oy KEKE,
R
First obbserved by Belle, confirmed by BaBar, now with 1.7x data
® B — K*y is a severe background
K-id fake rate > B(B — py)/B(B — K*y)
® Mg now in the fit for B — p% (Mpe-AE-Mg;, fif)
My Tt mass with my assignment for m / AE: separdtion of ~ 50 MeV
® Excellent sample to fix signal (and background) shape—
0 0 +17 Tt REUM\"R:@:"";
BY — p'y — (74 70) events |\ PR —
10 3
= s = 2
E =4 %1
3 § §.
g @ &
52 522 524 526 528 53 ’ u.s's"ﬁé"d.!a'ﬁ”';' 105 14 115
Mbc (GeVic?) AE (GeV) MK (GeVic2)
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B — py, 0y Qe

B* — p*y — (44*1%) events B - wy — (17 5) evenrs

=k
[ X]

=k
=

Events | (25 MaV)
Events [ (25 MaV)

Events | (2,6 MeVieZ)

e

1 i L1 L] L b L en'vl
52 ax 524 ?ﬂ_
Mpe (GeVicd)

B (1077 (x) B(107)

8.6%30+07  (325) [11.0#37+ 09 (3.80)

76+17+06 (490)  7922:06 (4.90)

42%20:04 (2.60) | 40%24£05 (220)

= 0
119+24+12 (5.50) [13.622+09 (6.00)

B— (pw)y 113+20+11 (590) 12525£09 (6.40)

—2.4
Combined B8 with assumpfion: I'p_,, ), = [Bpy = T+ pty, = 20 = 2I'go

—ply —ahy
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