Rare B decays in Belle
Andrzej Bozek (INP Krakow)

For Belle collaboration
eb>s penguin : b>s5s (pK™), |
b2sssss(@qK), b>sy,b>sl/ P
»B>hh charmless decays modes:
K 1etKK, b, coh, o

e New resonance B2>K({@mruAp)
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Particle ldentification

FID use dE/dx, ToF and ACC. PID(K ) = LIK) /(LK) + Lix))
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Kinematic variables for the Y (4S)
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e Distinguish

like continuum. et

e Employ event topology or/and angular

Continuum Suppression

spherical B events from jet-

~./
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e Build Fisher Discriminants (JF): aii ;/ -
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— Belle: Form Likelihood from JF and
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B2>¢p K', B0 K, B>¢p K"

Pure b-2s penguins in SM

In the SM, sin(2¢,)= sin(2¢,) (B> ¢KJ)
interesting indirect CPV results for 5 >¢ K’

ICFP2003 Andrzej Bozek



Events / 12.5 MeV

Events / 12.5 MeV

80

70 E

25
20
15

10

B2¢p K', B2p K, B>¢p K"

E (@) B' 0K’
0201 0 0102
AE (GeV)

E (b) B kK,

??!W......‘....U.JEH.

02-01 0 0102
AE {GeV)

Events / 2.5 MeV/c’

Events / 2.5 MeV/c*

80 ¢

7O E
60 E
50 E
40 E
30 E
20 E
10 E
0

2.2 5.

] ] 1
.25 5.3

| L
225 5.25
M, (GeVic))

20 F
15 F

10 E

ﬂE.E .

295 595 5975 5.3
M, {GeV/ic?)

N

significance

S

€

N

significance

S

€

13678
16.50

16.9%

35.6%%

8.70

= 4.6%
Data used : 78 b on Y(4S)
ICFP2003 Andrzej Bozek



Events / 12.5 MeV

Events / 12.5 MeV

+
B2¢p K", B2¢p K
- o, 45
E (c) B K™ = 40
= 2 35
w30
o 25
o 20
T 15
£ 10
5
'-IIII IIII IIIIIIIIIIIIIII ﬂ [ I [ I 1 I
-0.2-01 0 01 0.2 5.2 0.2255.2550.275 5.3
AE (GeV) M,_(Gevic?)
3 + . “u 16 F
F (d) B —¢K = -
- H"—}HE.':' % 14 3
E_ L K =K'y E 12 3
E_ m 1[] -
= - 8B E
3 H g oml
s_ | F 3 AT
- i L :
T _nJl il 2 E
1.1 | | |||||| ﬂ | 1 | 1 |
EIE EI‘I o 01 02
AE {GeV) M,_ {GeV/c)

L, B20 K"

N

significance

S

€

N, (K*10)
N, (K, 1)
significance
€ (K'm)
€ (K1)

58.57"
11.30

6.9%

8.07%3
11.3%%

-3.8

490
1.4%

2.1%

5.2 52255255275 5.3 Dataused:78fb"on Y(4S)

ICFP2003 Andrzej Bozek



B=2¢ K~ polarization measurement
Zg. . K*

Decays amplitudes & parametres
“>Ag . AL AL B, B, @

v Where AX are complex

> amplitudes

Amplitudes are determined by
unbinned max likelihood fit:

|A]2=0.43+0.09+0.04 ™}

|A.]2=0.41+x0.10 £ 0.04
(CP odd and CP even states) |
and s IF
arg(A) = 0.48 +0.32 + 0.06 |
arg(A) =-2.57 +0.39 = 0.09 o5

10 |

2.5

-2. 0
cost 0y
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B2¢pK', B2¢p K, B2¢p K"

mode Signal yield | (%) | © B(10°)
@K * 1367, 169 | 16.6 [9.4+1.1+0.7
K’ 35.67% 46 | 87 19.072+0.7
K" 58.5%1 69 | 113 | 9.0 727
@K™ - - 4.9 | 6.7 0
K" oK'’ | 80 14 | 28 | 69575
* 4 0 = + +2.6 +0.
K" - K;mr | 113% 21 | 40 | 65735700

Yields obtained by 2-D M, and AE fits.

. -1
Data used : 78 ib™ on Y(453) ICFP2003 Andrzej Bozek



B — ool

« One more ss popping from b — sss

eModes search: Bt - @K *,B0 - g0 with M¢¢<2.85(3€V/02.

o\We also look for 4K from: f(2200) - P41 — P4 e — IKTK™,
Mo - 2AKTK™), I - gKTK™ and J/Y - 2(KTK™) decays.

ePossible large DCPV and Glueball search.
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B — ook

mode yield |&(%)| o B(10°)

3% , ggk*(M,,<2.85GeV /¢?) | 7.372| 3.3 |5.1] 2.6 15,+03
B gk (M, <2.85GeV /c?) 8.75¢1 22 532377 +0.3
B* L f,(2200)K*, f,(2200) - @ | <3.7 | 3.6 | . | <1.2

B* - 1.K%n, ~ pp 7.059] 3.7 (882279 £0.5
B* L n.K*n, — ¢gKK" 14.144 | 46 |7.7] 3.6 7 0.3
B g K, - 2(K'K") 14.6*¢| 9.6 [6.6] 1.8 7% +0.4
Bt L JJuKE DI KK 9.05, | 44 [53] 24794023
B* = J/YK*, 3/ - 2(K'KY) |11.073] 9.2 48] 1.4 55 £0.2

Data used: 90 fb-! on Y(4S) ICFP2003 Andrzej Bozek



Radiative and Electroweak B decays

bh— s+ and b — s ¢ process: FCNC process. JJJJA\JT
W &

Electroweak penguin diagram.
Sensitive to physics beyond the Standard Model.

bt s(d

B — K{t(~, B — K*(+( /
vj$<
Sensitive to different types of New Physics than X,y ~ W__c3 i

New observables : forward-backward asymmetry, M(7) "

CP Asymmetry of B — Xy b t s

CP asymmetry in B> X,y is expected to be small (less than 1%).
Some non-SM models allow large (up to 10%) A, without changing the B.F.
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B — Ki'i
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B— Kiti— B — RK*{t§

q* = M*(¢*¢") distribution
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C

B(B— K0t )= (115128 £ 0.8 £ 0.4) x 10~

ta

B(B— K¢ )= (48" ;94+0340.1) x 1077,

where B(B — K*'"(") = B(B — K"uu) = 0.758(B — K'ee) is assumed.
e First observation of B — K"/

e Need more data to check g° distribution.
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C'FP Asymmetry of B — X .~

Analysis
e Pseudo-reconstruction of X, il K*(asz)
KY"(K2)+1~4 7 (uptoln?) B ""{E“’H e e
K*K-K*(n~) | K3K* K~ () A iz
o M(X.)<21GeV/e= (~E, =22 GeV) N ==

e High energy lepton from the other side B (to sup- ||
press qi) o
e [ — v contamination is negligible. N N N

e Signal yield by fitting My, to signal, qg and BB ° %% 1 18 2 O evie
(fixed) components.

e B.F. of B — X, v : large theoretical error.

e (P asymmetry in B — X+ is expected to be small (less than 1%).

e Some non-SM models allow large (up to 10%) Aep without changing the B.F.
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C'FP Asymmetry of B — X .~

b ambiguous b
- L data 1% - L data T dat
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Acp(B — Xy M(X,) < 2.1 GeV/c®) = —0.004 £ 0.051(stat.) & 0.038(syst.)
—0.107 < Agp(B — X, M(X,) < 2.1 GeV/em) < 0.099  (90% CL)

Analyses are based on 140 fb ' data ICFP2003 Andrzej Bozek



H— o mm, AR

u d - u, df g, o e (" |
g=d s =Gl g =udr

* B22Km KK proceeds through tree and penguin diagram.

eInterference of the tree and penguin diagram can leed to
Direct CP Violation.

eBranching fraction and CP asymetries of these mode provide
information for the CKM angle @, and ¢, (but not straightforward
because of complicated hadronic effects).

eEach B.F. of B=2>mm(B°>mr , B*2re , B°2>1P71¢, B... etc.)

IS necessary for the isospin analysis to extract ¢,using B=>77r..
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B — Ko, mm, K K
Belle Result with 78 fh™*.
Mode B(x10) ]
B _ K7 |18.5+1.0+0.7|24.1
B* _ K/ |[12.8x1.47" [10.8
B" - K’ |22.0+1.9+1.1{16.4
B” - K'7’' [12.6+2.4+1.4(5.8
B L 7 |44+£0.6+0.3 (8.5
B* _ 0 | 33130545
B , KK~ <(0.7 0.0
B - K'K" <34 1.6
B . K'K°| <32 1.2

Yieldsobtained from AE fits.
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L.

e Sizable Aqp is allowed in B — K17,
¢ Perturbative QCD vs. QCD factorization.

—0.088 -+ 0.035 & 0.018
(90% CL).

Acp
—(.152 < Aep < (0.024

Yields obtained by 2-D M, and AE fits.

M. AFE simultaneous fit.

Components: signal + g + 77~ + rare B

7" component is fixed based on the K /7 fake rate.
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0 ,
B" = Kt g 40

B" - (K" n w")yr and K(1400) 7 B" — K*(892) 7w and K p(770)

N — T . - T T T —T _ 2 N B e — }24 I

. - el & o
E (K nMym 2 (Kraa)yg % B ) [ |
3 20r { 2192 - > =

= :

= = = 18| 4 Zis
™ P o k|
= -
5 4 Wgg 2 (LA el =
i | ” | “

19.2

| 1 | 1 1 1
et Ot 5 522 525 528 02 0.0 0.2

M. (GeVic?) AE (GeV) My (GeVic?) AE (GeV)

Data used: T& fb ' on T(4.5) ICFP2003 Andrzej Bozek



mode yield |&(®)| o B(10)
B - K'm 386+44| 12.4]9.4(36.6 [;1+3.0
B’ - K"(892)°7° 24700 | 67103 <35
B - K'(892)'7r  [36.615 | 2.9 [3.8(14.8 15 Ly I
B* _ K*p(770) 769772 | 6.0 4.9[15.1 734 4 20
B® K. (1400)° 77’ 66.6574 | 12942 6.11¢ %
B _ K. (1400)' 77 |51.7734 | 119)37| 5.7 ¢
B (K77 7). 215550 | 44|25 <94

Data used: 78 fb! on Y(4S)
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B* » p*p" - (7T )T TT) first observation

T T T | T T T | T T 1 | T T T - ' . & ?' T 1+I:I - —{i
b 1 S 1 B =(31.7 £ 7.1 (stat) £ g} (syst) £ 57 (pol)) x 10
> i B-decay bkod i
b B-decay + continuum - -
< 30} . First observation of charmless & strangless
= A _ vector-vector mode
27 r
2 | i
= 100 I+ Background-subtracted M, Distributions
0 e + el L B B R R B R L | T T
-0.40 -0.20 D DG ﬂ 20 U- 40 i
AE {{JEV} ----Besonant -——---Resonant
Y o o= 0 or Mon-resonant Mon-resonant
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?y, 30¢ g 2 g
2 | i
= 20} . ! s i
") T
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- L 0.3 a7 1.1 1.6 14 03 X . 1.6 1.9
= L Mix x )
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Data used: 78 fb Fon Y(4S) ICFP2003 Andrzej Bozek



B* - p*p’ — () )
pp final state is vector-vector system -> give S ,P or D wave

Both o mesons can be

longitudinally polarized.: . dlesignated
Hog = 48.3 4+ 10.8 transversely polarized: . designaterd
r Data used: 78 tb"! on Y (4S
?L = (94.8 +10.6 + 2.1)% (45)
B LI B 40
30:— ------- Hog p“ —: I Hoo = ]
i Fhy ] 30 » His -
T 20 SR :
- i F====="] e 20_— 7
3 10F . 2 :
. ] 10 = .
of ' L :
:l 1 1 1 I 1 1 | |T| 1 1 1 I 1 1 1 |: I | |__|_-i_|__| 1 1 | i1 ]

D - 4----f
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CﬂSth[ EGSHhE[ ICFP2003 Andrzej Bozek



B — wh
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B — wh

mode yield e(%) o B(10°)
B* o aK* 46.1%,, 8.1 7.8 671506
B* _ wit’ 42.1°% 84 60 5.73%0.6
B’ - K’ 11157 33 32 4.07:+05
B’ . it 0072 52 - <1.9

Belle have confirmed previous observation of WK™>wTt

Data used: 78 fb! on Y(4S) ICFP2003 Andrzej Bozek



MNarrow chamonium state in B — K'tata J/

A narrow peak (X') is found in M (7 "% J/1) distribution in BY — K'ata J/ 4

-I 1 1 1 I 1 1 1 I I_ 12{":"} I 1 1 1 I 1 1 1 I 1
- data . MC
300 — - .
w o[ y
z w(25) 4 8000 w(2s) —
{5 - —
= 200 [~ —
= [ i i i
3 [ ]
- : 1 ao00 - —
= 100 —
Ll | ﬁ _
o Ll o R R o L _.Jb_‘l'"/_'—_ﬂflf!‘
0.40 0.80 1.20 0.40 0.80 1.20
Mt ) - M) [Geic ] Mzl 1) — ML) [GaVic]

Analyses are based on 140 fb ' data ICFP2003 Andrzej Bozek



Bt — Kt X fit results

o M., AFE, M(xtx~J/)
simultaneous fit.

¢ Comparison with
Bt — K7'i25) —
Ktxta~Jhp.

Mzt IftJ]
e J5.7 + 6.8 events with significance 10.2¢.

o M(X) =3872.0 £ 0.6+ 0.5 MeV /e

|Ana|:,r5&5 are based on 140 fh! datal

e o(X)~ 2.5 MeV/c® (consistent with detector resolution)

B(BT — If;’f:l * E{J&.’ — 7T J,.'H'I_.':IJII

— (1063 £+ 0.012 4+ 0.007
B(Bt — K+(25)) x B(1(2S) — 77— J /1) ’ ’

What's this 7 (D V(1'D:) state

~ 030y DD s inhibited by parity.
BFE(X =~ Xa¥)  _gg) — DD is allowed if it's above
BF(X - J/yre=) ¢

waviow resonance if it's below threshold)
Y(1°Dy) — wta—J /v is predicted in some

il e = J /1) should be
seen.

(2) Molecular charmonium
e Mass is at DYDY threshold (3871.5 &+
0.7 MeV /c?).
e Loosely bound DYD*" states.
DIET =

moleoulo N e
[n] BN a B

ICFP2003 Andrzej.Bozek



Summary

Great performance of KEK-B. (Reached to 10%*cm=s!: 158 fb 1)

& With ~ 78 fb~! on T(45) data, we have

— updated B — ¢ K and observed B — @ K* (b — zs55) decays
— observed b — 55335 (8 — @K decays.

— measured 1. — o/ T/ decays.

« Update B = KgriKK, on,ah
* First obserwation of B VVcharmless & strangless decay: B =2 pp.

o Acpl( o /= —0.08% £ 0.035 + 0.018. DCPV in near future?

e Evidence fgr BY — «"#\ Important information for ¢ measurement.

e Observatigh of B — K"{"{". » Results obtained on full
e Null asymrhetry for B —f X .~. data sample 140fb-1

¢ New reson\nce is obsgrved in w7 .J /1 system

— “molecNar chamonium” ¢
ICFP2003 Andrzej Bozek



Backup Slides



The KEKB Collider (8 x 3.5 GeV, X angle)
World record:

WIGGLER |

. WIGGLER |

I s KEKB Collider
NIKKO Area

(TRISTAN Accumulation Ring)

Electr‘cy \ \f‘&
= ﬁ’ <
F! /)‘90

%

—

oe R
RF FUJI Area

ICFP2003 Andrzej Bozek



Belle Detector

Aerogel Cherenkov cnt.

SC solenoid n=1.015~1.030

1.5T

CslI(TI) 16X,

TOF counter
8GeV e~

U/ K_ detection
14/15 lyr. RPC+Fe

Si vix. det. \
3 lyr. DSSD

ICFP2003 Andrzej Bozek



New Resonances

What's this 7

(1) 1(1°D,) state

e 1/(1°D3) — DD is inhibited by parity.

e /(1°Dz) — DD" is allowed if it's above
threshold.
(narrow resonance if it's below threshold)

o /(1°Dy) — wtwJ/y) is predicted in some
model.

e But ¢(1°Dy) — vy — ~vJ/y should be

seen.

(2) Molecular charmonium

e Mass is at D"D*Y threshold (3871.5 +
0.7 MeV /).
e Loosely bound D”D* states.

moloculc ¢ q
)

w190,

Vit Mg, 11000 w(17D.)
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