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e Classification

The dominant contributions to various 3-body final states:

b->s(d) penguin _ _ _
_ ='%7% | b->s penguin transition contributes only to final
b states with odd number of kaons (s-quarks):

Knr, KKK

b->u tree and b->d penguin transitions contribute
u,d mainly to final states with even number of kaons
(s-quarks): nnw, KKw. Contribution to states with
odd number of kaons is Cabibbo suppressed

“wrong flavor” finals states such as K'K'n- and
K n*n* are expected to be exceedingly small
(10-11) in the SM

-> good place to search for NP

P. Krokovny CKM 2006, Nagoya



Dalitz Analysis Basics

h,

FB) Resonance (FR

hs

In multi-body decays additional degrees of freedom appears. In the
simplest case of the three-body B->h;h,h; decay, where h; are all spin-0
particles there are two additional degrees of freedom:

sij = m?(hh;) - three combinations
From energy-momentum conservation:

Sip + Si3 + So3 = Mp? + Mm% + my? + m;3?

__In the general case there is a set of intermediate resonances possible ...

B->Khh P. Krokovny CKM 2006, Nagoya



<5 Dalitz Analysis Basics

BELLE

[M(h1h2h3) = ZGJAjeiaj] As = FBF(J)RBWJTJ]
4
# BW; - Breit-Wigner function BWY = 1
# [T4(s) - s-dependent width . M2, -s-iM M T)(s)
4
# T; - Angul lations of th 2
7 - Angular correlations of the l..(J) (s) = TF2, M, &)

decay products s1/2\ Po
dslds2

S1mp1est case of a single quasi- two body channel

B I L L | LI I T I- L
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B->Khh P. Krokovny CKM 2006, Nagoya



= R*(O)_y k*Oqptqr-

BELLE

Large background from other B decays
=) impose 2-body vetoes:

x B-->DO(K-r*)m: |M(K*T7)-Mp| > 100 MeV
x B->J/W(up)K:  [M*(m)-Myg,, | > 70 MeV
x BoW(ru)K: M (rm)-M,| > 50 MeV
x B->DO(mr*m)K: |M(t*r)-Mp | > 15 MeV

Miss-ID D-veto:
% |[M(h*h-)-My|>15 MeV

Remaining non-peaking BB background
is well described by MC simulation

x B-->D(K-mnO)m-
x B->D(Kp*v)m
x B-->D"(K-p*v(m© or y))m-

% B> n'(mrmy)K-
x B-o>mrmm
% BO-> K*mr-

L=78 fb-! _ |M,.-Mg|<7.5 MeV

Events/ (10 MeV)

Events/ (N0 MjV)

B->Khh P. Krokovny
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B ->K'mr'mr: FlTTlng The Signal
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<2 BO->K.m*mr: Signal Yield

L =353 fb!
500 _I | I L I LI L] I L I LI I IOI LI | IOI I-; I—I LI I_
: B>KsT T A

__ 400 + H + — data _:
> / - total background)  Use the same model to
= 300 @ - continuum b fit the signal as for the
a BB total 1  B*->K*n*m- decay:
~ g
@ 200 + +‘ BB charmiess 4 M ~ A(K*(892)m) + A(K*,(1430)r)
g bty 1 +A(P(TT0)K) + A(f,(980)K)
B 100 il T A(f(1300)K) + A(x oK) + Ay

Nsig(Ksn*ﬂ') = 1246 * 63

0
-0.3 -0.2 -0.1 0 0.1 0.2 03 04 0.5
AE (GeV)

S/B~1

No_ f] : lied - : ; :
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B*->K'mm: Fitting The Signal

L=140 fb-!
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BU->K m*m: Fitting the Signal
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Summary of two-body BF's

L=140 fb-!

Mode

B(Bt — Rh*) x B(R — h*th™) x 10°

B(Bt — Rh1) x 10°

Ktntam— charmless total
K*(892)0'n’+, K*(892)0 — Kta—
K}(1430)n+, K3 (1430) — Ktn—

K*(1410)7t+, K*(1410) — K+tn—
K*(1680)7™, K*(1680) — Ktn—
K3(1430)nt, K3(1430) — Ktm—
P (TT0) KT+, p°(770) — nta—
Fo(980)K ™, £0(980) — wHm—
f2(1270) K+, £5(1270) — wtnm—

Non-resonant

B.5
27.9+1.8+2.6755

6.55 + 0.60 + 0.607)2°

(5.12 + 1.36 & 0.497 121

< 2.0
< 3.1
< 2.3
4.78 + 0.75 + 0.447 02
7.55 + 1.24 + 0.697 148
<13

46.6 + 2.1 +4.3
9.83 4 0.90 & 0.901 037

45.0 + 2.9 + 6.27137
(8.26 + 2.20 £ 1.19715%3)

4.78 +0.75 + 0.44701

17.1
17.3 + 1.7+ 1.6717

KTK*tK~ charmless total
KT, ¢ - KTK—

¢(1680) K+, ¢(1680) — KT K—
fo(980)K+, £0(980) - KtK—
F3(1525)K+, f5(1525) — KT K~
a3(1320)K+, a2(1320) — K+ K~
Non-resonant

4.72 +0.45 + 0.3570:39
<0.8
< 2.9
<21
<11

30.6 + 1.2 4 2.3
9.60 + 0.92 + 0.71797%

24.0+ 1.5 +1.87}2

X0 KT, Xeo — 7T
XK', Xeo = KTK™

X0 KT combined

1.37 +0.28 + 0.127)32
0.86 + 0.26 + 0.061 020
(2.58 4 0.43 + 0.1970-20

) —
196 + 35 + 331207

Phys.

B->Khh

P. Krokovny

Rev. D 71, 092003 (2005) .
CKM 2006, Nagoya



Summary of two-body BF's IT

L = 353 fb!

Mode

B(B — Rh) x B(R — hh) x 108

B(B — Rh) x 108

Kgﬂ""ﬂ'_ charmless total
K*(892)Tn—, K*(892)T — K9rt
Kx(1430)T#n~, K;(1430)T — K™t
K*(1410)T#n—, K*(1410) " — K%xt
K*(1680)Tw—, K*(1680)"T — K°xt
K3(1430)t7—, K5(1430)T — K=t
p(770)°K°, p(770)° — ntw—
fo(980)K°, £,(980) — wtm—

5.61 +0.72 4+ 0.437 50
30.8 + 2.4 4 2.4755
< 3.8
< 2.6
<21
6.13 4+ 0.95 + 0.477 707
7.60 + 1.66 £ 0.597 5>

47.5 £ 2.4 4+ 3.7
8.42 +1.08 £+ 0.657 43
49.7 + 3.8 + 3.87}2

+1.00
6.13 4 0.95 4 0.471 00

f2(1270) K9, £,(1270) — ntw— < 1.4 _
Non-resonant 19.9 4+ 2.5 + 1.5;“1):2
Xc0K®, Xeco — mtm™ < 0.56 < 113

BELLE-CONF-577,

hep-ex/0509047

B->Khh

P. Krokovny

CKM 2006, Nagoya



DCPV in B*->K*mr*mr

Null Asymmetry Tests
_ T(B-->f)-T(B:->f)

CP

F(B-->f)+M(B*->f)

# continuum background events A(qq) = -0.9+1.1 %

4 BB background events Ap(BB) = -1.1+1.8 %
Lo SR AR MRS R RARES LARRE AL EERAN RS 1400 prrprrrrTrTT e AN I I L
1200 — B~ —>p°r — 1200 — B*spn* —
>1000 = %1000 = =
= » B s - _

0 800 - N(B-) = 10006+103 i 800 [ N(B*) = 10329+105
~ - ] < - ]
2 800 EL =
C ] o - .
Qo - = o N .
e | Saof -
200 B 3 200 =
S . h
0 ERE | PP Y T .
03 02 01 0 01 02 03 04 05 %3 02 01 0 01 02 03 04 05
AR [Gav) AE (GeV)
# B->D(Km)m Ap(Dn) = -1.6£0.7 %
- — 7

Considered as systematic uncertainty
B->Khh P. Krokovny CKM 2006, Nagoya




5L DCPV in B*->K*r*mr-

BELLE
L=353 fb-!

1000 TT T T[T T [ rrrr oot N_(KT['IT) = 2248."_'79 : 1000 TT T T[T rrrr[rrrd N+(KT[1T) = 20381'76 :
B SK TR — B >K'n'n —
+ + — data : + — data :
— 800 — ~ 800 ; { —
S ' /7| - toatl background- :q>; } /| - total background-
q i ]
= — continuum = = — continuum -
o 600 - o 600 .
2 — BB total ] d — BB total ]
) — BB charmless 1 P 00 4 — BB charmless ]
5 15 L ]
> $ ¢ + ] > 5 ]
H 200 +« = 200 $4.4 —

0 0
-0.3 -0.2 -0.1 0 01 02 03 04 05 -0.3 -0.2 -0.1 0 01 02 03 04 05
AE (GeV) AE (GeV)

N(K-m-n*) - N(K*n*n")
Acp(Kin*m) = = (+4.9+2.6+2.0)%
N(K-m-n*) + N(K*n*n")

_Dalitz analysis is then performed with an amplitude sensitive to the charge of the B meson ...
B->Khh P. Krokovny CKM 2006, Nagoya




DCPV in B*->K*mt*mr

Parameterization

basic parameterization
parameterization with DCPV

ae'¥i — ae™?i (1 + nb;e')

T

-1 B-
Charge asymmetry A is given by +1 ;z: B
Aép _ 2bjcos 0;
- 2
1+ b7

Note that CP violation can be observed even in the case of A =0
(that is 3=90° but bZ0) - possible only in three-body decays !

B->Khh P. Krokovny CKM 2006, Nagoya



= DCPV with B*->K*mr*m-

L353fb1|""I""I""I""I""_ 300:[.1...,....,....]....|.._

- - oot SRR RARS RRANRARE RERN RAR- NS

B: combined ] -~° E

] R i

— o . %.,"" 200 =

v 1w - :

N\ ""“. - z 150 — —

> PR 1 3 f o

I . ] 8100 -]

St ¥ P :‘.;:- | E’ N ]

G y 1 ]

B -

— | 0
S 3 1 2 3 4 5
M(K'1") (Gev/c?)

W T T

300 (®) :_""_ E

30 N*E 250 [ 15 — — =

2 +_- 4 (] o o E E .

M°(K'm) (GeVz/c) ;200:_ 5§ {__

@ K*(892)°xn+ @ p(770)°K* ?: 150 [ o f 3

@ K*o(1430)0_n+ @ w(782)K+ E E 3.2 3.3 3.4 35 3.6 E

@ Non-resonant @ f,(980)K* g 100 F M(Kw)>1.5 GeV 7

@ fo(1370)K* 50 |- E

@ f,(1270)K* o F 4,

@ fxrnK"' 0 1 2 3 4 5

M(n'tT) (Gev/c?)
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DCPV in B:->Kimr*mr: Results

Channel CP averaged d, b ©, Acp, Significance,
fraction, % degrees degrees % o
K*(892)07*  13.04 08703 0 (fixed) 0.078 £0.03370052 18 £44%5, -14.9+6.4708 2.6
Ko(1430)°7*  65.5+ 1.5722 55+ 411 0.069 +0.031+0010 12341678 +7.5+3.829 g
o(TTO0KE 7854093108  —214+1475 0284001700  -1254+32t8  +30+11%) 3.9
w(T82)K* 01540127005 100 +3175 0 (fixed) - - -
fo(980)K* 1774 1.6733 67+ 1111¢ 0.30 019109 82482  _7.7+657; 1.6
fo(1270)K* 15240351032 140+ 11738 0.37£017H8  —24+£290%  -504+2213 2.7
fx(1300)K* 414+081%05  —141+£1013  0.12+£0177907  -77+£5618 5411657 1.0
Non-Res. 34.0+ 22131 g =-1145" 0 (fixed) - - -

o5 = 185420752
xaok* 1124012402 118+ 24737 0154035108 T+ttt 65419612 0.7
PRL 96, 251803 (2006)
B->Khh P. Krokovny CKM 2006, Nagoya



DCPV in B:->p(770)°K:

U :IIIII1I|IIII|IIIIIIIIIIIIII IIII|III[IIIIIIII: N:J‘120 :IIIIIII'II]I[III'II'II[[IIIIIIIIIIII+IIIIIIIIIIII]ITT
C - - -+ 3 = + +_+_—

‘;. :_ B2 KTTn + _: ";100 :_ B—oKnTn
/] r 7 1] r
© 80k . © 80 F
N - . N -
S 60 F 3 © 60 F
o o 2 o o
~ 40 F = — 40
n - 7 n
‘é 20 F *5’ 20
a4 o0 A 0

04 05 0.6 1 11 12 0.3 04 05 06 0708 09 1 11 12 1.3
NA100 _||I||1|||||||||||I|||1Illlllllllllll[llllllll: N‘(‘J‘1UD :IIIIIIIIIIIIIIIIIIIIIII]IIIIII[IIIIIIII]]'I'ITITIT[
2 - B > Knn . NG - BT oK't
% 80 = % 80 F cos (6, )<0
(O] N ] (0] N
< 60 [ 3 < 60 F
o L ] o -
S a0 - S a0k
~ - E ~
2 20F 2 20
5k 5
A o0°f A 0

04 05 06 07 08 09 1 11 1.2 03 04 05 06 07 08 09 1 11 12 1.3
N‘(‘J‘160 ||||I|||||||||I||||I|||1I||||If|||||||i]]11TIT|TrE N:J‘160 EIIIIIII'II]I[III'II'II[[IIIIIIIIIIIIIIIIIIIIIIII]ITTE
< 140 B— Knn = ~ 140 B oK't =
g 120 £ cos (65)>0 3 § 120 £ cos(601)>0 3
< 100 E « 100 E .
< 80 3 < 80 3
60 E S 6ok 3
S 3 = E 3
» 40 E » 40 ¢~
g 20 g 20 E
A 0oF a 0 :

03 04 05 06 07 08 09 1 11 12 1.3 03 04 05 06 07 08 09 1 11 12 1.3
M(n*n7) (Gev/c?) M(n'tT) (Gev/c?) —

B->Khh P. Krokovny CKM 2006, Nagoya
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<> Summary

® Analysis of B meson decays to three-body charmless hadronic final
states have been done:
branching fractions for 6 channels are measured:;
upper limits for 5 more channels are set;

% Dalitz analysis for three three-body modes have been performed:
branching fractions for >20 quasi-two-body channels are
measured;

# First evidence for CP violation in charged meson decays is observed
in B=->p(770)°K*

B->Khh P. Krokovny CKM 2006, Nagoya



Three-Body Branching Fractions

3-Body Belle BaBar CLEO

Mode

K'n+m- 53.6+3.1+5.1 | 61.4+2.4:4 5 -

Kon+m- 45.4:5.2+5.9 | 43.0+2.3+2.3 50+10 7

K*K*K- 32.8+1.8+2.8 | 29.6+2.1+1.6 -

KOK*K- 28.3+3.3+4.0 | 23.8+2.0+1.6 -

KoK K* 13.4+1.9+1.5 | 10.7+1.2+1.0 -

KK Ks 4.2+16,.+0.8 | 6.5:0.8:0.8 -

KK+ <13 <6.3 -

KOK-mr+ <18 - <21

KK+ <3.2 - -

Kn+m+ <4.5 <1.8 -

KK*n- <2.4 <1.3 -

___in_units of 10-¢ |
B->Khh P. Krokovny CKM 2006, Nagoya
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Y B*'->K'mr*mr

Large background from other Bdecays [T """ T T T T T T T T T T T T T T T T T T T T

|:> impose 2-body vetoes: C Bt combined i
A |MK*m)-Mg| > 100 MeV - —
A [M*(rm)-Mgy| > 70 Mev 20 Br=>DAKrm T
A |IM*(m*n)-M,| > 50 MeV _
A [MGn)-Mp| > 15 Mev 9 omT— -

i i

o 1 "

+ 2 B-->J/y(wu)K

'e 10 B*->D(m*n-)K*

+[‘;’ -

Miss-ID D-veto: N; i

if any h*h- combination is
consistent with D->Kn

g |M(h+h')'MD|>15 MeV / 3

' M (K'n7) (GeVP/c?)
B->Khh P. Krokovny CKM 2006, Nagoya
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&2 B->KKK

L=78 fb-! "

[ L T T | o | LI | [ I_ TTTT [ TTTT ] TTTT | TTTT I TTTT ] TTTT [ TTTT I TTTT]

: B'>» K'K'K ] 30 B'> KKK ]

% r E - data . E 25 E - data E

= r WA - total background ’A - total backgroundz

o 120 [~ 7 o 20 -

— C 57 ] — e
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W gl - 2 15 .

2 OF ] L |

0 L i 0 10 -

VOO REERGE LR @ b E

Wttt i HLARE B Y

03 02 01 00 O01 02 03 04 05 01 02 03 04 05
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70 LT T T T L |“| IR | T | o | LI | T 7 [TTTT [ rTTT I TTTT I TTTT ] TTTT [ TTTT I TTTT I TTT |~

- ] o= C 0 4

60 F | B> KKK - 6 B — KKKs 1

o 50 § - data . E 5 F f - oate

= . WA - total background- E a - total background]

3 40 :_ [ e _: 3 4 3 1

= E - BB background ] ~ r - .

~ C y ] ~ C ]

nw 30 - w 3F B

2 : 2 !

g 20 ¢ - g 2 F . T E
3} Py wiln L ™ ] . M E

10 ‘;/ %y ! ?ﬂ'ﬁ?’f:ﬂ":}’“" 'i "_.'I . Sy p_" 1H IL [N ] | I B ] [ ] T N}

. ’ -/.'.;l}ayl'*/‘fia'i'jgr &5 i

0 ; A(... : //jﬁ%m% 0 MM/.A? i NN A7 AT 77 AT 7dr

0.3 -0.2 -0.1 0.0 0.1 2 03 04 05 03 -02 -01 00 01 02 03 04 05
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B*->K'K'K’: Fitting The Signal

L=140 fb-! Model KKK-B;:

80 lIIlIIIIIlIIIIIIIIIlIIIIIIIIIIIIIIIII'IIII

[ Ses(KKK) = S,5(KKK) + Ayg |

(2]
o
T

[ANR Parameterizations used: ]

Events/ (0.05 GeV/cz)
=
[=]
T

- Anr(S13.523) = a,e®
or Anr(S13.523) = a1[(1/513)P + (1/5,35)P)e®
0 :l il .-!‘-‘.:;z-:-:i% qu [ ANR(Sls' 823) = ql(e-DSI3 + e_DSZ3)e|6 ]
05 1 15 2 25 3 35 4 45 5
M(K'K")___ (Gev/c?)
120 'LJSLINLINLEN LA L L N L L L L L LB L B [ He'icify angle distr‘ibutions: ]
—_ E €0 ||[[I'|||'|[||[|I'|i|[[|'|'|| E 35 r . . . . [ — . . [ — . . T r — . . ?0 r . . . . [ — . . [ — . . T r — . .
§ 100 _— _E 30 i_ (@) (p(lOZO) _i 60 i_ (b) fx(lsoo) —i
3 sof 1 g =] R ‘H
Ty - 1 e 2u§ ° 40; ~[+ —
S 1B E L th ot
*;.}. a0 L d & 10f B 20 [ =
' ] - - —
g 20 :_ . 0 .mxmsﬁ:«.mmima:emwawf 0 s 5 .5}.@&\ jgﬁ,%%}?x%
M - . 4 0.5 0 0.5 1 - -0.5 0 0.5 1
ol ] cos (6,) cos (6,)
0.5 . ' 4 . . . N
o (Gev/cP) | £,(1500) is best fit with the scalar hypothesis ]
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_Fitting The Signal

L=140 fb-!

Two identical kaons in the final state ->

C RE ®
20 |- -4 amplitude must be symmetrized with
T [ paEs i} 1 respect to K*;<->K*,
%w 15 -:_5::.1::':,-' - : |
v ST A S S -
: . ) | Model KKK-A,:
-:;; 10 -_ ' " ' _-
N B L L N
€ f R | (Saz(KKK) = A1(9(1020)) + Ay(f(1500)) *+ Aq(xco) |
5K ::.'-, "f_:.{:'--.: —_ \
; E‘rhe data with different spin assump‘ri@
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M (K'K) . (Gev'/c?)
120 ¢ LI B LR B R B -.{Mo_del KKK‘AQ}IIIIIII
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L=140 fb-l 1 l LI I LI I LI I LI I L l LI I: Jed B b
' b bt ‘ ackgrounds:
300 [ (D) E— EEK -.,Yélu g
- - data 3
S 250 + = % B*->D%*;D0->K*n- : +15 MeV
% - — total background]
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g20F B - continuum - X B*->T/WK*:T/W->K'K- : 15 MeV
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o - n
- - + +pty - o o R
f1oof 1 B"->K'K'K™ charmless signal yield:
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KKK Three-body Signal




BO-> "K' K<: b->u Contributio

B+->K*K*K- B*->K*K-m+

b->sqq penguin b->uus tree b->uud tree

s

Cabibbo Suppressed Cabibbo Favored

B->KKw provides a sensitive probe for the b->u contribution in B->KKK

B->Khh P. Krokovny CKM 2006, Nagoya



We can estimate the b->u contribution as:

KKK |2 + F gk
Ay |2 B(BT - KTK™n™) Xtanzﬂc('f—x

|AKEK2 — B(BT - KTK-KT)

otal

With current experimental results:
< 3% in BF
< 15% in amplitude

b->u tree contribution would probably result

in quasi-two-body final states with a

resonant state in K;K- system (such as ayn/K)
while b->s (as observed) proceed via resonances
in K*'K- system -> the interference term

might be suppressed and b->u contribution is
significantly smaller than 15%

More analysis (experimental & theoretical) is
required

B->Khh P. Krokovny

kL)

(KKt b->u_Contribution-co
W K*um

nt'd

b <=7" u
2 8]
) B+(O) K-
S
u.d K+
u,d
BaBar: hep-ex/0407013
Mode Yield (%) [ Bi(%) Signif. B(10°9) UL(10~°)
ay (47t 18715 188 394 1.3 2371 T+09
ay (ma=)nt 1573 155 226 1.6 39722410
agmt 2.0 2870407 <51
ay (pyy)KT 27 179 394 01 0.070%+0.3
ap (mpe-)K+ 1378 149 226 1.1 AT 1149
ag K+ 0.4 04F)94+02 <21
ay (M )K° =125 214 135 0.0 -3.7723+0.9
ay (ms=)K° 077 158 7.9 05 2.7t%1+1.9
ag K° 0.6 —1.517224+0.8 <3.9
ab(nyy)mt 17750 128 39.4 1.4 31%28+1.2
ag(ms=)rt 115 95 226 03 12150 +1.7
adnmt 1.4 26722+1.0 <58
af(ny ) KT 075 124 394 0.3 03%31+04
ag(m-)Kt 677 91 226 05 1.9735+25
aSK+ 0.4 047)14+03 <25
ad(ny)K° 0% 150 133 05 14735412
ao(m=)K°® 475 97 7.8 1.2 6675 +28
adK° 1.0 283 +11 <78
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e BOKKK, : CP Mixture

Since B°->K'KK; is 3-body decay,
the final state is a mixture of CP=+1

‘ CP = +1 fraction is equal to that of A=even/odd |

CP=+1

Pl @ J-o
J=0 S3=00 =0 | = |

CP = (-1)
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M@L&Mjﬁum;coniid_

Assuming isospin symmetry First measurement with 78 fb-1.

(b->s conserves isospin; b->u is small) . B(BT KT KKg) L TR0
o =
B(BT = KTKK®) = B(B® - KOk tK~)x BT B(BO—=KYKTK™)  7p+
7RO . B(B+—>K+K5Ks) TR0
L = BBOSKsK+E-) "y

l-even fraction in |K*K™> is equal to = 1.03 £ 0.15(stat) 4+ 0.05(syst)

that in |KOK®> system

The most resent update with 353 fb-!:

— a

K°K®) = 5 (KsKs) + [K1K1)) + BIKsKy) fepoven= 0.93 + 0.09 + 0.05
CP =+1 | = even BO->pKg

e omon @ o N sin2B,¢ = 0.44 + 0.27 + 0.05
KTK'KYY = — ([KTK¢Ks) + |[KTK K]
| )= 75 (K KsKs) +1 ) T —

+ BKTKgK;) sin2B,¢ = 0.60 + 0.18 + 0.04 *012 .

ee : M.Gron _Rosner. Phys. lett. B564
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