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KM unitarity triangle and
CPV parameter convention

12 3

Vud Vus Vb 1-12/2 /12 A (p@)

V=| Voqg Ves Vep | = —A3 1-1 /22 A
Vid  Vis Vi AA3(1-ptin) -AX 1

_ by Wolfenstein parametrization
Irreducible complex phase

causes CP Violation (CPV)!

Comprehensive test; transitio
measure all the angles and
sides.

(010) VCd VCb* ( 1 ,O)

all the angles are O(0.1)! Vid Vib" +Ved Veb + Vud Vub =0

B system : very good place,



Angle measurements and mixing

4 )
«~ B-B

Vid Vtb mixing

Decay via
b—u
(tree)

(0,0) VCd VCb* ( 1 70)

Decay via b — c (tree)
How about b — s (penguin)??
b — d (penguin) is also participating in some cases
— direct CPV. 3



Time-dependent CPV

" .CPside

In order to see CPV 1 (45)-8 meson pair

by interference produced from e*e” collision

between decay and BO.~. %
e >0 . e+

mixing. (8GeV) N&seew
Az=PBycAt, 3 b Tag side

By=0.425(KEKB), 0.56(PEP-II) Az ~200um (the other B)

I'( BAAY)~ fep) — T( BYAL) > fep)

Acp(At) =—— = S¢., SINLAMAL) + A t-p COS(AMAL)
[( BXAD)- fep) + T(BAAY > fep) -
2 Im(\) A= 1 g Adcp)
Ve NEVER P A(fcp)



In order to perform such studies

0 PDG2011 Charmonium modes

M156 7c K ( 89 + 1.6 ) x 104
M157 7c K”‘(8922)0 ( 61 + 1.0 )x 104
M58 71c(2S)K™ < 39 x 10—4  CL=00%
159 hc(1P)K*O < 4 x10—4  CL=90%

reo J/v(1S)K°
161 J/'I,D(].S)K""Ir_
M2 J/¥(1S)K*(892)° 1.33+ 0.06) x 10—3

Fe3 J/v(1S)nK% 8 +4 )x10-5

Fea J/¥(1S)7 K% < 25 x 10~5  CL=90%

8.71+ 0.32) x 10—4
1.2 + 0.6 ) x 10—3

B meson is so heavy that many decay modes are available.
Branching fraction to the modes usable for CPV is limited.
— Huge (O(108)) amount of B mesons is necessary.

— Measurement of time evolution of B meson pair is required.



Two B-factories
at KEK and SLAC

Belle detector

KEKB B-Factory %  SLAC/LBL/LLNL
' - SLAC-Based B Factory:
ARESCOPRE PEP-I1 and BABAR

¢ Low E?ergy) Ring
r new
BABAR Detector ~. £

High Energy Ring
(upgrade isting ring)

Both Rings Housed in Current PEP Tunnel

8GeV(e)X3.5GeV(e"), 9GeV(e)X3.1GeV(e"),
L . =2.1x10%cm2s" L . =1.2x10%cm2s" 6

max max



Integrated luminosity of B factories
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1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

>1ab™*
On resonance :
Y(5S): 121 b}
v(as): 711 ' 772M BB
Y(3S): 3fb!
Y(2S): 25 b
Y(1S): 6 !
Off reson./scan:
~100 b !

~ 550 fb!
On resonance:
v(4s): 433 ' 470M BB
Y (3S): 30 b’
Y (2S): 14 fb!
Off resonance:
~54 fb!



sin2¢, at Belle

(772I\/I BB, final sample)

' 3000¢ ; L °0F Signal yield increased
2 '~ '+ All combined = 4000 more than Ngg compared
| — Fitresult o i J/’Lp KL . . .
T o000l B K B _ to the previous publication
<, 2000} — B =y (25)K] ~ 3000 N,,=10040
= B oy KE 2 g (PRL98,031802), thanks
> ! N to the data reprocessing
1°°°:‘ (cc) K ° with improved tracking.
- Ngi;=15560
0 0002040608 1 121416182
22 522 5.24 526 528 5.3
M, (GeV/c?) py" (GeVic)
Jp Kg Jp K¢ P (2S) Kg X1 Ks Ngs
Ngiq 12727+115 10087+£154 1981+46 943133 772 M
Purity(%) 97 63 93 89
Nsig(prev.) 7484187 65121123 N/A N/A 535 M
Purity(%) (prev.) 97 59 o




S|n2(|)1 at Belle (772|\/| BB)

@ 700

-0.2:
-0.4_
: : -0.6:
6 4202 4 6 64202 46 6 420 2 4 6
At (ps) At (ps) -E At (ps)
B decay mode Sy Ar _
J/UK? 06710020 —0.014+0021 SiN2¢,=0.668+0.023+0.013
¥(2S)K = 0.7394+0.079 0.103 £ 0.055 A:p=0.007+0.016+0.013
Xe1 K2 0.636 £ 0.117 —0.023 + 0.083

J/VK?] —0.641 £ 0.047 0.019 £ 0.026 9




sin2¢.(=sin2p) at BaBar (465M BB)

T T =

L B (a) -
a) 400 —* B’ tags —
Né):ux\» B°— J/q)K‘g’ e 11f=—l_ :
- B’— Y(2S)K? 2001 (co)Kg —
= e o T S "OKs
iy Keit™s 04— =
L1000- B'— T]L.Kg 0.2
S oF
S| Ngg=8733 o
300

5.2 5.22 524 5.26 5.28

m,. (GeV/c)

Raw Asymmetry Events/(04ps) Raw Asymmetry Events/(04ps)

El i B’— JAapK" O'(Z);, A /E
= L - T 1
,:f. SO0} Nsig=5813 -5 0 5 At oo
2 Purity=56% sin2¢,=0.687+0.028+0.012
W Arep=-0.024+0.020+0.016

I N PRD79,072009(2009)
EB = ECM/2 10



Now it is a firm SM reference!
sm(ZB) sin(2¢,) LYY

Measurements by
B-factories

Measurements
before B-factories

Newcomer, LHCDb
(35pb, Aicp=0 assumed.)

PRELIMINARY
BaBar o 0.69 = 0.03 = 0.01
PRD 79 (2009) 1072009 ;
BaBar y L i ,069x052x0.04=007
PRD 80 ‘é 053‘112001 !
BaBar JAp (hadronic) K | i, 15620422021
PRD 69 (2004):052001 | 5
Belle E ! : 0.67 = 0.02 = 0.01
|____Moriond EW _2_9L1_1_P_r_e_'_'[‘?!r_‘?_r_y __________ s
ALEPH : "_* : 0.84 9% . 0.16
PLB 492, 259 (2000) o
OPAL : . 3.20 1380 + 0.50,
EPJ C5, 379 (1998) P "
CDF , . 0.79 54
_____F’B_D__Q]__QZZQ_Q?__(?_QQQE _________________ |
LHCb ; nE 0.53 ¥ . 0.05
LHCb-CONF-2011-004 T &
Average 0.68 = 0.02
HFAG I
-2 -1 0 1 2 3
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b—ccd process is pursuit of

D)+
UCT Qﬁ

(a) (b)

In B—~D*D- case,

If tree (a) dominant, S;-p — -sin2¢4, Aicp — 0,

while if penguin (b) is substantial, complex phase due to V4
may cause Direct CPV.

W+

o ol
o.olo al
(oo e

Since B—D™*D™is a B—VV mode, the admixture of
CP even/odd eigenstates must be determined before

measuring CP violation. o’



BO%—D*D- reconstruction

One D*—K-n*n* (or c.c.), three modes for other D.

cg.'ooil TT | IlTllllllxllT\||TT||||||| IIIIIIII ||TT||T||; Cﬁ 25_| IIIIIII |TT||I|||||||||||T||||T|||IIIT| TTTTTTT I_ cﬁ 70__T||T||Y||||I||||||||IIIIIIVT1_F T.TT.III|I|||||||_
> 1 D—-K'nm > [ || D—=Kgr > | l | :
= | = | = 60 -
o gl (Or C.C.) | o200 (Or C.C. | . ‘ +

£ | N =22+1i19 £ [ 17 INg =489 £ % :
o } sig S I : E J{

o 4 g5 1 >

W 60 w B a0 H + E

|

—

o
=
W
= T

40'_+ H ! ¢k B - D—Kgnf
i I 1 200 .
_ + ] _ i - (orc.c.)
20— — 5 N — r
i . i P 10— N =54%15 .
: i : - Usig
_IIJIIII\Illllllll\lll\lllllllllllll_i'::\Ill\“\“Lllll 71II\II1\Ill\IllllllllllllllllllJIIl_J':‘II\ll\“\“ Jlll7 VJII\IIIIIlllllllllllllllllllIllJIILJ"I"'II'II“‘LI'IIIi
g.z 5.215.225.235.24 5.25 5.26 5.27 5.28 5.29 5.3 8.2 5.215.225.235.24 5.25 5.26 5.27 5.28 5.29 5.3 8.2 5.215.225.235.24 5.25 5.26 5.27 5.28 5.29 5.3
M,. (GeV/c?) M,. (GeV/c?) M,. (GeV/c?)

Br(B°—D*D-) = (2.09+0.15+0.18)x 10
cf. Previous result (PRL98,221802) based on 535M BB,
Ngig=190£15 (D—Kgn not used), improvement in N, by data reprocessing is

more significant than (cc) K° because of the larger track multiplicity. 13



B°—>D+D CP violation

70 T
+ 3
° Bltag 5 D" D Scpvs Cep i
60 -0 1 “cp PRELIMINARY
[ ] B tag T T T |
Acp
8 r

Events/ 1 ps

raw asymmetry

Stcp

|
b

)

)
4
0

o

o

L i I L 1 1
-2 0 2 4 6 8 10 Contours give -2A(In L) = AXZ =1, corresponding to 60.7% CL for 2 dof
At (ps)

> -4
S;p=-1.06+0.21+0.07
(D-—Kgn%t not used because of background forming a peak at

Apr=+O.4SiO. 1 71004 same position as signal.)

S;cp Is similar. However A~ has decreased compared to
previous publication with 535M BB (PRL98,221802).
(Stcp=-1.13£0.37%0.09, A;-p=10.911£0.2310.06) 14



BO—D™D™ branching and
polarization

—---—

S00F Nsig=1225i59
250 (was 553+30 for
s00 657M BB,

- PRD80,111104.)

150 -

Events / (0.00175 GeV)

100 g

50 F

: ||||||||||| L
07522 5.06 508 530

Mg (GeV)

Br(B®—D™D™)=(7.82+0.38+0.60)x10
R, =0.62%+0.03+0.01 (longitudinal pol.
Roerp = 0.141£0.02+0.01 (CP-0dd)

perp




B—D™D™ CP violation

Entries / ps
raw asymmetry

60:
40t

201 06
08

-1.0

O L

At [ps]

100 \\\ v 10
08F

08F
04F
02F
00F
02F
-0.4 =

T

///
= Siop = -0.79+0.13+0.03 | +
= Arep = +0.15£0.0820.02
At[ps]

As a result of data reprocessing, signal yield from 772M BB pairs is
x2.2 larger than the yield with the 657M BB sample used for the

previous result (PRD80,111104).

—significant improvement (S-p and Aq-p errors down to 60%)!

16



¢, measurement

If tree only, S; is directly
connected to sin2¢, and A;=0.

Interference with b— d penguin

00) vegvg" (10
4 Vip Vi A
R0 b d 30
d b
\ Ve Vi o)

g Ve uﬂ:/p\
VA d
b s _
\_ Y,

can be solved by isospin analysis.

Mixing diagram

Decay diagram (tree)

There are 3 modes; nw, pp, pr. In addition a,m. 17



Extract ¢,; iIsospin analysis

M. Gronau and D. London, PRL 65, 3381 (1990)

Amplitude for

—+— —0

AT(A ) |B(B)—>zn"7m”

00

50 |44 B"(BY—rn'xm

14+|:(Z—()) B+(B_) N ﬂ'+ﬂ'“(ﬂ'—ﬂ'” )

= ~ij

AV = A A = ez¢-2ﬁ
BO— w*n, a0, B*— n*tn® branching fractions,
and B%— #%% Direct CPV are used as inputs to solve this relation.
The correction from SU(2) breaking effect is still much smaller than

measurements’ errors.
18



0 + -
B°— p*p
B— VV, almost purely longitudinally polarized=CP eigenstate.
Small Br(B%— p%?9), i.e. small penguin pollution.

Enop g7 ' | )

§Zg(a) @(At) ,::Zg(b) BO(At) Qa 30[— BaBar @]

b | E L BO(At) -
0 o -5 0 Ai(ps) E 1(1

14 © Belle PRD76,011104(2007) g o3

:2’0.2, g‘ 0— =T ' + l—

S\—%f"*z’%c:i—\ ¢ “IPRD76,052007(2007)

% 04] - 6 -4 2 ) t(zps) 2 4 6
T [ e T f =0.992+0.024+0.026/-0.013
At (ps) _

f, =0.941+0.034/-0.040+0.030 if:0-19f0-g(13f0-07
S=0.19+0.30+0.07 ~0.16+0.21+0.07

A=0.16+0.21%0.07 19



1—-CL

Constraint on ¢,

I ]l 1T 7T III

CKM fit

no ¢ meas. in fit

~ | COMBINED

120 140

o (deg)

$,=89.0+4.4/-4.2 deg.

160

180

20



As for Am, measurement

A%inps
h
T

0.5+

0.48

i

&%\ 152M BB
2

Ayi=1

stat only
stat + syst

full hadr. + D'y

1.45

_ o  5aBAR
| } D'y
lllll .‘; 23 BB
i ‘ FPOG 2011 l ..A..A-.""—__..---“"'-
| I l |
1.5 1.55 16

BaBar: D’lv partial recon.,
opposite side B is tagged by
high momentum lepton.

Belle: D'/v and D)X hadronic
modes full recon., opposite
side B tagging is the one for
time-dependent CPV.

Amy and B lifetime are
obtained simultaneously.
With ~20% of entire T(4S)

data, but systematic dominant.
21



Amg without/with B-factories

ALEPH
(3 analyses)

DELPHI *
(S analyses)

OPAL
(5 analyses)

DO
(1 analysis)

BABAR
(4 analyses)

Average of above
after adjustments

CLEO+ARGUS
(%4 measurements)

World average
for PDG 2011

‘HFAG average
without ad justments

T

i

[—=—H
——
I+

|

|

y

| 1 |

04

045

0.5 0.55

Am, (ps™)

0.446 + 0.026 + 0019 ps*

0.519 + 0.018 + 0011 ps*

BaBar and Belle results
4-5 times more precise

044008 £00280 oo LEP and Tevatron

0.479 + 0.018 + 0015 ps*

0.495 + 0.033 + 0027 ps*

experiments.

0.506:+0.020 0016 B NJy\nr 1O, precision has
0.506£0.006+0004ps" WA ashieved. This

0.509 + 0.004 + 0,005 ps*

0.507 + 0.004 ps™*

0.498 + 0.032 ps™

0.507 + 0.004 ps™*

gives another reference
point to constrain
unitarity triangle, i.e. |V 4|
in the SM framework.

22



1=

KM scheme has been tested.

-
o

WlE— v 1T * * * [l T W =
= - W CKV -
L © ! A X 157 c o
0: ("/; Eq)s D Summer 11 _:
05 5 =
|5 sol. w/ cos 29 <0 =
|8 (excl. ai\ L:10.95) 5
04 - % —
C © ¢2 -
0.3 | —
0.2 =
0.1 gy =
o, s
0.0 SEEE—— o= — — L
-0.4 -0.2 0.0 0.2 04 0.6 0.8
p
$5 precision improved, o(d5)~10° (See Y.Horii's talk).
Is the unitarity triangle a right triangle? 23



p-value

However, tension with Br(B*—t*v)

Ne7M = CKM fit wo BR(B 1)

—— Measurements (WA)

Summer 11

1.0 —

08 2.80 tension with respect

e b to Global fit based on
T other measurements.

04 |-

02 -

| |

T I { S PR | | LI T 1 | L I T 1T 1 | T 1

lllllllllllllll

0.0 _l (L {] (L_1| | I —= ) ) I — 1
0.6 0.8 1.0 1.2 14 1.6 1.8 2.0 2.2

BR(B — tv) x 10*

sin2¢, measurement
gives a stringent
constraint.

1 Of course, new physics (NP)
{ could be present in B*—t*v.
1 We need an update of this

| measurement.

1 But no other place?

24



Sicp and sin2¢, SM relation

_ b= = IR
(1) Decay B’ Z_
d
(2) Decay X
with mixing BO ? § (V(\J<_
C

Interference between (1) and (2) results in CP violation.

Is there room to accommodate new physics (NP)?

25



NP room is unlikely in
b—ccs decays

b > _ Ihp < AT
e \\Y C
B bM
2 - t,C, 0
U—< < u K
SM tree SM pengum
T Same weak phase / <c Ty
)o)s -(-:
If NP penguin is substantial and has different ,;).-).?\
phase, it causes Direct CPV in B*—J/hp K*. /
No direct CP violation has been observed so far. B b ""';););)"“" S K~
-0.761£0.50+0.22% at Belle (PRD82,091104), u i u

(1£7)x10-% in PDG2011. |
However, there is room for NP in B-B mixing. NP penguin .



Effective ¢, in penguin decays

\\
_»Cfvl’ly .
b t) § (I) "’ ~~\\
EO_ -<: ~ aswellas b4 ';,;,??"._"S
d—e ——3 K New Physics in the loop;
SM penguin; may have a different weak phase.

No complex phase in decay. CPV deviation from Jhp KO?

Many two-body and quasi-two body analyses have been done.
Since ¢— K*K-, f,— K*K~ and non-resonant contributions overlap
in invariant mass (as do p°— x*x and f,— nt*w), recently time-
dependent Dalitz analyses have been performed in three-body

decays such as B’— (K*K-)Kg and B%— (rt*n)KG. .



Several contributions are overlapping

« For example, B’>K*K-Ks final state has several
different paths.

* Resolve them by fitting the Dalitz distribution. Same
approach is required for B® — n*wKG.

Dalitz-plot

=z
Non-resonapt -~
P

=
¢/
z

BO ={ Others..



Projections of Dalitz distribution (My,«_)

90
80
70
60
50
40
30

Events / (0.025 GeV/c?)

0

(98
-
=

Events / (0.002 GeV/c?)

[\
)
=

20|
10 "

1

Events / 126 MeV/c?
(a»)
(@»)

‘ ;,,}. I l

15 2 25 3 35 4 45 5
M(K* K) (GeV/c?)

BABAR -

% Preliminary —
| -~ I*
1 3 4

m, .- (GeV/c?)

Peak around 1GeV/c? : ¢(1020) and f,(980), at 1.5GeV/c? : fX,
at 3.4GeV/c? : .
There are multiple solutions (Belle found 4, BaBar found 2).



At distribution in ¢ mass region

40 v [ | ]
- &l BABAR
& 80r Preliminary
= M .
o 30[ ~
& | 2 60f -
a i g i
é 20: m40: ]
£ | '
W10 ok N
%5 0 5
At (ps)
L 1— | —]
1 i BABAR -
[ Preliminary

Asyrcr}metry
|
|

o)
T T T T T T T

+
+
I
|
| |
J

©
o

Raw Asymmetry
o

At (ps)
PRD82,073011(2010) arXiv:0808.0700



Effective ¢, of "solution 1~

K"K Ks I3(<I>KS) [T K"K Ks I3( s) [ITXN

PRELIMINARY PRELIMINARY

BaBar 7.7+7.7+0.9 BaBar §l " 85+7.5+1.8
f

arXiv:0808.0700

5 oy
arXiv:0808.07I)O

I l
1 1
1 1
1 1
1 1
1 1
1 1
1 1
Belle : 32.2+9.0=26=14 Belle ! 31.3+9.0=3.4+4.0
E 1 I‘I * I| H ] I * I 1
arXiv:1007.3848 . arXiv:1007.3848 .
: 1 : 1
: : 1 : y
Average * : 16.9 £ 6.0 Average H : 16.9 + 6.1
HFAG correlated average ' HFAG correlated average '
. : . : | . A A A : L : | . A .
-10 0 10 2(T 30 40 50 -10 0 10 2T 30 40 50
0 ( j 0
¢4 by (co)K ¢4 by (cc)K

With current statistics, we could not distinguish multiple solutions
by the likelihood alone. The preferred solution is shown.
No significant deviation from measurements with B%—(ct) KV. ;;




Compilation of effective sin2¢.

i eff N eff
Sln(ZB ) = Sln("’(l)l ) ndOfYear 2011
PRELIMINARY
|lb—>ccs__ World Average e P N — 0.68 +0.92
& Bah%ar —] 0.26'+0.26 = 0,03
X elle : 0.90 ¥
= Average: i Ll "G o0seif
o BaBar 057'+0.08 = 0.02
X Belle 0.64 = 0.10 = 0.04
= o Average: : : 0.59 = 0.07
__________________________________________ b 059007
*—Cw EahBar : : 0.94 g5, + 0.06
S Belle : 0.30 = 0.32 + 0.08
A o Average: i B 0.72+0.19
5. X “'BaBar : ; : 055+ 0.20 = 0.03
x> Eelle : . 0.67+0.31=0.08
5 verage ; ; 0.57 +0.17
L 5 BB i s oo gl - §35735 5006 50105
X Bele : 0.64 *0 33 + 0.09 = 0.10
o Average: : : 054 5,
B BaBai vTTTTTTTTTU T g PO R L 002
X Belle - ' 0.1120.46 = 0.07
S Average . . . S 0.45 = 0,24
& EahBar : : : 060 701a
elle x : : 0.63 7y
. s® Average: i L L o2l
< BaBar = 48 +052'20.06 = 0.10
_._.q_c\.l._.c,,_.éY.eB@QQ.f _____________________ = L = . 0.48 + 0.58
> ‘BaBar ! ! : 0%052':0.07£0.07
| & .x_Average ﬁ ; 0.20 + 0.53
e T Bkt S 0090 -0.72+0.71+0.08"
ko Alergei———— 0722071
Qe X BaBar : 0.97 883
Z % Average: - 0.97 To5s
| T e BaBar v T U RBM—/———— | 0.01=0.31+0.050.09"
| X o Average!  j— —t N 0012033
B X BaBar ' R 0863 0.08 £ 0,03
g ¢ Belle : 0.68+0.15+0.03 7513
.+, Average: ; 0.82 = 0.07
-2 -1 0 1 2

Still precision is statistically
dominated.

!

To obtain sensitivity in
effective sin2¢, of O(10-2),
we need O(10ab")
iIntegrated luminosity.

32



Future sensitivity

920 ")

A
& o)
gelle UulY 2006 cuperKEX 502

New Physics
( SUSY GUT, Warped Extra Dimension,
String-inspired MSSM, ...)

AS Uncertainty

0.01 L .
10 1 10 10

Integrated luminosity (ab™)

Error of effective sin2¢, would be 0.03(1n’K°)-0.1(KsKsKs).

33



Summary

sin2¢,=0.68+0.02 in World Average

— It is a firm SM reference point.

Constraint on ¢, : 89.0 +4.4/-4.2 deg.

— The unitarity triangle appears to be a right triangle.

Am, is precisely determined by B-factories.

— Now 1% precision has been achieved, giving a firm reference.
Tension around Br(B*—t™v)

— Need an update of measurement.

— Comparing to sin2¢, measurement, expect mixing has room
for NP.

CPV in b—s penguin modes
— Reach O(10-?) sensitivity with Super B-factories.
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Backup slides
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BO— ntm

PRL98,211801(2007) L reor arXiv:0807.4226
E € 120f IP;A'BAR 1
o 1 100f =
> g E
Q E

+ -
T TT

No. of

Events / ps

: £
B 0 5 = 0.2%—‘ %ﬁ{ —E

At (ps) o
S=-0.610.10£0.04 5
A=0.55+0.08+0.05 T

S=-0.68+0.10+0.03
A=0.25+0.08+0.02



BO— (pmt)°, BO— atx*

B— p*m, prt, pOn interfere BaBar (384M BB) a n¥;

— time-dep. Dalitz analysis obtained oeff(=¢,°
= — - GO = |l s
=°°°| Belle MNsw™71 4 2% S oo
S 400 = e
N o | —
S300 | » £40 30
=100 | PRL98,221602(2007) 20f |
e oF
= Q5._2 522 524 5.26 2.28 5. -0.1 -005 O 005 0.1 525 526 5.27 5.28 5.29
M. (GeV/cT) AE (GeV) mgg (GeV)
200 a0l @

PRD76,012004 BO(At) |PRLog

1181803(2007)

Events/1 ps

SF
oF -
5F

= ©
o 2 O
g R |
m_. (GeV/c?) s
- 5o | | -
-5 0 5




Coefficients of Dalitz plot functions are interrupted to CPV parameters of
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Multiple solutions

Belle found 4 solutions

Solution 1 Solution 2 Solution 3 Solution 4
AC’P(fO(QSO)Kg) —0.30 +£0.29 £0.11 £ 0.09 —0.20 = 0.15 £ 0.08 £ 0.05 +0.02 +=0.21 =0.09 = 0.09 —0.18 £0.14 =0.08 = 0.06
ST (fo(980)KS) | (31.34£9.0£34+40)° (261+£7.0+£24+£25)° (256+7.6+29+08)° (263+57+2.4L+58)°
Acp(d)(lOQO)Kg) +0.04 +0.20 £0.10 £ 0.02 +0.08 £0.18 £0.10+0.03 —0.01 £0.20 £0.11 +=0.02 4+0.21 £0.18 £0.11 = 0.05
ST(H(1020)K2) | (32249.0+2.6+1.4)° (262+88+27+1.2)° (27.3+86+28+1.3)° (24.3+80+£2.9+52)°
Acp(others) —0.14 £0.11 £0.08 £ 0.03 —0.06 £0.15+0.08 = 0.04 —0.03 +£0.09 £0.08 £ 0.03 4+0.04 +=0.11 £ 0.08 £ 0.02
#3" (others) (24.94+64+£21+25)° (208+6.6+21+1.1)° (262+59+23+15)° (238+55+1.9+64)°

The preferred solution can not be selected by the fit likelihood value
alone. With external information, solution 1 is preferred.

BaBar found 2 solutions in low-mass fit, (1) is chosen as nominal.

Name Solution (1) | Solution (2) Correlation

1 2 3 4
1 Acp(6Kg) | 0.144+0.19+0.02 | 0.13+0.18 | 1.0 -0.09 -0.28 0.09
2 Begr(0KY) [0.13+£0.134+0.02 | 0.14+0.14 1.0 0.54 0.65
3 Acp(foK?) | 0.01 £0.26 +0.07 | —0.49 + 0.25 1.0 0.25
4 Beg(foK?2) 10.15+£0.13+0.03 | 3.44+0.19 1.0




Again multiple solutions

Belle found 4 solutions. After ensemble test checks and by using
external information, two of them are chosen as possible physical
solutions. Solution 1 is preferred (K™,(1430)r fraction and Kgrt
mass spectrum).  (PRD79,072004(2009))

Parameter Solution 1 Solution 2
(-2InL=18472.5) (-2InL=18465.5)
A(f Ks) 0.08+0.19+0.03+0.04 |0.23+0.19+0.03+0.04

B(f,Ks)=0(F,Ks) | (36.0£9.842.142.1)° | (56.2+10.422.1+2.1)°

A(p°Ks) -0.05+0.26+0.10+0.03 |-0.14+0.26+0.10+0.03

B(pOK<)=01(p%Ks) |(10.248.9£3.0+1.9)°  |(33.4+10.4+3.0£1.9)°




Again multiple solutions

Parameter

Solution 1

Solution 2

C(foKs)=-A(fKs)

0.08+0.19+0.03+0.04

0.23+0.19+0.03+0.04

B(foKs)=¢4(foKs)

(36.0+9.842.142.1)°

(56.2+10.4+2.1+2.1)°

C(pKs)=-A(pKs)

-0.05+0.26+0.10+0.03

-0.14+0.26+0.10+0.03

B(p°Ks)=d4(p°Ks)

(10.248.943.0+1.9)°

(33.41£10.4+3.0+£1.9)°

BaBar found 2 solutions.

(PRD80,112001(2009))




