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OUTLINE

Introduction: B factories, datasets , and analyses method

e
Direct observation of time reversal violation % NEW!

Search for time-dependent CPT violation (B

BELLE

— B >KKK CPV analyses and over the Dalitz plot
« BOSKO, KO KO, BO->KO, K* K-, B¥*>KO KO K* , B¥>K* K* K-
— B> KO

Study of rare b s penguin decays %



The Beauty factories

e'’e — Y(4s) — BB

BABAR experiment
PEPII, SLAC, USA

1.5 T solenoid

(superconducting) Sl Calorimeter

6580 Csl(TI) crystals

Cherenkov
Detector

144 quartz ba
11,000 PMTs

et (3.1 GeV)

g

Silicon Vertex
Tracker

5 double-sided
layers

Drift Chamber
40 layers

Instrumented Flux Return
18-19 layers

3.1 GeV et and 9 GeV e beams

| Ldt~433 fb1@Y(4S), 550 fb-! total (Off, Y(ns))
~470 M BE, all used in analyses shown here

BYBY (coherent state) , or B*B~ with By~0.5

Belle experiment
KEKB, KEK, Japan

Lo
BELLE

Aerogel Cherenkov cnt,
n=1.015~1.030

SC solenoid ;’5
157 TN

Csi(TY) 16X,

TOF counter
8GeV ¢

=~ ;l;racking + dEldx
¥ Lsmial cell + He/C,H,

p ! K, detection

§ LN
Si vix. det, s 14/15 lyr. RPC+Fe

3 1yr. DSSD

3.5 GeV e* and 8 GeV e beams

711 fb1@Y(4S), > 1 ab! total (Off, Y(ns))
~772 M BE, 535 M BB used in CPT analysis
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Analyses methods

Time dependent measurement
[ Az # 200 (Belle) - 250 (BABAR) um \

B -~ Az=AtyBc ?_2)
Coherent B’ B B,

10
. BY
production _ .
“7 : cCs CP eigenstate (J/'¥ K'))

* * Flavor tag:
B>Dr*, D" nf, D" p*, D" It v,
=0 * Rare KKK decay
B*ta
\ g (e ) /
eKinematical identification with

o Mgs = VE,,0m'2 — Pg*? (Beam energy substituted mass)

¢ Reconstructed B°

e AE=E";-E" (Energy difference)

beam

eEvent-shape variables combined in a neural network or Fisher discriminant to suppress

jet-like continuum events >
‘Spherical’ -lik -
BR Jet-like qq a4




Direct observation of time reversal violation (1)

0 A

E fep
Mixiny
B 0

Af
CP

If CPT is true, T violation is
expected as CP violation is
observed in the interference
between decay with/without B°
mixing. But it had never been
measured before.

First direct observation of T
violation ! with also CP and CPT
measurements.

- Fer

CP final state

Events / 2 MeV/c?

Preliminary result, shown for the first time at FPCP (last week), by
Pablo Villanueva-Pérez

First direct observation of Time Reversal Violation, in any system.

vcb

b

Iy, w(29), 1
BO
d

\ A<

d

Projects CP odd B. Projects CP even B,

a) E 1000-b) A
2000 0 =~ '
B — J/yK? <y
B — y(2S)K’ = B — J/yK’
Boy KO - -
1000 Keps s . 5813 events
I ity ~CAO
- 7796 events ”ty- 56%
| Purity: ~87-96% S
0 0 ,
52 522 524 526 528 0 20 40 60

mg (GeV/c?) AE (MeV)

BABAR Preliminary ’



Direct observation of time reversal violation (2)

EPR entanglement from Y(45)

|i)=—= [Bo(t1)BO(t2) B°(t1)B(t;)]
= ﬁ |B4+(t1)B_(t;) — B_(t1)B(t3)]

Final state (X, Y), one Bor B?, and one

Reference (X,Y) ‘
B°->B, I /P K,
B°->B I, /P K,
B'->B, I+, J/¥ K,
B'->B I, J/¥ K

Semileptonic decay projects:
BO with I, B with |~
JJWK; projects CP even B, = \/—1_ [BY +

/WK projects CP odd B_=—[B° —

o]l

]
]

oo

\/_

CP state B or B_, with decay time t,<t,
/
T transformed (X,Y)

B,-B° J/¥K, I}
B_-B° J/¥K,, I
B,—-B" J/¥K, I
B_-BY JJ¥YK_, I

4 independent T comparisons (as 4 CP and 4 CPT comparisons)

T implies comparison of :
1. Opposite At sign.

2. Different reco states (J/WK. vs. J/WK)).

3. Opposite tag states (B® vs B ).




Direct observation of time reversal violation (3)

Signal model Assumes AI' ;=0 but does NOT assume CPT
(for perfect time reconstruction: formula needs to be corrected for time resolution)

)+, cos(Am, |1, )}

CZE{BUJEO}; /;E{K_S'JKL} |At=tCP_tflav|

g 5 (o) € e HI+ST 5 sin(Am, |1

‘True

The signal model has & different sets of S, C parameters

2 At (At > 0,At < 0) | X| 2 flav (B°,B%) | X | 2 CP (K K;)

To be compared to the usual CPV studies : one single set

g, 5(Ar) e 1A + (17,5 sin(Am,Ar) + C cos(Am,Ar)]}  Assumes AT =0 and CPT
In SM and CKM formalism: S ~ sin 2[3 (BABAR) = sin 2¢,(Belle) ~ 0.7

Fit Method:
1. Simultaneous ML fit to B°, B, ccK, and J/YK, for At >0 and At <0 events.

2. Obtain the 8 sets of S, C parameters, and from these, we define T, CP and CPT
violating parameters AS, AC. .



Direct observation of time reversal violation (4)

lllustrative : 4 independent T violating asymmetries
Include experimental reconstruction effects.

Neglecting reconstruction effects : A; = % [ASTisin(Am |At]) + AC;*cos(Am IAtI)]

BABAR Preliminary

=

< 05
0

-0.5

.............

= [b)
< o5+
O#ﬁ% ......................... J-—]= = = = No T violation
i Experimental
o data
0 2 4 6 8
At (ps)
0
Jos—d) B_—-B
of O qL %,k
osf PR
8 0 2 4 6 8 ‘
At (ps)



Direct observation of time reversal violation (5)

BABAR Preliminary
-2 In AL scan with systematics included

+ | = : —

j‘ / \\ \\ \‘\ \“ “‘ rn b" iﬁ / \
\" ) )
. S o=

=

0.5~
e ~
-1 1 0 I .
« T violation observed ! ASt

* Due to CP violation in the
interference between the decay
with/wo B mixing (AS #0), but not
directly in the decay (AC consistent
with 0).

* No CPT violation seen

T violation seen with 14 ¢ significance
CP violation seen with 16.6 o significance
No CPT violation: 0.33 o significance

BABAR Preliminary

Parameter Result
A =8 Kt ~ Six ko | L1371 £0.14£0.06
[as; =S x oK ~ Sirx Ko 117 £0.18 & 0.11]
ACt =Cy x jyuk0 — Clixary | 010 £0.16 +0.08
ACr =Cly yjury — Crixoro | 004£0.16£0.08
AS&p =S zxo — Sfix.axo | —1:30£0.10£0.07
[&S{;p =Sy — Srixge | 13340124 D.DG]
ACLp = C” « ko = Cli x czio 0.07 = 0.09 £ 0.03
ACop = Cp x exo — Cri x,coi0 0.08 £0.10 £ 0.04
ASEpr = Siix.0/w KO Sy X,coxg | 016 £0.20 +0.09
AScpr =S x.5/u k0 ~ Spix o |~0-03£0.13+0.06
ACpr =Cplix /4 Ko~ o x,xo | 015£0.17+0.07
ACcpr = Cix yyyi0 — Covx,cenco | 003 £0.14£0.08




Search for time dependent CPT violation (1) @ 2

— BELLE
PRD 85, 071105(R) (2012) 535 M BB

Measurement of CPT violating z parameter and A’ /T
Im(z) and /or Re (z) # 0 <= CPT violation in BY — B? mixing
Mass eigenstates:

|B,) = pV1—2|B% +q+1+z|B°) AT =T, -T,
|By) =pV1+2z|B%-qV1—2|B°) I,=(,+T)/2

Flavor tag one B meson using semileptonic decay and reconstruct second B meson
into CP or flavor final states:

* c¢Cs CP eigenstates : J/¥ K%

* Flavor state : BO>D =, D" ", D" p*, D™~ I* v,

Previous BABAR and Belle measurements use dilepton events (2 semileptonic decays).
Most precise previous measurement from BABAR with 232 M BB :

« Search for T, CP, and CPT violation in B Bmixing with inclusive Dilepton events »
PRL 96, 251802 (2006).

This new Belle measurement improves the overall precision by factors of 1.3 to 2.0

for all parameters. y



Search for time dependent CPT violation (2) %

BELLE
At distribution with CP and CPT violation, applies to any neutral B decay

I‘d -
P(At, frec frag) = S Caldt] o

a,|?+ |a_|? AT AT a,|? —|a_|?
a4l 2| | costhAt—Re(a+a_*)sinthAt+l +| 2| |

cos AmyAt — Im(a,a_") sin AmdAt]

a,= AtagArec _AtagArec;

_=V1—2z? (BAtagArec - Q/Ttaggrec)"' 4 (/TtagArec + Atag/Trec

Atag= (ftangdlB ) Atag <ftag|Hd|Bo) rec (freclHdlBO); Arec = <frec|Hd|§O>;

Simultaneous ML fit of At distributions for different decay modes to extract main
physics parameters Re (z), Im (z), AT"4/T"y and g0, T+, Amy, | Acp|,arg(AceNcp)

With 7‘CP A((BO_)];_ZP)) and Im (T]Cp ch)Nsin(Z(I)l):sin(ZB)

B,.. decay modes Sensitive mainly to

] /1/)1(2 (7,713) ]/lng (10,966) Re(z) and AI'y/T,

D-mt (39,366); D*~ ™ (46,292) Im (2)
D*~p* (45,913) ; D*~ I*v; (383,818)

11




Search for time dependent CPT violation (3) ¢ 2>

-

Re(z) = [+1.943.7(stat) + 3.3(syst)] x 1072 BELLE
Im(z) = [=5.7 4+ 3.3(stat) + 3.3(syst)] x 107, PRD 85, 071105(R) (2012)
ATy /Tq = :—1.7i1.8(stat)i 1.1(syst)] x 1072, CP asymmetries

(@) B0— JyKD decay (b) BO— KykD decay

Consistent with zero

— Mominal fit
04F
— Re{z)= +0.23

M i
AT

— Mominal fit
D4F
|- Re{z) = +0_28

ozr +
(1 JI_-I.-_IL_-I'_|__|=++-!-I |

Systematic errors

Deviation of asymmetries
(=]

s

———
Deviation of asymmetries

=]

Source diRe(z)) dIm(=z)) HAT;/Ty) [
Vertex reconstruction 0. 008 (.002% 0.009 oal 04
HMd-resclution function 0.003 (.0004 0.002 —:El _:4 5 2 4 ,'3 '_',3 _'.‘ _'2 0 2' 4 é
Tag-side interference 0.028 0.0006 0.001 At [PS] At [ps]
CSD effect 0.004 0.0008 0.003 P i S d ite fl
R T : . asymmertr ame ana opposite riavor
Fit bias 0.012  0.0013 0.005 & A Y e D CHOPPOSILE 2
Signal fraction 0.004 0.0002 0.002 02 :
_ _ - . 4 — Mominal fit @ npalk— Nn:!rr!nal fit
Background At shape 0.005 0.0001 0.002 = ~ Imiz) = -0.03 'E - Arm=-0.18
Others 0.001 < 0.0001 0002 g £ ooel
Total 0.033 0.0033 0.011 E e = | _|,._|__|_ l
= - - o = a T 'r‘ _!-I
: pinfE i A
= 2004
'E 0.1 _E |
o BS-o0sf
R R R R R R 6 4 20 2 4 8

At [ps] At [ps] |,
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Modes dominated by penguin diagram : sensitive to new physics

Related to measurement of sin(2[3.¢)

Study of Dalitz plot structure : also look for controversial resonance f, (1500),
wide structure in K*K- mass seen in past B®>K% K* K~ and B*->K* K* K- BABAR and
Belle measurements. Found unnecessary according to new analyses shown here.

1) B2%->K% K% KO

PRD 85, 054023 (2012)

« Amplitude analysis and measurement of the time-dependent CP asymmetry »
* First results on Dalitz plot structure in this final state (time integrated)

 |Improved measurement of time CP-violation parameters in this decay.

2) BO>KO% K*K-, B*»K% K% K* , B*>K* K* K"
arXiv:1201.5897v2 [hep-ex] Accepted by PRD
« Study of CP violation in Dalitz plot analyses»

* First ever Dalitz plot of B*->K% K% K* .



PRD 85, 054023 (2012) BO% KOS KOS KOS

CP eigenstate so CPV study possible without looking at Dalitz plot
3K% »mntn~or (2K% > ntr~and1K% - nxnY)
Fit finds 200 + 15 signal events among 505 candidates

Time Dependent CP analysis : CP conservation excluded at 3.8 ¢

First evidence for CPV in this mode BABAR B? - ccK™ Value

-2 A Ln Likelihood Scan
w5

N

S|n(ZBeff)

0.24 :
—0.94 7557, T
0.17 £+ 0.18

0.5

A5 /-1 0.5 0

Physical boundary 14




N(sig) ~ 5300 N(sig) ~ 600 N(sig) ~ 1400

Bt - K+K°SK° B* K+K°SK° B? - K+K K
< BT T E s MR B e e [
< | ” BABAR _ g BABAR - BAB.AR.
Q‘i 20: Ifrjellmlnary—: Preliminary Preliminary |
2 1 2% ] ]
€ I ' ;
10_ 4 7] : ] _|
| | o -
5 B C ]
I ] 2;_ _
¢ m - Tow (GeVch mzKSKS (GeV?/ch m2.. (GeV/c?)
BABAR Preliminary l
B*>¢K* : Ap=(12.8 +4.4 +1.3)% ; zero
excluded at 2.8 o, SM predicts ~(0-4.7)% B>0¢K, : (charmonium $=21.4 + 0.8 deg)
PR S'gnallwel'lghFlel(jl plot S Component Bort (deg) Acp(= —-C) (%)
2 b JT’ +B+ O(1020)Ka | 214642 5+ 1845
f 100 LB E Jo [E}SU)I{g 18+£6x4 —28+244+9
g o DABAR # E Other 203+434+12 —2+9+3
s "'F  Preliminary + i
% ZE: : arXiv:1201.5897v2 [hep-ex] Accepted by PRD
4 sk $ # . E BABAR Preliminary
. fﬁﬁtﬂiﬂ;i Hﬁﬂiﬁ-ﬂ&

i T I AR [EEETEN T B
095 0T Lol 102 103 Lod 105 106 15

2

My o (GEVICT)



A" Nep SIN(2B)xsin(AmAL)

sin(2f")

= sin(20}"

Meriond 2012

®KO clean theoretically

New results shown in this talk

K% K% K% clean theoretically

BABAR Preliminary

PRELIMINARY
b—ccs World Average ‘ ‘ M i " 0.68 £ 0.02
3 T BaBar T e 066£0.1740.07
' b +0.09
< Belle ' 0.80 Tos
= Ave rage i : 0.74 *311
- BaBar Y ' 0.57 £0.08 £0.02
x Belle ' 0.64+0.10+0.04
= Average i 0.59 + 0.07
> ¥ BaBar : ; 04 021 £ 0.06
v Belle —de———— || ; 0.30+0.32+0.08
o Average i el 0722019
- BaBar ! *> ' 0.55+0.20 + 0.03
X Belle E . 0.67 +0.31+0.08
S Average i b—dhepd L 0574017
., BaBar 5 0.35 9% 10,06 + 0.03
X Belle - n.a4*8;_§_nng+nm
.S Average i e 054703
- BaBar 5 _— 055 "335 + 0.02
x Belle L o* i 0.11+0.46 £ 0.07
S Average ! 4 : 0.45+0.24
T TBaBar UUE T e T Ta e
v +0.16
xﬂ Belle H 0.63 Tqqa
| T Average i . L 0890
x 2 BaBar I : 0.65+0.1240.03
Y Belle : v 0.76 '3 1
e L Average : - : Gss*m
< Average . . ; . 0.68+0.07
: g i i a i i
-0.8 0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
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Very sensitive to new physics

Study of B— KOI*I- decays  Preliminary

arXiv:1204:3933v1 [hep-ex] submitted to PRD

A ! 1" + o + + - + - + o+
4 Ke'e Kee, Kuy, Kuu,
o K (—Knr)ee, K'(—K r)e e,
b ht 5 b : s s
FlagaaT sk _ s _ _
v K" (=K )u'y, K'(—K)u'u
7 7 7 7 _
Y BABAR 471 M BB Measurements versus s in good agreement
Preliminary _ with SM and with Belle, CDF, LHCb:
o Belle 657 M BB . : :
PRL 103, 171801 (2009) * Partial Branching Fractions vt =ée, utu
< e J v w(2s) * CP asymmetries | s=(m,,,)
1 E * Lepton Flavor ratio
Ktt ZS‘_ e
p3 ‘% E AK(*) _ BB K™%t )= B(BT =Kt
15 E I — B(BO—=K®0+i—)+r B(BTt =K +iti—)
< E . .
15- o 5 Isospin asymmetry: at low dilepton masses,
1= —1 A . . . .
- 05- | %L E isospin asymmetries are negative as seen by
K&t "g;@: | —#F — Belle, the combined BABAR/Belle K(*)¢+¢-
e B B - result indicates ~3o effect 17

20
s (GeVglc“)




Conclusions

* First direct observation of time reversal violation, in any system.

T violation observed with a 14 o significance (BABAR preliminary, paper to be submitted
soon) due to CP violation in the interference (B° decay with/wo mixing). Different from
CPLEAR - Physics Letters B 444 (1998) 43 - for which T and CP violation in K°Kmixing can not
be distinguished. No hint of CPT violation, that can be measured as well.

* New search for time-dependent CPT violation published by Belle. Most accurate
measurement of CPT violating z parameter in B B® mixing and Al',/T",, all consistent
with zero.

* Recent BABAR (preliminary and published) results on rare b—>s penguin decays to
search for new physics.

— Analyses of B* and B® - K K K decays over the Dalitz plot, and time dependent CP
violation measurements.

* First evidence of time-dependent CP Violation in BO—-KO KO KO
* Most precise measurement of B (pK.) = ¢,°" (PK;) = 211612 degrees
* Indication of direct CP violation in B*->¢K* at 2.8 &, larger than SM prediction.

— Analysis of the electroweak penguin decays B> KI*I-. No new physics observed.
18
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Entangled

‘ prO]ects
Y(4S

BoﬁTag tz\

By ~ 0.56 (BABAR) ﬂ
~0.43 (Belle)

Inclusive B
meson flavor
Identification

projects \

Entangled

projects

/‘B_

[ltis NOT H o
—| J/y || the exchange B _T to /
. —1ag b
L< %
KL Time
reconstruction .
: projects
Exclusive B-meson
reconstruction B°

B

+

At BO

20



-2

Significance of T violation only stat.

. _ . T invariance CFP invariance L'_F'T invariance
. We obtain the likelihood value of ASt =0 ASH, =0 ASt =0
the fit to S. C for the 8 mdependent AST =0 ASCe =0 ASSep =0
samples (Standard Fit). ASE, = ASfpy | AST = ASdpy | AST = ASH,
: ASgp = ASgpy |AST = AScpr | ASy = ASqp
. We repeat the fit. reassembling the S = | =
. _ = ACE =0 ACE, =0 AChr = 0
parameters hgn T—f:ml_]ugated processes. ACE =0 ACE, =0 AC—. =0
to forbid T violation. ACE, = ACE+|ACE = ACE | ACE = ACE,

1gni iolati ACgp = ACspr|ACGs = ACssr| ACs = ACS:
Significance of T violation ) apr | ACT Bea = :

evaluated from the difference of the likelithood values.

Raw asymmetries and fit projections can be now plotted in the standard way.
2

ﬁZ - _2(]11 L;“\-’a_f _Tiolation ]1] L )

Av =8
CP. and CPT significance is evaluated similarly.

Using Gaussian approximation, we evaluate the change of likelihood in 1o systematic

vananon. mf =—2[InL(g,.0,) - L(p,)]/s .

sfaf, j

We take the 111ax{111f} and we devide our significace (s2) by (1+ max {111]-2})




Signal model description

* General Signal PDF for the 8 intensities Atirue = tep — trlav
gi,,ﬁ'(rwej * E_Tlfl{l + S;.E Siﬂ(ﬂjﬂd | rj‘rm? )+ (‘-T;,F Cﬂﬂ(ﬂ]ﬂd | 'fz'me D} i ,'"'u
ad:
Hﬂ':,ﬂ(’ﬂﬂ o« g;:ﬁ(‘ﬂrwe)xH{‘ﬁfWe) ®m(5!"!5.’5) o E ‘—;—;—/II \\.—n—.
+g;.ﬁimwe)xH{_'ﬂfrrw)@m(m;gﬁr} - E: f\
__}‘ I-E II I|
where - |

H(At)= Heaviside function
oe{B° B°Y; pe{k., K;} R(6t 0, ) = resolution function

* The signal model has § different sets of S. C parameters

2At (At = 0,At < 0) | X| 2 flav (B°B%) | X | 2 CP(K.K;)

it |

* To be compared to the usual CPV studies: 1 single set r

g (Ah«ce” M6+ [7,S sin(Am,Ar) + C cos(Am;AN]} —> E ."

Assumes CPT and AT =0 e




(AS*, AC*) parameters

10 : = 3 : 105

' " 5 . X z g ) * ; - + gl
08, ASern AC ey i SeoxeCooks 4 Seoks Cmoks i BSTcerACTcpm
P B, B,—= 8% t \ BO—sp | = e ¢

o CPT i ) CPT /

'
02
.
!

=
|

i -

| s NTEHTETEY INTRTRETETETE AL A L
o L 30 =15 -2 -15 ~-1.0 -03

L R R L R L L L L R R ] LR L L R LR . AR L LR L L L R R LR AL L R L AL AL L A L L L

CP T

i 10;
OS"cp ACT, | AS*,ACSY;

; : 6 : l
05| \ B°—B, 5o b B—B° i g

14 : " pal % : 04+

Wl RN

05 L3 15 20 25 10 ‘ X ;3 ’ : ¥ B -30 =28 -2 -18 -40 -03

I/ KL 1/ KS I KL
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Systematic uncertainties

o5,

mislD flavour

At resolution function

Qutlier’s scale factor

Mg parameters

AE parameters

K; systematics

Differences between Bepand Bfigy
Background effects

Uncertainty on fit bias from MC
Detector and vertexing effects.
ATl' # 0 effects

External physics parameters
Normalization effects

Total Systematics

0.019
0.02
0.012
0.012
0.017
0.03
0.02
0.03
0.010
0.011
0.004
0.005
0.012
0.06

0.019
0.05
-0.013
0.0018
0.017
0.03
0.02
0.04
0.08
0.04
0.003
0.006
0.009
0.11
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CPLEAR - Physics Letters B 444 (1998) 43 - used K — K° versus K° = K°, soCP and T are
experimentally identical since CP[K? - K°]=K? - K’ =T [K? - K?°]

Same as measurements of |g/p| with dileptons (flavor oscillations), i.e. |g/p| isa CPand T

violating parameter (in the B’ B®mixing), so we cannot conclude from it if the effect is T or
CP, or both.

« Mixing TRV searches  Interference TRV searches
K~ K — > K>~ K’ deca
B° — B° B° — B° mixing y
> fop
decay A
K° - K° K° - K° : fer
_ ) o il i L
57— B 5" -8B CPV time dependent (TD) studies:
We cannot distinguish CP and T. * There are no exchanges t «» —t and
Not a DIRECT observation of TRV lin >« |out >.

«  Assumes CPT mnvariance and AI' = 0.

25



Dalitz plot analysis

A= A(B— KKK:mj, moy) = Zr.’.},f':ll.[.fﬂlj,fﬂljt]
J

-
i

N ptlei+o;) :
ci(1+40;)c | .f ’ F; are resonant or nonresonant lineshapes:
13 ci(1—by )e (@545 relativistic Breit-Wigner, spin-factors, etc.

=
|

From isobar coefficients can derive: partial branching
fractions, Acp (= -2b/(1+b2) ), Bes (= B + 5 ), etc.

BABAR ; N(sig) ~ 1400
Preliminary BO N K+K_KOS

me - (GeV*/c?h) 26



B’ — K?K?K? Amplitude Analysis

.. . ) Mode Parameter
e Significance estimated from change in (080)K FF T
log-likelihood when the magnitude of ™ '*° R
- : Phase [rad]  0.00+ 0.16
each resonance’s amplitude is set to 0 1ase frad] 0= 0.16
Significance |o) 3.0
e The fit fractions (FF) indicate a high fo(ITINKD FF o7 00T
degree of destructive interference Phase [rad]  1.1140.23
— Significance o] 3.3
A2+ | A;|%) dsyads
FF,; = JJ (14 |_~‘| ) ds12dszs F2(2010) K2 FF 0.09 +448
2 2
I (JAR + |AJ]?) dsiads2s Phase [rad]  2.50 % 0.20
Significance (o] 3.3
® Inclusive branching fraction consistent " — @
. - — 1.4
with PDG Fhase [rad)] (.0
Mode B %107 Significance o] 8.0
. : n b gorild 00 p
Inclusive BY — KoKGR; @-:I_:f}.ﬂ +0.15 :EF_IE) okl FR 0.07 Ho04
Fo(980)KS,  fo(980) — KK 2T E04=12 Phase [rad]  0.63 + 0.47 -
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o B - KTK K1 Results:

Decay mode [B(B" — K"K K1) = FF; (107%) Acp (%) Ag; (deg)
G(1020) K 1.48 +0.2270 3 CI2.8 4.4+ 1323 + 131}
fo(O80) K+ 04+1.6+28 —BE8+d4 9ET+6
Ffo(1500) K+ 0.74 £ 0,18 £ 0.52

Jal1525 K7 0.69 £ 0.16 £ 0,13 14+10+4 —-2+6x3
fo(1TINKT 1.12 £ 0.25 £ 0.50

Xen KT 1.12 £ 0.15 £ 0.D6 —-4+13+2
NR 22E5E27L76 G.0+£444+19 0 (fixed)
NR (S-wave) 529 £ 27

NR [P-wave) 2479 £ 27

BT — KKK Results:

Decay mode |B(BT — KSKOK ™) x FF; (1079)
Jo(980) K" 147+ 284+ 1.8
Jo(1500) K 0.42 +£0.22 + 0.58
f3(1525) K+ 0.61 +0.2175 12
fo(1TI0) K™ 04870355 £ 0.11
o KT 0.53 +0.10 + 0.04

o B . KTK~K? Results: NR (S-wave) 198+ 3.7+ 2.5

Decay mode |B(B" — K™K~ K") x FF; (107°)

H(1020) K" 3.48 + 0.28707)
fo(980)K° 7.0028 £ 24
1.8
fo(1500) K 057707 £ 0.12
f3(1525) K" 01315 % £ 0.16
fo(1710) K 44407405
Yeo " 0.90 & (.18 + 0.06
NR 334+549
NR (S-wave) 30+5+8
NR (P-wave) 3.1 +0.74+04 28




