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Time-dependent Dalitz Amplitude

Quasi-2-body approach to 3-body decays is limited
Other resonances may interfere with signal
Precise study can be performed with time-dependent Dalitz plot fit

The time-dependent decay rate is given by

€—|At|/TBo

[A(At, q)|* = (|A]* +1A]*) — q(|A[* — |A]*) cos AmgAt

47’30

+2q¢3(AA™) sin AmgAt

where A(A) is the Lorentz-invariant amplitude of BY(B°)
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Time-dependent Dalitz Amplitude

In the isobar approximation, the total amplitude is written as sum of decay channels,

A(s4,5_) = ZaiFi(s+, s ), A(s_,sy)= ZC_LZ'FZ'(S_, Sy)
i i
The Dalitz plot variables are defined as the invariant squared masses
s+ = (p+ + po)°

where p _ o is the daughter 4-momentum

a,; are complex coefficients describing the relative magnitude and phase between decay channels
a; = a;(1 4 ¢;)e!bitdi) for A, a; = a;(1 — ¢;)e’bi=%) for A
For C'P eigenstates and some resonance, 1,

Caal? = lai® =2

Acp(i) =3, 61 ()=4d

TPl T 1

Note that A¢ p () must lie in physical region
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Time-dependent Dalitz Amplitude

Fi<8_|_, S_) are the Dalitz-dependent amplitudes for each decay channel

Expand in terms of invariant mass and angular distribution probabilities

Fi(s4,5-) = X;"(p7) x Xi(@) x Z;7(0.4) x Ri(s4,5-)

p and ¢ are momenta of bachelor and one resonance daughter in the resonance frame

L is the orbital angular momentum between the resonance and the bachelor

X ZL are the Blatt-Weisskopf barrier factors

Z¥ (P, q) is the angular distribution where
205.9) =1
Z; (P, Q) = —4p- q
Z(0.4) = 3130 9)* — (Ip1]d1)?]

R;(s1,s_) are the Dalitz lineshapes
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Decay Amplitude

Resonance BaBar Form Factor Belle Form Factor C'P Eigenvalue
K**+(892) RBW RBW
K+ (1430) LASS RBW
PP (770) GS GS -1
f0(980) Flatté Flatté 1
f2(1270) RBW RBW 1
fx (1300) RBW RBW 1
(K¢mt)Nprm™ Flat e—as” 1
(K¢m™ )Nrmt Flat e~ 1
(77" )NR K2 Flat em s’ 1

Belle: f2(1270), fx (1300) and the non-resonant component share common C'P parameters
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Events/(0.93MeV/c2)

BaBar

BY — K%W+7T_ Signal Yield

Based on 383 x 10 BB pairs

Peaking charm background modelled

Described with mgg, AE and NN
Signal yield: 2172 4= 70 events
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BY — K 7t Signal Yield

Belle
Based on 657 x 10 BB pairs
Peaking charm background vetoed
Described with AE
Signal yield: 1944 4 98 events
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B ks K 777 Fit Results

0
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Bt ey Kgﬂ+7r_ Fit Results

BaBar

=

— —0.02 £ 0.27 £ 0.08 £ 0.06
= (18.5792 +2.5+3.0)°
—0.35 £ 0.27 + 0.07 + 0.04
— (44.57100 +£2.5+4.0)°
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The first error is statistical, the second systematic, the third the model uncertainty
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B ks K 777 Fit Results

BaBar

Calculate Sgp( ) for some resonance, 1, restricted to the physical region

2ncpSS(a;a;)
;] + |a;|?

(fO(QSO)K ) close to 45° ~» non-Gaussian errors on S¢ p

Scp(i) =

0
T (fo(980)Kg) Scp(fo(980)Ky)

N, 25— — § 25T q
N es. 6+2223’f CL > 32% i/ - — .. 94+0 09 | >3206 .
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Measurements of qbﬁff from Time-dependent Dalitz Plot Analyses



B ks K 777 Fit Results

Belle f0(980) K2
Signal yield extraction gives signal ~ 30 ~
e F Q SOTAFOTags
probability for time-dependent DP fit g 22 g
<0 - S S
© 300 8 1 i
> 250} o~
O 200f
B 150 2 o 2 09
C b : v 0.8;:
o o o
S 100 4 T Iy s
~ 50 4 gl T T 5 a2 I
(2B i e “ 05 z o8
C 0" . B o8 08"
q>) O 05 1 15 2 25 3 35 4 45 5 -1_6_4_2024“?[)5) 1 '6'4'2024A?)
t (ps
1] m (Tt Tt) (GeV/c?d)
Dark grey: qq, Light grey: qq + BB Blue curve: BY tags Red curve: B tags
Signal enhanced Green: Background

Measurements of qbﬁff from Time-dependent Dalitz Plot Analyses



Bt ey K%W+7T_ Fit Results

Belle

Solution 1: f(K ;7 (1430)7~) = (61.7 £ 10.4)%

Acp(p*(TT0)KY) = 40.03792% 4 0.11 £ 0.10

oSt (P2 (TT0)K2) = (20.0753¢ £3.243.5)°
Acp(fo(980)K2) = —0.0670 17 £0.07 4 0.09

F(fo(980)K2) = (12.7782 £ 2.8 +3.3)°

Solution 2: f(K;T(1430)7~) = (17.4 £ 5.0)%

Acp(p?(TT0)K2) = —0.167921 +0.12 4 0.10

oSE (PP (TTOKY) = (228772 £3.3+3.5)°
Acp(fo(980)K3) = +0.007017 +0.06 £ 0.09

F(fo(980)K2) = (14.8773 +£2.7+3.3)°

The first error is statistical, the second systematic, the third the model uncertainty
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B ks K 777 Fit Results

Likelihood for Solution 2 is slightly better but not significantly
p0(770) K fo(980) K

-20 -10 0 10 20 30 40 50 60 -20 -10 0 10 20 30 40 50 60
(peff (peff
1 1
Blue: Solution 1, Red: Solution 2
Phase shift of total A — 7 S-wave amplitude compared with LASS may favour Solution 1

LASS Collaboration, D. Aston et al., Nucl. Phys. B 296, 493 (1988)

We do not rule out any solution
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BY — K 7tTT Summary

T 10 KSACP(sz)ﬁ T 10 KSACP(f KS)%

PRELIMINARY PRELIMINARY
BaBar * -0.0p +0.27 £ 0.08 + 0.06 BaBar N w § 0.35+0.27 +0.07 + 0.04
I H ™ I T U b
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BY —, K%K+K_ Decay Amplitude

Resonance BaBar Form Factor Belle Form Factor (' P Eigenvalue
f0(980) Flatté Flatté 1
$(1020) RBW RBW -1

fx (1500) RBW RBW 1

Xc0 RBW RBW 1
(K0K+)NRK— emas” emas” 1
(KoK~ )NrRKT e s 0 1
(K™K )Nr K e s’ e’ 1

Belle: fX(15OO), X 0 and the non-resonant component share common C' P parameters
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BY — K{KTK™ signal Yield
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BY — K{KTK™ signal Yield

Belle
Based on 657 x 10°% BB pairs
Peaking charm background vetoed
Described with M., AE
Signal yield: 1269 & 51 events

eeeeee
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BY — KUK K™ FitResults

BaBar

Time-dependent DP fit and signal yield

extraction performed simultaneously

Common C' P parameters for whole DP
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Fit Results

BaBar
n B I T

Time-dependent DP fit to low mass, § S0 BABAR -
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BY — KUK K™ FitResults

BaBar
Acp(fo(980)K2) = +0.01 £ 0.26 & 0.07
oS (fo(980)K2) = (8.6 T7.4+1.7)°
Acp($(1020)K2) = +0.14+0.19 4 0.02
M(p(1020)K3) = (74+£744+1.1)°
DP f0(980) K2 $(1020) K¢
0270 55 0 06 08 1 12 14 Ts 1 RIS WY T - ot -
Measurements of qbﬁﬂ: from Time-dependent Dalitz Plot Analyses



BY — KKK~ FitResults

Belle

Decay Mode Fractions (Sum may be > 100%)

Decay Mode S1(%) s2(%) sS3(%) s4(%)
£0(980) K% 18.4 15.3 31.0 31.2
gb(lOZO)Kg 15.9 16.3 16.3 16.5
fx (1500) K2 5.2 50.2 64.3 6.1
X c0 Kg 4.1 3.8 4.1 4.4
NR 83.5 67.1 58.9 58.4

—log L 8079.9 8063.9 8066.3 8067.1

Source is interference between two S-wave amplitudes
2 solutions from interference between f(980) and NR

2 solutions from interference between fx (1500) and NR
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BY — KUK K™ FitResults

Belle
Cannot distinguish from log £

External information from BY — ng+7r_ might help

If fx(1500) = fo(1500) for B — KZKTK™~ and B — K¢ntn
B(fo(1500) =717 7)
B(fo(1500) KT K )

Solution with low fx (1500) K fraction preferred

Calculate and compare with PDG

Observation of f3(980) signalin B — K2rtn

B(fo(980)—nT7 ™)
B(fo(980)—ntn—)+B(fo(980)—=K+TK—)

Solution with low fo(980) K2 fraction preferred

Calculate and compare with PDG

Solution 1 is preferred
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BY — KUK K™ FitResults

Belle

Solution C' P Parameter Fit Result
1 #57 (fo(980) K Q) (28.2%975)°
#$7 (6(1020)K3) (21.2755)°

2 #57(fo(980) K Q) (64.17575)°
#57T (6(1020)K) (62.1753)°

3 #57(fo(980) K Q) (61.57573)°
#5T (¢(1020) KY) (65.175:7)°

4 #5T(fo(980) K Q) (36.975%)°
¢ (¢(1020) KY) (44.97136)°
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BY — KUK K™ FitResults

Belle

Solution 1

Acp(fo(980)KY) = —0.02+0.34 + 0.08 + 0.09
ST (fo(980)KS) = (28.2798 +2.042.0)°
Acp(#(1020)K2) = 40.317752 4 0.04 4 0.09
F(p(1020)K2) = (21.2798, £2.0 +2.0)°

The first error is statistical, the second systematic, the third the model uncertainty
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BY — K%KIK_ Summary
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BY —

ng+7r

Summary

No evidence for direct C' P violation

Indirect C' P consistent with b — ccs

BY — KOK+K-

No evidence for direct C' P violation

Indirect C' P consistent with b — ccs

p K S SCP CKM2008 fO K S SCP ‘ CKM2008 (P K SCP CKM2008
PRELIMINARY PRELIMINARY PRELIMINARY
BaBar K 0.6] 107 0094008 BaBar R o 0s4%E BaBar | B 0.26£026:4003
[ X | 1 R | —1
arxiv:0708.2097 CKM2008 preliminaly arXiv:080fB.07OO
+0.19 +0.16
Belle H " o.=64l_0,25i0.09¢0.1o Belle | n I 0.60 31 Belle » X 087%%
o i i m " '
CKM2008 preliminary CKM2008 preliminaly ICHEP 2408 preliminafy
4017 4011
Average I 063 077 Average I 062 %573 Average : 044701
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C s . R R . , , HFAG s
0.2 04 0.6 0.8 1 03 04 05 06 07 08 09 1 . H . . " . .
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Previous Results

Belle
B® — $(1020)K?
Acp(6$(1020)K9) = +0.07 £ 0.15 (stat) £ 0.05 (syst)
Scp(#(1020)K2) = +0.50 £+ 0.21 (stat) + 0.06 (syst)
B® — £,(980) K9

Acp(fo(980)KJ) = —0.15 £+ 0.15 (stat) + 0.07 (syst)
Scp(fo(980)K2) = 0.18 + 0.23 (stat) + 0.11 (syst)
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Measurements of qﬁﬁﬂ: from Time-dependent Dalitz Plot Analyses
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Measurements of qbﬁff from Time-dependent Dalitz Plot Analyses
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Measurements of qbﬁﬂ: from Time-dependent Dalitz Plot Analyses



