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INTRODUCTION




D MESON DECAYS

* D mesons decay dominantly (~84%) into hadronic final
states, 3/4 of which are two-body modes.

I 2

Mode BR
PP ~ 10% —most dominant ones
VP ~ 28%
VvV ~ 10%
SP ~ 4.2%
AP ~ 10%
TP ~ 0.3%

2-body ~ 63% P: pseudoscalar meson

- V:vector meson
hadronic ~ 84% .
A: axial vector meson

semileptonic  ~ 16% T: tensor meson




PECULIARITIES OF CHARM SYSTEMS

E 4
eyl good |/mqg fgood (s
- expansion jexpansion
I HQET [T S PQCD
murky region
GV IS S e
good p/Ay
expansion
0. GeV -~ e XPT

e Many resonances around
w nonperturbative rescattering effects kicking in

e Flavor SU(3) symmetry for decays to light mesons

e Good realm to test all these approaches
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PURPOSES OF THIS WORK

- Improve the analysis of Acp’s in D = PP decays.
- Use updated input data.

- Consider uncertainties in penguin exchange diagrams with
final-state rescattering that were not done in 2012.

- Check whether new physics is still needed.

- Extend our study to Acp’s in D = VP decays.

- We focused only on neutral charmed mesons before, for there
was no information about W-annihilation amplitudes.

* Thanks to the BABAR measurement of Dst — 1+p9, the
amplitudes Avp could be extracted recently. Cheng, CWC, Kuo 2016

 Propose other channels to see more CPV.



FLAVOR DIAGRAM APPROACH




PARTIAL WIDTH

- Partial decay widths of D = PP and VP decays are related

to their decay amplitudes as follows:

magnitude of 3-momentum

of final-state particle
I

['(D — PP) = ?
(D= PP) = gy
3 ___—P-wave state
I'(D—VP)= IM|* (polarizations summed)
87va

I
due to polarization sum

- SU(3) breaking due to phase space difference is removed.

» Approximate flavor SU(3) assumed at the amplitude level
(decay strength and strong phase).
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FLAVOR PIAGRAMS

e Ni _ : Zeppenfeld 1981
Dlagrams for 2 body hadron_'? 5 Chau and Cheng 1986, 1987, 1991
meson decays can be classified Savage and Wise 1989
: : Grinstein and Lebed 1996
according to flavor topology into Cromu on ol 1994 1995, 1995
the tree- and loop-types: Cheng and Oh 201 |
zﬂ f/\l" F N
R | |
O ) O \ ) \U

(c) P, PSy (d) S, Pew (9) PE, PEgy (h) PA, PAgy



CABBBO HHERARCHY

- Cabibbo-favored (CF): /<
involving Vug*Ves ~ 1-A2 ~ 0.95 °

- Singly Cabibbo-suppressed (SCS): P
inVOIVing Vus*Vcs / Vud*Vcd ~ )\ ~ 022 . y<§

* Doubly Cabibbo-suppressed (DCS): /<
involving Vus*Ved ~ A2 ~ 0.05 : ”'
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CABBBO HHERARCHY

- Cabibbo-favored (CF): /<
involving Vug*Ves ~ 1-A2 ~ 0.95 °

» Singly Cabibbo-suppressed (SCS): P
inVOIVing VUS*VCS / Vud*Vcd ~ )\ ~ 022 %5

* Doubly Cabibbo-suppressed (DCS): %
involving Vus*Veg ~ A2 ~ 0.05 Z

* Only SCS decays involve diagrams with different CKM
phases and thus have CPA’s: (after using unitarity identity)

Amp =V, V,4(trees + penguins)

small phase
+ V. Vaus(trees 4+ penguins) < difference -



CP VIOLATION IN SCS PECAYS

« CPA’s in SCS decay modes are expected only at O(10-3)
or smaller:

- 2Im (Vi ViuaVes Vi) | Ao | . ViV | . Ag| .
dir dVuaVcsVqys chVu
— < 6 =2 —|sind
agp A A sin Vs sin A sin
A
~ 1077 A_2 sin & (6 = relative strong phase)
1

mw new physics, if measured to be sizable



FLAVOR PIAGRAMS

» As far as BR'’s are concerned, penguin diagrams negligible
because Of GIM Vchud* — —VcsVus* and Vcqub* ~ A2)\5_
- tree-type diagrams are dominant in determining BR’s

N " -
" a v d g [ '(.
> | W a %
() > () |,I ‘Il || I| "l / w .
- \ . \/ : ¥
(b) C E (

()T (e) A

» Because the spectator quark may end up in P or V meson
in the final state, these two types of diagrams of the same
flavor topology have no relation a priori and should be

distinguished.
* For example, T = Tp or Tv.
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ExAMPLES
* One CF and one SCS modes:

o ‘i\

SU(3)-related

c DO
DY — xta— u
ﬂ--l-




OUR APPROACH

- We perform a x2 fit to (only) the branching fractions of all
CF modes, extracting magnitudes and phases of all flavor
diagrams.

* There are degeneracies in x2-minimum solutions when all
the strong phases simultaneously flip signs.

- We make SU(3) symmetry breaking corrections as
required by data.

* We incorporate penguin amplitudes, particularly PE
enhanced by rescattering, to induce large direct Acp.

 Using the extracted information, we make predictions of
BR’s and Acp’s for SCS modes.
- testable by future data

2019 NCTS ATM 15 Cheng-Wei Chiang @ NTU



PROBLEMS WITH

KK~ AN

D 11T~ MO




PECAY AMPLITUDES

» These two modes are closely related:
1

Artn- =3

— )\d(T + E) — 2P [SU(?)) limit]
1

2
— ;\S(T + E)—X\2P  [SU(3) limit]

1
()‘d — AS)(T + E + AP)TMT — 5)\b(T + E + EP)T&'T&'

1
AK+K— ()\S—)\d)(T—FE—AP)KK—5)\b(T—|—E—|-EP)KK

opposite in sign " opposite in CPA
YP=(P+PE+ PA)y+ (P+ PE+ PA);

AP = (P + PE + PA), — (P + PE + PA),

quark involved in penguin loop




LARGE SU(3) BREAKING

* For a long time, D — v, K*K- modes are known to
deviate significantly from naive expectations: with
negligible penguin amplitudes (as far as CPA is
concerned), the two modes have identical decay strength,
but with different phase spaces.

- expect

- Empirically, however, the ratio of their decay rates
N(KTK™)
~ 2.8
[(7rtm—)
IS noticeably larger than 1 in the SU(3) limit.




CP ASYMMETRY PIFFERENCE

- Time-integrated asymmetry to first order in the average

decay time (t):
gy = DD = ) = T(D° = ])
cr(f) = (DY — f)+T(DY — f)
dir <t> ind

~ acp(f) + —acp
TD

« Consider
AAcp = Acp(KTK™) — Acp(ntn™)

ir — ir — A<t> in
~ a@p(KTK™) —agp(ntn™) + - al
(1) common systematic factors cancel out;
(2) insensitive to indirect CPV;

(3) each with opposite signs in SM and most NP models.
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AAcp IN 20122

o 0.02
5.0

AR, Baar HFAG 2012

ICHEP 2012

©
< 0.015

[/~/] AA., Belle Prelim.
ESS AA, LHCb

0.01
0.005

i AAcp CDF Prelim.
== A LHCb

A BaBar Prelim.
/] Ar Belle Prelim.

:,I”|—E
9:%%
1952 %
50509
RS
:‘:"0
4

ool

0.01 5 L TG =
-0.015 \’ R

_0.02 | |||||||||%/--l....l.

10.02 -0.015 -0.01 -0.005

» World average:

IIIIIIII
0.005 0.01 0.015 0.02
3k

al% = —(0.027 & 0.163)%,
Aalt, = —(0.678 £ 0.147)%."™ 460 from no CPV
w ~30 theory papers immediately followed (including

many new physics attempts)
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LARGE PENGUIN WITHIN SM

 Brod, Grossman, Kagan, Zupan 2012:

- Assume different and large enhancements in d,s-quark
penguins Pqs relative to T.

- Require U-spin breaking in (T+E)m # (T+E)kk by about O(30%).

- Large 2P explains Aacpdr, while large AP explains the large rate
disparity between K+K- and rtt-.
w A fit to data shows |(Pa—Ps)/TI ~ 0.5!

- Bhattacharya, Gronau, Rosner 2012:

« Assume a smaller AP and Ekk = Em.
w A fit to data shows [(Pq—Ps)/Tl ~0.15
m requiring IPol ~ I Tl (attributed to “unforeseen QCD effects”)

* Both invoked agnostic large penguin amplitudes.
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OUrR EXPLANATION

« SU(B) breaking in T: W

T(KYK™)  fx FPR(mi) . 0 1
Torn) = Jo FD(m2) = %8

w only partial explanation, insufficient to account for data

» SU(3) breaking in E: 3
‘ : W
opposlite sigh between them ‘

\Vi

_ | I
A(D — KK = )\g (Eq+ 2PAy) + s (B, + 2PA,)
I I

diagrams of cu = qg (q = d,s)
w explaining the observed nonzero rate,

No attempt to fit Aacpdir !
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PENGUIN AMPLITUDES

- Short-distance weak penguin exchange/annihilation
diagrams are seen to be small

w | PE/T| ~0.04 and |PA/T| ~ 0.02
» Large long-distance contribution to PE can possibly arise

from DO = K+K- followed by a resonance-like final-state
rescattering K Chen et al 2006;

fe:(% . Cheng Chua and Liu 2003
§ d

——

J

- It is plausible to have PE ~ E, thereby enlarging CPV.

- Use QCDF to estimate other penguin amplitudes.
m negligible AP
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Our ACP PrediCtionS pQCD results

Decay Mode  al (this work) aj"'[22] ay-" (this work) al"[22] Expt.
D — wtm— 0 0 (0.96+0.04 074 20+22 )
D — 7070 0 0 0.83 +0.04 0.26 1+48
DY — 7% 0.82 +0.03 —0.29 0.06 + 0.04 —0.61
D — 70 —0.39 £+ 0.02 0.43 0.01 £+ 0.02 1.67
D — —0.28 +0.01 029  —0.58 4+ 0.02 0.18
—0.42 +0.02 0.20  —0.74+0.02 0.18
DY — 0.49 + 0.02 —0.30 0.53 +0.03 0.97
0.38 + 0.02 —0.30 0.33 +0.02 0.97
D’ 5 KtK- 0 0 (—0.424+0.01 —0.54 —23+1.7
0 0 (—0.54 + 0.02 —0.54 j
D° = KK’ —0.73 0.69  —0.67+0.01 0.90
-1.73 069  —1.90+0.01 0.90
Dt — ntq0 0 0 0 0 29 + 29
. N SR, ~ 46 SR e e e e
Aacpdir= -(0.139+0.004)% (1) 32° even if PE~T, Aacpdir= -0.27%,

08

-(0.151+0.004)% (I1) o, an upper bound in SM,
~3.60 from -(0.678+0.147)% 17  still ~2.80 from data

75
T —— R —
Df - K+ 0.35 £+ 0.04 —0.48 —0291£0.12 1.83 60 + 189

[

in units of 10-3 Cheng and CWC 2012
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AAcp IN 20122

= 0.02
55 @ o T HFAG 2012
ICHEP 2012 RS cp .
<1 0.015 s’:‘:‘:@; [7~/1 AAg, Belle Prelim.
= ,::é.,c‘e' AACP LHCb _
0.01 1 R aien
. R r
- i:::‘::g::, A BaBar Prelim.
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-0.005
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» World average:
al% = —(0.027 & 0.163)%,

Aadt, = —(0.678 £ 0.147)%.™ 460 from no CPV;
3.60 from our

w ~30 theory papers followed prediction in 2012
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AAcp IN 2013

=a 0.02
'D‘UO
< 0.015
0.01
0.005
o
-o.oosi

0015

-0.015 |-

1

R S R

RN

HFAG 2013

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

-0.02 -

002 0015 -0.01 -0.005 0

» World average:

ind
Ao p

Aadlr

0.005 0.01 0015 0.02
amd

—(0.010 £ 0.162)%,
—(0.329 £ 0.121)%."™ 2.70 from no CPV;

|.50 from our

after updated 1.0 /fb of LHCb dataset of 2011prediction in 2012
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AAcp IN 201:3

0.0100 | HFAG 2019
0.0075 L Moriond 2019 Belle BaBar
' CDF KK+ CDF
LHCb SL KK+7m e [ LHCb
0.0050 r LHCb prompt KK
LHCb prompt 7
0.0025 F
58 0.0000
S
<1_0.0025 }
—0.0050 F CX\‘
- I ’\
—0.0075 | §2 ¢ (@) \
528 FX IR\
—0.0100 | 28 (\(A S&e
: o : bse «\S\‘ ,
—0.010-0.008—0.006—0.004—0.002 0.000 0.r" &O

aglzg ?\(Sy
- World average: ©

alS% = (0.028 £ 0.026)%,

Aa%i;g — _(0.164 -+ 0.028)%.""' consistent w/ our
prediction in 2012!

after updated 5.9 /tb of LHCDb dataset of 2016
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°P MODES



LONG-DISTANCE EFFECTS

- Global fit to CF PP modes gives: modulus in units of 107
T'"=3.113 + 0.011 —assumed to be real

C = (2.767 £ 0.029)e " IP13E03" |0 ctrong phases
E = (1.48 4 0.04)!(120-9£04)°

A = (0.55 £ 0.03)(23+7)"

1. E;=110e51"E, E, =0.62e" 197 F
I Eg= 1.10e°1° B, E, = 1.42¢ 135 F

- All the flavor amplitudes except for T are dominated by
nonfactorizable long-distance effects, e.g., from T and C:

a1 (K7) ~ 1.22 and as(Km) ~ 0.82¢ (151" —data

a1 ~ 1.09 and a9 ~ —0.11 —naive factorization

9
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LONG-DISTANCE EFFECTS

- Global fit to CF PP modes gives: modulus in units of 107
T'"=3.113 + 0.011 —assumed to be real

C = (2.767 £ 0.029)e " IP13E03" |0 ctrong phases
E = (1.48 4 0.04)!(120-9£04)°

A = (0.55 £ 0.03)(23+7)"

1. E;=110e51"E, E, =0.62e" 197 F
I Eg= 1.10e°1° B, E, = 1.42¢ 135 F

- Short-distance E and A are helicity-suppressed, but
receive large 1/mc corrections from FSI’s (due to nearby
resonances).

9
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AMPLITUDE DECOMPOSITION

» CS D— PP modes:
SU(3)-breaking factors

Mode Representation

nta 24(0.961|+ E;) + 4,(P, |+ PE, + PA,)

m’x° 54a(—0.78C + Eq) + 44, (P, + PE, + PA,)

7' —A4(Ey) cos ¢ — \/iiﬂs(l.28C) sing + 4,(P, + PE,) cos ¢

' —A4(Ey) sing + \/%ASUQSC) cos¢p + A4,(P, + PE,)sin¢

nm %Ad(msc + E;)cos’p + A,(—31.08Csin 2¢ + v/2E sin’¢) + %Ap( + PE, + PA,)cos*¢

ny’ 124(0.78C + E,) sin2¢p + ﬂs(\% 1.08Ccos2¢ — E sin2¢)) +34,(P, + PE, + PA,)sin2¢

K*K~ As(1.27T + E,) + A,(P, + PE, + PA,)

K°K° Ad(Eq) + Ag(Ey) +24,(PA,)

aa %ld(0.97T +0.78C)

ntn %ﬂd(0.82T +0.93C + 1.19A4) cos ¢ — 1,(1.28C) sin ¢p + \/EAP(PP + PE,)cos ¢

'ty 544(0.82T + 0.93C + 1.61A) sin ¢ + 4,(1.28C) cos ¢ + V24,(P, + PE, ) sin¢

K*K° 24(0.85A) + A;(1.28T) + 4,(P, + PE,)

T K° 24(1.00T) + A,(0.84A) 4 4,(P, + PE,)

K+ k [—24(0.81C) + A,(0.84A) + 4, (P, + PE,,)]

K'n %ﬂp [0.92C6,4 + 1.14A6,,; + P, + PE,|cos ¢ — 4,[(1.31T + 1.27C + 1.14A)6 ., + P, + PE | sin¢
Kty Lzﬂp[o 92C6,4 + 1.14A6,; + P, + PE,|sin¢ + 1,[(1.31T 4 1.27C + 1.14A)6 ., + P, + PE,| cos ¢
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Decay Mode BSU(3) BSU(3)—breaking Bexpt

D - gtz 2.28 +0.02 1.47 +0.02 1.455 4+ 0.024

DY — 7970 1.50 £0.03 0.82 £+ 0.02 0.826 + 0.025

D — 7% 0.83 +0.02 0.92 £+ 0.02 0.63 £+ 0.06

DY = 2%/ 0.75 £0.02 1.36 +£0.03 0.92 +0.10

DY = np 1.52 +£0.03 1.82 +0.04 2.11 +0.19
1.52 +0.03 2.11 £ 0.04

D% = nyf/ 1.28 +0.05 0.69 +0.03 1.01 +£0.19
1.28 £ 0.05 1.63 + 0.08

D’ - KtK- 191£0.02 4.03 +0.03 4.08 £0.06
1.91 4+ 0.02 4.05 £+ 0.05

D" - KK 0 0.141 £0.007  0.141 £ 0.005

0 0.141 £ 0.007

Dt -zt 7" 0.89 4+ 0.02 0.93 +0.02 1.247 £+ 0.033

Dt = n'y 1.90 £ 0.16 4.08 +0.16 3.77 £ 0.09

D™ -y 42T £0.12 4.69 + 0.08 497X£0.19

Dt - KTKg 2.294+0.09 4.25+£0.10 3.04 +0.09

D - 77Ky 1.20 £+ 0.04 1.27 4+ 0.04 1.22 4+ 0.06

Df —» 2°K+ 0.86 +£0.04 0.56 £+ 0.02 0.63 +£0.21

Dl - K™n 0.91 +£0.03 0.86 +0.03 1.77 £0.35

Dl - Kty 1.23 +0.06 1.49 £ 0.08 1.8+0.6

32
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LARGE PE AMPLITUDE

* In view of possible large rescattering, as
employed to explain the rate disparity ’f(% Cg
between K+K- and rttrt-, we take

E ~ (PE)Y = (1.48 £ 0.30)e"(!20 9i30| 0°
\/ | 30° uncertainty

same flavor topology 20% uncertainty
assuming flavor independence.

» We then update our predictions as
((—1.1440.26) x 103 Sol I
\(—1.25 T 0.25) x 1073 Sol 11

cf. —(0.164 £0.028)% (World Avg)

Aa%% —
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PREDICTIONS VS PATA

in units of |03

Decay mode ¢! ag,"” w ' ag (this work) ay 153]
D° - ztx 0 0.03 + 0.01 0.78 +0.22 0.80 + 0.22 1.17 +0.20/1.18 £+ 0.20
D - 7970 0 0.27 £0.01 0.55 +0.30 0.82 £ 0.30 0.04 £0.09/0.79 £ 0.10
D' — 7'p 0.78 £0.01 0.48 +0.01 0.24 +0.28 —0.05 £0.28
DY = %/ —-043+£0.01 -0.56+0.01 -0.01=+0.17 —0.15£0.17
DY =y —-0.28 £0.01 -0.28+0.01 -0.51=0.07 —0.52 +0.07
—-0.37+£0.01 -0.44+0.01 -0.58+0.07 —0.65 £ 0.07
DY = nyf/ 0.51 £ 0.00 0.09 +0.00 0.72 +£0.22 0.29 +0.21
0.46 4+ 0.01 0.16 4 0.00 0.52 +0.15 0.22 +0.15
D’ - KTK~ 0 0.08+0.00 -0.4140.14 —-0.33 £0.14 —0.47 £ 0.08/ — 0.46 £+ 0.08
0 —0.01 £0.00 —-0.43+0.12 —-0.44 +0.12
D" - KK —1.05 —1.05 —1.05 —1.05 0.43 =0.07/0.38 = 0.0/
—-1.99 —-1.99 —1.99 —1.99
Dt — gt 70 0 0 0 0
Dt - 'y 0.37 +£0.02 0.07£+£0.01 -0.344+0.22 —0.63 +0.23
Dt - nty —-0.26 £0.02 -0.45+0.03 0.30 +0.18 0.11 +=0.18
Dt - K"Ky —0.07£0.02 0.10+0.02 -0.46 £0.18 —0.30 £0.18 —-0.40 +0.07/ — 0.26 £0.05
DI - 17K 0.094+£0.03 _—0.08 +0.03 0.61 4+0.24 0.42 +0.24 —0.40 £ 0.07/ = 0.36 + 0.07
DY - 2%k —-0.04+0.06 -0.02+0.04 0.89 +0.27 091 +£0.27 0.48 £0.06/ —0.03 + 0.04

—0.75 £ 0.01

—0.92 £ 0.02

—0.64 + 0.08

—0.81 £ 0.08

0.54 = 0.02

0.65 = 0.05

—-0.22 £ 0.24

0.0/ 0.25

Buccella et al 2019
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PREDICTIONS VS PATA

in units of |03

Decay mode aétirree) a((itijp) a((itijp ) a((iti;)t) (this work) ac(iti(r)t) [53]
D° > ntrn 0 0034001 078+£022  0.80+022 1.17 £ 0.20/1.18 4 0.20
D° - 77" 0.79 +0.10
DY - g%  Interference between kg and Es: <0
DO — 72'01’]/ E E I
0 tree —3 ’ d¥4<s ’ .
D — aé. ) — 1.3 x 10 Sin 04,
1r E E 2
D° — ‘ d — s ’
m sood observable to test our idea and various models
D’ — KK~ . e ey — 0.46 + 0.08
0 —0.01 £0.00  —0.43 +0.12 __ —0.44 £0.12
D’ - KK ~1.05 ~1.05 ~1.05 ~1.05 0.43 £ 0.07/0.38 £ 0.07
~1.99 ~1.99 ~1.99 ~1.99
D = 2 a0 0 0 0 0
-~ -+ noAamor s non/mor e na 034 :L_ n-" N A2 L. NI
Other theory predictions: 0.30 + opposite sign primarily
-3 . 0.46 4 - - - 0.26 + 0.05
111 x 107 i, LuYu 2012 0oz pecause of their choice of the ” 3 7 o'y
—1.8 x 1072 HillerJung, Schacht 2013 g g9 1 other set of strong phases  0.03 + 0.04
0.6% Brod et al 2012 0.64 £ 008 =081 =+ 0.08

DIy UL T ULUZ vooT—uuy—=0.22 £ (0.24 0.07 £ 0.25
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PREDICTIONS VS PATA

in units of 1073

(tree) (t+p) (t+pa) (tot)

Decay mode dir A gir dir adlr (this work) dtl(;t [53]
D’ > ntr 0 0.03+0.01 0784022  0.8040.22 1.17 £ 0.20/1.18 + 0.20
D’ - 7r07r0 0.79 +0.10
DY - g%  Interference between kg and Es: <0
DO — 72'01’]/ E E I
D= Q) = 135 1078 1 FaEsl s
@iy . E E 2 ds
D° — ‘ d — ’
L g good observable to test our idea and various models
D’ —» KK~ e vy — 0.46 £ 0.08
0 —0.01 £0.00  —0.43+0.12  —0.44 +0.12

D’ - KK ~1.05 ~1.05 -1.05 ~1.05 0.43 +0.07/0.38 4 0.07

~1.99 ~1.99 ~1.99 ~1.99
D" — gt x’ 0 0 0 O
~ L £ AL NN A Ve N oV B TS Ne O] O 34 :I: N AA ~ A N AN

Other theory predictions:
1.11 x 1073

0.30 + Current data

Li, LuYu 2012 82?1 (—2.9£5.2+£2.2)% LHCb 2015
—1.8 x 1073 Hiller; Jung, Schacht 2013 g9 (4.3+£34+1.0)% LHCb 2018

0.6%

Brod et al 2012

0.64 (—0.02 £1.53 £0.17)% Belle 2017

Us' =TI

—=0.22 vz«

U.o4 " U.UL

U000 UO LD
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EXTRACTED PARAMETERS
A global fit to CF D = VP modes gives 6 best solutions

with X2min < 10.

modulus in units of 1076

(S1) (S2) (S3) (S4) (S5) (S6)

Ty | 2.181000 218758 2.17 £0.06 219158 2.181000 2.18 £ 0.06
Tp| 3414006  336+006  351+006  348+006  3.50+0.06  3.39+0.06
o7, 69 £+ 3 286 + 3 4013 307+ 7913 1243
Cy| 176 £0.04 176 £0.04 174004  175+0.04  1.74+004 176 +0.04
5c, 278 £ 3 76 £ 3 19573 15273 23577 221 13
|Cp| 2104003 2074003  204+003 2144003  207+003  2.07+0.03
Se. 201 + 1 201 + 1 201 + 1 159+ 1 159 41 201 + 1
Ey| 027+0.04 0264004  040+006 0334005 0384005  0.2640.04
S, 26050 69,0 24573 11351 28218, 2247722
|Ep| 1.6670 00 1.66 00 1.66 + 0.05 1.6670 00 1.66 + 0.05 1,660
5k, 108 + 3 108 + 3 107 + 3 251 + 3 252+ 3 108 + 3
|AV| Nn104+n00" Nn72°0 4+ NN N7 4+ NN N72°5 +-N0N09 N2°A +~N0N09 0.24 4+ 0.03
Oa, * Certain parameters are more stable across solutions. 68 =38

A - 0.16 £ 0.03
- * Hierarchy [Te| > [Tv] ~ [Cur| > [Eel > [B] ~ |Avs ool

Ap : : ~17
e * The relation Ev = —Ep advocated by some analyses s 7.956
Fit quality 0.047

disfavored by the data.
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CF P VP DECAYS

- Amplitude decomposition and our predictions:

N units of %

Meson Mode Representation Bexp Bineory (S3) Bineory (S6)
D° Kzt Asa(Ty + Ep) 5.34 +0.41 5.39 £ 0.40 5.35 4 0.40
K—p* Asa(Tp + Ey) 113407 11.440.6 11.7+0.8
K7 545a(Cp = Ep) 3.74 £0.27 3.67 £0.21 3.69 +0.21
Kop° J545(Cy — Ey) 1.2610:12 1.30 £0.12 1.35 4 0.13
0
K" ) [% (Cp+ Ep)ey - Evs¢] 1.02 4 0.30 0.92 £ 0.08 0.86 £ 0.12
K0y Yy {%fz (Cp+ Ep)sy+ Echs} <0.10 0.0048 + 0.0004 0.0052 + 0.0007
Ko — b 454(Cy + Ey) 2.22+0.12 2.23+0.16 2.17 £0.16
Ko —AsaEs e o028 1 0.054 0.838 + 0.054
D+ R0 2.4(Ty +NUMber from 3 decades ago by s 158 4 0.15
Kopt a(Tr + ¢ CLEO In 1989 m» need an update’ 123£15
Dy KK+ Ay (Cp + AY) 3.9240.14 394 £0.18 3.94 +0.18
KOK*+ dea(Cy + Ap) 54+12 3.39 +0.21 3.10 + 0.21
pta’ \L@Asd(Ap —Ay) 0.024 4 0.014 0.025 + 0.016
_|_
P 'y [% (Ap + Ay)cy - Tps¢} 8.9+0.8 9.02 4 0.37 8.86 + 0.38
_|_
pt y [% (Ap + Ay)s, + TP%] 58+1.5 3.25+£0.12 2.92+0.11
atp° d=2,a(Ay — Ap) 0.020 + 0.012 0.023 £0.014 0.024 £ 0.016
o Lo da(Ay + Ap) 0.19 + 0.03" 0.19 £ 0.04 0.19 £ 0.04
Tt AsaTy 4.5+ 0.4 4454024 449 4+ 0.25

39



CF P VP DPECAYS

- Amplitude decomposition and our predictions:

N units of %

Meson Mode Representation Bexp Bineory (S3) Bineory (S6)
D° K~ nt Asa(Ty + Ep) 5.34 +0.41 5.394+0.40 5.354+0.40
Kpt Aea(Tp + Ey) 11.34+0.7 11.440.6 11.74+0.8
K7 545a(Cp = Ep) 3.74 £0.27 3.67 £0.21 3.69 +0.21
K9p0 J%,lsd(cv —Ey) 1261012 1.30+0.12 1.3540.13
0
K*n A % (Cp+ Ep)cy - EV%} 1.02 4+ 0.30 0.92 4+ 0.08 0.86 +0.12
Kv*()’/]/ r . 1 N 1N N NNAO | N NNNA laWaYaY~la B 00007
ve  1he amplitude sum rule )16
K% M ( + + . + 7\ 0.054
T w) = cos p.M sin o.M
DT KOzt gb ’0 77 _I_ ¢ /0 77 ).15
K0 ,+ ' '
" implies the bound =
D O+ i 4+ oy D.18
KK 1.6% < B (DS = p™n') <3.9% (lo) >
ptn° D.016
A%
_|_
ot i % (Ap + Ay)ey — Tpsqﬂ 8.9 jlz 0.8 9.02 +0.37 8.86 + 0.38
+.,/
P Jna| 5 (Ap + Ay)sy + Toc,) 58415 325+0.12 2.92+0.11
atpP \/ii/lsd(AV —Ap) 0.020 £+ 0.012 0.023 +£0.014 0.024 £+ 0.016
rtw \/%ﬂsd(AV + Ap) 0.19 £+ 0.03" 0.19 4 0.04 0.19 4 0.04
) ATy 45404 4.4540.24 4.49 4+ 0.25
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CF P VP DECAYS

» Amplitude decomposition and our predictions: iy units of %
Meson Mode Representation Bexp Bineory (S3) Bineory (S6)
D° K nt Asa(Ty + Ep) 534 +£0.41 5.39 £ 0.40 5.35+0.40

Kpt Asa(Tp + Ey) 11.3+£0.7 114406 11.7+£0.8

K*7Y 545a(Cp = Ep) 3.74 4+ 0.27 3.67 +0.21 3.69 4+ 0.21

K0p0 54a(Cv = Ev) 1261012 1.30 £0.12 1.35+0.13

0

K A H (Cp+ Ep)cy - Evs¢] 1.02 £ 0.30 0.92 +0.08 0.86 £ 0.12

x0 ./

K iy L/LE(CP + Ep)sy + Ev%} <0.10 0.0048 4 0.0004 0.0052 4 0.0007

Ko —J545a(Cv + Ey) 2.2240.12 223 £0.16 2.17 £0.16

K% ~AsaEp 0.830 + 0.061 0.835 + 0.054 0.838 4+ 0.054
D* K Oxt Asa(Ty + Cp) 1.57 £0.13 1.59 +0.15 1.58 +0.15

1‘<0p+ Asa(Tp + Cy) 12.3%)7 125+1.5 123+1.5
Dy

K‘ ‘These two modes imply that Avpe should be roughly in phase
+to have destruction/constructive interferences, respectively.

vz ” 1

+ o/

pty Joa |25 (Ap + Ay)sy + Tpey) 5.8 1L 1.5 3.25+0.12 2.924+0.11
atp? L= Asa(Ay — Ap) 0.020 + 0.012 0.023 +0.014 0.024 + 0.016
mtw LAy + Ap) 0.19 4 0.03* 0.19 + 0.04 0.19 & 0.04
) Aoaly 15104 445 £0.24 4491025




SCS p— VP DecAys (1)

« SCS D— VP modes: in units of 107

Mode Representation By, Biheo(S3)  Biheo(S6)

D ntp~ A4(Ty + Ep) + 4,(P} + PAp + PEp) 515+025 4.724+0.35 4.68 £0.35
7= p" A4(Tp+Ey) +4,(Pp + PAy + PEy) 10.1 204 8.81+£0.46 9.14 £ 0.60
7%p®  144(-Cp—Cy + Ep+ Ey) 3.86+0.23 3.18£0.19 3.92+£0.20

+A4,(Pp + Py, + PAp + PAy + PEp + PEy)

K*K*=A(Ty + Ep) + A,(P}, + PEp + PAp) 1.654+0.11 1.8140.14 1.79 +£0.13
K-K**A(Tp + Ey) + 1,(P} + PEy + PAy) 456 +£0.21 3.3540.17 3.444+0.23
KK A4Ey + A,Ep + A,(PAp + PAy) 0.246 £ 0.048 1.27 £0.10 1.04 +0.14
KK A4Ep + AEy + A,(PAp + PAy) 0.336 £0.063 1.27 £0.10 1.04 +0.14
’w  324(—Cy + Cp — Ep — Ey) + 4,(P} + P} + PEp + PEy) 0.117£0.035 0.53 +0.09 0.22 +0.06
Pl \%ASCP 1.20 +0.04* 0.64 £0.02 0.65 £ 0.02
no  1[24(Cy + Cp+ Ey + Ep)cos ¢ — A,Cy sing 1.984+0.18 2.964+0.13 2.56 £ 0.14

+/1 (Pp + Py + PEP + PEV + PAP + PAV) cos ¢

1 'aNaYal 1 M NN n N~ 1 o

. No SU(B) breaking factors for T and C amplitudes required. For example

Tv + Ep| i+ - Tp+ Ev| -+
~ 1.08, ~0.91
Tv + Ep| g g+ Tv + Ep|- k-

* Only (53) and (56) have better predictions for SCS modes in general.
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SCS p— VP DecAys (1)
. SCS D— VP modes:

in units of |03

Mode Representation By, Biheo(S3)  Biheo(S6)
D ntp~ A4(Ty + Ep) + 4,(P} + PAp + PEp) 515+025 4.724+0.35 4.68 £0.35
npt Ay(Tp+Ey) + A,(Ph + PAy, + PEy) 10.1 0.4 8.81£0.46 9.14 & 0.60
7°p° 1,(=Cp—Cy + Ep+Ey) 3.86 +0.23 |3.18 £0.19 3.92 £0.20
+A4,(Pp + Py, + PAp + PAy + PEp + PEy)
K*K*=A(Ty + Ep) + A,(P}, + PEp + PAp) 1.654+0.11 1.8140.14 1.79 +£0.13
K=K**2(Tp + Ey) + 1,(P% + PEy + PAy) 456 +£0.21 3.3540.17 3.444+0.23
K°K* A4Ey + A,Ep + A,(PAp + PAy) 0.246 £ 0.048 1.27 £0.10 1.04 +0.14
KOK* A Ep + A Ey + A, (PAp + PAy) 0.336 £ 0.063 1.27 £0.10 1.04 +0.14
0 12,(-Cy+ Cp—Ep—Ey)+A4,(Ph+ P), + PEp + PE,) 0.117 £0.035/0.53 £0.09 0.22 +0.06
¢ 554Cp 1.20 +0.04* 0.64 £0.02 0.65 £ 0.02
no  1[A4(Cy + Cp+ Ey + Ep)cosp — A,Cy sin ¢ 1.98 £0.18 |2.96 +0.13 2.56 £ 0.14
+1,(P% + P+ PEp + PEy + PAp + PAy) cos ¢
n' m (. L. L F.. L F)\cinhd L1 (..cocdh 0034+000 005+001

The small BR(TTOW), the sizable BR(nw) and the large BR(TT9p%) imply

that the strong phases of Cv and Cp should be close to each other. |
m (S3) and (S6) favored

np-

B [/Ldk(./v —Cp— Ly — Ep) Sln¢ —+ /ts\/zf(./'v COS¢
+A,(P% + Py, + PEp + PEy) sin ¢
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SCS P VP Decays (1)

. ' ' -3

» SCS D— VP modes: in units of 10
Mode Representation By, Biheo(S3)  Biheo(S6)

D ntp~ 24(Ty + Ep) + A,(P}, + PAp + PEp) 5.154+0.25 4.724+0.35 4.68 +0.35
npt A4(Tp+ Ey) + 4,(Ph + PAy + PEy) 10.1 204 8.81+£0.46 9.14 £ 0.60
7%p®  144(-Cp—Cy + Ep+ Ey) 3.86+0.23 3.18£0.19 3.92+£0.20
+A4,(Pp + Py, + PAp + PAy + PEp + PEy)

K*K*=2(Ty + Ep) + 4,(Py, + PEp + PAp) 1.654+0.11 1.8140.14 1.79 +£0.13
K K" A (Tp + Ey) 4+ A,(P% + PEy + PAy) 4.56 +0.21 3.3540.17 3.4440.23
KK A4Ey + A,Ep + A,(PAp + PAy) 0.246 £ 0.048 1.27 £0.10 1.04 +0.14
K°K*0 24Ep + AEy + A,(PAp + PAy) 0.336 4 0.063 1.27 £0.10 1.04 £ 0.14
n’w  544(—Cy + Cp — Ep — Ey) + 4,(P% + P}, + PEp + PEy) 0.11740.035 0.53 +0.09 0.22 £ 0.06
”04) Lﬂ«scP 1729%04004* 0DAA + 000D NAS +002

V2 : .
0 31(Cy +Cr+Ey + Ep)eosg— employ SU(3) breaking in d,s-type 4
+A,(Pp + Py, + PEp + PE, + F :
fo  10(Cy+ Co+ Ey + Ep)sing +; EVP @S IN the PP sector "
+A,(Pp + Py, + PEp + PEy + PAp + PAy ) sin @]
nd  A[=Cpcosg — (Ey + Ep)sing] + 4,(PAp + PAy)sing 0.167 £0.034" 0.24 +0.02 0.29 +0.03

V2

m°  L4a(Cy = Cp — Ey — Ep) cosp — A,3/2Cy sin ¢ o 0.31 +£0.05 0.84 +0.10
+A,(Pp + Py, + PEp + PEy) cos ¢]

MP°  L4a(Cy = Cp — Ey — Ep) singp + A,\/2Cy cos 0.11 +0.01 0.1040.01

+A,(P% + Py, + PEp + PEy) sin ¢
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SCS P VP DecAys (1)

in units of 1073

Mode Representation Bexp Bineo(S3)  Biheo(S6)
DYzt p° %[/ld(TV—F Cp—Ap+Ay)+4,(P, —P,+ PEp—PEy)] 083+0.15 0.70+0.10 0.61 £0.10
7Opt \/LZ [24(Tp + Cy + Ap — Ay) + 4, (P — P}, + PE, — PEp)] e 443 +0.61 4.53+0.64
ntw Lz [A4(Ty + Cp+ Ap +Ay) +A,(P} + Py, + PEp + PEy)] 028+0.06 0.22+0.06 0.26 +0.07
zt¢ A,Cp 5.68 £0.11" 32740.11 3.354+0.11
not [ AINS AL A N 0 Al i 1.53 +£0.49 1.02+0.34

Tv and Cp give destructive interference
according to the fit.

% rates thus sensitive to phases of Avp 383101  3.87+023 3.82+025

34+16 10.20 +0.40 9.80 £ 0.41
m (S3) and (56) favored
Ly 213+ 036 3.69+0.23 3.65+0.24

1.16 £0.11 1.03£0.11

PNV T Ty

0K \/L;[/{dcvo_/{sAV_ip(P";_FPEP)] 1.124£0.07 1.02 +0.07

K“p0 L(4Cp = AAp = 4, (P} + PEy) 254204 2.10£0.10 2.10 £0.10

KO+ 44Tp+ AAp + A, (Ph + PEy) - 11.80 + 0.47 11.47 + 0.48

nK** % {[2Cy + 2,Ay + A, (P€ + PEp)] cos ¢ e 0.60 £0.21 0.64 +=0.20
—[A(Tp + Cy + Ap) + lp(Pg + PEy)|sin¢}

n K** \%{[ﬂdcv + LAy + gp(p{; + PEp)]sing e 0.38 0.02 0.33 +0.02
~[4(Tp + Cy + Ap) + 2,(Pp + PEy)] cos ¢}

K @ [4,Cp+ AAp + 4y(Ph + PEy) 0.87 £0.25" 2.02%0.09 2.1240.10

K¢ A(Ty+Cp+Ay) + A,(Ph + PEp) 0.182 £ 0.041 0.13 +0.02, 0.12 = 0.02




SCS P VP DecAys (1)

. in units of 1073

Mode Representation Bexp Bineo(S3)  Biheo(S6)
DY 7zt p0 % [44(Ty + Cp—Ap + Ay) + A,(P), — Py + PEp — PEy)] 083+£0.15 0.70£0.10 0.61 £0.10
70pt % [24(Tp + Cy + Ap — Ay) + 4, (P — P}, + PE, — PEp)] e 443 +0.61 4.53+0.64
ntw % [A4(Ty + Cp+Ap +Ay) +4,(P} + Py, + PEp + PEy)] 028 +0.06 0.22+0.06 0.26 +0.07
zt¢ A,Cp 5.68 £0.11" 32740.11 3.354+0.11
np* %Md(TP+CV+AV+AP)COS¢_/1S\/§CVSin¢ 1.53+£0.49 1.02+£0.34
+A,(P% + Py, + PEp + PEy) cos ¢]
n'p* \/Li[ﬂd(TP"‘CV‘FAV‘i‘AP)Sinﬁb‘i‘/ls\/iCVCOSQb 1.16 =0.11 1.03 +0.11
+A,(Pp + Py, + PEp + PEy) sin ¢
KYKO 2,Ay + ATy _|_/1P(P€ + PEp) 3_83f8.'21i1 3.87 +£0.23 3.82 +0.25
K°K** A4Ap + A,Tp + 1,(P} + PEy) 34+16 10.20 +0.40 9.80 + 0.41
DY ntK* A,Ty + AAy + 4, (P}, + PEp) 2.13+0.36 3.69 £0.23 3.65 +0.24
O K+t %[Adcv_/lsAV_/lp(P{g—i_PEP)] 1.12 £ 0.07 1.02 £ 0.07
K+pY %[,ldcp—,lsAP—,lp(P;;jLPEv)] 2.5jl:0.4 2.10£0.10 2.10 +£0.10
K%™ A,Tp + AAp + 4,(P5 + PEy) | 11RO +0471147 +0.48

T Gl iy 4By 1 PET | Cpl > | Ap| we roughly same rate '
—[4(Tp + Cy + Ap) + 2,(Pp + P

WK {[24Cy + AAy + 4, (P}, + PEp)|si "% check future data .02
—[As(Tp + Cy + Ap) + 4,(Pp + PEy)[COS @} ) ]
K o LT3,Cp+ AAp + 4,(Ph + PEy)] 0.87 £0.25” 2.02£0.09 2.12£0.10

K¢ ATy +Cp+Ay) + A,(P) + PEp) 0.182 £ 0.041 0.13 +0.02, 0.12 £ 0.02

I~
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BR'sS FOorR TESTS

Mode B(Thiswork) B(FAT) B(FAT[mix]) Bexp

D° ztp~ 5124029 474 4.66 5.154+0.25
7~pt  1021+091 102 10.0 10.1+£0.4
200 3904026  3.55 3.83 3.8640.23
KtK* 1.684+0.11 1.72 1.73 1.65+0.11
K K** 4434031 4.37 4.37 4.5640.21
KOKD 0271006 1.1 T.1 0.246 £0.043
KOK* 0324009 1.1 1.1 0.336£0.063
Lo 0124005 0.85 0.18  0.1174+0.035
¢ 1.22+0.04 1.11 1.11 1.20+£0.04
nw 225+0.14 24 2.0 1.98+0.18
o 0.014+0.00  0.04 0.02 o
nd 0.16+£0.02 _ 0.19 0.18  0.167+0.034

| np° 0.594+0.07  0.54 0.45
np®  0.06+0.01 021 0.27
DY ztp°  0.61£0.10 0.42 0.58 0.83+0.15 |
Opt 4534064 2.7 2.5
| 7w 026+£0.07 0.95 0.80 0.28+0.06 |
7 ¢ 629+020 5.65 5.65 5.68+0.11
[p™ 1.02£034 0.7 2.2 )
wpT LO3EO0IT 0.7 0.8
K+K* 3824025 3.6l 3.60 3.831014
KOK*+ 9.804+041 11 11 34416

D n"K* 3.65+024 2.52 2.35 2.134+0.36 |
K+ 1.02+£0.07 03 1.0 R
K*+p® 2104010 1.9 2.5 2.5+0.4
KOp+ 11.47+0.48 9.1 9.6
nK*t0.64+020 0.2 0.2
WK 033+£002 0.2 0.2

| Ktw  2.12£0.10 0.6 0.07 0.87+0.25 |
KT¢ 0121002 0.166 0.166  0.182+0.041

Qi LuYu 2014



CPA’ FOrR TESTS

Mode ags? ay,” ag, ™ ag (this work)  agy’ [69]
p* [z 0 0.01 = 0.00 0.76 + 0.22 0.77 £ 0.22 —0.03 |
T 0 —0.00£001 __ —0.05+0.04 ~0.14 £ 0.04 ~0.01
2950 0 —0.03 = 0.00 0.40 + 0.15 0.37 + 0.15 ~0.03
KK~ 0 —0.19+ 001 —0.56+ 0.37 —0.75 + 0.37 ~0.01 |
KK 0 0.11 £ 0.01 0.05 £ 0.04 0.15 £ 0.04 0
KOk ~0154+021 0154021  —0.15+021 ~0.15+0.21 ~0.7
KOk ~034+0.16  —034+0.16  —034+0.16 ~034+0.16 0.7
2w 0 0.184£0.04  —231+0.96 2144095 ’
oy 0 0 0 d CPA S
no ~0.104£001  —-008+001  —na0 BRS an
no 2.40+0.34 1.91+~" \arg :
ne 0 £ —Y_‘(‘\e\r 0.003
1o ‘DeCaUSe @) » 0.10 4+ 0.30 1.0
MO des eer? 0.12 + 022 0.16 + 0.22 0.1
G O\dV 144 4 0.11 0.78 + 1.30 220+ 1.38 0.5
77 0 —0.40 £ 0.03 0.90 = 0.37 0.49 + 0.37 0.2
T rte 0 ~0.13 £ 0.03 0.84 +2.05 0.74 +2.03 ~0.05
e 0 0 0 0 ~0.0001
[ 1.55 £ 0.26 2.12 £ 0.36 1.22 £ 0.65 178 £ 0.69 ~06 |
o —0.25 £ 0.05 024 £ 0.04 0.10 £ 0.12 0.08 £ 0.11 0.5
[k"k°  —0.14+002  —027+002 __ —094+0.30 ~1.06 + 0.30 02 |
KK ~0.06 + 0.01 0.06 £ 0.0l —0.01 + 0.04 0.10 £ 0.04 0.04
DF K0 0.14 £ 0.02 0.24 + 0.02 0.94 + 0.30 1.05 + 0.30 0.1
0 et 0.10 + 0.03 0.04 + 0.04 1214039 1.15 + 0.40 02
K0 0.10£0.02  —0.02£0.02 0.03 £ 0.07 ~0.08 £ 0.07 0.3
KOp+ 0.06+£0.01  —0.03+0.01 0.01 = 0.04 —0.08 +0.04 0.3
nK*+ 1034017  —033+006  —0.61 +047 0.10 + 0.48 11
7K 0.25 + 0.04 0244003  —0.11+0.14 ~0.12+0.13 0.5
Kt 0094002  —003+0.02  —0.05+0.07 0.01 + 0.08 23
Ko 0 0 0 0 0.8

——




CPA’ FOrR TESTS

Mode = ol o™ ap ahiswor) a6

DO | Ttp” 0 0.01 £ 0.00 0.76 = 0.22 0.77 £0.22 —0.03 |
zpt 0 —-0.09 £ 0.01 —0.05 £ 0.04 —-0.14 £ 0.04 —-0.01
7°p° 0 —0.03 £ 0.00 0.40 £0.15 0.37 £0.15 —-0.03

| KTK*~ 0 —-0.19 +0.01 —-0.56 +0.37 —-0.75 +£0.37 —-0.01 |
K-K*T 0 0.11 £ 0.01 0.05 £ 0.04 0.15+0.04 0
KOK*0 —0.15 +0.21 —0.15+0.21 —0.15+0.21 —0.15 +0.21 —0.7
Aalp (KYK*™ —atp™) ~ (~1.52£0.43) x 107?

nw 240034 191 x=0.25 142071 096="0766 .
ne 0 0 0 0 0.003
71/)0 0.39 +0.05 0.59 +0.08 —0.10 £ 0.29 0.10 = 0.30 1.0
}’]/po —0.55 +0.07 —-0.51 £ 0.07 0.12 +£0.22 0.16 = 0.22 -0.1

D+ n""po 0 144 £0.11 0.78 £ 1.30 2.20 + 1.38 0.5
zro/ﬁ 0 —-0.40 £+ 0.03 0.90 £+ 0.37 0.49 £+ 0.37 0.2
mtw 0 —0.13 +£0.03 0.84 £ 2.05 0.74 £ 2.03 —-0.05
ztg 0 0 0 0 —0.0001
npt 1.55 £0.26 2.12 +£0.36 1.22 £ 0.65 1.78 = 0.69 -0.6
n'pt —0.25 £ 0.05 —0.24 +0.04 0.10 £0.12 0.08 +0.11 0.5
K+ K* —0.14 £ 0.02 —-0.27 £0.02 —0.94 £+ 0.30 —1.06 +0.30 0.2
KYK*+ —0.06 £+ 0.01 0.06 = 0.01 —0.01 £ 0.04 0.10 £ 0.04 0.04

D} at K0 0.14 £ 0.02 0.24 +0.02 0.94 £+ 0.30 1.05 £0.30 -0.1
O Kt 0.10 £ 0.03 0.04 £ 0.04 1.21 £0.39 1.15 £ 0.40 -0.2
K+p0 0.10 £ 0.02 —-0.02 £ 0.02 0.03 £ 0.07 —0.08 £ 0.07 0.3
Kop+ 0.06 = 0.01 —0.03 £ 0.01 0.01 £ 0.04 —0.08 4= 0.04 0.3
nK** —1.03 £0.17 —0.33 +0.06 —-0.61 047 0.10 = 0.48 1.1
' K**t 0.25 +£0.04 0.24 +0.03 —0.11 £ 0.14 —0.12 £ 0.13 -0.5
Ktw —0.09 +0.02 —0.03 £ 0.02 —-0.05 4+ 0.07 0.01 £ 0.08 -2.3
K*¢ 0 0 0 0 —0.8
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SMMM/-\RY

- Updated analyses of SCS D to PP and VP decays

» Current AAcp(K+K-—1Tt1T") measurement is consistent with our
predictions from 2012 and this year

- Employed flavor SU(3) symmetry and included symmetry
breaking effects as required by data

- Wait for data of yet observed modes (particularly the golden
modes) and better precision on observed modes to test theory

models
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Thank You!
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