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MOTIVATIONS

e Two important goals of the heavy flavor physics program
are (a) to verify the KM picture of CP violation and (b) to
understand better strong interactions at low energies.

* Precision of many branching fractions of PP and VP
decays currently reaches 5-10% level.

6 CPA’s exceed 50 (all but S(¢pKs) from PP), and
7 CPA’'s at 3-50 level.
w yseful in fixing strong phases

 Examine what existing data tell us, check the consistency,
and make predictions for yet unmeasured observables.

e Check whether flavor SU(3) symmetry is a good working
principle.

Cheng-Wei Chiang @ IHEP, 2015



PLAN OF TALK

Flavor Diagram Approach
PP Decays
VP Decays

Summary
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FLAVOR DIAGRAM APPROACH



ADVANTAGES OF THIS APPROACH

 Classify decay amplitudes according to the topology of
flavor flows and relate decay diagrams, both sizes and
strong phases, using flavor SU(3) symmetry.

 Model-independent.

 Encoded with all strong interaction and rescattering effects
(not Feynman diagrams, thus non-perturbative per se).

» Clear weak interaction structure and thus weak phases.
* Good guide for perturbative approach based on EFT's.
 Indispensable for D systems.

* Predictive as other approaches.

Cheng-Wei Chiang @ IHEP, 2015



FLAVOR PIAGRAMS

e Diagrams for two-body hadronic B  zeppenfeld 1981

decays can be classified according ga"vjl‘;:gf] dc\j‘\zgeg iggg 1987,1991

to flavor topology into the tree- and Grinstein and Lebed 1996
Gronau et. al. 1994, 1995, 1995

loop-types:
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(9) P, Py @s, roy| LOOP-TYPE| () b, priy (h) PA, PAgw
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FLAVOR DIAGRAMS

o T and C are expected to be the most dominant amplitudes,
with C being naively smaller than T by a color factor of 3.

/ Cheng-Wei Chiang @ IHEP, 2015



FLAVOR DIAGRAMS

e E and A are suppressed by A/mg due to the helicity and/or
hadronic form factors.

8 Cheng-Wei Chiang @ IHEP, 2015



FLAVOR DIAGRAMS

e E and A are suppressed by A/mg due to the helicity and/or
hadronic form factors.

* Ais not called for by current data, thus ignored.
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FLAVOR DIAGRAMS

e E and A are suppressed by A/mg due to the helicity and/or
hadronic form factors.

* Ais not called for by current data, thus ignored.
« 3 tree-level amplitudes left.
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FLAVOR DIAGRAMS

* These diagrams are suppressed by loop factors.

 Moreover, the EW penguin diagram is one order higher in
weak interactions and thus even smaller in strength.

for EW penguins, one gluon line is replaced by a Z or y line

NS

[\ i) g i

1 Il g |I
[ | [ . I| W
| | I |
| | \ II | |: .q
\/ IU . |

(¢) P, PGy (d) 5, Pew (g) PE, PEgw (h) PA, PApw

1 Cheng-Wei Chiang @ IHEP, 2015



FLAVOR DIAGRAMS

* These diagrams are suppressed by loop factors.

 Moreover, the EW penguin diagram Is one order higher in
weak interactions and thus even smaller in strength.

* PewC, PE, PEew, and PAew are ignored.
4 loop-level amplitudes considered.

for EW penguins, one gluon line is replaced by a Z or y line

[ W
I| | q
\

(c) P, X (d) S, Pew (g) PE, PEgw (h) PA, }(m
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FLAVOR DIAGRAMS

« We are leftwith T, C, P, S, Pew, E, and PA, listed roughly
In the naive order of their magnitudes.

 However, the above hierarchy is not supported by data.
w NNt of nonperturbative strong dynamics at play

* They are sufficient for the observed PP modes.

13 Cheng-Wei Chiang @ IHEP, 2015



FLAVOR DIAGRAMS

* In the case of VP modes, both E and PA are not required
by data at current precision level, but the number of
diagrams are otherwise doubled.

Tyl |Te

spectator quark

* The two sets of amplitudes are different a priori.

 They can be related under the assumption of factorization
and with a specific model for form factors.
14 Cheng-Wei Chiang @ IHEP, 2015



FLAVOR DIAGRAMS

* By convention, we fix T (for PP) and Tp (for VP) to be real,
and all the other strong phases, denoted by dx for
amplitude X, are relative to these amplitudes; i.e.,

X = ]X\ei(sx

15 Cheng-Wei Chiang @ IHEP, 2015



FLAVOR DIAGRAMS

* In physical processes, the above-mentioned flavor
amplitudes always appear in certain combinations,
multiplied by appropriate CKM factors:

strangeness-conserving (AS = 0)

strangeness-changing (JAS| = 1)

t=Y T — (Y + Y5)Pow
c=YuC — Yy +Yy)Pew

u C 1
p=—(Yg +Y3)(P - gpgw)

1
s=—(Yg +Y3)(S — §PEW)
pa = —(Yg, + Yy)PA

t'=Y3&T — (Yo + Vi) Pew
¢ =Y3&C — (Yo +Yy) Pew
e =Y E

1

o = — (Y + Vi) (&P - 5 Phw)

1
s'=— (Yo +Y3)(&:S — §PEW)

pa,:_( s%—|_ scb)PA

qgb_—

Y = VgV, with ¢ = d, s and ¢' = u, ¢
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FLAVOR DIAGRAMS

e &'s are introduced to account for SU(3) breaking in
amplitude magnitudes. " preferred to be ~1 by data

e Strong phases are assumed to be the same.

strangeness-conserving (AS = 0)

strangeness-changing (JAS| = 1)

t=Y T — (Y + Y5)Pow
c=YuC — Yy +Yy)Pew

u C 1
p=—(Yg +Y3)(P - gpgw)

1
s=—(Yg +Y3)(S — §PEW)
pa = —(Yg, + Yy)PA

t' = YS%'StT o ( 31;) + scb)PECW
¢ =Y3&C — (Yo +Yy) Pew
e =Y E

u C 1
p' =Yg+ YY) (&P — 3 o)

1
s'=— (Yo +Y3)(&:S — §PEW)

pa,:_( s%—|_ scb)PA

qb_—

Y = VgV, with ¢ = d, s and ¢' = u, ¢
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FLAVOR PIAGRAMS

 The CKM factors are evaluated using

A =0.81370055

- 0.0158
p = 0.14897 o5,

0.00068
A= 0.22551J_ro.00035

CKMfitter 2014
—_ +0.013
N = 0-342—0.011

strangeness-conserving (AS = 0)

strangeness-changing (JAS| = 1)

t=Y T — (Y + Y5)Pow
c=YuC — Yy +Yy)Pew

p=—(Yy +Y3)(P 3 )

1
s=—(Yg +Y3)(S — §PEW)
pa = —(Yg, + Yy)PA

t'=Y36T — (Yo, + Y5) Pow

¢ =Y3&C — (Yo +Yy) Pew
e =Y E
/ U c 1 C
p=—Yy+Y) (&P — gPEW)
1

s' = — (Y + Y) (&S — §PEW)
pCL, — _(Ys% + Yscb)PA

q _
Yqb =

VgV, with ¢ = d, s and ¢' = u, ¢
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AMPLITUDE DECOMPOSITION

* A few examples of flavor amplitude decomposition and
observed data:

scale factor

7
Mode Flavor Amplitude BF (x1079) / Acp
Bt —» atq0 ~5(t+o) 5.4810-2 / 0.026 4 0.039
K+tK" P 1.19+£0.18 (1.02)  —0.086 = 0.100
nut ZElt+c+2p+ (2 - V2ty)s] 4.02 £0.27 —0.14 £ 0.05 (1.42)
n'mt Slt+e+2p+(2+ t¢) 5] 2.710-°* (1.36) 0.06 & 0.15*
BY - KTK-~ —(e + 2pa) 0.12 £+ 0.05 -
KK p ¥+ Zpa 1.21+0.16 0.06 + 0.26 (1.38)
—1.08 £ 0.49
. 1 Z *\
(77,) _ (C?S ¢ —sin ¢) (%) data too poor | |direct / indirect
1 sing  cosg ) \17s to include in fits CPA’s
1

= —(uu+dd), ns =55, ¢ = 46°

Michael, Ottnad, Urbach 2012 Cheng-Wei Chiang @ IHEP, 2015



REMARKS

 Fit to observed By,q decays and make predictions for as
yet unmeasured quantities, particularly those for the Bs
decays.

e Due to the hierarchy in CKM factors,
T and C: mainly determined by AS=0 processes;
e P, S, and Pew: mainly determined by |AS|=1 processes;
« E and PA: only present in and determined by AS=0 processes.

Cheng-Wei Chiang @ IHEP, 2015



PP SECTOR



RESULTS FOR PP SECTOR

limited fits (no S) global fits
Parameter Scheme A Scheme B Scheme C Scheme D
T 0.62570517  0.6927055%  0.627750517  0.6907505
5 IC 0.500 + +095049 0.48070-0%7  0.607T9:935  0.608 & 36054
3| dc —6071y —68+9 —77+5 —8317
CIEJ P 0.12340.001 0.124+0.001 0.12440.001  0.124 + 0.001
op —24 42 2217 2442 2212
(q0] —4 -3
S | |Pew| 0.01270005  0.0111009%  0.018T5 002 0.020 £ 0.006
S N AT S e A
S |E| - 0.098 29021 - 0.101 %0022
| g - ~135752 - 129730
= | |PA - 0.0117905¢ - 0.012 =+ 0.004
D1 6pa - —12373] : —13073;
S| - - 0.080 + 0.007  0.079 + 0.006
Ss - - —~101 £ 6 —98+ 6
X2, /dof 23.41/14 19.48/11 45.80/23 37.08,/20
Fit quality 5.40% 5.30% 0.32% 1.14%
osw  |Magnitudes of the amplitudes are quoted in units {029 & 0.009
C/T] _|of 10 eV, and the strong phases in units of degree. P-89 £ 0-11

CIICTYy-VvVvel L

iang @ THEP, 2015



RESULTS FOR PP SECTOR

limited fits (no S) global fits
Parameter Scheme A Scheme B Scheme C Scheme D
T 0.62570517  0.6927055%  0.627750517  0.6907505
51 IC 0.500 £0.049  0.480700%F  0.60775 050  0.608 & 0.054
T | o —6013 —68 £ 9 —TT£5 —831%
| |P 0.123+£0.001 0.12440.001 0.124 +0.001  0.124 £ 0.001
el p ~24 42 —227+2 —24 42 —29+2
g | Pew| 0.01255883 0.01128%83 0.018t+§’)2;§8§ 0.020 i+q6006
5 —6 —237F 77t —817F
> 5l TP poogtie T 1010
D | 6n : _135+52 : _129+36
S| |PA i 0.01179:004 . 0.012 % 0.004
D\ pa - —1231%7 - 13012
S )
‘55‘ not much difference
2
X2, Jdof 23.41/14 19.48/11 15.80/23 gy 37.08/20
Fit quality 5.40% P 5.30% 0.32% 1.14%
SEw 0.019 £0.006 0.016 = 0.004 0.029 £0.009 0.029 & 0.009
IC/T) 0.804+0.08  0.69+0.14  0.97+£0.06  0.8940.11

Cheng-Wei Chiang @ IHEP, 2015



RESULTS FOR PP SECTOR

limited fits (no S) global fits
Parameter Scheme A Scheme B Scheme C Scheme D
T 0.62570517  0.6927055%  0.627750517  0.6907505
5 IC 0.500 £0.049  0.48070 0%  0.607T 5050  0.608 & 0.054
T | o —6013 —68 £ 9 —TT£5 —831%
| |P 0.123+£0.001 0.124+£0.001 0.124£0.001  0.124 £ 0.001
el p ~24 42 —227+2 —24 42 —29+2
S | |Pew| 0.012F9:995  0.011F99%  0.018F9:99  0.020 + 0.006
2| bpy S S L R s
=| |2 : 0.098 0055 : 0.10175:05>
D| ox - ~135T5% - 129739
= | |PA - 0.0117905¢ - 0.012 =+ 0.004
D1 6pa - —12373] : —13073;
‘(SS‘ The amplitudes satisfy the hierarchy: : '07?); iO '306
< _
Xmin/dof | |T| 2 |C| > |P|,|E| > [S| > [Ppw| ~ |PA| [ 37.08/20
Fit qualit . 1.14%
(;%EW A IE| is comparable to |P 029 & 00009
o/ |™ IS| s larger than |Pew], required by BF(n'K) 0.89 + 0.11

Cheng-Wei Chiang @ IHEP, 2015



RESULTS FOR PP SECTOR

imited fits (n0 S)| <@ [global fits
Parameter Scheme A Scheme B Scheme C Scheme D
T 0.62570517  0.6927055%  0.627750517  0.6907505
51 IC 0.500 £0.049  0.48070 0%  0.607T 5050  0.608 & 0.054
T | dc —6013 —68 £ 9 —TT£5 —831%
| |P 0.123 4+ 0.001 0.12440.001 0.124 4 0.001  0.124 4 0.001
Sl 6p —24 42 —22+2 ~24 42 —22%2
S | |Pew| 0.01270005  0.0111009%  0.018T5 002 0.020 £ 0.006
i OPow _633 _23%(%22 _77t%(1) _81%5320
S E| - 0.0987 54 - 0.1017 59
D e - —135237 - —1297135
ho |§) A Most parameters are stable across the 0'01?3%32'?04
— ‘gf“‘ fits, except for C and Pew. This is B 0_79 0006
e because S also contains Pew: _ 0846
Xoin/dof c=YC— (Y +Y)Pew 37.08/20
Fit quality 1 1.14%
Spw § s=—(Yg+Yy)(S— §PEW) 90 0.029 £ 0.009
IC/T)| 0.89 +0.11

Cheng-Wei Chiang @ IHEP, 2015



RESULTS FOR PP SECTOR

limited fits (no S) global fits
Parameter Scheme A Scheme B Scheme C Scheme D
T 0.6257001%  0.69270535 0.6277001%7  0.6907505)
51 |C 0.500 +0.049  0.48070 0%  0.607100sc  0.608 £ 0.054
T | dc —6013 —68 £ 9 —TT£5 —831%
| |P 0.123 £0.001 0.124 +0.001  0.124 4 0.001  0.124 #+ 0.001
S| op —24+2 —22+2 —24 42 —22+2
S | |Pew] 0.01279605  0.01179005  0.018F005%  0.020 4 0.006
=l or S R i A BT
= |2 : 0.098 0055 : 0.10175:05>
| g - ~135752 - —129739
= | |PA - 0.01175-508 - 0.012 & 0.004
D1 6pa - —12375] : —13073;
‘(SS‘ Large |C/T|, as partially required to explain the KTt puzzle %gt io'g%
5 S/a (but also modes involving singlet amplitudes). 08720
Iﬁ?gua w ¢f. hadronic D decays L4
3 Typical perturbative calculations give ~0.2—0.3 - 0,009




RESULTS FOR PP SECTOR

limited fits (no S) global fits
Parameter Scheme A Scheme B Scheme C Scheme D
T 0.62570517  0.6927055%  0.62775517 | 0.6907505)
5 IC 0.500 £0.049  0.48070 0%  0.607T 5050 | 0.608 & 0.054
T | dc —6013 —68 £ 9 —TT£5 —831%
| |P 0.12340.001 0.124 +0.001 0.124 4 0.001 |0.124 + 0.001
Sl 6p —24 42 —22+2 ~24 42 —22%2
S | |Pew| 0.01270005  0.0111005%  0.018T5 002 | 0.020 £ 0.006
2| by S o R o N e
S |E| - 0.098 29021 - 0.101 %0022
O| 0 - ~135752 - 129730
L 40.004
= | |PA - 0.01179-904 - 0.012 + 0.004
D\ pa - —1231%7 - 13012
5] - - 0.080 + 0.007 | 0.079 £ 0.006
Ss - - —~101+6 —98 4+ 6
2 ..
Xmin/40f  |Make preferred predictions based on Scheme D.| 37-08/20
Fit quahty J.TU /U J.IU /U U.O0Z /0 114%
SEw 0.019 +0.006 0.016 +0.004 0.029 £ 0.009  0.029 =+ 0.009
C/T)| 0.80£0.08  0.694+0.14  097+0.06  0.8940.11

Cheng-Wei Chiang @ IHEP, 2015



REMARKS

* We have tried to include the SU(3) breaking factor fk/fr for
factorizable T and C amplitudes, but found no significant
change iIn fit quality.

- flavor SU(3) symmetry is a sufficiently good working
principle

e Our predictions generally agree well with measured
observables.

e In the following, we highlight some observables that have
disagreements among data and theories.

Cheng-Wei Chiang @ IHEP, 2015



PREDICTIONS - BF's

due to constructive due to large |C|; due to constructive
Interference between S smaller predictions in Interference between P
and other amplitudes perturbative calculations| [and S amplitudes

\ \ \
Observable Bk'(BJr — ') )\S’F(BO — m070) ?F(BO — ')

Data 2.\Yt8;2 (1.36) \1.17 +0.13 \ 1.2+0.4
This Work 5.59 + 0.54 1.88 4 0.42 1.2140.16

+1.3+0.9 +1.0+0.7 +0.214-0.18
QCDF 3.8 0.6—-0.6 ]"1—0.4—0.3 0'42—0.09—0.12

SOJGR  2.4755+0.240.3 ~ 1.2 0.19 = 0.02 = 0.0379.%

SCET 24+12+02x£04 084=x029=+030=x0.19 23+£08=x03=L2.7

QCDF: Beneke, Buchalla, Neubert, Sachrajda 2001
Beneke, Neubert 2003
PQCD: Keum, Li, Sanda 2001
SCET: Bauer, Fleming, Pirjol, Stewart 2001
Bauer, Pirjol, Stewart 2001
Cheng-Wei Chiang @ IHEP, 2015



PREDICTIONS - ACP's

diverse predictions;
all far from data;

agreeing with data;
others smaller by at

data recently updated;
scale factor = 1.94;

PQCD gets wrong sign least 30% opposite sign in SCET
\ \ \
Observable A&p(BJF — ') ,4}\€p(BO — ) A\va(BO — mo7Y)
Data 6k06 +0.15 \0.31 +0.05 >60 o.oni 0.17 (1.94)
This Work 0.374 & 0.087 0.326 + 0.081 0.611 £ 0.113

+0.050+4-0.094
0.016Z5 08201111

QCDF

pQCD
SCET

—0.331057

0.21 +0.124+0.104+0.14

+0.0134-0.043
O'170—0.012—0.087

~ 0.17
0.20£0.17 = 0.19 £ 0.05

+0.1484-0.303
0'572—0.208—0.346

~ 0.36
—0.58 £0.39 £ 0.39 = 0.13

Cheng-Wei Chiang @ IHEP, 2015



PREDICTIONS - ACP's

agreeing with data;
others off central value;
SCET gets wrong sign

diverse predictions; awaiting better data;
some wrong signs

\ ' '
Observable AC)((BJ“ — nK) Acp(BT = n'K™) S(B? — n'wY)
Data —%37 +0.08 ~4.60 0.013 £ 0.017 —
This Work —0.426 £ 0.043 —0.027 £ 0.008 0.385£0.114
acor  [ERT R T e B T
W o ey 03073

SCET

0.33 =0.30 £ 0.07 = 0.03

—0.010 %= 0.006 £ 0.007 == 0.005

—0.24 +£0.10£0.19+0.24

Cheng-Wei Chiang @ IHEP, 2015



PREDICTIONS - Bs PECAYS

agreeing with data;
PQCD larger in central
value

diverse predictions;
awaiting better data

dominated by PA,;
agreeing well with data;

BF(TTo11%) predicted to
be half of this value

Observable [N ACAIS \ BF(K*K™) | BF(z*n)
Data \ 5.4+ 0.6 \ 24.5 + 1.8 \0.73 +0.14
This Work 5.86 & 0.78 17.90 + 2.98 0.80 £ 0.55
QCDF 5.3708t0 s 2521127125 0.26 + 0.00+9-10
NOIO 76732407405 13.654247540.7 () 57+0.16+0.09+0.01
SCET 49+124+134+03 182+6.7+1.1+£0.5 —

Cheng-Wei Chiang @ IHEP, 2015



PREDICTIONS - Bs PECAYS

dominated by PA:
agreeing with data; agreeing well with data;
pQCD larger in central | |diverse predictions; | (BF(Tto11%) predicted to
value awaiting better data | |be half of this value

Dbl \ BF(n+K-) \ BF(K*K™) | BF(z*n)

Data \ 5.4+ 0.6 \ 24.5 4 1.8 \0.73 +0.14

This Work [EEERCERNE 17.90 + 2.98 0.80 + 0.55
QCDF 5.3705 705 25271374125 .26+ 0.00+550

pQCD 76132407405 13.615217.5+0.7 0.5710-16+0-09+0.01

SCET 4.¢clt is claimed that large flavor symmetry —
breaking effects between the PA amplitudes
of Bs and Bygq decays are needed in order to  Zhu 2011
explain data of Bs—Tr+1T~ and Bg—K*K~. Wang, Zhu 2013
This is not the case as we find.

Cheng-Vvei Chiang @ IHEP, 2015



PREDICTIONS - Bs PECAYS

agreeing better with
data than others

awaiting better data since this

decay has a large BF
I I

\
Observable \ Acp(mtK™) A(I;+K_) S(KIK_)
Data \0.26 + 0.04 =60 —0.14 = 0.11 0.30 £0.13
This Work 0.266 = 0.033 —0.090 4= 0.021 0.140 4+ 0.030
QCDF 0.20775630 " 0 088 —0.07775 015 0051 0.2275 650 03

+0.039+0.033-+0.023
0.241 75036 0:030—0.012

pQCD
SCET

0.20 £0.17 £0.19 £ 0.05

—0 233—|—0.009—|—0.049—|—0.008

—0.002—0.044—0.011 0.28 £0.03 0-041L8:8%

—0.06 = 0.05 £ 0.06 £0.02 0.19 £0.04 £0.04 = 0.01

Cheng-Wei Chiang @ IHEP, 2015



VP SECTOR



RESULTS FOR VP SECTOR

limited fit (no S, E) | |global fit (no E)|| global fit
Parameter Scheme A Scheme B Scheme C
Tp| 1.173+3:063 1.193799%9  0.9091935)
Ty | 0.88010:058 0.8830:007 0.704102%4
o1y, 3+4 144 —6735
ICp| 0.34110:1% 0.28470:092 0.5247029¢
Scy —2474 36729 —54732
ICY| 0.66875-32 0.7357515¢ 1.120%9 338
ey 89127 —91113 —93715
| Pp| 0.083 £ 0.003 0.083£0.002 0.083 % 0.003
Spp —2546 —2145 —3747
| Py | 0.066 £ 0.005  0.069 & 0.004  0.070 + 0.004
Sp, 165+ 9 15977 142717
| Pew, p| 0.03570919  0.031+£0.010  0.03079:9%
SpEw.p 51712 44711 25738
|Pew,v| 0.061%505:  0.058%g75  0.0641077y
SpEWY ~100135 83172 —105+2¢

23 theory parameters

Parameter Scheme A Scheme B Scheme C
|Sp| - 0.015M095¢  0.014 £ 0.006
Os,p - —142753 —15472%
Sy | - 0.0334+0.004  0.0357399°
05, - —73 4 24 —89737
|Ep| - - 0.2665565
Ok, - - 120 + 180
|Ev| - - 0.4671557
Og, - - —657 31

X2, dof 15.53/12 40.22/32 37.57/28

Fit quality 12.36 % 15.08% 10.67%

Magnitudes of the amplitudes are quoted in units
of 10% eV, and the strong phases in units of degree.

Cheng-Wei Chiang @ IHEP, 2015




RESULTS FOR VP SECTOR

limited fit (no S, E) | |global fit (no E)|| global fit
Parameter Scheme A Scheme B Scheme C
Tp| 1.173+3:063 1.193799%9  0.9091935)
Ty | 0.88010:058 0.8830:007 0.704102%4
o1y, 3+4 144 —6735
ICp| 0.34110:1% 0.28470:092 0.5247029¢
Scy —2474 36729 —54732
ICy| 0.66875-32 0.7357515¢ 1.120%9 339
ey 89127 —91113 —93715
| Pp| 0.083 4 0.003 0.083 4 0.002 0.083 % 0.003
Spp —25+6 —21£5 —3713
| Py | 0.066 & 0.005  0.069 & 0.004 0.070 & 0.004
Sp, 165+ 9 15977 142717
| Pew, p| 0.03570919  0.031+£0.010  0.03079:9%
SpEw.p 51712 44711 2513
- 0.06179:029 0.05810:017 0.06479:920
SpEWY ~100135 83172 —105+2¢

23 theory parameters

Parameter Scheme A Scheme B Scheme C
|Sp| - 0.015M095¢  0.014 £ 0.006
Js, - 142428 15421
Sy | - 0.0334+0.004  0.0357399°
O, - —73+24 —89727
|Ep| - - 0.2665565
0k, - - 120 4 180
|Ev| - - 0.46715:375
Og, - - —657 31

X2, /dof 15.53/12 40.22/32 37.57/28

Fit quality 12.36 %“15.08%“10.67%

some difference In fit quality

Cheng-Wei Chiang @ IHEP, 2015



RESULTS FOR VP SECTOR

limited fit (no S, E) [|global fit (no E)|| global fit 23 theory parameters
Parameter Scheme A Scheme B Scheme C
Tp| 1.173+3:063 1.193+9:0%9 0.9097043
T 0.88013:9%8 0.883% 0 0an 0.70419-294
1v] 0063 0-00 0275 Parameter Scheme A Scheme B Scheme C
o1, 344 1+4 —6735 Y
Cpl 0.3410133 (98470092 () 594+0.204 >l _ PO 00 OO 0000
‘ ‘ ‘ ) - —14213% —154"21
5o oyt _36+2 54+ > - o
" Sy | - 0.033+£0.004  0.035+39%
O 0 668+0.325 0 735+0.164 1 120+0.416
Cv| D00 _0.276 -199_0.161 -L4Y_0.339 5 73 1L oy g+24
dc 89+ —91+13 —93+1 v _ - ——
: |Ep| - - 02667555,
| Pp| 0.083 £ 0.003 0.083£0.002 0.083 % 0.003 S
_ ; 120 + 180
Spy 2546 2145 —37t17 o
|Ey| - - 0.46710520
Py 0.066 £ 0.005  0.069 & 0.004  0.070 + 0.004
+27
- - i i ey
Or, 165 + 9 159]large errors on E amplitudes
oo 53,12 40.22/32 37.57/28
| Pew,p| 0.035%507  0.031+mw not called for by data 36 5 087 1067
. . 0 . 0 . 0
Spw,p 51443 44%1also resulting in large errors
| Pew,y | 0.061%5:  0.05830n other amplitudes
Sppwy —100%35 —83]w prefer Scheme B

Cheng-Wei Chiang @ IHEP, 2015



RESULTS FOR VP SECTOR

limited fit (no S, E) [|global fit (no E)|| global fit 23 theory parameters
Parameter Scheme A Scheme B Scheme C
Tp| 1.173+3:063 1.193+9:0%9 0.9097043
vl 08805 063 0'883418:828 0'704418:%% Parameter Scheme A Scheme B Scheme C
_[t+28
o I e O 1Sp| i 0.015109% .014 + 0.006
ICp| 0.341751% 0.28479:092 0.52475-21
‘ ‘ 05, - —142133 —15413%
dcp —2413 —36723 —5475; +0.005
Sy | - 0.0334+0.004  0.035+90%
ICY| 0.66875-32 0.7357515¢ 1.120%9 338
' ' ' 55y - ~73 424 —8973;
ey —89127 —91+13 —93+13 Bl 082
. ] ; 0.266+0:
|Pp| 0.083+0.003  0.083 £ 0.002 0.083 £ 0.003 .
i S5, - - 120 + 180
Spp —25+6 —21+5 —37+17 056
|Ev| . . 0.467%5375
Py 0.066 + 0.005  0.069 £ 0.004 0.070 %+ 0.004 . o
_ _ —65F
Sp, 165 + 9 1597 142+17 Y /86
: : : 37.57/28
| Pow,p| 0 The amplitudes satisfy the hierarchy: 1067
. 0
5PEW,P
el o | LPVI > Crv| > [ Peyv] ~ [Pewy| > |Pewpl , |Spv]
EWV
SpEwy w Unlike PP sector, [Spy| Is smaller than |Pewpv|

Cheng-Wei Chiang @ IHEP, 2015



RESULTS FOR VP SECTOR

limited fit (no S, E) | |global fit (no E)|| global fit 23 theory parameters
Parameter Scheme A Scheme B Scheme C
Tp| 1.173+3:063 1.193799%9  0.9091935)
Ty 0.8807 0058 0.88310-007 0.70410:292
v o L DA Parameter Scheme A Scheme B Scheme C
(5TV 3+4 1+4 —61% ) 5 o000 .
P - 0.01579:9%  (.014 + 0.006
ICp| 0.34110:1% 0.28470:092 0.5247029¢ 5 L3 e g2l
S _oqtil _36+29 5 +32 Sp ) S oA — 15405
: : : - 04  0.03510:909°
Cy d The relative phase between Ty and Tp is consistent with O. 0004
+24
U5 9 1L 47 _89_27
Sc,, —89+2 —91+13 —93+15 ‘EV| 0 o052
P - - . _
| Pp| 0.083+0.003 0.083+0.002 0.083 + 0.003 0200
S5, - - 120 =+ 180
Spp —25 46 —21+5 —37H3 B P
1% - - 0.4677y
Pyl 0.066 & 0.005 0.069 = 0.004 0.070 + 0.004 . f;“
- - —657F
Sp, 165 + 9 1597 142+17 — i
X2, /dof 15.53/12 40.22/32 37.57/28
| Pew, p| 0.03570919  0.031+£0.010  0.03079:9% _ / _ / / /
o N a0 Fit quality 12.36 % 15.08% 10.67%
SpEw P 51+12 44711 25120
- 0.061+3:92 0.058+3:917 0.06479:920
SpEWY —100"3 83722 —105+2¢

Cheng-Wei Chiang @ IHEP, 2015



RESULTS FOR VP SECTOR

limited fit (no S, E) || global fit (no E)|| global it 23 theory parameters
Parameter Scheme A Scheme B Scheme C
T | 11735506 11937006 0.9097055
7ol OSSO 0SSIULT  0704fs —
cheme cneme
o1y 3£4 1Py and Pp essentially opp03|te In strong phase |, g 5+00 014 + 0.006
135 . ~0 . )
Crl 0341550 me consistent with the assumption made in =~ | o _j5pm
41 . — _
ocr ~24%% |early analyses based on G-parity argument  |yss 4 g.004 0.035+000%
+0.325 . . . . Y
Cvl 0668075 interfering constructively and destructively | s o, _gg+2
_g0+27 |. « % . -
o *=i5 lin the nK* and n’K*, respectively 0.266+0:529
|PP| 0083 :l: OOCO U.UOou L U.UUZL U.UO0u L U.UUO ] ] .
r e CWC, Gronau Luo Rosner Suprun 2004 0.467+952¢
| Py| 0.066 £ 0.005 0.069 £ 0.004 0.070 4+ 0.004 5 65427
5 165 + 9 1507 142+17 il —_—
(on — i joog) i/ dof 15.53/12 40.22/32 37.57/28
Frw.rl C0%%0on  DOSLE0O010 00 em0 L 12.36 % 15.08% 10.67%
SpEW P 51H12 44711 25+20 ey o e — -
| Ppwy| 0.061%G051  0.058%ggis  0.0647507y
SpEW Y —100"3 83722 —105+2¢

Cheng-Wei Chiang @ IHEP, 2015



RESULTS FOR VP SECTOR

limited fit (no S, E) | |global fit (no E)|| global fit 23 theory parameters
Parameter Scheme A Scheme B Scheme C
Tp| 1.173+3:063 1.193 %9960 0.9097035
Ty 0.8807 0 bes 0.88310-007 0.70419-222
Tv] 0003 0080 0-279 Parameter Scheme A Scheme B Scheme C
o1, 344 1+4 —6720 7 YT N
[ +0.135 +0.092 +0.294 S| ) 0.015%g05  0.014 +0.006
&g 0.341 %0130 0.284 74 51 0.524 %4730 5 14913 154 t2L
S - - — - _
5o o4t —36+2 5432 ’ “ ®
Sy | - 0.0334£0.004  0.0357005]
+0.325 +0.164 +0.416
1Cy| 0.668+9-32 0.73570-164 1.12079-416 o
5 agHT gy gt sy - —73 424 —g9+24
. /B : : 0.26673 520
| Pp| 0.083 & 0.003 _0.083 4 0.002 _0.083 4 0.003
: ; 120 -+ 180
Opp —25+6 |[|Cyv/ Cp| ~ 2 while |Tp| > |Ty|
- 0.46710528
| 0.066=0.005 [correspondingly |Pewy / PEWPl Sv / Sp| ~ .
g Sp, 165 £+ 9 159F7 142+17
X2, /dof 15.53/12 40.22/32 37.57/28
| Pew, p| 0.03570919  0.031+£0.010  0.03079:9% / / / /
o N a0 Fit quality 12.36 % 15.08% 10.67%
SpEw.p 51712 44711 25120
| Pewv| 0.06175053 0.058"5:01% 0.06413:929
OpEwy —100733 —831%2 —105%3% )

Cheng-Wei Chiang @ IHEP, 2015




RESULTS FOR VP SECTOR

limited fit (no S, E)||global fit (no E)|| global fit 23 theory parameters
Parameter Scheme A Scheme B Scheme C
| 1173739 [|Pewy| IS comparable to |Py| !
Ty 0.880+0%s [m» playing a crucial role so that
: I e Scheme B Scheme C
O, 3+4 |CPA’s of K**11° and K**11~ have same o
vorss | 0.01579:9%  (.014 + 0.006
(e 0.341%513 |sign, In contrast to the PP sector where L3 g
_ . o -21 - —38
dcy —245  |CPA's of K*110 and K*11~ have opposite 0005
: 0.03340.004  0.035+0:993
Cy| 0.668 0357 |SigNS
5 s —73+24 —89727
Cy — 0916 / (v U C
¢, =Y53Cy, — -+ P i 0.26610529
|Pp| 0.083 = 0.003 4 OV — (Vg ) PEWy 1200
; 120 + 180
opp —25+6 —2TE5 —37739
|Ev| - - 0.4671557
Py 0.066 & 0.005  0.069 =+ 0.004 0.07010.0@ S o
Sp, 165 + 9 1597 142+17 — i i 5
Jdo 15.53/12 40.22/32 37.57/28
| Pew pl 0.0351001% 0,031 +0.010  0.030+39% Xmin/ 401 / / /
Fit quality 12.36 % 15.08% 10.67%
SpEw.p 51712 44711 25130
|Pewyv| 0.06170057  0.05879017 0.064t8;8@
SpEW Y —100"3 83722 —105+2¢

Cheng-Wei Chiang @ IHEP, 2015



RESULTS FOR VP SECTOR

limited fit (no S, E) | |global fit (no E)|| global fit 23 theory parameters
Parameter Scheme A Scheme B Scheme C
Tp| 1.173+0:063 1.19310:060 0.90910-499
|TV‘ 0.880t8:822 0'883t8:828 0.704t8:§?§ Parameter Scheme A Scheme B Scheme C
_ (28
n o i O 1Sp| i 0.015+09%  (.014 £ 0.006
Cp| 0.341+01% 0.28470:092 0.52419-2%4 '
0, - —142+13 —15472
dcp —2413 —3675 —547 40.005
1Sy | - 0.0334+0.004  0.035+9:9%
1Cy| 0.6681032 0.735+0-164 1.1201051
' ' ' 05, - —73 4 24 —89737
ey —89121 —91113 —93+13
|Ep| . . 0.26670 520
|PP| 0083 :|: 00 Q N N2 _ L N NN N N2 _ L N NN .
N - 120 + 180
p, _o16 ||Cv /Tp| and |Cp / Ty| ratios: -
- 0.46710 520
|Py| 0.066 = 0.00 o
Py
Pows 0,035-0010 40.22/32 37.57/28
EW,P . _o.
ol |Cy/Tp|  057+£0.26  0.62+0.14 | 1508% 10.67%
dpEw.P 51716
SPEWYV —100733

Cheng-Wei Chiang @ IHEP, 2015



PREDICTIONS - BF's

most theories predict smaller rate for former
due to 1T% wavefunction

our results has a sizeable ¢’v amplitude which
contributes constructively to B*—K**110

Observable
Data
This Work

QCDF

pQCD
SCET

v v
BF(B* — K**n%) BF(B° - K**n~) BF(B° — p°r°)

02415 8.5+ 0.7 2.0+ 0.5
9.79 + 2.95 8.35 + 0.50 224+ 0.93
6.7+0.7524 9.2 +1.0%37 1.3 50 08

4.3750 <+=p» 075 ~ 1.1
6.5719 £ 0.7 [l 0,515+ 1.540.1+0.1

7
L

S|zes?

due to constructive
Interference between
Cr and Cy amplitudes

Cheng-Wei Chiang @ IHEP, 2015




PrREDICTIONS - CPA's

all theories have wrong
sign in central values

diverse predictions that are far
off from current data

Observable
Data
This Work

QCDF

pQCD
SCET

v
Acp(B — p'm")

App(B*+ = K*+r0) Acp(B® = pt)

0.18709 [only by BaBar| —0.52 & 0.15 [only by BaBar|  0.11 £ 0.11

—0.239 £ 0.084

+0.034+0.114
_0'098—0.026—0.102

~ —0.31

+0.155+0.017
—0. ]‘92—0.134—0.019

—0.116 + 0.092 0.162 & 0.072
0.016+008L+0-111 —0.085 =+ 0.004+9-965
—0.32+021 0.01925000 0003 0.000-0.005
—0.12973129 4+ 0.008 —0.091 1) 187+0-009

Cheng-Wei Chiang @ IHEP, 2015



PREDICTIONS - Bs PECAYS

all theories consistent with one larger than others due
another, but more than twice larger to our large Pewy ;
than the central value of current data| |signal of new physics?

¥ Hofer, Scherer Vernazza 2011

OLFONCINCE BE(K* ) BF(¢nY)
Data 3.3Et1.2 -
NGRS 7.92 +1.02 1.04 +1.14
QCDF  NESERE 0.125001 002
RO 76729102105 0.1675:08 4 0.02 £ 0.00
SCET 6.6702+0.7  0.0940.00+0.01

more on next page

Cheng-Wei Chiang @ IHEP, 2015



PREDICTIONS - Bs PECAYS

 When Epy amplitudes are ignored, we have the following
predictions relating Bs and BO decays

BF(By -+ K* 7))~ BF(B" = p nt) ~8x107°,
Acp(Bs — K* 7n) ~ A(B° — p 7") ~0.14

BF(By = ptK )~ BF (B’ = p'r7 ) ~15x107° ,
Acp(Bs = pTK7) =~ A(B* — pTn™) ~0.12 \

largest in Bs decays

where the numbers are given by current data.

Cheng-Wei Chiang @ IHEP, 2015



SUMMARY

Latest B—PP,VP modes are analyzed in flavor SU(3) framework.
Fit to Bu,qa decay data and predict all observables, particularly for Bs.

C is larger than previously known (|C/T| = 0.7), and has a strong
phase of ~ —70° — partially due to Acp(Krm) data

S is essential for explaining BF(n’K), and has a strong phase ~ -100°.

We have extracted for the first time the E and PA amplitudes in PP.

Cv has a large size and a strong phase of ~ —90°; Pew,v also has a
similar strong phase and a magnitude comparable to Py.

Epyv are not called for under current data precision.

« A detailed comparison of our predictions with data and perturbative
calculations is made.

Cheng-Wei Chiang @ IHEP, 2015
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BACKUP SLIDES



B—PP, AS=0

Mode Flavor amplitude BF Acp
B+ — atal —==(t+¢) 548335 0.026 + 0.039
K+KO° p 1.19 £ 0.18 (1.02) ~0.086 £ 0.100 [16]
nat Lt +c+2p+(2-V21)s 4.02+0.27 ~0.14 £ 0.05 (1.42)
ozt ‘j-[r+c+2p+{2+“5}s] 7403+ (1.36) 0.06 + 0.15°
B - KK~ —(e +2pa) 0.12+0.05
K°K° p+2pa 1.2140.16 0.06 +0.26 (1.38)
—1.08 + 049
ata —(t+ p + e +2pa) 5.10£0.19 0.31 £ 0.05 [17]
~0.66 = 0.06 [17]
07" 5 (=c+ p+e+2pa) 1.17 +£0.13 (3.18) [21] 0.03 £+ 0.17 (1.94) [21]
na’ 51[2,0 +(2 - \/’ig}s -2e] < L3
o 7° selp + (1 +?—}s ~ e 1.2+ 0.4 (1.46)
m -‘-[f+p+{2 V2iy)s + e+ pal < 1.0
wn e0c +2p+ (4- V2 +Jf:—-}s+2f] <12
I'I -
' js[c+p+{2+-}i—:}s+f+é-pa] <17
B, - K -(t+p) 54406 0.26 £ 0.04'
K" T:E{_C+ p)
nk® Lle+ (1= V2uy)p+ (2= V21y)s]
K . 2 2
7 K° Fle+(1+33p+ (2+35)s]




Mode Flavor amplitude BF Acp
B+ - K'x* p' 23.79 +0.75 -0.017 £0.016 [16]
K*a° (P +7+C) 1294703 0.040 £ 0.021
nk+ %[+ +(1 —\/_:,,,)p +@2- \/_r¢}s’] 236102 (1.18) ~0.37+ 0.08
WK+ 3'.[:'+c +(— Np' + (2 + 2}s'] 71.1 £26 0.013 £ 0.017
B® - Ktn S p+r) 19573 ~0.082 + 0.006
K" #(p' -c') 9.93 + 0.49 -0.01 4 0.10 (1.38)
- 057 +0.17
nk® Fl+ (1= V2y)p +(2- \/_I¢}s'] LaieeT
7 K° :}-[c’ B £+ DY +(2+ *]s’] 66.1 + 3.1 (1.32) 0.05 £+ 0.04 [22]
0.63 + 0.06 [22]
B, — K*K™ —(p'+7+¢€ +2pd) 245+ 1.8° ~0.14 £0.11* [17]
i 0.30 + 0.13* [17]
K°K° P +2pd < 66"
ata —(¢ +2pd) 0.73 £0.14" (1.30)
~z° 7‘;(6’ + 2pd’)
na° ~%[=v21,¢ +2¢)
n'a’ = Iﬁc’ +2¢)
nm secol=c' + V2t4p' +{~/_r¢-2)s’+7-—+;"*%pa’]
m —f¢5¢[{:{7 ﬁ;}c +2p' + {\/ir# —ﬂ+ 2)s" — €|
'y

cosold + 80 + 2+ B)s + % + 2 pa

Cheng-Wei Chiang @ IHEP, 2015



B—PP, PREDICTIONS

TABLE VL Predicted branching fractions in units of 107° for the B** decays based on scheme D. Unless otherwise noted, QCDF
predictions are taken from Refs. [24.25], and SCET predictions are taken from Ref. [26]. The pQCD predictions taken from Ref. [27] are
for S, = —x/2 with §, being a strong phase induced by Glanber gluons.

Observable Data This work QCDF pQCD SCET
BF(z*2°) 548403 540+ 0.79 S9tzaud ~6.6 [27] 52+ 1.6+2.1+0.6
BF(K*K") 1.194+0.18 1.03 + 0.02 B sy 1.66 [28] L1 +£04+1.4+003
BF(nxt) 4.02+0.27 3.88 + 0.39 5.0712+08 41415 129) 49+17£10£05
BF(n/x*) 27t 5.59+ 0.54 38t 24108 £02+03 [29] 24+12+02+04
BF(K*K™)  0.12£0.05 0.15+£005  0.10°0%5 +0.03 0.046 [28)

BF(K'K") 1.21 £ 0.16 0.89 + 0.11 ' e v 1.75 [28] 1.0+ 04 + 1.4+ 0.03
BF(x*x) 510+ 0.19 517+ 1.03 7.0153 +£07 ~6.4 [27] 54+13+14+04
BF(x°z°) 1.17 £ 0.13 1.88 + 0.42 B 3554 o4 ~1.2 [27] 0.84 +0.29 +£ 030 £ 0.19
BF(na") <15 0.56 = 0.03 03613010 0.23 £ 0.08 [29] 0.88 = 0.54 £ 0.06 £ 0.42
BF(if/2°) 1.2+04 1.21£0.16 gzl i 0.19 + 0.02 + 0.03* 7% [29] 23+08+03+27
BF(nm) < 1.0 0.77+ 0.12 oSS 0.067% 3% [30] 0.69 +0.38 + 0.13 £ 0.58
BF(r'n) <12 1.99 4+ 0.26 036t e 0.018 4 0.011 [30] 1.0+£05+0.1%15
BF(n'r) <13 1.60 = 0.20 0.2z 50 10 0.01177%2 [30] 0.57 £ 0.23 £ 003 + 0.69
BF(K°z*) 23.79+0.75 2353+042 21730228 ~21.1 [27] 208+79+06+07
BF(K*zY) 29458 1271 £ 1.05 J2.515 200 ~12.9 [27] 11.3+£41£10£03
BF(nK*) 236108 1.93 + 0.31 2.t 124 32 i) 27+48+04+£03
BF(rK*) 71.1+£26 7092+ 854 745531358 124 5L048S [31] 69.5+27.0+43+77
BF(K*x™) 19.57403 20.18 + 0.39 R e ~17.7 [27] 20.1 +74+13+06
BF(K°2") 9.93 + 0.49 9.73 + 0.82 86i33ue ~7.2 [27] 94+36+02+03
BF(nK?) 1.3 1.49 £ 0.27 SR [N 2140 [31) 244+44+02+03
BF(7K°) 66.1 £3.1  6651+7.97 70931 M2[24) 5031108 [31] 632+24.7+42+8.1

-P, 2015



TABLE VIL Same as Tahle VI but for CP asymmetries.

Obhservahble Dam This wark QCDF pOCD SCET
Acrle™d) 002%6400% 0.09+0027 00011400001 550 ~—0.012[27] <0.04

Al K¥K ) —008640.100 0 ~0.0647008 L0018 1128

Acplpr®)  -0.14+005 -0.0814+0074 —QOSO0EW -037307 29 0054+ 01940.21 4005
A nrt) 0064015 Q3440087 0016152000 0331007 129) 02140.1240.1040.14
Ao KHK-) . 0.004 £ 0612 0 0.29[28]

AK'K®) 0064026 Q01740041 -0.100+0.0070010 0[28)

Alr*z) 0314005 036+0081 a1l ~0.17[27) 0204 0.1740.194005
A=) 0B4+017 as6l1+al13 asmiiEie ~036(27) ~0.584 03940394013
A=) 0.566+0114 —QO5240=03m -042:210129) 0084 0.1040.1240.05
Alyf &) 038540114 Q07339001 -0367313 129 ~024401040.194024
Alm) ~04540129 —QF3STOINOME g 33 0EEA0AES 3y (094 024.40.21 40.04
Alm") —03%M40117 -Q59270I2400N g 77,4+ 0000:0.00 000

Alafof) 01240136 -0449400155; 0BT mans

Acr(Ksz*) —001740016 0 0.0028 4 00003 350 ~0.001[27) <0.05
Acr(K'2") 004040021 00740025 004950 o0 ~0.10{27) ~0.11400940.11 0.0
Ac(akt) 0374008 -042640043 -QI45 MDA ng 0170080008 13]]  033403040.0740.03
AcdfK*) 001340017 00740008 QO0LSTOMRSONDL. g f2F 0012000000 137) g 010-40.006 40,007 + 0005
Acp(K*e~) —008240006 -0.0804+0011 -0 008 ~=0.1127] ~0.064 00540064002
AK) 0014010 -QIT3L0019 —QI065005 000 ~=021[27) 0.05 4 004 £0.04 £0.01
AlnKs) - -0.301 £ 0041 -0 23600 15 Q12740041 aronms [31]  021402040.04 4003
Al k) 0054004 00240006 0.030:29% 40008R4] 0023000008002 31 0.01140.006+0.012+ 0002
S(KE™)  -1.084049 0 i

S(xtx) 0664006 Q71740061 00BN ~=0.43[27) 0864007 £0.07 £0.02
5(«"%") - 045440112 “ ~063[27) 0.71403440.3340.10
5(n=") - ~00%8+0338  008Xan 06755 129) ~0.904 0084+0.03 4022
Siyfe") - Q124023 0160500 06735 129] ~0.9640.0340.0540.11
Sim) . 07640077  —077AmsAR 0.5351000H0 D00 (3] —0.98:+00640.0340.09
Sla'm) - ~-QABL0049  -076300am —0.1313 03000 1m gy 0 824002 4£0.0440.77
Sin'n) - -09644 0037 0850 Dam 0932700800002 (55 594005 4+0.08:41.10
S(K &) 0574017 075440014 O0M™IN+004 ~069[27) 0.80 4+ 0.02 +0.02 +0.01
S(nk ) - 059240035 0790w 0619205 e 131] 0694 0.1540.0540.01
SiyKs) 0634006 068540004 06740014000 0627 S e 131]

omssomstometoon @ [HEP, 2015



TABLE VITL FPrediced reculss br $he B, daays baed on scheme D). QCDF predictions are taken fom Rd. [32]. pOCD predictom
are taken Fom Ref. [33], and SCET pradictions are aken from Rel [26]. Branching fradtions are quated in wmits of 1075,

Observable  Dam This werk QDF pACD SCET
BF(x*K-) 54406 5864078 syl 7633407405 49412413403
BF(s"K°) = 2254033 vy (7S + ey 0764 02640274017
BF(gk®) 0974006  075ilindas 011100018 4000 080+ 04840294018
BF(y k") - 3194409 29+334L) 0Tz e man 45415404405
BF(K*K-) 245418 17904298 2523130 3.4t 53eTay 182467411405
BF(K°KY) <66 1748423 261080 LT strarvsry 1774664054056
BF(z*z) 0734014 0804055 0264000155 oS e

BF(e"s") - 040407 Q134004005 02815 0040

BF(n=") - Q124007 005 0neam Q0540240014000 001440004 40.00540.004
BF{n/s") - Q124006  Qo4id0-0m 01110808 4 0.0 0,006 -+ CLOMB -+ QL0223 5
BF(m) 824419 109:43:37 8073547400 71464402408
BF(my) MATEIM A22TFET 20525 100 MO41364 14427
BFiyy) - 41484625  a79inpEy o380 100 MIL1974234170
Acr(s*KT) 0264004 026400 02070 T0m 01 e Dets 0204017 40.19.£ 005
Ale"Ky) - 07440054 0363040 0.4 S0 el s s ~0.58£03940.94013
Ak ;) 04240057 03T 05641208 chmm s ~0.5+ 046 40 14 4 006
Al Ky) 03740000 —083ITCS 0 nThm T ~0.144 007 40.164 002
AR*K-) -0.044011 009040021 -0MTIRTSEY 02X PRI o ~0.06-+ 0105 40 064+ 0.02
AlKE?) - ~0075£0035 000804+ 00004 T 0 =0.1

Ale*s) - -0.001 £0.110 0 ~0.012:955 40,012 +0.001

Ale"s) 000140110 0 ~0.012:085 40,012 40,000

Aln=") - ~Q 16540292 Q9GIIAMSONE g ong00m 40 00 40000

Al ) 02940335 0029 0 aas (L g gy

Alm) - -016+0018 -0 cimm 000640002 0gn aan Q0794008940027 +0.015
Almr') - 009 £0008 -0 meoan —00134000300 +0.001 00004400014 40,0039 40 004
Al'o) Q0640009 QB2 Imeams Q0194 QOIS0 000940004 40.006£0.019
S(2"K ;) - QX24+0080  0M8ISD-eD ~0.61 75 &0 am -0.164041 4034017
Sk y) - amr4L0002  0267000E 0431355000 082403240114 004
SiyKy) avi+a0%  00eEREE ~068 700 +0.00 0384 00840 10+ 004
S(K*K-) 0304013 0M40+00%0  02JRA 0.28 4 003 40,08 557 0.19 4 004 +0.04 + 001
S(KEY 0009+ 0001 €004+ 0075 5, 004

Sixta) - Q1440061 015400040 044130 an

S(x"") 011440061 015400040 0.14 2B 8m 000

Sin") - 05640198 0261000 01740042 2 £0.0 0454 0144024030
Sin'e”) - 09s3+alls  0ssiTRTS —0.17 0 ata-ons os

Slm) -0095£0020 007 RN 00340004001 4000  —00264004040.03040.004
Sima) - 00640007 00155 4000  0044000400040.00 004140004 40,002 £0.051
Sine) - Q8+0009 00440014001 (.04 40 00+£0.01 +0.00
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TABLE IX. Same as Table | but for stangeness-conserving B — VP decays.

Mode

B—VP AS=0

Flavor amplitude BF Acp
Bt = E-ox+ Pr <11
ol o Py =,
=t ~=(tv + cp+ pv = pr) 8343 o188
pra® ~L(tp + v+ pr = pv) 10975 0.0240.11
oty %[:,.+r,+p,+py+{wﬁ:,+zixv| 69 4 1.0 (2.06) 0.1 +0.11
'y Eltptov+pp +Pv+{{—i+ 2)sy] 9813, 026+0.17
wx* Hltv+cp+ pr+py+2sp) 6.9+05 -0.02 4 0.06
¢’ sp <015 [18]
B - Kox® Pr
K°K° Py <1.9
ot ~(tv + pv + er) 84+1.1 ~0.07 + 0.09
0.05 + 0.08
o ~(tp+ pr +ey) 146 + 1.6 0.13 4 0.06
007+0.14
= ~Hep+ ey —pr—py—ep—ey) 20 £0.5 (1.05) -0.27+0.24
=023 +034
2 —~Sler —ev = pr—pv + (VZig = sy + ep + 4] <15
A ':ﬁfr'ﬂv‘Pr‘Fv*("E‘EJ-‘r*'r + ey <13
o tlep—cy +prtpy+25p—ep—ey) <05
oy ?‘[fp""'fr'fpr+Pr+2’r+{‘@*+2]lr+fr+!r] <14
anf tlept+ev+pr +pv+1if+l:3l§-l'2].ip+tp+fv] <18
x” ;’5:,- ‘ <015
#n FEsr <05
i %55 <05
KKt gr,
K+ K- e
K¢ g= = 0.4 [19]
B - E4z° --‘h{cr-pr}
K x" =(fy + pv) 3z 12° 19
p K =(tp +pr)
K ~%(cr=pp)
Ky Llev=VUpr+ py + (=V21y + )]
K% %f{v - J;%p.- +pv+ {{_3+ 2)sy]
wk? :kir,. + pp+25p)
¢k° Py +3p
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TABLE X. Same as Table | but for strangenesschanging & — VP decays,

B—VP,

-1

Maode Flavor amplinade BF Acp
B* - K%' P 101 £09 (128) [22]  -0.15+007 [22)
K+t g -:!,-{f, + Cy + Pl 9241522 -052+0.15 [22]
K+ ~(f +cp+P) isige 037 £ 0.11
K TP 04+321[22] 0.21 £036 [22]
K**p [0+ ¢ + pp — VI, + (V21 + 25y 193 + 1.6 0.02 £ 006
Kt 2l vy +pp+ Lph + (24 25 5.0 ~026+0.27
wk* Ll +p+ pl +24) 6.5 + 04 (1.11) [20) —0.02 + 0,04 [20}
#K+ P+ 1, 88 £05(1.15 0.04 + 0.02 (1.26) [18]
- Ktx A 85407 0234006
Ko (- Pp) 25406 (252) -0,15+0.13*
Kt =y + Py} 7.2 409 (1.63) 0.20 +0.11
K° -+ =pv) 47407 0.06 + 020
) 0.54%,]
K9y 2l + pr— Vagpy + (—VEy + 25 159 + 1.0 0.19 + 005
Kty ey + Py +=;‘;'-'=p’,.+ {-g‘i+ 2)¢,| 28406 [21] —0.07 +0.18 [21]
wk® L+ P +24) 48+04 [20] 0.04 + 0,14 (3.04)
0.71 £021
¢K° et 5 7.3:07 ~0.01 +0.14
0.74131 (1.04)
B - K"K —(fp + P+ ey)
K—K* =+ Py +ep)
KK+ 127+ 2.7 [19]
K“R® P
Koo Py
" Scp—Flep+ey)
o~ -Rp—Fep+ )
any - +20) + R+ o))
anf ‘Eﬁ("’:"‘zfrj"“.f{"?""w
i ‘ﬂ;"v
¢n ==y +VIph + V200, + V28 + (VI - 2)5)
o’ 2+ L+ 20, + 84 + (2 +2)0)
pra -y
o ey
o Hep + ) _
axe® —4(+¢)) hiang @ IHEP, 2015




TABLE XIV. Prdicted branching fractions (in units of 10-%) of all the B+® decays using the fit results of scheme B. All the

predictions made by QCDF and SCET ane taken from Ref. [ 25] and work 2 of Ref. [ 39]. respectively. The pQ(D pradictions taken from
Ref [27] are for §, = —a/2, with §, being a strong phase induced by Glasher gluons. We have followed the prescription cutlined in
Sec. V 1o convert the B® — p* x7 observables in Ref. [27] inio the ones for B — p*x and B — px°.

Mode Dats This work QCDF PR SCET
B**~  Kk*x* <1l 0.46 + 003 0.80° 8320 03298 [40) [Ty i
[ oad o 0.31+ 003 046408 021°5% [0 L ey
P 833 799+ 141 b ey ~9.3 [27] 7982+ 08
pif 109k 1215 +252 nait=14 ~72 27 114 =060
o~ 69= 1.0 526= 119 8310+ 09 6728 41) 332z a03
ot o5+ 566+ 125 ¥y 46715 ) 04473 18008
T 69205  T.03= 142 & s ricr ~6.1 [27] 850308
gt <015 0.4 = 002 =0.043 00320 m-000 142) =0.003
keexe 0.43 =002 070tdinan 0.24 = 0020000 140] 0474017008
o o <19 0.29=003 0470 049 S LA ISLE Len] 045030480
pt B4 1.1 822 106 b ¥ i ~107 [27] 66'01 =07
P H6£16 1520£15 15941100 ~201 [27] 102484 £09
oo 20505 2241093 B e ~1L1 21 I5£010200
i <15 0.54 =032 010425 a0 013408 1) 0N =00
i <13 0.63 = 033 0.09+ 310007 010005 [41] Logs =0l
e <05 102+ 066 (1| By ~085 [27] 0.015* 20 +0.002
am <14 LI2= 044 [ * ey 07158 B 145 =0l
oy <18 1.24 £ 047 059t 05530 1) 132403
= <0.15 0.02 + 001 00135000 0.0068 < 0.0003; 3907 [42] =000
b <05 0.01 + 001 =0.005 0.011 952 [41) =4, 0008
dor <05 0.01 £ 001 =0.004 0.017 s [41] =0,0007
K% 101209 1047 060 10,441 3443 6.0°3F [43) LT 7 ey
9215  9M+195 6.7£0.7%3} 4.3%37 [143] 65t =07
il % ER | hprs 197 £ 090 WEMT] 5.1%3; W3] 4.6 12087
PSR 94+32 T+ 077 F v 78 43] 10048
Ky 193%16 1657258 15833 ) 221383 [44] IR6HHS
Kty sotia 343+ 143 L6317 (24) 638 +026 [44] agties
wK* 65=04 643+ 149 Y et 10.6*15* [43) sgiiles
#K* EE=05 EM =131 ¥ 78518 |3 8672343
Kty BE5=07 K35 =050 9.2+ 1,047 6,050 [43] 95443
K9 25106 389+ 198 3504418 204 43 3Ttidtos
FKt 7.2=09 K28+ 080 sati]es 8850 [43] 102418413
P 47207  497= 114 S4ta 48437 143 51l
% 159210 1634=248 15772 ) 2231482 ) 1655400
Koy 2806 =124 LS 1) 33503 4) 400478
mk® 48204 4E2%126 S et | 9.8 1% 13 49138
#K° TJ% .72+ 121 u_‘i_fﬁ 131&‘ [43] mr_*jg‘j-,;
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TABLE XV. Same as Tehle XTIV but for CP asymmetries.

Data This wark QCDF pOCD SCET
[ o o 0 —0089 = 0011923 0069215 140) —0.044 £ 0,041 =0.002
K+ke e 0 -0078*350008 0.065* 212 [40] —0012+0.017 =0.001
At 01809 02390084 -0098‘00NIN ~~0.31 [27] ~0. 190t 1St ANY
pre® 0.02£011 00530094  O.097'2E}p0m ~0.13 27] Q150 A
pn OIT£011 016220072 -0085+0004°028 (g9t ) Dl 00010001 00% (41]  —0.091° 01870008
Py 026£017 022320137 000D _gaspla0uAD-0meASd 4] 02177 30ea0
art —002+006 0075+0067  -0132°58821n ~—0.18 [27] 002338 +0.002
s 0 0 -0080°350 5ot 142]
roxe 0 01350y —0.044 = 0,041 =0,002
e e 0 0035005 aas —D012 0017 =0.001
ot 007009 —0.136 0053 0227004008 ~=027 [27) —0. 1245 13 aae
pre 0132006 0120£0027 0.044 +0003°257 ~005 [27] Q108208000
P 0272024 00830121 010 E S ~0.18 [27] -0.035'3 3 £0.003
o -0264 0215 086270000 0896 o St Nl e (1] 033355000
P 044020317 0SSP 0TS o Sa aom 1] 052232
ang® 0188 £0.185 -0170* a0 ~=0.12 27] 0395 4.0 s
o ‘e 0054£0.137  —0A4T'SoR'SIT 0335 g T e s [41]  —0.096°3 1% £0.009
wrf -0.005 2025 -0AMGERRIE 0160 B N e ey [41]  —02T2RENRen
¢ 0 0 —0.063;2993 = 0.025 [42]
. 0 0 0 [41)
o 0 0 0 [41]
K®%* —015=007 0 0.004* 33320 —0.01%35 [43] 0
K*2® —05220.15 -0.116 20092  0.016°055 410 -0.32°23) [43) —0.129°2 137 = 0,008
AEY 037011 030620100 04545000 0715 [43] L e
FE° 0212036 0 0.003 080208 001 =001 [43) 0
Ky 0022006 —0016=0.037 —0.10]‘223:0m3 hy) ~0.2457 5572 [44) ~0.019°%9% = 0 001
K ~026+027 -0.391 £0.162  0.607°008+82% 4 0.0460° 515 [44] 0026°32% + 0,002
@k+ —002+004 00100080  0.221°25701%0 032428 43) Q13 inam
$K* 0.4 =002 0 0.006 = 0.001 =0.00] 00122 (43} 0
K 0232006 02170048 —0121= 000592 -0.60°313 [43] 0122011 + 0. 008
K9° 0152013 —033220114 -0.108 20000 011722 [43) T e
K 0202001 01320053 031970300 0.64°0 0 [43] 0.096'4 1m0
AE® 006020 00690053 0087 =0.012°0% 00755 [43) —0.035 = 0.048° 2503
K% 019+005 00990028 0.034=0004°007 [24]  0.00570 =0.00011 [44] ~0.007+5513+ 8000
K9 —007+0.18 0069=0.152 0088370 03 [24) ~0.0130 = 0.0008 [44] 0099558 =0.009
@k® 004 =014 —0053 0055 004732000 —0.03°327 [43] 0038°30% =0.003
$K° —001=014 0 muw'_:gl"!mg umﬁ [43) 0
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B—>VP, PREDICTIONS

TABLE XVI. Same as Table XIV but for the time-dependent CP asymmetry S.

Mode Data This work QCDF pQCD SCET
B*0 = p-xt 0.05+008 -0.024 + 0065 ~0.06 [27]
pta-  007£014 -0.049 +0074 ~ =022 [27]
% —023+034 -0229+0.112  -02477570R ~ =030 [27] -0.19 + 0.147572
P'n ces -0628+0.196 051G en 0227 +0.0611 3 0 s toes (411 029150005
porf e -0.714 + 0252 .50 S0 Q4SO T RIS I 141) R
wx’ “e -0.315 £ 0.195 0.78 38488 ~=1026 [27] 07213204080
wn o —0461£0.113 016013137  0.390 S o anr [41] 0161
m;(; - -0.624ﬂi 0.120  —0.28} /34018 0.770¢ g0 0325 o001 ona. 1411 D27 ITHON
W - o
P e 0
p°K°  054°01%  0.643 £0.036 0.0 35T+ 0.50%729 [43] 056553 +0.01
wkK® 071021 0789+0028  0.84+005' )0 0.84155 [43] 0.80 £ 0.02 + 0.01
$K° 074911 0.718 £0.000 0692755 + 0.002 0.71 £ 0.01 [43] 0.69
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B—>VP, PREDICTIONS

TABLE XVIL Predicted branching fractions in units of 10~° for all the B, decays using the fit results of scheme B. Predictions made
by QCDF, pQCD, and SCET are obtained from Refs. [32,33], and [39] (work 2), respectively.

Mode This work QCD pQCD SCET
B, - R*0g? 3.07+1.20 089 0.07* 50100 + 001 LOHE RN
Kzt 7.92 + 1.02 TR Wy erreeyy 6.6507 +0.7
ptK- 14.63 + 1.46 47PN 178210 10.230% 0.9
p"K° 0.56 +0.24 [y 0.08 = 0,02+ 297001 5]
Ky 1.44 +0.54 0363 0.17 £ 0,041 204048 0.62 +0.1475 0%
Koy 1.65 + 0.60 090 9T 0.09 + 0.02* 513 +0.01 087185 00
wK® 0.58 4+ 0.25 1613208 01810 Y 13+0.1+0.1
PKO 0.41 £0.07 06133%5 0.161 0 a0 o0t 0.543 8550
K"K~ 8.03 +0.48 1035042 [T By S a iy
KKt 7.98 +0.77 § oy 4733430 £00 102433433
K*K© 9.33 £ 0.54 JQsisated 73313421 +00 9.3 3 2ks
KK° 6.32 + 0.68 Y et 43+0.773£00 9. 4%
P°n 0.34 +£0.21 0.10fn e 0.0615 % + 0.01 +0.00 0.06155 +0.00
ey 0.31 £0.19 0.16%57% +0.03 0.13*59% + 0.02+330 0.14733 £ 0.01
wn 0.15+0.16 115 b vy g 0.042 350005 +0.00 0.007084} 4 0.001
wn 0.14 £ 0.14 0.15 00 s 0,442 12+215400 0.201933 +£0.02
¢a° 1.94 + 1.14 1A D ey 0.16% 500 £ 0.02 £ 0.00 0.09 £ 0.00 + 0.01
én 0.39 +0.39 1 OiHES 36+ 3102 +00 09411
¢ 5.48 + 1.84 2253180 0.1915 0001 +0.00 431330
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TABLE XVIII. Same as Table XVII but for CP asymmetries. Whenever there exists more than one line, the upper line is .4, while the

second line is S.

Mode This work QCDF pQCD SCET
B, - K9q" -0423 +0.158 ~026310 080422 ~DATIIEENIAZEI0N 0.13412 180008
K=x* -0.136 + 0053 ~02401 0208 {0,190 252 tauH0Nm —0.12413 P30
pr K- 0.120 £ 0.027 REITIREE U B2 R aT te 0.1087 9 TR 05
PR ~0.124 + 0453 0.289+01 %0250 0. 7341 i S % ~0325 4R 0om
~0.348 + 0285 0222 =057 IS 00355
Koy 0828 +0.123 040011 182 3 3 gy i sy 062710 DA
Ko —-0.408 + 0273 —0.6251 00028 e o B g ~0132112 2500
wk?® -0029 + 0436 Q32010 era Q.52 Mo 0.182 R R
0.928 £ 0.110 LA ~0.63 £ 0.007 03700 098 a0 e
$K° 0 ~0,032 12821000 0 ~0.022+38¢ + 0.001
-0.692 + 0.000 -0.69 + 001 £ 001 -0.72 =0.13 £ 0,02 £ 0.01
| i 0217 £ 0.048 0.1 10358 S -0.366 +0.0237007=+0013 -0.12345113 4 0.008
K~ K+ 0.134 + 0,053 0.255 308 0113 0.5531 3 0% 0098 0035 0.09613 5 5%
K“Ro 0 0.0049 00008+ 0.0 0 0
K<K° 0 00013 N OIS 0 0
o' 0323 £ 0.136 DT 000 e T et 0
-0.002 +0.168 035 0.15 + 0067514 + 001 0.6010% +0.03
P 0323 £0.136 (Y 7 1 syt 0,258 00 onse. 20t 0
-0.002 4+ 0.168 QASTI%HI0 ~0.16 + 0,001 313100 -041£0.751510
an ~0432 £ 0271 ~0.648 1 0 -0.167 0 oor 0017 0
-0.238 £ 0.296 -0.76:38102 002017082 +0.00 0.93 1 R0
wnf -0432 £ 0271 ~0.394 12 0u 0.1 0.0773 010 0
-0238 + 0296 —0.8470 0010 -0.1175 % £ 0.0475 -1.001 3 o o
¢ 0.073 £ 0201 082275 85 0.133 1503 50170007 0
0439 +£0.171 0ADIES = —0.07 + 0.011 30002 0.90 + 0.00°55
o 0428 + 0504 —0.12413 M r0re =0.0181458" + 0.00625 58 0.16973135 £0.016
0534 + 0400 02 Y ey 023105 +0.02
o’ 0043 £ 0,09 013970 154+0.35 O s 0.078755% +0.008
0.166 + 0.057 0.08%00 s 0.00 +0.00 + 0.02 + 0.00 0.1015% +0.01 D IHEP, 2015




