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m Motivation




B \Why multi-body B decays?

They can help us to test the factorization approach,
@ which have been used in two-body decays successfully.

@ They also help us to test SM by measuring the
CKM phases.

@ They offer us opportunities to study the line-shape
of intermediate states.




-@ They offer one of the most promising avenues for probing CP
violation (CPV)

¥ Localized A.p in three-body decays B — 37w, 3K, KK, Kt
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Region1 +0.303 £+ 0.009 + 0.004 + 0.003 * Significant Acp:
iR L
Region2 —0.284 + 0.017 + 0.007 + 0.003 B = 3m, 3K for the first time

Region3 +0.745+0.027 + 0.018 = 0.003 * Large Localized A.p




B L arge amounts of three- and four-body decays have been
reported by LHCDb, Belle, BABAR, CDF, DO etc.
Collaborations. (Most with BFs ~ 10)

< three-body B decays

Bt - nt(p® -)an,BT - K*(p° -»)nm, B® - n°(pY -)nm,
B* - n%(K** -)Km,B® » n~(K** -)Kn, BY - K*(K*T -)Km,
BO - KO((p —)KK -+ -+

¢ four-body B decays

B - $K** > (KK)(Km), By — K*°K*® > (Km)(Km),
BO - pOK*® > (mm)(Km), BY > b — (KK)(KK),
B - p*p~ — (wm)(mm) - -




I \Why improved global fitting for a two-hadron DA?

+ Two-meson DAs were derived in recent global investigations of three- and four body B
meson decays based on the PQCD formalism(Phys.Rev.D 104,096014 (2021), Phys.Rev.D

105, 093001 (2022), Eur.Phys.J.C 83,974 (2023)).

0
¢ nt two-meson DA (a3, a3, agp) The Gegenbauer moments in the Kt and KK DAs, )
being slightly higher than unity, are not favored in
{B - Pp - P(nm),P = m, K view of the convergence of the Gegenbauer expansion.
BY - ptp~ - (nm)(mm) a|2|K*0=1_19io.1o (Phys.Rev.D 104,096014 (2021))

T _

By - PK* — P(Km),P = m, K We introduce additional parameters to compensate
o T the possible discrepancy between two theoretical
@ KKtwo-meson DA ( 26, a2¢) treatments of the hadronic matrix elements for
{B - P¢p - P(KK),P =1, K vacuum transition to meson pairs. (arXiv:1011.0960)
BY - ¢ — (KK)(KK) \_ N, Nice, N Y,




+ polarization fractions of the four-body B —» V,V, = (P, P,)(P3;P,) decays

(63.6+27+3:3+1.0y04 PQCD (JHEP05(2021)082 )

f,(B® > K*°K*® > (Km)(Km))= (24 + 4)% PDG

*Flavor-changing neutral-current transitions are very sensitive to new physics (NP)
contributions, like B - K*°K*Y decay controlled by b — s transition.

* To attain definite predictions, nonperturbative inputs of two-meson DAs must be
known to high precision. More four-body B meson decays should be included in the
global fit.




m Framework




- In the standard model,

low-energy effective Hamiltonian is given:

Fermi coupling constant Local four-quark operators
(\T 10,7~,8g
T F YR [ )l - Ty * v
Herr = \/3{ Z Va Vo plC1OT 4+ Co05] = Vi Vi Z C;0) }-
- g=u,c 1=3
CKM matrix elements Wilson coefficient

For two-body nonleptonic B meson decays,
the decay amplitude can be written as:

G .




Theoretical approach

Factorization Approach

QCD Factorization

PQCD

Symmetry

Sum rules
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- k factorization: the full amplitudes of two-body decay
B — MM, can be factorized as

References:

PPNP51-85(2003);

arXiv:0707.1294;
0907.4940;
1406.7689

Hard Wave Sudakov Jet
Kernel Function Factor Function

| I

ky resummation Threshold resummation



B Quasi-two-body decays in PQCD
Multi-body B decays

« More complicated strong dynamics than two-body ones.
Receive both resonant and nonresonant contributions.

o Suffer substantial final-state interactions.
« A factorization formalism in full phase space is not yet available.

Available online at www.sciencedirect.com
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Three-body nonleptonic B decays in perturbative QCD

Chuan-Hung Chen, Hsiang-Nan L1

Abstract

We develop perturbative QCD formalism for three-body nonleptonic B meson decays. Leading contributions are identified by
defining power counting rules for various topologies of amplitudes. The analysis 1s simplified into the one for two-body decays
by introducing|two-meson distribution amplitudes) This formalism predicts both nonresonant and resonant contributions, and
can be generalized 1o baryonic decays.
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Three-body nonleptonic B decays in perturbative QCD

Chuan-Hung Chen, Hsiang-Nan Li
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two-meson distribution amplitudesi
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B P-wave two-meson DAs for both longitudinal and transverse
polarizations

Longitudinal component

1
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V2N,
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Transverse component
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- P=1m1t palr /timE-like form factors (GS)

Phys.Lett.B 763,29 (2016)
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i i . Eur.Phys. J.C 79,37(2019)
- P=Km pair /tlme-llke form factors (RBW) Eur.Phys.).C 78,1019(2018)
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B P-KK pair time-like form factors (RBW)
|| Eur.Phys. J.C 79,37(2019)
3 2 . Eur.Phys.).C 78,1019(2018)
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B P-wave Parametrization

GF
V2

@ time-like meson form factors  Phys. Rev. D 58, 094009(1998)

m2, —m? m2, —m?2
(P1(p1)Pa(p2)]J,]0) = [(pl_pQ),u_ P1p2 Pzp,u]—F Plpg Pzp}zF[fDle(pz)

OBreit-Wigner (BW) propagators for intermediate P-wave resonances

Factorizable contribution [(Pl(pl)Pg(pg)Jﬂoﬂ (P3(p3)|J"|B(pB))

1

(PL(p1) Pa(p2)|,10) = A;ﬂ(ﬂ(pl)&(m)v,ew s () (V€ 1ul0)
| gV—)‘Pl_PQ N
- mi — s — imy (s Z (P =P <VE |J“|O>
Phys. Rev. D 106 ,113004(2022) )22 0,+1
o . V—)'PIPQ
Coupling strength « — Qm e T — pa)en frmy,

A= (]:I:l




V—}Pl PQ

g - PP/ 2
5 . fvmy = NpF ' 2(p”)  arxiv:1011.0960
ms, — s — imy'(s)
vV
The coefficient Np has been introduced to remedy the possible theoretical
mismatch between the meson form factors and the properties of the
intermediate P-wave resonance.

( )
Nﬂ-ﬂ ~ 100.} NKTE ~ 140.}. NKK ~ 1.20
N\ J

The above three coefficients will be handled as free parameters,
determined in our global fit



s Physical observables

Othree-body decays

lQI'.I'li.‘l.“".
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© four-body decays

The differential rate for the decays
B tgk(w))k(wy)k(w;, w,)

Al? Q= 1{61,02,0, w1, wo
dQ 16(27)°m2 A] {01,02,¢, w1, w2}

2 2 2
k(w) _ \/)\(w -,TTlhljmhz) )\(@, b’ C) — a? + b2 +C2 _2(ab+ ac + bC)
2w - o Bt

VI my— (0, +0,)?][ms — (0, —@,)?]

2mB

k(wy,a,)=

The transformation connecting the B meson rest frame and the meson pair rest frame
leads to the relations between ¢ and 6

2(; — 1 = /1 + da;cosb;.



The differential branching fraction

d’B _ tgk(wy)k(ws)k(w),m,) AP
d¢ dédw dwyde  4(27)°m3/T+4da; /1 +F4a;

CP-averaged branching ratio and the direct CP asymmetry in each component h =0, |, L
B, — By,
By + By’

av 1 2 ir
B, = Q(Bh +By), A=

The total branching ratio and the overall direct CP asymmetry

. B, —>, B
Btotal — Z Bh: A?:’li‘n:* — Zh —h Zh ha
h >onBn+ >, Bh

Polarization fractions fj
B

:BU+B||+BJ_

I



@Numerical results




- Global fit

experimental data: v; £ dv;
(Measurements with significance larger than 3c)

theoretical values: v



Three- and four-body decays included in our global fit

Three-body decays (Branching ratios) Four-body decays (Branching ratios,
polarization fractions)

BT - K7 (p" =)mn| | Bt - KT (K™ =)Kn= B® - ptp- BY = b6

B - KT (p~ =)nn| | B 5> KT (K*~ =)K7 + c.d - '

Bt = K°p+ —)mn| | B = K°(K*® —)K7 + c.c. BT — p" K™ B — ¢K*°

B® 5 K°p° —=)am | | BN = o7 (K™ =)Kn BT — p"K*" Bt — ¢K**

BT = at(p’ =)nw B’ - n (K" =)Km B’ —» K*OK*0 BY — K*K*"

BY = 7t (pT =)ww Bt - n?(K*" =)Kn \ J \ ' J

Bt = n%(pt )| LBY = m (K™ —)Kn : o

longitudinal longitudinal and

Bt o K+(¢ —)KK polarization trans.verse polarization
BY = K% —)KK fractions fractions




_ A Gegenbauer-moment-independent database

L
ﬂJ{]K*¢; K*(}S—}_GJLIK*A{QK*@—}_&H AI%K ¢ IﬁlK q5

(fl|1|K )? ‘n‘J;K*cﬁ + (fl|2|f«; )* Mg 6K*p 1 | )Mr?f{*qa + (QQcﬁagff*)ﬂfEﬁ{

(f1|1|1{ alzlf{*)ﬂ'{w{*qﬁ + (azfﬁ)zﬂ My g T (az¢)zﬁ£|ﬁ M k- “ b

Mgyl

+ 4+ + +

flzc,fa( u{*) JulZK*cj,: +az¢(azx )’ AJI‘%K*@ + (flzc,f;a” a?K*)A{MK*qb
(a2c;5a|l|ff*) Afl;K*cj:: + (QQc,L‘JaQK ) ‘n‘Jle* A’IWK*@

MlK*qb: coefficients involving only Gegenbauer polynomials




B Fitted Gegenbauer moments and parameters in the
twist-2 and twist-3 two-meson DAS

x%/d.o.f=1.6

Np N, =1.05+ 0.04 Ngr,=1.48+0.03 Ngg=1.22+0.03
T a), =0.16 + 0.10 a;, =—0.11+0.14 aj;,=-0.21+0.04

kKm  ql .=045+011 al,.=-075+008 aj=061£021 az =0.45%0.06

KK  a3,=0.7740.04 aj;=-0.54+0.14

~ R
a'Z'K*0=1.19io.1o (Phys.Rev.D 104,096014 (2021))
a3,=1.4810.07 (Phys.Rev.D 105, 093001 (2022))

. J




- Discussions

¢ Partl: B - PP, form factors

oPart Il: Three-body decays B - P3(V —)P,P,

¢ Part 111 : Four-body decays B —» V4V, = (P1P3)(P3P4)




B Part I: B > P, P, form factors

Testing The universality of the two-meson DAs in the PQCD factorization.

JHEP12(2019)083
i(P1(p1)P2(p2)|@y"b|B(p)) = FL ("-*—’21 Qz)ki where the vector ki has been specified in Ref. [75].

TABLE VII: PQCD predictions for the B, — P P, transition form factwith R = p, K7, ¢, whose theoretical errors arise
rortt light-cone sum rules (LCSR) [69-75] are listed for

from the same sources as in Table II, but are added in quadrature. The restit:
comparison.

Decay modes  This work LCSR[69] LCSR[70] LCSR[71] LCSR[72] LCSR[73] LCSR[74] LCSR[75]

B — 7w 3917, 29 + 15 34+ 11 3543 43 +12 34 + 4
B — K 11371 79 + 26 93 + 26 81+ 10 98 £ 11 86 + 43 62 + 36
Bs — K 62715 7247 75+9

Bs -+ KK 0057125 e e 1080 + 92 - 1121 + 136




B Part 11: Three-body decays B — P3(V —)P; P,

® B - P3;p — P;(mtm) branching ratios

Channels

Results

Data

BT = Kt(p" =)nm
BT = K% pt =)
BY - K*(p~ =)7nrm
B — K%p" =)nm
BY - K~ (p™ =)
BY = K%(p" —=)mm
BT = 7t (p® =)nw
BT = n%p*t =)mn

+0.35+0.50+1.38
2.900 57 031 0.71
+0.89+40.99+43.42
6.77 552 0.81-1.94
+1.43+41.26+3.89
831115 150 2,16
3.53+0-:47+0.48+0.94
209 _(.37-0.43-0.72
+4.8+40.240.9
1697579 01 204
+0.0240.02+40.02
0.18%4 02 0.02—0.01
7 05 +1-72+0.66+0.30
V9 1.26-0.57-0.35
4+4.2040.48+40.14
10.077 550 0430 10

B? = %" =)

3.74+05 "7

1.0
737191

7.0+09"
344117

83+1.2f
10.67,3 1

~10.01-0.0110.02
0.04Z5700 0,01 —0.01

20=x£05

B =7 (pT —)nn
B? - 7t (p™ —=)wm
BY = (pt =)7m
B? - 7°(p° =)rw

3019608 5 0 103
017207017003 0.03
01270707002 0.01
0162061 5.01 005

B0F2.5]




® B - P;K® — P3(Km) branching ratios

Channels

Results

Data

BY 5 KH(K™ S5)Kn
B+ — KD(KLE—F —})I{’ﬂ'
B - K*(K*F =)Kn
_ B = KO(K* —)Kn

F0+0.1940.03+0.12
0.597 413 0 02_0.08
1+0.0540.03+0.07
0.217570420.03—0.04
£ 14+0.0140.154+0.01
0.5174602 0111 0.02

0.60+0-17+0.0440.12

L Tl ar| nﬁg

0.59+0.08F

< 0.4
< 0.96

B = K* (KT —)Kn
BY E)“(RJ*“ — ) K7

=+2.1140.50+1.92
9.35 142 001-1.24

+2.284-0.604-2.07
9-31_1 Adg_0 A8 1 34

19+5"
20+ 6T

Bt - 7T (K™ =K«
BT = n°(K*" =)Kn«
B - n (K*" =)Kn
B - 7%(K* =)Kn
B! » 7t (K"~ —=)Kn

4£2.60+0.314+2.31
8.8977 90 0.32-1.60
r @A+1.7540.2341.17
0.8471° 577 65'51 083

+2.2040.174+1.60
7-40_1.50—0.12—1.20

+0.764-0.10+0.78
2.80%4 51 0,07 —0.53

+1.504-0.76+0.17
3.6371 01076014

0.11+0:02+0.01+0.02
711 0.02-0.01-0.01

10.1+0.8
6.8+0.9f
7.5+047
3.3+06"
29+1.1

B) = 7’ (K™ —)Kn

e T




D Contributions from the subleading Gegenbauer
moments In twist-3 Kt DAS

3F i, (w?)
2v/ 2N,

. : 3F (w? )

(.-‘f!t ‘ 2 — K
.Kﬂ(z,w ) Z\W

TABLE V: Fitted Gegenbauer moments for the twist-2 and twist-3 two-meson DAs with the inclusion of the al( ), in the twist-3 K DA ¢9(z :

Vien(07) = [t(1+ aix-t) — ajx-2:(1 - 2)],

Chinese Phys. C 44,073102(2020)

tft + a’ . (362 —1)] .

a.gp as, aép
fit 0.09 £0.12 —0.08 +£0.14 —0.23 £ 0.04
alllK a[‘?,lﬁ* aj g ﬂ-i}{* atr{* ﬂ%}{*
fit 0.60 +=0.16 —0.66 £ 0.11 0.17+0.12 0.02+0.11 0.56 +0.23 0.46 £+ 0.07
agqb a%;f; Nz Nkn Nrk
fit —0.57T+0.15 0.77 + 0.04 1.07 +0.05 1.45 4+ 0.04 1.22 +0.03
Channels Results Data
BY - K*(K*F 5)Kn 11.8770 2 1945

B® = K°(K*° 5)Kn 11.791+131 20 + 6




® B - P3¢ = P3;(KK) branching ratios

— ) - C ==

T T T Ul —u L —uul

Bt - KT (¢ =)KK
B - K¢ =)KK
B) — K¢ =)KK

- +3.634+0.36+2.01
9.457 5 43 0222 17

+3.3040.334-2.66
8'63—2.28—0.24—2.02

0 D43+D.ﬂ08—}—0.013+ﬂ.0ﬂﬂ

INEATATS T ] e ]

8810 T
734077

Bt -7t (¢ -)KK

+0.004+0.002+0.002
0.011Z4 603 0.002—0.002

0.032 £ 0.015

BY - 7n%(¢p -)KK
BY = 1%¢ -)KK

g-'-l—U.UUd-f-U.UUl—|—|.J'.U|.J'J.
D-DU*J—n.ml—n.nm—n.nm
J.Ll _pos—o0.01—-0.01

< 0.015




CP asymmetries

_— O

Modes Results Data
BT — KT (p" —)mr 6241050 16+ 2
a1 gl L ool o . y
£y — ¢ 1% 1I_P' —.I'JIJI ik .J.\.I_E.z e 1L Le)
B" & Kt (p~ —=)mn 44172 20 4 11
B" = K"p" =) 1.5123 —4 420
By = K™ (p™ =)rn 196755

H_‘I' =t F:'”frn“ s oo a0 :l+?LJi'_f

BY o nt(p® =)rw —34.1703 0.9+ 1.9
BT —wrw'(p” —)rw 231757 2411
BY o nt{p~ =)ww —26.575% —8+8
B w x (pt =)nm 95133 13+6
B" = =" (p" = am 16.77555 27 4 24
B! - xT(p” —)am 3797101

BY 5 (pt =)mnm —66.277Y

B! = (0" =) —40.0757

Bt - KT(K*" =)K~= —4.07}22 145
Bt = K"(K*" =)Kn —61.9737,

B" - KY(K* —=)Kn« 184124

B" - K~ (K*" —)Kn 143750

B! &+ KT(K*~ )K= 11.5%732

B! - K~ (K'Y =)Kn —7.37%0 o

Bt 5 T (K 5)Kn —2.3+12 —449

BY s x%(K*t %)K« —3.5%5% —39 421

B" - (K" =)Kn —15.6124 —27+4

B" = 7" (K™ —)K~« —13.57 )% —15+13

B! » #T(K*~ =)Kn —18.1%37

B! - #"(K*" =)Kr —22.3+15-7

BT 5 KT (¢ »)KK 07712 2.4+ 2.8

B! = 7"¢p -)KK

31.2737




- Part 111 : Four-body decays B - V;V, — (P;P,)(P3P,)

= Branching
ratios and
polarization
fractions

Results Data
Channels B(10~9) fo(%) f1(%) B(107%) fo(7) Jo(%)
BT = pp 12,7755 97.7 00 1375 24+ 1.9 95.0 £ 1.6
BY — ptp~ 27.01 107 92.2750 45770 27.7+1.97 99.07534 7
B = g"g" 035702 37,970 339722 096 +0.15 71+
By = ptp” 1355015 99.4%57 0.3555
BY — p"p° 0.687033 99.470-0 0.37073 < 320 e
BT — p"K*T 6.927550 57.87154 16.9755 16+£1.1°7 TR+12°
BY = pt K™ 1117555 48.7717% 25.7.¢ 92+15" 48 + 81
B" — pm Kt 9.9173 5, 48.0715% 26.2753 10.3+2.6 38+ 13
BY — p" K" 435778 33.27007 41.2714 3.9+1.3 17.3+ 2.6 40+ 4
BY 5 p" K0 0.35700: 50.475 % 21570 < T67
BY = ptK* 121153 89.475° 53500
Bt = pto 0.0257 0 0oe 87.4717 58770 < 3.0
B = "¢ 0.012%5000 8§7.471 58770 < 0.33
B! = p'¢ 0.20%) 1 82,9737 89711 0.27 £ 0.08
B = ¢ 0.01555008 98.675 7 0.0175 00 < 0.027 e e
BY — o 16.675% 3877105 30,9721 18.5£1.47 37.0+£0.87 310067
BT = 6K 115755 5467570 23.175°3 0+27 55.0 + 5.0 1 200+ 507
BY — oK 104158 519752 24.5157 10.00 £ 0.50 1 49.7 £ 1.77 224+ 157
BY = pK*° 0.20701) 62.37137 25.2757 1.14 £ 0.30 51+17
BT — K"K 0.71+)-34 83.5750 5133 0.91 £0.29 82757
B" & K*TK"~ 1247055 ~ 100 ~0 < 2.0 .
BY - K K" 0.60%)22 81,1732 9.6+21 0.83+0.241 74451
BY & K"K 13,7752 32.3110-° 33.9F3-3 - e -
BY — K"K 13.2152 28.275 % 35.7°05 11.1+£2.77 24+41 38+ 127




B longitudinal polarization fraction of the B — K*K*? decay

Results Data
Channels B(10~°%) fo(%) fi (%) B(10~°) fo(%) fi (%)
BY — K*OK*° 13.2752 28.275% 35.7703 11.1+2.77 24447 38+ 121
10— 71T —T1—
— %
0.8 | AN TUT aike | -
i‘ o7l "N l ) PQCD (JHEP05(2021)082)
% ool £o(BO - K*OK*°) = (63.672:53:3*10y,
% :1:K—a1K*_031+016
S0 ay,- = az- = 1.188 + 0.098

-08 -06 -04 -0.2 0.0 0.2 0.4 0.6 0.8
Gegenbauer parameter



A new observable Lg%+ defined as the ratio of the longitudinal

branching ratios of BY - K*°K*? versus B - K*°K*¢
JHEP 04, 066 (2021)

I, - . B(BE —7 K*ﬁﬁ'*ﬂjg(Bﬂ — K*DK*D)‘fL(BE — K*“f_{*“)
K0 fC=0 = B(Bﬁ — K*”I_{*“]g(Bg N K*”I_{*“)‘fL(B“ _ K*ﬂ}?*(})}

phase-space factor

longitudinal polarization fractions

Lg-g- PQCD QCDF This w
(2209.13389) | (2011.07867)
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4434092  12.7%3% 19.5%23 BT




= Direct CP
asymmetries

Modes Alp A(llp Agp A

Bt = ptp® = (at 7% (ntn7) 0.4t02(97.7%) —0.1794(1.0%) 0.5702(1.3%) 0.479%
Data 545
B® - ptp~ = (ata®) (=~ 79) —3.7105(92.2%) 43.41757(3.3%) 38.41120(4.5%) —0.3734
Data ‘s ces - 049

B® 5 p%p° o (ta~)(xtwT) 61.77133(37.9%) 64.9791(28.2%) 76.9755(33.9%) 67.8175
Data 20 £ 90

BY = ptpm = (nta")(m— 7
BY = p%° = (nta ) (xtw7)
BT = ptK* & (zta")(Ktr™)
Data

BT = p"K*t — (zta ) (K n™)
Data

B = p"K*? = (nfn ) (K n)
Data

B = pm K" = (7 n%)(KnT)
Data

BY = pt K~ = (nta") (K7 )
BY = p"K* = (nfn ) (K7 1)
BY = o’ = (ntr W KTK™)
BT 5 K*T¢p = (K% T)(KTK™)

BT - K*TK*® & (K°x") (K n™)
B - K*"K*~ = (K% ) (K7 ™)
BY - K*"K*~ — (K7 ")(K°7r™)

5.1743(99.4%)
5.1153(99.4%)
—0.2F19(48.7%)

32.8f§2;7-;(.57.8%)
0.1t$g;:§'(:33.2%)
57.2455{.‘;3'1.(48.[}%}
—14.2f;§;§;(89.4%)
21.27123(59.4%)

—2.4120(82.9%)
—5.7" 3% (54.6%)

—21.575.7.(83.5%)

19.123(~ 100%)
33.1772(32.3%)

4.3755(0.3%)
4.3735(0.3%)
1.679-5(25.6%)

0.87%4(25.3%)
—34.5177,(25.6%)
—26.5733(25.8%)

73.71123(5.3%)
73.27525(19.1%)
—18.3753(8.2%)

2.8193(22.3%)
~9.0715(8.0%)
~29.5%1575(~ 0)
—17.4757(33.8%)

5.9
5.9
1.770-2(25.7%)

5(0.3%)
8(0.3%)

+8.
—5.
+8.
—5

—56.2157(16.9%)
12.8709(41.2%)
—30.7715(26.2%)

75.27117(5.3%)
81.8151 5(21.5%)
~16.8750(8.9%)
—2.3715(23.1%)
7.971 1 (8.5%)
10.2757(~ 0)
—16.6755(33.9%)

51752
51752
0.8793
—1+16
9.6777
31+13

=+2.2
_31)_2 7

—6+9
12.67 %"
21 + 15
—47555
44.27 1575
—92.U_538
-3.31135
~19.4%75
19.1+2:8
—0.9716




The total direct CP asymmetry can be well approximated by the weighted sum of the three

asymmetries
ALp ~ foAlp + fiiAbp + fLAEp.
Modes Alp Agp Adp AL
B® — p°K*° - (rtn ™) (K*rn™) 0.1722(33.2%) —34.5717,(25.6%) 12.879%(41.2%) ~-3.5137
Data —6+9
B » p~K*t = (n 7% (K x ) 57.2158 (48.0%) —26.5733(25.8%) —30.7770(26.2%) 12.675%°
Data 21 £ 15
B = ptK*~ = (ata%)(K%r ) —14.2733(89.4%) 73.71125(5.3%) 75.27102(5.3%) —4.7131
B = p"K* = (ntr ) (K 7 h) 21.27192(59.4%) 73.2+224(19.1%) 81.87510(21.5%) 44.27115
B = %= (xta ) (KTK) —2.4799(82.9%) —18.352(8.2%) —16.8729(8.9%) 50752
BT = K*t ¢ — (K2 T)(KTK™) —5.71352(54.6%) 2.879%(22.3%) —2.3713(23.1%) —3.3176
Bt - K*tK* — (K72 ) (K*#™) —21.573.7(83.5%) —9.0775(8.0%) 7.9771(8.5%) ~-19.4775
B - K*"K*~ — (K *)(K°r™) 19.1723(~ 100%) —29.51 15 5(~ 0) 10.2737(~ 0) 19.133
BY - K*tK* — (K°n")(K°%™) 33.1%13(32.3%) —17.4753(33.8%) —16.6755(33.9%) —0.975%




Summary and outlook




€ \We have improved the PQCD formalism of multi-body charmless hadronic B meson decays by resolving the
possible inconsistency in the parametrization for P-wave resonances in two-meson DAsS.

€ The determination of the Gegenbauer moments in the two-meson DAs is then updated in the global fit of
the improved PQCD factorization formulas at leading order to available data for branching ratios and
polarization fractions of three- and four-body B decays. The convergence of the Gegenbauer expansion of
the resultant two-meson DAS is manifest.

€ The precision of the two-meson DAs does play a crucial role in accounting for the data, especially for the
unexpected low longitudinal polarization fraction of the B —» K*K*?
decay.

® The precision of the two-meson DAs can be further enhanced systematically, when higher-order and/or higher-power
corrections to multi-body hadronic B-meson decays are taken into account. If a high-precision global investigation
discloses notable tensions between theoretical results and experimental data, it may hint that NP effects are inevitable.



Thank you
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