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Fig. 1. Diagrams for the quasi-two-body decays B,y — K*(892,1680)h — Kn'h, where h denotes the

light pseudoscalar 7 or K.
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Table 1. Related parameters for B meson and the resonances K* [
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Eﬂﬂ

NFBE BT TR

(GeV) (10712 ) (GeV) (GeV)

mpe = 5279 7ps = 1.638  mice(son)s = 0.892 +0.00026 T (s92)+ = 0.051 % 0.0008
mpo =5.280 7o = 1.517  m-(soz0 = 0.896 +0.0002 Tk (s02)0 = 0.047 + 0.0005

mBg = 5367 TBg = 1520 mK*(1680) — 1718 i 0018 FK*(1680) - 0320 ﬂ: 0110
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KH B A RBOCRSEE AT E M, BT BY MILBY MFA wp = 040 +0.04, X} BY AFIIE
wp, = 0.50 +0.05; BATHIEE iR Zk H FARFRESEC mf = 1.40£0.10 GeV, m = 1.90+0.10 GeV.. %2
JERRA 5 m R K SRR Gegenbaver i, a3 ™ = 0.25 + 0.15; 8 =R ZRIHT K* ) Gegenbauer 4i
HRHENE, B ol = 0.05£0.02, ol =0.25 £0.10, a* = —0.60 £0.20 71 a* = 0.50 £ 0.10; 5, WAAE:
TR S REFE HFomiRmEp R A 2AL LU CKM AFETTH Wolfenstein 241554 K I AN
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Table 2. Comparison of the PQCD predictions with the experimental data ['°! for the concerned two-body

B meson decays with the resonance K*(892).

RARH Borg Bpqep S HE 1)
Bt — gt K*0 1073 0.8510 23 0161006 1.01 +0.08
B — 70K*0 1076 2.221 0t o e 3.34+0.6
Bt — DOK*+ 10~ 7138t e 5.3+ 0.4
B° - D-K*t 10~ 6.757 5351053000 45+0.7
B° - D; K*+ 1073 3.46710 77108 +0.08 3.5+1.0
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BY —» K-K* — K-K*y RSN B SEE OP AXFME Acp, H ks mTLUE K*(892)
= K*(1680), PQCD FYMCHIGTH & & 3 rPIysELER. XT3 3 XL PQCD #iEgs R, H
M =AMR2E 2 IS A B HRIR, HE TN RENE R E TRA R o MR T e
¢ = (41.6719)° . M3k 3 Xt PQCD S5 AT LA H, BATEASL b T o6 1 A Le v B (g 4 it
. HAFIAE 1075 — 1077 R, XU Ay ML) —10% Z4, BT B°
K°K*(892)° — KK’ } B® — K°K*(1680)° — KK ' i~ H AR o (5 58 1 1 Sk i

% A, =0.

M 3 HAMTIRREL I, WM R E AR By = K*(892)h — Kn'h (95 L WA R EHRA RS FE By —
K*(1680)h — Kn'h H53 3L LHY 50%-70%. X SEAMEZ BRI AR IS p — KK AHERKHARN.
FESCHR PO o, BT AR IS IEIRES p(770) 72 B S =M rfon KK iy o, SUeamk
TR R REHUL RS p(1450,1700) X KK S Fxiasimk. JA1HT 0, HIEFZ —R1E B 7=k
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%3 WEPIHATEAR SR By — K*(892)h — Kn'h #1 B(s) — K*(1680)h — Kn'h [y PQCD i &4
Table 3. PQCD results for the quasi-two-body decays By — K*(892)h — Kn'h and B —

K*(1680)h — K1'h.

WAL B Acp
+ . 0 70,0 10.744-0.7740.65--0.02 _s 40.024-0.034-0.0140.00
BT — T K*(892)° — 7" K%y 5.5277 00 0.74—0.62—0.02 X 10 —0.1475'05 0 '02—0'01—0.00

+ + o 0 + 700,/ +1.55+1.47+1.20+0.05 -8 +0.0240.03+0.01-+0.00
BT — mtK*(1680)° — 7 K 10.827590 17402115004 X 10 —0.1475'05 0 '02—0'01—0.00

0 0 7 * 0 + 770,/ +0.04+0.23+0.1440.00 -8 40.02-40.06+0.0440.00
BY — 7Y K*(892)" — 7" K"n 1.03Z5 05 021-015—0.01 X 10 —0.10Z5'01 2005 —0"14—0.00

0 0 7% 0 + 770,/ +0.11+40.45+0.2740.01 -8 40.014-0.04+0.04-40.00
B® — 7Y K*(1680)° — 7" K"%p 2.09%01420.40-0.30—0.01 X 10 —0.09Z070220:03-0.03—0.00

B® — K°K*(892)° — K°K 1247030007022 o < 107° 0

B® - K9K*(1680)° — K°K% 1.9970:35 10310357001 x 1078 0

0 . + et 40.37+0.27+0.4140.01 —7 40.004-0.0140.0240.00
Bl — K~K*(892)" — K~ K™ 2.3550 719 0.27-0'39—0.01 X 10 —0.12755050:01-0.02—0.00

0 — s + et +1.0640.38+0.56-+0.01 —7 +0.0140.03+0.02-+0.00
B} — K~K*(1680)" — K~ K™n 3.3520:7020.37—0.52—0.02 X 10 — 0.13%0700-0:02-0.03—0.00

AR K (892) — K SRR HESLHRAS BTk 19 R 2 5 ZUR T e A P rh g SRS T2 AR 1 A 43 ),
SRS R 2 FEOR, R AR ASRES R A I SE G At o) — 2, BRI I AR 1 23 52 Lo a2 1
K86, i F K 5 K*(892) MIRZERT KK 5 p(770) fifieZE, H Ky MBEHERT KK 1
{H, XEAER By — K*(892)h — Kn'h BRI By — p(770)h — KKh HLHRZA R B =R
JEAR; HHEEE A E NS, B(K*(1680) — Kr) = (38.7£2.5)% [ 5x—4) 37 Hooly K*(1680) % K/ 248t

TIERT p(1450,1700) 2] KK A-FX G AL

XIS, K7(892) X Kn' ARESHITTHl/NT K*(1680) RYTTHUZ AN K*(892) — Kn' J2 )
SRR R, XRR SR Y RE T R 2 A 23 (A A B s AR IR AE A S K*(1680) — Ky E
K*(892) — Kn' MUTTHR 7D, BATHBCAEE AL K*(1680) Jiute: 5 A i A A5 0 T ik B B 2L
SR, ARSCTZ I ABA WS K SR RS2 Ky fstakidcs — D ARE EZ AR, 23T e
HIRIEE AR RE, SCHE AR S AR o, 0 s EFIAR R = . I, BATH AR K KIRH

B ASH Tk B Ve R A e

MITEFR BW £k (11) rIEAR, SRR AR HASA PR RAE IR s BRI R, dRp
i my 5 s ZEEBCRMOCN, 2 (11) B h i B A EE. X4 B A AL hHRaSm
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(LB RELR) B 53 S B /5 ARG R &

Fig. 2. Dependence of the differential branching fractions for the quasi-two-body decay processes BY —
K~ K*(892)* — K~ K1/ (blue solid curve) and B? — K~ K*(1680)* — K~ K7’ (red dashed curve).
JE DTRRAS SR T — N BRI R, B X T A e e (1 AR S 19 i TR BE AR AN AZ SLHRAS A B 5 I Sy 2O
TIXALE AR X LEAT TEHRAS HE DT AR A W 4 22 SRR A 53 43 =2 Ll B e Sk 5 LIRS i A 2 B SR A
5. FAILAE 2 Py BY — K- K*(892)" — K™Ky (ML) AP TR, & 2 s ¢ se
TRAEZ) 2.0 GeV BT, fEEY K*(892) UMK s Bt AR i, I ELIEHPAYIE (o se g2 R SE R L4k
BIAFE T Ky, RSO FEREE TR (22) HBMEshA i @) M 7] LR ERZ R, £ER
W Q) ~ 0, —Hid Ky BIE, 7] SRR, 615 B — K- K*(892)* — K~ K*n' i
5353 3 e B GEIETT, BEEE L2 3 3 —iaghy At @] 2T Hoshis s RGN R IXRER
(53 T —N 58 2 diy BY — K- K*(1680)t — K~ Kt (40ie%k) EA B2 B0 5 il
2. Eh L 22 DUE R I HARAS ST o) 7 S e ih e, HIBEESLIRAS K (1680) f9 BT REF T,
Hoih 2 5L PRASA B Y 328 8 [ DA K.

4 B4

FEATAEH, FAHE PQCD J5iE F, MWEMIKEAZETE BT —» 7t K0 — 7t K%', B —» 7°K*% —
K%', B® » K°K** — K°K% U B) — K-K** — K- K*n' #H7 7RSS, Him K h3ERES
K*(892) M K*(1680). AT MHSE R RAL DL B SEHE CP AXFE Acp, IRLEERIGHEN
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LHCb K Belle-II SCH2H I AHICII  TARSRALIIE S0FF

ARSI AR R AR R, HAN S AR 1078 — 1077 [ ERGR, (EAS SIS, FRATAVRT
FERIN, 1°Dy PUBWAEE K*(1680) AR X Kn' REHTTRREEUDX il e K*(892) — K’ 5
BRA P, XS BATZ AT TAER AR EIN p — KK £ B Jrf =R s E RROR. A1 4mA N
FUR AT M2 ARG R K (892) — K’ SskAYIEAR, BRAET K*(1680) — Kn' BOKRY7» 3L H
VAR TS S U ot i W N P i

FREE| Kn' frr i, 7idfR K7 (892) — K MBAMEASCH it se s 2sd B vt s TR
ASKLyRYRE TN, HS d R K(1680) — Kn' fEMHRE PRIt B RARIAR. RS K (892) Xt
K RASHYRE DO AR A A B 1 5828 58 JE A0 55, HL R I A 7090 52 B i A T o e 2 e
BIHRA K(892) AR MIBUR, FEIARI 2% B 0 A rh A D AR N2k B — MR AT IRES, X — M
(EFFSDRIER.

fif % A /F B AR R IR B

PR TR 5 oy PO

bp = \/;Tc(le +mp)ys05(ks), (A1)
AATIRIE o5 HIEA:
2 2 (xgmp)* 1 5
o5(p,bp) = Npwp(l—zp)exp T oz ~(wBbg)"|, (A2)
wg 2

Hip, BYO PR SE wp = 0.40 £ 0.04GeV, B) HIPRSE wpo = 0.50 £0.05GeV, Np NH—LH T

BIHFAT m Fl K SRR FeoR oy 0ol

o), = i Pod™ (z3) + mio" (w3) + mf (g — 1) (23)] - (43)

7/—2]\[6’75 [
Hrpt No = 3 HEAEL ¢ (ws)s o7 (23) 5 o7 (ws) 401K twist-2. twist-3 1 twist-3 1953 4RIE, A1
BHARE 0T

W) = Goba(l =) L @O ) + SO0 + (1) (A4)
of(xs) = m[ + (3055 < 2HICH2(0) ~ B[ + 55 <1+6a’;>]0i/2<t>], (A5)
50 = sl (ot) [ (3ma— Jen = oo~ Sl (- w0+ 100 (a9
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Rt = (205 — 1), O3/ (1) 5 CV4(t) 2y Gegenbauer 2T, SMrRIRIHIT 4 T HAYHLE LI 2K,
Hp, FASRESE mg = mi [ (mg +mg ) FRAEEFRNTHI S 50- 5 A 5ER, Gegenbauer FHEUE N
af =0, af = 0.06, ak = 0.25,a = —0.015. 1F twist-3 F843, AMTEEILE pr, = mp,/mb, n3 = 0.015 }%
ws = —3.0 617631,

TEARSCH, FA 12 A 2 E . BT — 7t K*° B — n°K*® B® — K°K*° L} B? — K~ K**,
Hrppy K afLE K*(892) 8. K*(1680), HA K** — K%/, K*° — K%' LI} K** — K*n/. {£ PQCD
R T T IX S AR I R A S R I A T

C C C C
Vi Vasl(=t + Co) FEE + CLMEE] = Vi Vig[(=2 + Cy — =2 — 2 FEE

Cry
) 3 3 6 2
Cg C'7 CB C19

+ (Cs = )M +(Cs — )M + (5 + Cat = + Co)Fip

C C
+ (5 ot 5+ Co)F + (Ca ot Co) M+ (Cs + Cr) M}

ABT —» 7t K*%) =

G C 3Cy C 3C; C,
A(B® = 7K™ = SV Vil(Cr+ OFSE + CaME] = ViVl (557 + = = =7 = IFG

3 2 2 2 2
3C C Cy C
5 MU+ S MES — (4 Ca— =2 = (P + i) — (5 + Gy

2 3 6
c; C C C
— 5 ) E (G = )M+ M) — (Cs = ) (M + M}

3010

(A8)

. Gr (.. C, Co C Cs  Cr C
AB® = KOK) = =R {ViVal(Co+ 5 = 51 = =58 = Co =+ S+

C C C
+ (Cs— )M+ (Cs — D) (MER + MER) £(22 + Cs — =L — = )FSE

3 6 2
Co  Cho

4
v G- 2 o000 G S Cypur g g0 - © - Sy

2 2

s G . C C
ABY » KK*%) = Tg{vubvus[(cl + ?Z)Fa% + CoMEE, + (?1 + Co)FEE + oy M

C C G ¢
B V{{,Vts[(Cs—i-?Al-f—Cs)‘F%_05_?6_07_?8)}?“%*+<C4+010)MGLI§*

C C
+ (Cs+ Co)MSE, + (22 + Cy+ =2 4+ Co)FEE + (C3 + Co) MEE + (C5 + Cr) MEE

3 3
4 Co Cho Cs  Cr Cs orp
+ (5(03‘1'04—?—7)—05—?4-7-1-?)17&
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c c; C Cy C
+ (?5%—06—?7—;)Ff§+(03+04—79—710)M,f§

£ (0= DM+ (o~ DMLY (A10)
Hr Gp PR EHEL Vs 58 CKM HiFETT, C1-Cho i Wilson RE, ZARIEHHY_EFRRFS LL,
LR 15 SP AYBBTHRFAIT (V= ANV — A), (V ~ AV +A4) LU (S — P)(S+ P) P45 S0
PRl X RTAFA i Bz I, HaksUlL F i Hop bR, H3ks Uil M ORTE. A TR, X
86388 F A 1 BRI 2 S S0k O Bt st s I 2 — B (UTRAERTE AR PR o Beifely K JIm].
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Contributions of the subprocesses K*(892,1680) — K/
for the three-body decays B — Kn'h*

WANG Jiaxin?)  YANG Lifei!)  Ma Aijunz) WANG Wenfeil)t

1) ( Institute of Theoretical Physics, Shanxi University, Taiyuan, Shanzi 030006, China)
2) (School of Mathematics and Physics, Nanjing Institute of Technology, Nanjing, Jiangsu

211167, China)

Abstract

Three-body hadronic B meson decays offer a rich environment for exploring the Standard Model
and potential new physics. These decays are regularly interpreted in terms of the contribution of various
scalar, vector and tensor resonant states. The investigation of appropriate decay processes will help us
to comprehend the properties and substructures of the involved resonances. In relevant decay processes,
the contributions from the tail of Breit-Wigner formula for the involved intermediate states have long
been neglected in both theoretical and experimental investigations. In this work, we study the quasi-
two-body decays Bt — 7T K** — 7t K%/, B® - 'K — 7°K%), B° - K°K*® — K°K®) and
B? - K-K** — K~ K*1n within the perturbative QCD (PQCD) approach, where K* denotes the
resonances K*(892) and K*(1680). The corresponding three-body decays are currently under investigation
by the LHCb and Belle-II experiments. Our analysis specifically focuses on the virtual contributions arising
from the subprocess K*(892) — K1’ in these decay channels. The quasi-two-body framework based on
PQCD approach has been discussed in detail in our former works. With the help of the effective weak
Hamiltonian, the distribution amplitudes ¢p for the B meson, ¢, for the bachelor final state h and ¢g

for the resonance R, the decay amplitude A for a quasi-two-body B decay expressed as the convolution

* Project supported by the National Natural Science Foundation of China (Grant Nos. 12575100,

12205148).

1 Corresponding author. E-mail: wfwang@sxu.edu.cn
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A=¢pRH®Q ¢, ® ¢pr, where the hard kernel H contains only one hard gluon exchange at leading order.
And then, Employing the decay amplitudes derived from the relevant Feynman diagrams for the concerned
decay modes, we calculate the branching fractions and C'P violations within the PQCD approach, the
numerical results are found in the following Table. Our results are valuable for the understanding of various
resonance contributions in the three-body B decays and are helpful for studying of the properties of the
excited state K*(1680). This work reveal very interesting and unique feature for the virtual contribution
from the Breit-Wigner tail of the subprocess K*(892) — Kn'. As shown in the following figure for the
differential branching fractions of the B? — K~K*(892,1680)" — K~ K*n' decays, the bump for the
curve with K*(892) is generated by the tail of the Breit-Wigner formula for the intermediate state along
with the phase space factor. This feature should not be interpreted as evidence for a new resonant state

around 2.0 GeV.

7.0 T T T

X — B -~ K K*(892)" - K K'nf
60 L e - - B K K*"(1680)" - K K™
50 ! E
>
Q
'TO 40 ‘ ]
o
- |
2 30 | i
=l
~
q
< 201 ! B
| .
10 E
0.0 1 L L L L T
1.0 15 20 25 30 35 4.0
Vs

4 3: Dependence of the differential branching fractions for the quasi-two-body decay processes B? —

K~K*(892)" — K~ K™/ (blue solid curve) and BY — K~ K*(1680)" ~ K~ K '’ (red dashed curve).
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% 4: PQCD results for the concerned quasi-two-body decays By — K*(892)h — Kn'h and By —

K*(1680)h — Kn'h.

Decay modes B Aep
+ + o 0 £ 70, 1+0.7440.7740.6540.02 -8 - 40.024-0.0340.014-0.00
BT — T K*(892)° — m" K% 5.5227 00 0.74—0.62—0.02 X 10 0.14750320.02—-0.01—0.00

+ + o 0 T30, 4+1.5541.47+1.204-0.05 -8 40.0240.0340.014-0.00
BT — T K*(1680)° — 7" K 10.822590 17402115004 X 10 = 0.14%5'05 0 '02—0'01-0.00

0 0 g+ 0 + 770,/ 40.044-0.234-0.14--0.00 _s _ 40.024-0.064-0.04--0.00
BY — 7Y K*(892)" — 7" K"n 1.03Z5 05 021-015—0.01 X 10 0.10Z0:0120.05—0.14—0.00

0 0 g+ 0 £ 70, 1+0.1140.4540.2740.01 -8 - 40.0140.04+0.044-0.00
B® — 7’ K*(1680)° — 7" K'p 2.09%0142040-0.30—0.01 % 10 0.09%5°02-0:03-0.03—0.00

B — K°K*(892)° — K°K 1247030057025 o x 1078 0

B® - KYK*(1680)° — K°K% 1,991 030402140530 +001 x 1078 0

0 S + gt 40.3740.2740.414-0.01 —7 _ 40.00-+0.01+0.0240.00
Bl — K~K*(892)" — K~ K™n 2.3520 49 0.27—0.39—0.01 X 10 0.1275 60 0:01-0.02—0.00

0 R n et 41.064-0.3840.564-0.01 7 40.0140.0340.024-0.00
B} — K~K*(1680)" — K~ K™n 3.35207020.37—0.52—0.02 X 10 — 0.13%0700-002-0.03—0.00

Keywords: Branching fraction, B meson decays, Three-body decays
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