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|l. Introduction

& EBYIEMARH, B— MM, RIAIERBEFRETEETHEENRETIE.
SLACFIKEKEIE B NI 24F 27 XZ4900MABIrFXt B =4 #0
RTEG, BLWMEENM+21NB — MM, MIARTHIE,

& LHCEBEDIF 20074 NIET. ZELHC DI, FEALIR{AL10'2
HIB, A FHER, TEBIREKBIB, . BoA FHEFEFTEHM,
X Bs — MMy RS IRMIBIC T SR T R ).

& BELRHEATHNTINES, RERCHENBERNESNE. &
XAEE/LEA SR, (BB RRBTEMRTT< M Mo|Hepf|B >
Mt EERANTRENE, RYNELTEEENEIBRERE.
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& BEIGITH=MEFLFTE:
& BenekeFE ARHBIQCDAFIL X
& TiHHZE NRHMpQCDAEFIFE;
& Bauer £ AREHBISCET AFILFTE

& EQCDAFIARET, ANELXLENLO level 3 B/B, — MM, FIKIE
R fFRTDEMT2m. @AHAIHR.
#EpQCDEAFHAET, AMXMNESDB/Bs — MM, BREZEMTITE
Foth. EELFIBBENLOTTRHK-

& BNTJEFEApQCDEFI A, ITE T20Z /M AIKERBTFRTE,
B — (p,m,¢,w)n", n"n" KK*; By — (m, p, ¢,w)n", (p,w) K, nK* ,
GHTRXTRET DX LLACPIIARIIEIRTE, M T 2EM AL,
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& BN EEHIEZEHE Ry, N F. BB — (p,7)n" XL &, BaBar
F1Belle B/ G HMTHIXR T AL LLRIGNMSER.

& oy AHRHERRNF, BEIE A “Singlet-Octet Basis” #1 “Quark-flavor
basis” KimE An FAn' Z B BES

& “Singlet-Octet Basis: WAES

7 cosbfly —sinb, 78
n' sinflg  cos by m
where
ng = L(uﬁ—i—dc]—QsE), nlzi(uﬁ+dc?+s§), (2)
V6 3

Hho, s 2IRA: 0s ~ —21°, 01 ~ [-9°, —4°);

® “Singlet-Octet Basis: BfIES 015=0, —17° <0, < —10°.

S I>KE>009 2 0LBOBR
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& “Quark-Flavor Basis:

cos¢ —sing Mg
sing  cos ¢ Ns

1
Ng = ﬁ
BE /A ¢ = 39.3° £ 1.0°;

(uﬂ—l—dd) , Ms =88,

£ f f 6 & 5 &~ £
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& WTEBRW EFIWMB - KnVVEE, ANMIZETEWHMSHT R
il :
— large cc content of 7/

(K.T.Chao and F.Yuan, et al., );

— hard spectator-scattering mechanism: g*g*n(’) coupling;
(D.S.Du, Y.D.Yang, M.Z.Yang, T.Muta, E.Kou rt al.,)

— gluonic content of 1’ in QCDF;
(M. Beneke, M. Neubert, et al.)

— gluonic content of 1’ in pQCD;
(E. Kou, A.l. Sanda, H.-n Li, Y.Y. Charge, T. Kurimoto et al., )

— various new physics contributions;

(Kagan, C.S.Huang, Y.L. Wu, Z.J Xiao, et al.,)

PSR EROREFP
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& 7E3CHR[E.Kou, PR D63,054027; Kou, Sanda, PL B525,240]%, n#ln' B4 IE
IRTEHWEX A

n> = annq > ‘|'Yn|775 >
' > = Xylng > +Yy|ns > +Zy|gluonium > . (5)
YEZ A1 Fgluonic admixture < 26%.

& RIFEICH[P.L.B 525,240], — MR KBYSU(3) singlet TIEkBEMS FE I ANV FEREB —
Ky BT AXMH XL, ERNMSEHB — KO9RTHMS IR, SHEA
BRI 7 &

B <>K>0009 2 i B0OPR
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& RFHFiRNE: The leading-twist gluonic DAs of 7, s mesons are defined by
Ali et al., (EPJ C30(2003)183):

P )2y 1 _ G
<UQ(P)’AELM(Z)AS](O)‘O> = JfeA€uwpo = /0 dre'™r? bq ()

n_-P r(l—1x)

nPPe (1 : G
(0s(P) AL, (VAL O)0) = foBeppo /O dzeinP gjf—ii) . (6)

with the function
65 (@) =221 —2)* B8V (20 — 1), CY(t) =5t (7)

The contribution from gluonic DAs is smaller than that from the quark DAs.

B S >SKE>000 20 BOR
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& Z= i #5 Z A[hep-ph/0609165|FR L it & TN FHME FR S B —
n IR E FHISTEk, for b — w, d decays, one finds

Bng  _ Bn Bn Bns  _ pBns
Fror = Foron T Forom . Fon = Fron - B
That is, the ns contributes only through the flavor-singlet pieces Fﬁnzo oT
The B — n") form factors are then obtained from the mixing,
B Bnyq
From) — U(¢) From _ (9)
FBY FB:
+(0,T°) +(0,T)
The gluonic contributions from the 7, and 75 mesons add up in Ff(%/g), but

. . Bn
partially cancel in F+(07g).

P ZS e EeRErFP
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1: M(a),(b)BA B R AT LI E " SRR E T

B - etap B E etap
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n(’)

2: The Glonic contribution to B — n() form factor.
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& MBAITEILERIREA:

A ) B/r’
== M g

— — — BFRENBr(B — Kn/)A 41858,

MBS FREERE < 5%; WP BIEFRAIEL0% ~ 40%;
EE{KBr(B — Kn), BiEME

FASL 2 75 & RITR 47

Br(B® — K")
Br(B® — K%)

Q

61 x 1079
2% 1076

< >SK>0 0 9 7
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Spectator hard scattering contribution.

zPg y P zPg y Py
0, )
B M B M
2Pp— — yPu zPgp — — yPu
(a) (b)

Fig. 3. The Feynman diagrams of the spectator hard scattering mechanism for B decays to n'M,
where M is a light pseudoscalar or vector meson.
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Il. Theoretical Framework
& EPQCDAZETHRESIRIEIFTIZXA:

A(B — MiMy) ~ /fk@%m#mgnwa@Bmg@Mg@ﬁm@@@
XH(k17k27k37t)] (10)

& ki TTFPREERMEE,
Tr: *fDirackEFEFA B IEHRKIE;
C(t): WilsonZ%;
t: BEFR O(v/ AMp);
H(ki, ko, k3, t): BBERFHMILATERS
O TR

® v/ YK V009 VLB IPR



www.njnu.edu.cn

& kT ky, kT RS, BEFEREERA

.A(B — MlMQ) ~ /d:l?ldl‘gdxgbldblbgdbgbgdbg
X Tr [C(t)CI)B<Zl?1, bl)(I)Ml (332, bg)q)Mz (:l?g, bg)H(CBi, bi, t)
x Sy () e 1)), (11)

Hrh,
Si(x;): BAXATEIN? o, 253 MESKFIFTEE], mTLUHRR S &8
e 5®): Sudakov FEIREF, BB EIRIL FBIBh HF3050.

& b — d transition BB ZFIMERTA:

10
Hops = % Vs Vi (CL()OY (1) + Ca(w)OF (1) — VisVia 3. Cilw) Os(w)
=3

a 9 >K>0009 2L BO0R
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& UB — (p,m)n"") TS A I, factorizable and non-factorizable spectator dia-

grams are:

3: M(a),(b)FANE B AT LU ELA) 7 (0) FAFL~7(0) BIFIREF. L8 p(n)

"o
p(r) B : % p(m)
(d)

) i Eat AT 8sI FP " R E T

4 >S3K>0 0 9 72
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& The annihilation diagrams for B — (p,7)n"") are

(e) f

(f)
7 7
S DK
- p(m) o p(m)

4: B R EX R IERISIRR.

& EpQCDAFHAEF, BREFEAUTER, EREHBEAUTE
Y.

s I >KE>009 2.0 BOBR
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I11l. Numerical Results

1. Branching Ratios
N EXLETRERD — )P BETIRBHRIEXA

M = ViVudT = ViViaP = ViVadT |14 26/ +0)] (13)
VigVea | | P VidViy

_ P e | 14

© ViVl lT|  © arg[ VadV (14)

HAa2CKMIBE, 6 2" Penguin” 0" Tree” B BIFEXT5RFB{L.
& BN AR FRIE A

M = VgVAT — VaVAP = VgV T [1 + ze“—aﬂ”} (15)

& We define the CP-averaged branching ratio as

BR(B — MiM,) = |Br(B— f)+Br(B— f)]/2 (16)

a 9 >K>0009 2L BO0R
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& For B — pn) decays, we find [Phys.Rev. D 73, 074002 (2006) |:

Br( Bt — ptn) = [10.6753(ws)T59(md) £ 0.5(c)] x 107°,
Br( BT —p™n) = [6.5758(wp) £0.6(md) £ 0.5(a)] x 1079,
Br( B’ — p'n) = [4 2+20(wb) +0.5(md) o5 (a)] x 1075,
Br( B’ = p’) = [4.778(wp)Tos(md) £0.1(a)] x 1075,
O QCDEFFFZET 24 HHIIEIBME(in units of 107°):
Br(ptn) = 94732 Br(p™n') = 63139,
Br(p’n) = 0.037917, Br(p’n') = 0.0175 2.
¢ World-average from HFAG (in units of 107%):
Br(pt™n) = 5.3%17 Br(p™ny) = 911357,

Br(p’n) = < 1.5, Br(p™) =< 3.7.

PSR ERREFP
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& For B — 7\"), we find (in units of 107%)[Nucl.Phys. B738 (2006)243]:

Br(BT —atn) = 4.111° Br(BT — nty) = 24192,
Br(B' — %) = 0234+0.08, Br(B°— 7%’)=0.19 4+ 0.05.

O QCDEFHAZEREIETISE C(in units of 107°%)
Br(ntn) = 47137 Br(zty') =3.1112,
Br(t'n) = 0.2870%, Br(r'y') = 0.171543.
¢ World-average from HFAG (in units of 107%):

Br(ntn) = 4.4404, Br(r™n') = 2.6 £ 0.6,
Br(r'n) = <13,  Br(s%)=1540.7.

PSR ERREFP
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& For B — n)n), we find (in units of 107%) (hep-ph/0607219):

Br(BY - nn) = 0.18+0.07, Br(B" —ny) =0.12+0.04,

Br(BY — ') = 0.0840.03.

O QCDEFILAEZRIEIETASE (in units of 1079)
Br(ztn) = 016101,  Br(ztn) = 01670,
Br(t'n) = 0.067025.

¢ World-average from HFAG (in units of 107%):

Br(nm) = 111524+0.1(< 1.8),

Br(nm') < 1.7,

Br(n'n) = 1.0708+£0.1(< 2.4).

PSR ERREFP
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& For B — KK* decays, we find (hep-ph/0609005):

Br(Bt —» KTK"

Br(Bt — K*'K
Br(B°/B’ — KK + K K*
Br(B°/B’ — KYK* + K~ K**

)
Y = 10.7138(wp) x 1077,
)
)

= 4.040.6(wp) x 1075,

¢ QCDEFILAZEREIETM S E:
Br(K~K*) = 30752 %1077, Br(K* K")=3.0"72x10"",

Br(K'K*) = 2678 %1077, Br(K'K™)=29t73x 1077,

Br(K~K*") = 147%" x107%, Br(KTK*")=147%" x107%.
¢ World-average from HFAG (in units of 107%):

Br(K°K® + K°Kk*°) = <19, Br(KtK")<5.3.

PSR ERREFP
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& For B, — %) decays, we find (hep-ph/0606177):

Br(B) — ') = (1.86%;45) x 107",

Br(B) — 7'n) = (0.867433) x 1077,

O QCDRAFAEBIIEIETAS E (in units of 1077)

Br( B? — %) = O.75J_r8:§8,
Br( BY — %) = 11193

<» World-average from HFAG:

Br(BY — 7%y < 1.0 x 1073,

S

PSR ERREFP
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& For B; — (p,w)K decays, we find (hep-ph/0608222):

Br(B, — p*KT) = [24.78% (wp)¥13(e)] x 1077,
Br(B, — p°K") = [1.2%04(ws) £0.1(a)] x 1077,
Br(B, —» wK') = [L.7708(w) +0.02(a)] x 1077

O QCDATFHAFEMIEIEFIEE Cin units of 1077)

Br(Bs — pTKT) = [24.57132] x107°,
Br(Bs — p"K") = [6.11%%] x 1077,
Br(B, — wK') = [517%3] x107".

> No data available currently.

PSR ERREFP
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2. CP Violation

& BN FREMEZCPAIL:

IM|? — |M|? 22z sin o sin o

Adzr _ _
IM|2 4 |M|2 1+ 2zcosacosd. + 22

& BY — ll:bl:| & 587 (8)fB X BICPREA:

Acp = A% cos(AmAtL) + ARE sin(AmAt),

|)‘CP’ —1 mix 2]m<)\cp)

Adzr _ _
1+ |Aep|?’ or 1+ |Aep|?’

where

_ 3 o
— V;;gv;fd<f|H€ff|B > _ 622'@ 14 Zez(é )
VioVig{f | Hesr| BY) 1+ zei(d+a)”

S I >KE>009 2.0 BOBR
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& For B — (p*, p°)n") decays, we found:

AZp(p™n) ~ —13%,
Adzr(On) ~ _41(%7

EE(°n) = +25%,

Agp(p™n') = —18%,
AL (") = —27%,
&E (") = +11%.

& For B — (wi,wo)n(’) decays, we found:

Adzr< :l:n> ~ _37%,
Adzr( 077) ~ _37(%7
o (')~ +67%,

& SEIGLER: A% (pEn)eP = —0.03 £ 0.

ASL (7E0)®*P = —0.11 + 0.08,

AGD(n*n') ~ —33%,
AEH(r") =~ —33%,
T (V') ~ +67%.

16 ,

AL (7 )P = 0.14 £ 0.15.

< >SK>0 0 9 7
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& For B — nn") decays, we found (in percent):

AZr () = 4147, ™D () = +9174,
AZr () = +7613,, W (pn') = 46131
AZr (') = 486113, miT (') = +507 2L,

&% The QCDF and SCET predictions (in percent):

,
+63+32, QCDF,
| +48+32,  SCET,

AZp(B® — ) =

4
+56132 QCDF,
170424,  SCET,
\

AZL(BY — ) = S

)
+46115, QCDF,
+60 + 38, SCET,

AEp(BY = ') = o

P ZS e EeRErFP
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&% For B — K K* decays, we found (in percent):

Adin(BE  KFR(K*0) = 41545,
Agp(B* — KR (K%)= +44713,
Adin (BB’ - KKK K*) = o.

&% The QCDF predictions (in percent):
Adzr( N KiF*O(K*O))
Adzr( . K*iFO(KO))

_ +28

— _13J—r37

& Clearly, there is a sign difference between the pQCD and QCDF predictions for

CP violating asymmetries.

< >SK>0 0 9 7

B O P



www.njnu.edu.cn

& For B, — 7777(’) decays, we found (in percent):

AGp(B; — ') = —4.5755() 0 4(w,) £ 0.6(mf) 15 (ma) T3 (ar),
A% (BY — 7%%) = 91738 () T02(wp,) £ 0.3(m3) £ 1.9(ms) 15 (ar)
CE(By — ) = —02£0.1(y) 557 (ws,) 1174(mE) T15 (ms) 175 (ar),
G (By — ') = 21.0575()To7(wn,)To5(mf) £ 0.2(ms) 55" (ar)

&% The QCDF predictions (in percent):

dir 0N +6.0 +9.6 +2.0 +24.7
A ( — T 77) — 27-8—7.1 —5.7 —-2.0 —27.2"

P ZS e EeRErFP
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& For B; — (p,w)K decays, we found (in percent):
AEp(Bs — p*KT) )
A% (B, — p°K") )
AL (B, — w?o) = +81.2F 17 (wy) L2 (),
25 (B, — ) 3
K)

mzaz (

& The QCDF predictions (in percent):

Adzr (B _ piK:F) = (—15 1 122) X 10_27
Adzr (B _ . pOK ) = 2471_22%7
Adn(B, » wK') = —43.91691

& There is also a sign difference between the pQCD and QCDF predictions for

latter two neutral decay modes.

PSR ERREFP
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IVV. Conclusion and discussions

b EELARMXERBZNEEEE/PARENRTFHBEA TR
ik, nFy REREEHLEMER. @B — nVn"), B, — ), p(m)n") %
RTE, RTBSPIREBMEEITEZSP.

& WRFRARBMETTEREME, ITU%L, REK. ZREERNMWAEDASRH
B A A] SEME T X ok 2

& FFHEn YN FHRTIEMND L, pQCDEILESQCDFEIEMS &
FEMRYF, 5EBEmEMEHRESTFEEFSIRT.

BRT B — Kn/ BN, FEARAEEY N FHRRFBESRITHIE!

P ZS e EeRErFP
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& EpQCDEFHFTER, BERMBMAEZHEXINTTFHHEEE, EREFZE
A LUt B R, X—R 388 % BERMNBITMEEITE,
FHEY A8 KR ERIE AR E F -

Fi’™(0) = 0.30+0.05,  Fy; " (0) =0.36 & 0.06,
FE7"™(0) = 0304005,  FZ~5(0) = 0.28 +0.05,
APTP0) = 0374006,  AFTET(0) = 0.46 £ 0.07.

FiAZERE5HETHQCD sum rule EHESIAMNEREFENRETF. X—=
M YA EREXNpQCD AF LA E— !

& ECPEEIN A HE, pQCDEIIEIETI S E—MR#R LLQCOFHIIBIE TS EE KX,
HERAF-_EZMREMBKRERRE. B DEMEETS ERNZRED
AL K. M NEREZAGEESFER KB,

P ZS e EeRErFP
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Thanks to All !
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IEAEBEITRIHEX ITIE

& B — (¢,w)n") FABs — (p,p,w)n"), 7 K* REEMITHELxEMK, EAE
WEERE.

& XB - Kn) ETEWEFITECELEK, FEMSEENITIENZXiE
go

& RIRE LO levelBJitE#HREE] NLO level.

B I >SKE>>000 20 BOR
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s f R RN X

. *l‘%ﬁ'\]%ﬂﬁ%‘;: HBauer, Stech FAWirbel i B R E R E FHF
. {8 i7377‘j_§ﬁ€§ﬁ?E%%ﬁ}%%ﬂﬁ;—%(scale and scheme dependent), &

o ErHEFUAR: ERURERARGMUER, BR3AN.,;, 21

e BBNSETHIZE: MRTEENUFREMGTZMEE, ERTEFHTEER
BAEETFUREAENRRIE

e PQCD approach: 3| ASudakovE F, {&IEim&iTA, AL EIE K E
2.

P ZS e EeRErFP
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Sudakov & f

AR EIER, NMUGERTFRIZHR, MALERZUKKRFHIFE. B

i, TEEHITIRSTIEIE.

il

L

(c) (d)

B—1MAHEENEIE, BIOMNEIMEREE, B éi}&iiaﬁuété%
RAESRIEIR, SHIMBAFEI, FHAVATLUAFI A EZ LR TR RFER, 1

Fl)SudakovA F.

P ZS e EeRErFP
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SudakovE FX R E

EXD BIRIED ~ bpaw = 1/AgopBIBHE, ZEFHE/D, EALEHATFE, 8
Uik BORHE, ER2ISEETR. BT 3 Nk IBISudakov B FEIIERI 3
2 AR Rb( ey ) RHCIZIAE R, 188 R E A XA, 7 RIE T A5
Rt R

P ZS e EeRErFP
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TR RED),

EEMN FEEBHEENZIEMIMNTIE, SHKMER. —HKFIAHQCD k0
AN EERSQCD S, RIFEEIHREBEHEHSH. .

* EERNTFE RERN

)

(I)H(va) — \/W[(P175>+MH75] ng(va)a
bi(e.h) = o5 PoR@)+m 0L (22, bo)

+mds( 6 f— 16 (2,)]

ol (z,b) = % My gy (@bt i P (x.b) + MyIs) (x,b)].

HAop, o Floy RN FiEEEET “light-cone distribution amplitude”

P ZS e EeRErFP



www.njnu.edu.cn

JCHE ST 15 BRI &

XFB, K, 7, BMNATUIBESTHENS LHIRITFHETEERZEE, HwxtBy

ERGE
M% 2% 1 9

— —(wpb)”| . 1
ot ) (18)

b5(2,b) = Npz2(1 — z)% exp |

0.003¢
0.0025¢
0.002¢
0.0015¢
0.001¢

0.0005¢

P ZS e EeRErFP
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ix Z= KR

* KERHARBHAHEMN, EELHw,F  Gegenbauer moments B E %

SIEERTIRZE
* FUERE(miFE)MREEHTRMRE.

* CKMEERETTHIAFEENM, o = 100° & 20°;

* NLO SHHEIERISIER: KZSHHEAER RITIRK;

* 7' I F P A BERIAR T R 53 BY ST R -

K

OO Q 2

B0 P
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