Some B meson decays in the pQCD approach
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1. FEBAER AT it &

wl W :
| = /
Full theory Effective theory IR finite difference
windep. Low-energy < m,,  High-energy» m,,
ﬂ ﬂ sSum In(m, /i) to all orders
Weak Hamiltonian 4-fermion operator Wilson coefficient
He = O(w - C(w
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A 3R 1AR B R OB KA W] DA IR A R T 5 o, S A B 4 1 3

Hepr = —= > VorxuCi(p)Qf (1) + h.c. (1)

SN A AN
o Ji—IL H 4F (current—current)

QY = (taba)v—a(Gsus)v—a, T = (Caba)v-a(gscs)v—a, (2)

C

Q5 = (Uabp)v—a(gsua)v-a, 5 = (Cabp)v—_a(q@sca)v—a, (3)
HFa. BESU(3) 3 E81F.
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o QCDA>#5% 4F(QCD penguins)

Qs = (qaba)v—a Y (Tsds)v-a, Qs = (Tgba)v—a Y (@aah)v-a, (4)

q q
Q5 = (Taba)v-a Y (Ts45)v+a; Qs = (qsba)v—a Y (@aah)v+a, (5)
q q

o 55 {RY H 44 (electroweak penguins)

3, _ . 3 ;
Q7 = §(qaba)V—A Z eq (@395)v+a, Qs = 5(%5@)\/_,4 Z eq (Tndls)v+A(6)
! q
3, _ . 3 ;
Qg = 5(daba)v-4 Zeq/(%qlg)V—A, Q10 = 5 (dsba)v-4 Zeq’(%%)V—AW)
! q
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b EFHEETITH
FEAEREREAWAEZR T, BN 0 R ARRE R k18 7T L5 B

A(B — M1M2

4% (magnetic penguins)

baF,uua QSg imeQO_M (1 + 75) aﬂbﬂG/u/

Gr Z C; Vi ( My M,|O;|B)
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e NFA:

< P P2|H€ff‘B > = < P1|j“\0 > < PQ’jM‘B >, (10)

FEREMS. BITEX

(P(p)lgy"Lq'0) = ifp p, (11)
_ 7n%3——7n% 2 7n%;——7n% 2
(P1(p1)|qvuLb|B(ps)) = |(pB + P1)p — Z F1(q°)+ 2 4. Fo(q”)

(12)
HF, g=pg—p1» pEBETNTPBERHE.
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o GFA:

Qi) = [1+ Torms(1) + 2 em (1) | (Qideree (13)
380 (11) DL B () B AL 7 R BRI . A T AME 3R B T ey

Tk, BAIANT —ABRELANS xAL B, NI R,
e QCDF:

MEHQCOI HE AR H & .

EMMI: LCWF, form factor

AL M NFAR STHER
KA. JEEF 8 & a4

() pQCDjﬁf

Tk B ¥ QCDIE 4kt 7] &,
SudakovE F5IE T 3w B AT A, #ERLIINE L.
K Y TR T H
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& WAMQCDF %

B(at rest)

N7 H A (ONE A R

Amp ~ / 0k d kad ks Te[C(6)D 5 (k1)@ (k) ®, o (ks) H (kb K, £)]exp[—S(8)]
(14)

C(t) %5 3 5 A A KX i
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o I EkH 5\
1 1
r3x3Mpy (22 ME + Kip) (w23 M3 + (kir + kar)?)
o SudakovZ KT  exp[—S(t)]

(15)

B 1: Sudakov & ¥z % E
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o L FKFS,(x)

~ 2M2r(3/2 + ¢ . B
Si(x) = T+ 0 z(1 —2)], ¢=0.3 (16)
o T INEEI B HK
©5(0.) = o+ M) 505 (.D) (17)

Do(2,8) = | Po(,b) + mond (2,0) + Emon( o~ 16T (x,D)]  (18)

P () +mioy (x,b) + Emi(6 h— ey (@,b)|  (19)

|
i
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& H(H)HAHQCDH &

7

w B

5§ :
(a) (b)

K 2: B (a) f1(b)x B — mkiL iy 7 A T #5

1 o0
F.. = 8rmCrmjp / dx1dxs / bidbibsdbs dp(x1,b1)
0 0

< {[(1 + 23)dr (w3, b3) + (1 — 223)ry(dP (23, bs) + ¢ (3, b3))]
X s (L) he(21, T3, b1, b3) exp[—Sap(tL)]
+2r: P (3, bg) s (t2) he (23, 71, b3, b1) exp[—San(t2)] } .

X Br,=ml/mp; B¥he. HARte D% 5N NPB 738(2006)243-268.
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"4 B —
M = —i(my —m3) fy (20)

7

FPl— _F,. (21)

1 00
Fe]? = —167‘('C'FWL%’I“7T / d:l?ldajg / bldblb?,dbg qu(afl, bl)
0 0

X {[pn(3,b3) + rr((2 + 23) 05 (3, b3) — T30 (23, b3)]
X s (t) he (1, 23, by, b3) exp|—Sap (L))

+ [210x(x3,b3) — 2(w1 — Dr ¢k (3, b3)|

X s (t2) he (w3, 21, b3, b1) exp[—Sap(2)] }
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() } ()
B ; T B ; T
(©) d

(d)
&l 3: B (c) An(d)se % &5 on iy AF B F 3o

161/6 1 &
Mo = 2 rCpmd / dzydvy dos / b1dbibadbs b (w1, b1) by (w2, ba)
0 0

X &3 [2rx ¢k (x3,b2) — dr(23,D2)]
Xas(tf)hf(ibl, X9, T3, b1, b2) eXp[_Scd<tf>]

MY = 0
MP? = —M
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()2 K iy = A F 38

FPl=F,. = 8rCpmp / : dxs das / - badbabsdbs {[x30r (23, b3) Py (72, b2)
0 0
+2ryrx((z3 + 1)dy (3, b3) + (z3 — 1)@ (23, b3)) by, (w2, bo)]
X s (t3) ha (w2, T3, b, b3) exp[—Sgn (2)]
— [w2¢n (w3, b3) Py (w2, b2)
+2Tn7°w¢7]:(373» b3)((z2 + 1></57]73<CU2, ba) + (2 — 1)¢f,($2, 52))]
xas(tg)ha(ajg, T3, b3, ba) exp[—Sgh(tg)]}
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aT

1 00
= 167Cpmp / dxy drs / bodbabzdbs
0 0

A [zsrr(of (w3, b3) — PL(x3,b3)) by (T2, b2) + 27D (23, 53)457]73(332, bo)]
XOg (ti)ha(ilﬁg, L3k bg, b3) exp[—Sgh (ti)]
+ [2r 0% (w3, b3) 0y (w2, ba) + wary (B (w2, b2) — B} (w2, ba)) b (w3, b3)]

X g tlel)ha(x37~r271b37b2> eXp[_Sgh(tg)]}

1 0

63 GWCFm% / dx1dxs dxs / b1dbibadby d5 (1, b1)
0 0

X {—{z2¢x (73, b2) Py (w2, b2)

+rary (@2 + 23 + 2)%]3(1‘2, b2) + (x2 — 3)dy, (2, b2)] 5 (3, b2)

+ [(z2 — 23)y (w3, b2) + (w2 + 23 — 2) ¢}, (22, b2)] P (23, b2) }

X o (E) W} (1, T2, T3, b1, b2) exp[—Sep (t3)] + {x3dx (23, b2) @y (22, b2)
—rry [0F (23,b2) [—(z2 + 23)B)) (22, b2) + (w2 — T3) P} (w2, b2)]

— ¢l (z3,b2) [(w3 — $2)¢5($2, ba) + (z2 + $3)¢f7($2, b2)|]}
ons(tﬁ)hﬁ(xl,xg,xg,bl,bg) exp[—Sef(t?z)]}
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Bl 5: B (g) An(h)= E KA HF 4o

16/6 ! >
o = 3\/77TCFm%/ da:ldazzdazg/ bldbledeQbB(xlabl)
0 0

x { [(x3 — 2)rx (w2, b2) (b5 (€3, b2) + P (23, b2))
— (2 — 2)rydr(x3, b2) (B, (22, b2) + dy (2, b2))]
-ozs(t?)h?(ajl,xg,xg,bl, b2) exp[—Sef(tfc)]

— [warndy (@2, b2) (97 (23,b2) + &7 (23, b2))

— o1y dr (3, 52)(¢5($27 b2) + &y (2, D2))]
-ozs(t%)h?c(xl,xg,xg, b1, b2) eXp[—Sef(tjlc)]}
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an 3
x { [z30n (23, b2) by (w2, b2) + T (D (3,b2) (2 + 22 + 23) @y, (2, b2)
—(zg — x3)9h) + ¢L(— (w2 — x3) ) + (=2 + m2 + 33)¢)))]
-as(ti)hi(wl, Ty, T3, b1, b2) exp[—Sef(tf])’c)]
+ [—@20x (23, b2) by (w2, b2) — rary((z2 + 23) @) (2, b2)
— (22 — 3) ¢y, (22, b2) o (23, bo)
+((z3 — 2) @y, (w2, b2) — (x2 + 3) P (2, b)) B (w3, b2)) ]
-as(t?)h?(xl,xg,xg, b1, b2) eXp[—Sef(thc)]}

1 1 00
MP2 — 6\/67TCFWL% / dajldafz d(L‘g/ bldblbgdbg gbB({l?l,bl)
0 0
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Reperfon VAL E , B 6 dkiE Rk X

P P t t
Qbﬂ' v ¢?77 wa — <b77’ ¢7r — ¢77’ e — T'p.

b — 0 BRI B F 407 LA

o nitn By IRAE
n\ [ costp —sinb, 78
n sind, cos#, m ’

(uﬂ +dd — 255) :

with

(vt + dd + s5)

>l= Sl

—17° <6, < —10°
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1
M (=T )

- Lre{feeforv o)

7 5 2 1 1 1
—&t (*03 + -C4 —2C5 — ~Cg — -C7 — —Cg + —Cg — *Clo” I
3 3 3 2 6 3

1 1
—§t(
3

1 1 1 1
C3+ -Cyq — Cp — 506 + §C7+ —~Cg — —Cg — —C1qg

) £ P2t
1 1 1 d

(*05 +C¢ — —Cr — *Cs) fn F1(6p)
3 6 2

1 1

+Mer { {fuc2 — &t - (C3 +2Cy — 509 I gcloﬂ F1(6p)
1

—&¢ (04 = 5010) F2(9p)}

P2 1 1
—Me &¢ [(206 + ;CS> F1(0p) + <06 - 508) Fz(%)}
4= (Maﬂ + Me + Ma) [ﬁucl - 57&(03 + C’9)] Fl(gp)

_ (Mf% 4 Mfl) £ (C5 + O7) - F1(6p)

P P P 1 1
+(Fa7% + F. 2 +Fa2) (—€¢) <06 Gz 06 £ Oy

) o

1 1 1
+Fe - {[Eu <§C1 + 02> — &t <503 + Cyq + 509 + Cloﬂ F1(9p>}
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P LA S DU DU
6./\/1(71' ?7) = Fe | &q Cl —+ 3C2 & 303 C4 207 208 —+ 309 —+ Cl() Fl(ep)
1 d
—Fern {éu (Cl + 502) : anl(ep)
7 5 2 1 1 1 1 d
—&t (*03 + -C4y —2C5 — -Cg — —C7 — —Cg + —Cg — *010> - frn F1(0p)
3 3 3 2 6 3 3
1 1
—Mern { {ﬁuCQ — &t <C3 + 2Cy — ;CQ I 5010>} - F1(0p)
1
—&t <C4 — 5010> F2(9p)}
p2 1 1
— Mt [—ﬁt (206 + ;CS) F1(0p) — &4 <CG — 508) F2(9p)}
Py Po Ps 1 1 1
—(Fgix + Fg“ + Fe“)|—§¢(Ces + 505 — 508 — EC7 - F1(0p)
1 3
+ (Mgx + Mg + M) {fuCQ — &t <—C3 + 509 + gcloﬂ F1(6p)
Py

Py 1
+ | Mg~ + Mgx £t Cs — 507 Fl(ep)

3 P P P P. 1 1 1
5 (MCL7'2F + Mg 2 + Me2> €1CgF1(0p) + Fef &t (§C5 + Cg — EC7 — ;CS) F1(0p)
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B, & =ViVia, & =ViVia, TF

F(0,) = —sinf,+cosb,/V2,

(0,) = —sinf, —v2cosb,, (24)
v = A
767i7 f; - fgfa f;’;
in 0
Fi (6 Fi(0,) = cos 6 —|—Sm L

1(6p) — Fi(6p) p V2

F(0,) — F5(0,) =cosf, — V2sind,. (25)

R e BT B BT B A
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. BAEZE R KA

M = ViVedl = VagViaP = Vi VadT 1+ &), (26)

o S I TAARE K PHYAH AT AE AL
#1657 UF pQCDA iE i &5 3

z(rtn) = 0.33, §(rTn) = —136°,
z(rTn') = 0.25, §(mn') = —130°.
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M = VgViT — Ve VP = Vi VAT [1—|—zei(_o‘+5)}.

BY — "V CPF 4 F Hh R

= (IMP> + M|} /2 = |Vip Vi, T [1+2zcosacosd + 27],

b 7—————— 77—

0O . 3IO . GIO . 9IO . 1é0 . 1é0 . 180 O'00 . 3IO . 6I0 . 9I0 . 120 . 1é0 . 180
a (deg) a (deg)
B 6: Ym? = 14 GeV, 0, = —17°H, Bt — atpU)E & 2 X th(%

fir: 107%), Al FEw, = 0.36 GeV (A %), 0.40 GeV (524:)%10.44 GeV (A
Rl %) Bt oty R At 2. AR RIgE 2 TR
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K T

1 1 1 1 1
0 30 60 90 120 150

a (deg)

180

I ISFSO YOI L

Yoy =04 GeV, 0, =170, Bt — ntgVELZ 5 (¥4 1079),
D ATEMT = 1.3 GeV(E %), 1.4 GeV (5£4) #11.5 GeV (B X 4&) i F oty
Tl &, AR REE LK ITE

B O P
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Br (rfn,m®n") (1076

a (deg)
K8 HmT =14 GeV, 0, = —17°, w, = 0.40 GeV B, 7'n (£%) Fanly (&
L)RT T (B4 1070 oy & A i &

QCDHEF W HE R T =
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pQCD T th, TEO, = —17°H},

Br( BT — 'ty

Br( Bt - nfp

/

Br( B — 7%

Br( B — 7
%sz—looﬂ"j',
Br( BT — 7'
Br( BT — nTy
Br( B — 7%
Br( B — 7%

)
)
)
)

)
)
)
)

415073 (wp) T3 (mf) 155 ()] x 1077,
2.4708(wp) £0.2(md) £0.3(a)] x 1079,
0.2370:03 (wp) F0:05 (mf) £ 0.05(a)] x 107°,

3.37 52 (wp) £ 0.3(mf) £ 0.4(a)] x 107°,
3.2 1 (wp) £+ 0.3(md) £ 0.4(a)] x 1076,
0.17 & 0.02(wp) £ 0.02(mf) Ty o1 (a)]) x 1076,
[0.2870 03 (wp) £ 0.04(md) £ 0.05(cx)] x 1079,

I IEFESSOOIPYJ

0.19 + 0.02(wp) £ 0.03(mf) To05(a)] x 107,

B O P
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HECPH I Acp:
Adir, — \EP — |M|? _ 2z sin asin &
IM|2 + | M2 1+2zcosacosd+ 22’ (27)

Al (%)

a (deg)

K9 BT — 7ty (£4) BT — 77y (R&)EZX W EZCPHI(E 2 tb)

i oy 7 A o 2.
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pQCD%
A% (BE — %) = (=3775(a) £ 4(wp)TY(m)) x 1072, (28)
AEH(B* — n¥1) = (=33T4(a)T5(ws)T5(mf)) x 1072, (29)

¥ Y & FE N\ S #% i default values, EQCDFE ¥4 7 = T 14& B H #CPHY
%Adci};(B — Win(’))ﬁl’\]%%:

ACp(B® — ) = (-149753 775 Tox Tars) x 1075, (30)
AZp(B* — ) = (-8.6737 555" 107 T50%) x 1072, (31)
K “set Sy NS %% QCDFHHE 5 F O {E L E R 5 7
A% (BT — 7%p) = 5.6 x 1072, (32)
A% (BT — 7%y = 11.1x 1072 (33)
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Bo/~F

I (B_S(At) — f(;p) — T (BY(AL) — fop)

Acp = T
) (BS(At) — fop) + T (BY(At) — fop)
= A% cos(AmAL) + AT sin(AmAt),
Adir _ |>‘CP|2 —1 mir _ ZIm(ACP)
CP 1 4 [Aepl? P 1+ Aep|?

Mo CPBIRtN S EAcp b

v ViVl Ol Hepg|B) il + 2eH0)
o Vio Vi (o) | He g4 BO) 1 + zei(d+a)’

2 00 R E Y, MK AEARECPRUIR, ANL. AT,

G >SKE> 00 9 2

(34)

(35)

(36)
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80

Adl (%)
Ag (%)

" 1 " 1 " 1 " 1 " 1 "
0 30 60 90 120 150 180

a (deg)

_80 " 1 " 1 " 1 " 1 " 1 "
90 120 150 180

a (deg)

& 10: B® — 7% (£4%) #2B° — «%' (R 4&) EL W EEFRECPHIFALL(H

o) o B R R &
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AGp(B® — ') = (—4255(a) 5 (wy)13(mE)) x 1072, (37)
AGp(B? — 1) = (=361g" ()1 (wp) L5 (mf)) x 1072, (38)
op (BY — ') = (671 g(c) Ig(w)T5(mg)) x 1077, (39)
op (BY — ') = (671g(c)TG(ws)I5(mg)) x 1077, (40)

FEEZRE Fw, = 044005 GeV, md = 1.4+ 0.1 GeV Fa = 100° £ 20°HY

AL

HTE—T &, RNFEEQCDE T E AL (B — 0By K-
AZH(BY — %) = (—17.9551 T2 P5) x 1072, (41)

ACp(BY = mn') = (19270575 53 Tigg) x 1077, (42)
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AT BT ] Btk B2, 5T LB R B — 70n() 2 45 4y Bt CPALIE:

Acp = 52 Acp + WAZ’L}D:UJ (43)

XE, §B - BB EMWr = Am/T = 0.771. B FH A8 E B0 — 0y
(%) MBY — 7% (R&)WECPHIFAcp Moy Rt &, BELERN:

AGp(B® — %) = (+3.7555(e) 55(ws) T15(mE)) x 1077, (44)
1.9
5.1

AGp(B° — ') = (+7.7551(a) Tos(we) 50 (mg)) x 1072 (45)
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10 | o -

Acp (%)

L 1 L 1 L 1 L 1 L 1 L
0 30 60 90 120 150 180

a (deg)

N

K11: B — 7% (%) B — % (R%&) X
L) B o A R R &

%t B CPR R ASL (T 4
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o of TR T A K

Al B KAV B — o/ Ay R IR IR oy’ = ¥ #8 IR 89 B 0 T 51N By 2
XACPAR AN . nf RERBM = 2H B RS Ao S NOHRIE, XHD
B IR ME X N L qq(q = u, d, s) R W IR T fAEK, FTHEAEH. AT R
a3 P A0 A8 L B3 g D

Mt & 4 B W LUE W HpQCDiItEBr(BT — oty W& R Fo B, E1MFE
i Z0EWFEERE. TH, B — oo X = A Ll HaEeEZ —
%K. BHd, ROAAYFRTBEILZRA, FARUMHGTLEE.

ZTB — m/EZPHCPHIIN, o/ IRF RO B TTEAE BAEH.
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VI. E&fu g &
pQCD 3 #y = T8 2 R
« NTFHEH
o FAEHBET
« EAEH
« BNBI
pPQCD A it {h A
o HEIAMFE, HSudakov/E i, &% M
« HIREFTE
o HIHAFETHE, XA
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EREH

AR B FAEPQCD TR 4: FE™(0) = 0.30, Fyy "(0) = 0.15,F, ;" (0) = 0.14
AXUHERTE: BTATF~ 0(107% , BN-F~ 01077
HEMEZCPHEINELTE LR K, SHCPHEIIES% ~ 8%

BREAR ML HFEREITAANYFRTFBES R ZMBRAD, FABR LR
WA 2 EE

44 TAE
BEXARGAEH P TE, SMEDZ 8K 05 H R

P [ e
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