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The strong interaction effects in this decay is
parametrized in terms of B to Pi form factors
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Form factors

n m% — m3 ,
(P(p2)[b(0)7,4(0)|B(p1)) = |(p1 + p2)y — qu Lau| Fi(d)
2 2
?T?B — ?H-P 9
.2 aufolq”).
: 2Fr(q?)

MN6(0)0, g (0) [ B(p1)) = ilpanty — dupan -
(P(p2)]|6(0)0,,q(0)|B(p1)) = 1[p2. v — qup2 ]?}3_54—??@

- s 2Fr(q%)
e _ . - cr ,5’ T
(P(p2)|b(0)o,y5q(0)|B(p1)) = €uwapPsq p—

9q Pi1 P2 — the momentum of the lepton-pair
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Form factors

1) the light cone QCD sum rules (LCSRS)

JHEP 09 (1998) 005, 10 (2001) 019
PRD 71, 014015 (2005)

JHEP 04 (2008) 014

PRD 83, 094031 (2011)

1) the lattice QCD (LQCD)

PRD 73, 074502 (2006)
PRD 80, 034026 (2009)
PLB 486, 111 (2000)
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Form factors

111) the perturbative QCD (pQCD)

PRD 65, 014007 (2001)
NPB 642, 263 (2002)
EPJC 23, 275 (2002) 28,515 (2003)

[T dztd?zp dy—d2y
. _ 2 AT o 2 2 T &8 4T
{P{p‘g:l b([})?#Q(G”B(}Jl}} = QSCF*'“\'C‘/ dl-ldﬂfgd k‘-le k‘-gT (2'}1‘)3 {2’;1’)3

e k(P () 2, (9)a5(0)]0) ™ (0] (0)5 =) B o) T

/

The hard amplitude
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H.N. Li, Y.L. Shen & Y.M. Wang

Form factors: NLO Phys. Rev. D 85, 074004 (2012)
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. H.N. Li, Y.L. Shen & Y.M. Wang
Form factors. NLO Phys. Rev. D 85, 074004 (2012)

HO = F(ey, 29,1, g, s ) HO
_ as(pr)Cr [21 (? (111

dqr mB

P
I 7
) f —I_Eh] (z129)

1
+%Illgxl+ihllllﬂl —|—(2111 e +gl“—??_1) In zy

T’1- 31-‘ 15 Pz ]
g g mat g )mn

1 m 101 219
—EIH?(‘}]Hm—QB—i—Q 2 ]H 0.
1

H=H® +8® = (1+F) xg©

HFCPV Qingdao Oct. 24-28, 2012



Fo(q?) = S (@) + fola?)
2 2

Fo(q?) = %h(qg) [H 3 . mﬂ] +%fﬂ(‘ﬁ [1 T 9} '

B Mp mp —Mp

f1(q®) = 16nCm? / drydrs f bydbibydbytos (21, by)

x{[ro (¢"(w2) — ¢'(a

2)
a5 (t1) exp [—Sap(t1)]
+ [Il ?}'{D (.TQ) — QT‘UGJP(IQ)) + 4TUI1QDP Ig)] hl (:I.‘gT Ty, bg, 51)

ar(t2) exp [~ S (1))},

) - hi(z1, T2, by, ba) — rozinmpd° () - ho(zy, 2o, by, bo)]

fo(q*) = 16xCprm? / dzridzs / bidbibadbotbg(z1, by)

X{ H(sz’? + 1) ¢"(z2) + 2rg ((% — i“z) @' (x3) — 29dP(22) + 3¢U(I2))]
-hq (:I‘1 T, 1?1 bg) — T‘uIlﬂlB (1 + Ig?}) ( g) . hg(l‘h T, -51? bg)] . &'S(IH) exp [_Sab(fl)]

+2r (? + 1) ¢ (xa) - hi(x2, 1, b2, b1) - as(ta) exp [_Sab(ti‘)]}r
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Fr(¢®) = 87Crm% [ drydzs f bydbybadbo(1 + rp)bp (1, by)
X{ [ rozimp”(z9) - ho(zy, 9, by, by)

+ [‘i‘a(fﬁ?) — roz20" (22) + 10 (% + I:z) o' (z2) + '?‘nﬁflg(i"z)} - hy(xy, Iz,bhbz)]
-ovg(t1) exp [—Sap(t1)]

I
+2rgd” (x2) (1 + ?l) - hi(za, 21, ba, by) - as(t2) exp [_‘gﬂb(i?)]}’

H=H® +8® = (1+F) xg®
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2
Fo (g°) =
q? q? ole model
1-ax 5 +b x (—2) P
mp mp
i 2 )
¥ = d 2
1 g *
Fi T (qE) =Fy 7 (0) -
- s 1
m 2 - 2 = - O
\ B * mB*

mg — The mass of B or Bs meson

{ 5.325GeV for B meson

m
B 5.415GeV for Bs meson
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Fi(0)ro

1o

LO

B—x [0.2270034+£001 |0.61700, £0.01 |0.51 & 0.00 + 0.03

B— K 0277003 +£0.01 0627000 £0.01  |0.58 = 0.00 = 0.03

Bs — K |0.22 +0.03 +0.01 |0.64 + 0.00 + 0.01 [0.56 + 0.00+1) 13
Fr(0)ro QLO rLO

B—w [0.23+0.03+0.01 [0.69700] £0.01 |0.55 + 0.01 £ 0.03

B — K (0307903 +£0.01 |0.71708Y £0.01  |0.58 £ 0.01 £ 0.03

B, — K |0.257903 £0.01  |0.717088 £0.01  [0.59 £ 0.00 £ 0.03
F.(0)nro ANLO TNLO

B—n [0.26700340.02 |0.52+0.01 +0.03 |0.45 & 0.007)5;

B — K |0.314+0.0440.02 |0.54+£0.017003 |0.50 & 0.00 % 0.05

B, — K |0.267003 £0.02  |0.57 £ 0.01 £ 0.02 |0.50 & 0.01 % 0.05
Fr(0)nLo ANLO TNLO

B—nm (02670034002 |0.655005 £0.01  [0.50 £ 0.00 + 0.00

B— K [0.347903 £0.02  |0.67 £0.01 +0.01 |0.53 + 0.0010:95

Bs — K (0.28 +0.04 + 0.02 [0.69 + 0.01 + 0.01 [0.5370 055002
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Fo(O)ro

aro

bro

B—m 0221503 £0.01

0.58 £0.01 = 0.03

—0.15+0.01 £ 0.01

B — K [0.277003 +0.01

0.60 + 0.01 = 0.03

1 =+0.01+0.01
—0.15 50010702

Bs — K |0.22 +0.03 + 0.01

1+0.04
0.6150.017503

16 0.02
—0.16 £ 0.007 07

Fo(O)nrLo

aNLO

bNLO

B —m [0.267003 +0.02

- 0.05
0.50 + 0.017 57

—0.13 £0.01 £0.01

B — K 0.31 +£0.04 £+ 0.02

- 0.05
0.53 + 0.0110-9>

: 0.02
—0.13 £ 0.0170%

B; — K |0.2670-03 £ 0.02

0.54 £ 0.00 == 0.05

—0.15+0.01 £ 0.01

Fo(0)=F+(0)

B ~ 18%
B K ~ 15%
Bs K ~ 18%
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Form factors: the pQCD result
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Form factors: the pQCD result
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The b — wul™ p; transitions

G _
Herr(b — uliy) = \glub Uyl —v5)b - Iy"(1 — v5)1
dl'(b — uliy) G%ﬁuﬂg ¢ —mi (g% — mg} (m% — mP —q ) 9
dq? 1920 m, (¢2)? P
{(m3—|—2g)[ (T?lg—mp mB—I—mp)}FQ( 2

—l—Bmg (mgg — ??1;:) Fﬂ( )}

dl'(b — uliy) B H/uh‘g

| N2 ()| F
dq? 192W3mB VoliColy

Aq?) = (m% +m} — ¢*)? — dmpm},
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The b — (s,d)[~[T transitions (i)

G
1 tbhqu (14)O;( 1),

Hcﬁ‘ -
\/j i=1

O1 = (qa )V A(Cgbg)v_a. O = (Gacs)v—-al(Csba)v—
O3 = (qaba)v— 42 Q‘g@j a0 O1=(Gabg)v- 42 @fgﬁ';

Os = (Gaba) V—AZ ggqlg VaA Os = (Gabs) V—AZ ff__,ggﬂ VLA

q q'
eEnly
Or7 = (1 b F,.
7 322 go*" (1 + 7s) p
DLE‘I'H 7 — ﬂrfElI'l
Og — 37 (f"}-’HZ) [(I"}-’”(l — "‘,5)5} . Ulg] — . (l"",“’"df) [{f" H 1 "}-"5) EJ] .
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The b — (s,d)l~[* transitions (ii)

dl(b— sI*l™)
dg? B

;%ag?nllf i Hﬁs! 'V qi} _4IT?I'I-2 1

512mpmd q

X [Gmﬂ(f“’m[?(m% — -TH%)QFQQ(QE)

+(q” 4 2mi)A\(¢%)

HFCPV Qingdao Oct. 24-28, 2012

2

CEH Fi(q*) +

2(¢* — 4mi) Mq?) FE(QQJI :

3q¢?

QCT,?H (?11.,5—'1*??5)Fqu2) ?

mpg +mp

17



The b — sy transitions

G F Nem

\/§ 2T :".'-5.]112 (E}n)
= C77° 07,

Hb—}sm? —

| =

dI'(b — svi) :®|(fb_*5}2)‘3”(m_3 m5. ¢%)

\ 06mp 3

sum of the three generations

dqj |F—|—(qz)|2‘
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Branching ratios

—[B-r[B — 7Ty = (1 427030 (wp) £ 0.15(ad) + U.l?(mU))

10—]
0.00382

2
Br(B® — nt75,) = (09002 (wn) 0 (a3) £ 0.08(mf)) x 2l 101,
10.0038]
— —— m 3 T |L |J5 —5
ABr(B™ = 71 ) = (7.637388 ) *§32(a) 8 80m5) x 5 s x 10
10.0038]
— — = T V. ub ’ -5
Br(B~ — x77,) = (48513 (wy) 047 (a3) 0 45(my)) x o 105,
0.0038]
- e 14, K40, , Vs _
Br(BY — K7) = (1275388 ) 14 B80mE)) x bt 107t
- R 5 Van|® -5
Br(B - K*r7,) = (1.78%33 (o) 3 (al) B md) x 5 0o x 107

>[Br(B~ — 71 i5) = (7.78 £ 0.28) x 10~°. PDG201]

(1.41 + 0.05(syst.) £ 0.07(stat.)) x 1074,

Br (B = 7l 1) =
X Br (B” — ) { (1.44 £ 0.05) x 10~*, PDG2012
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|Vub|

(1.41 = 0.05(syst.) = 0.07(stat.)) x 102,

Br(B" = 'l i) =
r (B — 7"l {(1.44i0.05)><10_1~ PDG2012

C |Vis| = (3807033 (ws) = 0.20(ad) Tg 5 (mf)) x 107°

| [Vis| = (3.78 £ 0.13(exp.) )35 (theor.)) x 1077,
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Decay modes

NLO pQCD predictions

Data

Br(BY — 7It1)
Br(B® —= 7% *7r)
r(BY = 70vp)

(

7 30+?.ﬂ?+1.45+ﬂ.zg+0.63

+0.10 £ 0.08) x 10~°
+0.02+0.03) x 107

x 10~8

—0.5520.3010 212017 s
1+9L’—0.41—[}.35—D.2{J—[}.16) x 10

—0.19-0.17
—0.06—-0.05

<12x1077

<292x%x10™4

(23+0.6+£0.1) x 107°

(060 75011003 £0-00)] X 10~

Br(B~ — xvi) (157 553 0 dii 0a) x 1077 [< 1.0 x 10~* .
Br(B” — KUI*17) | (515755 03T02701) x 1077 (47705) x 107 |
Br(B” = K'r777) [(1.20 4 %5 022 "0.07_0.10) % 107

Br(B® — KO%p) (417527020 003) x107° <56 x 107" .
‘B-:-(B— — KIT17) (5,505 13971 10+057+042) o 1077 5.1+05)x 1077 |
Br(B~ = LK 777 )| (1297050 055 £0.08 £ 0.11) x 10~

Br(B~ — K-vi) |(442F 5 0 o 0as) x 1076 |< 1.3 x 1075

Br(BY — K°I*17) | (L63%0:55T 050 017 013) x 107°

Br(B? = K'r+r7) (04350105015 00370 01) X 1078

Br(B) — K%wp)  |(L31555 05 015 0.10) X 1077
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Form factors:

Feldmann, Kroll & Stech PRD 58, 114006 (1998) PLB 449, 339 (1999)

) I 17g) o _ [ cosorks —sMOFKs
!?f) p— (1_-;((:_] (:)G-) ?;1'5> ¢ (QFKS) N ( S1n (_'.JFKS COSs !’__-"}FKS )
G) Mg)

ks 39.3 1.0

Hai-Yang Cheng, Hsiang-nan Li & Keh-Fei Liu PRD 79, 014024 (2009)

U(¢, 9c) = Us(0)U1(oc)Us(6:)
cos @ +smbsmb;Aqg —smo+sinfcost; A — sin b sin ¢
= | sm¢ —cosfsmb, A cos¢ —cosbcost;Ar  coslsingq
— sin #; sin ¢ — cos#; s1in o COS O
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BR(Bs — Ju1')
;P = s 77V 073 4 0.14(stat.) £ 0.02(syst.
s BR(BS — JLI}) (sta ) (byq )

---- PRL 108, 181808 (2012) by Belle Collaboration

BR(B Jin
R, = oo 2 Jon)
BR(Bs — Jun)

---- PLB 529,93 (200R) & PRD 85, 013016 (2012)

X. Liu, H.N. Li & Z.J. Xiao Phy.Rev. D86, 011501(R) (2012)
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Form factors:
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Form factors:

at

Fo(0) Fo(0)
B — 1, |0.17 B — 1y [0.14 x 1072
B, — 1,]0.27 Bs — 140.11 x 102
Fy (0) F.(0)
B — 1, |0.17 B — 1, 0.14 x 1072
By — 15]0.27 By — 1,]0.11 x 1072
Fr(0) Fr(0)
B — 1, |0.15 B — 1, |0.10 x 107
B. — 1.]0.27 By — 1,]0.08 x 1072
F(0
Fi(q®) = ) 7

1 — a(q?/m%) + b(q?/m%)
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Branching ratios

Br(B~ —nl" i) = (0.33) x |U|T[1JSE‘]3|;|9 x 107,
Br(B™ — 5t ) = (0.19) x |0|_EE;~|;|2 x 1074,
Br(B™ —ofl"m) = (0.16) x 1 U'_EEE:’J;Q < 1074
Br(B™ — 17 7;) = (0.79) x U'Bgﬁﬂl;z x 107°,

| Br(B~ — 0l 1) = (0.36 £0.05 £ 0.04) x 107,

-- Babar PRD83,052011(2011)
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Decay modes pQCD predictions
Br(B" — nlTi7) (0.39) x 1073
Br(B° — nprt17) (0.84) x 10~
Br(BY — nui) (3.07) x 10~°
Br(B — o/IT17) (0.18) x 1073
Br(B° = /t7r7) | (0.21) x 107
Br(B° — vi) (1.44) x 107°
Br(BY — nltl7) (1.68) x 10~7
Br(B? — 1) (0.39) x 10~7
Br(BY — nui) (1.34) x 107
Br(BY = /IT17) | (1.77) x 1077
Br(BY = o/t777) | (0.23) x 1077
Br(B? — n/vi) (1.39) x 107°
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Decay modes

O =43.7° & ¢q = 33°

¢ =40° & o = 22°

Br(B~— — nl~ ) (0.27) x 1074 (0.31) x 10—
Br(B— = nr=i7;) | (0.16) x 1074 (0.18) x 10—
Br(B~— = 1'l") | (0.12) x 10~* (0.13) x 1074
Br(B— =/t~ | (0.62) x 107 (0.67) x 107>
Br(BY — nlti) (0.32) x 10~8 (0.37) x 1078
Br(BY = nrtr7) | (0.68) x 107 (0.79) x 107
Br(B° — nui) (2.49) x 107 (2.89) x 1073
Br(BY — ¢'1717) (0.15) x 10~8 (0.16) x 1078
Br(BY = o/tT77) | (0.16) x 107° (0.18) x 10~°
Br(B° — nvi) (1.13) x 10~8 (1.23) x 1078
Br(BY = nitim) [ (2.11) x 1077 (1.79) x 1077
Br(B? = nrtr7) | (0.50) x 10~7 (0.42) x 107
Br(BY — nup) L (1.67) x 107° (1.42) x 1079
Br(B? = #/1717) | (1.18) x 1077 (1.56) x 10~ 7
Br(BY = y/'t+r7) | (0.16) x 1077 (0.21) x 1077
Br(BY — n'vi) (0.93) x 1076 (1.22) x 1076




1) = (cos @ +sinfsinb;Ag) |n,) — (sin ¢ — sinf cos 0;Aqz) [n5).
7") >~ (sin @ — cosOsin6;A¢q) [n,) + (cosd — cos b cos ;Aq) |ns)
|G)

2

— (sinf; sin ¢g) |1,) — (cos O; s oc) |1s).

Br(B~ — Gl ) =0.21 x 107"
Br(B~ = Gr ) =0.11 x 107"
Br(B" — GITl7) =0.28 x 107"

g

Br(B" — Grtr7) =013 x 107"

s

Br(B" — Gvr) =021 x 1071

Br(B) — GI*I7) = 0.37 x 107"
Br(B! = Grr7) =025 x 1073
Br(B,] — Gvr) =0.29 x 10717
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Decay modes bey = 33° Oc = 22°

Br(B~ — Gl™ i) 0.50) x 1 0.23) x 107
Br(B~ — G177 ;) 0.96) x 107°
Br(B" — GITI™) 0.28) x 107"
Br(B" — GrTr7) 0~ (0.72) x 10710
Br(B" — Guvi) R . 10~
Br(BY — GITI™) 0.90) x 10~°
Br(BY - Grtr=) | (0.74 0.35) x 107
Br(BY — Guvi) 48 0.70) x 10~
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Some ratios

Br(B° — i) N Br(B’ — Kvb) _ Br(BT =7 wp)

.F(}y — = ~ — — —
Br(BY — 7Y%*l-) Br(B — K%+l-) Br(B- — 7 l+l)

Br(B— — K~ vv) N B?'(E’S — K%vp) -8
Br(B- — K-I*1)  Br(B° — K%+~

ot

Br(B — #lt17) Br(B~ — n~ITl7)
Ry = = R ~ 3.3,
Br(BY — n%r+7—) Br(B- =7 7t717)
oo Br(B' - K)  Br(B- o KM
Nz Br(BY — KO0r+7-) ~ Br(B-— — K—7t717) D
Br(BY— K)o

Br(BY - K0r+71-) =

Rns =

HFCPV Qingdao Oct. 24-28, 2012 31



Summary

» B/Bs to P form factors in pQCD at NLO.
» Branching ratios of B, — P(ll,lv,vv)
» Extract out the |Vu|

» Some ratios are defined

Thank, you!
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