Precision Calculations of B — K* Form Factors

In Light-cone Sum Rules
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e Introductionto B — K*vv decay
e Factorization formula of B — K™ form factors in LCSR
e Sub-leading power corrections to B — K™ form factors

e Numerical applications
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Sensitive probes of new physics: b — s + €€, vv. Semileptonic B anomalies

e PLinB-o> K*'utu™, P& = —072+0.08 P = —0.439+0.111 £ 0.036 (1.90),
p! [6.0,8.0] /[6.0,8.0] _

Ry — —0.81 + 0.08 Psrpon = —0.583+£0.090 £0.030 (1.90).
[arXiv:1207.2753]
e BRinlow g* region,
.0,5. _ 4.0,5.0{,LHCb _
BALSOSM L (037£003)x1077, BT 2O” = (0.22£0.02)x 1077 (4.40),
B dS, = (037£0.03)x 1077, BEPOIERCY — (0.93 4 0.02) x 1077 (4.00).
[arXiv:2207.12468]

e BR(B™ —» K*vv), one of the most cleanest channels in the SM

B(B+ — K_'_VD)Belle 1= [23 + 5(Stat)fi(syst)} X 10_6 362 fb~1

2.70 ~
B(BT — K*tuvi) = (5.58 +0.37) x 1076 10 ab™! ~ 5¢

[arXiv:2311.14647]
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e BR(B — K*vv), one of the most cleanest channels in the SM

Short distance QCD and EW effects are under control.

Do not suffer from hadronic effects beyond the form factors.

X

W Y

_ u,C,t 3
b .| < < S
> U

LQCD calculations of B — K* form factors have been performed.
[R.R. Horgan, Zhaofeng Liu el al. PRD 2014]

LCSR for B —» K* form factors can be derived at NLL.
[Jing Gao, Yue-Long Shen el al. PRD 2020]
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7 form factors in QCD can be reduced to 4 effective form factors in SCET.
QCD V, Ao, All Alz, Tll Tz, T23
2iV(q?)

mp + my

(V(p.€)|qr.b|B(p + q)) = — €,p0€™ PP q°

SCET:$1, ¢, ELE)

<V(p9 6*)|(EWc)y5yuth‘Bv> = —n- P(G; —€" - vﬁ,u)éJ_(n ' p)

Matching

(¥ T; Q)(0 / d3 Z Ci(3) OV (55 / d3 Z Ciol(3) 0 (5;0)

/d81 /dsz ZCZ(ful (81, 82) O( u "(s1,59;0) + ...,

[arXiv:hep/ph-0508250]
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7 form factors in QCD can be reduced to 4 effective form factors in SCET.
QCD V, Ao, All Alz, Tll Tz, T23

2iV(q%)

mpg + My

(V(p,e)|gr.b|B(p + q)) = - €upo€™ P G°
SCET:$1, ¢, ELE)
<V(p9 6*)|(EWc)y5yuth‘Bv> = —n- P(G; —€" - vﬁ,u)éJ_(n ' p)

Matching

m n-p 1 n-pt n-pt .
- V(n'P)=C(VAO)<m—,u>§L(n-p)+/0 dTC(vBl)( : w)q(r,n-lﬂ)

ny, ny,

[arXiv:1907.11092]
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B-meson LCSR for ¢ .

Hu,||(p, q) :/d4xeip.x<0|T{jv(x)’ (EWC)(O)ySh:U(O)HBv)’ jl/(x) — QI(JC)}/VQ(X).
Ry
D=
qs
A1) _
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B-meson LCSR for ¢ .

IL,(p.q) = ] d*x e'?*(0|T{j,(x), (EW.)(0)ysh,(0)}|B,), Ju(x) = 4 (x)7,9(x).
h’U fv, my n 2
- I0,(p.q) = [—m%//n p’ﬂﬁ 0 (va) &(n-p)
e do hi,
+/w w,_ﬁ,p_zopﬂ(w n p)}m
<
qs

f mpmy [ @ n-pw —m?
Chson- p) =2 AL [ gy exp | LY = gl )+ ()]
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Power corrections are important in B decays, A = A/m,

A~ O(a;) ~ 20 —30% = NLP at leading order + NLO at leading power

. Higher Fock state X _fr‘f

<O’Q7a (Tl ﬁ) gs GMV(TQ ﬁ) hvﬁ(0)|Bv>

TOBOOTOTOTTOOY

. Quark propagator expansion

(p — k) +my 1 7 1 o
2" (p— k) [n'p§_%+

(p—FP—mZ+i0  n-(p—h) 2" J

LP NLP

",
-
“

. Heavy quark expansion in HQET

b(x) = -1 +
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Power corrections are important in B decays, A = A/m,

A~ O(a;) ~ 20 —30% = NLP at leading order + NLO at leading power

. Quark propagator expansion

—~

2
frexp |~ | FR () = T s (b = foafc)

/"l‘f%i (f2,1m3] = fa.2(m4] — f22[m5] — f3,3\Mm6]) } -

mp mp  mpn-p mMpn-p n-p

n - n - 2myn-q 2myn-q 2m
me{l,_l’ 7 _ng vn-q 2myn-q v}:

N n-q n-q 2my 2my 2my
HJ'E,E 1717 3 ) 3 ) )
mp mp Nn-p N-p N-p
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(o) = [ e 01T () Sate). qO) TN B+ )

—

- Partonic level: factorization formula for I1% (p, q)

Y

q
. Hadronic level: Y, In){n| =  fyFt, + - %;Li

. Parton-hadron duality above s, to obtain lowest lying hadronic parameter.

. Borel transformation to improve the stability of the results.
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_ 0.35} ,
InpUtS. e so = 1.5 GeV
: A VoK so = 1.4 GeV?
0.30F mp + Mg«
B-LCDAs L so = 1.3 GeV?
Borel mass M* R
Effective threshold s, ~ [-eeeeeesssss 777
scale u, v T __
oISF
1.2 1.4 1.6 1.8 2.0 2.2

. Uncertainty from Borel mass ~ 5%, from effective threshold ~ 6%
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0.2} ] -
; — NLPtot NLP,HT —— NLP,QPE ] | —— TOTAL —— LL

ok —  NLP,HQE —— NLP,4P ]

0.0f

- NLP contribution : higher twist LCDA + quark propagator expansion dominate

. NLO contribution ~ 25%, NLP contribution ~ 25%
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1.0} ms

VB Kk~ — TOTAL —— LL
mp + Mg+

0.8} ——— NLL —— NLP

on(p) [T dw e PAp(p)

A () /0 w " w 5 1)

AB 0.35(15) GeV
{0.7,6.0}

{01,02} {0.0,72/6}
{-0.7,—6.0}

Newly obtained by LPC

A = 0.389(39) GeV

[Xue-Ying Han el al. arxiv:2410.18654]
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i i Vie —t =ty — o
o Z-Series expansion k=0,1,2 z(t) = ty = + 2
p ( ) \/t_l_—_t_l_ \/t_|_ — tO + (mB mV)

F(®) = Pi(@®) Y o} [2(¢®) - 2(0)]" A TPl GeV
Ap 0~ 5.366

T,V 1~ 5.415
TQ, ng, Al, Alg 1T 0.829

|Zmax| < 0.1
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(414408, (B — X.Ip)

— (B = K*vp) =Ng- (@) |CMPPINPF(¢®) |\ x10°={393+10, (B — DIp)

(37.8+0.7, (B — D*Ip)

12:|72BR(B - K%*vv) x 103

= 4.76 £+ 0.56
[this work]

= 5.86 + 0.93

[R.R. Horgan, el al. PRD 2014]
= 5.85+0.58

[R. Zwicky et al. JHEP 2016]

ELGE (ZHA) BtoVIRMEFBMitee | 2= 2025.4.20 |  16/17



Numerical applications

N 1909 4
o5 s LANZHOU UNIVERSITY

dB

10 — (B — K*vi) =Ng+(¢*)|ICLM P> F(¢?) 4, X 103 = 41.25 + 0.45 UTfit

longitudinal polarization fractions F;

3. 3] (inGeV?) 105 x ABRP K7 veme (g2 211105 x ABRP 57w (g2 g2) | AFL(q2, 43)
0.0, 1.0] 0.23(5) 0.33(5) 0.93(2)
1.0,2.5] 0.40(7) 0.55(8) 0.79(4)
2.5, 4.0] 0.46(8) 0.61(9) 0.67(5)
4.0,6.0] 0.71(12) 0.91(13) 0.57(5)
6.0,8.0] 0.83(13) 1.03(14) 0.48(5)

8.0, 12.0] 1.99(26) 2.39(28) 0.40(4)
[12.0, 16.0] 2.22(20) 2.61(22) 0.33(2)
[16.0, (mp — mx+)?] 1.26(6) 1.53(7) 0.31(1)
0.0, (mp — Mg~ )?] 8.09(96) 9.95(1.05) 0.44(4)
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_ HAlz(qz)
HV(QQ) + Ha, (q2) + Ha,y, (q2) .

F(q%) (83)

In addition, we introduce two ¢*-binned observables for comparison with future high-luminosity Belle II data

% dD(B — K* v 0
ABR(¢Z ) =75 [ dg? P )

a7 dq® ’

2 84
2 AN (mE, mie. ¢* ) H a,,(67) (&4

2 AP N2 (mE,mie., ) [Hy (%) + Ha, (¢%) + Ha,, (¢%))

AFL(q7,¢5) =
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fe(w)yms
4

(010 (217)gsG™ (2270) I | 0) = (X + ) (vpr = v yp) [‘PA(Zla 22, 1) — Wy (21, 22, u)]

— 10 Vv (21, 22, ) — (Mpvy — Mv) Xa(z1, 22, 1) + (RpYe — M) [W(zl, 22, 1) + Ya(z1, Zm#)]

+ ieguaﬁﬁavﬁ’YE)XA(Zla 22, M) - ieﬂuaﬁﬁa,YB’YEJf/A(zla <2, /-L)
- (ﬁ,uvu - T_LVfUP,)ﬁW(Zl, 225 U’) + (ﬁ’pf}/v - ﬁu'ﬁt)ﬁz(zla <2 f"‘)}%i]ﬁaa (24)

where €g123 = —1, and we also introduce three-particle HQET distribution amplitudes of definite collinear
twist as follows

O3 =W,y — Uy, Dy =V + Uy,

‘?4 =W,y + Xy, ] Uy =y — Xy, (25)
Py =Us+ Uy +2Y4 —2Y4 +2W, U5=—U,+ X4 — 2V,

Uy = —Uy — X4+ 2Y4, B =T, — Uy +2Y4 +2W + 2V, — 42,
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OG5 (@) (¥ ha)al B) = —iTEEE [7 gemtons 122 L
- L) = 60 + (g o) — 9510

O (w, 1) + 2% g (w, u)]

P,
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v ai%q(az)F[m,O]hv(O) = v - 0q(x)'[x,0]hy(0) + i i dutiq(x)[z, uz]z? gsG, (uz) [uz, 0]v Th, (0),
iv - 9(0[q(z)L [z, 0]hy (0)| By) = A{0|q(2)T'[z, 0]h, (0)[ By).
ai%q(:c) / duug(z) [z, ur)z g G, (uz) [uz, 0]7*Thy (0) + imq g(z)T [z, 0] A, (0).

' (p,q) = / d“ﬂ:eip'm(OIT{(?’(m)%Q(m),@(O)Tﬁa)b(o)}lg(p+ q));

1 | (p,q) = / 2P (01T{ () Ers 1 a(2), AOTB(0)} B + 0)).

2
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2
it exp [~ |V, (), Al () T () T8 ()

n - pw
— ffTE“;T)T;B {fQ,l[Tl] + f3,2[T2] — H@nm—;fB,Q[TQ]} )
2
‘”/exp { nn;‘;M] {Apnp (¢7) s Al Nwe (62) , Tasnee (€0) }
= 2f3((:;)"r;)2mv {f2,1['7'1] + fa2|Ts] + nm—;fgg[n] + 14 (f3,2[7'5] + nm—;fs,z[—Ts]) } :

e symmetry-breaking factors

K; € {-l—l —1—.q—u}, Lie{n*qj_n*q,_l}j
n-qg mn-q mp mp

fan(w)] = - / " dwe™ S ¢(w),

e_w

= p(w),
M

fon[b(w)] =€~ 53 d(w,) + / " dw
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