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Introduction

@ Over the last few years:
Enormous refinement of Lattice Methods
@ This does NOT make non-lattice methods obsolete:
e In many cases complementary information
e Important for cross checks of lattice results

@ V., from exclusive decays:
B — D and B — D* at zero recoil (v = V)
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@ Kinematic variable for a heavy quark: Four Velovity v
@ Differential Rates

dr . Gz 2.3 ( 2 1/2 2
o —(B — Dy ):?| Vop|“mp. (w= — 1) P(w)(F(w))

ar

—(B— Dmhs 5| Ve * (Mg + mp)?m(w? — 1)*2(G(w))?

@ with w = vv and
@ P(w): Calculable Phase space factor
@ F and G: Form Factors
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@ Normalization of the Form Factors is known at
vv' = 1: (both initial and final meson at rest)

@ Corrections can be calculated / estimated

F(w) = ngepna [1+ 012+ ] + (w = 1)p° + O((w — 1)?)
G(1) = noepnv {1 +0 (M)}

mg + mMp

@ Parameter of HQS breaking: 1 — l _ L
o Mg Mp

@ 74 = 0.960 £ 0.007, ny = 1.022 + 0.004,
51/”2 = —(8 + 4)%, TIQED = 1.007
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B — D* from Zero Recoil Sum Rules

B — D* from Zero Recoil Sum Rules

@ Start from (e: Excitation Energy )

T() =1 / dtx & Vl—(Ma—Mp- )]

P)IT{bv(x)7.75¢4(X) Tu(0)1"154(0) }| B(P))

1

@ compute the contour integral (i) = 5 T(e)de
s

® lel=n

-2m 2my
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B — D* from Zero Recoil Sum Rules

@ Insert a complete set of states:

en<eM

=3 Z P)|byy.ys¢v|n) (n|&,y"sby| B(P))

@ The lowest resonance state is the D*

(B(V)|By 756, | D (v, €)) = F(1) 2y/MsMp- <,

@ Hence

o(em) = [F(1)[?

+ inelastic contributions with ¢ > 0, non-negative!
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B — D* from Zero Recoil Sum Rules

@ On the other side: Compute T(¢) in OPE
@ ... and take this to compute Iy

IO(GM) - €pert(€Ma /‘L) - A1/m2(€M,/J,) - A1/[713(6,\/’7#) +

@ &P(epy, u): Perturbative Contribution, computed in
Wilsonian Cut Off Scheme

£7(0,0) = na
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B — D* from Zero Recoil Sum Rules

Perturbative Corrections
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Figure 4: \/Egert(p) as a function of p for my = 4.6 GeV, m, = 1.2GeV, ag(myp) = 0.22. The
curves represent the one-loop result evaluated with ag = 0.3 (blue), one-loop plus first order BLM
(green), complete O(a?) (red), two-loop plus third-order BLM (maroon).

\/€7(0.75GeV,0.75GeV) = 0.98 + 0.01
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B — D* from Zero Recoil Sum Rules

Non-perturbative Corrections

2 2 2
Ha pe — pg (1 1 2
Ajre = LI
ym = 3me T4 (mg * m2 T 3myms

30} — pis p%+ﬂﬁs(1 3 1 )

Dgjme = + —+—+
1/m? 12m3 12m, \m2 ' m  mym,

Aq/pps = known

Numerically:

Aqjme + Dyjpo = 0.102+0.017
Ay ~ —0.023  Ayjps ~ —0.013
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B — D* from Zero Recoil Sum Rules

The Sum Rule

Combining everything

F(1)<0.925

@ Saturation of the sum rule means no inelastic
contributions

@ To obtain a value of F(1) one needs to estimate the
inelastic contribution
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B — D* from Zero Recoil Sum Rules

Estimate of the Inelastic Contribution

Starting point: First Moment

@ No contribution from the ground state e = 0
@ Estimate of the inelastic contribution:

/ -
hoer = 1(EM) , &= average excitation energy
€

@ for moderate €y:
I, is dominated by the lowest “radial” excitations, so

€ ~ 700 MeV
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B — D* from Zero Recoil Sum Rules

@ Compute /; in OPE:

Betrs 203+
3m3 3memp

h(e) =

LI 3 3 3 1 2 1
—&-4(177”r + 0.6+ P35+ pn) p + 3o, + P +

in terms of (" means ground state removed)
4Mac%, = i [ d*x (BIT[B(:)(1D. *b(x) B(O)(D. b(O)] B)
4Mepd = 1 [ o*x (BIT[B(x)(1D. )*b(x) B(O)(@ - B(0))b(O)]|B)
4Mg (%5,-/6;(/;)% + é(a,-kaj, - 5,-,5,-k)pA) =
i/d4x (BIT[b(x)o;Bk(x)b(x) b(0)a;B;(0)b(0)]|B)’

@ What do we know about the (non-local) matrix
elements?
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The BPS Limit

The BPS lelt (Uraltsev (2003)

; . : 2 2 2
@ Observation: Numerically we have p2 — pug < pZ
i imi 2 _ 2
@ Consider a limit where p = ug
o Genel’ahzatlon (... looks like the BPS relation known from string theory)

iD.byBy=0, D}/=D,—v,(v-D)
@ This implies

0 = (BIb,(ilP1)?by|B) = 2Ms (% — ;)
@ ... and also

Pb=—ris Pra=—20% pPia+ra=—(pi+r3)

3 3
o In the BPS limit; /; — — /=&’
3m2
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The BPS Limit

What else do we know?
Hyperfine Splitting of the Ground State Mesons:

2,[12 p3 +p3—p3
M*—M:——G G A LS
B B 3mb+ 3m§

@ Constraints on ug and p;s from
heavy quarks sum rules wratsev)

0.45GeV®

P26+ pa ~ 0.45GeV®  lipg(ey = 0.75) ~ 3myé

@ Numerically /ey = 0.13 + 0.04 (30% uncertainity
estimated)
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The BPS Limit

Remarks

@ Estimate of the continuum D contribution
yields + (3 ... 5) %

@ Other estimates yield a similar value for /e
@ from this we obtain

F(1)<0.90 F(1)=0.86+0.04

@ this depends a bit on the value of ;2
@ This is lower than the lattice values!
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B — D from BPS Limit

B — D from BPS Limit

@ For the form factor G we have

Mh_(w)

mg + mp

@ The presence of h_(w) was considered a problem for
a precise V., determination

@ In the BPS limit we have have to all orders in 1/m

G(w) = hy(w) -

MB:mb+/_\ MD:mC—I—/_\ Mg — Mp = mp — m,
@ With this and from the equation of motion
io"(by,c) = (mp, — mg)(bc) =
weget h-(w) =0
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B — D from BPS Limit

@ Furthermore, in the BPS limit: h, (1) = 1 to all orders
in 1/m, hence

G(1) = &v(p) ~1.03

@ ¢y(u) are QCD corrections to the vector current
@ Corrections to the BPS limit: Expansion in

52 /’Lﬂ' MG
Mw
@ For the form factor:
2
o Hy (1 1\ (Mg — Mp) 2
_ Bo (1 1) X187 WD) | 4
(1) = vy 2 (o = ) S ot /)

@ Numerically
G(1) =1.04 £0.02
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Zero Recoil Sum Rule for Ap — Ac

Zero Recoil Sum Rule for Ap — Ag

@ Start from
T(e) = 1/d“x g (VXle=(Mn, =Mho)]

P)IT{bv(x)7.75¢4(x) Tu(0)1"15b4(0) } [As(P))

@ and perform the same steps as for B — D*
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Zero Recoil Sum Rule for Ap — Ac

@ Inserting a complete set of states:
Lowest state is A,

@ Form factor definition: (. reigmann, m. vip @o11)
(el 157NV, 5)) = T (V' o | (W) M, + M) L5
o M (o, 0%
402 () (= 2, — 1)) uny (v,9)
@ Zero Recoil Sum Rule:
lo(em) = % [2]g.(1)[7+]g+(1)[?] + inelastic
= " (em, ) — Dyyme(em, 1) — Dqyp(em, p) + - -
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Zero Recoil Sum Rule for Ap — Ac

@ Perturbative Contribution as before:
(e = = 0.75GeV) = 0.970 & 0.02

@ Nonperturbative Contributions
2
_paN) (112
Bayme = =4 (mg * m2 T 3myme
3(A 3(A 1 3 1
Pp(Re) | pp(As) (_+ N )

4m? 12my \mz  m:  mpym;

A1/m3 =

@ Note ug = prs = 0 and z(Ap) ~ 14(B)

T. Mannel, Siegen University Non-Lattice Determinations of the B — D(x) Form Factors



Zero Recoil Sum Rule for Ap — Ac

@ ... or as an inequality

1
3 [21g: (M + g+ (] < & em, 1) =B e (e, 1) =Bt o (€ma, 1)+

@ Numerically we have (Preliminary)
1
3

@ ... to be compared to the lattice number

(W. Detmold, C. Lehner, S. Meinel (2015))

1
3 [2]g.(1)]? + |g+(1)[?] = 0.824 £ 0.020

[2lgL (1) +1g+(1)[°] <0.86
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Zero Recoil Sum Rule for Ap — Ac

Outlook

@ There is a persisting tension between the lattice
determinations of the form factors and the ones form
“continuum methods”

@ — further scrutiny needed: “Hyperfine constraint”

@ This seems also to be the case for the A, — A, form
factors.

@ Inclusive V., may give a hint,
@ ... or there is new physics? (see V)
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