Questions on LLSW paper 2

Summary of formulae in the paper.
First we summarize what is written in the paper based on our understanding.
In the paper two constants ¢, and e, are defined as follows

1 1 (1)
== 2my’ o= 2m,
with numerical values
my = 4.8GeV (2)
m. = 1.4GeV

The difference between a hadrom mass and a heavy quark mass in the first

order : ~
A for ground state doublet (D and D*)

A for exited 3" doublet (D; and Dj) (3)
A* for exited %+ doublet (D§ and DY)

with numerical values

A =0.4GeV

AN — A =0.39GeV (4)

A — A =0.35GeV
B — Dylv case
The matrix elements are
< Dy(v',e)|VH|B(v) >

lemB

< Dy(V,e)|A"|B(v) >
A /lemB

The differential decay rate is

= fuie™ + (fv" + fru™) (e - v) (5)

= ifAe“ame(téUgU; (6)

2
dj;;;Q::3Fm?v@ﬁiffﬁn99Kuw—rﬁfm-+(w2—‘U(ﬁ@4‘ﬁf%”2
(1= 2ryw + 1)[(1 + cos®0) (ff, + (w? = 1) f3)
—4cosOVw? — 1fy, fal} (7)
where

GE|Val"m

I'n =
0 19273

(8)

1



and
le
=

mp
In approximation B, the form factors are given by

V6fa = —(w+1)7
—ep{(w — D[N+ N7 — 2w + 1)1y — 7] + (w + 1)mp}
—eJ4(wAN — N7 —3(w — 1)(71 — 1) + (w+ 1) (e — 2m1 — 313)]
Vofy, = (1—w?)r
—ep(w® = 1)[(A + A)7 = 2w + 1)1y — 72 + 7]
—e 4w + 1) (wA — A7 — (w? — 1)(371 — 379 — Me + 211 + 313)]
Vo fy, = =37
—3ep[(N 4+ A)7 — 2w + 1)1 — 72 + 1]
—86[(4’LU — 1)7’1 + 5’7’2 + 3nke + 107]1 + 4(w — 1)7]2 — 57)3)]
Vofy, = (w—2)7
+ep{2 +w)[(N 4+ A7 — Qw + )11 — 7] — (2 — w)n}
teJd(wA — AT+ (2 +w)m + (24 3w)7
+(w = 2)me — 2(6 + w)n — 4(w — )mp — (3w — 2)n3] o
10
where 7 is the leading mg — oo Isgur-Wise function, which is assumed to be
a linear form:

7(w) =7(D[1 + 7 (w —1)] (11)
where y /
/ T ~/ T
= — 12
T T T () (12
Numerical values used in the paper are
7(1) =0.71
7=-15 (13)

The uncertainty in the Agcp/mg corrections is parametrised by 7 and 7.
In Approximation By,

14
To = 0 ( )
In Approximation Ba, _
T = AT
™ =—N'7 1%)



These are the two end values of 71 and 7. True 7 and 7 reside somewher in

between.

n; comes from the correction to the HQET Lagrangian. In Approximation B,

Also, in this Approximation, ngb) = néb) = néb) = (0. Thus

b b b b b
m =0 +6n) — 2(w — 1)ns” + 4 = n

Hence, the form factors are

VBfa = —(w+1)(7 +come +evie)
—ep(w — D[N+ A)7 — 2w+ 1)1 — 79
—eJ4(wN — A)7 = 3(w — 1) (11 — 7o)
Vofi = (1= w)(r +eeme + 2mi,)
—€b(w2 — 1)[(A/j— A)Z' - (211) + 1)7’1 — ’7'2]
—e 4w + 1) (wA" — A)1 — (w? — 1)(37; — 373)]
Vofy, = =3(t 1 Eclke T 5b771(<2))
—3ep[(AN+A)7 — Qw+ 1)1y — 7]
—e (4w — 1)1 + 579
Vofi, = (w—2)(r +eame + ev)
+ep(2 4+ w)[(N +A)7 — 2w+ 1)1 — 7
e Jd(wA — A7+ (2 +w)m + (2 + 3w) 7]

Mke and 771({? can be absorbed into 7 by the replacement of 7 by

- b
T=T+EMNke + 8;)771(@)

Thus, the form factors are

V6fa = —(w+1)7 —g(w - 1)[(/\’ + A7 — Qw + 1)1 — 7
—eJ4(wN — A1 — 3(w — 1) (71 — 72)]

Vofy, = (1—w)7 —ew’ - })[(A’ + A7 — 2w+ 1)1 — 7
—ec[4(w + 1)(wA — A)7 — (w? = 1)(31, — 37

V6 fy, = =37 = 3g[(N + A7 — (2w + 1)1y — 7]
—e (4w — 1)1 + 57

Vofy, = (w—2)7 +e(2+w)[(N+ A7 — 2w+ 1)n — 7
+eJ4(wAN — N7 4+ (2 +w)m + (2 + 3w) 7]

3

(16)

(17)

(18)

(19)

(20)



Questions.

1. Can we also replace other 7 in the above formulae by 77 I suppose that
this replacement makes only the order (Aqcp/mg)? change.

2. In the code used by DELPHI collaboration, they did not do this replace-
ment. Instead they treat e as an free parameter and used an assumption

b
771(<e) = Mke

Does this auumption correct within the the order Aqep/mg) 7



