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Bounds on heavy-to-heavy baryonic form factors
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Upper and lower bounds are established on the— A, semileptonic decay form factors by utilizing
inclusive heavy-quark-effective-theory sum rules. These bounds are calculated to leading drdgpimg
and as. TheO(aﬁ,BO) corrections to the bounds at zero recoil are also presented. Several form factor models
used in the literature are compared with our bounds.

PACS numbd(s): 11.55.Hx

[. INTRODUCTION The layout of this paper is as follows: In Sec. Il, we list
the sum rule formulas for the model-independent bounds on
orm factors defined in Sec. Ill. Section lll also gives the
Sroper combinations of structure functions used later for the

I i i
B—D IV. in_order to -extract information gbout _the bounds on each of the baryonic form factors. Section IV
Kobayashi-Maskawa matrix elemejivicy| [1]. Semileptonic  provides the bounds on individual form factors explicitly,

heavy baryon decays can also serve as another independgfiih the structure functions given if5], and discusses the
determination offV¢,| [2—4] as more and more data accu- influence of the various parameters appearing in the expan-
mulate. sion of the bounds. Some popular form factor models are
We have recently performed a thorough analysis of thompared with our bounds in Section V. Ordeg, correc-
bounds on th&8—D®™) weak decay form factors using in- tions to the bounds at zero recoil are computed in Sec. V1. In
clusive sum rules for semileptonic decays to ordigep/Mg  Section VII, the bounds on tha,— Al v decay spectrum
and first order inag [5]. The O(ag,Bo) corrections at zero and its slope are given. Our conclusions are summarized in
recoil were also included. In the present paper, we would likeSec. VIII.
to extend the techniques in our previous work to baryons that
contain a heavy quark.
As in the case of heavy mesons, heavy-to-heavy baryonic Il. INCLUSIVE HQET SUM RULES
form factors are mainly taken from models. They are exten- ) ) ) )
sively used in the studies of backgrounds and efficiencies in The sum rules are obtained by relating the inclusive decay
experiments, and, for this reason alone, constraining them f@te, calculated using the operator product expan§&*E
important. ForA,— A transitions, where the initial and fi- and perturbative QCD in the partonic picture, to the sum of
nal baryons have the same light degrees of freedom, th@(cluswe decays rates, ca_lculated in the hadronlc.plcture.
heavy quark effective theorfHQET) relates all six form Since these had been derived previously-9,5, we just
factors to a single Isgur-Wise function and predicts a specifivrite down the results below. The same formalism can be
value at zero recoil in the infinite mass linfi6]. In the applied to all types_ of heavy baryons. Nevertheless, we will
HQET, the form factors and Isgur-Wise function are usuallyconcentrate exclusively o -type ground-state baryons and
written as functions ofw=v-v’, with v being the four- ~denote them bA. _
velocity of the A, baryon andv’ that of the recoilingA Let [Aq(v,s)) be the state of the heavy barydn, with
baryon. mass MAQ and spins moving with four-velocity v and
The analysis for heavy baryons is almost parallel to thatAq/(v',s")) that of theA with energyEAQ, and spins’
for heavy mesons. One difference is the HQET parameters._ . . Lo, o
and heavy hadron masses appearing in each case. Anothrgp_Vlng with four-velocity v". EAQ’_ MAQ'+q3’ where
difference is that heavy baryons have an extra light quarkds is thez component of the momentum transfey,to the
However, we will see that the power of inclusive sum rulesleptonic sector and is pointing in thez direction. Consider
still applies, regardless of the intricacy among the light de-the time ordered product of two weak transition currents be-
grees of freedom. tweenAq baryons in momentum space,

1
2My, 2j+1

MY —

> f d*x € 19X Ao(v,9)| TE*(x)3%(0)) Ag(V,S))

=—gM' T +VvAV To+i eﬂmﬁan’BTg,-l- 9“q" T4+ (g*v"+v#q")Ts, (D)
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whereJ* is aQ— Q' axial or vector current anflis the spin of|Ag(v,s)). The bounds are then

1J € Mao [(Agi(v',s")|a-I[Aq(v,s))]? 1f
— | de(A—€)T(e)| 1— = — <s—| de(A—¢€)T(e), (2
57 ) de oA —e) <>( EI_EAQ’) zjﬂg Wy Er, 5.7 dedd-aT(e), 2

whereT(e)=aj; T*"a,, the product ofT“” and four-vectors

aj,a,. The integration variable=M, —E, ,—v-q wil Gi={(w)
be integrated from 0 ta&, andE; is the energy of the first

excited state, with madsl A, More massive than o . A1

The upper bound is essentially model independent, while Falw)=Ga(w)=—
the lower bound relies on the assumption that there is no
multiparticle production of hadrons in the final state. This —
additional assumption is in accord with the larlyg limit Fa(w) = — Gy ):_AL
and is supported as well by current experimental results. 3@ 3@ m, w+1
These bounds can be used for the decays at arbitrary momen-
tum transferg?. Since 1/E1—EAQ,)~1/AQCD, the lower In the above equations, we have absorbed the corrections
bounds will be limited to first order in fiy. The upper from the subleading kinematic energy into the Isgur-Wise
bounds, on the other hand, can be calculated to oraef, 1/ function, {(«).
without additional HQET parameters. To boundF; (or G;), one may choosé*=V* (or A*)

The above formulas are presented in termsAofype  a@nd a*=(0,1,0,0). Then the factor to be bounded]{g
baryons, however, they can be readily applied to other types 1)/20][F1()|? ([(0+1)/20]|G1(w)|?) and the sum
of baryons too. Later on, we will restrict our analysis exclu-rule used to bound i§10pe=T1iHadronic- IN this and the
sively to the A-type semileptonic decays wit—b and following cases, the corres_ponding first excited state more
Q' —c, i.e., theA,— Al v decays for whichj =1/2. T?(szs;é%)t:?ar:/é\f that contributes to the sum rule is the

It is impossible to bound, andF 5 individually with any
choice ofa*. The next best thing we can do is to bound a

The hadronic matrix elements for semileptonic decays ofin€&r combination of them. To prevent Lhe bf“”ds fro}an di-
a A, baryon into aA, baryon are conventionally parameter- V€'9ing_at zero recoil, we choosg”=V* and a

1 \ow—1
Zmb (,L)+1

_( 1
1+A Z—rnc+
{(w),

m, o+1

{(w).

IIl. HADRONIC SIDE

ized in terms of six form factors defined by =(JEa /My —1,0,0;~{E, /M, _+1). Then the factor to
be bounded if (w?—1)/20]|F,—F3|?, and the sum rule
(A(v',8")|VHAL(v,S)) requires the following combination of structure functions:
J— _ 2
— uAC(V,:S,)[Fl(w) ,y,u,_|_ Fz(a))v“ T(E)—2T1+ ((1)_ 1)T2+(MAD+ MAC_ E) ((1)_ 1)T4
+F3((I))V’M]UA (V S) +2(MAb+MAC_E)(w_1)T5. (5)
b L 1
) A similar situation occurs for G, and Gas.

Here the choice would belJ*=A* and a*=(1,0,0,
- \/(EAC—MAC)/(EACJr M) The bounded factor if(w
—1)/20]|G,+ G5|?, and

(Ac(v',s)|A#|Ap(v,s))

=y (v',S")[Gy(@) ¥+ Gy w)v*

, 2
+Ga(@)v #]ysup, (V,9). T(e)==——7 Tat To+(My,—My — €)’T,
One may relate the parameterto the momentum transfer +2(MAb_ M, —e)Ts (6)
c

q? by w=(Mib+ Mic—qz)/(ZMAbMAc). With proper

choices of the curreni” and the four-vectom,, one can is the combination for the sum rule.

readily select the form factor of interest and, from E2), From Eq.(4), we know|F,—F3|?=|G,+ G5|>~ 1/mé at
form the corresponding bounds. To subleading orderim,1/  this order in HQET.

in HQET, these form factors satisfy the relatidd®,11]

1+A ’ (4) 13 (2455) is lighter, but\ ,— 3 ,(2455) v is not an allowed tran-

sition because of the isospin.

Fi1={(w)

N 1
2m.  2my
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IV. PARTONIC SIDE AND THE BOUNDS 0.25 —_———T—

The analysis will be performed to first order in
ag(mg) (~0.3 at 2 GeV and A gcp/Mmg and, furthermore, 0.2
only terms linear inw— 1 are kept for the perturbative part.
The full ® dependence will be kept in the nonperturbative

physics. Corrections of ordeYgey/mg, @4, asAgco/Mg, 50,15

anda, (w—1)? should be negligible in the kinematic region NE

that we are considering. =~
We will use essentially the same notation a$5h Since $ 0.1

A, and A, are spins baryons where the light degrees of
freedom carry zero angular momentum, the chromomagnetic
energy\,=0. Also, the heavy quark parameteksand\ ; 0.05
for the baryons are different from those for the mesons. Their
values, however, can be obtained from those of mesons b

the two relationg12] 0 1.05 L1 LI5 12 125

FIG. 1. Upper and lower bounds o € 1)|F;(w)|?/(2w). The

m thick solid (dotted curves are the upper and lower bounds including

¢ (M, — MD), perturbative corrections for HQET parameter &&} described in
Mp—Mc ¢ the text, andA =1 GeV (2 GeV). The dashed curves are the bounds
without perturbative corrections, also for HQET parameter(Agt
The thin solid curves show the dependence/orand )\, using
parameter setdd) and(C), with A=1 GeV. Here the outer two thin
solid curves are from parameter $Bj, while the inner two curves
from set(C).

m
mMp—Mm¢

AB=AM+

(MAb_I\WB)_

2mym — —
@:xguWUM%—MB)—(MAC—MD)J, (7)

w—1
5 |F1(w)|2>|(10)VV+A(10)VV
Mg+3Mgs Mp+3Mp«
° 4 _;(|(1)VV+A<1)VV) 9
En,—Ex ! ron

1 AC

<|
@

[
<|

—B B — The upper and lower bounds are shown in Fig.RBor this

In Eq.&?), A" andA; are the parameters for baryons all  section, the dashed curves are the bounds without perturba-

and M7’ those for mesons. Later on, we will go back to thetjye corrections using séf) above, while the solid and dot-

usual notation without attaching superscripts explicitly.  ted curves represent the bounds including the perturbative
To form the bounds, one just takes the proper moments fgrrections withA=1 GeV andA=2 GeV, respectively.

the structure functions according to the combination require@ye have shown the bounds in the kinematic rangeal

in the sum rules given in Sec. lll. To this order, the <1 25 where the higher order correctiag(w —1)2 should

Aqco/Mq corrections will depend on two HQET param- pe negligible. The thin solid curves use the other HQET

eters:A, ;. As mentioned above, we take their values fromparameter setéB) and(C).

the mesonic ones, where a certain linear relation has been In Fig. 1, the bounds without perturbative corrections ap-

determined 13]. We will use three different parameter sets proach zero because of the overall facior 1 appearing in

to show the dependence (z?nand)\l: (A) A=0.74 GeV and the nonperturbative corrections. As we move the scal& of

M1=—043 GeV, (B) A=064 GeV and),=-033 gr?';?eé Gpeva:gtz) Gai\(;’ :r(])eolippermr'Ig?ﬁgdcc?rtr:elslsgnlj'r?gnlI)c/) er

o — B i upwi y ut 0.01, whi i W

Ge‘?'/h,e(g&n[}n_rucl)ég?foref)\(fuiré%i(: %Tg (Gl;ﬁ}(z ) uses bound is dragged down by more than 0.04. This serves as an

T. with vector-vector currentg The uplpg)r bounﬁ is simplyindicat.ion that in general perturbative corrections hgive a

thl h \ oF hi h.' by Eq (2 larger influence on the lower bound. The bounds get wider at
e zeroth moment of, which is by Eq.(2) small momentum transfer with parameter &t while nar-

rower with set(C). As a general tendency in this and subse-

1 quent plots, varying among the three parameter(@ets(B),

w
— o IFi(@)P=1PV+ APYY. (8)

%For all the figures in this section we take,=4.8 GeV, m,
The first moment of'; is needed for the lower bound, which =1.4 GeV,as=0.3(corresponding to a scale of about 2 GeVhe
is values ofA and\; are discussed in the text.
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FIG. 2. Upper and lower bounds onw ¢ 1)|G;(0)|%(2w). FIG. 3. Upper and lower bounds on ot

The curves are labeled the same as in Fig. 1. Here the parameter sefl)|F,(w) — F3(w)|%/2w. The curves are labeled the same as in
(B) gives the lower set of thin solid curves while the 68} gives  Fig. 1.
the upper set of curves.

and (C) usually makes less change on the upper bound thaROunds on the slope parameh%r of {(w) I
the lower bound. Here, the variations on the upper and lower _
bounds atw=1.25 areabout 5% and 11%, respectively.  4as(5  4A? 5 A

A similar set of bounds for ¢+ 1)|G,(w)|%/2w can be 97 5"”7 <P ML ML)
obtained by simply changinyV (vector-vector currenjso ! ¢

AA (axial-axial currentsin the above formuladThe bounds Aag 2A 5 AA?
in this case are shown in Fig. 2. Perturbative corrections drag 9 M =M. + 3 In—-1]. (10
the bounds lower. From the bounds corresponding to2 A A M

GeV we also observe that the lower bound has been signifi-
cantly decreased. In this case, the parametetBelowers ~ One feature is that these bounds purely come framy,ldnd
the bounding curves, but sé€) pushes them up. The varia- as corrections' Numerically, they are 0.0¢p§< 1.49. This
tions of the upper and lower bounds @t=1.25 bythese is more stringent than the previously derived dispersive
parameter changes are about 1.5% and 17%, respectively.bounds, e<p§<4.5 [14].

One can also derive bounds on the Isgur-Wise function, The bounds on the other form factors involve
{(w), from the current bounds ofG;(w)|? by utilizing  higher moments off, and Ts. The upper bound for >
Gi(w)={(w) in the heavy quark limit. For example, the —1)|F,(®)—F3(®)|%/2w is, from Eq.(5),

2
Fggpel’: (w_ 1)[m| g.O)VV_i_ [ (ZO)VV+ [ 512)VV_ Z(MAb+ MAC)Igl)VV_'— ( M Ab+ MAC)ZI SO)VV_ 2| '(51)VV
2
+2(My +M )TV mAgowu APVVE APV 2(My + My APV (M) + M, )?APYY—2ADVY

+2(My,+M AC)AESO)VV . (12)

The lower bound is ¢?— 1)|F () — F3(w)|?/20=F3¥e" with

3This set of bounds has been mentioneddh and we agree with their results. B
“The bounds on the slope of mesonic Isgur-Wise function can be fouf@] Bnd are not vanishing as—0 andas—0.
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w—1

lower upper
F = Fupper_
23 23

MAl_MAc w—

I [ g_l)VV-F I (21)VV+ I gS)VV_ Z(MAb+ MAC)IEE)VV"'(MAb'F MAC)ZI Ell)VV_ 2| (52)VV
2
+2(My,+My )|<1>VV+ 1A(1)VV+A(1)VV+A(3)VV 2(My, + My JAPY+ (M + My )2AYY

—2APVV2(M A, TM AC)Ag”VV] . (12

They are plotted in Fig. 3. Notice that at tree level both bounds are identically zero. This can be easily understood from the
relations in Eq(4), |F,— F3|2~A2/mé. Nevertheless, perturbative physics separates the bounds by pushing the upper bound
higher to around 0.01 over the entire kinematic range while drawing the lower bound negative. Since the factors we are
bounding are all positive definite, the lower bound is still zero. Changirigppm 1 GeV to 2 GeV loosens the upper bound
by more than a factor of two. Parameter g%, (B), and(C) have no influence on the upper bound becalisend\ ; only
enter the upper bound through the tree-level corrections and they vanish to the order under consideration.

The upper bound forg—1)|G,(w) + G3(w)|*/2w is, from Eq.(6),

2

- A(O)AA A(O)AA A(2)AA 2(M, —M AC)Agl)AA_F (M A M AC)ZAgO)AA_ 2Ar(51)AA

+2(My,— My )ADAA, (13

The lower bound is ¢ — 1)|G,(w) + G3(w)|%20=GX"e", with

1 2
G|0WEI‘ Gupper _ Ig_l)AA+|(21)AA+|g_3)AA_ Z(MAb_MAC)|22)AA+(MAb_MAC)Zlgl)AA_Zng)AA

MAl_MAc1 w+1

2
n Z(MAb_ MAC)l (51)AA_ mA(ll)AA+ A(Zl)AA+ Ags)AA_ Z(MAb_ MAC)AEZ)AA‘F (M Ay~ MAC)ZAgl)AA_ 2A§52)AA

+2(My,—M AC)Ag”AA]. (14)

The bounds on this form factor are shown in Fig. 4.

Again, for the same reason as in the previous case, both th 003 F———T——
upper and lower bounds at tree level are identically zero, anc A

the upper bound does not split for different parameter sets ettt ]
The perturbative corrections also push both bounds in the o2 | 9

current case away from zero; and usiag=2 GeV in the J<
calculation widens the upper bound by more than a factor ofp. I ]
2. 0001 F i
At O(Aqcp/mg), the upper bounds will not depend upon ¢ I ]
N1. However, since 1Mlp;—Mp)~1/Aqcp its value will -
affect the lower bounds. It is possible to obtain the upper §
bounds to orde©(A&cp/mg), since at this order there are
no new parameters in the OPE. These corrections only
slightly modify the upper bounds in Figs. 1 and 2 but greatly _ ¢

loosen the ones in Figs. 3 and 4 to around 0.1 over the entir e \ 1
H H . v P T I I S S I R

kinematic range. 1 1.05 1.1 1.15 12 1.25
[0}

V. COMPARISON WITH MODELS
FIG. 4. Upper and lower bounds on o

We choose from the literature the following commonly —1)|G,(w)+ G3(w)|?/2w. The curves are labeled the same as in
used form factor models for comparison with our bounds: Fig. 1.
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025 T 1
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3
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0 0.2 4 1.05 1.1 1.15 1.2 1.25
(O]
FIG. 5. The model values of(— 1)|F;(w)|%(2w) along with FIG. 6. The model values ofe(+1)|G4|?/2w along with the

the corresponding bounds for comparison. The thick solid lines argorresponding bounds for comparison. The curves are labeled the
the upper and lower bounds. The thin solid curve is the solitorsame as in Fig. 5.
model. The long dashed curve is the MIT model, and the short
dashed curve is the BS model. The dot-dashed curve is the relatithe lower bound, whereas the COQM falls far below the
istic three-quark model. The dotted curve is the COQM. lower bound at large recoil. If a largér value is employed,
. all the model curves would fit into the bounds as one can
(1) soliton model[15],

check from Fig. 1.
% I\B/lel-trhgésga:gce)(tjgélse)ﬂ’rnodel[17] The curves for p+1)|G,|%/2w are shown in Fig. 6. All

(4) relativistic 3-quark model18] models start from one at zero recoil. This is because they do
(5) covariant oscillator quark modéCOQM) [19]. not incorporate the perturbative renormalization effect. The

The saliton mode[15] considers baryons with a single COQM quickly becomes too small in the large recoil regime.

heavy quarkc (or b) in the largeN,, limit as bound states of This, along with Fig. 5, tells us that the contribution from
c . . .
D andD* mesonsior B andB* mesonwith baryons con- Ap— A, at small momentum transfer is underestimated in

taining only lightu and d quarks, which can be viewed as the COQM. The other models are consistent with our bounds

, . 2 ) at large recoil and, presumably, will nicely fit into our
solitons in th|s.I.|m|t. The MIT bag.model used [16] is .._bounds near zero recolil if renormalization corrections are
actually a modified one that takes into account the fam|I|arincludeol

F'Cr::"e from thet n?nreganstlc quardk_ modkel _It_uat tr?at'Fs_ t?e Figure 7 and Fig. 8 show that all the model predictions are
ight component of a baryon as a diquark. The relativistic, .\ “vithin our bounds for ©2—1)|F,—F4?/(20) and

3-quark mode[18] modifies the interaction Lagrangian be- , = 2 :
tween heavy hadrons and quarks by incorporating the spiflw 1)|G2+ G4l*/2w, respectively.
structure imposed by the spectator quark model. Finally, the
COQM [19] uses the covariant quark model. All these mod-
els give Isgur-Wise functions without a dependence on the
heavy quark masses. Thus, we use Edjsto relate the form
factors to this Isgur-Wise function.

Figures 5-8 show the different form factors from the 20.02
models and the bounding curves. In plotting these figures, wea~
usedm,=4.8 GeV,m.=1.4 GeV,a,=0.3(correspondingto = =
a scale of about 2 GeYA =1 GeV and current Particle Data &
Group (PDG data on heavy meson masses. As mentioned =

[

above\; andA are not easy to obtain experimentally. Here & 0
we pick the parameter sdf\) discussed aboveA=0.74

GeV, \;=—0.43 Ge\f. The uncertainty on; and A will
correspondingly slightly modify our bounds, as discussed
before. -0.02 P R E P TR R
Figure 5 shows the model values of o ( 1 1.05 L1 L15 1.2 1.25
—1)|F,(w)|*(2w) along with the corresponding bounds for @
comparison. The soliton model, relativistic 3-quark model FIG. 7. The model values of«’—1)|F,—F3|%/(2w) along
and the BS model agree with our bounds over the entirvith the corresponding bounds for comparison. The curves are la-
kinematic regime. The MIT bag model only slightly violates beled the same as in Fig. 5.

004 T

3

F,-
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FIG. 8. The model values ofu(—1)|G,+ G|%/2w along with FIG. 9. Upper and lower bounds 6(z, ). The solid(dotted
the corresponding bounds for comparison. The curves are labeledifves are the upper and lower bounds including perturbative cor-
the same as in Fig. 5. rections for HQET parameter séA) described in the text, and

=1 GeV (2 GeV.

The scale we chose for these plots was 1 GeV, since
this gives tighter bounds. Had we chosen 2 GeV as our TheO(a3Bo) corrections to the upper and lower bounds
working scale, the bounds would be less stringent and thugn the form factors at zero recoil are shown in Table | for
would accommodate the models which originally fell slightly A=1 GeV. In this case, th®(aZ4,) corrections are seen to
outside our bounds. be rather small, which gives us confidence that the perturba-
tive expansion for the bounds is under control.

VI. ORDER agﬂo CORRECTIONS AT ZERO RECOIL
VII. BOUNDS ON SEMILEPTONIC DECAY SPECTRUM

As in the case of heavy mesons, one can perform analo- AND ITS SLOPE
gous numerical calculation to get tmﬁﬂo contribution to . . )
structure functions and the bounds at zero rd@fi|21]. The The differential decay rate ofk,— Aclv is [22]
results for the zeroth and first moments of the structure func- )
tions are presented in Table | (], for A=1,2 GeV. dl'(Ap—Adv) G

P (5] D VP BVeP—1F(z,0)
de 2473 b

TABLE I. Bound on form factors at zero recoil, evaluated with (15)

A=1 GeV.
where

Tree level O(ag)  O(a?By)

F(z,0)?=(0—1)|(z+1)F1+(w+1)(zF,+F3)|?

+(0+1)](z—1)G1+ (0—1)(2G,+ Gjy)|?
Lower |F1|2 0 -0.0060  -0.0028 +2(22=20z+1)[(0—1)|F1|?+ (0+1)|G4|?].
a,z_ (16)
Upper—; |F,—Fal? 0 0.0127 0.0083
>4 The combination of structure functions used to bound
Lower |F—Fal? 0 -0.0119  -0.0056 F(z,w)?is
_ 2_ VV_ TAA o
Upperil|el|2 1 00713 0.0159 T(e)=2w[3(2— 2w z+1)(TYV+ T +2(w z—-1)
X e(TYV+ T+ (T + T
L G.|2 1 -0.0885  0.0031
over ., 104 + (W2 - 1)(TYV+THH)]. (17)
Upper |Gz+G3|2 0 0.0111  0.0071 The bounds are drawn in Fig. 9.
We define the “physical” slope)ﬁ by
Lower — |G2+Gal 0 -0.0102  -0.0026

F(z,w)=F(z,)[1-pE(w—1)+- -], (18)
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One may use the bounds on the decay rate spectrum over thell at this scale, provided that th@(«28,) corrections
full kinematic range to extract the bounds on the slope. Theyominate in the Complet@(as) corrections. [Typ|ca||y
are determined to be O. QoF<1 22, which is within the O(asﬂo) accounts for about 90% of the Compldﬁias)

errors ofp2=1.1+1.0 by the lattice calculatiof23]. corrections]
The bounds orG; are used to derive the bounds for the
VIIl. DISCUSSION slope of the Isgur-Wise function, O. @:Ip§<1 49. We also

show the bounds for the differential decay rate Af,

— A v and give bounds on its slope, 056F<1 07. None
fthe models quoted here take into account the renormaliza-
ion corrections, and therefore they fail specific bounds, such

as the one in Fig. 7, a®— 1. In particular, this will affect
the extraction of the Kobayashi-Maskawa matrix element
; V.p| from the zero recoil limit of the semileptonic deca
IF2—Fs| and|G,+Gs|. Our bounds typically have much |spceb<|:trum Also, this will give an incorrect esltalmate on tﬁ/e

better predictive power near maximal momentum transferex erimental backgrounds and efficiencies. Therefore, the
However, they are not stringent enough in the above men- P 9

tioned “subleading” form factors. This is because both themodels should be properly modified accordingly to have
form factors are too small and the whole factor is suppresseanore sensible form factors.

by w— 1. However, perturbative corrections do not give van-
ishing contributions to the bounds at zero recoil. The bounds

Many of the general features of our bounds had been
mentioned in our previous worf6]. In the specific applica-
tion of these bounds to heavy baryons, we find that the
provide more stringent conditions on the leading form fac-
tors,F; andG;. Looser bounds hold for “subleading” form
factors that are suppressed byng/in magnitude, namely,
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