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Abstract: In this study, we investigate the production of doubly charmed baryons from anti-bottom charmed
mesons. Using the effective Lagrangian approach, we discuss triangle diagrams at the hadronic level to access the
branching ratios of B — Bccq + Bzzg. Apparently, the specific process B — £, i;—.o occupies the largest possibility
on the order of 9.1x1073. In addition, although the production of undiscovered Q. is Cabibbo suppressed in

Ec—>Q+:'4)

cc—c>
port for future experiments.

its branching ratio can still reach a level of 1077 These results are expected to provide valuable sup-

Keywords: doubly charmed baryon, Bc meson, effective Lagrangian approach

DOI: 10.1088/1674-1137/add5d1

I. PHENOMENOLOGICAL ANALYSIS

The LHCD collaboration reported experimental evid-
ence of the doubly charmed baryon candidate Z/} in the
AYKn*n* final state in 2017 [1]. Its mass was determ-
ined to be 3621.55 MeV [2], and its lifetime, measured
from weakly decays, was 0.256 ps [3]. Prior to this, the
doubly charmed baryon = with a mass of 3518.7 MeV
was first reported by the SELEX collaboration in decay
modes E!, » A'K n* and E} — pD*K™ [4, 5];its life-
time was found to be less than 33 fs. However, sub-
sequent experiments, namely FOCUS [6], BaBar [7],
Belle [8], and LHCb [9], have not confirmed this state
yet. Likewise, for Q. baryons, the most recent searches
from the LHCb collaboration have not reported a signific-
ant detection signal yet. Therefore, further theoretical and
experimental efforts to advance the study of doubly
heavy baryons are urgently needed.

This is crucial for completing the hadron spectrum
and revealing the nature of perturbative and non-perturb-
ative QCD dynamics related to doubly heavy baryons.
Various theoretical frameworks, such as lattice QCD
[10—14], quark model [15—22], QCD sum rules [23—28],
and heavy baryon chiral perturbation theory [29-32],
have been applied for research on doubly heavy systems.
For ground states of Z.., the majority of theoretical pre-
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dictions focus on masses and lifetimes. For instance, the
masses are predicted to lie in the range of 3.5-3.7 GeV,
which is close to current experimental measurements.
Owing to the effect of the destructive Pauli interference
of the ¢ quark decay products and valence u quark in the
initial state, the lifetime of E*} is expected to be approx-
imately 2—4 times larger than the one of E!. Con-
sequently, most theoretical predictions show that the life-
time of =¥, is in the range of 40—160 fs. There are also
many theoretical predictions for the ground state of Q ;
for instance, its mass is predicted to be approximately
3.6-3.9 GeV, and its lifetime is 75—180 fs. We provide
some typical results in Table 1.

Here, we present a new study about production of
doubly charmed baryons from B, mesons. This produc-
tion may be achieved by the LHCb and future b-factories.
We derive the production processes using the effective
Lagrangian method [36, 37]. The complete transition is
divided into a weakly decay part associated with the
transition O': b — ¢cd/5 and a strongly coupled part re-
lated to two strong coupled vertices, ie., B.8.D and
B.B.J/y (B is the general baryon). The production can
then be described formally by some triangle diagrams at
the hadronic level. Under the SU(3) light quark flavor
symmetry [38—44], it is convenient to relate different pro-
duction channels, where the final states can include one
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Table 1. Masses and lifetimes of doubly charmed baryons predicted from several theoretical methods or experiments.
LQCD [11] QM [17] [1] QCDSR [24]  NRmodel [33]  OPE [34, 35] Exp (mass & lifetime)
B 3.610 GeV 3.676 GeV 3.627 GeV 3.72 GeV 0.67 ps 0.52 ps 3.622 GeV [2] 0.256 ps [3]
Shl 3.610 GeV 3.676 GeV 3.627 GeV 3.72 GeV 0.25 ps 0.19 ps 3.519 GeV [5] <33 fs[5]
QF. 3.738 GeV 3.832 GeV - 3.73 GeV 0.21 ps 0.22 ps - -
doubly charmed baryon B.. (E'}, E', Q) and an anti- B, occurs through the weak decay of the bottom quark

charmed triplet baryon B;; or anti-sextet baryon B;;,

I'(B. —»E7E.)=T(B. - E.5)
I'(B. —»E-A)=T(B. > Q.Ey),
I(B.—ELE ) =T(B.» 2.5,

C

(B, —» EX,)=2I(B. - E. ZE). €]

Furthermore, the rates of decay widths are related to the
Cabibbo-Kobayashi-Maskawa (CKM) matrix elements
V(,'s and Vcd’

_TB> =-E)

cc C

I[(B. —> EE,)
) T(B.—ELT,)

: [Vesl?
(B, — :++A;

|Vcd|2 ’

2

and we calculate the branching ratio using the effective
Lagrangian method. Thus, we can compare the results
with the predictions from SU(3) analysis, aiming to
provide assistance in understanding and searching for
doubly heavy baryons.

The rest of this paper is organized as follows. In Sec.
II, we introduce the calculation framework that describes
the production of doubly charmed baryons from B. de-
cays. Several amplitudes of triangle diagrams are ob-
tained using the effective Lagrangian method. In Sec. III,
we present numerical analyses and branching ratios of
different processes. The final section provides a brief
summary.

II. BRANCHING RATIOS
The production of doubly charmed baryons 8B, from

<>

b — ¢cd/5, whose topological diagram at the quark level
is shown in Fig. 1(a). The non-factorizable color sup-
pressed diagram with two baryons in the final states is
unusual and difficult to handle directly using common
factorization schemes. In this paper, we consider the pro-
cess within the framework of the effective Lagrangian ap-
proach—a convenient method for studying hadrons at the
hadronic level. The total production matrix element can
be further divided into a weak transition matrix and a
strongly coupled matrix by inserting a complete basis,

(BB HeslBe) = (BeeBAHIANAHeslBe).  (3)
P

Here, H, denotes the strong interaction term included in
the interaction representation presented later. It is clear
that the dominant contribution related to the weak trans-
ition matrix corresponds to (D(D*)n.|H.z|B.y or
(D(D")J |y H.1|B.) (here, we only consider the major con-
tribution A = D(D*)J/y(n.)), which is depicted as an ac-
cessible emission diagram [45] in Figs. 1(b) and (c).
Meanwhile, the remaining one can be decoded using sev-
eral effective Lagrangians introduced below. Combining
them, we obtain productions of spin-1 doubly charmed
baryons B.. (2, E!,QF ) resulting from the triangle dia-
grams. We proceed with processes under the quark trans-
ition b — &c3,

’

(20,  B.—EL+E(EY,

[1]|

a

B. > ET+

and under the transition b — ¢cd,

(a) (b)
Fig. 1.

(c)

(a) Production processes of B. — B..+B;, which are non-factorizable and color suppressed; (b) and (c) weak decays of

B, — D(D*)+J/y(n.) in terms of the factorizable external and internal W-emission diagrams, respectively.
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B.—>E+A.(/%.), B.—EL+%, B.—>QL+E. (5
The corresponding triangle diagrams are shown in Fig. 2.
Here, we have excluded some unallowable processes in
the phase space as well as processes with decoupling ver-

tices.

A. Effective Lagrangians

We adopt the effective Lagrangian to study the pro-
duction of doubly charmed baryons. The process can be
regarded as B. mesons first decaying into D(D*) and
J/¥ (n.)mesons and then exchanging with charm baryons
B. to produce anti-charmed baryons B: and doubly

— By —
charmed baryons B,., B > MM, — B:B.. (MM, can
be J/yD, n.D, J/yD*, or nD*). The weak decay B. —
J/w(n.)+D(D*) can occur via the factorizable W-emis-
sion process shown in Fig. 1(b). It typically provides the
largest contribution according to the topological classific-
ation of weak decays. The effective Hamiltonian is

Hor = %v;,,vm(cmomm+c2<u>02<u>>+h.c., ©)

where Gr is the Fermi constant, C,,(u) denotes the
Wilson coefficients, and O, ,(u) denotes the tree level fer-
mion operators, with O; = (bycp)v-a(Cpsa)v-a and O, =

S./Ac/Z,

Ee/Ae/Ze

Bec

()

Fig. 2.
Ec» Aca Zc .

(baCa)v-a(€sss)v-a. The combinations of the effective
Wilson coefficient a;, are a;=C;+Cy/N, and a, =
C,+C,/N,, where N. denotes the number of colors.

The amplitude of the weak process can be expressed
as the product of two current hadronic matrix elements,
accompanied by form factors and decay constants,

M(B. — J/yD(D"))
= %V:bvcsal<J/W|(BC)V—A|Ec><D(D*)|(ES)V,A|0>

G - _
+ TZV:,,V”@(J/ YI(bC)y-al B X DD)I(C5)y-410),

(7
M(B, - n.D(D"))
G _ _
= TQV;Vma]<nc|(bc)v,A|BC><D(D*>|(ES>V,A|0>
G _ _
+ 2LV Vesta (71el(BC)y-alB X D(D)|(@S)y-4l0) .

V2
®)

The matrix elements between pseudoscalar or vector
mesons and vacuum have the following formations [46]:

So/Ac/Ze

Ee/Ae/ %

Bec

(d)

Triangle diagrams attached to the production of doubly charmed baryons, mediated by the exchange of charm baryons
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(PI(Cs)v-al0) =ifp pu, VIEs)y-al0y =mfve,. (9)
where P and V stand for pseudoscalar and vector mesons,
respectively; fp and f, are the pseudoscalar and vector
meson decay constants, respectively; and &, represents
the polarization vector of the vector meson.

We follow the parameterized form of the transition
B. — J/yD(D") [47],

<J/W(Pv)|(l_9c)va |§¢-(PBC)>

2 *y ©
= Wspvpo's P;P{r/v(ﬂlz) + 15,1(”135 + mv)Al(qz)
. e . e*.
~i— Py + Py AP -1 2my g, An( )
mBC +my q
oa
+i%=Domyg,A0(P),
q
(10)
<77(PP)|(BC)V—A|EC(PBC)>
m3 —m> m3 —m>
=(Pp +Pp— %Q)yﬂ @)+ %%Fo(qz).
(11)

where &, denotes the polarization vector of J/y, and the
transition momentum satisfies g, = (Pp, — Pp),. To cancel

the poles at ¢*=0, invariant weak form factors
Fo(g?), F1(¢%), Ao(g?), and As(g*) satisfy the following
conditions:

F1(0) = Fo(0), A3(0) = A(0),

mpg. +m mpg. —m
AP = AP - AP (12)
2}’}’!\/ va

In the SU(4) symmetry, the interaction Lagrangians re-
lated to the processes are expressed as [48]

Lasr = 22 Bysy, &' PB), (13)
P

f;( R v
zﬁnf: (B0 0,V B). (14)

Lagy = gﬁ%v(§7’u VEB) +

Here, gggp and gggy are the couplings of the pseudoscal-
ar meson or vector meson and two baryons B88. Given
that there are no experimental data to extract values for
the needed couplings, we deduce them from the generic
SU(4) symmetry, ie., we use the empirical values
gnnx = 13.5(5), 8pNN = 3.25(90), prN = Kp8pNN> Kp = 6.1(1)
[49, 50] to obtain the couplings between doubly charmed
and charmed baryons. For more details, please refer to
Appendix A. Within SU(4) symmetry, pseudoscalar and
vector mesons are reclassified as 15-plet, whose expres-
sions are [51]

71'0 n e —0
— =+ K* D
V2 V6 V12
0
1 n LI B K° D~
P=— V2 V6 V2 . (15)
V2 P \/7 e )
-/ =-n+ D;
37 V12 ;
Me
DO D+ —
B \/E
and
0
P w JIy ] —0
i =+ 2= K D
TR
- P w +0 —
| p i K D
V= —= V2o Ve (16)
\2 K- 2 \P JI L
—\/iw+2Z D
37 V12
D*O D*+ D*+ _3J/lp
s \/ﬁ
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Baryons represented as 8 belong to a 20-plet,

1 1 2 1
8121 =p, 8]22 =n, 8132 — 720 _ 71\, 82]3 — \/jA, 8231 720 + LA, 8232 — Z—, 8233 — E—,
P V2O Ve 3 2 e
1 1 1 1 1
8311 — Z+, 8313 — EO, 8141 — _2:+’ 8142 — 72: + 71\6, 8143 — 7512 _ 75-:’ .8241 — 72: _ 71\0
V2T Ve 2 Ve Vi V6
1 1 1 1 1
B2 28’ B3 75/2 + 752’ R4 — E': + 753’ B342 738 _ 75(3’ B33 Qg’
V2 V6 V2 2 V6
8124 - \/zA 8234 — \/2:'0 8314 - \/§:+ 8144 — =+t 8244 —_=t 8344 — Q"’
3 Co 3‘—‘9’ —c» —cc * c? cc

(17

These states are expressed by tensors B¢, where the first two indices are anti-symmetric.

B. Amplitudes and decay rates

With the effective Lagrangians at hand, we can obtain the decay amplitudes shown in Fig. 2. For instance, the amp-

. =R
litude of B, —» E/1E. is

iz, (P2)yy By — mz)y,vs (p1K5KS
(kt —mZ,) (k3 —mp) (k3 —m2)

d*k,
Ma: /(Zﬂ)4gE(.L.E(DgE’Err]C

d*ky iz, (p2)Hy —mz,)ys (Y — 1Ky Tauks [ (2my))vz (p1)

FAUif0) ((p ko + ks -y =y +m2)F\ (k) + (3 —m2)Fo(k3)).

M =i — S 8=.= = =
b 1 (271')4 g-—('( —('Dg.:[».:(lll

Joyle +k3)-k
(g + 5 (G, +myya ) - L)
m;, mg, +my

(k} —m2) (k3 —m3) (k3 —m3,)

T2 fp)ika,

Ax(k3) = 2my A5(K3) + 2my Ag(KS) ),

d4k1 uE[-( (Pz)(?’y - iKD* U'kag/(sz* ))(kil + mcqq)75 (kl + ﬁl )VEE (Pl)

Mc = 1 ngmEr'D*gEZEJIC

LKk
F(k)(-g" +nj—%f)<mmfm>((p+k3- e

k) F1(k3) +

—(kt =mz ) (k3 = mp.) (k3 —m;, )

2 2
(’”Br - m,])

e KGFo(3))

M- / Ak @iz, (P2) (Y, = iKp 0 rkS [ 2mp )Ry +mz )y, — ik, K5 [2my))vs (p1)
=

(2m)*

=c=c

m

k3)ok .
(p+ks) 2/3A2(k§)_1
B, + My

k2(xk

+igap(mp, + my)A,(k3) -1 2
2

where k; = p; +k; is the momentum of J/¥(n.), and
ky = p»—k; 1s the momentum of D(D*), respectively.
Hadrons have finite sizes; therefore, the monopole form
factor is adopted at each vertex,

Az—ml-z)2
b

T = (T e

(19)

where A is the so-called cutoff mass, which governs the
range of suppression. We use the expression A =mg+a
[39], where my is the mass of the exchanged particle and
@ =1nAqcp. Usually the parameter # is expected to be of
order unity and depends not only on the exchanged
particle but also on the external particles involved in the

—(ki =m2 ) (k3 —mi.) (k3 —m3)

KkE

kﬂka v
_ 2012 @ 272 vB 373 o 2
(8z..2.0°85 = ;1/)7_ (kD) (mp- fp)(—g"" + mi%)*)(—g + 7)<m&zﬂprrppkz V(ksy)

2
.+

k
2 2m, A3 (k) + igzmwkon(kg)) .
2

(18)

[
strong-interaction vertex. In principle, it cannot be de-
termined from first-principles calculations. However, we
can set the parameter using the measured decay rates. In
this B, meson system [52], we take a naive value for a in
the range of 100—300 MeV. The decay rate for the non-
leptonic transition B, — P, P, is expressed in terms of the
decay amplitude M(B, — P,P,)

Py
2
8mmyg

I'(B. — B, + gcqq) = IMP, (20)
where Pjis the magnitude of the three momenta of the

1
P, =
P4] 2y,

final state meson, expressed as
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\ //l(m%(,,m%a,m%[__);ﬁ(a,b, ¢)=a*+b>+c*—2ab—2bc-2ac.

III. NUMERICAL ANALYSIS

The calculation of branching ratios requires the fol-
lowing decay constants of several pseudoscalar and vec-
tor mesons:

fo=0.208(15) GeV, fp, =0.273(12) GeV,

for =0.245(20) GeV, fp: =0.273(19) GeV. 1)

Furthermore, the masses of mesons and baryons are ex-
tracted from PDG [53]. Numerous strong couplings are
deduced from SU(4) symmetry (see Appendix A).

In the physical region, each of the transition form
factors can be accurately interpolated using the following
function [54]:

3"

a
(@) =a +CY2612+272,
my —q

where the parameters «,; are taken from Table 2.

Using these expressions and results, we can determ-
ine the production of doubly charmed baryons from B,
mesons, obtaining the number of widths and branching
ratios presented in Table 3. Note that the branching ratio
can reach values on the order of 1075, In our analysis, we
set the parameter @ = Agcp in A with a value of 250 MeV
[55]. For completeness, the branching ratios as a function
of o are presented in Fig. 3. Moreover, we verify the

— EP
dominant sub-process of productions B.— MM, —

B.B,. (MM, = J/yD,n.D,J/yD* or nD*). Based on the
results, we draw several conclusions as follows.

e Our calculations

show that the production
B. — E}’E. occupies the largest branching ratio among
the processes considered in this study; this must be con-
firmed experimentally. Once verified, it could be an ideal
candidate to produce doubly charmed baryons in the fu-
ture. The dominant amplitude contribution comes from

=t

the sub-processes B. = J/yD =5 E}'E. (the branching
ratio of this subprocess is 2.1x107%) and B, - n.D" =

E!'E, (the branching ratio of this subprocess is
1.1x 107%). Therefore, the major contribution of branch-
ing ratios comes from these two sub-processes and their

Cross ones.

e |t seems that the leading contributions of strong
couplings are subprocesses with B8V or BBP vertices
consistent with the processes, i.e, for B. > EL'E; | the
isolated contribution from a pair of B8P or BBV is trivi-

al, merely on the order of 1078,

e Unlike the first four Cabibbo allowed processes, the
last four processes are Cabibbo suppressed. However, the
branching ratios are still considerable. Especially, the un-
discovered Q.. can reach values on the order of 107°.

e Table 3 shows the rates of decay widths:
I'(B. — ZE)/T(B. —» EfFA, )~ 164, T[(B.—ETE, )/

Table 2. Interpolation parameters of form factors in Eq. (10); @ is dimensionless, and a; ;3 have dimensions of GeV~!.
B> By
F1(0) Fo(0) Vo(0) Ap(0) A1(0) A>(0) A3(0)
a 0.632(13) 0.632(13) 0.836(41) 0.574(33) 0.551(25) 0.561(28) 0.574(33)
a 0.032(24) 0.025(11) 0.045(80) 0.030(43) 0.018(38) 0.021(35) 0.030(43)
@3 0.061(13) 0.034(7) 0.028(110) 0.055(25) 0.036(61) 0.037(77) 0.055(25)

Table 3.

Branching ratios of doubly charmed baryons from B. (B. — MM, i?{; B.c) with A =mg, +0.25 GeV. The exchanged

particles (EP) can be A.,Z.,XZ.. The dominant contribution from M; M, are also presented.

Process EP Decay width (x1071) Branching ratio (x10¢) Dominant M| M,
B. - EE, g, 4.8870] 378105 neD*
B. > ELE E, 5517127 4.27+0%8 neD*
B.-ELE B, 83.1+201 6444136 J/yD,n:D*
B, —ELE, 5 117,932 91.4+26 JIuD,n.D"
B. - ENA A, 0.30*908 0.23+0:96 n.D*
B EL% Z 119532 9254233 JIwD.n.D*
B.— EFT, z 537139 4.167 148 J/wD,n.D*
- QLE? E 0.13°564 0.10°093 neD*
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(color online) Branching ratios as a function of a in A; a varies in the range of 100—300 MeV. The left image contains four

Cabibbo allowed processes, whereas the right one shows Cabibbo suppressed processes with transition b — ced.

['(B. — EFX,) ~ 15.5; these values are consistent with the
straightforward symmetry analysis expressed by Eq. (2),
resulting in |V.[>/|Vl* ~19.9. This confirms that the
SU(3) symmetry is basically maintained in these pro-
cesses.

e According to a systematic error analysis that en-
compasses the uncertainties of form factors, decay con-
stants, and coupling constants, the deviation of the cent-
ral value can reach 20%. Further analysis reveals that the
main uncertainties come from the coupling constant
BBV, ie., goww=3.2590), g=:s.p-=-4.60(113); once
these are excluded, the error will be less than 10%.

e The decay channels B, — B:8,. have been calcu-
lated for the first time in this study. Previous studies re-
ported the branching ratios for processes such as
B’ > Af+p in the framework of perturbative QCD
(pQCD) [56]; the effective operator involved, b — ¢iid, is
similar to ours, b — ¢c5. However, it is well established
that complete theoretical predictions within factorization
schemes require non-perturbative inputs. In the present
case, the wave functions of doubly charmed baryons re-
main unavailable, as there are currently no theoretical or
experimental studies on their LCDAs. Consequently, we
adopt the effective Lagrangian approach, which circum-
vents the need for explicit knowledge of hadronic LC-
DAs.

IV. CONCLUSIONS

The observation of Z!* by the LHCb Collaboration
has opened a new field of research on the nature of bary-
ons containing two heavy quarks. Doubly charmed bary-
ons can form an SU(3) triplet, E/,E/., and Q.. There-

fore, after the experimental observation of E'', it is of

=cc

prime importance to search for additional production
modes of this particle and the other two. It is worth not-
ing that the charmonium pentaquarks were discovered
from B-meson decays [57, 58]. This inspired us to search
for doubly charmed baryons through meson decays.

In this paper, we have presented a theoretical study on
the production of doubly charmed baryons from B,
meson decays. The decay widths and branching ratios
have been obtained using the effective Lagrangian meth-
od; the results are summarized in Table 3. We expect
these results to be helpful for exploring new decay modes
in the future.

APPENDIX A. COUPLINGS

The Lagrangian of B8P in SU(3) symmetry can be
expressed as

%lﬁ, = algljysyya”PiBf + azglj%yﬂﬁ”Pﬂ‘Bi s (A1)
D
where a;=D+F, a,=D-F, and DiF =ap=0.64

[59]. Expanding the Lagrangian, we take the couplings of
NNn and KAN, and the rate is

ENNr V3

8KAN - 2ap-3"

(A2)

Furthermore, the Lagrangian of 88P in SU(4) symmetry
is

Lz = go(b lgl[jk]%?’uaﬂ P8 +b2§l[kl]757uay s {Bﬁk”)
ik —{ijk
= 80818 Y5y, PBuji+ 828 57,0 PiBuy;).-
(A3)
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Here, we show two equivalent tensor representations of
baryons, Bj,,&"” and B'/*, where [] and {} represent
symmetric and anti-symmetric indices, respectively; g**
is the total antisymmetric tensor. Expanding the Lag-
rangian, we obtain

gwe by -2V3 (A4)
SKAN N b, +4b, - b, ’
AT Ty
243 by

Comparing the results in Egs. (A2) and (A4), we have
2L =2_daq,. (A5)

This is similar for the case of BBV couplings. Generally,

the Lagrangian of 88V in SU(3) symmetry can be ex-

pressed as

Y (VBE + By, (VOB + By (V) IBE
(A6)

SU3 _ . o
BBV_CIBJ

Expanding the Lagrangian and comparing the coupling
poNN with K*AN, we obtain

8pNN = — \/ggK*AN~ (A7)

The Lagrangian of BBVin SU(4) symmetry is given be-
low,

L%gz\‘/ = g()(g 1 gI[ jk]‘}/#(vu){Bz[kI] + g'z?[klm(V“)fBE-k”
+ &3 By v (V'Y BI)
=o' (h ?W]k N —lijik NI
= go(hy YV Bujk + B v, (VF):Buw;) -

We again show two equivalent formulas. Similarly, one
can obtain

gy 8 2V3 (A9)
8k:an 81 +48) 81 4
2V3 %
and finally, we have
f1_ 5, (A10)

According to the couplings gyy, = 13.5(5), gy = 3.25(90),
k, = 6.1(1) as well as the relations given in Egs. (A5) and
(A10), we can determine the required couplings:

093109-8

goey = ﬁ(bl ~5by)=-10203), ga.z, =0,
Srnn = ﬁ(bl ~5b)=—102(3), gas =0,
g5 = %(bz ~ b)) =8.60).
gzzn = %(bz b)) =8.60),
gz, = (b +br) = =340
8z:+z/p, = b2 = 13.5(5),
8=;,E.D; = —%(bl +b,) = -3.4(2),
8=rz/p, = —br = —13.5(5),
1

EiFAD = \/g(bl +by) =3.4(2),

8Es.D = by =13.5(5),
gsrs.p =~ V2by = —19.1(7),

1
802D = —ﬁ(bl +by) =-3.4(2),

1
8= By = ﬁ(gn —5g2) = —3.10(75), 8zl = 0,

1
SANTY = ﬁ(gl —5g2) = =3.10(75), gaz.uw =0,

grs = gz\;g" — 3.98(90),
8=zl = gz;\/ggl =3.98(90),
germp: = _%(g1 ) = 1.88(45),
8z=p; = 82 = 3.25(90),
gzsam = —%(gl +22) = 1.88(45),
8=:=/p: = —& = —3.25(90),

st = %(gl +g2) = —1.88(45),

8sirs.pr = 82 = 3.25(90),

=50 = — V2g, = —4.60(113),

__ L

gatz.p = \/§(gl +g2) = 1.88(45).

(A1)
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