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Motivated by the recent observation of double-charm quark pair production by the Belle Collaboration, we
calculate the complet@(ai) inclusive production cross sections fgg, J/¢, andy.; (J=0,1,2) pIuscEin
e’e” annihilation through a virtual photon. We consider both color-singlet and color-octet contributions, and
give the analytical expressions for these cross sections. The complete color-singlet calculations are compared
with the approximate fragmentation calculations as functions of the center-of-mass e/;xerwe find that
most of the fragmentation results substantially overestimate the cross séetipndy a factor of-4 for x,
and y.,) at the Belle and BaBar enercﬁ;: 10.6 GeV. The fragmentation results become a good approxi-
mation only when\/g is higher than about 100 GeV. We further calculate the color-octet contributions to these
cross sections with analytical expressions. We find that while the color-octet contributiby tmclusive
production via double charm is negligiblenly about 7%, the color-octet contributions tg.; and x., can be
very significant.
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[. INTRODUCTION a clean signature of the color-octet mechanism may be ob-
served in the angular distribution 8f s production near the
Charmonium is one of the simplest quark-antiquark com-end point region. 18] contributions of various color-octet
posite particles. Charmonium physics has played an imporas well as color-singlet channels to thie/ production cross
tant role in the study of quantum chromodynami{€CD) sections are calculated in a wide ranges6® ™ collider en-
both perturbatively and nonperturbatively, since the firstergies. Moreover, thd/ ¢ polarizations are predicted [i9].
charmonium stated/ s was discovered in 1974. During the Recently, BaBaf11] and Belle[12] have measured the di-

past d_ecade, the study of Cham_“’”'“m has become more '_PéctJ/z// production in continuune® e~ annihilations at\/g
teresting because of the large difference between the predic-

) ) . =10.6 GeV. The total cross section and the angular distri-
tions of the color-singlet model and the observations/af . .

, . X e bution seem to favor the NRQCD calculation over the color-
andy’ production at several experimental facilities—e.g., at

the Fermilab Tevatrofd]. singlet model11], but some issue&.g., about the momen-

The newly developed nonrelativistic QQIIRQCD) fac- tum distr.ibuti_on and polarization af/ ) still remajn.

torization formalism[2] allows the infrared safe calculation The situation has become even more_comphcated due to
of inclusive heavy quarkonium production and decay ratesthe very recent observation for the doulsleproduction as-

In the NRQCD production mechanism, a heavy quark-sociated withJ/¢ by Belle [13]. The measured exclusive
antiquark pair can be produced at short distances in a corcross section for the™ +e~— J/¢+ 5. process is an order
ventional color-singlet or a color-octet state, and thenof magnitude larger than the theoretical vajud], and the
evolves into an observed quarkonium nonperturbativelymeasured inclusive cross section fei +e~ —J/¢+cc
With this color-octet mechanism, one may explain the Teva(~0_9 pb)[12,13 is more than 5 times larger than NRQCD
tron data on the surplus production &y and ¢’ at large  egictions which are only about 0.1-0.2 8810, taking

pr, though puzzles about their polarizations still remédar into account the differences in the values of the input param-

a recent review sef8] and references thergin hods. A h |

To further test the color-octet mechanism, it is interestinglf':'terS or methods. Among other atteijs to so vg\]m@:c
to study the charmonium production & e~ annihilation. inclusive production proble@ls,lﬁl, e’e" annihilation into
The J/ inclusive production ire* e~ annihilation has been two ;.)hot.ons was also StUd'E[d‘7'1g" but the two-photon
investigated within the color-singlet modp4—6] and the ~ contribution turned out to be negligible afs= 10.6 GeV,
color-octet mode]7—9]. The angular distribution and energy though it could prevail over the one-photon contribution at
distribution of color-singlet J/¢ production at \'s  higher energiegsay, Vs>20 GeV)[17].
=10.6 GeV have been discussed@j. In [7] it is found that The doubleec production associated with/ ¢ (both ex-
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clusively and inclusivelyis very puzzling and needs a better ergies, and determine the energy scales at which fragmenta-
understanding for both perturbative and nonperturbativeion approximations become reliable. In Sec. Ill, we will
QCD. On the other hand, experimentally, it is not clearfurther estimate the color-octet contributionsJt@s and y;

whether the copiougeven domlnar)tdoubleec production inclusive cross sections via double charm. Finally, we sum-
will also happen for charmonium states other tdag, such ~ Marize our results in Sec. IV.

as 7. and x.; (J=0,1,2). Among them thg.; and x., are

more interesting since they have large branching fraction§- COLOR-SINGLET CONTRIBUTION TO CHARMONIUM
decaying intod/+ y and might be easier to detect. In fact, PRODUCTION VIA DOUBLE cc IN e*e”

in Ref. [12] the inclusive production fo; and x., was ANNIHILATION

searched for with the available integrated luminosity of
about 30 fo! at Belle. As more data are collected in the near
future atB factories we hope that more accurate measure;
ments for theP-wave and otheSwave charmonium states
will be possible. These measurements will be helpful to

The quarkonium can be described in terms of a Fock
states superposition within the NRQCD framework as fol-
lows:

=5 _ A 3a(l) or3p®)
clarify the problems associated wiftiy double€c produc- [40)=0(1)|QQL*S; ") +O(v)[QQ*P3™]g)
tion. 2 AAr La®) 2 AAr 3a(1.8)

On the theoretical side, calculations for irEIus&wave TO(9)|QQL"S71g) +O(v %) QQL*S]99)
and P-wave charmonia production via doulde are neces- +.-., (1)
sary in the framework of NRQCD, including both the color-
singlet and color-octet contributions. When we know the dif- _ =r3p(l) = 3a(8)
ferences between NRQCD predictions and experimental xea)=O(DIQQLPI)+O(v)|QQL"S:"]g)
data, we will have to further consider other mechanisms and +O(02)|QQ[3P31,8)]99>+ . 2

methods in QCD to explain the differences.

This paper is organized as follows. In Sec. Il, we will
calculate the complet®(«2) color-singlet inclusive produc- where the superscript 1 or 8 labels the color configuration of
tion cross sections fow;c and x.; (J=0,1,2) (along with  the Fock components.
J/) via doublecc in e*e™ annihilation through a virtual Following the NRQCD factorization formalism, the scat-
photon. Then we will compare the complete calculation withtering amplitude of the procese™ (p;)+e”(pz)— ¥*
the calculation obtained in the charm quark fragmentation—cc(?5* L)) (p)+c(p) +c(pg) in Figs. 1 and 2 is
limit, give their ratio as functions of the center-of-mass en-given by

A(e™ (py)+e' (pa)—co(® L) (p)+c(py) +c(pg)
=ELZSZ > 3 (s1;5ISS)(LL;58199,)(3]:3K|1.80)
77 $1S2 )
y A(e™(py) +e"(p2)—C(p/2;5;) + C(PI2;S,) + C1(Pe/2;S3) + Ci(Pel2;S4)) (L=9),
€5 (L) A%E ™ (py)+e' (p2)—Cj(p/2;51) + Cu(PI2;Sy) + C(Pe/2;83) + Ci(pf2;s4))  (L=P),
3

wherecc(?1L{®)) is the intermediatec pair produced at The spin projection operator can be defined &
short distance, which subsequently evolves into a specific

charmonium state at long distance, add is the derivative
of the amplitude with respect to the relative momentum be- p

tween the quark and antiquark in the bound state. For the PS%(p q)= E (s1:5,|SS)Hv +q sl)iz —q;sz).
case of the color-singlet state, the coefficiént can be re- ®)
lated to the origin of the radial wave functigar its deriva-
tive) of the bound state as

1 3 We list the spin projection operators and their derivatives
_ = 2 _ 2 2 with respect to the relative momentum, which we will use in
Cs 477|RS(0)| » Ce 477|RP(0)| ' @ e calculations, as
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e (p) Charmonium(p)

Y €Ly e*A(S)(1L7:1S,/3=03,=0)

LzSz

1 ( ,. PP
E(I’E) == - ga + )
e*(p2) . V3 M2
+ 2 flipped graphs > ULy et B(S)(1L5;1S,]3=1d5)
LzSz
e~(m) &(pe) i
1 C(Pc) = EQB)\KpKEI(JZ)v
J2M
Y € (L)€ F(S)(1L2;1S,]3=13,) = € P(Jy),

et (p2) ‘Charmonium(p) LzSz

9

whereM is the mass of the charmonium, which equats.2
in the nonrelativistic approximation.
The calculation of cross sections f& +e™— y* —

FIG. 1. Feynman diagrams foe*+e~— y* —charmonium
+cc.

1 charmonium+cc is straightforward. Using the definition in
Poo(P,0) = 2\/57/5(;0+2mc), (6) Ref.[6] we get the differential cross section as follows:
do(e” +e~— y* —charmonium-cc)
1 dz
=— +
PlSZ(p7O) 2\/§é(sz)(p 2mc)1 (7) B 4C|_a201§ a(Z) (10)
- 8Im, 3 )
1 where L=S for Swave, L=P for P-wave, and z
Pis(p.0)= N [y (S)(p+2m) =2EJ,¢,/\/;. The functionsS(z) anda(z) for different char-
4v2mc monium states are given in the Appendix.
—(P—2mo) &(S,) v*] 8) With Eg. (10) we can evaluate the inclusive cross sections
e .

for n., J/¢, and x.;. The input parameters used in the
numerical calculations afe0]
For P-wave states we need further relations to reduce the

po]arizations: me=0, mc:1.5 GeV, as(2mc)=0.26, a=1/137,
(11)
e ) elpe) |Rg(0)[2=0.81 GeV?, |Rp(0)'|2=0.075 GeV.
(12)
(51 Now we give the numerical results at the Belle and BaBar
energy\/gz 10.6 GeV:
et (p) c(pe) _
o(et+e —y*—p.+cc)=58.7 b, (13
* 2 fipped graphs o(e"+e —y*—Jly+cc)=148 fb, (14
e (m) &(ps) (et +e = y* = yot+cc)=48.8 fb, (15)
o) o(e"+e —y* -y, +cc)=13.5 fb, (16)
o(et+e = y* = yemt+cc)=6.30 fb. (17)
e+ (p2) (3541 LSB))

. The J/¢ production rate is in agreement with other refer-
FIG. 2. Feynman diagrams foe"+e”—y*—cc(**"'L{”)  enceq6,8,9 after taking into account the differences in the
+cc. values of the input parameters. In the 6 limit, where & is
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FIG. 3. Cross sections fog*e™ — 7.+ cc plotted against the FIG. 5. Cross sections fa"e™— xqo+cc plotted against the

center-of-mass energy. The dotted line illustrates the fragmentatiofenter-of-mass energy. The dotted line illustrates the fragmentation
calculation and the solid line illustrates the complete calculationcalculation and the solid line illustrates the complete calculation.

The cross sections are in units of..=o(e*+e — y*—cc) . I . —
times 10°%. the cross section foe™e™ annihilating into thecc quark

pair, times 104. One can find that the cross sections in

defined as #./Vs, the approximate fragmentation results _complete calculations and fragmentation approxmat(ais

: . , e : : fam annihilati
will be equivalent to the complete calculations. This is an-in Units of the cross section f&" e~ annihilating to thecc

other check for the validity of the complete calculation. HerePair) are proportional to the fragmentation probabilities for
the fragmentation cross sections are written as the charm quark fragmentating into charmonia when dhe

<1 limit is valid. This is just what the fragmentation ap-
proach describes. The results in these figures show that ex-
cept for xo, the differences between fragmentation results
and complete calculations are large at low energies. At the

Belle and BaBar energy/gz 10.6 GeV, the ratios of com-
plete calculations to fragmentation calculations are

Ofrag(€" +€” — y* —charmoniur+ cc)

(1
= 20'(e+ +e —co) J:S D, charmoniu 2)dZ,

(18)

o(et+e” — y* —charmonium-cc)

where D(z) are the charm quark fragmentation functions

into Swave[21] or P-wave[22] charmonia. crfrag(e+ +e~ — y* —charmonium-cc)
The cross sections obtained in the complete calculation
and in the fragmentation approximation as functions of the =0.28, 0.58, 0.25, and 0.25 (19)
center-of-mass energles _are plotted T qus. 3:7. All thes?or 7es I, Xe1, and yep, respectively. As the center-of-
cross sections are in units of..=o(e” +e —y*—cc), mass energy increases, the ratios of complete calculations to
4.0 0.8-
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FIG. 4. Cross sections f@"e™ —J/4+ c?plotted against the FIG. 6. Cross sections fa*e — y.,+ c?plotted against the

center-of-mass energy. The dotted line illustrates the fragmentatiooenter-of-mass energy. The dotted line illustrates the fragmentation
calculation and the solid line illustrates the complete calculation. calculation and the solid line illustrates the complete calculation.
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0.30- (OF1(33)))=1.0x10"2 Ge\’. (25)
0.25 With these values of the matrix elements, the color-octet
1 contributions tal/ s andx; in Fig. 1 are about two orders of
~ 0.20+ magnitude smaller than the color-singlet contributions and,
S T therefore, are negligible. For instance, the color-octet contri-
o3 01°7 butions from 3s®, 1s® and *P® (J=0,1,2) to the
© 0.104 J/ycc cross section are 0.12, 0.47, 1.1, 0.29, and 0.14 fb,
] respectively. In Fig. 2 the color-octet contributions come
0.05 from four different(the upper two and the lower twalia-
] grams. With the®S{®) contribution from the upper two dia-
0004 _ i : e grams in Fig. 2, the differential cross section reads
10 100 1000 » 2t
E,, (GeV) dogcrer_ 16a”as(Og( Sl)>||\7|2, 26

dz 27m,
FIG. 7. Cross sections fae"e™ — y.,+cc plotted against the o
center-of-mass energy. The dotted line illustrates the fragmentatiowhere|M|? takes the form
calculation and the solid line illustrates the complete calculation.

. . - ™ (1-2)(2*= 6%
fragmentation results increase and can reach 90% when the|M|?=————{ —4z\ /| ———
center-of-mass energy is over 100 GeV. Moreover, the cross 126°s%z(z—2)? 4+ 5*—4z
sections are rather sensitive to the input parameters. If we

x{386%—126%(z—2)+16 10+ z(z— 10
choose a=1/134,a,=0.28, and m;=1.48 GeV at \/g { ( )*+18 ( )1}

=10.6 GeV, the cross sections foy,, I/, and xq; (J +(z—2)%{35*—86%(3z—4)+3272+2(z—2)]}
=0,1,2) become 77.0, 192, 64.2, 18.3, and 8.48 fb, respec-
tively. ZV4+ 82— 4z+ 2\ (1-2)(22— %) -
XIn . (2
N4+ 82— 47— 2\(1—2) (22— &)
Ill. COLOR-OCTET CONTRIBUTION TO  J/# AND X,
PRODUCTION VIA DOUBLE cc IN e*e” The numerical results can be obtained by using the param-
ANNIHILATION eters given above and are
We next gstlmgte the colgr-.octe;c antrlbgt!onw and Foefe e — ] lﬂCE): 45 b, 28)
Xcg production via doublecc in e"e” annihilation. The
F i hown in Figs. 1 2. —
eynman diagrams are shown in Figs. 1 and osel €€ — xe1CO)=4.3 Tb. 29)

In Fig. 1, the charmonium comes from the color-octet
mediate statesc(*S" L)) by emitting soft gluons atlong e 15(® and 3P(® (31=0,1,2) color-octet contributions
distances. Here the color-octet contribution can be obtaine
from the corresponding color-singlet contribution divided by
a factor of 3205 (51 ,))/3(OF(?ST1L,)). The matrix el- o —
ements(O (2511 ,)) can be extracted from the Tevatron and 2 the total color-octet contribution 8cc is only 7%
data forJ/z,nb andXJ production(see Ref[23] for detailed of the color-singlet cross section. Since the color-octet con-

cJ | . . — 8 .
discussions Accordingly, with some unavoidable uncertain- tributions toxcc other than®s{® are of higher order of,

90 J/zpc?coming from the lower diagrams in Fig. 2 are 0.70,
0.18, 2.7, and 0.87 fb, respectively. Altogether with Figs. 1

ties in the present stage we assume them to be they are suppressed according to the velocity scaling rules.
For xcicc, the color-octet®S, contribution is significant,
(0¥(3s)))=1.16 GeV, (20) which is about 32% of the color-singlet cross section. With

the approximation of heavy quark spin symmetry, the contri-
butions of the color octefS; to ., (from the color-octet

(Of(°P1))=0.32 GeV, (21) 35, mediate state to the color-singléP, final state by an
E1l transition satisfy the ratio 1:3:5 fod=0,1,2, respec-
<08¢(381))=1.06>< 1072 Ge\® (22) tively. Their values are given by
Toctel €€ — xeocC)=1.4 fb, (30)
(OU(S))3~(OY(3Pg))/m? octe 0
~1.1x10 2 Ge\?, (23 Toctef €€ — xc2€C)=7.2 fh. (31)
H o3 o3 We show the angular distribution and energy distribution
(Og(°Py))=(23+1)(O5(°Py)), (24)  for x., in Figs. 8 and 9. One can see that the color-octet
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FIG. 8. Differential cross sections of the color-singldbtted
line) and the sum of color-singlet and color-octeblid line) con-
tributions as functions of the production anglexqf, .

FIG. 9. Contributions toda(eJre’chlcE)/dz from color-
singlet(dashed ling color-octet(dotted ling, and the sum of color-
singlet and color-octetsolid line) contributions plotted againgt

contribution enhances the differential cross section signifizoqits become a good approximation only whe/g is

cantly in the low-energysmall z) region. higher than about 100 GeV. We further calculated the color-
octet contributions to these cross sections with analytical ex-
IV. CONCLUSION pressions. We find that while the color-octet contribution to

J/¢ inclusive production via double charm is negligible
In summary, we have calculated the complétgr?) in- 0 ibuti
. Y, . p s (only about 7%, the color-octet contributions tg.; and xc,
clusive production cross sections fa, J/¢, andxc; (3 can be very significant. E.g., for the,cc cross section, the

=0,1,2) plusccin e"e” annihilation through a virtual pho- ratio of the color-octet®s{®) contribution to color-singlet
ton. We considered both color-singlet and color-octet contricontribution is about 32%. These results may serve as

butions, and give the analytical expressions for these croS8§RQCD predictions to compare with the experimental data
sections. The complete color-singlet calculations are comebserved or to be observed at Belle and BaBar.

pared with the approximate fragmentation calculations as

functions of the center-of-mass energgl. We find that most ACKNOWLEDGMENTS

of the fragmentation results substantially overestimate the The authors thank Z.Z. Song for useful discussions. This
cross sectionge.g., by a factor of-4 for x¢; andxc,) atthe  work was supported in part by the National Natural Science
Belle and BaBar energy/gz 10.6 GeV. The fragmentation Foundation of China, and the Education Ministry of China.

APPENDIX

In this appendix, we give the functions 8fand « which are defined in Eq10):

A7 (1-2)(z%— %)
S” = 4z -
¢ 35%6%°2%(z—2)8%(z°— &) 4+ 8°—4z

X[ —968%(2+ 62)(4+ 6%) 4+ 9656°%(64+ 2257+ 6%)z— 166%(1920- 8646°+ 5326%+ 1256°— 2 5%) 22
+86%(9984— 531252+ 4885*+ 968°— 6°) 23+ 2(6144— 478725% + 208005* — 39255 — 11058+ 360 2*
—4(6144-213765°+ 42565*+ 11255+ 96%) 2%+ (14336~ 5132852+ 54725% + 4206° — 36%) 28
—4(1536-31685%+ 3525%+ 6°%) 2"+ 8(864— 366%+ 136%) 28— 32(112+ 116°)2°+ 76&)
—36%(z—2)Y868%(2+ 6%) — 965°2— 2 6%(192— 485%+ 86*— %) 22+ 166%(8+ 6 6°— 6% Z°

ZNa+ 82— 42+ 2\ (1—2) (22— &)
+ 8%(192+ 406°— 6*) 2%+ 8(32— 45°+ 6%)2°— 8(48+ 6%)2°]In , (A1)
N4+ 82— 47— 2\(1—2) (22— &)
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e

ad,:

Xco

4 (1-2)(22~ &%
4z\| ——m—
3526%23(z2—2)%(2%>— &%) 4+ 5°—4z

X[968°%(4+ 6%)(6+ 6%) — 968%( 64+ 185%+ 6%)z+ 1652(2688+ 60852+ 4285% + 4355 — 2 6°) 72
—86%(17664+ 32645%+ 1845% — 965°— 5%) 23+ 2(6144+ 893445+ 77445% — 20245° — 1746%— 350 2%
— 4(6144+ 226565 — 13765*— 5126%— 358%) 2°+ (14336t 55045% — 51525* — 73255 — 35%) 2°
—4(1536-17606°— 4166%+ 6°%)2" + 8(864— 1965°+ 1356%) 28— 32(112+ 116%)2° + 7687]
+36%(z—2)[88%(6+ 6%) — 325%2— 2 6%(64+ 485°+ 166%— 6°) 22+ 166%(12— 5%)(2+ 6%)Z°

N4+ 82— 47+ 2\ (1—2) (22— &)
— (1024+ 3206%— 885%— 5 z*+ 8(96— 286°— 6%)2°+ 8(16+ 6%)2%]In . (A2)
24+ 87— 42— 2\(1-2)(22~ 87

4 (1-2)(2= &)
3265223(2—2)6(22—52)[4Z 4+ 5%°—4z

X[ —328%(4+ 62)(48+ 225%+ 35%) + 326%(768+ 4006°+ 665* + 3°) z— 165%( 384+ 19205% + 5565* + 295° — 2 56%) 2
+86%(1792+ 1285°— 5685*— 806°— 6°) 2%+ 2(2048— 110085% + 107525*+ 31765°+ 985%+ 36%) 2*

— 4(4096- 780852+ 34245%+ 6008°+ 175%) z°+ (38912~ 206085° + 45445* + 5085° — 35°) 2°

—4(13312-8005%+ 1205* — 368%)z" + 8(4512— 205°— 156%) 28 — 32(336— 6%) 2° + 12807

— 6%(2—2)*86%(48+ 2252+ 36%) — 326424+ 56°)2— 2 5(448+ 166°+ 86*— 35%) 22

+166%(56—108°—56%) 23+ 6%(1152+ 2725°— 36%) 2*

N4+ 82— 4z+2\(1—2)(22— &)
+8(32—926%+56%2°—56(16+ 6%) 26+ 51227 ]In

(A3)

24+~ 4z-2\(1-2)(2- &) )

4 (1-2)(2%- 8%
42\ ——m———
$?6°2%(z-2)%(2°~ 8% 4+ 8%~ 4z

X[326%(4+ 6%)(16+ 25°+ 36%) — 326%(256+ 4852+ 225%+ 35%) 2+ 165%(1152+ 102452 — 1405* — 5385 — 2 6%) 2
—86%(5376+ 1285°— 15765*— 2405°— 5%) 2%+ 2(2048- 76852 — 19968* — 69685° — 3505° — 359 z*

—4(4096- 200965 — 111685* — 12085° — 436%) 25+ (38912~ 753925° — 169605* — 9968° — 3°) 28

—4(13312- 63046°— 8726 —35%)z" + 8(4512— 5006% — 156%) 28— 32(336— 5%) + 1280)

+ 82(z—2)4[85%(16+26%+35%) — 326%(8— 6%)z— 25%(320— 2725%+ 645*— 36°%) 2%+ 166%(40— 546°— 56%) 2°

N4+ 82— 42+ 2\ (1-2)(22— &)

- — - '+ - - 2+ + - n ,
(1024 7206%—35%) 2%+ 8(96— 365°— 56%)2°+ 8(80+ 75%) 28— 5127
z\4+ 82— 4z—2\(1-2)(22— &%)

(A4)

8

—4z\(1—2) (22— 8%)(4+ 5°— 4z)

9s36%2%(z—2)8(2?— 6°)
X [23045%0— 11525826+ 55%)z+ 1925°(640+ 4645° + 356%) 2%+ 966%(1152— 48165° — 11365* — 435%) °
+ 166%(4608—330245%+ 447525 + 43605° + 756%) 2* — 8 6%(21504- 1233925° + 784485* + 28845° — 455%) 2°
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Xco

Xc1

—4(12288- 15667252+ 2442245* — 781285° — 51258+ 215 28— 2(24576+ 54988%° — 3560965*
+ 4174455+ 8058 — 960 2" — 8(4608— 9395252 + 45728* — 12065°+ 276%) 28

+ (487424 2083845% + 119424* + 6965°— 96%)2°— 4(155904+ 41605% + 52165* — 216°) 210
+16(22976+ 14805°+ 856%) 21— 480232+ 116°) 212+ 151042

+36%(z—2)* — 1926+ 966%(26+ 35°)z— 645°(160+ 755°+ 36%) 22— 166*(576— 16645°— 1836* — 25%) 23

—46%(1536- 460852+ 40165% + 1526° + 565%) 2%+ 2 6%(11264- 234245°— 1605* + 1065+ 36%) 2°
+4(2048- 42245°+ 99525% + 2485° — 275%) 28 — (20480~ 225285°+ 53125* — 36855+ 35%) 2’
+ 4(4096- 64965%— 6005*+ 175%) 28— 16(320— 4725°+ 7 6% 2°

N4+ 82— 4z+2\(1—2) (22— &)
+32(48+ 6%)7'%In

24+ 82— 4z-2\J(1-2)(22— &%) |

8

4z\(1—-2)(22— 62)(4+ 62— 42)

9s35%7%(z—2)8(?— 6%)

X [23045°—576058(6 + 6%)z+ 19255(896+ 4245%+ 3556*) 22+ 965%(384— 45285° — 9045* — 435°) 2°
+166%(1536+ 38406%+ 235365* + 299255+ 755%) z* — 8 6%( 52224+ 87045% + 32805* + 19246° — 456%) 2°
+4(12288+ 706565% — 512005* — 342245 — 23258 — 2160) 2°

+2(24576+ 3368965°+ 133888* + 539045° + 3765°+ 960) 2’

+16(2304— 627205°— 112805* — 21915° — 305%) 28 — (487424 6056965 — 613125*— 70165°— 96°)2°
+4(155904- 407685 — 25600* — 215°) 210— 16(22976- 5046% + 856%) 211+ 480232+ 115%) 22— 151043
+368%(z—2)*[1926%0— 2885%(10+ 6°)z+ 645°(224+ 595% + 35%) 22+ 166%(192— 12485 — 1216*— 2 6%)2°
+46%(512— 1228852+ 23845% — 568°+ 5 6%) 2%+ 2 62(3072+ 3596852 — 1605* + 508° — 35%) 2°

— 4(2048- 499257+ 82245* — 4085° — 235%) 25+ (12288 512005% — 30085* — 14565° — 35%) 2’
—4(2048-89925%— 12245*— 175%) 28+ 16(192— 6165%— 76 2°

ZNa+ 82— 4z+2\(1—2) (22— &)
+32(16+ 6%)7'%)In ,

A+ 82— 42— 2\(1—2)(2— &)

-8 (1-2)(Z°— &%)
3s%6%25%(z—2)8(22— &%) [ * (4+ 6°—42)

X[230468(3+ 6%)(4+ 6%) —115265(192+ 2086% + 626*+58%) z

+1925%(3072+ 640052+ 35685* + 6685° + 356%) 22— 966*( 26624+ 2780852+ 99925* + 12768°+ 4356%) 23

+ 166%(36864+ 2772482+ 195296)* + 504645° + 44065 + 756%0) 2% — 8 52( 258048+ 5219845 + 302624
+578005°+ 26725°% — 45519 25— 4(98304- 7536642 — 564992 — 310048° — 377365% — 172510+ 2152 2°
+2(983040- 65945652+ 844805* — 1030085° — 90005° — 22059+ 96?2’

— (4784128 2330624°+ 152857&*+ 1208005° + 3966% + 11759 28

+ (6914048 39280647+ 113779 + 745445°+ 19006% — 9510 2°

—2(3100672+ 12943362+ 200672+ 80365° — 96°) 21+ 8(443392+ 1169927 + 80485* + 358°) z1*
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Xc2

— 64(20288+ 28085°+ 516%) z1%+ 512 544+ 3356°) 23— 286724

—36%(z—2)*[ — 1926%(3+ 6%) + 965%(48+ 285%+ 35%)z— 1654 ( 768+ 8085° + 2175% + 126°) 7
+166%(1600+ 65252+ 1056*+ 2 6°%) 2%+ 4 6%( 7168 43525 — 3606* — 596° — 5 6°) z*
—25%(24576- 39685+ 10245% — 645°— 36%)2°+ 52(17408- 72965+ 1366* — 516°%) 28
—(8192- 1280052 — 85765* — 3006°+ 35%) 2" + 2(8192- 66565° — 13285*+ 176°) 2

24+ 82— 42+ 2\(1-2)(22— 6%
—128(80— 106%+ 6 2°+ 12824+ 56%)21%In

N4+ 82— 42— 2\(1—2) (22— &)

- 8w /(1—z)(22—52)
3s36*2%(z—2)8(%- 6?) (4+ 8°—42)

X [230458(1+ 6%)(4+ 6°)—11525%(64+ 8056°+ 425% + 568%) 2+ 1925%(1024+ 243252

+13605%+ 40455+ 356%) 22 — 965%(8192+ 118725% + 36405* + 6526° + 435%) 28

+166%(110592+ 5862452+ 713285* + 128645°+ 152258 + 75519 z*

—86%(724992- 2455045% — 210245*— 726°+ 1366% — 455%0) 2°

+4(98304+ 139264®> — 1900288 — 3493445° — 206485% — 17566'°— 216?) 2°

—2(983040- 8560645>— 5078528"* — 704352° — 3773658 — 724610— 9512 2’

+ (4784128 7352320° — 7412992* — 7607365° — 204520° — 44750 28

—(6914048- 6197248 — 322547%— 202576°— 477258 — 960 2°

+2(3100672- 12431362 — 376864* — 152605° — 95%) 21— 8(443392- 473605° — 101285* + 355°) z**
+64(20288+ 4725+ 516%) z12— 512 544+ 335°) 213+ 286724

+36%(z—2)[— 1926%(1+ 6%) + 965°( 16+ 126%+ 35%) z— 166%( 256+ 3446°+ 595% + 125°) 22
+166%(448+ 4046%— 95%+ 2 8%) 22+ 4 5%(5120+ 17925°— 8565 + 1358°— 56%) 2*
—26%(16384+ 60165°— 10885* + 245°— 35%) 2°+ (32768 256005% — 70405* — 18645° — 575%) °
— (57344- 814085 — 119045*— 88455 — 36%) 2" + 2(16384- 276485% — 23845* — 175°%) 2

Z\4+ 82— 4z+2\(1-2)(22- &%)
—12848—-1185°— 6*)2°—1288+56%)z1%In

2\4+ 84z 2\(1-2)(Z2- 57

—8m (1-2)(Z%— &%)

4z
9335425(2—2)8(22—52)[ (4+ 6°—42)
X [23045%(4+ 62)(144+575°+ 56%) — 1152556336+ 34245%+ 5586* + 255°)z
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—1925%(12288- 8249652 — 391685* — 51805° — 1756%) 22+ 966%(125952- 1755845% — 804085* — 885255 — 2156%) 23

+166%(73728- 1579776+ 5326405* + 3102405°+ 298345° + 37559 z*
—86%(651264- 33963522+ 2244805* + 32396(° + 2482458 — 225510) 2°
—4(98304- 246988%°+ 374144%* — 2809285° — 3272885° — 15148519+ 1056*?) z°
+2(1179648- 54927362+ 1172995 — 7960645° — 2730165° — 99405+ 455%?) 2’
—(7471104- 8568832°— 2286336" — 864288°— 131084°— 13775%%) 28
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+(14909446- 41123842 — 1213056 — 332645° + 11645°— 4559 2°

—2(9654272+ 3189765°+ 139168 + 395245° + 4475%) 210+ 8(1980416+ 2420482 + 251205* + 8835°) z1*
— 64(119296+ 108325%+ 2456%) 712+ 1024 1840+ 735%) 13— 1884 1G]

—368%(z—2)*[ — 19255(144+ 575°+ 56%) + 965°( 1008+ 3046°+ 156%) z

+166%(4224— 639252 — 17315* — 605%) 22— 165%(13632- 9166% — 7056* — 105°) 22

— 46%(15360- 564485° — 86485 + 4335°+ 256°%) 2% + 2 52( 96256~ 295685 — 13280* — 3405°+ 156°) 2°

+ (16384 1935365 — 286725* + 146805° + 3996°) 26 — 5(8192— 117765°— 37125*+ 6046°+ 35%) 2’
+2(10240+ 97285%— 27845*— 796°%) 28+ 51A 4 — 475%+ 2 6% 2°

+ 25612+ 196%)z1%In (A9)

2\4+ 82— 4z+2(1-2) (22~ &)
24+ 57— 4z-2\(1-2)(2- &) )

8w (1—2)(2°— &%)
ay = 4z _
9s36%7%(z—2)8(%— 6%) (4+ 8°—42)
X [23045%(4+ 6%)(48+36%+56%) —11526%(2112+ 5765°+ 1705*+ 256°) 2
—1925%(6144— 330885%— 72965% — 14285°— 1755%) 22+ 966*(64512- 10268%° — 162325* — 18605° — 2155%) 23
—166%(24576+ 10068482 — 63996%* — 835845° — 50065% — 375510 z*
+86%(552960+ 3044608 — 1287968 — 209864° — 66085° + 225510 z°

+4(98304- 40919047 — 515712@* + 2831904° + 3982165° + 28845°— 1056*?) z°

—2(1179648- 159784967 — 5100032* + 4153696° + 3623765° + 42285%0— 455 2’

+ (7471104 3883008@°— 5298944*+ 3212896° + 207588° — 285519 7

—(14909446- 2945843%%— 3163776 + 7699365° + 158365° — 456'%) 2°

+2(9654272-598272(%— 3887045* -+ 340205° + 4475%) 70— 8(1980416- 193664° — 93125* + 8835%) z1*
+64(119296+ 37925%+ 2455%) 21— 1024 1840+ 735%) 213+ 1884164

—36%(z—2)[ — 1926°%(48+ 3%+ 56%) + 2886°%(112+ 852+ 56%) 2+ 165%(1920- 37845+ 716*— 605°) 22
—166%(6336— 366052+ 2895 — 108%) 2° — 4 5%(13312- 433925+ 99285* — 8055° + 256%) z*

+26%(92160- 769285° + 69445* — 6765°+ 158%) 2%+ (16384 3225605° + 1218565* + 109205° + 3655°) 28
— (24576~ 2483205°+ 968965* + 53325° — 155%) 2" + 2(14336- 409605% + 127685 + 795°) 2

ZNa+ 82— 42+ 2\ (1—2) (22— 6°)

—51236—556%+26%)2°— 2564+ 195%)z'%In : (A10)
A+ 82— 47— 2\(1—2) (22— &6?)
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