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We present the analytical and numerical investigations of top-charm associated production at the CERN
LHC in the framework of theR-parity violating minimal supersymmetric standard model. The numerical
analysis of their production rates is carried out in the MSUGRA scenario with some typical parameter sets. The
results show that the cross sections of assoc'raTe?t) production via gluon-gluon fusion can reach 5% of
that viadd annihilation. The total cross section will reach the order of 16—ftDand the cross sections are
strongly related to th&-parity violating parameters.
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I INTRODUCTION would be possible to find associatédl (or tc) production
events at the NLC, Fermilab Tevatron and CERN Large Had-
There are stringent experimental constraints against theon Collider(LHC) in the THDM (11l) and the MSSM. They
existence of tree-level flavor changing scalar interactionsilso showed that the FCNC effects depended on the reso-
(FCSI's) involving the light quarks. This leads to the sup- nance of the Higgs boson. In the MSSM wiRaparity con-
pression of the flavor changing neutral curré@ENC) cou-  servation, squark mixing can give FCNC couplings. But if
plings, an important feature of the standard mot®M),  we take alignment assumption of Dimopou[d$], it should
which is explained in terms of the Glashow-lliopoulos- be very small: mixing between up-type squarks can be even
Maiani (GIM) mechanisni1]. At present, the minimal super- as small as 10° to 10> timesKM matrix elements.
symmetric standard modéMSSM) extension[2,3] of the In the MSSM, if lepton and baryon numbers are con-
standard modelSM) [4,5] is widely considered as the most served, there must be a conservation of a discrete symmetry
appealing model. Apart from describing the experimentacalledR parity (R,) conservatiorf19], which is defined as
data as well as the SM does, the supersymmésidSY)
theory is able to solve various theoretical problems, such as Rpy=(— 1)3B+L+28,
the fact that the SUSY theory may provide an elegant way to
construct the huge hierarchy between the electroweak symwhereB, L, and S are the baryon, lepton number, and spin of
metry breaking and the grand unification scales. a particle, respectively. In this case, all supersymmetric par-
FCNC coupling is widely studied for its importance to ticles must be produced in pair, and the lightest supersym-
verify new physics. Searching for FCNC at high energy col-metric particle must be stable.
liders, particularlye*e™ colliders, was investigated in Ref. However,R, conservation with both thB andL numbers
[6]. Probing the FCNC Verticeg_c-v(vz v,Z) in rare de- conserved is not necessary to avoid rapid proton decays, in-
cays of top quark and via the top-charm associated productead we just need eith@& conservation ol conservation
tion were examined in Ref§7] and [8-12, respectively. [20]. In this case th&® parity is not conserved any more and
The effect of the anomalougc-g coupling on single top the feature of supersymmetric models are changed a lot. Due

uark production via th rocess at the Fermilab Tevatron to the lack of experimental tests 18, conservation, th&,
gas be?en studied in RZ_T?L% Here we mention some pos- violation is also equally well motivated in the MSSM. And

sible mechanisms which can induce the FCNC couplings. the models WitfR, violation (Ry) are hopeful for us to solve

) the long-standing problems in particle physics, such as neu-
(1) In the standard modéBM), the FCNC couplings are rino masses and mixing.

strongly suppressed by the GIM mechanism. Such interac- Theoretically R,-violation models will open some new

tions can be produced by higher order radiative correctlonsrOCesses forbidden or highly suppresse@jnconservation

in the SM; the effect is too small to be observal8el4). P ;
(2) In models with multiple Higgs doublets such as super-case’ but the present low-energy experimental data have put

symmetric models and the  two-Higgs-doublet mc)delconstraints orR,-violation parameters. Unfortunately, they
(THDM) (model Ill), there would exist possible strong ef- give on_Iy Some upper In;uts on tmp parameters, such as
fects of the FCNQ[14,15. Atwood et al. [9] and Hou and B-violating parametersN”) and L-violating parameters\

Lin [10] presented the results of a calculation for the proces:"ilnd A"). (The def|r1|t|ons of thesd, parameter_s will be
“&- tc (ortc) in the THDM III, In Refs.[10.11,16, the presen_ted clearly in Sec. I, an_d thelr_ constraints are col-
e'e —tc (ortc) in the ' LAY lected in Ref[21].) Therefore, trying to find the signal &,

processyy—tc (or tc) in the THDM Il and SUSY QCD is  violation or getting more stringent constraints on the param-
studied at the Next Linear Collid¢NLC). The associated eters in future experiments is one of the promising tasks.
product oftc(tc) via gluon-gluon intractions at hadron col- Many efforts have been made to fifR}, interactions in
liders was considered bjl7]. They all concluded that it experiments. The possible signalRf violation could be the
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single SUSY particle production or LSP decay, the existence
of the difference between the fermion pair production rates
in the R, MSSM andR, conservation MSSM, and probing +E|§RyiLdjL—aﬁReiLujL}+H.c. 2
coupllngs of the flavor changlng neutral curréRENC), etc.

The hadron colliders, such as the Fermilab Tevatron Rudhe Feynman diagrams contributing to the tree-level subpro-
Il and the CERN LHC, are currently the effective machlnescessdd—>tc(tc) in the framework of theR, MSSM is de-
in searching for new physics. People believe that there wilpicted in Fig. 1(tree leve). In our calculatlon we take the 't
be more experimental events involving top quarks collectediooft—Feynman gauge. The related Feynman rules Rjth
in the future experiments. These events will provide an opinteractions can be read out from Eg). In the following we
portunity to study the physics beyond the SM with moreadopt the notations in Reff23] thatp, andp, represent the
precise experimental results. four-momenta of the incoming particles akd andk; rep-

In this work we will concentrate on the FCNC coupling resent the four-momenta of the outgoing quarks t ence-
test and use associated (or tc) production at the CERN Spectively. If we ignore th€ P violation, the cross section of
LHC to probeR, violation. Although up to now many con- pp—dd—tc+X coincides with the processp—dd—tc
straints from |OW -energy phenomen0|ogy have been g|\/en+x because of charge COﬂjUgatIOI’] invariance, and the same
B-violation parameters involving heavy flavors are still con-is also for the loop procegsp— gg—tc+ X. Therefore, we
strained weakly, such as;; and\j;;, which got the stron-  shall consider only the calculation of the production in
gest constraints from the width ratio betweghdecaying to  this paper. The corresponding Lorentz-invariant matrix ele-
leptons and hadrons, can still be order qfOf1)). So if  ment at the lowest order for the subprocesis—tc is written
these parameters are standing close to the present upper ligs
its, Ry-violating effects could be detected on future colliders.

In this paper we present the complete parent propgss
—tc(tc), including one-loop induced subprocessg
—tc(tc) and tree-level subprocesdd—tc(tc) in the
R-parity violating MSSM theory. The paper is arranged aSWhereTi' is the partner of leptot', i and| are the mass
follows. In Sec. Il we give the analytical calculations of both eigenstate and the generation indeces, respectively. The cor-
the subprocess and the parent process. In Sec. lll the numeresponding differential cross section is obtained by
cal results for the subprocess and the parent process are il-
lustrated along with discussions. A short summary is pre- do A
sented in Sec. IV. Finally some notations used in this paper,
the explicit expressions of the form factors induced by the
loop diagrams, are collected in the Appendix.

N = T =~ 9 ~ -
LLop=Nijid viLdkrdjL — i dyrUjL +dj dyrvie — UjL dyr€iL

M(dd—tc)= >, My
T

|M|?,

A0~ gans?

whereX = V[S— (m;+mg)?J[s— (m—my)?].
Il CALCULATION For the subprocess afd—tc,

The R, violating MSSM should contain the most general — 1
superpotential with respect to the gauge symmetries of the M| QU s f— 5 (ki p1)(Ka- p2)
SM, which includes bilinear and trilinear terms and can be i ] I' IJ

expressed as
X(Vch dtl' Vch'thIJ)

1 _ — 1 -
Wﬁp: Eklij]kl-i LBt NijLi - QiDi+ §Ai[jk]UiDJDk After mtegratmg over phase spac€k we can get the total
section ofdd—tc:
+6iLiHu7 (1)

whereL;, Q; are the SW2) doublet lepton and quark fields, Lo 1 R R R R
andE;, U;, D; are the singlet superfields. Th&éDD cou- o(dd—te)=—— > Vo*Vin*ViaVim
plings violate the baryon number and the other three sets 6 I ' :
violate the lepton number. In this work we ignored the bilin-

ear term that includes lepton and Higgs superfields for sim- ~
plicity, because its effects are assumed small in our process i D
[20]. We also forbid explicitly theUDD-type interactions
(B-number violation as a simple way to avoid unacceptable
rapid proton decay22]. Since the couplings in the term of

LLE have no contribution to the procegp—tc(tc)+X
concerned in this paper, we shall not discuss them either.

Expanding the second term of superfield components in Bi7i! Biavid
Eqg. (1) we obtain the interaction Lagrangian that involves X|AF n
quarks and leptons:

+(2mﬁ—m§—m5m; +(1=dn, 1)

2 2 2 2
My =My My— My
1 ] 1 ]
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FIG. 1. The Feynman diagrams of the subproecedaest€+t_c andggetg+t_c.

where we define the notation as

2 ~
a.=mi+mi—2m;—S=\,
i

Bi=(mZ—m)(mZ—mp),
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In the above equation, the bars ovét mean the average , a_ » v Uk 99 +f k,)
over initial spin and color.Thé is the Kronecker delta. The (P €’(p2) ( V1t 19ur 1y5gw}v( 2
notations for vertices are adopted which are shown in the (e 1

. o Bc
Appendix andt=(p;—k;)?.

The subprocessgg—>tc(tc) can only be produced

a . .
through one-loop diagrams at the lowest order. Because a/}/hereT are the 3 SU3) color matrlce? introduce by
the large gluon luminosity in protons, the contribution of Gell-Mann[24]. We divide each form factof; into the fol-

lowing:

cﬁ’+TBCTcﬁ’)

one- Ioop subprocesgg—tc(tc) to the parent processp
—>tc(tc) can be significant. In the calculation of subprocess

gg—>tc(tc) it is not necessary to consider the renormaliza- fit:fib't-f— fivvt+fi&t (i=1-20).
tion, since the ultraviolet divergence will be cancelled auto-

matically when all the one-loop diagrams in framework of
the R,-violating MSSM are involved. The generic Feynman
diagrams of the subprocess are depicted in Figl419,
where the possible exchange of incoming gluons in Fig) 1

are not shown. We denote the reactiontofproduction via
gluon-gluon fusion as

_ gt e [T S P
9(p1,a,1)9(pa,a’ 1) —t(ke,B)e(ka, B)  (3) U<S*99Ht°>—lﬁwgzﬁd‘ (M ®

The explicit expressions of form factors are collected in
the Appendix. The cross section for this subprocess at one
loop order via unpolarized gluon collisions can be got ten by
using the following equation:

wherep; and p, denote the four momenta of the incoming

gluons k,, k, denote the four momenta of the outgoing t andin the above equatiort, is the momentum transfer squared
c, respectively, andr,a’ are the color indices of the collid- from one of the incoming gluons to the quark in the final
ing gluons;B, B’ are the color indices of the produced par- State, and

ticles.
i i .1 - =
T_hg correspond.n?g mgtnx element of the subproaess ti=—[(mf+m§—s)i \/(mt2+m§—s)2—4mt2m§].
—tc(tc) can be divided into four parts: 2

M=M"'+ M+ M3+ M1, (4 The bar over the sum means the average over the initial spin
0 _ o and color. With the results from E¢), we can easily obtain
M is the amplitude of the quartic diagram. Thehannel  the total cross section at tipe collider by folding the cross

Er?z;tngirs] gg sohtg\?vlr?ebdelfé\?vm thechannel part by doing ex- section of the subprocess(gg—>tc) with the gluon lumi-

nosity,
u_ tr 0 ’ —
MU= M (t—uki—ky,u—v,a—a’). (5) o(s,pp—gg—tc+X)
The corresponding matrix element of the subproaegs 1 dLggn _ A
—tc for the t channel,s channel, and quartic interaction :j(m-%—m )Z/SdTWU(QQHtC at s=7s), (7)
t C

diagrams shown in Fig.(l) can be written as

where \/s and \/g are thepp andgg c.m. system energies,

t_ YN VIl t t t
= e (pr) €"(Pu(k){f19,,+ f2y, 7+ Fki ki, respectively, anddLy4/dr is the distribution function of
i i i i luon luminosity, which is defined as
+f£l’}/vkl,u,+ f't57/.tklv+ftﬁg,uvpl+ft77;¢71)pl g 4
+ fgklﬂklvpl—i_ fgkl,LYup1+ filoklﬂ’ﬂlb1+ fg_l’)’SQ,u.v dLyg ldx, ) T
i i i dr _JT_ ol Q@[5 Q') | ®
+10v57, v+ F13vsKe K+ F1Ke, v57,
+filskl,,ySyM+fflagﬂyy5p1+ffl775yﬂyvpl Here7=X; X,, the definition ofx, andx, is from [25], and
. . . in our calculation we adopt the Martin-Roberts-Stirling
+ ftlsklﬂklyy5pl+ ftlgklﬂy5yy|bl+ ftzoklyyg,y#pl} (MRS) setG parton distribution functiof26]. The factoriza-
o tion scaIeQ was chosen as the average of the final particles
><v(|<2)TﬁC B’ masses; (m,+ mc) The total cross section contributed by
i the subprocesSdHtc(tc) can be obtained by the same way
MS=e*(py) e’ (po)u(ky) {flgﬂ,,+f 9uvb1t fllysg,w claimed above. The total cross sectionpgf—tc+ tc+X is
obtained by the cross section pp—tc+ X multiplied by

+ fi6gpvy5p1}v(k2)(Tgchﬁ’ - TZCT::YIBI)y factor 2.

095006-4



PROBING TOP-CHARM ASSOCIATED PRODUCTIONTA. . . PHYSICAL REVIEW D 64 095006

T «f 0 ggrdd :
5 = / e
— 30F - -
+  o5f / ! dd
12 af / r
A asf / 50 [
lg 10F l § r
® o g 40|
0 200 400 600 800 1000 1200 1400 + i
0.035 1./-\' :
o s 30
= 0.03 k=" F
|’G = o F
+— 0.025 =
= I 20 |
o 0.02 [
A opts| L
o ~ 0} o
\6/ 0_0055 0" \__\_\__\—\—_
0 200 400 600 , 800 1000 1200 1400 0 5 10 15 20 25 a0
Js
tang
FIG_' 2. The subprocess cross sec.tlons as a functiopsoffhe FIG. 3. The folded cross sections as a function ofgaat the
upper is ofdd—tc+tc and the lower is ofg—tc+tc. CERN LHC in the MSUGRA scenario.

I1l. NUMERICAL RESULTS AND DISCUSSIONS
~180 GeV on the two curves in Fig. 2, where the threshold

In the following numerical evaluation, we present the nu- . o . .
g P condition \/;~mt+ m, is satisfied. For the subprocegg

merical results of the cross sections for #étc) produc- — \/:
tion in the subprocesses and parent process. The parameterdC: Whenvs approaches the value ofig, the cross sec-

originating from the SM are chosen as quark and lepton madion Will be enhanced by the resonance effects. The small
parameters that are obtained from REZ7]. We take a peak on the curve of subprocegg—tc, where \/g~2ma

simple one-loop formula for the running strong coupling =780 GeV, comes from the resonant effect of the quartic
constantag. We setag(m;)=0.117 andh;=5. diagrams.

The R-parity violating parameters involved in the evalua-  The integrated cross sections versusgare depicted in
tion are set to be\j;=\y;=\3;=0.15 unless otherwise Fig. 3 and versusn, in Fig. 4, respectively. We calculate the
stated explicitly. As we know that the effects of tReparity  tc+ tc production cross sections at the CERN LHC with the
violating couplings on the renormalization group equationsenergies ofy/s being 14 TeV. In Fig. 3 the input parameters
(RGE'9) are the crucial ingredient of minimal supergravity- are chosen asmy=150 GeV, m;,=150 GeV, A,
(MSUGRA) type models, and the complete two-loop RGE's =200 GeV, sgng)=+, and in Fig. 4 as my,
of the superpotential parameters for the supersymmetric star-150 GeV,A,=200 GeV, tarB=4, sgn{)=+. In both
dard model, including the full set @-parity violating cou- figures, the dotted lines are the curves contributeddﬁy

lings, are given in Refl21]. But in our numerical presen- — . .
Fati(?n to geq[ the low-energy scenario from the I\aSUGRA_’tCHC’ the dashed lines are the curves contributed by

[28], we ignored those effects in the RGE’s for simplicity

and use the programAJET 7.44. In this program the RGE'’s 60
[29] are run from the weak scafa, up to the grand unified i
theory (GUT) scale, taking all thresholds into account and 50
using two-loop RGE'’s only for the gauge couplings and the
one-loop RGE's for the other supersymmetric parameters. = 40
The GUT scale boundary conditions are imposed and the % I
RGE'’s are run back tan,, again taking threshold into ac- b I
count. TheR-parity violating parameters chosen above satisfy uj\a’ S0
the constraints given bj20]. Y ]
Figure 2 shows the cross sections as a functiod;fand s 20
the upper curve corresponds to the subprodess-tc and
the lower curve corresponds to the subproapgs-tc. The or
input parameters are chosen asny;=180 GeV, L
m;,=150 GeV, A,=200 GeV, tamB=4, sgn(u)=+. S —
180 200 220 240 260 280 300

With the above parameters, we getp =353 GeV,
n152=375 GeV, malzn"rsl=375 GeV, Mg, = g,
=390 GeV in the framework of the MSUGRA. Because of £ 4. The folded cross sections as a functionmef at the

threshold effects, we can see sharp rising peaks aroﬁnd CERN LHC in the MSUGRA scenario.

m (GeV)
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10000 - IV. SUMMARY

dd..-= - In this paper, we have studied the production of top-charm
1000 = associated production with explid®, violation at the CERN

: LHC. The production rates vid—d annihilation and gluon-

100 Lot gluon fusion at the CERN LHC are presented analytically
and numerically in the MSUGRA scenario with some typical
10 parameter sets. The results show that the cross section of the
top-charm associated production at the CERN LHC via
gluon-gluon collisions can reach about several femtobarn
with our chosen parameters, and is usually about 5% of that
via the quark-antiquark annihilation subprocess. It means

that the contribution from thgg—>tc(tc) subprocess can be

0 01 02 08 04 05 08 07 08 09 competitive with that via theld—tc(tc) subprocess at the
NN CERN LHC and can be considered as an important part of
e the NLO QCD correction to thpp—tc(tc)+ X subprocess.
FIG. 5. The folded cross sections as a function &f,* A3, at Therefore, in detecting the top-charm associated production
the CERN LHC. at the CERN LHC in searching for the signals of the SUSY
andR,, violation, we should consider not only the associated

gg—>t€+t_c and the solid lines are the curves of total CrOSStc(tc) production via quark-antiquark annihilation, but also

. . that via the gluon-gluon fusion. By taking an annual lumi-
sections which are the sum of the above two subprocess €Sosity at the CERN LHC being 100 8, one may accumu-
Usually it is shown that the cross section contribution to

parent process at the hadron collider from subproagss late 16 tc(tc) production events per year.
—tc+tc can be about 5% of that from subprocaﬂ;d
—tc+tc. So the production mechanism of subprocgss ACKNOWLEDGMENTS

—tc+tc should be considered in detecting fRgsignals in The project was supported by National Natural Science
this parameter space. Foundation of China.
In Fig. 3 tanp varies from 2 to 30. The total cross section

decreases first and at the position of gan5 it arrives at the
nadir, then it increase slightly. The cross section pia APPENDIX

—dd—tc has the same feature, but the curve for the cross . .
The relevant Feynman rules concerned in this work are

section viapp—>gg—>t?are a little different. In the frame- |isted below:
work of the MSUGRA, wherm, varies from 180 GeV to
300 GeV,mg ranges from 370 GeV to 440 GeV. So we can

o(pp->t+Tc)[fb]
\
L

o
T
\

™N

0.1

see in Fig. 4 that the cross section decreases rapidly with the D-U -L;: V(F;KUJT! Pr,

increment ofmg. i
Finally, we will focus on the relationship between the

+tc production cross section at the CERN LHC and the U_f_ﬁi: VIﬁK|IuJ P.C,

Rp-violation parameters\j;,. The sensitivity of the cross
section of parents procespp—dd(gg)—tc+tc to
N33i*N3p1, With other)j,’s being taken as 0.15, are shown where C is the charge conjugation operatd®, q=2(1
in Flg 5 in the MSUGRA scenario, where the Input param-= »),5) The vertices can be read out from Ea)
etersmg, My, Ag, tang, sgn(u) are taken as the same as
the corresponding ones in F|g 2. The dotted line is the curve

R - R L .
contributed by subprocesd;detc+tc the dashed line is VdKuml=l>\|JK cosor, VdKum2=l>\|JK sinéy,
the curve contributed bggﬂtc+tc. The cross sections of
both the subprocesses are all the functions of
((N43*N' 320))2. Therefore, the dependence of the production Vla_fqu: —iN)c SinB3, Vlégou
cross section ofc+tc on the values ohjj, is very strong.
In the allowable parameter spaceXdf, [21], the cross sec-
tions will cover a great range. Similar to the case of the We adopt the same definitions of one-loapB, C, andD
L-number violating case, in thB-number violating case the integral functions as in Ref30] and the references therein.
R,-violation parameters}\i”jk could play a significant role All the vector and tensor integrals can be deduced in the
also in the top-charm associated production at the LHC, buforms of scalar integralg31]. The dimensiorD=4—¢€. The
we will not discuss it in details in this paper. integral functions are defined as

=i\|;x COSHp .
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(2mu)*~P 1

|

{Bl;B,u;B/.LV}(pimllmZ)
:(va)“Df 4 {1;0,,; 0.}
[g?—mZ][(a+p)2—m3]’

i 772
{CO C C,uVvC,U,Vp}(plvp21mlim21m3)

2 4-D
_%fdoq
I

11,009, pup)
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C{P=Cy,C;;

X[ =Pz, ka=po,mg), mg!, mia],

C(5) C(6) CO,C

X[_DZykl_Plamdhmd':mTf],
Ct”.C{'=Co,Cijlka ka, Mgt mya, Mg,

D(l) Dl(ll),Dl(jlk):DO ijs |Jk[k1v P1.

X y
[a?—mi][(a+py)?—m3][(q+ py+p2)>—m3]

{DOID D/.LV’D/.LI/p7 /.Ll/pa}(plip2!p3vmlvm21m3!m4)

(2mu)*~P
= TJ qu{l’q/.L ;q/.w;q,uvp;quvpa}

_p21mlJam?ji'1mE=va:],

D(Z) D|(]2)1D|(|2k)_DO ijs |Jk[k11 P1,

x{[a?=mi][(q+py)?~m3I[(a+py+ pa)?—m3] Py M, My, Mgt Mgl],

X[(q+py+patps)®—malh L

In this appendix, we use the notations defined below for EV= i vk

abbreviation:

BB = Bo-Bl[_kl,mEi':mN],

B, B{)=Bo,Ba[ —ky.,mpmq],

B{Y ,B®= BolBl[_kzim'&i',mN],

884) vB(14): Bo,B4[— kzamTiJ,mdl],

B ,B{®)=Bo,Bi[k;— p17"Td:,m|J]7

B ,B{®)=Bo,Bi[k;— P1,M2,My1],
BY"=Bo[ p1,Mai, Mg,

C§,Cf=Co, Cijl — k. po. I, it m],

CEYCf=Co,Cyj[ k1., M2 ma,mg ],

C83)1Ci(j3):Co,Cij

XKy, = P1= P2, My, Mgl M ],

ctV,c{V=c,,C;

X[kli_pl_pmeiJimd'rmd']!

dldc dl1ot

EV:V I‘]Vd'tl‘]'

where the upper and lower indexks], andK appearing in
the above variables denote the generation numbedksK
=1,2,3), and the lower indexésppearing in the supersym-

metric quarks (;), (d;), and lepton ;) can be 1 and 2.

We use the denotatiofi below to represent the replace-
ment of (EV—>FV,rrr|iJ—>mai|,md|—>m|J) for the terms ap-
pearing beforeZ in the same level parentheses. We listed the
expressions off; to f;; only and the others obtained the
transformation, f, , ;o= — f;(m;— —m,),i=1-10. The fac-
tors f; we do not mention below are zero.

The form factors of the amplitude part frarthannel box
diagrams are written as
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fb‘{

b,t_
f2 -

bit_
fg'=

b,t_
fer=

b,t_
f7

b,t_
f8

b,t_
fg'=

bt_
fio=

igs

g
S{EV[ DI+ (—D+ DEYm I+ T-EVDYm},
7T

2

5525 [(2D57+6D5Ime+ (~ D~ D3~ DY~ DEY)mi-+ (4D57+6D5)— 6DEYM

+(D - DR+ DE)mém +(~ D~ 2D+ D - DE+ D - DE-+ DFy- DR+ DFmen?
+(~DR+ DG+ DR DR - Dy~ DF+ DY+ DY)+ (DF+ DY~ DY - DFHmS
+(D - D~ Dy DFIm+ (- DE - DE~ DRy DY+ DF-DF)mei-+ (O + DFmmd

+(DP-DP)mm’+(-DP+DP-DP-DP-DP+2DP+DR2+DZ-DP+DP-DP)m],

ig2
% (£(0@ +202 + DR+ (DR~ DR+ 2D 2D+ DF - DG)m + 1),

gs
= 1o.2(E [~ 2D8+ DG+ (~ DI~ DEg~ D~ D)y me+ (D + 2D+ DE) memy + (— D+ Db~ DEY
+Dg)m?+(DE+DP - DY~ D)5+ (~ DY+ DY~ DR+ DY)t +(DF)+DF)mG1+2FY (- DE-DE},
2
o 2{2EV<D‘2%>+D<2>> T+EY[2D§)~ 6DE%+ (DL~ D5~ D+ DE)me + (— DY+ DY - 2D§7+ DS
2 2 2 2 2 2 2 2 2 2 2h & 2 2 2 2 2
+2D8) - DI - D1 D+ D)+ DM + (- DY+ DS+ DY - DE)s+ (D — DY - DY - DY+ D

+D@+D@)-D@)t+(DP-DFP)m;1},

g

- — [EY(D§},- D) + T+EVDH)],

ig2

o —EV[-2DY)-6DGs+ 6DG5+ (D) +DF)mm+ (D - D+ DG~ DP - D+ DR)ym?

2 2 2 2 2 2 2 2 2 2 2 2
+(~DR+DE- D~ DF+ 205~ DRF+ DG+ D - D~ DR+ DF) i
+(+DE- DGy DF-DE+ DY DB+ (DF ~2DH- 208+ DF+DP+ DY)

+(Df-DF+DEIM ]

igs
S[EV( D@+DP-D@+DP)+T+FV(-DY+DH-DE+DW)I,

in2

9

To.2E [(DE+DE)me+ (D~ DE+DE-DE)my,
ig2

1525 [(~DiF=DE)me+ (~DF+ DY~ D+ DI)mi.
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The form factors of the amplitude part from thehannel vertex diagrams are written as

P2
- g .
fot= ” > 2P5(1—m?) CIYEV M+ Py EV[(me—my) (1—4CH) - 2CPm{) + 2(CH+ CH)ym?
T
+2(C@+CE)(t—-m2)1-2(C@+Cc@ym(t—mmy) + 4CEFV(m—mp}),
Ji_ 195 c© ©)_ ()
f3'= 3)M+(Ch3 = C)m ]+ T4,
N 2
fz't=32 S (P{EV[1—-4CH)+2(CiY + CmZ+2(CHY - €t —2C{Pmf + 2C{Fmem, ] + ACHFY}
+2P {EV[2C +(C@ - Cc@ym?— Cc¥t— (CP+Cc)ymm. ]+ T+EY
X[ B —C@mj + CPmi— (CP+ C@ymm ]+ FV[(— ¢+ cHym2—cPi1,
v,t igﬁ 6)_ cOHE 2
fg = ——Ps[(Coy —Cx)E Y(t-m)+ 1],
167
f33=693 (P{EV[1—4CR+2(CY+CEymZ+2(CH—CF)t—2CPm? +2CYm.m ]+ 4CHFV)
+P{EV[1-4C@+2(CH-CcP+CH-Cc)mZ+2(CP+CcH)t—2cPm; —2(CP+CP)ymm,]
+4CHFYY),
pil 195 v o, o @1 c@ @_c@
f9':16 SP{E"[(—Ci7'+ Ci5 — G5+ Cig)m+ (— Ci5' — C35 ) me ] + 7,
T
N |g2

flb=16;2P5{EV[(C(1%)+C(26))mc+( CcH+CcOym+7}.

The form factors of the amplitude part frorthannel self-energy diagrams are written as

P2
-~ g N
f3'= o) 2B [ PoPu(BE+ B (mf—mO)me+ PyPo(BE +BLY) (- mi)me] =7,
ar

P2
- |
fi'= 13;2 EV[P,P4(BY+BP) (mi+me)m,+ PyPs(BEY +B{Y) (m+mym

+PyPs(BY+BE) (T+mm) ]~ T,

i2
~ |g
f7'= o, € [P2Pa(BE+BE) (it me)met PyPy(BG+ BYY) (mit me)me

+PaPs(BE) +BE) (t+mme) ] - 7.
The form factors of the amplitude part frosrchannel diagrams are written as

095006-9
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ig2

f3= 7j2731(EV{[ —2P,5(B@+BP) (m2—mZ)m,— 2P5(B{)+B{) (m2—m?)m,— 7]

+(me—mp)(1—4C)—2cmi) +2(c{+2c)— P+ i) —2ci+cly)
xmemZ+2(C{P+ CEmi+2(CiP+2c8) - cymt+2(— Y- Dymu
+2(~ CfY—- C— Y - Clfmeme+ 2(~ LY+ Y - CE+ 2018 - g
+2(C{P-cid+ciP—2c+cymi+2(-c{P+cih-ciP+ctmu}

+2FV[2C5(m—mp) +(CH+CE)(m—m) (i—0)+(CP+CHmy(t-)]),

P2
- |g
fg= - = P1UEV{[2P,(BE) + BE)) (my+me) my+ 2P5(my+mg) (BSY+ B{Y)me — 7]+ 1 - 4CF)
T

+2(CP+Cim2—2(c{P+ c¥ymem+2(C{P+ 8-y — ctym?
+2(C8)—ci)s—2cImi ) +4CHFY).

The form factors of the amplitude part from the quartic diagram are written as

P2
igs
f9= o ——FV[(-C{-c{Pym+C{HPm,].
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