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Abstract

We calculate all tree level string theory vacuum to Dp-brane disc amplitudes involving an arbitrary RR-
state and two NS-NS vertex operators. This computation was earlier performed by K. Becker, Guo, and
Robbins for the simplest case of a RR-state of type C (P=3) Here we use the aid of a computer to calculate
all possible three-point amplitudes involving a RR-vertex operator of type c(p+1+26)
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

D-branes have played many roles in string theory. From the point of view of the string world-
sheet they are simply boundary conditions, i.e. strings can end on the D-branes. In practice, this
means that if we compute string scattering amplitudes in a background with D-branes (including
the type I string, which in this language is interpreted to have space—time-filling D9-branes), then
we must include contributions from world-sheets with boundaries, in addition to the usual closed
world-sheets.

Alternatively, from the point of view of the low-energy effective theory, D-branes host some
degrees of freedom that are localized on the D-brane world-volume. In this paper, we will only
be considering separated D-branes, in which case the content of the world-volume theory is

* Corresponding author.
E-mail addresses: kbecker @physics.tamu.edu (K. Becker), mbecker @physics.tamu.edu (M. Becker),
drobbins @physics.tamu.edu (D. Robbins), suning@gmail.com (N. Su).

http://dx.doi.org/10.1016/j.nuclphysb.2016.03.038
0550-3213/© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.


http://www.sciencedirect.com
http://dx.doi.org/10.1016/j.nuclphysb.2016.03.038
http://www.elsevier.com/locate/nuclphysb
http://creativecommons.org/licenses/by/4.0/
mailto:kbecker@physics.tamu.edu
mailto:mbecker@physics.tamu.edu
mailto:drobbins@physics.tamu.edu
mailto:suning@gmail.com
http://dx.doi.org/10.1016/j.nuclphysb.2016.03.038
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nuclphysb.2016.03.038&domain=pdf

K. Becker et al. / Nuclear Physics B 907 (2016) 360-399 361

simply that of maximally supersymmetric super-Yang—Mills with gauge group U(1) for each
D-brane. The full effective action is then a sum of a bulk action plus localized actions at each
D-brane. These localized actions involve both the world-volume fields and the bulk fields, and
can be expanded in derivatives. The details of that expansion are interesting in their own right as
an example of an effective theory that admits many different dual perspectives. But even more
compellingly, there are examples in which the higher derivative couplings localized on D-branes
play an essential role in determining the vacuum structure of string theory, such as in the F-theory
duals of M-theory backgrounds on Calabi—Yau four-folds [1,2]. In the IIB description of these
constructions, there are D7-branes which wrap four-cycles of the internal space. These D7-branes
host four-derivative bulk-field couplings of the schematic form

/c<4>/\tr(RAR), (1.1)
D7

which lead to the C™ tadpole equation. This condition is crucial to get consistent solutions.
Similarly, there should be more four-derivative couplings which can contribute to charge cancel-
lation in certain other flux backgrounds [3—5]. For these reasons it is important to systematically
compute the entire four-derivative effective action localized on a D-brane.

Of course, the world-sheet and effective theory perspectives are related. The terms in the
effective action can be computed by the relevant perturbative string scattering amplitudes. For
example, the coupling (1.1) can be obtained by computing a three-point disc amplitude with one
R-R vertex operator and two graviton vertex operators [6—9] (though there are other methods for
deducing these particular couplings [10—14]). As a preliminary step towards computing the full
effective action, we need to compute all of the relevant string scattering amplitudes, as we do
herein.

We calculate type II superstring scattering amplitudes on world-sheets with the topology of a
disk, with closed or open string insertions. We are following references [15], [16], and [3], where
the formalism was developed and some simple amplitudes were computed. Similarly as done
in these references, the final goal is to extract information about the corresponding Dp-brane
effective actions. Some new aspects of these actions are discussed in a forthcoming paper [17].

The calculation of the two-point function involving one R-R state and one NS—NS state ap-
peared in earlier papers [18-22] or in the notation and conventions used herein in [15]. The
three-point amplitude involving one R-R field of type C (P=3) was calculated in [16,23], and
some pieces for C(P*>) appeared in [23]. Our goal here is to compute the most general tree level
string theory vacuum to Dp-brane amplitude with insertion of an arbitrary R-R state and various
NS-NS vertex operators. We then restrict to the case of one R—-R field and two NS-NS fields.
This amplitude is expressed in terms of the R-R potential C (P+1+2%) and two NS-NS fields. The
collection of these amplitudes is shown in Fig. 7 of [16] (reproduced here in Fig. ).

Because the amplitudes are invariant under a certain Z; symmetry (combining reflection in the
space—time directions that are normal to the brane with worldsheet parity), they are non-vanishing
only if

1. k is even and both NS-NS fields are antisymmetric or both are symmetric.
2. k is odd and one of the NS—NS fields is symmetric and the other one is antisymmetric.

In general, the coefficients of the amplitudes cannot be evaluated analytically, so we write
them in a complex integral form. Due to conservation of momentum and integration by parts, the
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Fig. 1. This is a reproduction of Fig. 7 from [16]. The arrows indicate amplitudes that are related by T-duality, either
linearly (solid line) or non-linearly (dashed line).

integrals can be written in many different ways. We determine a minimum set of variables and
express the final result in terms of them. Our choice makes the exchange symmetry of the two
NS-NS fields apparent. This is a nontrivial check of our result, since at the level of the vertex
operators this symmetry is not manifest.

2. Calculational tools and strategy

To calculate the expression of the three-point function we are interested in we follow the
notation and conventions presented in [15].

2.1. Manipulating the region of integration

We construct the n-point correlator as in eqn. (3.1) of [16],

<0 V(e 2D Va(z2, 2) ( [T/ ¢avi. zw) (b0 + o)

k=3 C
B>, @.1)

d*w __F
X / — wLog=ho
lw]
where U (z, z) is the integrated vertex operator defined as

lwl>max(1/z)

Ve ={b1[b1, Ve 2]}, 2.2)

and V(z,z) are closed string vertex operators, whose explicit form is presented later in this
section. Also, | B) is a boundary state which encodes the D-brane boundary conditions. We would
like to manipulate this expression to eliminate the explicit factor of w 20w =0 and convert the
integration region to something easier to work with.

In practice, all vertex operators have the form V(z,z) = V (z) V (2) (or a linear combination of
such terms) with V =cU +nW, leading to U (z,z) = U U. Now we show the general correlator
defined in (2.1) can be further simplified. We first use

whopLoo(z, HwLow Lo = whph O(zw, zib), (2.3)
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for any conformal primary operator of weight (%, h), to pull the propagator to the left. Then the
correlator can be written as

Vi(wzy, wz1) Va(wza, wz3)

> (2.4)

We can use conformal symmetry to set z; = oo so it will not affect the |w| > max(1/]z;|)
condition. Then we can write [ [}_5 f(cd k= pn fv [Tie 3d Zk, where fv denotes the re-
gion where zo = min({z;}). Also use 6}y|>max(1/|z) O denote the Heaviside function O(lw| —
max(1/|z;|)). Then we can rewrite the integration fw\>max(1/|z;|) d*w as f(cd WO w|>max(1/|z]) -
The correlator becomes

Z/d2w9|w|>1/|za|9|za|=min(|z,-|> |w|2”6<O
o
(/ l_[d 2 U (wzg, ka)> (bo-l-bo)

k=3

[w|>max(1/]z; )

(1_[ /d kuk(wzk,wzk)> (bo+bo)

k=3 ¢

Vi(00, 00) Va(wz2, wz2)

> 2.5)

Next we can rescale the coordinates as z’2 =wzy, 22 = Wik,

d*Z)
Z/| |2 Oz, |>19\za| =min(|z;)
x ( / ]—[dzz;Uk(z;,z;)> (bo +50)
k=3

C

0| V1 (00, 00) Vo (w', w')

B>. (2.6)

On the other hand, we can conveniently rewrite the Heaviside function as ), Oz 11 X
0|2 |=min(|2|w") = I 9‘2; |>1> leading to the expression
> 2.7)

d*z
/ P 0V1(00, 00)V2(z2,22) H / d* 2 Ui(zk, 2) (bo +bo)
lzal>1 =3 11

where we renamed the dummy variable. This is the formula we use to calculate the three point
amplitudes.

We can choose the picture charge for each vertex operator to an arbitrary value, as long as
the total picture charge equals —2. The amplitude is independent on how these charges are pre-
cisely distributed. See section 4 of [15] for a detailed discussion on these issues. We choose

(—1/2,—-1/2), (—1, 0) for first two vertex operators respectively, then (0, 0) for the last.
Let us now evaluate the amplitude with one R—R and two NS-NS vertex operators

dzzzdzzz _ _ ~

/ / 205 0]v_, 00,00 Vo062 20 Uno(s. 2 (o + o) [ B). 28)
|z2] 272

|z2]>1]z3]>1
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Vertex operators for different picture charges appear in [15]. In particular for this case we use

Vv

~ _1 _la~p i
1 _1 = fap:cce 20 §Aem 2058 X
2)

V_10 =€ cCe Oyt (3XY —iphp,u”) e

(S}

1 ~ ~
~3 cce PGPty el X (2.9)

UO,O = €3 v - (BXM — lpgl/fpwu) (éXV — lpg{ﬁaizv) eiPSX .

Here €, and €3 are the polarizations for the two NS—NS states, while

1
fap= (e > ;F;';?..,Lnrﬂl"'“"> : (2.10)
n AB

with C4 p being the antisymmetric charge conjugation matrix for the Clifford algebra of (I'*)4 5.
In our amplitude we can also drop the second line in V_j o; it is only included in order to ensure
that the vertex operator is BRST-invariant, but it doesn’t have the right charges to contribute to
this amplitude.

We will also use that
1

372, (2.11)

7]—>00

lim <O ‘: c’Ee_%‘f’SAe_%agB(zl,Z]) 2 cCe (20,70): = <A, B

where A and B are spinor indices and (A, B] is the corresponding R-R vacuum.

After plugging in the vertex operators, we can separate the correlator into each sector (boson,
fermion, bc, and ¢ sectors) and do all possible Wick contractions. The evaluation of each sector
appears in Appendix A.

2.2. The integrand of the amplitudes

After evaluating each sector, we see all the integrands can be spanned by the following set of
integrals

Lopcde = / d?22d* 73K K, (2.12)
lzil=<1
where
~ c d .
X =122 123 (1 = 122) (1 -123) Jz2 = 2311 = 22530 2.13)
p2Dp> p3Dp3
K= 0P 00 (1= 12P) 7 (1= 12P)
X |22 = 2320 |1 = 20231200 (2.14)

The matrix D, differs for the directions tangent to the brane, denoted with indices a, b, c, etc.,
and directions transverse to the brane, with indices i, j, k, etc. Explicitly,

Dap = 1ap, Dyi = Dig =0, Dij = —é;j. (2.15)

When writing the result in terms of Iy p ¢ 4., f, We still do not see the manifest exchange
symmetry under 2 <> 3. To observe this symmetry, i.e. to show amplitudes with its image under
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2 <> 3 exchanged are the same, we need to go to a minimal set of integrals. For this, we must
understand two sets of relations — first the coefficients of the integrals enjoy identities following
from conservation of momentum and on-shell conditions, and second there are relations among
the 1, p.c.d.e, f themselves that follow from integration by parts.

We now derive the second type of conditions. If we write a polar decomposition z; = r;e!?

then we note that the integrand XK depends on r;, r3, and the average angle %((1)2 + ¢3), but is
independent of the relative angle ¢, — ¢3. Therefore we expect three relations from integration
by parts. _
The integration by parts from [ % %9{5{ =0 (i.e. from the r, integration) is
0=2(p1p2+a+Dlapecdes—2p2Dpr+¢)latipe-1def
+ (p2p3 +e) (Ia,b,c,d,e,f + Ia+1,b,c,d,e—l,f - Ia,b+l,c,d,e—l,f')
+ (P2DP3 + f) (Ia,b,c,a',e,f — la,b,c,d,e, f—1 + Ia+l,b+1,c,d,e,f—1) . (216)

Similarly from [ % %ﬂ?f}( = 0 (the r3 integration) we have

0=2(p1p3+b+Dlapcdesr—2(p3Dps+d)lapiicd1.ef
+ (p2p3+ € (Lapede f + lapticde—t,f — latibede—1,f)

+ (PZDP3 + f) (Ia,b,c,d,e,f - Ia,b,c,d,e,f—l + Ia+1,b+1,c,d,e,f—l) . (217)
Finally we have a relation from f (3373 % + 3"72 %)JNCK = 0 (which corresponds to the non-trivial

angular integration)’

0= (p2Dp3+ ) lubed.et1.f (—7322 +7223)°
+(p2p3+ ) Lubede f+1 (=322 +72223)* + Lupe.die, f Ze, £ (2.18)
where
Ze f = —722325 + 22525 + 2227575 — 37325 — T52023 — 732023 — 22732523 + 2032523
— 23732323 + 2207032323 + 27323 — 227323 + 2732023 — 73232223 — 23232523
— 22732323 — 37323 + 2357323 + 223232023 — 23332243. (2.19)
Next we construct a minimal basis for the integrands using the following strategy:
1. We observe that the amplitudes is real. If the integrand is not real, we know that the imaginary
part must vanish upon integration, so we can delete the imaginary part without changing the
integration. Our integrand can then be written in terms of the integrals I, p ¢,q.¢, f-

2. Conservation of momentum in the presence of the brane (which comes from evaluating the
zero mode part of the boson sector of the correlator) implies

0= p1+ Dp1+ p2+ Dp2+ p3 + Dps. (2.20)

We use this to eliminate (p;),. Whenever p; appears, it should be contracted with only
normal indices. For example we do allow p; Np, where we define N = I*TD for contraction

of normal indices (N;; = §;;, all other entries zero), but not py p».

1 Here we already used relations (2.16) and (2.17) to eliminate p{ py and pj p3.
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3. We use the relations (2.16) and (2.17) for I p ¢ 4,e, f to eliminate p, Dp; and p3 Dp3, and if
any factor of the following form

Slapedetr1,r (—23220+ 2237 + elybede f+1(—2322+ 2237 + Lopede, fZe,f
2.21)

appears, we use relation (2.18) to rewrite it in terms of p> Dp3, p2p3.
3. The amplitudes

Obtaining the concrete expressions for the amplitudes is rather challenging, so we used the
aid of a computer, evaluating the contractions according to the rules in Appendix A and reducing
the integrals to a unique form using the procedure explained above.

For C?=% and C(?*™>, we have verified that the result agrees with the computations of [16,
23]. For these cases we have also confirmed that the result can be written in a manifestly gauge-
invariant form. For C%?~D_ P+ and CP*3 one can predict pieces of the amplitude using
linearized T-duality [3], or linearized T-duality combined with gauge invariance [23-25]. For
C?~D and CP*D, those computations didn’t give the full amplitudes, so a direct comparison
with our results is difficult since terms get mixed around as we perform our minimal basis pro-
cedure. For CP*3) a full result is proposed by [25]. A full check is still quite difficult, however
there are certain terms which don’t mix with others. In particular, terms in which there are no
contractions of a polarization with a momentum won’t mix with terms in which there is a polar-
ization contracting a momentum. For these terms we find full agreement with the results in the
literature, lending us confidence in our complete set of results.

Finally, for all cases we have written the result in a way that makes the symmetry under
exchange of the two NS—NS fields manifest. This is a non-trivial check of the results, since the
computation treats the two operators on unequal footing (since they are in different pictures and
one operator is in integrated form, while the other one is not).

Since the results are long and elaborate, we list them below without further commentary. Each
result can be split into pieces according to the number of indices of the R—R polarization C ,(L"I) thn
which are contracted with the world-volume epsilon tensor &q...q,,, . The remaining indices are
contracted with linear combinations of the NS-NS polarizations €3, and €3, and the three
momenta pi, p2, and p3. Finally, each term in this linear combination multiplies a scalar integral
I, k=0,---,24 (or I, which is obtained from I; by interchanging z, with z3 in the integrand)
and these combinations are defined in Appendix B.

3.1. P+ amplitudes

“ ® ©)
Acw+9pp = ‘Ac(p+5)BB +‘Ac(p+5)BB +‘Ac(1)+5)33' 3.
4 21'17(17+1)ﬁ .
‘A(C()p+5)BB = Wehl P CM by (P23 (PIN € (p2€3) T

+ 4p2p3i(P1N€2)(piNe3) 1o — 4p2yp3i(P1N€)(p2Des)  Is
— 2(piNe3p2) p2ip3j€rrilo —2(p1Ne3Dp2) pa;p3 j€rp s

— 2(p1Np2) p3j(p2€3);€211lo — 2 (p1Np3) p2;(p2€3) j€21119

+ 2(p2p3) p3j(PIN€3) €2 lo + 4 (p1Np2) p3j(piNes)eap 1o
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— 2(p2Dp3) p3j(p1N€3)i€rpls +2(p2p3) p2;(p1Ne€3) jeai o
+ 2(p2Dp3) p2i(piNe€3) jeals —2(p1Np2) p3j(p2De3);€rp 15
— 2(p1Np3) p2;(p2De3) je21115 + (P1Np2) (p2p3) €2 k€311 1o

— (PINp2) (P1Np3) €2 k€31 1o + (PN p2) (p2Dp3) €2 jxe3;iIs)

+(2<3), (3.2)
5 2P+ /2 .
A9 55 = Tcuklmb....bpsubl'“b” (2P24P2iP3 j(P2€3) €21 1o
+ 2p2i P3403 j (P2€3)m€2x119 — 4p2, P2 3 j (PIN€E3) €211 110
+ 2p24p2i P3j(P2D€3) €211 15 + 2p2; P34 p3 j (P2 De3) €211 15
— (p2P3) P24 P2i€2jk€31m 1o +2 (P1NP3) P2, p2i€2jk€31m 110
— (p2Dp3) p2,P2i€2jk€31m 15 + (P203) P24 P3i€2jk€31m 1o
— (p2Dp3) p2yp3i€2jk€3imls) + (2 < 3), (3.3)
iP(p+D /2
(©) 2P kl bby..b,_
Ac<p+5)BB = W LR 1...bp,18a e l172}71921'173511’93,''52kl€3mn110 + (2 < 3).
(3.4)
3.2. P+ amplitudes
—_ 1@ 3) ) (5)
Ac(p+3)Bh = ‘AC(lH—})Bh + ‘AC(IH'})Bh + -Ac(p+3)Bh + -Ac(p+3)Bh. (3.5)
) 2iP(P+D /2 .
A2 S Sehibaciiy, L (<2(piNexeap) p2jp3ila

crHIpn = (p+ 1)
—2(piNeseap3) p2jp3ila +2(piNexDespr) pajpsilin
—2(p1N€exe3Dpr) pa;p3; 11t +4(piNexesNp1) p2;p3ilo
—2(p1Ne3sDexp3) pa;p3; iy — 2 (pi1NeseaDp3) pa;p3; I
+2(piNexDe3Dp;) p2 jp3ili —4(piNexDesNpi) p2jp3;ls
—2(p1Ne3Der Dp3) pap3; 11 — 2tr(De3) (piNeap3) p2jp3ilg
—2t(De3) (p1NexDp3) p2;p3ily + 2 (piNeaps) p2j(pae3); Lo
—2(p1N€e2Dp3) p2j(p2€3); 111 +2 (p1Nexp3) p3j(p2€3); I
+2(p1Ne2Dp3) p3 j(p2e3);I1; + 2 (p1Nespa) paj(p3ed); a
+2(p1Ne3sDp2) p2j(p3€a);il11 +4(p1Ne3Dp3) p2;(p3e2); Ig
—4(pINe3sNp1) p2;(p3€2);lo — 2tr(De3) (p1Np3) p2;(p3€); I
+2(p1Nesp2) p3j(paex); o + 2tr(De3) (p1Np2) p3(p3e2); I
—2(p1Np2) (p2€3) j(p3€2); I — 2 (p1Np3) (p2€3) j(p3€2); 12
—2(p1Ne3sDp2) p3;(p3€a) j 1) — 2 (p1Np2) (p2p3) (€263) ji I
+2(p1Np3) (p2p3) (€2€3) i 12 + 4 (p1Np2) (p1Np3) (€2€3) i Io
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—2(p1Np2) (p2Dp3) (€2€3) j; 111 + 2 (p1Np3) (p2Dp3) (e2€3) ;11
+4(piNesp2) p3j(piNer);Io + 4 (p2p3) (piNe€2);(p2€3) 1>
—4(p1Np3) (piNe€2);(p2€3) 1o + 2 (p2e3p2) p2i(pi1Ne) ;I
—8(p1Ne3p2) p2j(p1N€) jIo + 4 (p2Despr) pr;j(pi1Ne) ;I
+4(p263Dp3) p2; (p1Ne2) I — 8 (p1Ne3 Dp2) prj(piNea) ;I
—4(p1Ne3sDp3) p2;(piNe2) ;1; +8(piNesNpy) pa;(piNea) 1o
+2(p2De3sDpa) p2;(piNe2) ;1T — 4 (p2De3 Dps) prj(piNer) I
—2tr(De3) (p2p3) p2;(PiIN€) jIg + 2tr(Des) (p1Np3) p2;(piNe) i1y
+2tr(De3) (p2Dp3) p2;(pi1N€2) ;17 + 2 (p2€3p2) p3i(piN€2) ;b
+4 (p1N€e3Dp2) p3;(piNe2) jIs —2(p2De3Dp2) p3;(piNe) i1y
+2tr(De3) (p2p3) p3;(p1Ne) jIg + 2tr(De3) (p2Dp3) p3;(piNe) ;I
—4(piNe2p3) p2j(piN€3);lo +4(pi1NexDp3) p2 j(pi1Nes); Is
—4(p1Np2) (piN€3);(p3€2) 1o + 4 (p2p3) (piNe€2) j(p1N€3); Io
—4(p2Dp3) (piNe€2) j(piN€3);Is +2(piNeap3) p2j(p2De3); 11n
—2(p1N€e2Dp3) p2j(p2De3); 11 + 2 (p1Np2) (p2D€3); (p3€2) j 1
+2(p1Np3) (p2De3);(p3€2) ;11 — 4 (p1Np3) (piNe2) (p2Des); Is
+4(p2Dp3) (piNe2) j(p2Des); 11 — 2 (p1Neap3) p3;(p2Des) 1
—2(p1N€e2Dp3) p3;(p2De3) j 11 —2(p1Np3) p2j(prezer); I
+2(p1Np2) p3j(p2€3€2); 1o — 2 (piNe3p2) p2(p3Der); 1
—2(p1Ne3sDpy) pa;(p3Der); Iy + 4 (p1Ne3Dp3) paj(p3Den); I
+4(pINe&sNp1) p2;(p3De);Is — 2te(De3) (p1Np3) pa2j(p3Der); I
+2(piNespa) p3j(p3Der); Iy + 2tr(De3) (p1Np2) p3 j(p3Der); I;
+2(pINp2) (p263) j(p3De); 111 — 2 (p1Np3) (p263) j (p3 Den); 1
—4(p1Np2) (piN€3) j(p3Der);iIs + 2 (pi1Np2) (p2De3) j(p3Der);
—2(p1Np3) (p2De3) j(p3Der); 1 — 2(pi1Ne3Dp) p3i(p3Der) i1
+4(piNexp3) p2j(p3Des);ilg + 4 (p1Ne2Dp3) p2j(p3Des);i Iz
+4(p1Np2) (p3De3);(p3e2) jIg — 4 (p2p3) (p1Ne) j(p3De3); I
—4(p2Dp3) (p1Ne2) j(p3Des); I; + 4 (pi1Np2) (p3De) j(p3 Des); I;
—2(p1Np3) p2j(p3€r€3); I +2(p1Np2) p3j(p3€res); I
—2(p1Np2) (p2p3) (e2De3);; 111 — 2 (p1Np3) (pap3) (e2De3);; 11,
+4(p1Np2) (p1Np3) (e2D€3);;Is — 2 (p1Np2) (p2Dp3) (e2De3);; 11
—2(p1Np3) (p2Dp3) (e2De3);; 11 — 2 (p2p3) p2i(p1Nexes) ;I
+4(p1Np3) p2;(p1Nex€s) jlg — 2 (p2Dp3) p2; (p1Nexes) 11y
+2(p2p3) p3i(p1Ne€s) ;1 +2(p2Dp3) p3;(piNees) 1
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+2(p2p3) p2j(piNes€r); I +2(p2Dp3) p2j(piNeser); 1
+2(p2p3) p3i(piNes€r) i1 + 4 (p1Np2) p3;(pi1Neser) jlo
+2(p2Dp3) p3;(piN€eser) I} — 2 (p1Np3) p2j(p2Deser); I
+2(p1Np2) p3j(p2Deser); 111 + 2 (p1Np3) p2j(p2e3Der); 111
—2(p1Np2) p3j(pae3Der); 111 — 2 (p1Np3) p2j(p3Dexes); I
+2(p1Np2) p3j(p3Dezes);I1; — 2(p1Np3) p2j(p3eaDes);
+2(p1Np2) p3j(p3e2De3); 11y +2(pap3) p2i(piNexDes) ;1
—4(piNp3) p2i(piNe2De3) ;Is + 2 (p2Dp3) p2;(piNexDe3) ;1
+2(p2p3) p3;(p1NexDes) ;11 + 2 (p2Dp3) p3;(p1NexDe3) ; 1y
—2(p2p3) p2j(p1Ne3Der); 111 — 2 (p2Dp3) p2j(piNesDer); I
+2(p2p3) p3;(PIN€e3sDer) I — 4 (p1Np2) p3;i(piNesDer) s
+2(p2Dp3) p3i(piNe3Der) ;11 +2(p1Np3) p2 j(p2De3Der); 1
—2(piNp2) p3j(p2De3Der); 11 —2(p1Np3) p2j(p3DexDes); I
+2(piNp2) p3j(p3DexDe3); 11 + 2 (pi1Ne3p2) (pap3) €212
+4(piNe3p2) (p1Np2) €21y + (p1Np2) (p2€3p2) €2 I

+ (P1Np3) (p2e3p2) €25il2 +2(p1Np2) (p2Despr) €2 111
+2(p1Np2) (p263Dp3) €2ji1g — 4 (p1Ne3Dpa) (piNp2) €2 i ls
+2(piNe3sDpy) (p2Dp3)€2jily —2(p1Ne3Dp3) (pap3) €2ilg
—2(p1Ne3Dp3) (p1Np2)€ajily — 2 (p1Ne3sDp3) (p2Dp3) €2i 1
+2(piNesNpy) (pap3)€2jilo +4(p1NesNpy) (piNp2) e2jilio
—2(p1Ne3Np1) (p2Dp3) €2ils + (p1Np2) (p2DesDpa) €25 11
— (p1Np3) (p2De3Dpr) €2 j; 11 — 2 (p1Np2) (p2DesDp3) €2 ;14
—tr(De3) (p1Np2) (p2p3) €2ilg + tr(De3) (p1Np3) (pap3) €2l
+tr(De3) (p1Np2) (p1Np3) €21y + tr(De3) (p1Np2) (p2Dp3) €2i 14
+ tr(De3) (p1Np3) (p2Dp3) €2i17) , (3.6)

3) 2iP(P+D /2
‘Ac(p+3)3h = !

+2p3,p3(p2€3)i (p3€2); 12 — 22, p2;i (p2€3)i (p3€2) j 12

—2p2; P34 (P2€3)i (P3€2) j 1o + 2tr(De3) o, p2 p3; (P3€2)i I
+2tr(De3) p2j p3o P3i(P3€2)i g + 2 (p2p3) prap2i(€263) ji I
—4(p1Np3) p2,p2i(€2€3) jido + 2 (p2Dp3) p2,p2i(€2€3) ji L1
—2(p2p3) P2y p3i(€2€3) i 1o — 2 (p2Dp3) pa, p3i(€2€3) ji 1
—2(p2p3) p3ap3i(€2€3) jiIo — 4 (p1Np2) p3,p3i(€2€3) jilo
—2(p2Dp3) p3ap3i(€2€3) ji 1y + 2 (p2p3) 2 P3a(€2€3)i 2
+2(p2Dp3) p2jp3a(€2€3)ki 111 +4p3,p3j(P1N€2); (p2€3)i 1o

Clky, e (2p2413j (P2€3)(P3€2); 12
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—4p2; p3a(PIN€) j(p2€3)i o + 2tr(Des) p2; p3, p3;i (P1N€2) Ly
+4p2;p3i(piNe2)(p2e3) 1o —4p2jp3i(piNes),(p3ea)ilo
—8p2;p3i(p1Ne) (P1N€3) 10+ 4p2,p2;(P1N€3); (p3€2)i o
+4p2;p3.(p1N€3);(p3ea)ilo +8p2;p3,(piNe2) (p1N€3); fio
+4p2;p3i(piNe) (paDes) Is — 2pa, paj(p2De3); (p3e)i I
—2p2jp3q(p2De3)i(p3€2)i it — 4p2p3,(PiN€2) (p2De3); Is
—4p3,p3; (pINe)(p2De3) jIs — 2pa, p3; (paDes) i (p3ed) 11
—2p3,p3i(P2D€3)(p3€2) j 11y + 2p2, P2 P3i (P2€3€2) 2
+2p2;p3aP3i(P2€3€2) 12 + 2p2, p3 j(P2€3)i (P3 De2); 1,
+2p3,03(P2€3)(p3Dex); 1) — 4p2; 3o (PIN€3) (p3De) i Is
—2p24p3i(P2De€3)(p3Der) 11 — 2p3,p3;(p2De3)(p3Der) ;1
+2tr(De3) pa, P2 p3i(P3De2)i I + 2tr(De3) pa p3, p3i (P3Dex)i Iy
+2p2,p2(p2€3);(p3De2) I11 + 2p2jp3,(p2€3); (p3Der) i I1n
+4p2;p3i(p1N€3),(p3Dex) s —4pr,p2j(pi1Ne€s);(p3Der)Is
+2p2,p2j(p2De3);(p3Dex) Iy + 2p2j p3,(p2De3);i (p3Der) I
—4p2,p2;(p3D€3); (p3€2) I — 4p2j P34 (P3De3); (p3ea)i g
—4p2jp3.(PIN€) (p3De3);i 1y — 4pay p2j(p3Dex)(p3Des); I
—4p2;p3,(p3D€) (p3De3); I+ 2p2, p2 p3i(p3€2€3) I
+2p2;P3ap3i(P3€2€3)i 12 + (p2p3) p2jp3a(€2D€3) i 11
+2(p2Dp3) p2jp3a(€2De3)ir It —2(p2p3) p2yp2i(€2D€3) ji 111
+4 (p1Np3) p2,p2i(€2D€3) jiIs — 2 (p2Dp3) pa,p2i(€2D€3) ji I
+2(p2p3) p2ap3i(€2Des); 11y +2(p2aDp3) p2,p3i(€aDes)y; 1y
+2(p2p3) p3gp3i(€2De3) i1y — 4 (p1Np2) p3,p3i(e2Des); 15
+2(p2Dp3) p3ap3i(€2De3) ;i1 +4p2;p3ap3i(piNexes) Iy
—4p2,p2;p3i(PIN€s€) I + 22, p2 i p3;(p2Deser) I
+2p2jp3ap3i(p2Deser)i iy — 2p2,p2jp3i(presDer) i
—2p2;p3ap3i(p2e3De) It +2p2, P2 p3i(p3Deres) I
+2p2;P3aP3i (P3De2€3) 11y +2p2, P2 p3i(p3e2Des) I,

+2p2j P34 p3i(p3€2Des) Ify — 4p2;p3ap3i(P1N €2 De3) Is
+4p2,p2;p3i(P1N€esDer)Is —2pr,prjp3i(p2DesDer)y Iy
—2p2jp3ap3i(P2DesDer) Iy + 2pa, p2jp3i(p3Der Des)i I
+2p2;p34P3i(p3DerDes) It + 2 (pap3) pay(p2€3)i€zijlz
—2(p1Np3) p2y(p2€3)i€2ijlo + 2 (p2p3) p3a(p2€3)i€2ijl2
+2(p1NDP2) p3a(p2€3)i€2ijlo +2 (p2p3) p2a(p3Des)ierijlg
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+2(p2Dp3) p2,(p3De3)ieaijl; — (p2€3p2) prypri€ajilz
+4(piNe3p2) prap2i€2jilo — 2 (p2De3pa) payp2i€2jilii
—2(p263Dp3) payp2i€2jils + 4 (p1NesDp2) pa, pri€jils
+2(p1Ne3Dp3) pagpri€2jily — 4 (p1Ne3sNp1) pagpai€ajilio

— (p2De3Dpy) payp2i€2 k1t + 2 (p2De3Dp3) pa,pri€jils

+ tr(De€3) (p2p3) P2 P2i€2jklg — tr(De3) (p1N p3) pag p2i€ajily
—tr(De3) (p2Dp3) p2yp2i€2k 7 — (P2€3p2) P2 P3a€2ic 12
+2(p1Nesp2) pa;p3g€2jilo — 2 (p2Despa) p2; p3g€2jilin
—2(p263Dp3) p2; p3g€jily + 2 (p1NesDpa) pa; p3geajils

— (p2De3Dp2) pa; p3g€2jilt + 2 (p2DesDp3) pa; p3gejils

+ tr(De3) (p2p3) p2; P3a€z jilg — tr(De3) (p2Dp3) p2; p3q€2jicly
— (p2€3p2) pagp3i€2jila + (PIN€sp2) pr,ap3i€ajilo
—2(p1Ne3Dp2) p2gp3i€2jils

+ (p2De3Dp2) p2,p3i€2jkdi — tr(De3) (p2p3) payp3i€z jile

— tr(De3) (p2Dp3) pagp3i€ajily — (p2€3p2) pagp3i€2jila

+ (p2De3Dp2) p3gp3i€z il —2(p2p3) p2y,(P1N€s) €21 lo
+2(p2Dp3) p2o(p1Nes) ;€2 jidls —2(pap3) p3g(P1Nes); € jily
—4(p1Np2) p3,(p1Ne3);e2jilio +2(p2Dp3) p3,(p1Nes);ezjils
+2(p1Np3) p24(p2De3);€2jils — 2 (p2Dp3) p2y(p2Des);€ajily
+2(p1Np2) p3y(p2De3) ;€2 jils — 2 (p2Dp3) p3,(p2Des);€a il
+2(p2p3) p3a(P3De3) €2 il +2 (p1Np2) p3,(p3Des);enjidy
+2(p2Dp3) p3a(p3Des);i€2jily + 2 (p1Np3) p2;(p2e€3) €anilo
—2(p1Np2) p3j(p2€3)€20i o — 2 (p2p3) p2j(PIN€3) €24 1o
—2(p2Dp3) p2j(piNes)€2kils +2 (p2p3) p3j(pIN€3) €2k 1o
+4(p1Np2) p3j(p1Ne€s)exki 1o — 2 (p2Dp3) p3 j(p1N€3) €24 s
+2(p1Np3) p2j(p2De3) €k ls — 2 (p1Np2) p3j(p2De3) €akils
+ tr(De3) (p2p3) P3aP3i€2ijls + tr(De3) (p1Np2) p3, p3i€axily
+tr(De3) (p2Dp3) p3gp3i€anils + 4 (p1Np3) p2j(p3€2)i€sailo
+2(p1Np2) (P2p3) €2jk€34ilo — 2 (P1NP3) (P2P3) €2 k€34 Lo
—4(p1Np2) (P1Np3) €2j1€34i 110 + 2 (P1Np2) (p2Dp3) €2 k€34 15
+2(p1Np3) (p2Dp3) €2 k€34 I5 + 4 (P1NP2) p3;(P3€2)1 €345 19
+4(p2p3) p2i(piN€e)€esajlo — 8 (p1Np3) p2; (PIN€2) €345 110
+4(p2Dp3) p2;(P1Ne2)yesqjls — 4 (p2p3) p3;(P1IN€2) €345 10
+4(p2Dp3) p3i(piNe€2)esqjls —4(piNerps) p2jp3i€sanlo
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+4(p1N€e2Dp3) p2jp3i€3arls +4 (p1Np3) p2;(p3Der) ;€3¢ ls

— 4(p1Np2) p3j(p3Der)i€sails) (3.7

Ao g 22,2:%1);/5 Iy by 8PP P (=4 pay o p3g p3i(e2€a)ig o

+ 4p2, P2 P30 P3i(€2D€3) 115 — 2p2y p2; P34 (P2€3)1€2 k1o

+ 2p2,p3pP3i (P2€3)1€2 119 + 4 P2y, P2 P34 (P1N€3)1€2 1 10

— 2p2p02;i P34 (P2D€3)1€2 115 + 2p2p P34 P3i (P2 De€3) €2 i s

— 2p2p02i P34 (P3De€3) €2 i Iy — tr (D€3) payp2; P3gP3i€anil

— 2p2p P2 p3i(P2€3) g €201 19 — 22 P31y D3 (P2€3) g €2k1 1o

+ 4p2y P2 P3i(PIN€3) s€200 110 — 2p2, P2 P3i (P2 D€3) y€211 15

— 2p2; P3pp3i(P2De€3) 21115 — 4p2y p2; P3 j(P3€2)1€3ak 19

— 4p2; p3pp3j(P3€2)1€3ak 19 — 4p2y P2 P3i (P3DE€2) €301 15

— 4p2p3pp3i(p3Der)i€3ails — 2(p2p3) P2y P2i€2jk€3a1 1o

+ 4(p1Np3) papp2i€2jk€3a1l10 — 2 (P2Dp3) p2pP2i€2 jk€3a1 15

+ 2(p2p3) P2pP3i€2jk€3arlo — 2 (p2Dp3) papp3i€2ji€3ails

— 2(p2p3) P2jP3a€21€3bi 19 — 2 (p2DPp3) p2jP3a€211€30i 15

+ 2(p2p3) P34P3 j€211€3bi Lo + 4 (P1ND2) P34 D3 j€201€30i [10

— 2(p2Dp3) p3ap3 je2u€spils — 8p2; p3ap3i(P1Nex)€spidio) . (3.8)
AC) iy = 8’:;_;12);@ IR by a8 P02 Do pa i p3g P3i€211€3 b T10- (3.9

3.3. Y amplitudes

Acw+npp = Ag)()pwgg + ‘A(Cl()19+1)33 + ‘Ag()p+l)33 + A(c3<)p+1)33 + A(C4<)p+l>33- (3.10)

4O B 2iP(P+D /2
crthBB — (p+l)|

— 2(p1Ne3p2) (p2Deap3) Io — 2 (piNerp3) (p2Despr) g

— 16 (piNe2Dp3) (piNesp2) Io + 2 (p1NeaDps3) (p2Desp2) Iis
— 2(p1Ne2Dp3) (p2e3Dp3) 1o +4 (p1Nere3p2) s

— 2(piNexe3p2) (p2p3) Iis + 2 (p1Ne2Dp3) (piNesDpa) 1

— 2(p1Ne3Dp2) (p2Der Dp3) Ir1 + 2 (p1Np3) (p2Deres pa) Ixo
— 2(p1Nexp3) (p2De3Dp3) Iy — 2 (p1Np3) (p2Deserps) lia
— 2(p1Np2) (p2e3Derp3) Ia + 2 (p1Ne2 De3 p2) (p2p3) L4

+ 2(p1Nexes Dp2) (p2Dp3) Iis — 2 (p1Nexes Dp3) (p2p3) Iy
+ 2(p1Ne263Dp3) (p2Dp3) 1o + 2 (p1Ne2esNpi) (p2p3) I

— 8(p1NexesNp1) (p2Dp3) lo — 4 (p1Ne3sDea p3) (p1Np2) 1

Chy..by €777 2 (p1N€aps) (piNespa) I



(€))
AC<P+'>BB -

2P+ 2
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— 4(p1NeseaDp3) (p1Np2) 11y — 2(p1Np2) (p2De3Deéaps) Iis

— 2(p1Np2) (p2DeszexDp3) I1s — 2 (p1 Np2) (p3Deres Dp3) Inn

— 2(p1Np2) (p3De3sDexrp3) Ia + 4 (p1NeaDesDpy) Doy

— 2(piNe2De3Dp;) (p2Dp3) 117 + 2 (p1 Ne2 De3 Dp3) (p2p3) 122
— 2(p1NexDe3 Dp3) (p2Dp3) Iy — 8 (piNe2DesNp1) (p2p3) lo
+ 2(p1Ne2DesNp1) (p2Dp3) It + 2 (p1Np3) (p2Dex De3 Dpy) 1z
+ 2tr(—e€2€3) (P1Np2) 23 — tr(—€2€3) (P1Np2) (p2p3) 16

+ tr(—e€2€3) (p1Np2) (p1Np3) I — tr(—€2€3) (p1Np2) (p2Dp3) 114
— 2tr(Dey De3) (p1Np2) L + tr(Dex Des) (pi1Np2) (p2p3) s

— r(DexDe3) (p1Np2) (piNp3) 1

+ tr(De2De3) (p1Np2) (p2Dp3) 1) + (2 < 3), (3.11)

“b1--br (=2 (pae3Derps) pagpai s

1
o C'by..b,¢

— 2(p2e3eaDp3) prap2ilia + 2 (p3Deserps) prgap2ily

— 4(piNe3Derp3) pa,p2ili, — 4 (p1Nese2 Dp3) pagp2i 11,

— 2(p2De3Derp3) prap2ilis — 2 (paDeseaDp3) pr,p2;i1is

— 2(p3Dee3sDp3) prap2i 122 — 2 (p3DesDer p3) payp2i o

+ 2(p3De2De3Dp3) 2o p2i Iy + 2tr(—€2€3) p2o p2; 123

— tr(—€2€3) (p2p3) P2y P2 116 + 2t1(—€2€3) (P1NP3) p2,p2;
— tr(—€2€3) (p2Dp3) p2,p2il1a — 2tr(Dea De3) pa, p2; 24

+ tr(DexDe3) (p2p3) p2y,p2il1s — 2t(DeaDes) (p1Np3) pagp2ili
+ tr(DexDe3) (p2Dp3) p2,p2i 117 + 2 (p1N€2€3p2) p2i p3q 12
— 2(piNeseap3) p2; p3gl2 — 2 (pae3Derps) p2; p3q s

— 2(p2€3€2Dp3) p2; 3o 114 + 2 (p3Deseaps) pa; p3aly

+ 4(p1Nexe3Dp3) pa; 3yl — 4 (p1NeaesNp1) p2; p3glo

— 2(p1Ne3sDex p3) pa; p3g i — 2 (piNeseaDp3) pa; p3g I

— 2(p2De3Derp3) p2; p3qlis — 2 (p2Deser Dp3) pa; p3g1is

— 2(p3Dere3Dp3) pa; p3gl22 — 2 (p3DesDer p3) pa;p3g a2

— 2(p1NexDe3Dps) pa; p3,11 +4 (p1NexDes Dp3) pa; p3g 17
+ 4(p1Ne2DesNp1) p2;i p3qls — 2 (p1NesDex Dp3) pa; p3gli
+ 2(p3DerDe3Dp3) pa; p3g 1y, + 2tr(—€2€3) p2; p3, I3

— tr(—€2€3) (p2p3) P2i P3al16 — tr(—€2€3) (p2Dp3) p2; p3, 114
— 2tr(Dey De3) p; p3, s + tr(Dexy Des) (pap3) pa; p3glis

+ tr(Dex De3) (p2Dp3) p2; p3a 17 — 2 (pi1NesDeaps) pa,p3ily
+ 2(p1Nese2Dp3) p2,p3iliy +2(p1Ne2p3) p2i(p2€3) 1
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+ 2(piNeap3) p3;(p2€3) 2 + 2 (p1Ne2 Dp3) p3;(pa€s) 1

— 2(p1N€ap3) p2,(p2€3); 12 + 2 (p2Déap3) pa,(p2€3); 120

+ 2(p3Derp3) p2,(p2€3);ilia — 2 (p1Nexp3) p3,(p2e3); 2

+ 2(p2De2p3) p3,(p2€3); 120 + 2 (p3Deap3) p3,(p2€3);l14

— 2(p1Ne3sDp2) p3;(p3€a) 11y + 2 (p1Np2) (p2€3);(p3€2) I

+ 2(pINp3) (p2€3);(p3€2) I — 2 (p1Ne3Dp) p2,(p3€2); 11,

+ 2(p2De3Dp3) pr,(p3€2); I — 2 (p1Nes Dpa) p3g(p3en); I

+ 2(p2De3Dp3) p3,(p3€2)ilaa +2(p1Np2) (pap3) (€2€3) 4 12

— 2(p1Np3) (p2p3) (€2€3) ;12 — 4 (p1Np2) (p1Np3) (€2€3) 4 1o

— 2(p1Np3) (p2Dp3) (€263),i 111 + 2 (P1NP3) (p2Dp3) (€2€3)i4 11,
+ 4(piNesp2) p3i(piNe2) Io +4 (p1Ne3sDp2) p3;(p1Ne2),Is

+ 4(p1Np3) (piNe€2),(p2€3)ilo — 4 (p1Ne3p2) p3,(piNer);lo

— 4(p263Dp3) p3,(p1N€r); I +4 (p1NesDpy) p3,(pi1Ne); Is

— 4(p2De3Dp3) p3,(p1Nex); 17 — 4 (pap3) (PiN€2); (p2€3), 12

+ 4(p1Np3) (p1Ne€2);(p2€3) 1o +4 (p2p3) (P1N€2); (p1N€3) 1o
— 4(paDp3) (p1N€2);(p1N€3) Is +4 (p3Derp3) pag(piNes); I,
+ 4(p1Nesp2) p3;j(p2Ded)Is + 4 (p1NesDpr) p3;j(paDer), Iy

+ 4(p1Np3) (p2De€2),(p2€3)ile — 4 (p2p3) (P1N€3);(p2De2), 16
— 4(p2Dp3) (piNe€3);(p2Der) 17 — 2 (pi1NeaDp3) pri(p2De3) 1
+ 2(piNexp3) p3;(p2D€3) 11y + 2 (p1Ne2Dp3) p3;(p2De3), Iy

+ 2(p1Np3) (p2De€3),(p3€2); I} — 4 (p1Np3) (p1Ne);(paDes), Is
+ 4 (p2Dp3) (p1Ne€2);(p2De3) 11 +2(p3Derps) pra(p2De3); 1is
— 2(p1Ne2Dp3) p2,(p2De3); 11 + 2 (paDer Dp3) p2,(p2De3); 121
+ 2(p3Derp3) p3,(p2De3);1is — 2 (p1Ne2Dp3) p3,(p2De3); 1

+ 2(paDerDp3) p3,(paDes); a1 — 2 (p1Np3) (paDes); (paen) 11
+ 4(p1Np3) (piNe2),(p2De3);Is +4(p1Np3) (p2Der),(p2De3); I
+ 2(p1Np3) p2i(p2€3€2) 1o — 2 (p1Np2) p3;(p2€3€2), 12
+4p2,(pr€3€r); Iz — 2 (p2p3) pry(p2e3€r);lie

+ 2(p1Np3) p24(p2€3€2); o +4p3,(paesea); 23

— 2(p2p3) p3g(p2e€3€2)ili6 — 2 (P1Np2) p3,(pre3€r); 2

+ 2(p1Nesp2) p3i(p3Dea) 11y + 2 (p1Np3) (p2€3);(p3De) 17
+ 2(p1Np2) (p2De€3);(p3Der) 11 — 2 (p1Np3) (p2Des); (p3Der), 1
— 2(piNesp2) p2a(p3Den); 11y + 2 (p2€3Dp3) p2,(p3De2); a2

— 2(p1Ne3p2) p3,(p3Der); 11| + 2 (p2€3Dp3) p3,(p3Der); Iz

+ 2(pIND3) (p263)4(p3De2); 111 + 2 (p1Np3) (p2p3) (€2De€3) g 11
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— 4(p1Np2) (p1Np3) (€2D€3),i 15 + 2 (p1Np2) (p2Dp3) (€2D€3) i 11
+ 2(p1Np3) (p2Dp3) (e2D€3)4i 11 +2 (p1Np3) (p2p3) (€2De3)q 1
+ 2(p2p3) p2i(p1Nexes) o — 4 (p1Np3) p2;(p1Nexes) 1o

— 2(p2p3) p3i(p1Nexes) 1o — 2 (p2Dp3) p3;(p1N€e2€s) 11

+ 2(p2p3) P24(P1N€2€3); 1o — 4 (p1NPp3) p2,(P1N€2€3); 19

+ 2(p2p3) P3a(P1N€2€3); I + 2 (p2Dp3) p3; (p1Nesea), I,

+ 2(p2Dp3) p2a(P1N€s€2); 11, + 2 (p2Dp3) p3.(p1Neser); I

— 2(p2p3) p2,(p2Deres); 1o — 4 (p1Np3) pa,(p2Deres); o

— 2(p2p3) p3o(p2Deres); 1o + 2 (p2Dp3) pr,(p2Deser); 1is

+ 2 (p2Dp3) p3,(p2Deser); Iis + 2 (p2p3) p2,(p2e3zDer);lia

+ 2(p2p3) P3a(p2€3Ded); 114 — 2 (p1Np3) pa;(p3Deres) 1,

+ 2(p1Np2) p3;(p3Deres) 11 — 2 (p1Np3) p2,(p3Deres); I

— 2(p1Np2) p34(p3Deres); I} + 2 (p2Dp3) p2,(p3Desen); In

+ 2(p2Dp3) p3,(p3Dese); 1y — 2 (p1Np3) p2;(p3eaDes), I,

+ 2(p1Np2) p3;(p3eaDe3) 11, + 2 (p1Np3) p2,(p3e2Des); I,

— 2(p1Np2) p34(p3€eaDe3); 11 +4(p1Np3) p2;(p1Ner Des), Is

— 2(p2Dp3) p2;(p1NexDes) . It =2 (pap3) p3;(piNe2Des) I,

— 2(p2Dp3) p3;(p1NexDe3) 11 — 4 (p1Np3) pa,(p1NexDes); Is
+ 2(p2Dp3) p2,(p1Ne2De3); 11 + 2 (p2Dp3) p3,(piNexDes); i
— 2(p2p3) p3i(p1NesDer) 11 + 2 (p2p3) p2,(P1Ne3Der) I,

+ 2(p2p3) p3a(P1IN€3Der); Iy — 4 (pINp3) pa,(p2Der De3); 17

— 2(p2Dp3) p2,(p2DerDe3); 11 — 2 (p2Dp3) p3,(p2DexDe3); I
+ 2(p1Np3) p2j(paDesDer) Iy — 2 (p1Np2) p3;(paDesDer) 1
+ 4p2,(p2De3Der); 14 + 2 (p1Np3) p2,(p2De3Der); Iy

— 2(p2Dp3) p2,(p2DesDer); 117 +4p3,(paDesDer); Ira

+ 2(p1Np2) p3,(p2De3Der); It — 2 (p2Dp3) p3,(p2De3Der); Iir

+ 2(p2p3) P24(P3De3De); Iy + 2 (p2p3) p3(p3DesDer); 1)
(3.12)

2iP(P+D /2 e
(p—D! e
— tr(De2De3) p2y P2 p3aP3i 11 + 2p2, 02 (P2€3); (P3€2) 12
+ 2p2jp3p(p2€3)i(p3€2)o 12 + 2p2y, p3 j(p2€3); (P3€2) o 12
+ 2p3,p3(p2€3)i(P3€2) o 12 — 2 (p2p3) P2y P2i(€2€3)4j 12
+ 4(p1Np3) p2pp2i(€2€3)4j 1o + 2 (p2p3) P2y D3 (€2€3) 45 12
+ 2(p2Dp3) papp3i(€2€3)4j 111 — 2(p2p3) P2 P3a(€2€3)pi 12
= 2(p2p3) P34P3i(€2€3)p; 12 — 4 (P1INP2) p3,p3i(€2€3) 1o

abbr-bp-1 (tr(—€2€3) poy p2j P34 p3i 2
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— 2(p2Dp3) p3ap3i(€2€3)pj 111 + 4 (p2Dp3) papp3a(€2€3)ijlo

— 2(paDp3) p2yp3i(€2€3) jo 11y + 2 (p2Dp3) p3gp3i(€2€s) jply;
— 4p2, p3i(P1IN€2),(p2€3) j 1o — 4p3;, p3;(P1N€2),(p2€3) ;I

+ 4p3pp3j(P1N€2); (p2€3) 1o +4p2; p3,(P1N€) j(p2€3), 1o

— 8p2ip3a(P1N€) j(pi1Ne€s), 1o — 4p2y p3i (p2Der)  (p2€3) 16
— 4p3pp3i(p2Der)(p2€3) j 16 — 4p2yp3i(P1N€E3) j(p2De€r) s
— 2p2pp3i(p2De€3)(p3€) j 11 — 2p3,p3; (P2 De€3) ,(p3€2) 1171
+ 4p3,p3i(P1N€) j(p2De3),Is +4p2;i p3,(pi1N€) j(p2Des),Is
+ 2p2y p3i (P2 D€3) j(p3€2) I} +2p3pp3i (P2 De3) j (p3e2) I
+ 8p2,P34(p2De3) j(p3€2)ilo — 4p2 p3i (P1N€2) (P2 De3) ;s
— 4p3,p3i(P1IN€)(p2De3) jIs — 4pay, p3;(p2Der),(p2De3) j I
— 4p3pp3i(p2Der),(p2De3) jI7 — 2pay p2j p3i(p2€s€r) 12
—2p2jP3pp3i(P2€3€2) 12 + 2p2y, P2 P34 (P2€3€2) 2

+ 2p2p P34 P31 (P2€3€2) j 12 — 2p23, p3; (P2€3) j (p3De2) 11

— 2p3;,p3i(P2€3) j(P3D€2) 111 + 2p2p P2 j (P2 De€3); (p3Dea) I
+ 2p2p3p(p2D€3); (p3Dea) It +2p2p p3; (P2 De3) j(p3Deér) , 1
+ 2p3p3i(p2De€3) j(p3Den) It + 22y p3 j(p2€3) o (p3 Den); I
+ 2p3p3j(P2€3),(P3D€2); 111 + 4 (P1NP3) P2y p2i(€2D€3) 415
— 2(paDp3) papp2;i(€2D€3),; 11 — 2 (pap3) papp3i(€2D€3) 4511,
— 2(p2Dp3) papp3i(€2De€3) i1t —2(p2Dp3) p2jp3a(€2D€3)p; 1
+ 2(p2p3) p3ap3i(€Des)y;I{) — 4 (p1NDP2) p3,p3i(€2Des)y;Is
+ 2(p2Dp3) p3ap3i(€2D€3)pi It — 2(pap3) papp3i(€2De€3) jo 11,
+ 2(p2p3) P3ap3i(€De3) 11 — 4 (p2p3) payp3a(€2De3) jilo
— 4p2;p3,P3i(P1N€2€3), Io — 4pay, p3, p3i(P1N€2€3) ;1o

— 4payp3ap3i(p2Dexes) jIs + 2papp2j p3;(p3Dees) 1
+2p2;P3pp3i (P3De2€3) 11y +2p2,p2; P34 (P3De€2€3) 11,

— 2p2pp3ap3i(p3Dexes) 11 +2p2p, p2; p3i(pae2Des) 1

+ 2p2;P3pP3i(P3€2D€3) 111 + 22y, p2; P3a(p3€2De) j 1
+2p2p p3ap3i (p3€2Des) I

+ 4p2;p3.p3i(P1NerDe3), Is — 4pry, p3,p3i(p1N€xDe3) i Is

— 4p2, p3.p3i(P2DexDes) j 17 — 2pay, pajp3i(p2DesDer) 1

— 2p2jp3pp3i(p2DesDer) It = 2pap p2; p3a (P2 De3 Deér) ;1

+ 2p2pp34p3i(p2DesDer) ;11 +2(piNesp2) p2jp3i€2anly

+ 2(piNe3Dp2) p2jp3i€2anls — 2 (P1Np2) p3j(p2€3);€2ap1o
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— 2(p1Np3) p2;(P2€3) j€2ap1o + 2 (p2p3) p3j(P1N€3) €205 10

+ 4(piNp2) p3j(piNes)i€xaplio — 2 (p2Dp3) p3j(PIN€3)€24p 15
+ 2(p2p3) P2i(P1N€3) j€2aplo + 2 (p2Dp3) p2; (p1N€3) jerap 15
— 2(p1Np2) p3j(p2De€3)i€2apls — 2 (p1Np3) p2i(p2De3) j€24p 15
+ 2(p263Dp3) payp3g€2ijl + 2 (p2De3Dp3) payp3g€2ijly

— 2(piNe3p2) p2ap3p€2ijlo + 2 (p1Ne3sDp2) pr,p3peijls

+ 2(p2p3) P2p(P2€3)g€2ij12 — 2(p1NPp3) p2p(p2€3) €2ijlo

+ 2(p2p3) P3p(P2€3) €2ij 12 + 2 (P1NP2) p3p(p2€3) €215 19

— 2(p2p3) p2p(P1IN€s)€2ii 1o + 2 (p2Dp3) p2p(p1N€3) €215 15
+ 2(p1Np3) p2p(p2Des) €2ii1s — 2 (p2Dp3) pap(p2Des) €211
+ 2(p1Np2) p3p(p2Des) €2iils — 2 (p2Dp3) p3p(p2Des) ezl
+ 2(p2p3) p2p(p3De3) €2i 15 + 2 (p2Dp3) pay(p3Des) €217
— 2(p2p3) p3.(P1N€e3)perjilo — 4 (p1Np2) p3,(p1Nes)peajilio
+ 2(p2Dp3) p3a(PiIN€3)yerjils + 2 (pap3) p3u(p3Des)yer ji I
+ 2(p1Np2) P34 (p3Des)yerjily + 2 (p2Dp3) p3,(p3Des)perily
+ (P1Np2) (p2p3) €2ji€3aplo — (PINP3) (P2p3) €2i€3ap 10

— 2(p1Np2) (p1Np3) €2ji€3qpl10 + (P1Np2) (p2Dp3) €2ji€3ap 15
+ (p1Np3) (p2Dp3) €2ji€34p15 + 2 (p3Dér p3) p2yp3a€3ii111)

+ 2 < 3), (3.13)
2iP(P+D /2 .
3
Alings = RTEE Ty by 282 (Apa e pa p3ap3i (€2€3) i 1o

+ 4p2cp2jp3ap3i(€2D€3) i ds + 2pa. pay p3;(P2€3) j€2ab 1o

+ 22k p3cp3i(P2€3) j€2ab1o — 4p2cp2r P3i(P1IN€3) j€24p 110
+ 2p2.p2iP3i(P2D€3) j€2ap 15 + 2p2i P33 (P2D€3) j€20p I
+ 2p2.P3p03i (P2€3) 4€2 ik 19 — 2P2,P2; P34 (P2€3)p€2 ji 1o

+ 4p2.p2i P3a(PIN€E3) €2 jil10 + 2p2p P3.P3i (P2 D€3) €2 i s
— 2p2cP2i P3a(P2D€3) €2 jkds — 2pa.p2; P3a(p3De3)per il
— (p2p3) P2cP2i€2jk€3aplo + 2 (P1INP3) P2.P2i €21 €3ap 110

— (p2Dp3) pacp2i€2jk€3apls + (P203) P2.DP3i€2 jk€3ap 1o

— (p2Dp3) p2cp3i€2jk€3apls — (P2P3) P2jP3a€2ki€3bc 19

— (p2Dp3) p2jp3a€2ki€3pels + (P2p3) P34 P3 j€2ki€3bc 19
+2(P1Np2) P34P3 j€2ki€3bc 110 — (P2DP3) P34 P3 j€2ki €3 I5)
+ 2« 3), 3.14)
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4ip(P+D /2 ki

4 by
‘A(C()P“)BB = (p—3)! bl.A.bp,38“”th‘ b *P2aP2jP3aP3i€2k1€3pc 10 + (2 <> 3).
(3.15)
0) (1 (2) 3) (4)
Acp+vp, = ‘A‘C(p+l)hh + ‘Ac(p+l)hh + 'AC(P“)hh + 'AC(P“)hh + 'AC(P“)hh' (3.16)
0 2iP(P+D /2
At = WCbl...prsb"“bP“ (=2(p1Ne2p3) (piNesp2) I

+ 2(piNe3p2) (p2Dearps) Io + 2 (p1Neaps) (p2Despr)

— 2(piNe2Dp2) (p2€3p2) 1o — 8 (p1Ne2Dp2) (piNespr) Ie

— 4(p1Ne2Dpy) (p2e3Dp3) Iig — 2 (p1Ne2Dp3) (p2€3p2) 114

+ 8(piNe2aDp3) (piNe3pa) Is — 2 (p1NeaDp3) (p2Despr) s

— 2(p1Ne2Dp3) (p2e3Dp3) Ino + 2 (p1NeaNp1) (p2€3p2) I

— 8(p1NeNp1) (p1Ne3p2) Io +4 (p1NexNpy) (pae3Dp3) I

— 4(piNeesp2) Iz + 2 (pi1Nexespa) (p2p3) Lie

— 8(p1Ne2Dpy) (piNesDpa) I7+2 (piNe2Dp3) (piNesDp2) 1
— 8(p1Ne2Np1) (piNesDpa) Is + 4 (piNesDp3) (p3Derps) 1
+ 4(p1Ne2Dps) (p1Ne3sDp3) I3 —4 (piNexNpy) (piNesDp3) I
+ 4(p1NesNp1) (p3Deaps) Iy +4 (p1NeNpy) (piNesNpy) Iio
— 2(p1Ne3Dps) (p2De2 Dp3) 1oy — 4 (p1Ne3Dps) (p2Dex Dp3) Lo
— 4(p1Ne3Np1) (p2Der Dp3) 17 — 2 (p1 Np3) (p2Dexes p2) oo

+ 2(p1Nexp3) (p2De3Dpr) I1s — 2 (p1Nea Dpr) (paDe3 Dp)) Iy
+ 2(p1NexaNpy) (p2De3Dpa) 11 + 2 (p1Neap3) (p2De3 Dp3) I
+ 2(p1Np3) (p2Deserp3) Iia — 2 (p1Np2) (p2e3Der p3) 114

+ 2(p1NexDe3p2) (p2p3) lia — 2 (p1Neae3 Dpa) (p2Dp3) s

+ 2(p1NexesDp3) (p2p3) Iy — 2 (p1Neaes Dps3) (p2Dp3) I

— 2(p1Ne2e3Npy) (p2p3) I + 8 (p1NeaesNpy) (p2Dp3) Io

— 4(p1Ne3sDexp3) (p1Np2) If; +4(p1Nesea Dp3) (p1Np2) I

— 2(p1Np2) (p2De3Der p3) s + 2 (p1Np2) (p2Desea Dp3) Iis
+ 2(p1Np2) (p3Dere3Dp3) Iy — 2 (p1Np2) (p3DesDex p3) I
+ 4(piNe2De3Dpr) I — 2 (p1NexDe3Dps) (p2Dp3) 117

+ 2(p1Ne2De3 Dp3) (p2p3) I — 2 (p1NexDe3 Dp3) (p2 Dp3) I,
— 8(piNe2De3Npy) (p2p3) Io +2 (piNeaDesNp1) (p2Dp3) I
+ 2(p1Np3) (p2De2De3 Dpa) Iry + tr(Dez) (p1Np2) (p2esp2) o
+ tr(De2) (p1Np3) (p2e3p2) I — 2tr(Dez) (p1Ne3p2) (p2p3) 1o
+ 4tr(De2) (p1Ne3p2) (p1Np2) Ie + 2tr(Dea) (p1Np2) (p2€3Dp3) I1s
+ 4tr(De2) (p1Ne3Dp2) (piNp2) I
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+ 2te(De) (p1Ne3Dp2) (p2Dp3) Iy

— 2tr(Dea) (p1Ne3sDp3) (pap3) Lis

—4u(Dey) (piNesDp3) (piNp2) I3

+2tr(De2) (p1Ne3Dp3) (p2Dp3) Lig

— 2tr(De2) (p1Ne3Np1) (p2p3) I +2tr(De2) (p1NesNpy) (pi1Np2) Iy

+ 2t(Der) (p1Ne3sNp1) (p2Dp3) I + tr(Der) (piNp2) (p2De3Dpy) 1z
— r(De2) (p1Np3) (p2DesDpa) Iy

+2tr(De2) (p1Np2) (p2De3 Dp3) 1y

—2tr(De3) (p1Np3) (p3Derp3) 1o

—tr(Dey) tr(De3) (p1Np2) (p2p3) Lis

+ tr(De2) tr(De3) (p1Np2) (piNp3) I3

— tr(Dey) tr(De3) (p1Np2) (p2Dp3) Lo

+ 2tr(e2€3) (P1Np2) I3 — tr(€2€3) (p1Np2) (p2p3) Lie

+ tr(e2€3) (P1Np2) (pINp3) I — tr(e2€3) (p1Np2) (p2Dp3) 1

— 2tr(DeaDe3) (p1Np2) L + tr(Dex Des) (p1Np2) (pap3) 1is

— tr(Dey De3) (p1Np2) (p1Np3) It + tr(Dey Des) (p1Np2) (p2Dp3) I17)

+ (2« 3), 3.17)

2iP(P+D /2

ol C'hy.b, 8" (=2 (p2€3Derp3) pagp2; I

+ 2 (p2€3eaDp3) pa, p2;i 14 — 2 (p3Deseaps) pa, pa; s

— 4(p1NesDexp3) pa,p2;11) +4(p1Nesea Dp3) pagpa; 1y,

— 2(p2De3Deap3) prap2ilis + 2 (p2DezeaDp3) pagp2ilis

+ 2(p3De2e3Dp3) payp2ila2 — 2 (p3De3sDerp3) pa,p2ilan

+ 2(p3Dey De3Dp3) pa, p2; 1y, + tr(Der) (p2€3p2) p2y p2i 120

+ 4tr(Der) (p1Nesp2) p2ap2ile +2tr(Der) (p2e3Dp3) pa,p2i 118

+ 4tr(De2) (p1Ne3Dp2) prgp2il7 —4tr(Der) (piNe3Dp3) pr,p2i 13
+ 2tr(De2) (p1NesNpi) pr,p2ila + tr(Der) (p2De3 Dp2) pa, p2ilai
+ 2tr(De2) (p2De3 Dp3) pag p2; 119 + tr(De3) (p3e2p3) pag p2ilyg

— tr(De3) (p3Dea Dp3) p2,p2i 1y — tr(Déa) tr(De3) (pap3) p2op2ilis
+ 2tr(Dep) tr(De3) (p1Np3) p2,p2i 13

— tr(Der) tr(De3) (p2Dp3) p2yp2i 19 + 2tr(€2€3) pa, p2; 123

— tr(e2€3) (p2p3) P24 P2i 116 + 2tr(e2€3) (PINP3) p2,p2i 12

— tr(e2€3) (p2Dp3) p2yp2i 114 — 2t1(Dey De3) pa, 2 o4

+ tr(Dex Des) (pap3) pagp2ihis — 2t(Der Des) (piNp3) paap2ili

+ tr(DeaDe3) (p2Dp3) pagp2i 117 — 2 (pi1Nexe3 pa) pa; p3q o
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+ 2(piNesexps) p2; p3gla — 2 (p2€3Derp3) pa; p3glia

+ 2 (p2€3€2Dp3) p2; p3aT1a — 2 (p3Deseaps) pa; p3aly

— 4(p1Ne2e3Dp3) p2; p3,Ig + 4 (p1NexesNpy) pa; p3glo

— 2(p1Ne3sDexp3) p2; p3g Iy +2 (pi1NeseaDp3) pa; p3a i

— 2(p2De3Derp3) p2;p3o1is + 2 (p2Deser Dp3) pa;p3glis

+ 2(p3Dexe3Dp3) pa; p3gloa — 2 (p3De3 Derp3) pa; p3g I

— 2(p1Ne2De3Dpy) pa; p3g Iy +4 (piNeaDes Dps) pa; p3gly

+ 4(p1NexDe3sNpy) p2;p3als —2 (p1NesDe; Dp3) pa; p3g 1

+ 2(p3DerDe3Dp3) pa; p3, 1y, +tr(Der) (p2€3p2) p2; p3gl2o

+ 2tr(Dey) (p1N€3p2) p2i p3gle + 2tr(Der) (p2€3Dp3) p2; p3glis
+ 2tr(Dey) (p1Ne3Dp3) pa; p3 17 + tr(Der) (p2De3 Dpo) pa; p3g i
+ 2tr(De2) (p2De3 Dp3) pa; p3aTio + tr(De3) (paeap3) p2; paali
+ 2tr(De3) (p1N€2p3) pa; P3alg — 2tr(Des) (p1NeaDp3) pa; p3g Iy
— tr(De3) (p3De2Dp3) pa; p3g Iy — tr(De2) tr(De3) (p2p3) p2; p3qlis
— tr(De2) tr(De3) (p2Dp3) p2; p3a 119 + 2tr (€2€3) p2; p3, 123

— tr(€2€3) (p2p3) p2i P3al16 — tr(€2€3) (p2Dp3) p2; p3gli4

— 2u(DerDe3) pa; p3gIoa + tr(Dexr Des) (pap3) p2ip3alis

+ tr(Dey De3) (p2Dp3) p2; p3 117 — 2 (p1NesDex p3) pa, p3ily

— 2(p1NeseaDp3) pa, p3; 1) — 2tr(De3) (p3Deaps) pagp3ila

— 2tr(De3) (p3Derp3) p3op3ilar +2 (piNexp3) pri(p2€3) 1o

+ 2tr(De2) (p1Np3) p2i(p2€3)qle + 2 (p1Neap3) p3;(p2€3), 12

+ 4(p1Ne2Dp2) p3;(p2€3), 16 + 2 (p1N €2 Dp3) p3;(p2€3) 1

+ 4(piNeaNp1) p3;i(p2€3) 1o — 2tr(Der) (p1Np2) p3;(p2€3), 16

— 2(p1Nexp3) p24(p2€3)i 12 + 2 (p2Dérp3) p2,(p2€3); 120

+ 2(p3Dexp3) p2,(p2€3); 114 — 2 (p3De2 Dp3) pa,(pae3);lis

— 2tr(De2) (p2p3) P24 (p2€3)i 10 — 2tr(De2) (p1Np3) p2,(p2€3)i 16
— 2(p1N€xp3) p3a(p2€3); 12 + 2 (p2Déap3) p3,(p2€3); 120

+ 2(p3Derp3) p3(p2€3);i 114 — 4 (p1Ne2Dp2) p3,(p2€3); 16

— 4(p1Ne2Npi) p3,(p2€3);l9g — 2 (p3DeaDp3) p3,(pae3);lis

— 2tr(De2) (p2p3) P34 (p2€3)i 120 + 2tr(De2) (p1Np2) p3,(p2€3); 16
+ 2(p1NesDp) p3;(p3€a) Ii; — 2 (p1Np2) (p2€3); (p3€a) I

— 2(pINP3) (p2€3);(P3€2) o 12 + 2 (P1N€3Dp2) pay(p3en);lis

+ 2(p2De3Dp3) pa,(p3€a);i I + 2 (p1NesDp) p3,(p3e2);i I,

+ 2(p2De3Dp3) p3,(p3€2)ila — 2 (p1Np2) (pap3) (€2€3) 4 12

+ 2(p1Np3) (p2p3) (€2€3)4i 12 +4 (p1Np2) (P1Np3) (€2€3),4; 19
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+ 2(p1Np3) (p2Dp3) (e2€3)4i 11 — 2 (p1Np3) (p2Dp3) (€2€3);0 11,

— 2(p2€3p2) p2i(P1N€2) 12 + 8 (p1N€e3p2) pri(piIN€) 1o

— 4(p263Dp3) p2;(P1N€2),Ig + 8 (p1NesDp2) pa;(p1Nea), Is

+ 4(p1Ne3Dp3) p2;(piNe) I — 8 (piNesNp1) p2;(piNe) 1o

— 2(p2De3Dps) pa;(p1Nea), Iy + 4 (paDe3sDps) pr;(piNer), 1

+ 2tr(De3) (p2p3) p2; (pi1N€e)Ig — 2tr(De3) (piNp3) p2;(piNe2), I,
— 2tr(De3) (p2Dp3) p2;(p1Ne) 17 — 2 (pae3p2) p3;(piNe), I

+ 4(p1Ne3p2) p3j(p1Ne)Io —4(p1Ne3Dps) p3;j(piNe),Is

+ 2(p2De3Dpy) p3;(pi1Ne) Iy — 2te(De3) (pap3) p3i(piNe), I

— 2tr(De3) (p2Dp3) p3;i(p1Nex) 17+ 4 (p2p3) (PiN€e2),(p2€3); I

— 4(p1Np3) (p1Ne€2),(pa€3);lo + 2 (pae3p2) pa,(p1N€); I

— 8(p1Ne3p2) pag(piNer);lo + 4 (p2e3Dp3) pr,(piNe); Ig

— 8(p1NesDp2) pr,(p1Ner);Is — 4 (p1Ne3sDp3) pa, (pi1Ner);

+ 8 (p1Ne3sNp1) p2,(p1Ne2); Lo + 2 (p2De3sDp2) pr,(p1Ne2); Iy

— 4(p2De3Dp3) pr,(p1Ne); Iy — 2tr(De3) (pap3) p2,(p1Ne); Ig

+ 2tr(De3) (p1Np3) p2,(p1Ner); I, +2tr(De3) (p2Dp3) pr,(p1Nex); I
+ 2(p2€3p2) p3,(p1N€2); 1o — 4 (piNesp2) p3,(piNer);lo

+ 4(p2e3Dp3) p3,(p1Ne2)Ig — 4 (p1Ne3sDpy) p3,(piNer); Is

+ 2(p2De3Dpy) p3,(p1Ne); Iy — 4 (p2De3sDp3) p3,(piNer) I

— 2tr(De€3) (p213) P3a(P1N€2); I + 2tr(De3) (p2Dp3) p3a(PiNe2); Iz
— 4(p1Np3) (p1Ne€2);(pa€3) lo — 4 (p3Dexp3) p3;(pi1Nes), I,

+ 4(p2p3) (piN€2);(p1N€3),Io + 4 (p2Dp3) (piNe2);(pi1Nes),Is

+ 4 (p3Derp3) pro(p1Nes);Ij +4 (p3Derp3) p3,(piNes); I,

— 2(p2€3p2) p2,(p2De2); 10 — 8 (p1Ne3p2) pr,(p2Der);le

— 4(p2€3Dp3) p2,(p2De€2); 11s — 8 (p1Ne3Dp2) pa,(p2Der); I

+ 8(p1Ne3Dp3) pr,(p2De2); I3 —4(p1NesNp1) pra(p2Der);la

— 2(p2De3Dpy) pr,(p2Dé€2); o1 — 4 (p2De3 Dp3) pa,(p2Dér); 1ig

+ 2te(De3) (p2p3) p24(p2De2); 113 — 4tr(De3) (p1Np3) pa,(p2Der); I3
+ 2tr(De3) (p2Dp3) p24(p2De2); 119 — 2 (p2€3p2) p34,(p2De2);iIro

— 4(piNes3p2) p3g(p2Der);ile — 4 (p263Dp3) p3,(p2Der)il1s

— 4(p1Ne3Dp2) p3,(p2De2)iI7 — 2 (p2De3 Dp2) p3,(p2Der); 121

— 4(p2De3Dp3) p3,(p2Der); 119 + 2tr(De3) (p2p3) p3q(p2Der); 113
+ 2tr(De3) (p2Dp3) p3,(p2De2); 119 — 4 (p1Np3) (p2De€2); (p2€3),I6
+ 4(p2p3) (p1N€3)(p2De2);Ig + 4 (p2Dp3) (p1N€3),(paDer); 17

+ 2(p1Ne2Dp3) p2;(p2De3) 11 + 2tr (Deé2) (p1Np3) pa;(p2De3), 17



382

K. Becker et al. / Nuclear Physics B 907 (2016) 360-399

— 2(piNexp3) p3;(p2De3) 11y +4(piNexDp2) p3;(paDes) 17

— 2(p1N€e2Dp3) p3;(p2De3), 11 + 4 (p1NeaNpy) p3;(p2Des), Is

— 2tr(De2) (p1Np2) p3;(p2De€3) 17 4 2 (p1Np3) (p2De3) ,(p3ea); I
— 4(p1Np3) (piN€2);(p2De3),Is — 4 (p1Np3) (p2De2);(p2Des) 17
— 2(p3€2p3) p24(p2De€3); 114 + 2 (p3Deap3) p2,(p2Des); s

+ 2(p1NeaDp3) p2,(p2Des); 1y — 2 (p2Dex Dp3) pa,(p2Des);Iai
+2tr(De2) (p1Np3) p24(p2De€3); I

+2tr(Der) (p2Dp3) p2,(p2De3); 12

— 2(p3€2p3) p3,(paDe3); 14 + 2 (p3Der p3) p3,(p2De3); 115

— 4(p1Ne2Dp2) p3,(p2De€3); 17+ 2 (p1Ne2Dp3) p3,(p2Des); i

— 4(piNe2Np1) p3,(p2De3);Is — 2 (paDex Dp3) p3,(p2De3);In
+2tr(De2) (p1Np2) p3q(p2De3); I

+2tr(Der) (p2Dp3) p3,(p2De3); 12

— 2(p1Np3) (p2De3);(p3e2) 11 +4(p1Np3) (piNed),(p2De3); Is
— 4(p2Dp3) (p1Ne2)(p2De3); 1 —2(p1Np3) pa;(p2€3€2) . 12
+2(p1Np2) p3;(p2€3€2) .12 — 4p2,(p2€3€2); 123

+2(p2p3) P2a(P2€3€2); 116 — 2(P1Np3) p2o(p2€3€2); I
—4p3,(p2€3€r);i 13 + 2 (p2p3) p3.(p2€3€2);li6

+ 2(P1INp2) p3y(p2€3€2); I + 2 (p1Nespa) p3;(p3Der), I,

— 2(p1Np3) (P263); (p3De2) I1; + 2 (p1Np2) (p2De3); (p3Der),
— 2(p1Np3) (p2De3);(p3Der) It — 2 (p1Ne3p2) pa,(p3Der); 115
— 2(p263Dp3) p2,(p3De);Ina — 2 (p1Ne3pa) p3,(p3Der); I,

— 2(p263Dp3) p3,(p3Der); Iy — 2 (p1Np3) (p2€3),(p3Der); I

+ 4(p3Dexp3) p24(p3De3) ;12 +4(p3Derp3) p3,(p3Des) ;I

+ 2(p1Np3) (p2p3) (€2D€3),i 11 — 4 (p1Np2) (p1Np3) (€2De€3)4; I
+ 2(p1Np2) (p2Dp3) (e2D€3),4; 11 + 2 (p1 Np3) (p2Dp3) (e2D€3),; 11
+ 2(p1Np3) (p2p3) (€2D€3)ia 11y = 2(p213) P2 (P1N€2€3) 2

+ 4(p1Np3) p2i(p1Nex€3) Io + 2 (p2p3) p3i(Pi1Neres) 1o

+ 2(p2Dp3) p3;(p1Ne2€3) 11 — 2 (p2p3) p2a(p1Nee3); I

+ 4(p1Np3) p2,(P1N€x€s); lo — 2 (pap3) p3a(P1N€x€3); I

— 2(paDp3) p3;(p1N€es€a) A1) — 2(p2Dp3) pay(piNeser); I,

— 2(p2Dp3) p3o(p1Nes€2); 11y + 2 (p2p3) p2a(p2Deres); o

+ 4(p1Np3) p24(P2Dere3); I + 2 (p2p3) p3.(p2De€r€3); Iro

— 2(p2Dp3) p24(p2Deser); Iis — 2(p2Dp3) p3,(p2Deser); 1is

+ 2(p2p3) p2q(p2€3D€2);i 14 + 2 (p2p3) p3g(p2e3Der); 14
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+ 2(p1Np3) p2;(p3Deres) 11, — 2 (p1Np2) p3;(p3Deres) I},

+ 2(p1NP3) p2y(p3Deres); I{; + 2 (p1Np2) p3,(p3Deres); I

— 2(p2Dp3) p2,(p3Des€r); 1o — 2 (p2Dp3) p3,(p3Deser); I

— 2(p1Np3) p2;(p3eaDes) I + 2 (p1Np2) p3;(pseaDes), 1

+ 2(p1Np3) paa(p3e2Des); If; — 2 (p1Np2) p3,(p3eaDes); I,

+ 4(p1Np3) p2i(p1NerDes)Is — 2 (p2Dp3) p2; (piNerDes) 1
— 2(p2p3) p3;(p1NexDe3) 11, — 2 (p2Dp3) p3;(p1NeaDes) Iy
— 4(p1INp3) p2,(p1N€e2De3);Is + 2 (p2Dp3) p2,(p1Ne2Des); Iy
+ 2(p2Dp3) p3g(p1NexDes); 11 — 2(p2p3) p3;(piNesDe), I
+ 2(p2p3) P2a(P1N€3De); 11, + 2 (pap3) pag(piNesDer), I

— 4(p1Np3) p2,(p2De2De3); I7 — 2 (p2Dp3) p2,(p2Dex De3);Iny
— 2(p2Dp3) p3,(p2DerDe3); Ir1 + 2 (p1Np3) p2i(p2DesDer) 1
— 2(p1Np2) p3i(p2DesDer) 1y + 4pa,(p2Dez Der); Ira

+ 2(p1Np3) p2,(p2De3Der); It — 2 (p2Dp3) p2,(p2DesDer); 1ig
+ 4p3,(p2DesDer); s + 2 (p1Np2) p3,(p2DesDer); I

— 2(p2Dp3) p3,(p2DesDer); 117 + 2 (p2p3) pr,(p3DesDer); 12
+ 2(p2p3) P3.(p3DesDer); 1o + 2 (p1Np2) (p2€3p2) €241 12

+ 2(p1Np3) (p2€3p2) €24i 12 — 4 (p1N€3p2) (p2p3) €24i 12

— 8(p1Ne3p2) (pINP2) €24ilo +4 (p1Np2) (p2€3Dp3) €24l

— 8(p1N€e3Dpy) (p1Np2) €24ils + 4 (p1N€e3Dp2) (p2Dp3) €24 11
— 4(p1Ne3Dp3) (p2p3) €24ilg — 4 (p1Ne3Dp3) (pi1Np2) €24i 1y

— 4(p1Ne3Dp3) (p2Dp3) €24i 17 + 4 (p1 NesNp1) (p2p3) €2ailo

+ 8(p1Ne3sNp1) (p1Np2) €24i110 — 4 (p1Ne3Np1) (p2Dp3) €24i 15
+ 2(p1Np2) (p2De3Dpr) €24i 11 — 2 (p1Np3) (p2De3Dpa) €24i 11
— 4(p1Np2) (p2De3Dp3) €417 — 2tr(De3) (p1Np2) (p2p3) €24ilg

383

+ 2tr(De3) (p1Np3) (p2p3) €24i ¢ + 2tr(De3) (p1Np2) (p1Np3) €241
+ 2tr(De3) (p1Np2) (p2Dp3) €24i17 + 2tr(De3) (p1 Np3) (p2Dp3) €24 17

+ 4(p1Np3) (p3Derp3) €34i1];) + (2 < 3),

abb ..Ab,,_l (

CY,.b, & tr(De2) tr(D€3) pay, p2 P34 P3i 13

(p—D!
+ tr(€2€3) p2, P2 P34 P3i 12 — tt(DeaDe3) pry p2 j p3a p3i 1

— 2tr(D€2) p2y 2 P3i (P2€3) o l6 — 2t1(De€2) p2j p3, p3; (P2€3) 4 16
+ 2tr(De2) p2j, p2j P3a(P2€3) i I + 2 tr(D€2) p2j, p3,p3  (P2€3); I
— 2p2,p P2 (P2€3); (p3€2) o 12 — 22 p3p(P2€3)i (P3€2) o 12
—2p2;,p3j(P2€3)i (p3€2) 12 — 2p3, p3 j (p2€3); (P3€2) o 2

(3.18)
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+2(p2p3) P2y p2i(€2€3) 4 12

— 4(P1INP3) pap P2 (€2€3) 4519 — 2 (p2p3) P2y P3i(€2€3)45 12

— 2(p2Dp3) P2y p3i(€2€3)4j 111 +2(P2P3) P2 P3a(€2€3)pi 12

+ 2(p2p3) p3ap3i(€2€3)pi 12 + 4 (p1Np2) p3,p3i(€2€3)pilo

+ 2(p2Dp3) p3ap3i(€2€3)p; 111 — 4 (p2Dp3) payp3a(€2€3);1o

+ 2(p2Dp3) p2pp3i(€2€3) jal{ — 2 (p2Dp3) p3,p3i(€2€3) jp 11,

— 4p2;ip3j(P1IN€2) (P2€3) 1o + 4p3, p3; (P1IN€2) 4 (P2€3) j 1o

— 2tr(De3) p2j P3a P3i (PINE) I} + 4p2 i p3,(p1N€)(p2e3); I
— 2t(De3) p2y, p3a 3 j(PIN€); 1) — 4p2;,p3 ;(P1N€2); (p2€3) 4 1o
— 4p3pp3(P1N€2);(p2€3) 1o +4p2p p3,(P1N€2); (p26€3) ;1o
+4p2;p3i(piN€2),(p1Nes) 110 + 8papp3j(piNe); (piNes),lio
+ 4p2pp3.(P1N€2) j(p1N€3); 110 + 4tr(De3) pay p3, p3 j(p2Der); I3
— 4p2yp3;(p2De2);(p2€3),ls — 4p3,p3j(P2D€2); (P2€3) 416

+ 4p2 P34 (p2D€2); (p2€3) jl6 — 4p2y, p3 j(PIN€3) (P2 De2) 14

+ 4p2pp34(P1N€3) j(p2Der);i1s — 2tr(Der) pay, p2 j p3; (P2 De3) 17
— 2tr(D€2) 2 3y P3i (P2 D€3) o 17 — 2p2y p3i (P2 De3) o (p3€2) 11
— 2p3,03i(P2D€3) o (p3€2) j 11y — 4p2;p3i(P1N€)y(p2De3), Is

— 4p2pp3j(P1N€2);(p2De3) 15 +4p3,p3;(p1N€2) j(paDes), Is
— 4p2pp3j(p2De€2);(p2De3) 17 — 4p3yp3 j(p2De€r); (p2Des) 17
+ 2tr(De2) pa, P2 P3a(P2D€3)i 17 +4p2p3 . (pP1N€2), (p2De3);ls
— 4p2pp34(P1N€) j(p2De3);Is — 4pry, p3,(paDer) j(p2De3); Iy
+ 2tr(D€2) p21, P34 P3i (P2 D€3) j 17 + 2 p2yy p3; (P2 Dé€3) j(p3€a) 11
+ 2p3pp3i(P2D€3) j(p3€2)o Iy + 4P2p P34 (P2 De3) j(p3€2); I8
—4p3p3i(PIN€)(p2De3) jIs + 2payp2 j p3i(p2ezer) I
+2p2;p3pp3i(P2€3€2) o I — 2p2j P2 P34 (P2€3€2) ;

— 2p2; P34 3i (P2€3€2) j 12 + 2p2y, p3;(p2€3) j (p3Deén) 1

+ 235 P3i(p2€3) j(P3De€2) o Iy + 22y 2 (p2D€3); (p3De2) 1t

+ 2p2p3p(p2Des)(p3Der) 11 + 22y, p3i(p2De3) j(p3Der), 11
+ 2p3p03i(P2D€3) j(p3De2) It — 2p2yp3 j(P2€3) o (P3De2); I,

= 2p3,03;(P2€3)a (P3D€2); 1) +4p2p, P34 (p2D€2) j(p3De3); I3

+ 4(p1Np3) p2pp2i(€2D€3),j1s — 2 (p2Dp3) papp2i(€2De3) ;11
— 2(p2p3) P2pp3i(€2De3)gj 11 —2(paDp3) papp3i(€aDes),i 1

— 2(p2aDp3) P2 p3a(€2D€3)pi 11 4 2 (p2p3) P34 3 (€2D€3),; 1,
— 4(p1INp2) p3p3i(€2D€3)yjls +2(paDp3) p3,p3i(€2De3),; 1
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— 2(pap3) p2pp3i(€2D€3) jo 111 + 2 (p2p3) p3ap3i(€2De3) 11,
— 4(p2p3) P2pp3a(€2D€3) jilo +4p2jp3,p3i(pIN€xes), Iy
+4p2, P34 P31 (P1IN€2€3) 1o + 42y, p3, p3i (P2 Deres) 1o

— 2p2yp2jp3i(P3Dexes) Iiy — 2p2; 3 p3i (p3Deres) I,

— 2p2, p2i P3a(P3Dex€3) ; I1; +2p2p, p3,P3i(P3De2es) ;1
+2p2p2jp3i(p3€2De3) 11y +2p2;p3pp3i(p3€2Des) 1

+2p2p P2 P34 (P3€2D€3) 17

+ 2p2, P34 P31 (P3€2D€3) ;1) +4p2; p3,p3i(P1Ne2Des), Is

— 4p2p,p3ap3i(PIN€Des) i Is — 4pay, p3, p3;(p2DerDes) I

— 2p2pp2jp3i(p2DesDer) 1y — 2p2j p3yp3i(p2DesDer) I

— 2p2pp2iP3a(P2De3Der) j 11 + 2p2y 3, p3i(p2DesDer) i1

+ 4 (p1Np2) p3;(p2€3)p€24ilo — 4 (P2p3) P2y (P2€3) j€24i 12

+ 4(P1Np3) p2p(p2€3) j€24i 19 — 4 (P2p3) P35 (P2€3) j€24i 12

— 4(p1Np2) p3p(P2€3) j€24ilo — 4 (p2p3) P3j(P1IN€3)p€24i 1o

— 8(p1Np2) p3j(P1N€3)y€rail10 +4 (p2Dp3) p3j(p1N€3)perails
+ 4(p2p3) P2p,(PIN€3) j€24i 19 — 4 (p2Dp3) p2y(P1IN€E3) j€24i 15
+ 4(p1NP2) p3j(P2D€3)p€24iIs — 4 (p2p3) 2y (P3De3) j€24i
— 4(p2Dp3) p2y(p3De3) j€2ai 17 — 2 (p2€32) P2y P2i€2aj 2

+ 8(p1Ne3p2) papp2i€2qilo — 4 (P2€3Dp3) p2yp2i€24il

+ 8 (p1Ne3Dp2) pappri€24ils +4 (p1Ne3Dp3) paypai€rq;ly

— 8(p1Ne3sNp1) papp2i€2aj 110 — 2 (p2De3Dp2) pappai€aq;li

+ 4 (p2De3Dp3) paypaj€24j 17 + 2tr(De3) (pap3) papP2i€24j 16
— 2tr(De3) (p1Np3) papp2i€24j 14 — 2t0(De3) (p2Dp3) payp2i€ajly
—2(p2€3p2) p2; P3p€2aj 12 +4 (PIN€3P2) P2; P3p€2qjlo

— 4 (p2€3Dp3) p2; p3p€2ajls

+ 4(p1Ne3Dp2) p2; p3perajls — 2 (p2De3Dp2) p2; p3p€aqajli

+ 4 (p2De3Dp3) pa; paperqjly + 2tr(De3) (pap3) p2; P3p€rajls
— 2tr(De3) (p2Dp3) p2; P3p€2ajl7 — 2 (P2€3p2) P2y P3i€2qj 12

+ 4(p1Ne3p2) papp3i€2ajlo — 4 (p1NesDp2) papp3i€rajls

+ 2(p2De3Dpy) payp3i€aqjli — 2tr(De3) (p2p3) p2y3i€2qjly
— 2tr(De3) (p2Dp3) papp3i€2ajl7 — 2 (P2€3p2) P3pP3i€2qi 2

+ 2(p2DesDp2) p3pp3i€2ajli +4 (p1NP3) p2; (p2€3) €245 1o

— 4(p2p3) p2i(P1IN€3)per4jlo — 4 (p2Dp3) p2; (P1IN€3) €245 15
+ 4(p1Np3) p2;(p2De3)p€aqjls +4 (p1Np3) p2p(p2Des);€rajls
— 4(p2Dp3) p2p(p2De3);€rqjli +4 (p1Np2) p3p(paDes)ieag;ls
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— 4(p2Dp3) p3y(p2De3) ;€241 + 2tr(De3) (p2p3) p3gp3i€anile

+ 2tr(De3) (p1Np2) p3g p3i€an; Iy + 2t(Des) (p2Dp3) p3,p3i€anily
+ 4(p2p3) P3a(P1IN€3)€2pjlo + 8 (p1Np2) p3,(p1N€Es);€2pj 110

— 4(p2Dp3) p3,(p1N€3);€apiIs — 4 (p2p3) p3a(p3Des)i€ap)l

— 4(p1Np2) p34(p3De3);eap; Iy — 4 (p2Dp3) p3,(p3Des);enp;l;

— 4(p3Dexp3) papp3i€sajlly — 4 (p3Dexp3) p3pp3i€3ajliy

+ 4(p1Np2) (p2p3) €24j€3pi 19 — 4 (p1Np2) (PINP3) €245€3pi 110

+ 4(pINp2) (p2Dp3) €24j€3pi15) + (2 <> 3), (3.19)
PtD 3
3 4lp
Ao =~y gy breby-a8 2 (<2p2e P2 Paapai€2€s)oilo
+ 2p2cp2jp3ap3i(€2D€3) s — 2pa.p2; p3 j(P2€3)p€2ax 1o
— 2p2i P3:P3j(P2€3)p€2ak 19 +4p2. P2 P3j (PIN€3)p€2a1 110
— 2p2.p2; P3j(P2De€3)p€2arls — 2p2; p3.p3 (P2 De€3)perarIs
+ 2p2.P2i P3a(P2€3) k€20 19 — 2D24 P30 P3i (P2€3) k€20 1o
— 4p2.p2iP3a(P1IN€E)re2pi 110 + 2p2e P2; P34 (P2 DE3) €2pj I5
— 2p2:P3aP3i (P2DeE3) €2 s + 22, p2; P34 (p3De€3) € Iy
— tr(De3) pac P2 P3aP3i€2uk Ly — 2 (P2P3) P2cP2i€2aj €30k 1o
+ 4(p1INp3) pacp2i€2aj€3pkl10 — 2 (P2 DPp3) P2 P2i€24j €30k 15
+ 2(p2p3) P2eP3i€24j€36k 19 — 2 (P2Dp3) pacp3i€2aj€spils) + (2 < 3),
(3.20)
4 8iﬂ(p+1)ﬁ - bedb
'A(C‘()p+l)hh = RTEEE M, 381 1"'}"’_317201172]'[7.%1173562bk€3c1110 +2<3).
(3.21)
3.4. C?=Y amplitudes
_ 40 (D 2 3)
Acw-vpr =Aci-ng, T Aco-vgn T Aco-vgn T Aco-ngn (3.22)
0 2iP(P+D /2
A g = chl.‘.bp,lgabhl Pt (2(piNeres pa) payp3a

+ 2(p1Nes€aps) p2pp3qgla — 2 (p2Derespa) pap p3g oo

— 2(p2Deserp3) papp3qlia + 2 (p2esze2Dp3) papp3qlia

+ 2(piNe2De3pr) p2pp3glin + 2 (piNexesDpa) prypp3glin
+ 4 (p1Ne2e3Dp3) payp3,lg — 4 (p1NexesNp1) paypaglo
— 2(p1NesDex p3) papp3gIiy +4(p1Nesea Dp) paypp3gls
+ 2(p1NeseaDp3) papp3gliy + 2 (p2DerDespa) papp3gly
+ 2(p2De2e3Dp2) p2yp3aly, — 4 (p2De2e3Dp3) payp3alis
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— 2(p2De3Derp3) prpp3qlis + 2 (pae3sDexrDps) papp3glis

— 2(p3Der€3Dp3) pa,p3al22 + 2 (piNe2DesDpr) pa,p3q i

— 4(p1NexDe3Dp3) papp3g 17 — 4 (p1NeaDesNp1) payp3gls

+ 4 (p1NesDexDpa) pap3gl7 — 2 (p1Ne3Der Dp3) payp3 i

— 2(p2De2De3Dpy) pap, p3qlar — 4 (p2Der DesDp3) pay, p3qlio

— 2tr(De3) (p1Nexp3) papp3qls + 2tr(De3) (paDer p3) payp3alis
+ 2tr(De3) (p3Der p3) papp3glaa + 2tr(Des) (p1 NeaDp3) payp3g Iy
+ 2tr(De3) (p2Der Dp3) pay p3. 119 + 2 (p3Deser p3) pa, paplyg

+ 2(p3De3Der p3) pag papla + 2 (p3DeaDe3 Dp3) pa, papls,

— 2(piNe2p3) p2p,(p2€3) 12 + 2 (p2Deap3) pay(p2€3) 4120

+ 2(p3De2p3) pap(p2€3) lia — 2 (p1NeaDp3) pay,(pae3) 111

— 2(p2De2Dp3) p2y(p2€3)a I3y — 2 (p1N€2p3) p3y(p2€3) 1o

+ 2(p2Derp3) p3p(p2e€3) 0 + 2 (p3Derp3) p3p(p2es), lia

— 2(p2De2Dp3) p3y(p2€3)y 15y + 2 (p1N€2Dp3) p3q(p2€3)p i

— 2(piNes3p2) pap(p3€2) 12 + 2 (p2De3p2) pay(p3€a) 14

+ 2(p2€3Dp3) p2y(p3€2) 4159 + 2 (p1N€3Dp2) pay(p3ea) 113

— 4(p1Ne3Dp3) pay(p3€a) Ig +4 (p1NesNp1) pay(p3e2) o 1o

+ 2(p2De3Dp2) pap(p3€a)1is +2(p2DesDp3) pap(p3e€r) 12

— 2tr(De3) (p2p3) P25, (p3€2) o Iyg + 2 tr(De3) (p1Np3) pay(p3e) I
— 2(p1Ne3p2) p3p(p3€2) 12 + 2 (p2De3pr) p3p(p3€n) lia

+ 2(p263Dp3) p3p(p3€2) sy + 2 (p1NesDp2) p3p(p3ea) 1,

+ 2(p2De3Dp2) p3,(p3€2) 115 +2 (p2De3Dp3) p3,(p3€) 12

— 2tr(De3) (p2p3) pap(p3e) Iy — 2te(De3) (p1Np2) p3p(p3ea) I
— 2(p1Np2) (p2€3)p(p3€2) 12 — 2 (P1Np3) (p2€3)p(p3€2) 2

— 2(p1Np2) (p2p3) (€2€3)ap L2 + 2 (P1NP3) (p2p3) (€2€3)0p 12

+ 4 (p1Np2) (P1Np3) (€2€3)ap 1o — 2(p1 Np2) (p2Dp3) (€2€3) 45111
+ 2(p1Np3) (p2Dp3) (€263)ap 111 + 2 (P2€312) P2y (P1N€2) 12

— 8(piNesp2) prp(piNer) 1o + 4 (p2De3pa) pap(p1Ner) it

+ 4 (p263Dp3) p2,(p1N€2) I — 8 (p1Ne3Dp) pay(piNer),Is

— 4(p1Ne3Dp3) p2(p1Ne2) 1) +8 (p1NesNp1) pay(piNe), lio
+ 2(p2De3Dpy) pay(p1Ner) Iy — 4 (p2DesDps3) pay(piNer), I

387

— 2tr(De3) (p2p3) p2p(p1N€2) I + 2tr(Des) (p1 Np3) pay(piNe), I,

+ 2tr(De3) (p2Dp3) pay(piN€) 17 — 4 (p1Nespa) p3,(piNe),Io
+ 4 (p2De3pr) p3p(piNex) i1 +4 (p2e3Dp3) p3p(piNe), I
— 4(p1Ne&3sDpy) p3,(p1N€2)Is — 4 (p2DesDp3) p3,(piNe) I
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— 2tr(De3) (p2p3) p3p(p1Ner) Ig + 2tr(Des) (p2Dp3) p3p(p1Ner), 1y
— 4(P1Np3) (P1N€2),(p2€3)plo — 2 (p2€3p2) p34(P1N€2), 12

— 2(p2De3Dp7) p3 (piNex)y It + 4 (pi1Nexp3) pap(piNes),Io

+ 4(p2Dexp3) pay(PIN€3) ,I6 +4 (p3Deap3) pay(P1IN€3) I

+ 4 (p1Ne2Dp3) p2(p1N€s),Is +4 (paDer Dp3) pay(piNes) Iy

— 4(p2p3) (p1N€3),(p3€a)pyla —4(p1Np2) (P1N€3),(p3€2) 19

+ 4(p2p3) (piNe€2) (p1N€3)ylo + 4 (p2Dp3) (piNe2),(p1N€3),Is
— 2(p2e3p2) p2p(p2D€2) s 10 — 8 (P1N€3p2) pap(paDen),ls

+ 4 (p2De3p2) pap(p2Der), Iyy — 4 (p2€3Dp3) pay(paDer),Iig

— 8(p1Ne3Dpy) pry(p2Der) 17 + 8 (p1Ne3Dp3) pay(p2Der) I3

— 4(p1NesNp1) pap(p2Der)1s — 2 (p2De3 Dp2) p2y(p2Der), a1

— 4(p2De3Dp3) pay(p2Der) o + 2tr(Des) (p2p3) pap(p2Der), 1is
—4tr(De3) (p1Np3) p2y(p2De) 13

+2tr(De3) (p2Dp3) p2p(p2De2) 119

— 2(p2e3p2) pap(p2Der) 120 — 4 (p1Nesp2) p3yp(p2Der), s

+ 4 (p2De3p2) p3p(p2Der) Iy, — 4 (p2e3Dp3) p3y(paDer), Iig

— 4(p1Ne3Dpy) p3,(paDer), 17 — 2 (p2De3Dpr) p3y(p2Der) o1

— 4(p2De3Dp3) p3,(p2Ded) I19 + 2tr(De3) (p2p3) p3p(p2De), Iig
+ 2tr(De3) (p2Dp3) p3p(p2Der) 119 — 4 (p1Np3) (p2De2),(p2€3)p 16
+ 4(p2p3) (p1N€3),(p2Der),Is + 4 (p2Dp3) (piNe3), (paDer), Iy
— 2(p1Neap3) pay(p2Des),Iit — 2 (p2Derp3) pay(p2Des) 1,

+ 2(p3Dexp3) p2p(p2De3) 115 — 2 (piNe2Dp3) pay,(p2Des), 1

+ 2 (p2Der Dp3) pay(p2De3)Ir1 — 2 (paDerp3) p3,(paDes) 1y,

+ 2(p3Derp3) p3p(p2Des),Iis — 2 (p1NeaDp3) p3y(p2Des), 1

+ 2(p2De2Dp3) p3,(p2De3) 121 + 4 (piNp3) (p2Der),(paDes) Ir
+ 2(p1Ne2p3) p3,(p2De3)yl12 — 2(p1Np2) (p2Dez),(p3e2) 1

+ 2(p1Np3) (p2De3)p(p3€a) 11y — 4 (p1Np3) (P1N€2) ,(p2De3), I
— 4p2p(p2e3€2) 123 + 2 (p2p3) pap(p2€3€n) 16

—2(p1Np3) pap(p2€3€2) 12 + 4p3,(pre€3€2) 23

—2(p2p3) p3a(p2€3€2) 116 — 2 (P1INP2) p3,(pres€)yn

— 2(pa€3p2) P2y(p3De2) . 11a — 2 (p1N€3 p2) pay(p3Der), 115

— 2(p2De3p2) pap(p3Der) . Iis — 2 (p2€3 Dp3) p2,(p3Der), 122
+2(p1N€e3sDp2) pay(p3De) Iy — 4 (piNesDp3) pay(p3Den), I

— 4(p1NesNp1) pay(p3Der),Is — 2 (p2De3 Dp3) pay(p3Der) 1,
+2tr(De3) (p1Np3) pay(p3Der) I
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+ 2tr(De3) (p2Dp3) pay(p3Der) 15,

— 2(p2€3p2) p3p(p3Der) J1a — 2 (p1Nespa) p3y(p3Den), I,

— 2(p2De3py) p3p(p3Der) 115 — 2 (p2e3Dp3) p3p(p3Der) 12

+ 2(p1Ne3Dp2) p3p(p3Der) It — 2 (p2De3sDp3) p3,(p3Der), 1y,
+2tr(De3) (p1Np2) p3p(p3Dea)y 1

+2tr(De3) (p2Dp3) p3p(p3Den) 1y

— 2(p1NpP2) (p2€3),,(p3De2) 11 — 2 (P1Np3) (p2€3),(p3 Der) I
— 2(p1Np2) (p2De3)y(p3Der) 11 + 2 (p1Np3) (p2Des),(p3Der), 11
— 4(p1Np2) (piN€3) (p3Der)yIs + 4 (p2Dp3) (p1N€3),(p3Der)y I
—4pay,(p3€res) 123 + 2 (p2p3) P2y (p3€res) lie

—2(p1Np3) p2p(p3€2€3) 12 +4p3,(p3eaes), o3

—2(p2p3) p3a(p3€2€3)plic — 2 (P1NP2) p3,(p3€2€s)yln

+ 2(p1Np2) (p2p3) (€2D€3)p 111 + 2 (p1NP3) (p2p3) (€2D€3)p, 11,
— 4(p1Np2) (p1Np3) (€2De€3)pa 15 +2(pi1Np2) (p2Dp3) (€2D€3)p, 1
+ 2(p1Np3) (p2Dp3) (e2D€3)p, 11 + 2 (p2p3) P2y (P1N€2€3),, 12

— 4(p1Np3) pap(p1Ne€r€s) I + 2 (p2Dp3) pa,(p1Neres), I

= 2(p2p3) p3o(P1IN€2€3), Ir — 2 (p2Dp3) p3,(p1Neres), 112

— 2(p2p3) P2y (p1N€ser) I — 2 (p2 Dp3) pay(piN€ser) 11,

+ 2(p2p3) P3a(P1IN€s€r), o + 4 (p1Np2) p3,(p1Neser), Iy

+ 2(p2Dp3) p3g(PiN€s€), I — 2 (p2p3) pay(p2Deres) , ro

— 4(p1Np3) pay(paDer€s) 16 + 2 (p2Dp3) pay(paDeéres) Iy,

+ 2(p2p3) P3a(P2Dé€2€3), o0 — 2 (P2 Dp3) p3g(p2Deres)yly,

+ 2(p1Np3) pap(p2Deser) 111 — 2 (p2Dp3) pap(p2Deser), 115

+ 2(p1Np2) p3p(p2Deser) 111 — 2 (p2Dp3) pap(p2Deser),lis

+ 2(p2p3) pap(p2e3Der) 114 — 2 (p1Np3) pry(pre3Der), 11

+ 2(p2p3) p3p(p2e3Der) 114 + 2 (p1Np2) p3p(p2e3Der) 111

389

— 2(p1Np3) pay(p3Deres)  1i, — 2 (p2Dp3) pay(p3Deres) Iis  (3.23)

— 2(p1Np2) p3p(p3Deres) 11y — 2 (p2Dp3) p3p(p3Deres), is
+ 2(p2p3) P2y (p3Deser)  Iyg — 2 (p2Dp3) p2y(p3Dezer)  In

+ 2(p2p3) P3p(p3Desen) Loy +4 (p1Np2) p3y(p3Deser) I

— 2(p2Dp3) p3p(p3Deser) 12 + 2 (p2p3) pap(p3e2Des) 11a

+ 2(p1Np3) pap(p3eaDes) 11 + 2 (p2p3) p3p(p3€aDes) Iia

— 2(p1Np2) p3p(p3e2Des) 1y + 2 (p2p3) pay(piNe2Des) 11
— 4(p1Np3) p2p(pi1NerDes)Is + 2 (paDp3) pap(p1NeaDes) 1
— 2(p2p3) p3.(p1N€exDe3), I1a — 2 (p2Dp3) p3,(piNexDes), 1y
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+ 2(p2p3) p2p(P1Ne3Der) 11, + 2 (p2Dp3) pay(p1NesDer) , I
— 2(p2p3) P3(P1N€e3sDe) 11 +4(piINp2) p3,(piNesDey), Is
— 2(p2Dp3) p3o(P1Ne3sDe), Iy 4 2 (p2p3) pay(p2aDeaDes), I,
— 4(p1Np3) p2p(p2DeaDes), 17 — 2 (p2Dp3) pay(p2Der Des), Iy
— 2(p2p3) P3a(P2De2De3) 155 + 2 (p2Dp3) p3a(p2DexDes) Iy
+ 4p2y(p2DesDer) 14 + 2 (p1Np3) pay(p2DesDer) 1

— 2(p2Dp3) p2p,(p2De3Der) 117 — 4p3,(p2De3Der)y Iy

— 2(p1Np2) p3,(p2DesDer), 11 + 2 (paDp3) p3,(p2DesDer) 117
+ 4p2y(p3DerDes) s + 2 (p1Np3) pap(p3DerDes) 1

— 2(p2Dp3) p2p(p3DerDes) 117 — 4p3,(p3DerDes), Ioa

— 2(p1Np2) p3a(p3DerDe3) Iy + 2 (p2Dp3) p3,(p3DexDes), 117
+ 2(p2p3) p2p(p3DesDer) Iy — 2 (p2Dp3) pay(p3DesDer) 1
+ 2(p2p3) p3p(p3DesDer), Ina — 4 (p1Np2) p3y(p3DesDe) 1
— 2(p2Dp3) p3p(p3DesDer) 1y — (p1Np2) (p2€3 p2) €2ap I

— (P1ND3) (p2€3p2) €2ap12 + 2 (P1N€3P2) (P2P3) €241 12

+ 4(p1Ne3p2) (P1INp2) €2aplo — 2 (p1Np2) (p2D€3 p2) €241 111

— 2(p1Np2) (p2€3Dp3) €2aplg + 4 (p1Ne3Dp2) (p1Np2) €245 15

— 2(p1Ne3Dpa) (p2Dp3) €2ap 11 + 2 (p1Ne3 Dp3) (p2p3) €2aplg

+ 2(p1Ne3Dp3) (p1Np2) €451, + 2 (p1Ne3 Dp3) (p2Dp3) €2ap 17
— 2(p1Ne3Np1) (p2p3) €2aplo — 4 (p1NesNp1) (PINp2) €2ap 110
+ 2(piNe3sNp1) (p2Dp3) €2ap15 — (P1Np2) (p2De3Dpr) €245 11
+ (P1Np3) (p2De3Dp2) 2411 + 2 (p1 Np2) (p2De3 Dp3) €241, 15
+ tr(De3) (p1Np2) (p2p3) €2apIg — tr(De3) (p1NP3) (P2p3) €241 1

— tr(De3) (p1Np2) (P1Np3) €24p14 — tr(De3) (p1Np2) (p2Dp3) €241

— tr(De3) (p1Np3) (p2Dp3) €2ap17) ,
2iP(PtD /2 .
Wclb....bp_28ab6bl"'b”72 (—2tf(D€3)P2L-P3bP3i(P362)alé

— 2p2.P2i(p2€3)p(P3€2) o 12 — 2p2; P3(P2€3), (P3€2) 4 I2

— 2p2.P3i(p2€3)p(P3€2) o 12 — 2p3.p3i(P2€3), (P3€2) 4 I2

+ 2tr(De3) pa. P2; P30 (P3€2)p 16 — 2 (P2P3) P20 P2i (€2€3) ap 12
+ 4(p1Np3) p2cp2i(€2€3)aplo — 2 (p2Dp3) p2.p2i(€2€3) ap 111
+ 2(p2p3) P2cP3i(€263)ap T2 4+ 2 (P2 Dp3) pa.p3i(€2€3)ap 1],
+ 2(p2p3) p3cp3i(€2€3)apla +4 (P1NDP2) p3cp3i(€2€3)aplo

+ 2(p2Dp3) p3cp3i(€2€3)ap iy — 2(P2p3) P2 P3a(€2€3)pc 12
— 2(p2Dp3) p2i P3a(€2€3)pc 111 — 8 (p2Dp3) pa.p34(€2€3)pi Lo

(3.24)
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+ 8(p2Dp3) pacp3a(€2€3)iplo — 2tr(De3) pa.p3pp3; (P1N €)1y
— 4p2.p3i(P1N€2),(p2€3)plo — 4p3.p3;(P1N€2),(P2€3) 19

+ 4p2.p3p(P1IN€2) (P2€3)i lo — 4p2.p2; (PIN€3) 4 (P3€2), 1o

+ 8p2pp3i(PiNe€2) (p1N€3) D10 +4pa.p3;i(PIN€E3), (p3e2) 1o
+ 4p2.p34(P1N€3); (p3€2) 1o — 8pa.p3p(PiNe€2),(p1N€3); 110
+ 4te(De3) pa.p3pp3i(p2Der) I3 — 4p2.p3;(p2De€2) 4 (P2€3) 1 16
— 4p3.p3i(p2De€2) (p2€3)p 16 +4p2.P3p(P2D€2),(P26€3)i 16

— 4p2.p3i(PIN€3),(p2D€2) y1s +4p2.p3p(p1N€3)(p2Der) s
+ 2p2.p2i (P2 D€3) ,(p3€2)p 111 + 2p2; P3.(P2D€3)  (p3€2)p 111

— 4p2,p3i(P1IN€) (p2De3),Is +4p2.p3;(p2Der), (p2De3) . I
+ 4p3.p3i(p2D€2)y(p2De3) o I7 + 2pacp3i (P2 De3)y (p3€2) Iy
+ 2p3cp3i(P2D€3)y (p3€2)a 111 + 8P2c P3a(P2De3)y (p3€2); lo

— 4p3.p3i(p1N€e2)(paDe3)yls — 4pa.p3,(p2Des);(p3€a), I3
+ 4p2.p3p(P1IN€)(p2De3);Is +4pa.p3,(p2Der) ,(p2Des); I
— 2p2.DP2; P34(P2€3€2) 12 — 22, P34, P3i (P2€3€2) 2

— 2tr(De3) pa, p3p p3i (p3Dea) 17 — 2pa.p3; (p2€3), (p3 De2) I,
— 2p3cp3i(P2€3)p(P3D€2) 1|} — 4p2.P3p(P2€3); (P3De€2) I3

— 4p2.p3i(PIN€3),(p3De2)  Is +4pr.p3p(p1Ne€s); (p3Der), Is
+ 2p2.p3i(p2aDe3)(p3Der) It + 2p3 . p3;(p2De3),(p3Der), 1
— 2tr(D€3) p2,. p2; P3a(P3D€2) 17 + 2p2, P2 (p263) o (3 D) 111
+ 2p2;i 3. (p2€3)(P3De€2)p 111 — 4p2.p2;(P1N€3) (p3Der)y Is
+ 2p2cp2i(p2D€3),(p3Der)y It + 2p2; p3(p2De3) ,(p3 Der), 1
+ 82, P34(2€3),(P3De€2); 1o + 4p2. P35 (P3De3); (p3€2) . 1

+ 4p2cp3p(P1N€),(p3D€3);i 1y — 8p2.p3y(p2Der) (p3Des); I3
+ 4p2cp3p(P3D€2) (p3D€3); I — 2p2c P2 P3a(P3€263), 2

= 2p2.p34P3i(P3€2€3)p 12 — 2 (p2p3) p2.P2i(€2D€3) 4 111

+ 4(p1Np3) p2cp2i(€2D€3) 415 — 2 (p2Dp3) p2.p2i(€2D€3) 45 11
+ 2(p2p3) P2cp3i(€2D€3)pa Iy +2 (p2Dp3) pacp3i(€2De€3)pa 1
+ 2(p2p3) p3cp3i(€2De3)paIiy — 4 (P1Np2) p3.p3i(€2D€3)p, I
+ 2(p2Dp3) p3cp3i(€2De3)p 1 — 2 (p2p3) p2ip3q(€2D€3)pc 111
— 2(p2Dp3) p2ip3a(€2D€3)p 11 + 8 (p2p3) pacp3q(€2De€3); lo
+ 8(p2p3) P2cp3q(€2De€3)iplo — 4p2.p3ap3i(P1N€xes), o
+4p2.p2i P3a(P1IN€3E2) 19 — 423, P3i (P2 Dé€2€3) 16
—2p2.p2iP3a(P2Desed) It +2p2.p3ap3i(p2Deser) I
—2p2:P2i P3a(P2€3D€2)p 111 — 22, P34 P3i (P2€3D€2), 111
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+2p2.p2i P34 (P3De2€3)p 11| — 2p2, P34 P3i(P3De2€3) 1

— 4p2cp2; P3a(p3Des€2) I

+ 2p2cP2i P3a(P3€2D€3) 111 +2p2c P3a P3i (P32 De3) 11,

— 4p2:P3,P3i(PIN€D€3), Is +4pr.p2; p3,(p1Ne3sDer)yls

— 4p2.p3ap3i(P2D€2D€3)y I71 — 2p2. p2; p34(p2De3Der), I

+ 2p2.p34P3i(P2DesDer) 11 — 2pacp2; p3,(p3Der Des), Iy
+2p2.P34P3i (P3De2De3)y It +4pa. p2; p3,(p3DesDen), I

— (p263p2) P2cP2i€2ab 12

+ 4 (p1Nes3p2) pacpri€2aplo — 2 (p2Despr) pacpri€2apni

— 2(p263Dp3) pacp2i€2anlg +4 (P1N€3Dp2) pacpa;€2an s

+ 2(p1Ne3Dp3) pacpri€2aply — 4 (PINE3NP1) pacpri€2anlio

— (p2De3Dpy) pacpri€raplt +2 (p2De3Dp3) pa.pri€2aply

+ tr(De3) (p2p3) p2cP2i€2aplg — t1(De3) (PINP3) p2cp2i€2an 1
— tr(De3) (p2Dp3) pacP2i€2an 17 — (P2€3P2) P2 P3c€2an 1

+ 2(p1Nes3p2) p2i p3c€2anlo — 2 (p2Despr) p2; p3c€2an i

— 2(p2e3Dp3) p2; P3c€2anls + 2 (p1N€e3Dp2) pa; p3c€2apls

— (p2De3 Dp2) pa; p3c€2aplt +2 (p2De3Dp3) p2; p3c€ranly

+ tr(De3) (p2p3) p2i P3c€2aplg — tr(De3) (p2Dp3) p2; P3c€2anls
— (p2€3p2) P2cP3i€2ap12 + 2 (P1N€3P2) p2cP3i€2anlo

— 2(piNe3Dpy) pacp3i€2apls + (p2De3Dp2) pa.p3i€2anli

— tr(De3) (p2p3) p2cP3i€2anlg — tr(De€3) (p2Dp3) p2cp3i€2anly
— (p2€3p2) P3cP3i€2aplz + (P2D€3Dp2) p3.p3i€2apli

+ 2(p1Np3) p2;(p2€3)€2ap1o — 2 (P1NP2) p3;(P2€3)€2ap19

+ 2(p2p3) p2.(p2€3)i€2ap12 — 2 (P1NP3) p2.(p2€3)i€2ap10

+ 2(p2p3) P3c(p2€3)i€2ap12 + 2 (P1NP2) p3.(P2€3);€2ap 10

= 2(p2p3) p2i(p1N€3) €20plo — 2 (p2Dp3) p2; (PIN€3) €241 15
+ 2(p2p3) p3i(P1N€3) €2qplo +4 (p1Np2) p3;(P1N€s) €2ap110
— 2(p2Dp3) p3;(piNe3)€2apls — 2 (p2p3) p2.(PINE3) €205 19
+ 2(p2Dp3) p2.(piNes)€2apls + 2 (p1Np3) p2;(p2D€3) €245 15
— 2(p1Np2) p3;(p2De€3) €24p15 +2 (p1Np3) p2.(p2D€3) €241 15
— 2(p2Dp3) pac(p2De3);€xapli +2(p1Np2) p3c(p2De3)i€2apls
— 2(p2Dp3) p3.(p2Des)ieraplt + 2 (p2p3) p2.(p3Des);€2anly
+ 2(p2Dp3) pac(p3Des)i€rap 7 — tr(De3) (p2p3) pagp3i€anels
— tr(De3) (P1Np2) p3gp3i€apely — tr(De3) (p2Dp3) p3gp3i€anels
— 2(p2p3) P34 (P1N€3)€2pcl9 — 4 (p1NP2) p3,(P1N€3);€2pc 110
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+ 2(p2Dp3) p3a(P1N€3)€apcIs + 2 (p2p3) p3a(p3Des);€ape g
+ 2(P1INP2) P3,(p3De3);€2pc 1y 4 2 (p2Dp3) p3a(p3Des) €rpc
— 4(p2p3) P2.(P3€2)p€34i 12 +4 (P1INP3) p2.(p3€2)p€34i 1o

— 4(p2p3) P3:(P3€2)p€34i 12 — 4 (P1NP2) P3.(P3€2)€34i o

— 4(p2p3) p2.(p2De€2) €34 16 — 4 (P1INP3) p2.(p2D€2)p€34i s
— 4(p2Dp3) pac(p2De2)y€34i17 — 4 (p1Np3) p2.(p3Der)pesyils
+ 4 (p2Dp3) p2.(p3Dex)pesaili — 4 (p1Np2) p3c(p3Der)pesails
+ 4 (p2Dp3) p3(p3Der)pezaili +4 (p1N€2p3) pacp3q€3pilo

+ 4(p2Derp3) p2cP3a€3pils +4 (p3Derp3) pacP3a€snily

+ 4(p1Ne2Dp3) p2.p3a€3pils +4(p2DerDp3) pacp3,€3pil7

+ 4 (p2p3) p2.(P1N€2) €3pi 1o — 8 (p1Np3) p2.(P1N€2) €3p: 110
+ 4(p2Dp3) p2.(P1N€2)€3pi 15 — 4 (p2p3) p3a(P2D€2) €3pi 16
— 4(p2Dp3) p3,(p2Der) €317 — 4 (p2p3) p3p(PIN€2) €3¢0 L
— 4(p2Dp3) p3p(p1Ne€2) €3¢ 15 + 2 (p1Np2) (p2p3) €2ap€3i 19
= 2(p1Np3) (p2p3) €2ap€3cilo — 4 (P1Np2) (PINP3) €2ap€3¢i 110
+ 2(p1Np2) (P2Dp3) €20p€3¢i 15 + 2 (p1Np3) (p2Dp3) €24p€3¢i 15) 7(3 2

CY.b, 5 2p24P2jP34P3i(€2€3)pc 1o

(p—3)!
+ 2p24p2; P34 P3i(€2D€3)pIs + p24p2; P3 j(P2€3) €245 19

+ P2iP3aP3(P2€3)c€2ap19 — 2P24 P2 P3 j(PIN€3) €205 110
+ P24p2iP3j(P2D€3) €2ap15 + p2; P34 P3 j (P2 DE3) €201 15

1
— 3 W(DE)P2aP2j P3aP3i€2be s+ P2aP2P3a(P2€3)i€2bc 1o

+ P2aP34P3(P2€3)i€2pc 1o

= 2p2qP2jP34(PINE3)€2pc 110 + P24 P2 P3a(P2D€3)i€2pc 15
+ P24P3aP3: (P2D€3) j€2pcIs + P2y P2 P3a(P3DE3) €2pc 1y
+2p24P2i P34 (P3€2) €35 10

— 2p2,3a P31 (P3€2) €3 19 — 2D24 P34 P3i (P2D€2) €3 14
+ 2p2gp2i P3a(P3D€2) €3piIs + 2p2y p3g P3i(P3D€2) €35 15
+ 4p2yp3pp3i(P1N€E)€30i110 — (P2P3) P2y P2i€2ab€3cj 19
+ 2(p1INP3) P24 P2i€2ab€3cj 110 — (P2DP3) P24 P2i€2ab€3¢ 5
+ (P2P3) P24 P3i€2ab€3cj 19 — (P2Dp3) P24 P3i€2ap€3cj 15

— (P2P3) P2jP3a€2bc€3ai 19

— (p2Dp3) p2jP3a€2bc€3ails + (P2P3) P3aP3 j€26c€34i 19

+ 2(pINDP2) p3aP3 j€2pc€3ailio — (P2Dp3) p3ap3 j€ancesails) . (3.26)
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p(p+1
A® _ 8PPV abedeby by

cr-OBn — (p _ 4)| by... p748

P2eP2j P3aP3i€2bc€3di 110 (3.27)

3.5. C'P=) amplitudes

_ 40 (D 2)
Ac(p73)BB == ‘AC([’73)BB + AC(P*”BB + ‘Ac(pfs)BB. (328)

4O 2iP(P+D /2

— abcdby...b,_3
Cr-3B8 = (31 Chy..b, 3¢ =3 (

—4 (p2Dp3) p24P34(€2€3)pc o

+ 4p24p3p(P1N€2)(P2€3) 19 + 4p2.p3,(P1N€2) 4 (P1NE3), 10

+ 4p24p3p(P2D€2) o (P2€3) 16 +4p24 P35 (PIN€E3) (P2 D€2) 14

— 4p2.p34(PIN€) (P2 De3)yIs +4p2yp3,(p2Der) (p2Des)y I
— 4p2gp3a(P2De€3) (p3€2)pIs — 4p2gp3a(p2De€2) (p3De3), I3

— 4(p2p3) P2qP3a(€2D€3) 10 + 2 (p2p3) P24(P2€3) €200 12

— 2(p1Np3) p24(p2€3)c€2ap19 + 2 (p2p3) P34(P2€3) €200 12

+ 2(p1Np2) p3a(p2€3)c€2ap19 — 2 (p2p3) P24 (PIN€3) €201 19

+ 2(p2Dp3) p2a(p1N€3) €2apls + 2 (p2p3) P24 (P3De€3) c€2a 1

+ 2(p2Dp3) p24(p3Des) €2ap 17 — 2 (P1N€3P2) P2 P3g€26c 1o

— 2(p263Dp3) p2aP3a€2vcls +2 (P1Ne3Dp2) p2op3a€anels

— 2(p2aDe3Dp3) p24P3a€ancls +2(p2p3) p3a(p1NEs) €apclo

+ 4 (p1Np2) p3.(P1N€3) €26 110 — 2 (p2Dp3) p3,(P1IN€3) g€2pc 15
+ 2(p1Np3) p24(P2De€3)€2pc 15 — 2 (p2Dp3) pag(p2Des) €pc 1
+ 2(p1Np2) p3a(p2D€3)€2pcl5 — 2 (p2Dp3) p3a(p2Des) €2pc 1
— 2(p2p3) P34 (p3De€3)g€2pcls — 2 (P1NP2) p3o(p3DE3) yeape 1y

— 2(p2Dp3) p3a(p3De3)g€2pc 17 + 2 (p3Deaps) p2yp3a€sveliy

— (P1Np2) (p2p3) €2ap€3calo + (P1NP2) (PINP3) €2ap€3cal10

— (pINp2) (p2Dp3) €24p€3cq15) + (2 < 3), (3.29)

2iP(P+D /2 .

1
AW C'by.by o€

abcdeby...b,_4 (
cP-3BB — (p_4)|

—2P2,P2i P34(P2€3) g€2pc 19

+ 2p24P3.P3i(P2€3) 4€20c 19 + 4 P2, P2 P34 (P1N€3) g€2pc L10
— 2p2,P2i P3a(P2D€3) y€2bc Is — 2P24 P30 P3i (P2 D€3)g€25c 15
— 2p2.P2i P3a(P3D€3)g€2pc 1) — (P2P3) P2e P2i€2ab€3ca 1o

+ 2(p1Np3) p2eP2i€2ab€3cal10 — (P2DP3) P2.P2i€2ab€3cals

+ (P2P3) P20 P3i€2ab€3calo — (p2Dp3) 2, P3i€2ab€3cals) + (2 < 3),
(3.30)

p(p+1
) 2/2iPPtD abedefby..b

Aco-p = = Ty by

P €2pc€340P2 £ P2 P3aP3i 110+ (2 3),
(3.31)
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Actr-sn =R 50 (3.32)
84/2iP(p+1)
0 .
‘A(C()p—s)hh = WCIJI...b,,_3P2dP3a8”deb‘"'b"’3 ((p2Dp3) (€2€3)pc 10
— 2(paDe3) (p3er)plo — (p2p3) (e2D€3) 1) + (2 <> 3). (3.33)

4. Conclusion

In this paper we calculated all tree level string theory vacuum to Dp-brane disc amplitudes in-
volving an arbitrary RR-state and two NS—NS vertex operators. This computation was performed
in [16,23] for the simplest case of a RR-state of type C(?~3). Here we used the aid of a computer
to calculate all possible amplitudes involving a RR-vertex operator of type C?T1720 Qur cal-
culation was checked for consistency against previous results from the literature [16,23-25], as
well as its symmetry under the exchange of the NS-NS vertex operators. The evaluation of the
effective action that follows from our result is work in progress. Aspects of this work will appear
in a forthcoming publication [17].
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Appendix A. Evaluation of each sector

In this appendix we present the correlators that we need from each sector. More details can be
found in [15]. Note that we have already dealt with the ghosts by the equation (2.11). This leaves
only the matter fields ¥ and X.

Y sector: _
For each explicit 1 (z), we first bring it to the right and convert it to a ¥ (z~') using the
boundary state | B), via

YM(Z)|B) = —iz 'D* gV (z7)|B). (A1)
This gives

Fan (A Bl @) - )| B) = (= 1) 278 (21 2,) 77

X T/L]W/h, + 21 + 22 77llll»LZ Tﬂ3"'l/¢n 4.
21— 22
A t2223+24 HAR2 U3 0 THS +} (A.2)
21 —2233— 24
where - - - represents all the possible contractions, keeping track of appropriate signs from anti-
commuting the v’s or ['’s, and where the objects T#!""#» are given by

32

Talmakl']mig — (_1)%(P2+p+k2+k)+pe+l ear Fbl'“prrl—kil"'iZ.
(p+1—-k)!

@
bi-bpsik

(A3)
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Recall that we use notation where a, b, etc. represent directions along the D-brane, while i, j,
etc. are normal to the D-brane.

X sector:
For the bosons, we again use the boundary state to convert anti-holomorphic operators to
holomorphic ones. Indeed, if we split the exponential into left- and right-moving parts,”

- oiPX(2.2) .. HiPXL(2) ,ipXR(Z) :, (A4)
then we can use

¢iPXr(@) | By = (iPDXLEY) | By (A5)
Then for a correlator with only exponentials, we have

n
(0] el X @i ;. eipiX @i | p) = Pt af’“(% (1+D)Y " pi)

i=1
- 2 PeDpi 2 - 2p¢D
< T (12~ 1) [T 12e = znl®ePm fzezm — 17P0Pm. (A.6)
k=1 1<t<m<n
Similarly, if we have explicit factors of FD¢ (2), we use
9X"(Z)|B) =—z"2D",0X"(z"") |B), (A7)

to convert them to holomorphic operators. Then for a correlator that involves these as well, we
have for example

<0‘: eP1X @121 . ipn 1 X @1, Ta) 3X“(Zn)eip"x(z"’z") :‘ B>
= <0 ‘: eiPIX(ZbZl) e eian(Zn,Zn) :’ B>
i ipn— iz1D iz D 0
o B e B ) AS)
21 —Zn Zn—1 —Zn Zl’lZl_l |Zn| —l

If there is more than one dX (z), then we must also include in the usual way terms where they
contract with each other.

Appendix B. Some integrals
The integrals appearing in the amplitudes section are defined as

I, = / d?zrd*z3A,K (B.1)
|zi|<1

where A, are

2 This neglects the zero-mode, but the zero-mode piece is correctly accounted for in the full correlators (A.6) and (A.8).
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= 2 7)2
Ay — (=2322+2223)
0= 2 PI—5322 Pl - Pl
= AlEal?
1z21211-2322/%123]2
2
Ar = lz2+23]
2= 22Plza—231%1z3 2
Ay = (1+12217) (1+z31%)
1222 (1=1z21?) 1231 (1—123]?)
= 2(1+122)
12212 (1=1221?)Iz31?
1—|zp[%]z32
As = —lzlflzsl
5T =222
Ar — (=1—lz21*) (221> —z31%)
6 = P (1-22P) 2231713
Ay = (=1=|z2?)(1=1z2/?1z31%)
12212 (1=1221?)11-Z322/? |23
Ao — (12212 1z31%) (1-)z2Iz31%)
8 T P —HnlPla-—ulPlsl
2 2
Ao = — 122l =lz3]
O = TaPla— sl
Alp= —2—
107 15212
Ay = (2PBD0-2PlR)  (aotbhn)?
lz21211-2322 %122 —23/%]z3/? lz21211-2322/?|z2—23?|z3]?
Ap = 2Pl (-lPlsslP) _ 3(-soeen)
l221211-2322 2 z2—2z3 212312 |z21211—Z322%122— 2312|232
Az = 3(1z2P~lz3%) (1= 22 lzal?) _ (—Z320+723)%
1z21211—-Z322 %122 — 231?123 /2 1z21211-2322 |22 —23/?| 232
Avg— (1=122%1z31?) lz2+231
4 = Pl - Pl P-4+ 225 P
Ao = _ (z2PolzP)li+2P
13 = Pl = Pl Pl 145222
Al = (12217 —1z31?) |22+ 231
6= TPzl
A — (1—lz2lz3?) 142223
= P P =140
Agg = (1+1z21%) (1221~ 1z31%) (1+1z31%)
1222 (= 1+122[?) 122 =23 21232 (— 1+]z3]?)
Ao = (1+1221%) (1+1231%) (1= 22 *|231%)
2212 (— 1+1z212) |23 12 (— 14123 1?) |- 1+Z223]2
Ao = (I+1z21)lza 4231
0= P (=P332
Ay = (1+1z21?) 11 +2223 2
12212 (1=1221?) 2312 —1+Z223]?
Agy = (1+12312) ((lz212 =123 ) (1= 12212123 1?) +(Z322 —7223)%)

12212122 —2312 123 1% (1—1231%) - 142223
A (12217 —1z31?) (Z322+7223)

23 27— |45 2

lz21%1z2—231%1z3]

(1-1221231%) Z322+7223)
1221212312 = 14+Z223]*

Ay =

= Ag —2Ay
= Ag — 6Ay
=3A3—2Ag
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Each of these could be expanded out in terms of the I p ¢ 4., ¢ defined in section 2.2, but it is
these combinations which appear naturally from the contractions.

Finally, when we put a prime on an integral, /,, we obtain it from 1, by exchanging z, with
z3 in A, before performing the integration, so for instance

2(1+ z312)
2212 (1 —12312) |z31%

I = / d*zrd*z3 (B.2)

lzil<1
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