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ABSTRACT: We calculate cross section and azimuthal decorrellation of Mueller Navelet jets
at the LHC in the complete next-lo-leading order BFKL framework, i.e. including next-
to-leading corrections to the Green’s function as well as next-to-leading corrections to the
Mueller Navelet vertices. The obtained results for standard observables proposed for studies
of Mueller Navelet jets show that both sources of corrections are of equal, big importance
for final magnitude and final behavior of observables. The astonishing conclusion of our
analysis is that the observables obtained within the complete next-lo-leading order BFKL
framework of the present paper are quite similar to the same observables obtained within
next-to-leading DGLAP type treatment. This fact sheds doubts on general belief that the
studies of Mueller Navelet jets at the LHC will lead to clear discrimination between the

BFKL and the DGLAP dynamics.
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1 Introduction

The large center of mass energy of hadron colliders like the Tevatron and the Large Hadron
Collider (LHC) is not only of interest for the production of possible new heavy particles,
but also allows to investigate the high energy regime of Quantum Chromodynamics (QCD).
An especially interesting situation appears if two different large scales enter the game. If
the two scales are ordered, large logarithms of the ratio of the two scales compensate the
smallness of the coupling and therefore have to be resummed to all orders. One famous
example is the case of high energy scattering with fixed momentum transfer. If the center
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Figure 1. Mueller Navelet jets, illustrated at lowest order.

of mass energy s is much larger than the momentum transfer |t| — the so-called Regge
asymptotics of the process — the gluon exchange in the crossed channel dominates and
logarithms of the type [as1n(s/[¢])]" have to be resummed. This is realized by the lead-
ing logarithmic (LL) Balitsky-Fadin-Kuraev-Lipatov (BFKL) [1-4] equation for the gluon

Green’s function describing the momentum exchange in the ¢t-channel.

One of the most famous testing ground for BFKL physics are the Mueller Navelet
jets [5], illustrated in figure 1. The predicted power like rise of the cross section with in-
creasing energy has been observed at the Tevatron pp-collider [6], but the measurements
revealed an even stronger rise than predicted by BFKL calculations. Beside the cross
section also a more exclusive observable within this process drew the attention, namely
the azimuthal correlation between these jets. Considering hadron-hadron scattering in the
common parton model to describe two jet production at LO, one deals with a back-to-back
reaction and expects the azimuthal angles of the two jets always to be m and hence com-
pletely correlated. This corresponds in figure 1 to ¢ ;1 = ¢j2—m . But when we increase the
rapidity difference between these jets, the phase space allows for more and more emissions
leading to an angular decorrelation between the jets. In the academical limit of infinite ra-
pidity, the angles should be completely uncorrelated. In the regime of large, but realizable
rapidity differences the resummation of large logarithms calls for a description within the
BFKL theory. Unfortunately, the leading logarithmic approximation [7, 8] overestimates
this decorrelation by far. Improvements have been obtained by taking into account some
corrections of higher order like the running of the coupling [9, 10]. In particular, the effect
of energy-momentum conservation, which is beyond BFKL approximation, was shown to
have an important impact for large rapidity separation of jets [9]. In our present study this
can affect the reliability of the predictions at the borders of the phase space, as discussed
in section 3.3.2. Some earlier calculations with the next-to-leading (NLL) BFKL Green’s
function have been published in ref. [11, 12].



In this paper we present the full NLL BFKL calculation where also the NLL result for
the Mueller Navelet vertices [13, 14] will be taken into account. In section 2 we recall the
LL BFKL calculation deriving also the key formulas which are then used in section 3 where
the NLL calculation is presented. In section 4 we present results and give a summary in
section 5. Technical details of the numerical implementation are given in an appendix.

2 LL calculation

2.1 Kinematics

The kinematic setup is schematically shown in figure 2. The two hadrons collide at a center
of mass energy s producing two very forward jets, the transverse momenta of the jets are
labeled by Euclidean two dimensional vectors ki and ko, while their azimuthal angles
are noted as ¢ 1 and ¢ ;2. We will denote the rapidities of the jets by 351 and ;2 which
are related to the longitudinal momentum fractions of the jets via z; = |1:/; v,

At any real experiment transverse momenta as well as rapidities are measured within
certain intervals. A proper theoretical calculation should take this into account and inte-
grate |kj;| and y;s; over the according interval. However, since at the LHC the binning
in rapidity and in transverse momentum will be quite narrow [15], we consider the case of
fixed rapidities and transverse momenta.

2.2 LL BFKL calculation

Due to the large longitudinal momentum fractions ;1 and ;2 of the forward jets, collinear
factorization holds and the differential cross section can be written as

" =3 [Can [Cam i) iy
dlks1|dkye|dysidyse ~ Jo by TRl dlksi|dky2|dysidyse’

’ (2.1)
where f,}, are the standard parton distribution functions (PDFs) of a parton a (b) in
the according proton. They depend furthermore on the renormalization scale ur and the
factorization scale pp.

The partonic cross section at lowest order in the collinear factorization approach would
just be described by simple two-to-two scattering processes as they are discussed in standard
text books. However, the necessary resummation of logarithmically enhanced contributions
calls for a description of the partonic cross section in kp-factorization:

déap

= [dp;qd d’ky A%k, Vi (—k ki, ko, 3)Vi (k

(2.2)
where G is the BFKL Green’s function depending on § = xjxss, and the jet vertex V' at
lowest order reads [13, 14]:

0 1 (0) (10.6@) (1. 0) 1y _ s Cayr
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X
8P (k;z) =5 (1 - xJ) k0P (k —ky).  (24)
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Figure 2. Schematical illustration of the kinematics as described in section 2.1.

In the definition of hgo), Cy = N. = 3 is to be used for initial gluon and Crp = (ch —
1)/(2N,) = 4/3 for initial quark. Following the notation of ref. [13, 14], the dependence of
V on the jet variables is implicit.

Combining the PDFs with the jet vertices we now write

do B
dlks1|dlksz2|dysdy,e

Z/d¢J,1 doyo /d2k1 A%k ®(ky1,771, —k1)G (ki ko, 8)®(kya, 779, ks), (2.5)
where
P(ky2, 2, ka) Z/d9€2 f(2)V (K2, x2). (2.6)

These ® are no longer impact factors in the classical sense as they depend, after the convo-
lution in = with the PDF, on the total energy s. In the ‘pure’ BFKL formula of eq. (2.2) the
longitudinal momentum fractions x; were just some external parameter and the vertices V'
would not depend on § nor on s.

In view of the azimuthal decorrelation we want to investigate later, it is useful to define
the following coefficients:



Con = / A1 dd 5 cos (g1 — 672 — )
X /d2k1 d%ky ®(ky1,271, —k1)G (ki ko, §)®(kjo, w70, ka). (2.7)

Knowing these coefficients, one can easily obtain the differential cross section

do
dlky1|dlkyze|dys1 dyse

and the following measure of azimuthal decorrelation

= (o, (2.8)

Crn

(cos(mep)) = (cos (m(pj1 — dy2 —m))) = Co (2.9)
By decomposing @ in terms of the LL-BFKL eigenfunctions
1 v—1
E, . (k) = k2)" 2 gindt 2.10
i) = (1) (210)
we can reduce the number of final integrations. To this purpose we define the intermediate
coeflicients

C (R, 201) Z/d2k1 ®(ky1, 251, —ki)En, v, (K1),
=(—1)™ /d2k'<I>(kJ71,mJ,1k')Em7V1(k') (2.11)
CO, (k. 20) = / Py Bk 12272, k) 5, 1, (o), (2.12)

and make use of the following relations between different representations of the BFKL
Green’s function introducing the — at LL arbitrary — scale so:

dw $\“
G(ki, ko, 8) = G, (ki k , 2.13
(k1. ko, 8) /27”. (k1 2)<SO> (2.13)
GmeVl,VQ;w :/d2k1 /d2k2 Er*zhm(kl)GW(khkQ)En27V2(k2)
1
= Ony 1o 0 — , 2.14
w—w(nl,ul) 1,12 (Vl VQ) ( )

where w(ny,v1) is given by the LL eigenvalue of the BFKL equation, namely

w(n,v) =asxo <|n|, ; + iu) , (2.15)
xo(n,7) :2@(1)-@(7+Z) —@(1—7+Z), (2.16)

with ¥(x) =T"(z)/T(z), and as = N.as/7.

With these new definitions we can write eq. (2.7) as:

A\ w(n,w)
N s N
Cm EZ/dV /d¢J,1 A2 C (k1. 201) <SO> @) (ky2,22) cos(mp)
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(2.17)
After a little bit of simple algebra we end up with
5\ wmw)
Cm=(4— 36m,0)/dy Crp kgl 251)Cn (K2l 252) <50> . (2.18)
Here we have defined
Crnw (ks 27) :/d@ A’k dz f(2)V (k, 2) Ey, (k) cos(mey). (2.19)

The origin of the factor (4 — 30,,0) in eq. (2.18) is twofold. Firstly the integration over
¢ leads to a 0y, |,|. Secondly when using the addition formula for cos(my) to disentangle
@1 and @2 also coefficients with sine instead of cosine are generated. While for m = 0
they vanish, for m # 0 they give the same contribution as those with the cosine.

Inserting eq. (2.3) into eq. (2.19), we obtain for the LL Mueller Navelet jet vertices in
conformal space

asCa/r

CD (|, 25) = 5

(63)" " e fales) (1L + o). (2.20)

It is worth to note, that 07(75711;) depends on m only in a trivial way (1 + d,,,0) such that
the azimuthal correlations (2.9) do not depend on the PDFs at all. In the following section
we will see, that this changes when one takes into account the NLL corrections to the jet
vertices.

3 NLL calculation

The master formulae of the LL calculation (2.18), (2.19) will also be used for the NLL cal-
culation. Even though the vertices do not simplify as drastically as in the LL case, we gain
the possibility to calculate for a limited number of m the coefficients C, ,, as universal grids
in v. In transverse momentum space one would need a two dimensional grid. Moreover,
at NLL there are some contributions with an additional transverse momentum integration,
such that some contributions would be analytic functions in e.g. k; while other would be
proportional to distributions like §®) (k; — k).



3.1 Strong coupling, renormalization scheme and PDFs at NLL

Based on the MS renormalization scheme, we use the MSTW 2008 PDFs [16] and the
two-loop strong coupling in the following form:

1 byInL
2 1
Qg - 1"’ 5 3.1

with L = In M%%/A%QCD’ and

33 — 2N, , 153 19N
= ) 1=

bo 127 T oUp?

(3.2)
In the following a; or s without argument is to be understood as a,(u%) or as(u%) respec-
tively. Since in the MSTW 2008 PDF's ur and ur are set to be equal, for a consistent calcu-
lation we are forced to perform this identification throughout the whole calculation as well.

3.2 Jet vertices at NLL

To calculate the coefficients Cp, ,, (2.19) at next to leading order level, we take for V, (k, x)
instead of just the leading order result V(© (k, z) (2.3) the full NLL vertex

Valk, z) = VO(k, 2) + o, VY (k, 2). (3.3)

The matrix elements needed to calculate the Mueller Navelet jet vertex at next to leading
order — namely the partonic 2 — 3 process at tree level and the partonic 2 — 2 process at
one loop level — are known for a long time. The separation of collinear singularities (to be
absorbed by renormalized PDFs) from the BFKL large logarithms in s was performed by
Bartels, Vacca and one of us [13, 14] in terms of a generic and infrared-safe jet algorithm.
In this paper, we shall apply such procedure to a concrete jet algorithm, namely the cone
algorithm, as will be explained in section 3.2.1.

We will build on the results obtained in ref. [13, 14] using their notation as well, but
we correct an inconsistency in the treatment of the collinear cutoff parameter A which later
is identified with the factorization scale pp. In the ‘real’ Cr term the authors rescale the
transverse momentum which is integrated over but do not adapt the cutoff parameter A.
The correction of this point does not change the singular terms, and all the discussion of
the arrangement of divergences and subtractions remains unchanged. However the finite

part of the subtraction changes such that beside the cutoff functions also the ‘virtual’ part
In(1-2)
1—z

The final expressions for the NLL correction to the vertices read:

of the vertex changes, e.g. the term proportional to ( > vanishes completely.!
Jr

v (k, )
11Cs 1N\ K2 m 67\ Ca 13Ny k2
_ _ ] — — bl v O (k
|:<67T 37T>DA2+<4 36) « Tag a0 | Ve (ko)

!We note a misprint in equation (105) of ref. [13]: in the ‘real’ C'4 term the expression q — k must be
replaced by q — zk both in numerator and in the denominator. Just after it, +— is to be interpreted as —.
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Here Ny denotes the number of active quark flavors, by = (11N, — 2Ny)/(127), and N =
as/ V/2. A priori, the factorization scale up = A and the renormalization scale pr = u are
independent of each other even though in the end we will set them equal.

3.2.1 Jet definition

For a concrete calculation of Mueller Navelet jet production one also has to choose a
concrete jet algorithm obeying the property of infra-red safety, as required by the general
procedure of refs. [13, 14]. Two of the most common ones are the cone algorithm

2
(3,cone) v 7 1, 1./ . . (2) ‘k - kl‘ + ‘kl‘ _ 2 2
SJ (kak k,xza x) - SJ (k,CC) o <|:max(’k_k,‘7’k,’)Rcone [Ay +A¢ ]

2
@, 1/ 2 o | [k=K|+[K]|
+8;(k—Kk,22) © <[Ay + A¢?] [m (k — K/, ]k/])Rcone

' / 2
+S§2)(k’,x(1—z))@([Ay2+A¢Q] —[ e~ kel + | DRcone} )

max(|k — k/|, |k’
(3.6)
as it has been adapted for NLL calculation in ref. [17], and the k7 algorithm
SPFI Wk — K, wzx) = SP(kx) O(R, — [Ay? + A¢?])
+ 8Pk~ K, 22) O([Ay? + AY?] - RE,)
+ 8P, 2(1 - 2)) ©([Ay? + A¢?] — RY), (3.7)
where
1—2k-kK kK'(k — K
Ay =log < | K ’) , A¢ = arccos ( ) (3.8)

\/k/2(k - k’)2.



In our study we will use the cone algorithm with a cone size of Rcone = 0.5 as it
probably will be used in a CMS analysis at the LHC [15].

3.2.2 LL subtraction and s

The requirement of a BFKL calculation that the two scattering objects have a similar hard
scale is reflected by the fact that in this standard situation of BFKL physics the energy
scale sg can be written as a product of two energy scales each assigned to one of these
scattering objects.

50 = /50,150,2- (3.9)

In ref. [13, 14] the energy scale so; (assigned to the Mueller Navelet jet) was chosen as
(|ks|+|k;—k|)?. While k is integrated over, it is preferable to let sy depend only on external
scales. Also § = xyx9s is in fact not an external scale since the longitudinal momentum
fractions z; and x are integrated over as well. Therefore, we want to change to a new s:

2
T
soq = (|ksil + ks —ki|)> — s, = le K71, (3.10)
J1
2 / 95% 2
so2 = (k2| + [kj2 — ko) - Sp2 = 22 k7o, (3.11)
J2
S S I'JJI'JQS

—yj2 — Y
5 — s = kn| - Kol =¥z =t (3.12)
where we introduced the relative rapidity ¥ = y;1 —ys2.

The energy scale sy is a free parameter in the calculation. However, like for the
renormalization scale at NLL level a change of it does not go without consequences. In
fact, a change of sy — s{, in the Green’s function has to be accompanied by an according
correction term to the impact factors [18, 19]:

/
q)NLL(ki§ Sé],i) = (I)NLL(ki§ 8071') + /d2k/ q)LL(ké),CLL(kéa kz); In 237%, (313)
2

with Krp, being the LL BFKL kernel. Due to the Dirac delta distribution 6(1 — z;/x;) in

the jet algorithm inside ® the ratio of longitudinal momentum fractions in SIOJ' reduces to

1 and hence the logarithm in eq. (3.13) vanishes for ki = k; such that only the real part
of the kernel contributes.

To study the role of sg, we will investigate the effect when changing it. A subsequent

change of sg; by just a factor A can be easily performed at the very end because of the use
of BFKL eigenfunctions:

Crnw (K|, 25550 = Asg) = Crnw (kg 75 50)

1 "
— / dos d’k / A%k dz f(2)VO K, 2)K(K', k) E (k) cos(me 1)y In 29
0

:/dgb] /de' dz f(z)VO K, z)asxo (m, ; + z'l/> Ep (k) cos(mqu); In A

=5 X0 (m, ; +iu> c§;5>(|kj|,xJ); In . (3.14)

,10,



The LL subtraction, i.e. the terms multiplied by ©(|k — K| — z(|k — X/| + |K'|)) in
egs. (3.5), (3.4), cancels some part in the limit of the additional emission having a big rapid-
ity distance to the jet. In fact, numerically this cancellation works very poorly due to an az-
imuthal averaging which has been performed for the LL subtraction. A significant improve-
ment can be obtained by omitting this averaging and introducing new LL subtraction terms

(1) Ca 1 (k—k)(k — k' —zK)

_ )( - (0) (1,7
Vq; LL subtraction — 2 Z(k _ k/)2 (k _ k,)2(k _K — Zkl)2 Vq (k ,CU), (315&)
Vg; LL subtraction — 72 Z(k _ k/)2 (k _ k,)2(k K — Zkl)2 Vg (k ,CU). (315b)

As a consequence sg; changes from so; = ([kyi| + |k — ki|)? to so; = (k; — 2ky;)?. It
is also possible to use

"’(1) o CA 1 (k — k/)(k — k/ — Zk) (0) ’
q; LL subtraction — 72 Z(k _ k/)Q (k _ kl)2(k K — Zk)2 Vq (k ,x), (316&)
~ (1) Ca 1 k-k)(k -k —zk) _ K
L= .16b
Vg; LL subtraction 72 Z(k . k/)2 (k _ k,)2(k K — Zk)2 Vg ( ,x), (3 6 )

which are slightly inferior concerning the numerical performance but give a sg change from
s0,i = (k| + ki — k;|)? to S0, = kii which already is close to the final s, making a
correction term (eq. (3.13)) needless since the ratio of longitudinal momentum fractions in
s0,; effectively reduces to 1 as described above.

We have checked that all three possible subtraction terms after combining them with
the according correction term (3.13) lead to the same result. For reasons of numerical
performance we have chosen egs. (3.15) for the final calculation. As we nevertheless aim
for the final s{, defined in eq. (3.12) we still have to use the correction term introduced in
eq. (3.13) additionally.

3.3 BFKL Green’s function at NLL

Last but not least, we also have to take the BFKL Green’s function at NLL level. The
key to the Green’s function is the BFKL kernel at NLL [20, 21]. While at LL the BFKL
equation is conformally invariant, at NLL it is not such that in fact the LL eigenfunctions
E, . (2.10) are strictly speaking not eigenfunctions of the NLL kernel. Nevertheless, the
action of the NLL BFKL kernel on the eigenfunctions has been calculated in ref. [22]. The
status of the E, , being eigenfunctions formally can be saved if one accepts the eigenvalue
to become an operator containing a derivative with respect to v [11, 23, 24]. In combina-
tion with the impact factors the derivate acts on the impact factors and effectively leads
to a contribution to the eigenvalue which depends on the impact factors [11, 23-25]:

1 .
x1 { |n], ) + v

by 1 . 2 .0 Cnu(|kJ1|,xJ1)
— —21 — 1 ' ’ ' 1
2NCXO <’n” 2 " ZV> { i 28’/ ! Cnﬂ/(‘kJ,Q‘?xJQ)  (317)

1
w(n,v) = asxo <\n\, ot iu) + a?

— 11 —



where

x1(n,v) = Sxo(n,v) + 26(3) - 8?0[ xXo(n, )

+ i [ (7 + ;‘) ro (1-y+ Z) ~ 2(n.7) — 26(n.1 )]
72 cos(77y) N 24 37(1— )
. 4sin2(m)(17—27>{ {H <1+ Né) (3 jzvfy)(um)} %0
O T IS

with the constant S = (4 — 7% + 58y/N.)/12. ((n) = Y52, k™" is the Riemann zeta
function while the function ¢ reads

kJrl
ZkJr L ( (k+n+1) = (k+1)

+ (DM B (k+n+ 1)+ B (k+1)] +

vk +1) =Yk +n+ 1)>’ (319)
k+v+5

with o) 411 [w, (1 ;v> L @)] . (3.20)

At NLL accuracy, only the leading order vertex coefficients (2.20) enter in the derivative
term of (3.17):

LL
—2mnp%—i  In G (kal; 21) oy Kol kol (3.21)
E 2 . .
O (O (Kl e) i

3.3.1 Collinear improved Green’s function

There are methods to improve the NLL BFKL kernel for n = 0 by imposing compati-
bility with the DGLAP equation [26-29] in the collinear limit [30-33]. They are known
under the name w-shift because essentially poles in v = 1/2 + iv and 1 — 7 are shifted
by w/2 with some compensation terms ensuring that the result is not changed at fixed
order (having in mind that w ~ asxg). The different attempts are very similar, and here
we use the most transparent method presented in [30]. In fact, based on previous experi-
ence [11, 25, 34] we use scheme 3 of [30]. The new kernel a,x™)(v,w) with shifted poles
replaces asxo(7,0) + a2x1(7,0) and w(0,v) is obtained by solving the implicit equation

w(0,v) = asx™ (v, w(0,)) (3.22)

for w(n,r) numerically.
In general the additional v-derivative term makes it necessary to recalculate the coeffi-
cients dy j (defined in ref. [30]) but in our case the LL vertex does not contain any poles in
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v nor in 1 —+y leaving the coefficients dy 4, unchanged.? By introducing an w dependence in
the eigenvalue the pole in (2.14) is no longer a simple one such that the residue in fact reads

1 ( . >w(0,u1) S — ). (3.23)

50

3)((1)(% + vy, w)

Go,0mmn(8) = [ 1— S

w=w(0,v1)

3.3.2 Approximate energy-momentum conservation in BFKL

We would like to finish this section with the following important observation. Energy-
momentum conservation is not fulfilled in any truncated BFKL treatment (i.e. LL BFKL,
or NLL BFKL, etc.) while it is preserved in any truncated fixed order treatment & la
DGLAP (LO, NLO, etc.). Our approach uses a semi-analytical resummed solution of the
BFKL equation at NLL and does not allow, in a direct way, for the implementation of
a procedure based on the iteration of the BFKL kernel (in the spirit of ref. [9]) in which
energy-momentum conservation could be imposed step by step. Exact energy-momentum
conservation is beyond the scope of our pure BFKL treatment. Therefore, our results are
expected to be valid only in a limited range of relative rapidity between the two Mueller
Navelet jets, away from the kinematical bounds. Nevertheless, this violation within BFKL
approach is less dramatic when going further in the truncation (note that BFKL and
DGLAP are expected to converge to same result when going higher and higher in the order
of perturbation). We thus expect that in the region far from the kinematical limit, such

energy-momentum conservation effects would not introduce significant corrections to our
NLL BFKL results.

4 Results

We now present results for the LHC at the design center of mass energy /s = 14TeV.
Motivated by a recent CMS study [15] we restrict the rapidities of the Mueller Navelet jets
to the region 3 < |ys| < 5. We shall show the differential cross section with respect to the
relative rapidity variable Y = y;1 — 52 which therefore takes values between 6 and 10.
Note that, since the maximum possible rapidity of a jet with 50 GeV of transverse energy
(see below) is ymax = 5.6, values of Y ~ 10 are quite close to the kinematical boundary
and the corresponding predictions may suffer some uncertainties because of the fact that
momentum conservation is not exactly fulfilled in this BEKL approach.

We consider Mueller Navelet jets with |k ;| = 35GeV, and |k;| = 50 GeV respectively.
Due to our method of calculation and the factorization between the two Mueller Navelet
jets we can can combine the building blocks to two symmetric scenarios (k1| = k2| =
35GeV or |kji| = |kj2| = 50GeV) and one asymmetric scenario of |kji| = 35GeV,
lkj2| = 50GeV (plus the ‘mirrored’ process k1| = 50 GeV, |kj2| = 35GeV) even though

2The same is true for the NLL vertex (except for the so-correction term (3.13)) as can be seen by using
a closed contour in 7-plane around 0 or around 1, and numerically integrating integer powers of v or 1 — =
times the vertex. Based on Cauchy’s formula — used here in reverse manner — one can then obtain a
numerical evaluation of the residue of arbitrary order, and show that they actually vanish.
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in doing so one mixes different choices for pg. But since ag only varies by ~ 4% between
35 GeV and 50 GeV we give the according result as well.

In ref. [35] it is argued based on ref. [36] that imposing |[kji| > E, |kj2| > £+ D for
D — 0 large logarithms of non-BFKL origin make a fixed order calculation unstable. Even
though in a pure BFKL framework these logarithms do not show up at all, they — and
their resummation — might be of significant impact on the result of a BFKL calculation.
Therefore, D # 0 is preferred also in the BFKL framework to be safe from these unknown
contributions. However, we start the presentation of our result with these symmetric sce-
narios but in order to be conservative and to avoid the region where initial state radiations
might require peculiar treatment involving resummations a la Sudakov, which are beyond
the scope of our work (and not implemented in fixed NLO calculation neither), we will
close in section 4.3 with our results in the asymmetric case for which such resummations
effects are clearly not required.

In all cases we choose the number of active flavors to be five (Ny = 5) with Aqcp =
221.2MeV such that as(M2) = 0.1176.

The Monte Carlo integration [37] itself is error-prone. This error in Monte Carlo
integration can be reduced to less than 1% with a large number of sample points, so as to
be practically negligible in comparison with other sources of uncertainties. In practice, due
to hardware/ time limitations we will display results for a Monte Carlo integration setup
(for details see section A.2) which aims for an accuracy of the order of 1%.

However, as we show in what follows, there are more serious uncertainties due to the
renormalization scale pp which we choose as ur = /|kj1| - [kjz2|. To study the depen-
dence on it we vary pug by factors 2 and 1/2 respectively. The same we do for the energy
scale \/sg. We investigate the effect of the uncertainty of PDFs for asymmetric errors as
defined in egs. (51,52) of [16] with the eigenvector set ensuring all data sets being described
within their 90% confidence level limits.

Below we present our results. The logic of their presentation is the following. For each
kinematical situation, we discuss the physical observables and their uncertainties: cross-
section encoded in Cy, azimuthal decorrelation encoded in Cy/Cy, C2/Cy and C2/Cy . We then
give further details on the additional underlying quantities C; , Co. We use the same color
coding for all plots, namely blue shows the pure LL result, brown the pure NLL result,
green the combination of LL vertices with the collinear improved NLL Green’s function,
red the full NLL vertices with the collinear improved NLL Green’s function. Whenever
we show curves for scales ur = pp or sg changed by factors 2 or 1/2, the thick curve
corresponds to the scale changed by factor 2.

4.1 |kJ71| = |kJ72| =35 GeV

Thus the first thing to look at is the differential cross section as defined in eq. (2.8). The
result of our calculation is shown in figure 3 (the according tabled values are shown in
table 1 in the appendix). The decrease of the cross section at large values of Y > 7 is
mostly an effect of the upper kinematical cut on the rapidity of the single jets. This is true
also for the coefficients C; and Cy in figures 16 and 19.
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The purely numerical error due to the Monte Carlo integration of the NLL vertices
is mainly below 2% (see figure 5), and only for very large Y of the order of 2 — 5%.
We varied the renormalization and factorization scale by factors 2 and 1/2 to investigate
the ur dependence. A full scan over this interval is not possible due to the CPU time
consumption of the evaluation for a single choice of ur. The results are displayed in figure 4.
As one would expect, the full NLL result depends less on pg than the LL result or the
combination of LL vertices with resummed NLL Green’s function which was so far state-
of-the-art [11, 12]. However, the results obtained for the three choices of up studied here
seem to suggest that, as expected, after inclusion of the NLL vertices the pp dependence is
no longer monotone and flattens out, resulting in higher stability of NLL results. Another
important scale is the energy sy introduced by the Mellin transformation from energy to w
space which is necessary to formulate the BFKL equation. Like pup it is an artificial scale
which in an all order calculation would not affect the result. Indeed, the dependence is
reduced when the NLL corrections to the vertices are taken into account (see figure 4).

The dependence on PDF uncertainties is shown in figure 5. This significant sensitivity
is almost identical for pure LL, pure NLL, combined LL vertices with collinear improved
NLL Green’s function and for full NLL vertices combined with the collinear improved NLL
Green’s function.

The azimuthal decorrelation, described by coefficients defined in eq. (2.9), has often
be predicted to be a striking feature of BFKL physics. Our results displayed in figure 6
for (cos¢) and in figure 10 for (cos2¢p) explicitly show that our inclusion of NLL vertices
leads to an enormous correlation in the azimuthal angle (for completeness our results for
C1 and Cy coefficients alone are displayed respectively in figure 16 and figure 19).

In particular, (cos ) shown in figure 6 is rather close to the typical values predicted
by LO-DGLAP Monte Carlos PyTHIA [38] and HERWIG [39], used for CMS studies [15].
Note that HERWIG has the tendency to predict more decorrelation, presumably because
since it implements more radiations than PYTHIA, it has the phenomenological effect to
involve some kind of NLO-DGLAP corrections, which enhance the decorrelation. The
various sources of uncertainty of our results are shown for (cos ¢) in figure 7 (variation of
R = pr), figure 8 (variation of sg), and for (cos 2¢p) in figure 11, and figure 12 accordingly.

Not only is the Y dependence much flatter for the NLL vertices. But the mean value
for cos @ itself is very close to 1, especially for the NLL calculation including the collinear
improved Green’s function. Actually, in the collinear improved approach and for low values
of pug, (cosp) = C1/Cy can exceed unity. This feature has to be ascribed to the fact that
the collinear improvement is justified and applied only to the n = 0 conformal spin of the
kernel, with the effect of lowering Cy in a large region of the phase space, while keeping
Cy unchanged. For this reason, the predictions of angular dependent quantities are more
trustable in the pure NLL approach (without collinear resummation).

The pr dependence of C1/Cy (see figure 7) is puzzling, but has to be considered as
a consequence of the Cy and C; dependencies in figures 4 and 17 respectively. A similar
behavior can be observed for the sy dependence (see figure 8 for C;/Cy and figure 4 and
figure 17 for Cy and C; respectively). While the pr and so dependences for Cy and C; are
significantly reduced by the inclusion of the NLL vertices, in the ratio this is only true if
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compared to the pure LL calculation. The combination of LL vertices and NLL collinear
improved NLL Green’s function is less sensitive on changes of sg or . The reason for this
surprising ‘weakness’ of the NLL result is that the changes of the LL vertices when changing
sp or up are not very sensitive on n such that ratios of LL vertices are very stable against
scale changes. In contrast, the NLL correction — especially the LL subtraction — is very
large (and negative) for the n = 0 component while of minor significance for n > 0 such
that effects of a scale change for NLL vertices do not vanish by considering ratios C,,/Co.
The special role of n = 0 becomes apparent if one compares the situation to Cy,o/Cy0 (see
figures 15, 14) where the expected advantage of the full NLL calculation is clearly visible.

For both scales, the curves exceeding 1 belong to smaller scales (in the calculation
with the collinear improved Green’s function) which seem to be very disfavored in full
NLL BFKL calculations as already discussed in [23, 40, 41]. The dependence on the PDFs
completely drops out for LL vertices, and also for NLL vertices it is negligible as can be
seen in figure 9.

A similar rather large dependency on ur = pr and s is obtained for Co/Cp , although
it does not lead to values of (cos2¢p) close to 1, as can be seen from figures 11, 12, based
on detailed studies of coefficients Cy and Csy displayed respectively in figures 4 and 20.

In ref. [11] it has been proposed to also study other observables C,, /C,, with m # 0 # n.
This is motivated by the fact that the main source of uncertainty of the Green’s function
is associated with the n = 0 component. This observation is not altered by the inclusion
of NLL vertices, as we display in figures 13-15. Moreover, figure 14 shows that the effect
of changing pup = pr leads to modifications of similar size for pure NLL and combined LL
vertices with NLL Green’s function predictions, while the changing of sy (see figure 15)
leads to a reduced dependency with respect to sg of the pure NLL prediction. The PDF
dependence for all ratios C,,/C,, cancels in the same manner such that there is no use
plotting it more than once (see figure 9 for C;/Cp).

A priori, one would expect the numeric uncertainties for the C,~¢ calculations including
the NLL vertices to be larger because the coefficients C), , contain an azimuthal integration
which in the case of n = 0 becomes trivial while for n > 0 has to be carried out. This is
indeed true for the NLL corrections alone, but since these corrections are more significant
for n = 0 than for n > 0, in the sum together with the error-free LL vertices the opposite
turns out to be true (the Monte Carlo errors are smaller than 1% for C; 2 as shown in
figures 18, and 21 respectively).

We would like to draw the reader’s attention to the analogous effects for the kernel.
For both the BFKL kernel and the Mueller Navelet vertices the NLL corrections to the
n = 0 component around v = 0 are very large and negative while the relative corrections
for n > 0 are positive, much smaller than for n = 0 and slowly increasing with n.

Finally, for other kinematical configurations to be discussed below, the same kind of
PDF uncertainties appear, and Monte Carlo errors are of similar order. Because of that,
we will not display the corresponding curves.
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Figure 3. Differential cross section in dependence on Y for |kj;| = |kj2| = 35GeV. The errors
due to the Monte Carlo integration — though hardly visible — are given as error bands. The

tabled values are shown in table 1. Blue shows the pure LL result, brown the pure NLL result,
green the combination of LL vertices with the collinear improved NLL Green’s function, red the
full NLL vertices with the collinear improved NLL Green’s function. The same color coding is

used in all subsequent plots.
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Figure 4. Relative effect of changing up = pp by factors 2 (thick) and 1/2 (thin) respectively
(left), and /so (right) by factors 2 (thick) and 1/2 (thin) resp. on the differential cross section in
dependence on Y for |kjy1| = |kjz2| = 35 GeV. The tabled values are shown in tables 2 and 3.

5Co [ b 6Co | b |
03¢ 0.06

0al 0.04
ol 0.02 ¥//
. - ‘ | v
‘ ‘ ‘ LY 7 10
7 8 9 10 -0.02
-0.1 _\ ~0.04}

-0.2F —0.06 F

Figure 5. Relative effect of the PDF (left) and Monte Carlo (right) errors on the differential cross
section in dependence on Y for |kj1| = |kj2| = 35 GeV. The tabled values are shown in tables 4
and 1.
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Figure 6. (cos) in dependence on Y for |kj1| = |kj2| = 35GeV. The errors due to the Monte
Carlo integration are given as error bands. The tabled values are shown in table 5. As dots are
shown the results of ref. [15] obtained with PYTHIA [38]. As squares are shown the results of ref. [15]
obtained with HERWIG [39)].
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Figure 7. Effect of changing ur = pup by factors 2 and 1/2 respectively on (cos ) in dependence
onY for |kji| = |kjz2| = 35GeV. The tabled values are shown in table 6
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Figure 8. Effect of changing /so by factors 2 and 1/2 respectively on (cos ¢) in dependence on Y’
for [ky1| = |kyz2| = 35GeV. The tabled values are shown in table 7.
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Figure 9. Effect of the PDF errors on (cos¢) in dependence on Y for |kj 1| = |kj2| = 35 GeV.
The tabled values are shown in table 8.

Figure 10. (cos2y) in dependence on 'Y for |k;j1| = k2| = 35 GeV. The errors due to the Monte
Carlo integration are given as error bands. The tabled values are shown in table 9.
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Figure 11. Effect of changing ur = pp by factors 2 and 1/2 respectively on (cos 2¢) in dependence
onY for |ky1| = |kj2| = 35GeV. The tabled values are shown in table 10.
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Figure 12. Effect of changing /s by factors 2 and 1/2 respectively on (cos 2¢) in dependence on
Y for |kj1| = |kyj2| = 35GeV. The tabled values are shown in table 11.

Figure 13. (cos2¢)/(cosy) in dependence on Y for |kji| = |kj2| = 35GeV. The errors due to
the Monte Carlo integration — though hardly visible — are given as error bands. The tabled values
are shown in table 12.

Figure 14. Effect of changing yr = pp by factors 2 and 1/2 respectively on (cos2¢)/(cos p) in
dependence on Y for [ky1| = |kyz2| = 35GeV. The tabled values are shown in table 13.
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Figure 15. Effect of changing \/so by factors 2 and 1/2 respectively on (cos2¢)/(cos ¢) in depen-
dence on Y for |k 1| = |ky2| = 35GeV. The tabled values are shown in table 14.
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Figure 16. Coefficient C; in dependence on Y for |k;1| = |kyz2| = 35 GeV. The errors due to the
Monte Carlo integration — though hardly visible — are given as error bands. The tabled values

are shown in table 15.
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Figure 17. Relative effect of changing ur = pupr by factors 2 and 1/2 respectively (left), and
/50 (right) by factors 2 and 1/2 respectively on the coefficient C; in dependence on Y for k| =
|k 2| = 35GeV. The tabled values are shown in tables 16 and 17.
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Figure 18. Relative effect of the PDF (left) and Monte Carlo (right) errors on the coefficient Cy
in dependence on Y for k1| = |kjz2| = 35 GeV. The tabled values are shown in tables 18 and 15.
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Figure 19. Coefficient Cs in dependence on Y for |k;1| = |kyz2| = 35 GeV. The errors due to the
Monte Carlo integration — though hardly visible — are given as error bands. The tabled values

are shown in table 19.
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Figure 20. Relative effect of changing ur = ppr by factors 2 and 1/2 respectively (left), and
/50 (right) by factors 2 and 1/2 respectively on the coefficient C; in dependence on Y for k| =
|k 2| = 35GeV. The tabled values are shown in tables 20 and 21.
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Figure 21. Relative effect of the PDF (left) and Monte Carlo (right) errors on the coefficient Cy
in dependence on Y for [k;y1| = |kjz2| = 35 GeV. The tabled values are shown in tables 22 and 19.

4.2 ’kJ,1’ = ’kJQ‘ = 50GeV

Going to larger jet scales, we meet more or less the same advantages and problems as
for 35 GeV. Again we start with the differential cross section (2.8). The result is shown
in figure 22 (the according tabled values are shown in table 23 in the appendix). The
dependences with respect to ug, and sg are displayed in figure 23.

The azimuthal decorrelation is displayed in figure 24 for (cos ) and in figure 27 for
(cos 2¢p) , again explicitly showing that inclusion of NLL vertices leads to an enormous cor-
relation in the azimuthal angle (for completeness our results for C; and Cy coefficients alone
are displayed respectively in figure 33 and figure 35). Here, the angular correlation even has
the tendency to increase with growing rapidity Y. This might be interpreted as the effect of
stronger limited phase space for additional emissions at large energies and large transverse
momenta of the produced jets (Note, that the cross section is a factor ~ 10 smaller at
Y = 6 compared to the previous configuration, and a factor ~ 100 smaller at Y = 10).

The various sources of uncertainty of our results are shown for (cos¢) in figure 25
(variation of pp = pr), figure 26 (variation of sg), and for (cos2¢p) in figure 28 (variation
of ur = pr), figure 29 (variation of sp).

The scale dependences of C1/Cy (see figures 25, and 26) as well as of Cy (see figure 23)
and C (see figure 34) alone reveal the same basic features as before, namely a non-monotone
scale dependence of the NLL corrections and (more serious) unphysical results for (cos ¢)

in case of the resummed NLL prediction for small sy and/ or pgr = pup scales.

A similar rather large dependency on ur = pp and sg is obtained for Cy/Cy, as can
be seen from figures 28, 29, based on detailed studies of coefficients Cyp and Cy displayed
respectively in figure 23 and figure 36.

The problematic behavior for smaller scales of sy and/ or pug is more dramatic for
lkji] = |kj2| = 50GeV (see e.g figures 25, 26, 28, 29). Especially the ur dependence (see
figure 25 seems to indicate that already the a priori natural scale ur = k| is too small.
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Figure 22. Differential cross section in dependence on Y for |k ;| = |kj2| = 50 GeV. The errors
due to the Monte Carlo integration — though hardly visible — are given as error bands. The tabled
values are shown in table 23.
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Figure 23. Relative effect of changing yir = pp by factors 2 and 1/2 respectively (left), and /so
(right) by factors 2 and 1/2 respectively on the differential cross section in dependence on Y for
|ks1| = [kyjz2| = 50 GeV. The tabled values are shown in tables 24 and 25.

Figure 24. (cos¢) in dependence on Y for k1| = |kjz2| = 50 GeV. The errors due to the Monte
Carlo integration are given as error bands. The tabled values are shown in table 26.
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Figure 25. Effect of changing up = up by factors 2 and 1/2 respectively on (cos ¢) in dependence
onY for |kj1| = |kj2| = 50 GeV. The tabled values are shown in table 27.

Figure 26. Effect of changing /s by factors 2 and 1/2 respectively on (cos¢) in dependence on
Y for |kj1| = |ky2| = 50 GeV. The tabled values are shown in table 28.
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Figure 27. (cos2y) in dependence on Y for |k;j1| = |kyj2| = 50 GeV. The errors due to the Monte
Carlo integration are given as error bands. The tabled values are shown in table 29.
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Figure 28. Effect of changing ur = pp by factors 2 and 1/2 respectively on (cos 2¢) in dependence
onY for |kj1| = |kj2| = 50 GeV. The tabled values are shown in table 30.
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Figure 29. Effect of changing /s by factors 2 and 1/2 respectively on (cos2¢) in dependence on
Y for |kj1| = |kjz2| = 50GeV. The tabled values are shown in table 31.

02F

Figure 30. (cos2¢)/(cosy) in dependence on Y for |kji| = |kj2| = 50 GeV. The errors due to
the Monte Carlo integration — though hardly visible — are given as error bands. The tabled values
are shown in table 32.

4.3 ’kJJ’ =35 GeV, ’kJQ’ = 50 GeV

We end up with the consideration of the asymmetric case, which we investigate in order
to provide a comparison with NLO-DGLAP predictions [42] obtained through the NLO-
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Figure 31. Effect of changing ur = pr by factors 2 and 1/2 respectively on (cos2p)/(cos ) in
dependence on Y for [ky1| = |kyz2| = 50 GeV. The tabled values are shown in table 33.

Figure 32. Effect of changing /s by factors 2 and 1/2 respectively on (cos2¢p)/(cos ¢) in depen-
dence on Y for |k 1| = |kj2| = 50GeV. The tabled values are shown in table 34.
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Figure 33. Coefficient C; in dependence on Y for k1| = |kyz2| = 50 GeV. The errors due to the
Monte Carlo integration — though hardly visible — are given as error bands. The tabled values
are shown in table 35.

DGLAP partonic generator DIJET [43]. These prediction are very sensitive to the precise
compensation between the real and the virtual contribution, and a symmetric cut leads to
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Figure 34. Relative effect of changing ur = pp by factors 2 and 1/2 respectively (left), and
/S0 (right) by factors 2 and 1/2 respectively on the coefficient C; in dependence on Y for |kji| =
|k 2| = 50 GeV. The tabled values are shown in tables 36 and 37.
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Figure 35. Coefficient Cy in dependence on Y for |kji| = |kj2| = 50 GeV. The errors due to the
Monte Carlo integration — though hardly visible — are given as error bands. The tabled values

are shown in table 38.
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Figure 36. Relative effect of changing ur = pp by factors 2 and 1/2 respectively (left), and
/S0 (right) by factors 2 and 1/2 respectively on the coefficient Cy in dependence on Y for |kji| =
|kj2| =50GeV. The tabled values are shown in tables 39 and 40.
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some kind of Sudakov resummation effects which are not completely under control at the
moment [44], even leading to a negative cross-section for |kji| = |kj2| = 35GeV. These
prediction are much more stable in the asymmetric configuration. Our own predictions
for the cross-section, for (cos ), (cos2p), and (cos2y)/(cos ¢) are given respectively in
figures 37, 39, 42 and 45.

Due to the factorization, the sensitivity of our prediction with respect to sg, ugr is
similar to the two previous symmetrical configurations, as shown in figures 38 for Cp, in
figures 40, 41 for C;/Cy, in figures 43, 44 for Cy/Cy and in figures 46, 47 for Cy/C;. In
figures 48, 49 and figures 50, 51, detailed studies for separate coefficients C; and Cy are
displayed.

One sees from figure 37 that our pure NLL prediction, as well as our resummed
NLL prediction, are a bit below the NLO-DGLAP prediction, while the LL prediction
is much higher than the NLO-DGLAP prediction. The combined LL vertices plus re-
summed NLL Green’s function is rather close to the NLO-DGLAP prediction. One may
expect that including higher order corrections in both DGLAP and BFKL approaches
would make them converging. We note however that comparing both kinds of treatment
should be done with some cautious. Indeed, the NLO-DGLAP involves scales which are
smaller than the scale which we consider: we take ug = /|kj1|-|ks2| which is similar
to (Jkj1| + |k2|)/2, while the NLO-DGLAP calculation uses the scale ([kj1|+ |kj2|)/4.
Changing this scale from (k1| + |kj2|)/4 to (k1| + |ksz2|)/8 leads to a variation of the
order of 5% in the NLO-DGLAP prediction. Our treatment, especially when considering
the azimuthal decorrelation, favors higher scales, like \/|k1| - [kj2| ~ ([kj1|+ [kJz2])/2 or
even 2\/|kJ,1| . |kJ72| ~ |kJ,1| + |kJ72| .

The azimuthal decorrelation, which is expected to be the best signal, is predicted to
be similar in magnitude and shape both from our pure NLL prediction and our resummed
NLL prediction and from the NLO-DGLAP approach, as can be seen from figures 39
and 42. Note however that the uncertainties of our predictions are rather high. Anyway, the
general trend is clear: the azimuthal decorrelation is much lower than expected from a LL
BFKL treatment or from a mixed treatment with LL vertices combined with NLL Green’s
function. It is also rather flat with Y . The only observable which still remain different when
comparing pure NLL approaches (the resummed NLL approach makes no difference here
since it only affects Cp) with NLO-DGLAP is the ratio (cos 2¢)/(cos ¢) for which the NLO-
DGLAP is still significantly higher than the NLL prediction, as can be seen from figure 45.
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Figure 37. Differential cross section in dependence on Y for |kj1| = 35GeV, |kja| = 50 GeV.
The errors due to the Monte Carlo integration — though hardly visible — are given as error bands.
The tabled values are shown in table 41. As dots are shown the results of ref. [42] obtained with
DuET [43].
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Figure 38. Relative effect of changing 1r = pp by factors 2 and 1/2 respectively (left), and /so
(right) by factors 2 and 1/2 respectively on the differential cross section in dependence on Y for
|ks1| =35GeV, |kya| =50GeV. The tabled values are shown in tables 42 and 43.
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Figure 39. (cos¢) in dependence on Y for |kj| = 35GeV, |[kj2| = 50 GeV. The errors due to
the Monte Carlo integration are given as error bands. The tabled values are shown in table 44. As
dots are shown the results of ref. [42] obtained with DIJET [43].

Figure 40. Effect of changing up = up by factors 2 and 1/2 respectively on (cos ¢) in dependence
onY for |kji| =35GeV, |kj2| = 50GeV. The tabled values are shown in table 45

Figure 41. Effect of changing /s by factors 2 and 1/2 respectively on (cos¢) in dependence on
Y for |kj1| = 35GeV, |k;2| = 50 GeV. The tabled values are shown in table 46.
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Figure 42. (cos2¢p) in dependence on Y for |k;j1| = 35GeV, |kj2| = 50 GeV. The errors due to
the Monte Carlo integration are given as error bands. The tabled values are shown in table 47. As
dots are shown the results of ref. [42] obtained with DIJET [43].
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Figure 43. Effect of changing ur = pup by factors 2 and 1/2 respectively on (cos 2¢) in dependence
onY for |kji| =35GeV, |kj2| =50GeV. The tabled values are shown in table 48
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Figure 44. Effect of changing /s by factors 2 and 1/2 respectively on (cos2¢) in dependence on
Y for |kj1| = 35GeV, |k;2| = 50GeV. The tabled values are shown in table 49.
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Figure 45. (cos2y)/(cosp) in dependence on Y for |k; 1| = 35 GeV, k2| = 50 GeV. The errors
due to the Monte Carlo integration — though hardly visible — are given as error bands. The tabled
values are shown in table 50. As dots are shown the results of ref. [42] obtained with DIJET [43].
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Figure 46. Effect of changing urp = pp by factors 2 and 1/2 respectively on (cos2¢)/{cos ) in
dependence on Y for k1| = 35GeV, |kj2| = 50 GeV. The tabled values are shown in table 51
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Figure 47. Effect of changing /s by factors 2 and 1/2 respectively on (cos2¢)/(cos ¢) in depen-
dence on Y for |k 1| = 35GeV, |k;2| = 50 GeV. The tabled values are shown in table 52.
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Figure 48. Coefficient C; in dependence on Y for |k 1| = 35 GeV, |k 2| = 50 GeV. The errors due
to the Monte Carlo integration — though hardly visible — are given as error bands. The tabled
values are shown in table 53.
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Figure 49. Relative effect of changing ur = ppr by factors 2 and 1/2 respectively (left), and
/50 (right) by factors 2 and 1/2 respectively on the coefficient C; in dependence on Y for k| =
35GeV, |kj2| =50GeV. The tabled values are shown in tables 54 and 55.
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Figure 50. Coefficient Cy in dependence on Y for k1| = 35GeV, |kj2| = 50 GeV. The errors due
to the Monte Carlo integration — though hardly visible — are given as error bands. The tabled
values are shown in table 56.
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Figure 51. Relative effect of changing ur = pp by factors 2 and 1/2 respectively (left), and
/S0 (right) by factors 2 and 1/2 respectively on the coefficient Cs in dependence on Y for |kj | =
35GeV, |kj2| = 50GeV. The tabled values are shown in tables 57 and 58.

5 Conclusions

We have implemented at full NLL order the Mueller Navelet jets cross-section as well as
their relative azimuthal angle dependency. In contrast to the general belief, the effect of
NLL corrections to the vertex function is very important, of the same order as the one ob-
tained when passing from LL to NLL Green’s function. The importance of NLL corrections
to the impact factor observed in the present paper is analogous to recent results obtained
at NLL in diffractive double p-electroproduction [23, 40]. Interestingly, the full NLL cal-
culations for (cos¢) and (cos2yp) are quite close to a calculation [42] using DIET [43]
which is based on DGLAP dynamics and to a dedicated study [15] using PyTHIA [38] and
HERWIG [39]. The uncertainty due to changes in ug (and sg) is drastically reduced for all
C,, when one takes into account the NLL Mueller Navelet vertices. The uncertainty due to
PDF's are also moderate. As a consequence, our results for the cross-section are very stable.
However, for azimuthal decorrelation the dependence on ppr (and sg) is still sizeable.
In the case of the NLL Green’s function with collinear improvement one observes that
(cos ) can exceed 1 for certain choices of the parameters, in particular for low values of
pr = puF, taken to be smaller than the “natural” value /|kj1| - |ks2|. One might also
think of a collinear improvement of the vertices [33] but the Mueller Navelet vertex for
fixed |k ;| does not have poles in v nor 1 —, so there is no room for such a treatment. The
resummation of soft initial radiation might be of relevance for the azimuthal correlation as
well. This is left for further investigations, and in this work we rather consider the full NLL
calculation without additional collinear resummation to be our solid prediction, while the
‘collinear improvement’ as it stands is not appropriate to study azimuthal dependences.
At present, there is little experience with the effect of NLL impact factors. To the best
of our knowledge, up to now, the only full NLL BFKL calculation existing in the literature is
the vector meson production in virtual photon collisions [23, 40, 41], which is very sensitive
to NLL corrections to the impact factor and for which very large values for sg and up are
preferred. In [41] it has been shown that a collinear improved treatment combined with the
application of the principle of minimal sensitivity [45, 46] reduces this large values to more
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“natural” values. Still, ur larger than the “natural” values are favored [41]. In the present
case, with the scales pp and sg set by the jet scale, we get azimuthal correlations which are
rather similar to DGLAP dynamics predictions (although, as we already mentioned, the
DGLAP prediction are based on smaller scales). To conclude, contrarily to the expectation,
it thus seems that the azimuthal decorrelation is almost not enhanced by an increasing
rapidity. This suggests that the study of Mueller Navelet jets is probably not the best
place to exhibit differences between BFKL and DGLAP dynamics.
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A Details on the numerical implementation

A.1 Programs used

We implemented all numerical calculations in MATHEMATICA. To this purpose we used
the according interfaces for the MSTW 2008 PDFs [16] and for version 1.5 of CUBA [37]
which we used for numerical integration.

A.2 Choice of parameters

CuBA provides different integration routines which we also used to cross-check the results
of the Monte Carlo integration. However, for the final results we used the Vegas rou-
tine of CUBA with an aimed precision of 1072 and a maximal number of 500000 points
per integration. To use a Monte Carlo integrator, all integration intervals have to be
mapped on finite intervals. For the transverse momentum integrations we used the map-
ping |K| = k| tan(¢r/2).

The cancellations which analytically have been shown in refs. [13, 14] numerically can
corrupt the integration due to the limited precision of a computer. In all these cases, were
the integration interval have been mapped to the compact interval [0, 1], we used a cut off
of 1075 where the cut off dependence becomes negligible.

A.2.1 The v-grid

Due to the complicate matrix element, the PDF evaluation, and the implementation in
MATHEMATICA instead of a dedicated stand-alone code the Monte Carlo integration is very
time consuming. Therefor, the choice of the v-values at which the coefficients C), , (2.19)
are evaluated is crucial.

We are guided by the shape of the BFKL Green’s function which is peaked around
v = 0 and then monotonically falls. The smaller Y the slower the decrease. Even though
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the minimal Y in this study is 6, we want our coefficients to be prepared also for smaller
Y’s. We choose a maximal vy, such that an integration up to vyax of just the NLL BFKL
Green’s function at Y = 4 for n = 0 reproduces 96% of the integration over the full v-range.
For the case of Y = 6 it reproduces 99.97% of the full integral.

The coefficients C,, , are oscillating like exp(iv In k?,l) but more important is the prod-

uct of the two which has an oscillating part with a frequency Voscilation = 7/ 1n }t;;}

This frequency is zero for |kji| = |kj2| but for the example of |kj;| = 35GeV and
[k 2| = 50 GeV we chose a step width for v of Vescillation/4-

For large Y it is really the small region close to ¥ = 0 which matters. Therefore we
sample this region in more detail according to the shape of the NLL BFKL Green’s function
for n =0 and Y = 7. The final v-grid reads

{0, 0.0334439,0.0671152,0.101257,0.136128,0.172017, 0.209264, 0.248284,
0.289594, 0.333866, 0.382007, 0.435281, 0.495535, 0.565607,0.65013, 0.75725,

2 3 49
0.902736,1.12137,1.50735,2.44882, ", " ... b (A)
4In 7 4In 4In
For the final integration over v the product C, ,(|k1|,2s,1)Cy (|2, 752) is inter-
polated by cubic splines.

A.3 Grouping the integrand

In this section we describe how the NLL contribution to the coefficients C), ,, as defined in
eq. (2.19), is arranged.

The jet defining function 853) given in eq. (3.6) consists of three parts which we label
85,37 853,)) and S§32 With this separation Vq(l), given in eq. (3.5), consists of 17 elementary
blocks which we denote by V4li] (suppressing for the time being all further arguments and
indices) , where i = 1,...,17. In the same spirit we decompose Vg(l) given in eq. (3.4) in
its 25 elementary blocks Vj[i].

It is useful to replace the integration variable k by k — k; —k in the integrands V4 [5]
and Vg [7] (V[23] and V,[25]). Moreover we split up Vq[3] (V[21]) and create Vg [18] (V[26])
where in the new elementary blocks the integrand k’ is replaced by k; —k’. Then we make

the following replacements
V3 — V3o <z - ;) +V,[18]0 (; - z> (A.2)
V21 — V210 <z - ;) +V,[26)0 (; - z> . (A.3)

The elementary blocks are now grouped to 14 minimal basic blocks B[i] which also

contain the integrations from eq. (2.19)

51 = [[ff v (A)
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= [[[] vtz (A5)

_ //// (vq[:a o <z - ;) V4] + Vq[6]> (A6)
-l (vqus]e (; - z> V5] + vqm> (A7)
//// < [11] 4 Vy[12) + V18] + Vo[15] +  (Val16] + vq[m)) (A.8)
/i < Valo] + Val10] + Vi14] + ) (Val16] + vq[m)) (A.9)

= //// Vell] (A.10)
— //// V,[2) (A.11)

Bl9] = //// ivgm (A.12)
B[10] = //// f:vgm (A.13)

B[11] ////( (1] + V,[12] + V(18] + V[17] + & (Vi[19) +vg[20])> (A.14)

1
B[12] // (vg V4 [16] + V(18] + z(vg[19]+vg[20])> (A.15)
B[13] // <Vg ( ;)+ 22] + Vi 24> (A.16)
= [ff (vaes 51)

V,[26 ( z) + Vg[23] + Vig[25] (A.17)

where we made use of the short hand notation [[[| = [d¢;d*kdz f(x)E,,, (k) cos(me,).

We would like to point out that the inclusion of V4[18] (V,[26]) in B[4] (B[14]) is
essential. Even though it is correctly stated after eq. (88) in ref. [13] (and repeated in
ref. [14] after eq. (53)), that in the composite jet configuration the domain of integration
shrinks like 22 for z — 0, the conclusion that this prevents a divergence is wrong. In fact,
in the limit 2 — 0 the integrand scales like 273 and only the sum of V[18] (V[26]) and
Vql5] (Vg[23]) cancels properly against Vg [7] (V[25]) in the dangerous region.

Note that in case of fix x; for B[1] and B[7] no numerical integration is needed, while
for B[2] and B8] only one integration over z has to be done. All four are proportional
to the LL Mueller Navelet vertex regarding the transverse momentum dependences. The
Dirac-d in transverse momenta we always use for the k integration. Only for contributions
with 62 (k" — k) it is used for the k’ integration. The x-integration is trivially performed
by evaluating the according Dirac d-distribution.

,38,



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

B Tabled values of diagrams

To allow for later accurate comparisons, we give the values for all plots in this work. We
mark the pure LL calculation by ‘LL’, and the pure NLL one by ‘NLL’. The combination
of LL vertices with the NLL collinear improved Green’s function is denoted as ‘LL+’, and
the combination of NLL vertices with the NLL collinear improved Green’s function as
‘NLL+’. Whenever in a figure the effect of the variation of one parameter is presented, in
the according table the first column shows the central value, while the second and third
show the change of this central value due to the varied parameter. For brevity we suppress

LL

1.52
2.06
2.04
1.70
1.18
0.602
0.268
0.0949
0.0207
LL+

0.849
1.10
1.03
0.804
0.523
0.248
0.102
0.0337
0.00681

MCO
0.606
0.752
0.670
0.490
0.289
0.126
0.0474
0.0138
0.00238

MCO
0.549
0.675
0.595
0.430
0.249
0.107
0.0396
0.0114
0.00198

NLL
MC+
0.006
0.005
0.004
0.003
0.002
0.0009
0.0004
0.0002
0.00006

NLL+
MC+
0.006
0.006
0.004
0.003
0.002
0.001
0.0005
0.0002
0.00008

the energy unit GeV in the headings of the tables.

,39,

MC-
-0.006
-0.005
-0.004
-0.003
-0.002
-0.0009
-0.0004
-0.0002
-0.00006

MC-
-0.006
-0.006
-0.004
-0.003
-0.002
-0.001
-0.0005
-0.0002
-0.00008

Table 1. Tabled values for figure 3, 5.



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

Y  pu=35
6 1.52
6.5 2.06

7 2.04
75 1.70

8 1.18
8.5 0.602
9 0.268
9.5 0.0949
10 0.0207
Y  pu=35
6 0.849
6.5 1.10

7 1.03
7.5 0.805
8 0.523
8.5 0.248
9 0.102
9.5 0.0337
10 0.00681

LL
n="10
-0.4
-0.6
-0.7
-0.7
-0.5
-0.3
-0.1
-0.05
-0.01

LL+
n="10
-0.2
-0.3
-0.3
-0.3
-0.2
-0.09
-0.04
-0.01
-0.003

=175

0.4
0.1
0.03

pw=17.5
0.3

0.5

0.5

0.5

0.3

0.2

0.08
0.03
0.006

1w=35
0.606
0.752
0.670
0.490
0.289
0.126
0.0474
0.0138
0.00238

1w=35
0.549
0.675
0.595
0.430
0.249
0.107
0.0396
0.0114
0.00197

NLL

pw="7 p=17.5

0.03
0.03
0.03
0.02
0.02
0.007
0.003
0.001

0.0002
NLL+

-0.04
-0.06
-0.06
-0.05
-0.03
-0.02
-0.006
-0.002
-0.0002

pw="7 p=17.5

0.02
0.02
0.02
0.02
0.01
0.007
0.003

0.0009
0.0001

-0.04
-0.05
-0.05
-0.05
-0.03
-0.01
-0.003
0.0008
0.0009

Table 2. Tabled values for left figure of figure 4.

\/SO =35
1.52

2.06

2.04

1.70

1.18
0.602
0.268
0.0949
0.0207

\/SO =35
0.849
1.10

1.03
0.805
0.523
0.248
0.102
0.0337
0.00681

LL
\/SO =70
-0.03
-0.1
-0.2
-0.2
-0.2
-0.09
-0.04
-0.02
-0.004

LL+
\/SO =70
0.009
-0.02
-0.03
-0.04
-0.03
-0.02
-0.008
-0.003
-0.0006

\/80 =17.5
0.1

0.3

0.3

0.3

0.2

0.1

0.06

0.02

0.005

\/80 =17.5
0.02

0.05

0.06

0.05

0.04

0.02

0.009

0.003
0.0007

\/SO =35
0.606
0.752
0.670
0.490
0.289
0.126
0.0474
0.0138
0.00238

\/SO =35
0.549
0.675
0.595
0.430
0.249
0.107
0.0396
0.0114
0.00197

NLL
\/80 =70
0.03
0.03
0.02
0.02
0.01
0.005
0.002
0.0005
0.00007

NLL+
\/80 =70
0.03
0.03
0.03
0.03
0.02
0.007
0.003
0.0007
0.00008

Table 3. Tabled values for right figure of figure 4.
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\/SO =17.5
-0.008
-0.02

-0.02

-0.02

-0.01
-0.006
-0.002
-0.0005
-0.00002

\/SO =17.5
-0.01

-0.03

-0.03

-0.03

-0.02
-0.006
-0.002
0.000003
0.0002



Y
6
6.5
7
7.5
8
8.5
9
9.5
10

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

PDFO
1.52
2.06
2.04
1.70
1.18
0.602
0.268
0.0949
0.0207

PDFO
0.849
1.10
1.03
0.805
0.523
0.248
0.102
0.0337
0.00681

Table 4. Tabled values for left figure

MCO
0.377
0.308
0.252
0.206
0.170
0.140
0.115
0.0949
0.0784

MCO
0.566
0.514
0.465
0.421
0.381
0.344
0.311
0.280
0.253

LL

PDF+
0.08
0.1
0.2
0.2
0.1
0.09
0.05
0.02
0.005

LL+

PDF+
0.05
0.07
0.08
0.08
0.06
0.04
0.02
0.007
0.002

LL
MC+
0.003
0.002
0.0009
0.0006
0.0005
0.0004
0.0004
0.0004
0.0005
LL+
MC+
0.004
0.002
0.002
0.001
0.001
0.001
0.001
0.001
0.002

PDF-
-0.1
-0.1
-0.2
-0.2
-0.1
-0.07
-0.04
-0.02
-0.004

PDF-
-0.06
-0.08
-0.08
-0.08
-0.06
-0.03
-0.01
-0.005
-0.001

MC-
-0.003
-0.002
-0.0009
-0.0006
-0.0005
-0.0004
-0.0004
-0.0004
-0.0005

MC-
-0.004
-0.002
-0.002
-0.001
-0.001
-0.001
-0.001
-0.001
-0.002

PDFO
0.606
0.752
0.670
0.490
0.289
0.126
0.0474
0.0138
0.00238

PDFO
0.549
0.675
0.595
0.430
0.249
0.107
0.0396
0.0114
0.00197

MCO
0.851
0.824
0.801
0.783
0.777
0.761
0.751
0.749
0.753

MCO
0.940
0.919
0.902
0.893
0.901
0.895
0.898
0.908
0.908

NLL

PDF+  PDF-
0.03 -0.04
0.05 -0.05
0.06 -0.06
0.05 -0.05
0.04 -0.03
0.02 -0.02
0.008 -0.007
0.003 -0.002
0.0006  -0.0004
NLL+

PDF+  PDF-
0.03 -0.04
0.05 -0.05
0.05 -0.05
0.05 -0.04
0.03 -0.03
0.02 -0.01
0.007 -0.006
0.002 -0.002

0.0005  -0.0004

of figure 5.
NLL

MC+  MC-
0.01 -0.01
0.007  -0.007
0.006  -0.006
0.005  -0.005
0.005  -0.005
0.006  -0.006
0.008  -0.008
0.01 -0.01
0.02 -0.02
NLL+

MC+  MC-
0.01 -0.01
0.009  -0.009
0.007  -0.007
0.007  -0.007
0.008  -0.008
0.009  -0.009
0.01 -0.01
0.02 -0.02
0.04 -0.04

Table 5. Tabled values for figure 6.

— 41 —



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

LL NLL
Y pu=3 p=70 p=175 p=35 p=70 p=175
6 0.377 0.1 -0.1 0.851 -0.06 0.07
6.5 0.308 0.1 -0.09 0.824 -0.07 0.08
7 0.252 0.09 -0.08 0.801 -0.07 0.09
7.5 0.206 0.08 -0.07 0.783 -0.08 0.1
8 0.170 0.07 -0.06 0.777 -0.1 0.1
8.5 0.140 0.06 -0.05 0.761 -0.1 0.1
9 0.115 0.05 -0.04 0.751 -0.1 0.1
9.5 0.0949 0.05 -0.04 0.749 -0.1 0.1
10  0.0784 0.04 -0.03 0.753 -0.1 0.07
LL+ NLL+
Y pu=3 p=70 p=175 p=35 p=70 p=175
6 0.566 0.02 -0.02 0.940 -0.06 0.07
6.5 0.514 0.02 -0.02 0.919 -0.07 0.09
7 0.465 0.02 -0.02 0.902 -0.08 0.1
7.5 0421 0.02 -0.02 0.893 -0.09 0.1
8 0.381 0.02 -0.02 0.901 -0.1 0.2
8.5 0.344 0.02 -0.02 0.895 -0.1 0.1
9 0.311 0.02 -0.02 0.898 -0.1 0.09
9.5 0.280 0.02 -0.02 0.908 -0.2 -0.05
10 0.253 0.02 -0.01 0.908 -0.1 -0.3
Table 6. Tabled values for figures 7
LL NLL
\/SO =35 \/SO =70 \/80 =17.5 \/SO =35 \/80 =70 \/SO =17.5
0.377 0.1 -0.09 0.851 -0.02 0.09
0.308 0.1 -0.07 0.824 -0.02 0.09
0.252 0.08 -0.06 0.801 -0.02 0.09
0.206 0.07 -0.05 0.783 -0.03 0.09
0.170 0.05 -0.04 0.777 -0.03 0.09
0.140 0.04 -0.03 0.761 -0.03 0.09
0.115 0.04 -0.03 0.751 -0.03 0.08
0.0949 0.03 -0.02 0.749 -0.02 0.07
0.0784 0.02 -0.02 0.753 -0.02 0.05
LL+ NLL+
\/SO =35 \/SO =70 \/80 =17.5 \/SO =35 \/80 =70 \/SO =17.5
0.566 0.08 -0.07 0.940 -0.04 0.1
0.514 0.07 -0.07 0.919 -0.04 0.1
0.465 0.07 -0.06 0.902 -0.04 0.1
0.421 0.06 -0.06 0.893 -0.05 0.1
0.381 0.06 -0.05 0.901 -0.05 0.1
0.344 0.05 -0.05 0.895 -0.05 0.1
0.311 0.05 -0.04 0.898 -0.05 0.09
0.280 0.04 -0.04 0.908 -0.05 0.05
0.253 0.04 -0.03 0.908 -0.03 -0.04

Table 7. Tabled values for figure 8.
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Y
6
6.5
7
7.5
8
8.5
9
9.5
10

PDFO

0.851
0.824
0.801
0.783
0.777
0.761
0.751
0.749
0.753

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

NLL

PDF+
-0.006
-0.006
-0.005
-0.005
-0.005
-0.005
-0.005
-0.006
-0.007

PDF-
0.002
0.003
0.004
0.003
0.003
0.004
0.003
0.003
0.004

PDFO
0.940
0.919
0.902
0.893
0.901
0.895
0.898
0.908
0.908

NLL+

PDF+  PDF-
-0.007  0.003
-0.007  0.004
-0.007  0.005
-0.006  0.004
-0.007  0.005
-0.007  0.005
-0.007  0.004
-0.008  0.004
-0.006  0.003

Table 8. Tabled values for figure 9.

MCO
0.258
0.195
0.147
0.111
0.0836
0.0633
0.0481
0.0365
0.0278

MCO
0.317
0.264
0.220
0.183
0.152
0.126
0.105
0.0870
0.0721

LL
MC+
0.003
0.001
0.0006
0.0004
0.0002
0.0002
0.0002
0.0002
0.0002
LL+
MC+
0.002
0.001
0.0008
0.0005
0.0004
0.0004
0.0004
0.0004
0.0005

MC-
-0.003
-0.001
-0.0006
-0.0004
-0.0002
-0.0002
-0.0002
-0.0002
-0.0002

MC-
-0.002
-0.001
-0.0008
-0.0005
-0.0004
-0.0004
-0.0004
-0.0004
-0.0005

MCO
0.512
0.471
0.434
0.404
0.383
0.358
0.337
0.324
0.317

MCO
0.566
0.525
0.489
0.461
0.445
0.421
0.403
0.393
0.382

NLL

MC+  MC-
0.006  -0.006
0.004  -0.004
0.003  -0.003
0.002  -0.002
0.002  -0.002
0.003  -0.003
0.003  -0.003
0.005  -0.005
0.009  -0.009
NLL+

MC+  MC-
0.008  -0.008
0.005  -0.005
0.004  -0.004
0.003  -0.003
0.004  -0.004
0.004  -0.004
0.006  -0.006
0.008  -0.008
0.02 -0.02

Table 9. Tabled values for figure 10.
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6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

Y pu=3 p=70 p=175 p=35 p=70 p=175

6 0.258 0.1 -0.1 0.512 -0.02 0.03

6.5 0.195 0.1 -0.08 0.471 -0.03 0.04

7 0.147 0.08 -0.06 0.434  -0.03 0.05

7.5 0.111 0.07 -0.05 0.404  -0.04 0.06

8 0.0836  0.05 -0.04 0.383 -0.04 0.08

8.5 0.0633 0.04 -0.03 0.358 -0.05 0.08

9 0.0481 0.03 -0.02 0.337  -0.05 0.09

9.5 0.0365 0.03 -0.02 0.324  -0.05 0.09

10 0.0278 0.02 -0.01 0.317  -0.06 0.07

LL+ NLL+

Y pu=3 p=70 p=175 p=35 p=70 p=175

6 0.317 0.03 -0.02 0.566 -0.02 0.04

6.5 0.264 0.03 -0.02 0.525 -0.02 0.05

7 0.220 0.02 -0.02 0.489 -0.03 0.06

7.5 0.183 0.02 -0.02 0.461 -0.04 0.08

8 0.152 0.02 -0.01 0.445 -0.05 0.1

8.5 0.126 0.02 -0.01 0.421 -0.06 0.09

9 0.105 0.01 -0.01 0.403 -0.06 0.07

9.5 0.0870 0.01 -0.008 0.393 -0.07 0.01

10 0.0721  0.01 -0.007 0.382 -0.07 -0.09

Table 10. Tabled values for figure 11.
LL NLL
\/SO =35 \/SO =70 \/80 =17.5 \/SO =35 \/80 =70 \/SO =17.5
0.258 0.1 -0.08 0.512 -0.002 0.08
0.195 0.09 -0.06 0.471 -0.005 0.07
0.147 0.07 -0.05 0.434 -0.005 0.07
0.111 0.05 -0.04 0.404 -0.005 0.06
0.0836 0.04 -0.03 0.383 -0.004 0.06
0.0633 0.03 -0.02 0.358 -0.003 0.05
0.0481 0.02 -0.02 0.337 -0.002 0.05
0.0365 0.02 -0.01 0.324 -0.001 0.04
0.0278 0.01 -0.009 0.317 0.001 0.03
LL+ NLL+

\/SO =35 \/SO =70 \/80 =17.5 \/SO =35 \/80 =70
0.317 0.09 -0.07 0.566 -0.009 0.09
0.264 0.07 -0.06 0.525 -0.01 0.09
0.220 0.06 -0.05 0.489 -0.01 0.09
0.183 0.05 -0.04 0.461 -0.01 0.08
0.152 0.04 -0.03 0.445 -0.02 0.08
0.126 0.04 -0.03 0.421 -0.02 0.07
0.105 0.03 -0.02 0.403 -0.01 0.06
0.0870 0.03 -0.02 0.393 -0.01 0.03
0.0721 0.02 -0.02 0.382 -0.001 -0.007

LL

NLL

Table 11. Tabled values for figure 12.
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6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

=235

MCO
0.686
0.632
0.582
0.536
0.493
0.454
0.418
0.385
0.354

MCO
0.560
0.515
0.473
0.435
0.400
0.368
0.338
0.310
0.285

LL

MC+  MC-
0.009  -0.009
0.005  -0.005
0.003  -0.003
0.002  -0.002
0.002  -0.002
0.002  -0.002
0.002  -0.002
0.002  -0.002
0.003  -0.003

LL+

MC+  MC-
0.005  -0.005
0.003  -0.003
0.002  -0.002
0.002  -0.002
0.002  -0.002
0.002  -0.002
0.002  -0.002
0.002  -0.002
0.003  -0.003

MCO
0.602
0.571
0.542
0.516
0.493
0.470
0.449
0.432
0.421

NLL

MC+
0.006
0.004
0.003
0.002
0.002
0.002
0.002
0.003
0.005

Table 12. Tabled values for figure 13.

0.686
0.632
0.582
0.536
0.493
0.454
0.418
0.385
0.354

n=35
0.560
0.515
0.473
0.435
0.400
0.368
0.338
0.310
0.285

LL
nw="70 pu=17.5
0.07 -0.09
0.08 -0.09
0.08 -0.09
0.08 -0.09
0.08 -0.08
0.08 -0.08
0.07 -0.08
0.07 -0.08
0.07 -0.07
LL+
nw="70 pu=17.5
0.03 -0.02
0.03 -0.02
0.03 -0.02
0.03 -0.02
0.02 -0.02
0.02 -0.02
0.02 -0.01
0.02 -0.01
0.02 -0.01

w=35

0.602
0.571
0.542
0.516
0.493
0.470
0.449
0.432
0.421

NLL
w="10
0.02
0.02
0.01
0.01
0.007
0.004
0.0007
-0.003
-0.009

Table 13. Tabled values for figure 14.

,45,

MC-
-0.006
-0.004
-0.003
-0.002
-0.002
-0.002
-0.002
-0.003
-0.005

w=17.5
-0.007
-0.004
0.0009
0.007
0.01
0.02
0.03
0.04
0.05



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

LL

V50 =35 y/so=T0
0.686
0.632
0.582
0.536
0.493
0.454
0.418
0.385
0.354

V50 =35
0.560
0.515
0.473
0.435
0.400
0.368
0.338
0.310
0.285

6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

MCO
0.287
0.316
0.257
0.176
0.100
0.0420
0.0154
0.00450
0.000810

MCO
0.240
0.282
0.239
0.170
0.0996
0.0426
0.0159
0.00472
0.000861

0.08
0.08
0.07
0.07
0.06
0.06
0.05
0.05
0.04
LL+
V50 =170
0.07
0.06
0.06
0.05
0.05
0.05
0.04
0.04
0.04

\/50 =175
-0.07
-0.07
-0.06
-0.06
-0.05
-0.05
-0.05
-0.04
-0.04

\/50 =175
-0.06

-0.06

-0.05

-0.0

-0.04

-0.04

-0.04

-0.03

-0.03

V50 = 35
0.602
0.571
0.542
0.516
0.493
0.470
0.449
0.432
0.421

NLL
V50 = 70
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

Table 14. Tabled values for figure 15.

LL
MC+
0.002
0.002
0.0009
0.0005
0.0003
0.0001
0.00005
0.00002
0.000005

LL+
MC+
0.001
0.001
0.0008
0.0005
0.0003
0.0001
0.00005
0.00002
0.000005

MC-
-0.002
-0.002
-0.0009
-0.0005
-0.0003
-0.0001
-0.00005
-0.00002
-0.000005

MC-
-0.001
-0.001
-0.0008
-0.0005
-0.0003
-0.0001
-0.00005
-0.00002
-0.000005

MCO
0.258
0.310
0.268
0.192
0.112
0.0480
0.0178
0.00516
0.000897

NLL
MC+
0.002
0.002
0.001
0.0007
0.0004
0.0002
0.00007
0.00003
0.000008

Table 15. Tabled values for figure 16, 18.
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0.03
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01

MC-
-0.002
-0.002
-0.001
-0.0007
-0.0004
-0.0002
-0.00007
-0.00003
-0.000008



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

LL

Y =35 w="0
6 0.287 -0.01
6.5 0.316 -0.03
7 0.257 -0.03
7.5 0.176 -0.03
8 0.100 -0.02
8.5 0.0420 -0.01
9 0.0154 -0.004
9.5 0.00450  -0.001
10 0.000810 -0.0003
LL+
Y =35 w="0
6 0.240 -0.05
6.5 0.282 -0.07
7 0.239 -0.06
7.5 0.170 -0.05
8 0.0996 -0.03
8.5 0.0426 -0.01
9 0.0159 -0.006
9.5 0.00472  -0.002
10 0.000861 -0.0003

pw=17.5
0.02
0.04
0.05
0.04
0.03
0.02
0.007
0.002
0.0005

pw=17.5
0.08

0.1

0.1

0.08
0.06
0.03

0.01
0.003
0.0007

=235
0.258
0.310
0.268
0.192
0.112
0.0480
0.0178
0.00516
0.000897

NLL
nw=7 p=17.5
-0.008  0.001
-0.01 0.004
-0.01 0.006
-0.01 0.005
-0.009  0.003
-0.004  0.001
-0.002  0.0004
-0.0005  0.00006
-0.0001  -0.000007

Table 16. Tabled values for left figure of figure 17.

\/SO =35
0.287
0.316
0.257
0.176
0.100
0.0420
0.0154
0.00450
0.000810

\/SO =35
0.240
0.282
0.239
0.170
0.0996
0.0426
0.0159
0.00472
0.000861

Table 17. Tabled values for right figure of figure 17.

LL
\/SO =70
0.09
0.07
0.05
0.03
0.01
0.005
0.001
0.0004
0.00006

LL+
\/SO =70
0.04
0.04
0.03
0.02
0.008
0.003
0.001
0.0003
0.00005

\/80 =17.5
-0.05

-0.05

-0.03

-0.02
-0.009
-0.003
-0.001
-0.0003
-0.00005

\/80 =17.5
-0.03

-0.03

-0.02

-0.01
-0.007
-0.003
-0.0009
-0.0002
-0.00004
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\/SO =35
0.258
0.310
0.268
0.192
0.112
0.0480
0.0178
0.00516
0.000897

NLL
\/80 =70
0.004
0.002
0.0008
0.0005
0.0003
0.0002
0.00007
0.00002
0.000003

\/SO =17.5
0.02

0.03

0.02

0.01

0.007

0.003

0.001
0.0003
0.00005



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

PDFO
0.287
0.316
0.257
0.176
0.100
0.0420
0.0154
0.00450
0.000810

PDFO
0.240
0.282
0.239
0.170
0.0996
0.0426
0.0159
0.00472
0.000861

Table 18. Tabled values for left figure of figure 18.

LL

PDF+
0.02
0.02
0.02
0.02
0.01
0.006
0.003
0.0009
0.0002

LL+

PDF+
0.01
0.02
0.02
0.02
0.01
0.006
0.003
0.0009
0.0002

MCO
0.197
0.200
0.149
0.0942
0.0495
0.0191
0.00644
0.00173
0.000287

MCO
0.134
0.145
0.113
0.0738
0.0398
0.0156
0.00537
0.00146
0.000245

LL
MC+
0.002
0.001
0.0006
0.0003
0.0001
0.00006
0.00002
0.000007
0.000002

LL+
MC+
0.0009
0.0006
0.0004
0.0002
0.0001
0.00005
0.00002
0.000006
0.00002

PDF-
-0.02
-0.02
-0.02
-0.02
-0.01
-0.005
-0.002
-0.0007
-0.0001

PDF-
-0.02
-0.02
-0.02
-0.02
-0.01
-0.005
-0.002
-0.0008
-0.0002

MC-
-0.002
-0.001
-0.0006
-0.0003
-0.0001
-0.00006
-0.00002
-0.000007
-0.000002

MC-
-0.0009
-0.0006
-0.0004
-0.0002
-0.0001
-0.00005
-0.00002
-0.000006
-0.00002

PDFO
0.258
0.310
0.268
0.192
0.112
0.0480
0.0178
0.00516

NLL

PDF+
0.01
0.02
0.02
0.02
0.01
0.007
0.003
0.001

0.000897  0.0002

MCO
0.155
0.177
0.145
0.0991
0.0554
0.0226
0.00798
0.00223

NLL
MC+
0.001
0.0008
0.0005
0.0003
0.0001
0.00006
0.00002
0.000008

0.000377  0.000002

Table 19. Tabled values for figure 19, 21.
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PDF-
-0.02
-0.02
-0.02
-0.02
-0.01
-0.006
-0.002
-0.0008
-0.0002

MC-
-0.001
-0.0008
-0.0005
-0.0003
-0.0001
-0.00006
-0.00002
-0.000008
-0.000002



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

Y =35 w="0
6 0.197 0.01
6.5 0.200 0.006
7 0.149 -0.001
7.5 0.0942 -0.004
8 0.0495 -0.004
8.5 0.0191 -0.002
9 0.00644  -0.0008
9.5 0.00173  -0.0003
10 0.000287 -0.00005
LL+
Y =35 w="70
6 0.134 -0.02
6.5 0.145 -0.03
7 0.113 -0.03
7.5 0.0738 -0.02
8 0.0398 -0.01
8.5 0.0156 -0.004
9 0.00537  -0.002
9.5 0.00146  -0.0005
10 0.000245 -0.00009

LL

NLL
pw=175 p=35 u="70
-0.01 0.155 0.0002
-0.004 0.177 -0.003
0.002 0.145 -0.004
0.005 0.0991 -0.005
0.004 0.0554 -0.004
0.002 0.0226 -0.002
0.001 0.00798  -0.0008
0.0003 0.00223  -0.0002
0.00007  0.000377 -0.00005
pw=17.5
0.04
0.05
0.04
0.03
0.02
0.009
0.003
0.001
0.0002

Table 20. Tabled values for left figure of figure 20.

\/SO =35
0.197
0.200
0.149
0.0942
0.0495
0.0191
0.00644
0.00173
0.000287

\/SO =35
0.134
0.145
0.113
0.0738
0.0398
0.0156
0.00537
0.00146
0.000245

Table 21. Tabled values for right figure of figure 20.

LL
\/SO =70
0.09
0.08
0.05
0.03
0.01
0.005
0.001
0.0004
0.00006

LL+
\/SO =70
0.04
0.04
0.03
0.02
0.009
0.003
0.001
0.0003
0.00005

NLL
\/80217.5 \/80:35 \/80:70
-0.05 0.155 0.006
-0.05 0.177 0.004
-0.03 0.145 0.003
-0.02 0.0991 0.002
-0.009 0.0554 0.001
-0.003 0.0226 0.0007
-0.001 0.00798 0.0003
-0.0003 0.00223 0.00008
-0.00005 0.000377  0.00001
\/80 =17.5
-0.03
-0.03
-0.02
-0.01
-0.007
-0.003
-0.0009
-0.0002
-0.00004

,49,

n=17.5
-0.001
0.001
0.003
0.004
0.003
0.002
0.0007
0.0002
0.00004

\/SO =17.5
0.02

0.02

0.02

0.01

0.006

0.002
0.0007
0.0002
0.00003



Y
6
6.5
7
7.5
8
8.5
9
9.5
10

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

PDFO
0.197
0.200
0.149
0.0942
0.0495
0.0191
0.00644
0.00173
0.000287

PDFO
0.134
0.145
0.113
0.0738
0.0398
0.0156
0.00537
0.00146
0.000245

LL

PDF+
0.01
0.01
0.01
0.009
0.006
0.003
0.001
0.0003
0.00007

LL+

PDF+
0.04
0.04
0.03
0.02
0.009
0.003
0.001
0.0003
0.00005

PDF-
-0.01
-0.01
-0.01
-0.009
-0.006
-0.002
-0.0009
-0.0003
-0.00005

PDF-
-0.03
-0.03
-0.02
-0.01
-0.007
-0.003
-0.0009
-0.0002
-0.00004

PDFO
0.155
0.177
0.145
0.0991
0.0554
0.0226
0.00798
0.00223
0.000377

NLL

PDF+  PDF-
0.007 -0.01
0.01 -0.01
0.01 -0.01
0.009 -0.009

0.006 -0.006
0.003 -0.003
0.001 -0.001
0.0004  -0.0003
0.00009  -0.00007

Table 22. Tabled values for left figure of figure 21.

LL
Y
6 0.162
6.5 0.200
7 0.179
7.5 0.128
8 0.0689
8.5 0.0288
9 0.00973
9.5 0.00227
10 0.000258

LL+
Y
6 0.0940
6.5 0.113
7 0.0966
7.5 0.0654
8 0.0332
8.5 0.0131
9 0.00413
9.5 0.000900

MCO
0.0699
0.0806
0.0651
0.0405
0.0182
0.00638
0.00173
0.000305
0.0000267

MCO
0.0643
0.0736
0.0589
0.0362
0.0160
0.00553
0.00148
0.000260

NLL
MC+
0.0006
0.0005
0.0003
0.0002
0.0001
0.00005
0.00002
0.00007
0.000001

NLL+
MC+
0.0006
0.0005
0.0004
0.0002
0.0001
0.00006
0.00003
0.000009

10 0.0000959 0.0000253 0.000002

MC-
-0.0006
-0.0005
-0.0003
-0.0002
-0.0001
-0.00005
-0.00002
-0.000007
-0.000001

MC-
-0.0006
-0.0005
-0.0004
-0.0002
-0.0001
-0.00006
-0.00003
-0.000009
-0.000002

Table 23. Tabled values for figure 22.

,50,



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

LL NLL
=250 p=100 pu=25 pu=2>50 w =100
0.162 -0.04 0.08 0.0699 0.002
0.200 -0.06 0.1 0.0806 0.003
0.179 -0.06 0.1 0.0651 0.002
0.128 -0.05 0.1 0.0405 0.002
0.0689 -0.03 0.07 0.0182 0.001
0.0288 -0.01 0.03 0.00638 0.0004
0.00973 -0.005 0.01 0.00173 0.0001
0.00227 -0.001 0.003 0.000305  0.00003
0.000258  -0.0001  0.0004  0.0000267 0.0000009

LL+ NLL+
=250 p=100 pu=25 pu=2>50 w =100
0.0940 -0.02 0.04 0.0643 0.002
0.113 -0.03 0.05 0.0736 0.002
0.0966 -0.03 0.05 0.0589 0.001
0.0654 -0.02 0.04 0.0362 0.001
0.0332 -0.01 0.02 0.0160 0.0009
0.0131 -0.005 0.009 0.00553 0.0004
0.00413 -0.002 0.003 0.00148 0.0001
0.000900  -0.0004  0.0008  0.000260  0.00002
0.0000959 -0.00004 0.00009 0.0000253 -0.000002

Table 24. Tabled values for left figure of figure 23.

LL NLL
\/SO =50 \/SO =100 \/SO =25 \/SO =50 \/SO =100
0.162 0.005 0.009 0.0699 0.002
0.200 -0.006 0.02 0.0806 0.002
0.179 -0.01 0.02 0.0651 0.002
0.128 -0.01 0.02 0.0405 0.002
0.0689 -0.008 0.01 0.0182 0.001
0.0288 -0.004 0.005 0.00638 0.0004
0.00973 -0.001 0.002 0.00173 0.0001
0.00227 -0.0003 0.0004 0.000305  0.00001
0.000258  -0.00004 0.00005 0.0000267 -0.0000007

LL+ NLL+
\/SO =50 \/SO =100 \/SO =25 \/SO =50 \/SO =100
0.0940 0.003 0.0007 0.0643 0.003
0.113 0.0002 0.003 0.0736 0.003
0.0966 -0.002 0.004 0.0589 0.003
0.0654 -0.002 0.004 0.0362 0.003
0.0332 -0.002 0.002 0.0160 0.001
0.0131 -0.0008 0.001 0.00553 0.0005
0.00413 -0.0003 0.0003 0.00148 0.0001
0.000900  -0.00007 0.00008 0.000260  0.00001
0.0000959 -0.000007  0.000009  0.0000253 -0.000003

Table 25. Tabled values for right figure of figure 23.

,51,

w=25
0.01
0.003
-0.001
-0.003
-0.002
-0.0009
-0.0002
-0.00003
0.000006

w=25
0.01
0.003
-0.002
-0.003
-0.002
-0.0006
0.00001
0.0001
0.00004

\/SO =25
-0.0001
-0.001
-0.002
-0.001
-0.0006
-0.0002
-0.00003
0.000008
0.000003

\/SO =25
-0.0005
-0.002
-0.002
-0.001
-0.0006
-0.0001
0.00003
0.00003
0.000009



Y
6
6.5
7
7.5
8
8.5
9
9.5
10

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

LL NLL

MCO MC+  MC- MCO MC+ MC-
0.435 0.004 -0.004 0.886 0.009  -0.009
0.360  0.002  -0.002  0.865 0.006 -0.006
0.298  0.001  -0.001  0.849 0.005  -0.005
0.246  0.0008 -0.0008 0.842 0.005  -0.005
0.204  0.0006 -0.0006 0.849 0.006 -0.006
0.170  0.0005 -0.0005 0.850 0.008  -0.008
0.141  0.0005 -0.0005 0.866 0.01 -0.01
0.118  0.0006 -0.0006 0.899 0.02 -0.02
0.0984 0.0008 -0.0008 0.878 0.05 -0.05

LL+ NLL+

MCO MC+  MC- MCO MC+ MC-
0.597  0.003  -0.003 0.963 0.01 -0.01
0.545 0.002  -0.002  0.948 0.008 -0.008
0.496  0.002 -0.002 0.938 0.007 -0.007
0.451  0.001  -0.001  0.942 0.007 -0.007
0.409  0.001  -0.001  0.965 0.008  -0.008
0.371  0.001  -0.001  0.980 0.01 -0.01
0.336  0.001  -0.001 1.01 0.02 -0.02
0.305  0.001  -0.001 1.05 0.04 -0.04
0.276  0.002  -0.002 0.925 0.07 -0.07

Table 26. Tabled values for figure 24.
LL NLL
pw=50 pu=100 p=25 pu=>50 pu=100 p=25
0.435 0.1 -0.1 0.886 -0.06 0.02
0.360 0.1 -0.1 0.865 -0.07 0.07
0.298 0.09 -0.09 0.849 -0.08 0.09
0.246 0.08 -0.08 0.842 -0.09 0.1
0.204 0.07 -0.07 0.849 -0.1 0.2
0.170 0.07 -0.06 0.850 -0.1 0.1
0.141 0.06 -0.05 0.866 -0.1 0.1
0.118 0.05 -0.04 0.899 -0.1 0.05
0.0984 0.04 -0.04 0.878 -0.1 -0.2
LL+ NLL+

pw=50 pu=100 pu=25 pu=>50 pu=100 p=25
0.597 0.02 -0.02 0.963 -0.05 0.02
0.545 0.02 -0.02 0.948 -0.07 0.08
0.496 0.02 -0.02 0.938 -0.08 0.1
0.451 0.02 -0.02 0.942 -0.1 0.2
0.409 0.02 -0.02 0.965 -0.1 0.2
0.371 0.02 -0.02 0.980 -0.1 0.1
0.336 0.02 -0.02 1.01 -0.2 -0.03
0.305 0.02 -0.01 1.05 -0.2 -0.3
0.276 0.02 -0.01 0.925 -0.003 -0.6

Table 27. Tabled values for figure 25.

,52,



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

0.435
0.360
0.298
0.246
0.204
0.170
0.141
0.118
0.0984

\/50 =50
0.597
0.545
0.496
0.451
0.409
0.371
0.336
0.305
0.276

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

Y
6
6.5
7
7.5
8
8.5
9
9.5

LL
VS0 =50 /so =100 /so=25
0.1 -0.1
0.1 -0.08
0.09 -0.07
0.07 -0.06
0.06 -0.05
0.05 -0.04
0.04 -0.03
0.03 -0.03
0.03 -0.02
LL+
\/80:100 \/80:25
0.08 -0.07
0.07 -0.07
0.07 -0.06
0.06 -0.06
0.06 -0.05
0.05 -0.05
0.05 -0.04
0.04 -0.04
0.04 -0.04
Table 28.
LL
MCO  MC+ MC-
0.316  0.003  -0.003
0.242  0.001  -0.001
0.185  0.0007 -0.0007
0.142  0.0005 -0.0005
0.109  0.0003 -0.0003
0.0838 0.0003 -0.0003
0.0645 0.0002 -0.0002
0.0498 0.0002 -0.0002
0.0384 0.0003 -0.0003
LL+
MCO  MC+ MC-
0.358  0.002  -0.002
0.302  0.001  -0.001
0.254  0.0008 -0.0008
0.213  0.0006 -0.0006
0.179  0.0005 -0.0005
0.150  0.0005 -0.0005
0.126  0.0005 -0.0005
0.105  0.0005 -0.0005
0.0880 0.0007 -0.0007

10

\/50 =50
0.886
0.865
0.849
0.842
0.849
0.850
0.866
0.899
0.878

\/50 =50
0.963
0.948
0.938
0.942
0.965
0.980
1.01

1.05
0.925

MCO
0.576
0.537
0.504
0.481
0.469
0.453
0.450
0.464
0.459

MCO
0.626
0.589
0.557
0.537
0.533
0.523
0.527
0.543
0.484

NLL
V50 = 100
0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

-0.05

NLL+

V50 = 100
0.1

0.1

0.1

0.1

0.2

0.2

0.2

0.1

0.03

Tabled values for figure 26.

NLL

MC+  MC-
0.006  -0.006
0.004  -0.004
0.003  -0.003
0.003  -0.003
0.003  -0.003
0.004  -0.004
0.006  -0.006
0.01 -0.01
0.02 -0.02
NLL+

MC+  MC-
0.007  -0.007
0.005  -0.005
0.004  -0.004
0.004  -0.004
0.004  -0.004
0.006  -0.006
0.009  -0.009
0.02 -0.02
0.04 -0.04

Table 29. Tabled values for figure 27.

,53,

\/50 =25
0.08

0.08

0.09

0.09

0.08

0.08

0.06

0.03
-0.05

\/50 =25
0.09

0.1

0.1

0.1

0.1

0.08

0.04
-0.07

-0.2



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

=50
0.316
0.242
0.185
0.142
0.109
0.0838
0.0645
0.0498
0.0384

=50
0.358
0.302
0.254
0.213
0.179
0.150
0.126
0.105
0.0880

LL

=100 =25
0.1
-0.09
-0.07
-0.06
-0.05
-0.04
-0.03
-0.02
-0.02

0.1

0.1

0.09
0.07
0.06
0.05
0.04
0.03
0.03

LL+

=100 =25
-0.02
-0.02
-0.02
-0.02
-0.01
-0.01
-0.01
-0.009
-0.007

0.03
0.03
0.02
0.02
0.02
0.02
0.01
0.01
0.01

Table 30. Tabled values for figure 28.

LL
\/80:50 \/802100
0.316 0.1
0.242 0.1
0.185 0.08
0.142 0.06
0.109 0.05
0.0838 0.04
0.0645 0.03
0.0498 0.02
0.0384 0.02
LL+

\/80:50 \/802100
0.358 0.09
0.302 0.08
0.254 0.07
0.213 0.06
0.179 0.05
0.150 0.04
0.126 0.03
0.105 0.03
0.0880 0.02

\/80 =17.5

-0.1

-0.07
-0.06
-0.04
-0.03
-0.03
-0.02
-0.01
-0.01

\/80 =25

-0.08
-0.06
-0.05
-0.05
-0.04
-0.03
-0.03
-0.02
-0.02

NLL
pw=50 p=100 p=25
0.576 -0.03 -0.09
0.537 -0.03 -0.01
0.504 -0.04 0.03
0.481 -0.05 0.06
0.469 -0.06 0.1
0.453 -0.07 0.1
0.450 -0.08 0.1
0.464 -0.09 0.09
0.459 -0.08 -0.05
NLL+
pw=50 p=100 p=25
0.626 -0.02 -0.1
0.589 -0.03 -0.01
0.557 -0.04 0.04
0.537 -0.05 0.08
0.533 -0.07 0.1
0.523 -0.08 0.1
0.527 -0.09 0.04
0.543 -0.1 -0.1
0.484 -0.03 -0.3
NLL
\/80:50 \/802100 \/80:25
0.576 -0.08 0.08
0.537 -0.09 0.07
0.504 -0.09 0.07
0.481 -0.09 0.07
0.469 -0.08 0.03
0.453 -0.08 0.01
0.450 -0.08 -0.03
0.464 -0.07 -0.1
0.459 -0.04 -0.3
NLL+
\/80:50 \/802100 \/80:25
0.626 -0.1 0.09
0.589 -0.1 0.09
0.557 -0.1 0.08
0.537 -0.1 0.08
0.533 -0.1 0.04
0.523 -0.1 0.01
0.527 -0.1 -0.05
0.543 -0.08 -0.2
0.484 -0.005 -0.3

Table 31. Tabled values for figure 29.
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6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

LL NLL
Y MCO MC+ MC- MCO MC+
6 0.726  0.01 -0.01  0.650 0.006
6.5 0.673 0.005 -0.005 0.621 0.004
7 0.623 0.003 -0.003 0.594 0.003
7.5 0.576 0.003 -0.003 0.571 0.002
8 0.533 0.002  -0.002 0.552 0.002
8.5 0.493 0.002 -0.002 0.533 0.003
9 0.456 0.002  -0.002 0.520 0.003
9.5 0.422 0.003 -0.003 0.516 0.004
10 0.390 0.004 -0.004 0.523 0.008
LL+
Y MCO MC+ MC-
6 0.599 0.005  -0.005
6.5 0.554 0.003 -0.003
7 0.512  0.002  -0.002
7.5 0473 0.002 -0.002
8 0.437 0.002  -0.002
8.5 0.404 0.002 -0.002
9 0.373 0.002  -0.002
9.5 0.345 0.002 -0.002
10 0.319 0.003  -0.003
Table 32. Tabled values for figure 30.
LL NLL
u=50 pu=100 p=25 pu=>50 pu=100
0.726 0.07 -0.08 0.650 0.01
0.673 0.07 -0.08 0.621 0.01
0.623 0.07 -0.08 0.594 0.009
0.576 0.07 -0.08 0.571 0.005
0.533 0.07 -0.08 0.552 0.0004
0.493 0.07 -0.08 0.533 -0.004
0.456 0.07 -0.08 0.520 -0.01
0.422 0.07 -0.07 0.516 -0.02
0.390 0.07 -0.07 0.523 -0.03
LL+
uw=>50 pu=100 p=25
0.599 0.03 -0.02
0.554 0.03 -0.02
0.512 0.02 -0.02
0.473 0.02 -0.02
0.437 0.02 -0.02
0.404 0.02 -0.01
0.373 0.02 -0.01
0.345 0.02 -0.01
0.319 0.02 -0.01

Table 33. Tabled values for figure 31.

,55,

MC-
-0.006
-0.004
-0.003
-0.002
-0.002
-0.003
-0.003
-0.004
-0.008

w=25
-0.1
-0.06
-0.03
-0.006
0.02
0.04
0.05
0.07
0.1



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

/50 = 50
0.726
0.673
0.623
0.576
0.533
0.493
0.456
0.422
0.390

/50 = 50
0.599
0.554
0.512
0.473
0.437
0.404
0.373
0.345
0.319

MCO
0.0352
0.0360
0.0266
0.0157
0.00704
0.00245
0.000688
0.000134
0.0000127

MCO
0.0281
0.0308
0.0239
0.0147
0.00680
0.00242
0.000695
0.000137
0.0000132

LL
V50 = 100
0.07
0.07
0.07
0.07
0.06
0.06
0.05
0.05
0.04
LL+
V50 = 100
0.07
0.06
0.06
0.05
0.05
0.05
0.04
0.04
0.04

V50 =175 /s0 =50

-0.07 0.650
-0.07 0.621
-0.06 0.594
-0.06 0.571
-0.05 0.552
-0.05 0.533
-0.05 0.520
-0.04 0.516
-0.04 0.523
\/50 =25

-0.06

-0.06

-0.05

-0.05

-0.05

-0.04

-0.04

-0.04

-0.03

NLL
V50 = 100
-0.03
-0.04
-0.04
-0.03
-0.03
-0.03
-0.03
-0.02
-0.02

Table 34. Tabled values for figure 32.

LL
MC+
0.0003
0.0002
0.0001
0.00005
0.00002
0.000008
0.000003
0.0000006
0.0000001

LL+
MC+
0.0002
0.0001
0.00007
0.00004
0.00002
0.000008
0.000003
0.0000007
0.0000001

MC- MCO

-0.0003 0.0310
-0.0002 0.0349
-0.0001 0.0276

-0.00005 0.0170
-0.00002 0.00773
-0.000008  0.00271
-0.000003  0.000748
-0.0000006  0.000137
-0.0000001  0.0000117

MC-

-0.0002
-0.0001
-0.00007
-0.00004
-0.00002
-0.000008
-0.000003
-0.0000007
-0.0000001

NLL
MC+
0.0002
0.0002
0.0001
0.00005
0.00003
0.00001
0.000004
0.000001
0.0000002

Table 35. Tabled values for figure 33.

,56,

\/50 =25
0.02

0.02

0.02

0.02

-0.01
-0.03
-0.07

-0.2

-0.3

MC-
-0.0002
-0.0002
-0.0001
-0.00005
-0.00003
-0.00001
-0.000004
-0.000001
-0.0000002



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

=50
0.0352
0.0360
0.0266
0.0157
0.00704
0.00245

0.000688
0.000134
0.0000127

=50
0.0281
0.0308
0.0239
0.0147
0.00680
0.00242

0.000695
0.000137
0.0000132

LL
w =100
-0.001
-0.003
-0.004
-0.003
-0.001
-0.0006
-0.0002
-0.00004
-0.000004

LL+
w =100
-0.006
-0.008
-0.007
-0.004
-0.002
-0.0008
-0.0002
-0.00005
-0.000005

=25
0.003
0.006
0.006
0.004
0.002
0.001
0.0003
0.00007
0.000008

=25
0.01
0.01
0.01
0.008
0.004
0.002
0.0005
0.0001
0.00001

nw =50
0.0310
0.0349
0.0276
0.0170
0.00773
0.00271
0.000748
0.000137
0.0000117

NLL
w =100
-0.001
-0.002
-0.002
-0.001
-0.0006
-0.0002
-0.00007
-0.00001
-0.0000009

Table 36. Tabled values for left figure of figure 34.

\/SO =50
0.0352
0.0360
0.0266
0.0157
0.00704
0.00245
0.000688
0.000134
0.0000127

\/SO =50
0.0281
0.0308
0.0239
0.0147
0.00680
0.00242
0.000695
0.000137
0.0000132

LL
V50 = 100
0.01
0.009
0.005
0.003
0.001
0.0003
0.00007
0.00001
0.000001
LL+
V50 = 100
0.005
0.004
0.003
0.001
0.0006
0.0002
0.00005
0.000009
0.0000008

\/SO =25
-0.007
-0.006
-0.004
-0.002
-0.0007
-0.0002
-0.00005
-0.000009

-0.0000008  0.0000117

\/SO =25
-0.003
-0.003
-0.002
-0.001
-0.0005
-0.0002
-0.00004

-0.000007
-0.0000006

\/SO =50
0.0310
0.0349
0.0276
0.0170
0.00773
0.00271
0.000748
0.000137

NLL
V50 = 100
-0.002
-0.003
-0.003
-0.001
-0.0006
-0.0002
-0.00006
-0.00001
-0.0000009

Table 37. Tabled values for right figure of figure 34.

,57,

w=25
0.007
0.004
0.002
0.001
0.0002
-0.000007
-0.00001
-0.000007
-0.000001

\/SO =25
0.003
0.003
0.002
0.001
0.0005
0.0002
0.00004
0.000008
0.0000007



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

LL

MCO MC+
0.0256 0.0003
0.0243 0.0001
0.0166 0.00007

0.00907 0.00003
0.00375 0.00001
0.00121 0.000004
0.000314 0.000001
0.0000564  0.0000003
0.00000496  0.00000004

LL+
MCO MC+
0.0168 0.00009
0.0171 0.00006
0.0123 0.00004

0.00698 0.00002
0.00297 0.000008
0.000979 0.000003
0.000260 0.000001
0.0000473  0.0000002
0.00000422  0.00000003

6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

NLL
MC- MCO MC+
-0.0003 0.0201 0.0001
-0.0001 0.0217 0.00008
-0.00007 0.0164 0.00005
-0.00003 0.00972 0.00002
-0.00001 0.00427 0.00001
-0.000004 0.00144 0.000004
-0.000001 0.000389 0.000001
-0.0000003 0.0000707  0.0000003
- 0.00000004 0.00000612 0.00000005
MC-
-0.00009
-0.00006
-0.00004
-0.00002
-0.000008
-0.000003
-0.000001
-0.0000002
-0.00000007

Table 38. Tabled values for figure 35.

LL
w =50 w =100
0.0256 0.001
0.0243 0.0001
0.0166 -0.0005
0.00907 -0.0006
0.00375 -0.0004
0.00121 -0.0002

0.000314 -0.00005
0.0000564  -0.00001
0.00000496 -0.000001

LL+
w =50 w =100
0.0168 -0.003
0.0171 -0.004
0.0123 -0.003
0.00698 -0.002
0.00297 -0.0008

0.000979 -0.0003
0.000260 -0.00008
0.0000473  -0.00002
0.00000422  -0.000002

NLL
n=25 =50 p =100
-0.0007 0.0201 -0.0003
0.0003 0.0217 -0.0007
0.0009 0.0164 -0.0008
0.0008 0.00972 -0.0006
0.0005 0.00427 -0.0003
0.0002 0.00144 -0.0001

0.00007  0.000389 -0.00004
0.00002  0.0000707  -0.000009
0.000001  0.00000612 -0.0000009

w=25
0.005
0.006
0.005
0.003
0.002
0.0006
0.0002
0.00003
0.000003

Table 39. Tabled values for left figure of figure 36.

,58,

MC-
-0.0001
-0.00008
-0.00005
-0.00002
-0.00001
-0.000004
-0.000001
-0.0000003
-0.00000005

w=25
0.00003
0.0003
0.0005
0.0005
0.0003
0.0001
0.00003
0.000006
0.0000005



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

/50 = 50
0.0256
0.0243
0.0166
0.00907
0.00375
0.00121
0.000314
0.0000564
0.00000496

/50 = 50
0.0168
0.0171
0.0123
0.00698
0.00297
0.000979
0.000260
0.0000473
0.00000422

LL
V50 = 100
0.01
0.01
0.006
0.003
0.001
0.0003
0.00007
0.00001
0.000001
LL+
V50 = 100
0.005
0.005
0.003
0.002
0.0006
0.0002
0.00005
0.000009
0.0000008

\/50 =25
-0.007
-0.006
-0.004
-0.002
-0.0007
-0.0002
-0.00005
-0.000009

\/50 =25
-0.003
-0.003
-0.002
-0.001
-0.0005
-0.0002
-0.00004
-0.000007

-0.0000006

V50 = 50
0.0201
0.0217
0.0164
0.00972
0.00427
0.00144
0.000389

0.0000707
-0.0000008  0.00000612

NLL
V50 = 100
-0.002
-0.003
-0.002
-0.001
-0.0006
-0.0002
-0.00005
-0.000008
-0.0000007

Table 40. Tabled values for right figure of figure 36.

LL
Y
6 0.379
6.5 0.53
7 0.526
7.5 0.423
8 0.271
8.5 0.128
9 0.0508
9.5 0.0148
10 0.00224

LL+
Y
6 0.214
6.5 0.282
7 0.264
75 0.2
8 0.12
8.5 0.0529
9 0.0197
9.5 0.00537
10 0.000756

MCO
0.133
0.167
0.147
0.102
0.0547
0.022
0.00724
0.00167
0.000187

MCO
0.116
0.145
0.127
0.0878
0.0459
0.0182
0.00589
0.00135
0.000158

NLL
MC+
0.002
0.002
0.001
0.0007
0.0004
0.0002
0.0001
0.00004
0.000009

NLL+
MC+
0.002
0.002
0.001
0.0008
0.0005
0.0003
0.0001
0.00005
0.00001

MC-
-0.002
-0.002
-0.001
-0.0007
-0.0004
-0.0002
-0.0001
-0.00004
0.000009

MC-
-0.002
-0.002
-0.001
-0.0008
-0.0005
-0.0003
-0.0001
-0.00005
-0.00001

Table 41. Tabled values for figure 37.
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\/50 =25
0.003
0.003
0.002
0.001
0.0002
0.0000006
-0.00003
-0.00002
-0.000003



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

LL

NLL

Y pu=5/70 p=10v/70 p=3V70 p=5V70 p=10V70 p= 7570
6  0.379 -0.1 0.3 0.133 0.006 0.002
6.5 0.53 -0.2 0.4 0.167 0.009 -0.009
7 0.526 -0.2 0.4 0.147 0.008 -0.01
7.5 0.423 -0.2 0.4 0.102 0.007 -0.01
8  0.271 -0.1 0.3 0.0547 0.005 -0.01
8.5 0.128 -0.06 0.2 0.022 0.002 -0.004
9  0.0508 -0.03 0.07 0.00724 0.0008 -0.001
9.5 0.0148 -0.008 0.02 0.00167  0.0002 -0.0003
10 0.00224  -0.001 0.004 0.000187  0.00002 -0.000003
LL+ NLL+
Y pu=5/70 p=10v70 p=3V70 p=5V70 p=10V70 p= 7570
6  0.214 -0.06 0.1 0.116 0.003 0.003
6.5 0.282 -0.08 0.1 0.145 0.005 -0.008
7 0264 -0.08 0.1 0.127 0.006 -0.01
7.5 0.2 -0.07 0.1 0.0878 0.005 -0.01
8 0.2 -0.04 0.08 0.0459 0.004 -0.01
8.5 0.0529 -0.02 0.04 0.0182 0.002 -0.003
9  0.0197 -0.008 0.02 0.00589 0.0008 -0.0004
9.5 0.00537  -0.002 0.005 0.00135 0.0002 0.0003
10 0.000756  -0.0003 0.0007 0.000158  0.00001 0.0002
Table 42. Tabled values for left figure of figure 38.
LL NLL
VSo=bVT0 /so=10V70 /so=5V70 |/so=5V70 /so=10/70 /so=3570
0.379 -0.06 0.07 0.133 0.02 -0.01
0.53 -0.08 0.1 0.167 0.02 -0.02
0.526 -0.08 0.1 0.147 0.02 -0.01
0.423 -0.07 0.08 0.102 0.01 -0.009
0.271 -0.04 0.05 0.0547 0.008 -0.005
0.128 -0.02 0.03 0.022 0.003 -0.002
0.0508 -0.009 0.01 0.00724 0.001 -0.0005
0.0148 -0.003 0.003 0.00167 0.0002 -0.00006
0.00224 -0.0004 0.0005 0.000187 0.00002 0.000009
LL+ NLL+
VS0=bVT0 /so=10V70 /so=5V70 /so=5V70 /so=10/70 /so=3570
0.214 -0.02 0.02 0.116 0.02 -0.01
0.282 -0.02 0.03 0.145 0.03 -0.02
0.264 -0.02 0.02 0.127 0.02 -0.02
0.2 -0.02 0.02 0.0878 0.02 -0.01
0.12 -0.01 0.01 0.0459 0.01 -0.005
0.0529 -0.005 0.005 0.0182 0.004 -0.002
0.0197 -0.002 0.002 0.00589 0.001 -0.0003
0.00537 -0.0005 0.0006 0.00135 0.0002 0.00007
0.000756 -0.00007 0.00008 0.000158 0.000007 0.00005

Table 43. Tabled values for right figure of figure 38.
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6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

0.245
0.214
0.186
0.161
0.139
0.119
0.102

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

0.0866
0.0736

iw="5V70

0.485
0.448
0.413
0.38

0.349
0.319
0.292
0.266

MCO
0.245
0.214
0.186
0.161
0.139
0.119
0.102
0.0866
0.0736

MCO
0.485
0.448
0.413
0.38
0.349
0.319
0.292
0.266
0.243

LL

MC+  MC-
0.003  -0.003
0.001  -0.001

0.0009 -0.0009
0.0007 -0.0007
0.0005 -0.0005
0.0005 -0.0005
0.0005 -0.0005
0.0005 -0.0005
0.0006 -0.0006

LL+
MC+  MC-
0.004  -0.004
0.003  -0.003
0.002  -0.002
0.001  -0.001
0.001  -0.001
0.001  -0.001
0.001  -0.001
0.001  -0.001
0.002  -0.002

MCO
0.854
0.83
0.811
0.802
0.808
0.802
0.806
0.824
0.849

MCO
0.974
0.952
0.937
0.937
0.962
0.969
0.992
1.02
1.01

NLL

MC+  MC-
0.01 -0.01

0.01 -0.01

0.008  -0.008
0.007  -0.007
0.007  -0.007
0.009  -0.009
0.01 -0.01

0.02 -0.02

0.04 -0.04

NLL+

MC+  MC-

0.02 -0.02

0.01 -0.01

0.01 -0.01

0.01 -0.01

0.01 -0.01

0.01 -0.01

0.02 -0.02

0.04 -0.04

0.08 -0.08

Table 44. Tabled values for figure 39.

LL NLL
p=>5V70 p=10v/70 p=3V70 p=>5V70 p=10V70

0.04 -0.05 0.854 -0.1

0.04 -0.05 0.83 -0.1

0.04 -0.05 0.811 -0.1

0.04 -0.04 0.802 -0.1

0.04 -0.04 0.808 -0.1

0.04 -0.04 0.802 -0.1

0.04 -0.03 0.806 -0.2

0.03 -0.03 0.824 -0.2

0.03 -0.03 0.849 -0.2

LL+ NLL+

p=10v70 p=3V70 p=>5/70 p=10V/70

0.01 -0.01 0.974 -0.09

0.01 -0.01 0.952 -0.1

0.01 -0.01 0.937 -0.1

0.01 -0.01 0.937 -0.1

0.01 -0.01 0.962 -0.2

0.01 -0.01 0.969 -0.2

0.01 -0.01 0.992 -0.2

0.01 -0.01 1.02 -0.2

0.01 -0.01 1.01 -0.1

0.243

Table 45. Tabled values for figure 40.
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=370
0.1

0.1

0.1

0.2

0.2

0.2

0.2

0.1

-0.08

= 3V70
0.1

0.1

0.2

0.2

0.3

0.2

0.06

-0.2

-0.6



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

V$0=bVT0 \/so=10/70

0.245
0.214
0.186
0.161
0.139
0.119
0.102
0.0866
0.0736

V/80=5170
0.485

0.448

0.413

0.38

0.349

0.319

0.292

0.266

0.243

LL

NLL

Vs0=175  /sg=5V70 /s9=101/70
0.05 -0.04 0.854 0.1
0.04 -0.04 0.83 0.1
0.04 -0.03 0.811 0.1
0.04 -0.03 0.802 0.1
0.03 -0.03 0.808 0.1
0.03 -0.02 0.802 0.1
0.02 -0.02 0.806 0.1
0.02 -0.02 0.824 0.1
0.02 -0.02 0.849 0.1

LL+ NLL+
VS$0=10V70 \/so=5v70 /so=5V70 /s9=101/70
0.05 -0.05 0.974 0.2
0.05 -0.05 0.952 0.2
0.05 -0.05 0.937 -0.2
0.05 -0.04 0.937 -0.2
0.04 -0.04 0.962 -0.2
0.04 -0.04 0.969 0.2
0.04 -0.03 0.992 0.2
0.04 -0.03 1.02 -0.2
0.03 -0.03 1.01 -0.09
Table 46. Tabled values for figure 41.

LL NLL
Y MCO MC+ MC-  MCO MC+ MC-
6  0.111 0.002 -0.002 0437 0.008 -0.008
6.5 0.0921 0.0009 -0.0009 0.407 0.005  -0.005
7 0.076 0.0006 -0.0006 0.381 0.004 -0.004
7.5 0.0623 0.0004 -0.0004 0.363 0.003  -0.003
8  0.0508 0.0003 -0.0003 0.354 0.003 -0.003
8.5 0.0411 0.0002 -0.0002 0.339 0.004 -0.004
9  0.0332 0.002 -0.0002 0.331 0.005 -0.005
9.5 0.0266 0.0002 -0.0002 0.333 0.008  -0.008
10 0.0213 0.0002 -0.0002 0.347 0.02  -0.02

LL+ NLL+
Y  MCO MC+ MC-  MCO MC+ MC-
6 0209 0.003 -0.003 0498 0.01  -0.01
6.5 0.182 0.001 -0.001 0.467 0.006 -0.006
7 0.158  0.0009 -0.0009 0.44  0.005 -0.005
7.5 0.137  0.0006 -0.0006 0.424 0.004 -0.004
8§  0.118  0.0005 -0.0005 0.422 0.005 -0.005
8.5 0.101  0.0005 -0.0005 0.41  0.006 -0.006
9  0.082 0.0004 -0.0004 0.408 0.009 -0.009
9.5 0.0734 0.0005 -0.0005 0.415 0.01  -0.01
10 0.0624 0.0006 -0.0006 0.412 0.03  -0.03

Table 47. Tabled values for figure 42.
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Vs0= 570
0.1

0.1
0.1
0.1
0.1
0.1
0.1
0.07
0.004

Vs0= 570
0.2

0.2

0.2

0.2

0.2

0.1

0.1

0.001

-0.2



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

LL NLL
Y pu=5/70 p=10v/70 p=3V70 p=5V70 p=10V70 p= 7570
6  0.111 0.03 -0.03 0.437 -0.05 0.02
6.5 0.0921 0.03 -0.03 0.407 -0.05 0.05
7 0.076 0.02 -0.02 0.381 -0.05 0.07
7.5 0.0623 0.02 -0.02 0.363 -0.06 0.09
8  0.0508 0.02 -0.02 0.354 -0.06 0.1
8.5 0.0411 0.02 -0.02 0.339 -0.07 0.1
9  0.0332 0.02 -0.01 0.331 -0.07 0.1
9.5 0.0266 0.01 -0.01 0.333 -0.08 0.1
10 0.0213 0.01 -0.01 0.347 -0.08 0.04
LL+ NLL+
Y pu=5/70 p=10v70 p=3V70 p=5V70 p=10V70 p= 7570
6  0.209 0.009 -0.008 0.498 -0.05 0.02
6.5 0.182 0.009 -0.007 0.467 -0.05 0.06
7 0158 0.009 -0.007 0.44 -0.06 0.09
7.5 0.137 0.009 -0.007 0.424 -0.07 0.1
8  0.118 0.008 -0.006 0.422 -0.08 0.2
8.5 0.101 0.008 -0.006 0.41 -0.09 0.1
9  0.0862 0.007 -0.005 0.408 -0.1 0.09
9.5 0.0734 0.007 -0.005 0.415 -0.1 -0.04
10 0.0624 0.006 -0.005 0.412 -0.08 -0.2
Table 48. Tabled values for figure 43.

LL NLL
VSo=bVT0 /so=10V70 /so=17.5  /so=B5V70 /so=10/70 /sop=35/70
0.111 0.03 -0.03 0.437 -0.09 0.09
0.0921 0.03 -0.02 0.407 -0.08 0.08
0.076 0.02 -0.02 0.381 -0.08 0.08
0.0623 0.02 -0.02 0.363 -0.08 0.07
0.0508 0.02 -0.01 0.354 -0.08 0.06
0.0411 0.01 -0.01 0.339 -0.07 0.05
0.0332 0.01 -0.009 0.331 -0.07 0.03
0.0266 0.009 -0.007 0.333 -0.07 -0.001
0.0213 0.008 -0.006 0.347 -0.06 -0.1

LL+ NLL+
VS0=bVT0 /so=10V70 /so=5V70 /so=5V70 /so=10/70 /so=3570
0.209 0.04 -0.04 0.498 -0.1 0.1
0.182 0.04 -0.03 0.467 -0.1 0.1
0.158 0.03 -0.03 0.44 -0.1 0.1
0.137 0.03 -0.03 0.424 -0.1 0.1
0.118 0.03 -0.02 0.422 -0.1 0.08
0.101 0.02 -0.02 0.41 -0.1 0.06
0.0862 0.02 -0.02 0.408 -0.1 0.03
0.0734 0.02 -0.01 0.415 -0.1 -0.04
0.0624 0.02 -0.01 0.412 -0.06 -0.2

Table 49. Tabled values for figure 44.
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6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

Y
6
6.5
7
7.5
8
8.5
9
9.5
10

=570

0.452
0.43

0.408
0.387
0.366
0.346
0.326
0.307
0.289

=570

0.43

0.406
0.382
0.359
0.337
0.316
0.295
0.276
0.257

MCO
0.452
0.43
0.408
0.387
0.366
0.346
0.326
0.307
0.289

MCO
0.43
0.406
0.382
0.359
0.337
0.316
0.295
0.276
0.257

LL

MC+  MC-
0.009  -0.009
0.005  -0.005
0.004  -0.004
0.003  -0.003
0.002  -0.002
0.002  -0.002
0.002  -0.002
0.003  -0.003
0.004  -0.004

LL+

MC+  MC-
0.006  -0.006
0.004  -0.004
0.003  -0.003
0.002  -0.002
0.002  -0.002
0.002  -0.002
0.002  -0.002
0.002  -0.002
0.003  -0.003

MCO
0.511
0.49
0.47
0.453
0.438
0.423
0.411
0.405
0.408

NLL

MC+  MC-
0.009  -0.009
0.005  -0.005
0.004  -0.004
0.003  -0.003
0.003  -0.003
0.003  -0.003
0.003  -0.003
0.004  -0.004
0.007  -0.007

Table 50. Tabled values for figure 45.

LL NLL

p=10v/70 p=3V70 pu=>5/70 p=10V70

0.03 -0.04 0.511 -0.001

0.03 -0.04 0.49 -0.003

0.03 -0.04 0.47 -0.004

0.03 -0.04 0.453 -0.006

0.04 -0.04 0.438 -0.009

0.04 -0.04 0.423 -0.01

0.04 -0.05 0.411 -0.01

0.04 -0.05 0.405 -0.02

0.04 -0.05 0.408 -0.03
LL+

p=10v/70 p= 370

0.009 -0.005

0.01 -0.005

0.01 -0.006

0.01 -0.006

0.01 -0.006

0.01 -0.006

0.01 -0.006

0.01 -0.006

0.01 -0.006

Table 51. Tabled values for figure 46.
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=370
-0.03
-0.008
0.006

0.01

0.03

0.04

0.05

0.06

0.09



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

LL

V$0=bVT0 \/s9=10/70

Vs0=175  |/s9g=5/70

NLL

V$0=10V70 \/so=5/70

0.452 0.03 -0.03 0.511 -0.03
0.43 0.03 -0.03 0.49 -0.03
0.408 0.03 -0.03 0.47 -0.03
0.387 0.03 -0.03 0.453 -0.02
0.366 0.03 -0.03 0.438 -0.02
0.346 0.03 -0.03 0.423 -0.02
0.326 0.03 -0.03 0.411 -0.02
0.307 0.03 -0.03 0.405 -0.02
0.289 0.03 -0.02 0.408 -0.02
LL+
VS$0=bVT0 /so=10V70 /so=5/70
0.43 0.03 -0.03
0.406 0.03 -0.03
0.382 0.03 -0.03
0.359 0.03 -0.03
0.337 0.03 -0.03
0.316 0.03 -0.03
0.295 0.03 -0.03
0.276 0.03 -0.03
0.257 0.03 -0.02
Table 52. Tabled values for figure 47.
LL NLL
Y  MCO MC+ MC- MCO MC+
6 0.0464 0.0005 -0.0005 0.0566 0.0006
6.5 0.0567 0.0004 -0.0004 0.0692 0.0005
7 0.0489 0.0002 -0.0002 0.0596 0.0003
7.5 0.0341 0.0001 -0.0001 0.0411 0.0002
8 0.0188 0.00007 -0.00007 0.0221 0.0001
8.5 0.00761 0.00003 -0.00003 0.00884 0.00004
9 0.00258 0.00001 -0.00001 0.00292 0.00002
9.5 0.000642  0.000004  -0.000004  0.00069 0.000006
10 0.0000824 0.0000007 -0.0000007 0.0000796 0.000001
LL+
Y  MCO MC+ MC-
6 0.0519 0.0005 -0.0005
6.5 0.0633 0.0004 -0.0004
7 0.0545 0.0002 -0.0002
7.5 0.0379 0.0001 -0.0001
8 0.0209 0.00007 -0.00007
8.5 0.00846 0.00003 -0.00003
9 0.00287 0.00001 -0.00001
9.5 0.000715  0.000004  -0.000004
10 0.0000918 0.0000007 -0.0000007

Table 53.

,65,

Tabled values for figure 48.

0.02
0.02
0.02
0.02
0.007
0.001
-0.009
-0.04
-0.1

MC-
-0.0006
-0.0005
-0.0003
-0.0002
-0.0001
-0.00004
-0.00002
-0.000006
-0.000001



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

LL

Y u=5V70 pu=10V70

6 0.0464 -0.01

6.5 0.0567 -0.01

7 0.0489 -0.01

7.5 0.0341 -0.01

8  0.0188 -0.006

8.5 0.00761  -0.002

9 0.00258  -0.0008

9.5 0.000642  -0.0002

10 0.0000824 -0.00003
LL+

Y u=5V70 pu=10V70

6  0.0519 -0.01

6.5 0.0633 -0.02

7 0.0545 -0.02

7.5 0.0379 -0.01

8 0.0209 -0.007

8.5 0.00846  -0.003

9  0.00287  -0.001

9.5 0.000715  -0.0003

10 0.0000918 -0.00004

V/50="5170
0.0464
0.0567
0.0489
0.0341
0.0188
0.00761
0.00258
0.000642
0.0000824

V/50="5170
0.0519
0.0633
0.0545
0.0379
0.0209
0.00846
0.00287
0.000715
0.0000918

p=5vV70 =570
0.02 0.0566
0.02 0.0692
0.02 0.0596
0.01 0.0411
0.009 0.0221
0.004 0.00884
0.001 0.00292
0.0004 0.00069
0.00006 0.0000796
p=5V70

0.02

0.03

0.03

0.02

0.01

0.005

0.002

0.0006

0.00008

Table 54. Tabled values for left figure of figure 49.

LL

V50=10/70

0.0004

0.0009

0.001

0.0008

0.0005

0.0002

0.00008

0.00002

0.000003
LL+

V50=10/70

0.0007

0.001

0.001

0.001

0.0006

0.0002

0.00009

0.00002

0.000003

Vs0="5V70 \/s9=5/70
-0.0008 0.0566
-0.001 0.0692
-0.001 0.0596
-0.0009 0.0411
-0.0005 0.0221
-0.0002 0.00884
-0.00008 0.00292
-0.00002 0.00069
-0.000003  0.0000796
Vs0= 570

-0.001

-0.002

-0.001

-0.001

-0.0006

-0.0002

-0.00008

-0.00002

-0.000003

Table 55. Tabled values for right figure of figure 49.
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NLL

p=10V70 p= 3570

-0.004 0.008

-0.005 0.006

-0.005 0.004

-0.004 0.002

-0.002 0.0005

-0.0009 -0.000006

-0.0003 -0.00005

-0.00007  -0.00003

-0.000007  -0.000008

NLL

V$0=10V70 \/s9="5/70
-0.002 0.003
-0.003 0.003
-0.003 0.003
-0.002 0.002
-0.001 0.001
-0.0004 0.0004
-0.0001 0.0001
-0.00004 0.00003
-0.000004 0.000004



6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

6.5

7.5

8.5

9.5
10

MCO
0.021
0.0244
0.02
0.0132
0.00687
0.00263
0.000841
0.000197
0.0000238

MCO
0.0223
0.0257
0.0208
0.0136
0.00703
0.00267
0.000847
0.000197
0.0000236

=570
0.021
0.0244
0.02
0.0132
0.00687
0.00263
0.000841
0.000197
0.0000238

=570
0.0223
0.0257
0.0208
0.0136
0.00703
0.00267
0.000847
0.000197
0.0000236

LL
MC+
0.0004
0.0003
0.0001
0.00008
0.00004
0.00001
0.000005
0.000002
0.0000003

LL+
MC+
0.0003
0.0002
0.0001
0.00006
0.00003
0.00001
0.000004
0.000001
0.0000002

MC-
-0.0004
-0.0003
-0.0001
-0.00008
-0.00004
-0.00001
-0.000005
-0.000001

-0.0000003  0.0000325

MC-
-0.0003
-0.0002
-0.0001
-0.00006
-0.00003
-0.00001
-0.000004
-0.000001
-0.0000002

MCO
0.029
0.0339
0.028
0.0186
0.00968
0.00374
0.0012
0.000279

NLL
MC+
0.0004
0.0003
0.0002
0.00008
0.00004
0.00002
0.000006
0.000002
0.0000003

Table 56. Tabled values for figure 50.

LL

p=10v/70 p=3V70 =570

-0.004
-0.005
-0.004
-0.003
-0.002
-0.0006
-0.0002
-0.00005
-0.000007
LL+

= 1070

-0.006
-0.007
-0.006
-0.004
-0.002
-0.0009
-0.0003
-0.00007
-0.000009

0.005
0.006
0.005
0.004
0.002
0.0008
0.0003
0.00007
0.00001

=370
0.009

0.01

0.01

0.007
0.004
0.002
0.0006
0.0001
0.00002

0.029
0.0339
0.028
0.0186
0.00968
0.00374
0.0012
0.000279

0.0000325

NLL
= 1070
-0.002
-0.003
-0.003
-0.002
-0.001
-0.0005
-0.0002
-0.00004
-0.000005

Table 57. Tabled values for left figure of figure 51.
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MC-
-0.0004
-0.0003
-0.0002
-0.00008
-0.00004
-0.00002
-0.000006
-0.000002
-0.0000003

p=3V70
0.002
0.002
0.002
0.002
0.0009
0.0004
0.0001
0.00003
0.000003



LL NLL

Y /s0=5VT0  /so=10VT0 /so=3VT0 /so=5VT0 /so=10v70 /so=5+/70

6  0.021 0.002 -0.002 0.029 -0.003 0.003

6.5 0.0244 0.002 -0.002 0.0339 -0.003 0.003

7 0.02 0.002 -0.002 0.028 -0.003 0.002

7.5 0.0132 0.001 -0.001 0.0186 -0.002 0.002

8  0.00687 0.0007 -0.0007 0.00968 -0.001 0.0006

8.5 0.00263 0.0003 -0.0003 0.00374 -0.0004 0.0002

9 0.000841 0.0001 -0.00009 0.0012 -0.0001 0.00003

9.5 0.000197 0.00002 -0.00002 0.000279 -0.00003 -0.00001

10 0.0000238  0.000003 -0.000003  0.0000325  -0.000003 -0.000009
LL+

Y /s0=5VT0  /so=10VT0 /so=3V/T0

6  0.0223 0.002 -0.002

6.5 0.0257 0.003 -0.003

7 0.0208 0.002 -0.002

7.5 0.0136 0.002 -0.002

8  0.00703 0.0009 -0.0008

8.5 0.00267 0.0003 -0.0003

9 0.000847 0.0001 -0.0001

9.5 0.000197 0.00003 -0.00002

10 0.0000236  0.000003 -0.000003

Table 58. Tabled values for right figure of figure 51.
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