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I. Introduction to perturbative QFT: φ4 Theory

Z [J] =

∫
Dφ exp

[
i

~

∫
dDx(L+ Jφ)

]
.

In φ4 with Lagrangian L =
∫
dDx

[
1
2 (∂uφ)2 − 1

2m
2φ2 − 1

4!λφ
4
]
.

Generally the connected physical correlators are obtained by

functional derivates w.r.t to the sources J(x) (W [J] = −i logZ [J])

〈φ(x1)..φ(xn)〉=Z [J]−1

(
δ

δJ(x1)

)
..

(
δ

δJ(xn)

)
W [J]

∣∣∣∣
J=0

In interacting theories λ 6= 0 this is expanded in Feynman graphs

and gives an asymptotic series in λ
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Limitations and demand for perturbation theory

In QFT the contributions to 〈φ(x1)..φ(xn)〉 to (loop) order ` in λ

can be shown to diverge with CA``! Here C and A are of order one.

One can conclude that the order of optimal truncation is 1/(Aλ).

Examples for physically demanded higher loop calculations:

1.) The electromagnetic coupling α = λ ∼ 1/137 is small and

the anomalous magnetic moment of the electron

ae =
g − 2

2
= 0.00115965218059(13)

to order λ5 is the most precise theoretical prediction in nature.

2.) In the Post Minkowskian approximation to black hole

scattering the coupling is λ = (GM/bc2)� 1 and λ5 order

perturbation theory makes very precise predictions for

properties of the emitted gravitational waves.

Both processes involve the variation of CY mixed Hodge structures!
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I. Introduction to perturbative QFT: Dirac process

Collider process: Probability for e− e+ to annihilate to two

photons P(e−e+ → γγ)∼|A(e−e+ → γγ)|2, α∼ 1
137

The scalar integral relevant e.g. for the one loop (box) integral

I (ε,m2, pi · pj) (Propagators 1/Dl with Dl = 1
k2
l −m2+i ·0 ) is:

Dimensional regularisation: D = D0 − 2ε → I =
∑∞

k=−n Ikε
n with

Ik(m2, pi · pj) functions of (dim’ less ratios of) masses and Lorentz

invariant products of the external momenta that we need to know!
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Example: Banana Integrals in 2d:

The maximal cut Banana integrals with t = p2/µ2, ξi = mi/µ or

zi = ξ2
i /t.

p2 p2

m1

m2

m3

ml+1

in Feynman-Symanzik parametrisation in 2d are directly identified

with CY hypersurface periods ΠΓ

I (zi ) =

∫
Γ

∮
S1

µ`(
t −

(∑`+1
i=1 ξ

2
i xi

)(∑`+1
i=1 x

−1
i

))∏`+1
i xi

=

∫
Γ

Ω =: ΠΓ

with reflexive Newton Polyhedra for e.g. for elliptic curve and K3

um1

m2

m3
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What is the key advantage of the geometric reformulation?

The periods ΠΓ(z) fulfil Picard-Fuchs differential equations. For equal

masses, z1 = · · · = z`+1 = z and θ = z d
dz , these reduce to a single n-th

order ordinary differential equation:

L(`)ΠΓ(z) = 0, k = 1, . . . , n = dim(Hn(Mn,Z)) = hn.

The hn solutions define an extended class of higher transcendental

(period) functions, generalising algebraic and elliptic functions, which

govern higher-order perturbation theory.

`=1 L(1) = 1− 2z − (1− 4z)θ, algebraic functions

2 L(2) = 1− 3z − (2− 10z)θ + (1− z)(1− 9z)θ2, elliptic functions

3 L(3) = 1− 4z − (3− 18z)θ+(3− 30z)θ2−(1− 4z)(1− 16z)θ3, K3-periods

4 L(4) = 1− 5z − (4− 28z)θ +
(
6− 63z + 26z2 − 225z3

)
θ2−

AESZ34

(
4− 70z + 450z3

)
θ3 + (1− z)(1− 9z)(1− 25z)θ4, CY-3fold periods

5
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Better representation as complete intersection

In K. Boehnisch, F. Fischbach, C.Nega, AK 2020 a representation without

redundant deformations as complete intersection of two degree

(1, . . . , 1) polynomials P1 = P2 = 0 ⊂ Pl+1 := ⊗l+1
i=1P1

(i) was

identified.

According to S. Hosono, AK, S. Theisen and S.-T. Yau 1994 the periods
of this geometry fulfil a simple GKZ system with 2(`+ 2)
redundant deformation parameters and linear relations

l (1) = (−1,−1; 1, 1, 0, 0, · · · , 0, 0, 0, 0)
...

l (`+1) = (−1,−1; 0, 0, 0, 0, · · · , 0, 0, 1, 1)

and Frobenius solution

ω0(z ; ε) =
∑

n1,...,nl+1≥0

c(n + ε) zn+ε, c(n) =

∏2
j=1

(
−
∑l+1

k=1 l
(k)
0j nk

)
!∏2l+2

i=1

(∑l+1
k=1 l

(k)
i nk

)
!
.

in the `+ 1 invariant MUM coordinates zk = m2
i /p

2 =
∏(2(`+4)

i=1 a
l
(k)
i
i .
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Advantages for the geometric formulation

At the point of maximal unipotent monodromy mirror symmetry

predicts via the Γ̂-class formalism an integral monodromy basis of

the periods.

The maximal cut Banana integral is identified as the integral

period with maximal logarithmic degeneration.

An extended Γ̂-class for the Fano variety P2 = 0 ⊂ ⊗l+1
i=1P1

(i)

Γ̂F (TF ) =
Â(TF )

Γ̂2(TF )
=

Γ(1− c1)

Γ(1 + c1)
cos(πc1) .

fixes also an integral basis of the solutions to the inhomogeneous

Picard fuchs differential ideal including the full Banana integral.

This basis choice was confirmed by Hiroshi Irritani 2021.
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Inhomogeneities from subgraphs

The inhomogeneities come from all possible subgraphs

sub diagram: contract Propagator

x

Tadpole no loop integration

x

This leads to the inhomogeneous differential equation for the

Feynman integral

L(`)Iσ`(z) = −(`+ 1)!z

for the equal mass case

From a geometric point of view, Iσ`(a) are chain integrals of

Griffiths normal functions.

8
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Analytic structure of the banana integrals

The Γ̂F (TF ) class and the inhomogeneous differential equation for

Iσ` control the analytic structure of the full equal-mass banana

graph extremely well through fast convergence and analytic

continuation.
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Figure 1: Loop orders ` = 2, 3, 4: blue, orange, green. Solid curves: real part;

dashed curves: imaginary part. t = 1/z = p2/m2; t = (`+ 1)2: nearest

conifold; t =∞: maximal unipotent monodromy point. 10 digits in µs.
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Picard-Fuchs equations, flatness and monodromy

The fact that ~Π(z) fulfils the Picard-Fuchs equations L(`)ΠΓk
= 0 is

equivalent to its being a flat section of the Hodge bundle:

Di
~Π = (∂zi − Ai (z))~Π = 0, i = 1, . . . , hn−1,1(M),

where Di is the Gauss-Manin connection and Ai ∈ Q[z ]hn×hn .

Flatness means local triviality. The complexity comes entirely from

monodromy around regular singularities at ∆i .

The appropriate section—the Feynman integral— is determined by the

integral global monodromy structure

Mi ∈
{
Sp(hn,Z), n odd,

O(hn,Z), n even,

and its singular behaviour in the ultraviolet, on-shell and infrared limits.

These correspond to degenerations of the Hodge structure of the CY:

maximally unipotent points, conifolds, etc.
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Why are Banana graphs relevant?

Consider the triple box as a Standard Model graph

x x

x x x

x

sub diagram: contract Propagators

x x

x x x

x

x

x

Banana creates one inhomo-

geneity of double box

The iterated integrals of banana integrals (K3-periods) appear

generically as inhomogenieties of in 3-loop standard model graphs.

E.g. in the calculation of the anomalous magnetic moment of the

electron ae Forner, Nega, Tancredi (24).
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Summary: Dictionary Feynman integrals and geometry

Perturbative QFT Geometry M Differential eq. Arithmetic Geometry

maximal cut

Feynman

integral

Period integral Π

(ε-deformed)

Homogeneous

Gauss Manin

(d − A(z))Π = 0

Motive defined

by l-adic coh

Hk
et(X ,Ql)

	 Monodromy group ∈ Γ(Z); irre-

ducible ?

	 Galois group

Gal(K/K) ir-

reducible ?

actual Feynman

integral

Chain integral

(ε-deformed)

Inhomogeneous

Gauss Manin

connection

(d−A(z))Π=B(z)

Extended motive

This picture emerged due to work of I. Gel’fand, D. Broadhurst, D. Kreimer, S. Bloch, P.

Vanhove, M.Kerr, C. Duran, S. Weinzierl, F. Brown, O. Schnetz, J. Bourjaily, A. Mc Leod, M. Hippel, M. Wilhelm,

J. Broedel, L Trancredi, S. Müller-Stach, . . . + at least 248 cits. in K. Bönisch, C.Duhr, F.Fischbach, C.Nega, AK
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Period geometry on CY n-folds

The main constraints which govern the period geometry of

CY-folds are the Riemann bilinear relations

e−K = in
2
∫
Mn

Ω ∧ Ω̄ > 0 (1)

defining the real positive exponential of the Kähler potential K (z)

for the Weil–Petersson metric Gi ̄ = ∂zi ∂̄z̄̄K (z) on Mcs(Mn).

As

well as the relations on holomorphic bilinears and their derivatives

that follow from Griffiths transversality 1∫
Mn

Ω ∧ ∂kIk Ω =

 0 if k < n

CIn(z) ∈ Q(z) if k = n .
(2)

Here ∂kIk Ω = ∂zI1 . . . ∂zIk Ω ∈ F n−k :=
⊕k

p=0 H
n−p,p are sections of

holomorphic sub bundles F n ⊂ F n−k ⊂ . . . ⊂ F 1 ⊂ F 0 determining

the Hodge filtration of the Hodge bundle F 0. 1R. Bryant and P. Griffiths, Prog.

Math. 36, Birkhäuser, (1983).
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2
∫
Mn

Ω ∧ Ω̄ > 0 (1)
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the Hodge filtration of the Hodge bundle F 0. 1R. Bryant and P. Griffiths, Prog.
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Griffiths transversality and iterated integrals

Set ` = n + 1. Let $k , k = 0, . . . , `− 1, be a basis of kerL(`), with the

`× ` Wronskian

Wik = ∂ iz$k , i , k = 0, . . . , `− 1.

Griffiths transversality (??) gives, with the constant pairing matrix Σ and

rational Z = WΣW T ,

W−1 = ΣW TZ−1. (3)

Variation of constants yields the solution to the inhomogeneous equation

$(p)(z) =
`−1∑
k=0

$k(z)

∫ z

z0

dz̃
[
W−1(z̃) b(z̃)

]
k
. (4)

Here b denotes the source in the associated first-order system. The

entries of W−1 are rational linear combinations of period derivatives.

Iterating over subgraphs gives iterated integrals of periods.

These generalise the polylogarithms that appear in one-loop Feynman

integrals.
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ε deformed Gauss Manin connection and sub-sectors

We have seen that important maximal cut Feynman integrals are

CY periods and that the full Feynman graphs are determined by

inhomogeneous Gauss-Manin connections, whose inhomogeneities

are determined by subgraphs.

The key way to systematize this and obtain results in any

dimension is to introduce so called master integrals for `-loop

Feynman integrals in general dimensions D ∈ R+ Johannes Henn (13)

Iν(z ,D) :=

∫ ∏̀
r=1

dDkr

iπ
D
2

p∏
j=1

1

D
νj
j

(5)

Dj = q2
j −m2

j + i · 0 for j = 1, . . . , p are the propagators, qj is the

j th momentum through Dj , m
2
j ∈ R+ are masses. Subject to

momentum conservation the qj are linear in the external momenta

and the internal loop momenta kr . We define ε := Dcr−D
2 .
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Master Integrals and integration by parts relations

Note that the propagator exponents in the master integrals are

arbitrary non-negative integers and together with Dcr ∈ Z span a

non-negative cone in a lattice (ν,Dcr ) ∈ Zp+1
≥0 .

The integration by parts (IBP) identities∫ ∏̀
r=1

dDkr

iπ
D
2

∂

∂kµk

qµl

p∏
j=1

1

D
νj
j

 = 0 .

relate the master integrals with different exponents ν. The

integration by parts relations correspond to Griffith reduction

formula leading to the Picard-Fuchs equation:∫
∂

∂xk

(
Q(x , z)µ

F r

)
= 0→

∫
µrQ(x , a)∂kF
F r+1

=

∫
µ∂kQ(x , a)

F r
.

The master integrands define a finite cohomology, which

sometimes extends the cohomology H`(M`,Z) of a CY M`.
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Master Integrals and integration by parts relations

In particular there is a finite region in Zp+1
≥0 Smirnov and Petukhov

LMP 2011 that contains all relevant master integrals. I.e. in those

master integrals one can express all derivatives w.r.t. the zk as a

linear combination with rational coefficients by the IBP relations.

ν1

ν2

subgraphs

subgraphs

A complete set of IBP relations corresponds to the complete Picard

Fuchs ideal or Gauss-Manin connection for the period integrals

.
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IBP relation summary:

Hence the IBP relations characterise a suitable finite set of master

integrals

I (x ,D) :=

∫ l∏
r=1

dDkr

iπ
D
2

p∏
j=1

1

D
νj
j

,

in a finite region in Zp+1
≥0 , by a generalised first order Gauss Manin

connection

dI (x , ε) = A(x , ε)I (x , ε)

ε = (Dcr − D)/2.

18



Basis change on master integrals ε-factorized form

I (x , ε)→ I better (z(x); ε) = R0(z(x); ε)I (z(x); ε)

A(z ; ε)better = [R0(z ; ε)A + dR0(z ; ε)]R0(z ; ε)−1

A(z ; ε)best = εA(z)



dz − ε



0 0 0
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.
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. . .
.
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.
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A1
11 · · · A1

1r1

.

.
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. . .

.

.

.

A1
r11 · · · A1

r1r1

0

.

.

.
. . .

∗ . . . ∗
.
.
.

. . .
.
.
.

∗ . . . ∗

0

An
11 · · · An

1r1

.

.

.
. . .

.

.

.

An
rn1 · · · An

rnrn







I sub

Π1
1

.

.

.

Π1
r1

.

.

.

Πn
1

.

.

.

Πn
rn



best

= 0

Here Ak
ij(z) and the ∗ are rational functions in z or iterated

integrals

. The red structures can be the Gauss Manin connection

of a CY. The blue structures inhomogeneities from subgraphs.
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Basis change on master integrals ε-factorized form
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Basis change on master integrals ε-factorized form
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Basis change on master integrals ε-factorized form

I (x , ε)→ I better (z(x); ε) = R0(z(x); ε)I (z(x); ε)

A(z ; ε)better = [R0(z ; ε)A + dR0(z ; ε)]R0(z ; ε)−1

A(z ; ε)best = εA(z)


dz − ε



0 0 0

∗ . . . ∗
.
.
.

. . .
.
.
.

∗ . . . ∗

A1
11 · · · A1

1r1

.

.

.
. . .

.

.

.

A1
r11 · · · A1

r1r1

0

.

.

.
. . .

∗ . . . ∗
.
.
.

. . .
.
.
.

∗ . . . ∗

0

An
11 · · · An

1r1

.

.

.
. . .

.

.

.

An
rn1 · · · An

rnrn







I sub

Π1
1

.

.

.

Π1
r1

.

.

.

Πn
1

.

.

.

Πn
rn



best

= 0

Here Ak
ij(z) and the ∗ are rational functions in z or iterated

integrals. The red structures can be the Gauss Manin connection

of a CY. The blue structures inhomogeneities from subgraphs.
19



ε factorized Gauss-Manin connection for the 5PM 1SF [8][9]

Figure 2: Non-zero entries of the 232× 232 extended Gauss-Manin

connection matrix Abest(x). The not-magnified diagonal sectors give rise

to polylogarithms.
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The use of the ε factorized form

∇εI (z , ε) = (dz − εA(z))I (z , ε) = 0

Suppose we have boundary conditions I (z0, 0) = I0 then we can

write the solution vector I (z , ε) as path ordered exponential

I (z , ε) = P exp[ε

∫ z

z0

A(z)dz ]I0

in terms of iterated integrals in the form

I (z , ε) =

[
1 + ε

∫ z

z0

A(z′)dz ′ + ε2

∫ z

z0

∫ z ′

z0

A(z′)dz ′A(z′′)dz ′′ + . . .

]
I0

For example for the 1 loop diagrams this formalism gives rise to

the function class of multiple poly logarithms. For higher loop

amplitudes this class generalizes to iterated Calabi-Yau periods.
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Applications to General Relativity

“Emergence of Calabi Yau

manifolds in high precision

black hole scattering”

Driesse,Jakobsen,AK,Mogull,

Nega,Plefka,Sauer

“Calabi-Yau periods for black

hole scattering in classical

general relativity”

AK, Nega,Plefka,Sauer
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Exact approaches to General Relativity

Motivation: Experimental

gravitational wave detection:

LIGO, Virgo, KAGRA, . . ..

Virgo detector, Cascina, Italy.

Interpretation requires theoret-

ical understanding of source

wave formation. (BH mergers)

Aim: Analytical description in

an effective Field theory ap-

proach.
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Effective field theory

Quantum Gravity as an effective Theory: Donoghue (1993)

Classical Gravity from Amplitudes: Cheung, Rothstein, Solon (2018);

Bjerrum-Bohr, Damgaard, Festuccia, Planté, Vanhove (2018); Bern,

Cheung,Roiban, Shen, Solon, Zeng (2019)

Frameworks for classical gravity from amplitudes: KMOC: Kosower,

Maybee, O’Connell (2018)

Heavy Black Hole Effective Theory: Damgaard, Haddad, Helset (2019)

Eikonal Operator: Di Vecchia, Heissenberg, Russo, Veneziano (2021)

Heavy Mass EFT: Brandhuber, Brown, Chen, De Angelis, Gowdy, Travaglini

(2023)

Treat scattering of two black holes (BH) as starter to the description of

BH mergers in a perturbative expansion effective QFT long range

decribtion to gain some analytic control.
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Worldline QFT approach to General Relativity

χ
v

b

m1

s1

m2

s2
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Worldline Quantum Field Theory approach to General Relativ-

ity

The action for the scattering process Kälin, Porto ’06, Dlapa,

Kälin, Liu, Porto ’12, Jakobsen, Mogull, Plefka, Steinhoff

’21,’23,’24

S = −
2∑

i=1

mi

∫
dτ

[
1

2
gµν ẋ

µ
i ẋ

ν
i

]
+

1

16πG

∫
d4x
√−gR(g) +SDonder

g.f.

is expanded in Post Minkowskian (PM) approximation in the

Worldline Quantum Field Theory (WQFT) approach around the

non-interacting background configurations

xµi = bµi +vµi τ+zµi (τ) , gµν = ηµν +
√

32πG hµν(x) .

The dynamical fields zµi and hµν are integrated out in the path

integral. 〈xµi 〉 fulfills the classical e.o.m.
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Worldline QFT approach to General Relativity

The goal is to calculate from the initial data: the impact

parameter bµ = bµ1 − bµ2 and the incoming velocities v1, v2 the

physical quantity of interest, which is the radiation induces change

in the momentum say ∆pµ1 = m1

∫
dτ ẍ(τ) of the first particle.

In the PM approximation the latter can be expanded in the

gravitational coupling G

∆pµ1 =
∞∑
n=1

Gn∆p(n)µ(x) .

At each order the contributions ∆p(n)µ(x) are calculated in the

WQFT approach in the Swinger-Keldysh in-in formalism in terms

of a Feynman graph expansion with retarded propagators. Here

x = γ −
√
γ2 − 1 with γ the Lorentz factor of the relative

velocities is the only parameter.
27



Worldline QFT approach to General Relativity

In the 4PM approximation the Feynman integral in the 1SF sector,

contributing to the m1
m2

order in the corresponding expansion

(K3.0)

involve symmetric products of elliptic function, which are periods

of the K3

Y 2 = X (X − 1)(X − x)Z (Z − 1)(Z − 1/x) .

In the 5PM approximation we find in [8] that in the 5PM

approximation the following graphs in the 1SF sector

(CY3)
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Worldline QFT approach to General Relativity

The corresponding smooth CY three-fold one-parameter complex

family x = (2ψ)−8, can be defined as resolution of four symmetric

quadrics

x2
j + y2

j − 2ψxj+1yj+1 = 0, j ∈ Z/4Z

in the homogeneous coordinates xi , yj , j = 0, . . . , 3 of P7.

Its

periods fulfill the hypergeometric 4F3

(
1
2

1
2

1
2

1
2

1,1,1
|z
)

Picard-Fuchs

differential operator

L(4)
1 = θ4 − 28z(θ +

1

2
)4

The periods of the above K3 and CY threefold fullfill the

differential equation and determine all special functions that are

necessary to solve for ∆p(5)µ(x) and the radiative energy in the

1SF sector. Note that all solutions are either symmetric or

Hadamard products of the second order Legendre differential

equation.

https://cycluster.mpim-bonn.mpg.de/aesz.html
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Beukers K3

In the 5PM 2SF sector there is a graph

(K3’)

that leads [8] to period integrals on the Beukers K3

1− (1− XY )Z − zXYZ (1− X )(1− Y )(1− Z ) = 0

with Picard-Fuchs differential operator

L
(3)
A = θ3 + z2(θ + 1)3 − z(2θ + 1)

(
17θ2 + 17θ + 5

)
.

Historical this was used to explain geometrically Apery’s proof of

the irrationality of ζ(3) by Beukers (79,85) .

30



Another CY 3-fold

The graph

(CY3’)

was identified using its Baikov integral representation as period integrals

of the CY 3-fold

P =t2(WX + Y 2)2(W + Z )2(X + Z )2

+ 26(1 + t)(WXY )2Z (W + X + Z )

by Frellesvig, Morales, Wilhelm PRL ’24. It has Picard-Fuchs operator

t = x1 − 1, z = 2−8x4

L(4)
2 =θ4−230z3(θ +

1

2
)4−24z(192θ4 +128θ3 +112θ2

+48θ + 7)+214z2(192θ4 +256θ3 +208θ2 +64θ+7) .
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ε-factorisation for the CY blocks in 5PM 1SF

To derive the ε-factorization we split the periods matrix into its

semi-simple and unipotent part. The unipotent part satisfies

(d− Au(x))W u(x) = 0 , Au(x) =


0 1 0 0

0 0 Y1 0

0 0 0 1

0 0 0 0


and Au(x) is nilpotent, i.e. (Au(x))4 = 0.

In the process of obtain
the ε-form by rotating the initial masters integrals with the semi
simple matrix, we introduce new transcendental functions, which
are iterated integrals the CY period $i (x

′) e.g.

G1(x) = −
∫ x

0

24576x′
(
1 + 256x′4

)
(1− 256x′4)2

$0(x′)2

α1(x′)
dx′ ,

G3(x) =

∫ x

0

x′

1− 256x′4
G1(x′)α1(x′)2

$0(x′)2
dx′ .

Here α1 = (θ$1/$0)−1 and t = $1/$0 is the affine coordinate related to the

mirror map.

32



ε-factorisation for the CY blocks in 5PM 1SF

To derive the ε-factorization we split the periods matrix into its

semi-simple and unipotent part. The unipotent part satisfies

(d− Au(x))W u(x) = 0 , Au(x) =


0 1 0 0

0 0 Y1 0

0 0 0 1

0 0 0 0


and Au(x) is nilpotent, i.e. (Au(x))4 = 0. In the process of obtain
the ε-form by rotating the initial masters integrals with the semi
simple matrix, we introduce new transcendental functions, which
are iterated integrals the CY period $i (x

′)

e.g.

G1(x) = −
∫ x

0

24576x′
(
1 + 256x′4

)
(1− 256x′4)2

$0(x′)2

α1(x′)
dx′ ,

G3(x) =

∫ x

0

x′

1− 256x′4
G1(x′)α1(x′)2

$0(x′)2
dx′ .

Here α1 = (θ$1/$0)−1 and t = $1/$0 is the affine coordinate related to the

mirror map.

32



ε-factorisation for the CY blocks in 5PM 1SF

To derive the ε-factorization we split the periods matrix into its

semi-simple and unipotent part. The unipotent part satisfies

(d− Au(x))W u(x) = 0 , Au(x) =


0 1 0 0

0 0 Y1 0

0 0 0 1

0 0 0 0


and Au(x) is nilpotent, i.e. (Au(x))4 = 0. In the process of obtain
the ε-form by rotating the initial masters integrals with the semi
simple matrix, we introduce new transcendental functions, which
are iterated integrals the CY period $i (x

′) e.g.

G1(x) = −
∫ x

0

24576x′
(
1 + 256x′4

)
(1− 256x′4)2

$0(x′)2

α1(x′)
dx′ ,

G3(x) =

∫ x

0

x′

1− 256x′4
G1(x′)α1(x′)2

$0(x′)2
dx′ .

Here α1 = (θ$1/$0)−1 and t = $1/$0 is the affine coordinate related to the

mirror map.
32



ε factorized Gauss-Manin connection for the 5PM 1SF [8][9]

Figure 3: Non-zero entries of the 232× 232 extended Gauss-Manin

connection matrix Abest(x) of odd parity. The not-magnified diagonal

sectors give rise to polylogarithms.
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Results in the 5PM 1SF Sector

After imposing the physical boundary conditions, determining the

I0 we can extract all regular physical contribution to the deflections

angle and the radiation loss and eventually the gravitational

waveform.

The latter are analytically given in terms of iterated integrals of

Calabi-Yau 3-fold periods, K3-periods and polylogarithms available

online.

34

https://zenodo.org/records/15600873
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Scattering angle versus impact parameter up to 5PM 1SF order
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<latexit sha1_base64="fo398XHS5EgiXb3t67xwW3k9pGU=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CVbBU9mVUj0WvHiSKvYD2qVk02wbmmSXJCuUpT/CiwdFvPp7vPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPpppTH2BR5KFjGBjpU5fCXT3UBqUK27VnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fu4MnVtliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGW/oyFTlBg+tQQTxeytiIyxwsTYhLIQvOWXV0n7surVq/X7WqVxlsdRhBM4hQvw4AoacAtNaAGBCTzDK7w5sfPivDsfi9aCk88cwx84nz8fj46y</latexit>

NR

<latexit sha1_base64="kAnmvBdzcP8l2qchDVGePeNS/lM=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EqyCp7IrUj0WvHisaD+gXUo2zbahSXZNskpZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu6eu3/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXU/91iNVmsXy3owTGgg8kCxiBBsrtbtKoDsyfOq5Za/izYCWiZ+TMuSo99yvbj8mqaDSEI617vheYoIMK8MIp5NSN9U0wWSEB7RjqcSC6iCb3TtBp1bpoyhWtqRBM/X3RIaF1mMR2k6BzVAvelPxP6+TmugqyJhMUkMlmS+KUo5MjKbPoz5TlBg+tgQTxeytiAyxwsTYiEo2BH/x5WXSPK/41Ur19qJcO8njKMIRHMMZ+HAJNbiBOjSAAIdneIU358F5cd6dj3lrwclnDuEPnM8fq06Ppw==</latexit>

Schw

<latexit sha1_base64="T7DZZR/IRvMxT8JdbcUzGd3RsIA=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQxCTmFXJHoMePEYwTwgWcLsbCcZMvtgplcJaz7FiwdFvPol3vwbJ8keNLGgoajqprvLT6TQ6DjfVmFjc2t7p7hb2ts/ODyyy8dtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Sc3c7/zAEqLOLrHaQJeyEaRGArO0EgDu9zHMSDrZX0V0gBGM29gV5yaswBdJ25OKiRHc2B/9YOYpyFEyCXTuuc6CXoZUyi4hFmpn2pIGJ+wEfQMjVgI2ssWp8/ouVECOoyVqQjpQv09kbFQ62nom86Q4VivenPxP6+X4vDay0SUpAgRXy4appJiTOc50EAo4CinhjCuhLmV8jFTjKNJq2RCcFdfXifti5pbr9XvLiuNah5HkZySM1IlLrkiDXJLmqRFOHkkz+SVvFlP1ov1bn0sWwtWPnNC/sD6/AFIQpPz</latexit> ✓[
d
eg

]

<latexit sha1_base64="k3YZu/lYlboXSU13srqhQ+GHo4Q=">AAAB73icbVBNSwMxEJ31s9avqkcvwSL0VHeLVI8FD3oRKtgPaNeSTbNtaDZZk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL4g508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NQyUYQ2iORStQOsKWeCNgwznLZjRXEUcNoKRldTv/VElWZS3JtxTP0IDwQLGcHGSu2APFTOrtFtr1B0y+4MaJl4GSlChnqv8NXtS5JEVBjCsdYdz42Nn2JlGOF0ku8mmsaYjPCAdiwVOKLaT2f3TtCpVfoolMqWMGim/p5IcaT1OApsZ4TNUC96U/E/r5OY8NJPmYgTQwWZLwoTjoxE0+dRnylKDB9bgoli9lZEhlhhYmxEeRuCt/jyMmlWyl61XL07L9ZKWRw5OIYTKIEHF1CDG6hDAwhweIZXeHMenRfn3fmYt6442cwR/IHz+QOUdI7z</latexit>

bc2/GM

<latexit sha1_base64="k3YZu/lYlboXSU13srqhQ+GHo4Q=">AAAB73icbVBNSwMxEJ31s9avqkcvwSL0VHeLVI8FD3oRKtgPaNeSTbNtaDZZk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL4g508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NQyUYQ2iORStQOsKWeCNgwznLZjRXEUcNoKRldTv/VElWZS3JtxTP0IDwQLGcHGSu2APFTOrtFtr1B0y+4MaJl4GSlChnqv8NXtS5JEVBjCsdYdz42Nn2JlGOF0ku8mmsaYjPCAdiwVOKLaT2f3TtCpVfoolMqWMGim/p5IcaT1OApsZ4TNUC96U/E/r5OY8NJPmYgTQwWZLwoTjoxE0+dRnylKDB9bgoli9lZEhlhhYmxEeRuCt/jyMmlWyl61XL07L9ZKWRw5OIYTKIEHF1CDG6hDAwhweIZXeHMenRfn3fmYt6442cwR/IHz+QOUdI7z</latexit>

bc2/GM

<latexit sha1_base64="c7DMfNfUmnbwhthylEt6m9kOqv0=">AAAB+nicbVDLSgNBEJz1GeNro0cvgyGQU9gViR4DXjxGMA/ILmF20kmGzD6Y6VXCmk/x4kERr36JN//GSbIHTSxoKKq66e4KEik0Os63tbG5tb2zW9gr7h8cHh3bpZO2jlPFocVjGatuwDRIEUELBUroJgpYGEjoBJObud95AKVFHN3jNAE/ZKNIDAVnaKS+XfIGIJFRD8eArOdV/L5ddmrOAnSduDkpkxzNvv3lDWKehhAhl0zrnusk6GdMoeASZkUv1ZAwPmEj6BkasRC0ny1On9GKUQZ0GCtTEdKF+nsiY6HW0zAwnSHDsV715uJ/Xi/F4bWfiShJESK+XDRMJcWYznOgA6GAo5wawrgS5lbKx0wxjiatognBXX15nbQvam69Vr+7LDeqeRwFckbOSZW45Io0yC1pkhbh5JE8k1fyZj1ZL9a79bFs3bDymVPyB9bnD4l1k3c=</latexit> �✓
[%

]
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<latexit sha1_base64="VRoVcXVI973m0opJCKCJ6f8PR8o=">AAAB63icbVDLSgNBEOyNrxhfUY9eBqPgKeyqRI8BD3qMYB6QrGF2MpsMmccyMyuEJb/gxYMiXv0hb/6Nu8keNLGgoajqprsriDgz1nW/ncLK6tr6RnGztLW9s7tX3j9oGRVrQptEcaU7ATaUM0mblllOO5GmWASctoPxTea3n6g2TMkHO4moL/BQspARbDPp9vGi1C9X3Ko7A1omXk4qkKPRL3/1BorEgkpLODam67mR9ROsLSOcTku92NAIkzEe0m5KJRbU+Mns1ik6TZUBCpVOS1o0U39PJFgYMxFB2imwHZlFLxP/87qxDa/9hMkotlSS+aIw5sgqlD2OBkxTYvkkJZholt6KyAhrTGwaTxaCt/jyMmmdV71atXZ/Wamf5HEU4QiO4Qw8uII63EEDmkBgBM/wCm+OcF6cd+dj3lpw8plD+APn8wfx8o1x</latexit>

G3

<latexit sha1_base64="3VfuKEe4aWux03/D9o5Gq087GAI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CVbBU9mVUj0WPOixgv2Adi3ZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyU3md56o0iySD2YaU1/gkWQhI9hk0u1jrTQoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrfKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8WQheMsvr5L2ZdWrV+v3tUrjLI+jCCdwChfgwRU04A6a0AICY3iGV3hzhPPivDsfi9aCk88cwx84nz/zd41y</latexit>

G4

<latexit sha1_base64="3ZhkeguK0UnXy+OknltNnubULWk=">AAAB63icbVDLSgNBEOyNrxhfUY9eBqPgKeyKRo8BD3qMYB6QrGF2MpsMmccyMyuEJb/gxYMiXv0hb/6Nu8keNLGgoajqprsriDgz1nW/ncLK6tr6RnGztLW9s7tX3j9oGRVrQptEcaU7ATaUM0mblllOO5GmWASctoPxTea3n6g2TMkHO4moL/BQspARbDPp9vGy1C9X3Ko7A1omXk4qkKPRL3/1BorEgkpLODam67mR9ROsLSOcTku92NAIkzEe0m5KJRbU+Mns1ik6TZUBCpVOS1o0U39PJFgYMxFB2imwHZlFLxP/87qxDa/9hMkotlSS+aIw5sgqlD2OBkxTYvkkJZholt6KyAhrTGwaTxaCt/jyMmmdV71atXZ/Uamf5HEU4QiO4Qw8uII63EEDmkBgBM/wCm+OcF6cd+dj3lpw8plD+APn8wf0/I1z</latexit>

G5

<latexit sha1_base64="QgomigI34m4+FRFO/t8h6wR9sZE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHhhLvGoEcSLx4xyiOBDZkdBpgwO7uZ6SUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSyFQdf9dnIbm1vbO/ndwt7+weFR8fikaaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38391oRrIyL1hNOY+yEdKjEQjKKVHieXrFcsuRV3AbJOvIyUIEO9V/zq9iOWhFwhk9SYjufG6KdUo2CSzwrdxPCYsjEd8o6liobc+Oni1Bm5sEqfDCJtSyFZqL8nUhoaMw0D2xlSHJlVby7+53USHNz6qVBxglyx5aJBIglGZP436QvNGcqpJZRpYW8lbEQ1ZWjTKdgQvNWX10nzquJVK9WH61KtnMWRhzM4hzJ4cAM1uIc6NIDBEJ7hFd4c6bw4787HsjXnZDOn8AfO5w8HPI2R</latexit>

v/c

<latexit sha1_base64="GFNCKovGyS2Ose9pg2/sTImriL8=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQVZ0RaV0WpOCygn1AOw6ZTNqGJpkhyVTK2E9x40IRt36JO//GtJ2Fth64cDjnXu69J4gZVdpxvq3cxubW9k5+t7C3f3B4ZBeP2ypKJCYtHLFIdgOkCKOCtDTVjHRjSRAPGOkE45u535kQqWgk7vU0Jh5HQ0EHFCNtJN8uNvy0LzmUKJxdNODkoebbJafiLADXiZuREsjQ9O2vfhjhhBOhMUNK9Vwn1l6KpKaYkVmhnygSIzxGQ9IzVCBOlJcuTp/Bc6OEcBBJU0LDhfp7IkVcqSkPTCdHeqRWvbn4n9dL9ODaS6mIE00EXi4aJAzqCM5zgCGVBGs2NQRhSc2tEI+QRFibtAomBHf15XXSvqy41Ur17qpUL2dx5MEpOANl4IIaqINb0AQtgMEjeAav4M16sl6sd+tj2ZqzspkT8AfW5w/vgJMT</latexit>

E
ra

d
/E

v
7

<latexit sha1_base64="Vtut8V/3tnXIfHfwt/yDM3It93M=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4ColI9VjwoMeK9gPaWDbbSbt0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd2+/dHDY0EmmGNZZIhLVCqlGwSXWDTcCW6lCGocCm+Hweuo3n1BpnsgHM0oxiGlf8ogzaqx0f/Pod0tlz/VmIMvEz0kZctS6pa9OL2FZjNIwQbVu+15qgjFVhjOBk2In05hSNqR9bFsqaYw6GM9OnZBTq/RIlChb0pCZ+ntiTGOtR3FoO2NqBnrRm4r/ee3MRFfBmMs0MyjZfFGUCWISMv2b9LhCZsTIEsoUt7cSNqCKMmPTKdoQ/MWXl0nj3PUrbuXuolx18zgKcAwncAY+XEIVbqEGdWDQh2d4hTdHOC/Ou/Mxb11x8pkj+APn8we9BI1l</latexit>

G1
<latexit sha1_base64="yL6uytZU9q9aMByBpyQ8xmLr0QM=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB07JbpHoseNBjRfsB7VqyabYNzSZLkhXK0p/gxYMiXv1F3vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfD3z209UaSbFg5kkNIjxULCIEWysdH/zWO2XK57rzYFWiZ+TCuRo9MtfvYEkaUyFIRxr3fW9xAQZVoYRTqelXqppgskYD2nXUoFjqoNsfuoUnVllgCKpbAmD5urviQzHWk/i0HbG2Iz0sjcT//O6qYmugoyJJDVUkMWiKOXISDT7Gw2YosTwiSWYKGZvRWSEFSbGplOyIfjLL6+SVtX1a27t7qJSd/M4inACp3AOPlxCHW6hAU0gMIRneIU3hzsvzrvzsWgtOPnMMfyB8/kDvoiNZg==</latexit>

G2
<latexit sha1_base64="y06lg7KYcPRxjunRAw+jA5LwJr4=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB07KrUj0WPOixov2Adi3ZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t75f2Dpo5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6Hrqt56o0iyWD2ac0EDggWQRI9hY6f7m8bxXrniuNwNaJn5OKpCj3it/dfsxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjPKAdSyUWVAfZ7NQJOrFKH0WxsiUNmqm/JzIstB6L0HYKbIZ60ZuK/3md1ERXQcZkkhoqyXxRlHJkYjT9G/WZosTwsSWYKGZvRWSIFSbGplOyIfiLLy+T5pnrV93q3UWl5uZxFOEIjuEUfLiEGtxCHRpAYADP8ApvDndenHfnY95acPKZQ/gD5/MHwAyNZw==</latexit>

G3
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<latexit sha1_base64="6b9LGTpKdxYyxK4UP2s0AtRbv9k=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBU0yKVI8FD3oRKtgPaGPZbDft0s0m7m6EEvonvHhQxKt/x5v/xm2bg7Y+GHi8N8PMvCDhTGnX/bYKK6tr6xvFzdLW9s7unr1/0FRxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqa+q0nKhWLxb0eJ9SP8ECwkBGsjdQOEHmonF3f9uyy67gzoGXi5aQMOeo9+6vbj0kaUaEJx0p1PDfRfoalZoTTSambKppgMsID2jFU4IgqP5vdO0EnRumjMJamhEYz9fdEhiOlxlFgOiOsh2rRm4r/eZ1Uh5d+xkSSairIfFGYcqRjNH0e9ZmkRPOxIZhIZm5FZIglJtpEVDIheIsvL5NmxfGqTvXuvFxz8jiKcATHcAoeXEANbqAODSDA4Rle4c16tF6sd+tj3lqw8plD+APr8weVeY75</latexit>

bc2/GM

<latexit sha1_base64="8WLgm3cwTBo8pV3VNNXq7brRYcY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6971Btea53gLkL/ELUoMCzUH1sz9MWBajNExQrXu+l5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tIZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8bTLkCpkRU0soU9zeStiYKsqMDadiQ/BXX/5L2heuX3frd5e1hlvEUYYTOIVz8OEKGnALTWgBgwie4AVenYnz7Lw578vWklPMHMMvOB/f5gCM5g==</latexit>

10
<latexit sha1_base64="nEERi5yhIowfW31EMxbCR1ol7sw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD15tUK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6adeqXr1av7+qNKp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+kIjOg=</latexit>

12
<latexit sha1_base64="lktk0bGOaef4vv/fpxBub2AnK1g=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD15tUK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6aV9VvXq1fl+rNKp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+wQjOo=</latexit>

14
<latexit sha1_base64="FwhaY+e/l9+0aP11jhWHCJJCc7w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa69+uDas1zvQXIX+IXpAYFmoPqZ3+YsCxGaZigWvd8LzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxaUzcmaVIYkSZUsaslB/TuQ01noah7YzpmasV725+J/Xy0x0HeRcpplByZaLokwQk5D522TIFTIjppZQpri9lbAxVZQZG07FhuCvvvyXtC9cv+7W7y5rDbeIowwncArn4MMVNOAWmtACBhE8wQu8OhPn2Xlz3petJaeYOYZfcD6+Ae8YjOw=</latexit>

16

<latexit sha1_base64="D+rXSEPly3VSVsSZOePK9IQLIfc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzV3UK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6aV9VvXq1fl+rNKp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+qPjOk=</latexit>

40

<latexit sha1_base64="jr+0LJ4Nj7hmGmb1Hd7os7FcOzs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6r3uDas1zvQXIX+IXpAYFmoPqZ3+YsCxGaZigWvd8LzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxaUzcmaVIYkSZUsaslB/TuQ01noah7YzpmasV725+J/Xy0x0HeRcpplByZaLokwQk5D522TIFTIjppZQpri9lbAxVZQZG07FhuCvvvyXtC9cv+7W7y5rDbeIowwncArn4MMVNOAWmtACBhE8wQu8OhPn2Xlz3petJaeYOYZfcD6+Ae2ZjOs=</latexit>

60

<latexit sha1_base64="T2qPjd/yJ47E7ebo/5UXR/WKLuQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3V3UK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGdT8TKkmRK7ZcFKaSYEzmb5Oh0JyhnFpCmRb2VsLGVFOGNpySDcFbfXmdtK+qXq1au7+uNKp5HEU4g3O4BA9uoAF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A/CjjO0=</latexit>

80

<latexit sha1_base64="jgoiFBr0+GCKABZouOA6CNQxivg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTKUw6HlfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STm7nfeeTaiEQ94DTlQUxHSkSCUbTSve95g2rNc70FyF/iF6QGBZqD6md/mLAs5gqZpMb0fC/FIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif18swug5yodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BD81Zf/kvaF69fd+t1lreEWcZThBE7hHHy4ggbcQhNawGAET/ACr450np03533ZWnKKmWP4BefjG1QWjSA=</latexit>

100

<latexit sha1_base64="LyM3IdGP09FHk06d0mV9erIxBas=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1Fjpwau5g3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeONnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qlev1u+vKo1qHkcRzuAcLsGDa2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwBXII0i</latexit>

120

<latexit sha1_base64="NSARNM9EjEAzit87klYZpvvEUMw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1Fjpwau5g3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeONnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVa9erd/XKo1qHkcRzuAcLsGDa2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwBaKo0k</latexit>

140

<latexit sha1_base64="euDDTg/9jO1oii8ztkNI6wZaIdA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa69+veoFrzXG8B8pf4BalBgeag+tkfJiyLURomqNY930tNkFNlOBM4q/QzjSllEzrCnqWSxqiDfHHqjJxZZUiiRNmShizUnxM5jbWexqHtjKkZ61VvLv7n9TITXQc5l2lmULLloigTxCRk/jcZcoXMiKkllClubyVsTBVlxqZTsSH4qy//Je0L16+79bvLWsMt4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN100jSY=</latexit>

160

<latexit sha1_base64="PVHlAYbr4fOXy3NlyR3qa6fYDDM=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KolI9Vjw4rGC/YAklM1m2i7dfLA7kZaQv+LFgyJe/SPe/Ddu2xy09cHA470ZZuYFqeAKbfvb2Njc2t7ZrexV9w8Oj47Nk1pXJZlk0GGJSGQ/oAoEj6GDHAX0Uwk0CgT0gsnd3O89gVQ8iR9xloIf0VHMh5xR1NLArHk4BqSuhzDFPIRR4Q/Mut2wF7DWiVOSOinRHphfXpiwLIIYmaBKuY6dop9TiZwJKKpepiClbEJH4Goa0wiUny9uL6wLrYTWMJG6YrQW6u+JnEZKzaJAd0YUx2rVm4v/eW6Gw1s/53GaIcRsuWiYCQsTax6EFXIJDMVME8ok17dabEwlZajjquoQnNWX10n3quE0G82H63qrUcZRIWfknFwSh9yQFrknbdIhjEzJM3klb0ZhvBjvxseydcMoZ07JHxifP6PjlMk=</latexit> ✓[
d
eg

]

<latexit sha1_base64="nEERi5yhIowfW31EMxbCR1ol7sw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD15tUK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6adeqXr1av7+qNKp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+kIjOg=</latexit>

12
<latexit sha1_base64="lktk0bGOaef4vv/fpxBub2AnK1g=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD15tUK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6aV9VvXq1fl+rNKp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+wQjOo=</latexit>

14
<latexit sha1_base64="FwhaY+e/l9+0aP11jhWHCJJCc7w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa69+uDas1zvQXIX+IXpAYFmoPqZ3+YsCxGaZigWvd8LzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxaUzcmaVIYkSZUsaslB/TuQ01noah7YzpmasV725+J/Xy0x0HeRcpplByZaLokwQk5D522TIFTIjppZQpri9lbAxVZQZG07FhuCvvvyXtC9cv+7W7y5rDbeIowwncArn4MMVNOAWmtACBhE8wQu8OhPn2Xlz3petJaeYOYZfcD6+Ae8YjOw=</latexit>

16

<latexit sha1_base64="kokTKsJWIRKY6Iqy3ZV6yoMPoic=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Colo9Vjw4rEF+wFtKJvtpF272YTdjVBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr43nfztr6xubWdmGnuLu3f3BYOjpu6iRTDBssEYlqh1Sj4BIbhhuB7VQhjUOBrXB0N/NbT6g0T+SDGacYxHQgecQZNVaqX/dKZc/15iCrxM9JGXLUeqWvbj9hWYzSMEG17vheaoIJVYYzgdNiN9OYUjaiA+xYKmmMOpjMD52Sc6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzES3wYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynaEPzll1dJ89L1K26lflWuunkcBTiFM7gAH26gCvdQgwYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDfjuMsA==</latexit>

5

<latexit sha1_base64="8WLgm3cwTBo8pV3VNNXq7brRYcY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6971Btea53gLkL/ELUoMCzUH1sz9MWBajNExQrXu+l5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tIZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8bTLkCpkRU0soU9zeStiYKsqMDadiQ/BXX/5L2heuX3frd5e1hlvEUYYTOIVz8OEKGnALTWgBgwie4AVenYnz7Lw578vWklPMHMMvOB/f5gCM5g==</latexit>

10

<latexit sha1_base64="OsqfI7qvfqmS9cAAE2vfK2qW8jE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWvK7Uq3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBdqeMqw==</latexit>

0

<latexit sha1_base64="nzZRBER20dHQS2PPYwryZoF59FI=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4MSSi1WPBi8cq9gPaUDbbTbt0swm7E6GU/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6Hnfzsrq2vrGZmGruL2zu7dfOjhsmCTTjNdZIhPdCqnhUiheR4GSt1LNaRxK3gyHt1O/+cS1EYl6xFHKg5j2lYgEo2ilh/Orbqnsud4MZJn4OSlDjlq39NXpJSyLuUImqTFt30sxGFONgkk+KXYyw1PKhrTP25YqGnMTjGeXTsipVXokSrQthWSm/p4Y09iYURzazpjiwCx6U/E/r51hdBOMhUoz5IrNF0WZJJiQ6dukJzRnKEeWUKaFvZWwAdWUoQ2naEPwF19eJo0L16+4lfvLctXN4yjAMZzAGfhwDVW4gxrUgUEEz/AKb87QeXHenY9564qTzxzBHzifP+eAjOc=</latexit>�5

<latexit sha1_base64="v7bIqLcfBWU/3m+ZfPC4n8YEPPs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyERqR4LXjxWtB/QhrLZTtqlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSq4Np737RTW1jc2t4rbpZ3dvf2D8uFRUyeZYthgiUhUO6QaBZfYMNwIbKcKaRwKbIWj25nfekKleSIfzTjFIKYDySPOqLHSw4Xv9coVz/XmIKvEz0kFctR75a9uP2FZjNIwQbXu+F5qgglVhjOB01I305hSNqID7FgqaYw6mMxPnZIzq/RJlChb0pC5+ntiQmOtx3FoO2NqhnrZm4n/eZ3MRDfBhMs0MyjZYlGUCWISMvub9LlCZsTYEsoUt7cSNqSKMmPTKdkQ/OWXV0nz0vWrbvX+qlJz8ziKcAKncA4+XEMN7qAODWAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QNPg40d</latexit>�10
<latexit sha1_base64="6b9LGTpKdxYyxK4UP2s0AtRbv9k=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBU0yKVI8FD3oRKtgPaGPZbDft0s0m7m6EEvonvHhQxKt/x5v/xm2bg7Y+GHi8N8PMvCDhTGnX/bYKK6tr6xvFzdLW9s7unr1/0FRxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqa+q0nKhWLxb0eJ9SP8ECwkBGsjdQOEHmonF3f9uyy67gzoGXi5aQMOeo9+6vbj0kaUaEJx0p1PDfRfoalZoTTSambKppgMsID2jFU4IgqP5vdO0EnRumjMJamhEYz9fdEhiOlxlFgOiOsh2rRm4r/eZ1Uh5d+xkSSairIfFGYcqRjNH0e9ZmkRPOxIZhIZm5FZIglJtpEVDIheIsvL5NmxfGqTvXuvFxz8jiKcATHcAoeXEANbqAODSDA4Rle4c16tF6sd+tj3lqw8plD+APr8weVeY75</latexit>

bc2/GM

<latexit sha1_base64="H56AUXNuZEsm1F03s4k6PQankL4=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BEvBU0hEqseCF48V7Ac0oWw2k3bp5oPdSaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvyARX6DjfRmVre2d3r7pfOzg8Oj4xT8+6Ks0lgw5LRSr7AVUgeAId5Cign0mgcSCgF0zuF35vClLxNHnCWQZ+TEcJjzijqKWhaXohCKQejgHpwGv4Q7Pu2M4S1iZxS1InJdpD88sLU5bHkCATVKmB62ToF1QiZwLmNS9XkFE2oSMYaJrQGJRfLC+fWw2thFaUSl0JWkv190RBY6VmcaA7Y4pjte4txP+8QY7RnV/wJMsRErZaFOXCwtRaxGCFXAJDMdOEMsn1rRYbU0kZ6rBqOgR3/eVN0r223abdfLypt+wyjiq5IJfkirjklrTIA2mTDmFkSp7JK3kzCuPFeDc+Vq0Vo5w5J39gfP4AMfyTUw==</latexit> �✓
[%

]

<latexit sha1_base64="HR9vtfCMzAWi484+rlIhW1rWtis=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB07IrpXoseNBjRfsB7VqyabYNzSZLkhXK0p/gxYMiXv1F3vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfD3z209UaSbFg5kkNIjxULCIEWysdH/zWO2XK57rzYFWiZ+TCuRo9MtfvYEkaUyFIRxr3fW9xAQZVoYRTqelXqppgskYD2nXUoFjqoNsfuoUnVllgCKpbAmD5urviQzHWk/i0HbG2Iz0sjcT//O6qYmugoyJJDVUkMWiKOXISDT7Gw2YosTwiSWYKGZvRWSEFSbGplOyIfjLL6+S1oXr19zaXbVSd/M4inACp3AOPlxCHW6hAU0gMIRneIU3hzsvzrvzsWgtOPnMMfyB8/kDwZCNaA==</latexit>

G4
<latexit sha1_base64="zORTMllWpSZRNmVWIDx1hUlf9bA=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB07IrWj0WPOixov2Adi3ZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t75f2Dpo5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6Hrqt56o0iyWD2ac0EDggWQRI9hY6f7m8aJXrniuNwNaJn5OKpCj3it/dfsxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjPKAdSyUWVAfZ7NQJOrFKH0WxsiUNmqm/JzIstB6L0HYKbIZ60ZuK/3md1ERXQcZkkhoqyXxRlHJkYjT9G/WZosTwsSWYKGZvRWSIFSbGplOyIfiLLy+T5pnrV93q3Xml5uZxFOEIjuEUfLiEGtxCHRpAYADP8ApvDndenHfnY95acPKZQ/gD5/MHwxSNaQ==</latexit>

G5

<latexit sha1_base64="IXc0phMOoLT0qmurHeif5R5jJho=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgadkVqR4LXjxJFfsh7VKyabYNTbJLMiuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMCxPBDXjet1NYWV1b3yhulra2d3b3yvsHTROnmrIGjUWs2yExTHDFGsBBsHaiGZGhYK1wdDX1W49MGx6rexgnLJBkoHjEKQErPXSBPUF2czfplSue682Al4mfkwrKUe+Vv7r9mKaSKaCCGNPxvQSCjGjgVLBJqZsalhA6IgPWsVQRyUyQzQ6e4BOr9HEUa1sK8Ez9PZERacxYhrZTEhiaRW8q/ud1Uogug4yrJAWm6HxRlAoMMZ5+j/tcMwpibAmhmttbMR0STSjYjEo2BH/x5WXSPHP9qlu9Pa/U3DyOIjpCx+gU+egC1dA1qqMGokiiZ/SK3hztvDjvzse8teDkM4foD5zPHwj9kIQ=</latexit>

NR

<latexit sha1_base64="QEDp0Myn0LQyw8iH8Uw0DYsc1ZU=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4ColI9Vjw4rGi/YA0lM120y7d7IbdiVpCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3duvHBy2jMo0ZU2qhNKdiBgmuGRN4CBYJ9WMJJFg7Wh0PfXbD0wbruQ9jFMWJmQgecwpASsFXWBPkN/R4eOkV6l6rjcDXiZ+QaqoQKNX+er2Fc0SJoEKYkzgeymEOdHAqWCTcjczLCV0RAYssFSShJkwn508wadW6eNYaVsS8Ez9PZGTxJhxEtnOhMDQLHpT8T8vyCC+CnMu0wyYpPNFcSYwKDz9H/e5ZhTE2BJCNbe3YjokmlCwKZVtCP7iy8ukde76Nbd2e1Gtu0UcJXSMTtAZ8tElqqMb1EBNRJFCz+gVvTngvDjvzse8dcUpZo7QHzifP85QkY0=</latexit>

Schw
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<latexit sha1_base64="y06lg7KYcPRxjunRAw+jA5LwJr4=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB07KrUj0WPOixov2Adi3ZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t75f2Dpo5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6Hrqt56o0iyWD2ac0EDggWQRI9hY6f7m8bxXrniuNwNaJn5OKpCj3it/dfsxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjPKAdSyUWVAfZ7NQJOrFKH0WxsiUNmqm/JzIstB6L0HYKbIZ60ZuK/3md1ERXQcZkkhoqyXxRlHJkYjT9G/WZosTwsSWYKGZvRWSIFSbGplOyIfiLLy+T5pnrV93q3UWl5uZxFOEIjuEUfLiEGtxCHRpAYADP8ApvDndenHfnY95acPKZQ/gD5/MHwAyNZw==</latexit>

G3
<latexit sha1_base64="HR9vtfCMzAWi484+rlIhW1rWtis=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB07IrpXoseNBjRfsB7VqyabYNzSZLkhXK0p/gxYMiXv1F3vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfD3z209UaSbFg5kkNIjxULCIEWysdH/zWO2XK57rzYFWiZ+TCuRo9MtfvYEkaUyFIRxr3fW9xAQZVoYRTqelXqppgskYD2nXUoFjqoNsfuoUnVllgCKpbAmD5urviQzHWk/i0HbG2Iz0sjcT//O6qYmugoyJJDVUkMWiKOXISDT7Gw2YosTwiSWYKGZvRWSEFSbGplOyIfjLL6+S1oXr19zaXbVSd/M4inACp3AOPlxCHW6hAU0gMIRneIU3hzsvzrvzsWgtOPnMMfyB8/kDwZCNaA==</latexit>

G4
<latexit sha1_base64="zORTMllWpSZRNmVWIDx1hUlf9bA=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB07IrWj0WPOixov2Adi3ZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t75f2Dpo5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6Hrqt56o0iyWD2ac0EDggWQRI9hY6f7m8aJXrniuNwNaJn5OKpCj3it/dfsxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjPKAdSyUWVAfZ7NQJOrFKH0WxsiUNmqm/JzIstB6L0HYKbIZ60ZuK/3md1ERXQcZkkhoqyXxRlHJkYjT9G/WZosTwsSWYKGZvRWSIFSbGplOyIfiLLy+T5pnrV93q3Xml5uZxFOEIjuEUfLiEGtxCHRpAYADP8ApvDndenHfnY95acPKZQ/gD5/MHwxSNaQ==</latexit>

G5

<latexit sha1_base64="1B5plLzudkP2NSmchQH15UUpSRc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0xEqseCF48VrS20oWy2k3bpZhN2N4VS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG8/7dgpr6xubW8Xt0s7u3v5B+fDoSSeZYthgiUhUK6QaBZfYMNwIbKUKaRwKbIbD25nfHKHSPJGPZpxiENO+5BFn1FjpYXTBuuWK53pzkFXi56QCOerd8lenl7AsRmmYoFq3fS81wYQqw5nAaamTaUwpG9I+ti2VNEYdTOanTsmZVXokSpQtachc/T0xobHW4zi0nTE1A73szcT/vHZmoptgwmWaGZRssSjKBDEJmf1NelwhM2JsCWWK21sJG1BFmbHplGwI/vLLq+Tp0vWrbvX+qlJz8ziKcAKncA4+XEMN7qAODWDQh2d4hTdHOC/Ou/OxaC04+cwx/IHz+QMJCo2X</latexit>

v/c

<latexit sha1_base64="P98dNHx2B6kV7WcIw3otutb0A8Y=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgKiYircuCFFxWsA9o0zCZTNuhM5MwMymUUPBX3LhQxK3f4c6/cdpmoa0HLhzOuZd77wkTRpV23W9rbX1jc2u7sFPc3ds/OLSPjpsqTiUmDRyzWLZDpAijgjQ01Yy0E0kQDxlphaO7md8aE6loLB71JCE+RwNB+xQjbaTAPq0FWVdyKFE0hbhXuarBca8S2CXXceeAq8TLSQnkqAf2VzeKccqJ0JghpTqem2g/Q1JTzMi02E0VSRAeoQHpGCoQJ8rP5udP4YVRItiPpSmh4Vz9PZEhrtSEh6aTIz1Uy95M/M/rpLp/62dUJKkmAi8W9VMGdQxnWcCISoI1mxiCsKTmVoiHSCKsTWJFE4K3/PIqaV47XtkpP9yUqk4eRwGcgXNwCTxQAVVwD+qgATDIwDN4BW/Wk/VivVsfi9Y1K585AX9gff4ARz+UWQ==</latexit>

E
ra

d
c7

/E
v
7

<latexit sha1_base64="WOqU2ECeJm1KvidSL/M+SR1BjiU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa691x/UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lreEWcZThBE7hHHy4ggbcQhNawGAET/ACr45wnp03533ZWnKKmWP4BefjG1EKjR4=</latexit>

0.1

<latexit sha1_base64="cf10h1y5Ynwe6QxXo6GzJ+nSRww=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKVI8FLx4r2g9oQ9lst+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJHCoOd9O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB1Obud++4lrI2L1iNOEBxEdKTEUjKKVHjy32i9XPNdbgKwTPycVyNHol796g5ilEVfIJDWm63sJBhnVKJjks1IvNTyhbEJHvGupohE3QbY4dUYurDIgw1jbUkgW6u+JjEbGTKPQdkYUx2bVm4v/ed0UhzdBJlSSIldsuWiYSoIxmf9NBkJzhnJqCWVa2FsJG1NNGdp0SjYEf/XlddKqun7Nrd1fVepuHkcRzuAcLsGHa6jDHTSgCQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBSjo0f</latexit>

0.2

<latexit sha1_base64="/CrzplfMX0g/AaPare8MOVEWIiA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hUqseCF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04LmXvXLFc705yCrxc1KBHPVe+avbT1gWozRMUK07vpeaYEKV4UzgtNTNNKaUjegAO5ZKGqMOJvNTp+TMKn0SJcqWNGSu/p6Y0FjrcRzazpiaoV72ZuJ/Xicz0U0w4TLNDEq2WBRlgpiEzP4mfa6QGTG2hDLF7a2EDamizNh0SjYEf/nlVdK8cP2qW72/qtTcPI4inMApnIMP11CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBUEo0g</latexit>

0.3

<latexit sha1_base64="rEWIZha6Ie4s/jEpv1LEUvOQTkg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikVI8FLx4r2g9oQ9lst+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJHCoOd9O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB1Obud++4lrI2L1iNOEBxEdKTEUjKKVHjy32i9XPNdbgKwTPycVyNHol796g5ilEVfIJDWm63sJBhnVKJjks1IvNTyhbEJHvGupohE3QbY4dUYurDIgw1jbUkgW6u+JjEbGTKPQdkYUx2bVm4v/ed0UhzdBJlSSIldsuWiYSoIxmf9NBkJzhnJqCWVa2FsJG1NNGdp0SjYEf/XlddK6cv2aW7uvVupuHkcRzuAcLsGHa6jDHTSgCQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBVlo0h</latexit>

0.4

<latexit sha1_base64="+bB/ncFUldeOazGvRRcLCrIzHQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEq8eCF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04LlXvXLFc705yCrxc1KBHPVe+avbT1gWozRMUK07vpeaYEKV4UzgtNTNNKaUjegAO5ZKGqMOJvNTp+TMKn0SJcqWNGSu/p6Y0FjrcRzazpiaoV72ZuJ/Xicz0U0w4TLNDEq2WBRlgpiEzP4mfa6QGTG2hDLF7a2EDamizNh0SjYEf/nlVdK8cP2qW72/rNTcPI4inMApnIMP11CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBXGo0i</latexit>

0.5
<latexit sha1_base64="5R12WcHZhB2g5e2zhic/jvdJ7JI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa699z6oFrzXG8B8pf4BalBgeag+tkfJiyLURomqNY930tNkFNlOBM4q/QzjSllEzrCnqWSxqiDfHHqjJxZZUiiRNmShizUnxM5jbWexqHtjKkZ61VvLv7n9TITXQc5l2lmULLloigTxCRk/jcZcoXMiKkllClubyVsTBVlxqZTsSH4qy//Je0L16+79bvLWsMt4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1iejSM=</latexit>

0.6
<latexit sha1_base64="zZ+OaWpFxwmlWlztpdYNnz3HNNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEWo8FLx4r2g9oQ9lst+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJHCoOd9O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB1Obud++4lrI2L1iNOEBxEdKTEUjKKVHjy31i9XPNdbgKwTPycVyNHol796g5ilEVfIJDWm63sJBhnVKJjks1IvNTyhbEJHvGupohE3QbY4dUYurDIgw1jbUkgW6u+JjEbGTKPQdkYUx2bVm4v/ed0UhzdBJlSSIldsuWiYSoIxmf9NBkJzhnJqCWVa2FsJG1NNGdp0SjYEf/XlddK6cv2qW72/rtTdPI4inME5XIIPNajDHTSgCQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBaIo0k</latexit>

0.7

<latexit sha1_base64="TQsCosuAySJfJhEl403AcqKIr6A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw92ebw3w8y8MJXCoOd9OaW19Y3NrfJ2ZWd3b/+genjUNkmmGW+xRCa6G1LDpVC8hQIl76aa0ziUvBNObuZ+55FrIxL1gNOUBzEdKREJRtFK957rDao1+y9A/hK/IDUo0BxUP/vDhGUxV8gkNabneykGOdUomOSzSj8zPKVsQke8Z6miMTdBvlh1Rs6sMiRRou1TSBbqz46cxsZM49BWxhTHZtWbi/95vQyj6yAXKs2QK7YcFGWSYELmd5Oh0JyhnFpCmRZ2V8LGVFOGNp2KDcFfPfkvaV+4ft2t313WGm4RRxlO4BTOwYcraMAtNKEFDEbwBC/w6kjn2Xlz3pelJafoOYZfcD6+AU+GjR0=</latexit>

0.0 <latexit sha1_base64="WOqU2ECeJm1KvidSL/M+SR1BjiU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa691x/UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lreEWcZThBE7hHHy4ggbcQhNawGAET/ACr45wnp03533ZWnKKmWP4BefjG1EKjR4=</latexit>

0.1
<latexit sha1_base64="cf10h1y5Ynwe6QxXo6GzJ+nSRww=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKVI8FLx4r2g9oQ9lst+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJHCoOd9O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB1Obud++4lrI2L1iNOEBxEdKTEUjKKVHjy32i9XPNdbgKwTPycVyNHol796g5ilEVfIJDWm63sJBhnVKJjks1IvNTyhbEJHvGupohE3QbY4dUYurDIgw1jbUkgW6u+JjEbGTKPQdkYUx2bVm4v/ed0UhzdBJlSSIldsuWiYSoIxmf9NBkJzhnJqCWVa2FsJG1NNGdp0SjYEf/XlddKqun7Nrd1fVepuHkcRzuAcLsGHa6jDHTSgCQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBSjo0f</latexit>

0.2
<latexit sha1_base64="/CrzplfMX0g/AaPare8MOVEWIiA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hUqseCF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04LmXvXLFc705yCrxc1KBHPVe+avbT1gWozRMUK07vpeaYEKV4UzgtNTNNKaUjegAO5ZKGqMOJvNTp+TMKn0SJcqWNGSu/p6Y0FjrcRzazpiaoV72ZuJ/Xicz0U0w4TLNDEq2WBRlgpiEzP4mfa6QGTG2hDLF7a2EDamizNh0SjYEf/nlVdK8cP2qW72/qtTcPI4inMApnIMP11CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBUEo0g</latexit>

0.3
<latexit sha1_base64="rEWIZha6Ie4s/jEpv1LEUvOQTkg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikVI8FLx4r2g9oQ9lst+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJHCoOd9O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB1Obud++4lrI2L1iNOEBxEdKTEUjKKVHjy32i9XPNdbgKwTPycVyNHol796g5ilEVfIJDWm63sJBhnVKJjks1IvNTyhbEJHvGupohE3QbY4dUYurDIgw1jbUkgW6u+JjEbGTKPQdkYUx2bVm4v/ed0UhzdBJlSSIldsuWiYSoIxmf9NBkJzhnJqCWVa2FsJG1NNGdp0SjYEf/XlddK6cv2aW7uvVupuHkcRzuAcLsGHa6jDHTSgCQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBVlo0h</latexit>

0.4

Figure 4: Scattering angle versus impact parameter
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Radiation loss versus velocity
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<latexit sha1_base64="QSOVlveDBBhzvsx5mnYwVtSLnhc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CVbBU9ktUj0WPOixgv2Adi3ZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyU3md56o0iySD2YaU1/gkWQhI9hk0u1jrTQoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrfKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8WQheMsvr5J2rerVq/X7y0rjLI+jCCdwChfgwRU04A6a0AICY3iGV3hzhPPivDsfi9aCk88cwx84nz/wbY1w</latexit>

G2

<latexit sha1_base64="4HkNnBZYuambzc0IuCDzWtjhq3g=">AAAB63icbVBNS8NAEJ34WetX1aOXxSp4KolI9VjwoMcK9gPaWDbbTbt0dxN2J0Ip/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6Lrfzsrq2vrGZmGruL2zu7dfOjhs2igxjDdYJCPTDqjlUmjeQIGSt2PDqQokbwWjm8xvPXFjRaQfcBxzX9GBFqFgFDPp9tEr9kplt+LOQJaJl5My5Kj3Sl/dfsQSxTUySa3teG6M/oQaFEzyabGbWB5TNqID3kmppopbfzK7dUrOUqVPwsikpZHM1N8TE6qsHasg7VQUh3bRy8T/vE6C4bU/ETpOkGs2XxQmkmBEssdJXxjOUI5TQpkR6a2EDamhDNN4shC8xZeXSfOi4lUr1fvLcu00j6MAx3AC5+DBFdTgDurQAAZDeIZXeHOU8+K8Ox/z1hUnnzmCP3A+fwDu6I1v</latexit>

G1

<latexit sha1_base64="VRoVcXVI973m0opJCKCJ6f8PR8o=">AAAB63icbVDLSgNBEOyNrxhfUY9eBqPgKeyqRI8BD3qMYB6QrGF2MpsMmccyMyuEJb/gxYMiXv0hb/6Nu8keNLGgoajqprsriDgz1nW/ncLK6tr6RnGztLW9s7tX3j9oGRVrQptEcaU7ATaUM0mblllOO5GmWASctoPxTea3n6g2TMkHO4moL/BQspARbDPp9vGi1C9X3Ko7A1omXk4qkKPRL3/1BorEgkpLODam67mR9ROsLSOcTku92NAIkzEe0m5KJRbU+Mns1ik6TZUBCpVOS1o0U39PJFgYMxFB2imwHZlFLxP/87qxDa/9hMkotlSS+aIw5sgqlD2OBkxTYvkkJZholt6KyAhrTGwaTxaCt/jyMmmdV71atXZ/Wamf5HEU4QiO4Qw8uII63EEDmkBgBM/wCm+OcF6cd+dj3lpw8plD+APn8wfx8o1x</latexit>

G3

<latexit sha1_base64="3VfuKEe4aWux03/D9o5Gq087GAI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CVbBU9mVUj0WPOixgv2Adi3ZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyU3md56o0iySD2YaU1/gkWQhI9hk0u1jrTQoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrfKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8WQheMsvr5L2ZdWrV+v3tUrjLI+jCCdwChfgwRU04A6a0AICY3iGV3hzhPPivDsfi9aCk88cwx84nz/zd41y</latexit>

G4

<latexit sha1_base64="3ZhkeguK0UnXy+OknltNnubULWk=">AAAB63icbVDLSgNBEOyNrxhfUY9eBqPgKeyKRo8BD3qMYB6QrGF2MpsMmccyMyuEJb/gxYMiXv0hb/6Nu8keNLGgoajqprsriDgz1nW/ncLK6tr6RnGztLW9s7tX3j9oGRVrQptEcaU7ATaUM0mblllOO5GmWASctoPxTea3n6g2TMkHO4moL/BQspARbDPp9vGy1C9X3Ko7A1omXk4qkKPRL3/1BorEgkpLODam67mR9ROsLSOcTku92NAIkzEe0m5KJRbU+Mns1ik6TZUBCpVOS1o0U39PJFgYMxFB2imwHZlFLxP/87qxDa/9hMkotlSS+aIw5sgqlD2OBkxTYvkkJZholt6KyAhrTGwaTxaCt/jyMmmdV71atXZ/Uamf5HEU4QiO4Qw8uII63EEDmkBgBM/wCm+OcF6cd+dj3lpw8plD+APn8wf0/I1z</latexit>

G5

<latexit sha1_base64="fo398XHS5EgiXb3t67xwW3k9pGU=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CVbBU9mVUj0WvHiSKvYD2qVk02wbmmSXJCuUpT/CiwdFvPp7vPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33miSrNIPpppTH2BR5KFjGBjpU5fCXT3UBqUK27VnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fu4MnVtliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGW/oyFTlBg+tQQTxeytiIyxwsTYhLIQvOWXV0n7surVq/X7WqVxlsdRhBM4hQvw4AoacAtNaAGBCTzDK7w5sfPivDsfi9aCk88cwx84nz8fj46y</latexit>

NR

<latexit sha1_base64="kAnmvBdzcP8l2qchDVGePeNS/lM=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EqyCp7IrUj0WvHisaD+gXUo2zbahSXZNskpZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MOFMG8/7dgorq2vrG8XN0tb2zu6eu3/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXU/91iNVmsXy3owTGgg8kCxiBBsrtbtKoDsyfOq5Za/izYCWiZ+TMuSo99yvbj8mqaDSEI617vheYoIMK8MIp5NSN9U0wWSEB7RjqcSC6iCb3TtBp1bpoyhWtqRBM/X3RIaF1mMR2k6BzVAvelPxP6+TmugqyJhMUkMlmS+KUo5MjKbPoz5TlBg+tgQTxeytiAyxwsTYiEo2BH/x5WXSPK/41Ur19qJcO8njKMIRHMMZ+HAJNbiBOjSAAIdneIU358F5cd6dj3lrwclnDuEPnM8fq06Ppw==</latexit>

Schw

<latexit sha1_base64="T7DZZR/IRvMxT8JdbcUzGd3RsIA=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQxCTmFXJHoMePEYwTwgWcLsbCcZMvtgplcJaz7FiwdFvPol3vwbJ8keNLGgoajqprvLT6TQ6DjfVmFjc2t7p7hb2ts/ODyyy8dtHaeKQ4vHMlZdn2mQIoIWCpTQTRSw0JfQ8Sc3c7/zAEqLOLrHaQJeyEaRGArO0EgDu9zHMSDrZX0V0gBGM29gV5yaswBdJ25OKiRHc2B/9YOYpyFEyCXTuuc6CXoZUyi4hFmpn2pIGJ+wEfQMjVgI2ssWp8/ouVECOoyVqQjpQv09kbFQ62nom86Q4VivenPxP6+X4vDay0SUpAgRXy4appJiTOc50EAo4CinhjCuhLmV8jFTjKNJq2RCcFdfXifti5pbr9XvLiuNah5HkZySM1IlLrkiDXJLmqRFOHkkz+SVvFlP1ov1bn0sWwtWPnNC/sD6/AFIQpPz</latexit> ✓[
d
eg

]

<latexit sha1_base64="k3YZu/lYlboXSU13srqhQ+GHo4Q=">AAAB73icbVBNSwMxEJ31s9avqkcvwSL0VHeLVI8FD3oRKtgPaNeSTbNtaDZZk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL4g508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NQyUYQ2iORStQOsKWeCNgwznLZjRXEUcNoKRldTv/VElWZS3JtxTP0IDwQLGcHGSu2APFTOrtFtr1B0y+4MaJl4GSlChnqv8NXtS5JEVBjCsdYdz42Nn2JlGOF0ku8mmsaYjPCAdiwVOKLaT2f3TtCpVfoolMqWMGim/p5IcaT1OApsZ4TNUC96U/E/r5OY8NJPmYgTQwWZLwoTjoxE0+dRnylKDB9bgoli9lZEhlhhYmxEeRuCt/jyMmlWyl61XL07L9ZKWRw5OIYTKIEHF1CDG6hDAwhweIZXeHMenRfn3fmYt6442cwR/IHz+QOUdI7z</latexit>

bc2/GM

<latexit sha1_base64="k3YZu/lYlboXSU13srqhQ+GHo4Q=">AAAB73icbVBNSwMxEJ31s9avqkcvwSL0VHeLVI8FD3oRKtgPaNeSTbNtaDZZk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL4g508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NQyUYQ2iORStQOsKWeCNgwznLZjRXEUcNoKRldTv/VElWZS3JtxTP0IDwQLGcHGSu2APFTOrtFtr1B0y+4MaJl4GSlChnqv8NXtS5JEVBjCsdYdz42Nn2JlGOF0ku8mmsaYjPCAdiwVOKLaT2f3TtCpVfoolMqWMGim/p5IcaT1OApsZ4TNUC96U/E/r5OY8NJPmYgTQwWZLwoTjoxE0+dRnylKDB9bgoli9lZEhlhhYmxEeRuCt/jyMmlWyl61XL07L9ZKWRw5OIYTKIEHF1CDG6hDAwhweIZXeHMenRfn3fmYt6442cwR/IHz+QOUdI7z</latexit>

bc2/GM

<latexit sha1_base64="c7DMfNfUmnbwhthylEt6m9kOqv0=">AAAB+nicbVDLSgNBEJz1GeNro0cvgyGQU9gViR4DXjxGMA/ILmF20kmGzD6Y6VXCmk/x4kERr36JN//GSbIHTSxoKKq66e4KEik0Os63tbG5tb2zW9gr7h8cHh3bpZO2jlPFocVjGatuwDRIEUELBUroJgpYGEjoBJObud95AKVFHN3jNAE/ZKNIDAVnaKS+XfIGIJFRD8eArOdV/L5ddmrOAnSduDkpkxzNvv3lDWKehhAhl0zrnusk6GdMoeASZkUv1ZAwPmEj6BkasRC0ny1On9GKUQZ0GCtTEdKF+nsiY6HW0zAwnSHDsV715uJ/Xi/F4bWfiShJESK+XDRMJcWYznOgA6GAo5wawrgS5lbKx0wxjiatognBXX15nbQvam69Vr+7LDeqeRwFckbOSZW45Io0yC1pkhbh5JE8k1fyZj1ZL9a79bFs3bDymVPyB9bnD4l1k3c=</latexit> �✓
[%

]
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<latexit sha1_base64="VRoVcXVI973m0opJCKCJ6f8PR8o=">AAAB63icbVDLSgNBEOyNrxhfUY9eBqPgKeyqRI8BD3qMYB6QrGF2MpsMmccyMyuEJb/gxYMiXv0hb/6Nu8keNLGgoajqprsriDgz1nW/ncLK6tr6RnGztLW9s7tX3j9oGRVrQptEcaU7ATaUM0mblllOO5GmWASctoPxTea3n6g2TMkHO4moL/BQspARbDPp9vGi1C9X3Ko7A1omXk4qkKPRL3/1BorEgkpLODam67mR9ROsLSOcTku92NAIkzEe0m5KJRbU+Mns1ik6TZUBCpVOS1o0U39PJFgYMxFB2imwHZlFLxP/87qxDa/9hMkotlSS+aIw5sgqlD2OBkxTYvkkJZholt6KyAhrTGwaTxaCt/jyMmmdV71atXZ/Wamf5HEU4QiO4Qw8uII63EEDmkBgBM/wCm+OcF6cd+dj3lpw8plD+APn8wfx8o1x</latexit>

G3

<latexit sha1_base64="3VfuKEe4aWux03/D9o5Gq087GAI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CVbBU9mVUj0WPOixgv2Adi3ZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyU3md56o0iySD2YaU1/gkWQhI9hk0u1jrTQoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrfKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8WQheMsvr5L2ZdWrV+v3tUrjLI+jCCdwChfgwRU04A6a0AICY3iGV3hzhPPivDsfi9aCk88cwx84nz/zd41y</latexit>

G4

<latexit sha1_base64="3ZhkeguK0UnXy+OknltNnubULWk=">AAAB63icbVDLSgNBEOyNrxhfUY9eBqPgKeyKRo8BD3qMYB6QrGF2MpsMmccyMyuEJb/gxYMiXv0hb/6Nu8keNLGgoajqprsriDgz1nW/ncLK6tr6RnGztLW9s7tX3j9oGRVrQptEcaU7ATaUM0mblllOO5GmWASctoPxTea3n6g2TMkHO4moL/BQspARbDPp9vGy1C9X3Ko7A1omXk4qkKPRL3/1BorEgkpLODam67mR9ROsLSOcTku92NAIkzEe0m5KJRbU+Mns1ik6TZUBCpVOS1o0U39PJFgYMxFB2imwHZlFLxP/87qxDa/9hMkotlSS+aIw5sgqlD2OBkxTYvkkJZholt6KyAhrTGwaTxaCt/jyMmmdV71atXZ/Uamf5HEU4QiO4Qw8uII63EEDmkBgBM/wCm+OcF6cd+dj3lpw8plD+APn8wf0/I1z</latexit>

G5

<latexit sha1_base64="QgomigI34m4+FRFO/t8h6wR9sZE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHhhLvGoEcSLx4xyiOBDZkdBpgwO7uZ6SUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSyFQdf9dnIbm1vbO/ndwt7+weFR8fikaaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38391oRrIyL1hNOY+yEdKjEQjKKVHieXrFcsuRV3AbJOvIyUIEO9V/zq9iOWhFwhk9SYjufG6KdUo2CSzwrdxPCYsjEd8o6liobc+Oni1Bm5sEqfDCJtSyFZqL8nUhoaMw0D2xlSHJlVby7+53USHNz6qVBxglyx5aJBIglGZP436QvNGcqpJZRpYW8lbEQ1ZWjTKdgQvNWX10nzquJVK9WH61KtnMWRhzM4hzJ4cAM1uIc6NIDBEJ7hFd4c6bw4787HsjXnZDOn8AfO5w8HPI2R</latexit>

v/c

<latexit sha1_base64="GFNCKovGyS2Ose9pg2/sTImriL8=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQVZ0RaV0WpOCygn1AOw6ZTNqGJpkhyVTK2E9x40IRt36JO//GtJ2Fth64cDjnXu69J4gZVdpxvq3cxubW9k5+t7C3f3B4ZBeP2ypKJCYtHLFIdgOkCKOCtDTVjHRjSRAPGOkE45u535kQqWgk7vU0Jh5HQ0EHFCNtJN8uNvy0LzmUKJxdNODkoebbJafiLADXiZuREsjQ9O2vfhjhhBOhMUNK9Vwn1l6KpKaYkVmhnygSIzxGQ9IzVCBOlJcuTp/Bc6OEcBBJU0LDhfp7IkVcqSkPTCdHeqRWvbn4n9dL9ODaS6mIE00EXi4aJAzqCM5zgCGVBGs2NQRhSc2tEI+QRFibtAomBHf15XXSvqy41Ur17qpUL2dx5MEpOANl4IIaqINb0AQtgMEjeAav4M16sl6sd+tj2ZqzspkT8AfW5w/vgJMT</latexit>

E
ra

d
/E

v
7

<latexit sha1_base64="Vtut8V/3tnXIfHfwt/yDM3It93M=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4ColI9VjwoMeK9gPaWDbbSbt0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd2+/dHDY0EmmGNZZIhLVCqlGwSXWDTcCW6lCGocCm+Hweuo3n1BpnsgHM0oxiGlf8ogzaqx0f/Pod0tlz/VmIMvEz0kZctS6pa9OL2FZjNIwQbVu+15qgjFVhjOBk2In05hSNqR9bFsqaYw6GM9OnZBTq/RIlChb0pCZ+ntiTGOtR3FoO2NqBnrRm4r/ee3MRFfBmMs0MyjZfFGUCWISMv2b9LhCZsTIEsoUt7cSNqCKMmPTKdoQ/MWXl0nj3PUrbuXuolx18zgKcAwncAY+XEIVbqEGdWDQh2d4hTdHOC/Ou/Mxb11x8pkj+APn8we9BI1l</latexit>

G1
<latexit sha1_base64="yL6uytZU9q9aMByBpyQ8xmLr0QM=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB07JbpHoseNBjRfsB7VqyabYNzSZLkhXK0p/gxYMiXv1F3vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfD3z209UaSbFg5kkNIjxULCIEWysdH/zWO2XK57rzYFWiZ+TCuRo9MtfvYEkaUyFIRxr3fW9xAQZVoYRTqelXqppgskYD2nXUoFjqoNsfuoUnVllgCKpbAmD5urviQzHWk/i0HbG2Iz0sjcT//O6qYmugoyJJDVUkMWiKOXISDT7Gw2YosTwiSWYKGZvRWSEFSbGplOyIfjLL6+SVtX1a27t7qJSd/M4inACp3AOPlxCHW6hAU0gMIRneIU3hzsvzrvzsWgtOPnMMfyB8/kDvoiNZg==</latexit>

G2
<latexit sha1_base64="y06lg7KYcPRxjunRAw+jA5LwJr4=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB07KrUj0WPOixov2Adi3ZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t75f2Dpo5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6Hrqt56o0iyWD2ac0EDggWQRI9hY6f7m8bxXrniuNwNaJn5OKpCj3it/dfsxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjPKAdSyUWVAfZ7NQJOrFKH0WxsiUNmqm/JzIstB6L0HYKbIZ60ZuK/3md1ERXQcZkkhoqyXxRlHJkYjT9G/WZosTwsSWYKGZvRWSIFSbGplOyIfiLLy+T5pnrV93q3UWl5uZxFOEIjuEUfLiEGtxCHRpAYADP8ApvDndenHfnY95acPKZQ/gD5/MHwAyNZw==</latexit>

G3
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<latexit sha1_base64="6b9LGTpKdxYyxK4UP2s0AtRbv9k=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBU0yKVI8FD3oRKtgPaGPZbDft0s0m7m6EEvonvHhQxKt/x5v/xm2bg7Y+GHi8N8PMvCDhTGnX/bYKK6tr6xvFzdLW9s7unr1/0FRxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqa+q0nKhWLxb0eJ9SP8ECwkBGsjdQOEHmonF3f9uyy67gzoGXi5aQMOeo9+6vbj0kaUaEJx0p1PDfRfoalZoTTSambKppgMsID2jFU4IgqP5vdO0EnRumjMJamhEYz9fdEhiOlxlFgOiOsh2rRm4r/eZ1Uh5d+xkSSairIfFGYcqRjNH0e9ZmkRPOxIZhIZm5FZIglJtpEVDIheIsvL5NmxfGqTvXuvFxz8jiKcATHcAoeXEANbqAODSDA4Rle4c16tF6sd+tj3lqw8plD+APr8weVeY75</latexit>

bc2/GM

<latexit sha1_base64="8WLgm3cwTBo8pV3VNNXq7brRYcY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6971Btea53gLkL/ELUoMCzUH1sz9MWBajNExQrXu+l5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tIZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8bTLkCpkRU0soU9zeStiYKsqMDadiQ/BXX/5L2heuX3frd5e1hlvEUYYTOIVz8OEKGnALTWgBgwie4AVenYnz7Lw578vWklPMHMMvOB/f5gCM5g==</latexit>

10
<latexit sha1_base64="nEERi5yhIowfW31EMxbCR1ol7sw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD15tUK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6adeqXr1av7+qNKp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+kIjOg=</latexit>

12
<latexit sha1_base64="lktk0bGOaef4vv/fpxBub2AnK1g=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD15tUK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6aV9VvXq1fl+rNKp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+wQjOo=</latexit>

14
<latexit sha1_base64="FwhaY+e/l9+0aP11jhWHCJJCc7w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa69+uDas1zvQXIX+IXpAYFmoPqZ3+YsCxGaZigWvd8LzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxaUzcmaVIYkSZUsaslB/TuQ01noah7YzpmasV725+J/Xy0x0HeRcpplByZaLokwQk5D522TIFTIjppZQpri9lbAxVZQZG07FhuCvvvyXtC9cv+7W7y5rDbeIowwncArn4MMVNOAWmtACBhE8wQu8OhPn2Xlz3petJaeYOYZfcD6+Ae8YjOw=</latexit>

16

<latexit sha1_base64="D+rXSEPly3VSVsSZOePK9IQLIfc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzV3UK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6aV9VvXq1fl+rNKp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+qPjOk=</latexit>

40

<latexit sha1_base64="jr+0LJ4Nj7hmGmb1Hd7os7FcOzs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6r3uDas1zvQXIX+IXpAYFmoPqZ3+YsCxGaZigWvd8LzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxaUzcmaVIYkSZUsaslB/TuQ01noah7YzpmasV725+J/Xy0x0HeRcpplByZaLokwQk5D522TIFTIjppZQpri9lbAxVZQZG07FhuCvvvyXtC9cv+7W7y5rDbeIowwncArn4MMVNOAWmtACBhE8wQu8OhPn2Xlz3petJaeYOYZfcD6+Ae2ZjOs=</latexit>

60

<latexit sha1_base64="T2qPjd/yJ47E7ebo/5UXR/WKLuQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEao8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD3V3UK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGdT8TKkmRK7ZcFKaSYEzmb5Oh0JyhnFpCmRb2VsLGVFOGNpySDcFbfXmdtK+qXq1au7+uNKp5HEU4g3O4BA9uoAF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A/CjjO0=</latexit>

80

<latexit sha1_base64="jgoiFBr0+GCKABZouOA6CNQxivg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTKUw6HlfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STm7nfeeTaiEQ94DTlQUxHSkSCUbTSve95g2rNc70FyF/iF6QGBZqD6md/mLAs5gqZpMb0fC/FIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif18swug5yodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BD81Zf/kvaF69fd+t1lreEWcZThBE7hHHy4ggbcQhNawGAET/ACr450np03533ZWnKKmWP4BefjG1QWjSA=</latexit>

100

<latexit sha1_base64="LyM3IdGP09FHk06d0mV9erIxBas=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1Fjpwau5g3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeONnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qlev1u+vKo1qHkcRzuAcLsGDa2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwBXII0i</latexit>

120

<latexit sha1_base64="NSARNM9EjEAzit87klYZpvvEUMw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1Fjpwau5g3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeONnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVa9erd/XKo1qHkcRzuAcLsGDa2jAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwBaKo0k</latexit>

140

<latexit sha1_base64="euDDTg/9jO1oii8ztkNI6wZaIdA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa69+veoFrzXG8B8pf4BalBgeag+tkfJiyLURomqNY930tNkFNlOBM4q/QzjSllEzrCnqWSxqiDfHHqjJxZZUiiRNmShizUnxM5jbWexqHtjKkZ61VvLv7n9TITXQc5l2lmULLloigTxCRk/jcZcoXMiKkllClubyVsTBVlxqZTsSH4qy//Je0L16+79bvLWsMt4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN100jSY=</latexit>

160

<latexit sha1_base64="PVHlAYbr4fOXy3NlyR3qa6fYDDM=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KolI9Vjw4rGC/YAklM1m2i7dfLA7kZaQv+LFgyJe/SPe/Ddu2xy09cHA470ZZuYFqeAKbfvb2Njc2t7ZrexV9w8Oj47Nk1pXJZlk0GGJSGQ/oAoEj6GDHAX0Uwk0CgT0gsnd3O89gVQ8iR9xloIf0VHMh5xR1NLArHk4BqSuhzDFPIRR4Q/Mut2wF7DWiVOSOinRHphfXpiwLIIYmaBKuY6dop9TiZwJKKpepiClbEJH4Goa0wiUny9uL6wLrYTWMJG6YrQW6u+JnEZKzaJAd0YUx2rVm4v/eW6Gw1s/53GaIcRsuWiYCQsTax6EFXIJDMVME8ok17dabEwlZajjquoQnNWX10n3quE0G82H63qrUcZRIWfknFwSh9yQFrknbdIhjEzJM3klb0ZhvBjvxseydcMoZ07JHxifP6PjlMk=</latexit> ✓[
d
eg

]

<latexit sha1_base64="nEERi5yhIowfW31EMxbCR1ol7sw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD15tUK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6adeqXr1av7+qNKp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+kIjOg=</latexit>

12
<latexit sha1_base64="lktk0bGOaef4vv/fpxBub2AnK1g=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD15tUK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6aV9VvXq1fl+rNKp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+wQjOo=</latexit>

14
<latexit sha1_base64="FwhaY+e/l9+0aP11jhWHCJJCc7w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa69+uDas1zvQXIX+IXpAYFmoPqZ3+YsCxGaZigWvd8LzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxaUzcmaVIYkSZUsaslB/TuQ01noah7YzpmasV725+J/Xy0x0HeRcpplByZaLokwQk5D522TIFTIjppZQpri9lbAxVZQZG07FhuCvvvyXtC9cv+7W7y5rDbeIowwncArn4MMVNOAWmtACBhE8wQu8OhPn2Xlz3petJaeYOYZfcD6+Ae8YjOw=</latexit>

16

<latexit sha1_base64="kokTKsJWIRKY6Iqy3ZV6yoMPoic=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Colo9Vjw4rEF+wFtKJvtpF272YTdjVBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr43nfztr6xubWdmGnuLu3f3BYOjpu6iRTDBssEYlqh1Sj4BIbhhuB7VQhjUOBrXB0N/NbT6g0T+SDGacYxHQgecQZNVaqX/dKZc/15iCrxM9JGXLUeqWvbj9hWYzSMEG17vheaoIJVYYzgdNiN9OYUjaiA+xYKmmMOpjMD52Sc6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzES3wYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynaEPzll1dJ89L1K26lflWuunkcBTiFM7gAH26gCvdQgwYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDfjuMsA==</latexit>

5

<latexit sha1_base64="8WLgm3cwTBo8pV3VNNXq7brRYcY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6971Btea53gLkL/ELUoMCzUH1sz9MWBajNExQrXu+l5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tIZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8bTLkCpkRU0soU9zeStiYKsqMDadiQ/BXX/5L2heuX3frd5e1hlvEUYYTOIVz8OEKGnALTWgBgwie4AVenYnz7Lw578vWklPMHMMvOB/f5gCM5g==</latexit>

10

<latexit sha1_base64="OsqfI7qvfqmS9cAAE2vfK2qW8jE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWvK7Uq3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBdqeMqw==</latexit>

0

<latexit sha1_base64="nzZRBER20dHQS2PPYwryZoF59FI=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4MSSi1WPBi8cq9gPaUDbbTbt0swm7E6GU/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6Hnfzsrq2vrGZmGruL2zu7dfOjhsmCTTjNdZIhPdCqnhUiheR4GSt1LNaRxK3gyHt1O/+cS1EYl6xFHKg5j2lYgEo2ilh/Orbqnsud4MZJn4OSlDjlq39NXpJSyLuUImqTFt30sxGFONgkk+KXYyw1PKhrTP25YqGnMTjGeXTsipVXokSrQthWSm/p4Y09iYURzazpjiwCx6U/E/r51hdBOMhUoz5IrNF0WZJJiQ6dukJzRnKEeWUKaFvZWwAdWUoQ2naEPwF19eJo0L16+4lfvLctXN4yjAMZzAGfhwDVW4gxrUgUEEz/AKb87QeXHenY9564qTzxzBHzifP+eAjOc=</latexit>�5

<latexit sha1_base64="v7bIqLcfBWU/3m+ZfPC4n8YEPPs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyERqR4LXjxWtB/QhrLZTtqlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSq4Np737RTW1jc2t4rbpZ3dvf2D8uFRUyeZYthgiUhUO6QaBZfYMNwIbKcKaRwKbIWj25nfekKleSIfzTjFIKYDySPOqLHSw4Xv9coVz/XmIKvEz0kFctR75a9uP2FZjNIwQbXu+F5qgglVhjOB01I305hSNqID7FgqaYw6mMxPnZIzq/RJlChb0pC5+ntiQmOtx3FoO2NqhnrZm4n/eZ3MRDfBhMs0MyjZYlGUCWISMvub9LlCZsTYEsoUt7cSNqSKMmPTKdkQ/OWXV0nz0vWrbvX+qlJz8ziKcAKncA4+XEMN7qAODWAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QNPg40d</latexit>�10
<latexit sha1_base64="6b9LGTpKdxYyxK4UP2s0AtRbv9k=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBU0yKVI8FD3oRKtgPaGPZbDft0s0m7m6EEvonvHhQxKt/x5v/xm2bg7Y+GHi8N8PMvCDhTGnX/bYKK6tr6xvFzdLW9s7unr1/0FRxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqa+q0nKhWLxb0eJ9SP8ECwkBGsjdQOEHmonF3f9uyy67gzoGXi5aQMOeo9+6vbj0kaUaEJx0p1PDfRfoalZoTTSambKppgMsID2jFU4IgqP5vdO0EnRumjMJamhEYz9fdEhiOlxlFgOiOsh2rRm4r/eZ1Uh5d+xkSSairIfFGYcqRjNH0e9ZmkRPOxIZhIZm5FZIglJtpEVDIheIsvL5NmxfGqTvXuvFxz8jiKcATHcAoeXEANbqAODSDA4Rle4c16tF6sd+tj3lqw8plD+APr8weVeY75</latexit>

bc2/GM

<latexit sha1_base64="H56AUXNuZEsm1F03s4k6PQankL4=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BEvBU0hEqseCF48V7Ac0oWw2k3bp5oPdSaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvyARX6DjfRmVre2d3r7pfOzg8Oj4xT8+6Ks0lgw5LRSr7AVUgeAId5Cign0mgcSCgF0zuF35vClLxNHnCWQZ+TEcJjzijqKWhaXohCKQejgHpwGv4Q7Pu2M4S1iZxS1InJdpD88sLU5bHkCATVKmB62ToF1QiZwLmNS9XkFE2oSMYaJrQGJRfLC+fWw2thFaUSl0JWkv190RBY6VmcaA7Y4pjte4txP+8QY7RnV/wJMsRErZaFOXCwtRaxGCFXAJDMdOEMsn1rRYbU0kZ6rBqOgR3/eVN0r223abdfLypt+wyjiq5IJfkirjklrTIA2mTDmFkSp7JK3kzCuPFeDc+Vq0Vo5w5J39gfP4AMfyTUw==</latexit> �✓
[%

]

<latexit sha1_base64="HR9vtfCMzAWi484+rlIhW1rWtis=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB07IrpXoseNBjRfsB7VqyabYNzSZLkhXK0p/gxYMiXv1F3vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfD3z209UaSbFg5kkNIjxULCIEWysdH/zWO2XK57rzYFWiZ+TCuRo9MtfvYEkaUyFIRxr3fW9xAQZVoYRTqelXqppgskYD2nXUoFjqoNsfuoUnVllgCKpbAmD5urviQzHWk/i0HbG2Iz0sjcT//O6qYmugoyJJDVUkMWiKOXISDT7Gw2YosTwiSWYKGZvRWSEFSbGplOyIfjLL6+S1oXr19zaXbVSd/M4inACp3AOPlxCHW6hAU0gMIRneIU3hzsvzrvzsWgtOPnMMfyB8/kDwZCNaA==</latexit>

G4
<latexit sha1_base64="zORTMllWpSZRNmVWIDx1hUlf9bA=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB07IrWj0WPOixov2Adi3ZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t75f2Dpo5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6Hrqt56o0iyWD2ac0EDggWQRI9hY6f7m8aJXrniuNwNaJn5OKpCj3it/dfsxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjPKAdSyUWVAfZ7NQJOrFKH0WxsiUNmqm/JzIstB6L0HYKbIZ60ZuK/3md1ERXQcZkkhoqyXxRlHJkYjT9G/WZosTwsSWYKGZvRWSIFSbGplOyIfiLLy+T5pnrV93q3Xml5uZxFOEIjuEUfLiEGtxCHRpAYADP8ApvDndenHfnY95acPKZQ/gD5/MHwxSNaQ==</latexit>

G5

<latexit sha1_base64="IXc0phMOoLT0qmurHeif5R5jJho=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgadkVqR4LXjxJFfsh7VKyabYNTbJLMiuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMCxPBDXjet1NYWV1b3yhulra2d3b3yvsHTROnmrIGjUWs2yExTHDFGsBBsHaiGZGhYK1wdDX1W49MGx6rexgnLJBkoHjEKQErPXSBPUF2czfplSue682Al4mfkwrKUe+Vv7r9mKaSKaCCGNPxvQSCjGjgVLBJqZsalhA6IgPWsVQRyUyQzQ6e4BOr9HEUa1sK8Ez9PZERacxYhrZTEhiaRW8q/ud1Uogug4yrJAWm6HxRlAoMMZ5+j/tcMwpibAmhmttbMR0STSjYjEo2BH/x5WXSPHP9qlu9Pa/U3DyOIjpCx+gU+egC1dA1qqMGokiiZ/SK3hztvDjvzse8teDkM4foD5zPHwj9kIQ=</latexit>

NR

<latexit sha1_base64="QEDp0Myn0LQyw8iH8Uw0DYsc1ZU=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4ColI9Vjw4rGi/YA0lM120y7d7IbdiVpCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXpYIb8LxvZ2V1bX1js7RV3t7Z3duvHBy2jMo0ZU2qhNKdiBgmuGRN4CBYJ9WMJJFg7Wh0PfXbD0wbruQ9jFMWJmQgecwpASsFXWBPkN/R4eOkV6l6rjcDXiZ+QaqoQKNX+er2Fc0SJoEKYkzgeymEOdHAqWCTcjczLCV0RAYssFSShJkwn508wadW6eNYaVsS8Ez9PZGTxJhxEtnOhMDQLHpT8T8vyCC+CnMu0wyYpPNFcSYwKDz9H/e5ZhTE2BJCNbe3YjokmlCwKZVtCP7iy8ukde76Nbd2e1Gtu0UcJXSMTtAZ8tElqqMb1EBNRJFCz+gVvTngvDjvzse8dcUpZo7QHzifP85QkY0=</latexit>

Schw
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<latexit sha1_base64="y06lg7KYcPRxjunRAw+jA5LwJr4=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbB07KrUj0WPOixov2Adi3ZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t75f2Dpo5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6Hrqt56o0iyWD2ac0EDggWQRI9hY6f7m8bxXrniuNwNaJn5OKpCj3it/dfsxSQWVhnCsdcf3EhNkWBlGOJ2UuqmmCSYjPKAdSyUWVAfZ7NQJOrFKH0WxsiUNmqm/JzIstB6L0HYKbIZ60ZuK/3md1ERXQcZkkhoqyXxRlHJkYjT9G/WZosTwsSWYKGZvRWSIFSbGplOyIfiLLy+T5pnrV93q3UWl5uZxFOEIjuEUfLiEGtxCHRpAYADP8ApvDndenHfnY95acPKZQ/gD5/MHwAyNZw==</latexit>

G3
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0.4

Figure 5: Radiation loss versus velocity
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Monodromy and iteration over dimensions

Let Λn be the solution space of a Calabi-Yau operator Ln+1, viewed as a

monodromy representation.

Call Symk(L(n+1)) the operator which are solve by the kth symmetric

product of periods and ∧k(L(n+1)) the operator that is solved by the k

minor WIk ,Jk of W .

Since z is monodromy invariant we can see these operations as building

new monodromy representations specified by Yang tablaux from old.

One parameter K3 operators L3(K3) of type (1, 1, 1) are always

symmetric squares the ones of elliptic curves E

L3(K3) = Sym2(L2(E ))
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Monodromy and iteration over dimensions

One parameter CY 4-fold operators L5(M4) of type (1, 1, 1, 1, 1) up to an

Z2 choice related to picking a spin representation given by

L5(M4) = ∧2(L4(M3))

where M3 is a CY 3-fold.

If the monodromies in O(5,Z) and Sp(4,Z) are irreducible one

understand entirely from representation theory

∧2Λ3 = 5⊕ 1.

Slightly more complicated one has that quite generally

L4(M3) = Hadamard(2)L2(E ) .

E.g. in the 5PM 1SF calculation all CY operators are obtainable from

L2(y2 = x(x − 1)(x − z)) by the above constrs! In which sense do we

need Higher dimensional CY period geometries?

40
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A hint from Topological string theory

CY 3-folds are special for topological field theory as Fg 6= 0 ∀g due

to dimvirMg (hol . maps,M3) = 0 for all g .

Using direct integration the Fg are solved in terms of rational

functions Fg (Szz , S̃z ,S ,Q[z ]) in terms of the propagators. The
latter are given by ∧2L4(M3), i.e periods of CY 4folds as
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(6)

with wi ,j sub determinants of the Wronskian and C , q∗ ∈ Q[z ] Gu,

Kashani-Poor, Marino, AK, e-Print: 2305.19916.

Maybe the topological string is a toy explanation for the

conundrum. Why do higher dim CY n-folds instead of higher genus

Riemann surfaces appear.
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