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Introduction

Introduction

One of the great mysteries of our universe is the observed matter
(protons+neutrons) antimatter asymmetry
Since there is good evidence that the universe is mostly made of
matter (and no antimatter) the baryon density corresponds to the
cosmological matter-antimatter asymmetry.
This number is determined from consistency with BBN data as (PDG)

ηBBN =
nB − nB̄

nγ
' nB

nγ
= 6.05(7)× 10−10

Why does this ratio has this value?
In the SCM starting from an initial symmetric state at high
temperatures (after inflation) one would expect a much smaller
baryon asymmetry.
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Introduction

There are then two options within the SCM

1 A small baryon-antibaryon asymmetry has to be imposed by hand as
an initial condition (not very satisfactory)

2 Some dynamical mechanism has produced a tiny baryon-antibaryon
asymmetry in the early universe leading, after pp̄ annihilations, to the
required baryon asymmetry (advised)

It was suggested by Sakharov in 1967 1 that a tiny n∆B might have been
produced in the early universe leading to ηBBN . The three necessary
ingredients for baryogenesis are:

Sakharov conditions

B-violation
C and CP violation
Departure from thermal equilibrium. The out-of-equilibrium
conditions are present e.g. in the bubble wall in a first order phase
transition, in particular for ElectroWeak BaryoGenesis (EWBG)

1A.D. Sakharov, JETPL 91B (1967) 24
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Introduction
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Two conditions for EWBG

1 Baryon asymmetry has to be
generated

If there is not enough CP-violation
the mechanism for generating the
BAU does not work, or does not
generate enough baryon asymmetry

2 Baryon asymmetry should not
be washed out

If the phase transition is not strongly
enough first order any previously
generated BAU is erased by
sphalerons in the symmetric phase
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EWBG in the Standard Model – Baryon violation at finite T: sphaleron

EWBG in the Standard Model

Saharov’s conditions are fulfilled in the Standard Model
In a system at finite temperature baryon number can be sizeably
violated by sphaleron solutions

Sphaleron rate at T > Tc : in the symmetric phase

The rate of baryon violation per unit time and unit volume Γ does not
contain any exponential Boltzmann factor

Γ = k(αWT )4, 0.1 . k . 1.0

Sphaleron rate at T < Tc : in the broken phase

The rate per unit time and unit volume for fluctuations between
neighboring minima contains a Boltzmann suppression ζ(T ) = Esph(T )/T

Γ ∼ 2.8× 105T 4
(αW

4π

)4
κ
ζ7

B7
e−ζ , 10−4 . κ . 10−1
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EWBG in the Standard Model – Out of equilibrium

Out of equilibrium conditions

The out of equilibrium condition can be achieved, if the phase transition is
strong enough first order, in the bubble walls. In that case the B-violating
interactions are out of equilibrium in the bubble walls and a net B-number
can be generated during the phase transition

How strong should the phase transition be to not erase the baryon
asymmetry? ⇔ How much out of equilibrium the sphaleron should be?

The condition for the sphalerons to be out of equilibrium

Esph(Tc)

Tc
& 45

This translates into a constraint for the value of the Higgs field φ

φ(Tc)

Tc
& 1
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EWBG in the Standard Model – The SM fails quantitatively

The SM fails quantitatively to fulfill the out of equilibrium & CPV
conditions

CP violation

The SM contains the O(1)
CP-violating CKM phase required for
EWBG

But it was soon realized a that the
effect was suppressed by the Jarlskog
invariant and

nB
nγ

< 6× 10−27 =⇒ BSM

Extra CP Violating phases!!!

aM.B. Gavela et al., hep-ph/9312215

φc/Tc Vs mH/GeV @ one-loop
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Extra stuff to strengthen PhT!!!
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CP-violation and EDM

CP-violation and EDM

As we have seen we need extra CP-violating phases to generate
baryon asymmetry
They will also generate EDM which are severely constrained by
experimental data
The most constraining ones are for the electron and the neutron

|de | < 1.1× 10−29e · cm (90%CL), |dn| < 3.0× 10−26e · cm (90%CL)

ACME, Nature 562 (2018) 355 J.M. Pendlebury et al., 1509.04411

They generically imply ∼ 10−3 phases. The statement of the SUSY
CP-problem and it is barely at odd with EWBG
For O(1) phases, e.g. in the MSSM, the first and second generation
squarks must be heavy enough (∼ 10 TeV ): pay attention to
two-loop contribution to EDM from charginos and neutralinos
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CP-violation and EDM

Two loop (Barr-Zee type) diagrams may be competitive or even
dominant 2

2Y. Li, S. Profumo and M. Ramsey-Musolf, arXiv:0806.2693 [hep-ph]
Mariano Quirós (IFAE, BCN) EWBG & Dark CPV 10 / 35



CP-violation and EDM

The simplest solution out of this problem is to have models with CP
violated in a Dark sector
The schematic picture of the model we propose contains a dark sector
with Dark Matter, a dark U(1)′ gauge boson Z ′ and CP violation
Main challenge: to find an efficient mechanism to transfer the CP
violation from the dark sector to the visible sector in the early
universe, while still keeping contributions to EDMs sufficiently
suppressed today

dark sector
CP

SM sector
C B

(DM interaction) (EW sphaleron)

X

HS

first order phase transition

Z’

transfer particle asymmetry

|S|2|H|2
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A model with dark CPV and gauged lepton number

A model with dark CPV & gauged `

We consider 3 an extension of the SM with gauged lepton
` ≡ Le + Lµ + Lτ number: U(1)`
Additional fermions (anomalons) should be introduced for anomaly
cancellation, q ∈ R

Particle SU(3)c SU(2)L U(1)Y U(1)`
ν iR 1 1 0 1

L′L = (ν ′L, e
′
L)T 1 2 -1/2 q

e ′R 1 1 -1 q

χR 1 1 0 q

L′′R = (ν ′′R , e
′′
R)T 1 2 -1/2 q + Ng

e ′′L 1 1 -1 q + Ng

χL 1 1 0 q + Ng

Fermion χ will be Dark Matter

3M. Carena, M.Q., Y. Zhang, arXiv:1811.09719 [hep-ph], arXiv:1908.04818 [hep-ph]
Mariano Quirós (IFAE, BCN) EWBG & Dark CPV 12 / 35



A model with dark CPV and gauged lepton number

U(1)` is spontaneously broken by a Higgs VEV, 〈Φ〉 = vΦ, with
`Φ = Ng = 3, at the (multi)TeV scale
Anomalons get spontaneous breaking masses by the Yukawa
interactions (

cLL̄
′′
RL
′
L + ce ē

′′
Le
′
R + cχχ̄LχR

)
Φ + h.c.

Considering cL ∼ ce ∼ O(1), the charged anomalons L′L, L
′′
R , e

′′
L , s
′
R are

integrated out at scales (and temperatures) of order vΦ

For small g ′ and cχ, Z ′ and χ have masses around the EW scale
For EWBG we need another scalar S , with `S = Ng , coupled to the
Higgs portal and the DM

L = −λSH |S |2|H|2 + χ̄L(m0 + λcS)χR + h.c.

making the EW phase transition first order
The mass of χ changes with the S field profile during the electroweak
phase transition. If the relative phase between m0 and λcS is
physical, it will serve as a source of CP violation in our EWBG
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EWBG mediated by Z ′ –The phase transition

EWBG mediated by Z ′

The global picture for phase transition is as follows

1 At very high temperatures, all symmetries are restored.
2 As the universe cools down to the temperature TΦ ∼ vΦ, the Φ field

acquires its VEV, 〈Φ〉 = vΦ, and the lepton number symmetry is
broken. The nature of this phase transition is not relevant

3 As the universe further cools down to a temperature TS not far above
the electroweak scale TEW , the S field first develops a VEV, 〈S〉 6= 0,
when its mass squared term (including the thermal corrections)
becomes negative, while the Higgs VEV remains zero, 〈H〉 = 0. The
nature of this transition is not relevant

4 At the critical temperature near the electroweak scale, Tc , a new
minimum of the potential with 〈H〉 6= 0, 〈S〉 ' 0 emerges that turns
into the true minimum.This process must involve a first-order phase
transition requiring the presence of a barrier between both minima.
The universe tunnels from one vacuum to the other via bubbles.
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EWBG mediated by Z ′ –The phase transition

At high temperatures, there are thermal corrections, aHT
2|H|2 and

aST
2|S |2. Thus, at very large T , the potential will be minimized for

〈H〉 = 〈S〉 = 0 (steps 1 and 2).
Given that the Higgs field couples to more degrees of freedom than S ,
it follows that aH > aS , and it is always possible to find a
temperature where the Higgs quadratic term is positive, while the S
quadratic term is negative (step 3)
At lower temperatures, however, the Higgs quadratic term will also
turn negative.

S
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EWBG mediated by Z ′ – The source of CP violation

We have considered a potential as

V (H, S) = λH(|H|2 − v2)2 + λS(|S |2 − v2
S)2 + λSH |S |2|H|2 + µ2

SS
2

The physical source of CP violation arises from the χ mass term

Mχ = m0 + λe iθ|S |, θ = const

During the first-order electroweak phase transition, in the presence of
a bubble wall, the magnitude of |S | is space-time dependent, hence
having used the freedom to make m0 real, the phase of Mχ is not
removable
This phase provides the key source of CP violation for baryogenesis
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EWBG mediated by Z ′ – Baryogenesis

The particle chiral asymmetries in the dark sector are

ξχL,R
(z) =

3

T 3
c

(
nχL,R

− nχc
L,R

)
, ξχL,R

= µχL,R
/Tc

The chiral asymmetries diffuse with the diffusion equation

−Dξ′′χL
(z)− vωξ

′
χL

(z) + Γm[ξχL
(z)− ξχR

(z)] = SCPV

The diffusion constant D is given by D = 〈v2〉/(3Γm), with
Γm ∼ λ2Tc/(4π), v is the particle velocity in the bubble wall rest
frame, and 〈〉 is the thermal average over the Fermi-Dirac distribution
function in the rest frame of the bubble wall
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EWBG mediated by Z ′ – Baryogenesis

The CP violating source term is 4, E 2 = p2 + |Mχ(z)|2

SCPV =
vω

ΓmTc

〈 vz
2E 2

〉 m0vSλ
[
−2 + cosh

(
2z
Lω

)]
sin θ

L3
ω cosh4

(
z
Lω

)

4J. Cline et al., hep-ph/0006119
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EWBG mediated by Z ′ – Baryogenesis

Unlike in usual EWBG scenarios, here the chiral asymmetry is
generated in the dark sector through the χ particle, which is an
SU(2)L singlet and thus does not couple to electroweak sphalerons
However thanks to the leptonic Z ′ portal, which couples to both χ
and the SM leptons, the CP violating effect in the dark sector can be
transferred to the observable sector
As χL and χR carry different U(1)` charges (q + Ng and q

respectively), the above chiral asymmetries imply a net U(1)` charge
density near the bubble wall as,

ρ`(z) = (q + Ng )
[
nχL
− nχc

L

]
+ q

[
nχR
− nχc

R

]
=

1

3
NgT

3
c ξχL

(z)

The existence of this net U(1)` charge density yields a Coulomb
background of the Z ′ potential, 〈Z ′0〉

〈Z ′0(z)〉 =
g ′

2MZ ′

∫ ∞
−∞

dz1 ρ`(z1) exp [−MZ ′ |z − z1|]

Mariano Quirós (IFAE, BCN) EWBG & Dark CPV 19 / 35



EWBG mediated by Z ′ – Baryogenesis

As Z ′0 couples to the leptonic currents Z ′0(L̄Lγ
0LL + eRγ

0eR) its
background acts as a spontaneous baryogenesis mechanism and
generates chemical potentials, i.e. thermal equilibrium asymmetry, for
SM leptons

µLL(z) = µ`R (z) = g ′〈Z ′0(z)〉, ∆nEQLL (z) =
2g ′NgT

2
c

3
〈Z ′0(z)〉
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EWBG mediated by Z ′ – Baryogenesis

In the presence of EW sphaleron processes

∆nB =
Γ0

vω

∫ ∞
0

dz ∆nEQLL (z)e−Γ0z/vω

where Γ0 ' 120α5
wTc ' 10−6Tc is the sphaleron rate in the unbroken

phase, an asymmetry is generated
We have scanned over all free parameters in the range

(MZ ′ ,m0) ∈ (10−3, 103)GeV, (vS , Tc) ∈ (100, 500)GeV

λ ∈ (10−2, 1), g ′ ∈ (10−6, 0.1), θ ∈ (−π/2, π/2),

Lw ∈ (1/Tc , 10/Tc), vω ∈ (0.05, 0.5)

MZ ′ < 2m0

The case MZ ′ > 2m0 is practically excluded by the various constraints
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EWBG mediated by Z ′ – Baryogenesis
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The observed baryon asymmetry of the universe is covered by the blue
points, in the g ′ versus MZ ′ plane
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Phenomenology

Phenomenology

Z ′ couples to the SM charged leptons and neutrinos. Directly
searched for at e+e− colliders, such as LEP, and BaBar, as well as at
electron beam dump experiments, and neutrino experiments that are
sensitive to neutrino-electron interactions (such as TEXONO)
At the loop level it can contribute to the anomalous magnetic
moments of charged leptons (g − 2)µ, (g − 2)e
As Z ′ couples to an anomalous current with respect to SU(2)2

L in the
low energy theory, it makes important contributions to
flavor-changing meson decays such as K → πZ ′ and B → KZ ′ 5

5J.A. Dror et al., arXiv:1707.01503
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Phenomenology
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Phenomenology – Dark Matter (thermal density)

Particle χ from the dark sector could be a dark matter candidate,
since there is a Z2 symmetry in the Lagrangian (χ→ −χ) allowing it
to be stable.
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�
<latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit>

�̄
<latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit><latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit><latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

r, a
<latexit sha1_base64="y6Rc4XTBbfWjU8+PlE5lCTmrens=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3d2E3Y0QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NZWV1b36hu1ra2d3b36vsHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5LbwO09UaRbLB5MlNBB4JFnECDaFpM4QHtQbbtOdAS0TryQNKNEe1L/6w5ikgkpDONa657mJCXKsDCOcTmv9VNMEkwke0Z6lEguqg3x26xSdWGWIoljZkgbN1N8TORZaZyK0nQKbsV70CvE/r5ea6CrImUxSQyWZL4pSjkyMisfRkClKDM8swUQxeysiY6wwMTaemg3BW3x5mfjnzeume3/RaN2UaVThCI7hFDy4hBbcQRt8IDCGZ3iFN0c4L8678zFvrTjlzCH8gfP5A8FOjZQ=</latexit><latexit sha1_base64="y6Rc4XTBbfWjU8+PlE5lCTmrens=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3d2E3Y0QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NZWV1b36hu1ra2d3b36vsHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5LbwO09UaRbLB5MlNBB4JFnECDaFpM4QHtQbbtOdAS0TryQNKNEe1L/6w5ikgkpDONa657mJCXKsDCOcTmv9VNMEkwke0Z6lEguqg3x26xSdWGWIoljZkgbN1N8TORZaZyK0nQKbsV70CvE/r5ea6CrImUxSQyWZL4pSjkyMisfRkClKDM8swUQxeysiY6wwMTaemg3BW3x5mfjnzeume3/RaN2UaVThCI7hFDy4hBbcQRt8IDCGZ3iFN0c4L8678zFvrTjlzCH8gfP5A8FOjZQ=</latexit><latexit sha1_base64="y6Rc4XTBbfWjU8+PlE5lCTmrens=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3d2E3Y0QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NZWV1b36hu1ra2d3b36vsHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5LbwO09UaRbLB5MlNBB4JFnECDaFpM4QHtQbbtOdAS0TryQNKNEe1L/6w5ikgkpDONa657mJCXKsDCOcTmv9VNMEkwke0Z6lEguqg3x26xSdWGWIoljZkgbN1N8TORZaZyK0nQKbsV70CvE/r5ea6CrImUxSQyWZL4pSjkyMisfRkClKDM8swUQxeysiY6wwMTaemg3BW3x5mfjnzeume3/RaN2UaVThCI7hFDy4hBbcQRt8IDCGZ3iFN0c4L8678zFvrTjlzCH8gfP5A8FOjZQ=</latexit>

r, a
<latexit sha1_base64="y6Rc4XTBbfWjU8+PlE5lCTmrens=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3d2E3Y0QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NZWV1b36hu1ra2d3b36vsHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5LbwO09UaRbLB5MlNBB4JFnECDaFpM4QHtQbbtOdAS0TryQNKNEe1L/6w5ikgkpDONa657mJCXKsDCOcTmv9VNMEkwke0Z6lEguqg3x26xSdWGWIoljZkgbN1N8TORZaZyK0nQKbsV70CvE/r5ea6CrImUxSQyWZL4pSjkyMisfRkClKDM8swUQxeysiY6wwMTaemg3BW3x5mfjnzeume3/RaN2UaVThCI7hFDy4hBbcQRt8IDCGZ3iFN0c4L8678zFvrTjlzCH8gfP5A8FOjZQ=</latexit><latexit sha1_base64="y6Rc4XTBbfWjU8+PlE5lCTmrens=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3d2E3Y0QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NZWV1b36hu1ra2d3b36vsHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5LbwO09UaRbLB5MlNBB4JFnECDaFpM4QHtQbbtOdAS0TryQNKNEe1L/6w5ikgkpDONa657mJCXKsDCOcTmv9VNMEkwke0Z6lEguqg3x26xSdWGWIoljZkgbN1N8TORZaZyK0nQKbsV70CvE/r5ea6CrImUxSQyWZL4pSjkyMisfRkClKDM8swUQxeysiY6wwMTaemg3BW3x5mfjnzeume3/RaN2UaVThCI7hFDy4hBbcQRt8IDCGZ3iFN0c4L8678zFvrTjlzCH8gfP5A8FOjZQ=</latexit><latexit sha1_base64="y6Rc4XTBbfWjU8+PlE5lCTmrens=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3d2E3Y0QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NZWV1b36hu1ra2d3b36vsHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5LbwO09UaRbLB5MlNBB4JFnECDaFpM4QHtQbbtOdAS0TryQNKNEe1L/6w5ikgkpDONa657mJCXKsDCOcTmv9VNMEkwke0Z6lEguqg3x26xSdWGWIoljZkgbN1N8TORZaZyK0nQKbsV70CvE/r5ea6CrImUxSQyWZL4pSjkyMisfRkClKDM8swUQxeysiY6wwMTaemg3BW3x5mfjnzeume3/RaN2UaVThCI7hFDy4hBbcQRt8IDCGZ3iFN0c4L8678zFvrTjlzCH8gfP5A8FOjZQ=</latexit>

�
<latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit>

�̄
<latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit><latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit><latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

`�, ⌫
<latexit sha1_base64="Wotj+ZTEseV8IAqfde3XqXEg1kM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5ZUBPVW9OKxgrGFJJbNdtMu3eyG3Y1QQn+GFw8qXv033vw3btsctPXBwOO9GWbmRSln2rjut1NaWl5ZXSuvVzY2t7Z3qrt7D1pmilCPSC5VJ8KaciaoZ5jhtJMqipOI03Y0vJn47SeqNJPi3oxSGia4L1jMCDZW8gPK+ePpCQpE1q3W3Lo7BVokjYLUoECrW/0KepJkCRWGcKy133BTE+ZYGUY4HVeCTNMUkyHuU99SgROqw3x68hgdWaWHYqlsCYOm6u+JHCdaj5LIdibYDPS8NxH/8/zMxJdhzkSaGSrIbFGccWQkmvyPekxRYvjIEkwUs7ciMsAKE2NTqtgQGvMvLxLvrH5Vd+/Oa83rIo0yHMAhHEMDLqAJt9ACDwhIeIZXeHOM8+K8Ox+z1pJTzOzDHzifP7TIkGo=</latexit><latexit sha1_base64="Wotj+ZTEseV8IAqfde3XqXEg1kM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5ZUBPVW9OKxgrGFJJbNdtMu3eyG3Y1QQn+GFw8qXv033vw3btsctPXBwOO9GWbmRSln2rjut1NaWl5ZXSuvVzY2t7Z3qrt7D1pmilCPSC5VJ8KaciaoZ5jhtJMqipOI03Y0vJn47SeqNJPi3oxSGia4L1jMCDZW8gPK+ePpCQpE1q3W3Lo7BVokjYLUoECrW/0KepJkCRWGcKy133BTE+ZYGUY4HVeCTNMUkyHuU99SgROqw3x68hgdWaWHYqlsCYOm6u+JHCdaj5LIdibYDPS8NxH/8/zMxJdhzkSaGSrIbFGccWQkmvyPekxRYvjIEkwUs7ciMsAKE2NTqtgQGvMvLxLvrH5Vd+/Oa83rIo0yHMAhHEMDLqAJt9ACDwhIeIZXeHOM8+K8Ox+z1pJTzOzDHzifP7TIkGo=</latexit><latexit sha1_base64="Wotj+ZTEseV8IAqfde3XqXEg1kM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5ZUBPVW9OKxgrGFJJbNdtMu3eyG3Y1QQn+GFw8qXv033vw3btsctPXBwOO9GWbmRSln2rjut1NaWl5ZXSuvVzY2t7Z3qrt7D1pmilCPSC5VJ8KaciaoZ5jhtJMqipOI03Y0vJn47SeqNJPi3oxSGia4L1jMCDZW8gPK+ePpCQpE1q3W3Lo7BVokjYLUoECrW/0KepJkCRWGcKy133BTE+ZYGUY4HVeCTNMUkyHuU99SgROqw3x68hgdWaWHYqlsCYOm6u+JHCdaj5LIdibYDPS8NxH/8/zMxJdhzkSaGSrIbFGccWQkmvyPekxRYvjIEkwUs7ciMsAKE2NTqtgQGvMvLxLvrH5Vd+/Oa83rIo0yHMAhHEMDLqAJt9ACDwhIeIZXeHOM8+K8Ox+z1pJTzOzDHzifP7TIkGo=</latexit>

`+, ⌫̄
<latexit sha1_base64="a6KF97oWOYpqCd/8yCYspwtUKtU=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEIglISEdRb0YvHCsYWmlg220m7dLMJuxuhhv4SLx5UvPpXvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tLyyulZer2xsbm1X7Z3de5VkkoJHE57IdkgUcCbA00xzaKcSSBxyaIXD64nfegSpWCLu9CiFICZ9wSJGiTZS1676wPnD8Qn2QyJ9kXXtmlN3psCLxC1IDRVodu0vv5fQLAahKSdKdVwn1UFOpGaUw7jiZwpSQoekDx1DBYlBBfn08DE+NEoPR4k0JTSeqr8nchIrNYpD0xkTPVDz3kT8z+tkOroIcibSTIOgs0VRxrFO8CQF3GMSqOYjQwiVzNyK6YBIQrXJqmJCcOdfXiTeaf2y7tye1RpXRRpltI8O0BFy0TlqoBvURB6iKEPP6BW9WU/Wi/VufcxaS1Yxs4f+wPr8ASxJklI=</latexit><latexit sha1_base64="a6KF97oWOYpqCd/8yCYspwtUKtU=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEIglISEdRb0YvHCsYWmlg220m7dLMJuxuhhv4SLx5UvPpXvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tLyyulZer2xsbm1X7Z3de5VkkoJHE57IdkgUcCbA00xzaKcSSBxyaIXD64nfegSpWCLu9CiFICZ9wSJGiTZS1676wPnD8Qn2QyJ9kXXtmlN3psCLxC1IDRVodu0vv5fQLAahKSdKdVwn1UFOpGaUw7jiZwpSQoekDx1DBYlBBfn08DE+NEoPR4k0JTSeqr8nchIrNYpD0xkTPVDz3kT8z+tkOroIcibSTIOgs0VRxrFO8CQF3GMSqOYjQwiVzNyK6YBIQrXJqmJCcOdfXiTeaf2y7tye1RpXRRpltI8O0BFy0TlqoBvURB6iKEPP6BW9WU/Wi/VufcxaS1Yxs4f+wPr8ASxJklI=</latexit><latexit sha1_base64="a6KF97oWOYpqCd/8yCYspwtUKtU=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEIglISEdRb0YvHCsYWmlg220m7dLMJuxuhhv4SLx5UvPpXvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tLyyulZer2xsbm1X7Z3de5VkkoJHE57IdkgUcCbA00xzaKcSSBxyaIXD64nfegSpWCLu9CiFICZ9wSJGiTZS1676wPnD8Qn2QyJ9kXXtmlN3psCLxC1IDRVodu0vv5fQLAahKSdKdVwn1UFOpGaUw7jiZwpSQoekDx1DBYlBBfn08DE+NEoPR4k0JTSeqr8nchIrNYpD0xkTPVDz3kT8z+tkOroIcibSTIOgs0VRxrFO8CQF3GMSqOYjQwiVzNyK6YBIQrXJqmJCcOdfXiTeaf2y7tye1RpXRRpltI8O0BFy0TlqoBvURB6iKEPP6BW9WU/Wi/VufcxaS1Yxs4f+wPr8ASxJklI=</latexit>

Obtaining the correct relic density for χ through this channel then
requires λ to lie within the window√

m0

1.4TeV
< λ <

√
m0

1.0TeV
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Phenomenology – Dark Matter (direct detection)

Direct detection of dark matter in this model could occur through Z ′

exchange.
Because the Z ′ is the gauge boson for lepton number, it does not
directly couple to nucleons, implying that the dark matter-nucleon
scattering should occur through loop of charged leptons which
effectively act as a kinetic mixing Z ′µνF

µν

Diagrams for direct detection are

p
<latexit sha1_base64="45Kqg4tBv39f+KrEKYRchtmVNS0=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBINYzH</latexit><latexit sha1_base64="45Kqg4tBv39f+KrEKYRchtmVNS0=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBINYzH</latexit><latexit sha1_base64="45Kqg4tBv39f+KrEKYRchtmVNS0=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBINYzH</latexit>

e, µ, ⌧
<latexit sha1_base64="7M8CTrO5kjPOiwtxd2lwrPdTgsY=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4kDIVQd0V3bis4NhCZyiZ9E4bmmSGPIQy9DfcuFBx69e4829M21lo64F7OZxzL7k5ccaZNr7/7ZVWVtfWN8qbla3tnd296v7Bo06tohDQlKeqExMNnEkIDDMcOpkCImIO7Xh0O/XbT6A0S+WDGWcQCTKQLGGUGCeFcIZDYV0zxPaqNb/uz4CXSaMgNVSg1at+hf2UWgHSUE607jb8zEQ5UYZRDpNKaDVkhI7IALqOSiJAR/ns5gk+cUofJ6lyJQ2eqb83ciK0HovYTQpihnrRm4r/eV1rkqsoZzKzBiSdP5RYjk2KpwHgPlNADR87Qqhi7lZMh0QRalxMFRdCY/HLyyQ4r1/X/fuLWvOmSKOMjtAxOkUNdIma6A61UIAoytAzekVvnvVevHfvYz5a8oqdQ/QH3ucPJiGQpg==</latexit><latexit sha1_base64="7M8CTrO5kjPOiwtxd2lwrPdTgsY=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4kDIVQd0V3bis4NhCZyiZ9E4bmmSGPIQy9DfcuFBx69e4829M21lo64F7OZxzL7k5ccaZNr7/7ZVWVtfWN8qbla3tnd296v7Bo06tohDQlKeqExMNnEkIDDMcOpkCImIO7Xh0O/XbT6A0S+WDGWcQCTKQLGGUGCeFcIZDYV0zxPaqNb/uz4CXSaMgNVSg1at+hf2UWgHSUE607jb8zEQ5UYZRDpNKaDVkhI7IALqOSiJAR/ns5gk+cUofJ6lyJQ2eqb83ciK0HovYTQpihnrRm4r/eV1rkqsoZzKzBiSdP5RYjk2KpwHgPlNADR87Qqhi7lZMh0QRalxMFRdCY/HLyyQ4r1/X/fuLWvOmSKOMjtAxOkUNdIma6A61UIAoytAzekVvnvVevHfvYz5a8oqdQ/QH3ucPJiGQpg==</latexit><latexit sha1_base64="7M8CTrO5kjPOiwtxd2lwrPdTgsY=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4kDIVQd0V3bis4NhCZyiZ9E4bmmSGPIQy9DfcuFBx69e4829M21lo64F7OZxzL7k5ccaZNr7/7ZVWVtfWN8qbla3tnd296v7Bo06tohDQlKeqExMNnEkIDDMcOpkCImIO7Xh0O/XbT6A0S+WDGWcQCTKQLGGUGCeFcIZDYV0zxPaqNb/uz4CXSaMgNVSg1at+hf2UWgHSUE607jb8zEQ5UYZRDpNKaDVkhI7IALqOSiJAR/ns5gk+cUofJ6lyJQ2eqb83ciK0HovYTQpihnrRm4r/eV1rkqsoZzKzBiSdP5RYjk2KpwHgPlNADR87Qqhi7lZMh0QRalxMFRdCY/HLyyQ4r1/X/fuLWvOmSKOMjtAxOkUNdIma6A61UIAoytAzekVvnvVevHfvYz5a8oqdQ/QH3ucPJiGQpg==</latexit>

�
<latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit>

�
<latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit>

p
<latexit sha1_base64="45Kqg4tBv39f+KrEKYRchtmVNS0=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBINYzH</latexit><latexit sha1_base64="45Kqg4tBv39f+KrEKYRchtmVNS0=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBINYzH</latexit><latexit sha1_base64="45Kqg4tBv39f+KrEKYRchtmVNS0=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBINYzH</latexit>

�
<latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit>

�
<latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit>

�
<latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit>

h
<latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit><latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit><latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

�
<latexit sha1_base64="VNOLMmk11Nk4YovNtEk1FRQe8Ac=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIltA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odg6GcSRpaZjltp5qCiDltxaPbqd96otowJR/sOKWRgIFkCSNgndTsDkAI6FWqfs2fAS+ToCBVVKDRq3x1+4pkgkpLOBjTCfzURjloywink3I3MzQFMoIB7TgqQVAT5bNrJ/jUKX2cKO1KWjxTf0/kIIwZi9h1CrBDs+hNxf+8TmaTqyhnMs0slWS+KMk4tgpPX8d9pimxfOwIEM3crZgMQQOxLqCyCyFYfHmZhOe165p/f1Gt3xRplNAxOkFnKECXqI7uUAOFiKBH9Ixe0ZunvBfv3fuYt654xcwR+gPv8wfzBI7o</latexit><latexit sha1_base64="VNOLMmk11Nk4YovNtEk1FRQe8Ac=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIltA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odg6GcSRpaZjltp5qCiDltxaPbqd96otowJR/sOKWRgIFkCSNgndTsDkAI6FWqfs2fAS+ToCBVVKDRq3x1+4pkgkpLOBjTCfzURjloywink3I3MzQFMoIB7TgqQVAT5bNrJ/jUKX2cKO1KWjxTf0/kIIwZi9h1CrBDs+hNxf+8TmaTqyhnMs0slWS+KMk4tgpPX8d9pimxfOwIEM3crZgMQQOxLqCyCyFYfHmZhOe165p/f1Gt3xRplNAxOkFnKECXqI7uUAOFiKBH9Ixe0ZunvBfv3fuYt654xcwR+gPv8wfzBI7o</latexit><latexit sha1_base64="VNOLMmk11Nk4YovNtEk1FRQe8Ac=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIltA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odg6GcSRpaZjltp5qCiDltxaPbqd96otowJR/sOKWRgIFkCSNgndTsDkAI6FWqfs2fAS+ToCBVVKDRq3x1+4pkgkpLOBjTCfzURjloywink3I3MzQFMoIB7TgqQVAT5bNrJ/jUKX2cKO1KWjxTf0/kIIwZi9h1CrBDs+hNxf+8TmaTqyhnMs0slWS+KMk4tgpPX8d9pimxfOwIEM3crZgMQQOxLqCyCyFYfHmZhOe165p/f1Gt3xRplNAxOkFnKECXqI7uUAOFiKBH9Ixe0ZunvBfv3fuYt654xcwR+gPv8wfzBI7o</latexit>

p/n
<latexit sha1_base64="CPyNz9LCKbMPZ2SAruRAVBjF0DQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXpoJr47pfTmlpeWV1rbxe2djc2t6p7u496CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxxdT/3WIyrNE3lvxikGMR1IHnFGjZXu0hPZq9bcujsD+Uu8gtSgQLNX/ez2E5bFKA0TVOuO56YmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qo6s0idRomxJQ2bqz4mcxlqP49B2xtQM9aI3Ff/zOpmJLoKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BC8xZf/Ev+0fll3b89qjasijTIcwCEcgwfn0IAbaIIPDAbwBC/w6gjn2Xlz3uetJaeY2YdfcD6+AYByjXg=</latexit><latexit sha1_base64="CPyNz9LCKbMPZ2SAruRAVBjF0DQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXpoJr47pfTmlpeWV1rbxe2djc2t6p7u496CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxxdT/3WIyrNE3lvxikGMR1IHnFGjZXu0hPZq9bcujsD+Uu8gtSgQLNX/ez2E5bFKA0TVOuO56YmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qo6s0idRomxJQ2bqz4mcxlqP49B2xtQM9aI3Ff/zOpmJLoKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BC8xZf/Ev+0fll3b89qjasijTIcwCEcgwfn0IAbaIIPDAbwBC/w6gjn2Xlz3uetJaeY2YdfcD6+AYByjXg=</latexit><latexit sha1_base64="CPyNz9LCKbMPZ2SAruRAVBjF0DQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXpoJr47pfTmlpeWV1rbxe2djc2t6p7u496CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxxdT/3WIyrNE3lvxikGMR1IHnFGjZXu0hPZq9bcujsD+Uu8gtSgQLNX/ez2E5bFKA0TVOuO56YmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qo6s0idRomxJQ2bqz4mcxlqP49B2xtQM9aI3Ff/zOpmJLoKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BC8xZf/Ev+0fll3b89qjasijTIcwCEcgwfn0IAbaIIPDAbwBC/w6gjn2Xlz3uetJaeY2YdfcD6+AYByjXg=</latexit>

p/n
<latexit sha1_base64="CPyNz9LCKbMPZ2SAruRAVBjF0DQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXpoJr47pfTmlpeWV1rbxe2djc2t6p7u496CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxxdT/3WIyrNE3lvxikGMR1IHnFGjZXu0hPZq9bcujsD+Uu8gtSgQLNX/ez2E5bFKA0TVOuO56YmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qo6s0idRomxJQ2bqz4mcxlqP49B2xtQM9aI3Ff/zOpmJLoKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BC8xZf/Ev+0fll3b89qjasijTIcwCEcgwfn0IAbaIIPDAbwBC/w6gjn2Xlz3uetJaeY2YdfcD6+AYByjXg=</latexit><latexit sha1_base64="CPyNz9LCKbMPZ2SAruRAVBjF0DQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXpoJr47pfTmlpeWV1rbxe2djc2t6p7u496CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxxdT/3WIyrNE3lvxikGMR1IHnFGjZXu0hPZq9bcujsD+Uu8gtSgQLNX/ez2E5bFKA0TVOuO56YmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qo6s0idRomxJQ2bqz4mcxlqP49B2xtQM9aI3Ff/zOpmJLoKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BC8xZf/Ev+0fll3b89qjasijTIcwCEcgwfn0IAbaIIPDAbwBC/w6gjn2Xlz3uetJaeY2YdfcD6+AYByjXg=</latexit><latexit sha1_base64="CPyNz9LCKbMPZ2SAruRAVBjF0DQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXpoJr47pfTmlpeWV1rbxe2djc2t6p7u496CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxxdT/3WIyrNE3lvxikGMR1IHnFGjZXu0hPZq9bcujsD+Uu8gtSgQLNX/ez2E5bFKA0TVOuO56YmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt1Qo6s0idRomxJQ2bqz4mcxlqP49B2xtQM9aI3Ff/zOpmJLoKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Op2BC8xZf/Ev+0fll3b89qjasijTIcwCEcgwfn0IAbaIIPDAbwBC/w6gjn2Xlz3uetJaeY2YdfcD6+AYByjXg=</latexit>

r, a
<latexit sha1_base64="y6Rc4XTBbfWjU8+PlE5lCTmrens=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3d2E3Y0QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NZWV1b36hu1ra2d3b36vsHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5LbwO09UaRbLB5MlNBB4JFnECDaFpM4QHtQbbtOdAS0TryQNKNEe1L/6w5ikgkpDONa657mJCXKsDCOcTmv9VNMEkwke0Z6lEguqg3x26xSdWGWIoljZkgbN1N8TORZaZyK0nQKbsV70CvE/r5ea6CrImUxSQyWZL4pSjkyMisfRkClKDM8swUQxeysiY6wwMTaemg3BW3x5mfjnzeume3/RaN2UaVThCI7hFDy4hBbcQRt8IDCGZ3iFN0c4L8678zFvrTjlzCH8gfP5A8FOjZQ=</latexit><latexit sha1_base64="y6Rc4XTBbfWjU8+PlE5lCTmrens=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3d2E3Y0QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NZWV1b36hu1ra2d3b36vsHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5LbwO09UaRbLB5MlNBB4JFnECDaFpM4QHtQbbtOdAS0TryQNKNEe1L/6w5ikgkpDONa657mJCXKsDCOcTmv9VNMEkwke0Z6lEguqg3x26xSdWGWIoljZkgbN1N8TORZaZyK0nQKbsV70CvE/r5ea6CrImUxSQyWZL4pSjkyMisfRkClKDM8swUQxeysiY6wwMTaemg3BW3x5mfjnzeume3/RaN2UaVThCI7hFDy4hBbcQRt8IDCGZ3iFN0c4L8678zFvrTjlzCH8gfP5A8FOjZQ=</latexit><latexit sha1_base64="y6Rc4XTBbfWjU8+PlE5lCTmrens=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3d2E3Y0QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NZWV1b36hu1ra2d3b36vsHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5LbwO09UaRbLB5MlNBB4JFnECDaFpM4QHtQbbtOdAS0TryQNKNEe1L/6w5ikgkpDONa657mJCXKsDCOcTmv9VNMEkwke0Z6lEguqg3x26xSdWGWIoljZkgbN1N8TORZaZyK0nQKbsV70CvE/r5ea6CrImUxSQyWZL4pSjkyMisfRkClKDM8swUQxeysiY6wwMTaemg3BW3x5mfjnzeume3/RaN2UaVThCI7hFDy4hBbcQRt8IDCGZ3iFN0c4L8678zFvrTjlzCH8gfP5A8FOjZQ=</latexit>

r, a
<latexit sha1_base64="y6Rc4XTBbfWjU8+PlE5lCTmrens=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3d2E3Y0QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NZWV1b36hu1ra2d3b36vsHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5LbwO09UaRbLB5MlNBB4JFnECDaFpM4QHtQbbtOdAS0TryQNKNEe1L/6w5ikgkpDONa657mJCXKsDCOcTmv9VNMEkwke0Z6lEguqg3x26xSdWGWIoljZkgbN1N8TORZaZyK0nQKbsV70CvE/r5ea6CrImUxSQyWZL4pSjkyMisfRkClKDM8swUQxeysiY6wwMTaemg3BW3x5mfjnzeume3/RaN2UaVThCI7hFDy4hBbcQRt8IDCGZ3iFN0c4L8678zFvrTjlzCH8gfP5A8FOjZQ=</latexit><latexit sha1_base64="y6Rc4XTBbfWjU8+PlE5lCTmrens=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3d2E3Y0QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NZWV1b36hu1ra2d3b36vsHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5LbwO09UaRbLB5MlNBB4JFnECDaFpM4QHtQbbtOdAS0TryQNKNEe1L/6w5ikgkpDONa657mJCXKsDCOcTmv9VNMEkwke0Z6lEguqg3x26xSdWGWIoljZkgbN1N8TORZaZyK0nQKbsV70CvE/r5ea6CrImUxSQyWZL4pSjkyMisfRkClKDM8swUQxeysiY6wwMTaemg3BW3x5mfjnzeume3/RaN2UaVThCI7hFDy4hBbcQRt8IDCGZ3iFN0c4L8678zFvrTjlzCH8gfP5A8FOjZQ=</latexit><latexit sha1_base64="y6Rc4XTBbfWjU8+PlE5lCTmrens=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBPVW9OKxgrGFNpTNdtMu3d2E3Y0QQv+CFw8qXv1F3vw3btoctPXBwOO9GWbmhQln2rjut1NZWV1b36hu1ra2d3b36vsHjzpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5LbwO09UaRbLB5MlNBB4JFnECDaFpM4QHtQbbtOdAS0TryQNKNEe1L/6w5ikgkpDONa657mJCXKsDCOcTmv9VNMEkwke0Z6lEguqg3x26xSdWGWIoljZkgbN1N8TORZaZyK0nQKbsV70CvE/r5ea6CrImUxSQyWZL4pSjkyMisfRkClKDM8swUQxeysiY6wwMTaemg3BW3x5mfjnzeume3/RaN2UaVThCI7hFDy4hBbcQRt8IDCGZ3iFN0c4L8678zFvrTjlzCH8gfP5A8FOjZQ=</latexit>
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Phenomenology – Dark Matter (direct detection)

Band is consistent with thermal relic density. Magenta points are
consistent with both the observed baryon asymmetry and the dark matter
direct detection experiments. Blue points fail to pass direct detection
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Phenomenology – EDM

A CP violating Higgs-Z ′ operator, of the form hZ ′µν Z̃
′µν , at two loop

level, is shown in

h
<latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit><latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit><latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit>

r, a
<latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit><latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit><latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit>

r, a
<latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit><latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit><latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit>

�
<latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

h
<latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit><latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit><latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

⌘<latexit sha1_base64="MovFeT8JHV0FBVe650YTrSvqtt4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbSbt2k427m0Ip/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjisa5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAe3U78xRKW5TB7MKMUgpr2ER5xRY6V6G58yPuyUym7FnYEsEy8nZchR65S+2l3JshgTwwTVuuW5qQnGVBnOBE6K7UxjStmA9rBlaUJj1MF4du2EnFqlSyKpbCWGzNTfE2Maaz2KQ9sZU9PXi95U/M9rZSa6CsY8STODCZsvijJBjCTT10mXK2RGjCyhTHF7K2F9qigzNqCiDcFbfHmZ+OeV64p7f1Gu3uRpFOAYTuAMPLiEKtxBDXxg8AjP8ApvjnRenHfnY9664uQzR/AHzucPLjyPDw==</latexit><latexit sha1_base64="MovFeT8JHV0FBVe650YTrSvqtt4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbSbt2k427m0Ip/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjisa5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAe3U78xRKW5TB7MKMUgpr2ER5xRY6V6G58yPuyUym7FnYEsEy8nZchR65S+2l3JshgTwwTVuuW5qQnGVBnOBE6K7UxjStmA9rBlaUJj1MF4du2EnFqlSyKpbCWGzNTfE2Maaz2KQ9sZU9PXi95U/M9rZSa6CsY8STODCZsvijJBjCTT10mXK2RGjCyhTHF7K2F9qigzNqCiDcFbfHmZ+OeV64p7f1Gu3uRpFOAYTuAMPLiEKtxBDXxg8AjP8ApvjnRenHfnY9664uQzR/AHzucPLjyPDw==</latexit><latexit sha1_base64="MovFeT8JHV0FBVe650YTrSvqtt4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbSbt2k427m0Ip/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjisa5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAe3U78xRKW5TB7MKMUgpr2ER5xRY6V6G58yPuyUym7FnYEsEy8nZchR65S+2l3JshgTwwTVuuW5qQnGVBnOBE6K7UxjStmA9rBlaUJj1MF4du2EnFqlSyKpbCWGzNTfE2Maaz2KQ9sZU9PXi95U/M9rZSa6CsY8STODCZsvijJBjCTT10mXK2RGjCyhTHF7K2F9qigzNqCiDcFbfHmZ+OeV64p7f1Gu3uRpFOAYTuAMPLiEKtxBDXxg8AjP8ApvjnRenHfnY9664uQzR/AHzucPLjyPDw==</latexit>

It generates an EDM for the electron at four loop de . 10−30e · cm,
below experiment dexp

e < 1.1 · 10−29e · cm

h
<latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit><latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit><latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit>

r, a
<latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit><latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit><latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit>

r, a
<latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit><latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit><latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit>

�
<latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

h
<latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit><latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit><latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

⌘<latexit sha1_base64="MovFeT8JHV0FBVe650YTrSvqtt4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbSbt2k427m0Ip/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjisa5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAe3U78xRKW5TB7MKMUgpr2ER5xRY6V6G58yPuyUym7FnYEsEy8nZchR65S+2l3JshgTwwTVuuW5qQnGVBnOBE6K7UxjStmA9rBlaUJj1MF4du2EnFqlSyKpbCWGzNTfE2Maaz2KQ9sZU9PXi95U/M9rZSa6CsY8STODCZsvijJBjCTT10mXK2RGjCyhTHF7K2F9qigzNqCiDcFbfHmZ+OeV64p7f1Gu3uRpFOAYTuAMPLiEKtxBDXxg8AjP8ApvjnRenHfnY9664uQzR/AHzucPLjyPDw==</latexit><latexit sha1_base64="MovFeT8JHV0FBVe650YTrSvqtt4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbSbt2k427m0Ip/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjisa5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAe3U78xRKW5TB7MKMUgpr2ER5xRY6V6G58yPuyUym7FnYEsEy8nZchR65S+2l3JshgTwwTVuuW5qQnGVBnOBE6K7UxjStmA9rBlaUJj1MF4du2EnFqlSyKpbCWGzNTfE2Maaz2KQ9sZU9PXi95U/M9rZSa6CsY8STODCZsvijJBjCTT10mXK2RGjCyhTHF7K2F9qigzNqCiDcFbfHmZ+OeV64p7f1Gu3uRpFOAYTuAMPLiEKtxBDXxg8AjP8ApvjnRenHfnY9664uQzR/AHzucPLjyPDw==</latexit><latexit sha1_base64="MovFeT8JHV0FBVe650YTrSvqtt4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbSbt2k427m0Ip/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjisa5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAe3U78xRKW5TB7MKMUgpr2ER5xRY6V6G58yPuyUym7FnYEsEy8nZchR65S+2l3JshgTwwTVuuW5qQnGVBnOBE6K7UxjStmA9rBlaUJj1MF4du2EnFqlSyKpbCWGzNTfE2Maaz2KQ9sZU9PXi95U/M9rZSa6CsY8STODCZsvijJBjCTT10mXK2RGjCyhTHF7K2F9qigzNqCiDcFbfHmZ+OeV64p7f1Gu3uRpFOAYTuAMPLiEKtxBDXxg8AjP8ApvjnRenHfnY9664uQzR/AHzucPLjyPDw==</latexit>

h
<latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit><latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit><latexit sha1_base64="lt6MdrejMYgtNBMJ4G/0FERlp4M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8HYy/</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

�
<latexit sha1_base64="VNOLMmk11Nk4YovNtEk1FRQe8Ac=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIltA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odg6GcSRpaZjltp5qCiDltxaPbqd96otowJR/sOKWRgIFkCSNgndTsDkAI6FWqfs2fAS+ToCBVVKDRq3x1+4pkgkpLOBjTCfzURjloywink3I3MzQFMoIB7TgqQVAT5bNrJ/jUKX2cKO1KWjxTf0/kIIwZi9h1CrBDs+hNxf+8TmaTqyhnMs0slWS+KMk4tgpPX8d9pimxfOwIEM3crZgMQQOxLqCyCyFYfHmZhOe165p/f1Gt3xRplNAxOkFnKECXqI7uUAOFiKBH9Ixe0ZunvBfv3fuYt654xcwR+gPv8wfzBI7o</latexit><latexit sha1_base64="VNOLMmk11Nk4YovNtEk1FRQe8Ac=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIltA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odg6GcSRpaZjltp5qCiDltxaPbqd96otowJR/sOKWRgIFkCSNgndTsDkAI6FWqfs2fAS+ToCBVVKDRq3x1+4pkgkpLOBjTCfzURjloywink3I3MzQFMoIB7TgqQVAT5bNrJ/jUKX2cKO1KWjxTf0/kIIwZi9h1CrBDs+hNxf+8TmaTqyhnMs0slWS+KMk4tgpPX8d9pimxfOwIEM3crZgMQQOxLqCyCyFYfHmZhOe165p/f1Gt3xRplNAxOkFnKECXqI7uUAOFiKBH9Ixe0ZunvBfv3fuYt654xcwR+gPv8wfzBI7o</latexit><latexit sha1_base64="VNOLMmk11Nk4YovNtEk1FRQe8Ac=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIltA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odg6GcSRpaZjltp5qCiDltxaPbqd96otowJR/sOKWRgIFkCSNgndTsDkAI6FWqfs2fAS+ToCBVVKDRq3x1+4pkgkpLOBjTCfzURjloywink3I3MzQFMoIB7TgqQVAT5bNrJ/jUKX2cKO1KWjxTf0/kIIwZi9h1CrBDs+hNxf+8TmaTqyhnMs0slWS+KMk4tgpPX8d9pimxfOwIEM3crZgMQQOxLqCyCyFYfHmZhOe165p/f1Gt3xRplNAxOkFnKECXqI7uUAOFiKBH9Ixe0ZunvBfv3fuYt654xcwR+gPv8wfzBI7o</latexit>

e
<latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit>

e
<latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit>

e
<latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit>

e
<latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit>
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Phenomenology – LHC signals

The scalar S = r + ia decays into Z ′Z ′ via one-loop from the
operators rZ ′µνZ

′µν , rZ ′µν Z̃
′µν , aZ ′µνZ

′µν , aZ ′µν Z̃
′µν from

LdarkYukawa = λe iθχ̄LχRS + h.c.

=
r√
2

(λ cos θχ̄χ+ λ sin θχ̄iγ5χ) +
a√
2

(−λ sin θχ̄χ+ λ cos θχ̄iγ5χ)

It is produced in pairs rr and aa via the Higgs portal interaction

LHS = −λHS |S |2|H|2

r, a
<latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit><latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit><latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit> �

<latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit>

m0
<latexit sha1_base64="PhbKq4u4V/UQKtwLCxNMKkwWxmE=">AAAB6XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoN6KXjxWdG2hXUo2zbahSXZJskJZ+hO8eFDx6j/y5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w8eTZJpygKaiES3I2KY4IoFllvB2qlmREaCtaLRzdRvPTFteKIe7DhloSQDxWNOiXXSvezhXrWG63gGtEz8gtSgQLNX/er2E5pJpiwVxJiOj1Mb5kRbTgWbVLqZYSmhIzJgHUcVkcyE+ezUCTpxSh/FiXalLJqpvydyIo0Zy8h1SmKHZtGbiv95nczGl2HOVZpZpuh8UZwJZBM0/Rv1uWbUirEjhGrubkV0SDSh1qVTcSH4iy8vk+CsflXHd+e1xnWRRhmO4BhOwYcLaMAtNCEACgN4hld484T34r17H/PWklfMHMIfeJ8/ZumNZw==</latexit><latexit sha1_base64="PhbKq4u4V/UQKtwLCxNMKkwWxmE=">AAAB6XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoN6KXjxWdG2hXUo2zbahSXZJskJZ+hO8eFDx6j/y5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w8eTZJpygKaiES3I2KY4IoFllvB2qlmREaCtaLRzdRvPTFteKIe7DhloSQDxWNOiXXSvezhXrWG63gGtEz8gtSgQLNX/er2E5pJpiwVxJiOj1Mb5kRbTgWbVLqZYSmhIzJgHUcVkcyE+ezUCTpxSh/FiXalLJqpvydyIo0Zy8h1SmKHZtGbiv95nczGl2HOVZpZpuh8UZwJZBM0/Rv1uWbUirEjhGrubkV0SDSh1qVTcSH4iy8vk+CsflXHd+e1xnWRRhmO4BhOwYcLaMAtNCEACgN4hld484T34r17H/PWklfMHMIfeJ8/ZumNZw==</latexit><latexit sha1_base64="PhbKq4u4V/UQKtwLCxNMKkwWxmE=">AAAB6XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoN6KXjxWdG2hXUo2zbahSXZJskJZ+hO8eFDx6j/y5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w8eTZJpygKaiES3I2KY4IoFllvB2qlmREaCtaLRzdRvPTFteKIe7DhloSQDxWNOiXXSvezhXrWG63gGtEz8gtSgQLNX/er2E5pJpiwVxJiOj1Mb5kRbTgWbVLqZYSmhIzJgHUcVkcyE+ezUCTpxSh/FiXalLJqpvydyIo0Zy8h1SmKHZtGbiv95nczGl2HOVZpZpuh8UZwJZBM0/Rv1uWbUirEjhGrubkV0SDSh1qVTcSH4iy8vk+CsflXHd+e1xnWRRhmO4BhOwYcLaMAtNCEACgN4hld484T34r17H/PWklfMHMIfeJ8/ZumNZw==</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

Z 0
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>
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<latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit><latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit><latexit sha1_base64="GIymElGoFMGRcw7NMcWBOxEMo0o=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlBvRS8eK7htoV1KNs22sdlkSbJCWfofvHhQ8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmt5+o0kyKBzNJaBDjoWARI9hYqaWqvSrC/XLFrblzoFXi5aQCOZr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJtfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qoqsgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3vLLq8S/qF3X3Pt6pXGTp1GEEziFc/DgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPH9txjjA=</latexit>
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<latexit sha1_base64="+6sKKxuxkS1pFSeHLfAn5FcIfoY=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA6moy+</latexit><latexit sha1_base64="+6sKKxuxkS1pFSeHLfAn5FcIfoY=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA6moy+</latexit><latexit sha1_base64="+6sKKxuxkS1pFSeHLfAn5FcIfoY=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWag16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA6moy+</latexit>
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<latexit sha1_base64="vATRWqLb2IEWM37DSp58R3KXVBw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxorGFNpbNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u7eg4lTzbjHYhnrVkANl0JxDwVK3ko0p1EgeTMYXk/85hPXRsTqHkcJ9yPaVyIUjKKV7gaPJ91yxa26U5BFUstJBXI0uuWvTi9macQVMkmNadfcBP2MahRM8nGpkxqeUDakfd62VNGIGz+bnjomR1bpkTDWthSSqfp7IqORMaMosJ0RxYGZ9ybif147xfDCz4RKUuSKzRaFqSQYk8nfpCc0ZyhHllCmhb2VsAHVlKFNp2RDqM2/vEi80+pl1b09q9Sv8jSKcACHcAw1OIc63EADPGDQh2d4hTdHOi/Ou/Mxay04+cw+/IHz+QNUuo1b</latexit><latexit sha1_base64="vATRWqLb2IEWM37DSp58R3KXVBw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxorGFNpbNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u7eg4lTzbjHYhnrVkANl0JxDwVK3ko0p1EgeTMYXk/85hPXRsTqHkcJ9yPaVyIUjKKV7gaPJ91yxa26U5BFUstJBXI0uuWvTi9macQVMkmNadfcBP2MahRM8nGpkxqeUDakfd62VNGIGz+bnjomR1bpkTDWthSSqfp7IqORMaMosJ0RxYGZ9ybif147xfDCz4RKUuSKzRaFqSQYk8nfpCc0ZyhHllCmhb2VsAHVlKFNp2RDqM2/vEi80+pl1b09q9Sv8jSKcACHcAw1OIc63EADPGDQh2d4hTdHOi/Ou/Mxay04+cw+/IHz+QNUuo1b</latexit><latexit sha1_base64="vATRWqLb2IEWM37DSp58R3KXVBw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxorGFNpbNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u7eg4lTzbjHYhnrVkANl0JxDwVK3ko0p1EgeTMYXk/85hPXRsTqHkcJ9yPaVyIUjKKV7gaPJ91yxa26U5BFUstJBXI0uuWvTi9macQVMkmNadfcBP2MahRM8nGpkxqeUDakfd62VNGIGz+bnjomR1bpkTDWthSSqfp7IqORMaMosJ0RxYGZ9ybif147xfDCz4RKUuSKzRaFqSQYk8nfpCc0ZyhHllCmhb2VsAHVlKFNp2RDqM2/vEi80+pl1b09q9Sv8jSKcACHcAw1OIc63EADPGDQh2d4hTdHOi/Ou/Mxay04+cw+/IHz+QNUuo1b</latexit>
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Phenomenology – LHC signals

The production cross section at the LHC
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Quantitatively, σgg→rr ,aa ∼ 10λ2
SH fb (∼ 0.1λ2

SH fb) for Mr ,a ' 150
GeV (for Mr ,a ' 300 GeV)
After the decays of the r (or a) scalars, the final state could contain
as many as 4 pairs of charged leptons, a very striking signal
We find that the existing LHC data could already cover the region
where the dark scalar (r or a) is lighter ∼ 200 GeV for λSH ∼ O(1)
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Conclusion

Conclusion

The role of the dark sector CP violation in our EWBG mechanism for the
U(1)` model

1 CP is first violated in the dark sector, containing the χL,R fermions.
Their mass term has an irreducible phase that becomes
time-dependent during the first-order phase transition

2 This time dependent CP violating mass generates particle chiral
asymmetries for χL,R in the dark sector, which diffuse to the exterior
of the bubble wall, where SM sphalerons are active

3 χL and χR carry different U(1)` charges such that their chiral
asymmetries generate a net U(1)` charge density near the wall, that
yields a Coulomb background for Z ′0
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Conclusion

4 Given that the gauge field Z ′0 couples to the SM leptons, it generates
a chemical potential for the SM leptons

5 In the presence of sphaleron processes, active outside the bubble, the
SM lepton number asymmetry is generated

7 As sphalerons preserve B − L, they can change the generated SM
lepton number into baryon number. Hence, a baryon number
asymmetry will be equally generated

8 Inside the bubbles the sphaleron processes are suppressed, and the
baryon asymmetry generated at the phase transition is not washed
out.
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Phenomenological features

The model has a candidate for Dark Matter in the dark sector,
satisfying all direct detection bounds
As CP is violated in the dark sector, it contributes to the electron
EDM at four loop, below present experimental limits and possibly
with no signal in the next generation experiments
The lighter the Z ′ the more weakly coupled it should be. Near future
and prospective experiments: BELLE II, NA64 (µ mode), SHiP, Higgs
factories,...
New extra scalar can be produced at the LHC with 8 charged leptons
as the final state
The model belongs to a wider class of models as gauging Lµ + Lτ
(Ng = 2) or baryon number B with similar (but not quite the same)
phenomenology
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The case U(1)Lµ+Lτ
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CCFR (neutrino trident production), Borexino (solar neutrino-electron
scattering)
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The case U(1)B
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LHC hadronic widths of Υ, J/Ψ
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