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Introduction
In this talk we discuss scattering amplitudes in anti de Sitter space. These objects are interesting to 
study for a number of reasons.  

¥ AdS amplitudes are mapped to CFT correlation functions by the AdS/CFT correspondence. 

- Both are fundamental observables of the theories.

- Weak v.s. strong. We can learn about strongly coupled physics from perturbation theory.

- One can use powerful conformal bootstrap techniques. 



¥ Lessons from ßat-space scattering amplitudes.

- There are a lot of remarkable results obtained in the study of ßat-space amplitudes. But 
many of them are not visible in the Lagrangian description. Can we view these results as 
new ways to think about QFTs and gravity?

- If so, these lessons should also admit generalizations to curved spacetimes. AdS space 
would be the simplest backgrounds to explore such generalizations, and to extend e!cient 
computational techniques in ßat space.

¥ AdS amplitudes should reduce to ßat-space amplitudes in the large radius limit.

- Structures of CFT correlators are in general better understood (via OPE etc), also the 
curvature of AdS provides a natural regulator. This can give a more rigorous way to study 
subtle features of ßat-space S-matrices. 

- Techniques developed for AdS amplitudes from CFT may also lead to new methods for ßat-
space amplitudes.



Amplitudes in AdS are both richer and harder.

- Holographic CFTs usually come with an internal manifold in the dual picture. Kaluza-Klein 
reduction gives rise to  inÞnitely many particles of di"erent masses. This makes the story 
more interesting, but also more complicated.

- Diagrammatic expansion is much harder and becomes unfeasible even at 4-pt tree level.

# Vertices are extremely complicated: For the best studied example of IIB supergravity 

on  dual to 4d  SYM, the general quartic vertices occupied 15 pages 

[Arutyunov, Frolov]!

AdS5 ! S5 " = 4

# Diagrams are harder to compute, and correspond to complicated functions in 
position space (e.g. Appell F4).

# Diagrams proliferate for heavier external particles. 

Prior to 2016, only a handful of explicit examples of 4-pt functions were known in the literature. 



The traditional diagrammatic expansion method seems hopeless. A better strategy is to bootstrap  

them. E.g., for IIB supergravity on  it was shown that AdS5 ! S5

completely Þxes all correlators and gives rise to a simple one-line formula for all tree-level 4-pt 
functions [Rastelli, XZ PRL Õ16]

symmetries  consistency conditions +
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This strategy was streamlined in a series of papers, and now all tree-level 4-pt functions of super 
gravitons have been obtained in all maximally superconformal  AdS backgrounds

1) IIB sugra on  dual to 4d  SYM [Rastelli, XZ PRL Õ16].AdS5 ! S5 " = 4

2) 11d sugra on  dual to the 6d  theory [Alday, XZ PRL Õ20].AdS7 ! S4 " = (2,0)

3) 11d sugra on  dual to 3d  ABJM [Alday, XZ PRX Õ21].AdS4 ! S7 " = 8



In todayÕs talk, we will focus on AdS amplitudes of (super) gluons. Let me mention a few 
motivations for considering these amplitudes.

¥ To study non-maximally superconformal CFTs.

- Gluons are in the adjoint representation of a gauge group, which by the AdS/CFT 
correspondence is a global symmetry in CFT. In maximally superconformal CFTs, there are 
no additional global symmetries. 

¥ Gluon amplitudes are more ÒfundamentalÓ.

- In ßat-space, one can start from gluon amplitudes and construct graviton amplitudes using 
double-copy relations [ Bern, Carrasco, Johansson]. 

- In this sense, the gluon amplitudes are more fundamental and are usually simpler. One 
might expect the same is true in AdS.

In this talk, we will develop bootstrap techniques to compute AdS gluon amplitudes at both tree 
and loop levels. We will also see that these AdS amplitude share many features with the ßat-space 
amplitudes.
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Setup
Gluons in AdS
A variety of non-maximally superconformal CFTs contains gluons in AdS:

#4d  SCFTs from D3-branes probing F-theory 7-brane singularities [ Aharony, Fayyazuddin, Maldacena]. $

#5d Seiberg exceptional theories (D4-D8/O8 systems) [Seiberg].$

#6d E-string theory (M5-branes on an Òend-of-the-worldÓ 9-brane) [Ganor, Hanany; Seiberg, Witten].$

#3d ABJM with ßavors (by adding D6-branes wrapping an ) [Hohenegger, Kirsch; Gaiotto, Ja"eris; Hikida, Li, Takayanagi ].$

#4d  SYM with ßavors (by adding D7-branes wrapping an ) [Karch, Katz].

" = 2

S3 # $ %3

" = 4 S3 # S5

What they have in common: an AdS-Þlling ÒbraneÓ.

AdSd+1 S3 # &
!AdSd+1 ! S3 # AdSd+1 ! (w) &

(d = 3,4,5,6)



Setup
Gluons in AdS
There are localized d.o.f. living on these ÒbranesÓ, transforming as a vector multiplet under susy and 
in the adjoint rep. under a global symmetry  (e.g.,  for the 6d E-string theory).GF GF = E8

Note the maximal Lorentz spin is 1  they are non-gravitational. KK reduction w.r.t.  gives rise to 
massless and massive gluons (and super partners).  is color group in AdS.

' S3

GF

By contrast, gravity lives in the full 10/11d spacetime. KK reduction gives rise to massless and 
massive gravitons. 

An interesting feature: gluon self-coupling is parametrically larger than the gluon-graviton coupling.

e.g. in 4d:

(
1

Ngluon
(

1

Ngraviton

- At leading order in 1/N, gravity decouples and 
we have only a spin-1 gauge theory in AdS!

- A feature of all the theories.



Setup
Gluons in AdS

The KK towers of gluon modes are organized into  -BPS multiplets  under the superconformal 

group, labelled by an integer .

1
2

k = 2,3,É

Þelds

sp

Ap,!

rp

"
0

1

0

jR
k

2
k

2
) 1

k

2
) 2

jL
k

2
) 1

k

2
) 1

k

2
) 1

*
#k

#k + 1

#k + 2 ( )# + d ) 2
2

!
spins under SU(2)R ! SU(2)L = SO(4)

super primary
dual to

, I; $1 É $k; ø$1 É ø$k) 2
k

color indices I = 1,É ,dim(GF)

 indices SU(2)R $i = 1,2
 indices SU(2)L ø$i = 1,2

Scalar operators in CFT:

We will call them Òsuper gluonsÓ.

(R-symmetry) (global symmetry )



Setup
Symmetry constraints

We consider correlators of these super gluons, which are related to the spinning gluon correlators 
by supersymmetry. We contract with  indices with 2-component spinors  and    

, and consider the 4-pt function . 

SU(2) v$ øvø$ '
, I

k(x; v, øv) GI1 I2 I3 I4
k1 k2 k3 k4

(xi; vi, øvi) = - , I1
k1

, I2
k2

, I3
k3

, I4
k4

.

Bosonic symmetry:

GI1 I2 I3 I4 / 0 I1 I2 I3 I4(U,V; $,%)

U =
x2

12x
2
34

x2
13x2

24

= zøz , V =
x2

14x
2
23

x2
13x2

24

= (1 ) z)(1 ) øz)

$ =
(v1 1v3)(v2 1v4)

(v1 1v2)(v3 1v4)
, %=

(øv1 1øv3)(øv2 1øv4)

(øv1 1øv2)(øv3 1øv4)

cross ratios

(vi 1vj) = v$
i v%

j #$%

(øvi 1øvj) = øvø$
i øvø%

j #ø$ ø%

Fermionic generators:

Superconformal Ward identities: (z2z ) #$2$)0
I1I2I3I4(z, øz; $,%)

$= 1
z

= 0

And with . z / øz



Setup
Mellin representation

Similar to momentum space in ßat space, the use of Mellin space [ Mack; Penedones] simpliÞes the 
analytic structure of AdS scattering amplitudes.

0 (U,V) =
!

i3

) i3

dsdt

(4&i)2
U

s
2V

t
2) * '

! 42[
2* ' ) s

2
]42[

2* ' ) t

2
]42[

2* ' ) u

2
]

M (s, t)
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Mellin amplitude

2-particle states s+ t+ u =
X

i

! i
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 derivatives2L

 degree-  polynomial' L

M ! ,J =
!!

m =0

QJ,m (t, u)
s ! (! ! J ) ! 2m

+ PJ " 1(s, t)
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Conformal twist 
of the primary



Tree-level amplitudes
Bootstrap strategy

The basic bootstrap strategy [ Rastelli, XZ Õ16]: superconformal symmetry + consistency conditions 
Þxes the AdS amplitudes. We will need the following concrete realization which applies to theories 
in all spacetime dimensions. 

We can write down an ansatz in terms of linear combination of exchange and contact Witten 
diagrams.

Ansatz =
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+
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s,t,u
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color
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Cubic selection rules: 

¥ R-symmetry and  symmetry 

¥ sub-extremal: 
SU(2)L

p < k1 + k2

(with unknown coe!cients )

multiplied with   polynomialsSU(2)L, R

SU(2)L, R



Tree-level amplitudes
Bootstrap strategy

We then impose the superconformal conformal Ward identities to solve the coe!cients. In Mellin 
space these are di"erence equations  [XZ Õ18]. The amplitude is Þxed up to an overall coe!cient.  

This strategy is very useful:  it works for all these theories in di"erent dimensions. However, for 
higher KK levels the method becomes increasingly cumbersome: more exchanged Þelds and also 
more terms in the contact part. Moreover, the structure of the answer is quite obscure.$

An improved method was proposed in [Alday, XZ (PRL, PRX)], which constructs the amplitudes 
from a simplifying limit. It makes the calculation much simpler, but also writes the answer in a very 
illuminating form. The method was originally introduced for maximal sugra, but works for super 
gluon amplitudes as well, as we will see now.



Tree-level amplitudes
Bootstrap strategy

M
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v1 v3

v2 v4

u

The key notion is the Òmaximally R-symmetry violating Ó (MRV) limit. In 
the u-channel, this is deÞned to be  (or ).v1 = v3 $ = 0

Only  can be exchanged in the u-channel.jR = k
2

+ k
2

= k

v1 v1 v1É v3 v3 v3É

k k

jR = k
2

jR = k
2

jR = k

The MRV amplitudes are drastically simpliÞed: 
1) there are no u-channel poles (all particles carry ).$
2) combined with susy, it also implies that certain low-lying two-particle states (long operators) 

decouple in the MRV limit. The decoupling of such states manifest itself as zeros,$

     i.e.                  .

jR,exch < jR,1 + jR,2

MRV = (u ) 2#k) ! (poles%in%s%and%t)



Tree-level amplitudes
The ÒMRVÓ method

The latter feature in facts holds for the exchange contribution of each multiplet , and gives rise to the 
following e!cient algorithm for computing super gluon amplitudes.

1. We write down an ansatz for the s-channel exchange contribution of a multiplet p

�spYp(↵)M✏p,0(s, t) + �ApYp�2(↵)M✏p+1,1(s, t) + �rpYp�4(↵)M✏p+2,0(s, t)

<latexit sha1_base64="q9rKzbivBBB60a1DUCrlUFxtfnE="></latexit>

2. Imposing the zeros in the MRV limit Þxes the coefÞcients , up to an overall factor. (Þeld

3. We go away from the MRV limit and obtain the exchange amplitude for general R-
symmetry conÞgurations by using the solution from step 2. 

[Alday, Behan, Ferrero, XZ JHEP Õ21]

The zeros only exist for a speciÞc choice of contact terms in the bosonic exchange 
amplitudes. Such a choice breaks Bose symmetry (i.e.  exchange).1 5 2

Naively inserting the solution from 2 breaks Bose symmetry. Fortunately, there is a simple 
prescription to restore it while preserving the MRV zeros. It amounts to adding contact terms.



Tree-level amplitudes
The ÒMRVÓ method

4. We now use these multiplet exchange amplitudes in the total amplitude ansatz

Ansatz =

<latexit sha1_base64="NULZghUWQqgwnPkqe2W3Rk9z3bU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUL+uVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP49ljMk=</latexit>

X

<latexit sha1_base64="Objr7rc54G7kTSF8vNblfnB/D1Q=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSJcxOZpMhM7PLPISw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVhFaIskPFHdCGvKmaQtwwyn3VRRLCJOO9HkLvc7T1RplshHM01pKPBIspgRbHKpr60YVGt+3Z8DrZKgIDUo0BxUv/rDhFhBpSEca90L/NSEGVaGEU5nlb7VNMVkgke056jEguowm986Q2dOGaI4Ua6kQXP190SGhdZTEblOgc1YL3u5+J/Xsya+CTMmU2uoJItFseXIJCh/HA2ZosTwqSOYKOZuRWSMFSbGxVNxIQTLL6+S9kU9uKxfPVzWGrdFHGU4gVM4hwCuoQH30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+wPv8ATSDjls=</latexit>

�(k1k2|k3k4)
p

<latexit sha1_base64="hd87tRjmPFL7V6w2b77fZ2RE1fs=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUliopRTBWsDAWiT6kNkSO47RWHCeyHaQqdGDhV1gYQIiVj2Djb3DbDNByJEtH55yr63u8hFGpLOvbKKysrq1vFDdLW9s7u3vm/kFHxqnApI1jFouehyRhlJO2ooqRXiIIijxGul54NfW790RIGvNbNU6IE6EhpwHFSGnJNcsDpsM+usuqoWuHbv0hdE9Dt3EycRPXrFg1awa4TOycVECOlmt+DfwYpxHhCjMkZd+2EuVkSCiKGZmUBqkkCcIhGpK+phxFRDrZ7IgJPNaKD4NY6McVnKm/JzIUSTmOPJ2MkBrJRW8q/uf1UxVcOBnlSaoIx/NFQcqgiuG0EehTQbBiY00QFlT/FeIREggr3VtJl2AvnrxMOvWa3aid3TQqzcu8jiIogyNQBTY4B01wDVqgDTB4BM/gFbwZT8aL8W58zKMFI585BH9gfP4AhyGXYg==</latexit>

6s + + +t u
!

color

<latexit sha1_base64="a4x0ZXsOc5hXuNGm00JPh5PRhhc=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7AM6Q8mkmTY0yQx5CGXob7hxoYhbf8adf2PazkJbD1w4nHNvbu6JM8608f1vr7S2vrG5Vd6u7Ozu7R9UD4/aOrWK0BZJeaq6MdaUM0lbhhlOu5miWMScduLx3czvPFGlWSofzSSjkcBDyRJGsHFSGGor+vn8mWm/WvPr/hxolQQFqUGBZr/6FQ5SYgWVhnCsdS/wMxPlWBlGOJ1WQqtphskYD2nPUYkF1VGxDJ05ZYCSVLmSBs3V3xM5FlpPROw6BTYjvezNxP+8njXJTZQzmVlDJVksSixHJkWzANCAKUoMnziCiWLur4iMsMLEuJgqLoRg+eRV0r6oB5f1q4fLWuO2iKMMJ3AK5xDANTTgHprQAgIZPMMrvHnWe/HevY9Fa8krZo7hD7zPH7R/kiE=</latexit>

SU(2)L, R

and impose the superconformal Ward identities.  Remarkably, it turns out that our 
prescriptions for going from the MRV limit to the general conÞguration has automatically 
absorbed all the contact interactions Ñ all contact terms in the ansatz vanish! This greatly 
reduces the computational complexity, and clearly Þnds the ÒrightÓ way to write the answer.

6s f I1 I2JfJI3 I4

<latexit sha1_base64="ohfhscfv6UNrRITzG7otgPSG0sw=">AAAB/3icbZDNSsNAFIUn9a/Wv6jgxs1gEVyVpFZ0WXRjuqpgW6GNYTKdtEMnkzAzEUrMwldx40IRt76GO9/GaZuFth4Y+Dj3Xu6d48eMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFI3PlIEkY5aSmqGLmLBUGhz0jHH11N6p0HIiSN+K0ax8QN0YDTgGKktOWZB8F96ni241UbmcaG4506Xi3zzLJVsaaCi2DnUAa5mp751etHOAkJV5ghKbu2FSs3RUJRzEhW6iWSxAiP0IB0NXIUEumm0/szeKydPgwioR9XcOr+nkhRKOU49HVniNRQztcm5n+1bqKCCzelPE4U4Xi2KEgYVBGchAH7VBCs2FgDwoLqWyEeIoGw0pGVdAj2/JcXoV2t2LXK2U2tXL/M4yiCQ3AEToANzkEdXIMmaAEMHsEzeAVvxpPxYrwbH7PWgpHP7IM/Mj5/AFMUlQU=</latexit>

= 6t = f I1I4JfJI2I3

<latexit sha1_base64="xrws+fzeoG43AN3Jdo1z8Q0GaBw=">AAAB/3icbZDNSsNAFIUn9a/Wv6jgxs1gEVyVpFZ0WXRjuqpgW6GNYTKdtEMnkzAzEUrMwldx40IRt76GO9/GaZuFth4Y+Dj3Xu6d48eMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFI3PlIEkY5aSmqGLmLBUGhz0jHH11N6p0HIiSN+K0ax8QN0YDTgGKktOWZB8F96ni249UamcaG41Ud7zTzzLJVsaaCi2DnUAa5mp751etHOAkJV5ghKbu2FSs3RUJRzEhW6iWSxAiP0IB0NXIUEumm0/szeKydPgwioR9XcOr+nkhRKOU49HVniNRQztcm5n+1bqKCCzelPE4U4Xi2KEgYVBGchAH7VBCs2FgDwoLqWyEeIoGw0pGVdAj2/JcXoV2t2LXK2U2tXL/M4yiCQ3AEToANzkEdXIMmaAEMHsEzeAVvxpPxYrwbH7PWgpHP7IM/Mj5/AFMplQU=</latexit>

6u = f I1I3JfJI4I2

<latexit sha1_base64="KUZNmvtO9jwZfsa7jcLmOEte25g=">AAAB/3icbZDNSsNAFIUn9a/Wv6jgxs1gEVyVpFZ0WXRjuqpgW6GNYTKdtEMnkzAzEUrMwldx40IRt76GO9/GaZuFth4Y+Dj3Xu6d48eMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFI3PlIEkY5aSmqGLmLBUGhz0jHH11N6p0HIiSN+K0ax8QN0YDTgGKktOWZB8F96ni24502Mo0Nx6s5XjXzzLJVsaaCi2DnUAa5mp751etHOAkJV5ghKbu2FSs3RUJRzEhW6iWSxAiP0IB0NXIUEumm0/szeKydPgwioR9XcOr+nkhRKOU49HVniNRQztcm5n+1bqKCCzelPE4U4Xi2KEgYVBGchAH7VBCs2FgDwoLqWyEeIoGw0pGVdAj2/JcXoV2t2LXK2U2tXL/M4yiCQ3AEToANzkEdXIMmaAEMHsEzeAVvxpPxYrwbH7PWgpHP7IM/Mj5/AFMjlQU=</latexit>

[Alday, Behan, Ferrero, XZ JHEP Õ21]



Tree-level amplitudes
The ÒMRVÓ method

By considering mixed correlators of the form  we can completely Þx all correlators 
(including the overall factors). This method gives all tree-level super gluon amplitudes in all 
these non-maximally superconformal theories!

-ppqq.

Final answer:

= ++6s Ms

<latexit sha1_base64="tbTf9XZruFFMdiX4/T9o1g5B3hc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakosuiGzdCBfuAdiiZNNOGZjJjkimUod/hxoUibv0Yd/6NmXYW2nogcDjnXu7J8WPBtXGcb1RYW9/Y3Cpul3Z29/YPyodHLR0lirImjUSkOj7RTHDJmoYbwTqxYiT0BWv749vMb0+Y0jySj2YaMy8kQ8kDTomxktcLiRlRItL7WV/3yxWn6syBV4mbkwrkaPTLX71BRJOQSUMF0brrOrHxUqIMp4LNSr1Es5jQMRmyrqWShEx76Tz0DJ9ZZYCDSNknDZ6rvzdSEmo9DX07mYXUy14m/ud1ExNceymXcWKYpItDQSKwiXDWAB5wxagRU0sIVdxmxXREFKHG9lSyJbjLX14lrYuqW6tePtQq9Zu8jiKcwCmcgwtXUIc7aEATKDzBM7zCG5qgF/SOPhajBZTvHMMfoM8fFs+SUQ==</latexit>

6t Mt

<latexit sha1_base64="DSJRzG61Dt0EyvDcEjHISUwdGkc=">AAAB9HicbVDLSsNAFL2pr1pfVZdugkVwVRKp6LLoxo1QwT6gDWUynbRDJ5M4c1Mood/hxoUibv0Yd/6NkzYLbT0wcDjnXu6Z48eCa3Scb6uwtr6xuVXcLu3s7u0flA+PWjpKFGVNGolIdXyimeCSNZGjYJ1YMRL6grX98W3mtydMaR7JR5zGzAvJUPKAU4JG8nohwRElIr2f9bFfrjhVZw57lbg5qUCORr/81RtENAmZRCqI1l3XidFLiUJOBZuVeolmMaFjMmRdQyUJmfbSeeiZfWaUgR1EyjyJ9lz9vZGSUOtp6JvJLKRe9jLxP6+bYHDtpVzGCTJJF4eCRNgY2VkD9oArRlFMDSFUcZPVpiOiCEXTU8mU4C5/eZW0LqpurXr5UKvUb/I6inACp3AOLlxBHe6gAU2g8ATP8Apv1sR6sd6tj8Vowcp3juEPrM8fGFOSUg==</latexit>

6u Mu

<latexit sha1_base64="/AyxbRUTcO/jVG9MkqZ7hHYrrh4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRS0WXRjRuhgn1AG8pkOmmHTiZxHoUS+h1uXCji1o9x5984abPQ1gMDh3Pu5Z45QcKZ0q777RTW1jc2t4rbpZ3dvf2D8uFRS8VGEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gfJv57QmVisXiUU8T6kd4KFjICNZW8nsR1iOCeXo/65t+ueJW3TnQKvFyUoEcjX75qzeIiYmo0IRjpbqem2g/xVIzwums1DOKJpiM8ZB2LRU4ospP56Fn6MwqAxTG0j6h0Vz9vZHiSKlpFNjJLKRa9jLxP69rdHjtp0wkRlNBFodCw5GOUdYAGjBJieZTSzCRzGZFZIQlJtr2VLIleMtfXiWti6pXq14+1Cr1m7yOIpzAKZyDB1dQhztoQBMIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHGdeSUw==</latexit>

M

<latexit sha1_base64="Qslk45o8MXors0UmQlwtuuoiWPo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdFN26ECvYB06Fk0kwbmkmGJCOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPOtHHdb6e0tr6xuVXeruzs7u0fVA+POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5Db3u09UaSbFo5kmNIjxSLCIEWys5PdjbMYE8+x+NqjW3Lo7B1olXkFqUKA1qH71h5KkMRWGcKy177mJCTKsDCOczir9VNMEkwkeUd9SgWOqg2weeYbOrDJEkVT2CYPm6u+NDMdaT+PQTuYR9bKXi/95fmqi6yBjIkkNFWTxUZRyZCTK70dDpigxfGoJJorZrIiMscLE2JYqtgRv+eRV0rmoe4365UOj1rwp6ijDCZzCOXhwBU24gxa0gYCEZ3iFN8c4L86787EYLTnFzjH8gfP5A4UikWs=</latexit>

[Alday, Behan, Ferrero, XZ JHEP Õ21]

(for all amplitudes in all )d

Here the partial amplitudes            are linear combinations of multiplet exchange amplitudes 
and are computed in a closed form. 

M s,t,u
<latexit sha1_base64="SF8VMiUmJ2hxbcyVpVAVmQD82y4=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwUUoigi6LbtwIFewD2hAm00k7dDIJMzdCCPFX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c/yYMwW2/W1U1tY3Nreq27Wd3b39A/PwqKeiRBLaJRGP5MDHinImaBcYcDqIJcWhz2nfn90Ufv+RSsUi8QBpTN0QTwQLGMGgJc+sj0IMU4J5dpd7mWpCM8k9s2G37DmsVeKUpIFKdDzzazSOSBJSAYRjpYaOHYObYQmMcJrXRomiMSYzPKFDTQUOqXKzefjcOtXK2AoiqZ8Aa67+3shwqFQa+nqyiKqWvUL8zxsmEFy5GRNxAlSQxaEg4RZEVtGENWaSEuCpJphIprNaZIolJqD7qukSnOUvr5LeecvR/P6i0b4u66iiY3SCzpCDLlEb3aIO6iKCUvSMXtGb8WS8GO/Gx2K0YpQ7dfQHxucP7iaU7w==</latexit><latexit sha1_base64="SF8VMiUmJ2hxbcyVpVAVmQD82y4=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwUUoigi6LbtwIFewD2hAm00k7dDIJMzdCCPFX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c/yYMwW2/W1U1tY3Nreq27Wd3b39A/PwqKeiRBLaJRGP5MDHinImaBcYcDqIJcWhz2nfn90Ufv+RSsUi8QBpTN0QTwQLGMGgJc+sj0IMU4J5dpd7mWpCM8k9s2G37DmsVeKUpIFKdDzzazSOSBJSAYRjpYaOHYObYQmMcJrXRomiMSYzPKFDTQUOqXKzefjcOtXK2AoiqZ8Aa67+3shwqFQa+nqyiKqWvUL8zxsmEFy5GRNxAlSQxaEg4RZEVtGENWaSEuCpJphIprNaZIolJqD7qukSnOUvr5LeecvR/P6i0b4u66iiY3SCzpCDLlEb3aIO6iKCUvSMXtGb8WS8GO/Gx2K0YpQ7dfQHxucP7iaU7w==</latexit><latexit sha1_base64="SF8VMiUmJ2hxbcyVpVAVmQD82y4=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwUUoigi6LbtwIFewD2hAm00k7dDIJMzdCCPFX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c/yYMwW2/W1U1tY3Nreq27Wd3b39A/PwqKeiRBLaJRGP5MDHinImaBcYcDqIJcWhz2nfn90Ufv+RSsUi8QBpTN0QTwQLGMGgJc+sj0IMU4J5dpd7mWpCM8k9s2G37DmsVeKUpIFKdDzzazSOSBJSAYRjpYaOHYObYQmMcJrXRomiMSYzPKFDTQUOqXKzefjcOtXK2AoiqZ8Aa67+3shwqFQa+nqyiKqWvUL8zxsmEFy5GRNxAlSQxaEg4RZEVtGENWaSEuCpJphIprNaZIolJqD7qukSnOUvr5LeecvR/P6i0b4u66iiY3SCzpCDLlEb3aIO6iKCUvSMXtGb8WS8GO/Gx2K0YpQ7dfQHxucP7iaU7w==</latexit><latexit sha1_base64="SF8VMiUmJ2hxbcyVpVAVmQD82y4=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwUUoigi6LbtwIFewD2hAm00k7dDIJMzdCCPFX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c/yYMwW2/W1U1tY3Nreq27Wd3b39A/PwqKeiRBLaJRGP5MDHinImaBcYcDqIJcWhz2nfn90Ufv+RSsUi8QBpTN0QTwQLGMGgJc+sj0IMU4J5dpd7mWpCM8k9s2G37DmsVeKUpIFKdDzzazSOSBJSAYRjpYaOHYObYQmMcJrXRomiMSYzPKFDTQUOqXKzefjcOtXK2AoiqZ8Aa67+3shwqFQa+nqyiKqWvUL8zxsmEFy5GRNxAlSQxaEg4RZEVtGENWaSEuCpJphIprNaZIolJqD7qukSnOUvr5LeecvR/P6i0b4u66iiY3SCzpCDLlEb3aIO6iKCUvSMXtGb8WS8GO/Gx2K0YpQ7dfQHxucP7iaU7w==</latexit>

Note, importantly, there are no intrinsic contact terms ! In ßat space, this indicates on-shell 
constructibility . 



AdS double copy
ÒReducedÓ amplitudes

[XZ PRL Õ21]

Let us write down the explicit results for , and point out some remarkable properties. It is 
useful to rewrite the answer in terms of the  ÒreducedÓ amplitudes which have built-in 
superconformal symmetry.

AdS5

Solution to scf. Ward id.: Gk1k2k3k4
= Gprot,k1k2k3k4

+ RHk1k2k3k4
R ( (1 ) z$)(1 ) øz$)

In Mellin space:

Hk1k2k3k4 ) fMk1k2k3k4
<latexit sha1_base64="2RD996vLDkVvZzN1rgz2Xds+Q5Q=">AAACKnicbVDLSsNAFJ34rPVVdekmWARXJdGCLqtu3Agq1haaECaT23bI5MHMjaWEfI8bf8WNC0Xc+iFOaxbaemDgcM49zL3HTwVXaFkfxsLi0vLKamWtur6xubVd29l9UEkmGbRZIhLZ9akCwWNoI0cB3VQCjXwBHT+8nPidR5CKJ/E9jlNwIzqIeZ8zilryaudXXh56dugdh95J6DUL544PhkilTEbOiAeAXASQOxHFIaMivy6KmYBXq1sNawpzntglqZMSN17t1QkSlkUQIxNUqZ5tpejmVCJnAoqqkylIKQvpAHqaxjQC5ebTUwvzUCuB2U+kfjGaU/V3IqeRUuPI15OTldWsNxH/83oZ9s/cnMdphhCzn4/6mTAxMSe9mQGXwFCMNaFMcr2ryYZUUoa63aouwZ49eZ48HDdszW+b9dZFWUeF7JMDckRsckpa5IrckDZh5Im8kDfybjwbr8aH8fkzumCUmT3yB8bXN9PjqB4=</latexit><latexit sha1_base64="2RD996vLDkVvZzN1rgz2Xds+Q5Q=">AAACKnicbVDLSsNAFJ34rPVVdekmWARXJdGCLqtu3Agq1haaECaT23bI5MHMjaWEfI8bf8WNC0Xc+iFOaxbaemDgcM49zL3HTwVXaFkfxsLi0vLKamWtur6xubVd29l9UEkmGbRZIhLZ9akCwWNoI0cB3VQCjXwBHT+8nPidR5CKJ/E9jlNwIzqIeZ8zilryaudXXh56dugdh95J6DUL544PhkilTEbOiAeAXASQOxHFIaMivy6KmYBXq1sNawpzntglqZMSN17t1QkSlkUQIxNUqZ5tpejmVCJnAoqqkylIKQvpAHqaxjQC5ebTUwvzUCuB2U+kfjGaU/V3IqeRUuPI15OTldWsNxH/83oZ9s/cnMdphhCzn4/6mTAxMSe9mQGXwFCMNaFMcr2ryYZUUoa63aouwZ49eZ48HDdszW+b9dZFWUeF7JMDckRsckpa5IrckDZh5Im8kDfybjwbr8aH8fkzumCUmT3yB8bXN9PjqB4=</latexit><latexit sha1_base64="2RD996vLDkVvZzN1rgz2Xds+Q5Q=">AAACKnicbVDLSsNAFJ34rPVVdekmWARXJdGCLqtu3Agq1haaECaT23bI5MHMjaWEfI8bf8WNC0Xc+iFOaxbaemDgcM49zL3HTwVXaFkfxsLi0vLKamWtur6xubVd29l9UEkmGbRZIhLZ9akCwWNoI0cB3VQCjXwBHT+8nPidR5CKJ/E9jlNwIzqIeZ8zilryaudXXh56dugdh95J6DUL544PhkilTEbOiAeAXASQOxHFIaMivy6KmYBXq1sNawpzntglqZMSN17t1QkSlkUQIxNUqZ5tpejmVCJnAoqqkylIKQvpAHqaxjQC5ebTUwvzUCuB2U+kfjGaU/V3IqeRUuPI15OTldWsNxH/83oZ9s/cnMdphhCzn4/6mTAxMSe9mQGXwFCMNaFMcr2ryYZUUoa63aouwZ49eZ48HDdszW+b9dZFWUeF7JMDckRsckpa5IrckDZh5Im8kDfybjwbr8aH8fkzumCUmT3yB8bXN9PjqB4=</latexit><latexit sha1_base64="2RD996vLDkVvZzN1rgz2Xds+Q5Q=">AAACKnicbVDLSsNAFJ34rPVVdekmWARXJdGCLqtu3Agq1haaECaT23bI5MHMjaWEfI8bf8WNC0Xc+iFOaxbaemDgcM49zL3HTwVXaFkfxsLi0vLKamWtur6xubVd29l9UEkmGbRZIhLZ9akCwWNoI0cB3VQCjXwBHT+8nPidR5CKJ/E9jlNwIzqIeZ8zilryaudXXh56dugdh95J6DUL544PhkilTEbOiAeAXASQOxHFIaMivy6KmYBXq1sNawpzntglqZMSN17t1QkSlkUQIxNUqZ5tpejmVCJnAoqqkylIKQvpAHqaxjQC5ebTUwvzUCuB2U+kfjGaU/V3IqeRUuPI15OTldWsNxH/83oZ9s/cnMdphhCzn4/6mTAxMSe9mQGXwFCMNaFMcr2ryYZUUoa63aouwZ49eZ48HDdszW+b9dZFWUeF7JMDckRsckpa5IrckDZh5Im8kDfybjwbr8aH8fkzumCUmT3yB8bXN9PjqB4=</latexit>

Mk1k2k3k4 = bR � fMk1k2k3k4
<latexit sha1_base64="BYZDOm4MW7NW9ZwOdSrzKtCC1Gw="></latexit><latexit sha1_base64="BYZDOm4MW7NW9ZwOdSrzKtCC1Gw="></latexit><latexit sha1_base64="BYZDOm4MW7NW9ZwOdSrzKtCC1Gw="></latexit><latexit sha1_base64="BYZDOm4MW7NW9ZwOdSrzKtCC1Gw="></latexit>

Gk1k2k3k4 ) Mk1k2k3k4
<latexit sha1_base64="wL93zXmnUw780HxwZzKlgvxoVDg=">AAACH3icbVDLSsNAFJ34rPUVdelmsAiuSlKLuiy60I1QxT6gCWEynbZDJpkwM1FKyJ+48VfcuFBE3PVvnLRZaOuBgcM55zL3Hj9mVCrLmhhLyyura+uljfLm1vbOrrm335Y8EZi0MGdcdH0kCaMRaSmqGOnGgqDQZ6TjB1e533kkQlIePahxTNwQDSM6oBgpLXnm2bWXBp4deLXAOw28eubc0+FIISH4E3RCpEYYsfQ2m0t5ZsWqWlPARWIXpAIKND3z2+lznIQkUpghKXu2FSs3RUJRzEhWdhJJYoQDNCQ9TSMUEumm0/syeKyVPhxwoV+k4FT9PZGiUMpx6OtkvrGc93LxP6+XqMGFm9IoThSJ8OyjQcKg4jAvC/apIFixsSYIC6p3hXiEBMJKV1rWJdjzJy+Sdq1qa35XrzQuizpK4BAcgRNgg3PQADegCVoAg2fwCt7Bh/FivBmfxtcsumQUMwfgD4zJD7HTosA=</latexit><latexit sha1_base64="wL93zXmnUw780HxwZzKlgvxoVDg=">AAACH3icbVDLSsNAFJ34rPUVdelmsAiuSlKLuiy60I1QxT6gCWEynbZDJpkwM1FKyJ+48VfcuFBE3PVvnLRZaOuBgcM55zL3Hj9mVCrLmhhLyyura+uljfLm1vbOrrm335Y8EZi0MGdcdH0kCaMRaSmqGOnGgqDQZ6TjB1e533kkQlIePahxTNwQDSM6oBgpLXnm2bWXBp4deLXAOw28eubc0+FIISH4E3RCpEYYsfQ2m0t5ZsWqWlPARWIXpAIKND3z2+lznIQkUpghKXu2FSs3RUJRzEhWdhJJYoQDNCQ9TSMUEumm0/syeKyVPhxwoV+k4FT9PZGiUMpx6OtkvrGc93LxP6+XqMGFm9IoThSJ8OyjQcKg4jAvC/apIFixsSYIC6p3hXiEBMJKV1rWJdjzJy+Sdq1qa35XrzQuizpK4BAcgRNgg3PQADegCVoAg2fwCt7Bh/FivBmfxtcsumQUMwfgD4zJD7HTosA=</latexit><latexit sha1_base64="wL93zXmnUw780HxwZzKlgvxoVDg=">AAACH3icbVDLSsNAFJ34rPUVdelmsAiuSlKLuiy60I1QxT6gCWEynbZDJpkwM1FKyJ+48VfcuFBE3PVvnLRZaOuBgcM55zL3Hj9mVCrLmhhLyyura+uljfLm1vbOrrm335Y8EZi0MGdcdH0kCaMRaSmqGOnGgqDQZ6TjB1e533kkQlIePahxTNwQDSM6oBgpLXnm2bWXBp4deLXAOw28eubc0+FIISH4E3RCpEYYsfQ2m0t5ZsWqWlPARWIXpAIKND3z2+lznIQkUpghKXu2FSs3RUJRzEhWdhJJYoQDNCQ9TSMUEumm0/syeKyVPhxwoV+k4FT9PZGiUMpx6OtkvrGc93LxP6+XqMGFm9IoThSJ8OyjQcKg4jAvC/apIFixsSYIC6p3hXiEBMJKV1rWJdjzJy+Sdq1qa35XrzQuizpK4BAcgRNgg3PQADegCVoAg2fwCt7Bh/FivBmfxtcsumQUMwfgD4zJD7HTosA=</latexit><latexit sha1_base64="wL93zXmnUw780HxwZzKlgvxoVDg=">AAACH3icbVDLSsNAFJ34rPUVdelmsAiuSlKLuiy60I1QxT6gCWEynbZDJpkwM1FKyJ+48VfcuFBE3PVvnLRZaOuBgcM55zL3Hj9mVCrLmhhLyyura+uljfLm1vbOrrm335Y8EZi0MGdcdH0kCaMRaSmqGOnGgqDQZ6TjB1e533kkQlIePahxTNwQDSM6oBgpLXnm2bWXBp4deLXAOw28eubc0+FIISH4E3RCpEYYsfQ2m0t5ZsWqWlPARWIXpAIKND3z2+lznIQkUpghKXu2FSs3RUJRzEhWdhJJYoQDNCQ9TSMUEumm0/syeKyVPhxwoV+k4FT9PZGiUMpx6OtkvrGc93LxP6+XqMGFm9IoThSJ8OyjQcKg4jAvC/apIFixsSYIC6p3hXiEBMJKV1rWJdjzJy+Sdq1qa35XrzQuizpK4BAcgRNgg3PQADegCVoAg2fwCt7Bh/FivBmfxtcsumQUMwfgD4zJD7HTosA=</latexit>

Gprot,k1k2k3k4 ) 0
<latexit sha1_base64="7wHESOo5wr5zLTYfxT60k+Mx95c=">AAACEXicbZC7SgNBFIZnvcZ4i1raDAYhhYTdGNAyaKFlFHOB7LLMTibJsLM7y8xZJSx5BRtfxcZCEVs7O9/GyaXQxB8GPv5zDmfOHySCa7Dtb2tpeWV1bT23kd/c2t7ZLeztN7VMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVpBeDmut+6Z0lzGdzBMmBeRfsx7nBIwll8oXflZ5qoIJ0rC6CT0ndCvhP5p6FdH7i3vD4AoJR+w7ReKdtmeCC+CM4MimqnuF77crqRpxGKggmjdcewEvIwo4FSwUd5NNUsIDUmfdQzGJGLayyYXjfCxcbq4J5V5MeCJ+3siI5HWwygwnRGBgZ6vjc3/ap0UeudexuMkBRbT6aJeKjBIPI4Hd7liFMTQAKGKm79iOiCKUDAh5k0IzvzJi9CslB3DN9Vi7WIWRw4doiNUQg46QzV0jeqogSh6RM/oFb1ZT9aL9W59TFuXrNnMAfoj6/MHq8ac5A==</latexit><latexit sha1_base64="7wHESOo5wr5zLTYfxT60k+Mx95c=">AAACEXicbZC7SgNBFIZnvcZ4i1raDAYhhYTdGNAyaKFlFHOB7LLMTibJsLM7y8xZJSx5BRtfxcZCEVs7O9/GyaXQxB8GPv5zDmfOHySCa7Dtb2tpeWV1bT23kd/c2t7ZLeztN7VMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVpBeDmut+6Z0lzGdzBMmBeRfsx7nBIwll8oXflZ5qoIJ0rC6CT0ndCvhP5p6FdH7i3vD4AoJR+w7ReKdtmeCC+CM4MimqnuF77crqRpxGKggmjdcewEvIwo4FSwUd5NNUsIDUmfdQzGJGLayyYXjfCxcbq4J5V5MeCJ+3siI5HWwygwnRGBgZ6vjc3/ap0UeudexuMkBRbT6aJeKjBIPI4Hd7liFMTQAKGKm79iOiCKUDAh5k0IzvzJi9CslB3DN9Vi7WIWRw4doiNUQg46QzV0jeqogSh6RM/oFb1ZT9aL9W59TFuXrNnMAfoj6/MHq8ac5A==</latexit><latexit sha1_base64="7wHESOo5wr5zLTYfxT60k+Mx95c=">AAACEXicbZC7SgNBFIZnvcZ4i1raDAYhhYTdGNAyaKFlFHOB7LLMTibJsLM7y8xZJSx5BRtfxcZCEVs7O9/GyaXQxB8GPv5zDmfOHySCa7Dtb2tpeWV1bT23kd/c2t7ZLeztN7VMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVpBeDmut+6Z0lzGdzBMmBeRfsx7nBIwll8oXflZ5qoIJ0rC6CT0ndCvhP5p6FdH7i3vD4AoJR+w7ReKdtmeCC+CM4MimqnuF77crqRpxGKggmjdcewEvIwo4FSwUd5NNUsIDUmfdQzGJGLayyYXjfCxcbq4J5V5MeCJ+3siI5HWwygwnRGBgZ6vjc3/ap0UeudexuMkBRbT6aJeKjBIPI4Hd7liFMTQAKGKm79iOiCKUDAh5k0IzvzJi9CslB3DN9Vi7WIWRw4doiNUQg46QzV0jeqogSh6RM/oFb1ZT9aL9W59TFuXrNnMAfoj6/MHq8ac5A==</latexit><latexit sha1_base64="7wHESOo5wr5zLTYfxT60k+Mx95c=">AAACEXicbZC7SgNBFIZnvcZ4i1raDAYhhYTdGNAyaKFlFHOB7LLMTibJsLM7y8xZJSx5BRtfxcZCEVs7O9/GyaXQxB8GPv5zDmfOHySCa7Dtb2tpeWV1bT23kd/c2t7ZLeztN7VMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVpBeDmut+6Z0lzGdzBMmBeRfsx7nBIwll8oXflZ5qoIJ0rC6CT0ndCvhP5p6FdH7i3vD4AoJR+w7ReKdtmeCC+CM4MimqnuF77crqRpxGKggmjdcewEvIwo4FSwUd5NNUsIDUmfdQzGJGLayyYXjfCxcbq4J5V5MeCJ+3siI5HWwygwnRGBgZ6vjc3/ap0UeudexuMkBRbT6aJeKjBIPI4Hd7liFMTQAKGKm79iOiCKUDAh5k0IzvzJi9CslB3DN9Vi7WIWRw4doiNUQg46QzV0jeqogSh6RM/oFb1ZT9aL9W59TFuXrNnMAfoj6/MHq8ac5A==</latexit>

R ) bR
<latexit sha1_base64="JX81adHEIAFbpMhdEGqCEuJQdfc=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFclEUGXRTcua7EXaEKZTCbN0MmFmRNLCXXjq7hxoYhb38Kdb+O0zUJbfxj4+M85nDm/lwquwLK+jdLK6tr6RnmzsrW9s7tn7h+0VZJJylo0EYnsekQxwWPWAg6CdVPJSOQJ1vGGN9N654FJxZP4HsYpcyMyiHnAKQFt9c2jptPkgxCIlMkIOyPus5BA3pz0zapVs2bCy2AXUEWFGn3zy/ETmkUsBiqIUj3bSsHNiQROBZtUnEyxlNAhGbCexphETLn57IIJPtWOj4NE6hcDnrm/J3ISKTWOPN0ZEQjVYm1q/lfrZRBcuTmP0wxYTOeLgkxgSPA0DuxzySiIsQZCJdd/xTQkklDQoVV0CPbiycvQPq/Zmu8uqvXrIo4yOkYn6AzZ6BLV0S1qoBai6BE9o1f0ZjwZL8a78TFvLRnFzCH6I+PzB9H+lx4=</latexit><latexit sha1_base64="JX81adHEIAFbpMhdEGqCEuJQdfc=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFclEUGXRTcua7EXaEKZTCbN0MmFmRNLCXXjq7hxoYhb38Kdb+O0zUJbfxj4+M85nDm/lwquwLK+jdLK6tr6RnmzsrW9s7tn7h+0VZJJylo0EYnsekQxwWPWAg6CdVPJSOQJ1vGGN9N654FJxZP4HsYpcyMyiHnAKQFt9c2jptPkgxCIlMkIOyPus5BA3pz0zapVs2bCy2AXUEWFGn3zy/ETmkUsBiqIUj3bSsHNiQROBZtUnEyxlNAhGbCexphETLn57IIJPtWOj4NE6hcDnrm/J3ISKTWOPN0ZEQjVYm1q/lfrZRBcuTmP0wxYTOeLgkxgSPA0DuxzySiIsQZCJdd/xTQkklDQoVV0CPbiycvQPq/Zmu8uqvXrIo4yOkYn6AzZ6BLV0S1qoBai6BE9o1f0ZjwZL8a78TFvLRnFzCH6I+PzB9H+lx4=</latexit><latexit sha1_base64="JX81adHEIAFbpMhdEGqCEuJQdfc=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFclEUGXRTcua7EXaEKZTCbN0MmFmRNLCXXjq7hxoYhb38Kdb+O0zUJbfxj4+M85nDm/lwquwLK+jdLK6tr6RnmzsrW9s7tn7h+0VZJJylo0EYnsekQxwWPWAg6CdVPJSOQJ1vGGN9N654FJxZP4HsYpcyMyiHnAKQFt9c2jptPkgxCIlMkIOyPus5BA3pz0zapVs2bCy2AXUEWFGn3zy/ETmkUsBiqIUj3bSsHNiQROBZtUnEyxlNAhGbCexphETLn57IIJPtWOj4NE6hcDnrm/J3ISKTWOPN0ZEQjVYm1q/lfrZRBcuTmP0wxYTOeLgkxgSPA0DuxzySiIsQZCJdd/xTQkklDQoVV0CPbiycvQPq/Zmu8uqvXrIo4yOkYn6AzZ6BLV0S1qoBai6BE9o1f0ZjwZL8a78TFvLRnFzCH6I+PzB9H+lx4=</latexit><latexit sha1_base64="JX81adHEIAFbpMhdEGqCEuJQdfc=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFclEUGXRTcua7EXaEKZTCbN0MmFmRNLCXXjq7hxoYhb38Kdb+O0zUJbfxj4+M85nDm/lwquwLK+jdLK6tr6RnmzsrW9s7tn7h+0VZJJylo0EYnsekQxwWPWAg6CdVPJSOQJ1vGGN9N654FJxZP4HsYpcyMyiHnAKQFt9c2jptPkgxCIlMkIOyPus5BA3pz0zapVs2bCy2AXUEWFGn3zy/ETmkUsBiqIUj3bSsHNiQROBZtUnEyxlNAhGbCexphETLn57IIJPtWOj4NE6hcDnrm/J3ISKTWOPN0ZEQjVYm1q/lfrZRBcuTmP0wxYTOeLgkxgSPA0DuxzySiIsQZCJdd/xTQkklDQoVV0CPbiycvQPq/Zmu8uqvXrIo4yOkYn6AzZ6BLV0S1qoBai6BE9o1f0ZjwZL8a78TFvLRnFzCH6I+PzB9H+lx4=</latexit>

(a di"erence operator)

All in all, we have:

This is similar to extracting a supercharge delta function in the ßat-space SYM amplitude, i.e., 

A = �4(Q)�4(Q̃) eA
<latexit sha1_base64="lTC2rwxwAoQs5cSeHEWdYo9xBjQ=">AAACKnicbZBNS8NAEIY3ftb6VfXoJVgEvUgiBb0IrV48tmC10MSy2Uzs0s0HuxOlhPweL/4VLz0oxas/xE1bRK0DC8++M8PMvF4iuELLGhsLi0vLK6ultfL6xubWdmVn91bFqWTQZrGIZcejCgSPoI0cBXQSCTT0BNx5g6sif/cIUvE4usFhAm5IHyIecEZRS71Kwwkp9hkVWSO/cHwQSO9rR63jb3SQCx+yVn7sPHEfpr8fTXmvUrVOrEmY82DPoEpm0exVRo4fszSECJmgSnVtK0E3oxI5E5CXnVRBQtmAPkBXY0RDUG42OTU3D7Xim0Es9YvQnKg/OzIaKjUMPV1Z7Kj+5grxv1w3xeDczXiUpAgRmw4KUmFibBa+mT6XwFAMNVAmud7VZH0qKUPtblmbYP89eR5uT09sza1atX45s6NE9skBOSI2OSN1ck2apE0YeSav5I28Gy/GyBgbH9PSBWPWs0d+hfH5BYkQp/k=</latexit><latexit sha1_base64="lTC2rwxwAoQs5cSeHEWdYo9xBjQ=">AAACKnicbZBNS8NAEIY3ftb6VfXoJVgEvUgiBb0IrV48tmC10MSy2Uzs0s0HuxOlhPweL/4VLz0oxas/xE1bRK0DC8++M8PMvF4iuELLGhsLi0vLK6ultfL6xubWdmVn91bFqWTQZrGIZcejCgSPoI0cBXQSCTT0BNx5g6sif/cIUvE4usFhAm5IHyIecEZRS71Kwwkp9hkVWSO/cHwQSO9rR63jb3SQCx+yVn7sPHEfpr8fTXmvUrVOrEmY82DPoEpm0exVRo4fszSECJmgSnVtK0E3oxI5E5CXnVRBQtmAPkBXY0RDUG42OTU3D7Xim0Es9YvQnKg/OzIaKjUMPV1Z7Kj+5grxv1w3xeDczXiUpAgRmw4KUmFibBa+mT6XwFAMNVAmud7VZH0qKUPtblmbYP89eR5uT09sza1atX45s6NE9skBOSI2OSN1ck2apE0YeSav5I28Gy/GyBgbH9PSBWPWs0d+hfH5BYkQp/k=</latexit><latexit sha1_base64="lTC2rwxwAoQs5cSeHEWdYo9xBjQ=">AAACKnicbZBNS8NAEIY3ftb6VfXoJVgEvUgiBb0IrV48tmC10MSy2Uzs0s0HuxOlhPweL/4VLz0oxas/xE1bRK0DC8++M8PMvF4iuELLGhsLi0vLK6ultfL6xubWdmVn91bFqWTQZrGIZcejCgSPoI0cBXQSCTT0BNx5g6sif/cIUvE4usFhAm5IHyIecEZRS71Kwwkp9hkVWSO/cHwQSO9rR63jb3SQCx+yVn7sPHEfpr8fTXmvUrVOrEmY82DPoEpm0exVRo4fszSECJmgSnVtK0E3oxI5E5CXnVRBQtmAPkBXY0RDUG42OTU3D7Xim0Es9YvQnKg/OzIaKjUMPV1Z7Kj+5grxv1w3xeDczXiUpAgRmw4KUmFibBa+mT6XwFAMNVAmud7VZH0qKUPtblmbYP89eR5uT09sza1atX45s6NE9skBOSI2OSN1ck2apE0YeSav5I28Gy/GyBgbH9PSBWPWs0d+hfH5BYkQp/k=</latexit><latexit sha1_base64="lTC2rwxwAoQs5cSeHEWdYo9xBjQ=">AAACKnicbZBNS8NAEIY3ftb6VfXoJVgEvUgiBb0IrV48tmC10MSy2Uzs0s0HuxOlhPweL/4VLz0oxas/xE1bRK0DC8++M8PMvF4iuELLGhsLi0vLK6ultfL6xubWdmVn91bFqWTQZrGIZcejCgSPoI0cBXQSCTT0BNx5g6sif/cIUvE4usFhAm5IHyIecEZRS71Kwwkp9hkVWSO/cHwQSO9rR63jb3SQCx+yVn7sPHEfpr8fTXmvUrVOrEmY82DPoEpm0exVRo4fszSECJmgSnVtK0E3oxI5E5CXnVRBQtmAPkBXY0RDUG42OTU3D7Xim0Es9YvQnKg/OzIaKjUMPV1Z7Kj+5grxv1w3xeDczXiUpAgRmw4KUmFibBa+mT6XwFAMNVAmud7VZH0qKUPtblmbYP89eR5uT09sza1atX45s6NE9skBOSI2OSN1ck2apE0YeSav5I28Gy/GyBgbH9PSBWPWs0d+hfH5BYkQp/k=</latexit>



AdS double copy
ÒReducedÓ amplitudes

[XZ PRL Õ21]

The reduced amplitudes of  SYM can be written in the following simple formAdS5 ! S3

!M k1 k2 k3 k4 =
<latexit sha1_base64="hzf5yfu2LJX1aY+4mGdXKMTLyl8=">AAACEHicbZDLSsNAFIYn9VbrLerSTbCIrkpSC7oRCrpwI1SwF2hKmExO2yGTCzMTpYQ8ghtfxY0LRdy6dOfbOGmz0NYfBj7+cw5zzu/GjAppmt9aaWl5ZXWtvF7Z2Nza3tF39zoiSjiBNolYxHsuFsBoCG1JJYNezAEHLoOu61/m9e49cEGj8E5OYhgEeBTSISVYKsvRj+0H6oGkzIPUDrAcE8zSmyxzUt+xfKfuO6e+08guHL1q1sypjEWwCqiiQi1H/7K9iCQBhJIwLETfMmM5SDGXlDDIKnYiIMbExyPoKwxxAGKQTg/KjCPleMYw4uqF0pi6vydSHAgxCVzVme8s5mu5+V+tn8jh+SClYZxICMnso2HCDBkZeTqGRzkQySYKMOFU7WqQMeaYSJVhRYVgzZ+8CJ16zVJ826g2r4o4yugAHaITZKEz1ETXqIXaiKBH9Ixe0Zv2pL1o79rHrLWkFTP76I+0zx8snJ1D</latexit><latexit sha1_base64="hzf5yfu2LJX1aY+4mGdXKMTLyl8=">AAACEHicbZDLSsNAFIYn9VbrLerSTbCIrkpSC7oRCrpwI1SwF2hKmExO2yGTCzMTpYQ8ghtfxY0LRdy6dOfbOGmz0NYfBj7+cw5zzu/GjAppmt9aaWl5ZXWtvF7Z2Nza3tF39zoiSjiBNolYxHsuFsBoCG1JJYNezAEHLoOu61/m9e49cEGj8E5OYhgEeBTSISVYKsvRj+0H6oGkzIPUDrAcE8zSmyxzUt+xfKfuO6e+08guHL1q1sypjEWwCqiiQi1H/7K9iCQBhJIwLETfMmM5SDGXlDDIKnYiIMbExyPoKwxxAGKQTg/KjCPleMYw4uqF0pi6vydSHAgxCVzVme8s5mu5+V+tn8jh+SClYZxICMnso2HCDBkZeTqGRzkQySYKMOFU7WqQMeaYSJVhRYVgzZ+8CJ16zVJ826g2r4o4yugAHaITZKEz1ETXqIXaiKBH9Ixe0Zv2pL1o79rHrLWkFTP76I+0zx8snJ1D</latexit><latexit sha1_base64="hzf5yfu2LJX1aY+4mGdXKMTLyl8=">AAACEHicbZDLSsNAFIYn9VbrLerSTbCIrkpSC7oRCrpwI1SwF2hKmExO2yGTCzMTpYQ8ghtfxY0LRdy6dOfbOGmz0NYfBj7+cw5zzu/GjAppmt9aaWl5ZXWtvF7Z2Nza3tF39zoiSjiBNolYxHsuFsBoCG1JJYNezAEHLoOu61/m9e49cEGj8E5OYhgEeBTSISVYKsvRj+0H6oGkzIPUDrAcE8zSmyxzUt+xfKfuO6e+08guHL1q1sypjEWwCqiiQi1H/7K9iCQBhJIwLETfMmM5SDGXlDDIKnYiIMbExyPoKwxxAGKQTg/KjCPleMYw4uqF0pi6vydSHAgxCVzVme8s5mu5+V+tn8jh+SClYZxICMnso2HCDBkZeTqGRzkQySYKMOFU7WqQMeaYSJVhRYVgzZ+8CJ16zVJ826g2r4o4yugAHaITZKEz1ETXqIXaiKBH9Ixe0Zv2pL1o79rHrLWkFTP76I+0zx8snJ1D</latexit><latexit sha1_base64="hzf5yfu2LJX1aY+4mGdXKMTLyl8=">AAACEHicbZDLSsNAFIYn9VbrLerSTbCIrkpSC7oRCrpwI1SwF2hKmExO2yGTCzMTpYQ8ghtfxY0LRdy6dOfbOGmz0NYfBj7+cw5zzu/GjAppmt9aaWl5ZXWtvF7Z2Nza3tF39zoiSjiBNolYxHsuFsBoCG1JJYNezAEHLoOu61/m9e49cEGj8E5OYhgEeBTSISVYKsvRj+0H6oGkzIPUDrAcE8zSmyxzUt+xfKfuO6e+08guHL1q1sypjEWwCqiiQi1H/7K9iCQBhJIwLETfMmM5SDGXlDDIKnYiIMbExyPoKwxxAGKQTg/KjCPleMYw4uqF0pi6vydSHAgxCVzVme8s5mu5+V+tn8jh+SClYZxICMnso2HCDBkZeTqGRzkQySYKMOFU7WqQMeaYSJVhRYVgzZ+8CJ16zVJ826g2r4o4yugAHaITZKEz1ETXqIXaiKBH9Ixe0Zv2pL1o79rHrLWkFTP76I+0zx8snJ1D</latexit>

!
<latexit sha1_base64="psD1Q1SvR8jy4X6bdiJAo5H6ong=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjQQ8eK9haaJeSTbNtaJJdklmhLP0LXjwo4tU/5M1/Y9ruQVtfCDy8M0Nm3iiVwqLvf3ultfWNza3ydmVnd2//oHp41LZJZhhvsUQmphNRy6XQvIUCJe+khlMVSf4YjW9m9ccnbqxI9ANOUh4qOtQiFozizOrZTPWrNb/uz0VWISigBoWa/epXb5CwTHGNTFJru4GfYphTg4JJPq30MstTysZ0yLsONVXchvl81yk5c86AxIlxTyOZu78ncqqsnajIdSqKI7tcm5n/1boZxtdhLnSaIdds8VGcSYIJmR1OBsJwhnLigDIj3K6EjaihDF08FRdCsHzyKrQv6oHj+8ta47aIowwncArnEMAVNOAOmtACBiN4hld485T34r17H4vWklfMHMMfeZ8/MoeOVQ==</latexit><latexit sha1_base64="psD1Q1SvR8jy4X6bdiJAo5H6ong=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjQQ8eK9haaJeSTbNtaJJdklmhLP0LXjwo4tU/5M1/Y9ruQVtfCDy8M0Nm3iiVwqLvf3ultfWNza3ydmVnd2//oHp41LZJZhhvsUQmphNRy6XQvIUCJe+khlMVSf4YjW9m9ccnbqxI9ANOUh4qOtQiFozizOrZTPWrNb/uz0VWISigBoWa/epXb5CwTHGNTFJru4GfYphTg4JJPq30MstTysZ0yLsONVXchvl81yk5c86AxIlxTyOZu78ncqqsnajIdSqKI7tcm5n/1boZxtdhLnSaIdds8VGcSYIJmR1OBsJwhnLigDIj3K6EjaihDF08FRdCsHzyKrQv6oHj+8ta47aIowwncArnEMAVNOAOmtACBiN4hld485T34r17H4vWklfMHMMfeZ8/MoeOVQ==</latexit><latexit sha1_base64="psD1Q1SvR8jy4X6bdiJAo5H6ong=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjQQ8eK9haaJeSTbNtaJJdklmhLP0LXjwo4tU/5M1/Y9ruQVtfCDy8M0Nm3iiVwqLvf3ultfWNza3ydmVnd2//oHp41LZJZhhvsUQmphNRy6XQvIUCJe+khlMVSf4YjW9m9ccnbqxI9ANOUh4qOtQiFozizOrZTPWrNb/uz0VWISigBoWa/epXb5CwTHGNTFJru4GfYphTg4JJPq30MstTysZ0yLsONVXchvl81yk5c86AxIlxTyOZu78ncqqsnajIdSqKI7tcm5n/1boZxtdhLnSaIdds8VGcSYIJmR1OBsJwhnLigDIj3K6EjaihDF08FRdCsHzyKrQv6oHj+8ta47aIowwncArnEMAVNOAOmtACBiN4hld485T34r17H4vWklfMHMMfeZ8/MoeOVQ==</latexit><latexit sha1_base64="psD1Q1SvR8jy4X6bdiJAo5H6ong=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjQQ8eK9haaJeSTbNtaJJdklmhLP0LXjwo4tU/5M1/Y9ruQVtfCDy8M0Nm3iiVwqLvf3ultfWNza3ydmVnd2//oHp41LZJZhhvsUQmphNRy6XQvIUCJe+khlMVSf4YjW9m9ccnbqxI9ANOUh4qOtQiFozizOrZTPWrNb/uz0VWISigBoWa/epXb5CwTHGNTFJru4GfYphTg4JJPq30MstTysZ0yLsONVXchvl81yk5c86AxIlxTyOZu78ncqqsnajIdSqKI7tcm5n/1boZxtdhLnSaIdds8VGcSYIJmR1OBsJwhnLigDIj3K6EjaihDF08FRdCsHzyKrQv6oHj+8ta47aIowwncArnEMAVNOAOmtACBiN4hld485T34r17H4vWklfMHMMfeZ8/MoeOVQ==</latexit>

i + j + k = E ! 2
<latexit sha1_base64="3jwxml632HDH4tqnNXRZbrEzmRs=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBZBKJakFHQjFERwWcE+oA1lMp20YycPZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c9yIM6ks69sorK1vbG4Vt0s7u3v7B+bhUUeGsSC0TUIeip6LJeUsoG3FFKe9SFDsu5x23el15ncfqZAsDO5VElHHx+OAeYxgpaWhWWbVh+r0auBjNSGYpzez8/rQrFg1aw60SuycVCBHa2h+DUYhiX0aKMKxlH3bipSTYqEY4XRWGsSSRphM8Zj2NQ2wT6WTzsPP0KlWRsgLhX6BQnP190aKfSkT39WTWUi57GXif14/Vt6lk7IgihUNyOKQF3OkQpQ1gUZMUKJ4ogkmgumsiEywwETpvkq6BHv5y6ukU6/Zmt81Ks1GXkcRjuEEzsCGC2jCLbSgDQQSeIZXeDOejBfj3fhYjBaMfKcMf2B8/gCIypP+</latexit><latexit sha1_base64="3jwxml632HDH4tqnNXRZbrEzmRs=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBZBKJakFHQjFERwWcE+oA1lMp20YycPZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c9yIM6ks69sorK1vbG4Vt0s7u3v7B+bhUUeGsSC0TUIeip6LJeUsoG3FFKe9SFDsu5x23el15ncfqZAsDO5VElHHx+OAeYxgpaWhWWbVh+r0auBjNSGYpzez8/rQrFg1aw60SuycVCBHa2h+DUYhiX0aKMKxlH3bipSTYqEY4XRWGsSSRphM8Zj2NQ2wT6WTzsPP0KlWRsgLhX6BQnP190aKfSkT39WTWUi57GXif14/Vt6lk7IgihUNyOKQF3OkQpQ1gUZMUKJ4ogkmgumsiEywwETpvkq6BHv5y6ukU6/Zmt81Ks1GXkcRjuEEzsCGC2jCLbSgDQQSeIZXeDOejBfj3fhYjBaMfKcMf2B8/gCIypP+</latexit><latexit sha1_base64="3jwxml632HDH4tqnNXRZbrEzmRs=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBZBKJakFHQjFERwWcE+oA1lMp20YycPZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c9yIM6ks69sorK1vbG4Vt0s7u3v7B+bhUUeGsSC0TUIeip6LJeUsoG3FFKe9SFDsu5x23el15ncfqZAsDO5VElHHx+OAeYxgpaWhWWbVh+r0auBjNSGYpzez8/rQrFg1aw60SuycVCBHa2h+DUYhiX0aKMKxlH3bipSTYqEY4XRWGsSSRphM8Zj2NQ2wT6WTzsPP0KlWRsgLhX6BQnP190aKfSkT39WTWUi57GXif14/Vt6lk7IgihUNyOKQF3OkQpQ1gUZMUKJ4ogkmgumsiEywwETpvkq6BHv5y6ukU6/Zmt81Ks1GXkcRjuEEzsCGC2jCLbSgDQQSeIZXeDOejBfj3fhYjBaMfKcMf2B8/gCIypP+</latexit><latexit sha1_base64="3jwxml632HDH4tqnNXRZbrEzmRs=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBZBKJakFHQjFERwWcE+oA1lMp20YycPZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c9yIM6ks69sorK1vbG4Vt0s7u3v7B+bhUUeGsSC0TUIeip6LJeUsoG3FFKe9SFDsu5x23el15ncfqZAsDO5VElHHx+OAeYxgpaWhWWbVh+r0auBjNSGYpzez8/rQrFg1aw60SuycVCBHa2h+DUYhiX0aKMKxlH3bipSTYqEY4XRWGsSSRphM8Zj2NQ2wT6WTzsPP0KlWRsgLhX6BQnP190aKfSkT39WTWUi57GXif14/Vt6lk7IgihUNyOKQF3OkQpQ1gUZMUKJ4ogkmgumsiEywwETpvkq6BHv5y6ukU6/Zmt81Ks1GXkcRjuEEzsCGC2jCLbSgDQQSeIZXeDOejBfj3fhYjBaMfKcMf2B8/gCIypP+</latexit>

0 ! i, j, k ! E " 2
<latexit sha1_base64="MxyYsy+jg/jo2Xc5ua5TA7RnZjg=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARXNSSlIIuCyK4rGAv0IQymU7asZOLMxOhhG7c+CpuXCji1ndw59s4abPQ1h8GPv5zDnPO78WcSWVZ38bS8srq2npho7i5tb2za+7tt2SUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG11m9fYDFZJF4a0ax9QN8CBkPiNYaatnHlkOp/eIle/Ko4ycAKshwTy9mpxVe2bJqlhToUWwcyhBrkbP/HL6EUkCGirCsZRd24qVm2KhGOF0UnQSSWNMRnhAuxpDHFDpptMrJuhEO33kR0K/UKGp+3sixYGU48DTndmScr6Wmf/VuonyL9yUhXGiaEhmH/kJRypCWSSozwQlio81YCKY3hWRIRaYKB1cUYdgz5+8CK1qxdZ8UyvVa3kcBTiEYzgFG86hDtfQgCYQeIRneIU348l4Md6Nj1nrkpHPHMAfGZ8/JxGXqQ==</latexit><latexit sha1_base64="MxyYsy+jg/jo2Xc5ua5TA7RnZjg=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARXNSSlIIuCyK4rGAv0IQymU7asZOLMxOhhG7c+CpuXCji1ndw59s4abPQ1h8GPv5zDnPO78WcSWVZ38bS8srq2npho7i5tb2za+7tt2SUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG11m9fYDFZJF4a0ax9QN8CBkPiNYaatnHlkOp/eIle/Ko4ycAKshwTy9mpxVe2bJqlhToUWwcyhBrkbP/HL6EUkCGirCsZRd24qVm2KhGOF0UnQSSWNMRnhAuxpDHFDpptMrJuhEO33kR0K/UKGp+3sixYGU48DTndmScr6Wmf/VuonyL9yUhXGiaEhmH/kJRypCWSSozwQlio81YCKY3hWRIRaYKB1cUYdgz5+8CK1qxdZ8UyvVa3kcBTiEYzgFG86hDtfQgCYQeIRneIU348l4Md6Nj1nrkpHPHMAfGZ8/JxGXqQ==</latexit><latexit sha1_base64="MxyYsy+jg/jo2Xc5ua5TA7RnZjg=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARXNSSlIIuCyK4rGAv0IQymU7asZOLMxOhhG7c+CpuXCji1ndw59s4abPQ1h8GPv5zDnPO78WcSWVZ38bS8srq2npho7i5tb2za+7tt2SUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG11m9fYDFZJF4a0ax9QN8CBkPiNYaatnHlkOp/eIle/Ko4ycAKshwTy9mpxVe2bJqlhToUWwcyhBrkbP/HL6EUkCGirCsZRd24qVm2KhGOF0UnQSSWNMRnhAuxpDHFDpptMrJuhEO33kR0K/UKGp+3sixYGU48DTndmScr6Wmf/VuonyL9yUhXGiaEhmH/kJRypCWSSozwQlio81YCKY3hWRIRaYKB1cUYdgz5+8CK1qxdZ8UyvVa3kcBTiEYzgFG86hDtfQgCYQeIRneIU348l4Md6Nj1nrkpHPHMAfGZ8/JxGXqQ==</latexit><latexit sha1_base64="MxyYsy+jg/jo2Xc5ua5TA7RnZjg=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARXNSSlIIuCyK4rGAv0IQymU7asZOLMxOhhG7c+CpuXCji1ndw59s4abPQ1h8GPv5zDnPO78WcSWVZ38bS8srq2npho7i5tb2za+7tt2SUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG11m9fYDFZJF4a0ax9QN8CBkPiNYaatnHlkOp/eIle/Ko4ycAKshwTy9mpxVe2bJqlhToUWwcyhBrkbP/HL6EUkCGirCsZRd24qVm2KhGOF0UnQSSWNMRnhAuxpDHFDpptMrJuhEO33kR0K/UKGp+3sixYGU48DTndmScr6Wmf/VuonyL9yUhXGiaEhmH/kJRypCWSSozwQlio81YCKY3hWRIRaYKB1cUYdgz5+8CK1qxdZ8UyvVa3kcBTiEYzgFG86hDtfQgCYQeIRneIU348l4Md6Nj1nrkpHPHMAfGZ8/JxGXqQ==</latexit>

! i " j

i !j !k!(i + ! u
2 )!( j + ! t

2 )!(k + ! s
2 )!

<latexit sha1_base64="ReDgh4DLIpZWz0eEklQ/ODpuPT0="></latexit><latexit sha1_base64="ReDgh4DLIpZWz0eEklQ/ODpuPT0="></latexit><latexit sha1_base64="ReDgh4DLIpZWz0eEklQ/ODpuPT0="></latexit><latexit sha1_base64="ReDgh4DLIpZWz0eEklQ/ODpuPT0="></latexit>

!
<latexit sha1_base64="o3RITcQqSdqNVf7GL2pOyHm3KbM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAHjxGMA9IljA7mU3GzM4sM71CCPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozjDeYltq0I2q5FIo3UKDk7dRwmkSSt6LRzcxvPXFjhVYPOE55mNCBErFgFJ3U7KJIuO2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKJuSTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rg+P1lpXabx1GEEziFcwjgCmpwB3VoAINHeIZXePO09+K9ex+L1oKXzxzDH3ifP7bHjzY=</latexit><latexit sha1_base64="o3RITcQqSdqNVf7GL2pOyHm3KbM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAHjxGMA9IljA7mU3GzM4sM71CCPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozjDeYltq0I2q5FIo3UKDk7dRwmkSSt6LRzcxvPXFjhVYPOE55mNCBErFgFJ3U7KJIuO2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKJuSTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rg+P1lpXabx1GEEziFcwjgCmpwB3VoAINHeIZXePO09+K9ex+L1oKXzxzDH3ifP7bHjzY=</latexit><latexit sha1_base64="o3RITcQqSdqNVf7GL2pOyHm3KbM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAHjxGMA9IljA7mU3GzM4sM71CCPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozjDeYltq0I2q5FIo3UKDk7dRwmkSSt6LRzcxvPXFjhVYPOE55mNCBErFgFJ3U7KJIuO2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKJuSTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rg+P1lpXabx1GEEziFcwjgCmpwB3VoAINHeIZXePO09+K9ex+L1oKXzxzDH3ifP7bHjzY=</latexit><latexit sha1_base64="o3RITcQqSdqNVf7GL2pOyHm3KbM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAHjxGMA9IljA7mU3GzM4sM71CCPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozjDeYltq0I2q5FIo3UKDk7dRwmkSSt6LRzcxvPXFjhVYPOE55mNCBErFgFJ3U7KJIuO2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKJuSTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rg+P1lpXabx1GEEziFcwjgCmpwB3VoAINHeIZXePO09+K9ex+L1oKXzxzDH3ifP7bHjzY=</latexit>

Here    ,  and , ,  are integer parameters determined by the KK levels . The kinematic 
factors are given by
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ũ� uM + 2i

#

<latexit sha1_base64="UsgIY5Za8Sr2/Qg+4pdLrHxdc2k="></latexit><latexit sha1_base64="UsgIY5Za8Sr2/Qg+4pdLrHxdc2k="></latexit><latexit sha1_base64="UsgIY5Za8Sr2/Qg+4pdLrHxdc2k="></latexit><latexit sha1_base64="UsgIY5Za8Sr2/Qg+4pdLrHxdc2k="></latexit>

E
<latexit sha1_base64="hzpuEXKr/ZDQObSMqqqVnuR6O1c=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlQwWUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLa+sbmVnm7srO7t39QPTxqG5VqylpUCaW7ITFMcMlayFGwbqIZiUPBOuHkJvc7T0wbruQjThMWxGQkecQpQSv1+jHBMSUiu5sNqjWv7s3hrhK/IDUo0BxUv/pDRdOYSaSCGNPzvQSDjGjkVLBZpZ8alhA6ISPWs1SSmJkgm0eeuWdWGbqR0vZJdOfq742MxMZM49BO5hHNspeL/3m9FKPrIOMySZFJuvgoSoWLys3vd4dcM4piagmhmtusLh0TTSjaliq2BH/55FXSvqj7lj9c1hq3RR1lOIFTOAcfrqAB99CEFlBQ8Ayv8Oag8+K8Ox+L0ZJT7BzDHzifP3b+kV0=</latexit><latexit sha1_base64="hzpuEXKr/ZDQObSMqqqVnuR6O1c=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlQwWUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLa+sbmVnm7srO7t39QPTxqG5VqylpUCaW7ITFMcMlayFGwbqIZiUPBOuHkJvc7T0wbruQjThMWxGQkecQpQSv1+jHBMSUiu5sNqjWv7s3hrhK/IDUo0BxUv/pDRdOYSaSCGNPzvQSDjGjkVLBZpZ8alhA6ISPWs1SSmJkgm0eeuWdWGbqR0vZJdOfq742MxMZM49BO5hHNspeL/3m9FKPrIOMySZFJuvgoSoWLys3vd4dcM4piagmhmtusLh0TTSjaliq2BH/55FXSvqj7lj9c1hq3RR1lOIFTOAcfrqAB99CEFlBQ8Ayv8Oag8+K8Ox+L0ZJT7BzDHzifP3b+kV0=</latexit><latexit sha1_base64="hzpuEXKr/ZDQObSMqqqVnuR6O1c=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlQwWUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLa+sbmVnm7srO7t39QPTxqG5VqylpUCaW7ITFMcMlayFGwbqIZiUPBOuHkJvc7T0wbruQjThMWxGQkecQpQSv1+jHBMSUiu5sNqjWv7s3hrhK/IDUo0BxUv/pDRdOYSaSCGNPzvQSDjGjkVLBZpZ8alhA6ISPWs1SSmJkgm0eeuWdWGbqR0vZJdOfq742MxMZM49BO5hHNspeL/3m9FKPrIOMySZFJuvgoSoWLys3vd4dcM4piagmhmtusLh0TTSjaliq2BH/55FXSvqj7lj9c1hq3RR1lOIFTOAcfrqAB99CEFlBQ8Ayv8Oag8+K8Ox+L0ZJT7BzDHzifP3b+kV0=</latexit><latexit sha1_base64="hzpuEXKr/ZDQObSMqqqVnuR6O1c=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlQwWUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLa+sbmVnm7srO7t39QPTxqG5VqylpUCaW7ITFMcMlayFGwbqIZiUPBOuHkJvc7T0wbruQjThMWxGQkecQpQSv1+jHBMSUiu5sNqjWv7s3hrhK/IDUo0BxUv/pDRdOYSaSCGNPzvQSDjGjkVLBZpZ8alhA6ISPWs1SSmJkgm0eeuWdWGbqR0vZJdOfq742MxMZM49BO5hHNspeL/3m9FKPrIOMySZFJuvgoSoWLys3vd4dcM4piagmhmtusLh0TTSjaliq2BH/55FXSvqj7lj9c1hq3RR1lOIFTOAcfrqAB99CEFlBQ8Ayv8Oag8+K8Ox+L0ZJT7BzDHzifP3b+kV0=</latexit>

ni,j
s =

1

t� tM + 2j
� 1

ũ� uM + 2i
<latexit sha1_base64="+1RlZSnbytXcknZbmdrF3kNVMls=">AAACIHicbZDLSsNAFIYnXmu9RV26CRZB0JakCHUjFHThRqhgL9DWMJlO2mknkzBzIpSQR3Hjq7hxoYju9GmcXhBtPTDw8f/ncOb8XsSZAtv+NBYWl5ZXVjNr2fWNza1tc2e3psJYElolIQ9lw8OKciZoFRhw2ogkxYHHad0bXIz8+j2VioXiFoYRbQe4K5jPCAYtuWZJ3CXspJ+66rzlS0wSJ00gD+71cbGf5n+kFjDeoUmc5uORxVLXzNkFe1zWPDhTyKFpVVzzo9UJSRxQAYRjpZqOHUE7wRIY4TTNtmJFI0wGuEubGgUOqGon4wNT61ArHcsPpX4CrLH6eyLBgVLDwNOdAYaemvVG4n9eMwb/rJ0wEcVABZks8mNuQWiN0rI6TFICfKgBE8n0Xy3SwzoU0JlmdQjO7MnzUCsWHM03p7ny5TSODNpHB+gIOaiEyugKVVAVEfSAntALejUejWfjzXiftC4Y05k99KeMr28DD6N7</latexit><latexit sha1_base64="+1RlZSnbytXcknZbmdrF3kNVMls=">AAACIHicbZDLSsNAFIYnXmu9RV26CRZB0JakCHUjFHThRqhgL9DWMJlO2mknkzBzIpSQR3Hjq7hxoYju9GmcXhBtPTDw8f/ncOb8XsSZAtv+NBYWl5ZXVjNr2fWNza1tc2e3psJYElolIQ9lw8OKciZoFRhw2ogkxYHHad0bXIz8+j2VioXiFoYRbQe4K5jPCAYtuWZJ3CXspJ+66rzlS0wSJ00gD+71cbGf5n+kFjDeoUmc5uORxVLXzNkFe1zWPDhTyKFpVVzzo9UJSRxQAYRjpZqOHUE7wRIY4TTNtmJFI0wGuEubGgUOqGon4wNT61ArHcsPpX4CrLH6eyLBgVLDwNOdAYaemvVG4n9eMwb/rJ0wEcVABZks8mNuQWiN0rI6TFICfKgBE8n0Xy3SwzoU0JlmdQjO7MnzUCsWHM03p7ny5TSODNpHB+gIOaiEyugKVVAVEfSAntALejUejWfjzXiftC4Y05k99KeMr28DD6N7</latexit><latexit sha1_base64="+1RlZSnbytXcknZbmdrF3kNVMls=">AAACIHicbZDLSsNAFIYnXmu9RV26CRZB0JakCHUjFHThRqhgL9DWMJlO2mknkzBzIpSQR3Hjq7hxoYju9GmcXhBtPTDw8f/ncOb8XsSZAtv+NBYWl5ZXVjNr2fWNza1tc2e3psJYElolIQ9lw8OKciZoFRhw2ogkxYHHad0bXIz8+j2VioXiFoYRbQe4K5jPCAYtuWZJ3CXspJ+66rzlS0wSJ00gD+71cbGf5n+kFjDeoUmc5uORxVLXzNkFe1zWPDhTyKFpVVzzo9UJSRxQAYRjpZqOHUE7wRIY4TTNtmJFI0wGuEubGgUOqGon4wNT61ArHcsPpX4CrLH6eyLBgVLDwNOdAYaemvVG4n9eMwb/rJ0wEcVABZks8mNuQWiN0rI6TFICfKgBE8n0Xy3SwzoU0JlmdQjO7MnzUCsWHM03p7ny5TSODNpHB+gIOaiEyugKVVAVEfSAntALejUejWfjzXiftC4Y05k99KeMr28DD6N7</latexit><latexit sha1_base64="+1RlZSnbytXcknZbmdrF3kNVMls=">AAACIHicbZDLSsNAFIYnXmu9RV26CRZB0JakCHUjFHThRqhgL9DWMJlO2mknkzBzIpSQR3Hjq7hxoYju9GmcXhBtPTDw8f/ncOb8XsSZAtv+NBYWl5ZXVjNr2fWNza1tc2e3psJYElolIQ9lw8OKciZoFRhw2ogkxYHHad0bXIz8+j2VioXiFoYRbQe4K5jPCAYtuWZJ3CXspJ+66rzlS0wSJ00gD+71cbGf5n+kFjDeoUmc5uORxVLXzNkFe1zWPDhTyKFpVVzzo9UJSRxQAYRjpZqOHUE7wRIY4TTNtmJFI0wGuEubGgUOqGon4wNT61ArHcsPpX4CrLH6eyLBgVLDwNOdAYaemvVG4n9eMwb/rJ0wEcVABZks8mNuQWiN0rI6TFICfKgBE8n0Xy3SwzoU0JlmdQjO7MnzUCsWHM03p7ny5TSODNpHB+gIOaiEyugKVVAVEfSAntALejUejWfjzXiftC4Y05k99KeMr28DD6N7</latexit>

ni,j
s =

1

ũ� uM + 2i
� 1

s� sM + 2k
<latexit sha1_base64="gsU1Kj5s1xXLR5IJLaXC39zKXNk=">AAACIHicbZDLSsNAFIYn9VbrLerSTbAIgrYkRagboaALN0IFe4Emhsl00o6dTMLMRCghj+LGV3HjQhHd6dM4aYNo64GBj/8/hzPn9yJKhDTNT62wsLi0vFJcLa2tb2xu6ds7bRHGHOEWCmnIux4UmBKGW5JIirsRxzDwKO54o/PM79xjLkjIbuQ4wk4AB4z4BEGpJFevs9uEHN+lrjizfQ5RYqWJLQnt4yROK7F7dVQjaeXHEhWRSaPU1ctm1ZyUMQ9WDmWQV9PVP+x+iOIAM4koFKJnmZF0EsglQRSnJTsWOIJoBAe4p5DBAAsnmRyYGgdK6Rt+yNVj0piovycSGAgxDjzVGUA5FLNeJv7n9WLpnzoJYVEsMUPTRX5MDRkaWVpGn3CMJB0rgIgT9VcDDaEKQ6pMSyoEa/bkeWjXqpbi65Ny4yKPowj2wD44BBaogwa4BE3QAgg8gCfwAl61R+1Ze9Pep60FLZ/ZBX9K+/oGC7Ojeg==</latexit><latexit sha1_base64="gsU1Kj5s1xXLR5IJLaXC39zKXNk=">AAACIHicbZDLSsNAFIYn9VbrLerSTbAIgrYkRagboaALN0IFe4Emhsl00o6dTMLMRCghj+LGV3HjQhHd6dM4aYNo64GBj/8/hzPn9yJKhDTNT62wsLi0vFJcLa2tb2xu6ds7bRHGHOEWCmnIux4UmBKGW5JIirsRxzDwKO54o/PM79xjLkjIbuQ4wk4AB4z4BEGpJFevs9uEHN+lrjizfQ5RYqWJLQnt4yROK7F7dVQjaeXHEhWRSaPU1ctm1ZyUMQ9WDmWQV9PVP+x+iOIAM4koFKJnmZF0EsglQRSnJTsWOIJoBAe4p5DBAAsnmRyYGgdK6Rt+yNVj0piovycSGAgxDjzVGUA5FLNeJv7n9WLpnzoJYVEsMUPTRX5MDRkaWVpGn3CMJB0rgIgT9VcDDaEKQ6pMSyoEa/bkeWjXqpbi65Ny4yKPowj2wD44BBaogwa4BE3QAgg8gCfwAl61R+1Ze9Pep60FLZ/ZBX9K+/oGC7Ojeg==</latexit><latexit sha1_base64="gsU1Kj5s1xXLR5IJLaXC39zKXNk=">AAACIHicbZDLSsNAFIYn9VbrLerSTbAIgrYkRagboaALN0IFe4Emhsl00o6dTMLMRCghj+LGV3HjQhHd6dM4aYNo64GBj/8/hzPn9yJKhDTNT62wsLi0vFJcLa2tb2xu6ds7bRHGHOEWCmnIux4UmBKGW5JIirsRxzDwKO54o/PM79xjLkjIbuQ4wk4AB4z4BEGpJFevs9uEHN+lrjizfQ5RYqWJLQnt4yROK7F7dVQjaeXHEhWRSaPU1ctm1ZyUMQ9WDmWQV9PVP+x+iOIAM4koFKJnmZF0EsglQRSnJTsWOIJoBAe4p5DBAAsnmRyYGgdK6Rt+yNVj0piovycSGAgxDjzVGUA5FLNeJv7n9WLpnzoJYVEsMUPTRX5MDRkaWVpGn3CMJB0rgIgT9VcDDaEKQ6pMSyoEa/bkeWjXqpbi65Ny4yKPowj2wD44BBaogwa4BE3QAgg8gCfwAl61R+1Ze9Pep60FLZ/ZBX9K+/oGC7Ojeg==</latexit><latexit sha1_base64="gsU1Kj5s1xXLR5IJLaXC39zKXNk=">AAACIHicbZDLSsNAFIYn9VbrLerSTbAIgrYkRagboaALN0IFe4Emhsl00o6dTMLMRCghj+LGV3HjQhHd6dM4aYNo64GBj/8/hzPn9yJKhDTNT62wsLi0vFJcLa2tb2xu6ds7bRHGHOEWCmnIux4UmBKGW5JIirsRxzDwKO54o/PM79xjLkjIbuQ4wk4AB4z4BEGpJFevs9uEHN+lrjizfQ5RYqWJLQnt4yROK7F7dVQjaeXHEhWRSaPU1ctm1ZyUMQ9WDmWQV9PVP+x+iOIAM4koFKJnmZF0EsglQRSnJTsWOIJoBAe4p5DBAAsnmRyYGgdK6Rt+yNVj0piovycSGAgxDjzVGUA5FLNeJv7n9WLpnzoJYVEsMUPTRX5MDRkaWVpGn3CMJB0rgIgT9VcDDaEKQ6pMSyoEa/bkeWjXqpbi65Ny4yKPowj2wD44BBaogwa4BE3QAgg8gCfwAl61R+1Ze9Pep60FLZ/ZBX9K+/oGC7Ojeg==</latexit>

ni,j
u =

1

s� sM + 2k
� 1

t� tM + 2j
<latexit sha1_base64="uxwF5wNDeTLkL9GyT5wUDa25mfg=">AAACGHicbVDLSsNAFJ3UV62vqks3wSII2poUQTdCQRduhAr2AW0sk+mkHTuZhJkboYR8hht/xY0LRdx25984bYNo64GBwznncuceN+RMgWV9GZmFxaXllexqbm19Y3Mrv71TV0EkCa2RgAey6WJFORO0Bgw4bYaSYt/ltOEOLsd+45FKxQJxB8OQOj7uCeYxgkFLnfyJuI/Z8UPSiS7ansQktpNYFVXn5qg8SIo/EhRhLOlcvmCVrAnMeWKnpIBSVDv5UbsbkMinAgjHSrVsKwQnxhIY4TTJtSNFQ0wGuEdbmgrsU+XEk8MS80ArXdMLpH4CzIn6eyLGvlJD39VJH0NfzXpj8T+vFYF37sRMhBFQQaaLvIibEJjjlswuk5QAH2qCiWT6rybpY10G6C5zugR79uR5Ui+XbM1vTwuVq7SOLNpD++gQ2egMVdA1qqIaIugJvaA39G48G6/Gh/E5jWaMdGYX/YEx+gYVJZ/F</latexit><latexit sha1_base64="uxwF5wNDeTLkL9GyT5wUDa25mfg=">AAACGHicbVDLSsNAFJ3UV62vqks3wSII2poUQTdCQRduhAr2AW0sk+mkHTuZhJkboYR8hht/xY0LRdx25984bYNo64GBwznncuceN+RMgWV9GZmFxaXllexqbm19Y3Mrv71TV0EkCa2RgAey6WJFORO0Bgw4bYaSYt/ltOEOLsd+45FKxQJxB8OQOj7uCeYxgkFLnfyJuI/Z8UPSiS7ansQktpNYFVXn5qg8SIo/EhRhLOlcvmCVrAnMeWKnpIBSVDv5UbsbkMinAgjHSrVsKwQnxhIY4TTJtSNFQ0wGuEdbmgrsU+XEk8MS80ArXdMLpH4CzIn6eyLGvlJD39VJH0NfzXpj8T+vFYF37sRMhBFQQaaLvIibEJjjlswuk5QAH2qCiWT6rybpY10G6C5zugR79uR5Ui+XbM1vTwuVq7SOLNpD++gQ2egMVdA1qqIaIugJvaA39G48G6/Gh/E5jWaMdGYX/YEx+gYVJZ/F</latexit><latexit sha1_base64="uxwF5wNDeTLkL9GyT5wUDa25mfg=">AAACGHicbVDLSsNAFJ3UV62vqks3wSII2poUQTdCQRduhAr2AW0sk+mkHTuZhJkboYR8hht/xY0LRdx25984bYNo64GBwznncuceN+RMgWV9GZmFxaXllexqbm19Y3Mrv71TV0EkCa2RgAey6WJFORO0Bgw4bYaSYt/ltOEOLsd+45FKxQJxB8OQOj7uCeYxgkFLnfyJuI/Z8UPSiS7ansQktpNYFVXn5qg8SIo/EhRhLOlcvmCVrAnMeWKnpIBSVDv5UbsbkMinAgjHSrVsKwQnxhIY4TTJtSNFQ0wGuEdbmgrsU+XEk8MS80ArXdMLpH4CzIn6eyLGvlJD39VJH0NfzXpj8T+vFYF37sRMhBFQQaaLvIibEJjjlswuk5QAH2qCiWT6rybpY10G6C5zugR79uR5Ui+XbM1vTwuVq7SOLNpD++gQ2egMVdA1qqIaIugJvaA39G48G6/Gh/E5jWaMdGYX/YEx+gYVJZ/F</latexit><latexit sha1_base64="uxwF5wNDeTLkL9GyT5wUDa25mfg=">AAACGHicbVDLSsNAFJ3UV62vqks3wSII2poUQTdCQRduhAr2AW0sk+mkHTuZhJkboYR8hht/xY0LRdx25984bYNo64GBwznncuceN+RMgWV9GZmFxaXllexqbm19Y3Mrv71TV0EkCa2RgAey6WJFORO0Bgw4bYaSYt/ltOEOLsd+45FKxQJxB8OQOj7uCeYxgkFLnfyJuI/Z8UPSiS7ansQktpNYFVXn5qg8SIo/EhRhLOlcvmCVrAnMeWKnpIBSVDv5UbsbkMinAgjHSrVsKwQnxhIY4TTJtSNFQ0wGuEdbmgrsU+XEk8MS80ArXdMLpH4CzIn6eyLGvlJD39VJH0NfzXpj8T+vFYF37sRMhBFQQaaLvIibEJjjlswuk5QAH2qCiWT6rybpY10G6C5zugR79uR5Ui+XbM1vTwuVq7SOLNpD++gQ2egMVdA1qqIaIugJvaA39G48G6/Gh/E5jWaMdGYX/YEx+gYVJZ/F</latexit>

Apparently, they satisfy                                   like the color factors                            . This gives 
rise to an AdS version of the color-kinematic duality .

ni,j
s + ni,j

t + ni,j
u = 0

<latexit sha1_base64="e2ZrIGM9BTY+qToo/2z0ZsaYkmw=">AAACCHicbZDLSsNAFIZPvNZ6i7p04WARBKUkIuhGKOjCZQV7gTaGyXTajp1MwsxEKKFLN76KGxeKuPUR3Pk2Ttso2vrDwMd/zuHM+YOYM6Ud59OamZ2bX1jMLeWXV1bX1u2NzaqKEklohUQ8kvUAK8qZoBXNNKf1WFIcBpzWgt75sF67o1KxSFzrfky9EHcEazOCtbF8e0fcpOzwduCrg2/SP5ScOb5dcIrOSGga3AwKkKns2x/NVkSSkApNOFaq4Tqx9lIsNSOcDvLNRNEYkx7u0IZBgUOqvHR0yADtGaeF2pE0T2g0cn9PpDhUqh8GpjPEuqsma0Pzv1oj0e1TL2UiTjQVZLyonXCkIzRMBbWYpETzvgFMJDN/RaSLJSbaZJc3IbiTJ09D9ajoGr46LpQusjhysA27sA8unEAJLqEMFSBwD4/wDC/Wg/VkvVpv49YZK5vZgj+y3r8AKO6ZaA==</latexit><latexit sha1_base64="e2ZrIGM9BTY+qToo/2z0ZsaYkmw=">AAACCHicbZDLSsNAFIZPvNZ6i7p04WARBKUkIuhGKOjCZQV7gTaGyXTajp1MwsxEKKFLN76KGxeKuPUR3Pk2Ttso2vrDwMd/zuHM+YOYM6Ud59OamZ2bX1jMLeWXV1bX1u2NzaqKEklohUQ8kvUAK8qZoBXNNKf1WFIcBpzWgt75sF67o1KxSFzrfky9EHcEazOCtbF8e0fcpOzwduCrg2/SP5ScOb5dcIrOSGga3AwKkKns2x/NVkSSkApNOFaq4Tqx9lIsNSOcDvLNRNEYkx7u0IZBgUOqvHR0yADtGaeF2pE0T2g0cn9PpDhUqh8GpjPEuqsma0Pzv1oj0e1TL2UiTjQVZLyonXCkIzRMBbWYpETzvgFMJDN/RaSLJSbaZJc3IbiTJ09D9ajoGr46LpQusjhysA27sA8unEAJLqEMFSBwD4/wDC/Wg/VkvVpv49YZK5vZgj+y3r8AKO6ZaA==</latexit><latexit sha1_base64="e2ZrIGM9BTY+qToo/2z0ZsaYkmw=">AAACCHicbZDLSsNAFIZPvNZ6i7p04WARBKUkIuhGKOjCZQV7gTaGyXTajp1MwsxEKKFLN76KGxeKuPUR3Pk2Ttso2vrDwMd/zuHM+YOYM6Ud59OamZ2bX1jMLeWXV1bX1u2NzaqKEklohUQ8kvUAK8qZoBXNNKf1WFIcBpzWgt75sF67o1KxSFzrfky9EHcEazOCtbF8e0fcpOzwduCrg2/SP5ScOb5dcIrOSGga3AwKkKns2x/NVkSSkApNOFaq4Tqx9lIsNSOcDvLNRNEYkx7u0IZBgUOqvHR0yADtGaeF2pE0T2g0cn9PpDhUqh8GpjPEuqsma0Pzv1oj0e1TL2UiTjQVZLyonXCkIzRMBbWYpETzvgFMJDN/RaSLJSbaZJc3IbiTJ09D9ajoGr46LpQusjhysA27sA8unEAJLqEMFSBwD4/wDC/Wg/VkvVpv49YZK5vZgj+y3r8AKO6ZaA==</latexit><latexit sha1_base64="e2ZrIGM9BTY+qToo/2z0ZsaYkmw=">AAACCHicbZDLSsNAFIZPvNZ6i7p04WARBKUkIuhGKOjCZQV7gTaGyXTajp1MwsxEKKFLN76KGxeKuPUR3Pk2Ttso2vrDwMd/zuHM+YOYM6Ud59OamZ2bX1jMLeWXV1bX1u2NzaqKEklohUQ8kvUAK8qZoBXNNKf1WFIcBpzWgt75sF67o1KxSFzrfky9EHcEazOCtbF8e0fcpOzwduCrg2/SP5ScOb5dcIrOSGga3AwKkKns2x/NVkSSkApNOFaq4Tqx9lIsNSOcDvLNRNEYkx7u0IZBgUOqvHR0yADtGaeF2pE0T2g0cn9PpDhUqh8GpjPEuqsma0Pzv1oj0e1TL2UiTjQVZLyonXCkIzRMBbWYpETzvgFMJDN/RaSLJSbaZJc3IbiTJ09D9ajoGr46LpQusjhysA27sA8unEAJLqEMFSBwD4/wDC/Wg/VkvVpv49YZK5vZgj+y3r8AKO6ZaA==</latexit>

cs + ct + cu = 0
<latexit sha1_base64="+ynkSpwk4tch+Kw/z5am51ON0yY=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgFoSQi6EYo6MJlBfuANoTJdNIOnUzCzI1QQn/Bjb/ixoUibt2582+ctFnU1gMD555zL3PvCRLBNTjOj7Wyura+sVnaKm/v7O7t2weHLR2nirImjUWsOgHRTHDJmsBBsE6iGIkCwdrB6Cb3249MaR7LBxgnzIvIQPKQUwJG8u1qLyIwBMjoxNdncwXMF+m149sVp+ZMgZeJW5AKKtDw7e9eP6ZpxCRQQbTuuk4CXkYUcCrYpNxLNUsIHZEB6xoqScS0l00vmuBTo/RxGCvzJOCpOj+RkUjrcRSYznxLvejl4n9eN4Xwysu4TFJgks4+ClOBIcZ5PLjPFaMgxoYQqrjZFdMhUYSCCbFsQnAXT14mrfOaa/j9RaV+W8RRQsfoBFWRiy5RHd2hBmoiip7QC3pD79az9Wp9WJ+z1hWrmDlCf2B9/QL0WZ5U</latexit><latexit sha1_base64="+ynkSpwk4tch+Kw/z5am51ON0yY=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgFoSQi6EYo6MJlBfuANoTJdNIOnUzCzI1QQn/Bjb/ixoUibt2582+ctFnU1gMD555zL3PvCRLBNTjOj7Wyura+sVnaKm/v7O7t2weHLR2nirImjUWsOgHRTHDJmsBBsE6iGIkCwdrB6Cb3249MaR7LBxgnzIvIQPKQUwJG8u1qLyIwBMjoxNdncwXMF+m149sVp+ZMgZeJW5AKKtDw7e9eP6ZpxCRQQbTuuk4CXkYUcCrYpNxLNUsIHZEB6xoqScS0l00vmuBTo/RxGCvzJOCpOj+RkUjrcRSYznxLvejl4n9eN4Xwysu4TFJgks4+ClOBIcZ5PLjPFaMgxoYQqrjZFdMhUYSCCbFsQnAXT14mrfOaa/j9RaV+W8RRQsfoBFWRiy5RHd2hBmoiip7QC3pD79az9Wp9WJ+z1hWrmDlCf2B9/QL0WZ5U</latexit><latexit sha1_base64="+ynkSpwk4tch+Kw/z5am51ON0yY=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgFoSQi6EYo6MJlBfuANoTJdNIOnUzCzI1QQn/Bjb/ixoUibt2582+ctFnU1gMD555zL3PvCRLBNTjOj7Wyura+sVnaKm/v7O7t2weHLR2nirImjUWsOgHRTHDJmsBBsE6iGIkCwdrB6Cb3249MaR7LBxgnzIvIQPKQUwJG8u1qLyIwBMjoxNdncwXMF+m149sVp+ZMgZeJW5AKKtDw7e9eP6ZpxCRQQbTuuk4CXkYUcCrYpNxLNUsIHZEB6xoqScS0l00vmuBTo/RxGCvzJOCpOj+RkUjrcRSYznxLvejl4n9eN4Xwysu4TFJgks4+ClOBIcZ5PLjPFaMgxoYQqrjZFdMhUYSCCbFsQnAXT14mrfOaa/j9RaV+W8RRQsfoBFWRiy5RHd2hBmoiip7QC3pD79az9Wp9WJ+z1hWrmDlCf2B9/QL0WZ5U</latexit><latexit sha1_base64="+ynkSpwk4tch+Kw/z5am51ON0yY=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgFoSQi6EYo6MJlBfuANoTJdNIOnUzCzI1QQn/Bjb/ixoUibt2582+ctFnU1gMD555zL3PvCRLBNTjOj7Wyura+sVnaKm/v7O7t2weHLR2nirImjUWsOgHRTHDJmsBBsE6iGIkCwdrB6Cb3249MaR7LBxgnzIvIQPKQUwJG8u1qLyIwBMjoxNdncwXMF+m149sVp+ZMgZeJW5AKKtDw7e9eP6ZpxCRQQbTuuk4CXkYUcCrYpNxLNUsIHZEB6xoqScS0l00vmuBTo/RxGCvzJOCpOj+RkUjrcRSYznxLvejl4n9eN4Xwysu4TFJgks4+ClOBIcZ5PLjPFaMgxoYQqrjZFdMhUYSCCbFsQnAXT14mrfOaa/j9RaV+W8RRQsfoBFWRiy5RHd2hBmoiip7QC3pD79az9Wp9WJ+z1hWrmDlCf2B9/QL0WZ5U</latexit>

� = ↵�
<latexit sha1_base64="Q0/Lw58uctvIYf5SU1N40C5gBT0=">AAAB+3icbZBLSwMxFIUzPmt9jXXpJlgEV2VGBN0IFTcuK9gHdIZyJ03b0ExmSO6IZSj4S9y4UMStf8Sd/8b0sdDWA4GPc27IzYlSKQx63rezsrq2vrFZ2Cpu7+zu7bsHpYZJMs14nSUy0a0IDJdC8ToKlLyVag5xJHkzGt5M8uYD10Yk6h5HKQ9j6CvREwzQWh23FBjRj+EqAJkOIIg4QsctexVvKroM/hzKZK5ax/0KugnLYq6QSTCm7XsphjloFEzycTHIDE+BDaHP2xYVxNyE+XT3MT2xTpf2Em2PQjp1f9/IITZmFEd2MgYcmMVsYv6XtTPsXYa5UGmGXLHZQ71MUkzopAjaFZozlCMLwLSwu1I2AA0MbV1FW4K/+OVlaJxVfMt35+Xq9dOsjgI5IsfklPjkglTJLamROmHkkTyTV/LmjJ0X5935mI2uOPMKD8kfOZ8/IJmU4g==</latexit><latexit sha1_base64="Q0/Lw58uctvIYf5SU1N40C5gBT0=">AAAB+3icbZBLSwMxFIUzPmt9jXXpJlgEV2VGBN0IFTcuK9gHdIZyJ03b0ExmSO6IZSj4S9y4UMStf8Sd/8b0sdDWA4GPc27IzYlSKQx63rezsrq2vrFZ2Cpu7+zu7bsHpYZJMs14nSUy0a0IDJdC8ToKlLyVag5xJHkzGt5M8uYD10Yk6h5HKQ9j6CvREwzQWh23FBjRj+EqAJkOIIg4QsctexVvKroM/hzKZK5ax/0KugnLYq6QSTCm7XsphjloFEzycTHIDE+BDaHP2xYVxNyE+XT3MT2xTpf2Em2PQjp1f9/IITZmFEd2MgYcmMVsYv6XtTPsXYa5UGmGXLHZQ71MUkzopAjaFZozlCMLwLSwu1I2AA0MbV1FW4K/+OVlaJxVfMt35+Xq9dOsjgI5IsfklPjkglTJLamROmHkkTyTV/LmjJ0X5935mI2uOPMKD8kfOZ8/IJmU4g==</latexit><latexit sha1_base64="Q0/Lw58uctvIYf5SU1N40C5gBT0=">AAAB+3icbZBLSwMxFIUzPmt9jXXpJlgEV2VGBN0IFTcuK9gHdIZyJ03b0ExmSO6IZSj4S9y4UMStf8Sd/8b0sdDWA4GPc27IzYlSKQx63rezsrq2vrFZ2Cpu7+zu7bsHpYZJMs14nSUy0a0IDJdC8ToKlLyVag5xJHkzGt5M8uYD10Yk6h5HKQ9j6CvREwzQWh23FBjRj+EqAJkOIIg4QsctexVvKroM/hzKZK5ax/0KugnLYq6QSTCm7XsphjloFEzycTHIDE+BDaHP2xYVxNyE+XT3MT2xTpf2Em2PQjp1f9/IITZmFEd2MgYcmMVsYv6XtTPsXYa5UGmGXLHZQ71MUkzopAjaFZozlCMLwLSwu1I2AA0MbV1FW4K/+OVlaJxVfMt35+Xq9dOsjgI5IsfklPjkglTJLamROmHkkTyTV/LmjJ0X5935mI2uOPMKD8kfOZ8/IJmU4g==</latexit><latexit sha1_base64="Q0/Lw58uctvIYf5SU1N40C5gBT0=">AAAB+3icbZBLSwMxFIUzPmt9jXXpJlgEV2VGBN0IFTcuK9gHdIZyJ03b0ExmSO6IZSj4S9y4UMStf8Sd/8b0sdDWA4GPc27IzYlSKQx63rezsrq2vrFZ2Cpu7+zu7bsHpYZJMs14nSUy0a0IDJdC8ToKlLyVag5xJHkzGt5M8uYD10Yk6h5HKQ9j6CvREwzQWh23FBjRj+EqAJkOIIg4QsctexVvKroM/hzKZK5ax/0KugnLYq6QSTCm7XsphjloFEzycTHIDE+BDaHP2xYVxNyE+XT3MT2xTpf2Em2PQjp1f9/IITZmFEd2MgYcmMVsYv6XtTPsXYa5UGmGXLHZQ71MUkzopAjaFZozlCMLwLSwu1I2AA0MbV1FW4K/+OVlaJxVfMt35+Xq9dOsjgI5IsfklPjkglTJLamROmHkkTyTV/LmjJ0X5935mI2uOPMKD8kfOZ8/IJmU4g==</latexit>

⌧ = (1� ↵)(1� �)
<latexit sha1_base64="qZhn2otIg8SxD6eECa1ZZLkW+7k=">AAACAXicbZBLSwMxFIUz9VXra9SN4GawCO3CMiOCboSKG5cV7AM6Q7mTZtrQzIPkjlBKRfCvuHGhiFv/hTv/jZm2C209EPg454bkHj8RXKFtfxu5peWV1bX8emFjc2t7x9zda6g4lZTVaSxi2fJBMcEjVkeOgrUSySD0BWv6g+ssb94zqXgc3eEwYV4IvYgHnAJqq2MeuAjpZck5cUEkfShn5DOEcscs2hV7ImsRnBkUyUy1jvnldmOahixCKkCptmMn6I1AIqeCjQtuqlgCdAA91tYYQciUN5psMLaOtdO1gljqE6E1cX/fGEGo1DD09WQI2FfzWWb+l7VTDC68EY+SFFlEpw8FqbAwtrI6rC6XjKIYagAquf6rRfsggaIuraBLcOZXXoTGacXRfHtWrF49TuvIk0NyRErEIeekSm5IjdQJJQ/kmbySN+PJeDHejY/paM6YVbhP/sj4/AECe5W1</latexit><latexit sha1_base64="qZhn2otIg8SxD6eECa1ZZLkW+7k=">AAACAXicbZBLSwMxFIUz9VXra9SN4GawCO3CMiOCboSKG5cV7AM6Q7mTZtrQzIPkjlBKRfCvuHGhiFv/hTv/jZm2C209EPg454bkHj8RXKFtfxu5peWV1bX8emFjc2t7x9zda6g4lZTVaSxi2fJBMcEjVkeOgrUSySD0BWv6g+ssb94zqXgc3eEwYV4IvYgHnAJqq2MeuAjpZck5cUEkfShn5DOEcscs2hV7ImsRnBkUyUy1jvnldmOahixCKkCptmMn6I1AIqeCjQtuqlgCdAA91tYYQciUN5psMLaOtdO1gljqE6E1cX/fGEGo1DD09WQI2FfzWWb+l7VTDC68EY+SFFlEpw8FqbAwtrI6rC6XjKIYagAquf6rRfsggaIuraBLcOZXXoTGacXRfHtWrF49TuvIk0NyRErEIeekSm5IjdQJJQ/kmbySN+PJeDHejY/paM6YVbhP/sj4/AECe5W1</latexit><latexit sha1_base64="qZhn2otIg8SxD6eECa1ZZLkW+7k=">AAACAXicbZBLSwMxFIUz9VXra9SN4GawCO3CMiOCboSKG5cV7AM6Q7mTZtrQzIPkjlBKRfCvuHGhiFv/hTv/jZm2C209EPg454bkHj8RXKFtfxu5peWV1bX8emFjc2t7x9zda6g4lZTVaSxi2fJBMcEjVkeOgrUSySD0BWv6g+ssb94zqXgc3eEwYV4IvYgHnAJqq2MeuAjpZck5cUEkfShn5DOEcscs2hV7ImsRnBkUyUy1jvnldmOahixCKkCptmMn6I1AIqeCjQtuqlgCdAA91tYYQciUN5psMLaOtdO1gljqE6E1cX/fGEGo1DD09WQI2FfzWWb+l7VTDC68EY+SFFlEpw8FqbAwtrI6rC6XjKIYagAquf6rRfsggaIuraBLcOZXXoTGacXRfHtWrF49TuvIk0NyRErEIeekSm5IjdQJJQ/kmbySN+PJeDHejY/paM6YVbhP/sj4/AECe5W1</latexit><latexit sha1_base64="qZhn2otIg8SxD6eECa1ZZLkW+7k=">AAACAXicbZBLSwMxFIUz9VXra9SN4GawCO3CMiOCboSKG5cV7AM6Q7mTZtrQzIPkjlBKRfCvuHGhiFv/hTv/jZm2C209EPg454bkHj8RXKFtfxu5peWV1bX8emFjc2t7x9zda6g4lZTVaSxi2fJBMcEjVkeOgrUSySD0BWv6g+ssb94zqXgc3eEwYV4IvYgHnAJqq2MeuAjpZck5cUEkfShn5DOEcscs2hV7ImsRnBkUyUy1jvnldmOahixCKkCptmMn6I1AIqeCjQtuqlgCdAA91tYYQciUN5psMLaOtdO1gljqE6E1cX/fGEGo1DD09WQI2FfzWWb+l7VTDC68EY+SFFlEpw8FqbAwtrI6rC6XjKIYagAquf6rRfsggaIuraBLcOZXXoTGacXRfHtWrF49TuvIk0NyRErEIeekSm5IjdQJJQ/kmbySN+PJeDHejY/paM6YVbhP/sj4/AECe5W1</latexit>



AdS double copy
Double copy for all KK modes

[XZ PRL Õ21]

Furthermore, we can replace the color factors by the kinematic factors. The result is precisely the 
reduced Mellin amplitudes of IIB supergravity on !AdS5 ! S5

cs,t,u ! ni,js,t,u
<latexit sha1_base64="Ubwj5DYiLExOy6CrXErXhy7a+Fk=">AAACF3icbVDLSsNAFJ34rPUVdekmWAQXpSQi6LKgC5cV7AOaGibTSTt2MgkzN0IJ+Qs3/oobF4q41Z1/46SNoq0HBg7n3Mvcc/yYMwW2/WksLC4tr6yW1srrG5tb2+bObktFiSS0SSIeyY6PFeVM0CYw4LQTS4pDn9O2PzrP/fYdlYpF4hrGMe2FeCBYwAgGLXlmzQ0xDAFSknmpqkI1yVyIrG9VZDcpq97+eJ5ZsWv2BNY8cQpSQQUanvnh9iOShFQA4ViprmPH0EuxBEY4zcpuomiMyQgPaFdTgUOqeukkV2YdaqVvBZHUT4A1UX9vpDhUahz6ejK/V816ufif100gOOulTMQJUEGmHwUJt3TyvCSrzyQlwMeaYCKZvtUiQywxAV1lWZfgzEaeJ63jmqP51UmlflHUUUL76AAdIQedojq6RA3URATdo0f0jF6MB+PJeDXepqMLRrGzh/7AeP8CuI6g4A==</latexit><latexit sha1_base64="Ubwj5DYiLExOy6CrXErXhy7a+Fk=">AAACF3icbVDLSsNAFJ34rPUVdekmWAQXpSQi6LKgC5cV7AOaGibTSTt2MgkzN0IJ+Qs3/oobF4q41Z1/46SNoq0HBg7n3Mvcc/yYMwW2/WksLC4tr6yW1srrG5tb2+bObktFiSS0SSIeyY6PFeVM0CYw4LQTS4pDn9O2PzrP/fYdlYpF4hrGMe2FeCBYwAgGLXlmzQ0xDAFSknmpqkI1yVyIrG9VZDcpq97+eJ5ZsWv2BNY8cQpSQQUanvnh9iOShFQA4ViprmPH0EuxBEY4zcpuomiMyQgPaFdTgUOqeukkV2YdaqVvBZHUT4A1UX9vpDhUahz6ejK/V816ufif100gOOulTMQJUEGmHwUJt3TyvCSrzyQlwMeaYCKZvtUiQywxAV1lWZfgzEaeJ63jmqP51UmlflHUUUL76AAdIQedojq6RA3URATdo0f0jF6MB+PJeDXepqMLRrGzh/7AeP8CuI6g4A==</latexit><latexit sha1_base64="Ubwj5DYiLExOy6CrXErXhy7a+Fk=">AAACF3icbVDLSsNAFJ34rPUVdekmWAQXpSQi6LKgC5cV7AOaGibTSTt2MgkzN0IJ+Qs3/oobF4q41Z1/46SNoq0HBg7n3Mvcc/yYMwW2/WksLC4tr6yW1srrG5tb2+bObktFiSS0SSIeyY6PFeVM0CYw4LQTS4pDn9O2PzrP/fYdlYpF4hrGMe2FeCBYwAgGLXlmzQ0xDAFSknmpqkI1yVyIrG9VZDcpq97+eJ5ZsWv2BNY8cQpSQQUanvnh9iOShFQA4ViprmPH0EuxBEY4zcpuomiMyQgPaFdTgUOqeukkV2YdaqVvBZHUT4A1UX9vpDhUahz6ejK/V816ufif100gOOulTMQJUEGmHwUJt3TyvCSrzyQlwMeaYCKZvtUiQywxAV1lWZfgzEaeJ63jmqP51UmlflHUUUL76AAdIQedojq6RA3URATdo0f0jF6MB+PJeDXepqMLRrGzh/7AeP8CuI6g4A==</latexit><latexit sha1_base64="Ubwj5DYiLExOy6CrXErXhy7a+Fk=">AAACF3icbVDLSsNAFJ34rPUVdekmWAQXpSQi6LKgC5cV7AOaGibTSTt2MgkzN0IJ+Qs3/oobF4q41Z1/46SNoq0HBg7n3Mvcc/yYMwW2/WksLC4tr6yW1srrG5tb2+bObktFiSS0SSIeyY6PFeVM0CYw4LQTS4pDn9O2PzrP/fYdlYpF4hrGMe2FeCBYwAgGLXlmzQ0xDAFSknmpqkI1yVyIrG9VZDcpq97+eJ5ZsWv2BNY8cQpSQQUanvnh9iOShFQA4ViprmPH0EuxBEY4zcpuomiMyQgPaFdTgUOqeukkV2YdaqVvBZHUT4A1UX9vpDhUahz6ejK/V816ufif100gOOulTMQJUEGmHwUJt3TyvCSrzyQlwMeaYCKZvtUiQywxAV1lWZfgzEaeJ63jmqP51UmlflHUUUL76AAdIQedojq6RA3URATdo0f0jF6MB+PJeDXepqMLRrGzh/7AeP8CuI6g4A==</latexit>

fMk1k2k3k4 !
<latexit sha1_base64="cBNqvghVInml7W3b0LXFzHdUXZI=">AAACEnicbZC7SgNBFIZnvcZ4i1raLAZBm7AbA1oGtLARIpgLZMMyO3uSDDt7YeasEpZ9BhtfxcZCEVsrO9/GyaXQxB8GPv5zDnPO7yWCK7Ssb2NpeWV1bb2wUdzc2t7ZLe3tt1ScSgZNFotYdjyqQPAImshRQCeRQENPQNsLLsf19j1IxePoDkcJ9EI6iHifM4rackunzgP3AbnwIXNCikNGRXaT524WuHbgVgP3LHBruYOxWypbFWsicxHsGZTJTA239OX4MUtDiJAJqlTXthLsZVQiZwLyopMqSCgL6AC6GiMaguplk5Ny81g7vtmPpX4RmhP390RGQ6VGoac7x1ur+drY/K/WTbF/0ct4lKQIEZt+1E+FibE5zsf0uQSGYqSBMsn1riYbUkkZ6hSLOgR7/uRFaFUrtubbWrl+NYujQA7JETkhNjkndXJNGqRJGHkkz+SVvBlPxovxbnxMW5eM2cwB+SPj8wcdNJ5Z</latexit><latexit sha1_base64="cBNqvghVInml7W3b0LXFzHdUXZI=">AAACEnicbZC7SgNBFIZnvcZ4i1raLAZBm7AbA1oGtLARIpgLZMMyO3uSDDt7YeasEpZ9BhtfxcZCEVsrO9/GyaXQxB8GPv5zDnPO7yWCK7Ssb2NpeWV1bb2wUdzc2t7ZLe3tt1ScSgZNFotYdjyqQPAImshRQCeRQENPQNsLLsf19j1IxePoDkcJ9EI6iHifM4rackunzgP3AbnwIXNCikNGRXaT524WuHbgVgP3LHBruYOxWypbFWsicxHsGZTJTA239OX4MUtDiJAJqlTXthLsZVQiZwLyopMqSCgL6AC6GiMaguplk5Ny81g7vtmPpX4RmhP390RGQ6VGoac7x1ur+drY/K/WTbF/0ct4lKQIEZt+1E+FibE5zsf0uQSGYqSBMsn1riYbUkkZ6hSLOgR7/uRFaFUrtubbWrl+NYujQA7JETkhNjkndXJNGqRJGHkkz+SVvBlPxovxbnxMW5eM2cwB+SPj8wcdNJ5Z</latexit><latexit sha1_base64="cBNqvghVInml7W3b0LXFzHdUXZI=">AAACEnicbZC7SgNBFIZnvcZ4i1raLAZBm7AbA1oGtLARIpgLZMMyO3uSDDt7YeasEpZ9BhtfxcZCEVsrO9/GyaXQxB8GPv5zDnPO7yWCK7Ssb2NpeWV1bb2wUdzc2t7ZLe3tt1ScSgZNFotYdjyqQPAImshRQCeRQENPQNsLLsf19j1IxePoDkcJ9EI6iHifM4rackunzgP3AbnwIXNCikNGRXaT524WuHbgVgP3LHBruYOxWypbFWsicxHsGZTJTA239OX4MUtDiJAJqlTXthLsZVQiZwLyopMqSCgL6AC6GiMaguplk5Ny81g7vtmPpX4RmhP390RGQ6VGoac7x1ur+drY/K/WTbF/0ct4lKQIEZt+1E+FibE5zsf0uQSGYqSBMsn1riYbUkkZ6hSLOgR7/uRFaFUrtubbWrl+NYujQA7JETkhNjkndXJNGqRJGHkkz+SVvBlPxovxbnxMW5eM2cwB+SPj8wcdNJ5Z</latexit><latexit sha1_base64="cBNqvghVInml7W3b0LXFzHdUXZI=">AAACEnicbZC7SgNBFIZnvcZ4i1raLAZBm7AbA1oGtLARIpgLZMMyO3uSDDt7YeasEpZ9BhtfxcZCEVsrO9/GyaXQxB8GPv5zDnPO7yWCK7Ssb2NpeWV1bb2wUdzc2t7ZLe3tt1ScSgZNFotYdjyqQPAImshRQCeRQENPQNsLLsf19j1IxePoDkcJ9EI6iHifM4rackunzgP3AbnwIXNCikNGRXaT524WuHbgVgP3LHBruYOxWypbFWsicxHsGZTJTA239OX4MUtDiJAJqlTXthLsZVQiZwLyopMqSCgL6AC6GiMaguplk5Ny81g7vtmPpX4RmhP390RGQ6VGoac7x1ur+drY/K/WTbF/0ct4lKQIEZt+1E+FibE5zsf0uQSGYqSBMsn1riYbUkkZ6hSLOgR7/uRFaFUrtubbWrl+NYujQA7JETkhNjkndXJNGqRJGHkkz+SVvBlPxovxbnxMW5eM2cwB+SPj8wcdNJ5Z</latexit>

!
<latexit sha1_base64="psD1Q1SvR8jy4X6bdiJAo5H6ong=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjQQ8eK9haaJeSTbNtaJJdklmhLP0LXjwo4tU/5M1/Y9ruQVtfCDy8M0Nm3iiVwqLvf3ultfWNza3ydmVnd2//oHp41LZJZhhvsUQmphNRy6XQvIUCJe+khlMVSf4YjW9m9ccnbqxI9ANOUh4qOtQiFozizOrZTPWrNb/uz0VWISigBoWa/epXb5CwTHGNTFJru4GfYphTg4JJPq30MstTysZ0yLsONVXchvl81yk5c86AxIlxTyOZu78ncqqsnajIdSqKI7tcm5n/1boZxtdhLnSaIdds8VGcSYIJmR1OBsJwhnLigDIj3K6EjaihDF08FRdCsHzyKrQv6oHj+8ta47aIowwncArnEMAVNOAOmtACBiN4hld485T34r17H4vWklfMHMMfeZ8/MoeOVQ==</latexit><latexit sha1_base64="psD1Q1SvR8jy4X6bdiJAo5H6ong=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjQQ8eK9haaJeSTbNtaJJdklmhLP0LXjwo4tU/5M1/Y9ruQVtfCDy8M0Nm3iiVwqLvf3ultfWNza3ydmVnd2//oHp41LZJZhhvsUQmphNRy6XQvIUCJe+khlMVSf4YjW9m9ccnbqxI9ANOUh4qOtQiFozizOrZTPWrNb/uz0VWISigBoWa/epXb5CwTHGNTFJru4GfYphTg4JJPq30MstTysZ0yLsONVXchvl81yk5c86AxIlxTyOZu78ncqqsnajIdSqKI7tcm5n/1boZxtdhLnSaIdds8VGcSYIJmR1OBsJwhnLigDIj3K6EjaihDF08FRdCsHzyKrQv6oHj+8ta47aIowwncArnEMAVNOAOmtACBiN4hld485T34r17H4vWklfMHMMfeZ8/MoeOVQ==</latexit><latexit sha1_base64="psD1Q1SvR8jy4X6bdiJAo5H6ong=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjQQ8eK9haaJeSTbNtaJJdklmhLP0LXjwo4tU/5M1/Y9ruQVtfCDy8M0Nm3iiVwqLvf3ultfWNza3ydmVnd2//oHp41LZJZhhvsUQmphNRy6XQvIUCJe+khlMVSf4YjW9m9ccnbqxI9ANOUh4qOtQiFozizOrZTPWrNb/uz0VWISigBoWa/epXb5CwTHGNTFJru4GfYphTg4JJPq30MstTysZ0yLsONVXchvl81yk5c86AxIlxTyOZu78ncqqsnajIdSqKI7tcm5n/1boZxtdhLnSaIdds8VGcSYIJmR1OBsJwhnLigDIj3K6EjaihDF08FRdCsHzyKrQv6oHj+8ta47aIowwncArnEMAVNOAOmtACBiN4hld485T34r17H4vWklfMHMMfeZ8/MoeOVQ==</latexit><latexit sha1_base64="psD1Q1SvR8jy4X6bdiJAo5H6ong=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjQQ8eK9haaJeSTbNtaJJdklmhLP0LXjwo4tU/5M1/Y9ruQVtfCDy8M0Nm3iiVwqLvf3ultfWNza3ydmVnd2//oHp41LZJZhhvsUQmphNRy6XQvIUCJe+khlMVSf4YjW9m9ccnbqxI9ANOUh4qOtQiFozizOrZTPWrNb/uz0VWISigBoWa/epXb5CwTHGNTFJru4GfYphTg4JJPq30MstTysZ0yLsONVXchvl81yk5c86AxIlxTyOZu78ncqqsnajIdSqKI7tcm5n/1boZxtdhLnSaIdds8VGcSYIJmR1OBsJwhnLigDIj3K6EjaihDF08FRdCsHzyKrQv6oHj+8ta47aIowwncArnEMAVNOAOmtACBiN4hld485T34r17H4vWklfMHMMfeZ8/MoeOVQ==</latexit>

i + j + k = E ! 2
<latexit sha1_base64="3jwxml632HDH4tqnNXRZbrEzmRs=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBZBKJakFHQjFERwWcE+oA1lMp20YycPZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c9yIM6ks69sorK1vbG4Vt0s7u3v7B+bhUUeGsSC0TUIeip6LJeUsoG3FFKe9SFDsu5x23el15ncfqZAsDO5VElHHx+OAeYxgpaWhWWbVh+r0auBjNSGYpzez8/rQrFg1aw60SuycVCBHa2h+DUYhiX0aKMKxlH3bipSTYqEY4XRWGsSSRphM8Zj2NQ2wT6WTzsPP0KlWRsgLhX6BQnP190aKfSkT39WTWUi57GXif14/Vt6lk7IgihUNyOKQF3OkQpQ1gUZMUKJ4ogkmgumsiEywwETpvkq6BHv5y6ukU6/Zmt81Ks1GXkcRjuEEzsCGC2jCLbSgDQQSeIZXeDOejBfj3fhYjBaMfKcMf2B8/gCIypP+</latexit><latexit sha1_base64="3jwxml632HDH4tqnNXRZbrEzmRs=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBZBKJakFHQjFERwWcE+oA1lMp20YycPZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c9yIM6ks69sorK1vbG4Vt0s7u3v7B+bhUUeGsSC0TUIeip6LJeUsoG3FFKe9SFDsu5x23el15ncfqZAsDO5VElHHx+OAeYxgpaWhWWbVh+r0auBjNSGYpzez8/rQrFg1aw60SuycVCBHa2h+DUYhiX0aKMKxlH3bipSTYqEY4XRWGsSSRphM8Zj2NQ2wT6WTzsPP0KlWRsgLhX6BQnP190aKfSkT39WTWUi57GXif14/Vt6lk7IgihUNyOKQF3OkQpQ1gUZMUKJ4ogkmgumsiEywwETpvkq6BHv5y6ukU6/Zmt81Ks1GXkcRjuEEzsCGC2jCLbSgDQQSeIZXeDOejBfj3fhYjBaMfKcMf2B8/gCIypP+</latexit><latexit sha1_base64="3jwxml632HDH4tqnNXRZbrEzmRs=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBZBKJakFHQjFERwWcE+oA1lMp20YycPZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c9yIM6ks69sorK1vbG4Vt0s7u3v7B+bhUUeGsSC0TUIeip6LJeUsoG3FFKe9SFDsu5x23el15ncfqZAsDO5VElHHx+OAeYxgpaWhWWbVh+r0auBjNSGYpzez8/rQrFg1aw60SuycVCBHa2h+DUYhiX0aKMKxlH3bipSTYqEY4XRWGsSSRphM8Zj2NQ2wT6WTzsPP0KlWRsgLhX6BQnP190aKfSkT39WTWUi57GXif14/Vt6lk7IgihUNyOKQF3OkQpQ1gUZMUKJ4ogkmgumsiEywwETpvkq6BHv5y6ukU6/Zmt81Ks1GXkcRjuEEzsCGC2jCLbSgDQQSeIZXeDOejBfj3fhYjBaMfKcMf2B8/gCIypP+</latexit><latexit sha1_base64="3jwxml632HDH4tqnNXRZbrEzmRs=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBZBKJakFHQjFERwWcE+oA1lMp20YycPZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c9yIM6ks69sorK1vbG4Vt0s7u3v7B+bhUUeGsSC0TUIeip6LJeUsoG3FFKe9SFDsu5x23el15ncfqZAsDO5VElHHx+OAeYxgpaWhWWbVh+r0auBjNSGYpzez8/rQrFg1aw60SuycVCBHa2h+DUYhiX0aKMKxlH3bipSTYqEY4XRWGsSSRphM8Zj2NQ2wT6WTzsPP0KlWRsgLhX6BQnP190aKfSkT39WTWUi57GXif14/Vt6lk7IgihUNyOKQF3OkQpQ1gUZMUKJ4ogkmgumsiEywwETpvkq6BHv5y6ukU6/Zmt81Ks1GXkcRjuEEzsCGC2jCLbSgDQQSeIZXeDOejBfj3fhYjBaMfKcMf2B8/gCIypP+</latexit>

0 ! i, j, k ! E " 2
<latexit sha1_base64="MxyYsy+jg/jo2Xc5ua5TA7RnZjg=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARXNSSlIIuCyK4rGAv0IQymU7asZOLMxOhhG7c+CpuXCji1ndw59s4abPQ1h8GPv5zDnPO78WcSWVZ38bS8srq2npho7i5tb2za+7tt2SUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG11m9fYDFZJF4a0ax9QN8CBkPiNYaatnHlkOp/eIle/Ko4ycAKshwTy9mpxVe2bJqlhToUWwcyhBrkbP/HL6EUkCGirCsZRd24qVm2KhGOF0UnQSSWNMRnhAuxpDHFDpptMrJuhEO33kR0K/UKGp+3sixYGU48DTndmScr6Wmf/VuonyL9yUhXGiaEhmH/kJRypCWSSozwQlio81YCKY3hWRIRaYKB1cUYdgz5+8CK1qxdZ8UyvVa3kcBTiEYzgFG86hDtfQgCYQeIRneIU348l4Md6Nj1nrkpHPHMAfGZ8/JxGXqQ==</latexit><latexit sha1_base64="MxyYsy+jg/jo2Xc5ua5TA7RnZjg=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARXNSSlIIuCyK4rGAv0IQymU7asZOLMxOhhG7c+CpuXCji1ndw59s4abPQ1h8GPv5zDnPO78WcSWVZ38bS8srq2npho7i5tb2za+7tt2SUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG11m9fYDFZJF4a0ax9QN8CBkPiNYaatnHlkOp/eIle/Ko4ycAKshwTy9mpxVe2bJqlhToUWwcyhBrkbP/HL6EUkCGirCsZRd24qVm2KhGOF0UnQSSWNMRnhAuxpDHFDpptMrJuhEO33kR0K/UKGp+3sixYGU48DTndmScr6Wmf/VuonyL9yUhXGiaEhmH/kJRypCWSSozwQlio81YCKY3hWRIRaYKB1cUYdgz5+8CK1qxdZ8UyvVa3kcBTiEYzgFG86hDtfQgCYQeIRneIU348l4Md6Nj1nrkpHPHMAfGZ8/JxGXqQ==</latexit><latexit sha1_base64="MxyYsy+jg/jo2Xc5ua5TA7RnZjg=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARXNSSlIIuCyK4rGAv0IQymU7asZOLMxOhhG7c+CpuXCji1ndw59s4abPQ1h8GPv5zDnPO78WcSWVZ38bS8srq2npho7i5tb2za+7tt2SUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG11m9fYDFZJF4a0ax9QN8CBkPiNYaatnHlkOp/eIle/Ko4ycAKshwTy9mpxVe2bJqlhToUWwcyhBrkbP/HL6EUkCGirCsZRd24qVm2KhGOF0UnQSSWNMRnhAuxpDHFDpptMrJuhEO33kR0K/UKGp+3sixYGU48DTndmScr6Wmf/VuonyL9yUhXGiaEhmH/kJRypCWSSozwQlio81YCKY3hWRIRaYKB1cUYdgz5+8CK1qxdZ8UyvVa3kcBTiEYzgFG86hDtfQgCYQeIRneIU348l4Md6Nj1nrkpHPHMAfGZ8/JxGXqQ==</latexit><latexit sha1_base64="MxyYsy+jg/jo2Xc5ua5TA7RnZjg=">AAACBXicbZDLSsNAFIZPvNZ6i7rUxWARXNSSlIIuCyK4rGAv0IQymU7asZOLMxOhhG7c+CpuXCji1ndw59s4abPQ1h8GPv5zDnPO78WcSWVZ38bS8srq2npho7i5tb2za+7tt2SUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG11m9fYDFZJF4a0ax9QN8CBkPiNYaatnHlkOp/eIle/Ko4ycAKshwTy9mpxVe2bJqlhToUWwcyhBrkbP/HL6EUkCGirCsZRd24qVm2KhGOF0UnQSSWNMRnhAuxpDHFDpptMrJuhEO33kR0K/UKGp+3sixYGU48DTndmScr6Wmf/VuonyL9yUhXGiaEhmH/kJRypCWSSozwQlio81YCKY3hWRIRaYKB1cUYdgz5+8CK1qxdZ8UyvVa3kcBTiEYzgFG86hDtfQgCYQeIRneIU348l4Md6Nj1nrkpHPHMAfGZ8/JxGXqQ==</latexit>

! i " j

i !j !k!(i + ! u
2 )!( j + ! t

2 )!(k + ! s
2 )!

<latexit sha1_base64="ReDgh4DLIpZWz0eEklQ/ODpuPT0="></latexit><latexit sha1_base64="ReDgh4DLIpZWz0eEklQ/ODpuPT0="></latexit><latexit sha1_base64="ReDgh4DLIpZWz0eEklQ/ODpuPT0="></latexit><latexit sha1_base64="ReDgh4DLIpZWz0eEklQ/ODpuPT0="></latexit>

1
(s ! sM + 2k)( t ! tM + 2 j )(÷u ! uM + 2 i )

<latexit sha1_base64="IwGudxX74dWIJheYyQhK/7psvvk=">AAACGXicbZDLSsNAFIYn9VbrLerSTbAILdKSFEGXBV24ESrYC7SlTKaTduxkEmZOhBLyGm58FTcuFHGpK9/GSZuFtv4w8PGfczhzfjfkTIFtfxu5ldW19Y38ZmFre2d3z9w/aKkgkoQ2ScAD2XGxopwJ2gQGnHZCSbHvctp2J5dpvf1ApWKBuINpSPs+HgnmMYJBWwPT7nkSk9hJ4pKqqMHNaW1SLkEFUrovl3rA+JDGUVKJUoeVk4FZtKv2TNYyOBkUUabGwPzsDQMS+VQA4ViprmOH0I+xBEY4TQq9SNEQkwke0a5GgX2q+vHsssQ60c7Q8gKpnwBr5v6eiLGv1NR3daePYawWa6n5X60bgXfRj5kII6CCzBd5EbcgsNKYrCGTlACfasBEMv1Xi4yxjgp0mAUdgrN48jK0alVH8+1ZsX6VxZFHR+gYlZCDzlEdXaMGaiKCHtEzekVvxpPxYrwbH/PWnJHNHKI/Mr5+AEj/npc=</latexit><latexit sha1_base64="IwGudxX74dWIJheYyQhK/7psvvk=">AAACGXicbZDLSsNAFIYn9VbrLerSTbAILdKSFEGXBV24ESrYC7SlTKaTduxkEmZOhBLyGm58FTcuFHGpK9/GSZuFtv4w8PGfczhzfjfkTIFtfxu5ldW19Y38ZmFre2d3z9w/aKkgkoQ2ScAD2XGxopwJ2gQGnHZCSbHvctp2J5dpvf1ApWKBuINpSPs+HgnmMYJBWwPT7nkSk9hJ4pKqqMHNaW1SLkEFUrovl3rA+JDGUVKJUoeVk4FZtKv2TNYyOBkUUabGwPzsDQMS+VQA4ViprmOH0I+xBEY4TQq9SNEQkwke0a5GgX2q+vHsssQ60c7Q8gKpnwBr5v6eiLGv1NR3daePYawWa6n5X60bgXfRj5kII6CCzBd5EbcgsNKYrCGTlACfasBEMv1Xi4yxjgp0mAUdgrN48jK0alVH8+1ZsX6VxZFHR+gYlZCDzlEdXaMGaiKCHtEzekVvxpPxYrwbH/PWnJHNHKI/Mr5+AEj/npc=</latexit><latexit sha1_base64="IwGudxX74dWIJheYyQhK/7psvvk=">AAACGXicbZDLSsNAFIYn9VbrLerSTbAILdKSFEGXBV24ESrYC7SlTKaTduxkEmZOhBLyGm58FTcuFHGpK9/GSZuFtv4w8PGfczhzfjfkTIFtfxu5ldW19Y38ZmFre2d3z9w/aKkgkoQ2ScAD2XGxopwJ2gQGnHZCSbHvctp2J5dpvf1ApWKBuINpSPs+HgnmMYJBWwPT7nkSk9hJ4pKqqMHNaW1SLkEFUrovl3rA+JDGUVKJUoeVk4FZtKv2TNYyOBkUUabGwPzsDQMS+VQA4ViprmOH0I+xBEY4TQq9SNEQkwke0a5GgX2q+vHsssQ60c7Q8gKpnwBr5v6eiLGv1NR3daePYawWa6n5X60bgXfRj5kII6CCzBd5EbcgsNKYrCGTlACfasBEMv1Xi4yxjgp0mAUdgrN48jK0alVH8+1ZsX6VxZFHR+gYlZCDzlEdXaMGaiKCHtEzekVvxpPxYrwbH/PWnJHNHKI/Mr5+AEj/npc=</latexit><latexit sha1_base64="IwGudxX74dWIJheYyQhK/7psvvk=">AAACGXicbZDLSsNAFIYn9VbrLerSTbAILdKSFEGXBV24ESrYC7SlTKaTduxkEmZOhBLyGm58FTcuFHGpK9/GSZuFtv4w8PGfczhzfjfkTIFtfxu5ldW19Y38ZmFre2d3z9w/aKkgkoQ2ScAD2XGxopwJ2gQGnHZCSbHvctp2J5dpvf1ApWKBuINpSPs+HgnmMYJBWwPT7nkSk9hJ4pKqqMHNaW1SLkEFUrovl3rA+JDGUVKJUoeVk4FZtKv2TNYyOBkUUabGwPzsDQMS+VQA4ViprmOH0I+xBEY4TQq9SNEQkwke0a5GgX2q+vHsssQ60c7Q8gKpnwBr5v6eiLGv1NR3daePYawWa6n5X60bgXfRj5kII6CCzBd5EbcgsNKYrCGTlACfasBEMv1Xi4yxjgp0mAUdgrN48jK0alVH8+1ZsX6VxZFHR+gYlZCDzlEdXaMGaiKCHtEzekVvxpPxYrwbH/PWnJHNHKI/Mr5+AEj/npc=</latexit>

!
<latexit sha1_base64="o3RITcQqSdqNVf7GL2pOyHm3KbM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAHjxGMA9IljA7mU3GzM4sM71CCPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozjDeYltq0I2q5FIo3UKDk7dRwmkSSt6LRzcxvPXFjhVYPOE55mNCBErFgFJ3U7KJIuO2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKJuSTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rg+P1lpXabx1GEEziFcwjgCmpwB3VoAINHeIZXePO09+K9ex+L1oKXzxzDH3ifP7bHjzY=</latexit><latexit sha1_base64="o3RITcQqSdqNVf7GL2pOyHm3KbM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAHjxGMA9IljA7mU3GzM4sM71CCPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozjDeYltq0I2q5FIo3UKDk7dRwmkSSt6LRzcxvPXFjhVYPOE55mNCBErFgFJ3U7KJIuO2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKJuSTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rg+P1lpXabx1GEEziFcwjgCmpwB3VoAINHeIZXePO09+K9ex+L1oKXzxzDH3ifP7bHjzY=</latexit><latexit sha1_base64="o3RITcQqSdqNVf7GL2pOyHm3KbM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAHjxGMA9IljA7mU3GzM4sM71CCPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozjDeYltq0I2q5FIo3UKDk7dRwmkSSt6LRzcxvPXFjhVYPOE55mNCBErFgFJ3U7KJIuO2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKJuSTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rg+P1lpXabx1GEEziFcwjgCmpwB3VoAINHeIZXePO09+K9ex+L1oKXzxzDH3ifP7bHjzY=</latexit><latexit sha1_base64="o3RITcQqSdqNVf7GL2pOyHm3KbM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAHjxGMA9IljA7mU3GzM4sM71CCPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozjDeYltq0I2q5FIo3UKDk7dRwmkSSt6LRzcxvPXFjhVYPOE55mNCBErFgFJ3U7KJIuO2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKJuSTiZXzslZ07pk1gbVwrJXP09MaGJteMkcp0JxaFd9mbif14nw/g6nAiVZsgVWyyKM0lQk9nrpC8MZyjHjlBmhLuVsCE1lKELqORCCJZfXiXNi2rg+P1lpXabx1GEEziFcwjgCmpwB3VoAINHeIZXePO09+K9ex+L1oKXzxzDH3ifP7bHjzY=</latexit>

(super graviton four-point amplitudes [ Rastelli, XZ PRL Õ16])

This gives an AdS version of the double copy relation ! 

Note the following interesting features:

1) di"erent amounts of susy: 4d  to 4d ." = 2 " = 4

2) di"erent internal space dimensions: .S3 / S5



AdS double copy [XZ PRL Õ21]

Tempting to complete the sequence as: 

Ñ Yes! And we can check by explicit calculation!

ns,t,u ! c!
s,t,u

<latexit sha1_base64="D4YnhPSIFJYNHPzbGPj7qUJL1b4=">AAACEnicbVDLSsNAFJ34rPUVdekmWESFUhIRdFnQhcsK9gFNCJPptB06mYSZG6GEfIMbf8WNC0XcunLn3zhpU9DWAwOHc+5l7jlBzJkC2/42lpZXVtfWSxvlza3tnV1zb7+lokQS2iQRj2QnwIpyJmgTGHDaiSXFYcBpOxhd5377gUrFInEP45h6IR4I1mcEg5Z888wNMQwBUpH5qapCNclciKyZSrKTmeybFbtmT2AtEqcgFVSg4Ztfbi8iSUgFEI6V6jp2DF6KJTDCaVZ2E0VjTEZ4QLuaChxS5aWTSJl1rJWe1Y+kfgKsifp7I8WhUuMw0JP5qWrey8X/vG4C/SsvZSJOgAoy/aifcEuHzvuxekxSAnysCSaS6VstMsQSE9AtlnUJznzkRdI6rzma311U6jdFHSV0iI7QKXLQJaqjW9RATUTQI3pGr+jNeDJejHfjYzq6ZBQ7B+gPjM8fWIeegA==</latexit><latexit sha1_base64="D4YnhPSIFJYNHPzbGPj7qUJL1b4=">AAACEnicbVDLSsNAFJ34rPUVdekmWESFUhIRdFnQhcsK9gFNCJPptB06mYSZG6GEfIMbf8WNC0XcunLn3zhpU9DWAwOHc+5l7jlBzJkC2/42lpZXVtfWSxvlza3tnV1zb7+lokQS2iQRj2QnwIpyJmgTGHDaiSXFYcBpOxhd5377gUrFInEP45h6IR4I1mcEg5Z888wNMQwBUpH5qapCNclciKyZSrKTmeybFbtmT2AtEqcgFVSg4Ztfbi8iSUgFEI6V6jp2DF6KJTDCaVZ2E0VjTEZ4QLuaChxS5aWTSJl1rJWe1Y+kfgKsifp7I8WhUuMw0JP5qWrey8X/vG4C/SsvZSJOgAoy/aifcEuHzvuxekxSAnysCSaS6VstMsQSE9AtlnUJznzkRdI6rzma311U6jdFHSV0iI7QKXLQJaqjW9RATUTQI3pGr+jNeDJejHfjYzq6ZBQ7B+gPjM8fWIeegA==</latexit><latexit sha1_base64="D4YnhPSIFJYNHPzbGPj7qUJL1b4=">AAACEnicbVDLSsNAFJ34rPUVdekmWESFUhIRdFnQhcsK9gFNCJPptB06mYSZG6GEfIMbf8WNC0XcunLn3zhpU9DWAwOHc+5l7jlBzJkC2/42lpZXVtfWSxvlza3tnV1zb7+lokQS2iQRj2QnwIpyJmgTGHDaiSXFYcBpOxhd5377gUrFInEP45h6IR4I1mcEg5Z888wNMQwBUpH5qapCNclciKyZSrKTmeybFbtmT2AtEqcgFVSg4Ztfbi8iSUgFEI6V6jp2DF6KJTDCaVZ2E0VjTEZ4QLuaChxS5aWTSJl1rJWe1Y+kfgKsifp7I8WhUuMw0JP5qWrey8X/vG4C/SsvZSJOgAoy/aifcEuHzvuxekxSAnysCSaS6VstMsQSE9AtlnUJznzkRdI6rzma311U6jdFHSV0iI7QKXLQJaqjW9RATUTQI3pGr+jNeDJejHfjYzq6ZBQ7B+gPjM8fWIeegA==</latexit><latexit sha1_base64="D4YnhPSIFJYNHPzbGPj7qUJL1b4=">AAACEnicbVDLSsNAFJ34rPUVdekmWESFUhIRdFnQhcsK9gFNCJPptB06mYSZG6GEfIMbf8WNC0XcunLn3zhpU9DWAwOHc+5l7jlBzJkC2/42lpZXVtfWSxvlza3tnV1zb7+lokQS2iQRj2QnwIpyJmgTGHDaiSXFYcBpOxhd5377gUrFInEP45h6IR4I1mcEg5Z888wNMQwBUpH5qapCNclciKyZSrKTmeybFbtmT2AtEqcgFVSg4Ztfbi8iSUgFEI6V6jp2DF6KJTDCaVZ2E0VjTEZ4QLuaChxS5aWTSJl1rJWe1Y+kfgKsifp7I8WhUuMw0JP5qWrey8X/vG4C/SsvZSJOgAoy/aifcEuHzvuxekxSAnysCSaS6VstMsQSE9AtlnUJznzkRdI6rzma311U6jdFHSV0iI7QKXLQJaqjW9RATUTQI3pGr+jNeDJejHfjYzq6ZBQ7B+gPjM8fWIeegA==</latexit>

fMk1k2k3k4 !
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- Three scalar exchange diagrams dictated by the  selection rule.U(1)

In summary, the AdS double copy relates 4-pt amplitudes of all KK modes of

1) IIB sugra on ,AdS5 ! S5 2) SYM on ,AdS5 ! S3 3) bi-adjoint scalar on ,AdS5 ! S1

in a way which fully parallels the ßat-space relation!

- Correct 3-pt functions of a conformally coupled scalar on  with  interaction.AdS5 ! S1 ' 3

If we now replace the kinematic factors by color factors, should we get the Mellin amplitudes of a 
bosonic  bi-adjoint scalar  theory on ?AdS5 ! S1

" = 4 / " = 2 / " = 0
?

S5 / S3 / S1?



Loop amplitudes
Unitarity method
From the tree-level amplitudes we can further construct one-loop amplitudes by extending the ßat-
space unitarity method  into AdS [Aharony, Alday, Bissi, Perlmutter]. Schematically, the unitarity 
method ÒgluesÓ together two tree-level amplitudes and sum over the modes in the loop.
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We will consider the one-loop correlator with  for simplicity.ki = 2



Loop amplitudes
Unitarity method
In the CFT language, this boils down to computing the leading logarithmic singularity . This 
singularity corresponds to the double-discontinuity , and completely determines the correlator as 
can be seen from the Lorentzian inversion formula [Caron-Huot ] 

logL+1 U
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Here the contribution is from the unprotected long operators
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are the OPE coe!cients at the disconnected order (MFT)

are the tree-level anomalous dimensions, encoded in the 
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H (1)
!
!
log U

<latexit sha1_base64="9Dtn+w7h6w6FY9h69tnMV1lyCtQ=">AAACCHicbZDNSsNAFIUn/tb6F3XpwsEi1E1JRNBlQRddVjBtoYlhMp2kQyeTMDMRSszSja/ixoUibn0Ed76Nk7YLbT0w8HHuvcy9J0gZlcqyvo2l5ZXVtfXKRnVza3tn19zb78gkE5g4OGGJ6AVIEkY5cRRVjPRSQVAcMNINRldlvXtPhKQJv1XjlHgxijgNKUZKW7555MZIDTFieau4y+v2aeEGNHrwc5clEXQK36xZDWsiuAj2DGpgprZvfrmDBGcx4QozJGXftlLl5Ugoihkpqm4mSYrwCEWkr5GjmEgvnxxSwBPtDGCYCP24ghP390SOYinHcaA7y7XlfK00/6v1MxVeejnlaaYIx9OPwoxBlcAyFTiggmDFxhoQFlTvCvEQCYSVzq6qQ7DnT16EzlnD1nxzXmtez+KogENwDOrABhegCVqgDRyAwSN4Bq/gzXgyXox342PaumTMZg7AHxmfP4Y0maU=</latexit><latexit sha1_base64="9Dtn+w7h6w6FY9h69tnMV1lyCtQ=">AAACCHicbZDNSsNAFIUn/tb6F3XpwsEi1E1JRNBlQRddVjBtoYlhMp2kQyeTMDMRSszSja/ixoUibn0Ed76Nk7YLbT0w8HHuvcy9J0gZlcqyvo2l5ZXVtfXKRnVza3tn19zb78gkE5g4OGGJ6AVIEkY5cRRVjPRSQVAcMNINRldlvXtPhKQJv1XjlHgxijgNKUZKW7555MZIDTFieau4y+v2aeEGNHrwc5clEXQK36xZDWsiuAj2DGpgprZvfrmDBGcx4QozJGXftlLl5Ugoihkpqm4mSYrwCEWkr5GjmEgvnxxSwBPtDGCYCP24ghP390SOYinHcaA7y7XlfK00/6v1MxVeejnlaaYIx9OPwoxBlcAyFTiggmDFxhoQFlTvCvEQCYSVzq6qQ7DnT16EzlnD1nxzXmtez+KogENwDOrABhegCVqgDRyAwSN4Bq/gzXgyXox342PaumTMZg7AHxmfP4Y0maU=</latexit><latexit sha1_base64="9Dtn+w7h6w6FY9h69tnMV1lyCtQ=">AAACCHicbZDNSsNAFIUn/tb6F3XpwsEi1E1JRNBlQRddVjBtoYlhMp2kQyeTMDMRSszSja/ixoUibn0Ed76Nk7YLbT0w8HHuvcy9J0gZlcqyvo2l5ZXVtfXKRnVza3tn19zb78gkE5g4OGGJ6AVIEkY5cRRVjPRSQVAcMNINRldlvXtPhKQJv1XjlHgxijgNKUZKW7555MZIDTFieau4y+v2aeEGNHrwc5clEXQK36xZDWsiuAj2DGpgprZvfrmDBGcx4QozJGXftlLl5Ugoihkpqm4mSYrwCEWkr5GjmEgvnxxSwBPtDGCYCP24ghP390SOYinHcaA7y7XlfK00/6v1MxVeejnlaaYIx9OPwoxBlcAyFTiggmDFxhoQFlTvCvEQCYSVzq6qQ7DnT16EzlnD1nxzXmtez+KogENwDOrABhegCVqgDRyAwSN4Bq/gzXgyXox342PaumTMZg7AHxmfP4Y0maU=</latexit><latexit sha1_base64="9Dtn+w7h6w6FY9h69tnMV1lyCtQ=">AAACCHicbZDNSsNAFIUn/tb6F3XpwsEi1E1JRNBlQRddVjBtoYlhMp2kQyeTMDMRSszSja/ixoUibn0Ed76Nk7YLbT0w8HHuvcy9J0gZlcqyvo2l5ZXVtfXKRnVza3tn19zb78gkE5g4OGGJ6AVIEkY5cRRVjPRSQVAcMNINRldlvXtPhKQJv1XjlHgxijgNKUZKW7555MZIDTFieau4y+v2aeEGNHrwc5clEXQK36xZDWsiuAj2DGpgprZvfrmDBGcx4QozJGXftlLl5Ugoihkpqm4mSYrwCEWkr5GjmEgvnxxSwBPtDGCYCP24ghP390SOYinHcaA7y7XlfK00/6v1MxVeejnlaaYIx9OPwoxBlcAyFTiggmDFxhoQFlTvCvEQCYSVzq6qQ7DnT16EzlnD1nxzXmtez+KogENwDOrABhegCVqgDRyAwSN4Bq/gzXgyXox342PaumTMZg7AHxmfP4Y0maU=</latexit>

Note there is also an average, which arises because of operator mixing. E.g.              and                  
have the same conformal dimension. However, by considering all  tree-level correlators, we 
can unmix the data and compute the average. 

-22pp.
: O3O3 :

<latexit sha1_base64="W7NE5RA4T+7k9aD/yQv3hmcJeXI=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwVRIVlK4KunBnBfuANpTJdNIOnUzCzEQooRs3/oobF4q49R/c+TdO2ixs64GBM+fcy733+DFnSjvOj7W0vLK6tl7YKG5ube/s2nv7DRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36w+vMbz5SqVgkHvQopl6I+4IFjGBtpK59VOmEWA8I5unduHs+86l07ZJTdiZAi8TNSQly1Lr2d6cXkSSkQhOOlWq7Tqy9FEvNCKfjYidRNMZkiPu0bajAIVVeOrlijE6M0kNBJM0TGk3Uvx0pDpUahb6pzLZU814m/ue1Ex1ceSkTcaKpINNBQcKRjlAWCeoxSYnmI0MwkczsisgAS0y0Ca5oQnDnT14kjbOya/j9Ral6k8dRgEM4hlNw4RKqcAs1qAOBJ3iBN3i3nq1X68P6nJYuWXnPAczA+voFKFWYVw==</latexit><latexit sha1_base64="W7NE5RA4T+7k9aD/yQv3hmcJeXI=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwVRIVlK4KunBnBfuANpTJdNIOnUzCzEQooRs3/oobF4q49R/c+TdO2ixs64GBM+fcy733+DFnSjvOj7W0vLK6tl7YKG5ube/s2nv7DRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36w+vMbz5SqVgkHvQopl6I+4IFjGBtpK59VOmEWA8I5unduHs+86l07ZJTdiZAi8TNSQly1Lr2d6cXkSSkQhOOlWq7Tqy9FEvNCKfjYidRNMZkiPu0bajAIVVeOrlijE6M0kNBJM0TGk3Uvx0pDpUahb6pzLZU814m/ue1Ex1ceSkTcaKpINNBQcKRjlAWCeoxSYnmI0MwkczsisgAS0y0Ca5oQnDnT14kjbOya/j9Ral6k8dRgEM4hlNw4RKqcAs1qAOBJ3iBN3i3nq1X68P6nJYuWXnPAczA+voFKFWYVw==</latexit><latexit sha1_base64="W7NE5RA4T+7k9aD/yQv3hmcJeXI=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwVRIVlK4KunBnBfuANpTJdNIOnUzCzEQooRs3/oobF4q49R/c+TdO2ixs64GBM+fcy733+DFnSjvOj7W0vLK6tl7YKG5ube/s2nv7DRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36w+vMbz5SqVgkHvQopl6I+4IFjGBtpK59VOmEWA8I5unduHs+86l07ZJTdiZAi8TNSQly1Lr2d6cXkSSkQhOOlWq7Tqy9FEvNCKfjYidRNMZkiPu0bajAIVVeOrlijE6M0kNBJM0TGk3Uvx0pDpUahb6pzLZU814m/ue1Ex1ceSkTcaKpINNBQcKRjlAWCeoxSYnmI0MwkczsisgAS0y0Ca5oQnDnT14kjbOya/j9Ral6k8dRgEM4hlNw4RKqcAs1qAOBJ3iBN3i3nq1X68P6nJYuWXnPAczA+voFKFWYVw==</latexit><latexit sha1_base64="W7NE5RA4T+7k9aD/yQv3hmcJeXI=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwVRIVlK4KunBnBfuANpTJdNIOnUzCzEQooRs3/oobF4q49R/c+TdO2ixs64GBM+fcy733+DFnSjvOj7W0vLK6tl7YKG5ube/s2nv7DRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36w+vMbz5SqVgkHvQopl6I+4IFjGBtpK59VOmEWA8I5unduHs+86l07ZJTdiZAi8TNSQly1Lr2d6cXkSSkQhOOlWq7Tqy9FEvNCKfjYidRNMZkiPu0bajAIVVeOrlijE6M0kNBJM0TGk3Uvx0pDpUahb6pzLZU814m/ue1Ex1ceSkTcaKpINNBQcKRjlAWCeoxSYnmI0MwkczsisgAS0y0Ca5oQnDnT14kjbOya/j9Ral6k8dRgEM4hlNw4RKqcAs1qAOBJ3iBN3i3nq1X68P6nJYuWXnPAczA+voFKFWYVw==</latexit>

: O2! O2 :
<latexit sha1_base64="TofA6f+GJE/QRoViwRUSnGuiUNQ=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVZIiKF0VdOHOCrYVmlAm05t26GQSZyZCCf0AN/6KGxeKuPUD3Pk3TtosbOuBgcM55zL3Hj/mTGnb/rEKK6tr6xvFzdLW9s7uXnn/oK2iRFJo0YhH8t4nCjgT0NJMc7iPJZDQ59DxR5eZ33kEqVgk7vQ4Bi8kA8ECRok2Uq9cqbsh0UNKeHoz6dVc9ZAQCXNa3aTsqj0FXiZOTiooR7NX/nb7EU1CEJpyolTXsWPtpURqRjlMSm6iICZ0RAbQNVSQEJSXTo+Z4BOj9HEQSfOExlP170RKQqXGoW+S2ZZq0cvE/7xuooMLL2UiTjQIOvsoSDjWEc6awX0mgWo+NoRQycyumA6JJFSb/kqmBGfx5GXSrlUdw2/PKo2rvI4iOkLH6BQ56Bw10DVqohai6Am9oDf0bj1br9aH9TmLFqx85hDNwfr6BfAim4g=</latexit><latexit sha1_base64="TofA6f+GJE/QRoViwRUSnGuiUNQ=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVZIiKF0VdOHOCrYVmlAm05t26GQSZyZCCf0AN/6KGxeKuPUD3Pk3TtosbOuBgcM55zL3Hj/mTGnb/rEKK6tr6xvFzdLW9s7uXnn/oK2iRFJo0YhH8t4nCjgT0NJMc7iPJZDQ59DxR5eZ33kEqVgk7vQ4Bi8kA8ECRok2Uq9cqbsh0UNKeHoz6dVc9ZAQCXNa3aTsqj0FXiZOTiooR7NX/nb7EU1CEJpyolTXsWPtpURqRjlMSm6iICZ0RAbQNVSQEJSXTo+Z4BOj9HEQSfOExlP170RKQqXGoW+S2ZZq0cvE/7xuooMLL2UiTjQIOvsoSDjWEc6awX0mgWo+NoRQycyumA6JJFSb/kqmBGfx5GXSrlUdw2/PKo2rvI4iOkLH6BQ56Bw10DVqohai6Am9oDf0bj1br9aH9TmLFqx85hDNwfr6BfAim4g=</latexit><latexit sha1_base64="TofA6f+GJE/QRoViwRUSnGuiUNQ=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVZIiKF0VdOHOCrYVmlAm05t26GQSZyZCCf0AN/6KGxeKuPUD3Pk3TtosbOuBgcM55zL3Hj/mTGnb/rEKK6tr6xvFzdLW9s7uXnn/oK2iRFJo0YhH8t4nCjgT0NJMc7iPJZDQ59DxR5eZ33kEqVgk7vQ4Bi8kA8ECRok2Uq9cqbsh0UNKeHoz6dVc9ZAQCXNa3aTsqj0FXiZOTiooR7NX/nb7EU1CEJpyolTXsWPtpURqRjlMSm6iICZ0RAbQNVSQEJSXTo+Z4BOj9HEQSfOExlP170RKQqXGoW+S2ZZq0cvE/7xuooMLL2UiTjQIOvsoSDjWEc6awX0mgWo+NoRQycyumA6JJFSb/kqmBGfx5GXSrlUdw2/PKo2rvI4iOkLH6BQ56Bw10DVqohai6Am9oDf0bj1br9aH9TmLFqx85hDNwfr6BfAim4g=</latexit><latexit sha1_base64="TofA6f+GJE/QRoViwRUSnGuiUNQ=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVZIiKF0VdOHOCrYVmlAm05t26GQSZyZCCf0AN/6KGxeKuPUD3Pk3TtosbOuBgcM55zL3Hj/mTGnb/rEKK6tr6xvFzdLW9s7uXnn/oK2iRFJo0YhH8t4nCjgT0NJMc7iPJZDQ59DxR5eZ33kEqVgk7vQ4Bi8kA8ECRok2Uq9cqbsh0UNKeHoz6dVc9ZAQCXNa3aTsqj0FXiZOTiooR7NX/nb7EU1CEJpyolTXsWPtpURqRjlMSm6iICZ0RAbQNVSQEJSXTo+Z4BOj9HEQSfOExlP170RKQqXGoW+S2ZZq0cvE/7xuooMLL2UiTjQIOvsoSDjWEc6awX0mgWo+NoRQycyumA6JJFSb/kqmBGfx5GXSrlUdw2/PKo2rvI4iOkLH6BQ56Bw10DVqohai6Am9oDf0bj1br9aH9TmLFqx85hDNwfr6BfAim4g=</latexit>

(one loop)



Loop amplitudes
One-loop amplitudes
This gluing procedure can be streamlined in Mellin space where analytic structure becomes simpler. 
For the super gluon 4-pt function, there are several color channels and we apply gluing in each 
channel. By further using crossing symmetry, we Þnd the following remarkably simple answer for 
arbitrary GF

[Alday, Bissi, XZ, to appear]

fM2222 =
<latexit sha1_base64="Jegpvd4mWd+tSlQD2jc8FRQzqT0=">AAACCHicbZDLSsNAFIYn9VbrLerShcEiuCpJEXQjFHThRqhgL9CEMJmctEMnF2YmSglZuvFV3LhQxK2P4M63cdJmoa0/DHz85xzmnN9LGBXSNL+1ytLyyupadb22sbm1vaPv7nVFnHICHRKzmPc9LIDRCDqSSgb9hAMOPQY9b3xZ1Hv3wAWNozs5ScAJ8TCiASVYKsvVD+0H6oOkzIfMDrEcEcyymzx3s6ZSfuHqdbNhTmUsglVCHZVqu/qX7cckDSGShGEhBpaZSCfDXFLCIK/ZqYAEkzEewkBhhEMQTjY9JDeOleMbQczVi6QxdX9PZDgUYhJ6qrPYVczXCvO/2iCVwbmT0ShJJURk9lGQMkPGRpGK4VMORLKJAkw4VbsaZIQ5JlJlV1MhWPMnL0K32bAU357WW1dlHFV0gI7QCbLQGWqha9RGHUTQI3pGr+hNe9JetHftY9Za0cqZffRH2ucPx42ZyQ==</latexit><latexit sha1_base64="Jegpvd4mWd+tSlQD2jc8FRQzqT0=">AAACCHicbZDLSsNAFIYn9VbrLerShcEiuCpJEXQjFHThRqhgL9CEMJmctEMnF2YmSglZuvFV3LhQxK2P4M63cdJmoa0/DHz85xzmnN9LGBXSNL+1ytLyyupadb22sbm1vaPv7nVFnHICHRKzmPc9LIDRCDqSSgb9hAMOPQY9b3xZ1Hv3wAWNozs5ScAJ8TCiASVYKsvVD+0H6oOkzIfMDrEcEcyymzx3s6ZSfuHqdbNhTmUsglVCHZVqu/qX7cckDSGShGEhBpaZSCfDXFLCIK/ZqYAEkzEewkBhhEMQTjY9JDeOleMbQczVi6QxdX9PZDgUYhJ6qrPYVczXCvO/2iCVwbmT0ShJJURk9lGQMkPGRpGK4VMORLKJAkw4VbsaZIQ5JlJlV1MhWPMnL0K32bAU357WW1dlHFV0gI7QCbLQGWqha9RGHUTQI3pGr+hNe9JetHftY9Za0cqZffRH2ucPx42ZyQ==</latexit><latexit sha1_base64="Jegpvd4mWd+tSlQD2jc8FRQzqT0=">AAACCHicbZDLSsNAFIYn9VbrLerShcEiuCpJEXQjFHThRqhgL9CEMJmctEMnF2YmSglZuvFV3LhQxK2P4M63cdJmoa0/DHz85xzmnN9LGBXSNL+1ytLyyupadb22sbm1vaPv7nVFnHICHRKzmPc9LIDRCDqSSgb9hAMOPQY9b3xZ1Hv3wAWNozs5ScAJ8TCiASVYKsvVD+0H6oOkzIfMDrEcEcyymzx3s6ZSfuHqdbNhTmUsglVCHZVqu/qX7cckDSGShGEhBpaZSCfDXFLCIK/ZqYAEkzEewkBhhEMQTjY9JDeOleMbQczVi6QxdX9PZDgUYhJ6qrPYVczXCvO/2iCVwbmT0ShJJURk9lGQMkPGRpGK4VMORLKJAkw4VbsaZIQ5JlJlV1MhWPMnL0K32bAU357WW1dlHFV0gI7QCbLQGWqha9RGHUTQI3pGr+hNe9JetHftY9Za0cqZffRH2ucPx42ZyQ==</latexit><latexit sha1_base64="Jegpvd4mWd+tSlQD2jc8FRQzqT0=">AAACCHicbZDLSsNAFIYn9VbrLerShcEiuCpJEXQjFHThRqhgL9CEMJmctEMnF2YmSglZuvFV3LhQxK2P4M63cdJmoa0/DHz85xzmnN9LGBXSNL+1ytLyyupadb22sbm1vaPv7nVFnHICHRKzmPc9LIDRCDqSSgb9hAMOPQY9b3xZ1Hv3wAWNozs5ScAJ8TCiASVYKsvVD+0H6oOkzIfMDrEcEcyymzx3s6ZSfuHqdbNhTmUsglVCHZVqu/qX7cckDSGShGEhBpaZSCfDXFLCIK/ZqYAEkzEewkBhhEMQTjY9JDeOleMbQczVi6QxdX9PZDgUYhJ6qrPYVczXCvO/2iCVwbmT0ShJJURk9lGQMkPGRpGK4VMORLKJAkw4VbsaZIQ5JlJlV1MhWPMnL0K32bAU357WW1dlHFV0gI7QCbLQGWqha9RGHUTQI3pGr+hNe9JetHftY9Za0cqZffRH2ucPx42ZyQ==</latexit>

dst Bst + dsu Bsu + dtu Btu
<latexit sha1_base64="cEHPuSN2s6DcnqSJItx8Sn+INj4=">AAACS3icbVBLS8NAGNxUq7W+oh69LBZBEEoigh6LevBYwT6gLWGz2bRLNw92vwgl5P958eLNP+HFgyIe3KQ92NSBhdmZ+dhvx40FV2BZb0Zlbb26sVnbqm/v7O7tmweHXRUlkrIOjUQk+y5RTPCQdYCDYP1YMhK4gvXc6W3u956YVDwKH2EWs1FAxiH3OSWgJcd0hwGBCUDqZU6qIMPFnRKR3syF86VAUg4kywEoB7TgmA2raRXAq8RekAZaoO2Yr0MvoknAQqCCKDWwrRhGKZHAqWBZfZgoFhM6JWM20DQkAVOjtOgiw6da8bAfSX1CwIX6dyIlgVKzwNXJfE9V9nLxP2+QgH89SnkYJ8BCOn/ITwSGCOfFYo9LRkHMNCFUcr0rphMiCQVdf12XYJe/vEq6F01b84fLRutuUUcNHaMTdIZsdIVa6B61UQdR9Ize0Sf6Ml6MD+Pb+JlHK8Zi5ggtoVL9BaY3t+A=</latexit><latexit sha1_base64="cEHPuSN2s6DcnqSJItx8Sn+INj4=">AAACS3icbVBLS8NAGNxUq7W+oh69LBZBEEoigh6LevBYwT6gLWGz2bRLNw92vwgl5P958eLNP+HFgyIe3KQ92NSBhdmZ+dhvx40FV2BZb0Zlbb26sVnbqm/v7O7tmweHXRUlkrIOjUQk+y5RTPCQdYCDYP1YMhK4gvXc6W3u956YVDwKH2EWs1FAxiH3OSWgJcd0hwGBCUDqZU6qIMPFnRKR3syF86VAUg4kywEoB7TgmA2raRXAq8RekAZaoO2Yr0MvoknAQqCCKDWwrRhGKZHAqWBZfZgoFhM6JWM20DQkAVOjtOgiw6da8bAfSX1CwIX6dyIlgVKzwNXJfE9V9nLxP2+QgH89SnkYJ8BCOn/ITwSGCOfFYo9LRkHMNCFUcr0rphMiCQVdf12XYJe/vEq6F01b84fLRutuUUcNHaMTdIZsdIVa6B61UQdR9Ize0Sf6Ml6MD+Pb+JlHK8Zi5ggtoVL9BaY3t+A=</latexit><latexit sha1_base64="cEHPuSN2s6DcnqSJItx8Sn+INj4=">AAACS3icbVBLS8NAGNxUq7W+oh69LBZBEEoigh6LevBYwT6gLWGz2bRLNw92vwgl5P958eLNP+HFgyIe3KQ92NSBhdmZ+dhvx40FV2BZb0Zlbb26sVnbqm/v7O7tmweHXRUlkrIOjUQk+y5RTPCQdYCDYP1YMhK4gvXc6W3u956YVDwKH2EWs1FAxiH3OSWgJcd0hwGBCUDqZU6qIMPFnRKR3syF86VAUg4kywEoB7TgmA2raRXAq8RekAZaoO2Yr0MvoknAQqCCKDWwrRhGKZHAqWBZfZgoFhM6JWM20DQkAVOjtOgiw6da8bAfSX1CwIX6dyIlgVKzwNXJfE9V9nLxP2+QgH89SnkYJ8BCOn/ITwSGCOfFYo9LRkHMNCFUcr0rphMiCQVdf12XYJe/vEq6F01b84fLRutuUUcNHaMTdIZsdIVa6B61UQdR9Ize0Sf6Ml6MD+Pb+JlHK8Zi5ggtoVL9BaY3t+A=</latexit><latexit sha1_base64="cEHPuSN2s6DcnqSJItx8Sn+INj4=">AAACS3icbVBLS8NAGNxUq7W+oh69LBZBEEoigh6LevBYwT6gLWGz2bRLNw92vwgl5P958eLNP+HFgyIe3KQ92NSBhdmZ+dhvx40FV2BZb0Zlbb26sVnbqm/v7O7tmweHXRUlkrIOjUQk+y5RTPCQdYCDYP1YMhK4gvXc6W3u956YVDwKH2EWs1FAxiH3OSWgJcd0hwGBCUDqZU6qIMPFnRKR3syF86VAUg4kywEoB7TgmA2raRXAq8RekAZaoO2Yr0MvoknAQqCCKDWwrRhGKZHAqWBZfZgoFhM6JWM20DQkAVOjtOgiw6da8bAfSX1CwIX6dyIlgVKzwNXJfE9V9nLxP2+QgH89SnkYJ8BCOn/ITwSGCOfFYo9LRkHMNCFUcr0rphMiCQVdf12XYJe/vEq6F01b84fLRutuUUcNHaMTdIZsdIVa6B61UQdR9Ize0Sf6Ml6MD+Pb+JlHK8Zi5ggtoVL9BaY3t+A=</latexit>

Here       ,       ,        are ÒboxesÓ in the color space dst
<latexit sha1_base64="boyGbo3n27Gj91HlpYvT7eN9U64=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFnQhcsK9gFtCJPJpB06mYSZm0IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIBVcg+N8W7WNza3tnfpuY2//4PDIPj7p6SRTlHVpIhI1CIhmgkvWBQ6CDVLFSBwI1g+md6XfnzGleSKfYJ4yLyZjySNOCRjJt+1RTGACkIeFn2sosG83nZazAF4nbkWaqELHt79GYUKzmEmggmg9dJ0UvJwo4FSwojHKNEsJnZIxGxoqScy0ly+SF/jCKCGOEmWeBLxQf2/kJNZ6HgdmssypV71S/M8bZhDdejmXaQZM0uWhKBMYElzWgEOuGAUxN4RQxU1WTCdEEQqmrIYpwV398jrpXbVcwx+vm+37qo46OkPn6BK56Aa10QPqoC6iaIae0St6s3LrxXq3PpajNavaOUV/YH3+AB0sk/U=</latexit><latexit sha1_base64="boyGbo3n27Gj91HlpYvT7eN9U64=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFnQhcsK9gFtCJPJpB06mYSZm0IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIBVcg+N8W7WNza3tnfpuY2//4PDIPj7p6SRTlHVpIhI1CIhmgkvWBQ6CDVLFSBwI1g+md6XfnzGleSKfYJ4yLyZjySNOCRjJt+1RTGACkIeFn2sosG83nZazAF4nbkWaqELHt79GYUKzmEmggmg9dJ0UvJwo4FSwojHKNEsJnZIxGxoqScy0ly+SF/jCKCGOEmWeBLxQf2/kJNZ6HgdmssypV71S/M8bZhDdejmXaQZM0uWhKBMYElzWgEOuGAUxN4RQxU1WTCdEEQqmrIYpwV398jrpXbVcwx+vm+37qo46OkPn6BK56Aa10QPqoC6iaIae0St6s3LrxXq3PpajNavaOUV/YH3+AB0sk/U=</latexit><latexit sha1_base64="boyGbo3n27Gj91HlpYvT7eN9U64=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFnQhcsK9gFtCJPJpB06mYSZm0IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIBVcg+N8W7WNza3tnfpuY2//4PDIPj7p6SRTlHVpIhI1CIhmgkvWBQ6CDVLFSBwI1g+md6XfnzGleSKfYJ4yLyZjySNOCRjJt+1RTGACkIeFn2sosG83nZazAF4nbkWaqELHt79GYUKzmEmggmg9dJ0UvJwo4FSwojHKNEsJnZIxGxoqScy0ly+SF/jCKCGOEmWeBLxQf2/kJNZ6HgdmssypV71S/M8bZhDdejmXaQZM0uWhKBMYElzWgEOuGAUxN4RQxU1WTCdEEQqmrIYpwV398jrpXbVcwx+vm+37qo46OkPn6BK56Aa10QPqoC6iaIae0St6s3LrxXq3PpajNavaOUV/YH3+AB0sk/U=</latexit><latexit sha1_base64="boyGbo3n27Gj91HlpYvT7eN9U64=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFnQhcsK9gFtCJPJpB06mYSZm0IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIBVcg+N8W7WNza3tnfpuY2//4PDIPj7p6SRTlHVpIhI1CIhmgkvWBQ6CDVLFSBwI1g+md6XfnzGleSKfYJ4yLyZjySNOCRjJt+1RTGACkIeFn2sosG83nZazAF4nbkWaqELHt79GYUKzmEmggmg9dJ0UvJwo4FSwojHKNEsJnZIxGxoqScy0ly+SF/jCKCGOEmWeBLxQf2/kJNZ6HgdmssypV71S/M8bZhDdejmXaQZM0uWhKBMYElzWgEOuGAUxN4RQxU1WTCdEEQqmrIYpwV398jrpXbVcwx+vm+37qo46OkPn6BK56Aa10QPqoC6iaIae0St6s3LrxXq3PpajNavaOUV/YH3+AB0sk/U=</latexit>

dsu
<latexit sha1_base64="55YwdiX8loNxm/aYRf4Wz/ZxMJ4=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFnQhcsK9gFtCJPJpB06mYSZm0IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIBVcg+N8W7WNza3tnfpuY2//4PDIPj7p6SRTlHVpIhI1CIhmgkvWBQ6CDVLFSBwI1g+md6XfnzGleSKfYJ4yLyZjySNOCRjJt+1RTGACkIeFn+uswL7ddFrOAniduBVpogod3/4ahQnNYiaBCqL10HVS8HKigFPBisYo0ywldErGbGioJDHTXr5IXuALo4Q4SpR5EvBC/b2Rk1jreRyYyTKnXvVK8T9vmEF06+VcphkwSZeHokxgSHBZAw65YhTE3BBCFTdZMZ0QRSiYshqmBHf1y+ukd9VyDX+8brbvqzrq6Aydo0vkohvURg+og7qIohl6Rq/ozcqtF+vd+liO1qxq5xT9gfX5Ax6yk/Y=</latexit><latexit sha1_base64="55YwdiX8loNxm/aYRf4Wz/ZxMJ4=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFnQhcsK9gFtCJPJpB06mYSZm0IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIBVcg+N8W7WNza3tnfpuY2//4PDIPj7p6SRTlHVpIhI1CIhmgkvWBQ6CDVLFSBwI1g+md6XfnzGleSKfYJ4yLyZjySNOCRjJt+1RTGACkIeFn+uswL7ddFrOAniduBVpogod3/4ahQnNYiaBCqL10HVS8HKigFPBisYo0ywldErGbGioJDHTXr5IXuALo4Q4SpR5EvBC/b2Rk1jreRyYyTKnXvVK8T9vmEF06+VcphkwSZeHokxgSHBZAw65YhTE3BBCFTdZMZ0QRSiYshqmBHf1y+ukd9VyDX+8brbvqzrq6Aydo0vkohvURg+og7qIohl6Rq/ozcqtF+vd+liO1qxq5xT9gfX5Ax6yk/Y=</latexit><latexit sha1_base64="55YwdiX8loNxm/aYRf4Wz/ZxMJ4=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFnQhcsK9gFtCJPJpB06mYSZm0IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIBVcg+N8W7WNza3tnfpuY2//4PDIPj7p6SRTlHVpIhI1CIhmgkvWBQ6CDVLFSBwI1g+md6XfnzGleSKfYJ4yLyZjySNOCRjJt+1RTGACkIeFn+uswL7ddFrOAniduBVpogod3/4ahQnNYiaBCqL10HVS8HKigFPBisYo0ywldErGbGioJDHTXr5IXuALo4Q4SpR5EvBC/b2Rk1jreRyYyTKnXvVK8T9vmEF06+VcphkwSZeHokxgSHBZAw65YhTE3BBCFTdZMZ0QRSiYshqmBHf1y+ukd9VyDX+8brbvqzrq6Aydo0vkohvURg+og7qIohl6Rq/ozcqtF+vd+liO1qxq5xT9gfX5Ax6yk/Y=</latexit><latexit sha1_base64="55YwdiX8loNxm/aYRf4Wz/ZxMJ4=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFnQhcsK9gFtCJPJpB06mYSZm0IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIBVcg+N8W7WNza3tnfpuY2//4PDIPj7p6SRTlHVpIhI1CIhmgkvWBQ6CDVLFSBwI1g+md6XfnzGleSKfYJ4yLyZjySNOCRjJt+1RTGACkIeFn+uswL7ddFrOAniduBVpogod3/4ahQnNYiaBCqL10HVS8HKigFPBisYo0ywldErGbGioJDHTXr5IXuALo4Q4SpR5EvBC/b2Rk1jreRyYyTKnXvVK8T9vmEF06+VcphkwSZeHokxgSHBZAw65YhTE3BBCFTdZMZ0QRSiYshqmBHf1y+ukd9VyDX+8brbvqzrq6Aydo0vkohvURg+og7qIohl6Rq/ozcqtF+vd+liO1qxq5xT9gfX5Ax6yk/Y=</latexit>

dtu
<latexit sha1_base64="6oB5qBRgsZVYtGiAyAYmEyej4d0=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFnQhcsK9gFtCJPJpB06mYSZm0IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIBVcg+N8W7WNza3tnfpuY2//4PDIPj7p6SRTlHVpIhI1CIhmgkvWBQ6CDVLFSBwI1g+md6XfnzGleSKfYJ4yLyZjySNOCRjJt+1RTGACkIeFn0NWYN9uOi1nAbxO3Io0UYWOb3+NwoRmMZNABdF66DopeDlRwKlgRWOUaZYSOiVjNjRUkphpL18kL/CFUUIcJco8CXih/t7ISaz1PA7MZJlTr3ql+J83zCC69XIu0wyYpMtDUSYwJLisAYdcMQpibgihipusmE6IIhRMWQ1Tgrv65XXSu2q5hj9eN9v3VR11dIbO0SVy0Q1qowfUQV1E0Qw9o1f0ZuXWi/VufSxHa1a1c4r+wPr8ASA5k/c=</latexit><latexit sha1_base64="6oB5qBRgsZVYtGiAyAYmEyej4d0=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFnQhcsK9gFtCJPJpB06mYSZm0IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIBVcg+N8W7WNza3tnfpuY2//4PDIPj7p6SRTlHVpIhI1CIhmgkvWBQ6CDVLFSBwI1g+md6XfnzGleSKfYJ4yLyZjySNOCRjJt+1RTGACkIeFn0NWYN9uOi1nAbxO3Io0UYWOb3+NwoRmMZNABdF66DopeDlRwKlgRWOUaZYSOiVjNjRUkphpL18kL/CFUUIcJco8CXih/t7ISaz1PA7MZJlTr3ql+J83zCC69XIu0wyYpMtDUSYwJLisAYdcMQpibgihipusmE6IIhRMWQ1Tgrv65XXSu2q5hj9eN9v3VR11dIbO0SVy0Q1qowfUQV1E0Qw9o1f0ZuXWi/VufSxHa1a1c4r+wPr8ASA5k/c=</latexit><latexit sha1_base64="6oB5qBRgsZVYtGiAyAYmEyej4d0=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFnQhcsK9gFtCJPJpB06mYSZm0IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIBVcg+N8W7WNza3tnfpuY2//4PDIPj7p6SRTlHVpIhI1CIhmgkvWBQ6CDVLFSBwI1g+md6XfnzGleSKfYJ4yLyZjySNOCRjJt+1RTGACkIeFn0NWYN9uOi1nAbxO3Io0UYWOb3+NwoRmMZNABdF66DopeDlRwKlgRWOUaZYSOiVjNjRUkphpL18kL/CFUUIcJco8CXih/t7ISaz1PA7MZJlTr3ql+J83zCC69XIu0wyYpMtDUSYwJLisAYdcMQpibgihipusmE6IIhRMWQ1Tgrv65XXSu2q5hj9eN9v3VR11dIbO0SVy0Q1qowfUQV1E0Qw9o1f0ZuXWi/VufSxHa1a1c4r+wPr8ASA5k/c=</latexit><latexit sha1_base64="6oB5qBRgsZVYtGiAyAYmEyej4d0=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFnQhcsK9gFtCJPJpB06mYSZm0IJ+RM3LhRx65+482+ctFlo64GBwzn3cs+cIBVcg+N8W7WNza3tnfpuY2//4PDIPj7p6SRTlHVpIhI1CIhmgkvWBQ6CDVLFSBwI1g+md6XfnzGleSKfYJ4yLyZjySNOCRjJt+1RTGACkIeFn0NWYN9uOi1nAbxO3Io0UYWOb3+NwoRmMZNABdF66DopeDlRwKlgRWOUaZYSOiVjNjRUkphpL18kL/CFUUIcJco8CXih/t7ISaz1PA7MZJlTr3ql+J83zCC69XIu0wyYpMtDUSYwJLisAYdcMQpibgihipusmE6IIhRMWQ1Tgrv65XXSu2q5hj9eN9v3VR11dIbO0SVy0Q1qowfUQV1E0Qw9o1f0ZuXWi/VufSxHa1a1c4r+wPr8ASA5k/c=</latexit>
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=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit>

=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit>=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit>dst
<latexit sha1_base64="mQP7PwF4claue3eEd+zkL25LlTY=">AAAB+HicbZDLSsNAGIUn9VbrpVGXbgaL4KokIuiy4MZlFXuBNoTJZNIOnUzCzB+hhjyJGxeKuPUJfAZ3vo2Ttgtt/WHg45x/mDMnSAXX4DjfVmVtfWNzq7pd29nd26/bB4ddnWSKsg5NRKL6AdFMcMk6wEGwfqoYiQPBesHkuvR7D0xpnsh7mKbMi8lI8ohTAkby7fowJjAGyMPCzzUUvt1wms5s8Cq4C2igxbR9+2sYJjSLmQQqiNYD10nBy4kCTgUrasNMs5TQCRmxgUFJYqa9fBa8wKdGCXGUKHMk4Jn6+0ZOYq2ncWA2y5h62SvF/7xBBtGVl3OZZsAknT8UZQJDgssWcMgVoyCmBghV3GTFdEwUoWC6qpkS3OUvr0L3vOkavr1otO4+53VU0TE6QWfIRZeohW5QG3UQRRl6Qi/o1Xq0nq03632+WrEWFR6hP2N9/AD+LJSZ</latexit><latexit sha1_base64="mQP7PwF4claue3eEd+zkL25LlTY=">AAAB+HicbZDLSsNAGIUn9VbrpVGXbgaL4KokIuiy4MZlFXuBNoTJZNIOnUzCzB+hhjyJGxeKuPUJfAZ3vo2Ttgtt/WHg45x/mDMnSAXX4DjfVmVtfWNzq7pd29nd26/bB4ddnWSKsg5NRKL6AdFMcMk6wEGwfqoYiQPBesHkuvR7D0xpnsh7mKbMi8lI8ohTAkby7fowJjAGyMPCzzUUvt1wms5s8Cq4C2igxbR9+2sYJjSLmQQqiNYD10nBy4kCTgUrasNMs5TQCRmxgUFJYqa9fBa8wKdGCXGUKHMk4Jn6+0ZOYq2ncWA2y5h62SvF/7xBBtGVl3OZZsAknT8UZQJDgssWcMgVoyCmBghV3GTFdEwUoWC6qpkS3OUvr0L3vOkavr1otO4+53VU0TE6QWfIRZeohW5QG3UQRRl6Qi/o1Xq0nq03632+WrEWFR6hP2N9/AD+LJSZ</latexit><latexit sha1_base64="mQP7PwF4claue3eEd+zkL25LlTY=">AAAB+HicbZDLSsNAGIUn9VbrpVGXbgaL4KokIuiy4MZlFXuBNoTJZNIOnUzCzB+hhjyJGxeKuPUJfAZ3vo2Ttgtt/WHg45x/mDMnSAXX4DjfVmVtfWNzq7pd29nd26/bB4ddnWSKsg5NRKL6AdFMcMk6wEGwfqoYiQPBesHkuvR7D0xpnsh7mKbMi8lI8ohTAkby7fowJjAGyMPCzzUUvt1wms5s8Cq4C2igxbR9+2sYJjSLmQQqiNYD10nBy4kCTgUrasNMs5TQCRmxgUFJYqa9fBa8wKdGCXGUKHMk4Jn6+0ZOYq2ncWA2y5h62SvF/7xBBtGVl3OZZsAknT8UZQJDgssWcMgVoyCmBghV3GTFdEwUoWC6qpkS3OUvr0L3vOkavr1otO4+53VU0TE6QWfIRZeohW5QG3UQRRl6Qi/o1Xq0nq03632+WrEWFR6hP2N9/AD+LJSZ</latexit><latexit sha1_base64="mQP7PwF4claue3eEd+zkL25LlTY=">AAAB+HicbZDLSsNAGIUn9VbrpVGXbgaL4KokIuiy4MZlFXuBNoTJZNIOnUzCzB+hhjyJGxeKuPUJfAZ3vo2Ttgtt/WHg45x/mDMnSAXX4DjfVmVtfWNzq7pd29nd26/bB4ddnWSKsg5NRKL6AdFMcMk6wEGwfqoYiQPBesHkuvR7D0xpnsh7mKbMi8lI8ohTAkby7fowJjAGyMPCzzUUvt1wms5s8Cq4C2igxbR9+2sYJjSLmQQqiNYD10nBy4kCTgUrasNMs5TQCRmxgUFJYqa9fBa8wKdGCXGUKHMk4Jn6+0ZOYq2ncWA2y5h62SvF/7xBBtGVl3OZZsAknT8UZQJDgssWcMgVoyCmBghV3GTFdEwUoWC6qpkS3OUvr0L3vOkavr1otO4+53VU0TE6QWfIRZeohW5QG3UQRRl6Qi/o1Xq0nq03632+WrEWFR6hP2N9/AD+LJSZ</latexit>

dsu
<latexit sha1_base64="OFebjo5wcBoaWE0h3chSoODzmLc=">AAAB+HicbZDLSsNAGIUn9VbrpVGXboJFcFUSEXRZcOOyir1AG8JkMmmHTiZh5h+hhjyJGxeKuPUJfAZ3vo2Ttgtt/WHg45x/mDMnzDhT4LrfVmVtfWNzq7pd29nd26/bB4ddlWpJaIekPJX9ECvKmaAdYMBpP5MUJyGnvXByXfq9ByoVS8U9TDPqJ3gkWMwIBiMFdn2YYBgD5FER5EoXgd1wm+5snFXwFtBAi2kH9tcwSolOqADCsVIDz83Az7EERjgtakOtaIbJBI/owKDACVV+PgteOKdGiZw4leYIcGbq7xs5TpSaJqHZLGOqZa8U//MGGuIrP2ci00AFmT8Ua+5A6pQtOBGTlACfGsBEMpPVIWMsMQHTVc2U4C1/eRW6503P8O1Fo3X3Oa+jio7RCTpDHrpELXSD2qiDCNLoCb2gV+vRerberPf5asVaVHiE/oz18QP/sZSa</latexit><latexit sha1_base64="OFebjo5wcBoaWE0h3chSoODzmLc=">AAAB+HicbZDLSsNAGIUn9VbrpVGXboJFcFUSEXRZcOOyir1AG8JkMmmHTiZh5h+hhjyJGxeKuPUJfAZ3vo2Ttgtt/WHg45x/mDMnzDhT4LrfVmVtfWNzq7pd29nd26/bB4ddlWpJaIekPJX9ECvKmaAdYMBpP5MUJyGnvXByXfq9ByoVS8U9TDPqJ3gkWMwIBiMFdn2YYBgD5FER5EoXgd1wm+5snFXwFtBAi2kH9tcwSolOqADCsVIDz83Az7EERjgtakOtaIbJBI/owKDACVV+PgteOKdGiZw4leYIcGbq7xs5TpSaJqHZLGOqZa8U//MGGuIrP2ci00AFmT8Ua+5A6pQtOBGTlACfGsBEMpPVIWMsMQHTVc2U4C1/eRW6503P8O1Fo3X3Oa+jio7RCTpDHrpELXSD2qiDCNLoCb2gV+vRerberPf5asVaVHiE/oz18QP/sZSa</latexit><latexit sha1_base64="OFebjo5wcBoaWE0h3chSoODzmLc=">AAAB+HicbZDLSsNAGIUn9VbrpVGXboJFcFUSEXRZcOOyir1AG8JkMmmHTiZh5h+hhjyJGxeKuPUJfAZ3vo2Ttgtt/WHg45x/mDMnzDhT4LrfVmVtfWNzq7pd29nd26/bB4ddlWpJaIekPJX9ECvKmaAdYMBpP5MUJyGnvXByXfq9ByoVS8U9TDPqJ3gkWMwIBiMFdn2YYBgD5FER5EoXgd1wm+5snFXwFtBAi2kH9tcwSolOqADCsVIDz83Az7EERjgtakOtaIbJBI/owKDACVV+PgteOKdGiZw4leYIcGbq7xs5TpSaJqHZLGOqZa8U//MGGuIrP2ci00AFmT8Ua+5A6pQtOBGTlACfGsBEMpPVIWMsMQHTVc2U4C1/eRW6503P8O1Fo3X3Oa+jio7RCTpDHrpELXSD2qiDCNLoCb2gV+vRerberPf5asVaVHiE/oz18QP/sZSa</latexit><latexit sha1_base64="OFebjo5wcBoaWE0h3chSoODzmLc=">AAAB+HicbZDLSsNAGIUn9VbrpVGXboJFcFUSEXRZcOOyir1AG8JkMmmHTiZh5h+hhjyJGxeKuPUJfAZ3vo2Ttgtt/WHg45x/mDMnzDhT4LrfVmVtfWNzq7pd29nd26/bB4ddlWpJaIekPJX9ECvKmaAdYMBpP5MUJyGnvXByXfq9ByoVS8U9TDPqJ3gkWMwIBiMFdn2YYBgD5FER5EoXgd1wm+5snFXwFtBAi2kH9tcwSolOqADCsVIDz83Az7EERjgtakOtaIbJBI/owKDACVV+PgteOKdGiZw4leYIcGbq7xs5TpSaJqHZLGOqZa8U//MGGuIrP2ci00AFmT8Ua+5A6pQtOBGTlACfGsBEMpPVIWMsMQHTVc2U4C1/eRW6503P8O1Fo3X3Oa+jio7RCTpDHrpELXSD2qiDCNLoCb2gV+vRerberPf5asVaVHiE/oz18QP/sZSa</latexit>

dtu
<latexit sha1_base64="M0FAN3fs44/EwYcod0DkJXJZQ1M=">AAAB+HicbZDLSsNAGIUn9VbrpVGXboJFcFUSEXRZcOOyir1AG8JkMmmHTiZh5h+hhjyJGxeKuPUJfAZ3vo2Ttgtt/WHg45x/mDMnzDhT4LrfVmVtfWNzq7pd29nd26/bB4ddlWpJaIekPJX9ECvKmaAdYMBpP5MUJyGnvXByXfq9ByoVS8U9TDPqJ3gkWMwIBiMFdn2YYBgD5FER5KCLwG64TXc2zip4C2igxbQD+2sYpUQnVADhWKmB52bg51gCI5wWtaFWNMNkgkd0YFDghCo/nwUvnFOjRE6cSnMEODP1940cJ0pNk9BsljHVsleK/3kDDfGVnzORaaCCzB+KNXcgdcoWnIhJSoBPDWAimcnqkDGWmIDpqmZK8Ja/vArd86Zn+Pai0br7nNdRRcfoBJ0hD12iFrpBbdRBBGn0hF7Qq/VoPVtv1vt8tWItKjxCf8b6+AEBRpSb</latexit><latexit sha1_base64="M0FAN3fs44/EwYcod0DkJXJZQ1M=">AAAB+HicbZDLSsNAGIUn9VbrpVGXboJFcFUSEXRZcOOyir1AG8JkMmmHTiZh5h+hhjyJGxeKuPUJfAZ3vo2Ttgtt/WHg45x/mDMnzDhT4LrfVmVtfWNzq7pd29nd26/bB4ddlWpJaIekPJX9ECvKmaAdYMBpP5MUJyGnvXByXfq9ByoVS8U9TDPqJ3gkWMwIBiMFdn2YYBgD5FER5KCLwG64TXc2zip4C2igxbQD+2sYpUQnVADhWKmB52bg51gCI5wWtaFWNMNkgkd0YFDghCo/nwUvnFOjRE6cSnMEODP1940cJ0pNk9BsljHVsleK/3kDDfGVnzORaaCCzB+KNXcgdcoWnIhJSoBPDWAimcnqkDGWmIDpqmZK8Ja/vArd86Zn+Pai0br7nNdRRcfoBJ0hD12iFrpBbdRBBGn0hF7Qq/VoPVtv1vt8tWItKjxCf8b6+AEBRpSb</latexit><latexit sha1_base64="M0FAN3fs44/EwYcod0DkJXJZQ1M=">AAAB+HicbZDLSsNAGIUn9VbrpVGXboJFcFUSEXRZcOOyir1AG8JkMmmHTiZh5h+hhjyJGxeKuPUJfAZ3vo2Ttgtt/WHg45x/mDMnzDhT4LrfVmVtfWNzq7pd29nd26/bB4ddlWpJaIekPJX9ECvKmaAdYMBpP5MUJyGnvXByXfq9ByoVS8U9TDPqJ3gkWMwIBiMFdn2YYBgD5FER5KCLwG64TXc2zip4C2igxbQD+2sYpUQnVADhWKmB52bg51gCI5wWtaFWNMNkgkd0YFDghCo/nwUvnFOjRE6cSnMEODP1940cJ0pNk9BsljHVsleK/3kDDfGVnzORaaCCzB+KNXcgdcoWnIhJSoBPDWAimcnqkDGWmIDpqmZK8Ja/vArd86Zn+Pai0br7nNdRRcfoBJ0hD12iFrpBbdRBBGn0hF7Qq/VoPVtv1vt8tWItKjxCf8b6+AEBRpSb</latexit><latexit sha1_base64="M0FAN3fs44/EwYcod0DkJXJZQ1M=">AAAB+HicbZDLSsNAGIUn9VbrpVGXboJFcFUSEXRZcOOyir1AG8JkMmmHTiZh5h+hhjyJGxeKuPUJfAZ3vo2Ttgtt/WHg45x/mDMnzDhT4LrfVmVtfWNzq7pd29nd26/bB4ddlWpJaIekPJX9ECvKmaAdYMBpP5MUJyGnvXByXfq9ByoVS8U9TDPqJ3gkWMwIBiMFdn2YYBgD5FER5KCLwG64TXc2zip4C2igxbQD+2sYpUQnVADhWKmB52bg51gCI5wWtaFWNMNkgkd0YFDghCo/nwUvnFOjRE6cSnMEODP1940cJ0pNk9BsljHVsleK/3kDDfGVnzORaaCCzB+KNXcgdcoWnIhJSoBPDWAimcnqkDGWmIDpqmZK8Ja/vArd86Zn+Pai0br7nNdRRcfoBJ0hD12iFrpBbdRBBGn0hF7Qq/VoPVtv1vt8tWItKjxCf8b6+AEBRpSb</latexit>=<latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit><latexit sha1_base64="8uDF8DVeQnsAQmi3YnN5BydvDus=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14bMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw3q7efUGkeywczSdCP6FDykDNqrNW46ZcrbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7TaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/jM+MwQ==</latexit> fJI1K fKI2L fLI3M fMI4J

The box amplitudes       ,       ,       contain only simultaneous simple polesBst
<latexit sha1_base64="6B7aAUhBXnIMEMHFGTS3fQhJyOY=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkVwVRIRdFnUhcsK9gFtCJPppB06mYSZm0IJ/RM3LhRx65+482+ctFlo9cDA4Zx7uWdOmAqu0XW/rMra+sbmVnW7trO7t39gHx51dJIpyto0EYnqhUQzwSVrI0fBeqliJA4F64aT28LvTpnSPJGPOEuZH5OR5BGnBI0U2PYgJjimROQ38yDXOA/suttwF3D+Eq8kdSjRCuzPwTChWcwkUkG07ntuin5OFHIq2Lw2yDRLCZ2QEesbKknMtJ8vks+dM6MMnShR5kl0FurPjZzEWs/i0EwWOfWqV4j/ef0Mo2s/5zLNkEm6PBRlwsHEKWpwhlwximJmCKGKm6wOHRNFKJqyaqYEb/XLf0nnouEZ/nBZb96VdVThBE7hHDy4gibcQwvaQGEKT/ACr1ZuPVtv1vtytGKVO8fwC9bHNyPpk/s=</latexit><latexit sha1_base64="6B7aAUhBXnIMEMHFGTS3fQhJyOY=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkVwVRIRdFnUhcsK9gFtCJPppB06mYSZm0IJ/RM3LhRx65+482+ctFlo9cDA4Zx7uWdOmAqu0XW/rMra+sbmVnW7trO7t39gHx51dJIpyto0EYnqhUQzwSVrI0fBeqliJA4F64aT28LvTpnSPJGPOEuZH5OR5BGnBI0U2PYgJjimROQ38yDXOA/suttwF3D+Eq8kdSjRCuzPwTChWcwkUkG07ntuin5OFHIq2Lw2yDRLCZ2QEesbKknMtJ8vks+dM6MMnShR5kl0FurPjZzEWs/i0EwWOfWqV4j/ef0Mo2s/5zLNkEm6PBRlwsHEKWpwhlwximJmCKGKm6wOHRNFKJqyaqYEb/XLf0nnouEZ/nBZb96VdVThBE7hHDy4gibcQwvaQGEKT/ACr1ZuPVtv1vtytGKVO8fwC9bHNyPpk/s=</latexit><latexit sha1_base64="6B7aAUhBXnIMEMHFGTS3fQhJyOY=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkVwVRIRdFnUhcsK9gFtCJPppB06mYSZm0IJ/RM3LhRx65+482+ctFlo9cDA4Zx7uWdOmAqu0XW/rMra+sbmVnW7trO7t39gHx51dJIpyto0EYnqhUQzwSVrI0fBeqliJA4F64aT28LvTpnSPJGPOEuZH5OR5BGnBI0U2PYgJjimROQ38yDXOA/suttwF3D+Eq8kdSjRCuzPwTChWcwkUkG07ntuin5OFHIq2Lw2yDRLCZ2QEesbKknMtJ8vks+dM6MMnShR5kl0FurPjZzEWs/i0EwWOfWqV4j/ef0Mo2s/5zLNkEm6PBRlwsHEKWpwhlwximJmCKGKm6wOHRNFKJqyaqYEb/XLf0nnouEZ/nBZb96VdVThBE7hHDy4gibcQwvaQGEKT/ACr1ZuPVtv1vtytGKVO8fwC9bHNyPpk/s=</latexit><latexit sha1_base64="6B7aAUhBXnIMEMHFGTS3fQhJyOY=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkVwVRIRdFnUhcsK9gFtCJPppB06mYSZm0IJ/RM3LhRx65+482+ctFlo9cDA4Zx7uWdOmAqu0XW/rMra+sbmVnW7trO7t39gHx51dJIpyto0EYnqhUQzwSVrI0fBeqliJA4F64aT28LvTpnSPJGPOEuZH5OR5BGnBI0U2PYgJjimROQ38yDXOA/suttwF3D+Eq8kdSjRCuzPwTChWcwkUkG07ntuin5OFHIq2Lw2yDRLCZ2QEesbKknMtJ8vks+dM6MMnShR5kl0FurPjZzEWs/i0EwWOfWqV4j/ef0Mo2s/5zLNkEm6PBRlwsHEKWpwhlwximJmCKGKm6wOHRNFKJqyaqYEb/XLf0nnouEZ/nBZb96VdVThBE7hHDy4gibcQwvaQGEKT/ACr1ZuPVtv1vtytGKVO8fwC9bHNyPpk/s=</latexit>

Bsu
<latexit sha1_base64="vArh0kAIL7IyazYaZlszeYHwpKI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1GVRFy4r2Ae0IUymk3boZBJmJoUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiSc8T6kV4LFjICNZG8m17GGE9IZhnt7mfqTT37brTcBZA68QtSR1KtH37aziKSRpRoQnHSg1cJ9FehqVmhNO8NkwVTTCZ4jEdGCpwRJWXLZLn6MIoIxTG0jyh0UL9vZHhSKl5FJjJIqda9QrxP2+Q6vDGy5hIUk0FWR4KU450jIoa0IhJSjSfG4KJZCYrIhMsMdGmrJopwV398jrpXjVcwx+v6637so4qnME5XIILTWjBA7ShAwRm8Ayv8GZl1ov1bn0sRytWuXMKf2B9/gAlbpP8</latexit><latexit sha1_base64="vArh0kAIL7IyazYaZlszeYHwpKI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1GVRFy4r2Ae0IUymk3boZBJmJoUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiSc8T6kV4LFjICNZG8m17GGE9IZhnt7mfqTT37brTcBZA68QtSR1KtH37aziKSRpRoQnHSg1cJ9FehqVmhNO8NkwVTTCZ4jEdGCpwRJWXLZLn6MIoIxTG0jyh0UL9vZHhSKl5FJjJIqda9QrxP2+Q6vDGy5hIUk0FWR4KU450jIoa0IhJSjSfG4KJZCYrIhMsMdGmrJopwV398jrpXjVcwx+v6637so4qnME5XIILTWjBA7ShAwRm8Ayv8GZl1ov1bn0sRytWuXMKf2B9/gAlbpP8</latexit><latexit sha1_base64="vArh0kAIL7IyazYaZlszeYHwpKI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1GVRFy4r2Ae0IUymk3boZBJmJoUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiSc8T6kV4LFjICNZG8m17GGE9IZhnt7mfqTT37brTcBZA68QtSR1KtH37aziKSRpRoQnHSg1cJ9FehqVmhNO8NkwVTTCZ4jEdGCpwRJWXLZLn6MIoIxTG0jyh0UL9vZHhSKl5FJjJIqda9QrxP2+Q6vDGy5hIUk0FWR4KU450jIoa0IhJSjSfG4KJZCYrIhMsMdGmrJopwV398jrpXjVcwx+v6637so4qnME5XIILTWjBA7ShAwRm8Ayv8GZl1ov1bn0sRytWuXMKf2B9/gAlbpP8</latexit><latexit sha1_base64="vArh0kAIL7IyazYaZlszeYHwpKI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1GVRFy4r2Ae0IUymk3boZBJmJoUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiSc8T6kV4LFjICNZG8m17GGE9IZhnt7mfqTT37brTcBZA68QtSR1KtH37aziKSRpRoQnHSg1cJ9FehqVmhNO8NkwVTTCZ4jEdGCpwRJWXLZLn6MIoIxTG0jyh0UL9vZHhSKl5FJjJIqda9QrxP2+Q6vDGy5hIUk0FWR4KU450jIoa0IhJSjSfG4KJZCYrIhMsMdGmrJopwV398jrpXjVcwx+v6637so4qnME5XIILTWjBA7ShAwRm8Ayv8GZl1ov1bn0sRytWuXMKf2B9/gAlbpP8</latexit>

Btu
<latexit sha1_base64="gQsmT0O7OKt5yuxxaZ4B5HqYeeE=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkVwVRIRdFnUhcsK9gFtCJPppB06mYSZm0IJ/RM3LhRx65+482+ctFlo9cDA4Zx7uWdOmAqu0XW/rMra+sbmVnW7trO7t39gHx51dJIpyto0EYnqhUQzwSVrI0fBeqliJA4F64aT28LvTpnSPJGPOEuZH5OR5BGnBI0U2PYgJjimROQ38yDHbB7YdbfhLuD8JV5J6lCiFdifg2FCs5hJpIJo3ffcFP2cKORUsHltkGmWEjohI9Y3VJKYaT9fJJ87Z0YZOlGizJPoLNSfGzmJtZ7FoZkscupVrxD/8/oZRtd+zmWaIZN0eSjKhIOJU9TgDLliFMXMEEIVN1kdOiaKUDRl1UwJ3uqX/5LORcMz/OGy3rwr66jCCZzCOXhwBU24hxa0gcIUnuAFXq3cerberPflaMUqd47hF6yPbyb0k/0=</latexit><latexit sha1_base64="gQsmT0O7OKt5yuxxaZ4B5HqYeeE=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkVwVRIRdFnUhcsK9gFtCJPppB06mYSZm0IJ/RM3LhRx65+482+ctFlo9cDA4Zx7uWdOmAqu0XW/rMra+sbmVnW7trO7t39gHx51dJIpyto0EYnqhUQzwSVrI0fBeqliJA4F64aT28LvTpnSPJGPOEuZH5OR5BGnBI0U2PYgJjimROQ38yDHbB7YdbfhLuD8JV5J6lCiFdifg2FCs5hJpIJo3ffcFP2cKORUsHltkGmWEjohI9Y3VJKYaT9fJJ87Z0YZOlGizJPoLNSfGzmJtZ7FoZkscupVrxD/8/oZRtd+zmWaIZN0eSjKhIOJU9TgDLliFMXMEEIVN1kdOiaKUDRl1UwJ3uqX/5LORcMz/OGy3rwr66jCCZzCOXhwBU24hxa0gcIUnuAFXq3cerberPflaMUqd47hF6yPbyb0k/0=</latexit><latexit sha1_base64="gQsmT0O7OKt5yuxxaZ4B5HqYeeE=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkVwVRIRdFnUhcsK9gFtCJPppB06mYSZm0IJ/RM3LhRx65+482+ctFlo9cDA4Zx7uWdOmAqu0XW/rMra+sbmVnW7trO7t39gHx51dJIpyto0EYnqhUQzwSVrI0fBeqliJA4F64aT28LvTpnSPJGPOEuZH5OR5BGnBI0U2PYgJjimROQ38yDHbB7YdbfhLuD8JV5J6lCiFdifg2FCs5hJpIJo3ffcFP2cKORUsHltkGmWEjohI9Y3VJKYaT9fJJ87Z0YZOlGizJPoLNSfGzmJtZ7FoZkscupVrxD/8/oZRtd+zmWaIZN0eSjKhIOJU9TgDLliFMXMEEIVN1kdOiaKUDRl1UwJ3uqX/5LORcMz/OGy3rwr66jCCZzCOXhwBU24hxa0gcIUnuAFXq3cerberPflaMUqd47hF6yPbyb0k/0=</latexit><latexit sha1_base64="gQsmT0O7OKt5yuxxaZ4B5HqYeeE=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkVwVRIRdFnUhcsK9gFtCJPppB06mYSZm0IJ/RM3LhRx65+482+ctFlo9cDA4Zx7uWdOmAqu0XW/rMra+sbmVnW7trO7t39gHx51dJIpyto0EYnqhUQzwSVrI0fBeqliJA4F64aT28LvTpnSPJGPOEuZH5OR5BGnBI0U2PYgJjimROQ38yDHbB7YdbfhLuD8JV5J6lCiFdifg2FCs5hJpIJo3ffcFP2cKORUsHltkGmWEjohI9Y3VJKYaT9fJJ87Z0YZOlGizJPoLNSfGzmJtZ7FoZkscupVrxD/8/oZRtd+zmWaIZN0eSjKhIOJU9TgDLliFMXMEEIVN1kdOiaKUDRl1UwJ3uqX/5LORcMz/OGy3rwr66jCCZzCOXhwBU24hxa0gcIUnuAFXq3cerberPflaMUqd47hF6yPbyb0k/0=</latexit>

Bst =
!!

m,n =2
<latexit sha1_base64="5P0BMTn8j7Vq3dCShJuGfnYQEPg=">AAACDXicbZC7SgNBFIZn4y3GW9TSZjEKFhJ2g6BNIKiFZQRzgWxcZiezyZCZ2WXmrBCWfQEbX8XGQhFbezvfxsml0MQfBj7+cw5zzh/EnGlwnG8rt7S8srqWXy9sbG5t7xR395o6ShShDRLxSLUDrClnkjaAAaftWFEsAk5bwfBqXG89UKVZJO9gFNOuwH3JQkYwGMsvHnkCw4Bgnl5mfqohq3o6EX4qTmW1kt17TIYw8oslp+xMZC+CO4MSmqnuF7+8XkQSQSUQjrXuuE4M3RQrYITTrOAlmsaYDHGfdgxKLKjuppNrMvvYOD07jJR5EuyJ+3sixULrkQhM53h3PV8bm//VOgmEF92UyTgBKsn0ozDhNkT2OBq7xxQlwEcGMFHM7GqTAVaYgAmwYEJw509ehGal7Bq+PSvVrmdx5NEBOkQnyEXnqIZuUB01EEGP6Bm9ojfryXqx3q2PaWvOms3soz+yPn8AZc6cYg==</latexit><latexit sha1_base64="5P0BMTn8j7Vq3dCShJuGfnYQEPg=">AAACDXicbZC7SgNBFIZn4y3GW9TSZjEKFhJ2g6BNIKiFZQRzgWxcZiezyZCZ2WXmrBCWfQEbX8XGQhFbezvfxsml0MQfBj7+cw5zzh/EnGlwnG8rt7S8srqWXy9sbG5t7xR395o6ShShDRLxSLUDrClnkjaAAaftWFEsAk5bwfBqXG89UKVZJO9gFNOuwH3JQkYwGMsvHnkCw4Bgnl5mfqohq3o6EX4qTmW1kt17TIYw8oslp+xMZC+CO4MSmqnuF7+8XkQSQSUQjrXuuE4M3RQrYITTrOAlmsaYDHGfdgxKLKjuppNrMvvYOD07jJR5EuyJ+3sixULrkQhM53h3PV8bm//VOgmEF92UyTgBKsn0ozDhNkT2OBq7xxQlwEcGMFHM7GqTAVaYgAmwYEJw509ehGal7Bq+PSvVrmdx5NEBOkQnyEXnqIZuUB01EEGP6Bm9ojfryXqx3q2PaWvOms3soz+yPn8AZc6cYg==</latexit><latexit sha1_base64="5P0BMTn8j7Vq3dCShJuGfnYQEPg=">AAACDXicbZC7SgNBFIZn4y3GW9TSZjEKFhJ2g6BNIKiFZQRzgWxcZiezyZCZ2WXmrBCWfQEbX8XGQhFbezvfxsml0MQfBj7+cw5zzh/EnGlwnG8rt7S8srqWXy9sbG5t7xR395o6ShShDRLxSLUDrClnkjaAAaftWFEsAk5bwfBqXG89UKVZJO9gFNOuwH3JQkYwGMsvHnkCw4Bgnl5mfqohq3o6EX4qTmW1kt17TIYw8oslp+xMZC+CO4MSmqnuF7+8XkQSQSUQjrXuuE4M3RQrYITTrOAlmsaYDHGfdgxKLKjuppNrMvvYOD07jJR5EuyJ+3sixULrkQhM53h3PV8bm//VOgmEF92UyTgBKsn0ozDhNkT2OBq7xxQlwEcGMFHM7GqTAVaYgAmwYEJw509ehGal7Bq+PSvVrmdx5NEBOkQnyEXnqIZuUB01EEGP6Bm9ojfryXqx3q2PaWvOms3soz+yPn8AZc6cYg==</latexit><latexit sha1_base64="5P0BMTn8j7Vq3dCShJuGfnYQEPg=">AAACDXicbZC7SgNBFIZn4y3GW9TSZjEKFhJ2g6BNIKiFZQRzgWxcZiezyZCZ2WXmrBCWfQEbX8XGQhFbezvfxsml0MQfBj7+cw5zzh/EnGlwnG8rt7S8srqWXy9sbG5t7xR395o6ShShDRLxSLUDrClnkjaAAaftWFEsAk5bwfBqXG89UKVZJO9gFNOuwH3JQkYwGMsvHnkCw4Bgnl5mfqohq3o6EX4qTmW1kt17TIYw8oslp+xMZC+CO4MSmqnuF7+8XkQSQSUQjrXuuE4M3RQrYITTrOAlmsaYDHGfdgxKLKjuppNrMvvYOD07jJR5EuyJ+3sixULrkQhM53h3PV8bm//VOgmEF92UyTgBKsn0ozDhNkT2OBq7xxQlwEcGMFHM7GqTAVaYgAmwYEJw509ehGal7Bq+PSvVrmdx5NEBOkQnyEXnqIZuUB01EEGP6Bm9ojfryXqx3q2PaWvOms3soz+yPn8AZc6cYg==</latexit>

cmn

(s ! 2m)( t ! 2n)
<latexit sha1_base64="qFFpMETEAH8g8LZaZVl3B2F80WE=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EitIuWmSLosqALlxXsBdphyKSZNjTJDElGKMMs3Pgqblwo4taHcOfbmLaz0NYfAh//OYeT8wcxo0o7zrdV2Njc2t4p7pb29g8Oj+zjk66KEolJB0cskv0AKcKoIB1NNSP9WBLEA0Z6wfR6Xu89EKloJO71LCYeR2NBQ4qRNpZvl4ehRDjFfspFlqVVVW/yWlXXm6KW+XbFaTgLwXVwc6iAXG3f/hqOIpxwIjRmSKmB68TaS5HUFDOSlYaJIjHCUzQmA4MCcaK8dHFEBs+NM4JhJM0TGi7c3xMp4krNeGA6OdITtVqbm//VBokOr7yUijjRRODlojBhUEdwnggcUUmwZjMDCEtq/grxBJlUtMmtZEJwV09eh26z4Rq+u6i0bvI4iqAMzkAVuOAStMAtaIMOwOARPINX8GY9WS/Wu/WxbC1Y+cwp+CPr8weJipda</latexit><latexit sha1_base64="qFFpMETEAH8g8LZaZVl3B2F80WE=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EitIuWmSLosqALlxXsBdphyKSZNjTJDElGKMMs3Pgqblwo4taHcOfbmLaz0NYfAh//OYeT8wcxo0o7zrdV2Njc2t4p7pb29g8Oj+zjk66KEolJB0cskv0AKcKoIB1NNSP9WBLEA0Z6wfR6Xu89EKloJO71LCYeR2NBQ4qRNpZvl4ehRDjFfspFlqVVVW/yWlXXm6KW+XbFaTgLwXVwc6iAXG3f/hqOIpxwIjRmSKmB68TaS5HUFDOSlYaJIjHCUzQmA4MCcaK8dHFEBs+NM4JhJM0TGi7c3xMp4krNeGA6OdITtVqbm//VBokOr7yUijjRRODlojBhUEdwnggcUUmwZjMDCEtq/grxBJlUtMmtZEJwV09eh26z4Rq+u6i0bvI4iqAMzkAVuOAStMAtaIMOwOARPINX8GY9WS/Wu/WxbC1Y+cwp+CPr8weJipda</latexit><latexit sha1_base64="qFFpMETEAH8g8LZaZVl3B2F80WE=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EitIuWmSLosqALlxXsBdphyKSZNjTJDElGKMMs3Pgqblwo4taHcOfbmLaz0NYfAh//OYeT8wcxo0o7zrdV2Njc2t4p7pb29g8Oj+zjk66KEolJB0cskv0AKcKoIB1NNSP9WBLEA0Z6wfR6Xu89EKloJO71LCYeR2NBQ4qRNpZvl4ehRDjFfspFlqVVVW/yWlXXm6KW+XbFaTgLwXVwc6iAXG3f/hqOIpxwIjRmSKmB68TaS5HUFDOSlYaJIjHCUzQmA4MCcaK8dHFEBs+NM4JhJM0TGi7c3xMp4krNeGA6OdITtVqbm//VBokOr7yUijjRRODlojBhUEdwnggcUUmwZjMDCEtq/grxBJlUtMmtZEJwV09eh26z4Rq+u6i0bvI4iqAMzkAVuOAStMAtaIMOwOARPINX8GY9WS/Wu/WxbC1Y+cwp+CPr8weJipda</latexit><latexit sha1_base64="qFFpMETEAH8g8LZaZVl3B2F80WE=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EitIuWmSLosqALlxXsBdphyKSZNjTJDElGKMMs3Pgqblwo4taHcOfbmLaz0NYfAh//OYeT8wcxo0o7zrdV2Njc2t4p7pb29g8Oj+zjk66KEolJB0cskv0AKcKoIB1NNSP9WBLEA0Z6wfR6Xu89EKloJO71LCYeR2NBQ4qRNpZvl4ehRDjFfspFlqVVVW/yWlXXm6KW+XbFaTgLwXVwc6iAXG3f/hqOIpxwIjRmSKmB68TaS5HUFDOSlYaJIjHCUzQmA4MCcaK8dHFEBs+NM4JhJM0TGi7c3xMp4krNeGA6OdITtVqbm//VBokOr7yUijjRRODlojBhUEdwnggcUUmwZjMDCEtq/grxBJlUtMmtZEJwV09eh26z4Rq+u6i0bvI4iqAMzkAVuOAStMAtaIMOwOARPINX8GY9WS/Wu/WxbC1Y+cwp+CPr8weJipda</latexit>



Loop amplitudes
One-loop amplitudes
The coe!cients  depend on the details of the theorycmn

[Alday, Bissi, XZ, to appear]

cmn =
<latexit sha1_base64="HSkY3HMFMP4ZOBhGUA5jVR70fC8=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCLUNCDxwr2A9qlZNO0DU2ySzIrlKU/wosHRbz6e7z5b0zbPWjrC4GHd2bIzBslUlj0/W+vsLa+sblV3C7t7O7tH5QPj5o2Tg3jDRbL2LQjarkUmjdQoOTtxHCqIslb0fh2Vm89cWNFrB9xkvBQ0aEWA8EoOqvFepnS05teueJX/bnIKgQ5VCBXvVf+6vZjliqukUlqbSfwEwwzalAwyaelbmp5QtmYDnnHoaaK2zCbrzslZ87pk0Fs3NNI5u7viYwqaycqcp2K4sgu12bmf7VOioPrMBM6SZFrtvhokEqCMZndTvrCcIZy4oAyI9yuhI2ooQxdQiUXQrB88io0L6qB44fLSu0uj6MIJ3AK5xDAFdTgHurQAAZjeIZXePMS78V79z4WrQUvnzmGP/I+fwBdt4+U</latexit><latexit sha1_base64="HSkY3HMFMP4ZOBhGUA5jVR70fC8=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCLUNCDxwr2A9qlZNO0DU2ySzIrlKU/wosHRbz6e7z5b0zbPWjrC4GHd2bIzBslUlj0/W+vsLa+sblV3C7t7O7tH5QPj5o2Tg3jDRbL2LQjarkUmjdQoOTtxHCqIslb0fh2Vm89cWNFrB9xkvBQ0aEWA8EoOqvFepnS05teueJX/bnIKgQ5VCBXvVf+6vZjliqukUlqbSfwEwwzalAwyaelbmp5QtmYDnnHoaaK2zCbrzslZ87pk0Fs3NNI5u7viYwqaycqcp2K4sgu12bmf7VOioPrMBM6SZFrtvhokEqCMZndTvrCcIZy4oAyI9yuhI2ooQxdQiUXQrB88io0L6qB44fLSu0uj6MIJ3AK5xDAFdTgHurQAAZjeIZXePMS78V79z4WrQUvnzmGP/I+fwBdt4+U</latexit><latexit sha1_base64="HSkY3HMFMP4ZOBhGUA5jVR70fC8=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCLUNCDxwr2A9qlZNO0DU2ySzIrlKU/wosHRbz6e7z5b0zbPWjrC4GHd2bIzBslUlj0/W+vsLa+sblV3C7t7O7tH5QPj5o2Tg3jDRbL2LQjarkUmjdQoOTtxHCqIslb0fh2Vm89cWNFrB9xkvBQ0aEWA8EoOqvFepnS05teueJX/bnIKgQ5VCBXvVf+6vZjliqukUlqbSfwEwwzalAwyaelbmp5QtmYDnnHoaaK2zCbrzslZ87pk0Fs3NNI5u7viYwqaycqcp2K4sgu12bmf7VOioPrMBM6SZFrtvhokEqCMZndTvrCcIZy4oAyI9yuhI2ooQxdQiUXQrB88io0L6qB44fLSu0uj6MIJ3AK5xDAFdTgHurQAAZjeIZXePMS78V79z4WrQUvnzmGP/I+fwBdt4+U</latexit><latexit sha1_base64="HSkY3HMFMP4ZOBhGUA5jVR70fC8=">AAAB7nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCLUNCDxwr2A9qlZNO0DU2ySzIrlKU/wosHRbz6e7z5b0zbPWjrC4GHd2bIzBslUlj0/W+vsLa+sblV3C7t7O7tH5QPj5o2Tg3jDRbL2LQjarkUmjdQoOTtxHCqIslb0fh2Vm89cWNFrB9xkvBQ0aEWA8EoOqvFepnS05teueJX/bnIKgQ5VCBXvVf+6vZjliqukUlqbSfwEwwzalAwyaelbmp5QtmYDnnHoaaK2zCbrzslZ87pk0Fs3NNI5u7viYwqaycqcp2K4sgu12bmf7VOioPrMBM6SZFrtvhokEqCMZndTvrCcIZy4oAyI9yuhI2ooQxdQiUXQrB88io0L6qB44fLSu0uj6MIJ3AK5xDAFdTgHurQAAZjeIZXePMS78V79z4WrQUvnzmGP/I+fwBdt4+U</latexit>
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(Truncating the theory to , i.e., keeping only  modes. No mixing.)AdS5 p = 2

The information about the spacetime dimension is encoded in the asymptotic growth of . For cmn
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we can show the ßat-space limit ( ) of       becomes a one-loop box integral in the  
dimensional ßat space. Interestingly, the  IIB sugra one-loop amplitudes [ Alday Õ18; 
Alday, XZ Õ19] are also made of box amplitudes of the same form as       .

s, t / 3 D
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Outlook

¥ Generalizations to higher points. $

- No intrinsic contact contributions Ñ can we develop AdS versions of the ßat-space on-
shell recursion relations? $

- Make connections with the AdS CHY formalism [ Eberhardt, Komatsu, Mizera; Roehrig, Skinner] and 
Þnd a closed form expression for all multiplicities?$

¥ Double copy relation. 

- Can we Þnd similar relations for tree-level amplitudes in theories in other spacetime 
dimensions?$

- Do such structure persist at higher points and at loop levels?

We introduced e!cient bootstrap methods to compute AdS super gluon amplitudes at both tree 
and loop levels. The remarkably simple results enjoy many interesting properties, and the progress 
can be viewed as baby steps towards a full-ßedged amplitude program in AdS .



Outlook

¥ Physical meaning of many other emergent hidden structures ( not discussed). 

- In some theories, tree-level correlators are organized by a hidden conformal symmetry  in 

higher dimensions: Þrst found for sugra on  [Caron-Huot, Trihn] and  [Rastelli, 

Roumpedakis, XZ], and now for SYM on  [Alday, Behan, Ferrero, XZ]). The gluon example 

shows it is not a special property of sugra, but more a property of conformal ßatness of 
backgrounds. How can we understand this relation more precisely?$

- For all known 4-pt amplitudes there is a Parisi-Sourlas-like dimensional reduction  
structure. This structure allows amplitudes to be generated from the amplitudes of a 
lower dimensional scalar Òseed theoryÓ by action of di"erential operators [XZ; Behan, Ferrero, 

XZ; Alday, Behan, Ferrero, XZ]. What is the origin of this amusing structure?

AdS5 ! S5 AdS3 ! S3

AdS5 ! S3
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