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Motivation

• Discovery of the Higgs boson: most important element in our understanding of 
electroweak symmetry breaking.  

• The hierarchy problem and other open questions in the SM motivate us to 
explore extensions to the Higgs sector.  

• SM is very well tested. If there are new physics effects they are likely to show 
up in the Higgs sector, but no evidence of new physics has been found up to 
date. 

• New physics may hide at higher scales, therefore a low energy approximation 
of new physics can allow us to parametrize new physics contributions.  

• So we work in an Effective Field Theory (EFT) framework, in particular the one 
provided by the ElectroWeak Chiral Lagrangian (EWChL) [Buchalla et al. arXiv: 
1307.5017].
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Motivation
• EWChL provides a non linear realization of the 

electroweak symmetry breaking sector. 

• Many of the Higgs couplings are well 
constrained already or can be obtained from 
other processes, but this is not true for the 
Higgs boson self coupling. 

• Non standard couplings in the Higgs sector in 
principle can be large in this framework. 
Therefore we only consider the Higgs sector 
within the EWChL framework, in particular 
Higgs boson pair production. 

• We focus on the gluon fusion channel , the 
channel with the biggest cross section.
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EFT + higher order QCD gg➔HH brief state of art

• Cross section parametrization within EFT framework see e.g. [Azatov et 
al. arXiv:1502.00539]. 

• NLO HEFT calculation based on dimension 6 operators  [Gröber et al. 
arXiv:1504.06577], including CP violating terms [Gröber et al. arXiv:
1705.05314]. 

• NNLO HEFT results including dimension 6 operators [de Florian et al. 
arXiv:1704.05700]. 

• Presentation of Benchmark points in order to explore the BSM 
parameters space  see e.g. [Carvalho et al. arXiv:1507.02245]. 

• NLO SM full top mass dependent calculation including variation of the 
Higgs self coupling [Borowka et al. arXiv:1608.04798].
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EWChL for gg➔HH 

	 •	 At leading order there are 5 different diagrams: 2 SM-like diagrams and 3 totally new diagrams. 

 

	  

•	The Feynman amplitude of this process can be written as:    

 

	  

•	 In order to compute the deviations of the model, we need to know the contributions of these new 
diagrams to the form factors F1 and F2.  

Gröber et al. arXiv:1504.06577
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gg➔HH contributions in the EWChL framework

Leading order

NLO QCD virtual

NLO QCD real

+…

+…
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Method of the calculation 

• In order to obtain the LO QCD cross section and the NLO QCD 
real corrections we used a C++ code linked to the automated 
one loop generator GoSam [Cullen et al. arXiv:1404.7096 ]. 

• For the NLO QCD virtual correction we used the two-loop 
integrals computed  numerically (using the program SecDec) 
for the SM case [Borowka et al. arXiv:1608.04798]. 

• Within our setup we can produce the full top mass dependent 
NLO QCD cross section and differential distributions. 

• In the following we will show distributions for some of  the 
benchmark points and compare them with SM results.
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Benchmark points
• Benchmark points introduced in 

Carvalho et al. [arXiv:1507.02245, arXiv:
1608.06578 and arXiv:1710.08261], 
calculating  LO distributions.  

• The aim of the benchmark points is to 
probe the BSM couplings space. 

• According to the values of the five 
anomalous couplings the shape of the 
differential distribution can change. 

• The idea of the benchmark points is to 
define 12 clusters with different shapes, 
which characterize distributions 
attributed to a given choice of couplings. 

• We produced the inclusive and 
differential cross sections at NLO with 
full top mass dependence. 
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Benchmark points

• Some of them already ruled out [arXiv:1806.00408].
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Benchmark points: mhh and pT, h distributions 

Benchmark 6
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chhh = 2.4, ct = 1.0, ctt = 0, cggh =
0.4

3
, cgghh =

0.2

3
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Benchmark points: mhh and pT, h distributions 

Benchmark 8-a
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chhh = 1.0, ct = 1.0, ctt = 0.5, cggh =
0.8

3
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Benchmark points: mhh and pT, h distributions 

Benchmark 9
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Cross section fit 
• In general the LO cross section for the process can be parametrized as function of the 5 BSM couplings in 

terms of 15 parameters. 

• We determined the value of the 15 parameters via projections. We evaluated the cross section for 15 different 
combinations of the couplings in order to obtain a system of 15 equations. The values of the parameters are 
the solutions of the system. 

• We checked our results with the ones of Azatov et al. [arXiv:1502.00539] and found agreement. 

• At NLO QCD the 15 coefficients change plus there are  8 new ones.  

�14

�LO

�LO,SM

=[A1c
4
t
+A2c

2
tt
+A3c

2
thh

c2
hhh

+A4c
2
ghh

c2
hhh

+A5c
2
gghh

+A6cttc
2
t
+A7c

3
t
chhh

+A8cttctchhh +A9cttcgghchhh +A10cttccgghh +A11c
2
t
cgghchhh +A12c

2
t
cgghh

+A13ctc
2
hhh

cghh +A14ctchhhcgghh +A15cgghchhhcgghh]
<latexit sha1_base64="mNge61WcTzBLBRDLSZhide4cc+U="></latexit><latexit sha1_base64="mNge61WcTzBLBRDLSZhide4cc+U="></latexit><latexit sha1_base64="mNge61WcTzBLBRDLSZhide4cc+U="></latexit><latexit sha1_base64="mNge61WcTzBLBRDLSZhide4cc+U="></latexit>

�NLO

�NLO,SM

=[A0
1c

4
t
+A0

2c
2
tt
+A0

3c
2
thh

c2
hhh

+A0
4c

2
ghh

c2
hhh

+A0
5c

2
gghh

+A0
6cttc

2
t
+A0

7c
3
t
chhh

+A0
8cttctchhh +A0

9cttcgghchhh +A0
10cttccgghh +A0

11c
2
t
cgghchhh +A0

12c
2
t
cgghh

+A0
13ctc

2
hhh

cghh +A0
14ctchhhcgghh +A0

15cgghchhhcgghh +A0
16c

3
t
cggh +A0

17ctcttcggh

+A0
18ctc

2
ggh

chhh +A0
19ctcgghcgghh +A0

20c
2
t
c2
ggh

+A0
21cttc

2
ggh

+A22c
3
ggh

chhh +A0
23c

2
ggh

cgghh]
<latexit sha1_base64="Ba4EZHuPz81AsE/N+Kke6dmOHzI="></latexit><latexit sha1_base64="Ba4EZHuPz81AsE/N+Kke6dmOHzI="></latexit><latexit sha1_base64="Ba4EZHuPz81AsE/N+Kke6dmOHzI="></latexit><latexit sha1_base64="Ba4EZHuPz81AsE/N+Kke6dmOHzI="></latexit>

https://arxiv.org/abs/1502.00539


Cross section fit 

• We present the results for the 
coefficients at LO and NLO. 

• Using the fitted cross section we 
study the behavior of the cross 
section as a function of the BSM 
parameters. 

• We show some of the iso-contours 
produced using the fit.



NLO Iso-contours

• Small deviations of ctt can lead to big cross section values. 

• Deviations of chhh, more in the negative region than in the positive, lead to enhancement.



NLO Iso-contours

• Changes of ct to values bigger than 1 can lead to considerable enhancements. 

• The total cross section is not very sensitive to the interaction coupling cggh.



NLO Iso-contours
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• Variations of the two direct Higgs-gluon couplings do not yield 
important modifications of the total cross section values.



NLO 3D plots 

• We performed the fit also at differential level, attached as ancillary 
files  to 1806.05162. 

• We used the differential fit to produce 3D plots. 

• From the 3D plot one can understand the behavior of the differential 
distribution changing one of the BSM parameters. 

• We made a study of the behavior of the differential mhh cross section 
as a function of the 3 couplings which are difficult to constrain from 
other processes. 

• In each plot we varied just one coupling in a range allowed by 
experimental constraints, fixing the others to the SM values.

https://arxiv.org/abs/1806.05162


NLO 3D plots 

The planes cut on 
the standard 

model 
distributions
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NLO 3D plots normalized to the SM
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Conclusions

• We computed NLO QCD corrections for Higgs boson pair production in the gluon fusion 
channel within the EWChL framework. We worked within a five dimensional parameter space. 

• We evaluated  the full top mass dependent cross sections and differential mhh and pT 
distributions for 12 benchmark points up to NLO QCD. 

• The analyzes show that in a BSM framework the differential cross section can deviate 
substantially from the SM prediction. The total cross section can be different from the SM one 
or almost degenerate; studying the differential cross section allows to break the degeneracy. 

•  The values of the total cross sections change more rapidly with ctt, chhh, ct than with cggh and 
cgghh. 

• We studied the behavior of the total and differential cross section as a function of the 3 
parameters which are difficult to constrain from other processes. 

• We gave a parameterization of the total and differential mhh  cross section (available as ancillary 
files) in terms of 23 coefficients which can allow experimentalists to make further analysis.
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Virtual contributions 
to  NLO coefficients 

• In order to evaluate the virtual 
coefficients of the 
parametrization formula we used 
a different approach. 

• In our setup for the virtual 
corrections  we can isolate the 
contribution of each diagram to 
the form factors. 

• So we can compute each 
interference and determine 
directly all the 23 coefficients. 

A23 /
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⇥
<latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit>

A22 /
<latexit sha1_base64="LHzo3Z++tBVTn1Vmj1dFXvns/LY=">AAAB+HicbVBNS8NAEJ34WetHqx69LBbBU0mKoMeqF48V7Ae0IWy2m3bpJrvsboQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3w8y8UHKmjet+O2vrG5tb26Wd8u7e/kGlenjU0SJVhLaJ4EL1QqwpZwltG2Y47UlFcRxy2g0nt7nffaRKM5E8mKmkfoxHCYsYwcZKQbVyHWSNxgwNpBLSiHJQrbl1dw60SryC1KBAK6h+DYaCpDFNDOFY677nSuNnWBlGOJ2VB6mmEpMJHtG+pQmOqfaz+eEzdGaVIYqEspUYNFd/T2Q41noah7Yzxmasl71c/M/rpya68jOWyNTQhCwWRSlHRqA8BTRkihLDp5Zgopi9FZExVpgYm1Uegrf88irpNOqeW/fuL2rNmyKOEpzAKZyDB5fQhDtoQRsIpPAMr/DmPDkvzrvzsWhdc4qZY/gD5/MHns+SZw==</latexit><latexit sha1_base64="LHzo3Z++tBVTn1Vmj1dFXvns/LY=">AAAB+HicbVBNS8NAEJ34WetHqx69LBbBU0mKoMeqF48V7Ae0IWy2m3bpJrvsboQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3w8y8UHKmjet+O2vrG5tb26Wd8u7e/kGlenjU0SJVhLaJ4EL1QqwpZwltG2Y47UlFcRxy2g0nt7nffaRKM5E8mKmkfoxHCYsYwcZKQbVyHWSNxgwNpBLSiHJQrbl1dw60SryC1KBAK6h+DYaCpDFNDOFY677nSuNnWBlGOJ2VB6mmEpMJHtG+pQmOqfaz+eEzdGaVIYqEspUYNFd/T2Q41noah7Yzxmasl71c/M/rpya68jOWyNTQhCwWRSlHRqA8BTRkihLDp5Zgopi9FZExVpgYm1Uegrf88irpNOqeW/fuL2rNmyKOEpzAKZyDB5fQhDtoQRsIpPAMr/DmPDkvzrvzsWhdc4qZY/gD5/MHns+SZw==</latexit><latexit sha1_base64="LHzo3Z++tBVTn1Vmj1dFXvns/LY=">AAAB+HicbVBNS8NAEJ34WetHqx69LBbBU0mKoMeqF48V7Ae0IWy2m3bpJrvsboQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3w8y8UHKmjet+O2vrG5tb26Wd8u7e/kGlenjU0SJVhLaJ4EL1QqwpZwltG2Y47UlFcRxy2g0nt7nffaRKM5E8mKmkfoxHCYsYwcZKQbVyHWSNxgwNpBLSiHJQrbl1dw60SryC1KBAK6h+DYaCpDFNDOFY677nSuNnWBlGOJ2VB6mmEpMJHtG+pQmOqfaz+eEzdGaVIYqEspUYNFd/T2Q41noah7Yzxmasl71c/M/rpya68jOWyNTQhCwWRSlHRqA8BTRkihLDp5Zgopi9FZExVpgYm1Uegrf88irpNOqeW/fuL2rNmyKOEpzAKZyDB5fQhDtoQRsIpPAMr/DmPDkvzrvzsWhdc4qZY/gD5/MHns+SZw==</latexit><latexit sha1_base64="LHzo3Z++tBVTn1Vmj1dFXvns/LY=">AAAB+HicbVBNS8NAEJ34WetHqx69LBbBU0mKoMeqF48V7Ae0IWy2m3bpJrvsboQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3w8y8UHKmjet+O2vrG5tb26Wd8u7e/kGlenjU0SJVhLaJ4EL1QqwpZwltG2Y47UlFcRxy2g0nt7nffaRKM5E8mKmkfoxHCYsYwcZKQbVyHWSNxgwNpBLSiHJQrbl1dw60SryC1KBAK6h+DYaCpDFNDOFY677nSuNnWBlGOJ2VB6mmEpMJHtG+pQmOqfaz+eEzdGaVIYqEspUYNFd/T2Q41noah7Yzxmasl71c/M/rpya68jOWyNTQhCwWRSlHRqA8BTRkihLDp5Zgopi9FZExVpgYm1Uegrf88irpNOqeW/fuL2rNmyKOEpzAKZyDB5fQhDtoQRsIpPAMr/DmPDkvzrvzsWhdc4qZY/gD5/MHns+SZw==</latexit>

⇥
<latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit>

A16 /
<latexit sha1_base64="KpPcULpfOhkEJxDJtgIPsiK/JdA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPVi8cK9gPaEDbbbbt0k112J0IN/SVePCji1Z/izX/jps1BWx8MPN6bYWZepAQ34Hnfzsrq2vrGZmmrvL2zu1dx9w9aRqaasiaVQupORAwTPGFN4CBYR2lG4kiwdjS+zf32I9OGy+QBJooFMRkmfMApASuFbuU6zPyLKe4pLRXIcuhWvZo3A14mfkGqqEAjdL96fUnTmCVABTGm63sKgoxo4FSwabmXGqYIHZMh61qakJiZIJsdPsUnVunjgdS2EsAz9fdERmJjJnFkO2MCI7Po5eJ/XjeFwVWQ8USlwBI6XzRIBQaJ8xRwn2tGQUwsIVRzeyumI6IJBZtVHoK/+PIyaZ3VfK/m359X6zdFHCV0hI7RKfLRJaqjO9RATURRip7RK3pznpwX5935mLeuOMXMIfoD5/MHo3iSag==</latexit><latexit sha1_base64="KpPcULpfOhkEJxDJtgIPsiK/JdA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPVi8cK9gPaEDbbbbt0k112J0IN/SVePCji1Z/izX/jps1BWx8MPN6bYWZepAQ34Hnfzsrq2vrGZmmrvL2zu1dx9w9aRqaasiaVQupORAwTPGFN4CBYR2lG4kiwdjS+zf32I9OGy+QBJooFMRkmfMApASuFbuU6zPyLKe4pLRXIcuhWvZo3A14mfkGqqEAjdL96fUnTmCVABTGm63sKgoxo4FSwabmXGqYIHZMh61qakJiZIJsdPsUnVunjgdS2EsAz9fdERmJjJnFkO2MCI7Po5eJ/XjeFwVWQ8USlwBI6XzRIBQaJ8xRwn2tGQUwsIVRzeyumI6IJBZtVHoK/+PIyaZ3VfK/m359X6zdFHCV0hI7RKfLRJaqjO9RATURRip7RK3pznpwX5935mLeuOMXMIfoD5/MHo3iSag==</latexit><latexit sha1_base64="KpPcULpfOhkEJxDJtgIPsiK/JdA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPVi8cK9gPaEDbbbbt0k112J0IN/SVePCji1Z/izX/jps1BWx8MPN6bYWZepAQ34Hnfzsrq2vrGZmmrvL2zu1dx9w9aRqaasiaVQupORAwTPGFN4CBYR2lG4kiwdjS+zf32I9OGy+QBJooFMRkmfMApASuFbuU6zPyLKe4pLRXIcuhWvZo3A14mfkGqqEAjdL96fUnTmCVABTGm63sKgoxo4FSwabmXGqYIHZMh61qakJiZIJsdPsUnVunjgdS2EsAz9fdERmJjJnFkO2MCI7Po5eJ/XjeFwVWQ8USlwBI6XzRIBQaJ8xRwn2tGQUwsIVRzeyumI6IJBZtVHoK/+PIyaZ3VfK/m359X6zdFHCV0hI7RKfLRJaqjO9RATURRip7RK3pznpwX5935mLeuOMXMIfoD5/MHo3iSag==</latexit><latexit sha1_base64="KpPcULpfOhkEJxDJtgIPsiK/JdA=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1GPVi8cK9gPaEDbbbbt0k112J0IN/SVePCji1Z/izX/jps1BWx8MPN6bYWZepAQ34Hnfzsrq2vrGZmmrvL2zu1dx9w9aRqaasiaVQupORAwTPGFN4CBYR2lG4kiwdjS+zf32I9OGy+QBJooFMRkmfMApASuFbuU6zPyLKe4pLRXIcuhWvZo3A14mfkGqqEAjdL96fUnTmCVABTGm63sKgoxo4FSwabmXGqYIHZMh61qakJiZIJsdPsUnVunjgdS2EsAz9fdERmJjJnFkO2MCI7Po5eJ/XjeFwVWQ8USlwBI6XzRIBQaJ8xRwn2tGQUwsIVRzeyumI6IJBZtVHoK/+PIyaZ3VfK/m359X6zdFHCV0hI7RKfLRJaqjO9RATURRip7RK3pznpwX5935mLeuOMXMIfoD5/MHo3iSag==</latexit> ⇥

<latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit><latexit sha1_base64="ogoQlRxMOWaCgYkILiecsDLFtRU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSd4Ai4qYyrNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JF7RY/W5w7JxdWGZEw1rYUkoX6eyKjkTGzKLCdEcWJWfVy8T+vn2J442dCJSlyxZaLwlQSjEn+OxkJzRnKmSWUaWFvJWxCNWVoE8pD8FZfXiedq7rn1r2H61rztoijDGdwDpfgQQOacA8taAODKTzDK7w5ifPivDsfy9aSU8ycwh84nz/sv49I</latexit>


