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PRECISION MEASUREMENTS
□ High Energy experiments 

are collecting more data
□ In 2012, the LHC 

discovered a resonance 
compatible with the 
Standard Model Higgs 
Boson

□ The complete 
determination of the 
Standard Model Higgs 
properties requires the 
computation of 
theoretical predictions to 
the highest possible 
accuracy.

1



THEORY MEETS EXPERIMENT
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2017

Experiment

Phenomenology

Strong knowledge in:
-Quantum Field Theory,
-Mathematical methods,
-Programming, …

THEORY MEETS EXPERIMENT
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THEORY MEETS EXPERIMENT
• Precision measurements use accurate theoretical predictions.

• Experimental results needs Monte Carlo simulations in order to 
compare with nature. 4



• The total cross section is the theoretical prediction computed 
to compare with the experiment. It has a series expansion as,

• where all the elements are given in terms of integrals, as
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THEORETICAL PREDICTIONS
• However, we must keep in mind that a cross section is always finite at all orders in the 

series.

• The integrands are known using diagrams, Feynman diagrams.  For instance,

�LO =

�NLO =

6

+
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• The cross section is made, diagrammatically, by dots and lines. A line 
between two dots is called the propagator and has the functional form, for 
simplicity we consider no numerator,

• where                      .

• Considering the triangle diagram, it has the structure,

•

<latexit sha1_base64="bVxZjOA/iowdHYf1/oTIBTz/aGA=">AAACBHicbVDLSgMxFM3UVx1foy67CRahgpaZouhGKLpxWcE+oJ2WTJppQ5OZkGSEMszCjb/ixoUibv0Id/6N6WOh1QMXDufcy733BIJRpV33y8otLa+sruXX7Y3Nre0dZ3evoeJEYlLHMYtlK0CKMBqRuqaakZaQBPGAkWYwup74zXsiFY2jOz0WxOdoENGQYqSN1HMKYUkc8yN4Ce1OKBFOvSwV3coJ71aynlN0y+4U8C/x5qQI5qj1nM9OP8YJJ5HGDCnV9lyh/RRJTTEjmd1JFBEIj9CAtA2NECfKT6dPZPDQKH0YxtJUpOFU/TmRIq7UmAemkyM9VIveRPzPayc6vPBTGolEkwjPFoUJgzqGk0Rgn0qCNRsbgrCk5laIh8hkoU1utgnBW3z5L2lUyt5Z2b09LVav5nHkQQEcgBLwwDmoghtQA3WAwQN4Ai/g1Xq0nq03633WmrPmM/vgF6yPb8Yvlkc=</latexit>

f(p,m) =
1

p2 �m2

<latexit sha1_base64="/XGiWt6mcSnvQ1kQq7qhPSVLi/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB22uM+A==</latexit>p

<latexit sha1_base64="AV9aJWW4ksQKVrrKAQbweHyzc1s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB1t+M9Q==</latexit>m
<latexit sha1_base64="P5FeN7E2d6ugLqCuQWVZ0JQkxu0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgQktSFN0IRTcuK9gHNGmYTCft0EkyzEwKJWThxl9x40IRt36EO//GaZuFth643MM59zJzj88Zlcqyvo3Cyura+kZxs7S1vbO7Z+4ftGScCEyaOGax6PhIEkYj0lRUMdLhgqDQZ6Ttj26nfntMhKRx9KAmnLghGkQ0oBgpLXlmmfdq8Bpyz9L9DDpjglOe9VLntJZ5ZsWqWjPAZWLnpAJyNDzzy+nHOAlJpDBDUnZtiys3RUJRzEhWchJJOMIjNCBdTSMUEummsyMyeKyVPgxioStScKb+3khRKOUk9PVkiNRQLnpT8T+vm6jgyk1pxBNFIjx/KEgYVDGcJgL7VBCs2EQThAXVf4V4iATCSudW0iHYiycvk1atal9UrfvzSv0mj6MIyuAInAAbXII6uAMN0AQYPIJn8ArejCfjxXg3PuajBSPfOQR/YHz+AMazlkg=</latexit>

p2 = p20 � ~p 2

<latexit sha1_base64="pT5fPmvO48/6qCmYaMmBlPRpsRo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoiqeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/aZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epvHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/iZOMwg==</latexit>:

<latexit sha1_base64="s7Y6ppu2WuO7LnFGHaDiwdm+TTo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSFD0WvXisYD+gDWGz3bRLN5tldyOU0B/hxYMiXv093vw3btMctPXBwOO9GWbmhZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjk5SRWibJDxRvRBrypmgbcMMpz2pKI5DTrvh5G7ud5+o0iwRj2YqqR/jkWARI9hYqSsD70IGjaBac+tuDrRKvILUoEArqH4NhglJYyoM4VjrvudK42dYGUY4nVUGqaYSkwke0b6lAsdU+1l+7gydWWWIokTZEgbl6u+JDMdaT+PQdsbYjPWyNxf/8/qpiW78jAmZGirIYlGUcmQSNP8dDZmixPCpJZgoZm9FZIwVJsYmVLEheMsvr5JOo+5d1d2Hy1rztoijDCdwCufgwTU04R5a0AYCE3iGV3hzpPPivDsfi9aSU8wcwx84nz9hDI7w</latexit>

p1 + p2

<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`

<latexit sha1_base64="M90jus2Ce3j1k6/a6ufQbNfvX7g=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSFD0WvXisYD+gCWWznbRLN8myuxFK6d/w4kERr/4Zb/4bt20O2vpg4PHeDDPzQim4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS6eZYthkqUhVJ6QaBU+wabgR2JEKaRwKbIeju5nffkKleZo8mrHEIKaDhEecUWMl30chLmTPs1XrlStu1Z2DrBIvJxXI0eiVv/x+yrIYE8ME1brrudIEE6oMZwKnJT/TKCkb0QF2LU1ojDqYzG+ekjOr9EmUKluJIXP198SExlqP49B2xtQM9bI3E//zupmJboIJT2RmMGGLRVEmiEnJLADS5wqZEWNLKFPc3krYkCrKjI2pZEPwll9eJa1a1buqug+XlfptHkcRTuAUzsGDa6jDPTSgCQwkPMMrvDmZ8+K8Ox+L1oKTzxzDHzifP9dMkOY=</latexit>

`+ p1 + p2

<latexit sha1_base64="Snnm+e+nedgCl8o5eqJ1UOyVZq8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBEEoiih6LXjxWsB/QhrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFSu4tCnCU9r1euuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7d0JOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMn2e9LlCZsTYEsoUt7cSNqSKMmMjKtkQvMWXl0nzvOpdVt37i0rtJo+jCEdwDKfgwRXU4A7q0AAGAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8Ab9qPkg==</latexit>

`+ p1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="pT5fPmvO48/6qCmYaMmBlPRpsRo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoiqeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/aZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVbc+kW5epvHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/iZOMwg==</latexit>:

THEORETICAL PREDICTIONS

<latexit sha1_base64="yr06JBf7VObyjQyRjJiB/6+hs38="></latexit>Z
d`0d`xd`yd`z

1

`2 �m2

⇥ 1

(`+ p1 + p2)2 �m2

1

(`+ p1)2 �m2

7



• The simplest two loop diagram involves a different complexity in the integrands.

• With more loops and legs, you need to impose momentum conservation at each 
vertex and apply the corresponding propagators and vertices “recipe” to build the 
integrand. Then, integrate.

• How to compute the complete set of integrals ?

THEORETICAL PREDICTIONS
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`1 + `2 ??

8



THEORETICAL ISSUES

• In a physical problem, integrands are usually lengthy.

• In addition, integrands are divergent. It is necessary to work in (4-2e)-
space-time dimensions.

• The number of Feynman diagrams increase enormously when high 
accuracy is required.

• Time consuming Monte Carlo simulations.

• New methods for higher order calculations are extremely important.
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LOOP-TREE DUALITY
• Massive one-loop scalar integrals are,

• where the +i0 prescription establishes that particles are 
going forward in time. 

= �ı

Z
ddq

(2⇡)d

NY

i=1

1

q2i �m2
i + ı0
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• LTD at one loop establishes then

• where Feynman propagators are transformed to dual propagators.

•                                                and sets internal lines on-shell and 
in the positive energy mode.

• LTD modify the +i0 prescription, instead of having multiple cuts like 
in the Feynman Tree Theorem.

•      is a future-like vector, for simplicity we take                   . In fact, 
the only relevance is the sign in the prescription.

L(1)(p1, · · · , pN ) = �
XZ

`1

�̃(qi)
NY

j=1
j 6=i

GD(qi; qj)

GD(qi; qj) =
1

q2j �m2
j � i0⌘ · (qj � qi)

�̃(qi) = 2⇡i✓(qi,0)�(q
2
i �m2

i )

⌘µ ⌘µ = (1,0)

11



• Faster computations are needed for the Montecarlo simulations for the LHC 
observables.

• Using LTD the standard methods become time consuming 

12

NUMERICAL IMPLEMENTATION



• This results shows have been implemented for several data points for tensor 
pentagons and hexagons.

• Integrals considering massive internal lines were computed numerically.

• The results using LTD are, in some cases, four order of magnitudes faster than 
SecDec.
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FDU
• The Four-Dimensional Unsubtraction relies on the fact that cross sections are always finite.

• Poles at the integrand level should cancel at the integral level, by adding proper counter-
terms.

• Loop-Tree Duality sets virtual particles on-shell. Therefore, merging the variables must 
cancel divergences at integral level.

�NLO =

• OBJECTIVE: Apply the LTD for matching the virtual and the real contributions 
at integrand level at NLO where the integrand should not have divergences.

14
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IR DIVERGENCES

• Let’s apply the LTD to the triangle:

• It means that the full integrals is the sum over 
three phase-space integrals,

+ +

L(1)(p1, p2,�p3) =�
3X

i=1

Ii

=
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• Let’s define real and virtual cross sections as,

• where

• Momentum conservation:

�̃i,R = ��1
0 2Re

Z
d�1!3hM(0)

2r |M
(0)
1r i✓(y0jr � y0ir)

�̃i,V = ��1
0 2Re

Z
d�1!2hM(0)|M(1)

i i✓(y0jr � y0ir)

y0ir =
s12
s0ir

hM(0)|M(1)
i i = �g4s12Ii

IR REGULARISATION

hM(0)
2r |M

(0)
1r i = g4s12/(s

0
1rs

0
2r)

p1 + p2 = p01 + p02 + p0r
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• Claim:                               allows a 4-dimensional representation at 
the integrand level.

• Building the mapping for the condition                   :

•  

• and a similar mapping for                  .  The integral regions are

•

p0µr = qµ1

p0µ1 = pµ1 � qµ1 + ↵1p
µ
2

p0µ2 = (1� ↵1)p
µ
2

↵1 =
q23

2q3 · p2
q1 = `+ p1

�̃i = �̃i,V + �̃i,R

y01r < y02r

y01r > y02r

�̃�
(�)

�̃�
(�)

���������

	���
����

���

��

� �

�̃1 = O(✏)

�̃2 = �c�
g2

s12

⇡2

6
+O(✏)

�̄V = c�
g2

s12

⇡2

6
+O(✏)
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UV RENORMALISATION
• UV renormalisation requires local cancellation of divergences.

• In general, counterterms are obtained by expanding the propagator 
around a UV propagator

• For the bubble integral, the counterterm is

•

GF (qi) =
1

q2UV � µ2
UV + ı0

+ · · · , qUV = `+ kUV

IcntUV =

Z

`

1

(q2UV � µ2
UV + ı0)2

IcntUV =

Z

`

�̃(qUV )

2(q(+)
UV,0)

2

q(+)
UV,0 =

q
q2
UV + µ2

UV � ı0

LTD
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• 4 dimensional representation of the renormalised bubble integral is,

• the integration regions corresponds to hyperboloids 

•

L(1,R) = L(1)(p,�p)� IcntUV

= �4

Z
d[⇠]d[v]


⇠

1� 2✏+ ı0
+

⇠

1 + 2⇠
+

⇠2

2(⇠2 +m2
UV )

3/2

�

=
1

4⇡2


� log

✓
�

p2

µ2
UV

� ı0

◆
+ 2

�
+O(✏)

• Physical interpretation of 
renormalisation scale: Avoid the 
intersection of hyperboloids. 
Thus

µUV = Q/2
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           AT NLO IN QCD
• In this well known process, the Feynman diagrams are

• Using the LTD we find,

•

�⇤ ! qq̄

20

�̃(1)
1 = �(0)↵s

4⇡
CF (19� 32 log(2)) ,

�̃(1)
2 = �(0)↵s

4⇡
CF

✓
�11

2
+ 8 log(2)� ⇡2

3

◆
,

�̄(1)
V = �(0)↵s

4⇡
CF

✓
�21

2
+ 24 log(2) +

⇡2

3

◆
.

The sum coincides with 
the result in 

4-dimensions.

It is local !



• Integrals (sums) can be written in many ways.

• We call the Feynman representation to the integrals that are 
obtained by the Feynman rules, without making any treatment.

• The dual representation is the one obtained by the Loop-Tree 
Duality theorem.

• The causal representation is obtained when partial fractioning is 
made to the dual representation, and only physical singularities 
remain.

21

INTEGRAL REPRESENTATIONS



• We were interested in the application of the LTD to some topologies.

• The arrangement most simplest are,

22

INTEGRAL REPRESENTATIONS

Maximal Loop 
Topology
MLT

Next-to-Maximal Loop 
Topology
NMLT

Next-to-Next-Maximal 
Loop Topology
NNMLT



• It is possible to find, dual representations for each topology. For instance,

23

INTEGRAL REPRESENTATIONS

A(L)
MLT(1, · · · , n) =

Z

`1,··· ,`L

nX

i=1

AL
D(1, · · · , i� 1, i+ 1, · · · , n; i)

<latexit sha1_base64="u4EZcrYKjFS3vocADwl9F200S50="></latexit>



• It is possible to recicle the results in order to build more complicated 
topolgies, such as,

24

INTEGRAL REPRESENTATIONS

A(L)
NNMLT(1, · · · , n, 12, 23) = A(3)

NMLT(1, 12, 3, 23, 2)⌦A(L�3)
MLT (4, · · · , n)

+A(2)
MLT(1 [ 23, 2, 3 [ 12)⌦A(L�2)

MLT (4̄, · · · , n̄)

<latexit sha1_base64="9eKSBukr5qg8ER4rnBVi6HdJdmo="></latexit>



• Denominators are important in the representations since the 
complexity of the integrals are explicitly there.

• Combinatorics in the dual representations shows that there are 
denominators that could present a non-physical singularity, such as,

• However, causal representation do not have such non-physical 
divergences.

INTEGRAL REPRESENTATIONS

<latexit sha1_base64="2QZuKEJzHwfdax7vyhbQ1ug5nn0=">AAACRnicdZBLSwMxFIXv1Fetr6pLN8EiVGrLjCi6LLpxJRXsA9qxZNK0hmYeJhmhDP11bly78ye4caGIW9PpYLXVC4GT79ybx3ECzqQyzWcjNTe/sLiUXs6srK6tb2Q3t2rSDwWhVeJzXzQcLClnHq0qpjhtBIJi1+G07vTPR379ngrJfO9aDQJqu7jnsS4jWGnUztp37cg6MIc3Ub6wPyygVsdXEhUyGrPixCjGYNIXbwv/DF5+43Y2Z5bMuNCssBKRg6Qq7eyTPoeELvUU4VjKpmUGyo6wUIxwOsy0QkkDTPq4R5taetil0o7iGIZoT5MO6vpCL0+hmP6ciLAr5cB1dKeL1a2c9kbwL68Zqu6pHTEvCBX1yPiibsiR8tEoU9RhghLFB1pgIph+KyK3WGCidPIZHYI1/eVZUTssWccl8+ooVz5L4kjDDuxCHiw4gTJcQAWqQOABXuAN3o1H49X4MD7HrSkjmdmGX5WCL8KUq2w=</latexit>

q(+)
1,0 + · · ·+ q(+)

i�1,0 � q(+)
i,0 + q(+)

i+1,0 + · · ·+ q(+)
N,0
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INTEGRAL REPRESENTATIONS

• For instance, the N^3MLT requires 13 causal propagators to describe the full 
amplitude.

• How about more loops or different complexities ??
26



CONCLUSIONS

• New methods for computing higher order corrections are needed 
for the upcoming LHC observables.

• The Loop-Tree Duality is a new method for computing efficiently 
divergent amplitudes and its application through the Four-
Dimensional Unsubtraction opens a new window for the high 
precision era.

• Causal representation can plays an important role when numerical 
integration is performed for a large number of diagrams.
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□ The Standard Model cannot be the end 
of the road.

□ New accelerators are searching for new 
particles and interactions.

□ The discovery of New Physics will be 
driven by the understanding small 
deviations between the theoretical 
predictions and the experimental data.
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THANK YOU !


