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TEXTO NO CLEAR BSM SIGNAL AT THE LHC SO FAR

▸ SM based in the simplest gauge 
symmetries: SU(3)xSU(2)xU(1) 

▸ Also the flavour sector very 
symmetric (GIM)  

▸ The “natural” theory at “low” 
energies (below the TeVs) 

▸ We should expect that it will break 
at high energies: departure scale 
undetermined | no theory 
guidance
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NO CLEAR BSM SIGNAL AT THE LHC SO FAR

WHERE TO EXPECT A BSM SIGNAL?
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NO CLEAR BSM SIGNAL AT THE LHC SO FAR

WHERE TO EXPECT A BSM SIGNAL?

▸ LHC results suggest that new physics will appear as a gentle 
deviation from the SM predictions / rare events suppressed in 
the SM
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NO CLEAR BSM SIGNAL AT THE LHC SO FAR

WHERE TO EXPECT A BSM SIGNAL?

▸ LHC results suggest that new physics will appear as a gentle 
deviation from the SM predictions / rare events suppressed in 
the SM

▸ Very unlikely to be visible in inclusive observables or total 
decay rates of known particles: the bulk of the contributions at 
“low energies”, the characteristic hard scale is “low energy”



G
. R

od
rig

o,
 R

ed
 L

H
C 

20
19

NO CLEAR BSM SIGNAL AT THE LHC SO FAR

WHERE TO EXPECT A BSM SIGNAL?

▸ LHC results suggest that new physics will appear as a gentle 
deviation from the SM predictions / rare events suppressed in 
the SM

▸ Very unlikely to be visible in inclusive observables or total 
decay rates of known particles: the bulk of the contributions at 
“low energies”, the characteristic hard scale is “low energy”

▸ Higher chances at the tail of differential distributions (not 
necessarily a clear bump) “high energy” characteristic hard 
scale: more sensitive to quantum corrections / missing 
quantum corrections can fake BSM
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TEXTO

“This work naturally pushes our search methods towards making 
more detailed and higher precision measurements that will help us 
constrain possible deviations by new physics,” Willocq says.
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FROM A RECENT TALK BY ANDREAS WULZER
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FABIOLA GIANOTTI AT                                                                                       FEB 2019

Precise measurements of known particles and interactions 
are just as important as finding new particles



TEXTO



TEXTO

▸ New Physics ?



TEXTO

▸ New Physics ?

▸ A global challenge:           
a collaboration of radio 
telescopes around the 
world (200 researchers)
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DATA/THEORY | INCLUSIVE OBSERVABLES 5-20% THEORETICAL ACCURACY
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10%, 20%, 50% IS THE 
MOST COMMON 
UNCERTAINTY FOR 
HADRONIC COLLISIONS 
IN THE TAILS

 Czakon et al., arXiv:1803.07623DATA/THEORY | DIFFERENTIAL DISTRIBUTIONS



G
. R

od
rig

o,
 R

ed
 L

H
C 

20
19

STUNNING PROGRESS IN THEORETICAL CALCULATIONS IN THE PAST YEARS
▸ NLO revolution (2010-2011) leading to automation in event generators 
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STUNNING PROGRESS IN THEORETICAL CALCULATIONS IN THE PAST YEARS
▸ NLO revolution (2010-2011) leading to automation in event generators 

✦ first serious order because protons are not elementary
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STUNNING PROGRESS IN THEORETICAL CALCULATIONS IN THE PAST YEARS
▸ NLO revolution (2010-2011) leading to automation in event generators 

✦ first serious order because protons are not elementary
✦ thanks to a better understanding of the mathematical beauty of scattering 

amplitudes
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Figure by G.P. Salam

STUNNING PROGRESS IN THEORETICAL CALCULATIONS IN THE PAST YEARS
▸ NLO revolution (2010-2011) leading to automation in event generators 

✦ first serious order because protons are not elementary
✦ thanks to a better understanding of the mathematical beauty of scattering 

amplitudes
▸ Many 2➔2 processes at NNLO (since 2015), current frontier is 2➔3
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Figure by G.P. Salam

STUNNING PROGRESS IN THEORETICAL CALCULATIONS IN THE PAST YEARS
▸ NLO revolution (2010-2011) leading to automation in event generators 

✦ first serious order because protons are not elementary
✦ thanks to a better understanding of the mathematical beauty of scattering 

amplitudes
▸ Many 2➔2 processes at NNLO (since 2015), current frontier is 2➔3

e.g. dijet production 
data prefer NNLO
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STUNNING PROGRESS IN THEORETICAL CALCULATIONS IN THE PAST YEARS
▸ N3LO ggH (2➔1): 5% th+3% (PDF-     ) [Anastasiou et al., 2016]αS

[Dulat at PASCOS2018]
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PDF BEYOND COLLIDERS: JUAN ROJO



HL-LHC PROSPECTS

‣ 150 fb-1 today (only ~ 1/4 analysed) 
‣ 300 fb-1 by 2023 
‣ 3000 fb-1 by 2037



HL-LHC PROSPECTS

▸ statistical errors in the range 1% - 2%

‣ 150 fb-1 today (only ~ 1/4 analysed) 
‣ 300 fb-1 by 2023 
‣ 3000 fb-1 by 2037



HL-LHC PROSPECTS

▸ statistical errors in the range 1% - 2%

LHC PHYSICS AT % PRECISION ?

‣ 150 fb-1 today (only ~ 1/4 analysed) 
‣ 300 fb-1 by 2023 
‣ 3000 fb-1 by 2037
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CONCLUSIONS
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CONCLUSIONS

▸ LHC data is challenging our expectations to find BSM
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CONCLUSIONS

▸ LHC data is challenging our expectations to find BSM

▸ Change focus: not only discovery, quest for precision at 
the forefront for better physics | global challenge
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CONCLUSIONS

▸ LHC data is challenging our expectations to find BSM

▸ Change focus: not only discovery, quest for precision at 
the forefront for better physics | global challenge

▸ It requires to challenge our current understanding of QFT 
in many different aspects
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CONCLUSIONS

▸ LHC data is challenging our expectations to find BSM

▸ Change focus: not only discovery, quest for precision at 
the forefront for better physics | global challenge

▸ It requires to challenge our current understanding of QFT 
in many different aspects

▸ % physics still far away (2037?), but promising landscape 
given the recent successful developments in the field 




