
Les Houches 2021: quick status

J. Huston
Energy Frontier un-hibernation

September 2, 2021



l It’s clear by now that copious new 
physics isn’t jumping out at us

l In order to better understand the 
SM, and look for something 
beyond, we  have to extend our 
precision (as well as our kinematic 
reach)

l This may involve improvements on 
both the theoretical and 
experimental fronts, for example
� measurements of photons, 

leptons, jets, boosted objects
� extension of NNLO to 2->3 

processes
� (more) inclusion of EW effects
� more precise PDFs, better 

understanding of precision of 
PDFs, and of as(mZ)

PRECISION

The Path to Precision

These efforts are not confined to Les Houches.
even while Snowmass was hibernating, 
multiple workshops/programs ongoing, 
such as last week’s Taming the Accuracy
of Event Generators tackling similar problems.



We have an LOI!

…in particular, there is a lot of overlap 
with what people are trying to 
accomplish in the Snowmass exercise 

EF05: Precision QCD
EF06: Hadronic Structure and Forward
QCD



All aspects of the event are important

l Higher order matrix 
element

l PDFs
l Parton shower accuracy
l Non-perturbative

corrections
l (Unfolding)



Theoretical predictions

…in addition to the calculation of higher order matrix elements, also need precision
for PDFs and for as(mZ)
…where there is a restriction of phase space, need resummation
…where possible, need a translation into a form that may be more amenable to 
experimental comparison, i.e. ME+PS
…Les Houches accord/concensus: ME+PS predictions should agree with underlying
fixed order prediction in non-Sudakov regions

Sotnikov RadCor/Loopfest 21

NB: both EW and non-perturbative 
corrections can be similar size to NNLO 
corrections;



Les Houches precision wishlist (2019)



Calculations: input to Les Houches

Experimenters Theorists
• theory predictions needed to exploit physics potential, i.e. V+n jets at NNLO
• form of theory predictions needed, i.e. NNLO grids, K-factors, inclusion in

MEPS programs…
• experimental precision achievable in forseeable future->drives theoretical 

precision needed



Adding loops, in particular 2->3 at NNLO



arXiv:2003.01700 (will be updated for 2021 report)

Note I haven’t mentioned
logarithmic accuracy, 
which will also be 
important in regions with
restricted phase space. 

Primer



Les Houches wishlist often used as motivation

See for example half of the talks at
RadCor+Loopfest



Fabio Maltoni talk from GGI



PDFs
l Determined from global fits to 

data from a wide variety of 
processes, both from fixed 
target and collider 
experiments, with an 
increasing contribution from 
the LHC itself

l The 3 groups are CTEQ-TEA 
(CT), MSHT (new acronym) 
and NNPDF

l Each uses on order of 4000 
data points to determine the 
best fit PDFs and their 
uncertainties
� with CT and MSHT using a 

Hessian formalism and NNPDF 
using a neural net formalism

l Each group provides regularly 
updated sets of PDFs

to better understand similarities and
differences, it is useful to periodically
perform benchmarking exercises
See Tom Cridge’s talk on Wed.



Uncertainties (for ggF Higgs)

mis-match between order of calculation and
order of PDFs (i.e. need N3LO PDFs)

lack of knowledge of higher order corrections
(need to calculate more difficult cross sections)

arxiV:1902.00134



PDF4LHC21 and NNPDF4.0

the situation for gg looks different 
for NNPDF4.0 than for 3.1; spread of central 
PDFs would still contribute to gg PDF uncertainty 
(but plan is to use NNPDF3.1 in PDF4LHC21)
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as(mZ) uncertainties

importance of as uncertainties depends
on order of calculation, so very important 
for Higgs through ggF at N3LO

My opinion is that precision of lattice will 
improve faster than non-lattice.  

2019; 2021 update underway

update underway;
will not change much



PDF4LHC21 and NNPDF4.0

the situation for gg looks different 
for NNPDF4.0 than for 3.1; spread of central 
PDFs would still contribute to gg PDF uncertainty 
(but plan is to use NNPDF3.1 in PDF4LHC21)
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Shower accuracy

G. Salam



Shower accuracy
l This is in the limit of as->0 

and asL is constant, 
appropriate for testing the 
logarithmic accuracy. 

l It would be very useful if 
we could provide some 
benchmarking of 
PanShowers and current 
showers (Herwig, Pythia, 
Sherpa, DIRE, Vincia,…) 
on a more realistic 
framework, such as LEP 
legacy data (to start with) 
to see/understand the 
differences that show up 



But the event is more then the parton shower

l …and many of the 
crucial differences 
/systematics that we see 
arise from the treatment 
of non-perturbative 
effects















There has been a fair 
amount of progess so far. 

This should be an
important development.

See Ben Nachman’s 
talk on Wed. 





…finally
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Have you ever 
considered working 
on a Les Houches
project? You can 
get double credit
in Snowmass 
as well. 



Dreaming of an in-person Les Houches 2023



John Campbell, Fermi National Accelerator 

Laboratory

Joey Huston, Michigan State University

Frank Krauss, Durham University

December 2017
Hardback | 9780199652747 

£55.00 £38.50 | $75.00 $52.50
768 pages

• Landmark textbook on modern Quantum 

Chromodynamics

• Pedagogical style, based on lectures, written 

by practitioners in the field
• Detailed calculations and discussions of all 

aspects relevant for physics at hadron colliders 

such as the LHC

• Full of illustrative data

• Clear layout, detailed index, exhaustive 

references

The Black Book of Quantum 
Chromodynamics

A Primer for the LHC Era

The Black Book of Quantum Chromodynamics 

is an in-depth introduction to the particle 

physics of current and future experiments 

at particle accelerators. The book offers the 
reader an overview of practically all aspects 

of the strong interaction necessary to 

understand and appreciate modern particle 

phenomenology at the energy frontier. Aimed 
at graduate students and researchers, it also 

serves as a comprehensive reference for LHC 

experimenters and theorists.

order online at 

www.oup.com 

with discount code

ASPROMP8

SA
VE

 30%

Offer valid for individual customers  
when ordering direct from the 

Oxford University Press website. 
This offer is exclusive and cannot be 
redeemed in conjunction with any 

other promotional discounts.

due to an open access grant paid
by SCOAP3, a digital version of
the text will soon be available for
free


