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To quote Tevye in Fiddler on the Roof

l Precision!
l …is one of the keys for 

better understanding the 
SM and looking for 
possible BSM physics 

precision in matrix elements, jet 
reconstruction, PDFs, 
parton showers, non-perturbative
corrections

…by the way, this picture is from the Black Book



now available as free download



The Les Houches wishlist (arXiv:2504.06689 )
A. Huss, J. Huston, S. Jones, M. Pellen, R. Rontsch

soft Higgs
approximation

NNLO HTL probably most crucial; help
with understanding VBF background

2->3 at NNLO is current frontier;
techniques almost complete

probably fine

effectively  2->2

~NNLO  available;  still need 2 loop virtuals
but impact should be small, or is it? 
singularity structure is very complex

only 2->2, but with two masses



Les Houches 2023 wishlist
Huss, Huston,Jones,Pellen, Rontsch
arXiv:

experimental justification
for precision theory





Aspen study: summer 2024

l estimate size of higher order corrections using LO color flows 
(color annhilation channels)

Possible to build on this at
Les Houches?

See also p.80 of the Black Book (the Dixon conjecture):
Ci1+Ci2-Cf,max
Relative size of NLO corrections for a given process depends on 
the sum of the Casimir color factors for the initial state minus the 
Casimir factor for the largest color representation of the final state.





The Les Houches perspective

lTo get a better understanding of the 
efficacy of theoretical 
predictions,compare to fixed order 
predictions at different orders,  calculate 
the predictions as a function of jet radius 
above and below the nominal value(s), 
calculate the scale variation above and 
below the nominal 7-point range, and 
examine behavior as in different 
kinematic ranges



Jet algorithms and R-dependence: arXiv:1903.12563 (LH17) 

l At NNLO, there 
are accidental 
cancellations, 
that lead to an 
artificially low 
scale uncertainty 
for processes 
with small R (0.4) 
jets

l Prescriptions for 
restoring 
reasonable 
uncertainty 
estimate

l Similar for Z+jet; 
H+jet ok

l Look at 3 jet at 
NNLO?

l See Rene’s talk
re:NNLL

These are the 7 pt
scale variation curves



Z+jet

uncertainty is
zero around 
R=0.3

can Z+jet
uncertainty ever
be less than Z
inclusive
uncertainty? 



This is for mjj, rather than pT
jet, but illustrates the idea of looking at the 2-D scale 

dependence to gain some insight into the behavior. Compare NNLO and NNLO+NNLL. 

2-D plots for scale dependence



VBF production at 13 TeV: an outcome of LH19

includes NNLOJET,
Sherpa, Herwig and 
Powheg authors
…from LH2019

arXiv:2105.11399
comprehensive 
comparison of the
above programs for
VBF production
(no hadronization/UE);
ggF H+2j from Sherpa

original goal was to 
have ggF predictions
from Herwig and 
Powheg as well, but that
fell through; it is in
the new paper



Very interesting R-dependence



Comparison of predictions for VBF signal

Note small dependence on parton showers

note rise in
low mass
peak as pT
increases; loss
in VBF signal
with mjj cut



Conclusion: VBF parton showering under good control
…from Sherpa study, non-perturbative effects also under good control



…but what about the background from ggF (outgrowth of LH2023)

l We ran at fixed order at 13.6 TeV, as well 
as ME+PS predictions for ggF from 
Sherpa, Powheg+Pythia and 
Powheg+Herwig

l Involving NNLOJET, Powheg, Pythia, 
Herwig and Sherpa authors

l …as well as Ahmed Tarek and myself 
from ATLAS, and Yacine Haddad from 
CMS

l We would like to reduce/understand the 
systematics for VBF and its 
backgrounds that result from parton
shower variations and non-perturbative 
tunes

Stephen 
Jones



Basic idea for study of ggF H+2 jet background

l Compare inclusive ME+PS predictions to fixed-order; confirm 
agreement in phase spaces where expected

l Compare predictions with first jet at NLO, 2nd at LO (MINNLOPS, 
Powheg H+jet) to predictions with both jets at NLO (Sherpa 
ME+PS) or 2nd jet at NLO (Sherpa H+2 jet MC@NLO, Powheg
H+2 jets); the latter involves new technique using Powheg-box 
with Born suppression and Powheg hooks in Pythia

l Compare at parton shower level, hadron level; so far, comparison 
at hadron level Powheg+Herwig H+2 jets at NLO not possible, but 
studies of non-perturbative effects with Powheg+Pythia, Sherpa 
indicate that non-perturbative effects have little impact

l Compare results at R=0.4 and 0.7
l Analysis basically complete; need to finish writing the paper
l Basic conclusion: all is well; experimental estimates of larger 

uncertainties may not be warranted
l All predictions in Rivet, will be made available to experiments



PDF+as(mZ)

l Precision physics at the LHC, and specifically for Higgs 
boson production, requires precise determinations of 
PDFs and of as(mZ)

largest component of
error budget



unweighted 
averages of
central value
and uncertainties
within sub-fields; 
impact of 
correlations reduced

combination of first 
6 pre-averages
using  c2 averaging 
gives 

issue of 
whether 
necessary 
to do 
simultaneous
PDF fit; * ==
fit

if use only H1 and 
CMS, which
used PDF fit

PDF fits often
do not have 
explicit 
estimate of 
theory 
uncertainty

some results removed
due to underestimate
of NP uncertainties

new version
of ePump will
allow
simultaneous 
fit of as(mZ) 
with new data



CT25prel

• Tension between DIS data and 
collider data
• Smaller tension between jet+tT
and DY
• Result is parabolic (by definition), 
but Dc2 near one does not reflect
the spread of the information that
goes into the determination

Dc2=37 CT18 68%

Dc2~1 nominal 68%
Dc2=10 tighter tolerance 



l A non-lattice result was determined from 
sub-fields 1-6 using a c2-averaging method

l FLAG result itself is an average and is 
taken as is

l Note that the uncertainty for the  data-
driven determination is similar to that 
from lattice; lattice error will come down 
faster than non-lattice

l Combine two numbers in un-weighted 
average, and take uncertainty as an 
average of the two uncertainties 
(conservative)

weighted

A few words about PDG



Collider measurement of as(mZ)

l Number of such 
measurements, now mostly 
with concurrent PDF fits 
growing, especially with new 
calculations being available 
at NNLO 

l Dedicated discussion of as
from LHC on Monday June 
23; Stefano Camarda to 
come down



PDFs:aN3LO (can we retire the N3LO PDF uncertainty?) 



QED corrections to PDFs

l We all agree on how much momentum the 
photon PDF takes (~0.4%), constrained by 
LUX-QED

l Where we differ is the impact of including 
the photon in the fit on the ggF Higgs 
cross section
� ~1% lower for CT18 and MSHT20
� ~2% lower for NNPDF4.0
� small, but we’re talking about a tight 

error budget for the Higgs cross 
section calculation

l Tom, Juan and I are all here at Les
Houches

l Can we arrive at a better understanding?



Other ideas, overlapping with other groups

l PDF uncertainties and the weak mixing angle 
(dedicated session?)

l Heavy flavor jet algorithms, and the quest for an 
understanding of g->cC, bB in Monte Carlos (Lund 
plane)
� see jet/MC talks

l A comprehensive study of theoretical uncertainties for
one ME+PS process (e.g. Higgs+jets through ggF), 
examining the interplay between the nominal MEPS 
uncertainties (merging/matching,…) and the logarithmic 
accuracy of the parton shower; not all elements in 
place, but perhaps enough to get a start

l …your idea here



extras



Combining three measurements

l Consider the fit shown in the plot
l It is easy to see that there is a large 

tension between DIS and other data 
sets.

l Treat each of the sets (DIS, DY, Jet 
+𝑡 ̅𝑡) as independent and identically 
distributed measurements of 𝛼!

l 𝜒"#"$ = ∑% 𝜒%$

l Mean and Error given by minimizing

l '𝜒$ = ∑%
('!"()'!)

+"
#

l (𝛼! = 𝜎"#"$ ∑%
'!"
+"
# , ,

+$%$
# = ∑%

,
+"
#

l Large Tension:  -.
#

/#0
≃ 17

l Yet small uncertainty: .𝜶𝒔 =
𝟎. 𝟏𝟏𝟕𝟗 ± 𝟎. 𝟎𝟎𝟎𝟑𝟐𝟗 (Dc2=1)

l The small difference with 𝛼! given in 
plot shows  good agreement with 
quadratic approximation.

DIS DY Jet +𝑡 ̅𝑡 #𝛼!

𝛼!×10"
𝑎𝑡min 𝑜𝑓 𝜒#$

115.9 119.9 118.9 117.9

Error  (𝜎#×10")
(Δ𝜒#$ = 1 ) 

0.553 0.655 0.539 0.329



How to handle this situation?

K=1 K>=2





Stay tuned to this channel
using a nominal tolerance for 
results with tensions as seen
in the as determinations would result
in a large underestimate of the 
uncertainty



Fixed order at NNLO: small R jets. Why is the 
uncertainty so small?

Parametrize R dependence 
according to form shown above;
log R term includes effects of
radiation inside jet; R2 term 
takes into account ISR. Do so
for each scale from 7-point 
scale variation.

There can be accidental 
cancellations of logarithmically
enhanced higher order corrections 
that appear both as a result of
scale variations and as a result of
phase space restrictions. 

Definition of a jet implies an 
exclusive measurement and 
effectively acts as a veto on real-
radiative corrections that fall 
outside the jet area. 

uncertainty ~0
NLO NNLO

arxiv:1903.12563



What to do?

Expand cross section around 
reference value Ro (typically 
0.7); add in quadrature uncertainty
from two first two terms. 

Three different ansatze to do this. 
Ansatz 3 is original from Gavin
Salam et al. We proposed Ansatze
1 and 2 as more reasonable 
(preserves central value). 

Result is a larger uncertainty, roughly
independent of R, with no 
accidental zeroes.  



PDG value of as(mZ)
l Every two years, the QCD section in the Particle Data Book is updated; part of that 

update is a review of the world average of as(mZ), revising it to include the impact of  
new measurements and calculations

l The last revision was in 2023; which means I’m going to have a busy summer this 
year

l The selection of results to include in the as averaging are restricted by the following 
considerations:
• published in a peer-reviewed paper at the time of the report (or is based on a 

summary of results that have been published in a peer-reviewed journal, such as 
the FLAG report)

• based on the most complete perturbative predictions of at least NNLO accuracy, 
accompanied by reliable estimates of all experimental and theoretical 
uncertainties


