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J. Huston
Michigan State University
for the SM phenomenology group
(A. Huss, M. Pellen, P. Azzurni)

...It’s been too long



In memoriam

® Eric Pilon: one of
the original
organizers of Les
Houches and the
friend of many of
us here

® « Je parie que le
cyclisme est génial
au paradis »




To quote Tevye in Fiddler on the Roof

[
. * PDFs, especially the
® Precision! P Y

determination of uncertainties
® ..is one of the keys for L, sensitivity, hopscotch, ~N3LO,

better understanding the ~N3LO gluon and the Higgs
SM and IOOking for « o(m,), especially determinations

hossible BSM physics ~ atthe LHC o
2 ‘ R * Matrix elements->the LH wishlist

->experimental uncertainties that
require theory improvements

e STXS: multi-boson template cross
sections for VBF/VBS

* Jet algorithms: issues with heavy
flavor, issues with NNLO comparisons
* quark/gluon jet discrimination
->https://arxiv.org/abs/2003.01700
underlying event underlying event * Photon vs photon+jet; agreement for
e radiation the latter seems better at NNLO

i  m,: where do we go from here?

proton

outgoing parton



L, sensitivity:a new and powerful tool

2" Lagrangian technique

Vx%-Vf

H - E

Sf,LQ(E) = T AHS —— talk this week by
= (ARE) CR(f,x3) ravel

® CH represents the cosine of the correlation angle
between PDF flavor f (or any defined quantity) and
experimental x?

arXiv:2306.03918; many of
the authors in the room

The importance of an experiment for a particular PDF depends not only on the
correlation of the cross section with that PDF, but the degree to which the cross
section can determine that PDF.



show only 6
most important
experiments

=
2
-c‘z,
&
Gy
by definition, }f
there will be
some tension.
the sum should
add to ~0.

10
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CT18 NNLO

g(x, 100 GeV)
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T2=10

545

apply to region

|where y? has best
{quadratic behavior

N

| == 545: CMS 8 TeV jets
|« 160: HERA DIS combined

| — 102: BCDMS F,*
—— 504: CDF Run-2 jets

== 108: CDHSW F,

| 542: CMS 7 TeV jets

a positive value of

| the L, sensitivity

means the data

1 wants to pull the

gluon down, and

1074

1073

0.01 0.02 0.05

X

| vice vera



MSHT20 and CT18

Note importance of ATLAS Z p, data
(also, Z p, data poorly fit at NNLO)

AY?(L, sensitivity)

/1
o
O 66

r1

\2 7

[ 26/
- 101

L 60

-20F

MSHT20 NNLO
g(x, 100 GeV)

SN

10-

|

| = 66: ATLAS 7 TeV jets

| =— 71:ATLAS 8 Tev Zpr
| — 160: HERA DIS Combined
| = 4:NMC F,?

{ — 26: HERA e*p NC 920 Ge

= 73: CMS 8 TeV jets

Il Il Il Il Il Il
1004 103 0.01 0.02 0.05 O.

CMS 8 TeV jet data play a similar

role as in CT18

CT18 NNLO
g(x, 100 GeV)

101

-10+

T?=10|

" | — 545:CMS 8 TeV jets
+ | —— 160: HERA DIS combined

| — 102: BCDMS F,°

- 504: CDF Run-2 jets

¢ | — 108: CDHSW F,

0.01 0.02 0.05 0.1 0.2 05 0.7

X

104 1078

| — 542: CMS 7 TeV jets

ATLAS Z p;not one of 6 most
important experiments (more

restrictive kinematic reaion)



AY?(L, sensitivity)

-10F

-20F

20

10-

MSHT20 NNLO and aN3LO

shape of L, sensitivity similar for two PDFs, but absolute value of Z p;
decreased by almost a factor of 3; significant change in low x gluon

MSHT20 NNLO
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® Precision physics at the LHC, and specifically for Higgs
boson production, requires precise determinations of

PDFs and of o (m,) PDG 2022
as(M2) = 0.1179 £ 0.0009 .

- ——

Baikov 2008

Gluon-gluon fusion into Higgs a
Boito 2015 LY eﬁfays
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Collider Energy / TeV Figure 9.2: Summary of determinations of o (MZ2) from the seven

sub-fields discussed in the text. The yellow (light shaded) bands
and dotted lines indicate the pre-average values of each sub-field.
The dashed line and blue (dark shaded) band represent the final
world average value of as(M2).
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Impact of aN3LO

® gg PDF luminosity at aN3LO at Higgs mass ~5% lower
than nominal NNLO MSHT20

® |f correct, then our benchmark cross sections for ggF are

wrong —© talk this week by Tom Cridge
B 1.20
Gluon~gluon fusion into Higgs \ ~—— MSHT20 NNLO
. . L1561, ~~~ MSHT20 aN3LO
12 | \\
[ - L1I0F= -
10- — \
[ ; T o 105F -
8+ K 5(PDF+a) 1 G 3
.— 1 1.00
b 5(t.b,c) 1 L o L LT
t 5(PDF-TH) ] \
sl ] 0.90 - o
[ d(scale) ] 1|.
0: — _ ] 0.85 T =
0 20 40 60 80 100
Collider Energy / TeV [|8[]1[|]] L1 I]I_[I}? b I]l_[I]"i

® How robust are the aN3LO PDFs, and in particular the splitting
functions? News from NNPDF?BTW, Simone still owes me a response.



...but on the bright side

® This would mean that the ggF cross section is more

convergent

50 -

45 A

o (pb)

354

30 1

Gluon Fusion: gg - H (u=my/2)

Light: PDF + Scale uncertainty
Dark: PDF uncertainty |

*

RE:

---- N3LO Result
------- NNLO Result
NLO Result

{t

| —— N3LO u=mg Result

¥
4

Vs = 13 TeV

NLO PDF
NNLO PDF

N3LO (H; + K;)~! PDF

N3LO H,—’j =% PDF

NLO NNLO

g accuracy

N3LO



Les Houches 2021: Physics at TeV Colliders:
Report on the Standard Model Precision Wishlist
arXiv:2207.02122

Alexander Hussl, Joey Hustonz, Stephen Jonesg, Mathieu Pellen®

|
process known desired
N:‘LOHTL N4L0 (incl)
HTL (1ncl.
pp— H NNLOGL, NLOG
N(]-'I)I‘O{(Q}E:F];%Ew QCD
NNLOgTy,
P HA+] NLOqcp NNLOyr1, ® NLOgop + NLOgw
NYLOgepgew
NLOHTL ® LOQCD
3 ~(VBF") /. NNLOytr, ® NLOgep + NLOgw
; N LOQCD (incl.) g iVREY
pp— H + 25 (VBF*) N LOQCD
NNLOQCD NNLO(VBF)
NLOGR") qen
) NLOnTL
gl (VBF) NLOqcp + NLOgw
NLOQC‘D
NNLOgqcp + NLOgw
pp— VH )
NLOQQAHZ
. NNLOgcp
pp = VH+ NNLOgqcp + NLOgw
NLOqcp + NLOgw
pp— HH N°LOyr, ® NLOgep ~ NLOgw
3 ~(VBF') .
NQLOEQ(JD ’ (inel.)
pp— HH + 25 NNLOS?S )
NLOGw
pp— HHH  NNLOgr
= NLO CD + NLOEW
- H+t 3 NNLOgcp
NNLOQCD (oﬂ—diag.)
» NNLO
pp— H+t/f  NLOgcp D
NLOgqcp +NLOgw
(VBF")

: Precision wish list: Higgs boson final states. N’”LOQCD means a calculation using

1~+111e Functinan annrovimation V — W7 7

g ficantly,

section [426] and at NNLOyry, accuracy differentially [172,280] in the “DIS” ap-
proximation [427]; non-factorizable QCD effects beyond this approximation studied
in Refs. [428]. Full NLOgcp corrections for H + 3j in the VBF channel avail-
able [429,430]. H+ < 37 in the gluon fusion channel was studied in Ref. [431] and
an assessment of the mass dependence of the various jet multiplicities was made
in Ref. [432]; NLOgw corrections to stable Higgs boson production in VBF calcu-
lated [433] and available in HAWK [434]. Mass effects in H + 2j at large energy are
known within the “High Energy Jets” framework [435-440].

In Ref. [441] parton-shower and matching uncertainties for VBF Higgs production
were studied in detail using PYTHIA and HERWIG. The study found that varying
just the renormalisation, factorisation and shower scales underestimates the theo-
retical uncertainty. Instead, by comparing different parton shower Monte Carlos the
authors observe differences at the level of 10% for NLO accurate observables and
20% for LO accurate observables. The work also highlighted the importance of the
choice of appropriate recoil schemes in order not to obtain unphysical enhancements
for VBF topologies.

NNLOgqcp corrections to VBF Higgs production with H — bb and H — WW~
decays were computed for fiducial cross sections in Ref. [273], using the nested soft-
collinear subtraction scheme. These results have recently been extended to include
also anomalous HV'V interactions [442].

A comparative study of VBF Higgs production at fixed order and with parton shower
Monte Carlos has been carried out over a wide range of Higgs boson transverse mo-
menta [335]. This was an outgrowth of Les Houches 2019. One interesting discovery
is that, at very high Higgs boson pr, current implementations of ME+PS Monte
Carlos do not provide a completely accurate description of the VBF production
mechanism. Rather than the nominal 2 — 3 process, high-p; VBF Higgs produc-
tion becomes effectively a 2 — 2 process, with the second tagging jet becoming soft
with respect to the hard scattering scale. This then requires the use of two factor-
ization scales in the ME+PS VBF calculation to take into account this disparity.

The non-factorisable NNLOgcp correction to VBF production was studied in Ref. [443]
and found to be small.

The impact of the top-quark mass in H + 1,2 jets was studied in Ref. [444]. For
H +1 jet, good agreement with the full NLOgcp result was observed when including
the top-quark mass in the real radiation and rescaling the virtual contribution in
the HTL by the full Born result. NLO differential predictions for H 4 2 jet were
computed using this approximation and the relative correction was found to be
very similar to the NLOyxy, prediction, although the absolute predictions differed

H+ > 2j: LH19 status: VBF production known at N®LOgry, accuracy for the total cross

The current experimental error on the H+ > 2j cross section is on the order of
25% [424], again dominated by statistical errors, and again for the diphoton final
state, by the fit statistical error. With the same assumptions as above, for 3000 fbfl,
the statistical error will reduce to the order of 3.5%. If the systematic errors remain
the same, at approximately 12% (in this case the largest systematic error is from
the jet energy scale uncertainty and the jet energy resolution uncertainty), a total
uncertainty of approximately 12.5% would result, less than the current theoretical




From the theorist to the experimentalist
.|

® NNLO is needed for PDF ® A relatively new tool is
fitting/precise comparison to HighTEA
data

® Frontier is being extended to
2->3 processes

® . .buteven for 2->2, programs
. Figure 1. High-level structure of HighTEA. Shown are library’s main components together with
are Ofte n not pu b I I C’ and th Ose the three access methods. The vertical dashed line delineates the separation of public and private

that are public may take large mp. _
CPU resources Talk this week by Rene

®  .this can be true even if Poncelet
) . O i
NNLO grids are being used: Refreshments will be served
grids can be useful for PDF
fitting, for example
® There is progress in improving
the ease of use, with some of
the experts here with us &

Public ‘ Private

- -
shutterstock com - 768465511




The sausage-making of o,

® \We (PDG) divide the
determinations into 7
categories and take
an unweighted fit for
each category.

® The 6 non-lattice
measurements are
then averaged with
the lattice average
provided by the
FLAG group

Baikov 2008
Davier 2014
Boito 2015
Pich 2016
Boito 2018
PDG 2018
....................................
Mateu 2018
Peset 2018

T decays
&

BBGO6
JR14
MMHT14
ABMP16
NNPDF31
cT14

PDF fits

ALEPH (j&s)
OPAL (j&s)
JADE (j&s)
Dissertori (3))
JADE (3j)
Verbytskyi (2j)
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1 jets
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Kardos (EEC) shapes
Abbate (T)
Gehrmann (T)
Hoang (C)

Klijnsma (t) hadron
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H1 (jets) collide
................................... - T_ e
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Gfitter 2018
................................... B - emiaenbidanfonhs i dun baatin
FLAG2019 lattice
| . 1 | S (EN R AR N S S |

0.110 0.115 0.120 0.125 0.130

August 2019 aS(M%)

Figure 9.2: Summary of determinations of s (M2) from the seven
sub-fields discussed in the text. The yellow (light shaded) bands
and dotted lines indicate the pre-average values of each sub-field.
The dashed line and blue (dark shaded) band represent the final
world average value of as(M2).



Collider measurements of o

® Asthe number of NNLO e o A O b i
. . Klijnsma (tt) Feed i
calculations has increased, CMS (th haﬁ;nn
; colllger
there have been a growing H1 (jets)
number of determinations of
o (m,) at that order (or higher)
from the LHC experiments | | . .
) -@- Hadron Colliders
that have nominal ATLAS  _g Category Averages PDG 2022
- . Preliminary -®- Lattice Average FLAG 2021
uncertainties that rival the full —e- World Average PDG 2022
. -®- ATLAS Zp_8TeV
world average uncertainty - i
. ATLAS ATEEC —Te— 0.1185 = 0.0021
S Zp; CMS jets — e 0.1170 + 0.0019
2 W, Z inclusive T— 0.1188 + 0.0016
) event Shapes lji_ns;lysii\ie ___________________________________ 9.]1_7_7_:_0_.(10_3?_ .
® |t would be nice to understand decays + 0.1178 = 0.0019
I QQ bound states 0.1181 = 0.0037
those uncertainties better, oDF fic ol 01162 - 0,002
especially if PDF e*e’jets and shapes S 0.1171 = 0.0031
uncertainties are taken into Electroweak fit | ______ |\ [ [T _®T_ 0.1208 = 0.0028
Lattice_ _ ____________ | ______ % _________ 0.1184 = 0.0008
account Wp[IQgV_e[agg____________________£: __________ 0.1179 = 0.0009
NB3LL+N3LO ATLAS Zp_8 TeV | | 0.1183 = 0.0009

0.115 0.12 0.125 0.13
as(mz)



Jet algorithms: arXiv:1903.12563 (LH17)

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

5 106.0Gev [PP]

inclj
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O R: ,uVar)p
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DiJets, R-dependence fit to 10" - (a + blog(R) + cR?), pp/r = Hr

0.2 0.4 0.6 0.8
T T

1.0
T

—==fit MC@LO (Sherpa): a= 7.35, b= 1,97, c= 1.34
—— fit NLO & PS (Herwig7): a=10.34, b= 2.96, c= 1.17
=== fit LO & PS (Herwig7): a= 7.69, b= 2.24, c= 0.84

—— fit LO: a= 7.73, b=-0.00, c= 0.00

—— fit NLO: a=10.62, b= 1.82, c= 0.36

—— fit NNLO: a=11.20, b= 2.59, c= 1.04

——— fit S-MC@NLO (Sherpa): a= 9.82, b= 2,64, c= 1.82

............

.........

40000 | i

Prescriptions for
restoring

reasonable
uncertainty

20000 -

--.--'l—l|- 4|
i ol L J SRRy R Sy p————y P IT T L

iadll LU UIEEE ATEURAEE SRR et et = L ey S

estimate

Similar for Z+jet;
H+jet ok

Look at for 3 jet
at NNLO?

A Les Houches
accord?




Scale choices

» Even at NNLO, the Alex Huss: dijet at NNLO
parametric scale
choice can be R M
mportant R

® This is worthwhile to i 8
iInvestigate further Vy=1-25 > h

y*=1-2 * g o 5

® \Vith grids, can A
explore the scale
dependence in 2D,
which I've always
found to be
illuminating F




Jets with heavy flavor

® Associated production of vector bosons with heavy flavour is an important
precision test of pQCD in the presence of two mass scales, and can also
provide critical information on heavy quark PDFs such as the charm and
strange distributions; N.B. NNLO calculations needed for PDF fits

® Can also serve as a background to new physics

Vector Boson + X fid. Cross Section Measurements

Status: February 2022

L4 - Theory
—y+21j
LHC pp V5 =13 TeV
Z > ee,pu I Data
stat
—Z421j stat @ syst
_z432j LHC ppD«/§=8TeV
ata
-Z+2>3j _ stat
—Z 4 24j stat @ syst
LHC pp Vs=7 TeV
S =
stat
> TT stat @ syst
Z - bb LHC pp V5 =5 TeV
Data
W - ev, uv En otat
stat @ syst
W+ 2>1j
-W 4 22j
~W + >3]
-W+ 24
~W b+ 31 i
-W +1b + >2j > O
I R
o(W)/o(Z) (fid.) .
—>1j ATLAS Preliminary
-22]
->3]
B V5=5,7,8,13 TeV
o(tt)/o(Z) (tot.)
1 1 1 1 1

0.6 0.8 1.0 12 14 1.6

1.8 2.

0
data/theory

process known desired

N*LOGG (incl)

N*LOgqep (incl, %)

p—V N*LOgep + N*LOgy + N*DLOgepgrw

NNLOgcp
NLOgw
NNLO, +NLO,

VY s B NLOgcp (g9 channel, w/ massive loops)
+NLOgqcp (gg channel)

p—V+i NNLOgep +NLOgw hadronic decays
NLO. + NLO,

pp—V +25 408 o NNLOqop
NLOgw

woV+E  INLOga NNLOgep + NLOgy

; NLOqcp

pp—VV' +1j NLOgop +NLOgy
NLOgw (w/o decays)

o VV +25 NLOgcp NLOgep +NLOgy

= WW*'42j NLOGop +NLOgw

p—+W'Z+2j  NLOgop +NLOpw
NLO

pp— VYV seb NLOqcp +NLOgw
NLOgw (w/o decays)

pp— WEWW™  NLOgep + NLOgy

P =Y NNLOgqcp + NLOgw

Y+ NNLOqcp +NLOgw > Wl” add Y+C/b

. NLOqcp

=T+ NNLOqcp + NLOgw
NLOgyw

P =YYy NNLOgcp

Table 1.3: Precision wish list: vector boson final states. V = W,Z and V', V" = W, Z,~. Full
leptonic decays are understood if not stated otherwise.

VbB has been
known at NLO

for some time,
and matched to
parton showers.
WbB known at
NLO with up to

3 extra jets.
Recently, the
two-loop
corrections to the
WbB amplitude
have been
calculated
(PRL127.012001)
Non-planar master
integrals still to be
calculated.



V+HF

® A heavy flavor quark can be present in the initial state or produced through
gluon splitting

: —— VW Z q b q Y s,d/s,d —— VNV W /W
| M Z ‘ b Y
9 gooo—>— b g 5 /m< b g 000000 ofc

® The calculation can be performed in a scheme where there are only 4
parton flavours (4FNS) or in which the b-quark is included (5-FNS)

® The kinematics can drive the subprocess for the production, as for
example, whether the final state heavy quark (jet) has to pass only some
minimum p; requirement, or whether it has to roughly balance the boson

transverse momentum

® |f it's the former, then the final state c or b quark is likely to arise through
gluon splitting, especially given the additional gluon splittings that may
occur in a parton shower (JHEP 02 (2018) 059)

% this effect is more pronounced if there is a hierarchy of scales, i.e.
pe>>p chem (would be useful to measure differentially in p,)




Jet tagging

® There is also the issue of how the heavy flavor jet is
tagged; the theory predictions use a flavor tagging k- jet

algorithm in which the distance between pseudo-jets / and

J (d;) are dependent on the flavour of the considered
paﬁnnc
d. — Ayz‘zj + AQ% {max (kTi, ij)2 if softer of 7,5 is flavored

Yo R? min (kr;, ij)z if softer of 7,7 is unflavored

. dj B j — (sz’:kT;é (yz-_))2 if 5 is flavored 'Ur'dependent
i — min (kti, kra (,%))2 if 7 is unflavored

® The experimental measurements typically use the anti-k;

jet algorithm with later flavor identification
(Eur.Phys.J.C 47 (2006) 113)

y e '



Jet tagging

There has been a great deal of activity on the theory side regarding IR-
safe algorithms for use in the NNLO calculations

All use information not typically available in experimental settings, e.g.
the measurement of all b-quarks in the event

An unfolding procedure is needed to transform the two jet algorithms so
that the theory can be compared to the data with the minimum of
additional assumptions

Many of the experts are here; this would be a good place to come to
some consensus, and maybe even another Les Houches Accord



Common fiducial cross sections in VBF/VBS

Current situation ; Disparate signal definitions.
Example for VBF (same/ worse situation for VBS)

TABLE II.  Summary of VBF W production cross sections measured at the LHC in the #%/jj final state with different m;; definitions and
different proton collision energies. All cross sections are for a single lepton flavor.

mj; cut Vs =17TeV Vs =8TeV Vs =13 TeV
120 GeV 6.23 £0.62 pb
(CMS Collaboration, 2020b)
500 GeV 2.76 £0.67 pb 2.89 £0.51 pb
(ATLAS Collaboration, 2017g) (ATLAS Collaboration, 2017g)
1 TeV 0.42 £+ 0.10 pb (CMS Collaboration, 2016)

TABLE I.  Summary of VBF Z production cross sections measured at the LHC in the #7j; final state with different m ; definitions and
different proton collision energies. All quoted cross sections are for a single lepton flavor.

m;; cut Vs =1TeV Vs =8TeV Vs =13 TeV
120 GeV 154 £ 58 fb 174 £43 fb 534 £ 60 fb
(CMS Collaboration, 2013b) (CMS Collaboration, 2015d) (CMS Collaboration, 2018a)
250 GeV 547+1121b 119+26 fb
(ATLAS Collaboration, 2014e) (ATLAS Collaboration, 2017c)
1 TeV 10.7+2.1 fb 374£65 b

(ATLAS Collaboration, 2014e) (ATLAS Collaboration, 2021)




Summary

® | haven't been enough involved with
machine learning



Summary

® .so | asked chatGPT to write my
summary for me



Summary (JH+chatGPT)

Main Objectives:

Explore physics phenomena at TeV
colliders.

Foster collaboration among
researchers in the field.

Address theoretical and experimental
challenges.

Discuss latest results and future
prospects.

Key Topics:

Standard Model (SM) Measurements

1. Precise SM predictions and tests.

2. Electroweak and QCD processes.

3. Top quark and Higgs boson studies.
Beyond the Standard Model (BSM)
Physics

1. Supersymmetry (SUSY) searches.

2. Dark matter and neutrino physics.

3. Extra dimensions and new symmetries.

Collider and Detector Upgrades
1. Machine and beam parameters.
2. Detector technologies and

performance.

3. High-luminosity upgrades and future
facilities.

4.

Monte Carlo Simulations and Data

Analysis

5.

=

1.  Event generation and simulations.

2. Reconstruction techniques and algorithms.

3. Statistical methods and uncertainties.

Theory and Phenomenology
a.  New models and particle interpretations.

5. Precision calculations and effective field
theories.

6. Collider signatures and phenomenological
implications.
Participants:

Leading physicists, theorists, and
experimentalists.

Early career researchers and graduate students.

Representatives from academia and research
institutions.

Industry experts in detector technology and
simulations.

Outcomes:

Knowledge exchange and collaboration initiation.

Identification of open questions and future
research directions.

Dissemination of latest findings through
publications and presentations.
Strengthening the foundation for future TeV
collider experiments.

I[Closinda Slide: | e Houuches Work<shoo on



You know, it's
very strange

4

I"have been in the Remove
Trump business so long, now
that it's over, I dont know what
to .do with the rest of my life

Have you ever
considered using

L, sensitivity in your
analyses?

...S0 one thing that is missing
Is a reference to The
Princess Bride

| mentioned this to chatGPT



® [Closing Slide: Les Houches
Workshop on Physics at TeV
Colliders] As the great Inigo Montoya
from The Princess Bride said, "l hope
we can have lots of chances to
collaborate and explore the
mysteries of physics at TeV
colliders!" Thank you for your
attention! Questions and discussions
are welcome.

...also work in the word inconceivable



[Closing Slide: Les Houches
Workshop on Physics at TeV
Colliders] In the wise words of Inigo
Montoya from The Princess Bride,

"| hope we can have lots of
chances to collaborate and explore
the mysteries of physics at TeV
colliders! And remember, the
discoveries we make might just
be inconceivable!" Thank you for
your attention! Questions and



Extra




What is the L, sensitivity?

® The L, sensitivity provides a visualization of what is
happening inside the PDF fit

® |t can be considered as a faster version of Lagrange Multiplier
scans (but dependent on the Gaussian approximation)

® The L, sensitivity streamlines comparisons among
iIndependent analyses, using the log-likelihood (x?) values for
the fitted experiments and the error PDFs

® Both the L, and LM methods explore the parametric
dependence of the %? function in the vicinity of the global
minimum

® The L, sensitivity has been used internally by CT (in CT18),

by the PDF4LHC21 benchmarking group (to determine which
data sets should be in the reduced PDF fit used for
benchmarking), and now by CT, MSHT and ATLASpdf in this
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compare to LM scans of the gluon

at x=0.01 and x=0.3
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AXP(L, sensitivity)
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AX?(L, sensitivity)
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Reduced fits

Reasonable agreement for the most part.
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Uncertainties

Uncertainties increased with respect to full global fits

(.20 L T T T TITT0 T T TTTTT |
— MSHT20red
\ - - NNPDF3.1red
0.15H --- CT18red
0.10
0.05 f
[]_(}U Lt (- II-I-:III_ _I‘_I |_-|-||L| L pa sl L
10-2 1074 10— 10~2 10!
(.30 T T T TTTTT T T T TIr T T TTTTT
0.25
o more variation In
uncertainty.
0.15
\
(.10 A
[‘].(1:‘1 [T 0 e T SR e T B S
0.00 . L g asiil L sl L i aaaul . i sl
102 1074 1073 10 10~}
X

5/50)

ou/u")

”-l” . T LI L | T T T rrrem T T T LIS
. Q = 100 GeV
0.08
0.06 =+
0.04
0.02
{]_[KJ - Lo sl Lo sl - o sl - Ll ||_|-n1| - ]
10— 104 103 10~ 10-1
0.40 T T TTrI] L L | LB L | L R | LI
05| — MSHT20red : J[
sand
|| — - NNPDF3.1red ;
030H - - CT18red '
0.25
0.20
0.15
0.10
0.05 f
000+ 2o _ T S
10-° 104 107




PDF luminosities
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