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MSHT News

' Study on high    region: impact of target mass corrections, higher twist…
<latexit sha1_base64="zq5+4ZES/Ux4VALKWwI83bTuIvQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BD3pMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tMjQw=</latexit>
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' N3LO updates.

' Work towards MSHT2n: impact of 13 TeV jet/dijet data.

' Errors on errors.

' FPPDF!



N3LO updates
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Approximate N3LO PDFs Available
World first aN3LO PDF set ⇒ MSHT20aN3LO available for ∼ 4 years.

Also available for & 2.5 years: MSHT20an3lo+QED (more later).

First time at approximate N3LO (“aN3LO”) and first inclusion of theory
uncertainties in PDFs at highest order.

Basic Idea:
I Include all known N3LO terms into the PDFs (a lot!)
I Include theoretical uncertainty for the missing ingredients

⇒ aN3LO PDFs + theory uncertainty.
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What is now known for N3LO PDFs?
Need to know:

I Splitting functions - at 4-loop to evolve PDFs in (x ,Q2):

P(x , αs) = αSP
(0)(x) + α

2
SP

(1)(x) + α
3
SP

(2)(x) + α
4
SP

(3)(x) + ...

I Transition Matrix Elements (TMEs) - at 3-loop to change number of
PDF flavours at heavy quark mass (mh) thresholds.

f nf+1
α (x ,Q2) = [Aαi(Q

2/m2
h) ⊗ f nf

i (Q2)](x)

I Coefficient Functions for DIS - at 3-loop to determine
structure functions.

F2(x ,Q2) =
ÿ

α∈H,q,g;β∈q,H

(CVF,nf+1
β,α ⊗ Aαi(Q

2/m2
h) ⊗ f nf

i (Q2))

I Hadronic cross-section k-factors - at N3LO.

σ = σ0 + σ1 + σ2 + σ3 + ... ≡ σN3LO + ...

Much already known, only a few remaining missing pieces.

Mellin moments, small x ,
high x limits

Mellin moments, small x ,

high x limits

Light flavour known, heavy

flavour high Q2 known,
approx for low Q2.

Very little known, PDFs
need differential with cuts.

New moments for

Pqg,gq,gg, PPS
qq

(FHRMUVV)

(Also now NS via
2604.09534)

A(3)
Hg

, Agg,H

since determined.
(Blümlein et al)

No further info.

N3LO DY y distribution,

(Chen et al)

References in backup
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MSHT - status, updates and future developments:
N3LO Ingredients

MSHT20aN3LO

2207.04739

Evolution

Benchmarking

2406.16188

DIS2025

proceedings

2510.09321

DIS2026

updates
Future (Ongoing)

Splitting

Functions

Singlet

qqPS , qg,

gq, gg

4 moments for all

(own approximations)

10 moments:

qqPS , qg,

5 moments:

gq, gg

10 moments

for all

FHMRUVV

central

10 moments

for all

FHMRUVV

central + error

11 moments for all

(FHMRUVV 2512.10783).

Further work on

uncertainty in nuisance

parameter approach

Non-Singlet

qqNS+,−,S

8 moments

(own qqNS+)

8 moments

(Moch et al

qqNS+)

8 moments

(own qqNS+)

8 moments

(own qqNS+)

Exact - see later

(Gehrmann et al

2604.09534)

Transition Matrix Elements

APS
Hq

, Agq,H known

Agg,H , AHg, ANS
qq,H

approximated

-

All known

(included via grids

as in 2411.05373)

All known

(included via grids

as in 2411.05373)

Include Exact expressions

(Ablinger et al

2510.02175) (consistency

checks performed)

DIS

Coefficient

Functions

Light Mass Known ZM-VFNS

Heavy Mass

FFNS known LL small-x , unknown NLL and x-dependence.

Known mass threshold info f (ln(W2/4M2
H

− 1)),

unknown Q2 interpolation to ZM-VFNS - interpolated based on lower orders

Improve estimate of

uncertainty for O(α3
S
)

low Q2 FFNS pieces

Progress is thanks to efforts to compute N3LO ingredients: further references in backup.

6



Approximate N3LO - Update Splitting Functions

Update to FHMRUVV approximations based on 10 moments (cf 4 in
original MSHT20aN3LO) for PPS

qq, Pqg, Pgq, Pgg.

First take central values (no uncertainty), now add uncertainty:

1% increase in gluon at x ∼ 10−2. Reduced uncertainty at low x .

How to account for uncertainty? Apply TNP with penalty ∆χ2 = 1:

Pij = PFHMRUVV
ij [central] + θij(P

FHMRUVV
ij [up] − PFHMRUVV

ij [down])

Very little change in PDFs, but some fit quality improvement (later).

Preliminary!
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Approximate N3LO - Update TMEs
Update Transition Matrix Elements (TMEs) to exact Agg,H , AHg,
Aqq,H , Aqg,H .

Limited effects on PDF central values, within uncertainties.

Effects on heavy quarks larger near threshold, though still consistent.

Via grids, as in TC et al (MSHT): 2510.09321
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Approximate N3LO - Update FHMRUVV + TMEs
Update Transition Matrix Elements (TMEs) to exact Agg,H , AHg,
Aqq,H , Aqg,H . Via grids, as in TC et al (MSHT): 2510.09321

qq H Aqg H

Limited effects on PDF central values, within uncertainties.
Effects on heavy quarks larger near threshold, though still consistent.

Combine TME + FHMRUVV updates: first central, then + uncertainty.

Limited effects on PDFs within uncertainties, some increase in small x
gluon.
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Approximate N3LO - Update FHMRUVV + TMEs
Update Transition Matrix Elements (TMEs) to exact Agg,H , AHg,
Aqq,H , Aqg,H . Via grids, as in TC et al (MSHT): 2510.09321

Limited effects on PDF central values, within uncertainties.
Overall updates result in reduced PDF uncertainties, mainly at low x .
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Approximate N3LO - Update FHMRUVV + TMEs
When you include a theory uncertainty in fit you allow the central theory
to move (whether via TNPs or theory cov matrix∗). ∗ in Gaussian, linear limit

How do post-fit splitting functions look? Second with TME update:

Splitting Functions follow FHMRUVV central down to x ∼ 10−3, slight
shifts at lower x .

Pqg most pulled, particularly after adding TME updates, still at low x .

Work ongoing to investigate more general approach via TNPs for
splitting functions.

Preliminary!
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Approximate N3LO - Update FHMRUVV + TMEs
Fit qualities, ∆χ

2 compared to new baseline NNLO fit:

MSHT new fits

∆
2 cf NNLO

aN3LO

aN3LO +

FHMRUVV

central

aN3LO +

FHMRUVV

plus unc

aN3LO

+ TMEs

aN3LO +

FHMRUVV

central + TMEs

aN3LO +

FHMRUVV plus

unc + TMEs

DIS -41.0 17.1 -4.5 44.6 96.2 37.2

DY -133.0 -99.2 -130.0 -105.1 -110.1 -121.5

Jets -24.4 -25.7 -26.4 -23.8 -23.8 -21.8

Top -4.8 -4.3 -4.9 -4.2 -4.2 -4.0

Theory penalties

(none at NNLO)
13.8 10.7 11.5 23.1 9.0 17.3

Total

(Npts = 4892)
-189.5 -101.5 -154.3 -65.3 -32.9 -92.8

In all cases aN3LO fit quality notably better than NNLO.

Reduces as less uncertainty on aN3LO ingredients.

Slight worsening of DIS (Fc
2 ) at aN3LO offset by improvement of DY

data (mainly ATLAS 8TeV ZpT , ATLAS 7TeV W , Z and CMS 7TeV Z ).

Preliminary!
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Approximate N3LO - Add also Exact Non-Singlet:
Following 2604.09534 we can replace NS with exact results:

As expected very limited impact, focused on high x . ∆χ
2

< 2 units.

Preliminary!
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Impact of 13 TeV jet data
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Overview

• Jet production a key ingredient in modern PDF fits.

• By pushing to larger jet       (dijet        ) go to larger    .

• Quark-initiated contribution tends to be better constrained        

particularly relevant for gluon at high   .
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• NNLO QCD (and NLO EW) theory available 

- full colour - for both inclusive and dijet data.

• But also studied using state-of-the-art aN3LO theory + 

missing higher order uncertainty/K-factor.
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 Inclusive jets measured in terms of jet       and     .

 relationship to high    parton:
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<latexit sha1_base64="iL0QbFwpJq5JNTK0x4mhnUTHifo=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiG5cV7APSUCbTSTt0MhNmbpQS+hluXCji1q9x5984SYOo9cCFwzn3cu89QcyZBsf5tEpLyyura+X1ysbm1vZOdXevo2WiCG0TyaXqBVhTzgRtAwNOe7GiOAo47QaT68zv3lOlmRR3MI2pH+GRYCEjGIzk9RUbjQErJR8G1ZpTd3LYi8QtSA0VaA2qH/2hJElEBRCOtfZcJwY/xQoY4XRW6SeaxphM8Ih6hgocUe2n+ckz+8goQzuUypQAO1d/TqQ40noaBaYzwjDWf71M/M/zEggv/JSJOAEqyHxRmHAbpJ39bw+ZogT41BBMFDO32mSMFSZgUqrkIVxmOPt+eZF0Turuab1x26g1r4o4yugAHaJj5KJz1EQ3qIXaiCCJHtEzerHAerJerbd5a8kqZvbRL1jvX9vVkcU=</latexit>

<latexit sha1_base64="eMY4xk9acoGmAlqMHrh5wU4z8AA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kkCXjxGMA9IljA76U2GzM4OM7NCCPkILx4U8er3ePNvnCR70MSChqKqm+6uSAlurO9/e2vrG5tb24Wd4u7e/sFh6ei4adJMM2ywVKS6HVGDgktsWG4FtpVGmkQCW9Hobua3nlAbnspHO1YYJnQgecwZtU5qqV5XoVa9Utmv+HOQVRLkpAw56r3SV7efsixBaZmgxnQCX9lwQrXlTOC02M0MKspGdIAdRyVN0IST+blTcu6UPolT7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4JpxwqTKLki0WxZkgNiWz30mfa2RWjB2hTHN3K2FDqimzLqGiCyFYfnmVNKuV4KpSfbgs127zOApwCmdwAQFcQw3uoQ4NYDCCZ3iFN095L96797FoXfPymRP4A+/zB3Yvj6U=</latexit>

<latexit sha1_base64="+3KVqxeAdIV/7frOG5Eufp5p7SM=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SQFLx4r2g9oQ9lsJ+3azSbsboRQ+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfTJagH9GB5CFn1FjpPus99kplt+LOQJaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+GOqDGcCJ8VuqjGhbEQH2LFU0gi1P56dOiGnVumTMFa2pCEz9ffEmEZaZ1FgOyNqhnrRm4r/eZ3UhFf+mMskNSjZfFGYCmJiMv2b9LlCZkRmCWWK21sJG1JFmbHpFG0I3uLLy6RZrXgXlerdebl2ncdRgGM4gTPw4BJqcAt1aACDATzDK7w5wnlx3p2PeeuKk88cwR84nz9ksI3d</latexit>

<latexit sha1_base64="DFmNr+pujbTgWryXc6XmWrBAe78=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUU8S8OIxAfOAZAmzk95kzOzsMjMrhpAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781iMqzWN5b8YJ+hEdSB5yRo2V6k+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2iVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD+dPjP8=</latexit>

<latexit sha1_base64="rhCRYHX71NlleJIRvBLW8zrLdtk=">AAAB/3icdVA9SwNBEN3z2/gVFWxsFhOJVbi9QpNGAjZipWA0kBxxbzNJ1uztHbt7gXCm8K/YWChi69+w89+4pxFU9MHA470ZZuYFseDauO6bMzU9Mzs3v7CYW1peWV3Lr29c6ChRDOosEpFqBFSD4BLqhhsBjVgBDQMBl8HgKPMvh6A0j+S5GcXgh7QneZczaqzUzm9d1WUUaFBD6JTwCRhcvC4VcTtfcMuu6xJCcEbIwb5rSbVa8UgFk8yyKKAJTtv511YnYkkI0jBBtW4SNzZ+SpXhTMA410o0xJQNaA+alkoagvbTj/vHeNcqHdyNlC1p8If6fSKlodajMLCdITV9/dvLxL+8ZmK6FT/lMk4MSPa5qJsIbCKchYE7XAEzYmQJZYrbWzHrU0WZsZHlbAhfn+L/yYVXJvtl78wr1A4ncSygbbSD9hBBB6iGjtEpqiOGbtAdekCPzq1z7zw5z5+tU85kZhP9gPPyDvAplL4=</latexit>

<latexit sha1_base64="5VXjnvGD1Rl6O+jjOy00OkJ5Gh4=">AAACInicbVDLSgMxFM34tr6qLt0Ei+CqzIj42IjgxqWCVaFTh0x6p0YzMzG5Iy1hvsWNv+LGhaKuBD/GtHbh60DgcM69nJsTKykM+v67NzI6Nj4xOTVdmZmdm1+oLi6dmrzQHBo8l7k+j5kBKTJooEAJ50oDS2MJZ/H1Qd8/uwVtRJ6dYE9BK2WdTCSCM3RSVN3thh10dkrDRDNuVRQq0Kq0obnRaE1ZwoUNEbo4yLIa2qXtRVdlGVVrft0fgP4lwZDUyBBHUfU1bOe8SCFDLpkxzcBX2LJMo+ASykpYGFCMX7MONB3NWAqmZQexJV1zSpsmuXYvQzpQv29YlhrTS2M3mTK8NL+9vvif1yww2WlZkakCIeNfQUkhKea03xdtCw0cZc8RxrVwt1J+yVxV6FqtuBKC31/+S0436sFWfeN4s7a/N6xjiqyQVbJOArJN9skhOSINwskdeSBP5Nm79x69F+/ta3TEG+4skx/wPj4BPWynNQ==</latexit>

<latexit sha1_base64="DFmNr+pujbTgWryXc6XmWrBAe78=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUU8S8OIxAfOAZAmzk95kzOzsMjMrhpAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781iMqzWN5b8YJ+hEdSB5yRo2V6k+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2iVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD+dPjP8=</latexit>

• Question of whether to include inclusive jets vs. dijets has been studied (ideally both), but triple 

differential dijets particularly promising - pins down initial-state kinematics completely. 
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Earlier MSHT results

• Impact of jets/dijets studied by different groups. Highlight some (~ representative) MSHT results 

from dedicated paper on this.

' CMS 2.76 TeV:   81 points — 5.43           — 

• Inclusive jets:

<latexit sha1_base64="VCBeqEH3VbrtHI0GyAS2DSmlQEQ=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84jP3sLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQLDxZIY</latexit>

pb
−1

<latexit sha1_base64="c3iOuW3cwmrg3jzhSDaqhzx7pL4=">AAACBHicdVDLSgMxFM3UV62vqstugkVwIcO01Fahi4ILXVawD+iUkklv29DMTEgyQhm6cOOvuHGhiFs/wp1/Y6YPUNEDl3s4516SezzBmdKO82mlVlbX1jfSm5mt7Z3dvez+QVOFkaTQoCEPZdsjCjgLoKGZ5tAWEojvcWh548vEb92BVCwMbvVEQNcnw4ANGCXaSL1srlKqip4rQApcxWcXRfc0dqWPr6A57WXzjl12EmDHLi1JcU4K9qw7ebRAvZf9cPshjXwINOVEqU7BEbobE6kZ5TDNuJECQeiYDKFjaEB8UN14dsQUHxuljwehNBVoPFO/b8TEV2rie2bSJ3qkfnuJ+JfXifTgvBuzQEQaAjp/aBBxrEOcJIL7TALVfGIIoZKZv2I6IpJQbXLLmBCWl+L/SbNoF8p28aaUr1UXcaRRDh2hE1RAFVRD16iOGoiie/SIntGL9WA9Wa/W23w0ZS12DtEPWO9fzqOWSA==</latexit>

74 < p⊥ < 592GeV

' CMS 7 TeV:   158 points — 5.0           — 

<latexit sha1_base64="FLRP1dlAKXalla6kbx+8YqigSVs=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuHHIVKsuuii4cVnBXqAdSibNtKGZC0lGGKb1Vdy4UMStD+LOtzHTTkFFDyT8fP855OR3I86kQujTKKysrq1vFDdLW9s7u3vm/kFbhrEgtEVCHoquiyXlLKAtxRSn3UhQ7LucdtzJdeZ37qmQLAzuVBJRx8ejgHmMYKXRwCwjC8E6nCZTfVet2umZhQZmBVk1lBXU9lLkxM5JBeTVHJgf/WFIYp8GinAsZc9GkXJSLBQjnM5K/VjSCJMJHtGelgH2qXTS+fIzeKzJEHqh0CdQcE6/T6TYlzLxXd3pYzWWv70M/uX1YuVdOSkLoljRgCwe8mIOVQizJOCQCUoUT7TARDC9KyRjLDBROq+SDmH5U/i/aFct+8Kq3p5XGvU8jiI4BEfgBNjgEjTADWiCFiAgAY/gGbwYD8aT8Wq8LVoLRj5TBj/KeP8C+XORvg==</latexit>

0.0 < |y| < 2.5− 3.0

<latexit sha1_base64="69Xj8O2R/eFDZbYcOYxdMo4bcew=">AAACB3icdZDLSgMxFIYzXmu9VV0KEiyCCxnSUlsXXRRc6LKCvUCnlEx62oZmZkKSEcrQnRtfxY0LRdz6Cu58G9MbqOiBkI//P4fk/L4UXBtCPp2l5ZXVtfXURnpza3tnN7O3X9dRrBjUWCQi1fSpBsFDqBluBDSlAhr4Ahr+8HLiN+5AaR6Ft2YkoR3Qfsh7nFFjpU7mqFTAZSw7ngQlLeXPCfHOEk8F+Arq404mS9wimRQmbmEB+Rnk3OlNsmhe1U7mw+tGLA4gNExQrVs5Ik07ocpwJmCc9mINkrIh7UPLYkgD0O1kuscYn1ili3uRsic0eKp+n0hooPUo8G1nQM1A//Ym4l9eKza9i3bCQxkbCNnsoV4ssInwJBTc5QqYESMLlClu/4rZgCrKjI0ubUNYbIr/h3rezRXd/E0hWynP40ihQ3SMTlEOlVAFXaMqqiGG7tEjekYvzoPz5Lw6b7PWJWc+c4B+lPP+BehKls0=</latexit>

74 < p⊥ < 2500GeV

' CMS 8 TeV:   174 points — 19.7           — 

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

fb
−1

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

fb
−1

<latexit sha1_base64="wh5g9yZQLbAjex3pRsiV81ZNn4Q=">AAACCHicdZDLSgMxFIYz3q23UZcuDBbBhQyZWqqLLgQXuqxgq9AZSiY91WBmJiQZoQxduvFV3LhQxK2P4M63MdMLqOiBkI//P4fk/JEUXBtCPp2p6ZnZufmFxdLS8srqmru+0dJpphg0WSpSdRVRDYIn0DTcCLiSCmgcCbiMbk8K//IOlOZpcmH6EsKYXie8xxk1Vuq42zWC61h2AglKWvIPCMHBfh6oGJ9Ca9Bxy8SrkaIw8aoTqIzA94Y3KaNxNTruR9BNWRZDYpigWrd9Ik2YU2U4EzAoBZkGSdktvYa2xYTGoMN8uMgA71qli3upsicxeKh+n8hprHU/jmxnTM2N/u0V4l9eOzO9ozDnicwMJGz0UC8T2KS4SAV3uQJmRN8CZYrbv2J2QxVlxmZXsiFMNsX/Q6vi+TWvcl4tH9fHcSygLbSD9pCPDtExOkMN1EQM3aNH9IxenAfnyXl13katU854ZhP9KOf9Czellu8=</latexit>

60 < p⊥ < 1300GeV

' ATLAS 7 TeV:   140 points — 4.5           — 
<latexit sha1_base64="77GM3BUnNfDVJe6hcVilSE0JVt0=">AAACCXicdZDLSgMxFIYz9VbrrerSTbAILmTIlFJddFFwocsK9gKdUjLpaRuamQlJRihDt258FTcuFHHrG7jzbUxvoKIHQj7+/xyS8wdScG0I+XQyK6tr6xvZzdzW9s7uXn7/oKHjRDGos1jEqhVQDYJHUDfcCGhJBTQMBDSD0eXUb96B0jyObs1YQiekg4j3OaPGSt089gjBFSy7vgQlLRWJFfyz1FchvoLGpJsvELdMpoWJW1pCcQ6eO7tJAS2q1s1/+L2YJSFEhgmqddsj0nRSqgxnAiY5P9EgKRvRAbQtRjQE3Ulnm0zwiVV6uB8reyKDZ+r3iZSGWo/DwHaG1Az1b28q/uW1E9O/6KQ8komBiM0f6icCmxhPY8E9roAZMbZAmeL2r5gNqaLM2PByNoTlpvh/aBRdr+wWb0qFamURRxYdoWN0ijx0jqroGtVQHTF0jx7RM3pxHpwn59V5m7dmnMXMIfpRzvsXoCiXIg==</latexit>

100 < p⊥ < 2000GeV

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

fb
−1

' ATLAS 8 TeV:   171 points — 20.2           — 
<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

fb
−1 <latexit sha1_base64="byV30M2zWAUTkiiN2wg/NlobN/4=">AAACCHicdZDLSgMxFIYzXmu9VV26MFgEFzKkpbYuuii40GUFe4FOKZn0tA3NzIQkI5ShSze+ihsXirj1Edz5NqY3UNEDIR//fw7J+X0puDaEfDpLyyura+upjfTm1vbObmZvv66jWDGosUhEqulTDYKHUDPcCGhKBTTwBTT84eXEb9yB0jwKb81IQjug/ZD3OKPGSp3MUYngMpYdT4KSlvLnhHhnOPFUgK+gPu5kssQtkklh4hYWkJ9Bzp3eJIvmVe1kPrxuxOIAQsME1bqVI9K0E6oMZwLGaS/WICkb0j60LIY0AN1OpouM8YlVurgXKXtCg6fq94mEBlqPAt92BtQM9G9vIv7ltWLTu2gnPJSxgZDNHurFApsIT1LBXa6AGTGyQJni9q+YDaiizNjs0jaExab4f6jn3VzRzd8UspXyPI4UOkTH6BTlUAlV0DWqohpi6B49omf04jw4T86r8zZrXXLmMwfoRznvXz5GlvM=</latexit>

70 < p⊥ < 2500GeV

<latexit sha1_base64="iL0QbFwpJq5JNTK0x4mhnUTHifo=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiG5cV7APSUCbTSTt0MhNmbpQS+hluXCji1q9x5984SYOo9cCFwzn3cu89QcyZBsf5tEpLyyura+X1ysbm1vZOdXevo2WiCG0TyaXqBVhTzgRtAwNOe7GiOAo47QaT68zv3lOlmRR3MI2pH+GRYCEjGIzk9RUbjQErJR8G1ZpTd3LYi8QtSA0VaA2qH/2hJElEBRCOtfZcJwY/xQoY4XRW6SeaxphM8Ih6hgocUe2n+ckz+8goQzuUypQAO1d/TqQ40noaBaYzwjDWf71M/M/zEggv/JSJOAEqyHxRmHAbpJ39bw+ZogT41BBMFDO32mSMFSZgUqrkIVxmOPt+eZF0Turuab1x26g1r4o4yugAHaJj5KJz1EQ3qIXaiCCJHtEzerHAerJerbd5a8kqZvbRL1jvX9vVkcU=</latexit>

<latexit sha1_base64="H5cKzE35AQq7mNIIQ3oWwOonc3I=">AAACEHicdVDLSgMxFM3UV62vqks3wSK6qpMifYCLghuXFewDOrVk0rQNTWZCkhHK0E9w46+4caGIW5fu/Bsz7QgqeiBw7jn3cnOPLznTxnU/nMzS8srqWnY9t7G5tb2T391r6TBShDZJyEPV8bGmnAW0aZjhtCMVxcLntO1PLhK/fUuVZmFwbaaS9gQeBWzICDZW6uePY08JOJjdlDzNRgKfprXse5IqCdNy2s8X3KLrugghmBBUKbuW1GrVEqpClFgWBZCi0c+/e4OQRIIGhnCsdRe50vRirAwjnM5yXqSpxGSCR7RraYAF1b14ftAMHlllAIehsi8wcK5+n4ix0HoqfNspsBnr314i/uV1IzOs9mIWyMjQgCwWDSMOTQiTdOCAKUoMn1qCiWL2r5CMscLE2AxzNoSvS+H/pFUqonKxdHVWqJ+ncWTBATgEJwCBCqiDS9AATUDAHXgAT+DZuXcenRfnddGacdKZffADztsn/fGdNA==</latexit>

• Dijets:

' ATLAS 7 TeV:   90 points — 4.5           — 
<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

fb
−1

' CMS 7 TeV:   54 points — 5.0           — 

' CMS 8 TeV:   122 points — 19.7           — 

<latexit sha1_base64="M37KeWctFGC7AhGkuC5xm4yh0Q8=">AAACCHicdZDLSgMxFIYz9VbrbdSlC4NFcCFDOtTqoouCG5cVeoN2GDJp2qZNZoYkI5ShSze+ihsXirj1Edz5NqY3UNEDIR//fw7J+YOYM6UR+rQyK6tr6xvZzdzW9s7unr1/0FBRIgmtk4hHshVgRTkLaV0zzWkrlhSLgNNmMLqe+s07KhWLwpoex9QTuB+yHiNYG8m3j5HjlmAZCj8dDicGLhxU7JynHSlgjTYmvp1HTglNCyKnuAR3DgVndqM8WFTVtz863YgkgoaacKxUu4Bi7aVYakY4neQ6iaIxJiPcp22DIRZUeelskQk8NUoX9iJpTqjhTP0+kWKh1FgEplNgPVC/van4l9dOdO/KS1kYJ5qGZP5QL+FQR3CaCuwySYnmYwOYSGb+CskAS0y0yS5nQlhuCv+HhusUSo57W8xXyos4suAInIAzUACXoAJuQBXUAQH34BE8gxfrwXqyXq23eWvGWswcgh9lvX8BPWqW9Q==</latexit>

0.26 < mjj < 5.04TeV

<latexit sha1_base64="RPIJoy39mGprJO81Ct0g20vPY/0="></latexit>

d
2
σ/dmjjd|y

∗|

<latexit sha1_base64="VLn/PuVpjj04I2o+zGw8OnfGUd0="></latexit>

d
2
σ/dmjjd|ymax|

<latexit sha1_base64="rPhnsXEGns8OojdIzLFcHFGhPoA="></latexit>

d
3
σ/dp⊥,avgdybdy

∗

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

fb
−1

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

fb
−1

<latexit sha1_base64="94Cz1bS9H7MjvLfZXmIc8PCUvak=">AAACCHicdZDLSgMxFIYzXmu9jbp0YbAILmSYDmPtoouCG5cVeoNOKZk006ZNZoYkI5Rhlm58FTcuFHHrI7jzbUxvoKIHQj7+/xyS8/sxo1LZ9qexsrq2vrGZ28pv7+zu7ZsHh00ZJQKTBo5YJNo+koTRkDQUVYy0Y0EQ9xlp+ePrqd+6I0LSKKyrSUy6HA1CGlCMlJZ65oltOZewAnkvHY0yDa7llr2L1BMc1kkz65kF2yrZ04K25S7BmUPRmt12ASyq1jM/vH6EE05ChRmSslO0Y9VNkVAUM5LlvUSSGOExGpCOxhBxIrvpbJEMnmmlD4NI6BMqOFO/T6SISznhvu7kSA3lb28q/uV1EhWUuykN40SREM8fChIGVQSnqcA+FQQrNtGAsKD6rxAPkUBY6ezyOoTlpvB/aDpWsWQ5t26hWlnEkQPH4BScgyK4AlVwA2qgATC4B4/gGbwYD8aT8Wq8zVtXjMXMEfhRxvsXRrWW+w==</latexit>

0.25 < mjj < 4.48TeV

<latexit sha1_base64="Z2vf2nYaqg4DVfsLN7ozOgayCAI="></latexit>

143 < p⊥,avg < 1638GeV

<latexit sha1_base64="iL0QbFwpJq5JNTK0x4mhnUTHifo=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiG5cV7APSUCbTSTt0MhNmbpQS+hluXCji1q9x5984SYOo9cCFwzn3cu89QcyZBsf5tEpLyyura+X1ysbm1vZOdXevo2WiCG0TyaXqBVhTzgRtAwNOe7GiOAo47QaT68zv3lOlmRR3MI2pH+GRYCEjGIzk9RUbjQErJR8G1ZpTd3LYi8QtSA0VaA2qH/2hJElEBRCOtfZcJwY/xQoY4XRW6SeaxphM8Ih6hgocUe2n+ckz+8goQzuUypQAO1d/TqQ40noaBaYzwjDWf71M/M/zEggv/JSJOAEqyHxRmHAbpJ39bw+ZogT41BBMFDO32mSMFSZgUqrkIVxmOPt+eZF0Turuab1x26g1r4o4yugAHaJj5KJz1EQ3qIXaiCCJHtEzerHAerJerbd5a8kqZvbRL1jvX9vVkcU=</latexit>

<latexit sha1_base64="t5hQwC9H3ozDcdsqdzIgCXLGqt0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4PxzcxvP3JthIofcJJwP6LDWISCUbRSt3cvhiOkWqunfrniVt05yCrxclKBHI1++as3UCyNeIxMUmO6npugn1GNgkk+LfVSwxPKxnTIu5bGNOLGz+YnT8mZVQYkVNpWjGSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzEScp8pgtFoWpJKjI7H8yEJozlBNLKNPC3krYiGrK0KZUsiF4yy+vktZF1atVL+8uK/VaHkcRTuAUzsGDK6jDLTSgCQwUPMMrvDnovDjvzseiteDkM8fwB87nD5BtkWo=</latexit>

<latexit sha1_base64="VCBeqEH3VbrtHI0GyAS2DSmlQEQ=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84jP3sLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQLDxZIY</latexit>

<latexit sha1_base64="c3iOuW3cwmrg3jzhSDaqhzx7pL4=">AAACBHicdVDLSgMxFM3UV62vqstugkVwIcO01Fahi4ILXVawD+iUkklv29DMTEgyQhm6cOOvuHGhiFs/wp1/Y6YPUNEDl3s4516SezzBmdKO82mlVlbX1jfSm5mt7Z3dvez+QVOFkaTQoCEPZdsjCjgLoKGZ5tAWEojvcWh548vEb92BVCwMbvVEQNcnw4ANGCXaSL1srlKqip4rQApcxWcXRfc0dqWPr6A57WXzjl12EmDHLi1JcU4K9qw7ebRAvZf9cPshjXwINOVEqU7BEbobE6kZ5TDNuJECQeiYDKFjaEB8UN14dsQUHxuljwehNBVoPFO/b8TEV2rie2bSJ3qkfnuJ+JfXifTgvBuzQEQaAjp/aBBxrEOcJIL7TALVfGIIoZKZv2I6IpJQbXLLmBCWl+L/SbNoF8p28aaUr1UXcaRRDh2hE1RAFVRD16iOGoiie/SIntGL9WA9Wa/W23w0ZS12DtEPWO9fzqOWSA==</latexit>

<latexit sha1_base64="FLRP1dlAKXalla6kbx+8YqigSVs=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuHHIVKsuuii4cVnBXqAdSibNtKGZC0lGGKb1Vdy4UMStD+LOtzHTTkFFDyT8fP855OR3I86kQujTKKysrq1vFDdLW9s7u3vm/kFbhrEgtEVCHoquiyXlLKAtxRSn3UhQ7LucdtzJdeZ37qmQLAzuVBJRx8ejgHmMYKXRwCwjC8E6nCZTfVet2umZhQZmBVk1lBXU9lLkxM5JBeTVHJgf/WFIYp8GinAsZc9GkXJSLBQjnM5K/VjSCJMJHtGelgH2qXTS+fIzeKzJEHqh0CdQcE6/T6TYlzLxXd3pYzWWv70M/uX1YuVdOSkLoljRgCwe8mIOVQizJOCQCUoUT7TARDC9KyRjLDBROq+SDmH5U/i/aFct+8Kq3p5XGvU8jiI4BEfgBNjgEjTADWiCFiAgAY/gGbwYD8aT8Wq8LVoLRj5TBj/KeP8C+XORvg==</latexit>

<latexit sha1_base64="69Xj8O2R/eFDZbYcOYxdMo4bcew=">AAACB3icdZDLSgMxFIYzXmu9VV0KEiyCCxnSUlsXXRRc6LKCvUCnlEx62oZmZkKSEcrQnRtfxY0LRdz6Cu58G9MbqOiBkI//P4fk/L4UXBtCPp2l5ZXVtfXURnpza3tnN7O3X9dRrBjUWCQi1fSpBsFDqBluBDSlAhr4Ahr+8HLiN+5AaR6Ft2YkoR3Qfsh7nFFjpU7mqFTAZSw7ngQlLeXPCfHOEk8F+Arq404mS9wimRQmbmEB+Rnk3OlNsmhe1U7mw+tGLA4gNExQrVs5Ik07ocpwJmCc9mINkrIh7UPLYkgD0O1kuscYn1ili3uRsic0eKp+n0hooPUo8G1nQM1A//Ym4l9eKza9i3bCQxkbCNnsoV4ssInwJBTc5QqYESMLlClu/4rZgCrKjI0ubUNYbIr/h3rezRXd/E0hWynP40ihQ3SMTlEOlVAFXaMqqiGG7tEjekYvzoPz5Lw6b7PWJWc+c4B+lPP+BehKls0=</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="wh5g9yZQLbAjex3pRsiV81ZNn4Q=">AAACCHicdZDLSgMxFIYz3q23UZcuDBbBhQyZWqqLLgQXuqxgq9AZSiY91WBmJiQZoQxduvFV3LhQxK2P4M63MdMLqOiBkI//P4fk/JEUXBtCPp2p6ZnZufmFxdLS8srqmru+0dJpphg0WSpSdRVRDYIn0DTcCLiSCmgcCbiMbk8K//IOlOZpcmH6EsKYXie8xxk1Vuq42zWC61h2AglKWvIPCMHBfh6oGJ9Ca9Bxy8SrkaIw8aoTqIzA94Y3KaNxNTruR9BNWRZDYpigWrd9Ik2YU2U4EzAoBZkGSdktvYa2xYTGoMN8uMgA71qli3upsicxeKh+n8hprHU/jmxnTM2N/u0V4l9eOzO9ozDnicwMJGz0UC8T2KS4SAV3uQJmRN8CZYrbv2J2QxVlxmZXsiFMNsX/Q6vi+TWvcl4tH9fHcSygLbSD9pCPDtExOkMN1EQM3aNH9IxenAfnyXl13katU854ZhP9KOf9Czellu8=</latexit>

<latexit sha1_base64="77GM3BUnNfDVJe6hcVilSE0JVt0=">AAACCXicdZDLSgMxFIYz9VbrrerSTbAILmTIlFJddFFwocsK9gKdUjLpaRuamQlJRihDt258FTcuFHHrG7jzbUxvoKIHQj7+/xyS8wdScG0I+XQyK6tr6xvZzdzW9s7uXn7/oKHjRDGos1jEqhVQDYJHUDfcCGhJBTQMBDSD0eXUb96B0jyObs1YQiekg4j3OaPGSt089gjBFSy7vgQlLRWJFfyz1FchvoLGpJsvELdMpoWJW1pCcQ6eO7tJAS2q1s1/+L2YJSFEhgmqddsj0nRSqgxnAiY5P9EgKRvRAbQtRjQE3Ulnm0zwiVV6uB8reyKDZ+r3iZSGWo/DwHaG1Az1b28q/uW1E9O/6KQ8komBiM0f6icCmxhPY8E9roAZMbZAmeL2r5gNqaLM2PByNoTlpvh/aBRdr+wWb0qFamURRxYdoWN0ijx0jqroGtVQHTF0jx7RM3pxHpwn59V5m7dmnMXMIfpRzvsXoCiXIg==</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="byV30M2zWAUTkiiN2wg/NlobN/4=">AAACCHicdZDLSgMxFIYzXmu9VV26MFgEFzKkpbYuuii40GUFe4FOKZn0tA3NzIQkI5ShSze+ihsXirj1Edz5NqY3UNEDIR//fw7J+X0puDaEfDpLyyura+upjfTm1vbObmZvv66jWDGosUhEqulTDYKHUDPcCGhKBTTwBTT84eXEb9yB0jwKb81IQjug/ZD3OKPGSp3MUYngMpYdT4KSlvLnhHhnOPFUgK+gPu5kssQtkklh4hYWkJ9Bzp3eJIvmVe1kPrxuxOIAQsME1bqVI9K0E6oMZwLGaS/WICkb0j60LIY0AN1OpouM8YlVurgXKXtCg6fq94mEBlqPAt92BtQM9G9vIv7ltWLTu2gnPJSxgZDNHurFApsIT1LBXa6AGTGyQJni9q+YDaiizNjs0jaExab4f6jn3VzRzd8UspXyPI4UOkTH6BTlUAlV0DWqohpi6B49omf04jw4T86r8zZrXXLmMwfoRznvXz5GlvM=</latexit>

724 points in total, v.s. ~ 4500 in global MSHT fit (inc.).→
<latexit sha1_base64="iL0QbFwpJq5JNTK0x4mhnUTHifo=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiG5cV7APSUCbTSTt0MhNmbpQS+hluXCji1q9x5984SYOo9cCFwzn3cu89QcyZBsf5tEpLyyura+X1ysbm1vZOdXevo2WiCG0TyaXqBVhTzgRtAwNOe7GiOAo47QaT68zv3lOlmRR3MI2pH+GRYCEjGIzk9RUbjQErJR8G1ZpTd3LYi8QtSA0VaA2qH/2hJElEBRCOtfZcJwY/xQoY4XRW6SeaxphM8Ih6hgocUe2n+ckz+8goQzuUypQAO1d/TqQ40noaBaYzwjDWf71M/M/zEggv/JSJOAEqyHxRmHAbpJ39bw+ZogT41BBMFDO32mSMFSZgUqrkIVxmOPt+eZF0Turuab1x26g1r4o4yugAHaJj5KJz1EQ3qIXaiCCJHtEzerHAerJerbd5a8kqZvbRL1jvX9vVkcU=</latexit>

<latexit sha1_base64="H5cKzE35AQq7mNIIQ3oWwOonc3I=">AAACEHicdVDLSgMxFM3UV62vqks3wSK6qpMifYCLghuXFewDOrVk0rQNTWZCkhHK0E9w46+4caGIW5fu/Bsz7QgqeiBw7jn3cnOPLznTxnU/nMzS8srqWnY9t7G5tb2T391r6TBShDZJyEPV8bGmnAW0aZjhtCMVxcLntO1PLhK/fUuVZmFwbaaS9gQeBWzICDZW6uePY08JOJjdlDzNRgKfprXse5IqCdNy2s8X3KLrugghmBBUKbuW1GrVEqpClFgWBZCi0c+/e4OQRIIGhnCsdRe50vRirAwjnM5yXqSpxGSCR7RraYAF1b14ftAMHlllAIehsi8wcK5+n4ix0HoqfNspsBnr314i/uV1IzOs9mIWyMjQgCwWDSMOTQiTdOCAKUoMn1qCiWL2r5CMscLE2AxzNoSvS+H/pFUqonKxdHVWqJ+ncWTBATgEJwCBCqiDS9AATUDAHXgAT+DZuXcenRfnddGacdKZffADztsn/fGdNA==</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

•

<latexit sha1_base64="M37KeWctFGC7AhGkuC5xm4yh0Q8=">AAACCHicdZDLSgMxFIYz9VbrbdSlC4NFcCFDOtTqoouCG5cVeoN2GDJp2qZNZoYkI5ShSze+ihsXirj1Edz5NqY3UNEDIR//fw7J+YOYM6UR+rQyK6tr6xvZzdzW9s7unr1/0FBRIgmtk4hHshVgRTkLaV0zzWkrlhSLgNNmMLqe+s07KhWLwpoex9QTuB+yHiNYG8m3j5HjlmAZCj8dDicGLhxU7JynHSlgjTYmvp1HTglNCyKnuAR3DgVndqM8WFTVtz863YgkgoaacKxUu4Bi7aVYakY4neQ6iaIxJiPcp22DIRZUeelskQk8NUoX9iJpTqjhTP0+kWKh1FgEplNgPVC/van4l9dOdO/KS1kYJ5qGZP5QL+FQR3CaCuwySYnmYwOYSGb+CskAS0y0yS5nQlhuCv+HhusUSo57W8xXyos4suAInIAzUACXoAJuQBXUAQH34BE8gxfrwXqyXq23eWvGWswcgh9lvX8BPWqW9Q==</latexit>

<latexit sha1_base64="RPIJoy39mGprJO81Ct0g20vPY/0="></latexit>

<latexit sha1_base64="VLn/PuVpjj04I2o+zGw8OnfGUd0="></latexit>

<latexit sha1_base64="rPhnsXEGns8OojdIzLFcHFGhPoA="></latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="94Cz1bS9H7MjvLfZXmIc8PCUvak=">AAACCHicdZDLSgMxFIYzXmu9jbp0YbAILmSYDmPtoouCG5cVeoNOKZk006ZNZoYkI5Rhlm58FTcuFHHrI7jzbUxvoKIHQj7+/xyS8/sxo1LZ9qexsrq2vrGZ28pv7+zu7ZsHh00ZJQKTBo5YJNo+koTRkDQUVYy0Y0EQ9xlp+ePrqd+6I0LSKKyrSUy6HA1CGlCMlJZ65oltOZewAnkvHY0yDa7llr2L1BMc1kkz65kF2yrZ04K25S7BmUPRmt12ASyq1jM/vH6EE05ChRmSslO0Y9VNkVAUM5LlvUSSGOExGpCOxhBxIrvpbJEMnmmlD4NI6BMqOFO/T6SISznhvu7kSA3lb28q/uV1EhWUuykN40SREM8fChIGVQSnqcA+FQQrNtGAsKD6rxAPkUBY6ezyOoTlpvB/aDpWsWQ5t26hWlnEkQPH4BScgyK4AlVwA2qgATC4B4/gGbwYD8aT8Wq8zVtXjMXMEfhRxvsXRrWW+w==</latexit>

<latexit sha1_base64="Z2vf2nYaqg4DVfsLN7ozOgayCAI="></latexit>

266 points in total, v.s. ~ 4000 in global MSHT fit (inc.).→
<latexit sha1_base64="iL0QbFwpJq5JNTK0x4mhnUTHifo=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiG5cV7APSUCbTSTt0MhNmbpQS+hluXCji1q9x5984SYOo9cCFwzn3cu89QcyZBsf5tEpLyyura+X1ysbm1vZOdXevo2WiCG0TyaXqBVhTzgRtAwNOe7GiOAo47QaT68zv3lOlmRR3MI2pH+GRYCEjGIzk9RUbjQErJR8G1ZpTd3LYi8QtSA0VaA2qH/2hJElEBRCOtfZcJwY/xQoY4XRW6SeaxphM8Ih6hgocUe2n+ckz+8goQzuUypQAO1d/TqQ40noaBaYzwjDWf71M/M/zEggv/JSJOAEqyHxRmHAbpJ39bw+ZogT41BBMFDO32mSMFSZgUqrkIVxmOPt+eZF0Turuab1x26g1r4o4yugAHaJj5KJz1EQ3qIXaiCCJHtEzerHAerJerbd5a8kqZvbRL1jvX9vVkcU=</latexit>

<latexit sha1_base64="t5hQwC9H3ozDcdsqdzIgCXLGqt0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4PxzcxvP3JthIofcJJwP6LDWISCUbRSt3cvhiOkWqunfrniVt05yCrxclKBHI1++as3UCyNeIxMUmO6npugn1GNgkk+LfVSwxPKxnTIu5bGNOLGz+YnT8mZVQYkVNpWjGSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzEScp8pgtFoWpJKjI7H8yEJozlBNLKNPC3krYiGrK0KZUsiF4yy+vktZF1atVL+8uK/VaHkcRTuAUzsGDK6jDLTSgCQwUPMMrvDnovDjvzseiteDkM8fwB87nD5BtkWo=</latexit>
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New data in fit

•  Inclusive jets:

• Dijets:

' ATLAS 13 TeV: 177 points -              - ATLAS, JHEP 05 (2018) 195

' ATLAS 13 TeV: 136 points -              - ATLAS, JHEP 05 (2018) 195

<latexit sha1_base64="VCBeqEH3VbrtHI0GyAS2DSmlQEQ=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84jP3sLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQLDxZIY</latexit>

<latexit sha1_base64="c3iOuW3cwmrg3jzhSDaqhzx7pL4=">AAACBHicdVDLSgMxFM3UV62vqstugkVwIcO01Fahi4ILXVawD+iUkklv29DMTEgyQhm6cOOvuHGhiFs/wp1/Y6YPUNEDl3s4516SezzBmdKO82mlVlbX1jfSm5mt7Z3dvez+QVOFkaTQoCEPZdsjCjgLoKGZ5tAWEojvcWh548vEb92BVCwMbvVEQNcnw4ANGCXaSL1srlKqip4rQApcxWcXRfc0dqWPr6A57WXzjl12EmDHLi1JcU4K9qw7ebRAvZf9cPshjXwINOVEqU7BEbobE6kZ5TDNuJECQeiYDKFjaEB8UN14dsQUHxuljwehNBVoPFO/b8TEV2rie2bSJ3qkfnuJ+JfXifTgvBuzQEQaAjp/aBBxrEOcJIL7TALVfGIIoZKZv2I6IpJQbXLLmBCWl+L/SbNoF8p28aaUr1UXcaRRDh2hE1RAFVRD16iOGoiie/SIntGL9WA9Wa/W23w0ZS12DtEPWO9fzqOWSA==</latexit>

<latexit sha1_base64="FLRP1dlAKXalla6kbx+8YqigSVs=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuHHIVKsuuii4cVnBXqAdSibNtKGZC0lGGKb1Vdy4UMStD+LOtzHTTkFFDyT8fP855OR3I86kQujTKKysrq1vFDdLW9s7u3vm/kFbhrEgtEVCHoquiyXlLKAtxRSn3UhQ7LucdtzJdeZ37qmQLAzuVBJRx8ejgHmMYKXRwCwjC8E6nCZTfVet2umZhQZmBVk1lBXU9lLkxM5JBeTVHJgf/WFIYp8GinAsZc9GkXJSLBQjnM5K/VjSCJMJHtGelgH2qXTS+fIzeKzJEHqh0CdQcE6/T6TYlzLxXd3pYzWWv70M/uX1YuVdOSkLoljRgCwe8mIOVQizJOCQCUoUT7TARDC9KyRjLDBROq+SDmH5U/i/aFct+8Kq3p5XGvU8jiI4BEfgBNjgEjTADWiCFiAgAY/gGbwYD8aT8Wq8LVoLRj5TBj/KeP8C+XORvg==</latexit>

<latexit sha1_base64="69Xj8O2R/eFDZbYcOYxdMo4bcew=">AAACB3icdZDLSgMxFIYzXmu9VV0KEiyCCxnSUlsXXRRc6LKCvUCnlEx62oZmZkKSEcrQnRtfxY0LRdz6Cu58G9MbqOiBkI//P4fk/L4UXBtCPp2l5ZXVtfXURnpza3tnN7O3X9dRrBjUWCQi1fSpBsFDqBluBDSlAhr4Ahr+8HLiN+5AaR6Ft2YkoR3Qfsh7nFFjpU7mqFTAZSw7ngQlLeXPCfHOEk8F+Arq404mS9wimRQmbmEB+Rnk3OlNsmhe1U7mw+tGLA4gNExQrVs5Ik07ocpwJmCc9mINkrIh7UPLYkgD0O1kuscYn1ili3uRsic0eKp+n0hooPUo8G1nQM1A//Ym4l9eKza9i3bCQxkbCNnsoV4ssInwJBTc5QqYESMLlClu/4rZgCrKjI0ubUNYbIr/h3rezRXd/E0hWynP40ihQ3SMTlEOlVAFXaMqqiGG7tEjekYvzoPz5Lw6b7PWJWc+c4B+lPP+BehKls0=</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="wh5g9yZQLbAjex3pRsiV81ZNn4Q=">AAACCHicdZDLSgMxFIYz3q23UZcuDBbBhQyZWqqLLgQXuqxgq9AZSiY91WBmJiQZoQxduvFV3LhQxK2P4M63MdMLqOiBkI//P4fk/JEUXBtCPp2p6ZnZufmFxdLS8srqmru+0dJpphg0WSpSdRVRDYIn0DTcCLiSCmgcCbiMbk8K//IOlOZpcmH6EsKYXie8xxk1Vuq42zWC61h2AglKWvIPCMHBfh6oGJ9Ca9Bxy8SrkaIw8aoTqIzA94Y3KaNxNTruR9BNWRZDYpigWrd9Ik2YU2U4EzAoBZkGSdktvYa2xYTGoMN8uMgA71qli3upsicxeKh+n8hprHU/jmxnTM2N/u0V4l9eOzO9ozDnicwMJGz0UC8T2KS4SAV3uQJmRN8CZYrbv2J2QxVlxmZXsiFMNsX/Q6vi+TWvcl4tH9fHcSygLbSD9pCPDtExOkMN1EQM3aNH9IxenAfnyXl13katU854ZhP9KOf9Czellu8=</latexit>

<latexit sha1_base64="77GM3BUnNfDVJe6hcVilSE0JVt0=">AAACCXicdZDLSgMxFIYz9VbrrerSTbAILmTIlFJddFFwocsK9gKdUjLpaRuamQlJRihDt258FTcuFHHrG7jzbUxvoKIHQj7+/xyS8wdScG0I+XQyK6tr6xvZzdzW9s7uXn7/oKHjRDGos1jEqhVQDYJHUDfcCGhJBTQMBDSD0eXUb96B0jyObs1YQiekg4j3OaPGSt089gjBFSy7vgQlLRWJFfyz1FchvoLGpJsvELdMpoWJW1pCcQ6eO7tJAS2q1s1/+L2YJSFEhgmqddsj0nRSqgxnAiY5P9EgKRvRAbQtRjQE3Ulnm0zwiVV6uB8reyKDZ+r3iZSGWo/DwHaG1Az1b28q/uW1E9O/6KQ8komBiM0f6icCmxhPY8E9roAZMbZAmeL2r5gNqaLM2PByNoTlpvh/aBRdr+wWb0qFamURRxYdoWN0ijx0jqroGtVQHTF0jx7RM3pxHpwn59V5m7dmnMXMIfpRzvsXoCiXIg==</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="byV30M2zWAUTkiiN2wg/NlobN/4=">AAACCHicdZDLSgMxFIYzXmu9VV26MFgEFzKkpbYuuii40GUFe4FOKZn0tA3NzIQkI5ShSze+ihsXirj1Edz5NqY3UNEDIR//fw7J+X0puDaEfDpLyyura+upjfTm1vbObmZvv66jWDGosUhEqulTDYKHUDPcCGhKBTTwBTT84eXEb9yB0jwKb81IQjug/ZD3OKPGSp3MUYngMpYdT4KSlvLnhHhnOPFUgK+gPu5kssQtkklh4hYWkJ9Bzp3eJIvmVe1kPrxuxOIAQsME1bqVI9K0E6oMZwLGaS/WICkb0j60LIY0AN1OpouM8YlVurgXKXtCg6fq94mEBlqPAt92BtQM9G9vIv7ltWLTu2gnPJSxgZDNHurFApsIT1LBXa6AGTGyQJni9q+YDaiizNjs0jaExab4f6jn3VzRzd8UspXyPI4UOkTH6BTlUAlV0DWqohpi6B49omf04jw4T86r8zZrXXLmMwfoRznvXz5GlvM=</latexit>

<latexit sha1_base64="iL0QbFwpJq5JNTK0x4mhnUTHifo=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiG5cV7APSUCbTSTt0MhNmbpQS+hluXCji1q9x5984SYOo9cCFwzn3cu89QcyZBsf5tEpLyyura+X1ysbm1vZOdXevo2WiCG0TyaXqBVhTzgRtAwNOe7GiOAo47QaT68zv3lOlmRR3MI2pH+GRYCEjGIzk9RUbjQErJR8G1ZpTd3LYi8QtSA0VaA2qH/2hJElEBRCOtfZcJwY/xQoY4XRW6SeaxphM8Ih6hgocUe2n+ckz+8goQzuUypQAO1d/TqQ40noaBaYzwjDWf71M/M/zEggv/JSJOAEqyHxRmHAbpJ39bw+ZogT41BBMFDO32mSMFSZgUqrkIVxmOPt+eZF0Turuab1x26g1r4o4yugAHaJj5KJz1EQ3qIXaiCCJHtEzerHAerJerbd5a8kqZvbRL1jvX9vVkcU=</latexit>

<latexit sha1_base64="H5cKzE35AQq7mNIIQ3oWwOonc3I=">AAACEHicdVDLSgMxFM3UV62vqks3wSK6qpMifYCLghuXFewDOrVk0rQNTWZCkhHK0E9w46+4caGIW5fu/Bsz7QgqeiBw7jn3cnOPLznTxnU/nMzS8srqWnY9t7G5tb2T391r6TBShDZJyEPV8bGmnAW0aZjhtCMVxcLntO1PLhK/fUuVZmFwbaaS9gQeBWzICDZW6uePY08JOJjdlDzNRgKfprXse5IqCdNy2s8X3KLrugghmBBUKbuW1GrVEqpClFgWBZCi0c+/e4OQRIIGhnCsdRe50vRirAwjnM5yXqSpxGSCR7RraYAF1b14ftAMHlllAIehsi8wcK5+n4ix0HoqfNspsBnr314i/uV1IzOs9mIWyMjQgCwWDSMOTQiTdOCAKUoMn1qCiWL2r5CMscLE2AxzNoSvS+H/pFUqonKxdHVWqJ+ncWTBATgEJwCBCqiDS9AATUDAHXgAT+DZuXcenRfnddGacdKZffADztsn/fGdNA==</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

           — 

<latexit sha1_base64="M37KeWctFGC7AhGkuC5xm4yh0Q8=">AAACCHicdZDLSgMxFIYz9VbrbdSlC4NFcCFDOtTqoouCG5cVeoN2GDJp2qZNZoYkI5ShSze+ihsXirj1Edz5NqY3UNEDIR//fw7J+YOYM6UR+rQyK6tr6xvZzdzW9s7unr1/0FBRIgmtk4hHshVgRTkLaV0zzWkrlhSLgNNmMLqe+s07KhWLwpoex9QTuB+yHiNYG8m3j5HjlmAZCj8dDicGLhxU7JynHSlgjTYmvp1HTglNCyKnuAR3DgVndqM8WFTVtz863YgkgoaacKxUu4Bi7aVYakY4neQ6iaIxJiPcp22DIRZUeelskQk8NUoX9iJpTqjhTP0+kWKh1FgEplNgPVC/van4l9dOdO/KS1kYJ5qGZP5QL+FQR3CaCuwySYnmYwOYSGb+CskAS0y0yS5nQlhuCv+HhusUSo57W8xXyos4suAInIAzUACXoAJuQBXUAQH34BE8gxfrwXqyXq23eWvGWswcgh9lvX8BPWqW9Q==</latexit>

<latexit sha1_base64="RPIJoy39mGprJO81Ct0g20vPY/0="></latexit>

d
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<latexit sha1_base64="VLn/PuVpjj04I2o+zGw8OnfGUd0="></latexit>

<latexit sha1_base64="rPhnsXEGns8OojdIzLFcHFGhPoA="></latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="94Cz1bS9H7MjvLfZXmIc8PCUvak=">AAACCHicdZDLSgMxFIYzXmu9jbp0YbAILmSYDmPtoouCG5cVeoNOKZk006ZNZoYkI5Rhlm58FTcuFHHrI7jzbUxvoKIHQj7+/xyS8/sxo1LZ9qexsrq2vrGZ28pv7+zu7ZsHh00ZJQKTBo5YJNo+koTRkDQUVYy0Y0EQ9xlp+ePrqd+6I0LSKKyrSUy6HA1CGlCMlJZ65oltOZewAnkvHY0yDa7llr2L1BMc1kkz65kF2yrZ04K25S7BmUPRmt12ASyq1jM/vH6EE05ChRmSslO0Y9VNkVAUM5LlvUSSGOExGpCOxhBxIrvpbJEMnmmlD4NI6BMqOFO/T6SISznhvu7kSA3lb28q/uV1EhWUuykN40SREM8fChIGVQSnqcA+FQQrNtGAsKD6rxAPkUBY6ezyOoTlpvB/aDpWsWQ5t26hWlnEkQPH4BScgyK4AlVwA2qgATC4B4/gGbwYD8aT8Wq8zVtXjMXMEfhRxvsXRrWW+w==</latexit>

<latexit sha1_base64="Z2vf2nYaqg4DVfsLN7ozOgayCAI="></latexit>

<latexit sha1_base64="iL0QbFwpJq5JNTK0x4mhnUTHifo=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiG5cV7APSUCbTSTt0MhNmbpQS+hluXCji1q9x5984SYOo9cCFwzn3cu89QcyZBsf5tEpLyyura+X1ysbm1vZOdXevo2WiCG0TyaXqBVhTzgRtAwNOe7GiOAo47QaT68zv3lOlmRR3MI2pH+GRYCEjGIzk9RUbjQErJR8G1ZpTd3LYi8QtSA0VaA2qH/2hJElEBRCOtfZcJwY/xQoY4XRW6SeaxphM8Ih6hgocUe2n+ckz+8goQzuUypQAO1d/TqQ40noaBaYzwjDWf71M/M/zEggv/JSJOAEqyHxRmHAbpJ39bw+ZogT41BBMFDO32mSMFSZgUqrkIVxmOPt+eZF0Turuab1x26g1r4o4yugAHaJj5KJz1EQ3qIXaiCCJHtEzerHAerJerbd5a8kqZvbRL1jvX9vVkcU=</latexit>

<latexit sha1_base64="t5hQwC9H3ozDcdsqdzIgCXLGqt0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4PxzcxvP3JthIofcJJwP6LDWISCUbRSt3cvhiOkWqunfrniVt05yCrxclKBHI1++as3UCyNeIxMUmO6npugn1GNgkk+LfVSwxPKxnTIu5bGNOLGz+YnT8mZVQYkVNpWjGSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzEScp8pgtFoWpJKjI7H8yEJozlBNLKNPC3krYiGrK0KZUsiF4yy+vktZF1atVL+8uK/VaHkcRTuAUzsGDK6jDLTSgCQwUPMMrvDnovDjvzseiteDkM8fwB87nD5BtkWo=</latexit>

<latexit sha1_base64="VCBeqEH3VbrtHI0GyAS2DSmlQEQ=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84jP3sLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQLDxZIY</latexit>

<latexit sha1_base64="c3iOuW3cwmrg3jzhSDaqhzx7pL4=">AAACBHicdVDLSgMxFM3UV62vqstugkVwIcO01Fahi4ILXVawD+iUkklv29DMTEgyQhm6cOOvuHGhiFs/wp1/Y6YPUNEDl3s4516SezzBmdKO82mlVlbX1jfSm5mt7Z3dvez+QVOFkaTQoCEPZdsjCjgLoKGZ5tAWEojvcWh548vEb92BVCwMbvVEQNcnw4ANGCXaSL1srlKqip4rQApcxWcXRfc0dqWPr6A57WXzjl12EmDHLi1JcU4K9qw7ebRAvZf9cPshjXwINOVEqU7BEbobE6kZ5TDNuJECQeiYDKFjaEB8UN14dsQUHxuljwehNBVoPFO/b8TEV2rie2bSJ3qkfnuJ+JfXifTgvBuzQEQaAjp/aBBxrEOcJIL7TALVfGIIoZKZv2I6IpJQbXLLmBCWl+L/SbNoF8p28aaUr1UXcaRRDh2hE1RAFVRD16iOGoiie/SIntGL9WA9Wa/W23w0ZS12DtEPWO9fzqOWSA==</latexit>

<latexit sha1_base64="FLRP1dlAKXalla6kbx+8YqigSVs=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuHHIVKsuuii4cVnBXqAdSibNtKGZC0lGGKb1Vdy4UMStD+LOtzHTTkFFDyT8fP855OR3I86kQujTKKysrq1vFDdLW9s7u3vm/kFbhrEgtEVCHoquiyXlLKAtxRSn3UhQ7LucdtzJdeZ37qmQLAzuVBJRx8ejgHmMYKXRwCwjC8E6nCZTfVet2umZhQZmBVk1lBXU9lLkxM5JBeTVHJgf/WFIYp8GinAsZc9GkXJSLBQjnM5K/VjSCJMJHtGelgH2qXTS+fIzeKzJEHqh0CdQcE6/T6TYlzLxXd3pYzWWv70M/uX1YuVdOSkLoljRgCwe8mIOVQizJOCQCUoUT7TARDC9KyRjLDBROq+SDmH5U/i/aFct+8Kq3p5XGvU8jiI4BEfgBNjgEjTADWiCFiAgAY/gGbwYD8aT8Wq8LVoLRj5TBj/KeP8C+XORvg==</latexit>

<latexit sha1_base64="69Xj8O2R/eFDZbYcOYxdMo4bcew=">AAACB3icdZDLSgMxFIYzXmu9VV0KEiyCCxnSUlsXXRRc6LKCvUCnlEx62oZmZkKSEcrQnRtfxY0LRdz6Cu58G9MbqOiBkI//P4fk/L4UXBtCPp2l5ZXVtfXURnpza3tnN7O3X9dRrBjUWCQi1fSpBsFDqBluBDSlAhr4Ahr+8HLiN+5AaR6Ft2YkoR3Qfsh7nFFjpU7mqFTAZSw7ngQlLeXPCfHOEk8F+Arq404mS9wimRQmbmEB+Rnk3OlNsmhe1U7mw+tGLA4gNExQrVs5Ik07ocpwJmCc9mINkrIh7UPLYkgD0O1kuscYn1ili3uRsic0eKp+n0hooPUo8G1nQM1A//Ym4l9eKza9i3bCQxkbCNnsoV4ssInwJBTc5QqYESMLlClu/4rZgCrKjI0ubUNYbIr/h3rezRXd/E0hWynP40ihQ3SMTlEOlVAFXaMqqiGG7tEjekYvzoPz5Lw6b7PWJWc+c4B+lPP+BehKls0=</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="wh5g9yZQLbAjex3pRsiV81ZNn4Q=">AAACCHicdZDLSgMxFIYz3q23UZcuDBbBhQyZWqqLLgQXuqxgq9AZSiY91WBmJiQZoQxduvFV3LhQxK2P4M63MdMLqOiBkI//P4fk/JEUXBtCPp2p6ZnZufmFxdLS8srqmru+0dJpphg0WSpSdRVRDYIn0DTcCLiSCmgcCbiMbk8K//IOlOZpcmH6EsKYXie8xxk1Vuq42zWC61h2AglKWvIPCMHBfh6oGJ9Ca9Bxy8SrkaIw8aoTqIzA94Y3KaNxNTruR9BNWRZDYpigWrd9Ik2YU2U4EzAoBZkGSdktvYa2xYTGoMN8uMgA71qli3upsicxeKh+n8hprHU/jmxnTM2N/u0V4l9eOzO9ozDnicwMJGz0UC8T2KS4SAV3uQJmRN8CZYrbv2J2QxVlxmZXsiFMNsX/Q6vi+TWvcl4tH9fHcSygLbSD9pCPDtExOkMN1EQM3aNH9IxenAfnyXl13katU854ZhP9KOf9Czellu8=</latexit>

<latexit sha1_base64="77GM3BUnNfDVJe6hcVilSE0JVt0=">AAACCXicdZDLSgMxFIYz9VbrrerSTbAILmTIlFJddFFwocsK9gKdUjLpaRuamQlJRihDt258FTcuFHHrG7jzbUxvoKIHQj7+/xyS8wdScG0I+XQyK6tr6xvZzdzW9s7uXn7/oKHjRDGos1jEqhVQDYJHUDfcCGhJBTQMBDSD0eXUb96B0jyObs1YQiekg4j3OaPGSt089gjBFSy7vgQlLRWJFfyz1FchvoLGpJsvELdMpoWJW1pCcQ6eO7tJAS2q1s1/+L2YJSFEhgmqddsj0nRSqgxnAiY5P9EgKRvRAbQtRjQE3Ulnm0zwiVV6uB8reyKDZ+r3iZSGWo/DwHaG1Az1b28q/uW1E9O/6KQ8komBiM0f6icCmxhPY8E9roAZMbZAmeL2r5gNqaLM2PByNoTlpvh/aBRdr+wWb0qFamURRxYdoWN0ijx0jqroGtVQHTF0jx7RM3pxHpwn59V5m7dmnMXMIfpRzvsXoCiXIg==</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="qqw2ZYjfC9Rau99BU0OFHjUhFsM=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwY0hiaCu4KLhxWcE+oI1lMp20Q2eSODMplJDvcONCEbd+jDv/xklbQUUPXDiccy/33uPHjEplWR9GYWV1bX2juFna2t7Z3SvvH7RllAhMWjhikej6SBJGQ9JSVDHSjQVB3Gek40+ucr8zJULSKLxVs5h4HI1CGlCMlJa8tC84DPzsLj2zs0G5YpkX9arjVqFlWlbNduycODX33IW2VnJUwBLNQfm9P4xwwkmoMENS9mwrVl6KhKKYkazUTySJEZ6gEelpGiJOpJfOj87giVaGMIiErlDBufp9IkVcyhn3dSdHaix/e7n4l9dLVFD3UhrGiSIhXiwKEgZVBPME4JAKghWbaYKwoPpWiMdIIKx0TiUdwten8H/Sdky7ajo3bqVxuYyjCI7AMTgFNqiBBrgGTdACGNyDB/AEno2p8Wi8GK+L1oKxnDkEP2C8fQK0V5IO</latexit>

<latexit sha1_base64="byV30M2zWAUTkiiN2wg/NlobN/4=">AAACCHicdZDLSgMxFIYzXmu9VV26MFgEFzKkpbYuuii40GUFe4FOKZn0tA3NzIQkI5ShSze+ihsXirj1Edz5NqY3UNEDIR//fw7J+X0puDaEfDpLyyura+upjfTm1vbObmZvv66jWDGosUhEqulTDYKHUDPcCGhKBTTwBTT84eXEb9yB0jwKb81IQjug/ZD3OKPGSp3MUYngMpYdT4KSlvLnhHhnOPFUgK+gPu5kssQtkklh4hYWkJ9Bzp3eJIvmVe1kPrxuxOIAQsME1bqVI9K0E6oMZwLGaS/WICkb0j60LIY0AN1OpouM8YlVurgXKXtCg6fq94mEBlqPAt92BtQM9G9vIv7ltWLTu2gnPJSxgZDNHurFApsIT1LBXa6AGTGyQJni9q+YDaiizNjs0jaExab4f6jn3VzRzd8UspXyPI4UOkTH6BTlUAlV0DWqohpi6B49omf04jw4T86r8zZrXXLmMwfoRznvXz5GlvM=</latexit>

<latexit sha1_base64="iL0QbFwpJq5JNTK0x4mhnUTHifo=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokWH7uiG5cV7APSUCbTSTt0MhNmbpQS+hluXCji1q9x5984SYOo9cCFwzn3cu89QcyZBsf5tEpLyyura+X1ysbm1vZOdXevo2WiCG0TyaXqBVhTzgRtAwNOe7GiOAo47QaT68zv3lOlmRR3MI2pH+GRYCEjGIzk9RUbjQErJR8G1ZpTd3LYi8QtSA0VaA2qH/2hJElEBRCOtfZcJwY/xQoY4XRW6SeaxphM8Ih6hgocUe2n+ckz+8goQzuUypQAO1d/TqQ40noaBaYzwjDWf71M/M/zEggv/JSJOAEqyHxRmHAbpJ39bw+ZogT41BBMFDO32mSMFSZgUqrkIVxmOPt+eZF0Turuab1x26g1r4o4yugAHaJj5KJz1EQ3qIXaiCCJHtEzerHAerJerbd5a8kqZvbRL1jvX9vVkcU=</latexit>
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' CMS 13 TeV: 78 points -                - CMS, JHEP 02 (2022) 142

' CMS 13 TeV: 164 points -                - CMS, Eur.Phys.J.C 85 (2025) 1, 72

• ~ 250 - 300 new datapoints in total. 

• In dijet case CMS again available (and fitted) triple differentially.

• aN3LO fits performed with most recent updates.
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Technical Aside - NNLO theory

• NNLO predictions all calculated using full 

interpolations grids - not K-factors.
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• But as always these do contain non-

negligible MC uncertainties.

• Can either smooth or extract directly from 

grids.

• Unlikely to impact pheno that much, but 

worth bearing in mind!
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Fit quality - NNLO

• Fit quality rarely good in statistical sense (ongoing issue). Some improvement on refitting.

NNLO
Npts

√

2/Npts < 13 TeV jets < 13 TeV dijets 13 TeV jets 13 TeV dijets
< 13 TeV jets 724 0.05 1.62 1.69 1.64 1.66
< 13 TeV dijets 266 0.09 1.43 1.26 1.41 1.38

ATLAS 13 TeV jets 78 0.16 3.08 2.93 2.90 2.87
CMS 13 TeV jets 177 0.11 1.96 1.85 1.76 1.80

13 TeV jets 255 0.09 2.74 2.60 2.55 2.54
ATLAS 13 TeV dijets 136 0.12 1.25 1.34 1.25 1.25

CMS 13 TeV dijets 164 0.11 2.76 3.05 2.61 2.60

13 TeV dijets 300 0.08 2.08 2.27 2.00 1.99

Non–jets 4313 0.02 1.19 1.19 1.19 1.19

Total (fit) - - 1.25 1.22 1.32 1.27

Preliminary
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Fit quality - NNLO

• Fit quality rarely good in statistical sense (ongoing issue). Some improvement on refitting.

• Improvement also occurs when fitting the alternative 13 TeV dataset - compatability.

NNLO
Npts

√

2/Npts < 13 TeV jets < 13 TeV dijets 13 TeV jets 13 TeV dijets
< 13 TeV jets 724 0.05 1.62 1.69 1.64 1.66
< 13 TeV dijets 266 0.09 1.43 1.26 1.41 1.38

ATLAS 13 TeV jets 78 0.16 3.08 2.93 2.90 2.87
CMS 13 TeV jets 177 0.11 1.96 1.85 1.76 1.80

13 TeV jets 255 0.09 2.74 2.60 2.55 2.54
ATLAS 13 TeV dijets 136 0.12 1.25 1.34 1.25 1.25

CMS 13 TeV dijets 164 0.11 2.76 3.05 2.61 2.60

13 TeV dijets 300 0.08 2.08 2.27 2.00 1.99

Non–jets 4313 0.02 1.19 1.19 1.19 1.19

Total (fit) - - 1.25 1.22 1.32 1.27
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Fit quality - NNLO

• Fit quality rarely good in statistical sense (ongoing issue). Some improvement on refitting.

• Improvement also occurs when fitting the alternative 13 TeV dataset - compatability.

• No big shifts in earlier jets when fitting 13 TeV - no signicant tensions.

NNLO
Npts

√

2/Npts < 13 TeV jets < 13 TeV dijets 13 TeV jets 13 TeV dijets
< 13 TeV jets 724 0.05 1.62 1.69 1.64 1.66
< 13 TeV dijets 266 0.09 1.43 1.26 1.41 1.38

ATLAS 13 TeV jets 78 0.16 3.08 2.93 2.90 2.87
CMS 13 TeV jets 177 0.11 1.96 1.85 1.76 1.80

13 TeV jets 255 0.09 2.74 2.60 2.55 2.54
ATLAS 13 TeV dijets 136 0.12 1.25 1.34 1.25 1.25

CMS 13 TeV dijets 164 0.11 2.76 3.05 2.61 2.60

13 TeV dijets 300 0.08 2.08 2.27 2.00 1.99

Non–jets 4313 0.02 1.19 1.19 1.19 1.19

Total (fit) - - 1.25 1.22 1.32 1.27
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Fit quality - N3LO

aN3LO
Npts < 13 TeV jets < 13 TeV dijets 13 TeV jets 13 TeV dijets

< 13 TeV jets 724 1.61 1.66 1.62 1.64
< 13 TeV dijets 266 1.21 1.01 1.21 1.30

ATLAS 13 TeV jets 78 3.03 2.87 2.84 2.80
CMS 13 TeV jets 177 2.22 2.02 1.90 1.93

13 TeV jets 255 2.78 2.60 2.55 2.54
ATLAS 13 TeV dijets 136 1.40 1.76 1.36 1.46

CMS 13 TeV dijets 164 3.52 4.01 3.24 2.62

13 TeV dijets 300 2.56 3.00 2.39 2.09

Non–jets 4313 1.16 1.16 1.16 1.16

Total (fit) - 1.23 1.18 1.29 1.25

• No significant change in fit quality vs. NNLO.
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Fit quality - N3LO

aN3LO
Npts < 13 TeV jets < 13 TeV dijets 13 TeV jets 13 TeV dijets

< 13 TeV jets 724 1.61 1.66 1.62 1.64
< 13 TeV dijets 266 1.21 1.01 1.21 1.30

ATLAS 13 TeV jets 78 3.03 2.87 2.84 2.80
CMS 13 TeV jets 177 2.22 2.02 1.90 1.93

13 TeV jets 255 2.78 2.60 2.55 2.54
ATLAS 13 TeV dijets 136 1.40 1.76 1.36 1.46

CMS 13 TeV dijets 164 3.52 4.01 3.24 2.62

13 TeV dijets 300 2.56 3.00 2.39 2.09

Non–jets 4313 1.16 1.16 1.16 1.16

Total (fit) - 1.23 1.18 1.29 1.25

• No significant change in fit quality vs. NNLO.

• Other trends similar - somewhat larger improvement for 13 TeV dijets upon refitting.
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PDFs
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• Focus on gluon at higher x.

• Some difference in jet vs. dijet pull at NNLO, largely gone at aN3LO.

• Moderate trend for the 13 TeV data to improvement compatibility - consistent with fit quality.

• Overall moderate pulls.
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• Consistent, but moderate improvement in uncertainty…
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• Two questions from this:

' What about the relatively poor fit quality?

'  Given adding in all this data is having relatively moderate impact, are there other 

more fundamental questions that we need to focus on?

• Addressing both of these is ongoing work…
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Errors on Errors

27



The importance of uncertainties (1)

the corresponding p-values are'

χ
2/ndf

pT > 70 GeV

CT14

HERAPDF2.0

NNPDF3.0

MMHT2014

p > 100 GeV

p
jet

T

6 R = 0.4 R = 0.6

171 340/171 392/171

171 405/171 418/171

171 350/171 393/171

171 354/171 399/171

ATLAS, JHEP 09 (2017) 020

É2
exp+th,orig C

T
1
8
Z

M
S
H
T
2
0

N
N
P
D
F
3
.1

N
N
P
D
F
4
.0

2.49 2.86 2.17 2.80

2.63 2.94 2.48 2.70

√

2/ndat

0.11

0.16

0.12

ATLAS 13 TeV single-inclusive jets d2σ
dpT d|y|

CMS 13 TeV single-inclusive jets (R = 0.4) d2σ
dpT d|y|

ATLAS 13 TeV di-jets d2σ
dmjjd|y∗|

<latexit sha1_base64="OAdi9ymy8oQf7V/L5sB7GaJifOg=">AAACBnicdVDLSgNBEJyNrxhfqx5FGAyCp7AbJCa3oBePEcwDsiHMTibJkJnZdaZXCEtOXvwVLx4U8eo3ePNvnDwEFS1oKKq66e4KY8ENeN6Hk1laXlldy67nNja3tnfc3b2GiRJNWZ1GItKtkBgmuGJ14CBYK9aMyFCwZji6mPrNW6YNj9Q1jGPWkWSgeJ9TAlbquoeBudGQFrHqpoGWuEdggic4MFxiv9x1817BsyiV8JT4Zc+3pFIpF4sV7M8sz8ujBWpd9z3oRTSRTAEVxJi278XQSYkGTgWb5ILEsJjQERmwtqWKSGY66eyNCT62Sg/3I21LAZ6p3ydSIo0Zy9B2SgJD89ubin957QT65U7KVZwAU3S+qJ8IDBGeZoJ7XDMKYmwJoZrbWzEdEk0o2ORyNoSvT/H/pFEs+KVC6eo0Xz1fxJFFB+gInSAfnaEqukQ1VEcU3aEH9ISenXvn0XlxXuetGWcxs49+wHn7BCWLmEw=</latexit>√
2ndat ∼ 18

1.52 1.72 1.53 1.70

A. Chiefa et al., JHEP 07 (2025) 067

• Quite a few ‘subtleties’ beneath these results relating to uncertainties.

• In particular a now old, but continuing, story of often rather poor fit qualities to many LHC jet datasets - 

seen again in our 13 TeV fits!

• Often multiple (!) standard deviations away from a good fit. What is going on? And what can we do?

See also LHL, A. D. Martin, R. S. 

Thorne, Eur.Phys.J.C 78 (2018) 3, 248 
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Errors on Errors

• Ongoing study on this by MSHT. Dedicated talk on Thursday - just advertise here.

• Potential lack of knowledge of size of experimental 

uncertainties accounted for via (unknown) ‘error-on-

error’ in extended likelihood.

• Impact on fit quality and potential contribution to 

tolerance studied.

• Potential lack of knowledge of correlations of 

experimental uncertainties accounted for via no 

‘serial correlation’ approach.

• Provides arguably more reasonable 

decorrelation of uncertainties.
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FPPDF
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FPPDF

• New study: publicly available NNPDF code can be suitably adapted to allow fit to be performed 

with a fixed parameterisation, but to NNPDF data/theory.

an
PDFs
(and

hep-ph/2602.07118

In collaboration with: L. Harland-Lang, T. Giani

• Original study in 2407.07944. Now released as 

open source tool:

• Key point: this allows us to do both a NN and a fixed parameterisation fit to exactly the same data/

theory settings. The only difference is input parameterisation. 

• For the first time we can begin to fully disentangle fitting methodology (parameterisation) vs. data/

theory choices.

https://github.com/FPPDF/fppdf
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Which diûerences are driven by physics and which are driven by methodological 
choices? (is there a clear delimitation between both?)


Can we identify general trends when going from NNLO to N3LO? Are they driven 
by the methodology or the data/theory?


What is the impact of N3LO corrections in PDF fits? (
Can we give an answer which does not depend on the fitting methodology?

<latexit sha1_base64="kz2YSpQAEUpEVeWQJWi16XxqFsg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWz3bRLN7thd6KU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++5Fpw5V8wEnCgpgMJY84JWilbk/z4QiJ1uqpX654VW8Od5X4OalAjka//NUbKJrGTCIVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWSxMwE2fzkqXtmlYEbKW1LojtXf09kJDZmEoe2MyY4MsveTPzP66YYXQcZl0mKTNLFoigVLip39r874JpRFBNLCNXc3urSEdGEok2pZEPwl19eJa2Lql+r1u4vK/WbPI4inMApnIMPV1CHO2hAEygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH8UZkZQ=</latexit>

→ FPPDF to the rescue!?

• Perform fits to NNPDF4.0 data/theory settings (fitted charm) as before, but now at up to aN3LO, 

with and without missing higher order uncertainties (MHOUs).

• Similar trends in fit qualities for NNLO vs. aN3LO in both methodologies. What about PDFs? 
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Data, theory, calculations

NNPDFImpact of N3LO corrections to parton 
luminosities

• Very similar in terms of central values of PDFs - no strong parameterisation dependence here.

<latexit sha1_base64="kz2YSpQAEUpEVeWQJWi16XxqFsg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWz3bRLN7thd6KU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++5Fpw5V8wEnCgpgMJY84JWilbk/z4QiJ1uqpX654VW8Od5X4OalAjka//NUbKJrGTCIVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWSxMwE2fzkqXtmlYEbKW1LojtXf09kJDZmEoe2MyY4MsveTPzP66YYXQcZl0mKTNLFoigVLip39r874JpRFBNLCNXc3urSEdGEok2pZEPwl19eJa2Lql+r1u4vK/WbPI4inMApnIMPV1CHO2hAEygoeIZXeHPQeXHenY9Fa8HJZ47hD5zPH8UZkZQ=</latexit>

→ NNLO to aN3LO rather stable w.r.t parameterisation (MSHT vs. NN). Any 

differences here rather driven by other - data, theory - differences.
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• But, methodologies do not always agree.

34

• But agreement not as good in some regions, particularly where constraints are lower. 

Genuine methodological differences here.

• May originate from freedom in space of PDF solutions, which different methodologies 

tend to lock onto.

V = 3 (q − q̄)



Uncertainties

• Elephant in room - 

uncertainties. 

in

• Despite good agreement in 

central values, these differ 

significantly.  

• Almost entirely driven by the 

enlarged tolerance definition 

used by MSHT:
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High    revisited
<latexit sha1_base64="zq5+4ZES/Ux4VALKWwI83bTuIvQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BD3pMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tMjQw=</latexit>

x
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PDFs and high 

• High     quark/antiquarks:

' Region of much interest for BSM…

' …but uncertainties (+ methodology sensitivity) large!

<latexit sha1_base64="zq5+4ZES/Ux4VALKWwI83bTuIvQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BD3pMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tMjQw=</latexit>

x

• Constraints either come from:

' Collider data - high mass DY, jets etc…

' But statistics low and interplay with 

BSM non-trivial ' Fixed target data.

' Tends to be older - questions of data/error treatment.

' Non-perturbative (higher twist, target mass) 

corrections can be relevant.

• Given increased PDF precision requirements, worth 

revisiting - study in preparation to reconsider this…
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J. Gao et al., arXiv:2211.020194

E. Hammou et al., arXiv:2307.10370

LSMEFT = LSM +
X

i

CiO
(6)
i

Λ2
+ . . . ,
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x
R. D. Ball et al., arXiv:2109.02653



Fixed target data: updates

• Previous MSHT fits range of (BCDMS, NMC, E665) fixed target DIS tended to be taken averaged 

over beam energies and without full treatment of systematic correlations.

• Reasonable for older fits, but not for current high precision standard.

• Updating these leads to increase of ~ 500 datapoints (~ 4500 to 5000), increasing size of FT data in fit.

Old FT (aN3LO) New FT (aN3LO)

Fixed Target 1424.8 (0.96) 2201.1 (1.11)

HERA 1593.3 (1.26) 1626.6 (1.29)

Hadron Collider 2391.9 (1.34) 2387.1 (1.33)

Global 5410.0 (1.19) 6214.7 (1.23)

• Some fit quality deterioration…

• (Similar story at NNLO)
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• …but PDF impact moderate.
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Target mass and higher twist corrections

FTMC
2 (x,Q2) ≈

x2

ξ2r3
F

(0)
2 (ξ, Q2)

[

1 +
6xµξ

r
(1− ξ)2

]

,

FHT
2 (x,Q2) = FLT

2 (x,Q2)

(

1 +
Di(x)

Q2

)

,

• Target mass corrections -                         corrections to 

standard leading twist calculation of SFs. Calculated 

using known results.

<latexit sha1_base64="8tjXMJP/cXmXjb4djsDhWetAId8=">AAAB8XicbVBNT8JAEJ3iF+IX6tFLIzHBC7bEoEcSD3oTEvmIUMh22cKG3W2zuzUhDf/CiweN8eq/8ea/cYEeFHzJJC/vzWRmnh8xqrTjfFuZtfWNza3sdm5nd2//IH941FRhLDFp4JCFsu0jRRgVpKGpZqQdSYK4z0jLH9/M/NYTkYqG4kFPIuJxNBQ0oBhpIz3eF3mvfFHvlc/7+YJTcuawV4mbkgKkqPXzX91BiGNOhMYMKdVxnUh7CZKaYkamuW6sSITwGA1Jx1CBOFFeMr94ap8ZZWAHoTQltD1Xf08kiCs14b7p5EiP1LI3E//zOrEOrr2EiijWRODFoiBmtg7t2fv2gEqCNZsYgrCk5lYbj5BEWJuQciYEd/nlVdIsl9xKqVK/LFRv0ziycAKnUAQXrqAKd1CDBmAQ8Ayv8GYp68V6tz4WrRkrnTmGP7A+fwCdBI+b</latexit>

O(m2/Q2)

• Higher twist - more general class of                    

correction. Models exist, but we choose to parameterise 

this freely in current study.
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O(1/Q2)

• In standard (baseline) MSHT fits cuts are imposed to reduce impact of these, but can investigate impact of 

reducing        cut in particular, as well as above effects for baseline case.

of Q2 > 2GeV2 and W 2 > 15GeV2
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ξ =
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1 +
√

1 + 4x2M2/Q2
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TMCs

• Consider including TMCs alone. Negligible with baseline cuts, but consider lowering it:

Baseline cuts, no TMC no TMC, lower W 2 cut w. TMC, lower W 2 cutNMC n/p 144.4 (0.98) 176.0 (1.00) 172.2 (0.98)

Fixed Target 2201.1 (1.11) 2590.7 (1.15) 2511.1 (1.12)

Global 6214.7 (1.23) 6646.4 (1.26) 6526.6.4 (1.23)

• TMCs certainly needed in this case - once included give comparable fit quality to baseline!
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mild. Nice stability.

• Lower cut has ~ 250 

more points, so not 

guaranteed! 
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Higher twist
FHT
2 (x,Q2) = FLT

2 (x,Q2)

(

1 +
Di(x)

Q2

)

,

• Including these (freely parameterised) gives 

improvement in fit quality for lower        cut:

Lower W 2

(w. HT, w. TMC)

6469.8 (1.22)

w. TMC, lower W 2 cut

6526.6.4 (1.23)

• …but also for baseline case!

Baseline cuts

(no HT, no TMC)

6214.7 (1.23) 6121.7 (1.21)

Baseline cuts

(w. HT, w. TMC)
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W
2

• Is baseline fit sensitive to HT? Fixing HTs to 

lower        case gives milder improvement:

of Q2 > 2GeV2 and W 2 > 15GeV2

<latexit sha1_base64="eXB/I1l8x2G7qkCNPXN3R4OcZwU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBlcwOszBhdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK963HSq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8A3OyNig==</latexit>

W
2

Baseline cuts

(w. HT lower, w. TMC)

6175.5 (1.23)

• While taking HTs from baseline fit and using in lower       fit gives terrible fit quality ~ 1.55.
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• Fit qualities indicate difference in preferred HT corrections for two cut choices, and indeed this is seen…
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1 +
Di(x)
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)

,• What is going on?
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• Indication that `higher twist’ corrections in baseline case fit ~ same order as 

QCD corrections, i.e. mimicking missing higher order corrections.

• Not so in lower cut case.

• Care needed in interpreting such contributions.



PDFs 
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• But in the end PDF impact rather moderate - nice stability though some reduction in ggH region.
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aN
3
LO

• Compare NNLO and aN3LO fits - size of HT corrections decreases with order (in line with earlier 

observations).
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Summary and Outlook
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' MSHT busily working on updates towards next release: aN3LO, new data, errors on errors…

' Beyond that benchmarking and understanding methdological differences will be key.

Thank you for listening (and 
goodbye)!



Backup

47



EIC pseudodata
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Preliminary



Pseudodata Study

• Previous collaborative study: generate pseudodata (PD) with updated beam energies, configurations, 

lumis and uncertainty projections. 

• Including sensible projections for main uncertainty sources, 

with both standard and aggressive scenarios:

N. Armesto et al., arXiv:2309.11269

6!
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10

2!
10

1!
10 1

1!
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1

10

2
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3
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4
10

5
10

x

)2 (GeV2Q

HERA

EIC ep 18X275 GeV

EIC ep 10X275 GeV

EIC ep 10X100 GeV

EIC ep 5X100 GeV

EIC ep 5X41 GeV

•  Two (low/high) acceptance cases considered.

•  Kinematic coverage (including MSHT cuts)
Kinematic coverage:

Q2
> 2 GeV

2, 0.01 < y < 0.95,

W 2
> 15 GeV

2.

Only highest
√

s has CC DIS.
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' Standard:

' Aggressive:

1% uncorrelated, 3.4% correlated

0.5% uncorrelated, 0.5% correlated

• Impact on PDFs studied previously - moderate but complementary. Consider strong coupling here…



Determining the strong coupling

DIS has limited sensitivity indirectly
via scaling violations.

HERA at low/intermediate x driven by
gluon splitting, hard to disentangle αS .

EIC at higher x driven by non-singlet
splitting, so αS less correlated to g.

Improved precision + more datapoints
on structure function evolution.

Determination of the Strong Coupling Constant:

αS(M
2
Z ) sensitivity in global PDF fit come from:

I Direct αS(M
2
Z ) dependence in coefficient functions.

C(αS ) = α
i
S [C0 + αSC1 + α

2
SC2 + α

3
SC3 + ...]

I Indirect αS(M
2
Z ) dependence through PDF evolution.

df

d log µ
2
F

=

Ë

Pqq nf Pqg
Pgq Pgg

ÈË

Σ

g

È

' So what do we find?
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LHL et al., in prep.



NNLO Fit

• Looking at local profile - prefers                                by construction. Shape + constraining power is in 

fact very similar to previous HERA + EIC study.

• But of course now it is the global impact that is relevant…
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• What about global impact? Additional 

constraint clearly visible.

• Note precise impact depends on 

preferred previous value (~ 0.117) and 

that used in pseudodata generation 

(0.118).

• However, care needed here! Impact of this high precision EIC pseudodata in principle significant, but 

need to have accuracy in mind as well.

• For example, impact of finite QCD (NNLO) order - to assess generate PD at aN3LO (with 

MSHTaN3LO set) but include in NNLO fit. Provides estimate of missing higher orders.

• Even though PD generated with                                 mismatch leads to some increase in best fit value.
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aN3LO Fits
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• Move to aN3LO - generate PD consistently, consider both ‘standard’ and ‘optimistic’ scenarios.

• Impact on global best fit and uncertainties is clear, and particularly dramatic in optimistic case!

• But is this is the end of the story?
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• What about other sources of uncertainty? Try two things:

' Generate PD with target mass 

corrections, and fit without.

' This inconsistency induces upwards shift 

in strong coupling.

' Clearly should include (and known) but 

indicates broader issue here.

' Size of shift at             level - well within 

enlarged (dynamic tolerance).
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• What about other sources of uncertainty? Try two things:

' Generate PD with NNPDF4.0- difference 

in underlying (MSHT. vs. NNPDF) input 

modelling inconsistency in data.

' This induces downards shift in strong 

coupling.

' Size of shift at             level - well within 

enlarged (dynamic tolerance).
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• Note these effects are not obviously evident ‘post-hoc’ by looking 

at EIC fit qualities -                 worse then ideal case, i.e. similar to 

PDF fits to real data.
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• Indication that `higher twist’ corrections in baseline 

case fit ~ same order as QCD corrections, i.e. 

mimicking missing higher order corrections.

• Not so in lower cut case.

Q [GeV ]

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

1 10 100 1000

BCDMS p, (THT/TnoHT), baseline cuts

Q2 [GeV2]

1

0.99

1

1.01

1.02

1.03

1.04

1 10 100 1000

BCDMS p, K
N3LO

, baseline cuts

Q2 [GeV2]
BCDMS p, (T /T ), baseline cuts

• Care needed in interpreting such contributions.
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Q [GeV ]

0.99

1

1.01

1.02

1 10 100 1000

BCDMS p, (THT/TnoHT), lower cuts

Q2 [GeV2]

<latexit sha1_base64="rJrwX0VT0p/JzOF6f7q4Shc2fZU=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEF1KStE3rRooudFnBPqBJy2Q6bYdOHsxMhBIK/oobF4q49Tvc+TdO2goqeuDC4Zx7ufceL2JUSMP40DJLyyura9n13Mbm1vaOvrvXFGHMMWngkIW87SFBGA1IQ1LJSDviBPkeIy1vfJn6rTvCBQ2DWzmJiOujYUAHFCOppJ5+0Opa8ByaZec0cbgPr0hz2rV6et4onFVtq2xBo2AYFatop8SqlKwiNJWSIg8WqPf0d6cf4tgngcQMCdExjUi6CeKSYkamOScWJEJ4jIako2iAfCLcZHb+FB4rpQ8HIVcVSDhTv08kyBdi4nuq00dyJH57qfiX14nloOomNIhiSQI8XzSIGZQhTLOAfcoJlmyiCMKcqlshHiGOsFSJ5VQIX5/C/0nTKph2wb4p5WsXiziy4BAcgRNgggqogWtQBw2AQQIewBN41u61R+1Fe523ZrTFzD74Ae3tE5mVlAQ=</latexit>

W
2
> 15GeV

2

<latexit sha1_base64="8AXu83pcnjfGlyMjpP1DgxbdmRM=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwISVJ27RupOhClxXsA5q2TKaTdujkwcxEqKH4K25cKOLW/3Dn3zhpK6jogQuHc+7l3nvciFEhDeNDW1hcWl5Zzaxl1zc2t7b1nd2GCGOOSR2HLOQtFwnCaEDqkkpGWhEnyHcZabqji9Rv3hIuaBjcyHFEOj4aBNSjGEkl9fT9ZteCZ7DknCQO9+ElaUy6Vk/PGfnTim2VLGjkDaNsFeyUWOWiVYCmUlLkwBy1nv7u9EMc+ySQmCEh2qYRyU6CuKSYkUnWiQWJEB6hAWkrGiCfiE4yvX4Cj5TSh17IVQUSTtXvEwnyhRj7rur0kRyK314q/uW1Y+lVOgkNoliSAM8WeTGDMoRpFLBPOcGSjRVBmFN1K8RDxBGWKrCsCuHrU/g/aVh5087b18Vc9XweRwYcgENwDExQBlVwBWqgDjC4Aw/gCTxr99qj9qK9zloXtPnMHvgB7e0TJhWTyQ==</latexit>

W
2
> 5GeV

2



PDF impact

• Largest impact on u at large    as
Largest impact on u PDF

σ
NC DIS

e−p ∝

q
i Q

2
i fi(x).

Uncertainty reduced by
• Though some care needed in interpretation at the highest     values: PDF extrapolation, TMC effects relevant…

• Moderate impact on gluon across      from scaling violations.

<latexit sha1_base64="u5z+krmIkcI303TTYj78wRWHUVw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyAfMByRH2NnPJmr29Y3dPDCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2i0jyW92acoB/RgeQhZ9RYqf7UK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDkPzovz7nwsWnNONnMMf+B8/gDn/Y0B</latexit>

x

<latexit sha1_base64="u5z+krmIkcI303TTYj78wRWHUVw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyAfMByRH2NnPJmr29Y3dPDCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2i0jyW92acoB/RgeQhZ9RYqf7UK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDkPzovz7nwsWnNONnMMf+B8/gDn/Y0B</latexit>

x

as

0.9

1

1.1

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

uV (NNLO), Q2 = 1.9GeV2

x

MSHT20
MSHT20 + EIC

MSHT20 + EIC (high Acc.)

2 2

• Impact of larger    acceptance negligible as different beam energy configurations provide constraints.
<latexit sha1_base64="7wllkV0l1GVWAY9lDCcVl40AdjA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDmSboR3QkecgZNVZqTgelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQg3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwB65yNCQ==</latexit>

y

-x

.

1.05

0.95

<latexit sha1_base64="u5z+krmIkcI303TTYj78wRWHUVw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyAfMByRH2NnPJmr29Y3dPDCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2i0jyW92acoB/RgeQhZ9RYqf7UK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDkPzovz7nwsWnNONnMMf+B8/gDn/Y0B</latexit>

x
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• Always worth bearing in mind these tests assume consistency - in presence of tensions complementarity is key!



Strong Coupling

0.113 0.114 0.115 0.116 0.117 0.118 0.119 0.12 0.121

aN3LO

Old FT

Baseline (no TMC/HT)

w. TMC + HT

w. TMC

w. TMC + HT

w. TMC + HT (fixed)

MSHT20 cuts

W 2 > 5GeV2

αS(M
2

Z
)
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<latexit sha1_base64="eXB/I1l8x2G7qkCNPXN3R4OcZwU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBlcwOszBhdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK963HSq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8A3OyNig==</latexit>

W
2

<latexit sha1_base64="snQHykvKCwGt0Mi8f1gL6v6Kkto=">AAACBHicdVC7TgJBFJ3FF+ILtaSZCCbQkN0tVihMiDaWmPBKAMnsMAsTZmc2M7MmhFDY+Cs2Fhpj60fY+TfOAiZq9FQn59ybe+7xI0aVtu0PK7W2vrG5ld7O7Ozu7R9kD49aSsQSkyYWTMiOjxRhlJOmppqRTiQJCn1G2v7kMvHbt0QqKnhDTyPSD9GI04BipI00yOYKjRv33ClWSwVYDISEWIQRklQJXhpk83bZNvA8mBCnYjuGVKsV161CZ2HZdh6sUB9k33tDgeOQcI0ZUqrr2JHuz5DUFDMyz/RiRSKEJ2hEuoZyFBLVny2emMNTowxhEiEQXMOF+n1jhkKlpqFvJkOkx+q3l4h/ed1YB5X+jPIo1oTj5aEgZlALmDQCh1QSrNnUEIQlNVkhHiOJsDa9ZUwJX5/C/0nLLTte2bt287WLVR1pkAMnoAgccAZq4ArUQRNgcAcewBN4tu6tR+vFel2OpqzVzjH4AevtE5YhljY=</latexit>

T
2 = 1(9) (for comparison)

• Including ‘higher twist’ corrections in baseline and lower       cut cases leads to some lowering of best fit 

values of strong coupling, but well within ~ MSHT uncertainty.



ZEUS data
ZEUS, Phys.Rev.D 101 (2020) 11, 112009,

x
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• Recent ZEUS re-analysis of inclusive DIS: finer 

binning and extends to              .
<latexit sha1_base64="hfz3TsnXJVrGSrB0msFuUOdudb0=">AAAB9XicbVDLTgJBEOz1ifhCPXqZSEw8kV1j0CPRi0dM5JHASmaHWZgwu7OZ6RUJ4T+8eNAYr/6LN//GAfagYCWdVKq6090VJFIYdN1vZ2V1bX1jM7eV397Z3dsvHBzWjUo14zWmpNLNgBouRcxrKFDyZqI5jQLJG8HgZuo3Hrk2QsX3OEq4H9FeLELBKFrp4amtRa+PVGs1JF6nUHRL7gxkmXgZKUKGaqfw1e4qlkY8RiapMS3PTdAfU42CST7Jt1PDE8oGtMdblsY04sYfz66ekFOrdEmotK0YyUz9PTGmkTGjKLCdEcW+WfSm4n9eK8Xwyh+LOEmRx2y+KEwlQUWmEZCu0JyhHFlCmRb2VsL6VFOGNqi8DcFbfHmZ1M9LXrlUvrsoVq6zOHJwDCdwBh5cQgVuoQo1YKDhGV7hzRk6L8678zFvXXGymSP4A+fzB3V/kn8=</latexit>

x → 1

χ2
new ≡ χ2

0 +

Neig
∑

k=1

z2k − 2

Ndata
∑

j=1

ln

(

e−νjν
nj

j

nj !

)

.

• Event counts can be very small - standard approach 

not applicable.

• Instead apply Poissonian probability:

• And assess impact via Hessian reweighting on MSHT20 baseline.

νj,m = L

∫

(∆x,∆Q2)j

[

∫

A(xrec, Q
2
rec|x,Q

2)
d2σ(x,Q2|PDFm)

dxdQ2
dxdQ2] dxrec dQ

2
rec .
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• Impact very mild! In particular when lower    data excluded to avoid double counting with 

combined HERA data.

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>

x
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• Can also investigate what things would look like if we (incorrectly) omit tolerance from profiling.

New data Data already in fit

<latexit sha1_base64="Pl3YfbgUFvWmfxQ88Wov3Negs/A="></latexit>

χ
2
global, new = χ

2
new + χ

2
global, old

<latexit sha1_base64="3BWnydxwx5fHFiN2AEjWRZUE8mo="></latexit>

Ndat
X

i,j=1

 

Di − ti −

X

k

Γ
PDF

i,k βk,PDF

!

C
−1

ij

 

Dj − tj −

X

m

Γ
PDF

i,m βm,PDF

!

<latexit sha1_base64="NZ69iHupiKTkT8CGM519ZFMr5to=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISUpUl0WFXFZoS9o0jCZTtohM0mYmQgldOvGX3HjQhG3/oE7/8Zpm4W2HrhwOOde7r3HTxiVyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZwKTFo4ZrHo+kgSRiPSUlQx0k0EQdxnpOOH11O/80CEpHHUVOOEuBwNIxpQjJSWPBM2+1XoyJR7IXR8opCXhWeZIzhs3NxOJv2qZ5atijUDXCZ2TsogR8Mzv5xBjFNOIoUZkrJnW4lyMyQUxYxMSk4qSYJwiIakp2mEOJFuNvtkAk+0MoBBLHRFCs7U3xMZ4lKOua87OVIjuehNxf+8XqqCSzejUZIqEuH5oiBlUMVwGgscUEGwYmNNEBZU3wrxCAmElQ6vpEOwF19eJu1qxa5Vavfn5fpVHkcRHIFjcApscAHq4A40QAtg8AiewSt4M56MF+Pd+Ji3Fox85hD8gfH5A+dfmTg=</latexit>

T
2
X

k

β2

k,PDF

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

<latexit sha1_base64="Gif8wfDX+wcnboTKH2P46meNI4A=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEF1IyRcZ2V1TEZQX7gM4wZNK0Dc08SDJCGQY3/oobF4q49Svc+Tdm2goqeiBwOOdebs7xY86kQujDKCwsLi2vFFdLa+sbm1vm9k5bRokgtEUiHomujyXlLKQtxRSn3VhQHPicdvzxee53bqmQLApv1CSmboCHIRswgpWWPHPP8anCXjo+Th0RwObFZZZBR0XQ8swyqiAN24Y5sWrI0qRer1WrdWhNLYTKYI6mZ747/YgkAQ0V4VjKnoVi5aZYKEY4zUpOImmMyRgPaU/TEAdUuuk0QgYPtdKHg0joFyo4Vb9vpDiQchL4ejLAaiR/e7n4l9dL1KDmpiyME0VDMjs0SDjUEfM+YJ8JShSfaIKJYPqvkIywwETp1kq6hK+k8H/SrlYsu2Jfn5QbZ/M6imAfHIAjYIFT0ABXoAlagIA78ACewLNxbzwaL8brbLRgzHd2wQ8Yb58z+Zaw</latexit>

<latexit sha1_base64="fH77xBwtbpSpaqIi9qvRIiIoRfU="></latexit>

<latexit sha1_base64="Gif8wfDX+wcnboTKH2P46meNI4A=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEF1IyRcZ2V1TEZQX7gM4wZNK0Dc08SDJCGQY3/oobF4q49Svc+Tdm2goqeiBwOOdebs7xY86kQujDKCwsLi2vFFdLa+sbm1vm9k5bRokgtEUiHomujyXlLKQtxRSn3VhQHPicdvzxee53bqmQLApv1CSmboCHIRswgpWWPHPP8anCXjo+Th0RwObFZZZBR0XQ8swyqiAN24Y5sWrI0qRer1WrdWhNLYTKYI6mZ747/YgkAQ0V4VjKnoVi5aZYKEY4zUpOImmMyRgPaU/TEAdUuuk0QgYPtdKHg0joFyo4Vb9vpDiQchL4ejLAaiR/e7n4l9dL1KDmpiyME0VDMjs0SDjUEfM+YJ8JShSfaIKJYPqvkIywwETp1kq6hK+k8H/SrlYsu2Jfn5QbZ/M6imAfHIAjYIFT0ABXoAlagIA78ACewLNxbzwaL8brbLRgzHd2wQ8Yb58z+Zaw</latexit>

<latexit sha1_base64="3BWnydxwx5fHFiN2AEjWRZUE8mo="></latexit>

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

<latexit sha1_base64="NZ69iHupiKTkT8CGM519ZFMr5to=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISUpUl0WFXFZoS9o0jCZTtohM0mYmQgldOvGX3HjQhG3/oE7/8Zpm4W2HrhwOOde7r3HTxiVyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZwKTFo4ZrHo+kgSRiPSUlQx0k0EQdxnpOOH11O/80CEpHHUVOOEuBwNIxpQjJSWPBM2+1XoyJR7IXR8opCXhWeZIzhs3NxOJv2qZ5atijUDXCZ2TsogR8Mzv5xBjFNOIoUZkrJnW4lyMyQUxYxMSk4qSYJwiIakp2mEOJFuNvtkAk+0MoBBLHRFCs7U3xMZ4lKOua87OVIjuehNxf+8XqqCSzejUZIqEuH5oiBlUMVwGgscUEGwYmNNEBZU3wrxCAmElQ6vpEOwF19eJu1qxa5Vavfn5fpVHkcRHIFjcApscAHq4A40QAtg8AiewSt4M56MF+Pd+Ji3Fox85hD8gfH5A+dfmTg=</latexit>

<latexit sha1_base64="Gif8wfDX+wcnboTKH2P46meNI4A=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEF1IyRcZ2V1TEZQX7gM4wZNK0Dc08SDJCGQY3/oobF4q49Svc+Tdm2goqeiBwOOdebs7xY86kQujDKCwsLi2vFFdLa+sbm1vm9k5bRokgtEUiHomujyXlLKQtxRSn3VhQHPicdvzxee53bqmQLApv1CSmboCHIRswgpWWPHPP8anCXjo+Th0RwObFZZZBR0XQ8swyqiAN24Y5sWrI0qRer1WrdWhNLYTKYI6mZ747/YgkAQ0V4VjKnoVi5aZYKEY4zUpOImmMyRgPaU/TEAdUuuk0QgYPtdKHg0joFyo4Vb9vpDiQchL4ejLAaiR/e7n4l9dL1KDmpiyME0VDMjs0SDjUEfM+YJ8JShSfaIKJYPqvkIywwETp1kq6hK+k8H/SrlYsu2Jfn5QbZ/M6imAfHIAjYIFT0ABXoAlagIA78ACewLNxbzwaL8brbLRgzHd2wQ8Yb58z+Zaw</latexit>

<latexit sha1_base64="CLMGg/484Xnr0ioEd4T+omaITyw="></latexit>
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• Can also investigate what things would look like if we (incorrectly) omit tolerance from profiling.

New data Data already in fit

<latexit sha1_base64="Pl3YfbgUFvWmfxQ88Wov3Negs/A="></latexit>

χ
2
global, new = χ

2
new + χ

2
global, old

<latexit sha1_base64="3BWnydxwx5fHFiN2AEjWRZUE8mo="></latexit>

Ndat
X

i,j=1

 

Di − ti −

X

k

Γ
PDF

i,k βk,PDF

!

C
−1

ij

 

Dj − tj −

X

m

Γ
PDF

i,m βm,PDF

!

<latexit sha1_base64="NZ69iHupiKTkT8CGM519ZFMr5to=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISUpUl0WFXFZoS9o0jCZTtohM0mYmQgldOvGX3HjQhG3/oE7/8Zpm4W2HrhwOOde7r3HTxiVyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZwKTFo4ZrHo+kgSRiPSUlQx0k0EQdxnpOOH11O/80CEpHHUVOOEuBwNIxpQjJSWPBM2+1XoyJR7IXR8opCXhWeZIzhs3NxOJv2qZ5atijUDXCZ2TsogR8Mzv5xBjFNOIoUZkrJnW4lyMyQUxYxMSk4qSYJwiIakp2mEOJFuNvtkAk+0MoBBLHRFCs7U3xMZ4lKOua87OVIjuehNxf+8XqqCSzejUZIqEuH5oiBlUMVwGgscUEGwYmNNEBZU3wrxCAmElQ6vpEOwF19eJu1qxa5Vavfn5fpVHkcRHIFjcApscAHq4A40QAtg8AiewSt4M56MF+Pd+Ji3Fox85hD8gfH5A+dfmTg=</latexit>

T
2
X

k

β2

k,PDF

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+

<latexit sha1_base64="Gif8wfDX+wcnboTKH2P46meNI4A=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEF1IyRcZ2V1TEZQX7gM4wZNK0Dc08SDJCGQY3/oobF4q49Svc+Tdm2goqeiBwOOdebs7xY86kQujDKCwsLi2vFFdLa+sbm1vm9k5bRokgtEUiHomujyXlLKQtxRSn3VhQHPicdvzxee53bqmQLApv1CSmboCHIRswgpWWPHPP8anCXjo+Th0RwObFZZZBR0XQ8swyqiAN24Y5sWrI0qRer1WrdWhNLYTKYI6mZ747/YgkAQ0V4VjKnoVi5aZYKEY4zUpOImmMyRgPaU/TEAdUuuk0QgYPtdKHg0joFyo4Vb9vpDiQchL4ejLAaiR/e7n4l9dL1KDmpiyME0VDMjs0SDjUEfM+YJ8JShSfaIKJYPqvkIywwETp1kq6hK+k8H/SrlYsu2Jfn5QbZ/M6imAfHIAjYIFT0ABXoAlagIA78ACewLNxbzwaL8brbLRgzHd2wQ8Yb58z+Zaw</latexit>

<latexit sha1_base64="fH77xBwtbpSpaqIi9qvRIiIoRfU="></latexit>

<latexit sha1_base64="Gif8wfDX+wcnboTKH2P46meNI4A=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEF1IyRcZ2V1TEZQX7gM4wZNK0Dc08SDJCGQY3/oobF4q49Svc+Tdm2goqeiBwOOdebs7xY86kQujDKCwsLi2vFFdLa+sbm1vm9k5bRokgtEUiHomujyXlLKQtxRSn3VhQHPicdvzxee53bqmQLApv1CSmboCHIRswgpWWPHPP8anCXjo+Th0RwObFZZZBR0XQ8swyqiAN24Y5sWrI0qRer1WrdWhNLYTKYI6mZ747/YgkAQ0V4VjKnoVi5aZYKEY4zUpOImmMyRgPaU/TEAdUuuk0QgYPtdKHg0joFyo4Vb9vpDiQchL4ejLAaiR/e7n4l9dL1KDmpiyME0VDMjs0SDjUEfM+YJ8JShSfaIKJYPqvkIywwETp1kq6hK+k8H/SrlYsu2Jfn5QbZ/M6imAfHIAjYIFT0ABXoAlagIA78ACewLNxbzwaL8brbLRgzHd2wQ8Yb58z+Zaw</latexit>

<latexit sha1_base64="3BWnydxwx5fHFiN2AEjWRZUE8mo="></latexit>

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

<latexit sha1_base64="NZ69iHupiKTkT8CGM519ZFMr5to=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISUpUl0WFXFZoS9o0jCZTtohM0mYmQgldOvGX3HjQhG3/oE7/8Zpm4W2HrhwOOde7r3HTxiVyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZwKTFo4ZrHo+kgSRiPSUlQx0k0EQdxnpOOH11O/80CEpHHUVOOEuBwNIxpQjJSWPBM2+1XoyJR7IXR8opCXhWeZIzhs3NxOJv2qZ5atijUDXCZ2TsogR8Mzv5xBjFNOIoUZkrJnW4lyMyQUxYxMSk4qSYJwiIakp2mEOJFuNvtkAk+0MoBBLHRFCs7U3xMZ4lKOua87OVIjuehNxf+8XqqCSzejUZIqEuH5oiBlUMVwGgscUEGwYmNNEBZU3wrxCAmElQ6vpEOwF19eJu1qxa5Vavfn5fpVHkcRHIFjcApscAHq4A40QAtg8AiewSt4M56MF+Pd+Ji3Fox85hD8gfH5A+dfmTg=</latexit>

<latexit sha1_base64="Gif8wfDX+wcnboTKH2P46meNI4A=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEF1IyRcZ2V1TEZQX7gM4wZNK0Dc08SDJCGQY3/oobF4q49Svc+Tdm2goqeiBwOOdebs7xY86kQujDKCwsLi2vFFdLa+sbm1vm9k5bRokgtEUiHomujyXlLKQtxRSn3VhQHPicdvzxee53bqmQLApv1CSmboCHIRswgpWWPHPP8anCXjo+Th0RwObFZZZBR0XQ8swyqiAN24Y5sWrI0qRer1WrdWhNLYTKYI6mZ747/YgkAQ0V4VjKnoVi5aZYKEY4zUpOImmMyRgPaU/TEAdUuuk0QgYPtdKHg0joFyo4Vb9vpDiQchL4ejLAaiR/e7n4l9dL1KDmpiyME0VDMjs0SDjUEfM+YJ8JShSfaIKJYPqvkIywwETp1kq6hK+k8H/SrlYsu2Jfn5QbZ/M6imAfHIAjYIFT0ABXoAlagIA78ACewLNxbzwaL8brbLRgzHd2wQ8Yb58z+Zaw</latexit>

<latexit sha1_base64="CLMGg/484Xnr0ioEd4T+omaITyw="></latexit>

• Impact significantly overestimated! Serves as warning for other studies…
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Seaquest Data

• Seaquest (E906) fixed target DY data - raises           , in some tension with NuSea (E866).
<latexit sha1_base64="iOjJ92hd2HhlkxF9UBBbTvqOaXM=">AAACAnicbVDNS8MwHE3n15xfVU/iJTgET7MVmR6HXjxOcB+wlZGm6RaWJiVJhVGKF/8VLx4U8epf4c3/xnQrqJsPAi/v/R7J7/kxo0o7zpdVWlpeWV0rr1c2Nre2d+zdvbYSicSkhQUTsusjRRjlpKWpZqQbS4Iin5GOP77O/c49kYoKfqcnMfEiNOQ0pBhpIw3sg74wdp5Og+z055JkA7vq1Jwp4CJxC1IFBZoD+7MfCJxEhGvMkFI914m1lyKpKWYkq/QTRWKEx2hIeoZyFBHlpdMVMnhslACGQprDNZyqvxMpipSaRL6ZjJAeqXkvF//zeokOL72U8jjRhOPZQ2HCoBYw7wMGVBKs2cQQhCU1f4V4hCTC2rRWMSW48ysvkvZZza3X6rfn1cZVUUcZHIIjcAJccAEa4AY0QQtg8ACewAt4tR6tZ+vNep+Nlqwisw/+wPr4Bn8zmCg=</latexit>

d/u
• Constraint on MSHT fit at NNLO and aN3LO clear.

• Tension with NuSea evident from fit qualities: NuSea           ~ doubles with some deterioration 

elsewhere.

<latexit sha1_base64="eIDzf6w53ZLoMiw690/lMlfVFjg=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU90tUj0WvXiSCvYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXaXDNlD5ey2Vyy5ZXcGtEy8jJQgQ71X/Or2I5IIKg3hWOuO58bGT7EyjHA6KXQTTWNMRnhAO5ZKLKj209m9E3RilT4KI2VLGjRTf0+kWGg9FoHtFNgM9aI3Ff/zOokJL/2UyTgxVJL5ojDhyERo+jzqM0WJ4WNLMFHM3orIECtMjI2oYEPwFl9eJs1K2auWq3fnpdpVFkcejuAYTsGDC6jBDdShAQQ4PMMrvDmPzovz7nzMW3NONnMIf+B8/gA2v49y</latexit>

χ
2/N



o attempt to minimise(See TC et al - MSHT and NNPDF - 2411.05373)
1% increase in gluon at x 10−2. R

aN3LO gluon - comparison to NNPDF
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