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PAST

* Inclusive W,Z 7 TeV- valence, strangeness
PRESENT

* T-tbar 8 TeV-- gluon

« WH+jets 8 TeV---flavour separation in the sea
* Direct Photon 8 TeV--gluon

NEAR FUTURE

« Z+jets 8 TeV—flavour separation and gluon?
« Z3D, W+/W- 8 TeV--- flavour separation/valence
« W+D/D* 8 TeV, W+c 13 TeV--strangeness

* Inclusive jets 8,13 TeV------- gluon

FURTHER FUTURE

« 13 TeV many channels

« HL-LHC



We have seen that the ATLAS inclusive -
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We also see it in 13Tev supressed 2
WI/Z ratio
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But do we see it in W+c production?—ATLAS does, CMS does NOT

—— .
3B E ATLAS e Data (statssyst)
£ j Ldt=46f0" = CT10
30 — r \s=7TeV 4 MSTW2008
E v NNPDF2.3
25— ¢ HERAPDF1.5 ]
ATLAS-epWZ12 E

0 %ﬂ%‘ﬂgﬁ :

15*

[3,]

f WCj61

T T

LI

NNPDF2.3coll  —]

Mr ‘
f Wy
wy ]

arXIV 1402 6263

0O 0.5

PAS-SMP-17-014

BUT

25

Lepton |

ATLAS data agrees with PDFs which have unsuppressed strangeness
CMS — now at 13 TeV--data has a smaller cross section and less strangeness CMS-

Older ATLAS data
NEW CMS data

1) If the full error band of the ATLAS

inclusive analysis is laid on the
CMS plot the discrepancy is not

S0 eye-catching

2) CMS still implies larger

strangeness than the
conventional 0.5 suppression at
low —x, X< 0.005
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And W+c-jet data at 13 TeV are also coming

However NEW ATLAS W+D/D* data is now in EB review (and Z+D/D¥*)

—
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arXiVv:1803.00968 considers inclusive W and Z data sets from ATLAS and CMS
separately and together.

In the left hand figure inclusive W, Z data from ATLAS and CMS are fitted

separately and W+Z together and the strangeness ratio is extracted as a function of x.
The correlations of ATLAS 7 TeV W and Z data make a big difference (there are
none for CMS)

In the right hand figure inclusive W + Z data are fitted for AT LAS and CMS separately
and together- when fitted together the accuracy of the ATLAS data dominated the fit.
There is NO significant tension with CMS inclusive data 5



Fits to t-tbar differential distributions now public

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-
2018-017/
https://www.hepdata.net/record/84154

Lepton+jets 8 TeV data from arXIV:1511.04716, di lepton data: arXiv:1607.07281

Top data exists as normalised and absolute spectra .
Absolute also carries information on the total t-tbar cross-sections which is useful to
constrain PDF fits.

« The top data are used in addition to the HERA I+l combined data, and the
ATLAS W,Z 7 TeV data — so the fits ATLASopWZtopl8 are an extension to
ATLASepWZ16

* Note the top data and W,Z data are complementary — top affects the gluon,
whereas W,Z affects the quarks.

« Conclusions on top are similar if W,Z is removed

Correlations between the top 8 TeV data and the W,Z 7 TeV data are small—this was
considered in the t-tbar/Z paper arX1V:1612.03636

Correlations betwee the top 8 TeV lepton+jets and dilepton data are also small—
except for the common luminosity 6


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-017/

The most constraining top distributions are p+', Y Yiparr Mupar @Nd they mostly constrain
the high-x gluon

But until VERY recently no more than one spectrum could be fitted at once

Because the statistical correlations between the spectra were missing

Recently the statistical correlation matrices between the spectra have been evaluated
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Table 1: Statistival correlation matrix betwoen the absoiute difforential eross-smetions. All variabls are meluded 1o show the eorrelations between differen bins of different wariahle. From laft to right and top b bottom the rows and eolhumns are labeled by bin number for each variable and the variables ar ordered: g, |1, s, and mg.

This information is added to the HEPDATA entry for the lepton+jets spectra 7



Predictions for top
Mitov et al issued fast grids at NNLO: arXiv:1704.08551 to facilitate PDF fitting using
FastNLO. These can be used for the lepton+jets channel
For the dilepton channel MCFM NLO Applgrids are used with NNLO/NLO k-factors
from arXiV:1611.08609
Mitov et all also issued Electroweak corrections arXIV: 1705.04105 these are included
as k-factors
The predictions for Y, Vy,.» Myysr 8re made for renormalisation and factorisation scale

H./4, where

/ /
' Hp = v" m? + (p5)? + v" m? + [p%i’“’"}'
[ 2

Whereas the predictions for p;! use the scale m{/2 where ;5 = \ M + p%

And m=173.3 GeV.
These scale choices are taken from Czakon, Heymes, Mitov, arXIV:1606.03350

Now consider one spectrum at a time INCLUDING statistical correlations bin to bin

top lepton+jets spectrum Mg ph. Uit e
total }.L'Z;'rNDF 1238.4/1062  1239.4/1063 1257.5/1060 1246.5/1060
HERA partial }L'Z;'rNDP 1153/1016 1151/1016 1149/1016 1146/1016
ATLAS W7 partial v2/NDP 82.0/55 82.1/35 86.4/35 85.0/55
ATLAS top }L'E;'rNDP 3.4/7 71.9/8 19.7/5 18.3/5
X2 for p;t and my,,, X2 for y, and Yy, 8

are good are not good
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NOW try fitting 2 spectra at a time: (pt and yt) and (pt and mtt)
------------------------- look at the x2 for these fits

top spectra
Py and y; Py and y; Py and my, p; and my,
with statistical without statistical with statistical without statistical

correlations correlations correlations correlations

mtal,zr-’jNDF 1264/ 1068 1260/ 1068 1290/ 1070 1287 /1070

HERA partial JEJHDF 1145/ 1016 1147/ 1016 1162/ 1016 1162 /1016
ATLAS W.Z partial ,}*EENDF 82.71 35 83.5/35 83.2 /55 83.1/755
ATLAS mp;z,f?'JDP 33/ 13 30/ 13 45715 42 /15

This Table shows fits to (pt and yt) and (pt and mtt) simultaneously.

In all cases the correlated systematics between the spectra are included.

The correlated statistical uncertainties are used by default but are also switched off
to assess their impact. This makes it clear that the statistical correlations are NOT
the source of the bad x2

None of these top X2 is satisfactory BUT the pt+yt X2 is only a bit larger than the
added sum of the pt and yt separate fit x2 = 26.2, so the main problem here is the
poor fit to yt

whereas the pt+mtt X2 is much larger than the sum of the pt and mtt separate x2 =

11.3- This is surprising since the fits to the individual spectra are good ”



Since the source of the poor X2 is not the statistical correlations look at the
systematic correlations. Should they ALL be correlated between the spectra?

Three particularly LARGE systematics are the sys isr/fsr (~8%) and the sys-ps_model
(~5%) and the hard scattering model (~4%)

Table 3: Fitted values of the nuisance parameters (b )for the named systematic uncertainty sources (k) of 17 data. as
defined in Eqn. 2. for the fits io HERA and ATLAS W, Z data plus the four 7z spectra separately

Systematic uncertainty source lepton+jets spectrum

Pr Vi Vet My
Hard scattering model +0.74+ 031 4048+ 022 +0.92+0.37 -0.43+£0.20
Parton shower model -1.32+ 043 -0.79+ 026 -0.51+£0.17  40.39+0.13
ISR/FSR model 047+ 0.18 -0.87+£0.30 -1.27+£0.38 +0.33£0.10

xr=> (m{ — > vhbi - ﬂ") Caat 1) (f”’f - D b - P’f) + )b
ij A k / . k . k
The treatment of correlated systematics as nuisance parameters means that they can
introduce correlated shifts in the predictions. Examining the shifts due to these 3 sources
shows that the mtt spectrum induces an opposite shift to the other three spectra, when
the spectra are fitted separately. When fitting together the shifts are forced to be the
same ---if 100% correlation is assumed between the spectra. E.g. the common
nuisance parameter for the Parton Shower uncertainty when fitting pt and mtt together is
-0.32 = 0.10, which suits neither spectrum.

11



Let’s investigate decorrelating between spectra, while preserving bin-to-bin correlations
within the spectra.

First decorrelate all 3 sources simultaneously and then decorrelate one at a time.

This shows us that it is the decorrelation of the parton shower systematic which is the
most significant.

lepton+jets spectra

py and y; pp and my, pr and my,
decorrelate decorrelate decorrelate
2-point uncertainties 2-point uncertainties parton-shower model uncertainty
Total ng’NDF 1259 / 1068 1247 / 1070 1248 / 1070
Partial XQ;‘NDP HERA 1147 / 1016 1154 / 1016 1153 / 1016
Partial ng’NDP ATLAS W, Z/~* 83.9 / 55 81.9 / 55 81.6 / 55
Partial y*/NDP ATLAS tt 27.8 / 13 11.5 / 15 14.1 / 15

The effect of decorrelation is marginal for the pt and yt spectra, as expected since the
shifts induced by these spectra are similar when they are fitted separately. The
resultant x2 is closer to the sum of the x of the separate fits (26.2) but is not changed
much

The effect of decorrelation is dramatic for the pt and mtt spectra, now that the shifts are
allowed to be different. (The separate nuisance parameters are -0.47 + 0.15 for pt and +0.10 *
0.03 for mtt). The resultant x2 is close to the sum of the x2 of the separate fits (11.3)
The resultant shape of the gluon barely changes when these systematics are
decorrelated- the main effect is the improvement in x2 12



The resultant shape of the gluon barely changes when these systematics are
decorrelated- the main effect is the improvement in x2

All uncertainties fully correlated
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100% correlation has a marginally stronger pull on the gluon and a marginally
smaller uncertainty
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Make some choices.
Take pt and mtt from lepton+jets with parton shower uncertainty decorrelated

Do not take yt and ytt because of poor x2
Instead take ytt from dilepton data — this also softens gluon and has good 2

(@)] i T T T T T T T 1] o i =
x n o ] x r ]
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2- \ - 2F 7
15- A E 3 E
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Compare this fit to top mtt +pt from lepton+jets and ytt from dileptons

 To HERA +ATLAS W,Z alone —harder gluon, smaller uncertainties

« To HERA+ATLASW,Z + top mtt+pt from lepton+jets, shows ytt from dilepton has
some softening effect, and some marginal further reduction in uncertainties

total 2 /NDF 1253.8 / 1061

Partial x*/NDP HERA 1149 / 1016
Partial y*>/NDP ATLAS W, Z/~* 78.9 / 55

Partial XE/NDP ATLAS lepton+jets pr, my, 16.0 / 15 14
Partial )(2 /NDP ATLAS dilepton 1, 54 /5




do/dy_ [pb]

Theory/Data

Compare ytt from lepton+jets and dilepton data.
There is a trend of the ytt data that is hard to fit despite comparable
level of total uncertainties--- correlations matter
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Add model and parametrisation uncertainties: ATLASepWZtopl18 PDFs
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Comparison epWZ shows
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ATLAS jet production data at 8 and 13 TeV
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State of the art prediction becomes NNLO- BUT many studies still at NLO.
Applfast grids are being created for NNLO

Large x2 when fitting different rapidity bins simultaneously for all inclusive jet samples
at NLO. This has been found both by ATLAS and by global fitters

Much work on considering realistic de-correlations for 2-point systematics and on
alternative scale variations choices and one still obtains x2/ndp ~ 260/159- (and
decorrelating theory systematics is just as important as decorrelating experimental
systematics) see arx1V:1706.03192

BUT NNLO can describe the data better?.... 17



There is progress on the NNLO corrections- scale choice matters.
Pet as the scale choice and larger cone size R=0.6, gives the most compatible

results NLO/Data vs NNLO/Data

@ NNLO (= pJf't) describes the data within uncertainties
e except at |y| > 2 and high-pr

@ NNLO (1 = pT™) overestimates the sured cross-section
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Now it seems that Glover et al argue for the choice of p¢ or rather 2p,J¢t
arX1V:1807.06057 18



WH+jets fits are also active and working towards a PUB-NOTE

o W + jet production at 8TeV
o W,
@ Leading jet pr
@ Scalar transverse energy sum (Hr)

@ NNLO fits provided through APPLGRID + K-factors:

These data are added to
K, _ _ 9NNLO QoD (Net) HERA and ATLAS 7TeV

"~ onLo aco(APPLGRID) inclusive W,Z as usual
Work is ongoing to assess
correlations to the W,Z data
@ Two-point systematic from difference between generators

(for unfolding process) causing some problems in W,

distribution - this was fully decorrelated for all spectra.

@ Resulting PDFs had marginal differences.

@ Data published: arXiv:1711.03296

Spectrum/Ndof | ATLAS params Fitted params ATLAS (uncor syst)

Fitted (uncor syst)
W+ W~ W+ w- w+

W~ w+ W~

Wp, /17 130 82 85 50 19 12 8.8 9.7
Hr/21 104 35 54 29 54 19 28 16
jet pr/23 86 46 51 32 42 18 27 15

Only one spectrum can be fitted at a time because statistical

correlations are not available. Wpt is chosen but the others give 19
similar results
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The differences from ATLASepWZ16 come in the flavour structure of the sea
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Strangeness more suppressed at high-x dbar-ubar positive at high-x



How about using 8 TeV W+jets AND t-tbar data? (and HERA and W,Z 7 TeV as usual)

XUy
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The behaviour of the gluon is completely dominated by the top

The behaviour of the sea is dominated by the W+jets

--the best of both worlds, BUT correlations (apart from luminosity) of the data 21
sets must be considered



Have also implemented 8 TeV direct photon data in the fit arXlv: 1605.03495

» Using NLO Applgrids from NNPDF

NNLO QCD k-factors from Campbell, Ellis Williams

 Resummed electroweak corrections from Becher, Garcia | Tormo, but
these are only really reliable at high EY, so use E,Y> 65 GeV

 |solation algorithms to reduce fragmentation component from Frixione—

these are as close as an analytic form can come to the experimental
requirements

- The data is differential in7"and E, with 4 rapidity regions ~ Tegion 1: 0. < [7| < 0.6,
region 2: 0.6 < |n7| < 1.37,

81,

37.

region 3: 1.56 < || < 1.
region 4: 1.81 < |n7| < 2.
- And covering a maximum range 25 < E4 < 1500 GeV

- We exclude the first few bins in E7. as the LL EW resummation is only valid for above Ej Z mz

There are some sources of uncertainty amongst the 30 systematics (listed as 60 +/- entries)
which are not correlated bin-to-bin. Following the labels used in HEPDATA, those which are
_not_ correlated are listed below:

- sysPhotonID

- sysPhotonlsolation

- sysBackgroundID

- sysBackgroundlsolation

22
- sysEnergyResolution



However, whether we correlate or do not correlate these sources of uncertainty is not
such a big effect. It matters more whether or not we include the highest rapidity bin

Using all 4 bins Using first 3 bins Using first 3 bins
5 systematic decorrelated 5 systematic decorrelated  All systematics correlated
NDP  x2 NDP 2 NDP 2
63 181.1 46 86.2 46 91.2
< 2.5? f g 2-51 E
Effect of direct photon 3 R :
data on the fit is mild— 1 Lo 1 L

_: 05 } % +top+Wiets+dierctgam {

Marginal softening of 05k TR
the high-x gluon :

6(xg)/xg
a(xg)/xg

No further effects on the
sea flavour sector

Q° =2 GeV*

Once more correlations -

between these 8 TeV
data sets remain to be
assessed

G(XS)/IXS
G(XS)/XS




Moving further to the future-----Z+jets 8 TeV in SM review
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Result has PDF sensitivity—under investigation
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We would like to consider Z+jets together with W+jets accounting for

correlations between them

24




There is the 8 TeV ‘Z3D’ arxiv:1710.05167- for PDFS this could be fitted as ‘Z2D’, the
rapidity spectra in mass bins
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We don’t have the ooz SSPredicion

Ideally these should be fitted
together with accounting for
correlations.

predictions in usable
form yet
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SUMMARY

PAST

* Inclusive W,Z 7 TeV- valence, strangeness
PRESENT

e T-tbar 8 TeV-- gluon

 WH+jets 8 TeV---flavour separation in the sea

« Direct Photon 8 TeV--gluon

NEAR FUTURE

« Z+jets 8 TeV—flavour separation and gluon?

« Z3D, W+/W- 8 TeV--- flavour separation/valence
« W+D/D* 8 TeV, W+c 13 TeV--strangeness

* Inclusive jets 8,13 TeV------- gluon

« 13 TeV t-tbar spectra

FURTHER FUTURE

« 13 TeV many channels- --low mass Drell-Yan may need low-x resummation
 HL-LHC... projections look very promising!

The main message is that we need to be aware/take account of correlations
between data sets as well as within them
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Back-up
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o(xg)/xg

Now look at t-tbar dilepton data

* T T T T T T T | T T T T T T 1] @ + . . . ; . ; —
L .. ] b4 F ]
ATLAS Preliminary . 2.5- ATLAS Preliminary -

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

. 2
7 150 ]
] - Q=2GeV

- Q@%*=2GeV? ]
E 1= fepwz

1T IepWZ

0_5; %epWZ + m, (dilepton) 0_5; % epWZ + y, (dilepton)

0_

> 02
= ot
ol
-0.1=
0.25 R
10 10 }
dilepton spectrum
‘ myy Yt
Total XZ/NDF 1233.8 / 1061  1233.8 / 1060
Partial XQ/NDP HERA 1152 / 1016 1147 / 1016
Partial y*/NDP ATLAS W, Z/~y*  79.3 / 55 82.8 / 55
Partial y*/NDP ATLAS tf 2.6 /6 15 /5

As for the lepton+jets channel the mtt spectrum somewhat hardens the
gluon, whereas the pt spectrum softens it— in both cases marginally.
And in both cases the fits have good 2.
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Comparison to global PDFs

xg(x,Q), comparison

2 T T T T TTTT T T T T TTTT T T T T T
{ms NNPDF30NNLO

2323 MMHT2014_NNLO

44444 CT14NNLO

Ratio

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

e

Generated with APFEL 2.7.1 Web

NOTE ATLASepWZ16 gluon is a little softer at high-x than CT14 or
MMHT2014 or NNPDF30

(Note these PDFs have no top distributions, but they have jets)

Thus a hardening of the ATLASepWZ16 gluon brings it into better
agreement with the global PDFs
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Ratio

Comparison to global PDFs

xg(x,Q), comparison

xg(x,Q), comparison
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NOTE ATLASepWZ16 gluon is a little softer at high-x than CT14 or

MMHT2014 or NNPDF30 which have no top data

Thus a hardening of the ATLASepWZ16 gluon brings it into better

agreement with the global PDFs

NOTE it is more compatible with NNPDF3.1-- which is already
softer than NNPDF3.0 (because of top data)— but still a little softer

at high-x
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Results for all three (W _pt, HT, jet_pt) of the spectra available for W+jets

compared

§ ' oF=19GeV

i HT
= et pt
* 0.8 1w pt

06

0.4~

x

10° 102 10"

s 07 = 1.9 Gev*
< 4 HT

¥ L Spetp

0.8 (i} w_pt

0320

T 05-  o=19GeV’ § 3 oFa19GeV?
x ot HT i X 4 HT
) = fet_pt F 3 Sept

0.4 Hiw_pt HHw_pt

All of these include model/parameterisation errors, calculated in
the same way as in the ATLASepWZ16 set
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Consider W and Z data sets from
each experiment separately
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Very similar valence, gluon and total sea PDFs
Different flavour break up to strangeness BUT
none are as suppressed as Rs = 0.5

ATLASZ ATLASW ATLAS WX
Total x*/NDF 12331062 12451063 1276/1084
Data set

HERA 2 /NDP 1155/1056 1160/1056 11641056
ATLAS Wt 2 /NDP 1211 12711
ATLAS W— y2/NDP &1 911

ATLAS Z central CC +*/NDP 14712 15/12 32

ATLAS Z central CF x*/NDP /9 &/9
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It seems that fits do not care so much about scale— the jet radius
matters more

¥ 2 ]'J'II Myowe, PP | Rhigh. ;Jtl Mgk . ™"
ATLAS (MLO 2138 190, 5 171.5 1651.2
ATLAS (NMNLO) 172.3 199, 3 149.5 152.5
CMES (NLO 150.3 155.F 195G 193,32
ChS (NNLOY) 1775 L= 182.5 154

Table 3: The »* for the combined fit to the ATLAS (AN, = 140} and CMS (N,.. = 158)
T TeV jet data. The values for the ATLAS and CMS contributions are given, for different
choices of jet radins and scale, at NLAO and NNLOCK
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PDFs currently insensitive to choice of scale and jet radius at "NNLO.

Different shifts of data relative to theory required.
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