ATLAS data which feed into PDFs:

* WH#%,Z production- strange and valence
* Drell-Yan (mostly the photon PDF)

e Jet production- gluon and high-x d

e Top-antitop production- gluon

e Zpt, Z+jets -gluon

*  W=*+jets—valence

* W+c —strange

e y+c— intrinsic charm

An ATLAS global fit to various types of data-
ATLASepWZ16 PDF set is the start
Recommendations for PDF usage---In particular for MIC generation

ATLAS/CMS cooperation?—see next talk from CMS
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Theory/Data

o W: Total (0.6-1.0%), multijet background (0.3-0.7%)

o Z Central: Total (0.4%), reconstruction efficiency (0.2-0.3%)

e Z Forward: Total (2.3%), identification efficiency (1.5%)

@ 1.8% luminosity uncertainty
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W+ and W- rapidity distributions separately, have more information than W-asymmetry
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Z(*) rapidity distributions

For low mass 46-66 GeV

And high mass 116-150 GeV
As well as central 66-116 GeV
And for forward as well as

central rapidity

‘Off- the-shelf’ PDFs have

difficulty describing these data

--Particularly the central Z

rapidity bin
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E_A TLAS Simulation

E 7/ 46 < m, < 66 GeV
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The central rapidity bin has a particularly large strange/anti-strange contribution
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ATLAS has made a complete NNLO QCD PDF fit to these data, plus the HERA Deep Inelastic
Scattering data. The PDFs called ATLAS-epWZ16 are available on LHAPDF.

This is much more than a single number at a single, x, Q? point.

This simple plot just summarises the conclusions: namely that there is more strangeness at low-
x than in most of the off-the-shelf PDFs
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The global PDF groups have started to look at these data

They are now in NNPDF3.1

Observe in particular how the strangeness has
increase between NNPDF3.0 and 3.1

There is ‘mild tension” between older heavy
target neutrino data- which gave rise to the
usual assumption of suppressed strangeness-
and the ATLAS W,Z 2011 data

NNLO, Q°=10° GeV*

T 1198 == NNPDF3.1

= NNPDF3.0

» 1.05

10™ 1072

(s+8)/(U+d) (s+8)/(T+d)
PDF set R.(0.023.2 GeV?) | R.(0.013, M3)
NNPDF3.0 0.4740.09 0.7940.04
NNPDF3.1 _ 0.6140.14 0.8340.06

i Note collider only

NNPDF3.1 collider-only 1 4oc ems 0.85+0.16 0.9340.06
NNPDF3.1 HERA + ATLAS W, Z 0.96+0.20 0.9840.09
ATLAS W, Z 2010 HERAfitter (Ref. [100]) |  1.00 7022 (¥) 1007550 (%)
ATLAS W, Z 2011 xFitter (Ref. [72]) 1.13 701 1.05 £ 0.04



z(s+73) (NNLO), Q?=10%GeV?

MMHT have also included these data and found ol T
Increased strangeness— these PDFs are not public yet. MMHT + ATLAS WZ (0 = 10) - = -

60 - MMHT + ATLAS WZ + LHC
They also observe mild tension with older neutrino :Z )
data AND with CMS 7 TeV differential Z/y data and 0 IS—_ et
W+c data BUT they state that newer LHC data (mostly 7
LHCb)are compatible and ‘pull in the same direction’ 0.0 oo s o

All groups find the CMS 8 TeV differential Z/y data —
which would be relevant to the strangeness question-
----difficult to fit (x2/ndp~3.3).

10 z(uy — dy) (NNLO), percentage difference at Q% = 104 GeV?2

The ATLAS W,Z data also impact the valence shapes
and decrease valence uncertainty.
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So before leaving the strangeness question let us look at the results on W+charm data from
ATLAS W+c-jet W+D, W+D* channels JHEP05(2014)068
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In all cases the data favour the
predictions based on
unsuppressed strangeness

We can quantify this..

T T T T ‘

ATLAS
Ldt=4.6fb"
\s=7TeV

We-jet/WD™

T T T T l T T T

HERA1.5 + ATLAS Data

—0.96+0.17£0.21
Exp+Theo

[ Exp+Theo+Scale

=

T T T I T T T T I T T T

Q%*=1.9 GeV? x=0.023

H CT10
A MSTW2008
¥ NNPDF2.3

O HERAPDF1.5
O ATLAS-epWZ12

A NNPDF2.3coll




Let us look at the results on W+charm data from BOTH ATLAS and CMS
Compare the older results and the new ATLAS W,Z result on the same scale
ATLASepWZ12 was based on ATLAS W,Z 2010 data

ATLASepWZ16 is based on the ATLAS W,Z 2011 precision data

ATLAS W+c data is in agreement
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CMS W+c data is somewhat lower
But the analysis technigues of CMS and ATLAS are not sufficiently similar

ATLAS use W+D(*) as well as W+c-jet and the hadronisation corrections are not agreed
between the collaborations--- see next talk from CMS



The MMHT group report the following

Attempted fit to high luminosity ATLAS 7 TeV inclusive jet data
(JHEP 02 (2015) 153)

Take as default 7 = 0.4 and ;. = py 4 and work at NLO.
Prediction at NLO gives \?/N,,. = 113.1/140.
Refit gives improvement only to \ /N, = 400.4/140.

Deterioration in other data only Ay? ~ 3, so failure not due to strong
tensions.

Cannot simultaneously fit data in all bins. Mismatch in one rapidity bin
different in form to neighbouring bins probing PDFs of similar flavour, »
and Q2.

However they perform an exercise decorrelating some of the Jet Energy Scale systematics
With correlations between rapidity bins relaxed for just two sources of

systematics \?/N,;, = 178/140 = 1.27.

NNLO corrections are now available for the ATLAS 7 TeV jet data and MMHT also used them



Gluon including ATLAS jet data at NLO and NNLO

0 Gluon (NLO), percentage difference at Q2 = 104 GeV?

10 Gluon (NNLQ), percentage difference at Q? = 10* GeV?

MMHT2014 + HERA TT ——
| MMHT (ATLAS jets)
MMHT (ATLAS jets 21,62) - - -

MMHT2014 + HERA IT ——
MMHT (ATLAS jets) - - -
[ MMHT (ATLAS jets 21,62) ——

D —_—————— by L — 'D‘ i -1 LT IR ET [oyi
"""""""""""""""""""""""""""""""""""""""""""" H\.\\‘
-5 -"-_I.\\ ' 5L
_6[] L 1 L _bﬂ 1 L 1
0001 0.001 0.01 0.1 0001 0.001 0.01 0.1

Gluon similar whether decorrelation is used or NOT
Gluon is similar whether NLO or NNLO is used

Values of 2 without (with) the ATLAS jets data in the fit

Full Corr. | 21.62 decorr.
v2, NLO | (413)400 (180)178
2 NNLO | (443)427 | (211)204

Find significant, if not dramatic, deterioration in fit quality in all cases from NLO to NNLO

Not an issue of tension with other data.




CT group agree that one cannot get a good fit to all ATLAS jet rapidity distributions at once
CT see tension between ATLAS and CMS jet data sets

[CT see tension between ATLAS and CMS top data sets in the opposite direction to the

tension in the jet data sets] Currently under investigation; what is
the envelope of PDFs resulting from
fits to individual rapidity bins, i.e. how
unanimous are the rapidity bin data

NNPDF also agree that one cannot get a good fit to all rapidity bins so for NNPDF3.1
ONLY the central rapidity bin of the ATLAS 7 TeV jet data is being used

By contrast all CMS 7 TeV jet data is used.
NNLO results are only available for the ATLAS 7 TeV jets SO NLO matrix elements are used, with

Pt as central scale and scale uncertainties added

Impact of jet data in NNPDF3.1

NNLO, Q*=10" GeV? NNLO, Q°=10* GeV?
= Global = Global
¢ If the jet pT 15 used as

11—~ No jet data ! SR No jet data central scale, NNLO/NLO

K-factors only a few
percent

1.15

# NNLO/NLO shift
within NLO scale
uncertainties




HOW about the NEW 8 TeV ATLAS jet data ATL-COM-PHYS-2016-371 preliminary

Double-differential distribution (pr & lyl)
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* JES & JER are dominant experimental
uncertainties in inclusive measurement

* Significant reductions over 7 TeV result
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However there is still a problem fitting all rapidity bins together for the 8TeV ATLAS jet data
X 2in combined lyl bins

« Not localized in |y|, and x*/ndf P
no central-forward tension R=04
pT > 70 GeV
. L CT14 345/171
] o o o 3 - 'D_.
Little uenfltmty to gc:*_,ale / non < “HERAPDF20 5171
perturbation correction © NNPDE30 261/171
MMHT2014 355/171
» Similar to 7 TeV data 100 < pr < 400 GeV
ATLAS Hering d lati £ CT14 127/72
f':\re considering decorrelation & HERAPDF20 148/72
scenarios--- but not completely © NNPDF30 124/72
decorrelating rapidity bins ---instead < MMHT2014 132/72

decorrelations that are smooth functions
of y and/or pt are considered for ‘2-point
systematics’

+ Jet energy scale: flavor response / MJB fragmentation / pileup p topology

* Alternative correlation scenarios split smoothly by pr/ |y| into sub-components

Split option Sub-component(s) definition(s), completed by complementary
1 L{In(pt[ TeV]), In(0.1), In(2.5))- uncertainty Example 2-point
7 Ly, 0, 3)- uncertainty . correlation definitions
9 L{In(pr[ TeV1), In(0.1), In(2.5)) - L{|y], 0, 3)- uncertainty
18 V1 - Lin(pr[ TeV1), In(0.1), In(2.5))2 - /1 — L(lyl, 0, 2)2- uncertainty
V1 = L(n(pr[ TeV]), n(0.1),1n(2.5))2 - L(Jyl, 2, 3)- uncertainty

+ Can improve X~ by up to 96 points for pT>70GeV



Top differential distributions can be included in PDF fits now using NNLO calculations,
This gives information on the high-x gluon.

ATLAS do/dph
ATLAS do /d|y;|
ATLAS do /d|y,;]
ATLAS do/dmys
ATLAS (1/0)do /dpl,
ATLAS (1/0)de /d|y:|
ATLAS (1/0)da /d|y]
ATLAS (1/o)da/dm;

For Yelee, Mt R =l == HT/4:

0 < ph < 500 GeV
0 < |ye| <25
0 < |yp) < 2.5
345 < myp < 1600 GeV
0 < ph < 500 GeV
0 < |yt| < 2.5
0 < |y < 2.5
345 < myp < 1600 GeV

T oD oD o
oS0 =1 L L G0

e

Hy = \Jmd + ()" + Jm2 + ()

For p'r Pp=pp =y = \/TW/Q

There is similar data from CMS and they are not always fully consistent between CMS and

ATLAS

% Fit either absolute or

normalized distributions

(in the latter case adding

total cross-sections) and

compare results
But only one spectrum can be
fitted at once because there is no
information on statistical

correlations between spectra
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The CT PDF fitting group say

® ATLAS and CMS have different
trends: in this case, ATLAS favors
harder gluon at high x, CMS
weaker gluon

® In general, the ATLAS and CMS
top results are in tension
internally, and with each other

Thus adding in both ATLAS and CMS
together could even increase
uncertainties

By contrast the NNPDF group make particular choices of distributions to fit

e the normalized top-quark rapidity distribution (1/e)de /dy, trom ATLAS;:

e the normalized top-quark pair rapidity distribution (1/e)do/dy,; from CMS;
e and the total inclusive cross-section o, from ATLAS and CMS at /s = 8 TeV.



By contrast the NNPDF group make particular choices of distributions to fit for NNPDF3.1

e the normalized top-quark rapidity distribution (1/a)de/dy, trom ATLAS;
e the normalized top-quark pair rapidity distribution (1/c)do/dy,; from CMS;
e and the total inclusive cross-section o, from ATLAS and CMS at /s =8 TeV,
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Overall good description of the tt differential distributions included in the fit
no evident signs of tension between ATLAS/CMS and with the rest of the dataset

Distributions not included in the fit not well described, except companion absolute distr.

MMLO, global fits, LHC 13 TeV
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But are top, jets and Zpt all consistent in how they affect the gluon?
More or less, IF the data you use are picked as NNPDF pick them

NNLO, Q°=10* GeV?

=== Global B
-=-=====: N0 Z pt data
--===== No top data

# No jet data
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---------------
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However CT see tension between jets and Zpt- and tension between jets and top



The data sets considered so far

* Top production

e Jet production

* W,Z production

are not the only data sets we consider as relevant for PDFs
We also have:

* Drell-Yan 8TeV Published High Mass 8 TeV impacts the photon PDF arXiv: 1701.08553
e Zptdata- 7 and 8 TeV used by NNPDF

* Z+jets 8 TeV- forthcoming

*  Wh+jets 8TeV- forthcoming

e WH+c --new analysis at 13TeV

* vy +HF ---New analysis coming on 8 TeV data

We plan to make a ‘global fit’ using many sorts of ATLAS data, obviously such a PDF fit
would ideally describe our data for MC generation

Describing the way our data differs from some of the global fits has been important for
* Sin?0,, from Z forward/backward asymmetry

* W-mass measurement

e W’and Z searches

To do this we need to consider correlations between data sets. A start on such a study has
been made by the evaluation of top-antitop/Z ratios.



71000 - ; - - It is necessary to evaluate the correlations
S [ oP@Epez AMAS T o ppf) : )
e l3Tev.a2ml T R _ between different classes of data
800 __ _*_ 7 TeV. 46" ____ ¥ CT44 __ 5 ofid 5 otot
" Z tt
i 1 : :::T:i’n | Source / Vs [TeV] 3 8 7|13 8 7
BOOR -1  ATLAS-cpWZi2 ] Luminosity A B C A B C
i T ' HERAPDEZ.D 1 Beam energy A A A A A A
L I = T j Muon (lepton) trigger A A* A|A B B
= - - uon reconstruction
400 M ion /1D A B C|A D D
[ +data 1 Muon isolation A A A|B C D
. Watotal 4 L - Muon momentum scale A A A A A A
200 B ¥ & uncorretated T “ .l Electron trigger A A A A — —
‘ Electron reconstruction/ID A B C|A D D
Electron isolation A A —| B C D
Electron energy scale A A A A A
Jet energy scale — — —| A B B
b-tagging — — —| A B B
13 g 13 g Background A A A|B B B
s is &
s[Tev] slTev] Signal modelling (inc. PDF) | A A A |B* B B
ATLAS-epWZ12 CT14 MMHTI14 NNPDF3.0 HERAFDF2.0 ABMI2
¥2/NDF | 8.3 /6 15/6 13/6 17/ 6 10 /6 95 / 6
p-value | 0.22 0.02 0.05 0.01 .11 < 0.001
2 " aTLAs g " ATLAS 2
2 b 13Tev. 32w § L 13Tev, 325" f
- BTeV, 2025 - BTeV, 2025 y
F 7TeV, 461’ F 7TeV, 461"
1.05- 1.05-
1‘__-;:_::::: ____________________________ 1_ ____________________________________
005 @P=m? 095  @=m2 \
| B ATLAS.epWZ12 L ATLAS epWZ712 \
- [ ATLAS-epWZ12+ - B ATLAS-epWZ12+tf
[ i ATLASepWZ12+{+Z [ 5 ATLAS-epWZ12+tisZ
0.0l 1 1 v 0.9 1 | R

102

107

102

1071



Recommendation for PDFs for MC generation

It is recommended

A) to use a particular PDF set for simulations, which is
- Successfully tested against ATLAS data

Used in crucial MC tunings
- Includes where relevant QED (photon) PDFs
- Existsin LO, NLO and NNLO
- |n use already by the Collaboration
Right now this points at NNPDF3.1 which includes our latest

That selects NNPDF3 as an obvious baseline choice data and which is available, but it is not perfect

B) To store weights as is needed and technically possible (wrt space and
computing time) for allowing to reweight efficiently.

C) To not deny requests for special simulations with different sets
where reasonable, by either full simulations or generator level MCs.

(An example may be the Higgs signal simulation with pdfdlhcl5 for
which an interest had been raised). For NLO generators it is better to store weights for some

alternative PDF sets. Recommended to add (NNPDF3.0 case
given in parentheses):

e PDF internal error sets (all error sets for NNPDF3.0 at
s = 0.118)

» o variations (NNPDF3.0 central at o = 0.117,0.119 )

¢ Central values of the other main families (CT14, MMHT
2014)

Alternatively one could use the PDF4LHC15 PDF sets for
generation, (preferably the 100 error set versions unless it has been
shown that using the 30 set versions makes no difference), and
then add the central value of all of the contributing families.
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Data/ Theory comparison: p}
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Similar comparisons at 13 TeV using various PDFs
» Better inter-PDF agreement between CT14, NNPDF3.0, and MMHT 14 (right)
Reduced low-pt non-perturbative corrections (partially driven by AU2—=AU14)
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Recommendations for the use of PDFs
https://twiki.cern.ch/twiki/bin/view/AtlasProtected/StandardModelPDF

Comment on the PDF4LHC recommendation. The orginal recommendation 2011 was to use an
envelope of the 'big three' global PDF sets: CTEQ, MSTW,NNPDF. This has been replaced in 2015
by the PDF4LHC15 PDF sets which are a statistical combination of the most recent versions of
these three. If an analysis used the recommendation before it is appropriate to update to the new
recommendations. Have an eye on your intended accuracy. For processes like Higgs which access
the middle of the LHC kinematic plane the PDF4LHC 30 set is enough, for processes which are on
the limits of x_bjorken the PDL4LHC 100/MC sets are better. (A hessian set and an MC set is
available) Note the PDF4LHC recommendations were never meant for ALL cases, see our
recommendations below.

0. Comparison of precision data and theory Compare to all modern PDFs: ABM12, CT14, HERAFPDF2.0,
MMHT 14, NNPDF3.0

1. Acceptance and background calculations. For these PDF uncertainties are usually sub-dominant. Use the
FDF which was used in the MC generation. If this was an LO set without uncertainties, then perform
FDFreweighting to a more modern LO set which has uncertainties. If several MC samples with different PDFs
were used consider reweighting to a common PDF.

2. Limit calculations. For these PDF uncertainties can be dominant. Careful consideration on a case by case
basis is needed. Consider more unusual PDFs such as HERAPDF and ABM as well as the 'big three' NNPDF,
MMHT and CT. You can save time by using the appropriate PDE4LHC 15 set instead of these three different PDFs,
see above

3. PDFs for MC generation We need to use a set which is successfully tested against ATLAS data/ used in MC
tunings/ exists in LO, NLO and NNLO/ includes the photon PDF where needed. This selected NNPDF30 last year,
but things move on. Requests have been made for generation with the PDF4LHC PDFs and MC tunes for them
are under consideration.

Weights are included with the NNPDF3.0 central set to allow reweighting for i) the 100 replicas for uncertainties; ii)
scale vanation, i) alphas variation v) vanation to MMHT 14 or CT14 central

AT
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