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Pretace

* Avery full agenda ...
* 50 presentations over 10 sessions - 1 joint session with WG7 Future of DIS

» Clearly would be impossible to summarise everything in the time available, and unfair on you - the audience - to have to listen to me for
that long, but can at least hope to provide a reasonable flavour of the content of the working group presentations

* This is a decidedly imperfect summary and we are duty bound to offer the usual apologies for any exclusions

* Such significant, unfortunate exclusions due to lack of time, include how to correctly treat scales, spin, fracture function, fit of
fragmentation functions, new W and Z data, presentations from STAR, SHIP....

* Broadly structured as follows ...
 PDF analyses for the proton
 PDF global analyses for the nucleus

* Impact of data to PDFs
 New progress in theoretical calculations, and tools
e Data Constraints on PDFs and nPDFs
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PDF analyses for the proton ...

e MMHT

* To be released soon, with QED corrections completed
« CT18 and CT18Z PDFs

« CT18Z including ATLAS W, Z data - completed, ready to be released.
« NNPDF

« Studying impact of missing higher order uncertainties
« ABMP16 — updated
« HERAPDF2.0 NNLOJets

o Completed, with NNLO calculations
 ATLAS updates

 ATLASepWZtop18 - fit with top, ATLASepWZ-Wjet19
« CMS updates

* New fits including top data
« JAM19

« Combined PDF and (pion and Kaon) FF fit
* Review talks on

* Polarized PDFs

 PDFs from the Lattice
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xz(d —u) (NNLO), Q2 =10%*GeV?

Upaate to the MMHT PDF wmr

MMHT + ATLAS WZ —— ... _
Robert Thorne MMHT + ATLAS WZ (New par.) - il

0.03

* Inclusion of new LHC data sets - largely electroweak processes,
particularly precise ATLAS W, Z 7 TeV results. Implications for strange 0.02
with NNLO corrections to dimuon production.

« Extended parameterisation and eigenvectors sets, using Chebyshev 0.01 .
polynomials
Problems with correlated uncertainties - jets and differential top data. 1
» Completion and imminent release of MMHT PDFs with QED corrections. 0.0000 0001 00l 01
£I
(s+3)/(u+d) (NNLO), Q?=1.9GeV?
7 MMHT —— |
1.8 | MMHT16 + ATLAS WZ —— -
Including ATLAS W, Z data in fit goes from x?/N,:;s ~ 387/61 — 16 .o MMHT + ATLAS WZ () - -
2 ' _ 1.4 TR s MMHT + ATLAS WZ (u/2) 2
x~°/Npts ~ 108/61 (with scales setto ur r = Mw.z/2). LU MR R i,

Deterioration in fit to other data Ay* ~ 54. CMS double differential Z/~
data CCFR/NuTeV dimuon data Drell-Yan asymmetry.

Ratio of (s +5) tou + d, i.e. R, at Q®> = 1.9 GeV~.
At x = 0.023 R, ~ 0.83 & 0.15. Compare to ATLAS with R, = 1.137-73




High Precision Data from the LHC

C.-P. Yuan
Michigan State University
Wu-Ki1 Tung Endowed Professor

CTEQ -=Tung et al. (TEA)
iIn memory of Prof. Wu-Ki Tung

New CT18 PDF ready for release
CT18Z including the ATLAS 7, 8 TeV W and Z data

e CT18Z has enhanced gluon and strange at x ~ 104,
and reduced light-quark PDFs at x < 102

Uncertainty mildly reduced at NNLO compared to
CT14

More than 700 data points from 12 new LHC data sets
HERA DIS and fixed target still deliver key constraints

Observe some impact from ATLAS and CMS inclusive
jets; ATLAS, AMD and LHCb W / Z data and ATLAS
8TeV z PT

LHC top pair provides similar impact

PDF Luminosities at 13 TeV LHC 0.85F

CT18, MMHT14 and NNPDF3.1
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u H1 and ZEUS preliminary H1 and ZEUS preliminary
N eW I_l E RA P D F 2 . O flt E D.?E— = HERAPDF2.0Jets NNLO (prel.)., o (M) = 0.115 Eu:j; = HERAPDF2.0Jets NNLO (prel.), a (M) = 0.115
5 - uncer tainties: g g_ uuuuu tainties:
Mandy Cooper-Sarkar . e e
5 0.3
on behalf of H1 and ZEUS ¥ oack
» Firstinclusion of Inclusive DIS data with DIS Jet data from ZEUS ~ _F 0.2
and Hi o e e 0.151
- - e 0.1
» Jet processes calculated at full NNLO using NNLOJET 0.1 oosf T
interfaced to APPLfast S R R o Dl e i

10 4 103 102 10" 1 10°% 103 102 10" 1

« New NNLO fit favours lower as ... H1 and ZEUS preliminars H1 and ZEUS preliminary
¢ QS(MZ)=O1150 =+ OOOOB(GXp) +00002 '00005(m0de|/param) ig 14§— — HERAPDFZ.0Jets -""-""L'f"fl"“n'l-'-*ﬁ'-d-‘**lfr.‘r =‘“--”5 ?Ez 3.55— = HERAPDF2.0Jets NNLO (prel.), e (M2) = 0.115
0.0006 (had) + 0.0027 (scale) T el — o . — R
e Compared the NLO result ' 2'25_
as(MZ)=0.1183 + 0.0009(exp)+ 0.0005 (model/param) + 0.0012 g
(had) +0.0037 -0.0030(scale)

0.5 Q=10 GeV?

e Two new PDF sets:
« HERAPDF2.0JetsNNLO as(MZ) =0.118 — the PDF value
« HERAPDF2.0JetsNNLO as(MZ) =0.115 — The value favoured SN SRS PREiniAny
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Developments with APPLtfast

* Presentation from Daniel Britzger on DIS and a complementary fit to as

Fit to subsample of inclusive jet data from ZEUS and H1, optimised for as fit

The XXVII International Workshop on DIS 2019, Torino, Italia, 2019

o, results from HERA inclusive jet data in NNLO

Applfast .na NNLOJET

H1 inclusive jets
300 GeV high- QE —e

0.1148 (9)exp (D)had (4)PDF (3)PDFa. (2)PDFset (38)scale

Fitting both ZEUS and H1 inclusive DIS jet data
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E
E
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0.1169 (14)exp (7)nad (3)PDF (2)PDFas (3)PDFset (25)scale

Good description of data, X2 per degree of freedom 191.3 /193

Additional fitm, just to high ET data (> 28 GeV )

Full NNLO grids for the DIS jets will be made available on ploughshare soon
Presentation from MS on LHC cross sections and grid distribution
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d7g/dp. /dly! (1o/G8Y) secton

Vs=7 TeV anti-k_ jets R=0.7

NNLOJET
T T T T T T T T T T T T ]
'WJDO 114 GeV<p_<133GeV 0.0<lyl<0.5 w /P;=0.5 4
n/P.=10
u /P.=20 _|
HHDO+— Priet SCale —

2.0

ZEUS inclusive jets
300 GeV high- Q° 2 —e

HERA-I high-Q° 12 —e

Multiple data sets
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Multiple data sets (i > 28 GeV)

H1 inclusive jets > 28 Gev) [1] —
ZEUS inclusive jets (i>28Gev) [2] —=
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[1] EPJ C77 (2017) 791
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Ratio to NLO covexp-only
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NNPDF - Including theory uncertainties

Cameron Voisey

e Attempting to better quantify theoretical uncertainties due to missing
higher orders
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u=3 GeV, N.=3

AB M Sergey Alekhin

» Update to the ABM PDF including higher twist effects, top pair production

20 ABM19 (HT=0, stringent DIS cuts)

ABMP16 (HT fitted, soft DIS cuts)

173

utv onlv. no incl. HERA

[s(X,10)+ S(X,10) )/ [u(x,1)+ d(x,11)]

e Stringent cuts, lower strange at low x, higher gluon =
* Impact of the higher-twist terms is minimized el
* Small-x gluon goes higher, consistent with the constraint from charm/ -
beauty; small-x strange sea goes lower at small x, consistent with 1 within 7.5
errors; valence quarks stable 5
 Reasonable description of the recent charm/beauty HERA data with 55
mc(mc)=1.245+0.019(exp.) GeV "
« mb(mb)=3.96+0.10(exp.) GeV LiSE L pe i e
e u=3 GeV, N.=3
* Update of the pair- and single-top production with %2_25 [~~"] ABM19 (HT=0, stringent DIS cuts)
g=!
o mt(mt)== 160.8+1.1 GeV ;"i 2 [-"""] ABMPI6 (HT fitted, soft DIS cuts)
« mt(mt)=161.1x 3.8GeV (single-top only) .51-75 k
e potential impact on the d/u ratio form t/tbar, however validation of MC tools :'i =
is still needed e
e Steady progress with accommodating more DY data into the fit g g ~.
—0.75 |
 Recent ATLAS data at 5 and 7 Tev -
* Double differential data on Z-boson production from CMS and ATLAS 0.25
%0~ 107 10~ 10"



Parton distributions from the lattice

Review from Jianhui Zhang

* Recent years have withessed rapid progress on direct computations of x-dependence of
hadron structure from lattice QCD ...

 Large momentum effective theory and related proposals

* Applications to nucleon PDFs (isovector quark), as well as meson
PDFs & DAs have yielded encouraging results

* Flavour-singlet quark PDF and Gluon PDF
e Renormalization and factorisation

Oou(x)-od(x)
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PDF analyses for the nucleus

« CTEQ-Jefferson Lab (CJ)

e F2 neutron extraction

e Tudul19
* A new nuclear PDF at NNLO

« NNNPDF 1.0
o Completed, NLO and NNLO

« EPPS 16
 Constraints from LHCb D mesons

« NCTEQ++
o Starting to add LHC data (pPb->W/Z)

11
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NNNPDF nPDF from Lepton-Nucleus Scattering

and the Impact of an Electron-lon Collider

Rabah Abdul Khalek

* Use the NNPDF approach to fit the nuclear PDF
 PDF available with LHAPDF

Impact of EIC
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NCTEQ and PDFs at the LHC 2.0F —— LNNPDFL0

Fred Olness — EPPSI6
& nCTEQILS

—
-y

pPb Data for nCTEQ+LHC

No LHC data in any previous nCTEQ fit

* New nCTEQ+ + code using ApplGrid
predictions make this possible

10° ¢
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ol . 20r fion
E — _ = [ PPS16
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_ .+ SLAC Included j 1.5 Q
: N | o BCDMS Points
o 10°F | v Hermes =
O || e FNALE665 ALICE W+ | () [
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Constraints on the nPDF from LHCb D meson :

d at a reduction of NNPD3.0 gluon uncertainty large y nuclear modification in p-Pb
upon including LHCb D-meson data from LHCb [JHEP 10 (2017) 090]
Hannu Pau kkunen N> 16F - NNPD|':3.0 NLO % : +LHCb l L'I-{Cb [
8 B NCAN7+N", central > ? EPS09L0O V SN = 5TeV i
< 2 N°+N"+N", et = | 4mip? 1.5 —EPS09NLO 7
I 12 -o=cm NN+N", m_= 1.7 GeV B ---nCTEQI5 i
: N +N"+N", y = [2.5,3.0] B CGC
?3- 10 N°+N7+N'", y20 = [3.5,4.0]
— D
T R
4 -‘-- 11111
N
0 Ll 1 111 1 i1 1 111
10°° 10:° 10™ 1;)(‘3

Studied the compatibility and impact of LHCb D-meson data on nuclear PDFs within a
realistic GM-VFNS scheme (SACOT-mT)

Theoretical uncertainties quickly grow below PT~ 3 GeV

EPPS16 and nCTEQ15 nPDFs can be brought to an excellent agreement with the LHCDb
data by Hessian PDF reweighting

Only mild changes (very little for EPPS16, more for nCTEQ15) in the original central values
 D-meson data compatible with other data in the the global analysis

 Significant decrease in uncertainties

The agreement with the data remains very good down to PT =0

* No obvious need for invoking BFKL, non-linear evolution, intrinsic kt kicks, etc.
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Impact of data on the PDF

Top quark data

W+jets data

W+cC

Forward-backward Drell-Yan
LHCb D-meson data
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The impact of top data

e |f jet data is included in the global fit, top quark pair data has little noticeable effect on further constraining the gluon PDFs.

* If jet data is not included, then the top data provides similar constraint as the jet data on the central gluon, but with a larger error band
since there are fewer top data points

» At the HL-LHC, top quark pair data should provide useful constraints on the gluon at large-x values ...

18
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1 T T
o
ATLAS ep WZ top 18 fit F AmasPeimney  @anGe
Francesco La Ruffa on behalf of ATLAS 0.8 ATLASepWZtop18 NNLO .
uncertainties: |
Q) T r T T T T T T T T T 1] B experimental
: . s | model Xu, :
2.5 ATLAS Prellmlnary —: ] g:;a(:neterisation - |
o : 0.6 - / \ .
1'55_ Q°= 2 GeV? _ .
1= § epwz g 0.4 -
X 1T ~
0.5F & epWZ + p + m, (lepton+jet) : 1
; + y,(dilepton) - ]
O L | N T IR I B Jl _
g) 02; v v - —_—— 0.2 B )
;-\) 0.15— _
5 O: il
-0.1F |
_0-21_' 2 2 PR 1
10° 10" 3 |
X 10 1
* New fit at NNLO (NLO with NNLO K-factors) using top to stabilise the gluon x
e Lepton plus jets channel: top pair mass, and top pt ... loptontiots ph. o,
* Dilepton channel: top pair rapidity and dilepton y;; spectra
_ - . . total x°/NDF 1253.8 / 1061
* Full statistical and systematic correlated uncertainties between
Cross Partial x°/NDP HERA 1149 / 1016
- ehahtly b | | o | Partial y°/NDP ATLAS W, Z/~* 78.9 / 55
* Results in slightly harder gluon, smaller uncertainties at larger x Partial x2/NDP  ATLAS lepton-tiets pk, m,, 16.0 / 15
 Available on LHAPDF (ATLASepWZtop18) Partial x*/NDP ATLAS dilepton yy 5.4 /5
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CMS PDF results on top quark pair cwms 35.9 b (13 TeV)
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- Two SM parameters determined precisely, weak correl. (p=0.3) 0.8 g
« Top data beginning to play an increasing important role in PDF fits 0° 102 100" 1 .
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TO\Na r d S U | _t i m a _t e P a r_t O n ) Projected forward W+charm data | P.r.o]ected invariant tt mass data
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C & e - S35 uat T B
Ao MMHT2014
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e tt provides a good | -tﬁmﬁ.:“ - gluon PDF with projected tf data
. . o s i
constraint on high-x @ | ] 213F % 1.3F ———
gluon 0 @ | g |
LHeC will also helpto % [ %N\ Pz &
° = E B
constrain the gluon - 1.1 1.1
at high x 1072
- 1
i . 0.9f
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ATLAS Fit: inclusive W, Z and W + |ets:
how strange iIs the proton

l | I | S | I LI I I LI | I I

T T T T TE T T [0 F T
°=1.9 GeV? x=0.023 ATLAS Preliminary
ABMP16 ¥
CT14 L
MMHT2014 ]
NNPDF3.1 A
ATLASepWZ16

ATLASepWZ19C

ATLASepWZ19U
ATLASepWZWiet19

- exp. uncertainty

exp.+mod. uncertainty
- exp.+mod.+par. uncertainty

>0 r B 0 <«

S > O m e « O

| - | I | S - | | |
1.2 14
R
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—
=m3, x=0.1
ABMP16

CT14

MMHT2014

NNPDF3.1
ATLASepWZ16

(M|

| I I
ATLAS Prelim

ATLASepWZ19C

ATLASepWZ19U
ATLASepWZWiet19

- exp. uncertainty

exp.+mod. uncertainty

- exp.+mod.+par. uncertainty

&

-0.1

inary

X(d - U)

 New ATLAS fit extends epWZ16 fit including W + jets data at 8 TeV to constrain

quark distributions at slightly higher x

e Better constraint on dbar - ubar, which is now positive

e Strange enhancement at higher x is reduced

 Still see enhanced strange at low x even with positive dbar - bar

(s +5)/(U + d)

X(d - U)
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MC/Inta

xg(x,Q°=4 GeV~)

Heavy tlavour: W+charm

LHCb(7 TeV), HERA included
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~ 50 =
» 40 j p=g p=u+d
Maria Vittoria Garzelli g '
30
« W + charm hadron production - sensitive to the s and star T 20| —
densities in the proton E 0f e .-
= i =SS oy
: R ——— T R
 Open charm and bottom constraint Gluon and sea quarks 0f PES Bodiee=\ SRR
. - z 10 s
} et cHet \
—e— Data Z —a— Data -20 ; l\\xn
- _?_‘+_‘—+—\_% ,(.\[lj;\:rm -: v _?_H_+_’_ ABMP16 -30 :_
—’—_._Jr 2 s | _’_+ 40
T e B I L L
- — W . |
= PP ;o LHCb open charm and bottom data have the potentiality to constrain
qE . g on gluon and sea quark PDF at low and large x’s.
x . N 3 - Incorporation in PDF fits so far limited to very few cases (PROSA,
" | | o recent NNPDF variants, ABMP preliminary, nCTEQ15).
3= NEBES Compatibility with other open charm and bottom data under
s0f= S5 NNPDR3.LsxeLHCH investigation.
~H NNPDE3 0+LHC Theory predictions (and PDF fits) plagued by large scale uncertainty.
n: from V. Bertone, e o .
: Order = NLO Similar uncertainties when using MSbar scheme for charm mass
e R. Gauld and renormalization,
J. Rojo, Still under investigation: how to reconcile shapes of absolute
distributions with experimental data ?
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Using Forward-Backward Drell-Yan HERAZ2.0 nnlo (Q2 = M_2 GeV?) (L = 3000 fb)||Y| > 0
Asymmetry in PDF determination R —— Z : 7

= Q? = 8317 GeV* 2 Q? = 8317 GeV* X o
<] % HERAPDF20nnlo : <] % HERAPDF20nnlo % ¢
Z4 05 > HERAPDF20nnlo profiled K Z > HERAPDF20nnlo profiled ,'.':: §
o . & / : X 77 s 3
J. Filaschi, E. Accomando, F. Hautmann, S. Moretti & // . & 11 //////// 135 ]
& xFitter developers X R ///// X xR 5 g
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- x 2>  — mem 4
* Forward-Backward Asymmetry (AFB) asymmetry can be used to constrain PDFs %4 ok B [ o oa
« Compared to 2D DY cross sections, AFB carries extra information on angular z ///
distributions and features reduction of systematic theoretical and experimental FE //// -
uncertainties = /////////{/////" > 7% 4
X |\444s84 //,’;'f,f:; s o
. . . . . .}/ ,/ ,‘ 7
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Measuring the light quark sea in SeaQuest

Jason Dove
. . 1.6
i Timeline N —4— E906
beam e
. Miupgrade un2 | run3 charput;&rs un runé == CTIONLO
——————— 14 Preliminary == A
‘ s MMHT NLO
SeaQuest data collection completed July 2017 &1 5
So far have analyses around 50 % of their data c% '
New extraction of Drell-Yan D2/H2 as a function ;8
of x from 0.1 to 0.45
1 R
Independent mass-fit method shows consistent
D2/H2 ratio
Extraction of dbar/ubar ratio from D2/H2 ratio 0.8
IS underway
Inclusion of data from after 2016 is underway Systematics
0.6

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
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New progress In theoretical calculations

e Large log resummations
» Estimating missing higher order uncertainties

* Understanding nuclear corrections

20



Progress In theoretical calculations - Part |

Large-log resumption
* Large-log resummation in the VFN scheme of the DIS heavy-quark production; Sergey Alekhin
» Soft correction to inclusive DIS cross-section at four-loops; Goutam Das

Estimating missing higher order contributions
* On the Consistent Use of Scale Variations in PDF Fits and Prediction; Lucian Harland-Lang

A statistical description of theory uncertainty from missing higher orders; Marco Bonvin

Effect of nuclear uncertainties

* Nuclear Uncertainties in the Determination of Proton PDFs; Rosalyn Pearson

No time to discuss individual contributions ( even if if | was qualified to do them justice )

The XXVII International Workshop on DIS 2019, Torino, Italia, 2019
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Progress In theoretical calculations - Part ||

* Parton Branching method for generating TMD (transverse momentum dependent) PDFs
 PB TMD distributions from fits to DIS precision data; Sara Taheri Monfared
e Parton Branching TMDs with angular ordering condition and their application to Z boson pt spectrum; Aleksandra Anna Lelek

* Fracture functions and their factorizations -- particles produced at forward rapidity
* Fracture Functions in different kinematic regions and their factorizations; Kai-bao Chen

 Hadron mass correction in DIS and SIDIS processes
e Testing collinear factorization in a spectator model with mass corrections; Juan Guerrero

* Photon PDFs -- Photon-photon scattering
* Production of SW”A+ WA-$ and $t \bar t$ pairs via photon-photon processes in proton-proton scattering; Antoni Szczurek
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Tools
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gluon
" " e S T B S B L) S L AL
A new parameterisation ? ZL0 TR
Francesco Giuli \ ------- N s &B ]
Q% =3 GeV?
* Replace this ... ' ,
xf(x,ué) = Ax®(1 — x)¢[1 + Dx + Ex?] ™ {1 x)C, 5
Negative term ; . : ]
 with this ... (only for gluon) W, N
¢ '\\‘
) -
xf(x,us) = AxB(1 — x)[1 + Dx + Ex? + Flog(x) + G log?(x) + Hlog3(x)]
| Py S o o o Jd
e gg(a,pd) = AgxPi(1 — z)% [1 + Fylogz + Gg4log? J.-] . . . . .
gluon
2 1.15 " i, ——
17“’0(1:5 ll(Q)) o Auv J:Buv (1 - ;L'.)Cuv |:1 + Euv 172 + FUU log L —I_ GUU ]‘Og ;L.:| . _§$8+NLLxHELL3(NLL,defauIt)
3 NNLO+NLLx HELL3 (LL")
B ".," ****** NNLO+NLLx HELL2 (LL")

;l.fdv(;l.f, /lg) Adv ;L’de (1 — -tlj)Cdv

Q? = (100 GeV)?

ru(x, ,“'(2)) = Agz® (1 — ;L.')Ca [1 + Dgx + 'y log 17} : el
vd(x, pa) = Agxi(1 — x)%d |1+ Dgx + Fzlog x i
xrd(x, pug) = Agx~4( T) + Dz + Fzlog x|, 2

095

s
S 1——f3

» Tests performed using small x resumption using HELL

rs(x, pg) = x5(w, pg) = re xd(w, pug) with fg = 0.4 fixed
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e Ground up redesign of the fortran APFEL: APFEL++

The evolution of APFEL: -

APFEL@++

Valerio Bertone
INFN and Universita di Pavia

Newer very efficient C++ library for PDF evolution and DIS
cross section calculation

« Some minor features of the fortran version still being
iImplemented

e Code is stable and version 4.0.0 is released

 https://github.com/vbertone/apfelxx

Drell-Yan production at CDF Run |, vs =1.8 TeV * Extensive code documentation (Doxygen)
| I | | |

;’T(llGeV)

1d
Odp-

! | * New applications
—— NNLL (APFEL++/NangaParbat) N |
{* $ Data e Semi-inclusive DIS at NLO
o QT distribution for Drell-Yan in TMD factorisation - will be
e N used to extract non-perturbative transverse TMD componen

- Y B A A T S JEl WL L) R LY R SR L
5 +. 1 Q2 0=100GeV 4| APFEL / APFEL++ | 1001
: \;% , i - -+ 1.000
< 10 {1 1 0.999

O ol L el L el L raal L g

- 10 = 3 ! | . RIS ; AR IRl . SRR
0 *' : ils HOPPET / APFEL++ | 1.001
10° ¢ ~— 1.000
® ® ® — 10-2_ i N Y Y 0.999
® e 107 F i QCDNUM / APFEL++| 1.001
e . DGLAP evolution at NNLO ‘ :\”}' 1.000

OO | ] ] ] ] ] ] ‘
00 25 50 75 100,125 150 175 20.0 s i i TN, | I . .
o 10° 10* 100 10° 10" 10° 10* 10° 10% 10
X 5 3



https://github.com/vbertone/apfelxx

MMHT zg(x, o)

More efticient interpolation of — 001X @f(@) — emarpr — CMma — ECho

parton distributions: ChiliPDF 4 m
Riccardo Nagar w ,w w
« Size of the interpolation errors is becoming increasingly 107 ,

important

e Limits accuracy of calculations, or creates large memory
footprints for storing coefficients

 C++ Chebyshev-based Interpolation Library for PDFs 107+

» Higher numerical accuracy for a considerably smaller number
nodes than interpolation used in LHAPDF

e Up to NNLO DGLAP evolution with O(as2) flavour i-80— e
matching for PDFs and DPDs 107 107° 1074 0.001 0.010 0.100 1
 Will become more important as current interpolation becomes T
inadequate for high precision N3LO without smaller grids LHAPDF: 64 pts
e Initial use case for double parton scattering Mathematica: 64

pts

Chebyshev: 63 pts
 May have potential benefits for fast interpolation grids such as

APPLgrid and fastNLO
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: : - 1 I 34
Recent QCD results from the xFitter project Summary: Versatility of xFitter
Demonstration of xFitter with FFNS/VFNS and multi-scale predictions

R e e S B B e e e 1| 2

Q2= 1.9 GeV2, x=0.023 . 5 fm & X100 0y

s ABM12 -a E :

* NNPDF3.0 ——a— XF1 tter. org a.’i _ [l profiled with cuts

Fred Olness * MMHT14 — o 1.2 m profiled all data
’ SMU vCT14 ' ; : 1 e
X/C/ﬂer >M o ATLAS-0pWZ12 1 ! (S 4 S)
on behalf of the xFitter team ATLAS-epWZ16 & . 2
exp uncertainty "
L Y ~ W exp+mod+par uncertainty Q’

e)lcp+mocll+par+tf1y unc?rtaintyl @
0 02 04 06 08 % i

v)l.";I'.-.l" i .l'

IS

0.8[ Loaswnl el vl
10°* 10° 10?2 10"

2 e S
xFitter Meeting: Minsk March 2019

New APFEL
Flexibility

N =5

» XxFitter is open-source framework for PDF determination
[xfitter.org]

« Used extensively by theorists and experimentalists for
phenomenolgical analyses

S IRN

e Several recent studies by xFitter team: e.g. determination
of strange PDFs at LHeC

PDF Uncertainty, heavy quarks, FFNS & VFNS, C & G initiated, s(x) extraction, resummation...
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Data constraints on the proton and nuclear PDFs
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| ~ 35 —

> -

pPb and fixed target results 3 "7 e o

30 - _ .

N - pHe — pX 12< pT<2.SGeV/C ===+ EPOS LHC =

frOm LHCb o 25 o :""... @:1106&/ ------- EPOS 1.99 -

, ] =3 - _ -

Oscar Boente Garcia = vm . QOSIETLA: 4

b h If fLHCb C ” b . -g" 20 I S = = QGSJETI-04m -

On e a. O O a OratIOn B 15 l - :{:.:;l:“.‘”:uii'.."—’q;_' '”-'I-... S == HIJING | .38 E

o o e o, Ty - . —— PYTHIA64 =

» p production in pHe - dark matter searches in cosmic rays 0 - e L T T =

« p production in pHe never directly measured at these 5 B e T e
energies

. . 20 40 60 80 100
Uncertainty smaller than spread of predictions » [GeVic]

» Decisive contribution to reduce background
uncertainties in dark matter searches

* Latest measurements with heavy ions at LHCb have been reported:

816 TeV pPb ~ Other Collision Systems - Fixed-target mode: { p production in pHe
g s LDy » Charm production
10% ATLAS/CMS Wl HERA B and PhPb. P

B ALICE o :

{- Coherent J/y production in UPC PbPb collisions

10°} ALICE Muon . , + |
* Heavy flavour production in pPb ( A, B hadron, Y (nS

Pb
% o} & -l
o 10°
102E
10!

- Saturated réqior
[~ e 10 1077 10=2 100" 1
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Jet Measurements for PDFs + Uncertainties
Chris Young on behalf of ATLAS Collaboration

» The results are compared at NLO to a vanety of PDFs
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 An impressive array of correlated systematic uncertainties have been studies
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L=81nb'-3.2fb"
iIs=13 TeV
anti-k, R=0.4
Data
T14
NLO QCD + C
® Koy ® Koo Y HERAPDF 2.0
M, =H_=pr™ ¢ ABMP16
ufl-ll/ld;’]fh CT14 | MMHT 2014 | NNPDF 3.0 | HERAPDF 2.0 | ABMP16
,;m X[ 419/177 | 431/177 404/177 432/177 475/177
prt 1399177 | 405/177 384/177 428/177 455/177

» As these correlations are clearly extremely important the second part of the

talk will detail how we measure the Jet Energy Scale and the correlations
across pr.n on the experimental side.

e Useful information on how these uncertainties should be included in a fit to these data
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Photon production at ATLAS

» NNLOJET pp—=y+j (N;j>1) /s=13TeV
Ana Cueto on behalf of ATLAS Collaboration - | | | LO :_
g NLO ===
. . 103 L === NNLO |
e Cross section and ratios from 8 and 13 TeV | | NNLO’NN:%)LF,S(S)
& { ——
» Stringent test of QCD, many experimental and theoretical = 10 - —— -
uncertainties will cancel o ' :
O o
. . ~
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Charm production in CC DIS at HERA

J. Nam on behalf of ZEUS Collaboration

QPM-like o)
-~ = = Es
\\‘\ wt “\\ wt O
‘ . C10
(i) E
+ 0

\ 0
o e _5
\ \
\\ - \\ 5(d) _1 0
(i) (iv)

ZEUS
: O  ZEUS Charm CC e p 173 pb”
[ —— MC ARIADNE
e FFN NLO
: -+ =.-. FONLL-B
E S R S A T A
e =
: I—l—l—hl-l - — I_I_I.A-IJ A —
10° 10*
Q? (GeV?)

 Charm in DIS directly probes the strange quark density

« ZEUS measurement is limited by statistics

« Much more statistics will be available at EIC, LHeC, EicC

e Potential of such measurements has been tested
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ZEUS
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(GeV?)

Parton densities at Very High X
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Allen Caldwell on behalf of ZEUS S S AP ICIC \
 Investigations of PDFs at very high x using transfer matrix B ;'. ,:-° . T Finer bins
« ZEUS high-x (x—1) data unique, but not used in PDF fits 10°F
* Low numbers of events mean error analysis is more complicated but not . -;t_anfiard
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