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Outline

* Introduction Disclaimer:
_ This talk is covering only unpolarized, Spin: next plenary

* Low-x gluon collinear PDFs. talk by Hayan Gao
» Fitted and perturbatlve charm Many results had to be left out. Parallel session on
« High | d | Proton structure and

Igh-X gluon ana valence The emphasis is on new experimental PDF: WG1 [Valerio

. results and their PDF interpretation. Bertone, Mario
* Flavour separation, strangeness Campanelli, Paolo
| made choices based on personal biases. Gunnellini]

* Nuclear PDFs The selection is not complete and | would

like to ask your apologies for missing out
many important results.
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PDFs and QCD factorisation

Deep-inelastic scattering

e\./e'

Proton-Proton collisions
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Integration variable: x
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Two integration variable: x,, X,

Factorisation is proven in pp
only for a subset of
processes, such as Drell-
Yan, jet or heavy quark
production

« PDF fq(x,p): probability to find parton of flavour q in the proton

» Factorisation theorem: hard partonic matrix elements factorize from PDFs

« Higher twist terms are suppressed by powers of the factorisation scale p
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PDF evolution

. 1 8
PDFs evolve with the scale: :
DGLAP equations 107
6
— given the x-dependence at a -
fixed scale y,, DGLAP predicts the .~
S
x-dependence at another scale .
Ingredients: splitting functions and &'"
running strong coupling o 10
Q10 |
PDF set 4
parametrisation of PDFs [u(x),d(x),s(x),g9(x),...] 1
at a starting scale p, and a choice of a_(m.,). o
Using DGLAP, this predicts the PDF for any
flavour at any scale and any x

Figure from PDG 2018
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DIS:
0*=—(e—e}
x~xz=2pqlQ
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Drell-Yan:
Q*=m;
X, X,~M>ls

X
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PDF fit

Initialisati - F
 PDF fit: determine a PDF set from data using il : Eg;{aecf;g%alk >
NLO or (where possible) NNLO theory CTEQMMCnet

 Requirements:

- Data . . XFitter
- Predictions for the reactions of interest

- PDF Parametrisation at starting scale [, st il porometers and it agai hitp://fitter.org

« xFitter: open-source tool to do PDF fits

» Global fitting groups: NNPDF, ABM,
 PDF uncertainties are often expressed by CTEQ, MMHT, ...

publishing several PDF sets See parallel session talks:
MMHT,CTEQ-TEA,NNPDF: WG1 17.4. 14:20-15:20
xFitter: WG1(212) 18.4. 16:30
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- Fitting framework
 Result: “central” PDF set +uncertainties




Example PDF set
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NNPDF3.1: EPJ C77 (2017) 663 [arXiv:1706.00428]; WG1(252) 17.4. 15:00
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Shown here: result of
NNPDF3.1 analysis

Valence quarks, gluon, sea-
quarks

Uncertainties are encoded in
the widths of the bands

DGLAP evolution to high scales
causes steep rise of gluon and
sea at low-x

Charm and beauty quark PDFs
are non-zero at scales y>M,

(variable-flavour-number)

Alternative: fixed-flavour
number schemes, N={3,4,5}




Relevance of PDF uncertainties

Combined Value Stat. Muon Elec. Recoil Bckg. QCD EW PDF Total | y?/dof
The PD FS Seem tO be rather categories [MeV] | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. | of Comb.
mr, W, e 803700 | 123 83 67 145 97 94 34 HEEM 309| 2/6
well known’ SO Why care mr, W™, e 80381.1 (139 88 66 118 102 97 34 [ 305| 76
abOUt preCiSion'7 mr, W=, e- 203757 | 96 @ 1B 55 150 £33 95 34 N 251 1143
;}5., W*, e- 803520 96 65 B4 25 532 ‘B3 57 WM 755 56
. . pl, W=, e- 803834 | 108 7.0 8.1 25 61 81 57 Bl 236 | 1066
Exam ple : recent h IJ h- Aweey |80394| 72 63 67 25 46 83 57 MM 187| 1913
HP.- 4 +
- pl, Wt e 803472 | 99 00 148 26 57 82 53 El 23.1| 45
preCISI(_)n W mass o W e 803646 | 135 00 144 132 128 95 34 [EH 308| 85
mp-pl, W+, e 803454117 00 160 38 74 83 50 [EEE 274 1/5
determination by ATLAS m-ph. W e | 803594 129 00 15.1 39 85 84 49 P 276 85
. ] ] mT-p.{., Wte (803498 90 00 147 33 61 83 51 BEER 229 | 12711
— PDF is the domlnatlng pL, W, p 803823 | 101 107 00 25 39 84 60 [N 214| 77
. mr, W, 803815 | 130 116 00 130 60 96 34 (B 272| 37
uncertai nty mp-pl, Wt u | 803641 114 124 00 40 47 88 54 [ 272 57
m-r—pfr, W-,u (803986120 130 00 41 57 84 53 [ 274 377
. my-pt, W=, 803820 | 86 107 00 37 43 86 54 HESM 210 1015
The same is true for many e o
my-pt, Wt e | 803527 | 89 66 82 31 55 84 54 EEE 234 | 7/13
other LHC results mr-ph, W-,e-u | 803836 | 97 72 78 33 66 83 53 136 234 1513
mr-ph, W*, e-pu | 80369.5 | 68 6.6 64 29 45 B3 55 N 185 | 2027
ATLAS W-mass: EPJ C78 (2018) 110 [arXiv:1701.07240]
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PDF fits: many possible input datasets

flavour separation

low-x > high-x . \
p . o ~ LHC W+charm
HERA inclusive i HERA Jets ) s jets New CMS data: strangeness
NC and CC data H1 jets NNLO analysis L ) ‘ Collider W,Z,DY
< ~ Low/medium-x gluon, a, ATLAS jets 8813 TeV New W,Z LHC
Backbone of all PDF fits p N\ CMS jets 8 TeV u,d,s flavour separation
Low-x resummation RHIC 0.5 TeV ‘ F d t t DY D
[ ] LHC c+Z,c+ High-x valence and gluon IXed targe
.~ HERAcbdata Y palc 2y 9 /
< v SeaQuest 2017 run
o T e, s s | LHOBAE ] bt
- ’ * Fits with “intrinsic” charm < y :
c, b quark masses ATLAS. CMS, LHCb at . Fixed target DIS )
various \'s Quark flavours at high-x
) _ ) _ High-x gluon JLAB prospects
Highlighted: results covered in this talk Nuclear PDFs
(there are many more [mostly older] results included
in PDF fits but not discussed in this talk) pA and AA data
Z,W in pA,AA

Jets, charm in pA, AA
DIS conference, April 2018 S.Schmitt, Parton density results




Low-x gluon
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HERA data and low-x

HERA combined inclusive data: the

backbone of all PDF fits
H1 and ZEUS

H1 and ZEUS

- 4 Z Q*=2GeV* r Q' =27GeV’ | QF=35GeV" | _Q'=45GeV’
o £ ® HERANCep 04~ +
07 s L - .
©’e low-X B HERA NCe'p 0.5 fb -+, low scale-...
‘f' 6 [ et n= D‘“—’?E&Eﬂ i=20 Yea IR Gay i T . h"‘l""“"‘u,
o) 10 E n:‘:'_- x'{;;] = 0.00013, =19 O Fixed Target 0wl .ul.l-;ﬂ cud sy ;Iu';!__.:.".l'.ll _IJII_,_" ol yud ;.'u"s

o aawes X, =0A20AE === HERAPDF2.0 ¢ p NNLO Q' =65GeV: | QP =85GeV: |
e Xy = 0.00032, =17 !

w0 .""_._.'.:-:-""r. Xy = 00005, i=16 === HERAPDF2.0 ¢'p NNLO I B r I
S Xg = D.0D0S, i=15 1 L
- = .".-r"'ﬂ gy = 00013, i=14 m i

4 = 0.0020, i= - L

W Smalel s iy MG EPJ C75 (2015), 580 [ B [
T e e Vit . l_coumd sl ovnel v vl ool ol vund oo sl e vuind vod ol ol St vued v
R -t = 0005, i=11 - 2 2 2 2

w3l I "‘fom& o [arX|V-1 506.06042] Q=15GeV | QP=18GeV' | PQGe
E .- % Xg; = 0.013,i=9 |- L
E oo wabte  Xg=0.02,0=8 ; [ - - -

10° - "W Xgy = 0.032,1=7 L |
F 3 Xy = 0.05, i=6 I [E [E [
I — - - —— Xy = 0.08, i=5 o Lo ||-|:J yauml -m-lf‘ Y ||u,|i sl ||u|J‘ bl ol vougel o1 ||||J,|-| o 11und ||||-‘|f und --||ui‘|||

0 = e A i QP =35GeV' | QF=45GeV: | QF=60GeV | Q* =70 GeV*

o T - s Xpy = 018, I=3 r \. I 1\‘
1 oo ooy " =0.25,i=2 1 FT h r
— . igher scale,

=
=
[T T T

TN

gy = 0,40, i=1

Xgy = 0.65, =0

e

=

high-x . ..,

10 10° 10 10 10°
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DIS conference, April 2018

—
=
L
TTTTm
-
-
-
“
[
-
——

2

0* 10" 0* 10"

Q*=90GeV* [
Xg;

® HERANCe'p 0.5
Vs = 318 GeV
== HERAPDF2.0 NNLO

0 YT ERRTITY IRATIEY MATTTY T

10° !

10* 10

S.Schmitt, Parton density results

Increasing x

Cross-section turn-over at low x is
caused by the structure function F|

4
Or:FZ_%FL
28" x

Low-X, low-Q?

Turn-over is not well
described by NNLO
QCD fit

Low-x resummation?
10




Low-X resummation

Resum leading logs in 1/x:

BFKL-type gluon ladders

Code for resummed splitting
kernels and resummed DIS

coefficient functions available in
the package “HELLZ2.0"

|

A 4 Y

Y T T S

HELL2.0: JHEP 1712 (2017) 117 [arXiv:1708.07510]
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Low-x resummation and HERA data

» Recent PDF fits with low-x
resummation

- NNPDF group
- XFitter group

 Fits include HERA inclusive data
and HERA charm (2012) data

« NNPDF3.1sx also includes non-ep
datasets, with restricted x-range
(resummed coefficient functions
available only for DIS)

* Result: better description of HERA
low-x data and of HERA charm data

NNPDF+resummation: arXiv:1710.05935

xFitter+resummation: arXiv:1802.00064; WG1(213) 19.4. 10:00
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Ored

Theory/Data

Resummed NNLO PDFs: enhanced gluon and sea at low-x

MNPDF31sx DIS only, @ = 100 GeV

B L0 i P S

e NNLO

NNPDF31sx DIS only, Q = 100 GeV

F —— HERA1+2 Data Q° = 3.
0.2F ¢+ duncorrelated

o total — NNLO+NLLx
[ ===Theory + shifts — NNLO

10" 10° 10°¢
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Better description of HERA charm

#EN

26

24

NNPDF3.1sx, HERA FZ data

-:' 4+ NNLO
1+ 4 NNLO#NLLX

:f__'-.'.-m_omu_u ‘ Better f|t
18f quality

R ek et
= b B B B m b

N e

_NNLO+NLLx -

T T 4

1 1
1.6 1.8 2

| 1
22 24 26 28 3

D,
Include more charm at Iow‘x
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New HERA ¢ and b combination

New H1+ZEUS data S
combination of charm 2y _ep
and beauty cross sections,
supersedes 2012
charm combination :
Main result of the paper: extract
charm and beauty quark masses

mc(mc)= 1.290i8;8§§ and mb(mb)=4.049fgjﬁ§

Here: focus on comparisons of charm
data to QCD predictions

- NLO+HERAPDF2.0 FF3A

Fixed-flavour

Variable-flavour

- NNPDF31sx (NNLO+NLLX) 0w resummation

DIS conference, April 2018

New HERA charm: submitted to EPJC, arXiv:1804.01019; WG1+5(54) 18.4. 14:00
HERAPDF2.0: EPJ C75 (2015), 580 [arXiv:1506.06042]
NNPDF3.1: EPJ C77 (2017) 663 [arXiv:1706.00428]; WG1(252) 17.4. 15:00

S.Schmitt, Parton density results

HERA
NLO HERAPDF2.0 FF3A
NNPDF31sx NNLO FONLL-C

NNPDF31sx NNLO+NLLX FONLL-C

H1 and ZEUS
preliminary

T

= Tx

? = 650 GeV*

? = 2000 GeV?

10* 10° 102

10* 10° 10?

10* 10° 1072
xBj

Shown here: ratios to
HERAPDF2.0 FF3A

Data have x-slope
different from fixed-
flavour NLO
HERAPDF2.0 FF3A

x-slope described
better for variable-

3 flavour+NLLX

NNPDF3.1 but Q2

| dependence is not

correct

Valuable input for future PDF fits and

QCD studies: low-x resummation,

flavour thresholds, ...
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HERA jets and PDF+a_ fit

£ \./L
DIS jet production
in Breit frame: one
of the leading-
order contributions

Recent inclusive H1 jet data:
EPJ C77 (2017), 215 [1611.03421]

DIS conference, April 2018

ook
15 |

10 |

H1 data analysis at NNLO: fit of a_and PDFs using inclusive jets + dijets in Breit

frame, main result: a =0.1157(20), (29)

PDF+a fit

theo

PDF-+a fit

A =
Gluon and singlet PDFs A
— H1PDF2017 [NNLO]
&2 NNPDF3.1 («,=0.118) ]
NNPDF3.1 («, =0.114) -
n_=20 GeV 3

f—H|1 ans NNLOJET =

107 1072 107"

X

=
oo

0.010,n_ =20 GeV)

Xg( x

| |
. Correlation of as(mz) and gluon density

| [AH1PDF2017 -- Fit without jet data
¢ NNPDF3.1

68%C.L.of |

. H1 and NNLOJET

Hessian errors |
| . .

0.11 0.12

or.s(mz)

H1+NNLOJET PDF+a_fit: EPJC 77 (2017) 791 [arXiv:1709.07251];

WG1(6) 17.4. 9:00

S.Schmitt, Parton density results

H1 jet+inclusive data
prefer somewhat
steeper gluon than
global fit

Similar precision to
global fit — DIS jet
data have a large
potential for PDF fits

Decorrelates gluon
and a_

Data and NNLO
calculations are
available: ready for
use in global fits

14




Fitted and perturbative charm
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Charm in the PDF

° Varlable ﬂavour numbel’ Perturbative charm NNPDF3.1 NNLO, Q=1.51 GeV. - e FM:::DFGJNNLO'Q:MZ .
scheme: “perturbative _ | # | g rwesom oo
charm” from gluon splitting Fitted charm 5 R
c :5002 \ rg_- I:I
Fitted charm +EMC data | ¢~ Z oot
. (Charm in DIS, high-x) . Charm at u=M, ({8
i NNPDF31 and CTEQ' . . 107, di‘:!dpitpbfG‘eV) ; 107 d;rdpi‘(pbfG;V) ;
TEA: additional “fitted” ]Et'deZ;C 'S SONSIVET0
Qo itte rm r o
charm contribution, onset charm at farge Ly ]
tu >M transverse momentum 10 —ues 10 —ore T
at M=Vl BHPS: valence-like charm sy —s= L St SN, *STE
SEA Sea-“ke Charm 1%: —ICT14nnloPJDFunc.I__‘,_,-:"'-""‘é H%E —:CT14;1nIoP:DFur:c.
}ZE: Ratio to CT14mio-~" . 4 12: Ratioto NNPDF3 -+~ _;
NNPDF3.1: EPJ C77 (2017) 663 [arXiv:1706.00428]; WG1(252) 17.4. 15:00 - e RS S
CTEQ-TEA: JHEP 1802 (2018) 059 [arVix:1707.00657]; WG1(236) 17.4. 14:40 0 100 200 300 400 500 600 0 100 200 300 400 500 600
pZ (GeV) pZ (GeV)
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Fitted charm: new LHC data

 y+c and y+b by ATLAS

« Z+cand Z+b by CMS

CcMS 19.7 b (8 TeV)
2015 *lData
= # O MADGRAPH
— © MG5_aMC
= £ MCFM (MSTW08)
1 o & MCFM (CT10)
N o1l 7 MCEM (NNPDF3IC)
o I L % —}— Stat. uncertainty
NQ:— L Total uncertainty
© %
—
E,o.os -
g |
B — =l
i ZFCir
P T [ " L i
0 0 50 1 00 150 200
pZ [GeV]

CM

19.7 fb™ (8 TeV)

m“_

w
T

n
' EEmEma
<

[do(Z+c)/dpZ/[do(Z+b)/dp

_(ZHCNZF) "

® Data

O MADGRAPH

© MG5_aMC

A MCFM (MSTW08)
& MCFM (CT10)

7 MCFM (NNPDF3IC)

—f— Stat. uncertainty

0

50

100 150

P [GeV]

Uncertainties in Z+c too large to differentiate between
predictions with/without fitted charm

ATLAS y+c,b: Phys.Lett. B776 (2018) 295 [arXiv:1710.09560]; WG1(57) 17.4. 12:30

CMS Z+c: arXiv:1711.02143, Z+b: EPJ C77 (2017) 751 [arXiv:1611.06507]; WG1(19) 18.4. 14:55
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200

Measurements in y+c start

to become sensitive to
differences between
predictions with/without
fitted charm

significant higher-
order corrections,

parton shower
BHPS1

o BHPS2

ATLAS: ratio central/forward photon rapidity

-

rward

Gcentral / Ufo
£ 00 OO N 0 © O

IIIIIIII|IIII|IIII|IIII|III1IIIII

———— MG5_aMC+PY8 @ CT14nnlo

———— MG5_aMC+PY8 @ CT14nnlo

== SHERPA

e PYTHIA

Data 2012

y+C

= MG5_aMC+PY8 @ NNPDF3.1nlo PC

MG5_aMC+PY8 @ NNPDF3.1nlo

MG5_aMC+PY8 @ CT14nnio|

T
ATLAS
Vs=8TeV,4.58 pb™-20.2 0"

“ B
g

BHPs1 :
HPS2 . é

......... /%

IIIIIlJlJI

S.Schmitt, Parton density results

v

" No fitted
1 charm

| Lﬁxﬁiﬁ

200 300

Models with
fitted charm

E! [GeV]
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High-x gluon and valence
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Double-differential jet data at the LHC .

. . . % 1.6F Iyi<0.5 ' “ E % 1_4_' 1.5sly1<2.0 E ATLAS
 ATLAS double-differential cross sections Q4 1103 R,
s 1.2 S Ehbid i i Hff 1L=81nb"-3.21b
2 =1 11T PR =S S LTI AN
. . — d (o) 8 1 3 ‘“‘#WY{{ 1 HIT 8 0.8F i
» Inclusive jets Vs=8 and 13 TeV - Tl a .‘5;:::?4
. d’ . of 05shict0 — b 20syl<2s i ¢ b i
« Dijets Vs=13 TeV s where ' == ,)12] ‘ﬁ-“m i h {Woaie
S 10°p s o e < 1o ost *"NMWWUI :' "ﬁiwmmmmmﬁﬂﬁ;}l i
D of M A=04 ATLAS 3 F L E mwwmod  amas 3 ik g =g - i
% 12:; V5=13TeV, B1nb"-3.21" L. I::ﬂlyslfﬂ‘:’:w:'é % 12:53_ E=13TeV, B1nb"-321" ; :.';‘n:t“.:‘:‘ U:: 0.8 | 1OSM<1 - 1 E 0.6—i zssm;sal S .’ ‘_-!ln=up=p?m
& — B 10 slyl<1S5(<107) _ & __ B 10sy'<15(=x10 __ 1 - — 25_ * 7 -
3 0, D ummiad  y wESee., grasmi i vEl | \ i T jgcnis
e :’—.000000\ & 2.!:Iy|-(101;\0"‘}_: -C:’: E ey = 'Oo.- A 25ay<30(10") = 5F 4 * .
“_‘:_ 10—;;'::..... M]Lk:‘;h'. : _g 10—;; S0 5 0.'.... E 091 ‘ " ““““ | | E 1 51 *ﬁ““““““*ﬁ !111‘ 3 + :E:;;TEF 2.0
o .—.El'.][_ ", tog i :: <:5 ; E_ G 00, ®e - _E 0.85 . - 0.5f P e ,t,| 3
10-5__. BEpgg,, o . = B 10°F E LU o0, 3
Ea = - oY = e— 3 oE ”:Dun,;,__'.' e o A z 03 % Ci:3 0° 2x10° ® 2x10°
10-9:::AA....“?‘ m%m el 3 1100 = e —'u;_--,J__L%D ~ 3 107 2x10 10° 2x1 p 107 2x10 1231 [(.3291\!:;
10 12: aAA'\'ﬁa,.A “‘n .E,Z.D E -12’i ““h.‘l‘ == i . . . . . .
10 [ e ﬂ,xm;-.ﬁ_&“ =3 togeee =.. " 2o Data uncertainties similar in size to
18 i b e 3 10°E  wosreemnenon a 3 T .
oef = R e predictions from global PDF fits
10? 10° B .
7 - [GeV]
Inclusive Jets p, [GeV] Dijets micel o Shape differences NLO « data
(only the newer (Vs=13 TeV) data are shown here) e Data to be used in future PDF fits
ATLAS: 8 TeV inclusive jets: JHEP 1709 (2017) 020 [arXiv:1706.03192] o _
ATLAS: 13 TeV inclusive jets and dijets: arXiv:1711.02692; WG1(59) 18.4. 10:25 Quantitative comparisons: backup
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Triple-differential jet data at the LHC .

 CMS dijet cross sect. at \s=8 TeV T e B
% 80 L] SEEA’.IOtIéD:’S,*-CMS dijets x 20 == gff;ﬂ“l;zl?‘?*cﬂs dijets
d’'c R s E] Sk
1 1 1 ——— , where :| + /2‘ i
e Triple-differential g a,a ¥ 270ty :
- 19.7fb-1 (8 TeV) 20
small rapidity difference y* S ' Byl 2 e R o 5
large average rapidity y QU 107 c M S —v— 0= y: <1 1=y"'<2(x102) E 3 ¢
b @) —— 0=yp<1 2=y’ <3(x101) j;:é E
:a‘ 106 L —8— lsyp<2 0= y*<1(x101) & 10 10-2 10-2 10-1 &
b 1=yp<2 1< y'<2(x101) x
* 30_5 CMS e HERA 1+ DIS + CMS dijets 30.8 CMS : HERA 1+11 DIS + CMS dijets
= 2041 NLOJET++ (NLO®EW®NP) - Za; 072104 Gev: % 0= 104 Gevz
large—x 3 NNPDF 3.0 %06
valence quark 2 %\ 103 L g = Pr ma@03"
o|® %6, anti-keR=0.7 °"‘/\
£ 102 | o 0.2
= a0l § § 83
5 1 4
B 100 g & o 10 10-2 10-1
~ W,
| 10-1 |
arge-x " .
s 10-2 |  PDF fit together with HERA data
valelsézec;:am 10-3 | 3 ) ]
o e « CMS jet data constrain valence

large rapidity difference y*
small average rapidity Yy

e quarks and gluon at high-x

EPJ C77 (2017) 746 [arXiv:1705.02628]; WG1(30) 17.4. 15:40
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Jet production at RHIC

w_‘ig STAR 2009 Di-jet Cross Section
« Data from polarized pp collisions at Vs=200 GeV X B -
. . . %l 10-2;— e % NLO pQCD CT10 + UEH
« Main measurement: polarisation asymmetry A | RN [r——
gw";— w“v oo
« Add-on: unpolarized cross sections g i -
1 % 10—"%— Vs = 200 GeV —
« Explores regions of very large x, at lower scales i
than LHC 10_s§det:18.ﬁpb'1:3.3%

« Data uncertainties are much smaller than
predictions — possible constraints on PDFs

>
-
=]
@
E.
>
-
o
@
=
L7
a
©
a -
=

STAR jets: Phys.Rev. D95 (2017) 071103 [arXiv:1610.06616]; WG6(126) 18.4. 11:30
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Global fits with LHC jet data

X2 for NLO and NNLO fits

NLO theory | NNLO | NNLO (no errors) Gluon (NNLO), Q% = 10* GeV?2, Relative error
° . | .
N N LO CalC' ATLAS, Riow 215.3 172.3 179.1 b ' 3
available ATLAS, Rugr | 1592 | 14938 153.5 11l
CMS, Riow 194.2 177.8 182.8
CMS, Ry, 198.5 182.3 188.8 il ochsinintainiaie s nisiaiais oisiniein muntaisiniatateiayolinle i=ialrn nist aie:aimintste inin

b M M HT StUdy, 2 4 2
. I d|n Onl & Gluon (NNLO), Q° = 10* GeV . o 09
INCIU g . y MMHT (no jets) —
Vs=7 TeVjet 1w LHC
Tevatron
data at N N LO 5| Tevatron + LHC ——

0.7} LHC —
Tevatron ——
0.6 | Tevatron + LHC —
MMHT (no jets) - -

 Difficulties to fit 0F ooy -~ -
the ATLAS data -s %
— change syst.  NNLO describes the data better
correlations b in! . than NLO
v « LHC data do improve gluon in
NNLO jets,V+jets calculations: WG4(165) 18.4. 9:00 global fitS, in particular at Iarge-x

MMHT+jets: EPJ C78 (2018) 248 [arXiv:1711.05757]; WG1(250) 17.4. 14:20
CMS 7 TeV: Phys.Rev. D90 (2014) 072006 [arXiv:1406.0324]
ATLAS 7 TeV: JHEP 1502 (2015) 153 [arXiv:1410.8857], Erratum JHEP 1509 (2015) 141
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Gluon density and tt(bar) cross sections

(pb)

Inclusive tt cross section

» New CMS measurements at 2016 ATLAS measurement ~ * #‘e\V/V_LTEbfmeaSgrgmert{t at13
of tt(bar)/Z: backup slides eV In the Torwara airecton
5and 13 TeV (2<Y,,,<5, p;>10 GeV)

B CMS | CMS PDF fit with HERA data

§ i l+jets 7 TeV (L=2.3 fb) ; > [ cMS NNLO MC Method /] | LHCb

C ¢ en8Tev(L=18.7 15" £ Vs =13 TeV H-o-+H

| 4 lsjels 8 TeV (L=19.61") § i ug =10° GeV? ,r

| 4 en13Tev (L=221b" g 1= | = HERADIS + CMS W = o .HﬂH

T 4 ljets 13 TeV (L=2.21b7) r T ; | [ HERADIS + CMS W + 6 ;’f ﬂ Pﬁgg;to 50 len |sln 2;)(1
102 i ¢ I+jets :.—": ol : e - e dM(,I*M Blpp-# A-2peb R[]

C &S NNLO+NNLL 80 @ eu/ppliets T [ TR

H PRL 110 {2013) 252004 : ”_-4 d . E L — DIS+W* +ﬁ|;.fDIS+ wt \“

B i I c | \

B 60F | S o8l Sk ‘ I

- ' @NNPOFso [MmHTia| | C [ RS, - L
o 40 mctia  [Maswprie 10° 10° 10" . sEes : :

E el e RN L CMS cross-section is L

=t qevy  constraining high-x gluon
LHCDb: forward ttbar prediction is

LHCb 13 TeV: arXiv:1803.05188; WG1(220) 17.4. 11:50 ~20 below data
CMS 5 TeV: JHEP 1803 (2018) 115 [arXiv:1711.03143]; WG1(30) 17.4. 15:40 O, nes~g(x,)g(x,)

CMS 13 TeV: JHEP 1709 (2017) 051 [arXiv:1701.06228 _ _
(2017) 031 ] where x,>10"', x,<107
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Single-differential tt(bar) cross sections

« New ATLAS data: normalized single-
differential dilepton cross sections at 8 TeV

 Many variables are measured and are

compared to various PDF sets

Generator od 'l P m* |y A* pi+ph E°+EF

Nioi 9 5 R T 7 9
MCFM + CT14 is K1 72 Ji2 B0 12 1.4 112

5 MCFM + MMHT 113 128 92 M2 128 Tl 1.2 9.6
X MCFM+NNPDF3.0 [117 113 72 114 94 73 1.5 8.5
MCFM +HERAPDF 15| 9.1 109 64 121 80 69 8.5 2.6
MCFM + HERAPDF20 | 84 120 62 124 80 68 8.0 2.7
MCFM + CT14 D24 DDSD 051 043 011 062 02 027
MMHT 026 0.2 051 042 013 062  0.13 0.38

p-va lu€ NNPDF30  |023 018 052 041 031 06l 0.12 0.49
MCEM + HERAPDF 1.5 | 043 021 061 036 044 065 029 098
MCFM + HERAPDF2.0 | 049 0.15 063 033 044 066 034 097

EPJ C77 (2017) 804 [arXiv1709.09407]; WG1+5(160) 18.4. 14:35
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prediction / data

0.9
0.8

0.7y 05 1

ref

xg(x,@%)/xg(x,Q?%

1.1

E ATLAS
F (s=8TeV,20.2fb"
[ O data uncertainty

0
‘I'—"r'l"'I‘]""'|u""'".'.'_'_"""'""""' FhREn PR | T T
= _ Tr

:|||

F® MCFM+CT14

E® MCFM+MMHT

Fm MCFM+NNPDF 3.0

- ® MCFM+HERAPDF 1.5

rm MCFM-II-HERAPDF I2.0

ST T SR T )

Dilepton ly""|

T
[ =@

| B=HERA I+l
1.1 HERA I+ll, tf

0.95

1072
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Example:
1 difference in

rapidity of the two
leptons compared

1 to predictions

ATLAS PDF fit
with HERA data

Data gives extra
sensitivity to the
high-x gluon
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Double-differential tt(bar) cross sections

f)

(t

d’o

CMS
* New CMS tt(bar) 8TeV normalized 5--?()4')(9'()(). u?=30000GeV? NLO |
. . . . = U4 f | (At
double-differential cross sections in 2 ] HERA + CMS W* 8 Tev -'[
. . . S ] +[p (0, y()] 8 Tev .
combinations of several variables o 2 L 22+ minstev r
) i ) ) ) PDF fit with SO20 G s e, midis Tov NI
y(t), prle), M(t7), y(¢7), An(2,7), p(t7), Ao(z,7) HERA data a8 ]
' B
CMS 19.7 b (8 TeV) 5 :
g | n<'|y(‘:|<|'1.?s IJI.?SLI;r(It]h:.O.SS J[ d.as;l;r(l}l-:li,rils | 1.45'<|y(t)|<'2.5 ] _ ‘19.?1fh“!aT?\.r] B . .
g | " o e % 10 mann<swce | <02 Uncertainties on
st Top p;andn moinre | e e L gluon density
Iti . BT Tiemeos | -04| arereduced
“1F10% T i B ) 5
[, R i TR : e Nt AR T
R i 1 e tt(bar)inv.massandy . X
AR N M Sy EPi s BE G W « Double-differential
fosf 11 F = ey — e e Fry data put significant
s LR e e et e constraints on the
Iy(tol .
EPJ C77 (2017) 459 [arXiv1703.01630]; WG1(30) 17.4. 15:40 hlgh-X gluon

DIS conference, April 2018 S.Schmitt, Parton density results 25




Flavour separation, strangeness
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Strangeness in PDF fits

* Indirect constraints on strangeness by 'ggraA NC: o, ~4(u+a+c+2)+d+d+s+5+b+b
combining structure functions, W-prod ygra cce® p: of ~d+s+b+a+c
and Drell-Yan + sum rules (each HERA CCe™ p: Geo~utc+d+5+5
probing different flavour combination) 1 xcz: o, ~ua+ce+1.3(dd++s5+bb)
LHC W+: 0,,.~ud+c5+Cabbibo suppr.prod.
LHC W+: 0,,-~ud+¢ s+ Cabbibo suppr.prod.

 Direct measurements:

- High-x semi-inclusive DIS, K*&K~

- Charm in charged current, vN P pp —> Wac
NLO calc: WG1(146) 18.4. 15:30 charged current
- LHC W+c
« Look at suppression factor @E’\
- :g ~ R = S+s i
*d S u+d
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Recap: LHC data and the strange sea

« Global fits+NuTeV/CCFR, NOMAD, CHORUS: “suppressed” strange sea, r <1 ,
« HERMES 2014: r_is x-dependent (leading-order analysis) -
« ATLAS 2012 fit of W and Drell-Yan +HERA: ATLAS: unsuppressed strange sea °*

0.5

HERA | DIS + CMS W production

Q*=1.9 GeV?

CMS NLO free-s fit
exp. unc.

model unc.
parametrization unc

B

= T - 0
“unsuppressed” strange sea r =1 RAEREAR RIS oWZhees | ATLAS :g 12, CMS: suppressed
& ABKMO09 —— 32
« CMS 2013 data on W asymmetry plus PDF | zweorar —a— re1l| = SdBRgesea R ~(.6
. “ ” x : m | +
fit: “suppressed” strange sea e 1 o5
« CMS 2013 data on c+W compatible with e ot Hood © o e
p 02 0 02 04 06 08 1 12 14 .
“suppressed” strange sea oug . PTr e R L e —
. . Total uncertainty o' =25 GeV, h['.‘"l <25 "1,,:-:_.‘ 14 ATLAS 02 o nﬁv
 ATLAS 2014 data on c+W compatible with o o i $ HERAPDF 1.5 + ATLAS We-ouWol data
. “ L . ediclions: 107.7 = 3.3 (stat)= 6.9 (syst)pb o E ATLAS-epWZ12
with “unsuppressed” ATLAS fit NLO WP+ MO POF T 1 12F =
= MSTWO08 - i 1'1:
HERMES: Phys.Rev. D89 (2014) 097101 [arXiv:1312.7028] g |} Wtchgap======aescm———
ATLAS fit: Phys.Rev.Lett. 109 (2012) 012001 [arXiv:1203.4051] N dat
CMS c+W: JHEP 1402 (2014) 013 [arXiv:1310.1138] "NPOR2) - ata °°
CMS W asym: Phys.Rev. D90 (2014) 032004 [arXiv:1312.6283] - OjjsE
ATLAS c+W: JHEP 1405 (2014) 068 [arXiv:1402.6263] Rt e o
0 5I0 160 150 10-3
oW + ¢} [pb] X
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New LHC W and Drell-Yan data

 Recent data: ATLAS Vs=7 TeV

« W: single-differential in lepton n

« DY: differential in y, for three mass
regions, forward and central rapidity

160~

14 = y . e
=) ' a - ATLAS Zhy* = I
K= | ATLAS = : 4 i ]
= 550_. =7 TeV. 46 fb" 3 =T 140 Vs=7TeV, 461b 66<m, <116 GeV _,
5 _ 2 Yo o Py, >20 GeV '
g . 0 48 HARTATATAYA T :
= 600 [ ' * -Lr,—"ﬁr A ] ] 120 1;: I} <2.5
?_'__ : 1 i | J(TJ || - -
ey T g oo
[ 5 . 1 | =
ssoff % [T 711 Tt e T
: W+ |+ : [
ata B v - b
o ABMI2 p,, =25 GeV
SO0 3 cria B g8 0oy Examp[ie 0(W+) and o(Z)
y HERAPDF2.0 m, 40
i T AccuraCy <1% (11.8% Iumlnosny)
450 [~ & MuHT2014 Tmalﬁﬁ:enar-nww
"”’I“- Iuminosity excluded | ) 20 g
© 1.05F ' = i =105 . 3
5 Ty T3 ‘} Cre Pt +; Y 5 Ff’ 1, 10 W0 W0y T LWL R :
%"095§rf T4 v i E‘OQS}"},, 4 W § 144 ¥ vk
Lo sl a a3 © “CE,BLELTC Y 1
g 0 0.5 1 1.5 2 2.5 § 0 05 1 15 2
e Bl Iy,

EPJ C77 (2017) 367 [arXiv:1612.03016]; WG1(58) 17.4. 12:10
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xs(x,@?

[ ATLAS Q*=1.9 GeV? & 160 ATLAS Q= 1.9 GeV?
0.5, ATLAS-epWZ16 x F ATLAS-epWZ16
,a(r-vex mod unc. F erq-ex mod unc.
r m= €Xp UNC. g 1'5: == €Xp UNC.
0.4 = .
- g 1.4f
C o H
0.3 1.3
5 1.2}
0.2 ; 15
: 5 3 -
ot xs(x,0’) |t
| ooF u+d .
c i 1 ' (| i i L L i i - I L I i i i) I i L i i il
10° 102 xw" 10° 102 > 10"

ATLAS+HERA data PDF fit: confirms
unsuppressed strange sea at low/medium x

PDF parametrisation uncertainties at low-x
and high-x are large

Triple-differential ALTAS DY data are also available:
JHEP 12 (2017) 059 [arXiv:1710.05167]
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New data on c+W

U ERGTInay LR M CMS Preliminary Hessian uncertainties
NeW C,MS _ DTotaIUncertainty p,>26 GeV, "l <2.4 Tm |
analysis for — iR x| 2 cms,this analysis 12=1.9 GeV?
DI8201 8 —+— ABMP16 (NLO) e
W+c at 7_ | 2 P, [ ATLASepWZ16nnlo
\/8=1 3 TeV - —— ATLAS epWZ16 & i
Fully-reconstructed D* mesons [ * ¢T4 . il
Direct probe of strangeness in | 7 MMHT14 e ‘
the proton - & NNPDF 3.0 i i
Integrated and single- = NNPDF 3.1
differential [n | cross sections o0 40 so0 800 1000 1200 T
H o(W+c) [pb] X
PDF fit with HERA, CMS W CMS-PAS-SMP-17-014; parallel session talk: WG1(30) 17.4. 15:40

asymmetry and previous CMS

Wi New CMS data: not compatible with ATLASepWZ16nnlo

central fit. Overlap within parametrisation unc. under study
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Fits using ATLAS and CMS W+DY data

 Cooper-Sarkar & Wichmann  § 7 _&o* 8 oo CSKK (using “ATLAS”
(CSKK fit): compatibility of S [ ez CSKK“?P’[S ATLAs parametrisation): ATLAS and
N ¢ o Parametrisation unc. | CMS data are compatible. Fit

ATLAS and CMS data

 ABM group: revisit PDF
parametrisation and :
compatibility with otherdata £ ... .. .. °»

- — atlasZ+W

- studied but not shown

results in unsuppressed
strange sea. Parametrisation
and d(bar)-u(bar) are also
studied.

0.5

10 10 10°? 10 1
i u=3 GeV,N;=3 e 1=3 GeV, N;=3
. ) p—— 3 [ S Comparlson to EB66 ABM: “ATLAS” central
f ______ ABM e ~ parametrisation is not
= e B 3 " | flexible enough to
= accommodate E866
I ___ 3 e " [NuSea] data.
es e = F d-u e — have to use different
— =, 0’ 9GeV\ o Trd’ , 0'=9GeV’ Y . parametrisation and study
AL S A =] =T | d(bar)-u(bar) and
CSKK: arXiv:1803.00968: WG1(227) 17.4. 15:20 «L . | strangeness together.

ABM: Phys.Lett. B777(2018) 134 [arXiv:1708.01067]; WG1(153) 17.4. 14:00
NNPDF3.1: EPJ C77 (2017) 663 [arXiv:1706.00428]; WG1(252) 17.4. 15:00
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SeaQuest preliminary data

: S ST ' ; « E866/NuSea:
- Sea Quest: fixed-target Drell-Yan | cuwe | | restricted to x<0.35

» SeaQuest/EQ06:

experiment with hydrogen and & fesono :
- reduced beam
energy, higher x

deuterium targets o) e
P | e Only 15% of the full
semeze __4—____ |  dataset—analysis

w(x) sl

* Recent run finished in summer 2017 | |«
295 01 62 0.3 0.4 0.5 0.6 ongoing

1.0

05

i
No evidence for dbar/ubar<1 at high x

Also recorded: data from heavier targets — better
systematics, option to measure EMC effect in DY

Late 2018: operation with polarized target

NuSeaE866: Phys.Rev. D64 (2001) 052002 [hep-ex:0103030]
SeaQuest detector: arXiv:1706.09990

Preliminary result e.g.: JPS Conf.Proc. 13 (2017) 020051;
Parallel session talk: WG1(266) 18.4. 12:30
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Lattice QCD

« Recent Lattice calculations reach 4‘7(_x)_ﬁ(_x) u(x)=d(x) >

scales p~2 GeV FFHE
— compare with fitted PDFs

e =
---CT14
—=matched PDE

« Two new results predicting difference _
u-d and dbar-ubar at large x: 2r

=

|
1) European Twisted Mass Collaboration = 1i_
2) LPS3 collaboration 8

-

-04 -0.2 0 0.2 0.4 0.6 0.8 1.0

 Shown here: LP3 results on u-d and
dbar-ubar at y=3 GeV

« Lattice results on unpolarized PDFs
may become increasingly interesting ETMC: arXiv:1803.02685 X
for PDF fits in the future LP3 collab: arXiv:1803.04393
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Ratio d/u from fixed-targed DIS

JLAB 12 GeV program includes dedicated Projected precision on u/d from future 12
experiments to improve structure functions GeV JLAB experiments
and d/u ratio at high x

- Hall C: precision F, for ep and ed scattering

0.6

- MARATHON: ®H and ®He, nuclear corrections cancel :

in ratio S 0.4 by A
. . s 1 CER K
- BONuS12: effective free neutron target in ed g = $  Masathon PH/%He
scattering with proton tag 0.2 | }  SoLID PVDIS
- SoLID PVDIS: u/d from parity-violating ep scattering | ¥ BoNusl2
Fitting group CJ at JLAB, focussing on the LR s i RS .
use of high-x data in PDFs ' 0.2 0.4 0.6 0.8 15

CJ15 PDFs: Phys.Rev. D93 (2016) 114017 [arXiv:1602.03154] o

BONuS 5 GeV: Phys.Rev. C89 (2014) 045206, add: Phys.Rev. C90 (2014) 059901[arXiv:1402.2477]

MARATHON: https://www.jlab.org/exp_prog/proposals/10/PR12-10-103.pdf Parallel session talks:

SoLID PVDIS: https://www.jlab.org/exp_prog/proposals/10/PR12-10-007.pdf BONuS12: WG7(261.) 18.4. 10:24
Hall C precision F2: https://www.jlab.org/exp_prog/proposals/10/PR12-10-002.pdf JLAB 12G.eV: WG7(255).1.8 4 -16'54
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https://www.jlab.org/exp_prog/proposals/10/PR12-10-103.pdf
https://www.jlab.org/exp_prog/proposals/10/PR12-10-007.pdf
https://www.jlab.org/exp_prog/proposals/10/PR12-10-002.pdf

Nuclear PDFs
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Nuclear PDF fits

4 LHCdata (recent fits)
« Parton content of a heavy target with = i

charge Z and atomic number A?

Q2 [GeVY

e " Fixed-target DIS and DY
O F Wi / experiments: backbone

LHCW & Z

 Heavy target is composed of bound ol e e of nuclear PDF fits
protons and neutrons. " y |
I(}; //
« Given isospin asymmetry, bound neutron = | 4 | |
is inferred from bound proton PDFs A S e e ]
« Bound proton is taken from free proton  EPPS16: free o e T NN
i - ifi i proton from 1o F -' il
PDFs with A-dependent modifications B2 " 5 _ N
 Recent nuclear PDF fits: EPPS16, CTEO § 5 R
n . ree by EMC !
NnCTEQ Droton from 06 | o
CTEQ: Phvs.Rev. D93 (2016) 085037 [arXiv-1509.00792 CTEQ6.1 Example nuclear T
n : Phys.Rev. D93 (2016) [arXiv:1509. ] modification factor ~ 1©0° = 10 !

EPPS16: EPJ C77 (2017) 163 [arXiv:1612.05741]
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LHC data in nuclear PDF fits

« Collider data in nuclear PDF fits: . e |
production of W and Z is theoretically { }
cleanest 2 JWJF iJ

« Jet data add constraints on gluon 59 { ST to nCTEQ15 before/after

ATLAS W data compared

« EPPS: LHC jet, W and Z data from h
pPb [5.02] ATLAS & CMS e

« nCTEQ+LHC: W,Z data pPb [5.02]

and PbPb [2.76] i
ATLAS,ALICE,CMS,LHCb LHC data add

nCTEQ15+LHC W,Z: EPJ C77 (2017) 488 [arXiv:1610.02925]; WG1(155) 18.4. 11:50

EPPS16: EPJ C77 (2017) 163 [arXiv:1612.05741]

L sefore rew. prof|||ng + t-l;lwn-“-.

. - 5 “ b delai
important constraints | %, | nCTEQ gluon
to the nuclear PDFs  *| % before/after

) profiling
i
Sl - ;-

DIS conference, April 2018 S.Schmitt, Parton density results



New LHC W and Z data in pPb and PbPb

| | e Z in PbPb 5.02TeV:
Alice: fwd production of W and Zg PEREE e el confirms prediction with
@ . '>20 GeVie 2<'<4.5 J N o H
. Forward W,Z in pPb = i et e nuclear modification<1
y . [C_] ATLAS (iull lepton phase space) '§1'6-'"'IIIHI."I.'.I.I.IHIIH'_
e Forward Z in PbPb . 1'4:_ALICE. 0-90% Pb-Pb |5, = 5.02 TeV &
] 12 F Z -y, -4.0< n, <-2.5, p;>20 GeV/c E
W,Z in pPb: kinematic reach B ] S A F
beyond other experiments : ﬁ m :
LI I IS IULLE L LN RS R IR L R iR o i BcFul B sl s B T 0.8F e
2 1 af P-Pb {8 = 5.02 TeV, ol W) 8 14F pPb (5= 5.02TeV, off < W) . . (] ;
S F B oQcD+CTI0+EPS09 1 £ F M 0QcD+CT10+EPS09 3 0.6 —
g 19F (=] ALICE (p!>10 GeVic) E S 13 [)auce (p!>10 GeVic) A - I:]CTM .
3 125_ (=] oM (p!>25 GeVic) _E 3 125_ (=] cMs (p,>25 GeVic) _E 0.4 :— DCTM EPPS16 _:
. ; 3 _5 : ; :
HIE 1'15 H kN 3 0.2 3 NLO pQCD with CT14 as pp reference E
1B ] m— ! _; O - e e S e s T -
e 1 : 26 8 3 82 24 36 B8 4

osf- 1w 3 y
L e bbb b bd pPb W,Z: JHEP 1702 (2017) 077 [arXiv:1611.03002]

i g Yo i i y. . PbPbZ: Phys.Lett. B780 (2018) 372 [arXiv:1711.10753]
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Collider data beyond W,Z in nuclear PDFs

Recent study by Kusina
et al, on the use of
heavy-flavour probes to
constrain low-x gluon

Includes many datasets
from LHC and RHIC

Data add sizable constraints
(shown here: prompt D°,
LHCb and ALICE data)

Kusina et al.: arXiv:1712.07024
WG1(116) 18.4. 11:30
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0.8

0.6

0.6

1 EIs

1.2

: ;

08 ||

nCTEQ15

EPPS1 I}
Original ] Reweighted O LHCb data - ALICE data = i '
T b L AL T | BF

ey e s e e e e Ty T=r=T=T=T=T=T=r=]

ELAC-Ofia 2.0

3210123 -3-2

10123

pEB |y D) YernelD')
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nCTEQ15 at ;15=2 GeV
= @ ne=2.0uy 3

1 ne=05p0

1 we=y @

L L
ELAC=UR1a .U

Rgb10610410410€104 10%10*10%102107 Hgbm’sm“‘m‘sm‘?m‘1 10°10*10%10210™
X X X x

Extracted gluon modification factors
are similar for all probes

Gluon nuclear modification factors
are constrained in both shadowing
and antishadowing regime

39




Summary

Many measurements rely on a precise knowledge of the proton PDFs
The field is driven both by new data and by theory advances

LHC data are becoming increasingly important for constraining PDFs: Drell-Yan
and W, top, jets, charm, etc

“Old” experiments such as HERA continue to improve their results: charm and
beauty combination, DIS jets with NNLO calculations

Several fixed-target experiments at lower energies are coming soon. pp and pA:
SeaQuest/E906, ep and eA: JLAB (BONuS, SolLID, ...)

Global analyses are preferentially done in NNLO — not yet available for all
measurements of interest

Nuclear PDF analyses start to use LHC data — not covered in detail here
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Backup
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ATLAS jet data: comparison to theory

* Quantitative comparisons of
ATLAS 14TeV jet data to theory
(various PDFs)

« Dijet theory in good agreement

with most PDFs

* Inclusive jets are poorly described
by all PDFs (in some bins of n)

Inclusive jets, all bins together

s
1l IIPubs

2
X ;’do.f CT14 | MMHT 2014 | NNPDF 3.0 | HERAPDF 2.0 | ABMPI16
all |y| bins
pre 419/177 431/177 404/177 432/177 475/171
[JJ_I?' 399/177 405/177 384/177 428/177 455/177

DIS conference, April 2018

Rapidity ranges | CT14 MMHT 2014 NNPDF 3.0 HERAPDF2.0 ABMPI6
p%mx
lyl < 0.5 67% 65% 62% 31% 50%
05<|y<1.0 | 58% 6.3% 6.0% 3.0% 2.0%
1.0<|lyl <15 | 65% 61% 67% 50% 55%
1.5<yl <20 | 0.7% 0.8% 0.8% 0.1% 0.4%
20< |yl <2.5 | 2.3% 2.3% 2.8% 0.7% 1.5%
25< Iyl <3.0 | 62% 1% 69% 25% 55%
Pr
lyl < 0.5 69% 67% 66% 30% 46%
05<|y<1.0 | 7.4% 8.9% 8.6% 3.4% 2.0%
10<lyl<1.5 | 69% 62% 68% 45% 54%
1.5<yl <20 | 1.3% 1.6% 1.4% 0.1% 0.5%
20< |yl <25 | 8.7% 6.6% 7.4% 1.0% 3.6%
25<yl<3.0 | 65% 2% 72% 28% 59%
Dijets Pobs

y*ranges | CT14 MMHT 2014 NNPDF3.0 HERAPDF2.0 ABMPI6
y <05 79% 59% 50% 71% 1%
05<y*<1.0| 27% 23% 19% 32% 31%
1L.0<y* <1.5]| 66% 55% 48% 66% 69%
1.5<y* <2.0| 26% 26% 28% 9.9% 25%
20y <25 | 43% 35% 31% 4.2% 21%
25<y*<3.0| 45% 46% 40% 25% 38%
all y* bins 8.1% 5.5% 9.8% 0.1% 4.4%
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ATLAS W+jet

H = I i R R B B R RS D R R <
b W+J etS a n d W' K 10° ATLAS W+ e*v) + =1 jets & 1 ATLAS W-(— e 7) += 1 jets
& = A & . Data S - - . &~ Data
+ i £ 10° (E_ ity ESES MCFM, CT10 NLO = 10° s =R lheneh —#%— MCFM, CT10 NLO
asym me ry Je S, E - slyiets =04 —— MCFM, HERAPDF NLO ¥ e antrly lets, 1 = 0.4 —— MCFM, HERAPDF NLO
g 10 P >30 GeV, ly" | < 4.4 —— MCFM, MSTW08 NLO 2 10'#& pf>30Gev Iy I<44 —— MCFM, MSTW08 NLO
—_ e Py el MCFM, NNPDF 2.3 NLO = aF MCFM, NNPDF 2.3 NLO
S—8 Tev 2 0tk —¥— SHERPA 2.2.1 NLO 3 10Ee —¥— SHERPA 2.2.1 NLO
B8 . SHERPA 2.2.1 NLO EW = s SHERPA 2.2.1 NLO EW
10° =4= BH+S Excl. Sum 10 =4#= BH:+S Excl. Sum
. —e— PWHG+PYS (scaled, 1.1) 10 —d— PWHG+PYS (scaled, 1.1
10 e
« Sensitive to QCD ; oo,
1p -
models, less so to 0'h e
H w0000 e
PDF o 10° ~ A ! I ! i PEC ] e I A R —
3 1‘4 2 1‘4 T L} 1 1 T T Ll 1 1
S S 12 S 12 0000007
9 ME S T B 197777777777 :
2 o8 2 08E M L -
= e 2 -
% 0.6 E n"u 0.6 5 t 1 t t bwan i 1 f ! =
+ Example: PDF g -
Xa p e. @1 @ : . 02 720722/ I/ IS 717/ V-
. . . ® o8 B o0sE VNNV Ny o N G 7Ll 7 o v 2
predICtIOn WrtJet pT ; ?3 ; ?-3IlilIIlilIlliIIlliIIIIElllliilllillllillllilll
o B 1] i
9-. 1I?| 3 9‘ 1IL: padabossd 4 L #
T osE B o08E AR 4 e Z
£ 06§ & 066k . :
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
Leading jet p_[GeV] Leading jetp_[GeV]

arXiv:1711.03296
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ATLAS top pair to Z cross section ratio

« Ratio of tt(bar) to Z cross sections at three centre-of-mass energies

5 1.4 e = 1
& ATLAS / e | ATLAS
° AI d h t D I 820 1 7 | 13Tev, 321’ | L 13Tev, 3215
ready snown a 3 / - U
P 7Tev, 461" - 7 TeV, 461"
’5 1.05 é 1.05
g o= . ) "
 Adds PDF tivit ATLAS-epWZ12 fit * E
S senslitvity over e ] &
1 1 T T T T LT T
T T T I ¥ T T T T g1 T
ATLAS ATLAS .
13 TeV, 320" 8Tev, 20.2 1" + h -
095~ Q'=m} o5 Q@F=m}
I datn = total urcentainty I data = total uncertainty - Bl ATLAS-epWZ12 % - I ATLAS-epWZ12
I data « s« anp. ucartirty I dal = .= axp.urcectinty L o ATLAS-epWZ124#th+Z - ATLAS-epWZi2+ti+2Z
| data = stat uncertainty | data = stat. uncertainty E ' |
A ABMIZ —t—h—— A ABMIZ ——dr— i I-_ k-
¥ cTi —— ¥ cha — D.S""l | Sr--r ey oy U.‘?-'""I s MR |
W HNPDFIO - W NNPDF1O — 10° 10" 10 10"
o MMHTIA ——— & MMHT14 —— X X
O ATLAS-epWZ12 et O ATLAS-#pWZiZ ———
[0 HERAPDFO ——i—t ] HERAPDFLO o w V—— o 1.1
[NNLOIOCU_ innr uncrt: POF eniy) | : | u:mu_o Qco, irner uncart. PDF only) | | . .5 | ATLAS s‘ . ATLAS
07 108 09 AT 2 03 035 04 045 05 055 3 [la Tey, 32 0, 4 RS el
ot /ol oot J old [ BTeV, 20210 y [ 8TeV, 20210
fi13TeV) Z(13TeV) f(8TeV) Z(aTeV) F 7TeV, 4610 y - 7TeV, 4614
1.051- y 1.051~
T T T T T = =
ATLAS F -
7 Tev, 4.6 " - -
I data = total urcertainty | L B | L P
[l datn = s2at. = axp. uncertainty E
JHEP 1702 (2017) 117 S .
Xiv:1612.03636 T :
- v CT14 —_—— [ |
[ar V. ’ ] M lierorsy T i 095 O'=mi \ 0.95- Q*=mi
® T4 T - B ATLAS-epWZ12 - - Bl ATLAS-epWZ12
O ATLASepZI2 ——O— I B ATLAS-epWZ12#tf - B ATLAS-epWZ12+tt
i — Uy I i ATLAS-epWZ124tl+Z | - 0 ATLAS-epWZ12+ti+Z
[INNLCI Qco, mmI)r uncert.: PDF o':.w | : L . g \ | i I
3 : . D.s il dd i il — ) ug P i i P
0.25 0.3 0.35 0.4 0.45 2 -1 -2 1
ot foh 10 10 - 10 10 5

i(7Tev)  ~Z(7TeV)
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LHCDb forward Z

240 p—————
. LHCb,is=13TeV

LHCb, Vs =13 TeV 0k
« Forward Z at 13 TeV - S
e Already shown at DIS2017 CT14 e

* In PDF fits contributing to NNPDF3.0 i

20

the kinematically interesting 0
region of very low and very el

high x
& = LHCh, ys= 13 TeV
LHCb Z‘—)MM ,—-:Z L6 E Muon - Statistical Uncertainty b ocna

nlSE Muon - Total Uncertainty ¥ NNPDF3O
=l = -
"C’| = E Electron - Statistical Uncertainty & MMHTI4

60 < m[{ < 120 GeV LHCb Z—) ee ‘%N L4 é_ 1 Electron - Total Uncertainty :é

]
-

=
I

¢

lllllllllIllIlIIllIllllll]llIlI]lIIlI]llIlIIlL

Lot |'||||||||||||||||||||||||||||||||||| T

Dr > 20 GeV LHCb combination = _ s
2<n,<4.5 T

| | | 1 1 ] | | E
09E

160170 180 190200 - 210 - 220 73 0 _
JHEP 1609 (2016) 136 [arXiv:1607.06495] o [pb] S Seeec e ST maar wEETe
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ALICE D mesons in

PP

e Measure DO,D+,D*+ Ds+ at Vs=7

TeV
« Reach to very low p,

 Theory has large scale uncertainties

» Possibility to constrain PDFs in ratios
to future data at different Vs

EPJ C77 (2017) 550 [arXiv:1702.00766]
DIS conference, April 2018

= 7 Tev = (s=7 TeV
4y pp, 1s=7 Te = = pp, Vs=7 Te' ]
5 1 3w
o Prompt D', Jyl<05 O F y Prompt D', |y|<0.5
g 10; —e— ALICE I 3 i —e— ALICE |
%-‘ [ FomLL —%-. - L [] Gm-vFNs
5 g &
5 | B0 E :
10! E| oo [rE—— E
—— —— {
102l = 102 ===
% 1.0% ity not shown " +3.5% lumi, £ 1.0% inty not shewn
}
P : 222 :
g2 S s e ;E i
25 30 35 5 10 15 20 2 an 35
Py (GeVic) P; (GeV/c)
EER B
7 pp, 1s=7 TeV ]
> IR
0 (O Prompt O, |y|<0.5 1
D% is measured Suf & —~ Auce '
_ SO B Doom
down to p.=0 =F N, ,
T o 1F = = |
= = E
B == 1
SEEE o107 |
Theory uncertainties e
. . 107k e |
from scale variation | T
dominate o
a2 1
§ 10 15 20 25 30 35
P, (GeVic)
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CMS new result on W+c

CMS Preliminary L =35.7fb" at s = 13TeV

o
o
o

* Using high-statistics 13 TeV data

-8 Data

» Uncertainty dominated by charm fragmentation ~+- ABMP16 (NLO) —4— ATLAS epWZ16

and signal MC statistics

—— CT14 - MMHT14

—&— NNPDF 3.0 - NNPDF 3.1

do(W+c)/dn [pb]
o 2]
o
o

I L ] T 17 |

[o)]
o
(=]

- Differential in |n | — enhances PDF sensitivity

[0,24] 0,04  [0408] [08.13]  [1318 [18,24] ‘”; _ht+_—+—+ﬁ—r

Lumi 125 25 £25 125 125 25 a0

Tracking +2.3 +23 +23 +23 +23 +2.3 E

Branching +24 +24 +£24 +24 +24 +24 - i _Q_‘I_

Muons +1.2 +1.2 +12 +1.2 +1.2 +12 - P,>26GeV,'1<24

N, determination +15 215 =15 +1.5 +1.5 +15 200  pey5GeV

D*(2010)* kinematics ~ +0.5 +0.5 +£0.5 +0.5 +0.5 +0.5 : 1)

Bgnormalization + 0.5 +0‘9/-0<8 +1.9/-0.8 +1<4/'0‘5 +0<8/'1.U -0.6 %__n_ll111111.111111]1111111111111111111111111111111
piiss +0.7/-09 +04/-12  +13/-03  +1.1/-1.0 2.6 +1.5 02 04 06 08 1 12 14 16 18 2 22 24
Pile Up +2.0/-1.9 +04/-05  +29/-3.0  +20/-19  +4.6/-51  +2.7/-26 n"l

PDF +1.2 +13 +0.9 +14 +1.5 +1.7

o S0l miuty s Ty a0 e E i CMS-PAS-SMP-17-014;
ragmentation +2.7/-0. +o.4/-1. +/.8/-2. +2.3/ -3, +L.L/-1. +/.4/-I. H .

MC Statistics +3.6/33 +88/75 +90/-119 +79/-68 +98/-141  +10.1/-85 5\?&3‘: l(%l os)e1s73|2n 1t§!§b

Total +7.5/-70 +10.7/-93 +132/-142 +101/-93 +127/-162 +13.8/-12.1
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Comparison: CMS W+c and ATLAS DY

° PD F flt by ?m CMS Preliminary Hessian uncertainties "8‘ i e 02 = Gevz
ATLAS, using x | 2 cwms,this analysis 12=1.9 GeV %: A'éla-&ggeap'mﬂgc_
2016 W+DY data | [0 ABMP16NLO g 1.5 e eabune.

2 7> [ ATLASepWZ16nnlo 52‘

- PDF fit by CMS, :

using W+c data

* Differences 1
covered by '
parametrisation
uncertainties?

ATLAS: EPJ C77 (2017) 367 [arXiv:1612.03016]; WG1(58) 17.4. 12:10
CMS: CMS-PAS-SMP-17-014; WG1(30) 17.4. 15:40
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RHIC preliminary data on W

e RHIC measurements of W

production: polarisation and charge

asymmetries
« Accessible region of large x

complements LHC and fixed-target

measurements

* Only 15% of the available data have

been analyzed so far

DIS conference, April 2018

OW —

Ow+
Bw =

- p+p—oWrHX—et+X

7 —
— STAR Preliminary

— s =500/510 GeV

—e— STAR Preliminary I L=10zpb” Lo

[ systematic Uncertainty

— ] MCFM-CT10

- RHICBOS-BBS
t CHE-CT10
RHICBOS-CT10
= | 1 1 1 1 | 1 L 1 | | L 1 |
-1 -0.5 0 05 1
",

Shown at INT Workshop, The Flavor Structure of
Nucleon Sea. Bernd Surrow, October 2017

Parallel session
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. WG6(128) 18.4. 9:25
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Gluon at very low-x: LHCb charm data

I NNPDF3.0 NLO
R NN #N central
—_—
Ng#N,+N, o, e =/ 4mE+p?

= NtNAN, m = 1.7 GeV

18

daldydp, doidydp, doidydp,

LHCDb spectrometer: large
rapidities — low-x

4 GeV?)
>

Constrain gluon at x down to
106 with LHCb open charm
data

Ng+N,+N, ., m_=1.3 GeV

xg(x,Q

.
__________

IIIIIIIIIIIIIIIIIIIIJIIIil—'

e — e =

Recent works by Gauld/Rojo j
(cross section ratios), o o bt sthoeernttattal]
Oliveira/Martin/Ryskin s Lr - S

Gauld/Rojo: ratios are
compatible with global PDF fits
and add substantial constraints

(absolute cross sections)

Oliveira et al: fit with two-parameters (red) describes

Gauld/Rojo: Phys.Rev.Lett. 118 (2017) 072001 [arXiv:1610.09373] LHCb data but does not easily match global PDF fit
Oliveira/Martin/Ryskin: arXiv:1712.06834

LHCb 5 TeV D mesons: JHEP 1706 (2017) 147 [arXiv:1610.02230]; WG1+5(49) 18.4. 15:10

LHCb 13 TeV D mesons: JHEP 1603 (2016) 159, Erratum: JHEP 1609 (2016) 013, Erratum: JHEP 1705 (2017) 074 [arXiv:1510.01707]
LHCb 7 TeV D mesons: Nucl.Phys. B871 (2013) 1 [arXiv:1302.2864]
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