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Introduction

Drell-Yan 1s the largest source of i1solated
leptons at LHC

Theory calculations at NNLO QCD and NLO

EW

Use Drell-Yan data to extract information on

calculation inputs

—» To constrain calculation uncertainties

Measurements in rapidity bins provide
information for parton flavour parametrisation

as a fiction of x
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This talk focuses on

Total production cross section [pb]
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© tt/ Z ratios at \/s =7,8,13 TeV

® W, Z precision measurements at \/ s="7TeV
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Part |
Vs=7TeV, fL =461

Precision measurement and interpretation of inclusive

W* W-and Z/y* production cross sections with the
ATLAS detector

Eur. Phys. J. C 77 (2017) 367
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https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9
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» Increasing the precision comparing to previous ATLAS golfta s s Z 1T E
[ B8 Data 2010 ({s=7TeV) ]

- 60 4 mstwos ]

measurements (\/ s=7TeV, [L=233-36 pb': Phys.Rev. D85) sof - MRS 4 b ey =

. . . . . E 0 ABKMO9 [ Total uncertainty E

* Test of electron-muon universality in the weak interaction sector: 20 T

—» ATLAS results at 13 TeV with 50ns data: Phys. Lett. B 759

Theory/Data

> Strangness density at lox x

Q%= 1.9 GeV?, x=0.023 epWZ freeS _ ATLAS .
» Cross-section ratios: PO e OB s
e MSTWO08 -
. v CT10 (NLO)
—» Cancellation of many 5 total uncertainty
. . . experimental uncertainty = E== R, PDG average
experimental uncertainties 02 0 02 04 06 08 1 12 14 95F N R, PDG average
. . C e rs o e
—» W*/W~: ratio sensitive to uy~-dy quark distributions 08 09 0% 1 105

RZ = 0-Z —e'e’ / OZ —uruw

—» W=*/Z ratio: sensitive to s-quark distribution

> Sensitivity to PDF by performing measurements in bins of y; and #;

— R R R R R RN R R | — T T[T T[T T ToTT — L I A B A T B — L I A B A S B B B L — ™
8 zi,AT’-AS Simulation mdd | 8 220FATLAS Simulation mdd 8,100/ ATLAS Simulation fud - 2 8000 ATLAS Simulation Oud 7
=3 g Powheg+Pythia 6, CT10 PDF B:g ; 2 2005 powheg+Pythia 6, CT10 PDF B:g E S | Powheg+Pythia6, CTIOPDF [J6§ | © 700" Powheg+Pythia6, CTI0 PDF  [Jgs -
= e - = [ i 5 r B E - E
5 1672/\/ 46 <m <66 GeV moc 5 180-zp 66 <m <116 GeV mee | 5 1000~ W+ 3 600:W Pus |
g mbb 1601 b : : .
14F E 140} E 800}
120 E 120 E :
107 é 100 E 600¢
8 3 3 3 i
g ] 80¢ ] 400
oF E 6oF E ]
3 E 40 3 200f
2F - 200 = :
0)= ot 0
543210123435 5 -4 -3-2-10 12 3 4 5

ATLAS 12.06.2017 Trofymov Artur 4

EXPERIMENT


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.072004

W Z kinematics and mtegrated cross sections

w N Bkg (%)
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100; 100" : ¥ EW and Top bkg: MC simulation
““““ @ | eeed - . :
20 50 60 70 80 90 100 110 120 40 50 60 70 80 90 100 110 120 = = * MJ bkg: data-driven method
m; [GeV] m; [GeV]
o9+ stat * syst * lumi [pb]
7 Wt—ety 2939+ 1 +£28 +£53
Central region, Inl <2 S i Forward region, 2.5 <Iml <4.9 W+—>,M+V 2048 + 1 +21 53

> A B T > qofpTTTTTT AR R RRRRARRN RN A=

& ATLAS —+— Data 3 ATLAS —+— Data ] - -—

o N o L N

S 10°Eis=7Tev, 461" D gt N =TTV, 46" N pe W-oerv 1957 +1+21 £35

= :Z—> """ Hi *—>‘c‘|: 10 .f ............ dZ—> .......... Ultiie ) o

Jij Tt wom: Etzt/:{r e % : forward Z — e'e’: i‘hfﬁv :W t 7 Ny 1964+ 1 + 13 + 35

o Dibo“sons Lﬁ ZIy =1t
= et Zly —ete 502.7+0.5+2.0+9.0
* -
71y — it 501.4+04+23+9.0
: ¥ W sys: Hadronic recoil response (E7*%, JES, JER),:
MJ bkg, Reco eff.

» Z sys: lepton Reco, ID, Iso eff.

Significant uncertainty reduction comparing to the previous measurement: Phys.Rev. D85 (2012)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.072004

Lepton universality and combination

> Lepton unlversallty
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** Rw and Ry represent ratios of corresponding branching fractions
** Due to cancellation of correlated uncertainties reach a precision of 1%

and 0.5% for W and Z branching fractions, respectively

** Precision improvement comparing to previously published 7 TeV and
13 TeV (50 ns) results: Phys.Rev. D85 (2012), Phys. Lett. B 759 (2016)

** The measurements confirm lepton (e-x) universality (SM: unity) in

the weak vector-boson decays

» Combination of ¢ and u channels

** Combination is based on y? minimisation and uses individual sources of systematic uncertainties

- Correlatlon model:

" Combined cross sections:

Z W+ W i cM#gtat+svst+lumilpbl :
‘7 1 0.349(0.964) | 0.314(0.958) : ' Woey 4896 + 2 + 49 + 88

§W+ : 0.890(0.991) E - Wouv 4912 +1+32+88

' ' : ' Woly 4911+ 1+26+88

S0 SR IS NUN LI P2 > 502.2+03+1.7£9.0

* Numbers in brackets are calculated taking into account luminosity uncertainty

** Main correlated experimental syst. sources: e and y momentum scale and resolution, hadronic recoil

response, signal modelling, bkg. estimation with MC simulation
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Cross-section ratios

T | T T T | T T T
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- » Complete cancellation of luminosity uncertainty
s=7TeV,4.6fb"

— Data » High precision of data comparing to some theory predictions
stat. uncertainty

B total uncertainty indicates their potential constraining power

*  ABM12
& CT14 » WH/W- ratio is generally well reproduced
O HERAPDF2.0
o JR14 » Predictions for W*/Z are systematically higher than measured
A MMHT2014
xlzxr NNPDF|3.0 | | | | 1n data
142 144 146 148 15 152 154

fid

o ! o{iﬁ/ ot —p compatible with results based on 13 TeV data (50 ns):

Phys. Lett. B 759 (2016)
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http://www.sciencedirect.com/science/article/pii/S0370269316302763

Differential cross sections
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PDF profiling
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After profiling
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> Quantitive estimation of data and
predictions agreement

» Provides a shifted set of parton
distributions with reduced uncertainties

» Quark density ratio Rg (for MMHT 14 and
CTI14) at x =~ 0.023 shows significant
reduction of uncertainties and increasing
of central values towards unity
—» Supports the hypothesis of

unsuppressed s-quark density at low x

» ABM12 demonstrates tension between
profiled and original Rg
—» Profiled set has increased central value
— Uncertainty stays at the same high
level of precision

» xd — zu profiled result is shifted towards

smaller x values
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QCD analysis

do/dn | [pb]

Theory/Data

300F . ATLAS Data

250 @ total unc.

200} - - - Theory + shifts ATLAS-epWZ16
L L L L | L L L L | L L L

0 1

QCD fit
C ATLAS
500; W - [V, Vs=7TeV, 461"
450F-
400}
3501

- ¢ uncorrelated unc.

[ —— Theory

l é I/

ATLAS-epWZ16

‘S 0.9 ATLAS Q%=1.9 GeV?
X C ATLAS-epWZ16
> 0.8 — ar+ex +mod unc.
=] C X d unc.
X E e 6XP UNC,
0.7t
0.6F
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0.3-
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» QCD fit is performed using DIS HERA I+1II and ATLAS DY data

—» ATLAS data provide more sensitivity to quark sea and valence-

quark distributions at lower x
» Data are all described by the fit (ATLAS: x?/npts = 108/61,
total: x?/n.d.f. = 1321/1102 )

» Fit determines a new set of PDFs, termed ATLAS-epWZ16

» ATLAS-epWZ16 has smaller experimental uncertainties than the
ATLAS-epWZ12 set

Strange den31ty (RS) Magnltude of CKM matrlx element
: : : :
Q@ =1.9 GeV?, x=0.023 ATLAS ATLAs KM it
A ABM12 —A—
= NNPDF3.0 —=— DKl i
e MMHT14 —
v CT14 v . D, —1v .
o ATLAS-epWZ12
ATLAS-epWZ16 ° NNPDF1.2
exp uncertainty « ATLAS-epWZ16 L
[ exp+mod+par uncertainty inner uncertainty: exp only
exp+mod+par+thy uncertalnty | outer ulncertainty: toltal | |
0 02 04 06 08 1 12 14 0.8 085 09 095 1 1.05
Rs AV
(03]

» Measured Rg confirms that the strangeness is unsuppressed at low x~0.023 and
low Q* = 1.9 GeV”

» IV gl obtained from the fit where it was varied, while rest CKM elements were fixed
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Part Il
Vs=13TeV, f£ =321

Measurements of top-quark pair to Z-boson cross-section ratios at
Vs = 13,8, 7 TeV with the ATLAS detector

JHEP 02 (2017) 117
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https://link.springer.com/article/10.1007/JHEP02(2017)117

Motivation atlas-conf-2015-049

Single 0,7 / o 7 ratios at given Vs

I data = total uncertainty
data = stat. uncertainty

I

A ABM1i2LHC A
v CT10nnlo
|

)

» Sensitive to the gluon-to-quark PDF ratio

» Luminosity uncertainty cancelation

NNPDF3.0
MMHT14nnlo68CL

» Lepton-related systematic cancelation (NNLO GO, imer uncet: PDF oniy
015 02 025 03 035 04 'c').'4'5tot /'ofst'ot'
TeV 15i/j TeV o - L
Single R/’ ™Y, R/7 ™V ratios at different Vs
arXiv:1507.00556

Q? = 10000 GeV?
Bl CT10
-CT10+Rﬁ,z 0 x2.0
BECT10+R;, 5 x1.0
BN CT10+R, 5 0.5

» Systematic uncertainties cancelation
» oz at different \/ s have similar PDF sensitivity — Z boson

data can be used to cross-normalise measurements at different \/ S

xg(x,Q°)/xg(x,Q%) _
o
|

Double ratios

» Luminosity-uncertainty-independent checks of SM
0.8

Public results used in ratios: 00 107 100,
» ttat7,8,13 TeV: Eur. Phys. J. C74 and C76 , Phys. Lett. B 761

» Zat7,8,TeV: arXiv:1612.03016 , Eur. Phys. J. C76(5) 1-61
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https://arxiv.org/abs/1507.00556

Z analysis at 13 TeV

$'" D Zoeue $ [ z.ee  eDaa
> MC stat. @ syst. unc. ATLAS > 10’ = ATLAS RJMC stat. @ syst. unc.
Q2 [(]Z—u'w -1 Q0 E -1 [ ]Z—€"e
= 0 Dibgsgn 13 TeV, 3.21b = o - 13 TeV, 3.21b I Diboson
- [JZ-t't - E []Z—=1'7
[ Top quark 10° [ [ Top quark
104%
Wé
W%
5 S 1.1
o ©1.05—
[a (Al
3 3 |
Ers §0.95 :
0.9
20 40 60 80 100
p° [GeV]
> Systematic sources » Background contributions
Source Z—ete % Z—pup [%) , , ,
Lepton trigger <01 01 * estimated from MC simulations
Lept truction, ID 0.4 0.7
ng o 01 0 ** total background event: ~0.5%
Lepton scale and resolution 0.2 0.1 ** main contribution: top-quark pair production
Charge identification 0.1 —
Pile-up modelling < 0.1 < 0.1 ** sum of all electroweak backgrounds: ~0.2%
PDF 0.1 <0.1 - -
p% mismodelling 0.1 <0.1 multijet events: < 0.1%
Total 0.5 0.8
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Correlation model

— T I T T T T T T T T T =
=
S | ATLAS .
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B NNPDF3.0 .
- data = total uncertaint ]
700~ o MmHT14 o uneeranty
- O ATLAS-epWZz12 e data + stat. =+ exp. uncertainty
HERAPDF2.0 e data + stat. uncertainty

PR T R N N N R R
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I R
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900

0% [pb]

Correlation ellipses

g ~ T T I I g 480 _I T I T T T _
— . ATLAS — - ATLAS
2N -1 2N - -1
o) 8TeV, 20.21b o) | 7TeV,4.61b
460~ 1
500 i @ I
440 -
" A ABM12 420 | A ABMI2 B
v CT14 v CT14
: I\Nllrl‘\ln:?:io |8l data + total uncertainty L : l';lnrl‘\ln:?":io |81 data + total uncertainty
450+ O ATLAS-epWz12 e data = stat. = exp. uncertainty —| 400 O ATLAS-epwz12 e data = stat. = exp. uncertainty  _|
HERAPDF2.0 e data = stat. uncertainty L HERAPDF2.0 e data + stat. uncertainty
1 I 1 1 1 1 I 1 1 7 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
200 250 140 160 180 200
tot tot
Otf [pb] Otf [pb]

» Opposite sign of correlation in data provides discriminative input to PDF's determination

Correlation of grouped systematic sources

Source / Vs [TeV]

fid
0oy

tot
0o i

—
w

» Main source of correlation is the luminosity uncertainty

Luminosity
Beam energy

Muon (lepton) trigger
Muon reconstruction/ID
Muon isolation

Muon momentum scale

» Table entries: —» in different rows are uncorrelated
-p» within a row with the same letter are

Electron trigger

Electron reconstruction/ID
Electron isolation

Electron energy scale

Bl = Bl o o) 1 o

REE = B2 == Bl s~ o2

IERE R S R e B

fully correlated
—» with starred letter are mostly correlated

Jet energy scale
b-tagging

> box - dominant uncertainty sources

Background

Signal modelling (incl. PDF)

- >

- >

- >

TP == T e T |
esliles | oslier Bl wRw BN =R wlwllee/ 2 (@' BN

esliler | oslier N o NwlIN NN wilos] = (o o'

=
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tt to Z ratios at a given Vs

T T T T | T T T T | T T T T T T T T T T T T | T T T T | T T T T T | T T T T | T T T T T T T T T T T | T T T T | T T
ATLAS ATLAS
13 TeV, 3.21b 1 3 TCV 8 TeV, 20.2 fb 8 TeV
M data = total uncertainty M data = total uncertainty
| data =+ stat. =+ exp. uncertainty | | data = stat. = exp. uncertainty
| data = stat. uncertainty | data = stat. uncertainty
A ABMi2 ——h—— A ABMi2 —
vV CcTi4 = V- - vV CcT4 ' Y-
Il NNPDF3.0 ———— Bl NNPDF3.0 t L
® MMHT14 ———— ® MMHT14 + @
O  ATLAS-epWZz12 —O— O  ATLAS-epWZz12 €
[0 HERAPDF2.0 ——{ h—+ [0 HERAPDF2.0 L
(NNLO QCD, inner uncert.: PDF only) (NNLO QCD |nner uncert.: PDF only)
1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1
0.7 0.8 0.9 1 ot 1.1 fll 2 0.3 O 35 0 4 0.45 t ? 5 ?d55
(0] | (o] |
Ogratev) ! Oz(13Tev) OgeTev) ! Oz(aTev)
T | T T T T | T T T T T T T T T T T T T T T
ATLAS » Luminosity uncertainties almost entirely cancel
7 TeV, 4.6 fb”
i 7TeV | :
S et totel unceriainty ATLAS data are more precise than most of the theory
| | data = stat. = exp. uncertainty . . . . . . o
| data = stat. uncertainty predictions — indication of strong constraining power
A ABM12 ——A—+
MER Ty, » Similar pattern of predictions for all \/ S :
[ ; o— .
O ATLAS.epWZI2 — O —» ABMI2 yields the lowest values
[0 HERAPDF2.0 : { —— . .
(NNLO QCD, i uncert.: PDF only) —» PDF4LHC sets predict the largest ratios
1 | 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1
0.25 03 0.35 o.gtot 9‘(‘3@ —p» HERA-based sets are in the middle

tt(7TeV) = —~Z(7TeV)
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Z ratios at different Vs

ATLAS
8 TeV, 20.2 fb"
13 TeV, 3.2 b
P data = total uncertainty
| | data = stat. = exp. uncertainty
| data = stat. uncertainty
ABM12
CT14
NNPDF3.0
MMHT14
ATLAS-epWZ12
HERAPDF2.0

(NNLO QCD inner uncert PDF only)
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15

| L1 11 | L1 11 | L1l
16 1.7 1.8

fid fid
OZi13Tevy ! O

ATLAS
7TeV, 4.6 fb"
8 TeV, 20.2 fb

P data = total uncertainty
| | data = stat. = exp. uncertainty
| data = stat. uncertainty

ABM12

CT14
NNPDF3.0
MMHT14
ATLAS-epWZ12
HERAPDF2.0

LO QCD, inner uncert.: PDF only)

O e nm «)»

—

Z(8TeV)

8/7 TeV

08 09

SFz
~N |
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1 II|III
1.1 1.2

1 | 1 1
1.3
fid fid
Oz(8Tev) / o

12.06.2017

(7TeV)

ATLAS
7 TeV, 4.6 b
13 TeV, 3.2 b
P data = total uncertainty
| | data = stat. = exp. uncertainty
| data = stat. uncertainty
ABM12
CT14
NNPDF3.0
MMHT14
ATLAS-epWZ12
HERAPDF2.0

(NNLO QCD inner uncert.: PDF only)

O e nm «)»

13/7 TeV

12 14

16

L
1.8 2
id

fid

fi
137ev) | OZ(7Tev)

» Uncertainties dominated by the luminosity uncertainty

» Most of predictions agree with data within exp. uncertainty

—» May indicate that the luminosity-determination

uncertainty in ratio is conservative

- Z-boson data could be used to cross-normalise the

measurements at the different centre-of-mass energies

Trofymov Artur
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tt ratios at different Vs
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| | data = stat. = exp. uncertainty
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(NNLO QCD, inner uncert.: PDF only)
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» Predictions follow the same pattern for all ratios

» Deviation of 8 TeV to 7 TeV measured ratio, at the level
of ~2¢ from PDF4LHC, was observed in previously
published results: Eur. Phys. J. C74

=—» Motivation to test with double ratio where

luminosity uncertainty should cancel

Trofymov Artur 17



tt to Z double ratios at different Vs
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ATLAS
7 TeV, 4.6 fb"

13 TeV, 3.2 b
P data = total uncertainty
| | data = stat. = exp. uncertainty
| data = stat. uncertainty

A ABMI12 A+

v CT14

| NNPDF3.0

® MMHT14
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» Almost complete cancellation of the luminosity uncertainty

—» More than compensates for the uncertainties which Z

boson measurement bring to the ratios

» Trends are similar to those observed for the ¢¢ single ratios

» Data - theory tension in 8 to 7 TeV ratio is increased:

=¥ Most of predictions deviate from data at the level of

~30, where o is the total exp.+lumi. uncertainty

Trofymov Artur
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PDF Constraint

Gluon distributions

s W
<& " ATLAS 2 "I ATLAS
2 L 13 TeV, 3.2 1" A 2 | 13Tev, 321t
S [ 8Tev,20.2ff' © b 8Tev,2021
X - 7TeV,4.6fb" / - 7 TeV, 4.6 o'
G 1095 1.05(-
3 i
1._.__________---===::::::::::: __________ 1_ _____________________________________

095 Q@°=m?
| ATLAS-epWZ12
- B ATLAS-epWZ12+i

- = ATLAS-epWZ12+t1+2Z

0.9||||| L L oy o1 a1l L L L - o.glllll 1 1 L 1l 1 1 [ e

102 10" 10” 10”

095-_ 02 = mtz
| mm ATLAS-epWZ12
- [ ATLAS-epWZ12+tt+Z

v

The impact of the ATLAS data on the PDF uncertainties 1s quantified using PDF profiling

v

Central values of the profiled distribution agree very well with the original ATLAS-epWZ12 set

v

tt and Z cross section data impose visible constraints on the gluon distribution at x ~ 0.1

v

Profiling was also performed excluding 7 TeV ¢t data yielding similar results
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Summary

WZ precision measurements

4

4

4

A measurement precision at sub-percent level, higher than of predictions

Quantitive comparison of differential x-sections showed deviations of predictions, hinting the

data impact on the determination of s-quark distribution
Measurement used to derive new set of parton distribution functions ATLAS-epWZ16

QCD fit analysis supported the previous atlas observations of a large ratio of s-quark

distribution to the lighter sea-quark distributions at low x

Determination of CKM matrix element |V gl is performed

tt / Z cross-section ratios

4

tt to Z experimental precision is higher then theoretical (indicates constraining power) due

to luminosity and lepton-related systematic cancellation

7. to Z ratios demonstrate very good agreement between data and predictions

tt to tt measured ratios show different compatibility with the predictions for different \/ S
Double ratios provide complete cancellation of the luminosity uncertainty

PDF constraint: presented data have significant power to constrain the gluon distribution

function at Bjorken-x ~ 0.1
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Summary of results from ATLAS and CMS
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W kinematics
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Precision comparison (lepton systematics)

&) 2010 data, 36 pb _* dow= dow dow_ bos 2011 data, 4.6 fb_* 00w 0w 60z 8Ttomanz
Electron reconstruction 0.8 0.8 08 1.6 Reconstruction efficiency 0.12  0.12 0.20 0.13
&O Electron identification 0.9 0.8 1.1 1.8 Identification efficiency 0.09 0.09 0.16 0.12
& QCD background 04 04 04 07 EM soft term scale 0.14  0.13 - -
\@(J ERissscale and resolution 0.8 07 10 — Ex™ soft term resolution 006 0.04 B B
Multijet background 0.55 0.72 0.03 0.05
@ Total excluding luminosity 23 24 28 33 Total experimental uncertainty 094 1.08 035 2.29
Luminosity 3.4 Luminosity 1.8
2010 data, 36 pbj&wi dow dow— b0z 2011 data, 4.6 fb_l 00w+ O0w- 007z
Muon reconstruction 03 03 03 06 Reconstruction efficiency 0.19 0.17  0.30
6 Muon isolation 02 02 02 03 Isolation efficiency 0.10 0.09 0.15
OQ Muon pr resolution 0.04 0.03 0.05 0.02 Muon pr resolution 0.01 0.01 <0.01
0 Muon pr scale 0.4 0.6 0.6 0.2 Muon pr scale 0.18 0.17 0.03
@ QCD background 0.6 05 08 03 Multijet background 033 027 007
Total excluding luminosity 21 23 26 22 Total experimental uncertainty 0.61 0.59 0.43
Luminosity 3.4 Luminosity 1.8
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Lepton universality comparison
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Comparison with theory

E T T | T T T T T T T T | T T T T E T T | T T T T T T | T T T | T
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- O JR14 . S O JR14 N
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B E] stat @ syst uncertainty N 46 I Z E] stat @ syst uncertainty ]
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2.6 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1

1.8 1.9 2 2.1 0.46 0.48 0.5 0.52

fid fid }

» 2-d presentation conveys both values and correlations of measurement and predictions
» Spread of predictions is larger than uncert. of data

» The measurements are seen to discriminate between different PDF sets and to provide info to

reduce PDF uncertainties
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Differential cross sections
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PDF profiling
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» s-quark distribution significantly increased and the uncertainties are
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QCD analysis
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QCD fit
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Theoretical predictions

» Cross-section predictions

Fid

tot

Oy O+t
/5 [TeV] 3] 8 | 7 || 13] 8 | 7
Central value [pb] | 744 | 486 | 432 || 842 | 259 | 182
Total Unc. [%] | T37 | 755 [ 755 || 76 | 76 | T6

» 0 NNLO calculations with
DYTURBO (fast ver. of DYNNLO)

» NLO EW corrections with FEWZ 3.1

» 0,7 NNLO+NNLL calculations with Top++

e Fiducial definition

7 TeV 8 TeV 13 TeV
FSR treatment || Born Born Born
DT.¢ > 20 GeV 20 GeV 25 GeV
Inel < 2.5 2.4 2.5
|yeel < - 24 -
Mep 66-116 GeV | 66-116 GeV | 66-116 GeV

» CT14 PDF set is used as a baseline

o Extrapolation factors

13 TeV 8 TeV 7 TeV
Az | 0.395+0.007 0.466 +0.008 0.505 = 0.009
E» . 0.941 £ 0.001 0.898 + 0.001

» 13 TeV fiducial phase space is used as common

» Az factor is computed for extrapolation from fiducial to total phase space

» Ez factors are estimated for extrapolation to 13TeV fiducial phase space
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Uncertainties of the grouped systematic sources

oz Ot

Source Vs=13TeV s=8TeV +s=7TeV | \s=13TeV /s =8TeV +/s=7TeV
Luminosity 2.10 1.90 1.80 2.31 2.10 1.98
Beam energy 0.69 0.62 0.60 1.50 1.72 1.79
Muon (lepton) trigger 0.12 0.55 0.05 0.05 0.17 0.19
Muon reco and ID 0.68 0.45 0.30 0.44 0.42 0.31
Muon isolation 0.41 0.04 0.15 0.27 0.22 0.44
Muom momentum scale 0.06 0.03 0.03 0.04 0.01 0.14
Electron trigger 0.01 0.19 0.04 0.14 — —
Electron reco and ID 0.41 0.80 0.26 0.34 0.41 0.13
Electron isolation 0.14 0.00 — 0.39 0.30 0.59
Electron energy scale 0.25 0.07 0.08 0.20 0.51 0.21
Jet energy scale — — — 0.38 0.72 0.40
Flavour tagging — — — 0.53 0.40 0.46
Background 0.08 0.15 0.08 1.09 1.04 1.04
Signal modelling (incl PDF) 0.12 0.08 0.27 2.98 1.70 1.81

The correlation coefficients

® With luminosity and bee energy uncertainties ® Without luminosity and bee energy uncertainties
Z13TeV tt13TeV Z 8TeV tt8TeV Z 7TeV tt 7TeV Z 13TeV tt13TeV Z 8TeV tt8TeV Z 7TeV tt 7TeV

Z13TeV | 1.00 0.61 0.10 0.16 0.10 0.15 Z 13TeV 1. 0.13 0.09 0.08 0.12 0.03
tt 13 TeV — 1.00 0.11 0.32 0.11 0.31 tt 13 TeV — L. 0.01 0.32 0.00 0.27
Z 8 TeV — — 1.00 0.68 0.10 0.14 Z 8TeV — — 1. 0.01 0.09 0.00
tt 8 TeV — — — 1.00 0.15 0.54 tt 8 TeV — — — 1. 0.00 0.67
Z 7TeV — — — — 1.00 0.62 Z 7TeV - — — — 1. 0.00
tt 7TeV — — — — — 1.00 tt 7TeV — — — — — 1.
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Measured and predicts cross-sections

® Measured cross-sections (Z - combined channels)

® Predicted cross-sections (Z - combined channels)

o+ stat + syst [pb]

s [TeV] Value + stat + syst + beam + lumi [pb]
o
13 777+ 10.1%) =+ 3(0.4%) + 5(0.7%) +16 (2.1%)
8 506+<1(<0.1%) + 3(0.6%) + 3(0.6%) +10 (1.9%)
7 451+ <1(0.1%) = 1(0.3%) + 3 (0.6%) + 8 (1.8%)
o
13 818+ 8(09%) +27(3.3%)+12(1.5%)+19 (2.3%)
8 243+ 2(0.7%) = 52.3%) + 4(1.7%) = 5(2.1%)
7 183+ 3(1.7%) =+ 42.3%) + 3(1.8%) = 4 (2.0%)

Vs [TeV] 13 8 7

ofd | 7783+0.7+17.7 | 507.0+02+11.0 | 451.2+0.5+8.7

(J'gd_w 7744 +£0.6 £ 18.2 | 504.7 £ 0.2 £ 10.8 450.0 £ 0.3 £ 8.8
4 x| 9942009 +037 | 3.04£0.02+0.10 | 230 +0.04+0.08

oot 818 + 8+ 35 243 +2+9 183+3+6

tt

ATLAS

® Z-boson measured cross-sections (electron end muon channels separate)

25 ns

Electron channel

Muon channel

value =+ stat + syst + lumi

value =+ stat + syst + lumi

Correction Cz

0.0028
0.5536:+0.0002 *0-0028

0.0057
0.7064:+0.0003 *0-0057

Fiducial cross

EXPERIMENT

section (pb) 778.3+0.7+4.0+16.3 7744+ 0.6 £ 6.2 +16.3

Total cross

section (pb) 1970.3+1.7+365+41.4 | 1960.6 +1.5+38.3+41.2
27.03.2017 Trofymov Artur
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PDF Constraint

Light-quark sea distributions

sl 1M
=2 "T ATLAS x | ATLAS
e L 13 TeV, 3.2 15" o L 13 TeV, 3.2 15"
f—} - 8 TeV, 20.2 fb" © - 8 TeV, 20.2 fb"
X - 7TeV, 461" - 7TeV, 461"
< 1.05 1.05\-
X I I
X = |
1?:::::::::::::::===== ----------- =:::_' 1_ _____________________________________
0.95- Q'=m} A 095 Q°=m3
- Bl ATLAS-epWZ12 ¥ - Bl ATLAS-epWZ12
- - ATLAS-epWZ12+t+Z - B ATLAS-epWZ12+tf
- \ - - ATLAS-epWZ12+ti+Z
0.9 IIIII 1 1 1 IIIIII \\I'"l"l'l"l' 0.9 IIIII 1 1 1 IIIIII I 1 - | § |
1072 10" 1072 10"
X X

» tt and Z cross-section data impose visible constraints on the light-quark sea distribution at x < 0.02

and on the gluon distribution at x ~ 0.1
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All single and double ratios

O.tot/a.tot

O.tot/a.fid

ofid | fid

value + stat + syst + lumi

value + stat + syst + lumi

value + stat &+ syst &+ lumi

atlf T eV/O'IZ3 TeV 0.414 + 0.004( 0.92%) + 0.016( 3.84%) + 0.001(0.21%) | 1.053 £ 0.010( 0.92%) + 0.036( 3.40%) + 0.002( 0.21%) | 0.01281 = 0.00012( 0.92%) + 0.00044( 3.40%) + 0.00003( 0.21%)
aft_T"V/aiT"V 0.211 + 0.001( 0.71%) £+ 0.006( 2.73%) + 0.000( 0.20%) | 0.480 + 0.003(0.71%) + 0.012( 2.57%) + 0.001( 0.20%) | 0.00602 = 0.00004( 0.72%) + 0.00014( 2.35%) + 0.00001( 0.20%)

oZt_TeV /a7ZTeV 0.184 + 0.003( 1.69%) + 0.005( 2.71%) £ 0.000( 0.18%) | 0.406 + 0.007( 1.69%) £ 0.011( 2.59%)+ 0.001( 0.18%) | 0.00511 + 0.00009( 1.68%) + 0.00013( 2.46%) + 0.00001( 0.18%)
0123 TeV/O'; Tev 1.714 + 0.001( 0.06%) + 0.013( 0.77%) + 0.049( 2.83%) - 1.537 £ 0.001( 0.06%) + 0.010( 0.67%) + 0.044( 2.83%)
0-123 TeV /a;TeV 1.988 + 0.002( 0.09%) + 0.014( 0.71%) + 0.055( 2.77%) - 1.724 + 0.001( 0.09%) + 0.009( 0.52%) + 0.048( 2.77%)
USZT"V /a7ZT"V 1.160 + 0.001( 0.07%) £ 0.007( 0.63%) + 0.030( 2.62%) - 1.122 + 0.001(0.07%) £ 0.007( 0.61%) + 0.029( 2.62%)

0_1.23 TeV
tt

/0.8 TeV
tt

3.365 +

0.039( 1.16%) +

0.113(3.35%) £ 0.105( 3.12%)

3.270 = 0.038( 1.17%) £ 0.107( 3.28%) + 0.102( 3.12%)

0.123 TeV
tt

/0.7 TeV
tt

4.470 =

0.086( 1.92%) +

0.149( 3.33%) = 0.136( 3.04%)

4.322 + 0.083( 1.92%) + 0.143(3.31%) + 0.131( 3.04%)

tt

0_8 TeV /0.7_TeV

tt

1.328 +

0.024( 1.83%) +

0.015(1.11%) £ 0.038( 2.89%)

1.322 + 0.024( 1.83%) = 0.015( 1.12%) + 0.038( 2.89%)

Rtot /Rtot

Rtot/Rfid

Rfid/Rfid

value =+ stat + syst

value =+ stat + syst

value =+ stat + syst

S 13TeV  _8Tev
tt tt

—5Tev /08 Y 1.966 £ 0.023( 1.16%) £ 0.067(3.40%) | 2.193 + 0.026( 1.16%) + 0.074( 3.39%) | 2.131 = 0.025( 1.17%) = 0.071( 3.34%)
Z Z

13TeV [ TTeV
‘lgT ] —LL 2.250 £ 0.043( 1.93%) + 0.076(3.38%) | 2.594 + 0.050( 1.93%) = 0.086(3.32%) | 2.508 £ 0.048( 1.92%) + 0.082( 3.27%)

o eV 0_7 TeV
Z Z

O_S_TeV 0_7_TeV

o.gtTeV /thTeV 1.145 £ 0.021( 1.83%) + 0.015( 1.31%) | 1.184 £ 0.022( 1.83%) + 0.015( 1.29%) | 1.178 £ 0.022( 1.83%) = 0.015( 1.31%)
Z Z
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