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Motivation
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» W and Z boson production: Drell-Yan process
» clear signature
» large statistics
» small background contamination

q

> W and Z boson are background to:
» SM measurements
» Higgs measurements
» new physics searches

> Precision measurements of W and Z boson production useful to:

> test SM and extract SM parameters = m,,, sin’8,,, etc.
» probe the proton structure = constrain PDFs
> test perturbative QCD = probe state-of-the-art theory predictions
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Outline
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Selection of recent results obtained with 7, 8 and 13 TeV ATLAS data

W & Z cross section 7 TeV Eur. Phys. J. C77 (2017) 367
W & Z cross section 13 TeV Phys. Lett. B 759 (2016) 601
tt/Z cross section ratio 7,8,13 TeV JHEP 02 (2017) 117
Z+jets production 13 TeV Eur. Phys. J. C77 (2017) 361
Angular coefficients of Z leptons 8 TeV JHEP 08 (2016) 159
Anti-k, algorithm splitting scales 8 TeV JHEP 08 (2017) 026

Public ATLAS Standard Model results available at:

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublications
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https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9
https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9
http://dx.doi.org/10.1016/j.physletb.2016.06.023
http://dx.doi.org/10.1016/j.physletb.2016.06.023
http://link.springer.com/article/10.1007/JHEP02(2017)117
https://link.springer.com/article/10.1140/epjc/s10052-017-4900-z
https://link.springer.com/article/10.1140/epjc/s10052-017-4900-z
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/
http://link.springer.com/article/10.1007/JHEP08(2016)159
https://link.springer.com/article/10.1007/JHEP08(2017)026
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublications

W & Z cross section @ 7 TeV
Eur. Phys. J. C77 (2017)
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https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9
https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9

W & Z cross section @ 7 TeV Eur. Phys. J. C 77 (2017)
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| \s=7TeV,46fb"
& » W(>ev)/W(>pv) & Z(>ee)/Z(>up)
z » High precision measurements (few %)
E; » Good agreement between data and SM
1 > In agreement with lepton universality
T | #oaa | » W boson measurement:
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proton description
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https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9
https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9

W & Z cross section @ 7 TeV Eur. Phys. J. C 77 (2017)
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» W charge asymmetry

» Good agreement with theory predictions
» Experimental accuracy at the <1% level

dow+/d|ne| — dow - /d|ne|

> Z cross section vs rapidity |y, |

» Good agreement for |y,[>1

» General disagreement for |y, |< 1
» Discrepancy can be interpreted as

Ay = g g g 7 enhanced strangeness PDFs
ow+/dne| + dow - /d|ne
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https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9
https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9

W & Z cross section @ 7 TeV Eur. Phys. J. C 77 (2017)
< >
» Exploiting results of this measurement:
» New ATLAS PDF: ATLAS-epWZ16
» Constrain strange quark PDF (most sensitive region: Q% = 1.9 GeV?, x = 0.023)

» R, compatible with unsuppressed strangeness at low x

S+ 5
Ry = ——= = 1.13 £ 0.05 (exp) + 0.02 (mod) *30¢ (par)
u+d '
‘8 1.6:_ ATLAS 02 = 1 9 GeV2 T |2| T T T | T T I2| T T T I T T T T T T I T T T I T T T
x f ATLAS-epWZ16 Q° =1.9 GeV~, x=0.023 ATLAS
7 1.5 shsipaTag une. .
I':|; ~r === €XP UNC. A ABM12
= 4 = NNPDF3.0 —=—
A e MMHT14 .
1.3 v CT14 v

o ATLAS-epWZ12

|

—
V)
T T T T 11T

ATLAS-epWZ16
exp uncertainty
exp+mod+par uncertainty
exp+mod+par+thy uncertalnty
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https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9
https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9

W & Z cross section @ 7 TeV Eur. Phys. J. C 77 (2017)
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Z s s | 200 igeg | |7 W/Z ratio s sensitive
I = Spinad e ¥ | — Xl tne to strange quark PDF
N{w 0.4 . . .
0.6k : » Definitely accessing
0.5F 03 the proton structure
0.4¢ 0 » New PDF developed:
0.3F '
: *ATLAS-epWZ16*
ot . » Smaller uncertainties
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https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9
https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9

W & Z cross section @ 13 TeV
Phys. Lett. B 759 (2016) 601
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http://dx.doi.org/10.1016/j.physletb.2016.06.023
http://dx.doi.org/10.1016/j.physletb.2016.06.023

W & Z cross section @ 13 TeV Phys. Lett. B 759 (2016) 601

<€ >
> W+, W, W+, Z separate cross sections
» High precision measurements:
»7:1% (£ 2.1% luminosity)
» W: 2% (% 2.1% luminosity)
» Theoretical predictions uncertainty:
» dominated by PDF (Z: 7%, W: 6%)
» Possible to constrain PDFs!

1.15

O -
H:’n_"‘ E ATLAS luminosity @ experimental uncertainties
8 1 13 TeV, 81 pb'1 experimental uncertainties
Eb — ® MMHT14nnlo68CL
~ 105 m NNPDF3.0
3 = i% $ il v CTi4nnlo
ol 1 : S i s A ABM12
© = T ? = 1 I' A ATLAS-epWZ12nnlo
~ — i 0 HERAPDF2.0nnlo
0.95— } (inner uncert.: PDF only)
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http://dx.doi.org/10.1016/j.physletb.2016.06.023
http://dx.doi.org/10.1016/j.physletb.2016.06.023

W & Z cross section @ 13 TeV Phys. Lett. B 759 (2016) 601
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» W/Z ratio
» Luminosity uncertainty canceled in ratio
» Results compatible with all PDFs
(within uncertainties)
» ATLAS-epWZ12 (based on ATLAS data
fits) gives the best description

>

> WT /W ratio
» High precision measurement (< 1%)
» Luminosity uncertainty canceled in ratio
» Discriminate among PDFs
» CT14 & MMHT14: best description
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http://dx.doi.org/10.1016/j.physletb.2016.06.023
http://dx.doi.org/10.1016/j.physletb.2016.06.023
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tt/Z cross section ratio @ 7, 8, 13 TeV
JHEP 02 (2017) 117
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http://link.springer.com/article/10.1007/JHEP02(2017)117

tt/Z cross section ratio @ 7, 8, 13 TeV JHEP 02 (2017) 117
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ATLAS ATLAS
7TeV, 4610’ 8 TeV, 20.21b"
¥ data * total uncertainty | data * total uncertainty
| | data + stat. + exp. uncertainty | data* stat. = exp. uncertainty
| data stat. uncertainty | data+ stat. uncertainty
A ABM12 ——h—+ A ABM12 —
¥ CTi4 ¥ ' ¥ CTi4 ¥
B NNPDF3.0 — H  NNPDF3.0 —l—
® MMHT14 — ® MMHTi4 Y
O  ATLAS-epWZ12 ——O— O  ATLAS-epWZ12 — O
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(NNLO QCD, |nneruncert PDF only) : | (I‘TINLO QCD, |nner uncert.: PDF only) J | |
0.05 03 0.3 04 "~ 045 03 085 04 045 t'95' — 'cf),.dss' |
0 i
G tH(7TeV) / GZ(7TeV) G fi(8TeV) / cSZ(STeV)
LA L L B T L IR Gt?
ATLAS tt_/Z
13 TeV, 3.2 fb”
) 0 S(O-Z—we O-Zﬁ,u,u)
|0 data + total uncertainty
| data * stat. + exp. u.ncerlainty . . .
B cte £ sat. uncertainty » Systematics cancel out in the ratio
A ABMI2 ——h——
v ctu e » Results more precise than prediction!
H NNPDF3.0 —
® i e » Good agreement with different PDF
O  ATLAS-epWZ12 ——CO—T+ ele .
[ HERAPDF20 — » Best sensitivity at 8 and 7 TeV
(NNLO QCD, inner uncert.: PDF only) .
M B B B B 1 N R
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http://link.springer.com/article/10.1007/JHEP02(2017)117

tt/Z cross section ratio @ 7, 8, 13 TeV JHEP 02 (2017) 117
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> Exploiting the tt/Z results:
» Profile ATLAS-epWZ12 to constrain:

=|_I.

___________

W ;
: x | ATLAS /
> ||ght Sed quark PDF ‘%] 5 13TeV,3.2fb’1 ,ii
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1.1 I
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http://link.springer.com/article/10.1007/JHEP02(2017)117
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Z+jets cross section @ 13 TeV
Eur. Phys. J. C77 (2017) 361
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https://link.springer.com/article/10.1140/epjc/s10052-017-4900-z
https://link.springer.com/article/10.1140/epjc/s10052-017-4900-z

Z+jets cross section @ 13 TeV Eur. Phys. ). C77 (2017) 361
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» Z+jets cross section

Jet Py spectrum

— 10 R > State-of-the-art predictions:
< 10 T T T T I E
S 1o f’:f\‘fmm_] e > NNLO (Z+ >1jet Njetti)
ev, s. m Z+>1jetN_NNLO I
~&F i 2. e Bkt Beeon ] » NLO (BlackHat+Sherpa)
= LN SHERPA 2.2 3 i
3% 10! .'| e ; ALPGEN +PY6 - > LO (varlous)
3 . %ul_\l,', v MG5_aMC+Pv8 CKKWL 3
n L] =2, - MG5_ MC +Pv8 FxF —m
I T » LO MG5_aMC+PY8 CKKWL & FxFx
. L e 7T § :
107 uff’ 23 VB Y e T too hard jet p; spectrum
L S, X1 & o
10* " e 07 S = > LO Alpgen+PY6, NLO Sherpa 2.2,
2y s - .
105Ep08an. s,y Wy N NLO BlackHat+Sherpa, NNLO Njetti,
5 o E show good agreement with data
10 u/,l/// =
anti-k jets, R = 0_'4 s =
107 k- p > 30 Gev, |y < 25 =
| | | i I R .
= | § v » LO predicts
O ; .
3 P A % too hard jet
o 0-5_:_'..‘|:=:.'{.H.:.l{.‘1::|=1.‘4.|.‘1.~1|=:.‘1__
s 15 : . = spectrum
o - y - ', s il .
S L E (p; > 200 GeV)
& 05F, . =

Ll oo b oo b b e b L
100 200 300 400 500 600 700
d’f‘ (leading jet) [GeV]
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https://link.springer.com/article/10.1140/epjc/s10052-017-4900-z
https://link.springer.com/article/10.1140/epjc/s10052-017-4900-z

Z+jets cross section @ 13 TeV Eur. Phys. ). C77 (2017) 361

< >
e ge e +i i
Jet multiplicity » Z+jets cross section

5 o T T T T » State-of-the-art predictions:
e '9F atLas Zi* (o IT) + jets >
"2 {0°E13TeV,3.16 1" /#/ Data NNLOH{Z+=1jet-Niett)
2 LD antikjets, R=04 B Buectar s » NLO (BlackHat+Sherpa)
* jet e Jet <2 A HERPA 2. .
~N-P‘ 10° F:T >30G V,\y <25 ALPGEN +PY6 > LO (Va“OUS)
© v MG5_aMC+Py8 CKKWL

10° L ® MG5_aMC + PY8 FxFx

o SLES » Reasonable agreement up to 3 jets

1 R > LO MG5_aMC+PY8 CKKWL seems OK
- 22 = 7 » LO Alpgen+PY6, NLO Sherpa 2.2,

0 & Y- NLO MG5_aMC+PY8 FxFx systematic
R ; trend deviating from data
8 2E 7
5 1E &
&J 0.8 E_ | I | /|{ /|V | /I /I/i;
© = T T | | T 1 = . .
& R % > Mlsn-qod.elmg
% o8t “w Y for high jet
RO '/ 3 multiplicity
S | Pt Z
';Ih-) 08 E_ I I [ | { /i/ /:///////fz (Njets - 4)

>0 >1 >2 >3 >4 >5 >6 >
Njets
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3D Z cross section @ 8 TeV
https://atlas.web.cern.ch/Atlas/GROUPS/

PHYSICS/PAPERS/STDM-2016-04/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/

3D Z cross section @ 8 TeV to be published soon

<€ >
> Triple differential Z boson cross section Zboson rest frame (Collins-Soper)

as a function of: m,, |y, |, cos 6* ¢ ‘5&039 X
» Collin-Soper frame: % Ocs L%
p Y

» rest frame of the (Z boson) di-lepton system
» lepton cos 6*: measured from z-axis,
symmetric to the 2 incoming partons

» increase with y,
~ d?o(cost* > 0) — do(cost* < 0)
 d3o(cost* > 0) + d3o(cosh* < 0)

ATLAS Preliminary

0.5t \s=8TeV, 20.2 fb"

Arp

+.,— -+
0*_ pZ,ll p1p2 _p1p2 = e L L R A N AN N L
oSy = mu|pz.ul 2 4 p2 § 40 Bo<m<atGev T U

: m g = otal Unc.

i Pru =  Prediction
b% 3.5
» A (forward-backward asymmetry) g 3%
> related to weak mixing angle sin2 6, 25
» change sign at m, 2E

L bl b b b b b b b b b

O I‘\I\‘IIIIJ\IIIII‘IJ\IIIIl\lI‘IIIlI\lII\I‘II
> Overall good agreement with Powheg+Pythia8 & 18 ST
o ) ] = d R R Bl -I:
recision: 0.5% (+ 1.9% luminosi T .-
>P 05cy(+19(y| ty) S 09806081 121416 1.8 2 22 2.4
> Prediction tends to underestimate data |
< >
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3D Z cross section @ 8 TeV to be published soon

< >
» Ay change signs at m,:

» from positive... ..to==0.. ... then negative!
» m,: 66-80 GeV » m,: 80-91 GeV » m,: 102-116 GeV
>cos0*>0 @ A N > cos0*>0 = cos0*<0 »cosB*<0 O A DO
»cos0*<0 O A O AN = OADO »cosB*>0 O A B

A\

. [T T — il i = =3 AR =
S 03F em Y AOO Dala n > 5 . emYADO Data > 0.2F - emv Data -
3 £ ATLAS Preliminary (—— ; prediction cost*[10.7-511.0] & - ATLAS Preliminary (—— s prediction cost'(20.7+1.0] 7 5} £ ATLAS Preliminary —— 1 prediotion cost'[£0.7.++1.0]
s} F 1s=8Tev,20.2f0" AG Prediction cos8[£0.4-£0.7] ‘.g 1s=8TeV,20.2fb" [Z7] ac Prediction cose*[+0.4-+0.7] g 0.1 3:_ 1s=8TeV, 202" A Prediction cos6*[+0.4-5+0.7]
S 0.25— 66 < m, < 80 GeV [T Ao Prediction cos8*[+0.0—+0.4] ] = 4| 80 <m, <91 GeV [ Ao Prediction cos8*[£0.0—20.4] = 016 102 <m, <116 GeV  [C] Ac Prediction cos6'[+0.0-+0.4]

o
L8]

d’s
dm,,dlynldcose*
TTT ‘ LD L ‘ TT

d’c
dm“d\yllldcose‘

d’c
dmydly, |dcose”
o

0.0

@

TIIET T T TT T[T [TTIT[TTT]

0.06
0.0

&

= 0.02 =
o | Il | | | ] | : ] | | ] | | E
o 3 - w1 Data 522 Pred. [-1.0<cos8"<-0.7] = 2 1pE- " Dataé: Pred. [1.0<c0s8"<-0.7) =
8 E 8 E s 3
= —3 = PSR YRy —-——.——o——.——i—f—: 3 IRt s T A e T @ = = - - - - - - —
2 = S os e = & osx =
o 3 = = =
2 = 2 4 w1 Data === Pred. '|—0.7<cosa*<—0.4]' ’ ‘ 3 2 w1 Data &2 Pred. [-0.7<cos"<-0.4] 3
3 E o E
= —3 % —a— s - —J = el el e e W - —
B E 8 = 8 3
T E [ E o 3
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& —= & O09E = T é
2 2 Data == Pred. [0.0<cosb*<0.4] é % #n Data —= Pred. [0.0<c0s6"<0.4] = % &0 Data == Pred. [0.0<cos®"<0.4] g
%- A A A A - A - A--A--A-= A=~ A % N e e e g S e e e e e
8 g E 3 s SaallE
T = o = o 3
.g 1 o Data &< Pred. [0.4<cosb*<0.7] 3 g o Data &< Pred. [0.4<cos8"<0.7] _f % 1.pE— i Data 52 Pred. [0.4<cos8'<0.7] =
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Z leptons angular coefficients @ 8 TeV
JHEP 08 (2016) 159
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Z leptons angular coefficients @ 8 TeV JHEP 08 (2016) 159

<€

>

> DY leptons angular correlations (0 and ¢) Zboson rest frame (Collins-Soper)

» described by angular coefficients A,

A

» A, measured in 3Y, bins and integrated in Y,

> Results:

» Evidence for higher than zero A,— A,

» Evidence for non zero A

A
(< y\ ,‘x
eCS A
/ ’
Y p

L 201y = > (Aq — 2):
(5(1=3cos™0)) = 25(Ao - 3);

=T T T T T T TT T —] 1
< - ATLAS A | . (sin 26 cos ¢p) = §A1;
1.4 8 Tev, 203 ™ e A, E 1
1.2 €6ccHih y’-integrated  —s— A -A, — {sin” 6 cos 2 = EAz;
~ Regularised ] |
- e I i AO (sinfcos ¢) = é_lA3;
0.8}~ ST A 1
0.6F Ry = (cos6) = 7Aq;
- o © .
0.4 ..OO —_ o P 1
- et O . (sin“ @sin 2¢) = —As;
0.21- o2 —A,-A,>0 .
z R R I o
0 —g—— T — (sin 26 sin ¢) = §A(,;
1 10 102 o 1
p$ [GeV] (sin@sin ¢) = ZA7'
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Z leptons angular coefficients @ 8 TeV JHEP 08 (2016) 159

< >
» Lam-Tung relation broken: A,— A, >0 B e L B ™ "'
. . . < - ATLAS Simulation
» Confirm needs for higher order corrections [ \s=8TeV
.. 0.15 —
» Data almost factor 2 larger than predictions: [ 5 Do, y
» pQCD calculations: DYNNLO (NNLO) ol b
> MC’s at V+j NLO: POWHEG+MINLO Z+j ! ﬁ T%ﬁ T
> Sherpa 2.1 better than Sherpa 1.4 0.051- é‘?‘?ﬂ'? T4
» Several recently published predictions: ] H}{f‘*? ]
> improve data/MC comparison O T e ettt ey
i — i 1 10 10°
» do not fully explain A,— A, at high p; o (GoV]
<NO.25£""‘\ T T T T TTTTg T T T TTTTg T T LM o 0-4l‘||”| T T ‘|f|||| ||| T
< ,,F ATLAS & [ ATLAS
0.2 g Tev, 20.3 fb" = 0.3 8 TeV, 20.3 fb" -
0_15;_ 1 g:ﬁNLo (NNLO) +++H+H$_"_; 0_2; I g;tERPA 2.1 Z+(< 2j) + é
o4 T PowMEcsNLozd E F o SHeRPA1ezea) s o i B
5 +¢$ﬂ'ﬁmﬂ#ﬁﬁ o1 o S I
0.055- :t:%ﬁzﬁ —] - S34% T 1
C == ) s e T —
. = 3 S .
005t h 01 Y e -
A ‘\2 0.2 | Ll bl
1 10 10 1 10 10°
pz [GeV] pZ [GeV]
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anti-k, splitting scales @ 8 TeV
JHEP 08 (2017) 026
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anti-k, splitting scales @ 8 TeV JHEP 08 (2017) 026

<€ >
> Z(=2>11) + jets: jet clusterization in steps with anti-k, algorithm

» Inputs: charged particle tracks (p; > 400 MeV, |n|< 2.5)
» Associating tracks with minimum distance criteria:

> distance between tracks or between tracks and beam axes
Do Do

Clusterization steps:

——" ........................ 0) pn traCkS as Input

o4 1) minimum distance between
p, and p, tracks = track p,,

2) minimum distance between
Py, and axes = jet |,

3) minimum distance between
P, and axes = jet j;

> 0th splitting scale (Vdo): p; of the leading k-jet
> Nt splitting scale (Vdy): distance at which an N-jet event resolved as (N+1)
<€ >
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anti-k, splitting scales @ 8 TeV JHEP 08 (2017) 026
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» Theoretical predictions: Sherpa (MEPS@NLO), Powheg+Pythia8 (NNLOPS)
» Measurements provided from 0t to 7t splitting scales

» Observe significant differences between measurement and predictions

» Compatible results for: Z(=ee) and Z(=2up) channels; R=0.4and R=1.0

> Low splitting scales (0t) » High splitting scales (7t")
» MEPS@NLO better from 10 GeV » NNLOPS better up to 3 GeV
g " - ATLASE 3  B——0 . ATLAS
< 10 —— Vs =8TeV,20.2 fb < — Vs =8TeV, 20.2 fb"
8 ] . Z-e'e,R=04 2 — Z—>e'e,R=04
4, 2 =
102 % Data (2012) i "E" % Data (2012)
1osF- $MEPS@NLO = MEPS@NLO
+NNLOPS +NNLOPS
10 —
5 o 2: e ——— 5 © N >
Ol 1.5k SN gl = N
%8 1—_=.._ __.-—"' gg e s
o L . i So—— .
1 10 10 * 10
\d, [GeV] |d, [GeV]
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Summary
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Summary

(> ATLAS precision measurements with 7, 8 and 13 TeV data
» Very high precision: 1-2%
» W(->ev)/W(>uv) ratio: higher precision than LEP combined
» Possibility to cancel out systematics with cross section ratios
> W¥/W ratio, W/Z ratio, tt/Z ratio
» Higher precision than theoretical predictions:
» Improve PDFs not compatible with data results
» Provide inputs for new PDFs: *new* ATLAS-epWZ16
» Underline the needs for higher order corrections
» Remaining discrepancies motivate further work to improve
modelling and precision

<€
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Summary

(> ATLAS precision measurements with 7, 8 and 13 TeV data
» Very high precision: 1-2%
» W(->ev)/W(>uv) ratio: higher precision than LEP combined
» Possibility to cancel out systematics with cross section ratios
> W¥/W ratio, W/Z ratio, tt/Z ratio
» Higher precision than theoretical predictions:
» Improve PDFs not compatible with data results
» Provide inputs for new PDFs: *new* ATLAS-epWZ16
» Underline the needs for higher order corrections
» Remaining discrepancies motivate further work to improve
modelling and precision
» ATLAS precision measurements are a powerful mean to improve
our understanding of perturbative QCD!

Thanks for your attention!
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Drell-Yan production

<€ >

ATLAS/CMS and LHC-b complementary:

» Probes Bjorken-x in range 104 <x<1

» Low & high x accessed by off-shell data o[- ATLAS/CMS
[ LHCb

=1 CDF/DO
[ HERA
==] Fixed Target

LHC 13 TeV Kinematics

» Total and differential cross-sections in
boson (lepton) kinematics (y, p, f*, ...) i0?
» Cross-section ratios (W+/W-, W/Z, ...)

Excellent detector calibration:

» Typical experimental systematics ~1% 0

» Luminosity systematics (2-3%) and also ol g
other contributions cancel in ratios T

< >
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General information on measurement methods

<€

Total and fiducial cross-section:

Wiz . ; i )
. NW/Z _ gW/z N candidate events in data id
U{Jiz _ B%'Z - background events g‘{ﬁj , = W/Z AWZ . acceptance
Cw /Z Li Cwiz - efficiency correction factor Aw /Z
Lint - luminosity

“Particle level” measurements: z | ATLAS Simuaton ®o.

> unfolding with MC corrects B | sumnze |BS0.8

» for detector effects; é O 2o ee) +jets - “|BS0.7

> leptons “dressed” with QED FSR S O le=13Te I o6

4t ] I Hos

31 B 1 o0.4

Main systematic uncertainties: ol 1 o3

» jet energy scale e - /0.2

» background (on W) 0 | 0.1
» unfolding 0 1 2 3 4 5 6 7 8 0

Detector level Njets
< >
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ATLAS W & Z cross sections
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W & Z cross section @ 7 TeV Eur. Phys. J. C 77 (2017)

<€
x10°
> _||||I|I\l\| IIIIIIII ‘I\Ill\llllllllllll\ > :lll\llll\l I\llll\
& - ATLAS - Data i & . <[ ATLAS - Data i
N 500 (s=7TeV, 461" % e eE = 10 57 Tev, 46 10" % e E
@ T W s ety 3 Multijet . = FZ s efe 3 Multijet
CICJ - ] Worv q>J 105 = I tt +singletop 5
Lﬁ 400__ . Z/y*—>ee B t E (] Z/f—)ﬂ:
i - (] Dibosons
i 10%E
300F - :
i 3
200 - 10 i
i ol
1001 ] 10
MR BT bt o 10 | I !
40 50 60 70 80 90 100 110 120 60 80 120 140
my [GeV] Mee [GeV]
Selected candidates:
W->ev: ~13M Background contamination:
W->puv: ~16M W->lv:~7-9%
Z->ee: 1M (CC), 320k (CF) Z->l: ~1-3%
Z->pu: 1.6M
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W & Z cross section @ 7 TeV Eur. Phys. J. C 77 (2017)
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W & Z cross section @ 7 TeV Eur. Phys. J. C 77 (2017)

<€ >
+ ° °
W™ differential W dlfferentlal
E [ D B E 480 [T ™7 T ]
o o - ]
= 650 - :47:LAS } — = 460 - ATLAS 1 W N | v -
= s=7TeV,4.61b = L \s=7TeV,4.6fb p. > 25 GeV ]
L . T ]
2 0 % : B 440, P 2560V
© 600( T % H % : ¥—_ © 400 %ﬁ m>40GeV
., ﬂ% | + e 400} ?T f %E N
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L + .|_ _ - Fﬁ— 7
- e Data W — I ] 360 i ® Data j
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__ o IR —+— Uncorr. uncertainty __ 320—_ o Jma —+— Uncorr. uncertainty _%'ﬁ,_—
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g105e ARSI AVE o S A IR
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» All predictions (but HERAPDF2.0) lower than measurements, with large PDF uncertainties
» Large strange-quark component in W production which is theoretically not well constrained
» Uncertainty on measured shape is 0.1-0.2%: discrepancy in shape

<€ >
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W & Z cross section @ 7 TeV Eur. Phys. J. C 77 (2017)

<€ >
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Profiling results:
» significantly reduced uncertainties

» central values are increased towards unity >

<€

103

Unsuppressed strange fraction:

» in contradictions to most contemporary
PDF sets (strange fraction around 0.5)
however: large parametrisation uncertainty
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tt/Z cross section ratio @ 7, 8, 13 TeV JHEP 02 (2017) 117

<€

>
B ;(SI TeV)/Z(7 'TfeT\() o tt(8 TeV)/tt(7 Te\()
ATLAS ATLAS
7 TeV, 4.6 b 7 TeV, 4.6
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| data + total uncertainty | data + total uncertainty
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. I
» tt/Z double ratio measurement ATLAS
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> 13/8 TeV, 13/7 TeV, 8/7 TeV (this slide) STev.20zi!
ata * total uncertainty
» Further reduce uncertainties | e ot ey
» Discrepancy between data and MC . oz o
for 8/7 TeV ratio i .
» Room for improvements O nemmeorzo "
. . . (NNLO QCD, inner uncert.: PDF only)
» Mainly in the tt cross section gt B
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tt/Z cross section ratio @ 7, 8, 13 TeV JHEP 02 (2017) 117

< >
6 cross sections used to profile ATLAS-epWZ12 PDF set
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Z+jets cross section @ 13 TeV Eur. Phys. ). C77 (2017) 361
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» Relative jet topology (mostly back-to-back) modelled by all
» MG5_aMC+PY8 CKKWL overestimates contribution at large H; (hard jets)
» BlackHat+Sherpa (fixed order NLO) underestimates at H; > 300 GeV due to missing
contribution from higher parton multiplicities (higher orders in pQCD)
» solved with Njetti NNLO
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anti-k, splitting scales @ 8 TeV JHEP0S (2017) 026
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» Measurements provided from 0t to 7t splitting scales

» Observe significant differences between measurement and predictions
» Compatible results for:

» Z(—2>ee) and Z(=2up) channels

»R=0.4andR=1.0

1th splitting scale

_Z(2pp),R=04 _Z(>ee),R=1.0

S~ T = ¢ —
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https://link.springer.com/article/10.1007/JHEP08(2017)026

Astonishing precision at 7 TeV (compared to 13 TeV)
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