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»  Related talks:

Electroweak precision measurements with ATLAS
(Elena Yatsenko) and CMS (Dylan George Hsu)
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»  sin26w and mw are key parameters of the SM sin“ Oy = 1 — MW/MZ
can be calculated from mz, aem, Gu (with corrections = 85— I A ]
) 68% and 95% CL contours ; .
from mtop aﬂd mH) % : I direct M,, and sinz(GL) measzurements Gﬂtter :
T Gt b it :
» To test SM, our goal is to reach the precision e g . 1w, e, R Wl e i
of global EW fit with direct measurements: - i
mw at +10MeV g E— ) -
Sin29W at 5i10_4 : M,, =80.379 = 0.013 GeV :
80.35 [— ‘ —
»  LHC individual experiments approaching - wtyoza |
sensitivity of LEP/SLD and Tevatron combined  ssl— 1 Lt N N
But PDF uncertainties are becoming the bottleneck Yo ATLAS + -(pDF) + (tot) SO
~, 10 ¢ — ~, 10 — —— =
Y U SRR ) Clfiter.Ji{;, S of :
EW Fit World Avg :% SM fit w/o Mi'v ang M,, measurements :% :% :%
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sin260W E E - j E
0.00006 000016 . \i i/ o EF S . S S :
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D. Zanzi My, [GeV] sin(o))

130

20

;1o



https://arxiv.org/abs/1803.01853
http://project-gfitter.web.cern.ch/project-gfitter/
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Normalised to unity

Var./Nom.

0.12— ATLAS Simulation

Measured with 4.6 fb-1 at 7 TeV by ATLAS

both W—=ev and W— uv channels analysed

Template fit to pt' and mr

pr' sensitive to ptv modelling

Mt sensitive to hadronic recoil ut

Templates built with Powheg+Pythia8 and
reweighted to best theoretical modelling

do/dn and W polarisation with DYNNLO
do/dpT with Pythia8 and AZ tune

T {s=7 TeV, pp— W*+X
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0.99;_ .............................................................................................................................................. -
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Tevatron Comb. ® 8038716 MeV
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Electroweak Fit 80356+8 MeV
| | | |
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\_/ Mw uncertainties B
\ Ex:IE-I!TI\ﬁNST v \\\ \\
~
ATL-PHYS-PUB-2017-021
Combined Value | Stat. Muon Elec. Recoil Bckg. | QCD PDF | Total x? /dof
categories [MeV] | Unc.  Unc. Unc. Unc.  Unc. | Unc.| Unc. | Unc. | Unc. | of Comb.
mr-pp, W*, e-p | 80369.5 | 6.8 6.6 6.4 2.9 4.5 | 83 9.2 | 185 | 29/27
o ATL-PHYS-PUB-2017-021
2 F ATLAS Simulation
»  PDF uncertainties S 103 (527 TeV, pp-- WA4X, pp— Z+X
1.02¢
lepton distributions affected by W polarisation (sensitive to PDF) |
pTW spectrum dependent on the flavour of the incoming quarks -
needs for future results:
improved precision with more W,Z measurements (and TH L LOPOFW  —Totalw
N3LL+NNLO predictions? ATL-PHYS-PUB-2018-004) O M LOPDFW  —Towlw
- - - - 098y =570 15 20 25 30 35 40
estimate of correlations among PDF sets for combinations oV [GeV]
with other mw and sin26w measurements - 18.4 pb™ (8 ToV)
. . . A JHEPO2(2017)096
»  QCD systematics mainly due to uncertainties on ptW N e
at 7TeV with <u>~9, pt™W precision limited by o(ut)~13GeV %}? F b om
~_— 41
resolution on hadronic recoil N
pT™W modelled from Z pr data via Pythia8 AZ tune — 2.5% 3— POWHEG CTIO NLO
uncertainty at low prt from extrapolation syst R R
same 2.5% precision also in W/Z ratio in 8TeV data (CMS) - Q_
1 Y
£ 0.962+0.025 +
D. Zanzi T T e 6



https://cds.cern.ch/record/2310738/files/ATL-PHYS-PUB-2018-004.pdf

NV

. CMS,
(i@ pTW Prospects @ B 1

»  Plan to directly measure ptW in data in W events at
low u and with good ur resolution

target 1% precision in 5GeV-bins of ptW at low pt = x0.5 g 002
QCD modelling syst for W mass i E
> 0. — T

requires o(ut)sbGeV to control bin-by-bin migration syst ol gg:i_ = @300 py” statistial sensivity + Recoil Calibsys -
expected to be achieved with low u data, lower calorimeter ? e s E
thresholds and new improved particle-flow algorithm for > 0.008f E
hadronic recoil (EPJC77(2017)466) " 0.006f =
0.004} —

» Low-u datasets, <u>~2: 0.002F- 3
O_...I ........ IS R Lo b b b g by i 07

ATLAS/CMS: 380/200pb-' at 13TeV, 260/300pb-' at 5TeV [ I L

(preliminary luminosity calibrations)

for equal luminosity, 5TeV and 13TeV data expected to have
same sensitivity (better ur resolution at 5TeV, ie lower UE, and
higher cross section at 13TeV)

ATL-PHYS-PUB-2017-021
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2015-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-021/
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»  Measured via asymmetry in lepton angular

.y . . . ATLAS-CONF-2018-037
distributions in Z decays induced by the Z

: Fevrereresrarssrrarense ATLAR Rrelimina). e e eenenrerenannanen
coupling structure : LEP-1 and SLD: Z-pole ' i B 0.23152  0.00016
LTesssnssnnnnnnnsn ....Ofb....“ ------------------------------- ----u---------+ ---------- -
»  Most-precise measurement from LEP+SLD ;‘Egt‘"" SO A | S :z:sz;‘zzzzgs
. , : LA, b : +0.
combination (16x10-5), but with a = = |
. o Tevatron —— 0.23148 + 0.00033
difference between the two most sensitive ... 7.aey - | 023142+ 0.00106
individual results at 3.2¢ ICMS:STeV B ———t 1 0.23101 2 0.00053 I
_ ATLAS: 7 TeV ' S | 0.23080 £ 0.00120
» At LHC, two related methodologies: ATLAS ot | i 023119 = 0.00049
A4 angular coefficients in full decay lepton ATLAS:ee.. | ——te— |023166 + 0.00043
phase space (ATLAS-CONF-2018-037) I ATLAS: 8 TeV B — " 0.23140 + 0.00036 I
triple differential (cosécs, my, yi) Cross section 0.23 0.231 0.232
and Ars in fiducial phase space sin’e’

(JHEP12(2017)059, EPJC78(2018)701)
sin20er=sin260w Kf(s,t), with Kffermion-
flavour dependent form factors that
absorbs EW corrections

D. Zanzi 9


https://cds.cern.ch/record/2630340
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-04/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-16-007/index.html

CERN - CMS.

\ Al I\/\ethodo\ogy TLAS.~—

NS
EXPERIMENT /N |

Collin-Soper dor 3 doU+L
frame 5 dpt dytt dm? dcos@ d¢ 161 dp¥¢ dytt dm*¢
/ {(1+c0s20)+%A0(1—3cosza)+A1 sin26 cos ¢

1 . .
+§ A, sin? @ cos2¢ + A; sin@ cos¢ + A4 cosf

+As sin” 0 sin2¢ + Ag sin20 sin¢ + A; sin sin ¢}.

»  pp—Z—Il cross section in full lepton phase space EWLO and all orders in QCD

determined by 5 variables that separate Z
production from decay kinematics

9 harmonic polynomials Pi(cosfcs, ¢cs) describe the lepton & ot LT
. . . . N ATLAS Simulation Pre |m|nary
angular distributions in Z rest frame o1 (s=8TeV,Zy* (NLOQCD) ]
. : [ 80 GeV < m’ <100 GeV ]
8 Ai(m!,ptl y!) coefficients and total unpolarised cross : ) ) ]
. ) . . 0.09|— A Improved Born Approximation —
section cU+tL(mll p7!l yI") describe the Z kinematics A Effective Born
0.08F Yua K —
»  Parity-violating A4 term sensitive to sin?fes F Yaa E
A4 proportional to sin?ffert based on effective linear relation 006k TEa, E
(including EW corrections) - A ad
104 in A4 — 2105 in Sin29feff 0057 10122191 0 2:13[ 0 23111 10123121 10123l31 IOI23I4I 101235

2a/
sin Geff

in decay lepton full phase space Ars = 3/8 A4 ATLAS-CONF-2018-037

D. Zanzi 10


https://cds.cern.ch/record/2630340/files/ATLAS-CONF-2018-037.pdf
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TLASE.

EXPERIMENT

Compact Muon Solenoid

Collin-Soper do 3 doUtL
frame dpft dy? dm®€ dcos6 dé 167 dptf dy?¢ dmtt
Pt P
{(1 + cos? @) + % Ag(1 =3 cos? ) + A, sin26 cos ¢

»  Fold Pi(cosécs, ¢cs) to detector level

»  Fit reconstructed cosfcs,¢cs mi,yi distributions

In born-level miy!l bins

»  Extract A4 in full decay lepton phase space
and use predictions of A4 to infer sin20e

»  As measurement dominated by statistical

uncertainties

»  QCD and PDF uncertainties dominate sin26fe

interpretation of A4

D. Zanzi

Cs

| . .
+§ A, sin®6 cos2¢ + A; sinf cos¢ 4 A4 cosf

+As sin? 0 sin2¢ + Ag sin26 sing + A7 sin@ sin ¢}.

ATLAS
3 . 1 o
o” 8 08 o
06 oo

04 §
QA 02 o
fit Ai to 0

data 02

full phase 04

06

space 08

17208 06 -04 02 0 0.2 04 06 08 1
ATLAS Simulation  ee,: y-integrated cos O¢g

Vs =8TeV, pf = 22-25.5 GeV
S 0.04
0.03
0.02
0.01
0
-0.01
-0.02
-0.03
-0.04

fold detector
acceptance

Templated P (cos 0., 0_.)

1 -08-06-04-02 0 02 04 06 08 1

cos O

JHEP08(2016)159 11


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2014-10/

3 Methodology

EX

LAS

XPERIMENT |/

Compact Muon Solenoid

»  Measure of Arg asymmetry in Collin-Soper frame in reconstructed my,yi bins
angular event-weighted Arg to improve statistical uncertainty and reduce impact of

efficiency and acceptance uncertainties

»  Sin2ferr extracted from template fit to Arg in data using predictions (Powheg
v2+NNPDF3.0)

o(cos@* > 0) —o(cosf * <0)

= 5(cos0* > 0) + 0(cos 0 * < 0)

S8,

[

D. Zanzi
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Data - Fit
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CMS
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T T T
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T T T
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T T T
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T T T
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-16-007/index.html
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ATLAS,/—

Arg,A4 at LHC |

ATL-PHYS-PUB-2018-004

é" 0.25F ATLAS S Slmulatlorfeclﬁr;mary T

Ars,A4 strongly depend on PDF g 02__”‘” B i :
quark assigned based on Z rapidity = [ e ]
largest at high yZ2 where valence quark PDFs 0‘155_ _;;;;&%*_5
dominate at large x o1 Prol N
also depend on quark flavour, so on relative i e :
contributions of u and d PDFs 0.05[- ‘,,**# .
uuCC and eeCC channels with central ot 6“";;{5;“‘#*“‘13“*5““23“*;,“‘5?5 :
leptons |u|<2.4 (Jue|<2.5 in CMS) » 4
high statistics, good to constrain PDFs 1000LA:I'LA:S'S'ir'n'uia'ti;)hIF"rt'eI'irhi]n;a;y' R

Imi itivity i I % = Full phase space-
similar sensitivity in ATLAS and CMS : 8Tev, 2021 phase space ]

eeCF channel with a forward electron
2.5<|ul<4.9

low statistics, high sensitivity to sin26fes 400k

Expected events
=
[

S
o
T ™7

experimentally challenging, unique to ATLAS

200f

O 05 T T 15 2 25 3 35
ATLAS-CONF-2018-037 Iy 13



https://cds.cern.ch/record/2630340/files/ATLAS-CONF-2018-037.pdf
https://cds.cern.ch/record/2310738/files/ATL-PHYS-PUB-2018-004.pdf

CERN

\ SIN20 e

Compact Muon Solenoid

— cmMs T~

[105] ATLAS
Channel eecc | MUcc | eecr | eecc +ppucc | eecc + HpuCC +eecF eeCC MMCC Comb
Central value 0.23148 | 0.23123 | 0.23166 0.23119 0.23140
Uncertainties
Total 68 59 43 49 36 53
Stat. 48 40 29 31 21 00 44 30
Syst. 48 44 32 38 29
Uncertainties in measurements
PDF (meas.) 8 9 7 6 4
p% modelling 0 0 7 0 5
Lepton scale 4 4 4 4 3 _I 9 8
Lepton resolution 6 1 2 2 1
Lepton efficiency 11 3 3 2 4 4 5
Electron charge misidentification 2 0 1 1 <1
Muon sagitta bias 0 5 0 1 2
Background 1 2 1 1 2
MC. stat. 25 22 18 16 12 33 15
Uncertainties in predictions
PDF (predictions) 37 35 22 33 24 3 1
QCD scales 6 8 9 5 14 10
EW corrections 3 3 3 3
ATLAS-CONF-2018-037 EPJC78(2018)701

. Zanzi
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-16-007/index.html

CERN

\
NS

interpretation exploiting correlations in ml and y!

siN26'«r and PDFs

»  PDF uncertainties constrained in Arg,As— Sin2@cs

PDF uncertainties profiled in ATLAS
Bayesian y2 reweighting in CMS

»  Yet PDF is source of large systematic uncertainty
CMS: PDF syst +31, spread among PDF sets ~65 [10-9] .
ATLAS: PDF syst +24, spread among PDF sets ~28 [10%] <
compatibility cannot be estimated without correlations

» Improved understanding of PDF differences and

correlations is key

new PDF sets with more LHC W,Z data will reduce impact of
in-situ PDF constraints and ease combinations

CT10 CT14 | MMHT14 | NNPDF31
sin’ Hfﬁ 0.23118 | 0.23141 | 0.23140 0.23146
Uncertainties in measurements
Total 39 37 36 38
Stat. 21 21 21 21
Syst. 32 31 29 31

D. Zanzi

ATLAS-CONFE-2018-037
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EXPERIMENT [ T

Compact Muon Solenoid

0.2—

AFB

-0.2

0.005 f=

NNPDF3.0 uncertainty

NNPDF3.0 replicas

R

CMS Nominal PDF

m, (GeV)
EPJC78(2018)701

18.8 fb™ (8 TeV)

cTi0
NNPDF3.0 (1000)

MMHT2014
CT14
NNPDF3.0 (100)

0.229 023

. |
0.231

. 1 .
0.232

sin’e’

CMS Weighted PDF 18.8 fb™' (8 TeV)
ctio - . T T
NNPDF3.0 (1000) o
MMHT2014 ®
CT14 °
NNPDF3.0 (100) S .

0229 023 0231 0232
N
sin“0

eff
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https://cds.cern.ch/record/2630340/files/ATLAS-CONF-2018-037.pdf
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-16-007/index.html

CERN
NV

Sin2@fesr Prospects

ATLAS;/—

EXPERIMENT /N |

Compact Muon Solenoid

»  LHC Run1 measurements dominated by statistical and PDF uncertainties

»  Future measurements at 13/14TeV:

higher statistics can more strongly constrain PDFs

higher dilution balanced by higher statistics

»  Work ongoing in LHC EW precision group (April meeting in Durham) and
PDF4LHC forum to investigate

EW/QED corrections, EW schemes, benchmark NNLO and resummed calculations and
uncertainties

PDF differences and correlations

3000fb-
D. Zanzi

LEP-1 and SLD: Z-pole average
LEP-1and SLD: A/}

SLD: A,

Tevatron

LHCb: 7+8 TeV

CMS: 8 TeV

ATLAS: 7 TeV

ATLAS Preliminary: 8 TeV

HL-LHC ATLAS CT14: 14 TeV
HL-LHC ATLAS PDF4LHC15,, .. 14 TeV
HL-LHC ATLAS PDFLHeC: 14 TeV

ATLAS Simulation Preliminary

P

023

0.231

HvN)
sin“6,,

0232

0.23152 + 0.00016
0.23221 + 0.00029

0.23098 + 0.00026

0.23148 + 0.00033

0.23142 + 0.00106

0.23101 + 0.00053

0.23080 + 0.00120 PDF syst
0.23140 + 0.00036 *+24
0.23153+0.00018 =10
0.23153 + 0.00015 *+ 13
0.23153 + 0.00008

ATL-PHYS-PUB-2018-037 16



https://indico.cern.ch/event/801961/timetable/#all.detailed
https://cds.cern.ch/record/2649330/files/ATL-PHYS-PUB-2018-037.pdf

Recent
W.Z Cross Section
Vlieasurements

More details in talks by Elena Yatsenko
(ATLAS) and Dylan George Hsu (CMS)

D. Zanzi 17


https://indico.cern.ch/event/687651/contributions/3424536/
https://indico.cern.ch/event/687651/contributions/3424538/
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ATLAS/CMS
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do/dpt

do/dy
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do/dm

do/dpt

do/dy

do/dg*

Ai/AFB

sin260W

Compact Muon Solenoid

ATLAS-CONF-2018-

EPJC78(2018)701
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STDM-2018-06 (*) PLB759(201
PRD85(2012)012005 JHEP02(2017)096
EPJC79(2019) arXiv:1904.05631 (sub. to
128 ERJC77(2017)367 EPJC) EPJC76(2016)4
EPJC77(2017)367 .
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EPJC78(2018)11
STDM-2018-06 (*) PLB759(2016)6
i - -
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(*) in Elena Yatsenko's talk
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CMS 2.3 fb" (ee) 2.8 fb™' (un) (13 TeV) 14 CMS 2.3 b (ee) 2.8 fb™ (uu) (13 TeV)

S 3 * - - fE TR *7Z — ete. utw
%J 102E v /Z —e'e, utu 8 - | Stat. unc. Tot.unc. ' [z =e'e, un
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g 10_1 % l— 1 .2 I
@) 10—2 ; L
© E -

10k 1.1

107 = ] /

josL t Data t

10°F - FEWZ (NNLO QCD + NLO EW) 0.9

107

| | | I I | ‘ | | ‘
..g 1.5 | stat unc. Tot.unc. |V Th c. (FEWZ) v 0-8*
Q g Y. A0 2 m < 200 GeV
= FY s L VY Yy o Ry 1
2‘ 1i v v v ‘}‘; l l J //07 ! ! | ‘
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Theory/Data

n
3

N

—_
8}

0.5

TLAS, —

EXPERIMENT /N |

Compact Muon Solenoid

w
T

—
T T

CMS 2.3 fb™ (ee) 2.8 fb™ (uw) (13 TeV)
Stat. unc. Tot. unc. vz = ee, win
v Theory(FEWZ, w/o Pl)/Data
[ oommeeee Theory(FEWZ, w/ Pl)/Data v W
] L
X o N NN ki
£ R
/.V/ /)%Z_% } = 7/?// L l l | 4
: i W
B | | | | | | ‘

20b0 3000
m [GeV]

300 400 1000

do/dm of Z cross section with 2.3-2.8 fb-1 at 13 TeV (2015)

fiducial selection (leptons after FSR) for Z—= uu(ee): pr'>22(30),10GeV, |n|<2.4(2.5)
cross sections in full lepton phase space corrected for FSR effects (dressed leptons)

Full phase space cross sections in good agreement with FEWZ(NNLO
QCD + NLO EW) with NNPDF3.0

predictions with photon-induced contributions also tested at high my with

FEWZ+LUXged

arXiv:1812.10529 (sub. to JHEP) 19



http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-17-001/index.html

) 7 at 13 TeV () [

ST ATLAS;/—

MINLO/Data POWHEG/Data aMC@NLO/Data
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CMS Preliminary 35.9 " (13 TeV) CMS Preliminary 35.9 " (13 TeV) CMS Preliminary 359 fb™' (13 TeV)
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T 4) ~ p’[‘/méf ¢* (') Yy

o1, ¢*, y! differential Z cross section in ee,uu events at 13 TeV with 35.9 fb-1 (also

2D pTl-yll differential cross section)
fiducial selection: fiducial selection (leptons after FSR): p1'>25 GeV, |n|<2.4, |mi-91.2|<15 GeV

Normalised cross section uncertainties smaller than 0.5% for p1l'<50 GeV

Measurements compared fixed-order, resummed and parton shower predictions

FO: Z at NNLO QCD (FEWZ) and Z+j at NNLO QCD (ZjNNLO). LO EW

Resummed (NNLL): Geneva, Resbos

PS: MadGraph5_aMC@NLO (0,1,2j at NLO, FxFx), Powheg (NLO), Powheg+MiNLO (0,1] at NLO)
CMS-PAS-SMP-17-010 20
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Geneva/Data Resbos/Data  aMC@NLO/Data

> pTII

aMC@NLO Resbos Geneva

CMS Preliminary

/at 13 eV

35.9 b (13 TeV) CMS Preliminary

)

ATLAS

aMC@NLO ZJNNLO FEWZ

_IIIIII| dO_I
i T
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Idé)‘lll

mi<2.4, pT>25 GeV @
T

35.9fb™ (13 TeV)
I I I I T 1T | ]

mi<2.4, pT>25 GeV

ZINNLO/Data aMC@NLO/Data

0.8
_IIIIII|

O e
QR N N U N SN SSNNN N
0L L o4 .’o NN RS ANNN N

/Data

FEWZ

1

10

- 10°
pi' [GeV]

10°

L

pr'>32 GV

T
P, [GeV]

:RIMENT }f

, ¢, y! differential Z cross section in ee,uu events at 13 TeV with 35.9 fb-1 (also

2D pTl-yll differential cross section)
fiducial selection: fiducial selection (leptons after FSR): p1'>25 GeV, |n|<2.4, |mi-91.2|<15 GeV

»  Normalised cross section uncertainties smaller than 0.5% for p1'<50 GeV

»  Measurements compared fixed-order, resummed and parton shower predictions
FO: Z at NNLO QCD (FEWZ) and Z+j at NNLO QCD (ZjNNLO). LO EW
Resummed (NNLL): Geneva, Resbos
PS: MadGraph5_aMC@NLO (0,1,2j at NLO, FxFx), Powheg (NLO), Powheg+MiNLO (0,1] at NLO)
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Compact Muon Solenoid
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‘\j-" 165 ATLAS ® Data muliet e :i: 2_—ATLA 'i)tal Systematic r_M8uc->|;1 r\e/;oi(:t.fj;Zn—_ qé 0.35:_ Ts‘i‘ f ,(6\)?1;8’\5'\_/;2(:62 " _:
g 140 Is=8TeV,202 fbo! [Jw—=w = W ] 2 © —— Modeliing —— MC Statistics i > - Stat+Sys. Unc. = HERAPDF20 ’
L : _ : © | —_ miss e isti < 0'3j * NNPDF31 i
2 ¥ O e A e : T e Lomgy
10 1 z 1'5:_W__>H_ . prord ] 0.251- _‘_?!TOE:T
: E’ _ B 0.2; R_‘*}R‘_ f
A < L 1 : - -
r q>_) T | - ?‘_ B
4 -4 B [ ﬁ 0'154 ?,;{R,—_*’R._ :
of E R ﬁ 91.05:—‘r‘”‘””'” '—
e e e T I ] é 1%? * ..... LA O TS s — : T _E
2 15 -1 05 0 05 1 15 2 oo RRweever SO smrereryes — 5 : *qﬂ . A+ iy 5 AT+ #+ FRE
n, % 0.5 1 1.5 2 = 0.95F <>1'+<> LAY o4 ® e W
Inul 0 1 2 -
nll
»  |nu|-differential fiducial W cross section and charge asymmetry
W—= v events with 20 fbo-1 of pp collisions at 8 TeV
results consistent with W—ev at 8TeV (JHEPO5(2018)077)
fiducial selection (born lepton): pr#>25 GeV, ptv>25GeV, |qu|<2.4, mr>40GeV
»  Dominant uncertainty from luminosity (1.9%), other uncertainties at ~0.5%
»  Measurements compared to DYNNLO predictions with different PDF sets

data at 1% precision can discriminate among PDF sets

D. Zanzi arXiv:1904.05631 (sub. to EPJC) 22
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EXPERIMENT

»  Differential fiducial W=,Z cross sections and W charge asymmetry at 5.02 TeV
25 pb-1 of pp collisions (reference for PbPb run)
fiducial selection (born leptons):

W: p7'>25 GeV, prv>25GeV, |n|<2.5, mr>40GeV

Z: p1>20 GeV, |n|<2.5, 66<mi<116GeV

»  Dominant uncertainties from luminosity (1.9%) and lepton selection efficiencies

»  Measurements (~2% precision) compared to DYNNLO predictions with different

PDF sets
1-2¢ deviations, in particular in central yi (consistent with 7 TeV result EPJC77(2017)367)
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\ Summary B

NV

Compact M Solenoid

»  LHC experiments reaching unprecedented

g S 805 —— 7 ] ]
precisions 8 e, nosio)) mossramons :
- accurate knowledge of detector at different energies and = soas|- = ftfggz?imgfﬂdﬁtc’:mmmt .
pileup conditions ; N :
- individual LHC experiments at similar precision of 80.4 |— -
COmblned LEP’ SI_D and Tevatron EW measurements : .............................. e |l N :
- (multi-)differential W,Z cross sections at sub-percent 035 - ‘ —
precision - R

803 ——L——— — L. | ' —
»  Prediction uncertainties (PDFs) limiting factor in KATLAS « I OR) < [T (1ot 7

exploiting full LHC potential for EW measurements

o 3 CMS 2.3 fb" (ee) 2.8 fb! (uu) (13 TeV)
1 YNZ = e'e,
»  Experimental and theory communities working PR Y St T

12 dp

towards future measurements and combinations
- studies of differences/correlations among PDF sets

Geneva/Data Resbos/Data aMC@NLO/Data

- studies of O(1%) corrections from EW, QED, HO and NP _ %;{;,U f)i’/
QCD effects and their correlations | T
- better assessment of theory uncertainties {g | 7 ]
- use of high-precision LHC data to improve knowledge of * picen CHT Moo
(non-)perturbative QCD and of proton structure A BT
P U [ nnsasoasnsoanssnes
551'0?* 4 ot LI R N 7 05 " 1 15 2 25
D. Zanzi B oo 121t g Bk N 4]
. anZ| L ) 1‘ 4 ; 24




W/
EEEEEEEEEEEEE

Additional Material

D. Zanzi 05



N  Wmassand W pT

Y

Compact Muon Solenoid

EPJC76(2016)291

Data (stat uncert.) I Data (total ur_lcert.) Ys=8 TeV, 20.3 !
- }ngvrr?:gPythia (AZNLO) Eﬁxﬂigmi;m ATLAS
1.2F ' T ' 3
DYNNLO 1.1
;
l © 0.9
1 7 S o
do do(m) [[do(y) || do(pT,y) (do(y)\ 2 o 12f
= 1 +cos“8)+ ) Ai(pr,y)Pi(cos, =
IS
éog
0.8
2 0.75
'f\g 1.2
) 'g 1.1
% " Pythia8 AZ = e
dm — (m? - m2)? + m*T% /m?, 8-2 2N
Brelt—ngﬂer 0:7_ 66 GeV =m, <116 GeV, 1.6s|y”I<2.0 | 66 GeV =m, <116 GeV, 2.0sly”I<2.4 i
1 10 10° ol Gev]' 10 10° P! [GeV]
ON 1.2 ] i
< - ATLAS Simulation
W-boson charge W+ Ww- Combined o 1.15 E_ Vs=7 TeV, pp— W +X, pp— Z+X
Kinematic distribution p:  mr p:  mr p:  mr 11
(5mw' [MGV]
Fixed-order PDF uncertainty 13.1 149 12.0 142 80 8.7 1.05
A7 tune 3.0 3.4 3.0 3.4 3.0 3.4
Charm-quark mass 12 1.5 12 1.5 12 15 1¢
Parton shower pup with heavy-flavour decorrelation 5.0 6.9 5.0 6.9 5.0 6.9 -
Parton shower PDF uncertainty 3.6 4.0 2.6 2.4 1.0 1.6 0.95 =
Angular coefficients 58 53 58 53 58 5.3 0.9 [ == Pythia 8 AZ _-__---
Total 159 181 14.8 172 11.6 129 F — DyRes 1.0 ==
0.85F — Resbos
- — CuTe
= PDF SySt’ the reSt are QCD SySt 0.8 :I | I | | | I I | | | I I | | | I I | | | I I I | | | I I I | | | I I I | | 111 1
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NV

»  Improved N3LL+NNLO predictions?

preferable to MC tunes which cannot model all corners
of phase space and are not expected to scale properly
with energy

MC tunes at <1% precision to be handled with care to
avoid unphysical correlations

»  Promising results, but 1% uncertainty won't be
reached soon

currently good agreement with data in different eta/
mass bins at 5% precision

uncertainty on W/Z ratio depends a lot on correlation
scheme (not yet established)

»  LHC W,Z measurements, at low and high u, will
help improving predictions (ptW, UE, PDF) and

study mechanisms responsible for differences in Z and
W pTs (eg HF initial state partons)

energy dependence in pr modelling

»  Efforts ongoing in benchmarking resummed
calculations within LHC EW precision group

D. Zanzi
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\W sin26\W B

»  Z boson couplings differ between L- and R-handed leptons and 2 on shell
. . o . 9 . My o |

this leads to an asymmetry in the angular distributions of sin“fpg = 1 — —-  definition, valid

charged leptons from Z decays my at all orders
»  This asymmetry depends on the weak mixing angle sin26W that . ,,,‘3“ ]

IS the relative coupling strengths between photon and Z boson S ()(f/,- = (1 - —mﬂ ) K7

Z
»  Differential LO cross section Z/y*—Il decay (6 is angle between o 22 [3
. _ 2
lepton and quark, s is g/q CoME) d(cos ) _ 4s g A(1 +cos”6) + Beosd

»  Asymmetric term B generated by y1 interference between Z and o
2 2
v* (proportional to couplings not dependent on sin20W) and y2 Z A =21Q ~2Qigveyx + (837 +8y)(84 + &y )x2,

Y n . . . . B = -40Q,g%¢ x1 + 8848t ghev x2.
Breit-Wigner (with vector couplings proportional to sin26W) o - f’g"g")“ " babvEatyAz
AT "3
»  Experimental asymmetry AFB (8* is angle between negative gl, =t} — (20 xsin? Oy)
lepton and quark in Collin-Soper frame) depends directly on A = N(cos@” > 0) — N(cos6” <0) 3B
axial and vector couplings, and on sin26W that relates the two N(cos@* > 0) + N(cos6* <0) 8A

In decay lepton full phase space AFB=3/8A4 / ee @Sf{/),(\
CS >/z\
[« >
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CERN

Ars,As arise from
Z[y* interference (strongly mll
dependent)

Z coupling (sensitive to
sin26ferr and constant in mil, no

need for fine binning in m')

Asymmetries dependent on
quark flavours and dilution
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NLO+HO EW
A4 = a*sin20y + b -> (a+daegw)*sin20'e + (b+3bew)
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CERN

\ Al vs £Z3D

7_“/
y
/ ‘ec ‘(ESV/)'(\ do 3 doV+L
: >3 dptf dyf dmt dcos6 dg 167 dpt dytt dmt!
/ p P / {(1+c0320)+%A0(1—3c0320)+A1 sin26 cos ¢

1 . .
+3 A, sin? 6 cos2¢ + A; sinf cos @ + A4 cos@
»  Advantages of harmonic decomposition

. . . +As sin® @ sin2¢ + Ag sin26 sing + A7 sin6 sin ¢}.
compared to fiducial cross section

measurement L aiAs
can constraint experimental systematics r
extrapolation to full phase space reduces theory
systematics and allows for channel-to-channel fit Ai to
comparison without extrapolation data full phase
» Cons: more sensitive to NLO EW corrections space | o
(including boxes) that can break 10808040270 020406808
decomposition v emassooy )
LT 004
» More details in https://indico.cern.ch/event/ 1o &
749003/contributions/3329387/attachments/ : . 2,
1826179/2988810/armbruster.pdf | R
{lo02 § fold detector
space 2% acceptance
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CER:J . CMS
\j EW Corrections A@TL,?)Ss

EXPERIMENT [/

~Linear relation between As; and sin20'es vi = (2*Tf3 - 4*qs*sin20w-K1(s,t))/A

LO EW | NLO+HO EW +  Compute form factors K'(s,t) using DIZET
As = a*sin?By + b > (a+daew)*sin20'et + (b+5bew) libraries |
0.11 ' Define effective leptonic WMA at s=mZ
R _ | _
" ATLAS Simulation Preliminary - sinB'Pey = sin“Bw * K'*P(m?)
01 | 53 (s=8TeV,Z/y* (NLOQCD) -
bEW 80 GeV <m’ <100 GeV 1| vr = (2*Tf3 _ 4*Qf*(3in29W’Kf(S,t)+6V))/A
\,Q\Q Obew s Improved Bomn Approximation —

» Effective Bomn Scan sin?0'P.s in predictions by scanning equivalent
shift in coupling term

Compute correction da."" 6b.*" and add to LO EW
predictions to obtain scan vs sin20'cp gy

Results in ~25 * 10 shift in measurement
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ITTITTTT]TI‘I]TTTI]TIII

A;lllllllllllll

0.06

0.05:11lllLLL;lAlllllllLl'.AAlllllllLLL-ll
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sin“0.

» A, Armbruster at DIS2019 (link)
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CERN .
/) Al Results AT NS

EXPERIMENT

Compact Muon Solenoid

eeCC 70 < my; < 80 GeV mmCC 70 < my; < 80 GeV
Iyl Data Top+EW | Multijets | Non-fiducial Z |yl Data Top+EW | Multijets | Non-fiducial Z
0-0.8 106 718 0.023 0.015 0.010 0-0.8 124 050 0.019 0.017 0.009
0.8-1.6 95814 0.015 0.020 0.010 0.8-1.6 137 984 0.015 0.014 0.014
1.6-2.5 47078 0.012 0.041 0.009 1.6-2.5 74 976 0.010 0.011 0.019
80 < my; < 100 GeV 80 < my; < 100 GeV
|yl Data Top+EW | Multijets | Non-fiducial Z [yisl Data Top+EW | Multijets | Non-fiducial Z
0-0.8 2697316 0.003 0.001 < 0.001 0-0.8 2866016 0.002 0.001 < 0.001
0.8-1.6 || 2084 856 0.002 0.001 < 0.001 0.8-1.6 || 2948 371 0.002 0.001 < 0.001
1.6-2.5 839 424 0.002 0.002 < 0.001 1.6-2.5 || 1314890 0.002 0.001 < 0.001
100 < my; < 125 GeV 100 < my; < 125 GeV
[yl Data Top+EW | Multijets | Non-fiducial Z |yl Data Top+EW | Multijets | Non-fiducial Z
0-0.8 106 855 0.034 0.016 0.023 0-0.8 119 650 0.030 0.023 0.023
0.8-1.6 80403 0.025 0.019 0.027 0.8-1.6 122 775 0.020 0.015 0.023
1.6-2.5 28 805 0.015 0.025 0.029 1.6-2.5 55 886 0.010 0.005 0.022
eeCF 80 < my; < 100 GeV
|yie Data | Top+EW | Multijets | Non-fiducial Z
1.6-2.5 || 702 142 0.001 0.010 0.017
2.5-3.6 || 441 104 0.001 0.011 0.013
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Compact Muon Solenoid
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[1 + cos2 8" + 70(1 ~3cos?8") + Ay cose‘]

The Agg value in each (my;, y;,) bin is calculated using the “angular event weighting” method,
described in Ref. [40], in which each event with a cos@* value (denoted as “c”), is reflected in
the denominator (D) and numerator (N) weights through:

1 c?
=0+ e+ h)y ®
wN = ! I ©)

2(14c2+h)*

where h = 0.5A9(1 — 3¢?). Here, as a baseline we use the pres-averaged Ap value of about
0.1 in each measurement (mg, yz¢) bin, as predicted by the signal MC simulation. Using the
weighted sums N and D for forward (cos8* > 0) and backward (cos 8* < 0) events, we obtain

Dp=Y wp, Dg=) wp, (10)
c>0 c<0

Ne=) wn, Np=) wn, (11)
>0 c<0

from which the weighted Apg of Eq. (2) can be written as:
__ 3Nr— N

Am =3 D¢ + Dg’ (12)
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EXPERIMENT
Source Muons Electrons
Size of MC event sample 0.00015  0.00033
Lepton selection efficiency 0.00005  0.00004
Lepton momentum calibration 0.00008  0.00019
Background subtraction 0.00003  0.00005
Modeling of pileup 0.00003  0.00002
Total 0.00018  0.00039
Modeling parameter Muons Electrons
Dilepton pr reweighting 0.00003  0.00003
ur and pp scales 0.00011  0.00013
POWHEG MINLO Z+j vs. Zat NLO 0.00009  0.00009
FSR model (PHOTOS vs. PYTHIA 8)  (0.00003  0.00005
Underlying event 0.00003  0.00004
Electroweak sin? 9£ff vs. sin? 9;’? 0.00001  0.00001
Total 0.00015 0.00017
Channel Statistical uncertainty
Muons 0.00044
Electrons 0.00060
Combined 0.00036
Channel Not constraining PDFs Constraining PDFs
Muons 0.23125 £ 0.00054 0.23125 4 0.00032
Electrons 0.23054 + 0.00064 0.23056 + 0.00045
Combined 0.23102 £ 0.00057 0.23101 £ 0.00030
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