Measurements of Drell-Yan transverse momentum,
lepton azimuthal decorrelation and angular
distributions with the ATLAS detector
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Outline

* P12z Drell-Yan transverse momentum

Z transverse momentum distribution (JHEPQ9 (2014) 145)
ATLAS Pythia8 tunes to 7 TeV data (ATL-PHYS-PUB-2014-021)

% @ : Angular decorrelation with ® observable from decay
leptons of Z/y*
Phi* distribution of Drell-Yan lepton pairs (Phys. Lett. B 720 (2013) 32-51)

% Ars . Forward-backward asymmetry for the neutral
current Drell-Yan process

Forward-backward asymmetry in lepton pair production and Weinberg angle extraction (JHEP)

# Vs =13TeV: W/Z production cross section

W, Z cross section measurements (LP 2015)
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PT,Z Parton Shower:

¢ Low Ptz range is governed by
initial state parton radiation
intrinsic transverse momentum of the
initial state parton inside the proton

IS modelled by

. . . Next to Leading Order in s:
+ resummation of soft-gluon emission it
% parton shower model

U
* High Ptz range is governed by
quark-gluon scattering
. ~.. Z
IS mOde”ed by \\k I Combined Next Leading Order

_ — + Parton Shower :
+ perturbative QCD B@\\
----- Y

% Monte Carlo predicts three  oressea
levels: Born, Dress, Bare ware
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Ptz Distribution & i amas wrwfuare 2
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| | | o [JMultijet
* Ptz Distribution for both electron and i H“LL

muon channel shown 10

* Event selection o
¢ Using single lepton triggers R G A:
¢Lepton Pr>20GeV : smuon 'Eii"é’ﬁﬁa -
¢ Muons: isolated, |n|<2.4 1 " -

p? [GeV]

¢ Electrons: |n|<2.47 exclude

transition range T v T om
(3 10,- ATLAS \s=7TeV;ILdt=4.7fb1 [(]Z-ee

# Multijet background is estimated by g " Sr—
using data-driven methods, the other 5 A

background are estimated by MC o
¢ Only the statistical uncertainty shown " _
in these two plots e +
% P71z distribution is measured in three g "i;fﬂwmﬂ et
different rapidity bins : selectron channel
1 10 102 o GV

03/20 Tai-Hua Lin, Johannes Gutenberg-Universitat Mainz



Ptz Uncertainty

Ptz Uncertainty
In electron channel

dominated by statistics and electron
energy scale and resolution
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Ptz Uncertainty
IN mMuon channel

dominated by statistics and muon trigger
efficiency
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% Summary of uncertainty of Ptz for both electron and muon
channel, given as a percentage of the central bin
# Uncertainty is below 1% when Przis less than 100GeV
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Ptz compared with ResBos
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Combined cross section compare with prediction from
ResBos : resummed multiple and collinear gluon emission,
CT10 PDF
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Ptz compared with FEWZ
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Combined cross section compare with prediction from

FEWZ and DYNNLO : fixed-order calculation, CT10PDF

* Divergence at low Ptz expected from lack of resummation.
dynamic scale choice improves shape at high Ptz

not yet sensitive to EW correction effects at high Ptz
There is ~10% disagreement of MC to data in the region
where fixed-order calculation are expected to work
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Ptz compared with different MC generators g [ T :
. Q 44/~ ATLAS s=7TeV; [Ldt=4.7fb" -
using parton shower approaches s N
3 1.2f
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Ratio of the Ptz distribution predicted by ST i
different MC generator at the born level. AR T
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[

Prediction / Data

¢ Inclusive and three different rapidity = s

bin results are shown. " ey

0.6 - POWHEG+PYTHIA6
* Next step: Tune parton shower af - ArcmviEmie

model parameters T
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Ptz compare with the prediction of tuned parton shower model parameters

Pythia8 tuning PowHeg+Pythia8 tuning
ISR as order: LO ISR as order: NLO
cu T T LA, i v cu AR R =g
g Data uncertainty ATLAS g Data uncertainty ATLAS
S 44— PYTHIA84C 1 € 4 { —— POWHEG+PYTHIA8 4C 1
}g " Ly PYTHIAS AZ ] }g " L) POWHEG+PYTHIA8 AZNLO ]
© ©
o o
a a

0.9 [ The tunes areé 0.9 The tunes are
i performed for: i i performed for :
: «-- - Ds26GeY : : «---Pas2esel ]
0.8 \s=7TeV;JLdt=4.7 fo § ) 0.8 \s=7TeV;JLdt=4.7 fo )
= 4 N PR TR S T R | P L gy T = 4 N PR TR S T R | s gy L
1 10 10° 1 10 10°
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Comparison of Pythia8 and Powheg+Pythia8 predictions
tuned using Ptz measurement results at the dressed level (to

minimise dependence on QED final state correction).
¢ Very good agreement observed after tuning!
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Measurement of the @ observable

® provides a measure of the azimuthal decorrelation

between two objects.

Reconstruction from final-state lepton kinematics is
affected by lepton energy and momentum
measurement uncertainty. To minimise the impact,

@ is introduced as an alternative probe of Ptz

* ¢acop . ¢
¢, = tan ( > sin 0,

¢acop = T — <¢_ — ¢+)

- _
coS 9:; = tanh (77 i )
2

10

I \s=7TeV
m’l < 2.4
p: > 20 GeV
66 GeV <m,, <116 GeV

Correlation matrix between Ptz ©”
at born level | seGa<mg<tisGe
10° 10 1

V2Mz ¢! ~ Pr 0
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Comparison with @ and Ptz tuned prediction
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Measurement of the forward backward asymmetry Ars with ATLAS

Define angles in Collins-Soper(CS) frame
z-axis defined as the one bi-sectiong the momenta of the mcomlng partons

cosB.s is measured w.r.t. this axis vy X
6 pz(lﬂ ) 2(171 Po pl p2)
COS
) m (1) /m(IF )2 + pr(F17)2 % >
6 e
1 Z
i = E(E + p2i) 5’/\5’

Reduce the ambiguity in pp-collision (Pr,) to determine the
direction of the incoming quark

Forward dilepton events : cos0’cs >=0

Backward dilepton events : cos8'cs <0

% c0sB ¢ is defined as the angle between the final state lepton and the initial state quark.

A  OF —0B NCOS@E';SZO Ncos@* <0
FB — —
O + 0B NCOSH* >O_|_NCOSQ* <0

CcCs —

Misidentified quark-direction results in dilution of Arg
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ArB : cosO’¢s distribution
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¢ Measure Ars In two decay channels
¢ Also use forward electrons to extend and reach to high

pseudorapidities (increase of separation between valence

and sea quarks

)
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ArB . Myy Measurement

Unfolded to Born Level Fully unfolded to Born Level

Raw Asym metry g:t\g Ciimrf?:ég g(r),g%;tgeg for (further corrected for dilution

effects
FSR ) )
8o | i s 32" aLas
@ g e - ATLA =
efo.a ATLAS = 1: s=7TeV.4.6fb" = 15 s=7TeV,4.6fb" {
<L | s=7TeV, 46" 0.8~ S=/1ev % 08 >~ 1EN®
02__ muon 0.6 mUOSOG v 0.6 el QQ»- """"""Q"""‘:::::::::::;:::::::
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oF , —O—0-0-B-gpgi Rz 0.2F . . S et LS s e 0.2F Q
0.1 O, 50 | oF
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-0.2F B 7 PYTHIA, Ziy'— I
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3
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ZIN

s Similar results obtained using central electrons
« Significant dilution effects due to the ambiguity in the quark
direction (sign of cos8’cs)

Al
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AFB : Mee Measurement

Unfolded to Born Level Fully unfolded to Born Level

Raw Asym metry g:t\g Catcs)?/rgrf?eeég gﬁg%&eg for (further corrected for dilution

effects
FSR) )
%) - 7] 12h =5 m 1 .2_
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% Results for central-forward electrons show much reduced
dilution effects.
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Determination of Weak mixing angle sin28,°f

Leptonic effective weak mixing angle measurement
* based on raw Ars spectra

2 nlept
sin QGH

CC electron | 0.2302 = 0.0009(stat.) & 0.0008(syst.) + 0.0010(PDF) = 0.2302 & 0.0016

CF electron | 0.2312 + 0.0007(stat.) & 0.0008(syst.) + 0.0010(PDF) = 0.2312 =+ 0.0014

Muon 0.2307 = 0.0009(stast.) % 0.0008(syst.) & 0.0009(PDF) = 0.2307 = 0.0015

El combined | 0.2308 & 0.0006(stat.) 4= 0.0007(syst.) & 0.0010(PDF) = 0.2308 <+ 0.0013
(stat.) (syst.) (PDF)

Combined 0.2308 £ 0.0005(stat.) £ 0.0006(syst.) &= 0.0009(PDF) = 0.2308 £ 0.0012
SyStem atics CC electrons | CF electrons | Muons | Combined
tainties: Uncertainty source [1074] [10~4] 1074 [1074]
L,mce a.m ISS. PDF 10 10 9 9
# Dominant MC statistics 5 2 5 2
unce rtainty due t0 Electron energy scale 4 6 - 3
PDFs iIs correlated Electron energy resolution 4 5 — 2
between the three Muon energy scale - - 5 2
Higher-order corrections 1 3 2
measurements Other sources 1 1 2 2
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Weak mixing angle sinZ8,°f

ATLAS, e CC

— ATLAS i
ATLAS, e CF ~O;
ATLAS, u |
ATLAS combined | ———
CMS o —
Do | e
COF | ——o—
LEP,Agg | 1o
LEP, AP: —0—
SLD, A . O
LEP+SLC | s-7TeV,4.81b" b
PDG Fit : 1 | (‘,) 1 :
0.225 0.23 0.235

since*”"

eff

ATLAS measurement for Arg mass range 70< m;<250GeV

sin20, = 0.2308 + 0.0005(stat.) + 0.0006(syst.) + 0.0009(PDF)
= 0.2308 + 0.0012(tot.)

% Agreement with PDG gobal fit (0.60)
sin“By¢" = 0.2308 + 0.00012

16/20 Tai-Hua Lin, Johannes Gutenberg-Universitat Mainz




Ptz Distribution at 13 TeV

> a6 N DL R B B B R R B BB R R . > T T T rrryrrrrJirrr .y
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~10°E 1 1 [(1Z—e'e = 107 1 -1 [(]Z-u'p =
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S 10° L [1Z-1tt - S 10% L [Z-o1t7 -
[ Top
10° = 10°E E
10° = 10° =
1 . 1
T 1.2 T 1.2 '
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F A | D A ‘
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S 0.8 et 808 o
0 50 100 150 200 250 0 50 100 150 200 250
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* First measurements of Z to |l and W to Iv production crosss
section corresponding to luminosity of 85pb-"

% Measurements of vector boson cross sections with new data
can be used to constrain PDF uncertainties.
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13TeV W/Z production cross section

Measured data in red line Measured data in red line
YII]TITT] IITIIYYI]TII I IIIIIII
ATLAS Preliminary ATLAS Preliminary Wi
13 TeV, 85pb’ 13 TeV, 85pb’
lumi @ exp. uncertainty lumi @ exp. uncertainty
I exp. uncertainty I exp. uncertainty
A ABM12LHC A ABM12LHC
v CT10nnlo v CT10nnlo
m NNPDF3.0 m NNPDF3.0
® MMHT14nnlo68CL ® MMHT14nnlo68CL
(unner uncert.: PDF only) (inner uncert.: PDF only)
11111111111111111 PR SN S W N S SN S S S PR
1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 15000 20000
o.tot [pb] 0{/?/(' [pb]

s Measured data compared with different theoretical prediction
of FEWZ with different PDF sets.

PDF ow+ [pb] | ow= [pb] | owx [pb] | 07" [pb]
CT10NNLO 11770737 | 86407350 | 204007200 1930i§8
NNPDF3.0 11360 & 260 | 8410 200 | 19800 + 500 | 1860 + 40
MMHT14NNLO || 116107220 86201150 202301550 19097151
ABMI12LHC 11760 4 150 | 8580 + 100 | 20340 + 250 | 1914 + 23
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13TeV W/Z production cross section

-~ . = —~ = ATLAS/CMSW v eceeees W (pp)
0 ® ATLAS Z/y* 5l seseees Z'1* (pp) e .. "
e e 7 ) — W/[) ATLAS/CMSW'- I\ W (pp)
— e r* (pP) — A//\A ATLAS/CMS W - I\ W* (op)
P - DF & — R ‘
= ! B D0 Zyosee > . (PP)
T ® UAT Zy s ee — 10 w0 oow-s e
U S 1 E swwen
ks na 2 =
A} . T p e
5 et a e e
% 10" ATLAS Preliminary X F
. *,f Data 2015 (\s = 13 TeV) b; ATLAS Preliminary
bﬁ Data 2015 (\s = 13 TeV)
MSTW2008 NNLO - ' MSTW2008 NNLO
107} B 1
1 . | L L L PR SR T T | [ . 1 1 1 PO T S T |
1 10 1 10
\'s [TeV] \'s [TeV]

% Combined electron muon results compared with the previous
measurement

% The prediction are shown for both proton-proton and proton
and anti-proton colliders

¢ Cross section increase following the expectations
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Summary

% Ptzand ® measurements provide wealth of
information on partonic structure

!

Al
7N

7N

Results allow to test performance of calculation and
provide a handle to tune parton shower parameters
and models

s First combined electron and muon channel results for
the leptonic weak mixing angle from hadron collider
based on Arg measurement

agreement with NNLO QCD predictions
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Backup @ Distribution

§ ~ ams | = The measured normalised
g Jra-son 3 differential cross section as
© e omanon . function of ¢
C - RESBOS
’ T:':;.fv ¢ The measured results are
102 pt>20GeV compared to ResBos
oee e et | predictions.
2. e |
@ LTI H | # The inner and outer error
5oub W E bars on data points
a : represent the statistical and
.2 total uncertainty,
" respectively.
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Backup ®° Comparison

ResBos and FEW/Z MC Generators
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s Combined ee+uu cross section compared to ResBos.

% Comparison to MC generators and to various parton showe
models.

% FEWZ 2.1 prediction is only shown for @ is larger than 0.1
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Backup ®  compare with tuned prediction
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Comparison of Pythia8 and Powheg+Pythia8 tuned predictions
base on ®" measurement with the data for the dressed

kinematics.
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Backup

Z pr “dressed” muons qb; spectrum, Z— i (dressed)
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Backup

CC electrons

Uncertainty 66-70GeV | T70-250GeV | 250-1000 GeV

Unfolding ~1x1072 | (2-5)x1073 ~4x1074

Energy scale/resolution | ~7x1073 | (0.5-2)x1073 ~2x1072

MC statistics ~5x1073 | (0.1-1)x1073 | (3-20)x1073

PDF ~2x1073 | (1-8)x10=% | (0.7-3)x1073

Other ~1x1073 | (0.1-2)x1073 | (5-9)x1073
CF electrons

Uncertainty 66-70GeV | T70-250GeV | 250-1000 GeV

Unfolding ~2x1072 | (0.5-2)x1072 -

Energy scale/resolution | ~1x1072 | (0.5-7)x1072 —

MC statistics ~1x1072 | (1-7)x1073 -

Background ~3x107% | (0.5-1)x1072 -

PDF ~AX1072 | (2-6)x 1074 -

Other ~1x1072 | (1-5)x10~* -

Muons

Uncertainty 66-70GeV | 70-250GeV | 250-1000 GeV

Unfolding ~1x1072 | (1-4)x1073 ~5x1074

Energy scale/resolution | ~8x1073 | (3-6)x1073 ~5x1073

MC statistics ~5x107% | (0.1-1)x1073 | (2-30)x10~3

PDF ~2x1073 | (1-8)x10~% | (0.3-3)x1073

Other ~1x1073 | (0.5-1)x1073 | (3-10)x10~3
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