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Introduction

L atest results:

T Polarization in Standard Model Production Cross Section Measurements Status: July 2017
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" PolarizationinZ/ #$ " " at8 TeV

[arXiv:1709.03490]

Polarization is measure of the degree of parity violation
Final state: semi-leptonic Tt with 66 GeV < m:t < 116 GeV
« looking at TeThad and TuThad Channels
1-prong hadronic T used to measure polarization
« asymmetry of energies carried by charged and neutral pions " :

nt h?
EX #E
o= T T
B EThad—Vis
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« Split signal sample using helicity information from TAUOLA:
T, T, Channel, left-handed T,T,.4 Channel, right-handed
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" PolarizationinZ/ #$ " " at8 TeV

ee channel.

« Extended binned maximum-likelihood fit to the " § e Sk S
distribution simultaneously in signal and a same-sign S 0 Doy 77 o :
control region g 20001 ' E

L - ATLAS .

1500 Is=8TeV, 20.2 fo* -

. . . . . 1000:— =

« Extract polarization in fiducial and mass-selected : :
region using different splitting of signal sample %k d

QT T P e

% 1 I I I [
« Post-fit plot for both channels in the signal region in g 03%,/ .
@)

c e b e b e Ly
mass-selected region - 05 0 05 1

15
Y
yp channel:

| T | T T T T | T T T T ]
L e Data [ Left-handed [ Right-handed

9
Channel P, in mass-selected region P, in fiducial region EZSOO;_ Dlons e eyt
! e had "0.20% 0.02 (stat) + 0.05 (syst) " 0.33%0.03 (stat) = 0.05 (syst) ‘§2°°°j ) E
L had " 0.13+ 0.02 (stat) £ 0.05 (syst) " 0.26+ 0.02 (stat) = 0.05 (syst) “1500F | fe=srev. 202 =
Combination " 0.14% 0.02 (stat) = 0.04 (syst) " 0.27 % 0.02 (stat) = 0.04 (syst) ook L
« Results are in good agreement with Standard Model 500F
prediction of: B e ————
- mass-selected region: Pt =-0.1517 + 0.0019 é Jé%w’w»wwwwwg
. fiducial region: Pt=-0.270 =+ 0.006 S s #5 0 05 1 15
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3D cross sectionZ/ # $ ii at8 TeV

: , [arXiv:1710.05167]
« Final state: fully leptonic:

 ee and pu channels in central region (|n| < 2.4)
« ee Iin high-rapidity region

« Motivation is forward-backward asymmetry Ars
« due to parity violation

« asymmetry in decay angle between
outgoing lepton and incoming quark:

. in Collins-Soper frame:  cog! = Pz~ PiPe

« sensitive to sin2 By (analytically known at LO) and PDFs
. depends highly on my; and rapidity of dilepton system |y

« Perform three dimensional unfolding in central (high-rapidity) region:
cos 8% in 6 (6) bins

Mye in 7 (9) bins

lyee| in 12 (5) bins

in total 504 (150) bins
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3D cross sectionZ/ # $ ii at8 TeV

e WY ADOO Data
[[777]%$" Prediction cos! *[+0.7# +1.0]

« lterative bayesian unfolding with 2 iterations to dressed level EZZ3$" Prediction cos!*[20.4# +0.7]
: : : [ESJ$ " Prediction cos! *[+0.0# +0.4]
« Bin-by-bin corrections to born level

%‘ O'ZZZ_ATLAS - em Y ADO Data —
. - $ " Prediction cos! *[+0.7# +1.0] J
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3D cross sectl

Distributions are also published
terms of the Ars differentially in
mee and |yey|

Results in agreement with
expectations:

Central |yqq:

. Can’t distinguish (anti)quark: = el

Ars = 0
« Forward |yeq|:
« Probabilistic assignment of

ion Z/ #* $

11 at 8 TeV

n .

(anti)quark: measurable Ars o

Ars mostly from Z/y* interference

with Ars ~ Mge2 - Mz2:
 Ars = 0 around Z pole
« Ars < 0 below pole

« Arg > 0 for higher my;

Carsten Bittrich
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EW Zjj (VBF) at 13TeV

[PLB 775 (2017) 206]

L Leptonic final states in ee and pp channels in 2015 dataset
z: - . * Measured fiducial cross sections of inclusive Zjj (QCD+EW)
" as well as EW /Zjj in 6 fiducial regions:
q « Baseline « EW-enriched
20"  High-mass « EW-enriched with m; > 1 TeV
o  High-pr « QCD-enriched

before correction:

> Eaias . . 1 M;j; distribution of QCD prediction needs correction
M 103 ¢ Data - . . . .
; 10 E (s=13TeV, 3.2 fp! [ EW-Zjj (POWHEG) E US|ng ||near fUI’]CtIOﬂ s 1.8 .
c 10? E- Zjj QCD-enriched region I Q_CD'ij (SHERPA 2.2) = S 1 6:— .,:. nggEzh;%CE(Dg-(:zg).zjj) =
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EW Zjj (VBF) at 13TeV

« Results are compared to 8 TeV
publication and different QCD Zj;

pred Ictions —@— Data (QCD+EW) 13 TeV %4/ SHERPA 2.2 (QCD-Zjj) + POWHEG (EW-Zjj)
—O&— Data (EWonly) 13TeV NN\ MG5_aMC (QCD-Zjj) + POWHEG (EW-Zjj)
—&— Data (QCD+EW) 8 TeV #8888 ALPGEN (QCD-Zjj) + POWHEG (EW-Zjj)
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7Z7% iti-i%+0-at 13TeV
[PRD 97 (2018) 032005]

« Studied leptonic final state in 2015+16 datasets q 7

>
 Integrated cross sections in fiducial and total PS I
« Differential cross sections in 20 observables .
(several describing jet activity) q Z
g . Z
A Y
T T T | T T T T T T T T T | T T T T T T ;‘0 040l j j j W |
pp — ZZ — 4l O ATLAS /s=13TeV, 36.1fb g LQQQ  —= 7
Fiducial ATLAS 9 0.035f e Data
4e —_—— .4-9‘_0 030 Total uncertainty i 1"
\V S Systematic uncertainty /
—— SHERPA
Eoozs . 1
(s =13 TeV, 36.1 fb D020 - onemeaggaczy | 1 Z
—:— SHERPA EW-ZZjj
sesu ®  Measurement Soots) - EW-ZZjj normaéjzed to | w*
. total SHERPA prediction q, - 7
Tot. uncertainty 0.010k
4 Stat. uncertainty \\ 177
u 0.005F T T e q
—— NNLO + corrections % S S
G 0.000 il ] .,
e T 15f q
©
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| | | | 1 1 1 1 1 1 | | | | | | | | | | | | 9 ——————————————————— +
0.6 0.8 1 1.2 1.4 16 18 o O0°L - - - ] Z, W=
/O' 0 100 200 30(? . 1000
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ZZ$ iti-i0+0-at 13TeV

« alGC are searched using reconstructed > TATLAS Ts-istev.aean
) 10%F
transverse momentum of the leading-pr % ol s s s
Z candidate c - 332;
S FI— PP $ ZZjj (EWK)
L 1ol ! EEE NonbzZZ background
. . 10' - """ fSM+o%To%gfz 0.0033
SM prediction corrected to o
NNLO QCD and NLO EW o T
10' 4 !
. . . 8 2.0
« 1D and 2D limits are set on aTGC using an S 15| |
effective vertex function approach: PR
CQG 0-5 295 415 555 3000
prz, [GeV]
Coupling strength  Expected 95% Glix 10°] Observed 95% CI[ x 10°°] L4107
N O T T T T T 1 T T
94 _ _ - ATLAS = - Expected 95% CL |
f42 24,2.4 18,18 6 Vs=13 TeV, 36.1 fb* ;Cil;;erved%%u_ -
b7 ~21,2.1 ~15,15 : = s :
i —2.4,2.4 ~1.8,1.8 4 ]
fE -20,2.0 -15,15 o -
0~ .
and on parameters of an effective field theory. o -
"4; _3#10"3
R R R B 'f;
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WW# and WZ# at 8TeV
[EPJC 77 (2017) 646]

. Studied final states evpvy, evjjy, and pvijjy g

w
9w 10— T T T T T35 > L B B LA B B B B | IO T T T T T T T T T T T T T
@a E E 5
g E 2w ATLAS 38 10°F atLAs e Data %:3 10°E" ATLAS e Data 3 v
YL ot ls=8Tev, 20210 18 (il Ys=8Tev. 202" CJ W! +jets 18 [ Vs=sTev,202i* [ W!+ets :
2| ] Fake ! from jets e#u#! signal region 177777 e o . Fake ! from iets g, 10 | . -
'0"E &3 other backgrounds S - el sgnalregion =1 ! el il signalregion L Fake ! from jets E W/Z
- [ Total uncertainty 18 400 B Fake e from jets 18 I Fake p from jets 3 , /
Loeeeens fo /" * =-1876 Tev* s B Other backgrounds EE 10 @ Other backgrounds 3 q
1054 4 = [ wv! ] B Jwv! i
""""""""""""" 3 (] Total uncertainty EE 10 el [ Total uncertainty E
E E

[ fro/"*=1374 Tev*: fTol"4:1374 Tev*: q W
10 ’ : 10 , :
Ny =y VU 1-|" - RN S ]
B 15* B o —
............................................................... _ SUNT T 20 S SR A g
e Dt M BT W S IO o i e o L L

20 40 60 80 100 1Ezf[GeV] 50 100 | 1‘50_ | 200 250 3o<.) eféo!T [GeA{?]O TTB0 100 150 200 250 300 '35Eo;T '[G'elt?]o q .
« Observed significance of 1.40 for WWYy process in evuvy Wz
« Set upper limit on tri-boson production cross section |
q Y

Confidence Intervals at 95% CL [l Observed [l Expected

Observed  Expected SM Prediction fuo/A[ATLAS | o= " ls-gTev. 202"
. .. fo /N . —_— A =1TeV]
Hoit [fb]  hmit[fb]  Tineo LID] e/ ——— ]
fo . /A% ; - : - ;
Fully leptonic ~ evuvy 3.7 2.1199 2.0+0.1 S — g
975 —— i
evijy 10 16+ 24+0.1 ;Z’Z N e — |
Semileptonic { v jjy 8 10%4 22+0.1 ZEEZSd N N B——— S0 S B
f /A : : [ :
tvjjy 6 8457 23x01 57754 N R - T R S
fro /A" -
fra /N — i
" " " " " f7',6/A4_§_ ....... [ _ ...... I _
« Set limits on aQGC in effective field theory: e ———————— S
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Summary

. Cover a wide range of processes and analysis goals 225002—55;321%%% g 5
» Precision measurements of EW parameters 52 E
. Differential and integrated cross sections T1s001 | To<arev azn E
+ Limits on unobserved processes 000 -
« Limits on anomalous gauge couplings 5025_ e . =

///"///(//‘///’///,‘///ﬁ////{//)’///‘///’///’////,"///‘////‘///MW

.#1 #0.5 0 0.5 1 15
Observe good agreement with SM predictions "

104
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[ Total uncertainty 7 g S S ZZjj (EWK) P a0l § - ]
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" PolarizationinZ/ #$ " " at8 TeV

 Signal region:

One T1ep decay One single-prong m,.q decay
DT lepton = 26 GeV PT. Thadovie = 20 GeV

Me| < 2.47 and not 1.37 < |n.| < 1.52 or |n,]| < 2.5 [Nyl < 247

mt < 30 GeV 40 < Myis < 85 GeV

« Opposite sign
¢ ZAq) < 3.5 With: N ! ¢ = I @ Thad-vis» E,l;lissﬂ+ | 10 ]epton, E%liss#

« Control regions:

Region Event selection changes compared to selected signal region

Same-sign region inverted opposite charge sign requirement

Opposite-sign multijet control region inverted lepton isolation requirement

Same-sign multijet control region inverted lepton isolation and opposite charge sign requirements
! !

Opposite-sign W +jets control region 't 1 35 my > 70 GeV (instead of ! I< 3.5 mt < 30 GeV)
! !

Same-signW +jets control region 't 1 35 my > 70 GeV (instead of ! I'< 3.5 mt < 30 GeV),

inverted opposite charge sign requirement

Carsten Bittrich Lake Louise Winter Institute

TU Dresden 20.02.2018


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-18

" PolarizationinZ/ #$ " " at8 TeV

« simulated samples used in the analysis

Sample Event generator PDF UE tune

(z ')+ jets Powheg rl1556 [22,23,24] + Pythia 8.160 CT10 [25] AUET?2 [31]
(zI "")+jets  Alpgen 2.14 + Herwig 6.5/Jimmy 4.3 [26,27] CTEQ6L1 Perugia2011C
Top pairs + jets Powheg r2129 + Pythia 6.426 CT10 AUET?2

(W ! e#) + jets Alpgen 2.14 + Pythia 6.427 CTEQ6L1 Perugia2011C
(W ! p#) + jets Alpgen 2.14 + Pythia 6.427 CTEQ6L1 Perugia2011C
(W ! "#)+ jets Alpgen 2.14 + Pythia 6.427 CTEQG6L1 Perugia2011C
(z' "1 e +jets Alpgen 2.14 + Pythia 6.427 CTEQ6L1 Perugia2011C
(Z' "1 pup) +jets  Alpgen 2.14 + Pythia 6.427 CTEQG6L1 Perugia2011C

« simulated pT spectrum of Z/y* reweighted to match spectrum in data
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" PolarizationinZ/ #$ " " at8 TeV

* TeThad Channel: Source of uncertainty

I p, In mass-selected region ! p, in Pducial region

Modelling of signal process

"Laq ldentibPcation

MC statistical

Signal sample splittino 4+0.014 4+0.014
TES and TER +0.020 +0.024

Multijet estimate +0.019 +0.020
PDF +0.007 +0.005
W +jets shape +0.003 +0.003
Other +0.008 +0.006
Total systematic uncertainty +0.050 +0.050
Statistical uncertainty +0.024 +0.026

* Te\muThad Channel: Source of uncertainty

| p, In mass-selected region ! p, in Pducial region

Modelling of signal process

"hag ldentibcation
MC statistical

Signal sample splitting +0.015 +0.016
TES and TER +0.018 +0.022
Multijet estimate +0.014 +0.014
PDF + 0.007 + 0.005
W +jets shape +0.003 + 0.004
Other + 0.007 +0.001
Total systematic uncertainty + 0.050 + 0.050
Statistical uncertainty +0.020 +0.021
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3D cross sectionZ/ # $ ii at8 TeV

« central ee region:
« opposite charge ee pair with 46GeV < mee < 200GeV each with:
« pT>12GeV, |n| < 2.4, 1.37 < |n| < 1.52, medium ID, and isolation

« high-rapidity ee region:
« central-forward ee pair with 66GeV < mee < 150GeV with:
. central: pt > 25GeV, |n| < 2.4, not 1.37 < |n| < 1.52, tight ID, and isolation

« forward: pt > 20GeV, and tight ID, isolation,
2.5<n[<4.9,not3.00 < |n| <3.35,and not 2.7 < |n| < 2.8

« central pyp region:
« opposite charge pu pair with 46GeV < my, < 200GeV each with:
« pr1>20GeV, |n| < 2.4, ID, and isolation
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3D cross sectionZ/ # $ ii at8 TeV

d3o
dMggdyggd COsH* 3m oS

ZP fy(x1. Q%) flx2. Q%) + (g © @)

P, = efe;(1+cos”")

2,2 w 2
2my; (my; " mz) ! 2ul !
+eey | "MV, (1+cos™™ )+ 2aia,cos

sin®"w cos?"w (m% " m2)%+12m2

4
m ! n
+ ! S (@] + VD)@ + D)1+ cos? ™) + 8aviagy, cos ™

sin* "y cos? "w'(mﬁ " mZ)?+ 1 2m’

3 terms in Pqg correspond to:
« pure virtual photon exchange
* interference term
« pure Z exchange

« Asymmetry AFB comes from terms linear in cos 6*
« Important definitions:

cosl! = Pz, I?I p; " p'i o A — d3o(cos 6% > 0) — d3o(cos 6% < 0)
Ml 2 "B Bo(cos 6 > 0) + d3o(cos 6 < 0)
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3D cross sectionZ/ # $ ii at8 TeV

« Simulated samples used in this analysis:

Process Generator Parton shower & Generator Model parameters
underlying event PDF (OTuneO)
Z/v* — b Powheg v1(r1556 Pythia 8.162 CT10 AU
Zly* > 1T Powheg v1(r1556) Pythia 8.162 CT10 AU2
Yy =< Pythia 8.170 Pythia 8.170 MRST2004ged A3
77 Powheg v1(r1556) Pythia 6.427.2 CT10 AUET®BZ]
Wt Powheg v1(r1556) Pythia 6.427.2 CT10 AUET?2
Diboson Herwig 6.520 Herwig 6.520 CTEQ6L1 AUET?2
W — ¢y Powheg v1(r1556) Pythia 8.162 CT10 AU2

e corrections:

« reweighted to NNLO pQCD using FEWZ 3.1 using MSTW2008NNLO PDF
cross section as function of my.

« reweighted to pr of Z candidate and y;; to DYNNLO prediction
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3D cross section Z/ #* $ at 8 TeV

« central ee region: « high-rapidity ee region: « central pyy region:
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at 8 TeV

3D cross section Z/ #*
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3D cross section Z/ #* $

« asymmetry Ars results for high-rapidity ee region:
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Carsten Bittrich

TU Dresden

EW Zjj (VBF) at 13TeV

Fiducial region

Object Baseline High-mass High-pr EW-enriched EW-enriched, QCD-enriched
mj; > 1 TeV
Leptons In| < 2.47, pt > 25 GeV, AR; > 0.4

81 < mx 101 GeV

Dilepton pair

_ S 20 GeV
ly| < 4.4
Jets pit > 55 GeV pit > 85 GeV pit > 55 GeV
p2 > 45 GeV p2 > 75 GeV p2 > 45 GeV
Dijet system — mj; > 1 TeV — mj; > 250 GeV | m,; > 1 TeV mj; > 250 GeV
: interval _ interval
Interval jets - jett (pT >25 GeV) — 0 jett (pT >25 GeV) > 1
Z7) system — pl_%alance < 0.15 pgalance’?’ < 0.15
Composition [%]
Process Baseline High-mass High-pr EW-enriched  EW-enriched, QCD-enriched
mj > 1TeV
QCD-Z 942+ 04 86.8+ 1.6 923+ 04 934+ 0.9 729+ 2.1 954+ 0.8
EW-Z 15+ <0.1 10.6 + 0.2 26+ <0.1 48+ <0.1 26.1+ 0.5 1.6+ <0.1
Diboson 1.6 + <0.1 15+ 0.7 20+ 05 1.0+0.5 08+ 04 1.8+04
te 26+ <0.1 1.1+ 01 31+ 0.1 0.7+ <0.1 0.1+ 0.1 1.2+ 0.1
Single-t <0.2 <0.2 <0.2 <0.1 <0.1 <0.1
Multijet <0.3 <0.3 <0.3 <0.3 <0.3 <0.3
64800 2220 21900 11100 640 7120
Total expected
+ 130+ 5220 + 20+ 200 + 40+ 1210 + 50 + 520 + 10+ 40 + 30+ 880
Total observed 67472 1471 22461 11630 490 6453

Lake Louise Winter Institute
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EW Zjj (VBF) at 13TeV

 relative systematic uncertainties for measurement of EW-Zjj cross sections

Relative systematic uncertainty [%]

Source l g@\;\;/ >250 GeV ! ?v'\’/ >1 TeV
(EW-Zj signal modelling (QCD scales, PDF and UEPS) ~ + 7.4 ) ;17
] _E\[V_ZJI_ _tgrgp_la_te_s_ta_tigigall yrlc_erja_infy ____________ + 0.5 + 0.04

Stat. uncertainty in QCD control region constraint + +
QCD-Zj signal modelling (QCD scales, PDF and UEPS) t+ 4. + 6.
QCD-Z template statistical uncertainty + 2.5 + 3.5
- QCDBEW interference + 1.3 + 1.5
@ and single-top background modelling + 1.0 + 1.2
Diboson background modelling + 0.1 + 0.1
~Jet energy resoluton + 2.3 + 1.1
Jet energy scale +5.3/D4.1 +3.5/D4.2
Lepton identibPcation, momentum scale, trigger, pile-up +1.3/D2.5 +3.2/D1.5
Luminosity + 2.1 + 2.1
Total + 17 + 16
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EW Zjj (VBF) at 13TeV

LHC electroweak Xjj production measurements ATLAS Ciducial redion InclusiveZjj cross-sections [pb]
9 Prediction
i i \ i value+ Sl;g?aisg;esgi lumi. Sherpa(QCD-Zjj)) | MG5_aMC (QCDZjj) | Alpgen(QCD-Zjj)
Stat. uncertainty Total uncertainty \ Theory uncertainty +Powheg(EW-Zjj) | +Powheg(EW-Zjj) | +Powheg(EW-Zjj)
Baseline 13901 +£11 £03 135 +£1.9 152 + 2.2 117 £ 1.7

| l ' l | | | High-pr 477 £0.05 £0.27 £0.10 47 + 0.8 55 £ 0.9 42 + 0.7
: . : EW-enriched 277+ 0.04 £0.13 £0.06 27 0.2 36 £0.3 24 £0.2
: & : ATLAS EW-Wjj (s=7 TeV QCD-enriched| 1.34+ 0.02 +0.17 +0.03 15 + 0.4 14 +0.3 11 +0.3

. . CERN-EP-2017-008 High-mass| 0.30+ 0.01 #0.03 #0.01 046 + 0.11 040 + 0.09 027 + 0.06
. - m.>500 GeV anri
: &. : i (i\_l_vfrl"#’:\?)d 0.118 + 0.008 + 0.006 + 0.002 | 0156 + 0.019 0185 + 0.023 0120 + 0.015
1 jj
: N :
& ATLAS EW-Wijj \s=8 TeV
: CERN-EP-2017-008 = _

: 3 m; >500 Gev L . EW-Zjj cross-sections [fb]
: . : Fiducial region .
: N : N Measured BwhegrPythia
: : CMS EW-W]) s=8 TeV .
: JHEP 1611 (2016) 147 EW-enrichedm;; > 250 GeV | 119+ 16 + 20 * 2 1252 + 3.4
mjj>1000 GeV _
: EW-enrichedm;; > 1 TeV 342 £58+55+07| 385+1.5

ATLAS EW-Zjj Vs=8 TeV
JHEP 1404 (2014) 031

Eur.Phys.J. C75 (2015) 66
mjj >120 GeV

m,>250 GeV = —
= 24102 ATLAS
C
ATLAS EW-Zjj Vs=13 TeV 2 ek -
This result (CERN-EP-2017-115) O = ]
m,>250 GeV 3 i .
)] 40 - -
) S 30- -
CMS EW-Zjj {s=8 TeV S ool |
S
° 10 =
3 - B ATLAS EW-Zj ]
LHC EW Higgs (s=8 TeV S f ! ]
JHEP 1608 (2016) 045 o 3l | POWHEG EW-Zjj m > 250 GeV |

N
T

B PowHEG EW-Zj; m>1TeV 1

| | I L L L L | L L L L I
06 08 1 12 14 16 18 5 10 15

_ o Centre-of-mass energy Vs [TeV]
I normalized to SM prediction
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EW Zjj (VBF) at 13TeV

N > - T T T = > E T T T =
Detector level comparisons g | amas + Data 1 B L ATLAS + Daia ]
. . ~ " E (s=13TeVv, 3.2fp* [l EW-Zjj (PowHEG) 3 ~ F (s=13Tev,3.2fb* [l EW-Zj (PowHec) E
Of the Iead I ng Jet pT -g » [ Zjj High-mass region I QCD-Zjj (SHERPA 2.2) ..g 103 - Zjj High-p_ region I QCD-Zjj (SHERPA 2.2) —
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1 - ]
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. . E 1
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. . 10'2 L
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10 5 = 3
S . 1
23 101F
E1 =
10 EE 10| 2 25
10'2 10'3 C
g 3 B ALPGEN -+MG5_aMC ' ' g 3 B ALPGEN -+MG5_aMC ' '
S 2 @ SHERPA 2_.‘2r - - 8 2 @ SHERPA 2.2 - EE_ -
O 1—AShakaan—a—a— o 1 W
2 2 | | |
% % 200 400 600

Carsten Bittrich Lake Louise Winter Institute
TU Dresden 20.02.2018




ZZ$ iti-i0+0-at 13TeV

o fiducial region' Type Input or requirement
Leptons (e, u) Prompt

Dressed with prompt photons within ! R = 0.1 (added to closest prompt lepton)
pr > 5 GeV
'] < 2.7

Quadruplets Two same-3avor opposite-charge lepton pairs
Three leading{t leptons satisfy pr > 20 GeV, 15 GeV, 10 GeV

< % P : :
E LOF ATLAS  ~ §5=13TeV, 36.1 10" ° . = Events gnly quadr[l;plet m|n|m|i|ngh|mﬁ !dlqnz! + |rr]n!b! I 'mgz| |s>cgné|d\(/ared
O, > ny same-Ravor opposite-charge dilepton has mags e
(0] .

P 120fmscey < ' R> 0.1 (0.2) between all same-Ravor (di"erent-3avor) leptons
g Signal region chs Dileptons minimizing |[m3 ! mz|+ |mf ! mz| are taken asZ boson candidates
Q 1001 = Z boson candidates have mass 66eV <m; < 116 GeV
G ‘B ,
B gl ] Jets Clustered from all non-prompt particles
c‘«i; , 10t Anti- k; algorithm with R = 0.4
O g MEET T B I pr > 30 GeV
l\ll_ | i |'| < 45
o 4ot ! Rejected if within! R = 0.4 of a bducial lepton
g =
© 20 I 0
@© I - 10
S B " :

% 20 40 60 80 100 120 140

Subleading-pt Z candidate mass [GeV]
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« systematic uncertainties
on yield:

« systematic uncertainties
on correction factor Czz
(detector inefficiencies
and resolution effects)

Carsten Bittrich

TU Dresden

+i-i0+0-at 13TeV

Source Elect on total predicted yield [%]

MC statistical uncertainty 0.4
Electron elciency 0.9
Electron energy scale & resolution < 0.1
Muon elciency 1.7
Muon momentum scale & resolution < 0.1
Pileup modeling 12
Luminosity 3.2
QCD scales 7l
PDFs N
Background prediction 0.9
Total N
Source de  2e2l 4

MC statistical uncertainty 0.4 0.2 0.1
Electron el!ciency 2.0 1.0 b
Electron energy scale & resolution o <01 b
Muon el!ciency b 1.6 3.2
Muon momentum scale & resolution <01 01

Pileup modeling 1 0.8 2.0
QCD scales & PDFs o e

0
Event generator 1

b

3

4  +0.3 +0.3
8 1 0.4

8 1.8 Q2
1 2.8

Total 3. 3.8

Lake Louise Winter Institute
20.02.2018
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1+ 1- 107

O-at 13TeV

. . . Contribution de 2e2 4 Combined
- yield in signal " x
. Data 249 465 303 1017

region Total prediction ( Sherpa ) 198 %, 469 %, 290 % 958 [
Signal (gginitiated) 168 4, 400 3% 246 % 814 * | 4
Signal (gg-initiated) 21.3 = 35 502 + 8.2 297 £ 49 101 <+ 17
Signal (EW-ZZjj ) 4.36+ 042 1023+ 0.72 643+ 0.55 210 £ 12
4740 N B B R B 0.59+ 0.09 055+ 0.08 055+ 0.09 169+ 0.16
Triboson 0.68+ 0.21 150+ 0.46 096+ 0.30 314+ 0.30
/4 0.81+ 0.25 186+ 0.56 142+ 0.43 41 + 1.2
Misid. lepton background 21 £ 21 49 % 3.9 53 £52 123 = 8.3
Total prediction ( Matrix ~ + corrections) 197 ;% 470 3%, 286 |4 953 %
Total prediction ( Powheg + Pythia 193 + 11 456 + 24 286 + 17 934 + 50
with higher-order corrections, Sherpa )
pr .z, range [GeV] 0Db295 295D415 415555 555D3000

« vield in bins of Data 998 16 3 0

pr of leading Z Total SM prediction 950 +40 106 +09 250+ 0.33 118 * 0.21
SMZzz 1 1+1 930 +40 100 0.9 234+ 033 110 021
Triboson, t&z,zZ | "*"![I*1' ,"**!'] 92+ 28 043% 0.13 015+ 005 0078+ 0.028
Misid. lepton background 12 =+ 8 017+ 011 <01 <01

| woa I woa
EFT parameter Expected 95% CIeV *  Observed 95% CLTeV 4

Can/#” "8.1,8.1 "59,5.9
Coynd #° " 4.0, 4.0 "3.0,3.0
Can/#* "4.4,4.4 "33,3.3
Cog/#” "37,3.7 "27,2.8

Carsten Bittrich Lake Louise Winter Institute

20.02.2018
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WW# and WZ# at 8TeV

selection leptonic analysis:

« exactly one e and p with:
« opposite charge
e both: pT > 20GeV

 at least one additional y with:

« Er>15GeV
« MET-rel > 15GeV
¢ Mey > 50GeV
 jet-veto with pt > 25GeV

Carsten Bittrich

selection semi-leptonic analysis:

Fiducial Requirements

elp!" #jj"
Leptons 1 electron and 1 muon 1 electron or 1 muon
pr > 20GeV pr > 25GeV
no 39 lepton (pr > 7GeV) no 2™ lepton (pr > 7 GeV)
|$| < 2.5 |$] < 2.5
opposite charge leptons
| R(#,#) > 0.1
Photon I 1 isolated photon
Er > 15GeV
isolation fraction % < 0.5
|$| < 2.37
' R(#,") > 0.5
Jets Njets =0 Nijets ! 2 and Npjets =0
pr > 25GeV pr > 25GeV
ly| < 4.4 |$] < 2.5
! Rjj < 3.0
7/0GeV<mj < 100GeV
I R(jet,") > 0.5 I R(jet,") > 0.5
I R(jet,# > 0.3 I R(jet,# > 0.3
W boson EsS > 15GeV EMss > 30 GeV
Me, > 50 GeV mt > 30GeV

Lake Louise Winter Institute

TU Dresden

20.02.2018



WW# and WZ# at 8TeV

« vields for leptonic (left) and semi-leptonic final states (right)

Process Events Estimation Method
t@ 4.1+ 1.9 MC simulation

Z! 2.7+ 1.2 MC simulation

WZ! 2.7+ 0.6 MC simulation
Fake! from e 2.3+ 0.6 Corrected simulation
Fake ! from jets 1.7/33 2D sideband method
WW! (" contribution) 1.0+ 0.1 MC simulation

Wit 0.3£ 0.1 MC simulation

7 0.2+ 0.1 MC simulation

Fake u from jets 0.1+ 0.1 MC simulation

Fake e from jets 0.0/%8§ 2D sideband method
Total background 15.1+ 4.1 Sum of components
Expected signal 12.2+ 1.1 Corrected VBFNLO
Data 26 Measurement

Carsten Bittrich

Process Electron Channel Muon Channel Estimation Method
W! + jets 324+ 11 407+ 11 Simultaneous bt
Fake ! from jets 82+ 7 117+ 9 Simultaneous bt
Fake " from jets 57+ 6 27+ 5 Simultaneous bt

td@ 35+ 6 46 7 MC simulation
Fake! from e 33+ 12 3t 1 Corrected simulation
Z! + jets 19+ 4 20+ 3 MC simulation

WV ! (# contribution) <1 <1 MC simulation

Total background 552+ 38 621+ 31 Sum of components
Expected signal 14 2 18+ 2 Corrected VBFNLO
Data 490 599 Measurement

Lake Louise Winter Institute
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