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Introduction

e EW motivation at LHC:
e Cross sections, better understanding of SM predictions

e Backgrounds for searches

68% and 95% CL contours sin*(ol,) LEP+SLC %o
I direct M, and sin*(¢,) measurements
M fit wio M, sin(0] ) and Z|widths medsurements

0.2308 0.231 0.2312 0.2314 0.2316 0.2318 0.232 0.2322
sin(6l,)

e Provide critical tests of SM (NNLO QCD and NLO EW predictions
are available)

e Require precise understanding of different sources of
experimental uncertainties, both experimental and theoretical




Standard Model Parameters

- these parameters are well measured

some parameters are constrained

but modified by high-order corrections

Xt
Incorporates higher-order +

sensitive to top and Higgs
masses + BSM




Direct measurements and glob:

Measurement HEPfit result

o m, world comb. = o
68% and 95% CL contours - my = 173.34 GeV
B fit wio M,, and m, measurements -~ 0 =0.76 GeV
fit wio M, m_and M, measurements — 0 =076 ©0.50,,; GeV

© direct M, and m, measurements

arXiv:1407.3792

M., world comb. = 1o

G fi tte r M,, = 80.385 = 0.015 GeV | P



https://arxiv.org/abs/1608.01509
https://arxiv.org/abs/1407.3792

Measurements discussed in thi

W mass
o ATLAS: arXiv:1701.07240 CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2017-09-04 09:08 UTC

m— 2010, 7 TeV, 45.0 pb™’
=— 2011, 7 TeV, 6.1 b
— 2012, 8 TeV, 23.3 !
m— 2015, 13 TeV, 4.2 fb !
2016, 13 TeV, 40.8 b’
= 2017, 13 TeV, 20.5 b’

Forward-Backward asymmetry Ay and sin0
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Angular coefficients
o ATLAS: JHEP 08 (2016) 159

¢ Total Integrated Luminosity (m1)
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* 2017 (6.5 TeV): 0.54 /fo
s 2016 (6.5 TeV): 1.67 b
2015 (6.5 TeV): 0.33 /b :
Y 2012000 Tov) 208 b |
s 2011(35Te

L/W + 2jets EWK
e ATLAS: Zjj - CERN-EP-2017-115

e ATLAS: Wjj - arXiv:1703.04362

Tau polarization N
e ATLAS: Z - ATLAS-CONF-2017-049 P T A v

Month of year

Integrated Recorded Luminosity (1/fb)
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arXiv:1701.07240

ATLAS W mass measurement
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W production at LHC

e DO (Phys.Rev.Lett. 108 (2012) 151804
80.367 + 0.023 GeV

e CDF (Phys.Rev.Lett. 108 (2012) 151803
80.387 + 0.019 GeV

¢ |n pp collisions at the LHC

e Large signal (107) and calibration (10°) samples

e Events are distributed between positive and negative
helicity states - PDF uncertainty

e HF contribution (25% of events) - W p;

e 7 can be used for different calibrations and for checks,
measurements can be performed in Z events and
transformed to W




Main experimental observable

Lepton kinematics:

Recoil to transverse plain

i

Transverse momentum of neutrino

-miss __ >{ -
Pt = (pT + uT)

W-boson transverse mass

mr = Zp%p%ﬁss(l — cos A¢)




Analysis strategy

In¢| range 0-0.8 0.8-1.4 1.4-2.0 2.0-2.4 Inclusive

W™ — pu™v 1283332 1063131 1377773 885582 4609818
W™ —pu v 1001592 769876 916163 547329 3234960

Ip¢| range 0-0.6 0.6-1.2 1.8-2.4 Inclusive

W™ — ey 1233960 1207136 956620 3397716

W~ —=ev 0969170 908327 610028 2487525
é—

The mass of W boson is defined from the fit to:

templates for signal+background for different W masses
are compared to data using y? - interpolation +
minimization of 2 function.




Calibration of electrons and muons

Corr. of imperfect simulation/calibration of detector response.
Applied to simulation/muon sagitta bias + electron energy - to data

g?_?‘?rfv, 4.1 o’ Mz Sys te ma ti CS

[ ]Background
;| range [0.0,0.8] [0.8,14]  [14,2.0]
Kinematic distribution p% my pg. my p% mr
dmy [MeV]
Momentum scale 89 93 142 156 274
Momentum resolution 20 19 17 15
Sagitta bias 07 08 17 17 3l
T 4058 i ‘ E Reconstruction and
:h_, ' 1?-+++++++ bbb bbbt gt +JI_+'-E isolation efficiencies 36 51 37 47
= 095 . B E Trigger efficiency . 50 71 50
S s0 82 84 8 88 9 92 94 965 98 100 Total 11.4
m, [GeV]
30000 ATLAS o Data
© s=7TeV, 46" Wz e'e In¢| range [0.0,0.6] [0.6,1.2] [1.82,2.4]
25000 [EJBackground ; S . ;
o Kinematic distribution py mr pfi. ny Py mry my
£ 20000 Smy [MeV] |
€ 15000 Energy scale 104 103 108 101 161 17.1 81 80
L Energy resolution 50 60 73 67 104 155 35 55
10000 Energy linearity 22 42 58 89 86 106 34 55
5000 Energy tails 23 33 23 33 23 33 23 33
Reconstruction efficiency 105 88 99 78 145 11.0 72 60
B 4 osEF T T Identification efficiency 104 77 117 88 167 121 173 56
o TEULT N T Trigger and isolation efficiencies 02 05 03 05 20 22 08 09
5 095 HT bt ettt H:E Charge mismeasurement 02 02 02 02 15 15 01 0l
S 80 82 84 8 8 90 92 94 965 98 100 Total 190 175 211 194 307 305 142 143

hlad - 4



Recoil calibration

Event activity correction: Residual correction:

* Pile-up « Beam effects
. Transverse momentum Offset of IP

hadronic recoil

=
UT L

e Data ol ATLAS e Data
¥s=7TeV, 4.1 " =]

—— Z—p*u- (before transf.) = 4 —— Z—p*u- (before corr.)
=7TeV,411
[ Z—uty- (after transt.) 's B Z—>p*p- (after corr.)
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Data / Pred.
Data / Pred.

W-boson charge
Kinematic distribution
me [MEV]
{u) scale factor
Y E} correction
Residual corrections (statistics)
Residual corrections (interpolation)
Residual corrections (Z — W extrapolation)

Total




W/Z production and decay sim
Reweighted Powheg + Pythia 8 MC

do  _ Fm:;m:. ‘ {da{y) ‘ {dﬂ'{pr, ) (dﬂ'{y])_l
dp1dp; dm dy dprdy \ dy

!
{{1 +c0s26) + ) A(pr, y)Pi(cos6, 9)

Decay channel
Kinematic distribution

%j BW, EW corrections: QED FSR [

. . Pure weak and IFI corrections
(LO photon emission, NLO, Photos etc) FSR (pair production)
Total

Fixed order optimized DYNNLO with CT10nnlo PDF

L
[{1 +c0s26) + " Al(pr, y)Pi(cosb, f,ﬂ‘

i=0

do(pr, y] dﬂ'{y]
dpr dy

‘ Low p;, NP effects using Pythia 8 + AZ tune




W/LZ productlon and decay sim

Validation of
QCD parameters
in Pythia 8 - AZ

tune. Good
description of p;

1/0 doldp._[GeV'

0. OB—ATLAS 4 Data = Ia 145 ATLAS —~- Data E
0_07? V’g 7 TEV 4.7 fb-1 —— Pythla 84C Tun% 1i 3__( 7 TeV, pp—~Z+X, 4.7 [ v Pythia 8 AZ Tuné

E pp—=Z+X — Pythia 8 AZ Tunei 1 o fs=7 TeV, pp—~W+X, 30 pb” 3
0.06 —] = E

g ; R =
0.05F = “E

F . 1:— =¢= A
0.04F = =

g : 08t v E
003} E 0.85 E
0.02i= E 0.7 — , -
0.01= - 0.6E —

= o = M I AN BN I AN BN I

0 5 10 15 20 25 30 35 40 0. 10 20 30 40 50 60 70

Vs=7 TeV, pp

Vs=7TeV, 4.6 "
pp—W*+X

dcldhr]ll [pb]

—— Data (W)
—+— Data (W")
=== Prediction (CT10nnlo)

A N N N N N
ATLAS

ATLAS Simulation

— W+X, pp— Z+X

|
10

Major uncertainty

L 1 L 1
15 20 25 30 35 40
P2 [GeV]

is PDF,second largest - PS

T RS R N S S N A S S AN A
250002040608 1 12141618 2 2224

W-boson charge wt W~ Combined
Kinematic distribution pi mr pt mr  pL mr
émw [MeV]
Fixed-order PDF uncertainty 13.1 149 120 142 80 87
| AZ tune 30 34 30 34 30 34
! Charm-quark mass 1.2 15 12 15 12 15
Parton shower up with heavy-flavour decorrelation 5.0 69 50 69 50 69
Parton shower PDF uncertainty 36 40 26 24 10 16
Angular coefficients 58 53 58 53 58 53

Total 159 18.1 1

48 172 116 129




Fitted distributions, consistenc

ATLAS 8- Data '
_ A ) ATLAS -»-Data
fe=7TeV, 411 E;‘:ﬂf@tﬁ:n 4 fs=7Tev,4.1 1" W v

[ Background

y2idof = 20/39 ¥2ldof = 57/59

Events/ 0.5 GeV
Events/ GeV

80
60
40
20

P.; E 1.02
E ------------------------------------------- o 1'01%{-#....#.,,# ++ ++|.+ +++++++ﬂ+|.{&l-++++'|'t|' H T.Ill :-_.g
5 3 0%t L1 ]
=) 5 60 0 80 90 100 110 120
m. [GeV]

Consistency test on Z e | ATAS . o e
events shows expected il _ ey
performance of the RS I ML AR

mass measurement - .
procedure e

PR | NI T S T MR
91120 91140 91160 91180 91200 91220 91240
m, [MeV]



W mass measurement, diff. ca

pL Wy [T T T T T T T
P W—Tv ATLAS _ | g =iStat Uncertainty
oWt | Vs=7TeV, 414607 ——ee— (ol Comb)
My, W =1y Stat. Uncertainty
me, W—1Iv P Full Uncertainty
my, W= I'v : o—
pLW—ev | ————— T
m;, W*— e*v @
LWy | L ——— T
mp, Wiy | TooiC -
mTp'T W Ty _—
m_l_pl,w_,w ——
mT-p'T,W=—ro...|...|...|..ﬂ?..|...|...|...|.
80280 80300 80320 80340 80360 80380 80400 80420 80440 80460

my, [MeV]
combined result

my = 80369.5 +6.8 MeV(stat.) + 10.6 MeV(exp. syst.) £ 13.6 MeV(mod. syst.)
80369.5 + 18.5 MeV,

Combined Value Stat. Muon Elec. Recoil Bekge QCD  EW  PDF  Total )_/lfdnf
categories [MeV] | Unc. Une. Unec. Unc. Unc. Unc. Unc. Unc. Unc. of Comb.

m-r—pg, W=, e-u | 80369.5 | 6.8 6.6 64 2.9 4.5 83 55 92 185 29/27



Comparison to other experiments

| T
T T T L] My,

ALEPH w=w Stat. Uncertainty
DELPHI — Full Uncertainty

LEP Comb. PY 8037633 MeV

Tevatron Comb. ® 80387+16 MeV

LEP+Tevatron @ 80385x15 MeV

ATLAS W'
ATLAS e @-80870+19 MeV

® Measurement

ATLASW e Stat. Uncertainty

— i Electroweak Fit 80356+8 MeV

ATLAS W* ...Flu”.u.m.:e':tallm.y‘..|.!..|....|.... ] || | ]
80250 80300 80350 80400 80450 80500 80320 80340 80360 80380 80400 80420
my, [MeV] m,, [MeV]

The result is compatible with the current world average
and similar in precision to the currently leading
measurements




Compatibility in context of t
global fit

1 | I I | 1 I I | 1 I I 1 |
= m, =80.370 = 0.019 GeV
Bl m=17284+0.70GeV -
----m,=125.09 =+ 0.24 GeV -

i 68/95% CL of m,, and m, —

== 68/95% CL of Electroweak’]

Fitw/om,, and m,
(Eur. Phys. J. C 74 (2014) 3046)

IIIlIIIIII
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Forward-Backward Asymmetr

e Vector and axial-vector couplings in NC annihilation
— .|_ - = l
4q — Z[y" — ¢ flal + glvs) f

e Differential cross section

do _4:1'{:2 3 5 é
il bt "VA‘

e Collins-Soper frame, the events are classified to forward
and backward in CS to calculate the A

OF —UB
App =

Op +0pg




Az measurement with di-muc
di-election events 016) 325

19.7fb" (8 TeV) 19.7 b (8 TeV) 19.7 tb” (8 TeV)

Iyl <24 D Iyl <24 24<ly|<5
—+—Data = —+—Data ——Data
Ziy*—pup Ziy*—ee Ziy*—ee
B WW, WZ, ZZ B ww, Wz, ZZ [ Dijets
1, tw, Tw 3 T, W, T I Inclusive W
o Zy*=te [ Zry*—rr B ww, wz, zz
[ Dijets [ Dijets W i, o, T
[ Inclusive W [ Inclusive W I Ziy*—te

[
200 300 1000 2000 200 300 1000 2000 100 200 300 1000 2000
M(uw) [GeV] M(ee) [GeV] M(ee) [GeV]

19,7 fo'' (8 TeV)

CMS ® Data
133 < M(ee) < 150 GeV, lyl < 2.4 Z/y*— ee POWHEG
[ Total background

e
+
B i

.
N

Ar; is measured as a function of
dilepton mass in bins of
pseudorapidity

——

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

COSGCS




Dilution of A

w
PYTHIA 8 ' PYTHIA 8
& y .
LO NNPDF3.0 e Lot ? LO NNPDF3.0
= o

10 120 10 120
M, (GeV) M, (GeV)

Since ambiguity in the quark
direction is more significant at low
ly|, the dilution of A is also
larger there and the measurement
is done in bins of |y|

Az PDF depenc

near Z peak is
sensitive to leptonic
SiN20 ¢

PYTHIA 8
LO NNPDF3.0

@ 0,0<IY"I<0,4
] OA<IY"I<0‘8
o 0,8<IY"I<1,2
@ 1,2<IY"I<1,6
@ 1,6<IY"I<2,0
& 2,0<IY"I<2,4

110 120
M, (GeV)




Az measurement with di-muo
di-election events 2016) 325

19.7 b (8 TeV)

15<lyl<24
® Data
[l POWHEG

24<lyl<5

® Data
0 PowHEG

(Data - MC) / &

5
o
=
=8
s

w
[=]

200 300 1000 2000

50 60 70 80 90100
M [GeV]

« Wrt 7 TeV CMS Az measurement is extended to high |y|
- closer to parton-level asymmetry ;
* Predictions well describe the measured values




This measurement co
the W mass !

18.8 fb' (8 TeV)
CMS e Data

.. Z/y*—pp
5 Preliminary mZ/y -
B Dibosons
10 08=<IlY <12 Il Jets
i it tX

19.6 b (8 TeV)
SEELL L LA

—»— Data
.. Zly"—ee
Preliminary Wz
- W Dibosons
DE=IY l<1.2 I Jets
e i, tX

Events / GeV

Events / GeV
T IIIIIII| T IIIlIII| T IIIII'III
n i
=]
7]

i

4 "‘.*
1 0 .‘"’
M"m“

+
$
$
0
$

1 |IIII|,|,| 1 III|II|| L1l

-
.,
k.
c.."

s
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10°

::

10?

10
1.1f
i
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Data / MC

Data / MC

O =0 bt W (ela) il Wi (iat ©'578) : i s --
60 70 80 90 100 110 120 \ 8:0 90 100 11'0 120

M, (GeV) M, (GeV)

Az measurement near Z mass peak is used




Effective mixing angle measu

P 1
04 c||M|S| iljrelmlnfqary L I I B B |1|8|8|ﬂ|D (B TeV) m 04 CMS Preliminary 19.6 fb 1 (8 TeV)
BOsIY, <04 | 04=lY 1<08 |08sl¥ <12 | 12sl¥ |<16 [ 1.6slY, <20 |2 o alnsll'rl |Ln """" FTTTTrTTTTI
<

I A ]

—~Data
2T Fit
L1111 .| | | -
iz _ : L 0.05 — + + } =
E 0 %T_++ﬁ.+ﬂ?;+- et Y Ly +¢,,..t,‘t=+m|- gt +.H.++ 4 1‘:'4 + _+_J[ Lol i H _; E 0 §+_-.{—..,.t...;t_+._.'.f +++'g.*++++++¢.ﬂ++*+m++ ++ +HF¢‘1H_+ + ++{H+ . _5
© _oosE + 3 © _oosfF =
()] N e e (] T T T T e | ]

[ S T O R '} L . T T T N T O 1
70 90 110/ 70 90 110(70 90 110(70 80 110(70 90 110{70 890 110 70 90 110|70 80 110|770 90 110| 70 90 110{ 70 90 110|70 80 110

M,, (GeV)

Mee (GeV)

Minimizing % between data and templates POWHEG+PYTHIAS8



Uncertainties

muon 0.00044
electron 0.00060

0.00036

MC statistics 0.00015
Lepton momentum calibration | 0.00008
Lepton selection efficiency 0.00005
Background subtraction 0.00003
Pileup modeling 0.00003

0.00018

model variation

Dilepton pr reweighting

QCD g, scale

POWHEG MINLO Z+j vs NLO Z model
FSR model (PHOTOS vs PYTHIA)

UE tune

Electroweak (sin® 87" — sin? 64 )

electrons
0.00033
0.00019
0.00004
0.00005
0.00002
0.00039

0.00003
0.00011
0.00009
0.00003
0.00003

0.00001

0.00003
0.00013
0.00009
0.00005
0.00004

0.00001
0.00017

Statistical

Experimental systematics

Theoretical systematics




PDF uncertainty

Belv l<0d | 04 cl¥ <08 |0BI¥ l<i2 (12l l<t8 [ 1Bal¥ <2 [ 20c0 <2

|
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AFE!
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||||||| I”l”'bl
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1+
T
ER1 IRRR AR REw

| §
]
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BN, = +0.0004, £0.0008, £0.0012
NWNPDF3.0 uncerainty
WMPDF.0 replicas

0.005 ' T 111,41 MRS NSRRI FSNITRTSSHUNSTI, SSSSTOTSHRTTRTN - SETSHOneE S -

A Agg

o =
-7 ANUSSVUPVRNURSMRIN FRSPVRURSION NSRRI S e o5 e SRSt IR -
I T T TN T T N O

o800 110|770 20 10|70 90 110] 70 80 11070 80 11070 80 110

M, (GeV)

without constraining PDFs | with constraining PDFs
0.23125 + 0.00054 0.23125 + 0.00032

0.23054 = 0.00064 0.23056 = 0.00045
0.23102 = 0.00057 0.23101 = 0.00030




Effective mixing angle results

CMS Praliminary 18.8-19.6 fb™" (8 TeV) CMS Freliminary 18.8 fb" (B TeV)
CT10
NNPDF{1000)
Electron MMHT
CT1i4
Combined NNFDF(100)

Muon

le

sin? 67 = 0.23101 = 0.00036(stat) + 0.00018(syst) = 0.00016(theory) + 0.00030(pdf)
sin? /7" = 0.23101 + 0.00052.

=

Statistical uncertainty still dominate, followed by
PDF, that was reduced by reweighting by 50% .
Experimental uncertainties are relatively small ,
theoretical are dominated by QCD/scales




Effective mixing angle at LHC

* Di-muons in region 60-160 GeV; 2015) 190
« 7TeV (1fb") +8TeV (2 fb)

high rapidity - less dilution between parton and proton

—— Combined
o (8=T TeV
aianiani E = a Tﬂv.

—}— data Vs =8 TeV

POWHEG + PYTHIA
(sin®6Z' = 0.2315)

l

140 160 0.228 0.229 0.23 0.231 0.232 0.233 0.234 0.235
muu [Gev] sln"ﬂ,‘j’,"

sin®fg = 0.23142 + 0.00073 £ 0.00052 =+ 0.00056

Uncertainties: stat (will improve with more data); theo (will
improve with PDF) -> measurement most precise at.LHC/!




Effective mixing angle:
experimental summary

CMS ee+uu 0.23101 = 0.00052

Preliminary

-1
CMS ee 19.61b : ' 0.23056 = 0.00086

Preliminary

-1
CMS pup 1881 0.23125 = 0.00060

Preliminary

LHCb pu 3 fb™ 0.23142 = 0.00106

ATLAS ee+up 4.8 fb| - 0.23080 = 0.00120
DO ee 9.7 fb™ 0.23147 = 0.00047
CDF ee+up 9.4 fb™ 0.23221 = 0.00046
- 08« 000006

LEP + SLD: A%y 0.23221 = 0.00029

LEP + SLD 0.23153 = 0.00016
| . 0.231 0.232 | 0.233

.2 lept
sin Beﬂ




Angular coefficients in Z eve

The angles are defined in Collins-Soper frame. Diffe
Cross section can be written as:

dg- _ 3 dﬂ-U_'-L lepton plane
dp% dy” dm”* dcos @ d¢ ~16n dp% dy” dm*

2 1 2
{(1 +cos” @) + 3 Ao(l —3cos“f)+ A; sin28 cos¢

1
+— Ay sin®6 cos2¢ + Az sinf cos¢ + Ag cosf

2
+As sin® 6 sin2¢ + Ag sin26 sing + A7 sinf sinqﬁ}.

AO-A3 become not 0 at NLO ;
AO-A2=0 Lam-Tung relation (valid at O(as)) ;
A4 is only coefficient !=0 at LO ;
A5-A7 appear at NNLO .




Angular coefficients in Z eve

ATLAS: JHEP 08 (2016) 159

8 TeV, 20.3 fb"' 8 TeV, 19.7 fb'
muons and electrons muons
mass 80-100 GeV; mass 80-100 GeV;
leptons p; > 25 GeV leptons p; > 25(10) GeV
extended |n|>2.5 electrons In|<2.5 (2.1)

ATLAS
8 TeV, 20.3 b
€8pp

o° —e— Data, lyl <1

g —— MC,lyl<1
[]Prediction 8 —e— Data, 1<lyl <21
MC, 1<Iy|<21

008 6ce cos6*

Template fit to extract the coefficients




Angular coefficients in Z events

ATLAS: JHEP 08 (2016) 159

NNLO describes the data well within uncertainties

012:_ 3%3520 3 : A5_A7 dev]ate ::: gﬁssﬂ??’fb :

uuuuuuu _Z from O _in '0: T POWHEG.MINLO 24 !Tﬁ}i _‘.,__

: e agreement ocal ]

j#__ with MC, at o +
B PR pz”] higher values T e e

s 0% B : of p%; some

< ous- ﬁsszi’f"“' deviations

o 8 observed, still
within

uncertainties

(=]
(=)
=

041 ATLAS ]
- 8 TeV.203 10" 1
" poow Data

 —=— DYNNLO (NNLO)
| —+— POWHEG+MINLO Z+j

Ag(Theory) - A (Data)
=]
=

(=]
T TRET




Angular coefficients in Z eve
FEWZ(NNLO) and POWHEG(NLO) in general describe t

19.7 fb (8TeV)

¢ Data

4 MadGraph
0.2F g + Powheg
0 + FEWZ NNLO

0 50 100 150 200 250 300
q, (GeV]
19.7 b (8TeV)

"

50 100 150 200 250 300

0.1 + Powheg
T+ FEWZ,NNLO

MadGraph
(X0)
+up to 4 jets
describes the
data except
A4 -> uses
sinZ0,,
without
radiative
corrections

-0.04

0.04

50 (2015) 154

19.7 fb(8TeV)

< i
0.04}
0.02f

0.02-

¢ Data
[ & MadGraph
. ¢ Powheg

[+ FEWZNNLO

050 100 150 200 250 300

q. [GeV]
19.7 b’ (BTeV)

+ Powheqg
+ FEWZ,NNLO

;

50 100 150 200 250 300

q, [GeV]



KX}

Checking Lam-Tung relation (A,-A,=0)

ATLAS: JHEP 08 (2016) 159

USRS

Violating (as anticipated) '  _g;'ﬂ;:szus,b
Lam'Tung relatiOn ) ;_ EE"ET.Z%‘.’:‘.E%M
At high p%; the models do not

describe data

19.7 tb ' (BTeV)

- 4 MadGraph 2
0.25F 4 Powheg - ATLAS
+ FEWZ,NNLO 5 015 8Tev, 203 1"

{— o Data
F  —=— DYNNLO (NNLO)
F —+— POWHEG+MINLO Z+j

~50 100 150




EW production of W/Z with t

Background

Topology: central electron/muon
(Z:2 electrons/muons) + 2 jets




EW production W+2jets at 8

e Di-muons in region 60-160 GeV,; ATLAS: arXi
« 7TeV +8TeV

. E‘ —-— [}atal Vs=8TeV, 20.2I1'b"'
Selection " — 8 | [ iterterence uncerainy
8 ATLAS \s=8TeV,20.2 fb"j == -4 . POWHEG+PYTHIAB EW-only
. - > i Wijj signal region ® Data S ook e SHERPA EW-only i
requirements 5 10 o g0 + ;
& 40 B QCD Wjj Er.:? R S ]
3 Top quarks = £ ]

Lepmn P]' > 25 GE"J 2 B Multijets . AN BT

I Zjjand dibosons= 10 ""‘}““" |

Lepton || < 2.5
EXS > 20 GeV
mrt > 40 GeV
py > 80 GeV
pi > 60 GeV
Jet |y| < 4.4
M_;j > 500 GeV
Ay(ji, j2) > 2

%% Uncertainty

10°F

Data / Prediction

10° 2x10°
Dijet mass [GeV]

144 + 23 (stat) + 23 (exp) = 13 (th) fb,
159 + 10 (stat) + 17 (exp) = 20 (th) fb,

TEW wioe;; (7 TeV)

144 + 11 (198 + 12) fb

Measured cross sections agree well with SM predictions




LHC EW X+2jets measureme
/ and 8 TeV

LHC electroweak Xjj production measurements ATLAS

Stat. uncertainty .Tﬂial uncertainty = - heory uncertainty

ATLAS EW WE 15=7 TeV
This paper (CERN-EP-2017-008)

ATLAS EW Wijj 15=8 TeV
This papes (CEAN-EP-2017-008)

CMS EW Wjj 15=8 TeV
JHEP 1611 (2016) 147

ATLAS EW Zjj 15=8 TeV
JHEP 1404 (2014) 031

CMS EW Zjj 15=8 TeV

Eur.Phys.. C75 (2015) 68

LHC EW Higgs 1s=8 TeV
JHEF 1608 (2016) 045

1.2 1.4 1.6 1.8
o-B normalized to SM prediction




EW production Z + 2 jets at 13 TeV

‘ Object Baseline | High-mass High-pt EW-enriched EW-enriched, QCD-enriched
ATLAS: et
.o miij > e
ZJJ - CERN-EP-2017-115 Leptons Inl < 247, pr > 25 GeV, AR; £ > 0.4
Di-Lepton paic 81 < mgp < 101 GeV
_ PEf > 20 Gev
 Electrons/muons yi<as
Jets Pl >55Gev Pl > 85GeV Pl > 55Gev
Pl > 45 GeV Py > 75GeV Py > 45GeV
° QCD COrreCted Dijetsystem | — | mj>1TeV — mj; >250GeV | mj;>1TeV | mj; > 250 GeV
Interval jets - N}é‘f"‘{;izs Gev) =© N}é‘f“{,fizs Gevy = 1
Zjj system — p%ala.uoe <0.15 pg‘a.la.m:ej <0.15
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<~ 10°E (5= 13Tev,3.21b" I EW-Zj (Powriea)
T
g
L

~10°E (s=13Tev,3.2f0" [ EW-Zjj (PowrEc)
2 Zjj EW-enriched region B QCD-Zjj (SHERPA 2.2)
I Diboson

[ Top quark
72 Data Stat. @ MC Syst.

m v
102 & Zjj QCD-enriched region I QCD-Zjj (SHERPA 2.2)
I Diboson

[ Top quark
777 Data Stat. ® MC Syst.

% ®ALPGEN +MG5_aMC ! p % 3 ®ALPGEN 4 MG5_aMC
O 2[®SHERPA 2.2 - a 2 -
-~ _‘_—.‘— -, -~
o 1 7 Z o 1
g p. il IR i
0 1000 2000 3000 4000 0 1000 2000 3000 4000

Dijet invariant mass [GeV] Dijet invariant mass [GeV]




EW productlon L+ 2 jets at 13

1
ATLAS Prellmlnary

Vs=13 TeV, 3.2 fb

Zjj EW-enriched region
¢ Data

B EW-Zjj (POWHEG)

I QCD-Zjj (ALPGEN)

T TTT1TY

Events / GeV
)

1072

1073

1000

2000
Dijet invariant mass [GeV]

3000 4000
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QCD (ALPGEN)

ATLAS Preliminary (s=13TeV,3.2fb"

e
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1000

5000 8000 4000
Dijet invariant mass [GeV]

Fiducial region

EW-Zjj cross-sections [fb]

Measured

PowHEG+PYTHIA

EW—EUI'iCth, M > 250 GeV
EW-enriched, m;; > 1 TeV

119 +£16 +£20 +2
342 +58 £55 +£0.7

125.2 +3.4
38.5 £1.5

* |In agreement with the SM predictions




EW production Z + 2 jets at 13

 Electrons and muons

359 fb {13 Te‘u’}
Dlmuon

CMS 35, 9 ﬂJ (13 TeV}
Prel'imr‘n«laf}‘ D|muon
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Data/ MC - 1

o (EW £45) = 552 =+ 19 (stat) & 55 (syst) fb = 552 + 58 (total) b

For m>50 GeV, pi;>25 GeV, |n!|<5, m;;>120 GeV, AR;>0.5
Theoretical value at LO: 543 +28 fb




Measurement of aTGC with Wjj event§

The measurement is sensitive to
WWYV coupling, eff. Lagrangian
operators up to mass-dimension SiX

t-channel

Lﬂ;’TW = gwwy {[gl wH {W_ W™ — ,,W_v) + Ky WJ W; Ve 4 v#v W:-p W- ]

kv DWWV, +
2

SMvalues g = 1, kv = 1, dy = 0, &y = 0,and Ay = 0

ﬁgf=ﬁxz+tanzﬂwﬁx};, Ay = Az = Ay, §T=L E.r,,z—mtzﬂwi'z,

Presence of anomalous couplings -> cross section increase,
to preserve unitarity form-factor with A=4 TeV T (14 g2 /A2)2




Measurement of aTGC with Wjj events

ATLAS: arXiv:1703.04362

Region with A=4TeV A=co

Expected Ob ed Ob ed
M.. > 1 TeV and XPe il il
JJ ﬂglz [-0.39,0.35] [-0.32,0.28] [-0.16,0.15] [-0.13,0.12]

PT(lead- jet) 2 GIOORCINA A, (038051 [-029,042] [-019,019]  [-0.15,0.16]
SHERPA for aTGC + [-0.16,0.12] [-0.13,0.090] [-0.064,0.054] [~0.053,0.042]
k=NLO/LO at SM :

[-1.7,1.8] [-1.4,1.4] [-0.70,0.70] [-0.56,0.56]
[-0.13,0.15] [-0.10,0.12] [-0.058,0.057] [-0.047,0.046]

.8
Mr\li'.'
=]

ATLAS

0.6 (s=8TeV, 20.2 ft"

A =4 TeV, 95% G.E_.:'"{“.‘ Parameter Eﬂpﬁﬂtﬂd [Tﬂv_z] Observed [TE:‘U‘E]

(-39,37) [-33,30)
° [-200, 190] [—-170, 160]
N [~16,13] [-13,9]
- Expected i [=720,720] [—580, 580]

0.8 [ observed

088 06 04 02 ¢ u.la 04 {J.IE 0.8 AL [—14, 14] [—11,11]

ag’

0.4

-0.4




Measurement of Tau polarisation .

ATLAS: arXiv:1703.04362
e //vy* decaying to tt, where one tau lepton decays

hadronically (is used to measure polarization) and
another one leptonically (electron/muon)

e Polarization - negative/positive helicity
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PT,lepton > 26 GeV PTtpans > 20 GeV
Ine|l < 2.47 and not 1.37 < || < 1.52 0or |n,| <2.5  [9q,,.. | <2.47

mt < 30 GeV

40 GeV< myis < 85 GeV




Measurement of Tau polarlsa

[Te] Frrrr 77 T 3 [Te] T T T
o [ e Data ! IZI Left- handnlad - n gl‘ll handed j a [ e Data ! |:| Left- handnlad - nght handed
. 2500 + [l Outside mass range [_] W+jels [ Multijet B — 2500 [ Il Outside mass range [_] W+jets [ Muttijet
3 :_ [ others %4 Uncertainty (total) _: 8 L [Jothers %% Uncertainty (total)
W) + i w L
£ 2000F 5 52000
g C 1 ¢ -
] - ATLAS Preliminary 1 W B ATLAS Preliminary
1500 \s=8TeV,20.2 1" - 1500 \s=8TeV,2021f"
r Signal region, 7,7, channel ] r Signal region, 7,7, channel
1000 — 1000 :—
5001 - 500
0: ol 0: R e e e
> T T T T | T T T l T T T - T T T T | T T T T I T T T T | T T T T I T T T T
S 1.4 g 11
E 1 //{///’///&//’////’///9///(//’///(///f// ////Q'//A'///‘///»’/ //// E 1 /'/4’///(//&/’/I/"/M//‘///*’//V/)/I/ ////y//y//,‘//M/*///,‘*’///
¢ 0.9F | | g 09F | | | I
-D 1 Il 1 Il 1 1 Il 1 1 1 1 _D 1 Il 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Il 1 1 1
(@) -1 0.5 0 1 50 -1 0.5 0 0.5 1 1.5
T T
Channel P, in mass range P, in fiducial region

Te = Thad —0.195 +0.024 (stat) *0-048 (syst) —0.331+0.026 (stat) *0-02 (syst)

~0.129 £0.020 (stat) *J:%4% (syst) —0.259:+0.021 (stat) 23246 (syst)

Ty — Thad

Combination —0.141 +0.015 (stat) *3047 (syst) —0.268+0.016 (stat) *3:03 (syst)

Agrees well with the

LEP combination - 0.1439 + 0.0043
theoretical prediction - 0.1517 + 0.0019



Conclusions

This talk presents only some of the EW measurements.
Precise measurements require more time and we are
now finishing with 8 TeV data

We are expecting measurements at 13 TeV with more
statistics, but in many cases we are already restricted
by systematics, understanding of uncertainties is
extremely important

Looking forward to see more new results soon !







Effective mixing angle

ATLAS: JHEP 1

* A vs mass for different sinB. in region 70-250 Ge
« Only 7 TeV with 4.8 fb""

lept

sin 6’

CC electron | 0.2302 #0.0009(stat.) | 0.0008(syst. ) :I: 0.0010(PDF) = 0.2302 =+ 0.0016 |
CF electron | 0.2312 H0.0007(stat.)j 0.0008(syst.) + 0.0010(PDF) = 0.2312 4 0.0014
Muon 0.2307 2{0.0009(stat. )= 0.0008(syst.) & 0.0009(PDF) = 0.2307 = 0.0015
) ( )
) ( )

El. combined | 0.2308 H0.0006(stat.)jt= 0.0007(syst.) = 0.0010(PDF) = 0.2308 £ 0.0013
Combined 0.2308 H0.0005(stat. )j+ 0.0006(syst.) & 0.0009(PDF) = 0.2308 + 0.0012

ATLAS, e CC
ATLAS, e CF

ATLAS, n
ATLAS combined
CMS

Compared to other 3
experiments and PDG. el B
LEP+SLC are the most Lep, A% [ ape

o, L= in
LEF, A . nao—r

precise SLD, A,

LEP+SLC | s=7Tev,4.81b" ;!
PDGFit | | & !
0.225 0.23 0.235




Angular coefficients at differe

19.7 fb' (8TeV)

¢ lyl<
4 1<ly|<2.1
50 100 150 200 250 300

q. [GeV]
C 19.7 b1 (8TeV)
b ly|<t o ¢ lyl<t
“F 4 1<ly]<2.1 _ b 1<ly|<2.1

Major uncertainties: statistical, efficiencies
low p; - scale/resolution/templates




EW production Z + 2 jets at 8

 Electrons(muons): pr>25 GeV, |n|<2.5(2.4), |M;-M,
« Jets with Py > 50 (30) GeV

Data/MC Events
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o (EW £6jj) = 174 + 15 (stat) = 40 (syst) fb = 174 + 42 (total) fb

For m>50 GeV, pi;>25 GeV, |n!|<5, m;;>120 GeV, AR;;>0.5
Theoretical value at LO: 208 +18 fb




CMS Preliminary 18.8-19.6 fb™' (8 TeV) CMS Preliminary 18.8-19.6 Ib" (8 TeV)

Muon huon
Electran Electron

Combinad Combined

CMS Preliminary CMS Preliminary
CT10 CT10
MNPDF(1000) MNPDF(1000)
MMHT MMHT
CT14 CT14
NNPDF(100) NNFPDF({100)




EW production W + 2jets at 8

« Electrons(muons): p>30(25) GeV, |n|<2.5(2.4) P11 (2016) 147
« Jets with Py > 60 (50) GeV, |n|<4.7 ; E; M'SS > 30(25) GeV

~ S je.lzﬁb'l(slT:alv: > e ‘IIQ.ISf‘b'WI(SITeIV)
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_,g - =Z/y'+jets J PJ T > 60 ( 50) GeV, 42 =E’;go;ztns
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1 600 1500 2000 2500 3000 . 1 600 1500 2000 2500 3000
m, (GeV) +0.01(lumi) pb m; (GeV)
Events / 100 GeV can be Compared W]th Events / 100 GeV
SO - M adGraph5-aMC@NLO2. 1 s 3 3
8: L L [ S L 8' i i i i I i i ! ; %n‘(j‘
°) St + PYTHIA 6.4 5|
ol s u s
3t 3t
§? | o] Nt |
8| il +0.02(scale)+0.02(PDF) B ne g
S =54 Sy S5l
B! To2] oS/ e
o L ) i *2 I
5% ; ?’ \ \% \m‘ g



mailto:MadGraph5-aMC@NLO2.1

Region

same sign region

opposite sign multijet control region
same sign multijet control region
opposite sign W+jets control region
same sign W+jets control region

Event selection changes compared to signal region

inverted opposite charge sign requirement

inverted lepton isolation requirement

inverted lepton isolation and opposite charge sign requirements

Y. A¢ = 3.5, mr > 70 GeV (instead of )} A¢ < 3.5, mt < 30 GeV)
Y. A¢ = 3.5, mr > 70 GeV (instead of ), A¢ < 3.5, mr < 30 GeV),
inverted opposite charge sign requirement
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