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Introduction
> A lot of nice ATLAS SM results using Run1/Run2 data were currently produced.
Standard Model Production Cross Section Measurements Status: June 2016
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» Precision increased up to comparisons with NNLO theory predictions.
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Motivation

» Two main goals of Standard Model (SM) measurements in ATLAS are:
to test theory with high precision and to find signs of new physics.

More details:

Measurement of integrated, differential cross sections and different angular
distributions

- to prove validity of Standard Model at the TeV scale;

- to compare with theory predictions of higher order QCD and QED effects;

- to probe the proton structure;

- to understand irreducible diboson backgrounds into Higgs and exotic
analyses.

Extrapolation of self-coupling structure of gauge bosons

- will improve our understanding of electroweak symmetry breaking and
unitarity;

- intersect with determination of Higgs couplings;

- indicate “new physics” if anomalous triple/quartic gauge couplings are
present.
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Cross-section measurement in a nutshell

Number of observed Number of background
events in fiducial region (MC simulation / data-driven)

\
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Signal acceptance on

generator level in Signal efficiency on
fiducial region detector level
A— N g C— h
N N fig

gen

Differential cross section: Study of unfolded differential distributions and probe high
momentum events for anomalous TGC’s and QGC’s
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Single gauge boson measurements
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Inclusive WandZ @ 13 TeV arXiv-1603.09222

10°
Starting point: 3 0 Wospiy
- 30— ATLAS
Data: L=81 pb™ + 2.1% (50 ns) S 13ToV, 81 pb"
. . . . . . 2 25 ’
MC signal: Powheg+Pythia8; Main bkgs: jet-jet, Z/Winc. £ " -+ Data
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. . . . 15 Il Muttijet
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10 B wotv
W 9 EV/IJV mT(W) > 50 GeV ; [] Other backgrounds
Z - ee/uu 66 GeV<m,; <116 GeV i3
p;(l,v) > 25 GeV |n|<2.5 S
a 1.1
=
. ©0.9
Cross section measurement results: 808
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2 = % Ei } 178 HERAPDEZ 0nnlo
0.95[— (inner uncert.: PDF only)
= 102
09— _ n
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= Good agreement with NNLO QCD and NLO EW prediction o
e}
(several different PDF sets were considered) 2 11'_2}
* Dominant uncertainties are from Luminosity, JES and o MUY TS ,, |
a - . ) ) . \
multijet bkg. 70 80 90 100 110
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http://arxiv.org/abs/1603.09222

Inclusive WandZ @ 13 TeV

arXiv:1603.09222
Cross section ratios: : i i
Measured ratio Predicted ratio
W+ /w- 1.295 + 0.003 £ 0.010 1.30 + 0.01
wW*/Z 10.31 £0.04 £ 0.20 10.54 £ 0.12
SenS|t|ve to low- X U, -d, quark PDFs Sen5|t|ve to s- quark PDFs
' [ B T T | |
ATLAS ATLAS
13 TeV, 81 pb 13 TeV, 81 pb
Ry.w- = oy / ol A Ry, =ohd / o

Y data + total uncertainty

I data + total uncertainty
data £ stat. uncertainty

data * stat. uncertainty

| = I
A ABM12 A ABM12
v CTi14nnlo v CT14nnlo
m NNPDF3.0 m NNPDF3.0
® MMHT14nnlo68CL — ® MMHT14nnlo68CL
A ATLAS-epWZ12nnlo A ATLAS-epWZ12nnlo
O HERAPDF2 Onnlo —— O HERAPDF2.0nnlo
L | P R | ] RREIN T T T N TN N T N RN NN
12 T2 T4 1.26  1.28 1.32 1.34 94 96 98 10 10.2 104 106 10.8
fld /cfld

ofid. / ofid
= Some uncertainties are partlally cancelled in ratios (lumi, lepton ID and trigger) "
= W*/W-: better agreement with CT14nnlo and MMHT14nnlo (precision: ~1%: just
uncorrelated part of multijet bkg uncertainty)
» W/Z: good agreement for all PDF sets (precision: ~2%: multijet bkg, JES, JER error).

- To improve PDFs — it needs higher precision.
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Angular coefficients in Z boson events @ 8 TeV

Motivation: arXiv:1606.00689
= Measurement of production dynamics through a spin 1 Z via S A
. . N . Pes k 4X
spin correlation between initial and final state partons. A A
»7

= Use Collins-Soper (CS) reference frame: it defines lepton 6 / P /
p p

and ¢. Coefficients can be expressed as a function of 6 and ¢:

I 2o 3 2., L o
(5(1 3 cos 9))—ﬁ(zlﬂ 3), {s1n2€cos¢r)—5ﬂ|, (sin” #cos 2¢) = 10:’12,

& 028

1 1 1 g
(sinfcos ¢) = ZA;; (cos @) = ZA;;; (sin” @sin 2¢) = EAS; < oo ATLAS

£ 8TeV, 203 fo’!
(sin 20 sin ¢) = 1;4.-3' (sin O'sin ¢y = lA?_ Deviations are O;i_ = twomo ++++++ :
57 4 due to higher-order | = : iﬁ*ﬁﬂ g ety
Selection for fiducial region: QCD effects 0——‘_=f4= E
Z - ee/uu 80 GeV <m; < 100 GeV 0% E
Central-central channel: p(l) > 25 GeV |n,|<2.4 OR o 10 T e
Central-forward channel: p;(e) > 20 GeV 2.5<|n.|<4.9 e -
0.04— ATLAS -
T 8TeV,20.31b" ]

Result:

. . . 0'02f :gVNNLO(NNLO) ) {
Coefficients A, ; and comparison with theory: P PomEGmOZy ﬁ*ﬁ - |
Oz%jﬁw DR e

= [n general comparison with Powheg+MINLO and DYNNLO

show good agreement with data. oo E
" Ay-A, confirms Lam-Tung breaking @ higher orders than NLO =~ o0~ -
—> very sensitive probe of higher order QCD corrections! 1 10 O ey

E. Soldatov ICNFP'16 09.07.2016 Ne 8



http://arxiv.org/abs/1606.00689

Multiple gauge boson measurements
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WZ @ 8 TeV

Starting point: Phys. Rev. D 93, 092004

Data: L=20.3 fb1 + 1.9%
MC signal: Powheg+Pythia8; Main bkgs: misID leptons, ZZ (~20% total).

Selection for fiducial region:
W:Z->FvFEF (I=e/u). On shell Z — Il invariant mass within 10 GeV near Z peak;
p-(l) > 15(20) GeV for lepton from Z(W), lepton |n|<2.5; m(lv) > 30 GeV

Measurements of:
" Integrated o, differential o distributions, 6(W+*Z)/o(W-Z) and limits set on aTGC'’s.
= Search for VBS WZ and limits set on aQGC’s in VBS phase space.

1e —
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Good overall agreement between data and predictions. Fair agreement, NNLO can help
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WZ @ 8 TeV
Systematics: Phys. Rev. D 93, 092004

= Statistical and systematic uncertainties for the ratio o(W*Z)/o(W-Z) is roughly on
the same order as for integrated o

= Uncertainty dominated by electron Id. efficiency, luminosity, muon reco.
efficiency and knowledge of mis-id background.

= Dominant theory uncertainty due to QCD scale uncertainty.

NLO:
lnt theory
O, —24.3+0.6(stat) £0.6(sys) £0.4(th) £0.5(lumi) pb 657 =21.0 +1.6 pb
T | T 17T | T T | T T T TT | T 7T | T T T | T T1 | T T T T T | T T T T | Ii l T T | T T T T | T T T T |
eee 1.27 £ 0.10 +—e—+ ATLAS eee | 1.46 £ 0.19 |—0—4 ATLAS
ls=8TeV,20.3fb" /s=8TeV,20.3fb"
uee 1.21 + 0.08 +—o—+ Wiz uee | 1.92 +0.22 —e—
eup 1.19 + 0.08 +o—+ ® Data eup | 1.26 +0.14 +H—e—i ® Data
= Powheg = Powheg, CT10
1) Powheg, ATLAS-epWZ12
MU 1.11+0.06 +o—+ MU | 1.47 +0.14 —e—i:
combined 1.17 £ 0.05 +ot+ combined | 1.51 £0.08 |—0—|
| | L1 1 I | I L1 1 L1 1 I L1 1 | L1 1 | L1 1 | L1 1 | | | | | | | | | | IE | | | | | | | | | | | | | |
04 06 038 1 12 14 16 1.8 2 1 1.5 2 25 3
fid. theory fid. fid.
Swiz! Owz Owiz | Ow-z

NNLO predictions can make agreement better.
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WZ @ 13 TeV ,
arXiv:1606.04017

Starting point:
Data: L=3.2 fb1 +2.1%
MC signal: Powheg+Pythia8; Main bkgs: misID leptons, ZZ (~20% total).

Selection for fiducial region:
W:Z->FvFEF (I=e/u). On shell Z — Il invariant mass within 10 GeV near Z peak;
p-(l) > 15(20) GeV for lepton from Z(W), lepton |n|<2.5; m(lv) > 30 GeV

Measurements of:

" Integrated o, differential o vs jet multiplicity and o(W*Z)/c(W-Z). NNLO:
i theory +]
tot. __ e — e
Tyiy = 50.6 £ 2.6 (stat.) = 2.0 (sys.) = 0.9 (th.) = 1.2 (lumi.) pb O iy = 48.27 10 (scale) pb
> o0 e T T T T T T T T = 10 .
§ 12 atas oo ] EVE ATLAS Comparison of data, NLO and
-~ - Misid. leptons 5 B 1 . .
@ 100f- + mz ] 8 e e-wTevo2e NNLO predictions
3 - - Ohers =) L B A R 3
> 80__ == Tot. unc. - 10 =3 [ ATLAS
m C ] E b 5N 5o WZomn ]
o vec ] SO i S g T L anas e, s sz -
N (¢, £=eorp) ] : — Powheg+Pythia 40— u aTLAS Fs;?'rev (mz :::66-116 GeV): 4.6' b —
- 4 Sherpa F v D0 {5=1.96 TeV (m,_, 60-120 GeV), 8.6 fb* 3
40 ] TE ) |- % CDF fs=1.96 TeV (corr. to m,_ 60-120 GeV), 7.1 fb” .
- W Z = £'vEr 30; B
20— — C J
N | - : : : : : 20:_ — MATRIX NNLO, pp—»WZ (m, ,66-116 Ge' "=
© C +.+ ] o E r g - -MCFM NLO, pp—WZ (m,  60-120 GeV) |
5o { ¢ N . e
E T*H + +++T+| [ l E -c{c% 2:— 9 = % T T T T T 3
0.5, i - ot Z = =
80 100 o " e 1'21:____% _______ —4 T
m e ! = E. .0 P S P IR R
z[GeV] e k: 2 4 6 8 0 H2 4

Good overall agreement between data and predictions.  NLO and NNLO are quite different =
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WZ @ 13 TeV |
Systematics: arXiv:1606.04017

= Statistical and systematic uncertainties for the o(W*Z)/o(W-Z) is roughly on the
same order as for integrated o

= Uncertainty dominated by electron Id. efficiency, luminosity, muon reco.
efficiency and knowledge of mis-id background.

= Dominant theory uncertainty due to QCD scale uncertainty.

fid.
W+Z—E vt
* = 1.39 + 0.14 (stat.) + 0.03 (sys.)
ohd.
W-Z—E vt
I]ITIlIIIIIWIIIIIWIIlIII}IIIIITI [IWIIIITIII IIWIlIIII}III
eee 0.95+017 —+—@T—+ ATLAS eee | 1.25+036 ¢t ® } ATLAS
s=13TeV,3.2fb" s=13TeV,3.2fb"
pee | 1.03:0.13 +——+ Wz uee | 1.41+0.32 —e——
eup 1.41+0.16 +——+ Ul | 1.49+0.30 —_——
® Data ® Data
HHH 1.19£0.12 +—e—+ == Powheg+Pythia uup | 135 + 0.25 — e &= Powheg+Pythia
CT10 CT10
combined | 1.18:+ 0.08 e combined | 1.39 £ 0.15 —a—i
IIllIlIIIILJIIILIJIIllLIJIIIIIJI
08 -I 1.2 14 16 18 2 LOISJ 1 1 1 'Il 1 1 1 I15L 1 1 1 2' 1 L 1 I2J5I 1 1
fid. theory ' ' . L
Owz/ Ow G{}S;Z/ G{ﬁ;z
fid., 13 TeV
Wtz .
—Si T = 1.80 + 0.10 (stat.) + 0.08 (sys.) £ 0.06 (lumi.)
Tyyiy

E. Soldatov ICNFP'16 09.07.2016 Ne 13



http://arxiv.org/abs/1606.04017

ZZ @ 13 TeV
Phys. Rev. Lett. 116, 101801

Starting point:
Data: L=3.2 fb1 +2.1%
MC signal: Powheg+Pythia8; Main bkgs: ttZ, non-hadronic triboson(~1% total).

> B
@ r ATLAS

Selection for fiducial region: Ser - 13Tev, 321" ]
ZZ->4l(41=4e/4u/2e2u): for each Z - 66 GeV < m; < 116 GeV, %1:: Meozzoa
pT(I) > 20 Gev, Iepton | r] |<2.7 "'>'|10;* Ig‘?;j)icti;ﬁuncertainty{

Expected background: O,Szfo' :Ej

Measurements of:

- o L
Integrated o NNLO prediction: 2 o4
. 300 400 500 600 700
rr‘;,‘} =16.7 f%‘%(stat.) fg'g(syst.} ’_rél{;(] umi.) pb o ;'} =15 .6*3'3 pb Mass of four-lepton system m, [GeV]
T T T " T T T I T T T T T T I T I T T l T T T I T T T T T T —_ 24 F
ppo2Z sal | s B 2o 4mas rer o
Fiducial — C  LHC Data 2015 (1s=13 TeV) °e
=N 20F = 4 — ZZ(pp)
de _ BN E ®ATLAS ZZ- llll (m 66-116 GeV) 3.2 fb
- \s=13TeV, 3.2 b © {8 LHCData2012 (1s=8Tev)
16 ; OCMS ZZ— llll (m 66-116 GeV) 19.6 b
* Measurement E_ Iﬂc':rl?::zzzo1>1|f(:|f\=-\.?)-|;em‘:)se-1 16 GeV) 4.6 fb™!
2e2pn S — Tot. uncertainty 14 E eCMSZZ-; Il (m, 60-120 GeV) 5.0 fb”
; 1 2 [_ Tevatron Data (15=1.96 TeV) i
Stat. uncertainty E  ®CDF ZZ- li(llivy) (on-shell) 9.7 fb™
o2 prediction 1 O } @ D0 ZZ— lI(llivv) (m‘I 60-120 GeV) 8.6 fb™'
w i 8-
+2¢ 6 ;_
. 4=
Combined e Theory: PLB 750 (2015) 407 e
| | I | | CTI0NNLO | 25 -
TN TN N N TN TN N NSO TN N TN A YT TN N TN TN T NN T N T NN TN NN TN SN TN N | et | | ' | A T T
04 06 08 1 1.2 14 16 1.8 s 2/6 2.2 OO 2 4 6 8 10 12 14

. . ) data- theory \S [TeV]
Measurement is statistically dominated.

E. Soldatov ICNFP'16 09.07.2016 Ne 14



http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.101801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.101801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.101801

WW @ 8 TeV .
arXiv:1603.01702

Starting point:
Data: L=20.3 fb1+1.9%
MC signal: Powheg+Pythia8; Main bkgs: top quark, W+jets, DY (~25% total).

Selection for fiducial region:

WW = Ilvv(l=e/u): p-(vv)>20(45) GeV for ep(ee/pp); | m,-m,|>15 GeV for ee/uu events.
p;(1) > 25(20) GeV for (sub)leading lepton, lepton |n|<2.4(2.47) for p(e). ! W
Jet veto applied.

Measurements of: 7/
= Integrated o, differential o distributions and limits set on aTGC'’s.

To(pp = WW) = 711 1.1(stat) 37 (syst) + 1 4(lum1) pb {r(NNLOIm)th 63.2+15(scale)1.2(PDF)

B —
T r ATLAS

L B B B T T 7T T s T . = T L A B m
[} + Dal !nty . = 300—ATLAS —e— Data, stat . uncertaint v —
ATLAS 1 t S 14 \s-sTev, 203 1" -~ SEL ™ g_ F \s=8TeV,20370" Se= Data toalunceriany 3
\s=8 TeV 20.3 fb + WW — eiv !’[T_V :._ 12: o ;"W _: \g 250; o ;’,‘%wgiﬂgle m {
N = ] 2= E i
—— Normalized Data 4 o 10F — 2 200 -
— stat © = B E 4
€ - 3 = 3
stat+syst 8 = 150 3
i 6F — E J
. = = =

g o NNLO+NNLL t WW—evev L E oo =
[arXiv:1410.4745] } ¥ 7 F ]
2k 3 50 -
* approx. NNLO | o . 7
[arXiv:1408.5243] t D - aSiaaasssasssasaanssny <======== = o 160 ‘ borreeros it
N +. - @© R = © = E|
+ NNLO P Resum WW - utvuv S 1% | = S ]g: E

[arXiv:1407.4481] + 5 1 = 5 e
1 I 1 1 L ‘ 1 1 1 I 1 I Il 1 1 1 | 1 L 1 I 1 ;Lj 0‘85 T _g Q 0.8; =
04 0.6 0.8 1 1.2 1.4 8'25“,“,_”‘”,‘ N & 08E ‘ ‘ | | ‘ 3

4520776080 700 120 140 500 0-4 0.5 1 15 2 25 3

. 4
k=g

Ratio of predictions to measurement b, (leacing lepton) [GeV]

Measurement is in agreement with NNLO theory (integrated and differential).
Main systematics from JES, multijet bkg, jet veto, soft QCD.
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'Y'Y_)WW @ 8 TeV Preliminary!
Starting point: 2 >
Data: L=20.3 fb'1+ 1.9%

MC signal: Herwig++/FPMC; Main bkgs: Z/y*—11, VV

Event selection:
yy—WHW>euvy: p(epn)>30 GeV; m;>20 GeV, -

”m ”m

p-(l) > 25(20) GeV for leading(subleading) lepton, |n,|<2.5(2.47) for u(e);
Exclusivity selection: no extra tracks within Az=1 mm from z average of 2 selected leptons.

Measurements of:
= Integrated o and limits set on aQGC’s.

10 - - ] 10— — T T g
> | | | | | | | o | I | I | l
C - © 7
& o ATLAS Prellmlnary ~¢- Data 2012 DE“' w4 ~ 9_ ATLAS Prellmlnary —-Data2012 [ JExcl.Ww 3
9 85_ Is = 8 TeV 20.2 fb 1 -Other Vv -E)(Cl 1T _E 3' 8:_ \s = 8 TeV 20.2 fb 1 .Other vv /-EXQL 1T _E
:,; § Ewciww 77 oye.o stat. § §%] = Excl. WW signal region Wllinciww 77 sys. @ stat. =
s F E S 7F N
= Excl. WW signal regi = - 3
L|>.| 6;— XC signal region _; L|>J 6? i
5t E 5E E
3t E 3F L
2e E 2F 3
13 - + E iE E
E bl L—' " e e e | I R N 3 - - E
0 20 40 60 80 100 120 140 160 180 200 0 3
Py [GeV] 9,, lrad]

Measurement is in agreement with theory, uncertainty is statistically dominated.
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Starting point:
Data: L=20.3 fb1+ 1.9%

Zy @ 8 TeV

Phys. Rev. D 93, 112002

MC signal: Sherpa; Main bkgs: Z+jets - for Ily(~15%), y+jets, Wy, W(ev) — for vvy(~40-60%).

Selection for fiducial region:

Zy=>lhy(l=e/p): p(1)>25 GeV, |n,|<2.47; m>40 GeV; E{(y)>15 GeV, [n,|<2.37.
Zy—>vvy: E¢(y)>130 GeV, |n,[<2.37; p;(v)>100 GeV; Aoly, pr(vv)]>n/2

Measurements of:

1000

< 10 E T T 3
8 E e Data 3
S L X2 Sherpa (CT10) |

- e 422 MCFM (CT10) =

I;f £ T L NNLO (MMHT2014) 3

é %‘10,1 - % E

© F ]

°l [ ATLAS _'

= 1s=8TeV,203fb"

10° £ Ngs20 vy channel E

- vvy inclusive ]

104 : ‘ ;

g- o 1‘5;— _
| © 1 %
cla F T

FI= osfp E

130 150 200 350
El [GeV]

= Measured cross section agrees well with SM within uncertainties

= S : ‘ :
& . e Dala
g F —-— B Sherpa (CT10)
= C e %% MCFM (CT10)
7| = °F ‘ —a— 2NN NNLO (MMHT2014)
g5 F —.
£ 15— —.
= ——
10" ATLAS ==
o E \s=8TeV,20.31" ——
107
10° ; Nigs20 "Iy channel
g lly inclusive E

50 86 96 110 135 170 210 270 350 470 640 2000
m... [GeV]

1"y

* Main uncertainty on: lepton ISO (lly), JES, lumi, y-ISO (vvy)
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Zyy @ 8 TeV

Starting point:
Data: L=20.3 fb1+ 1.9%

Phys. Rev. D 93, 112002

MC signal: Sherpa; Main bkgs: Zjets - for llyy(~15-30%), y+jets, W(ev)y — for vvyy(~50-60%).

Selection for fiducial region:

Zyy=>llyy(l=e/u): p:(1)>25 GeV, |n [<2.47; m>40 GeV; E-(y)>15 GeV, |n,[<2.37.

Zyy=>vvyy: Er(y)>22 GeV, |n,|<2.37; p;(v)>110 GeV; A[yy, p-(vv)]>5n/6

Measurements of:
" Integrated o and limits set on aQGC's.

T T T
C ATLAS

>
8 e Data
103? _ 1 DZ(VV)W _ > ™ T L B L
5‘:’2 - Is=8TeV,20.3fb Bictsy(y) 8 18— ATLAS . Data
s DW(ev)y o 16/ Mz
= < -1 (ee)yy
c o H H mWyy _ = - \s=8TeV, 203 b
2 1TE VWYY inclusive &z(.ics 2 14 Zejirii
C ft‘;:g‘;yst_ CRER W otherBKG —
E 10— stai. @ syst. _|
8 . . ]
o 1| llyyinclusive
a- Il H -
o ( ]
_5 2.5 ‘ [ ] — 0_\ P . ] gt VR R B A
L - 0 200 400 600 800 1000 12
a ;% N g ﬁw..W,*,,..,+,,W-.,,,+,,,,+.,,,,, i 4 Meeyy [GeV]
) 100 200 300 400 500 600
m,, [GeV]

= Measured cross section agrees with SM within uncertainties

* Main uncertainty on: lepton ISO (Ily), y-1D, JES, lumi, y-ISO (vvy)
ICNFP'16
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ATLAS
pp — Zyy N =20 1
. I jets o \s=8TeV, 20.3 fb’
Inciuysive
) * Measurement
eeny — Tot. uncertainty
Stat. uncertainty
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Wy I — MCFM (NLO)
. 1o
Myy - + 20
WYy
o b W e b e b e b e
-1 0 1 2 3 4 5 6
O ata Oiheo y
T T T
ATLAS
pp — Zyy N =0 1
I Jets 0 \s=8TeV, 2031
) * Measurement
eery — Tot. uncertainty
Stat. uncertainty
MTE —
WHry - — MCFM (NLO)
- +1o
vy - +20
Wy
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112002

Multiple gauge boson measurements: aGC

Coupling combinations

Charged couplings :

YWW, ZWW, WWZZ, WWZy, WWyy - allowed within the SM.
Neutral couplings :

ZZ2y, yVZ, ZZZ, ZZyy, Zyyy - not allowed within the SM.

q Vi

V2

rQ

Anomalous coupling approaches

aTGC: effective Lagrangian aQGC: effective field theory

Parameters of the couplings:

| [ WWWW | WWZZ [ ZZZZ | WWyZ [ WWyy | ZZZy [ 7Zyy [ Zyyy [ yyyy |

WWy
WWZ

Zyy
ZyZ
777

Ay, Aky
AZ, AkzZ, Ag#
hZ, hZ
h, h}
faor f50
[ I
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WW, Wy
WW, WZ
Ly
Zy
77
77

Lso. Lsq
Lo, Laris Lue. Ly
L. Lz Lya, Las
Lro, L1, L12
Lrs. Lre. L1
Lrs, Lro

O C QO™

O ™

P R R

O W == =0

ol e
Pl e
MK ) O

XK OO0
sl N eNeoNe)
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Latest aTGC results: charged couplings

Mar 2016 oo BYs
i?%?ue LEP .

Channel Limits _[Ldt Vs
A%, — WW [-4.3e-02,4.36-02] 46fo 7TeV
— WW [-2.5e-02,2.0e-02] 20.3fb" 8TeV
—e—1 wWw [-6.0e-02, 4.6e-02] 19.4fb' 8TeV
; Wz [-1.9e-01, 3.0e-01] 2p3fb"' 8TeV
——— WV [9.0e-02,1.0e-01] 46"’ 7TeV
— WV [-4.3e-02,3.3e-02] 50fy' 7TeV
F—e—1 LEP Comb. [-7.46-02,5.1-02] 0.7fb" 0.20 TeV
Ay — WwWw [-6.2e-02, 5.9e-02] 46" 7TeV
— WW [-1.9e-02, 1.9e-02] 203" 8TeV
— WW [-4.8e-02,4.86-02] 49"’ 7TeV
e WW [2.4e-02,2.4e-02] 194fb' 8TeV
— wz [-4.6e-02, 4.7¢-02] 46fy' 7TeV
H Wz [-1.6e-02, 1.6e-02] 20.3fh"' 8TeV
— Wv [-3.9e-02,4.0e-02] 46"’ 7TeV
— WV [-3.8e-02, 3.0e-02] 50fp" 7TeV
— DO Comb. [-3.6e-02,4.4e-02] 86fb' 1.96TeV
—— LEP Comb. [-5.9e-02,1.7¢-02] 0.7fo' 0.20 TeV
AG? — ww [-3.9e-02, 5.2e-02] 46fp" 7TeV
! — WW [-1.6e-02,2.7e-02] 20.3fb" 8TeV
— Ww [(9.5e-02,9.5e-02] 49" 7TeV
e WW [-4.7e-02, 2.2e-02] 194" 8TeV
A WZ [-5.7e-02, 9.3e-02] 46fp" 7TeV
— Wz [-1.9e-02,2.9¢-02] 20.3fb" 8TeV
— WV [-5.5e-02,7.1e-02] 46" 7TeV
—e—1 DO Comb. [-3.4e-02,8.4e-02] 86fb' 1.96TeV
| | | |—0|—| LFP Comb. [-I5.4e-0?, 2.157--02] | 0.7 Yb‘* 9.20 TIeV
-0.5 0 0.5

]
aTGC Limits @95% C.L.

Events

"
<
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N e
1 600 o0
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0.2- .
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-0.04 -0.02 0 0.02 0.04 0.06

E. Soldatov

ICNFP'16

09.07.2016

Ne 20



Latest aTGC results: charged couplings Il

Mar 2016 . .t | g%d&s :
Fit Value Lep m Channel Limits JLdt Vs N . WW @| 8 Tevl .
Ax, | | Wy [4.16-01,4.66-01] 46f"' 7TeV L ATLAS _ — Expected
: : Wy [-3.86:01,2.9¢-011 50f" 7TeV | \s=8TeV, 203 b — Observed
_— WW [_1 2601, 1 .76-01] 20.3 fb'1 8 TeV 01 95% C.L. with no constraints |
: : wWw [-2.1e-01,2.2e-01] 49fo' 7TeV [ 1
—e—o WW [-1.3e-01,9.5e-02] 19.4fb" 8TeV i
f | LAY [-2.1e-01,2.2e-01] 46f"' 7TeV 0' ;’f /F\
—_— WV [-1.1e-01,1.4e-01] 50" 7TeV I ; \J
: . : DO Comb. [-1.6e-01,2.5e-01] g86fb" 1.96TeV
—e— LEP Comb. [9.96-02, 6.6e-02] 0.7  0.20 TeV S ]
A, — Wy [-6.5e-02, 6.16-02] 46fp' 7 TeV 0 | N
— Wy [-5.0e-02,3.7e-02] 50f" 7TeV -0.1 0 0.1
H ww [-1.9e-02,1.9e-02] 20.3fb"' 8TeV Ak
— WW [-4.8e-02,4.8¢-02] 49f" 7TeV
Fol WW [-2.4e-02, 2.4e-02] 19.4fb" 8TeV
i WV [-3.9e-02,4.0e-02) 46" 7TeV
— WV [-3.8e-02,3.0e-02] 5.0fb" 7TeV
] DO Comb. [-3.6e-02,4.4e-02] 86! 1.96TeV
| I—0|—| ‘ LEP Comb. [-5.9|e-02, 1.7e-02] 0_7" fo'  0.20 TeV
| | | | | | | | | | | | | | | |
-0.5 0 0.5 1 1.5

aTGC Limits @95% C.L.
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Latest aTGC results: neutral couplings

April 2016 CMS —
ATLAS —
GDF — Channel Limits ILdt s
e ! | Zy(lly wvy) [-1.5e-02, 1.6e-02] 46’ 7TeV
H Zy(lyyvy) [9.5e-04,9.9¢-04] 20.3fb" 8TeV
— Zy(lyyvy) [2.9e-03,2.9¢-03] 50f' 7 TeV
[I— Zy(ly) [-4.6e-03, 4.6e-03] 19.5fb" 8TeV
H Zy(vwwy)  [1.1e-03,9.0e-04] 19.6fb" 8TeV
| | Zy(lyyvy) [2.26-02,2.06-02] 51fp' 1.96 Tel
2 } ] Zy(lly,vvy) [1.3e-02,1.4e-02] 46fh' 7TeV
H Zy(lly,vvy) [-7.8e-04,8.6e-04] 20.3fb" 8TeV
— Zy(lly,vvy) [-2.7e-03,2.7e-03] 50" 7TeV
— Zy(liy) [-3.8e-03,3.7e-03] 195fb" 8TeV
H Zy(vvy) [-1.5e-03,1.6e-03] 19.6fb" 8TeV
} | Zy(lly,vvy) [-2.0e-02,2.1e-02] 51f' 1.96Te\
h " Zy(ly,vvy) [-9.4e-05,9.2e-05] 46fp' 7TeV
H Zy(lyvvy) [-3.2e-06,3.2¢-068] 20.3fb" 8TeV
— Zy(lyvvy) [-1.5e-05, 1.5e-05] 5.0fh" 7 TeV
— Zy(lly) [-3.6e-05,3.56-05] 19.5fb" 8TeV
H Zy(vvy) [-3.8e-06, 4.3e-06] 19.6fb" 8TeV
H | Zy(lly,vvy) [-8.7e-05, 8.7e-05] 46f' 7 TeV
H Zy(lyyvy) [-3.0e-06,2.9¢-08] 20.3fb" 8TeV
— Zy(lyyvy) [1.3e-05,1.3e-05] 50" 7TeV
— Zy(ly) [-3.1e-05,3.0e-05] 19.5fb" 8TeV
| T | Zy(vvy) | [-3.9e-06, 4.53-‘06] 19.6fb" 8 TeV
L L | L L L L | | L L L L | | L L
-0.2 0 0.2 0.4 0.6 0.8 x10”

aTGC Limits @95% C.L.
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- pp—>llyandpp - VvWy  ATLAS .
10 \s=8TeV,20.3 fb" J— ) -
F s - i
5 - -
of A
-5 7 E
C :: e Observed 95% C.L. contour N
—-10 T e R Expected 95% C.L. contour -
E X Observed best-fit value E
_ C | ! | 1

15 -0.002 0 0.002
hy

el | | ]

1oL PP —>TTyandpp - vy  ATLAS .
[ \s=8TeV,20.3fb" .- ]
5:~ App = oo 5
o S
=B : ]
B .‘ —— Observed 95% C.L. contour ]
- M e Expected 95% C.L. contour .
-10 s X Observed best-it value _
L | | | =

-0.002 0 0.002
hg

09.07.2016

Ne

22



Latest aQGC results
Effect of aQGC on kinematic

distributions:
April 2016 oM > e I A A
ATLAS Channel Limits L‘_dt Vs 15 sl ATLAS ® Daa o
fug A7 - WVy [-7.7e+01,8.1e+01] 19.3fb" 8TeV o 107 g8 Tev, 203 g 2 b/ TV A
| — Zy [-7.1e+01, 7.5e+01] 19.7fb" 8 TeV °F ’ o
— Wy [-7.7e+01, 7.4e+01] 19.7fb" 8 TeV Ly = weerr
H ssWW  [-3.3e+01,3.2e+01] 19.4fb" 8TeV g F B v
I YY->WW  [-4.2e+00, 4.2e+00] 24.7fb" 7.8 TeV m - = gz:){;’;'e's
N [ES— WVy [-1.3e+02, 1.2e+02] 19.3fb' 8 TeV 10 02 statosyst E
— Zy [1.9e+02, 1.8¢+02] 19.7 5" 8TeV S A AR E
—— Wy [-1.2e+02, 1.3e+02] 19.7fb" 8 TeV N e T -
k-l ss WW [-4.4e+01, 4.76+01] 19.41fb" 8TeV % » 3
I YY—>WW  [-1.6e+01, 1.6e+01] 24.7ip" 7.8 TeV 7
fz /A I | Zyy -5.1e+02,5.1e+02] 203" 8 TeV 107" e YO
freeaneennananas i Wryy [-2.5e+02, 2.5e+02] 20.3fb" 8 TeV J
H Zy [[3.2e+01,3.1e+01] 19.7fb" 8TeV
H Wy -2.6e+01, 2.6e+01] 19.7fb" 8 TeV S 25E ;
N : | Zyy -9.2e+02, 8.5e+02] 20.31b" 8 TeV ol 1 g - } ‘L -
SN i Wyy [-4.7e+02, 4.4e+02] 20.3fb" 8TeV 88 o bl el L
— Zy [-5.8e+01,5.9e+01] 19.7ib" 8TeV £ 05EF ‘ ! ) . . ‘ E
— Wy [-4.3e+01, 4.4e+01] 19.7fb" 8TeV - 100 200 300 400 500 600
N H Wy [-4.0e+01, 4.0e+01] 19.7{b" 8 TeV m,, [GeV]
fus /AT i Wy [-6.5e+01, 6.5e+01] 19.7fb" 8 TeV
fiog /AT ——1 Wy [[1.3e+02, 1.3e+02] 19.7ib" 8 TeV
F-1 ss WW [-6.5e+01, 6.3e+01] 194 ib"' 8TeV e YY—>WW @ 8 TeV _
foop A ——- Wy [-1.6e+02, 1.6e+02] 19.7fb" 8 TeV o L ' : ! N
b= ss WW [-7.0?+01, 6.6e+01] 19.41ib" 8TeV & 00015 - ATLASPrellmmary_:
1 ‘ 1 1 1 | 1 1 1 | | | 1 1 | 1 1 1 1 | 1 | I F \s=8TeV, 20.2 15" -
-1000 0 1000 2000 3000 A ;So 0.001 | 77> WW 4
aQGC Limits @95% C.L. [TeV'] ™ ;05 Acuor =500 GeV
of =
00005 - * Standard Model =
E - CMS 7 TeV 95% CL b
-0.001 &= — CMS 8 TeV 95% CL ]
F —— CMS7+8TeV95%CL |
.0.0015 - ATLAS 8 TeV 95% CL o
E —— ATLAS 8 TeV 95% CL 1D limits E
0002 0 v v e e e ey
-0.0006 -0.0004 -0.0002 0 0.0002 0.0004 0.0006

al/A? [GeV?
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Latest aQGC results Il

April 2016 CMS —
ATLAS - F— Channel Limits ILdt s EWK WZ @ 8 TeV
fro /A Prasessessmsmsseansasn s | Wyy [-3.8e+01,3.8e+01] 1941’ 8TeV dm I IARARARPAARERS
P Zyy [-1.6e+01, 1.9e+01] 203" 8TeV - ATLAS K-matrix unitarization -
s | Wyy [-1.6e+01, 1.6e+01] 20.3fb" 8 TeV i PP = WZj ]
Brosesee e [ Wvy [-2.5e+01,2.4e+01] 19.3fb"' 8 TeV 0.5~ ]
i Zy [-3.8e+00, 3.4e+00] 19.7fo" 8TeV L ]
—— Wy [-5.46+00, 5.66+00] 19.7fb" 8 TeV i 1
k-l ssWW  [-4.2e+00, 4.6e+00] 19.4fb" 8TeV 0
N Breessere e I Wyy [-4.6e+01, 4.7e+01] 1941y’ 8TeV L ]
— Zy [-4.4e+00, 4.4e+00] 19.7fb"' 8 TeV i ]
(| Wy [-3.7e+00, 4.0e+00] 19.7fb" 8TeV -0.5 —obs. 95% oL, w'zj —
-l ssWW  [-2.1e+00, 2.46+00] 19.41b" 8TeV [ S oxpectet ) ]
i /A" — Zy [-9.9+00, 9.08+00] 19.7fb' 8 TeV - e SR LW .
——— Wy [-1.1e+01, 1.2e+01] 19.7fo" 8TeV AL
| ss WW [-5.9e+00, 7.1e+00] 194’ 8TeV -1 -0.5 0 0.5 1
trg /A — Zyy [-9.3e+00, 9.1e+00] 20.3fb" 8 TeV Oy
— Wy [-3.8e+00, 3.86+00] 19.7fo" 8TeV
frg /A H Wy [-2.8e+00, 3.0e+00] 19.7 fo' 8 TeV
fr, /A* ——- Wy [-7.3e+00, 7.7e+00] 19.7fo" 8TeV
frg /A H Zy [-1.86+00, 1.86+00] 19.7fo" 8 TeV
frg/A° — Zyy [-7.4e+00, 7.4e+00] 20.3fb" 8TeV
| 'T' | 7y [-4.o‘e+oo, 4.0e+00] 1P.7fb" 8 TeV
| | | | | | | | | | | | | | | | |
-50 0 50 100 150

aQGC Limits @95% C.L. [TeV™
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Conclusions

» A lot of new results from ATLAS experiment were shown.

» Latest single and multiboson measurements using runl and run2 datasets are
compatible with SM expectations (NLO/NNLO).

Standard Model Production Cross Section Measurements status: June 2016{;-5_'11;

> Many differential cross-section ——— e [ e
distributions published. £ e Eriora iy
W ot ——- 230‘.23 ATLAS-CONF wa::n\:,
tZ o 23023 JHEP 11, 17 5)
» Ratios of the cross sections oy B o
techan fot ATLAS  Preliminary 203 ATLAS CONF 2014007
allow to probe proton structure. , A .
s—chan fot. un , 5=7,8, e ggg
Wt o 20
W fot. 0.081
» Z boson decay angular , meay | oo
coefficients allow to probe WW LHCpp Vo=7Tev | 203
. . : = az
its production dynamics. WZ e |
LHCpp ¥s=8TeV ‘ PRL 116, 1
ZZ o [ SDtera 25;
»Very strong aTGC and aQGC &, & e S
. . . . z fid. sta. 203
limits set. No deviations from ,;...- e
Zyy iid. njet-0 203
SM observed. Wy g o 203
1) EWK fid, . . ) | 20.3

0.6 l 0.8 . 1.0 . 1.2 ‘ 1.4 I 1.6 l 1.8 . 2.0 ‘ 2.2 I 2.4
» Looking forward to the new data/theory

run2 results!
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Drell-Yan lepton pairs transverse momentum and ¢* @ 8 TeV

Motivation: Eur. Phys. J. C76(5), 1-61 (2016)
Testing different aspects of QCD:
> soft gluon resummation Study do/dp;" and do/dd* in
> fixed-order perturbative QCD predictions bins of m;and |y, |
» parton shower models § 4T =
- ATLAS \s=8TeV, 20.3fb
% 1 3:_ Data - statistical uncertainty B
Selection for fiducial region: S " [l Data - total uncertainty
3 o REsBoOs uncertainty 1
Z- 68//.1[1 66 GeV < my < 116 GeV E 1.25 66 GeV <m, <116 GeV, |y | < 2.4 .
B ]
© ——'_I_,_,_,__‘_ . I s
Result: S T
QCD predictions comparison with RESBOS 080 oo e
- Low ¢* and dp,": dominated by soft-gluon- 1 0 17 pl[GeV]
resummation effects > RESBOS predictions 14° ATLAS  (s=8Tev,203%" |
consistent with the data é% 1.3‘_- Data - statistical uncertainty E
. ey - C Data - total uncertaint
- High ¢*, and dp;': sensitive to hard parton g stzosouicifjn; ’
emissions > RESBOS differs from data £ T 66GeV<m<116GeV, ly <24
" 11h —
Comparison to PS approach and to fixed order QCD % ; E
done also. Theoretical predictions describe N
0.9 | ‘ ‘ 7

data well. T T .q);
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http://link.springer.com/article/10.1140/epjc/s10052-016-4070-4
http://link.springer.com/article/10.1140/epjc/s10052-016-4070-4
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Drell-Yan lepton pairs transverse momentum and ¢* @ 8 TeV

Comparison to PS approach:

" For 5 < p{(ll) < 100 GeV
description of MC is compatible
with data at 10% level

= Powheg-Pythia — better
agreement with data.

= Same study was performed for
do/dcb*n, which shows same
behavior

= PS MC’s describe well (maximal
descrepancies — 5%)

E. Soldatov

Eur. Phys. J. C 76(5), 1-61 (2016)

Data (stat uncert.) I Data (total uncert.) _ -1
——— Sherpa PowhegPythia (AU2) Vs=8 TeV, 203 fb
PowhegPythia (AZNLO) PowhegHerwig A TLAS
1.2F ' —+ ' ' 1.2
1.1
1

© 0.9
@ 0.
S 0.8
~ 0.7p
212 -
©
o 11
2 -
5 0.9
s 0

0.8
20.7¢
% 1.2
T 141
2

0.9r

0.8 .

07l 66GeV<m <116GeV,16<ly|<20 | 66GeV<m <116GeV,20<y|<24 |

2 2
10 10 " Gev)' 10 10 o [GeV]
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Drell-Yan lepton pairs transverse momentum and ¢* @ 8 TeV
Eur. Phys. J. C76(5), 1-61 (2016)

Comparison to fixed-order QCD:

Data (stat uncert.) [l Data (total uncert.) Vs=8 TeV, 20.3 fb”'
= Low I:)TII diSCFEDanCieS expected —e— DYNNLO DYNNLO+NLO EWK ATLAS
because soft gluon emissions 1 - l e =
dominant 0' ;_+l|| ........ o — T __++ ..... o :; .
T T T M T,
= Good shape description for § o7} 126V m <20 Gl lyj <24 o, (OGNt W2 o7
p;' >30 GeV, but normalization — P IR

systematically 15% lower than d

S

=data
| +, 66 GIeV*I_<m.”<I1I1l6”G;eV, Iy".|<2.'4. | .?0-7
. ©
= Recent NNLO calculations show = 11 — - [ N
. . [ —— e [ .I. .......... =i *_ ............................................ —
improved agreement with data — = T ——
0.95 —T—T#> Y *IJ.. =0.9
o.sj-TTT-T_ £ AR o8
0.7L 30 GeV <m, <46 GeV, |y | <24 | 116GeV<m,<150GeV, |y <24 do.7
50 100 500 10 102
pg [GeV] pl [GeV]
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Limits on Anomalous Gauge Couplmgs Zyv/Zyy

ATLAS, Ity and vvy, {s=8 TeV, 20.3 fb™
CMS, vvy, {s=8 TeV, 19.6 fb

CMS, Ily and vvy, {5=7 TeV, 5.0 fb’
CMS, Iy, {s=8 TeV,19.5 b

ATLAS, Ity and vvy, {s=7 TeV, 4.6 fb”!

ATLAS Preliminary 95% C.L., A =

-15 10 -5 O 5 10 15
x 10 Coupling strength

W*W* CMS, {s=8 TeV, 19.4 fb"
Wyy ATLAS, Ys=8 TeV, 20.3 fo”'
Zyy ATLAS, Ys=8 TeV, 20.3 fo''

WVy CMS, Vs=8 TeV, 19.3 fb
LI ‘ T 1T | T T T TrT | LI ‘ T 1T
ATLAS Preliminary 95% C.L.
Apg = o0
fro/A*
o/ A4 |
fro/A*
L1111 ‘ L 111 | | i L 111 | L1111 ‘ L 111
-30 20 -10 0 10 20 30

Coupling strength [TeV™]

No sign of deviation from SM predictions
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aTGC

Vertex function approach

aQGC

EFT approach
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ATLAS, Iy and vvy, {5=8 TeV, 20.3 fb
CMS, vvy, {s=8 TeV, 19.6 fb’

CMS, Ity and vvy, s=7 TeV, 5.0 fb™
CMS, lly, Vs=8 TeV, 19.5 fb”

ATLAS, Ity and vvy, {s=7 TeV, 4.6 fb

ATLAS Preliminary 95% C.L., A =0

—-0.1 -0.05 0 0.05 0.1
% 10 Coupling strength

vy—WW CMS, y5=7 TeV, 5. 05 fb™
WVy CMS, s=8 TeV, 19.3 fb™
Wyy ATLAS, {s=8 TeV, 20.3 fb”
Zyy ATLAS, (s=8 TeV, 20.3 fb”'
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