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Why looking at EW processes? A@é m

EXPERTMENT UNIVERSITAT MaiNz

I Measure EW cross section and compare it to (higher order) SM predictions
U Possible to give constraints and input for theory predictions

1 Important/irreducible background to many analyses (e.g. Higgs and searches for
physics beyond SM)
I Probe new physics beyond SM via anomalous triple and quartic gauge couplings

Standard Model Production Cross Section Measurements Status: March 2017
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Multi-boson production at LHC A@)s )))))) G .
(7 Non abelian structure of S U ( X Y ( § hllows boson self-coupling )

Vs W=
q Va g ’ " —
ZI 4
SM TGC vertex s QGC
\ | )
g Z/ Forbidden at tree level in SM . A
L TGC !
BSM a W aQGC
7z
APossible to introduce additional parameter in effective theories that
parametrize SM forbidden couplings
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Measurements sensitive
o
(anomalous) triple gauge
couplings

WZ (13 TeV ATLAS-CONF-2016-043)
WW (13 TeV arXiv:1702.04519)
WV semi lep. (STDM-2015-23)

ZZ (ATLAS-CONF-2017-031)
EW Wijj (arXiv:1703.04362)
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WZA lllv cross section at 13 TeV ATLAS-CONF-2016-043 ATIAS -y
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WWA lvilv cross section

1 Selection:

1 2 high By, isolated leptons (opp.

Charge and different flavor)

10 >20GeV

I Main Backgrounds:

I Top: ~13% (data-driven)
I W+jets: ~6% (data-driven)

I Drell-Yan: ~5% (data-driven)
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WW/WZ semi-leptonic at 8 TeV STDM-2015-23

Why measuring semi-leptonic when we have full leptonic ?

TLAS owwes GUTENBERG
EXPERIMENT
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A Background much larger compared to fully-leptonic channel L

A Possible to probe higher pt(V) A more sensitive to aTGC J

A Branching fraction six times higher compared to fully-leptonic channel J

+ ’
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l
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A Either 2 resolved jets (Y'Y=0.4) or one large-radius (Y'Y=1.0) jet
— (@ within W/Z mass window (for aTGC region)

A Main uncertainty from
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ZZA 4l cross section at 13 TeV fgg
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Differential cross section ZZA 4l at 13 TeV @é .

EX UNIVERSITAT Ml
ATLAS-CONF-2017-031

A Differential cross section measured in many (20) observables, most for the first time
e.g. Jet kinematics (highest By jet), single lepton kinematics, dilepton kinematic
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EW Wijj production at 7+8 TeV
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EW Wijj production at 7+8 TeV arXiv:1703.04362 A@’s L a

] subm. to EPJC ExpeRTacn  UNIVERSITAT e
A Cross section extracted using a combined fit of - g @ signal and control regions

A Largest experimental uncertainties from Jet energy scale

A Largest theory uncertainty from PDF uncertainties

A Theory prediction from Powheg +Pythia (NLO QCD)
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Anomalous couplings
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Measurements sensitive
to (anomalous) quartic
gauge couplings

VBS Z r (arxiv:1705.01966)
WWW (Eur. Phys. J. C 77 (2017) 141)
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EW Zr jj production at 8 TeV
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Only for aQGCs
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E"I""I""I """" RN R B T

+ Data 3

107 - ATLAS B Z(I'Tyyjj EWK .
E Vs=8 TeV, 20.2 fbt 10 Z(MMyjj QCD

- B Z+jets ]

10 search Region tty E

F - WZjj 3

1 ]  Tot. unc. ?_

"""""" MO!A“ -352 TeV*, A, 3

I:E

AVAVAVAVAVAVAV . 1072
q 7 ) Lol | e bacted |
% [ 1 :
g o 1.5F \E & 1.5 R
g lw \ g W\
g \\ \ é% ] \ -
0 05 1 15 2 25 3 35 4 45 b 50 100 150 200 250 300 350 400 450500
Zy Centrality E [GeV]
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https://arxiv.org/abs/1705.01966

.- . Xiv:1705.01966 16l
EW Zr jj production at 8 TeV subm. 10 JHEP @)5 m

EXPERTMENT UNIVERSITAT MaiNz

A EW only cross section extracted by fitting signal S 350 amas AR AR AR
str en_gt h ¢ using cent r'alg;-_} VAN N o di ngd
control region A constrains on QCD part 25F =

A Statistically limited but also large JES uncertainties ,- E

U Observed EWK signal significance:~2, 15F E
A not enough to claim observation L i — Wihsystune. 3

[]_55— --===« Without syst. unc. —E

! ' 05 ....|....l...,|,..E

0 15 2 25 3 3.5 4
VBFNLO

Z(1*1")yii EW - mn o Mew
stat & syst

A Sensitive to EFT dim. 8 parameters
U Limits set at 95 % C.L

Z(I 17 )ii I Limits 95% CL | Measured [TeV—~] Expected [TeV ]
m; > 500 GeV fro/A* [-3.9,3.9] [-2.7,2.8]
fra/A* [-1.8,1.8] [-1.3,1.3]
fro/A* [-3.4,2.9] [-3.0,2.3]
ATLAS Z(— ¢/vv)yy-EWK fio/ A* [-76,69] [66, 58]
Z(141 )yii I Sfur /A [-147, 150] [-123,126]
ATLAS Fur/A* [-27,27] [-23,23]
150 < mj;< 500 GeV P fua/A* [-52,52] [-43,43]
/s=8 TeV, 20.3 tb Fro/A? [-4.0,4.0] [-6.0,6.0]
p 10 05 1 15 2 frs/A* [-1.8,1.8] [-2.7,2.7]
o [1o)] data/theory CMS Z(—» £0)y-EWK fro/A* [-3.8.3.4] [-5.1,5.1]
) fuo/ A® [-71,75] [-109, 111]
A Measurement done in different fiducial regions finlx, A s
L M —32, —47,
A Good agreement with SM prediction Jus A (-58.59] [-87.87]
(at NLO with VBFNLO generator) A Limits much better compared to

charged only
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https://arxiv.org/abs/1705.01966

WWW at 8 TeV

Eur. Phys. J. C 77 (2017) 141 & ‘:D

W ATLAS =y ‘QFV%L%?‘T%%RGM
A Selection: i\,
A Semileptonic (Ivlvjj): % S W
; , ‘Z/v*/H
A Two same sign leptons
A Two jets with small |36 | 1% .
A Leptonic (Iviviv): W
A Split in regions with 0,1,2, same flavor
opposite sign W
W
W
20 amas’ “e-Data s [lamas | Lo T
O] 185 . WwWw 3 O 50 4 WWW .
o 185 \s-8Tev, 203 Wz ] o *YF 1s=8TeV,20.3 b .
<t C Fake L 7 o B Fake L 7
~ 16 wiviv - Vy _ = = [ Whj VY ]
o - Charge Flip L. = -~ 40+ Charge Flip L. —
€ 14 0+1+2 SFOS SR m Other Bkg. Y 2 F eeren+un SR W OtherBkg.
g = f5o/ A= 2000 TeV = & C fgo/A'=2000 TeV* ]
w 12;_ App = o0 T g /A*=2000 Tev* T 30 App = T /A= 2000 TeV* ]
10E % fo/A'= 2000 TeV* - fo /A= 2000 TeV* 1
8- + fg /A= -6000 TeV* ] o0l fg {A*= 6000 TeV* |
6 - - ]
4:£ “ 3 10 _+_ -3
e » 4 r V2 ]
24 . E - ::ét?:w///l _— ———1____'_—:
0 ' : : ‘ — Py ) !
(?; 1 52' 2, AR S 2 /_E (?; 2 S (S 7 Lk, 7
s 7 ’ / -
K Mevame. S-MW////%
0'5?,; / % /_E reensenrnnes s / 2
0 100 200 300 400 500 600 700 800 900 1000 ' 600 800 1000 1200
m? [GeV] Zp, [GeV]
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https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1
https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1

. . . JGlu
WWW at 8 TeV cross section limit Eur.Phys.J. C 77 (2017) 141 @é, .

UNIVERSITAT MaiNz

1 r T T ] T L L L L

S o | A NOtenough statistics to measure statistical
o S uncerany significant cross-section
oo | U Set upper limit on cross section for SM
Wivij 0972 WWW:

U 730 fb observed (560 fb expected)

Ivivjj + viviv 097" ATLAS
" \s=8TeV, 203 fo"
S S
B fi - Observedj,r SM . . N
T Limits from WV]jj @ 8 TeV Phys.Rev. D95 (2017)
) L L A Limits more stringent compared to
A Due to QGC contributions also sensitive J , P
. WWW 06l ATLAS | ({s=8Tev, 202"
to anomalous couplings : | Kmatrix uniterizetion
(0 Limits set on coupling parameters for B T W
different parameterizations T
App Expected C.I. Observed C.L O:-
[TeV] ay as ay as S o2f
0.5 [29,34] [23,3.0] | [27.32] [23,.28] odf
1 [1.4,1.6] [1.2,1.4] | [1.2,1.5] [-1.1,1.3] f —omscL g
2 [0.84,1.10] [-0.76,0.92] | [-0.72,0.99] [-0.66,0.84] OO T e as L ww
3 [0.71,0.04] [-0.67,0.82] | [-0.61,0.91] [-0.57,0.73] LT SRt
00 [0.62, 0.80] [-0.58,0.71] | [-0.49, 0.75] [-0.48,0.62] ST I R ORI I
-05 -04 -03 -02 01 0O 01 02 03 04 05
0ty
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https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1
https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1
http://dx.doi.org/10.1103/PhysRevD.95.032001
http://dx.doi.org/10.1103/PhysRevD.95.032001

. JGJu
Conclusion/Outlook A@é NNNNNNNNN .

EEEEEEEEEE UNIVERSITAT MaiNz

I Many diboson processes and cross section measured at 8 and 13 TeV
Measured EW W+jj @ 8 TeV
Upper limits on EW Z r (including VBS) and WWW production provided

- -

—_

Measurements give input for more precise theory predictions

—_

No deviations between theory and experiment A Limits set on aTGC and
aQGC

Still some 8 TeV analyses in the pipeline

—_

I More 13 TeV results coming soon

Stay Tuned.
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ZZA lllI/llvv cross section

~

Events / 20 GeV

| Selection:

1 2 Channel:

I 4 charged leptons building 2 SFOS
pairs

I 2 charged leptons + MET
166 GeV <a <116 GeV

lelllIIIIITIllIIIIIIlllllll]lTI[l{Illlllllllllj
- mzz - m .
60 ZZZ/ZWWtZ ]
C I 114X, [1+XX :
N 222 Total Uncertainty |
501 .
C ATLAS ]
40 f Ldt=203f" -
- Is=8 TeV |
s0p zzZ e
201~ R
10F -

0 100 200 300 400 500 600 700 800 900 1000
m,, [GeV]

Events/ 10 GeV

IGlu
JHEP 01 (2017) 099_‘\@,@

EXPERTMENT UNIVERSITAT MaiNz
L e I B
B —=— Data ]
35 C z=+x E
- B W XoMultijet ]
C [ WWIWHZZ—stovviZ(—Tr)+X ]
30 Cwe E
- B 7z 4 ]
251 77 Ivv B
- 3 Total Uncertainty .
20 ATLAS -
- J Ldt=203f" I
15 E
L \s=8TeV ]
10 ZZ STy

300 350 400 450 500
mZZ [GeV]

T T T T I T T T l T T T [ T T T I T T T

e Measurement
— Tot. uncertainty
Stat. uncertainty
— PowhegBox + gg2VvV

P+1c
+ 20
ATLAS
. \s =8 TeV,20.3fb"'
pp = ZZ — 4l
* ’ pp — ZZ — 212y

Total Combined Cross Section

1 I 1 1 1 I 1 1 1 l 1 1 1 { 1 1 Il I 1 1 1

1.2 1.4 1.6 1.8 2 22

Gdata'lctheory
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https://link.springer.com/article/10.1007/JHEP01(2017)099
https://link.springer.com/article/10.1007/JHEP01(2017)099

ZZA Nlli/Nlvv at 8 TeV

—,10000¢ =
>2 E TLAS 3
S 9000 . ® Data =
g = |Ldt=203" _ s
2 B000E- —}— stat. Uncertainty 3
%_ = /s=8 Tev Total Uncertainty 3
-8- 70005— zZzZ It PowhegBox + gg2VV _E
6000 -
5000 ¢—— =
4000F- =
30005 =
2000F- =
= —_——— 3
1000 =
F Py J
—— E
8 — 4
[m] E
1 2-10
Njeis
o E T T L T
c - ATLAS —&— Data
E 10° E 4 e f=0.01
\ F Ldt=20.3fb O 2o
10 E \s=8 TeV w2z
E Z2Z 5 1IT'v v 3 wwivwuzz scovvizi e
10° E B -«
& [ 26— mex, wexmuttijet
10% & [—
107
(@]
=
8
©
fa
100 200 300 400 500

p_zr [GeV]

JHEP Ol (2017) 099ATLA sonannes GUTENBERG

EXPERIMENT UNIVERSITAT MaiNz

> 016 ATLAS =
2 F |Lat=203m" ° Dam .
=014 — T —}— Stat. Uncertainty —
Tg'_ 012 C \s=8 TeV Total Uncertainty N
-_g C 2Z - I'l'vw PowhegBox + gg2VV
0.1 —
0.08]— —
0.06= ¢ =
0.04 :4’_+_ =

: - .
0.02 =

~ 220-280 280-330 330-400  400-1500

mZZ [GeV]

A Comparison with Powheg (NLO)

shows good agreement

A Sensitivity to aTGC at high By of

the Z boson
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Limits on aTGCs

Charged aTGC

9

TLAS o

EXPERIMENT

nes GUTENBERG
UNIVERSITAT MAINZ

ATLAS-CONF-2016-043

Ag?

L S e s e e o S
ATLAS Preliminary
== ATLAS combined 8 + 13 TeV

kz

Ak?x0.1

= ATLAS {s=13TeV, 13.3 b
— ATLAS Vs =8TeV, 203 fb"
== ATLAS Vs =7 TeV, 4.6 fb”
Ago =
W'Z — #'vee

WV seml Iep 8 TeV

L1
-0.05

0

~0.05

N R A
0.1 0.15 0.2

aTGC Intervals at 95% C.

Limits at 13 TeV better than 8 TeV

Lo
0.25

L.

EW W” 8 TeV ; E R 95/(:va W
arxiv:1703.04362 %, sof- arias Pfe""""aw; _______ > - EI%
E.5F  \s=8Tev, 2021y T @ 98% CLWVSN 4
A =00 L P anE [
Expected Observed s i 18
e 13
Ag?  [-0.16,0.15] [—0.13,0.12] o E
Akz [=0.19,0.19]  [—0.15,0.16] of- 5
Av  [-0.064,0.054] [—0.053,0.042] 5 :
-10; | | 1 E
10 5 0 5 10
Comw/AZ [TeV?]
Limits on _ better compared to

fully lep. @ 8 TeV

Neutral aTGC

ZZ at 8 TeV

JHEP 01 (2017) 099

Coupling Expected (1073)

Observed (10_3)

]
o
fl
1Z

[—4.6, 4.8]
[—4.0, 4.1]
[—4.8, 4.8]
[—4.1, 4.1]

[—3.8, 3.8]
[—3.3, 3.2]
[—3.8, 3.8]
[—3.3, 3.3]

) >$10_‘3"‘\""|""\""\'

b ok ATLAS —— Observed 95% CL

- 4 Expected 95% CL |

Ldt=203 p—— |

L \s=8TeV [z2¢

200 27 Lrrrrwrv v ]

101 .

o .

_10:_ _
Col [ X107

20 -10 0 10 20

Y

f5
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://arxiv.org/abs/1703.04362
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://link.springer.com/article/10.1007/JHEP01(2017)099
https://link.springer.com/article/10.1007/JHEP01(2017)099

. . . JGlu
Cross section estimation ATLAS .

I Irreducible backgrounds

Use decays to leptons to get a better _ _ : _
(estimated using simulation)

background suppression

— )

I Selecting high B leptons/jets I Backgrounds including non
I Require high missing % if ' involved prompt leptons u_sing data-driven
T Apply selection based on process methods (@V+ jets)

topology

4" 4 _7 zz=|-4

>

e DY T LE

I Extrapolation to full phase space via | Estimate systematic
an acceptance factor (A) (and the uncertainties from:
branching ratio) I Experimental: energy-
i Correction for detector inefficiencies resolution/scale, reconstruction,
| D, | umi nosi ty,
I Theoretical: PDFs, parton
shower, renorm. / f act .
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=)

Diboson production at LHC TLAS <o cimiers
4 )
%
q : L o ° g . Vs
Ll—l_ rr T
' Py
i ! LFL'—
! g

q . o R

u-channel g Vi

g rfv;_f"
8 ]‘\_\“Vi\

g v
Zly
s-channel TGC vertex

Proton

i

8

1 Only WWr or WWZ triple gauge coupling (TGC) vertex allowed in SM

1 Possible to set limits on anomalous TGCs
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WZA lllv cross section at 13 TeV ATLAS-CONF-2016-043 A

@ oy

nes GUTENBERG

EXPERIMEN UNIVERSITAT' AlNZ

eee  pee epp  ppp combined
Relative uncertainties [%] I L I I A ) L B
e energy scale 03 02 02 0.0 0.1 \ \
¢ id. efficiency 46 27 19 00 1.3 eee | 116x021 —o— ATLAS Preliminary
4 momentum scale 0.0 0.1 0.1 0.2 0.1 ‘ 1
w id. efficiency 00 13 26 3.7 2.6 's=13TeV, 13.3 fb
ERiss and jets 05 04 08 09 0.8 pee 111+ 0.14 4+ o+—
Trigger 01 01 01 0.2 0.1 W7
Pileup 0.5 1.2 1.4 1.1 1.1
Misid. leptons background 11.9 5.6 11.9 1.7 3.1
Z 7 background 0.6 0.7 0.6 0.6 0.6 eup 1.18 + 0.18 -
Other Irr. backgrounds 05 05 04 03 0.4 ® Data
Uncorrelated 10.6 9.2 6.2 3.6 2.9 == Powheg+Pythia
Total systematics 16.6 11.3 13.9 5.7 5.5 CT10
Luminosity 33 33 32 32 3.2 Hup 1.29+0.10 —+0—+
Statistics 6.2 53 53 41 2.7
Total 181 129 152 7.7 69 " " ¥ 0/
combined 1.24 +0.09 —o+—
v v b b P v b by
04 06 0.8 1 1.2 14 16 1.8 2
Meas. cross section [fb] | 66.2+1.8(stat.) + 3.6 (sys.) +2.1 (lumi) ofid. / Gth?ory
W+Z W+Z
Channel eee pee efuit L All
Data 016 237 612 752 2417
Total Expected 504 + 7 588 £ 5 552 £ 6 671 + 4 2315+ 11
w+Zz 354.0£ 2.5 442.7+ 2.9 453.2+ 2.9 581.1+£ 34 1831+ 6
A 277+ 04 36.0 & 0.5 329+ 04 46.5+ 0.5 143.2£0.9
Misid. leptons 103 £ 7 87 £ 4 45 £ 6 179+ 2.5 253 £+ 10
H+V 128+ 0.1 14.4940.13  13.5040.12  15.59+0.13  56.414+0.25
tz 5.006+£0.029 6.674+0.033 6.653+£0.032 8.22 +£0.04 27.05£0.07
VvV 0.974+0.029 1.219£0.034 1.166+0.031 1.44 +£0.04  4.80 +£0.07
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WWA lvlv cross section
I Selection:

1 2 high By, isolated leptons (opp.
Charge)

10  >45(25) GeV for elec.(muon)
channel
I Main Backgrounds:

I Top: ~15% (data-driven)
I W+jets: ~5% (data-driven)
I Drell-Yan: ~5% (simulation)

0 T I I I I [ I ]
S12000— ATLAS —4— Data _
m —_
i SRCE 8 TeV, 20.3 o % m%ffk MC ]
10000 €*v u'v channel @ Drell-Yan MC —
B —— B W+jets MC ]
L < B other diboson MC -
8000 ,_ #4444 stat. unc. ]
6000 . -
4000 -
2000 —— -
; = :

0 1 2 3 4 5 6 7

Jet multiplicity

—

es GUTENBERG
UNIVERS!TAT AINZ

JHEP09(2016)029 TLAS
T | T T T I T | T T T T T T | T T T | T
ATLAS |
\s =8TeV, 20.3f5' - WW = efv pfy
—— Normalized Data
— stat
stat+syst
I 2Pviox NNLOSNNLL i WW —e'vev
[arXiv:1410.4745]

- approx. NNLO
[arXiv:1408.5243)
NNLO P, -Resum - WW — [TRAVRTRY
- [arXiv: 1407 4481]
1 | 1 1 1 I 1 1 1 I 1 1 l 1 1 1 I 1
0.4 1 1.2 1.4

Ratio of predictions to measurement

prediction

I NNLO description underestimates

Njets = 0 bad described by NLO

U Approx. NNLO increases cross-section
U pT resummation leads to better

agreement

U NNLO+NNLL even better description
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http://link.springer.com/article/10.1007/JHEP09(2016)029

. . IGlu
WWA |vlv aTGC limits JHEP09(2016)029 @’s .

EXPERTMENT UNIVERSITAT Mainz

'E lIIIlIlIlIlIIIllllllIllllIllIlIlI\IIIlIllIlIE ':‘< O.3L]|]|[]||||||||| |||||||| |||||| IIIIIIII 1
f ATLAS ; Data = c - ATLAS Expected .
_ 1 Background - o i - —— Observed _
g 10 \s=8TeV,203f0> SM - = 0.2F \s=8TeV,203f0" Unitarity Bound -
o — Ag?=0.267 3 b - P ’ f : 5
i AK? = 0.042 ] FC_’. - ]
3 —— 2%=0.024 _ = ) Z

10 Ax' =0.092 3 - :

—— 2" =0.052 3 O a

10° T 05

= o

N = ' :
_______________________________________________ E -0.2 :___
1 ] .
_O 3]:_ 1 1 II"I I 1 1 1 | I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 11 1 1 | 1 1 1 | | 1 1 1 | -I[

100 200 300 400 500 600 700 800 900 1000 2 3 4 5 6 7 8 9 10

P, (leading lepton) [GeV] A [TeV]

A Unitarity violation at high energy

U Introducing of a cutoff scale (¥)

A Limits also provided as function of this scale
A Also limits on EFT parameter provided
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WWA lvlv+1jet cross section Phys. Lett. B 763 (2016) 114 A@é NNNNNNNNN

EXPERTMENT UNIVERSITAT Mainz
1 Selection:
1 2 high By, isolated leptons (opp.
Charge)
10  >45(25) GeV for elec.(muon)
channel
L T | 1 T 1 Ll I U 1 L] T | L] L 1 1 I i 1 L 1 | || } 1 1 I T T T I 1 I T T L I 1 Ll L I L :
900 ATLAS —4— Data & 900 ATLAS —4— Data =
800F- Y5 =8TeV, 203 ™ % Top Quark © goof Vs=8 TeV, 203 o % ‘T"':;‘Quark 3
200 e*v u'v + b-tag, Top CR B Vitets _'uc_,:. 200 e*v ufv + 1jet @R Drel-Yan _E
% I Drell-Yan ] : I Diboson =
60084/ I Diboson T Bl W+iets =
f A% % -";’-,’-?:.o’ L stat. @ syst. unc, Ll stat. @ syst. unc. =
500 E
400 =
300 .
200 =
100
0 lh-_ s
50 100 150 200 250
p.  [GeV] p.  [GeV]

T,jet
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WWA lviv+ljet cross section

ATLAS

T | T T 7 | LI ‘ LI | T T

Phys. Lett. B 763 (2016) 114

9

ATLAS

EXPERIMENT

sonannes GUTENBERG
UNIVERSITAT MAINZ

\s=8TeV, 203 fo" o9 (<1-jet) ghdiiet - ghd S1det
+ Data (statrsyst) Experimental uncertainties [%]
approx. NNLO Integrated luminosity +2.2 +2.0
= oo Pile-up +0.6 +0.8
-+- o4, (0-jet) Trigger +0.4 +0.4
Electron energy scale +0.3 +0.3
Electron energy resolution <0.1 <0.1
Electron ID and reconstruction +1.2 +1.0
ol (1-jet) Electron isolation +0.3 +0.2
ww Muon momentum scale +0.5 +0.2
e Muon momentum resolution (ID) +0.2 +0.4
07 08 09 1 1.1 1.2 1.3 1.4 Muon momentum resolution (MS) +0.4 +0.1
Ratio of measurement to prediction, cio, "3/ In°- Muon ID and reconstruction +0.6 +0.4
L e o e o B o N N i e Muon isolation +0.8 +0.6
ATLAS Jet vertex fraction +0.1 <0.1
\s =8TeV, 20.3 fb" Jet energy scale +4.2 +1.4
Data Jet energy resolution +1.0 +1.4
Powheg+Pythia8 b_tajgging +2.9 +0.7
gg inital states added ET"™ scale soft terms +0.1 +0.7
MC@NLO+Jimmy Emiss resolution soft terms +0.1 +0.1
og il sistes ad‘_jed pRiss scale soft terms +0.4 +0.3
;ﬂfﬁg\;_f‘gﬂzﬁfo':ﬁ?ffo?sl;oJ'NNLL p=iss resolution soft terms +0.3 +0.2
MATRIX, NNLO Background uncertainties [%]
(arXiv:1605.02716 [hep-phl) Top-quark background +5.2 +1.3
MCFM, NLO W +jets & multijet background +3.5 +3.2
(Phys. Rev. D 92 (2015) 014033)
TR T Drell-Yan background +3.8 +1.2
0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 Diboson background +4.1 +1.1
R, = ol Pl
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. JGJu
Zr,Zr rcross section at 8 TeV Pzr(‘)vlsé Rev. D 93, 112002 A@é )))))) G m%

1 Selection:

I Spitted in two channel and Njets 0 and Njets=0
T aa r(r): SFOC lepton pair and high B4 photon(s)

777 (r):'0  >130 GeV and high By photon(s) q
3 CET Tmn 3 [T
O] : I . 1
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Some disagreement due to missing higher order (MCFM @NLO QCD)

Pheno 2017 Maurice Becker 09/05/2017 32


http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112002
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112002

Zr,Zr rdiff. cross section at 8 TeV
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Z r, Z r raTGC and aQGC at 8 TeV (2016) Ex:['!_lﬁé sonuss GUTENBERG
A High 'O region sensitive to anomalous 7 g 7/

couplings
A aTGC limits: 4 CP conserving parameters
A aQGC limits: 3 parameters from EFT

Forbidden in SM at tree level
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EW Wijj production at 7+8 TeV

arxiv:1703.04362 &)
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A Differential cross section provided in combination of QCD+EW and EW only in

different fiducial volumes
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JJ VBS a.t 8 TeV TLAS )OHANGER/%LESTT%%%NZ
A Key process to probe EW symmetry EW
breaking
A VBS amplitude increases with \/i A
without Higgs this would violate VBS
unitarity at ~ 1 TeV
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