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N¢C  Importance of diboson measurements
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So far New Physics has not been directly seen at the LHC
- Precision measurements are more important then ever !
* Need to understand the perturbative higher order
corrections
e Understand the nature of electroweak symmetry Diboson
breaking (EWSB) measurements
* Looking for indirect signatures of New Physics above
directly reachable energy
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_____waen207CMS Preliminary Diboson production cross section: 5 orders of magnitude
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One of the consequences of non-Abelian gauge theories are the self-interactions of gauge bosons
e Diboson measurements are probing weak boson self-interactions
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CMS 1 (= Inclusive diboson cross section measurement
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Diboson Cross Section Measurements Status: March 2017
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All diboson inclusive cross section measurements are
already systematics dominated !
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Inclusive diboson cross section measurement

summary
arXiv.1504.01330, arXiv: 1604.08576

In agreement with NNLO QCD calculation
Diboson Cross Section Measurements
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Status: March 2017
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Good agreement with best theory calculation (NNLO or
NLO QCD, LO QED) for both ATLAS and CMS! )
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Diboson Cross Section Measurements

184
Wy—tvy
—[Mjee = 0]

Zy—tty
—[njer = 0]

—Zy-vvy
WV-¢vqq

ww

- WW-sey, [njee = 0]

- WW-ey, [nje: > 0]
- WW-ey, [njee = 1]

wz
- WZ- vt

Y24

—-ZZ-4¢

—ZZ-ttvy

-ZZ*-4¢

Jet related observables allow direct probe of higher order corrections 0|
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Inclusive diboson cross section measurement
summary

Status: March 2017
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* Measurements of cross section in jet bins (exclusive)
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March 2017 CMS Preliminary
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pp — et vt u~ at LHC, /5 = 13 TeV

\ B Diboson measurements: 3 E ' Ve T
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‘Compact Muon Solenoid
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New differential measurements: zz
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dominated by the resonant
Higgs boson contribution
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EWK production: Vector boson scattering
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VBF process:

VBS process:

* V(V)+2jets production is dominated by O(a?) QCD processes
* evaluated from data in control region or from simultaneous fit
EWK V(V)+2jets production is essential to probe the nature of the EWSB
* V,V, scattering linked to the mechanism responsible for the EWSB

* characteristic signature: two high p; jets in the forward-backward region
with large rapidity separation and low hadronic activity in-between

W+

Tag jet * First observation (evidance) of EWK V(V) production with 8 TeV data
*  First observation of EWK VV right around the corner (with 13 TeV data) ?

EWK measurements: V(V)+2jets ATLAS (8 TeV) CMS (8 TeV)

Diboson

(statistic
dominated)

Single boson

(systematic
dominated)

WE(Iv)W(Iv) PRL 113, 141803, arxiv:1611.02428 PRL 114 (2015) 051801
Evidence: EWK signal significance 3.60 (exp 2.80) EWK signal significance 1.90 (exp 2.90)
W(lv) i CMS-PAS-SMP-14-011
v EWK signal significance 2.70 (exp 1.50)
2(11) STDM-2015-21 % CMS-PAS-SMP-14-018
v EWK signal significance 2.00 (exp 1.80) Evidence: EWK signal significance 3.00 (exp 2.10)
201) JHEP 04 (2014) 031 EPJC 75 (2015) 66
Observation: EWK signal significance ~50 Observation: EWK signal significance ~50
W(lv) arXiv:1703.04362 % JHEP 11 (2016) 147
Observation: EWK signal significance >50 Evidence: EWK signal significance ~4o

Senka Duric Moriond EW 2017 9
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ompact Muon Solenoid
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LHC electroweak Xjj production measurements

Stat. uncertainty . Total uncertainty

\ I I \

Theory uncertainty -
<7"\n/\/\T

ATLAS

EWK measurements are also going differential!
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10° e
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- 0
. | g CMS EW Wijj (5=8 TeV
JHEP 1611 (2016) 147
i

New EWK production measurements: W, zy

WISCONSIN

UNIVERSITY OF WISCONSIN-MADISON

EWK(+QCD) W+2j measurement:

Unlike QCD+EWK production for EWK
production higher masses (M;; > 1.5 TeV)
predictions give a harder spectrum than
observed in the data

e Signature of NLO electroweak
corrections ?

Dominant uncertainty is systematic: jet
energy scale and resolution, PDF

Senka Duri¢

Moriond EW 2017
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EWK Zy+2j measurement:

Z(l) and Z(vv) channels
included

Cross section is extracted
using a likelihood fit over the
centrality of the Zy two-body
system (Cz,)

Measurement statistics
dominated
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‘Compact Muon Solenoid
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Events / GeV

Data / Pred.

Measurements performed in numerous production channels:

* inclusive diboson measurements

* EWK production offers a complementary test of anomalous couplings —

Limiting factor: observed statistics in the tail (primary), systematic and
statistical uncertainty on the signal/bkg model (secondary)

No significant deviation of data from SM expectation is observed

STDM-2015-21
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Anomalous couplings result
in an increase of cross
section at high energies

» invariant mass of the
diboson system and the
boson p; are particularly
sensitive

Moriond EW 2017

arXiv:1703.0436

Anomalous couplings: variety of measurements
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LHC and LEP probing at different energies. Limits on parameters pereosaner
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uo-, L 9 — ZZ (SHERPA) | — ZZ (41,212v)  [-2.1e-03, 2.6e-03] 24.7 b 7,8 TeV w 3
5 | = R oo 0008 — - 27 (4)) [-1.2e-03, 1.1e-03] 35917 13Tev - O
= @22 | —_— ZZ (41,212v)  [-8.7e-03, 9.1e-03] 96f!  7TeV o Y
e e B et ] il [ I ZZ@22v) [-1.66-02, 1.56-02] 4617 7Tev <
1] N [ X ] 5 | — ZZ (41,212v)  [-3.8e-03, 3.8e-03] 20.3fb" 8TeV
r ] rzwwz ] —_— 27 (4)) [-5.0e-03, 5.0e-03] 196" 8TeV
.......... 4 | — ZZ(212v) [-3.3e-03, 3.6e-03] 247" 7,8TeV
— Zz(4,212v)  [-2.6e-03, 2.7e-03] 247" 7.8TeV
10 E — h 7z (4)) [-1.2¢-03, 1.3¢-03] 35917 13 TeV
] [ 1 ZZ (41212v)  [-1.1e-02, 1.16-02] 961"  7TeV
] i [ i ZZ @22v)  [-1.36-02, 1.36-02] 4617 7TeV
T 5 [ — | ZZ (41,212v)  [-3.3e-03, 3.3e-03] 20.3 b 8 TeV
— 1 [ 77 (4)) [-4.0e-03, 4.0e-03] 19617 8TeV
| | —_ 7Z (212v) [-2.9¢-03, 3.0e-03] 24717  7.8TeV
E — 77 (41212v)  [-2.2¢-03, 2.3¢-03] 247"  7.8TeV
3 — - ZZ (4l) [-1.0e-03, 1.2e-03] 359" 13TeV
. ! i 72 (422v) 91603, 8.9p-03] 961" 77TeV
o 1 | 1 1 1 | 1 1 1 1 1 1 1 1 1 | 1
P R B -0.02 0 0.02 0.04 0.06
02 04 mOIG(GeV)O'B 1 o aTGC Limits @95% C.L.
Senka Buri¢ % Moriond EW 2017 13
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Looking forward: HL-LHC (starting 2023)

http://hilumilhc.web.cern.ch/about/hl-lhc-project

~HiLY

HL-LHC
installation

2024

2025

experiment
upgrade phase 2

miy

14 TeV

5t07x
nominal
luminosity

energy

2026

integrated
luminosity

CMS /| A _ _
| N\¢/! The present and the future of diboson physics
Y A
LHC Run2 is ongoing, so far ~40 fb! of data collected by ATLAS and CMS experiments
* Allinclusive (differential) diboson measurements are already systematics (statistics)
dominated
* Work is ongoing to decrease experimental uncertainties
 Measurements are pushing for more precise theoretical calculations (NNLO or 3NLO
QCD, NLO EWK, ...)
 We expect to have the sensitivity for first observation of the diboson EWK production with
2016/2017 data
« Significant increase of sensitivity for indirect search for New Physics (aTGC, aQGC)
» Await for vast of new diboson results in next few months!
* Continue to probe the nature of EWSB !
e Observation of VlLVL scattering?
Run 2 | | Run 3
= 13 TeV 13.5-14 TeV - 14 Tev
215 | 20 | 2015 | 200 | 2017 | 208 | 2010 | 200 —
'/m [ 150"
Senka Burié Moriond EW 2017
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i The present and the future of diboson physics
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ner-p

LHC Run2 is ongoing, so far ~40 fb! of data collected by ATLAS and CMS experiments

* All inclusive [differentiall dihneon meaciireamentc are alreadv eustematice [<tatistics)

dominate
* Wo
* Mex INLO or 3NLO
QCLC
We expec roduction with
2016/201
e Significan 1QGC)
> Await for Experimental Improved
* Continue constraints theory
HC (starting 2023)
ad energy
7Tev 8TeV | a;slny_

2026

2024 2025

2015 2018 2021 2022 2023

2019 2020

2016 2017

2012 2013 2014

2011

experiment experiment upgrade
beam pipes | nominal luminosit phase 1

EXH Lo o
Senka Burié Moriond EW 2017 15
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CMS,

‘Compact Muon Solenoid

Diboson inclusive measurements: overview
/ WISCONSIN

e L UNIVERSITY OF WISCONSIN-MADISON

ner-p

] ATLAS cws

8 TeV 13 TeV 8 TeV 13 TeV

Z->41 PRL 112, 231806 (2014) - ) PLB 763 (2016) 280

PLB 753 (2016) 552-572,

-PAS- -15- CMS-PAS-SMP-16-017
PRL 116, 101801 (2016) PLB 740 (2015) 250, CMS-PAS-SMP-15-012 :

Zz->41 JHEPO1 099 (2017) . Cross section, differential and aTGC . Cross. section,
Cross section, differential, aTGC measurement differential and aTG
72-5212v JHEPO1, 099 (2017) ) EPJC 75 (2015) 511 ]
Cross section, differential, aTGC Cross section and aTGC measurement
zv->lI JHEP 04 (2015) 164 i
=iy PRD 93, 112002 (2016) Cross section and aTGC measurement
Cross section, differential and aTGC -
Zy->vvy measurement PLB 760 (2016) 448 CMS-PAS-SMP-16-004

Cross section and aTGC measurement Cross section

JHEP 09 (2016) 029 (WW-+0jet)
Cross section, differential and aTGC . EPJC 76 (2016) 401 (WW+0- or 1-jet)
WW->lviv measurement ar)élr\i;slzgjc'giiilg Cross section, differential and aTGC
PLB 763 (2016) 114 (WW+1jet) measurement

Cross section measurement

CMS-PAS-SMP-16-006
Cross section

PRD 93, 092004 (2016) PLB 762 (2016) 1 (3.2 fb-1) .
WZ->3lv Cross section, differential, upper limit Cross section, differential (Njets) CMS-SMIP-14-014. arXiv:1609.05721 (C“Z;)_(Il\ngisol\zlﬁi?goz)
on EWK WZ, aTGC, aQGC ATLAS-CONF-2016-043 (13.3 fb-1) ’ ’ ’ (2.3 fb-1) Cross section
measurement Cross section, differential and aTGC! ’
WV-slvjj i i i CMS-PAS-SMP-16-012

aTGC measurement

* Large cross section of multiboson production at LHC in pp collisions
* Clean signature and small branching ratio for vector bosons decaying leptonicaly
* Not clean signature but large branching ratio for hadronic decays

Senka Duric Moriond EW 2017 17



EWK results: overview

ner-p

VBS measurements (VV+2jets) ATLAS CcMS
PRL 113, 141803
Cross section (EWK, EWK+QCD) and aQGC measurement PRL 114 (2015) 051801
EWK W*W* ->lvlv Evidence: EWK signal significance 3.60 (exp 2.80) Cross section (EWK+QCD) and aQGC measurement
arxiv:1611.02428 EWK signal significance 1.90 (exp 2.90)

Updated aQGC limits

CMS-PAS-SMP-14-011
EWK Wy ->lvy - Cross section (EWK, EWK+QCD) and aQGC measurement
EWK signal significance 2.70 (exp 1.50)

8 TeV
STDM-2015-21 % CMS-PAS-SMP-14-018
EWK Zy ->lly Cross section (EWK, EWK+QCD), aQGC measuremen Cross section (EWK, EWK+QCD) and aQGC measurement
EWK signal significance 2.0o (exp 1.80) Evidence: EWK signal significance 3.00 (exp 2.10)
EWK WZ ->Ivil Phys. Rev. D 93, 092004 (2016) PRL 114 (2015) 051801
Cross section (EWK, EWK+QCD) measurement Cross section (EWK+QCD) measurement

.. PRD 95 (2017) 032001
EWK WV->Ivjj aQGC measurement :

VBF measurements (V+2jets) ATLAS cMS

JHEP 04 (2014) 031 EPJC 75 (2015) 66
EWK Z(1l) Cross section (EWK) and aTGC measurement Cross section (EWK) measurement
Observation: EWK signal significance ~50 () Observation: EWK signal significance ~50
8 TeV arXiv:1703.04362

CMS-PAS-SMP-13-012, arXiv:1607.06975
Cross section (EWK) measurement
Evidence: EWK signal significance ~4o

Cross section (EWK, EWK+QCD), differential (EWK, EWK+QCD),
aTGC measurement
Observation: EWK signal significance >50

EWK W(lv)

+ some measurements also with 7 TeV !

Senka Duric Moriond EW 2017 18



CMS and ATLAS experiments w
WISCONSIN
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CAL |n|<5
ECAL |n|<3.0
Tracker |n| < 2.5
Pixels Muons |n| <2.4

Tracker
ECAL
HCAL

Solenoid

Muons

STEEL RETURN YOKE
~13000 tonnes

SUPERCONDUCTING
SOLENOID
Niobium-titanium coil
carrying ~18000 A

HADRON CALORIMETER (HCAL)
Brass + plastic scintillator

: 14000 tonnes

Total weight
Overall diameter :15.0 m
Overall length :28.7m

ylaan

Senka Duri¢

CMS and ATLAS experiments

N\ 7
WISCONSIN

UNIVERSITY OF WISCONSIN-MADISON
SILICON TRACKER
Pixels (100 x 150 um?)
~1m? 66M channels
Microstrips (50-100um)
~210m? 9.6M channels

Measurement made within
Tracker acceptance |n| < 2.5

CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)
76k scintillating PoWO, crystals

PRESHOWER
Silicon strips
~16m? 137k channels

Q Detector characteristics
Muon Detectors Electromagnetic Calorimeters - Width: 44m
A [ Dlarneter: 22m
7 "\ <« Weight: 7000t
// RN Solenoid CERN AC - ATLAS V1997
N \ Forward Calorimeters

End Cap Toroid

Endcaps:

o

Moriond EW 2017

Barrel Toroid

Inner Detector ieldi
Hadronic Calorimeters Shielding



LHC performance

ner-p

WISCONSIN

UNIVERSITY OF WISCONSIN-MADISON

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2016-10-27 14:12 UTC

60 T T T 60
= == 2010, 7 TeV, 45.0 pb! .
: 5011 7TeV 6.am * Wonderful performance of LHC accelerator in past
- — 2012, 8 TeV, 23.3 ! 130 years
'ﬁ e m—— 2015, 13 TeV, 4.2 fb !
2 aof - 2016, 13 TeV, 41.1 b a0
E » Large amount of data collected by ATLAS and CMS
% 301 12° experiments of proton-proton collisions at a center-
[ |20 of-mass energies of Vs =7, 8 and 13 TeV
o
£
5 o {10 » Huge amount of measurements performed,
R g . including milestone discovery of Higgs boson !

\\

0 S
< » X \ C
N R R PO N S P LR L L

f: Detector characteristics
Date (UTC) Muon Detectors Electromagnetic Calorimeters = Width: 44m

et

<«

Diameter: 22m
Weight: 7000t

TRA(:]{FR Solenoid \\ F d Calori i CERN AC - ATLAS V1997
orwart alorimeters
c CRYSIALECAL  1ota) weight ~ : 12600 T \ End Cap Toroid
‘ M S 4 S Overall diameter : 150 m [
g H ~= ] , .
5 e — = T

Overall length 215 m
Magnetic field : 4 Tesla

PRESHOWER

RETURN YOKE

SUPERCONDUCTING
MAGNET

v L N
. FORWARD - i L‘p =] = 0\ ¢
 CALORIMETER L [ 3 = C

I\
MUON CHAMBERS Barrel Toroid Inner Detector X X - Shielding
Hadronic Calorimeters
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CMS

g A L] L ]
N\ aQGC couplings: variety of measurements
| N L uplings: y u
A
s WISCONSIN
UNIVERSITY OF WISCONSIN-MADISON
April 2016 CMS —
ATLAS - — Channel Limits Juat s
o Wyy [3.8e+01,3.8e+01] 19.4 fb:‘ 8TeV ATLAS-STDM-2015-07
Zry [-1.6e+01,1.9e+01]  203fb" 8 TeV - —
Wyy [-1.6e+01, 1.6e+01] 20.3fb" 8 TeV = Conglt.‘:fnccf Intervals ATLAS Preliminary
WYy [25e401,24e401] 1931 8TeV T meswar /5 =8TeV, 203"
zy [-3.8e+00, 3.4e+00] 19.7 fb" 8 TeV F -~ Observed 95% CL WW*W" — Wivjj+iviviv
Wy [-5.4e+00, 5.6e+00] 19.7 fb" 8 TeV [ ><Observed Value Ag= o
VBS C h anne I S h ave i 1—1 SSWW  [-4.2+00, 4.6e+00] 19.4fo" 8TeV 05
fr /A R R L LR L P L L LT 1 Wyy [-4.6e+01, 4.7e+01] 19.4fb" 8TeV ¥ r
.. — z [-4.4e+00, 4.46+00] 19.7fo! 8 TeV > -
b ette r sens |'L-|V|ty — Wy [-3.76400, 4.06+00] 197 fo' 8 TeV J,; L p \
H ss WW [-2.1e+00, 2.4e+00] 19.4fb" 8 TeV = 07 7 =
. fra/A* — Zy [-9.96+00,9.0e+00] 19.7fo" 8TeV > [ R s
than tr‘|boson ' | Wy [1.1e401, 1.2e+01] 197 fo" 8TeV 5; -
P— ss WW [-5.9e+00, 7.1e+00] 19.4 fb' 8 TeV b 05—
. fr5/A" — Zyy [-9.3e+00, 9.1e+00] 20.3fb' 8 TeV - .
pro d uction. — wy [3.8¢+00,3.8¢+00] 19.7 1" 8TeV - Inclusive WWW
frg/A* [ Wy [-2.8e+00, 3.0e+00] 19.7fb" 8 TeV L
fr, /A" — Wy [-7.3e+00, 7.7e+00] 19.7 fb' 8 TeV -1—
fra /A" H Zy [-1.8e+00, 1.8e+00] 19.7fb" 8 TeV I I R SR AU SR R B
frg /A* — Zyy [-7.4e+00, 7.4e+00] 20.3 fb' 8 TeV -0.8 — -0.4 -0.2 . 0.8
= Zy [-4.0e+00, 4.06+00] 19.7 fo! 8 TeV foo/ A* (10*TeV™?)
el T e e pr e STV
-50 0 50 100 150
aQGC Limits @95% C.L. [TeV¥]
April 2016 oMs  —i CERN-EP-2016-171
ATLAS - — Channel Limits Jidt Vs 0 N »
folR® = WVy [-7.76+01, 8.16+01] 19.3fb" 8 TeV S o6 ATLAS Vs =8TeV, 20.2 fb
— Zy [-7.1e+01,7.5e+01] 19.7fb" 8 TeV H . L
— Wy [-7.7e+01, 7.4e+01] 19.7fo" 8 TeV r K-matrix unitarization
H ss WW [-3.3e+01,3.2e+01] 19.4fb"' 8TeV 0_4;
1 yy—=WW  [-4.2e+00, 4.2e+00] 24.7 fo' 7,8 TeV L
f /A 1-=-1 WVy [-1.3e+02, 1.2e+02] 19.3fb" 8 TeV r
— Zy [-1.9e+02, 1.8e+02] 19.7fb" 8 TeV 0 2;
— Wy [-1.2e+02, 1.3e+402] 19.7fb" 8TeV <L
H ss WW [-4.4e+01, 4.7e+01] 19.4fb" 8TeV r
H yy—=WW  [-1.6e+01, 1.6e+01] 24.7 fo' 7,8 TeV 0;
fp /A* —_ Zyy [-5.1e+02, 5.1e+02] 20.3fb" 8 TeV L
| Err— 1 Wyy [-2.5e+02, 2.5e+02] 20.3fb" 8 TeV r . .
H 7y [-3.2e401,3.1e401] 19.7fo" 8 TeV 3 S I
H Wy [-2.6e+01,2.6e+01] 19.7 o' 8 TeV 0.2~ e mi e pto ni C
[N [ 1 Zyy [-9.2e+02, 8.5e+02] 20.3fb" 8 TeV =
[CEE LT 1 W -4.7e+02, 4.4e+02] 20.3fb" 8TeV r
- 2 [omeior 50001 jayi oTev -0.4 channel WV shows
H Wy -4.3e+01, 4.4e+01]  19.71fb" 8TeV [ —— obs. 95% CL, WVjj
0 A" H W -4.0e+01, 4.0e+01 7fb" 8TeV = " o, . .
AT — wz -6.56+01, 6.56+01 :g.; IE‘ 8 TeV -0.6— T exp. 95% OL, WVj b e St sens |t| Vi ty
fus/A* — Wy 1.30+02, 1.36+02] 19.7fb" 8TeV I —— obs. 95% CL, W*W
- ss WW [-6.5e+01, 6.3e+01] 19.4fb”" 8TeV F =reme- exp. 95% CL, W*W=jj
A — Wy [160+02,16e+02] 19.7 16" 8TeV 08— ___ obs. 95% CL, Wz
ol T g s ET0pH0T, 686401 194 fT BTeV Eoeee exp. 95% CL, WZjj VBS WV
-1000 0 1000 2000 3000 b b b b b b B b b e
aQGC Limits @95% C.L. [TeV"‘] -05 -04 -03 02 -01 0O 01 02 03 04 05
Oy
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CMS

Compact Muon Solenoid

ner-p

aTGC couplings: variety of measurements

LHC and LEP probing at different energies. Limits on parameters

(without the use of form factors) comparable to LEP results.

March 2017 ous — April 2016 fias  —
; AftASiows  —— S - Judt L coF - — Channel Limits Just s
I [212v)  [-1.5e-02, 1.5e- 467 0 5
fa — 77 (41212v)  [3.8¢-03, 3.8¢-03] 2037 8TeV h Zy(lyvvy) [-1.5e-02,1.6e-02] 46" 7TeV
[ — 7z (4) [-5.0e-03, 5.0e-03] 19617 8TeV H Zy(ly,vvy) [-9.5e-04,9.9e-04] 20.3fb" 8TeV
—— 7z(22v)  [-3.6e-03,3.26-03] 24717 7.8TeV — Zy(lyvvy) [-2.9e-03,2.9e-03] 500" 7 TeV
':' gz::;mv) {-?.ge-gg, f-ge'gg 24.7 fo’! :;TTE\Y — Zy(ly) [-4.6e-03, 4.6e-03]  19.5f" 8TeV
-1.3e-03, 1.3e- 35.9fb" e 3 -
—_— 2z (41212v)  [1.0e-02, 1.0e-02] 961! 7TeV H i/gvy) ) {;;egg g.ge-g;} 196 f?‘ ?;:Yr v g s
4 ZZ (41,212v)  [-1.36-02, 1.3e-02] 46107 7 TeV ; | v (Il ,vvy)  [-2.2e-02, 2.0e- 5.1 1o . 5
f4 — ZZ (41,212v)  [-3.3e-03, 3.2e-03] 203 1" 8TeV n2 _— Zy(lly,vvy) [-1.3e-02,1.4e-02] 46" 7TeV B e St s e n S I tl V I ty fro m
— gg:)&) {ggegg ;gegg} 19.6 o ageTVV H Zy(ly,vvy) [-7.8e-04,8.6e-04] 203 fb" 8TeV
— -2.76-03, .26 247" 7.8Te! N 5 76 g .
— 27 (@1212v)  [-2.1e-03, 2.66-03] 271" 7.8TeV Zy(tyvvy) [-2.7e-08,2.7e-08] 5.0 fb‘_‘ 7TeV ZV'>VVV C h anne |
— 727 (4)) [-1.2-03, 1.1e-03] 35917 13 TeV — ? E”Y) ) {?2982 113;98§} 19.5 fb1 8 1ez
_— 77 (41,212v)  [-8.7e-03, 9.1e-03] 9.6f"  7TeV i v (vvy -1.5e-03, 1.6e-! 19.6fb" 8Te
f‘é I g {::g:’;‘v; {-;.ge-gg, ;.ge-gg 46 (b"‘ Eex } 4 Zy(lly,vvy) [-2.0e-02, 2.1e-02] 51f" 1.96 TeV ( I a rge r B R t h e n
—_ ,212v! -3.8e-03, 3.8e- 20.3 fb" e v | —— . - - !
P 2z @ 5.06-03. 5.06-03] 196t 8TV n Zy(lly,vvy) [-9.4e-05,9.2e-05] 4.6 fb . 7 TeV
— Zz(2i2v)  [3.3-03, 3.66-03] 24717 7.8TeV L] Zy(lby,vvy)  [-3.2e-06,3.2e-06]  20.3fo" 8TeV Zv_ > | |v)
—_ Zz(41,212v)  [-2.6e-03, 2.7e-03] 247" 7.8TeV [ Zy(lly,vvy) [-1.5e-05, 1.5e-05] 50fb" 7TeV
(| ZzZ (4) [-1.2e-08, 1.3e-03] 3591 13 TeV — Zy(lly) [-3.6e-05, 3.5e-05] 195fb' 8TeV
— ZZ (41,212y)  [-1.1e-02, 1.1e-02] 9.6f"  7TeV H Zy (vvy) [-3.8e-06, 4.3e-06] 19.6fb"' 8 TeV
¥4 ZZ (41,212v)  [-1.36-02, 1.36-02] 46107 7 TeV 02
fs — 77 (@12i2v)  [-3.3¢-03, 3.3¢-03] 203f"  8TeV ne A Zy(lly,vvy)  [-8.7-05, 8.7€-05] 4<6fb‘1 7Tev
—_— zZ (4) [-4.0e-03, 4.0e-03] 19677 8TeV H Zy(lly,vvy) [-3.0e-06,2.9e-06] 20.3fo" 8TeV
— 7z (22v)  [2.9¢-03, 3.0e-03] 247107 7,8TeV H Zy(lyvvy) [-1.3e-05,1.3e-05] 501" 7TeV
— 2Z (41212v)  [-2.2¢-03, 2.3¢-03] 247" 7.8TeV — Zy(ly) [-3.1e-05,3.0e-05] 1951 8TeV
— 2z (4) [-1.0e-03, 1.2-03] 359" 13TeV Zy(vv -3.9e-06, 4.5e-06]  19.6fb” 8 TeV
, L, YT, fA@L2ey)  [9.1e-03,890-:03] - 96fbt  7TeV o P R Y.( v.) | [ o ]. 28f07 BTV
1
-0.02 0 0.02 0.04 0.06 0.2 0 0.2 04 06 0.8 x10'(h,),
aTGC Limits @95% C.L. aTGC Limits @95% SC.L. x10%(h,)
August 2016 . ESLAS %
|
Mar 2016 . cms — FiUERe P Channel Limits det . \s
Central ATLAS - Ak — WW -4.3e-02,4.3e-02] 461" 77TeV
FiVae o ——i Channel Limits det \s ‘ L ww 'g-ge'ggv ige'gg 20.3 fb: 8 ;ex
-~ ' P Wy [4.1e-01, 46e-01] 46f' 7 TeV * w j1:3§j01: ooy ;g:g% gngev
—_— Wy [-3.8e-01,2.9e-01] 50fb" 7TeV —_ WV -9.0e-02, 1.0e-01] 4.6 fb': 7TeV
sy e 1.26-01, 1.76-01 9 — wv -4.3e-02,3.3e02] 50fp! 7TeV
Best sensitivity from — W 12001, 17601 203167 8TV — W letiiet SRy Tonay
—_— ww [-2.1e-01,2.2e-01]  4.9fb" 7TeV —— LEP Comb. [-7.46-02 5.16-02] 0715 0.20 TeV
WV >|ij Ch ann el —— ww [-1.3e-01,9.5¢-02] 19.4fb" 8TeV ’ — WW -?.ge-gg, ?.ge-gg 46 fb"‘ 7TeV
= _ -2.1e-01, 2.26- 1 H ww -1.9e-02, 1.9e- 20.3fp" 8TeV
w [21e01, 22001 467 7TeV — WW  [480:02,486:02] 49fo7 7TeV
— wv [-1.1e-01,1.4e-01]  50fb" 7TeV e ww 2.46-02, 2.4e-02] 194 fh 8TeV
( Ia rge r B R) —— DO Comb. [-1.6e-01,2.5e-01] 8.6fb' 1.96 TeV T Wg -;t.ge-gg, ?;egg 461" \ g‘{g\_/r v
——i R - - -1 -1.4e-0z, 1.5e- 33.6 fb 3 e
I n C rea Se of CO | | IS i O n \I;VEP Comb { Z.Ze gz 2.:@ gg o7 fb‘ 3'-'2—0\76\/ — Wv -3.9e-02, 4.0e-02 46" 7Tev
N — y -6.5e-02, 6.1e- 461b e — WV -3.8e-02,3.0e-02] 50fp! 7TeV
' — Wy [5.00:02,37-02] 50" 7TeV — WY 390:02,3902 2817 18 TV
. .  om. y 4 —— DO Comb. [-3.6e-02, 4.4e- 8.6f" 1.96Te
energy -> Increase In H ww [1.9e-02, 1.9e-02] 203" 8TeV i LEP Comb. [5.96-02, 1.7-02] 076" 0.20 TeV
— ww [-4.8e-02, 4.8e-02] 4.9fb' 7TeV A — WW 3.96-02, 5.26-02 4617 7TeV
e e e Tl ww [-2.4e-02, 2.4e-02] 194" 8TeV ! — ww -1.6e-02,2.7e-02] 203fb' 8TeV
sen SItIVIty 39602 4060 1 7Tey —_— ww -9.56-02,9.5¢-02] 49fp! 7TeV
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M,, spectrum is essential
for the study of the
different production

mechanisms !

+ VBF, VH, ttH higgs
production (<15% to higgs
production)

large destructive interference
of ggH with ggF processes (high
mass my)
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ZZ normalized differential with full 2016 data
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A New differential measurements: zz
s WISCONSIN
CMS-PAS-SMP-16-017
qg->4l: NLO in QCD with Powheg/aMC@NLO_MG5 scaled to NNLO (k-factor=1.1)
gg->4l: LO
gg->Z7: LO with MCFM scaled to NLO (k-factor=1.7)
EWK ZZ production in association with two jets is generated with PHANTOM
gg->H->ZZ: NLO with POWHEG 2.0 scaled to NNLO (k-factor=1.7)
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CMS-PAS-SMP-16-017
Table 4: Fiducial definitions for the reported cross sections. The common requirements are
applied for both measurements.

Cross section measurement Fiducial requirements

Common requirements pft > 20GeV, p2 > 10GeV , p* > 5GeV,
Int| < 2.5, my+,- > 4GeV (any opposite-sign same-flavor pair)
Z— 4 mz, > 40GeV
80 < myy < 100 GeV
77 — 44 60 < mz,,mz, < 120 GeV
Uncertainty Z—40 Z7Z — 4
Lepton efficiency 6-10% 2-6%
Trigger efficiency 2-4% 2%
MC statistics 1-2% 0.5%
Background 0.6-1.3% 0.5-1%
Pileup 1-2% 1%
PDF 1% 1%
QCD Scales 1% 1%
Integrated luminosity ~ 2.6% 2.6%

Taa(pp — Z — 4£) = 29.7 + 1.4 (stat) "33 (syst) & 0.8 (lumi) b,
0aa(pp = ZZ — 4¢) = 42.2 + 1.4 (stat) " 1S (syst) £ 1.1 (lumi) fb.

o(pp = ZZ) =178 £0.6 (stat)f&% (syst) = 0.4 (theo) = 0.5 (lumi) pb.
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Probing the nature of the Electroweak Symmetry Breaking (EWSB)!
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Anomalous couplings: results
WISCONSIN

LHC and LEP probing at different energies. Limits on parameters "o
(without the use of form factors) comparable to LEP results.

is=8Tev, 202" | * Anomalous coupling sensitivity depends on the diboson channel
K-matrix unitarization |« Sensitivity is defined by the reach of diboson system invariant
mass
- Best sensitivity from channels with larger BR (semileptonic
decays in boosted topology)
—> Large gain in sensitivity with increase of Vs

S o6

0.4

0.2

0

-0.2

-0.4
— obs. 95% CL, WV August 2016 '(_)eler | égﬁ\s
06— exp. 95% CL, WVjj it Value P H Channel Limits ,det \s
[ —— obs.95% CL, W*W=j | A —_— WW -6.2e-02,5.96-02] 46f"T 7TeV
R exp. 95% CL, W-Wej | — WW -1.9e-02,1.9e-02] 203" 8TeV
08— ___ obs.95%CL WzZj | — Ww -4.8e-02,4.86-02] 49fy' 7TeV
F eeens exp. 95% CL, WZjj PR? 95 (12017? 03%001 (| Ww -2.4e-02, 2.4e-02 194 ft1)1 8 TeV E §
TN N I WA WA A W W A N — WZ '4.69'02,4.79'02 461 7 TeV (o]
.05 -04 -03 -02 -01 0 041 02 03 04 05 - - W2 1.46-02,1.3e-:02] 3361 8,13TeV =i o)
o, — WV -3.9e-02,4.00-02] 46fy" 7TeV > 3
— WV -3.8e-02,3.0e-02] s50fy! 7TeV m 3
— @& Wy -3.9e-02,39¢-02] 23fy! 13 TeV o
e DO Comb. [-3.66-02, 446-02] ggfh! 196TeV [l
- ‘ ——i LEP Comb. [-5.9¢-02, 1.76-02]  0.7fo" 020 TeV
limits are set Probing scales — WW -396-02,526-02] 461" 7TeV o =
() /AN e e () /1 o — ww -1.6e-02,2.7e-02]  20.3fp" 8TeV
on ¢ ™/A of A"=c"/limit _ WW -9.56-02,95602] 491y 7TeV
—— WW -4.7e-0§, 2.2e-0§ 19.4 ftf 8 TeV
. o —_— WZ -5.7e-02, 9.3e-0 46" 7TeV
in the .I|m|t of strong limit on A up to — = W 156-02,30e02] 3361 813TeV
cou p||ng (ci=4T[) for > — WV -5.5e-02,7.1e-02] 46y 7TeV
: 2 TeV ! — = WV -6.7¢-02,6.66-02] 23! 13 TeV
dim6 (n=2) —e—i DO Comb.  [-3.46-02,8.4-02] 860 1.96 TeV
T T R R T |LEF: Cofnb'u -5.|46-(|)2, %16;02 1 |0'7 [b 1 0120 TeV
-04 -0.2 0 0.2 0.4 0.6 0.8
aTGC Limits @95% C.L.
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aTGC couplings: variety of measurements
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Future Prospects

Full 2016 data will provide significantly 1.0
stronger limits than our 8 TeV results
0.5
Combination of anomalous coupling
limits using inclusive diboson % 00
measurements and Higgs measurements
(and ATLAS and CMS combination) ~0
<> Improvement in sensitivity 10

| LEP-2 (WW)
M Higgs

M LEP-2 + Higgs

YYYY

Falkowski et al, 1508.00581

15 -1.0

" _05
ng,z

00
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Anomalous couplings: results @

LHC and LEP probing at different energies. Limits on parameters "o
(without the use of form factors) comparable to LEP results.

4
\¢
n»r-p»

Future prospects under discussion:
Self-Consistency Check

* perturbativity of physical expansion
* deriving limits with extra cut on Vs < M5
- limits in the (c,M) plane

Combination of anomalous coupling limits with
Higgs measurements

- Improvement in sensitivity

V3 Vi H Vs
Limits are set on ¢"W/A" = probing energies of A=cM/limit . e
In the limit of strong coupling (c;=4n) = limit on Aup to 2 TeV ! > Vi
Senka Burié Moriond EW 2017 31
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Figure 1: Feynman diagrams of Electroweak Zyjj production involving VBS subprocesses (bottom left) or non-
VBS subprocesses (top left) and of QCD Zyjj production with gluon exchange (top right) or radiation (bottom
right).

* small constructive interference occurs between QCD and EWK quark scattering productions

* interference contribution is predicted from Sherpa to be less than 10% of the EWK cross-section in the
search region (mjj> greater than 500 GeV) with a decreasing trend as a function of m;;

* interference is treated as an uncertainty in the measurements
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STDM-2015-21

main background for Z(ll)y is Z+jets (jet misidentified as a
photon)

* Estimated using the fake rate method (based on control
regions populated by events passing all selection criteria
but with the candidate photon failing some of the
identification criteria and/or the isolation requirement)

* uncertainty is dominated by the systematic
uncertainty due to the correlation between photon
identification and isolation requirements

dominant background for Z(vv)y is W(lv)y+jets production
(lepton is neither reconstructed nor detected)

* estimated using the Sherpa MC samples with
normalization determined with data
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A centrality observable ¢ is defined to quantify the relative position in pseudo-rapidity of a physics object
with respect to the two leading jets (j1 and j2):

n—1njj
Anjj

i o N +1;j
with 7= =5 Anij =i =g M

-
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arXiv:1703.04362

EWK Wijj production at the LHC:

qaf
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Relative uncertainty in EW Wijj

A
| N L W VBF
L
A
s WISCONSIN
Source Uncertainty in ppw arXiv:1703.04362
7 TeV 8 TeV
Statistical W+2j renormalization and factorization scale variations and parton-shower
Signal region 0.094 0.028 H
Control region 0.127 0.044 model llng
N * affect the acceptance of the jet centrality requirement
Xperimenta. . . . . . . .
Jet energy scale (n intercalibration) 0.124 0.053 The interference uncertainty is estimated by including the Sherpa leading-
Jet scale and resoluti th 0.096 0.059 . .
Lumonty o (other) 0086 0019 order interference model as part of the background W+2j process
Lepton and EXS reconstruction 0.021 0.012 H H H 3
Mot backaround 0064 0010 a.0.076 (0.061) uncertam’Fy in the signal cross secfhon at7 ({5) TeV dge to
higher-order QCD corrections and non-perturbative modelling is estimated
Theoretical . . L.
MC statistics (signal region) 0.027 0.026 using scale and parton-shower variations
MC statistics (control region) 0.029 0.019 :
EW ;) (seale and parton shower) 0,012 0031 » affecting the measurement of HEW but not the extracted cross
QCDijj (s(cale and ;Séton shox;ver) 0.043 0.018 sections ,
Il’ltel‘erel’lCe EWand DW‘]J 0.037 0.032 ,"__‘10_:7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘_\\\\‘\\\\\\_\1\‘\\\\7:
Parton distribution functions 0.053 0.052 2 E'.‘.'O- |_.:_| Sg@,ﬁéig\?}/ﬁfﬁé (g)CD+EW)E
Other background cross sections 0.002 0.002 S e o 2% SHERPA (QCD+EW) ]
EW Wjj cross section 0.076 0.061 o F & ! HEJ (QCD) + POW+PY (EW) |
Total 0.26 0.14 E 10°L & i
5 F o E
F T ‘ S r T : -.:Eg : f;" :
[ ATLA = 8 T V | electrowealt jj production measurements -
0'7: Wij signalsregione(M”>1.0 TeV) 1 = R i tATLAS t i - 1
0 Gi SO Syst = Unfolding E g 200 [ T ?]3 — 10—4? ////// ’ \\\\\\ -
r Statistical 255 QCD Wjjmodelling 1 o + oo . _L i .
r ES+JER QCD-EW interference ] & 100 Ewwen EW Z(=1T)j = [ ]
0.5 - § [ EWW(-m - j_ V;;ile;\f., - - E
0 4: 1 § gg I }\ \s=8 TeV + N 10_5 E =
L - o ~ E‘)\?TI:IBT?/\\/'UEQ\/STI;BL&[\\/‘ ; EW Z(—17T)j — E e PO 3
F ] _5 20 M,>1(Tevl M‘>1(Tev) {58 TeV — r ATLAS * ]
C { 3 VBF Howw | Wjjinclusive region (M,-,->O-5 TeV) i
E E 105_ &NMADGRAPH+PWH|A \5:8%5\/ _E m \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
s I POWHEGHPYTHIA B i‘#e’v Ji 1 ®
4~ . ATLAS EW Wijj; this paper (CERN-EP-2017-008) ‘ T Q
3 o ATLAS EW Zjj; JHEP 1404 (2014) 031 — E’
5L A CMSEW Wi JHEP 1611 (2016) 147 \s-8TeV | 8
o CMS EW Zjj; Eur.Phys.J. C75 (2015) 66 VBF Hoyy <
o LHC VBF Higgs; JHEP 1608 (2016) 045 [ ‘ ‘ ‘ ‘
102 5x10? 0 200 400 600 800
Leading-jet p_ [GeV] Dijet P, [GeV]
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arXiv:1703.04362

T

T T T ]
ATLAS Vs=8TeV,20.2fb"

>
[0
% 10 Wijj forward-lepton control region 3
w10 gﬁfiﬂmy = + SM prediction of the dijet mass distribution receives significant uncertainties
] N from the experimental jet energy scale and resolution
o 1 ¢ These uncertainties are constrained with a correction to the predicted
distribution derived using data in a control region where the signal
10° E contribution is suppressed
10°
s of ]
£ o ]
% 500 1000 1500 2000 2500 3000 3500
a M, [GeV]
> T T T T T T T 3
8 ATLAS (s=8TeV, 202" 3
< Wijj signal region . . . . . . . .
g 10° ; E\‘Z}aw,-j = + measurementis performed with an extended joint binned likelihood fit of the
19 i ] . . . . N o
&4 B acowi - 7 M.. distribution for the normalization factors of the QCD and EWK W+2
Top quarks E J]
I Mutijets ] Powheg +Pythia8 predictions
1 Zjj and dibosons§
1 witmeernany 3o The interference between the processes is not included in the fit, and is
10° = . . . 4
instead taken as an uncertainty based on SM predictions.
10? o ey .
* uncertainty in the shape of the QCD W+2;j distribution dominates the
10° measurement, but is reduced by using the forward-lepton control region to
5§ 15 correct the modelling of the Mjj shape
& 05
~ L L L L L +
% 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
o i
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EPJC 76 (2016) 401

Source Uncertainty (%)
Statistical uncertainty 1.5
Lepton efficiency 3.8 * jet counting model uncertainty includes the
Lepton momentum scale 0.5 renormalization and factorization scales, and underlying
Jet energy scale 1.7 event uncertainties
ET"® resolution 0.7
tt-+tW normalization 2.2
W +jets normalization 1.3 —— ——
_ .. zero-jet category one-jet category
Z/ ’)’* — ¢*¢~ normalization 0.6 Process Different-flavor Same-flavor Different-flavor ~Same-flavor
Z/")/* — 71T~ normalization 02 qq > WTw~ 3516 +271 1390 + 109 1113 +£137 386 +49
W normalization 03 gg — WHW~ 162 £ 50 91 428 62+ 19 2749
7* ~atit : WTW- 3678 +276 1481 £ 113 1174139 413 +50
Wv* normalization 0.4 77 +WZ 84+10 89£11 86+ 4 02+2
VV normalization 3.0 \A'AY 33+17 17+9 28+14 14+7
- . top quark (Br.ag) 522 + 83 248 +26 1398 + 156 562 + 128
+ P q t-tag
H — W™W™ normalization 0.8 Z)yt — 0 38+4 141+ 63 136 + 14 65+ 33
Jet counting theory model 4.3 Wy* 54422 1245 18£8 342
PDE 12 Wey 54+ 20 20+8 36+ 14 9+6
s . : W + jets(e) 189 + 68 46417 114441 1646
MC statistical uncertainty 0.9 W +jets(p) 81 +40 1949 63 + 30 1748
o Higgs boson 125+ 25 53+ 11 75+22 2+7
Integrated lum1n081ty 2.6 Total bkg. 1179 £123 643 £ 73 1954 £ 168 749 + 133
Total uncertainty 7.9 WTW~ +total bkg. 4857 +302  2124+134  3128+217 1162+ 142
Data 4847 2233 3114 1198
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A
N WW CMS 13TeV
L e \ 7
A
s WISCONSIN
X. :1507_02565 UNIVERSITY OF WISCONSIN-MADISON
EPJC 76 (2016) 401 1 AN 022D
Uncertainty source Propagation to cross section (%) W'W @8 T
Experimental uncertainties 4.9 08
QCD scales and higher order effects 3.2
PDFs 0.4 S o6l
Underlying event and parton shower 3.7 3
Non-prompt normalization 3.0 §
Top-quark normalization 2.0 © 04 NLL+NLO
W+* normalization 0.3 NNLL+NNLO [
Simulation and data control regions sample size 14 0.2 3 N’;tg M
Total systematic uncertainty 7.4 ‘ approx. NNLL+NLO - - -
Total statistical uncertainty 5.0 0 : : ' :
Luminosity 3.0 41.2f% |
Total uncertainty 9.5 §1 1k B
o ~cehnn
.E e 0 S sy e i
s : e

10 20 30 40 50 60 70 80 90 100
pr veto [GeV]

* reweghting the spectrum obtained using POWHEG to the analytical prediction obtained using the pT-
resummation at next-to-next-to-leading logarithm precision
* uncertainties in the theoretical modeling of the signal efficiency are estimated by varying indepedently
the resummation, the factorization, and the renormalization scales in the analytical calculation of the
pTWW spectrum
* The uncertainty in the efficiency of the gg > W W component is determined by the variation of the
renormalization and factorization scales in the theoretical calculation of this process. The propagation of
these uncertainties in the signal acceptance, together with the effect of scale variations in the
background simulations, yield an uncertainty of 3.2% in the measurement of the W+W- cross section.
* Experimental uncertainties: lepton reconstruction and identification efficiencies, efficiency to discriminate jets

from b-quarks and jets from light quarks, uncertainties in the electron and muon energy scales, jet energy
scale, and Emiss energy scale and resolution
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)
) =
3
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(fixed-order acceptance) ~ <
WW —e*vu'v | &
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o
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(L stat.
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Ol o 0]

* The gqg > WW production cross section is known to O(a2s ) (NNLO), the non-resonant gg sub-process is
known to O(a3s ) (NLO), and the resonant gg - H - W W cross section is calculated to O(a5s) (N3LO) taking
into account the H > W W branching fraction (nNNLO+H)

* alternative prediction, the calculation for the nNNLO+H combination corrected by the acceptance A calculated
using the MC event generator POWHEG-BOX v2 + PYTHIA v8.210 for the gq and resonant gg > H > WW
processes, and SHERPA v2.1.1 for the non-resonant gg process. In this calculation the acceptance factor is
estimated to be A =(16.4 £ 0.9) % where the uncertainty includes the parton shower modelling (taken as the
difference between PYTHIA v8.210 and HERWIG++ showers), PDF uncertainty (estimated as the largest
difference between the CT10 NLO eigenvector uncertainty band and the MSTW2008nlo and NNPDF3.0 PDF
central values), scale uncertainty associated with the jet veto requirement and the residual renormalisation
and factorisation scale uncertainty (estimated by varying the two scales independently by factors of 2 and 0.5)

* The nNNLO+H prediction agrees within uncertainties with the experimental cross-section measurement in the

fiducial phase space.
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Source Vs =7TeV Vs =8TeV
eee eey upe UUU  eee eeyu upe UUU 5 O T1 7 1 ]

Renorm. and fact. scales 13 13 13 13 30 30 30 30 =  ° "R /
PDFs 14 14 14 14 14 14 14 14 ? r MATRIX NNLO 1 I/;
Pileup 03 05 1.0 06 02 04 03 02 o 2Of NP 0 gt =ty 2 Mt A
Lepton and trigger efficiency 29 27 20 14 34 25 25 32 © [ T weoRomedy=p=tmem) P ]
Muon momentum scale — 06 04 11 — 05 08 1.3 k o ]
Electron energy scale 19 08 12 — 14 08 08 — ]
EIT’rliss 37 34 43 37 1.5 15 16 12 ]
ZZ cross section 05 09 06 09 01 01 01 01 ]
Z7y cross section 00 00 01 0.0 02 00 02 00 1
tt and Z+jets 27 65 63 60 46 72 61 77 ]
Other simulated backgrounds 02 02 09 02 1.0 11 11 1.0 §
Total systematic uncertainty 61 78 81 72 70 86 77 92 %
Statistical uncertainty 135 139 131 110 77 72 64 52 14
Integrated luminosity uncertainty 2.2 22 22 22 26 26 26 26

Sample eee eep uue UUU Total

Vs =8TeV; L =19.6fb "

Non-prompt leptons 184+127 320+21.0 544+330 6244377 167.1+5538

77 21+03 24+04 32+05 47 +£0.7 123 £ 1.0

Zey 34+13 04+04 52+1.8 0 91+22

Wo* 0 0 0 28+ 1.0 28+ 1.0

vvv 6.7 +22 8.7+ 28 11.6 £ 3.8 14.8 £5.1 419473

Total background (kag) 30.6 +13.0 4354212 744+333 84.7+381 2332+56.3

Wz 2111+ 1.6 2621 +1.8 346.74+21 4478+24 1267.7 +4.0

Total expected 241.6 £13.1 305.7 £21.3 421.0+33.3 53244382 1500.8 +56.5

Data (Ngps) 258 298 435 568 1559
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