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o Test of the Standard
Model: electroweak;
pQCD

o Background to Higgs &
BSM searches

o Anomalous gauge
couplings = new
physics in EW sector
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SM charged TGC; no neutral TGC
BSM modelled by effective

:;‘,fg"e‘_ab”s Lagrangian with anomalous

CCup nes TGC parameters

wEtwT P

Wz H .

e 5 charged couplings:

semileptonic V4 I

W, Wz ‘ 81Kz, Ky, Az; and Ay ‘ Parameters’ accessibility by channel:

W, 2 SM case: aTGC vertex parameters channel
gl =kz=Ky=1 WW-~ Ay, Aky WW, W~y
Az=Xy=0 wwz Az, Akz,Agf  WW, WZ

e _ 2z hZ, hZ 2z

564;@””% 8 neutral couplings: Zyy hg’ hZ Zy

Triboson

. 4
produc- BY hY £V £V with V = Z,~ ‘ ZyZ i, s Zy
i
v - 777 105 f50 yv4
all hY =0in SM
1
0.9 ApF = 2000 G
08 | Ao = 2000 eV, e
. . . . 07}
Amplitudes can violate unitarity — apply =~ 8{5 F 2
form factor to coupling f as [ 5
£V = fo/(1+3/A)" 03] £
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gsIEVSEIJRESNIT i 0 2000 4000 6000 80000
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Selection:

Events / 20GeV

e 2 high-pr isolated leptons (opposite
charge)

e Z-veto to suppress Drell-Yan:
|my — mz| > 15,10 GeV (ee, pup)

miss > 45 45,25 GeV (ee, ept, i)

® ET Rel

gmiss _ [EFISS sinA0, if A® < /2
R = | pai, if A® > /2

e jet veto to suppress top background

ET T T T T
450 ATLAS —— Data
400F _ 1 C Wwwohviv

E I Ldt =461 [ Drell-Yan
3501 Vs =7TeV [ top-quark
300 ; —+— B W-+jets

E i 3 non-WW diboson
250F- ) Lt [
200 i
150F
100E

50F-
%6 100 150 200 250 300

IEEL YT Y N RN FYETE FYTTE FETRY I

350

my(IET™) [GeV]

mr(IlEZSS) in signal region

WHtW~— — 2tuvl— o

Vs=T7TeV, L = 4.6fb L Phys.Rev. D87, 112001 (2013)

Events

T T
—+— Data

O WWopvuy
1 Drell-Yan

[ top-quark

R W-+jets

3 non-WW diboson
D Sstatvsyst

det:AGfb‘
s=7TeV

, E
0 1 2 3 4 5 6 7 8 9
Jet Multiplicity

Background estimates

top data-driven
(b-tagged)
W-jets data-driven (fakes)
Drell-Yan transfer-factor

Drell-Yan control
region
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WtW~— — ¢tuve— o

Vs=T7TeV, L = 4.6fb L Phys.Rev. D87, 112001 (2013)

Measured:

o= 51.9 £ 2.0( stag =+ 3.9(syst) & 2.0(lumi) pb
Theory: o = 44. 7+1 o Pb

Dominated by systematics
(main uncertainty: jet veto efficiency)

Results

events
Top 141430422
W-tjets 9842443
Drell-Yan 51+7+12
Other dibosons 78 +£24+10
Bkg (total) 369431453
Signal expected 824+4+69
Total data 1325
> T T T T T T
§ 600F arias JLat-a6m’ Ns=7Tev
S 500 prrIAes + pata
& 400
w

300

200

100

20 40 60

Limits on charged aTGC for WWZ and

80 100 120 140 160
Leading lepton P [GeV]

WW+~ (LEP scenario)

180 200

95% C.L. limits from WW production

Ly
bt

ATLAS (4.6 b7, A<6 TeV)
ATLAS (4.6 1, A=on)
CMS (36 pb', A=se)

LEP (2.6 )

-1 CDF (36 fb”, A=2 TeV)

DO (1 b, A=2 TeV)
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Anomalous
gauee Backgrounds
AL S Event selection:
Wz 3 high-pr isolated leptons, Z+jets, top: data-driven (fake leptons)
‘2 large EXisSand m%W
semileptonic ge =r U 77, W/Z + ~: from simulation
WW/Wz ! °
Wry, Z~
— r T T T
8 b ATLASPreiminay e Bl
Vector T“_‘N T e
boson 3 +
scattermg Ebg NLO QCD (MCFM, CT10)
e 10k e W pis0am <116 Gev) —|
produc- E — WZ (pp)(@6am,<116 Ge) ] .
tion £ ] Measured total cross section:
L 4 o=
L 1 +0 8 +1 +o 7
P 203357 (stat) 33 (syst) g7 (umi) pb

E <> E Theory- 0=203+08 pb
F o T e hz0 cov) s 1 Dominated by systematics
. 4 CDFWZs Wil L=7.1 b B

L L L L L
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/5 =8TeV, £ = 13fb—!: ATLAS-CONF-2013-021
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5
o 140 ATLAS 4 Data .
H [Lat=46f" Ns=7Tev Csmwz
5 120 [ Bkg
‘‘‘‘‘‘‘ [Cstat + syst ]
100 Ay =0 E
e AK; =0.57 ]
Agf=0.10

Extraction of aTGC limits from

pr(Z) spectrum
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461fb", 2
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Ag Fonmmmnns 1 -+ CDF,\s=1.96 TeV
1 —_———

A,
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ZZ — 4¢

Vs=8TeV. L = 20fb—1: ATLAS-CONF-2013-020
S 2200 T T T T T T T T
é 200 ATLAS:Preliminary - =
[} C H : ]
. @ 180= 1 fDam .
Event selection: = ; ; _— E
4 leptons very clean 5 1600 : ; e
& 00 : : Lat=20f' =
channel = 1400 ; : =
2 %120i . o : \s=8TeV ,:
* 4 isolated leptons 8120 e ]
e combined to 5100 Y IS T E
same-flavor, opposite 8 I

charge pairs
e Z-mass window

2 Sl e i
50 40 60 80 100 120 140 160 180 200 220

Subleading Lepton-Pair Mass [GeV]

Dominant background: W*/Z 4+ X (X = v or jets - misidentified)
Fake estimate (data-driven)

Data events: 305 “vold
Signal yields: Signal expectation: 292.5 +10.6 fo e’;,,
Background expectation: 20.4 + 5.8 channe
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o5 [pb]

10

7 — 4¢

V5 =8TeV, L =20fb~!: ATLAS-CONF-2013-020
Measured total cross section:
7.1t%’_i(stat) =+ 0.3(syst) & 0.2(lumi) pb

. 5 — 70103
Theory: 0 =7.2777 pb
Dominated by statistics

L 1 e s s B s B S ey B

ATLAS Preliminan NLO QCD (MCFM, CT10.0) |
------ 2Z (p) (66<m,<116 GeV) |

—— 77 (pp) (66<m<116 GeV) _|

LHC Data 2012 (1s=8 TeV)
o ATLAS ZZ- Illl (66<m <116 GeV) L=20 fb"
V. CMS ZZ— il {50<mu<120 GeV) L=5.31b™
LHC Data 2011 (\s=7 TeV)
® ATLAS ZZ— lllivv) (66<m <116 GeV) L=4.6 fb”
Y CMS ZZ- Il (60<m <120 GeV) L=5.0fb"
Tevatron (1s=1.96 TeV)
m DO ZZ- Il(I/vv) (60<m <120 GeV) L=8.6 fb”
A CDF ZZ— Il(Iivv) (on-shell) L=6.0 fb"

L

T R N P 1
2 4 6 8 10 12 14
\s [TeV]
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Event selection:

27 — vy

Vs =17TeV, L = 4.6fb~': JHEPO3 (2013) 128

2 leptons: same flavor, in

Z-window
E$"° fraction cut
third lepton veto

2 o02F ATLAS j " POWHEG BOX
o U (57 Tev e Data

= 0.01 . + Stat. Uncertainty
2 0.01 Ldt=46fb == Total Uncertainty
3 ZZ - 1T

2No.01

3

]

Data/MC

500

550 600
pf [GeV]

ATLAS'

T T T

Al — POWHEG BOX
\s=7 TeV ® Data

4 + Stat. Uncertainty

Ldt=46fo == Total Uncertainty

7Z > I'vw

Data/MC

180 200
pf [GeV]
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Anomalous

fﬁ”{’f Combination and limits on neutral aTGC

wz

7z Usin imi TP P e T

o g pT(Z) spectrum for limit 0.027ATLAS ]

WW/WZ extraction :J- Ldt=4.6fb" {s=7 TeV p

W, Z~ L 4

0.01F .

'é ATLAS ; E

visd i | or ]

scattering ft L ]

Triboson L i r ]

ks 'z -0.01- 7
o i -0.021 ZZ 1T (MAV) 95%CL |
¢ | PN TN T TS T TS NN SO s

70806 04 02 0 02 04 -0.02 -0.01 0 0.01 0.02
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Ulrike Schnoor /5 =T7TeV, £ = 4.7fb~1: ATLAS-CONF-2012-157

Semi-leptonic WW/WZ — (vqq’

Anomalous Y v Sa0000f- [Ldt=4.710"
couplings w+ w w+ /< a0t 15=7TeV . Dat
WESYA- U ///<l — 1 gmm; ATLAS Preliminary vaj:ts
xzf\/zz d d 3 14000} [ Multijet
_ b d = —, .
’ ) @ ~ d 120000 Wwwwz, t
sewle\?\fgmc e \<17, i\<i 10000
W, Zvy a000- Wos e+ 2jets
. . ¥2Indf = 51.3/38
+larger branching ratio 6000
—large background from W/Z+jets 000
2000
Vector L
boson % 20 40 60 80 100 120 140 IGgmlB[g \2/]0
scattering . . 7 [Ge
Ee— Event selection:
i . . mi
e one high-pr isolated lepton, EfM'%, Sl AT
. & 180001~ =4.
miss s
I’nT(f7 ET ) Emmo,A’.\l-sA:s?;eVI_ ) liIData
i s reliminary [7] V+jets
2 jets, well separated Sraooof =N,
120000 Wwwwz,
10000
80001 Wos v + 2 jets
2¥indf = 42.7/38
Dominating background W /Z+jets: 00
. 4000
Estimated from data .
(o) s :
DRESDEN 20 40 60 80 100 120 140 ‘GEO’Y“‘J’B[(OSQ\ZI]U
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Ulrike Schnoor /5 =T7TeV, £ = 4.7fb~1: ATLAS-CONF-2012-157

3 sooofJracern A om fit to mj; spectrum —
i R - extract cross section
ol % °°EATLAS Prelimina tissingle-t
Sl 2 E 2y ry e
P i o £ his
&/z " g o0 s A W vz
) z E
b 5000 ‘. Wospv + 2jets
; ; E | 1 . y2indf = 41.4/ 44
semileptonic ao00f- 3
W)Wz Foe X )
Wry, Z 3000 ® * 1000
et %, [Lat=a7m’ Wos I(e, v + 2 jets
2000 B \s=7TeV d
fe o, | 800 .
5 oo © ATLAS Preliminary
.
1000/ -.,..”. ® 600
Vector *%%ecesenes (=] .
boson 50 100 150 200 250 L
scattering o F 400
Triboson = o ++
produc- 2 oo yatpgeretennst s LRIIWH m+ lll 200
tion > E'Y " " Te Y*T? T + + +T 1 I ‘
% -0. 1; o
e 50 100 250
Dijet Mass [GeV] r
200750 100 150 200 250
Dijet Mass [GeV/c?]
Measured:

o =72+ 9 (stat) £ 15 (syst) &= 13 (MCstat) pb
Theory: 0 =63.4+ 2.6 pb Dominated
by systematics (JES)

W/Z resonance observed
with 3.3 ¢
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Ui okEEs? V5 =7TeV, £ = 4.6,fb—L: Phys. Rev. D 87, 112003 (2013)

Three channels: W~ — fvy,

Anomalous Zy = vy, Zy — LTy
couplings
WL wT —
Wz Example here: Z~v — £t4—~
77 (& )u-chiannel (b)t-channel
semileptonic N
WW/Wz q a:
Wry, Zv . q
Z~ — L€~ selection: gfr
two opposite-sign same-flavor TN S r—
Vs leptons, a R L !
boson (¢)FSR. (dl)s-channel
scattering my, cut
Triboson -
Tt isolated ~y
tion

AR(~,£) > 0.7 to suppress
FSR photons

(e)fragmentation (Ffragmentation

probe the non-Abelian SU(2), x U(1)y gauge boson self-couplings

TECHNISCHE
@ UNIVERSITAT
DRESDEN

16/22



Multiboson
production at
ATLAS

Ulrike Schnoor

Multiboson
production
at the LHC
Anomalous
gauge
couplings
wEtwT
wz

/4
semileptonic
WW/WZ
W+, Zvy

Multiboson
production
at 14 TeV
Vector
boson
scattering
Triboson
produc-
tion
Conclusions

Backup

51 fTLAS —e— Data 2011
~ 10* Ldt=46%", 157 TeV .
Z(1T)+7 (SHERPA x 1.
240 Ny 20, E}>15 GeV l:l () ( x
g .
2 10? :
W10
1
10!
102
S14F -
o5 SIS o o .
©|oosE .
0| Qost ) 3
3 20 30 40 100 200 300 7000
. 3
E7 [GeV]

do(pp— |

Wit Gev)

dE]

W+, Zv

Vs=T7TeV, L = 4.6, 1 Phys. Rev. D 87, 112003 (2013)

gomas

aTGC limits extracted from EJ

ATLAS
pp— Iy, pp— VW

95% CL

- ATLAS, Vs =7TeV ===CDF,Vs=196TeV

51", A=15TeV

ATLAS, \s=7TeV == DO, Vs =1.96 TeV
4.61b", A=3TeV

72f", A=15TeV

ATLAS 4 -
1B JLd«=4sib‘
E \s=7TeV pp > ITy L |
[ oot 2011 tetosive) [T it 2011 Brcisive)
—&— SHERPA x 1.0 (Inclusive) —e— SHERPA x 1.0 (Exclusive)
—&— MCFM (inclusive) —=— MCFM (Exclusive) L ™
N . . L 4
o P TS H Ll L1
‘ ‘ ‘ i -0.001 0.001
T T T T T :
. et | Coupling Strength
1
20 30 40 60 100 1000

E! [GeV]
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Vector boson scattering and triboson

production at 14 TeV

ATL-PHYS-PUB-2012-005, ATL-PHYS-PUB-2013-006
Sensitivity of the high-luminosity LHC: (14 Tev, 300...3000 fb~%) to
Vector Boson Scattering and Triboson production
— Expected limits to anomalous quartic gauge couplings

Pile-up increase at higher instantaneous lumi

Backgrounds modelled from MC

Optimization no detailed optimization

Shower & simulation of detector response

Full-simulation samples for

upgraded ATLAS — model pile-up
dependence of efficiencies and

resolutions

light jet rejection

T T T T

™

IP3D+SV1: Truth jets

— <qu>=0
<@>=20

—— q>=40

LT

AT

ATLAS Preliminary
Simulation

a5

(Example:

05 0.55 06 0.65 07 0.
b-tagging efficiency

b-tagging performance vs. pile-up)



Multiboson
production at
ATLAS

Ulrike Schnoor

Multiboson
production

at the LHC
Anomalous
gauge
couplings
wEwF
wz

7z
semileptonic
WW/WZ
Wry, Z~

Multiboson
production
at 14 TeV
Vector
boson
scattering
Triboson
produc-
tion
Conclusions

Backup

TECHNISCHE
@ UNIVERSITAT
DRESDEN

19/22

VBS in WEWTFjj — £vvjj channel

Model Pythia; aQGC parameter as = 0,
vary oy
Background tt, diboson

Selection e 2 different flavor, opposite charge
leptons
® > 2 highpr, forward jets
e large ET'°°

Extraction of limits with templates for the Myjjj MASS (since reconstruction of myyy not possible)

ATLAS Preliminary
(Simulation)

Entries

Upper Limits @ 95% CL
according to lumi:

; uL
lumi oy

300 fb—1 0.066
1000 fb—1  0.025
3000 fb—!  0.016

52 54 56 58 6 62 64 66 6.8
Iogw(mw) [log, (MeV)]
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Sensitivity in ZZ — 4£ channel

MC generator Whizard
Selection e > 2 jets with m(jj) > 1 TeV
® 4 |eptons, divided in two opposite-sign, same-flavor pairs

Ulrike Schnoor

(very clean channel)
Anomalous

gauge
Couplings g ATLAS Preiiminary Wonw 8 iggi ATLAS Preliminary .SM v'v
RS £ (Simulation) £ (Simulation)

V77 | Ldt=30001b" | Nerw 200 Ldt=3000fb" [ INenw
wz hiia 1805 Biaon
7z 160
semileptonic 140
WW/WZ I
Wy, 2o 100)

80

60

40

20
Vector
boson 03 04 0506 05 1 15 2 25 3 35 4 45
e my [TeV] leading m, [TeV]
Triboson
produc- T
proc myg spectrum my; distribution

Tensor singlet resonance with different mass, coupling, and width

mass coupling  width 300 fb—1 3000 fb—!
500 GeV 1.0 2.1 GeV 240 7.50
1 TeV 1.75 50.4 GeV 1.70 550
1 TeV 2.5 102.7 GeV 30 9.40
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MC generator MadGraph 1.5.10
Selection

e 2 photons, well separated

Triboson production at 14 TeV: Z~~

e 2 opposite-charge, same-flavor high-pr leptons in Z-window

e one lepton and one v with pp > 160 GeV (improves aQGC

Anomalous e
gauge sensitivity)
couplings L., X
wEwT Background Z~j, Zjj through jet —~y fake rate
wz .
P allows full reconstruction of & 10p— T T
: : . . = 3 ATLAS E
i’f/’\?\/“c\;i/t;mc Z~~ invariant mass: g 9 Simulation E!
c E imi 1
Wry, Zy < T S 8 Preliminary 3
@ 45 ATLAS Simulation Preliminary 3 = £ el Fi
,5 40E -1 /A*=04TeV* 3 g’ 7N 3000 fb
u_::: -o-sM [} 6 _ " B
35F —e-2yd E E 300 fo E|
Vector 30 3 E 5 E
boson 4 F ]
S 25E J‘Ldt =3000 fb' 4 3
Triboson 20F \s=14TeV 3; E
produc- £
tion 15 ok E
10 £ 1
LS A E
. 0: L L 1 |
4 25 26 27 28 29 3 31 32 33 34 -1 -0.5 0 0.5 1

log10 M(I'Tyy) [GeV]

fr/ A* (Zyy=ITyy) [TeV]

300fb—? 3000 fb—!
5o-significance discovery values: frg/A*  09TeV—4 0.4TeV 4
frg/A* 2.0TeV—4 0.7TeV—4
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Anomalous gauge couplings

SM charged TGC; no neutral TGC

BSM e.g. extended Higgs sector,
additional vector bosons (W’),
Technicolor, etc.

Effective Lagrangian for Triple Gauge Couplings

e SU(2)xU(1) gauge group governs the structure of TGC
o Effective Lagrangian with triple gauge couplings can be constructed

e Amplitudes can violate unitarity — apply form factor to coupling f as
£V = £/ (45

Accounting for gauge invariance, Parameters accessibility by channel:
this reduces to:
5 charged couplings:

’ glz7 Kz, Ky, Az, and Ay ‘ aTGC vertex parameters channel
> WW~ Ay, DKy WW, W~
(ASM case: Ag)l\ = A;Z = Wwz Az, Akz, Agf  WW, WZ
Ky = Az = =0 7
8 ngutral coupli?]gs: %Z’y 73,’ Z‘% gZ
RY, by, £V, £ with V=2 27 2 .
s Mg s Tg 575 wit — Y Z’)’Z f4’9,%’9 Z’y
all hY = 0in SM — fag: fs zz
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TGC: LEP scenario

In order to reduce the number of free TGC parameters, different
scenarios can be used:

Equal couplings scenario: WWZ and WW+ couplings are equal
LEP scenario: Ak = (cos? Oyy/sin? Oy )(Agf — Akz) and Az = Ay
(motivated by SU(2) x U(1) gauge invariance)
HISZ scenario Ag? = Akz/(cos? 0 — sin?0y) ,
Ak~ = 2Akz cos? Oy /(cos? O, — sin0yy), and Az = Ay

Number of free parameters:
2 for “equal couplings” and HISZ scenarios, 3 for LEP’ scenario
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W jet veto for jets with pr > 25GeV, || < 4.5
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Event selection

e Z candidate leptons: |mgy — mz| < 10 GeV
o W lepton: tighter quality requirements

3 high-p isolated leptons, large EiPiSS

o EmIsS> 25GeV, mYY > 20 GeV

Fake estimate

o flat top bg (Chebychev polynomial)
e peak: Z bg (Breit-Wigner & Crystal-Ball

function)

e fit = transfer factor f =

fake €real — €fake

Z+p final state sideband fit in jet-enriched CR

Nsg(MC)

Ncr(MC)

Z+-e final state Matrix method:
tight-cut and loose-cut samples

Ntight € fake (N/ooseerea/ _ Ntight)

WZ - Details
Signal region
events
Y4 56.6+1.6
Z+jets/top 188+8+24
W/Z+~ 3245
Bkg (total) 277+9+24
Signal expected 819435
Total data 1094
% 90, T T T T
F =8TeV [L=13fb" 3
(u-?e 80 +\s e f
N 70 g owz -
3 70- —Fit E%IZ/Z
r +
§ 60 - Z+jets .W+je'2
W gk DOZ+jet
- Top OTop
40 3
30F ATLAS Preliminary
20
10t
57 L L T L 3
?)O 60 70 80 90 100 110 120

m,, [GeV]
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/7 details

e 4 isolated leptons, combined to same-flavor, opposite charge pairs
Electrons isolated, pr> 7 GeV, |n| < 2.47
Muons isolated, pr> 7 GeV, |n| < 2.5

first lepton pp> 25 GeV
combined to form same-flavor, oppositely-charged pairs — Z candidates
66 < my+,— <116 GeV

Background estimate
Dominant background: W*/Z 4+ X (X = v or jets - misidentified)

e Two control regions: /ljj and /llj (inverted isolation requirements for j)

e Scale CR with measured fake factors
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Z7 details Il
Event selection for ZZ in 2 lepton plus MET FS

exactly two leptons of same flavor with 76 < my; < 106 GeV
to reduce WW — (ufv: axial-EXiss > 75 GeV; |EMiss — pZ|/pZ < 0.4
to reduce WZ background: third lepton veto

>10"° T T T T

- IBABARAMAMASaSsEssss aaassnasesnanny e

ATLAS +Data [Iww N ATLAS +Data [DIww B

_ Dz -zzwn r > _ 4 OzeX  WzZofrT o

[Lot-asnor Q2 Bl 2 [la-asmt Qex @z

\Ns =7 TeV -Wy/Wy meal Uncertainty ﬂ>> Ns=7TeV @ Wy/Wy* 3 Total Uncertainty
B zzormw a 8 zzsrw

50 100 150
Axial-ET** [GeV]

0 0102030405060.70809 1
JET=-p2l?

after all selection cuts except the cut on the observable shown

Measured fiducial cross sections at 7 TeV
%ZZ—)E*-Z pio— = 25.4 = 3.3(stat) £ 1.2(syst) & 1.0(lumi)-fb
00 pip—pig— = 29.8E3.8(stat) £ 1.7(syst) & 1.2(/umi) fb
Oz7_spto—vp = 12.7 £ 3.1(stat) & 1.7(syst) £ 0.5(/umi) fb
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exactly 1 e/u
missing Ep
exactly 2 jets

Semileptonic WW/WZ Details

isolated, pt > 25 GeV

>30GeV; mr >40GeV

[n| < 2 and pr > 25GeV
leading jet ppr > 30 GeV
AR(j1,j2) > 0.7, An(j1,j2) <15

AD(ERS j1) >0.8
Backgrounds
W /Z+jets shape: MC,
normalization: data driven
tt, single top MC
diboson, W~ MC
multijets fully data driven
e B

Ww 1250 + 60 1360 £+ 70
Wz 276 + 19 306 + 21
W/Z+tjets (89.5 + 14).10°  (94.2 + 15).10°
top, W, ZZ (42 + 3)-10? (43 £3) -10%
multijet (50+ 15)-10? (39 +£123)-102
total MC (100 + 14)-105 (103 + 15) -10°
total data 100055 103627
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W+, Zv

Vs=17TeV, L = 4.6, 1 Phys. Rev. D 87, 112003 (2013)

Three decay channels: W~y — fvy, Zy — 410~ , Zy — viry

W~v — lvy Zy — 00y

1 lepton pr> 25GeV two opposite sign same-
phoﬁon E; > 15GeV flavor leptons, my; >
EPM95> 35GeV 40 GeV, isolated ~ with

my (¢, ERIs) > 40 GeV EY > 15GeV

AR(~,£) > 0.7 to suppress FSR photons
Dominant background: W/Z + jets

Zy — vy

EY > 100 GeV
Emiss> 90 GeV
AD(ERIsS y) > 2.6
AO(ERISS jet) > 0.4
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W+, Zv

Vs=T7TeV, L = 4.6, 1 Phys. Rev. D 87, 112003 (2013)

Three decay channels: W~y — fvy, Zy — 410~ , Zy — viry
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Utrike Schnoor 3 different models were used:
Whizard
Anomalous e Electroweak Chiral Lagrangian with non-linear EWSB and additional resonances with
Sounlings different masses, couplings (+ widths)
wEw
R ozl fizaim /=0 f=1 I=2
¥4
i\c/rc\i/\c\p\t;mc > = o0 (Higgs) N 80, ¢F, pFE (Higes triplet)
W-, ZA & J= P pT (WNZ)
J=2 0 (KK-graviton) 0, ti, tEE
Xg;;?{ e Unitarization: k-matrix method
scattering
Triboson .
Pythia
Backup e Electroweak chiral Lagrangian with anomalous quartic gauge couplings
(which can be translated into resonances)
e Unitarization: Inverse-Amplitude method (Padé)
MadGraph
QE?EZ%%CT%? o Effective field theory with linear realization of the EWSB

33/22 o Unitarization: “Clipping”
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s Whizard’'s model for generic VBS resonances

Ulrike Schnoor Unitarity

e Without a SM-Higgs,

Anomalous Absolute value of the e .. .
guge physical amplitude unitarity is violated in VBS
wEw WHWH — WHW+ e Introduction of an
wz for different ..
e anomalous couplings / additional resonance or
semileptonic with and without T anomalous coupling can
wWw/wz k-matrix unitarization P . .
Wo. ZA (M. Sekulla (Whizard graduate Ieaﬁ to unitarity violation as
W
student) See also: <
arxiv/hep-ph:0806.4145v1.pdf
Vector . . . .
bostot“ e unitarization using K-MATRIX METHOD:
scattering L .
Triboson projecting the amplitude on the Argand
produc- circle

e implemented in WHIZARD

Backup e on a low-energy theorem amplitude (*), it

acts as infinitely heavy resonance

™) order-E2-term in energy expansion Argand circle

Current status: SM-Higgs terms are being included correctly in the unitarized
ﬂﬁ?&'ﬁ;‘éﬁ'ﬁ? amplitude (Whizard authors currently working on implementation)
DRESDEN
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