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Elektromagnetic Interaction & CC T

s Electromagnetic Interaction (Fermion with charge e)
99

Lom = 5™ - A“— FYufA¥
e R !
/ photon

EM current _
/ weak mixing angle

s Charged Current: V-A structure

g _ _
RS

elem. charge

with e = g sind,, = g'cosd,,

quark mixing

CC for quarks / ;
4 =(rc, E)Vu (1 Vs)Vekm (5)

' b

V-A

KSETA Courses 2016



NC & Selfcoupling 4]

= Neutral Currents NP+ G? . "
Lyc =———Jiz .

with: JiC = frus ) (gv 9A<)f
vector-coupling axial-coupling

= (Igf — 2q/ sin? 19W) g£ = I?{

(Igthird component of isospin, qffermion charge)

» Selfcouplings of gauge bosons: only WWy, WWZ
LWWY — —ie[Au(W_H-VVVV‘F W+u.‘VW )+ W+H'W ]
Lwwz = —ie cotd,, [Z,(W W, — W*“"Wv ) + Z, WHW ]

s +quartic couplings WWWW, WWZZ, WWZy, WWryy
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Cross Section -\3‘("'

= Resonant (s-channel-) production von Z-bosons in e*e~-scattering
= Photon and Z-boson: identical quantum numbers (J° = 17) — interference

= Matrix-element:

e f e f
IM|2 = >m:v < + >m " <
g f =N f

= Cross section: o(e'e” = ff)=0y+0y/z+07

s Vs « mz: photon exchange dominant — simple QED

= s = mz: Z-boson-exchange dominant, photon- and interference-
term negligible

KSETA Courses 2016



Widh of the Z-Resonance

s Z = unstable particle

a finite lifetime
— decaywidth 'z = 1/1;
(,smeared” mass)

= modified propagator
= Decay width

= sum of partial decay widths
(,partial widths™)

a for Vs = mz:

rz=) Tr= )

qg=u,d,s,c,b £=e,u,T
= In leading order:
Grme
_ pgf PRz f\2 fy\2
s = Ng 6v/2n [(Q’v) +(ga) ]

Cross-section (ph)
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Number of light neutrinos T

s Cross section for a fermion f: Breit-Wigner

12 T, T} 5 T2 / => 1 for s = my

Of =5 2 2
m I’ I
L L2 (s—md)2+s2-%
IO mZ
Of

s Compare different cross sections to find I, from I';, and other f

[ ) 12r R}
mvERlpnv:_Z_g_Rg: 5 ()e _3_Rg
[, [, \ msz Op,4

= Divide I';,, by I', derived from theory

=> N, = 2.9840(82)
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Number of neutrinos in pictures KT

v

ALEPH [
DELPHI |/ \
OPAL
¥

|} average measurements, |/
error bars increased | '-.i
by factor 10 J N

i l i i i J i i i I i i i I

86 88 9% 92 94
E_ [GeV

[Phys. Rep. 427 (2006) 257]
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Vs « mz: differential Xsec ST

Vs << m,: photon exchange (pure QED)

helicities: photon = spin 1

Rf‘(.'_é): -'1# Re (Lv): -1‘{
o= % => + - = % = ¢
e > & e e > & e

WL W/

{ {
o ~ (1 + cos9)? o ~ (1 - cos9)?

02
— Nf ]% —(1 + cos? )

d cosﬁ /

# colors charge
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Vs « mz: Angular Distribution

a Before LEP: measurements at

PETRA (DESY) — first
deviations from pure QED

s LEP: y*/Z-interference und Z

central physics topic

sdo/dQ (nb GeV)

PETRA: Vs = 29-35.5 GeV
12
QED: ~ (1 +cos®0)

[Rep. Prog. Phys. 52 (1989) 1329]
T T T s T T T s o
(o5 8

do,./dcos(@) [nbl
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LEP: Vs =mz+ 2 GeV

: DELPHI 93 — 95
+
al efe” > u'u ()
_4".\ Peak 3
L TN 3
N\ / :
Y
D
T
X / N
N
s ~
~ _+;¢v— _+_ /g
A 8
s S B
Y P+2 4% Q1
| T ; =
' "_T::t-f-+ | _+:+"+' _.::;':_
I pop | hptt T
! L | L L | ! L | I L ]
1 —05 0 0.5 1
cos(0,.)
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Asymmetries A{]]

Institut far Technologie

s Generic definition of an asymmetry:

. . X—-Y
Partition a dataset into two parts XY — A =

X+Y

= Why asymmetries?
s Asymmetries = Ratios, not absolute rates

s Backgrounds and systematic effects on numerator/denominator
equal or similar

— Reduction of uncertainties due to cancellations

= Increased sensitivity to small differences
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Differential Cross Section
Angular distribution for Z exchange:
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— 4 hegCitieS (using gr = gy + 9a, 9. = gv — ga)
Of (nenN2( S 2
Teocp~ @0)*(91)(1 + cos D)
do
f e\2 f . 2 Re(Le): Ke (Le): «1{
d cos @ (1) (gR)(l cos d) .- /”7\ = ¢, m>j% =
do 7 7
Of 2 = —
1 9
d cos 6 ~ (9R)° (g )( + cosd) s~f|+m9) O—f(j o> 6)
do
f 2
— =~ (g89)*(9/)(1 — cos )
dO'f 3 > 7
Toosp gaf[(l + cos“9) + 2 A, Af cos v]
f
: g
p (g] ) — (g2, ) . gl /g’ L access ratio (g—?)
f= 2 4
(gL) + (91]'\:) 1 <glj;>
T\ 77
oy _

11
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Forward-Backward-Asymmetry &J(IT

2 }
= DELPHI 93 — 95
a + _- + - /
‘“‘g" 1ﬁ‘ e'e” = Luw () ff
% _#\ .f'ii+_
Y Peak
/2 do B n do 49 S o8l lﬁ
O = —
Jo dcosﬁ n/deOSﬁ ' X
0.6 |
- e
— O-B o +
App = = = —A eAf 04 "3 P+2 4+
R €SO £ & G
0.2 R =T . o
P—2 Biams
0_3 ~05 0 0.5 1
cos(0,.)
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Ars: Results from LEP

LEP-average: Ars for leptons

ALEPH & 0.0173+0.0016
DELPHI | —5—  0.0187+0.0019
L3 —o—  0.0192+0.0024
OPAL —6— 0.0145+0.0017
LEP - 0.0171+0.0010
L common: 0.0003
v’ /DoF = 3.9/3
- [II.I]L% - Il].I]ZI - {II.UZS
Al

AT

Karlsruher Institut fur Technologie

Are separatly for e, g, Tvs. R®

0.022

0.01 +—
20.6

[Phys. Rep. 427 (2006) 257]
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0
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Final State Polarisation

Re (L0): 1
Measure the polarization P e—— ::-@ = ¢!
of the outgoing particles f‘/’ﬂ

6 ~ (! +w9)1

01— OR

PfE

01+ OR

No Initial state polarization at LEP

=> Pr(cos ) =

Af(1+cos® 9)+24, cos ¥

(1+cos? 19)+§AfFB cos ¥

Separate access to A; and A,

Karlsruher Institut fur Technologie

KSETA Courses 2016



Polarisation Measurement =\11
» 7-lepton has self-analyzing decay
T <= T =>
-
< T v‘[ <= - < v‘[ => TC' >
T <= T =>
I o
W=-—=> (7 <= (7 => W= <=
- y - >
- [~ => vy <= o> - v, => [T => g
v -
ﬁl => 13[ <=

» Visible daughter(s) carry larger (smaller)
momentum fraction for right- (left-) handed t-leptons

15 KSETA Courses 2016



Polarisation: Results

events/0.05

[Eur.Phys.J.C20:401-430,2001]
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e, ALEPH
2000 Ly (©)
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Fit for Pwith A, = A, and A, + A,

= test lepton universality

AT
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Z at hadron colliders -\3‘("

+

p/p

a Lepton final states preferred for low backgrounds, precise reco
= Learn about proton structure (See other lecture)

= Unknown Initial state complicates studies of EWK physics
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Weak mixing angle T

s Drell-Yan-Prozess: qqg — y*/Z — ff
= Standard model: relative couplings of fermions to y/Z given by sin? Bfw e

. /f gf
A

s Assumption: differential cross section and PDFs known
— Extraktion von sin? 8w efs

= Tricky: which direction did the quark/antiquark come from?

s Simulatenous maximum-likelihood-fit to

= Myon pair mass M(up)
(= partonic center of mass energy)

= Myon pair rapidity Y

= Myon angle 0*
(Collins-Soper-frame) Proton

= 7 {Golltfred-Jackson)

= z*(Collins-Soper)

/ *z (u-Kanal)
J.-I+
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Weak I\/lemg Angle

Evenis S 01

Events [ OR Gayr

Ewemts [/ 000

i ||
[ ] B5 BO 95 100

-I:HE'I'HI:I & ) '|'T'l|'

& CMS data

— it prajection

.................

alin
. —
& CMS dala

[ — fit projection

& CMS data

— it projection

[20021T (TTOZ) ¥8A Ny "SsAud]

a CMS-results:

AT

Karlsruher Institut

fr Technologie

sin? B'w.eff = 0.2287 + 0.0020 (stat.) + 0.0025 (syst.)

a consistent with LEP- resultat

(SII’]2 wa eff —

= 0.23153 + 0.00016)

= uncertainty: 1.4% ( LEP: 0.07%)

= Systematic uncertainties:

source correction uncertainty
PDFE - +0.0013
FSR - +0.0011
LO model (EWK) - +0.0002
LO model (QCD) +0.0012 +0.0012
resolution and alignment  +0.0007 +0.0013
etficiency and acceptance - +0.0003
background - +0.0001
total +0.0019 +0.0025
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Measuring the W-mass T

s electroweak theory predicts
s Connection of W- and Z-mass by the weak mixing angle

2,2 2
> gV 2 V", o My
my==——, ms=—(g+ — = =1
w 4 zZ=7 (9°+3") £0 m% cos O
s Connection with Top-quarks and Higgs-Boson masses
through loop diagram , i.e. ,self-energy” of W and Z
H b, T
W,z W Wz Wz ’\/\/\/\O\/\/\/\ W,z
W, Z t
~ g In(my/ my) ~ Gg m?
weak dependence strong depen_dence
(logarithmic) (quadratic)
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Measuring the W-mass

= Looking for indirect effect
needs highest precision

s Z-mass: extremely precise
measurements at LEP
(uncertainty: 2-107)

s \W-mass: LEP + Tevatron

s Prediction of Top-quark
mass before discovery

= bounds on allowed Higgs-
boson masses before
discovery

150 - -

S0

Karlsruher Institut fur Technologie

vgl. Tevatron (2012):
m=173.2 £ 0.9 GeV

&

}}E§+ i£

¢ Tevatron
SM constraint -
68% CL

Direct search lower limit (95% CL)

1990 1995 2000 2005
Year

[Phys. Rept. 427 (2006) 257]
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W-pair creation at LEP-II

s LEP-II: passes kinematic

Karlsruher Institut fur Technologie

Threshold for W-boson-pair Cross section: e'e” — W*W-
creation 3 S =T S
= Feynman-diagrams (Born) E
s TGC: yWW und ZWW 20 N
, T t—*

e” W™ e” W™ -
10
Y Z
e W e W

YFSWW/RacoonWW
___.no ZWW vertex (Gentle)

—...only v_ exchange (Gentle)
s Neutrino-exchange 0 160 180 200
et —<—\WWW Js (GeV)
Ve A [arXiv:1302.3415]

e —— VW

22 Teilchephysik 11: W, Z, Top am Collider (4022161) — 3. Vorlesung

KSETA Courses 2016



W-Mass at Hadron-Colliders

s Start the reconstruction with lepton

= [solated leptons with high transverse
momentum — suppress multijet background

s Prototype for many high-pr-analyses at
hadron-colliders

= Additional hadronic activity
— recoil against W

a Observable: transverse mass

7R = (Ef + EYR — (B + 42
~ 2|p7| |P¥| (1 — cos Agy,))

= pP7¥ missing transverse energy in the event
— assumed to represent neutrino

23

e track

isolation cone

P T
[o
.':'r m
1 | IZ
F'"’""; P O
4 U
Al
] .' IZ
N
o
o
©
o
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A=)
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W-Mass at Hadron-Colliders -\3‘("

s Extraction of the W-boson Mass: differential cross sections as
function of pr, pr', mr (different systematic uncertainties)

a Look for edge/flank in the cross section:
Jacobian edge

= W-boson: created approximately at rest — two-body decay

p5 = pY = %sinﬂ, cos Aoy, = —1 — mr=mysiné

do dy/1 — p? do — U

" dcosf du " dcosf 1 — p?

dcosé@
dy

- mr  do do
" P my o du” dcosd
W L cos ¢

— singular forp =1

= Jacobi edge is smeared: finite W boson width (FT'w = 2 GeV)

W boson not exactly at rest
detector resolution effects
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W-Mass at Hadron-Colliders

AT
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205— ldeal: p = mt/mw —
b 1 = Analysis: Likelihood-fit with templates from

: P ; simulations with different W-masses
101 \/1 — ,UrE E . . : .

: |1 = Precision limited by systematic uncertainties:
d3 E parton-densities, lepton energies, ...
Y% 05 1

' M

15000 j— frrﬁlf - h-"-_‘ W — v 10000 -— fﬂ,ﬂ"’\ W ey
3 h N 4 )
o i . yiidof = 58/ 48 E I ,-f y3/dof = 60 / 62
g 1000!]_— v q i ;" \"‘
2 3 S so00f
c o 3 .
& a0l N E | AN

. “ g
N P rr——— N S R S
60 T0 80 90 100 J0 40 S0
m{Lv) (GeV) prle) (GeV)
[Phys. Rev. Lett. 108 (2012) 151803]
25
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Then and Now

AT
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80 5 March 2012 p— L L T
. T T T | = : : 2]
[7]LHC excluded S - 68% and 95% CL contours ] T a7 na Gov. -
1 LEP? dT t — 80.5— I fitw/o M,, and m, measurements i) -- 5=0.76 GeV - —]
an evatron Eg B fit w/o M,,, m and M, measurements || —c=076 @0-50:;.;(39\-’ d
1 - LEP1 and SLD — direct M, and m, measurements ’ ]
80.45 — —
68% CL . .
— — =
= - 0
o 80.4 b
80.4 - 4r
— M, world comb. + 1o = d
. — Mx = 80.385 + 0.015 GeV , -~ —
EE 80.35 |- _ 5
e - HE .
TS 80.3 — —]
_______ //' = : Eq 7
_ ’ : ® f”¢ Lg}b’," :
! e g i o 5
80.3 m, EEVJ / £U- 80.25 _—W:,f{x &*f?"’ W’j?'.ri: fitter|=uls
1 4 . 3/96 |600 1 _-*l"'l | I T ,}"’l L I.."’l' |i E PR T SR SO SR A N NI
155 175 140 150 160 170 180 190
m, [GeV]
m, [GeV]

= Pre-Higgs discovery: use M,, + M,,, to constrain Higgs mass

= Post Hoggs discovery: use My, + My, + M, to constrain
exotic theories that could add more particles to the loops
— very strong limits on supersymmetry
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Resonant Di-Boson Production -\3‘("

g 14

= Typical model: Graviton with w p
extra-dimensionen

= would explain relatively weak
gravitational force

= EWK + QCD confined to
usual 3 dimensions

= Gravitation also progates
In extra-dimension(s)

s ,curled up* extra-dimension
prohibits macroscopic effects
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO13009/BulkGravitonDiagram_WW.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO13009/BulkGravitonDiagram_WW.pdf

Graviton Search -\\-‘("'

CMS,L =49fb 'at\/s =7 TeV
I I I

% 1OE_|_ I I | I | I I I | I I | I I_E
- - O " E
s Semi-leptonic Decay ~ =
. B 15 = ;Zzppv:m?a — g
best compromise c — il '
. S - RS1 G, (M =700GeV, k=0.10) %
of purity/backgrounds T 2
. . -1 —= 8
and branching ratio v E

= ,Merged Decays” for high 102
gravtion masses

N

I|II
400 600 800 1000 1200 1400
m,, [GeV]
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO11102Pub/plot_MZZ_FULL_0b_WithBackground_ELE_log_newLumi_M1200_varbin.png
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO11102Pub/plot_MZZ_FULL_0b_WithBackground_ELE_log_newLumi_M1200_varbin.png
http://dx.doi.org/10.1016/j.physletb.2012.11.063

29

V-tag

= Finding ,fat jets” compatible with W/Z decay
=> |et mass
=> |et substructure

Karlsruher Institut fur Technologie

x10°
0
. = 220 CMS (5.0 fb™)
= Jetmass: 5200 ve-rrev o gusmgedcs
- sum of constituent four-vectors I 180" e aw (15 Tev)
- falling steeply for quark/gluon jets 180t - gwijﬁéﬁié’}’gw
(~ virtuality of outgoing particles) 1207 L R e
- peak at 83/91 GeV for W/Z 10045 2 s
- W/Z hard to separate 60 - HEE:
40 ",-:‘,
20 EU "b"';"-;,u...-\:‘ B

o L PR Re,

%

coc LT e L gy *.. L g
20 40 60 80 100120140 160180200

Jet Mass (GeV)
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO11095/lumi46fb_dataMC_sgbg_ca8jet_norm_m1.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO11095/lumi46fb_dataMC_sgbg_ca8jet_norm_m1.pdf

Jet-Substruktur-Landscape

Matrix=Element

Templates

Shower Deconstruction

[G. Salam, BOOST 2012]

30

AT
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| Jet Declustering |

Seymour93
YSplitter Jet Shapes
@-Dmpﬁ@ ATLASTopTagger
JHTopTagger TW Planar Flow
CMSTopTagger Pruning
Trimming CoM N-subjettiness (Kim) ACF
HEPTopTagger
(+ dipolarity) @jettiness (TvT)
Multi-variate tagger
Qjets

apologies for omitted taggers, arguable links, etc.
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Example: Massdrop + Filter

® Start: fat jet from Cambridge-Aachen-Algorithmus

J2
VRN
. . — b O *
@ L_Jncluste_r jet into SO o\% Od\“
pair of subjets If oL o
significant mass drop TN 09

b
‘‘‘‘‘

OCCUrs Initial jet m! IM* < pgae and Y > Yew
— candidate for jet with substructure

® Re-custering with
smaller R, remove all

= = . . . ARI' J2
particles not caught in hard  Initialjet Ry = min[0.3, =52 ]

" [https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/
subjets  CONENOTES/ATLAS-CONF-2012-066]

Filtered jet
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-065
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-065

Beispiel: N-Subjettiness T

Boosted W Jet R=06

: : 227
average distance to clostest W: 2-jet structure
of N subjet axis s i
/ 180/
M ) W-f; i} . II.
Zprl,: ﬂ"llﬂ{&ﬂn,...,ﬁﬁw} . i Y, . - 16 ~ . |
i=1 | R - = '
'TN — / 1.4 )
M W - : /
/ 12} /
2_Pr,iRo :'
l;=1 ./i'.llu. 1r
: i i AR AN 02 0 02 04 06 08
small if N real subjets exist "
lare otherwise (a) (b)
Boosted QCD Jet R =06
: CD: diffuse/round > IR
=> use ratio 1,/t, Q | o
small for W/Z 1 SN
large for QCD of A . om
- - 9f “ - 59 | -3
s | E o=
¥ a/q 5 Nom
/ |
48t
4 6f )
12 _EJHETDDO%@_&%) o1y 2
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Graviton with boosted W/Z ﬂ("

CMS,L=49fb 'at\'s =7 TeV CMS L=19.7 fb™" at ys = 8 TeV
I I I I I I I I I I I I I I I [ ] I [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [

> 10 I I I I = B I I I I |
()] o Data (ssj 0 btag) E = 0L ® CMS Data (ee HP} | 1
O Background 7] 8 = Background estimation = 5‘
~ s e Madgraph 1k - [ ztjess 1B

- 1a

-g 1 B Wz ::thia — % - [ ] other Backgrounds (tf, VV) 1 B
T B € Madgraph N 1 B 1 [7777] Gy Mg=1TeV, kiMy = 0.5 (x100y5 [
> RS1G,, (M =700Gev,k=0.10) | |2 =
_ % > - 8
L TR 5 1B
10 ERS ! ==
1 R 2 1 =

w - I

— —_— g -

10 = I 10° E

- ] 10° -

107 - E

400 600 800 1000 1200 1400 s o e T = i

m,, [GeV]

m,, [GeV]

But: nothing found yet, looking again at 13TeV
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO11102Pub/plot_MZZ_FULL_0b_WithBackground_ELE_log_newLumi_M1200_varbin.png
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO11102Pub/plot_MZZ_FULL_0b_WithBackground_ELE_log_newLumi_M1200_varbin.png
http://dx.doi.org/10.1016/j.physletb.2012.11.063
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO13009/ZZ_mzz_ELE1JHP_withFit_log.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO13009/ZZ_mzz_ELE1JHP_withFit_log.pdf
http://dx.doi.org/10.1007/JHEP08(2014)174

Anomalous TGC ﬂ("

-

w Y Z Z Y

= Modified couplings caused by physics beyond the SM:
higher cross sections, especially at high V-transverse-momentum
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Anomalous TGC: Lagrange density KT

= Remember: SM only allows WWy and WWZ triple boson vertices

Lywy = —ie[A,(WTHW;H = WHYWT) + F, WHW ]
Lwwz = —ie cotdy, [Z,(W W, — WHYW) + Z,, WHHW ]

s Most general possibe effektive Lagrange density (V = v, Z)
Lol = — igwwy |GY Vo (W= m W — Wi W)+ sy V, WHEW—Y

+ :?2—: Vi W"PWE + ‘;Qgﬁnvﬂﬂ (OPW™H)W*™ — W™ H(oPW* y)) Ve

% W Wi ooV, — 2V W Wi kepeB Y,

+ig{ W, Wy (0" VY + 0¥ V*H) — 0o~ ome, on

= SM: g¥1 = kv = 1, all all other couplings vanish

= C-und P-Erhaltung: gV1, kv # 1, Av # 0, gf = gg kv =Ay=0
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Limits on aTGCs

= Example:

CMS W + W/Z semi-leptonic

= |solated lepton + MET

— leptonic W candidate

= Fat jet with substructure

— hadronic W candidate

a Search for excess at high

diboson Iinvariant masses
— high aTGC contributions

a Extract limits from likelihood

contours In signal+background fit

AT

echnologie
2.3 b’ (13 TeV)
> —
8 3 B CMS ev,WW-category
810" = preliminary ¢ DataW—oev
= - eeees signal CWWW/A2=1 2 TeV?
2 - B W+jets
g 10° Ot
' No excess W wwwz
B Single Top
10 R Background uncertainty
1
10"
il g2F
830
8°-2F
1000 1500 2000 _12500 3000 3500
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alTGC limits

AT

Karlsruher Institut fur Technologie

August 2016 Co e EEL AS .
Fit Value LEP e Channel Limits I Ldt (s
Ax, A WW [-4.3e-02, 4.3e-02] 46f' 7TeV
— WW [-2.5e-02, 2.0e-02] 203 fh"' 8 TeV
F—e— WW [-6.0e-02, 4.6e-02] 194 fb' 8 TeV
l WZ [-1.3e-01, 2.4e-01] 33.6fb' 8,13 TeV
l WV [-9.0e-02, 1.0e-01] 46fp" 7TeV
A WV [-4.3e-02, 3.3e-02] 50fb" 7TeV
—e— LEP Comb. [-7.4e-02,5.1e-02] 0.7fp"' 0.20 TeV
A, E—— WW [-6.2e-02, 5.9e-02] 46fp!" 7TeV
— WW [-1.9e-02,1.9e-02] 203" 8TeV
— WW [-4.8e-02, 4.8e-02] 49fp" 7TeV
—o—] WW [-2.4e-02, 2.4e-02] 19.4fp"' 8TeV
— WZ [-4.6e-02, 4.7e-02] 46f' 7TeV
— WZ [-1.4e-02, 1.3e-02] 336fb"' 8,13 TeV
— WV [-3.9e-02, 4.0e-02] 46fp' 7TeV
— WV [-3.8e-02,3.0e-02] 50f"' 7TeV
e DO Comb. [-3.6e-02,4.4e-02] 86fp' 1.96TeV
—e— LEP Comb. [-5.9e-02, 1.7e-02] 0.7fp"' 0.20 TeV
AG? — WW [-3.9e-02, 5.2e-02] 46f"' 7TeV
! — wWw [-1.6e-02,2.7e-02] 203f"' 8TeV
l WW [-9.5e-02, 9.5e-02] 49" 7TeV
—e— WW [-4.7e-02, 2.2e-02] 194 "' 8TeV
l WZ [-5.7e-02,9.3e-02] 46fp"' 7TeV
— WZ [-1.5e-02, 3.0e-02] 336f"' 8,13 TeV
: | WV [-5.5e-02, 7.1e-02] 46f"' 7TeV
—— DO Comb. [-3.4e-02,8.4e-02] 86fp' 1.96TeV
—e— LEP Comb. [-5.4e-02, %19-02] 0.7 Tb 1 0.20 TeV
| | l | | | | | | | 'TI | | | | | |
0.4 0.2 0 0.4 0.6 0.8
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Triple Boson Production T

Quartic Vertex similar to triple-Vertex

SM: W

- WWWW

- WW-ZZ W

- WHW-Zy ¢

e 177

- 4x neutral forbidden

Problem: ’Y/Z

Cross sections extremely low
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Vector-Boson Scattering

s Study gquartic vertex in vector boson
scattering

a Similar to VBF process In
Higgs boson physics

a Scatftering cross section with longitudinally
polarized bosons not unitary
at high energies

= Regularised in SM by interference with

Higgs boson graphs

W
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Vector-Boson Scattering KT

a Detalled test of the Higgs mechanism

s 2W + 2jet processes ,common®
even without quartic vertex

= Enhance VBS with suitable
selections:
- jets with high dijet-mass
- large difference In rapidity

= Only look at W*-W+"-
=> no gluons in the Initial state

- & e & -
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Quartic Couplings
= Measurement in pp > W*WHj

= Limits on anomalous couplings

pu*jj Candidate Event

m;i=2800 GeV | Ayii|=6.3

Events/50 GeV

T i i

Data/Expected
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10?
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AT

Karlsruher Institut fur Technologie

[Atlas-CONF-2014-013]

ATLAS Preliminary o Data 2012

20.3fb", \s =8 TeV KX Syst. Uncertainty =
W+ W-u Electroweak
W*WHjj Strong
S Prompt

_f Conversions
ﬁ;}( ]

UL

Other non-prompt

o

YY&(YY\’#S(YYYY

Wl
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et +++ | '
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