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Sarah Allwood-Spiers

O n behalfofthe ATLAS and CM S Collaborations

University ofGlasgow,Glasgow G12 8QQ,UK.

W epresenttwo studiesinto strong sym m etry breaking scenariosattheLHC.The�rstcase is

a study into vectorboson scattering atATLAS.Thisusesthe fram ework ofthe Electroweak

ChiralLagrangian with Pad�eunitarisation to generatepossiblesignalscenarios.Signalscould

beobserved with an integrated lum inosity of
R
Ldt’ 30 fb

� 1
.Secondly a search forthetech-

nirho,�T C ,atCM S ispresented,within the Technicolour\Straw M an" m odel.5� discovery

ispossible starting from
R
Ldt’ 4 fb

� 1
.

1 Introduction

Itispossiblethatthehiggsboson doesnotexist,and thataweakly-coupled m odelisnotrespon-

sibleforelectroweak sym m etry breaking.An alternativeisthatelectroweak sym m etry breaking

results from new strong interactions. Since the G oldstone bosons resulting from spontaneous

sym m etry breaking becom ethelongitudinalcom ponentsoftheW and Z bosonsathigh energy,

we can probethe electroweak sym m etry breaking sectorby studying vectorboson interactions.

Strong electroweak sym m etry breaking scenarios can be treated quite generally by an ef-

fective Lagrangian approach,using the Electroweak ChiralLagrangian accom panied by som e

unitarity constraints. A study ofvector boson scattering using this fram ework at ATLAS is

presented in section 2.Underthe m ore speci�c Technicolour\Straw M an" m odel,a search for

the technirho,�TC ,atCM S ispresented in section 3.

2 Electrow eak C hiralLagrangian Studies at AT LA S

The Electroweak ChiralLagrangian 1 (EW ChL)describeselectroweak interactions atenergies

lessthan 1 TeV.Itisbuiltasan expansion in the G oldstone boson m om enta. Ifitisassum ed

thatcustodialsym m etry isconserved,thereare only two,dim ension-4,term sthatdescribethe

quartic couplingsofthe longitudinalvectorbosons

L
(4) = a4(Tr(D �U D

�
U
y))2 + a5(Tr(D �U D

�
U
y))2 (1)

where the G oldstone bosons!a (a= 1,2,3) appearin the group elem ent U = e(
i
! :�

v
),� are the

Paulim atricesand v = 246 G eV.Hencethelow-energy e�ectoftheunderlyingphysicsin vector

boson scattering isparam eterised by thecoe�cientsa 4 and a5.

TheLagrangian doesnotrespectunitarity.Toextend itsvalidity rangetothehigherenergies

thatwewillbeprobingattheLHC,aunitarisation procedurem ustbeim posed,which can lead to
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Figure 1:Reconstructed W W m assfor5 signalscenariosafterallcuts.

resonancesdevelopingin [a4,a5]space.Thisisdependenton thechosen unitarisation procedure;

in thework presented herethe Pad�e orInverse Am plitudem ethod wasused2.

Therehavebeen severalstudiesofEW ChL signalsin vectorboson scattering atATLAS.All

seek toexploitthedistinctivecharacteristicsofthevectorboson fusion process.Theboson-boson

centre-of-m ass energy ofinterest is � 1 TeV,so the bosons have high-pT. There are two high

energy forward tagjetsoriginatingfrom thequarksthatem itted thebosons.Sincevectorbosons

are colourless,there is no colour connection between the tag quarks and hence no additional

Q CD radiation in thecentralregion.

2.1 W W Scattering: qqW W ! q0q0W W

An analysis of W W ! l�qq using the ATLAS fast sim ulation, ATLFAST,to sim ulate the

e�ectsofthedetectorispresented here3;4.Fivesignalpointsin [a4,a5]spacearechosen;after

unitarisation theseresultin a scalarresonancewith a m assof1 TeV (A),a vectorresonanceof

1.4 TeV (B),a vector of1.8 TeV (C),a double resonance ofa scalar and a vector (D),and a

continuum scenario (E).This�nalno-resonance scenario isthe m ostpessim istic,with a cross-

section� branching ratio of13 fb.Pythia5,m odi�ed to includetheEW ChL,isused to sim ulate

the signaland theW + jets(where W ! l�)and t�tbackgrounds.

The leptonically-decaying W is reconstructed from the highest-pT lepton and the m iss-

ing transverse energy,E m iss
T

. The lepton 4-m om entum ,E m iss
T

and W m ass constraint yield a

quadraticequation forthez-com ponentofneutrino m om entum ,p�
Z
.Them inim um p�

Z
solution

ischosen becauseitisclosestto thetruep�
Z
in them ajority ofcases.A cutofpT > 320 G eV is

m ade on thisW candidate.

The hadronically-decaying W is highly boosted and can be identi�ed as one or two jets.

W hen jetsare identi�ed using the kT algorithm 6,the highest-pT jetischosen asthe hadronic

W candidate.Itisrequired to havepT > 320 G eV and a m asscloseto m W .A further\subjet"

cutisperform ed.ThekT algorithm isre-run in subjetm odeovertheconstituentsofthisjetand

thescaleatwhich thejetisresolved into two subjets,y21p
2
T
,isfound7.Fora trueW ,thisscale

isclose to m 2
W
.A cutrequiring 1:55 < log(pT

p
y21)< 2:0 reducesthe W + jetsbackground.

Toreducethet�tbackground,acrudereconstruction oftopsisperform ed by com biningeither

W candidatewith any otherjetin theevent.Eventsin which theinvariantm assofany ofthese

com binations isclose to m t are rejected. The two tag jetsare identi�ed asthe highest-pT jets

forward and backward oftheW candidates,and required tohaveE > 300G eV and j�j> 2.The



pT ofthe fullsystem should bezero,so eventswith pT(W W + tagjets)> 50 G eV are rejected.

Finally,eventscontaining m ore than oneadditionalcentraljetwith pT > 20 G eV are rejected.

The reconstructed W W m ass after allcuts is shown in �gure 1 for the �ve chosen signal

scenarios. Allsignalsare observable above the W + jetsand t�tbackgroundswith an integrated

lum inosity of
R
Ldt’ 30 fb� 1,with thecontinuum signalachieving a signi�canceofs=

p
b= 4:7.

2.2 W Z Scattering: qqW Z ! q0q0W Z

A 1.2 TeV vectorresonancein W Z scattering with W Z ! jjll(which has�� B R = 2:8 fb)was

investigated using ATLFAST.Theanalysisconsiderationsare sim ilarto the above W W study.

although a di�erentim plem entation ofcutsischosen.Afterallanalysiscutstheonly signi�cant

background isfrom Z+ jetsproduction:for100 fb� 1,14 signaleventsand 3 background events

are expected in the peak region8. The reconstructed W Z m assisshown in �gure 2. A recent

Figure 2:Reconstructed W Z m assforW Z ! jjllafterallcutsfor300 fb� 1.

study usingtheATLAS fulldetectorsim ulation veri�esthisresult,and also�ndsthatsigni�cant

signalscan beobserved with 100 fb� 1 in theW Z ! l�qq m odeand 300 fb� 1 in theW Z ! l�ll

m ode9.Updated W W and W Z scatteringanalyseswillbepresented in theforthcom ingATLAS

\Com puting System Com m issioning" note to becom pleted in sum m er2007.

3 Search for the technirho,�TC ,at C M S

The originalm odelofTechnicolour (TC)is a scaled-up version ofQ CD;a new setofinterac-

tionsisintroduced with thesam ephysicsasQ CD,butatan energy scale�TC � 200 G eV.The

new strong interaction em erging attheelectroweak scale ism ediated by N 2
TC

� 1 technigluons.

Electroweak sym m etry breaking resultsfrom theform ation ofa techniferm ion condensate,pro-

ducing G oldstone bosons(the technipions). Three ofthe technipions becom e the longitudinal

com ponentsoftheW � and Z bosons.

To generate ferm ion m asses,\Extended Technicolour" interactionsare introduced,and the

technicolourgaugecoupling isrequired to vary m oreslowly asa function oftherenorm alisation

scale(itisa \walking" ratherthan a running coupling).Theresultisthatm any techniferm ions

arepredicted,and thelightesttechnicolourresonancesappearbelow 1TeV.Acquiringthecorrect

top quark m assisa furthercom plication;thisisachieved by Topcolour-Assisted Technicolour.

TheTechnicolour\Straw M an"m odelsetsthefram eworkforsearchingforthelightestbound

states. assum ing thatthese can be considered in isolation10.Here we presenta search forthe

colour-singlet �TC in this fram ework using the CM S detector. The analysis11 considers the

channelq�q ! �TC ! W Z for14 signalpointsin [m (�TC ),m (�TC )]space. The cleanest decay

m ode,�TC ! W Z ! l�llischosen.The� � BR forthese signalsrangefrom 1 fb to 370 fb.

Them ain backgroundsarefrom W Z ! l�lland ZZ ! llll,Zb�b! ll+ X and t�t.Allsignals

and backgrounds are generated using Pythia 5. The CM S fast sim ulation FAM O S is used,

with lepton reconstruction e�cienciesand resolutionsvalidated againstthe G EANT-based full

detectorsim ulation.

The three highest-pT leptons (electrons or m uons) in the event are selected. M aking ap-

propriate isolation cuts in the initialidenti�cation ofthese lepton candidates is im portant in



Figure 3: (left) Reconstructed �T C m ass after allcuts,(right) Sensitivity contours for 5� discovery of�T C at

variousintegrated lum inosities,assum ing the defaultparam etersofthe TC Straw M an m odel.

reducing the Zb�b and t�t backgrounds. The Z is reconstructed from two sam e avour oppo-

site sign leptons. The W is reconstructed from the third lepton and E m iss
T ,as explained in

section 2.1.

K inem aticcutson theW and Z candidatesareneeded to im provethesignalto background

ratio. The W and Z candidates are each required to have pT > 30 G eV.A Z m ass window

cutofjm l+ l� � m Z j< 3� isparticularly e�ective in reducing the t�tbackground.Finally,a cut

on the pseudorapidity di�erence between the W and Z ofj�(Z)� �(W )j< 1:2 is e�ective in

reducing the W Z background,although this rem ains the largest background after allcuts as

shown in �gure 3(a).

The expected signalsensitivity is com puted using the sum ofthe reconstructed �TC m ass

spectra for the signal and backgrounds, taking into account the statistical uctuations for

a given integrated lum inosity. It is assum ed that the probability density function is G aus-

sian for the signaland exponentialfor the background. The sensitivity estim ator is given by

SL =
p
2ln(LS+ B=LB),where LS+ B,the signalplus background hypothesis,and LB,the null

hypothesis. The sensitivity is com puted for each signalpoint and the resulting contour plot

in [m (pTC );m (�TC )]space isshown in �gure 3(a). 5� sensitivities are obtained forintegrated

lum inositiesstarting from 3 fb� 1,beforeaccounting forsystem atic uncertainties.Including the

expected system atic uncertainties due to the detector,5� discovery is possible starting from

4 fb� 1 ofdata.
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