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ELECTROW EAK SYMM ETRY BREAKING W ITHOUT A HIGGS BOSON
AT THE LHC

Sarah A 1w ood-Spiers
On behalfofthe ATLAS and CM S Collaborations
U niversity of G lasgow , G asgow G12 800Q , UK.

W e present two studies nto strong sym m etry breaking scenarios at the LHC . The rstcase is
a study into vector boson scattering at ATLA S. T his uses the fram ew ork of the E lectrow eak
ChiralLagrangian w ith Pade unitarisation togenerate possible signal scenarios. Signals could
be observed w ith an integrated lum inosity of Ldt’ 30 fb '. Secondly a search for the tech—
nirho, tc ,atCM S is presented, w ithin the Technicolour \Straw M an" m odel. 5 discovery
is possible starting from  Ldt’ 41 *.

1 Introduction

It ispossible that the higgs boson does not exist, and that a weakly-coupled m odel is not respon-—
sible for electrow eak sym m etry breaking. A n altemative is that electrow eak sym m etry breaking
results from new strong interactions. Since the G oldstone bosons resulting from spontaneous
sym m etry breaking becom e the longitudinal com ponents of theW and Z bosonsat high energy,
we can probe the electrow eak sym m etry breaking sector by studying vector boson interactions.

Strong electroweak symm etry breaking scenarios can be treated quite generally by an ef-
fective Lagrangian approach, using the E lectroweak Chiral Lagrangian accom panied by som e
unitarity constraints. A study of vector boson scattering using this fram ework at ATLAS is
presented in section [J. Under the m ore speci ¢ Technicolour \Straw M an" m odel, a search for
the technirho, ¢ ,atCM S is presented in section [3.
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2 Electroweak Chiral Lagrangian Studies at ATLA S

The E lectroweak Chiral LagrangjanIII (EW ChL) describes electrow eak Interactions at energies
less than 1 TeV . It is built as an expansion in the G odstone boson m om enta. If it is assum ed
that custodial sym m etry is conserved, there are only two, din ension4, term s that describe the
quartic couplings of the longitudinal vector bosons

L® = a,(Tr(@ UD UY))’+ as(Tr(® UD UY)y (1)

w here the G odstone bosons !5 (a=1,2,3) appear In the group element U = el ), are the
Paulim atrices and v = 246 G €V . Hence the low -energy e ect of the underlying physics in vector
boson scattering is param eterised by the coe cientsa 4 and as.

T he Lagrangian does not respect unitarity. T o extend itsvalidity range to the higher energies
thatwew illbeprobing at the LH C ,a unitarisation procedurem ustbe im posed ,w hich can lead to
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Figure 1: Reconstructed W W m ass for 5 signal scenarios after all cuts.

resonances developing in [as,as ] space. T his isdependent on the chosen unitarisation procedure;
in the work presented here the Pade or Inverse Am plitude m ethod was used 2,

T here have been severalstudies of EW ChL signals in vector boson scattering atATLAS.A 1l
seek to exploit the distinctive characteristics of the vector boson fiision process. T he boson-ooson
centre-ofm ass energy of nterest is 1 TeV , so the bosons have highpr . There are two high
energy forward tag Fts origihating from the quarks that em itted the bosons. Since vector bosons
are colourless, there is no colour connection between the tag quarks and hence no additional
QCD radiation in the central region.

21 WW Scattering: ggd W ! gq% w

An analysisof WW ! 1 gg using the ATLAS fast simulation, ATLFA ST, to sinulate the
e ects of the detector is presented here S F e signal points in [a4, as ] space are chosen ; after
unitarisation these result in a scalar resonance with amassof 1l TeV (A ), a vector resonance of
14 TeV B),avectorof 1.8 TeV (C), a double resonance of a scalar and a vector (D ), and a
continuum scenario (E).This nalno-—resonance scenario is the m ost pessin istic, w ith a cross—
section branching ratio of 13 fb. Pythja5,m odi ed to include the EW ChL, isused to sin ulate
the signaland theW + gts (whereW ! 1 ) and ttbackgrounds.

The leptonically-decaying W is reconstructed from the highestpr lepton and the m iss—
Ing transverse energy, ET i85 ' The lepton 4-m om entum , ET 5 and W m ass constraint yied a
quadratic equation for the z-com ponent of neutrino m om entum , p, . Them ninum p, solution
is chosen because it is closest to the true p, in them aprity of cases. A cutofpr > 320 G &V is
m ade on thisW candidate.

T he hadronically-decaying W is highly boosted and can be identi ed as one or two Fts.
W hen Fts are denti ed using the kr algorithm o , the highestpr Pt is chosen as the hadronic
W candidate. Tt is required to have pr > 320 GeV and amassclose tomy . A further \sub #t"
cut isperform ed. Thekr algorithm is re+run in sub tm ode over the constituents of this gt and
the scale at which the Ft is resolved Into two subjets,yﬂp% , :isfound7. Fora trueW , this scale
is close to m‘f, .A cut requiring 155 < log(pr- yz21) < 20 reduces the W + pts background.

To reduce the ttbackground, a crude reconstruction of tops is perform ed by com bining either
W candidate with any other gt In the event. Events in which the invariantm ass of any of these
com binations is close to m + are refpcted. The two tag Fts are denti ed as the highestpr Fts
forw ard and backw ard oftheW candidates, and required tohaveE > 300G €V and j j> 2. The



pr of the full system should be zero, so eventswith pr W W + tagpts) > 50 G&V are rejpcted.
Finally, events containing m ore than one additional central t with pr > 20 G &V are refcted.

The reconstructed W W m ass after all cuts is shown in  gure[d for the ve chosen signal
scenarios. A JJstgna]s are observable above the W + jts and tt backgrounds w ith an JBt_egrated
Ium nosity of Ldt’ 30 fb !, with the contihuum signalachieving a signi cance ofs= b= 4:7.

2.2 W Z Scattering: qg z ! qgW z

A 1.2 TeV vector resonance in W Z scatteringwith W Z ! Jjll (which has BR = 28 fb)was
nvestigated using AT LFA ST . T he analysis considerations are sin ilar to the above W W study.
although a di erent In plem entation of cuts is chosen. A fter all analysis cuts the only signi cant
background is from Z + jts production: ©or 100 b !, 14 signalevents and 3 background events
are expected in the peak region 8. The reconstructed W 2 m ass is shown in gure[d. A recent
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Figure 2: Reconstructed W 2 mass orW 2z ! jill after all cuts for 300 o *.

study using the AT LA S fulldetector sin ulation veri es this result,and also ndsthat signi cant
signals can be observed with 100 fb ' ntheW Z ! 1 ggmodeand 300 b ' inthew z ! 1 11
mode?. U pdated W W and W Z scattering analysesw illbe presented in the forthcom ingATLA S
\C om puting System Comm issioning" note to be com pleted in summ er 2007.

3 Search for the technirho, tc,atCM S

T he originalm odel of Technicolour (TC ) is a scaled-up version of QCD ; a new set of interac—
tions is ntroduced w ith the sam e physicsasQ CD ,but at an energy scale rtc 200 Gev .The
new strong interaction em erging at the electroweak scale ism ediated by N Tzc 1 techniglions.
E lectrow eak sym m etry breaking results from the form ation of a techniferm ion condensate, pro-
ducing G odstone bosons (the technipions). T hree of the technipions becom e the longitudinal
com ponents of theW  and Z bosons.

To generate ferm ion m asses, \E xtended Technicolour" interactions are introduced, and the
technicolour gauge coupling is required to vary m ore slow Iy as a function of the renomm alisation
scale (it isa \waking" rather than a running coupling). T he result is that m any techniferm ions
are predicted , and the lightest technicolour resonances appearbelow 1 TeV . A cquiring the correct
top quark m ass is a further com plication; this is achieved by TopcolourA ssisted Technicolour.

T he Technicolour \Straw M an" m odel sets the fram ew ork for searching for the lightest bound
states. assum ing that these can be considered in isolation 10 Herewe present a search for the
coloursinglet ¢ in this fram ework using the CM S detector. The analysis Ll onsiders the
channelgg ! ¢ ! W Z forl14 signalpointsin m ( ¢ )m ( 7c )] gpace. T he cleanest decay
mode, tc¢ ! W Z ! 1 llischosen. The BR for these signals range from 1 fo to 370 fb.

Them ah backgroundsarefrom W Z ! 1 llandZZ ! 11,Zb! 1+ X and tt. Allsignals
and backgrounds are generated using Pythia 2. The CM S fast smulation FAMOS is used,
w ith lepton reconstruction e ciencies and resolutions validated against the GEAN T -based full
detector sin ulation.

T he three highestpr leptons (electrons or muons) In the event are selected. M aking ap-
propriate isolation cuts in the initial denti cation of these lepton candidates is im portant in
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Figure 3: (left) Reconstructed r1c mass after all cuts, (right) Sensitivity contours for 5 discovery of rc at
various integrated lum inosities, assum ing the default param eters of the TC Straw M an m odel.

reducing the Zlb and tt backgrounds. The 7 is reconstructed from two same avour oppo—
site sign leptons. The W is reconstructed from the third lepton and E?iss, as explained in
section [2.]].

K Inem atic cutson theW and Z candidates are needed to in prove the signal to background
ratio. TheW and Z candidates are each required to have pr > 30 GeV.A Z mass window
cutof ;3 my j< 3 isparticularly e ective In reducing the tt background. Finally, a cut
on the pseudorapidity di erence between the W and Z of j (Z) W )j< 12 is e ective In
reducing the W Z badckground, although this rem ains the largest background after all cuts as
shown in gure[3(a).

T he expected signal sensitivity is com puted using the sum of the reconstructed 1. mass
spectra for the signal and backgrounds, taking into account the statistical uctuations for
a given integrated lum inosity. Tt is assum ed that the probability density function is G aus-
sian for the signal and exponential for the background. The sensitivity estin ator is given by
S;, = 2h(Lgyps=Ly),where Lg,p, the signal plus background hypothesis, and Lz, the null
hypothesis. The sensitivity is com puted for each signal point and the resulting contour plot
in M (prc );m ( rc )] space is shown in qure[@(@). 5 sensitivities are obtained for integrated
um inosities starting from 3 o !, before accounting for system atic uncertainties. ncliding the
expected system atic uncertainties due to the detector, 5 discovery is possible starting from
4 fo ' ofdata.
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