
Pro
eedings of the XXIX PHYSICS IN COLLISION 1Sear
h for the Standard Model Higgs Boson at CMSTommaso Dorigo1 for the CMS 
ollaboration(1) INFN, ItalyAbstra
tThe prospe
ts for the sear
h of the Standard ModelHiggs boson with the CMS experiment at the LHC arepresented. The analyses rely on a full simulation of thedete
tor response and emphasis is put on expli
it strate-gies for the measurement of experimental and ba
k-ground systemati
s from data. The dis
overy rea
h ispresented as a fun
tion of the Higgs boson mass. A new
omplete strategy is presented for the early sear
hes andfor the 
ontrol of systemati
s at very low luminosities ofO(1fb�1).1. Introdu
tionThe Standard Model (SM) requires the existen
e ofa s
alar Higgs boson to break ele
troweak symmetryand provide mass terms to gauge bosons and fermion�elds. Indire
t 
onstraints from radiative 
orre
tionsto ele
troweak observables indi
ate for the Higgs bosonmass the bound MH < 157GeV [1℄, at 95% of Con-�den
e Level (CL). Dire
t 
onstraints from experimen-tal sear
hes at LEP II and Tevatron have determinedthat MH > 114:4GeV , with the ex
lusion of the range160GeV < MH < 170GeV , at 95% CL [2℄.The SM Higgs boson 
an be produ
ed in proton-proton 
ollisions at the Large Hadron Collider (LHC) byseveral di�erent me
hanisms (Fig. 2.). The produ
tionby gluon-gluon fusion is the most frequent, with 
rossse
tions up to several tens of pi
obarns; smaller is theprodu
tion by ve
tor boson fusion (VBF), whi
h how-ever provides a striking signature of two forward quarkjets. The two main produ
tion me
hanisms have beeninvestigated to assess the 
han
es of an early dete
tionof the Higgs boson with the Compa
t Muon Solenoid(CMS) dete
tor [3℄.Sear
hes in three of the main signatures of Higgs pro-du
tion and de
ay are summarized below; these targetthe whole favourable range of MH mass values, with the�rst two extending above 200GeV and the third one
overing the low-mass region of MH < 135GeV :� gg ! H ! WW (�), with the de
ay of both Wbosons to e� or �� pairs;� gg ! H ! ZZ(�), with the de
ay of both Z bosonsto e+e� or �+�� pairs;� qq ! qqH , with a de
ay H ! �� a

ompanied bytwo forward hadroni
 jets.2. The H !WW sear
hThe sear
h for the WW (�) de
ay mode at CMS [4℄ em-ploys events 
ontaining exa
tly two opposite-
harge lep-tons (e or �) with transverse momenta pT > 10GeV andpseudorapidity j�j < 2:5, with at least one of them hav-ing pT > 20GeV . The following additional pre-sele
tion
uts are then applied: a jet veto (NET>15GeVjet = 0), largemissing energy (EmissT > 30GeV ), and a dilepton massabove resonan
es (mll > 12GeV ).Two separate sear
h strategies are studied: a 
ut-based analysis and a Neural-Network-based analysis(NN). In both 
ases the sele
tion is optimized using the
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tion 
ross se
tion in proton-proton 
olli-sions at 14TeV 
entre-of-mass energy, in femtobarns, as afun
tion of MH [5℄. The green 
urve shows the 
ross se
-tion of the gluon-fusion me
hanism, the 
yan 
urve the 
rossse
tion of Higgs produ
tion by ve
tor boson fusion.

Fig. 2. Output of the Neural Network for H ! WW signal(bla
k points) and ba
kgrounds (histograms) for a Higgs bo-son mass of 170GeV . A further optimized 
ut on the NNoutput is used to sele
t the �nal 
andidates.azimuthal angle between the leptons, an upper 
ut onthe dilepton mass, and requirements on lepton momentaand missing energy. The NN analysis uses additionalkinemati
 variables to separate the signal from the mainba
kgrounds (Fig. 2.).The analyses in
lude 
omplete te
hniques to deter-mine ba
kground rates with 
ontrol samples of data. Thetop-pair ba
kground 
an be sized up with events 
ontain-ing two additional jets, while the SM produ
tion ofWWpairs 
an be normalized using data with mll > 115GeV .The modi�ed frequentist CLs method [5℄ is used to
onvert the number of expe
ted signal and ba
kgroundevents into a signi�
an
e of the observable signal, as afun
tion of the Higgs mass. A �rst eviden
e for the Higgsboson is likely a
hievable in 1fb�1 with the WW �nalstate alone in the region of best sensitivity, 155 < MH <180 GeV.
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Fig. 3. E�e
tive 
ross se
tion as a fun
tion of the four-leptoninvariant mass after the signal sele
tion, in the mixed ee��
hannel of the H ! ZZ sear
h. Four di�erent signal distribu-tions (for masses of 130; 150; 200 and 250GeV ) are 
omparedto residual ba
kgrounds. The latter are essentially due to SMZZ produ
tion (in purple) and Zbb produ
tion (in green).3. The H ! ZZ sear
hIn the H ! ZZ(�) sear
h [6℄ events are sele
ted to 
on-tain four 
harged leptons (e+e�e+e�, e+e��+��, or�+���+��), with pair masses mll > 12GeV . To re-move the Zb�b and t�t ba
kgrounds further, CMS uses the
ombined isolation of the two least-isolated leptons, andthe signi�
an
e of their impa
t parameter with respe
t tothe primary vertex. The re
onstru
ted mass of the dilep-ton pairs is requested to lay in the windows [50 � 100℄and [20� 100℄GeV .

Fig. 4. Values of the log-likelihood ratio dis
riminant resultingfrom the 
ombination of the four-lepton �nal states studiedin the sear
h. The dashed bla
k 
urve shows the expe
teddistribution of the dis
riminant in the absen
e of signal as afun
tion of Higgs mass, while the red 
urve shows the observ-able value of the ratio in the presen
e of the Higgs boson.After the sele
tion, ba
kgrounds are almost ex
lusivelydue to SM ZZ(�) produ
tion. The four-body mass pro-vides further dis
rimination, as shown in Fig. 3. Masswindow 
uts allow to obtain a signal-to-noise ratio largerthan 1.0 throughout the 120� 250GeV Higgs mass re-gion 
onsidered in the sear
h.The CLs method allows to estimate the signi�
an
eof the extra
table signal with 1fb�1 of 14TeV 
ollision(Fig. 4.). A sensitivity at the 2� level 
an be obtainedfor favourable mass values.

4. The qqH ! qq�� sear
hA study of the observability of the VBF signature qqH !qq�� , for Higgs masses between 115 and 145GeV , hasbeen performed [7℄ using events 
ontaining one leptoni
� -de
ay 
andidate (� ! e�� or � ! ���), 
olle
ted bya low-pT ele
tron or muon trigger. A se
ond � -lepton
andidate is required to produ
e a narrow ET > 30GeVjet 
ontaining one tra
k with pT > 6GeV within its 
ore.The two forward jets 
hara
teristi
 of VBF pro
essesare used to redu
e ba
kgrounds, mainly 
oming fromQCD multijet produ
tion and Z ! �� de
ays. The massof two forward jets with ET > 30GeV has to ex
eed400GeV , and they must be separated in pseudorapidityby more than 2:5 units.Ba
kgrounds amount to 31:8 events, with 0:6�1:6 ex-pe
ted from the Higgs signal, depending on MH . Thesensitivity of this sear
h 
hannel is found to be insuÆ-
ient to provide an independent eviden
e of the SM Hboson in early LHC data.5. Combination of H ! ZZ, H !WW sear
hesAn additional study was 
arried out for a 
ombinationof the WW and ZZ 
hannels to determine the range ofHiggs boson masses that CMS is likely to ex
lude at 95%C.L. in the absen
e of a signal, using the results of [4℄and [6℄. The 
ombination was performed with both theCLs and a Bayesian method; in general the two methodswere found to agree within 10%, whi
h is also a measureof the typi
al variation in their di�eren
e.Fig. 5. shows the limit whi
h 
an be obtained withluminosity of 1fb�1 at 14TeV together with the resultof 
onsidering a modi�ed s
enario, in whi
h 1fb�1 of
ollisions is produ
ed at the redu
ed energy of 10TeV .
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Fig. 5. Predi
ted limits on H 
ross se
tion in units of �SM asa fun
tion of MH for 1fb�1 at 10 and 14TeV , obtained by
ombining H !WW and H ! ZZ sear
h results.6. A
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