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Outline of the talk

1) Introdution to Higgs Boson Prodution and Deaymodes2) Motivation for Weak Boson Fusion Channel3) Higgs Channel qq ! qqH ! qqb�b4) Bakgrounds onsidered for the Channelqq ! qqH ! qqb�b5) Proedure6) Analysis



Higgs Prodution Cross-setion
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Higgs prodution modes at LHCIn proton proton ollision at 14 TeV and for MH > 114.4 GeV, Higgs isprodued mostly via1. Gluon fusion� Dominant for all MH� Rate is proportional to top yukawa oupling yt
Ht
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2. Weak Boson Fusion (WBF)� Seond largest rate� Proportional to Vetor Boson oupling VVH
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3. Higgs-strahlung� Third largest rate� Same oupling as WBF
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4. Assoiated prodution� Same initial state as in gg fusion, but higher x range� Proportional to heavy quark yukawa oupling YQ
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Higgs Deay Width
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Higgs Deay width beomes extremely narrow at low Higgs masses, fewMeV at mH� 100 GeV and 1 GeV at mH� 200 GeV. At higher masses,it beomes broad, � > 100 GeV above mH = 600 GeV.



Higgs Branhing Ratio
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Higgs Mass      (GeV)The rapid variation of branhing ratio with Higgs mass making itneessary to have di�erent strategies for the Higgs identi�ationdepending on its mass



Motivation for Weak Boson Fusion

� WBF events ontain additional information in the observable quarkjets. Tehniques like forward jet tagging an be exploited to reduethe bakgrounds� Most important feature of WBF signal is lak of olor exhangebetween initial state quarks. Color oherene between initial and�nal state gluon bremsstrahlung leads to suppressed hadronprodution in the entral region between two tagging jet andidatesof the signal. One an use this feature to isolate signal from thebakgrounds� Depending upon mass of the Higgs, WBF hannel requires lowintegrated luminosity for Higgs disovery as ompared to otherprodution hannels.



Channel:- WBF H! b�b in CMS detetor

j2j1

 bb,

 bb,

φ

 1θ 2θP P



Bakground Considered

1. QCD prodution of b�bjj �nal states.� Here two b quarks alongwith two �nal state light jets are produedwith pbT > 30 GeV and pjT > 60 GeV.2. QCD prodution of jjjj �nal states.� These proesses has the largest prodution ross-setion beause itis a strong interation proess and the gluons are the dominantpartons in the proton at low x values3. Assoiated prodution of Z�=� ! b�b and light jets4. t�t prodution� Top deaying hadronially and �nal states we get is bbjjjj. We anloose two jets either beause they are too forward or beause theyare soft/ollinear.



Proedure
1. Events Generation� Higgs is produed with two bak to bak jets in the forward andbakward rapidity region using ALPGEN generator� ALPGEN donot inlude any form of Hadronisation. Thus, theunweighted events from the ALPGEN are interfaed with Showeringand Hadronisation Algorithm, PYTHIA.� CMKIN-4.3.1 is used to interfae ALPGEN events with PYTHIA2. Detetor Simulation� The generated ntuples are passed to OSCAR-3.6.5 for detetorsimulation� Here the e�et of detetor material to the generated events arestudied.



� The output of OSCAR is SimHits3. Digitisation� The SimHits from the detetor simulation requires some algorithmfor readout.� ORCA-8.7.1 is used for digitisation proess� The Output after this step is Digis4. Reonstrution� The ORCA-8.7.4 reonstrution pakage used is JetMetAnalysis.� This step inludes gathering information from the Monte Carlo anddetetor reonstrution.� Jets are made using Persistent Jet Finder, algorithm used is IterativeCone Algorithm with pT > 30 GeV and the orretion used in jets isMC jet orretion



Jet Multipliity
Number of jets
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Analysis� The four highest transverse energy (ET ) jets are seleted and sortedaording to their rapidity (�). The jet with least and the highest �are treated as tag jets and jets with � in between two tag jets asb-jets. Rapidity of forward tagging jets
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Invariant mass of tag jets
Invariant mass of tag-jets [GeV]
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Rapidity di�erene of forward tagging jets
Absolute value of rapidity difference (j1-j2) 
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Set of Initial uts beomes

for b-jetspbT >30 GeV, �Rbb >0.5, j�bj <2.5for tag-jetspjT >60 GeV, 2:5 < j�jj < 5 �j1:�j2 <0, �Rjj>0.5To redue partiularly QCD bakgroundsj�j1 � �j2j >4.2 Mjj > 1000 GeV



Invariant Mass of forward tagging jets afterapplying seletion uts
Invariant mass of tag-jets [GeV]

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

E
ve

n
ts

 (
lo

g
 s

ca
le

)

1

10

210

Signal

bbjjqcd

jjjjqcd



ET of b-jets and tag-jets with initial uts
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Energy Resolution of Calorimeter

By looking into ET plot of b-jets, it is notied that there are more eventsat the lower ET uto� for reonstruted level than for generator levelshowing thereby that some fake jets are reonstruted. To get rid ofthese fake jets we revise uts by taking into aount the �ET as given by

(�ETET )2 = ( 120pET )2 + (5)2%

Calulating 2� for the ET of b-jets and tag-jets, we getfor ET = 60 GeV, we get 2� � 20 GeV for quark jets& for ET = 30 GeV, we get 2� � 15 GeV for b-jets.



Set of Revised uts beomes

for b-jetspbT >45 GeV, �Rbb >0.5, j�bj <2.5for tag-jetspjT >80 GeV, 2:5 < j�jj < 5 �j1:�j2 <0, �Rjj>0.5To redue partiularly QCD bakgroundsj�j1 � �j2j >4.2 Mjj > 1000 GeV



ET of b-jets and tag-jets with Revised uts
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Invariant Mass of b-jets at ALPGEN + PYTHIAlevel

ALPGEN + PYTHIA
Entries  7286
Mean    141.9
RMS     71.95
Underflow       0
Overflow      293

 / ndf 2χ  192.8 / 37
Prob       0
Constant  4.6�±   218 
Mean      0.1�± 120.1 
Sigma     0.148± 8.672 
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Invariant Mass at Reonstruted level
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Cross-setion

Events Cross-setion(pb)Generator level Reonstruted levelsignal 3.444�10�3 2.473�10�3qdbbjj 4.3161 2.0311qdjjjj 4.3006�10�2 3.8705�10�2t�t 1.336�10�2 6.68 �10�3zjj 2.8222�10�3 1.9171�10�3The numbers are orreted for the b-tagging eÆieny to be 60% (0.6)in ase of the signal events and b-mistagging eÆieny of 1% (0.01) inase of QCD jjjj bakground.



Expeted Number of events with 60fb�1 integratedluminosity.

Events Generator level Reonstruted levelsignal 1:40� 102 1:002� 102qdbbjj 2:589� 105 1:218� 105qdjjjj 2:58� 103 2:32� 103t�t 8:016� 102 4:008� 102zjj 1:69� 102 1:15� 102



Signal to Bakground Ratio

Level (S=pB)Generator level 0.27327Reonstruted level 0.283822

Signal to bakground ratio (S=pB) signi�antly depends onthe b-quark tagging algorithm eÆieny sine majorbakground omes from the proess QCD bbjj & QCD jjjj.We have not yet inorporated b-quark tagging in this analysis



Status & Future plans

� Analysis is submitted as CMS Internal Note� We are in proess of generating large samples � 100kevents for signal & all bakgrounds and use them forfurther analysis using b-tagging.


