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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

  Searches and Measurement of the SM  
  Higgs boson: 

!  Search for H"bb: test for fermionic final state. 
 !  Large$QCD$background$"$Inclusive$H(bb)$produc>on$$
too$challenging$

!
!  Need!to!search!for!H"bb!in!associated!production:!
!  Less$background.$
!  Lower$CrossCsec>on.$
!  Associated$produc>on$with:$
! Vector$boson: $VH(bb)&&&   [PhysRevD.89.012003]&
! Quarks:$ $$$$VBF&H&to&bb&&&[CMS-PAS-HIG-13-011]&
! Top$quarks:$$$$$+H&H&to&bb&&&[CMS-PAS-HIG-13-019] 
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3&Search&Analysis:&
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Z/W + H(bb) 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

Analysis strategy: 
1)&Event&Selec=on&and&Categoriza=on&
$

!  Select$boosted$events$on$Pt$V.$
!  Vector$boson$decaying$leptonically:$

$C$6&channels:$2x$W(lν),$2x$Z(ll),$$Z(νν),$$W(τν)&

!  Categoriza>on$depends$on$Pt&V:$

C  Large$azimuthal$opening$angle,$∆φ(V,H)$
C  Total$of$14$Categories$(e/μ).$

2)&

Improved&mass&resolu=on:&
!  using$mul>variate$(BDT)$jetC

energy$regression.$$
!  Trained$with$ZH$signal$M.C.$
!  validated$with$Z+jets$data.$
$

"&Impact&on&Mjj&spectrum:&

Pt V [GeV] W(lν) W(τv) Z(ll) Z(νν) 
low 100 – 130  

> 120 

50 – 100 
 

100 – 130 
intermediate 130 – 180 130 – 170 
high > 180 > 100 > 170 

Mul=variate&analysis:&BDT$
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Z/W + H(bb) 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

Background:&
$
!  Control$regions$iden>fied$in$data.$$
!  Used$to$validate$the$simula>on$modeling$

of$the$distribu>ons$used$as$input$to$the$
BDT$discriminants$$

!  To$obtain$scale$factors$used$to$adjust$the$
simula>on$event$yield$es>mates$for$the$
most$important$background$processes$$

$
$

!  Cascade$BDT.$
!  Samples$divided$in$four$subsets.$
!  Each$enriched$in:$\,$V+jets,$dibosons,$and$VH$$
!  14&BDT&distribu=ons&are&considered&

!  each$PT$V$categories$
!  Electron/muon$for$Z(ll)$&$W(lν)$

BDT approach 
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Z/W + H(bb): Results 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

!  Excess$of$events$is$observed$above$the$expected$background.$
!  Observa>on$agrees$with$Standard$Model$expecta>on$for$Higgs$boson$@$125$GeV.$

Local$Significance:$

!  Significance:&&
2.1σ$obs.$(2.1σ$exp.)$$

!  Best&fit:&&
μ=1.0±0.5$$
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Channel$
contribu>ng$

more$
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Z/W + H(bb): Cross Check 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

!  valida=on$of$the$mul>variate$approach$$
!  BDT$discriminants$also$trained$to$find&diboson&

signals$(ZZ$and$WZ,$with$Z$→$bb)$

Dibosons$(VZ,$Z"(bb))$analysis:(arXiv:1403.304)$

!  In$agreement$with$expecta>on.$
!  Check$and$measure$of$the$VV$cross$sec>on$
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Mbb$search:$
! more$restric>ve$selec>on$op>mized$for$

sensi>vity$in$this$single$variable$$

!  Higgs$boson$of$mass$125$GeV.$
!  95%$CL$upper$limits$on$σ/σSM$

$Expected:$$1.4$x$SM$
$Observed:$2.0$x$SM$

"&Single&variable&gives&consistent&results&

PHENO 2014 - Pittsburgh 



VBF H(bb) 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

!  VBF&selec=on&&
!  4$jets$
!  Dedicated$trigger:$

!  CMS$L1:$3$jets. 
 !$Only$one$of$the$two$leading$jets$allowed$to$be$$$

forward$$
!  HLT:$four$jets$(one$bCtagged),$one$pair$with$large$mjj$$

Δηjj&
&

!  Use$of$Quark/gluonCjet$tagger$$
 !$Dis>nguish$quarks/gluon$jet$up$to$|η|<4.7$$
!  Reconstruct$VBF$jet$pair$“qq”$$
$ $1.$$Pair$of$least$bCtagged$jets$$
$ $2.$$Largest$pseudorapidity$separa>on.$$

Fully&hadronic&final&state:&

Discriminate&VBF&against&QCD&
&
The$maximum$separa>on$between$the$background$and$the$signal$is$achieved$by$employing$
mul>variate$techniques$that$take$into$account$not$only$the$distribu>ons$of$various$
discrimina>ng$variables,$but$also$their$correla>ons.$$
&
The$mul>variate$method$used$in$this$search$is$an$ANN$implemented$in$the$TMVA$$
&
&$
1.$$
2.$3.$4.$$
Kinema>cs$of$qq$pair$!!$E.g.$Δηqq,$mqq$$
BCtag$discriminant$values$$
Quark/gluon$discriminator$$
Addi>onal$hadronic$ac>vity$$
!!$HTsow:$scalar$sum$of$addi>onal$tracks$!!$Track$pT$>$1$GeV$
!!$Removing$tracks$from$signal$jets$!!$Excluding$region$between$bCtagged$jets$$
$
$

!  Discriminate$VBF$against$QCD$
!  ANN:$MVA$considering$distribu>ons$and$

correla>on$of$various$discrimina>ng$variables.$
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VBF H(bb) 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

Categoriza>on$according$to$neural$net$output:$
$

!  No$kinema>c$informa>on$of$bCtagged$jets$$
$

 !$Minimal&correla=on$with$M(bb)$$
$
$

"$Use&M(bb)&to&extract&signal:&
!  In$the$4$categories$
!  BCjet$energy$regression$to$improve$

resolu>on.$$$(same$as$VH$analysis)$$

Measurement&Strategy:&
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VBF H(bb): Cross-check & Results 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

!  Limit&at&125&GeV:&
!  Observed:$3.6&x$SM$ 
!  Expected$3.0&x$SM$$

!  Best&fit:&$μ$=$0.7&±&1.4$$

Cross`check&

Results:&

:$Search$for$Z"bb$peak$in$the$m(bb)$spectrum.$

!  Same$event$preCselec>on.$
!  Same$fiyng$procedure.$
!  Result$in$agreement$with$the$expecta>ons:$

$C$observed$(expected)$significance:$8.0$(6.8)$
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Less&sensi=vity&than&the&VH&channels&

!  Limit&at&125&GeV:&
!  Observed:$3.6&x$SM$ 
!  Expected$3.0&x$SM$$

!  Significance: 
!  Observed:$0.5$σ$ 
!  Expected:$0.7$σ$$

!  Best&fit:&$μ$=$0.7&±&1.4$$

Results:&
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TTH H"bb 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

!  Use$of$$Boosted$Decision$Tree:$
!  Trained$separetely$in$each$categories.$
!  Object$kinema>c,$event$shape,$CSV$bCtag.$
!  Up$to$10$variables$used$(depends$on$cat.).$

tt̄$$$$$$$system$considered$decay$channels:$1C2$leptons$
$

!  Categoriza=on$depends$on$$
!  number$of$jets$
!  number$of$bCtagged$jets$

$

!  SemiCleptonic:$7bins$(4$jetsC3b’s$to$6$jetsC2b’s)$
!  Dileptonic:$3&bins$(3jetsC2b’s$C$≥4$jetsC2b’s$C$≥3b’s)$

$$

Analysis strategy: 

5/05/14    Arnaud Pin PHENO 2014 - Pittsburgh 



TTH H"bb 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

BDT&and&Results&

Limits:$$
$on$σ/σSM$for$SM$Higgs$of$mH$=125GeV$at$95%Cl$
$extracted$from$the$BDT$output$

Dataset:$ $$$5.0$~C1$(@$7$TeV$–$2011)$
$ $ $19.5$~C1$(@$8$TeV$–$2012)$

mH&=&125&GeV&
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H" bb Summary 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

! CMS Collaboration performed searches for a Standard Model 
Higgs boson decaying in a bottom quark pair. 

CMS:&H"bb&in&VH&with&significance&of&2.1σ&(2.1σ&exp.)&&
&

& & &&

H"bb&is&doable&at&the&LHC&and&&
we&look&forward&towards&measuring&this&decay&unequivocally&
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! Three production modes investigated: 

! Associate production with vector boson (WH / ZH). 
"  Most sensitive analysis 
[PhysRevD.89.012003] (5.0 + 19.5 fb-1)  

! Higgs production by vector boson fusion. 
[CMS-PAS-HIG-13-011] (19.5 fb-1)  

! Associate production with top quark pair. 
 [CMS-PAS-HIG-13-019] (5.0 + 19.5 fb-1) and [10.1007/JHEP05(2013)145] (5.0 + 5.1 fb-1) 

$
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H" bb 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

Thank&you&
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Next&round&with&&LHC&run&II&…&
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

Backup$
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WH / ZH 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

Event&Selec=on&for&VH&analysis&
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WH / ZH 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

VH&analysis:&BDT&variables&
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Z/W + H(bb): Sources of systematic uncertainties 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 

For&the&BDT&analysis:&

! Dominant$systema>c$uncertain>es:$
!  &b`tagging.&&
!  MC&sta=s=c.&
!  Background$measured$in$the$control$regions.$
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Z/W + H(bb): Regression data validation 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 
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Distribu>on$of$the$ra>o$between$the$pT(jj)$and$
the$pT$of$the$dilepton$system$on$data$versus$
MC.$

before$regression$

Awer$regression$
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VBF 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 
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VBF&systema=cs&
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VBF 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 
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VBF&Event&yields&

Expected$number$of$events$in$the$mbb$interval$[70,250GeV],$in$each$
ANN$output$category.$
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TTH 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 
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+h&BDT&variables&
Per&categories.&
&
Lepton+jets&

Event$variables$used$in$
addi>onal$\bb/\H$BDTs$
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TTH 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 
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+h&BDT&variables&
Per&categories.&
&

Dilepton&
$
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TTH 
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Search for the Standard Model Higgs boson decaying into a bottom quark pair. 
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+H&expected&Event&Yields&

L+&jets&

Dilepton&
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