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Announcement*on*July*4,*2012*
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MoEvaEon*

•  Discovery*of*125*GeV*Higgs*
*

–  We*now*move*from*the*era*of*
****searching*to*characterizaEon*
*
–  Thus*far*appears*to*be*SM*like…*
*
*

•  One*of*the*most*important*
characterisEcs*that*remains*to*be*
measured:*
–  The*coupling*between*the*top*quark*and*
the*Higgs*

*
4*4/13/16* Evan*Wolfe******4th*Year*Seminar******



Importance*of*top/Higgs*coupling*
•  Why*is*this*coupling*important?*

–  Top*is*most*massive*fundamental*parEcle*
we*know*of*thus*far.*

*

•  Thus*far*only*indirect*informaEon**
–  LH*provides*a*direct*probe*for*

measurement.*

4/13/16* Evan*Wolfe******4th*Year*Seminar* 5*



The*Large*Hadron*Collider*
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•  27*km*(17*miles)*in*circumference*beamlines*spanning*into*
France*and*Switzerland*located*100*m*underground*

•  1232*dipole*magnets,*392*quadrapole*magnets*
•  13*TeV*collisions*(2015)**

*
*



The*CMS*Detector*
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MulEple*layered*detector*
•  PIXELS:(*66*million*channels*
•  TRACKER:(*10*million*channels*
•  ECAL:*PbWO_4*crystals*75k*channels*
•  HCAL:*Brass/ScinEllator*7k*channels*

***/3.8*T*Solenoid*(2.3*GJ)*
•  MUON((250*DT,*480*RPC)*



ReconstrucEng*Objects*in*CMS*

•  ParEcle*Flow*algorithm*uses*calorimeter*deposits*
and*tracks*to*give*events*parEcle*id*and*descripEon*
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Searching*for*top/Higgs*Coupling*at*CMS:*
Higgs*ProducEon*

•  Main*producEon*
mechanism*at*LHC*
though*gluon/gluon*
fusion*

*
•  Mediated*through*

loop*diagrams*
assuming*SM*

*
•  Doesn’t*allow*direct*

measurement*of*top*
quark*and*Higgs*
coupling*
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Searching*for*top/Higgs*Coupling*at*CMS:*
Higgs*Decays*

•  125*GeV*Higgs*has*highest*
branching*raEo*to*bb*pair*

•  Top/Higgs*coupling*not*
accessible*through*Higgs*decay*

**
•  Best*chance*is*Higgs*producEon*

in*associaEon*with*top/quark*
pair*and*decay*to*bb…*
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Searching*for*top/Higgs*Coupling*at*CMS:*
top*+*Higgs*
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•  CombinaEons*from*both*top*and*Higgs*cause*many*complex*
final*states*and*combinatorial*headaches.*

X(



Searching*for*LH*

•  LH,*H!bb*provides*
direct*measurement*of*
top/Higgs*coupling*
–  Gluon/Gluon*fusion*
–  No*loop*mediaEon*
–  Higgs*decay*to*bb*

*
•  Complex*signature*
with*many*final*states.*
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Searching*for*LH:*Background*
•  Major*background*from*top**pair*

producEon*with*jets*
–  Specifically*b/jets**

•  L*+*bb*events*have*similar*
signatures*to*LH*

*
•  Cross*secEon*of*L+jets*is*HUGE*

compared*to*LH*
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Searching*for*LH:*Decay*Channels*

*
•  For*Higgs*!*bb*
–  Semileptonic(lepton+jets)*
• W*!*l*ν**
• W*!*q*q’*

–  Dilepton*
•  Both*W*!*l*ν**

*
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•  Focused*analysis*on*categorized*events*
according*to*two*specific*final*states*of*the*
W*decays.*

*
*



Semileptonic*Channel*

•  Semileptonic*Events:*
–  Require*each*data*event*passes*either:*

*
–  *exactly*1*lepton(e*or*μ)**

•  Veto*events*with*addiEonal*idenEfed*leptons*to*ensure*no*overlap*
with*dileptonic*events.*

•  Pt*>*25GeV*
•  ΔR*=*0.3*isolaEon*
*

–  At*least*4*jets*among*which*atleast*2*are*b/tagged.*

–  OR*fulfill*boosted*event*selecEon*
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Dileptonic*Channel*
•  Dileptonic*Events:*

–  Require*each*data*event*passes*triggers:*
*

*
*

–  Exactly*2*oppositely*charge*leptons(e*or*μ) **
•  Leading*lepton*pt*>*20GeV*
•  Subleading*lepton*pt*>*15GeV*
•  ΔR*=*0.3*isolaEon*

–  Invariant*mass*of*lepton*pair*>*20*GeV*
–  Events*in*dimuon*and*dielectron*channels:*

•  mll*>*106GeV*or*mll*<*76*GeV*
•  *missing*Et*>*40*GeV*

–  At*least*2*jets*with*pT*>*30GeV*and*|η|*<*2.4*
•  Other*jets*>*20GeV*
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ReconstrucEng*Objects*in*CMS*
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Event*SelecEon*and*ReconstrucEon*
•  Signal*and*Background*both*modeled*

with*Monte*Carlo*
–  LH*Signal*modeled*with*PYTHIA8*
–  L+jets,*LW,LZ,W+jets*modeled*with*

MADGRAPH*

*
•  Objects*reconstructed*with*ParEcle***

Flow*algorithm*for*the*two*channels*
–  Lepton*+*Jets:**

•  e/μ*+*4*jets*
•  ≥2*b/tagged*jets*

–  Dilepton:**
•  Pair*of*oppositely*charged*e/μ*
•  ≥3*jets,*2*b/tagged*jets*
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Boosted*Analysis*

•  Large*fracEon*of*events*at*13TeV*
include*top*quarks*and*Higgs*
bosons*with*pT*≥*200*GeV*
–  Boosted*jet*reconstrucEon*
techniques*favorable*

–  Implements*HEP*Top*Tagger*+*sub/
jet*filtering*

•  Candidates*require:*
–  Exactly*one*selected*lepton*(only*
semi/leptonic)*

–  |η|*<*2.0*
–  No*sharing*of*subjets*between*
hadronic*top*and*Higgs*
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Event*ClassificaEon*
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MulEvariate*Analysis*Techniques**

•  For*idenEfying*LH*signal*amidst*
large*L+jets*background*have*
handful*of*not*so*powerful*
discriminants.*

•  Use*MVA*to*exploit*higher/
dimensional*correlaEons*among*
them.*

•  New*discriminaEng*variable*has*
more*power*in*idenEfying*signal*
than*individual*variables*alone.*

*
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Feeble*1D*Discrim
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Boosted*Decision*Trees*(BDT)*
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•  Each*category*receives*it’s*own*BDT*
–  8*in*lepton*+*jets*channels*
–  5*in*dilepton*channels*
*

•  Training*is*performed*using*MC*samples*for*LH*and*L
+jets*events**
– Weighted*to*yield*equal*events*in*signal*and*background*
*

•  To*prevent*overopEmizaEon*signal*and*background*
events*are*split*in*half*
–  ½*to*train*the*BDT’s*
–  ½*to*test*performance*



Boosted*Decision*Trees*(BDT)*
•  Input*Variables:*

–  Object,*Event*KinemaEcs*
–  CSVv2IVF*b/tag*
–  Event*Shape*

*
–  Boosted*object*and*event*

reconstrucEon*
–  MEM*Discriminant*
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Matrix*Element*Method*(MEM)*

•  Calculates*the*differenEal*probability*
density*of*measuring*a*set*of*
observables*(y)*under*the*hypothesis*
that*the*event*is*generated*by*a*
specific*process*(i)*

•  Provides*separaEon*between*null*
hypothesis*(signal)*and*the*alternaEve*
hypothesis*(background)*

•  Parton*showering*and*detector*
response*simulated*with*transfer*
funcEons*from*simulaEon*(GEANT4)*

*
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BDT*and*MEM:*Final*Discriminants*

•  Final*discriminator*shape*
for*lepton*+*jets*
–  6jets,*≥4*b/tags*shown*right*
*

•  Final*discriminant*outputs*
provide*beLer*separaEon*
than*any*individual*input*
variables*alone.*

*
*
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SystemaEc*UncertainEes*
•  Sources*of*systemaEc*uncertainty*affecEng*event*yields*

(signal*or*background),*discriminant*shape,*or*both.*
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Current*Results*from*13TeV*

•  We*incorporate*BDT*discriminate*shapes*
from*each*category*and*perform*a*
simultaneous*fit*across*all.*

•  Seeing*no*excess,*and*without*sufficient*
sensiEvity*to*probe*the*expected/SM/level*
content,*we*place*upper*limits*

•  2.7*n*/1*of*pp*collision*data*
•  Observed*upper*limit*on*the*LH*producEon*

cross*secEon**
•  Signal*strength*modifier*

–  *μ*=*σ/σSM*

*

μ*=*2.6*at*95%*CL*

4/13/16* Evan*Wolfe******4th*Year*Seminar* 27*



Results*from*8TeV*
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Median*limit*for*mH*=*
125*GeV:*
*

μ*=*5.2*at*95%*
CL*
*
•  Current*upper*limit*has*

decreased*the*upper*limit*
by*a*factor*of*2x*

*



PublicaEons*

Analysis*Note**
***and**

Physics*Analysis*Summary**
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Outlook*for*Run*II*
•  Integrated*luminosity*for*2016*is*esEmated*to*deliver*around*

20n/1*~*30*n/1*of*data.*

•  Crude*esEmated*sensiEvity*by*end*of*2016*yields*a*decrease*
in*the*upper*limit*by*a*factor*of*3!!!*

•  2016*may*just*be*the*year*of*first*observaEon*for*LH!*
*
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Outlook*for*Run*II*

•  New*condiEons*and*improvements*being*implemented:*
–  Triggers*for*high*luminosity*
–  Improved*L+bb*background*modeling*(NLO)*
–  Improved*LH*signal*modeling*

•  AdopEon*of*NLO*event*generator*
–  Higher*purity*b/jet*idenEficaEon*
–  Improved*signal*extracEon*approaches*
–  BeLer*understanding*of*charm*jet*idenEficaEon.*

•  EvaluaEon*of*improvements*ongoing…*

GOAL:*Make*first*observaEon*of*LH*producEon*
at*13TeV*with*Run*II*dataset*at*CMS**
– Provide*first/ever*direct*measurement*of*top/
Higgs*coupling.*
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Summary*

•  LH*is*a*crucial*element*for*the*understanding*
and*characterizaEon*of*the*Higgs*

•  Our*sensiEvity*conEnues*to*improve*and*
analysis*techniques*further*refined.*

•  Possibility*of*the*first*observaEon*of*LH*with*
the*2016*data*sample.*
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BACKUP*

•  BDT*Input*Variables*
–  Object*and*Event*KinemaEcs:*

•  Mass*and*pt*variables*
–  4*highest*transverse*jet*momenta*
–  Scalar*Sum*of*all*jet*transverse*momenta*(HT)*

•  Angular*Variables*
–  ΔR*between*b/tagged*jets,*ΔR*between*lepton*and*closest*jet*
–  Δη*between*b/tagged*jets*

•  Event*ReconstrucEon*related*variables*
–  Best*Higgs*Mass*
–  Median*Invariant*Mass*of*all*combinaEons*of*b/tagged*jet*pairs*
–  Scalar*Sum*of*transverse*momentum*of*all*b/tagged*jets*and*leptons*
–  Invariant*mass*of*3/jet*system*with*largest*tansverse*momentum*where*atleast*2*jets*are*

b/tagged*
–  Centrality*
–  Twist*Angle*

•  CSVv2IVF*b/tag*
•  MEM*Discriminator*

–  Lepton+Jets*uses*as*input*
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Event*Yields:*Semileptonic*

•  Predicted*and*
observed*event*yields*
aÄer*event*selecEon*in*
lepton*+*jets*

*
•  Shows*good*

agreement*with*all*
final*states*across*
subdivided*categories*
–  Number*of*jets*and*
number*of*b/tags**
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Event*Yields:*Dilepton*
•  Predicted*and*observed*event*yields*in*dilepton*events*
•  Again*shows*good*agreement*across*subdivided*

categories*
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Boosted*Analysis:*Hadronic*Top*and*Higgs*

•  Clustering*of*all*decay*products*to*
Fat*Jet*(ΔR*=*1.5)*

*
•  Looks*for*large*decrease*in*

invariant*mass*
*
•  Jet*Grooming*
*
•  Returns*3*subjets*assigned*to*

hadronic*top*decay**
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Lepton*+*Jets*Control*Plots*
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SystemaEc*UncertainEes*
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Boosted*Analysis*

•  Distance*of*decay*products*from*(leÄ)top*going*
hadronic*and*(right)*Higgs*decaying*to*two*b/jets*
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MEM*Discriminant*

•  Lepton*+*Jets*shown*right*
–  6*jets,*4*b/tags*
*

•  Shown*to*be*good*
variable*choice*to*
separate*LH*signal*
from*background*
processes*

*
•  Used*as*input*for*BDT*

in*several*semileptonic*
subcategories*
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Boosted*Analysis*

•  (LeÄ)Number*of*selected*fat*jets*and*pt*of*leading*fat*
jet*
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Boosted*Analysis:*Higgs*

•  Declustering*fat*jets*

•  Find*subjets*from*invariant*mass*

•  Jet*Grooming*

•  Returns*number*of*jets*

4/13/16* Evan*Wolfe******4th*Year*Seminar* 42*



Boosted*Analysis:*Higgs*Discriminator*

•  CSV(B2)*shows*highest*discriminator*value*in*idenEfying*
true*boosted*Higgs*over*fake*candidates.*
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BDT*and*MEM:*Final*Discriminants*

•  In*lepton*+*jets*(semileptonic)*
events*the*BDT*and*MEM*
discriminants*are*combined*

•  Boosted*Category*events*
(both*top*and*Higgs)*
–  BDT*used*as*final*

discriminant*
–  SensiEvity*increases*from*

reduced*combinatorics*in**
reconstructed*objects*from*
both*top*and*Higgs*
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