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What is X  HH   4b  ?
Higgs boson has been found and measured properties are consistent with the Standard Model.
Many new physics models predict significant Higgs pair production rates at high invariant mass.

• New resonances : Kaluza-Klein graviton in Randall-Sundrum framework
• Extended Higgs sectors : 2 Higgs Decay Model (2DHM)

• Owing to the nature of QCD, quarks are never observed as free particles, but are always
found confined within hadrons. 

• However, in high energy collisions it is quarks that are produced, not hadrons.
• As the result of QCD interaction, the strong interaction field between the quarks produce further quarks and antiquarks

through a process called hadronization.

• From hadronization, each quark produced in a collision produces a jet of hadrons
• In general, it is not possible to tell which flavor quark was produced, or even 

whether the jet originated from a quark or gluon.
• However, if a b-quark is produced, the hadronization process will create a jet of

hadrons, one of which will contain the b-quark. 
• The b quarks are relatively long lived with lifetimes of order 1.5 x 10^-12 s



Resolved &Boosted Analysis

• The identification of b-quark jets relies on the ability to resolve 
the secondary vertices from the primary vertex.

• Resolved analysis reconstructs Higgs boson candidates from pairs of 
anti-kT  R = 0.4 jets that are each b-tagged, and offers good efficiency 
over a wide range of PT. Sensitivity is particularly good in the range 
500 <= mx <= 1500 GeV.

• Boosted analysis reconstructs as a single, trimmed anti-kT R = 1.0 jet 
which must be associated with two b-tagged anti-kT R = 0.3 track-jets.

• The use of a smaller R parameter track jets allows for higher PT Higgs 
bosons to be reconstructed.



How data is handled and interpreted

• xAOD = Analysis Object Data
• Athena = reconstruction software
• Data Challenge 2014 (DC14)
• Reprocessing of Run-I data and MC 

with new xAOD EDM 
• Run-II MC with $sqrt{s}$ 13TeV

• Event data
* Data : detector read out, RAW
* reconstructed quantities
* stored in event files
* MC : Monte Carlo generators and 

simulated detector responses 
• Meta data

* “Data about the data”
* Configuration and conditions
* stored in event files or databases



EventLoop algorithm with RootCore implementation



Example Code working-on











SVN package : XhhBoosted
* SVN stands for a subversion repository that facilitates collaborative 
development of software and documents.

* developing package:  XhhBoosted

* can be found through svnweb.cern.ch

root/Institutes/Uchicago/johnda/EventLoopsAlgs/XhhBoosted/trunk

•Look for bumps over QCD

•Key to analysis: good control of calorimeter behavior 

and jet performance at high energies  jet reconstruction



Goals
* Have a working XhhBoosted package ready for analysis with DC14 at 13TeV in preparation 
for Run2. (asap, hopefully end of the week or next week)

* Generate xAOD analysis in ROOT with DC14 at 13TeV

◦ Background estimation : define sideband, signal and control regions

◦ Use control region to predict QCD and ttbar 

◦ Study systematics & uncertainties

* Write up analysis

* Improve on data processing if possible
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