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Large Hadron Collider

o Large Hadron Collider (LHC) is a proton-proton collider at CERN with a center of mass 
   energy of                
o Four main experiments: ATLAS, CMS, ALICE, LHCb 

√s=13.6TeV

https://cds.cern.ch/record/2800984
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ATLAS

o General purpose detector at the LHC
o Multiple subdetector systems
   o Inner Detector:
      → tracking of charged particles
   o Calorimetry: 
      → measure energy of particles
   o Muon spectrometer 
      → measure minimal ionizing particles
   o Magnet system
      → momentum measurement and charged particle 
           identification

https://cds.cern.ch/record/2859916?ln=de
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di-bjet searches
o B-resonance searches look for new particles decaying into a bb-pair
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di-bjet searches
o B-resonance searches look for new particles decaying into a bb-pair
o Challenging:
    1. Huge amount of QCD background
    2. SM di-bjet events are very common ≈ 50000 events per second
   → exceeds the disk rate available at ATLAS
o HLT output rate is 3kHz → Impossible to store all these events
                                              → You have to bring down the event rate 
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State of the art di-bjet searches
o Common procedures to reduce QCD background 
   and event rate: 



08.09.26 13

State of the art di-bjet searches
o Common procedures to reduce QCD background 
   and event rate: 
   1. Use the lowest single jet trigger possible 
       → jet at HLT with a pT > 400GeV
    
       
       
   
      



08.09.26 14

State of the art di-bjet searches
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State of the art di-bjet searches
o Common procedures to reduce QCD background 
   and event rate: 
   1. Use the lowest single jet trigger possible 
       → jet at HLT with a pT > 400GeV
   2. Use ISR photon or ISR jet in association with dijet 
       production (photon pT>150GeV)
o BARD idea: Can something other than pT                
                        requirements achieve similar results?
                        If yes: The low mass regime becomes 
                                    more accessible
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The idea of BARD
o Can a rare decay trigger suppress QCD while retaining enough signal 
    to observe a resonance? 
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The idea of BARD
o Can a rare decay trigger suppress QCD while retaining enough signal 
    to observe a resonance? 
o ≈ 1% of b-meson decays contain a J/ψ 
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The idea of BARD
o Can a rare decay trigger suppress QCD while retaining enough signal 
    to observe a resonance? 
o ≈ 1% of b-meson decays contain a J/ψ 

o J/ψ decays to μ-μ+ pair with 6% branching fraction each
   → rare but easy-to-tag signal
o suppression of 0.01 * 0.06 ≈ 10^-4 → event rate reduced within 
   acceptable levels
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Proof of principle
o Can we find a known resonance?
o Proof-of-principle: Identify the SM Z above QCD background
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Proof of principle
o Can we find a known resonance?
o Proof-of-principle: Identify the SM Z above QCD background
   
                                                                     Boosted Z→bb analysis from 2014 

https://cds.cern.ch/record/
1697652/files/STDM-2013-04-
ztobb.pdf
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Proof of principle
o Can we find a known resonance?
o Proof-of-principle: Identify the SM Z above QCD background
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BARD triggers
o First step: Identify optimal trigger list
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BARD triggers
o First step: Identify optimal trigger list
o Many different triggers already exist that target dimuon topology
o Trigger acceptance has been studied
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BARD triggers
o First step: Identify optimal trigger list
o Many different triggers already exist that target dimuon topology
o Trigger acceptance has been studied
o correlations between trigger families were analysed
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Monte Carlo samples
o Created Pythia Z sample to simulate Z→bb →[Jpsi→μμ]+X

→ Pythia only LO generator → Madgraph sample work in progress to account for higher orders

https://gitlab.cern.ch/atlas-physics/pmg/mcjoboptions/-/blob/master/802xxx/802929/mc.P8B_A14_Zprime_91_Jpsimumufilter.py?ref_type=heads
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Monte Carlo samples
o Created Pythia Z sample to simulate Z→bb →[Jpsi→μμ]+X

→ Pythia only LO generator → Madgraph sample work in progress to account for higher orders
o Pythia QCD sample to simulate QCD→bb→[Jpsi→μμ]+X
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https://gitlab.cern.ch/atlas-physics/pmg/mcjoboptions/-/blob/master/801xxx/801164/mc.P8B_A14_CTEQ6L1_bb_Jpsi1S_mu6mu4.py?ref_type=heads
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Reconstruction of J/ψ
o Muons with  pT≥4GeV and |η|≤2.7, Identification WP: Loose, Isolation WP: NonIso
o ΔR-method: - Find the muon-pair with the smallest ΔR and d0sig > 3
                          - calculate the sum of their 4-vectors to get J/ψ 4-vector 
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Reconstruction of J/ψ
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Reconstruction of J/ψ
o Muons with  pT≥4GeV and |η|≤2.7, Identification WP: Loose, Isolation WP: NonIso
o ΔR-method: - Find the muon-pair with the smallest ΔR and d0sig > 3
                          - calculate the sum of their 4-vectors to get J/ψ 4-vector 
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Reconstruction of the Z
o Jets with pT≥20GeV and |η|≤2.5 
o Jet with ΔR(J/ψ candidate,jet)<0.4 gets assigned as
o Check that there is a second non-overlapping GN2 b-tagged jet 
    in the event → 

bJ /ψ - jet bGN 2

bGN2 - jet
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Reconstruction of the Z
o Jets with pT≥20GeV and |η|≤2.5
o Jet with ΔR(J/ψ candidate,jet)<0.4 gets assigned as
o Check that there is a second non-overlapping GN2 b-tagged jet 
    in the event → 
o                           not at the position of the Z peak → standard jet 
   reconstruction does not add the muons to the jet

bJ /ψ - jet bGN 2
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Reconstruction of the Z
o Jets with pT≥20GeV and |η|≤2.5
o Jet with ΔR(J/ψ candidate,jet)<0.4 gets assigned as
o Check that there is a second non-overlapping GN2 b-tagged jet 
    in the event → 
o                           not at the position of the Z peak → standard jet 
   reconstruction does not add the muons to the jet
o                           corrected → Add 4-vector of the 
   J/ψ-candidate (di-muon-system) to           
   and recalculate  
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Preliminary sensitivty studies
o Selection: 
    o Event triggered by the J/ψ→μμ trigger family
    o A J/ψ candidate with 3.0GeV < M(J/ψ candidate) < 3.2GeV
    o 1 jet with ΔR(jet,J/ψ candidate)<0.4 
    o An additional GN2 b-tagged jet
    o Number of jets = 2
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Preliminary sensitivty studies
o Selection: 
    o Event triggered by the J/ψ→μμ trigger family
    o A J/ψ candidate with 3.0GeV < M(J/ψ candidate) < 3.2GeV
    o 1 jet with ΔR(jet,J/ψ candidate)<0.4 
    o An additional GN2 b-tagged jet
    o Number of jets = 2
o Very preliminary stat-only sensitivity looks promising
   → modelling uncertainties need to be considered 
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Conclusion
o BARD: B-Resonance Algorithm using rare decays
o Current B-resonances searches limited to high masses because high 
   energetic objects are needed to trigger the event
o BARD is a new approach to trigger these events using a rare but clean 
   B-hadron→J/ψ→μμ decay
o Ongoing proof of principle to identify the Z
   o Trigger acceptance and correlations studied
   o Z signal and QCD background samples created
   o Construction of J/ψ candidate and bb-system set up
   o First sensitivity studies on mass spectrum look promising
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Backup
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ATLAS

o General purpose detector at the LHC
o Multiple subdetector systems
   o Inner Detector:
      → tracking of charged particles
   o Calorimetry: 
      → measure energy of particles
   o Muon spectrometer 
      → measure minimal ionizing particles
   o Magnet system
      → momentum measurement and charged particle 
           identification

https://cds.cern.ch/record/2859916?ln=de
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BARD
o Idea of BARD: Instead of requiring high pT objects at trigger level require a rare but clean b-hadron decay to  
                             trigger the event

o B-meson to Jpsi decay has branching fraction of order 10^-3

o Jpsi → μμ has branching fraction of 6%
           → Signal of two muons is easy to identify

o Rare B-meson to Jpsi decay reduces the event rate within acceptable levels
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BARD triggers
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Data streams in ATLAS
o Trigger system routes accepted events into multiple data streams:
    Main stream, Express stream, delayed streams, calibration streams, ...
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Data streams in ATLAS
o Trigger system routes accepted events into multiple data streams:
    Main stream, Express stream, delayed streams, calibration streams, ...
o Main stream: standard physics analyses and data quality  → event is written to disk and full reconstruction 
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o Delayed stream: specialized data stream (for example for B-physics) → event is written to disk but full 
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Data streams in ATLAS
o Trigger system routes accepted events into multiple data streams:
    Main stream, Express stream, delayed streams, calibration streams, ...
o Main stream: standard physics analyses and data quality  → event is written to disk and full reconstruction 
                            starts basically immediately
o Delayed stream: specialized data stream (for example for B-physics) → event is written to disk but full 
                                 reconstruction is done later when computing resources are free
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Data streams in ATLAS
o Trigger system routes accepted events into multiple data streams:
    Main stream, Express stream, delayed streams, calibration streams, ...
o Main stream: standard physics analyses and data quality  → event is written to disk and full reconstruction 
                            starts basically immediately
o Delayed stream: specialized data stream (for example for B-physics) → event is written to disk but full 
                                 reconstruction is done later when computing resources are free

Important for BARD: Relevant J/ψ→μμ triggers are writing to B-physics 
                                     delayed stream, much more events
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TruthJpsi origin in Z sample
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TruthJpsi origin in QCD sample
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TruthJpsi categories in Z sample
0: both muons have the same TruthJpsi parent 
1: both muons have a TruthJpsi parent but they are actually different TruthJpsi
2: one of the muons has a parent that is not a TruthJpsi
3: both muons have parents that are not TruthJpsi
4: one of the muons does not have a truthmatched Truthparticle
5: both muons do not have a truthmatched Truthparticle
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TruthJpsi categories in QCD sample
0: both muons have the same TruthJpsi parent 
1: both muons have a TruthJpsi parent but they are actually different TruthJpsi
2: one of the muons has a parent that is not a TruthJpsi
3: both muons have parents that are not TruthJpsi
4: one of the muons does not have a truthmatched Truthparticle
5: both muons do not have a truthmatched Truthparticle
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QCD vs Z
o Z difficult to see above QCD background
   → Find selections to improve signal to background ratio
o Useful to quantify discrimination power: Separation

o separation = 0 means signal and background are identical
o separation = 1 means signal and background have no overlap

⟨S2⟩=1
2
∫ ( yS(x)− yB(x))

2

( yS(x)+ yB(x))
dx

yS=signal pdf (Z)

yB=background pdf (QCD)
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QCD vs Z
o Z difficult to see above QCD background
   → Find selections to improve signal to background ratio
o Useful to quantify discrimination power: Separation

o separation = 0 means signal and background are identical
o separation = 1 means signal and background have no overlap

→ Investigated many different variables

⟨S2⟩=1
2
∫ ( yS(x)− yB(x))

2

( yS(x)+ yB(x))
dx

yS=signal pdf (Z)

yB=background pdf (QCD)
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Discriminating variables
o Leading bjet pT/Mbb currently has the best separation of 0.0568
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Discriminating variables
o Leading bjet pT/Mbb currently has the best separation of 0.0568

o Centrality defined as
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cos(θ*) in Collins-Soper frame
o Collins Soper frame is for example defined here: https://arxiv.org/pdf/1606.00689 
o z-axis defined as the bisector of the incoming proton beams in the Z-mass restframe
o calculate  cos(θ*) of boosted b-jet and boosted jpsi-jet with respect to this z-axis    

o https://arxiv.org/pdf/1710.05167 has a direct formula to calculate cos(θ*)
o Usually used for leptons where the charge of the lepton is known
   → Charge not known for jets but can still apply the formula              

https://arxiv.org/pdf/1606.00689
https://arxiv.org/pdf/1710.05167
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Discriminating variables
o Leading bjet pT/Mbb currently has the best separation of 0.0568

o Centrality defined as

o Cos(θ*) usually used for Z→ll measurements but could also be applied here
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Discriminating variables
o Leading bjet pT/Mbb currently has the best separation of 0.0568

o Centrality defined as

o Cos(θ*) usually used for Z→ll measurements but could also be applied here

o Requiring number of jets equal to 2 or that the leading jet in the events i b-tagged reduces the low Mbb 

   contribution → Mbb turn on can be fitted easier
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Trigger naming for L1 Muon
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Muon trigger signatures



08.09.26 59

BLS trigger signatures
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ATLAS muon system
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