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Introduction

Broad aim: We want to measure beauty production cross-sections with hadronic final
states, e.g.:

σ(pp→B±X) =
N ±

L×B(B± →D0π± )×B(D0 →K ± π∓ )× ϵtot

▶ N ± is the total number of signal events

▶ L is the integrated luminosity

▶ B(B± →D0π± ) and B(D0 →K ± π∓ ) are branching ratios

▶ ϵtot is the total efficiency
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Efficiencies

The total efficiency has a number of inputs:

ϵtot = ϵacc ×RPID ×Rtrack+reco × ϵHLT1 × ϵHLT2 × ϵsel × ϵGEC

▶ ϵacc is the fraction of signal with all final-state particles within the fiducial region of
the detector acceptance

▶ RPID is ratio of PID efficiencies of data compared to MC

▶ Rtrack+reco is the ratio of tracking efficiencies of data compared to MC

▶ ϵHLT1 is the efficiency of HLT1

▶ ϵHLT2 is the efficiency of HLT2

▶ ϵsel is the efficiency of the offline selection

▶ ϵGEC is the Global Event Cut efficiency
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Calculating Acceptance (Generator) Efficiencies

▶ Acceptance efficiency is the proportion of events that lie within LHCb’s detector
acceptance.

▶ These requirements, known as Daughters in LHCb or (DecProdCut) are:
▶ Daughter particles in range 0.01 (0.05) < θ < 0.4 for charged (neutral) particles
▶ All daughters moving in the same direction (product of PZ of pairs of daughters is

positive)

▶ To do this, we want to simulate a load of particle events (not applying this cut)
and then count how many obey the requirements

▶ LHCb simulation software is known as Gauss

▶ Example options found here
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https://gitlab.cern.ch/lhcb/Gauss
https://gitlab.cern.ch/lhcb-b2oc/analyses/b2dx-early-measurements/-/tree/master/acceptance_efficiencies
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Removing DecProdCut

▶ Tutorials on general use of Gauss can be found here

▶ Go to Gen/DecFile/dkfiles and copy appropriate .dec file

Decfiles package explained further here
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https://lhcb.github.io/starterkit-lessons/second-analysis-steps/simulation.html
http://lhcbdoc.web.cern.ch/lhcbdoc/decfiles/
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Removing DecProdCut

▶ Go to Gen/DecFile/options and copy {PARTICLE ID}.py
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Inputs: Acceptance (Generator) Efficiency
▶ Run with options file like this:
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Calculating Generator Efficiencies

▶ Run Gauss with the previous options

▶ Convert output xgen to ntuple (using options file such as this)

▶ Apply DecProdCut selections in analysis script
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https://gitlab.cern.ch/lhcb-b2oc/analyses/b2dx-early-measurements/-/tree/master/tupleResults
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Calculating HLT Efficiencies

Our procedure:

▶ MC simulation of our signal modes have been made and can be found on the
bookkeeping at ’/MC/Upgrade/Beam7000GeV-Upgrade-MagDown-Nu7.6-25ns-
Pythia8/Sim10-Up08/11264001,11264011,12163001,13264021,15364010/XDIGI’

▶ Obtain ”raw” sample by ntupling straight from xdigi. Example DaVinci options here

▶ Run HLT1 in passthrough followed by HLT2 (both in Moore) and make ntuple
DaVinci

▶ Can apply HLT1 decsisions in analysis script after ntupling

▶ We find HLT1 efficiency relative to HLT2 - TOS efficiencies for HLT1 and HLT2
now possible with HltEfficiencyChecker link
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https://gitlab.cern.ch/lhcb-b2oc/analyses/b2dx-early-measurements/-/tree/master/tupleResults
https://gitlab.cern.ch/lhcb/Moore
https://gitlab.cern.ch/lhcb/DaVinci
https://indico.cern.ch/event/1083211/contributions/4555235/attachments/2325005/3960012/HltEffChecker_RTAGeneral_081021.pdf
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HLT1 in Passthrough

HLT1 Passthrough line exists in default Allen configuration and HLT1 will run in
passthrough by default.

Moore tutorial found here
Example options files and instructions on how to run can be found here
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https://lhcbdoc.web.cern.ch/lhcbdoc/moore/master/tutorials/running.html
https://gitlab.cern.ch/lhcb-b2oc/analyses/b2dx-early-measurements/-/tree/master/trigger_studies
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Persisting Trigger Decisions

Moore/Hlt/Hlt2Conf/options/hlt2 integration test.py:

ntuple options <mode> HLT1 passthrough.py:
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Persisting Trigger Decisions

ntuple options <mode> HLT1 passthrough.py::
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Persisting Trigger Decisions

ntuple options <mode> HLT1 passthrough.py::
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HLT Efficiencies Status

▶ Recently held up by a segmentation violation in Allen (see here)

▶ This was eventually fixed by Allen!775

▶ Inclusion of RetinaClusters will becoming new default for xdigi files in order to run
successfully with Moore.
▶ RetinaClusters can be added to xdigi files following instructions here.
▶ Explanation of how to run without adding RetinaClusters to be added to Allen

documentation.
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https://gitlab.cern.ch/lhcb/Moore/-/issues/377
https://gitlab.cern.ch/lhcb/Allen/-/merge_requests/775
https://allen-doc.docs.cern.ch/setup/input_files.html##how-to-add-retinaclusters-to-existing-digi-files
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Estimating Signal Yields Example

▶ Binned differential cross-sections for pp→B+X taken from LHCb-ANA-2016-005

▶ Assume L = 100pb−1 and multiply by this

▶ Multiply by B(B± →D0π± ) = (4.68± 0.13)× 10−3 and B(D0 →K ± π∓ ) =
(3.95± 0.031)× 10−2

▶ Multiply by binned acceptance and HLT efficiencies
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https://twiki.cern.ch/twiki/pub/LHCbPhysics/BplusJpsiK/LHCb_Bu2JpsiK_Xsec_v1.0.pdf
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Estimated B+→ (D0→K+π−)π+ Signal Yields
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PID Efficiencies

Will have multiple PID (DLL) cuts on each final state track

▶ Multiple options explored to determine efficiencies of these cuts
▶ PIDGen2/PIDCorr not suitable as control of systematics associated with kernel

width/templating less reliable
▶ Cross-sections will be systematically limited

▶ Move forward with PIDCalib2

Investigated several options within PIDCalib2

▶ Would rather not have to re-create HLT2 lines and selections with PID cuts
removed
▶ Correction histograms that give the ratio between data and MC PID response to

correct MC after PID cuts have been made

▶ Cross-section measurements are performed in bins of pT and η
▶ Instead of using sWeighted calibration data (nominal PIDCalib2 method) do

separate fits in bins of pT and η - simple cut and count method
▶ Removes problem that signal and background shapes in the calibration samples are

correlated with kinematics of the track = no systematic for sWeighting
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https://gitlab.cern.ch/lhcb-rta/pidcalib2/-/merge_requests/13
https://gitlab.cern.ch/lhcb-rta/pidcalib-developments/-/blob/master/massfits/dstar2dpi_fit_and_count.py
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HLT2 Line Update

Rates calculated using 150,000 input HLT1 filtered minbias events.
All lines well below 100 Hz.
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Fitting

▶ We are using PhysFit/B2DXFitters package (a part of Urania), a common ROOT
based tool to study B→DX transitions.

▶ Verified during Run1 and Run2 in +10 physics analyses.

▶ Setup instructions: link, MDFit tutorial: link.
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https://gitlab.cern.ch/lhcb/Urania
https://twiki.cern.ch/twiki/bin/view/LHCbPhysics/B2OCTD_B2DXFitters
https://twiki.cern.ch/twiki/bin/view/LHCbPhysics/B2DXFitters_tutorial
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Fitting

▶ Small extensions needed for effective fitting in η, pT bins.

▶ All modes: B+ →D0π, B0 →D−π+/K, B0
s →D−

s π
+, Λ0

b →Λ+
c π

− available
within one package sharing most of the code.

▶ User side: setting up configuration files.

▶ Basic workflow:
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What are we doing now?

Two ways for Run3 data preparation:

▶ study Run2 data,

▶ perform large scale toys.

Study Run2 data: signal resolution dependence in η, pT .
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What are we doing now?
Large scale toys studies.

▶ Generate and fit back a large scale of samples.

▶ Comment: no code sharing between generation and fitting, which increase
robustness of studies.

▶ Check if model unbiased with limited statistic of 1000 signal candidates.
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Correlated > 15% with:
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See here for example snakefile and instructions on pull studies
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https://gitlab.cern.ch/lhcb-b2oc/analyses/b2oc-Lb2Dsp-R1R2/-/tree/mgiza-pulls-snakefile/toys
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Conclusions

Presented the different pieces of software and techniques used so far in our analysis

▶ Simulation using Gauss with DecProdCut removed

▶ Trigger selection using Moore, with HLT1 in passthrough and trigger decisions
persisted

▶ Fitting using Urania’s PhysFit/B2DXFitter
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