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R(K ∗) Measurement in ATLAS [ ANA-BPHY-2019-16 ]

R(K ∗): Both theoretically and
experimentally clean precision test of
the Standard Model (SM).

B 0 → K ∗0ℓ+ℓ− proceeds via the FCNC
b → sℓ+ℓ−. Allowed only at the loop
level in the SM + CKM suppressed.

The measurement is made possible in
ATLAS due to the “unseeded” electron
triggers introduced in 2018.

Reference: [ ATL-DAQ-PUB-2019-001 ]

Use of ML (BDTs and GNNs) for event
selection to reject the large background
at low-pT – particularly in the
electron channel.

R(K ∗) = B(B → K ∗𝜇𝜇)
B(B → K ∗ee)
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Analysis Workflow, Step 1: NTuple Production

AODs
DAODs

BPHY1[2,8]
NTuples

Actually, Step 0: AOD → DAOD...

Not “just” thinning/slimming/skimming.

Creating a B-vertex container by fitting 2 leptons + 2 tracks to a common vertex.

Technically, not end-user analysis. However, each BPHYxx is
decay-topology-specific =⇒ often analysis-specific.

This step is run by the Derivation Production Team upon request from the
analysis (via the BLS group derivation contacts).

Scale of Resources:

Input of O(1) B events (with BphysLS stream AODs in data) weighting O(100) TB.
Processed in O(1) month, has been run ∼0.5 times/year.
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Analysis Workflow, Step 1: NTuple Production

AODs
DAODs

BPHY1[2,8]
NTuples

Step 1: DAOD → NTuples (Custom NTupleMaker w/ EventLoop and AnalysisBase)

NTupleMaker needs to do a double-loop:
for event in events [ for BCandidate in BCandidates [...] ]

In each event, all B-candidates passing some loose cuts are kept =⇒ non-linear
output ntuples.

Scale of Resources:

Input of O(100) M events weighing O(10) TB.
Processed in O(1) days on grid.
On average, done a couple of times a year.
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Analysis Workflow, Step 2: Feather Production

AODs
DAODs

BPHY1[2,8]
NTuples

Columnar
Feather Files

Step 2: NTuples → Columnar Feather Files (uproot, awkward, pandas, vector)

Flatten the ROOT NTuples → pandas.DataFrames!

Avoids (both single and double) looping. Uses vectorized operations instead.
Much more flexible analysis environment: Can efficiently compute new features
on-the-fly.
Much more readable code: one-liners instead of nested loops and if/else blocks.

More on the columnar approach in BLS by Tomas Jakoubek: [ AMG Meeting Slides ]

Scale of Resources:

Input of O(100) M events weighing O(1) TB.
Processed in a few hours: 2 CPU cores/job × ∼1000 batch-system jobs.
On average, done a few times a year.
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https://indico.cern.ch/event/1380589/contributions/5802391/attachments/2815887/4916232/jakoubek_bls_columnar_20240308.pdf
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Analysis Workflow, Step 3: ML Training
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NTuples
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Feather Files
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Step 3: ML Training & Inference (GNNs: dgl, pytorch. BDTs: XGBoost)

Feather files proven much faster (than ROOT ntuples) to load for ML training.

Dataframes integrate seamlessly with the ML libraries.

GNNs: A few hours to train with 1 GPU core and 8 CPU cores.

Graph-creation utilizes pytorch.multiprocessing.

BDTs: Much faster to train, a few minutes!
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Analysis Workflow, Step 4: Fits

AODs
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Flat-NTuples
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Step 4: Fitting the B-Mass (RooFit)

Events surviving optimized ML cut converted to a flat ROOT ntuple.

It can be made flat now because we necessarily select 1 B-candidate per event.

Fed to a RooFit script for the B-mass fit to extract the yields (very quick!).

Currently blinded in the low−q2 signal region.

Notice: We don’t fit binned histograms, we do an unbinned fit with functional PDFs
(not MC templates) =⇒ no “histogramming” step.
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Analysis Workflow in a Nutshell
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Challenges & Wishlist

Non-Columnar NTuples
Can we directly go columnar? DAODs → Columnar Feather Files?
The NTupleMaker relies on a somewhat convoluted EventLoop framework. Often too
unwieldy.

Athena-Dependent DAODs
Having to read the DAODs using Athena classes often slows down development.
Unsure if there is a way out...

Non-Uniform Analysis Framework:
RooFit still seems like the most reliable/resourceful fitting framework.

Elements of the workflow interacting with fits cannot remain fully pythonic.

Did we overlook a competent alternative?

More GPU Nodes on LXBatch
GNN trainings not a huge bottleneck only due to availability of GPUs on
institute clusters.
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(Speculative) Extrapolation for HL

Trigger: Triggering on low-pT electrons (again, 5 GeV!) is expected to be
very challenging.

Already challenging in Run 3. Interested people from ATLAS can find more
details here: [ Discussion in Analysis Meeting ]
No brainstorming for the HL trigger strategy so far, at least from the
analysis team.

Modulo Trigger: With increased instantaneous luminosity, due to pileup, the
number of combinatorial B-vertices should increase per event.

Analysis costlier per event =⇒ overall analysis workflow slower than would
be expected from linear scaling with total luminosity.
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https://indico.cern.ch/event/1496632/contributions/6304100/attachments/3039389/5368294/2024DataInElectronChannel.v1.pdf
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Thank you for your time!
Questions?
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Additional Links (for ATLAS)

Analysis Code: [ GitLab ]

Heather Russell’s slides on the electron trigger strategy for R(K ∗) ahead
of Run 3: [ Link ]
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https://gitlab.cern.ch/RKstar
https://indico.cern.ch/event/1075225/contributions/4521474/attachments/2309367/
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