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tup for the hands-on session

Clone the repository, create the environment and get a sample to play with:

Terminal

git clone https://github.com/MarcoColonna/HFP_Tech handson.git
cd HFP_Tech_handson

curl -fsSL https://pixi.sh/install.sh | sh

pixi install

pixi shell

Pixi (https://pixi.sh) is a fast, cross-platform package and environment manager that creates reproducible development
environments from a single configuration file.

Find a semileptonic simulated sample (RapidSim) at:
https://drive.google.com/file/d/10vVs1WBDeAYtwxg_7CInMtxAphfTqxaZ/view?usp=sharing
On Ixplus at: /eos/lhcb/user/m/mcolonna/B02Dstarmunu_HFP_hands_on_10000.root

Run python and C++ based exercises

Python exercises C++ exercises

python exercises/ex/ex.py cmake -S . -B build
cmake --build build
build/ex
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Exercise 1: simple usage of HAMMER

You will use simulated B® — D*~ putv, events to explore the HAMMER library.

Steps:
1. Open: exercises/ex01/ex01.cc
2. Input file: samples/BtoDstMuNu.root (read DecayTree)

3. Follow the code instructions to:
» setup the TTree to be processed with Hammer
P loop on the events to process the sample
» compare SM vs New Physics weights
» save the weights in a friend tree
4. Build and run:
» cmake -S . -B build
» cmake --build build
> . /ex01

Result: we have used Hammer to make the simpler reweighting and we stored the weights in
a well known and comfortable place: a Tree.
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Exercise 2: histogram production and 1/0

In this exercise you will produce histograms of B® — D*~ utv, events and store them in
binary format for later use.
Steps:

1. Open: exercises/ex02/ex02.cc

2. Input file: samples/BtoDstMuNu.root (read DecayTree)

3. Process events and apply reweighting using HAMMER

4. Produce outputs:
P> ex02a: histogram stored in binary format (C++)
» ex02b: event-level data stored in binary format (C++)
» ex02c: equivalent workflow implemented in Python

5. Using the Var option in the Form Factors we enable Form Factor specialization

6. Ensure consistency between C++ and Python outputs

Result: prepared histograms and event files to be used in Exercise 3.
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Exercise 3: read and use the binary files

In this exercise you will use the binary files produced in Exercise 2 (C++ and Python
workflows).
Steps:

1. Open: exercises/ex03/ex03.cc (C++) and Python equivalent

2. Read precomputed inputs:

> histograms (ex02a)
> event samples (ex02b, ex02c)

3. Perform physics variations:
» specialize Form Factors
» modify Wilson Coefficients

4. Recompute observables and print histograms

Result: we can retrieve information from Hammer processed files, we can test different
Wilson coefficients and form factors assumptions.
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Exercise 4: Wilson coefficients specialization

HAMMER 2.0.0 introduces a new option for Wilson coefficient specialization, improving
performance when scanning over Wilson coefficients.

In this exercise you will generate a binary file containing histograms computed with Wilson
coefficient specialization enabled.
Steps:
1. Open: exercises/ex04/ex04.cc
Read input sample: samples/BtoDstMuNu.root (DecayTree)
Enable Wilson coefficient specialization in the HAMMER setup

Reweight events and fill histograms

A A

Save output histogram in binary format

Result: a histogram computed with Wilson coefficient specialization, ready to be compared
with the non-specialized results from previous exercises.
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Exercise 5: compare specialized Wilson coefficients

In this exercise you will compare histograms obtained with and without Wilson coefficient
specialization, using the outputs from Exercises 2 and 4.

Steps:
1. Open the analysis script: exercises/ex05/ex05.cc (C++) and its Python equivalent

2. Load precomputed inputs:
» non-specialized histograms (ex02a)
> specialized histogram (ex04 output)

3. Ensure consistent physics configuration (same form factors)

4. Compare distributions:
» non-specialized vs specialized Wilson coefficients

5. Print and visualize final comparison histograms (also as a THXD!)

Result: direct validation of the Wilson coefficient specialization by comparing against the

baseline (non-specialized) case.
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Exercise 6: template fit with Hammer

Using external wrappers (ex: RooHammerWrapper, Redist-HAMMER) one can make use of
Hammer weighted samples in a template fit.

Steps:
1. Open the analysis script: exercises/ex06/ex06.py
2. Import the config.json to and build the model with a Hammer weighted histogram

3. Ensure consistency in the configuration (histogram name, scheme...)
4. Fit in pyhf the Wilson Coefficients.

Result: we used a external wrapper to include Hammer weighted templates in a fit of direct
New Physics.

M.Colonna Hands-on session: instructions

8/8



