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Overview
● Update on the activities from the LPTHE 

affiliates (Benj Fuks & myself)
● Justification for existence of HackAnalysis 
● Latest developments
● Latest inclusions in MadAnalysis and future 

ideas  



  

Why HackAnalysis?
Exist several major frameworks for ‘full’ recasting:

● RIVET: amazing for SM processes, great support by ATLAS members, no root, YODA 
for histograms. For BSM all detector stuff is abstracted into “projections.” Relies on being 
handed hepmc files (nb weight treatment). 

● MadAnalysis: gold standard for transparency and reproducability. Can use either 
Delphes or SFS (no root required, but hepmc instead).

● CheckMATE:  good ideas for running points quickly, loads of analyses being added, 
mainly intended to be used as a black box, requires root and Delphes.

● GAMBIT: intended for global scans as black box, great ideas for fast detector 
simulation, some compromises in favour of speed vs accuracy.

● ADL: no need to introduce here, relies on root & hepmc. 

In 2020, I wanted to recast the CMS disappearing track search, and none of them 
were usable: if you want some feature (finite size of detector, disappearing tracks in 
this case) you better contact the authors. 



  

CMS-EXO-20-004: cuts
● Triggers followed by a cut on MET (120 GeV) – without muons

● At least one high-pT jet (110 GeV), no jets within |ΔΦ| < 0.5 of the MET vector

● Remaining cuts are all on the tracks: pT > 55 GeV

● Sufficiently isolated

● No missing hits in the pixel detector, no missing inner hits

● Sufficiently separated (ΔR < 0.5) from jets, (ΔR < 0.15) from electrons, muons

● Must actually disappear! That means, >2 missing outer hits, < 10 GeV calorimeter energy around the track. 

● Extra complication: data split into 6 different data taking periods! 2015, 2016A/B, 2017, 2018A/B (due to 
malfunctioning parts of detector)

● Signal regions depend on number of tracker layers that have been hit!

Pixels, hits, track isolation, forget about using any standard detector simulation!

Long-lived 
charginos get 
mistaken for 
muons and get 
included in MET 
calculation!

Pileup!



  

● I was also interested in electroweakino searches for Dirac Gaugino models 
(SciPostPhys.9.4.047 with Kraml, Reyes and Williamson) 

● I tried to use GAMBIT, was proposed “ColliderBit standalone solo” but could not 
use it. (Issues with the pythia code produced by MadGraph, etc etc).

● Some of the most powerful relevant analyses weren’t extant anyway. 
● For the recast of ATLAS-SUSY-2018-09 in 

MadAnalysis:
● EWino searches have fairly small efficiencies → 

need to simulate large numbers of events.
● At the time needed to use Delphes → generate 

large root files, tinkering with the efficiencies 
during development of the recast was painful.

● Implementing dynamic isolation requirements 
(as ATLAS required) impossible in Delphes (in-
built routines were removing too many leptons), 
so have to do it in the analysis anyway.

● At the time there was no pyhf interface in 
MadAnalysis

https://scipost.org/SciPostPhys.9.4.047


  

Excesses in soft lepton searches

Combination from ATLAS-SUSY-2019-09

Equivalent limits on Higgsinos 
from CMS-SUS-18-004

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-18-004/index.html


  

We pointed out in arXiv:2311.17149 (with D. Agin, T. Murphy, B. Fuks) 
that there are also excesses in monojets that overlap with these

● Performed scan in the plane of the Higgsino scenario using 
originally 1M events per point, then 8M per point in fine region, 
grid with increments of 10 GeV in          and 0.5 GeV in

● Computed NLO+NLL cross-sections with resummino (and 
BSMArt)

● Recast using MadAnalysis
● Statistical analysis using spey
● Need to use ‘best’ signal region only for ATLAS (no 

combinations)

https://arxiv.org/abs/2311.17149
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Excesses in Monojet searches
● Close the Higgsino 

hole!
● ATLAS search much 

less powerful
● But: found a massive 

difference between 
expected and observed 
limits … 
….    in both ATLAS 
and CMS analyses 



  

Recasting – and using – the ATLAS soft lepton searches is challenging:
● 2-lepton search uses RestFrames – 

contains > 50 c++ files, needs root + 
minuit

● Need detailed invariant-mass 
reconstruction of decay products → 
not possible with generation of events 
in pythia

● Tiny efficiencies → simulate large 
numbers of events

● 3-lepton search uses MET significance



  

Goals for HackAnalysis:

● Major recasting packages have become monolithic: they do what they 
are intended to do incredibly well, but it’s hard to get them to do 
something else. I want to be able to add new features easily and without 
breaking something. E.g.:
● RestFrames
● Pileup in fast sim
● FastJet features such as pileup subtraction, etc etc
● Finite detector size

● Would be ideal to take advantage of the best ideas of each.
● Want to speed up development of new analyses (mainly) for 

MadAnalysis – this means no compromises in precision.
● Ideally should be as simple as possible to port to other frameworks.
● Therefore also want a minimum of external dependencies (e.g. root can 

be difficult to install/unavailable on clusters).



  

Intro to HackAnalysis
● Implementation of MadAnalysis-style analysis structure (init(), Execute(), Finalise(); 

AddRegionSelection(..), AddCut(..)) so you can almost convert to MA5 syntax with a perl script … but 
based on heputils – can take advantage of GAMBIT binning functions/efficiency functions/syntax.

● YODA for plotting/histogramming (and can also read efficiency information in YODA files provided on 
HEPData).

● Basic Makefile rather than configure scripts, cmake etc – easier to add your own code. 
● External dependencies: YODA, hepmc2, fastjet, pythia, openmp. ONNX and zlib as options.  
● Four running modes:

– analysePYTHIA.exe for pythia event generation (super fast + dirty)
– analysePYTHIA_LHE.exe for reading lhe files + showering internally 
– analyseHEPMC.exe mainly for compatibility/checking against MA5
– analyseHAEVENT.exe for reading pre-processed events

● Piloted by a yaml file
● Can include pileup (code for generating min bias events included) 



  

HackAnalysis 2 new features

● Simple inclusion of new particles via a QNUMBERS file (or directly in yaml input)
● Multiple ‘detector’ simulations
● Compressed event format 
● Automatic systematic uncertainties
● RestFrames, Eigen, Nelder-Mead minimiser, MT2
● ONNX interface
● Json output for cutflows, weight info, etc: can be used for merging runs
● Scripts for merging runs, printing cutflows in LaTeX
● Python scripts for running stats (exclusion/signal strength limits/p-values/likelihoods) through pyhf, spey and toy-

based single bin
● Interface with BSMArt for scanning – handling the generation of events in MadGraph, gridpack generation, etc – and 

convergence checking
● New and old analyses 

Described in the manual arXiv:2406.10042 

Write your own filling function! Maximum flexibility 
to use e.g. avanced fastjet features without 

breaking something, etc etc

https://goodsell.pages.in2p3.fr/hackanalysis/
https://arxiv.org/abs/2406.10042


  

Detector ‘filling’ routines
Event generation with pythia/

Reading from hepmc

Cluster into jets?
Leptons come 

From pion decays? 

Decays outside 
the detector?

‘Final’ Decays

Jets Particles
Hadrons for

isolation 
checks

HSCPs

Quarks 
for 

b/c/tau 
tagging?

Short lived

Metastable

no



  

Gridpacks, batches
Many features to make running/prototyping as fast as possible:

● Generate gridpack in MadGraph → run in ‘read-only’ mode, one 
gridpack run per core to generate lhe events. One .lhe file per core.
▻ Can then shower directly running pythia.
▻ With gridpacks can easily run batches of points of any size.
▻ If not too large: put MG5 output + gridpacks on ramdisk (/dev/shm) 

→ no writing to disk at all during run!
▻ Extra bonus: can then do convergence checks after each batch 

● Store events in a compressed reco format. E.g. 100k event sample:
▻ 7.2 GB .hepmc (!!!)
▻ 19 MB .lhe.gz
▻ 10 MB .ha.gz

● Store one reco file/core → can rerun sample in multicore mode. 
Incredibly fast.

● Can choose to keep hadrons for isolation or discard.
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E.g. running 19.2M 
events/point using 
gridpack mode via 
BSMArt takes about 
4 hours/point/batch 
of 3.2M events on 8 
cores on lxplus …

vs 16 hours to run 
2M events via 
MadAnalysis 

And this is 
without using 
ramdisk/batches
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Can also compute likelihood ratios (~ Bayes factor) via spey:



  

Automatic 
systematic 
uncertainties, 
TeX outputs:

First cut: 
overall 
systematics

Subsequent 
cuts: 
uncertainty 
on cut 
efficiency



  

Intention is not to create a 
competitor database

Idea: prototype + scan in 
HA2, then export

Alternative workflow is I develop 
the HA2 version at the same time 
as a MA5 one (e.g. by student …) 
for cross-checks



  

MadAnalysis Developments
● HEPData integration: MadAnalysis implementations now linked directly 

(extensive discussion yesterday) 
● ONNX interface (nearly ready): Artur Oudot (ATLAS @ LPNHE) has been 

working on it with one analysis. 
● Uncertainties in plots (ask Jack Araz).
● Interface to spey (nearly ready; prior Simplified Likelihood code should not 

be used).
● Restframes (in progress, debugging).
● Piloting via BSMArt (already possible for both PAD and Expert mode).



  

Aside on systematics
● RIVET and MadAnalysis read weight info from the hepmc 

files, but there is no convention for weight naming. 
● MadGraph has a method of naming the weights, but 

information is lost:
● In contrast, in .lhe files the weights are defined in blocks and 

the method for combining the weights is retained.
➔ In HackAnalysis systematics are computed using the weight 

info from the .lhe files. 



  

Future directions for MA5/HA2 and 
OpenMAPP

Through spey To discuss!

Done(?)



  

Future directions for MA5 and 
OpenMAPP

● Convergence checking + batch mode (anticipated, 
should yield substantial speedups)

● In the OpenMAPP document we promised HDF5 
interface for event storage. This is to be discussed.

● Interoperability with other frameworks? Via HackAnalysis
● Improved connection of MA5/HA2 with SModelS via 

BSMArt???



  

BACKUP



  

Recast of ATLAS-SUSY-2019-08
WH signature through Higgs to bb and W to leptons @ 139fb-1

Looked for a Wino NLSP and Bino LSP in 
MSSM

Full likelihoods in pyhf

Exclusions using ‘best’ region Exclusions using private implementation + pyhf 



  

Examining these excesses would require recasts which were not available 
(see later) – recasts of electroweak searches are sporadic:

● GAMBIT conducted a study with 
massless gravitinos (arXiv:2303.09082)

● The only soft lepton search they had is 
the 36 inv. fb by CMS … 

● … that is also MadAnalysis

https://arxiv.org/abs/2303.09082


  

The simplified scenarios used (we 
focussed on ‘higgsino’) involve W/Z 
decays of charginos/neutralinos, e.g.:

Can’t we look at the monojet + MET? 
Classic claim that ‘higgsinos aren’t constrained by monojets’ 
comes because for pure higgsinos only one process is relevant:

All the others leave charged tracks

But when we have a mass splitting should include:

Above the disappearing track limit have prompt decays + soft leptons/jets



  

To test this we used recasts of ATLAS and CMS monojet searches in 
MadAnalysis:

ATLAS-EXOT-2018-06

CMS-EXO-20-004
● MET > 250 GeV
● DeepAK algorithm to categorise 

leading jet as mono-W/Z/j
● Veto on leptons pT > 10 GeV
● Veto on bjets
● Recast provided by CMS!!!
● Simplified likelihood also provided!!

● MET > 200 GeV
● 13 exclusive bins in MET, largest > 1200 GeV
● Veto on leptons/photons pT > 7 GeV
● Up to 3 additional jets allowed
● Recast performed by us (Diyar Agin)
● No likelihood information provided 

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-06/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-004/


  

So we wanted to examine the excesses more closely 

ATLAS have several small excesses and 
one giant one



  

But it is still just about visible 
when binned as inclusive 
regions:



  

No such tables in the CMS paper … but we can inspect the accompanying 
HEPData and find many excesses in both low and high MET regions.

… and since we have 
statistical info, can look for 
‘best fit’ points

● For ATLAS we construct a naive       as a function of signal strength
● For CMS, can compute p-values for every point, varying signal strength



  

… now for soft leptons



  

ATLAS Analyses

● 2 soft leptons + ISR jet + (some) 
MET

● ATLAS-SUSY-2018-16 where the 
excess is seen

● 3 soft leptons + either MET or 
lepton trigger 

●  ATLAS-SUSY-2019-09 with no 
clear excess

2 ATLAS searches for:

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09/


  

Restframes 
quantities to identify 
ISR jet 

ATLAS-SUSY-2018-16

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-06/


  

From ATLAS-SUSY-2018-16

2.7σ local 
excess for ‘signal 
model with 
unconstrained 
normalisation’ 

Maybe a different model would give a stronger significance? 
(what we’re looking into now ...)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-06/


  

CMS Analysis details
Targets the same W-Z channel, but now ‘all-in-one’ analysis with whole of Run 2 data 
subsuming preliminary one:

CMS-SUS-18-004

https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-18-004/index.html


  

Very similar 
to ATLAS 

Except: 
maximum pT 
for leptons

…. and no 
RestFrames

Naively 
should be 
more 
permissive 
regarding 
models



  

Recasting the CMS soft lepton search
● Efficiency info from previous soft lepton analysis (lepton reconstruction, 

b-tagging)
● What is lacking at the moment is MET reconstruction/trigger efficiency 

… but we hope we are nearly there.
● Not much information available on the differences in year, but I dealt 

with that before
● Cutflows and simplified likelihood were provided.
● Then will be able to compare excesses in CMS & ATLAS, and compare 

models



  

Recasting the ATLAS soft lepton analyses
● Needed to recast two separate analyses to cover the ‘excess’ region
● Both analyses provided pseudocode, cutflows and pyhf statistical models
● Efficiency information was provided for both

However:

● Restframes requires the dreaded root
● Many SimpleAnalysis routines required by both are not public
● The 3-lepton analysis requires lepton triggers and efficiency 

information was very hard to dig out/emulate



  2 soft leptons
3 soft leptons



  

Application: realistic MSSM models

● Typical cross-sections for EWinos around 200 GeV are about 1pb
● Searches are therefore sensitive to efficiencies around 
● In toy model, decay of Z → leptons with ~ 10% branching ratio
● When generating samples for the toy model, can bias event 

generation – only need to simulate O(1M) events to get sufficient 
statistics:

BUT:
● Realistic MSSM points have complicated decay chains involving 

intermediate EWinos.
● End up having to simulate O(10M) events per point (lose half from MLM 

matching too)
● We postponed full scans to the second paper
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