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Dusclalmer

@ What I am going fo say is malnly CMS SpeCIﬁC

Personal bias: This is what I am familiar with

Details about Evt Generation workflows are usually internal to a
Collaboration and very specific

@ Not sure if what I will say applies 100% to ATLAS, but fo some
extent the picture should be similar

@ Three messages to convey

@ Common repository for MC samples (a new MCDB)
@ Ofhfcial detector simulation to fold detector effects

@ (Even better) supporting RECAST to use official MC/analysis tool
(also good for long-term preservation)
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BSM results and Monfe Carlo Generahon

@ For experlmen’rs ’ro desugn a search

D

D

benchmark models as motivation/quidance/interpretation of an
experimental result

a complete set of benchmarks important fo highlight weaknesses in
search strategy (see mSugra vs Simplified Models in SUSY)

@ For everybody tfo interpret the results:

o

o

experimental results have implications beyond benchmark models

established workflow for experimental analyses (e.g. Madgraph/
Pythia/Delphes) cover many cases. With which accuracy?

Sometimes situation more complicated (e.g. exotic signatures). A step
up in accuracy comes from using official tools (e.g. detector simulation)
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The easy parfExperlmenfs
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detector

® MC can be generated only inside the Experiment SoF’rware Framework
@ Using LHE files helps a lot MC Generation
@ easy bridge between MC generators & experimental frameworks

@ library of reusable LHE samples (important now that we might stay @ 13 TeV
for long time)

@ Why not a common repository (ATLAS/CMS/theorists) of samples or gridpacks, or

UFOs. Something like what MCDB used to be
&



The easy part: Pheno studies

particle A9/ Detector
STDHep Emulation
e (Delphes,

Shower

@ A similar workflow is used in pheno studies, with simplified assumptions

@ simple (i.e. in average) detector response

o optimistically clean collision (beam bkg, detector noise, out-of-time pileup)
@ Sometimes, the picture is oversimplified

@ parametric detector emulations have some limitation (signal efficiency &
resolution).

@ Sometimes, the issue is more deep (i.e. bkg estimate, correlation between
uncertainties, etc) :



Detector effects:

Foldin

g vs Unfolding
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@ In many cases (mainly SM-related measurements) detector effects are
unfolded, to go back to the "true” distribution before detector effects

@ pheno-usable distributions are provided: best possible format fo
present result

o useful for PDF studies, tuning of the underlying event, parton
showering, efc

See for instance this instructive talk by
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https://indico.in2p3.fr/event/6315/contribution/12/material/slides/0.pdf

Detector effects: Foldlng VS UnFoldlng

° UnFoldlng hassomeellcm‘aspec "

probability

@ introduce additional systematic
uncertainties

Al (reconstructed)

@ relies more on Monte Carlo samples

1 2 3 4
Al (generated)

@ computational complexity limits number
of bins o
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@ Problematic for searches

Events / GeV

@ many signal regions + different
processes difficult to disentangle

@ |low-statistics bins, which come with
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http://arxiv.org/pdf/1112.5100v2.pdf

ATLAS e+=4jets (= 1b tag)
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https://indico.in2p3.fr/event/6315/contribution/12/material/slides/0.pdf

An Offcial De’recfor Parame’rerlsahon?

@ Huge effort bymanyAgroups’ro define a L.MS*‘PAS*HIG*I&-‘OOJ.
parametric description of ATLAS and CMS

@ used in many pheno papers

@ also employed in official experimental
work

@ Detector performances change with time,
which complicates the effort
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-15-001/index.html
http://cds.cern.ch/record/1605864/files/FTR-13-026-pas.pdf

ffects so Crucial?

Detector resolution is a limitation when dealing with clean signals (diphoton,
dilepton, etc)

When jets & MET involved, kinematic quantities have some "resolution” even
@GEN level (e.g., jets vs partons)

Detector resolution becomes a perturbation

Often, inaccuracy on detector resolution is the perturbation on the perturbation
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS13004

Difficult corners: exotic signatures

@ What said above works OK for ballpark of
searches

@ Sometimes the signature is more complex and
detector specific

@ long-living charged particles (dE/dx, TOF,
disappearing tracks)

@ long-living neutral particles (displaced vertices)
@ These signatures imply special workflows

@ For pheno: DELPHES out-of-the-box has
troubles with these (e.g., no tracking running).
But could be used with extra information
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@ For experiments: workflow standardised with
work of many (e.g. R-hadron package in GEANT
from the paper by Mackeprang and Rizzi )
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http://r-hadrons.web.cern.ch/r-hadrons/
http://arxiv.org/pdf/hep-ph/0612161v1.pdf

AN analy5|s-5peC|ﬁc shortcut

@ EXAMPLE: pMSSM analysis in CMS
@ put generic bounds on SUSY from many SUSY searches, using CMS FASTSIM

o identify parameter space to which searches are blind

o long-living LSP happened fo be in the list of surviving signatures
@ As DELPHES, FASTSIM has no dE/dx information

@ The dE/dx response is well controlled in data

@ Adding this as an external parameterization, FASTSIM could be used
@ Result is not FASTSIM specific, but parameterisation is analysis specific

Constraints on the pMSSM
sub-space (m < 3 TeV)
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http://arxiv.org/abs/1502.02522

A deeper problem: reproducibility
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ATLAS&CMS public results ~— official result 20 (this study)

100+ — our fit, no corr.

® use bkg estimate provided
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@ use benchmark signal distribution
provided

@ use signal efficiency provided

® Event Generation not even needed for g
this ——
! _
@ Agreement can go from good to bad, T esudy 1o e sud

depending on the analysis
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http://arxiv.org/abs/1512.03371

@ Not just a problem for searches: see

BSM searches are becoming more Talic b K. Cranmer DSELHC

complex than cut&count T pAmASRlmy e Su
X I

ls=7TeV Jlot=48t!  —2MAlK k) <23
They involve fits to signal regions - - 85g1" - 2AlK, ) <60

+sidebands, multiple datasets, etc
These fits include

@ correlations among different
measurements (e.g. common
detector effects)

@ systematics as nuisance parameters

the Higgs couplings

06 07 08 09 1 11 12 13 14 15 16
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http://indico.cern.ch/event/395374/session/12/contribution/63/attachments/1187089/1721548/DSLHC-open-data.pdf

What about correlahons/sysfemahcs?

— e — o L

@ The ulhma’re mForma’rlon is in the Likelihood model

@ including correlation model for systematics, usually
coming with some degree of arbitrariness

@ Having the likelihood, more than detector effects,
would be IMPORTANT

@ Experiments are reluctant in releasing likelihoods

@ they could share statistics tools + data cards

@ Releasing the Likelihood is not really needed: RECAST
allows to make a full analysis usable
16




A S’rep ahead RECAST

e e -

® RECAST (K Cranmer, L. Heinrich, et al) was proposed to
solve reproducibility/reinterpretation issues in a clean way
@ Running the official analysis is much better than

having to emulate it

@ Allows to run “official code” without having it (i.e.,

compliant with ATLAS/CMS rules)

@ Solves many problems in one step

D

Q © © 0

no need for customised detector simulation

no need for guessed likelihood models

not attached to one experiment/detector

also work with pheno tools (RIVET, etc)

It helps making the workflow standard (and not
related to ATLAS vs CMS vs RIVET vs ...)
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-win solution?

Collaboration
Approval Board

Initiator : RECAST RECAST back-end '
User front-end - )

Add Request !
Notily Subscriber

Accept Reguest

k ‘A‘ Grant Approva D

Send Result

NG T a

| Ekeorésé submit bhe

Analysis runs within the
request providing the experimental collaboration
needed ingredients (i.e.

theory to theorists)

(i.e. experimem& to the
experimeu&aiis&s)
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RECAST deve

opment status

— ——— —_——

@ Working prototype has a few real ATLAS analyses that can rerun full
chain on new signal

D

o
o
d

(UFO ->) LHEF -> full simulation -> reconstruction -> event
selection -> limit setting

used internally for some channels in ATLAS pMSSM scan

runs original analysis code as in original paper

runs on CERN open-stack, uses docker, full intfegration to ATLAS
software, authentication, ...

@ working on integrations with Cern Analysis Preservation framework

D

D
o
o

idea is CAP would preserve analysis ingredients, RECAST would
provide reinterpretation service

generic infrastructure, generic wrapper for Rivet analyses + can
wrap other pheno recasting tools: Checkmate, MadAnalysis, Atom, ...
can provide uniform interface for several recasting fools

can have pheno, fast sim, full sim versions for the same analysis
most code is generic, not tied to particular experiment

https://qithub.com/recast-hep i K. Cranmer, L. Heinrich



http://arxiv.org/abs/1508.06608
https://github.com/recast-hep
https://github.com/recast-hep
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Conclusions

For the Experimn:

@ use of LHE files makes easier to integrate generators in experimental frameworks

o A common repository (of LHE files? Gridpacks? UFOs?) would be very beneficial (for
analyses and phone studies). A new life for MCDB?

For Pheno studies:

@ for plain signatures, fastsim MC codes exist

o integrated with official detector tuning by ATLAS & CMS
@ BUT sometimes a “good-enough” fastsim is not enough (e.g. exotic signatures)

The ultimate solution:

@ a sy?;rem like RECAST would solve the problem of re-producing and re-interpreting
results.

@ With a complete RECAST library and enough CPU resources all phone needs would be
covered

Our community should (in my opinion) push in these directions more
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http://mcdb.cern.ch

