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Big Picture Goals

Our job: extract as much information from experimental data as possible

p(dataltheory)

p(theory)

p(theory|data) =

p(data)

"""""""""""""""""""
ATLAS Preliminary
—— Syst
{5 = 13 TeV, 36.1 fb" . S
Total  Stat. Syst.
I
LHC Run 1 ———— 125.09 £ 0.24 (£ 0.21+0.11) GeV
H—ZZ*—4] = 124.88 + 0.37 ( + 0.37 + 0.05) GeV
H-yy . —125.11+ 0.42 ( £ 0.21+ 0.36) GeV
Combined T 124.98 + 0.28 ( + 0.19 + 0.21) GeV
............................
124 124.5 125 125.5 126 126.5
my, [GeV]

results / insight experimentalists theorists
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Big Picture Goals

Our job: extract as much information from experimental data as possible
The Likelihood

p(data|theory)
th
o(data) p(theory)

Evidence

p(theory|data)

Posterior

A 7

--------------------------- ATLAS 4

ATLAS Preliminary

—— Syst. Run:
{5 = 13 TeV, 36.1 fb" Total Stat. M Sy n: 303079 7
Total  Stat. Syst.
I

LHC Run 1 ———— 125.09 +£0.24 ( £ 0.21£0.11) GeV

H—ZZ*—4l [ —.— 124.88 £ 0.37 ( £ 0.37 £ 0.05) GeV

H-yy . — 125.11+ 0.42 ( £ 0.21+ 0.36) GeV

Combined — T — 124.98 + 0.28 ( + 0.19 + 0.21) GeV
1 I 1 1 1 1 I 1 L 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1

124 124.5 125 125.5 126 126.5

m,, [GeV]
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Big Picture Goals

Why focus on the likelihood?
It's the best data product we have: all other results usually derive from it

Calibration DAQ Analysis Detector
Decisions Design Geometry
Unique as a high information-density product
* almost every important decision e \
Is reflected in the likelihood Limits N s
(if it doesn't affect the likelihood, what are you doing?) (Intervals) (point estimates) Comparison

Expected Yields

Likelihoods are a good bottleneck through which all information flows
 can recompute all important results without having to know details of analysis
 based on this it's clear: this should be shared!



And we (ATLAS) now do share the likelihood

New open release streamlines interactions with theoretical
o physicists

The ATLAS Collaboratiq

experiment. |
12th December 2019 | By Katarin

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

WORKSHOP ON CONFIDENCE LIMITS

CERN, Geneva, Switzerland
17-18 January 2000

ATI As I 01/14/21 By Stephanie Melchor
re eases The ATLAS collaboration has begun to publish
likelihood functions, information that will allow

i | |
u o rc eStra o researchers to better understand and use their

experiment’s data in future analyses.

| analysis
instruments

i | - PROCEEDINGS
P00037096 Editors: F. James, L. Lyons, Y. Perrin

Massimo Corradi
Meyrin, Switzerland, sits serenely near the Swiss-French border,
surrounded by green fields and the beautiful Rhéne river. But a hundred
meters beneath the surface, protons traveling at nearly the speed of

It seems to me that there is a general consensus that what is really meaningful for an experiment

is likelihood, and almost everybody would agree on the prescription that experiments should give their light collide and create spectacular displays of subatomic fireworks

likelihood function for these kinds of results. Does everybody agree on this statement, to publish likeli- inside the experimental detectors of the Large Hadron Collider at CERN,
h d 0 the European particle physics laboratory.
00ds!’

One detector, called ATLAS, is five stories tall and has the largest
volume of any particle detector in the world. It captures the trajectory of
particles from collisions that happen a billion times a second and

measures their energy and momentum. Those collisions produce
Any disagreement ? Carried unanimously. That’s actually quite an achievement for this Workshop. incredible amounts of data for researchers to scour, searching for

Louis Lyons

2000 2020
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Published Statistical Models

Updating list of HEPData entries for publications using HistFactory JSON statistical models:

Search for bottom-squark pair production with the ATLAS detector in final states containing Higgs bosons, $b$%-jets
2019. URL: https:/doi.org/10.17182/hepdata.89408, doi:10.17182/hepdata.89408.

Search for chargino-neutralino production with mass splittings near the electroweak scale in three-lepton final state:
with the ATLAS detector. 2019. URL: https:/doi.org/10.17182/hepdata.91127, doi:10.17182/hepdata.91127.
Search for direct stau production in events with two hadronic t-leptons in $\sqrt s = 13$% TeV $pp$ collisions with th
https:/doi.org/10.17182/hepdata.922006, doi:10.17182/hepdata.22006.

Search for direct production of electroweakinos in final states with one lepton, missing transverse momentum and a
jets in (pp) collisions at $\sqrt s=13% TeV with the ATLAS detector. 2020. URL: https:/doi.org/10.17182/hepdata.9C
doi:10.17182/hepdata.20607.v2.

Search for displaced leptons in $\sqrt s = 13$ TeV $pp$ collisions with the ATLAS detector. 2020. URL: https:/doi.o
doi:10.17182/hepdata.98796.

Search for squarks and gluinos in final states with same-sign leptons and jets using 139 fb$2-1$ of data collected wi
https:/doi.org/10.17182/hepdata.91214.v3, doi:10.17182/hepdata.91214.v3.

Search for trilepton resonances from chargino and neutralino pair production in $\sqrt s$ = 13 TeV $pp$ collisions w
https:/doi.org/10.17182/hepdata.929806, doi:10.17182/hepdata.99806.

Search for squarks and gluinos in final states with jets and missing transverse momentum using 139 fb$2-1$ of $\sq
with the ATLAS detector. 2021. URL: https:/doi.org/10.17182/hepdata.95664, doi:10.17182/hepdata.95664.
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Can reproduce results very quickly with a few lines of Python

40 | SR_metsigS‘I1 | ¢ | Data 40 SR_metsigS'l1 ] ¢ ]Data
- pre-fit ///. Uncertainty | post-fit ///, Uncertainty |
import json B - 5 ‘ 3 7 - 5 ‘
. : 1 B Diboson Diboson
import cabinetry 30 — - 30
import pyhf s § W Single-top >5
from cabinetry.model_utils import prediction £ - | £
from pyhf.contrib.utils import download @ - —' z %
15 15
# download the ATLAS bottom-squarks analysis probability models from HEPData 10 10
download("https://www.hepdata.net/record/resource/19354377?view=true", "bottom-squarks") . .
# construct a workspace from a background-only model and a signal hypothesis 512- 3 312- -
bkg_only_workspace = pyhf.Workspace(json.load(open("bottom-squarks/RegionC/BkgOnly.json"))) g A%Q’ N 7 : A%Q’ -
=10 ¥ Md w0 f4 /W//;%//%
patchset = pyhf.PatchSet(json.load(open("bottom-squarks/RegionC/patchset.json"))) §O5fé%%¢%%%%%%%%%%%%%Q/Zéé%%gy/é%? %05§227;é§%% ﬁy 1¢?/ ”é%%%%//é%?
workspace = patchset.apply(bkg_only_workspace, "sbottom_600_280_150") ook . 1 1 3 ook . . ! '
SR1 SR2 SR3 SR4 SR1 SR2 SR3 SR4
Signal Region Signal Region
# construct the probability model and observations
model, data = cabinetry.model_utils.model_and_data(workspace) e
staterror_CRtt_cuts
# produce visualizations of the pre-fit model and observed data e Lt ystematics. |
prefit_model = prediction(model) - 050
cabinetry.visualize.data_mc(prefit_model, data) _ "
# fit the model to the observed data mu_ttbar { - 0.00
fit_results = cabinetry.fit.fit(model, data)
ttbar_Gen [=0.25
# produce visualizations of the post-fit model and observed data —0.50
postfit_model = prediction(model, fit_results=fit_results) e B IR

-0.75

cabinetry.visualize.data_mc(postfit_model, data)

staterror_CRz_cuts A

-1.00




Quite a bit of excitement in the community

Will Kinney @WKCosmo - Sep 14 WO rkS h O ps
. So much this. Publishing full likelihood codes is already commonplace in

cosmology. It's difficult to overestimate the impact this has had. Twitte rati

Publication of statistical models: hands-on workshop

N Kyle Cranmer @KyleCranmer - Sep 13

8-12 Nov 2021
CERN (online only)

» f Dl’ Fiona H . Panther ':' }:I |:l ant l_h er - E( e [:I I J. Europe/Zurich timezone
o

This is a great call to action. A thought: if your parameter estimation, or any
result for that matter, cannot be reliably reproduced and all the inputs to it are Overview The statistical models used to derive the results of experimental analyses

fuIIy pUb"C (and my view is they should be after proPrietary periods end) itis a Scientific Programme value and are essential information for analysis preservation and reuse. Ir
problem. the scientific case for systematically publishing the full statistical models

Timetabl . : . .
metable developments that make this practical, and illustrated by a variety of phys
My Conference information on the statistical modelling can enhance the short- and long-t
ey Kyle Cranmer @KyleCranmer - Sep 13 SR results

A call to action for the particle physics community. For 20 years we have
agreed that we should publish likelihoods. We can do it technically, and

Postdoc position in research data infrastructure technologies

LMU Munich « Europe

hep-ex PostDoc
Publishing statistical models: Getting the most out of particle |
physics experiments (O Deadline on Nov 30, 2021 JObS(!)

=2 sl =] PaWal

Kvle Cranmer Job description:
y The Experimental Particle Physics Groups at the Ludwig-Maximilians-Universitat Mlinchen

Phlhp Bechtle ) Floria (LMU) invite applications for a postdoctoral research position for four years, starting early

Chrzaszcz ©®”, Andrea C Pa pers 2022.

Nahuel Ferreiro Iachellini
13 16 . - - - .
Thomas Kuhr ) , Ar The LMU is involved in the construction, software development, computing, and data

20 analysis of the ATLAS and Belle Il experiments. As partners in the PUNCH4NFDI

Knut Dggdas MOI‘.@L ? A SModelS interface fOI‘ pyhf likelihoods consortium both groups collaborate on advancing research data infrastructures.
Sekmen ©““, Luca Silvestr

Robert Thorne 27, Wolf

he successful candidate is expected to promote the joint analysis of datasets by

Gaél Alguero?, Sabine Kraml?®, Wolfgang Waltenberger®®

developing technologies and procedures for the sharing of statistical models and to
¢Laboratoire de Physique Subatomique et de Cosmologie, Université Grenoble-Alpes, : : . . . .
CNRS/IN2PS, 53 Avenue des Martyrs, F-38026 Grenoble, France ool g T AV RGN eTe T [ (T T[RRI ISR, The work will be embedded |n.task area
b Institut fiir Hochenergiephysik, Osterreichische Akademie der Wissenschaften, 3, work package 4 and task are 6, work package 4 of the PUNCHA4NFDI consortium.




This talk

 Explain a bit statistical Models we do publish
some details on HistFactory, pyhf, etc...

Note: this is only what's possible now, lots of nhew develoments & ideas
during public likelihoods workshop for Combine, unbinned analyses, etc..

e How they can be used

« RECAST - partiularly interesting for LLP searches
e statistical combination of multiple searches



Lightning Intro to HistFactory

HistFactory

 simultaneous binned fits to multiple disjoint phase space regions ("channels")

* provides standard building blocks for modelling simulation-based and
data-driven systematics (e.g. ABCD type methods in LLP)

Very wildly used in ATLAS, with additionally use in Bellle-ll, LHCb, Pheno ...

Events/5 GeV

40
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10

[ e Data2011+2012 ATLAS
B - SM nggs Boson H ;ZZ* ;4' ZU-TH 02120 arXiv: 2002.05684
— mH=1 24.3 GeV (ﬂt) [ J. -1 Lepton Flavor Violation and Dilepton Tails at the LHC LHC BSM
T ] Background Z, 7Z* V\s=7TeV JLdt=4.61b Charged Lepton Flavor Violation at the EIC
— acKgrotnd &, \‘JS 8 TeV _[Ldt 20.7 fb1 arXiv: 2102.06176 Aninl Angriosce'-* Dusies A. Pessnghy ¢ snil Qhoge Summmmeni?4
B . - S = = . : ) ' Depar—z—=pr=r;fespeTtvely. " GIvelT Tar e Sedre i ToCuses ot ““—fitass IS o T TReTmo =
B - Backg round Z+]ets, tt 2] — ! ! ! ! ! ! ! ! i ! ! ! ] the decay of a heavy resonance, the resulting leptonic pair tributions. The 95% confidence level (CL) upper limits were
'E — ATLAS ;%\ . ] EIC yd fl N back-to back in th o phal 1p d he CL, method [40) hh«fpe ki

I - is expected to fly away back-to back in the azimuthal plane.  extracted using t » metl with the pyh £ package
- % SYSt.UnC. Q [ -1 I:_)ata N -I:Otal SM : — Hence, in order to reduce the leading backgrounds, the cut  [41]. For High Luminosity (HL) projections, we repeated the
- > 40° Vs =13 TeV, 36.1 fb [JtiaL Bt ' Signal regions Vincenzo Cirigliano, Kaori Fuyuto, Christopher Lee, Emanuele Mereghetti,
L L = ) - u = and Bin Yan arXiv: 2012.09120
= = [CJW+jets OtV . = . $2o1
- — - Theoretical Division, Los Alamos National Laboratory, Los Alamos, NM 87545, U.S.A. H . 1

— , . . — , ow to discover QCD Instantons at the LHC LHC QCD
B * B I:l Single top - Diboson . ] E'"‘“""hc acceptance, obtained from the yields of the two validation regions given in Ref. [63]. We Q Q
- . CMeTeERY  then used signal and background events in a likelihood analysis using pyhf [66], obtaining® respective tight signal region selection is applied. The systematic uncertainty on the back-
— 1 02 — o : e 4 ground is estimated as described in the previous sections, and ranges from about 20% at
— — \ mmm———— — BR(t = geT) <2.2-107". (6'10) low invariant masses to about 50% at high invariant masses. The limits are then performed
: ) L ] Simone Amoroso® Deepak Kar® Ma_ ™ counting experiment with the pyhf package |51). The results are shown in Fig. 21 for
B 1 *DESY, Hamburg, Germany |
— arXiv: 1911.04455
— 10 ] Sensitivity of Future Hadron Colliders to Leptoquark Pair FCC
L . . s s . . . . arXiv:2102.11292
L Production in the Di-Muon Di-Jets Channel Hunting wino and higgsino dark matter at the -
— B. C. Allanach’, Tyler Corbett?, Maeve Madigan®" muon collider with disappearing tracks u-CoIIIder
— IDAMTP, Univd ™ ? - - N - - N
: e ﬁx«Siulll)'posc the measured data n; shows no fluctuations Tulhgcuzlpzrz:;":'t}li:(ll 9(?5 C=L03)r:3.“\:?c t(‘ho(;:pgl:tvg l:hlz‘ycttc diction in SRL has been reduced to 10%. The discovery significance is evaluated from the
— — 1 : : : : : : above the SM background b;. To set exclusion limits on  values using pyhf [64], a Python implementation of expected discovery p-value, while limits are set at 95% CL using the CLs method [91] with
— >3 o the pyhf software package [92, 93]. Additional lines show the sensitivity of the conservative
] Cm 2 Rodolfo Capdevilla,** Fede scenario inflating the background estimates by an order of magnitude. The sensitivity is
L = -

I » b‘— 0 Search for B* — K*vi decays using an inclusive tagging method at Belle 11 I
a
°© u - 3
- . F. Abudinén,* 1. Adachi,?"** K. Adamczyk,% P. Ahlb
= u N. Anh‘;(;'.l:‘l?” D. M. A:m? H. :\lma:an."m T. Aml».: The statistical analysis to determine the signal yields Xiv: 2104.12624 Search for Chal' : 0—neutralin0 ail' l'Oduction in
100 150 200 250 -2 : : | ; : : ; : i 1 I 1 b B P B”’:‘,}’;"":;? IB“")‘")“;;":" SMBNM'T;J'FB,L":::: is performed with the pyhf package [42, 43], which con- E év" e " g p P
5. Bernieri, . U. Bernlochner,™ M. lemes,™ E. h . . . . i - (3 (] (] Ty
GeV , T. Bilka,® D, Biswas, ™ A. Bozek® M. Bracko, ™™ P. Bras StTUCts a binned likelihood following the HistFactory final states with three leptons and missing wXiv:2106.01676
m4| [ e ] TVR WVR TVR TILVR T2LVR WVR TILVR  T2LVR WVR bffN bWN  tN_med tN_high S. Bussino,”"#2 M. Campajola,** L. Cao,” G. Casaross [44] formalism. The templates for the yields of the signal . . . ATLAS
bfiN bffN bWN ~ tN.med tN_med tN.med N _high 1N _high N high and the seven background processes are derived from sim- transverse momentum in v_ = 13 TeV PpP collisions
with the ATLAS. detector.,......... ..o, e , s s

in the simplified models discussed in Section 1. Exclusion limits are calculated by statistically combining
the results from the signal regions of the contributing searches, which are designed to be orthogonal.
25 The combination is implemented in the pyhf framework [171, 172], which was validated against the
HistFirTer framework [173). The results are presented in Section 9.2.
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Lightning Intro to HistFactory ,

An Example from LLP community P
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XI. RESULTS

For the 2MSVx strategy, 0.027 +-0.011 background

Search for long-lived particles produced in pp col events are expected. After unblinding, no events passing

that decay into displaced hadronic jets in the ATL the full signal selection were found.
For the IMSVx+AO strategies, the number of observed

events in the four regions of the ABCD plane and the
background prediction in region A for events passing the
® (Received 21 November 2018; published 15 M SR selection are summarized in Table XI. No significant

X redi number of backgroun n
A search for the decay of neutral, weakly interacting, long-lived part e cess above the P edicted number of bac grou d events

ATLAS detector at the LHC is presented. The analysis in this paper is found. o . . .
collision data at /5 = 13 TeV recorded in 2015-2016. The search emple ~ Upper limits on the production cross section times

vertices of long-lived particles decaying into jets in the muon spectromete branchjng fraction were derived using the CL, prescrip-
and a novel technique that requires only one vertex in association with ¢ tjon [78] implemented with the RoOSTAT [79] and
2

M. Aaboud et al.”
(ATLAS Collaboration)

that improves the sensitivity for longer lifetimes. The observed numbers
expected background and limits for several benchmark signals are dete

DOI: 10.1103/PhysRevD.99.052005

I. INTRODUCTION

The discovery of the Higgs boson at the LHC completed
the Standard Model (SM) of elementary particles and
focused attention on the many central features of our
universe that the SM does not address: dark matter, neutrino
mass, matter-antimatter asymmetry (baryogenesis), and
the hierarchy problem (naturalness). Many beyond the
Standard Model (BSM) theoretical constructs proposed
in the past few years that address these phenomena predict
the existence of long-lived particles (LLPs) with macro-

HISTFACTORY [80] packages using a profile likelihood
function [81]. For the 2MSVx and 1MSVx+Jets strategies

the likelihood includes a Poisson probability term describ-
ing the total number of observed events. For the IMSVx +
.SS . . . .
by the ATLAS : ET™ strategy the likelihood described m Sec. IXB 2
collisions at /i WVaS used. For scalar boson benchmark samples with
and LHCb Col Mo #F 125 GeV, upper limits were set on o X B, where
more recently b B represents the branching fraction for ® — ss assuming
[35]. To date, 1 100% branching fraction into fermion pairs. For scalar
ne‘;t}rl‘f‘l LLPS'd boson benchmark samples with mg = 125 GeV, upper
S PAPETYE 1imits were set on o/6gy X B, where oy, is the SM Higgs
in proton-protc ) ;
36.1 fb-! of dg 2OSON production cross section, 48.58 pb [82]. For the
LHC during 20 stealth SUSY benchmarks, upper limits were set on

* ' o0/ogysy X B, where ogygy is the SUSY production cross

8 1 \ I:JI Illll-_J‘ -_‘I I llIIIII | | IIIIIll | | Illl.l'!7| | lIIIll"
1 E ' B p125) - ss = 100% o ;
& - ]
-1 » B i
I [ i S e T D A T LI —
X - -
5 F :
© — _ | B g125) =1%
- 1025_.-._.-._._. RO SR S ._._._..-._.-._._._._.‘-.-._.-._.-.§§-._._§
© — -
-3 PR RCIUNRL L
=10 E
S - e
:' . ATLAS —— ®(125) >ss,m_=5GeV _
()] 4| -1 - ®(125) - ss, ms=BGeV ]
& 10 = \E=13 TeV, 36.1 fo ®(125) — ss, m_= 15 GeV =
- : _— S d(12 .m =2 V S
- - Combined limit | <p212:; D e 2s=4gg:v I
LJ)- 10_5 1 L lllllll 1 L lllllll 1 1 lllllll 1 1 lllllll sl 11 lllllI,I
o 107 10~ 1 10 10? 10°
o
0 Scalar proper lifetime (ct) [m]

(b)



Lightning Intro to HistFactory

HistFactory

 simultaneous binned fits to multiple disjoint phase space regions ("channels")

* provides standard building blocks for systmatics

out main analysis
(joint of multiple channels)
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N
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I—[ Pois (n¢p |

¢ € channels b € bins,.

Simultaneous measurement
of multiple channels

l
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l_[ Ki sch ("’ X)
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for systematics
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Lightning Intro to HistFactory

For a given HistFactory modeel you thus need to keep track of
 observed yields in all bins of all channels

 nominal expected yields (all bins, channels, samples)

e systematic effects on expectation
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Lightning Intro to HistFactory

For a given HistFactory modeel you thus need to keep track of
 observed yields In all bins of all channels

 nominal expected yields (all bins, channels, samples)

e systematic effects on expectation

R

We do this in a straight o 10

forward JSON Format ___E - E{ ],\mu, "data": , type": "normfactor" }]
: N /nominal expected systematic effects

This is what's on HepData moditiers®s [{ name’: "uncorr_bkguncrt', "data’s | l ’

- HEPData

el": [ , ] <«— observed data

Repository for publication-related High-Energy Physics data

2 [
s { "poi1": "mu" },

: "singlechannel”



Once you have a JSON, getting limits is easy

pvhf has both asymptotic and toy-MC based inference APIs
 for low-count LLP toys can become important

Alternative test statistic (g,) distributions

1 fiq,]1) signal-like
flg,|0) background-like

$> pip install pyhf
$> pyhf cls workspace. json

{

"CLs_exp": | _
0.008897411763217407, | . -
0.03524468002619176, - -

0.1243148689002353,

0.3514186235832989, | 3 L ' ' — 1
0.6941411699405086 - : 33 (b) G,

],
"CLs_obs": 0.03607/409335946063




Beyond reproducing

It's great to be able reproduce results, but doeesn't give us new science
 Much more exciting: reuse! This is what public L'hoods & other tools are about.

Two broad ways to reuse existing analyses: RECAST & Combination

Reinterpretation of Single Analysis under multiple models

fa(datalmodel;) f.(data|model,)

Combination
of multiple

anayseswrt. | fy (datalmodel;) fi(data|model,)

one model
(increased stat. power)

fe(datalmodel;) f.(datalmodel,)

16



Beyond reproducing

RECAST: modifying one likelihood into a new likelihood ("patching")
Combination: taking N likelihoods and building a new likelihood ("stitching")

Reinterpretation of Single Analysis under multiple models

f.(data|model;) f.(data|models)

Combination
of multiple

anayseswrt. | fy (datalmodel;) fi(data|model,)

one model
(increased stat. power)

fc(datalmodel;) f.(data|models)

17



RECAST

RECAST reuses almost all of the statistical model
 same data, same backgrounds, different new signals

Signal Region Signal Region
A
CLs = 0.05... ¢ CLs =0.34...

Three Step Procedure:
1) compute new signal 2) make new L'hood 3) redo stat. analysis

public
lhood

a'
v

HEPData

18



recasting = patch-generation machinery for public likelihoods

For 1) use your favorite recasting tool that gives you est. yields in anlysis regions
 Note (important also for LLP), you need yields for SR and CR regions!

For 2) pyhf introduced the idea of a "JSON Patch"
* a special format for the new yields you get from recasting tool
 modifies existing likelihood to incorporate thew new model

* |like a code patch "remove original signal", "add new signal"

{ [ ] [ ] [ ] [ ] [ ] [ ]
"channels": [ SPPNT sonpatch likelihood.json patch.json > new.json
e L elechamel Old Likelihood jsonp ] P J J
"samples": [
{ "name": "signal",
"data": [7.0, 2.0],
"modifiers": [ { "name": "mu", "type": "normfactor"”, "data": null} ]
i,"name": ”baCkgrOU.nd”, { "ch 1s": [ - -
"data": [50.0, 60.0], chamess = Lo Lechannel” _ o New Likeilhood
"modifiers": [ {"name": "uncorr_bkguncrt", "type": "shapesys", "data": [5.0,12.0]} ] { ,,:::glés,fl?g ccaannc’, new ylelds InjeCted
] } { "name": "signal",
} "data": [7.0, 2.0],
1, "modifiers": [ { "name": "mu", "type": "normfactor", "data": null} ]
"data": { 3,
"singlechannel": [50, 60] { "name"™: "background",
}, "data": [50.0, 60.0],
"measurements": [ "modifiers": [ {"name": "uncorr_bkguncrt", "type": "shapesys", "data": [5.0,12.0]} ]
{ "name": "Meafd [{ }
] ]
} "Op": nreplacen ’PatCh (from Step 1) : }
"path”: "/channels/0/samples/0®/data", "data": {
"singlechannel": [50, 60]
"value": [7.0, 2.0] , o
}.] "measurements": [
{ "name": "Measurement", "config": {"poi": "mu", "parameters": []} }
]
19 }




Example from LLP

Great Example of RECAST from ATLAS w/ CalRatio Analysis

£

ATLAS

EXPERIMENT

ATLAS PUB Note

ATL-PHYS-PUB-2020-007
27th March 2020

Reinterpretation of the ATLAS Search for
Displaced Hadronic Jets with the RECAST
Framework

full collaboration-level RECAST important
due to low-leve detector inputs & lots of ML

20

7 R on R EErT o B EEr vt o
10°F ATLAS Preliminary vs = 13 Tev

6
10° B = RECAST result, high-E,, selection [33.0 fo’'] ¥4 Exp. + 10, 20

10° - =Ms displaced jets result (2x) [36.11b"]  — Obs.
104 B new physics reach
10°

107 :

-
- O

ox8, .(100%)=0.007

———————————————— e —— o ——————————————————————

my,m, = [125,100] GeV, c1,,,= 3.5 m

lllll 1 1 lllllll 1 l;lllllll

107 1 10 10°
x proper decay length (c7) [m]

llllllll 1 | |




Combinations

For combinations you heed to ensure three things

 phase-space regions must be disjoint and uniquely named

* ensure consistency of nuisance parameter naming acrross input likelihoods
 avoidance of double counting of external constraint terms

signal «______ i i i ] :
I N N Likelihood A
I N N '
bkg B B B
signal L.....ii.oitoib o ELITTHIIT Combined Likelihood
I N N I
data N I I N N e — T —
Chan1 Chan2 Chan3 Chan4 Syst1 Syst2 K I O O I
......................................................................................... . 29 I
signal {71 TTH I ; | 5
° I - : . data [ I I IS I 1 1 =
Likelihood B : : :
bk I Chan1 Chan2 Chan3 Chan4 Chan1 Chan2 Syst! Syst2 Syst3
7 - 2 SO
I .
data N I I I add channels together deduplicate constraints

Chan1 Chan2 Syst1 Syst2 Syst3



Combinations

For combinations you need to ensure three things

 phase-space regions must be disjoint and uniquely named

* ensure consistency of nuisance parameter naming acrross input likelihoods
 avoidance of double counting of external constraint terms

pyhf provides *some* tooling, but it's not as fully-featured
 expect some manual JSON hacking for combination work
 if people want to collaborate on JSON-combiner tooling let us know

lukasheinrich  mpb2019lheinric =~ » $ » pyhf combine --help
sage: pyhf combine [OPTIONS] [WORKSPACE_ONE] [WORKSPACE_TWO]

Combine two workspaces into a single workspace.

See :func:‘pyhf.workspace.Workspace.combine' for more information.
Options:

-j, ==join [none|outer|left outer|right outer]

The join operation to apply when combining
the two workspaces.

--output-file TEXT The location of the output json file. If not
specified, prints to screen.

--merge-channels / --no-merge-channels
Whether or not to deeply merge channels. Can
only be done with left/right outer joins.

Show this message and exit.




Example from ATLAS SUSY:

all done with exactly the same JSONs as they are released

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN) T
f ~ 0~ + ~0-0,. _ . + 0 0
@ y 60 XX, —WZ % % higgsino m(x )=(m(x ) + m(x ,))/2
: [r— ; oY 4
i — Jf 4
ATLAS ZA\ > -
EXPERIMENT (D L
Submitted to: EPJC CERN-EP-2021-059 — =
4th June 2021 —~ B0
o r
x —
> - ATLAS
; ino pai jon i 22 40 [ (s=13 TeV, 139 fb”
Search for chargino—neutralino pair production in 1 40 — s=13 TeV, 13
final states with three leptons and missing IS C Al I:Emnts ?tdgf /"_tc(iLLb )
° o o - = eXpecie imi -
transverse momentum in Vs = 13 TeV p p collisions <] e | s = P - exp
. e — Observed Limit (£ 10,,,,,,)
with the ATLAS detector C — Obs. Limit off-shell
. C — Obs. Limit compressed
The ATLAS Collaboration 20 — LEP excluded
A search for chargino—neutralino pair production in three-lepton final states with missing 1 O
transverse momentum is presented. The study is based on a dataset of v/s = 13 TeV pp :
collisions recorded with the ATLAS detector at the LHC, corresponding to an integrated
luminosity of 139 fb'. No significant excess relative to the Standard Model predictions
is found in data. The results are interpreted in simplified models of supersymmetry, and :
statistically combined with results from a previous ATLAS search for compressed spectra in : v 1 b e P b b by b 1y

two-lepton final states. Various scenarios for the prczduf:tion and decay of charginos (¥;) and 1 00 1 20 1 40 1 60 1 80 200 220 240 260 280 300

neutralinos (,\?g ) are considered. For pure higgsino i X(z) pair-production scenarios, exclusion

limits at 95% confidence level are set on ,\73 masses up to 210 GeV. Limits are also set for pure ~ 0 G
wino §i ,\78 pair production, on ,?3 masses up to 640 GeV for decays via on-shell W and Z : m (x 2) [ eV]
bosons, up to 300 GeV for decays via off-shell W and Z bosons, and up to 190 GeV for decays

via W and Standard Model Higgs bosons.



Summary

* publishing Likelihood is becoming a new normal

* this enables new science through stat. combination & reinterpretation
e particularly powerful for LLP searches
e getin touch if you need help

C \ Kyle Cranmer

I'm so happy to see this out!

"Long-lived particle searches are particularly interesting in
terms of their discovery potential & the difficulty of
reinterpreting them in the context of new physics models"
A perfect example for the RECAST framework!

Searches for long-lived particles at the LHC: Workshop
of the LHC LLP Community

Reinterpretation of the ATLAS Search for
Displaced Hadronic Jets with the RecAsT
Framework

Technical Solution:

The ATLAS Collaboration

Preserve Software using industry standard Linux Containers (Docker)

¢ industry backed (Google, Amazon, ...) solution for reproducible software
environments. Like a VM, but boots in milliseconds.

e complete freedom for analysis team on software choices. Makes no assumption on
how experiments run analysis code.

A recent ATLAS search for displaced jets in the hadronic calorimeter is preserved in RECAST
and thereafter used to constrain three new physics models not studied in the original work.
A Stealth SUSY model and a Higgs-portal baryogenesis model, both predicting long-lived
particles and therefore displaced decays, are probed for proper decay lengths between a few

Figure 4. A more detailed view of the workflow used in the analysis preservation. Individual steps (blue bones) have inputs (red cllipses) which ase efther set
initially by the user. or result from previows steps. The arrows indicate the direction of information flow between the steps. The initialisation step is labelied as
init while “high” and “low” refer to the high- and low-Er selections respectively

24-26 Apr 2017
CERN

Europe/Zurich timezone

preserved in this way. The data analysis workflow required to estimate the efficiency for, and sensitivity to,
any new signal was completely captured using virtualisation techniques. This allowed an accurate and
efficient reinterpretation of the published result following the RecasT protocol in terms of three signal
models fi 1 in other dedi 1 LLPs hes. In all three cases, the existing limits were extended to
short lifetimes and decay lengths.

RECAS

Lukas Heinrich

e can capture conveniently by analysis team:

The reinterpretation of the CalRatio jet search was performed in the context of a Higgs-portal model which
offers an explanation of baryogenesis, a stealth SUSY model and a dark sector model predicting SM and
exotic Higgs decays to collimated light SM fermions via dark photons. The Higgs-portal baryogenesis
model was constrained to a branching ratio for H — y x below 10% at decay lengths approximately

1xplus> docker run .. #start snapshot session
container> svn co ..

container> make ..

1xplus> docker commit .. #save snapshot of workdir

LLP Prep Meeting

2017!

(%/l NEW YORK UNIVERSITY

Docker Image. Think: executable filesystem snapshot

docker

NEW YORK UNIVERSITY 17

LLP community has been a constant companion in getting here. Thanks!

bf ¥4 in the diagram on the right. The y,4 decay into SM fermions, denoted by £* and ¢™.

14: Diagrams of the Higgs portal model with dark photon final states. The dark fermions f;, each decay
P and a dark photon y, in the diagram on the left, and a HLSP and a dark scalar s, that in turn decays i

one half of those in the existing results [28]. For the stealth SUSY model, constraints on the singlino
production branching ratio were also extended to decay lengths approximately 0.5 times shorter than those
obtained previously [28]. Finally, for the dark photon model, the limits for the SM Higgs channel are
the first obtained by ATLAS in the context of hadronic decays of the dark photon in this model, with the
cross-section times branching ratio constrained between a few millimetres and a few tens of centimetres,
depending on the multiplicity of dark ph Alongside the existing limits for muonic dark photon
decays [41], these constraints provide comprehensive coverage for this model. Concurrently, the limits
for the exotic Higgs boson (my = 800 GeV) channel with hadronic dark photon decays were extended to
shorter decay lengths than those in existing results [41]. This sensitivity to new models may be further
extended in future by preserving combinations of the CalRatio displaced jets search with complementar




