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Experimental analyses at the LHC
are sensitive to a far greater set of
theories and parameter combinations

than have so far been tested
(or even been thought of).

We want to obtain a comprehensive
view of how the plethora of LHC
results constrain new physics In the
context of different theoretical
scenarios.
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2k Searches for new physics at the LHC in a vast variety of channels;
interpretations in specific target/simplified models.

2k The full understanding of the implications of these searches
requires the interpretation of the experimental results in the context
of all kinds of theoretical models (incl. such not yet thought of!).

2k In addition, measurements primarily aimed at understanding SM
processes can have a high degree of model independence and implicitly
contain information about potential contributions from new physics.

2k Again, this requires the (re)interpretation of the experimental results in
the context of new models.

2k Requires close theory-experiment interaction and public tools.
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Sensitive to a far greater set of theories.
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https://lifeandphysics.com/a-map-of-the-invisible/

OI'Ie Of my favourite examples: IDM Inert Doublet Model
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—~ vt H v~ H,
qG — Z — Zh™) — ¢t~ HHO,
g — Z — ZHH® — ¢t¢~ HHY. Constrained by leptons+MET SUSY and Zh, h—inv. searches
(+in compressed part of the parameter space also LLP searches)
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https://arxiv.org/abs/1503.07367

OI'Ie Of my favourite examples: IDM Inert Doublet Model

Revisited for Run 2 results [J. Lahiri, T. Robens, K. Rolbiecki]

ATLAS-HIGG-2018-26: Search for Z + (H/a—=inv.)
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Jayita Lahiri, RiF workshop Feb. 2025
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https://indico.cern.ch/event/1466101/contributions/6363712/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-26/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/

OI'Ie Of my favourite examples: IDM Inert Doublet Model

For very small mass differences, the charged scalar becomes long-lived

(dark matter co-annihilation region)
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SModelS v2, arXiv:2112.00769
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https://arxiv.org/abs/2112.00769

OI'Ie Of my faVOurite examples: IDM Inert Doublet Model

For very small mass differences, the charged scalar becomes long-lived — LLP

Disappearing track analyses: pursued as searches 102 1 Scalar DM Sole>
for long-lived charginos )
ol
10! e -
+ ATLAS-SUSY-2016-06, 36/ fb: efficiencies il
recasted by Belyaev et al. for both the fermion .
(chargino) and the scalar (charged Higgs) LLP S
cases. arXiv:2008.08581, Zenodo dataset 10-1 B CMS formion off
ATLA? S(f,ll]:il; ltlfi
* CMS-EXO-19-010, 101/ tb: official CMS results; —— Rt

10—2 ! ! ! | | | ! !
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only the fermion (chargino) case is available.

(LLP decay length depends on the LLP boost and consequently on its spin!)
SModelS v2, arXiv:2112.00769
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https://arxiv.org/abs/2112.00769
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https://doi.org/10.5281/zenodo.4288736

| essons learned

#1:
even for such a simple model as the IDM,
constraints from different analyses are relevant

#2:
no dedicated analyses exist for this model, so
reinterpretation is the only way




| essons learned

#3:
can elucidate gaps In experimental coverage
and help define new benchmarks

#4;
not straightforward; several tools involved
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Interpretation of excesses
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Consistent explanation in realistic models?
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Interpretation of excesses

Results in NMSSM with singlino-higgsino LSP
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NMSSM scenario

Singlino LSP with roughly

degenerate higgsinos
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Interpretation of excesses

.« Non-SUSY models for the excesses? |

[LAS monojet I

— 60
o) _ I N VU e
=7 « Scalar DM with vector-like
- leptons
< 30
b AN * Type-ll see-saw mode| ]
we =« These generically fit
15w 100 % worse than the SUSY
ombination from ATLS models '
o pall but intriguing B S

Mark Goodsell, RiF workshop Feb. 2025
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(Global) likelihoods vs exclusion limits

95% CL limits only allow for binary decisions (excluded or not), but no rigorous statistical
treatment. What we really need is likelihood information — global analyses, global fits, etc.
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- = combined
ATLAS-SUSY-2018-41

- ATLAS-SUSY-2019-08
CMS-5U5-21-002

m(x]) = 256.9 GeV
m(x$) = 617.4 GeV
m(xi)= 617.6 GeV

BR(x9-x%h) =0.96

Fobs(comb. )= 1.32

from 2306.17676
(see also 2312.16635)
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https://arxiv.org/abs/2306.17676
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Experimental results vs. their interpretation

Empirical outcome, such as event counts or - The act of comparing this empirical

the measurement of some physical quantity outcome to model predictions

ATLAS-EXOT-2020-25

ATLAS-EXOT-2020-25
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-25/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-25/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-014/index.html

Analysis / reinterpretation chain
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Signal selection ] Statistical eval.

(signal/bkg discrimination) (hypo test, interpretation)

—
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Analysis / reinterpretation chain
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Signal selection ] Statistical eval.
(signal/bkg discrimination) (hypo test, interpretation)

. - » Measurement analyses: “SM” measurements
Reproduce experimental analysis ~ (differential distributions), where detector effects

in a Monte Carlo simulation (“recasting”) have been unfolded to a fiducial phase-space;
-~ hundreds available in Rivet.

* Search analyses: concern tails of SM distributions
~and/or unusual objects; typically not unfolded, so

\' detector effects need to be reproduced, too.
. _RIVET  %T |
= &N Contur ADL<( \ 00lllderL|t % - * Increasing use of low-level detector quantities and :
R, F machine learning techniques to enhance senS|t|V|ty
(+ ATLAS SimpleAnalysis) ~ is a challenge for reproducibility.

Sabine Kraml RTG 2994 Inauguration Workshop, Wirzburg, 17-18 March 2025 16






arXiv:2312.14575

ML-based analyses

Some ATLAS analyses have indeed started to provide their learned models in serialised form.

Search for squarks and gluinos: jets+MET
SUSY-2018-22 BDT weights in XML format on HEPData + simpleAnalysis implementation

RPV SUSY search, leptons + many jets

SUSY=2019-04 ONNX files for 5 NNs (4-8 jets SRs) on HEPData + simpleAnalysis implementation

SUSY search with MET and many b-jets

SUSY=2018-30 simpleAnalysis implementation with ONNX-serialised NN model

Search for neutral LLPs with displaced hadronic jets (“CalRatio LLP search”)
el EPEE preserved NNs as ONNX, BDTs as executables with petrify-bdt; low level inputs;
also 6d efficiency maps parametrising the BDT+NN selection + example code

Anomaly detection search for new resonances Y — X+H in hadronic final states
VRNN python code + post-training weights (PyTorch .pth file)

HDBS-2019-23

— CheckMATE, MadAnalysisd and RIVET have developed interfaces.

Sabine Kraml RTG 2994 Inauguration Workshop, Wirzburg, 17-18 March 2025 18


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-22/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-30/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-23/
https://pypi.org/project/petrify-bdt/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-23/
https://arxiv.org/abs/2312.14575
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architecture, input features

noice of framework, preservation format,

clear definition of all input & output variables;
code/framework version and dependencies

material enabling to verify pe
(cut-flows, plots of in/out var

another ML model trained to

the output of the original one (or simple

parametrised efficiencies)

formance

lables, runcards)

approx. replicate

Keep reinterpretability in mind early on in analysis design!

RTG 2994 Inauguration Workshop, Wirzburg, 17-18 March 2025
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Analysis / reinterpretation chain

Event selection Signal selection }  Statistical eval.

(signal/bkg discrimination) (hypo test, interpretation)

Reproduce experimental analysis Reuse simplified model results
in a Monte Carlo simulation (“recasting”) (095, signal Axeg)
2 Analysis ¢
(AETT’ i - HicesBounns
COIIIderLt % Valid if signal acceptances are to good approx.
- the same as in original experimental papet. 5
(+ ATLAS SimpleAnalysis) (klnematlc distributions don’t change too much)

Sabine Kraml RTG 2994 Inauguration Workshop, Wirzburg, 17-18 March 2025 21



Analysis / reinterpretation chain

-
T |
N
N
3 .
\

Signal selection §  Statistical eval.

(signal/bkg discrimination) g (hypo test, interpretation)

Analysis surrogates?

Reuse experimental analysis

in a Monte Carlo simulation (“recasting”) e Idea: the probability of an event being selected

should depend only on the physical properties
of the final state (o1, position, flavor,...)

5 > Parametrised efficiencies that relate selection

~ probabilities to particle/truth level inputs
comdernL.t %’ v ATLAS-EXOT-2022-04: Trained BDTs to give
-7 ~overall selection probability in ABCD plane,
(+ ATLAS SimpleAnalysis) using truth-level (Lxy, Lz, n, pt, ET, Child ID);

pickle files + sample code

Sabine Kraml RTG 2994 Inauguration Workshop, Wirzburg, 17-18 March 2025 22
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Pro’s and Con’s: simulation-based recasting

Sabine Kraml

simulation-based recasting

Simulation of hard scattering process(es)
(e.g. MadGraph)
4

Showering and hadronization,
incl. matching & merging
(e.g. Pythia)

4

emulation of detector effects:

object reconstruction, efficiencies, ...
(e.g. DELPHES)
2

application of signal selection cuts
(actual recast code)

4

statistical evaluation
(background numbers usually from exp. pub.)

More generic and often more precise than simplified
model results; in principle applicable to any new signal
caveat: control regions typically not included in react codes!

Need to take care to simulate all relevant processes
(not always obvious e.g. in scans of complex parameters spaces where
dominant processes can change)

Very CPU expensive
So far mostly cut-and-count analyses are recasted

ATLAS / CMS as well as Run1 (8 Tev) / Run 2 (13 TeV)
analyses need to be run separately

So far, prompt and long-lived signatures need to be
treated separately

— careful separation needed in models featuring both
— response of prompt analyses to LLPs unclear / wrong

Implementation and validation of new analyses is time-
consuming and sometimes quite difficult

— Detailed information needed from experiment
analysis logic, object definitions, cuts, efficiencies, cut-flows, etc.

RTG 2994 Inauguration Workshop, Wirzburg, 17-18 March 2025
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Pro’s and Con’s: simplified model approach

e Assumes that sighal acceptances are to good approxi- simplified model approach (SModelS)
mation the same as in original experimental result.
Valid for simple rescaling of production and decay rates Create SLHA file
(0xBR); other cases need to be verified, e.g. spin or with mass spectrum and decay tables
production mode dependence. 2
_ add production cross sections
* Applicable beyond cut & count analyses (SModelS xseccomputer or micrOMEGAS)
(ML techniques) 3
e Advantages are simplicity and speed! compute all signal weights :
— very fast b/c no MC simulation needed oxBRxBR...
— well suited for large scans and model surveys 4
e Large database of experimental results sUm matcth elements
e ATLAS and CMS, Run1 and Run2, prompt and long- find and apply Axe (or ogs) values
lived results all treated simultaneously from experimental results
4

e Easy classification of unconstrained cross section,

missing topologies statistical evaluation#*

(background numbers usually from exp. pub.)
e Often conservative: coverage depends on variety of
available S|mpI|f|ed-modeI results tin case exp. result is ogs: only allowed/excluded

Sabine Kraml RTG 2994 Inauguration Workshop, Wirzburg, 17-18 March 2025 2924



H E F D ata ATLAS publications with HEPData records (2025-02-21) CMS publications with HEPData records (2025-02-21)
250
s All papers

s All papers
s With HEPData
» Digitised material is crucial )

s With HEPData
but remains patchy!
100 00
» Possibility to search for tool
implementations: “ II I I I I II
“analysis:rivet” or I. I

1 o~ n g} BPHY EXOT HDBS HIGG HON STDM SUSY TOPQ EXO HIG
anaIySIS-madanalySIS y etC- Physics Analysis Group PhysncsAnaIyS|s Group

200
200

-
(4]
o

-

Number of papers

o

[curtesy Graeme Watt]

Measurements of inclusive and differential cross-sections of ¢¢-y production

in pp collisions at /s = 13 TeV with the ATLAS detector Checkmate or MadAnalysis: 46 results

SModelS: 83 results
The ATLAS collaboration Aad, Georges ; Aakvaag, Erlend ; Abbott, Braden Keim ; et al.

JHEP 10 (2024) 191, 2024.  [Piarsiondl) [P LT i Lirr Search for electroweak production of charginos

2 Inspire Record 2768921 % and sleptons decaying into final states with two leptons and missing transverse momentum in \/5 = 13 TeV pp
| collisions using the ATLAS detector

with missing transverse momentum in proton-proton collisions at 13 TeV
Eur.Phys.J).C 80 (2020) 123, 2020.

_ The CMS collaboration Sirunyan, Albert M ; Tumasyan, Armen ; Adam, Wolfgang ; et al.
[Z]Inspire Record 1750597 S DOI 10.17182/hepdata.89413

' Phys.Rev.D 96 (2017) 032003, 2017.
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Analysis / reinterpretation chain

Event selection Signal selection §

(signal/bkg discrimination)

Sabine Kraml RTG 2994 Inauguration Workshop, Wirzburg, 17-18 March 2025

Statistical eval.
(hypo test, interpretation)

comparing empirical outcome
to model predictions
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Analysis / reinterpretation chain

Statistical eval.
(hypo test, interpretation)

Event selection Signal selection §

(signal/bkg discrimination)

Given the signal yields together with the number of observed events, o P M VAT R
expected backgrounds and uncertainties (incl. correlations), one can . st bt oo |
compute a simplified likelihood e
. st S | Ml odvion i
. Q. . NN p—(U-8;+0;+0; 1 S .
. (]’l Sl + bl + 91) ‘e Txr—1 _ 600
Ls(u,0) = 1—{ nl - exp _EG V0 =
1= -
. . . . . . . 06 250 500 750 1000 1250 1500 1750
assuming a Poisson distribution for the data and Gaussian distributions for the nuisances. mg [GeV]
NB for “measurement analyses” (Rivet/CGontur) it is important that the SM predictions be available! STXS g EF1 fits
pﬂ“cv““e fof
Sabine Kraml RTG 2994 Inauguration Workshop, Wirzburg, 17-18 March 2025 S me 27



Analysis / reinterpretation chain

Given the signal yield:
expected background
compute a simplified |

N
Ls(p,0) = 11 s

Statistical eval.

(hypo test, interpretation)

Event selection Signal selection §

(signal/bkg discrimination)

So far so good, but:

bin-to-bin correlations not always available e Anatyeis
how good is the Gaussian approximation? [18 eV, 1a7 7, 95% CL. |

MADANALYSIS H—exclusion limit

what about signal leaking into control regions®? | e iond
can’t determine inter-analysis correlations
can’t generate pseudo-data

can’t update constraint terms

ots of information is lost w.r.t. full statistical model =i

assuming a Poisson distribt my [GeV]
NB for “measurement analyses” (Rivet/CGontur) it is important that the SM predictions be available! . STXS g EFT fits
finciple
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Analysis / reinterpretation chain

Statistical eval.

(hypo test, interpretation)

Event selection Signal selection §

(signal/bkg discrimination)

p(data|theory)
p(data)

/ 1 N

posterior, interpretation experiment
LN LAY LA LN LN BN BLELENE B y g  G——— 7 ’ / g f'”/
ATLAS L TR T Furnt Nimber: C67205 1 ,4-"1;-"5".“"""1"“-'4',?_55.;\ ik / r

p(theory)

p(theory|data) =

: 20 0=, G 1 CRF A2 + AN
- H 727" =4 .‘ Cleoned: ay « - B 20030045, 90K ",-j‘jg‘ ~-\'\\:;\_ .,,/" 4
. v | A5 : AN
,2‘;:?)"3’3 1\"' 5 =2 Prazicscn Muxm: hise " . y'\ ‘

- S LLE A
99" e 13102 1190 ; : o A
9 . in .

. i sl i qj L,u <+ &y
(=t = u) L WE+23 n'

* - TS - &¢

"% _ 200
i [ Ly SR b i

2 . 4+ Y: Y., ¢ 4 L. e

[ <120 ¢ t N .

It |55 -2 f ‘ J

W N TS -

B 0 . N S A el ! f [

Miasye . N 1305W v LY et Py made were o 1o 2
N B T T B N ' | : ' N + tD [ (
o 2 4 &5 8 10 12 14 " pe @
colc
il B-'au

Statistical model: full probabilistic dependence of the observable data on the parameters of interest and nuisance parameters.
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Full statistical models: ATLAS

ATLAS started in 2019 to publish plain-text serialisation of HistFactory workspaces in JSON format

- Provides background estimates, changes under systematic
variations, and ol:?served data counts at the same fidelity as 1939 ATLAS PUB Note y
used in the experiment. ATLAS ATL-PHYS-PUB-2019-029 7

CXFCRIMENT

access to all nuisances 2Lst October 2019

Description Modification Constraint Term ¢, Input
| Uncorrelated Shape  Kscp (vp) = 7 [1p Pois (rp = 032| pp = 073 7p) Tp Reproducing searches for new physics with the
£ | Correlated Shape Asep(@) = fp ((a|| Ascb,a=-1s Ascb,a=l) ) Gaus (@ =0l a,00 = 1) Asch,a=x+1 ATLAS experiment through publication of full
Z | Normalisation Unc. Kseb (@) = 8p (@| Kseb.a=—1s Kseb,a=1 Gaus(a =0|a, 0 = 1) Kseb .=+ N Sy wn
Z : sch, scb,
S | MC Stat. Uncertainty k5.5 (¥p) = ¥p [1p Gaus (ay,, = llyb.6b) 612) =D ‘5.317 statistical likelihoods

Luminosity Ksep(A) = A Gaus (I = Ag| A, 07) Ap, 02
9 Normalisation Kseb (b)) = Hb The ATL.AS Collaboration
& | Data-driven Shape Kseb(Yb) = Vb

Rate modifications defined in HistFactory for bin b, Sample s, channel c. The ATLAS Collaboration is starting to publicly provide likelihoods associated with statistical

fits naed in searches for new physics on HIEPDara. These Fkelihonds adhere to a specification
firat defined hy the HistFacrary p.d.f. template. This note introduces a JISON schema that
fully describes the HistFactory statistical model and is sofficient to reproduce key results
from published ATLAS analyses. This is pes-se independent of its implementation in ROOT and
- U . R F '.t hf it can be used 1o run statistical analviis autside of the ROOT and RoaState/RooFit framework.
Sag e " OO I y py The first of these likelihoods published an HEPData 3s from a search for bottom-squark
pair production. Using two independent implementations of the modcel, one in ROOT and
ongc in purc Python, the limits on the bottom-squark mass arc reproduced, underscoring the
implementation independence and long-term viahility of the archived data.

- Target: long-term data/analysis preservation,
reinterpretation purposes p f

differentiable
Y'ikelihoods

L RERLE AR AN RS
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Full statistical models: ATLAS

ATLAS started in 2019 to publish plain-text serialisation of HistFactory workspaces in JSON format

ATL-PHYS-PUB-2019-029

Likelihood available

- Provides background estimates, changes under systematic

Search [or charginos and neulralines in al-badronic final slales SUSY Accepled by PRD 17-AUG-21 13 139 b’
variations, and observed data counts at the same fidelity as — o AR e w e

used In the experiment. | ihierieivram T B
access to all nuisances

Search for charginos ard reutralinos in final states with 3L and SUSY Accapted by

- e
MET EFJC 03 JUN 21 13 139 {b

\d

— . . . Measurement of tZ cross sections in Run 2 TOPQ E,ur ph?: S '3 129 b
Description Modification Constraint Term ¢, Input LT
Search for third-generation scalar leotcquarks dacaying to a fop - JHEP C6 »
— | Uncorrelated Shape Kseb(Yb) = Vb [1 Pois (rb = 0;2| Pb = a;zyb) Th quark and a tau laptan T w 2 = 2o
]
= = = = o - o
'§ Correlated Shape Asch(@) = fp (QI Ase b,a=-1> Asc b,a= 1) Gaus (a =0l@,0 = 1) Asc b,a=x1 Search for sauarks anc gluinos in final states 1L, jets and MET = 05-JAN-21 13 139 1!
Z Normalisation Unc. Kseb (@) = gp (a| Ksch.a=—1s Ksch.a= l) Gaus(a =0|a,00 = 1) Ksch,a=+1
o) . _ 2 _ 2 Search for charginos and reutralings in RPV models i Phys Re g
g | MC Stat. Uncertainty  «5.p(¥p) = ¥ [15 Gaus (ay,, = llyb. 6b) 6, = Xs 0y, states with L (or more) “ OV-20 13 139 b
Luminosity Ksep(A) = A Gaus (I = Ag| A, 07) Ap, 02
8 Normalisation K?(‘b (“b) — Search tor displaced leptons 1, 13-NOV-20 13 13g o'
. R 051802
& | Data-driven Shape Kseb(Yb) = Vb ‘
Search for sg SUSY JHEP 02 (2021) 270CT-20 13 1508
Rate modifications defined in HistFactory for bin b, sample s, channel c. MET
Moasurement ar production uu&-be — Phys. Lell. B 810 24-JUN2ZD 3 4
lapten+jets .,hannei at 13 TeV = (2020) 135747 1300
= . . ‘ " Phys. Rev. D 102 . " i _
— U Sag e . ROO F i-t pyhf Stop pair, long-ived; cisplaced vertex ard displaced muon SUSY (2020) 032006 26-MAR-20 13 136 fo !
) Chamine-neutraling pair. 3 leptons, wea-scale mass splittings SUSY :J:_C’:SC r‘;;(:)w‘ 18-DFC-19 13 139 Ib-!
o Prys. Rev. 0 101
T 't I 't d 't I . 't . Charginc-neutralino palr, slepten pair; sof: leptons SUSY (020} 052005 28 NCV-19 13 139 !
arget: long-term data/analysis preservation, B HEPData | e —_—————
reinterpretation pur ata | %~ cuzoon 1OV
e e p e a O p u poses ::;h;orgircneumalno par. Higgs boson In fina' state, 2 b-jets and 3US) 'Elri’h:i’J C a0 15-3EP-18 13 139 -1
N t _t H S 3 H E P S . . S . I . . S d d Resou rces tshl::; l;:;t ;‘L;uttcm pai, gluino par. iwo same-sign lepluns or LIS, i; EP 06 (2020) 1B.SEP-19 s e
p - Shattem; b-jets usy é;CEP el 08-AUG-19 13 139!
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f

oifferentiable

ATLAS full statistical models istractory Json format p

— statistical evaluation through JSON patching Pikelihoods
publish to HepData
A ﬁ lllustration by Lukas Heinrich, 2021
( \ h 4
reproduce
preserve analysis A . > ‘“‘
"Original Model" patch Bkg-only Model B
\ y
g ) .
o o "
New Patch reuse/
\ / ) reinterpret
/ it Also proved highly useful for

SI\/IEFT fits with SFitter, ;
see N. Elmer et al, 2312. 12502

IMC CRIECK N UATE

Alguero, SK, Waltenberger

arXiv-2009.01809 Alguero, Araz, Fuks, SK, arXiv:2206.14870
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Full statistical models: CMS

CMS recently published their Combine Published April 15, 2024 | Version v1.0  bode
software and released the data cards
describing the early measurements of
the Higgs boson.

CMS-CAT-23-001

CMS Higgs boson observation statistical model

CMS Collaboration 28

This includes the combination of all the Higgs Introduction
bOSOn SearCheS that eStab“Shed the 201 2 This resource contains the full statistical model from the Higgs Run-1 combination, which led to the Higgs boson
di scovery of the nggS boson discavery, in the format of Combine datacards. The instructions below include a few basic examples on how to
] extract the significance and signal strength measurements, for more details please consult the Combine
documentation.

» Combine is available as a container

: Datacards
image
Datacards for the combination (and per-decay channel sub-combinations) leading to the Higgs-boson discovery at
. CMS are inthe 125.5 folder. The nuisance parameters corresponding to different sources of systematic
> Data Cards 'to be pu bI |Shed Syste- uncertainties are described in the *.html files located in that folder.
" For the full combination of decay channels, the relevant datacard is 125.5/comb. txt . The individual datacards
m atlcal Iy for N eW C M S analyses for each of the analyses in CMS targeting the main Higgs boson decay modes are also inthe 125.5 folder.
> pyhf & combine conversion tool is Software instructions
bel ﬂg WO rked On , COm pl |an Ce W/H 83 General installation instructions for Combine can be found inthe Combine documentation.
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Reinterpretability and reuse of LHC results
crucially depends on the material provided.

% Analysis data products =¥
% Analysis logic
% Detector performance data =¥
k Statistical models



LPCC

LHC Physics Centre at CERN

LHC REI WG:

BSM re-interpretation of LHC results ~~~

This subgroup of the BSM WG builds on the experience of the long-established LHC

re-interpretation forum (RIF), which will continue working under the umbrella of the
BSM WG in continuity with its original scientific goals.

The REI WG provides a platform for continued discussion of topics related to the

BSM (re)interpretation of LHC data, including the development of the necessary
public Recasting Tools and related infrastructure.

Conveners:

 ATLAS: Martin Habedank * Theory: Sabine Kraml

e CMS: Sezen Sekmen  LPCC: Michelangelo Mangano
 LHCDb: Carlos Vazquez Sierra Contact us:

https://Ipcc.web.cern.ch/content/Ihc-rei-wg
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ABOUT LHCWGS LHC PUBLICATIONS

EVENTS NEWSLETTER

BSM WG

) Dark Matter

) Long-lived particles

Electroweak WG

Forward Physics WG

Heavy Flavour WG
Heavy lons WG

Machine | earnineg WG
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European
' Strategy for
e Particle Physics
- 2026 update
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Thanks for your attention
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