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i f  you can read th is,  you’re too c lose

pyhf
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https://giordonstark.com/?utm_source=utkhepastroseminar&utm_medium=pdf


About Me
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B.S Caltech 2012 (LIGO) 
Brownian Thermal Noise 

Working on ATLAS since 2014 

PhD UChicago 2018 (ATLAS) 
Search for new (hadronic) physics and 
instrumentation upgrades (hardware filtering) 

Currently project scientist at SCIPP, UC Santa Cruz 
since Aug. 2024 

Search for new (electroweak) physics, large-scale 
physics analysis combinations, Standard Model 
measurements, software development, and 
instrumentation upgrades 

Lots of outreach/teaching/DEI experience (bootcamps, 
workshops, committees)

CERN DGPIPhysics 
Chair

Me




The motivation

How do we make sure that our analysis results are still 
interpretable with new phenomenology today? 

How do we combine different analysis results to 
constrain the allowed (new physics?) models?
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Statistical Techniques
How do experimentalists count?

4
“Do you know why they call me the Count? Because I love 
to count! Ah-hah-hah!”    — The Count (of Sesame Street)

not a real 

experimentalist



The Big Picture
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observations

p(data = observed)

model 
(SM + SUSY)

p(theory)

 A likelihood function encodes everything we 
know about the detector, the theory, and the data



observations

p(data = observed)

The Big Picture (I)
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 How good is our theory?

model 
(SM + SUSY)

p(theory)

Rely on our best understanding of the theory 
Standard Model / Beyond the Standard 
Model (e.g. QED, QCD, MSSM) 
Matrix Elements 
Parton Distribution Functions 
Finite Order in Perturbative Calculations 
(e.g. NLO, NNLO, etc…) 
Parton Showering and Hadronization 

… and best simulation of our detector 
Material Interactions 
In-time and out-of-time pile-up 
Calorimeter efficiency 
Tracking efficiency 
Magnetic field mapping 
Beamspot origin 
etc…



observations

p(data = observed)

model 
(SM + SUSY)

p(theory)

Trigger

Reconstruction

Derivation

Analysis

The Big Picture (II)
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 How good is our modeling?



What is a statistical model?
Statistical model inferences can provide: p-
values, confidence intervals, limits, expected 

yields, data/MC comparisons, etc…
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 arXiv:1207.7214 
 Cowan (Statistical Data Analysis) 
 James (Statistical Methods in Experimental Physics)

̂p(data | theory)

Two statistical models in 
orange 

dashed: “background” 
[SM, excluding Higgs] 
solid: “signal+background” 
[SM, including Higgs]

 Hypothesis: is the Higgs boson part of the Standard Model?

https://arxiv.org/abs/1207.7214
https://www.amazon.com/Statistical-Analysis-Oxford-Science-Publications/dp/0198501552
https://www.amazon.com/Statistical-Methods-Experimental-Physics-2nd/dp/981256795X/ref=cm_cr_arp_d_product_top?ie=UTF8


9

HistFactory
A flexible p.d.f template specification for the building of statistical models 
from binned distributions and data 

Developed by Cranmer, Lewis, Moneta, Shibata, and Verkerke 

Widely used by the HEP community for standard model measurements and 
BSM searches

 [CERN-OPEN-2012-016]

Calculated using 
HistFactory

HistFactory is partially independent of its 
implementation in ROOTK. Cranmer

https://cds.cern.ch/record/1456844/files/CERN-OPEN-2012-016.pdf
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HistFactory? It’s just math!

Multiple, disjoint channels of binned distributions with multiple samples contributing 
to each with additional (shared[?]) systematics between sample estimates 

An XML specification with data stored in ROOT files — it’s been the only implementation of this 
calculation 

Poisson p.d.f. for bins observed in all channels 
Constraint p.d.f. (and data) for auxiliary measurements (systematics: normalization, shape, 
etc) 

 Tied to ROOT ecosystem 
 How do we scale? (No multi-threading for larger workspaces e.g. combinations) 
 How do we preserve? 
 What if there’s a bug in ROOT’s HistFactory implementation? No cross-check!
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HistFactory? It’s just math!
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 How do we scale? (No multi-threading for larger workspaces e.g. combinations) 
 How do we preserve? 
 What if there’s a bug in ROOT’s HistFactory implementation? No cross-check!
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Back in 2000…
 https://indico.cern.ch/event/100458/ 

 ATLAS agreed to publish likelihoods!

https://indico.cern.ch/event/100458/


In 2019, we did it:
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 https://www.symmetrymagazine.org/article/atlas-releases-full-

orchestra-of-analysis-instruments 

 https://atlas.cern/updates/news/new-open-likelihoods 

G. Stark M. Feickert L. Heinrich

The Main Developers  

https://www.symmetrymagazine.org/article/atlas-releases-full-orchestra-of-analysis-instruments
https://www.symmetrymagazine.org/article/atlas-releases-full-orchestra-of-analysis-instruments
https://atlas.cern/updates/news/new-open-likelihoods
https://github.com/kratsg/
https://github.com/matthewfeickert/
https://github.com/lukasheinrich/
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Easy to install

it would be useful to run statistical analysis outside of ROOT, 
RooFit, RooStats framework 

A python-only (scipy, numpy) implementation of the HistFactory model 
+ profile likelihood hypothesis tests 

For free: a single plain-text file (JSON) specifies the entire workspace

pip install pyhf

https://scikit-hep.org/pyhf/ 

https://scikit-hep.org/pyhf/
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Easy to use (“hello world”)

Want to use… 
tensorflow? pip install pyhf[tensorflow] 
pytorch?     pip install pyhf[pytorch]    
jax?       pip install pyhf[jax]      

If the JSON workspace is online, can pipe and calculate CLs instantly

>>> import pyhf 
>>> pdf = pyhf.simplemodels.uncorrelated_background(signal=[12.,11.],  
... bkg=[50.,52.], bkg_uncertainty=[3.,7.]) 

>>> results = pyhf.utils.runOnePoint(1.0, [51, 48] + pdf.config.auxdata, pdf, 
... return_tail_probs=True, return_expected=True, return_expected_set=True) 

>>> print('Observed: {} Expected: {}'.format(results[-2], results[-1][2])) 
Observed: [0.05290116] Expected: [0.06445521]

$ curl http://url-to-json/workspace.json | pyhf cls

CLs
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Demo (I) — Simple CLs
{ 
    "channels": [{ 
        "name": "singlechannel", 
        "samples": [{ 
                "name": "sig", 
                "data": [12.0, 11.0], 
                "modifiers": [{ "name": "mu", "data": null, "type": "normfactor" }] 
            }, 
            { 
                "name": "bkg", 
                "data": [50.0, 52.0], 
                "modifiers": [{ "name": "uncorr_bkguncrt", "data": [3.0, 7.0], "type": "shapesys" }] 
            } 
        ] 
    }], 
    "observations": [ 
        {"name": "singlechannel", "data": [51.0, 48.0]} 
    ], 
    "measurements": [{ 
            "config": { "poi": "mu", "parameters": [] }, 
            "name": "singlechannel" 
   }], 
   "version": "1.0.0" 
}

JSON defining a single 
channel, two bin counting 

experiment with 
systematics

$ curl -sL https://git.io/fj1yb | pyhf cls | jq .CLs_obs 
0.052515541856109835

$ curl pdf.json | pyhf cls
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Demo (II) — Simple Re-use

Let’s patch the pyhf JSON 
spec provided with a different 
signal and recalculate!

{ 
    "channels": [{ 
        "name": "singlechannel", 
        "samples": [{ 
                "name": "sig", 
                "data": [12.0, 11.0], 
                "modifiers": [{ "name": "mu", "data": null, "type": "normfactor" }] 
            }, 
            { 
                "name": "bkg", 
                "data": [50.0, 52.0], 
                "modifiers": [{ "name": "uncorr_bkguncrt", "data": [3.0, 7.0], "type": "shapesys" }] 
            } 
        ] 
    }], 
    "observations": [ 
        {"name": "singlechannel", "data": [51.0, 48.0]} 
    ], 
    "measurements": [{ 
            "config": { "poi": "mu", "parameters": [] }, 
            "name": "singlechannel" 
   }], 
   "version": "1.0.0" 
}

$ curl pdf.json | pyhf cls --patch patch.json

# new_signal.json 
[{ 
    "op": "replace", 
    "path": "/channels/0/samples/0/data", 
    "value": [5.0, 6.0] 
}]
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Demo (II) — Simple Re-use
$ curl pdf.json | pyhf cls --patch patch.json

$ curl -sL https://git.io/fj1yb | pyhf cls | jq .CLs_obs 
0.052515541856109835 

# reinterpretation time 
$ curl -sL https://git.io/fj1yb | pyhf cls --patch <(curl -sL https://git.io/fj1yN) 
| jq .CLs_obs 
0.33650544273363076

# new_signal.json 
[{ 
    "op": "replace", 
    "path": "/channels/0/samples/0/data", 
    "value": [5.0, 6.0] 
}]

Let’s patch the pyhf JSON 
spec provided with a different 
signal and recalculate!

Patch with JSONPatch (http://jsonpatch.com/)

http://jsonpatch.com/


Computationally efficient!
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 ATLAS-CONF-2019-011         JHEP12(2019)060       ATL-PHYS-PUB-2019-029 
 https://www.hepdata.net/record/ins1748602 

 orders-of-magnitude faster inference

“python -m pip install pyhf”

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-011
https://link.springer.com/article/10.1007/JHEP12(2019)060
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-029/
https://www.hepdata.net/record/ins1748602
https://mybinder.org/v2/gh/scikit-hep/pyhf/master?filepath=docs/examples/notebooks/binderexample/StatisticalAnalysis.ipynb
https://mybinder.org/v2/gh/scikit-hep/pyhf/master?filepath=docs/examples/notebooks/binderexample/StatisticalAnalysis.ipynb
https://mybinder.org/v2/gh/scikit-hep/pyhf/master?filepath=docs/examples/notebooks/binderexample/StatisticalAnalysis.ipynb
https://mybinder.org/v2/gh/scikit-hep/pyhf/master?filepath=docs/examples/notebooks/binderexample/StatisticalAnalysis.ipynb
https://mybinder.org/v2/gh/scikit-hep/pyhf/master?filepath=docs/examples/notebooks/binderexample/StatisticalAnalysis.ipynb
https://mybinder.org/v2/gh/scikit-hep/pyhf/master?filepath=docs/examples/notebooks/binderexample/StatisticalAnalysis.ipynb
https://mybinder.org/v2/gh/scikit-hep/pyhf/master?filepath=docs/examples/notebooks/binderexample/StatisticalAnalysis.ipynb
https://mybinder.org/v2/gh/scikit-hep/pyhf/master?filepath=docs/examples/notebooks/binderexample/StatisticalAnalysis.ipynb
https://mybinder.org/v2/gh/scikit-hep/pyhf/master?filepath=docs/examples/notebooks/binderexample/StatisticalAnalysis.ipynb
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Why the speed up? (I)

ROOT-HistFactory computational tree

somewhat 
complex 

with lots of 
structure
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Why the speed up? (II)
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E.G.: Stat. Combination (I)
Multiple analyses with different signatures can still 
target the same model
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signature: 3ℓ + 0j + Emiss
T signature: 2ℓ + 3j + Emiss

T

 arXiv:1911.12606 ATLAS-CONF-2020-015 
 arXiv:2106.01676

“3-lepton”

 arXiv:1911.12606       ATLAS-CONF-2020-015      arXiv:2106.01676       ATL-PHYS-PUB-2021-019 
 atlas.cern/updates/briefing/new-higgsino-limits

“soft 2-lepton”

https://arxiv.org/abs/1911.12606
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-015/
https://arxiv.org/abs/2106.01676
https://arxiv.org/abs/1911.12606
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-015/
https://arxiv.org/abs/2106.01676
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-019/
https://atlas.cern/updates/briefing/new-higgsino-limits


E.G.: Stat. Combination (II)
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 arXiv:1911.12606       ATLAS-CONF-2020-015      arXiv:2106.01676       ATL-PHYS-PUB-2021-019 
 atlas.cern/updates/briefing/new-higgsino-limits

Goal: combine multiple searches to paint a tapestry of our 
sensitivity to a set of simplified models (electroweak-production) 
which decay to on-shell/off-shell Standard Model bosons (W/Z)
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E.G.: Stat. Combination (III)
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 arXiv:1911.12606       ATLAS-CONF-2020-015      arXiv:2106.01676       ATL-PHYS-PUB-2021-019 
 atlas.cern/updates/briefing/new-higgsino-limits
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https://arxiv.org/abs/1911.12606
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-015/
https://arxiv.org/abs/2106.01676
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https://atlas.cern/updates/briefing/new-higgsino-limits


Full Run-2 Paper
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Statistical combination of existing (public) ATLAS searches for 
electroweak SUSY  production in four decay channels( χ̃±, χ̃0, G̃)

⭐ Improve sensitivity to EWK SUSY beyond current limits 
WW WZ Wh GGM

Long game — a culmination of 
five years of work! 

Required many pieces in place: 
harmonized object definitions 
serialized likelihoods 
fully-preserved analysis 
workflows 
unblinded (and public) analyses 
grid extensions (non-stat.) 
understanding statistical 
overlaps 
(re)defining uncertainty 
correlations

 Phys. Rev. Lett. 133 (2024) 031802

https://scikit-hep.org/pyhf/
https://doi.org/10.1103/PhysRevLett.133.031802
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Not just about sensitivity! 
Theorists don’t understand 
experimental correlations across 
analyses 

provide a combined probability 
model that they can use instead to 
represent the combined contour of 
this model (signature-independent!) 

Depth of exclusion allows us to make 
significantly stronger statements about 
where new physics shouldn’t not exist



Example: global fit (g-2) (I)
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 August 10th, 2023

combine!

 Can we use experimental 
measurements of g-2 to inform 
our ATLAS physics program?

 ATL-PHYS-PUB-2021-019       arXiv:1403.5294       arXiv:1908.08215       arXiv:1911.12606 
 10.1103/PhysRevLett.126.141801 

 SUSY can explain g-2.

 SM measurement 
shows anomaly.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-019/
https://arxiv.org/abs/1403.5294
https://arxiv.org/abs/1908.08215
https://arxiv.org/abs/1911.12606
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.141801


Example: global fit (g-2) (II)
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 ATL-PHYS-PUB-2023-025       arXiv:1403.5294       arXiv:1908.08215       arXiv:1911.12606 
 10.1103/PhysRevLett.126.141801 

Exclusion limits in the  mass 
plane 

Overlay ATLAS analyses that are 
sensitive to the smuon model 
with muon/bino-like  signature 

Hatched bands are compatible with 
the observed g-2 anomaly 
measured by Fermilab and BNL 
experiments to , for a variety of 
pMSSM parameters

(μ̃, χ̃0
1)

χ̃0
1

±1σ

 Light smuon/light neutralino needed!

 or μ̃±/χ̃0 χ̃±/ν̃μ

center line = combined g-2 measurement 
hatching    =  uncertainty on experimental measurement±1σ

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-025/
https://arxiv.org/abs/1403.5294
https://arxiv.org/abs/1908.08215
https://arxiv.org/abs/1911.12606
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.141801


ATLAS did a “simplified model” 
search — is it too simple?
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Example: reinterpretation
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 arXiv:2306.11055          arXiv:1911.12606

mapyde

 Ties in with g-2 on previous slide!

 See my tutorial at RiF2022 
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perhaps contributing more to g-2?
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More public models!
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 https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults 

SUSY-2018-41 SUSY-2019-04 SUSY-2019-09 SUSY-2018-10 SUSY-2018-36

SUSY-2018-22 SUSY-2018-04SUSY-2018-33 SUSY-2018-06 SUSY-2018-16

SUSY-2018-14

SUSY-2019-08

SUSY-2018-09 SUSY-2018-31

(since 2021!)

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-41/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-36/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-22/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-33/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-31/


Integration into theory tools

30

 arXiv:2009.01809 
“if you build it, they will come”

 Builds on top of my work with pyhf

https://arxiv.org/abs/2009.01809


…and other experiments
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 https://scikit-hep.org/pyhf/citations.html

 Theory/experiment adoption across the field

EIC: arXiv:2102.06176

FCC: arXiv:1911.04455

Belle II: arXiv:2103.12504, arXiv:2105.05754ATLAS: arXiv:2102.01444

µ-collider: arXiv:2102.11292

LHC QCD: arXiv:2012.09120

µBooNE: indico:e1261135

https://scikit-hep.org/pyhf/citations.html
https://arxiv.org/abs/2102.06176
https://arxiv.org/abs/1911.04455
https://arxiv.org/abs/2103.12504
https://arxiv.org/abs/2105.05754
https://arxiv.org/abs/2102.01444
https://arxiv.org/abs/2102.11292
https://arxiv.org/abs/2012.09120
https://indico.cern.ch/event/1261135/contributions/5333609/


… and other tools
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(brief flash) EFT fits
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 Belle-II Reinterpretation of  (L. Gärtner)B+ → K+νν̄

https://indico.cern.ch/event/1294577/contributions/5693467/
https://conference.ippp.dur.ac.uk/event/1178/contributions/6443/


Published Models
Because it’s plain-text, likelihoods are easy to 
manipulate, and easy to play with. You can do 
anything your imagination comes up with. 

Making new statistical models from old ones 
(e.g. RECAST/reinterpretation/global fits) 

Propagating updated theory predictions (and 
uncertainties) to published statistical models 
and re-running inference 

Statistical combinations between different 
statistical models targeting a similar region of 
phase-space 
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 arXiv:2109.04981 

https://arxiv.org/abs/2109.04981


What’s the point?

35

 arXiv:2109.04981 

 HEP-wide call to action! arXiv:2109.04981 

https://x.com/lukasheinrich_/status/1845379600966168796
https://arxiv.org/abs/2109.04981
https://arxiv.org/abs/2109.04981


Increasing Complexity
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 Analyses will evolve in 
complexity. HL-LHC demands 
more computing resources.

we are here



Diversity of statistical models
So, now we’re at the point of the story 
where we’ve got all the important 
pieces in place… except 

what analysis do we want to publish? 
All of them?  
arbitrary likelihood functions? Need 
common tools across experiments!  

This gave us two paths forward: 
“closed-world” implementation: build 
statistical models from a finite set of 
building blocks (e.g. linear 
combinations of Gaussian and 
Poisson distributions) 
“open-world” implementation: 
anything goes! This needs work.

37

Closed-world Open world

the next step



Serializing the “open world”

HS3 spec would support RooFit, pyhf, BAT (Julia), and others 

pyhf has work-in-progress to adopt (need more person power) 

still need an implementation for non-HistFactory models — I know how to do it, but 
I need help (students, postdocs, anyone who has spare time)! 38

http://www.apple.com


Other wishlists/incoming
HS3 support [!1978, !2397] 

Custom modifiers (arbitrary functional modifiers but within HistFactory) [!1991, !
2398] 

Custom test statistics (errors-on-errors, ): BIRS Systematics 2023 [E. 
Canonero, G. Cowan, et. al] 

Parallelized toy calculations [!1158] 

Multi-POI fits, systematic pruning, and handling of non-closure 

Improve documentation, add more examples and tutorials 

…and many more issues, PRs — we need more personpower

ru
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https://github.com/scikit-hep/pyhf/pull/1978
https://github.com/scikit-hep/pyhf/pull/2397
https://github.com/scikit-hep/pyhf/pull/1991
https://github.com/scikit-hep/pyhf/pull/2398
https://github.com/scikit-hep/pyhf/pull/2398
https://www.birs.ca/workshops/2023/23w5096/files/Enzo%20Canonero/Enzo_Canonero_BIRS.pdf
https://www.birs.ca/workshops/2023/23w5096/files/Enzo%20Canonero/Enzo_Canonero_BIRS.pdf
https://github.com/scikit-hep/pyhf/pull/1158
https://github.com/scikit-hep/pyhf/issues


Tutorial tomorrow!

Join the hands-on tutorial tomorrow with Sally, Lorenz, and yours 
truly 

You do not need a computer to follow along the jupyter notebook 
tutorial if you’re just curious how easy it is!

40



Summary
Accelerated fitting library 

reducing time to inference/insight 
Hardware acceleration on CPU and GPU 

Fully-open sourced and developed on GitHub 
user guides, tutorials, and contributions welcome! 

Key things to move forward on: 
standardize naming of channels, regions, systematics 
integrate HS3 more widely 
improve tools for visualization, debugging, inspection, 
and validation

41



Backup
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Example: global fit (g-2) (II)
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 arXiv:2104.03302

 Light smuon/light neutralino needed!

a χ̃±−ν̃μ
μ ≈

αm2
μM2 tan β

4π sin2 θWm2
μ̃μ

fχ± (M2
2 /m2

μ̃μ) − fχ± (μ2/m2
μ̃μ)

M2
2 − μ2

aχ̃0−μ̃
μ ≈

αm2
μM1(μ tan β − Aμ)

4π cos2 θW(m2
μ̃R

− m2
μ̃L

)

fχ0 (M2
1 /m2

μ̃R)
m2

μ̃R

−
fχ0 (M2

1 /m2
μ̃L)

m2
μ̃L

 or μ̃±/χ̃0 χ̃±/ν̃μ
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https://arxiv.org/abs/2104.03302


Summary: g-2 EWK pMSSM
EWK sector of MSSM can account for the g-2 discrepancy — assuming 
N1 is the DM candidate (relic density constraint applied as upper limit) 

Due to lower xsec in EWK, lighter scenarios are preferred 
[a] µ < M1,M2 — higgsino DM 
[b] M2 < M1, µ — wino DM 
[c] M1 < M2, µ — mixed bino/wino DM in two ways 

[c1] C1 coannihilation (M1 < M2, see LianTao’s talk ) 
[c2] slepton coannihilation (bino DM, slepton mass close to LSP) 

Using relic density, upper limits on m(LSP) are: [a] 500 GeV, [b] 600 GeV, 
[c1] 600 GeV, [c2] ~500 GeV 

Additionally constraining using the assumption that FNAL concurs with 
BNL, upper limits are decreased: [a] 480 GeV, [b] 500 GeV, [c1] 500 GeV, 
[c2] 380-450 GeV
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 compressed is crucial ‽ — publish Wave-1 likelihoods?

https://indico.cern.ch/event/953522/contributions/4006486/

