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P r o m p t

•Create a light-hearted talk of a 
middle-aged physicist walking down 
memory lane.  

•It should incorporate: 

•  computers 

• equations, and  

• the large hadron collider. 

•Make a few observations or insightful 
points and end with something 
inspiring
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K E Y S

•I joined ALEPH in 1999. My first paper was about modeling distributions so they would 
be smoother than histograms. Also my first community software project (in perl and PAW) 

• Similarities to HistFactory: simple configuration file, users provide ntuples as input
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Kernel Estimation in High-Energy Physics

Kyle Cranmer a,1

aUniversity of Wisconsin-Madison

Abstract

Kernel Estimation provides an unbinned and non-parametric estimate of the prob-

ability density function from which a set of data is drawn. In the first section, after

a brief discussion on parametric and non-parametric methods, the theory of Kernel

Estimation is developed for univariate and multivariate settings. The second sec-

tion discusses some of the applications of Kernel Estimation to high-energy physics.

The third section provides an overview of the available univariate and multivariate

packages. This paper concludes with a discussion of the inherent advantages of ker-

nel estimation techniques and systematic errors associated with the estimation of

parent distributions.

Key words: Kernel Estimation, Multivariate Probability Density Estimation,

KEYS, RootPDE, WinPDE, PDE, HEPUKeys,Unbinned, Non-Parametric

1 Introduction

1.1 Overview

Perhaps the most common practical duty of a particle physicist is to analyze
various distributions from a set of data {ti}. The typical tool used in this anal-
ysis is the histogram. The role of the histogram is to serve as an approximation
of the parent distribution, or probability density function (pdf) from which
the data were drawn. While histograms are straightforward and computation-
ally efficient, there are many more sophisticated techniques which have been
developed in the last century. One such method, kernel estimation, grew out
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Fig. 1. The performance of boundary kernels on a Neural Network distribution with

a hard boundary

1.3.1 Covariance Issues

When dealing with multivariate density estimation, the covariance structure of
the data becomes an issue. Because the covariance structure of the data may
not match the diagonal covariance structure of our kernels, we must apply
a linear transformation which will diagonalize the covariance matrix Σjk of
the data. Ideally, the transformation would remain a local object; however, in
practice such non-linear transformations may be very difficult to obtain. In
the remainder of this paper, the transformation matrix will be referred to as
Ajk, and the {!ti} will be assumed to be transformed.

1.3.2 Fixed Kernel Estimation

For product kernels, the fixed kernel estimate is given by

f̂0(!x) =
1

nh1 . . . hd

n
∑

i=1





d
∏

j=1

K

(

xj − tij
hj

)



 . (9)

In the asymptotic limit of normally distributed data, the mean integrated
squared error of f̂0 is minimized when

h∗
j =

(

4

d + 2

)1/(d+4)

σjn
−1/(d+4). (10)

1.3.3 Adaptive Kernel Estimation

The adaptive kernel estimate f̂1(!x) is constructed in a similar manner as the
univariate case; however, the scaling law is usually left in a general form.
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T h e  f i r s t  P h y S t a t

•It was 23 years ago! 

• I was just starting as a graduate student
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M A S S I M O  C O R R A D I :

Does everyone agree on this statement,  
to publish likelihoods?

L O U I S  LY O N S :

Any disagreement?  Carried unanimously.  
That’s actually quite an achievement for this workshop.



B i r t h  o f  R o o S t a t s

•From 2003-2005 I was working on understanding the 
statistical challenges of the LHC and how it was different 
than LEP (and Tevatron) 

• After PhyStat2005, Rene Brun (ROOT) asked me to  
propose a statistical framework for ROOT 

• Decided to build it on top of RooFit developed at BaBar

6
https://confs.physics.ox.ac.uk/phystat05/Talks/PhyStat2005_LHC_Challenges.pdf

My Focus in Recent Years

My focus in recent years has been on:

- migrating the LEP Higgs statistical techniques to the LHC (mainly for ATLAS)

- translating the work on frequentist confidence intervals with systematic errors (nuisance
parameters) into the language of hypothesis testing

- discovering the situations where the common techniques go most astray

- incorporating these issues into the ATLAS analysis model

My point in the remaining slides is that

- we basically understand the issues and the formalism, but

- most of the existing tools are not sufficient for LHC discoveries

September 13, 2005

PhyStat2005, Oxford
Statistical Challenges of the LHC (page 14) Kyle Cranmer

Brookhaven National Laboratory
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Design principles for RooStats 

• At LEP and TeVatron the statistical 
tools mixed everything together 

• Bayesian vs Frequentist 

• What test statistic to use 

• How to model distributions 

• How to model systematics 

With RooStats I wanted to factorize the 
statistical modeling (RooFit & later 
HistFactory) from statistical procedures 
(RooStats).



P h y S t a t  2 0 0 7
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Wouter Verkerke
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N o t  j u s t  t h e  l i k e l i h o o d ,  t h e  f u l l  m o d e l
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Example of Digital Publishing 

Wouter recently demonstrated the 

ability to save the function 

in a Root file with minimal data 

necessary to reproduce likelihood 

function.

Can also evaluate integrals over x 

necessary for Neyman construction!

Need this for combinations, we should 

publish them to some repository!

L(x|�r, �s)

Full statistical model  
 

can generate toys
p(X |θ)



4 ROLE OF EVENTV IEW IN ATLAS 22
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Figure 15: Schematic diagram of EVTools and EVModules as scheduled by EventViewToolLooper in

an analysis.

by instantiating a few EVModules, which automatically creates and configures EVTools. For
example, an electron information module may perform full set of analysis on electron ranging
from inspection of reconstructed track to calculation of trigger e�ciency.

4 Role of EventView in Atlas

4.1 Package Management and Organisation

HighPt
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EDM

Physics
Analysis

Tools

Performance 
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Physics 
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Central
Production

Distributed 
Analysis

Athena 
Core 

Developers

Physics 
Validation

Figure 16: Package organisation of EventView and relationship with working groups.

As shown in the previous section, EventView is a sub-system of Athena with a rich collection
of generalised algorithms built around an analysis data object. It has proven its relevance to

E v e n t V i e w :  A  l e a r n i n g  l e s s o n

•Shortly before the LHC started, EventView was the leading Analysis 
Framework within ATLAS 

• I was just starting as a professor at NYU  

•There was serious resistance from some for any sort of “framework,” about  
1/3 - 1/2 of the collaboration wanted to roll their own 

• EventView was abandoned for vaporware right before data taking 🤦 

•Personally it was a terrible experience, but also a learning lesson
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ATLAS Note

EventView

- The Design Behind an Analysis Framework

K. Cranmer

New York University, 4 Washington Place, New York, NY 10003
(Previously Brookhaven National Lab, Upton, NY, USA)

A. Farbin

University of Texas at Arlington, 502 Yates St, Arlington, TX 76013

A. Shibata

New York University, 4 Washington Place, New York, NY 10003
(Previously Department of Physics, Queen Mary, University of London Mile End Road, London, UK)

Abstract

The development of software used to process petabytes of data per year is an elaborate project.
The complexity of the detector means components of very diverse nature are required to pro-
cess the data and one needs well defined frameworks that are both flexible and maintainable.
Modern programming architecture based on object-oriented component design supports desir-
able features of such frameworks. The principle has been applied in almost all sub-systems of
Atlassoftware and its robustness has benefited the collaboration. An implementation of such
framework for physics analysis, however, did not exist before the work presented in this paper.
As it turns out the realisation of object-oriented analysis framework is closely related to the
design of the event data object.

In this paper, we well review the design behind the analysis framework developed around a
data class called “EventView”. It is a highly integrated part of the Atlassoftware framework
and is now becoming a standard platform for physics analysis in the collaboration.
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T h e  b i r t h  o f  H i s t F a c t o r y  ( 2 0 0 8  -  2 0 0 9 )

•The philosophy for the initial design of 
HistFactory was largely in response to 
the experience with EventView 

• Avoid a framework that does 
everything 

•Minimal assumptions on users: 

• A distributed group of people using 
any tool they want come to the table 
with histograms stored in ROOT files 

• Similar to KEYS design 

• Use a configuration file with clear 
semantics  

•Later recognized this as embracing a 
declarative specification. 
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A k i r a  ( m y  f i r s t  p o s t d o c )  &  t h e  t - t b a r  c r o s s - s e c t i o n  
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cross-section for the process, σk, and several efficiencies (indexed by j), εjk
1). Thus we have:

N exp
k = Lσk

∏

j

εjk . (7)

Clearly, the most likely value of σsig will be the one which realizes Nobs = N exp
tot . This leads to the

familiar result:

σ̂sig =
Nobs −

∑

k∈{bkg} N exp
k

L
∏

j εj sig
, (8)

where σ̂ denotes the maximum likelihood estimate of σ. The intuitive form of Eq. 8 motivates tech-
niques based on background-subtraction; however, that approach makes it less clear how to estimate the
uncertainty on the measured value of σ. These complications become more severe when systematics are
included (for example, the large uncertainty on L, which appears in the denominator, will no longer be
symmetric and it is not uncorrelated to σ). For these reasons, it is preferred to model the observation
directly (i. e. Eqs 6 and 7) without background subtraction. Regardless, Eq. 8 remains valid with or
without background subtraction.

To incorporate uncertainty on the luminosity, the likelihood function is extended to

L(σsig,L) = Pois(Nobs|N exp
tot ) × Gaus(L̃|L,∆L) , (9)

where L is interpreted as the true, unknown integrated luminosity, L̃, is the nominal estimate of the
luminosity, and ∆L is the uncertainty on that estimate.

Similarly, the likelihood function can be extended to incorporate uncertainties on the efficiencies εjk.
This is achieved in two steps. First, we group the sources of systematics, α, such that the corresponding
variations in ε are expected to be uncorrelated. Next, we vary the sources of the systematics (e. g. jet
energy scale, trigger efficiencies, etc.) by the ±1σ variations and determine the εjk(α

±
j ) for each signal

and background. A change in the source of the jth systematic will cause a totally correlated variation
among the contributions (indexed by k). Thus we describe the efficiency as a piece-wise linear func-
tion εjk(αj), and this parametrized efficiency is used to in place of the nominal efficiency. Additional
Gaussian terms are added to the likelihood function to represent the constraints on the α j derived from
auxiliary measurements or our assumptions about the uncertainty in the Monte Carlo modeling. This
modeling of the likelihood function is repeated for each of the channels, and the total likelihood function
is simply the product of the individual likelihood functions. Several of the α j are shared between the
channels (for example, the jet energy scale uncertainty), which explicitly introduces correlations between
the channels. Thus, we arrive at the final likelihood function:

L(σsig,L,αj) =
∏

l∈{ee,µµ,eµ}







∏

i∈bins



Pois(Nobs
i |N exp

i,tot)Gaus(L̃|L,σL)
∏

j∈syst

Gaus(0|αj , 1)











.

(10)

4.2 Extracting Measurements from the Profile Likelihood Ratio

The likelihood function can be maximized to determine the maximum likelihood estimate of all the
parameters σ̂sig, L̂, α̂j . We then consider the likelihood ratio

r(σsig) =
L(σsig, L̂, α̂j)

L(σ̂sig, L̂, α̂j)
(11)

1)Here we include geometrical acceptances among the εjk.
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ATLAS NOTE

August 25, 2009

Prospects for measuring top pair production in the dilepton channel with
early ATLAS data at

√
s = 10 TeV

The ATLAS Collaboration

Abstract

We present prospects for measuring the tt̄ production cross-section with the ATLAS
detector at a center-of-mass energy of 10 TeV with two leptons in the final state (ee, µµ
and eµ). The measurement aims to reestablish the top signal at the LHC with first data and
gain confidence with signatures that involve leptons, jets and missing transverse energy. We
introduce data-driven background estimation techniques for the dominant non-top Standard
Model backgrounds and define control samples for the top dilepton sample. Assuming the
Standard Model and an uncertainty of 20% in the early luminosity determination, we expect
a measurement of the cross-section for an integrated luminosity of 200 pb−1 in the combined
channel with a relative uncertainty of 3.1(stat)+9.6

−8.7(syst)+26.2
−17.4(lumi)%.
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∏
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i |N exp
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∏
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.
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4.2 Extracting Measurements from the Profile Likelihood Ratio

The likelihood function can be maximized to determine the maximum likelihood estimate of all the
parameters σ̂sig, L̂, α̂j . We then consider the likelihood ratio

r(σsig) =
L(σsig, L̂, α̂j)

L(σ̂sig, L̂, α̂j)
(11)

1)Here we include geometrical acceptances among the εjk.
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•It was not a relaxing Thanksgiving in 2010
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Cross-section [pb] Signal significance [σ]

Single lepton channels 142 ± 34 +50−31 4.0

Dilepton channels 151 +78−62
+37
−24 2.8

All channels 145 ± 31 +42−27 4.8

Table 11: Summary of tt̄ cross-section and signal significance calculated by combining the single lepton
and dilepton channels individually and for all channels combined.

8 Summary

Measurements of the tt̄ production cross-section in the single-lepton and dilepton channels using the
ATLAS detector are reported. In a sample of 2.9 pb−1, 37 tt̄ candidate events are observed in the single-
lepton topology, as well as 9 candidate events in the dilepton topology, resulting in a measurement of the
inclusive tt̄ cross-section of

σtt̄ = 145 ± 31 +42−27 pb .

 [TeV]s
1 2 3 4 5 6 7 8

 [p
b]

tt
σ

1

10

210

ATLAS
)-1(2.9 pb

CMS
)-1(3.1 pb

CDF
D0

NLO QCD (pp)
Approx. NNLO (pp)  

)pNLO QCD (p
)  pApprox. NNLO (p

 [TeV]s
1 2 3 4 5 6 7 8

 [p
b]

tt
σ

1

10

210

6.5 7 7.5
100

150

200

250

300

6.5 7 7.5
100

150

200

250

300

Figure 9: Top quark pair-production cross-section at hadron colliders as measured by CDF and D0 at
Tevatron [3], CMS [4] and ATLAS (this measurement). The theoretical predictions for pp and pp̄ colli-
sions [33] include the scale and PDF uncertainties, obtained using the HATHOR tool with the CTEQ6.6
PDFs [34] and assume a top-quark mass of 172.5 GeV.

This is the first ATLAS Collaboration measurement making simultaneous use of reconstructed electrons,
muons, jets, b-tagged jets and missing transverse energy, therefore exploiting the full capacity of the
detector. The combined measurement, consisting of the first measurement of the tt̄ cross-section in
the single-lepton channel at the LHC and a measurement in the dilepton channel, is the most precise
measurement to date of the tt̄ cross-section at

√
s = 7 TeV.

The cross-sections measured in each of the five sub-channels are consistent with each other and
kinematic properties of the selected events are consistent with SM tt̄ production. The measured tt̄ cross-
section is in good agreement with the measurement in the dilepton channel by CMS [4], as well as
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CERN-PH-EP-2010-064
(Submitted to EPJC)

December 8, 2010

Measurement of the top quark-pair production cross section
with ATLAS in pp collisions at

√
s = 7 TeV

The ATLAS Collaboration

Abstract

A measurement of the production cross-section for top quark pairs (tt̄) in pp collisions
at
√
s = 7 TeV is presented using data recorded with the ATLAS detector at the Large

Hadron Collider. Events are selected in two different topologies: single lepton (electron e or
muon µ) with large missing transverse energy and at least four jets, and dilepton (ee, µµ or
eµ) with large missing transverse energy and at least two jets. In a data sample of 2.9 pb−1,
37 candidate events are observed in the single-lepton topology and 9 events in the dilepton
topology. The corresponding expected backgrounds from non-tt̄ Standard Model processes
are estimated using data-driven methods and determined to be 12.2±3.9 events and 2.5±0.6
events, respectively. The kinematic properties of the selected events are consistent with SM
tt̄ production. The inclusive top quark pair production cross-section is measured to be

σtt̄ = 145 ± 31 +42
−27 pb

where the first uncertainty is statistical and the second systematic. The measurement agrees
with perturbative QCD calculations.
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ATLAS H->γγ
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680 19   Higgs Bosons

For an integrated luminosity of 100 fb!1, a Standard Model Higgs boson in the mass range be-
tween 105 GeV and 145 GeV can be observed with a significance of more than 5" by using the
H# $$ channel alone. Table 19-2 also contains the estimated significances of the H# $$ channel
for an integrated luminosity of 30 fb-1, corresponding to the first three years of LHC operation.
The significances at low luminosity have been evaluated by taking the resulting improvements
in mass resolution and background rejection into account. A signal in the $$ channel can only be
seen in this case with a significance of % 4" over a narrow mass range between 120 and 130 GeV.

The significances quoted in Table 19-2 are slightly higher than the ones given in the Technical
Proposal. The main reason for this is the removal of the so called pT-balance cut, which was ap-
plied in order to suppress bremsstrahlung background. Although without this cut the back-
ground increases, there is a net gain in the significance. Another reason is the slightly improved
mass resolution which is mainly due to a more sophisticated photon energy reconstruction, sep-
arating converted and non-converted photons. These gains are somewhat offset by the higher
reducible background.

As an example of signal reconstruction above background, Figure 19-4 shows the expected sig-
nal from a Higgs boson with mH = 120 GeV for an integrated luminosity of 100 fb-1. The H# $$

signal is clearly visible above the smooth $$ background, which is dominated by the irreducible
continuum of real photon pairs.

19.2.2.2 Associated production:WH, ZH and ttH

The production of the Higgs boson in association with aW or a Z boson or with a tt pair can also
be used to search for a low-mass Higgs boson. The production cross-section for the associated
production is almost a factor 50 lower than for the direct production, leading to much smaller
signal rates. If the associated W/Z boson or one of the top quarks is required to decay leptoni-
cally, thereby leading to final states containing one isolated lepton and two isolated photons, the
signal-to-background ratio can nevertheless be substantially improved with respect to the direct
production. In addition, the vertex position can be unambiguously determined by the lepton
charged track, resulting in better mass resolution at high luminosity than for the case of direct
H# $$ production.

Figure 19-4 Expected H # $$ signal for mH = 120 GeV and for an integrated luminosity of 100 fb-1. The signal

is shown on top of the irreducible background (left) and after subtraction of this background (right).
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3-channel top combination
The graph below represents this PDF

‣ where there are several relations between the expected means 
in the different channels
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5.1.3 Extending the Likelihood Function to include Multiple Bins or Channels510

One may wish to extend the likelihood function in Eq. 15 to include multiple channels (e. g. ee/µµ/eµ)511

or several jet multiplicity bins. Formally, the extension looks very similar for both cases. Let us first512

consider the case of multiple bins indexed by i. The expectation for the ith bin from the kth signal or513

background contribution is514

N
exp
ik = L !ik"

j

#̃i jk
#i jk($ j)

#̃i jk
= Ñ

exp
ik "

j

#i jk($ j)

#̃i jk
. (16)

Note, that we do not add the index to $ j, because we see this as a common source of systematics which515

is common for the different bins and the different signal and background contributions. The likelihood516

function is now a product over these bins517

L(!sig,L ,$ j) = "
i∈bins

[

Pois(Nobs
i |Nexp

i,tot)×Gaus(L̃ |L ,!L )"
j

Gaus($̃ j = 0|$ j, %$ j
= 1)

]

. (17)

The likelihood function for multiple channels is similar, with an additional product over the multiple518

channels. The only subtlety is that k now runs over the set of signal and backgrounds specific to that519

channel. Similarly, the sources of systematics might also be different for the different channels. Leaving520

the range of the indices implicit, we arrive at521

L(!sig,L ,$ j) = "
l∈{ee,µµ ,eµ}

{

"
i∈bins

[

Pois(Nobs
i |Nexp

i,tot)Gaus(L̃ |L ,!L ) "
j∈syst

Gaus(0|$ j,1)

]}

. (18)

5.2 Extracting Measurements from the Profile Likelihood Ratio522

Armed with the final likelihood function in Eq. 18 and the Asimov dataset, we can now derive the ex-523

pected uncertainty on the desired cross section measurement. The likelihood function can be maximized524

to determine the maximum likelihood estimate of all the parameters !̂sig,L̂ , $̂ j. One can then consider525

the likelihood ratio526

r(!sig) =
L(!sig,L̂ , $̂ j)

L(!̂sig,L̂ , $̂ j)
(19)

and the profile likelihood ratio:527

& (!sig) =
L(!sig,

ˆ̂
L , ˆ̂$ j)

L(!̂sig,L̂ , $̂ j)
(20)
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The full model has
  12 observables and
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FIG. 1. Invariant or transverse mass distributions for the selected candidate events, the total background and the signal expected
in the following channels: (a) H → γγ, (b) H → ZZ(∗) → "+"−"+"− in the entire mass range, (c) H → ZZ(∗) → "+"−"+"− in
the low mass range, (d) H → ZZ → "+"−νν, (e) b-tagged selection and (f) untagged selection for H → ZZ → "+"−qq, (g) H →
WW (∗) → "+ν"−ν+0-jets, (h) H → WW (∗) → "+ν"−ν+1-jet, (i) H → WW (∗) → "+ν"−ν+2-jets, (j) H → WW → "νqq′+0-
jets, (k) H → WW → "νqq′+1-jet and (l) H → WW → "νqq′+2-jets. The H → WW (∗) → "+ν"−ν+2-jets distribution is
shown before the final selection requirements are applied.
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FIG. 2. Invariant or transverse mass distributions for the selected candidate events, the total background and the signal expected
in the following channels: (a) H → τlepτlep+0-jets, (b) H → τlepτlep 1-jet, (c) H → τlepτlep+2-jets, (d) H → τlepτhad+0-jets and
1-jet, (e) H → τlepτhad+2-jets, (f) H → τhadτhad. The bb invariant mass for (g) the ZH → "+"−bb̄, (h) the WH → "νbb̄ and (i)
the ZH → ννbb̄ channels. The vertical dashed lines illustrate the separation between the mass spectra of the subcategories in
pZT, p

W
T , and Emiss

T , respectively. The signal distributions are lightly shaded where they have been scaled by a factor of five or
ten for illustration purposes.
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FIG. 1. Invariant or transverse mass distributions for the selected candidate events, the total background and the signal expected
in the following channels: (a) H → γγ, (b) H → ZZ(∗) → "+"−"+"− in the entire mass range, (c) H → ZZ(∗) → "+"−"+"− in
the low mass range, (d) H → ZZ → "+"−νν, (e) b-tagged selection and (f) untagged selection for H → ZZ → "+"−qq, (g) H →
WW (∗) → "+ν"−ν+0-jets, (h) H → WW (∗) → "+ν"−ν+1-jet, (i) H → WW (∗) → "+ν"−ν+2-jets, (j) H → WW → "νqq′+0-
jets, (k) H → WW → "νqq′+1-jet and (l) H → WW → "νqq′+2-jets. The H → WW (∗) → "+ν"−ν+2-jets distribution is
shown before the final selection requirements are applied.
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FIG. 2. Invariant or transverse mass distributions for the selected candidate events, the total background and the signal expected
in the following channels: (a) H → τlepτlep+0-jets, (b) H → τlepτlep 1-jet, (c) H → τlepτlep+2-jets, (d) H → τlepτhad+0-jets and
1-jet, (e) H → τlepτhad+2-jets, (f) H → τhadτhad. The bb invariant mass for (g) the ZH → "+"−bb̄, (h) the WH → "νbb̄ and (i)
the ZH → ννbb̄ channels. The vertical dashed lines illustrate the separation between the mass spectra of the subcategories in
pZT, p

W
T , and Emiss

T , respectively. The signal distributions are lightly shaded where they have been scaled by a factor of five or
ten for illustration purposes.
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FIG. 1. Invariant or transverse mass distributions for the selected candidate events, the total background and the signal expected
in the following channels: (a) H → γγ, (b) H → ZZ(∗) → "+"−"+"− in the entire mass range, (c) H → ZZ(∗) → "+"−"+"− in
the low mass range, (d) H → ZZ → "+"−νν, (e) b-tagged selection and (f) untagged selection for H → ZZ → "+"−qq, (g) H →
WW (∗) → "+ν"−ν+0-jets, (h) H → WW (∗) → "+ν"−ν+1-jet, (i) H → WW (∗) → "+ν"−ν+2-jets, (j) H → WW → "νqq′+0-
jets, (k) H → WW → "νqq′+1-jet and (l) H → WW → "νqq′+2-jets. The H → WW (∗) → "+ν"−ν+2-jets distribution is
shown before the final selection requirements are applied.
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FIG. 2. Invariant or transverse mass distributions for the selected candidate events, the total background and the signal expected
in the following channels: (a) H → τlepτlep+0-jets, (b) H → τlepτlep 1-jet, (c) H → τlepτlep+2-jets, (d) H → τlepτhad+0-jets and
1-jet, (e) H → τlepτhad+2-jets, (f) H → τhadτhad. The bb invariant mass for (g) the ZH → "+"−bb̄, (h) the WH → "νbb̄ and (i)
the ZH → ννbb̄ channels. The vertical dashed lines illustrate the separation between the mass spectra of the subcategories in
pZT, p

W
T , and Emiss

T , respectively. The signal distributions are lightly shaded where they have been scaled by a factor of five or
ten for illustration purposes.
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FIG. 1. Invariant or transverse mass distributions for the selected candidate events, the total background and the signal expected
in the following channels: (a) H → γγ, (b) H → ZZ(∗) → "+"−"+"− in the entire mass range, (c) H → ZZ(∗) → "+"−"+"− in
the low mass range, (d) H → ZZ → "+"−νν, (e) b-tagged selection and (f) untagged selection for H → ZZ → "+"−qq, (g) H →
WW (∗) → "+ν"−ν+0-jets, (h) H → WW (∗) → "+ν"−ν+1-jet, (i) H → WW (∗) → "+ν"−ν+2-jets, (j) H → WW → "νqq′+0-
jets, (k) H → WW → "νqq′+1-jet and (l) H → WW → "νqq′+2-jets. The H → WW (∗) → "+ν"−ν+2-jets distribution is
shown before the final selection requirements are applied.
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FIG. 2. Invariant or transverse mass distributions for the selected candidate events, the total background and the signal expected
in the following channels: (a) H → τlepτlep+0-jets, (b) H → τlepτlep 1-jet, (c) H → τlepτlep+2-jets, (d) H → τlepτhad+0-jets and
1-jet, (e) H → τlepτhad+2-jets, (f) H → τhadτhad. The bb invariant mass for (g) the ZH → "+"−bb̄, (h) the WH → "νbb̄ and (i)
the ZH → ννbb̄ channels. The vertical dashed lines illustrate the separation between the mass spectra of the subcategories in
pZT, p

W
T , and Emiss

T , respectively. The signal distributions are lightly shaded where they have been scaled by a factor of five or
ten for illustration purposes.

Collaborative Statistical Modeling



H i s t F i t t e r  o r i g i n s

•While I was still recovering from EventView experience, the RooStats + HistFactory user 
community did want a more integrated user experience that integrated late-stage 
analysis, statistical modeling, and statistical inference  

• Combine in CMS was a somewhat parallel development

16

Configurable analysis with HistFitter

Dan Short1

On behalf of the HistFitter group

1Oxford

12th April 2012

Dan Short (Oxford University) HistFitter 12th April 2012 1 / 12

Introduction

Introduction

Attempt to build on HistFactory framework

Provide inputs from TTrees or TH1s and generate XML
Flexibility in terms of selections used
Possible to quickly switch systematics and change PDF
Optimized for iteration over grids
Hierarchical TopLevel → Channel → Sample system

Can run interactively
Displays ‘before-and-after’ plots
Instant access to results and workspaces

Notion of control, validation and signal regions
Plotting functions breakdown PDF into components
Ability to project errors from one channel to another
Draw ratio plots with correct error visualization

Ability to run fits and hypothesis tests in one line

Used in 1-lepton ATLAS SUSY analysis for SEARCH 2012

Dan Short (Oxford University) HistFitter 12th April 2012 2 / 12



A u t o d i f f  i n  2 0 1 2 ?

•I remember being very 
excited about automatic 
differentiation and potential 
for it in our stats software 

• Tools were lacking

17

First discussions of 
autodiff in 2012!
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2 0 1 2  r e c o m m e n d a t i o n s
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S. Kraml - Feedback on use of public likelihoods - 24 Sep 2020

Why public likelihoods

• The statistical model of an experimental 
analysis provides the complete mathematical 
description of that analysis                               
p(o|!) relating the observed quantities o to the parameters ! 


• Given the likelihood, all the standard 
statistical approaches are available for 
extracting information from it


• Essential information for any detailed 
interpretation of experimental results                  

2

Les Houches Recommandations (2012) 

3b: When feasible, provide a mathematical 
description of the final likelihood function in 
which experimental data and parameters are 
clearly distinguished, either in the publication 
or the auxiliary information. Limits of validity 
should always be clearly specified.


3c: Additionally provide a digitized 
implementation of the likelihood that is 
consistent with the mathematical description.


arXiv:1203.2489 .

= determining the compatibility of the observations with                  
theoretical predictions 

Searches for New Physics: Les Houches Recommendations

for the Presentation of LHC Results

S. Kraml1, B.C. Allanach2, M. Mangano3, H.B. Prosper4, S. Sekmen3,4 (editors),
C. Balazs5, A. Barr6, P. Bechtle7, G. Belanger8, A. Belyaev9,10, K. Benslama11,
M. Campanelli12, K. Cranmer13, A. De Roeck3, M.J. Dolan14, T. Eifert15, J.R. Ellis16,3,
M. Felcini17, B. Fuks18, D. Guadagnoli8,19, J.F. Gunion20, S. Heinemeyer17,
J. Hewett15, A. Ismail15, M. Kadastik21, M. Krämer22, J. Lykken23 F. Mahmoudi3,24,
S.P. Martin25,26,27, T. Rizzo15, T. Robens28, M. Tytgat29, A. Weiler30

Abstract

We present a set of recommendations for the presentation of LHC results on
searches for new physics, which are aimed at providing a more e�cient flow of
scientific information between the experimental collaborations and the rest of the
high energy physics community, and at facilitating the interpretation of the results
in a wide class of models. Implementing these recommendations would aid the full
exploitation of the physics potential of the LHC.

1 Laboratoire de Physique Subatomique et de Cosmologie, UJF Grenoble 1,
CNRS/IN2P3, INPG, 53 Avenue des Martyrs, F-38026 Grenoble, France
2DAMTP, CMS, University of Cambridge, Wilberforce Road, Cambridge, CB3 0WA,
United Kingdom
3 Physics Department, CERN, CH 1211 Geneva 23, Switzerland
4Department of Physics, Florida State University, Tallahassee, Florida 32306, USA
5Monash University, School of Physics, Melbourne Victoria 3800 Australia
6 Department of Physics, Keble Road, Oxford, OX1 3RH, United Kingdom
7Universit”at Bonn, Physikalisches Institut, Nussallee 12, 53115 Bonn, Germany
8 LAPTH, Université de Savoie, CNRS, B.P.110, F-74941 Annecy-le-Vieux Cedex,
France
9NExT Institute: School of Physics and Astronomy, Univ. of Southampton, UK
10 Particle Physics Department, Rutherford Appleton Laboratory, UK
11 Physics Department, University of Regina,3737 Wascana Parkway, Regina–SK,
Canada
12University College London, Gower Street, WC1B 6BT London, UK
13 Center for Cosmology and Particle Physics, New York University, New York, NY
10003, USA
14 Institute for Particle Physics Phenomenology, University of Durham, Durham DH1
3LE, UK
15 SLAC National Accelerator Laboratory, 2575 Sand Hill Rd, Menlo Park, CA 94025,
USA
16 Theoretical Particle Physics and Cosmology Group, Department of Physics, King’s
College London, London WC2R 2LS, UK
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2 0 1 3

23https://indico.cern.ch/event/218693/overview 

https://indico.cern.ch/event/218693/overview


L I K E L I H O O D  S C A N S

•First step: publish likelihood scans for communicating LHC Higgs results.  

•These data are directly linked to the paper in INSPIRE and have been cited:

24
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L I K E L I H O O D S  S C A N S

25

Reproducing derived results from original paper!



L I K E L I H O O D S  S C A N S

25

Reproducing derived results from original paper!

But still simplified likelihood scans, not the full statistical model



26

Likelihood Publishing + RECAST =



Kyle Cranmer (NYU)

Center for 
Cosmology and 
Particle Physics

Tools, Stockholm, June 18, 2012

Roadmap (2012)

27

Parameters modify 
rates only?

Analysis is number 
counting?

Grid for signal is 
available?

HEPData: 
Tables of rates, 

acceptances, and 
systematic variations

HistFactory XML
 for signal and 
bacckground 

(stored in HEPData?)

RooFit/RooStats 
workspace

Shapes based on 
binned

Templates?

Interpolation of signal 
needed

Replace original 
signal with new signal  

in following

Need continuous 
parametrization?

RECAST and/or 
fast simulation to 
create grid points

yes

yes

yes
yes

no

no

no

no

yes

no



D a t a  S c i e n c e  /  Te n s o r F l o w  /  D I A N A - H E P

•2013-2015 I was mainly focusing on the 
rise of deep learning, SBI, and RECAST 

• TensorFlow was released during 
DS@LHC at CERN in 2015!

28



D a t a  S c i e n c e  /  Te n s o r F l o w  /  D I A N A - H E P

•2013-2015 I was mainly focusing on the 
rise of deep learning, SBI, and RECAST 

• TensorFlow was released during 
DS@LHC at CERN in 2015!

28



T h e  b i r t h  o f  p y h f

29https://indico.cern.ch/event/622920/timetable/#sc-5-2-lightning-talk-emerging

@KyleCranmer 
New York University  
Department of Physics 
Center for Data Science

NYU Center 
for Data 
Science

Center for  
Cosmology and 
particle physics

S O F T W A R E  F O R  S TAT I S T I C S  
A N D  M A C H I N E  L E A R N I N G

E M E R G I N G  T R E N D S  I N

6

Probabilistic programming frameworks

carl.distributions tensorprob

RooFit serves us well, but shows limits in terms of scalability.

Using a data flow graph framework, RooFit would be distributed, GPU-enabled 
and automatically differentiable. 

Feasibility? Certainly within reach! As illustrated by our tentative 
proof-of-concepts carl.distributions [Gilles Louppe] and tensorprob [Igor 
Babuschkin, now at DeepMind]. See also Edward.

10

The modern AI/ML software stack

Recent switch to

● Numerical computations with data flow graphs 
○ TensoFlow, Theano, MXNet, etc

○ Support for CPUs and GPUs out of the box.

○ Automatic differentiation

○ Enable new ways of thinking (model composition, 

learning to learn, etc)

● Probabilistic programming languages 
○ Stan, Anglican, Edward, etc

Recommendation. The next generation of physics software for 

high-level analysis should take notice and inspiration from the 

AI/ML community.



p y h f  m a t u r e s

•Thanks to the amazing developer team, pyhf 
quickly matures along with scikit-hep &PyHEP 
community

30

pyhf: pure-Python implementation of HistFactory
statistical models
Lukas Heinrich1, Matthew Feickert∗2, Giordon Stark3, and Kyle
Cranmer4

1 CERN 2 University of Illinois at Urbana-Champaign 3 SCIPP, University of California, Santa Cruz
4 New York University

DOI: 10.21105/joss.02823
Software

• Review
• Repository
• Archive

Editor: Eloisa Bentivegna
Reviewers:

• @suchitakulkarni
• @bradkav

Submitted: 07 October 2020
Published: 04 February 2021
License
Authors of papers retain
copyright and release the work
under a Creative Commons
Attribution 4.0 International
License (CC BY 4.0).

Summary

Statistical analysis of High Energy Physics (HEP) data relies on quantifying the compatibility
of observed collision events with theoretical predictions. The relationship between them is
often formalised in a statistical model f(x|φ) describing the probability of data x given model
parameters φ. Given observed data, the likelihood L(φ) then serves as the basis for inference on
the parameters φ. For measurements based on binned data (histograms), the HistFactory
family of statistical models (Cranmer et al., 2012) has been widely used in both Standard
Model measurements (ATLAS Collaboration, 2013) as well as searches for new physics (ATLAS
Collaboration, 2018). pyhf is a pure-Python implementation of the HistFactory model
specification and implements a declarative, plain-text format for describing HistFactory-
based likelihoods that is targeted for reinterpretation and long-term preservation in analysis
data repositories such as HEPData (Maguire et al., 2017). The source code for pyhf has
been archived on Zenodo with the linked DOI: (Heinrich, Lukas and Feickert, Matthew and
Stark, Giordon, 2020). At the time of writing this paper, the most recent release of pyhf is
v0.5.4.

Statement of Need

Through adoption of open source “tensor” computational Python libraries, pyhf decreases the
abstractions between a physicist performing an analysis and the statistical modeling without
sacrificing computational speed. By taking advantage of tensor calculations, pyhf outper-
forms the traditional C++ implementation of HistFactory on data from real LHC analy-
ses. pyhf’s default computational backend is built from NumPy and SciPy, and supports
TensorFlow, PyTorch, and JAX as alternative backend choices. These alternative backends
support hardware acceleration on GPUs, and in the case of JAX JIT compilation, as well as
auto-differentiation allowing for calculating the full gradient of the likelihood function — all
contributing to speeding up fits.

Impact on Physics

In addition to enabling the first publication of full likelihoods by an LHC experiment (ATLAS
Collaboration, 2019), pyhf has been used by the SModelS library to improve the reinterpre-
tation of results of searches for new physics at LHC experiments (Abdallah & others, 2020;
Alguero et al., 2020; Khosa et al., 2020).

∗Corresponding author.

Heinrich et al., (2021). pyhf: pure-Python implementation of HistFactory statistical models. Journal of Open Source Software, 6(58), 2823.
https://doi.org/10.21105/joss.02823

1



R e c e n t  p r o g r e s s

•ATLAS has started publishing full likelihoods 
to HEPData!

31https://scikit-hep.org/pyhf/

https://home.cern/news/news/knowledge-sharing/new-open-release-allows-theorists-explore-lhc-data-new-way
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Abstract

The statistical models used to derive the results of experimental analyses are of
incredible scientific value and are essential information for analysis preservation
and reuse. In this paper, we make the scientific case for systematically publishing
the full statistical models and discuss the technical developments that make this
practical. By means of a variety of physics cases — including parton distribution
functions, Higgs boson measurements, effective field theory interpretations, direct
searches for new physics, heavy flavor physics, direct dark matter detection, world
averages, and beyond the Standard Model global fits — we illustrate how detailed
information on the statistical modelling can enhance the short- and long-term
impact of experimental results.
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1 import json

2 import cabinetry

3 import pyhf

4 from cabinetry.model_utils import prediction

5 from pyhf.contrib.utils import download

6
7 # download the ATLAS bottom-squarks analysis probability models from HEPData

8 download("https://www.hepdata.net/record/resource/1935437?view=true", "bottom-squarks")

9
10 # construct a workspace from a background-only model and a signal hypothesis

11 bkg_only_workspace = pyhf.Workspace(json.load(open("bottom-squarks/RegionC/BkgOnly.json")))

12 patchset = pyhf.PatchSet(json.load(open("bottom-squarks/RegionC/patchset.json")))

13 workspace = patchset.apply(bkg_only_workspace, "sbottom_600_280_150")

14
15 # construct the probability model and observations

16 model, data = cabinetry.model_utils.model_and_data(workspace)

17
18 # produce visualizations of the pre-fit model and observed data

19 prefit_model = prediction(model)

20 cabinetry.visualize.data_mc(prefit_model, data)

21
22 # fit the model to the observed data

23 fit_results = cabinetry.fit.fit(model, data)

24
25 # produce visualizations of the post-fit model and observed data

26 postfit_model = prediction(model, fit_results=fit_results)

27 cabinetry.visualize.data_mc(postfit_model, data)

U s i n g  p u b l i s h e d  l i k e l i h o o d s
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Listing 1: Example use of the pyhf v0.6.3 and cabinetry v0.3.0 APIs for interacting with
the published statistical models. This example is standalone fully runnable code, but it is only
meant to highlight the major components of the statistical model use and uses cabinetry as
it offers the highest level API to an analyst.

3.3 Approaches based on machine learning

The sections above focus on the considerations relevant for publishing the full statistical model.
Here we comment briefly on other approaches.

It is possible to publish profile likelihood scans (that is, the profile likelihood Lp(µ) at
a discrete set of µ values) in many formats. For example, in Section 4.2.3 we highlight an
example where ATLAS published text files tabulating the value of the profile likelihood ratio
in the (µggF+ttH , µVBF+V H) plane for the Higgs boson decaying to dibosons [43–46]. However,
for higher-dimensional likelihoods with nuisance parameters or several parameters of interest,
this approach does not scale.

Instead, one can attempt to approximate the likelihood L(µ, ✓) with, for example, a neu-
ral network, and serialize the network using one of several technical solutions provided by
the machine learning libraries (either framework-specific formats or framework-independent
formats such as ONNX [47]). This is the approach taken by DNNLikelihood [48] (see also
Section 4.4.4), which demonstrated that a realistic LHC-like statistical model can be encoded
in neural networks with rather simple architectures with minimal loss of accuracy and trained
in a reasonable amount of time.

However, without more thought it is not possible to form correctly a combined likelihood
in this approach because the constraint terms associated with common sources of systematic
uncertainty would be included multiple times, which has the effect of artificially reducing

16
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Figure 3: Pre-fit (left) and post-fit (right) visualizations of a selected signal hypothesis for four
signal regions of the ATLAS search [41] of a bottom-squark of mass 600 GeV with a second-
lightest neutralino of mass 280 GeV and lightest supersymmetric particle of mass 150 GeV
generated from the full statistical models published in Ref. [20] using code from Ref. [40].

Figure 4: Post-fit visualizations of the leading nuisance parameter correlations generated from
the full statistical models published in Ref. [20] using code from Ref. [40]. For better visu-
alization, the nuisance parameter correlations shown are for the model nuisance parameters
that have a correlation with any other nuisance parameter greater than 0.2 in magnitude.
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A  g r o w i n g  e c o s y s t e m

•It’s great to see the emergence of an ecosystem, 
including use by theorist and user-friendly, zero-install, 
web-based tools!
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What is HF Explorer?
• HF Explorer is a web based 

viewer for high energy 
particle physics


• allows users to view various 
types of plots from data 
formatted as HistFactory 
workspaces. 


• It can currently be found at: 
http://www.hepexplorer.net

Histograms

Abe Megahed, University of Wisconsin—Madison

CERN 
December 4th, 2023 
Volker Austrup

pyhf Users and Developers Workshop

https://indico.cern.ch/event/1294577/timetable/#20231204.detailed



D e c l a r a t i v e  s p e c i f i c a t i o n s  F T W !

•LiteHF in Julia!
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O P E N  W O R L D

•The RooWorkspace was designed to be able to store any 
type of statistical model → source of many complications 
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3

Statistical Analysis at LHC 

broadly we have two classes of analyses: binned and unbinned

binnedunbinned

lots of CMS/ATLAS analyses 
live here

[Slide from Lukas Heinrich]



D e c l a r a t i v e  s p e c i f i c a t i o n s  F T W !

•An exciting initiative
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D i f f e r e n t i a t i n g  t h r o u g h  t h e  f i t

•Another highlight of the last few years was the idea & demonstration of 
differentiating through the entire analyses, including the fit itself

41

slide from Nathan Simpson: [link to talk]

https://www.canva.com/design/DAD4HFY3Ais/3QuLwKzjVlABG9k5vTL1Dw/view#1
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E x t e n d i n g  p y h f  f o r  E F T  f i t s

•Happy to see pyhf getting attention beyond 
the LHC Reinterpretation Working Group 

• Specifically the EFT working group 

• Nice follow-up of BelleII result

42
https://conference.ippp.dur.ac.uk/event/1178/contributions/6443/ 
https://indico.cern.ch/event/1296757/timetable/#3-area-4-a-practical-framework

Implementation

eos.github.io

• Calculate theoretical predictions
• Theory parameters: Wilson coefficients &

hadronic parameters

pyhf.readthedocs.io

• Built a "custom modifier" that generates
new signal template from theory
parameters.

• Theory parameters become fitting
parameters.

L. Gärtner (LMU) RIF 2023 30.08.2023 14 / 18

A model-independent likelihood
function for the Belle II B+ → K+νν̄analysis

Lorenz Gärtner1,2 on behalf of Belle II,
in collaboration with

Danny van Dyk3, Lukas Heinrich2,4, Méril Reboud3

1LMU Munich, 2Excellence Cluster ORIGINS,
3IPPP Durham, 4TU Munich

30.08.2023

Belle

Summary
• Challenge: Neutrino-induced experimental complexities in B+ → K+νν̄ lead to

model-dependent results due to kinematic assumptions and hadronic matrix
element description.

• Solution: A model-independent likelihood function enables maximum likelihood fits for
any given (B)SM signal prediction, using the supplied information about the q2

distribution.
• Tool integration:

• Extend pyhf and interface it with EOS for run-time template updating.
• Method fully applicable to other decay channels and results.

• Benefits:
• Exploration of exclusions in BSM parameter space.
• Individual model studies with provided decay rate predictions.
• ...

• Significance: Publishing such likelihoods is crucial for a full exploitation of experimental
results.

Belle
lorenz.gaertner@physik.uni-muenchen.de

L. Gärtner (LMU) RIF 2023 30.08.2023 18 / 18

@KyleCranmer 
University of Wisconsin-Madison 
Data Science Institute 
Physics, Computer Science, Statistics

A  P R A C T I C A L  F R A M E W O R K  O F  E F T  
F I T S  W I T H  P U B L I S H E D  L I K E L I H O O D S
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What’s next?
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Reinterpretation and Long-Term

Preservation of Data and Code

Stephen Bailey1, K. S. Cranmer2, Matthew Feickert2, Rob Fine3,
Sabine Kraml4, Clemens Lange5

(and contributors from the community)

1 Lawrence Berkeley National Lab, USA
2 University of Wisconsin-Madison, USA
3 Los Alamos National Lab, USA
4 LPSC Grenoble, CNRS/IN2P3, France
5 Paul Scherrer Institute, Villigen, Switzerland

Note: This report is based upon contributed white papers, letters of interest, and discussions with members
of the community. The authors listed above made specific text contributions to this report or otherwise
contributed white papers cited here and specifically opted-in to authorship. The full community that
participated in discussions leading to this report is broader than just this author list.

7.1 Executive Summary

Careful preservation of experimental data, simulations, and analysis products maximizes their long-term
scientific return on investment by enabling new analyses and reinterpretation of the results in the future.
Key infrastructure and technical developments needed for some high-value science targets are not in scope
for the operations program of the large experiments and are often not effectively funded. Increasingly, the
science goals of our projects require contributions that span the boundaries between individual experiments
and surveys, and between the theoretical and experimental communities. Furthermore, the computational
requirements and technical sophistication of this work is increasing. As a result, it is imperative that the
funding agencies create programs that can devote significant resources to these efforts outside of the context
of the operations of individual major experiments.

In this report we summarize the current state of the field and make recommendations for the future:

1. Ensure that all current and future programs (both experimental and theoretical) have a strategy and
resources for the long term preservation of data and analysis capabilities, including beyond the lifetime
of the individual projects. This includes supporting career development and recognition mechanisms
for those who contribute to analysis and data preservation.

https://arxiv.org/abs/2203.10057  
https://arxiv.org/abs/2209.08054 
https://science.osti.gov/hep/hepap/Meetings 

March 21, 2022

Submitted to the Proceedings of the US Community Study
on the Future of Particle Physics (Snowmass 2021)

Data and Analysis Preservation,
Recasting, and Reinterpretation

TF07 (Collider Phenomenology in the Theory Frontier)

COMPF7 (Reinterpretation and long-term preservation of data and code)

Stephen Bailey 1, Christian Bierlich 2, Andy Buckley 3, Jon Butterworth 4,
Kyle Cranmer 5, Matthew Feickert 6*, Lukas Heinrich 7, Axel Huebl 1,

Sabine Kraml 8‡, Anders Kvellestad 9, Clemens Lange 10, Andre Lessa 11,
Kati Lassila-Perini 12, Christine Nattrass 13, Mark S. Neubauer 6, Sezen Sekmen 14,

Giordon Stark 15, Graeme Watt 16

1 Lawrence Berkeley National Laboratory, USA 2 Lund University, Lund, Sweden
3 University of Glasgow, UK 4 University College London, UK 5 New York University,

USA 6 University of Illinois at Urbana-Champaign, USA 7 Technische Universität
München, Germany 8 Univ. Grenoble Alpes, CNRS, Grenoble INP, LPSC-IN2P3,
Grenoble, France 9 University of Oslo, Norway 10 Paul Scherrer Institute, Villigen,
Switzerland 11 Universidade Federal do ABC, Brazil 12 Helsinki Institute of Physics,

Finland 13 University of Tennessee, Knoxville, USA 14 Kyungpook National University,
Korea 15 SCIPP, UC Santa Cruz, CA, USA 16 IPPP, Durham University, UK

Corresponding authors:
* matthew.feickert@cern.ch, ‡ sabine.kraml@lpsc.in2p3.fr

Abstract

We make the case for the systematic, reliable preservation of event-wise data, derived
data products, and executable analysis code. This preservation enables the analyses’
long-term future reuse, in order to maximise the scientific impact of publicly funded
particle-physics experiments. We cover the needs of both the experimental and theoret-
ical particle physics communities, and outline the goals and benefits that are uniquely
enabled by analysis recasting and reinterpretation. We also discuss technical challenges
and infrastructure needs, as well as sociological challenges and changes, and give sum-
mary recommendations to the particle-physics community.
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High Energy Physics Advisory Panel 
 
 

December 7-8, 2023 
Westin Washington DC Downtown 

999 9th St. NW, Washington DC 20001 
 

 

  
Thursday, December 7, 2023 

 

 

9:00 am  Convene  
9:00 - 9:30 Report from the DOE Regina Rameika 
9:30 - 9:45 Discussion  
9:45 - 10:15 Report from the NSF C. Denise Caldwell 
10:15 - 10:30 Discussion  
10:30 - 10:40 Break  
10:40 - 10:55 A Committee of Visitors for the HEP Facilities 

Division 
Michael Procario, 
Young-Kee Kim 

10:55 - 11:05 Discussion  
11:05 - 11:20 A Coordinating Panel for Software and Computing Joel Butler 
11:20 - 11:25 Discussion  
11:25 - 12:35 Lunch  
12:35 - 12:50 Remarks by the Director of the Office of Science Asmeret Asefaw Berhe 
12:50- 2:00 Presentation of the P5 Report Hitoshi Murayama, 

Karsten Heeger 
2:00 - 2:10 Break  
2:10 - 5:00 Discussion  
  

Friday, December 8, 2023 
 

 

9:00 am  Convene  
9:00 - 10:30 Continued discussion of the P5 Report  
10:30 - 10:40 Break  
10:40 - 12:00 Continued discussion of the P5 Report  
12:00 - 13:30 lunch  
13:30 - 13:45 Panel vote on the P5 report Sally Seidel 
13:45 - 13:55 Communications with the Particle Physics 

Community 
Sekhar Chivukula 

13:55 - 14:00 General discussion  
14:00 Adjourn  

Community white paper Snowmass Recommendations P5 Report

(Tune in Thursday!)

https://arxiv.org/abs/2203.10057
https://arxiv.org/abs/2209.08054


Conclusion: 

It is amazing to see HistFactory / pyhf,  
likelihood publishing, and RECAST thrive. 

It’s only possible due to the shared vision 
and hard work of the community. 

Keep up the great work!


