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• Statistics Convener of ATLAS experiment 

• Founder of RooStats framework (used for Higgs) 

• Co-founder of RECAST framework 

• Advisory Board member for INSPIRE 

• Member of DASPOS, DPHEP 

• Open Science working group lead @ NYU Data Science 
Environment (funded by Moore+Sloan foundations)



S T O R Y

• Higgs search with 10 year old archived ALEPH data 

• RECAST analysis archival 

• Weather forecast → DataVerse 

• Higgs Likelihood (simple and full, XML, HepData) 

• APEX raw data & statisticians 

• Recouple paper figshare 

• code GitHub → Zenodo (KEYS and Recouple)  

• 10 simple rules for care and feeding of data 

• Issues: fragmented DOIs, ImpactStory, …
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Open Access Extensibility 
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A  L E S S O N  L E A R N E D

W E  W E N T  B A C K  T O  1 0  Y E A R  O L D  A L E P H  D A TA  T O  L O O K  F O R  
A N  E X O T I C  H I G G S  

We had sensitivity to discover the Higgs!
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R O A D M A P
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
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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(∗) → ℓ+ℓ−ℓ+ℓ− in the entire mass range, (c) H → ZZ(∗) → ℓ+ℓ−ℓ+ℓ− in
the low mass range, (d) H → ZZ → ℓ+ℓ−νν, (e) b-tagged selection and (f) untagged selection for H → ZZ → ℓ+ℓ−qq, (g) H →
WW (∗) → ℓ+νℓ−ν+0-jets, (h) H → WW (∗) → ℓ+νℓ−ν+1-jet, (i) H → WW (∗) → ℓ+νℓ−ν+2-jets, (j) H → WW → ℓνqq′+0-
jets, (k) H → WW → ℓνqq′+1-jet and (l) H → WW → ℓνqq′+2-jets. The H → WW (∗) → ℓ+νℓ−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 → ℓ+ℓ−bb̄, (h) the WH → ℓνbb̄ 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(∗) → ℓ+ℓ−ℓ+ℓ− in the entire mass range, (c) H → ZZ(∗) → ℓ+ℓ−ℓ+ℓ− in
the low mass range, (d) H → ZZ → ℓ+ℓ−νν, (e) b-tagged selection and (f) untagged selection for H → ZZ → ℓ+ℓ−qq, (g) H →
WW (∗) → ℓ+νℓ−ν+0-jets, (h) H → WW (∗) → ℓ+νℓ−ν+1-jet, (i) H → WW (∗) → ℓ+νℓ−ν+2-jets, (j) H → WW → ℓνqq′+0-
jets, (k) H → WW → ℓνqq′+1-jet and (l) H → WW → ℓνqq′+2-jets. The H → WW (∗) → ℓ+νℓ−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 → ℓ+ℓ−bb̄, (h) the WH → ℓνbb̄ 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



date Categories Nodes Parameters
Jan-09 3 50 10
Jun-10 6 374 37
Jun-11 24 7000 82
Nov-11 48 10000 164
Mar-12 70 13700 500
Jul-12 100 19000 580
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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(∗) → ℓ+ℓ−ℓ+ℓ− in the entire mass range, (c) H → ZZ(∗) → ℓ+ℓ−ℓ+ℓ− in
the low mass range, (d) H → ZZ → ℓ+ℓ−νν, (e) b-tagged selection and (f) untagged selection for H → ZZ → ℓ+ℓ−qq, (g) H →
WW (∗) → ℓ+νℓ−ν+0-jets, (h) H → WW (∗) → ℓ+νℓ−ν+1-jet, (i) H → WW (∗) → ℓ+νℓ−ν+2-jets, (j) H → WW → ℓνqq′+0-
jets, (k) H → WW → ℓνqq′+1-jet and (l) H → WW → ℓνqq′+2-jets. The H → WW (∗) → ℓ+νℓ−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 → ℓ+ℓ−bb̄, (h) the WH → ℓνbb̄ 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(∗) → ℓ+ℓ−ℓ+ℓ− in the entire mass range, (c) H → ZZ(∗) → ℓ+ℓ−ℓ+ℓ− in
the low mass range, (d) H → ZZ → ℓ+ℓ−νν, (e) b-tagged selection and (f) untagged selection for H → ZZ → ℓ+ℓ−qq, (g) H →
WW (∗) → ℓ+νℓ−ν+0-jets, (h) H → WW (∗) → ℓ+νℓ−ν+1-jet, (i) H → WW (∗) → ℓ+νℓ−ν+2-jets, (j) H → WW → ℓνqq′+0-
jets, (k) H → WW → ℓνqq′+1-jet and (l) H → WW → ℓνqq′+2-jets. The H → WW (∗) → ℓ+νℓ−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 → ℓ+ℓ−bb̄, (h) the WH → ℓνbb̄ 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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2.262 GeV incident electron beam. Using the reconstructed
track positions and angles as measured in the vertical drift
chambers, and the spectrometer’s optical transfer matrix, the
positions at the sieve slit were calculated. The parameters
of the optical transfer matrix are then optimized to produce
the best possible overlap with the sieve holes positions, and
this corrected matrix is applied to event reconstruction. Only
events within calibrated acceptance are used in the final anal-
ysis.

The final event sample is selected from the coincidence
sample defined above by imposing a 12.5-ns time window
between the electron arm trigger and the positron arm gas
Cherenkov signals (no off-line corrections were applied), re-
quiring good quality tracks in the vertical drift chambers
of both arms, and the acceptance selection described above.
Lastly, we demand that the sum of e+ and e� energies not
exceed the beam-energy threshold for true coincidence events
of 2.261 GeV, which reduces accidental coincidences. This
final sample of 770,500 events consists almost entirely of true
e+e� coincidence events with only 0.9% contamination by
meson backgrounds, and 7.4% accidental e+e� coincidence
events.

The experimental data were compared with a calculation
of the leading order QED trident process using MadGraph
and MadEvent [21]. MadEvent was modified to account for
nucleus-electron kinematics and to use the nuclear elastic and
inelastic form factors in [22]. The invariant mass spectrum
of the calculated coincident event sample overall normalized
to the data is shown in Fig. 3. Overall trident rates from our
calculations for the test run configuration, accounting for ac-
ceptance, agree within a few percent with data. Likewise, the
differential momentum and angular distributions agree within
5 � 10%. The remaining discrepancies are consistent with
uncertainties in the multi-dimentional momentum-angular ac-
ceptance and detector efficiency effects not included in our
comparison.

The sensitivity to A0 depends critically on precise recon-
struction of the invariant mass of e+e� pairs. Due to the ex-
cellent HRS relative momentum resolution of O(10�4), the
mass resolution is dominated by three contributions to the an-
gular resolution: scattering of the e+e� inside the target, track
measurement errors by the HRS detectors, and imperfections
in the magnetic optics reconstruction matrix. Multiple scat-
tering in the target contributes 0.37 mrad to the vertical and
horizontal angular resolutions for each particle. Track mea-
surement uncertainties contribute typically 0.33 (1.85) mrad
to the horizontal (vertical) angular resolution in the left HRS
and 0.43 (1.77) in the right HRS. Magnetic optics imper-
fections in both HRSs were found to contribute typically
0.10 (0.22) mrad to the horizontal (vertical) angular resolu-
tion. Because calibration of the magnetic optics was per-
formed using only e�, and not e+, there is a possibility of
additional aberrations in the positron arm. An upper limit
for possible aberrations of 0.5 mrad was obtained from angu-
lar correlations in H(e, e0p) experiments with the HRS and
the calculations of the septum magnetic field. Accounting
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FIG. 3. Upper panel: The invariant mass spectrum of e+e� pair
events in the final event sample (black points, with error bars), acci-
dental e+e� coincidence events (blue short-dash line), and the QED
calculation of the trident background added to the accidental event
sample (red long-dash line). Lower panel: the bin-by-bin residuals
with respect to a 10-parameter fit to the global distribution (for illus-
tration only, not used in the analysis).

for these effects, we determine the combined mass resolution
(rms) to be between 0.85 and 1.11MeV, depending on the
invariant mass. Finally, the uncertainty in the absolute angle
between the two sieve slits introduces a 1% uncertainty in the
absolute mass scale but does not affect the mass resolution.

The starting point for the A0 ! e+e� search is the invari-
ant mass distribution of the coincident event sample, shown
in black in Fig. 3. Also shown is the accidental e+e� coin-
cidence event sample in blue, and the QED calculation of the
trident background added to the accidental sample in red. For
illustration, we show the bin-by-bin residuals with respect to a
10-parameter fit to the global distribution, although we do not
use this in the analysis. The analysis code, described below,
was tested and optimized on our simulated data and on a 10%
sample of the experimental data to avoid possible bias.

We found that a linear sideband analysis is not tenable in
light of the high statistical sensitivity of the experiment and
the appreciable curvature of the invariant mass distribution; it
suffers from O(1) systematic pulls, which can produce false
positive signals or overstated sensitivity. Instead, a polyno-
mial background model plus a Gaussian signal of S events
(with mass-dependent width corresponding to the mass reso-
lution presented above) is fit to a window bracketing each can-
didate A0 mass. The uncertainty in the polynomial coefficients
incorporates the systematic uncertainty in the shape of the
background model. Based on extensive simulated-experiment
studies, a 7th-order polynomial fit over a 30.5 MeV window
was found to achieve near-minimum uncertainty while main-
taining a potential bias below 0.1 standard deviations across
the mass spectrum. A symmetric window is used, except for

This is fabulous -- to me it feels like a break-through.  We will be sure to cite the data -- I 
very much hope we figure out how to use it properly.  The invariant mass distribution is 
interesting in itself. 
!
We are very grateful for your help with this and will keep in touch. 
!
Cheers,  Richard [Lockhart]



Probability models can be constructed to simultaneously describe several channels, that is several
disjoint regions of the data defined by the associated selection criteria. I will use e as the index over
events and c as the index over channels. Thus, the number of events in the cth channel is nc and the
value of the eth event in the cth channel is xce. In this context, the data is a collection of smaller datasets:
Dsim = {D

1

, . . . , Dc
max

} = {{xc=1,e=1

. . . xc=1,e=n
c

}, . . . {xc=c
max

,e=1

. . . xc=c
max

,e=n
c

max

}}. In RooFit
the index c is referred to as a RooCategory and it is used to inside the dataset to differentiate events as-
sociated to different channels or categories. The class RooSimultaneous associates the dataset Dc with
the corresponding marked Poisson model. The key point here is that there are now multiple Poisson
terms. Thus we can write the combined (or simultaneous) model

fsim(Dsim|↵) =

Y

c2channels

"
Pois(nc|⌫(↵))

n
cY

e=1

f(xce|↵)

#
, (2)

remembering that the symbol product over channels has implications for the structure of the dataset.

Experiment

Ensemble

Channel
c ∈ channels

fc (x | α)

Event
e ∈ events
{1…nc}

Observable(s)
xec

Sample
s ∈ samples

Distribution
fsc (x | α)

Expected Number of Events
νs 

Constraint Term
fp(ap | αp )

p ∈ parameters with constraints

global observable
a

Parameter
α, θ, μ

Shape Variation
fscp(x | αp = X )

A

B

C

Legend:
A "has many" Bs. 
B "has a" C.
Dashed is optional.

Fig. 1: A schematic diagram of the logical structure of a typical particle physics probability model and dataset
structures.

2.2 Auxiliary measurements
Auxiliary measurements or control regions can be used to estimate or reduce the effect of systematic
uncertainties. The signal region and control region are not fundamentally different. In the language that
we are using here, they are just two different channels.

A common example is a simple counting experiment with an uncertain background. In the fre-
quentist way of thinking, the true, unknown background in the signal region is a nuisance parameter,
which I will denote ⌫B .5 If we call the true, unknown signal rate ⌫S and the number of events in the
signal region n

SR

then we can write the model Pois(n
SR

|⌫S + ⌫B). As long as ⌫B is a free parameter,
5Note, you can think of a counting experiment in the context of Eq. 1 with f(x) = 1, thus it reduces to just the Poisson

term.

5

5.2 ABCD

<!DOCTYPE Combination SYSTEM ’HistFactorySchema.dtd ’>

<Combination OutputFilePrefix="./ results/ABCD" >

<Input>./ config/A.xml</Input >
<Input>./ config/B.xml</Input >
<Input>./ config/C.xml</Input >
<Input>./ config/D.xml</Input >

<Measurement Name="ABCD" Lumi="1." LumiRelErr="0.1" ExportOnly="True">
<POI>mu</POI>
<ParamSetting Const="True">Lumi b_acceptance c_acceptance d_acceptance mu_K_A mu_K_B mu_K_C mu_K_D </ -

ParamSetting >
</Measurement >

</Combination >

<!DOCTYPE Channel SYSTEM ’HistFactorySchema.dtd ’>

<Channel Name="A" InputFile="./data/ABCD.root" >
<Data HistoName="A_data" HistoPath="" />

<!-- This is the signal (eg. mu)-->
<Sample Name="A_signal" HistoPath="" HistoName="unit_histogram">

<!-- now mu is number of events -->
<NormFactor Name="mu" Val="1" Low="0" High="200" />
<OverallSys Name="syst1" High="1.01" Low="0.99" />

</Sample >

<!-- This bkg is estimated from MC (eg. mu_A^K) -->
<Sample Name="A_backgroundMC" HistoPath="" NormalizeByTheory="True" HistoName="unit_histogram" >

<NormFactor Name="mu_K_A" Val="100" Low="0" High="200" />
</Sample >

<!-- Background 2 is completely Data -Driven -->
<Sample Name="A_backgroundDD" HistoPath="" NormalizeByTheory="False" HistoName="unit_histogram" >

<NormFactor Name="mu_D_U" Val="100" Low="24500" High="26000" />
<NormFactor Name="etaB" Val="1" Low="0." High="0.02" Const="False" />
<NormFactor Name="etaC" Val="1" Low="0." High="0.3" Const="False" />
<!-- NormFactor and ShapeFactor same for a 1-bin histogram. But we can name NormFactor -->

</Sample >

</Channel >

<!DOCTYPE Channel SYSTEM ’HistFactorySchema.dtd ’>

<Channel Name="B" InputFile="./data/ABCD.root" >
<Data HistoName="B_data" HistoPath="" />

<!-- This is the signal contamination in B (eg. b*mu)-->
<Sample Name="B_signal" HistoPath="" HistoName="unit_histogram">

<NormFactor Name="mu" Val="1" Low=".2" High="1.5" />
<NormFactor Name="b_acceptance" Val="0.1" Low="0." High="1.5" Const="True"/>

</Sample >

<!-- This bkg is estimated from MC (eg. mu_B^K) -->
<Sample Name="B_backgroundMC" HistoPath="" NormalizeByTheory="True" HistoName="unit_histogram" >

<NormFactor Name="mu_K_B" Val="100" Low="0" High="200" />
</Sample >

<!-- Background 2 is completely Data -Driven -->
<Sample Name="B_backgroundDD" HistoPath="" NormalizeByTheory="False" HistoName="unit_histogram" >

<!-- Note , need some reasonable guess for the range of tauB -->
<NormFactor Name="etaB" Val="10" Low="5" High="15" Const="False" />
<NormFactor Name="mu_D_U" Val="100" Low="0" High="200" />

</Sample >

</Channel >

<!DOCTYPE Channel SYSTEM ’HistFactorySchema.dtd ’>

<Channel Name="C" InputFile="./data/ABCD.root" >
<Data HistoName="C_data" HistoPath="" />

<!-- This is the signal contamination in C (eg. c*mu)-->
<Sample Name="C_signal" HistoPath="" HistoName="unit_histogram">

<NormFactor Name="mu" Val="1" Low=".2" High="1.5" />
<NormFactor Name="c_acceptance" Val="0.1" Low="0." High="1.5" Const="True"/>

</Sample >

<!-- This bkg is estimated from MC (eg. mu_C^K) -->
<Sample Name="C_backgroundMC" HistoPath="" NormalizeByTheory="True" HistoName="unit_histogram" >

<NormFactor Name="mu_K_C" Val="100" Low="0" High="200" />
</Sample >
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X M L  F O R  L I K E L I H O O D S
Provides machine-readable 
semantics for histograms 
used to build likelihood 
functions
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A  R E C E N T  E X A M P L E
GitHub    →    Zenodo    →    INSPIRE
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LSM =
1

4
Wµν · W

µν
−

1

4
BµνB

µν
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4
Ga

µνG
µν
a

︸ ︷︷ ︸

kinetic energies and self-interactions of the gauge bosons

+ L̄γµ(i∂µ −
1

2
gτ · Wµ −

1

2
g′Y Bµ)L + R̄γµ(i∂µ −

1

2
g′Y Bµ)R
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kinetic energies and electroweak interactions of fermions
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g′Y Bµ) φ

∣
∣
2
− V (φ)

︸ ︷︷ ︸

W±,Z,γ,and Higgs masses and couplings

+ g′′(q̄γµTaq) Ga
µ

︸ ︷︷ ︸

interactions between quarks and gluons

+ (G1L̄φR + G2L̄φcR + h.c.)
︸ ︷︷ ︸

fermion masses and couplings to Higgs

Q

A

T H E O R Y S E R V I C E



same-sign leptons+2jets

coupling |C|/Λ2

cross-section ∝ C2/Λ4

same-sign tops

Use  4f effective operators
(LL,LR,RR) modes

Many models predict ss tops
(esp. to explain CDF top Afb)

Squark pairs

+WW,ZZ modes

Squark pairs

+WW,ZZ modes

R E C A S T I N G



Kyle Cranmer (NYU)

Center for 
Cosmology and 
Particle PhysicsRECAST

RECAST is a framework for recasting that aims to collect, standardize, and facilitate the processing 
of recast requests from the community.  
‣ cuts don’t change: re-use background estimates and observation from original analysis 
‣ what is needed is to archive the analysis cuts & provide a pipeline for new signal 
‣ data is kept private, still goes through necessary approval process as determined by 

collaboration, original paper receives citation & recognition (doi’s tracked by INSPIRE)  
RECAST front-end is a website that collects and organizes the Requests and Responses 
‣ standardizes request & response format, API allows for process to be automated,  
‣ back-end implementation is up to collaboration
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Request: 
LHE file with 
new signal

Back-End 
controlled by collaboration’s policy 

[potentially automated]

Front-End 
website 

A
P

I

A
P

I

K.C., Itay Yavin [hep-ex/1010.2506], JHEP.

Response 
Selection efficiency, 
signal histogram, 
cross-section limit



Kyle Cranmer (NYU)

Center for 
Cosmology and 
Particle Physicshttp://recast.perimeterinstitute.ca

!24

http://recast.perimeterinstitute.ca/?q=analyses-catalog


Kyle Cranmer (NYU)

Center for 
Cosmology and 
Particle PhysicsA CDF Example
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Kyle Cranmer (NYU)

Center for 
Cosmology and 
Particle PhysicsA CDF Example
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Kyle Cranmer (NYU)

Center for 
Cosmology and 
Particle PhysicsHigh Level Design

A beta versions of the front-end website and API have been 
developed thanks to support from the Perimeter Institute.
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RECAST 
front-end

Send Request (LHE,...)

Initiator :
 User

Experimentalist : 
Subscriber

Analysis 
Framework

Collaboration 
Approval BoardAdd Request

Notify Subscriber

Submit Jobs

Accept Request

RECAST back-end

New Result

Request  Approval

Grant  Approval

Send Result

Notify 

Tim
e

RECAST API

K.C., Itay Yavin [hep-ex/1010.2506], JHEP.



Kyle Cranmer (NYU)

Center for 
Cosmology and 
Particle PhysicsRESTful API from command line
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cranmer@172-26-28-145:~$ curl http://recast.perimeterinstitute.ca/api/recast-analysis 
-  
    uuid: c3afcb6c-ce2f-9104-ed00-6a5cfb02a401 
    title: > 
        Invariant Mass Distribution of Jet Pairs Produced in 
        Association with a W boson in ppbar Collisions at sqrt(s) = 
        1.96 TeV 
    number_of_requests: 1 
    collaboration: CDF

Supports XML, JSON, and YAML

Documentation: http://recast.perimeterinstitute.ca/sites/default/files/PIRESTfulWebService_v1.1.pdf

http://recast.perimeterinstitute.ca/api/recast-analysis
http://recast.perimeterinstitute.ca/sites/default/files/PIRESTfulWebService_v1.1.pdf

