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Reusability in HEP

arXiv:2109.04981 [hep-ph]

• Publishing likelihoods is good, but likelihood 6= statistical model.
• Model dependent likelihood Ü limited interpretability
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https://arxiv.org/pdf/2109.04981.pdf


Increase interpretability? Reinterpretation!

What result would we get if we replace
signal model A with signal model B?

• Analysis results are based on a statistical model
p(data|model A)

• Unfortunately, we cannot say much about
p(data|model B)

• Kinematic shape differences affect acceptance / efficiency.
• What do we need to probe new physics?
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A novel shape-respecting reinterpretation method
arXiv:2402.08417 [hep-ph]
github.com/lorenzennio/redist
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https://arxiv.org/abs/2402.08417
https://github.com/lorenzennio/redist


Shape-respecting reinterpretation
Kinematic to reconstructed number density

z – kinematic d.o.f.
x – reconstruction / fitting variable(s)

n(x) =
∫

dz L ε(x |z) σ(z) =
∫

dz n(x , z)

L. Gärtner (LMU) Constructing model-agnostic likelihoods 16.05.2024 5 / 19



A new signal distribution

nB(x) =

∫
dz L ε(x |z) σB(z) =

∫
dz L ε(x |z) σA(z)

σB(z)

σA(z)
=

∫
dz nA(x , z)︸ ︷︷ ︸

main object

w(z) .

Likelihood + n(x , z) = model-agnostic likelihood
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B+ → K+νν̄
A flavor physics showcase
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Why reinterpret B+ → K+νν̄?

• Suppression of FCNCs in the SM

arXiv:2311.14647 [hep-ex]
Ü BSM effects could substantially affect observables.
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https://arxiv.org/pdf/2311.14647.pdf


Ingredients for reinterpretation
1. Likelihood L(n,a | η,χ)
2. Joint number density n(x , z)
3. Decay kinematics Ü w(z)
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1. pyhf statistical model
A statistical model for multi-bin histogram-based analy-
sis and its interval estimation.

Likelihood function for observed event counts n is

L(n,a | η,χ) = Pois (n | ν(η,χ))︸ ︷︷ ︸
data likelihood

c (a | χ)︸ ︷︷ ︸
constraint likelihood

Expected number of events are

ν (η,χ) = κ(η,χ)
(
ν
0(η,χ) +∆(η,χ)

)
.

Use redist for bin weights κ(η,χ) = nB / nA .
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https://pyhf.readthedocs.io
https://github.com/lorenzennio/redist


1. Bayesian pyhf statistical model
A statistical model for multi-bin histogram-based analy-
sis and its interval estimation.

Posterior function for observed event counts n is

p (η,χ|n,a) ∝ Pois (n|ν (η,χ))︸ ︷︷ ︸
data likelihood

p (χ|a)︸ ︷︷ ︸
constraint prior

p (η)︸ ︷︷ ︸
unconstraint prior

Expected number of events are

ν (η,χ) = κ(η,χ)
(
ν
0(η,χ) +∆(η,χ)

)
.

Use redist for bin weights κ(η,χ) = nB / nA .
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https://github.com/malin-horstmann/bayesian_pyhf
https://github.com/lorenzennio/redist


2. Joint number density
The main object for reinterpretation, nA(x , z).
This should be provided by the experimental analysts.
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In this example the reconstruction variable is x = q2
rec. and the kinematic variable is z = q2

gen.
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3. Decay kinematics
Weak effective theory differential branching ratio de-
pendence on the Wilson coefficients.

dB (B → Kνν̄)
dq2 =

3G2
Fα
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B

∣∣V∗
tsVtb

∣∣2 √λBKq
2

 λBK

24q2

∣∣∣∣∣ f+(q
2)

∣∣∣∣∣
2

|CVL +CVR|
2

+

(
m2

B −m2
K

)2

8 (mb −ms)
2

∣∣∣∣∣ f0(q
2)

∣∣∣∣∣
2

|CSL +CSR|
2

+
2λBK

3 (mB +mK )
2

∣∣∣∣∣ fT (q
2)

∣∣∣∣∣
2

|CTL|
2


for JP = 0− kaon states.

[arXiv:2111.04327 [hep-ph]]
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https://arxiv.org/abs/2111.04327


3. Decay kinematics
Weak effective theory contributions
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L. Gärtner (LMU) Constructing model-agnostic likelihoods 16.05.2024 14 / 19



Reinterpretation results
(insights from toy study)
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Results from toy study

• Analysis assumes SM (model A)
• CVL ' 6.6 ,Ci = 0 ∀ i 6= VL

• Weak effective theory
(models B)

• "Data" contains new physics
• Uniform priors:

5 ≤|CVL +CVR| ≤ 20
0 ≤|CSL +CSR| ≤ 15
0 ≤|CTL| ≤ 15

arXiv:2402.08417 [hep-ph]
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The necessity for reinterpretation

Simplified model reinterpretation,
assuming acceptances /efficiencies
are independent of kinematic
shape differences (e.g. simple BR
rescaling).
Ü biased posterior

arXiv:2402.08417 [hep-ph]
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B+ → K+νν̄ @ Belle II 63fb−1

Application to the first B+ → K+
νν̄

analysis of 63fb−1 Belle II data,
Phys.Rev.Lett.127.181802.
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.127.181802


Summary
• Shape-respecting reinterpretation through reweighting

• Model-agnostic likelihoods
• Only requires likelihood + n(x, z).
• FAST

• Scientific benefits
• Bias-free inference on BSM parameters.
• Combinations with other channels and/or experiments. arXiv:2402.08417 [hep-ph]

Publishing model-agnostic likelihoods is crucial for a
bias-free exploitation of experimental results.

Belle
lorenz.gaertner@physik.uni-muenchen.de
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Effective field theory

• High energy collisions
W boson potentially on-shell (massive)

• Lower energy quark decays
W boson always off-shell

• Weak effective theory
W is integrated out

LSM → LWET =
∑

Ci Oi

Ü Parametrization i.t.o.
Wilson coefficients ψ = {Ci}.

Energy

MW

MB

qd qu

ν̄l

l−

W (q)

qd qu

ν̄l

l−

LSM ∝ [q̄uγ
µPLqd ]

MW
q2−MW

[̄lγµPLνl ]

LWET ∝
∑

ij Cij [q̄uΓiqd ] [̄lΓjνl ]
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Weak Effective Theory for B → Kνν̄

Contribution operators
The effective Lagrangian is

LWET =
∑
X=L,R

CVX OVX +
∑
X=L,R

CSX OSX + CTL OTL + h.c.

The d = 6 contributing operators in and beyond the SM are given by

OVL =
(
νLγµνL

)
(sLγ

µbL) OVR =
(
νLγµνL

)
(sRγ

µbR)

OSL =
(
ν
c
L νL

)
(sRbL) OSR =

(
ν
c
L νL

)
(sLbR)

OTL =
(
ν
c
L σµννL

)
(sRσ

µνbL)

[arXiv:2111.04327 [hep-ph]]
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A statistical model for multi-bin histogram-based analysis and its interval estimation.

pyhf = pythonic HistFactory Interval estimation based on
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https://pyhf.readthedocs.io
https://cds.cern.ch/record/1456844/files/CERN-OPEN-2012-016.pdf
https://arxiv.org/pdf/1007.1727.pdf


HistFactory / pyhf statistical model
A statistical model for multi-bin histogram-based analy-
sis and its interval estimation.
Likelihood function for observed event counts n is

L(n,a | η,χ) =
∏

c∈channels

∏
b∈bins

Pois

(
ncb | νcb(η,χ)

)
︸ ︷︷ ︸

multiple channels

∏
χ∈χ

cχ

(
aχ | χ

)
︸ ︷︷ ︸
constraint terms

Expected number of events per channel per bin are

νcb(η,χ) =
∑

s∈samples

∏
κ∈κ

κscb(η,χ)︸ ︷︷ ︸
multiplicative modifiers

(ν0scb(η,χ) +
∑
∆∈∆

∆scb(η,χ)︸ ︷︷ ︸
additive modifiers

).

Use redist for bin weights κ(η,χ) = nB / nA .
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Modifiers
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Custom modifiers
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Modifiers and constraints
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