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Example JUNO spectrum

Example JUNO spectrum for LSNL + 200 sub-detectors with own energy resolutions
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Deep learning vs. model fitting
Typical workflow

Data Best fit MC

Model Likelihood Minimizer Profile, uncertainties
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HEP Non-trivial,
heterogeneous Whole dataset Simultaneous

+ constraints
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2nd derivative
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Hesse, profiling,
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GNA goals
GNA: Global Neutrino Analysis

Variables
• Easy access to all variables.
• Combination: merge variables for partially

dependent models.
• Lazy evaluation.

Internal data and output data
• Easy access to all the internals.

Structure
• Concise and readable model definition.
• Aggressive refactoring.
• Introspection, labels, etc.

Timeline
• Analysis: 2012−
• Formulation: 2013

• First implementation: 2014
• Current version: 2016−
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GNA stack

• C++ Eigen — data representation, linear algebra, vectorized algorithms, etc.

• ROOT — MINUIT, reflection to Python.

• Boost — ptr_container, etc.

• Python 3 and:
I numpy,
I matplotlib,
I pygraphviz,
I ….

• https://git.jinr.ru/gna/gna
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Implementation

3 Resolves issues of black box integration
! Have to know precision beforehand

3 Rectangular, trapezoidal, GL rules; 1d/2d
3 Combined rules
3 Similar implementation
3 Extensible
3 Enables lazy integrand evaluation!
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Neutrino oscillation probability
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Neutrino oscillation probability
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Neutrino oscillation probability
E = C.Points(np.arange(1.0, 10.0, 0.001))
with ns:
oscprob = C.OscProb3(from_nu, to_nu)
unity = C.FillLike(1)
ws = C.WeightedSum(weights, labels)

E >> unity.fill
E >> oscprob.comp12
E >> oscprob.comp13
E >> oscprob.comp23
unity >> ws.sum.comp0
oscprob.comp12 >> ws.sum.item12
oscprob.comp13 >> ws.sum.item13
oscprob.comp23 >> ws.sum.item23
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Neutrino oscillation probability
E = C.Points(np.arange(1.0, 10.0, 0.001))
with ns:
oscprob = C.OscProb3(from_nu, to_nu)
unity = C.FillLike(1)
ws = C.WeightedSum(weights, labels)

E >> unity.fill
E >> oscprob.comp12
E >> oscprob.comp13
E >> oscprob.comp23
unity >> ws.sum.comp0
oscprob.comp12 >> ws.sum.item12
oscprob.comp13 >> ws.sum.item13
oscprob.comp23 >> ws.sum.item23

• Variables are maintained in recursive namespace.
• Nodes do not own variables they depend upon.
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Expressions and branching

Example

g(f [j](x [i]()))
Goal
• Math-like expression → graph, branching.

• Python for evaluation.

• Only graph: no information on constituents.

Example
• i = 1, 2

• j = a, b

x1

x2
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Expressions and branching

Example

sum[i]| g | f [j]| x [i]()
Goal
• Math-like expression → graph, branching.

• Python for evaluation.

• Only graph: no information on constituents.

Example
• i = 1, 2

• j = a, b

f1a g1a

x1 f1b g1b g1a + g2a

x2 f2a g2a f1a + f2a

f2b g2b
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Bundles
Bundles
• Build small computational graphs

based on simple configuration.
• Define how the graphs are scaled.

Configuration
cfg=dict(

bundle = dict(name='integral_1d', version='v02'),
variable = 'evis',
edges = N.linspace(0.0, 12.0, 241, dtype='d'),
orders = 3,
labels = dict(

sampler = 'GL Sampler',
integrator = 'Integrator {autoindex}'

)
)
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Experiment with reactor antineutrinos: formula
Partial expression
eres[d]|
lsnl[d]|
iav[d]|
integral2d|
sum[r]|
baselineweight[r,d]*
ibd_xsec(enu(), ctheta())*
jacobian(enu(), ee(), ctheta())
sum[i](
power_livetime_factor[d,r,i])*
anuspec[i](enu() )*
sum[c]|
pmns[c]*oscprob[c,d,r](enu())

Partial equation
~Nd = Ceres×

Clsnl×
CIAV×∫

d cos θ

∫
dEvis

∑
r

1/(4πL2
dr )

dσ(Eν , cos θ)/d cos θ
dEν/dEvis∑

i
(PdriSi(Eν))∑

c
ωcPc(Eν , Ldr )

Survival probability

νe spectra

Jacobian
IBD cross section

IAV effect
Energy scale bias
Energy resolution

• Each element may be configured independently of others.
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dybOscar equation
Expression (partial)
eres[d]|
lsnl[d]|
iav[d]|
integral2d|
sum[r]|
baselineweight[r,d]*
ibd_xsec(enu(), ctheta())*
jacobian(enu(), ee(), ctheta())
sum[i](
power_livetime_factor[d,r,i])*
anuspec[i](enu() )*
sum[c]|
pmns[c]*
oscprob[c,d,r](enu())

Summary
• 732 nodes/1624 edges
• 498 pars: 97 variables/114 fixed/287 evaluated
• Full computation time 10 ms
• Allocates 13.6 Mb in 736 outputs

r [36]

Final histogram AD11

.. [36]

concat_total

+ [240]

Observed spectrum AD11

+w

(1)
[240]

Observed IBD spectrum AD11

+ [240]

Background spectrum AD11

@ [240]

Energy resolution(AD11)

+w

(1)
[240]

observation_noeffects.AD11

+w

(1)
[240]

Acc AD11 (w: acc_num_bf)

+w

(1)
[240]

8He/9Li AD11 (w: lihe_num_bf)

+w

(1)
[240]

Fast neutron AD11 (w: fastn_num_bf)

+w

(1)
[240]

AmC AD11 (w: amc_num_bf)

+w

(1)
[240]

C(alpha,n) AD11 (w: alphan_num_bf)

Energy resolutionmatrix ()
@ [240]

NL AD11

h [240]

Accidentals AD11 (norm spectrum)

+ [240]

8He/9Li spectrum (norm)
Fast neutron histEH1 (norm)

h [240]

AmC spectrum (norm)

h [240]

C(alpha,n) spectrum AD11 (norm)

x [240]

GL sampler (2d)

Ee

evis

ctheta

+w

(1)
[241]

Evis edges after escale, AD11

evis edges

Enu

ctheta

IBD xsec (1)

ctheta

Ee to Enu jacobian

ctheta

* [241]

Edges after LSNL, AD11

NL matrixAD11

+w

(1)
[1680x21]

Cross section weighted by distance DB1@AD11

* [1680x21]

Countrate DB1@AD11

∈ [1680x21]∈[29]

insegment

~ [1680x21]

S(E):U235

c [1680x21]

OP comp0
OP comp12:DB1@AD11 OP comp13:DB1@AD11OP comp23:DB1@AD11

+ [1680x21]

Countrate in AD11

+w

(1)
[1680x21]

Total number of anue in DB1@AD11

+w

(4)
[1680x21]

anue survival probability DB1@AD11

i [240]

hist.AD11 (GL)

@ [240]

IAV effect AD11

+w

(1)
[240]

9Li spectrum (frac)

+w

(1)
[240]

8He spectrum (frac)

Fast neutron histEH1

IAV matrix AD11

h [240]

9Li spectrum (norm)

h [240]

8He spectrum (norm)
Fast neutron shapeEH1

+w

(5)
[241]

Sum of LSNL curves

a [240x240]

IAV matrix raw
Fast neutronintegration points

Fast neutron shapeEH2 Fast neutron shapeEH3

Fast neutron histEH2 Fast neutron histEH3

Fast neutron histEH2 (norm) Fast neutron histEH3 (norm)

a [29]

E0 (bin edges)

a [29]

S0(E0):U235

a [241]

NL nominal (nominal)

a [241]

NL correction pull0

a [241]

NL correction pull1

a [241]

NL correction pull2

a [241]

NL correction pull3

Simplified plot
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GNA expressions status

Current implementation
• Uses python eval
• Implements OO structure with overridden
+/-/… operators

• Modified global environment

Future version
• Properly implemented grammar in Lark parser
• https://git.jinr.ru/gna/gna_parser
• To be introduced soon instead of pythonic one
• To be the default workflow
• Regardless of the core used
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Introduction Data flow GNA Conclusions

Conclusions

Present
• A workflow to define large scale models.
• The GNA framework implementing the workflow.
• A set of the reactor neutrino related analyses (Daya Bay, JUNO/TAO).

Future
• Discontinue development of GNA core.
• Where to go next?

• Need GPU and automatic differentiation.

Data flow
• Overall impression: life changing.
• Requires a paradigm shift, more thinking and planning.
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Spares structure min LH Example

Thank you for your attention!

Spare slides:

5 GNA structure

6 Optimization
7 Likelihood

χ2 with pull terms
χ2 with pull terms

8 Practical example: energy scale distortion
Matrix method
Implementation
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Spares structure min LH Example

GNA approach overview

Core • Variables and data
• Transformations

• Scheduling

Transformations

• Linear algebra
• Integration

• Statistics
• Physics

Bundles

• Read configuration.
• Small computational chain.

Expressions

• Connect bundles into a large graph.

C++

(efficiency)

Python
(flexibility)

UI

• Command line chain.
• Analysis workflow.

• I/O.
• etc…
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GNA approach overview

Core • Variables and data
• Transformations

• Scheduling

Transformations
• Linear algebra
• Integration

• Statistics
• Physics

Bundles
• Read configuration.
• Small computational chain.

Expressions • Connect bundles into a large graph.

C++

(efficiency)

Python
(flexibility)

UI
• Command line chain.
• Analysis workflow.

• I/O.
• etc…

at least 3 layers of abstraction
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Optimization
Gradient descent
• 1st derivative Jacobian
3 Simple
7 Derivative ↔ step size

is arbitrary: learning rate

Quasi-Newton’s method I

• 2nd derivative Hessian
approximated from gradients

3 Confined
• BFGS (scipy), DFG (minuit), …

Differentiation
• Finite diff.: 2 or 4 points
• Automatic differentiation

Pi
ct

ur
es

fro
m

w
ik

ia
nd

in
te

rn
et
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Spares structure min LH Example

χ2 with pull terms

3 Estimates maximum of Gaussian likelihood

• Constrained parameters
• Free parameters
• The model
• Data

χ2
pull =

∑
i

(xi − µi (θ , η ))2

σ2
i

+
∑

j

(
ηj − η0

j

)2

(
σ2

η

)
j

• Stat errors
• Pull terms or punishment
• Systematic uncertainties
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Spares structure min LH Example

χ2 with pull terms

3 Estimates maximum of Gaussian likelihood
• Constrained parameters
• Free parameters
• The model
• Data

χ2 = (x − µ(θ , η ))T V −1
stat (x − µ(θ , η )) +

+
(
η − η0)T V −1

η

(
η − η0)

• Stat errors
• Pull terms or punishment
• Systematic uncertainties

math symbols: matrices and columns
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χ2 with pull terms

3 Estimates maximum of Gaussian likelihood
• Constrained parameters
• Free parameters
• The model
• Data

χ2 = (x − µ(θ , η ))T V −1
stat (x − µ(θ , η )) +

+
(
η − η0)T V −1

η

(
η − η0)

• Stat errors
• Pull terms or punishment
• Systematic uncertainties

Statistical methods follow data flow procedure:

+w (1)

[200]
observation.AD1

MC Data

Statistical uncertainties

Chi-squared

Cholesky/sqrt

r

[200]
Final histogram AD1

@

[600]
Energy resolution (AD1)

+w (1)

[200]
Model

a

[12]
Nuisance: central

Cholesky/sqrt

Energy resolution matrix ()

i

[600]
Integral AD1 (GL)

r

[200]
Final histogram AD1

Nuisance: values

histedges

+w (12)

[2400x5]

Count rate at AD1

weight: baselineweight

@

[600]
Energy resolution (AD1)

a

[12]
Nuisance: uncertainties

x

[600]
GL sampler (2d)

IBD xsec (1)

ctheta

∈
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insegment

~

[2400x5]
U235 spectrum, interpolated

~

[2400x5]
U238 spectrum, interpolated

~

[2400x5]
Pu239 spectrum, interpolated

~

[2400x5]
Pu241 spectrum, interpolated

c
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Fission fraction of Pu239 in reactor TS2

Fission fraction of Pu241 in reactor TS2

Fission fraction of U235 in reactor TS3

Fission fraction of U238 in reactor TS3

Fission fraction of Pu239 in reactor TS3

Fission fraction of Pu241 in reactor TS3

Fission fraction of U235 in reactor TS4

Fission fraction of U238 in reactor TS4

Fission fraction of Pu239 in reactor TS4

Fission fraction of Pu241 in reactor TS4

Fission fraction of U235 in reactor DYB

Fission fraction of U238 in reactor DYB

Fission fraction of Pu239 in reactor DYB

Fission fraction of Pu241 in reactor DYB

Fission fraction of U235 in reactor HZ

Fission fraction of U238 in reactor HZ

Fission fraction of Pu239 in reactor HZ

Fission fraction of Pu241 in reactor HZ

Power-livetime factor (~nu/s) YJ1.U235->AD1

Power-livetime factor (~nu/s) YJ2.U235->AD1

Power-livetime factor (~nu/s) YJ3.U235->AD1

Power-livetime factor (~nu/s) YJ4.U235->AD1

Power-livetime factor (~nu/s) YJ5.U235->AD1

Power-livetime factor (~nu/s) YJ6.U235->AD1

Power-livetime factor (~nu/s) TS1.U235->AD1

Power-livetime factor (~nu/s) TS2.U235->AD1

Power-livetime factor (~nu/s) TS3.U235->AD1

Power-livetime factor (~nu/s) TS4.U235->AD1

Power-livetime factor (~nu/s) DYB.U235->AD1

Power-livetime factor (~nu/s) HZ.U235->AD1

Power-livetime factor (~nu/s) YJ1.U238->AD1

Power-livetime factor (~nu/s) YJ2.U238->AD1

Power-livetime factor (~nu/s) YJ3.U238->AD1

Power-livetime factor (~nu/s) YJ4.U238->AD1

Power-livetime factor (~nu/s) YJ5.U238->AD1

Power-livetime factor (~nu/s) YJ6.U238->AD1

Power-livetime factor (~nu/s) TS1.U238->AD1

Power-livetime factor (~nu/s) TS2.U238->AD1

Power-livetime factor (~nu/s) TS3.U238->AD1

Power-livetime factor (~nu/s) TS4.U238->AD1

Power-livetime factor (~nu/s) DYB.U238->AD1

Power-livetime factor (~nu/s) HZ.U238->AD1

Power-livetime factor (~nu/s) YJ1.Pu239->AD1

Power-livetime factor (~nu/s) YJ2.Pu239->AD1

Power-livetime factor (~nu/s) YJ3.Pu239->AD1

Power-livetime factor (~nu/s) YJ4.Pu239->AD1

Power-livetime factor (~nu/s) YJ5.Pu239->AD1

Power-livetime factor (~nu/s) YJ6.Pu239->AD1

Power-livetime factor (~nu/s) TS1.Pu239->AD1

Power-livetime factor (~nu/s) TS2.Pu239->AD1

Power-livetime factor (~nu/s) TS3.Pu239->AD1

Power-livetime factor (~nu/s) TS4.Pu239->AD1

Power-livetime factor (~nu/s) DYB.Pu239->AD1

Power-livetime factor (~nu/s) HZ.Pu239->AD1

Power-livetime factor (~nu/s) YJ1.Pu241->AD1

Power-livetime factor (~nu/s) YJ2.Pu241->AD1

Power-livetime factor (~nu/s) YJ3.Pu241->AD1

Power-livetime factor (~nu/s) YJ4.Pu241->AD1

Power-livetime factor (~nu/s) YJ5.Pu241->AD1

Power-livetime factor (~nu/s) YJ6.Pu241->AD1

Power-livetime factor (~nu/s) TS1.Pu241->AD1

Power-livetime factor (~nu/s) TS2.Pu241->AD1

Power-livetime factor (~nu/s) TS3.Pu241->AD1

Power-livetime factor (~nu/s) TS4.Pu241->AD1

Power-livetime factor (~nu/s) DYB.Pu241->AD1

Power-livetime factor (~nu/s) HZ.Pu241->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ1.U235->AD1

+w (4)

[1]
Average energy per fission at YJ1

+w (1)

[1]

Power-livetime factor (~MW)

YJ2.U235->AD1+w (4)

[1]
Average energy per fission at YJ2

+w (1)

[1]

Power-livetime factor (~MW)

YJ3.U235->AD1

+w (4)

[1]
Average energy per fission at YJ3

+w (1)

[1]

Power-livetime factor (~MW)

YJ4.U235->AD1

+w (4)

[1]
Average energy per fission at YJ4

+w (1)

[1]

Power-livetime factor (~MW)

YJ5.U235->AD1

+w (4)

[1]
Average energy per fission at YJ5

+w (1)

[1]

Power-livetime factor (~MW)

YJ6.U235->AD1

+w (4)

[1]
Average energy per fission at YJ6

+w (1)

[1]

Power-livetime factor (~MW)

TS1.U235->AD1

+w (4)

[1]
Average energy per fission at TS1

+w (1)

[1]

Power-livetime factor (~MW)

TS2.U235->AD1

+w (4)

[1]
Average energy per fission at TS2

+w (1)

[1]

Power-livetime factor (~MW)

TS3.U235->AD1

+w (4)

[1]
Average energy per fission at TS3

+w (1)

[1]

Power-livetime factor (~MW)

TS4.U235->AD1

+w (4)

[1]
Average energy per fission at TS4

+w (1)

[1]

Power-livetime factor (~MW)

DYB.U235->AD1+w (4)

[1]
Average energy per fission at DYB

+w (1)

[1]

Power-livetime factor (~MW)

HZ.U235->AD1

+w (4)

[1]
Average energy per fission at HZ

+w (1)

[1]

Power-livetime factor (~MW)

YJ1.U238->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ2.U238->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ3.U238->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ4.U238->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ5.U238->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ6.U238->AD1

+w (1)

[1]

Power-livetime factor (~MW)

TS1.U238->AD1

+w (1)

[1]

Power-livetime factor (~MW)

TS2.U238->AD1

+w (1)

[1]

Power-livetime factor (~MW)

TS3.U238->AD1

+w (1)

[1]

Power-livetime factor (~MW)

TS4.U238->AD1

+w (1)

[1]

Power-livetime factor (~MW)

DYB.U238->AD1

+w (1)

[1]

Power-livetime factor (~MW)

HZ.U238->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ1.Pu239->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ2.Pu239->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ3.Pu239->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ4.Pu239->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ5.Pu239->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ6.Pu239->AD1

+w (1)

[1]

Power-livetime factor (~MW)

TS1.Pu239->AD1

+w (1)

[1]

Power-livetime factor (~MW)

TS2.Pu239->AD1

+w (1)

[1]

Power-livetime factor (~MW)

TS3.Pu239->AD1

+w (1)

[1]

Power-livetime factor (~MW)

TS4.Pu239->AD1

+w (1)

[1]

Power-livetime factor (~MW)

DYB.Pu239->AD1

+w (1)

[1]

Power-livetime factor (~MW)

HZ.Pu239->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ1.Pu241->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ2.Pu241->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ3.Pu241->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ4.Pu241->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ5.Pu241->AD1

+w (1)

[1]

Power-livetime factor (~MW)

YJ6.Pu241->AD1

+w (1)

[1]

Power-livetime factor (~MW)

TS1.Pu241->AD1

+w (1)

[1]

Power-livetime factor (~MW)

TS2.Pu241->AD1

+w (1)

[1]

Power-livetime factor (~MW)

TS3.Pu241->AD1

+w (1)

[1]

Power-livetime factor (~MW)

TS4.Pu241->AD1

+w (1)

[1]

Power-livetime factor (~MW)

DYB.Pu241->AD1

+w (1)

[1]

Power-livetime factor (~MW)

HZ.Pu241->AD1

Fission fraction of U235 in reactor YJ1

Fission fraction of U238 in reactor YJ1

Fission fraction of Pu239 in reactor YJ1

Fission fraction of Pu241 in reactor YJ1

Fission fraction of U235 in reactor YJ2

Fission fraction of U238 in reactor YJ2

Fission fraction of Pu239 in reactor YJ2

Fission fraction of Pu241 in reactor YJ2

Fission fraction of U235 in reactor YJ3

Fission fraction of U238 in reactor YJ3

Fission fraction of Pu239 in reactor YJ3

Fission fraction of Pu241 in reactor YJ3

Fission fraction of U235 in reactor YJ4

Fission fraction of U238 in reactor YJ4

Fission fraction of Pu239 in reactor YJ4

Fission fraction of Pu241 in reactor YJ4

Fission fraction of U235 in reactor YJ5

Fission fraction of U238 in reactor YJ5

Fission fraction of Pu239 in reactor YJ5

Fission fraction of Pu241 in reactor YJ5

Fission fraction of U235 in reactor YJ6

Fission fraction of U238 in reactor YJ6

Fission fraction of Pu239 in reactor YJ6

Fission fraction of Pu241 in reactor YJ6

Fission fraction of U235 in reactor TS1

Fission fraction of U238 in reactor TS1

Fission fraction of Pu239 in reactor TS1

Fission fraction of Pu241 in reactor TS1

Fission fraction of U235 in reactor TS2

Fission fraction of U238 in reactor TS2

Fission fraction of Pu239 in reactor TS2

Fission fraction of Pu241 in reactor TS2

Fission fraction of U235 in reactor TS3

Fission fraction of U238 in reactor TS3

Fission fraction of Pu239 in reactor TS3

Fission fraction of Pu241 in reactor TS3

Fission fraction of U235 in reactor TS4

Fission fraction of U238 in reactor TS4

Fission fraction of Pu239 in reactor TS4

Fission fraction of Pu241 in reactor TS4

Fission fraction of U235 in reactor DYB

Fission fraction of U238 in reactor DYB

Fission fraction of Pu239 in reactor DYB

Fission fraction of Pu241 in reactor DYB

Fission fraction of U235 in reactor HZ

Fission fraction of U238 in reactor HZ

Fission fraction of Pu239 in reactor HZ

Fission fraction of Pu241 in reactor HZ

conversion_factor=6.24150912588e+21
ju.conversion_factor

YJ1=3.20979831689e+63
ju.power_livetime_scale.AD1.YJ1

YJ2=3.20979831689e+63
ju.power_livetime_scale.AD1.YJ2

YJ3=3.20979831689e+63
ju.power_livetime_scale.AD1.YJ3

YJ4=3.20979831689e+63
ju.power_livetime_scale.AD1.YJ4

YJ5=3.20979831689e+63
ju.power_livetime_scale.AD1.YJ5

YJ6=3.20979831689e+63
ju.power_livetime_scale.AD1.YJ6

TS1=5.09140422679e+63
ju.power_livetime_scale.AD1.TS1

TS2=5.09140422679e+63
ju.power_livetime_scale.AD1.TS2

TS3=5.09140422679e+63
ju.power_livetime_scale.AD1.TS3

TS4=5.09140422679e+63
ju.power_livetime_scale.AD1.TS4

DYB=1.92587899013e+64
ju.power_livetime_scale.AD1.DYB

HZ=1.92587899013e+64
ju.power_livetime_scale.AD1.HZ

eff=0.73
ju.eff

norm=1.0
ju.norm

YJ1=52.75
ju.baseline.AD1.YJ1

YJ2=52.84
ju.baseline.AD1.YJ2

YJ3=52.42
ju.baseline.AD1.YJ3

YJ4=52.51
ju.baseline.AD1.YJ4

YJ5=52.12
ju.baseline.AD1.YJ5

YJ6=52.21
ju.baseline.AD1.YJ6

TS1=52.76
ju.baseline.AD1.TS1

TS2=52.63
ju.baseline.AD1.TS2

TS3=52.32
ju.baseline.AD1.TS3

TS4=52.2
ju.baseline.AD1.TS4

DYB=215.0
ju.baseline.AD1.DYB

HZ=265.0
ju.baseline.AD1.HZ

YJ1=2.85986286187e-15
ju.baselineweight.AD1.YJ1

YJ2=2.85012900649e-15
ju.baselineweight.AD1.YJ2

YJ3=2.89598363095e-15
ju.baselineweight.AD1.YJ3

YJ4=2.88606494251e-15
ju.baselineweight.AD1.YJ4

YJ5=2.92941783889e-15
ju.baselineweight.AD1.YJ5

YJ6=2.91932703764e-15
ju.baselineweight.AD1.YJ6

TS1=2.85877886194e-15
ju.baselineweight.AD1.TS1

TS2=2.87291909537e-15
ju.baselineweight.AD1.TS2

TS3=2.90706448416e-15
ju.baselineweight.AD1.TS3

TS4=2.92044566088e-15
ju.baselineweight.AD1.TS4

DYB=1.72152453317e-16
ju.baselineweight.AD1.DYB

HZ=1.1331786621e-16
ju.baselineweight.AD1.HZ

AD1=171072000.0
ju.livetime.AD1

U235=0.6
ju.fission_fractions.YJ1.U235

U238=0.07
ju.fission_fractions.YJ1.U238

Pu239=0.27
ju.fission_fractions.YJ1.Pu239

Pu241=0.06
ju.fission_fractions.YJ1.Pu241

U235=0.6
ju.fission_fractions.YJ2.U235

U238=0.07
ju.fission_fractions.YJ2.U238

Pu239=0.27
ju.fission_fractions.YJ2.Pu239

Pu241=0.06
ju.fission_fractions.YJ2.Pu241

U235=0.6
ju.fission_fractions.YJ3.U235

U238=0.07
ju.fission_fractions.YJ3.U238

Pu239=0.27
ju.fission_fractions.YJ3.Pu239

Pu241=0.06
ju.fission_fractions.YJ3.Pu241

U235=0.6
ju.fission_fractions.YJ4.U235

U238=0.07
ju.fission_fractions.YJ4.U238

Pu239=0.27
ju.fission_fractions.YJ4.Pu239

Pu241=0.06
ju.fission_fractions.YJ4.Pu241

U235=0.6
ju.fission_fractions.YJ5.U235

U238=0.07
ju.fission_fractions.YJ5.U238

Pu239=0.27
ju.fission_fractions.YJ5.Pu239

Pu241=0.06
ju.fission_fractions.YJ5.Pu241

U235=0.6
ju.fission_fractions.YJ6.U235

U238=0.07
ju.fission_fractions.YJ6.U238

Pu239=0.27
ju.fission_fractions.YJ6.Pu239

Pu241=0.06
ju.fission_fractions.YJ6.Pu241

U235=0.6
ju.fission_fractions.TS1.U235

U238=0.07
ju.fission_fractions.TS1.U238

Pu239=0.27
ju.fission_fractions.TS1.Pu239

Pu241=0.06
ju.fission_fractions.TS1.Pu241

U235=0.6
ju.fission_fractions.TS2.U235

U238=0.07
ju.fission_fractions.TS2.U238

Pu239=0.27
ju.fission_fractions.TS2.Pu239

Pu241=0.06
ju.fission_fractions.TS2.Pu241

U235=0.6
ju.fission_fractions.TS3.U235

U238=0.07
ju.fission_fractions.TS3.U238

Pu239=0.27
ju.fission_fractions.TS3.Pu239

Pu241=0.06
ju.fission_fractions.TS3.Pu241

U235=0.6
ju.fission_fractions.TS4.U235

U238=0.07
ju.fission_fractions.TS4.U238

Pu239=0.27
ju.fission_fractions.TS4.Pu239

Pu241=0.06
ju.fission_fractions.TS4.Pu241

U235=0.6
ju.fission_fractions.DYB.U235

U238=0.07
ju.fission_fractions.DYB.U238

Pu239=0.27
ju.fission_fractions.DYB.Pu239

Pu241=0.06
ju.fission_fractions.DYB.Pu241

U235=0.6
ju.fission_fractions.HZ.U235

U238=0.07
ju.fission_fractions.HZ.U238

Pu239=0.27
ju.fission_fractions.HZ.Pu239

Pu241=0.06
ju.fission_fractions.HZ.Pu241

YJ1=2.9
ju.thermal_power.YJ1

YJ2=2.9
ju.thermal_power.YJ2

YJ3=2.9
ju.thermal_power.YJ3

YJ4=2.9
ju.thermal_power.YJ4

YJ5=2.9
ju.thermal_power.YJ5

YJ6=2.9
ju.thermal_power.YJ6

TS1=4.6
ju.thermal_power.TS1

TS2=4.6
ju.thermal_power.TS2

TS3=4.6
ju.thermal_power.TS3

TS4=4.6
ju.thermal_power.TS4

DYB=17.4
ju.thermal_power.DYB

HZ=17.4
ju.thermal_power.HZ

AD1=1.42e+33
ju.target_protons.AD1

U235=201.92
ju.eper_fission.U235

U238=205.52
ju.eper_fission.U238

Pu239=209.99
ju.eper_fission.Pu239

Pu241=213.6
ju.eper_fission.Pu241

a=0.0
ju.eres.a

b=0.03
ju.eres.b

c=0.0
ju.eres.c

NeutronLifeTime=880.1
ju.ibd.NeutronLifeTime

ProtonMass=938.272046
ju.ibd.ProtonMass

NeutronMass=939.565379
ju.ibd.NeutronMass

ElectronMass=0.510998928
ju.ibd.ElectronMass

SinSq12=0.307
ju.pmns.SinSq12

DeltaMSq23=0.0024477478
ju.pmns.DeltaMSq23

Sin12=0.554075807088
ju.pmns.Sin12

DeltaMSq13=0.0025231478
ju.pmns.DeltaMSq13

Theta12=0.587252368744
ju.pmns.Theta12

V00=0.822415953153 [2]
ju.pmns.V00

V01=0.547386517919 [2]
ju.pmns.V01

DeltaMSq12=7.54e-05
ju.pmns.DeltaMSq12

SinSq13=0.024
ju.pmns.SinSq13

Sin13=0.154919333848
ju.pmns.Sin13

Theta13=0.155545800896
ju.pmns.Theta13

V02=0.154919333848 [2]
ju.pmns.V02

Alpha=1.0
ju.pmns.Alpha

DeltaMSqEE=0.0025
ju.pmns.DeltaMSqEE

Delta=0.0
ju.pmns.Delta

comp13=0.032465664
ju.pmns.comp13

comp23=0.014382336
ju.pmns.comp23

comp0=0.547829006848
ju.pmns.comp0

comp12=0.405322993152
ju.pmns.comp12
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Spares structure min LH Example

χ2 with covariance matrix

3 Given: linear expansion is good: µ(θ, η) ≈ µ(θ, η0) + D(η − η0)
3 Using:

I Frequentist: profile χ2
pull over η

I Bayessian: marginalize normal likelihood over η

• Obtain: χ2 with covariance matrix
χ2 = (x − µ(θ, η0))T V −1

full (x − µ(θ, η0)) ,

• Where: Vfull(θ) = Vstat + DηVηDT
η .

math symbols: matrices and columns
December 7, 2021 19a / 14
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Spares structure min LH Example

χ2 with covariance matrix

+w (1)

[200]
Model

Model Statistical uncertainties

Jacobian

Chi-squaredCholesky

Transpose

Systematic covariance matrix

r

[200]
Final histogram AD1

@

[600]
Energy resolution (AD1)

+w (1)

[200]
Data

Energy resolution matrix ()

i

[600]
Integral AD1 (GL)

Nuisance: uncertainties

r

[200]
Final histogram AD1

histedges

+w (12)

[2400x5]

Count rate at AD1

weight: baselineweight

@

[600]
Energy resolution (AD1)

x

[600]
GL sampler (2d)

IBD xsec (1)

ctheta

∈

[2400x5]∈[139]
insegment

~

[2400x5]
U235 spectrum, interpolated

~

[2400x5]
U238 spectrum, interpolated

~

[2400x5]
Pu239 spectrum, interpolated

~

[2400x5]
Pu241 spectrum, interpolated

c

[2400x5]
OP comp0

OP comp12:YJ1->AD1

OP comp13:YJ1->AD1

OP comp23:YJ1->AD1

OP comp12:YJ2->AD1

OP comp13:YJ2->AD1

OP comp23:YJ2->AD1

OP comp12:YJ3->AD1

OP comp13:YJ3->AD1

OP comp23:YJ3->AD1

OP comp12:YJ4->AD1

OP comp13:YJ4->AD1

OP comp23:YJ4->AD1

OP comp12:YJ5->AD1

OP comp13:YJ5->AD1

OP comp23:YJ5->AD1

OP comp12:YJ6->AD1

OP comp13:YJ6->AD1

OP comp23:YJ6->AD1

OP comp12:TS1->AD1

OP comp13:TS1->AD1

OP comp23:TS1->AD1

OP comp12:TS2->AD1

OP comp13:TS2->AD1

OP comp23:TS2->AD1

OP comp12:TS3->AD1

OP comp13:TS3->AD1

OP comp23:TS3->AD1

OP comp12:TS4->AD1

OP comp13:TS4->AD1

OP comp23:TS4->AD1

OP comp12:DYB->AD1

OP comp13:DYB->AD1

OP comp23:DYB->AD1

OP comp12:HZ->AD1

OP comp13:HZ->AD1

OP comp23:HZ->AD1

*

[2400x5]
Countrate YJ1->AD1

*

[2400x5]
Countrate YJ2->AD1

*

[2400x5]
Countrate YJ3->AD1

*

[2400x5]
Countrate YJ4->AD1

*

[2400x5]
Countrate YJ5->AD1

*

[2400x5]
Countrate YJ6->AD1

*

[2400x5]
Countrate TS1->AD1

*

[2400x5]
Countrate TS2->AD1

*

[2400x5]
Countrate TS3->AD1

*

[2400x5]
Countrate TS4->AD1

*

[2400x5]
Countrate DYB->AD1

*

[2400x5]
Countrate HZ->AD1

+w (4)

[2400x5]
anue survival probability weight: pmns

+w (4)

[2400x5]
anue survival probability weight: pmns
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Energy resolution matrix ()

i

[600]
Integral AD1 (GL)

+
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Antineutrino spectrum

YJ1->AD1
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Antineutrino spectrum

YJ2->AD1
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[2400x5]

Antineutrino spectrum

YJ3->AD1
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Antineutrino spectrum
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histedges

+w (12)

[2400x5]

Count rate at AD1

weight: baselineweight

a

[139]
Spectra interpolation edges

a
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U235 spectrum, original

a

[139]
U238 spectrum, original

a
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Pu239 spectrum, original

a

[139]
Pu241 spectrum, original

x
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GL sampler (2d)
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∈
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insegment

~
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U235 spectrum, interpolated

~
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U238 spectrum, interpolated

~
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Pu239 spectrum, interpolated

~
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[2400x5]
OP comp0

OP comp12:YJ1->AD1

OP comp13:YJ1->AD1

OP comp23:YJ1->AD1

OP comp12:YJ2->AD1

OP comp13:YJ2->AD1

OP comp23:YJ2->AD1

OP comp12:YJ3->AD1

OP comp13:YJ3->AD1

OP comp23:YJ3->AD1

OP comp12:YJ4->AD1

OP comp13:YJ4->AD1

OP comp23:YJ4->AD1

OP comp12:YJ5->AD1

OP comp13:YJ5->AD1

OP comp23:YJ5->AD1

OP comp12:YJ6->AD1
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OP comp13:TS1->AD1

OP comp23:TS1->AD1
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OP comp13:TS4->AD1
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OP comp12:DYB->AD1
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OP comp23:HZ->AD1

*
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Countrate HZ->AD1
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conversion_factor=6.24150912588e+21
ju.conversion_factor

YJ1=3.20979831689e+63
ju.power_livetime_scale.AD1.YJ1

YJ2=3.20979831689e+63
ju.power_livetime_scale.AD1.YJ2

YJ3=3.20979831689e+63
ju.power_livetime_scale.AD1.YJ3

YJ4=3.20979831689e+63
ju.power_livetime_scale.AD1.YJ4

YJ5=3.20979831689e+63
ju.power_livetime_scale.AD1.YJ5

YJ6=3.20979831689e+63
ju.power_livetime_scale.AD1.YJ6

TS1=5.09140422679e+63
ju.power_livetime_scale.AD1.TS1

TS2=5.09140422679e+63
ju.power_livetime_scale.AD1.TS2

TS3=5.09140422679e+63
ju.power_livetime_scale.AD1.TS3

TS4=5.09140422679e+63
ju.power_livetime_scale.AD1.TS4

DYB=1.92587899013e+64
ju.power_livetime_scale.AD1.DYB

HZ=1.92587899013e+64
ju.power_livetime_scale.AD1.HZ

eff=0.73
ju.eff

norm=1.0
ju.norm

YJ1=52.75
ju.baseline.AD1.YJ1

YJ2=52.84
ju.baseline.AD1.YJ2

YJ3=52.42
ju.baseline.AD1.YJ3

YJ4=52.51
ju.baseline.AD1.YJ4

YJ5=52.12
ju.baseline.AD1.YJ5

YJ6=52.21
ju.baseline.AD1.YJ6

TS1=52.76
ju.baseline.AD1.TS1

TS2=52.63
ju.baseline.AD1.TS2

TS3=52.32
ju.baseline.AD1.TS3

TS4=52.2
ju.baseline.AD1.TS4

DYB=215.0
ju.baseline.AD1.DYB

HZ=265.0
ju.baseline.AD1.HZ

YJ1=2.85986286187e-15
ju.baselineweight.AD1.YJ1

YJ2=2.85012900649e-15
ju.baselineweight.AD1.YJ2

YJ3=2.89598363095e-15
ju.baselineweight.AD1.YJ3

YJ4=2.88606494251e-15
ju.baselineweight.AD1.YJ4

YJ5=2.92941783889e-15
ju.baselineweight.AD1.YJ5

YJ6=2.91932703764e-15
ju.baselineweight.AD1.YJ6

TS1=2.85877886194e-15
ju.baselineweight.AD1.TS1

TS2=2.87291909537e-15
ju.baselineweight.AD1.TS2

TS3=2.90706448416e-15
ju.baselineweight.AD1.TS3

TS4=2.92044566088e-15
ju.baselineweight.AD1.TS4

DYB=1.72152453317e-16
ju.baselineweight.AD1.DYB

HZ=1.1331786621e-16
ju.baselineweight.AD1.HZ

AD1=171072000.0
ju.livetime.AD1

U235=0.6
ju.fission_fractions.YJ1.U235

U238=0.07
ju.fission_fractions.YJ1.U238

Pu239=0.27
ju.fission_fractions.YJ1.Pu239

Pu241=0.06
ju.fission_fractions.YJ1.Pu241

U235=0.6
ju.fission_fractions.YJ2.U235

U238=0.07
ju.fission_fractions.YJ2.U238

Pu239=0.27
ju.fission_fractions.YJ2.Pu239

Pu241=0.06
ju.fission_fractions.YJ2.Pu241

U235=0.6
ju.fission_fractions.YJ3.U235

U238=0.07
ju.fission_fractions.YJ3.U238

Pu239=0.27
ju.fission_fractions.YJ3.Pu239

Pu241=0.06
ju.fission_fractions.YJ3.Pu241

U235=0.6
ju.fission_fractions.YJ4.U235

U238=0.07
ju.fission_fractions.YJ4.U238

Pu239=0.27
ju.fission_fractions.YJ4.Pu239

Pu241=0.06
ju.fission_fractions.YJ4.Pu241

U235=0.6
ju.fission_fractions.YJ5.U235

U238=0.07
ju.fission_fractions.YJ5.U238

Pu239=0.27
ju.fission_fractions.YJ5.Pu239

Pu241=0.06
ju.fission_fractions.YJ5.Pu241

U235=0.6
ju.fission_fractions.YJ6.U235

U238=0.07
ju.fission_fractions.YJ6.U238

Pu239=0.27
ju.fission_fractions.YJ6.Pu239

Pu241=0.06
ju.fission_fractions.YJ6.Pu241

U235=0.6
ju.fission_fractions.TS1.U235

U238=0.07
ju.fission_fractions.TS1.U238

Pu239=0.27
ju.fission_fractions.TS1.Pu239

Pu241=0.06
ju.fission_fractions.TS1.Pu241

U235=0.6
ju.fission_fractions.TS2.U235

U238=0.07
ju.fission_fractions.TS2.U238

Pu239=0.27
ju.fission_fractions.TS2.Pu239

Pu241=0.06
ju.fission_fractions.TS2.Pu241

U235=0.6
ju.fission_fractions.TS3.U235

U238=0.07
ju.fission_fractions.TS3.U238

Pu239=0.27
ju.fission_fractions.TS3.Pu239

Pu241=0.06
ju.fission_fractions.TS3.Pu241

U235=0.6
ju.fission_fractions.TS4.U235

U238=0.07
ju.fission_fractions.TS4.U238

Pu239=0.27
ju.fission_fractions.TS4.Pu239

Pu241=0.06
ju.fission_fractions.TS4.Pu241

U235=0.6
ju.fission_fractions.DYB.U235

U238=0.07
ju.fission_fractions.DYB.U238

Pu239=0.27
ju.fission_fractions.DYB.Pu239

Pu241=0.06
ju.fission_fractions.DYB.Pu241

U235=0.6
ju.fission_fractions.HZ.U235

U238=0.07
ju.fission_fractions.HZ.U238

Pu239=0.27
ju.fission_fractions.HZ.Pu239

Pu241=0.06
ju.fission_fractions.HZ.Pu241

YJ1=2.9
ju.thermal_power.YJ1

YJ2=2.9
ju.thermal_power.YJ2

YJ3=2.9
ju.thermal_power.YJ3

YJ4=2.9
ju.thermal_power.YJ4

YJ5=2.9
ju.thermal_power.YJ5

YJ6=2.9
ju.thermal_power.YJ6

TS1=4.6
ju.thermal_power.TS1

TS2=4.6
ju.thermal_power.TS2

TS3=4.6
ju.thermal_power.TS3

TS4=4.6
ju.thermal_power.TS4

DYB=17.4
ju.thermal_power.DYB

HZ=17.4
ju.thermal_power.HZ

AD1=1.42e+33
ju.target_protons.AD1

U235=201.92
ju.eper_fission.U235

U238=205.52
ju.eper_fission.U238

Pu239=209.99
ju.eper_fission.Pu239

Pu241=213.6
ju.eper_fission.Pu241

a=0.0
ju.eres.a

b=0.03
ju.eres.b

c=0.0
ju.eres.c

NeutronLifeTime=880.1
ju.ibd.NeutronLifeTime

ProtonMass=938.272046
ju.ibd.ProtonMass

NeutronMass=939.565379
ju.ibd.NeutronMass

ElectronMass=0.510998928
ju.ibd.ElectronMass

SinSq12=0.307
ju.pmns.SinSq12

DeltaMSq23=0.0024477478
ju.pmns.DeltaMSq23

Sin12=0.554075807088
ju.pmns.Sin12

DeltaMSq13=0.0025231478
ju.pmns.DeltaMSq13

Theta12=0.587252368744
ju.pmns.Theta12

V00=0.822415953153 [2]
ju.pmns.V00

V01=0.547386517919 [2]
ju.pmns.V01

DeltaMSq12=7.54e-05
ju.pmns.DeltaMSq12

SinSq13=0.024
ju.pmns.SinSq13

Sin13=0.154919333848
ju.pmns.Sin13

Theta13=0.155545800896
ju.pmns.Theta13

V02=0.154919333848 [2]
ju.pmns.V02

Alpha=1.0
ju.pmns.Alpha

DeltaMSqEE=0.0025
ju.pmns.DeltaMSqEE

Delta=0.0
ju.pmns.Delta

comp13=0.032465664
ju.pmns.comp13

comp23=0.014382336
ju.pmns.comp23

comp0=0.547829006848
ju.pmns.comp0

comp12=0.405322993152
ju.pmns.comp12

3 Given: linear expansion is good: µ(θ, η) ≈ µ(θ, η0) + D(η − η0)
3 Using:

I Frequentist: profile χ2
pull over η

I Bayessian: marginalize normal likelihood over η

• Obtain: χ2 with covariance matrix
χ2 = (x − µ(θ, η0))T V −1

full (x − µ(θ, η0)) ,

• Where: Vfull(θ) = Vstat + DηVηDT
η .

math symbols: matrices and columns
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Practical example:

energy scale distortion



Spares structure min LH Example

Nonlinearity application: integration

Na
i =

∫
d cos θ

Ei+1∫
Ei

σ(Eν , cos θ)S(Eν)P(Eν) dEν

dE vis dE vis,

Eν = Eν(E vis, cos θ).
• No energy nonlinearity: Na

• With energy nonlinearity: Nb .↪→ Na ≡ Nb

• With energy nonlinearity: Nb , projected on the same binning as Na.
• Requirements:

I Direct conversion.
I Inverse conversion.
I Gradient.

• Is it possible to introduce matrix C :
Nc = CNa?
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Nonlinearity application: integration

Na
i =

∫ Ei+1∫
Ei

X(Eν)dE vis,

Eν = Eν(E vis, cos θ).

Nb
i =

∫ Eq(Ei+1)∫
Eq(Ei )

X(Eν)dE vis

dEq dEq,

Eν = Eν(E vis, cos θ),
E vis = E vis(Eq) (inverse),
Eq = Eq(E vis).

• No energy nonlinearity: Na
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E vis = E vis(Eq) (inverse),
Eq = Eq(E vis).

Nc
i =

∫ Ei+1∫
Ei

X(Eν)dE vis

dEq dEq.

• Assuming E vis(Eq) is a sum.

• No energy nonlinearity: Na

• With energy nonlinearity: Nb .↪→ Na ≡ Nb

• With energy nonlinearity: Nb , projected on the same binning as Na.

• Requirements:
I Direct conversion.
I Inverse conversion.
I Gradient.

• Is it possible to introduce matrix C :
Nc = CNa?
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Nonlinearity application: integration
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I Direct conversion.
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• Is it possible to introduce matrix C :
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Nonlinearity application: matrix
• Is it possible to introduce matrix C : Nc = CNa?.

3 4 5 6 7 8
X original

0

1

2

3

4

5

6

7

8

9

X 
m

od
ifi

ed

Axis scaling

December 7, 2021 22a / 14



Spares structure min LH Example

Nonlinearity application: matrix
• Is it possible to introduce matrix C : Nc = CNa?.

Dumb method

• See how the scaled bin edges overlap with original binning.
• Requirements:

I Only direct energy scale conversion.
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Spares structure min LH Example

Nonlinearity application: matrix
• Is it possible to introduce matrix C : Nc = CNa?.

Dumb method
• See how the scaled bin edges overlap with original binning.
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Spares structure min LH Example

Nonlinearity application: matrix
• Is it possible to introduce matrix C : Nc = CNa?.

Dumb method
• See how the scaled bin edges overlap with original binning.
• Requirements:

I Only direct energy scale conversion.

Assumtions
• Integrand within bin: flat

• Energy scale within bin: linear
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Spares structure min LH Example

Nonlinearity application: matrix
• Is it possible to introduce matrix C : Nc = CNa?.

Proper method
• See how the scaled bin edges overlap with original binning.

• Take into account inverse projections: integrals over small segments
equal.

• Requirements:
I Direct energy scale conversion.
I Inverse energy scale conversion.
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Nonlinearity application: matrix
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Spares structure min LH Example

Nonlinearity application: matrix
• Is it possible to introduce matrix C : Nc = CNa?.

Proper method
• See how the scaled bin edges overlap with original binning.
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Spares structure min LH Example

Nonlinearity application: matrix
• Is it possible to introduce matrix C : Nc = CNa?.

Proper method
• See how the scaled bin edges overlap with original binning.

• Take into account inverse projections: integrals over small segments
equal.

C11 = 1c
1a+1b+1c+1d+1e

• Requirements:
I Direct energy scale conversion.
I Inverse energy scale conversion.
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Spares structure min LH Example

Nonlinearity application: matrix
• Is it possible to introduce matrix C : Nc = CNa?.

Proper method
• See how the scaled bin edges overlap with original binning.

• Take into account inverse projections: integrals over small segments
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I Direct energy scale conversion.
I Inverse energy scale conversion.
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Spares structure min LH Example

Nonlinearity application: matrix
• Is it possible to introduce matrix C : Nc = CNa?.

Proper method
• See how the scaled bin edges overlap with original binning.

• Take into account inverse projections: integrals over small segments
equal.

C11 = 1c
1a+1b+1c+1d+1e

• Requirements:
I Direct energy scale conversion.
I Inverse energy scale conversion.

Assumtions
• Integrand within bin: flat

• Energy scale within bin: linear
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Spares structure min LH Example

Nonlinearity implementation: expression

Dumb method
• Normal and modified energy scale → matrix calculation

lsnl_edges| evis_hist, evis_edges()*sum[l]| lsnl_weight[l] * lsnl_component[l]()
enu| ee(evis()), ctheta()
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Spares structure min LH Example

Nonlinearity implementation: expression

Proper method
• Normal and modified energy scale → direct/inverse interpolator, matrix calculation

lsnl_coarse = sum[l]| lsnl_weight[l] * lsnl_component_y[l]()
lsnl_interpolator| lsnl_x(), lsnl_coarse, evis_edges()
lsnl_edges| evis_hist
enu| ee(evis()), ctheta()
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Spares structure min LH Example

Nonlinearity implementation: expression

Substitution method
• Normal and modified energy scale → direct/inverse/gradient interpolators

lsnl_coarse = sum[l]| lsnl_weight[l] * lsnl_component_y[l]()
lsnl_gradient = sum[l]| lsnl_weight[l] * lsnl_component_grad[l]()
lsnl_interpolator| lsnl_x(), lsnl_coarse, evis_edges(), evis()
lsnl_interpolator_grad| lsnl_gradient
lsnl_edges| evis_hist
enu| ee(lsnl_evis()), ctheta()' or 'enu| ee(evis()), ctheta()'
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Spares structure min LH Example

Nonlinearity implementation: graph
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• The graph contains implementation of 2 methods, used for the cross check
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Spares structure min LH Example

Nonlinearity application in GNA: test matrix

Setup
• Check implementation:

I Dumb matrix method.
I Proper matrix methodnew!.
I Variable substitutionnew!.

Proper matrix

• Example nonlinearity matrix for 80 bins
• May be recalculated into reduced binning
• Identical to the matrix for 16 bins

Energy scale distortion

• Consistent for both methods
assuming flat integrand.
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Nonlinearity application in GNA: test matrix
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• Check implementation:
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I Variable substitutionnew!.
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• May be recalculated into reduced binning
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Energy scale distortion

• Consistent for both methods
assuming flat integrand.
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Nonlinearity application in GNA: test matrix

Setup
• Check implementation:

I Dumb matrix method.
I Proper matrix methodnew!.
I Variable substitutionnew!.
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Nonlinearity application in GNA: test matrix

Setup
• Check implementation:

I Dumb matrix method.
I Proper matrix methodnew!.
I Variable substitutionnew!.

Proper matrix
• Example nonlinearity matrix for 80 bins
• May be recalculated into reduced binning
• Identical to the matrix for 16 bins

Energy scale distortion
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Spares structure min LH Example

Nonlinearity application in GNA: test matrix

Setup
• Check implementation:

I Dumb matrix method.
I Proper matrix methodnew!.
I Variable substitutionnew!.

Proper matrix
• Example nonlinearity matrix for 80 bins
• May be recalculated into reduced binning
• Identical to the matrix for 16 bins

Energy scale distortion
• Consistent for both methods

assuming flat integrand.
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Spares structure min LH Example

Nonlinearity application in GNA: test matrix

Setup
• Check implementation:

I Dumb matrix method.
I Proper matrix methodnew!.
I Variable substitutionnew!.

Proper matrix
• Example nonlinearity matrix for 80 bins
• May be recalculated into reduced binning
• Identical to the matrix for 16 bins

Energy scale distortion
• Consistent for both methods

assuming flat integrand.
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Spares structure min LH Example

Nonlinearity application in GNA
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3 Tiny difference

7 Oscillatory structure
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