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GENERATORS

4+ Neutrino community relies on interaction

generators to bridge the gap between
inclusive theoretical models and exclusive
final state topology predictions.

Initial State Model Primary Interaction Intranuclear Cascade
. : ‘ G tor Factorisati
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NUISANCE
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+ Developed the NUISANCE framework as a neutrino focussed tuning

N
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tool to standardise comparing generators to data (neutrino j cCteronn:

—
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equivalent of RIVET in collider community).
+ V1 T2K external data fitter (2014). V2 community release (2017).

R lCC coherent --Multién ------------- -

10

do/dT, (cm?/nucleon/MeV)

+ Open source tool for comparing/fitting neutrino generators.
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NUISANCE Analyses

+ Original interface written aimed at flux averaged total cross-section neutrino experiments.

+ Have required extensions to the analysis methodology in NUISANCE as new experiments

move to novel unfolding/detector smearing approaches.

+ Recently many measurements implemented into NUISANCE by experiments themselves,
similar user model to RIVET analyses.

Parameter relative vlalue (X, = Xprior) Ogrior 1 0_39
(V) () N X
_39 1 ‘ L1l L}

x10 p-shell norm. C TRE ! B ' | | | | | -
H’ ) 1 L l Ll 1 1 ] ' 1 L L| 1 l - — _ - —
' - — p-shell shape C —— ~ 7]
@ 30 —— ArgoNeuT P Data L == - -
(b)) - A H - s-shell norm. C — - —
— ey i - g - §
o | 2 S % GENIE Syst. Errors sshellshape Gl I i — X ¢ dat -
) R = S 6F Mo ata -
© i T s . SRenom.C o =T - - -
eie (508 oot : . B .- 7] ' - - -
D Y | Bogen . Pauli Blocking G| 2 N 1 > - — prefit (15.72 / 8) .
Sl aon atey = —— [~ =
R P — Optical Potential C ‘ Q) 5 : ]
< 20 . S - - - —— postfit (8.48 / 8) -
N - —— . Without FSI § R ' - .
E " ) S —.— o - -
O - & - With FSI| © NN Q 4 - ® —_—
S 2o [~ e —e 7 (@] - N
=, B - e = MEE 8 —a— - ~ *® -
= - '::::::::: - High Q% norm. 1 g — - : -
T s P gh e z = N 3 —

—— S B e e — O =
© 10 s — High @*norm. 2| ,. — —e— g - ]
U -:t:‘:l: — O - — _
- - - High Q° norm. 3 g ——— - | -
ooooooooo : ?:? - 3 - b Q_ 2 - —
- ‘ it T - 2p2hnorm. C| 5 = go]lZe) -
T FE T 7 © -
- “ T e, e — 2p2h shape C -g ::-' -
= O i Pion abs. C == 1 | S ]
| 1 1 | 1 1 1 1 | 1 1 I | [ l [ 1 MRES ——— ]
% 10 20 30 P =T - : ——

CQ .___._,'_ O PR S T A T TR T N TR T S T N R ’ T
0, (Deg.) sl | S 0 0.2 0.4 0.6 0.8 1
ol vt 1o

SpT [GeV/c]
DOI: 10.1088/1748-0221/12/01/P01016 DOI: 10.1103/PhysRevD.109.072006

Iﬁ‘gﬁitel(()i NUISANCE ) HEPDATA : MC Support Tools Workshop 2024 Patrick Stowell


https://doi.org/10.1088/1748-0221/12/01/P01016
https://doi.org/10.1103/PhysRevD.109.072006

PROTOTYPING EFFORTS : nuisance3

+ Exploring how the structure of NUISANCE could be rewritten to make it more accessible.

Cl=

Full C++ to Python Bindings

+ Move away from prior monolith structure to modular interfaces.

+ Enable external processing/tuning libraries to interface at different

stages in the analysis chain through C+-+ or python.

-
N xml NUISANCE Hardcoded ROOT Al
~ steenng Exp. Sample Event Loops Predictions Nalysis
card file \

4 R
8. Interactive ] Analysis Record Modular Event Interoperable
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S . Plugins Loop Predictions
= steering tools 9
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SNIPPET ANALYSES

+ ProSelecta : a modular NuHepMC event analysis tool that supports JIT compiling of analysis
functions.

+ Automatic loading of HepMC3 extensions makes development slightly easier but real strength
is the ability to prototype analysis data releases and signal selections.

+ Directly compare many different experimental projection approaches kept in a single file loaded
at runtime.

K DOI: 10.1103/PhysRevlLett.116 07‘1802x ( - - - SRR x (/
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% J GENIE 284 .:‘"“{-H auto nu = ps::sel::Beam(ev, ps::pdg::kNuMu); 1200
R 28 if (!nu) return false;
o % sz only ; £ 1000
;c" g 0.4<q,/GeV<05 \~0.5<q3/GeV<0.6 O.é;-q;/GeV<O.8 aUtO mu = pS: :Se-l': :OUtPa rtHM(eV’ pS: :pdg: :kMuon) ’ g
% il if (!mu) return false: g 800
w 4 4 | | 2
2 LM " double cosangle = ps::proj::event::CosLep(ev); — S 600
o | if (cosangle) < 0.93969262078) return false; 3
% 0.2 04 0 0.2 04 0 0.2 0.4 . -
Available energy (GeV) : .. . . ..
if (ps::proj::event::ELep(ev) < 1.5 % ps::GeV)
return false; 200
MINERVA I/'CH return true; 0
: 0 200 400 600 800 1000 1200 1400
KLow Recoil Measurement y K} ) Eraq With Neutrons y
N

Iﬁgﬁhﬁ NUISANCE ) HEPDATA : MC Support Tools Workshop 2024 Patrick Stowell 6


https://doi.org/10.1103/PhysRevLett.116.071802

DATA PLUGINS : HEPDATA v-A Scattering

+ Exploring the use of HEPDATA as a standard data

release format for adoption by the neutrino community.

matrices, supporting flux info.

&) HEPData

Measurement of double-differential muon neutrino charged-current
interactions on CgHg without pions in the final state using the t2k off-axis

+ YAML based data release with associated correlation beam

Phys.Rev.D 93 (2016) 112012, 2016.

=] Inspire Record 1421157 5 DOI 10.17182/hepdata.77052

+ Additional information beyond the data tables is

needed to reliably preserve the original analysis.

-~ e 3 . Y .
+ Historically most of the effort has been in the Analyss

Table 1 RE
“Reanalysis Processor” stage. cost,
3 0 Table 2 > 1.0-0.0

+ nuisanced setup to automatically parse HEPDATA

10.17182/hepdata.77052.v1/t2 0.0-06
snippets using ProSelecta, fully dynamic processing of pretimeiienall IREYET
comparisons. o
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DATA PLUGINS : p-A/7-A/e-A Scattering

+ Long term plan to combine neutrino HEPDATA global analyses with interfaces to existing

pion and electron scattering data initiatives.

+ Understanding correlations in nuclear models across multiple classes of data.
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CONCLUSIONS

+ NUISANCE provides standardised generator tuning tools for the neutrino community.

+ Looking at redeveloping core code structure to use module generator and analysis methods.
+ Moving away from monolithic comparison routines.
+ Exploring use of automated compilation of data release projection/signal operators.

+ Python steering code for interfacing to external tuning tools.

+ Processes being considered based on feedback from experience in the neutrino community, but
welcome thoughts, suggestions, and comments on lessons learnt in the collider community.

THANKS FOR LISTENING!
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