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NEUTRINO CROSS-SECTION REQUIREMENTS
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+ Interaction cross-section modelling
expected to be one of the major
systematic uncertainties for future CP
violation searches in the neutrino sector.
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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
+ Five possible generators used in the B P
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CROSS-SECTION MEASUREMENTS

4+ Transtormation in the field over the last decade tfrom the realisation that Hux unfolded
measurements for specific interaction channels are highly model dependent.

+ Push to experiments releasing only exclusive final state topologies and avoiding unfolding into
regions of phase space with poorly understood efficiency.

+ Reduction in model dependence at a cost : harder for theory community to utilise new data,
need initial state model, model of final state interactions, background models.
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NUISANCE

N
&)

+ Developed the NUISANCE framework as a neutrino focussed tuning

N
o
1 LI

tool to standardise comparing generators to data (neutrino

—
(&)
LI

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

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

10

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

+ Only 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.
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NEUTRINO DATA RELEASES

DATA QUALITY
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DATA DESCRIBING MPEG RAW DAIA FOR ERROR  FOR ERROR
IT AT A PARTY DETECTION CORRECTION

e D d )
g Analysis Processor
: i ]—» Comparison
—’ Data Parser
\_ ), 4 J
Analysis is Code Analysis is Text Reanalysis is Code Reanalysis is Correct?
Experimental Analysers Generator/Theory Community
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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
= | Python/Ct+ = ysSIS g g Pel Analysis
S . Plugins Loop Predictions
= steering tools 9
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GENERATOR PLUGINS

+ Existing NUISANCE ‘v2 FlatTree’ ROOT e P ——— |
I R GENE 30400 | | e ONOP
. N =l - See Luke’s WLCG-HSF Talk
.| NOWRO 2)1.09.2 | 28 W
format already widely used for generator T edseweonn | ) w Froimn ToEsey

g I
NuHepMC: A standardized event record format for neutrino
event generators

model studies.
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. . 4“1:::;—|— : * \
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+ Boost plugin structure to isolate generator [EilbaRiEEElE

GENIE
ntuple

\/..l

dependencies whilst allowing passthrough NuWro R
information inside HepMC itself. Event : 0
Binary . 2
HepMC a O . Analysis ®
. . NEUT mps Tools
+ EventFrame analysis tools designed to be Vect 10,

similar to RDataFrame/Pandas interfaces.
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GENERATOR ANALYSIS

+ Analysis columns added to event source objects based on user defined event processing hooks.
+ Flexibility for complex projections or weighting functions for the column automatically:.

+ Data frame evaluation outputs using numpy, pandas, Arrow (extendable interoperability).

evs.add _column(...) —— evs.evaluate() — evs.scatter/( , )

| event.number | weight.cv | process.id qo q3 2.00

| | | |
ccon 228
| 0 | 1 | 300 | 263.1 | 487.6 | 175 - cClnm }pggﬁdj
| 1| 1| 452 | 1731 | 2036 | ‘ i)
| 2 | 1| 200 | 272.3 | 684.4 | L
(GenEvent const &) | 3 | 1| 401 | 317.7 | 331.1 | 150 - <
| 4 | 1| 250 | 163.4 | 577.3 | :
| 5 | 1| 200 | 115.7 | 503.6 |
| 6 | 1| 200 | 92.75 | 261.2 | 1.25 -
| 7 | 1| 200 | 353.1 | 789.7 | )
(GenEvent const &) | 8 | 1 | 200 | 86.2 | 352.7 | 2 100
| 9 | 1| 200 | 104.1 | 212 | o L
| 10 | 1| 600 | 1650 | 1813 | o
| 11 | 1| 200 | 372.3 | 769.4 | 0.75 -
| 12 | 1| 500 | 2218 | 2799 |
| 13 | 1| 550 | 1175 | 1307 |
(GenEvent const &) | 14 | 1 | 452 | 755.3 | 1172 | 0.50 -
| 15 | 1| 200 | 219.9 | 592.8 |
| 16 | 1| 200 | 116.8 | 286.5 |
| 17 | 1 | 400 | 607.8 | 647 | 0.25 A
| 18 | 1| 200 | 316.2 | 782.9 |
(GenEvent const &) | % | L 102 | 5656 | 9623 | 0.00 ' - - ' ' - -
I | o Bistol Rael 000 025 050 075 100 125 150 175  2.00
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JIT C4+4+ EVENT ANALYSIS

+ ProSelecta : a modular NuHepMC3 event analysis ProSelecta Neutrino Tools
tool that supports JIT compiling of analysis o (herMCas s Cortvent const Gev)
:filIl(jti()Ils;. Beam(HepMC3: :GenEvent const &ev, int PID)

BeamAny (HepMC3: :GenEvent const &ev,
std::vector<int> const &PIDs)

OQutPartHM(HepMC3::GenEvent const &ev, int PID)
OutPartHMAny (HepMC3::GenEvent const &ev,
std::vector<int> const &PIDs)

+ Returns template projection/selection signatures.

// Standard Projections

double q0(HepMC3::GenEvent const &ev)
double g3 (HepMC3::GenEvent const &ev)
double Q2Lep(HepMC3::GenEvent const &ev);

evs.add column(...)

double CosThetalLep(HepMC3::GenEvent const &ev) A{

auto pin = ps::sel::BeamAny(ev, pdg::groups::kNeutrallLeptons);

if (!pin) {
return kMissingDatum;
¥
User Snlppet ProseleCta int nupid = pin->pid();
Function int ccpid = nupid > 0 ? (nupid - 1) : (nupid + 1);
auto pout = ps::sel::0utPartFirstAny(ev, {ccpid, nupid});

return parts::CosTheta(pin, pout);

University of
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SNIPPET ANALYSES

+ 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.

DOI: 10.1103/PhysRevLett.116.071802 \

03< qslGeV <04

()

0.0< qS/GeV <0.2 |

¢ Data
GENIE 2.8.4:
--------- Default
----- +RPA
"-_ — +RPA+2p2h
[ 2p2h only

0.2< q3/GeV <03

N

N

0.6 < q3/GeV <0.8

05<q/GeV <06

DO

04< qS/GeV <0.5

:
~~?~.f.{.“+ **{ |

H

dzo/dEavai,dqs (108 cm?/GeV?) x
N

oO

0.2 04 0 0.2 04 0 0.2 0.4
Available energy (GeV)

MINERVA v-CH

L ow Recoil Measurement

.| University of
Shefﬁeld

~

// MINERVA CC-inclusive Signal Definition

int MINERvA_CCINC_CCEavqg3_Filter(ev) {
auto nu = ps::sel::Beam(ev, ps:
if (!'nu) return false;

auto mu = ps::sel::0utPartHM(ev, ps:
if (!mu) return false;

double cosangle = ps::proj:
if (cosangle) < 0.93969262078)

if (ps::proj::event:
return false;

return true;

\_ j

:ELep(ev) < 1.5 % ps:

:pdg: : kNuMu) ;
:pdg: :kMuon) ;
revent::CosLep(ev);

return false;

: GeV)

Children of the Tauri also enjoy

colourful weapons with no function.
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DATA PLUGINS : HEPDATA v-A Scattering

HEPD
+ Exploring the use of HEPDATA as a @ ata

standard data release format for adoption by
Measurement of double-differential muon neutrino charged-current

the neutrino Community. interactions on CgHg without pions in the final state using the t2k off-axis
beam

The T2K collaboration Abe, Ko ; Andreopoulos, Costas ; Antonova, Maria; et al.

. : hys.Rev. , .
+ YAML based data release with associated Phys-Rev.D 93 (2016) 112012, 2016
=) Inspire Record 1421157 S DOI 10.17182/hepdata.77052

< Download All ~ Visuali
Showing 50 of 67 values ISuatize
30

correlation martrices, supporting flux info.

Show All 67 values
Y

Analysis I
Add ° ° 1 ° f ° h d h d Table 1 , RE NUMU C --> MU- X
+ 1t10onal imntormation beyond the data 2 s ;
10.17182/hepdata.77052.v1/t1 cos By PulGeV] d"/dpd cos 610" cm®/ nucleon / GeV] %
® ® T Total signal cross-section per nucleon -1.0-0.0 0.0-03 0.255394 :{
tables is needed to reliably preserve the o e e
-1.0-0.0 0.3-0.4 0.207948
Original an alySiS . Table 2 > -1.0-0.0 04-30.0  0.000271813
Data from Figure 6
10.17182/hepdata.77052.v1/t2 0.0-06 0.0-03 0.208457
° ° ° Resglts of the double dif'ferenti?l .cross— 0.0-0.6 0.3-0.4 0.724434 e T_. |
* H ].St Orlc ally mOSt Of t he eﬁort haJS b een ].n Zenc:ll;sr;sr?easl”ement bin-by-bin in -1.0 -0.8 -0.6 -0.4 -0.2 0.0 \2js\tijta o\ﬁmo.s 1.0
0.0-0.6 0.4-0.5 0.551849 _
t h ¢ CR 1 ° P 79 t Table 3 0.0-06 0.5-06 0.234113 0.00027 1.02885
e “Reanalysis Processor” stage.
10.17182/hepdata.77052.v1/t3 0.0-0.6 0.6-30.0 0.000368685 Brushing Enabled?
Covariance matrix for shape systematics
error in Analysis |. 0.6-0.7 0.0-0.3 0.178667
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DATA PLUGINS : HEPDATA ANALYSES

HEPDATA : submission.yaml

qualifiers:
+ Suggesting a standard for the community to also - name: likelihood
] ] ] . value: Poisson Histogram
release projection/selection functions necessary v s;ali:g e Processing
. . value: cventratescCalelovata
for a comparison directly to HEPDATA. _ name: weighting
value: Default
] . - name: Filter
+ Selt-contained snippets based on HepMC3 event value: ANL_167744_CClnpip_Selection } Event
: : = hame: ppi Processin
selections. Transparent, readable analysis steps value: ANL 167744_CClnpip Project ppi 9
that define exact processing needed.
HEPDATA : analysis.cxx
double ANL_167744 CClnpip_Project_ppi(ev) {
+ nuisanced setup to automatically parse if (IANL_167744_CClnpip_Selection_lowW(ev)) {
. . return ps::kMissingDatum;
HEPDATA snippets using ProSelecta, fully }
dynamic processing of Comparisons. auto Pnu = ps::sel::Beam(ev, ps::pdg::kNuMu)->momentum();
auto Pn = ps::sel::0utPartHM(ev, 2112)->momentum();
auto Ppip = ps::sel::0utPartHM(ev, 211)->momentum();
auto Pmu = ps::sel::0utPartHM(ev, 13)->momentum();

return Ppip.length() * ps::MeV;
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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.

E. Pinzon, 7-A Scattering 03 J. McElwee, e-A Scattering

s B < 9000
$ ol g F
T T T T | T T T T | T T T T | g 100 — Electr % 8000 — Esectron MC
eC o r E i shift = -0.0216 ot s - shift =-0.0119 -
0‘% L _ '° o|@ 7000 _ -
q3 =0.2843 o q3 = 0.4329
- This Work: Best Fit + 1o — 8 gl o F
- 6000 —
FaCtO ry Geant4 Bertini (4.9.4) B =
— - 1 5000 —
GENIE hA (2.12.4) — ' g {ﬁ#ﬂ%
GENIE hA2014 (2.12.4) 40001~ ,j###}ﬂ
- - — = +
sooof i
400 NuWro (17.01.1) 2000f—
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GiBUU (PllyS. I{,OI). 512 (2()12) 1—124) ol o Lo v Lo o By T T foss sl i u O_T*I vl v b v b e by m L1
0 005 01 015 02 025 03 035 04 0‘45[ ojs 005 01 015 02 025 03 035 04 045 G 3].5
e

(a) E =480 MeV, 6 = 36°

o(mb]

3 4500 ;— 3 40005_
é 4000 z— hift = -0.0180 N é 35002_
200 £8 ss000f- :3l=0.3659 £f§ s000]
3000 i— 2500%—
2500 E— -
= 2000—
20000f— -
s 1500{—
15000— b H o
- 11t I }{. 1000:—
a ) s i I * i g
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 500 z— o 500:— L
0 500 1000 1500 2000 o 6.:15”“01.1'”6.#5”6.12'%('0.]35 0.4 o.‘lti [Ge\(/)js °o: 1;ms, 01 o015 02 025 03 035 04 0,1‘13 [Ge31'5
. P Momentum [MeV /c] (c) E = 620 MeV, 8 = 36° (d) E = 620 MeV, 6 = 60°
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TUNING INTERFACES

+ Move to python as a steering .

elobal likelihood functions to be evaluated interactively.

anguage allows previous hard-coded NUISANCE routines and

+ Looking at potential for direct interface into external tuning and systematic evaluations.

NUISANCE v2
Minuit Result

-2LL

100

50

0

Total Likel

I | I 1

ihood .
MINERVA Data Likelihood _
BC Pull Likelihood

Fit Error Band _

8
6 >
®)
/ f “
~ 0
. ~ 100
~ 255.0'
~10.0 ~ 00,
— —7-9_ 50 - , -~ 257
1.2 4000 ¢ - . = =50
X 42 50 =7.
MA (GeV) 75 190 —10.0

NUISANCE Q) HEPDATA : WLCG-HSF Workshop 2024
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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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