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Lots of interesting talk, exciting results, and fruitful discussion

= Total 23 talks = 8 Theory + 12 Experimental + 3 Generator

= | will try to cover as many of them as possible, apologies for the ones | am not able to cover. Please check
them out — they are all vital and interesting!

= Some of my comments/remarks will be subjective and are not immune to my biases and ignorance.



A quick recap of the focus of WG2




Many experiments at Intensity Frontier: Many goals to look for precision and new physics

Long-Baseline Neutrino Experiments: DUNE, NOvVA, T2K

Short-Baseline Neutrino Experiments: SBND, MicroBooNE, ICARUS

Scattering Experiments: MINERVA, CAPTAIN, LArIAT



An example of long-baseline neutrino experiment: DUNE
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Oscillation Probability”:

. . Am?L
P(v, — vg) ~ sin® 20 sin’ ( iE ) Event Rate at near detector:

Nl(\TxD (preco) = Z¢a(Etrue) X Ucix(ptrue) X €a (ptrue) X Ri(ptrue;preco)

k3

*two neutrino flavors, for simplicity

Event Rate at far detector:

Ng;ﬁ (preco) = Z¢a(Etrue) X Paﬂ(Etrue) X aé(ptrue) X €g (ptrue) X Ri(ptrue;preco)

Prog. Part. Nucl. Phys. 100, 1 (2018)
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= (Can we extract the oscillation probability by taking the ratio of far to near detectors?

Ng;ﬂ preco Z (b true (Etrue) X o,zB(ptrue) X €s (ptrue) X Ri(ptrue;preco)

NND preco Z ¢ true a(ptrue) X €q (pt;rue) X Ri(ptrue;preco)

= Even for an ideal case of identical near and far detector and in the absence of any geometric or oscillation-induced
differences between near and far fluxes - the ratio neither cancels out cross section dependencies nor reduces the

problem into a simple rescaling.

* The neutrino flavor at near and far detector are different (appearance experiment).
* The neutrino flux and neutrino-nucleus cross sections are convoluted.

= |n fact, it is not clear, how to interpret the ratio - what can be constrained with the ratio? How reliable extrapolations
from near to far detector are?




= (Can we extract the oscillation probability by taking the ratio of far to near detectors?

NI?“_MB preco Z ¢a true (Etrue) X a,zﬁ(ptrue) X 6,6 (ptrue) X Ri(ptrue;preco)

NND preco Z ¢ true a(ptrue) X €q (ptrue) X Ri(ptrue;preco)

= Even for an ideal case of identical near and far detector and in the absence of any geometric or oscillation-induced
differences between near and far fluxes - the ratio neither cancels out cross section dependencies nor reduces the

problem into a simple rescaling.

* The neutrino flavor at near and far detector are different (appearance experiment).
* The neutrino flux and neutrino-nucleus cross sections are convoluted.

= |n fact, it is not clear, how to interpret the ratio - what can be constrained with the ratio? How reliable extrapolations
from near to far detector are?
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The convolution|¢, x ',z |for different neutrino flavors and different
R /B
interaction types.

Main Goal of WG2




The (difficult) task in hand

Theory side*

= Description of the initial state of nucleus, covering known nuclear effects, e.g. correlatations, etc. Plus, this for many
nuclei 12C, 160, 40Ar, ....., etc.

= Description of electroweak response of the nucleus for different kinematics that cover, Giant-resonance, QE, dip-region,
delta production, SIS and DIS region — in a coherently consistent way (reminder: quantum mechanism).

= Resulting into final states where outgoing particle and their energies are subject to be altered by FSI.
= For different neutrino flavours —v,, v

U

Experimental and Generator side*

= QObserved final state topologies and their energies (altered by detector limitations) and affected by physics in
generators which enters in not only by linking observed final states to interaction vertex but also affects the
estimation of efficiencies, acceptances, background, etc.

= CClInclusice, CCOpi, CCpiO, CCpi+, ....., NCOpi, ........ , etc.

* Not an exhaustive list.



This topic was also at the focus of Round Table Discussion on Tuesday — how to a create structure to bring nuclear theorists,
neutrino experimentalist, and generator developer together.

NuSTEC has been successful in creating a community service based collaboration.

But solving these issues require proper structure (changes) specially in terms of supporting nuclear theorists, who are
more likely not funded to perform neutrino scattering calculations.

Neutrino Scattering Theory Experiment Collaboration
(NuSTEC) :

Collaboration of NP/HEP theorists, generator experts and v experimentalists
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J. W. Van Orden

Semi-Inclusive CCv for 160

Spectral Function* Local Density Spectral Function
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cross sections may disagree
significantly in predicting semi-
inclusive cross sections.
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pp(r) (fm™)

The basic model of nuclear Physics

Nuclear effective field theories

e

Nuclear ab-initio methods
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12C neutral-current cross-section

» We computed the neutrino and anti-neutrino differential cross sections for a fixed value of the
three-momentum transfer as function of the energy transfer for a number of scattering angles

do /dQdw [10716 fm? /sr/MeV]
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N. Rocco et al. PRC 97 055501(2018)

Relativistic effects in a correlated system

do /dQdw [nb/sr/MeV]

do/dQdw [nb/sr/MeV]|
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R. Gonzalez Jiménez
MiniBooNE neutrino CC 1pion+.
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MINERVA neutrino CC 1pion0.

e

— Hyb w/ OSMM

— NuWro w/ FSI

== NuWro w/o FSI
NuWro 1+ 1IN w/o FSI

i --- Hyb w/o OSMM

2

cm /GeV/nucleon)
b
T

$
=

Q‘I

2

5

5
p”(GeV)
|20 T T T T

()

g --- Hyb w/o OSMM
3 100} — Hyb w/ OSMM
= } — NuWro w/ FSI
E { -- NuWro w/o FSI
2 80r 1 NuWro 1pi+IN w/o FSI
%“
=

E

o
o

S

b'l

:

-

)} PP P EPRPP R
0 10 20 30 40
9" (degree)

0.5 L) T T T T

= -~ - Hyb w/o OSMM

k] — Hyb w/ OSMM

g 04 — NuWro w/ FSI ]
= == NuWro w/o FSI

> NuWro 1pi +IN w/o FSI

=

= 03 5
e

E

15
5 02 ]
-

v:

£ 0.1 1
S (b)
-

0 PRSP UE RSN SN U U R N SN N N —
0 200 400 600 800 1000 1200
T,l (MeV)

3 T T T T T J
= --- Hyb w/o OSMM ]
295 — Hyb w/ OSMM E
’5 = — NuWro w/ FSI -
= == NuWro w/o FSI ]
3, { NuWro 1pi+IN w/o FSI| 1
2 2 3
2 ]
U
LN g
E i E
3} o ]

Lo ' ;
<" 5
% 0.5 1
-

T
6_ (degree)

PRD 97, 013004 (2018)

16



Vector Form Factor from Lattice QCD

A. S. Kronfeld

Axial Form Factor from Lattice QCD

- Lattice QCD too high?
-+ Even continuum limit:
re=0.80(11) fm,

vs CODATA:
re = 0.875(6) fm.

- Gg=F1 - Q2 Fa/M2.
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+ Gupta, Jang, Lin, Yoon, Bhattacharya (PNDME) [arXiv:1705.06834]:

« a # (0 slope smaller than
deuterium & other data.

+ Even continuum limit:
ra=0.46(6) fm,
vs Meyer et al..

ra=0.68(16) fm.
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+ What would 0.46 fm say about deuteron?
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. A. S. Kronfeld
Neutrino Phenomenology

Prag mat IC In DUtS : > l —_ This Calculétion (vN Slcattering)

4 s This Calculation (7N Scattering) |
¢ MiniBooNE(vN Scattering)
* MiniBooNE(7N Scattering)

vector form factors from ep

x10~% (cm/GeV)?
w

scattering (z parametrization) 2|
[Ye et al., arXiv:1707.09063]; g1t

0
s§ form factor from lattice QCD O ety
[xQCD, arXiv:1705.05849];

“02- |
extract Fa(Q?(z)) from MiniBooNE; - y | i i
compare with BNL E734. o

—0.6 - z-expansion Fit

t GF (\_)N Scatter?ng)
. Sufian, Liu, Richards, Lattice 2018. ) A —
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Current NOVA Cross Section Analyses

CC Inclusive

CC muon neutrino semi-_|
[ex,in]clusive

NC

Others

Muon neutrino
Electron neutrino

Charged Pion

Zero Pion
2p2h
Neutral Pion Results
Coherent Neutral Pion Results

Inclusive Neutral Pion

Neutrino-on-electron
Booster neutrino at NOvA

M. Judah
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NC Coherent 110 Results

NOVA Preliminary

— GENIE 2.10.2 (Rein-Sehgal)
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+ Measured cross section is 7% higher than GENIE prediction
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+ Data suggests a slightly harder Q2 shape than predicted by GENIE

M. Judah
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arXiv:1801.05148 o o
=z CC-inclusive T2\ C Wret
OCHESTER

« Consistent differences between NEUT 5.3.2 and GENIE
2.8.0 throughout the phase space: roughly normalisation

0.25 < cos 6u < 0.45 0.985 < cos 9u <1

]

gm?
nucleon GeV/c

g1 O N 0

[10°%
I

nucleon GeV/c
PR

dc
dpudcos 0,

TR

(8
dp“dcos 0,
— N W

O

 Expanded selection possible in future O and 1t analyses:
on towards exclusive channels!

e Being incorporated into the ND280 fitting for OA
— Details of the T2K oscillation analyses, D. Sgalaberna, Thu. 2.30pm
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PRD93 112012
Y PRD97 012001 CCOT[ TZ/E\ C. Wret
ROCHESTER

« Previous result on FGD1 C;H; compared to first H,O measurement

o CgHgvs H,O is crucial systematic for T2K ND280 — SK propagation

0.000 < coseu < 0.600

5 2 g
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 Low momentum, high angle region under-predicted throughout
- Region of largest difference between water and carbon: nuclear effect?
« Complimentary anti-v, cross section, coming to arxiv



PRD 95 012010
CClrmt? T2\ Cwret
ROCHESTER

* Important background for T2K oscillation (signal at NOvA and DUNE)

- Nuclear model less tested with 1t data; clever analyses needed!
« CC1rm+ H,O FGD2 analysis saw too large GENIE cross section

- Low statistics limits the power of the data: next analyses doubles
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« Complementary selection on POD, coming to arxiv

- Different detector with larger statistics and acceptance
- POD fiducial target (not H,O only)



2p2h-like Enhancement

[Phys.Rev.Lett. 116 (2016) 071802]
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2p2h-like Enhancement

Data/ MC

Events per 0.02 GeV

[Phys.Rev.Lett. 116 (2016) 071802]

Neutrino, 3 33e20 LE-beam POT, MINERvA Preliminary
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Ant| Neutrmo 1 02e20 LE beam POT MINERvA Prehmmary
|

! 0.4< q/GeV <0.8 ]
—MCTotaI
— MC QE + RPA

— MC Delta
—— 2p2h tuned

¢ Data

prediction

1.0p

0.5t

1.5

+
.0.... %

0.0

* Weight up 2p2h events (by choice) to match v data.
Resulting tuned model: 50% increase in overall size, 2X in dip region.
* Tuned model predicts v data well.

> Such 2p2h-l/ike enhancement 1s universal.

0.1 0.2 0.3
Reconstructed available energy (GeV)

X. Lu
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L. Jiang

Charged Particle Multiplicity(CPM)

_5x10°POT  MicroBooNE
0.8 —4— Data =
07 +— +§E::E D“:;aé‘" = @ Data favors lower multiplicity compared
c e | - + 3 . .
P — o GENIEsTEM - to all three simulations.
Q C ; 3 . . .
g 0.5¢ (includes muons) @ Simulation agrees with data at the 2o
0.4F —:
£ P o g level.
0.3 =
> - . - . - -
W E —4+ E @ No efficiency correction and unfolding.
0.1E- 3 @ MEC: Meson exchange current; TEM:
obt 1. —?‘ — Transverse enhancement model.

Observed Charged Particle Multiplicity



X. Lu

CC inclusive Event Selection and Cross Section

Measurement

MicroBooNE Preliminary MicroBooNE Preliminary
> 151 T 0
8 L GENIE Default + Emp. MEC (Stat. Unc.) O 25| === GENIE Default + Emp. MEC (Stat. Unc.)
= i B8 GENIE Alternative (Stat. Unc.) © C E=== GENIE Altemative (Stat. Unc.)
% i t  Measured (Stat. ® Syst. Unc.) o i t Measured (Stat. ® Syst. Unc.)
o
© 2 — 2
3 &~ [
9 11— 8.
— I~ ran) =
3 5 %) -
o = N o -
Q Q 5
Q i Q 1_—
5 osp- S f
i - N
I 1 051~
as 5 :
0 e oy T O#ﬁ . - PR R S R S
0 0.5 1 15 2 25 -1 -0.5 0 0.5 1
P [GeV] cos(6;°*°)
Model element Default Alternative
Q — - -
Two GEME mode-ls sets were Nuclear Model Bodek-Ritchie Fermi Gas Local Fermi Gas
used in the analysis: Default and . . . .
Alt ¢ Quasi-elastic Llevellyn-Smith Nieves
rnative. .. .
ernative MEC Empirical Nieves
@ Differential cross sections with Resonant Rein-Sehgal Berger-Sehgal
respect to muons momentum Coherent Rein-Sehgal Berger-Sehgal
and cosfl;, shows agreements in FSI hA hA2014
both these two model sets. MEC: Meson Exchange Current.
@ Working on the double Nieves Model accounts for long range nuclear (RPA) correlations, final

differential cross sections. states interaction (FSI) and Coulomb corrections.



 These incredible event rates will
enable us to probe rare processes

 Modern measurements of neutrino
production of hyperons, charm-
baryons, and other rare processes
enabled with 100s of events

» Using >10,000 ve CC interactions to
directly study low energy ve+argon
scattering

SBND For Rare Cross Sections

3 year

event rates
Charged Current

v, Inclusive
— O

— Op

— 1p

— 2p

—> 3p

- 1rt+ X
= 1lr + X
- 1704+ X
—2m+ X
—>3r+ X
-+ K"K+ X
— KOK® + X
X T+ X
— 2.+ X
= A+ X
Ve Inclusive

5,389,168
3,814,198
27,269
1,261,730
1,075,803
1,449,394
942,555
38,012
406,555
145,336
42,510
521
582
294
98
672
~ 12,000

J. Zennamo
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J. Chaves

CAPTAIN detector Measuring the neutron
cross section

e Cryostat
« Capacity: 10 tons i * First result ab;olute !ncluswe cross section, L
followed by differential exclusive cross
« TPC sections. T 1 [
* Hexagonal prism with 1m e Survi T . — -
urvival probability of neutrons decreases .
vertical drift, 1m apothem, 2000 Rk ¢ || SR R R | n n?. I ); nction of depth in 10)__| W | |, Tesdd
channels, 3mm pitch, 5 I s exponentially as a function of depth i
instrumented tons , h detector and only depends on cross — —
section and target density. ] .
» Photon detection system TPC ASSEMBLY
X ax |e—
I DEWARACCESPORTS e Fit an exponential to the starting positions
» Laser calibration system LIQUID ARGON VOLUME .
VACUUM JACKET of the tracks and you get the cross section. 1) = e
* Same cold electronics and
electronics chain as MicroBooNE » Data binned in energy bins where cross N = atomic density
section doesn’t change as much. of Argon

Jorge Chaves

Jorge Chaves . @
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The General Landscape — Comparison of Generators ! 6. Morfin

¢ We use the invariant mass of the hadronic system: W? = M? + Q? (1 —x ) / x to classify
the type of interaction we are studying.

¢ By far the majority of contemporary studies in v-nucleus interactions have been of QE
and A production thatis W < 1.4 GeV

¢ However, there is plenty of activity going on above this W cut! For example with a 6
GeV v on Fe — excluding QE.

%107 Invariant mass
400 T T T = gver 50% of the DUNE events have W
[ :W>1.7 GeV NEUT i greater than the Delta mass (W == 1.4
30 : — NuWro B GeV),
: — GENIE i
z - i
§ i i C. Bronner- 2016
O L _
g 10: |
i | ]
0l 2 3

W [GeV]
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¢

Conclusions DIS

All high-statistics neutrino data is off nuclear targets. Need nuclear correction factors to
include data off nuclei in global fits with nucleon data to determine nucleon PDFs.

Current nuclear correction factors in GENIE use B-Y model that gives only v-isoscalar Fe
correction factor that is then then used for ALL nuclei.

Nuclear correction factors (R) and, consequently, the nuclear parton distribution functions
are found to be different for neutrino-Fe scattering compared to charged lepton-Fe. One
experiment and one nucleus.

There is now fresh evidence that these so-called DIS partonic nuclear effects (EMC
effect) continue down into the SIS region with W < 2.0 GeV! (Low-Q scaling,
duality. and the EMC effect — Arrington et al.)

J. G. Morfin
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What 1s “Duality”

¢ Relationships between meson—hadron and quark—gluon degrees of freedom.
¢ Quark—hadron duality is a general feature of strongly interacting landscape.

¢ There exist examples where low-energy hadronic phenomena, averaged over
appropriate energy intervals, closely resemble those at higher energies, calculated in
terms of quark-gluon degrees of freedom.

¢ Duality is an important ingredient for the Bodek-Yang model that GENIE, NEUT,
NuWro employ.

¢ Originally studied and confirmed in e-N scattering — how about v-N scattering?

There is essentially no high-statistics v-N experimental data with W>1.4 GEV for
tests! Rely on models for resonances and essentially ONE theoretical look at

duality in v-N scattering.
v F, <" Duality HOLDS in electron—nucleon scattering

v F,'PV": In neutrino—nucleon scattering duality does NOT hold for proton and
neutron individually

v F,'V": Duality HOLDS for the averaged structure functions. Need equal
number of neutrons and protons... 24

Still Curious about SIS and DIS Scattering?
NuSTEC Workshop on Shallow- and Deep- Inelastic Scattering —

Just before (11-13 October) and in same location as Nulntl§
https://indico.cern.ch/event/ 727283/

J. G. Morfin
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Measurement in near detector

Event statistics lower ~100 times for V'S then for vu’s.
Higher flux and detector-response uncertainties.

Flux (/em?/50MeV/10°'POT)

0

NEREEREREEREEE A R RN I RN FE R AR ENA S RN

| 2 3 4 I 2 3 4
E, (GeV) E, (GeV)

Abe et al. (T2K), PRL 116, 181801 (2016)

5

A. M. Ankowski
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CCQE v, and v_ cross sections at 5

M. Martini el al., PRC 94, 015501 (2016)

= E,=200 MeV E_=500 MeV E,=750 MeV
= T - R R R
,g’ KOO — —
g oo —
: 4 L i
% 1 | T L1
= 50 0 50

o (MeV)

A. M. Ankowski

CCQE v, and v cross sections at 5’

M. Martini el al., PRC 94, 015501 (2016)

Conclusion: While at higher energies the v and v, cross sections
practically coincide, at low energies and small scattering angles
the v, cross section is higher than the v, one.

13

E =200 MeV E =500 MeV E =750 MeV

200||||||| T

i 100 —

q (MeV/e)

100 — -7

0 I | |

50 0 50
o (MeV)

Conclusion: this behavior is related to the differences in
the momentum transfer between the v, and v, scattering.
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RFG, CCQE scattering at 200 MeV RFG, CCQE scattering at 600 MeV A. M. Ankowski

300 900 ——r———r N — e
= 20 J Ve 600
= 100/ 1 Z ool
60 } i | =  Details of nuclear model can
(] L X L L | " s L L | L L L l.)((.\gﬁ ] L | 1 1
. - T - oL - L - ] qualitatively change the mass
w (MeV) o (MeV) dependence of the cross
section.

SF, CCQE scattering at 200 MeV SF, CCQE scattering at 600 MeV = The behavior is driven by the
phase-space availability, rather
300 [ I S ] than the kinematics.

200 il 600 |
Z )
= 100 il = 300}

ol v v v
0 50 100 150 200

w (MeV)
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A. M. Ankowski

Nuclear models are converging

240 MeV, 36 deg °
= 900 ,1}1:% _}1:-\".l (‘».('J% (':(]-\"'-" . q ~ 145 [MeV/c], Q* ~ 0.021 [(GeV/c)] MOdEI dlfferences
( I 1 1000—' 1 | IR I_
— — E =240 MeV, 6 = 36° -
< 600 | ] - : ® Models developed to reproduce inclusive electron-
= = . scattering data may give similar results starting from
o ol 5°°__I Hy — different physics assumptions.
3 ! [ ! ! : ® Treating the initial states differently, they lead to different
Y oLt 11| | T exclusive cross sections (hadron distributions).
i~ 0 50 100
0 (GeV) ® For long-baseline neutrino experiments, particularly
- those using calorimetric energy reconstruction, exclusive
AMA et al., V. Pandey et al., cross sections are essential.
PRD 91, 033005 (2015) PRC 92, 024606 (2015)

See also: G. D. Megias et al., PRC 94, 013012 (2016);
J. E. Sobczyk, PRC 96, 045501 (2017)
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160(e,e’

30000 T

N

E, =737 MeV 0 = 37.1°

P
—
—
>
——

Exp +—e—
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[
2 20000 - ADC(3) FSI —-—-
S~
e
15000
&
S
S 10000 |
S~
<
5000 .
P
o ==
0 0.05 0.1 0.15 0.2 0.25 0.3
w [GeV]
E, = 1080 MeV § = 32°
16000 . . , . .
Exp +—e—
14000 | E
= ADC(3) ——
Z 12000 | ®) 4
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Z 10000 | :
)
8000
S
I 6000
=
S 4000 |
~
2000 -
0 b====or ' '
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0.4 045

30000 |

20000 |

15000

/

cross sections within the SCGF approach

35000

Self Consistent Green’s Function

Correlated Basis Function

C. Barbieri, NR, V. Soma, in Preparation

E,=22GeV 0 =155

E, =880 MeV 0 = 32°

25000 |
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ADC(3) ——
ADC(3) FSI ———— |

10000

9000
8000
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0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
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==l Exp —e— |
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NR, C. Barbieri, Phys.Rev. C98 (2018) 025501

N. Rocco

160
140 |
190 |
100
80
60 |
n
20t

do /dQUE,, [nb/srGeV]

| SCGF FSI

L B

Ti(e, €')
E12-14-012

SCGF [A ——

o oo -~
LS
"

-

0
1.2

1.6 1.8
Te/ [G@V]

2 2.2

% Experimental data: Jefferson Lab Hall A Collaboration, Phys.Rev. C98 (2018) no.1, 014617

Preliminary results for 48Ti(e,e’) cross sections
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N. Rocco

CCQE neutrino -12C total cross section CCQE antineutrino -12C total cross section
v, +2C = p+X v 4120 5 pt X

10 | | T T I I I T 6 /J

9 I I [ I I | | eXp— I
— 8 5 r 7
g 7 &
B N 12 e A 54
S
X3 X 2
o) 9 5

1 1

O | | | | | | | 0

200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000

NR, C.Barbieri, O. Benhar, A. Lovato, in Preparation EV [MeV] NR, C.Barbieri, O. Benhar, A. Lovato, in Preparation E [M V]
7 e
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For QE electron scattering the energy momentum 4 func-
tion and the final state nucleon energy are given by

O[(Ei +v) — Ey]
Ef=\/(q+k)2+M2. (1)

E. = f(E€)
€ = binding/removal energy parameter
Which is defined differently
in GENIE: Excitation energy € =E(PN) -

In NEUT: Smith-Moniz Interaction energy &€ =€sm
other applications: Interaction energy E=ebN.

3

_Carbon

A. Bodek

https://arxiv.org/abs/1801.07975

. 3298
-
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1
1
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1
1
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¥ 27, 2.925™ev

|
'zch. e p)
(P T2 Mevic

|
..q i f lPIH\

A L o e
g [E= 1.3 MeV
Em = 17.3 MeV
1p;,, 4 protons

V2. S020MeV

.
vimi 2

"

i

NN
AL

7

1P (1/2)

ee’P high resolution 1plh
Here Ex is measured

(EE) = 57 + (EP).

ee’P high resolution 1p1h
here Em is measured

Define peak or most
probable value as [Em]

Define average as <Em>
For neutrino experiments

Carbon Emwc) EP
Sp=16 MeV
8000 T G7 0l64 (Gevicy | 3
6000 | | o >
4000 [ - oy
2000 [ L b DT
0 PO B DA e e
0 25 50 75 100

Missing Energy (MeV)

2p2h Em>80 GeV)

P
\Em
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Symbol | I A. Bodek
Spectator Nucleus Excitation
EBN Used in spectral functions 60
implemented in GENIE[].] NFUT ('!\J
SP,N Sepa,ration Energy 55 . ".\ _“_,C'.. ('\\l >( hh1)
=Ma-1+ Mpn—Ma Nuclear Data Tables 50 *a e ‘r'..’ ........uo'b\. '-'-'-"-’-"“Omvr..,,.-. ’
(measured) [19,20] FA .'- UL ~:"
removal (or missing) energy 45 g' ,. '.'
EPN_gPN_ pPN used inlspectral functions % 40 A ."
interaction energy is €, R I: ' E-
N_EPN{Ta_ 4 Ei=M— 8N 23 4 B3 (e (eR)
Ta1= used inf EZ**, Qbp_,., | > 30
sz:_l effective spectral functions[8] ] .,.'°-oc..,...".“.._,.......-..--l... ‘
&JN) =g + THN ean ) is Smith Moniz[11] 5 20 ' »
=vk:+M?2-M Interaction energy 15 GENIE. (E L’ } (ExN)
Bim MaT— BN ,
(k*) = 0.6K} used in NEUT-NUANCE[3,4 g 10
5
We can extract interaction and removal energy param- 0

t t
eters from cloctron sca termg data {rom a variety of mod- 0 10 2 30 40 50 60 70 80 90

1. The mean removal energy extmcted for tests of the Atomic NumberZ

Kotlun!15| sum ru]c from ee'p spectral functions. People have been using 27 MeV for Carbon. Genie users should use 10 MeV, Neut users
: should use 46 MeV

. The location of the QFE peak in inclusive e-A scatter
ing (e.g. Momiz et. al.) with additional corrections de
scribed below.

40
All should agree if done correctly




A. Bodek

2(Mp)E, — (M7)® +my, — (My)®)
2-[(My) = B}, + (\/(E},)? — m2) cosf,]

—m2 +2B9F (E, —\/(E},)? — m2 cosf,.).

EQE+ (39

Q2QE' -ji

Q%E_p = (M!)? — (JVI];)2 +2M M, + T, — M,]

(e (€5 (E7) Red is of '
ANuel | relativ. e monmE ed iIs of interest to neutrino
corectad MONIZ RITCHIE experiments: carbon, oxygen,
E +T,7 e +T | EXN-5T argon, calcium, iron, lead
use for used in used in
EQE-» NEUT GENIE
Qb interaction || excitation Measurment
(P energy ENErgy method
(ex (er) || (esne).(e5n) || (ED)(EX) used
(iH) a7 K] 72,72 [ 00,00 Binding energy
HE 1843 107x3 || 275, 288 122,122 {eq) = Tokyo [24,25,26]
g C 275+3 30143 || 43.0, 456 10.1,100 J| Koltun SR {ez)”" Jlab Hall C [22]
20 24143 27.043 40.1, 43.0 10.9, 102 | {en)™*='* Jlab Hall A [28]
T 1M g E g > 40. o 11 updated (ej)" = [4]
{34l 06+£3 B4R 485,533 | 216,216 | {en) =" Tokyo [24,25,26]
151 247£3  30.3+3 || 428 484 12.4, 124 Koltun SR {e5)"" Saclay [23]

17.8, 21.8

) Tokyo [24,25,26] +Shell model

19.4, 19.8

Koltun SR {eg)™" Saclay [23]

(€r)" =" Tokyo [24,25,26]

| (e
|
|
|

ke | 206+£3 3063 || 500,510 Koltun SR {ex)™" Jlab Hall C [22]
2 N1 P B P B 46.3, b0, b5, 1658 Koltun 5K {eg)™" Saclay |23
[ Y 31053 35.4+3 || 497,541 | 236,236 updated (eg) " [4]
TT8n | 32043 30443 || 509,493 || 217,217 updated (eg) " " [4]
nla 203+3 31043 47.8, 49.5 23.3, 233 updated (ep)™ ™= [4]

Koltun SR {ez)°" Jlab Hall C [29]

updated (€)7o [d]

Binding energy is the largest systematic error in  Am3,

The two-neutrino transition probability can be written
as

A 15 MeV change in binding energy
yields a change in the extracted value

of  Am2, of

. . A 2 V2 L/k
el = st (1'27 : e /c)e(w/ m)\) _

-3 2
The location of the first oscillation maximum in neu- -0.031 x 107 eV
trino energy (E1t-™i") is when the term in brackets is

equal to 7/2. An estimate of the extracted value of Am?
is given by:

With our analysis the binding
energy uncertainty is 3 MeV so

) this error is reduced by a factor of 5
9 2Elst—mm 5
Am® = ————.
™= T 1amL @
For example, for the T2K experiment[12] L = 295 K'm,
and E,, is peaked around 0.6 GeV. The T2K experiment[12]

reports a value of

Combined analysis:

Christoph Andreas Ternes
Nufact 2018

=(2.50 +- 0.03)x 1073 eV?2

2
Am32

Am2, = (2434 +0.064) x 10~% V2.

S. Dennis, talk at Nufact 2018, Virginia Tech, Blacksburg, Need to make sure that binding
Energy is treated consistently

Between experiments. .
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CLAS6 Data (million events)

1.1 GeV 2.2 GeV (2.2 GeV (4.4 GeV (4.4 GeV
ee) eep) (e,e’) eep)

3He Not done

4He Not done 46 17
12C Not done 30 11 5
56Fe Not done 1 0.5 0.4 0.1

E2a data only.
E2b has more 4.6 GeV 3He and 56Fe
Eg2 has 5 GeV d, C, Al, Fe, and Pb

v, Flux [Arb.]

E, [GeV]

L. Weinstein

42



We’'re Also Improving Genie

1. Corrected expression for Mott cross section in QE
2. MEC/2p2h
1. Added boost back to lab frame
2. Corrected mass for cluster of particles
3. Corrected Form Factors
3. Resonance
1. Replaced old calculation with GSL Minimizer (now
gives correct peak location)
2. Switched to Berger-Seghal model
3. Used corrected coupling constant for EM
interactions
4. Nucleon momentum distributions
1. Switched to Local Fermi Gas Model

Beginning work on NuWro and GiBUU.
Consulting with the relevant experts on each code.

6000 —
. Data .0“‘0. 5000}
4000 4000 -
3000:—

2000+ 2000}
5 .. 2p2h/MEC 1000}

.. .'“.--n-""" e s o -
0;“ INERSAVAYT JuaNB N olue!

0 005 01 015 02 025 03 035 04 045 0

L. Weinstein

We’re Also Improving Genie
C(e,e’) 560 MeV 6 = 60°

Before (default)

Energy Transfer [GeV]

After

Still big discrepancies in
“dip region”

LA 1 1 A_L_l‘
005 01 045 02 025 03 035 04 045

Energy Transfer [GeV]
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@457) CLAS12

CLAS12
e forward detector (8 — 40°)
— Toroidal magnetic field
- L£~05-1%
— Neutrons:
* 50% effi for p > 1 GeV/c
. %p ~10-15% for 1 GeV/c
* Hermetic central detector
(40 — 135°)
— 5T solenoidal field
— Neutron effi ~ 10—15%

— Neutron 6—p: 60 ps @ 0.3 m

p
45 beam days approved with an A rating for
e 1.1, 2.2, 4.4, and 6.6 GeV beam energies

 d, He, C, O, Ar, and Sn targets

Solenoid

34
L. Weinstein, NuFact18

L. Weinstein
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S-P. Hallsjo’

WAGASCI Detector setup Cross section analysis
Proposed measurements
WAter Grid And SClntillator experiment (WAGASCI) Side View

(")

;:on;iszt'i of three modules in the near detector facility ) Ongoing anaIySiS

or .
@ The detector is 1.5° off-axis from the main T2K beam. f f T "fj o V_H CC inClLlSive interaction
@ Consists of a proton module, Hydrocarbon target. . 1 . .
@ WAGASCI, water/scintillator target ﬂ® Wl B (L0 e @ Will measure cross sections on H20, CH, and Fe per nucleon
@ INGRID module, iron/scintillator target. ) , H ”‘f ’ ° OH20, OCH: OFe

H . @ Will also produce cross section ratios.

Vov 8e000 0020

Nl PR e Proton WAGASCI

v
INGRD _— 7 % Module s Kinematic cuts

AN e .
@ J SN @ Forward enhanced : Angle < about 30° .
i \ @ Requiring momentum of produced muon 0.4 GeV/c < 1 GeV/c
i s -
[ ‘i_ Lt 17m
i ) Analysis Previous analysis
"*..;'[; N L7/ @ Target: Hy0, CH, Fe @ TN322: INGRID Water Module
\J\ﬁ\ { . ’/;/‘i\,-/qu( @ 1.5° off-axis. @ Target: Hy0, CH, Fe
™~ &_‘_‘\ < :' @ Beam mean energy : 0.86 GeV. @ On-axis Beam mean energy : 1.5 GeV.

S-P. Hallsjo (U. of G.) Baby MIND/WAGASCI - NuFact2018 August 16, 2018
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Neutrino-Nucleus Interactions on 2%Pb S. Hedges

e Originally deployed LS cell in
shielding to be used by Csl
detector (2.2 tons lead)

* Best fit of the excess due to
neutrino-induced neutrons was
0.97 + 0.33 n/GWHr/kg of Pb

— Factor ~1.7 smaller than
calculated in [11]

600

[10]

(61}
o
o

8 8 3 8
T T

8
T

N
o
o

s 8 8

w
o
o

000 3000 -2000 1000 0 1000 2000 3000 4000

Neutrino-Nucleus Interactions on 127]

|Illlllllllllllllllllllll

counts / bin / 171.66 days / 3.35 GWhr

Illlllllllllllllllllllllll

g
L ++
}}h x

— Additional neutron shielding 127 [17] :
deployed around the Csl detector 8 s reym=d [ proposed!*”! as potential for a 1270,
L | | | | LTI |

: Ve + 1271 -

— Dedicated experiment designed ~5000" 50004000 300005000 4000 - 6000 5060 solar/supernova neutrino detector s
to study interaction time from POT onset (ns) — Utilized similar to radiochemical approach , v
used at Homestake with 37C|[18l

— Charged-current threshold of 789 keV, =
used to determine ratio of ’Be to ®B solar Ty
neutrino flux iy

Neutrino-Nucleus Interactions on °°Fe _ Larger cross section i

* Work done to understand GT strength

* Iron is a common shielding material Ve + %Fe - *Co” + e~ distribution for 127l in (p,n)t*%, (He,t)t20),
angular correlation!? experiments

* Previous flux-averaged *6YCo 4+ xy + yn * Inclusive cross section calculated by
measurement by KARMEN!3!: Mintz and Pourkavianil??!

2.51 +0.83 +0.42 X 10%° cm?
* Proposed as target for supernova
neutrino detectors such as OMNIS
* LVD sensitive to supernova

neutrino-Fe interactions through
NC channel

111

e—

2(17]

o

&

[22]

*
vx + 56Fe — *°Fe” + vy

**YFe 4+ xy + yn

A

[14]
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J. Wolcott

Model building A, Evaluating cross section uncertainties

have shown that default GENIE 2.12 (our base model) [Etati Ve N
needs some important adjustments... Primary process

(fuller discussion in J. Wolcott, FNAL Neutrino Seminar, Apr. 23 2018; paper forthcoming) uncertainties / Final-state model (hA) \
. uncertainties
QE: M,, Vector FF, Pauli supp...
Effective nuclear e [adapted from R. Gran, arXiv:1705.02932] ) . . . .
“screening” from g § RES: M,, M., A decay isotropy... Nucleon, pion elastic, inelastic,
: g I 3 A TV chg ex., abs. reaction
collective excitations: 2t probab.i'lities.
treated with “RPA”. s Valéncia group's DIS: Bodek-Yang parameters,
We yse valencia goup o ﬁgﬁocgcggt\il?g, ﬁgésr',gﬂ? éﬁ%lf’g%u?,%q' Hadron mean free paths
calculation for X 0.8
also speculatively apply to RES : nominal scale), ...
based on hints in external data o7k ) haal N~ 4
s B R BT S F R R COH: Rein-Se ga MA’ I:20’ . .
a2 transter squared (GeV2) (~50 reweight knobs in all)
s NOVA Simulation \ /
“F Neutrino Beam —10
Multinucleon knockout B g ¥ T Tne ...and build custom knobs for
(2p2h) our growing library of GENIE 'adjustments':

We enable GENIE “Empirical MEC”,
retune it based on our data

True q, (GeV)

10° Events

RPA-QE (based on Valéncia
MEC model for 2p2h treatment; histograms from R. Gran)
(9" shape, E, shape, nn/np
Nuclear model , composition) RPA-RES (conservative “on” vs “off’)
0.1 02 03 04 05 06 0.7 08 09 1
Angusti2ol gaccoju U IRACTI2018 True @ (GeV) August 17, 2018 J. Wolcott / Tufts U. / NuFACT 2018 10
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J. Wolcott

v, disappearance: “extrapolation”

To produce a data-driven prediction at FD, based on ND:

- ND data ”
t —— Simulation
' Data-Driven Prediction

10° ND Events/1 GeV
FD Events/1 GeV

Trae Energy (GeV)
True Energy (GeV)

ND RBCD Energ)‘ GEVI . 10° ND Events 10 F/N Ratio Pv,—v,) FD Events FD Reco Energy lGeVa
~— _
-
True energy distribution is  ...modified true energy distribution ... and “extrapolated”
corrected so that reconstructed  is propagated through predicted  reconstructed energy
data & MC agree at the ND... geometric beam dispersion &  distribution computed to

acceptance ratio, oscillations... compare to data a8



“Extrapolation” and uncertainties

Altered MC Altered MC

—— ND data
——— Systematically Shifted Simulation

New Data-Driven Prediction

10° ND Events/1 GeV

IV‘<—f

True Energy (GeV)

3 J . p. 4 59 P F 112 09 L s 3 4 s
ND Reco Energy (GeV) 10° ND Events 10 F/N Ratio Plv,—v,) FD Events FD Reco Energy (GeV)

We simulate the effect of our cross section systematics
residual effect after extrapolation

by re-doing the entire analysis for each systematic

and use the difference to extrapolated nominal MC
as nuisance parameters in our oscillation fits

August 17, 2018 J. Wolcott / Tufts U. / NuFACT 2018

FD Events/1 GeV

True Energy (GeV)
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Effect on analysis

NOVA Preliminary

NOVA Preliminary

Neutron Uncertainty

Detector Calibration

T r r T I Y T T T

Neutrino Cross Sections

Detector Calibration

Neutrino Cross Sections

Muon Energy Scale

Muon Energy Scale

Normalization

Detector Response
Near-Far Differences
Beam Flux

Systematic Uncertainty

Statistical Uncertainty

N
——
1 -

_—

i i | i i i | i i i | i

R

20 20
Uncertainty in sm26 , (x107)

Neutron Uncertainty
Detector Response
Normalization
Near-Far Differences
Beam Flux

Systematic Uncertainty

Statistical Uncertainty

(Uncertainty on joint v + v, v +v_fit)

T T T | r T T

o
—

-0.05
Uncertainty in Am32 (x10° eV )

Cross section systematics are not dominant systematic uncertainties due to
detector design & power of extrapolation.

August 17, 2018

. dedicated test beam program (see A. Sutton, poster #205)
WI|| drive detector response uncertainty down in the future,
so soon enough cross sections will likely be atop the list...

J. Wolcott / Tufts U. / NuFACT 2018
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O 2

ROCHESTER

External constraints, CCOn  T2K\

« M,CQE s initially set to 1.2 GeV/c?, but entirely free in ND280 fit
— Fitting to corrected ANL, BNL, FNAL data, M,qe = 1.08 £+ 0.04 GeV

- Also fit alternative form-factors, z-expansion and three component

—~ ST NS N T
P~ L 2
Ly VANL CCQE Q —4— ANL CCQE Evt 1DQ2 nu Data
% | Dipole (59.09)
g 200 _;h* 3-Comp. (55.37) -
8 s Z-Exp. (47.6)
e. I :
2 |
5 &
v 100
>
mr *ﬁ?
- ¥
0_ 1

o Z-expansion and three-component

1 15 , 2 2
Q; (GeVicy)

better fit than dipole

* Error band for z-expansion is ~constant
with Q2: not the case for dipole

Clarence Wret

o (cm?)

20

xlol—.)ﬂ i

ANL CCQE E,

- - T .
—4&— ANL CCQE XSec 1DEnu nu Data

Dipole (8.36)
3-Comp. (8.02)
Z-Exp. (8.91)

= = MC Shape

FAQ)F,0) |

—
T T T

- Dipole BC Tuning M, =1.08:0.04 GeV* |

|:’ Dipole Global M, =1.014:0.014 GeV —]

15 2
Q° [GeV?]

12

C. Wret
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External constraints, CCOnr T2k

ROCHESTER
Phys. Rev. D 88, 113007

« 5 RPA parameters constrained by the 1o band from F. Sanchez
§ 1.4_ L S S S B S L B é “E :_E .
s | BeRPA error band ] gF 1 B :
g 12f - ey g = E £ R i
= @ ST -1 g H . [
A Y’ ol S L ] :
8 T - 1 3
< | oe " o ; ; ] ' :
Fa OBL 4 o QIGeV?]
"t # F. Sanchez error band ] » ' ' » |
0.6F _ E of ] E . _ """ ;
- Full
o4 e o | S :
Qe BeRPAD| '} BeRPAE
« RFG chosen over SF (Benhar) . | e B i E—
- Fitto MlaanooNE and MINERVA data Phys. Rev. D 93, 072010
pZSXlO ML T T T T T 7 —~ x.lp-fjv..,.”]...,..',”',...]...l...,'.'
> F LR \ 2p2h Only . ‘% 128 202h Oy -
€ BN = === SF+2p2h (x* = 301.46) | “E X - === SF+2p2h (x2 111.55) |
S 15:& —— RPA+2p2h (y* = 46.70) | 1 S 8:} ——— RPA+2p2h (y? = 43.23) (]
uF ESF+TEM (42 = 109.59) | w F ~ ESF+TEM (2= 74.95) |3
S 10k el L 3 © 6F = —— DATA 3
S B MiniBooNE v 7 B a4 MiniBooNE  ;
st : )3 \’\'\anti-vLl E
00204 06 08 I 12 14 16 18 2 :'bfz“bfd‘b.é“o.s T 12 14 16 18 2

Clarence Wret Qe (GeV?) Q2. (GeV?) 13

C. Wret
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External constraints, 2p2h T2kl oW

ROCHESTER

« 2p2h shape parameter puts the 2p2h as Delta-like or non-Delta like
in Nieves model

- Separated for Carbon and Oxygen and correlated 30%

- Nominal

_ Non-A-like

.......................

1.2
Q, (GeV)

.......................

« 2p2h normalisation parameters for v and anti-v

e Constrained 2p2h C-0 i 2p2h Shape Dial on Carbon
extrapolation normalisation ek __ Detalie
parameter: 30% uncertainty s Not Delta Like

* No constraints from external data o

‘°°°;‘ NEUTRINOS

-2 -15 -1 05 0 05

1 15 2
Clarence Wret Ereco = Eque [GEV] 14
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¥  External constraints, CC1mt T2k\  cwe

ROCHESTER
* Rein-Sehgal tuned to nucleon data* in all channels, W < 2.0 GeV

— Cross-checked against FNAL and GGM, and the W < 1.4 and W <
1.6 GeV data

- Parameter inflation to roughly cover predictions for MiniBooNE
and MINERVA in muon variables

MiniBooNE_CC1pip_XSec_2DTuCosmu_nu_data_1D

1039 BNL _CC1npip_. XSec 1DEnu nu_FIX_ data 39
(- | AR . A0 [ bt U O OO0 O ’E’Q.zXJQIIIIIIlIIiIII[III]III]III]IIIIIIIIIII
e - + ata a T !
3 .F | _ 4 © 250<T <300
“g - l1/2’ x _45‘024 ] i) 18 ........... ............................................ § evurecsibhttas]sereeeokuseerevivanshraeneivers rucvamevensrsaiurersurenssusanervasrrs —
§ F | i1 O F
2 7E — No T, 2=75.4057 3 Guel. T M|n|BooNE CC1n+ _ B
=2 E 1/2 _ = F16r | : :
v Sg—1 | ' = oflf DaihaiE i ahes Lo
5 i = S [ ¢ : 4
---------- . O u : il
i | T s b T 042 Nomlnal 74 —59 08—+
”_+_ 1 I 3 @ o : : i
3 - e 5 2ol ' —
= ol . 3 O
? ,+_+++ T 0.08
1 e | 4 O -
& - | | | | -O 006
Ot T B
2 ! 1 -
o 15E = _ E 0.04}
% '1— ------------------ O o v e s rasgoasa-fass-as —
= osh s e \ 2 SEa Sase = 5 i 0 02F |
i i i i i E 0»— 1 Ll L1l L1l L1 l—
o8 ‘ 15 2 S e ] 08 06 04 02 0 02 04 06 08 I

COSGll

clarence Wret ANL, BNL correction in Phys. Rev. D 90, 112017 15



L. Jiang

GENIE version 2.12.X GENIE version 2.12.X: default vs alternate

Models Default Example of Alternative
Nuclear Model Bodek-Ritchie Relative Fermi Gas(RFG Local Fermi Gas(LFG) ! Cosb, €[0.9;1]
with short-range correlations) effective spectral function model .
CCQE Llewellyn-Smith Nieves £ LR
MEC Empirical Nieves S
Resonance Rein-Sehgal Berger-Sehgal N
=) hA tuned hA t .
Nonresonant Scaled Bodek-Yang Scaled Bodek-Yang 8 ol _ o
Diffractive Rein’s Model 2 _ Black Dots: MiniBooNE QE data;
Charm Production QEL-CC: Kovalenko's model QEL-CC: Kovalenko’s model = Q- T
DIS-CC: Aivazis' model DIS-CC: Aivazis' model e Black Curve L-S; Red Curve: Nieves.
SingleK Production DIS-CC: Alam Simo Athar model %,)1 Figure on the left side shows double
LAMBDA Production QEL: Pals's model 8 | differential cross section with respect
< — = )
Nieves QE Model: includes Random Phase Approximation(RPA), in-medium E g L ; of the muor_] S momentum of the CC
propagator effects and Coulomb effect. . 9 + | QE from MiniBooNE.
Berger-Sehgal: Lepton Mass Correction. \if,) o - #
Bodek-Yang vs Scaled Bodek-Yang: scaled Bodek-Yang uses a factor that - ,.(,: ®
decreases model strength to get agreement with data. - oL~ '015 L 1' S '5 B—
hA :is tuned to =+ -% Fe and p-56 Fe data, then extrapolated to other targets — T GeV
based on A%/3 scaling(where A is the atomic number). ”’ - = [ e ]
Libo Jiang for GENIE Collaboration GENIE August 17,2018 4/27 Libo Jiang for GENIE Collaboration GENIE August 17,2018 8/27
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Neural networks

Feed-forward NN in a multilayer perceptron (MLP) configuration:
m Nonlinear map A : R" i RoUt

Hidden Output

Input layer layer layer

Q?

)
N

[]
00 @

N
ANy

m For every unit:

Activation function:

" f(z) =

1
n 1+exp(—x) "
17
Wy Yu,k—1

yik = fF Z

u€previous layer

Analysis of ANL data

Neutrino-induced CCQE: v, (k) + n(p) — p~ (k') + p(p’)
doyy, _ G2m3,
dQ? 8rE?

[A(Q )+ By Y L W 4oy -w” m;" }

A, B, C are functions of F\,(Q?) and Fa, p(Q?).
m F,(Q?) from electron scattering data. Fp(Q?) given in terms of F4(Q?)

m Events: 00
Nth:/() dE, ddQ2(E”’FA’Q2) (Ev)
m Neutrino flux: 1 AN
¢ (E,) = Po(E, Fa) dE,
n

Fa(0) — 2 MNANL N1
X2:<A<> gA>+ (

~ NP1 p\?
") +( p> Ap = 20%
AQA

: N;
i=k

Bayesian framework for MLP

Evaluating the evidence:

m For many problems the posterior has a strong peak at wyp

P(D|NM2m

Evidence

P(D | WMPaNM)J;P(WMP ’NM)AV!

Best fit likelihood

Occam factor

m Interpretation of the Occam factor for one parameter:

Occam factor penalizes complex models:
Evidence
a m Aw is the posterior uncertainty in w
/ "\ m Assume uniform on Iarge interval Aw;n;
( \ m Plwmp | Nu) = 50
P(w|D,H) \ ini
‘ ™ Aw V (Posterior)
Aw \ Occam factor = -
_ AWini V(Prior)
Wwaip D
fm J.C. MacKay, Neural Computation 4, 415 (1992)

BINO —— BINO ——
BIN{ —— BIN1T ——
1.50 BIN2 «-eveoe 1.25 BIN2 ----oer
1.25
1.00
1.00
o = 075 with deuteron correction
0.75 no deuteron correction -
0.50
0.50
0.25 0.25
0.00 0.00
B e . T 20—
& 50F e ® o T e
< 100 | _— T < 100 e =
Y Y = 8oL
< 00 . 0.0 : . . .
0.0 0.5 1.0 1.5 2.0 25 0.0 05 1.0 1.5 2.0 25

Q% (GeV?)

m BINO: all ANL bins included.

m 74 < 0 incompatible with previous results.

m BINk: ANL bins without the first k bins.

E. Sau'l Sala
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Anatomy of a Cross-section Fit

What you expected?

L. Pickering

Choose
model
parameters

Minimize x2 by
varying

model
parameters

= Global x2 } .
L. Pickering 6

What a NUISANCE

-

e Global neutrino scattering data comparator and model
fitter:
o Contains hundreds of published data sets with
associated errors and signal definitions.
o The most valuable part of NUISANCE is the
person-hours that have been spent checking that
these are implemented correctly as possible!

e Applies experimental signal definitions to MC events
from: GENIE, NEUT, NuWro, GiBUU, HepMC, ...

e Links to MC event generator interaction systematic
uncertainty tools for model parameter fitting.

e Code is open source so analyses can be reproduced and
extended: https://nuisance.hepforge.org/

L. Pickering 19

Systematic parameter
allows shift in
Something. e.g.

>0.15

U)

& <
g —— MCAX*=26 F ——— MCA x2=22x10*
3 MCB %2 = 1.6x10° 3 MCB 22 = 1.1x10*
0.1+ B 0.1 4
0.05 4005 ++

Bin number

T
—e— Data o0

T 3

=

50.15

T

—e— Data

Systematic parameter
allows normalization

separation energy change. e.g. flux

uncertainty.
MICHIGAN STATE s
UNIVERSITY Bin number Bin number L. Pickering 13
Why NUISANCE might be right for you
—~—y

e Consistently comparing your model o] \  I—

predictions to many data-sets. %m"‘flﬁ% I | 1 e
S ¢ w .
. o m ') T3 ] (H,0)
e Producing comparisons to your new g" ? 'TJI I
3 9 SI-0.5r ! ] meNcr )

data set with a variety of MCs --- :
without having to be an expert. 00T Gt

e Ensuring that comparisons to your | R AR I T
data are done correctly. 8 e

E q
. qu ; ;

e Tools make cross-section parameter 2 Ew el ;ifgzo‘_’; 5

fitting mechanically simple: %g: 4 %
o But, garbage in » garbage out. © zl" TF N\
o Choice of data, choice of parameters, "

02 04 06 08

structure of fit is the tough bit. 1803.08848 [hep-ex] =

avail (G€V)

02 04 06 08

02 04 06 08

L. Pickering 20



Lots of interesting talk, exciting results, and fruitful discussions

Total 23 talks = 8 Theory + 12 Experimental + 3 Generator

Thanks to all the speakers and participants!

The (difficult) task in hand

Theory side

Description of the initial state of nucleus, covering known nuclear effects, e.g. correlatations, etc. Plus, this for many
nuclei 12C, 160, 40Ar, ....., etc.

Description of electroweak response of the nucleus for different kinematics that cover, Giant-resonance, QE, dip-region
delta production, SIS and DIS region — in a coherently consistent way (reminder: quantum mechanism).

Resulting into final states where outgoing particle and their energies are subject to be altered by FSI.

For different neutrino flavours — Ve, Yy

Experimental and Generator side:

Observed final state topologies and their energies (altered by detector limitations) and affected by physics in
generators which enters in not only by linking observed final states to interaction vertex but also affects the
estimation of efficiencies, acceptances, background, etc.

CClnclusice, CCOpi, CCpi0, CCpi+, ....., NCOpi, ........ , etc.




Lots of interesting talk, exciting results, and fruitful discussions

Total 23 talks = 8 Theory + 12 Experimental + 3 Generator

= Thanks to all the speakers and participants!

= Many interesting developments and
lots of hard work both at theoretical

The (difficult) task in hand

and experimental front.

Theory side
. = Description of the initial state of nucleus, covering known nuclear effects, e.g. correlatations, etc. Plus, this for many
= But as a community we need to nuclei 12C, 160, 40A, ....., etc.

consider that sqlwng these -ISSUGS IS a = Description of electroweak response of the nucleus for different kinematics that cover, Giant-resonance, QE, dip-region
huge task and it will require proper delta production, SIS and DIS region — in a coherently consistent way (reminder: quantum mechanism).

structural changes specially in terms
of supporting nuclear theorists, who
are more likely not funded to
perform neutrino scattering Experimental and Generator side:
calculations.

= Resulting into final states where outgoing particle and their energies are subject to be altered by FSI.

* For different neutrino flavours — v, , v,

= Observed final state topologies and their energies (altered by detector limitations) and affected by physics in
generators which enters in not only by linking observed final states to interaction vertex but also affects the

= Are we get‘ting ClOSG to where we estimation of efficiencies, acceptances, background, etc.
plan to be? Or we are making it more = CClnclusice, CCOpi, CCpiO, CCpi+, ..., NCOP, ......., etc.

complicated by taking (hard-working)
short-cut (by trying to fix it through

Frankenstein-like mix ups)? -



Lots of interesting talk, exciting results, and fruitful discussions

Total 23 talks = 8 Theory + 12 Experimental + 3 Generator

= Thanks to all the speakers and participants! Nevertheless, we have exciting future ahead! Let’s hope for the best!

= Many interesting developments and
lots of hard work both at theoretical
and experimental front.

= But as a community we need to
consider that solving these issues is a
huge task and it will require proper

structural changes specially in terms B Qi h R T
of supporting nuclear theorists, who B e STHERE IS ALW,
are more likely not funded to R % R A 2
perform neutrino scattering

calculations.

= Are we getting close to where we
plan to be? Or we are making it more
complicated by taking (hard-working)
short-cut (by trying to fix it through
Frankenstein-like mix ups)?




