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WG2 v Scattering Physics -- Statistics

Total of 26 presentations

2 Plenary talks

7 Talks in joint WG1+2 sessions

17 Talks in WG2 sessions

18 Experimental talks

6 Theoretical talks

2 MC generators talks

Many thanks to all speakers and participants in WG2
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Modern accelerator-based neutrino oscillation experiments
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* Nuclear targets (C, O, Ar, Fe...)

* The neutrino energy is reconstructed

from the final states V
A

% The knowledge of the neutrino-nucleus cross section is crucial

-Today the cross sections are known with a precision not exceeding 20%
-Today in the oscillation experiments the systematics associated to the cross section
uncertainties are ~10% before ND constraints and ~5% after ND constraints
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Some crucial points of the accelerator-based v experiment

Neutrino beams are not monochromatic (at difference with respect to electron beams)

Arbitrary

0

The neutrino energy is reconstructed from the final states of the reaction
(typically from CC Quasielastic events)

Different reaction mechanisms contribute to the cross section
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Different reaction mechanisms contribute to the cross section
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Marco Del Tutto ,
Xiao Luo Bl ArgoNeut

2 protons

nBooNE _

3 protons

CC O pion

<

Run 5326 Event 900, March 6%, 2016

m HBooNE _

Run 5192 Event 1218, February 28%™, 2016

CC multi-track

Run 5177 Event 729, February 27%9, 5
Run 3493 Event 41075, October 237, 2015
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Marco Del Tutto

CCOm - Event Topology
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MiniBooNE CC Quasielastic cross section on Carbon and the M, puzzle

%1 0-39 AIP Conf. Proc. 1189: 139-144 (2009); Phys. Rev. D 81, 092005 (2010)
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8 MiniBooNE data with shape error
6 i ———g——  MiniBooNE data with total error
4= RFG model with Mf,;’=1.na GeV,k=1.000
2 RFG model with }I?=1.35 GeV,k=1.007
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8 RFG

Comparison with a prediction based on RFG using the standard value of M,=1.03 GeV
in the dipole parametrization of the axial form factor (see L. Alvarez-Ruso talk)
reveals a discrepancy

In the Relativistic Fermi Gas (RFG) model an axial mass of 1.35 GeV is needed to account for data

p.s. Relativistic Fermi Gas: Nucleus as ensemble of non interacting fermions (nucleons)

puzzle??
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Comparison of different theoretical models for Quasielastic

L. Alvarez-Ruso, arXiv:1012.3871 (Neutrino 2010)
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puzzle??

30/09/2017 M.Martini - NUFACT 2017 WG2 Summary 9



An explanation of this puzzle

Inclusion of the multinucleon emission channel
(np-nh = 2p-2h + 3p-3h)
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CCQE-like = Genuine CCQE + np-nh

QV+ absorbed by a pair of nucleoy

M. Martini, M. Ericson, G. Chanfray, J. Marteau, Phys. Rev. C 80 065501 (2009)

Agreement with MiniBooNE without increasing M,
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CCQE-like flux-integrated double differential cross section

Ao

dE#dcosﬂ

o

* Less model dependent than c(E,)

* Flux dependent
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The multinucleon emission channel (or np-nh, or 2p-2h)

A lot of interest in these last years

Explanation of the axial mass puzzle

It was not included in the generators used for the analyses of v experiments

Today there is an effort to include this np-nh channel in several Monte Carlo (Hayato talk)

One of the most important source of
systematic errors in oscillation
experiments because it affects the
neutrino energy reconstruction
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M. Martini, M. Ericson, G. Chanfray, Phys. Rev. D 87 013009 (2013)
30/09/2017

e Several theoretical calculations agree on

its crucial role but there are some
differences on the results obtained for this
channel
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CCOr = CCQE-like without subtraction of  absorption background

It is increasingly more popular to present the data in terms of final state particles (e.g. 1, Ox, any p)

v, CCOz on CH and water T2 ciroRiccio.
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Yoshinari Hayato

Introduction

There are many theoretical attempts to explain the data:

Spectral function, Local Fermi-gas model, Super Scaling,
Random phase approximation, Multi-nucleon interactions,
ab-initio calculations etc...

New models are introduced in the course of the developments
of the neutrino — nucleus interaction simulation programs
( generators ).

GENIE Be universal and comprehensive

GIBUU Framework to encode “best possible” theory

Neut Mainly for specific experiments ( SK, T2K etc. )
NuWro Provide the latest model useful for the community
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GFMC: an ab-initio microscopic approach  pjessandro Lovato

12C neutral-current response

* We were recently able to invert the neutral-current Euclidean responses of 12C

12 neutral-current response at g = 570 MeV

12 | | | |
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AL et al. in preparation
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From scaling to cross sections within GFMC yoemi Rocco

E, =600 MeV, 6, = 60 deg

We use the interpolation to obtain cross sections

E, =730 MeV, 6, = 37 deg
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Joanna Sobczyk
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Maria Barbaro

. Resuls_
T2K CCO7 ,-0 in the SuSAv2-MEC model
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T2K CCQE -0 in the Spectral Function PWIA approximation

Maria Barbaro
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Raul Gonzalez Jiménez
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* |n order to understand the CCQE and multi-nucleon excitations,
further detailed information on hadrons are necessary
* There is a growing interest to use hadron information

Ciro Riccio

v, CCOx using y+p kinematics
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Ciro Riccio

v, CCOrx using single transverse variables

What are single
transverse variable?

Without
nuclear effect

With nucleai

Deviation of dpr and d¢r
from zero and of dar from a
flat distribution indicative of
nuclear effects

i X -G. Luet al Phys. Rev. C 94, 015503 (2016) I
o= e =
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Ciro Riccio

v, CCOz with single transverse variables

Publication in preparation!
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Sandro Bravar, Patrick Cheryl

CCQE Event Coplanarity on C, Fe, Pb
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MINERVA Patrick Cheryl, Sandro Bravar

Cross sections
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MINERVA

Patrick Cheryl, Sandro Bravar

v, CCQE Data in the (q

Rodrigues et al.,

PRL116 (2016) 071802

Meutring, $ 3220 LE-beam POT
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MINERVA.

Meutring, 3. J3e20 LE-beam POT, MINERUA Preliminary

Neutring, 3.33e20 LE-beam POT, MINERvA Preliminary

,g Before scallng 0.4 < q,/GeV <08 E After scaliﬁg ﬂ:‘icqsn'GchU.B
o 3000( . 5 e Total o 3000 c — MC Total
p= R — MC GE + RPA 3 : — NC GE + RPA
i + . = NC Delta @ — MC Delta
@ I —— 2p2h Valencia by — 2p2h tuned
€ 2000f 4 Dat £ 2000 + Data
3 £ . Cheryl,
. ] \—‘_ Bravar,
1000 1000
ﬂ — o

o 15 - . o e McFarland
s ! . 2p2h Valencia g 15 2p2h Tuned
qE ; u * P L L - E 1 u * smt e e @ .
a — g —

0.5 . 0.5 . . ) .

0.0 0.0

0.2 0.4 0.2 0.4
Reconstructed available energy (GeV) Reconstructed available energy (GeV)

Rather large scaling (~ 50 % overall, x2 in dip region) is necessary

Remind: other microscopic calculations have 2p-2h contributions larger than the Valencia ones

o (107 em?)

o = 12C Folded with MiniBooNE flux 0.8 <cosB <09

3‘0} I _‘_J_/_l I { 3 I I I 25 [ T T T T T T T T T - T T T ¥ T ¥ T T T ]
s e EPTy 0.8 < costl, <0.9 1 I +  MiniBooNE ]
E e 4 < 20 QE+MEC
20— e Elr) e i } i RPA+2p2h (Martini et al.,) —— I —— QE ]

= o ] & RPA+2p2h (IFIC) wnv- 15k MEC
175? JJ;HJ Blue Mj:\ﬁl’tlm re/tj_l : 1.5F /- » »i\ )p)h (\]nnn] ot al.,) seeen — [ ]
(ob f‘.f Refl, ~—"Nieves et al. = i’/ \\% 2p2h (IFIC) v 0k Megias et al. ]

- S T ¥ 3 MBooNE a7 [ RD 94 (2016)]
osF ) E / JRSTELLLE R \ i ) i h

E jff/"r 1 05F /!/ ......................... E\ QF-like 7 St ]
00l e L | I 1. [ S e \i:‘ 7 L

Bo 0.2 04 06 08 10 12 B 0 1 o ks g o NP | e T

Havato E 0.5 1 1.5 270 02 04 06 08 1 12 14 16 18
Y T, [GeV] Barbaro: SuSAv2+MEC
I“
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Keigo Nakamura

Near detector fit results T2K

v [Eprefi CCOn parameters Eoem | A parameters
D : o p
c zf{-+postfit _ o
BEREIS -
Emz— =
©14F c
g : } L 5
= —f— )
© osf [ £
14} - [4¥]
0 8F o
gm;— Q
= p2E €
T oF L | | | | | E
g % IUI OI £ g E {:;J' IOI ?3 {I ml |:"jl DI :I
0 o O @ =
S 5§ 8 82 & & - s £ £ £
- (I o=
PRELIMINARY g g z E Q A R
= o | PRELIMINA RY
£ E = - |
5 5 & 5 9 QN
O
L w {Q— _EI ﬁa N &
0
O o
o

These results should not be taken as the cross section results,
but effective parameters which effectively describe the data and
propagate the uncertainty to the oscillation analysis.
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GENIE Tuning against CCOn datasets (MiniBooNE, T2K, MINERVA)

CC 0 funing
L ]

Outputs

Sheer resulis

G18_01b - Default + MEC G16_02a - Full Nieves Model
Parameter Best fit MNominal Parameter Best fit Nominal

My (GeVic®) | 1.17 £0.03 | 0.99 + 0.01 Ma (GeVic®) | 1.00 4+ 0.03 | 0.99 & 0.01
QEL-CC-XSecScale 0.92 £+ 0.02 1 QEL-CC-X5SecScale 0.91 + 0.02 1
RES-CC-XSecScale 1.02 + 0.07 1 RES-CC-XSecScale 1.01 4+ 0.04 1
MEC-FracCCQE 0.55 + 0.06 0.45 MEC-CC-XSecScale 1.18 4+ 0.02 1

FSI-PionMFP-Scale 0.86 +0.04 1.0+0.2 FSI-PionMFP-Scale 1.17 +0.04 1.0+0.2

FSI-PionAbs-Scale 0.76 £ 0.09 0+0.3 FSI-PionAbs-Scale 1.02 4 0.09 1.0+ 0.3

@ My is reasonably low

@ Nieve's model is compatible with free nucleons fit
@ Precision of My reduced
—- Qur choice not to add a strong prior

@ QEL reduced by ~ 10%
@ MEC increased by ~ 20%

@ FSI parameters strongly correlated
e They are better constrained than the GENIE prior Marco Roda
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Kirk Bays

Events

Tuning NOVA simulation

I
285 10°POT. a 7
% —} NOVA ND Data 285x 10°POT —— NOVAND Data |

Events

04 06 0.8 1

0.4 06
Visible E, _, (GeV) Visible E, _, (GeV)

 Early on we discovered a significant anomaly in our ND data.
Including 2p2h/MEC significantly improved this discrepancy.

* We’re currently wrapping up our third iteration of oscillation analyses
and gearing up for our fourth. Each time our treatment of 2p2h has

grown more sophisticated.
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NOvVA

Kirk Bays

. . i | '—— Empirical MEC x 09
Third analysis x-sec tune g  emp e oeq |
15&0:_; .- Actual QE q, _:
: . w [ — Emp.MECq —RESq |
* Will be used for upcoming analyses = ool TR TES
. 2p2h AT : ....... Actual RES q 1
* Empirical MEC scaled up 20%, same result s00l -
as fitting |g| to ND data i ]
» New systematics: energy transfer shape, i . . i
np/nn ratio, x-sec normalization % 1 sz
True-:qn (GeV)
* DIS: Q3
 Additional systematics for ‘transition = | Mioves etal. HEC (GENIE
region’ DIS, with W>1.7 GeV, and for >2 8 25¢ Martini et al. MEC (PRC 0. 06550T)
pion events, to cover anomalies in GENIE EL i Megias et al. MEC (PRD 84, 093004)
. 2__ - ncertainty envelope
* RPA applied 2 f e e—
. . o 150
* Non-res single & fix g
(arXiv:1601.01888v3) 2 s
. . . c Green band
* Tuned simulation agrees within @ ™ shows envelope
uncertainties we choose
K
E, (GeV)

NOVA Simulation
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M.Martini - NUFACT 2017 WG2 Summary

31




* Precise inclusive cross section measurements are very important

Ciro Riccio
v, CC Inclusiveon CH 1«

Publication in preparation!

-1 <cos 8, <-0.25 0.25<c0s 8, <0.25 0.25 <cos 8, <0.45

s = o
mE j 1E T2K preliminary “E
> :
T LT . x 200 3 o
oo 3 === P— x 300
E —r——————————————— #
.08 3
z - .3 . ——
! ! " p, [GaVic] o ! W p_ [BaVic] o ! 19 p_[GeVic]
0.45<cos 8, <06 0.6<cos B, <0.71

o i

39 cm?
(0 eeonGeve

08 <cos 8 < 0.87

do
39"3503 Eu

LR L LA L
>
—
=
=1
il

1 1
w' 1 10" 1

" p_[GeVic]
0.96 <cos 8, <0.985

[ = | DATAFTW/NEUT (SYST)
I DATA FIT W/ NEUT (SYST4STAT)

—I— DATA FIT W/ GENIE (SYST+STAT)

NOMINAL NEUT

----- NOMINAL GENIE

P, [GeVic] P, Gevic]
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Ciro Riccio

. DATA FIT W/ NEUT

[ ] TZK e DATA FIT W/ GENIE
v, CC Inclusive on CH —— Vet

-~ QE
— 2pon
—— RES
DIS
COH
-0.25 < cos Bu <0.25 0.6 <cos Bu <0.71
' 16 -
T2K preliminary s ., E
L - E
12 _:
2 10 -
2 3% 8 _5
= 6 _:
< . %Eé 4 -
S 2 - -
e~ S
o 02 04 06 0

1
p“ [GeVic]

- NEUT using Relativistic Fermi
Gas (RFG) as nuclear model
and NuWro using Local Fermi
Gas (LFG) overestimate the
cross section in low
momentum bins

6 7
p [GeVic]
[
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36\7%\9 . . f;‘;
We MINERVA Inclusive CC Scattering [ (#2A
oo Phys. Rev. D 95, 072009 (2017) '

2 . Edgar Valencia, Sandro Bravar
1 !MlMERﬂaﬂs

=~ - - Antineutrino cross section result is the
& N most precise to date below 6 GeV (errors
T os s dominated by statistical precision)

mU 0\4_”“““”““”“‘-”IJ--II-HI‘--“-‘I”-I ﬁh\mnm
° I |, Anfineutrino o Shows that the technique is applicable to
R DY Jf | e future neutrino experiments operating at
CHE Y : * e multi-GeV energies

03) A [] sesc 10
L : ¥ merom
034 6 B 10 12 14 16 18 20 22

Neutrino energy (GeV)

- Long-Baseline oscillation experiments
will measure a ratio of oscillation
probabilities to constraint CP violation.

Py, — ve) — P(v, — )

Acr = P(v, — ve) + P(0, — ve)

- New precise g /o ratio relevant to &,
measurement using the Low Nu Method.

.
A

GENIE v284
® MINERVA
o GGM 1973
= ITEP 1979
A MINOS 2009

Neutrino energy (GeV)

NOvA

vy CC inclusive  ve CC inclusive vy CC o

To be released this year

Linda Cremonesi
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* The pion puzzle

Yoshinari Hayato

and

.gl‘;ﬁh—l_ﬁm pip_kSec_10Tpi_nu_20deg data
i

-
[ — I
g:
g 9
%:
F
= -
Ul-
'
‘Eﬁ:
g 4
t
[
r
A P
0

»  Mnsnva n* KE, dats
—— GEMIE 3128
— NEUTS 36

—— NuWrg LFG NPS,
— e L

Single pion production

Measurements of m kinematics

Various new results are coming
~ MINERVA, NOvVA, T2K and MicroBooNE ....

Further improvements on both v 7t production

final state interactions of m are necessary.
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Raul Gonzalez Jiménez

MiniBooNE neutrino CC 1pion+.

1201 [— Hyb ,
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: (@)
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MiniBooNE neutrino CC 1pion+.
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—
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.
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—— Hyb w/ OSMM
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o (10

9
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do/dp [10'4" cmEJGanuclcnn)

MINERVA antineutrino CC 1pionO.

40

0

MINERVA antineutrino CC 1pion0.

"

o
=
T

[
=
T

T
--- LEM
-=-= LEM{w{f)
—— Hyb

4 6
E (GeV)

5:_ --- Hyb w/o OSMM
[ — Hyb w/ OSMM

3 — NuWro w/ FSI
4k - -— NuWro w/o FS1
- TG NuWro 1a+1IN w/fo FSI

0 1 2773 4 s
p“(GcV]

(a) ]

6778 9 10

v Single-pion production: Danger! Low-energy models should not
be used in high W regions. Take a look to our Hybrid model.
Distortion effects may improve the current situation.
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K v_CC Single ° Production F?
MINERVA H : ,
=l Hadronic System

Edgar Valencia
» A" (1232) decay angles are
measured for the first time!
» These disagreements identify areas in

5 Toa o Data {3 33=20 POT) la) '
= o -+ need of improvement.
S 10 —— GENE Wi F3l
g - BENIE wio F3I B
= o MWD fg“ L8[l S Rr— +— Dula {3.33020 POT)
BE E — GEME
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S s g 10 . _
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e 3 SEREI
Q2 T 05 g S |
B T i
= I I I E
1.0 0.5 0.0 0.5 1.0 & : = S 2 %y
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":“‘EE 8 7| - GEMEwoFSI G o E wiFS
E 20 [EURUR ISR, NN, AU E o= e - + -~ GEME wia FEI
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» GENIE and NuWro assume
isotropic A* (1232) decay
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Other recent MINERVA results Edgar Valencia

Diffractive Neutral Pion Production Charge Current K* Production
Phys. Rev. Lett. 117, 111801 (2016) Phys. Rev. D 94 012002 (2016)

v, Tracker — " K*X

n 600f  Statstical uncertainties only 2 =
E: cE e e Totethed g0.2r . —_Smlsl:glapl‘EEFr%‘:s Only { Data
2 : 10°E™ as1e20 POT I cc K signal
E“-" i [CJcck > 600 Mev
400 ) " afll — [INck X!
T 2 3 4 5 10 :
A e s Min 100mm dE/dx in first 500 mm (MeVicm) o K" in detgctor
00l 4;/; Lo+ —— Data ': 40P [Inok*
N ++ Final-state ¢* g_ 0 g i E
ZZ/ ‘WA’{ : Final-state = a 3 H
i g Other - B £
|2 5 10°) i
R R +'|"|' 1 H i E i
= -+ H + B :
% 1 +h‘*‘+“++-]—}-++ TR ‘H: 10E ’_|_
805 s +H g
7 2 3 4 5 6 _ 7 8 AT TN\
Min 100mm dE/dx in first 500mm (MeV/cm) 0 50 100 150 200 250 300 350

K/r log-likelihood ratio

Coherent K* Production Neutral Current K* Production
Phys. Rev. Lett. 117, 061802 (2016) Phys. Rev. Lett. 199, 0011802 (2017)

N = ¥ | LKt
% 7 v,A -5 KA | Data ;(103;INERVA v Tracker — v K'X
o I CoherentK* . 0.45F 3.51E20 POT { Data
; ‘ AS=1CCK" E 0.40 — — GENIE 2.8.4
@ 5| 00 o AS=0CCK"* g 035 e NEUT 5.3.6
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¢ 777 3 0.25F
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w g -1 _ i
2 E 04— B T
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1 o - g 0.05F
J N N == e © F
77 N ERE RN ) S EEREREISSRNN Y — (0300 ). SR I B R R
00 0.2 04 06 0.8 12 1.4 16 1.8 100 200 300 400 500 600
Reconstructed |t| = |q-p, [* (GeV?) K* kinetic energy (MeV)
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Linda Cremonesi

NC Coherent m©

NOvVA Preliminary

I v ! |

w B — GENIE _
E} o | 4 NOwA Pralminary A
o : »  NOMAD i
_é::f i 4 Machen-Padeva i
| ¥ Gargamealla ]

% 60 i ©  CHARM —
(&) : h SKAT T -
5 i 4 Minos __Fd_d___a—f"’ ]
2 a0l e —~
e - /__.—F .

L
L 20 } S —
O | s i
) | A 1
o) -/ Measurements scaled to 12C by A23]
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
Dﬂ 10 20 30

*» Renormalised background using energy and angle 2D space.

Neutrino Energy (GeV)

Source a(%0)
Calorimetric Energy Scale | 3.4
Background Modeling 10.0
Control Sample Selection 2.9
EM Shower Modeling 1.1
Coherent Modeling 3.7
Rock Event 2.4
Alignment 2.0

Flux 9.4
Total Systematics 15.3
Signal Sample Statistics 5.3
Control Sample Statistics | 4.1
Total Uncertainty 16.7

* Measured flux-averaged cross-section using background subtrachion:
o = 14.0 £ 0.9(stat.) * 2.1(syst.)x104°cm?nhucleus

* Jotal uncertainty 16.7%, systematic dominant
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Nuclear effects ~ pion interaction in nucleus

Yoshinari Hayato

Various tuning of pion interactions are on-going.
Some of the works are also used to improve detector simulations.

Wrawlan

Absorption

CTOmE R | ]

Neut cascade with GEANT4
E. Pinzon & M. Yu ( @ NulNT17 )

% m*-C Cross Sections
i 3 Solid lines: NEUT
. Dashed lines: Bertini
(DUET data hae inzhuded in thin plota) 1? LI L L L A
09 hN2015
E 250 . . . i . . :j%: hM2015 (medium mrrecrhnsj:
£ 200 | Absorption ( GIBUU ) (% | EM;L_ | _‘s‘_‘=—'='-‘=|_|_‘__‘_é
S 150 } 2 q’ ..*--*“*%"" d Eu.sf— i JE
= 100 k i Boal L =
? osf- 1—:] GENIE E
a3 S0F Phys.Rep.5121- t* C 0z J. Wolcott@NuINT17 -
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Kinetic energy of n(GeV) v+ KE[Gev]
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Pion Cross-Section

* The total x™—Argon Cross-Section includes

o Total —0 elastic +

O

inelastic

I

ch-exch

+0 +0

absorp.

7 -production

Elastic Scattering Candidate

LArIAT Data

Charge Exchange Candidate

LAFIAT Data
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i3 Measurement of gamma-rays
N from neutron-oxygen reaction

N e for neutrino-nucleus interaction
E i ts s Yosuke Ashida

. Precise knowledge of neutrino NCQE interaction is important for several

physics searches at T2K and SK.
« Largest source of systematics comes from poor nuclear physics model.
« We study the nuclear process with measurement and aim to improve

the model.

« At RCNP, we made a gamma-ray measurement with 80 MeV neutron;
« Observed gamma-rays from neutron-oxygen reactions
« Measured items necessary to obtain neutron flux
« Measured scattered neutron backgrounds

« Estimated very preliminary cross section (analysis is on-going.)

« Physics processes behind the E487 results seem to be consistent with
T2K data.
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Nicola McConkey, Marco Del Tutto, Xiao Luo

Short Baseline Neutrino Program

ICARUS -~ : ~ SBND
MicroBooNE

rﬂqﬁi""‘iii —— Gt

O Three detector measurement program
(m) mass (tonnes) in the Fermilab Booster Neutrino Beam

SBND 110 112 (BNB)
MicroBooNE 470 87 O LAr TPC detectors
ICARUS T-600 600 476 -

Same nuclear target and detector technology

* Reducing effect of systematic uncertainties
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Nicola McConkey

Relevance to DUNE
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Nicola McConkey

Summary

O SBND is the near detector for the Short Baseline Neutrino program
at Fermilab

* |t will measure the unoscillated BNB flux

* Significant contribution to systematic error reduction for the SBN sterile neutrino
searches

O SBND will measure v-Ar interactions with unprecedented precision
due to excellent detector characteristics and high event rates
* Transform our understanding of v-Ar interactions in the low energy range
* Exclusive topologies
* Rare channels

* Input to nuclear modelling

O SBND is currently under construction, and will begin taking neutrino
data in 2019!

* Exciting times ahead!
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MicroBooNE In the Future

MicroBooNE
Particle Multiplicity
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e e

DUNE ND

Hongyue Duyang

Ner Detector Options

ECAL Dipole B

Currently we have several ND options under study:

LAr TPC

Straw Tube Tracker (STT, CDR reference design)

High-{Pressure Ar Gas TPC
Scintillating plastic tracker

TR

Muon Detector

30/09/2017
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Upgrade of the T2K near detector ND280

Mathieu Lamoureux

e T2K proposes to keep taking data up to ~ 2026 and near-detector
upgrade seems a necessary step to improve oscillation results.

e An upgrade configuration is proposed:

e keep current tracker
e add one new target (R&D ongoing) surrounded by additional TPCs
and Time-of-Flight detectors

e Studies have shown that it is able to cover better high-angle and
backward tracks = 4w acceptance.

e This would allow us to:
o better constrain flux and Q?-dependent parameters in current model

parametrization
e study and test different models (such as 2p2h Martini VS Nieves)

FGD XZ SuperFGD

Figure: Schematics of upgrade
! L~ detector central region, colors:

New target, FGD, TPC, ECal,

ToF counters
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OFF-AXIS ANGLE SPANNING TECHNIQUE

Cristovao Vilela

The E61 off-axis angle spanning technique gives a data-driven method
to convert E___to E, ., decoupling the flux shape from interaction models.

Significant effort has led to a mature project, with sophisticated analyses
being developed using realistic simulation and reconstruction tools.

®* An extensive R&D programme for multi-PMTs is in place, with initial
prototypes currently in production.

®* The construction of an initial phase of the detector has been proposed.

® Either a full-sized detector at J-PARC or a reduced detector on a test beam.

An aggressive time scale is being pursued, aiming at collecting a

sighificant amount of Phase 1 data concurrently with T2K-II.
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Ba by MIND Sven-Patrik Hallsjo

Installation of the Baby MIND detector at the J-PARC ND280 pit early 2018.

Magnet modules: novel design, innovative magnetization scheme with optimal flux return, enables far greater flexibility
in detector layout compared with previous designs for this type of detector.

© @

Scintillator modules: All 18 modules extensively tested and qualified with testbeam.
Previously MINDs not considered for lower than 1 GeV/c.

MINDs both as standalone muon spectrometer or neutrino detector.

Baby MIND can go down to lower momentum, = 200 MeV /c — 10 GeV/c
Possible for near or far detector.

Modular so it can be wrapped around any target, LAr, TPC etc...

More data analysis in the works.

Muon charge efficiency above 80% with additional position information full range, above 95% at 800 MeV /c for both
layouts.

Mugcn neuirine energy distribution
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Kenneth Long

Neutrinos from stored muons
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NnuSTORM can deliver:

— nN scattering measurements with precision required to:
* Serve the long- and short-baseline neutrino programmes
* Provide a valuable probe for nuclear physics

CERN PBC study:

opportunity to define innovative programme:

* huSTORM:
— Delivers critical measurement: Ve/Vu N scattering;
— Has discovery potential: sterile neutrinos;
— Potential for 6D ionization-cooling programme to follow MICE




WG2: Neutrino cross sections - Summary

Many new experimental, theoretical and Monte Carlo results have been presented
Experiment : high precision data sets; hadron information
Theory: interesting and promising new developments

Monte Carlo: effort going into implementation of new models/idea

Collaboration between experiments, theorists and generators is crucial

2p-2h remains an hot topic: discussed in 13/26 talks, mentioned in 22/26 (and in many plenaries)
The one pion production puzzle is still open

New ND idea for current and future LBL experiments

Thanks again to all speakers and participants in WG2
and thank you for your attention
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