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Fine Grained Detectors
(FGD 1 &2):

* v interaction target

* CH scintillator trackers
* alt H,O layers in FGD2
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Neutrino interactions at
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Neutrino interaction measurements at

Interaction mode - Observed topology | MC w/ NEUT, T2K v, flux |
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» C & O double differential cross-

Joint Carbon + Oxygen CCOn cross-section at

= Simultaneous fit of C & O
Interactions -

sections, C/O ratio
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v2 including all 58 C+0 bins

—— GENIE v3 LFG hN (48.9) I 2
NuWro LFG (64.7)

-.-.. NEUT SF (110.3)

— RMF(1p1h)-SusaV2(2p2h) (90.6)

x2dominated by high statistics forward
bins

Forward bins: favor more “simple”
CCQE Fermi gas nuclear models (LFG),
largely due to substantial “RPA”

low energy transfer suppression

High angle bins: LFG underestimates

data. CCQE more affected by nucleon
form factors, but cannot explain C/O

difference

Need to improve non-QE (2p2h, abs
FSI) currently based on a Fermi-gas
ground state



Joint v + anti-v CCOn

cross-section in FGD1(CH) I8 _
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@ T2K Data
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CClx*p cross-section in transverse kinematic imbalance (TKI):

Powerful tools to characterize nuclear effects

Double transverse momentum imbalance
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CCln*p cross-section in TKI (CH)

= Data slightly prefers more sophisticated nuclear models
= Carbon cross-section correlated with hydrogen (~20%)
= Jprr & py More sensitive to initial nuclear model
= Jor more sensitive to FSI (flat w/o FSI)
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cross-sections outlook

! et et measureme_nts Validate theoretical models in all aspects &
= On/off axis, C/O/V/V ,0n/1x... L .. :
understand neutrino interactions
= New measurements of hadronic kinematics in (next-gen) oscillation experiments
= TKI, calorimetry, n/p kinematics...
= v, /NC interactions _
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TABLEV. 2, (Ifhapﬂ} calculated as in Eq. (9) [Eq. (10)] for the full measurement of oxygen and carbon cross sections per nucleon, for
oxygen and carbon neglecting the last cos @, bin, for oxygen only, for carbon only and for the O/C ratio. The number of degrees of

freedom (ndof) for each y2, comparison is also shown.

Total y? (shape only) 2 w/o last cos 6, bin  Only O 7’ Only C y>  O/C ratio y?
Generator Result (ndof = 58) (ndof = 50) (ndof =29) (ndof =29) (ndof = 29)
NEUT 5.4.1 LFG regularised 44.8 (58.6) 17.9 (21.1) 26.0 (34.5) 15.2 (20.1) 30.8
unregularised 44.4 (62.3) 17.3 (22.5) 26.4 (39.1) 14.0 (19.4) 30.6
NEUT 5.4.0 SF regularised 111.0 (156.8) 45.3 (69.0) 50.0 (77.6) 40.1 (58.3) 31.7
unregularised 116.8 (166.7) 45.1 (70.1) 53.7 (86.5) 38.6 (56.2) 32.2
NuWro 18.2 LFG regularised 64.7 (83.7) 21.0 (30.5) 31.9 (45.0) 23.5 (31.5) 33.1
unregularised 66.8 (88.7) 21.1 (32.1) 32.9 (49.9) 22.6 (30.6) 33.5
NuWro 18.2 SF regularised 114.5 (180.1) 50.2 (80.9) 50.1 (86.1) 44.8 (70.3) 34.2
unregularised 119.2 (189.0) 48.7 (80.9) 52.7 (94.8) 42.6 (67.4) 339
Genie 3 LFG hN regularised 48.9 (58.5) 22.3 (24.6) 24.9 (32.1) 18.4 (22.3) 33.5
unregularised 46.6 (60.0) 20.1 (23.8) 24.7 (35.6) 16.3 (20.4) 34.0
Genie 3 LFG hA regularised 55.4 (62.0) 22.9 (25.5) 27.8 (34.3) 19.8 (22.3) 32.3
unregularised 52.9 (62.0) 21.0 (24.5) 27.7 (37.0) 17.7 (20.4) 32.6
Genie 3 SuSAv2 regularised 103.5 (105.4) 39.0 (44.7) 50.6 (57.3) 35.8 (36.8) 29.8
unregularised 110.3 (111.3) 40.3 (45.6) 55.4 (62.8) 35.1 (35.5) 30.1
RMF (1plh) regularised 90.6 (97.5) 48.2 (60.5) 31.4 (37.8) 43.9 (51.3) 31.3
 SuSAv2 (2p2h) unregularised 95.8 (102.2) 49.3 (60.7) 34.0 (42.1) 41.9 (48.1) 30.7
GiBUU regularised 112.7 (117.0) 47.2 (50.6) 46.8 (58.0) 46.6 (46.1) 39.3
unregularised 107.5 (112.2) 43.5 (56.0) 41.0 (41.2) 37.0

41.7 (46.8)
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