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TABLE IV. Uncertainties in NCQE measurement.

NCQE NC non-QE
Uptm TlUX 18%
v/ v ratio 5%
Cross-section 18%
Primary y’s 15% 3%
Secondary y’s 13% 13%
Neutron multiplicity 21% 16%
Neutron energy 18% 14%
Neutron transportation +7% +4%
Data reduction 3%
Neutron tagging 10%
Others 0.7%

HAYB S 20224 TS L. Wan et al., Phys. Rev. D 99, 032005 (2019)
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E T BERT INCL++
1FERH7- D DL EHE 0.693 0.608

- IR AL 1,874,645 62.26% 1,307,306 48.94% 1,106,647 47.20%

B~ E P AL 482,229 16.02% 533,767 19.98% 455211 19.42%

ot/ IR AL 151,877 5.05% 336,647 12.60% 243,446 10.38%

u 240,354 7.98% 241,151 9.03% 241,329 10.29%

T 226,287 7.51% 218,310 8.17% 242,773 10.35%

Z DAl 35,481 1.18% 34,288 1.28% 55,173 2.36%
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* Cross section : G4NeutronlnelasticXS (& NeutronHP)

Physics List Final state model (n inelastic scattering) . FTFP (Fritiof model + Precompound model)

FTFP_BERT_HP . QGSP (Quark-Gluon String model + Precompound model)

. BERT (Bertini cascade model)

QGSP_BIC_HP

BIC (Binary cascade model)

INCL++ INCL++ (Liege cascade model)

: . >
< Zo N 9 9 ) Iy ~<p <5 E, . HP (High precision neutron model)

. PRECO (Precompound model)
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Kinetic energy 1 MeV -1 GeV

Position Center of SK tank ((0, 0, 0) m)

Direction random

# of events 100,000

HAY B A=

n energy (n inel. scat.) & Each y energy (n inel. scat.) (GdZ(SO“)a * 8H,0 0.026%)

n
o

Entries 313302
Meanx ~ 128.4+0.3744
Meany 33120004912
RMS x 2005
RMS y 2748

10°

E, [MeV]
®

—_
2]

-
N

102

o 4
A O ©® O N
- III|III|III|III|III|III|III|III|III|III

N

o

E, [MeV]

20224k TR S

E, [MeV]

E, [MeV]

n energy (n inel. scat.) & Each y energy (n inel. scat.) (Gdz(SO4)3 * 8H,0 0.026%)

n
o

Entries 941018
Meanx  181.8+0.2378
Meany 1.863 +0.002347
RMS x 2306
RMSy 2277

10°

e
foe]

e
o

-
N

10?

- a
£ o [o] o N
- III|III|III|III|III|III|III|III|III|III

N

il - L1 s i i L S

10 102 10°
E, [MeV]

o

n energy (n inel. scat.) & Each y energy (n inel. scat.) (Gdz(SO4)3  8H,0 0.026%)

N
o

Entries 204051 - - P
Meanx  178.1+05078 os

Meany 4.469 +0.004989
RMS x 2293
RMSy 2253

—
oo

102

-
o

-
S

-
N

-
o
- IIHI|!II‘|III|III|III|III|III|III|III|III

(]

(2]

N

N

o

10 102 10°



—a—FY -1 24

4 b 2
Others’ treatment
Neut 5.3.6 0.1055 0.3515 0.5430
* In the simple shell model, the probability of nucleon knock-out is Neut 5.4.0 0.5430 0.3515 0.1055
from the number of nucleons in each state;
S1/2 : 25%, p3j2 : 50%, p1/z : 25% Neut 5.4.X 0.4905 0.3515 0.158
« In the recent c'alculation, the spectral function based on the “1121Mev """"""""" Neutron case Proton case
measurement is used (Ankowski et.al., PRL 108, 052505 (2012)) : . PP F 1y s1/2 s1/2
s1/2: 10.55%, ps/2 : 35.15%, p1/2 : 15.8%, others : 38.5% ]8‘4. 'Y X8 LA 1 gamma (energy from 3 to 7 MeV) 1 gamma (energy from 3 to 7 MeV)
« No particles are emitted when the p1/2 nucleon is knocked-out, (g.s. P32 FOOO® no nucleon emission  (~17.5%) no nucleon emission  (~17.5%)
of 15N or 150) while several particles are emitted in the case of s1/2. 150 - UN +p (~25.5%) LN - N +n (~25.5%)
. , - 50 >0 +n (~ 7.3%) 15N - 14C + (~ 7.3%)
» Ueno-san and Huang-san treated ‘others’ as p1/2. "42Mev. o _-szz. 1505 X+ +p (~31.9%) 1SN o X + YP+ . (~31.9%)
* No one knows how to treat ‘others’, but most likely the nuclear 50 5 X+Y+n (~17.8%) BN X+Y+n (~17.8%)
state should go high. So we decided that ‘others’ is treated as s1/2. proton neutron p3/2 p3/2
This is installed from neut_5.4.0. (The energy level of neutrons is 1 gamma 1 gamma
~3.54MeV deeper than protons.) 6.17MeV y (~86.9%) 6.32MeV (~86.9%)
p from 9.61MeV state (~ 4.9%) 9.93MeV (~ 3.8%)
Shell model 259% 50% 259 p from 10.48MeV state (~ 8.2%) 2vs (~ 1.1%)
p from 10.48MeV state (~ 8.2%)
-neut 5.3.6 [EERTELES 35.15% e Others Others
no emission at all no emission at all
neut 5.4.0 - [RERNAYGA 35.15% 15.8%

(=10.55+38.5)

Y. Koshio, “NEUT for NC elastic” (Sep. 3rd, 2021)
HAYBEL S 20224E KA Y. Hayato, “# of neutrons Difference between Apr 16 and May 19” (Oct. 21st, 2019)
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