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1 Introductlon
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Super-Kamiokande(SK) — Simulation tool of SK

» SK is the world largest Water-Cherenkov neutrino U, n * Currently, SK simulation uses Geant3(SKDetSim), which 1s detector simulation written in
detector. R . FORTRAN. And the update of physics model is already stopped.

« SK will start new phase, that is “SK-Gd project”, which pO * For the next 10 years SK operation, up-to-date detector simulation 1s needed. Especially for
dissolve Gadolinium in SK water for Supernova relic \' SRN search in SK-Gd, precise neutron simulation is crucial.
neutrino(SRN) and other neutrino search. . . * Therefore, we try to develop Geant4 based SK simulation software, named “SK(4”[1]

. e

 Toward SK-Gd, SK tank refurbishment work has « SKG4 will be the first overall simulation software of SK-Gd.
beenteonducted in 2018, and now restart pure water Frompt oson e —— What’s new of SKG4
OPETALON. — n-capture of Gd * The latest physics model suitable for SK can be used.

» In SK-Gd, y-ray signal from neutron capture . . .
¢ o ; é d S be det tu 4 S bt bet Figure 1 : Inverse beta decay in SK-Gd. It will ' * The model of y-ray emitted from Gd(n, y) uses the world highest accuracy experiment results.[2]
(n_cap ure) 0 ¢an De detcCied. B0, INVETSe beta become to be possible to “Delayed coincidence”

decay signal will be enhanced. (Fig. 1) measurement. « — Precise simulation of neutrino and neutron will be possible.

[1]S. Agostinelli et al. Nucl.Instrum.Meth. A506 (2003) 250-303
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2 Geometry of SK | 4 Results
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Geometr Of SK tank mmw Time Distance

« Geometry of inner tank was already completed, * These behaviors were compared between Capture by p (Pure water) | 1963 pus | 107460 mm

it 1s based on the latest SKDetSim. (Fig. 2) Gd-water and pure water. Capture by p (Gd-water) | 18+1 ps | 68+31 mm

1. Neutron capture time and distance
(Table 1) Capture by Gd (Gd-water) | 27+1 pus | 70+33 mm

2. Probability of n-Capture(Fig. 6).

» SK has outer detector(OD) to separate the
cosmic ray signal.—Remaining work

Light detector(PMT)

Table 1 : Neutron capture time and distance. Capture time
of Gd 1s ~27 usec, distance is <50 cm for 200 keV neutron.

» All(11129) PMT in inner tank is already O VE — : From Gd * The model of y-ray emission was compared.
completed(Fig.3), and installed 1n the tank. c"i’ oL — - Fromp 10° B e enriched 7Gd |
- 10° T L T S .
. . . . o : : :
» There were no difference with SKDetSim 1n g‘ i D s e B ¥ 1 o
the structure. @ : 103; — : Experimental Data e Wl T
102 BH — :Experiment based Model |...i.... il
e ] LI]I‘L_I | 10§ —:Geant4.9.6.p03 R
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Elgure 2d Ingelzjr dte}tectolr gdeometry of SK. The shape of tank Figure 6 : Emitted y-rays from n-capture(Figure). T s s e Energy [MeV]
1s reproduced by the cylinder. 12 N : . _
Proi)ablclilt)y oécrll—[(;?pture(Table). 0% neutron 1s Figure 7 : Model comparison of y-ray from Gd. The model
captured by Gd.

used SKG4 1s higher accuracy than Geant4 typical model.[2]

v SKG4 is now ready to compare
. . vn-Capture of Gd for SK-Gd was estimated using experimental data.
with SKDetSim and real SK

calibration data.

PMT is reproduced
by using 2 spheres.

Figure 3: Inner tank PMT geometry of SK O[!tlcal Ph VY SICS . SKGa :
* Absorption was compared by the reduction = : SKDetSim Top~1500 cm
SR T IS T of PMT hit. (Flg 8) %: .
| 3 PhYSlCS Comp al’lSOIl ] e Scattering was compared by the timing S -
Sttt i distribution in each Z-axis region. = 1500~900 cm
Neutron capture(n-capture) process from Gd -Wave length : 350(Fig. 9), 450, 550, 650 (nm). | =
* Gd(n,y) process 1s crucial for SK-Gd project. When Gd capture a neutron, Gd emit y-rays o Each distributions were consistent with = *
with total ~8 MeV. SKDetSim. : 8 900~300 cm
* In SKG4, high accuracy model based on the experiment was adopted for y-rays from Gd n- 1000 : : =
capture. || : SKDetSim w/ Abs =
. [-- SKDetSim w/o Abs E_ 300~ -300 cm
Optical Process SO0 — : skaa wiabs : -
 Optical photon behavior 1s one of the most important in SK physics. 600 — [ J — o
 In Geant4, Scattering and, Absorption, E *‘ -300~-900 cm
Material Boundary physics (Refraction, TN 400 = i 8
Reflection) are defined as Optical process. — - = [
. . . P o G = N
Situation of Comparison (0,0,0) i . = [ 900~-1300 cm
* N- Physics : 200 k L i o . N = '
n cupture ysics : 200 keV neutron was l Q5 500300600 8001000 : .
emitted from center of tank, some Number of PMT hit =
: = -1500 cm~Bott
behaviors of.n—cap ture process were Neutron Figure 8 : Influence of reduction of PMT hit by absorption : SRR
compared.(Fig. 4) 200 keV - L e
* Optical Physics : Photons were emitted , — / . = . v Optical physics of SKG4 is ’ 00 O dual time [ns]
from tO Of tank PMT hlt OSltlon and Flgure 4 . n—capture thSlCS Flgure 5: Optlcal comparison . . . . — — : — .
o .p ' P comparison method. 200 keV method. Optical photon emit consistent with SKDetSim Figure 9 : Timing distribution of PMT hit in each Z-axis
hit timing were Compared.(ﬁg. S ) neutron emit from center of tank. from (0,0,1800), to downward. region. This is the example of wave length 350 nm.

[2] K.Hagiwara et al. Prog. Theor. Exp. Phys. (2018), arXiv:1809.02664v1
[3] Beacom and Vagins. Phys. Rev. Lett. 93,171101 (2004)

5 Conclusmn & Future Work

Conclusmn Future work
** SK-Gd project will start soon, so we try to construct new Simulation for SK-Gd, | . ST el
named “SKG4”. Apr. .2019 Gd dissolution operation Start
** Geometry of SK tank and PMT were reproduced in Geant4, except for the outer detector. > > > >

(1)
Comparison with
real calibration data.

(2)
Analysis for pure water
SK operation.

(3)
SK-Gd start and
comparison with

calibration data.

(4)
Analysis for Gd-water
SK operation

** Some physics models were installed and compared with SKDetSim.
—Optical process was correctly installed and Gd(n.y) process was evaluated.

Remaining work
** Outer detector PMT, which shape 1s different from inner PMT construction.

. 11 *k Duri -wat t1 KG4 will be t for th ter SK analysis.
sk Comparison of 1 GeV muon, and electron with higher energy than 10MeV. uring pure-water operation, SKG4 will be tuned and used for the pure water SK analysis

% After dissolving Gd in SK water, SKG4 will be used for various analyzes in SK-Gd.

** Comparison with SK calibration data and tuning SKG4.
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