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Caveat

= Studies done 2 years ago. May have better models now.

= No data yet. Everything is MC.

= Results based on 0.2% Gd conc
>next year SK is dissolving 0.02% Gd first, need to revise tools
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SK-Gd: what is it?

= Super-K Gd Project: 0.2% Gd,(SO,); dissolved in water, enables
efficient neutron tagging with neutron capture on Gd

= Physics
= Neutrino-antineutrino discrimination
= Supernova relic neutrino detection Anti-electron .
i nuetrino @
= Proton decay background reduction \fm‘mn o \
. . . . . Z Gadolinium
= Neutron production in neutrino interaction 1.
’/I,’ \P\GS\Itron Gamma rays
= My work: F N N
= Implement Gd-capture module in simulation
- Develop neutron tagging tools Originally detectable signal New signal
N J
R

AT ~ few tens of us
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Gd-capture: what is the problem?

= Qur simulator is too old (GEANT3). No support for Gd-capture

- Interface with more user-friendly GEANT4

Neutron E, <20MeV

subroutine
GTNEUT
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Gamma model: why bother?

= Gamma cascade emitted by Gd-capture
= |arge impact on visible energy

Less likely to produce Cherenkov photons
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*K.Hagiwara et al. (2017), 035. 10.22323/1.294.0035.
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Gamma model: why bother?

= Gamma cascade emitted by Gd-capture
= Maybe calibration can tell

| bsenergy (bex**2+bsy**2<32000008 8abs{bsz)<1910 A& bedirks<0.4 & bsenergy>0 A&bsgy>0.4] |
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Selection criteria;
Goodness > 0.4

DIrKS <0.4

Selection efficiency:
Default GEANT4: 90.3%
GLG4sim: 89.1%
Sample spec: 89.6%
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Neutron tagging: how to do?

= Step one: Initial candidate selection
= Use a 10ns time window to search for PMT hit clusters

TS NID= o0, 0D =1 -E-E-ﬂ
CUt

087 084 081 078 075 0.71
Bkg/evt 6.72 220 090 044 026 0.18

— Purity 023 047 067 080 087 090
If Nhits is over the threshold

e.g 10, all the hits in the ime | TVeuiron Capture

window are grouped as a Candidate
neutron capture candidate @ mmmmmmmmana= >

Signal/Background:
determined
from MC truth

>
_ > Hit Time - TOF
Scanning  Time Window

Starts from each Hit
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Neutron tagging: how to do?

= Step one: Initial candidate selection
= Use a 10ns time window to search for PMT hit clusters
= 7 <N10 <50, N200 < 140

Signal events Background events

2200
2000 decay-electron
1800 All captures /
1600} H-capture 10- PMT after-pulse
14000 Gd-captures (Residual ions and gas in
oot | tube cause additional hits)
8005— : . 5 c
coal PMT noise & radioactivity
400 10'25_
200 -

00 2|0 40 60 80 100 120 140 160 180 200 0 2|0 4Il] Bll] Bll] 11|]l] 1i|!l] 1a‘|l-l] 1é0 1!|3l] 200

Neutron candidate time dt (us)
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(1/N) dN T 1

Neutron tagging: how to do?

= Step two: Signal/Background classification with BDT (TMVA)
= Inputvariables
n @ Basic hit variables: dt, N10, N50, N200, sum of hit charges, spread of hit time

Input variable: N10 Input variable: N50 Input variable: N200

0.06

0.05

(1/N) dN/ 1
(1/N) dN T 1

0.04

0.01

LIO-flovw (5,8): (0.0, 0.01% I {0.0, 0.0)%
l..' L1 Lilia L1 1141 1L L1411 1
LO-flow (5,B): (0.0, 0.0)% / (0.0, 0.0)%

LO-flow (S,B): (0.0, 0.0)% /{00, 0.0)%

10 15 20 25 30 35 40 45 50

N10 NS0
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Neutron tagging: how to do?

= Step two: Signal/Background classification with BDT (TMVA)
= Inputvariables
n @ Neutron fitter variables: vertex position, energy, fit goodness

IR (distance to wall, cm) SRS (reconstructed energy, MeV ITEEETHETE (fit goodness)
L R R Frrrrrrrrrrrrr e T T rrrTrTTTy
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< 0.0008 1< 5 0.25 B 250
= £ < g :
0.0006 1s 0.2 S| 2k
S r
=] 0.15 2
0.0004 1= 157
8 o 0.1 na
0.0002 -2 F
< 0.05 _ 05k

0 . 5 0 ~ E | | | |
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-2 -1.5 -1 -0.5 0 0.5

tbswall tbsenergy tbsovaq
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Neutron tagging: how to do?

= Step two: Signal/Background classification with BDT (TMVA)

= Inputvariables

= @ Isotropy variables f5;: measures the isotropy of PMT hits in space*

_ 2 N-1 N
Bi = e 2=t -1 £i(c0s 6;))

Angle between PMT hits

N AFTESgRalTTTTTY o P T e qgE T T g
o™ F J.e ™ A (2] C :B‘E
S 35t Background *E- pd S 15 15
> 3f 1s =z z 14- 1s
° E s T ] E is
= 25f 1 Z =it 33
= : 1§ & = 100 =5
= 2 s = = E 1%
F is 8 12
1.5F 1% r 1=
i: @ 7 EL)
osh H o EH
o 3 2 i3
0 g Ad S5 0 5
0 0.2 0.4 0. 1 0 0.2 0.4 0.6 0.8 1
beta1 beta3
*S. N. Ahmed et al. (SNO Collaboration), Phys. Rev. Lett. 92, 181301
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Neutron tagging: how to do?

= Qverall signal efficiency & background rate (after Step one & two)

At Classifier cut = 0.00 :
Selection Purity = 0.97
Efficiency = 0.81
Gd-Efficiency = 0.92
H-Efficiency = 0.29
Bkg/evt = 0.06

Overall signal efficiency , Numbe2r4of bkg/event
Y L
_ I =
B All capturesz22
0.8 N Gd-Signal 32
Th H-signal 318
: —1.6
0.6 —1.4
[ 1.2
0.4— Eb
B —;u.a
- —0.6
0.2~ —lo.4
i 0.2
LY o4 0z 04

0 0.2
Classifier cut
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Neutron tagging: how to do?

= First estimate of errors by applying to different MC:
Change in

‘ Change in Gd-gamma model G

Setting Default: GLG4sim Hagiwara et al. | Geant4.10 Degraded-water
Geant4.9 gamma gamma gamma transparency
gamma

Efficiency 0.81
Gd-Efficiency 0.92
H-Efficiency  0.29

0.80
0.91
0.25
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Neutron capture: what to learn?

= From atmospheric neutrino simulation

Neutron multiplicity measurement?

10% 10* =—
DAL AT Mean = 2 n-capture/event
10° 10°
- - Gd-water
102§— 102? Water
10;— 10;—
! ;_ | | I] | | 10° ! ;_
0200 400 600 800 1000 1200 1300 1600 1800 2000 0 20 40 60 80 100 120 140 160 180 200
Neutron capture time (us) Number of true capture/events
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Neutron capture: what to learn?

= From atmospheric neutrino simulation

Neutrons in T2K, R. Akutsu, TAUP 2019
Neutron multiplicity of water
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Neutron multiplicity measurement?

Mean = 2 n-capture/event

Gd-water
Water
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Number of true capture/events
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Neutron capture: what to learn?

= From atmospheric
neutrino simulation

Neutron kinematics measurement?

220
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el b e e 8
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Reconstructed neutron angle (6,)

Neutron capture vertex resolution (x)

Neutron capture: what to learn? |  ncd (o~d30m
— nH (o~85¢cm)
= T2K simulation
1 U
RS0 a0 20030605 808 oo
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Reconstructed neutron direction vs true neutron momentum

[ ]
=]
=

degrees

]
[5]]
=]

lrﬁql |.'
]
=]
=

" r rassm

-
=]
=

2

Er-
J

vertex and rec. primary vertex om
o
=

Distance between rec. capture

0 I I 0

0 200 400 600 800 1000 1200

100 120

MeV
True neutron angle True neutron momentum

11/8/2019 IoP/Neutron Physics in Neutrino Astronmy 17



Outlook

= SK-Gd tools available, wait for first data next year

= Much better neutron tagging efficiency, we can study
= Neutron multiplicity
= Neutron kinematics

= Application to e.g. neutrino oscillation measurements
= Neutrino/anti-neutrino separation
= Better energy reconstruction

Lyt A




