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1. What is High flux isotope reactor?

High flux isotope reactor (HFIR).

* HFIR Is a research reactor at Oak Ridge National Laboratory.

4 Primary Missions
from HFIR brochure (right figure).

* Neutron scattering
- To understand material properties on an atomic scale.
S * |Isotope production
\ - To produce isotopes.
 Irradiation materials testing
- To determine the effect of neutron irradiation on materials.

* Neutron activation analysis
- To probe the elemental makeup of a wide variety of materials.

HIGH
ISOTOPE f&%
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1. What is High flux isotope reactor?
High flux isotope reactor (HFIR).

* From high enriched uranium (HEU) fuel, it produces anti-electron
neutrino from 235U by more than 99%.

* Thermal power is 85 MW at a period 21 to 23 days.

 Located on the Earth’s surface and close to the reactor core ( ~ 8m
from the experimental hall), the site is exposed to many background
signals including neutrons, muons, etc.
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2. Background Simulation Study
[1]. Structure of RENE prototype detector (OLD).

Detector Shielding
e Target- 0.5 % Gd LS, radius: 254 mm, height: 1200 mm. From the inner part,
* Gamma catcher (GC) - LS, radius: 404 mm, height: 2800 mm. + 25 mm thick 5% BPE.
» Target and GC are 3 mm thick CYLYNDRICAL containers. + 25 mm thick 5% BPE on the side.
+ 50 mm thick 5% BPE at the top.
o F Beposit WaterBrick + 25 mm thick Al (container).

+ 75 mm thick 5% BPE at the top.

+ 25 mm thick Lead.

+ 100 mm thick HDPE on the side.

+ 241 mm thick HDPE at the top.

+ 70 mm thick Stainless steel at the bottom.
+ 25 mm thick 5% BPE.

+ 460 mm thick Water at the top.

Chassis

Gamma Catcher 5% BPE

*. LS: Liquid scintillator.
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2. Background Simulation Study
[2]. Signal.

* Electron-antineutrino (v, ) interacts with a proton in the Target (inverse beta decay (IBD)),

then a positron and a neutron are created in the process.

Proton

CSCQ
L
QCQ

vo+p—on+e” +W+
|

Electron Ve

Y, e Positron
antineutrino

Neutrino physics @ the 2" Asia-Europe-Pacific school of HEP, Z. Xing (2014).
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2. Background Simulation Study
[2]. Signal.

Gd-loaded About 8 us after the prompt signal, n-Gd emits

Liquid Scintillator

o, oa ~ ~ 8 MeV gamma rays (delayed signal).
\_,‘;—\- gzla MeV Promptsignal  Delayed signal
Y. o | 0 A ............ 71\
9 ’? Kq‘n J 8 us > 1
Qe Y:\_ . L « With the signal pair, the neutrino
""mel\mmw_,y el =218 interaction event can be distinguished.
\ X=1.022 Me\g

The positron leaves its energy promptly (prompt signal).

Physics with Reactor Neutrinos, X. Qian (2018).

*, IBD: Inverse beta decay.
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2. Background Simulation Study
[2]. Signal.

 Generate positrons and neutrons assuming that IBD interaction already happens.
Ny [, Nii

€

A L2

N;gp: the number of IBD interaction,

N,: the number of protons,

e: detection efficiency (assuming it is equal to 1.)

L: flight distance of neutrinos,

N¢: the number of fission for each isotope,

o;gp(E): IBD cross-section,

P,)s.(L, E): neutrino oscillation probability,

® 4 (E): reactor neutrino flux based on the Huber-Mueller model.

Nipp = UIBD(E) ‘I’HM(E) POSC(L:' E) db
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2. Background Simulation Study

[2]. Signal.
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* Interaction rate: rate of particles that leave their energies in the active volume of the detector.
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2. Background Simulation Study
[3]. Backgrounds.

Gamma background
Thermal neutron background
Fast neutron background
Muon background

W
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2. Background Simulation Study
[3] - (1). Gamma background. =AY AR VL

Ot i1 [ )
__g"EA—‘—:Ht;\

2 Types of gamma background: | \

L |
REACTOR
CORE

. Reactor On a 7T I
» Material Irradiation Facility (MIF) Pipeline I A e
v MIF is turned on when the reactor is on. | p—

o -
IR
” »
£ =
‘| B d
AR

* In this study, consider two cases, Experiment /fINY "‘:‘\
v MIF turned off while the reactor is on. VA Im == T
v MIF turned on while the reactor is on. MIF = i
Experiment 'ésm;nl ; o)
- room post

N
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2. Background Simulation Study
[3] - (1). Gamma background.

« 2 Types of gamma background:
« Reactor On

Incident Gamma Flux

— Reactor on| i) | 130 | mabpev
: — Reactor Off No Wall (1) 5124 2463
Add wall: 10 x 102 x 51 (2) 169.8 168.4
Add floor: 25 x 102 x5 (3) 525 152
0.8 Add to floor: 25 x 102 x 10 32.2 10.5
‘ 5 Addtowall: 20x 102x 51 | [ 283 127 1
o 06 8, o e T N VR ' ; 5 Extend floor: 30 x 20 x 5 (4) 1555 3.0
o —
[Fig 3]
0.4
ozl » The gamma background is generated based on the spectrum in Fig 1.
« Currently, lead bricks about 10 ~ 20 cm thick are placed on the wall
28055959197529558555555565651 51555555595 facing the reactor (Fig 2).
Enerav [Mevi  To reflect the structure, the gamma simulation result is corrected by the
(a) Reactor ON / OFF incident gamma background . « . « . .
[Fig 1] ratio of “No Wall” and “blue box” values (Fig 3).
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2. Background Simulation Study
[3] - (1). Gamma background.

« 2 Types of gamma background:

« Material Irradiation Facility (MIF) Pipeline Garmma background
1e_’. .... I nqidgnt. Gamma F!UX ...... %E A ——— Reacor On (no suppression)
8 0l MIF
5 ] “ %%1
4t 1 102;—
¥ 3
| =
» The rate of gamma from MIF is one half of the gamma at reactor-on in
00030703 0M 0P 0P 000N 0POIy Oy > a Ty 3y By a5y onT the range between 0.1 to 1.29 MeV (PROSPECT collaboration).
Enerav [MeV] ° -
') Thcident gaumins backgroand from MIF The MIF gamma is made on the surfaces excgpt t_he rear and upper faces
[Fig 4] of the detector based on the spectrum shown in Fig 4.

* InFig 2, itis corrected by the above fact.
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2. Background Simulation Study
[3] - (1). Gamma background.

« Gamma BKG simulation results:

« Reactor On « Material Irradiation Facility (MIF) Pipeline
Gamma Gamma from MIF Gas Transfer Line
g 10 Input Rate | Interaction Rate 3 Input Rate | Interaction Rate
@ f 13.399kHz ~ 103.2 Hz a1 80.245kHz ~ 794.05 Hz
105—
TE-
10’15—
:IlllllllllllJJlIlJI|IlJI|IlJI|IlJIlllJIllJJIllJII RN RN NN RN NN RN NN FRE e
0 1 2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10
Deposit Energy (MeV) Deposit Energy (MeV)

* Interaction rate: rate of particles that leave their energies in the active volume of the detector.
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2. Background Simulation Study
[3] - (2). Thermal neutron background.

 From the measurement, 2/cm?/s rate is reported from the PROSPECT collaboration.
« Thermal neutron comes mainly from neutron beam lines shown in Fig 5.

- 2 \ ~+ Thermal neutrons are generated with the rate and the Maxwell - Boltzmann
- EEEa—=s e e distribution with the room temperature.
;_ \/Z| E/ - Thermal neutron energy distribution
A . — “t
X7 =
Q) il =S &
LA |
Sy e Nl \l M e
& \' 7 = e \ AW o - ' . ' .' ' ' "~ Energy (eV)
ME } \/;“" "« Their directions are considered in two ways.
- room mmeer o\ 1. Only from the neutron beam line; “anisotropic case”.

=

v" Generated on two sides and bottom side.
2. From all directions; “isotropic case”.
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2. Background Simulation Study
[3] - (2). Thermal neutron background.

 Thermal neutron BKG simulation results:

 Anisotropic generation * Isotropic generation
Thermal Neutron (anisotropic) Thermal Neutron (isotropic)
10 I % o2 |
Input Rate | Interaction Rate = | Input Rate | Interaction Rate
191.934 kHz 4.82 Hz 544.66 kHz 59.6 Hz
10

107"

Events/MeV/s
I IIIIIII| I é_/_l

2
q

ST

[l 0. Uﬂhﬂﬁmﬂsﬂﬂﬂﬂ

| | L 111 | L1 11 | |
6 7 8 10 1 2 8 9 10
Deposit Energy (MeV) Deposit Energy (MeV)

= T
WF
¥y ]

B

* Interaction rate: rate of particles that leave their energies in the active volume of the detector.
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2. Background Simulation Study
[3] - (3). Fast neutron background.

» Using the measurement from the PROSPECT » Fast neutron BKG simulation results:
collaboration, neutrons are simply generated Fast Neutron

- - § 0.035 — Fast Neutron
on the top of the shielding. s
T 0.03[— Z o
Location  Exposure (h) Flux (E, > 1MeV) molozsé_
HFIR near 12 (4.1+0.3) x 10 3[cm?s71] -
0.02—
._><Q — HFIR Near : j|‘\
o — HFIR Far 0.015(—
= n Z%HHHBNQHHTHHHBH.QHQ
..g 0.01 J_’ Deposit Energy (MeV)
@] I
O H
0.005f
g”ﬂ bl by s g a1 TR

0 10 20 30 40 50 60 70 80 90 100
Deposit Energy (MeV)

10 E |H Input Rate | Interaction Rate

1 10 10> 168.7 Hz 0.347 Hz

0
Energy (MeV)
* Interaction rate: rate of particles that leave their energies in the active volume of the detector.
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2. Background Simulation Study

[3] - (4). Muon background.

 With the Reyna parametrization and the measurement from PROSPECT collaboration, muons
are simply generated on the top of the shielding structure.

Reyna Parameterization

3 F I(Ey, 0) = (cos’) 1,(E,)
n where | (E‘u) _ CIE;(52+C3logln[Eg]+C4IDgED(E;L)+E510g:;’O(E“)]'
from PDG: lower / :
o: than 1 GeV, the ]
E Spectrum iS flat. "ﬂ-'{t]:‘-.—t— ﬂl — 0-00253, CQ — 0.2455, ﬂg == 1.288. 1‘14 = _0.2555, CE. — {}-0209
- Reactor Rate (m Zsr—'s™1)
il HFIR 84.9
mi ” - \IA” Table 3: Cosmic muon background 2] fluxS WEFH 31T} [2].
Energy (Ge
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2. Background Simulation Study
[3] - (4). Muon background.

« Muon BKG simulation results:

Muon
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Input Rate | Interaction Rate

1.67 kHz 640.81 Hz

* Interaction rate: rate of particles that leave their energies in the active volume of the detector.
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2. Background Simulation Study
[3] - (*). Summary of background simulation results.

Type Input (Hz) | Interaction Rate (Hz) 1 — 10MeV Egeposit Range (Hz)
IBD Signal 4.63 x 10 3.43 x 1077 3.38 x 1077
Gamma (Rx On) 13.399 x 10° 103.2 37.302
Gamma (MIF) 80.245 x 10 794.05 171.28
Fast n 168.7 0.347 0.115
Thermal n (anisotropic) | 191.934 x 103 4.82 1.74
Thermal n (isotropic) | 544.66 x 10° 59.6 19.44
Muon 1.67 x 10° 640.81 -

« Among the backgrounds, gamma is dominant, especially those from MIF.

*. IBD signal input value is calculated based on the HM model.

2024-07-25

The shielding structure reduces backgrounds by more than 99%, except muon.
Muon background is reduced by about 62%.
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2. Background Simulation Study

[4]. Several cuts.

 Using cuts among NEOS event selection cuts.

1. No event before 30us and after 150us from a prompt.
2. 1MeV <Ep <10MeV and 4MeV < E; < 10MeV.
3. Time coincidence between prompt and delayed 1us ~ 30us.

E, 4MeV<E,;<10MeV (Cut2)

—3Qus 1 ~ 30 us (Cut 3)

No event (Cut 1) |

+1§0us

4.—PSDb—(Netprepared)

5. After muon event, all events are vetoed in 150us window (Muon veto).
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2. Background Simulation Study

[4]. Several cuts.
* How to apply the cuts.

1.  The number of IBD and background signals is determined by rates and spectra from the simulation results in the

1 ~ 10 MeV range (for muon, all energy range used).
2. Atime between 0 to 100,000 seconds is randomly assigned to each IBD and background signal, and then

arranged in ascending order.

K BKG IBD [
=t -
G—

Dead time Dead time Mimic BKG Mimic BKG

3. Deadtime is calculated by the 150 us veto window after the muon leaves its energy to the detector and any event

IS removed when it is in the veto window.
4. The selection cuts are applied for the case with or without 1 us event window.

I A R I | I N
T ] | T Tt
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3. Results
Results: Assume that the detector is exposed with 100,000 seconds.

Ep 4 MeV <E; <10 MeV (Cut 2)

_ w/o event window | w/ event window

DEADTIME 8768.70s 8822.38s R bl it , F130us
1 No event (Cut 1) I
W/O MIF, Signal to Bkg Ratio W/ MIF, Signal to Bkg Ratio
o C o 0.08¢
© 0.35 = $ ¢ @ -
m » m 0.07F .
o 0.3F %) = e i
- 006 L ' ................................................................................. ’ ..............
0.25F -
= » ¥ 0.051
0'2; 0.04F
0.15F ~ W/O EVT Window + Anisotropic Th n 0,035 ° W/O EVT Window + Anisotropic Th n
- A W/ EVT Window + Anisotropic Th n - A W/ EVT Window + Anisotropic Th n
0.4 m  W/OEVT Window + Isotropic Th n 0.02F m  W/O EVT Window + Isotropic Th n
- e , , - . :
0.05F . v W/ EVT Window + Isotropic Th n 0.01F v W/ EVT Window + Isotropic Th n
0:|||||||||||||||||||||| 0:|-|||||||||||1||||||||
Cut 1 +Cut 2 +Cut 3 Cut 1 +Cut 2 +Cut 3
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3. Results

Results: signal to background ratio (S/B).

* Default cut: 1MeV < Ep < 10MeV
« Cut 1; No event before 30us and after 150us from a prompt

w/o MIF w/ MIF
Anisotropic Isotropic Anisotropic Isotropic

w/o evt window 0.0691 0.0329 0.00245 0.00209
w/ evt window 0.0678 0.0322 0.00240 0.00205

e +Cut2;4MeV < Ed < 10MeV
I T T T—

Anisotropic Isotropic Anisotropic Isotropic
w/o evt window 0.341 0.230 0.0651 0.0587
w/ evt window 0.333 0.226 0.0632 0.0571

e + Cut 3; Time coincidence between prompt and delayed 1us ~ 30us

- T T

Anisotropic Isotropic Anisotropic Isotropic

w/o evt window 0.350 0.237 0.0671 0.0605
|w/ evt window  0.337 0.231  0.0651  0.0589 |
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3. Results

Conclusion.
e S/B ratio is estimated to be about 0.231 to 0.337 when MIF is turned off.

* |t IS necessary to cut back on the gamma background.
* The optimization of the detector and the shielding structure is required.

* A more elaborate study including the optimization of the experimental setup will
be reported In the near future.
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Thank you.
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Backup pages.
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BKG Simulation @ HFIR

Simulation - Thermal neutron

Simulation A1} (H| S%H) Simulation Z1} (S&H)
Input Rate | Interaction Rate Input Rate | Interaction Rate

191.934 kHz 4.82 Hz 544.66 kHz 59.6 Hz

v Input rate= Sf 288 =X/t interaction rateZt & 12351 =J/LCF
WHY?
< X|Q|Zto] HTOo| BPEL|7I 2MeV yE 7|E2 R E1 S0{22= & FH. (n-capture gamma)
= HEFEHZE 7cm steel chassis. 1~3cm.
&, &, 5 H2 chassis & LAl 10cm HDPE, X 2 chassis +Z& Ei4l 24.1cm HDPE. 1~20cm.
> ml S0eE ’EB'EE otz et ZLt.
= Ratio (%l/HFE: 24.1cm HDPE / 7cm chassis ~ 3 HO||AM C{Ef 38 " O 10 =032,
= Ratio (&, 5/HED: 10cm HDPE / 7cm chassis ~ &, CI’E, 5| HO|AM CHEF el M= O 10 E0{2.
> Thermal n bkgS SYst Yoz HHlD, ZF HEO| O|HIE 79| 7|6{E HX},
= Ferd 8 HE ~ 62%, F(LR) ~ 38%. || H*O“S 2] X BEE ~ 15%, 9 ~ 15%, F(LR), Y5l ~ 70%.
> 7|0 x0f A O[HIE 7|0 F H|SHHQ ZR0AM SLHHQ ZL 2 HHLXL
= H{E->2|: V4 of 62% ~ 15%.
= HIE->R %5l Y2 of 62% ~ 30%.
= Ex) (H[SE)1007 O|HIE -> (S2)40071 O|HI E: HiE->2|=757}, HS-> R, 2 F1=3007l, BFSf->HS=2574.
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BKG Simulation @ HFIR

"A comparative study of empirical formulas for gamma-
ray dose build-up factor in iron and lead materials”

« Backup - Steel/Iron

Table 3. The gamma attenuation coefficient and mean free path in iron and lead.

Ey Iron [ead
/MeV wpre/10“cm’/g w/em  Alem | wpp/10%cm/g u /em'  A/em
0.5 8.414 0.656 1.524 16.14 1.83 0.546
1 5.995 0.468 2.139 7.102 0.805 1.242
2 4.265 0.333 3.006 4.606 0.522 1.915
3 3.621 0.282 3.541 4.234 0.48 2.083
4 3.312 0.258 3.871 4.197 0.476 2.101
6 3.057 0.238 4.194 4.391 0.498 2.008
8 2.991 0.233 4.286 4.675 0.53 1.886
10 2.994 0.234 4.282 4.972 0.564 1.774
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BKG Simulation @ HFIR

. — “Calculation of gamma-ray attenuation parameters for
Backup — PE/BPE locally developed shielding material: Polyboron”

Table 3 — The theoretical and X-Com values (with coherent scattering) of mass attenuation coefficients, ., (cm?/g) for different shielding materials.

Photon Polyboron Ordinary concrete Pure polyethylene Borated polyethylene Water
energy (MeV) Theoretical X-Com Theoretical X-Com Theoretical X-Com Theoretical X-Com Theoretical X-Com
value value value value value value value value value value "
1.00E-03 2.434E+03 2.434E+03 3.428E+03 3.445E+03 1.894E+03 1.894E+03 1.714E+03 1.723E+03 4.077E+03 4.077E+03 L] De n S |ty§ |7_|- I:l_l- (@] |‘ 7'” 1
1.50E-03 7.919E+02 7.920E+02 1.229E+03 1.235E+03 5.999E+02 6.001E+02 5.394E+02 5.425E+02 1.376E+03 1.376E+03
2.00E-03 3.479E+02 3.479E+02 1.448E+03 1.455E+03 2.593E+02 2.592E+02 2.333E+02 2.345E+02 6.172E+02 6.173E+02 3 @) E 74' A I- '('5'-
3.00E-03 1.061E+02 1.060E+02 4.952E+02 4.977E+02 7.743E+01 7.743E+01 6.945E+01 6.982E+01 1.929E+02 1.928E+02 g / Cm -  — L- 3.
4.00E-03 4.491E+01 4.491E+01 2.409E+02 2.421E+02 3.242E+01 3.242E+01 2.902E+01 2.918E+01 8.277E+01 8.277E+01 . . A A _9_ _|_|_ 7 F
5.00E-03 2.292E+01 2.292E+01 1.737E+02 1.745E+02 1.643E+01 1.643E-+01 1.469E+01 1.477E+01 4.259E+01 4.259E+01 (S| m u |at| O N O‘” 'I |' ) ol_ HA
6.00E-03 1.321E+01 1.320E+01 1.048E+02 1.053E+02 9.435E+00 9.431E+00 8.431E+00 B8.474E+00 2.464E+01 2.464E+01
8.00E-03 5.561E+00 5.561E+00 4.987E+01 5.013E+01 3.975E+00 3.975E+00 3.662E+00 3.682E+00 1.037E+01 1.037E+01 2 — O 91 9'. b —_ 'I O 4 ol
1.00E-02 2.890E+00 2.890E+00 2.646E+01 2.659E+01 2.087E+00 2.087E+00 1.931E+00 1.942E+00 5.329E+00 5.330E+00 — pe - V. pe - 1. =
1.50E-02 9.730E-01 9.732E-01 B.268E+00 8.308E-+00 7.452E-01 7.455E-01 6.942E-01 6.982E-01 1.673E+00 1.672E+00
2.00E-02 5.228E-01 5.229E-01 3.639E+00 3.657E+00 4.316E-01 4.316E-01 4.029E-01 4.050E-01 8.096E-01 8.098E-01 I_.l El‘ )
3.00E-02 2.940E-01 2.940E-01 1.210E+00 1.216E+00 2.707E-01 2.707E-01 2.523E-01 2.537E-01 3.755E-01 3.756E-01
4.00E-02 2.350E-01 2.350E-01 6.100E-01 6.130E-01 2.275E-01 2.275E-01 2.117E-01 2.129€-01 2.683E-01 2.683E-01 ° O | 7:' (@) i B Ol _H—_E 7|. 300/
5.00E-02 2.104E-01 2.104E-01 3.928E-01 3.948E-01 2.084E-01 2.084E-01 1.937E-01 1.948E-01 2.269E-01 2.269E-01 OT — - o o]
6.00E-02 1.966E-01 1.967E-01 2.945E-01 2.959E-01 1.970E-01 1.970E-01 1.829E-01 1.840E-01 2.058E-01 2.059E-01 —
8.00E-02 1.802E-01 1.802E-01 2.115E-01 2.126E-01 1.823E-01 1.823E-01 1.692E-01 1.701E-01 1.836E-01 1.837E-01 Ol_l %' —?— (I:):! L-l I:l' ( X-I Ql _Q_l zg
1.00E-01 1.693E-01 1.693E-01 1.774E-01 1.784E-01 1.719E-01 1.719E-01 1.595E-01 1.604E-01 1.707E-01 1.707E-01
1.50E-01 1.507E-01 1.506E-01 1.427E-01 1.434E-01 1.534E-01 1.534E-01 1.423E-01 1.431E-01 1.505E-01 1.505E-01 o i 50/
2.00E-01 1.375E-01 1.375E-01 1.264E-01 1.270E-01 1.401E-01 1.402E-01 1.300E-01 1.307E-01 1.370E-01 1.370E-01 T = o
3.00E-01 1.192E-01 1.193E-01 1.077E-01 1.082E-01 1.216E-01 1.217E-01 1.128E-01 1.134E-01 1.187E-01 1.186E-01
4.00E-01 1.068E-01 1.068E-01 9.580E-02 9.628E-02 1.089E-01 1.089E-01 1.010E-01 1.016E-01 1.061E-01 1.061E-01
5.00E-01 9.748E-02 9.748E-02 B.724E-02 8.768E-02 9.947E-02 9.947E-02 9.224E-02 9.274E-02 9.687E-02 9.687E-02
6.00E-01 9.013E-02 9.014E-02 8.057E-02 8.098E-02 9.198E-02 9.198E-02 8.530E-02 B.576E-02 8.956E-02 8.956E-02
8.00E-01 7.916E-02 7.915E-02 7.068E-02 7.103E-02 8.078E-02 8.078E-02 7.490E-02 7.531E-02 7.866E-02 7.866E-02
1.00E+00 7.117E-02 7.117E-02 6.350E-02 6.382E-02 7.262E-02 7.262E-02 6.734E-02 6.772E-02 7.072E-02 7.072E-02
1.25E+00 6.364E-02 6.364E-02 5.678E-02 5.706E-02 6.495E-02 6.495E-02 6.022E-02 6.056E-02 6.323E-02 6.323E-02
1.50E+00 5.792E-02 5.791E-02 5.171E-02 5.197E-02 5.911E-02 5.910E-02 5.480E-02 5.510E-02 5.754E-02 5.754E-02
2.00E+00 4.965E-02 4.966E-02 4.460E-02 4.483E-02 5.064E-02 5.064E-02 4.697E-02 4.723E-02 4.941E-02 4.942E-02
3.00E+00 3.972E-02 3.972E-02 3.636E-02 3.654E-02 4.045E-02 4.045E-02 3.754E-02 3.774E-02 3.969E-02 3.969E-02
4.00E+00 3.388E-02 3.389E-02 3.174E-02 3.190E-02 3.443E-02 3.444E-02 3.198E-02 3.215E-02 3.403E-02 3.403E-02
5.00E+00 3.002E-02 3.002E-02 2.881E-02 2.895E-02 3.044E-02 3.045E-02 2.879E-02 2.845E-02 3.031E-02 3.031E-02
6.00E+00 2.728E-02 2.728E-02 2.683E-02 2.696E-02 2.761E-02 2.760E-02 2.567E-02 2.581E-02 2.770E-02 2.770E-02
8.00E+00 2.366E-02 2.366E-02 2.438E-02 2.450E-02 2.383E-02 2.383E-02 2.220E-02 2.232E-02 2.429E-02 2.429E-02
1.00E+01 2.139E-02 2.139E-02 2.300E-02 2.311E-02 2.145E-02 2.145E-02 2.001E-02 2.012E-02 2.219E-02 2.219E-02
1.50E+01 1.831E-02 1.831E-02 2.143E-02 2.154E-02 1.819E-02 1.819E-02 1.702E-02 1.712E-02 1.941E-02 1.941E-02
2.00E+01 1.681E-02 1.681E-02 2.095E-02 2.105E-02 1.658E-02 1.658E-02 1.556E-02 1.565E-02 1.813E-02 1.813E-02

2024-07-25 O|&Z, K-NEUTRINO SYMPOSIUM @ CNU 31



BKG Simulation @ HFIR

* Result — Appling Cut 1

Rbkf!At o~ Rbig At < [1 . {1 _ o Rokg TH ;
Rikg At

1!
Ri5p mimic © 1BD mimicking rate, Ry, = background O E rate,

AtE= pair's time window, T& X 2R Zd2| time windowO|L}.
« Thermal neutron background £ H| &g 2 7+,
+ MIFE 2{3t B2, Ry, 0l 210.437 Hz, MIFE 112{3}X] Os% 8
- MIFE 12{3 420 HEF 1.27 Hz, MIFE 1 2{3HX| b2 F420f
+ Table 62| A1t2t H|WSHH CHEF 1A[OF PHO A K|,
- [SA olH: 2f 3.56 x 1073, 6.756 x 10™* ), KFO[(ZA1f-0f|&): & 1 x 1073, 3 x 107°]

RIBD mimic = Rpke X

=  Rpg X e Rokg At o o~ Rokg T

Tk

ZE= 2N E0| & SAfetota TEr

1 -

=

20| 39.157 Hz, AtOfl 30 ps, TO| 180 pus= CH
OF 45.62 mHz2o| 4t2 A,

ol
H.



BKG Simulation @ HFIR

. E, E; candidate
« Result - Appling Cut 1
- W/0 Event Window
100,0002=2| 2}0|E EfUO|A H=
EtQ2 2F 877% @l 8768.70% -30\us A <=30us +1E'70us
Y Y
No evt

% S/B;s,= Isotropic thermal n, S/B,niso= Anisotropic thermal n

W/0O MIF W/ MIF
Type | 1-10MeV Selection Cut | 1-10MeV  Selection Cut
S 3.38 mHz 3.16 mHz 3.38 mHz 3.11mHz
Bliniso 39.16 Hz 45.65 mHz 210.44 Hz 1.27 Hz
Biso 56.86 Hz 95.9mHz 228.14 Hz 1.48 Hz
S/ Baniso - 0.069 - 0.0024
S/ Big, - 0.033 - 0.0021

2024-07-25

O|&Z, K-NEUTRINO SYMPOSIUM @ CNU
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BKG Simulation @ HFIR

. E 4 MeV < E, candidate <10 MeV
* Result — Appling Cut 1+2 P ‘
- W/0 Event Window
100,000Z=2| 2}0[E Er M O =
EFQl2 9 8.77% QI 8768.70% -30us | <=30us +150us
Y Y
No evt
W/0 MIF W/ MIF . 19 7{o| ZIto} H| .
Type | 1-10MeV Selection Cut | 1-10MeV  Selection Cut + MIFS _T_'E10Pf| 7%*7% O7c:>' <, o N
S [338mHz _ 234mHz | 338miz _ 231mHs _ 3/Bameo®5/Beo™ 55 358, 5 70 2

Baniso 39.16 Hz 6.84 mHz 210.44 Hz 35.54 mHz

Biso 56.86 Hz 10.10mHz | 228.14Hz 39.4 mHz . MIFE D33 32
. Q .E7_Il-7_ll-glt H'glt H
S/ Baniso - 0.341 - 0.065 gg%n;ﬁoﬁ.rswm 27HH, F 28HY
S/ Biso - 0.230 - 0.059

v 04 x| Z0O| IBDE LU= background & EO| ZEfLi=0|, O O|7+= HFIRS| gamma background®| CH& 0] €F 3
MeV O[3} 0| 7| U= O|Lt,

v THESE HFIRQ| gamma background7r RENE prototype &%= 7]2| main detection channel?! n-Gd capturedi 2|3t
signal& 8LULHX] X5t7| M{ZO|LCt.
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BKG Simulation @ HFIR

. E 4 MeV < E; candidate <10 MeV
« Result — Appling Cut 1+2+3 P ‘
- W/O Event Window
100,000Z=2| 2}0[E Er M O =
Ef2 2F 8.77% ¢l 8768.70= —30\us }\1us ~ 30us +15}Ous
| [
No evt
“W/O MIF W/ MIF . eou 210 Zaret Hla
Type | 1-10MeV Selection Cut | 1-10MeV  Selection Cut MIFE T2{8}X| &S 73 o
S 3.38 mHz 2.32mHz 3.38 mHz 2.30mHz S/Baniso2S/Biso = 2t2E 2k 2.6%, 3% M
Baniso | 39.16 Hz 6.63mHz | 210.44Hz  34.31mHz £ i
Biso 56.86 Hz 9.82mHz 228.14 Hz 38.04 mHz MIFE Taist Ho
S/ Baniso - 0.35 - 0.067 S/Baniso2tS/Biso= ZtZt 2 3%, 1.6% S
S/Bis - 0.237 i 0.06 = 4.
v Prompt — Delayed time coincidence: 1usO|5t2l 2% += d%&95| E=Ct. (RENE CDR)

2024-07-25
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BKG Simulation @ HFIR

Result 2 — With event window.

v Event windowS 1us @2 Axgl, v Event & &.
> pre-trigger & 500ns + NEOS2| PSD > Event time window”F Q&I SfE PSD
window”} 360ns + 140ns. window”Z} AX|X| &to™ = 79| 7§HA QI
eventz= 2t
—q ~ {\ > —
—< ~ ’—Pt 500 360ns f8 PSD t
500ns 360ns for PSD 140ns
< 1us for event window > > PSD WindOW 7|— EXl E _6|-L|-9'| eventg ‘7—|-2|S

(DT5730SB — overlap)

360ns for PSD I 360ns for PSD
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BKG Simulation @ HFIR

 Result 2 - With event window.
v" How to cut?

—

O| M0 AZSHIZ event windowE &850 eventE ™.
2. de| =l eventd muon deadtime cut= &,

3. Timing cut2 8 &.

> A2 & I, &0 & eventl| 7| =0 2= A|ZH A event window & EeF A2 | eventl] 7|E
of 20{&l A|ZHS H|WSL0] timing cutE & &.
> A%l eventQ AR0|= Z=J1E O|HIEQ| 7| =0 BE0El A|ZtE 7|FE2Z event window = CE{3H0] H| I
O AHE.
710 2ofEl AlZH
\/Q\/\ < dt > << dt >
= | -t

Evt time window
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BKG Simulation @ HFIR

+1?Ous

E, E; candidate
* Result 2 - Appling Cut 1
- W/ Event Window
100,000E2| 2f0| =2 Ef 20| A G| = ] 30
EfQle o g82% Ol 8822.38% 30us - <=20us
Y
No evt

% S/B;s,= Isotropic thermal n, S/B,niso= Anisotropic thermal n

W/O MIF W/ MIF

Type | 1-10MeV Selection Cut | 1-10MeV Selection Cut

S 3.38 mHz 3.17mHz 3.38 mHz 3.13mHz

Biniso 39.16 Hz 46.78 mHz 210.44 Hz 1.30 Hz

B, 56.86 Hz 98.36 mHz 228.14 Hz 1.52 Hz

S/ Baniso - 0.0678 - 0.00240

S/Bise - 0.0322 i 0.00205

2024-07-25 O|&Z, K-NEUTRINO SYMPOSIUM @ CNU
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BKG Simulation @ HFIR

E, 4 MeV < E,; candidate <10 MeV
* Result 2 - Appling Cut 1+2
- W/ Event Window
100,0002=2| 2t0| =2 EFZO|A HIE _
EFQS OF 8.82% O 8822.38% -30us - <=30us +150us
|
No evt
W/O MIF W/ MIF . 1H 7{o| Z D9} H|m,
Type | 1-10MeV Selection Cut | 1-10 MeV  Selection Cut « MIFE 12{5HX| g2 82,
S | 338mHz  234mHz [ 338milz  23TmHz  §/Baeo®S/Buo= 55 5 SHL 278 ©

Baniso 39.16 Hz 7.0l mHz 210.44 Hz 36.64 mHz

Biso H6.86 Hz 10.34 mHz 228.14 Hz 40.55 mHz . MIFE D33t 22
, . ZFZF OF OF
S/Baniso = 0.333 - 0.0632 S/BanlsogrS/Blsol_ == = 26HH, OF 28H|

S/Bis - 0.226 i 0.0571

v O|HX|] 20| IBDE U= background & BO| ZEtLH=0, 2 O|7= HFIRS| gamma background?| Ci5&0] 9 3
MeV 0|35} O|7| W§=O|C.

v THE2Z HFIRC| gamma background7f RENE prototype &%= 7]2| main detection channel?! n-Gd capturedi 2|3t
5|gna| SLILHX| &£23}7| W-ZO0|LCt.
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BKG Simulation @ HFIR

E, 4 MeV < E,; candidate <10 MeV
« Result 2 - Appling Cut 1+2+3
- W/ Event Window
100,0002=2| 2}0[E Er0AM HE
EFQlS OF 8829 Ol 8822.38% -30us [us ~ 30us +150us
| [
No evt
W/0O MIF W/ MIF 1+28 Z{o| Z7to} H| D,
Type | 1-10MeV Selection Cut | 1-10 MeV  Selection Cut MIFE L12{StX| ¢ f’t;% O%E'%’—
S 3.38 mHz 2.27mHz 3.38 mHz 2.25 mHz i{%nﬁﬁoﬁrs/&w‘— A= 1.2%, 2.2%
Baniso | 39.16 Hz 6.73 mHz 210.44Hz  34.56 mHz ©
B, 56.86 Hz 9.84 mHz 228.14 Hz 38.18 mHz MIFE D23l 22,
S/B ‘o - 0.337 - 0.0651 S/Baniso |-S/BLS = 2 3% 8= 7.
S/ Bis, - 0.231 - 0.0589

v Prompt — Delayed time coincidence: 1usO|5}2l A= A&

2024-07-25

O|&Z, K-NEUTRINO SYMPOSIUM @ CNU
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BKG Simulation @ HFIR

« Results - M| Z1}: W/O Event Window

Isotropic + W/O MIF

e Cut1
Anisotropic + W/O MIF
. S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 41.76 0.13 1.68
S1 Fast n 0.11 0.00 0.00
Thermal n 1.87 0.00 0.10
* Unit: mHz
Anisotropic + W/ MIF
.. S2
Mimic 1BD Gamma | Fast n | Thermal n
Gamma 1.25 x 10° | 0.62 10.40
S1 Fast n 0.67 0.00 0.00
Thermal n 9.94 0.00 0.10
* Unit: mHz

2024-07-25

. S2
Mimic 15D Gamma | Fast n | Thermal n
Gamma 41.62 0.13 21.97
S1 Fast n 0.11 0.00 0.00
Thermal n | 21.17 0.00 10.79
* Unit: mHz
Isotropic + W/ MIF
.. S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma | 1.24 x 10° | 0.62 115.20
S1 Fast n 0.67 0.00 0.07
Thermal n 115.50 0.07 10.47
* Unit: mHz

O|&Z, K-NEUTRINO SYMPOSIUM @ CNU
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BKG Simulation @ HFIR

« Results - M| Z1}: W/O Event Window

e Cutl1+2

Anisotropic + W/O MIF Isotropic + W/O MIF

. S2 o S2
Mimic IBD Gamma | Fast n | Thermal n Mimic 1BD Gamma | Fast n | Thermal n
Gamma 6.35 0.04 0.10 Gamma 6.35 0.04 0.32
S1 Fast n 0.01 0.00 0.00 S1 Fast n 0.01 0.00 0.00
Thermal n 0.33 0.00 0.01 Thermal n 3.33 0.00 0.11
* Unit: mHz * Unit: mHz
Anisotropic + W/ MIF Isotropic + W/ MIF
S2
fir: 52 Mimic IBD
Mimic IBD Gamma | Fast 1 | Thermal n Gamma | Fast n | Thermal n
Gamma 34.59 0.19 0.42 Gamma 34.46 0.19 1.44
S1 Fastn | 0.01 | 0.00 0.00 >1 Fastn | 0.01 1} 0.00 0.00
Thermaln | 0.32 | 0.00 0.01 | Thermaln] 323 | 0.00 0.10
* Unit: mHz Unit: mHz
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BKG Simulation @ HFIR

« Results - M| Z1}: W/O Event Window

e Cutl1+2+3
Anisotropic + W/O MIF

. S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 6.16 0.04 0.10
S1 Fast n 0.01 0.00 0.00
Thermal n 0.31 0.00 0.01
* Unit: mHz
Anisotropic + W/ MIF
. S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 33.40 0.19 0.41
S1 Fast n 0.01 0.00 0.00
Thermal n 0.30 0.00 0.01
* Unit: mHz
2024-07-25

Isotropic + W/O MIF

.. S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 6.14 0.04 0.30
S1 Fast n 0.01 0.00 0.00
Thermal n 3.22 0.00 0.11
* Unit: mHz
Isotropic + W/ MIF
. S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 33.27 0.19 1.34
S1 Fast n 0.01 0.00 0.00
Thermal n 3.13 0.00 0.10
* Unit: mHz

O|&Z, K-NEUTRINO SYMPOSIUM @ CNU
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BKG Simulation @ HFIR

« Results - M5 Z1}: W/ Event Window

Isotropic + W/O MIF

e Cut 1
Anisotropic + W/O MIF
oy S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 42.78 0.14 1.73
S1 Fast n 0.11 0.00 0.00
Thermal n 1.92 0.00 0.10
* Unit: mHz
Anisotropic + W/ MIF
. S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 1.28 x 10° | 0.64 10.59
S1 Fast n 0.68 0.00 0.00
Thermal n 10.25 0.00 0.10
* Unit: mHz
2024-07-25

. S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 42.65 0.14 22.49
S1 Fast n 0.11 0.00 0.07
Thermal n | 21.75 0.07 11.08
* Unit: mHz
Isotropic + W/ MIF
o S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma | 1.27 x 10° | 0.64 118.90
S1 Fast n 0.68 0.00 0.07
Thermal n 118.48 0.07 10.74
* Unit: mHz

O|&Z, K-NEUTRINO SYMPOSIUM @ CNU
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BKG Simulation @ HFIR

« Results - M5 Z1}: W/ Event Window

e Cutl1+2
Anisotropic + W/O MIF
. S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 6.49 0.05 0.10
S1 Fast n 0.01 0.00 0.00
Thermal n 0.34 0.00 0.01
* Unit: mHz
Anisotropic + W/ MIF
. S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 35.68 0.20 0.42
S1 Fast n 0.01 0.00 0.00
Thermal n 0.33 0.00 0.01
* Unit: mHz
2024-07-25

Isotropic + W/O MIF

. S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 6.47 0.05 0.32
S1 Fast n 0.01 0.00 0.00
Thermal n 3.38 0.00 0.11
* Unit: mHz
Isotropic + W/ MIF
. S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 35.55 0.20 1.43
S1 Fast n 0.01 0.00 0.00
Thermal n 3.27 0.00 0.10
* Unit: mHz

O|&Z, K-NEUTRINO SYMPOSIUM @ CNU

45




BKG Simulation @ HFIR

« Results - M5 Z1}: W/ Event Window

e Cutl1+2+3
Anisotropic + W/O MIF

Isotropic + W/O MIF

e S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 6.23 0.05 0.10
S1 Fast n 0.01 0.00 0.00
Thermal n 0.33 0.00 0.01
* Unit: mHz
Anisotropic + W/ MIF
P S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 33.64 0.19 0.39
S1 Fast n 0.01 0.00 0.00
Thermal n 0.32 0.00 0.01
* Unit: mHz
2024-07-25

. S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 6.21 0.05 0.30
S1 Fast n 0.01 0.00 0.00
Thermal n 3.16 0.00 0.11
* Unit: mHz
Isotropic + W/ MIF
o S2
Mimic IBD Gamma | Fast n | Thermal n
Gamma 33.51 0.19 1.31
S1 Fast n 0.01 0.00 0.00
Thermal n 3.07 0.00 0.10
* Unit: mHz
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BKG Simulation @ HFIR

:LEIE dT=
=S 12{5}7]

2024-07-25

Event window

(Of2h Ol A A2

80|

—

s B

Of2j et Z0| PSD windowOl AX|™ StLt2| eventE 7HFSED, Of L4 X
SILEO| eventE ZtF

WL

5 Ao

—

28l AFE.

X}O| 7} 360nsQt0f| =0{ 2™ SILES| event=

Type Time Energy pe

1 3124512 1249214
1000
1100
1600

23123214
23123214
23123214
23123214
23123214
23123214
23123214 1523513
23123214 1523513
1111 232134

10000 23123214 1523513
10111 23123214 1523513
15000 23123214 1523513
20000 23123214 1523513

1523543
1523513
15235135
1523513
1523513
1523513

=

58 A2

off A A
7 18281355500

4 18282311270 1.118996 1681

7 18282311270
7 18282467266

55 Azt

7 21790880942
7 21794996690
7 21796803455

Off LA A|

11.893596 0
0.026205 32

7 21796803455
7 21796854911

o| 7| &0

114.703539 289311

38.537892 59672
102.484852 154864

147.040101 230009

122.807212 185329
139.693693 212166

— properly working.

S0jEl AlZH %10

&

Type Time Energy pe dT

1.000000 3124512.000000 1249214 0.000000
1000.000000 46246428.000000 3047026 100.000000
1600.000000 46246428.000000 16758648 200.000000
2700.000000 23123214.000000 1523513 0.000000

5000.000000 46246428.000000 3047026 200.000000

7275.000000 23124325.000000 1755647 125.000000
10000.000000 46246428.000000 3047026 111.000000
15000.000000 23123214.000000 1523513 0.000000
20000.000000 23123214.000000 1523513 0.000000

SF Al AKXl pe  dT
114.703539 289311 0.000000
39.656888 61353 0.000000
102.484852 154864 0.000000
39.845431 62603 0.000000

7 18281355500
7 18282311270
7 18282467266
7 18284715479

S5 AlIZH
7 21794996690
7 21796803455
7 21796854911
7 21798190893
7 21798940608

Off LA A|
11.893596 0 0.000000
122.833417 185361 0.000000
139.693693 212166 0.000000
145.971442 219247 0.000000
144.336299 290431 0.000000
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