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Reactor Experiment for Neutrinos and Exotics
1. INTRODUCTION

RAA: Reactor Antineutrino Anomaly 5MeV excess
Deficit in flux about 5%

An excess in the prompt spectrum

Daya Bay collaboration
Phys Lett 118 (2017)
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Reactor Experiment for Neutrinos and Exotics

2. REACTOR NEUTRINO

Neutrinos from reactors

By nuclear fission! — Neutron absorption: )+ % 'X — 2X* — fission

Unstable nuclei go through the beta decay to be stable. => Vv
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Reactor Experiment for Neutrinos and Exotics
2. REACTOR NEUTRINO

Summation method model

Conversion method moa’e/

Based on Nuclear databases
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2. REACTOR NEUTRINO

Summation method model/

Conversion method mod.

Based on Nuclear databases

(still imperfect....)

Sk(E) = Z

T 1 I
Schreckenbach, et al, 3
Phys Lett B160 (1985)

......

Neutrinos / (MeV fission)
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3. REACTOR NEUTRION EXPERIMENTS

P RO S P Ec I Sub-segment conceptual design

Two-detector PROSPECT deployment at HFIR E':; Guide =
NEOS collaboration Separator
@ ICHEP 2016 LiLS

Phase I: moveable AD-I

Phase I: AD-l + AD-II

= N [
ST E R E O HFIR: 80MW U-235 Core AD-I conceptual design
I o oscillation

IBD spectra (a.u.)

sin2(26) = 0.17
Am?=23eV?

L s L L )
4 5 6 7

L L
1 2 3
Visible energy (MeV)

- Tendon gallery
Hanbit nuclear power plant
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3. REACTOR NEUTRION EXPER/MEN /S
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3. REACTOR NEUTRION EXPERIMENTS

PROSPECT - HEU

1. Gaussian fit to DYB 5MeV excess.

Prompt spectrum Neutrino spectrum 2. Using the fit function, fit PROSPECT 5MeV excess
W T ——, N only modifying .the amp!ltu”d?.
Bt rotal tovs _erlod 3 e end seates 3. Get the amplltude ratio r.
zsooi e No U235 Best Fit Equal Iso All U235
zmmé_ __ _"- ;50—
mé_ e i < EDowr scaling
mEeL simiacion ]| \' - YB’s cov. mat.
i B ' bbby R - ; : by 4 orders of
R o ] N : : magnitude.
8 05*: ! ' B * T L E—Regular unc. :
§ ,;—_‘; . .’l ir‘nu‘ — il‘ E E ‘= NO unc. approx.
: £ ! Pt bl 10: ...................................................................................................................................... 39
E 14_‘ ¥ [ i[ll -
§ ﬂ'g___ . i Data‘ Lo SimnlratiaY o 1 ' B
é n;f—r.l ) B e o ] l | 5;
- ! 2 3 4 5 Pr%mm Energy‘I[MeV] 6 7. 8 :
Data(1)/Data(sum) Prinedtine Srerey e IS
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1. Reject the hypothesis that 5SMeV excess doesn’t come from 23°U with 3.20.
2. Reject the hypothesis that 5MeV excess only comes from 23°U with 2.20.
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3. REACTOR NEUTRION EXPERIMENTS

STEREO - HEU

« STEREO data reject the “light « Their data suggest that the
sterile neutrino hypothesis”. anomalies come from biases in

the nuclear experimental data
which are used for the predictions.

H,'s p-value < 0.05 : rejected
Hyo's p-value = 0.52 : not rejected

For 235U, 55 * 2.1 % deficit
compared to the HM.
The data agrees with the recent SM.
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3. REACTOR NEUTRION EXPERIMENTS

Summary of the experiments

RENO/NEOS PROSPECT STEREO
« RENO/NEOS gives a hint for « PROSPECT concludes that « STEREO data reject the “light
the sterile neutrino at 5MeV excess doesn’t come sterile neutrino hypothesis”.
Am2, ~ 2 eV?. from %3°U with 3.20 and « Their data suggest that the
- 5MeV excess only comes anomalies come from biases
from 235U with 2.26. in the nuclear experimental
data which are used for the
predictions.
MOTIVATION

1. Search for the sterile neutrino at Am%, ~ 2 eV2.
2. Precise measurement for the reactor neutrino spectrum.
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4. RENE - Reactor Experiment for Neutrinos and Exotics
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NEOS collaboration
@ ICHEP 2016

Reactor Experiment for Neutrinos and Exotics

4. RENE - Reactor Experiment for Neutrinos and Exotics

We are considering multiple detectors.

Ajj = 1.271Am7; L/E (eV?m/MeV )
/1.27 ~ 2.5m at Am? ~ 2eV* and E = 4 MeV

Tendon gallery

L0
L1
L2
L3

Baseline (m)
23.6

There are four candidate locations,

99 8 10,11, L2, and L3.

21.9
21.7
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4. RENE - Reactor Experiment for Neutrinos and Exotics

PROTOTYPE

Target

Gamma catcher

. Total 38 8-inch pmts on Left & Right . Total 2 20-inch pmts on Left & Right

. 450 mm radius & 0.5% Gd-loaded Target . 254 mm radius & 0.5% Gd-loaded Target

. =>763.407 L . =>243.220L

. 150 mm thickness Gamma catcher . 150 mm thickness Gamma catcher

. Reflective material on the wall of the gamma . Reflective material on the wall of the gamma
catcher catcher
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| Am

I IIIIIII| I IIIIIII|
——— (0.625 yr) L3/L0 90% (Nearest}

(0.625 yr) L1/L0 90% (Nearest)

(5 yr) RENO far/near + RENO/NEOS

+ RENO/LO + L2/L0 90%

RENO/NEQS RS 90%

(NEOS resolution)

RENCO/NEQS RS 90%
(Nearest resolution)

Baseline (m)

LO 23.6

L1 22.8

L2 21.9

L3 21.7
@ Best fit

2 Second best fit

I IIIIIII| T T T
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4. RENE - Reactor Experiment for Neutrinos and Exotics
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4. RENE - Reactor Experiment for Neutrinos and Exotics
e RENO-NEQOS joint analysis shows an interesting hint for the existence of the sterile
neutrino at Am5, ~ 2 eV?.
e To search the mass parameter region, we are considering multiple detectors at
nearest sites in the Hanbit nuclear power plant.
e We expect to search for the sterile neutrino at the above parameter region.
e After that, we have a future plan to precisely measure the neutrino spectrum at

LEU and HEU reactors with the same detector.
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AL Ct.
Thank you.
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BACKUP
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Reactor Experiment for Neutrinos and Exotics
* Backup

Fission: Break up of a nucleus
éX — g;M + ng—i— Q) fission where A =ay1+as and Z = 21+ 25

In the rest frame,

_ B BE : The negative difference of the nuclear
m(A, Z) o Zmp + Nmy, B(A’ Z) mass and the masses of the constituents.

B(A,Z) = ayA — a. A% — q, Azlj3 ( 33.6A73/% if N and Z are even

— Uy (N;Z)Q + 6(A), 06(A)=< —33.6A473/* if N and Z are odd

0 if A =N+ Zis odd

\
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* Backup

e« Odd N fissile material > Even N fissile material

n+ 5, X|—=| zX"|—= fission fis
P Usn o
_ U*
236 _ fission -~
4 B
6.0MeV
6.3MeV 5.7MeV
4.8MeV
236U 239 33.6A473/% if N and Z are even
§(A) =< —33.6A3/* if N and Z are odd

0 if A =N+ Zis odd

My, + T (A—1)
+Zm,+ (N —1)m, — B(A—1,72)

—[Zm, + Nm,, — B(A,Z) + FEex |

T, (A—1) — Euy
HB(A,Z) — B(A — 1, Z)|,

Tn(A — 1) — szs + Eex — SH(A)

= AE(A) —|S,(A)|
5(A) — §(A—1)

NAPP - Workshop, Gangneung 31th Mar 2023
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Beta Decay - The allowed approximation
ip.r/h 1 ip.r
Start from Fermi's Golden rule v, = ¢ i s ~ L
o Vi v Vi
a | .
A= — |V5il® p(Ef) giaer/h ] 4 idr ... g
LI‘J'-" f— —_— T —
/v v v

=> allowed transition

Vii=g [ W vey] Oz vidv
—_—— If we consider higher orders of O(p)&0(q),

final state . .
=> forbidden transition
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* Backup
[ decay

The partial decay rate

dA =
Ei'r

x (4m)

2
|’V}w|2 dn

dzn — (4,}1.)2 PE ffPffj dy VE

= lg [ ¥ w:: 42) Os s du]?

, p*dpq® dg V2

h.ﬁ dEf

2 2dpg®d
— n Elfﬁ}f{j ’ﬁ'la’gdﬂ] {4 )Ep Pq q

h6 dE;

} O

',,Jp..r,."h 1 + ‘:Lh'r + 1
e = = o~
v Y Y
glaer/h ] 4 Lar I.r + 1
th, = = ' o~ :
v WS W

EfiskEc+E, =E.+qc
dq/dE; = 1/c at fixed E,
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* Backup
[ decay

The # of e in the range p and p+dp

Ns(p)dp = Ap® ¢*dp , where A=2% g* |My;i|? (47) /(h° c)
E, =Q—T, the decay energy Q
A 4
Ns(p) = =p*(Q - T.)?

- 2 T
! Ns(W) = Kp* (W — Wo)2 F(Z, W)
e The influence of the
where W is —£= + 1 nuclear Coulomb potential
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* Backup

Radliative correction
ﬁ decay It is crucial to correctly account for
both the virtual and real photon

The more correct g spectrum formula The weak interaction e
correction for the finite size ~ CONtributions to ensure the proper
-~ of the nucleus cancellation of 3. Almost all decays
_ 2 2 relevant in our problem are of this
Ng(W) = Kp* (W —Wy) Z, W) P :
type and the corresponding
Lo(Z, W)C(Z, W) S(Z,‘W\) expression for Fermi decays is
numerically very close. divergences.
X Ga(Z, W) (1+ dwnW), “~_ y Very J
The EM interaction = The screening effect of the
correction for the finite size nuclear charge by bound
of the nucleus electrons

The radiative correction
for the virtual and real
photon emissions

The weak magnetism
correction Weak magnetism

Interaction btw current and
magnetic moment of nucleon
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* Ba

CcKUp

RENO & NEOS detector responses of the monochromatic neutrino energy

(PRD 104, 111301) (PRD 105, 111101)
E,=2MeV E, =3 MeV E,=4MeV
04 04 04 04
" RENO " NEOS “RENO “NEOS 'RENO 'NEOS
03- - 03- - 03- 03-
2_ u.zz— 02 2— u.zz
_15_ u_1f— 0 .15— 0.13
": o 55 O e B s

0 0.5

s
Prompt Energy (MeV)

18
Prompt Energy (MeV)

1 1.5 2

35 rE—Y 'fs 2 25'3'35'4'45

5 4
Prompt Energy (MeV) Prompt Energy (Me)

Prompt Energy (MleV)
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y E, = SMMeV y E, = 6MMeV
RENO NEOS oo e NEOS’s low energy 2nd peak
is originated by escaping
gammas from the target.
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* Backu

2k _
L « 'y catcher thickness Omm
w
LL'IQ- B © ¥ catcher thickness 150mm . . . .
S sl e Under the size constraint and the statistics,
S 4  cateher thickness 300mm .
g |- ' 150mm thick gamma catcher case would be
[ L . .
S ol o . L. the best choice.
"{é Lo ° ; o ; o &8 o o ° 8
= r & a a - - | —&—— L2102 year
& L
0.05? - ——A—— i L2/L0 4 year
L I ' R R ' - B o L2108 year
2 3 4 5 6 7 ol e
Prompt Energy (MeV) ;’ e I
|@ 7.5 MeV positron = |
s _
1= —
_ M_400mm < |BD vertex < 450mm . M_IBD vertex < 400mm ."cén z;’r{_;ff—f-f‘f A |
Boss: Close to the Boas’ a4
E | target wall E F L
g o3 Z 03 | L
o.zsi 025/ ’__;*_f
02-_ 3.2_— 1 | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 | 1 1 1 1 |
l: . D 5 10 15 20 25 3l
i v catcher thickness (cm)
0= o1
0.05" 0.05- J\./JJ

% 55 6 65 7 75 8 BS 9
Prompt Energy (MeV)
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1876mm

1200mm

Target

Gamma catcher

. Total 2 20-inch pmts on Left & Right
. 254 mm radius & 0.5% Gd-loaded Target

. =>243.220L
. 150 mm thickness Gamma catcher

. Reflective material on the wall of the gamma

catcher

+ RENE

* NEOS

¢+ RENE prototype detector

28 .00 a0p000
'Féi}" & {}-AQ

o? -l}*ﬁ?;“*i'%%,#q}%#

¢ 0
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— .
= L & ¥
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- F o .
S feo
} | O .
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-E 0.1 Tes Coily
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* Backup

1.1
- Source L dist/ = = Det. L dist. L Losk

+ - i b

I
g
]
Ratio
T T T T | T L
- —

Ideal

AL average (source)

—— AL average (source + detector)

—— A[Cjverage + Energy resolution (RENO)

—— AL yverage + Energy -.:'n ition (NEOS)

e e N SR R S | 0.95
Reactor source core dimension effect is larger than the 0 N L L
. 2 3 4 5 6 7 8
effect of the detector size. Neutrino Energy (MeV)
1'1: — Point source to point detector
R 1.08 -5 —-AL average (power dep.)
003 - . u — Al average (no power dep.)
e F R e - u _ n _ — + Nearest E resolution (power dep.)
o025 1‘06: |_ ——+#Nearest E resolution (no power dep:)
"3 T 104 L — ™
ums_ 1.025 : Hh ] &
llO‘:— g 1; _- =- E h- 1 .} f
u‘oosi rrr|_|_|' 0.985 u -|'F ] _ f
R "212"”2[3“”214‘ “2%“‘1_26_ . r 1
§ Flight distance 0.96 . ]
0.94f -d
The source core’s power distribution doesn’t affect to 052~
0.9'_I 1 1 1 3' 1 1 1 L 1 1 1 1 é 1 1 1 Il I 1 1 1 ‘ 1 1

the prompt energy spectrum.
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