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Alumni Career Developments
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The Teaching and Talent Cultivation System
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Disciplines, Research Fields and Research Teams
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Disciplines, Research Fields and Research Teams
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Reactor Antineutrino Anomaly (RAA)

http://irfu.cea.fr/Spp/Phocea/Vie des labos/Ast/ast visu.php?id ast=3045
e e 1-ZW—FMLE%FH‘%T—F—V—WV—%*| TTTTI T T TTTIT
Nuclear Fission -

T. A. Mueller et al., PRC83, 054615 (2011) il
® P. Huber, Phys. Rev.C84, 024617 (2011) I
fission

4 @ product » Daya Bay, PRL116(2016), PRL123(2019)

Observed/Predicted Ratio
o
(=]

\|\|\|\|\|\‘I‘1

neutron O > — O neutron * RENO, PRL121(2018) ;
target Q@ fsion * NEOS, PRL118(2017) 07 [
nucleus product -
* Double Chooz, Nature Physics 16(2020) - I
@ reveen 5@ S ‘No oscillation
.@% 0.5 With oscillations (3 active v’s + 1 sterile V)
- . ﬁ?§ . 0_47\\\|T E|X'Tef'|'7‘ﬁ|‘s [T I A1 S R B Wkt AN
(Fission yield is a function of the fissioning nuclide and the incident neutron energy) "‘% 10° 10' 10° 10° 10’ 10° 10°
% g 2, Reactor To Detector Distance (m)
= T ]
e o g l% del 1o Uncertainty
1.2 [ ——— éENo’geuAveraueRm
4 || ——%F—— | NEOS 2016 (Modified Average R = 1)
z [\ =—fl— | Daya Bay 2016 +
g 1. E 4 Double Chooz IV : NI
i ;

Data / MC (Shape-Only)

120

Ll Fission induced by high
energy neutrons (14.7 MeV)

Fission induced by thermal
(fission spectrum) neutrons

Visible Energy (MeV)
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The Conversion Method
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1
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KINETIC ENERGY OF BETAS IN MEV EV [MeV]

Convert the aggregate B spectra measured at ILL in the late 80s using 30 virtual
branches

Applied to U-235, Pu-239, Pu-241 [Vogel et al PRC1981; Huber PRC2011]
U-238 using “ab initio” method [Mueller et. al. PRC 2011] and data by Haag et al
[PRL2014]

FthETeVYRETFAFAHITS | It , 2021F7H 18



The “ab initio” (summation) Method

n m
E )= E .. —the branching fraction from isotope i decaying to the energy level ; of daughter
S( 17)_ 2 ,RiE ,fijSij( 17) f’J g pe ! ying 9y J 9

Phys.Rev.Lett. 114, 012502 (2015) ; v R}J; — the fission rate of the parent

isotope
= TS T (IR U nuciear caicuiation | &, — the equilibrium decay rate of
2 | {c) e 1Y ===-= B Conversion, Huber | ) .
= a TR, e B Conversion, Mueller ISOtOpe l
> B --=-=- Nuclear Calc., Fallot Fore
=3 ~
w 01— Ri - ZRP YPl
) _
g n

Q: 1 15— _l_ 3?303::1)' ........................ ................... ISOtOpe p
§ 'E: ¢ DoubleCHOOZ : : : _
AR Lt b w e -
T i oo b b Mt S g v Y,,— the cumulative yield of |sotope i
@ Oe:{;(d) Ratio to Huber Model * I 1] I ___________________________________________________________
2 3 4 5

6 7 8
Antineutrino Eneray [MeV] The 5 MeV bump was predicted with
' a large uncertainty from summation
calculatlon '

Additionally, the saw-tooth structures were also predicted in the
: summation spectrum. |

8/12/21 FE+RETeVIIETERSATS |, 4657, 2021478 19



Understanding Reactor Antineutrinos

o939 [10 % cm? / fission]

Fuel evolution: Phys.Rev.Lett. 118 (2017) no.25, 251801 -

s ot

9 0.24
.20
A 2012 2013 2014 2015
4 Year
1 4 9
5.5
A Daya Bay
—e— Huber model w/ 68% C.L.
5.0
4.5 /
4.0
CiL
355 m 68%
! 95%
0935 =(10.1+1.0) x 10 * o
3.0 L2 (6.04+0.60) x 104 ke
52 56 6.0 64 68 7.2

o935 [10 4 cm? / fission]

10" cm? / fission / MeV
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Isotope decomposition, PRL 123 (2019) no.11, 111801

-2y DYB
- 2Py DYB

35y Huber x 0.92
~ PPy Huber x 0.99

SN S .*%ﬁmjfth
R Bl e = = = e {I"‘T"” iR
T
/-\./v-\\\‘
L e
= .
s e o
1 2 3 7 % 4 . |

Prompt Energy / MeV

235U: 4-sigma effect

235py: 1.2-sigma effect
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JUNO - TAO 2, (D

Taishan Antineutrino Observatory (TAQO), a ton-level, high energy 07;9
resolution LS detector , at 30-35 m from a 4.6 GW,, core, a satellite exp.
of JUNO.

2.6 ton Gd_LS | acrylic vessel | SiPM and Cu shell| Cryogenic vessel|
water or HDPE

Sealing Top shield € TAO will be used to measure reactor
glue HDPE, heat insulation layer .
Filling port neutrino spectrum
PU
W B € Full coverage of SiPM with PDE > 50%
o x .
A TTIoN Operate at -50 °C (lower SiPM dark
Side / \ Side noise)
Shield Shield
(HDPE) |2 |' Inner ball ‘. | 2| (HDPE) > 4500 p.e./MeV - 1.5%\/E(M€V)
\ Gd-LS I
i . \ -50 C v
SiPM array .
e N /) € Taishan Nuclear Power Plant
LAB == - 2000 IBD/day (4000)
Support
PU, heat insulation layer
G1 HDPE?ﬁg?::stsjll.;itei:):Iayer G1 ‘ Onllne In 2021

Ground
21



Another Example: Neutrino Reaction FSI

> In nuclear physics, using the (p,p) and (e,p)

. O.SIIVIII[IIIIIITIl‘l‘]lllllllTlllTlllY
experiments to explore the stuctrue of the - .« osorotal)
nUCIeUS, Ilke C12 04; ® Total (Panin et al.)
- * °B.n (Panin et al.)
. . . 0.35— o T
» GENIE is a generator widely used by neutrinos : f ‘IT(“ThW k’k)
. . 0.3 — Total (This worl
and nucleon decay simulation. There are serval : s W RS
. 0.251—
nuclear models to deal with the nucleus. Such :
as RFG, Spectral Function, etc. The difference VT
between RFG and SF is listed in Table 1. T
0.1F
» Choose SF model to deal with the nucleus. The 0055 G,
predicted excitation energy spectra of B11(s- O i S e e — W) 5
hole state) is consistent with the (p,p) Secialonenerayol “Ri00e0
experllme.nt when the energy Is Iarge than 16 FIG. 5. Comparison of the measured (dash-dotted line) and
MeV in Flgure . predicted (red line) excitation energy spectra from the resid-
ISR p—— PPIp— ual nucleus ''B. The pink triangle (pink line) and blue
uclear ects erau odairy

square (blue line) denote the measured (predicted) contribu-
1. Fermi momentum (RFG model) (SF model) tions from B — n+'°B and all three two-body de-excitation
modes, respectively.

2. Binding energy (SFmodel) o
3. NN correlations (RFG model) (SF model) Collaboration Work between neutrino
4. Final state interaction (FSI) pion, N (hA) pion, N, K+ (hN) and nUCIear phySiCiStS. Will appear

on arXiv soon after internal approval
by JUNO

5. Residual nucleus de- Ex, TALYS
excitation ? 0.8%

1
1
1
1
1
1
:
K+ (CEX) |
1
|
1
1
1
1
1




Another Example: Neutrino Reaction FSI

25

- <12 | "B (Ex:16-35MeV) =
» As to C12, when a proton be knocked out, 2 el |

the residual nucleus B11 may be in excited “ : - 2 H |
state. the (p,p) or (e,p) experiments can : ol 1 7l

give the infomations of the intrinsic property ¢ [ _LI|I - [| _ %%
of the nucleus by detect the secondary £ °F Z f Ep ; o ‘
particles like neutrons, protons, tritions, He4 n: } A 77 7
etc which are produced by the de-excitation a n 5 721 ; ;;
prOCGSS. o= "/ l P - d - t o d/oc//

> Use TALYS generator to simulate the de- FIG. 6. Comparison of experimental and predicted branching

. . . . . ratios of n,p,d,t and «a emissions from the residual nucleus
eXC|tat|0n proceSS Of B11 N the eXC|atat|On 1B with 16 MeV < E, < 35 MeV. The experimental data

energy range [16 35]Mev The calculated come from Refs. [26] (black) and [27] (pink). The red and
’ blue branching ratios denote the predicted results from the

branCh ratio Of n',p',d',t',a' deCay mOdeS TALYS and CASCADE calculations, respectively.
are shown in Figure 6.

v’ The two-body decay modes n-,p-,d-,a- | Collaboration Work between neutrino
can well explain the measurements. " and nuclear physicists. Will appear |
v TALYS and CASCADE give similar - on arXiv soon after internal approval

results for all particle emissions. | by JUNO |
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Deuterium
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