Spectrum Measurements with 7
Daya Bay Full Data Set

Jmhaa Huang
Institute of High Energy Physics (IHEP)
huangjinhao@ihep-ac-cn



2
£
o
=
&
s
=3
-
o
+
=)

235U Thermal

o
. gﬁ,g‘\
wgy @ e
&5 -
Wige: AV o v Power losses
235y 236 ﬁ —v 251y 236, QO/'

a

G [Canaion}> @ .
89y \(\X‘ : .“: ]
10‘4__ '1.: .

2 E g E

89y, 68.\, “%MU E 235U L]l[

10-1

2 :
il

Y
Trrr R
L

3
o
]
[
BETAS PER FISSION PER MEV
;_.
T
/
/ 4
-
S

. [MeV™ fission™

10-3

Spectrum ( 1/ MeV fission )

2% 10 [Huber, PRC 84 (2011) 024617] 104

©

Neutron 890 G o,
e I" [Schreckenbach, Colvin, Gelletly, Von Feilitzsch, PLB 160 (1985) 325] 1

—>o X 10 3 L L L L L L L L L L L
@ Electron T T 239Np 168 1 1 1 I 1 1 | ! | 2.0 3.0 4.0 5.0 6.0 7.0 8.0
89g, 6 > —e 1 2 3 4 5 6 7 8
5t Blatrenranains 9 KINETIC ENERGY OF BETAS IN MEV E, [MeV]

. 100 200 300 400 500 6.00 7.00 800 9.00
Gamma Q % Electron Energy (MeV)

Powerful v, source: Conversion model: Summation model-
« Used to discover neutrino. onversio odeil. u atio odeil:

. Used to measure 6,5, - convert ILL g spectra to v, e ~1000 isotopes

NMO... spectra - ~6000 branches
» B decays of fission » ~ 30 virtual g decay « ~10% uncertainty

fragments of 235U, 238U, branches. - SM2018
239Py, and 241Pu. ¢ ~ 2.4% uncertainty
« Huber-Mueller (HM) model

(2012) >
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Flux anomaly o , P s Dayatay
® 6% deﬁClt Compared Wlth 'g 50 —e— Huber model w/ 68% C.L. o FIUX defl(:lt |S meanly
A HM model 3 contributed by 235U.
i 1 * Oscillations from active to % 4.5 o e Tend to indicate there are
g s N ~ N ~ NN AN NN . . S - A
R B i‘ﬂl DU B eV-scale sterile neutrinos? = 4.0 problems with model.
2L { . o ] ° Model problem? 2, ““. | * Update model 35U | ~5%
I i%&ﬁgﬁﬁ?ﬁ S o35 = (10.1£1.0) x 10~ 320/;% * Klmodel (Convert)
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0 52 56 6.0 6.4 68 7. e SM2018 model
Distanee [m] 0935 [107% cm? / fission] (Summation)
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82 et * Precision measurements of flux/spectrum
oL :
o3 os e * Understand these anomalies better
TT .
c= 08 5 . —__| * Help improve the nuclear database
Prompt Energy (WeV) * Provide inputs for model and future reactor
* The origin of the excess has not been fully identified antineutrino experiments.
yet.
e Reactor antineutrinos unpredicted by the model?




Antineutrino detection
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Delayed
n-Gd (~8 MeV, 30us)
n-H (~2.2 MeV, 220us)

Prompt
Eprompt ~ E, — 0.8 MeV

Antineutrinos / MeV / fission

Inverse beta decay cross section (cm?)

* Preserves incoming v, * Positron and neutron
energy information coincidence — powerful
background rejection.

Antineutrino energy (MeV)




Daya Bay experiment

* 6 reactor cores, 17.4 GWy,

» 8 identical antineutrino detectors (ADs) at 3 sites.
e Operated for 3,158 days (Dec. 2011 ~ Dec. 2020)

The Daya Bay Experiment
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Precision measurements
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Precisions increase about 10% to 20% .




Data-based antineutrino spectrum

e SVD unfolding method

 Overall, 23°U and 23%Pu spectra are unfolded together. |
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Summary

* Flux and spectra precision measurements with Daya Bay full data set.
* The world leading 23°Pu flux and spectra results.
* The world leading 23°U flux result.

* First time to unfold three spectra simultaneously.
* A detailed investigation on the correlation.

* Provides a data-driven input for future reactor antineutrino studies.
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Extract %3°U and 23?Pu yields
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Overall yield ~ Yields to be
o E e evolution data €xtracted
\ A2 x° =X2(0f'F'ai'6)+X2(0238»0241)
\/ ¢ Eff. fiss. frac. Constrained by HM
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Extract 23°U and “3°Pu spectra
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: Fuel evolution
13
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ém, IBD Datasets
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Prompt energy and background of EH1

Statistics 200 210 EHl _ | _
PRL116, 061801(2016) ~0.3 million o0] TN
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This work ~4.7 million f_,é 300 ,I B LLI.L . ig:fl:tM
= 200} - ]
hoan,
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3158 days of data
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: Fuel evolution
13

* |n one burning period: B5U § 28U — 2Py t 241put Fuel evolution in terms of F;3q
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Unfolding

 Minimizing: (S'¢¢ — RSYV)Tv~1(srec — RSY) + t(CSV)T(CSY)

rec _—
* ST = [Soveraity S235, S239]
C,
e C = C,
C,

3

2,

5

Response matrix

2 4 6 8

5 10 15 20
Enu [MeV1

Erec IMeV1
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Daya Bay,
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Reactor antineutrino model

Summation
Theoretical
235 | ~
Conversion
No RAA for KI and SM2018.

Shape discrepancy still exists!

Phys. Rev. Lett. 123, no.

2, 022502 (2019)

SM2018

Pandemonium-free nuclear data

235J | ~ 5%
Phys. Rev. D 104 (2021)

L071301 A: rate correction for the

measured  spectrum of 235U,
5% Kl model B: First-forbidden transitions
I A correction.
] B
HM model |=== | HKSS model

Phys. Rev. C 85, 029901 (2012)
Phys. Rev. C 83, 054615 (2011)

)

Data-driven

Phys. Rev. C 100, no.5, 054323 (2019)

Daya Bay based
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