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Outline

® Neutrino Mixing and Oscillation

® Overview of the Daya Bay Experiment

e . ~_ Final result: Phys. Rev. Lett. 130, 161802 (2023)
® Oscillation Results with Gadolinium-capture Sample

New result: Phys. Rev. Lett. 133, 151801 (2024)
® Oscillation Results with Hydrogen-capture Sample

® Summary and Prospects
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Neutrino Mixing and Oscillation

Three-Neutrino Mixing Framework
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Daya Bay Experiment

. . . Daya Bay Layou
® Six 2.9 GWth reactors as very strong antineutrino Far Hall B -
1540 m from Ling Ao | EH3 ‘ : S0 \
20 g 1910 m from Daya Bay & | ' ; N\
sources( ~6x10<Y per reactor per second) 324 m overburder

g £ Ling Ao Near Hall PR

o o o o e S : @ 470 m from Ling Ao | g
® Eight antineutrino detectors (ADs) deployed in three B ,. 8 5c5 o Lng Ao 1 S

¥

experimental halls (EHs) pegdle? A

Experimental Halls

\Q 100 m overburden

® Near 4 ADs: sample the flux precisely with minor

14 4

oscillation effect ‘ E,,yance j EHl ' AT, L =
. ing Ao ores

o 3—'“ W ol S ing Ao ores

® The other 4 ADs: measure the oscillated flux and &= ==& AP, 7 e
2y = g . Daya Bay Near Hall 1

spectrum due to non-zero 613 yo R Y oo ) m 17.4 GWy; power

| e e e Dl m 3 operating detectors
® Collecting data from Dec. 24, 2011 to Dec. 12, 2020 P - / m 160 t total target mass
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Neutrino Detection

® Inverse beta decay (IBD)

®y, +p—oe+n

® Featured prompt-delayed pairs
® Prompt positron
® Delayed y(’s) from nGd or nH

Jinjing Li (Tsinghua University)
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® 20 tons of 0.1% Gd-loaded liquid
scintillator (GdLS) as target for nGd

® 21 tons of liquid scintillator (LS) as
gamma catcher and main target for nH

® 40 tons of mineral oil as shielding
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Measuring the Oscillation

e Observing the 7, flux of as a function of distance and energy

e Some s disappear due to neutrino oscillation Short Baseline
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Measuring the Oscillation

e Observing the 7, flux of as a function of distance and energy

e Some s disappear due to neutrino oscillation Short Baseline
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Measuring the Oscillation

e Observing the 7, flux of as a function of distance and energy

e Some s disappear due to neutrino oscillation Short Baseline
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Selection of IBD Candidates

I Acdidental background rembved -
% F e -
ias i_ ﬂ - ® Remove spontaneous flashing from PMTs
% 4_ | - E ®Veto events that are close in time to muons
} 'E B —— —_— ® Energy criteria
ol e
L rommem e ® Temporal and spatial coincidence

onGd: 1 us < At < 200 ps
onH: At > 1 us, Ar+ At/[600 ps/m] <1 m

: ® Multiplicity cut: time-isolated event pairs

Entries/20 mm

o "nH sample at EH1-ADY_:
0&!...I....l....l....l....X103
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Distance [mm)]
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Oscillation Results Based on nGd

Normal mass ordering

| ' | ) I

LR LR R R R TR P R R R Rt

1.04 — f EHl {EH2 | EH3 ~ 250¢
1.02 . — et
i Best fit (3-flavor osc. model) i —~ 200
B A A A RAN KN NAAMA T RAR N 5 |
i = 150}
T, I I o :
< 096 2 100]
. o T - - :
il - . 62 :
0.94 il : B
- " 50 = -
0.92 il : -
0.9 = 1 | 1 | L | L | m 2 : l l
0 200 400 600 800 ER
i - EAE:
L,(Ez,)[m/MeV] +T |

6 8 10 12
Prompt energy [MeV |

Best fit results:

x2/NDF = 559/518
sin22613 = 0.0851+0.0024 (2.8% precision)

Normal mass ordering: Am23> = (2.466+0.060)x10-3 eV2 (2.4% precision)
Inverted mass ordering: AmZ232 = -(2.571+0.060)x10-3 eV2 (2.3% precision)
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New Oscillation Results Based on nH

® New nH oscillation result with 1958 days of data released on June 3, 2024
® Already published: Phys. Rev. Lett. 133, 151801 (2024)
® 3.1 times more statistics (2/3 of the full data set) than that in 2016
® The dominant accidental background is estimated with negligible uncertainty
® New energy calibration, new candidate selection, and new background, etc...

Combining distance and time ® Energy scale difference among ADs =< 0.3%
o for candidates selection _® ...among voxels = 0.5%
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New Oscillation Results Based on nH

e Two new neutron sources were found:

e 238U spontaneous: 12.9 fission/day, ~2 neutrons/fission
e (a,n): 367 neutrons/day

e Dominant source =@ PMT glass with a high U/Th level and
boron fraction

* 11B fraction was measured to be ~17.35%
e Background rate was estimated to be 0.20+0.04 /AD/day

N-15 N-14*

y 84
Neutron ’

N-14
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Evaluation of (a,n) Background

Stopping power [keV/mg/cm?]

Cross-section [barn]

Jinjing Li
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Potential B-a cascade decay background

= Subtracting accidentals and nH-IBDs

e Select 212Bi-212po.-

* Removing accidentals and nH-IBDs to get a clean a energy spectrum

208py, sample, to see if there is a residual tail the nH-IBD region

 Confirmed that the a energy tail is consistent with 0 in nH-IBD region

x10°
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Potential B-a cascade decay background

= Determining a-tails

e Change the low energy cut in nH-IBD: 1.5 MeV to 0.7 MeV

 Able to see two peaks in nH-IBD candidate (before delayed energy cut)
e Determine the a tails in GEANT4 simulation, then fit it to data
e Evaluated background rate < 0.01 /day/AD negllglble
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New Oscillation Results Based on nH

® New energy response model -> First rate+shape analysis with nH-only sample
® Add the non-linearities on deposited energy on a step-by-step basis
® Decouple energy leakage with the Calorimeter function: NIM A 827, 165-170
® Study each effect and their uncertainties on the measured prompt spectrum

Simulated IBDs in LS volume
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New Oscillation Results Based on nH

10°

® The identicalness among ADs is examined and used
to evaluate the AD-uncorrelated uncertainties
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New Oscillation Results Based on nH
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® The results with rate+shape analysis yield:

sin22613 = 0.07591)00

Am232 =2.72+) 12 x 103 eV2 [NO], —2.837012 X103 eV2 [IO]

e nGd+nH combined result: 0.0833 + 0.0022
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® Daya Bay’s nH measurement provides a
sin2260; 3 precision surpassed only by Daya
Bay’s nGd result

® Statistical uncertainty accounts for about
46% of the total

® 8% improvement in nGd+nH result
compared to nGd-only

® nGd+nH leads to a precision
measurement of sin22613, 2.6% precision
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® Daya Bay’s nH measurement provides a
sin2260; 3 precision surpassed only by Daya
Bay’s nGd result

® Statistical uncertainty accounts for about
46% of the total

® 8% improvement in nGd+nH result
compared to nGd-only

® nGd+nH leads to a precision
measurement of sin22613, 2.6% precision

Consistent results from reactor and
accelerator experiments
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Precision Measurement of 613

® Help to determine the unknown parameters Eur. Phys. J. C 83 (2023) 9, 782
® Lepton charge-parity violation phase & 30 ~_
® Neutrino mass ordering N
I i + Best fit PDG 6,,
® f53's octant . .. 620 — oo

[
o

® New physics, non-unitarity of PMNS matrix — TKonly  — T2K4PDG 6,

® 613 will become the least precise neutrino

Illll

mixing angle after JUNO’s measurements
® Currently, no running experiments aim to :

I
[
I |

increase the precision of 643 20 L '-.‘
.nH anaIYSis - JUNO _3:_1 R \..{Z/NPJ L 1'/::| L1 L 1 X10_3
15 20 25 30 5 A
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Summary

® Daya Bay leads the precision measurement for 613
® Giving the most precise measurement of sin22613
® And one of the best measurements of Am232
® Providing an high-precision independent measurement via nH sample

® Combination of nH and nGd has been reported as the most precise result

® nH results with the full data set is expected to be released soon

Smy Tuned!
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