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Daya Bay,

(
Neutrino Oscillation: 2004 to 2024 -

Value (30 C.L.) Source
sin? 015 0.3 07 Solar + KamLAND
sin? 03 ~ 0.5 Atmospherics + K2K
[sin? 0,3 < 0.066 CHOOZ |

Am3, 6. 9+26 1075 eV?  Solar + KamLAND
|[AmZ,| 2153 b3 x 1073 eV?  Atmospherics + K2K

dcp / /
2004
2024 \ /
Value (1o) Source

sin” 619 0.307 +0.013 Solar + KamLAND
in? 4541999 +0. Atmospherics + Accelerators
sin“ 013 (2.19 + 0. 07) X 10~ Daya Bay + RENO + D-Chooz |
Am?, (7.53 4+ 0.18) x 10~ eV? Solar + KamLAND

9 (2.455 4 0.028) x 1072 eV~ (NO) :
Ams3, ‘_ (2,529 + 0.029) x 10-3 eV?2 (I0) Atmospherics 4+ Accelerators

dcp / T2K + NOvA + SuperK
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Why 0,, Matters

The dominant terms in determining 6., Neutrino Mass
Ordering, and 6,5 octant are all directly related to 6,;

.la r|Sk0g inva ria nt Jv — sin 913 COS2 913 sin 912 COS 012 sin 923 COS 923 sin 5013

T2K: Eur. Phys. J. C 83 (2023) 9, 782

* Improved measurements by reactor ]
experiments can break 65 - 6 T b Do QZEf s
degeneracy in Long Baseline experiments 1t
and greatly improves their sensitivity

* Opening the possibility of a role of
neutrino oscillations in explaining the
matter-antimatter asymmetry in the b
Universe

I

— T2K only — T2K+PDG 6,
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0., Status at 2004

 White paper ready:
 WHITE PAPER REPORT on Using Nuclear Reactors to Search for a

Am’ [10eV?]

N

—

(=]

value of 8, hep-ex/0402041

2 I I [ I I [ I | ]
Co| ]
- solar + reactor 90% CL .
- solar + reactor 3¢ .
I U — - CHOOZ 90% CL ]
I — CHOOZ 30 g
C — SK best fit + 3¢ interval | 7
oo e 3
:I 1 1 l 111 | 111 | 111 | 111 I 111 I 111 I 111 | 111 I 11 l:
0 01 02 03 04 05 06 07 08 09 1

.2
sin 2613

Which site for the experiment ?

One reactor complex
Two underground cavities @0.1-1 km & ~1-2 km


https://arxiv.org/abs/hep-ex/0402041

0., Status at 2008

a a Bay Near
Bzrbur;en: 98 m

Daya Bay

Daya Bay: Experimental Setup

moved to underground
halls via access tunnel.

tectors: transported between
halls via horizontal tunnels.

DYB LA
Site (m) | Site (m}

Far
Site (m)

DYB 363 1347

1985

LA 857 481

1618

LA 1307 226

1613

Double Chooz

Chooz Reactors
Power: 8.5GW4,

Near

<L> 400m
400v/day
120mwe
Target: 8.2t
Sept 2012

Far

<L> |050m
50v/day
300mwe
Target: 8,2t
Sept 2010

16, 120 MWE

Daya Bay,

13

e #%6 cores
Near Detector /< @165 GW

oN

Far Detector

16t, 450 MWE

Three reactor experiments: Daya Bay, Double

Chooz and RENO started construction



Reactor Neutrinos

O Neutron

@ Proton
© Electron

i, Anti-neutrino

Gamma

VAR
289y

29Np /

239py 14
~t‘.";'°':v

The strongest artificial
neutrino source on the
Earth

2x10%20 v’s per second per GW

thermal power, >99.7% from
235,238U and 239,241pu
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Detecting Reactor Neutrinos ’

* Easy to detect via the Inverse Beta Decays (IBD)
* Well distinguished prompt-delayed pair signature
* Prompt positron deposits energy and annihilation
* Delayed neutron capture (At: ~30/200 ps for nGd/nH)

4.0 ~1.6
35 - + (a) isotope V. spectra (1/fission/MeV) 14
~ = *+ "4 (b) IBD cross section (cm?x10-%2) 3 ¥
C - i o
v i 30 C ©)+ +(c) expected Ve in near site ADs (10°/MeV)] 1.2 "
= - + ] o
2 2.0F 8
< C |53
8 1.5F §
= S
1.0F 5
0.5F
oE
Ca pture on hYd rogen - nH antineutrino energy /MeV

Capture on gadolinium - nGd Daya Bay: Chinese Physics C Vol. 41, No. 1 (2017) 013002

7



Daya Bay,

L
Detecting Reactor Neutrinos ’

* Easy to detect via the Inverse Beta Decays (IBD)
 Well distinguished prompt-delayed pair signature
* Prompt positron deposits energy and annihilation
* Delayed neutron capture (At: ~30/200 ps for nGd/nH)

v - Accidental back'groun'd removed 10
;10:‘ i P R
Q - - = . !
B - 1 3
5 ([ nGd 3 R
89 : _;é;‘ : = 102
B 4L " R
z f - nH 1
° [ el B e 1410
A L A —— s
- 3 o =9
IS B T B T A A S B _-
Capture on hydro_ge.n - nH 0 . y . L R
Capture on gadolinium = nGd Prompt Energy [MeV]



Daya Bay,

&
Measuring 0,, with Reactor v, )

* Disappearance experiments to measure V,, survival probabilities
P =1 — cos*0;38in%260158in% As; —sin®26:3 (C0829128in2A31 -+ Sin291231n2A32)

e Place two detectors for a relative measurement, <1% systematics

o
a” E R
0.8
[ 4TS
| O
- Daya Bay
0625
- 52 Double Chooz
W .
- 80 REN
048K o
- C W
o -
= (7]
0_ lllllll >l L lllllll 1 L llllIlIKamLAle
1072 10" 1 10 L[km] ?

E[MeV]
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First shotin 2012

» Daya Bay firstly excluded 6=0 in 2012 with 5.20 significance
* sin%?20,; =0.092 + 0.016(stat) + 0.005(syst)
* Phys. Rev. Lett. 108 (2012) 171803

(S
—
W

expected

tected /N
-
P—

de

Z 1.05

llllllllllllll

EH1¢ EH2

0.95

lllllllllll

0.9

lllllllllllllllllllll
0 02 04 06 08 1

L I Ll I Ll 1l I Ll I Ll 1l
12 14 16 18 2
Weighted Baseline [km]
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First shotin 2012

Confirming Daya Bay’s observation

RENO Double Chooz far detector

Phys. Rev. Lett. 108 (2012) 191802 Phys. Rev. Lett. 108 (2012) 131801

0.113 + 0.013(stat.) + 0.019(syst.) 0.086 + 0.041(stat.) + 0.030(syst.)
April 2012, 4.90 Nov. 2011, 94.6% C.L.

= T
o ! [ ]
L 25F 50 Data ———
20 < A Reactor Off-Off _ I
s 8 | No osc. (x?/dof=16/6) _ }
15 S | Best fit (y2/dof=3.5/4) o
- .c 40 .......................................................... i
10F -4 [ ]90% CL interval e
- ™ H : St
- %) - H : : A_,»"',o'
SE . 2 5 5 I
- : ) ] 4 ] (@) 30 : : e
8 : : S|
.00 0.05 0.10 0.15 0.20 : P
H i »_:"/' H
20 "::;‘. ;
10— ‘.0." ......................... .................................................. ......................... .|
400 600 800 1000 1200 1400 1600 1800 2000 0 ; RN TS — . T
. ) 0 10 20 30 40 50
Weighted Baseline [m] 1
Expected rate (day™)
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First shotin 2012

Shape distortions consistent with three-flavor oscillation predictions

600

Entries / 0.25MeV

400 F

200}

800 [

—¢— Far hall

—}— Near halls (weighted)

Far/ Near (weighted)

----- No oscillation
.- — Best Fit

10
Prompt energy (MeV)

Daya Bay, March 2012

Phys.Rev.Lett. 108 (2012) 171803

Entries / 0.25MeV

Far / Near

% 40§ | E=Fast neutron
E y 2 Accidental
ook NN &S °Li/*He
L =30 \ S
10001 _§ 20
I~ i}
510
b 5 10
- Prompt energy [MeV]
—¢— Far Detector
i —— Near Detector
0
1 " L L 1
L P
1.2F (] ‘I
[ ]
B | *
|| TIT.';YTJH """"""""""""""""
it ity 0
0.8 ?

RENO, April 2012

Events/(0.5 MeV)

g

-
o
o

(Data - Predicted)/(0.5 MeV)
'

-
o
=

T

g

&

300 ¥

N
=3
=]

o
=]

LI B

—4— Double Chooz Data
---- No Oscillation
——— BestFit: sin(20, ) = 0.086
for Amd, = 2.4x10° eV?
[ summed Backgrounds (see inset)
Lithium-9

...\ Fast n and Stopping u

17
:j

(5]
o o
TTT

o
T T

Events/(0.5 MeV)

-
o
T

»n
S
%%

-1
7

10 12
Energy [MeV]

Double Chooz far detector
Phys.Rev.Lett. 108 (2012) 191802 Phys.Rev.Lett. 108 (2012) 131801
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Daya Bay,

° ° ° 13
Precision improvement

* Data statistics
» Stable data taking, include nH IBDs
e Daya Bay: Dec. 2011 to Dec. 2020, 3158 days
» 8 detectors, total thermal power up to 17.4 GW
* Double Chooz: Apr. 2011 to Dec. 2017, ~1350 days
» 2 detectors, total thermal power up to 8.5 GW
* RENO: Aug. 2011 to Mar. 2023, ~3800 days
» 2 detectors, total thermal power up to 16 GW
* Systematics uncertainty
» Selection efficiencies, backgrounds
e Data-driven evaluation also depends on the statistical

e Spectral measurement
* Increase number of points for energy/baseline measurement
* Need energy response model (E, 2 E,)

13
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Backgrounds

* Signal + backgrounds for Daya Bay’s far site
* Accidental background

e Largest contribution for both nH and nGd but with negligible uncertainty
Li/®He: largest background uncertainty for both nH and nGd
New background for nH: radiogenic neutron background

- T T I T T T T |

o EH3 Data
nGd'IBD Sample — No oscillation
— Best fit

_ —4— IBD candidates
nH-IBD sample B Accidentals
——— °Li/*He

5 M Accidental — I Fast neutrons
e 10 °Li/*He —"> I Radiogenic neutrons
> M Fast neutron + Muon-x ) Bl Am-C
4
§ 10 M *"Am-"C >
= m “Clan)o -
@ 10 =]
2 =
S 102 2
m 10 M

5 10 2 3 4 5 6 7 8 9 10 11 12
Prompt energy [MeV] Prompt energy [MeV]
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Daya Bay,

| s
Detector Identicalness

 Multiple detectors at the same site at Daya Bay enables side-by-side
comparison

e Confirming that systematic errors are under control
1.03

— AD1 AD3 AD4 AD5 AD6 AD4 AD5 AD6 AD7

— AD2 AD8 (EH3) (EH3) (EH3) (EH3) (EH3) (EH3) (EH3) -

1.02— —]

o F ¢ .

m Y . —

© 1.01 — —]

oc L _ | __ ]

[ - ! J_ L. ~—  r=-=--- ]

nGd-IBD sample > 4 L : l —+—‘—
[S) — —t | = ___ -

PRD 95, 072006 (2017) o F L ]-- | + ]
"'g 0.99— _ —]

o — —¢— Observed Ratio 3

0.98 :_— = - - - Expected Ratio _:

— EH1 EH2 EH3 EH3 -

0.97 [ 6AD+8AD| 8AD-only 6AD-only 8AD-only -

IBD measurement agrees with prediction well

Relative differences on energy scales (<0.2%) and Gd capture fractions (<0.1%)

15



Daya Bay,

| s
Detector Identicalness

10

, '5355335' ,
553 53855855
o] .

‘*OW' 58588

* )
*y, &
-O-‘ *®

3 Y

10*
Also good identicalness for IBD spectrum

Entries / MeV

P P
S (=)
5] w
T T T TTTm— T T 1 o)

% [
i —*=EHI1-ADI1 —+— EH3-AD4 =y

T -=-EHI1-AD2 -+ EH3-AD5
-e- EH2-AD3 EH3-AD6 p— ‘!_—:.

-5~ EH2-AD8 —+— EH3-AD7
A R R B

‘.0
povod vl vl vl

—_
(=}

ADI
AD2
-+

O O O O O Ok ®

= - ?-"W'm.wo\.ﬂm-.-.* O EEE EEEEEEEEE

- 90008 4050000000980 00 54 - -1_- -------------

ADS AD3
<EH3> <EH3> <EH3> <EH3> ADS§

o

nGd-IBD sample
PRD 95, 072006 (2017)

AD4

AD6

7

AD

.- o |
-1 ".;.“‘W’“’“".-.'.*C-Q'ﬁ'? '+'+'+'+T: }: -'L' Rk EEEE LR
|

(=7

2 4 6 8 10 12
IBD Prompt Energy (MeV)

Relative differences on energy scales (<0.2%) and Gd capture fractions (<0.1%)
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Data / best fit

Scintillator nonlinearity

7

Energy Response Model

Nonlinear energy response

Quenching (Birks constant) and Cherenkov effects

Readout electronics (FADC correction)

0.5% precision using multiple y’s and 1?B spectrum

- S =
2 - e ¢ Data
o & E Best fit model
o - [JTotal
: 2 10 B
LS response T = A ——— N
L L e N PN: 3.3%
[ITR iR
10°

®  Single gamma source
©  Multiple gamma source

—— Best fit model

=
T TR T=FFFAH

085— \
- . - AT SR R (R R P %a
3 E 10sF P
2 [ ] 1] E
I b ] : 4 s E +J.h PUPIE T, JPUD YOO N || L+|I
098E = i LD ¢ 24 4 2 b.45 A% 254 '¢¢¢7?++ | § ﬁ
0 3 5 6 . 9 % O‘QST_ gy ey L L ) L L
Effective gamma energy [MeV] o 0 2 4 6 8 10 12 14 16

Reconstructed energy [MeV]

Reconstructed
True prompt energy

b

1.04

1.02

098

0.96

O
=

092
09

0.88

|

(¢

B Bestfit+ 68% C.L.

_ Model for e*: obtained from LS response
to y-rays and -spectrum of *B.
" Uncertainty in absolute energy = ~0.5%

P I U U RS R

o

-+ 6 8 12
True prompt energy [MeV]

Nucl. Instrum. Meth. A 940 (2019) 230-242 and 895 (2018) 48-55 17
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Daya Bay reported the precision measurement with 3158-days full dataset in 2022

0., with nGd: Daya Bay

* sin220,5=0.0851+0.0024 precision 2.8%
 Am?;,=2.46610.060 (-2.57110.060) X 103 eV? precision 2.4%

e Systematic uncertainty contributed about 50% in total

N>< %(5) 1.06 T T T T T T T T
< o -
5 1.04 tEHl fEH2 | EH3 =
2.8F - .
- // LA Best fit (3-flavor osc. model) 7
DL /
526 :
5
=95
NE8
3 24 N
23 N\ -
T T T T e |||\ 09 = ) ] \ | \ | \ | =
0.075 0.08 0085 0.09 0.095 51015 0 200 400 600 800

sin*20, , Ay L /(Ez,)(m/MeV]

PhysRevLett. 130 161802 18



0,; Measurement with nGd at RENO

e Based on the measured far-to-near ratio of IBD rates and prompt spectra
+0.0041

- sin?20,5 = 0.0920 * 0 0%; (stat.) *ro0,; (syst.)  precision 6.5%
- Am2, = 2.57 119 (stat.) F00° (syst. ) [x10~3eV?] precision 4.6%

* [Reference] 2200-days result published at 2018

- $in2260,; = 0.0896 + 0.0048(stat.) + 0.0047(syst.)
- AmZ, = 2.68 + 0.12(stat.) + 0.07(syst.)[x 10~ 3eV?]

0.9

¢ Far Data
¢ Near Data
— Prediction from near data

II|IIII|I]II

<

1 ] 1 1
04 0.6 0.8

02 .
L. /E, (km/MeV)

Events / 0.2 MeV

Data / Prediction

8000

6000

4000

2000

1.1

0.8

1 5
0.9

precision 7.5%

precision 5.2%

Far Data
Prediction (best fit)
Prediction (no oscillation)

Prompt Energy (MeV)

Presented at Nu-2024 and ICHEP2024



0,; Measurement with nH at RENO

Using nH data set of about 2800 days

sin?26,3=0.082+0.007(stat.) =0.011(syst.)

[Reference] JHEP (2019) 1500 days of nH

Events / (0.2 MeV

(Data - MC) / MC

* sin220,;=0.086=10.008(stat.) =0.014(syst.)
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—0.2F
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B =
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n I I n L n n —

| 2 3 4 s 6 7 8 S
Prompt Energy <
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L

-

m

- . z
— - o
r e -, ] k3!
_—.-.'.-Q:‘-_-.-_.:“-.—'ﬁ-.:*-.—.—_-': ----------------- 2 | S — ?x:).
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- . . : : : ; s
| 2 3 4 5 6 8 8
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precision 15.9%

precision 18.7%
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Events / 0.25 MeV

0,; Measurement at Double Chooz

Double Chooz preliminary results with full data set, presented at Nu-2020
* Using ANN to suppress accidental background

e Total neutron capture enhanced the detection efficiency for nGd
* Plan to finalize by end of 2024

sin?26,53=0.102 = 0.004(stat.) ==0.011(syst.)

precision 11.8%

* Compared to 13.3% precision in 2020 [Nat. Phys. 16, 558-564 (2020)]

[ J
[ J
x10°
I ‘ —4— ND Data
30 : No-oscillatted MC
L i255] Accidentals
25} O e
F [: Fast Neutrons
20} —— =
F Double Chooz Preliminary
15 Near (587 live-days) —
1oL 412k IBDs
of S/B>28
: [1,8.5] MeV
I )|
0 5 10 15

Visible Energy (MeV)

Plots from Thiago Bezerra’s Double Chooz talk at Nu-2020

20
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(2]
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o o
o o

2000

|
—+— FD Data
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[—__—] Fast Neutrons
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10 15
Visible Energy (MeV)

20

Far / Near

—+4— FD/NDData

-------------- No oscillation

Best fit on sin20,, = 0.102 + 0.012

|
D Total Systematics 1 %

[

e
) (R I S

Double Chooz Preliminary 1

Far (1276 days) + Near (587 days)
l | | | | |

1

2 3 4 5 6 7
Visible Energy (MeV)
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Latest nH Measurement at Daya Bay

* New nH oscillation result in arXiv:2406.01007 released on June 3, 2024
—> Previous DYB nH result: PRD 93, 072011 (2016)

 Two independent analyses giving consistent result
» 3.1 times more statistics (2/3 of the full data set)
* Improvements in candidate selection, backgrounds and efficiencies, calibration...

* Energy scale difference among ADs < 0.3%

Combining distance and time for selection
g f ... among voxels < 0.5%

x10°
LRI BN B LA AL BN AL B AL BRI 2000
0.6 :_ """" Candidates _:
05 :_ — Accidentals _:
E E —|— Subtraction ] %
0-4 | A Ly 2
8 | | E =
% 03[ . — B0
;.;) C ] N - b
[5 02F . 2.246 f]
0.1F . 2244 0.5% Z-axis range
Op=—r R TN TN T ><103 _20000 200 400 600 800 1000 1200 1400 1600 1800 2000 2242

0 1 2 3 4 5 6 7 .
DT [mm] Radius [mm] -


https://arxiv.org/abs/2406.01007

Latest nH Measurement at Daya Bay

Neutrons from (a,n) reactions and spontaneous fissions
* Gd-LS/LS/acrylic: clean, 238U and 232Th < 0.1 ppb, 1.1% 13C, 0(0.05) n’s/day
* PMT glass: O(100) ppb 238U/232Th and 20% boron, O(100) n’s/day/100kg glass

* Negligible for nGd but not for nH if PMTs not well shielded from LS
* Five Daya Bay PMTs were broken at Tsinghua to measure the Boron fraction in glass
e Also investigated the material screening results, no other non-negligible neutron source

1B(q, n)“N
rompt prompt
s F(a, n)**Na
fragment 1 . ’
IcC( pP1rot 1 delayed / carn1 +
/ ]‘ 14N (2Na) [} U QUL delayed
P (2.2 MeV) /‘
o 1B (19F) / p (2.2 MeV)
n ®
iy ‘ .\\Al/\\n/'OH « @ .\n -
EEEEEEE : o — ‘/\‘/\\ N / O
\ n 12C .- T . Gd \\‘\\ [
@ e ST S T
\ (8 MeV) < @ iy
prompt
fragment 2 . GiH @ delayed / (8 MeV)

prompt
delayed delayed

23
Phys. Rev. D 104, 092006 and arXiv:2406.01007



Latest nH Measurement at Daya Bay

Neutrons from (a,n) reactions and spontaneous fissions
* Gd-LS/LS/acrylic: clean, 238U and 232Th < 0.1 ppb, 1.1% 13C, 0(0.05) n’s/day
* PMT glass: O(100) ppb 238U/232Th and 20% boron, O(100) n’s/day/100kg glass

* Negligible for nGd but not for nH if PMTs not well shielded from LS
* Five Daya Bay PMTs were broken at Tsinghua to measure the Boron fraction in glass
e Also investigated the material screening results, no other non-negligible neutron source

L XI'O_'3 LA DL AL LA AL L B LA L
3 SE -
. : . > —— state-0 .
Distance from PMT to LS Residual bkg in — ) E
nH 2 — state-1 .
%ﬁ i
< i ]
Daya Bay 20 cm 0.2/day/AD = - state-2 :
E state-3 E
RENO ~50 cm <10%/day z . ]
3 —{ state-4
Double Chooz ~45 cm <10*/day 3 3
O
A

— total
e
Prompt energy [MeV]
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Latest nH Measurement at Daya Bay

* New energy response model

* Enable the first rate + shape analysis with nH-only sample
* Purpose: prediction of IBD spectrum and uncertainty study

* Adding the non-linearities on deposited energy on step-by-step basis

* Able to adjust each effect and study the resulted uncertainty

Simulated IBDs in LS volume

—T T T
Deposited energy after leakage

—— After scintillating non-linearity
After electronics non-linearity
—— After energy resolution

I4III6IIlSl 10
Delayed Energy [MeV]

Pl oo vooed svenl bl ||||uu|_|:

12

Adjusting Non-
uniformities in
Monte-Carlo
according to
Data

->

Reconstructed prompt energy [MeV]

12—

10

Energy response for
GdLS+LS+Acrylics

PR [ SR SN SR N T TR T [N TR TR SR S S T

||||1111|1]JL11114_L|_|_|J

| IllLLL|,|,| L1

2 4 6 8
Neutrino energy [MeV]
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IBD rate [day' AD']  IBD rate [day”' AD™]

IBD rate [day” AD™]

Latest nH Measurement at Daya Bay

The identicalness among ADs is examined and used to evaluate the AD-
uncorrelated uncertainties

The total systematic uncertainty benefits from the larger statistics and
new control techniques

e Reduced from 0.57% to 0.34% in this result

0.97 T A

400 z— —z 1 ‘03 N T T T T T T T T T T T T T ™
350 ;— —; - .
300 E— = _ + . N
= E 12 et + Observed ratio -
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= E <101 —
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= _3 ) [ 7
E E |~ e T T ]
300 ;— _E G 1 __ __
250 ;— —; o - _
200 z— ) _z g [ 7
50 E— --5in*20,=0 —Bestfit Data = 52 099 —
22 y :'* . A L) .'I?H3 : :
60 i oA - 3
55 - -
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45 - .
40 " i
35 1 1 1
30

<
o
0

ADI1 AD3 ADS AD6 AD7 ADS

2011 2012 2013 2014 2015 2016 2017 ADD AD4 (EH3) (EH3) (EH3) (EH3)
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IBD rate [day' AD']  IBD rate [day”' AD™]

IBD rate [day” AD™]

Latest nH Measurement at Daya Bay

The identicalness among ADs is examined and used to evaluate the AD-
uncorrelated uncertainties

The total systematic uncertainty benefits from the Iarger statistics and
new control techniques .

e Reduced from 0.57% to 0.34% in this result
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Latest nH Measurement at Daya Bay

* The results with rate+shape analysis yield:
i02 _ +0.0050
* Sin 2913 = 0.0759_0_0049
* From previous 15.5% precision to 6.6%
o« Am%,=2.72101x 103 eVv2 [NO], —2.831)13x 103 eVv2 [IO]
* nGd+nH combined result for sin?20,5 : 0.0833 + 0.0022

x10°
0.12 C ]
0.1 3
- 99.7% C L 2 008 ]
32 5.95.5% C.L: WL TR E : :
c\; 3 i. 68.3% C.L: 4 .. 3 0.06 I- ’r Daw 7]
() o é C —— No oscillation ]
P 2.8 '.__ .................................... m 0-04 . Best ﬁt ]
' C N B Accidental ]
2 26 [ I Y [ EH3 9Li—sHe
;_(4\] o 0.02 I Fast neutron —
RGIME e S X W Radiogenic neutron _|
I: : . N _ S
22f 4 i best it I B% - + ; -
[ g, E
2 :_é_ I’LGd bestfi_t_ ..................................... L 2‘: ) ; l
[ H : 1 2> o +
18 C 1 L L 1 L L L 1 L L 1 L H H o E\+.. + : =4
0.04 0.06 0.08 0.1 51015 % 09 AR R ; :
sin224913 Ay, 2 4 6 8 10 12

Prompt Energy [MeV] 28



Daya Bay,

| s
Global Comparison

I i
—o— aya Bay n
* Daya Bay’s nH measurement _ iRy G (1020
provides a sin?20,; precision -T—_ Sl ———
surpassed only by Daya Bay’s — g;%i}i’é%%?
nGd result =+ oo
- : SuperK 10 (2024)
 Statistical uncertainty accounts s
o T DR AP S S M T
for about 46% of the total , L T - -
* 8% improvementinnGd+nH @26y
result compared to nGd-only — %%301;322%0%333
* nGd+nH leads to a precision e MINOS NO (2013)
) R — NOvA NO (2023)
measurement of sin?20,;, — Sl KD (000
2.6% pI'ECiSiOﬂ 22 24 26 23 3 32
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Global Comparison

* Daya Bay’s nH measurement
provides a sin%20,; 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 sin%20,,
2.6% precision

Consistent results from reactor
and accelerator experiments

T I T T T T I
1d (2023)

Daya Bay nH (2024)
Daya Bay nGd+nH (2024)

RENO nGd (2020)

RENO rH (2020)
D-CHOOZ nGd+nH+nC (2020
NOvA NO (2023)

NOvA 10 (2023)

T2K NO (2023)

T2K IO (2023)

Super-K NO (2024)
Super-K IO (2024)
MINOS NO (2013)
MINOS IO I(2013) |

02 0.25

Daya Bay nGd (2023)

Daya Bay rH (2024)
RENO rGd (2020)
T2K (2023)

MINOS NO (2013)
NOvA NO (2023)
Super-K NO (2024)
IceCube (2023)
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Improve Precision in sin“26,5 to <1%

* Two ways to improve sin?26,;
* 1. Shape distortion 4kt LS
e 2. Rate deficit

precision to <1%

detector at 2.0 km baseline

10kt LiguidO detector at 1.1 km baseline

Requires 1% shape uncertainty and 0.5% energy scale

Fulfilled by inputs of TAO and intensive calibration

JHEP, 2023, 03: 072

Events on Far Site
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Daya Bay,

(3
Summary

Daya Bay, RENO, and Double Chooz all stopped data taking

* Almost equal contributions from systematics and statistics
» Side-by-side comparison at Daya Bay validated the systematics control

Daya Bay leads the precision measurement of sin?26,;

* and |Am?;,| in reactor side

Expecting more results
* Full nH data set in Daya Bay and RENO, final results from Double Chooz

In the future, precision improvement of sin?26,; to <1% using
either shape distortion or rate deficit is possible
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Double Chooz’s full data set

Detector Run Time (days)  Factor To Nature Physics Dataset

Far Alone (Reactor-ON) 481.12 1.00
Far Alone (Reactor-OFF) 7.57 1.00
Far (Reactor-ON) 868.11 2.26
Near (Reactor-ON) 788.73 2.28

Far (Reactor-OFF) 23.54 NEW
Near (Reactor-OFF) 23.12 NEW




Double Chooz’s full data set

Nature Physics Data Set
(+1.5y of Far only data)
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