Neutrino mass ordering determination through combined
analysis with JUNO and KM3NeT/ORCA
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KM3NeT /ORCA overview [1, T1245] Combined analysis JUNO overview [2, T1209]
® KM3NeT detector located in Mediterranean sea @ Systematic errors from JUNO and ORCA not correlated e Ordering (test NO) __ © JUNO detector located in south east of China
» Water Cherenkov detector arrays » Different neutrino sources and energy \ | \< @ At 53 km from Yangjiang and Taishan Nuclear Power Plants (NPP)
o ORCA: “low-energy” array for oscillation studies > Different.det.ection medium and methods / . » Detect reactor 7, a’F fe\{v MeV energy range via IBD
» Detect atmospheric neutrinos in GeV energy range = Only oscillation parameters “shared” between JUNO and ORCA VAR > NMO from fast oscillations, not relying in matter effects
» NMO obtained from Earth matter effects @ However, not all oscillation parameters are shared. .. /// i @ JUNO energy resolution: 3%/\/m
o Neutrino sample divided in 3 PID classes » dcp and 63 — no impact on JUNO T | P/fé' ATy » Energy resolution critical for NMO determination
» Track-like (v, CC) to Shower-like (v, CC + v NC) » In ORCA, fit done twice, each time with 6,3 starting in a different octant 23 24 25 26 27 o Data taking to start in 2022
@ Detector being installed gradually until 2025 > Amy, and 012 — negligible impact on ORCA ol i)

JUNO in this study

» Parameters also precisely determined by JUNO True Normal Ordering (test 10)

ORCA systematics > " Ea P TTTRNN
T ble: Baseline and optimist < for th ¢ . dered in the ORCA analvei » Am3; and 013 — both JUNO and ORCA sensitive to them < 0 \ o JUNO modeling following Ref. [2] . :
able: baseline and optimistic scenarios tor the treatment of systematics considered In the analysis. A= - i 1 0  700F } mi
p . e Y_ o _ y * Ho.wever, worse precision on 613 than from current experiments 100 | - | + Syst. error on reactor spectrum, detector response = 600%{“ WM Www%gehmmary
arameter aseline scenario | Optimistic scenario = Prior added on 63 from Ref. [3] /] » Backgrounds rate, shape, and uncertainties S s00 M )
- < 7/ ! ' . iy h
ol cIas.s nelii. e firze 0 < o Perform grid scan on Am3; and 013 50 » Detector mass, distance and power of NPPs E 4003+ W M‘M
Effective area scale X 10% prior . 5 — f _ _ S 300t h
0 : » In each point, compute separately x< from JUNO and ORCA i Preliminarv: @ Only 2 reactor cores @ Taishan considered 200k ***w
Detector energy scale 5% prior X : 5 ol ErEliminary - k
Flux energy scale < 10% prior g Aglmov dat? At lf‘slej o COmPIIEE i 1 ot | 27 26 25 -24 23 » Ref. [2] considered 4 cores @ Taishan 100~ background AN
_ : separately profiled over systematic errors and other oscillation parameters Amg, [x 107 eV7] : - O w e
Flux ve/7e skew 7% prior > X" sep YP y P 2 | 31 » 2 cores @ Taisahn aIre.ady build | 1 2 3 VAifsibIeSEnergS[Me\Z]
Flux v,,/7, skew 5% rofen 2(A » ) , (A » ) L (A » ) . (sin2 B3 — sin? (9%‘.3F> Fi%urg:R%f(ETOﬂ)le fo:jor;\ly JUNb(? (red), » However, plan for adding last 2 cores uncertain
= - m 13) — m 13 m 13 on ue), and the combination _ _ . _ o
Flux Ve/V,u skew 2% prior X 31 XJUNO 31 XORCA 31 2 ) o fj/UNO 4 ORCA ( ) for 6 ; e Nominal 3%/ /E/I\/IeV energy resolution assumed Figure: Expected event distribution for
Fl tral ind f sin” 653 ° an green) for'o years o : : : : 6 years of data with JUNO. True NO and
ux spectral index ree. data taking assuming baseline (solid) or » From JUNO studies, nominal resolution achievable sl ittern seremmEEs e Bl 8] s
NC normalization 10% prior @ Central value of oscillation parameters from best-fit of Ref. [3] optimistic (dashed) systematics. » Impact of significantly worse resolution studied Sssumed. '

Results
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Figure: NMO sensitivity as a function of the true 6y3 value for 6 years of data taking for only JUNO (red), only ORCA Figure: NMO sensitivity as a function of time for only JUNO (red), only ORCA (blue), and the combination of JUNO

(blue), and the combination of JUNO and ORCA (green). The vertical lines indicate the global best-fit values used in ~ Figure: NMO sensitivity as a function of time for only JUNO (red), only ORCA (blue), and the combination of JUNO and ORCA (green), considering a better (dashed) and worse (dotted) energy resolution for JUNO than the nominal
this analysis (from Ref. [3]). and ORCA (green), assuming baseline (solid) or optimistic (dashed) systematics. one (solid) by +0.5%/+/E/MeV.
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Ams; in “wrong ordering” between JUNO and ORCA » However, non negligible impact from treatment of ORCA energy scale systematics F[{]l : dse - o @ICR(C il |
B _ _ _ . . elated presentations
o Systematic errors impacting combined analysis different o For NO with current best fit, 50 NMO determination reached in only 2 years [T1209] J. P. A. M. de André et al. [JUNO Collaboration] “JUNO Physics Prospects”
. . . . . T1245] M. Perrin-Terrin et al. [KM3NeT Collaboration] “Sensitivity of the KM3NeT /ORCA detector to
from stand-alone analyses o« NMO determination @50 with 6 years of data for any oscillation parameter [T1245] M. Perrin-Te ordering a,Ed beyond” | /
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