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We do not know the Neutrino Mass Ordering
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What do we know about the Neutrino Mass Ordering ? 

[P.F. Salas et al., JHEP 21 (2020)]

dashes lines : IO

solid  lines : NO

Super-Kamiokande/DeepCore

Daya Bay/Reno
T2k/NOvA

Combined
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The Jiangmen Underground Neutrino Observatory 

(JUNO)

Jiangmen Underground Neutrino Observatory is a 20 kton liquid scintillator detector located @ 53 km from Yangjiang & Taishan 
Nuclear Power Plants in China - medium baseline reactor neutrino detector 

26.6 GWth
[take from Z. Yu talk on behalf of JUNO Collab.]
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The Jiangmen Underground Neutrino Observatory 

(JUNO)

Reactor Antineutrino Oscillation Experiment

Inverse Beta Decay X-Section:

prompt & delayed signal coincidence

[taken from Vogel, Wen, Zhang, 2015]
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JUNO’s Flagship Measurement Strategy
 medium baseline reactor neutrino detector 
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fast oscillations

[S.T.Petcov & M Piai,  PLB 533 (2002)

&


 S. Choubey et al., PRD 68 (2003)]

low and high frequency 

modes  present 
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JUNO’s Flagship Measurement Strategy
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slow oscillation
fast oscillations
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[H. Nunokawa, S. J. Parke & RZF, PRD 72 (2005)] 

effective  atmospheric 
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�m2

for reactor experiments

 medium baseline reactor neutrino detector 
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 Neutrino Survival Probability @ JUNO
in vacuum

solar  term
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�m2
ee ⌘ cos2 ✓12�m2

31 + sin2 ✓12�m2
32

[H. Minakata, H. Nunokawa, S. J. Parke &  RZF, PRD 76 (2007)] 

<latexit sha1_base64="EkeqI/PWK+C9ZhcsMhtpgZWLLYg=">AAACF3icbVDJSgNBEO1xjXGLevTSGARPYSYE9RhcwIOHCGaBzBh6OjVJm57F7p5AGOYvvPgrXjwo4lVv/o2dZA6a+KDg8V4VVfXciDOpTPPbWFhcWl5Zza3l1zc2t7YLO7sNGcaCQp2GPBQtl0jgLIC6YopDKxJAfJdD0x2cj/3mEIRkYXCrRhE4PukFzGOUKC11CiX7ArginYTdp9iGh5gNse0JQpOpgf278sS8TpPKZdopFM2SOQGeJ1ZGiihDrVP4srshjX0IFOVEyrZlRspJiFCMckjzdiwhInRAetDWNCA+SCeZ/JXiQ610sRcKXYHCE/X3REJ8KUe+qzt9ovpy1huL/3ntWHmnTsKCKFYQ0OkiL+ZYhXgcEu4yAVTxkSaECqZvxbRPdCpKR5nXIVizL8+TRrlkHZfKN5Vi9SyLI4f20QE6QhY6QVV0hWqojih6RM/oFb0ZT8aL8W58TFsXjGxmD/2B8fkDK3uf7g==</latexit>

�ij ⌘
�m2

ijL

4E

 Neutrino Survival Probability @ JUNO
in vacuum

effective  atmospheric 
<latexit sha1_base64="9LdtZj6zmjX0vM0a14kMYuctZIw=">AAAB83icdZDNSsNAFIVv6l+tf1WXbgaL4KokadUui7pwWcG2QhPLZDpph84kYWYilNDXcONCEbe+jDvfxklbQUUPDHycey/3zgkSzpS27Q+rsLS8srpWXC9tbG5t75R39zoqTiWhbRLzWN4GWFHOItrWTHN6m0iKRcBpNxhf5PXuPZWKxdGNniTUF3gYsZARrI3lIeRdUq4xEnduv1yxq7bdcJwaysGp1d0Z1E7sGnIM5KrAQq1++d0bxCQVNNKEY6V6jp1oP8NSM8LptOSliiaYjPGQ9gxGWFDlZ7Obp+jIOAMUxtK8SKOZ+30iw0KpiQhMp8B6pH7XcvOvWi/VYcPPWJSkmkZkvihMOdIxygNAAyYp0XxiABPJzK2IjLDERJuYSiaEr5+i/6HjVp3TqntdrzTPF3EU4QAO4RgcOIMmXEEL2kAggQd4gmcrtR6tF+t13lqwFjP78EPW2yeQJpC+</latexit>

�m2 for reactor experiments

<latexit sha1_base64="veh7nEAH/Y/qdCiYzPH89ifrR4o="></latexit>

�m2
21, sin

2 ✓12, sin
2 ✓13,�m2

ee,± sign

<latexit sha1_base64="NIAcwV6MkxaeRPd0twwbhHFfNDo="></latexit>

|�m2
ee[IO]| > |�m2

ee[NO]|
retardation/advancement of the phase result in a change 


of the "effective fast oscillation scale 
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JUNO’s Challenging Measurement
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2400 days @ 26.6 GWth
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�m2
ee [IO] = �2.548 eV2

�m2
ee [NO] = 2.530 eV2

N
N
O

i
�
N
IO i

E [MeV]

±
p
Ni

every single effect counts !

<latexit sha1_base64="NIAcwV6MkxaeRPd0twwbhHFfNDo="></latexit>

|�m2
ee[IO]| > |�m2

ee[NO]|

single core

no other systematics

no background events

<latexit sha1_base64="fFREi37+cebiqL1/e6e+H/OwveE=">AAAB+HicbVDLTgJBEOzFF+KDVY9eJhITL5JdNOqR6MUjJvJIYCWzwwATZh+Z6TXBDV/ixYPGePVTvPk3DrAHBSvppFLVne4uP5ZCo+N8W7mV1bX1jfxmYWt7Z7do7+03dJQoxusskpFq+VRzKUJeR4GSt2LFaeBL3vRHN1O/+ciVFlF4j+OYewEdhKIvGEUjde1iB0XANXGdh/T0bEK6dskpOzOQZeJmpAQZal37q9OLWBLwEJmkWrddJ0YvpQoFk3xS6CSax5SN6IC3DQ2p2eals8Mn5NgoPdKPlKkQyUz9PZHSQOtx4JvOgOJQL3pT8T+vnWD/yktFGCfIQzZf1E8kwYhMUyA9oThDOTaEMiXMrYQNqaIMTVYFE4K7+PIyaVTK7kW5cndeql5nceThEI7gBFy4hCrcQg3qwCCBZ3iFN+vJerHerY95a87KZg7gD6zPHygXkh0=</latexit>

⇥10�3
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Anatomy of a Measurement
updated reactors configuration & backgrounds updated detector live time & systematic effects

updated knowledge of neutrino oscillation parameters

[JUNO Collab., arXiv:2104.02565] 
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We assume

+total exposure of 26.6 GWth for 2400 days (8 years @ 82% live time)

+ 200 energy bins & 3% energy resolution  

we do not consider matter effect here (we only interested here in sensitivity)

[See David V. Forero, Stephen J. Parke, Christoph A. Ternes and RZF, arXiv:2107.12410]



Juno & the Neutrino Mass Ordering                               Renata Zukanovich Funchal                                   NuCo 2021

From single to multiple cores

                 + backgrounds

<latexit sha1_base64="gXv0IksHap0QJukpOJOPnoksJKk="></latexit>

��2
min[IO]

NO

IO

<latexit sha1_base64="gXv0IksHap0QJukpOJOPnoksJKk="></latexit>

��2
min[IO]

14.5  ideal single core no bckg

11.7   real core distribution

 9.1   real core distribution + all bckg 
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 How well do we know the     Flux Shape?

<latexit sha1_base64="gXv0IksHap0QJukpOJOPnoksJKk="></latexit>

��2
min[IO]

NO

IO

<latexit sha1_base64="t4ogJc3IRbzckMAKnJobxVP63Ho=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZLa567oxmUF+4AmhMl00g6dTMLMpFBC/8SNC0Xc+ifu/BsnbQUVPTBwOOce7p0TJIxKZdsfRmFjc2t7p7hb2ts/ODwyj096Mk4FJl0cs1gMAiQJo5x0FVWMDBJBUBQw0g+mN7nfnxEhaczv1TwhXoTGnIYUI6Ul3zTdWNt5OnN56pOFb5Zty67ZV406zEmrUXM0qTadVsuBjmUvUQZrdHzz3R3FOI0IV5ghKYeOnSgvQ0JRzMii5KaSJAhP0ZgMNeUoItLLlpcv4IVWRjCMhX5cwaX6PZGhSMp5FOjJCKmJ/O3l4l/eMFVh08soT1JFOF4tClMGVQzzGuCICoIVm2uCsKD6VognSCCsdFklXcLXT+H/pFexnLpVuauW29frOorgDJyDS+CABmiDW9ABXYDBDDyAJ/BsZMaj8WK8rkYLxjpzCn7AePsErkCUXQ==</latexit>

⌫e

uncorrelated bin-to-bin shape uncertainty

9.1  perfect

8.5  1%

7.1   2%

<latexit sha1_base64="gXv0IksHap0QJukpOJOPnoksJKk="></latexit>

��2
min[IO]

Need for TAO near detector

nominal value
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 JUNO Energy Resolution

NO

IO

<latexit sha1_base64="gXv0IksHap0QJukpOJOPnoksJKk="></latexit>

��2
min[IO]

<latexit sha1_base64="gXv0IksHap0QJukpOJOPnoksJKk="></latexit>

��2
min[IO]

9.7    2.9%

8.5   3.0%

7.5   3.1%

nominal value



Juno & the Neutrino Mass Ordering                               Renata Zukanovich Funchal                                   NuCo 2021

 True Value of the Oscillation Parameters
<latexit sha1_base64="gXv0IksHap0QJukpOJOPnoksJKk="></latexit>

��2
min[IO]

<latexit sha1_base64="gXv0IksHap0QJukpOJOPnoksJKk="></latexit>

��2
min[IO]

10.2

7.1

In
cr
ea
se

Increase
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 Non-Linearity of the Energy Scale

<latexit sha1_base64="0bLtPCZCZLBdYc+JuQqC/H3/k3w="></latexit>

E0
p

Ep
=

fNL(ā1, ā2, ā3, ā4;Ep)

fNL(a1, a2, a3, a4;Ep)

<latexit sha1_base64="FSV3Es4yA4T+oRw30G1pwMqJs5M="></latexit>

fNL(a1, a2, a3, a4;Ep) ⌘
a1 + a2 Ep

1 + a3 e�a4Ep

<latexit sha1_base64="0ZVX+DZk49Wvfvt2bNzqVlOdD4E=">AAAB/XicdVDJSgNBEO2JW4xbXG5eGoPgxWEmZkWEoAS8CBHMApkh9HR6kibdM0N3jxBD8Fe8eFDEq//hzb+xswgq+qDg8V4VVfW8iFGpLOvDSCwsLi2vJFdTa+sbm1vp7Z2GDGOBSR2HLBQtD0nCaEDqiipGWpEgiHuMNL3BxcRv3hIhaRjcqGFEXI56AfUpRkpLnfRetROdVY8ts1hyTqEjOLwijU46Y5lW3jopFuCElIt5W5NcyS6XbWib1hQZMEetk353uiGOOQkUZkjKtm1Fyh0hoShmZJxyYkkihAeoR9qaBogT6Y6m14/hoVa60A+FrkDBqfp9YoS4lEPu6U6OVF/+9ibiX147Vn7JHdEgihUJ8GyRHzOoQjiJAnapIFixoSYIC6pvhbiPBMJKB5bSIXx9Cv8njaxpF8zsdS5TOZ/HkQT74AAcARsUQQVcghqoAwzuwAN4As/GvfFovBivs9aEMZ/ZBT9gvH0Cpv+TdA==</latexit>

Ep = E � 0.78 MeV

true prompt energy

reconstructed prompt energy

intrinsic + instrumental non-linearity of the detector can be model by

<latexit sha1_base64="ofg6Vf3M6zgRRMYeQIOOsxG6g6w="></latexit>

Ep =
Evis

fNL

<latexit sha1_base64="JfHwHEtfsEG2XRGJ3UKzYrN6Vq8="></latexit>

ā1 = 1.049 ā2 = 2.062⇥ 10�4 ā3 = 9.624⇥ 10�2 ā4 = 1.184

calibration values [JUNO Collab., JHEP 03 (2021)] 

penalty

[F. Capozzi, E. Lisi & A. Marrone, PRD 92 (2015)] 
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 Non-Linearity of the Energy Scale

NO

IO

<latexit sha1_base64="gXv0IksHap0QJukpOJOPnoksJKk="></latexit>

��2
min[IO]

8.5   no NL effect 

7.2   0.7% bias

6.8  no penalty

nominal value

<latexit sha1_base64="gXv0IksHap0QJukpOJOPnoksJKk="></latexit>

��2
min[IO]
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Statistical Fluctuations
60 k JUNO pseudo-experiments simulated


fluctuating spectrum 
<latexit sha1_base64="qiyiDvQKxmlB083uW3VQNIP+lsY=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgKiS1z13RjatSwT6gLWEynbZDZ5I4MxFCiL/ixoUibv0Qd/6Nk7aCih64cDjnXu69xw0YlcqyPozM2vrG5lZ2O7ezu7d/kD886ko/FJh0sM980XeRJIx6pKOoYqQfCIK4y0jPnV+mfu+OCEl970ZFARlxNPXohGKktOTkCy0npgkcBnwob4WKWw5NnHzRMq2KdV6rwpQ0ahVbk3LdbjRsaJvWAkWwQtvJvw/HPg458RRmSMqBbQVqFCOhKGYkyQ1DSQKE52hKBpp6iBM5ihfHJ/BUK2M48YUuT8GF+n0iRlzKiLu6kyM1k7+9VPzLG4RqUh/F1AtCRTy8XDQJGVQ+TJOAYyoIVizSBGFB9a0Qz5BAWOm8cjqEr0/h/6RbMu2qWbouF5sXqziy4BicgDNggxpogivQBh2AQQQewBN4Nu6NR+PFeF22ZozVTAH8gPH2CYF/lVs=</latexit>

Ni ±
p
Ni

only for 31% of the experiments

JUNO can determine the mass ordering 

@ 3   CL of better in 8 years<latexit sha1_base64="dV0n6SS74SLKNjyv21XKlUfgL+0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFNy4r2Ae0Q8mkmTY2mQxJRihD/8GNC0Xc+j/u/BszbQUVPXDhcM693HtPEAtuLEIfXm5tfWNzK79d2Nnd2z8oHh51jEo0ZW2qhNK9gBgmeMTallvBerFmRAaCdYPpVeZ375k2XEW3dhYzX5JxxENOiXVSZ2D4WJJhsYTKCCGMMcwIrlWRI41GvYLrEGeWQwms0BoW3wcjRRPJIksFMaaPUWz9lGjLqWDzwiAxLCZ0Ssas72hEJDN+urh2Ds+cMoKh0q4iCxfq94mUSGNmMnCdktiJ+e1l4l9eP7Fh3U95FCeWRXS5KEwEtApmr8MR14xaMXOEUM3drZBOiCbUuoAKLoSvT+H/pFMp42q5cnNRal6u4siDE3AKzgEGNdAE16AF2oCCO/AAnsCzp7xH78V7XbbmvNXMMfgB7+0T65+PYA==</latexit>�

<latexit sha1_base64="lCWvqlYMH0HnlRpmPqrChRMDTfM=">AAACM3icbZDNSgMxFIUz9a/Wv6pLN8EiuLHMFFGXoi7UhVawKnTGkklv29AkMyYZoQx9Jze+iAtBXCji1ncwrbPQ1guBL+fcS3JPGHOmjeu+OLmJyanpmfxsYW5+YXGpuLxypaNEUajRiEfqJiQaOJNQM8xwuIkVEBFyuA67hwP/+h6UZpG8NL0YAkHakrUYJcZKjeKpfwTcEOzTDrutYB/uEnaf3RqprwQWTPbrQzo57wdb/1tn1moUS27ZHRYeBy+DEsqq2ig++c2IJgKkoZxoXffc2AQpUYZRDv2Cn2iICe2SNtQtSiJAB+lw5z7esEoTtyJljzR4qP6eSInQuidC2ymI6ehRbyD+59UT09oLUibjxICkPw+1Eo5NhAcB4iZTQA3vWSBUMftXTDtEEWpszAUbgje68jhcVcreTrlysV3aP8jiyKM1tI42kYd20T46RlVUQxQ9oGf0ht6dR+fV+XA+f1pzTjaziv6U8/UN7amqhg==</latexit>

��2 ⌘ �2
min[IO]� �2

min[NO]
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 &          Synergism 
<latexit sha1_base64="Mfh0iqLn80h/VS4Kzs2kGTUfHjY=">AAAB/HicdVDLSsNAFJ34rPVV7dLNYBFchaT2uSvqwmUF+4Amhsl00g6dScLMRAih/oobF4q49UPc+TdOH4KKHu6Fwzn3MneOHzMqlWV9GCura+sbm7mt/PbO7t5+4eCwK6NEYNLBEYtE30eSMBqSjqKKkX4sCOI+Iz1/cjHze3dESBqFNyqNicvRKKQBxUhpySsUnUvCFIL8tuxlDk90Tb1CyTKtqnVWr8EZadartiaVht1s2tA2rTlKYIm2V3h3hhFOOAkVZkjKgW3Fys2QUBQzMs07iSQxwhM0IgNNQ8SJdLP58VN4opUhDCKhO1Rwrn7fyBCXMuW+nuRIjeVvbyb+5Q0SFTTcjIZxokiIFw8FCYMqgrMk4JAKghVLNUFYUH0rxGMkEFY6r7wO4eun8H/SLZt2zSxfV0qt82UcOXAEjsEpsEEdtMAVaIMOwCAFD+AJPBv3xqPxYrwuRleM5U4R/IDx9gnjYZT2</latexit>

�m2
µµ

<latexit sha1_base64="+mNDATvUoirt02ZvslzrPqlC1zA=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgKczErLegHjxGMAskY+jpVJImPQvdPUoY8ylePCji1S/x5t/Yk0RQ0QcFj/eqqKrnhpxJZVkfRmpldW19I72Z2dre2d0zs/stGUSCQpMGPBAdl0jgzIemYopDJxRAPJdD252cJ377FoRkgX+tpiE4Hhn5bMgoUVrqm1mMexfAFcHeTaEfA8z6Zs7KWyXrtFLGCalVSrYmxapdq9nYzltz5NASjb753hsENPLAV5QTKbu2FSonJkIxymGW6UUSQkInZARdTX3igXTi+ekzfKyVAR4GQpev8Fz9PhETT8qp5+pOj6ix/O0l4l9eN1LDqhMzP4wU+HSxaBhxrAKc5IAHTABVfKoJoYLpWzEdE0Go0mlldAhfn+L/SauQt8v5wlUxVz9bxpFGh+gInSAbVVAdXaIGaiKK7tADekLPxr3xaLwYr4vWlLGcOUA/YLx9AlPOk3A=</latexit>

�m2
ee

<latexit sha1_base64="nbUeYVTjdAEen7fQ/2pf3UYFAHM="></latexit>

�m2
µµ ⌘ sin2 ✓12�m2

31 + cos2 ✓12�m2
32

<latexit sha1_base64="sQPzUiATtoJxlhfpgtE2W5xJ1G8="></latexit>

|�m2
ee| = |�m2

µµ| ± cos 2✓12 �m2
21

effective  atmospheric 
<latexit sha1_base64="9LdtZj6zmjX0vM0a14kMYuctZIw=">AAAB83icdZDNSsNAFIVv6l+tf1WXbgaL4KokadUui7pwWcG2QhPLZDpph84kYWYilNDXcONCEbe+jDvfxklbQUUPDHycey/3zgkSzpS27Q+rsLS8srpWXC9tbG5t75R39zoqTiWhbRLzWN4GWFHOItrWTHN6m0iKRcBpNxhf5PXuPZWKxdGNniTUF3gYsZARrI3lIeRdUq4xEnduv1yxq7bdcJwaysGp1d0Z1E7sGnIM5KrAQq1++d0bxCQVNNKEY6V6jp1oP8NSM8LptOSliiaYjPGQ9gxGWFDlZ7Obp+jIOAMUxtK8SKOZ+30iw0KpiQhMp8B6pH7XcvOvWi/VYcPPWJSkmkZkvihMOdIxygNAAyYp0XxiABPJzK2IjLDERJuYSiaEr5+i/6HjVp3TqntdrzTPF3EU4QAO4RgcOIMmXEEL2kAggQd4gmcrtR6tF+t13lqwFjP78EPW2yeQJpC+</latexit>

�m2 for accelerator experiments

effective  atmospheric 
<latexit sha1_base64="9LdtZj6zmjX0vM0a14kMYuctZIw=">AAAB83icdZDNSsNAFIVv6l+tf1WXbgaL4KokadUui7pwWcG2QhPLZDpph84kYWYilNDXcONCEbe+jDvfxklbQUUPDHycey/3zgkSzpS27Q+rsLS8srpWXC9tbG5t75R39zoqTiWhbRLzWN4GWFHOItrWTHN6m0iKRcBpNxhf5PXuPZWKxdGNniTUF3gYsZARrI3lIeRdUq4xEnduv1yxq7bdcJwaysGp1d0Z1E7sGnIM5KrAQq1++d0bxCQVNNKEY6V6jp1oP8NSM8LptOSliiaYjPGQ9gxGWFDlZ7Obp+jIOAMUxtK8SKOZ+30iw0KpiQhMp8B6pH7XcvOvWi/VYcPPWJSkmkZkvihMOdIxygNAAyYp0XxiABPJzK2IjLDERJuYSiaEr5+i/6HjVp3TqntdrzTPF3EU4QAO4RgcOIMmXEEL2kAggQd4gmcrtR6tF+t13lqwFjP78EPW2yeQJpC+</latexit>

�m2 for reactor  experiments

[H. Nunokawa, S. J. Parke & RZF, PRD 72 (2005)] 

Global Fit

<latexit sha1_base64="Uv0nxEtW5aClaEiLi3gkyBb8Llo=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8Lbshxuwt6MVjBPOAZAmzk9lkyMzsOjMrhJCf8OJBEa/+jjf/xslDUNGChqKqm+6uKOVMG8/7cFZW19Y3NnNb+e2d3b39wsFhUyeZIrRBEp6odoQ15UzShmGG03aqKBYRp61odDXzW/dUaZbIWzNOaSjwQLKYEWys1PZRV7OBwL1C0XODoHpe8ZAlfhB4FUvKXuCXAuS73hxFWKLeK7x3+wnJBJWGcKx1x/dSE06wMoxwOs13M01TTEZ4QDuWSiyoDifze6fo1Cp9FCfKljRorn6fmGCh9VhEtlNgM9S/vZn4l9fJTFwNJ0ymmaGSLBbFGUcmQbPnUZ8pSgwfW4KJYvZWRIZYYWJsRHkbwten6H/SLLl+xS3dlIu1y2UcOTiGEzgDHy6gBtdQhwYQ4PAAT/Ds3DmPzovzumhdcZYzR/ADztsn8OeP7w==</latexit>

1�
<latexit sha1_base64="dveWvndyTvGwxzM7sivP51nQNQA="></latexit>

|�m2
ee[NO]| > |�m2

ee[IO]|

(accelerator experiments - T2K/NOvA)
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 &          Synergism 
<latexit sha1_base64="Mfh0iqLn80h/VS4Kzs2kGTUfHjY=">AAAB/HicdVDLSsNAFJ34rPVV7dLNYBFchaT2uSvqwmUF+4Amhsl00g6dScLMRAih/oobF4q49UPc+TdOH4KKHu6Fwzn3MneOHzMqlWV9GCura+sbm7mt/PbO7t5+4eCwK6NEYNLBEYtE30eSMBqSjqKKkX4sCOI+Iz1/cjHze3dESBqFNyqNicvRKKQBxUhpySsUnUvCFIL8tuxlDk90Tb1CyTKtqnVWr8EZadartiaVht1s2tA2rTlKYIm2V3h3hhFOOAkVZkjKgW3Fys2QUBQzMs07iSQxwhM0IgNNQ8SJdLP58VN4opUhDCKhO1Rwrn7fyBCXMuW+nuRIjeVvbyb+5Q0SFTTcjIZxokiIFw8FCYMqgrMk4JAKghVLNUFYUH0rxGMkEFY6r7wO4eun8H/SLZt2zSxfV0qt82UcOXAEjsEpsEEdtMAVaIMOwCAFD+AJPBv3xqPxYrwuRleM5U4R/IDx9gnjYZT2</latexit>

�m2
µµ

<latexit sha1_base64="+mNDATvUoirt02ZvslzrPqlC1zA=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgKczErLegHjxGMAskY+jpVJImPQvdPUoY8ylePCji1S/x5t/Yk0RQ0QcFj/eqqKrnhpxJZVkfRmpldW19I72Z2dre2d0zs/stGUSCQpMGPBAdl0jgzIemYopDJxRAPJdD252cJ377FoRkgX+tpiE4Hhn5bMgoUVrqm1mMexfAFcHeTaEfA8z6Zs7KWyXrtFLGCalVSrYmxapdq9nYzltz5NASjb753hsENPLAV5QTKbu2FSonJkIxymGW6UUSQkInZARdTX3igXTi+ekzfKyVAR4GQpev8Fz9PhETT8qp5+pOj6ix/O0l4l9eN1LDqhMzP4wU+HSxaBhxrAKc5IAHTABVfKoJoYLpWzEdE0Go0mlldAhfn+L/SauQt8v5wlUxVz9bxpFGh+gInSAbVVAdXaIGaiKK7tADekLPxr3xaLwYr4vWlLGcOUA/YLx9AlPOk3A=</latexit>

�m2
ee

Global Fit

<latexit sha1_base64="Uv0nxEtW5aClaEiLi3gkyBb8Llo=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8Lbshxuwt6MVjBPOAZAmzk9lkyMzsOjMrhJCf8OJBEa/+jjf/xslDUNGChqKqm+6uKOVMG8/7cFZW19Y3NnNb+e2d3b39wsFhUyeZIrRBEp6odoQ15UzShmGG03aqKBYRp61odDXzW/dUaZbIWzNOaSjwQLKYEWys1PZRV7OBwL1C0XODoHpe8ZAlfhB4FUvKXuCXAuS73hxFWKLeK7x3+wnJBJWGcKx1x/dSE06wMoxwOs13M01TTEZ4QDuWSiyoDifze6fo1Cp9FCfKljRorn6fmGCh9VhEtlNgM9S/vZn4l9fJTFwNJ0ymmaGSLBbFGUcmQbPnUZ8pSgwfW4KJYvZWRIZYYWJsRHkbwten6H/SLLl+xS3dlIu1y2UcOTiGEzgDHy6gBtdQhwYQ4PAAT/Ds3DmPzovzumhdcZYzR/ADztsn8OeP7w==</latexit>

1�

<latexit sha1_base64="nbUeYVTjdAEen7fQ/2pf3UYFAHM="></latexit>

�m2
µµ ⌘ sin2 ✓12�m2

31 + cos2 ✓12�m2
32

<latexit sha1_base64="sQPzUiATtoJxlhfpgtE2W5xJ1G8="></latexit>

|�m2
ee| = |�m2

µµ| ± cos 2✓12 �m2
21

effective  atmospheric 
<latexit sha1_base64="9LdtZj6zmjX0vM0a14kMYuctZIw=">AAAB83icdZDNSsNAFIVv6l+tf1WXbgaL4KokadUui7pwWcG2QhPLZDpph84kYWYilNDXcONCEbe+jDvfxklbQUUPDHycey/3zgkSzpS27Q+rsLS8srpWXC9tbG5t75R39zoqTiWhbRLzWN4GWFHOItrWTHN6m0iKRcBpNxhf5PXuPZWKxdGNniTUF3gYsZARrI3lIeRdUq4xEnduv1yxq7bdcJwaysGp1d0Z1E7sGnIM5KrAQq1++d0bxCQVNNKEY6V6jp1oP8NSM8LptOSliiaYjPGQ9gxGWFDlZ7Obp+jIOAMUxtK8SKOZ+30iw0KpiQhMp8B6pH7XcvOvWi/VYcPPWJSkmkZkvihMOdIxygNAAyYp0XxiABPJzK2IjLDERJuYSiaEr5+i/6HjVp3TqntdrzTPF3EU4QAO4RgcOIMmXEEL2kAggQd4gmcrtR6tF+t13lqwFjP78EPW2yeQJpC+</latexit>

�m2 for accelerator experiments

effective  atmospheric 
<latexit sha1_base64="9LdtZj6zmjX0vM0a14kMYuctZIw=">AAAB83icdZDNSsNAFIVv6l+tf1WXbgaL4KokadUui7pwWcG2QhPLZDpph84kYWYilNDXcONCEbe+jDvfxklbQUUPDHycey/3zgkSzpS27Q+rsLS8srpWXC9tbG5t75R39zoqTiWhbRLzWN4GWFHOItrWTHN6m0iKRcBpNxhf5PXuPZWKxdGNniTUF3gYsZARrI3lIeRdUq4xEnduv1yxq7bdcJwaysGp1d0Z1E7sGnIM5KrAQq1++d0bxCQVNNKEY6V6jp1oP8NSM8LptOSliiaYjPGQ9gxGWFDlZ7Obp+jIOAMUxtK8SKOZ+30iw0KpiQhMp8B6pH7XcvOvWi/VYcPPWJSkmkZkvihMOdIxygNAAyYp0XxiABPJzK2IjLDERJuYSiaEr5+i/6HjVp3TqntdrzTPF3EU4QAO4RgcOIMmXEEL2kAggQd4gmcrtR6tF+t13lqwFjP78EPW2yeQJpC+</latexit>

�m2 for reactor  experiments

[H. Nunokawa, S. J. Parke & RZF, PRD 72 (2005)] 

JUNO 

2 years


<latexit sha1_base64="c7fYdSFtNLp45+iC6RtHKhpes2g=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjK11s6u6MZlBfuAdiiZNNOGJpkxyQhl6E+4caGIW3/HnX9j+hBU9MCFwzn3cu89YcKZNgh9OLmV1bX1jfxmYWt7Z3evuH/Q0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTscX8389j1VmsXy1kwSGgg8lCxiBBsrdc5gT7OhwP1iCbm+XzuvImiJ5/uoakkF+V7Zh56L5iiBJRr94ntvEJNUUGkIx1p3PZSYIMPKMMLptNBLNU0wGeMh7VoqsaA6yOb3TuGJVQYwipUtaeBc/T6RYaH1RIS2U2Az0r+9mfiX101NVAsyJpPUUEkWi6KUQxPD2fNwwBQlhk8swUQxeyskI6wwMTaigg3h61P4P2mVXa/qlm8qpfrlMo48OALH4BR44ALUwTVogCYggIMH8ASenTvn0XlxXhetOWc5cwh+wHn7BPP9j/E=</latexit>

3�

NO

IO

<latexit sha1_base64="NIAcwV6MkxaeRPd0twwbhHFfNDo="></latexit>

|�m2
ee[IO]| > |�m2

ee[NO]|

(accelerator experiments - T2K/NOvA)

<latexit sha1_base64="dveWvndyTvGwxzM7sivP51nQNQA="></latexit>

|�m2
ee[NO]| > |�m2

ee[IO]|

(JUNO)
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JUNO & Global Fit Combined

<latexit sha1_base64="gXv0IksHap0QJukpOJOPnoksJKk="></latexit>

��2
min[IO]

2.0   JUNO 

16 JUNO + Global Fit   

[Conf. A. Cabrera et al., arXiv:2008.11280] 
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JUNO & Global Fit Combined



Juno & the Neutrino Mass Ordering                               Renata Zukanovich Funchal                                   NuCo 2021

Final Conclusions:

• JUNO will most probably not determine the neutrino mass ordering @ 3   CL alone<latexit sha1_base64="dV0n6SS74SLKNjyv21XKlUfgL+0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFNy4r2Ae0Q8mkmTY2mQxJRihD/8GNC0Xc+j/u/BszbQUVPXDhcM693HtPEAtuLEIfXm5tfWNzK79d2Nnd2z8oHh51jEo0ZW2qhNK9gBgmeMTallvBerFmRAaCdYPpVeZ375k2XEW3dhYzX5JxxENOiXVSZ2D4WJJhsYTKCCGMMcwIrlWRI41GvYLrEGeWQwms0BoW3wcjRRPJIksFMaaPUWz9lGjLqWDzwiAxLCZ0Ssas72hEJDN+urh2Ds+cMoKh0q4iCxfq94mUSGNmMnCdktiJ+e1l4l9eP7Fh3U95FCeWRXS5KEwEtApmr8MR14xaMXOEUM3drZBOiCbUuoAKLoSvT+H/pFMp42q5cnNRal6u4siDE3AKzgEGNdAE16AF2oCCO/AAnsCzp7xH78V7XbbmvNXMMfgB7+0T65+PYA==</latexit>�

• JUNO’s Strategy to determine the neutrino mass ordering is very challenging

•  The true value of the neutrino oscillation parameters may make the job easier 

or even more difficult

• The synergy between JUNO’s         measurement and the constraint from        sensitive 

experiments will most probably allow for the determination of the neutrino mass ordering 

after 2 years of JUNO @ 3   CL or more

<latexit sha1_base64="isC/XBCh6pr4xC4hpQm516bYcTc=">AAACA3icdZDLSgNBEEV74ivG16g73TQGwVWYGeNrF9SFywhGA5kYejoVbex50F0jhCHgxl9x40IRt/6EO//GTjKCihY0XM6torpukEih0XE+rMLE5NT0THG2NDe/sLhkL6+c6zhVHBo8lrFqBkyDFBE0UKCEZqKAhYGEi+DmaOhf3ILSIo7OsJ9AO2RXkegJztCgjr3mGxepfwwSGQ0vvU4GMBjBjl12Kgf71W23Sp2KM6qh8LZ3vAPq5qRM8qp37He/G/M0hAi5ZFq3XCfBdsYUCi5hUPJTDQnjN+wKWkZGLATdzkY3DOimIV3ai5V5EdIR/T6RsVDrfhiYzpDhtf7tDeFfXivF3n47E1GSIkR8vKiXSooxHQZCu0IBR9k3gnElzF8pv2aKcTSxlUwIX5fS/8W5V3F3K95ptVw7zOMoknWyQbaIS/ZIjZyQOmkQTu7IA3kiz9a99Wi9WK/j1oKVz6ySH2W9fQL+JpfG</latexit>

|�m2
ee|

<latexit sha1_base64="aNgRc4xiZ2jT/CuODW3BLJbcGeU=">AAACCHicdVDLSgNBEJyNrxhfUY8eHAyCp7C7iZrcgnrwGME8IBvD7GSSDJnZXWZ6hbDk6MVf8eJBEa9+gjf/xslDUNGChqKqm+4uPxJcg21/WKmFxaXllfRqZm19Y3Mru71T12GsKKvRUISq6RPNBA9YDTgI1owUI9IXrOEPzyd+45YpzcPgGkYRa0vSD3iPUwJG6mT3PeMC9i6YAILljdtJPBljU+Op08nm7Hy5VCw4RWzn7SkmxC0cu2XszJUcmqPayb573ZDGkgVABdG65dgRtBOigFPBxhkv1iwidEj6rGVoQCTT7WT6yBgfGqWLe6EyFQCeqt8nEiK1HknfdEoCA/3bm4h/ea0YeqV2woMoBhbQ2aJeLDCEeJIK7nLFKIiRIYQqbm7FdEAUoWCyy5gQvj7F/5O6m3dO8u5VMVc5m8eRRnvoAB0hB52iCrpEVVRDFN2hB/SEnq1769F6sV5nrSlrPrOLfsB6+wStUpnK</latexit>

|�m2
µµ|

<latexit sha1_base64="/Y/xOtNDT++XLStqAy4wnHDO7Vs=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZK0arsrunFZwT6gDWUynbRjZyZhZiKU0H9w40IRt/6PO//GSRtBRQ9cOJxzL/feE8SMKu04H1ZhZXVtfaO4Wdra3tndK+8fdFSUSEzaOGKR7AVIEUYFaWuqGenFkiAeMNINpleZ370nUtFI3OpZTHyOxoKGFCNtpM5A0TFHw3LFsRv1WtWtQcd2FsiIVz3zGtDNlQrI0RqW3wejCCecCI0ZUqrvOrH2UyQ1xYzMS4NEkRjhKRqTvqECcaL8dHHtHJ4YZQTDSJoSGi7U7xMp4krNeGA6OdIT9dvLxL+8fqLDup9SESeaCLxcFCYM6ghmr8MRlQRrNjMEYUnNrRBPkERYm4BKJoSvT+H/pOPZ7rnt3dQqzcs8jiI4AsfgFLjgAjTBNWiBNsDgDjyAJ/BsRdaj9WK9LlsLVj5zCH7AevsE506PXA==</latexit>�
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Gracias !
<latexit sha1_base64="YA+R7YEAdbQJMLdol+eMTnPBTRY=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKiShMXZXdOOygn1AG8pkOmmHTiZhZiKU0m9w40IRt36QO//G6UNQ0QMXDufcy733RBlnSjvOh1VYW9/Y3Cpul3Z29/YPyodHLZXmktAmSXkqOxFWlDNBm5ppTjuZpDiJOG1H4+u5376nUrFU3OlJRsMEDwWLGcHaSM2eyPu0X644dq1WdQIfOXbger4fGOJ5vut7yLWdBSqwQqNffu8NUpInVGjCsVJd18l0OMVSM8LprNTLFc0wGeMh7RoqcEJVOF0cO0NnRhmgOJWmhEYL9fvEFCdKTZLIdCZYj9Rvby7+5XVzHV+GUyayXFNBlovinCOdovnnaMAkJZpPDMFEMnMrIiMsMdEmn5IJ4etT9D9pebZ7YXu31Ur9ahVHEU7gFM7BhQDqcAMNaAIBBg/wBM+WsB6tF+t12VqwVjPH8APW2ydIi48E</latexit>⌫e

<latexit sha1_base64="OzzoqfUEpRlq1SBZaDShRKQfMfA=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuQpJWbXdFNy4r2Ac0oUymk3boZBLmIZTQj3DjQhG3fo87/8ZJG0FFD1w4nHMv994TpoxK5Tgf1srq2vrGZmmrvL2zu7dfOTjsykQLTDo4YYnoh0gSRjnpKKoY6aeCoDhkpBdOr3O/d0+EpAm/U7OUBDEacxpRjJSRej7XQz/Ww0rVsZuNes2tQ8d2FsiJVzv3mtAtlCoo0B5W3v1RgnVMuMIMSTlwnVQFGRKKYkbmZV9LkiI8RWMyMJSjmMggW5w7h6dGGcEoEaa4ggv1+0SGYilncWg6Y6Qm8reXi395A62iRpBRnmpFOF4uijSDKoH573BEBcGKzQxBWFBzK8QTJBBWJqGyCeHrU/g/6Xq2e2F7t/Vq66qIowSOwQk4Ay64BC1wA9qgAzCYggfwBJ6t1Hq0XqzXZeuKVcwcgR+w3j4Btt2P1Q==</latexit>⌫µ
<latexit sha1_base64="X9EmyR2Pn8VNuMINias0q2hNzAo=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFNy4r2Ad0hpJJM21oJjPmIZTSn3DjQhG3/o47/8ZMW0FFD1w4nHMv994TpoJrg9CHl1tb39jcym8Xdnb39g+Kh0cdnVhFWZsmIlG9kGgmuGRtw41gvVQxEoeCdcPJVeZ375nSPJG3ZpqyICYjySNOiXFSz5d24BtiB8USKiOEMMYwI7hWRY40GvUKrkOcWQ4lsEJrUHz3hwm1MZOGCqJ1H6PUBDOiDKeCzQu+1SwldEJGrO+oJDHTwWxx7xyeOWUIo0S5kgYu1O8TMxJrPY1D1xkTM9a/vUz8y+tbE9WDGZepNUzS5aLICmgSmD0Ph1wxasTUEUIVd7dCOiaKUOMiKrgQvj6F/5NOpYyr5crNRal5uYojD07AKTgHGNRAE1yDFmgDCgR4AE/g2bvzHr0X73XZmvNWM8fgB7y3T4CjkEs=</latexit>⌫⌧


