
1

J. Pedro Ochoa-Ricoux, 
for the Brazil, Chile and 

US groups

Report from 
the Americas

JUNO Europe+Americas Meeting 
Ferrara, Italy 
October 2022



2

Overview
Three countries from the Americas actively participate in JUNO:

2 institutions:
- University of California, 

Irvine
- University of Maryland, 

College Park (special 
status)

2 institutions:
- Pontificia Universidad 

Catolica de Chile
- Millennium Institute for 

SubAtomic Physics at the 
High-energy Frontier

2 institutions:
- Pontificia Universidade 

Catolica do Rio de Janeiro
- Universidade Estadual de 

Londrina

The three groups work closely, 
as shown in the next few slides
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Brazil

Pietro Chimenti Hiroshi Nunokawa

- -

Precision measurement of oscillation parameters: 
- Co-editing of recent publication 
- Phenomenological studies related to JUNO 
- Bayesian analysis method

PI 

Manpower 

Involvement

sPMT system commissioning
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Brazil Funding

− Participation in JUNO partially funded since 2021 by CNPq 
(National Council for Scientific and Technological 
Development) 
− Provides only basic level of support 

−Made a joint request to CNPq together with ~30 other 
faculty working in neutrino physics for a “Instituto Nacionais 
de Ciencia e Tecnologia” grant 
−Competitive grant, waiting for answer 

−Have applied to FAPERJ (funding agency for state of Rio de 
Janeiro) for an individual research grant for Hiroshi 

−Have asked RENAFAE for support for the JUNO common 
fund 
−Not allowed to use any other funding to pay for this type 

of expense 
− Process delayed by change of leadership; still waiting 

for an answer  
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Chile

Angel Abusleme  
(part-time affiliation) 
Pedro Ochoa 

(visiting affiliation)

Sergey Kuleshov

Pablo Walker (Engineer) 
Rafael Herrera (Engineer, occasional support)  

Agustin Campeny (Graduate Student, occasional support) 
New faculty / research staff?

PI 

Manpower 

Involvement

sPMT system: 
- Design & Production of HV splitter system 
- Design & Production of Underwater boxes  
- Remote Integration & Commissioning

Angel Abusleme  
Pedro Ochoa 

Analysis
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Chile
− Funding:  

−Chilean participation in Chile funded since 2015 by 
ANID (National Agency for Research and 
Development) 
− Last grant with Pedro as PI finished in May 2022 

− The Millennium Institute for SubAtomic Physics in the 
High-Energy Frontier (SAPHIR) joined JUNO in July 
2021  
− Functions both as an institution and as a funding 

agency  
−Has been funding most of the Chilean effort since 

2021 

− The Chilean group is currently undergoing a restructuring 
process:  
− Trying to bring new faculty/research staff to lead 

PUC/SAPHIR effort  
− Plan is to strengthen the group and get it ready for 

data-taking phase 
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United States

Pedro Ochoa Bill Mc. Donough

Roberto Mandujano (GS) 
Olivia Dalager (GS) 

Katherine Dugas (GS) 
Sindhujha Kumaran (PD)

PI 

Manpower 

Involvement

sPMT system: 
HV system, underwater boxes, 
integration & commissioning, 

leadership

Two new graduate students  
(not JUNO members)

Analysis: 
Precision Measurement of 

Oscillation Parameters 

Calibration: 
Double Calorimetry

EB, speakers committee 

Analysis: 
Characterizing and 

understanding both the global 
and local geoneutrino signal
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United States

− Funding:  

− B. McDonough is PI of NSF grant focused broadly on 
geoneutrino studies 

− In 2021 the NSF (National Science Foundation) agreed 
to include JUNO to its particle physics research portfolio  

− P. Ochoa is PI of NSF grant focused entirely on 
JUNO and that includes support for UC Irvine’s 
contributions to the common fund  

−We just got green light to transfer resources from the 
US to China for the sPMT system  

−Current focus is on successfully completing our  hardware 
responsibilities while also preparing for data-taking phase 
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− sPMT system:  

− Production of HV splitter boards is now fully complete 
− Production of Underwater Boxes is well underway  
− Just passed Production Readiness Review for electronics integration  

Work being done onsite; trying to support remotely as much as possible

Outline   

2022/10/18 2Electronics integration procedure

Receptacle 
assembly

ABC 
assembly

Two HVS 
assembly

GCU 
assembly

Closing 
UWB

Leakage 
test Packaging 

(see DocDB-8947 and DocDB-8946) 

Highlights from the Americas

https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8947
https://juno.ihep.ac.cn/cgi-bin/Dev_DocDB/ShowDocument?docid=8946
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Highlights from the Americas
−Geological studies:  

−Carrying out a geochemical study on JUNO site rocks in collaboration with 
Fabio Mantovani and Virginia Strati 
−Using laser ablation ICPMS capabilities at U. Maryland 
− Trying to shed more light on geological evolution of our region of crust  

−Continue to refine predictions of total & lithospheric geoneutrino flux: 

Sci. Rep. 6, 33034 (2016)

Submitted to Science Advances 
(uses info from EPSL 593, 

117684 (2022))

− Predicted JUNO fluxes in tension with those from Chinese team
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Highlights from the Americas
− Phenomenological studies: 

An example of some recent phenomenological work by the PUC-Rio group 
Probing neutrino decay scenarios by using the Earth matter effects on supernova neutrinos

No neutrino decay

100% decay of !2

JUNO may see significantly stronger spectrum modulation due to the 
Earth matter effect enhanced by the decay effect if exist, stronger than 

what DUNE and Hyper-Kamiokande will see

Expected Neutrino Event Spectrum 

for a SN at D = 10 kpc
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Figure 5. Visible (left panels) and inverse (right panels) energy distribution of IBD events expected
at our JUNO-like detector for L = 4000 km. The solid blue and red histograms refer specifically to
S1 (no decay) and S3 (100% decay of ‹2) scenarios computed for NMO. The dashed gray and black
histograms refer to the same decay scenarios but for the case of IMO.

important jump3 in the density that neutrinos encounter when they travel inside the Earth,
would be a clear sign of the presence of matter e�ects.

As mentioned in section 3, current uncertainties of the relevant mixing parameters for
the Earth matter e�ects, sin2 ◊12 and �m2

21, are at ≥ 3–4% level. Since the true values of
these mixing parameters can be somewhat di�erent from the present best fitted values, we
have checked explicitly that variations of these parameters within the current uncertainties
do not change much our results shown in figures 6 for NMO and 7 for IMO. Moreover, since
it is expected that JUNO will significantly reduce the uncertainties of these parameters, we
believe that just considering the fixed values of these mixing parameters is well justified. For
simplicity, in this work the only errors to be taken into account are statistical ones (1‡ Poisson
fluctuations at the event number determination) and ignore any systematic uncertainties of
the detectors. The propagation of these errors to the power spectrum make di�cult to
observe the Earth matter e�ect peaks.

With the aim of visualizing how these uncertainties work on the power spectrum, in
figures 6 for NMO and 7 for IMO we present an example in which to obtain each point, a
total of 1000 MC (Monte Carlo) run samples have been fitted. As error in the measurement,
the standard deviation given in the fit has been taken (vertical bars). The left panels refer
to S1 scenario, the central panels to S2 and the right ones to S3. As we can see from the S1

3When neutrinos only traverse the mantle, they encounter only one jump in the density: the di�erence
between the vacuum and mantle densities (by regarding that the Earth atmosphere is vacuum). But, when
neutrinos also go through the core they encounter two additional jumps corresponding to the di�erences
between the mean densities in the mantle-core and core-mantle boundaries.
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Figure 6. Averaged power spectrum over 1000 MC (Monte Carlo) run samples for L = 4000 km
and normal mass ordering. We present these results for a CCSN distance of 10 kpc (upper panels)
and 5 kpc (lower panels) for the 3 scenarios, S1 (no decay), S2 (≥ 50% decay) and S3 (100% decay)
described in the subsection 3.1. As error in the measurement, the standard deviation given in the fit
has been considered and indicated by vertical error bars.

scenario in figure 7, the expected value for the background fluctuations is ≥ 1; this makes
that at 1‡ C.L. the scenarios S1 (for NMO) and S2 (for both NMO and IMO) are not
suitable for Earth matter e�ects observation, since at less 68% of observed CCSNe (samples)
would present a peak in the power spectrum comparable to or shadowed by the background
statistical fluctuations, even for a more optimistic case, such as a CCSN at 5 kpc. This
makes us to focus more on the scenario S3, which seems to present a greater possibility of
identifying the presence of Earth matter e�ects in the neutrino spectrum and, therefore, be
able to observe a clear peak.

In order to set a benchmark on the Earth e�ects observation probability for the next
CCSN neutrino spectrum, we opted for using the general framework provided by frequentist
statistics to study decisions that are made in uncertain or ambiguous situations. First, for
each sample we calculate the area (A) under the curves of the averaged power spectrum shown
in figures 6 and 7; this calculation is made between two fixed frequencies Êmin and Êmax as
performed in ref. [71]. Thus we obtain two distributions which we call signal, corresponding
to the case in which we consider the regeneration factors for both S1 and S3, and background
calculated without taking into account the regeneration factors. Once these distributions are
known, we decided to accept the observation of Earth e�ects at confidence level (C.L.) 1≠– if
the observation, A, is greater than a critical value A–

c which is known as detection condition.
Figure 8 shows these area distributions for neutrinos coming from a galactic CCSN for two
baselines: L = 4000 km and L = 12000 km. Then, as in ref. [71] we define the probability of
detection, p = 1≠—, as the fraction of the area of the signal distribution, p(A | signal), above
A–

c ; red shaded region in figure 8. Where — is the probability of making an error type-II, i.e.,
considering as background fluctuations the signal below the detection criterion.

– 15 –

JCAP01(2022)003

20 40 60 80 100
ω

5

10

15

)
ω

P(

L = 4000 km,  D = 5 kpc,  (S1)

20 40 60 80 100

1
2
3
4
5
6

)
ω

P(

L = 4000 km,  D = 10 kpc,  (S1)
JUNO (NMO)

20 40 60 80 100
ω

5

10

15
L = 4000 km,  D = 5 kpc,  (S2)

20 40 60 80 100

1
2
3
4
5
6

L = 4000 km,  D = 10 kpc,  (S2)

20 40 60 80 100
ω

5

10

15
L = 4000 km,  D = 5 kpc,  (S3)

20 40 60 80 100

1
2
3
4
5
6

L = 4000 km,  D = 10 kpc,  (S3)

Figure 6. Averaged power spectrum over 1000 MC (Monte Carlo) run samples for L = 4000 km
and normal mass ordering. We present these results for a CCSN distance of 10 kpc (upper panels)
and 5 kpc (lower panels) for the 3 scenarios, S1 (no decay), S2 (≥ 50% decay) and S3 (100% decay)
described in the subsection 3.1. As error in the measurement, the standard deviation given in the fit
has been considered and indicated by vertical error bars.

scenario in figure 7, the expected value for the background fluctuations is ≥ 1; this makes
that at 1‡ C.L. the scenarios S1 (for NMO) and S2 (for both NMO and IMO) are not
suitable for Earth matter e�ects observation, since at less 68% of observed CCSNe (samples)
would present a peak in the power spectrum comparable to or shadowed by the background
statistical fluctuations, even for a more optimistic case, such as a CCSN at 5 kpc. This
makes us to focus more on the scenario S3, which seems to present a greater possibility of
identifying the presence of Earth matter e�ects in the neutrino spectrum and, therefore, be
able to observe a clear peak.

In order to set a benchmark on the Earth e�ects observation probability for the next
CCSN neutrino spectrum, we opted for using the general framework provided by frequentist
statistics to study decisions that are made in uncertain or ambiguous situations. First, for
each sample we calculate the area (A) under the curves of the averaged power spectrum shown
in figures 6 and 7; this calculation is made between two fixed frequencies Êmin and Êmax as
performed in ref. [71]. Thus we obtain two distributions which we call signal, corresponding
to the case in which we consider the regeneration factors for both S1 and S3, and background
calculated without taking into account the regeneration factors. Once these distributions are
known, we decided to accept the observation of Earth e�ects at confidence level (C.L.) 1≠– if
the observation, A, is greater than a critical value A–

c which is known as detection condition.
Figure 8 shows these area distributions for neutrinos coming from a galactic CCSN for two
baselines: L = 4000 km and L = 12000 km. Then, as in ref. [71] we define the probability of
detection, p = 1≠—, as the fraction of the area of the signal distribution, p(A | signal), above
A–

c ; red shaded region in figure 8. Where — is the probability of making an error type-II, i.e.,
considering as background fluctuations the signal below the detection criterion.
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NMO: normal
IMO: inverted

No decay 100% decay of !2

Fourier Analysis

Assume neutrinos 

pass 4000 km of 

the Earth matter

E. A. Delgado, H. Nunokawa and A. A. Quiroga, JCAP01, 003 (2022)
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− Analysis: precision measurement of 
oscillation parameters 

Chinese Physics C
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−Collaboration paper has now 
been accepted to CPC  
− Joint China + Europe + 

Americas effort   
− Had several rounds of proof 

exchange with journal  
− Publication is imminent  

  
−Continuing this work through a 

joint effort with Europe  
− Active participation from the 

Americas: 
−Developing a new Bayesian 

analysis in Brazil  
−Working on improving one 

of the existing analyses in 
the US

Highlights from the Americas
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Thank you for your attention!


