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Neutrino from the History of the Universe
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Neutrinos are from everywhere
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Sciences from detecting neutrinos
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Part I:

Brief history of neutrinos
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1930: Neutrino hypothesis

1914: 

Chadwick

observed 

the 

continuous 

energy 

spectrum of 

electrons

1930: 

Pauli 

proposed 

the spin ½ 

neutral 

particle to 

solve the 

energy and 

spin crisis
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The famous letter from Pauli：1930/12/04

➢ The birth of neutrino and its properties
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The famous letter from Pauli：1930/12/04
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1934: undetectable neutirnos?

1939: neutrino was neglected in 

solar evolution 

1951: Reines discussed with Fermi the possibility of using 

bomb 



10

1941：A Suggestion by Kan Chang Wang

王淦昌
(1907-1998)

Phys. Rev. 61 (1941) 97
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Reactor neutrinos：1953@Hanford

C. Cowan F. Reines

Expected: 0.1~0.3 /min
Observed: 5/min（background >> signal）

Cowan: The lesson of the work was clear: It is easy to shield out the 
noise men make, but impossible to shut out the cosmos.

1956: @Savannah River：with 12 m rock overburden + veto

e nep ++ → +

2e e + −+ →

Neutron capture with gamma,
delayed signal

Prompt signal
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Reactor neutrinos：1956@ Savannah River

C. Cowan F. Reines

(1) I, II, III LS + 5 inch PMTs

(2) Blue: 200 L water with 40 kg CdCl2

(3) Coincidence，sig. v.s. backg. 3:1

e nep ++ → +

2e e + −+ →

Neutron capture with gamma,
delayed signal

Prompt signal
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Reactor neutrinos：story behind discovery



14

1968: Solar neutrinos

Davis noticed this method 

and started experiments 

Why sun shines?
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1968: discovery of solar neutrinos

➢ Located in the Homestake Gold 
Mine, USA, at a depth of about 
1500 meters, using 600 tons of 
perchloroethylene

➢ Argon atoms were extracted via 
chemical methods to measure the 
neutrino flux; the expected rate was 
1.5 events per day

➢ The theorist John Bahcall developed 
the Standard Solar Model (SSM)
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Solar neutrino experiments
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SNO：Another approach → heavy water

Heavy Water→ Kill three 
birds with one stone

Independent of the SSM
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Canada：Sudbury Neutrino Observatory

Arthur B. McDonald

SNO：Another approach → heavy water
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Evidence of solar neutrino flavor conversion !
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Famous“two neutrino experiment” 
muon neutrino proved (1962),
Nobel prize in 1988.

1962: Discovery of the second type of neutrinos
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Neutrino telescope at Kolar Gold Fields,
India 1965 @ 2400m (rock)

Neutrino telescope at East Rand Proprietary

Mine, South Africa 1965 @ 3200m (rock)

1965: Discovery of atmospheric neutrinos
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Super-Kamiokande：thirty years of running



23

Super-Kamiokande：thirty years of running
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On October 6, 2015, 2015 Nobel Prize in Physics was awarded to Professor 

Takaaki Kajita from the University of Tokyo, Japan, and Professor Arthur B. 

McDonald from Queen's University, Canada, in recognition of the discovery of 

neutrino oscillation, which demonstrates that neutrinos have mass.
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Part II:

Theory of neutrino oscillations
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Neutrino oscillation：the theory framework
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ν Oscillations: 2-flavor approximation 
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ν Oscillations: 2-flavor approximation 
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ν Oscillations: 2-flavor approximation 
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νe

νμ

ντ

ν Oscillation: A QM phenomenon
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Part III:

Reactor neutrino experiments
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How to produce reactor neutrinos?
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How to detect reactor neutrinos?
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Reflections of the Nobel Prize Laureates

➢ Reflections from 

Sheldon Lee 

Glashow at Tohoku 

University
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How to detect theta(13) from reactors?

Parameter Error Near-far

Reaction cross section 1.9 % 0

Energy released per fission 0.6 % 0

Reactor power 0.7 % ~0.1%

Number of protons 0.8 % < 0.3%

Detection efficiency 1.5 % 0.2~0.6%

CHOOZ Combined 2.7 % < 0.6%

Source of systematics

◼ Reactor related    ~2%

◼ Detector related   ~2%

◼ Background        1~3%

Lesson from previous experiments

◆ CHOOZ: Good Gd-LS

◆ Palo Verde: Better shielding

◆ KamLAND: No fiducial cut

Near-Far detector relative measurment
Mikaelyan and Sinev, hep-ex/9908047
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8→3：real experiments
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Daya Bay Reactor Neutrino Experiments
2003 idea → 2007 started civil construction，2011 started operation 
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Decommission in 2020
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Part IV:

Jiangmen Underground Neutrino Observatory 
(JUNO)
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Global Picture of 3 flavor mixing 
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Importance of neutrino mass ordering

(a) (b)

(c)
(d)
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Matter effects: Accelerator, atmospheric, supernova neutrinos

Vacuum Interference: Reactor neutrinos S. T. Petcov et al., PLB 533, 94 (2002)

Method to determine mass ordering
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Method of reactor neutrino oscillations
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Experimental Site
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Detector design
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Multi-purpose neutrino observatory
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History of JUNO construction
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Highlight of JUNO achievements

First results using 59 days of data already 
published, Nov 2025 – Jun 2026

First Neutrino Mass Ordering 
207 days of data @ 𝛎’26
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Reactor neutrino event selection

⚫ Prompt and delayed coincidence in time, space with energy features
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Reactor neutrino rate v.s. time
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Solar parameters from reactors

➢ Enter precision era with JUNO!

➢ First observe geoneutrino at JUNO 
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First indication of neutrino mass ordering

➢ Adopt Δm2
31 from the 

NuFit-LBL results: 
normal mass ordering 
is favored at Δχ2 = 4.86
(2.3σ)
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Introduction of geoneutrinos
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Introduction of geoneutrinos
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More breakthroughs await your participation!

Mass ordering Precision measurement Solar neutrinos Geoneutrinos

Supernova  neutrinosDiffuse Supernova  

Neutrino Background
Proton decays
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Thanks!

谢谢!
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参考书

参考资料

C. Giunti & C.W. Kim

Z.Z. Xing & S. Zhou

A. Strumia & F. Vissani

hep-ph/0606054

▪ 文献搜索

▪ http://inspirehep.net/

▪ https://arxiv.org/

▪ https://ui.adsabs.harvard.edu/

http://inspirehep.net/
https://arxiv.org/
https://ui.adsabs.harvard.edu/
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In ν Oscillations Dirac = Majorana
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