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What are neutrinos?
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The Sun

3
Cr: NASA Solar Dynamics Observatory



Nuclear fusion in the Sun

At the Earth

● About 1021 photons falling on your body every second
● About 1015 𝜈’s falling on your body every second

We don’t feel neutrinos, they just pass through us! 
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4H+ → He2+ + 2e+  +  2𝜈  +  27 MeV

More fusions Escape Photons



Cross-section

How likely is the particle going to go through?
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Photons: Electromagnetic interactions, xsec ∼ 10–24 cm2

Neutrinos: Weak interactions, xsec ∼ 10–38 cm2

Neutrinos’ xsec is much smaller than other known particles!



How neutrino was “discovered”?

“Nuclear beta decay” circa 1930 
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N → P + e–

● 1 → 2 process:
● Momentum conservation: pP = –pe

● Energy conservation completely determines Ee

What did we actually find?

“Missing energy”

Cr: arXiv:1708.01046



How to make sense of the “missing energy”?

Conservation 
laws are wrong!
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1 → 2 process 
is wrong!

N Bohr W Pauli

Cr: NobelPrize.org, PNGkey.com



Pauli’s solution

The real beta decay

● Charge conservation: 𝜈 must be neutral

● Mass “conservation”: 𝜈 must be very light (almost massless)

● Only detect P and e–: 𝜈 must interact very weakly

8

N → P + e– + 𝜈



9Borrowed from Pawin Ittisamai



How do we detect neutrino?

Need
● Neutrino sources 
● Detectors 
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detection rate =  flux ∙ xsec ∙ NA(/target atom)

not readily available in 1930s



Cowan and Reines first proposal
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Cr: lstock



Cowan and Reines experiment (1956)
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Savannah river site 
nuclear reactor 

Inverse beta decay 𝜈 + P → N + e+
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Cr: US Department of Energy



How many neutrinos are there?

Theory
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Experiment

Cr: Wikipedia

Cr: CERN



Why do neutrinos 
matter?
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The sources of neutrinos

15Cr: arXiv:1910.11878



The solar neutrino problem

Homestake Experiment
● Goldmine in South Dakota
● 1500m underground
● 400m3 of dry-cleaning fluid
● 1970 – 1994
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Cr: US Department of Energy

𝜈e + 37Cl → 37Ar + e–

Found only ⅓ of expected solar neutrino!



Neutrino oscillations 

Neutrino can change flavor while travelling
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flavor states

mass states

Sun Earth

(𝜃,𝛥m2): osc. param



Atmospheric neutrinos
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Cr: Takaaki Kajita, Nobel Lecture 2015



Atmospheric neutrinos problems
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Cr: T. Kajita, Nobel Lecture 2015

Cr: arXiv hep-ex/0604011

DowngoingUpgoing

#𝜈e #𝜈𝜇

𝜈𝜇 osc. is different from  𝜈e osc.
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Current status of neutrino oscillations

21Cr: Universe Review

At least two  
massive neutrinos!
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So neutrinos are massive.
Big deal? 
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Richard Feynman (1918-1988)
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“We never are definitely right, 
we can only be sure we are 

wrong!”

Cr: Wikipedia



Implication of a massive neutrino

24Cr: Symmetry Magazine



Chirality
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Cr: Wikipedia



Chirality and relativity

● Massive particle contains both left and right chirality
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● Massless particle only has one chirality
○ “We cannot catch up with light”
○ What does this imply for neutrinos?



Fermions in the Standard Model
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Quarks Leptons
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“The Standard Model 
contains only left-handed 
neutrinos, so they must be 

massless!”



Is a wrong theory any good?
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Standard 
Model



Domain of validity

Massive neutrino means we need to extend the Standard Model
30

Special Relativity Beyond 
Standard Model

Newtonian 
Mechanics

Standard 
Model



New physics is out there
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Open questions for neutrino physics 

● How do neutrinos get their mass?

○ Theory (easy)

○ Discovery (hard)

● What are neutrino masses ordered? 

● How many neutrinos are there?

○ 3 active. Sterile? 

● Are neutrinos connected to other unknown physics?

○ Dark matter?

○ Baryogenesis?

… 
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Why should we care 
about neutrinos?
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Multi-messenger astronomy
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Cr: arXiv 1212.2289

Cr: NASA, ESA, J Hester, A Loll



35arXiv:2207.09231



Neutrino research in 
Thailand
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Chiang Mai U
(IceCUBE)
NARIT
(JUNO)
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Chulalongkorn
(KATRIN, JUNO, 
IceCUBE, pheno)
Srinakharinwirot U
(Pheno)

Khon Kaen U
(Pheno)

Suranaree U,
(KATRIN, JUNO)



IceCUBE
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Cr: IceCUBE Collaboration



Thai @ IceCUBE

● Work on IceTop detector
● Study atmospheric and astrophysical neutrinos
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Waraporn (CMU)Chayanit (CU)Achara (NARIT)



Jiangmen Underground Neutrino Observatory

Cr: Symmetry Magazine
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Cr: Liu Dawei, Alamy

Cr: JUNO Collaboration



● Data analysis 
● Search for dark matter 

annihilate into neutrinos

● Study background B field in the 
detector tank

Thai @ JUNO
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SUT 

Warintorn Chinorat Ayut Khanchai Narumon (CU) Utane (NARIT) 



Karlsruhe Tritium Neutrino Experiment

Directly measure 𝜈e “mass” from 
tritium beta decay
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Cr: CERN

Cr: KIT



● Data analysis for sterile 
neutrino search

Thai @ KATRIN

● Develop B field sensor
● Simulate B field for next 

generation experiment
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Auttakit 

Chula 

Narumon Udomsilp 

SUT 

Warintorn Chinorat Ayut Khanchai 



Thai neutrino phenology

● Neutrino mass model

● Connection between neutrinos and dark matter
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Chakrit (KKU) Pawin (CU)Patipan (SWU)



Khon Kaen Particle Physics and Cosmology Theory
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[KKPaCT]

“เราจะเปนศูนยฟสิกสทฤษฎีที่ดีที่สุดอันดับสามของประเทศ”
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Theoretical High-Energy Physics and 
Astrophysics research 

@ Srinakharinwirot University

( facebook.com/THEPASWU )



THEPA Team
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Black Hole PhysicsParticle Physics

Kem Poomsa-ard

Quark Model

Patipan Uttayarat

BSM physics

Nopmanee Supanam

Chiral Perturbation

Suphot Musiri

Quasi-normal mode

Wasutep Luangtip

ULX physics

3 grad students + 3 undergrad

We’re recruiting!!!


