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Стерильные нейтрино в физике 
частиц и космологии

✤ Физика частиц

✤ Нейтрино

✤ Космология

✤ Стерильные нейтрино



Физика частиц: Стандартная Модель



СМ прекрасно 
описывает 
экспериментальные 
данные в физике частиц
Детектор CMS проходит 
модернизацию перед новым запуском 
LHC

октябрь 2014



Нейтрино

Единственное* противоречие между СМ и 
экспериментом — наличие массы у нейтрино

В оригинальной СМ нейтрино — безмассовые 
незаряженные частицы

* еще одна проблема — т.н. Proton Radius Puzzle  



Масса и осцилляции



Космология



Темная материя и  
Барионная ассиметрия Вселенной

Вещество преобладает над 
антивеществом

???



Итого:

✤ Откуда масса у нейтрино?

✤ Из чего состоит темная материя?

✤ Куда делось антивещество?



«Активные» нейтрино

НейтриноАнтинейтрино



«Стерильные нейтрино»

Figure 4.1: The fermions of the Standard Model are replicated in three “generations”. There are
3 types of neutrinos: ⌫e, ⌫µ, ⌫⌧ . In the Standard Model these neutrinos are massless and always
left-chiral. The right-chiral counterparts N1, N2, N3 are added. They do not feel the electric, weak
or strong forces (thus “sterile neutrinos”).

{fig:SM˙HNLs}

assuming that the mixing elements for other flavours are zero. Although this assumption may not
be valid in concrete models, it enables us to derive generic bounds on the mixing parameter without
referring to any particular texture or model-building aspects. These bounds have to be translated
or scaled appropriately in the context of a given model.

Apart from direct experimental probes, one can also search for HNLs indirectly, e.g. via their
contributions to the lepton flavour violating processes (see Sec. 4.5.3).

The right-handed NI can be combined with the left handed ⌫↵ to form the 4-component Dirac
spinors. The term (4.1.1) then becomes the Dirac mass term. If the NI transform under global
U(1) symmetry, corresponding to the lepton number of the Standard Model, the Dirac mass term
preserves this symmetry and does not prevent to build an extension of the SM where the lepton
number is conserved.

Alternatively, since NI carry no Standard Model gauge charges, one can write for them Majo-

rana masses:
HNL Majorana mass term = MIN̄

C
I NI + h.c. . (4.1.2){majorana}

where NC
I is a charge-conjugated fermion. For energies below the masses of HNLs, this leads to

the appearance of the dimension 5 “Weinberg operator” [314] in the e↵ective Lagrangian of active
neutrinos:

�Losc = c↵�
(L̄C

↵ · �̃)(�̃ · L�)

⇤
(4.1.3){neutrino:eq:2}

(where LC
↵ is a charge-conjugation of the left lepton doublet, L↵, and ⇤ is a parameter having the

dimension of mass and defined by MI and F↵I , and at least some of c↵� ⇠ 1). In case of N = 1
HNL the scale is given by ⇤ ⇠ M/|F |2. Therefore, for any value of ⇤, HNLs can have their masses
in a very wide range, depending on the magnitude of Yukawa couplings, up to MI ⇠ ⇤ where
Yukawa couplings become |F | ⇠ 1 and the theory is not in the weak coupling regime anymore.

In the Higgs phase the operator (4.1.3) leads to the Majorana masses and changes of flavour
of the active neutrinos. Naively this means that for a given HNL mass there is an upper bound



Массы нейтрино - seesaw механизм



Легчайшее стерильное нейтрино — 
кандидат на роль темной материи

Cosmological Constraints 
� Radiative decays of sterile neutrino DM 

� No signal Æ Upper bound on mixing angle !

� Light sterile neutrino = WDM

� Lower bound on mass (Ly-D forest observations)
zܯଵ ≳ 8	keV (DW scenario)
zܯଵ ≳ 2	keV (SF scenario)

� Phase-space analysis (Tremaine-Gunn bound)
zܯଵ ≳ 1 െ 2	keV
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Erase structures on smaller scales!

Boyarsky, Lesgourgues, 
Ruchayskiy, Viel ’09,’09

23 March, 2013Takehiko Asaka (Niigata Univ.)
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Tremaine, Gunn ‘79
Boyarsky, Ruchayskiy, Iakubovskyi ‘08
Gorbunov, Khmelnitsky, Ruvakov ‘08

3.53 keV 
line???

Не совсем темная?



Механизм генерации Барионной 
асимметрии

Key point

23 March, 2013Takehiko Asaka (Niigata Univ.)
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Baryogenesis via leptogenesis

Baryogenesis via sterile neutrino osc.
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Можно ли поймать 
Стерильные нейтрино?

Эксперимент SHiP  в ЦЕРНе
Search for Hidden Particles

Total cost 194.5 MCHF 



Нужно продолжать исследования!


