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2 — Formalism

2 — Formalism

If sterile neutrinos exist and they mix with the active ones:

/

V1) = cos B|v,) — sin 6|v;)

Vo) = sin B|v,.) 4 cos 0|v;)

More in general we have

3
Val, — Zm:1 Ua,meL + Z%]:zl vam’an/L

e Phenomenological approach



2 — Formalism

The signatures of N depend on its mass:

DL=2 processes

V'Cd Oscillations Decay
VP4 Oscillations Peak searches Decay
., Oscillations Kinks Peak searches Decay

]
eV keV MeV GeV



3 — Kinks in the electron (3-spectrum

3 — Kinks in the electron  (3-spectrum

For masses m ~ 10 eV-1 MeV, the search of kinks in the
(3— spectrum is very sensitive to an admixture of heavy

neutrinos in  7,.

Q-3M, Q—-M» Q
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3 — Kinks in the electron  [3-spectrum
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4 — Peak searches

4 — Peak searches

If a heavy neutrino mixes with v, ,, it would modify the
spectrum of e and p in meson decays . For ex., in m — uv,
a peak would appear at

T; = (m2 + m} — 2myme,— s
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4 — Peak searches
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4 — Peak searches
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5 — N-decays searches

5 — N-decays searches

N decay due to their mixing with active neutrinos  via CC and NC:

my < 1 MeV: N — vvu;
1 MeV <my <m,:. N —ete v,

Wy = T N — 7.

The decay rates is given by:

3—body 1 ~2 5 9
I X 7eemGEmy | Vid]

2—body ~ 1 2. 3 9
I X 167TGFmN V14|

Experimentally: i) [V, produced with P = |V}4]? in v-beams and
colliders

i) [V, decays

lil) search for SM decay products



5 — N-decays searches
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[Atre et al., arXiv:0901.3589 [hep-ph]]
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5 — N-decays searches
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5 — IN-decays searches
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5 — N-decays searches

e These bounds are less reliable than peak searches because In
presence of non-SM decay channels they could be weakened and

evaded.

e Present and future neutrino facilities could improve on the se bounds,

due to the large v flux (MINOS, T2K and superbeams, neutrino factory).



6 — Electroweak precision tests

6 — Electroweak precision tests

The presence of [V affects processes below their mass threshold (due
to breaking of unitarity in ~ U).

For example, the effective j-decay constant G 1S
Gy = Gryf(L = [Vaa)(1 = [V ?)

Universality tests allow to put constraints on heavy sterile neutrinos:

Mixing element | Range of m,4 | EW Measurement

Vea|? my > m., < 0.003
Vial? my > M < 0.003
V7-4‘2 my > My < 0.006




6 — Electroweak precision tests

Indirect limits come from lepton flavour violation processe

as [ — e.

Br(s — €7) = & | Sy Ve Vi

2

)

Br(p —ey) <1.2x 107" =

VeaVia] < 0.015 (3.5 x 107%) [1 x 107°]

for my = 10 GeV (100 GeV) [1000 GeV]

S searches,



7 - AL = 2 processes

7 - AL = 2 processes

AL = 2 processes are sensitive to heavy Majorana

£ X

neutrinos.

I N TC

o small my: I' oc (my sin? 0)?
o large my: I' o< (mj sin? 0)?

e resonance for my ~ @: the Br can be strongly enhanced.



7 - AL = 2 processes

LNV 7 decays

T~ — 0T MM~

The Branching ratio can be approximated as:

Br ~ G330, Vi M ViGEM 2|V, Vi (),

TN,
~ 10 |V]\C/';KMvCKM|2 (GeV) Vo4 Vi
The intermediate [V state is a real particle which propagates before

decaying. It may exit the detector and therefore give no posi tive signal
with probability

P =1—exp(—Lexpl'n)

We give an estimated weaking factor for the mixing angle

VesVeal(= [Ves?) = 1/ |Veul2 / (Lexp T o)




7 - AL = 2 processes
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7 - AL = 2 processes

LNV meson decays
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8 — Collider signatures

8 — Collider signatures

Search for like-sign di-leptons at Tevatron and LHC.

[Keung, Senjanovic PRL50; Dicus et al., PRD44; Datta etal., ¥ PRD50...]

4y

An excellent approximation for the cross section is

VeraVeya |’

o(pp — UW) =~ o(pp — {Ny)Br(Ny — IW) =~ — 500
Zﬁze |‘/€4‘



8 — Collider signatures
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8 — Collider signatures

At Tevatron, the most promising channels are ~ pp — p=pu* 575X
(PP — pFe*jjX):
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8 — Collider signatures

At the LHC a similar analysis gives

IIIIII .J-Q‘lq'ﬂl'l T LELLBLALLLI

0 | 100 | 200 | 300 | 400 | 500
m, (GeV)




9 — Conclusions

9 — Conclusions

Review on the laboratory (non-oscillation) bounds on steri le neutrinos.

e Kink in the (3-spectrum : for 10 eV < my < 1 MeV, |V,4|* as small as

0.001.

e Peak searches : for masses in the few MeV region,
W <1l — 10

o NV decays: bounds as strong as  |V,,4|* < 107®
e AL = 2 processes : in presence of resonance stringent bounds.

e Collider searches at Tevatron and LHC



10 — Neutrino oscillations

10 — Neutrino oscillations

e Disappearance experiments

Plve.—1v,) =1— 4]\/64]2(1 — ]‘/64\2) sinQ(AmQL/ZLE)
Py, — v,) =1 =4V, *(1 = [V.u]?) sin?(Am?>L/4F)

and put strong bounds on V.4 and Vu4-

e Appearance experiments

A 2
ig )

P(v, — v.) = sin® 20, sin” (




10 — Neutrino oscillations

e Disappearance bounds

V. disappearance was searched for in reactor exp (Bugey,
CHOQOZ) and in accelerator exp ( BEBC) with no positive

result.
Vo / Vg
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[Cirelli et al., NPB 2005]



10 — Neutrino oscillations

v, disappearance bounds come from CDHS, CCFR and

CHARM.
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10 — Neutrino oscillations

The SM Lagrangian for neutrinos Is:

L= (%vw 3 T AR+ h.c.) +

2COSW Z,u Za 1 VaL fy VaL,

= SW. (U Prl+ VINy  Prl) + h.c.
5l Z, (UVOy" PLN® + h.c.)

2 COSWy

5= 2, (UTUD " Prvy + VIV Ny PLNC) |




10 — Neutrino oscillations
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