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Standard interactions in the SM

L= — ii[iWLi

All leptonic interactions preserve U(1) gauge symmetry

Effective field theory — Four-Fermi interaction
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What are Non Standard Neutrino Interactions (I)

Mass Found in Elusive Particle;

Massive neutrinos = NEW PHYSICS! Universe May Never Be the Same
Discovery on Neutrino e :'.:';':L,
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What are Non Standard Neutrino Interactions (I)

Mass Found in Elusive Particle;
Massive neutrinos = NEW PHYSICS! Universe Will Never Be the Same

. - Dalncting ¥
Discovery on Neutrine  meutrinos ot v

Is it possible some more new physics in the neutrino sector?

NSNI: Non-SM like, four fermion interactions (possibly flavour
violating) involving neutrinos.
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What are NSNIs (I1)

Dne ox —eng (79 PLug) (fy,L)

In matter propagation

0 m _.m m
Am2 ; 1+ €ee €eu  Cer
_ 21 m m m
Hr=U SE i ur+v €re € €ur
Amy, Efrne 7'_" em
2E 12 TT

V x Ne

Where to find them? Cosmology, astrophysics, all over the place
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Current bounds on NSI interactions

BOUNDS

—4<en <26 el |<1.4-107%  |en| <19 cas = €5
~0.05 < em, < 0.08 |em | <025,
lem | <19 (90%CL).

€s in units of 2v/2Gr

S. Davidson, C. Pefia-Garay, N. Rius, A. Santamaria
hep-ph /0302093
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Gauge invariance and Effective Field Theory

@ Effective Field Theory (Remember Fermi?)

1 1
L= Lsu+ K.fdzs + ﬁgdzﬁ + ...
@ Gauge invariance (SU(3) x SU(2) x U(1))
1, . _ 1 - -
A2 (T Put)(Enyper) = 5 (LY L) (LevpLe)

N2

Trouble, for instance pu — eee

Le L+ ve vt
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Systematical analysis (1)

Two possibilities

A) There could be NO lepton charged processes involved
Ex: Ford =6

(Leir?L)(LiT?Le) — (vCeer)(Puef)

Ex: Ford =8

(ZH)'y“(HJr L)(E'y“E) — VQ(De'y“I/”)(éL'y#e)
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Systematical analysis (I1)

Two possibilities

B) In general, "fine tune” some of them to obtain desired
suppression

Ex:
1 3

C Te Te C Te = Te -
2 (LA LN (Lo L") + 55 (LT L) (Lo, TLY)

['eff:/\

We can avoid charged lepton interactions (& v*Pyu)(év,PLe)

if
clycd~o

ALL cancelation conditions considered
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TREE-LEVEL MEDIATOR DECOMPOSITION




Tree level mediator decomposition

We can open the d = 6 vertex
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Tree level mediator decomposition

We can open the d = 6 vertex
Ex: For instance, take the (L<im?L)(LiT?LE)

—

singlet scalar, Y =—
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LK LT
Ao @@=~ Ko,
Le Le
/ \

LH LK LT L
Aey @~ @Aep Aer po=————K et
Le Le CORRELATED Le Le

BOUNDS!
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Mediator decomposition d = 8

Same idea... more laborious
(LH)y*(HTL)(Ey,E)  for d=38
In general, d = 8 operators induce d = 6 four lepton interactions

) . Ex: Without cancellations
Ex: With cancellations. H

Leer Le er € -

_____ | S e (E

scalar doublet : vector doublet
46"?\ [ner

At least two new fields required
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Operators with mediators

Dim. cight operator Clew Cion Onal Mediators

Combmmtmn IL
1 (LyPL)(E 1
g |L~r‘ijEH' () (HE) 1
3 LWEHT)(v,)(H*E) 1
4 1 WHY DO WE VEED STUPENTS
5 1 B WAY 2
[ 1
Combmuon EL

(LE)EL)(HH) -172
s (LE)FNEL)(H7H)
[ (EH)(H'E)(EL) —1/4 ¥
10 L7H)(HIE)(7)(EL) -3/
1 i1 -1y
12 ( 2 )(HTE) (i 2/4 14
Combination E°L
13 (LreEe)(TF .,LJAH‘H\ -1
14
15 v
16
1

2
18 (LFrtH) () E) Ty 2
Combination H1L

19 (LE) 'HHH‘LK

v B tige 240
e + BT T

(LE)r 14 174
(LE) 24 1/
W HTAT R B -1 19

tandard neutrino




Summary and Conclusions

@ Two ways of achieving large NSls: with or without fine tuning.
Fine tuning conditions (pray for symmetries) are now clear.

@ Unfortunately, gauge symmetries are a strong constraint to
NSls. At tree level two exotic fields are required to achieve
large NSls.

@ However, not excluded! Most bounds are model dependent.
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BACKUP SLIDES
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SM plus neutrino masses

Two generations case

Lsmim, = — %ZL’Y@L W,

—iEjt T oo (Am
P(va — vpi t) = |Z Upje™"5 Uja\ =sin” fsin Ft
J

for the case of two species

Inside matter
6
V2

Schrédinger equation

[By(1 = ys)vel ey (1 — y5)e] — V2Gr Neiveve

€ee = \/EGFNe

.d [ ve —-A+€&. B Ve . Am?
IE < ” ) < B A ) < Vs ) with A= g—izcc-)s290
B = ﬁsm200
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ure bounds from NF

sin® 263

1077 107 107 1072 107!

-—
better

NH for 6 = 3n2
0)

sin’ 265 reach
o NSI

CPV for 6" = 37/2
(50)

sin® 263
(5e)

L

NH for 68 = 3/2
50)

613 reach

sin” 2

fitincluding

CPV for 6" = 37/2
(50)

kel Gor)

ekt Ger)

reach

Improvement by
Silvers @ 4000 km

6l G
5GeV

25GeV
- €7 (Ber)
GLoBES 2008 50 GeV
107 107 1073 1072 107!
=]

J. Kopp, T. Ota and W. Winter
arXiv:0804.2261
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Future bounds from NF

Performance indicator 90% C.L. 30 C.L. So CL.
Standard oscillation physics
sin? 2645 4251075 3.03 104
Normal hierarchy (for 0fp® = 37 /2) 227-10°8 1.23-104
Maximal CPV (628 = 37 /2, NH) 1491078 1.23-1071
Standard oscillation physics polluted hy non-standard €72
sin® 265 8.13-10°° 2.04-107%
Normal hierarchy (for ofip® = 37 /2) 4.00-1073 1.01-104
Maximal CPV (6° , NH) 469-107° 1.39- 107
Noun-standard oscillation physics with real el
efy, (with Tmelj, = 0) 1771072 21078,
S1079 1079
el (with Imey =0) S0 81077,
<107 31077
ey (with Im el = 0) 51071,
741071
em 1071,
<1074
i [—1.90- -1072,
1.80- 501077
en [—1.90- 521072,
1.90 - 21077
Non-standard oscillation physics with complex €],
ez 3.41-107° - 1072 8.08-107%
] 474-107° S1078 1751072
e 1.80- 1072 S1072 3.31-1072

Kopp, T. Ota and W. Winter
PONER REF
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Charged Current NSls

Charged currents

Lcc o gaﬁ(ﬂa')’pgﬁ)(’a’ypf)’ o f=ep, T

Effects at source, detector and matter propagation ut

Vo) =lva) + Y enln), &
ﬂf:e?u?T
d E : d
<Va|:<ya‘+ 67a<V’Y‘7 .8
ﬂf:e?u?T n p
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Systematical analysis Il

In general
@ Choose a basis of effective operators
@ Find cancellation conditions for the coefficients of the basis

© Express cancellation conditions for any combination of generic
operators in terms of those of the basis
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Systematical analysis: Choose basis

Choose a basis of effective operators

(O} on )ty =(IP*La)(E*,E,) (H'H) ,
(LP+P7Lo)(E*y,E,) (HITH)
(P4 La)(L*y, Ly ) (H'H),

(OLen);

111 34
(Orpm)ay

(O ), =1 ) (Lo Ly)(HH),

(Orh)s =17 Y7Ly (H'TH),

(O =(L° L) (L L) (HTH),

(O =(—1e"*)(LPv7°L.)(L,7"L, ) (H'T°H),
(Open), =(EN"E)(Ey,E)(H'H).
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Systematical analysis: Find canc. conditions

Find cancellation conditions for the coefficients of
the basis

For the d = 8 operator coefficients, the cancellation conditions read

1 _ o8 111 ,331 2188 318 _ 2388 1 , _
Copn =Clpn. Ciop+Clry —Copy —Crrp =0, Cipy arbitr., Cppn =0,
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Systematical analysis: Canc. conditions for any op.

Jombination HTL

19 (LE)(EH)(H'L) ~-1/4 -1/4 v 2% + 1§ + 25
20 (LEYT)WEH)(HTL) —3/4  1/4 251 + 357" + 280,
21 (LH)(v*)(H'L)(Ev,E) /2 12 v 15 + 1f
22 (LTH)(v*)(H'TL)(E~,E) 3/2 —1/2 13 + 3577
23 (Ly*E°)(EFH)(v*)(HTL) “1/2 12 ¥ 285 +1F + 28,
24 (LyPE°)(E°H)(v*)(H'L) -3/2  1/2 2o+ %7 + 2,
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I
MOREOVER...

Radiative corrections: 7 —

1%

M(r — wy)

* 2 . . )
M7 — pvrvy) X |Arada|” implies [e,-| < 3.0 x 10

[Antusch, Baumann, Fernandez-Martinez, arXiv:0807.1003.]
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Moreover...

GF(€u)

D. Hernandez Non-standard neutrino interactions



Moreover...

GF(€u)

and using this Gr find

[# decays + K decays

|V,4)? + | V)? ~1

Therefore leuul < 8.2-107%
[Antusch, Baumann, Ferndndez-Martinez; arXiv:0807.1003:]
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Model dependent loop bounds

To set the €, and €, bounds

But for Zee's model

o ~3

€5 =

= TEas T TE48 T Eag -

2
. o . m .
Implies additional O(7+) suppression, hence weaker bounds
w C. Biggio, M. Blennow, E. Fernandez-Martinez
arXiv:0902.0607
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NSlIs from Seesaws

Type | Seesaw B '
Lt = —YaiLHIN' + h.c.

gives the d = 6 modification to the L's kinetic energy
& = —cap(LaHNP(HLp)

And after diagonalization NSls
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NSIs from SUSY

Without R-parity violation

Nk LiLES
Nij Li Qi Di

Integrating, for instance, the heavy squark

geff = _2\/52 faﬁ(’jafyuyﬂ)(aR’YudR)

af
with X |2
Az‘
_ j1
guu 24\/5(;,__,772
J qj
etc.
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