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Preface
Tau signal at a near detector
Flavour violating process with a neutrino in µ-τ sector

at the beam source: π+ → µ+ν

νN → τ−X :at a near detector

MINSIS proposal @FNAL
http://www-off-axis.fnal.gov/MINSIS/

MINSIS meeting @Madrid
http://www.ft.uam.es/workshop/neutrino/default.html

Signal for what?
Sterile neutrino — mixing with light neutrals
Non-unitary PMNS matrix — mixing with heavy neutrals
Non-standard neutrino interactions — exotic four-Fermi int
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Introduction
Non-standard neutrino interactions in experiments

NSI in oscillation experiments
NSI — Exotic interactions with neutrinos which are parametrized

as four-Fermi interactions

Standard oscillation
Pνα→νβ

=
∣∣〈νβ|e−iHL|να〉

∣∣2

With NSI in source and detection

Pνα→νβ
=

∣∣∣〈νd
β|e−iHL|νs

α〉
∣∣∣2

CC type NSI — flavour mixture states at source and detection
Grossman PLB359 (1995) 141.

|νs
α〉 =|να〉+

∑
γ=e,µ,τ

εs
αγ |νγ〉, e.g., π+

εs
µe−−→ µ+νe

〈νd
α| =〈να|+

∑
γ=e,µ,τ

εd
γα〈νγ |, e.g., ντN

εd
τe−−→ e−X
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Introduction
Non-standard neutrino interactions in experiments

NSI in oscillation experiments
NSI — Exotic interactions with neutrinos which are parametrized

as four-Fermi interactions

Standard oscillation
Pνα→νβ

=
∣∣〈νβ|e−iHL|να〉

∣∣2
With NSI in propagation

Pνα→νβ
=

∣∣∣〈νβ|e−i(H+VNSI)L|να〉
∣∣∣2

NC type NSI — extra matter effect in propagation
e.g., Wolfenstein PRD17 (1978) 2369. Valle PLB199 (1987) 432. Guzzo Masiero Petcov PLB260 (1991) 154.

Roulet PRD44 (1991) R935.

(VNSI)βα =
√

2GF Ne

 εm
ee εm

eµ εm
eτ

εm∗
eµ εm

µµ εm
µτ

εm∗
eτ εm∗

µτ εm
ττ

 , e.g., νe
εm

eτ−−→ ντ

in propagation

Source and detection NSIs are relevant at near det exps.
T. Ota (MPI für Physik München) NSI bounds at near detector



Introduction
Non-standard neutrino interactions in experiments

NSI in near detector experiments

at the beam source: π+
εs
µτ−−→ µ+ντ

ντN
SM−−→ τ−X :at a detector

→

Tau signal rate =˛̨̨̨
˛

AνN -scat
SM A(π+ εs

µτ−−→ µ+ντ )

+A(νµN
εd
µτ−−→ τ−X)Aπ-decay

SM +AνN -scat
SM 〈ντ |e−iHL|νµ〉Aπ-decay

SM

˛̨̨̨
˛
2

Three (coherent) contributions to the signal
Source NSI in pion decays

Detection NSI in neutrino-nucleon scattering
Standard(/non-standard) oscillation signal

−→ We will see source NSI is an interesting possibility...
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Introduction
Gauge invariant effective interactions

Parametrize the relevant effective interactions
Including (ν̄τµ)(d̄u) or (τ̄ νµ)(ūd)
SM gauge invariant
Buchmuller Wyler Nucl Phys B268 (1986) 621

Leff =2
√

2GF

X
β,α

h
(C1

LQ)β
α
(O1

LQ)β
α + (C3

LQ)β
α
(O3

LQ)β
α

i
+ 2

√
2GF

X
β,α

h
(CED)β

α(OED)β
α + (CEU )β

α(OEU )β
α + H.c.

i
,

defined with the operators

(O1
LQ)β

α =[L
β
γρLα][QγρQ],

(O3
LQ)β

α =[L
β
γρ~τLα][Qγρ~τQ],

(OED)β
α =[L

β
Eα][DQ],

(OEU )β
α =[L

β
Eα](iτ2)[QU ],

and the corresponding coefficients Cs.
T. Ota (MPI für Physik München) NSI bounds at near detector



Introduction
Gauge invariant effective interactions

With component fields, the eff. Lagrangian looks...
Decompose SU(2)L doublets with component fields

Leff = Lν`+L``+Lνν

Relevant part for near detector experiments is...

Lν` =2
√

2GF

"
2(C3

LQ)µ
τ
[µ̄γρPLντ ][ūγρPLd]+2(C3

LQ)µ
τ
[ν̄µγρPLτ ][d̄γρPLu]

+(C†ED)µ
τ
[µ̄PLντ ][ūPRd] + (C†EU )µ

τ
[µ̄PLντ ][ūPLd]

+(CED)µ
τ [ν̄µPRτ ][d̄PLu] + (CEU )µ

τ [ν̄µPRτ ][d̄PRu] + · · ·

#
.

Source NSI: (C3
LQ)µ

τ , (C†ED)µ
τ
, and (C†EU )µ

τ
,

Detection NSI: (C3
LQ)µ

τ , (CED)µ
τ , and (CEU )µ

τ .

Note that (C)µ
τ and (C†)µ

τ are independent.
T. Ota (MPI für Physik München) NSI bounds at near detector



Introduction
Gauge invariant effective interactions

With component fields, the eff. Lagrangian looks...
Decompose SU(2)L doublets with component fields

Leff = Lν`+L``+Lνν

Unavoidable charged LFV
L`` =

GF√
2

"n
(C1

LQ)µ
τ − (C3

LQ)µ
τ

o
[µ̄γ

ρ
τ ][ūγρu] +

n
(C1

LQ)µ
τ

+ (C3
LQ)µ

τ
o

[µ̄γ
ρ

τ ][d̄γρd]

−
n
(C1

LQ)µ
τ − (C3

LQ)µ
τ

o
[µ̄γ

ρ
γ
5
τ ][ūγρu] −

n
(C1

LQ)µ
τ

+ (C3
LQ)µ

τ
o

[µ̄γ
ρ

γ
5
τ ][d̄γρd]

−
n
(C1

LQ)µ
τ − (C3

LQ)µ
τ

o
[µ̄γ

ρ
τ ][ūγργ

5
u] −

n
(C1

LQ)µ
τ

+ (C3
LQ)µ

τ
o

[µ̄γ
ρ

τ ][d̄γργ
5
d]

+
n
(C1

LQ)µ
τ − (C3

LQ)µ
τ

o
[µ̄γ

ρ
γ
5
τ ][ūγργ

5
u] +

n
(C1

LQ)µ
τ

+ (C3
LQ)µ

τ
o

[µ̄γ
ρ

γ
5
τ ][d̄γργ

5
d]

−
n
(CED)µ

τ − (C†
ED

)µ
τ

o
[µ̄τ ][d̄γ

5
d] −

n
(CEU )µ

τ − (C†
EU

)µ
τ

o
[µ̄τ ][ūγ

5
u]

−
n
(CED)µ

τ
+ (C†

ED
)µ

τ
o

[µ̄γ
5
τ ][d̄γ

5
d] −

n
(CEU )µ

τ
+ (C†

EU
)µ

τ
o

[µ̄γ
5
τ ][ūγ

5
u]

+
n
(CED)µ

τ
+ (C†

ED
)µ

τ
o

[µ̄τ ][d̄d] −
n
(CEU )µ

τ
+ (C†

EU
)µ

τ
o

[µ̄τ ][ūu]

+
n
(CED)µ

τ − (C†
ED

)µ
τ

o
[µ̄γ

5
τ ][d̄d] −

n
(CEU )µ

τ − (C†
EU

)µ
τ

o
[µ̄γ

5
τ ][ūu] + · · ·

#
.
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Bounds from charged LFV

Effective Lagrangian for Charged LFV

L`` =
GF√

2

"n
(C1

LQ)µ
τ − (C3

LQ)µ
τ

o
[µ̄γ

ρ
τ ][ūγρu] +

n
(C1

LQ)µ
τ

+ (C3
LQ)µ

τ
o

[µ̄γ
ρ

τ ][d̄γρd]

−
n
(C1

LQ)µ
τ − (C3

LQ)µ
τ

o
[µ̄γ

ρ
γ
5
τ ][ūγρu] −

n
(C1

LQ)µ
τ

+ (C3
LQ)µ

τ
o

[µ̄γ
ρ

γ
5
τ ][d̄γρd]

−
n
(C1

LQ)µ
τ − (C3

LQ)µ
τ

o
[µ̄γ

ρ
τ ][ūγργ

5
u] −

n
(C1

LQ)µ
τ

+ (C3
LQ)µ

τ
o

[µ̄γ
ρ

τ ][d̄γργ
5
d]

+
n
(C1

LQ)µ
τ − (C3

LQ)µ
τ

o
[µ̄γ

ρ
γ
5
τ ][ūγργ

5
u] +

n
(C1

LQ)µ
τ

+ (C3
LQ)µ

τ
o

[µ̄γ
ρ

γ
5
τ ][d̄γργ

5
d]

−
n
(CED)µ

τ − (C†
ED

)µ
τ

o
[µ̄τ ][d̄γ

5
d] −

n
(CEU )µ

τ − (C†
EU

)µ
τ

o
[µ̄τ ][ūγ

5
u]

−
n
(CED)µ

τ
+ (C†

ED
)µ

τ
o

[µ̄γ
5
τ ][d̄γ

5
d] −

n
(CEU )µ

τ
+ (C†

EU
)µ

τ
o

[µ̄γ
5
τ ][ūγ

5
u]

+
n
(CED)µ

τ
+ (C†

ED
)µ

τ
o

[µ̄τ ][d̄d] −
n
(CEU )µ

τ
+ (C†

EU
)µ

τ
o

[µ̄τ ][ūu]

+
n
(CED)µ

τ − (C†
ED

)µ
τ

o
[µ̄γ

5
τ ][d̄d] −

n
(CEU )µ

τ − (C†
EU

)µ
τ

o
[µ̄γ

5
τ ][ūu]

+ · · ·
#

.

Corresponding cLFV depends on the Lorenz strc. of q̄q
cf. Black Han He Sher PRD66 (2002) 053002

Vector: τ → µρ and τ → µω

Axial-vector and Pseudo-scalar: τ → µπ and τ → µη
Scalar: τ → µπ+π−, τ → µK+K−, and τ → µK0K̄0.
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τ ][ūγργ

5
u] −

n
(C1

LQ)µ
τ

+ (C3
LQ)µ

τ
o

[µ̄γ
ρ

τ ][d̄γργ
5
d]

+
n
(C1

LQ)µ
τ − (C3

LQ)µ
τ

o
[µ̄γ

ρ
γ
5
τ ][ūγργ
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τ ][ūγργ

5
u] +

n
(C1

LQ)µ
τ

+ (C3
LQ)µ

τ
o

[µ̄γ
ρ

γ
5
τ ][d̄γργ

5
d]

−
n
(CED)µ

τ − (C†
ED

)µ
τ

o
[µ̄τ ][d̄γ

5
d] −

n
(CEU )µ

τ − (C†
EU

)µ
τ

o
[µ̄τ ][ūγ
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Bounds from charged LFV
Simplified case

For simplicity, let us first...
Assume the all coeffs are real and Hermite, CEX ≡ (CEX)µ

τ = (CEX)τ
µ

-10-3 0 10-3
-5×10-4 5×10-4

CLQ
3

-10-3

0

10-3

-5×10-4

5×10-4

C
E

D
-

C
E

U

Τ®ΜΡ

Excluded

Br(τ → µρ)<6.8 · 10−8

|C3
LQ|

Br(τ → µπ+π−)<2.9 · 10−7

|CED − CEU |

Br(τ → µπ)<1.1 · 10−7

C3
LQ and (CED − CEU )

→ Next let us consider the bounds in general...
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Bounds from charged LFV
General case

Bound to 6 (complex) parameters
(C1

LQ)µ
τ , (C3

LQ)µ
τ , (CED)µ

τ , (CEU )µ
τ , (C†ED)µ

τ
, and (C†EU )µ

τ

Bounded from 8 processes
τ → µΠ with Π ∈ {ρ, ω, φ, π0, η, π+π−,K+K−,K0K̄0}

|C
ED

|

|C
E

U
|

0 0.5 1 1.5 2 2.5

x 10
−3

0

0.5

1

1.5

2

2.5
x 10

−3

|C
ED

|

|C
E

D
*

|

0 0.5 1 1.5 2 2.5

x 10
−3

0

0.5

1

1.5

2

2.5
x 10

−3

68%
90%
95% Powered by

Comput.Phys.Commum
181 (2010) 227
Blennow and

Fernandez-Martinez

(C1
LQ)µ

τ (C3
LQ)µ

τ (CED)µ
τ (CEU )µ

τ (C†ED)µ
τ

(C†EU )µ
τ

@90%
2.1 1.7 7.2 7.2 6.2 6.2 ×10−4

T. Ota (MPI für Physik München) NSI bounds at near detector



Bounds from charged LFV
General case

Bound to 6 (complex) parameters
(C1

LQ)µ
τ , (C3

LQ)µ
τ , (CED)µ

τ , (CEU )µ
τ , (C†ED)µ

τ
, and (C†EU )µ

τ

Bounded from 8 processes
τ → µΠ with Π ∈ {ρ, ω, φ, π0, η, π+π−,K+K−,K0K̄0}

|C
ED

|

|C
E

U
|

0 0.5 1 1.5 2 2.5

x 10
−3

0

0.5

1

1.5

2

2.5
x 10

−3

|C
ED

|

|C
E

D
*

|

0 0.5 1 1.5 2 2.5

x 10
−3

0

0.5

1

1.5

2

2.5
x 10

−3

68%
90%
95% Powered by

Comput.Phys.Commum
181 (2010) 227
Blennow and

Fernandez-Martinez

(C1
LQ)µ

τ (C3
LQ)µ

τ (CED)µ
τ (CEU )µ

τ (C†ED)µ
τ

(C†EU )µ
τ

@90%
2.1 1.7 7.2 7.2 6.2 6.2 ×10−4

T. Ota (MPI für Physik München) NSI bounds at near detector



Bounds from charged LFV
Implication to near detector signal

Tau-signal at a near detector
The coeffs with O(10−4) imply Tau-signal/SM. O(10−7-10−8)...

Chiral enhancement in π decays
cf. Herczeg Phys Rev D52 (1995) 3949, Donoghue Li Phys Rev D19 (1979) 945,
Vainshtein Shifman Zakharov JETP Lett 22 (1975) 55, Gross Treiman Wilczek Phys Rev D19 (1979) 2188

Γ(π+ → µ+ντ ) = ΓSM ·
∣∣∣2(C3

LQ)µ
τ + ωµ

[
(C†ED)µ

τ
− (C†EU )µ

τ
]∣∣∣2 ,

with the chiral enhancement factor ωµ ≡ mπ
mµ

mπ
mu+md

' 21.

Tau-signal
/

SM process∣∣∣(C†ED)µ
τ
− (C†EU )µ

τ
∣∣∣ < 4.2 · 10−4 from cLFV bounds

−→ Γ(π+ → µ+ντ )/ΓSM < 7.9 · 10−5

which is within the scope of MINSIS> O(10−6).
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Conclusion and Discussion
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Conclusion and Discussion
Small remarks on theoretical interpretations

With gauge inv. effective NSI
Source NSI — Pion decay process with OED and OEU gets
the chiral enhancement

Tau-signal
SM Muon-signal

< 7.9 · 10−5 under the CLFV bounds.

Detection NSIs do not get such an enhancement.

OED and OEU can be mediated by...
Higgs doublet in THDM (type III = FCNC)
Slepton doublet in R-parity violating SUSY
(W�R = 1

2λLLEc + λ′LQDc)
Leptoquarks (V2, U1, S1, R2)
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