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Preface

Tau signal at a near detector

Flavour violating process with a neutrino in -7 sector

at the beam source: 77 — ;1" v
vN — 7 X :at a near detector

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

on Standard J nteractions

carch MINSIS meeting @Madrid

am.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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Werner-Heisenberg-ingiitut - Non-standard neutrino interactions in experiments

NSI in oscillation experiments

@ NSI — Exotic interactions with neutrinos which are parametrized
as four-Fermi interactions

Standard oscillation

—i 2
Py = |{vsle 1HL|1/CM)|
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Werner-Heisenberg-ingiitut - Non-standard neutrino interactions in experiments

NSI in oscillation experiments

@ NSI — Exotic interactions with neutrinos which are parametrized
as four-Fermi interactions

Standard oscillation
i 2
Pypvy = }(Vg|e HL|Va)|

With NSI in source and detection
. 2
Py = |(Ble 5 V)

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

ES
ey =lva) + D alny)  egamt Sty
S
d
Wl =(va| + Z eza(yﬂ, eg., v,N =5 e X
y=e,p,T
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Max-Planck-Institut fuer ;)@k Introduction
Werner-Heisenberg-ingiitut - Non-standard neutrino interactions in experiments

NSI in oscillation experiments

@ NSI — Exotic interactions with neutrinos which are parametrized
as four-Fermi interactions

Standard oscillation

Py = }<Vﬁ|eiiHL|Va>|2

With NSI in propagation
. 2
Pl/a—”’[-} = ’<V5’e_1(H+VNSI)L‘I/a>‘

@ NC type NSI — extra matter effect in Gpropagation

e.g., Wolfenstein PRD17 (1978) 2369. Valle PLB199 (1987) 432. Guzzo Masiero Petcov PLB260 (1991) 154.
Roulet PRD44 (1991) R935.

m m m

€ee €epn  Cer (344
—
(Vxsi) o = V2GEN, € € ur | e.g., Ve vr
EZ;_* emx gm in propagation
% TT

@ Source and detection NSls are relevant at near det exps.

T. Ota (MPI far Physik Miinchen) NSI bounds at near detector
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Werner-Heisenberg-ingiitut - Non-standard neutrino interactions in experiments

NSI in near detector experiments

€u

at the beam source: 7+ = ptu,

v, N SMo-x :at a detector

s
_ €
Ag{\V/I scatA(W+ nT ,LL+Z/7—)

Three (coherent) contributions to the signal
@ Source NSI in pion decays
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Werner-Heisenberg-ingiitut - Non-standard neutrino interactions in experiments

NSI in near detector experiments

SM
at the beam source: 7 — uty,

Lo
v,N = 7~ X :at a detector

s d
Ag]]\V/[-scatA(w+ LN /L+V"') + A(y, N -5 T—X)Agl-\t/dlecay

Three (coherent) contributions to the signal
@ Source NSI in pion decays
@ Detection NSl in neutrino-nucleon scattering
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Werner-Heisenberg-ingiitut - Non-standard neutrino interactions in experiments

NSI in near detector experiments

SM
at the beam source: 7 — uty,

lo
[2)
o

v, N SMo-x :at a detector

e od .
Ag]]\\l/[-scatA(ﬂ+ nT ;L+Z/T)+A(VNN nT T_X)Agl-\n/j[ecay+Ag]]\\l/[-scat<y‘r|eﬂHL|V#>A7Sri3[ecay

Three (coherent) contributions to the signal
@ Source NSI in pion decays
@ Detection NSl in neutrino-nucleon scattering
@ Standard(/non-standard) oscillation signal
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Werner-Heisenberg-ingiitut - Non-standard neutrino interactions in experiments

NSI in near detector experiments

at the beam source: 7+ — utv

il

vN — 7~ X :at a detector

Tau signal rate =

2
d

ES € - » _: -
Ag]]\\l/[-scatA(ﬂ+ nT /L+VT)+A(V;LN T T_X)Agl\iecay-i—Ag{\V/[scat(VHe IHL|V#>A7STI\?[ecay

Three (coherent) contributions to the signal
@ Source NSI in pion decays
@ Detection NSl in neutrino-nucleon scattering
@ Standard(/non-standard) oscillation signal

— We will see source NSl is an interesting possibility...

T. Ota (MPI firr Physik Miinchen) NSI bounds at near detector
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Werner-Heisenberg- "’7; w Gauge invariant effective interactions

Parametrize the relevant effective interactions

@ Including (7, p)(du) or (7v,)(ud)

@ SM gauge invariant
Buchmuller Wyler Nucl Phys B268 (1986) 621

Lot =2V2Gr Y [(C1a)s"(010)2 + (CRa)s” (03a)2]
B,

+2v2Gr ) [(CED)BQ(WED)Q +(Cev)s® (Orv)a + H-C-] :
B,a
defined with the operators

(010)2 =[L°7* Lol (@@,
(0iq)e =IL v"?L 1[@7,7Q),
(Orp)? Z[ E.][DQ),
(Orv)5 =[L° Ea](i7)[QU],

and the corresponding coefficients Cs.

T. Ota (MPI fur Physik Miinchen) NSI bounds at near detector
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wgrner-Heisenborg-ln%; e Gauge invariant effective interactions

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

cgeff = gl/f“r(Z;/Jr(Z)//u

Relevant part for near detector experiments is...

Zoe =2v2Gr [2(Ciq)u” [V Prvr][ay,Prd+2(Ciq). [P Pr7][d,Pru]

+(Chp)u (AP [@PRd) + (Chy)u [BP Lv-)[@PLd]

+(CED)#T[Z7‘LPRT} [JPLU,] + (CEU)#T[DMPRT} [JPR,U] —+ ..

Source NSI: (C3)," €L »and (Chy)u s
Detection NSI: (C3,,),", (Cep)u”» and (Cev),"-

Note that (C),” and (C")," are independent.

T. Ota (MPI far Physik Miinchen) NSI bounds at near detector
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Werner-Heisenberg-| e Gauge invariant effective interactions

With component fields, the eff. Lagrangian looks...
@ Decompose SU(2), doublets with component fields
jeff = ’Z;/( Jr"%ZJrQ/;/]/
Unavoidable charged LFV

Lo =

7 {{(CiQM - € Qu” I rllaveul + {(€L)u” + (€2Q)u” } Ay rlidvpd]
—{€ton™ - €2 u" } v rllavpul — {(CL)u” + (CE)n } (Av* 7 71(dv,pd]
—{cton™ - €2 } Bv*rlEverul - {(CE Q)" + (€2Q)u" } By*7I(dvo7°d]
+{Clu" - C2u" F a2 rllav,yul + {(CLo)u” + (€2)n” } [BrP1°71[dvp7 )
—{€ep)u” - €hp)u" }ETIE A - {(Cru)u™ - Chy)w” } Brllar*

—{€ep)u™ +(€Lp)u” } 1 rIdv*d - {Cev)u” + Chp)u } (Br°rIar )

+{€ep)™ + €hp)u" } Erlidd - {€Crv)u” + €h)u” } Brilaul
+{€ep)u” = €hp)u” } A ldd) — {(Crv)n” = Chpu” } By rllau]l + - ]

T. Ota (MPI far Physik Miinchen) NSI bounds at near detector
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9 Bounds from charged LFV
@ Simplified case
@ General case
@ Implication to near detector signal
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Effective Lagrangian for Charged LFV

G - - - - .
zu:%[{wi@u — @2 }Evrllavpul + { (€Ll + (€E)n } A" Tldvpd)

—{€iu = (€2 Fav v rlaveul — {(CEo)n” + (€2 )u” } (872 ° rlldv,d)

Corresponding cLFV depends on the Lorenz strc. of gq

cf. Black Han He Sher PRD66 (2002) 053002

Vector: 7 — pup and 7 — puw

T. Ota (MPI fiir Physik Miinchen) NSI bounds at near detector
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407> 41

Effective Lagrangian for Charged LFV

Lo :% [{«:iQ)J — (€2}l rllaveul + {(C1Q)u” + (CR Q)T } Ay rlidv,d]
—{€iu = (€2 Fav v rlaveul — {(CEo)n” + (€2 )u” } (872 ° rlldv,d)
—{t)” = (€ } A rllavr"ul = {(Cto)u” + (€2Q)u” } [ar* rldv,7 d)
+{CLu” = (€2 Fav v rlaven®ul + {(CL)u” + (€R)n } 1Av*7° 7lldvpr d]
~{Cep)n” = Chp)u HarlE d) = {(Cpu)nT = (Chy)u’ } lArlEs’w)

—{€ep)” + €hp)u" } E*rld d = {Cav)nT + Chy)n” | (Ar°rllar"u]

+]

Corresponding cLFV depends on the Lorenz strc. of gq

cf. Black Han He Sher PRD66 (2002) 053002

Vector: 7 — ppand 7 — uw
Axial-vector and Pseudo-scalar: = — um and 7 — un
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Effective Lagrangian for Charged LFV

2Ly :% [{«:iQ)J — @2 }Evrllavpul + { (€Ll + (€E)n } A" Tldvpd)
—{€iu = (€2 Fav v rlaveul — {(CEo)n” + (€2 )u” } (872 ° rlldv,d)
—{t)” = (€ } A rllavr"ul = {(Cto)u” + (€2Q)u” } [ar* rldv,7 d)
+{(CLon” = (€2 By P rlEvey ul + {(CL)u” + (CR)u” } A2 rlldvpyd]
—{€ep)™ = €L p)u" } arlldy*d = {(Cru)u” — (Ch)u” } larlar’ul
—{€ep)” + €hp)u" } E*rld d = {Cav)nT + Chy)n” | (Ar°rllar"u]
+{(CEp)u” + €Chp)u } AT = {(Cru)u™ + €l } (Ar)(au)

+{Cep)n” = (€L p)u” }lar rlldd] = {(Cpu)u” = (Ch)u” } lar°rllau] + - ]

Corresponding cLFV depends on the Lorenz strc. of gq

cf. Black Han He Sher PRD66 (2002) 053002

Vector: 7 — pup and 7 — puw

Axial-vector and Pseudo-scalar: = — um and 7 — un
Scalar: 7 — prtr=,7 - uK+tK—,and 7 — uK°KP°.
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For simplicity, let us first...
@ Assume the all coeffs are real and Hermite, Cex = (Cegx)," = (Cex)-"

_3 7P
0°F @ Br(r — up)<6.8-1078
5107 | |C |
z
Q of
a
(@)
-5107* F
108
Excluded
—10*3 510* 0 s510% 10
C3
LQ
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Werner-Heisenberg-in ricut Simplified case

For simplicity, let us first...
@ Assume the all coeffs are real and Hermite, Cex = (Cegx)," = (Cex)-"

, T—Hp
107k @ Br(r — up)<6.8-1078
5107 | |C |
3
LI) O |toun*n™ 7
g e @ Br(r — purtn)<2.9- 10~
(@]
a1t | |Cep — Crul
-1072
Excluded
—10*3 510* 0 s510* 10°
clh
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Simplified case

Werner-Heisenberg-Ing/iiut
9 e (TS

For simplicity, let us first...
@ Assume the all coeffs are real and Hermite, Cex = (Cegx)," = (Cex)-"

TP
1078 | @ Br(r — up)<6.8-1078
L Ciql
5104 \ TouUn LQ
O |rountn ) BI’(T — /,L7T+7T_)<2.9 21077

Cep—Cru

5104 | \ ICep — CEU|

@ Br(r — um)<1.1-107"
Excluded C}oand (Cep — Cru)

-10° -510* 0 510™* 1073
clh

103 F
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yorey Simplified case

Werner-Heisenberg-in 14 ut -
Lz

For simplicity, let us first...

@ Assume the all coeffs are real and Hermite, Cex = (Cegx)," = (Cex)-"
~ 7 up]
107k @ Br(r — up)<6.8-1078
5107 | \ Toun |C
0L |rourtn @ Br(r — untn)<2.9-107"

Cep—Cru

-5107 | \ ICep — CEU|

@ Br(r — um)<1.1-107"
Excluded ‘ C}oand (Cep — Cru)

-10° -510* 0 510™* 1073
clh

— Next let us consider the bounds in general...

103 F
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f

@ Bound to 6 (complex) parameters

(Ch)” (€3Q)u", (Cop)” (Cou)"s (Chp)u’ and (Chy)u”
@ Bounded from 8 processes

7 — pull with IT € {p,w, ¢, 7%, n, 7t 7=, Kt K=, K'K°}

T. Ota (MPI firr Physik Miinchen) NSI bounds at near detector
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General case

,L(Q" Bounds from charged LFV
Jrug

@ Bound to 6 (complex) parameters

(Ch)u”, (€3l (Cop)T, (Cov)u’, (Chp)s” and (Chy),”
@ Bounded from 8 processes

7 — pull with IT € {p,w, ¢, 7%, n, 7t 7=, Kt K=, K'K°}

— 68%
— 90%

2 — 95% Powered by

SVl
LSy

Comput.Phys.Commum
N 181 (2010) 227
0.5 1 15 2 25 Blennow and

ICEDl x10°  Fernandez-Martinez
(Chplu  (Chy)u  @90%
6.2 6.2 x10~%
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w.mcrﬂcisonborg-ln%: yr P Implication to near detector signal

Tau-signal at a near detector
The coeffs with O(10~%) imply Tau-signal/SM< O(10~7-1078)...

T. Ota (MPI fiir Physik Miinchen) NSI bounds at near detector
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Werner-Heisenberg-ingiitut - Implication to near detector signal

Tau-signal at a near detector
The coeffs with O(10~%) imply Tau-signal/SM< O(10~7-1078)...

Chiral enhancement in m 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

T(nt — phv;) =Tsm - 2(C)u” +wy [(CTED)"T - (CEU)”T}

with the chiral enhancement factor w,, = 7= = ~ 21,

T. Ota (MPI firr Physik Miinchen) NSI bounds at near detector
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Werner-Heisenberg-ingiitut - Implication to near detector signal

Tau-signal at a near detector
The coeffs with O(10~%) imply Tau-signal/SM< O(10~7-1078)...

Chiral enhancement in m 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

D(r* — p*v) =Tsum - ’2(0%(42);47 T Wy [(CTED)“T B (CTEU)“T}

with the chiral enhancement factor w, = 7= o ~ 2],

= my mytmg

Tau-signal /SM process
|(€hp)u” = (Chy)u”| < 4.2-107* from GLFV bounds
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Werner-Heisenberg-ingiitut - Implication to near detector signal

Tau-signal at a near detector
The coeffs with O(10~%) imply Tau-signal/SM< O(10~7-1078)...

Chiral enhancement in m 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

2

)

D(r* — p*v) =Tsum - ’2(0%(42);; T Wy [(CTED)“T B (CTEU)“T}

with the chiral enhancement factor w, = 7= o ~ 2],

= my mytmg

Tau-signal /SM process
|(€hp)u” = (Chy)u”| < 4.2-107* from GLFV bounds
— Tt — ptv)/Tem < 7.9-107°
which is within the scope of MINSIS> O(1079).

T
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9 Conclusion and Discussion
@ Small remarks on theoretical interpretations
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Werner-Heisenberg-ingiitut - Small remarks on theoretical interpretations

With gauge inv. effective NSI

@ Source NSI — Pion decay process with &rp and Oy gets
the chiral enhancement
Tau-signal

.10~
SM Muon-signal < 7.9-107” under the CLFV bounds.

@ Detection NSls do not get such an enhancement.
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w‘"‘”‘""s"‘b”g""aﬁi3;;‘:“ Small remarks on theoretical interpretations

With gauge inv. effective NSI
@ Source NSI — Pion decay process with &rp and Oy gets
the chiral enhancement
Tau-sugngl < 7.9-107° under the CLFV bounds.
SM Muon-signal

@ Detection NSls do not get such an enhancement.

Orp and Ogy can be mediated by...
@ Higgs doublet in THDM (type Il = FCNC)

@ Slepton doublet in R-parity violating SUSY
(Wr = $ALLE® + N LQD®)

@ Leptoquarks (5, Uy, S1, Ro)

T. Ota (MPI far Physik Miinchen) NSI bounds at near detector
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