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Motivation

o 7 leptons were observed in experiments:

o Atmospheric Experiments : SuperK, IceCUBE
o Accelerator Experiments : DONOT, OPERA

New Experiments : SHiP, DsTau, DUNE

Neutrino Oscillation : appearance experiment v, — vr
o Observed by the v, induced (CC)interaction

)

(k,0) + N(p, M) = 75 (k' ,my) + X (p)

(-
v
o Challenges :

e short lifetime of 7 (10~ 3sec): Practically impossible to detect!

o Observe the decay channels

@ Decay distribution has a strong dependence on 7 spin polarization.
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Motivation
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Formalism

© Formalism
o Quasi-elastic
@ Inelastic region
@ Deep Inelastic Scattering
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D (k,0) + N(p, M) = 7£F,my) + X(0)

7+ rest frame

|

Lab frame QE, Inel, DIS
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D1 (k,0) + N(p, M) = 7=k, my) + X (o)

Polarization Vector
€= Prér + P +E’P‘>§ J
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Formalism

o Quasi-elastic [TiN]
o Inelastic [’Tiﬂ'N, TiKN, ] — (Dynamical Coupled Channel)
o Deep-Inelastic [Ti+J6t]
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Formalism

o Quasi-elastic [TiN]
o Inelastic [’Tiﬂ'N, TiKN, ] — (Dynamical Coupled Channel)
o Deep-Inelastic [Ti + Jet]

Hadronic Tensor

W (p,q) = W 2y 4 Pubv gy, ) e 2
wr (P.q) = =9 Wi (p-¢, Q) + =5 Wa(p-4.Q7) = i€ pwap 5y s Walp-q,Q7)
_l’_ . —
+ q]’(/[%” Wi(p-q,Q%) + pi“q;Mg”p” W5(p-q,Q2),+zp7“q”M2q“p” We(p-q,Q°)

v
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Formalism

FPy = _%plwﬁ sin

2
. m 2F
FP; = —mysind {i (2W1 ~W2— T Wit lW5> - N;Wg]
2
m COSHW5]

2
m 2
MIQW4> (p1 — Eycos) + Wa(p, + Ejcosd) — i

FPI—HFK2W1—

W
— 7 (cosO(BuE +p7) —pu(Bv + Ey))

2
m
F=|2W+ ]\4l2> [El — pjcos 6] + Wo(E; 4 p;cosh)

Ws 2m
+ A [(Eu +E;)(E; —pycos) — mﬂ - Wl
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Formalism Quasi-elastic

Quasi-elastic

Vr(k)""n(p) — T
vr(k)+p(p) — (k) +n@®),

The hadronic current J;, is expressed as:

N GIVANG) = ) {wﬁ(cfmawwh(@?)+%§§\fs<@2>] u(p),

(N'G)AING) = ) {W%gl(cz%+%@+wgg(9%} u(
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Dynamical Coupled Channel

e Extension of Sato-Lee model
o Only mN state and works in A(1232) region.
e The building blocks of DCC

o stable two-particle channels (7 N,nN, KA, KY)
o quasi-stable channels (pN,oN,7A)

o The T-matrix are constructed for the meson-baryon scattering has been
obtained from the coupled-channel Lippmann-Schwinger equation:

(@I TW)IB.7) = (@ [V(W)IB,P)
+ 3 [t s VN EIGS 9 0, FT ) 5.7)

where «, 8 and v are the meson-baryon two-body states.

o Satisfies two- and three- body unitarity.
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Structure Function

(\ Parton distribution
~ fuction
' momentum fracM \\ \

'Elements of CKM
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Structure Function

W= f(IVi* = F1(8)
J
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Formalism Deep Inelastic Scattering

Structure Function

F) = Waal* £ (€0 + Vs 187 (€0 + (Vaal” + Vs )12 (€0)

Fl(h) ‘Vcd| fd (é-h)+|vcs‘ fs ( )

) =26 {1Vaal* £ (€) + Vs £ (60) + (Vaual” + Vass ) 15 (600}

FQ((]\;]L;*th{ch\ fd (fh)+|Vcs| f(N)( &)}
FN) = 2 Vaal 1560+ Was 1Y (€0) = (Vaal? + Vs D £ )

FOD = 2{1Veal® £ (@) + Vs 218 (60))

)
Fiam =0

(V) _ o (V)
Fsam = 2F1am

We use CTEQ6.6 for PDFs.
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Structure Function
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© Results
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Differential cross-section at E, =10 GeV & Wy = 2.1GeV
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Degree of polarization
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Polarization angle 0p = cos™! |EL|  E, =5GeV
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@ Summary
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Summary

Summary

T spin polarization is important for 7 lepton detection

The use of Dynamical Couple Channel model helps us to push the invariant
mass up to 2.1GeV. In this region, DCC gave an accurate description of the
inelastic process.

In the DIS region, we improve the kinematic treatment (especially for low QQ)
and write the structure functions in a more consistent way.

Around low invariant mass, the DIS results may need to improve for reasonable
matching.
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Summary

Summary

T spin polarization is important for 7 lepton detection

The use of Dynamical Couple Channel model helps us to push the invariant
mass up to 2.1GeV. In this region, DCC gave an accurate description of the
inelastic process.

In the DIS region, we improve the kinematic treatment (especially for low QQ)
and write the structure functions in a more consistent way.

Around low invariant mass, the DIS results may need to improve for reasonable
matching.
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