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Title(s) say(s) it, and some more.  Time is running, ...

������ ����	��

���
����� �������� ������ � ��� ������� �������

���� � ����� ! �� "�� #$ !  !



Some theory to set the canvas ...



Neutrino Nucleon Scattering
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�X : Inclusive Sum covers
(Quasi-)Elastic �X ���N �

Resonances  / low multiplicity �X ���N ��

Continuum �X ���multi �particle �



Deep Inelastic Scattering: Factorization...
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avoids resonances / elastic
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	X
still includes resonant and elastic scattering:

overlap-problem  in  
 tot�
DIS &res.&el.
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N�� X is a natural starting point

as a theoretical playground because of a large perturbative DIS
contribution from to the collinear cut-off effect of m

�
:
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2  at the ����W emission vertex
because of its relevance for � appearance (even though this is a low
energy workshop)



Charm Production with three partonic flavours
{u,d,s}&gluons:



NLO and masses:

Outlook:
NLO target mass corrections for F

1,..,5 (incl. Mixing in the F
1,2

sector)  from the OPE (equivalent to partons with k
T )

 NLO/mass corrections to NC/Paschos-Wolfenstein-relation 
soon!



F
4,5

revisited

Comment:
OPE is not tied to perturbation theory, so (13)=0 should hold for the
(equivalent) elastic form factors as well.



Results ...



Violation of the Albright&Jarlskog Relations



Scale dependence: � � �� ��Q

substantial improvement from NLO corrections



K-factor: NLO / LO

reasonably stable (but energy dependent); confirming canonical
DIS choice ��Q



DIS cuts and/or lepton threshold in �� ,�  CC scattering

(Prior to solving the overlap problem)
What can we say about the scattering of muon

neutrinos .... ?
Reduction of bona fide DIS component
Since m

�
�0 effects extend (at the 5% level) up to 1TeV(!), do

m
�
�0 effects vanish only at (the equivalent) energy 3.5 GeV?

(actually the scaling is not that simple ...)



As to be expected, the bona fide DIS component becomes very small
at low neutrino energies
Muon mass corrections range within [5%;30%] at 1GeV  but depend
sensitively on DIS cuts
A reliable quantitative statement will have to await the combination
of deep inelastic scattering with resonant and quasi-elastic scattering
(or an extended duality approach)



Conclusions / Outlook:
Tau neutrino (differential and integrated) CC DIS cross section at
NLO including all mass effects (target mass effects in the collinear
approximation) as:

a signal for tau appearance
a playground for the DIS component in neutrino scattering (of
any neutrino flavour)

NLO features:
stable under scale variations around ��Q
energy dependent K-factors reflecting 20%-30% corrections
(depending on DIS cuts) at E

�
�5GeV to ~0% around

E
�
�50GeV

The uncertainties from scale variations and PDF-errors are very
moderate. 

NC cross-sections and NLO target mass effects from the OPE
approach ( O M2

�Q2 mixing in the F 1,2 sector) nearly
finished (for e.g. Paschos-Wolfenstein type analyses at NLO)
For low energies: Combination of DIS with resonant and quasi-
elastic scattering (cuts, duality, ...?) and/or the inclusion of higher
twist still to do.
As long as this is unsolved we have no reliable quantitative
statement on  muon mass effects; but it seems they can be as large
as 30% at low energy.


