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The Liquid Argon TPC Technology for 
(Quasi -elastic) Neutrino Cross -Sections 

understandingand precise reconstruction:

present status and short-term perspectives



The discovery of the neutrino non-standardproperties (mass and mixing) 
refocused on various aspects, both theoretical and experimental,

of neutrino standardproperties (e.g. cross-sections):

QUESTIONS about the neutrino cross section:

[A] How well do we know (have we measured) it  ?

[B] How  well do we understand it theoretically ? 

[C] How well do we need to know  it 
for Oscillation Studies ?

[D] What new  Experimental Programs can be most
effective to improve our Knowledge ?

(in view of the next generation osc. Experiments)

P. Lipari -

NuInt01 Conference - KEK Dec.2001 - Summary Talk



Next generation long baseline experiments: 
neutrino mass and mixing Ýòthe few-GeV regionó

The next steps in studying neutrino mass and mixing are:

1.determine the rate of nmĄ ne oscillations at the ñatmosphericòoscillation length, characterized by the mixing

angleq13

2. determine the ordering of the three neutrino mass states (ñmasshierarchyò)

3. determine whether there is CP violation in the neutrino sector.

An approximationof thenmĄne transitionprobability obtained in the two flavourscenariois givenby
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where d=Dm13
2 L/4Enis the atmospheric oscillation phase in vacuum and
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is an adimensional ratio accounting for matter effects.

Both r and ddepend on Dm13
2 = m3

2-m1
2. If r,d>0 the mass hierarchy is normal otherwhise is inverted.

P(nmĄne) is non zero only if theq13 mixing angle is non zero (current limit by CHOOZ experiment isq13 < 10 ).

Assuming q13º5 , q23º45 and a typical baseline L º1000km the oscillation probability becomes maximum in 

the few GeV region.

How well do we need to know  it(QUESTIONS [C] )



n-Interactions on p-n/ q -q 
in C, O, Fe, Ar, Pb,.. Nuclei

Natural Decompositions:
stot = sQ -El  ÄsResÄsDIS

= s0 pÄs1 pÄs2 pÄé

òOldó Experimental Data 
rather poor and

affected by large errors.
òRecentó Data (SciBoone + K2K, 

MiniBoone) start  to shade new 
light

The Cross Section Role ( QUESTIONS [A] & [B])

the few GeV region



Dynamics described by Current-Current Lagrangian
J had= V - A defined through Nucleon Weak Form Factors:
Vector F.F. [F V

1(Q 2), FV
2(Q 2)], related to El.M. F.F. (Hp. CVC ),

A xial F.F. [FA (Q 2)] and PseudoScalar F.F. [FPS (Q 2)] 

Note: Vector F.F. can be (are) determined from e-scattering exp.
Axial F.F.  (assumed dipolar form) withM A free parameter

This parameter cannot be derived theoretically because of the non conservation of axial weak current.

PseudoScalar F.F. term in Xsect is proportional to (ml/M p)2

i.e.relevant only for nl = nt

J lept
a

J had
a

G

Q -el scattering on N bound in A :  the rise of Nuclear Effects (ISI,FSI)
(i.e. mainly non-perturbative effects of strong interactions inside the target)

ÝDifferent models under test/development/validation/comparison

[sQ - E l] Quasi -Elastic Scattering on free N
(low Q 2, x=1, W=Mp):

nl + n ­ l- + p


