Neutrino-Nucleus Interactions
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* Different energy and momentum regimes
and different processes (beta decay, ...)

SR alistie moedel ingredients
* A=2 (deuteron)
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Accelerator Neutrinos
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inclusive cross section

Accelerator Electron/Neutrino Scattering
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Inclusive electron scattering at larger q
measure electron kinematics only
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Simple Models of QuasiElastic Neutrino Scattering
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Simplest models fall at 30-40% level (too small)
requires two-nucleon currents and correlations



Nuclear Interactions and Currents

Non—relativistic nucleons w/ 2, 3-body Interactions, currents
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Many measurements in EM sector

Currents and elastic/transition form factors
2C elastic form factor
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2-Nucleon Currents

Form Factors
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Path Integral Algorithms: Y, =exp [-H7] ¥

Explicit Final States @ o< [{f [J(a@)] 8)[*

Sum Rules: ground-state observable
S@ = [ do Rig.w) = (010'(a) OW@IO

Imaginary Time Correlations(Euclidean Response)
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Quasi-elastic electron scattering on '2C
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Enhancement in Transverse channel
Explicit O+, 2+, 4+ states important at g=300 MeV/c




Neutral Current Sum Rules in '2C

Sum Rules

cross-section depends upon
> response fns

all except longitudinal response enhancead
including axial-vector interference

sum rules - ground state expectation value

enhanced even at very low g, but strength
Inaccessible to low energy neutrinos




Low Momentum Transfer: GT Beta Decay
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Shell Model Calculations
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Astrophysical Energy Neutrinos
BEhicreics Up to 50 - 100 MeV
*Explicit final states and inclusive scattering measurable
*Nucleon couplings pretty well known

*\Vhat are the roles of nuclear structure,
two nucleon correlations and currents !

e Momentum transfer much less than QFE, but
oreater than beta decay.



Neutrino-Deuteron Scattering
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e (MeV)

currents fit to tritium beta decay
small effects from 2-nucleon currents
small (few %) model dependence

| v;-NC 7;-NC v.-CC U.-CC ' O
e (MeV)| setl set 11 set | set 11 set | set 11 set | set 11 typlca”y NZO/)
5 |0.561(-44)]9.541(—44)|[9.363(—44) |9.344(—44) ||3.427(—43) |3.421(-43) || 2.831(—44) | 2.826(—44)
50 |5.892(-41)|5.873(-41) |[4.546(~41) |4.530(~41) ||1.348(~40) | 1.353(~40) || 7.403(~41) | 7.380(~41
100 2.657%40% 2.652%40; 1.640540% 1.636%40% 6.631%40% 6.621%40% 2.6065403 2.600%403 dCCU I”aC>/ ﬂ”OI’ﬂ
[ uNC 7N reactor experiments
e (MeV)][ AVI8(1) | CDB(1) |AVI8(1+2)[CDB(1+2)][ AVI8(1) | CDB(1) |AVI8(1+2)[CDB(1+2)
50 |[5.747(-41)|5.791(—40) | 5.892(—41) | 5.847(—40) ||4.449(~41) |4.484(—40) | 4.546(—41) | 4.519(—40) .
100 ||2.577(-40)|2.597(~40) | 2.657(~40) | 2.638(~40) || 1.604(—40) | 1.617(-40) | 1.640(-40) | 1.633(~40) Formagglo and Zeller
500 ||2.703(~39)|2.715(-39) | 2.874(-39) | 2.858(~39) ||9.503(~40)|9.553(~40) | 9.916(—40) | 9.895(~40)
1000 ||3.425(-39)|3.442(-39) | 3.663(-39) | 3.659(-39) || 1.490(-39) |1.496(-39) | 1.572(-39) | 1.572(-39)




Neutrino-*He Scattering

(o)r [107% cm?]
T [MeV] vy, V) (P, DY) (Ve, €e7) (De, e™)

2 1.47 X 107% 1.36 X 107% 7.40 X 107 5.98 X 107
4 .73 X 1073 1.59 X 1073 8.60X 1073 6.84 X 1073
6 334X 1072 3.07X 1072 1.63x 107" 1.30x 107!
8 200X 107! 1.84x 107! 9.61 x 107! 7.68 X 107!
10 7.09 X 107! 6.54 X 107! 3.36 2.71

Thermal averaged cross sections
Few % impact of two-nucleon currents

Fairly simple nuclel;
Nno bound excited states
Achievable errors « |10%
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No data to compare with



Neutrino-'?C Scattering

Experiment: Karmen and LSND
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Neutrino-'?C Scattering

Neutrino charge current scattering
from '2C (LSND/Karmen)

Stopped 7/
Stopped 7/
Stopped 7/

Stopped 7/

Stopped 7/
Stopped 7/

Decay in Flight

KARMEN
E225
LSND

KARMEN
F225
LSND

LSND

9.1 + 0.5(stat) 4 0.8(sys)
10.5 4 1.0(stat) &= 1.0(sys)
8.9 4+ 0.3(stat) 4+ 0.9(sys)

5.1 £ 0.6(stat) 4+ 0.5(sys)
3.6 4 2.0(tot)
4.3 + 0.4(stat) = 0.6(sys)

56 + 8(stat) = 10(sys)

9.4 [Multipole](Donnelly and Peccei, 1979)
9.2 [EPT] (Fukugita et al., 1988).
8.9 [CRPA] (Kolbe et al., 1999b)

5.4-5.6 [CRPA] (Kolbe et al., 1999b)
4.1 [Shell] (Hayes and S, 2000)

68-73 [CRPA] (Kolbe et al., 1999b)
56 [Shell] (Hayes and S, 2000)

Little evidence for important 2N current effects
for 30-100 MeV neutrinos



Neutrino - Ar Scattering

E (MeV)

inclusive Ve charged current ““Ar anti-v charged current to Cl

Athar, et al, 2004
Significant differences



Neutrinos in Matter
» Many studies iIn mean-field models, perhaps
accurate enough In many cases
» Virial expansion should be accurate inhot dilute matter

* Should use same interactions/currents in nucler and matter:
More reliable constraints.

g Ma e resUis are less directly connected o eXperifie
for astrophysical energies, particularly for very neutron-rich
matter.

Can we identify important regimes where more accuracy is required;
similarities in nuclear and matter responses?



Status and Outlook

* Microscopic inputs reasonably well defined (interactions, currents)
* Future Inputs on one- and two-nucleon level from lattice QCD

» Accurate calculations possible In light nuclel

* Crrtical for accelerator neutrino energies

* What future experiments on nuclel are most valuable!

* More realistic studies of neutrinos in matter (Reddy, Schwenk; ...)
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