
LA-UR- 2 9 6
Title:

Author(s):

Submitted to:

DISTRIBUTION OF THIS

Los Alamos
N A T I O N A L L A B O R A T O R Y

Neutrino Cross Sections on l2C

OCT 1 1 1338

O S,T I
V. D. Sandberg

XVII International Conference on
Neutrino Physics and Astrophysics
Helsinki, Finland
June 13-19, 1996

IS UNLIMITED;
MASTER

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the University of California for the U.S. Department of Energy
under contract W-7405-ENG-36. By acceptance of this article, the publisher recognizes that the U.S. Government retains a nonexclusive, royalty-free license to
publish or reproduce the published form of this contribution, or to allow others to do so, for U.S. Government purposes. The Los Alamos National Laboratory
requests that the publisher identify this article as work performed under the auspices of the U.S. Department of Energy.

Form No. 836 R5
ST 2629 10/91



DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
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NEUTRINO CROSS SECTIONS ON 12C

V. SANDBERG (for the LSND Collaboration T)
Los Alamos National Laboratory, Los Alamos,

NM 87545, USA

Measurements of the charged current reactions n C(v e , e")l2N and l2C(v , ji")l2N for inclusive
transitions to 12N excited states and exclusive transitions to I2N s are presented. The data
presented represent three years of running of the LSND experiment and are from runs in 1993,
1994, and 1995 and total to 14772 Coulombs of protons en target. The v . scattering and v -
exclusive scattering results are in good agreement with theoretical expectations, while the v -
inclusive scattering results are smaller than expected from a continuum random phase
calculation.

In this talk I will discuss the following neutrino-nucleus processes:
N

2. v e + 1 2 C - * e - + N
3. v + e ' —»v + e'
4. V ( 1 + « 2 C ^ - + N
5. v^ + 12C -> IX" + N

and report on measurements of the exclusive cross sections 12C(ve, e)12N and
l2C(v^, |i~)12N and the inclusive cross sections to the 12N* excited states as
measured by the LSND experiment. These processes are of interest on many fronts
of current research, e.g: The neutrino-nucleus scattering is sensitive to axial
vector as well as vector nuclear currents and provide complementary information
to electron-nucleus scattering. The inelastic cross sections are of importance to
nucleosynthesis calculations. Finally, many detector systems rely on targets
composed of carbon or oxygen and are thus dependent on knowledge of these cross
sections. For neutrino oscillation experiments, the charged current scattering of

1 The LSND Collaboration: R.M. Gunasingha, K. Mcllhany, i* Stancu, W. Strossman, G.J.
VanDalen,{//iiversify of California, Riverside; W. Vemon, University of California, San Diego; D.
Caldwell, M. Gray, S. Yellin, University of California, Santa Barbara; D. Smith, J. Waltz, Embry-Riddle
Aeronautical University; A. Eisner, X-Y. Wang, University of California, IIRPA; I. Cohen, Linfleld
College; R. Burman, J. Donahue, F. Federspiel, G.T. Garvey, W. C. Louis, G. B. Mills, V. Sandberg, R.
Tayloe, D. H. White, Los Alamos National Laboratory; R. Imlay, H. J. Kim, W. Metcalf, N. Wadia,
Loiusiana State University; K. Johnston, Louisiana Technical University; B.B. Dieterle, R. A. Reeder,
University of New Mexico; A. Fazely, Southern University; C Athanassopoulos, L.B. Auerbach, R.
Majkic, i. Margulies, D. Works, Y. Xiao, Temple University. Additional details about the experiment are
available in the preprint archieve at http://xxx.lanl.gov. In particular, nucl-ex/9605001, nucl-ex/9605002,
and nucl-ex9605003. The LSND web page is at htt7/nu 1.lampf.lanl.gov/-lsnd/.
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electron-type neutrinos provides an independent method of determining the
neutrino flux.

The experiment layout is shown in fig. 1, the neutrino source is shown in fig. 2,
and the detector system is shown in fig. 3. The detector consists of 180 tons of
mineral oil with 0.031 gm/1 of butyl-PBD. This mixture is viewed by 1220 8" dia.
photomultiplier tubes located at the inside surface of the tank. A data acquisition
system continuously digitizes photocathode charge and time information every 100
ns and feeds this information to a trigger system. When a threshold of 300 hit
tubes is crossed, the system records all activities (defined as greater than 19 hit
tubes in any 100ns interval) for the preceding 6 |as and the following 1 ms. The
mineral oil scintillator mixture provides good particle identification. Cosmic ray
muons are continuously monitored by a surrounding veto system.

The neutrinos come from the decay chain of pions and muons produced in the
30 cm long water target and copper beam stop. The majority of the pions and
muons stop in the target or beam stop and decay at rest (DAR). A smaller fraction
of the pions decay in flight (DIF) and produce a high energy neutrino beam. The
spectra for this source are shown in fig. 4. The shape of the DIF spectrum is
determined primarily by the source geometry. Data presented here are from runs
in 1993, 1994, and 1995 and total to 14772 Coulombs of protons on target.

Process 1 is detected by the signature of a prompt electron followed in time by a
positron. The !2N decays with a lifetime of 15.9 ms and a maximum kinetic
energy of 16. MeV. The energy, spatial, and temporal distributions for the
electron and positron pairs are shown in fig. 5. The angular distribution of the
electron and cross section for ve +

 12C -» e" + N are shown in fig. 6. The flux
averaged cross section for this process is <o> = (9.1 ± 0.4 ± 0.9) x 10"42 cm2.

The reaction ^C(v e , e ' )^N* has only the prompt electron for a detection
signature. It is distinguished from its backgrounds, primarily from other C(ve, e"
)X processes and v-e elastic scattering, by means of the assumed energy and
angular distributions. These are summarized in fig. 7. The flux averaged cross
section for this process is <o> = (5.7 ± 0.6 ± 0.6) x 10"42 cm2.

The forward peak in the angular distribution is from v-e elastic scattering. The
backward peaking of the angular distribution is largely a result of the negative
parity of the N* states expected to contribute.

The DIF processes (4 and 5) have a 123.7 MeV threshold for muon production.
The analysis of these processes is in progress. Preliminary results are shown in
fig. 8. The flux averaged cross section for v + 12C —» |i" + N is <o> = (6.4 ±
1.0 ± 1.0) x 10"41 cm2 and agrees with theory. The inclusive reaction is lower
than expected from a continuum random phase prediction.



Figure 1: Elevation view of the LSND experiment showing neutrino source and detector.
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Figure 2: The A-6 beam stop and neutrino source Figure 3: The LSND detector.
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Figure 4: Source spectra for decay at rest (DAR) and decay in flight (DIF) neutrinos. The DAR
spectra's abscissa is in terms of the fraction of the muon decay endpoint energy, 53.7 MeV.
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Figure 5: Distributions in space and time for electron-positron events from DAR neutrinos.
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Figure 6: Angular distribution and cross sections for v e +
 I2C -» e" + N .

4



Energy of e' from veC - e"N*
Angular distribution

+
- i -o,a -oa -0.4 -oa o 0.2 QA o.a 04 1

Figure 7: Distributions for the inclusive process electrons from DAR neutrinos.
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Figure 8: Preliminary distributions for v + I 2C processes.
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