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Few-Nucleon Research TUNLv

US 2015 Nuclear Science LRP: Organizing Themes

« May the strong force be with you: Emergence of the nuclear strong force from QCD
« Theory of nuclei: to explain, predict and use: ab-initio calculations (few-nucleon systems and light nuclei),
nuclear density functional theory for heavy nuclei

Hierarchy of theoretical treatments of nuclear systems

and light nuclei provide
a laboratory for
analyzing nuclear
structure and reaction
dynamics in the context
of QCD.

Schematic diagram for coherent theoretical
treatment of nuclear systems starting from high
energies where perturbative QCD can be
applied going to low-energy nuclear
phenomena where mean-field potential models
are most efficient.
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World data on a,,, TUNLv

© Reanalyzed by Tornow, Witala and Braun, FBS 21 (1226)27.

B TUNL 29
W Bonn 00
¢ LAMPF 28
Reactions used to determine a,, 6 g pmn
(1) T™+d—> n+n+y 6 [ Bam187202Mm
10 - -15.4+0.3 fm
2) n+d—> n+n+p 12 |
. . 14 e - ¢
Proposed Reactions to determine a,, | e __ O
= 7 e e
(3)y+3H—) N+N+p %-18 e . ]
20 ¢ o7
4 w+d—> n+n+y, ol -3 i
24 @ ?
Figure made from table in .
C.R. Howell, |
arXiv:0805.1177 [nucl-ex] 28
-30 -

’H(n.nnp)

a_=—16.9+0.3 fm

nd
capture

-184
+0.4 fm

1 . ‘ -

; NC STATE [T St
Duke sz Nocentra RTRUS [T 770

"“HAPE
UNIVERSITY — at CHAPEL HILL

WANDA 2023, Feb 27 — March 2, 2023

3


https://arxiv.org/abs/0805.1177

World data on 3H photodisintegration
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D.D. Faul ef al., Phys. Rev. C 24, 849 (1981): LLNL; e+ annihilation beam; E, <25 MeV; moderated BF; neutron detectors; 200 kCi gas target

D.M. Skopik et al., Phys. Rev. C 24, 1791 (1981): U. Saskatchewan; *H(y, d) at E, = 15 — 36 MeV (bremsstrahlung); TiT (2 Ci) foil
R. Kosiek et al., Phys. Lett. 21, 199 (1966): U. Heidelberg; *H(y,d) at E, = 17 — 31 MeV (bremsstrahlung); 191 Ci gas target
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3H Photodisintegration: Science Impact

Y+3H 2 n+n+p (3-body photodisintegration)
Y+3H 2 n+d (2-body photodisintegration)

* First double differential cross-section measurements of 3-body photodisintegration of 3H
O evaluate theory treatment of nucleon interactions and meson exchange currents in 3-nucleon system w/o
complication of the Coulomb force
O First determination of the 1S, neutron-proton scattering length with this reaction (probe long-range 3-nucleon
interactions)
O First determination of the 1S, neutron-neutron scattering length with this reaction

* First angle differential cross-section measurements of 2 bodv photodisintegration of 3H
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Tritium gas cell UNL

Conflat flange with

copper gasket Al (7068) Target cell active volume:

Diameter = 30 mm
Beam exit window Length = 40 mm
0.25 mm thick Pressure = 13.6 atm
Activity = 990 Ci

Target cells will be:
« Engineered at TUNL

« Fabricated and assembled at TUNL
* Pressure tested at TUNL (to 400 psi = 14.2 atm)
» Pressure certified by an independent ASME

approved engineering firm
Beam entrance » Filled at the UR/LLE
window 0.25 mm thick 3
-
Prototype cell used A ' | P —
in pressure tests i =
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3-body Photodisintegration of H : nn FSI
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Figure from thesis of R. Skibinski, Jagiellonian Univ., 2002. The
MECs are treated using the Siegert theorem. The experimental
data are from Faul et al., PRC 24, 1791 (1981) (LLNL).

i . Sealed 3H gas cell
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Project Outcomes and Deliverables TUNLv

Technical Capabilities Outcomes:

The radiation safety infrastructure at TUNL will provide the capabilities for safe handling of
encapsulated gas tritium sources.

TUNL will have the scientific and technical expertise for managing a gas tritium inventory in accordance
with NRC regulations.

Cross-section measurements of photodisintegration of tritium will be demonstrated using the
guasimonoenergetic photon beam at HIGS with two neutron detector configurations.

Researchers on this project will gain experience with optimizing the signal-to-background ratio in the
neutron time-of-flight spectrum from photon-induced reactions on a tritium gas target.

The TUNL-LLE collaboration will be positioned to make 3H photodisintegration measurements at more
photon beam energies.

Project Physics Deliverables: phase-1 measurements

First kinetically complete cross-section data for 3-body photodisintegration of 3H. Data for several neutron-
neutron coincidence angle pairs will be measured at two photon beam energies: E, =23 and 30 MeV

Angular distribution cross-section data for 2-body photodisintegration of *H at E, = 23 and 30 MeV
First determination of the 'Sy np scattering length using 3H photodisintegration
First determination of the 'Sy nn scattering length using 3H photodisintegration
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Phase-2 Measurements: the next three years
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« Setup-1: np FSI, Star configurations, Collinear point ~ ======° Phase-1
« Setup-2: nn FSI, np FSI, Collinear point Phase-2
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Thank you
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