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TUNL Tandem Laboratory: main research topics

Advanced Neutron Calibration Facility Neutron-induced and Neutron-emitting Reactions
P.S. Barbeau, D. Markoff C. R. Howell, W. Tornow

Detector development for neutrinos, dark matter, Measurements of neutron induced cross sections

nuclear security RABBITS system for short-lifetime activation studies
Nuclear Astrophysics 0vgp Matrix Elements

R. Longland P.S. Barbeau, C. R. Howell, A. R. Young

Particle transfer measurements for astrophysics using the Experimentally constrain matrix elements

Enge split-pole spectrograph for OvgBp theory calculations
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Nuclear Astrophysics at the Tandem Laboratory

Particle transfer reactions to study

nuclear structure for nucleosynthesis.

e High-resolution beams, precise target
manufacture, and high-resolution
detectors.

e Sophisticated analysis techniques to

modernize particle transfer

measurements
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lon Source Upgrade at the Tandem Laboratory

Previous Injector New Injector
DEI_\IIS-II (H and D beams) National Electrostatics Corp.
Helium Source Specifications

« Helium sources suffered from low intensity / e TORVIS H/He ion source

o 75 KkV source deck

o 100 uA H (factor of 5 improvement)

o 20 uA He (factor of 10 improvement)
e SNICS-Il ion source

o Heavy ion beams from solid targets

o  90-degree magnet for implantation

and instability
« Entire injection system runs on ancient, dirty
diffusion pumps
Both sources acquired as surplus in the 1970s
and needed replacing

[ |
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Additional upgrades

N e Complete replacement of low-energy beamline

e Optics designed to couple both sources to Tandem

e New 4-species punching system to provide ~ 1 ns
timing resolution on target

___________________

Injector upgrade will allow new
scientific opportunities in all aspects
of the Tandem research program
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Nuclear Astrophysics at LENA-II TUNLv
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e Previous Highlights: S

o Downen et al., 928, 128 (2022) [*°Si(p,y)*°P] of . . . .
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o  Dermigny et al., PRC 102, 014609 (2020) [*°Si(p,y)*'P] Energy (keV)

e New detector development enables high-efficiency (p,«)
measurements

e Accelerator upgrade opens opportunities using high-intensity
pulsed beams
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Nuclear Astrophysics at HIgS TUNLv

lliadis & Friman-Gayer Eur. Phys. J. A 57,190 (2021) (Invited Review)

o Anisotropy of the distribution (beam
direction, polarization).

« Unequal population of magnetic substates.

e Spin- and parity dependent angular
distribution of decay gamma rays.

Unpolarized beam

o

Polarized beam Polarized beam

97 w3t 0'»1"'50 0" > 1" 50

W(B,6)

The Clover Array: 10 (16) clover-type HPGe
and 12 (2" x 2") CeBr detectors.

Higher HPGe rates due to segmentation.
Higher granularity.

Solid angle coverage: 14%

Uses Clovershare detectors
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Nuclear Astrophysics at HIgS TUNLv
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N .
uclear Astrophysics at HIyS - Nuclear Resonance Fluorescence

PHYSICAL REVIEW C 106, 014308 (2022)
PHYSICAL REVIEW C 112, 025804 (2025)

Editors’ Suggestion

Investigation of 3'P levels near the proton thres
and the impact on the **Si(p, ¥

40Cq levels at 8-9 MeV by nuclear resonance fluorescence
hold with nuclear resonance fluorescence

)3'p thermonuclear rate

Investigation of upg and
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Nuclear Astrophysics at HIyS - Cross Section Measurements

Need quasi-monoenergetic gamma beams from ~few to ~10s of MeV

Beam Direction

—_—

SIDAR

Big bang nucleosynthesis
e >H(ex,y)’Li and *He(e,y)"'Be
e Perform inverse reactions at HIgS using

monoenergetic photon beam
/ M. Munch et al., Phys. Rev. C 101 (2020) 055801
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Target Ladder

Au Foll

]

|
|
|
/

[
|
[
/
/

Collimators Paddle Lead

Shielding

L

/ 2 F = This work
/ E osE * Skopik et al. (1979)
H c - + % v Junghans et al. (1979)
O o7
e R
Gk .
A 0.6F { + + +
a =
8 05:_ + ’ 7 . .-‘ L IR ) L]
Target Chamb FC = R '+
oo goiitt T A
= 04E ,
()] 0.3 v
T F \$
S 02F N
o E
L L
O0.1_111111111111n-lnnAn|Ann.|.|.||.|.|l.|..l.;
4 5 6 4 8 9 10 11 12
P-process y-ray beam energy (MeV)

e « optical model assumptions strongly affect photodisintegration
reaction rates
e Previous measurements only performed with Bremsstrahlung
e Collaboration between TUNL, ELI-NP, ORNL, and others:
o March-April 2023
o (y.,p) and (y,«)
o 192pd and "2Sn
e HlyS upgrades provided x10 requested beam intensity
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