Brief, incomplete, Historical comments on Triton Beams

R. F. Casten

(Apology: many of the slides are just cell phone shots from papers in bound volumes
with all the distortions and curvatures that that entails)

Irony or Ironies: Just yesterday, | got an email from Los Alamos that they are now
formally decommissioning the tandem there that provided so many triton beams.



Triton beams
Early triton beams: Aldermaston (UK) — ca. 1966; Los Alamos — ca. 1969-70s

 (t,p) reaction

* Transfers 2 neutrons, can access neutron rich nuclei

* Very positive Q value, hence spectra are very clean with few if any
contaminants (up to some final nucleus excitation energy)

* Transfers 2 neutrons in a relative S state so can probe pairing effects

* Unique angular distributions (forward peak) for L=0 transfer so excellent
for identifying 0* states [a la the famous set of (p,t) reactions at TUM]

* Directly gives S, values, hence sensitivity to structural changes (early
example: Mo; best known: Nd, Sm, Gd)



Triton beams

e Other reactions

 Single nucleon transfer, such as (t,o.) and (t,d): Bring in more angular
momentum than their (d,t) and (d,p) counterparts.

* (t,3He) [vs (3He, t)] — charge exchange, beta decay, isospin transfer,
analogue states. More useful spectroscopically than (n,p) because of
charged projectile focusing.

* Polarized tritons, and on and on



Pioneering Aldermaston research,

mid-1960s

Nuclear Physics A

Volume 103, Issue 1, 23 October 1967, Pages 33-70

The (t, p) reaction with the even isotopes
of Ca

].H. Bjerreqaard, Ole Hansen, O. Nathan, R. Chapman, S. Hinds 1, R. Middleton 111

Nuclear Physics
Volume 86, Issue 1, October 1966, Pages 145-166

The (t, p) reaction with the even isotopes
of Sm

).H. Bjerregaard, Ole Hansen, O. Nathan, S. Hinds
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Abstract

The (t, p) reactions on the even isotopes of Sm have been investigated at a
bombarding energy of 12 MeV with the purpose of exploring the transition from
spherical to deformed nuclei. The reaction protons were detected in the Aldermaston
multi-angle spectrograph, the overall energy resolution being about 20 keV FWHM.
Levels in 146.150. 152,154, 1565 wwere established below 2-3 MeV excitation energy. A



Aldermaston, mid-1960s,
inspiring theory

High-Resolution Study of the Fe (t,p) Fe’® Reaction

Bernard L. Cohen and Roy Middleton
Phys. Rev. 146, 748 — Published 17 June 1966

Article References Citing Articles (45)

The Fe* (t,p) Fe®® reaction was studied with 12-MeV incident tritons using the Aldermaston tandem

Van de Graaff and multigap spectrograph. The angular distributions of the protons are characterized
by sharp structure. For eight cases where the spin and parity of the final state are known, the position
of the first maximum aarees very well with predictions of the plane-wave Born approximation. These

Isospin Structure of Pairing Collective Motion

B. F. Bayman, D. R. Bes, and R. A. Broglia
Phys. Rev. Lett. 23, 1299 — Published 1 December 1969

Article References Citing Articles (39) ﬂ

The isospin degree of freedom of the pairing force is studied in the framework of the rotational (A+£0)
and vibrational (A = 0) models. The magnitude A is the BCS gap parameter. The predictions of the
two models concerning two-nucleon transfer reactions and energy levels are compared and
contrasted. Some of the available experimental material around Ni®® is discussed in this framework.
Further experiments are suggested which would help decide between the coupling schemes.

Received 25 August 1969



Aldermaston, mid-1960s

Nuclear Physics A

Volume 119, Issue 2, 28 October 1968, Pages 305-324

ELSEVII

R

A study of *2Cr, >4 Cr and *®Cr by the (t, p)
reaction 2006 !

R. Chapman T, S. Hinds T, A.E. MacGregor
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Abstract

The (t, p) reactions leading to *2°45Cr have been investigated at a bombarding

energy of 12 MeV, using the Aldermaston multi-angle magnetic spectrograph. Levels Nuclear structure of the 1Mo nucleus has been studied using the "Mol(t, p)'"*Mo reaction with the
: - : : : : triton b f 12 MeV obtained fi the tandem Van de Graaff lerat d Itich |
in the final nuclei were measured for excitation energies below 5-6 MeV. "iion Deam ensrgy-ori~e\oRtainec rom the ancem Vaniceraragiracosierglonanciaimuiienanng
magnetic spectrograph. Proton spectra are obtained at 12 different angles from 5° to 87.5°, at an
interval of 7.5° and are detected in nuclear emulsion plates. Thirty-five levels in the energy range from
0.000 to 3.248 MeV have been observed. The results yield a number of new levels with spin
assignments. Absolute differential cross sections for the levels have been measured. The experimental
angular distributions are compared with the theoretical distorted-wave Born approximation
calculations to determine L and J™ values. The present results are compared with the previous
results.

2006 paper: using Aldermaston closed before 1974
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A STUDY OF THE NEUTRON-RICH ISOTOPES NEAR 4 = 100
BY MEANS OF THE (t, p) REACTION

R. F. CASTEN 1, E. R. FLYNN, OLE HANSEN and T. J. MULLIGAN tt
Los Alamos Scientific Laboratory, University of California
Los Alamos, New Mexico 87544ttt

Received 18 November 1971
(Revised 11 January 1972)

Abstract: The (t, p) reaction has been used to study the nuclides !°2Mo, ! °°Ru and *!2Pd, all of which
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The low-lying energy levels of 106Ru have been investigated with the 104Ru(t, p)106Ru Fsat‘fﬁm 3;_}165 ean:{_
bombarding energy. Spins and parities were obtained from the measured :iggulalj d;Stnd l:OI%X;S;f pes
8 levels are discussed in terms of the phonon and rotational models and 106Ru is foun

itional character between these limits.
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(1, p) and (p, t) Reactions on Even Ce Isotopes™
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From Be to the Actinides
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LEVELS OF Be FROM A STUDY O 9
F THE “Be(t,p)llp, REACTION
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and
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Los Alamos, New Mexico 87544, USA
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RF. CASTEN, ER. FLYNN, J.D. GARRETT, 0. HAN
Los Alamos Sciemific Laboratory, University oSfECI:zJIi_:;grd TJ MULLIGAN
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and Los Alamos Scientific Laboratory, University of California
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Institute for Theoretical Physics, State University of New York at Stony Brook,
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Stony Brook, N.Y. 11790, USA
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The (t,p) reactions from 23°-232Th and 2*:2%,2%%U were studied at 15-20 MeV bombarding engigy. Thg';;';‘”;he
excited 0% states in 2%Th, 236,238 were not observed nor was any excited 0* strength located in : Theogne e
Previously reported strong £ = 0 (p,t) transitions in this region as well as the weak L =0 (M’()1 S‘Ie’e‘%:lsi; :uclci.
constitute a strong indication of the existence of quadrupole pairing correlations in deformed sup

Contrast of xtions for (p,t) and (t,p) to
first excited 0* state = concept of
quadrupole pairing



Pennsylvania, McMaster, and Daresbury, into the 1980s

PHYSICAL REVIEW C VOLUME 19, NUMBER 1

Mechanism of N(¢,p) to the ground state quadruplet in N

H. T. Fortune, O. M. Bilaniuk,” G. Stephans, and R. Middleton
Physics Department, University of Pennsylvania, Philadelphia, Pennsylvania 19104
(Received 3 April 1978)

Complete angular distributions (8°-168°) have been measured for the “N(¢,p)'*N reaction, at a

bombarding energy of 15 MeV, leading to the lowest four levels of '*N. Results have been analyzed using

The experiment made use of a 15-MeV ¢ beam
from the University of Pennsylvania FN tandem

. 124 126 128 130 .
(t,d) reactionon Te, Te, Te, and Te nuclei

M. A. M. Shahabuddin, J. A. Kuehner, and A. A. Pilt
Phys. Rev. C 23, 64 — Published 1 January 1981

Article References Citing Articles (19) ﬂ

Differential cross section angular distributions have been measured for levels below 2.5 MeV in each
124,126,128,130 ( 125,127,129,131
e(t,d)

residual nucleus in the Te reactions at E; = 16 MeV. The reaction

s

JANUARY 1979

Probeedhﬁgs of the Brookhaven National Laboratory Workshop on ISOL Systems, Oct. 31-Nov. 1, 1977
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David E. Alburger

Brookhaven National Laboratory, Upton, New York 11973

Abstract

In collaboration with the Tandem Van de Graaff staff at the University

10

of Pennsylvania the reaction Be(t,p)lZBe at Et = 12 MeV has been used to study

the properties of lzBe. The first excited state of lzBe has been found to lie

Generation of radioactive ion species at
daresbury laboratory

T.R. Charlesworth, R. Ryder, M.P. Holbourn, D.J. Leeman
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Abstract

The generation of tritium and carbon-14 ion species is described. Tritium ions were
produced from a commercial ion source which operated for a total period of 600 h,
generating an average beam of 500 nA. Carbon-14 ions were produced from a



LASL - (t, *He), 1981 MSU - (t, 3He), 2005

The (t,’He) and (*He,t) reactions as probes of Gamow-Teller strength.
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Nuclear Physics A

Volume 366, Issue 2, 17 August 1981, Pages 202-220
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AbStl‘aCt Charge-exchange reactions are an important tool for determining weak-interaction rates. They
provide stringent tests for nuclear structure models necessary for modeling astrophysical environ-
ments such as neutron stars and core-collapse supernovae. In this paper we demonstrate via a

The 9Tb(t, a)'*8Gd reaction has been studied using 17 MeV polarized tritons from the study of **Mg(t,’He) that the (t,°He) reaction at 115 MeV /nucleon is an accurate probe for ex-
. . tracting Gamow-Teller strengths. This study is complemented by **Mg(*He,t) data taken at 140
Los AlamOS SCIentlf]C Laboratory Tandem Van de Graaff aCCEIEI'atOT. The a -Spectra were MeV /nucleon which allows for a comparison of T=2 analog states excited via the mirror reactions.

The combination of (*He,t) and (t,*He) is a powerful alternative for the (p,n) and (n,p) reactions,
since both AT, = —1 and AT, = +1 directions can be studied with high-resolution spectrometers.



Conclusion
Modern triton beams have been long awaited

The FSU achievement is a wonderful opportunity.

YAAAAAY !l GO FORIT !l
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