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Outline

Characteristics of different transfer reactions

Two regions of interesting shell behavior, and
some possible experiments

— 32Mg and the Island of Inversion
— >2°4Ca and N=32 (and maybe 34) shell closure

Experimental feasibility (ReAX facility)
Technical approach (one of many possible)



Direct reactions and shell evolution

* “Single-particle” states and properties
— Energies and spin-parity assignments
— Spectroscopic factors and effective S.P. energies
— Study with nucleon-adding reactions, such as (d,p), (a,t),
(3He,d)
 Multi-nucleon correlations, particle-hole excitations
— Core stability, orbital occupancies
— Study with nucleon-removing reactions such as (d,t),
(d,3He)
* Pairing correlations

— Study with two-nucleon adding or removing reactions such
as (t,p), (p,t), CHe,p), (a,d), (d,a)
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Interesting Regions (two of many)

(@) neutron SPE of N=20
* Near 3°Mg: Disappearance of SR
N=20 magic number and sd- ;m;
f7/, 8ap driven by tensor force Cod
and pairing; (sd)-(fp) mixing 20}
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T. Otsuka et al., Phys Rev Lett 104, >
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Some possible experiments

e Study evolution of fp neutron S.P.E. around
32Mg and ~?Ca with (d,p) across neutron-rich Mg
and Ca isotopes

— E/A=5-10 MeV, I>few X103/sec

* Pairing correlations, multi-p-h states near
neutron-rich Mg isotopes with (t,p),(p,t):
— 3*Mg(p,t)*°’Mg, **Ne(t,p)*°Ne, >*Mg(t,p)>*Mg
— E/A=5-10 MeV, I>few X10%/sec

e Study stability of proton core with changing N
using (d,3He) on neutron-rich Mg or Ca isotopes
— E/A=15-20 MeV, I>few X10%/sec
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Pair transfer on the Island of Inversion
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Proton correlations in carbon isotopes
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Proton number
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FRIB yields: limits for direct-reaction studies
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Particle transport in a solenoid

Uniform magnetic field &

Emitted here .
£ \A' Beam Axis
Detected here “—
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HELIcal Orbit Spectrometer -HELIOS

HELIOS
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«vey Sppectrometer acceptance
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Counts per channel

(d,p) with Stable beams

J. C. Lighthall et al., NIMPRA 622, 97 (2010)
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Two-stage approach at ReAX/FRIB

Step 1: Implement detectors
in AT-TPC magnet for ReA3 energies
& @4,  Mainfocus:(d,p)
‘ " Cost: $0.8-1M
Ty
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=

Much interesting physics
requires energies at or above
7-8 MeV/u (to 15-20 MeV/u)

Useful rates > few 103/sec

Step 2: New larger, higher-field mag‘n\em,

in ReA12 area using existing detectors, for
E>5 MeV/u: Expanded physics focus
(candidate magnet may already exist)
Cost: $2-3M



Summary

Many interesting possibilities for direct-
reaction studies on exotic nuclei at ReA.

Necessary energy and intensity depend on the
physics. (d,p): lower energy, (d,>He): ALARA

(As Large As Reasona
Many experimental a

oly Achievable)

oproaches are possible; |

have highlighted only one.

Direct-reaction studies at energies near the
Coulomb barrier have been part of the

ISL/RIA/FRIB physics portfolio for decades:
ReA upgrades are essential for this physics.
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Targets beyond CD,
* SLiF + C backing

— For (°Li,d) a-transfer, has been used in
HELIOS
e Cryogenic gas target:
— For (*He,d), (*He,p), (a,p), (a,d), (a,t)
Has been built and tested in HELIOS
» 3H/Ti foil targets:

— For (t,p), (t,a): Have been used at
CERN/ISOLDE and tested in HELIOS.
New target is finished and delivered
to ANL




Particle transport in a solenoid

Uniform magnetic field &
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Experiment inside HELIOS

E(1*C)=17.1 AMeV

Interesting a particles from (d,a
E(1>C)=15.7 AMeV s5ap ( )

go forward in the laboratory system
15C beam produced from )

d(14C,15C)p at ATLAS a1
~5X10° pps 'l

Target Fan —> PSD-Array

1415C-Beam

4 Measure (E,z), deduce E,,0,
HELIOS



Ancillary detectors

lon chamber (LSU)

Gamma-ray detector (LANL)

T\ Realistic solid angle
; v& X coverage :
“ ' \Aikal 1. 26-cylinder geometry
covering about one 7

\ "@‘.,\\” Apollo Scintillators Array
B~ (LaBr (Ce) and CsI(TI)

2

2. 2 inch in diameter and
3 inch long

3. 15 GsI(T1) scintillators

, and 6 LaBr;(Ce) scintillators

4. Customized light readout
was required
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