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happened in experimentation with direct reactions over the past 2 years
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Outline

A. Gade, DREB June 2024

What is the purpose of a 
Keynote?

Google, one of the top hits: 
A keynote, put simply, is a 
talk or speech given at the 
start of any event. It sets 
the tone of the event and 
establishes the theme.

• Direct reactions to lead beyond the neutron dripline
• Direct reactions interrogate the nuclear physics near 

the proton dripline
• Direct reactions populate resonances of special 

interest
• Direct reactions for spectroscopy of neutron-rich nuclei
• Direct reactions to explore fission barriers
• Direct reactions at the luminosity frontier 
• Direct reactions in astrophysics
• Not so direct – a tale of tails
• Direct reactions contribute to … what? Dark matter 

searches? Huh? 
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Mass, Spectroscopy, and Two-Neutron Decay 
of 16Be

A. Gade, DREB June 2024

• Direct reaction, (p,2p), to lead 
beyond the neutron dripline

-1p

17B beam at 277 MeV/u 
from RIBF/RIKEN on 
MINOS target, using 
SAMURAI and NEBULA

2 fairly narrow resonances 
from invariant mass 
spectroscopy, suggested 0+ 
and 2+

Experiment: Correlation 
measurements are 
important and reveal, in 
concert with theory, possible 
di-neutron configurations 
and details of spatial extent

Theory: Realistic 3-body 
modeling incorporating
the asymptotic properties 
after the time evolution
of the initial resonance wave 
function important
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In the continuum, and (p,pN) to explore 
correlations

A. Gade, DREB June 2024

Thursday

Friday
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Structure of 36Ca under the Coulomb 
Magnifying Glass

A. Gade, DREB June 2024

• (p,d) and (p,t) transfer reactions to 
get to 36Ca

37,38Ca beam  50 MeV/u from 
LISE/GANIL on CRYPTA target, 
using MUST2 for d and t detection

Second 0+ at 2.83(13) MeV below first  2+ state 
– largest mirror asymmetry without continuum 
effect, 0+3 candidate for neutron bubble
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More on states with depleted s strength … or 
bubbles

A. Gade, DREB June 2024

Wednesday
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Proton-rich Nuclei Continued – Mind the Gaps

A. Gade, DREB June 2024

• (p,t) transfer reactions to get to 35Ca – 37Ca 
from LISE/GANIL on CRYPTA target, MUST2 

38Ca two-neutron knockout to 36Ca at 61 MeV/u at 
NSCL with GRETINA@S800
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Only the ZBM2 effective shell-model 
interaction, that has proton cross-
shell excitation reproduced the cross 
section ratio

Wednesday
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Direct reactions in Ca – Mind the Gaps

A. Gade, DREB June 2024

Wednesday
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Populating an exotic near-threshold resonance in 
(d,n)

A. Gade, DREB June 2024

• FSU used 10Be(d,n)11B à 10B+p to propose (1/2+) resonance 
at Er=211(40) keV Experiment: 10Be beam at 

39 MeV from FSU’s 
RESOLUT facility via 
9Be(d,p)10Be. CD2 target to 
induce (d,n), IC for recoil 
detection, and p and 7Li+a 
from 11B breakup in Si 
telescope

Prologue: b-delayed proton 
emission from neutron halo 11Be 
observed to proceed through a 
resonance

Many ways to characterize the 
resonance, proton resonant scattering 
(MSU) and a transfer reaction that 
populates a low-l state near threshold

Status: Theory has 
not yet been able 
to reproduce the 
very strong b-
delayed proton 
emission branch
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The curious case of 11B continues

A. Gade, DREB June 2024

Thursday
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Pioneering level structures of 56,58Ca from (p,2p)

A. Gade, DREB June 2024

Cross sections used to extract f7/2 strength (p,2p) reactions from Sc projectiles to the most 
neutron-rich Ca isotopes with spectroscopy yet 
– possible due to high-luminosity facilitated by 
MINOS at SAMURAI

If the 58Ca level 
structure gets 
confirmed, interesting 
drop in 2+ energy 
towards N=40
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More (p,pN) to probe Ca 

A. Gade, DREB June 2024

Thursday

Wednesday
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High-Precision Spectroscopy of 20O Benchmarking Ab Initio 
Calculations in Light Nuclei

A. Gade, DREB June 2024

19O(d,p)20O reaction at 8 MeV/u at GANIL with 
MUSGAST and VAMOS++ on thin CD2 target with 
Au backing for DSAM to measure transition 
strength to be confronted with ab-initio theory

Measured and simulated Doppler 
line shapes for 2+

2 to 0+
1 transition  

provide t=70(10) fs

Direct reaction used to precisely constrain kinematics (and 
excitation energy) of recoil for DSAM measurement.   
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Direct Determination of Fission-Barrier Heights Using
Light-Ion Transfer in Inverse Kinematics

A. Gade, DREB June 2024

238U(d,pf) used to determine fission barrier height 
of 239U reaction – benchmarked against n-induced 
fission à new method proven

Experimental 
fission 
probability 
compared with 
a GEF 
simulation

Direct reaction used to precisely constrain kinematics (and 
excitation energy) of recoil for DSAM measurement.   

Example particle trajectories in HELIOS@ANL for 
reactions populating the ground state in 239U 
(orange) and states close to the fission barrier 
(purple) Example fission fragment trajectories for 
fragments with A=138 (red) and A=100 (blue), for 
a range of emission angles.
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Measurements with solenoid spectrometers

A. Gade, DREB June 2024

Monday

Tuesday
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β+ Gamow-Teller Strengths from Unstable 14O via the (d,2He)
Reaction in Inverse Kinematics

A. Gade, DREB June 2024

Charge-exchange on exotic beams in the b+ direction has limited probes - imagine (n,p) on unstable 
nuclei! At energies at or above 100 MeV/u, CEX is mediated by pion exchange and characterized 
by DS=1, DT=1, and DL=0, at q=0, the energy of the two protons is very small à AT-TPC@S800

14O(d,2He)14N at 105 
MeV/u from A1900 
at NSCL/MSU as 
proof of principle

Cross section for 14O(d,2He)14N 
(top) and gated on zero degree 
(to enhance GT strength)

Proof of principle succeeded and another 
(d,2He) measurement just finished at FRIB
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The rise of the time projection chambers

A. Gade, DREB June 2024

Monday

Tuesday

Thursday
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Single neutron transfer on 23Ne and its relevance for the 
pathway of nucleosynthesis in astrophysical X-ray bursts

A. Gade, DREB June 2024

Resonance strengths in the astrophysical 23Al(p,g)24Si determined from 23Ne(d,p)24Ne. 24Ne is 
T=2 mirror of 24Si (SF to 20%, resonance strength uncertainty reduced by factor 4)

Found that the 23Al(p,g)24Si 
reaction is effective in 
bypassing the 22Mg waiting 
point in the rp process

8 MeV/u 23Ne beam on CD2 target from ISAC-II at 
TRIUMF, using SHARC Si array with TIGRESS g-
ray detection 
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Direct reactions in pursuit of understanding nucleosynthesis

A. Gade, DREB June 2024

Tuesday
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138Ba(d,α) Study of States in 136Cs: Implications for
New Physics Searches with Xenon Detectors

A. Gade, DREB June 2024

136Xe neutrino-less double beta decay detectors present an opportunity to detect solar neutrinos or fermionic 
dark matter via charged-current capture to 1+ states in 136Cs. Now, if the decay path of 1+ proceeds through 
ns isomer, one can use a delayed trigger on the isomeric decay for background-free tagging of such events.

3+
1 state in the path of the 1+

1 
decay found that was later 
established to have t=157(4) ns 
lifetime, a nice candidate tag
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Pair transfer and topics off the beaten track 

A. Gade, DREB June 2024

Tuesday

Friday
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The Messy Side of “Direct” – A Tale of Tails I

A. Gade, DREB June 2024

9Be(38Ca,38,39Ca+𝛾)X with GRETINA@S800 at 61 MeV/u but looking at 38,39Ca that lost >600 
MeV/c in momentum

Strongly populated 
states are particle 
hole excitations from 
sd to fp shell

Very rich g-ray spectrum observed in the tail of inelastically scattered 
38Ca, 600 MeV/c off-center. States are of complex structure and 
would require rearrangement of several nucleons in one interaction 
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The Messy Side of “Direct” – A Tale of Tails II

A. Gade, DREB June 2024

9Be(38Ca,39Ca+𝛾)X with GRETINA@S800 at 61 MeV/u but looking at 39Ca that lost >700 MeV/c in momentum

Strongly populated 
high-spin states with 
complex particle-hole 
character (e.g. 3p-4h 
for 15/2-)

Very rich g-ray spectrum observed in the tail of one-neutron pickup from 
38Ca to 39Ca, 700 MeV/c off-center from peak
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Summary and Outlook

A. Gade, DREB June 2024

• Direct reactions have been used for many great things from low to high energies 
since the last DREB and you will see a large cross section during this meeting

• Depending on the application, approaches such as g-tagging or track 
reconstruction in time projection chambers provided beautiful results

• Direct reactions are useful for an amazing number of topics from nuclear 
structure physics to nuclear astrophysics and even have impact on fission and 
schemes for neutrino and dark matter detection    

Wednesday
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Thank you!
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