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Scope of Low Energy Nuclear Physics




Low Energy Nuclear Physics

When we say “low energy,” we mean the energy Degroes of Feedom  Energy ()
scale of the physics — here, it's fractions of a keV to
multiple MeV

« Encompasses the physics governing nuclear decay
(eg beta decay) and nuclear reactions (eg
neutron-induced fission in reactors, reactions
driving the synthesis of the elements in stars)

Physics of Hadrons

« This scale is where the broader field of nuclear
physics most impacts our day-to-day lives (eg
nuclear energy, security, medicine)

Physics of Nuclei

« This scale also provides a unique window into more
fundamental properties of nature (eg neutrinos,
EDM) and overlaps with other fields (eg QIS, Al/ML)
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Low Energy Nuclear Physics

«  Well-established field, but still making amazing new discoveries!

nature 7 articles » article A PR TESCANCn jourmal
MENU ¥ Jo) .
&
St Loges

Articla | Published: 01 May 2019

78Nirevealed as a doubly magic _

stronghold against nuclear deformation

l Buy or subscnbe ‘
!

R, Taniuchi, C Santamaria, [.]Z. Y. Xu
Nature 569, 53-58(2019) | Cite this articie Associated Content
6960 Accesnes | 23 Citations | 122 Altmetric | Metrics
Natre | News & Vews
A doubly magic nucleus that has
Abstract two faces
Gaute Hagen & T 2 Paperorock
Nuclear magic numbers correspond to fully occupied energy shells of gt ot v
protons or neutrons inside atomic nuclei. Doubly magic nuclei, with Mature Physcs | Research Highligr
magic numbers for both protons and neutrons, are spherical and It’s magic

Statarve Ruschart

extremely rare across the nuclear landscape. Although the sequence of
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Low Energy Nuclear Physics — Open Questions

.-'il
What are the limits of the nuclear “landscape’?
How are the elements created? .
4 N=126
o Z=50
E
§ z28_]] | What “emergent” phenomena arise?

7=20 “N=50

What happens at extremes of N/Z¢

Z=8 &

1 TiN=28
TN=20
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Low Energy Nuclear Physics — Answering Those Questions

LENP accelerator facilities
LENP advanced detectors and
INnstrumentation

Office of

USRS DEPARTMENT OF
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US Low Energy Nuclear Physics Facllities

= DOE National User Facilities

ATL AS j’:i,‘:fr::?‘:m ; 2
« Argonne Tandem-Linac Accelerator System (ATLAS) . AN
(http://www.anl.gov/atlas) — 5T
. : R ot
» High intensity stable beams wruame T
ot : : : s " ([t R e
» Limited radioactive beam program with "\ [ "
stopped, re-accelerated, and in-flight beams o Bra, 4 ,/. 55 o

« Facility for Rare Isotope Beams (FRIB) at MSU
(hitp://frib.msu.edu)

» World-leading facility under construction at MSU =t

» 400 kW heavy-ion SRF linac; >200 MeV/u / DJH ! L _"'-]iwmww“
» Rare isotopes beams produced by | -
fragmentation and in-flight fission L] ———
» Fast, stopped, and reaccelerated beams [ MQ:‘*_T _t: cpae
= NSF User Facility ;'._-:?;:::\" [ T o 1

 National Superconducting Cyclofron Laboratory f‘, e |

(NSCL) at MSU (http://nscl.msu.edu) e x .
- In-flight rare isotope beam production '\ ~:\ﬁ_~~\?j‘ T —— -..
* Fast, stopped, and re-accelerated beams . W""“""""‘mw—uﬂi"«# |
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US Low Energy Nuclear Physics Facllities

= Other DOE Facilities (university labs/local use)

« LBNL 88-inch Cyclotron
(http://cyclotron.lbl.gov)
» Stable beams
» Basic and applied research
» FIONA super-heavy element spectrometer

- Texas A&M Cyclotron Institute
(http://cyclotron.tamu.edu)
» Stable beams and a few in-flight beams
» Basic and applied research
» MDM spectrometer
» Stewardship science

- Triangle Universities National Laboratory
(hitp://tunl.duke.edu)
» High Intensity Gamma Source (HIgS) user facility
» Laboratory for Experimental Nuclear Astrophysics (LENA)
» Tandem accelerator stable beams
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ATLAS and CARIBU Facillities, Argonne National Lab

= Stable beams at medium intensity and energy up to 10-20 MeV/u
= In-flight radioactive beams from RAISOR

- light beams, no chemical limitations, close to stability, AT LAS Mess Aniyoe
low intensity, good beam properties

= CARIBU beams
* heavy n-rich from Cf fission, no chemical limitations, low
intensity, ATLAS beam quality, up to ~10 MeV/u
» State-of-the-art instrumentation for Coulomb
barrier and low-energy experiments

= About 400 users per year : PR ol %

= ~4000 operating hours per ! | ™, QV AN
year, with another ~2000 | | — = \ 7 et
from CARIBU (not accel.) , B! = - X%\ k Large Scattering

:  Source :: Facility

" Target
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GP/Gammasphere
Beamline
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CARIBU 3
< Speciromeler

Canadian

'Iniectur Lina
- Penning Trap

Acceleralo

Control Roo : '
r m ; Target Area lI " 50

Argonne & O™ | _—
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ATLAS and CARIBU Facillities, Argonne National Lab

ATLAS + CARIBU + RAISOR

CARIBU beams beams 2-15 MeV/u GS/GT Tk
\ HELIOS

3-400 keV

AGFA
-13 () 0%st

Experimental SPS2, MUSIC

Old CARIBU Area 1

Exp. Area CARIBU
Experimental
& \ @\ I LE beam lines RAISOR Areas 3 - 4
S

BPT
ATLAS ATLAS + CARIBU beams
ECR2 ol 2-7 MeV/u
Pl BOOSTER ‘V'
ECR3 ® Experimental
Area 2

NATIONAL LABORATORY

AMEALLERL R AL L F
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ATLAS and CARIBU Facillities GAMMASPHERE/GRETINA FMA
Experimental Equipment ) SORCE

\‘ GS/GT

CPT mass
spectrometer MA
HELIOS &
e & AGFA
_ n GS/GT
N =126 9
PS2, MUSIC

‘.’r-f’ » __-\\‘: \

CARIBU

— > ’ i_>' LE beam lines
ECR2 |i I—. ]

ECR3

RAISOR

1 |
ol S
.
!
. -
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Si-array (Ludwig) and
Enge spectrometer

RFQ Pl BOOSTER

+ outside instruments: GRETINA, CHICO-II,
HERCULES, GODDESS, VANDLE, MTAS, SUN ...

Laser spectroscopy

Beta decay Paul trap



ATLAS and CARIBU Facillities
Facility Upgrades

The rare-earthfactory

L N = 126 factory coming soon

s T T e e
Rogke e oy AT TR
i ol
£ g ogggend™ |
= ol NI - "‘l””&n“ =4 =
NuCARIBU upgrade: Multi-User upgrade: N=126 Factory upgrade:
Neutron generator Mix beams with same Utilize heavy beam/heavy
for neutron-induced A/q but different duty target transfer reactions to
fission, replace Cf cycle, then reseparate produce elements in rare
source. Back end prior fo 24 stage earth peak. Higher yields
hardware remains acceleration. Allows than fragmentation.
the same. Improved two end stations to run Measure completely

yields and up-time. simultaneously. unknown masses/decays.
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Facility for Rare Isotope Beams (FRIB)

= Rare isotope production via in-flight

fragmentation fechnique with primary L NSCL

beams up to 400 kW, 200 MeV/u uranium E] R
= Fast, stopped and re-accelerated beam e Stopded Bbsinas —L

capability s i .

Fast Beam Area e i

i s

¥ "‘m»-m% Space for future expansion
= of the science program

* 400 MeV/u for uranium

= Upgrade options {

* ISOL production —
multi-user capability Sl

L

Reaccelerator

l— SRF High Bay

200 feet

FRIB project start 6/2009 Production | ! '
Civil construction started 3/2014 L

Technical construction started 10/2014
Managed to early completion FY 2021
CD-4 (project completion) 6/2022

[ T T 1 T T
. 50 meters
Beam Delivery System Folding Segment 2

: Linac Segment 1 Front End é
—  LinacSegment2

VFoIding Segment 1 ,—I
NSCL enables pre-FRIB science

Total project cost $730 million
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FRIB Beams Will Enable New Discoveries

120

M Estimated to exist: J. Erler et al., Nature 486, 509 (2012)
100 B New from FRIB

M Isotopes with at least one excited state known

(0]
o

Number of Isotopes
~ (o))
o o

N
o

o
o

10 20 30 40 50 60 70 80
Atomic Number

about 3000 known isotopes

OAK RIDGE
-~ Mational Laborarory

New territory to be
explored with FRIB
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> 94% completion
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FRIB Production Facility/Beam Delivery

» Three stage magnetic fragment separator
» High acceptance, high resolufion to maximize science

* Provisions for isotope harvesting incorporated
in the design

= Challenges
» High power densities
« High radiation —=<C

Reconfigured
A-1900

Vertical :
~| Preseparator |77

Multi-slice rotating EOSSS / s [ "
graphite target Hot-Cell S / |/ got /
==~ Preseparator || gl | /i
'. . L5
...,,;V' 7 ’ ] /

Water-filled rotating
beam dump
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Leveraging FRIB Capabillities — Isotfope Harvesting

= Many rare isotopes are produced but
only one isotope delivered to single user

« Often 1000 other isotopes are "’"“4 e |
produced that could be harvested ' \ Primary User
. :‘pzciﬂc i':otope with
igh pur:

and used for experiments or i 9/
. . imary beam <0
app lications dump ]@ € Mass Slit Isotope Harvesting
. . 0 + Afew specific isotopes
= FRIB has provisions for |SO1‘Ope Production \ * Potentially easier separation
ha r\./eSh ngl nCOl’pOI’OTed in the Fragment Catcher Isotope Harvesting
d esi g N + Constrained range of isotopes
. + Easier chemical separation
« Water-cooling and off-gas -
. 400 kW i
system prepared for harvesting Sritears ot B°?"\;Vgg'r';g;:g,‘g§;p'1§”°"'“9
U p g ra d e » Challenging chemical separation MEETING ISOTOPE NEEDS AND

CAPTURING OPPORTUNITIES
FOR THE FUTURE:

= 2015 Long Range Plan for the NP-DOE Isotope Program
recognizes FRIB importance and recommends investment in
infrastructure for isotope harvesting at FRIB

= Whitepaper on Isotope Harvesting prepared

:
:
i
{'.
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Three Main Beam Areas: Fast, Stopped, Reaccelerated;

Experimental Equipment
Stopped Beams

Coupled Cyclotron Facility — |

20 feet (CQEZ_yvith A1900 ~ W& d«'* f‘}//d L ,
10 meters Seﬁargto} | /.f /A "Qh,, 4 : 3 il

f oo o ..«""“. . 'fN.__. &y - '-.:":_‘_..\ v

B iy o S e
Lre" ."9&/ ¥ ~ .
m., - ‘t‘:. .0 w‘:’;’j - = ‘.f}
- Lo

Planned High-Rigidity

¢ Reconfigured Separator (HRS) 4

* A1900 Beam
* Line Elements

Fast Beams
Reaccelerated Beams

Pilot source

Large suite of experimental equipment: will focus on a few cases
>> GRETA (fast beams)
>> Decay Station (stopped beams/fast beams)
>> SECAR (reaccelerated beams)
>> SOLARIS (reaccelerated beams)

MHB
RT RFQ 0.041 modules
e &

0.085 module
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Advanced Instrumentation for LE Nuclear Physics

« Broad range of technologies and solutions are needed for the broad
range of experiments, beams, and physics goals

« Detectors: high efficiency, high resolution, particle identification

« Spectrometers: large acceptance, high rigidity

* lons and atom traps, lasers: high-precision experiments, high sensitivity
« Conftrol systems and data acquisition: large range of energies, rates

« High-power facilities like FRIB or N=126 Factory at ATLAS have challenges
that provide basis for needed developments — higher beam rates need
to be met with high performance instrumentation

 High beam rates (event rates)
« Radiation damage mitigation
« High-power density mitigation

¥ OAK RIDGE
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Advanced Instrumentation: GRETA

= GRETA will be the most advanced gamma-ray detector
array for nuclear science, coupled to the High Rigidity
Spectrometer (under development)

= GRETINA is the first “phase” of GRETA: Gamma Ray Energy
Tracking Array
» Uses highly segmented, highly purified Ge detectors to track
and reconstruct gamma rays from nuclear reactions

« Digitized signals (unique system), complicated reconstruction
algorithms, extensive hardware, combinations with other




Advanced Instrumentation: Decay Station

= The FRIB Decay Station will provide o
suite of instrumentation to take
advantage of “Yday one” discovery
opportunities

= Efficient, granular, and modular multi-
detector system designed under @
common infrastructure

= Multiple complementary detection
modes together in a framework
capable of performing spectroscopy
with multiple radiation types over a
range of beam production rates
spanning ten orders of magnitude

= HPGe array for gammas, time-of-flight
scintillators for neutrons, Si implantation
array for decay lifetimes, digital
signals, large bandwidth data

¥ OAK RIDGE
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Advanced Instrumentation: SECAR

= Highly specialized SEparator for CApture Reactions
= Joint DOE/NSF funded project

= Targets the proton and alpha capture reactions powering stars and stellar explosions
* Reject 1013 - 10" particles for every one from the reaction of interest
» Recirculating high-pressure gas target presents unique hazards
* Digitized signals from multiple devices, slow controls, data merging, interlocks, mobile clean room

% OAK RIDGE
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Advanced Instrumentation: SOLARIS

= SOLARIS is a next-generation solenoidal
spectrometer for nuclear reactions studies
 Large-bore solenoid magnet, LHe cooled, under
vacuum

» Dual-mode usage planned: highly segmented
silicon detector array or a large gas-filled TPC

« Digitized signals, TPC has high channel density, all
equipment must operate either in or near 4 Tesla
magnet

&
: \ ;.:\

Q.




I OAK RIDGE
MNarional Laboratory

SBIR and STTR Involvement




How can SBIR/STIR impact LE NP¢
There are myriad opportunities for collaborative work

(35) Software and Data Management

(36) Electronics Design and Fabrication

(37) Accelerator Technology

(38) Instrumentation, Detection Systems and Techniques

aaaaaaaaaaa




How can SBIR/STIR impact LE NP¢

« (35) Software and Data Management
« High bandwidth/high rate data collection
« Novel digitization filters
« Fast algorithms/parallelization
« Real-time data visualization

» (36) Electronics Design and Fabrication
« High channel density preamplifiers and onboard logic
« Radiation-hard or magnetic-field-resistant electronics
« Ultra-low-noise devices
« Onboard slow controls/readback

¥ OAK RIDGE
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How can SBIR/STIR impact LE NP¢

« (37) Accelerator Technology
« Radiation hard beamline components (actuators, motors, seals)
« High power fragmentation targets
« PLC/smart slow controls/interlocks
« High efficiency/low contamination charge breeders

« (38) Instrumentation, Detection Systems and Technigques
« Beam monitoring/tracking (event-by-event over wide range of rates)
« Ultra-thin charged particle detectors
« Gamma-blind neutron detectors
 New detection techniques incorporating guantum sensing

¥ OAK RIDGE
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Some additional “real world” examples

« Development of large volume stilbene scintillation detectors
(LANL)

« Development of coupled silicon photomultiplier + scinfillator
readout (LANL)

« Development of doped/loaded scintillation detectors (UMass
Lowell)

« Development of mitigation fechniques for neutron damage
effects in HPGe detectors (UMass Lowell)
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Many more opportunities exist!

A good place to start is the FRIB Users

website:
https://fribusers.org/workingGroups/index.html §

| am also available to put you in touch with

the right person:
chippska@ornl.gov




