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Outline

* Low-energy nuclear physics: Context and Science

 DOE Facilities: Current and Future
« ATLAS/CARIBU

- LBNL/TAMU/TUNL
- FRIB

* Instrumentation for low-energy nuclear physics
* Summary
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Low Energy Community Meeting 2017

« 210+ members of the low-energy nuclear physics
community -- ATLAS, NSCL, ARUNA and future FRIB
users

5 satellite workshops, 12 working group sessions and 4
plenary sessions
« Qverviews of ATLAS/CARIBU, FRIB, NSCL, ARUNA

« Working groups and workshops focused on instrumentation
and science programs

« FRIB Day 1 Science workshop
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‘Low Energy’

Low Energy Nuclear Physics

Physics of Hadrons

Physics of Nuclei

Degrees of Freedom

Energy (MeV)

940

neutron mass

140

pion mass

8

proton separation
energy in lead

1.12
vibrational
state in tin

0.043

rotational
state in uranium

- The energy scale for low-energy
nuclear physics is of order few
MeV — nuclear binding

» Physics encompasses nuclear
structure, decay, reactions and
limits of nuclear chart

 Allows a strong connection
societal applications (energy,
medicine, security, ...)

>
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The Nuclear Landscape *

What are the limits of the nuclear

chart?
* Nucleon (proton/neutron) driplines =%
 Super-heavy nuclei -
N=126
Z=50
N=82
Z:ZIS
z=20 N=50
Rl
Z=8 : Ne28 BERKELEY LAB
N=20




The Nuclear Landscape &+

What are the limits of the nuclear

chart?
* Nucleon (proton/neutron) driplines =%
 Super-heavy nuclei -
MN=126
7=50
MN=82
Z=2|8
z=20 gl
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The Nuclear Landscape &+

What are the limits of the nuclear

chart?
* Nucleon (proton/neutron) driplines =%
 Super-heavy nuclei -
M=126
7=50
MN=82
- . How does structure change across
z=29 e the chart?
» Extreme N/Z ratios?
= N2 « Collective excitation modes? BERKELEY LAB

“N=20

« Emergent phenomena?
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Nuclear Structure

Driving Science Questions

Science drivers (thrusts) from NRC RISAC 2007

Applications of Isotopes

Intellectual challenges from NRC Decadal Study 2013

How does subatomic
matter organize itself and
what phenomena
emerge?

How did visible matter
come into being and how
does it evolve?

Are fundamental interac-
tions that are basic to the
structure of matter fully
understood?

How can the knowledge
and technological
progress provided by
nuclear physics best be
used to benefit society?

Overarching questions from NSAC Long Range Plan 2015

How are nuclei made and
organized?

What is the nature of
dense nuclear matter?

Where do nuclei and
elements come from?

What combinations of
neutrons and protons can
form a bound atomic
nucleus?

How do neutrinos affect
element synthesis?

Are neutrinos their own
antiparticles?

Why is there more matter
than antimatter in the
present universe?

What are practical and
scientific uses of nuclei?

Overarching questions are answered by rare isotope research

17 Benchmarks from NSAC RIB TF measure capability to perform rare-isotope research 2007

Shell structure
Superheavies

Skins

Pairing

Symmetries
Equation of state

13 Limits of stability

14. Weakly bound nuclei
15. Mass surface

ouAwN

1. Shell structure

6. Equation of state
7. r-Process

8. ®O(a,y)

9. ®Fe s-process
13. Limits of stability
15. Mass surface

16. rp-Process

17. Weak interactions

12. Atomic electric
dipole moment

15. Mass surface

17. Weak interactions

10. Medical
11. Stewardship

>
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Answering These Questions .

Z=82

N=126

“N=50

Z=8

! N=28




Answering These Questions

1. Accelerator facilities

« Diverse capabilities to deliver beams of stable and
radioactive ions, at energies ranging from ~ 100 keV to
GeV

2. Advanced Detectors and Instrumentation

« High efficiency, high resolution detection systems for:

« Light charged particles

* Heavy charged fragments

+ Gamma-rays e

* Neutrons N
- Data acquisition, software and data storage ...

Z=28 3 Ay ans "'|

7220 =50 BERKELEY LAB




Rare Isotopes Facilities Internationally

Louvain-la-Neuve . Beijmg Atomic  KORIA

3 ‘ ‘ =g
ARENAS~ ‘ Energylnstltute ‘ , NSCL Qoupled
v GSI FAIR 100kw 7 Cyclotorn Facility
~ _~GeV/u 50 kW RIKEN  ANL - TRW
e : CARIBU FRIB
o DRIBS /RIBF TRIUMF_y, /
=2l ‘ 400kW
PO fg Dubne——C =100 kW sAcaman LENL 88" Y
C , . Lanzhou B 3 50 kW driver , Notre Dame
‘ Calcutta VECC Texas A&M « FSU
_"f '''''' |:‘§9_ﬁ??"_<j SPES ________________________ Upgrade /i RESOLOT —
LISE/LISE2 | '\ CERN ,, G .
SPIRAL2 | Rex-IsoLDE ‘ RIBE R
HI-ISOLDE ‘ : Sao Paulo
Catania ' y
EXCYPT

Black — production in target
Magenta — in-flight production
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Rare Isotopes Facilities Internationally

Louvain-la-Neuve . Beijmg Atomic  KORIA

3 ‘ ‘ e 3
ARENAS® ' Energy Institute, an NSCL (oupled
v GSI FAIR 100kw ¥ Cyclotorn Facility
| ~_~GeV/u 50 kW RIKEN ANL - TRW
: S w— '~ CARBU\ FRIB
g™ DRIBS /RIBF TRIUMF
SN ‘ 400kW
. Dubna Py ~100 kW spc|and i LBNL88 ¥
v . = | \
( . Lanzhou R 50 kW driver = e Notre Dame
‘ Calcutta VECC Texas A&M ; FSU
_"f '''''' Eég‘ﬁér‘GSPES ________________________ Upgrade / (i RESOLOT -~
LISE/LISE2 | '\ CERN ,, G .
SPIRAL2 ‘ REX‘-|SOLDE | e ~O) \
HI-ISOLDE ‘ : Sao Paulo
Catania - y )
EXCYPT

Black — production in target
Magenta — in-flight production
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Approaching the FRIB Era

» First physics at 120
FR|B iS rapldly M Estimated to exist: J. Erler et al., Nature 486, 509 (2012)
. 1 | Il New from FRIB
approaching; o M Isotopes with at least one excited state known
. : o
@scovery potential 2 5
is huge 2
s 60
g
g 40
S
=z
20 -
0 |
0O 10 20 30 40 50 60 70 80 90

Atomic Number

>
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Approaching the FRIB Era

120

* First physics at M Estimated to exist: J. Erler et al., Nature 486, 509 (2012)

| I New from FRIB

FRIB is rapidly 100 g 1sotopes with at least one excited state known
approaching; 80 -
discovery potential
IS huge

« Community is
preparing with i gl 7%
investment and i )i @ ' 30 40 50 60

Number of Isotopes

advanCeS in Atomic Number
instrumentation with
impacts across all
our facilities

>
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Low Energy Nuclear Physics Facilities

DOE National User Facilities

* ARGONNE TANDEM-LINAC ACCELERATOR SYSTEM (ATLAS) —
http://www.phy.anl.gov/atlas/facility Arg()n ne o

« High-intensity stable beams

« Radioactive beam program with stopped and re-accelerated
fission products and in-flight beams

* FACILITY FOR RARE ISOTOPE BEAMS (FRIB) — http://frib.msu.edu

« World-leading facility under construction at MSU @s(

NATIONAL LABORATORY

« 400 kW heavy-ion SRF line; > 200 MeV/u
* Rare isotopes produced by fragmentation and in-flight fission
» Fast, stopped, and reaccelerated beams F RI B

NSF User Facilities

* NATIONAL SUPERCONDUCTING CYCLOTRON LABORATORY —
http://nscl.msu.edu

 In-flight rare isotope beam production )
« Fast, stopped, and reaccelerated beams

BERKELEY LAB




Low Energy Nuclear Physics Facilities

Other DOE Facilities (Local Use)
« LBNL 88 INCH CYCLOTRON — http://cyclotron.|bl.gov
« Basic and applied research with stable beams

» Local program focused on heavy elements and nuclear data
measurements |

* TEXAS A&M CYCLOTRON INSTITUTE — http://cyclotron.tamu.edu

* Nuclear physics research with stable and radioactive re-
accelerated beams

* TRIANGLE-UNIVERSITIES NUCLEAR LABORATORY (TUNL) —
http://www.tunl.duke.edu

« High Intensity Gamma Source (HIGS) « 8P
« Laboratory for Experimental Nuclear Astrophysics - ey X
« Tandem Van de Graaff accelerator — neutron capabilities > o /\|

! BERKELEY LAB
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LBNL 88 Inch Cyclotron

* Local program at the 88" is centered on heavy elements,
and measurements relevant to the nuclear data program

» Neutron beam capabilities in Cave0O have extended
possibilities
« Heavy element mass identification underway with FIONA

~
A
|
rrrrrrr

BERKELEY LAB




ATLAS/CARIBU Facility: Overview

Stable beams at high intensity and energy up to 10-20 MeV/u
Light in-flight radioactive beams

— light beams, no chemical limitations, close to stability, acceptable beam properties
CARIBU beams Fragment —

— heavy n-rich from Cf fission, no chemical limitations, Gammas’::::‘“a'f“” \

low intensity, ATLAS beam quality, energies up to 15 MeV/u \
State-of-the-art instrumentation for Coulomb barrier and HELIOS —
low-energy experiments NS
Operating 5000-6000 hrs/yr “[ : mocascal %, /
0| 4 5 )

Target
%, ArealV

(+ 2000 hrs/yr CARIBU ot |
stand alone) . ‘

'/_ i QN
f - Split-Pole
_~ Spectrometer

CARIBU 2
: 2 ~
1%

// Stopped Beams )y A R
a Physics " Target Area Il

ECRII
lon Source

l .' 1 : ATLAS Linac

Large Scattering
Facility ~

Trap Area ceceeer] |

BERKELEY LAB
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CARIBU Beams for ATLAS

* Production: ‘lon source’ is 2°2Cf V]
source inside gas catcher —|

 Thermalize fission fragments T E

 Extract all species quickly [ | |

« Form low emittance beam il == 1> T
+ Selection: Isobar separator — EF g
* Delivery: Beamlines and

preparation I i —

« Switchyard | i

» Low-energy buncher and 7
beamlines T mH

« Charge breeder to increase //\/ﬂ
charge state for post-
acceleration

» Post-accelerator ATLAS and —
weak-beam diagnostics

=
:
|
V,

=

=F

u;ay
1)
A
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CARIBU Beams for ATLAS

“Thin” 1 Ci 2°2Cf source

About 20% of total activity extracted as ions

Works for all species

Complementary to uranium fission,,

Te

Ba

Ce|

Dy

Gd

Sm

Cd

Pd

Zr

100

90
88

84 86

72

r-process path

Se

Ge

Ni]_l [ L[]
28 30 32 34 36 38 40 42 44 46 48 50

6

64
62

Argonne &

NATIONAL LABORATORY

102

Extracted fission

Product yield
(ions/second)

[ | >106
o 10°
= 10

Ll 10

4
3
o 10°

6

-10
100

4
-10
-10

3

>
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CARIBU Beams for ATLAS

“Thin” 1 Ci 2°2Cf source

About 20% of total activity extracted as i

Works for all species

Complementary to uranium fission,,

Te

Xe

Sm

Dy

Gd

Ce|

Ba

Sn

Cd

Pd

Zr

88

78

74

70

Se

Ge

62

60

58

56

54

52

Ni ] 11

28 30 32 34 36 38 40 42 44 46 48 50

72

76

80

82

86

102

100

98

|
9496

90

Radioactive beams
Used for experiments

+ Low-energy beams

4+ Reaccelerated beams

Argonne &

NATIONAL LABORATORY
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Enhancing Science at CARIBU

- EBIS Charge Breeder —

» Replaced ECR-Charge breeder for
improved breeding efficiency and
reduced beam contamination

* Achieved first beam May 6, 2016

BERKELEY LAB

Argonne &

NATIONAL LABORATORY



« EBIS Charge Breeder

» Replaced ECR-Charge breeder for
improved breeding efficiency and
reduced beam contamination

* Achieved first beam May 6, 2016

« Low-Background Low-Energy Area
for CARIBU

BERKELEY LAB
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« EBIS Charge Breeder

» Replaced ECR-Charge breeder for
improved breeding efficiency and
reduced beam contamination

* Achieved first beam May 6, 2016

« Low-Background Low-Energy Area
for CARIBU

 CARIBU MR-TOF
« Beam purification

BERKELEY LAB




ATLAS Beams

= Stable beams (protons to Uranium)
— up to 10 pmA, limited by ion source performance and radiation safety
— Pulse separation of 82 ns or n X 82 ns with n=1, 2, 3, ...
— Pulse timing down to ~100 ps
— Energy range from ~ 0.5 MeV/u up to 10-20 MeV/u depending on mass

Unigque capabilities worldwide + coupled to unique instruments

= CARIBU beams have similar properties .... but much lower intensity
— All species, even the most refractory, are extracted efficiently

Most of the CARIBU beams (species and energy) are not available
anywhere else.

= [n-flight radioactive beams: all light species, close to stability, but some
compromises between beam properties, intensity and purity

A few other facilities worldwide can produce these beams but none
have the ATLAS experimental equipment suite (e.g. HELIOS).

BERKELEY LAB




ATLAS: In-flight Radioac

1ve Beams

Cu

B Accessible at current facility M

50

Fe|

o= Used in experiment Mn

Cr

\

Sc

Cal

Cl

Al

Na
Ne|

Access to RIBs a key
component of the HELIOS
nuclear structure program

Argonne &

NATIONAL LABORATORY
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ATLAS: In-flight Radioac

» |n-flight Radioactive Beams
— Primary beam intensity limited
due to availability of beam
dump

Fragment
Mass Analyzer

¢ Target

Gammasphere — :
*,, ArealV

— No
| HELIOS §

In-flight
RIB Gas Cell AGFA
'\
-} split-Pole
................... _A Spectrometer
Atomic — x N
Physics s 7% Target Area Ill

Large Scattering
Facility

improve purity
— Limited to only 2 experimental
end-stations

1ve Beams

momentum selection to

>

A
||||
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ATLAS: In-flight Radioactive Beams

= AIRIS solutions

Fragment —. — Primary beam dump at AIRIS

Mass Analyzer midplane
AP porget — Magnetic chicane provides
HELIOS " separation
\ — All ATLAS targets now
General accessible
Purpose AGFA

N “— Split-Pole

................... \ _+ Spectrometer
b momic — %, oy
. Physics VA ¥
" \\" Target Area lll N
" Large Scattering ArgOn ne °

NATIONAL LABORATORY

Facility

>
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Facility for Rare Isotope Beams

A DOE-SC Scientific User Facility, funded by DOE-SC, MSU and
the State of Michigan supporting the mission of the Office of
Nuclear Physics in DOE-SC

Serving over 1400 users

Key feature is 400 kW |
beam power for all ions Stk
(5x1013 238J/s)

Separation of isotopes

in-flight

» Fast development time
any isotope

« Suited for all elements
and short half-lives

» Fast, stopped and
reaccelerated beams on Day 1

uperconducting RF

wd] Rare isotope
production area and
isotope harvesting

>
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FRIB Science Themes

Properties of atomic nuclei
» Develop a predictive model of nuclei and their interactions

* Many-body quantum problem: intellectual overlap to mesoscopic
science, guantum dots, atomic clusters, etc.

| Astrophysics: What happens inside stars?
'  Origin of the elements in the cosmos

» Explosive environments: novae,
supernovae, X-ray bursts ...

» Properties of neutron stars

-
@ @ Tests of laws of nature

' Nuclear %

 Effects of symmetry violations are Stucture
amplified in certain nuclei

@ Societal applications and benefits £
« Medicine, energy, material /f

sciences, national security -

Tests of
Fundamental

)
@ Symmetries

feCeeee "I|
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Civil Construction Substantially Complete

f 2
i Y N =y 1
Y = [ a
v, |
» ! L -
— 7 -
. v £
= e E - ¥ AV d
i o ™ b AL )
\ = VOO :
Al i Ey
L
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Accelerator Systems: SRF Driver Linac

« Accelerates ion
species up to 238U
with energies of no
less than 200 MeV/u, ==
provide beam power [
up to 400 kW

* Technical installation &
IS underway :

* FRIB is tracking to
early completion in
FY2021

Beam Delivery
System To Target

$=0.085 Matching B=0.29 Matching  $=0.29 Matching $=0.53 Matching  Superconducting
Cryomodule Cryomodule Cryomodule Cryomodule Folding Segment

>
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Module

* x 1 1 X t *
11 $=0.085 Cryomodules 3 #=0.041 Cryomodules 500 keV/u RFQ

F R I B Room-Temperature  $=0.085 Matching 12 p=0.29 Cryomodules 18 $=0.53 Cryomodules 10 m Vertical Drop from
Folding Segment Cryomodule lon Sources (above ground)




SRF Drive Linac Upgrade Options

* Ten times more yield for heavy ECR lon Sources
n-rich nuclei through energy ‘

Room Temp ire RFQ Ac

$=0.041 Quarter Wave Resonators

upgrade to 400 MeV/u for 238U R s et e e

by filling vacant slots with 12
SRF modules; MSU has funded
3=0.65 cavity prototype

development

* Provisions for ISOL upgrade

FRIB

Target Beam Delivery System

$=0.53 Half Wave Resonators

B=0.29 Half Wave Resonators

Cryogenic Distribution Line

Charge Stripper

Beam Delivery

System To Target

$=0.085 Matching (=0.29 Matching  $=0.29 Matching $=0.53 Matching  Sup: ducting
Cry dul Cr dul Cry dul Cryomodule Folding Segment

— 7
3p=0.041 Cryomodules 500 keV/u RFQ

T
11 =0.085 Cryomodules

Room-Temperature  $=0.085 Matching 12 $=0.29 Cryomodules 18 p=0.53 Cryomodules 10 m Vertical Drop from
Folding Segment Cry dul lon Sources (above ground)

* Superconducting Bend

>
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Target Facility and Fragment Separator

« Three stage magnetic fragment separator
« High acceptance, high resolution to maximize science

» Provisions for isotope harvesting incorporated
in the design

%/\
¢ Challeﬂges Reconfigured
« High power densities
i ‘At Vertical

« High radiation : Proseparator [

Multi-slice rotating o / % ) - |

graphite target Preseparator E /

A ‘ L] < L C

<P | ’
-
~ Water-filled ‘7‘\1', g 7 BERKELEY LAB

rotating beam
dump




FRIB Scientific Capabilities

« Key capabilities:
Fast’ Stopped IB Reaccelerated Beam Area
£ Stopped Beam Area

and reacclerated
b e am S Gas Stopping ™ \ €

 NSCL enables
pre-FRIB science

o e

e —— e m—
L PP S 'Lq'—

Space for future expansion
of the science program

I m— .V 1l

Reaccelerator

‘— SRF High Bay

Fragment
Separator

200 feet
Production l‘ T T { T T |
Target : 50 meters
Systems Beam Delivery System

Folding Segment 2

‘Linac Segment 3

A
‘||||

>
Lmac Segment 1 Front End é BERKELEY LAB

"Linac Segment 2

Folding Segment 1 I_l

9 .C
& B

NSCL




FRIB Scientific Capabilities: ReA

T
B Reaccele?/
Stopped Beam Area
Gas Stopping | .
Fast Beam Area fetcr Sop

- « -———— e el
p BLons BT

o v % ~_ L ¥
1L : & S M%‘aﬁ Space for future expansio * . -
o -'.{ “==. 7 ofthe science program \ E‘ﬁ *

&L

\
Reaccelerator % ~$

£y
1__ SRF High Bay * “0”’
200 feet * %‘ L ]
| | J
T T T T

[ ]
Beam Delivery System someters Folding Segment 2
| g | ,. « EBIT/S charge breeder
Linac Segment 1 Front En_d} ° S R F | | n aC

Linac Segment 2

— 1 + ReA3 - 3MeV/u for 238U

Fragment
Separator

Production
Target
Systems

>

- Expandable to >12 MeV/u for 238U ceeee )

BERKELEY LAB

* ReA3 is operational at NSCL now




FRIB Scientific Capabilities: Isotope

Harvesting

* |sotope
harvesting from
the FRIB beam
dump will
enable critical
applied
research for
medicine,
horticulture,
stewardship...

Total System Volume
Water Loop: 6930 L
Gas Loop: 6430 L

Two-phase Flow:
water:4.6 L/s gas:2L/s

Gas Liquid

Separator DIRIUENL

Hot off-gas Beam

Heat Exchanger

Cleanup-toop Jreys

\

Resin Beds

~
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ADVANCED INSTRUMENTATION AND
EQUIPMENT




Instrumentation for Low Energy
Nuclear Physics

 State of the art instrumentation is critical to maximize the
scientific opportunities with rare isotope beams

 Detectors
* Spectrometers
* lon and atom traps; laser facilities
« Control systems and DAQ
« Unigue challenges in cutting-edge facilities
« High beam rates / very low beam rates
- Radiation damage mitigation
« Complex measurements with multiple systems

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

CPT mass
spectrometer

i-array
Ludwig) and
Enge
spectrometer N
(
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NSCL/FRIB Day 1 Experimental Equipment

Spectrometers/Beam Line:

« S800, Sweeper Magnet, RFFS, SECAR, 92-inch chamber,

y Detection:

+ SeGA, CAESAR, SUN/MTAS, Gammasphere, GRETINA

Neutron Detection:

*  MoNA-LISA, Neutron Walls, NERO/3HeN, LENDA/VANDLE

Charged Particle Detection:

« BCS, HiRA/LASSA, Diamond Detectors, JANUS, superORRUBA,
CHICO-X, ORISS, CFFD

Active Targets/Advanced Targetry:

« AT-TPC, ANASEN, MUSIC, Liquid H-target, JENSA, TriPLEX

Stopped Beam Equipment:

« Beta-NMR, BECOLA, LEBIT

BERKELEY LAB



Advanced Instrumentation: SECAR

« SECAR will enable use of unigue FRIB reaccelerated beams
to directly measure reactions of astrophysically relevant

reactions

« DOE-SC/NSF project to construct SECAR is underway — multi-

institutional collaboration

CAR Racks & Cabinets

>
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Advanced Instrumentation: GRETA

GRETA will be the most advanced
gamma-ray detector array for nuclear
science

« Uses highly segmented detectors to
track and reconstruct y-rays

« GRETINA, which has been operation
since 2011, has proven the technology
and scientific impact with 3 completed
campaigns (two at NSCL and one at

& “fime excnatlon sqlatio

ATLAS) and a fourth campaign e ”*exﬁeﬁ'g?frfilb'Qéer?éSc’f‘
beginning in October at the FMA ’;gcgegifg%thaé‘j{,lgﬁsggé

« GRETINA will operate at the FMA with 11 eeeenergy; g
modules, approximately 1/3 of the full gammaray;&

solid angle aastates e
~;;;”a”?;g§;ysshell gretunaSan‘z?aence

excned | measured val les BERKELEY LAB
i Calculatlons spectrum.
crosssectlon streng th

e tracklng efflcrency




Advanced Instrumentation: GRETA

« GRETA will be the most advanced gamma-ray detector array
for nuclear science

 GRETA is DOE-SC funded project; CD-0 received 2015;
CD-1 is expected soon

* The GRETA project will add 18 detector modules and new
electronics, computing and mechanical systems to instrument the
full array

* The completed array
will cover ~ 80% of the
full solid angle, and be
key in the physics
programs at ATLAS
and FRIB with fast
and reaccelerated beams

’’’’’
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Instrumentation: HRS

« High Rigidity Spectrometer is required
to make optimal use of the most exotic
fast beams at FRIB

* Pre-conceptual design work is ongoing

FRIB Fragment Separator

‘7%'}1;5&’ Beam line to
~  Decay station
' &
% Decay station
N
High Transmlssml‘% Spectrometer
Beamline Magne
. Target Sweeper
K Magnet

R | Station X =
,L y — < : Fege

4 ;Jtiﬁ; m 1\ 3
Reserved for ,“-Lfgf?‘“{ - ll
isotope harvesting m! 1.%% Fast Neutron
activities at FRIB ) Detection

Proton Number

60

40

20

Magnetic rigidity required for maximum RIB rate

0 25 50 75 100 12

Neutron number

* Focal plane and beam

tracking detectors must
meet demands on
count rate, etc.

http://hrs.Ibl.gov
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SBIR/STTR and LE Program

« Many examples of SBIR project have had (continue to have) direct
relevance to the low-energy program
« Gamma-ray detector technology (tracking detectors) — connects to
imaging applications
* FRIB developments — accelerator, detectors

+ With advanced instrumentation projects moving forward, research
community welcomes continued and expanded collaborations

« Development of new technigques to address unigque challenges for higher
power tacilities

» Possible areas for SBIR/STTR activities include
« High-rate, position sensitive beam tracking and timing detectors
« Fast and versatile data acquisition electronics
* Real-time data visualization frameworks
 |sotope harvesting techniques and diagnostics

BERKELEY LAB




Summary

« The area of low-energy nuclear physics in the US has exciting
years ahead, in particular as FRIB moves toward completion
and ATLAS pursues capability enhancements

- Today'’s facilities provide forefront research opportunities and
a path to optimize capabilities at FRIB

« DOE NP SBIR/STTR program plays an important role in
making the low energy nuclear physics program successful
and will be critical moving in the FRIB era
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