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Major US Project — Facility for Rare Isotope
Beams, FRIB

* Funded by the US
DOE Office of Science

= Key Feature is 200
MeV/u 400kW beam
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Experiments with fast, stopped,

power (5 X1 013 238U/S) and reaccelerated beams “ »

= Separation of isotopes aadt N o g Vs ; ~]_lon source
in-flight R

= Science program
requires range of y <. e , |
energies: Fast, T w2y ou * lncer aocelerator

Stopped, and
reaccelerated beams

= Upgradable to 400 '
MeV/u and multi-user N
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Rare isotope
production area and
isotope harvesting



In-flight Isotope Production Scheme

* FRIB uses the same production scheme as the SuperFRS at FAIR
 Cartoon of nuclide production — projectile fragmentation, fission,
Coulomb breakup, transfer, ...
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target

« To produce a potential drip-line nucleus like %2Zr the production cross
section (from 136Xe) is estimated to be 2x10-18

« Nevertheless with a 136Xe beam of 8x10'3 ion/s (12 puA, 400 kW at 200
MeV/u) a few atoms per week can be made and studied (efficient >80%
collection; sensitive 1 out of 1020)

» The availability of a wide range of new isotopes allows major advances
In nuclear science.
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Facility for Rare Isotope Beams: Program

Properties of atomic nuclei
» Develop a predictive model of nuclei and their interactions
* New isotopes provide key insights, e.g., changing magic numbers, 3N
forces, improved density functional schemes, unique properties (halo)

Astrophysics: Nuclear processes in the cosmos

* Origin of the elements, chemical history
» Explosive environments: novae,
supernovae, X-ray bursts ...

* Properties of neutron stars

Fundamental Symmetries e,

« Effects of symmetry violations are Structure ~ (e
amplified in certain nuclei

« Example: Enhanced EDM searches

Societal applications and benefits

» Medicine, energy, material
sciences, ...
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FRIB FaC|I|ty Overview
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FRIB Construction is Underway: Ground
Breaking March 17, 2014

FRIB construction site 17 March 2014 — www.frib.msu.edu
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FRIB Civil Construction Progess

FRIB construction site on 13 October 2014 - web camera at www.frib.msu.edu
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FRIB Civil Construction Underway
& 9 Weeks Ahead of Schedule
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FRIB: Cost and Schedule

* FRIB project started 6/2009

= Total project cost $730 million
« $635.5M Department of Energy T

- $94.5M Michigan State University and (=
State of Michigan

= Civil construction started 3/2014

= Technical construction start 10/2014
» Critical Decision CD-3b approved 8/2014

= CD-4 (DOE project completion) 6/2022
 Project managed for early completion 12/2020

= NSCL will continue to operate as national user facility until shortly
before FRIB completion — funded by NSF
* Integration of NSCL facilities into FRIB within one year in 2019-2020
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FRIB Facility Overview

| I
Stopped Beam Area
Gas Stopping
o
Fast Beam Area fesec:

Reaccelerated Beam Area

Fragment
Separator

Production
Target
Systems

—

Reaccelerator

Space for future expansion
of the science program

SRF High Bay

200 feet

| T T 1 T ]
50 meters

Beam Delivery System

Folding Segment 2

Folding Segment 1

_ Linac Segment 2
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Driver Linear Accelerator

L A

Superconducting
| RF cavities

4 types

= 350 total

$ Eocoic = 27-34 MV/m

ECR lon Sources
Room Temperature RFQ Accelerator

Quarter Wave Resonators

Quarter Wave Resonators

Target Beam Delivery System

1- meter el

Charge Strippel

8=0.04

0.08 B=0.29 B=0.53
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FRIB: Fragment Separator
Three Separation Stages
» Three stage magnetic fragment separator

 High acceptance, high resolution
multiple optical modes

Reconfigured

Multi-slice rotating

graphite target

Hot-Cell
Preseparator

Radiation
resistant
- | B magnets;
= example HTS|
ter-filled rotating quadrupole
beam dump BROGIANIEN,

Final design substantially complete
Magnet fabrication to start in Nov/2014
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Three Experimental Energy Regimes

Radioactive lon Beams are needed/available in three energy domains:

Fast = 200 MeV/u o3hed ﬂ Rg%cqelerated
Stopped—> 60 keV/q = S N |
Reaccelerated - 0.3 up to 20 MeV/u
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Continued Science Opportunities at NSCL

with Fast, Stopped, Reaccelerated Beams

BECOLA SECAR (design) ANASEN,
LEBIT JENSA ‘ FSU I(i3nyecstopper off
Laser Ablation I | i SuN D
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Sweeper Compression b, A A
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ReA3 the Re-accelerator at NSCL

EBIT CB

RFQ

| CM1CM2 - SECAR
.
oms &5 @M (Proposed)
_ (2014) Ty
:

General =
Purpose A
Line

Stopped beams
A1900 ReA3 = - ATTPC
G.ga ReA6/12
g L Equipment and
2013/08: First rare isotope experiment i Beamlines TBD
2014/05: Cryomodule 3 installation .

ReA3 now complete! (proposed) *
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FRIB: Possibilities for Novae and
X-ray burst reaction rate studies

Sn (50 IIIIHH !

PredICted . 10>10 rp_process
Reaccelerated| [l 10910

beams rates | 1089 ,
1 07-8 direct (p,y) ( L

1 06-7 direct (p,a) or (o,p)
transfer
5-6
. 10 4.5 (p;p),
1 O - some transfer
. 102-4

Most reaction rates up
to ~Sr can be directly
measured

Specialized equipment
(SECAR & gas Target)
allow direct reaction
studies

From H. Schatz
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FRIB Projected Production Rates

Similar yields for other new facilities — FAIR
120

Separated fast beam rates *Projected
' http://groups.nscl.msu.edu/frib/rates/ production
100 A i O. Tarasov yields for FRIB
(EPAX3 - K.
S particles per second Summerer et
(LISE 9.8.105) al . )

N 60 4 .
*Blue region 1

particle per day.

*Studies along or
near the drip
line up to Z=40
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Key Experimental Equipment: GRETA at FRIB

Dripline Prediction 60
Erler et al. Nature 2012 Ca

Simulated spectrum of °Ca
populated in one-proton removal

60C3 GRETINA
2+

Illlllllllllll

N A~ OO0

Counts / 6 keV
AT

M L |

500 1000 1500 _ 2000
Energy (keV)

é?'l\)

41 Gamma Ray Energy Tracking Array GRETA with precise Doppler
reconstruction of y-rays emitted in flight From H. Crawford
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New Facilities will Enable the Needed
Breakthrough in Nuclear Physics

/ (V
OO

)

Different key-regions probe
different model aspects
when compared to
observations

FRIB reach for T,,,, masses,
and B-delayed neutron emission
(Overlap with applications!)

N=126

S
J_rr’r'.l\ @guaﬁt

Critical region probes:
\ '! EE Main r-process parameters
hﬁﬂ[}l Production of actinides

B i

\ Critical region: oA Critical region probes:
. Disentangle \l: r-process freezeout behavior
% r-processes m HE k (Mumpower et al. 2012)

IJ }\é.éﬂ Griticallregioninrobes. Crlltlcal region probes: H Schatz

Neut f Main r-process parameters
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FRIB Will Provide Isotopes Needed
for the Nation’s Future

“Most of the isotopes in use today in practical settings were

developed as long as 50 years ago. With few exceptions (e.g., 5°Sr T T

and °°Y) there are no new products or services that use isotopes Second of Two 2008 NSAC Charges on the Isotope Development
. . . vy and Production for Research and Applications Program

developed in the past 20 years. Without the availability of research

isotopes, it is not possible to develop new science or new

applications based on isotopes. This problem is extreme in the case

of accelerator isotopes ... P /
Subcommittee Findi
e Iso to nes fo r
NSAC Long Range Plan Study 2008 &8 hE N at I o n S

» Next generation rare isotope facilities can Future
provide isotopes for applied science while A long range p,an
serving forefront nuclear research

* FRIB is designed to provide fast access to &
a broad range of new isotopes for 51
research

NSAC Isotopes Subcommittee
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FRIB: Isotope Harvesting Opportunities

Make Best Use of Rare Isotopes Produced

» Produce a rare isotope beam for a primary user

= At the same time up to 1000 other isotopes are produced that could be
harvested and used for other experiments or applications

Workshop series on o b .
“Isotope Harvesting at |
FRI B”, D \ Primary User

+ Specific isotope with

Primary beam high purity
1st, Santa Fe, NM, 2010
, , ’ dump € Mass Slit Isotope Harvesting
nd I + Afew specific isotopes
2 ! East LanSIng’ MI’ Production + Potentially easier separation
2012
target
. \, || Lies R Fragment Catcherlsotope Harvesting
3rd, St Louis, MO, 2014 skt s> » Constrained range of isotopes
/ \ * Easier chemical separation
400 kW Beam Dump Isotope Harvesting
primary beam + Wide range of isotopes

+ Challenging chemical separation

Harvesting of isotopes for applications is not in the base design, but we are
making efforts to add these capabilities.
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Research Papers Based on 8Ga

US National
Academies Press
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Publication Year

FIGURE 4-1 Keyword search of journal articles by country for nuclear medicine re-
lated keyword, 1978-2010. (A) fluorodeoxyglucose (FDG), (B) Fluorine-18 or (18)F, (C)
Gallium-68 or (68)Gallium.

SOURCE: Web of Science keyword search, 2011.
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FRIB Users Organization
www.fribusers.org

= Scientists have organized themselves in the project-independent
FRIB Users Organization (FRIBUO)
» Chartered organization with an elected executive committee

« 1386 members (92 U.S. colleges and universities, 10 national Iaboratorles
51 countries) as of August 2014 : ;

* 19 working groups on instruments

= Annual community meetings

= Science Advisory Committee FRIB&szi.m. =y
* Review of equipment initiatives —
(February 2011) ;' i
- Review of FRIB integrated design = :
(March 2012)

« Review of equipment priorities (October 201 3)»
* Next meeting on equipment priorities (early 2015)
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Science-driven Upgrade Options Remain

Experimental Area
double space if science needs it

——
%:ﬁll I TIITITY, \
\":11 EE ""[ J
BIo e 12 TEC_JH o = Light ion
:j mjs‘r—m:ﬁ _tLL_I A . injector
e e e —={ R ] e - upgrade
= ”“’f."”‘ & =4 S 3He*, 195 MeV/u
L ;m_ﬂ__ ‘“""\j u” e
1 T ]
ezt —“ Energy upgrade to >
s P | ] 400 MeV/u for all ions
ISOL targets | (high performance A/2
3He, 400 MeV/u wh HHE ] g cryomodules)
Multiuser capability A AT = -
with light ion A S I
injector : @;?f” - =l
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FRIB is Complementary to FAIR

* FRIB and FAIR address similar science goals but are highly
complementary

* FRIB has a significant focus on lower-energy reactions with
reaccelerated beams and experiments with trapped stopped beams

* FRIB production energy is 200 MeV/u at 400kW
* No storage rings are planned for FRIB
* FAIR has higher energy and cleaner separation for higher Z ions

* FAIR higher energy is an advantage for many reaction studies and
mesonic atoms, delta production in exotic nuclel, ...

* FAIR has more efficient collection of rare isotopes due to the higher
production energy

* FAIR will be able to take advantage of secondary production (could be
100x gain in extreme cases)
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Summary

* FRIB construction is underway and is
scheduled for early completion in 2020

= NSCL will continue a vibrant science
program (end in 2019)
» Broad science program
 Physics of atomic nuclei
* Nuclear Astrophysics
« Fundamental Symmetries
 Applications

= Existing and new equipment is planned
for FRIB

» Complementary to the FAIR program

Nuclear Physics

Exploring the Heart of Matter

NATIONAL RESEARCH COUNCIL

FRIB top Priority of US
National Academies (2013)
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