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FRIB Beams have Tremendous Discg
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FRIB beams will be world leading in variety & intensities

Tremendous discovery potential: 80% coverage Z < 82

Many examples of fascinating science at FRIB ...
that require new equipment

Science drives the need for, & requirements of, the devices
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Structure of Exotic Calcium Isc

Goal: studies on the most exotic Ca nuclei

e detailed spectroscopy at HRS first spectroscopy at HRS
2
8}'

Magnetic rigidity required for maximum RIB rate
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« Structure models can be constrained by more detailed spectroscopy of exotic
Ca isotopes to A = 56, and first spectroscopy out to A = 60

* Probing neutron skins to A ~ 56 will help understand nuclear matter properties

* To produce fast beams of these exotic Ca isotopes of sufficient intensity, need
energies corresponding to Bp of 5—7 Tm > TOO RIGID FOR CURRENT DEVICES

High Rigidity Spectrometer HRS can handle
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Neutron Drip Line at Calcium ?

Simulated spectrum of ¢°Ca populated
in one-proton removal from ¢1Sc

GRETINA| Dpripline prediction 60C3

Erler et al. Nature 2012
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Where is the neutron dripline at Z = 20 ? Need to measure structure near ¢°Ca
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Structures of Ca chain nuclei are test bed for modern nuclear model interactions

Spectroscopy of 8Ca possible with fast-beam knockouts °Be(81Sc,%0Ca+y)X

Such studies require GRETA w/ much higher y-ray efficiencies than GRETINA
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Beta-delayed Neutron spectroscopy on

[ Mobller, Nix, Krat"z, At. Data Nucl. Data Tables 66 (1997) 131

" Exp. (NNDC)
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« Is beta-delayed multi-neutron emission prevalent near double shell closures ("8Ni) ?

* Measurements needed to test models

* Need neutron yields / multiplicities / correlations / y coincidences

* Also need neutron energies / angles = neutron spectroscopy

« Resulting information impacts r-process simulations

« Requires optimized combination of implantation detector, high-granulation
low threshold neutron array, high efficiency y array ... DECAY STATION
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energetic nova simulation X-Ray Burst Nucleosynthesis
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« Many key capture reactions in nova explosions have
never been measured & have large uncertainties

« Capture reactions on p-rich nuclei from mass 30 — 65 in
X-ray Bursts shown crucial for energy generation and
nuclear flow — but have never been measured

Supermassive Stars

« Burning on exotic nuclei also occurs in Supernovae,
Hypernovae, Supermassive Stars, Thorne-Zytkow
Objects ... but specialized detection system needed - SE

o

CAR
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World-Class Equipment Needed for

SECAR

Spectrometer Dipoles HRS Large-Gap Sweeper Dipole
g

30° dipole, 2.1 T neutron-cone, +8° 30° sweeper, 2.1 T

I HQ\\\ HELIOS

‘/\\\\\ Focal Plane '/ 7

3 coil for B field
photon detection

cooler/buncher collinear laser spectroscopy

Working Groups of the FRIB Users Organization have identified major
experimental instruments needed for their measurements

Instruments enable important new measurements in all FRIB science
areas, beam energies and species, experimental halls ...

Demand driven by FRIB Users, strong contribution by researchers at
many Universities and National Labs in these projects

Estimated cost ~ 140M$
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GRETA for ReA3 / ReA12 / Fast bea

‘GRETA Science includes exploration of structure of new nuclei w/max resolving power

—

« Gamma Ray Energy Tracking Array GRETA

« vy-ray tracking array with unmatched position resolution for precise Doppler
reconstruction of y-rays emitted in flight

« High efficiency allows furthest scientific reach
* 4gn coverage for angular distribution and polarization measurements
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GRETA for ReA3 / ReA12 / Fast bea

Science drivers (thrusts) from NRC RISAC Addressed by GRETAV
Applications of Isotopes

Overarching questions are answered by rare isotope research
17 Benchmarks from NSAC RIB TF measure capability to perform rare-isotope research

1. Shell structure / 6. Equation of State (EOSY| 12. Atomic electric 10. Medical /
2. Superheavies 7. r-Process dipole moment 11. Stewardship
3. Skins 8. 50(a,y) 15. Mass surface

4. Pairing'/ / 9. *Fe s-process 17. Weak interactions?’

5. Symmetries % 15. Mass surfac‘e/

13. Limits of stability % 16. rp-Process v

14. Weakly bound nuclei 17. Weak interactions

15. Mass surface

« GRETA enables science in all 4 NRC RISAC Report
« Concept proven with highly successful GRETINA campaigns at NSCL & ANL
« Community endorsed (NSAC 2002, 2007 LPRs, FRIB SAC)
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HRS for Fast beams |

HRS Science includes evolution of shell structure, single particle structure of rare isotopes...
Spectrometer Dipoles Large-Gap Sweeper Dipole

30° sweeper, 2.1 T
ast beams

neutron-cone, £8°

30° dipole, 2.1 T

8.000m (min)

Charged Particle
Detectors

Neutron Detector Array

High Rigidity Spectrometer Pre-conceptual design

* Primary spectrometer for fast beams; used along with GRETA, MoNA-LISA ...
*Max rigidity ~8 Tm ... existing spectrograph and sweeper are <4 Tm
 Scientific program covers ~ HALF of NSAC RIB Taskforce benchmarks

* Whitepaper being drafted with contributions from 19 Universities and Labs
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Decay Station for All Experimental

DECAY STATION Science includes structure of most exotic isotopes, site of r-process ...

Gammas
+neutrons
(LaBr3,CLYC)

Fast
GAMMAS  segmented netruons HPGe

Nal implantation GeDSSD TOF Clover

« Combination of implantation (thick Ge DSSD), gamma-ray detectors (HpGe
array / LaBr;/ calorimeter), neutrons (VANDLE) & others for decay studies
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SECAR for ReA3 beams |

SECAR Science includes direct measurements of reactions that cause novae & X-ray Bursts

A eIo

city Filter
Velocity Filter

« SEparator for astrophysical CApture Reactions SECAR

» Direct inverse kinematics measurements of low-energy (p,y) and (a.,y) reactions
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ISLA for ReA12 beams

ISLA Science includes reactions & structure of rare isotopes to develop nuclear models
ReA12 beams —

—~—

Isochronous
Achromatic
Focal Plane

Dispersive

Whitepaper: Focal Plane

http.://people.nscl.msu.edu/~amthor/
ReA12 RS whitepaper.pdf

* Isochronous Spectrometer with Large Acceptance ISLA

* Primary spectrometer for higher-energy reaccelerated beams

« Scientific program covers > half of NSAC RIB TF benchmarks

« Extends FRIB reach through fusion evaporation and multi-nucleon transfer
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HELIOS for ReA3 / ReA12 beams

HELIOS Science includes single particle & cluster states in rare isotopes via transfer reactions

Superconducting
solenoid

» Helical Orbit Spectrometer HELIOS
« Measurement of transfer reactions & others with low- & medium-energy RIBs
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BECOLA and CRIS for Stopped Bes

BECOLA Science includes atomic spectroscopy of rare isotopes & finding the driplines
laser light

optical fiber

3

N

coil for B field
photon detection

beam
cooler/buncher collinear laser spectroscopy

« Laser Spectroscopy with Stopped Beams
« BEam COoling and LAser spectroscopy BECOLA
« Collinear Resonance laser lonization Spectroscopy CRIS
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Device

Science Focus

GRETA

exploration of the structure of new nuclei with max resolving power & acceptance

HRS

evolution of shell structure, single particle structure of rare isotopes

Decay Station

structure of most exotic isotopes, site of the r-process

SECAR

direct measurements of thermonuclear reactions in exploding and exotic stars

ISLA

reactions & structure of rare isotopes, develop comprehensive model of nuclei

Data Acquisition

critical infrastructure for all experimental halls

HELIOS

single particle & cluster states in rare isotopes, develop comprehensive model of nuclei

Scintillators portable detectors for all experimental halls

BECOLA / CRIS |atomic spectroscopy of rare isotopes, delineation of nuclear landscape
Silicon Array portable strip detectors and digital electronics for all experimental halls
HRTPC-AT study of nuclear equation of state in n-rich, difuse, and compressed matter
Gas Jet Target |critical technology for inverse kinematics reactions
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New Instruments needed in every ER

Experimental Hall

Device Type ReAl2 ReA3 Stopped Beams

spectrometers ISLA SECAR
HELIOS HELIOS

detectors GRETA GRETA BECOLA/CRIS
DECAY STATION |DECAY STATION |DECAY STATION

Other Gas Target Gas Target

Essentials Scintillators Scintillators Scintillators
Silicon Array Silicon Array Silicon Array
DAQ DAQ DAQ

FRIB Experimental Equipment
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New Instruments needed in every FF
|SECAR|

[BEcoLa|[cris|[DAQ| [cAS TARGET] " ...
T | HELIOS |

Stopped Beams

Fragment ?
Separatoxm
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Total Cost of Instruments is

Device Cost (MS) Notes Start Finish
GRETA 45.0|includes 17% contingency FY15 FY22
HRS 29.0|includes beam line, 27% contingency|FY17 FY22
Decay Station 16.4

SECAR 12.8|includes 35% contingency FY15 FY19
ISLA 10.0|includes over 20% contingency FY16 FY20
Data Acquisition 8.0 FY15 FY20
HELIOS 5.0 FY16 FY20
Scintillators 5.0

BECOLA / CRIS 1.8

Silicon Array 1.5 FY16 FY20
HRTPC-AT 1.4

Gas Jet Target 1.2 FY15 FY19
Total Cost 137.1

All costs are preliminary
Cost estimates were not produced in a uniform manner...
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« Strong involvement by
Universities & National Labs

FRIB Experimental Equipment

Michael Smith

e National Labs ® Colleges / Universities

Argonne National Lab

Lawrence Berkeley National Lab
Oak Ridge National Lab

Pacific Northwest Lab

Augustana College

Bucknell University
University California Berkeley
Central Michigan University
Colorado School of Mines
University of Connecticut
Florida State University
Gettysburg College
Hampton University

Hope College

Indiana University
Kalamazoo College
Louisiana State University
Univ. of Massachusetts Lowell
McMaster University
Michigan State University
University of Notre Dame
Ohio University

Oregon State University
University of Richmond
University of Rochester
Rutgers University
University of Tennessee
Ursinus College

Wabash College
Washington Univ. St. Louis
Western Michigan University
Westmont College

Yale University
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More Information is Available

Experimental Equipment for . Experimental Equipment Details
the Facility for Rare Isotope Beams (FRIB)

.1. Gamma Ray Energy Tracking Array (GRETA)

evice Name: Gamma Ray Encrgy Tracking Array (GRETA)
Experimental Hall: Various, including existi (S3), ReA Halls, High-Encrgy Hall .

aperimentalHll: Voo nludin exisng ares alls, High-Energy Hal THE GAMMA-RAY ENERGY TRACKING ARRAY A HIGH RIGIDITY
onveners: P. Fallon (LBNL), A. Gade (MSU), M. Carpenter (ANL) GRETA

os: 45 MS SPECTROMETER
imeline: Start FY 15, Finish FY22 (see Figure 2.1.b) FOR ERIB

otivation:
irst discussed in the 1996 NSAC Long Range Plan (LRP) and then recommended as a major
ow initiative in both the 2002 and 2007 LRPs, the gamma ray tracking array GRETA has been
Hentified [1] as a powerful new instrument ideally suited for a broad range of experiments. In
007, the NSAC Rare Isotope Beam Task force introduced 17 “benchmark experimental
rograms” to provide a measure of facility performance capabilities for rare-isotope rescarch and
characterize the physics that can be pursued at FRIB. A majority of these topics, and hence the
RIB program, will rely on high-resolution, high-cfficiency, in-flight y-ray detection. GRETA
ill provide this necessary capability. It will play a central role in the FRIB science program and
llow us to fully utilize and maximize the physics opportunities using both fast-fragmentation and
kaccelerated beams. GRETA will also be an important instrument at existing facilities, such as
TLAS (ANL), extending the science reach and adding new capabilities.

SECAR

HRS
Input to the 2014 Nuclear Astrophysics and Low Energy Nuclear Physics Town Meeting

: I I I [ (Texas A&M University, August 21-23, 2014)
LT I I l |

Funding$M

’ igure 2.1.2. The 4% GRETA y-ray spectrometer  Figure 2.1.b. Proposed GRETA cost profile

bescription: N
HELI
0s, RETA (Figure 2.1.8) is a high-resolution, hig consisting of SEparator for CApture Regctlons (SECAR)
JENSA > ighly segmented germanium detectors gmuped in 30 quud—crysml modules. It uses advanced Pre-Conceptual Design Report
¢ ignal processing to reconstruct the individual interaction positions of incident y-rays. When
lombined with tracking algorithms, this provides a large increase in sensitivity and resolving
ower over existing arrays.

tatus:

he GRETA project builds upon GRETINA [2] and involves the addition of 20 detector modules
gether with the associated electronics, computing, and mechanical support. GRETINA (with 15t
overage) has succcssfnlly demonstrated the technology and scientific impact of a gamma ray
facking array. Over 200 users from over 20 institutions worldwide used the system for 24
and 3300 hours of beam time in the first GRETINA “fast-beam” science campaign
arried at NSCL (summer 2012-summer 2013). The experiments included complementary studies

. G %?.
« White papers of GRETA, HRS, SECAR, ISLA ... i
* FRIB Experimental Equipment White paper

« Town meeting website http://www.lecmeeting. org/whltepapers html

« Websites: fribusers.org, www.physics.fsu.edu/GRETINA.org,
www.nscl.msu.edu/~zegers/hrs.html, www.nscl.msu.edu/~amthor/
RecSepReA12_2014workshop.html, fribastro.org.

August 21,2014
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Exciting New Science from World-C

* new major experimental instruments are planned by FRIB User
Organization Working Groups at an estimated cost ~ 140M$

* |nstruments enable important new measurements in al/l FRIB
science areas, beam energies and species, experimental halls ...

 Demand driven by FRIB Users, strong contribution by researchers at

many Universities and National Labs in these projects
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