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Faclility for Rare Isotope Beams (FRIB) — A DOE User Facility

Exotic nuclei from Intense stable beams at > 200 MeV/u + separator
Unprecedented access to exotic nuclei; will produce 80% of isotopes predicted to exist for Z < 93

1st FRIB experiment in May 2022

https://frib.msu.edu .
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e Applications for society, including in Neutron Number

medicine, homeland security, and industry.
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The FRIB Decay Station initiator (FDSI)

« Integration of community detectors
« Reconfigurable infrastructure
« Complete / Tandem measurements
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Phase 1 of project completed in Spring 2022
First FRIB experiment completed in May 2022

https://fds.ornl.gov/initiator/
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FDS' Re“eS Oﬂ COmmUﬂITy COﬂTI’IbUTIOﬂS (~$10M+ worth of existing resources)

ORNL: 11 Clovers, MTAS, 3He tubes and preamps, CLARION / DEGAI frame, simulafions, electronics, and engineering

UTK: VANDLE / NEXTi, segmented scintillator-based implant detectors, 30 LaBr; detectors, simulations, machining, Si
detectors, and associated electronics

ANL: 8 clovers, 15 LaBr; detectors, HV, engineering

FRIB-MSU: Pixie16 pool (67 modules), GADGET2, 3He tubes and preamps, 16 LaBry detectors, vacuum pumps and
gauges, engineering, materials, and machining

FSU: 3 clovers**, HV, and prototype machining

MSU (Mississippi): 4 CeBry; and 10 LaBrs detectors, and CeBrs-based implant detector
URSinus: Simulations

UNC: 12 CeBr; detectors

LLNL: 8 clovers (3 are ORTEC), cables, solenoids, and HV

LBNL: 2 clovers**

%9?5113{])95 ##0n limited occasions and contingent on schedule due to local program / facility needs.




The FDSI: Phase 1 Design

. Beam degrader + DE and TOF for PID
Total Absorption Spectroscopy 7

Beam

ON = DEGAI (y) (Imnlq,,, /8)

¥QaK Ribee Discrete Spectroscopy




Rotational degrader

Diagnostic Crosses 5« Si DE Fast plastic

Degraders, Si and fast plastic for PID, segmented scintillators for beam tuning, and vacuum service
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Nominal / Balanced Configuration

Implant, y, n (15t focal point) + Total Absorption (2" focal point)
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411 High-Resolution y-Ray Configuration (proton-rich)
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DEcay Germanium Array initiator (DEGAI)

Working group led by J.M. Allmond (ORNL) 70 . . : :
DEGA-WP
60 | 5 GRETINA in box
SEE!
|
@ 50 L BetaSeGA i
< 211 DEGAI
2 40
=
= 80
=
E o
10
o 1 1 1 1
400 800 1200 1600 2000
Energy (keV)
LaBr/CeBr (simulations to be l6°

updated for new pocking)

150  -100 50 0 50 100 150

*simulation by Lew Riley ? (deg)

K7




Discrete n spectroscopy
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XScintillator and Si initiator (XSiSi)

High stopping power and fast

XScintillator (e.g., YSO, CeBr for n-tof)

a0

el X2}
O OCI 00

2y
2

(S 3 SiSatatel
SO0 O0

X-axis, a.u.

%OAK RIDGE

National Laboratory




XScintillator and Si initiator (XSiSi)

Si stack detector
Working group led by Darek Seweryniak (ANL)

Feedthrough and Preamp
housing

Ge detector

Heavy lons
10-100 MeV/A
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neutron detectors

*Critical for enabling high-rate, p-rich, and Z>50 (multi-charge state)
studies; also expands overall coverage per experiment

*new TIT and BB7
micron Si DSSD detectors

*Dual-gain amplifier solution



GADGET2 - TPC

Working group led by Chris Wrede (MSU)




GADGET2 - TPC

4034 3 g2
o arXiv:2501.17892v1 [physics.ins-det] 28 Jan 2025 el
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Modular Total Absorption Spectrometer (MTAS)

Working group led by Krzysztof Rykaczewski (ORNL)

*Largest TAS in the world and with shielding

Solid line = no auxiliary detector

200 Dashed line = with auxiliary detector

All crystals

________

*Radial segmentation

Efficiency (%)

Central crystal
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Inner|ring crystals
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*New central module,

angular segmentation T 7 4
#OAK RIDGE *Implant similar to XSiSi
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The FDSi Setup in Real Life for 15" FRIB Experiment
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Fast YSO Implant detector from UTK
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1M Featured in Physics J| Editors' Suggestion 13 citations

Crossing N = 28 Toward the Neutron Drip Line: First
Measurement of Half-Lives at FRIB

H. L. Crawford et al.
BERKELEY LAB Phys. Rev. Lett. 129, 212501 (2022) - Published 14 November 2022

— e —
PhySICS Viewpoint : Probing the Limits of Nuclear Existence

30 Featured in Physics 6 citations

OAK Microsecond Isomer at the N = 20 Island of Shape Inversion

RIDGE Observed at FRIB

National Laboratory T, J. Gray et al.
Phys. Rev. Lett. 130, 242501 (2023) - Published 13 June 2023

PhySICS Synopsis : Excited Sodium-32 with a Spherical Wave Function

PRC 1 citation

@&‘ | 8 decay of *Mg and *°Al: Identification of a 8-decaying

isomer in °Al

FRIB R.S. Lubna et al.

Phys. Rev. C 108, 014329 (2023) - Published 31 July 2023

PRL

Proton Shell Gaps in N = 28 Nuclei from the First Complete
Spectroscopy Study with FRIB Decay Station Initiator

I. Cox et al

Phys. Rev. Lett. 132, 152503 (2024) - Published 12 April 2024

Show Abstract +




FDSI Location

FDSi

.%jm =  Locations and space requirements understood
. 4 s *w ; « Large doors and crane access required to bring in large

Reaccelerated Beams
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and heavy (~tons) equipment
« Storage space required

Phase 2 (2025)
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FDSI — Transition to Phase 2

Phase 1 Phase 2
Completed in March 2025!

F2

Total absorption

MTAS
S3Heni

o VN /
- »
¥
L
/

MTAS VANDLE2 -> NEXTi

VANDLE2 - NEXTi

CLARION - DEGAI Fl

Discrete Spectroscopy
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FDSI - Phase 2 Design
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Phase 2 — New Switchyard Shielding, Carts, and S3Heni

%OAK RIDGE

National Laboratory




Phase 2 — S3Heni

Preamps

Type-1 and -2 clovers

Modular Center

HDPE Slalbs (4.25" x 48" x 48")

SHe tubes
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Phase 2 — S3Heni with OGS Central Module

%

OGS solutions by UTK, Grzywacz
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National Laboratory

Efficiency (%)

Super3Hen w/ OGS at 200 keV threshold
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Parallel simulations:

MCNP - James Huffman (MSU)

GEANT4 - Charlie Rasco (ORNL)



« 2-Inch lead shielding in all skins

SWITC hy(] rd S h|e|d « Lead-filled support frame columns

Cut out for Beam, Pipe,
and Implant Detector (w/
cabling)

French doors on all 4 sides

Gap for PMT cables
(bed skirts / blankets will be hung
from hooks at bottom of door)

Brings shield back info
proper alignment if
moved
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S3Heni and MTAS Carts and Rails — Shield Compatible
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Phase 2 — New Beamline, Feedthroughs, Pump Station
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Beamline + Pump Cart Configurations

In Air configurations, when possible, maximize implant surface

WS IN AIR CONFIGURATION YSO IN AIR CONFIGURATION W7 IN VACUUM CONFIGURATION

*W7 + YSO
% 0AK RIDGE compatible
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WS IN AIR CONFIGURATION
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YSO IN AIR CONFIGURATION
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W7 IN VACUUM CONFIGURATION (+YSO Compatible)
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The FDSI Setup in Real Life for Phase 2
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The FDSI Setup in Real Life for Phase 2
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The FDSI Setup in Real Life for Phase 2
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The FDSI Setup in Real Life for Phase 2
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Acknowledgements and Contacts (+ many students/postdocs)
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(URSinus), R.V.F. Janssens (UNC), A. Rogers (UML), K. Kolos,
J.T. Harke (LLNL), M. Karny (Warsaw)

FDSi Project

Project Oversight: Georg Bollen FDSi Working Groups:
Project Management: Mitch Allmond
FRIB technical contact: Sean Liddick *DEGAIi — J.M. Allmond, M.P. Carpenter, A. Macchiavelli, V. Tripathi, M.
Madurga, R.V.F. Janssens, B. Crider, S.N. Liddick, K. Kolos, J.T. Harke, H.L. Crawford

FDSi Coordination: Robert Grzywacz (spokesperson)

Sean Liddick *NEXTi — R. Grzywacz, M. Madurga, M. Rajabali, A. Fijalkowska

Darek Seweryniak

Mitch Allmond *TAS — K. Rykaczewski, A. Spyrou, C. Rasco, M. Karny, S. Lyons, R. Grzywacz
Facility Engineer: Ben Arend *XSiSi — D. Seweryniak, R. Grzywacz, A.M. Rogers, J. Wu, A. Estrade Vaz, K.
Alignment Engineer: Dave Sanderson Rykaczewski, B. Crider
FDSi Engineer: Gary Hollenhead
XSiSi Engineer: Russ Knaack *S3Heni — K. Rykaczewski, C. Rasco, F. Montes, J. Huffman, H. Schatz, A. Estrade,
Engineer Support Toby King K. Kolos, W.-J. Ong, A. Spyrou, M. Rajabali
Device Support Rebecca Lubna
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