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Introduction
m Facility for Rare Isotope Beams
m PHANTASY Project
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Experiments with fast, stopped
and reaccelerated beams

400 kW
perconducting RF
near accelerator

Rare isotope
production area and
isotope harvesting

> T. Glasmacher et al., “Facility for Rare Isotope Beams Update for Nuclear Physics News”, Nuclear Physics News, 27 (2017) 2, 28-33.

o Facility for Rare Isotope Beams
US. Department of Energy Office of Science
Michigan State University
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https://www.tandfonline.com/doi/full/10.1080/10619127.2017.1317176

Facility for Rare Isotope Beams

Production Target System

Accelerator Segments, staged commissioning:

2017 ECR ion source

2017 Front-End (FE), 0.5 MeV/u
2018-2019 Linac Segment 1 (LST), 20 MeV/u

2020 Folding Segment 1 (FS1)

2020 Linac Segment 2 (LS2), 200 MeV/u

2021 Folding Segment 2 (FS2)

2021 Linac Segment 3 (LS3), > 200 MeV/u

2021 Beam Delivery System (BDS)
2021-2022 Target Systems, rare isotope beams!
2021-2022 Fragment Separator (ARIS)

e
P Ay

:-Folding Segment 1

FRIBE,

Facility for Rare Isotope Beams
u. ergy Office of Science
Michigan Sta t

Folding Segment 2 |
S 1
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Software Solution for High-level Physics Controls

PHANTASY

Physics High-level Applications aNd Toolkit for Accelerator SYstem
https://github.com/phantasy-project

Features Highlight

m Device configuration management: maintainability, portability

m Device abstraction: object-oriented

= Online modeling: physics model-depends machine representation

m Python interactive scripting environment for high-level controls: development and control

m Virtual accelerator based on EPICS and physics model: test physics algorithms

m Web service integration (channelfinder, scanserver, archiver appliance, UNICORN ...): extendability

Deployment

m Target OS: Debian Linux, to support PyPl, conda (a

e .
tban &7 Jenkins puppet

@ python

m Only support Python 3.x
m Meta package: phantasy (~20 packages)

m Physics model engines: FLAME

F R I B Faclllty for Rare Isotope Beams
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https://github.com/phantasy-project

PHANTASY

Device abstraction
Support scripting

Interface physics model and controls

Virtual accelerator

Unit conversion, web service, REST API

Support MachinePortal AP to load lattice

Confiqurati s Latti

Build new configurations to support new.
machine/segment

FRIB Collection
Generic Qt widgets

Data Visualization

App templates for uniform style and common
functionality

A collection of HLAs built wiith Core and Ul

Among which, App Launcher is the one used to
manage all apps in the view of cards

F R I B g Facility for Rare Isotope Beams
US. Department of Energy Office of Science
Michigan State University

General HLAs
/
\

)

\
Modularization

\

P

\
Instantiation
\

i
{ FRIB LINAC

Configurations Re Accelerator

Virtual Accelerators
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r-Manages-———=——===— —>[Machine Conftgurations]

2= »

Virtual Accelerator System

*

Baid phantasy Core libraries. -~ -requires—1

1

1

P !

i

1

- ! m Python 3, Debian Linux OS
1y
m PHANTASY (core) ~20k LOC
MachinePortal
_- m Ul widgets: ~18k LOC (incl. dataviz, excl. ui)
Ul app | m Apps: ~40k LOC (excl. ui)
e cuapp

o] Applications

PP

requires m Device — Python object

i : E Curve widget
1 i i . . .
i ! | Physics Widgets 4 Image widget m List of devices — Lattice
1 Other widgets Data Viz Qt desi " " . . .
- e 3 desoner neqratlon. m Lattice manipulation
Ul Widgets mesmms - L = .
App templates m Scripting/GUI apps (facility-agnostic)
- m Package — deployment
g ploy!

F R I B " Facility for Rare Isotope Beams
US. Department of Energy Office of Science
b Michigan State University
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Global Entry for All the Apps: Present and Manage the Information in A Better Way

T
ﬁ nn
Home = EEE  Apps

Apps

All(28) Favorites (10)

Unknown

ALPHA

devel

Unknown

A

BPM Plot
devel

Groups

02
Achromat Tuning
devel
61

v

Correlation Visualizer
General

Allison Scanner

Emittance Measurement

=

Device Viewer
Data Viewer

Unknown

BETA

devel

Unknown

)

Energy Gain Calculator
devel

Unknown

|

BPM Averaging
devel

Unknown

>

ISAAC
devel

App Launcher (v4.2) (@] 3~

FRIBL, ©

Faclllty for Rare Isotope Beams

Q

2021-09-15 14:45:35 EDT

Global entrypoint: right-clicking context
menu — ‘Physics Apps’

Managed by a configuration file

Present each app in one card, click to
launch it

User favored apps as the main page
Another page for all apps (grouped)
Support search

Expanded card for more actions/info:
documentation, contact...
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Manage the Data in Controls Network
m Perspective
m Data for Machine Tuning

F:'le E; ﬁu“hyhrnaulﬂmbpeﬂoams
MW State \M\N.W
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m Device information: static properties — databases/files — handled in phantasy
m Device control knobs: [OCs — distributed — handled in phantasy

m Web services: request/response — distributed — Python client packages

m Soft I0Cs: support HLAs — presented as additional attributes in phantasy

m Physics models: simulation, machine tuning — support FLAME

Tables
Fact sheets ~E Web pages
Device info {

Control knobs — 10Cs

Channels — ChannelFinder
Alarms
Web services Data — Archiver Appliance

Data in Controls

Memos — Olog

Network

Physics —— UNICORN —— Handle unit conversion

Soft I0OCs — Arbitrary computing units — Serve shared resources

Lattice files
Physics models —[:

Simulation results

Faclllty for Rare Isotope Beams
Mg Stote Unverty 1S
chi versity
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Manage the Data for Machine Tuning

Key Points to Address

m Device information accessibility
m Physics tuning repeatability
m Machine state data integrity

F R I B "‘ Facility for Rare Isotope Beams
d § = Energy Office of Science
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q.name
name —
e FE_MEBT:Q_D1057
q.length
length e
0.1 m
q.sb
position
— 105.70 m
) q.family
Static Properties . A,
22T ] famiy
—{ QuUAD
q.phy_type
physics type —
_ @
q.index
index —
) - il
.

reading current (A): q.I

Dynamic Properties
_— { <fields>

B2
- set: q.B2 = <new-gradient>

o Facility for Rare Isotope Beams
US. Department of Energy Office of Science
Michigan State University

reading gradient (T/m): q.B2

Static properties: Excel/Database

Dynamic properties: process variables (Excel/
Database/ChannelFinder)

units interpretation
alignment data
Physics Data B

polarity data

model config

>>> from phantasy import MachinePortal
>>> mp = MachinePortal("FRIB", "LINAC"
>>> g = mp.get_element(type='QUAD', name='*1057*')[0]

Retrieve hig vel object
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Manage Data of Physics Settings

m Manage accelerator physics settings segment by segment
m Correlate various kinds of accelerator data in one place

m Quickly model with physics code

m Scaling for working with different ion species

m Features for data accessibility and availability

Design Ideas

®m Manage device entities rather than process variables
m PHANTASY defines each device has multiple controllable ‘fields’
m Manage different data from different sources: live, archived

B Aggregate data to expressive tables
m One snapshot should have all the information for:

m Data investigation, visualization
m Physics modeling

F R I B Faclllty for Rare Isotope Beams
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File Tools View Help

o o [} & ® B iy
Load Lattice Add Devices Take Snapshot C. Physics Felds Preferences Exit st

& =] Wordng Directory manager @ Towt 280
NOTAG(172) | golden (5) || merged (3) | LS3-phasing (2) | to-scale (1) scaled (2) LEBT_MEBT (1) | TO_BDS (5) || LEBT_FS2(2) | DIAG (1) ‘ o ‘ o
[tStphasing 70) [LeeT_Fsi8 | [LeeT@) [LS2-phasing0y —— cm el s
SelectTags: None | AL | None | AU
1 Filter between [2021-05-14 ) and (20210518 =] (1 Flter Note |

Timestamp “len z A Q@ User Tags Note B
-26021-05-14 Friday

Y

& = 2021-05-13T23:08:48 Xe 54

AANoT

Check AL Invert Checkstate

124 26 5] @ naruta ® 70805 ETuiss matching to LS1 and trajectory in LS are tuned, Load 22:

+11 setting and then o.

Q@ 155 iems

< | stipper [22374m [ 3| Abax) 4 )| Bchecked || Fied |- | Type |

i - Field Type  Poslml Setpointixel L ive Setpoi Bhox)  Bax)  abe  Power
BEAN A 10N 0.000 | 124.000 | 124.000 124.000 0.000 .00  1.0000)
e ) TN 0.0000 | 26.000 26.000 26.0600 0.000 .00 1.000
BEA z TN 0.0000 | 54.000 54.000 54.000 0.600 0.000  1.000
HYP_D0§TS v HVP 67.9600 (15000000 14978.619 15000060 0.000 A -21.181  1.000
1PSEL_D0679 v S 67.9000 | 0.000 0.000 0.000 0.000 0.000 inf
1PSX 00679 v s 67.0000  0.000 0.000 0.000 0.000 0.000 inf
1pSB 00679 v S5 67.9000 | 200.000 | -200.000 200,000 0.000 o000 1.0
150LR_D6E2 1 SO 68.2000 | 518.000 | 517.836 518,000 0.000 A -0.164  1.000
1S0LR_D06ES 1 SoL 685000 | 513.000 | 512.910 513.000 o.000  -0.09  1.000
PSE D086 v SE 686000 |-2000.000  -2000.978 ~2000.000 0.000 A 0.7  1.000
ORY D0G85: P05 P05 P ce.co00 | 0.000 39,897 0.000 0.000 4 39.697 inf
1S0LR_D0690 1 soL o000 | 93.626 93.550 93.626 -6.000 .07 1.000
L Do6s 1 HCOR 69.4794 | -0.000 0.000 -0.000 0.000 0.000 inf
1DCV 00695 1 VCOR 69.4794 | 0.060 0.000 0.000 -0.000  -0.000 inf
PSEL 00698 v SEL  69.8000 |-2000.000  -2000.090 ~2060.000 o000 -0.03  1.000
VP Do698 v WP 69,6000 (42286000  42291.300 42286.000 o.000 4  5.300  1.000
= FE_SCS1:50LR_DO704 1 S 70.2070 | ©.000 0.009 0.000 0.000 0.009 inf
FE_SCS1:DCH 06709 1 HCOR 709469 | -0.306 -0.306 -0.306 0.000 o.000  1.001
1 VCOR 709469 | -2.143 2,149 2,143 o.000  -0.005  1.000
T Gen 71819 77.897 77953 77,887 0.000 .05 1.0
FE_SCS1:0CH 00723 1 HCOR 723442 -0.797 0.501 -0.797 -6.000 ©.004  0.9%
FE_SCS1:DCV_06723 1 VR 723442 0.560 564 0.560 -0.000 0.004 1.0
v EQUAD 725203 | 3290.610 | 3200603 3290.610 -0.000  -0.007  1.000
C Loaded Lattice B FRIB LINAC ‘upd:m Rate [L0Hz -] B P> RefreshData | Apply ¥
5 | Auto Precision number |3 2| iilize withlosded lttice

Setti

FRIB{,

s Manager (v8.0) @~ B~

2021-05-14 17:04:00 EDT

Facility for Rare Isotope Beams
u. ent of Energy Office of Science
Michigan State University

m Pull device info and live state, refer

to phantasy project

m ‘Take Snapshot’: fetch machine state

or not
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https://github.com/archman/pyarchappl

Settings Manager: Manage Physics Settings with Machine State and More

— Working Directory ffes/shared/aplsettings_manager
NOTAG (230) | LEBT_FS2(2) to-scale(l) merged(3) | LS1-phasing (70)  phasing (16)
TO_BDS(6) | scaled(2) LS2-phasing(13) |LEBT(2) LS3-phasing(2) |LEBT_MEBT (1)
SelectTags:| None || AU
Fiter between and
Timestamp “en z A @ User Tage
2021-09-15 Wednesday
2021-09-15T16:37:36 Xe 54 120 35 ) @ zhangt W ARIS,test
-2021-68-18 Wednesday
201-08-16T11:48:37 K 36 78 17 £) @ maruta | @
~2021-08-17 Tuesday
2021-08-TI42L0 ke 36 78 17 5] @ maruta | @
202008 UTIB4AL K 36 78 1 S) @ maruta | @
-2021-08-12 Thursday
2021-08- 12200441 ke 36 78 17 5) @ maruta | @
2021-08-12120:44:22 K 36 78 17 §) @ maruta | @
2021-08-12120:2:46 kr 36 78 17 51 @ maruta
2020-08-1T16:47:41 K7 36 78 17 §) @ maruta | @
~2021-08-11 Vednesday
2021-08-uTIGisL6 K 36 78 17 5] @ maruta | @
2021-08-UTI6:33:29 K 36 78 17 §) @ maruta | @
-2021-08-10 Tuesday
2021-08-10122:3007 K 36 78 17 5] @ maruta | @
2021-68-10T22:20:20 Kr 36 78 17 §) @ maruta ® golden
2021-08-10m20:59:48 Kr 36 78 17 ) @ maruta | W
2021-08-10T10:49:58 kr 36 78 17 §) @ maruta @
$ wnesmsoszek 3 8 U D @mrva
& wzesemesnzke % 78 U SO maruta ®

FRIBE,

Michigar sity

Snapshots ~ e
© Total 358
DIAG() | ARIS () [test(0)]|LEBT.F18(2) golden(®) | ) |wan | He | Kr | e | Ca | Se | Ar| Fb
Selectlons: None | Al
Filter Note
Note = ™
B snapshot template for ARIS/F1 devices.
B178Kr17+, stiff mode optics calculated from previous 40Arg+ [ |
8 Input note
B178Kr17+, 25 euh, only U-LEBT, trajectory tuned, QE_DO770 and DO776 are wrong setting
& 78Kr17+, Front-end, DCHV DO948, D964, DOI79 and DO9I92 are tuned to get same MEBT BPM p.. [ |

B 78Kr17+, Front-end, DCHY_D6964, D979 and D6992 are tuned to get same MEBT BPH pos and ..
B 75Kr17+, Front-end, DCHY_DG769 and D723 are tuned to get sane WEBT BN pos and phase a.

B 78Kr17+, Front-end, 27euAQLEBT, 23eUAGMEBT, snapshot with setting at 2621-08-10 22:20:20

& 78Kr17+, Front-end, snapshot with setting at 2021-08-10 22:20:20

E178Kr174, Front-cnd, snapshot with setting at 2021-08-10 22:20:20 but HP_DO6SB is diffe.

& Input note ..
E178Kr17+, Front-end, 22 euAgU-LEBT, 18.7 euAGUEET, L-LEBT trajectory was tuned by a pyth.
B 75Kr17+, Front-end, 22 euAQU-LEBT, 18 cURGHEBT

& Input note ..

Q78Kr17+, 22 euh. tnp

B78Kr17+, 22 euh. After loading scaled setting of BGKr17+ at 2021-67-14

Facility for Rare Isotope Beams
u nt of Energy Office of Sc

Pull device info and live state, refer
to phantasy project

‘Take Snapshot’: fetch machine state
or not

Fetched machine state presented as
a new table along with the physics
settings

Both are stored in one new database
record
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https://github.com/archman/pyarchappl
https://drive.google.com/file/d/1S6QfkZS8JEZ90Qst6wyIC-fskhFAJ6xY/view?usp=sharing

Settings Manager: Manage Physics Settings with Machine State and More

Ele Tools View Help

=]

Load Lattice  Add Devices Take Snapshot Capture Machine State Physics Felds | Engineering Fields  Preferences Exit

TiXe

% [= Working Directory | files/shared/aplsettings_manager

NOTAG (230) | LEBT_F52(2) | scaled (2) | golden (6) | LS2-phasing (13)
DIAG () || LEBT_Fs18 (2)

ARIS (1) merged (3)

SelectTags: Nome Al

Ust-phasing (70) | phasing (16) | LEBT_MEBT (1) test(0)  to-scale (1)
LEBT(2) | TO_BDS (6) [ LS3-phasing (2)

U nan| He | Kr

@ Toul 358

Yo Galse Al B

Slectlons: None | Al
Fiter betoean Flter Note ]
Timestamp Note -
I a \
ad
~2021-08-18 W  Copy Data
é 2021-08-1871 D CoPYText 17 51 @ maruta 3 E178Kr17+, STiff mode optics calculated from previous 40Ard+
4 Bead
& 0817 TV w showin Files
s | @Ewen
A A .o Q@  soiems

i Check All Invert Checkstate

FS F152:0CT D195 T
C Loaded Lattice B ARIS F1
>

Settings Manager (v&.0) @+ -

FRIBE,

[m]
000
0.0000
0.0000
0.9882
1.9760
2.3750
2.3750
3.0760
3.4750
3.4750
5.4000
9.7704
13.2533
13.6638
13.6638
14.3410
14,7515
14.7515
16.6283
17.0388
17.0388
19.1764
19.5203

Setpointixo)
29.000

000
000
000
000
000
000

000
000
000
000
000
000

999
000
003
999
000
000

Live Readback(xy) _ Live Setpoi
129.6000 129

000
600

.000

000
000
000
000
000
600
000
000
012
000
003
015
600
008
o1
001
031
000
000

54
o

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

int(is)

o)
o

< | stripper [22374m 2[4 bex)
Ba) salxa Power
g 3 1.000
1001

1.000
X 0.999
2 1.006
2 1.000
3 0.999
3.6 1.008
0.000 inf
0.000 inf

Update Rate 10Hz +| P P> Refresh Data

Auto Prcision number 3

(1) | B Checked | Field |- | Type

Apply (1 ¥
Initilize with loaded lattice

2021-09-15 17:14:05 EDT

Pull device info and live state, refer
to phantasy project

‘Take Snapshot’: fetch machine state
or not

Fetched machine state presented as
a new table along with the physics
settings

Both are stored in one new database
record

Users can export it to various file
formats: XLSX, CSV, HDF5, etc.

Filter buttons for snapshot records
and physics settings
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https://github.com/archman/pyarchappl

Settings Manager Manage Physics Settings with Machine State and More

F R I B Faclllty for Rare Isotope Beams

Pull device info and live state, refer
to phantasy project

‘Take Snapshot’: fetch machine state
or not

Fetched machine state presented as
a new table along with the physics
settings

Both are stored in one new database
record

Users can export it to various file
formats: XLSX, CSV, HDF5, etc.

Filter buttons for snapshot records
and physics settings
Integration for Archiver Appliance
through pyarchappl
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https://github.com/archman/pyarchappl

2021-05-07T17:08:08
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hx Faclllty for Rare Isotope Beams
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331
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[

Significantly saved effort to set
the optics during cavity tuning
to maintain beam envelope

C Loaded Lattice @ FRIB STRIPPER_F52A Total Elements 131 Setpoint PVs 129 Readback PVs 129

=]
Preferences Ext
[Type o] Live Live Bxe,xi)  Blxexs) A
16954 66560 6.000 68.580 s a
18954 76,076 0.000 76.076
11454 73.699 0.000 73,699
13496 57.106 0.008 57.106
(5496 76,796 6.000 70.79
17996 66,364 6,000 66.364
L4918 64.673 0.000 64.673
l6916 66,263 0.000 66283
L9418 50,912 0.000 s0.912
o

Loaded data from /files/shared/ap/
settings_support _cavity_tuning|LS2/173-Full
569.csv

S H T

soL

Update Rate 011z -] B P || Apply.

xi,x)
-68.56

10

3
wAr
135 tems
Al selected|
Tolerance  \*
0.150
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Retrieve Archived Data: Machine State and Physics Settings

pvlist.txt

# a column of 150 PVs
# each row for one PV
__ 3 # line starts with # is bypassd]

VA:LS1_CA01:BPM_D1129:X_RD
VA:LS1_CA01:BPM_D1129:Y_RD
VA:LS1_CA01:BPM_D1144:X_RD
VA:LS1_CAO1:BPM_D1144:Y_RD
VA:LS1_WAO01:BPM_D1155:X_RD
VA:LS1_WAO01:BPM_D1155:Y_RD
VA:LS1_CA02:BPM_D1163:X_RD
VA:LS1_CA02:BPM_D1163:Y_RD
VA:LS1_CA02:BPM_D1177:X_RD
VA:LS1_CA02:BPM_D1177:Y_RD
VA:LS1_WA02:BPM_D1188:X_RD
VA:LS1_WA02:BPM_D1188:Y_RD
VA:LS1_CA03:BPM_D1196:X_RD
VA:LS1_CA03:BPM_D1196:Y_RD
VA:LS1_CA03:BPM_D1211:X_RD
VA:LS1_CA03:BPM_D1211:Y_RD
VA:LS1_WA03:BPM_D1222:X_RD
VA:LS1_WA03:BPM_D1222:Y_RD
VA:LS1_CB01:BPM_D1231:X_RD
VA:LS1_CB01:BPM_D1231:Y_RD
VA:LS1_CB01:BPM_D1251:X_RD
VA:LS1_CB01:BPM_D1251:Y_RD
VA:LS1_CB01:BPM_D1271:X_RD
VA:LS1_CB01:BPM_D1271:Y_RD
VA:LS1_WB01:BPM_D1286:X_RD
VA:LS1_WB01:BPM_D1286:Y_RD
VA:LS1_CB02:BPM_D1295:X_RD
VA:LS1_CB02:BPM_D1295:Y_RD
VA:LS1_CB02:BPM_D1315:X_RD
VA:LS1_CB02:BPM_D1315:Y_RD
VA:LS1_CB02:BPM_D1335:X_RD
VA:LS1_CB02:BPM_D1335:Y_RD
VA:LS1_WB02:BPM_D1350:X_RD
VA:LS1_WB02:BPM_D1350:Y_RD
VA:LS1_CB03:BPM_D1359:X_RD
VA:LS1_CB03:BPM_D1359:Y_RD
VA:LS1 CBO3:BPM D1379:X RD

\ 2021-04-15T21:25:00.000Z
--url http://127.0.0.1:17665 \ define the address of a local archive
--resample 1S \ align data with interal of 1 second
--output data.h5 \ # save data as a hdf5 file
--output-format hdf \ # define file format
15 --format-args '{"key":"Trajectory"}'[] # required for 'hdf' format

buffers

CAUTION: run the following script after removing all the trailing comments!
# here is to explain the command
pyarchappl-get -vv \
--pv-file pvlist.txt \
--from 2021-04-15720:10:00.000Z \
--to 2021-04-15T17:25:00.00-04:00 \
\

r ess bar and more output
oad PVs from external file

begin time in GMT timezone

end time in America/New_York, demo only

usually use the same timezone, i.e.

4 3k 3 3 3 I I I

140514 i i -

tong ~ ¥ ma © .. > main > scripts > examples = pyarchappl-get -vv \

pv-file pvlist.txt \

from 2021-04-15T20:10:00.000Z \

to 2021-04-15T17:25:00.00-04:00 \

url http://127.0.0.1:17665 \

resample 1S \

--output data.h5 \

output-format hdf \

format-args '{"key":"Trajectory"}'
Fetched VA:FS1_BMS:BPM_D2702:Y_RD: 100% | MBS | 150/150 [00:13<00:00, 11.28it/s]
[2021-04-20T17:01:33.889305] Fetched all, time cos 14.8 seconds.

tong ¥ master .. > main > scripts > examples pyarchappl get -vv --pv-file pvlist.txt

--from 2021-04-15T20:10:00.000Z --to 2021-04-15T17:
17665 --resample 1S --output data.csv
Fetched VA:LS1_CB07:BPM_D1634:X_RD: 46%| [ N NN

0 --url http://127.0.0.

| 69/150 [00:03<00:03, 22.37it/s]

13/15



Retrieve Archived Data: Machine State and Physics Settings

time

000000000 -
coa0os0coano ‘5.‘:0‘
SEEREERRRERS

$35885588

time

> pyarchappl project, “Pull, Visualize and Play the data from Archiver Appliance”

0.000000000 -

000000000 -

!

b

D35.
TD2600-YP
M_D2690: 1P

"S17BTS:
51 BMs
FSTBMS
FS1BMS



https://archman.github.io/pyarchappl/getting-started/pyarchappl.slides.html
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> pyarchappl project, “Pull, Visualize and Play the data from Archiver Appliance”


https://archman.github.io/pyarchappl/getting-started/pyarchappl.slides.html

Conclusions
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Overviewed the status of Python-based software framework “phantasy” project for the high-level
physics controls for FRIB LINAC

m Overviewed the different data categories in the controls network

m Proposed and developed software for the data management for machine tuning

Overviewed the developed tools for machine state data management

F R I B 3 Facility for Rare Isotope Beams
US. Department of Energy Office of Science
b Michigan State University
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Thank you for your attention!

F R I B “ Facility for Rare Isotope Beams
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