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= Facility and Instrumentation Challenges

= Diagnostic Systems for Linac
Commissioning

= Timing and Machine Protection Systems

» Target Imaging Systems

» Fragment Separator Systems
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= Fast Beam Containment

L Summary and Look Ahead
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Facility for Rare Isotope Beams*

* Funded by DOE-SC Office of Nuclear Physics with contributions and
cost share from Michigan State University

= Serving over 1,300 users

"
=

= Key feature is 400 kW beam power
for a” 10NS Experiments with fast, stopped,
(e . g . 5X1013 238 U/S) and reaccelerated beams

= Separation of isotopes

In-flight provides

» Fast development time
for any isotope

* All elements and short
half-lives

* Fast, stopped, and
reaccelerated beams

e 400 kW
4 superconducting RF
= . linear accelerator
i

Rare isotope
production area and
isotope harvesting

*U.S. DOE designated FRIB as a National User Facility on 29 September, 2020

F R I B < Facility for Rare Isotope Beams
E o oepinnao Enele ST Ol Stibe S. Lidia, Instrumentation for the Facility for Rare Isotope Beams, FNAL ATP 201112



Challenges to Diagnostics and Instrumentation

» Handling intense, low energy ion beams
» Multiple charge state beam dynamics
* Ensuring low beam losses

» Frequent retuning for various ion species
« Each run extends 1-2 weeks

Primar \[eB No. rare
* Robust Machine Protection and diagnostics Beamy benchmark isotope
« Safe operation of liquid lithium charge stripper WEEIE beams
* 400 kW heavy ion beam target and pre- 238 23 1446
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Commissioning Phases Completed

2017

4-Jaw Collimator
300 W Faraday Cup
Allison Scanner (x,y)
Viewer

L Profile Monitor

Chclppe

Apertures

S Profile
Monitor

BCM L Profile
Monitor

Flapper
Profile

EC100 Monitor

2-Jaw Collimator Viewer  yjy Slits

S Profile ="

Menitor

Intensity
FC100
Reducing Screens

2 MeV/u

20 MeV/u

Michigan State University
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Commissioning Phases Completed
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Simultaneous multi-charge state
acceleration, 4°:°051Xe >185 MeV/u

1 KPP left to demonstrate.
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FRIB Linac Diagnostic Systems

Accelerator Systems - Diagnostics |TOTAL

Beam Position Monitor

Beam Current Monitor (ACCT)
BLM - Halo Monitor Ring

BLM - lon Chamber

BLM - Neutron Detector

NS W]| L
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BLM — Fast Thermometry System

SN
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Profile Monitor (Lg., Sm. Flapper)

Bunch Shape Monitor A £ - -
g 300W Faraday;, o

Allison Emittance Scanner (2 axis)
Pepper pot emittance meter
Faraday Cup

Fast Faraday Cup

Viewer Plate

Selecting Slits System - 300 W
Collimating Apertures - 100 W

N
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Intensity Reducing Screen System
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Diagnostics Support Tuning Through Front End
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4-Jaw Collimator
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Viewer
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2-Jaw Collimator Viewer

Intensity
Reducing Screens
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Beam Position Monitors In Full Use

= BPMs installed and
providing data
» Position
* RF phase and TOF
measurements

Used for steering
correction with
automated schemes

RF cavity phase scans
and beam energy
measurements

Analyzing multiple RF
harmonics to limit cross
talk effects

Intensity used to cross-
calibrate other
measurements (eg.
Charge State
Distribution)

U.S: Department of Enel
Michigan State University

FRIBE

BPM Overview (MEBT to FS1)

Chopper: | Chopper Ru

K| k[ %] ||| w4+ ala]@lk||[« | 2]e] =]

Duty Factor %: 0.03 %

BPM Position (mm)

’ ox @
43 PR ] ® |

33 ol ® . |

2 ° o 11 |

4 ° e% T JHR Tt

n-'..' .O..O'}-' ng...m- ~..! Q‘M.l..:}.....'..l.o B T11 1 el [ Seseseseserceel
118 & ¢, re

24 | i

.33 | i ¢

.43 ._ ;

7 [wEBT [ Lsi—cauies LSIBTS | FslCSs | FSL_BBSIBIS/BMS

BPM Intensity (mVpp)

3.2E-3
3E-3 4

25E-34

wd
2Bc

263 ]
1563 0@

1E-3 4

| B~0.03

0ED
[ MEBT [ LS1-CAD1-03

LS1_BTS FS1_CSS ‘ FS1_BBS /BTS /BMS

[BPM

Warm and cryogenic button-type

BPMs

Facility for Rare Isotope Beams
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BPM Position and Phase Error Meet Requirements

= Sensitivity and resolution o
» Meet requirements at <1% of nominal
current (100 pA) g \ Requirement
] o 1 M
= Noise floor g - - lorid e
* Narrow bandwidth analog filters (300- & 0.5 h \4
400 MHz) & g4 Rune
. Wl
. Down_sampllng 119 MHz -> 100 Hz = Phase error
» Permits measurements with beam
intensities as low as 100 nA 001" - pr
10 ¢ Beam Current [nA]
g Position error = Phase noise: 3 MEBT BPMs, 1-sec avg
PR B « Phase noise (rms) @ 1 pA: 0.04 deg
k- ?‘:::zm& 35 Requirement * Phase noise (rms) @ 100 nA: 0.13 deg
£ S A e g = Position noise: 3 MEBT BPMs, X/Y, 1-sec avg
% for 100 pA
g 01p = == == —“é}k;«qij*&—_— —— -  Position noise (rms) @ 1 pA: 0.040 mm
;} 100 um RV EHSQ%%:H%  Position noise (rms) @ 100 nA: 0.140 mm
0.01 ! ' '
10 100 1000 Narrowband measurements at 161 MHz

Beam Current [nA]
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Loss Monitors Providing Correlated Signals

= High power tests Verified high power transmission losses sensitivity <2 10

Beam current monitors

Neutron Monitors on N
W8 CB cryomodules ’
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All Chassis Electronics are in Operations

20 MTCA.4 chassis for the entire linac

CAENels AMC-PICO-8 10 ch 195MS
8 chan @ 1MS (35kHz BW ) chan @ FRIB Digital Board

65x Halo Ring Monitors 12x Beam Current Monitor
42x lon Chambers (Differential BCM)

24x Neutron Detectors
8x Faraday Cups
2x Allison Scanner

General purpose
150x Beam Position
Machine Protection System requirements (BPM)

Detect and respond to beam loss events .
15 psec to detect >10% beam loss 20x  Event Receiver

41x Profile Monitors 150 psec to detect 10% beam loss 20x Machine Protect
Not required for MPS, . Detect chroni(; s;nall losses of 1 W/m or less System (MPS)
but shared Data Acquisition HS requiremen >300x LLRF

Fast sampling data acquisition, >= 1 MSPS

Analog signal response, DC to 35 kHz Developed at FRIB, used by

Diagnostics, Low Level Radio

75% of devices covered by these three MicroTCA cards Erequelncy (LLRF), and
ontrols

All utilize field programmable gate array (FPGA) for real-time signal processing
and machine protection (MPS)

(DAQ) system

F R I B < Facility for Rare Isotope Beams Siide 13
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MTCA Chassis Installation
_ MPS Output

GTS clock

Power Supply

MCH

CPU

...‘I o

'--_,'QQQ

r Rare | otope Beams
2 S. Lidia, Instrumentation for the Facility for Rare Isotope Beams, FNAL ATP 201112




Controls Integration with EPICS

Diagnostics MicroTCA Overview
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Global Timing System

= All beam timing modes have been verified in production
* Time is synchronized to GPS time for long-term stability
: Tlmlng distributed over fiber between cPCI EVG and cPCl or MTCA EVR

CH-5uukli
mnmm
Fiber Timing System - Beam Scheduler

GPS Antenna Timing Master Event Receiver for Chopper

Facility for Rare Isotope Beams
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mA

Beam Data Reporting
Common to all Fast Acquisition Devices

= Per-cycle measurements » Ring Buffer (Post-mortem buffer)
e Summarize data from each 10 ms cycle > 1 sec history (per channel), @ 1MS
» Each cycle starts with 50 us beam gap » Always running (freeze when MPS trips)
» Opportunity for background subtraction » Acquired upon MPS trip interrupt
« Statistics calculated on per-cycle data
L Start-of-cycle . L @ FPStrip
1 M 1
08 | 2 0 T o
04 | ::arﬁsec 04 - Machine
.O | jf-pA .O | :b:anjvcv)rl]:l:)

o Total Charge (TC)

. Average Beam

*  Typical Beam x100 per second
. Min / Max

. Time ON

. Timestamp

Facﬂlty for Rare Isotope Beams
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Machine Protection System in Operations

10 us
Sensing and indicating
error condition to FPS

(include cable delay)

Response logics
OK/NOK

ey MPS

Logging

» Diagnostics interface to
MPS is implemented at
the board and chassis
level
Thresholds are compared

at various sensitivity/time-
averaged stages

Special purpose FMC
cards are used with
FGPDBs to send &
receive to MPS network

F R I B < Facility for Rare Isotope Beams
1U.S. Dapartment of Energy Office of Science
Michigan State University

OK / NOK o
\ Mitigation

Devices

35 us time budget
Includes sensing,
signal trans-
mission, logic, and
mitigation

Master

Chopper
control
RS422 signal:

7
RS422 signals

A

RS422 signals

RS422 signals

Mitigation
Devices

- Bt
Blue=slow
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https://portal.frib.msu.edu/revvis/reviews/201606%20DOE%20OPA%20Review/Document%20Library/1/Memory%20Stick/DCC%20Documents/T30400-CM-000015-R004.pdf

FRIBE

Machine Protection and Global Timing Controls

Operators interact through Chopper and MPS

controls

Lower Level Interface for Run Permit System

Expert-level control during Commissioning

EPICS PVs exposed and available to Run
Permit System

Operator facing controls are constantly improved

from control room experience
EPICs write permission

Open to all workstations

‘ GTS Schedule H‘

Chopper Overview -- Commissioning

PS Main | ‘ Chopper Monitor “ ‘ MPS Overview “

— GTS Beam Scheduler

Quick Start -- Chopper
Step 1: Power Supply On | .
S Bean e | os Furtend commiss. |

Step 2: Setup GTS | ?ofgiﬂtym{’de = Beam Enable | Disable |

> Change pulse width, to the right, before Step 3 Current Beam Sub Mode 2

Step 3: Start Chopper ¥ (IUIULLESH N6
Repetition Rate 5Hz \ GTS
Step 4: Stop Beam ‘ Puise Widh ’50“57_ {i}

Expected Duty?
0.0250 %

Note: Idle Duty Factor % 0.0250 %

Chopper State Control MPS State . Disable
Set State Current State Chopper Status . Chopper Off lon source 1
Configure ~ Configure Chopper Mon OK? m E MPS Beam Status
Chopper Power Supply Upper LEBT Master ENABLE | @

LEBT PSCH1 D0792 Off On ‘. ‘ Rst ‘ 2400.000 V

LEBT PscHz Doz off  on | (@ @ _Rst| [ -2a00000v

1020V Details |
-0.400 V Details |

Facility for Rare Isotope Beams
U.S: Department of Energy Office of Science
Michigan State University

EPICs write permission

‘Open to all workstations

MPS Overview -- Commissioning

MPS Slave

‘ MPS Master | ‘

| | Chain Status | ‘ Chopper Overview | |MPS List All Devioesl

MPS State Control

fon Sre Off & Chopper Blockina

MPS State Disable DutyFactor % 0.0250 %

Fault Disable Monitor Enable lon source 1 m Chapper:

lon Src On, E-Bends Off Allon

MAES BuanStahn I_ RFQ: ' RFQ Off

MPS Device Configuration
Permit Source

MPS Status
NOK  NOKL

Enable Ctrl Enable-RB

MTCA

NOK ~ NOKL NOK NOKL i

£

| MTCAD1 (Faraday Cups, FE_N0106) _ oFFe | oFFe

MTCAO02 (BPMs,LS1_N0206)

m m OFF@® | OFF@

| MTcA03 (Diag)

conf on c !
IEIE oFFe | ofFe Clear All MTCA NOK

| MTCA04 (LS1 HMRS, NDs)

[okl [0k orFe| orre

| MTCA05 (Diag)

Beam Power

[61 [0 oo crre]

| MTCA0S (BCMS)

[50 [o[ove [ore

0.000 MeViu

| MTCA07 (Diag)

m m OFF@® | OFF@

| MTcA08 (Diag)

[okl [okl orre| orre

| MTCA09 (Diag)

|a| a OFF® | OFF® MEBT Power

| MTeA10 (Diag)

¢ee e eee e
¢e¢ e eeeee

(o6 [S8 owre| oe| - _tsteover | [

MPS-Enabled Devices

Post-mortem
list of devices

Tue Mar 26 2019 11:14:43 .379

1553613283 Sec
GMT-0400 (EDT) 30508082 Subsec
Master #1 Response Time33598354 40 ns

Open Slave Detail

2019-03-26

MPS State: 0=PPS Fault, 1=Fault, 2=Disable, 3=Monitor, 4=Enable
Chopper State: 0=Invalid, 1=0FF, 2=Blocking, 3=Running
RFQState:  0=lnvalid, 1=OFF, 2=Ramp-Up, 3=Locked

CAUTION:

Do not trigger PPS_Fault
unless you wish to transition
the MPS out of a current PPS

Fault condition.

S. Lidia, Instrumentation for the Facility for Rare Isotope Beams, FNAL ATP 201112




High Energy Beam Monitoring
Verifying OSE/MPS Limits

= Average power delivered to beam dumps
 Intensity monitored with Beam Current Monitors (BCMs) D3936
* Energy measured via Time of Flight with Beam Position Monitors (BPMs)
» LS1: D1923, D1967, D2130 LS2: D3924, D3958
» Losses monitored with Differential Beam Current Monitoring
» LS1: D1120/D2183, LS2: D2519/D3936

FSlabeam dump |15W LS2 Commissioning configuration

Charge selector jaws

Carbon stripper

é‘@
6 uO ;
i @ o s@e s 6@ o s@s o s@s o oFo s Bo o s@o s KBo s @ s G o‘-ﬂ@‘ "o eﬁFQQ
0‘& -\\;ﬁy‘oh' @ﬁ%ﬁ
DBCMs T =
®© ¢ ® . ®© o . ® T T ® . o ® _“ - o e G!)-
Qa"“’"g\__l
* BPM TOF BPMs = A
. [ |
Beam Current Monitors O ﬁg"“‘
FS1b @ _
e IC Loss Monitors
500 W O HMR FS2a
2W * FC
135 W

Facility for Rare Isotope Beams
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High Power Target Thermal Imaging System

Monitoring beam on target and dump Imags Plans 1
 Variations in position, distribution, intensity
° Target temperature

Interface to Fast Machine Protection System

* Intensity and temperature changes monitored with
fast detectors

—
IR Camera e

Mirror

=

Fy

=

o

= 640 x 480 pix

% CCD sensor 1/3" _|___Secondary
17

N

s

o

Sill Optics: S5LPJ2699
Correctal T60/0.15

Photodiodes P l 04
wep Focuser = —Primary M
Filters ‘L ‘1| Mirrors i a?
a — | 780LP Filter / s
8 | | -
Sill Optics: S5LPJ0298 '
T Correctal T50/0.25
View Port
IP
#1 Copper
| DMK33GX174 Mirror
CMOS sensor: T " 3
Cube 1920 x 1200 pix 7
Beamsplitter 11.2mm x 7.0mm s
VIS Camera

ﬁz Facility for Rare Isotope Beams
q , U.S: Department of Energy Office of Science

e dallel S. Lidia, Instrumentation for the Facility for Rare Isotope Beams, FNAL ATP 201112



Interfaces for Thermal Imaging and Optical
Pyrometry

ICI FMX 640
Uses proven hardware, software, and network

=
= | IR Camera
g 640 x 480 pix
. g CCD sensor 1/3" —
/
Photodiodes 2
Sill Optics: S5LPJ2699 S
p— Nﬂa' TE0/0.15 i
WEBP
Filters H
" —
\\I _‘
[=] A |
- N
P \\
e . Sill Optics; S5LPJ0298
P Correctal T50/0.25
re— View Port
P P -
|: } Y { .f/l DMK33GX174
S vl e P
= Cube - ?gﬂz%s:e:ggb pix
Beamsplitter 11.2mm x 7.0mm
VIS Camera TIS DMK33GX174

MPS

» Silicon Mechanics Rackform R133.v8
S. Lidia, Instrumentation for the Facility for Rare Isotope Beams, FNAL ATP

201112
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Beam Dump Monitoring

= Thermal imaging system is similar to that in the Target area
* Monitors image from 10 um radiation
« Camera server is tied to MPS

» We have designed a secondary electron emission monitor to provide defense-in-depth

 Electron signal provides OK/NOK feedback to Machine Protection System
» DAQ for current signal is CAENels PICO-8 picoammeter board
» Standard FRIB MTCA.4 system for reporting to MPS

» Pickup electrode geometry and position fit to constraints of beam dump geometry and maintains
thermal imaging optical aperture

» System has passed 90% review and is in procurement.

Electrode and @

S B

F R I B ﬁ: Facility for Rare Isotope Beams
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Fragment Separator Diagnostics — Overview

= Verify primary beam position on target and beam dump
* Thermal imaging in locations #1 and #2

= Rare-isotope beam diagnostics to tune and characterize beam to experiments
» Tracking detectors, time-of-flight detectors, particle-ID detectors, viewer plates, etc.

» Concentrated in strategic locations (#3 — 9),

typically at image planes A-1900 Reconfigyras
uration

@ Stage 2 Dispersive
Stage 2 Achromatic
$ \ =0 L A e
> =, NS,
| & & o

se \) .

v Cuum Ves e@@Q Preseparator Achromatic
Q\ DB1

Experimental Systems
Diagnostics Layout

a Facility for Rare Isotope Beams
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Fragment Separator and A1900 Diagnostics

DBO DB1 DB2 DB3 DB4 DB5 DB6 DB7
Wedge | Presep Presep Stage 2 Stage 2 Stage 3 Stage 3
Dispersive | Achromat | Dispersive | Achromat | Dispersive | Achromat

PPAC

Profile 2 1 2

Monitor

Selection

it 2 (H) 1(H) 2 (H, V)
1 (PIN)

Energy Loss
Detector

2 (PIN,
Total Energy PIN
1 (Scint)

Timing
Detector

1 (Scint)

Faraday

1 (Scint)
1
High Exis_ting component
resolution Design complete
photon Future
detector - S. Lidia, Instrumentation for the Facility for Rare Isotope Bea 1112
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Location on Fast Radiation Monitors
Fragment Separator, Transfer Hall, Vaults

= Scope for fast beam containment system is extended to transfer hall
and experimental vaults

Six ion chambers tied to fast containment svstem
To detect unintended increase of beam power

\
401 = ey AT EENY Y

I Six ion chambers tied to fast
L~ Tz b containment system =

i o i T T29 - u' To detect event where beam is delivered
‘ i ' to unintended vault ;
12-ion chambers tied 1o Tas " HEH T Lﬁl H

containment svstem. . =
Assuming loss is more likely at controlled loss . -
7 location such as slits or wedges at abnormal event B



Fast PPS System Tests in Progress (6/4/2020)

B

TRANITTER

In the attached scope plat arranged from top to i T }
bottom you can see:

1 — Output of the pulse generator ments
2 — Analog buffer response of the detector board ' T '
3 —TX pulldown

4 — RF Output

From the pulse input to the cutoff of RF is
consistently less than 2 us.

The Pulse input is moving from 1uA to 50uA (25u/R ti tHEERBIY,) ButwAth a1 S8R RIPEU7H o \ChatBber
sensitivity represent a quite large 6.5k rad/hr to 320k rad/hr jump.




Other development activities

= Development of next generation FPGA
processing
 MOU with LNLS (Brazillian Light Source) t

develop hardware and firmware based on
Open Hardware Artix-7 FPGA

e https://creotech.pl/wp-
content/uploads/2015/08/CTI-
AFC datasheet.pdf

» Development of beam contamination
monitor

 Looking at (h,c)BN as intrinsic semiconductor
(5.2-6.4 eV bandgap). Radiation hard, similar
to Diamond as a detector.

» 20 MeV/u monitoring point. 500 keV/u
considered but poses difficulties

« 10B (~20% natural abundance) has high cross

section for thermal neutron capture. Can be
used for compact neutron monitor

Facility for Rare Isotope Beams
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https://creotech.pl/wp-content/uploads/2015/08/CTI-AFC_datasheet.pdf

Advanced Detector Development

* Led by Marco Cortesi, NSCL/FRIB Detector Lab
« 5800, HRS

» Optical PPACs and E-Loss detectors (MHz particle rates)

» Gas Electron Multiplier and novel Gas/Solid State Grid arrays for high
speed particle tracking
* Micro-pattern Gas Detector (MPGD)
» Thick Gaseous Electron Multiplier (THGEM)

» Fast electronic systems for detector readout (AT-TPC)
« RD51 Collaboration

a Facility for Rare Isotope Beams
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FRIB Among High-Intensity Accelerators

= During the past decade, proton
accelerators raised beam power
to ~>1.7 MW
e SNS (USA): >1.7 MW pulsed;
SRF linac/accumulator
* J-PARC (Japan): 0.3 MW pulsed;
warm linac/RCS

» PSI (Switzerland): 1.4 MW CW;
cyclotron

o
>

L

Matertals, Life Science ,
RIB ADS A Design value

FRIB f D\ ps (CW) In operation

%)
9
T
>
P
NS

103_

J-PARC RCS

15IS Beam Power Nuclear, Particlé
LANSCE Physics

1 kW FAIR(U)A LMW
RIBE(O
L ATLAS (0) 100 kW

) AGS

GANIL
CERN-PS

<'é,
i T T
B

» FRIB is in the same energy and
power category (400 kW)
e From proton to 238U

» Using SRF linac from 0.5 MeV/u
to > 200 MeV/u

RIBF(UY FNAL-MI

SPS

= Operational flexibility requires
Tevatron

10°-108 dynamic range in beam
intensity; CW and pulsed modes
y dC_ha”eng_ing Coé]ﬁ/iltli)osns for beam qoeb— o oo e o
t | 1 1 1 1
AONDSTES A 102 107" 10° 10 102 10% 10

Beam Kinetic Energy (E /A) [GeV/u]

u70

—h
<

Average Beam Current (I-A/Q) [uA-U]

Facmty for Rare Isotope Beams
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All Types of Hardware IOCs Are Deployed

. 7-\\-\‘\‘
i &

Delta Tau MC DNA PPC5

v B

DMK 33GX174 Al 207

Picoammeter Iseg EHS 86270n AO 308-020
"BCM Cryocon 18¢ AO 308.350

Facmty for Rare Isotope Beams
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FRIB General Purpose Digital Board (FGPDB)

= FRIB
* In-house design, for FRIB

» General purpose
 Multiple groups utilizing common board
* MTCA.4 or “pizza box” compatibility

= Digital board
* Digital signal processing with Field
Programmable Gate Array (FPGA)
 Optical fiber transceivers
* Many I/O for high-speed data

» Prototype boards working in existing systems:
* LLRF control box, FPS slave node box, EVR/FPS receiver for diagnostics
 Latest FGPDB Rev 4 for diagnostics, fits single-slot in MTCA.4 chassis

» Inexpensive: < $1K per finished board in production quantities
» Looking towards Open Hardware for upgrade (MOU with LNLS)

Facmty for Rare Isotope Beams
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Instrumentation for Intensity Control

» Electrostatic beam chopper
= Beam attenuator system (10X — >10°X)

Hole plates

Optics designed to _ - . _ ' 1pus-10msb pulse duration
preserve phase S .' 1,5,10,20,50,100 Hz repetition rate
space envelope - e 3500 kV +/- per plate

Facility for Rare Isotope Beams
F RI B w b e LA e S. Lidia, Instrumentation for the Facility for Rare Isotope Beams, FNAL ATP 201112



Chopper Operation Validated with Beam

High Level of Care System Validated to Provide Operational Safety Envelope

= Beam Current Monitor with chopper
* 0.5% duty cycle

» Faraday Cup with chopper
» 2.0% duty cycle

* 50 usec beam active
* 19UA beam current

e 200 usec beam active
 SUA beam current

Raw Waveform (1MSps)

osES 3 ]| =] ]| mf4r E[aa|@] k]| x| ©]e|| | num sampiesfooooo Arm Single
; Joenntg, BCM Output Waveform (1IMSps)
BE-6 = :.' N '... 329 24634
: : : % 30 ]

g?F-u E 20 _: BCM
I 66 251 .
O | signal
g 2209 10 :
§ IE6 % :;E- \
§ 2E-6 51535 : _; i :

1E6 101 o _\/\/\/\f\/\(\ I I

0E0 - o L : = D= - - - :: < >

i I SN S OO S I I — . 8 51 % 7 [ |

T T T T U | JB-FL SR AL R AL PR AR A LA LU FRLIRL IR LA PRV SRR TR TV R
1.2702E2 ..2t3 4E3 BE3 BE3 1E4 1.2L:Ime}:;_':c] 1.6E4 18E4 2E4 2.2E4 2.4E4 '~‘;g;.'23|3[_4 ] : ’—]:—\_\
9.3139E-6 o 4 - - % o1 1175 T T T T T ; T T T T T : T T T T T T T T
: /\ 110 120 140 ! 160 180 Timio[?JSec] 220 240 260 280

:EZ 3 T | e i i el O [—rE_BCcM:BCM:1:Data-l |-+ FE_BCM:BCM:StaiBits:NOK AVAL ——FE_BCMBCM:StatBits Wave AVAL
= ;
T GE-6
Sses A. ToF delay (Chopper to BCM), ~15 usec
2 JE6 E >
ED ’ B. Beam “gap”, 50 usec
o
| =y E .
§e C. Beam active, 50 usec
s

OED 41— -

o Independent Chopper Monitor system

ALTITER -

aﬂ?.ga‘lr”;aalounsgo”l:a;e”Hgt;n””97r:|”'.rqjto”‘Tilgio‘l;sl'%rfn‘Hlln-.':m‘Hl‘n;nl”fn-[u;”;onl;o”rzrnét;”lrn‘Jn””l;;"E:sz Validates Chopper Operation and infOrmS
MPS for critical variations

F R I B ﬁz Facility for Rare Isotope Beams
w b e LA e S. Lidia, Instrumentation for the Facility for Rare Isotope Beams, FNAL ATP 201112




MPS Commissioning Overview Screen

EPICs write permission

MPS Overview -- Commissioning
| MPS Front Page || MPS Slave || Chain Network || Chopper Overview | | MPSLIs‘tAIIDevIoesI G ————— Llnk to Other MPS pages

MPS State Control MPS State

Duty Factor % 0.000 % Beam Power

Singl
0.000 MeV/iu

BT o Full MPS-Enabled List

Fault | Disable | Monitor Enable lon source 1 m

lon Src Off lon Src On, E-Bends Off Allon MPS Beam Status | Bear
& Chopper Blocking

i MPS Device Configuration changes below will NOT take effect until beam

disabledireenabled. Use "Stop Beam" and "Start Chopper" buttons.

MPS Device Configuration

Source MPS Status Enable Ctrl _ Enable-RE oW | B LS1 Power
NOK NOKL  NOK NOKL NOK NOKL
Mitigation Systems :’ Clear Device NOKs MPS-Enabled Devices List
Mstr2 50304 b59 : MTCAO6 (BCMs) (L.
E-Bend Lower SW1 [okN[okl [on e [on o (@ (v Msirz 50304 b99 : MTCAS (BCMs) (L)

E-Bend Lower SW2 ON @ | ON @ @ G CM PLC Summary... I Mstrl: E-Bend Upper SW1

mml l 9 e Mstrl: E-Bend Lower SW2

E-Bend Upper SW1 ol [okl[on e [onv o @ @ Mstrl: E-Bend Upper SW2
Clear All MTCA NOK I

E-Bend Upper SW2 [[oxl okl [on e [onv o @ @ 0
Chopper Monitor OFFe | OFFe | @ @ g Ba.tCh enable/dlsable
PPS RF Permit oFFe| oFfe | @ Batch RFC Config ’_

PPS Beam Permit

[NORINokE| orrs| orFe|® ®

Updated MPS Device List

PLC
iss BEEEH B (Configuration changes not active until
i — Ll moving from Disable - Monitor state.)
MPS-Enabled Devices Failed Device

Mstr2 50304 b58 : MTCAOB (BCMs) (L) None
Mstrl: E-Bend Lower SW1

s pendLomer oWz —_— Which device caused Fault?

Thu Mar 05 2020 13:28:16 .569 1583432896  Sec

Open Slave Detail

GMT-0500 (EST) 45773219 Subsec |
Master #1 Response Time -11714.29 ns. Details of Fault Slave Node \ . I f I d SI
PPS State Control Pressing this button will cause PPS Fault and MPS Fault. This will shut off all SRF cavities. p

& If current MPS State = "PPS_FAULT", you must press "PPS_Fault" button to acknowledge the
| EESREATI I PPS_Fault state, then move MPS to "Fault” above. Only do this one PPS is reporting OK to MPS.

S. Lidia, Instrumentation for the Facility for Rare Isotope Beams, FNAL ATP
201112



Differential Current Monitoring Is Established
Satisfies Linac Fast Protection System Requirement

= Observed current monitors upstream and
downstream of cryomodules
» Losses induced by detuning optics

= 2 different averaging timescales used
e 15 us — fast losses

» 150 us — more averaging to reduce noise
influence

« Difference analyzed in firmware
« Beam mitigated within 35 us

Upstream

“WLMH' P Wﬂ ﬂ

_j-_; Downstream

. ERelly bl o w e 15 MeV/u case
! i prrsrr:i;E:sponse Beam Scheduled & [ 14 O MPS trlp SetpOint atAl~1.5 uA
= 24 v | « ~4.5% difference
o R O N P V ¢ 2.3 MeV/u case
" EEEER RN | S « Threshold level reduced
o= « MPS trips when Al ~ 1.0 pA
: . \j oo « ~2.8% difference
5 e L e Ul Postmortem buffer
: NN demonstrates time
-3.3‘10‘246 I .1.0245 - 102 45 -102.44 1 102 43 1.0242 102 41 1024 10239 [ 10233 " !.0237 10’23: o o Sequence Of MPS mitigation
Time (ms)

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University

FRlB&,

S. Lidia, Instrumentation for the Facility for Rare Isotope Beams, FNAL ATP 201112



Tuning of HWRs for Acceleration from 20 MeV/u to
204.4 MeV/u Took about 12 Hours

* Phase scan of 148 HWRs took 12h18’
« Beam availability during this time was 91.9%

= Machine Protection System was activated

Phasing HWRs in LS2 with 36Ar18+ beam

l?O

Beam Energy (MeV/u)
100

50
1 L L L

o T i T " i T i " T T " T T " T T T i T " T T i i " T T i T i " " T " T
18.00 20:00 22:00 00:00 02:00 04:00

2020-03-18
ACS_DIAG:BPM_ENGY4:KE_RD [MeV/u]

a Facility for Rare Isotope Beams
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185 MeV/u vs. Design 180 MeV/u Iin LS2

* Beam energy after acceleration with 39 cryomodules comprising total
272 superconducting cavities

= (& Diag Enginnering [g& FC Overview |2 BPM Energy £2 . & fe-scsl-stpcOl.opi| k& pmacStatusAxis.opi =g
o 130% o [~
‘ Energy 1 ” Ereiy ” Pair ‘ Power | User Chopper: | Chopper Runi Duty Factor %: 0.075 %
—BPM Selec

FS1_BMS:BPM_D2587 | ﬂ FE ISRC1

FS1_BMS:BPM_D2600 m Estimated Energy (185.000 MeV Estimated Velocity 165.301 m/us 1;9 50 + MassICharge 2.578

FS1_BMS:BPM_D2665 (]

FS1 _BMS:BPM_D2690 W Search +/- Range [70.00 % Combined Energy Est. 185.069 MeV/u xe BCM Current (na) 2.586

FS1_BMS:BPM_D2702 ] 54

LS2 WC01:BPM_D2742 ] Update Rate > 5econd - Goodness of Fit 69.66 % Beam Power (W) 1.2E0W

LS2 WC02:BPM_D2782
LS2 WCO03:BPM_D2821

\:\ Use 5Hz Phase

— BCM Select:
ESZOWCOLBEMIDZS0ES | Preset Settings  MEBT Power ‘ LS1 Power ‘ FE_MEBT:BCM_D1120:AVGL_RD NPP Nh
LS2_WCOSBPM_D2901 | | -
LS2_WCO06:BPM_D2941 (] FS |”:1 - ‘ | IQ&,| }—l ‘ 1_‘ ‘ v“-|# | S'T:‘| Y ‘ & ‘ a e | @ *NPP are recommended BCVS
LS2 WCO7:BPM_D2981 | |

a4 -

| i

LS2_WC08:BPM_D3020
LS2_WC09:BPM_D3060
LS2_WC10:BPM_D3100
LS2_WC11:BPM_D3140
LS2_WC12:BPM_D3180
LS2_WDO1:BPM_D3242
LS2_WD02:BPM_D3304

N
el
ool

LS2_WDO3:BPM_D3366 | |
LS2 WDO4BPM_D3428 | > /
LS2 WDOSBPM D3490 | % )
LS2 WDOG:BPM D3552 | 2
o

LS2_WD07:BPM_D3614
LS2_WD08:BPM_D3676
LS2_WD09:BPM_D3738
LS2_WD10:BPM_D3800

15-]

PPV IIIEIIPITIIVVIFVEEFYTITRYTTSYFTS

LS2 WD11:BPM_D3862 | | Ol
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Stripping at 17 MeV/u

= |S1 setting was developed for adiabatic acceleration of 129Xe?"* beam
up to 17.06 MeV/u
e Energy after 1.2 mg/cm? carbon foil is 16.52 MeV/u

* In future, this setting of the LS1 will be used for acceleration of all FRIB ion
species including 238U33* after scaling with g/A

» Charge state distribution
* 30.5% in 50+, 76.0% in 3 charge states
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Factor of 2.5 Increase of Beam Intensity with
Three Charge States Acceleration

= Simultaneous Acceleration of 3 charge states of 12°Xe up to 185 MeV/u
* Transmission is 100%

Charge state 50+ Charge state 49+,50+, 51+
Stripping efficiency into 50+ = 30.5% Stripping efficiency into 49+,50+, 51+=76.5%
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Beam Position in the Linac: 49+ 50+.51+ Iin the Same
Tune of Linac
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Simultaneous Acceleration of Two Charge States of
86Kr34+, 35+ in LS2?2

= Allows us to dump only ~23% of 17 MeV/u Kr beam in the charge
selector collimators in the FS1 and reduce the radiation in the tunnel

Xenon: 129/50=2.58
Krypton: 86/33.5=2.57

Transmission ~100%
77% is in charge states 33+ and 34+
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Fragment Separation Technique

Fragment separation using “momentum — energy loss — momentum” separation method

isotope

F’gima"}' NSCL A1900 selection
eam
Fragment Separator ]Egjﬁ
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production . dispersive focal plane
target image plane
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Detector Systems are integrated with vacuum
chambers

= Existing NSCL A1900 Focal Plane Box (now DB5) will be reused

variable
2 PPACs slits timing Ge detector 2=
scintillator  viewer  PIN PIN stack scintillator

AE, Etotal Etotal, TOF

/ o alternative —+

vacuum box length: 1m

all detectors on remotely
controlled drives

large access door for
easy maintenance
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New PPAC Designs are Completed

* New vacuum enclosure reduces leakage

» Delay-line PPAC in high resolution (sigma ~ 0.25 mm) format

= 100x100, 200x100, 200x50 mm? active area formats

= Octafluoropropane (non-flammable) tested with excellent results
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