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Old Man Booster

Designed in early 60’s * During the next 15 years
_ 15 Hz Resonant diagnostics improved slowly
Synchrotron LINAC Upgrade 200 — 400 MeV

— 200 MeV - 8 GeV — New BPMs — 80’s

First Beam 1970 — New BLMs —80’s

— Combined Function » Based Upon Tev/Pbar

— Paint Can Loss Monitors  Software for new hardware —
— Transformer Style BPM orbit data!

— Wall Current Monitors * Pingers

— Analog Scopes — Ramped Quads - Sextupoles
— IPM device late 80's !!

— Multiwire/Single Wire — Transverse and Cavity Mode
— Toroids Dampers

Data Collected by
Scopes/Photos e Beam in Mid 80’s

Digital Scope - 512 points 2E12 — 3E12 Max Pulse

Nicholet (early 80’s) o
No Ramped Correction 60 — 68 % efficient

A long ways to go



Why all the changes
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Present Operations

e 8—11 Turn Beam Operations

— 10 Turn for Slip Stack Operations : 4.7E12/pulse
« ~89 efficient (95 % with no notch)
» Cogged cycle in Booster

— 8 Turn for Numi slip stack cycles : 4.1E12/pulse
« ~90 efficient (Cogged Cycle)

— 10 Turn for MiniBoonNE Operations : 4.7E12/pulse
e 90 — 91 % efficient

— 11 Turn for Colliding beam bunches 5.1E12/pulse
- 95 % efficiency

e Booster uptime over 95%
e Beam Loss Average ~ 450 watts

— Booster has never lost a magnet but radiation damage is present!
— Booster needs to run a least another 7 years.

 Presently ~8.5 Hz (Able to run @ 9.5 Hz)



Present Beam Control and Monitoring

. Web Based . COESOIEA S?ft\/t\(are
— Mostly Data Logging a ; eW Applications
* Losses B ava_ apps
— Long Term Trends e Fast Digital Scopes
W;esggfr{ada‘a « HRM’s (Hot Link Rack
 Beam Current Monitor )
e Beam Energy i IRM,S (|ntel‘net Rack
« Bunch Length Monitor )
» Efficiencies * Front End Software
 Orbit data

 Tunnel Hardware
— Gap Detectors
— BLMs
— IRM
— Striplines
 New Corrector Magnets
and PS

e Collimators



Web Based diagnostics

Booster Performance
Each of the ~120 B:BLxxx4 and B:BLxxxD devices are data-logged. This enables us to monitor Booster
performance with this system in a manner completely analogous to way it is done with the Chipmunks. For
stable running periods, we record the average reading for each BLM and normalize it to the corresponding
alarm maximum. The largest value thus obtained, is normalized to the beam delivery rate during that period in
order to determine the maximum protons/hour that could have been delivered without tripping one of the BLM's.
(A stable running period is a period of at least an hour in which neither the protons delivered per pulse nor the
pulse rate varied by more than 5%. Stable periods are defined separately for x1D and x14 event types.
Long Term BLM monitoring ..

Performance versus Time: Here we plot, as a function of time, the maximum protons per hour that could have
been delivered without tripping. The points are colored coded according to the average protons per pulse.
Performance versus Intensity: Here we plot the maximum p/hr versus the average protons/pulse. The points
are colored coded according to the time the period occured.

Best Performance Period: This plot shows the loss distribution for the best running period with an intensity
greater than 4E12 protons/pulse. Itywhows the trip fraction for each BLM normalized to 1e17 p/hr. The horizontal
axisist cation of each BLM in "Booster sector units".

Limiting Location versus Time: Shows location of the BLM with the highest normalized reading. The points
are colored coded according to the§gaximum protons/hour that was possible during the period.
Limiting Location versus Performance: ShoNg the correlation between performance and the location of the
limiting BLM. The points are coloreqgoded according to the time the period occured.
we were to tripping assuming the current trip points.
Note that trip fractions greater than Bne ™ would not have been able to run with the current trip

' e protons/hour being delivered at the time.
s including time lines for indivdual BLM's.

Plot Selector: Here you can generate plots of v

Plotting Options
http://www-bd.fnal.gov/proton/booster/bims/


http://www-bd.fnal.gov/proton/booster/chipmunks/
http://www-bd.fnal.gov/cgi-booster/plot.pl?ACT=plot
http://www-bd.fnal.gov/cgi-booster/plot.pl?ACT=plot&PLOT=ppp_maxpph_time_w
http://www-bd.fnal.gov/cgi-booster/plot.pl?ACT=plot&PLOT=best
http://www-bd.fnal.gov/cgi-booster/plot.pl?ACT=plot&PLOT=time_loc_maxpph_w
http://www-bd.fnal.gov/cgi-booster/plot.pl?ACT=plot&PLOT=loc_maxpph_time_w
http://www-bd.fnal.gov/cgi-booster/plot.pl?ACT=plot&PLOT=time_trip_pph_w
http://www-bd.fnal.gov/cgi-booster/plot.pl?DATA=blm

Web Based diagnostics
Booster BLM Data

Create color-coded scatter plot

Horizontal axis: | Time v
Vertical axs: baximum pratons/hour v
Color scale: Protons/pulse v
(] Mormalize trip fractions to 1e17 p/hr.

Create multi-vanable scatter plot
st BLM trip fractions starting at| Long 15 %

Horizontal axis: Time

Vertical variahle 1. | L8 trip fraction
[ (skip) Vertical variable 2: | S08 trip fraction
[ (skup) Vertical variable 3: | L09 trip fraction
[ (skip) Vertical variable 4: | S09 trip fraction
[ (skup) Vertical variable 5: | L10 trip fraction
[ (skip) Vertical variable 6: | 510 trip fraction

Normalize trip fractions to 1e17 p/hr.
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Plot of sector BLM levels vs time
Collected continuously
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Date

t B8 at 1e17 pfhr  #
« 588 at 1el17 p/hr ©

LB9 at 1el17 p/hr
509 at 1e1? p/hr ¢

L10 at 1e17 p/hr
518 at 1e17 p/hr
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— BLM display that shows ring wide data as a fraction of their trip point.
— The data is a running average that is normalized to each BLM’s trip point.

— Green is displayed when the loss is decreasing while red indicates
__increasing losses. The beam permit will trip when any BLM reaches 1.

— Injection Loss
Soon new kickers
— with larger apertur
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Radiation
{at one_foot}

Booster Radiation

[ Fadiation Form ][ Edit Form ]

& Plot data for

Jul 17 2008
Jun 10 2008
Aypar 29 2008
Jan 9 2008
Jdul 3 2007

Contact 400 kde™’

2 Plet sums

Contact
Dne Foot

Web Based diagnostics

http://www-bd.fnal.gov/cgi-booster/rad_survey.pl

Radiation survey data is
stored in a database that
can be accessed from the

(W5 -~
a5 Booster web homepage.
210 .
OPlot section || || 1 The data can be displayed
CEEoa several ways — including
Q14 oL - | Eree difference (Date 1 — Date 2)
) Plat DifferencEs || Jul 17 2008 = |- | Jul17 2008 » || One Foot = || Booster  » Or |nd|V|dua| BLM hlstory
Booster Radiation for Jul 17 20088
aaa - 4
| Survey data from Jul 17 2008
o | Extraction
Region
_ (Septa) <« Collimators &
Notch Loss Goal < 100mr
@ 1foot
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B3 BLM Cycle Plot
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built the event-timed daq list

13:46:31 Reading 31 devices

13:45:30 61 occurrences of selected event
Looping turned ON

13:44;86 canceled daq list

13:44:86 § 17 1) Event data ready at 46,933 i
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1: § of 14
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New Diagnostics — Beam Control

* Injection Monitoring
— Energy
— Bunch Length
— Transverse Beam Parameters
o Multi Wires
« Crawling Wires
« BPM upgrade

» Acceleration Monitoring
— Longitudinal
« Couple Bunch
« Transverse Modes (Including Head-Tail)
— Transverse
 Instabilities
e Orbits
e Higher Order Harmonics
« Extraction Monitoring
— Energy
— Transverse Parameters
— Phase Errors
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Web accessible scopes

Linac

[ | minus Dlome ] [ H minus Dome ]

| Time of Flight (Chopper Scope) H 400 Mesw Bunch Length |

Booster
Energy Error
| cHGO || L2 Kickers || L12 Motker || Extraction Kicker | Input to a energy
[ L5 Matcher || GMPS |[ Cogaing | [ MPO2 | [ MPO3 | correction feedback

loop - Klystrons

| Orburnp || Damper H Damper 2 || RCCW-BRF ]

Correctors My H Correctors W ]| Correctors S H Correctors SE H Correctors E H Correctors MT

J

Fast digital scopes with web software
are being used extensively. They are
also connected to CATV system which
allows quick — real time viewing.

The LINAC energy is monitored by
mixing two strip line detectors 50 m
apart. A energy error results is a phase
shift — shown as a voltage offset on the

scope.
D —




= — Booster YWire Scanner

Wire scanner program that collects
data from a fast scope. The software

uses wavelets to reduce background Mt ~] [eesan
noise. The software also has some [ File Selection | AR
basic fitting and analysis capabilities. o

Status

VWAREIRG: Motars are plugged inl

Injected beam moving from injected _
) i Motor EBiWML1FH 75776 MM | |
orbit to closed orbit Seve File

File Edit Plot Control 2008 12:20:00

Applicatio

Whire Scan

Turns
booa33B888888888Y
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i

.65 .80 55 -50 45 .40 -35 .30 2% -20 15 1D 5 O S 10 18 2o 25 30 5 4D 48 S0 S5
Wire Position (WM&




= VM3 GxS5C: Buck Rogers

Lean Z22-HoY-B5 11:14:24 Getting RF Curue
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Longitudinal fuzz is due to mistuned
transition and dampers.

28

Reduced Bunch Length

] 18.5 27.
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S e
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A diode detected signal and

WA

RF sum collected by an IRM o 7 Fine cas 7 *
displays calculated longitudinal | |
parameters. Used to monitor | a
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Fle View Run Markers Setup Tools Window Help
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Readinas [DEGRD

2.25elle

Mode 1 display

1.&38887

1.128858

. DE4BEED

YA

a 25,79 193.5

E:LMODE1 fraom B *o

299.3 399

333 ® 1 HZ

The software allows 9
mode plots or single
mode display.

= 1

A fast digital scope running Labview
collects data from a gap detector, RF sum
and triggers from a mountain range

trigger box. Longitudinal modes and

bunch lengths are calculated and displayed.

(Segmented Memory Scope)

E =

€ B:LMOD4S

= 1
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R3] EOOSTER OREIT *Pgm_Tools+
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Application that collects data from
a fast scope that digitizes a gap
detector in the MI-8 line.

The software analyzes the bunches
and calculates longitudinal modes,
bunch — intensity, length and phase
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New software/hardware < 2yrs

» Fastdigitizing cards ~ « HRM'’s being installed

— BLM card — All BPM’s can be read
« 15 Hz capabilities turn by turn
— Pulse stretcher — At present only BPM’s
* All pulsed devices — in the extraction region
bdot probes with are read and data
circular buffers logged at a turn by
e Snapshot plots turn rate.

* Very fast digitizers
with large FPGA

— Damper systems
* Transverse just tested
« Longitudinal next step

e New Correctors/BPM

 Booster LL system
VXI based system Is
being designed using
DSP designs
embedded in FPGAs



Contributions

Bill Ashmanskas FNAL

Craig Drennan FNAL Proton Source
Jim Lackey FNAL Proton Source
Peter Kasper FNAL

Bill Marsh FNAL Controls

Dave McGinnis FNAL

Brian Schuphach FNAL Operations
Alex Waller FNAL Proton Source
Bob Webber FNAL

Bob Goodwin FNAL Controls
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