Introduction to some Beams Division jargon

in some order...see how far we get:
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ABORT (GAP), BATCH

(BARRIER) BUCKET, BUMP,
BUNCH, COALESCED BEAM
UNCOALESCED BEAM
COALESCING, COGGING,
COOLING, DAMPERS,

(REVERSE) INJECTION

STACKING, TRANSITION, QUENCH

EMITTANCE, LUMINOSITY

LOW BETA, DISPERSION

LATTICE (MEASUREMENTS), TUNE,
ORBIT, HELIX

BETATRON OSCILLATION
SYNCHROTRON OSCILLATION
CHROMATICITY

BARN, INVERSE PICOBARN
ACCELERATOR NAMES

(M.Martens presentation of 9/03)

BLT, BLM, BPM, DCCT,

FBI, IPM, FLYING WIRES,

OTR, SBD, SCHOTTKY,
SYNCHLIGHT, TOROID, RESISTIVE
WALL CURRENT MONITOR, SEM,
SWIC, VSA

DIPOLE, QUADRUPOLE
SEXTUPOLE, KICKER
LAMBERTSON, RF,
SEPARATOR, SEPTUM, TEL

ACNET, BEAM SYNC, TCLK
FAST TIME PLOT
SNAPSHOT, DATA LOGGER
SDA

LOGS,

Beams Document Data Base
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http://beamdocs.fnal.gov/cgi-bin/public/DocDB/ShowDocument?docid=816&version=1
http://beamdocs.fnal.gov/cgi-bin/public/DocDB/ShowDocument?docid=816&version=1
http://www-bd.fnal.gov/MCRlog/machlog.html
http://beamdocs.fnal.gov/cgi-bin/public/DocDB/ShowDocument?docid=816&version=1
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MCR display of Proton and Pbar bunch intensities in the Tevatron
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ABORT - rapid removal of beam into beam-dump (can be planned or not).
ABORT GAP —region of beam bunch pattern where there i1s no beam — designed so that
particles are not near the kicker magnet while it turns on.

i U .
50 Raw SBO Scope Data
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bunch pattern of fully loaded Tevatron at FO — note gaps between trains
— large pulses are proton bunches, small pulses are pbar bunches
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Accelerators:
Cockroft-Walton (0 — 750 keV (750,000 Volts) PROTON
Linac (750 keV — 400 MeV (400,000,000 Volts)
Booster (400 MeV — 8 GeV (8,000,000,000 Volts) SOURCE
Main Injector (8 GeV — 120 GeV (stacking/external beam)
150 GeV (injection to Tevatron)
Tevatron (150 GeV — 980 GeV) (no external beams)

Antiproton Source
Debuncher (8 Gev — 8 GeV : 15t stage of cooling - pulsed)
Accumulator ( 8 GeV — 8 GeV — pbar accumulation)

- share a tunnel:

Recycler (8 GeV — 8 GeV — pbar accumulation)
- shares the Main Injector tunnel:

3 of the 8 systems do not ™ accelerate’

note: lower case k 1s correct, upper case for units named after a person
energy is in addition to rest energy (ie 1s amount of energy due to acceleration)

(sometimes you’ll see energy of antiproton source as 8.9 GeV, the 0.9 from rest mass)
S. Pordes - to part of CD 09/10/03 6


http://www-linac.fnal.gov/
http://www-linac.fnal.gov/
http://adwww.fnal.gov/proton/booster/booster.html
http://www-fmi.fnal.gov/
http://www-bdnew.fnal.gov/tevatron/
http://www-bdnew.fnal.gov/pbar/

View of Pbar Source and Booster/Linac with FCC.
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Main Injector and Tevatron

protons

protons
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Intensity Display — 36 by 36 bunches
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Beam Position Monitor (BPM)
device for measuring beam centroid position:

A and B are pickup plates that see the image charge of the beam

Xo= R*(A-B)/(A+B) Ye = R*(A-B)/(A+B)
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BPM’s ring-round data
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Emittance — size of beam..
Transverse emittance = angle spread * transverse size (X & y)
Longitudinal emittance = time spread * energy spread

Emittance 1s a constant if you don’t monkey with the beam..
‘cooling’ — reduces emittance — makes beam more coherent
stochastic cooling (sample beam and correct momenta)
electron cooling (embed beam in uniform fluid)

(relative temperature 1s reduced, not absolute)

heating — increases emittance — makes beam less coherent
transfers from one machine to another; acceleration
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Beam Line Tuner — detects Betatron oscillation —

transverse oscillation of the beam wrt the 1deal orbit — also see tune
(if we get there)

Haorz - ampl-pha<rms: B.85--1.68- B.88 tune~decay cnstiB@.432- 1.6 B3-82-83 1627
1.823

433

ampl

]
-. 8328
-. SEHEE

-1.@32

purple dots are the beam position on successive turns after injection;
purple 1s fit to oscillation — fractional part of tune 1s 0.432
(data taken using Prep LRS 333’°s and 234°s)
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‘Bull’s Eye plot’ — showing amplitude and phase of
injection oscillation vs some beam-line magnet current

R:HTABE Calikration Data FETSEP-ERES 1erIniie
Flar MI-*ER line 22 mps #  ampl  phas  rms

a

1.48 1 B.2Z8 -1.598 @.18
1.35 & B8.72 -2.41 @.882
1.78 3 1.18 -2.36 @.88
1.85 4 1.48 -2.42 @.88
2.88 5 1.826 -2.58 @.148

Corrector characteristics:
phas  a-a ¥Cmmd-¥Campd
HTZHE H.55 -2.54 B.37--@.15

@
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Bucket: one cycle of the accelerating RF: a bunch is contained in a bucket

the number of RF cycles it takes for a particle to make a revolution of each
accelerator 1s fixed: this number is called "h’ or the "harmonic number’

(atv=c)
for the Booster, the number of buckets around is 84 (7 * 12) (1.6 microseconds)
for the Main Injector, the number is 588 (7 * 7 * 12) (11.2 microseconds)
for the Tevatron, the number is 1113 (3 * 7 * 53) (21.0 microseconds)

the circulation time for the Debuncher matches the Booster
the circulation time in the Recycler is 7 times the Accumulator circulation
1 milliamp in the Accumulator = 10'° antiprotons = 0.14 mA in the Recycler

Bucket period varies with particle speed:
Booster buckets vary from 1/30 MHz to 1/52 MHz .
Main Injector buckets vary from 1/52 MHz to 1/53 MHz
Tevatron buckets vary from 1/53.104 to 1/53.106 MHz (18.83 nanoseconds)

Recycler uses "barrier buckets’ —to confine beam without acceleration (dam)
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SYNCHROTRON OSCILLATION:
OSCILLATION IN TIME (WRT TO RF) (period 1s ~700 turns)
measured by time of beam signal at one place
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Bunch: a slug of beam...contained in a bucket.

Coalesced (bunch) - a big bunch that has been assembled from (5 —15) bunches
Coalesced beam — a set of coalesced bunches...

Coalescing — the actions required to assemble a coalesced bunch.
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Time structure of a
Proton Bunch in
the Tevatron at

980 GeV
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proton pulse showing “satellites’
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Raw SBD Scope Data




coalescing bunches in more detail
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Luminosity - ‘rate of interactions of a given cross section (in cm?2)
Integrated luminosity - ‘'number of interactions of a given cross section’

cross section

‘equivalent area that particles present to each other for a given
reaction’...for a pair of pool balls (of equal size) it’s 4 times the
cross sectional area of each ball;

for a pair of protons to collide and produce any extra particles,
the area is about (1013 cms)?= 10726 cms?.

1 barn = 102*cms?ie 1012 ¢cm on a side.
1 picobarn (pb) = 1034 cm?, (10-!3 ¢cm on a side)

1 femtobarn (fb) = 10-° cm? (3*102° cm on a side)

Number of events = IL * cross section

—To have 10 events of a reaction with a 1 pb cross section
—=10=1IL * 1 pb
— IL =10 (pb-!) or 10 “inverse picobarns’
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Luminosity 1s proportional to:

total number of antiprotons, number of protons per bunch, and inversely
proportional to transverse beam are at interaction region — pack’em 1n.
Beam area is inversely proportional to "beta’ — hence "low beta’

Run II upgrades are aimed almost exclusively at increasing total number
of antiprotons available...present antiproton/proton ratio is ~0.1,
aim 1s for a ratio of 0.5.

Issues for this are:
accumulating antiprotons quicker:
slip-stacking in the Main Injector; debuncher cooling, cooling in the
Accumulator, transferring to Recycler;
maintaining large stacks in Recycler (electron cooling)
preserving longitudinal emittance in Main Injector;
preserving longitudinal and transverse emittances in Main Injector and
in transfer to Tevatron and understanding and controlling orbits and

tunes in the Tevatron
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Beam profiles from flying wires in Main Injector at different energies
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Beam profiles from flying wires in Tevatron at 980 GeV
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IPM 1n Recycler during cooling
(display shows 60,000 turns)

l...-.\-.rh.] Tt s Tam
R

After 90 minutes
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Synclight 1images of two antiproton bunches
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http://conferences.fnal.gov/higgsworkshop/PT/Derwent.pdf

http://www-bd.fnal.gov/public/proton.html#Booster
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