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FERMILAB -TM-2740 and FERMILAB -TM-2741

Detrimental beam dynamics effects limit performance of high
intensity rapid cycling synchrotrons (RCS) such as the 8 GeV
Fermilab Booster. Here we report the results of comprehensive
studies of various beam intensity dependent effects in the
Booster (aka Summer 2019 Booster beam studies campaign).
Part | covers the dependencies of the Booster beam intensity
losses on the total number of protons per pulse and on key
operational parameters such as the machine tunes and
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In Part Il we cross-check two methods of the beam emittance
measurements (the multi-wires proportional chambers and the !
lonization profile monitors), analyze the intensity dependent .'
emittance growth effects and discuss the ultimate performance off

\ the machine now and after foreseen and proposed upgrades.
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Part | Summary: Booster Losses
A Losses due to crossing the foil
I ~1%, scale approx (BT+29)/2

ALosses out of the f@fthree
beam, needed for clean extraction

I About 1.7+ 0.4% , weak dependence on intensity N
A Losses few ms after injection (capture, etc)

~ 1%+ 7% (N/6e12)3 - space-charge ( N, Q, Q06)
A Losses at the transition energy (5.2 GeV)

 Small (<1%) for N<4.6e12
I Mb as high as O(10%) at higher intensities if not tuned up

A Losses at extraction
I Usually small O(0.1%)
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Booster Emittance Diagnostics : Multi Wires

NB: hereandin TM2741 weaalways usens normalized
values, unless specificallymentioned otherwise

Vertical and horizontal
MWs are installed in the

extraction beam line
b,=16.2mb,=25.9m D,=1.65m
(one measurement percycle athest)
(readings:supposed to-hetintensity
independent)

There are 48 wires in each
Instrument, spaced by 1
mm.

Statistical rms error of the
MW rms normemittance
measurement is about
0.05 mmmrad (out of ~2
mm mrad)




Emittance at Extraction vs total
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lonization Profile Monitors: V and H

b,=6.0m,b,=20.8m,D,=1.8m
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IPM Principle of Operation

Detector Signal
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IPM Transverse Profile Expansion
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Main Equation and Solutions
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Gaussli an Beam éand E
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That 6s not Al | : nNZero | ntensit

There are also intensity independent effects leading to the
IPM profile smearing:

a) the initial velocities of the ions;
b) IPM charge collection strips distance 1.5 mm,

c) angular misalignment of the IPM long and narrow strips with
respect to the high energy proton beam orbit;

d) charging of dielectric material in between the strips or strip-to-
stripe capacitive cross talk;

e) non-uniformity of the extraction electric field in the operational
| PM apertureé.

They all add egninitigl kiketcreretgyEy resalts in
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Vertical rms beam size at IPM location (mm)
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Finding the Original U, from the IPM 4.,
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Apply the Method to the Entire Booster Cycle
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Emittances : Effects to Keep in Mind

1) Obits move while the . ‘" . |
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Emittance Arguments to Account for  bi function Variations
1) to avoid appearance
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Emittance in Cycle (With All the Corrections In)
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