MTest Beam Structure and Duty Factor

A resonant system is used to extract beam from the Main Injector. With this method the
beam remains bunched in the same “RF buckets” that exist during acceleration. At 120
GeV, the RF frequency is almost exactly 53 MHz.

The harmonic number of the Booster is 84, which means that the orbit length in the
Booster is 84 RF periods. The harmonic number of the Main Injector is 588 = 7 x 84.
The revolution time in the Main Injector is 588/53 MHz = 11.094 ps.

Beam is currently accelerated and extracted to MTest in a dedicated cycle that takes
approximately 6 seconds and repeats approximately once per minute. The Main
Injector takes 1 second to ramp up to 120 GeV. Beam is extracted during a 4 second
flat top, and the Main Injector takes 1 second to ramp back down to 8 GeV. Ina 4
second spill there are 4/11.094E-6 = 360,555 turns of the Main Injector. This means
that there is on average one proton per turn for an intensity of 360k per spill.

Only one Booster batch is injected into the Main Injector for extraction to MTest and
most of the time only a small number of the 84 possible Booster bunches are
accelerated (those that are accelerated always occupy adjacent RF buckets). As few
as 5 Booster bunches can reliably be accelerated in the Main Injector and extracted to
MTest. On 3/20/09 we ran for a short time with 4 Booster bunches, but some cycles
were missed because the beam was not captured by the Main Injector RF system. An
attempt was made to deliver 3 Booster bunches, but that beam was never successfully
accelerated and extracted to MTest.

MTest is not sufficiently shielded to transport a high intensity primary proton beam.

The 120 GeV beam passes through a 10 inch long aluminum target even when the
beam line is tuned for 120 GeV protons. This insures a large beam spot as the beam
passes through a 10 foot long “pinhole” collimator (the hole is 1mm x 1mm) located
about 700 ft. downstream of the aluminum target. After running “Walley’s (Walter
Kissel) script” to set MTest magnet currents, the MT6SC1 scintillation counter recorded
~34k counts per spill with 5 Booster bunches and the pinhole collimator optimally
aligned. The pinhole collimator can be misaligned to reduce the beam intensity as
desired. With 15 Booster bunches the MT6SC1 scintillation counter recorded 90k-100k
counts per spill. With 30 Booster bunches it recorded ~230k counts per spill. With 50
Booster bunches the MT6SC1 scintillation counter recorded 320k-350k counts per spill.
At this intensity the MW1SEM read ~1.67E11 ppp, which is ~1E13 protons per hour.
The current administrative (radiation safety) limit is 1.2E13 per hour on MW1SEM.



