Proposal for Run II Proton Qualifier

M Church 1/30/00

Purpose: 

The purpose of the proton qualifier is to inhibit the transfer of 150 GeV coalesced protons into the Tevatron if specified beam conditions are not met.  This can be implemented by inhibiting the generation of a $7CMIBS.  In Run I the qualification was done by an application program.  In Run II there will be only .7 seconds between coalescing and extraction, and application program IO is too slow to reliably provide an inhibit signal in this time.  The proton qualifier will be based on upper and lower beam intensity limits and the ratio (narrow gate intensity)/(wide gate intensity).

Run II operation:
At the start of Run II, protons will be loaded one bunch at a time on $2B/$4D cycles.  The time between these cycles will be approximately 6 seconds.  5-7 bunches of protons in 53MHz buckets will be coalesced into a single 53 MHz bunch in MI bucket 1, at the $AAMIBS marker.  (My convention is to label the MI buckets 1-588.  Some systems use the convention 0-587.)  The coalescing is completed at time $2B +2.50 seconds, and the extraction takes place at $2B + 3.20 seconds.  There can be milliseconds (or 10's of milliseconds?) of jitter in these times.

Later in Run II, when efficient multibatch coalescing becomes operational, protons will be loaded into the Tevatron four bunches at a time on $2B/$4D cycles.  The bunches will be coalesced into MI buckets 1, 22, 43, and 64.  Each coalesced bunch is separated by 396 nsec (21 buckets).

When 132 nsec operation is initiated, protons will be loaded into the Tevatron up to twelve bunches at a time on $2B/$4D cycles.

Beam parameters: 

Proton maximum intensity will be 300E9 per coalesced bunch.  Typical minimum intensity will be about 30E9, used for studies.  95% longitudinal emittances will vary from 1.5 eV-sec to 5.5 eV-sec per coalesced bunch.  With a 1 MV RF capture voltage this corresponds to rms bunch lengths of  1.4 – 3.1 nsec.

Proposed solution: 

The qualifying calculation will be done in the FBI front-end software.  18 ACNET parameters will be set by the Sequencer that will be used in the front-end: beam signal sample time, inhibit signal start time, inhibit signal reset time, upper limit on narrow gate intensity, lower limit on narrow gate intensity, lower limit on ratio (narrow gate intensity/wide gate intensity), and 12 Qualifier enable words (one for each possible proton bunch).  

A signal to inhibit the $7CMIBS will be issued if I:PQUINT (see below) is enabled AND one of the following is true:

1) intensity falls outside the upper and lower intensity limits for any coalesced bunch for which the Qualifier enable bit has been set; 

2)  (narrow gate intensity/wide gate intensity) falls below the limit for any coalesced bunch for which the Qualifier enable bit has been set.

There will be 12 Qualifier status words which  are set to 1 at every $2B, and set to 0 whenever condition 1) OR 2) above are met for the associated bunch.  

Whether the inhibit signal is processed by the c289 Beam Synch Qualifier Kluge, the Transfer Permit Generator, or some other way is left to the discretion of  G. Vogel.  However, the logic and signal polarity should be such that if the FBI hardware fails (loses power, for example), the beam transfer is NOT inhibited.

Suggested ACNET parameter names: 

I:PQUSAT
delay from $2B to sample signals (seconds)

I:PQUINT
delay from $2B to issue inhibit signal (seconds); this device should have a CNTRL property which disables/enables issuing the inhibit request

I:PQURST
delay from $2B to reset inhibit signal (seconds)

I:PQUUL
upper beam intensity limit (E9)

I:PQULL
lower beam intensity limit (E9)

I:PQURAT
lower limit on ratio (narrow gate intensity/wide gate intensity) (dimensionless)

I:PQUST[0-12]
array device containing status parameters for proton bunches 1-12 (1=qualified, 0=not qualified); 0 element is the number of bunches which were tested AND qualified  

 I:PQUE[0-12]
array device to enable Qualifier for proton bunch [1-12] (0=disable, 1=enable); 0 element is OR of elements 1-12

Requirements: 

1)  new code on MI FBI front-end

2)  update of MI FBI documentation

3)  new digital VME digital output module (if not provided by existing modules)

4)  cable from FBI (rack MI60118) to BS hardware (rack MI60005)

4)  integration into Beam Synch Clock hardware of new qualifying signal for $7CMIBS
Possible alternatives:
1)  Above requirements can be modified after review by relevant experts.

2)  The inhibit request could be sent to the Tevatron LLRF (or MILLRF) system.

