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Abstract

This document describes the procedures for calculating the initial and integrated luminosity for every store for the CDF and D0 experiments. Both these numbers are stored in the Supertable as well as in the Shot Scrapbook. The integrated luminosity can be also found in the Derived Tables and the initial luminosity is being reported to a broad mailing list by the StoreChecker. The procedure to calculate the total delivered luminosity to CDF and D0 in Run II is also discussed. The total delivered luminosity numbers are stored in the Supertable as well.
1. Introduction
This work got initiated with the purpose to have the Supertable be the official document holding initial luminosities and integrated luminosities for every store as well as the total delivered luminosity to the CDF and D0 experiments in Run II. In addition, we made sure the luminosity Supertable information is transferred for every store to the Shot Scrapbook (Machine Logs) so that we all report consistently the same numbers  for initial and integrated luminosity. The integrated luminosity can be also found in the Derived Tables and the initial luminosity is being reported to a broad mailing list by the StoreChecker. All numbers are now consistently the same at all the Tables/Logbooks they reside. Here is a summary of what we learned  and what decisions we have taken during the three formal luminosity meetings we had on May 19, May 26 and June 1, 2004  as well as other informal meetings and various e-mail exchanges. 

2. Status before June 20, 2004

2.1 Initial luminosity 
 
1) The way we reported the initial luminosity in the Supertable 
(http://www-bd.fnal.gov/SDAMisc/supertable.html) was : 
Value of C:B0ILUM[0] during first set of case HEP (Column 21)
Value of C:D0FZTL during first set of case HEP (Column 22)
(every HEP set is 10 min long and the SDA readings are at the beginning of the set) 

2) The way the crew chiefs reported the initial luminosity was from an ACL script: 
http://adcon.fnal.gov/cgi-bin/acl?acl=%40user3%3A%5Bkissel.acl%5Davelum.acl 
The algorithm there picks the MAXIMUM value of C:B0ILUM[0] or C:D0FZTL 
in the time interval between V:TSCRAP=3 (start of scraping) and V:CLDRST=14 (HEP).

See Fig. 1. 

3) We noticed that the CDF C:B0ILUM[0]  device is more noisy than the corresponding D0 C:D0FZTL one. After discussions with the CDF luminosity group we understand that the noise is 
expected to be at the 1% level for high luminosities and at the 2% level for low  luminosities. This is due to the limited sampling rate per calculation which is in turn defined by the memory of the electronics boards and the speed of their reading. 


2.2 Integrated luminosity

1) The Supertable reported this value as a sum of C:B0ILUM[0] and C:D0FZTL over all HEP
sets (Columns 24 and 25 respectively). 

2) The Crew Chiefs used the value of C:B0TLUM (integral reported by CDF only) which is updated every 6-7 sec. That value is 0 when CDF turns their HV off. It has been also noticed that sometimes it becomes reset unexpectedly and this requires correction by hand to the integrated luminosity.  
John Crawford used in his reports ( http://www-bdnew.fnal.gov/operations/lum/lum.html ) the same
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Fig. 1:  The CDF and D0 luminosities as a function of time in the beginning of the store.

The V:TSCRAP, V:CLDRST and C:ESBSCT states are also overlaid.



number the Crew Chiefs report as well. Based on discussions with the Crew Chiefs and with John we understand that there was a gray area on what was reported as end of store time or as integrated luminosity for the store in case of EOS studies. Sometimes studies were included in the delivered luminosity and sometimes not.
 
  

2.3 Total delivered luminosity
The Supertable started with store #641 on 08/18/01, while Run II started officially with store #290 on 04/03/01. There were also a few old stores missing from the Supertable for various reasons. These were stores: 
659, 702, 714, 721, 745, 828, 832, 834, 855, 903, 1040, 1093, 1152, 1154, 1656, 1823, 1828, 1955, 2043, 2433, & 3187, with total integ. lum. 9.8 pb-1.  Only one of these stores (3187) happened in the past year and this was a Recycler store. 
 

 3. What changes we decided to make – What is implemented after June 20, 2004
3.1 Initial luminosity: 

1) We decided to use method 2) (discussed in section 2.2) but with a different algorithm. Initially, we considered averaging the numbers instead of picking the highest number. Now, doing a straight average during that time interval would cause problems. There is a time right after TSCRAP is set to 3 where the CDF luminosity is zero.  CDF doesn't even try to get their detector up untill after a phone call from MCR which is a time after scraping is complete.  If we decided to take the maximum of a running time averaged signal, that would make more sense. The reason to take the maximum and not an average over a period of time is that the luminosity is actually decaying during this time interval. Once the effect of the noise is gone, we really do want to know the maximum. In the end we decided to use method 2) from section 2.2 without any modifications.
2) Therefore, we have put into SDA the devices: 
C:IB0LUM 
C:ID0LUM 
C:IAVLUM 
 which implement the method discussed above. Initially this did not work properly (eg. store 3532) 
when the store document aggregate was not run at the right time (values were 0). Finally, the ACL 

script that calculates initial luminosities has been moved to the HEP aggregate.  Now even if the document store aggregate does not run, the initial luminosity devices should be set.  The initial values should now be ready for SDA for every store.  


3) We implemented the devices
C:IB0LUM 
C:ID0LUM 
C:IAVLUM 
in the Supertable (Columns 135, 136 and 137 respectively) and in the Store Checker. 



3.2 Integrated luminosity: 

1) We discussed the pros and cons of using D44 vs SDA for the integrated luminosity calculation.

In the end we decided to use the SDA database information instead of D44. An alternative would have been  to use SDA as a default and if SDA fails to use D44 as a backup. We decided that if SDA has a problem we will fix it instead of making our algorithms more complicated by providing two alternatives within the same code.

2) We investigated if C:B0TLUM is a more accurate device to use than the integral over sets of C:B0ILUM[0]. Since the CDF HV comes on sometime during the first set of HEP and the HEP sets are 10 minutes long, we might occasionally lose the reading of the first set of C:B0ILUM[0]. We investigated how often this happens. The conclusion was that out of 154 good stores between August 8, 2003 (2879) and May 27, 2004 (3534) there is only one store, 3436, in which the CDF luminosity counter wasn't obviously fully on for set 1 of HEP.  So for the integrated luminosity, this would be a very small effect. If one takes into account (as mentioned earlier) that occasionally C:B0TLUM gets reset unintentionally, that would argue for using the sum over sets of C:B0ILUM[0] instead. We considered as well to take the SDA reading for each set half way in the set instead of in the beginning. That would reduce the chances of missing the set because the CDF HV is off. We also have the option to correct for this effect after we multiply the luminosity by a certain scale factor that we will have to determine. In the end we decided this is not a problem and we left the SDA reading in the beginning of each set.
 

3) In the mean time we investigated with CDF what fraction of the 6-7 minutes needed to update C:B0TLUM is taken by reading the data. It turns out that most of that time is taken by reading the data from the memory boards. Jim Patrick provided to CDF some code which would accomplish this task faster. At this point we do not know the results of this implementation.
C:B0TLUM is currently reset at a $CB event. From discussions we had with CDF and D0, it looks like they do not use this particular event for anything else than reseting C:B0TLUM, so we have the freedom to move that event by 30 seconds, say, if we want to at some later point.

2) In the end, we decided will integrate again C:B0ILUM[0] and C:D0FZTL over all HEP sets to get the integrated luminosity. (Columns 24 and 25 of the Supertable).

3) The trapezoidal summing algorithms used in the Supertable and the Derived Tables for integrated luminosity were checked again and after some minor corrections they were made consistent to each other. The calculation of the area of the trapezoid for each HEP set is currently based on two luminosity measurements 10 minutes apart. One improvement which we might consider for the future, is to cross check the current algorithm  with what we get from D44 and  evaluate the usefulness of implementing an OAC to calculate the time average luminosity value over a set.

4) We decided that we need to have a policy decision on what counts as integrated luminosity. 
Do we count studies? If so, under what conditions?  If we do rescraping  early in the store or later in the store do we subtract any amount of luminosity? Depending on what the policy is we could implement a new "study case" or other options to take into account properly what has to be done. Based on discussions with Roger Dixon and Dave McGinnis we decided on the following:

For simplicity, anytime that we have beams in collision and the detectors' luminosity counters are ON, we should count that as delivered luminosity regardless if we are doing studies or not.

There are too many gray areas to be covered if the Accelerator Division tries to decide what is useful luminosity. The experiments record how much luminosity they write to tape. The difference between the two gives people some idea on the usefulness of the delivered luminosity.

3.2 Total delivered luminosity 


1) We decided that we will not go back to investigate and recompute in detail all the old  stores of 2001 and 2002 but instead we will put "by hand" in the "CDF integrated luminosity" cells of the Superatble John Crawford’s number for the old stores and then we will continue with our new algorithms.  The CDF total delivered luminosity in Run II (since store 290, 04/03/01) is stored in 
Column 26 of the Supertable. The corresponding D0 number is tored in Column 27. Column 28 stores the average of the CDF and D0 total delivered luminosities.

2) We have considered as well keeping a column in which in case of EOS we count CDF luminosity if CDF is the only one with their luminosity counters ON and D0 luminosity in case D0 is the only one with their luminosity counters ON. We decided that this would not be a good solution because besides the complicated logistics it would imply, it would also mix CDF and D0 luminosities in the same column while we know that the luminosities of the two experiments can be different.
4. Sending the integrated luminosity to the Shot Scrapbook

1) So far the integrated luminosity (C:B0TLUM) was input in the Shot Scrapbook by Wally Kissel’s ACL scripts. We considered using them again to calculate integrated luminosity using the Supertable algorithms. Wally suggested that the existing ACL scripts are very simple, looking only at 
C:B0TLUM, while we want to integrate CDF and D0 C:B0ILUM[0] and C:D0FZTL over all HEP sets, and it might not be simple to modify them. In the end we decided to not use the ACL scripts to calculate integrated luminosity for the Shot Scrapbook but rather send the one calculated in Supertable to the Shot Scrapbook.  


2) Either the $CE clock event or the abort case could have been good times to transfer the Supertable integrated luminosity to the scrapbook. It turns out that we have to wait for the database to be closed before we send any number. Finally the integrated luminosity is put into the Scrapbook when we first time recompute a finished store (We determine this by reading ST DB table and looking at SDA headers). The information is now in:
 http://www-bd.fnal.gov/cgi-mach/machlog.pl?nb=scrap03&action=toc&page=345&scroll=true&load=no

3) The code has been implemented and running reliably since July 1st, 2004. The integrated

luminosities appear in the Shot Scrapbook approximately 20 minutes after the end of the store.             We would suggest that Crew Chiefs use these new numbers in their summaries of integrated luminosity.

5. Pending Issues
We will still have to decide how to handle the total delivered luminosity to D0 in the Supertable (Column 27). D0 started reporting luminosity values in store 704, September 17, 2001, so that was the time we started using their values in Columns 22 (initial), 25 (integrated) and 27 (total delivered)of the Supertable. By that time CDF had accumulated 5.07 pb-1 in Run II. One scenario could be to add the identical numbers of integrated luminosity for the missing stores in D0 Column 25 as we have in the corresponding CDF Column 24. Then adjust accordingly Column 27.
4. Summary

As a summary we should mention that the initial luminosity for each store is now stored in Column 135 for CDF and in Column 136 for D0. The average initial luminosity of the two experiments in stored  in Column 137. The integrated luminosity for each store is stored in Column 24 for CDF and in Column 25 for D0. The total delivered luminosities for Run II (since 04/03/2001) are stored in Column 26 for CDF and 27 for D0. Column 28 stores the average total delivered luminosity to the two experiments. 
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