Primex Note #12

Ta gger Ca libration Doc ume ntation

Timing and Energy Calibration

Eric Clinton, PrimEx collaboration, Feb. 2003

Introduction

Due to the composite nature of the Hall B photon tagger, a detector external tothe tagger must be used to provide a common TDC start to calibrate the timing of the E and T counters. In the lowintensity runsof the August 2002 PrimEx beam test, theTotal Absorption Counter (TAC) is a veryconvenient choice. The rate in the TAC is sufficientlyhigh to get enough statistics in less than a score thousand events. For thehigher luminosityruns, the TAC must be removed and a calibration must be done using another common TDC start signal. ThePair Spectrometer (PS) is another composite detector, but since it is independent of thetagger, we can use one of its component detectors asour common TDC start. After looking at a plot of TDC countsversus PS id, PS id = 5 was arbitrarilychosen since the was no single PS paddlethat was discernibl ymore active/sensitive than anyother . Also, an effort has been made to devel op

TAC energycalibration histograms. This effort will also be discussed in some detail.

General specifications

In general, the Tagger calibration code ( primex/ src/programs/monitor/ tagger_calib) makes four text files and one root file. Onlytwo of the text files are good for anygiven run, while the root file contains interestinghistograms. If tagger_calibis run over a lowintensityrun, anytext file names or root histogramswith ^TAC~ as part of the name contain valid data with a cut on theTAC trigger. Anytext file names or root histograms with ^PS~ in the name contain valid data (with a cut on PS id = 5) for high current runs. Some root histogramscontain no ^TAC~ or ^PS~ designations. These are either generic histogramsthat donot relyon TAC or PS triggersor theyare pseudo-vestigial histograms from attempts to calibrate the TAG/tagger energyspectrum. See EnergyCalibration for more information on these histograms.

The text files aregiven the followingnaming conventions. ^Tag*MeanValues$$$@@@ .txt~ where the^*~ is either an ^e~ or ^t~ denoting E or T counter data sets (respectivel y), ^$$$~ is either ^TAC~ or ^PS~ (respectivel y), and ^@@@~ gives therun number. Thetext files themselves are either a 61 (T counter) or 384 (E counter) line ASCII file with one floating point number per line. These numbers arethe

TDC calibration constants that get put intothe database. A^-1~ entryon a linein these files denotes a dead or bad channel.

Specificson the root (timing) histograms

The root files contain a relative wealth of histograms that showthebefore and after effects of calibration. A description of each of the moderatelyimportant and useful histograms will be presented now.

1.) tagt _vs_tdc(_ TAClatch/_ PSlatch) aretagger T counter TDC hitsversus TDC id. If _ TAClatch or

_ PSlatch are tacked on, onlyevents that happened in co-incidence with theTAC or PS id=5 are used to fill the histogram, respectivel y.

2. ) tage _vs_tdc(_ TAClatch/_ PSlatch)-see tagt_vs_tdc. Substitute ^E~ for ^T~. The histograms, tagt_vs_tdc and tage_vs_tdc, are theprecursor histogramsto both the _ TAClatch and _ PSlatch histograms.

Theyrepresent thecomplete timing statistics. The _TAC/ _PSlatch histogramscontain thetiming information relevant to when either the TAC or PSid=5 provided a common start, respectivel y.

3. ) tagt _vs_ps are tagger T counter TDChits versus PS id. All PS paddles were included.

4. ) tage _vs_ps-see tagt_vs_ps. Substitute ^E~ for ^T~. From this histgram and tagt_vs_ps, it was noticed that no one PSchannel was overlysensitive are had more viable statistics than anyother. PS id = 5 is arbitraryin the sense that it isno different, in termsof statistics, than anyother paddle.

5. ) tagt _vs_t(_ TAClatch/_ PSlatch) are thetagger T counter TDC hitsversus ^time~. ^Time~ in thiscase includes a geometrycut and inclusion of anycalibration constants from thedatabase. See tagt_vs_tdc for description of _ TAClatch and _ PSlatch.

6. ) tage _vs_t(_ TAClatch/_ PSlatch)-see tagt_vs_t and substitute ^e~ for ^t~. This histogram and tagt_vs_ t (_ TAClatch/_ Pslatch) are thefinal products. The goal of tagger_calib is to align all of the T and E counter channelsat a common time. The analysis program appearsto work well.

Howtiming calibration is done

In tagger_calib.cc, tagt_vs_ tdc (_ TAClatch/_ Pslatch) or tage_vs_tdc(_ TAClatch/_ Pslatch) is brought into memory. Using Root, 1-dimensional projections of each vertical bin (corresponding to a TDC channel) are made. Then, thebin with the largest number of entries serves as thestarting point for the rest of theanalysis. Three binson either side of the maximum are queried for the number ofhitsin them. A simple arithmetic average ((sum over (bin value times number of entries in bin)) / (total entries)) is then calculated. This averageis our calibration constant. However, thisonlyworks if we have an active channel. We donot wish to record spurious calibration constantsif possible. Therefore, Root is instructed to tryto fit a gaussian curve across 100 bins. The mean, sigma, and error of this gaussian fit arecalculated.

These fit values and a check of the total number of hitsin our arithmetic fit are used to determine the qualityof data. If there is a dead channel or somehownohits (division byzero) in thearithmetic calculation, a value of ^-1~ is output to the datafile. Adead channel will have either emptybins in the specifi ed range or the calculated gaussian fit parameters are identical to each other. This provides enough constraint toreliablypull out good calibration constants.

Energy Calibration

The other histogramsthat carrya ^TAC~ designation are e_t_time_ diff (*), t_vs_e_(*), e_gamma_(*), tac_vs_tag_(*), tagm_vs_t_(*), tagt_vs_tact_TAC, tagm_time_TAC where (*) standsfor

_ TAClatch. Other vestigial histogramsinclude tac_vs_ tag (number) where (number) is a number such as

700 or 1100. Please keep in mind that these histograms are not trulyvestigial, theyare just not pertinent to timing calibration.

Provided bel owis a comprehensive listing and description of current TAC energycalibration histograms.

1.) e _t_time_diff is the timing difference between the tagm E counter and T counter ID´s.

2.) e _t_time_diff_TAClatch isthe same as e_t_time_diff but with a TAC trigger cut.

3.) e _gamma is the fully recontructed photon energy.

4.) e _gamma_TAClatch is the same as e_gamma but with a TAC trigger cut.

5.) t _vs_e is the E counter IDvs. T counter from the tagm bank. The tagm bank contains the fully reconstructed photon energy.

6.) t _vs_e_TAClatch isthe same as t_vs_e with a cut in the TAC trigger.

7.) tac_vs_tag is the recontructed photon energyversus the TAC ADC spectrum

8.) tac _vs_tag_TAClatch is the same as tac_vs_tag but with a TAC trigger cut.

9.) tac_vs_tag_latched_4 id thesameas tac_vs_tag but with a Master OR trigger cut.

10.) tagm _vs_t isthe reconstructed photon energyversus reconstructed time.

11.) tagm _vs_t_TAClatch isthe same as tagm_vs_t but with a TAC trigger cut.

12.) tac issimplythe TAC ADC spectrum.

13.) taca _vs_tact isthe TAC ADC versus TDC spectrum.

14.) tagt _vs_tact is the TACTDC versus T Counter spectrum.

15.) tagt _vs_tact_TAC same as tagt_vs_tact but with TAC trigger cut.

16.) trig _latch histogramshowoften each trigger fired.

17.) tac _vs_tag*** isthe reconstructed photon energyversus TAC ADC value, plotted so look at that spectrum around what appearsto be a correlation. The number ` ***´ corresponds to the width about the correlation we wish to investigate.

18.) tagm_time_TAC is the tagm bank time spectrum

19.) calib _const isan attempt to pull out thecalibration constant (slope of the correlation in tac_vs_tag***) from TAC and reconstructed photon energies. Thishistogram hasnot been fullydeveloped and tested due to lack of statistics.

Energycalibration of the TAC would be realized, given enough statistics, byusing tac_vs_tag_TAClatch to look for a correlation between TAC ADC values and the reconstructed photon energy. Other histograms, like tac_vs_tag***, could be used with the Master OR trigger to check any correlation. Namely, there might not be enough lowenergyevents with TAC triggers toreliabl ypull out an ADC pedestal. The extra histograms detailed above are still useful as diagnostic tools if some of the energycalibration histograms have problems. It is alsorequired tonote that while the TAC timing data can be gleaned from about twentythousand events or so, energycalibration takes more statistics. It is currently not known howmuch more, but judging from current histograms, the required statistics are less than an order of magnitude greater than what isrequired for timing calibration.

Thisdocument should be a complete listing and explanation of current Tagger timing and energy calibration histograms. If thereare anyquestions, please email Eric Clinton (eclinton@jlab.org) or call

(x6356).