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Introduction	
This document provides an overview of BGO single-interaction data (CAT9, Prettyman et al. 
2011) processing for the NASA Dawn mission’s Gamma Ray and Neutron Detector (GRaND). The 
methods and parameters used to correct and calibrate the Raw-level time-series BGO spectra 
are described here, including the differential non-linearity correction for the analog-to-digital 
converter, gain correction, and energy calibration. These follow the approach developed for the 
analysis of laboratory experiments and earlier mission phases (see Prettyman and Feldman, 
2013; Prettyman et al., 2011). The resulting higher-level data set are archived as part of the 
Planetary Data System (PDS), GRaND Calibrated collection for the Vesta and Ceres bundles. 

Methods	
 

1. Correction for Differential Non-Linearity 

The pulse height of output signals from the BGO detector is analyzed and digitized by the 
Analog to Digital Converter (ADC). Each channel of the ADC has slightly variable widths, causing 
certain channels to be slightly more likely to count an event while others less likely (see the raw 
spectrum in Fig. 1A). This is called the differential non-linearity (DNL) of ADC and needs to be 
corrected (Prettyman et al., 2011).  An examination of the relatively flat regions of spectra 
acquired over long integration times indicates that the DNL pattern repeats itself every 32 
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considerably, requiring some time for the gain to be resumed and stable, as seen at the 
beginning of EMC, MVC's, and Approach, in the middle of MGA and LAMO, and at the end of 
HAMO2. Therefore, for the geochemical study of planetary surfaces, the periods of such solar 
events and HV ramp up have been removed.  

The energy resolutions of the total spectra (integrated over the whole phase) have been 
improved by the gain correction (see Fig. 6). As a result, for LAMO, the peak widths were 
reduced by 31% at 4.4 MeV and 18% at 6.1 MeV. Peak centroids were well calibrated by this 
method within -0.2% and 0.5%, respectively. Net counts of the peaks were well preserved 
within 2%. 
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APPENDIX	
The criteria used to filter out invalid events are as follows. They are expressed as indices in IDL 
language. It is assumed that the variable phase contains the name of the subphases during 
Vesta Encounter, and bgo_gc contains time-series gain-corrected BGO spectra.  Here, the 
variable good_ind gives the indices of events that are valid; and bad_ind gives the 
(complementary) indices of events that are invalid. 

case phase of 

'vsa': begin 

good_ind = where(live_time ge 179.6 AND live_time lt 182.6 AND $ 
      sclk ne 357777806 AND sclk ne 357792506 AND sclk ne 358198016 AND $ 
      sclk ne 358236656 AND sclk ne 359105006 AND sclk ne 359794436 AND $ 
   ( (sclk ge 357845426 AND sclk le 360491846) OR $ 
     (sclk ge 361394846 AND sclk le 362424056) OR $ 
     (sclk ge 362999502 AND sclk lt 366293045) ) AND $ 
      triples ge 2.3e4 AND triples lt 2.85e4, complement=bad_ind) 

end 

'survey': begin 

good_ind = where(live_time ge 181 AND $ 
                triples ge 2.3e4 AND triples lt 2.7e4, complement=bad_ind) 

end 

'vth': begin 

good_ind = where(live_time ge 180.5 AND $ 
       triples ge 2.3e4 AND triples lt 2.75e4 AND $ 
       sclk gt 368110805 AND sclk lt 369939695, complement=bad_ind) 

end 

'hamo': begin 

good_ind = where(live_time ge 180.35 AND live_time lt 182.5 AND $ 
                 triples ge 2.2e4 AND triples lt 2.75e4 AND $ 
                 sclk ge 371721897 AND sclk lt 373550577, $ 
                 complement=bad_ind) 

end 

'vtl': begin 

good_ind = where( ($ 
      (sclk ne 373624497 AND sclk ne 373624707 AND sclk ne 373624917 AND $ 
       sclk ne 375201787 AND $  
       sclk lt 376246187 AND live_time gt 50. ) $       ; avoid HV off                               
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       OR $ 

      (sclk gt 376574404 AND live_time lt 60. AND $ 
       triples lt 1e4 AND triples gt 5e3) ), $ 

       complement=bad_ind) 

end 

'lamo': begin 

good_ind = where( $ 
 live_time gt 58.1 AND $ 
 triples   lt 8700 AND $ 
 total( bgo_gc[*, 700:-1], 2) ne 0 AND $ 
 total( bgo_gc[*, 0:143], 2)  ne 0 $                ; truncated spectra 

 AND $ 

 ( $ 
  (sclk ge 377188024 AND sclk le 379787054 AND $ 
   live_time lt 59.9 AND triples gt 7440 ) $        ; Ep1A 

   OR $ 

  (sclk gt 381853612 AND sclk le 383142872 AND $ 
   live_time lt 59.9 AND triples gt 7000 ) $        ; Ep2A  

   OR $ 

  (sclk gt 383394445 AND sclk le 384348825 AND $ 
   live_time lt 59.9 AND triples gt 7000 ) $        ; Ep1B 

   OR $ 
  (sclk gt 386605625 AND sclk le 389442847 AND $ 
   live_time lt 60.3 AND triples gt 6000 ) $        ; Ep2B 
 ) $ 

 , complement=bad_ind) 

end 

'vt2': begin 

good_ind = where(triples lt 2.8e4 AND $ 
                 NOT (sclk gt 389908527 AND triples lt 2.01e4), $ 
                 complement=bad_ind) 

end 

'hamo2': begin 

good_ind = where(sclk lt 396331797 AND live_time gt 181.5, $ 
                 complement=bad_ind) 
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end 

'vtc': begin 

good_ind = where(sclk ge 396792117 AND sclk le 397748247, $ 
                 complement=bad_ind)  
         ; Wait until Sep. 29 for BGO counts to stabilize 

end 

endcase 




