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Abstract

We have described the data collected by the HCAL detector during Global Run at the end of November
2007 (GREN). We looked at timing of the HCAL readout with respect to L1A triggers. We have also
analyzed the effects of Zero Suppression on the HCAL readout.



1. Introduction

 

The Global Run at the end of November (GREN) was the first run to read out all 36 

HCAL Barrel wedges. In earlier runs, only portions of the HCAL Barrel were 

commissioned and read out. The results of the analysis of previous global runs in 

September and October 2007 have been presented in CMS Internal Note 2008/010 [1]. 

First observation of cosmic rays in HCAL Barrel wedges was described in CMS Internal 

Note 2007/059 [2]. 

 

In this note, we summarize  HCAL data recorded during GREN. In Section 2  we present 

an overview of the GREN dataset. In Section 3 we describe in detail the adjustment of the 

timing of the HCAL readout with respect to global trigger.  In Section 4 we summarize 

the analysis of HCAL random trigger data recorded with Zero Suppression (ZS) enabled.  

 

2. The GREN Data 
 

Contrary to its acronym, most of the GREN runs were recorded in the first week of 

December 2007. The HCAL readout included all 36 Barrel wedges. In addition, the entire 

HO/YB0 wheel (all 12 sectors) and the entire HE+ (all 18 readout boxes) were powered 

and included in the readout. Due to lack of cooling, HO readout boxes (RBX's) on 

moving wheels (YB+/-1, YB+/-2) and on HE- were not included in the readout. 

 

Three different subsystems provided cosmic ray triggers: DT, RPC and HCAL. The DT 

Trigger was based on information from only three sectors: S9, S10 and S11 on the YB0 

wheel. However, all DT sectors on YB0 were enabled in the readout. The RPC trigger 

configuration consisted of four sectors on wheels YB0 and YB+2: S2, S3, S10, S11. 

GREN was the first CMS global run which used the HCAL trigger. The HCAL trigger 

required coincidence of signals from two opposite-side trigger towers (both in eta and 

phi) to optimize selection of muons passing close to the detector interaction point. 

 

Table 1 summarizes the information for GREN runs recorded Dec 3-7, 2007, including 

the number of events recorded, date and time when the run started, trigger source and 

detector subsystems included in the readout. This table can also be found on the Run 

Coordination TWIKI page [3]. 

 

 

 

 

 





3. Timing of HCAL readout with respect to the trigger 
 

The HCAL data for 10 bunch crossings (bx) is recorded for every trigger. The Pipeline 

Length Delay (PLD) is the parameter that determines where to look in the HCAL data 

pipeline to find the HCAL signal corresponding to the bunch crossing that generated the 

trigger.   

 

Finally  Pipeline Delay Length will be fixed to match arrival time of data associated with 

a trigger. However, right now we  are still in process of commissioning CMS trigger 

system and establishing trigger arrival times. Thus, since the time required to generate a 

trigger decision may shift, it is important to confirm proper timing of the HCAL readout 

with respect to the Level_1_Accept (L1A) trigger. 

 

A diagram illustrating the technique for adjusting the PLD is shown on Figure 1. For 

example, if the time needed to generate the muon trigger was reduced by 4 bunch 

crossings, then the PLD would be too long with respect to actual time required to 

formulate a trigger. As a result, HCAL readout would sample only the beginning of the 

muon signal. Reduction of the PLD from 86 bx to 82 bx would allow the entire muon 

signal to registered.   

 

Figure 2 shows a scatter plot of the timing of the HCAL signal within the 10 bunch 

crossing in the readout window, as a function of HCAL trigger tower phi index. The data 

corresponds to the first 5000 events from run 30142, one of the first GREN runs with 

HCAL included in the readout. The trigger was provided by the bottom three DT sectors 

on YB0 wheel: S9, S10 and S11. The top DT sectors (S3, S4 and S5 on YB0) were 

included in the readout, but not in the trigger generation. 



 
 
Figure 2: Scatter plot of timing of HCAL signal inside 10 bunch crossing readout 

window, as a function of HCAL trigger tower phi index. The data corresponds to first 5k 

events for  one of first GREN runs with HCAL included in the readout. R30142.  

 

The HCAL events were selected by requiring a signal larger than 6 ADC counts in a 

single HCAL tower (the signal summed 10 bunch crossings). Muons traversing the 

HCAL Barrel tower are expected to deposit 1 to 2 GeV of energy. One ADC count 

corresponds approximately to an energy of 200 MeV.  The typical noise in HCAL (single 

channel, summed over 10 bunch crossings) has an RMS of ~1.3 ADC counts. The timing 

of HCAL signal for each tower is defined using the energy weighted sum of bunch 

crossings +/- 1bx around the bunch crossing with highest energy deposition. 

 

In Figure 2, two bands can be seen. The regions of phi=18 and phi=54 correspond to 

HCAL towers located close to the vertical (x=0) axis of the CMS detectors. These HCAL 

regions overlap with DT S4 (top of the YB0 wheel, phi=18) and DT S10 (bottom of the 

YB0 wheel, phi=54). The HCAL signals in these two regions have an average timing 

equal to approximately 5 bunch crossings. The average timing of ~4 bx implies that the 

signal appears approximately in the middle of the 10 bx HCAL readout window. 

 

 



A plot with the average time of HCAL signal (located in the lower right corner of the 

scatter-plot in Figure 2) shows in fact that the HCAL signals in the top section of half-

barrel (phi=18) arrive approximately 0.5 bx earlier than the HCAL signals in the lower 

section of the half-barrel (phi=54).  

 

The timing of the triggers is set to correspond to interactions in the center of CMS while 

cosmic ray muons travel from top to bottom. Muon signals arrive early in the top part of 

CMS and later in the bottom part of the detector.  A time difference of 0.5 bx is 

consistent with the time-of-flight of muons between the upper and lower sections of the 

HCAL half-barrels. 

 

However, there are also two clusters of events with an average HCAL timing of 8 to 9 

bunch crossings. These two clusters of events correspond to the HCAL tower phi 

overlapping with  DT sectors S9 and S11. The average HCAL time of 8 to 9 bx implies 

that pipeline length delay is too long with respect to the time it takes to generate L1A. 

 

It was realized after this run was completed, that S10 triggers were ~4bx late with respect 

to S9 and S11 triggers.  The latency of DT triggers from sector S10 was reduced by 4 

bunch crossing. In parallel, the HCAL pipeline delay was adjusted from the setting of 86 

bx (the setting used for DT/HCAL global run taken in October 2007) to 82 bx. 

 

Throughout GREN, the HCAL pipeline delay was changed several times. Table 2 

summarizes the pipeline delay settings for HCAL in GREN. 

 

Figure 3 compares the distributions of average timing and average event shape of the 

HCAL Barrel signals for run 30142 (DT triggers from S10 arrive 4 bx later than from S9 

and S11) with a similar distribution for run 30146, where S10 trigger time was corrected. 

For both of these runs, the HCAL pipeline delay was equal to 86 bx. The bottom row of 

plots in Figure 3 shows the same distributions for run 30174, after the pipeline delay for 

HCAL Barrel was set to 82 bx. In the run 30174, the average time of the HCAL signal is 

set around 4.5 bx. The average event shape plot indicated that the entire muon signal is 

fully contained inside the 10 bx window. 

 

 



 

 
 

Figure 3:  Average event shape (left plot) and average time of signal in HCAL Barrel, 

runs 30142 (PLD=86bx, S10 triggers 4bx late), r30146 (PLD=86 bx, S10 trigger timing 

corrected) and 30174 after setting HCAL Pipeline Length Delay to 82 bx.  In all of the 

above plots, horizontal units are bunch crossings (bx).  HCAL reads out 10 bx per trigger. 



4. Pedestal and Zero Suppression (ZS) Data for run 30333 

 

A typical pedestal distribution for  a single HCAL QIE channel (in raw ADC counts) is 

shown in the upper left plot of Figure 4. The RMS of the pedestal distribution is 

approximately 0.8 ADC counts. The distribution of pedestal RMS's for 2592 HB 

channels (with 4 CapIDs per channel calculated separately) is shown in the lower left plot 

of Figure 4.   

 

Pedestal values can be adjusted by changing the Digital to Analog Converter (DAC) 

values in  HCAL front end QIE cards. During GREN, only subset of HCAL channels had 

pedestals adjusted.  Pedestal DAC settings can be set in the range from 0 to 7.  Typically, 

increase of DAC by one count (for example from 4 to 5) results in average pedestals 

increase of 0.5 ADC counts. 

Figure 4: Pedestal distributions; single HB channel (upper left), average pedestals for HB 

(upper right, RMS of HB pedestals (lower left) and average pedestals for HE (lower 

right). In all the above plots, horizontal units are linearized ADC counts. 

 

 



For HEplus and HO, the DAC values were set to 7 for all channels (norm7). Norm7 DAC 

values result in pedestal means in the range of  3.5 to 5.5 ADC counts, with an average of 

4.5 ADC counts, and with an RMS of the means of 0.5 ADC counts  (see the lower right 

plot of Figure 4).  HEminus front ends were  not powered up during GREN. 

 

However, HB QIEs pedstals settings were tuned individually for each channel (with DAC 

setting at norm4, norm5 or norm6) so that the pedestal means of individual channels were 

in the range of  2.5 to 3.5 ADC counts, with the RMS of the distribution of means at the 

level of 0.15 ADC counts (see the upper right plot of Figure 4). 

 

The HCAL Zero Suppression (ZS) was enabled for a set of runs recorded with random 

triggers on December 5th (runs 30260-30342). Figure 5 shows that ZS acts on the sum of 

bx3 and bx4 (numbering bunch crossings from 0 to 9). There is clear cutoff in the 

distribution of the 2 time-slice sum (2TS sum) distribution at an ADC count of 9. For 

other 2TS sums, the distributions are not cut off and extend almost all the way down to 0 

ADC counts. Zero Suppression firmware suppresses writing out of HCAL channels with 

a 2TS sum (bx3+bx4) below 9 ADC counts, as Figure 5 shows. 

Figure 5: Pedestal distributions for 2 time slice sums, r30333 with Zero Suppression.  ZS 

acts on bx3+bx4 sum (4
th

 plot in the upper row).  The units in all above plots are raw 

ADC counts.



The total number of events analyzed in these plots is 4000. Only HCAL Barrel channels 

are included in the plots. The HCAL Barrel has 2592 readout channels. In the case of 

readout without ZS, a total of 2592*4000 channels would be read out and written to the 

data file. With ZS activated, only 28,418 channels passed the ZS cut. Based on the 

number of entries, we see that approximately 7 HB channels per event (out of a total of 

2592) survive Zero Suppression. This is consistent with 99.7% suppression, i.e. only 

0.3% of channels passed the cut. 

 

Note however, that the event record also contained HCAL Trigger Primitive (TP) block 

which was not suppressed by ZS during GREN. Thus, the HCAL event size, as shown on 

Figure 6, was reduced only from 10.8kB/FED (left plot, no ZS) to 6.7kB/FED (right plot, 

with ZS, requiring sum of 2TS>=9 ADC counts).  The desired total event size for HCAL 

is 2kB/FED.   

 

During GREN data taking ZS did not function properly for  channels without  optical link 
between QIE cards (front ends) and HTR cards. For that reason, all  HEminus channels  
(HEminus front ends were not powered up during GREN) were always unsuppressed.   In 
addition,  the thresholds for HEplus were not optimal as pedestal tuning for this 
subdetector was not available yet (see plots on Figure 4).  In the future runs, these caveats 
will be eliminated.  Nevertheless, one can use GREN ZS results as  indicator of future 
performance of HCAL in terms of events size/FED. 
 

 
 

Figure 6:  Comparison of event size per Front End Devise (FED) for run 30205 without 

Zero Suppression and for run 30333 with Zero Suppression (2TS>=9 ADC counts). 

 

 

 

 

 



5. Summary of HCAL data collected during  GREN 
 

Data collected during GREN provided very interesting information on the performance of 

the HCAL detector. All 36 HCAL Barrel wedges were read out. In addition, all 12 

HO/YB0 sectors were We established the pipeline length delay of the HCAL readout can 

by looking at the average timing of the HCAL muon signal within the 10 bunch crossing 

window of HCAL readout.  

 

We have studied the Zero Suppression of HCAL signals. For HCAL Barrel channels, 

where mean value of pedestals were adjusted to 3 ADC counts (within +/- 0.5 counts), 

Zero Suppression firmware, which checks if the running sum of energy in two 

consecutive time slices is at least 9 ADC counts, would suppress 99.7% of channels (pass 

~ 0.3% of channels).  

 

Note however, that during GREN Zero Suppression was not applied to Trigger 

Primitives. In addition,  ZS did not function properly for channels without optical links 
between front-end electonics (QIEs) and HTR cards --thus all of HEminus channels were 
always unsuppressed.   Finally, the thresholds for HEplus were not optimal as pedestal 
tuning was not available yet.  
 
HCAL’s goal is to reduce the event size to ~ 2kB/FED.  However, due to limitations 

listed above present during GREN, HCAL event size was reduced only from 10.8 

kB/FED to 6.7 kB/FED.  
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