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2 Hardware Scaler Issues
n HW scaler issues

1. Sometimes some scaler channel could have a big jump of 2^32.

Run 1864



3 Hardware Scaler Issues
n HW scaler issues

1. Sometimes some scaler channel could have a big jump of 2^32.
v That’s because those scalers were getting cleared and software assumed 32-bit rollover.

Run 3606



4 Hardware Scaler Issues
n HW scaler issues

1. Sometimes some scaler channel could have a big jump of 2^32.
2. Sometimes some scaler channel could have small jumps.

Run 2123



5 Hardware Scaler Issues
n HW scaler issues

1. Sometimes some scaler channel could have a big jump of 2^32.
2. Sometimes some scaler channel could have small jumps.

v In some cases, the helicity scaler terminates when there is a HW jump

Run 1688

205s



6 Hardware Scaler Issues
n HW scaler issues

1. Sometimes some scaler channel could have a big jump of 2^32.
2. Sometimes some scaler channel could have small jumps.
3. Sometimes some scaler channel could have weird behavior.

Run 3111



7 Hardware Scaler Issues
n HW scaler issues

1. Sometimes some scaler channel could have a big jump of 2^32.
2. Sometimes some scaler channel could have small jumps.
3. Sometimes some scaler channel could have weird behavior (especially BCM2).

Run 3139



8 Helicity Scaler
n Hypothesis
Ø Hanjie Liu: the helicity (Hel) scalers should always lead to good scaler values
Ø Bob Michaels worked on exploring this hypothesis and found that that’s basically correct
Ø But Bob found that the HW/Hel ratios from COIN segments and SKIM are different for some runs
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9 Helicity Scaler
n Issue in Pass0
Ø HW/Hel ratios from COIN segments and SKIM are different for some runs
Ø Take run 3136 as an example:

v HW scaler: The last scaler entry in TSH tree
v Hel scaler: 𝑐𝑜𝑢𝑛𝑡𝑠 = 	∑!"#$ 𝑠𝑐𝑎𝑙𝑒𝑟!

BCM4A charge (mC) HW Hel ratio
COIN 36890.4 36889.1 1.000035
SKIM 36890.4 13910.5 2.651982



10 Helicity Scaler
n Issue in Pass0
Ø HW/Hel ratios from COIN segments and SKIM are different for some runs
Ø Take run 3136 as an example:

v HW scaler: The last scaler entry in TSH tree
v Hel scaler: 𝑐𝑜𝑢𝑛𝑡𝑠 = 	∑!"#$ 𝑠𝑐𝑎𝑙𝑒𝑟!

BCM4A charge (mC) HW scaler Hel scaler ratio
seg 0 11456.0 11513.3 0.995023
seg 1 22954.1 11472.8 1.002205
seg 2 34478.3 11505.8 1.001599
seg 3 36890.4 2397.24 1.006199

COIN total 36890.4 36889.1 1.000035
SKIM 36890.4 13910.5 2.651982



11 Helicity Scaler
n Issue in Pass0
Ø HW/Hel ratios from COIN segments and SKIM are different for some runs
Ø Take run 3136 as an example:

v HW scaler: The last scaler entry in TSH tree
v Hel scaler: 𝑐𝑜𝑢𝑛𝑡𝑠 = 	∑!"#$ 𝑠𝑐𝑎𝑙𝑒𝑟!

HW scaler entries Hel scaler entries
seg 0 212 9977
seg 1 213 9935
seg 2 213 9991
seg 3 136 7550

COIN total 774 37453
SKIM 347 17527
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12 Helicity Scaler
n Replay test
Ø I replayed two runs using the SKIM script: 3136, 3144

Normal case Segment missing

All the segments were found Only 2 segments were found



13 Scaler Check for Pass1
n Pass1 scaler check
Ø I only analyzed all the runs that are marked as “production” in Josh’s run list
Ø Total number of production runs: 3571
Ø Number of runs that the skim root file doesn't exist: 62
Ø Number of runs that were analyzed: 3509
Ø For each run:

1. Calculate the total charge and beam time for each BCM (BCM1, BCM2, BCM4A, BCM4C)
2. Remove the big jumps (>10s) in the 1MHz scaler when calculating the total beam time
3. Applied the 2uA beam current cut for each BCM charge and the corresponding total beam time

Ø Classify all the production runs into 4 categories roughly

Charge ratios (𝑅!) Time ratios (𝑇!) Number of runs Percentage
Good ratios All 𝑅! < 1.02 3313 94.41%

Bad ratios but good Hel scaler Any 𝑅! > 1.02 Any 𝑇! < 1.02 139 3.96%

Need more investigation Any 𝑅! > 1.02
All  𝑅! < 1.2 All 𝑇! > 1.02 13 0.37%

Broken Hel Any 𝑅! > 1.2 All 𝑇! > 1.02 44 1.25%

HW/Hel ratios from the COIN 

segment root files are still bad. 

Pass1 SKIM replay à Good



14 Scaler Check for Pass1
n Investigation on the bad ratio runs 
Ø Why the ratios are not close to 1?
Ø Let’s look at the 1MHz time ratio since it’s beam independent
Ø Good ratio runs:

1. The ratios of HW/Hel are very close to 1
2. Both the HW and Hel 1MHz time is very stable
3. The 1MHz time from HW and Hel is in good sync
4. Time interval between 2 scaler events is stable

1. HW scaler max interval is about 2s
2. Hel scaler interval is stable around 0.03383 s
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BCM2 scaler charge (HW)

0 100 200 300 400 500 600
event count

0

5000

10000

15000

20000

25000

ch
ar

ge
 [u

C
] BCM2 scaler charge (HW) BCM2 scaler charge (Hel)

0 5000 10000 15000 20000 25000 30000 35000 40000
event count

0

5000

10000

15000

20000

25000

ch
ar

ge
 [u

C
]

ratio = 23051.26 / 23050.33 = 1.0000

BCM2 scaler charge (Hel)

BCM4A scaler charge (HW)
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BCM4C scaler charge (HW)
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BCM1 scaler charge (HW)
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BCM1 scaler charge (Hel)

BCM2 scaler charge (HW)
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BCM2 scaler charge (Hel)

BCM4A scaler charge (HW)
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BCM4C scaler charge (HW)
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1MHz time diff between HW scaler event
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very stable around 0.03383 smax interval = 2 s
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Ø Branch “evNumber” is the physics event number for 
a scaler event

Ø Find the HW/Hel scaler events that has the same 
“evNumber” 

good time sync



15 Scaler Check for Pass1
n Examples for bad ratio runs
Ø Run 3126 (Bad ratios but good Hel scaler)
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BCM4A scaler charge (HW)
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BCM4C scaler charge (HW)

0 200 400 600 800 1000
event count

0

5000

10000

15000

20000

25000

ch
ar

ge
 [u

C
] BCM4C scaler charge (HW) BCM4C scaler charge (Hel)

0 5000 10000 15000 20000 25000 30000 35000 40000 45000
event count

0

5000

10000

15000

20000

25000

ch
ar

ge
 [u

C
]

ratio = 26610.16 / 26609.92 = 1.0000

BCM4C scaler charge (Hel)

1MHz time (HW)

0 200 400 600 800 1000
event count

0

200

400

600

800

1000

1200

1400

tim
e 

[s
]

1MHz time (HW) 1MHz time (Hel)

0 5000 10000 15000 20000 25000 30000 35000 40000 45000
event count

0

200

400

600

800

1000

1200

1400

tim
e 

[s
]

ratio = 1404.63 / 1404.59 = 1.0000

1MHz time (Hel)

BCM1 scaler charge (HW)

0 200 400 600 800 1000
event count

0

5000

10000

15000

20000

25000

ch
ar

ge
 [u

C
] BCM1 scaler charge (HW) BCM1 scaler charge (Hel)

0 5000 10000 15000 20000 25000 30000 35000 40000 45000
event count

0

5000

10000

15000

20000

25000

ch
ar

ge
 [u

C
]

ratio = 27155.11 / 27154.89 = 1.0000

BCM1 scaler charge (Hel)

BCM2 scaler charge (HW)

0 200 400 600 800 1000
event count

0

5000

10000

15000

20000

25000

ch
ar

ge
 [u

C
] BCM2 scaler charge (HW) BCM2 scaler charge (Hel)

0 5000 10000 15000 20000 25000 30000 35000 40000 45000
event count

0

5000

10000

15000

20000

25000

ch
ar

ge
 [u

C
]

ratio = 68733.13 / 26721.23 = 2.5722

BCM2 scaler charge (Hel)

BCM4A scaler charge (HW)

0 200 400 600 800 1000
event count

0

5000

10000

15000

20000

25000

ch
ar

ge
 [u

C
] BCM4A scaler charge (HW) BCM4A scaler charge (Hel)

0 5000 10000 15000 20000 25000 30000 35000 40000 45000
event count

0

5000

10000

15000

20000

25000

ch
ar

ge
 [u

C
]

ratio = 26784.74 / 26784.51 = 1.0000

BCM4A scaler charge (Hel)

BCM4C scaler charge (HW)

0 200 400 600 800 1000
event count

0

5000

10000

15000

20000

25000

ch
ar

ge
 [u

C
] BCM4C scaler charge (HW) BCM4C scaler charge (Hel)

0 5000 10000 15000 20000 25000 30000 35000 40000 45000
event count

0

5000

10000

15000

20000

25000

ch
ar

ge
 [u

C
]

ratio = 26610.16 / 26609.92 = 1.0000

BCM4C scaler charge (Hel)

1MHz time ratio (HW/Hel)

0 500 1000 1500 2000 2500 3000 3500 4000
310×

event number

0.9

0.95

1

1.05

1.1

1.15

1.2

ra
tio

h_time_ratio
Entries  116
Mean x  2.186e+06
Mean y       1
Std Dev x  8.637e+05
Std Dev y 05− 8.48e

STD_ave = 0.00009, Max_STD=0.00091

1MHz time ratio (HW/Hel)

1MHz time diff between HW scaler event

0 500 1000 1500 2000 2500 3000 3500 4000
310×

event number

0

1

2

3

4

5

tim
e 

di
ff 

[s
]

1MHz time diff between HW scaler event 1MHz time diff between Hel scaler event

0 500 1000 1500 2000 2500 3000 3500 4000
310×

event number

0.01−

0

0.01

0.02

0.03

0.04

0.05

0.06

tim
e 

di
ff 

[s
]

1MHz time diff between Hel scaler event

very stable around 0.03383 smax interval = 2 s

good time sync



16 Scaler Check for Pass1
n Examples for bad ratio runs
Ø Run 2082 (Good ratios)
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17 Scaler Check for Pass1
n Examples for bad ratio runs
Ø Run 2069 (Bad ratios but good Hel scaler)
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18 Scaler Check for Pass1
n Examples for bad ratio runs
Ø Run 1688 (Broken Hel)
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19 Scaler Check for Pass1
n Criteria for good helicity scaler

1. The time sync between HW scaler and Hel scaler is good
2. The time interval between Hel scaler events is very stable at 0.03383s
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Ø If both of the two criteria are not satisfied, the helicity scaler health is suspicious
Ø It doesn’t mean that the helicity scaler is bad but we need to be careful
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1MHz time ratio (HW/Hel)

Number of runs Percentage Good Hel Suspicious Hel Bad Hel
Good ratios 3313 94.41% 3122 191 0

Bad ratios but good Hel scaler 139 3.96% 109 30 0
Need more investigation 13 0.37% 8 3 2

Broken Hel 44 1.25% 0 0 44

Good run 3450 Bad run 2082



20 Scaler Check for Pass1
n Helicity scaler status

Ø I added a new column in Josh’s run list (column H) and there are 4 classes for it

Number of runs Percentage Good Hel Suspicious Hel Bad Hel
Good ratios 3313 94.41% 3122 191 0

Bad ratios but good Hel scaler 139 3.96% 109 30 0
Need more investigation 13 0.37% 8 3 2

Broken Hel 44 1.25% 0 0 44

92.3%     6.4%.                  1.3%



21 Summary
n Summary

Ø The HW scaler is not very stable sometimes and we want to get better scaler results from Hel scaler
Ø The Hel scaler is much more reliable than HW scaler
Ø Hypothesis: the Hel scalers should always lead to good scaler values

v For the runs with suspicious Hel scaler, we need to be careful but it’s still better than the very unstable HW scaler

Number of runs Percentage Good Hel Suspicious Hel Bad Hel
Good ratios 3313 94.41% 3122 191 0

Bad ratios but good Hel scaler 139 3.96% 109 30 0
Need more investigation 13 0.37% 8 3 2

Broken Hel 44 1.25% 0 0 44

92.3%     6.4%.                  1.3%

n To-Do List
Ø Produce a database (text file) with charges, # triggers and CPU live time for each run. (# of segments)



THANKS!


