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QMLFTool optimization

Cache PMT position: Remove the following two lines from fcn
function, cache PMT position information in memory.
CLHEP::Hep3Vector pos = m_pmtGeomSvc->get(pmtid)->localPosition();

CLHEP::Hep3Vector norm = m_pmtGeomSvc->get(pmtid)->localDirection();

Simpler Minuit command: use strategy 0 for faster result, use
standard tolerance, lower max Calls to 1000. (Very small
effect to results.)

Keep reflection only to 3rd order. (Small effect)

Use AD simple result as initial value. (better initial value
reduce function calls.)
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QMLFTool optimization

1000 IBD events fit.

Modification time

QMLF Original 263 s
Cache PMT position 128 s
Simpler Minuit command 91 s
Reflection only to 3rd order 73 s
Use AD simple as initial value 62 s

AD simple 19 s
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QMLFTool optimization

A: 1000 readouts (IBD). B: 10000 readouts (K 40)

Comparison 1 readout A B

Ad simple (Berkeley) 25 s 55 s 7 m 12 s
QMLF optimized 26 s 148 s 8 m 25 s
QMLF original 26 s 15 m 43 s 23 m 6 s

Reduced the CPU time for Maximum likelihood fit by a factor
of 4.

After optimization, Maximum likelihood fit takes about 4
times of “AD simple” CPU time (this including the time using
“AD simple” as initial value).

Code:
http://dayabay.ihep.ac.cn/svn/dybsvn/people/qinghe/QMLFTool/
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Performance
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First row: Maximum likelihood fit. Second row: Ad Simple

Princeton University August 15, 2011 5 / 9



Performance comparison

RecX­GenX (m)

­4 ­2 0 2 4
0

500

1000

RecX­GenX:RecE

h1_py

Entries  10000

Mean   ­0.005485
RMS    0.3138

 / ndf 2χ  484.4 / 57
Prob       0

Constant  18.6±  1288 
Mean      0.002417± ­0.002505 
Sigma     0.0024± 0.2358 

RecX­GenX:RecE

RecY­GenY (m)

­4 ­2 0 2 4
0

500

1000

1500

RecY­GenY:RecE

h2_py

Entries  10000

Mean   0.003378
RMS    0.3027

 / ndf 2χ  456.7 / 57
Prob       0

Constant  19.2±  1316 
Mean      0.0023684± ­0.0009025 
Sigma     0.0024± 0.2314 

RecY­GenY:RecE

RecZ­GenZ (m)

­4 ­2 0 2 4
0

500

1000

1500

RecZ­GenZ:RecE

h3_py

Entries  10000

Mean   ­0.007414
RMS    0.3486

 / ndf 2χ   1037 / 57
Prob       0

Constant  20.9±  1183 
Mean      0.0025528± ­0.0003713 
Sigma     0.0034± 0.2416 

RecZ­GenZ:RecE

RecX­GenX (m)

­4 ­2 0 2 4
0

500

1000

RecX2­GenX:RecE

h4_py
Entries  10000

Mean   ­0.02009
RMS    0.3328

 / ndf 2χ    351 / 49
Prob       0

Constant  15.3±  1066 
Mean      0.00294± ­0.02205 
Sigma     0.0029± 0.2889 

RecX2­GenX:RecE

RecY­GenY (m)

­4 ­2 0 2 4
0

500

1000

RecY2­GenY:RecE

h5_py
Entries  10000

Mean   0.01544
RMS    0.3284

 / ndf 2χ    307 / 48
Prob   1.913e­39

Constant  15.4±  1096 
Mean      0.00287± 0.01518 
Sigma     0.0027± 0.2823 

RecY2­GenY:RecE

RecZ­GenZ (m)

­4 ­2 0 2 4
0

500

1000

RecZ2­GenZ:RecE

h6_py
Entries  10000

Mean   0.007997
RMS    0.3656

 / ndf 2χ    401 / 50
Prob       0

Constant  14.0± 964.5 
Mean      0.003248± 0.009921 
Sigma     0.0033± 0.3176 

RecZ2­GenZ:RecE

First row: Maximum likelihood fit. Second row: Ad Simple

Maximum likelihood has better resolution
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Performance comparison

GenX (m)
­2 0 2

R
e
c
X

­G
e
n
X

 (
m

)

­1

­0.5

0

0.5

1
RecX­GenX:GenX

ha_pfx
Entries  29

Mean   ­0.006487

Mean y  ­0.00468

RMS     1.008

RMS y  0.3193

RecX­GenX:GenX

GenY (m)
­2 0 2

R
e
c
Y

­G
e
n
Y

 (
m

)

­1

­0.5

0

0.5

1
RecY­GenY:GenY

hb_pfx
Entries  26

Mean   ­0.01294

Mean y  0.004392

RMS    0.9942

RMS y  0.3079

RecY­GenY:GenY

GenZ (m)
­2 0 2

R
e
c
Z

­G
e
n
Z

 (
m

)

­1

­0.5

0

0.5

1
RecZ­GenZ:GenZ

hc_pfx
Entries  29

Mean   0.000462

Mean y  ­0.005953

RMS     1.149

RMS y  0.4434

RecZ­GenZ:GenZ

GenX (m)
­2 0 2

R
e
c
X

­G
e
n
X

 (
m

)

­1

­0.5

0

0.5

1
RecX2­GenX:GenX

hd_pfx
Entries  69

Mean   ­0.006815

Mean y  ­0.02007

RMS     1.008

RMS y  0.3338

RecX2­GenX:GenX

GenX (m)
­2 0 2

R
e
c
X

­G
e
n
X

 (
m

)

­1

­0.5

0

0.5

1
RecY2­GenY:GenY

he_pfx
Entries  64

Mean   ­0.01359
Mean y  0.01569

RMS     0.994

RMS y  0.3288

RecY2­GenY:GenY

GenZ (m)
­2 0 2

R
e
c
Z

­G
e
n
Z

 (
m

)

­1

­0.5

0

0.5

1
RecZ2­GenZ:GenZ

hf_pfx
Entries  71

Mean   0.0005297

Mean y  0.007961

RMS     1.148

RMS y  0.3663

RecZ2­GenZ:GenZ

First row: Maximum likelihood fit. Second row: Ad Simple

Maximum likelihood tend to pull events out while Ad simple does the opposite.

Maximum likelihood fit has better performance at large |Z |.

Princeton University August 15, 2011 7 / 9



Maximum likelihood fit
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First row: E>0.5 MeV. Second row: E<0.5 MeV

Higher energy has lower bias
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Summary

Maximum likelihood fit has better resolution and lower bias.

The CPU time has been significantly reduced after
optimization
Code:
http://dayabay.ihep.ac.cn/svn/dybsvn/people/qinghe/QMLFTool/
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