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Outline
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• The GooStats framework 

• Motivation: Borexino spectrum fit 

• Package design 

• Systematic uncertainty estimation 

• Conclusion
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GooStats hosted on GitHub
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https://github.com/GooStats/GooStats.git
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What and Why?
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• A convenient GPU multivariate analysis framework 
• Easy spectrum fitting
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GooStats: performance
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• Speed up: around 200 times
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Motivation: Borexino spectrum fit
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• Motivation: spectral-fitting tool for Borexino analysis

0])±1.84,7±0.74,3.00±2.0 p.e./MeV, [2.00±npmts_dt1 (LY=529.1
100 200 300 400 500 600 700 800 900

 1
.0

0 
np

e)
×

10
0t

 
×

Ev
en

ts
 / 

(d
ay

1

10

210

310

410

510

610

710
 tons×default.Major from 582.51 days 

 0.000±-2ln(L) 8270.6 p-value 1.000 
-1100t)× 2.2 (day±Bi = 16.7 210

-1100t)× 0.30 (day±C = 2.09 11

 1.0± [p] 40.0 -1100t)× 0.99 (sec±C = 40.00 14

-1100t)× 0.33 (day±Bi = 1.86 214Ext 
-1100t)× 1.5 (day±K = 0.5 40Ext 

-1100t)× 0.16 (day±Tl = 3.35 208Ext 
-1100t)× 2.1 (day±Kr = 6.4 85

-1100t)× 0.74 (day±Po = 259.12 210

-1100t)× 1.3 (day± = 46.3 862Be)7(ν
-1100t)× 0.057 (day± = 1.979 384Be)7(ν

 0.56± [p] 4.92 -1100t)× 0.56 (day±(CNO) = 4.92 ν
-1100t)× 0.48 (day±(pep) = 2.80 ν
-1100t)× 10.8 (day±(pp) = 133.8 ν

 tons×default.Major from 582.51 days 
 0.000±-2ln(L) 8270.6 p-value 1.000 

-1100t)× 2.2 (day±Bi = 16.7 210

-1100t)× 0.30 (day±C = 2.09 11

 1.0± [p] 40.0 -1100t)× 0.99 (sec±C = 40.00 14

-1100t)× 0.33 (day±Bi = 1.86 214Ext 
-1100t)× 1.5 (day±K = 0.5 40Ext 

-1100t)× 0.16 (day±Tl = 3.35 208Ext 
-1100t)× 2.1 (day±Kr = 6.4 85

-1100t)× 0.74 (day±Po = 259.12 210

-1100t)× 1.3 (day± = 46.3 862Be)7(ν
-1100t)× 0.057 (day± = 1.979 384Be)7(ν

 0.56± [p] 4.92 -1100t)× 0.56 (day±(CNO) = 4.92 ν
-1100t)× 0.48 (day±(pep) = 2.80 ν
-1100t)× 10.8 (day±(pp) = 133.8 ν

0])±1.84,7±0.74,3.00±2.0 p.e./MeV, [2.00±npmts_dt1 (LY=529.1
100 200 300 400 500 600 700 800 900

 1
.0

0 
np

e)
×

10
0t

 
×

Ev
en

ts
 / 

(d
ay

1

10

210

310

410

510

610

710
 tons×default.TFCtagged from 323.238 days 

 0.000±-2ln(L) 8270.6 p-value 1.000 
-1100t)× 0.63 (day±C = 0.47 10

-1100t)× 0.90 (day±C = 71.59 11

-1100t)× 1.6 (day±He = 4.0 6

-1100t)× 1.0 (day±Po = 282.8 210

 tons×default.TFCtagged from 323.238 days 
 0.000±-2ln(L) 8270.6 p-value 1.000 

-1100t)× 0.63 (day±C = 0.47 10

-1100t)× 0.90 (day±C = 71.59 11

-1100t)× 1.6 (day±He = 4.0 6

-1100t)× 1.0 (day±Po = 282.8 210



A GPU-based framework for multi-variate analysis in particle physics, Xuefeng Ding                                                                 PHYSTAT-nu 2019 @ CERN, Geneva, Switzerland 25 January 2019

Analytical Response Function
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• Analytical shape of spectrum of mono-energetic events


• Momentum based approximation 

• Match the average ( energy scale + non-linearity model )


• Match the variance ( energy resolution model )


• … (—> simplified)


• More: “Mask”, “pile-up” etc…


• We can simplify because


• Borexino response is simple: small FV in center, low energies => no irregular tail


• We are not sensitive.. => small systematics


• Fit full MC to get the bias introduced in simplification
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Multivariate Likelihood (Davini method)
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• Scaling factor introduced to remove bias.

LMV

⇣
~✓
⌘
= LTFC�sub

⇣
~✓
⌘
· LTFC�tagged
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⌘
· LRD
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· LPS

⇣
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⌘
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Package Design
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GooFit

FitManager

FCN

ROOT

minimize FCN
TMinuit

GooStats

calculating the likelihood/χ2

GooPdf

control the work flow

AnalysisManager

collect inputs and build 
GooPdf object

InputManager

save and visualize fit 
results

OutputManager

actual object that 
builds the inputs

InputBuilder

actual object that 
builds the outputs

OutputBuilder
TTree and text output

BatchOutputManager

Figure output in the 
format of pdf and root

PlotManager

• Middle Layer between GooFit and User module
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Parameter Synchronization
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• Synchronize fit parameters in joint analysis 

• Supported by tree type internal data structure

Phase-II

2012

2013

2014

2008

2009

Phase-I
Global

solar neutrino rates

background rates

background rates

Detector response
- Light yield
- resolution

Phase-I Phase-II

2012

2013

2014

2008

2009

Global

parent() parent()

parent()

parent()

parent()

parent()

parent()
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TTree Output
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• All fit parameters saved in 
TTree output automatically 

• More quantities can be 
added as lambda functions 
in the output builder
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Statistical analysis modules
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• Adding tasks of statistical analysis by registering new 
modules inheriting abstract classes 

• A few pre-installedt modules: ScanPar, DiscoveryTest..
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Physics modules

 13
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Two ways of estimating σsys
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• create an ensemble of models according to experiment 
precision 

• Fit the data with varying models through their 
coordinates 

• Generate pseudo-experiments with varying models and 
take the width of distribution of best-fit
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Method 1: fit with varying models
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• Full MC: during each iteration of the fit, vary kb / absorption 
length spectrum etc.  re-simulate and produce new pdf on the 
fly —> when one day computer is fast enough


• ~200, 000 CPU x years per fit 


• Semi-analytical: analytical non-linearity model + response Matrix


• ~30 minutes per fit


• Full analytical 

• ~2 hours per fit
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Problem with scaling response matrix
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• Systematic uncertainties 
of LY can be included by 
scaling the response 
matrix 

• This could be dangerous 
if the interested 
parameters is correlated 
with the resolution 
parameters 

• When LY is scaled, the 
resolution should also be 
changed

correlation plot from full analytical fit
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• Using full analytical response 
function, we can see the 
correlation with detector responses
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0
20

p2
20− 0 20

25.415− 11.441− 2.533 16.507 30.48

25.415− 11.441− 2.533 16.507 30.48

32−

16−

0

16

32

1.1e+000.71
409.13 467.86 526.59 585.32 644.05

409.13 467.86 526.59 585.32 644.05

32−

16−

0

16

32

2.7e-010.14

6.472− 2.157 10.786 19.415 28.044

6.472− 2.157 10.786 19.415 28.044

25.415−

11.441−

2.533

16.507

30.48

1.6e+00-0.13
9.039 14.086 19.132 24.179 29.225

9.039 14.086 19.132 24.179 29.225

25.415−

11.441−

2.533

16.507

30.48

2.8e+00-0.19
27.622 36.602 45.582 54.563 63.543

27.622 36.602 45.582 54.563 63.543

25.415−

11.441−

2.533

16.507

30.48

1.6e+000.26
0.0178− 0.0061 0.0299 0.0538 0.0777

0.0178− 0.0061 0.0299 0.0538 0.0777

25.415−

11.441−

2.533

16.507

30.48

5.9e+02-0.24
3− 1 5 9 13

3− 1 5 9 13

25.415−

11.441−

2.533

16.507

30.48

0.07
32− 16− 0 16 32

32− 16− 0 16 32

25.415−

11.441−

2.533

16.507

30.48

8.7e-010.71
25.415− 11.441− 2.533 16.507 30.48

25.415− 11.441− 2.533 16.507 30.48

0

36.4

72.8

109.2

145.6

fCher
 0.3±0.6 

inj 3.9 20−

0

20

fCher
20− 0 20

409.13 467.86 526.59 585.32 644.05

409.13 467.86 526.59 585.32 644.05

25.415−

11.441−

2.533

16.507

30.48

2.4e-01-0.35

6.472− 2.157 10.786 19.415 28.044

6.472− 2.157 10.786 19.415 28.044

409.13

467.86

526.59

585.32

644.05

6.8e+000.49
9.039 14.086 19.132 24.179 29.225

9.039 14.086 19.132 24.179 29.225

409.13

467.86

526.59

585.32

644.05

1.2e+01-0.10
27.622 36.602 45.582 54.563 63.543

27.622 36.602 45.582 54.563 63.543

409.13

467.86

526.59

585.32

644.05

6.5e+00-0.19
0.0178− 0.0061 0.0299 0.0538 0.0777

0.0178− 0.0061 0.0299 0.0538 0.0777

409.13

467.86

526.59

585.32

644.05

2.5e+030.85
3− 1 5 9 13

3− 1 5 9 13

409.13

467.86

526.59

585.32

644.05

-0.10
32− 16− 0 16 32

32− 16− 0 16 32

409.13

467.86

526.59

585.32

644.05

3.7e+000.14
25.415− 11.441− 2.533 16.507 30.48

25.415− 11.441− 2.533 16.507 30.48

409.13

467.86

526.59

585.32

644.05

4.2e+00-0.35
409.13 467.86 526.59 585.32 644.05

409.13 467.86 526.59 585.32 644.05

0

69.88

139.75

209.62

279.5

LY
 1.4±525.9 

inj 556.4
500

600

LY
500 600

6.472− 2.157 10.786 19.415 28.044

6.472− 2.157 10.786 19.415 28.044

0

40.3

80.6

120.9

161.2

Kr85

 0.1±7.9 
inj 5.0 0

10
20

Kr85
0 10 20

9.039 14.086 19.132 24.179 29.225

9.039 14.086 19.132 24.179 29.225

6.472−

2.157

10.786

19.415

28.044

-0.64 1.7e+00
27.622 36.602 45.582 54.563 63.543

27.622 36.602 45.582 54.563 63.543

6.472−

2.157

10.786

19.415

28.044

-0.75 9.6e-01
0.8143 1.0619 1.3095 1.5571 1.8048

0.8143 1.0619 1.3095 1.5571 1.8048

6.472−

2.157

10.786

19.415

28.044

0.32 3.5e+01
0.2063 1.2646 2.3229 3.3812 4.4396

0.2063 1.2646 2.3229 3.3812 4.4396

6.472−

2.157

10.786

19.415

28.044

0.37 8.2e+00
887.7− 295.9 1479.6 2663.2 3846.9

887.7− 295.9 1479.6 2663.2 3846.9

6.472−

2.157

10.786

19.415

28.044

-0.33 7.3e-03

6.472− 2.157 10.786 19.415 28.044

6.472− 2.157 10.786 19.415 28.044

9.039

14.086

19.132

24.179

29.225

-0.64 5.8e-01
9.039 14.086 19.132 24.179 29.225

9.039 14.086 19.132 24.179 29.225

0

44.2

88.4

132.6

176.8

Bi210

 0.08±19.26 
inj 20.0

10
15
20
25

Bi210
10 15 20 25

27.622 36.602 45.582 54.563 63.543

27.622 36.602 45.582 54.563 63.543

9.039

14.086

19.132

24.179

29.225

0.41 5.6e-01
0.8143 1.0619 1.3095 1.5571 1.8048

0.8143 1.0619 1.3095 1.5571 1.8048

9.039

14.086

19.132

24.179

29.225

0.07
0.2063 1.2646 2.3229 3.3812 4.4396

0.2063 1.2646 2.3229 3.3812 4.4396

9.039

14.086

19.132

24.179

29.225

0.03
887.7− 295.9 1479.6 2663.2 3846.9

887.7− 295.9 1479.6 2663.2 3846.9

9.039

14.086

19.132

24.179

29.225

-0.07

6.472− 2.157 10.786 19.415 28.044

6.472− 2.157 10.786 19.415 28.044

27.622

36.602

45.582

54.563

63.543

-0.75 1.0e+00
9.039 14.086 19.132 24.179 29.225

9.039 14.086 19.132 24.179 29.225

27.622

36.602

45.582

54.563

63.543

0.41 1.8e+00
27.622 36.602 45.582 54.563 63.543

27.622 36.602 45.582 54.563 63.543

0

52.65

105.3

157.95

210.6

Be)7(ν
 0.1±45.6 

inj 48.0
30
40
50
60

Be)7(ν
30 40 50 60

0.8143 1.0619 1.3095 1.5571 1.8048

0.8143 1.0619 1.3095 1.5571 1.8048

27.622

36.602

45.582

54.563

63.543

-0.56 3.6e+01
0.2063 1.2646 2.3229 3.3812 4.4396

0.2063 1.2646 2.3229 3.3812 4.4396

27.622

36.602

45.582

54.563

63.543

-0.53 8.5e+00
887.7− 295.9 1479.6 2663.2 3846.9

887.7− 295.9 1479.6 2663.2 3846.9

27.622

36.602

45.582

54.563

63.543

0.56 7.6e-03

6.472− 2.157 10.786 19.415 28.044

6.472− 2.157 10.786 19.415 28.044

0.8143

1.0619

1.3095

1.5571

1.8048

0.32 2.9e-02
9.039 14.086 19.132 24.179 29.225

9.039 14.086 19.132 24.179 29.225

0.8143

1.0619

1.3095

1.5571

1.8048

0.07
27.622 36.602 45.582 54.563 63.543

27.622 36.602 45.582 54.563 63.543

0.8143

1.0619

1.3095

1.5571

1.8048

-0.56 2.8e-02
0.8143 1.0619 1.3095 1.5571 1.8048

0.8143 1.0619 1.3095 1.5571 1.8048

0

56.55

113.1

169.65

226.2

-RPF(0)β
 0.008±1.250 
inj 1.5 1

1.5

-RPF(0)β
1 1.5

0.2063 1.2646 2.3229 3.3812 4.4396

0.2063 1.2646 2.3229 3.3812 4.4396

0.8143

1.0619

1.3095

1.5571

1.8048

0.91 2.3e-01
887.7− 295.9 1479.6 2663.2 3846.9

887.7− 295.9 1479.6 2663.2 3846.9

0.8143

1.0619

1.3095

1.5571

1.8048

-1.00 2.1e-04

6.472− 2.157 10.786 19.415 28.044

6.472− 2.157 10.786 19.415 28.044

0.2063

1.2646

2.3229

3.3812

4.4396

0.37 1.2e-01
9.039 14.086 19.132 24.179 29.225

9.039 14.086 19.132 24.179 29.225

0.2063

1.2646

2.3229

3.3812

4.4396

0.03
27.622 36.602 45.582 54.563 63.543

27.622 36.602 45.582 54.563 63.543

0.2063

1.2646

2.3229

3.3812

4.4396

-0.53 1.2e-01
0.8143 1.0619 1.3095 1.5571 1.8048

0.8143 1.0619 1.3095 1.5571 1.8048

0.2063

1.2646

2.3229

3.3812

4.4396

0.91 4.3e+00
0.2063 1.2646 2.3229 3.3812 4.4396

0.2063 1.2646 2.3229 3.3812 4.4396

0

34.77

69.55

104.32

139.1

-RPF(1)β
 0.02±1.86 

inj 3.2
2

4

-RPF(1)β
2 4

887.7− 295.9 1479.6 2663.2 3846.9

887.7− 295.9 1479.6 2663.2 3846.9

0.2063

1.2646

2.3229

3.3812

4.4396

-0.92 8.9e-04

6.472− 2.157 10.786 19.415 28.044

6.472− 2.157 10.786 19.415 28.044

887.7−

295.9

1479.6

2663.2

3846.9

-0.33 1.4e+02
9.039 14.086 19.132 24.179 29.225

9.039 14.086 19.132 24.179 29.225

887.7−

295.9

1479.6

2663.2

3846.9

-0.07
27.622 36.602 45.582 54.563 63.543

27.622 36.602 45.582 54.563 63.543

887.7−

295.9

1479.6

2663.2

3846.9

0.56 1.3e+02
0.8143 1.0619 1.3095 1.5571 1.8048

0.8143 1.0619 1.3095 1.5571 1.8048

887.7−

295.9

1479.6

2663.2

3846.9

-1.00 4.8e+03
0.2063 1.2646 2.3229 3.3812 4.4396

0.2063 1.2646 2.3229 3.3812 4.4396

887.7−

295.9

1479.6

2663.2

3846.9

-0.92 1.1e+03
887.7− 295.9 1479.6 2663.2 3846.9

887.7− 295.9 1479.6 2663.2 3846.9

0

50.05

100.1

150.15

200.2

-RPF(2)β
 37.4±1695.2 

inj 870.3 0

2000

-RPF(2)β
0 2000

correlation with NL correlation with res

[1] M. Agostini et al., “First Simultaneous Precision Spectroscopy of $pp$, $^7$Be, and $pep$ Solar Neutrinos with Borexino Phase-II,” pp. 1–8, Jul. 2017.
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Method 2: Monte Carlo method

 18

• pseudo-experiment spectra without distortion —> 
statistical sensitivity 

• pseudo-experiment spectra with distortion —>  
statistical    systematic uncertainty
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Conclusion

 19

• GooStats, a GPU based multivariate analysis framework 
is introduced. 

• Statistical analysis module is easy to be implemented as 
needed. TTree/figure output provided. 

• Full analytical response function has advantage that it 
treated the NL and resolution in a coherent way when 
evaluating the systematic uncertainties 

• The systematic uncertainties can also be evaluated 
using Monte Carlo method by looking at change of width 
of best fit with/without distortion


