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Error
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For WDNM, WDWM: no wall constraint in wall data 
generation step, error generation of a_wall.
For NDWM, no wall constraint in wall model, no error.
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Non-Separated Model Method
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No wall model No wall data

With wall model With wall data

With wall model No wall data

No wall model With wall data

Test on the 
sensitivity mode on 
the workspace that 
does not have wall 

model added 

Test on the sensitivity mode 
on the workspace that has 

wall model added (wall data 
generated randomly from 

LZStats)

Fixed root data file 
with no wall data

Fixed root data file 
with wall data



Separated Model Method

• Motivation: 
• With low rate, sometimes no generated data in the area of interest; only tests on 

one data file, the result is not very trustworthy
• Method: 

• Separate the model that generates dataset and the model that is used for fitting
• Same process for NDNM & WDWM cases in non-separated model cases
• For WDNM & NDWM cases, the data file will be generated randomly for fitting 

instead of fixed data file
• Improvement:

• The tested data is randomly generated for each toy trial
• For WDNM, if one data file failed the test, it will just fail the toy trial, not crash the 

whole test
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Problem: 0th interpolation 
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Data file 
generated from 
the workspace 
is totally black 
for the 0th

interpolation 
order



Initial mu_sig

• Problem: For the with wall model, no wall data case, 
the obs_data line is constant at zero
• Analysis: since there is no wall data, but there is a wall 

model, so when running LZStats, it creates more mu_sig
events to compensate for the difference
• Solution: set initial mu_sig value to 0 in the 

create_workspace code
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Calculator Type

• Run LZStats with calculator type 1, with high toys (~500) crashed in 
the middle, works fine for lower toy numbers, 100 toys
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With Model, with data
Calculator Type = 1

With model, with data
Calculator Type = 0



Output: Parameter

• Workspace:
• Livedays = 60d
• WIMP_mass = 40 GeV
• Interpolation order = 1
• Wall model: 

• Rate = 0.015 events/day
• S1 = 80
• logS2 = 3

LZStats:  
• MIN_POI = 0.1
• MAX_POI = 10
• Ntoys = 500
• LogScan
• N_POI_Scan = 9
• Calculator Type = 0
• Two-sided test
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Constraint 

No constraint
NDWM

With constraint
NDWM

No constraint
WDWM

No constraint
WDWM 12



Graph

13
(NDWM) (WDNM)(WDWM) (NDNM)

• For WDWM, NDNM, obs_data gives similar limit as the expected 
median line

• For NDWM, obs_data gives a better limit than the expected median line 
àThe datafile does not have wall data in it, but since the workspace has 
a wall model, each toy has wall data in it

• For WDNM, obs_data gives a worse limit than the expected median line 
à The wall data in the data file will be treated as signal data
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Non-constrained

Constrained, sigma = 0.5

Constrained, 1/5 S1

Comparison of 
the output on 
each case with 
different 
conditions

10 runs for each 
case and each plot 
is randomly chosen 
from the 10 
outputs 

Constrained, sigma = 0.8

NDWM WDNM WDWM NDNM



Conclusion
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No wall model No wall data

With wall model With wall data

With wall model No wall data

No wall model With wall data

The obs_data line 
gives similar upper 
limit as the best-fit line 
and fluctuates within 
the 1-sigma band

1. The obs_data line gives a 
better limit than the 
expected median line and  
fluctuates at the lower 
bound (2-sigma band)

2. The datafile does not have 
wall data in it, but since 
the workspace has a wall 
model, each toy has wall 
data in it

1. If the wall data is around the 8B region, get a significantly 
worse limit; if the wall data is far from the 8B region, get 
an error running LZStats

2. However, the problems can be solved by adding a wall 
model :back to the case of with both wall model and wall 
data case à gives a better limit and runs LZStats
successfully



Separated Model Method

• Motivation: With low rate, sometimes no generated data in the area 
of interest; only tests on one data file, the result is not very 
trustworthy
• Separate the model that generates dataset and the model that is used 

for fitting
• Same process for NDNM & WDWM cases in non-separated model 

cases
• For WDNM & NDWM cases, the data file will be generated randomly 

for fitting instead of fixed data file, 
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Problem: obs_data line

Problem: 
1. Constant Obs_data line at p-value = 1
2. Negative Obs_data line in TS plot

Solution: 
Set bool use_observed_data = false in 
analyse_output.C
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Initial fit

• Crash à Set RUN_INITIAL_FIT: false in Parameters.yaml
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High failed event (WDNM)

Raw output from 
LZStats
10 % ~ 17% failed

After run_analyse_output.sh
à ignore failed events
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Output: Parameter

• Workspace: 
• Livedays = 60d
• Rate = 0.015 events/day
• WIMP_mass = 40 GeV
• Interpolation order = 1
• Wall model:

• Data will generate from the 
overlapping region with B8 

• Rate = 0.015 events/day
• S1 = 16
• logS2 = 3

• LZStats:  
• MIN_POI = 0.1
• MAX_POI = 12
• Ntoys = 1000
• N_POI_Scan = 12
• LogScan
• Calculator Type = 9
• Two-sided test
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Constraint 

No constraint
NDWM

With constraint
NDWM

No constraint
WDWM

No constraint
WDWM
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Error

22

For WDNM, WDWM: no wall constraint in wall data 
generation step, error generation of a_wall.
For NDWM, no wall constraint in wall model, no error.
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WDNM, 3.0966, ~96m NDWM, 2.3189, ~81m 

NDNM, 2.2080, ~60m WDWM, 2.2654, ~83m 

Similar limit

WDNM à significantly 
worse limit
NDWM à slightly worse 
limit (not sure, fluctuation, 
low toy number… )
Longer run time for WDNM 
case à trying other fitting 
methods

Graph
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WDNM, 3.0873 NDWM, 2.3363 WDWM, 2.1043 

Graph(separated model) 

WDNM, 3.0966, ~96m WDWM, 2.2654, ~83m 

No wall 
constraint

With wall 
constraint

NDWM, 2.3189, ~81m 



2

2.2

2.4

2.6

2.8

3

3.2

3.4

3.6

3.8

4

5.204119983 4.440691989 4.105130343 3.918112861 3.738142614 3.597308836 3.504802682 3.417084801 3.344141541

limit vs. #wall/overlapping_area

0.9 1.5 1.5 2.5

#WE/Area

Limit

Higher density
Lower logS2

Lower density
Higher logS2

25



To do 

• Run no wall constraint cases, compare wall model 
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