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f = A ⋅
C ± y/D

C ± y
Fit Function: 
(Norm. Yield)

Data Fit: 
  

• An initial guess of the fit parameters  
is made:  A = 15 pC, C = 64.36 cm, D = 1.66 

• The initial guess of C & D is EXACTLY the 
current parameters hardcoded in HCANA

A      : Vertical Offset 
C, D : Additional Parameters 

y      : Y-Track Position [cm]      

HCANA “Model”: 
  

• Used the Fit Function (see above) with hardcoded  
parameters:   C = 64.36 cm, D = 1.66 

• For the offset parameter, I used the final offset 
determined from the Data Fit 

The Data Fit uses the hardcoded parameters as an initial guess, and  the ROOT Minuit Algorithm determines the “best” set of 
parameters to describe the 2D correlation.  The same Fit Function used in HCANA is also plotted to make a comparison. 

Original FIT Function
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Fit Function: 
(Norm. Yield)

Data Fit: 
  

• An initial guess of the fit parameters  
is made:  A = 15 pC, C = 64.36 cm, E = 106.83 cm 

• The initial guess of C is EXACTLY the 
current parameters hardcoded in HCANA 
And E = CD (product of two hardcoded HCANA params)

A      : Vertical Offset 
C, E : Additional Parameters 

y      : Y-Track Position [cm]      

HCANA “Model”: 
  

• Used the Fit Function (see above) with hardcoded  
parameters:   C = 64.36 cm, E = 106.83 cm 

• For the offset parameter, I used the final offset 
determined from the Data Fit 

The Data Fit uses the hardcoded parameters as an initial guess, and  the ROOT Minuit Algorithm determines the “best” set of 
parameters to describe the 2D correlation.  The same Fit Function used in HCANA is also plotted to make a comparison. 

NEW FIT Function

f = A ⋅
1 ± y/E
1 ± y/C
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f = A ⋅
C ± y/D

C ± y

Fit Function Comparison: 
(Showing Improvements) f = A ⋅

1 ± y/E
1 ± y/C

original new
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R =
fdataFit � fHCANA

fHCANA

<latexit sha1_base64="XJobb7XwRw3tY/pn8yncMQsk3r0="></latexit>

�R =
�fdataFit
fHCANA

<latexit sha1_base64="WcgR6G5Nve+aMgEDZ7KIFPA7L7k="></latexit>

fdataFit = A · C ± y/D

C ± y

<latexit sha1_base64="VUV174+In0FiY6xvwswdGduPgyY="></latexit>

Standard Error Propagation of the Data Fit 
(errors in fit parameters are used) 

NOTE: I dropped the subscript ‘dataFit’ 
for simplicity

�f2
dataFit =

 
@f

@A

!2

�A2 +

 
@f

@C

!2

�C2 +

 
@f

@D

!2

�D2

<latexit sha1_base64="8YjtqYKsR0c8dcmm3AIlvINx1AU="></latexit>

Interpretation:  In this example, there is up to 
~ 7.5 % difference between our studies and HCANA 
on the lower one end of the block at ~ -30 cm

 
@f

@D

!
= � Ay

D2(C + y)

<latexit sha1_base64="sDAo8BToj77/dV/o/TcEDjB6pUY="></latexit>

 
@f

@A

!
=

C + y/D

C + y

<latexit sha1_base64="tNEmFvDIfHBQg4Tmz5LiXBETDRA=">AAACLHicbZDLSsNAFIYn9VbrrerSzWARKkJNpKIbobYuXFawF2hCmUwn6dDJhZmJEEIeyI2vIogLi7j1OZymAbV6YODjP//hzPntkFEhdX2qFZaWV1bXiuuljc2t7Z3y7l5XBBHHpIMDFvC+jQRh1CcdSSUj/ZAT5NmM9OxJa9bvPRAuaODfyzgklodcnzoUI6mkYbllNqnrVqHpcIQTM0RcUsSgk37zdQoz0zG8ym0teALj05t0DumwXNFrelbwLxg5VEBe7WH5xRwFOPKILzFDQgwMPZRWMtuHGUlLZiRIiPAEuWSg0EceEVaSHZvCI6WMoBNw9XwJM/XnRII8IWLPVk4PybFY7M3E/3qDSDqXVkL9MJLEx/NFTsSgDOAsOTiinGDJYgUIc6r+CvEYqTykyrekQjAWT/4L3bOaUa+d39UrjWYeRxEcgENQBQa4AA1wC9qgAzB4BM/gDUy1J+1Ve9c+5taCls/sg1+lfX4B126mEw==</latexit>

 
@f

@C

!
= A

 
y(1� 1/D)

(C + y)2

!

<latexit sha1_base64="pYYgD48Nwovx1HqHiG20HmEaVos="></latexit>

+2
@2f

@A@C
cov(A,C) + 2

@2f

@A@D
cov(A,D) + +2

@2f

@C@D
cov(C,D)

<latexit sha1_base64="SFMPL39c8iJYNmPidopvHlGdnvo="></latexit>

Y-Track [cm]

R
es

id
ua

ls
, R

 [ 
%

]

Residuals: Original FIT Function Example: Layer 1pr, PMT 11+ 
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R =
fdataFit � fHCANA

fHCANA

<latexit sha1_base64="XJobb7XwRw3tY/pn8yncMQsk3r0="></latexit>

�R =
�fdataFit
fHCANA

<latexit sha1_base64="WcgR6G5Nve+aMgEDZ7KIFPA7L7k="></latexit>

Standard Error Propagation of the Data Fit 
(errors in fit parameters are used) 

NOTE: I dropped the subscript ‘dataFit’ 
for simplicity Interpretation:  In this example, there is up to 

~ 10 % difference between our studies and HCANA 
on the upper end of the block at ~ +30 cm

Y-Track [cm]

R
es

id
ua

ls
, R

 [ 
%

]

Residuals: NEW FIT Function Example: Layer 1pr, PMT 10- 

fdataFit = A · 1± y/E

1± y/C

<latexit sha1_base64="6UyBprGPj5CUcrrvvbEj+c1K+8Y="></latexit>

�f2
dataFit =

 
@f

@A

!2

�A2 +

 
@f

@C

!2

�C2 +

 
@f

@E

!2

�E2

<latexit sha1_base64="wO1EtQfJpipLcPSBFyoA1ilhyiA="></latexit>

+2
@2f

@A@C
cov(A,C) + 2

@2f

@A@E
cov(A,E) + 2

@2f

@C@E
cov(C,E)

<latexit sha1_base64="nRNKnX/I9nhD0fjMKlF75hpEadI="></latexit>

 
@f

@A

!
=

1± y/E

1± y/C

<latexit sha1_base64="OIYoJNh14iH08SB4u9imVhQ8s/0="></latexit>

 
@f

@C

!
= ±A · (1± y/E)(y/C2)

(1± y/C)2

<latexit sha1_base64="U77F3S1vdcYQnfEottZ0XDI4UTM="></latexit>

 
@f

@E

!
= ±A · �y/E2

1± y/C

<latexit sha1_base64="P8FrMymBSFV/o+JZfmM99hA321U="></latexit>
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Layer 1pr +

  X-axis range set to (-35, 35) cm

  Y-axis range set to (-15, 15) %
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HMS Calorimeter Fit Residuals: Layer 1pr+

  Correlated errors are included
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HMS Calorimeter Fit Residuals: Layer 2ta-

Layer 2ta-

  X-axis range set to (-35, 35) cm

  Y-axis range set to (-15, 15) %

  Correlated errors are included
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  Fit Residuals for Layer 2ta- have been reversed wrt. x-axis for a direct comparison  
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The same PMTs as in the pion analysis have been MASKED

FIT Results Using New Function

Layer 1+:  1

Layer 1-:  8

Layer 2+:  11

Layer 2-:  1
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Good Pulse Integral vs. Y track: Offset Param Fit Results

First FIT  Iteration (using new function)
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(negative layer sign is flipped for ease of comparison)

Good Pulse Integral vs. Y track: Param C Fit Results

First FIT  Iteration (using new function)
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Good Pulse Integral vs. Y track: Param E Fit Results

(negative layer sign is flipped for ease of comparison)
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