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Original FIT Function

Fit Function: f — A .

(Norm. Yield)

Data Fit:

® An initial guess of the fit parameter
ismade: 4=15pC, C =64.36cm, D = 1.66

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

HCANA “Model”:
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A : Vertical Offset
C, D : Additional Parameters

y  :Y-Track Position [cm]

hCal 1pr10- Good Pulse Integral vs. Y

2 / ndf TR 7480407 / 4226
y-intercept 20.77 £ 0.1033
fC 9.865e+04 = 9.65e+04
0.001155 + 0.001176
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e 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

Good Pylse Integral [pC]
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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 FU.IlCtiOIl A : Vertical Offset
C, E : Additional Parameters
Fit Function: _ A 1 i y / E
(Norm. Yield) f T y  :Y-Track Position [cm]
1 £y/C
Data Fit: hCal 1pr10- Good Pulse Integral vs. Y

x2 /ndf 1.713e+07 / 4226
y-intercept 19.85 + 0.1241
fC -58.24 + 5.001
| {E -106.2 + 20.22 |

e An initial guess of the fit parameters
ismade: 4=15pC, C =64.36 cm, £ =106.83 cm

e The initial guess of C i1s EXACTLY the

current parameters hardcoded in HCANA
And E = CD (product of two hardcoded HCANA params)

HCANA “Model”: —

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

Good Pdlse Integral [pC]

¢ For the offset parameter, I used the final offset

determined from the Data Fit 40 -30 -20 -10 O 10 20 30 40

Calo Y-Track [cm]

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.
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hCal 1pr10- Good Pulse Integral vs. Y
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Fit Function Comparison:

(Showing Improvements)

hCal 1pr10- Good Pulse Integral vs. Yw
x2 /ndf 1.713e+07 / 4226
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Residuals: Original FIT Function

Example: Layer 1pr, PMT 11+

hCal 1pr11+ Good Pulse Integral vs. Y

[ /ndi, 2.4%6e+07 /4539

y-intercept  21.75 + 0.13
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(errors 1n fit parameters are used)

NOTE: I dropped the subscript ‘dataFit’
for simplicity

: Interpretation: In this example, there is up to
1~ 7.5 % difference between our studies and HCANA

' on the lower one end of the block at ~ -30 cm




Example: Layer 1pr, PMT 10-

ReSiduaIS: NEW FIT FUHCtiOn hCal 1pr10- Good Pulse Integral ve. Y,
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NOTE: I dropped the subscript ‘dataFit” | e eieeeeeeii-eemeseeeeemeemeeaa——.- .
for simplicity

: Interpretation: In this example, there is up to
E ~ 10 % difference between our studies and HCANA
 on the upper end of the block at ~+30 cm




Good Pulse Integral [pC] Good Pulse Integral [pC]

Good Pulse Integral [pC]

hCal 1pr1+ Good Pulse Integral vs. Y.
50, #2/ndf  2.824e+04 /322
y-intercept 14.23 = 0.2906
38.11+ 6.691
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hCal 1pr6+ Good Pulse Integral vs. Y.
#2/ndf  9.998e+06 / 3983
y-intercept  20.27 + 0.1231
fc 53.97 + 5.312
iE 7559 +12.34
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hCal 1pr11+ Good Pulse Integral vs. Y,

2 /ndi 2.4260+07 / 4539
y-intercept  21.75 = 0.1299
ic 57.38 = 4.817
€ 96,64 + 16,66
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Good Pulse Integral [pC] Good Pulse Integral [pC]

Good Pulse Integral [pC]

hCal 1pr2+ Good Pulse Integral vs. Y,

50, %2 /ndf  4.066e+06 / 3160
y-intercept 22,89 = 0.1552
45] ic 59.04 + 16.03
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hCal 1pr7+ Good Pulse Integral vs. Y,
#2 /ndf 1.233e+07 / 4210
Fintercept 21,00 < 0.128
fC 66.49 + 7.115
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hCal 1pr12+ Good Pulse Integral vs. Y,
% /ndi 2.833e+07 / 4606
y-intercept  21.94 = 0.1323
ic 73.4 +8.398
{E 1555+ 4362

L L L L . L L L o
-40 -30 -20 -10 0 10 20 30 40
Calo Y-Track [cm]

Layer lpr +

O C(Correlated errors are included

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

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

Good Pulse Integral [pC] Good Pulse Integral [pC]

Good Pulse Integral [pC]

hCal 1pr3+ Good Pulse Integral vs. Y,
50, %2 /ndf 6.131e+06 / 3774
y-intercept 21.56 = 0.1333

- ‘ fc 65.6 +11.43
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hCal 1pr8+ Good Pulse Integral vs. Y,
22 Indf 1.329e+07 / 4144
y-intercept 19.87 = 0.1187
fC 46.55 + 3.292
iE 51,97 + 7.366

-40 -30 -20 -10 0
Calo Y-Track [cm]

10 20 30 40

hCal 1pr13+ Good Pulse Integral vs. Y.
22 Indf  2.982e+07 / 4672

y-intercept 22,64 « 0.1362
fc 69.81+9.479
iE 141.3 + 46,05
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Fit Residuals wrt. HCANA Params [%)
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hCal 1pr4+ Good Pulse Integral vs. Y.
#2/ndf  8.928e+06 / 4233
y-intercept 22.59 = 0.1383
71.03 +12.83
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hCal 1pr5+ Good Pulse Integral vs. Y,

#°/ndf  9.824e+06 / 4138

Good Pulse Integral [pC]

y-intercept  21.23 x 0.127
ic 53.68 = 5.368
iE .89 + 11
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hCal 1pr10+ Good Pulse Integral vs. Y,
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%2 /ndf 1.63e+07 /4115
y-intercept  19.37 = 0.1219
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iE 79.74 = 1493
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HMS Calorimeter Fit Residuals: Layer 1pr+
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Good Pulse Integral [pC] Good Pulse Integral [pC]

Good Pulse Integral [pC]

hCal 1pr1- Good Pulse Integral vs. Y
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hCal 1pr6- Good Pulse Integral vs. Y
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hCal 1pr2- Good Pulse Integral vs. Y
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hCal 1pr7- Good Pulse Integral vs. Y
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hCal 1pr12- Good Pulse Integral vs. Y
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O C(Correlated errors are included

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

O Y-axis range set to (-15, 15) %
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hCal 1pr3- Good Pulse Integral vs. Y

#2/ndf  4.737e+06 /3318
y-intercept 18.05 = 0.1256
45 fc -83.38 = 19.42

iE 1842+ 109

FOUUT TR TOUIT S U T
-40 -30 -20 -10 0 10 20 30 40
Calo Y-Track [cm]

hCal 1pr8- Good Pulse Integral vs. Y
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hCal 1pr13- Good Pulse Integral vs. Y,
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hCal 1pr5- Good Pulse Integral vs. Y
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HMS Calorimeter Fit Residuals Overlay: Layer 1pr
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O Fit Residuals for Layer 1pr- have been reversed wrt. x-axis for a direct comparison

of between both sides of the layer
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hCal 2ta1+ Good Pulse Integral vs. Y.
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hCal 2ta1- Good Pulse Integral vs. Y hCal 2ta2- Good Pulse Integral vs. Y hCal 2ta3- Good Pulse Integral vs. Y hCal 2ta4- Good Pulse Integral vs. Y hCal 2ta5- Good Pulse Integral vs. Y

5 2 Indf 2.931e+04 /331 50 #2 /ndf  1.549e+06 / 2152 #?/ndf  2.893e+06 / 2668 %2 /ndf  3.762e+06 / 2866 %2 /ndf  3.981e+06 / 2804
yeintercept 12.22 20,3255 y-intercept  12.74 = 0.1121 y-intercept  14.41 = 0.1045 y-intercept 13.97 = 0.09794 y-intercept  14.18 = 0.1082
— 45 - fc -106.8 = 52.98 —_— 45 . fC -56.07 = 10.36 f— 45 fC -55.75 + 9.539 p— fC — fC ~70.96 = 15.75
Q 3 48236404 < 1.2390407 (&) iE -87.22 + 3176 (@) {E 7576 = 20.68 () Q {E _111.4 + 42.85
2 40F 2 40 H 2 40 0 = =]
T a5k © oo T 35 © s
=] 5 =2 =2 [ =2
o 30f : o 25 2 30 0 9o ol
£ £ £ £ £
3 oF 3 © g o] 3 3
s 2XF 5 =i 15 =l 0 > 2
a sf a . [u— a a
B 8 o 8 8 8
3 1 Q 8 O Q Q
S sk 5 S 5 (O 0] O]
FUUUTTPUUT FRUUT FRUUT TRURT TR POURT VU TN TN T T R FUUUTTPUUT FRURT FRUUT FRURT AR A S S TS T SIS TR TR T
-40 -30 -20 -10 0 10 20 30 40 -40 -30 -20 -10 0 10 20 30 40 -40 -30 -20 -10 0 10 20 30 40 -40 -30 -20 -10 0 10 20 30 40 -40 -30 -20 -10 0 10 20 30 40
Calo Y-Track [cm] Calo Y-Track [cm] Calo Y-Track [cm] Calo Y-Track [cm] Calo Y-Track [cm]
hCal 2taé- Good Pulse Integral vs. Y. hCal 2ta7- Good Pulse Integral vs. Y hCal 2ta8- Good Pulse Integral vs. Y hCal 2ta9- Good Pulse Integral vs. Y hCal 2ta10- Good Pulse Integral vs. Y,
5 2 /ndf  4.216e+06 / 2744 50, %2 /ndf  4.407e+06 / 2735 %2 /ndf  5.549e+06 / 2932 %2 /ndf  6.177e+06 / 2861 2 /ndf  9.424e+06 / 3349
y-intercept  13.95 + 0.1021 y-intercept 13.58 + 0.09863 y-intercept  14.72 = 0.1021 y-intercept  14.28 = 0.1002 y-intercept 15.95 = 0.09875
— 45 - fC -58.07 + 8.543 —_— 45 fC -572 = 7.79 f— fC -60.9 = 10.07 f— fC -61.6 +8.232 J0 —_— fC -49.56 = 3.314 |g
O {E 82,48 + 19.75 O fE —84.28 +19.47 (&) {E -88.31+ 23.57 O {E ~98.72 + 24.59 (&) fE 75,52 +9.724
k= k=" k=" k=1 K=" ’
[ s © © ©
(o)) o (o)) [e2] (o))
2 2 2 L 2
£ £ £ £ £
(0] (0] (0] [0 (0]
(2} (%2} (%2} (%2} 0
=] =1 = = =
a a a a a
el e} e} kel ©
I} I} [} s} o
[e) [e) o o o
(0] (0} (0} 0] 0]
L L L L L L L L L L L L L L o L L L L L L L L L N L L L L L L L L L L L L o
-40 -30 -20 -10 0 10 20 30 40 -40 -30 -20 -10 0 10 20 30 40 -40 -30 -20 -10 0 10 20 30 40 -40 -30 -20 -10 O 10 20 30 40 -40 -30 -20 -10 0 10 20 30 40
Calo Y-Track [cm] Calo Y-Track [cm] Calo Y-Track [cm] Calo Y-Track [cm] Calo Y-Track [cm]
hCal 2ta11- Good Pulse Integral vs. Y. hCal 2ta12- Good Pulse In hCal 2ta13- Good Pulse Ini
%2 /ndf  1.047e+07 / 3295 %2 /ndf 1.257e+07 / 3496 %2 /ndf  1.496e+07 / 3826
y-intercept  16.13 = 0.1098 y-intercept  16.61 = 0.1039 y-intercept 18.94 = 0.1102
— fC -61.09 = 7.392 —_— fC -57.46 + 5.538 f— fC -56.54 = 5.697
O {E -104. 5,37 O fE -94.48 +17.68 0 {E -100.6 + 20.46
5 & & TR
& s ©
[e)) (o] (o))
2 2 2
£ £ £
(0] (0] (0]
@0 @0 @
> =} >
a a a 3 3 : .
5 3 3 HMS Calorimeter Fit Residuals: Layer 2ta-
[e) [e) o
0} 0} S 3
L L L L L L L b L L L L L L L o L L L N L L L L o
-40 -30 -20 -10 0 10 20 30 40 -40 -30 -20 -10 0 10 20 30 40 -40 -30 -20 -10 0 10 20 30 40 PMT 1 PMT 2 PMT 3 PMT 4 PMT 5
Calo Y-Track [cm] Calo Y-Track [cm] Calo Y-Track [cm] 15 15 15 15 15
10 4 10 4 10 4 10 4 10 4
54 NM 54 mm 54 I«Hﬂ 54 |H FHPH 5 “«
m iy i
01 MWN 01 m"HlHiHHlHIHHHHHlIIHHHHNmH 0+ m""""mlm 0 L— 0 i HHH"""*HHumm.m
HJ'"HH'HHH Ty
Hy
Layer 2ta N
X
- 101 10 1 —10 —10 —10
wn
] B —+4—-5'—7 7 77— BT T
= -30-20-10 0 10 20 30 -30-20-10 0 10 20 30 -30-20-10 0 10 20 30 -30-20-10 0 10 20 30 -30-20-10 0 10 20 30
O . % PMT 6 PMT 7 PMT 8 PMT 9 PMT 10
Correlated errors are included £ on 15 15 15 15
<C 10 10 A 10 A 10 A 10 A
O X-axis range set to (-35, 35) cm =5 IH 5 5 5 5
S i h B %
T o ||'|||H|’er'""“"mmm| 04 "'H"HHHH\‘IHﬂmuum.mmmmHHH“ 0 HHHHHH"'""HHM"" o [ | o HlHlHHHHH“"“"'""Hm
. L I
0 : il
O Y-axis range set to (-15, 15) % < s 5] 5] 5] 5]
n 101 —10 —10 —10 1 —10 1
—
<
= -s5+&——QnvG——_nvnGt Gt
] -30-20-10 0 10 20 3l -30-20-10 0 10 20 3l -30-20-10 0 10 20 30 -30-20-10 0 10 20 3 —30-20-10 0 10 20 3
xR PMT 11 PMT 12 PMT 13 PMT 14 PMT 15
CED 15 15 15 15 15
= 104 10 1 10 1 10 1 10 1
&
5 5 'HHI 5 rf"l 5 51
mHH'H i HH""H ,u!'"‘"l‘
il H w
01 il 0 I 0 i 0 0
W}HIH{HHHHHH e |«|+HH““*""""
-5 -5 -5 -5 —5
—10 —10 -10 -10 —10 1
-5 +tv L2665
—30-20-10 0 10 20 30 -30-20-10 0 10 20 30 -30-20-10 0 10 20 30 -30-20-10 0 10 20 30 -30-20-10 0 10 20 30

Y-Track [cm]




Fit Residuals wrt. HCANA Params [%]

HMS Calorimeter Fit Residuals Overlay: Layer 2ta
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O Fit Residuals for Layer 2ta- have been reversed wrt. x-axis for a direct comparison
of between both sides of the layer




FIT Results Using New Function

OThe same PMTs as in the pion analysis have been MASKED

¢ Layer 1+: 1
& Layer1-: 8
¢ Layer2+: 11
& Layer2-: 1



Good Pulse Integral vs. Y track: Offset Param Fit Results
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O First FIT Iteration (using new function)
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Good Pulse Integral vs. Y track: Param C Fit Results
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FIT Results
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€ (negative layer sign is flipped for ease of comparison)
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Good Pulse Integral vs. Y track: Param E Fit Results
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