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Issue

I Fit with

a +
be−c(x−d)

1 + e−f (x−t)

I Currently use parameter t

I This is unstable - similar shapes give different t values

I Large interplay between parameters
I Other attempts were

I Time at half max

I Function fits data well - no need to change functions
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Better Time: Time at Maximum?

I Issue with half max is error propagation not correct

I Similar solution - time at maximum

I Can solve analytically (steps in backup):

dfunc

dx
= 0 =⇒ tmax = −1

f
ln

(
c

f − c

)
+ t

I This should be more stable

I Error propagation possible with error matrix from fit
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Error Calculation

σ2tmax
= σ2t ∂

2
t + σ2c∂

2
c + σ2f ∂

2
f + 2∂c∂f σcf + 2∂c∂tσct + 2∂f ∂tσft

tmax = −1

f
ln

(
c

f − c

)
+ t

∂c =
∂tmax

∂c
=

1

c2 − cf

∂t =
∂tmax

∂t
= 1

∂f =
∂tmax

∂f
=

(
f

f−c

)
+ ln

(
c

f−c

)
f 2

I σij = ρijσiσj
I Error calculated with formula above

I There are large correlations between the parameters
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Sample Fits
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Readout 6 Time, 125<d<180 mm

0.43±: 13.38maxT

0.50±: -10.79half maxT

0.97±: -0.46fitT

: 32.22χ

/ndof: 1.072χ

a: 1.03
b: 29.2

c: -0.0858
d: -48.3
t: -0.458
f: -0.106
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Readout 6 Time, 180<d<235 mm

0.34±: 13.46maxT

0.40±: -10.43half maxT

0.79±: 0.57fitT

: 37.82χ

/ndof: 1.262χ

a: 1.32
b: 62.3

c: -0.0844
d: -45.8
t: 0.574
f: -0.106
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Readout 6 Time, 235<d<290 mm

0.27±: 13.87maxT

0.32±: -9.86half maxT

0.65±: 0.87fitT

: 43.32χ

/ndof: 1.442χ

a: 1.65
b: 71.8

c: -0.0853
d: -47.6
t: 0.875
f: -0.107
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Readout 7 Time, 125<d<180 mm

5.6±: 38.4maxT

0.86±: -2.09half maxT

1.2±: -0.6fitT

: 19.72χ

/ndof: 0.5642χ

a: 1.03
b: -16.8
c: -0.105
d: -32.2
t: -0.583
f: -0.107
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Readout 7 Time, 180<d<235 mm

4.4±: 37.6maxT

0.68±: -1.68half maxT

1.0±: 0.0fitT

: 25.32χ

/ndof: 0.7442χ

a: 1.65
b: -14.7
c: -0.105
d: -37.7

t: -0.0325
f: -0.107
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Readout 7 Time, 235<d<290 mm

6.8±: 43.2maxT

0.56±: -0.80half maxT

0.76±: 0.20fitT

: 34.82χ

/ndof: 1.022χ

a: 2.35
b: -2.95
c: -0.107
d: -54.9
t: 0.198
f: -0.108

I Error on tmax smaller for clean peaks, larger for distributions
that plateau 5 / 5



Backup Slides
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Calculating Maximum

d

dx

(
a +

be−c(x−d)

1 + e−f (x−t)

)
= 0

−bce−c(xmax−d)(1 + e−f (xmax−t)) + fbe−c(xmax−d)e−f (xmax−t)

(1 + e−f (xmax−t))2
= 0

−c(1 + e−f (xmax−t)) + fe−f (xmax−t) = 0

c = (f − c)e−f (xmax−t)

ln

(
c

f − c

)
= −f (xmax − t)

−1

f
ln

(
c

f − c

)
+ t = xmax
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∂tmax

∂t

∂

∂t

[
−1

f
ln

(
c

f − c

)
+ t

]
= 1
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∂tmax

∂c

∂

∂c

[
−1

f
ln

(
c

f − c

)
+ t

]
∂

∂c

[
−1

f
(ln c − ln(f − c))

]
− 1

cf
− 1

f (f − c)

− (f − c)

cf (f − c)
− c

cf (f − c)

− f

cf (f − c)
= − 1

c(f − c)
=

1

c2 − cf
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∂tmax

∂f

∂

∂f

[
−1

f
ln

(
c

f − c

)
+ t

]
∂

∂f

[
−1

f
(ln c − ln(f − c))

]
1

f 2
ln c +

∂

∂f

ln(f − c)

f

1

f 2
ln c +

f
f−c − ln(f − c)

f 2

1

f 2

[
ln

(
c

f − c

)
+

f

f − c

]
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