New time pick-off algorithm for time-of-flight measurements with PIN diodes
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Introduction:

To correctly measure heavy ion’s TOF with PIN diodes it is necessary to account for the so-called plasma delay effect (PDE) which is due to generation of plasma in a heavy ion track in the PIN diode. Because of the PDE, the signal from PIN diode could be described as a slowly growing function of unknown form that

changes into a nearly linear function. The start of the signal is also obstructed by background noise.

It is possible account for PDE by using method developed in [1], but this procedure may not correctly work for small masses and energies. We developed an alternative method by finding an actual beginning of the

signal. It is done by approximating its initial part that lies inside the “noise track” by parabolic curve which vertex lies on the average of the noise and serves as the “true” signal’s start. The first realization of this idea was Parab algorithm [2] which used only parabolic function for interpolation of the signal’s noisy region.
To increase a robustness of the algorithm against a choice of region for parabola interpolation, Parab was followed by Parablin [3] which seamlessly sewed parabola with a linear function that approximated points of the rising edge of the signal lying above the noisy region. Main drawback - the need to manually choose
points for linear function approximation. To further increase robustness of the method, we propose Paraspline algorithm which describes the initial part of the signal by parabola, seamlessly sewed with a spline that automatically approximates points above the noisy region, without user interference.

Paraspline description:

To find the best approximation of the signal f(xi)=yi, i=1,...,N, by a smoothing spline with the additional condition described above, we will proceed as follows.

Lets select the data area (x1, n, y1,...,yn), nsN, for Wthh we will search for a smoothing spline. This area consists of points lying to the right of point (x0, y0) (Flg
1), which is the border to the right of "reliable points" of the signal: to the left of this point all points of the signal belongs to the interval [yb-3c, yb+30], where yb —

the mean value of the noise, o — is the noise dispersion, so it is impossible to reliably distinguish noise from signal. The size n of the area (x1,...,xn, y1,...,yn) is
chosen large enough, n 2200.

The main idea of the Paraspline algorithm:

1. Fix the value of the smoothing factor p. With this fixed value of the smoothing parameter, we find the smoothing spline Sp(-) of order g=2, which minimize the
functional (1) and is the best approximation for signal (x1,...,xn, y1,...,yn) (that is, a cubic spline on intervals (xi,xi+1), i=1,...,n-1,n22).

2. The parabola with a vertex on the mean of the signal’s baseline (shown as C at Fig.1) is defined by the following equatio

y=ax2+bx+b2/4a +C. @)

3. Itis necessary to sew the smoothing spline Sp(-) smoothly (equality of values and derivatives) on its left border xs (at the sewing point) with the parabola defined by
the formula (2).

After the smoothing spline Sp(:) is found, we have two equations for finding the parameters of the parabola a and b

Axs2+bxs+b2/4a +C = Sp (xs)=g, )

2 axs+b= Sp'(xs)= h.
H:ﬁ; ?Nesfﬁ‘g‘?a‘ As the anchor point, we take the point with the abscissa xp=-b/2a. (i.e. abscissa of the parabola vertex).
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=h2/[4(g-"
§=h-2/£<sft?2%1](’g-c)] software) we find the smoothing spline Sp(-) of order g=2 and the binding point xp of the parabola, as well as the parameters of the
: parabola..

)

L z We define the smoothing spline s(-) [4] of order q as a solution of the following
10 4 minimum problem:
9 1 b
f 3 2 n 2
. ] min {p [7(s@ @) dx + T, (s(x) - 302}, @
7 i ’
6 I Parameter vector of s(-) is varied to rich a minimum of the functional (1) . The
é itad spine—w} smoothness of s(-) increases with increasing order of the spline q and increasing
i [ smoothing factor p. Factor p must be known before the minimization of (1).
3 true signal’s :~ = The value of the smoothing parameter is determined based on article [4] (see p. 582).
2 L ot . G I, as follows.
i PTIOS 3 (sewing) The smoothing spline Sp(-)can be presented in the form of two terms: the first term is
AR OSSN —\i_/ Vo- local basefine - the “smooth” term op(xi), i n, estimating the dependence of the signal of interest
o= L N B = on time, and the second is the differences pp(xi)=yi-op(xi), i=1,...,n, representing the
70 8o o0 100 _ . noise dependence on time.
Fig.1 Digital signal with Paraspline pick-off. Red line y,— mean X If the smoothing spline (i.e., the smoothing factor p) is selected correctly, then the
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point of functions’ tangency; green curve — parabola with

vertex on the signal’s start

smooth term should not contain "visible" traces of noise, and the difference should not
have "regular" components from the signal. If to the difference pp(xi)=yi-op(xi),
i=1,...,n, re-apply the smoothing spline o’p with the "correctly selected" smoothing
factor, we get the spline vp(x), identically equal to zero.

Therefore, to find the" correct " value of the smoothing factor, for each value of the

. . . . N R smoothing factor p in some grid [p1,...,pn] we calculate the spline vp(x) and its norm
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