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CALIBRATION OF THE DANISH-SWEDISH SPIRAL READER (SAAB-TYPE)

S. Berglund, S-O. Holmgren and P. Lundborg,
Danish-Swedish Spiral Reader Project, Inst. of Physics, The University of Stockholm,

Sweden.

Introduction

The Danish-Swedish Spiral Reader is no 1 of the four machines constructed and manufactu-
red so far by SAAB-SCANIA in Jénk&éping. The principal design and performance is descri-
bed in the status report(l). The purpose of this paper is to describe and discuss methods
for the correction of geometrical distortions in this machine. Unlike in many other in-
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trailing
in the on-line computer. This subtraction did not work correctly for the last buffer in

stallations it was decided in an early stage to make the subtraction ©
each spiral. This probleme obscured for some time the real distortion effects. The picture

has now become more clear and we believe that we can separate systematic and random

errors with sufficient confidence.

Chicken Walk Calibration

The calibration method using glass plate with a so called chicken walk pattern has been
extensively used. Two types of patterns have been used both made by J. Heidenhain after
(2)

drawings from CERN'“’. The currently used one has 177 crosses the positions of which are

known by microscope measurements.

The CERN program SCALP(3) has been used for the analysis of the measurements. Fig. 1
shows a typical result of the calculations for one spiral. In the use of this calibration
method it was found essential that the slit is not too long and that it has an even sen-

sitivity.

A simple method has been used to measure the sensitivity along the slit. A dark mask with
a approx. 25 microns wide slit along the Y-axis has been placed in the optical path. The
periscope is stopped and rotated so that the image of the light slit is perpendicular to
the pick-up slit. The X-stage is then moved and the current from the PM-tube is plotted.
Fig. 2a shows a typical plot from SRS-1. A mask is then placed over the slit to select a
good part of the slit. If the sensitivity curve is not symmetric this can introduce a
systematic difference between measuring on CW-crosses and straight lines or high energy
track. The straight line will not be affected by an unsymmetric sensitivity-curve but

Fig. 2b, 2c shows qualitatively the distortions on CW-crosses.



- 118 -

Beam track measurements at 19 GeV/c

The film currently measured on the Danish-Swedish Spiral Reader is from a 19 GeV/c pd

experiment in CERN 2 m BC.

When measuring beam momentum in this experiment we locate a bubble in the middle of a
noninteracting beam track and center the spiral on the same bubble in the three views.
Thes; measurements are then processed in the filter and geometry programmes POOH(4) and
THRESH(S).

When comparing the distribution of %-(p= radius of curvature of helix fit in THRESH) for
the backward and forward part of the track a highly significant shift in the mean values
is found. The distributions are shown in Fig. 3 and in Fig. 4 results from the same film

measured on a conventional ENETRA-machine is shown.

The widths of the distributions are almost the same, which indicates that the effect is
due to some stable systematic error. The size of the effect could be estimated in the

following way:

. . 1 _ 0.3x17.34 _ -5 -1
Nominal momentum 19.2 GeV gives 5 = 19.2x10 27.094.10 © cm
2 27.004x107° 2 1210
Sagitta S = W’ ——é———————- 60 = 1210 u in space = =5 = 86 u on film

Magnification is ~14

The full effect is around 7% and if we assume the effect to be equally shared (in fact
it is not) between incoming and outgoing track it implies an effect of 3 pym in sagitta

over full radius (50 000 p) that is 1.5 least count in xy.

itti —-transf ion parameter 6
When fitting the (r, 6 T x y)-transformation p s (rg, o’ Tcount’

chicken walk measurements one gets residuals in x and y for each cross fitted.

b'e f

o yo) rom
These residuals should in principle contain the systematic effects not taken into
account by the transformation but of course also random fluctuations from measurements.

It is customary to make a table of these residuals and use it to correct the measure-

ments in the xy-system before entering the geometry calculations in THRESH.

This has been tried on the beam track measurements but with no satisfaCtory effect on

the curvature difference between the forward and backward parts of the track.



- 119 -

Measurements of artificial straight lines and comparisons with chicken walk measurements

We have to our disposal a glass-plate with ingraved straight lines in a square grid.
These lines are measured in the same way as the CW-plate i.e. with constant low

periscope speed (110 counts/rev).

The points on the lines in the SR x and y direction are filtered out and fitted to

6)_

straight lines in a computer programme LINES

Fig. 5 shows the residuals from such a fit along the x-axis (beam direction made on
measurements taken at the time of the mentioned beam track measurements. Each point is

the average residual over 500 r—count (°5 digitizings) and four spirals are superimposed.

The profile of the line shows a distortion which has a curvature of the right sign and

size to account for the systematic effect on beam track measurements.

The figure also shows that the random spread of the measurement around the average
profile is smaller than the systematic effect. This offers a possibility to separate

the systematic effect from the random spread.

To purify the systematic effect a table of mean residuals from four spirals is deter-
mined. This table of residuals is then applied as a correction to 12 spirals including
the four first ones. The measurements are spread over a period of one week. As can be
seen from Fig. 6 there is no detectable systematic effect left after this correction
and the random spread appears to be the same along the line. The projection of this
plot is given in Fig. 7. The standard deviation in this distribution is 0.5. When
single digitizings are used we find a standard deviation of "0.9 counts. These measure-
ments are made on an ideal straight and sharp line which is free from Coulomb error.

We therefore claim that the setting error attributed to the machine itself on a single

digitizing amounts to 1.8 um.

To investigate how much of the systematic effect could be attributed to the measured
line itself the line was turned 180°. Fig. 8 and 9 shows results from normal and rotated
line position and the differences are indeed small which justifies our assumption that
the line itself is straight enough not to need any separate correction. This is also

supported by measurements in the SR xy system.

An interesting question is now "how does these result compare with the result from CW

measurement". Fig. 10 shows the y-residuals of the crosses along the x-axis taken from
a CW measurement done at the same time as the line measurement in Fig. 5. In principle
these points should fall on top of the lines profile ( a rotation around the origin is
allowed due to possible small differences in So). As can be seen from the figures the

two profiles agree in some rough sense but the CW measurements do not reproduce the

finer details like the curved distortion on each side of vertex and especially not near
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the vertex. The reason for this could be speculated on but in fact the measurements

are radically different.

The angle between the slit and the straight line or fast track is ~0° while in the
CW measurements it varies between 30° and 20°. Another dubious point is the definition
of the CW-pattern which is calibrated in one way (microscope measurements probably
concerning only the central region of the crosses) and measured on SR in another (here

the central regions of the crosses are excluded).

Application of line-residuals to beam track measurements

As mentioned the profile of the residuals in the line measurements could account for the
distortion of curvature of beam tracks. This has been verified by making a correction

in POOH where the residuals from the line measurements are used instead of those from

the CW calibration. The result of this is shown in Fig. 11 where % from THRESH is plotted
after correction. As could be seen in this figure the residuals from LINES seem to

correct fully the observed systematic effect.

An obvious shortcoming of this method is that we have only the possibility to measure

in two orthogonal directions x and y, since we cannot turn the plate. The variation

over 90° can be seen from Fig. 12 which shows the residuals from the line in y-direction.
Fig. 13 shows this line with corrections from the x-line and here we see that some of

the structure still remains. On the other hand for real measurements the distortions is

very important only for the fastest tracks and those are emitted in a narrow angular

cone (6 < tg <E&?, <?Jf ~ 0.350 GeV/c gl-max <1.0 GeV/c), and within this the
P

variation of the distortion is not expected to be significant.

As can be seen from Fig. 3, 4 and 11 the standard deviations in 1 in SR measurements
5° -1
cm ). The average

and the ENETRA measurements are of the same size (o 1. 0.6x10"
track length measured on the SR is 62 cm in the chamber while for the ENETRA-measurements
(10 points/track) the corresponding length is 75 cm. In production measurements on
ENETRA one usually puls only ~5 points/track. This implies that the SR gives consider-
ably smaller random errors in production measurements compared to an ENETRA provided

the measured track lengths are the same.

Hardware cause of the distortion

When investigating possible hardware causes for the described effects we turned the lens
by 180°. The measurements in terms of lines residual and beam track radius are shown

in Figures 14-15. Here the picture is radically different and the distortion is much
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smaller. This indicates that the systematic distortion observed is of an optical nature
and that it probably concerns both the lems and some mirror(s). One disadvantage with
this lens position is that due to some strange reason it introduces a very disturbing
astigmatic distortion in the autofiducial plane and we are afraid that this could ruin

our autofiducial measurements.
Another reason for continuing the investigation of the original lens position is that

we have a large sample of non-processed measurements waiting for the distortion problems

to be solved.

Conclusion and future developments

The investigations presented in this paper are not complete and we will continue and

elaborate more on some details in the nearest future.

The results obtained so far are however encouraging and we feel that with a combination
of calibration from CW-measurements and systematic corrections along the lines presented
here we are able to measure as high a momentum as 19 GeV/c in the 2 m BC with satisfac-
tory results. This, according to our experience, is impossible with CW-calibration only,

even if the CW-residuals are used.

Further on the random fluctuation or setting error obtained when systematic effects are
removed; 1.8 um on single points and 1 um on master points is a surprisingly good number
which seems to be well matched with the intrinsic setting error on real tracks in CERN

2 m HBC. This latter setting error seems to be caused by the bubble growth and is

o)

~2.3 ym for "normal" flash delay
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Figure Captions:

Fig. 1

Fig. 2

Fig. 3

Fig. 4

[9,]

Fig.

Fig. 6

Fig. 7

Fig. 8

Fig. 9

Fig. 10

Fig. 11
Fig. 12

Fig. 13

Fig. 14

Fig. 15

A typical result of SCALP calculations on one spiral of chicken walk
measurements.

Slit sensitivity

2 a: Full slit

2 b: Masked slit

2 c-d: Qualitative distortion of CW-crosses as a donsequence of uneven slit
sensitivity.

Distribution of L from SR-measurements of non-interacting beam tracks

(19 GeV/c protong).

3 a: Forward part.

3 b: Backward part.

Same as Fig. 3 but measured with ENETRA.

Residuals from fit of straight line measurements in beam direction.

Residuals from fit of corrected straight line measurements. 12 spirals
are superimposed.

Projection of residuals from Fig. 6.

Residuals from fit of straight line measurements. The line was oriented
in "normal" position (beam direction).

Same as Fig. 8 but the line rotated 180°.

Y-residuals from SCALP on CW-crosses situated in the beam direction.
Data taken at the same time as those of Fig. 5.

Same as Fig. 3 but raw data corrected with residuals from line measurements.
Residuals from fit of straight line measurements in SR Y-direction (L beam)

Same as Fig. 12, but data corrected with residuals from X-direction (same
correction as in Fig. 6).

Residuals from fit of straight line measurements with the SR-lens rotated
180°.

Same as Fig. 3 but measured with the SR-lens rotated 180°.
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Residuals from fit of
"corrected" straight
1ine measurements
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