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Measurements of Distance between Ultra-thin Foils of two TOF
Detectors under Ultra-high Vacuum Condition ∗

Yan Xinliang, Chen Ruijiu, Ma Hui, Yuan Jiandong, Wang Shaoming, Cai Guozhu, Zhang Min, Lu Ziwei,
Fu Chaoyi, Zhou Xu, Wang Meng and Zhang Yuhu
The distance between two identical Time-Of-Flight (TOF) detectors, which are installed inside 10−11 mbar
vacumm beam pipe in the straight section of the storage ring CSRe, is measured by a laser range-ﬁnder Leica Nova
MS60 MultiStation[1] . The objects of the measurement are the two carbon-foils of the detectors with their centres
aligned to the ion beam trajectory. The diameter and thickness of the foils are 40 mm and ≈ 90 nm respectively.
Schematic view and picture of the TOF-detector[2] are shown in the left and middle panels of Fig. 1. The TOFdetectors are moveable in x direction so that the carbon foil can be placed in and out of the beam line. A pulsed
laser beam from the multistation are shone directly through the quartz vacuum window into the vacuum beam pipe
and the reﬂected light from the carbon-foil will pass the quartz windows again on the way back to the multistation.
The time of ﬂight of the reﬂected light pulse can be used to determine the distance from the carbon foil to the
multidation. The laser spot of MS 60 multistation is about 5 mm×12 mm at a distance of 30 m. The wavelength
of the laser is 658 nm. For measurement without reﬂectors such as in this experiment, the pulse duration is 1.5 ns
and the pulse repetition frequency is 2 MHz for scan mode and 4 MHz for point mode.

Fig. 1 (color online) Left: Schematic view of distance measurements of TOF-detector using a laser range-ﬁnder. The laser
or ion beam goes in Y direction. The Cartesian coordinate system is set by the MS60 multistation before measurement
and the angles of the laser beam can be scanned to detect the 3D positions of the objects. Middle: A picture of TOFdetector. Right: The slant range of the down stream TOF-detector when the laser beam direction is ﬁxed, see the main text.

The precision and reliability of the measurements were checked by monitoring the distance of the down-stream
detector. The measuring was done in point mode with a DAQ rate of 1 Hz. The result is shown in the right panel
of Fig. 1. Red open circles are results when the detector was stationary and the laser beam was on the center of
the carbon foil. The results showed that the carbon foil distance can be measured with a standard deviation of less
than 0.2 mm. Black close circles are results when the detector were moving backward and forward in x-direction
so that the center of the hole could be moved onto and away from the laser beam. The holding ring, mounting
baseboard and the carbon-foil of the detector were measured at slant ranges of about 23 757.9, 23 762.1 and 23 773.1
mm, respectively. The relative distances between diﬀerent parts of the detector reﬂect the reliability of the laser
range-ﬁnder MS60 multistation.
The 3D positions of the two carbon foils were then scanned while the TOF-detectors were kept stationary during
the angle scanning of the laser beam of the MS60 multistation. In order to do this, the centres of the carbon-foils of
the two detectors were ﬁrstly aligned to the ion beam line and a Cartesian coordinate system was set (X = Z = 0)
by initially aligned the laser beam to the ion beam line too. After the up-stream detector was scanned, it will
be moved out from the beam line to let the down-stream detector to been scanned. The scanning step in the
xz-plane for each detector is 1 mm with a DAQ rate of 62 Hz. Although the DAQ rate is faster in scan mode, the
standard deviation of the measurement is still smaller than 0.2 mm by checking the slant ranges of a small ﬂat area
of about 3 mm ×3 mm or by checking the repeat scanning results of any objects. The scanning results of the two
ultra-thin carbon-foils in the vacuum pipe are shown in Fig. 2. There are some areas in ultra-thin foils that no data
points could be measured. Maybe the reﬂected laser pulses from those areas was too weak to be detected by the
multistation. Nevertheless, the positions of the carbon foils and its holding ring are clearly seen in the color-coded
plottings in Fig. 2. The maximum surface roughness of the up-stream and down-stream carbon foils measured to
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be 1.3 mm and 0.6 mm, respectively. A tilting angle of 2.3◦ between the two carbon foils was deduced. It turn
out that the centres of the two foils are not in the same altitude: the down-stream foil is about 6.7 mm higher
than the up-stream foil. In addition, the overlapped area in the xz-plane between the two foils is less than 20
mm×20 mm, mainly restricted by the smaller available area that can be measured on the ultra-thin carbon foil of
the down-stream TOF-detector. Along the y direction, the point-to-point distances (∆y) of the two carbon foils
have a mean value of 18 033.85 mm and are ranging from 18 032.5 mm to 18 035.0 mm, see the right panel of Fig.
2. The variations have a standard deviation of 0.6 mm and the main contribution of the variations comes from the
surface roughness of the foils, especially the up-stream carbon foil.

Fig. 2 (color online) Left and middle panels: the 3D positions of two ultra-thin carbon foils of the two TOF detectors inside
the vacuum pipe. The Cartesian coordinate system is deﬁned by the MS60 multistation at the beginning of the scanning.
The experimental results are represented by black points and the y-axis of the data points are color-coded. The mounting
ring which are closer to the multistation than the carbon-foil are clearly seen. There are areas in ultra-thin foils that no
data points could be measured. Right panel: The point-to-point distance (∆y) between the two carbon-foils.

The absolute distance between the two ultra-thin carbon foils inside a vacuum pipe has been measured to be
18 033.85 mm with a variation of ±1.25 mm within a measurable overlapped area of 20 mm × 20 mm. The main
contribution of the variations comes from the surface roughness of the two foils which is on the level of 1 mm.
Because of non-zero beta function at the TOF detectors and non-zero emittance of the stored beam in CSRe, the
passing positions at the carbon foils of a circulting ion will be randomly distributed revolution by revolution due
to the betatron oscillations of the ion motion. And dl = 1 mm means a relative uncertainty of dl/l < 5.5 × 10−5 for
the ﬂight path between the two TOF detectors in the straight section of CSRe. This uncertainty of the ﬂight path
is ﬁve times too large for the precision needed for in-ring velocity measurements at CSRe[3] .
Concerning the future improvements, there are many aspects revealed from this work. Firstly, the attitudes of
the two carbon-foils have about 6 mm diﬀerence which will limit the acceptance of the ring when the TOF detectors
are on the beam line. Secondly, the tilting angle between the two foils is about 2.3 ◦ which means transverse distance
of 20 mm on the carbon foils will introduce 20 mm× tan(2.3◦ ) = 0.8 mm diﬀerences to the ﬂight path of stored ions
between the two TOF detectors. This angle should be reduced in the future. Assembly adjustments of the hight and
angle of the detectors are recommended. Thirdly, the surface roughness of the two ultra-thin carbon foils are on the
level of 1 mm, new carbon foils with more ﬂat surface are needed. A laser range-ﬁnder with suﬃcient accuracy, like
MS60 multistation, can be used for those position monitoring purposes. In general, laser range-ﬁnders are useful
position monitoring tools for any fragile objects in place where it is diﬃcult to reach, such as TOF-detectors inside
vacuum pipe. In the design of future storage ring at HIAF facility[4] , two TOF-detectors equipped with ultra-thin
carbon foils of even larger diameters are foreseen to be installed in one of the straight section of the ring[5] . It
is therefore suggested to prepare quartz vacuum windows in the beam-line to allow diagnosis laser beams to pass
through.
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