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Inspections of the Power Supply Instabilities
for CSRe Dipole Magnets

Yan Xinliang, Wu Fengjun, Yang Wenjie, Wang Xiaojun, Zhou Yunbin, Wang Meng, Zhou Xu, Zhang Min, Gao
Daqing, An Shi, Yuan Youjin and Zhang Yuhu
The stability of the magnetic ﬁelds is crucial for the precision experiments conducted at the experimental
Cooler Storage Ring CSRe. From 2016, sudden changes of dB/B > 10−4 of CSRe dipole magnetic ﬁelds happened
irregularly which made the precision mass measurements at CSRe diﬃcult to proceed. Therefore, a monitoring
system have been built and the instabilities of the power supply and ﬁeld strengths of the CSRe dipole magnets
have been investigated in 2017.
The schematic diagram of the power supply circuit of CSRe dipole magnets are shown in Fig. 1. A DC current
transformer install on circuit is used for current monitoring purpose. The current is measured as voltage by a
Keithley 2002 multimeter at about 3.9 V and this voltage value were transformed to ampere by multiplying a factor
of 200. The current measurement precision was σ(I)/I ≈ 5 × 10−7 and data acquisition rate was 1/6 Hz. There are
two monitors for the magnetic ﬁeld. One is a Hall-probe located at the second dipole at the second quadrant of
the ring. Another is a nuclear magnetic resonance (NMR) probe located at the last dipole at the third quadrant of
the ring. The NMR probe has a measurement precision of σ(B)/B ≈ 1 × 10−7 . The Hall probe has a measurement
precision of σ(B)/B ≈ 4 × 10−6 . The eﬀective DAQ rate of magnetic ﬁeld measurements was 1 Hz. All the coils
of the 16 water-cooled normal-conducting dipole magnets were connected in series and were energized by one DC
power supply PS40D at about 790 A. The total voltage of the power supply was about 1100 V. Only the power
supply of the CSRe-dipole magnets was turned on for the test purpose. The high-energy branch of the HIRFL
accelerator facility including the synchrotron CSRm, the secondary beam line RIBLL2 and CSRe was in shut down
status and no ion beam was available during the test.

Fig. 1
(color online) Schematic diagram of power supply circuit for the CSRe dipole magnets with monitoring scheme
indicated. The dipole magnet coils are connected in series. The current monitor is a DC current transformer. The ﬁeld
strength of dipoles are monitored by a Hall-probe installed in one dipole and and a NMR-probe installed in another dipole.

During 12 h of monitoring, representative disturbances of electric current and dipole magnetic ﬁeld strengths
were recorded. Typical results are shown in Fig. 2 with an emphasis on the incidents of instabilities. The changes
on the magnetic ﬁeld strengths of two dipoles were in clear coincidence with the changes on the current of the
power supply. This indicates the dipole magnetic ﬁelds did have changed during the measurements and it is not
a false reading phenomenon of the measuring equipments. Regular stability levels are shown on the right side of
Fig. 2. Oscillations with amplitudes of dI/I ≈ dB/B ≈ ±3 × 10−5 and a quasi-periodic of 25 min were observed.
On the right hand side of Fig. 1, there are many sudden changes (sparks and jumps) on the measured magnetic
ﬁelds and current curves. The relative changes may reach a level of 10−3 and even 10−2 at maximum. Some sparks
in magnetic ﬁeld measured by the Hall probe are actually oscillations with quasi-periodic of about 0.5 Hz. This
can be seen at about 22:10 to 22:15 at night. However this oscillation frequency of 0.5 Hz was too fast to be seen
on the current curve since the DAQ rate of current was only 1/6 Hz. At around 22:28 at night, there was a jump
up of dB/B ≈ +10−3 of the magnetic ﬁelds recorded by both the NMR and Hall probes. After that, the magnetic
ﬁeld strength stayed at the higher-than-before level for the rest of the measurement time. Just at the moment of
the magnetic ﬁelds jump happened, there was a big dip of the measured currents happened (ﬁrst drop down and
then raise back, maximum dI/I ≈ ±7 × 10−3 ). The diﬀerence between the changing pattern of magnetic ﬁeld and
of the current may resulted from ferroelectric hysteresis eﬀect of the dipole magnets. This type of incident should
be avoided in a real precision experiments because it may cause a wrong magnetic rigidity of the ring although the
reading of the power supply current stays the same as before.
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Fig. 2 (color online) Typical DC current of the dipole power supply and magnetic ﬁeld strength of two dipole magnets of
CSRe. All the 16 magnets are connected in series to one power supply. dI/I ≈ dB/B > ±3 × 10−5 are observed.

Fig. 3 (color online) Typical monitoring results after the new digital DC power supply was installed. The 16 dipole magnets
were evenly divided into 2 groups and connected to the two power supply modules PS40D1 and PS40D2 separately. Left
and right are monitoring results for the two diﬀerent groups. Relative instability of dI/I ≈ dB/B ≈ ±5 × 10−6 have been
achieved in the duration of 1 h.

After this measurement, we have done many surveys include a thorough checking and elimination of the leakages
along the dipole power supply circuit, rearrangement of connections of the magnet coils sequences and so on. But
these measures had made no improvements for the stability of the dipole ﬁelds: the occurrence of sparks and
oscillations still existed with similar amplitudes. Therefore, it was decided to purchase a brand new digital DC
power supply to replace the old analogy DC power supply of the dipole magnets. In the mean time, most of the
wire connections of CSRe equipments were tidied up for a better electro magnetic compatibility (EMC) at the CSRe
tunnel. In November 2017, the new digital power supply with two identical modules arrived and installed. The
CSRe dipoles were divided into two groups, 8 magnets for each group, to be powered by the two modules of the
new DC power supply separately. As the circuit were doubled, the current and magnetic ﬁeld monitors were also
doubled accordingly. After that, sudden jumps and sparks didn’t show up any more on the curves of the measured
dipole magnetic ﬁeld strengths and power supply currents. Typical monitoring results are shown in Fig. 3. The
one-hour stability of the current and magnetic ﬁeld strength is now on the level of dI/I ≈ dB/B ≈ ±5 × 10−6 .
The improvement is about one order of magnetite. This conﬁrms that the old power supply of the dipole magnets
was somehow worn out after ten year of service at CSRe. Long-term stability of dI/I ≈ dB/B ≈ ±1.5 × 10−5 was
achieved in two days and the slow drifting of the current and magnetic ﬁeld strengths observed a 24-hours periodicity
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which may originate from the day and night rhythms of the room temperature changes. In December 2017, the
new dipole magnet power supply provided service for the precision mass measurement experiment of short-lived
nuclide 44 V at CSRe. Indicating from the revolution frequency spectra of the primary beam stored in CSRe, there
was no fast 1Hz-periodic oscillation of the dipole ﬁeld appeared any more. From the measured revolution times of
the stored radioactive ions, the 2-days long-term stability of the dipole magnets was conﬁrmed to be on the level
of dB/B ≈ ±2 × 10−5 . Additionally, a slow control of the power supply based on the feedbacks from NMR-probe
installed at one of the dipole magnet has been developed. The aim was to stabilize the 44D4 dipole magnet ﬁeld
within ± 0.05 ×10−4 T. The 2-days long-term ﬁeld stabilities had been further improved to dB/B ≈ ±5 × 10−6
when the slow feedback control was activated, see the left and middle panels of Fig. 4. However, the changes of
ﬁeld strengths were not synchronized for the two groups of dipole magnets. The less stable group of magnet ﬁelds
dominantly aﬀected the revolution time changes of the stored ions in the ring.

Fig. 4

(color online) Left and middle panels: Magnetic ﬁeld strengths of two dipole magnets of CSRe and revolution time of
and 21 Na ions during the beam time. The currents of the two power supply modules were simultaneously controlled
by slow feedback from NMR-probe so that the 44D4 dipole ﬁeld would stabilize within ±0.05 ×10−4 T. Two-day stability
of dB/B ≈ ±5 × 10−6 have been reached. The less stable group of dipole magnet ﬁelds dominantly aﬀect the revolution
time changes of the ions. Right panels: Zoom-in of the monitored magnetic ﬁelds.
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A long-term stability of better than dB/B < 10−6 of the magnetic ﬁelds is an essential precondition for the
high mass resolving power achievable at CSRe. Although the revolution frequency of the stored ions are the most
sensitive and the ultimate probe of the instabilities of the dipole magnetic ﬁeld, the current and magnetic ﬁeld
monitoring system developed in this work provide a complimentary and cost-eﬃcient tool for the inspections and
diagnosis purposes. It is especially useful when there is no beam available in CSRe. Based on the results of the
inspections, the necessity of a new power supply was concluded. After the new digital DC power supply was used,
the stability of the dipole magnetic ﬁeld has been improved by one order of magnitude. The monitored 2-days longterm current and magnetic ﬁeld stability of dI/I ≈ dB/B ≈ ±1.5×10−5 was conﬁrmed by measuring the revolution
time changes of the stored ions during the beam time. By using a slow feedback control of the power supply current,
dB/B ≈ ±5 × 10−6 has been reached. As the power supply is now divided into two separate modules and supplies
two current circuits, it turns out that better synchronization of the output current of the two power supply modules
on the level of dI/I < ±5 × 10−6 becomes a new challenge. Maybe we can bypass this problem by connect the two
modules in series. Magnetic ﬁeld stability at the level of dB/B < ±1×10−7 can only be monitored by the revolution
frequency of the stored ions. Maybe this is also the limitation level of both short-term and long-term ﬁeld stability
of normal conducting magnets. Further improvements including temperature stabilizations of the power supply and
of the magnet coils are planed.
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