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Development of ion-optics mode for the SAMURAI beam line

H. Suzuki,∗1 T. Kubo,∗1 H. Takeda,∗1 H. Sato,∗1 N. Inabe,∗1 N. Fukuda,∗1 D. Kameda,∗1 and Y. Shimizu∗1

We have developed an ion-optical mode for the
SAMURAI beam line, which connects the SAMU-
RAI spectrometer1) to the BigRIPS separator2). The
schematic view is shown in Fig. 4 of Kobayashi et al.

(2013)1). There are four standard focal planes: F7,
which is the last focal plane of the BigRIPS separator;
F8; F12; and F13, which is the reaction target position
of the SAMURAI spectrometer. There are two STQ
magnets3) between F7 and F8, and two between F8
and F12, while only one STQ is located between F12
and F13. The beam shutter between F7 and F8 and
the D7 dipole magnet for the ZeroDegree spectrome-
ter restrict the space in the vertical direction in this
beam line. To diagnose the beam emittance, we use
the PPAC detectors at F7, F8, and F12, and beam
drift chambers at F13.

In order to fabricate the beam optics of the SAMU-
RAI beam line, two problems need to be resolved.
First, there is only one STQ between F12 and F13;
therefore, stronger magnetic fields are required for fo-
cusing the beam at both F12 and F13. Second, the
beam envelope inside the D7 magnet in the vertical
direction needs to be made thin, because the gap in
D7 is ±61 mm. To solve these problems, we focus
the beam inside the D7 magnet instead of on F8 and
F12. At F8 and F12, the beam is set to parallel. This
makes it easier to diagnose the beam optics using the
PPAC detectors and adjust the magnetic field of each
quadrupole magnet. The magnification from F7 to the
focal point inside the D7 magnet in the vertical di-
rection is set to be around 2 to reduce the angular
magnification and make the beam envelope thinner.
The beam trajectories for the SAMURAI beam line
are shown in Fig. 1. The position and angular spreads
at F7 are set to be ±6 mm and ±10 mrad, respec-
tively, in both the horizontal and vertical directions,
which are the typical root-mean-square (r.m.s.) values
for the fragments produced from light projectiles such
as 18O and 48Ca. Table 1 summarizes the transfer ma-
trices from F7 to F8, F12, and F13. The matrices in

the horizontal direction

(
(x|x) (x|a)
(a|x) (a|a)

)
and those

in the vertical direction

(
(y|y) (y|b)
(b|y) (b|b)

)
are shown

in the left and right columns, respectively.
From May 2012, we have used this ion-optics mode

for transporting the secondary beams to the SAMU-
RAI spectrometer. The typical r.m.s. spot size at F13
was around 10-15 mm, when the r.m.s. spot size of F7
was 6 mm. In such a case, the transmission efficiency
from F7 to F13 is around 90%.
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Table 1. Transfer matrices from F7 to F8, F12, and F13.

The left and right columns show matrices in the hori-

zontal and vertical directions, respectively.

beam line horizontal vertical

F7-F8

(
−1.09 4.28
−0.23 0.00

) (
−2.80 2.20
−0.45 0.00

)

F7-F12

(
0.76 −2.99
0.33 0.00

) (
0.85 −2.20
0.45 0.00

)

F7-F13

(
1.86 0.00

−0.43 0.54

) (
2.16 0.00

−0.66 0.46

)

Fig. 1. Beam trajectories from F7 to F13. F13 is the re-

action target position of SAMURAI. Top and bottom

panels show the trajectories in the horizontal and ver-

tical directions, respectively. The position and angular

spreads at F7 are ±6 mm and ±10 mrad, respectively,

in both the directions. The box triplet shows each STQ

magnet.
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Operational status of the superconducting SAMURAI magnet

H. Sato,∗1 K. Kusaka,∗1 M. Ohtake,∗1 Y. Shimizu,∗1 K. Yoneda,∗1 and T. Kubo∗1

Operation of the superconducting SAMURAI mag-
net was started in June 2011, and experiments us-
ing the SAMURAI spectrometer was started in March
2012.1) So far, a commissioning and five experiments
have been performed.2–6) During this period, we had
maintained the operation of the cryogenic system of
the magnet and overhauled the cryocoolers in Octo-
ber 2012.7) However, the operation policy for the mag-
net was changed from “continuous cooling” to “irreg-
ular cooling” in order to save the operation time of
the cryocoolers, where “irregular cooling” means that
the magnet will be cooled down for every SAMURAI
campaign experiments and warmed up after the experi-
ments. Thus, the operation of the magnet was stopped
temporarily in September 2013. In this report, the al-
teration in the temperature of the magnet when it was
stopped is shown.

The upper and lower superconducting coils are in-
stalled in two separate cryostats and cooled by the liq-
uid helium bath cooling method.7,8) Each cryostat is
equipped with one 4-K GM/JT cryocooler, which re-
condenses the evaporating liquid helium. The 20-K as
well as 80-K thermal shields are cooled by two GM
cryocoolers. Each cryostat is equipped with another
GM cryocooler that cools the power leads made by a
high-T c superconductor.
The warming-up procedure was started by stopping

these cryocoolers. In order to keep the recovery vol-
ume of the liquid helium within the load limit of the
recovery compressor at RNC Liquid Helium Plant, the
warming-up timing of the lower cryostat was delayed.
As a result, the liquid helium was fully recovered, 215 L
in 37 h and 227 L in 34 h from the upper and lower
cryostats, respectively.

The temperature rise at the major points in the
cryostats is shown in Fig. 1. In the figure, the struc-
ture is seen when the temperature of the coil vessels ex-
ceeded 77 K (Fig. 1(a)). This is because of the heat ex-
change between the coil vessels and other parts, which
happened when the condensed residual atoms such as
nitrogen at the outer wall of the coil vessels evaporated
into the vacuum layer of the cryostat.

Figure 1(a) shows the temperature of the coil ves-
sel, which corresponds to the cold mass of the cryo-
stat. The cold-mass weight of each cryostat is about
3.5 ton, and it took about 48 and 41 days to reach
room temperature for the upper and lower cryostats,
respectively. The speed of the temperature rise for the
lower cryostat was faster than that for the upper cryo-
stat at all points, as shown in Fig. 1. This is assumed
to be due to the difference of the heat load, which re-
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Fig. 1. Temperature rise at each point: (a) coil vessels,

(b) 20-K cryocoolers, (c) 80-K cryocoolers, and (d) cry-

ocoolers for power leads. The cryocoolers of the upper

and lower cryostats were stopped on 9/18 and 9/25.

sults from the difference of the length of the chimney
pipe between the liquid helium reservoir vessel and the
coil part of the cryostat (see Fig. 1 in Sato et al.7)).
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