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Abstract

A novel pulse septum magnet for the injection system of NSRL
storage ring which is a dedicated synchrotron radiation facil-
ity was described in this paper. The main parameters and mea-
sured results of the septum including its magnetic field distribu-
tion and its vacuum characteristic were given also. After mak-
ing ashim the stray field near current strip to gap magnetic field
was reduced to 0.1%, and the pressure of the vacuum chamber,
in which the septum magnet wasinstalled, islessthan 5x 10~ 1°
mbar after baking. Now the septum magnet is playing an impor-
tant part in getting a high injection efficiency and high accumu-
lating current in the NSRL storage ring during the machine run-
ning.

I. INTRODUCTION

HLS (Hefei synchrotron radiation Light Source) is a mgjor
equipment of NSRL (National Synchrotron Radiation Labora-
tory), which consists of an electron LINAC of 200MeV and a
storage ring of 800 MeV. The LINAC was built in a tunnel and
the storage ring was built above ground. The differencein ver-
tical direction between the position of the LINAC and the stor-
age ring is 3.2m. The electrons from the LINAC pass through
the transport line of 88 m and then is injected into the storage
ring by mean of theinjection system which is composed of three
kickersand two septum magnets. The two septum magnetswere
designedto carry out deflection in vertical directionand horizon-
tal injecting into the storage ring!'l. It is very important to de-
velop a nove pulse septum magnet with a good magnetic per-
formance and low outgassing rate so that it can be installed into
the ultra-high vacuum chamber directly to rai setheinjection effi-
ciency and increase the transverse admittance near the injection
point of the storage ring. There were some way to solve these
problems menti oned abovein existing maching! 2345671 One
of these is to separate the vacuum chamber of the storage ring
from the transport line vacuum chamber using ametal foil, such
as Beryllium foil of 0.05 ~ 0.1mm or a koplon foil of 0.02 ~
0.05mm think. Another way istoincrease thegap size of the sep-
tum magnet so that the vacuum chamber can be mounted in the
gap directly or reduce the conductance of gases from thevacuum
chamber of the septum to the vacuum chamber near theinjection
point of the storage ring and using a SIP with higher pumping
speed to exhaust them and so on. In order to keep a higher in-
jection efficiency, adopting thin koplon foil to separate the two
vacuum chamber is a better way. But when the electron beam
of 200 MeV passes through the koplon foil of 50 m, the diver-
gent angle of thebeam will beincreased upto 1.24 mrad whichis
larger than the allowed acceptance of thestoragering of NSRL at
the injection point!®°] so the thin foil cannot be adopted in our
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Figure1l. Schematic drawing of pulse septum magnet

case. On the other hand it is impossible to obtain the required
pressure of 10~° mrad, if the pulse magnet is directly mounted
in the chamber of the storage ring. Because the pulse magnet
was made of stedl sheet (0.6mm thickness), itstotal surface area
isabout 10°cm? and the ougassing rate of the commercial steel
sheet withisolating coatingisabout 10~ %mbar-1-s~1.-cm~2 at
least. So the total outgassing quality of the septum magnet will
be reach 10~°mbar - | - s~1. Obvioudly it is difficult to reach
apressure of 102 mbar or less. Finaly a new magnetic mate-
rial which is alow carbon steel sheet of 0.6mm thickness with
Al2Os powder coating has been searched after testing repeat-
edly. Thetest resultsshow that itsoutgassing rateis negative af -
ter bakingfor 24 hoursat 200° C'. Thewholeseptum magnet was
mounted in the storage ring chamber, its pressure was less than
less5 x 10~ ' mbar after bakeout and pumping of 48 hour st
Thisisan exciting result. Now the septum magnet is playing an
important part in getting a high injection efficiency and high ac-
cumulating current in the NRSL storage ring.

1. MAGNETIC PERFORMENCE OF THE
SEPTUM MAGNET

The septum magnet is laminated by steel sheet of 0.6mm
thickness with ceramic powder coating(coating thickness about
50 pm). Itsexciting coil isasingle turn coil with Al,Os pow-
der coating also. The schematic drawing in Fig.1 showsthe ba
sic components of the septum. The cross section of the septum
magnet is shown in Fig. 2. The main parameters is summarized
in Table 1.

Integrated magnetic field along the electron beam direction
was measured by means of a set of long coil. Itsdistributionvs
transverse direction is shown in Fig.3. The magnetic field near
the end of the septum measured along beam moving direction by
point coil is shown in Fig.4.
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Figure2. Cross section of the septum magnet

Tablel
Main parameters of the septum magnet

Max. pulse magnetic field 5.6 kGauss

Radius of curvature 4.77m
Deflection angle 104.7 mrad
Effective length 499.5 mm
Magnetic field waveform  half sine

gap highness 10 mm
Thicknessof current strip 2 mm

Max. exciting current 4500 A

Max. current density 214.3 Almm?

Thecurve 3in Fig.3 showsthat the stray field near the current
stripvsthemagneticfie dinthegap isabout 0.1% after asuitable
shim. With our testing datawe cal cul ated theinjection efficiency
to be about 100%. Thisindicated that the magnetic performance
isgood enough for our machine.

1. VACUUM CHARACTERISTIC

According to calculation of thelifetime of 8 hoursin the stor-
age ring, the pressure in the storage ring chamber with stored
beam of 300mA must be less than 3 x 10~ ?mbar. In order for
the pul se septum magnet to be mounted in the ultra-high vacuum
chamber directly, and not influence the vacuum condition, it is
necessary to search and develop anew magnetic materia which
outgassing rate must be lower than 10~ 2mbar -1 - s=1 - cm=2.
Unfortunately, the outgassing rate of the commercial steel sheet
withisolating coatingisabout 10~ %mbar-1-s~1.cm~? at least.
After testing repeatedly, we have found that outgassing rate of
thelow carbon steel sheet of 0.6mm thicknesswith ceramic pow-
der Al,Os5 coating is negative after bakeout for 24 hoursat 200°
C. Fig.5 showsthe outgassing rate curve tested in different case.
According to curve 1 and 2 in fig.5, the outgassing rate is about
4.2 x 10~ Bmbar - [ - 57! - em~2. Obvioudly, the stedl sheet
with Al>Os powder coating have some absorption capacity af-
ter bakingt'©l.

In order to understand the phenomenon we put the steel sheet
of 706 cm? areainto atesting vacuum chamber, and got arais-
ing pressure curve in different condition after pumping. Fig.6
shows the test results. After one week being without pumping,
the chamber remained a good vacuum condition of 10~ mbar
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Figure3. [ Bdl vstransverse distance from the face of current
strip

1 —without shim

2 —reducing the length of current strip without shim

3 —reducing the length of current strip with shi
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Figure4. Magneticfield distributionnear the end of the septum
along beam direction

also.

Finally we manufactured the pul se septum magnet from such
amateria (sted sheet and copper strip) with Al,Os coating. So
far the septum magnet was mounted in the ultra-high vacuum
chamber of storagering. and isrunningwell. The pressure near
the septum magnet is about 8 x 10~ 1% mbar without beam and
2 x 10~° mbar with stored beam of 150mA.

V. CONCLUSION

After mounting the pul se septum magnet which was made of
steel sheet and copper current strip with A/, O3 powder coating,
into the ultra-high vacuum chamber of NSRL storage ring, the
machine has successfully run for 5 years. All of these show that
the septum magnet is of high quality with respect to both mag-
netic performance and vacuum characteristic. Especialy, the
septum magnet is of benefit to increase injection efficiency for
alow energy eectron storage ring.

As for the absorbing function and the mechanism of Al,O5
powder coating have yet to be investigated further.
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Figure5. Outgassing rate curve of different material

1 — copper platewith Al, O3 coating after baking

2 — steel sheet with Al, O3 coating after baking

3 —steel sheet with Al; O3 coating at room temperature

4 — copper platewith Al; O3 coating at room temperature

5 — steel sheet with inorganic isolating coating at room temperature
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Figure6. Raising pressure curvein different case
1 — steel sheet with Al, O3 coating at room temperature
2 — background (without sample)
3 —steel sheet with Al O3 coating after baking
4 — steel sheet with Al O3 coating after re-baking
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