
A

r
w

m
n
t
t

t
r

r
m
B
p

u
p

r
t
b
n

r
u

b
u

t

H
b

H
w

C

Abstract 
The Oak Ri

ring presently 
with a beam e
is planned to in
accumulator ri
injection and
modifications 
necessary to a
the lessons lea
to the design o
discuss the too
the design and
ring.   

The Oak R
comprises a 1 
ring designed
mercury target
Beam delivery
power was ste
increases in be
focus on other 

The long-te
upgrade to 1.3
paper we will
energy beam t
ring itself, and
target, were a
beams. Conse
needed to thes

Most of th
region, which
upgraded injec
area will recei
be some min
upgrades to su
systems. In thi
the ring sys
summarized el

The most c
injection syste
and over-con
accommodated
H+ beam, the
beam, the part
states, and the 
H− beam. All 
within a few m

 

CHALLEN

M.A. Plum
O

dge Spallation
operates at a 

energy of abou
ncrease the bea
ing this mostly
d extraction 

to the exist
achieve 1 MW,
arned from this
of the new inje
ols and the less
d status of the 

INTROD
Ridge Spallat
GeV H− linac

d to deliver 6
t with an aver
y began to u
eadily increase
eam power are 
areas of impro

erm plan for S
3 GeV and a 
l focus on th
transport line f
d the beam tran
all originally d
equently, relat
e areas.   
e modification
h will receiv
ction kicker po
ve two new ki
nor electrical 
upport the inc
is paper we wil
tems. The li
lsewhere [1]. 

RING INJ
hallenging par
m. The beam o

nstrained. Six 
d: the incomin
e circulating H
tially stripped H

convoy electr
these beams 

meters of availa

NGES FOR

m, T. Gorlov, 
Oak Ridge N

n Neutron Sour
beam power o

ut 910 MeV. A 
am energy to 1

y involves mod
sections. A

ting injection 
, and the tools
s work are now
ection section. 
sons learned, a
upgrades to t

DUCTION 
ion Neutron 

c followed by 
690 ns, 60 Hz 
rage beam pow
users in 2006 
ed to 1 MW in

on hold to allo
ovement. 
SNS includes 
second target 
e energy upgr
from the linac 
nsport line from
designed to su
ively few mo

ns are to the 
ve three new 
ower supplies. 
icker magnets. 

and water u
creased deman
ll discuss the m
inac systems 

JECTION 
rt of the ring 
optics in this ar

different be
ng H− ion beam
H+ beam, the 
H0 beam inclu
rons stripped o

must be prop
able space, as s

R THE SN

J. Holmes, T
National Labo

rce accumulato
of about 1 MW
power upgrad
.3 GeV. For th
ifications to th

A variety o
section wer

 developed an
w being applie
This paper wil

and also presen
he accumulato

Source (SNS
an accumulato

pulses to th
wer of 1.4 MW

and the beam
n 2009. Furthe
ow resources t

a beam energ
station. In thi
rade. The hig
to the ring, th

m the ring to th
upport 1.3 GeV
odifications ar

ring injectio
magnets an

The extractio
There will als
utility system

nds on the rin
modifications t

upgrades ar

upgrade is th
rea are comple
eams must b
m, the strippe
unstripped H

uding its excite
ff the incomin

perly controlle
shown in Fig. 1

NS RING 

T. Hunter, T.
oratory, Oak

or 
W 
de 
he 
he 
of 
re 
nd 
d 
ll 
nt 
or 

S) 
or 
he 
W. 
m 
er 
to 

y 
is 
h 

he 
he 
V 
re 

n 
nd 
n 
o 

ms 
ng 
to 
re 

he 
x 

be 
d 

H− 
d 
g 
d 

1.  

Figure 1:
showing 
yellow. 

Chicane
Two of

and third 
magnets 
magnetic 
since, for
inversely 
existing m
field for a
for the
magnetic 
iron lengt
and 104.1
and 129.2

Magnet
magnets b
have suf
magnets, 
achieve t
circulatin
4.0% of t
magnets 
1.3 GeV d
magnets w
reasons,
collection
electrons 
vacuum c
carbon el
distorted 
and trave
causing d
upper sur

Multipo
since the
chicane 
componen
trajectorie
electrons 
many tim

ENERGY

. Roseberry, 
k Ridge, TN,

: Schematic di
the four chica

e Magnets 
f the four injec

d ones, D2 and
must have l
field strippin

r a given mag
related to th

magnets alrea
a 1 GeV beam
increased bea
fields means 

th of the existi
1 cm, to be com
2 cm, as shown
tic field over
because they 
fficient space 

and between 
the desired 10

ng beam. The 
the peak D2 f
in the origina
design it is 6.4
was to minimiz
the field di

n of the str
follow a helic

chamber where
lectron collec
too much the 

el back up into
damage to the 
rface of the vac
ole field comp
e field at the

magnet mus
nt to achieve th
es. This is to

circling arou
mes, which wou

Y UPGRA

and J.G. Wa
, USA 

iagram of the 
ane magnets (

ction chicane m
d D3) must be
lower magnet

ng of the inco
gnetic field, the
he beam energ
dy have the m

m. To achieve th
am energy a
substantially l
ing D2 and D3
mpared to the n
n in Table 1. 
rlap is an iss
are so close t

between the
the third and

00 mm four-m
magnetic fie

field between t
al 1.0 GeV des
4%. A key des
ze this overlap
istortion can 
ripped convoy
cal trajectory t
e they are inter
ctor [3]. If th

electrons will
o the path of th
stripper foil m

cuum chamber,
ponents are also
e stripper foil
st have a 
he required hel

o prevent the 
und and passin
uld overheat th

DE * 

ang,  

ring injection
(D1 through D

magnets (the s
e replaced. Th
tic fields to 

oming H− ion 
e stripping len
gy, and becau
maximum allo
he same bend 

and with dec
longer magnet
3 magnets are
new lengths of

sue with thes
together, in or
e first and s
d fourth magn

magnet bump f
eld strength fa
the second and
sign [2]. In th
sign goal of th
p, since, among

interfere wit
y electrons. 
to the bottom 
rcepted by a c
e magnetic fi
l reflect off the
he circulating 

mounting brack
, etc.    
o an inevitable
l inside the s
strong longit
lical convoy el
problem of c
ng through th
he foil and cau

 
n area, 
D4) in 

second 
he new 

avoid 
beam, 

ngth is 
use the 
owable 
angles 

creased 
ts. The 

110.1 
f 145.0 

e two 
rder to 
second 
ets, to 

for the 
alls to 
d third 

he new 
he new 
g other 
th the 
These 
of the 
arbon-
ield is 
e field 
beam, 

ket, the 

e issue, 
second 
tudinal 
lectron 
convoy 
he foil 
use foil 

MOPPD069 Proceedings of IPAC2012, New Orleans, Louisiana, USA

ISBN 978-3-95450-115-1

520C
op

yr
ig

ht
c ○

20
12

by
IE

E
E

–
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)
—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)

04 Hadron Accelerators

T12 Beam Injection/Extraction and Transport



failure. One of the improvements we’ve made in the 
1.3 GeV design is to cancel these multipoles by fine-
tuning the upstream pole tip shapes of this magnet, shown 
in Fig. 2, such that the overall magnet has very little 
multipole content. This is in contrast to the 1.0 GeV 
design, where the third magnet D3 is used to cancel the 
multipole components of the second magnet D2, which 
places a constraint on the relative set points of these two 
magnets (a constraint which we had to violate in order to 
commission and operate the ring). Also, canceling the 
multipoles within the second magnet makes the design of 
the third magnet, shown in Fig. 3, much simpler and 
straightforward.   

The peak field in the third chicane magnet must also be 
low enough to avoid stripping the electrons off the H0 
excited states. The field at the foil strips the n>4 states 
within a few mm of the foil, and the n≤4 states must 
survive the 2.63 m path from the foil, through the third 
magnet, to the thick secondary stripper foil. In the 
1.0 GeV design the peak field is 0.25 T, and in the 
1.3 GeV design it is just 0.17 T.  

Another consequence of increasing the lengths of the 
second and third magnets is a shorter drift distance 
between the first and second (D1 and D2), and between 
the third and fourth (D3 and D4), chicane magnets. This 
lowers the closed orbit bump amplitude. In the 1 GeV 
design the bump amplitude is 100 mm. Just replacing D2 
and D3 with longer-length magnets causes the amplitude 
to be lowered to 88 mm. To recover the 100 mm bump 
amplitude we chose to move the first chicane magnet 
upstream 32 cm. The alternatives were to accept the lower 
bump amplitude or move the linac-to-ring beam transport 
line, but these options were judged to be less desirable. 
One problem with moving the chicane magnet is a small, 
approximately 4 mm, mechanical interference with the 
injection septum magnet. Either the chicane magnet, or 
the septum magnet, or perhaps both, will have to be 
shifted transversely. Magnetic interference is also a 
concern now that these magnets will be side-by-side. 
These issues will be addressed in future design work.   

Dump Septum Magnet 
The injection dump septum magnet will also be 

replaced with a new design. The existing magnet and 
power supply are not sufficient to achieve the required 
bend angles for the 1.3 GeV beam. The new magnet 
design is not yet complete, but it will likely be similar to 
the existing magnet, with more iron to prevent saturation, 
and more coil turns to increase the magnetic field without 
requiring a new power supply. 

Injection Kickers 
Four horizontal and four vertical injection kickers are 

used to paint the injected beam into the ring acceptance. 
Although these magnets were designed for 1.0 GeV, 
thermal measurements under high-duty-factor loads show 
that they should perform adequately at 1.3 GeV. 
However, four of the eight pulsed power supplies will 
require modifications to increase the maximum current 

from 1400 to 1600 A. Since this modification is relatively 
inexpensive, and because it is desirable to have identical 
supplies for ease of maintenance, all eight supplies will 
receive the modifications.  

The programmable time structure of the current 
waveforms will also require modifications since the 
power supply upgrade allows higher currents but not 
higher duty factors. The existing rise time will change 
from 2 ms to 1 ms, and the flat top length of 1 ms (just 
prior to start of injection) will be shortened to 0.5 ms.  

 

Figure 2: Pole tips shapes and field lines for the new 
second chicane magnet D2. The multipole components are 
now cancelled within the magnet. 

 

Figure 3: Pole tips shapes and field lines for the new third 
chicane magnet D3. The magnet is now longitudinally 
symmetric, unlike the old magnet. 

RING EXTRACTION 
The existing beam extraction is accomplished with two 

sets of seven fast kicker magnets, with each set mounted 
within a vacuum vessel. To achieve the same beam 
displacement at the higher beam energy, one more kicker 
magnet will be added to each vacuum vessel – one to the 
upstream end of the upstream vessel, and one to the 
downstream end of the downstream vessel. The existing 
vacuum vessels will be extended to accommodate the new 
magnets. Both of the new kicker magnets will be clones 
of existing kicker magnets.  

In the ring equipment building, during the original 
installation, rack space was reserved to accommodate the 
two additional pulse forming networks, charging supplies, 
etc. needed for the two new kicker magnets. 

The extraction septum magnet will probably require a 
small modification to its pole tip shims. In 2009 the pole 
tips shims were replaced to reduce a strong skew 
quadrupole component that was causing cross-plane 
coupling and a tilted beam distribution on the neutron 
production target [4]. However, these shims are optimized 
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for 1.0 GeV, and therefore may need to be replaced with 
shims optimized for 1.3 GeV. This design task has not yet 
started. 

Table 1: Comparison of Selected Existing 1.0 GeV and 
New 1.3 GeV Design Parameters 

Parameter Existing 1.0 
GeV design 

New 1.3 
GeV design 

D2 iron length [cm] 110.1 145.0 
D2 peak field [T] 0.31 0.25 
D2 field at foil [T] 0.25 0.21 
D2 largest multipole 
component (8 cm 
reference radius) 

2.8 units, 
quadrupole, 
D2 and D3 
together 

1 unit,  
14-pole 

Field tilt at foil [mrad] 200 213 
D3 peak field [T] 0.25 0.17 
D3 iron length [cm] 104.1 129.2 
D3 largest multipole 
component (8 cm 
reference radius) 

2.8 units, 
quadrupole, 
D2 and D3 
together 

2.3 units, 
quadrupole 

UTILITIES UPGRADES 
The existing water cooling system in the ring service 

building does not have enough excess capacity to properly 
cool the magnet power supplies at their 1.3 GeV set 
points. The power supply cooling system will be split into 
two parts and a new pump skid will be added to achieve 
the required capacity.  

The existing magnet cooling system already has the 
excess capacity needed to cool the magnets at the 1.3 GeV 
set points, so no upgrade is needed for this system. 

The AC power for the ring systems will only require the 
addition of a fan package to the substation to provide the 
extra cooling capacity needed for the higher-power 
operation. 

DESIGN TOOLS 
During the first few years of operation several 

modifications were made to the ring injection region to 
improve its operation [5], and the tools and knowledge 
developed in this process have been applied to the new 
1.3 GeV design. One invaluable tool tracks particles 
through magnet-model-generated 3D magnetic fields in 
the chicane and injection dump septum magnet, using the 
ORBIT [6] code. Initial testing of the new chicane magnet 
design, using these same tools, shows no problems. Initial 
results of sensitivity studies, to check that slight variations 
in magnet field strengths, magnet positions, and beam 
position and angle do not cause problems, also have not 
identified any issues. More tests and sensitivity studies are 
planned after the design is complete for the injection 
dump septum magnet. 

Another tool we developed simulates and tracks the H0 
excited states [7]. This tool was used to set the 
requirement for the magnitude of the magnetic field at the 

foil, and the maximum field in the third chicane magnet 
D3. 

Yet another tool, again using ORBIT, tracks the convoy 
electrons stripped off the incoming H− beam [8]. This tool 
was originally developed to diagnose a stripper foil failure 
problem due to reflected convoy electrons. It was later 
used to design a new electron collector for the existing 
design. This same tool will be used to test the convoy 
electron trajectories for the new 1.3 GeV design.  

SUMMARY 
Design work for the 1.3 GeV beam energy upgrade has 

been significantly advanced. Two new chicane magnets 
and one new injection dump septum magnet are being 
designed. The basic magnet modeling of the new chicane 
magnets, and the basic layout work for all four chicane 
magnets, is almost complete. Basic layout work for the 
extraction kicker vacuum tank extensions is almost 
complete. Particle tracking studies through the new 
chicane magnets will be performed to verify the new 
design. The new design incorporates all the lessons 
learned during the design, commissioning, and subsequent 
modifications to the existing injection and extraction 
systems.  
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