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Abstract 
BNL 200 MeV linac has been under operation since 

1970 and gone through several changes during its 40 year 
lifetime. The latest (2009-10) reconfiguration in low and 
medium energy (35 and 750 keV) beam transport lines 
resulted in about a factor of 2 reduction in the transverse 
emittance for the accelerated polarized proton beam, and 
a several fold reduction in the radiation levels due to 
beam losses throughout the linac and isotope production 
facility complex with 30% more beam current for the un-
polarized H- beam for BLIP. 

INTRODUCTION 
The Brookhaven National Laboratory (BNL) 200 MeV 

drift tube linac (DTL) has been operating since November 
1970 and was designed for 100 mA of peak current with 
200 μs of pulse length at 10 Hz. During last 40 years of 
operation, linac has gone through many changes to 
accommodate changing requirements of the BNL 
accelerator complex for higher average beam current, 
better beam quality, or higher reliability.  To satisfy 
present requirements, linac now provides H- beam at 6.67 
Hz, 200 MeV for the polarized proton program at 
Relativistic Heavy Ion Collider (RHIC) and 66-200 MeV 
for Brookhaven Linac Isotope Production (BLIP) [1].  
The requirements for these programs are quite different 
and are the following. (1) RHIC:  200 MeV,   200 μA 
beam current,  400 μs pulse length, polarization as high as 
possible and emittance as low as possible, (2) BLIP: 66-
200 MeV, 450 μs pulse length, current as high as possible 
(~40 mA),  uniform beam distribution at the target, and 
losses as low as possible. In this article, we will discuss 
only the high intensity aspects of the linac.  

BNL 200 MEV LINAC HISTORY 
Table 1 summarizes changes of the last 40 years. There 

are several points worth noting. In 1982 switching to H- 

operation increased the intensity in the AGS, while 
decreasing the linac output.  In 1989 switching to RFQ 
preinjector provided high reliability and lower cost of 
operations. The changes in 1996 included shorting 35 keV 
line by removing diagnostics and adding PMQ in the 
flange of the RFQ at the high energy end to better match 
the beam line. These changes resulted in a 50% higher 
peak beam current and about 45% lower emittance. In 
2009, the medium energy beam line length was reduced to 
70 cm from 7 meters, resulting in an emittance reduction 
for high current by a factor of 4 and for the polarized H- 
by a factor of 2. The reduction in emittance for polarized 

H- was translated into emittance reduction in RHIC by 
25% at the collision energies. But due to longer 35 keV 
line, the beam current for BLIP was not increased as 
expected. In 2010, the beam current for BLIP was 
increased by 30 % by reducing the length of 35 keV line 
to two meters. Now linac is delivering the highest average 
current to BLIP while maintaining minimum losses since 
it was built in 1970. 

Table 1: BNL 200 MeV Linac History 
Year Rep 

Rate 
Hz 

Pulse 
Length 
μs 

Peak 
Current 
mA 

Avg. 
Curret 
μA 

Design 10 200 100 200 
1972 10 80 55 44 
1975 10 100 60 60 
1976        Switch to 5 Hz operation 
1979 5 220 70 77 
1982        Switch to H- acceleration 
1984 5 200 25 25 
1984 Add polarized H- operation 
1986 5 470 30 71 
1989 Switch to RFQ pre-injector 
1990 5 500 25 63 
1996 Switch to 6.67 HZ and changes in 

LEBT/MEBT 
1996 6.67 400 38 90 
2000 Add Polarized source OPPIS 
2009 LEBT/MEBT reconfiguration (short MEBT) 
2009 6.67 430 32 80 
2010 Shorten LEBT 
2010 6.67 430 38 110 
2011 New Buncher and einzel-lens solenoid 

combo 
 

The linac was designed for 100 mA and smaller 
emittance since it was designed for protons. Particle 
simulations showed that transverse and longitudinal 
matching and the quadrupole focusing laws are essential 
for controlling the emittance growth in transverse as well 
as longitudinal planes. All the emittance growth occurs 
within the 1st tank (10MeV).The beam was pre 
accelerated with Cockeroft-Walton (C-W) to 750 keV 
than followed by an 8.5 meter long line consisting with 
eight triplets and two bunchers. To minimize the 
emittance growth in the 750 keV line, the beam size was 
kept small and the emittance growth in the line was about 
50%. The beam was matched to DTL in all three planes. 
The capture efficiencies in the DTL were about 65-70%.  
It was recognized that longitudinal beam size was the key 
contributor in the transverse emittance growth, and the 

____________________________________________  

*Work supported by US. Department of Energy  
#raparia@bnl.gov 

Proceedings of HB2010, Morschach, Switzerland MOPD12

Beam Dynamics in High-Intensity Circular Machines 77



q
c

R
i
p
R
c
q
c
T
t
a
b
c
t
7

t
a
a
b

t

r
f
i
m
m
R
e
i
l
q
b
w
p
t
t
R
a
T
a
r
v
e
v
t
w
r
4
l
e

a
r
F
 

quadrupoles la
controlling em

In 1989 wh
RFQ, a new 
introduced bet
provided space
RFQ and linac
choppers, a dip
quadrupoles, t
current toroids
This 750 keV
transport (ME
all three plane
beam size as s
constraints in 
to +/- 120 deg
75% of the bea
[3]. There w
transmission o
amplitude and 
at 200 MeV w
beam in the 75

In 1996 the
transfer lines w
μs long beam 
reduced from 
fast chopper an
into the LEBT
moved closer 
moved closer 
RFQ. These c
emittance at 
improvement i
long MEBT 
quadrupole wa
beam reached 
waist in the 
planes.  Also t
the time the b
the capture an
RFQ end flang
accommodate 
The PMQ was
addition, this 
running the b
vacuum in ord
end flange wi
valve and cur
the buncher c
was converte
resulted in a 5
45 % lower em
losses in tank1
end of linac. 
source OPPIS
and the dipole
rotator soleno
Figure 2. 

aws in the DTL
mittance growth

en Cockeroft-W
transport lin

tween the ion 
e for a chopper
c was 7 meters
pole to accomm
three bunchers
s, five segment

V line is name
EBT). The beam
es. The importa
small as possib
the MEBT, lon
grees at bunch
am fit in the lo
were no me
or beam losses

phase of the R
while producing
50 keV lines [4
e linac rf pow
were upgraded
pulses. At the 
2.1 meters to 
nd emittance p

T from the ion 
to ion sourc

to RFQ to pro
hanges resulte
the RFQ en

in transmission
transmission 
as too far from
the first quadr
x plane, henc
the longitudina

beam reached t
nd transmission
ge at the high 
a permanent 

s similar to one
PMQ can be

beam via mic
der to steer the
ith PMQ is sh
rrent transform
close to RFQ. 
d to quadrup
50% higher tra
mittance [7]. B
1 and emittance

In 2000, a n
 was added in
e in the MEB

oid [8]. The r

L played a sig
h for high curre
Walton was re

ne at 35 keV
source and th

r.  The transpo
s long and had
modate polariz
s, four emittan
ted and a fast f
ed the medium
m was matche
ance to keep t

ble was realized
ngitudinal beam
her locations, 
ongitudinal buc
easurable imp
, but noticeabl

RFQ and bunch
g no observabl

4]. 
wer supplies an

to operate at 7
same time LE
1.4 meters by

probe. To captu
source, the firs
ce and the se
ovide a better 
ed in a 20% re
ntrance and 
n of the RFQ [5
was about 7

m the RFQ; b
rupole, it had 
ce it was dive
al beam size w
the first bunch
n of the beam
energy end w
magnet quadr

e used in the S
e moved tran
crometer adju
e beam. A pictu
hown in Figur

mers also rearr
Last quadrup

pole triplet. T
ansmission at 

But still there w
e growth of sev
new high inten
n the LEBT b

BT was replace
resulting layou

gnificant role in
ents. 
eplaced with an
V (LEBT) wa
he RFQ, which
ort line between
d fast and slow
zed protons, ten
ce probes, fiv

faraday cup [2]
m energy beam
ed into DTL in
the longitudina
d, but the given
m size grew up
although abou

cket of the DTL
provements in
le sensitivity o
hers were noted
le effect on th

nd high powe
7.5 Hz and 550

EBT length wa
y removing th
ure more beam
st solenoid wa
econd solenoid
match into th

eduction of th
about a 10%
5]. The 7 mete

75%. The firs
by the time th
gone through 
erging in both

was very big by
her. To improv

m in MEBT, th
was modified to

rupole (PMQ)
SC DTL [6]. In

nsversely whil
stment outsid
ure of the RFQ
re 1. The gat
anged to bring

pole quadruple
These change
200 MeV with

were 40% beam
veral fold at th
nsity polarized

before the RFQ
ed with a spin
ut is shown in

n 

n 
as 
h 
n 
w 
n 
e 
]. 
m 
n 
al 
n 
p 

ut 
L 
n 

of 
d 
e 

er 
0 

as 
e 

ms 
as 
d 
e 
e 

% 
er 
st 
e 
a 
h 
y 
e 
e 
o 
). 
n 
e 
e 

Q 
e 
g 
et 
es 
h 

m 
e 
d 
Q 
n 
n 

 
There w

operation 
MeV.  

EM

Several
occurred 
Cockeroft
transmissi
losses we
Cockeroft
improvem
linac, kee
same.(3)T
were mos
MEBT. 

Figure 2
polarized 

The ide
been obta
quadrupol
bunchers
the polari
problems 
the transv

Figure 1: RFQ

were no measu
except about 

MITTANCE 
ME

l observations 
from1970 to

ft -Walton by R
ion of linac. A
ere the same

ft- Walton was b
ment in LEBT w
eping the trans
The phase and
st sensitive to t

: LEBT-MEB
source in the L

eal match betw
ained with a 
les spacing a
[9]. But the re
ized beam dict
lie at the MEB

verse plane, be

Q end flange w

urable changes 
a 5% drop in 

 GROWTH
EV LINAC 
can be made 

o 2000. (1)Th
RFQ did not re
Amplitude and
e as when th
bunched by tw
was translated
smission effic

d amplitude of 
the output of 2

BT layout in 
LEBT. 

ween RFQ an
5 βλ long F

about one βλ 
equirements of 
tated a triplet 
BT in the long
ecause there w

with PMQ. 

in the high int
the intensity a

H AT BNL 20
 
for the change
he replaceme

esult in an imp
d locations of 
he cw beam 

wo bunchers. (2
d to the output 

iencies of lina
f RFQ and bun
200 MeV and 

2000 after a

nd DTL could
FODO lattice
λ and at least
f beam choppin

solution. Indi
itudinal plane 

were enough de

 

tensity 
at 200 

00 

es that 
ent of 
proved 

beam 
from 

2) Any 
of the 
ac the 
nchers 
not at 

 
adding 

d have 
 with 
t two 

ng and 
cating 
not in 
egrees 

MOPD12 Proceedings of HB2010, Morschach, Switzerland

78 Beam Dynamics in High-Intensity Circular Machines



o
M
T
t
c
(
d
d

e
f
p
n
e

p
b
l
l
f
r
e
l
l
b
2

F
R
b

l
a
D
(
i
i
d
b
f

of freedom (k
Moreover, tan
The MEBT re
transverse and
cm) and DTL
(period of 6-12
drift spaces 
diagnostics. Fo
size roughly 
elements. The
from 1 cm in R
process, the e
nature, and n
emittance in th

Similarly, in
period in RFQ
between uneve
length grew f
longitudinal f
focusing perio
rf) are non-l
embedded in 
losses at high
longitudinal ph
buncher 2, (d) 
20 of DTL. 

 

Figure 3: Lon
RFQ, (b) after
buncher 3, (e) 

 
These PAR

length was too
and the beam 
DTL. Figure 4
(x-y), there is 
in MEBT, bu
inherent mism
due to the fa
between the ta
focusing pat

knobs) availab
ks quadruples 
esulted in a l
d longitudinal 
L (βλ ~ 6 cm)
2 cm) but MEB
to accommo

or the given em
scales as dri
 MEBT apertu
RFQ, and back
xternal focusin

not much dam
he MEBT, cons
n the longitud

Q and DTL is 
enly distribute
faster than tran
focusing perio
od in RFQ. Bu
linear in natu
the particle d
her energies 
hase spaces at
buncher 3, (e)

ngitudinal phas
r buncher 1, (
at end of MEB

RMILA simul
o big when it r

is only partial
4 shows the co

no apparent e
ut it is quite 
atch between D

act that there 
ank causes disc
ttern. In th

ble to match 
can be tuned 

attice mismatc
direction. The
) both have a
BT had 15 to 2
odate chopper
mittance, the tr
ift length betw
ure grew 10 c

k to 2 cm in DT
ng forces rem

mage occurred
sistent with the
dinal direction
much smaller 

ed three bunch
nsverse beam 

od is half of 
ut restoring for
ure and this 
istribution res
[10].  Figure
t (a) RFQ, (b) 
) end of MEBT

se space plots
(c) after bunch
BT, and (f) at ce

ations indicat
reached to bun
lly bunched as

orresponding tr
effect on the tr
clear in the D
DTL Tanks. Th
is 0.6 – 1me

continuities in t
he modern 

into the linac
independently

ch in both th
e RFQ (βλ ~ 6
a FODO lattic
20 times longe
r, dipole and
ransverse beam
ween focusing
cm in diamete
TL. During thi

mained linear in
d in transvers
e observation.
n, the focusing

than the spac
ers. The bunch
size since th
the transvers

rces (sinusoida
non linearity

ults in particl
e 3 shows th

buncher 1, (c
T, and (f) at cel

s (a) at end o
her 2, (d) afte
ell 20 of DTL.

te that bunch
cher 1, 2 and 3
s it reaches th
ransverse spac
ransverse spac
DTL. There i
his mismatch i
eter drift spac
the longitudina
linacs, thes

c. 
y. 
e 
6 
e 

er 
d 

m 
g 

er 
is 
n 
e 

g 
e 
h 
e 
e 

al 
y 
e 
e 

c) 
ll 

 
of 
er 

h 
3 
e 
e 
e 
is 
is 
e 

al 
e 

discontinu
synchrono
tank [15].

The pri
linac lies
transverse
of the 
longitudin
on the tran

 

(a)     
 

(d)        
Figure 4: 
(b) after b
3, (e) at en

 
The co

space lies11
where β,γ
transverse
the synchr

The m
difference

Emittance
growth. 

It can b
different 
mode, is g

where c1 
parameter
frequency

It is e
longitudin
If the lon
non linear
emittance

uities are c
ous phase of th
 
imary mechani
s in the cou
e oscillation an
transverse rf

nal phase and (
nsverse displac

                     (

                     (e
Transverse sp

buncher 1, (c) 
nd of MEBT, a

oupling betwe
s in the equatio

γ are the rela
e and longitud
ronous phase a

maximum am
e from synchro4
e growth will b

be shown that
displacement 

given by ∆
and c2 are co

rs like acce
y. 
essential to k
nal beam size a
ngitudinal beam
ar part of the s
e growth and pa

compensated 
the first and la

ism of emittan
upling of the
nd consists of 
f defocusing 
(b) the depend
cement in the r

(b)                    

e)                     
pace (x-y) plots

after buncher 
and (f) at cell 2

een transverse
on of motion gi4 2
2

ativistic param
dinal wave num
and g=cot φs.  

mplitude grow
onous phase is 4 |2 |
be order of squ

t the emittance
in the rf gap

onstant and de
elerating grad

keep the tran
as small as pos
m size is large
sinusoidal rf fi
article loss ma

by shifting
ast few cells in

nce growth for
e longitudinal

f (a) the depen
impulse on

dence of energy
rf gap. 

  (c) 

    (f) 
s (a) at end of 
2, (d) after bu

20 of DTL. 

e and longitu
iven by 2

meters, kt,kl ar
mber, δφ=φ-φs,

wth due to 
given by | |  

uare of the amp

e growth due 
p, excited in T

 

epend on the 
dient, length 

nsverse as we
ssible in the bu
e enough, it wi
ield in the gap
ay not be imme

g the 
n each 

r BNL 
l and 

ndence 
n the 
y gain 

 

 

f RFQ, 
uncher 

udinal 

 

 

re the 
, φs is 

phase 

plitude 

to the 
TM010 

cavity 
and 

ell as 
uncher. 
ill see 
p. The 
ediate, 

Proceedings of HB2010, Morschach, Switzerland MOPD12

Beam Dynamics in High-Intensity Circular Machines 79



b
b
d
d
a

d
p
F
r
m

t

m
L
l
c
a
t
g
i

F
r

q
c
k
o
a

7

c
u

4
y
p

w
m
4

but it tends to 
beam size is
dependence) 
distribution in 
and emittance 

EMITTA
In 2008 th

driven by the
polarized proto
Figure 5 d
reconfiguration
meters to 70 c
steerers in e
transformer.  
source could n
moved, theref
LEBT for the 
long and had 
collimator in 
and an einzel 
tested with th
gave about a 8
intensities and 

 

Figure 5: La
reconfiguration

In the ME
quadrupoles fr
core. The pow
kW, but the b
only a maximu
adding an addi
¼ wave resona
7651 tetrode, 
system is in
combined in t
used for fee
stabilization l
successfully op
4 from each am
years up to 3
power requirin

In 2009[11]
we measured o
mA out of RF
400 μs long pu

show up at hig
 big enough,
will cause n
the longitudin
growth shows 

ANCE GRO
he LEBT and 
 aim to reduc
on to increase 

depicts the 
n. The MEBT
cm. It has thr
ach plane, o
Due to physic

not be moved, 
fore we ended 

high intensity
two solenoid

each plane, a 
lens before th

he RFQ for th
80% transmissi

a 90% for the 

ayout of LE
n. 

EBT (see Figu
from the LED
wer required fo
buncher RF po
um of 5 kW. T
itional feed loo
ator arms. The 

5 kW power
ndependently p
he buncher. O
edback for b
loops about 
perated the bun
mplifier system
 bunchers we

ng 3.5 kW. 
, with up to 10
only 30 mA in

FQ, and big cu
ulse. Similar in

gher energies. I
, then non li

non linear rel
nal as well as tr

up immediatel

OWTH MIT
MEBT were

ce the emittan
luminosity in 
LEBT and 

T length was r
ee quadrupole
ne buncher a
cal constraints
and linac tank
up with a lo

y beam was ab
ds, two sets o

beam stop, a 
he RFQ. The e
he transmission
ion through the
polarized H-.  

EBT and ME

ure 6), we h
DA [15] projec
or the buncher
ower source w

The buncher w
op to each of th
buncher was p
r amplifiers. E
phase adjuste

One of the add
both phase a
both amplifie

ncher at 8 kW’
m. During prev
re required w

00 mA out of 
n front of RFQ
urrent fluctuati
nstability has be

If the transvers
inear field (r
lative velocity
ransverse plan
ly. 

TIGATION
e reconfigured
nce growth fo
the RHIC [10]
MEBT afte

reduced from 7
es, two pairs to
and a curren

s, the polarized
ks could not b

ong LEBT. Th
bout 4.5 meter
of steerers and

slow chopper
einzel lens wa
n in 2007, and
e RFQ for high
.  

EBT after th

have used th
ct with a solid
r was about 10
was capable o

was modified by
he cavity’s two
powered by two
Each amplifie
ed and powe
ditional loops i
and amplitud
ers. We hav
’s of RF power
vious operating

with the highes

the ion source
Q and about 17
ions during th
een seen earlie

e 
r- 
y 
e 

d, 
or 
]. 
er 
7 
o 

nt 
d 
e 
e 

rs 
d 
r, 

as 
d 
h 

 
e 

e 
d 
0 

of 
y 

o-
o 

er 
er 
is 
e 
e 
r, 
g 
st 

e, 
7 
e 

er 

[12, 13].
changing 
transmissi
improved
same for 
to 100 mA

 

One m
solenoids 
configurat
and 22 m
(supposed
50 mA in
Finally, th
one of the
such that
solenoid 
reconfigur
after the 
beam pipe
out of the
x 10-6 Tor
8 x 10-16 c
critical de
10-6 Torr 
measured
calculated
section fo
about a 2
while abo
summariz

Table 2:
Intensity

Configu

2 sol. + e
3 sol. + e
3 sol. + e
3 sol. + e
#Solenoi
chopper

 Various con
second solen

ion efficienci
d. The transmis

a wide range o
A) and energy 

Figure 6: Phot

more solenoid 
and an einzel

ation, one got a
mA after the RF
d to be used for
n front of the 
he einzel lens b
e solenoids, an
t the distance
was approxim

uration.  This 
RFQ. When 

e, one got 65 m
e RFQ. The LE
rr. The ionizati
cm-2 and the r
ensity [12] for
r (Xe gas den
d a neutralizatio
d value is ab
or 35 keV H-
20% stripping 
out a 32% loss 
zes commission

Summary of 

uration 

ein. lens 
ein. lens 
ein. lens#

ein. lens + Xe 
id in front of

nfigurations w
noid location, 
ies nor the c
ssion efficienc
of currents (so
(20 keV to 35 

to of 70 cm lon

was added, 
l lens in front
about 45 mA i
FQ. With einze
r the polarized
RFQ and 25 

before the RFQ
nd the other so
e between the
mately the sa
configuration 
Xe gas was 

mA in front of 
EBT had an ave
ion cross secti
equired pressu
r complete neu
nsity of 1.2 
on rise time a

bout 38 μs. T
- is about 4 x
loss for the 4
in the LEBT i

ning of LEBT 

LEBT Comm

Before
RFQ 
30 mA
45 mA
50 mA

gas 65 mA
f RFQ and E

were then trie
but neither c

current fluctu
cies were almo
ource current 5
keV). 

ng MEBT. 

now having 
t of RFQ. Wit
in front of the
el lens #3 turn

d beams only) w
mA after the 

Q was replaced
olenoid reconfi
e RFQ and th
ame as befor
resulted in 3
introduced int
the RFQ and 4

erage pressure 
on for the Xe 

ure for the Gab
utralization is 
x 1011 cm-3 )

about 40 μs, an
The stripping 
x 10-15, which 
4 meter long L
is measured. T
for high intens

missioning for 

e After 
RFQ 

A 17 mA
A 22 mA
A 35 mA
A 42 mA
Einzel lens be

d, by 
current 
uations 
ost the 
50 mA 

 

three 
th this 
e RFQ 
ned on 
we got 
RFQ.  

d with 
igured 
he 2nd 
re the 
5 mA 
to the 
42 mA 
of 3.7 
gas is 

bovich 
3.6 x 

). We 
nd the 

cross 
gives 

LEBT, 
Table 2 
sity. 

High 

A 
A 
A 
A 

efore 

MOPD12 Proceedings of HB2010, Morschach, Switzerland

80 Beam Dynamics in High-Intensity Circular Machines



p
w

w
n

p
t
A

B

 

e
T
L
L

R
r
T
t
T
f

t

The transmi
power.  At 8 kW
was about 32 
simulations. W

In 2010, the
with a bend an
new length of
solenoids, two
plane, a cho
transmission 
Average beam 
110 μA in 20
BLIP transport

 

Figure 7:

Table 3 com
efficiencies be
Table 3: Emitt
Linac. Transm
Linac Output C

Year 

2008 
2009 

The reductio
RHIC accelera
reduction in em
Table 4 show 
the last three y
Table 4: BNL
for Last Three 

Parameters 
Average Curr
within 2” targ
Beam outside
Collimator te
Radiation 

 Figure 8 sh
the target befo

ission though l
W power, the m
mA (76% tran

We measured no
e high intensity
ngle of 45 degr
f the LEBT is
o quadrupoles
opper and on
through linac
current on the
10 from 80 μ
t line was furth

: Layout of LE

RES
mpares the emi
efore and after t
tance and Tran

mission Efficie
Current to Sour

εX, N, 95
(π mm m
10.7 
4.5 

on in emittanc
ator chain and
mittance in the
the linac perfo

years 
L Linac Perform

Years. 
2

rent 
get 

7

e 2” 8
emp. 1

N

hows a compari
ore and after th

linac was limi
maximum curr

nsmission), in a
o beam losses i
y source was m
ees as shown i

s now 2 meter
s, and two st
ne 45 degree
c was increa
e BLIP target w
μA in 2009. R
her reduced.  

EBT and MEBT

SULTS  
ittance and lina
the upgrade in 
nsmission Effi

encies Measure
rce Current. 

5% 
mr) 

εY, N 95
(π mm m
15.9 
5.5 

e is seen in ev
d translated to
e RHIC at coll
ormance for hig

mance for Hig

2008 200
71μA       80μ

8% 0% 
160°C 70°
Normal Low

ison of the bea
he upgrade. R

ted by bunche
rent out of lina
agreement with
in the MEBT.  

moved upstream
n Figure 7. Th
rs and has two
eerers in each
e dipole. Th
ased by 30%
was increased to
Radiation in th

T in 2009. 

ac transmission
2009 

iciencies of th
ed as Ratio o

% 
mr) 

Trans. 
(%) 
50-55 
65-70 

very step of th
o about a 25%
lision energies
gh intensity fo

gh Intensity H

09 2010
μA 110μA

0% 
C 65 °C 

w Lower

am foot-print a
adiation due to

er 
c 
h 
 

m 
e 
o 
h 
e 

%. 
o 
e 

 

n 

e 
of 

e 
% 
.. 

or 

H- 

at 
o 

beam loss
before the

 

(a)    
Figure 8: 
and (b) af
same num

[1] “The 
accel
Acce

[2] “AGS
PAC 

[3] “The 
EPAC

[4] “Perf
Aless

[5] “Upg
Aless

[6] “SSC
LINA

[7] “Com
perfo
LINA

[8] “Desi
Inten
p 196

[9] “RFQ
requi

[10] “Prop
the B
2004,

[11] ”Resu
200 M

[12] “Tran
M. D

[13] “Tran
No. 1

[14] “Low
at B
LINA

[15] “Field
Quad
Augu

[16] “Red
gaps 
Rapa

ses has been r
e upgrade. 

                       
Beam foot pr

fter reconfigura
mber of contour

RE
Brookhave

lerator”, G. 
elerators, Volum
S Preinjector 
1987,p 276. 
New AGS H-

C 1988,p 538.
formance of th
si, et al, PAC 1
grade of the B
si, et al, LINAC

C Drift-Tube L
AC 1992, p. 19
mparison betw
ormance of the
AC 1996, p 779
ign of a 35 

nsity OPPIS at 
64. 
Q-DTL Matc
irements”, D. R
posal for redu

BNL 200 MeV 
, p 36. 
ult of LEBT/
MeV Linac”, D
nsport of high 

D. Gabovich, et 
nsport of H-“, 
111, p 511. 
w and Medium
BNL 200 Me
AC2010. 
d Measureme

ds”, D. Bar
ust 2000. 
ducing the field

in a drift-tub
aria, linac 1992

reduced everyw

           (b) 
rint at the BL
ation of LEBT/
rs. 

EFERENCE
en 200-MeV

W. Wheeler
me 9, Number 
improvement”

- RFQ preinjec

he New AGS R
1989, p. 999. 
Brookhaven 20
C 1996, p 773.
Linac Design”
99. 
ween modelin
e BNL Linac”
9. 
keV LEBT 
BNL”, J. Ales

ching solutio
Raparia, PAC 1
uction of Trans

Linac”, D. Ra

/MEBT Recon
D. Raparia, et a

intensity of H
t al, JETP Lett.
P. Allison, et 

m Energy Beam
eV Linac”, D

ents for the 
rlow, LANS

d perturbation 
be-linac”, K. R
2, p 504.  

where, compar

LIP target (a) b
/MEBT showin

ES 
V proton 
r, et al, Pa
½, 1979. 

”, J. Alessi, e

ctor”. J. Alessi,

RFQ Preinjecto

00 MeV Lina
. 
”, D. Raparia, 

ng and mea
”, D. Raparia, 

for the New 
ssi, et al, PAC

ons for dif
1995, p 1385. 
sverse Emittan
aparia, et al, L

nfiguration at 
al. PAC2009. 
H- at low ener
 29, 1979, p 48
al, AIP Conf.

m Transport up
D. Raparia, e

APT/LEDDA
SCE-1:TNM-00

produced by s
R. Crandall an

red to 

 

before 
ng the 

linear 
article 

et al , 

, et al, 

or”, J. 

ac”, J. 

et al, 

asured 
et al, 

High 
1999, 

fferent 

nce of 
INAC 

BNL 

rgies”, 
89. 
 Proc. 

pgrade 
et al, 

A/Halo 
0-032, 

shifted 
nd D. 

Proceedings of HB2010, Morschach, Switzerland MOPD12

Beam Dynamics in High-Intensity Circular Machines 81


