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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 
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