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OUTLINES

Introduction
Linac, BLIP
Booster
AGS
Conclusion
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Note: This talk will cover only high intensity proton operations of Linac, Booster and 
AGS
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AGS:
Intensity: 7 × 1013 protons/pulse
Injector to RHIC:
< 1/2 hours about every ~10 hours

Fast extraction

Slow Extraction
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AGS Peak Proton Intensities
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With RHIC, no 2nd harmonic Booster cavity
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Total Accelerated Protons at the AGS
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Slow extracted beam (Kaon decay)
Fast extracted beam (g-2)
Note: Lower total accelerated protons in later years 

due to much shorter running time

With RHIC
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AGS Intensity History
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LINAC Beam Parameters
Final Energy 200 MeV
Peak Current 30-40 mA
Repetition Rate 4 pulses/AGS pulse(7.5 Hz)
Pulse Length 0.350 ms (250 turns)
Trans. Emittance(n,rms) 2 pi mm mrad
Energy Spread ± 0.1 MeV (0.1 %, 95%)
Energy Jitter ± 0.1 MeV
Chopping Slow + fast
Customers BLIP, Booster
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BNL 200 MeV Linac
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General Parameter of BNL 200 MeV 
Linac

Preinjector Energy 0.75 MeV 
Output Energy 200.3 MeV 
Peak Beam Current 100 mA 
Emittance (100mA at 200 MeV) 1 pi cm-mrad 
Beam Pulse Length (max) 200 µsec 
RF Pulse Length 400 µsec 
Operating Frequncy 201.25 MHz 
Number of Cavities 9 
Total Length of the Accelerator 144.8 meters 
Numbers of unit cells 286 
Total Peak RF Excitation Power 22 MW 
Pulse Repetition Rate (max) 10 pulse/sec 
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Beam Delivered to BLIP
Accumulated uA-hrs

0.00

50000.00

100000.00

150000.00

200000.00

250000.00

300000.00

1 11 21 31 41 51 61 71 81 91 101111121131141

Days of Operation

uA
-h

rs

FY2004
FY2005
FY2006
FY2007
FY2008



Brookhaven Science Associates
U.S. Department of Energy 12

Losses in 200 MeV Linac

 Losses for 100 
micro Amps (W/m)

Radiation 
(mrad/hr) 

RFQ 2.8 0 
MEBT 1.9 0 
TANK 1 4.2 <1 
TANK 2 1.0 <1 
TANK 3 0.4 8.75 
TANK 4 0.4 6.45 
TANK 5 0.0 1.5 
TANK 6 2.5 13.25 
TANK 7 1.0 7.5 
TANK 8 0 2.75 
TANK 9 0 7.7 

 

 Average    1.4 w/m         
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Protection systems
•Collimation :
LEBT, Tank1, and BLIP Line
•BLM are reach back to Fast Chopper (FBI)
•Temperature monitor
•Harp out wire are reach back to Fast Chopper

Tank 1 Collimator (P)                     Tank1 Collimator (H-)
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Radiological Survey
of Linac

• LINAC energy for BLIP 117 MeV
only first 5 tank, 6.67 Hz, 400 μs, ~40 mA

• Polarized proton 200 MeV
0.5 Hz, 350 μs, ~ 250 μA

200              181           161         140           117          93           66            38          10        MeV

LEBT area
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Radiological Survey of BLIP Line

Contamination:
Be Window + Air Gap
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~100”~160” to quad

Water tank

~660” to BM2

Profile

Blip Flange Melt down: Graphite collimators BLIP Line
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Blip Flange Melt down: Graphite collimators BLIP Line
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Blip Flange Melt down: Graphite collimators BLIP Line
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Blip Flange Melt down: Graphite collimators BLIP Line
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Blip Flange Melt down: Graphite collimators BLIP Line
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Shileding

Shielding in dipoles
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Linac to Booster Transfer Line (LTB)
Transport to linac to booster
Match into booster
Measure Transverse Beam Quality
No collimation
No energy correction
No buncher cavity
No chopper in the LTB
~ 60 meter long
120 degrees bend
Magnetic  stripping of H- not an issue
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Transfer line layout
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Losses in the LTB
Transmission 90-95%

Current monitor XF011 , XF100
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H- injection into the Booster

100 mA H- magnetron source
High B dot gives effective longitudinal phase space painting.
Injection period is approx. equal to synchrotron period.
Incoherent tune spread > 0.5

SimulationMeasurement Injected:
31 × 1012 ppb
1.3 eVs

Circulating:
26 × 1012 ppb
3.0 eVs

Design Intensity 15 x 1012 ppb
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Booster Parameters and Performance
Parameter Value
Circumference 201.78 (1/4 AGS) m

Ave. Radius 32.114  m
Magnetic Bend R 13.8656 m
Lattice Type Separated Function, 

FODO
No. Superperiods 6
No. of Cells 24
Betatron Tunes,X,Y 4.82, 4.83
Vacuum Chamber 70 x 152 mm Dipoles

152 mm (circular) 
Quads

Max. Rigidity 17 Tm
Injection Rigidity 2.2 Tm 

(200 MeV protons)
Acceleration Rate 8.9 T/s  (7.5 Hz)
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Booster Injection
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Booster Injection
Reducing the risk of a C7 magnet failure
• Thicker H- stripping foil. Will reduce H0 to less than 0.3 %

– 200 μgm = 0.4 %
– 250 μgm = 0.09 %
– Main Issue is emittance growth

• Add Carbon Block absorber in Quad Upstream of C7, 
located to catch H0

– Main Issue is does this significantly reduce acceptance?
Reducing the risk of a C5 magnet failure
• Restrict acceptance of transfer line, to prevent beam 

scraping at entrance to C5  (collimation in transfer line)
– assumes cause is beam scraping at or near the entrance

• Add Carbon Block between vacuum chamber and coils 
on inside of C5 magnet, to diffuse and absorb lost 
particles.
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C3 Inflector Protection

Inflector septum distortion. Should be perfectly flat.  Presumed cause is 
high intensity protons scraping on the septum.
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AGS Parameters and Performance
Parameter Value
Circumference 807.091 m
Ave. Radius 128.453  m
Magnetic Bend R 85.3785 m
Lattice Type Combined 

Function, FODO
No. Superperiods 12
Betatron 
Tunes,X,Y

8.72, 8.80

Vacuum Chamber 78 x 173 mm 
Dipoles

Max. Rigidity 110 Tm
Injection Rigidity 9.076 Tm 

(1.94 MeV protons)
Acceleration Rate 
(max)

2.5 T/s
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AGS High Intensity Performance
6 single bunch transfers from Booster 
Peak intensity reached: 74 × 1012 ppp
Bunch area:   3 eVs at injection

10 eVs at extraction 
Intensity for FEB ops: 60 × 1012 ppp
Strong space charge effects 
during accumulation in AGS
2nd order transition energy jump
limits available momentum aperture.
Chromatic mismatch at transition
causes emittance dilution

2 seconds
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High intensity bunch-to-bucket 
transfer

Incoherent tune spread ~ 0.3
→ significant effects during beam accumulation

Longitudinal emittance dilution at AGS injection through 
mismatch followed by smoothing with high frequency 
(93 MHz) cavity.
Needed to avoid excessive space charge tune spread and 
coupled bunch instabilities.
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For 13 × 1012 ppb: coherent space charge tune shift 
varies along bunch: 0 → ~ 0.1 at bunch center
Dipole mismatch difficult to damp
Quadrupole mismatch can cause halo
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Booster & AGS Performance
Imposed limits to lost beam power for ALARA.

AGS SEB operation, 5.4 s AGS cycle time, 6 Booster cycles.
Achieved 19.6 Tp/sec, Booster Late & 13.7 Tp/second, AGS Late. 

Table 1: SEB 10 Pulse Ave. Data (best performance)

Intensity
(Tp/cycle)

*

Efficiency
(%)

Beam Loss
(Tp/cycle)

ALARA
(Tp/cycle)

Loss 
(kW)

Loss/m
(W/m)

Linac 177 - - - -
Booster Injected 125 71 52 54 0.31 1.5
Booster Extracted 106 86 18 18 0.5 2.5
AGS Injected 78 74 28 31.5 1.62 2.0**
Transition 76 98 2 3 0.26 0.3
After Transition 73 95 3 4.5 0.63 0.8
AGS Late 73 100 0 1.5 0 0

* 1 Tp = 1x1012 protons

** assumed lost in AGS
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Booster & AGS Performance
Imposed limits to lost beam power for ALARA.

AGS FEB operation, 2.77 s cycle AGS cycle time, 6 Booster cycles
Achieved 30 Tp/sec, Booster Late & 22 Tp/sec, AGS Late

Table 2: FEB 10 Pulse Ave. Data (best performance, not sustainable operation)

Intensity
(Tp/cycle)

Efficiency
(%)

Beam Loss
(Tp/cycle)

ALARA
(Tp/cycle)

Loss 
(kW)

Loss/m
(W/m)

Linac 115 - - - - -
Booster Injected 89 77 27 27.7 0.31 1.5
Booster Extracted 83 93 6 9.2 0.33 1.6
AGS Injected 66 78 18 16.3 2.0 2.5**
Before Transition 62.3 94 3.7 1.5 0.9 1.1
After Transition 61.6 99 0.6 2.3 0.2 0.2
AGS Late 61.4 99.5 0.3 0.8 0.25 0.3

** assumed lost in AGS
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AGS Slow Extraction
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AGS Ring Decay Curve
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Radiological Servey of  AGS
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Losses in AGS
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Radiological Survey Booster
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Radiological survey AGS
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Radiological Survey Booster
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Radiological Survey AGS
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Radiological Survey Switch Yard
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Losses in Booster and AGS

No component damage in AGS
Magnet C7 and extraction septum F6 lost due 
to radiation in Booster
Hands-on-maintenance in GAS and Booster
Ground water not a concern
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Loss Limits
•Imposed limits for ALARA
•This loss limits were ad-hoc 
( achieved by experts)
•The peak intensities were not loss 
limited

ALARA Design Policy
•ALARA triggers Operations procedures to bound 
losses
•Beam current transformers and loss monitors with 
alarm limits
•Long-term monitoring for integrated beam loss 
Residual radiation surveys
•Soil coupon monitors (i.e., small containers filled 
with sand)
•Shielded storage area for component storage and 
repair
•Modular concrete and steel shielding 
•Caps over soil if > 5% of the Drinking Water 
Standard
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Shield Caps
Liner Cover over 
NSRL.

Concrete/Soil mix 
over area’s of AGS 
tunnel.

Existing Concrete 
Shield Cap

Area’s to be 
covered with 
Concrete, outside 
RSVP project
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Collective Dose
The Maximum individual dose:
2000 - 565mrem
2001 – 366mrem
2002- 865mrem
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Conclusions

Linac, Booster and AGS surpass design 
intensities
Linac intensity  is  NOT limited by  by losses
Booster and AGS peak intensity were NOT 
limited by losses 
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