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Overview

• SNS linac and ring are operating at 800KW beam power 
and are capable of meeting design goal of 1MW

• Preparation is underway for the power up grade (PUP) of 
the linac, currently at CD1

• Second Target Station (STS) planning is underway , 
currently at CD0
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SNS Accelerator Complex
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Beam Power

• ~ 850 kW max. operational power

865 kW

~ 400 kW to 

protect foil

1.03 GW-hrs

1.18 GW-hrs
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1MW Beam Power
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Parameters Design
Individually 

achieved

Highest  

production  

beam

Beam Energy (GeV) 1.0 1.01 0.93

Peak Beam current (mA) 38 40 40

Average Beam Current (mA) 26 24 24

Beam Pulse Length (ms) 1000 1000 670

Repetition Rate (Hz) 60 60 60

Beam Power on Target  (kW) 1440 880 880

Linac Beam Duty Factor (%) 6 4.0 4.0

Beam intensity on Target (protons per pulse) 1.5 x 1014 1.3 x 1014 1 x 1014

SCL Cavities in Service 81 80 80

Major Parameters achieved vs. designed
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High Intensity Beam Studies – 7/11/2009

• The linac delivered the full pulse length at full power

• For the first time we verified the Ring can stably store 
and extract the design intensity of 1.5 x1014 ppp
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Linac Beam waveform: 

• ~ 1 msec long

• produces the design intensity

Beam Pulse Extracted from the Ring:

• Full baseline design intensity stored and extracted

• No gross instability observed
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Ring Beam Loss at High Intensity

• No serious tuning done

– 1 MW – ready for prime-time

– 24 mC –not that bad – needed 20 kV of 2nd harmonic RF

• 1.44 MW  @ 60 Hz (1 GeV)
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Residual Activation Buildup

• SCL Activation 
Buildup “saturated”

• Injection  Activation 
at 865 kW similar to 
650 kW level (but no 
extended run time)
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Operating and Repairing of Cryomodules
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FY2010 Run Schedule •Red = extended maintenance

•Yellow = physics

•Green = production

•Blue = Maintenance Days
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Linac Cryomodule Performance:

• Linac Energy at 930 MeV + 10MeV energy reserve

• 80 of 81 cavities in service

• Cavity performance has been very stable and reliable

– MB cavities performing above specifications

– HB cavities are performing slightly below specifications

– No degradation in performance so far (field emission stable) 

– Trip rates are very low ( 1 per day)

• Plans are to apply plasma cleaning to installed 
cryomodules to reduce the collective effects from field 
emission
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Linac Energy Limiting factor (I)

• Cavity performances

– Field emission (major limiting factor)

– Coupler heating

– Others
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SRF Activities Supporting PUP

• Preparation of SRF supporting facilities currently underway

– New facilities will include

• Vertical test dewar

• Horizontal test cryostat

• Cryogenic refrigeration upgrade to support vertical and horizontal cavity 
testing

• Production of a spare HB cryomodule

– Design changes to cryomodule envelope

– Study of cavity performance limitations (field emission/ 
multipacting)

– Development of new design for the cryogenic heat exchanger

• Developing Plasma Processing for Cleaning Niobium 
Surfaces 
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Radiation/electron activity diagnostics 

in the Test Cave 
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17

Radiation (before and after plasma 

processing)

Radiation reduced by factor of 5 to 100

Showed promising results for in-situ processing 

before after

Eacc=10 Eacc=10
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18

Radiation (before and after plasma 

processing)
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SNS Upgrade 

• PUP (Power Upgrade Project)

– CD-1 approved Jan. 2009

– “complete” in 2015

– 8+1 additional cryomodules  1.3 GeV +reserve

– AIP current increase 2642mA

• STS (Second Target Station)

– CD-0 approved Jan. 2009

– “Complete” in 2019

– FTS:40 Hz short (chopped) + STS:20 Hz long (unchopped)
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PUP  Parameters

• Need to get 1.3 MW + 1.3 GeV for PUP

SNS Project 

Baseline 

Present 

Operation 

(best to date)

Energy 

Upgrade (PUP)

CU AIPs

Beam kinetic energy, MeV 1000 928 1300 1300

Design goal beam power, MW 1.4 1.8 3

Required beam power (min), MW 1 0.86 1.3 2

Linac beam macro pulse duty factor, % 6 4 6 6

Average macropulse H- current, mA 26 24 26 42

Peak macropulse H- current, mA 38 38 38 59

Linac average beam current, mA 1.6 0.97 1.6 2.5

Linac average beam pulse length, ms 1 0.67 1 1

SRF cryo-module number, med-beta 11 11 11 11

SRF cryo-module number, high-beta 12 12 20 (+1 reserve) 20 (+1 reserve)

SRF cavity number 81 80 113 (+4 reserve) 113 (+4 reserve)

Operational gradient  (Eacc) (b=0.61 

cavity), MV/m

10.1 (+/- 1.0) 12.2 10.1 (+/- 1.0) 10.1 (+/- 1.0)

Operational gradient  (Eacc) (b=0.81 

cavity), MV/m

15.6 (+1.1/-3.5) 12.3 13.8 13.8

Ring injection time, ms / turns 1.0 / 1060 1.0 / 1060 1.0 / 1060 1.0 / 1100

Ring  frequency, MHz 1.058 1.098

Ring bunch intensity, 10
14

(ppp) 1.6 1 1.6 2.5

Ring space-charge tune spread, DQSC 0.15 0.1 0.09 0.15

Pulse length on target, ns 695 700 695 691
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• New DI Water Plant Installed

•E1 Grade

• 15GPM, 10GPM RO

• HPR Pump Installed

• New HPR Cabinet 

Completed (Niowave)
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The SRF Challenges Next 3 Years:

• Bring up the linac energy to1 GeV

– Develop good procedures for applying plasma cleaning and  
apply to the linac during maintenance periods

• Prove out design changes applied to the spare HB 
cryomodule (PUP baseline design)

– Determine what can be done to reduce field emission limitations 
in new cryomodules

• Technical options :Removal of HOM resonant structures, Electropolish

– Develop in-house skills to support procurement of new 
cryomodules

– Develop steps for meeting pressure vessel code requirements

• Install and commission new facilities


