
Beam Diagnostics  
Challenges for 

Selina Green 
SLAC National Accelerator Laboratory 

 

August 21, 2017       
  



2 

FACET-II: Premier R&D Facility for PWFA 

Beam Diagnostics Challenges for FACET-II, August 21, 2017 

FACET Highlights: 
•  Apr. 2012 – Apr. 2016 Experimental program 
•  High impact results on efficient acceleration of 

e- and e+ in plasma 
•  Mono-energetic e- acceleration 
•  High efficiency e- acceleration (Nature 515, 

Nov. 2014) 
•  First high-gradient e+ PWFA (Nature 524, 

Aug. 2015) 

FACET-II Timeline: 
ü  Nov. 2013, FACET-II proposal, 

Comparative review 
ü  CD-0 Aug. 2015 
ü  CD-1 Oct. 2015 
ü  CD-2/3A Sept. 2016 
•  CD-4 2022 

FACET-II will operate as a National User Facility 
with experimental program between 2019 and 2026
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PWFA Research Priorities at FACET-II 

Beam Diagnostics Challenges for FACET-II, August 21, 2017 
Broad User Community is engaged in FACET-II Science Program Planning 

with Workshops: Oct. 12-16, 2015, Oct. 17-19, 2016, Oct. 17-20, 2017
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FACET-II Accelerator & Beam Parameters for Electrons 

Beam Diagnostics Challenges for FACET-II, August 21, 2017 

SLAC Linac Tunnel (Sectors 10 – 19) 
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gun 
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Final Focus & 
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L1  L3 

Linac-1 

Linac-0 

Linac-2 Linac-3 

Sectors 20 

Injector 

Beam Parameter Baseline Design Operational Ranges 

Final Energy 10 GeV 4.0-13.5 GeV 
Charge per pulse 2 nC 0.7-5 nC 
Repetition Rate 30 Hz 1-30 Hz 
Norm. Emittance γεx,y at S19 4.4, 3.2 µm-rad 3-6 µm-rad 

Spot Size at IP σx,y 18, 12 µm 6-20 µm 
Min. Bunch Length σz (rms) 1.8 µm 1.5-20 µm 
Max. Peak current Ipk 72 kA 10-130 kA 

Interaction  
Point (IP) 
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Diagnostics for FACET-II Accelerator 

Beam Diagnostics Challenges for FACET-II, August 21, 2017 

L1-X	linearizer	 To	L2	
à	

e-	from	Injector	à	

e+	from	PDR	à	
Tune-up	dump	

335	MeV	135	MeV	
Bunch	

length	pyro	E	spread	
screen	

To	L3	à	
4.5	GeV	 Bunch	length	pyro	E	spread	

screen	

YAG	screen	&	wire	scanners	downstream	

TCAV	

From	L2	à	

First	bunch	compressor	

Second	bunch	compressor	

FACET-II accelerator uses similar diagnostics as LCLS 

Gun	

Phase	cavity	 DiagnosScs	
secSon	
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shield	
wall	
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YAG	screen	

Dump	screen/FC	

		

Gun	
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Laser	
heater	

OTR	screens	
6	MeV	

64		MeV	
135		MeV	

TCAV	

Measure: 
•  Charge 
•  Arrival time 
•  Bunch length & 

distribution 
•  Energy 
•  Energy spread & 

distribution 
•  Beam spot size 
•  Transverse 

emittance  

Injector	

AcceleraSng	secSon	

(See details in P. Krejcik’s LCLS talk on 8/23) 
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Diagnostics at FACET Experimental Area 

Beam Diagnostics Challenges for FACET-II, August 21, 2017 
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FACET-II will inherit and improve FACET’s diagnostics

OTR 
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Extreme Beams: A Challenge and Opportunity 

Beam Diagnostics Challenges for FACET-II, August 21, 2017 

60 µm 

•  Extreme beam densities at FACET-II allow experiments to access new 
regimes & create diagnostic challenges as anything intercepting the beam will 
be damaged 
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Multi-wire fork  

•  Use of multi-screen OTR 
ladders & multi-wire fork wire 
scanners away from beam 
waist mitigates damage  

FACET-II needs to develop diagnostics not intercepting the high-density beam 



8 

Concepts for Novel Beam Diagnostics at FACET-II 

Beam Diagnostics Challenges for FACET-II, August 21, 2017 

Unprecedented beams at FACET-II provide exciting diagnostic challenges 
for the accelerator community 
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Conclusion 

Beam Diagnostics Challenges for FACET-II, August 21, 2017 

•  FACET-II will deliver unprecedented high density electron 
and positron beams for advanced accelerator R&D 

•  Diagnostics for accelerator operation are well developed 
•  Diagnostics at the experimental area are challenging and 

need to be developed  
•  FACET-II will operate as a National User Facility 

•  Users are invited to develop & test beam diagnostics at the 
FACET-II beamline 

•  FACET-II Science Workshop Oct. 17-20, 2017 
 https://conf.slac.stanford.edu/facet-2-2017/ 

 



End of Presentation 




