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eRHIC (Linac-Ring version) 

    Requires a polarized electron source with an extremely high 
average current ( at least 5-10 mA). 

 
 
 

 

• Modern state-of-the-art guns produce ~100-200 µA 
• Average current of ~ 1 mA achieved in tests at JLab and 

Mainz;  
• Average current of up to 10 mA achieved at Mainz with very 

short lifetime (needs active cathode cooling) 
Main problem – ion back bombardment. 

Anode hole acts like a focusing lens for ions. 

Ion damage is most severe at the center of the cathode. 
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Ion damage mostly the center of 
cathode (Bates results)  
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data

				r9-8						r10-8						r11-10						r12-10						r13-12

		-5.5		0.857024				-5.5		1.080587				-5.5		0.892015				-5.5		1.001903				-5.5		0.900491

		-5		0.851236				-5		1.073838				-5		0.891195				-5		0.989008				-5		0.897846

		-4.5		0.847676				-4.5		1.050678				-4.5		0.893616				-4.5		0.998909				-4.5		0.904047

		-4		0.825809				-4		1.060811				-4		0.850549				-4		0.971227				-4		0.895414

		-3.5		0.800076				-3.5		1.046069				-3.5		0.822608				-3.5		0.974797				-3.5		0.904201

		-3		0.72651				-3		1.03216				-3		0.776152				-3		0.972426				-3		0.879796

		-2.5		0.675489				-2.5		1.031817				-2.5		0.733832				-2.5		0.971917				-2.5		0.849875

		-2		0.624468				-2		1.031475				-2		0.691511				-2		0.971408				-2		0.819953

		-1.5		0.565301				-1.5		1.043454				-1.5		0.648507				-1.5		0.971967				-1.5		0.707017

		-1		0.529729				-1		1.06093				-1		0.627285				-1		0.967185				-1		0.588416

		-0.5		0.493547				-0.5		1.065348				-0.5		0.62886				-0.5		0.9691				-0.5		0.506894

		0		0.457365				0		1.069767				0		0.630435				0		0.971015				0		0.425373

		0.5		0.493547				0.5		1.065348				0.5		0.62886				0.5		0.9691				0.5		0.506894

		1		0.529729				1		1.06093				1		0.627285				1		0.967185				1		0.588416

		1.5		0.565301				1.5		1.043454				1.5		0.648507				1.5		0.971967				1.5		0.707017

		2		0.624468				2		1.031475				2		0.691511				2		0.971408				2		0.819953

		2.5		0.675489				2.5		1.031817				2.5		0.733832				2.5		0.971917				2.5		0.849875

		3		0.72651				3		1.03216				3		0.776152				3		0.972426				3		0.879796

		3.5		0.800076				3.5		1.046069				3.5		0.822608				3.5		0.974797				3.5		0.904201

		4		0.825809				4		1.060811				4		0.850549				4		0.971227				4		0.895414

		4.5		0.847676				4.5		1.050678				4.5		0.893616				4.5		0.998909				4.5		0.904047

		5		0.851236				5		1.073838				5		0.891195				5		0.989008				5		0.897846

		5.5		0.857024				5.5		1.080587				5.5		0.892015				5.5		1.001903				5.5		0.900491

				r14-12						r15-14						r16-14						r17-16						r18-16

		-5.5		1.071281				-5.5		0.725178				-5.5		0.889499				-5.5		0.789623				-5.5		1.001424

		-5		1.078431				-5		0.701002				-5		0.865006				-5		0.774212				-5		0.997313

		-4.5		1.075553				-4.5		0.692047				-4.5		0.855628				-4.5		0.798325				-4.5		0.999554

		-4		1.078689				-4		0.67526				-4		0.852973				-4		0.77743				-4		0.992314

		-3.5		1.083103				-3.5		0.641766				-3.5		0.848082				-3.5		0.766834				-3.5		0.996909

		-3		1.091286				-3		0.581694				-3		0.836004				-3		0.775832				-3		1.000863

		-2.5		1.092665				-2.5		0.524766				-2.5		0.832655				-2.5		0.737179				-2.5		0.99653

		-2		1.094043				-2		0.467838				-2		0.829307				-2		0.698525				-2		0.992197

		-1.5		1.103063				-1.5		0.342222				-1.5		0.792485				-1.5		0.623319				-1.5		0.985033

		-1		1.08719				-1		0.302209				-1		0.77548				-1		0.579374				-1		0.953239

		-0.5		1.095834				-0.5		0.269348				-0.5		0.749227				-0.5		0.55137				-0.5		0.953255

		0		1.104477				0		0.236487				0		0.722974				0		0.523365				0		0.95327

		0.5		1.095834				0.5		0.269348				0.5		0.749227				0.5		0.55137				0.5		0.953255

		1		1.08719				1		0.302209				1		0.77548				1		0.579374				1		0.953239

		1.5		1.103063				1.5		0.342222				1.5		0.792485				1.5		0.623319				1.5		0.985033

		2		1.094043				2		0.467838				2		0.829307				2		0.698525				2		0.992197

		2.5		1.092665				2.5		0.524766				2.5		0.832655				2.5		0.737179				2.5		0.99653

		3		1.091286				3		0.581694				3		0.836004				3		0.775832				3		1.000863

		3.5		1.083103				3.5		0.641766				3.5		0.848082				3.5		0.766834				3.5		0.996909

		4		1.078689				4		0.67526				4		0.852973				4		0.77743				4		0.992314

		4.5		1.075553				4.5		0.692047				4.5		0.855628				4.5		0.798325				4.5		0.999554

		5		1.078431				5		0.701002				5		0.865006				5		0.774212				5		0.997313

		5.5		1.071281				5.5		0.725178				5.5		0.889499				5.5		0.789623				5.5		1.001424

				Small spot						Axicon								r17-16-slice								Small spot, corner

		-1		0.0019				-3		0		0				-5.66		0.67						-5.24		0.0019

		-0.9		0.0022				-2.8		0.44		0.022				-5		0.62						-5.14		0.0022

		-0.8		0.0082				-2.6		1.73		0.0865				-4.24		0.4						-5.04		0.0082

		-0.7		0.0184				-2.4		3.96		0.198				-3.61		0.5						-4.94		0.0184

		-0.6		0.0115				-2.2		8.11		0.4055				-2.83		0.26						-4.84		0.0115

		-0.5		0.029				-2		9.42		0.471				-2.24		0.56						-4.74		0.029

		-0.4		0.067				-1.8		7.82		0.391				-1.41		0.45						-4.64		0.067

		-0.3		0.099				-1.6		2.41		0.1205				-1		0.72						-4.54		0.099
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High Intensity Polarized Electron 
Gun   

The principal points to achieve high average 

current: 

• Large area cathode. 

• Ions tend to damage the central area of the cathode – 

ring-shaped emission pattern. 

• Active cathode cooling. 

• Very small beam losses could be allowed near the 

gun (        ). A lot of simulations performed with a 

proven code. 

610−<
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Additional requirements 

• Heat-cleaning and activation compromise 
vacuum condition, they should be done in a 
separate chamber (preparation chamber). 

• It takes months to achieve good vacuum, so 
gun chamber and preparation chamber should 
never be vented. New cathodes should be 
loaded into the system via load lock. 

9/6/2018 5 
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Ring-shaped Laser Beam 

Fiber L1 L2 Axicon Cathode 

Axicon (conical lens) in combination with a converging lens (L2) 
produces ring-shaped beam in the focal plane of L2. Lens L1 
reduces the laser beam divergence (25° from the fiber). Without 
axicon, very small beam spot will be produced. QE could be 
mapped by moving the L2 
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Axicon-based System Simulations 
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		1.251282		2.924718		3.181145

		1.109159		-2.093577		-2.36924

		0.960988		-2.159222		-2.363416

		4.431399		0.883695		4.518652

		-0.112662		-3.204752		-3.206732

		2.279467		1.148248		2.552341

		-2.902622		0.10915		2.904674

		-1.507524		2.062395		2.554624

		2.684019		2.499677		3.667744

		-1.47336		-2.811553		-3.174212

		1.392215		-1.767936		-2.250302

		2.302809		0.838709		2.450788

		2.163369		0.472543		2.214376

		-1.110439		-1.869411		-2.174344

		-2.902599		0.124201		2.905255

		-2.880057		3.075565		4.213529

		-3.59116		0.452741		3.619586

		3.008246		-1.360525		-3.301601

		-3.442404		1.519661		3.762913

		-1.463596		2.333156		2.754221

		2.326745		-1.472208		-2.753387

		-1.079632		-2.788781		-2.990469

		3.408698		-0.271839		-3.41952

		-2.770357		-0.622403		-2.839413

		-2.049493		-3.210097		-3.808562

		0.666749		-2.655803		-2.738219

		2.831302		-2.576176		-3.827918

		-3.050235		-1.333617		-3.329034

		-2.689564		2.295966		3.536271

		-3.400235		0.817876		3.497216

		1.343126		-2.745479		-3.05641

		3.290416		0.146793		3.293689

		-2.163905		-1.218492		-2.483387

		-3.855351		-1.889533		-4.293491

		3.229452		0.433896		3.25847

		1.210441		-2.173679		-2.487981

		-1.370553		2.359055		2.728288

		2.211562		3.191442		3.882822

		0.852834		-2.204842		-2.364034

		2.68263		2.053774		3.378534

		-0.333111		4.304808		4.317677

		2.361663		-3.483875		-4.2089

		1.935323		2.614344		3.252733

		-2.111082		-1.084319		-2.373271

		-1.911469		3.183793		3.713523

		0.360623		-2.796803		-2.819957

		-1.230695		4.217279		4.393182

		2.635243		1.185435		2.889596

		0.405906		-2.998278		-3.025628

		1.979453		-3.753667		-4.243613

		-3.425616		1.346423		3.68072

		1.129945		2.469043		2.715317

		-1.742047		1.643432		2.394911

		-0.964783		-3.940327		-4.056721

		-2.404429		-1.81822		-3.014499

		1.750455		4.020925		4.385422







Cathode cooling 

(Fluorinert) 
Cathode puck (Moly) 

Heat  exchanger 
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Up to 40 W of laser power 



Cathode – anode assembly 
Fluorinert  

(cooling agent) 
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Cathode – anode assembly 
Fluorinert  

(cooling agent) 
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Beam line. Pipe aperture ~±34 mm. 

Gun 

Dipoles 
Solenoidal 

lenses 

Beam dump 
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Beam on BeO target 
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CURRENT STATUS 

• We believe that we made a lot of progress with the gun. 
• Good vacuum conditions achieved in the gun and activation 

chambers. 
• Very reliable cathode transfer between chambers in vacuum. 
• High QE in every activation (~2% at λ=805 nm). 
• Active cooling allows to deliver up to 40 W of laser power on the 

cathode. 
• The beam tuned through the beam line and the size and the 

shape of the beam are in full agreement with simulations. 
• Several equipment breakages delayed the beam tests.  
• First beam tests have been conducted.  
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Lifetime measurements 



First results 

 
• We believe the lifetime is dominated by outgassing in the beam 

dump. The beam line is short, and some fraction of gases 
produced in the dump leaks into the gun (despite differential 
pumping) and poisons the GaAs crystal. We expect the lifetime 
will be much longer when the gun is connected to a real beam 
line. 

• As we run high current beam the vacuum situation in the beam 
dump slowly improves. 
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Pressure change in the beam dump 
(1 mA current) 
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Lifetime change in the beam dump 
(1 mA current) 
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Conclusions 

 
• With a fresh crystal, the gun produces 5 mA current with laser power of 

about 0.15 W. The gun is designed to take up to 40 W of laser power. 
This means that even in the current configuration we can run 5 mA for 
about 300 hours before the cathode needs to be reactivated. 

• As we run high current beam the vacuum situation in the beam dump 
slowly improves. 

• We believe that we‘ve built a gun that meets the Linac-Ring version of 
eRHIC. 

• It would be inadvisable to use the current gun for real experiments. The 
installation was used heavily over the last years, and many parts show 
wear. At the very least all moving parts, valves, NEGs, Cs strips and PBN 
heaters need to be replaced. But we also gained invaluable experience, 
and we figured out what modifications need to be done to improve the 
reliability of the installation significantly. 

• If we were given the opportunity to build a production gun for eRHIC, due 
to the experience we've gained in developing our prototype gun, the 
system would be reliable and capable of producing a stable beam for  
experiments. 
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