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The beam properties are to a very large extend determined by the injector system:

� The horizontal beam size can be made much smaller than in a ring

� While the smallest beams that are possible in rings have almost been reached,
a linear accelerator can take advantage of any future improvement in the
electron source or injector system.

ESRF 6GeV@200mA ERL 5GeV@100mA
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ERL: 100-1000 times smaller area
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� The bunch length can be made much smaller than in a ring

� While the shortest bunches possible in rings have almost bean reached, a
linear accelerator can take advantage of any future improvement in the source
source or injector system.
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Current of 100mA and energy of 5GeV leads to a beam power of 0.5GW !!!

The energy of the spent beam has to be recaptured for the new beam.

As compared to a ring, the beam properties are largely determined by the injector system:

� The bunch length can be made much smaller than in a ring

� Smaller emittances

� Higher coherence fraction

� � 5 = �/ � � , > &* * � 8 ERL 5GeV@100mA
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Current of 100mA and energy of 5GeV leads to a beam power of 0.5GW !!!

The energy of the spent beam has to be recaptured for the new beam.

As compared to a ring, the beam properties are largely determined by the injector system:

� The bunch length can be made much smaller than in a ring

� Smaller emittances

� Higher coherence fraction
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Q = 1010

E = 20MV/m

A bell with this Q
would ring for a year.
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Promise: High average laser power (~ 100 kW)
High overall system efficiency
Reduced beam dump activation

Reality:
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JLab 10kW IR FEL and 1 kW UV FEL
JAERI 2.3kW IR FEL
Novosibirsk NRF 180MHz recuperator court esy Lia

M
erm

inga
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micro A< 1< 1< 1< 1< 1Beam loss 

MW55005125500Beam power 

3 10-32 10-43 10-32 10-42 10-4Relative energy 
spread

fs2020005020002000Rms bunch length

pm5115.15118.231Geom. emittance 

mm 
mrad

5.00.065.00.080.3Norm. emittance

MHz0.11300113001300Repetition rate 

pC100007710001977Bunch charge 

mA1100125100Current 

GeV55555Energy 

Units (E)
Ultra Short-

Pulse 

(D)
Ultra High-
Coherence 

(C)
Short-
Pulse 

(B)
High-

Coherence 

(A) 
Flux 

Modes: 

Long-Term Goals Short-Term Goals 
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• RF measurement lab

• Shielded test pits, 
cryogenics

• Clean room 

• Chemical handling

• Precision coordinate 
measurement

• Scanning electron microscope,
Auger analysis

• Advanced µµµµ-Kelvin thermometry
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500-750 kV Photoemission 
Gun with preparation, cleaning,  
and load lock chambers

� ���� ��� �
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��	��� � !� ���� ��� �
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��	��� � !

Emittances: 
down to 
0.1mm mrad

Current: up to 
100mA

DC, 1.3GHz
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DC Photo Cathode
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Vibration Mode

0 0.2 0.4 0.6 0.8 1 1.2 1.4
0

0.2

0.4

0.6

0.8

1

ca
vi

ty
 fi

el
d 

[a
rb

. u
ni

ts
]

frequency [GHz]
1.29 1.295 1.3 1.305 1.310

0.2

0.4

0.6

0.8

1

ca
vi

ty
 fi

el
d 

[a
rb

. u
ni

ts
]

frequency [GHz]
1.2999 1.3 1.30010

0.2

0.4

0.6

0.8

1

ca
vi

ty
 fi

el
d 

[a
rb

. u
ni

ts
]

frequency [GHz]
-1000 -500 0 500 10000

1

ca
vi

ty
 fi

el
d 

[a
rb

. u
ni

ts
]

Frequency – 1.3 GHz [Hz]

13 Hz bandwidth

0

1

-1000 -500 0 500 1000ca
vi

ty
 fi

el
d 

[a
rb

. u
ni

ts
]

frequency – 1.3 GHz [Hz]

Lorentz-Force 
detuning:
∆∆∆∆f = K⋅⋅⋅⋅E2

= many bandwidths!
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Add 
Microphonics !
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• Run cavity at highest possible loaded 
Q for Energy recovery linac mode, i.e. 
without beam loading

• But: The higher the loaded Q, the 
maller the cavity bandwidth!
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Micro-bunching: Longitudinal 
Bunch Profile Measurements 

at TTF

1 picosecond
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Bunch compressor in an ERL
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• Full average current injector with the specified emittance and bunch length
• Emittance preservation during acceleration and beam transport:

• Nonlinear optics (code validation at CEBAF), coherent synchrotron radiation (JLAB,TTF), space charge
• Delivery of short duration (ca. 100 fs, and less in simulations), high charge bunches (TTF)
• Dependence of emittance on bunch charge
• Stable RF control of injector cryomodule at high beam power
• Stable RF control of main linac cavities at high external Q, high current, and no net beam loading (JLAB to 10mA)
• Understanding of how high the main linac external Q can be pushed (JLAB)
• Study of microphonic control using piezo tuners (JLAB, SNS, NSCL, TTF)
• Recirculating beam stability as a function of beam current with real HOMs, and benchmarking the Cornell BBU code (JLAB) 
• Feedback stabilization of beam orbit at the level necessary to utilize a high brightness ERL
• Photocathode operational lifetime supporting effective ERL operation
• Performance of high power RF couplers for injector cryomodule
• Demonstration of non-intercepting beam size and bunch length diagnostics with high average current at injector

energy and at high energy (TTF)
• HOM extraction and damping per design in injector and main linac (code validation from Prototype)
• Performance of HOM load materials to very high frequency
• Performance of full power beam dump
• Detailed comparison of modeled and measured injector performance
• Study of halo generation and control in a high average current accelerator at low energy and with energy recovery (JLAB)
• Study of beam losses and their reduction in recirculation of high average current with energy recovery (JLAB, NAA)
• Precision path length measurement and stabilization (Prototype, JLAB)
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1. Recirculating beam stability (JLAB – under way)

2. Diagnostics with high average current at injector energy and at high energy (TTF – under way)

Delivery of short duration (ca. 100 fs, and less in simulations), high charge bunches (TTF –
under way)

4. Stable RF control of main linac cavities at high external Q, high current, and no net beam 

loading

(JLAB to 10mA – under way)

Understanding of how high the main linac external Q can be pushed (JLAB – under way)

Study of microphonic control using piezo tuners (JLAB, SNS, NSCL, TTF)

• Study of halo generation and control in a high average current accelerator at low energy and 

with energy recovery (JLAB)

• Study of beam losses and their reduction in recirculation of high average current with energy 

recovery (JLAB)

• Precision path length measurement and stabilization (Prototype, JLAB)
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�: D � � �� � �� � � �� � $ ����� � & �� C D � $ ������� & ���# # � ! � � � �# � = � � µ�

� & � � �C � �� ���� #C � �� #�# + ! � � " � � �

C * � � �D ����� � �C ����� � �5 � $ � � � � " �, � ! �
�?� � ' # : # : � ��B �) %

�� � �" � ��� � ���� �� � � �? �µ�?� � ' �) � � # � = �

; ����	���; ����	���; ����	���; ����	���� � � <� � � <� � � <� � � < 2 � ����� 2 � ����� 2 � ����� 2 � �����2 ��� �� �2 ��� �� �2 ��� �� �2 ��� �� �
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