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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 �/ � � , 9 & * * � : 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.

�����������	
����	�	���������������	
����	�	���������������	
����	�	���������������	
����	�	����



�� �� � ��� � � � �	 
� � 
 
� � �� 	 �� � � � ��  � � 
� 
 � � ��� ��� � � �� � � � �

������������������������������������������������������������������������������������������������

14
( � ������$ �� ��� $ 	�( � ������$ �� ��� $ 	�( � ������$ �� ��� $ 	�( � ������$ �� ��� $ 	�

# ���� � ��������� ����������
������ � �� 
�� ��
���� ��$  ����������
� * ��	�� �������
�� �� 
� � �� 
�� ����
�
�������� �������� ���
� ( �� ��������
�� ����
�
����������� ��������� �� �� 
�� ��



�� �� � ��� � � � �	 
� � 
 
� � �� 	 �� � � � ��  � � 
� 
 � � ��� ��� � � �� � � � �

������������������������������������������������������������������������������������������������

15
��$ �����$ �����$ �����$ ��� """"$ �		����$ �		����$ �		����$ �		����

����������	
������������������	
������������������	
������������������	
��������



�� �� � ��� � � � �	 
� � 
 
� � �� 	 �� � � � ��  � � 
� 
 � � ��� ��� � � �� � � � �

������������������������������������������������������������������������������������������������

16
�
# �����$ �� ����) �����! � �	������ � ��
# �����$ �� ����) �����! � �	������ � ��
# �����$ �� ����) �����! � �	������ � ��
# �����$ �� ����) �����! � �	������ � �

���������		
���������		
���������		
���������		




�� �� � ��� � � � �	 
� � 
 
� � �� 	 �� � � � ��  � � 
� 
 � � ��� ��� � � �� � � � �

������������������������������������������������������������������������������������������������

17

Bend Radius:     65m
Total straights: 380m
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� On crest acceleration leads to long
Bunches with small energy spread.

E

τ τ

E

�� ��
��1 $ �� ���2 ���� ��
��1 $ �� ���2 ���� ��
��1 $ �� ���2 ���� ��
��1 $ �� ���2 ��3333 �� ����$ �	��4�� ����$ �	��4�� ����$ �	��4�� ����$ �	��4



�� �� � ��� � � � �	 
� � 
 
� � �� 	 �� � � � ��  � � 
� 
 � � ��� ��� � � �� � � � �

������������������������������������������������������������������������������������������������

28

� On crest acceleration leads to long
Bunches with small energy spread.
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� On crest acceleration leads to long
Bunches with small energy spread.
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� Off crest acceleration leads to short
Bunches with more energy spread.

°= 9φ
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� On crest acceleration leads to long
Bunches with small energy spread.
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Here low energy particles fly longer

1st order bunch
compression
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� The bunch length can be made even
shorter by nonlinear optics
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� Off crest acceleration leads to short
Bunches with more energy spread.

°= 9φ

cm2356 ≈R
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� On crest acceleration leads to long
Bunches with small energy spread.
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3rd order bunch
compression

� On crest acceleration leads to long
Bunches with small energy spread.
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Micro-bunching: Longitudinal Bunch Profile 
Measurements at TTF
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13 Hz bandwidth
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• Run cavity with lowest 
possible bandwidth for ERL.

• But frequency stabilization 
becomes very critical.
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For strong fields
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• Run cavity with lowest 
possible bandwidth for ERL.

• But frequency stabilization 
becomes very critical.
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Microphonics !
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• Run cavity with lowest 
possible bandwidth for ERL.

• But frequency stabilization 
becomes very critical.



�� �� � ��� � � � �	 
� � 
 
� � �� 	 �� � � � ��  � � 
� 
 � � ��� ��� � � �� � � � �

������������������������������������������������������������������������������������������������

40

0

1

-1000 -500 0 500 1000 (Hz)

ca
vi

ty
 fi

el
d 

[a
rb

. u
ni

ts
]

frequency – 1.3 GHz

Vibration Mode

Add 
Microphonics !

�
' � �# �������	�! ���� ��	� �
���2 ����8 ����4�
' � �# �������	�! ���� ��	� �
���2 ����8 ����4�
' � �# �������	�! ���� ��	� �
���2 ����8 ����4�
' � �# �������	�! ���� ��	� �
���2 ����8 ����4

0 112.1
12.2
12.3
12.4

time [sec]ac
ce

le
ra

tin
g 

fie
ld

 [M
V

/m
]

0 19
9.5
10

10.5
11

ph
as

e 
[d

eg
]

time [sec]

σσσσA/A ≈≈≈≈ 1·10 - 4

σσσσϕϕϕϕ ≈≈≈≈ 0.02 deg 

• Run cavity with lowest 
possible bandwidth for ERL.

• But frequency stabilization 
becomes very critical.
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• Key Milestones
– Costed Reference Design by the end of 2006
– Technical Design by the end of 2009

• An R&D Program To…
– Demonstrate the baseline design
– Optimize cost and perfomance
– Develop improvements to the baseline

• Ready in 2010 to propose construction

See opening VLCW06 talk by B. Barish
http://vlcw06.triumf.ca/
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• Ring to Final Focus - Low Emittance Transport and BBA
• Helical Undulator for the Positron Source
• Superconducting RF

– Facilities:  BCP, EP, HPR, Cavity Test
– Re-entrant cavity development
– Basic R&D on Niobium Cavities
– 650 MHz RF for Damping Rings

• Damping Rings
– Simulation
– Kickers
– Wigglers
– Instrumentation
– CesrTF

Simulation Tools Based On BMAD
D. Sagan

http://www.lepp.cornell.edu/~dcs/bmad

Simulation Tools Based On BMAD
D. Sagan

http://www.lepp.cornell.edu/~dcs/bmad
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• Primary Goals
– Electron cloud measurements

• e- cloud buildup in wigglers
• e- cloud mitigation in wigglers
• Instability thresholds
• Validate the ILC DR wiggler and vacuum chamber design (critical for the 

single 6 km positron ring option)
– Ultra-low emittance operations and beam dynamics

• Study emittance diluting effect of the e- cloud on the e+ beam
• Detailed comparisons between electrons and positrons
• Also look at fast-ion instability issues for electrons
• Study alignment issues and emittance tuning methods
• Emittance measurement techniques

– ILC DR hardware development and testing
• ILCDR wiggler prototype, wiggler vacuum chamber, 650 MHz SRF , kickers, 

alignment & survey techniques, instrumentation, etc.
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CLEO

North IR

South IR

• Move 6 wigglers from the CESR arcs 
to the North IR (zero dispersion 
region)

– New cryogenic transfer line 
required

– Zero dispersion regions can be 
created locally around the 
wigglers left in the arcs

• Make South IR available for insertion 
devices and instrumentation

• Instrumentation and feedback 
upgrades

�� � � �+ �� �' �	�
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