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To minimize the emittance (temperature) of the beams in CESR 
–  Operate at 2GeV (vs 5.3) 
–  Relocate superconducting wigglers to L0 straight to 

•  increase radiation damping rate  
•  and reduce emittance 

Shrink emittance 

July 10, 2012 D. L. Rubin 3 



July 10, 2012 D. L. Rubin 4 

Superconducting Damping Wigglers  

Wiggler with RFAs 
and uncoated Cu VC 

Wiggler with RFAs 
and TiN-coated VC 

Increase damping rate and reduce emittance 



Xray beam size monitor – beam height 
Visible light beam size monitor (L3) – beam length and width 

Measure beam size 
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xBSM Optics Line & Detector 

Detector 
Array 

UHV 



Xray beam size monitor 
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32 channel photodiode array 
 50µm pitch 

Single pass pin hole image 
  σ ~ 20µm 



L3 visible light beam size monitor 
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3840511-312



Visible light beam size monitor 
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Horizontal beam size 
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σx = 275 µm 
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What is the electron cloud? 
•  Synchrotron radiation from the circulating positrons, strikes the walls of 

the vacuum chamber and photoelectrons are emitted 
•  Photo electrons traverse the chamber, strike the opposite wall and emit 

secondary electrons 
•  Secondary electrons are accelerated by subsequent bunches, hit the wall 

and emit  . . . 
•  Evolution of the cloud depends on chamber geometry and local 

magnetic field 

schematic of e- cloud build up in the arc beam pipe, 
due to photoemission and secondary emission [Courtesy F. Ruggiero] 

Electron Cloud 



Retarding field analyzers 
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View of from outside vacuum chamber of dipole 
style RFA with 9 independent collectors. The fine 
mesh wire grid is in place (but transparent) 

Measures the time average cloud density and energy spectrum 
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62 Chapter 2. The CESR Conversion

Figure 2.69: Photos of quadrupole RFA beam pipe construction, showing key steps: (A) Gold-
coated meshes in PEEK frames are mounted and wired; (B) Flexible collector circuit installed.
The circuit is electrically isolated with clean Kapton sheets; (C) Water-cooled bars were used
during final welding of the RFA vacuum cover.

Retarding Field Analyzer 

Quadrupole RFA 



Electron cloud - RFA 
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140 Chapter 4. Electron Cloud Growth and Mitigation

which the NEG was activated again), the signal rose somewhat, but it processed back down to
its minimum value after a few months of beam time. The other two detectors showed a similar
trend.
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4/25/2010 (before activation)

4/29/2010 (after activation)

7/20/2010 (after processing)

9/4/2010 (after CESR down)

12/7/2010 (after re−processing)

Figure 4.18: NEG RFA comparison, 1x20 e+, 5.3GeV, 14ns

Dipole Data Most of our dipole RFA measurements were done using a chicane of four magnets
built at SLAC [? ]. The field in these magnets is variable, but most of our measurements were
done in a nominal dipole field of 810G. Of the four chicane chambers, one is bare Aluminum, two
are TiN coated, and one is both grooved and TiN coated. The grooves are triangular with a depth
of 5.6mm and an angle of 20◦. A retarding voltage scan, done in the Aluminum chamber and with
the same beam conditions as Fig. 4.15, can be seen in Fig. 4.19. Here one can see a strong central
multipacting spike.

Figure 4.19: Typical Al dipole RFA measurement: 1x45x1.25mA e+, 5.3GeV, 14ns

Fig. 4.20 shows a comparison between three of the chicane RFAs. We found the difference between
uncoated and coated chambers to be even stronger than in a drift region. At high beam current, the
TiN coated chamber shows a signal smaller by two orders of magnitude than the bare Al chamber,
while the coated and grooved chamber performs better still.

Dipole RFA data with 
characteristic central peak 

Aluminum chamber 
45 bunches, 1.25mA/bunch 
14ns spacing,  5.3GeV 



Electron cloud - RFA 

July 10, 2012 D. L. Rubin 14 

0 50 100 150 200
10 4

10 3

10 2

10 1

100

101

102

Beam current (mA)

A
ve

ra
ge

 c
ol

le
ct

or
 c

ur
re

nt
 d

en
si

ty
 (n

A
/m

m
2 )

1x20 e+, 5.3 GeV, 14ns, 5.3 GeV, SLAC Dipole RFAs

 

 

Bare Aluminum
TiN Coating
TiN + Grooves

Mitigation in a dipole field 
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2.2. Vacuum System Modifications 53

Figure 2.58: Photo of deposited electrode on the bottom of the SCW beam pipe.

Electron cloud mitigations Bend section_4

! R&D on forming of grooves by extrusion (aluminum)
– Two test beam pipes with groove were manufactured
– Different manufacturer

Type 2Type 1

2010/10/8-12 ECLOUD'10 @Cornell Univ. 18

Valley !

R0.10~0.12
Top !R0.15
Angle!18°~18.3 °

Valley !R0.11~0.13
Top !R0.14~0.16
Angle!21.5 ° ~22.5 °

A little more improvement is required.

Dipole chamber with 
antechamber and grooves 

Wiggler chamber with clearing electrode 
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2.2. Vacuum System Modifications 59

3840511-249 3840511-250

Figure 2.56: The grooves of the SCW RFA beam pipe were inspected optically. LEFT: Before TiN
coating; RIGHT:After TiN coating.

smaller the impedance. To minimize HOML induced by the electrode, the ends of the electrode
are tapered at a 42◦ angle down to a 3 mm radius at its tip. The HV connection is made by a
coaxial line coming through a port located underneath one of the tapered ends of the electrode.
The electrical connection to the electrode is made via a convex button washer (having a 26 mm
diameter) on the top of the electrode, as shown in Figure 2.57 and Figure 2.59. The connection
was designed to make the inner surface (visible to the beam) as smooth as possible, while keeping
a secure electrical contact. Although the effects of the low profile of the discontinuity, the tapered
ends of the electrode and the hidden HV connection have not be calculated in detail, they are
expected to produce a HOML parameter of less than a few times 0.001 V/pC for the 7 to 10 mm
bunch length of CESR. Any heating from the wall currents flowing on the surface of the electrode is
easily handled by conduction to the beam pipe through the thin alumina dielectric layer, which has
good thermal conductivity. Thermocouples mounted on the bottom beam pipe near the electrode
assembly have detected no increase in heating due to HOML at any of the beam currents during
operations.

At LBNL the bottom half of the beam pipe (containing the thermal-sprayed electrode) was EB-
welded with the top half beam pipe (with all RFA features as shown in Figure 2.40) to form the
pre-RFA beam pipe assembly and then delivered to Cornell in February 2010. Following the same
procedures described earlier, RFAs were assembled to the electrode beam pipe, integrated into an
SCW and then installed in the L0 Experimental Region for CESRTA experimental runs beginning
April 2010. After operations for three CESRTA runs and two CHESS X-ray User runs (from April
to December 2010), a visual inspection of the electrode and the electric contact was done during
the January 2011 shutdown. With an accumulated total beam dose exceeding 1000 Amp·hr over
the CESRTA and CHESS runs, the conditions of the electrode and the electrical contact were found
to be in excellent condition with no sign of arcing and over-heating.

During stored beam operation one concern with the electrode design was the peak voltage induced
by a bunch’s passing. There are two parts to this particular concern. First is that the peak voltage
is high enough to either break down the dielectric layer or produce an electrical discharge in the
vacuum, which could cause metal to be plated onto the dielectric, either of which will degrade the
high voltage standoff capability of the electrode. The second is that the voltage induced onto the
electrode might couple to subsequent bunches causing enhanced HOML or transverse kicks possibly
destabilizing later bunches in the train. This could be particularly a concern for the clearing

Cu TiN 



Wiggler- RFA 
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52 Chapter 2. The CESR Conversion

3840511-269

Figure 2.48: Photos here show the key steps of the RFA installation on a wiggler beam pipe. (A)
Three grids installed and individually wired to the connection port; (B )Flexible circuit collector
installed and located with 5 ceramic head-pins; (C) With the circuit through the ‘duck-under’
tunnel, all signal wires were attached in the connector port; (D) After making the final RFA
connections, a vacuum pump-down and leak-check was performed and a final RFA electrical check-
out was performed under vacuum before certification as being ready for EB-welding of the RFA
cover.

Before integrating the RFA beam pipe into the SCW, the temporary flanged end (end away from
the RFAs) must be machined off using a clean milling machine with clean cutting tools. Extreme
care was taken in this final machining step, which included blocking metallic debris from entering
the RFA section of the beam pipe and constant purging of the chamber with N2. The RFA beam
pipe was inserted into the wiggler warm-bore and precisely positioned with respect to the wiggler
magnet by optical survey. Extreme care was also taken in the final welding stages (including final
beam pipe flange and seals to the wiggler insulation vacuum vessel) to prevent overheating of the
RFA components.

Finally, the completed SCWs with RFA beam pipes were ‘baked’ at 70◦C for 2 days by circulating
hot water through the beam pipe cooling channels in an effort to de-gas the vacuum components,
after the prolonged air exposure during the final RFA beam pipe insertion and welding. The first
two SCWs with RFA beam pipe were successfully installed in the west side of the L0 Experimental
region in CESR in October 2008 (see Figure 2.49) in the SCW02WA and SCW02WB locations
(refer to Figure 2.2 in Section 2.2.2.1).

Grooved Chamber Using grooved surfaces to lower effective SEY is a well-known [? ? ? ? ]
passive technique to suppress EC growth in a magnet field. Having successfully implemented RFAs
into SCWs in CESR, we studied the effects of grooved chambers by creating an SCW chamber with
a grooved bottom surface into a pipe containing an RFA. Figure 2.50 shows the design of the RFA

RFAs located at B-field max, min, and mid 



Electron cloud - RFA 

July 10, 2012 D. L. Rubin 17 

0 10 20 30 40 50 60 70 80 90
0

2

4

6

8

10

12

14

16

18

Beam current (mA)

A
ve

ra
ge

 c
ol

le
ct

or
 c

ur
re

nt
 d

en
si

ty
 (n

A
/m

m
2 )

Wiggler Center Pole Comparison: 1x45 e+, 2.1 GeV, 14ns

 

 

Wig1W 5/2/10 (Cu)
Wig2B 1/31/09 (TiN)
Wig2B 12/5/09 (Grooved)
Wig2B 5/2/10 (Electrode)

Electron cloud mitigations in damping wiggler 



Solenoids suppress ecloud 
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3840511-318

3840511-319



Electron cloud effects 
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Emittance dilution begins in bunch 10 

Bunch by bunch and turn by turn vertical emittance is measured 
with xray beam size monitor 
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Bunch Dependent Tune Shift  
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2 Beam Dynamics and EM Fields

Vertical and horizontal tune shift vs bunch number 
22 bunches/train  - 14ns spacing 
ΔQ ~ cloud density 



-  Install time resolving RFAs in L3 chicane grooved chamber 
-  Replace Q15W a-Carbon coated chamber with TiN chamber 
-  Replace Q15E diamond-like carbon coated chamber with bare 

aluminum 
-  All vacuum D-line for xray beam size monitor 
-  Upgrade visible light monitor with fast readout 

Summer down 
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CesrTA 

July 10, 2012 D. L. Rubin 22 


