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Maintain current damping ring lattice 
models for the various operating modes 

–  Lists of guide field magnets (quads, 
sextupoles, dipoles, correctors) and 
magnet parameters, including error 
tolerance 

–  Damping wiggler parameters 
–  Complement of RF cavities and cavity 

specs 
–  Injection hardware (kickers and kicker 

specifications) 
–  Alignment tolerances for all of the 

above 

Stewardship 
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Review power requirements and heat loads            
-synchrotron radiation and wakes  
Operating modes 

–  Baseline 5Hz –  
•  Electrons and positrons, τD = 24ms (1.5T wig) 

–  High lumi  10 Hz  
•  Positrons – τD  = 13ms  (2.2 T wigglers) 
•  Electrons – τD  = 18ms  (1.8T) 

Power 
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Maintain tools for modeling damping ring properties 
– Tracking codes for evaluating dynamic aperture, 

injection and extraction (to evaluate the implications 
of adjusting path length by shifting RF frequency) 

 
 
 

Stewardship 
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Stewardshop 

Accelerator modeling code for computing 
lattice properties, dependencies, etc. 
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Define emittance tuning procedure 
Maintain list of instrumentation required for commissioning and 
emittance tuning 
 
Emittance tuning procedure 
1.  Measure closed orbit (511 BPMs) and correct  (563 steering 

correctors) 
2.  Measure betatron phase and coupling and dispersion. Correct 

betatron phase, horizontal dispersion and coupling using all 
813 normal quadrupoles and 160 skew quads 

3.  Remeasure orbit, coupling, dispersion and correct using 
vertical steering and skew quads 

Instrumentation 
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Emittance tuning instrumentation 
1.  511 bunch by bunch and turn by turn BPMs with 1µm differential resolution 
2.  “Tune tracker” and kickers to drive a single bunch at horizontal, vertical 

and synchrotron tunes for measurements of β-phase, coupling, dispersion 
3.  Independently powered quadrupoles, 563 dipole correctors and 160 skew 

quads to make corrections 

Instrumentation 

Figure 4: Distributions for emittance, dispersion, and coupling with misalignments, guide field
multipole errors, and BPM errors as specified in the ILC TDR, using the full compliment of BPMs.
Before correction (red), and after the first, second, and third corrections (blue, green, and black,
respectively) are shown. Note that the horizontal axis is on a log-scale.

emittances achieved after correction for the nominal scenario is close to this limit, with 95% of
seeds well within a factor of three of the lower bound.

4.2 Reduced BPM Schemes

It is clear that the baseline specifications for misalignments, multipole errors, and BPM and correc-
tor distributions, as specified in the Technical Design Report, are more than sufficient to contain the
static optics contribution to the vertical emittance within the 2 pm emittance budget. It is of interest
to consider whether the number of BPMs can be reduced without compromising the effectiveness
of the emittance correction procedure.

The ILC damping ring lattice is wiggler-dominated, with > 80% of synchrotron radiation
being generated by the damping wigglers. As such, residual vertical dispersion in the wiggler
straight will contribute significantly more to the vertical emittance than a comparable residual in
the arcs. Preserving the 52 BPMs in the damping wiggler straight is therefore essential. The
remaining 459 BPMs are either in other straight sections (159) or in the arcs (300).

The baseline arc cell design has two BPMs, indicated in figure 3. The optics functions at
the two BPMs are summarized in table 5. The betatron phase advance per arc is roughly 15 (≈
94.25 rad), corresponding to about 10 BPMs per betatron wavelength in the arcs. The large number

– 8 –

DTC04 emittance tuning 
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Explore possibility of reducing magnet count 
–  Replacing pair of vertically focusing quads and bend with combined 

function magnets in arcs 
–  Incorporate sextupole component in combined function magnets to 

eliminate one or more individual sextupoles. 

 

Value Engineering 
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Each cell contains : 
1 - 3m dipole, θ = π/75 
3 – quadrupoles 
4 - sextupoles 
3 - corrector magnets 
    1-horizontal steering 
    1-vertical steering 
    1- skew quad 
2 beam position monitors 
 
75-cells/arc 
     



Determine the minimal instrumentation required to achieve and 
maintain low emittance targets: 
–  Minimum number of beam position monitors (with the 

appropriate level of redundancy) and  
–  How to deploy BPMs   
–  Required resolution and band width.  

 

Value Engineering 

For each BPM distribution, the misalignment and correction procedure described in Sec. 4.1
is repeated. Magnet and BPM errors are identical for the five scenarios, therefore a direct com-
parison of resulting corrections is possible. Correction levels achieved for lattices with these BPM
distributions are shown in figure 5, and are summarized in table 6.

Figure 5: εb, ηy, and C̄12 after the full correction procedure for various BPM distributions. See text
for definitions of each scenario. Dashed lines indicate a scenario with 50% of arc BPMs removed;
dash-dotted lines indicate a scenario with 75% of arc BPMs removed. Note that the horizontal axis
is now linear.

Table 6: 95th percentile of εb, RMS ηy, and RMS C̄12 after final correction with reduced BPM
counts. See text for definitions of each BPM count scenario.

BPM Scheme εεεbbb(pm) RMS ηηηyyy (mm) RMS C̄CC12 (%)

Scenario 1 0.224 0.502 0.0704
Scenario 2 0.224 0.547 0.0790
Scenario 3 0.225 0.670 0.0863
Scenario 4 0.263 0.892 0.216
Scenario 5 0.269 0.838 0.239

With half of the arc BPMs removed (scenarios 2-3), the correction procedure achieves vertical
emittance below 0.224-0.225pm for 95% of the lattices. With the removal of 3/4 of BPMs in the
arcs (scenarios 4-5), there is a slight increase in the 95th percentile εb to 0.263-0.269 pm, still well

– 10 –

Scenario 
1.  511 BPMs (baseline) 
2.  361 – a 
3.  361 – b 
4.  287 – a 
5.  287 – b 
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Develop tools for a tracking study of the injection and 
extraction process to better understand the tolerances 
and requirements of the hardware – evaluate kicker 
impedance, etc. 

Injection and Extraction 
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Revisit electron cloud emittance growth and instability thresholds 

Electron Cloud 
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FIG. 11. Simulated EC density profile on a 41× 41 grid in a
quadrupole magnet in an arc region of the ILC CR. averaged
over the 2.2 µs simulation time. Cloud electron escape zones
are observed along the diagonal regions connecting magnet
poles, as are several regions of trapped cloud.
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FIG. 12. Simulated EC density profile averaged over the
2.2 µs simulation time in an ILC DR sextupole magnet

than those in the arc regions, but the integrated length of
those quadrupoles is an order of magnitude smaller. The
simulations for the fieldfree regions were repeated impos-
ing a solenoidal magnetic field of 40 G, as is foreseen in
the mitigation recommendations determined during the
ECLOUD10 workshop [11]. Such a field was shown to

TABLE IV. POSINST and ECLOUD modeling results for the
20σ density estimates Ne (1011 m−3) just prior to each bunch
passage in the ILC DR lattice design. The total length of
each magnetic field environment L is given in meters.

Fieldfree Dipole Quadrupole Sextupole
L Ne L Ne L Ne L Ne

Arc region 1 406 2.5 229 0.4 146 1.5 90 1.4
Arc region 2 365 2.5 225 0.4 143 1.7 90 1.3
Wiggler region 91 40 0 18 12 0
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FIG. 13. Simulated EC density profile averaged over the
4.5 µs simulation time in a fieldfree region of arc region 1
without application of the solenoidal magnetic field mitiga-
tion technique

reduce the cloud buildup in the vicinity of the beam to
negligible levels. The 20σ cloud density at a time imme-
diately prior to the passage of each of the bunches was
found to be 2.5 × 1011 with no applied solenoidal field.
Figure 13 shows the cloud profile averaged over the 4.5 µs
corresponding to the passage of 16 trains of 34 bunches
each. The effect on the cloud profile of a 40-G solenoidal
field is shown in Fig. 14.

VII. EC BUILDUP IN THE WIGGLER
MAGNETS

The EC buildup in the wiggler magnets has been simu-
lated using the CLOUDLAND code [31]. The ring length
occupied by wigglers is 118 m in the ILC DR lattice de-
sign. The simulation assumes a peak SEY of 1.2 at an in-
cident electron energy of 250 eV for the copper surface of
the wiggler vacuum chamber. The absorbed photon rate
assumed in the simulation is 0.198 photons/m/positron
and the azimuthal distribution around the perimeter of

5

energy of 296 eV. In addition, we have carried out the
simulation in which the SEY is set to 0 (meaning that
any electron hitting the chamber walls gets absorbed with
unit probability) in order to isolate the contribution to
the EC density Ne from photoemission. The results are
summarized in Tab. III. Cloud densities averaged over
the full vacuum chamber in the 1-m-long test volume as
well as those averaged over a 20σx×20σy elliptical cross-
sectional area centered on the beam axis, where σx and
σy denote the horizontal and vertical rms beam sizes, are
shown. The modeling statistical uncertainties are less
than 30%.

TABLE III. POSINST modeling results for EC densities Ne

(1011 m−3) in the dipole regions of the ILC DR lattice. The
first row shows the beam pipe-averaged density at the end of
a 34-bunch train. The second row shows the peak 20σ density
during the train passage. The third row gives the maximum
20σ density just prior to the arrival of any bunch.

SEY 0 0.94

34-bunch density 0.5 1.2
Peak 20σ density 0.2 0.5
20σ density prior to bunch arrival 0.2 0.4

The results of the simulation with no secondary elec-
tron production provide a lower limit on Ne, however, one
must bear in mind that this lower limit is directly pro-
portional to the model value for the quantum efficiency,
here assumed to be 5%. For peak SEY=0.94, Ne is a fac-
tor of 2 or 3 greater than that for SEY=0. These results
for peak SEY=0.94 represent an upper limit, since the ef-
fects of the grooves in the dipole vacuum chamber design
were not accounted for in the simulation. The 20σ densi-
ties are somewhat smaller than the above-quoted average
over the entire vacuum chamber, as are the 20σ-densities
prior to bunch passage.
The effectiveness of grooves for suppression of EC

buildup has been the subject of a number of modeling
studies [21, 22]. Measurements of the reduction in sec-
ondary yield afforded by such grooves have been per-
formed at PEP-II [23, 24]. More recently, measurements
of the reduction of cloud buildup in a grooved aluminum
vacuum chamber relative to that for a smooth chamber
surface in the CESR positron storage ring showed an im-
provement by more than a factor of two, corresponding
to a decrease in the peak SEY value from 2.0 to 1.2 [25].

VI. EC BUILDUP IN THE QUADRUPOLES,
SEXTUPOLES AND FIELDFREE REGIONS

The EC buildup modeling code ECLOUD [26, 27],
served to calculate estimates of the cloud densities in the
quadrupoles and sextupoles in the arc and wiggler regions
and in the fieldfree regions of the wiggler sections for the
ILC DR lattice. The photon transport modeling code
Synrad3D provided photon absorption distributions aver-
aged over each of these regions. The ECLOUD code was
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FIG. 10. 20σ cloud densities on beam axis just prior to the
passage of each of the 34 bunches in 8 trains in a quadrupole
magnet in an arc region of the ILC DR. Cloud trapping ef-
fects build up over many train passages, but the maximum
central density along a train stabilizes at a value less than
2× 1011 m−3 after two trains

updated to use the POSINST-style photoelectron pro-
duction and SEY model parameters [28]. Comparative
studies of the ECLOUD and POSINST codes, includ-
ing validation with CESRTA coherent tune shift measure-
ments in dipole magnets have been presented in Refs. [29]
and [30]. The ECLOUD code was also extended to sex-
tupole magnetic fields for the purposes of this study.
Representative field strengths of 10 T/m (70 T/m2)were
used for the quadrupoles (sextupoles). Trapping effects
were evident in the beam pipe-averaged cloud densities,
which had not yet reached equilibrium after eight train
passages, but since the trapping does not occur in the
central beam region, the cloud density in the 20σ beam
region just prior to the passage of each bunch (shown in
Fig. 10) was stable after just a couple of train passages.
Figure 11 shows the cloud density profile averaged over
the 2.2 µs simulation. The higher density regions, includ-
ing those with long-term trapped cloud, do not populate
the beam axis. The 20σ cloud densities calculated in the
field of a sextupole magnet also reach saturation during
the first two trains, and the density profile is also depleted
on the beam axis, as shown in Fig. 12.
Table IV shows the 20σ density estimates prior to each

bunch passage obtained assuming a peak SEY value of
0.94. The POSINST results for the arc dipoles are in-
cluded in this table. The integrated ring lengths for the
magnetic environment types are also shown. The high
density values in the quadrupole magnets of the wiggler
section of the ring result from the intense wiggler radi-
ation. The densities are an order of magnitude greater

Codes have been developed: 
•  to simulate distribution of synchrotron radiation photons, scattering, 

reflections, absorption, etc.  (Synrad3D) 
•  Simulate photo-emission, secondary emission of electrons, and evolution 

of the cloud in the environment of the passing beam (ECLOUD, POSINST) 

Electron distribution in quadrupole Evolution of quadrupole cloud 
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We are developing weak-strong model  
         of positron beam – electron cloud interaction 
 
Goal: 
  Model that can predict equilibrium emittance of positron beam 
   propagating through cloud computed with Synrad3D & ECLOUD 
 
=> determine whether we need one positron damping ring or two 

Electron Cloud 
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•  Add key damping ring technical design documents in EDMS – 
beginning with damping ring parameter tables 

•  As needed studies to maintain damping ring compatibility with 
the collider as a whole as new design features and operating 
modes are explored.  

END 

Stewardship 
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