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Longitudinal Radiation Damping

For a single RF in a ring, every turn RF Bucket
we have
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Synchrotron Radiation

Instantaneous radiated power is given by

, By’ Normalized power spectrum S
P, = § r,mc’ 7 and photon number spectrum F
and spectrum, ”
dP, P C
= S( )

do a,

where o :3cy3/2p and S is defined as,

5(&) = —5 [ e

Ks/5 is the modified Bessel function.
Then the quantum distribution function
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Radiation Damping Time

As we have illustrated that energy loss as a function of the energy deviation
results in the radiation damping, it easily see that the damping increments
are given by
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g=_" <«— function magnets are used.
<12 >, Note that K; < O reduces the
p horizontal emittance.

Jx. J,. and J, are called the damping partitions and J,+J,+J=4. The damping
time is given by t=|1/al.
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Energy Spread and Emittance

Balance between the quantum excitation and radiation damping results
in an equilibrium Gaussian distribution with relative energy spread oy
and horizontal emittance &,;
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The quantum constant C, = 3.8319x1013 m for electron
vy is the Lorentz factor (energy)
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Minimization of Emittance

For an electron ring without damping wigglers, the horizontal emittnace
is given by )
C.y

g =F 6°

X

where F is a form factor determined by choice of cell and 6 is bending
angle of dipole magnet in cell. In general, stronger focusing makes F
smaller. Often there is a minimum achievable value of F for any a given
type of cell. For example, we have

= DBA :i
o 4~/15

= TME _ 1
e 12+/15

There is a factor of three between the minimum values of DBA and
TME cells. That's the price paid for an achromat, namely fixing the
dispersion and its slop at one end of dipole.



Types of Periodic Cell
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Emittance Reduction Using
Damping Wiggler

4C
1_|_ q Np le yZ &6\3
i _ 15727‘Jx 3o,0w pw
€o 14+ N, 2o 0,
2 Puw

N, is the total number of wiggler poles

B, 1sthe average horizontal beta function in the wiggler
P+ 1ISwiggler bending radius at the peak field
0, = Ay , 1S the peak trajectoryangle in the wiggler
27p,,
A,,, 1S the wiggler period length
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Optimization of Wigglers Parameters

Emittance = 11 pm-rad at 4.5 GeV with
parameters A,=5cm, B,=15 T

Wiggler Field Optimization Wiggler Length Optimization
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Average beta function at the wiggler section is 12.4 meter.
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Intra-Beam Scattering

The growth rate in the relative energy spread c; is given by

Lo LWl00) g >

Tp 16y3 3/4 3/4 20_5

where N, is the bunch population and (log) the Coulomb log factor and
the other factors are defined by
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Optimization of Energy
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Touschek Lifetime

When a pair of electrons go through a hard scattering, their momentum
changes are so large that they are outside the RF bucket or the momentum
aperture. This process results in a finite lifetime of a bunched beam. The

lifetime is given by
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New ILC Damping Ring Baseline Lattice

DTCO1 layout

Usually damping rings lattices have a
racetrack layout with long straight
sections including RF cavities, injection,

Phase extraction and long wiggler sections

Trombone
Extraction

=

Injection Circumference =3242.9m, 712m straights

~ 6 phase trombone cells

54 - 1.92m long wigglers

wiggler period =32cm

12-poles

Bax = 2.1T

4. Space for 16 RF cavities
Cryostats for upper and lower positron rings
are interleaved

W N

Chicane

Wigglers

Courtesy S. Guiducci and R. Bartolini




3.2 km Damping Ring - Lattice Comparison

Courtesy S. Guiducci and R. Bartolini
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S. Guiducci, M. E. Biagini, “A Low Emittance Lattice for The ILC 3 Km Damping Ring”, IPAC’10
D. Wang, J. Gao, Y. Wang, “A New Design for ILC 3.2 km Damping Ring Based on FODO Cell”, IPAC’10
D. Rubin, DR TBR, LNF July 2011, http://ilcagenda.linearcollider.org/conferenceDisplay.py?confld=5183

S. Guiducci et al., , “Updates to the International Linear Collider Damping Rings Baseline Design”, IPAC’'11
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3.2 km ILC damping ring
main parameters comparison

DSB3 DMC3 DTCO1
Arc lattice SuberB-style FODO TME-style
Energy (GeV) 5 5 5
Circumference (m) 3238 3220 3239
Horizontal Emittance (nm) 0.66 0.36 0.45
Damping time t,, T, (MS) 24 23 24
Energy spread % 0.12 0.13 0.11
Energy loss/turn U, 4.5 4.7 4.5
Fo = Uowiggler/ Uoarc 3.5 10.8 4.6
Wiggler field (T) 1.6 1.6 1.5
Total wiggler length (m) /8 95 104

Courtesy S. Guiducci and R. Bartolini




ILC-CLIC Damping Ring comparisons

ILC-DCO4
Arc lattice Modified

FODO
Energy 5
Circumference (m) 6476
Horizontal Emittance (nm) 0.45
Damping time tx (ms) 21
Energy spread 0.13
Energy loss/turn U, (MeV) 10.2
B = WhrdUWgeion 10.7
Wiggler field (T) 1.6
Total wiggler length (m) 216

ILC-DTCO1
TME-style

3239

0.45
24
0.11
4.5
4.6
1.5
104

CLIC

Modified
TME

2.86
493
0.079
2.4
0.1
3.9
6.9
2.5
152

M .Korostelev, A.Wolski, "DCO4 Lattice Design For 6.4 Km ILC Damping Rings", IPAC'10
Y. Papaphilippou et al., , "Lattice Options for the CLIC Damping Rings”, IPAC'09

Courtesy S. Guiducci and R. Bartolini




ILC Damping Ring Dynamic Aperture
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For ILC damping ring the DA has to be 3s, of the “large” positron beam, which
IS 130s, of the stored beam
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Summary

» Radiation damping is the key of the damping rings
- Damping time is mostly determined by wigglers

- Emittance is mostly by energy, bending angles and
cell. Wigglers are helpful.

* Intra-beam scattering becomes more important for
smaller emittance

- Require higher energy
* Touschek lifetime
- Require large momentum aperture
» Positron damping ring
- Require large dynamic aperture at injection
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