LOW-EMITTANCE TUNING SIMULATIONSFOR THE
ILC DAMPING RINGS*

K. Panagiotidis, A. Wolski, M. Korostelev, University of Liverpool and the €kcroft Institute, UK.

Abstract Table 1: Scenarios studied in orbit and dispersion correc-
One of the major challenges for the International Lineation simulations.
Collider (ILC) damping rings is the attainment of the 2 pm

vertical emittance specification. To achieve such an ultra- Scenario  Arcphase  Arc BPM
low vertical emittance a highly effective diagnostics and advance locations
correction system is needed. However, since both BPMs ' 2 every quad
and correctors have also negative impacts on the design Il 90° every quad
(cost, complexity, impedance), it is important to underdta I 100° every quad
how the number and locations of both these components af- vV 72° every D-quad
fect the correction. In this paper we present the results of \ 90° every D-quad
simulations for the current Technical Design Phase base- Vi 100° every D-quad

line damping rings lattice (DCO4), aimed at understanding
the effectiveness of orbit and dispersion correction for di

ferent design and operation scenarios. (DCO4, [3, 6]) has a circumference of 6476 m and a race-

track layout. Two arcs, each consisting of 96 FODO cells,
INTRODUCTION are joined by two long straights containing the damping
wiggler, rf cavities and injection/extraction systems. To

The luminosity of a linear collider depends on the ver- =< . o .
. . . _provide operational flexibility, the momentum compaction
tical emittance of the beam extracted from the dampm%

; —4 —4+ adincet.

rings. For the ILC [1] the specified vertical emittance for ctor is tunable between 130 gnd 2.8 10. ' ad.JUSt
the beam from the damping rings is 2 pm. Emittances arr_lent of the momentum compaction factor is achieved by
. . . ' . changing the phase advance in the arc cells. The beam
proaching this value have been achieved recently in sonie

operating storage rings [2], but routine operation witts thi eIy 1S 5GeV, and the ”?‘t“ra' emittance varies from
: . : 0.40nm to 0.65nm, depending on the momentum com-
level of emittance in storage rings on the scale of the 6.4 km

. - . . ._paction factor. Achieving the specified vertical emittance
circumference ILC damping rings remains a challengin

A . , .of 2 pm will require precise correction of the orbit, disper-
goal. Optimisation of the coupling correction system is . .
sion and betatron coupling.

therefore an important part of the design process. For theI thi t th its of simulati f
ILC damping rings, the situation is made a little more com- NS paper we present the results ot simuiations o
plicated by the fact that the rings are designed to provideof%r]b't ar!d dispersion correction in six different scengrios

number of different working points for the optics [3]. shown in Table 1. In each case the phase advance across

: - ; a single arc cell is 72 9C°, or 100. BPMs are located
To understand the issues and optimise the design we per- : . .

. . : . . . at every quadrupole in the straights; in the arcs, BPMs are
form simulation studies exploring different design scenar, :
o . N located either at every quadrupole, or only at every defo-
ios, including variation in the arc cell phase advance. AS "

] o . __cusing quadrupole. Note that the number of correctors that
a first step, we can look at the sensitivity of the vertical ;
) . . we use is always equal to the number of BPMs.
emittance to vertical alignment errors on the quadrupoles
and sextupoles: these errors are expected to make a signif-

icant contribution to the vertical emittance in the opergti ALIGNMENT SENSITIVITIES
rings, although other errors, such as quadrupole tilts, '€ | ndications of the sensitivity of the lattice to alignment

also I|_ker to be 'mpo rtant [4]. We can then !nvestlgate th%rrors can be obtained by simulating the vertical emittance
effectiveness of a simple combined correction of the orb enerated by individual kinds of error. The goal is not
and the dispersion in minimising the vertical emittance. WO attempt a simulation of a realistic situation, but sim-

:ﬁp(;{tg%the r.esullts of fl:fh s.tud|es fqr an eavlier ;ergﬁpngly to identify the kinds of errors that are likely to dom-
€ amping rings lattice in a previous paper [3]. InC'nate, and to develop an understanding of the parameter

then, there have been significant developments in the Iayollét ime. Important quantities for low emittance tuning are

anql optlcs,.so we presef.“ here an update on th_ese SJFUdlcﬁ 'response of the vertical closed orbit distortion, catti
which provide a foundation for more complete investiga-

i dispersion, and vertical emittance to vertical alignment e
1ons. . . . . __rors on the quadrupoles and sextupoles, and tilt errors on
The present baseline lattice for the ILC damping ringg, o quadrupoles. As an example, Fig. 1 shows the verti-

*Work supported by the Science and Technology Faciliiesseibu 2l emittance g(_enerated_ by vertical alignment errors on the
 kosmas.panagiotidis@stfc.ac.uk sextupoles. While there is a large spread in the results from
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Figure 1: Vertical emittance generated by vertical alignFigure 2: Emittance following orbit and dispersion correc-
ment errors on the sextupoles. The “error bars” show th#n, as a function of weight factor in different scenarios
5th and 95th percentiles over a distribution from 100 seedaveraged over 100 seeds).

of random error with a given magnitude.

that an alignment error of 56m rms on the quadrupoles in
€BCco4 will lead to a closed orbit distortion of order 1 mm
rms. If the vertical orbit can be corrected to betweens0

different seeds, the trend agrees well with a theoretical
timate, based on the formula:

2 1 - and 10Qum rms (assuming effective beam based alignment
£y A 2‘7_—2 <y> o2 + (1 - > 9. (1) ofthe BPMs to the adjacent quadrupoles), then the remain-
Jy \ Py V91+w2/Aw? | 2 ing sextupole alignment errors will generate a verticatemi

The fi he di . ibuti r{a)nce of order 10 pm. Correction of the vertical dispersion
e first term represents the dispersion contribution, ang, 4 then lead to a significant further reduction in the ver-

the second term represents the coupling contribution. T%al emittance. To test the effectiveness of this strategy

dispersion contribution can be related to the sextupolﬁe simulate a combined orbit and dispersion correction on

alignment errord\Ys by: a lattice in which the only errors are vertical alignment er-
9 rors on the quadrupoles and sextupoles. Since the num-
7 (AYZ) : L
Y QS anﬁy(kglz)2. (2) ber of correctors is equal to the number of BPMs, it is not
By 8sin” mry L possible, in general, to correct exactly both the orbit and

) _ dispersion at the same time. Therefore, as described pre-
The coupling can be related to the sextupole alignment &fously [5], we use an algorithm based on SVD inversion

rors by: of a combined orbit and dispersion response matrix, with
kN2 (AY2) a relative weight factorv on the dispersiono( = 0 gives
(7) ~ 2752 Z@Eﬁy(lﬁL)?, (3) a“pure” orbit correctionpy = 1 gives a “pure” dispersion
Aw An*Avy Lo correction).

We find that the dispersion contribution dominates the ver- For each of the scenarios in Table 1, we vary t_he weight
tical emittance; and that an rms sextupole alignment e{gctora from O to 1. For each value Of, the weight fac-
ror of 100pum generates a vertical emittance of 3 pm (oﬁor’ we apply 100 seeds of random alignment errors to
average: the emittance in particular cases can be four &]{e guadrupoles (5Qm rms)' and sgxtupol_es (19n rms),

five times larger). This suggests that to achieve 2 pm ve hen apply a combined orbit and dispersion correction. The

tical emittance, the sextupole alignment with respect ¢o tHfiverage final em|t_tance for_eac_h scenario, as a function of
beam needs to be better than 100 rms, and that correc- the weight factor, is shown in Fig. 2.

tion should focus on the dispersion rather than the betatron\We notice that for all scenarios, the emittance with a
coupling. Of course, in a realistic situation, quadrupol&eight factorax = 0 (pure orbit correction) is around

alignment errors also need to be taken into account. 10 pm, which is consistent with the value expected with
100pum rms vertical alignment error on the sextupoles,

ORBIT AND DISPERSION CORRECTION and no orbit distortion (i.e. no alignment errors on the
quadrupoles). As the weight on the dispersion correction

A good survey could achieve vertical alignment errorss increased, there is a significant reduction in the verti-
on the quadrupoles of less than/a® rms, and on the sex- cal emittance. This may be because the algorithm achieves
tupoles of less than 1Qdm rms. Sensitivity studies show the correction by steering the beam through the centres of



. orbit distortion, so the BPM coupling makes no real differ-
‘ ‘ ‘ ‘ ence. Even if horizontal orbit distortion were introduced,

0% BPM coupling , ) . . .
0 L 1% BPM coupling 7 K 1 since it is likely to be on the same scale as the vertical orbit
2% BPM coupling | g distortion, BPM coupling at a reasonably low level would
mean that there would still be little impact on the correc-
tion.

However, where there is a greater weight on the disper-
sion correctiond close to 1), the effectiveness of the com-
bined orbit-dispersion correction is significantly imgalr
This is because the design horizontal dispersion is lafge (o
order 0.5m) compared with the vertical dispersion (a few
mm) that would generate a few pm vertical emittance. Even
. ‘ ‘ ‘ ‘ a small amount of BPM coupling can have a large impact
0 20 40 ot factor (;3 80 100 on the measurement of the vertical dispersion.

Significantly, the weight factor that is most likely to lead
) . ] _toaminimum vertical emittance is much lower (about 0.05)
Figure 3: Effect of BPM coupling errors on orbit and dis-j, the cases with BPM coupling errors, than in the case
persion correction in scenario I. Solid lines show the ave(githout BPM coupling errors (between approximately 0.2
age, and the dashed lines the full range, over 100 seedsfy 0.6). This shows the importance of including BPM
random errors. coupling errors in simulations aimed at the development of
low-emittance tuning strategies.

the sextupoles: although the orbit distortion itself gener

ates some vertical dispersion, this is small compared to the CONCLUSIONS
dlsp_er5|on generated by_ coupling frqm the horizontal dis- Combined orbit and dispersion correction will be an im-
persion when the beam is off-centre in the sextupoles. The

fact that emittances of less than a picometre are achievggrtant first step in tuning the ILC damping rings for the

is a result of the idealised system (neglecting, for exampl oal of 2pm vertical em|ttance: In the presence of o_nl_y
BPM errors), and would not be achieved in practice. Figuad.rupole anq ;extupole vertl.cal alignment errors, 't. IS
nally, if the weight on the dispersion is very high, then inpos_3|ble to optl_mlse the correc.tlorl.process SO that in sim-
atten,1pting to correct even the dispersion genera,ted by tﬁleatlon.s’ a vertical emittance significantly below 1 pm can

orbit distortion, the correction results in significantidesl € achieved, even where the number of BPMs and correc-

. . . tars is reduced by half in the arcs. However, other kinds
beam offset in the sextupoles, which leads to generation o(i . — )
errors are likely to play a significant role, and will need

. : ; 0
vertical emittance from betatron coupling. careful investigation. As an example, we have found that

BPM coupling errors can have a large impact on the be-

Final vertical emittance, sy (pm)

EFFECT OF BPM ERRORS haviour of the orbit-dispersion correction.
BPM errors could have a significant impact on the cor-
rection in a number of ways. For example, limits on BPM REFERENCES

resolution could limit the precision with which the disper-[1] |Lc Reference Design Report (2008).

sion can be measured. BPM coupling errors would mean  http://www.linearcollider.org/cms/?pid=1000025

that the measurement of the vertical dispersion is affectir%i] See, for exampleA. Andersson et al, “Determination of
by the presence Of hc_)rlzontal dls_perS|on. While the rando a small vertical electron beam profile and emittance at the
errors (e.g. from limited resolution) can be addressed, for syiss Light Source,” Nuclear Instruments and Methods in
example, by averaging over many measurements, system- physics Research A 591 (2008) 437-446.

atic errors (e.g. from BPM coupling) can be more difficuItIS]
to deal with.

To investigate the effect of BPM lings, wer tth
0 Investigate the eliect o coupiings, we repea 4] K. Kubo, “Simulation of low emittance tuning of the Accel-

correction _SImU|at|0n’ but applying coupling errqrs o _th erator Test Facility damping ring at KEK,” Phys. Rev. STAB,
BPM readings, so that the measured changes in horizon- 6, 092801 (2003)

tal and vertical orbit are obtained by multiplying the attua
changes by @ x 2 gain matrix,g. BPM coupling errors S )
are regpresgnted bygnon-zero of?-diagonal Copmpgonergs in ILC damping rings,” proceedings of EPAC 2008, Genoa, Italy
. . . . 2008).
The impact of BPM coupling errors on the combined orbit ( ) o R .
and dispersion correction in scenario | is shown in Fig. 3.[6] https://wiki.lepp.comell.edu/ilc/bin/view/Public/
For low dispersion weightso{ = 0, pure orbit correc- DampingRings/
tion) the behaviour of the correction is little affectedistis
not surprising, since the simulation includes no horizbnta

M. Korostelev and A. Wolski, “Lattice design of the 6.4km
ILC damping ring,” these proceedings.
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