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TESTSFOR LOW VERTICAL EMITTANCE AT DIAMOND
USING LET ALGORITHM
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Abstract whereZ, i are orbitsj, , are the dispersioné??i/\/lm,g,{

. re columns of the orbit response matrix in the plane
We present the results of a campaign of measuremenats P P

recently performed at the Diamond Light Source, aime »y determined by one or more horizontal (H) or vertical

at achieving a low vertical emittance using the Low Emit—,5 tr)eﬁo':;lesdglr(sev?/mﬂ'a{j(ruanoollgs arrzé?esrﬁgc:xzbtlili:sorr_er(r:]té)r a
tance Tuning (LET) Algorithm developed for the SuperB gmns, q P 9 ) P

i ra{netersa andw are relative weights between the different
factory. The tests have been focused on the comparison flantities to be corrected, and must be taken in account
the method to the LOCO algorithm, that is currently usec‘il ’

. » . ; Lo dallso in the definition of the response matrix. These pa-
at Diamond. Beam position monitor tilts estimation an .
rameters and the number of SVD eigenvectors are chosen

multiple coupling response matrices have been introduce . . N . .
. : 7 o at every correction reiteration, in order to identify thé-se
in the algorithm in order to optimize the procedure. After, . .

ans producing the best correction. The set of correctors

a few fast iterations (5-6 min per iteration) using verUcaand parameters obtained by SVD of system (1) determines
correctors and skew quadrupoles, very low vertical disper- . . L
. . : . “a non-zero orbit which goes off axis in quadrupoles and

sion and emittance coupling, comparable to those obtaingd ) L

sextupoles. The resulting feed-down effect minimizes the
by LOCO, have been measured. . . .

off diagonal blocks of the response matrix, reaching low
coupling (vertical correction) and restoring the desigjn
INTRODUCTION functions (horizontal correction). For these reasons we ex
pect an increase of orbit amplitude to gain on dispersion,
coupling and3-beating.

In principle there is no need of skew quadrupole cor-

The SuperBete~ collider [1] has a project luminosity
of 10%6ecm =251, This target requires an horizontal emit-
tange c;fz.élliitnmradéolr;ER a;? zinégad f3r5HER ?ir;d & rectors in LET, but in reality it is useful to include them
Leéllqca_rﬁm' anceo .t pmra olrl 'th'anth pmrah c:‘rth' in the tool as they are commonly present in many acceier-

- | Nese parameters are Weni within the reach ot g, .o ong allow further control of large unwanted effecis.
gener_at|on Ilght sources. At the Diamond L|ght_Source [2 n addition, they add more degrees of freedom to furtier
a vertical emittance of 2.2 pmrad has been achieved [3] USiinimize orbit, coupling, dispersion antibeating simul-

Lngslﬁaigs[ﬂ"slpa?uegeg ttﬁ;ﬂgﬁdftgg do:;he.ggalefoga_neously. The(97€/\/ly,@v vectors used in LET may be
u ! getvery challenging quIres Very aaluated for any number of correctors, up to all the cor-
curate tools to control the emittance. A new LET tool ha

?ectors in theDRM and appended to system 1. The mcre
then been developed and used to study SuperB toleran%s XM columns are incluggd in the cal>(/:ulati0n the longar

[5]. This tool has been tested at Diamond in order to ProVE - time for measurements and to compute the necessary
the effectiveness of the correction scheme and to compafe

. : . esponse matrices. In particular it is wise to chose a sub-
itto the result obtained by LOCO on the same lattice. set of correctors that includes at least two correctors @t a

phase advance & to avoid the effect of zeros in the orbits
LET ALGORITHM generated by the correctors. Using more correctors is &lso

The LET i h . dified useful to average the correctors rotation effects.
© correction scheme 1S a MOdIled TESPONSE 1o matrices used in the correction that will be pre-

rgathx tme;hgd theg[ e>$ﬁnds the tplsperslon dFreetr?teg{;%nted in the next sections are simulated. The simulation of
( ) technique [6]. The correction is based on the e matrices is done in MADX [7], taking in account the ei-

inversion of the response matrix determined by the reIef'ect of dispersion in the correctors and scaling the stitengt

tions: of the correctors with thg-functions.

I-a—-2w)y -

], Y Smulations
w(’)'ﬁ,j\?i/l 0 = Mo K (1)

(’)75/\/1% " T Simulations of the LET correction have been perfornied

w z,0v for Diamond before starting the tests. Random misalign-
(1-a—2w)@ B ments of50 xm rms in the vertical plane anth um rms

O_ﬁ% M Oy in the horizontal plane for quadrupoles and sextupoies
wORM 0, N T\ T (broadly in line with the measured data [8]) have been ap-
w (’)7€MWV plied to the lattice and the correction has been perfornied.
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In the simulations also BPM’s reading errorsigim and
BPM's offsets o0 um in both planes have been included.

Table 1: Minimum Achieved Values in the Various Tests

The results of one iteration of ORM correction and 4 iter- LOCO LET

ation of LET correction (correcting alternatively with for

zontal and vertical steerers) applied on 30 different ramdo T 5.86h 5.51h
sets of errors, are shown in Figure 1. The average final 71 881 mAh 818 mAh
vertlc_a_ll emittance _obtalned starting from thg same |n|t|a_I & 0.37% 0.37%
conditions and using the largest 65 SVD eigenvalues, is €x
5.3 pm for DFS (@ = 0.49%,w = 0) and0.33 pm using oy 12 um 12 um
LET (o = 0.49% sw = Q.Ol%). In thgse S|mu!at|ons also K estimated from 0.07% 0.06%
the effect off radiation in correctors is taken in account to
evaluate the emittance. The improvement brought by LET €z 2.8nmrad 2.8nmrad
correction is then evident. e, 19pmrad 1.7pmrad
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horizontal and vertical steerers and 96 skew quadrupoles,
while in the last two shifts we included the latest modifica-
tions in straight section 9, with two more BPMs and with
tunes changed tQ, = 27.201 @, = 13.371 . During the
various correction iterations beam size at 2 pinhole camera
has been monitored. At the same time the lifetime of the
beam was measured to have further characterization of the
effect of coupling. Systematic errors due to the dependence
of lifetime on the polarization of the electron beam were
avoided by recording the lifetime after injection. LOCO es-
timated tilts have been used in all the corrections up to now.
The LET evaluated correction has been applied in steps
of 1-10% of the total correction, until improvements were
observed. Correction calculations via SVD take a few sec-
onds while measurements times are at most the time of a
dispersion measurement plus the time to acquire 2 or few
more columns of the ORM. This very short measurement
and analysis time allows for fast multiple reiteration of th
correction, also needed since the response matrices are sim
ulated with the model. The correction converges after a few
iterations. In the case of correction with skew quadrupoles

Figure 1. Simulations: for the same 30 initial random set@ Figures 2a,2b,2c we show the standard deviations of the
of misalignment, the correction is performed only withBPM's readings (top), the dispersion (center) and the ver-
steerers using dispersion free steering (bottom) and LEjkcal orbit generated by a horizontal corrector (bottors), a

(top).

MEASUREMENTS

a function of the iteration number. As expected, the orbit
is not corrected to zero, while dispersion and the measured
ORM off diagonal block columns are minimized. At every
iteration the LET parameters andw and the eigenvalues
cutoff are selected to generate the best improvements as

LET has been tested and compared to LOCO duringeen on the model. Table 1 shows the best results obtained
several Machine Development shifts between Novembét the different conditions for the two tools.
2010 and July 2011. The measurements have been usuThe best parameters for LET are obtained using skew
ally performed with a total current of 150 mA stored in 900quadrupoles. In fact, after a few iterations, the correctio
bunches. The lattice used for the first measurements is thehieves the lowest vertical dispersion ever observeaat di
Diamond lattice modified in the straight section 13, thamond of350 um rms. A direct comparison of the two tools
has tuneg), = 27.230 Q, = 13.180, 170 BPM's, 170 may be seen in Figures 2d and 2e that store all the measure-
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iteration #

(a) rms vertical orhit.
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(b) rms vertical dispersion.
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(c) rms vertical orbit caused by a Horizontal Corrector.
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(d) Coupling estimated asin Eq. 2 LOCO (blue) and LET (red).
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(e) Product of lifetime and current. LOCO (blue) and LET (red).

Figure 2: Vertical Orbit, vertical dispersion, couplingdan

iteration #

lifetime as a function of iteration number.
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ments of normalized lifetime (lifetime times current) and
the estimated coupling after every correction application
LOCO correction (blue) is applied for 2 iterations varying
guadrupoles and skew quadrupoles while LET correction
(red) is applied 4 times using skew quadrupoles (the last
point is a measurement after injection).

Listed in Table 1 forQ),, = 13.371 are the best achieved
results. Starting from emittance couplidg = 0.88%,
21.1h lifetime and normalized lifetime of 3150 mAh, both
corrections reacl’ = 0.37% with pinhole beam size mea-
surement while the lifetime measurement shows for LET
5.51h (818 mAh) and for LOCO 5.86h (887 mAh). How-
ever the vertical beam sizes and the coupling values mea-
sured at the pinholes are larger than expected for the ob-
served lifetime due to the not optimum adjustment of the
point spread function at the moment of the measurements.
From lifetimes measurements (after correction~ 6h) it
seems that even smaller beam coupling

2

Ky = 2Ky = 0.06% )
Ti

can be achieved, that is a strong indication of a very small

vertical beam size and of a vertical emittance of

ey = Koe, ~ 1.7 pmrad.

CONCLUSIONS

It is evident how the two correction differ. The LOCO
correction is more accurate since it controls the orbit over
the whole machine but takes longer times, while the LET
algorithm requires more iterations but reach a lower var-
tical dispersion and similar total coupling within a shorte
total time. The parameters expected by the simulations-are
not achieved in the measurement shown but there is still
a very large range of untested solutions and in particular
that provided by the simulations that was obtained by aiter-
nating horizontal and vertical correction. The influencesof
corrector tilts may also affect the correction and it is cur-
rently under investigation. In the future other test will ke
required to determine the full potential of the LET algo-
rithm. In this sense we plan to apply the LET procedure
also for the Swiss Light Source (SLS). A first promising
result has been already achieved [9].
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