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1. INTRODUCTION

ULTEC gives a chromatically correctable lattice which has arbitrarily
chosen Q-values and almost %0° phase advances in a periodic unit. The
lattice is characterized by suitable phase advances in a periodic unit and
inserticns, A set of sextupole strengths is also generated by ULTEC to

correct natural chromaticity and chromatic error vectors.
In this report the chromatic error vector is defined as follows:
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lower sign vertical (L

k(s): the field gradient normalized by particle momentum
p(s): linear phase advance

B(s): betatron amplitude function

Physically this vector gives the linear variation of Twiss parameters

with particle momentum.

TRACHRO is a computer program which calculates this vector from an
existing lattice. This chromatic error vector must be compensated by the
following correcting vector, which is produced by correction sextupoles,

installed in the regular arc, where the dispersion function does not vanish.
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k'(s): strength of sextupole field normalized by particle momentum

n{s) : horizontal dispersion function

ULTEC calculates the correcting vector, using the thin lens
approximation, and gives suitable phase advances in the insertions, which are

more exactly defined by phase advances from the collision point to the first

correcting sextupole.

In order to get good agreement between the calculated and the
arbitrarily chosen Q-values, ULTEC changes the phase advances in a cell,

calculates new Q's and repeats this operation until the desired accuracy is

obtained,
The following assumptions are made:

{a) There is an original lattice, which is to be corrected. Chromatic
error vectors of this lattice, calculated by TRACHRO, will be used in
the following correction procedure.

(b) The chromatic error vectors should vanish at the centre of the regular
arc.

(¢c) Four sextupole families should be used in each half arc. As there are
two kinds of insertion in the LEP ring and resulting chromatic errors
differ from one another, there should be a total of 8 sextupole familids

in the whole ring.

Among the input parameters for ULTEC, the order of strong-weak
sextupoles and the values of modulus should be judiciously chosen with the
utmeost care to avolid large deviation of phase advances in a cell from 90° and

large deviation of phase advances in the insertions from the original values.

The former requirement is necessary to maintain the condition for

automatic cancellation of non-linear kicks by sextupoles in every 4

sextupoles,

The latter will help to match a linear lattice and will not change

substantially the chromatic error vector from the original ones.



2. THEOQORY

The following equation is a contribution to the correcting vector from

one correction unit which contains 4 sextupoles:
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The upper and lower signs enter to the horizontal and vertical planes,

respectively.,

p. is the phase advance in a unit linear lattice and is assumed to be

near to 90°,

$fq 1s the phase advance from a focusing to a defocusing sextupole; it
is not always equal to half of 4. because sextupoles are not placed

symmetrically in a cell.

B and n denote the amplitude and the dispersion functions, respectively;
their suffices f and d denote that the parameters are measured at the

focusing and defocusing sextupoles.



K' is the strength of the sextupole normalized by the momentum of

circulating particles.

The polarity of the sextupole is expressed by f and d, for focusing and

defocusing respectively.

Figures 1 and 2 show the order in which the sextupoles are placed,

starting from the collision point.

% gf and 244 are the lengths of the focusing and defocusing sextupoles.
The explicit forms of lf unit' and £ are incorporated in the program,

There are Ng, correction units in each half arc. They make up the

following vector

2i¢
= IS « T . e c .
total = © unit -5 (5)
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dI is the linear phase advance from the collision point to the first

sextupole. Performing the summation gives

2i(Nsx—1)¢C

= - I T . (6)
total = ¢ unit = ° &
where sin 2Nsx ¢
_ for ¢ # =
g = sin 2¢c c’ 2 (7)
Nsx -1 = I
Nsx % - (=1 % for ¢C = 5
Finally, the vector can be expressed in terms of polar co-ordinates
- = 2i §. + (Nsx-1) ¢+ iR + 3 (1 - &) (8)
T =[ T . I c ) gl
total unilt

i
TRACHRO gives the chromatic error vector in polar form:

Welw]elv (9)



The correction criterion is

W+ ¥tota1 =0 (10)

Using equations (8) and (9), this criterion can be expressed by two

equations for absolute values and arguments,
| Tunic|- || = |¥] (11)

w T g
¢I = 5 (Nsx=1) ¢c - %Q + Z‘(l + —=—+mT (12)
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where m is an arbitrarily chosen integer value.

ULTEC solves the equations (11) for both the horizomtal and vertical
planes simultaneously by means of the NEWTON~RAPHSON method.

The unknown parameters are:
[K%1|-'KE2| and
iK&l|-|K&2‘.

'K§1|+'K§2‘ and 1K&1|+ Kd2

the natural chromaticity.

are given as input parameters for correcting

There should be four solutions corraesponding to the four possible
arrangements of strong-weak sextupoles. However, this cannot be guaranteed

when g, is far from 90°.

ULTEC chooses one solution out of the four according tec the arrangement

of the sextupoles, assigned by the input parameters.
After a set of strengths has been given, the calculation proceeds
straight forwardly to equations (12) and gives $1 including modulus m

provided by input parameters.

The total tune, Q, of a ring is given by:

Q= 2'{d’IS * Np ’ ¢c * ¢IL } 'Nsp (13)
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ﬁIS and bIL correspond to the phase advances in the different kinds of

insertions, which are located on both sides of an arc.

Np and Ngp are the number of cells in each arc and the number of

superperiods respectively.

The total tune Q is compared to the desired Q-value. If the agreement
is not good enough then the whole calculation is repeated time and time
again, each time with modified phase advances, until a required accuracy is

obtained.



FLOW DIAGRAM FOR PROGRAM ULTEC
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4.

AN EXAMPLE OF A 7600 RUN

NAME .
ACCOUNT (name, group, account number)
CERNLIR,
FIND, OLDPL, ULTEC, CY = 1, ID = IS490HANN.
UPDATE (F,L = 0)
FIN (I = COMPILE)
LGO.
END~OF-RECORD
END-OF-RECORD
$§ DATA  AWLH = 0.28545, AWLV = -0.2585, AWSH = -0.3094, AWSV = -0.26381
KHP = 0.19779825, KVP = 0.253459, LC = 79.0, LDDL = 1.46, LDDS = 1.46,
LFFL = 1.28, LFFS = -1.28, LSD = 0.76,LSF = 0.4, MODLH = 1.5,
MODLV = 2.0, MODSH = 1.5, MODSV = 1.5, NP = 37, NSX = 8,

PHI = 0.0197666, QHB = 102.3158, QVB = 106.5443, SOL = 1221, S0§s = 2112,
UOH = 0,24558, UOV = 0.251, WHL = 14.24, WLV = 44.79, WSH = 24,15,
WSV = 41.16 §

SDATA NP =0 §

END-OF-FILE
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APPERDIX

Lattice parameters in the thin lens approximtion

In a cell of length L. and bending angle $, the lattice parameters used

in ULTEC are calculated in the thin lens approximation.

If bCH and dCV are the horizontal and vertical phase advances in a cell,

then the focal lengths of the focusing and defocusing quadrupoles, fF and fp

are given by: ——

LC/fF='fz{\/BZ+4A =1 A-1
Le/kp = 5iVB% 4 4+ 8} -2
A= 4{2 -(cos éCH + cos 6cv)} A-3
B = costH - coséCV A=l

The Twiss parameters at the exit from the quadrupoles can be expressed

as follows:

Lc 1 Lc
B8 =-—---~—-(1+~——) A-3
FH 31n¢CH 4 fD
L L
c 1 "¢
P 1_._“) At
TV 31n¢cv ( 4 fD
o = 1 -.Lc l+lL_C
ool i1k
TV 2 sin¢CV fF 4 fD A-8
L L
c 1 "e
g = —_ (1————~) A-9
DH 51n¢CH 4 fF
Lc 1 Lc
B = —_— (1+——-\ A-10
DV 31n¢cv 4 fF /
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L L
_ 1 c ( 1 1l "¢ )
a T 7 sine .. . A -11
DH 2 51n¢CH fD 4 fF A
-L L
ayy =3 1 fc ( 1 +-% fﬁ ) A-12
DV 51n¢CV D A F-

The values at the entrance of the quadrupoles are given by changing the

sign of g.

The dispersion function takes the following values in a focusing and

defocusing quadrupole, o 1 < L L EE ) ¢LC A-13
F 1- cosqaCH 8 fD 2
. 1 (1 ) l }_C_ ) ¢LC A-14
D 1= cospey 8fp /2

If a focusing sextupole is located at a distance Lgpp downstream from a
focusing quadrupole, and a defoecusing sextupole is located at a distance 4o
downstream from a defocusing quadrupole, then the phase advances from the

quadrupoles to their adjacent sextupoles are given by the following:

Q
o

A-15

bppp = arctan {QFF‘/(BFH T %py gy

]

d)F'FV Vv FF

)
{ )
| )

A-17

A-18

}
} A-16
|

Sopy. = }

When the sextupole position is upstream, the phase advances are given by

changing the sign.

The phase advances from a focusing to a defocusing sextupole are given

by:

bepg = % fey "~ (¢FFH ~ ppy ) A-19

p _ _ A-20
bppv T T ey (¢FFV ¢DDV)



