Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

LATTICE DIAGNOSTICS USING SINGLE KICK CLOSED ORBIT
AT KEKB

Y. Ohnishi K. Akai, N. Akasaka, A. Enomoto, J. Flanagan, H. Fukuma, Y. Funakoshi,
K. Furukawa, S. Hiramatsu, K. Hosoyama, N. Huan, T. leiri, N. lida, T. Kamitani,
S. Kato, M. Kikuchi, E. Kikutani, H. Koiso, M. Masuzawa, S. Michizono, T. Mimashi,
T. Nakamura, Y. Ogawa, K. Ohmi, S. Ohsawa, N. Ohuchi, K. Oide, D. Pestrikov,
K. Satoh, M. Suetake, Y. Suetsugu, T. Suwada, M. Tawada, M. Tejima,

M. Tobiyama, N. Yamamoto, M. Yoshida, and S. Yoshimoto
High Energy Accelerator Research Organization(KEK), Tsukuba, Ibaraki, Japan

Abstract i-th BPM is calculated by
We have measured beta functions using single kick closed \/ﬁz—ﬁ]

orbit at KEKB. The measured beta functions were com- R;; =
pared with the model lattice and gradient errors were ex-
tracted from the result in a beta beat. The gradient errofs,

were also obtaingd by changin'g. strength of steering mag ase advance] is the betatron function is the disper-
nets and measuring beam positions as the second meth& n function between two locations, is the momentum

The methods of the error estimation and preliminary resu“i,sompaction factor, and C is the circumference of the ring.

will be reported. If the last term of eq.(2) can be ignored and the location at
a pair of the steering magnet and the BPM is considered,
the beta function is obtained from

KEKBI[1] is an asymmetric-energy, double-ring, electron-

positron collider. The beam energy is 3.5 GeV for B; =2 (ﬂ) tan P ©)

positron(LER) and 8.0 GeV for electron(HER), respec- 0; 2

L ot o b o, s, WTED e b urcons ave been measred and 3

such high luminosity operations, large beam current an gnificant discrepancy between the measurlement andihe

small 3; which is the beta function at I.P. in the verticaImOdeI has been found, the sources of the discrepancy can

plane are needed. THE = 1cm optics has been done Suc_be specified. If the error sources come from a gradient er-

. ' . ror in one or more of quadrupole magnets, the difference
cessfully for both rings. The final focusing of two beams o .
Uty N9 I using W f measured from the model beta functions are described

is provided by a pair of super conducting quadrupole mag-

cos (g— | Vi — ; \) — Ity 2

2sin & aC’

erey = 2wy is the betatron tuney is the betatron

nets which are called QCS. The smajl produces a large s follows:
amount of chromaticity which makes the field of sextupole B;Bm
magnets strong. The nonlinear of sextupole magnets re="; = 2sinp cos(p =2 | — m |) - AKp,  (4)

duces the transverse dynamic aperture. Itis, therefore, con-

sidered to use a pair of identical sextupole magnets Whighhere A, , is the gradient error of the m-th quadrupole
are connected with a -I' transformer in both the horizor‘r‘nagnet(method-l).

tal and vertical planes. The nonlinear effect due to the o the other hand, assumed that the error is the gradi-
sextupole magnets should be compensated by the -I' tralgit error of the quadrupole magnets, the measured COD

former up to the third order in Hamiltonian. induced by a single steering magnet is written by
Diagnostics of the lattice has been studied since the com-

missioning of KEKB star.ted'in Dgcember 19.98. Measure- AgTeas: = Agmodel | Z Rim AR,y Azl (5)
ments of the closed orbit distortion(COD) give us a large -
amount of information for a lattice.

The formula for the closed orbit distortioAz, induced Where
by a single steering magnet is
y g g g Al’:»rwdel = Rijﬂj (6)
AQZT; = Rj,jej, (1) szodel = ijgj, (7)

wheref); is a kick angle of the j-th steering magnet. ThewhereR;; andR,,; are the response coefficients from the j-
response coefficienR;; of the j-th steering magnet to the th steering magnet to the i-th BPM or the m-th quadrupole
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magnet, respectively. The last term of eq. (5) is the cor-z o : )
rection term due to the gradient errors of the quadrupolgs 12 -
magnets against the model(method-2). 100

Another constraint to determine the errors of the lattice s --*

is 60 [ Soe 1 .
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whereAy is defined byu™e*s — pme?el and the+ sign no. BPM

refers to the horizontal and vertical planes, respectively. If o

the tune changes small and not close to the half integer oE L

integer resonances, eq. (8) can be simplified as follows: < g .
100 [ i

N

P s
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» —
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e—
—
—
— e

1 s [
Ap o~ 5 > BmAKy, (9) w0 b
m 2 e A/\A

with taking all gradient errors into account. 20 R e NU i
In order to extract the gradient errors of the lattice, there =~ o - e e
are two methods as described above. The beta function at no. BPM
I.P, 3, = 1 cm optics was utilized. The horizontal-vertical
coupling has been neglected. Before the measurementsFigure 1: Theg functions at BPMs nearby the steering
the COD, orbit corrections with the steering magnets wenmmagnet which induces a single kick closed orbit. The mea-
performed. There are 462 horizontal and 456 vertical steesured beta functions(plots) and the model calculations for
ing magnets available in LER. In this analysis, 87 horizona) no correction and (b) after corrections in the vertical
tal and 88 vertical steering magnets were chosen to measptane. The solid line in fig. (b) shows only correction of
the single kick closed orbit. The dispersion functions aQCS magnet identified from method-1 and the dashed line
those steering magnets are less than 0.1m in order to avaigows correction of the QCS and other quadrupole magnets
the uncertainties of dispersion functions between the modebm method-2.
and the real machine.

There are 449 BPMs available to measure the beam posi-

tions. The beam positions are determined by an average i QCS magnets which locate at vicinity of the interac-
on point. The strength of magnetic field was stronger than

8 measurements and the resolutions of the BPMs are t i
e expected value by 0.47%. Figure 1 (b) shows the cor-

ically less than bm. The closed orbit has been measure S :
at BPMs before and after changing every steering magnéfs‘:ted model for the QCS(solid line) and the beta functions

along the ring to minimize effects of orbit drifting. The Or_from the model lattice can Wel_l reproduce the measured
bit drifting at large beta function was less than 260in beta functions. After the correction of QCS, measured ver-

horizontal and 1 mm in vertical plane during this measurdic@! tune is different from the model by 0.18, on the other
ment, respectively. Each steering magnet is set to the ki@@nd: the difference before the correction was 0.25.
angle of 5Qirad added to the original setting. . Figure 2 represents the typical single kick cloged orbit
The beta functions were measured by the beam positic‘)‘?\ the vert|_cal plane at LER. Th_e model calculation after
and a single kick angle from eq. (3). Measured transverd@€ correction of QCS agrees with the measured beam po-
tunes were used in eq. (3). Difference between the bet4lons at BPMs.
functions at the steering magnet and those of the nearbé(o_004 e
BPM is typically less than 10% which is estimated from the=,; -
model calculation. We used SAD program[2] to calculate? oo0 £
twiss parameters of the lattice model. Figure 1 shows theooo: f’
beta functions at BPMs nearby the steering magnet. A sig- ° i
nificant discrepancy between measured beta functions and;'ZZi i
those of the model without corrections can be found(fig. ., ©
1(a)). In most cases, the difference from the model beta,o, £
function will be a beta beat which is an oscillation of the om0 a0  eo @0 1000 1200 1400
measured beta function around the design beta function at z (m)
twice the betatron frequency. The gradient errors were ekigure 2: The single kick closed orbit in the vertical plane
timated by eq. (4) using an iterative procedure(Micado[3]for @ half of circumference at LER. The plots shows mea-
In eq. (4) measured transverse tunes are utilized and aired beam positions by BPMs and the solid line shows
tatron phase advances are also scaled by the ratio of mé#ese of the lattice model with corrections of the gradient
sured to the model tunes. The error source is identifie@fTors for the QCS magnet.
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Figure 3 shows the gradient errors obtained from ecg
(5) and eq. (9). The gradient error for all quadrupole= 12
magnets are estimated by one single kick closed orbit. 100
In order to derive the gradient errors, the singular value s
decomposition(SVD)[4] is performed to solve equations o

TTRT T T[T T T [ TT T[T T [TTT T
.
-

.

described above. Because multiple error estimations for 4 ./\ tol MR i v /\/ﬁ\ B T i
each quadrupole magnet are available, the average of errorsze et [ 4A ALK -Av/\ WWMV aMAARAR AL o

- L R N R G R
and the standard deviations are plotted in fig. 3. Notonly o o TRt Lo s Pl TR T8 s be Tt d L

the gradient error of the QCS hut also a series of defocusing ho. BPM
quadrupole magnets(QD3P, QD5P) can be found. Thoggyre 4: Thes functions at BPMs nearby the steering

quadrupole magnets are connected to the same power Sypygnet which induces a single kick closed orbit after ad-

ply. The beta functions(dashed line) calculated by thgisiment of the real QCS. The solid line shows the beta
model after corrections of QCS and other quadrupole mag;nctions calculated by the lattice model.

nets are superimposed in fig. 1 (b) and also reproduce the

measured beta functions well. We have measured beta functions using the single kick

The error estimations between method-1 and method- . .
. . closed orbit. The gradient errors of quadrupole magnets
are consistent with each other for the QCS. However, the . . :

ve been estimated using two methods. The gradient error

gradient errors of quadrupole magnet; besides the Q of the QCS could be found by both methods. The corrected
were not clearly found by method-1 against method-2. The .
. model calculations can well reproduce the measured beta

reason is that one BPM is used for one single kick i ; .
method-1, on the other hand, all BPMs are used for one Si%qnctlons and the measured closed orbit by BPMs. The

: : : . . rror of the QCS was also verified from a magnetic-field
gle kick and more information can be obtained in method- ; : .
measurement independent of this analysis and K value of

2 the real QCS was corrected by 0.37%. Figure 4 shows the

0004 ¢ measured beta functions compared with the model after this
E oo b (2 correction. The errors of other quadrupole magnets were
g g also found by method-2, however, those are still under in-

000 nm | vestigation. The HER should be studied and in progress.
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Figure 3: The gradient errors of quadrupole magnets pre-
dicted by method-2 at LER. Error bar shows the standard
deviation estimated from the measurements using a single
kick orbit induced by every steering magnets. The first

and last number of quadrupole magnet corresponds to the
QCS magnets in question. A series of quadrupole magnets
which have small gradient errors are found systematically.
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