
NO

Abstract 
The quality

in modern pa
harmonic fie
source NSL
have no mor
aperture of th
lenses to a
mechanical i
increased tim
proposes a m
of some of 
quadrupole l
additional el
The report 
possibilities o

In the Bro
light source 
For the main
lenses were d

The magn
lamination sh
had two pol
aperture was
of yoke sid
accommodat
had no influe
be referred to

Prescribed
magnets are
quality is spe
defined as c
integrated ra
field (see att
the main fiel

To obtain 
applied.  

There are 
during quad
techniques re

The purpo
correction se
power supply

 
 __________________________

*The work is su
the Russian F
Program “Scien
2009 - 2013. 

# A.S.Tsyganov@

ONLINEA
C

#

y requirement
article acceler
elds quadrupo
S-II manufac
re than 1÷2·10
he lens. In the
adjust the fi
mprovements

me and the co
method for pre
f the harmon
lenses. The co
ement – the n
contains ex

of this method

INTRO
okhaven labo
NSLSII [1] 

n ring in BIN
designed and m

nets had three
hape. The lam
les with a co
s 66 mm. One
de insertions. 
te Х-ray extrac
ence on the fie
o as “short”, “
d specification
 reviewed in
ecified by har
coefficients in
adial or azimu
tachment). Ha
d (1 “unit”) at
the required 

different tuni
drupoles ma
equire mechan
ose of this ar
extupole comp
y circuit of the

__________________  

upported by the M
ederation (gran

ntific Manpower 

@inp.nsk.su 

AR SHUN
CORREC

#

ts for magneti
rators are high
le lenses main

ctured in BIN
0–4 from the f
e production p
ields of var
s are used, 
ost of produc
ecise non-des

nics of the m
orrection is p

non-linear curr
xperimental d
d. 

ODUCTION
oratory, USA, 

is currently b
NP, several ty
manufactured
 yoke length 

mination with 
ommon back
e length magn

One of the 
ction. The for
eld quality, so
“middle” and “
n on field qua
n the paper [
rmonics volum
n the Fourier
uthal compone
armonics are w
t a radius of 2
field quality, 

ng techniques
anufacturing. 
nical improvem
rticle is to p
ponents using 
e quadrupole l

Ministry of Educ
t 14.B37.21.078

of Innovative 

NTING AS
CTION IN

ic field of elem
h. For exampl
n ring synchr

NP SB RAS 
field at 75% o
process of mag
rious metho
resulting in

ction.  The r
structive corre
magnetic fiel
erformed usin
rent shunt of 
data showing

N 
synchrotron 3
being constru

ypes of quadru
d [Table1]. 

and use the 
thickness of 1

k leg. The m
nets had two 

types is use
rm of the inser
o magnet type
“long” below.
ality of quadru
[2]. Magnets 
me. Harmonic
r expansion o
ent of the mag
well below 10
5 mm.  
many efforts 

s of magnetic
Most of 

ments. 
propose metho

nonlinear shu
lens. 

cation and Scienc
84), Federal Ta
Russian Federat

S A MET
N QUADR

ments 
e, the 
rotron 

must 
of the 
gnetic 
ods of   
 the 
report 
ection 
ld of 
ng an 
coils. 

g the 

3GeV 
ucted. 
upole 

same 
1 mm 

magnet 
types 
ed to 
rtions 
s will 
 
upole 
field 

cs are 
of the 
gnetic 
0–4 of 

were 

 field 
these 

od of 
unt in 

Ma

Qu

Yok

Ma
fiel

Am
 

 
Figu
used

 

 

 
ce of
arget
tion”

THOD OF
RUPOLE 

agnets type 

antity 

ke length 

aximum 
ld gradient 

mpere-turns 

ure 1. Two typ
d in this article

F MAGNE
LENSES

 
Table1. Para

9801 & 
9802 
(short) 

60 

217 mm 

10.6 T/m 

4.7 kA 

es of magnets
e 

ETIC FIE
S* 

ameters 

9804 & 
9807 
(long) 

60 

415 mm 

19.2 T/m 

8.6 kA 

s, the experim

ELD 

9810 & 
9813 
(middle) 

7 

250 mm 

19.2 T/m 

8.6 kA 

 

 

mental data aree 

D. Shicchkov, A. Sttarostenko, P. Vobly, Buudker INP, NNovosibirskk, Russia
AA. Tsyganov ,  A. Batrakkov, E. Kazzantseva, A. Pavlenko, T. Rybitskaaya, B. Skarrbo, 

WEPPC021 Proceedings of RUPAC2012, Saint|-|Petersburg, Russia

ISBN 978-3-95450-125-0

492C
op

yr
ig

ht
c ○

20
12

by
th

e
re

sp
ec

tiv
e

au
th

or
s—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)

Magnetic and vacuum systems, power supplies



The qualit
immediately 
specified p
Mechanical r
labor costs, 
adjusting qua
work, the m
magnetic fiel

This meth
quadrupole 
known [3]. B
quadrupole le

 

Figure 2. Th
asymmetric 
axis. 

Figure 3: Sc

bottom ones.

Figure 2 sh
asymmetry o
gap. We can 
current in bo

Typically, 
circuit from 

CURRE
ty of the magn

after its p
parameters f
rework of ma
which forces

adrupole lens
method of adju

ld  is proposed
hod is the a
coils. The m
But in this lin
ens is mention

he cross sect
arrangement 

heme of shun

. Rs is passive

hows the asym
of the magnet

compensate t
oth bottom coi

multipole c
a single pow

ENT SHUN
netic field of 
roduction ma

for many d
agnetic core r
s to search t
es. On the ba
usting sextup
d. 
ddition of a 

method of the
nk, shunting o
ned. 

tion of the q
poles relative

nting bottom 

e shunt. 

mmetry of the
tic field in th
this asymmetr
ls. 
oils are pow

wer supply. W

 

NT 
f quadrupole l
ay not meet
different rea
requires signif
the other way
asis of the pra
ole harmonic

current shun
e current shu
only single co

quadrupole wi
e to the horiz

coils of quadr

e poles. This m
e upper and l
ry by reducin

wered as a s
We can chang

enses 
t the 
asons. 
ficant 
ys of 

actical 
 of a 

nt of 
unt is 
oil of 

ith an 
zontal 

rupole 

means 
lower 

ng the 

series 
ge the 

value
supp
quad
shun
corre
shun

Fi
corre
oper

 

Figu
the m

Us
value
And 
a sex
shun
exam
cons
of th
show
comp
rang

Figu
lowe

-3

-2

-1

0

1

2

3

a3
, u

ni
t

e of currents 
ply system or
drupole power
nt to the lowe
ect the asymm
nt to side coils
gure 4 show
ection. The 
rating quadrup

ure 4. Result  o
magnet 9801-0

NONLIN
sually, custom
e in the range
if for some r

xtupole compo
nting to be 
mple of such 
sisting of both
he nonlinear c
wn in Figure
ponent with 
e of the opera

ure 5. The gen
er coils in a qu

3

2

0

1

2

3

0 20 40

in different c
r deliberately
r. To do this, 

er coils, see F
metry of the 
s. 
ws the resul
current of sh

pole current. 

of correction o
0015  

NEAR CUR
mers have requ
e of the operat
eason there is
onent in the r
done must b

a shunt ma
h passive comp
urrent charact

e 5. Thus, y
complex non

ating current. 

neral case of
uadrupole lens

60 80 100
Current, A

coils or separa
y introduce a

we need to 
Figure 3. Simi

vertical axis 

lt of the m
hunt is ~ 0

of sextupole c

RRENT SH
uirements on t
ting current o
s current depe
range of opera
be current-de
ay be an elec
ponents and th
teristics, such
you can adju
n-linear form 

f a non-linear
s. 

120 140 160

ate the power
asymmetry in
add a current
ilarly, we can

if we add a

magnetic field
.25% of the

components in

HUNT 
the harmonics
of the magnet.
endence [4] of
ating currents,
ependent. An
ctrical circuit
he component

h as diodes, as
ust sextupole
in the whole

 
r shunt at the

Spec

with 
shunt 

original

r 
n 
t 
n 
a 

d 
e 

n 

s 
. 
f 
, 

n 
t 
t 
s 
e 
e 

e 

lens. L1, L3 are top coilss in quadrupoole lens, L2, LL4 are 

Proceedings of RUPAC2012, Saint|-|Petersburg, Russia WEPPC021

Magnetic and vacuum systems, power supplies

ISBN 978-3-95450-125-0

493 C
op

yr
ig

ht
c ○

20
12

by
th

e
re

sp
ec

tiv
e

au
th

or
s—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)



 

Figure 6. The correction sextupole components in the 
magnet type 9807.  

Figure 6 shows the case of the quadrupole lens, 
requiring correction because the value of sextupole 
component in the operating current range varies from 2 to 
5 units. By selecting the shunt and a number of diodes, we 
can adjust the lens.  

In this example, the maximum current shunt is ~ 0.7% 
in the working range of currents. 

THE METHOD OF NONLINEAR SHUNT 
ELEMENTS SELECTION 

The possible method of selection of the nonlinear shunt 
elements is as follows. At first it is necessary to measure 
the dependence of the calibration values sextupole 
components of the current shunt. This function will be 
different for different types of the quadrupole lenses 
design. We measure the form of the function of sextupole 

components in the range of operating currents in the first 
measurement of the magnetic field in the custom of the 
quadrupole lens. On the basis of this data, the amount of 
necessary correction, non-linearity and calibration factor 
is determined by the number of non-linear elements and 
the value of shunt resistance. 

 

CONCLUSION 
The main advantages of this method are its simplicity 

and reversibility in contrast to the mechanical methods of 
correction. The feature of this method - the magnet is not 
considered as a thin lens because the method changes the 
magnetic field along the longitudinal axis of the lens, not 
locally. 

This technique is not applicable or applicable only 
partially for the quadrupole lenses with supply voltage 
less than a few volts.  
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