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The Orbit at ELETTRA is 
influenced by
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Biggest effect is the thermal load 
on the chamber
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Detectors and Correctors
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Slow Corrections 
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No Golden orbits but every BL station is set to an optimal 
orbit position and angle and it is kept to it.



Present situation
Each of the 11 sections has 7 correctors while the 12th section reserved for 

injection has 5. Usually a four corrector bump is applied at each active 
straight section. Whenever the beam angle in the bending magnet source 
point has to be controlled a five corrector bump is applied instead.
To complicate matters not all section are corrected to zero position and angle. 
Some experimental stations have noticed that with the passage of time they have a 
better performance if they introduce a certain local orbit angle at source point. This 
is partially due to the fact that ELETTRA after eight years of continuous 
operations is above the alignment tolerances. A vertical misalignment of 500 µm 
of a quadrupole magnet can give an angle error of about 100 µrad in the 
downstream insertion device. Thus in general misalignments between the beam 
position monitors  ( that are fixed on the quadrupole magnets) and the insertion 
devices as well as accidental movement of the insertion device magnets shims can 
result in the manifestation of strong higher order magnetic multipole components 
in the insertion device magnets that influence the optics of the machine. 
On the other hand for some insertion devices it is explicitly required a position 
offset and a certain angle (e.g. 2.5 mm and 1 mrad)  if chicane operation is needed.



Optics and layout of a section
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Defects

The existing slow local orbit correcting program (slowFB) did not 
always preserve the global orbit. While in the horizontal plane the 
rms global orbit does not change appreciably (30-50 µ peak to 
peak) between refills (24 hours) the vertical global orbit with the 
increase of the number of corrected sections was becoming 
unstable and could even change by a factor of 2 although the local 
readings in the most cases remained within the tolerance limits 
(i.e. 5 µm, 2 µrad).  
With the increase in the number of bending magnet beam lines 
and the coming installation of a short ID in the short straight 
sections where corrections will be needed too, it was evident that 
this correction procedure had to change.



Occasionally bad orbits

The vertical orbit occasionally got unstable and slowFB
was driving the beam position at the bending magnet 
source point to high values. Still however  the local 
corrections were successful but the beam quality 
deteriorated for large values of the vertical orbit rms
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The most requests from users 
are for the vertical orbit. 
Thus although the horizontal 
is usually locally corrected to 
zero the vertical is set to 
various positions and angles 
at each straight section



What was to be done

The effect was attributed to non well closed bump 
interference with initial conditions and erroneous bpm
reading for large orbits. On the other hand the monitors 
after the bending get all the radiation heating up reaching 
130 C at 2 GeV with 320 mA
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The 7 bump

Seven correctors, 5 from the current section and 2 from the previous one are 
used. All bpm readings are translated into positions and angles at three distinct 
fictitious points per section: middle of the long straight section (between .3 and 
.4), middle of the short straight section (between .7 and .1) and bending magnet 
source point (between .2 and .3). The system uses the shown correctors 

and corrects position and angle in the short and long sections and angle or position 
in the bending magnet source point. It is not possible to simultaneously correct 
position and angle in the bending source point since an eighth corrector is needed 
that should be positioned after the bending magnet and before the corrector .3. For 
the present such correction can be done only if the ID section is not corrected.

Long straightBendShort straight



The equations

The orbit displacement y and angle y’ created by a corrector j of strength θj at a point i are:  

where:

with β,α the twiss functions and φ the phase advance. The local seven corrector 
bump equations can then be written as follows (n is the current section number):

Short straight sections middle:

At the bending magnet source point:

At the long straight sections middle
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Vertical Orbit conservation
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During normal local 
corrections vertical 
orbit moves at about 
± �.��

When 7bumps are 
applied the vertical 
orbit rms remains 
stable within the 
tolerances of the local 
orbit corrections ± .��

V Orbit rms - local correction with slowFB
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Local reproducibility

In order  to study the local behaviour of the system a series 
of controls have been performed. The  convergence and the 
stability was very good, in fact the algorithm converges 
after a few iterations and corrects always to the set 
tolerances. To check out the reproducibility of the method 
on the orbit the position and angle at all three correction 
points of one section were locally monitored over a 12 day 
period. In the bending source point the angle was fixed. 
The program corrected to the preset  tolerance of ± 5  µm ±
2 µrad in the LS ,  ± 5 µrad in the BSy’ and  ± 5 ( µm and 
µrad) in the SS point. Data were obtained also for 4 and 5 
bumps only.



Reproducibility of 4 and 5 bumps

-0,2

-0,15

-0,1

-0,05

0

0,05

0,1

0,15

SS mm SS mrad B mm B mrad LS mm LS mrad

m
m

-0,2

-0,1

0

0,1

0,2

0,3

0,4

0,5

0,6

SS mm SS mrad B mm B mrad LS mm LS mrad

m
m

9		
��
������4+���1������ 9		
��
�� ���� 4+� ����
�
������ ����
�� ����
� ) !�
�����

Note that the above are initial 
conditions and not orbit shifts



Reproducibility of 7 bumps
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Correction efficiency

At present the orbit is locally stable in the range of ± 5 µ
and ± 2 µrad which is the best we can do for the moment!

-0.02

-0.015

-0.01

-0.005

0

0.005

0.01

0.015

0.02

-5000 -4000 -3000 -2000 -1000 0

minutes

m
m

-0.16
-0.158

-0.156
-0.154
-0.152

-0.15
-0.148
-0.146

-0.144
-0.142

-0.14

-6000 -5000 -4000 -3000 -2000 -1000 0

minutes
m

ra
d

��� �	
����� �
�
���� ���� ��
� �
�
��	� ���� ��
�
�		
��	�
,,���
���



Conclusions
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