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SOFTWARE FOR INJECTION STEERING

I’. Calas ;| A. Verdier

Some application programs were writlen | for commissioning purpeses | for steering (he
beam entering LEF. As these programs are nol of fundamental importance foe operation
, o effort has heen put by the group in charge of the application programs to make them
operational. Nevertheless they may present an inferest Lo maximice the injection elliciency
when the dynamic aperinre is small. This 3 vhy they have seen st ina state where they
can be used. Some more work is needed (0 make them operaticnal.

Present]y there exist an interface based on DIALOG which was implemented in Y89
by A. Arlero which makes il possible to optimise the sicering of the injected beanr, The
processes involved in this have been analvsed in the frame of the AAWG ( secrelary ).
Poole ). They arc :

e Inject on Central Orbit
e Oplimise Injection by Steering the Transfler

The purpose of this note is Lo explain what these programs de and llow 1o nse and modily
Lhem.

1 Numerical procedures involved in the injection steering.

1.1 Fitting an orbit measurement.

This is the basic procedure. Tor a given scb of (rajectory rmieasurements | il compifes
three constants which makes tt possible Lo represent al besl these measurements by means
of a betatron oscillation ( minispec 2.4 in Inject on Central Orbit ). The expressien
measurement means here either a trajectory measuremen’. or the diflerence bhetween a
trajeclory and a closed orbit measurement. Indeed | as it is nover possible (o make the
closed orbil distorsion zero | the best way 1o injecl particles is (o Jlannch them as elose as

posstble to the actual closed orhit.



The g(’.llcral expression of the fransverse posibion of a particle in a circular machine 1<
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B: 1s the value of the S-function , j1; is the betatron phase and 1 is the dispersion al Lhe
orbit monitor of index i. Such an expression is based on unconpled oplics. The values of &
b and £ are determined by means of a least-square-fit algorithm followed by an analysis
of the measurement validity { in order to discard wrong measurements ).
The principle of the least-squarc-fit algorithm is to find values of the constanis which

minimise the expression :
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Where yim is the measured value and g the compuled one by means of (1), The sammation
is performed over a relovant set of measurerments. The ininimis tion condition is that The
paritial derivatives w.r.t, a b and 2 are made to vanish. This condition leads to the sel of
3 lincar equations with three unknowns :
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Once a, b and ﬁpﬂ have been computed | the rans. of the measnrements is computed hy :

| - .
Yems — \ ;_“_] }_d[yr'm - yir]z
Then the measurements of index 1 lor which

| i = i 1> Woms
are removed from the list of valid measurements and the computation is redone withouot

them. This is repeated until no measurement, is discarded.

1.2 computation of a compensation.

Any sort of compensalion can be compuied by specilying thal the snm ol the oscillation
amplitudes given by (1) and that due to the compensatorsis zero evrywhere in the machine.



As an example , we compule the increment of displacement and argle which have (o he
done at the place of the Lamberison magres at the LEP entrance in order to cancel {he
vertical oscillation of the particles injected in LEP, This is a procedire used becanse (he
transfler lines and the machine were built in different divisions | and the person in charge of
the transfer line provided (his procedure to steer the injected bean. ‘The procedure which
has to be launched from the SI'S control svsiem is called - “erthogonal sieering™. The
oscillation amplitude associated with the displacement g and angle #; done at the point
of index [ is given , at the place where the 4-Tfunction has the value 8 and the betalron
phase the value ji | by :
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we add Lo this the computed oscillation aniplitade | i.e.
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and we express thal, (the sum is zero whatever goand 4. This prevides the linear system to
compule y and 8, :
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A similar calculation can be done for the cases where the compersation is done by means of
two angles. This is done for instance for the injection on central orbit or for the calculation
of the closure of the injection bump.

Another example is the oplimisation of the angle of the septam in order fo minhnse

ihe horizontal amplitude of the injecled particles. In this case , we wanl thal the sum -
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be minimum , as there is only one parameter available. This is s chieved by expanding this
¥ - .

expression i cosgt and sing and minimish g the sum of the squares of their coellicients .

I.e.
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2 Practical implementation.

The numerical calculations described above have heen implemented in a C program the
source of which 1s in the file :

Juser/lepaw /sre /inject-on/injeci_e.dir/newadiin.e



The sub-directory Juser/lepaw/sre/injcction/injeclc.dir containg a makefile for (he
compilation of this program. There is also 1 this subdirectory -

e a C program used to modify the sctimgs of the injection kickers : setk.c. T'his program
has probably to be corrected for being usable because 11 has not been updated since

the last system change.

e an orbit file wilth zero’s everywhere used Lo compnte the steering when no closed orhit
measurement is available.

The steering computation ts launched in the control system by jnvoking @ injecimenn. All
the necessary files involved in this process can be found in the nain direetory -

Juser [lepai/srefinjeclion
A histing i1s given in {able 1.
The other sub-directory @ fuser/lepaw /sre/injection /injection_libs contais the general
purpose functions :

e rcolele @ reads the columns for a given element in a TFS table

o rcadiwel.c : reads the TWISS paramefers for a given element i a given THS TWISS
file

o sctzerocol.c @ wriles zero’s i a given column of a given TES talle

e writek.c : writes strengths parameters in a given T1I°S slengths table
There is also a makelile to commpile ithese Tunctions.

The main directory : fuser/lepaw /sre /ivjoction contains also the files nsed hy DIALOG
Lo provide injection _menn as well as a general makelile whiech can compile everything when
a modification of any of the above Minctinus has heen modified and nstalls the maodified
exccutables in the LED control system./pa~ When making a modification it is safe :

o Lo compile it at first in its own divectery in order Lo remove ithe bhugs

¢ 1o test it in the main directory by mvoking :

make " CXFLAGS = ' clear all

e to install it in the system by involing -

make clea:s all install



It is then possible to check the execution of injection_menn while staving in the main
directory.

3 Present status of the injection software

It is possible to perform all the caleulations needed to steer the injected heam. However
the DIALOG interface is nol working properly and il is safer 1o click svstematically on the
wanled oplions.

There is a bug in setk which prevenls from sending the computed voltages (o the
injection kickers.

Practically the calculations have to be done as lollows :

e put yousellin ihe closed orbit directory of the day and measure a closed orbit. 17 i
18 not possible to do the measurement | ihe oplion " zeros * will have 4o be chiosen i
the " compute menn ’

e put the stopper 143 in order to make sure that ihe BOM will measure the lirst {urn
trajeclory

e measurc a lrajectory ( this is the key measurement )
¢ nvoke injection_neny

e clic on “compute’ and then on “archived’ ( trajectory ) . archived” or zeros™ ( closed
orbit ). In the other boxes of the menu all choices are possible. 1t is nsually useful
(o look al the optics informations to ckeck that (he measurements are correct. The
sclection on the names of the beam position monitors makes it possible to gelect cither
the first or the second ECA downstream (he injection point.

e apply the corrections either by cleking 7 apply " and read'ng them | or by choosing
the 'print’ option in the “compute’ menn ((in this case you gel it on the printer ).

4 Conclusion

It is presently possible Lo optimise the stecring of the injeeted Beam al the LEP eptranee
, 5o thatl the beam enters as close as possible 1o (he closed orhif,

This may improve the injection efficier ¢y when the steering of the transfer lines has
been redone or when LIEP is in a stale such that its dynamic aperfure is low, This is more
accurate than the inspection of the screens at the LI entrance.

The instructions in this nole should be suflicient to make this optimisation , althougt
the mterface 1s in a bad state.



sys5_bogota_lepaw_122>1s -1R
total 120

~IWXI-XI-X 1 lepaw lep 39616 May 4 0B:16 inject.dps
drwxr-xr-x 1 lepaw lep 1024 May 4 10:58 inject_c.dir
~IWXI-XY-X 1l lepaw lep 3215 Apr 12 10:00 inject dia.c
~IWXIr-Xr=-x 1 lepaw lep 1680 Apr 12 10:00 inject_dia.h
~IrWXr-Xr-x 1 lepaw lep 2880 Apr 12 10:00 inject dia ex.h
~IWXI-XI-X 1 lepaw lep 25718 May 4 08:02 inject_dia_func.c
—IWXI-XI-X 1 lepaw lep 874 May 4 08:33 inject dialog.h
—IWXIWXI-X 1 lepaw lep 33926 May 4 10:45 inject_dpd.obj
drwxrwxr-x 1l lepaw lep 1024 May 4 10:58 injection_libs
~YWXIr-XIr-X 1 lepaw lep 1880 May 4 10:56 makefile
~IWXI—-XI-X 1 lepaw lep 4290 Apr 12 10:00 standard_ui.dps
./inject_c.dir:

total 88

—IWXI-XI-X 1 lepaw lep 224 Apr 12 09:59 help

—IWXI—-Xr-X 1l lepaw lep 708 May 4 09:58 makefile
~IWXI~XI~X 1 lepaw lep 44007 Apr 12 10:45 newadjin.c
~YWXY=XIr-x 1 lepaw lep 30811 Apr 12 10:00 orbzero
—IWXIL-XI-X 1 lepaw lep 9343 May 4 10:16 setk.c

./injection_libs:
total 11

“rWXIrWXr=-X 1l lepaw lep 621 May 4 10:42 makefile
—IWXIWXI-X 1l lepaw lep 1325 May 4 10:23 rcelel.c
—FWXIrWXr-x 1 lepaw lep 4418 May 4 10:23 readtwel.c
—IWXIWXI—-X 1 lepaw lep 945 May 4 10:43 setzerocol.c
~IWXIWXIr—X 1l lepaw lep 1946 May 4 10:23 writek.c
List of the files in the directories used by the injeciion =oftware
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