AN IMPEDANCE DATA BASE PROGRAM FOR LEP2 AND THE LHC
O. Briining, CERN, Geneva, Switzerland
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The development of an impedance data base program Wisatsase rite: sarsrcem. duusersaszdataspt io/ehasesarchivey . . fdata

motivated by the changing impedance budgets in the LE}attzmutes tor ain seieoted ztens:

and LHC machines and the resulting need to recalculat] ... waser of tustarted stons: 5875

the instability thresholds for different parameters. For LEP) =
the changes are implied by the LEP2 upgrade and for th
LHC, the impedance data for most items is still being cal-
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culated and continues to change as the geometries of th & - sz.sm7x by = 590378 n
impedance components converge to a final design. 1N botswous m e satasase: selected Ttens:

. . . lep/bellows-bi lep/bellows-hi/bese
cases, feedback from the impedance calculations is desior e e

lep/bellows-ex lep/bellows-hi/beub

able. A central data base that allows a semi-automatic rejieetion s e
calculation of the impedance data once the geometry of ajj/caitieeen e e s
item changes facilitates such a feedback. The developme)| o muping neies R e ey

lep/punping-t lep/bellows-cav/vcac

of the program was guided by four goals. First, the data
base program should collect the impedance information in

a central place and in a standard format allowing easy akigure 1:The graphical user interface for tt#EBASE pro-
cess. Second, it should provide procedures for estimatiggam showing the net impedance attributes for all LEP
the impact of the impedance on the beam dynamics. Thirilems but the RF-cavities.

the program should provide a user friendly graphical in-

terface to the data base and all external programs that are

used for calculating the impedance data. Fourth, it Shou,@pedance |t_e.ms in a central place gnd ina §tandard for-
. ) .~ “mat also facilitates the exchange of information between
store the input files for the external programs allowing

i . ) ; %he different groups and laboratories who are involved in
semi-automatic recalculation of the impedance data on ;
! e design process.
the geometry of an item changes.

2 REALIZATION OF THE DATA BASE
1 INTRODUCTION

i i . The data base program is written in the Tcl-Tk script-
Collecting not only the impedance data but also the inpyf,, |anguage to provide portability between different Unix
files for the programs that were used folr'calculatlng it and|2tforms and to facilitate the programming of a graphical
all data necessary for calculating stability threshold cu (ser interface. The program, all sub-programs and all data
rents, greatly facilitates the recalculation of the thresholf;ieside on an afs-file system. In this way the data can be
currents if the parameters phgnge. Eqr I,‘EP”’ for examplﬁccessed from any machine with an afs-mount which fa-
the transverse mode coupling instability is expected to limije5 the exchange of information between the different
the maximum current in the machine. As the number of 'Naboratories which participate in the design/analysis of the

stalled impedance components and the optics functions #hpedance components. Fig. 1 shows the main graphical

the machine will change during the upgrade of LEP fronﬁlser interface for the data base.
1996 to 1998 it is desirable to provide all the information The interface allows the user to select different beam and
required for estimating thelinstability. threshold current irbptics parameters (e.q. LEP or LHC), to select different
the data base and to provide an estimate for any stage;ff, e jance items for further processing, to modify the num-
the upgrade. Furthermore, an interface of the data basejg ¢ installed items in the machine, or to change and add
ABCI [2] allowgd an automatic recalculation of al! wake-jo 1o the data base. For example, Fig. 2 shows the in-
pgtentlals for different bL."’?‘?h length. '_I'he batch—Jo_b hant'erface for selecting and modifying the beam parameters.
dling and the data acquisition of the final results is done
automatically by the ZBASE program.

For the LHC, most of the impedance items are still in 3 ORGANISATION OF THE DATA BASE
the design process and feedback from the impedance cal-
culations is desirable at this stage. A central data base that data resides on an afs-file system under one common
allows a semi-automatic recalculation of the impedancdirectory. Directly under this directory is a log-file and a
data once the geometry of an item changes facilitates sufile containing the default beam properties. The impedance
a feedback. Having all the data and input files of thelata is hierarchically organised in four different levels of
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= Bean Parameters BE [E B
. Export Quit
Export Save Select Quit ¥ Ttens Name Comnent Line
X 8 lep/bollows-bi/hosc Bellows at bean instrunentation: BCSC.
Hachine: lhe 1 lep/bellows-hi/beua Bellows at hean instrumentation: BEUA
1 lep/bellows-bi/houc Bellows at bean Instrumentation: BEUC
Particle Type: protons 1 lep/bellows-hi/heud Bellows at hean instrumentation: BEUD
4 lep/hellows-bi/heuva Bellows at hean instrumentation: BEUVA.
Humber of Bunches: 2835 1 lep/hellows-hi/hueh Bellows at hean instruientation: BUEB.
10 lep/hellows-cav/vcaa Belloas at Cu-Cavities: VCAR.
Hunber of Particles/ Bunch: 1.0e11 168 lep/ballows-cav/vcaas Ballows at Superconducting Cavities: VCAAS
232 lep/bellows-cav/vcah Bellows at the Cu-Cavities: VCEB.
: 8 lep/bellows-cav/vcac Bellows at the Feedback Cavity: VCAC.
Long. Beam Sigma at Low Energy [m] 0.13 60 leE/hellows-cav/vksc Bellows at superconducting cagitles: VKSC.
4 lep/bellows-ex/aleph Bellows at heam instrumentation: BCSC
Long. Beam Sigma at Top Energy [m] 0.075 4 lep/bellows-ex/delphi LEP bellows at the DELPHI experiments.
2 lep/bellows-ex/131 LEP hellows at the L3 experiment (typel).
Gamma at Low Energy: 479.6 2 lep/bellows-ex/132 LEP bellovs at the L3 experinents (type 2)
4 lep/bellows-ex/opal LEP hellows at the OPAL experiments.
. 1 lep/bellows-sh/vbh?h Shielded Bellow: VBB2B.
Gamma at Top Energy: 7460.6 2705 lep/bellows-sh/vhha Shielded Bellow: VBBA.
. 35 lep/bellows-sh/vbbb Shielded Bellow: VBBB.
Relative Energy Spread: 1.0e-3 2 lep/bellows-sh/vbbe Shielded Bellows: VBBE.
2 lep/bellows-sh/vbbp Shielded Bellows: VBBP
Slippage Factor: 1.45e-4 14 lep/bellows-sh/vbia Shielded Bellows: VBIA.
2 lep/bellows-sh/vbib Shielded Bellows: VBIB.
5 . 8  lep/bellows-us/vbb2c Unshielded Bellows: VBEZC.
Revolution Frequency [Hz]: 11.2458e3 48 lep/bellows-us/vbhe Unshielded Bellows: VBEC,
5 lep/hellows-us/vkbd Unshielded Bellows: VEED.
Synchrotron Frequency at Low Energy [Hz]: 62.0 2 lep/hellows-us/vhhik Unshielded Bellow: VBBK.
6 lep/bellows-us/vbd2a Unshielded Bellows: VBD2A.
Synchrotron Frequency at Top Energy [Hz]: 21.0 2 lep/bellows-us/vhd2h Unshielded Bellows: VBD2B.
8  lep/bellows-us/vbd2 f Unshielded Bellows: VBD2F.
8  lep/bellows-us/vhd2g Unshielded Bellows: VBD2G.
6 lep/bellows-us/vhd?h Unshielded Bellows: VBD2H.
. . . 4 lep/bellows-us/vbd?i Unshielded Bellows: WBD2I.
Figure 2: Listing of the default parameters for the LHC | 1} jaiehorurms maveties sohor: e
. 2 lep/bellows-us/vhdb Unshielded Bellows: VBDB
: . 2 lep/bellows-us/vhzlc Unshielded Bellows: VBZ2C.
machine in the ZBASE data base. @ lep/bellowaue/obra  Unahiclded selionst unin
23 lep/bellows-us/vhzb Unshielded Bellows: VBZB
600 lep/cavities-cu/aas Nomal conducting Cu-cavity: 1 Cell of a 5 cell module: AAS.
4 lep/cavities-fb/azic Feedback Cavity (1 Gz Petra tavity): AZFC
20 lep/caviti 1 dule: 4 Cavities with 4 Cells and 2 Tapers: ASCR.
. . 20 lep/caviti dule: 4 Cavities with 4 Cells and 2 Tapers: ASCR.
Su b-dlrectorles: 1 lep/caviti dule: 4 Cavities with 4 Cells and ? Tapers: ASHL.
0 lep/caviti dules: 4 Cavities with 4 Cells and 2 Tapers: ASHR.
0 lep/punping-holes/ve Sun of all Vacwm Chambers: 751392 holes per item.
4 lep/pmping-holes/vchia  Chamber VCH2A: 440 holes per item.
- 3 . 1624  lep/pmping-holes/vcha  Chamber VCBA: 440 holes per item.
data/machine/group/item/mode/data — files. (1) D T e i
2 lep/pmiping-holes/vehy Chamber VCBV: 440 holes per item.
1  lep/pumping-holes/ved2d  Chamber VCD2D: 154 holes per item.
Th h b d d h f 7 lep/pmping-holes/vedle  Chamber VCD2E: 186 holes per item.
€ machine sub-directory corresponds to a machine

which the data base contains entries. This directory also

contains entries for the different optics and beam paramgigure 3: Listing of the number of installed items in the
ters which are available for the machine. Each group suZBASE data base.

directory contains a certain class of impedance items (e.q.
bellows or cavities) and the third sub-directory specifies a

single impedance item. Here, each item sub-directory in

the ZBASE program corresponds to one element in the Or-
acle data base. This allows a straight forward link between

the Oracle data base and the ZBASE program. Fig. 3 shows
an example listing of the items in the data base. The fourth

sub-directory specifies the mode, e.g. longitudinal or trans- e Sixth, the program stores the location of the items in
verse, for which the impedance data entries are calculated. the machine.

Such a hierarchical directory structure allows an access of

the impedance data without the graphical user interface. 5 PROCESSING DATA

e Fifth, the program stores the input files and some of
the output files of the programs that were used for cal-
culating the impedance data. All input and output files
have a prefix that specifies the program that is associ-
ated with the files.

One of the goals for the ZBASE data base program in ad-

4 DATATYPES dition to storing impedance information is evaluating the
The impedance data entries consist of six different types 8€t ffect of the impedance on the beam dynamics. For ex-

data: ample, it provides not only the HOM parameters for the
impedance items but also some estimates for the corre-

e First, there is one file which contains some basic insponding multi-bunch instability rise times. To this end,
formation on the impedance item (item attributes). 1ZBASE distinguishes between primary and secondary data:
contains comments, the number of items in the ma-
chine, the average betatron function values at the loca-

tion of the items in the machine and the low frequency

inductance of the item.

e The primary data describes all information directly as-
sociated with the geometry of an item. This would
include the inductance, the loss factors and the HOM
parameters for example.

e The second type of data are the higher-order-mode en-o The secondary data describes all information not di-
tries. rectly associated with an item. This includes for ex-

) ample the betatron functions and the beam parameters.
e The third data type are the loss factors related to an

impedance item for different bunch lengths. During startup the program searches the directories in the
data base for secondary data and stores the values in in-
e Fourth, the data base program stores wake potentialgernal arrays. The entries of these arrays can be modified
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submision and job-handling is done by the data base pro-

Export Quit

Total Loss Factors (transverse Loss Factors weighted by the Betatron functions): gram, In thls Wa_y |t |S easy to reCalCulate the IOSS factors
Bunch longth [n] longd [V/pcl tramx [¥/pcn] azimx [/pon] longx [¥/pcn-2] and wakepotentials for different bunch length and mesh
0.5e-2 -1192.610 2962.580 -3039.440 -344850.000 . . .
trany [W/ptn] aziny [9/pCnl longy [V/pCn2] sizes for a large number of impedance items. The Tcl-
4712.130 -4796.640 -434754.000

Tk scripting language allows the creation of additional in-
terfaces for any other program which is of interest for an

Contribution of the individual Groups in Percent (weighted by the Betatron functions):

Item Mame long0 [%] tranx [%] trany [%] azimx [%] azimy [%] longx [%] longy [%

hellows-hi 0.16 0.42 0.09 0.41 0.09 0.37 0.11 impedance ana|ySiS.

hellows-cav 9.38 8.90 5.49 §.68 5.39 9.72 7.69

hellows-ex 0.33 0.06 0.5% 0.06 0.54 0.06 0.67

bellows-sh 7.56 12.73 46.25 12.41 45.45 6.70 26.12

bellows-us 7.39  13.55 6.30 1321 6.19  13.61 7.99 7 SUMMARY

cavities-cu 29.20 32.59 24.11 31.78 23.70 38.24 35.69

cavities-fh 0.87 0.41 1.25 0.40 1.23 0.51 1.95 . . . .

cavitiesse  3T.09 15,1 105l 1125 .05 109 1.0 The main aim of the ZBASE impedance data base is to pro-
punping-holes -0.00 0.00 0.00 -0.00 -0.00 -0.00 -0.00 A ) A A

gyt A0 00 OB DD 0 D0 A vide the impedance data of one or more machines in a stan-

separatorbox 178 T.66 258 746 250 8.3l 354 dard format and in a central place which is accessible to

et Theshold cuneents (A1 everybody. The program is written in the Tcl-Tk script-
o ing language to provide portability between different Unix
I(x,inj) I(x,top) I(y, inj) I(y, top) - . . s

platforms and to facilitate the installation of additional pro-
cedures and interfaces to external programs which evaluate

1.23e-03 5.05e-03 8.14e-04 3.33e-03

Bverage Betatron function values of the individual Groups in meter: the impact of the machine impedance on the beam dynam-
o e ta I ety ] ics. By collecting not only the impedance data but also the
lloscar W31 4058 input files for the programs that were used for calculating
bellons-sh 1063 61.09 the impedance data and providing graphical user interfaces
cavitioscu 340 0.0 fpr the programs_t_hat were used for th_e |mpedance calcula-
EmmE LD 5 tions, greatly facilitates the recalculation of the impedance
i oe dg data if the parameters change. The current data base con-
soparator-box .66 39.74 tains impedance data for LEP and LHC. However, the data
o Bl fmcein il off o) M o mokies: base could easily be extended to other machines like the
Botax [n] Botay [n] SPS for example.

63.80 60,81

Total Loss Factors (not weighted):
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6 PROGRAM INTERFACES

Currently ZBASE offers graphical user interfaces and ex-
ample input files to ABCIl, URMEL, MAD and MAFIA
[3][5][4]. The interfaces allow the user to select and mod-
ify input files from the data base or any other directory and
manage the job handling on the CERN-SP batch computer
system. For example, the ABCI interface of the ZBASE
program can resubmit a selected range of items from the
data base, automatically collect the final results of the cal-
culations and update the data base accordingly. The job-
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