John Jowett

From: John Jowett
Sent: Thursday, 10 February, 2005 19:15
To: Oliver Bruning; Alessandra Lombardi; Andre Verdier; Bernard Jeanneret; Bruno Autin;
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Subject: LHC Aperture Model

Dear Colleagues,

As requested at Tuesday®s LHC Optics meeting, | have generated a complete
model of the LHC aperture that can be used with MAD-X. The method is based on the
tools developed with Moira Gresham back in 2003.

What®"s new now is that the model is based as far as possible on the beam screen
definitions extracted directly from the LHC Functional Layout Database. The other
aperture model in the sequence file created by Thys is used to fill in gaps greater
than 7 m long (e.g. the warm sections). The 7 m is a parameter. There is also a
comparison between the two models.

Further details are at:

http://proj-Ihc-optics-web.web.cern.ch/proj-Ilhc-optics-
web/V6 .5/ApertureModel/readme _html

I had to make a number of algorithmic decisions. These may need to be refined or
changed following further discussion but they are fully documented. (See the
detailed notes and analysis of the FL database information in the main notebook, in
particular the beam screen shopping list.)

So, this may not be the last word. But the aperture definition files do work with
MAD-X and 1 hope they will fulfil the immediate urgent need. They assign apertures
to all existing elements and do not introduce any new markers.

Please send me your comments. | will be away for the next week at Brookhaven but
email will work.

John

P.S. 1 don"t know how this compares in detail with Stefano®"s model for Sixtrack.

P.P.S. Some people were also asking me about using the graphics functions. 1711 get
back to you but meanwhile there are examples and documentation in the main notebook.

P~3.S. The aperture derived from the sequence file in IR7 doesn"t look terribly well
matched to the injection beam. See the last image on the page

http://proj-lhc-optics-web.web.cern.ch/proj-lhc-optics-
web/V6.5/ApertureModel /HTMLLiInks/default_26_html

I suppose it"s probably a compromise between the two beams (?)
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Two Sources of LHC Aperture Information

m LHC Functional Layout Database
(Oracle)

Set of beam screen markers
for each ring

Covers cold sections only

Ring 1 and Ring 2 mixed
together in one table

Not immediately convertible to
MAD format (overlaps of
elements to be dealt with,
etc.)

Beam screen types defined in
separate table

Data extractable in XML or
Excel format
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m Sequence file V6.5.aperture.seq

Covers full machine (?)

Aperture defined at only a
sample of elements

NO aperture types

Many zero aperture
components

Easily extended to complete
homogeneous (RECTELLIPSE)
aperture description of ring
(with no zero components)
using Madtomma packages

Very small compressed
definition available

See my talk in aperture
meeting 10/9/2003



To be done (as of 8 Feb 2005)

m Merge warm aperture data from sequence file

— Done 10/2/2005: new description includes Beam Screen
Markers augmented with data from V6.5.aperture.seq in all
gaps longer than 7 m.

m Other algorithms or parameter choices possible
m See detailed analysis of gaps
m Includes differences in arc-lengths between rings.

m Apply apertures to all magnetic and other elements

— Done 10/2/2005: two MAD-X files to read in (for LHCB1
and LHCB2).

— Fill in drift spaces with aperture markers a la carte, can be
done, as before.

m Further automation via Mathematica link to XML and Java ?
— Might avoid exporting intermediate files from database
— Not done so far.

J.M. Jowett, AB-ABP-LOC Meeting, 22/2/2005



2 P:\cern.ch\eng\lhc\spdyn\OpticsWebPages\V6.5\ApertureModel\readme. html - Microsoft Internet Explorer provided by CERN
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A New Model of the LHC Aperture - under test!

Warning, if vou are browsing from Windows: wnless vou have changed the file associations for MAD files on Windows, don't click on

the links below. Rather vight-click and save copies of the files.

This new model merges the aperture information of beam screen markers from the LHC Functional Database with information from the hand-

made sequence file for gaps between the beam screens of more than 7 m.
This file and all related material is located on CERIN AFS at the location
(afs/cern.ch/eng/The/spdvn/OpticsWebPages/ V6. 5/ ApertreModel

or, equivalently, from the Web

http:/ ' proi-lhe-optics-web_web_cern.ch'proj-lhe-optics-web/VE. 5/ ApertureModel/

or, equivalently, with AFS on Windows in CERN

Prcemn.chleng'lhe'spdyn' OpticsWebPages\ V. 5\ ApertureModel

Please lool: there to find the material.
The two files,

LHCBI1FulApertiwe mad LHCE2FullAperture mad

vBe -
Comments invited In
my email to LOC |
Team on 10/2/2005.

can be read into MAD-X after the usual sequence file and will assign apertures to every element (except drifts).
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Beam Screen Shopping List for Ring 1

The frequencies of occurrence of beam screens of given lengths (rounded to nearest mm), first for Ring 1

TableForm|
Flatten/e
Freguencies|
Partition[ Transpose[ mfsColumn[LHCBeamScreenMarkers[*'LHCB1'"), {""TYPE", "POSITION''}11, 2] /-
Round [1000 (e-9S)]
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J.M. Jowd

LHCApertureModel.nb
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Beam Screen Apertures from LHC Functional Layout Database

The following subsections are davoted to going through this calenlation for the first time, working out how to treat the problem and checking the integrity of
the data. This is a bit long but necessary in order to develop the methed and to show exactly what iz, and is not, being done. However once the required
functions are developad, there are in fact a fairly small number of 2zz2ntial step in the construction of the new aperture deseription. The input cells for these

steps are coloured with a yellow backeround (and alse made into initialization cells in view of later re-use).
Technically, most function definitions are made using the dynamic programming idiem o, provided two variables defining the input files are correctly
defined, vou do not even have to worry about any procedural aspects.

m Getting Data from the LHC Functional Layout Database

= Exploring the Beam Screen Marker Data

» The Gaps Between the Beam Screens

= Understanding how to Treat the Arc-length Slippage

PpertureTypes
= The Aper‘ture WPES of the Beam Screans

m Construction of the Beam Screen Markers

= Compressed Aperture Description Based on Beam Screen Markers
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Unified Aperture Description

s Comparison of Beam 5creen Marker Aperture and Aperture from Sequence File
m Merging the Two Sources of Aperture
= Apply apertures to elements in the MAD description of the LHC

= Test the aperture definition files by running through MAD

100% = €
—
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= KEDIT - [P:\cern.chengilhc\spdyn\OpticsWebPagesi\¥6. S\ApertureModel\ HCB 1FullAperture. mad]
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# ® ¥ Top of File ®= =® =

OPTION, ECHO:

| «LHCEl aperture definitions derived from the LHC Functional Lavout Databaze. angmented wi

OFTIOH, ECHO;

OPTION, —ECHOD;

LHCE1:#START. APERTYPE=RECTELLIPZE,f AFERTURE={0. 0192, 0.0241, 0.0241, 0.0241}:
TR1155TART. APERTYPE=RECTELLIFSE, K APERTURE={0.01%2, 0.0241, 0.0241, 0.0241%};
IP1. APERTYPE=RECTELLIPZE, AFERTURE={0. 0192, 0.0241, 0.0241, 0.0241}:

TAS 1R1, AFPERTYPE=RECTELLIPSE, K AFERTURE={0.0192, 0.0241, 0.0241., 0.0241}:
BFMSW . 1E1.EBl, APERTYPE=RECTELLIPZE, APERTURE={0.0192, 0.0241, 0.0241, 0. 0241%;
BEMSW . 1RE1 . B2, APERTYPE=RECTELLIFSE, APERTURE={0.0192, 0.0241, 0.0241. 0.0241};
MOXA 1R1, APERTYPE=RECTELLIPSE, APERTURE={0.019%2, 0.0241. 0.0241, 0.0241%;
MCBX 1R1, APERTYPE=RECTELLIPSE, APERTURE={0.0192, 0.0241, 0.0241, 0.0241%;

BFMS. 2K1 .Bl. APERTYPE=RECTELLIPZE,f APERTURE={0. 023773, 0.028673, 0.028673, 0.028673%};
BFMS. 2R1 . B2, APERTYPE=RECTELLIPSE, APERTURE={0.023773, 0.028673, 0. 028673, 0. .028673%;

MOXB AZR1. APERTYPE=RECTELLIFSE, AFPER
MCBX 2F1. APERTYPE=RECTELLIFSE.AFERT
MQXE.B2E1, APERTYPE=RECTELLIPSE. APER
TASE. 3R1. APERTYPE=RECTELLIFPSE. AFERT
I R e o~ St SUREPRIS: SR
MOQSH  3R1, APERTYPE=RECTELLIPSE., AFERT
MQXA 3F1., AFPERTYPE=RECTELLIFSE.AFERT
MCBXA 3R1. APERTYPE=RECTELLIFSE, AFEE
MCX3 3R1., APERTYPE=RECTELLIPSE.AFERT
MCX2 3F1., APERTYPE=RECTELLIFSE.AFERT
DFEXE. 3E1, APERTYPE=RECTELLIPSE. APER
BPFMSY . 4F1 . Bl. APERTYPE=RECTELLIPSE. A
BFMSY  4F1 B?. APERTYFPE=RECTELLIFPSE. A
MBEW A4R1, APERTYPE=RECTELLIFSE, AFPER
MBXEW B4F1. AFPERTYPE=RECTELLIFSE, AFEFR
MBEW . C4R1. APERTYPE=RECTELLIFSE, AFEE
MBEW D4R1 . APERTYPE=RECTELLIFSE, AFPER
MBXEW E4F1. APERTYPE=RECTELLIFSE, AFER
MBXW .F4RE1l, APERTYPE=RECTELLIPSE.APER
TAN . 4R1, APERTYPE=RECTELLIPSE. APERTT
IFR115END, AFPERTYPE=RECTELLIFSE.AFERT
TCL.4R1 .Bl, APERTYFPE=RECTELLIPSE, AFPE
BFMWE . 4F1 . Bl1. APERTYFE=RECTELLIFSE. A
MBREC . 4F1 . Bl. AFERTYFE=RECTELLIFPSE. AF

====>

£

Line=13 Cal=1 Alk=0,0:0 Size=5301 | Files=1 Windows=1 INS RS | 3:23




Sequence file aperture for IR7

Show [WireFrame[ ApPlotIR7] , BeanPlotlR7, ViewPoint -> {-2.723, -1.984, 0.3123];

s/m
20200
20000
19800
005 -
y/m 0L
- L<

0.05
-0.05

X/m
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