Installation Notes
CMS ECAL End Cap$ John A Hill
CERN Point SJuly-August 2008

Introduction

The CMS ECAL End Cap$¢EE) was designed and engineered at Rutherford Appleton Laboratthy
assistance from its UK collaborating membénsthe period betweer2003 and 2007.This followed
Engineering Design Reviews presen&@dCERN in November 2000 (ED8®) and September 2002 (EPR
06). A furtherinternal final design review vggpresented at RAL in May 2007.
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CMS ECAL END CAP ASSEMBLY DEE LOCATION AND NUMBERING
An End Cap is made up of t wo ODeed shaped ass

identical; one is rotated 180 degrees to the opposite side to complete an End Cap. There are several int
differencesto the electroni@and fibre optid ayout per Dee depending on |
were numbered 1 to, 4heir locations shown in figure T he Deeds are screw anoct
Hadron Calorimeter (HE) on both +ve ande ends oflte CMS detector.

TWO DEE ASSEMBLIES FITTED ON +CMS TYPICAL ASSEMBLED REAR VIEW OF DEE IN 867

The Main Support Rings and Backplates (neférto as the major mechanics) were manufactunrdége UK

by TM engineerdbetween Rcember 2003 and January 20@e long lead time iproduction ofthese
componentsmeant that an early and important commitment to the project had to be made by the U
collaboration. These major components were successfully trial fitted to HE caloranBt@nt 5 (CERN) in
September 2004 and February 2005. Despite the succesatiinaéint of these components (24 bolt holes
and 5 dowel locations per Dee) CMS Technical coordinators were unhappy with the final material selecti
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and production methods (¢emy) of the Support RingsThis resulted in the rmanufacture of these
components frormsolid Aluminium sections using the same machine programs for thRelEEBolesto
ensure correct attachment during final assembly.

MAJOR MEC HANICS FITTED AT POINT 5 VIEW OF EXPANDABLE BOLT ON DEE

Final attachmenbf the Dee assemblies to Hias to be provided by using an expandable dowel design that
was extensively used throughout the HE construction. Five such units would be used pgeeiDéeal
positionwould be marked on an intermediate pige®r to the load transfer procedure to ensure correct
fitting. This temporary attachment was tonbade by fixing 24 M20 bolts to the HE, these remain after the
dowels are finally placed. Axpandable dowels are uniquely marked for each location.

Some major engineering items were manufactured in Russia through our CMS collaborators. From
existing RAL design and layouts the Environmental Shield Assemblies and Moderator Shielding syste
were produced by Energia in Moscow. These items were delivered to CERN in March 2006 and July 20

respectively

TRIAL FIT OF SHEILD IN THE CRYSTAL PALACE TRIAL FIT OF MODERATOR ASSEMBLY

Existing assembly andstallation frames were used from a previous CERN experiment. The OPAL detecto
was of a similar design and size and a numberwbre programs wasindertaken tahe existing frames

and rotation beamthat broughthem up to EE specification. This inclutléhe addition of assembly and
installation feeta strengthenindbeamrequired foradditionalBackplate stiffness durin@ee manipulation

and a new set of frarrte-Dee support brackets.



OPAL FRAMES IN BUILDING 168. DEE ASSEMBLY CENTRE IN BUILDING 867.

The End Cap Deebs were assembled and compl eted
from June 2007 till July 2008. This included the construction of a test assembly (on Dee 4) for beam te
during the sumer of 2007. Following this prototype build a number of modifications were undertaken
namely on the electronics cooling systeithe majority of the internal structuresere procured and
manufactured in the UK and delivered to CERN.

Installation Procedure

The ECAL EE End Cap Installation procedaingerewritten and implementeldy an ECAL team consisting
of RAL and CERNpersonnelThese procedures have been written and are separate to this doduitrednt.
studiesduring 2004/5 came up with the design ammhstruction of a installation platform capableof
handling the installation process of several ECAL detectors. Modifications weretonideetable surface to
allow X and Z translation of the Dee frames for final mounongp HE

Before installationcod t ake pl ace a set of Dummy D e-positoned a d
services that were attached to these components had to be peeled back and supported in their respe
service channels. Alsall Dee assemblies had to be rotated into theirect orientationThis involved
rotating them 90 degrees from their assembly position using simple rotation blocks and an adjustable lifti
jig specifically designed to provide the correct lifting point (with respect to the centre of gravity) of eact
Dee assembly

As indicated abova detailedinstallation procedure has been written in a separate docufraking into
account that the installation platform has beenpmstioned below is a summary of thenajor steps
requiredto mount and fix all Dee a&mblies onto the CMS detector.
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TYPICAL ROTATION PROCEDURE FOR DEE ASSEMBLY

BasicStepdfor installation of End Cap Dee

f Rotate Dee assembly in correct orientation using blocks, rotation beams angidifting

f Remove Backplatstrengthemg beam followed byexisting frame feet, attach newcrewjacking
feetfor Y axismanipulation

f Lift Dee assembly on tmstallationplatform, placescrew jack feebnto installationguide platesn
most external position.

f Remove lifting jg, add hydraut rams for Dee Xand Zaxis manipulation, remove framt®-Dee
brackets at +45 degrees.

Manipulate Dee into correct position using rams and screw jacks.
f Temporarily attach 24 M20 bolts to HE, survey position of Dee and await results.

f If Dee in agreed laation countepunch/mark dowel sleeves for each individual position and
machine.

f On receipt of dowels sleeves fit expandable dowels and tighten the 24 M20 bolts

f Undertakethe necessary load transfer Dee from OPAL assembly frame to HEOn final
disconnetion remove OPAL assembly frame from platform

With the basic steps already in place, it was well understood by the ECAL End Cap Installation team tt
manipulating Deel into position would be a steep learning curve for the remaining installation program



