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Installation Notes 

CMS ECAL End Caps ï John A Hill 

CERN Point 5 July-August 2008  

 

Introduction 

The CMS ECAL End Caps (EE) was designed and engineered at Rutherford Appleton Laboratory with 

assistance from its UK collaborating members in the period between 2003 and 2007. This followed 

Engineering Design Reviews presented at CERN in November 2000 (EDR-04) and September 2002 (EDR-

06). A further internal final design review was presented at RAL in May 2007. 

 

                   
         CMS ECAL END CAP ASSEMBLY            DEE LOCATION AND NUMBERING  

 

An End Cap is made up of two óDeeô shaped assemblies that are mechanically (internal and external) 

identical; one is rotated 180 degrees to the opposite side to complete an End Cap. There are several internal 

differences to the electronic and fibre optic layout per Dee depending on itôs location on CMS. The Deeôs 

were numbered 1 to 4, their locations shown in figure 1. The Deeôs are screw and dowel mounted to the 

Hadron Calorimeter (HE) on both +ve and ïve ends of the CMS detector. 

 

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

 

The Main Support Rings and Backplates (referred to as the major mechanics) were manufactured in the UK 

by TM engineers between December 2003 and January 2006, the long lead time in production of these 

components meant that an early and important commitment to the project had to be made by the UK 

collaboration. These major components were successfully trial fitted to HE calorimeter at Point 5 (CERN) in 

September 2004 and February 2005. Despite the successful attachment of these components (24 bolt holes 

and 5 dowel locations per Dee) CMS Technical coordinators were unhappy with the final material selection 



 2 

and production methods (casting) of the Support Rings. This resulted in the re-manufacture of these 

components from solid Aluminium sections using the same machine programs for the EE-HE holes to 

ensure correct attachment during final assembly. 

 

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

 

Final attachment of the Dee assemblies to HE was to be provided by using an expandable dowel design that 

was extensively used throughout the HE construction. Five such units would be used per Dee, their final 

position would be marked on an intermediate piece prior to the load transfer procedure to ensure correct 

fitti ng. This temporary attachment was to be made by fixing 24 M20 bolts to the HE, these remain after the 

dowels are finally placed. All expandable dowels are uniquely marked for each location. 

Some major engineering items were manufactured in Russia through our CMS collaborators. From our 

existing RAL design and layouts the Environmental Shield Assemblies and Moderator Shielding system 

were produced by Energia in Moscow. These items were delivered to CERN in March 2006 and July 2007 

respectively. 

 

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

 

Existing assembly and installation frames were used from a previous CERN experiment. The OPAL detector 

was of a similar design and size and a number of rework programs was undertaken to the existing frames 

and rotation beams that brought them up to EE specification. This included the addition of assembly and 

installation feet, a strengthening beam required for additional Backplate stiffness during Dee manipulation 

and a new set of frame-to-Dee support brackets. 
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 OPAL FRAMES IN BUILDING 168.      DEE ASSEMBLY CENTRE IN BUILDING 867.  

 

The End Cap Deeôs were assembled and completed in the ECAL Assembly area in Building 867 (Prevessin) 

from June 2007 till July 2008. This included the construction of a test assembly (on Dee 4) for beam tests 

during the summer of 2007. Following this prototype build a number of modifications were undertaken 

namely on the electronics cooling system. The majority of the internal structures were procured and 

manufactured in the UK and delivered to CERN. 

Installation Procedure 

 

The ECAL EE End Cap Installation procedures were written and implemented by an ECAL team consisting 

of RAL and CERN personnel. These procedures have been written and are separate to this document. Initial 

studies during 2004/5 came up with the design and construction of an installation platform capable of 

handling the installation process of several ECAL detectors. Modifications were made to the table surface to 

allow X and Z translation of the Dee frames for final mounting onto HE. 

Before installation could take place a set of Dummy Deeôs had to be removed from CMS, all pre-positioned 

services that were attached to these components had to be peeled back and supported in their respective 

service channels. Also all Dee assemblies had to be rotated into their correct orientation. This involved 

rotating them 90 degrees from their assembly position using simple rotation blocks and an adjustable lifting 

jig specifically designed to provide the correct lifting point (with respect to the centre of gravity) of each 

Dee assembly 

As indicated above a detailed installation procedure has been written in a separate document. Taking into 

account that the installation platform has been pre-positioned, below is a summary of the major steps 

required to mount and fix all Dee assemblies onto the CMS detector. 
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TYPICAL ROTATION PROCEDURE FOR DEE ASSEMBLY  

 

Basic Steps for installation of End Cap Dee 

 

�ƒ Rotate Dee assembly in correct orientation using blocks, rotation beams and lifting jig. 

�ƒ Remove Backplate strengthening beam followed by existing frame feet, attach new screw jacking 

feet for Y axis manipulation. 

�ƒ Lift Dee assembly on to installation platform, place screw jack feet onto installation guide plates in 

most external position. 

�ƒ Remove lifting jig, add hydraulic rams for Dee X and Z axis manipulation, remove frame-to-Dee 

brackets at +/-45 degrees. 

�ƒ Manipulate Dee into correct position using rams and screw jacks. 

�ƒ Temporarily attach 24 M20 bolts to HE, survey position of Dee and await results.  

�ƒ If Dee in agreed location counter-punch/mark dowel sleeves for each individual position and 

machine. 

�ƒ On receipt of dowels sleeves fit expandable dowels and tighten the 24 M20 bolts. 

�ƒ Undertake the necessary load transfer of Dee from OPAL assembly frame to HE. On final 

disconnection remove OPAL assembly frame from platform. 

 

With the basic steps already in place, it was well understood by the ECAL End Cap Installation team that 

manipulating Dee1 into position would be a steep learning curve for the remaining installation program. 


