
LHC Project Document No. 

LHC-X8CAL-EC-0001 ver. 1.0 

EDMS Document No. 

1011674 

Engineering Change requested by ( Name & Div./Grp. ) : 

F. Machefert (PH), D.Macina (EN) 

 

 

Date: 2009-07-17 

 

the 

Large 
Hadron 
Collider 
project 

CERN 
CH-1211 Geneva 23 
Switzerland 

 

    

Engineering Change Order – Class I 
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Brief description of the proposed change(s) : 

 

LHCb proposes to temporarily install 2 ECAL modules in RB84 in order to test their 

radiation resistance in a parasitic way during the LHC operation in view of the LHCb 

luminosity upgrade. This position in the LHC tunnel is ideal since the modules will be 

irradiated in the same conditions as the main detectors both in terms of dose rate and 

radiation field composition which matters for the effect of irradiation in the calorimeter 

media. 

Equipment concerned : 

X8CAL 

Drawings concerned : 

LHCJRB840001 

Documents concerned : 
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Daniel Lacarrere 

PE in charge of parent item in PBS : 

Samy Chemli 

Decision of the Project Engineer : 

 Rejected. 

 Accepted by Project Engineer, 
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Actions identified by Project Engineer 

 Accepted by Project Engineer, 
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Comments from other Project Engineers required 
Final decision & actions by Project Management 

Decision of the PLO for Class I changes : 

 Not requested. 

 Rejected. 

 Accepted by the Project Leader Office. 
Actions identified by Project Leader Office 
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1. DETAILED DESCRIPTION F. Machefert and D. Macina 

LHCb envisages performing an upgrade of the detector in order to increase drastically 

the luminosity by a factor 10 [1]. The LHCb detector upgrade project includes the 

upgrade of the electromagnetic calorimeter (ECAL). Identifying a new technology that 

would be compatible with the radiation resistance requirements and would lead to the 

same favourable signal characteristics as the present calorimeter modules is difficult. 

Therefore the favourite scenario consists in keeping the same technology as the present 

one if it is proven to resist the expected dose. 

 

The modules of the LHCb 

calorimeters (Figure 1) are made 

of 2 mm lead sheets interspersed 

with 4 mm thick scintillator plates 

and the light is collected by the 

wavelength shifting fibers [2]. 

During the detector construction 

the modules passed the best 

available testing on performance 

degradation due to the radiation 

damage. However the testing 

conditions differed from the 

realistic LHC running conditions 

both in terms of dose rate and 

radiation field composition which 

matter for the effect of irradiation 

in the calorimeter media. In 

particular, the test proposed in 

this paper aims to the study of 

fundamentally non-destructive and recoverable change of the module characteristics 

during irradiation in the realistic LHC secondary field at high energy, low dose rate 

(about 10-11 Gy per one inelastic p-p collision at 7 TeV in IP8) and at very large 

exposure periods (several months). Details can be found in [3].  

Therefore, LHCb proposes to use for irradiation the existing space in the tunnel 

upstream of IP8, between the experiment shielding and the first machine quadrupole 

(RB84). The irradiation of the modules in this region will be done with the same 

radiation field from the proton-proton collisions in IP8 but with a factor 5-10 higher 

dose rates, allowing a prediction of the radiation effects before they will be seen in the 

main detectors. It should be noted that none of the present or under study irradiation 

facilities at CERN fulfil the energy, the intensity and the radiation field as requested for 

this very specific test. 

As far as it concerns the duration of the test, the aim is to study the radiation damage 

up to an integrated dose of a few Mrad corresponding to the one received in one year 

by the inner-most ECAL modules at the upgraded luminosity 2x1033 cm-2 s-1. Therefore, 

the radiation damage will be studied at each shut-down until an integrated dose of a 

few Mrad is reached (at the proposed location it would take a couple of years to reach 

this dose for an integrated luminosity of ~ 2 fb-1 per year at IP8). 

 

 

 

 

 

 

   Figure 1: A view of three types of ECAL modules 

Proposed location 
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Figure 2: Extract from LHCJRB840001 drawing showing the layout upstream of IP8 

 

 

 

 

The detector assembly to be installed consists of 2 

ECAL modules fixed on an aluminium frame shown 

in Figure 2. The modules have a transverse side of 

12 cm x 12 cm, a total length of 55 cm and a 

weight of about 30 Kg each. The frame is 1200 mm 

long and 600 mm wide. The height has been 

optimized in order to place the 2 calorimeters side 

by side at the beam level to maximize the dose [3]. 

The modules will not have a readout system but will 

be equipped with a few passive and 2 active 

dosimeters to measure the dose received. For the 

active dosimeters 2 readout cables need to be 

pulled from the detector in RB84 to the UX85 

cavern via the shielding plug 1 (see Fig. 3). The 

modules are sealed with a thin SS strips and plastic 

end cups. The volume and the absolute coordinates 

occupied by the detector assembly are: 

 

 Cumulated distance: 23304.9028 m <–> 23306.1028 m 

 Horizontal coordinate from beam axis: +70 mm <–> +670 mm 

 Vertical coordinate from tunnel floor: 0 <-> 1240 mm 

 

The 3D integration in the LHC tunnel performed by J.P. Corso shows that the 

installation does not interfere neither with the transport zone nor with the adjacent 

equipment (like alignment system, vacuum etc). 

The installation and removal of the detectors will be done by the LHCb Collaboration via 

the PM85 and the UJ83 access point. The handling procedures applied after exposure to 

the LHC beam will be those of the LHC machine.  

 

 

 

     Figure 2: the aluminium frame 



LHC Project Document No. 

LHC-X8CAL-EC-0001 ver. 1.0 

Page 4 of 5 

 

 

Figure 3: Schematic top view location of the setup of ECAL modules 

 

An indication of the residual dose of the modules at removal time can be inferred from 

the studies performed for the LHCb experimental area [4] where the ambient dose 

close to the most inner modules (including the lead plug) in the case of an isolated half 

of the ECAL are of the order of 30 Sv/h after running at a luminosity 2.5 times higher 

than that of a nominal LHCb year and a cool down time of 30 days. 

In the following the list of the work to be planned according to the LHC shutdown 

schedule: 

 Installation of 2 cables (the path is shown in Figure 3 with a red arrow). A cable 

duct is already passing through the shielding plug and connecting UX85 with 

RB84. Only a few meters of “cablo-fils” and the two cables have to be installed 

in RB84. 

 Drilling of 4 holes with 8 mm diameter in the tunnel floor to fix the support as 

shown in Figure 3. 

 Installation of the support frame and of the two ECAL modules (only a pallet 

truck is needed for this operation). 

2. REASONS FOR CHANGE F. Machefert and D. Macina 

The ECAL upgrade is part of the LHCb detector project upgrade. The installation of 2 

ECAL modules in RB84 will provide precise information whether the present technology 

can be retained despite the increase in dose due to the luminosity upgrade. In fact, this 

position in the LHC tunnel is ideal since the modules will be irradiated in the same 

conditions as the main detectors both in terms of dose rate and radiation field 

composition which matter for the effect of irradiation in the calorimeter media. 

3. IMPACT ON COST, SCHEDULE & PERFORMANCE   D. Macina 

Impact on cost, schedule and performance is none. The detector installation is 

compatible with the present LHC shutdown planning (August/September 2009). The 



LHC Project Document No. 

LHC-X8CAL-EC-0001 ver. 1.0 

Page 5 of 5 

 

installation is temporary and it will be removed in case the space will be needed for 

the installation of additional machine components.  

4. IMPACT ON OTHER ITEMS D. Macina 

None. 

5. CHANGE CLASS by Project Engineer 

 

6. COMMENTS (COMPULSORY) by Project Engineer 

 

7. COMMENTS (IF REQUIRED) by other Project Engineers 

 

8. COMMENTS (IF ANY) by PLO appropriate Committees 
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