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BRIEF DESCRIPTION OF THE PROPOSED CHANGE(S): 

The Beam Gas Vertex (BGV) detector is foreseen as a possible non-invasive beam size 
measurement instrument requiring the installation of a modified vacuum chamber at 
about 220 m on either side of IP4. Therefore, with this ECR, the BE/BI Group requests to 
reserve the space [–244.0; –200.0] m (between Q6 and Q7 in C7L4), as well as the 
space [200.0; 244.0] m (between Q6 and Q7 in C7R4). These zones are significantly 
broader than the space needed for two BGV systems (one for each beam), and the space 
reservation will be refined at a later stage. 
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SUMMARY OF ACTIONS TO BE UNDERTAKEN: 
 

– Preparation for schedule approval at the LSC 
– Detailed ECR of BGV implementation to be written prior to its installation 
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This document is uncontrolled when printed. Check the EDMS to verify that this is the correct version before use. 
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1. EXISTING SITUATION AND INTRODUCTION 
The BGV project, already approved by the LMC, proposes to install detectors in LSS4 
between Q6 and Q7 on either side of IP4. A detailed design of the BGV stations and 
services and their integration in the LHC tunnel will be finalised in the coming months. 
No BI or other equipment is currently installed in the requested reservation zones.  
 

2. REASON FOR THE CHANGE 
Space reservation for BGV. 
 

3. DETAILED DESCRIPTION  

3.1 THE BGV PROJECT 

3.1.1 GENERAL DESCRIPTION 
The BGV (Beam Gas Vertexing) project is a joint proposal between the BE/BI Group 
and scientists working on the high-precision tracking detectors of LHCb [1] – VELO 
(Vertex LOcator) [2], and IT (Inner Tracker) [3]. The goal is to provide a non-invasive 
means of measuring the 2-dimensional transverse beam profile (beam shape), in 
absolute terms and on a bunch by bunch basis. The beam gas vertexing technique is 
used in LHCb for the measurement of the beam-shape and the absolute luminosity 
[4]. Combined with an independent determination of the optics β functions, the BGV 
measurements will be used to provide estimates of the transverse emittance (per 
bunch, or the average of all bunches in one beam). The aim is to develop a system 
capable of providing: 
 

• Bunch width measurements with a 5 % resolution within 1 minute 
• Aim at relative measurement only, assuming that the vertex resolution will not 

change during the measurement period 
 

• Beam width measurements to an absolute accuracy of 2 % within 1 minute 
• Measurement period chosen such that the statistical error becomes negligible 
• Assuming a 3.5 % relative error on β, the resulting relative error on the beam 

emittance is 5.3 %. Based on [5] and personal commucation with S. Fartoukh, β 
measurements with such precision are considered feasible at flat top. At injection, 
the exptected achievable relative error on β is about 5 %. 

 
The envisaged measurement time and accuracy values will allow meaningful 
measurements to be performed during the LHC ramp period and a direct calibration 
comparison to be made with other emittance measurement instruments. 
 
The already-performed basic BGV design studies demonstrated the feasibility of such 
measurements, and the required design parameters. More detailed simulations are 
foreseen, both with a dedicated toy-MC detector, and with the LHCb simulation 
application. 

 

3.1.2 THE CONCEPT 
The beam shape measurement technique is based on the reconstruction of beam gas 
interaction vertices, where the charged particles produced in inelastic beam gas 
interactions are detected with high-precision tracking detectors (see Fig. 1). The beam 
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gas vertices reconstructed in a certain time interval are used to determine the 2-
dimensional transverse beam profile. 
A dedicated gas-injection system will provide the gas target thickness (gas pressure 
integrated over the useful z-range) needed to perform the measurements listed 
above. The type of gas and the target thickness are of principal importance for the 
statistical and systematic uncertainties of the measured beam profiles. A discussion 
has started with vacuum experts from TE/VSC, in order to identify a gas target design 
which satisfies the BGV requirements, and does not affect the beam operation. 

 

 
Figure 1: A sketch demonstrating the beam gas vertex measurement concept. 

The present concept relies on a gas target with length of 1–2 m with detectors 
external to the vacuum chamber. There are no moving parts and the aperture is 
defined in collaboration with the BE/ABP Group in such a way as to ensure that the 
chamber does not become a local aperture restriction. The basic scheme is shown in 
Fig. 2. The chamber impedance will be estimated in collaboration with the BE/ABP 
Group and will be taken into account in the chamber design.  
 

 

Figure 2: A sketch of a possible layout of BGV. The two major sub-systems are the 
gas target (vacuum chamber, gas injection and pumping systems), and the tracking 
detectors. The amount of material in the foreseen detector acceptance (14–100 mrad) 
must be minimized, requiring a thin vertical wall of the chamber, and (thin) RF 
wakefield guides. 
 

3.1.3 ADDITIONAL MEASUREMENTS 
While the bunch sizes and emittance are the main target of the BGV project, it should 
be noted that several other beam parameters can be measured without any additions 
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to the system: beam position and angle, relative bunch intensities, and ghost charge 
(beam current contained in nominally empty bunch slots). Such measurements were 
performed with the LHCb VELO detector, and the measured beam parameters were 
combined with information about the absolute bunch intensities (provided by the 
BE/BI group), to determine the absolute luminosity at LHCb [4]. 

 
One possible add-on, not in the baseline discussed here, is a timing detector with 
resolution better than 100 ps, which would allow longitudinal beam profile 
measurements to be performed as well. 
 

3.1.4 TIME SCALE 
The plan is to prepare one of these regions so as to be able to install a BGV prototype 
either in LS1 or, as a minimum, in stages during regular technical stops or during a 
longer winter technical stop after LS1. This implies ensuring that the contributions 
required from TE/VSC and EN/EL are clarified and accepted. This will form part of the 
detailed ECR foreseen once the design is complete and before any installation takes 
place. 
 

3.2 SPACE RESERVATION 

3.2.1 SUMMARY OF THE SEARCH FOR SUITABLE LOCATIONS 
The longitudinal space required for one BGV system (one beam) is about 10 m. 
Different considerations were taken into account for choosing the optimal locations for 
BGV installation: 

• The expected precision of the beam profile measurements (with BGV) 
• The expected precision of the optics β functions measurements (with other 

instruments and dipole magnets) 
• The radiation environment 
• The proximity of radiation-sensitive equipment 

 
Taking into account these requirements, a search for suitable locations for the BGV 
installation was performed in all LHC IRs. The zones situated approximately at 240 m 
on either side of IP4 were identified as most suitable locations for BGV. More details 
on the location search can be found in [6]. 
 

3.2.2 SPACE RESERVATION REQUEST 
The proposed BGV setup is shown in Fig. 2 (one on each side). As the exact layout has 
not been finalised and the choice of beam for the BGV station on either side of LSS4 is 
not yet decided, the request is to reserve the longitudinal space [–244.0; –200.0] m 
(between Q6 and Q7 in C7L4), as well as the space [200.0; 244.0] m (between Q6 
and Q7 in C7R4). The IR4 layout and the requested reservation zones are shown in 
Fig. 3. These zones are significantly broader than the space needed for two BGV 
systems (one for each beam), and the longitudinal space reservation will be refined at 
a later stage. 
 
 
 
 
 



 REFERENCE EDMS NO. REV. VALIDITY 

 LHC-BGV-EC-0001 1282994 1.0 RELEASED  

  Page 5 of 8 

Transversely, the space reservation request goes: 
• Sideways: from –60 cm to +70 cm from the midline between the beam pipes   

(– is the QRL side, + is the pathway side). Due to the additional space constraint 
next to a QRL below, the request is to reserve the maximum allowed space in 
these areas, i.e. about –53 cm (see Fig.4) 

• Vertically: from the floor to 200 cm above the floor 
 

3.2.3 SPACE FOR DAQ ELECTRONICS 
The intention is to place the BGV DAQ electronic components in a radiation-free zone. 
The tunnels UA43 (left of IP4) and UA47 (right of IP4), already host a large number 
electronic crates for different beam equipment. The possibility to use these tunnels for 
the BGV electronics is being investigated. For illustration, Fig. 5 shows a top view of 
the “beam” tunnel RA43, and the “equipment” tunnel UA43, left of IP4 (more 
precisely, part of C7L4). One possibility under consideration is to place the BGV 
electronics in the BI racks BY12 – BY14 (square G14). Using the horizontal scale, 
which indicates the distance in meters, one can estimate that the cables length 
between a BGV device located at 220 m left of IP4, and the BI racks, would be about 
50 m. 

 

 

 

Figure 3: Layout of the left and right sides of IR4 (top and bottom figures, 
respectively), indicating the requested reservation zones [–244.0; –200.0] m and 
[200.0; 244.0] m from IP4. The drawings are based on LHCLSXG_0001-vAN, and 
C7L4 and C7R4 layout drawings from the lhcdmu project. Higher resolution drawing 
can be found at https://twiki.cern.ch/twiki/bin/view/BGV/ECR1 

https://twiki.cern.ch/twiki/bin/view/BGV/ECR1
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Figure 4: LHC tunnel section in the zones of concern, indicating the essential 
transverse distances. 

 

 

Figure 5: Top view of a part of Cell 7, left of IP4, showing the “beam” tunnel RA43 
and the equipment layout in the tunnel UA43. This drawing is based on 
LHCEY___4002-vAI, and includes additional distance indicators (text added in the 
RA43 zone). Higher resolution drawing can be found at 
https://twiki.cern.ch/twiki/bin/view/BGV/ECR1 

4. IMPACT ON OTHER ITEMS 
The integration and the installation of the BGV will be discussed and followed up by 
the LSC, while all vacuum related issued will be followed up directly with TE/VSC. The 
relevant details will be defined in a future detailed ECR of BGV implementation. 

https://twiki.cern.ch/twiki/bin/view/BGV/ECR1
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4.1 IMPACT ON ITEMS/SYSTEMS 
No. 

4.2 IMPACT ON UTILITIES AND SERVICES 
No. 

5. IMPACT ON COST, SCHEDULE AND PERFORMANCE 
No. 

5.1 IMPACT ON COST 
No. 

5.2 IMPACT ON SCHEDULE 
No. 

5.3 IMPACT ON PERFORMANCE 
No. 

6. WORKSITE SAFETY 
Not relevant. 
 

 

7. FOLLOW-UP OF ACTIONS BY THE TECHNICAL COORDINATION 

Action Done Date Comments 

Carry out site activities:    

Carry out tests:    

Update layout drawings: x 2013-06-27 Included in LHCLSX_0007 and 0008. 

Update equipment drawings:   CDD code LHCBGV__ registered. Equipment 
drawings should be found under that 
reference. More detailed breakdown under the 
BGV rootname is possible if necessary. 

Update layout database: - 2013-06-27 Update will be done with the detailed ECR. 

Update naming database: x 2013-06-27 BGV code registered in the Naming Portal 

Update Safety File according to 
EDMS document 1177755: 

   

Others:    

 

https://edms.cern.ch/document/1177755/1.0
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