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1. EXISTING SITUATION AND INTRODUCTION 
The present document constitutes a proposal for the installation of a demonstrator 
beam-gas vertexing system (later referred-to as “Demo BGV” or simply, “BGV”) for 
non-invasive measurement of the transverse beam profile. The Demo BGV will be 
installed-on and will provide measurements for one of the two LHC beams. Depending 
on the performance of the BGV demonstrator, future requests might be made for the 
development and the installation of “full-scale” BGV systems for each beam. 
 
As described in Section 3.1, DCUM 9775 m (Cell 7, left of IP4) is identified as the most 
suitable location for the installation of the Demo BGV. Currently there is no equipment 
installed in the vicinity of this location. The BGV will be installed on LHC Beam 2. 
 
The BGV concept is illustrated in Figure 1. The tracking detector is external to the 
vacuum chamber, and no movable parts are needed for the system operation. Some 
of the existing LHC vacuum chambers will be replaced with modified vacuum 
chambers with a reduced aperture, see Section 3.2 and Table 3. 
 
A detailed description of the different BGV sub-systems, design choices, and studies 
assessing the impact on the LHC performance is given in Section 3. 

 

2. REASON FOR THE CHANGE 
Installation of a beam-gas vertexing (BGV) transverse beam profile monitor. This 
demonstrator system will provide essential information for the further development of 
a full-scale BGV system, planned for the HL-LHC. The currently proposed 
demonstrator system is designed such as to provide bunch-by-bunch beam profile 
measurements throughout the full LHC cycle, see Section 3.7. 

  

 
Figure 1: An illustration of the BGV concept. The two major components are the gas target (gas 
tank, gas injection and pumping systems), and the tracking detector. The vacuum chambers on 

either side of the gas tank will have a reduced aperture (compared to the currently installed 
chambers), see Section 3.2. 
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3. DETAILED DESCRIPTION 

3.1 LOCATION IN THE LHC TUNNEL 

3.1.1 BGV SPACE RESERVATION  

With the BGV space-reservation ECR [1], two zones were reserved for BGV. The 
longitudinal coordinates of these zones are given in Table 1. 
 

 
 
As described in the BGV space-reservation ECR, several considerations were taken 
into account for choosing the optimal locations for the 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 
• the proximity of radiation-shielded area for the BGV data-acquisition system 

 
As far as the beam profile measurement precision is concerned, the locations reserved 
for BGV are considered suitable because the β-function values are relatively small (see 
Figure 2). This allows a relatively compact BGV system to be used for achieving 
certain precision. The detector and the expected beam-width measurement accuracy 
are discussed in Section 3.7. 
 

3.1.2 OPTICS CONSIDERATIONS 

The optics functions have a primary importance for the design of the BGV and for the 
choice of its installation location. Of interest are the values of the β-functions and the 
dispersion, as well as the expected precision of their measurement. The optics 
functions used in the current document were kindly provided by M. Giovannozzi [2]. 
Two configurations have been considered, namely the nominal optics, i.e., the one 
used during Run I, and the HL-LHC (both injection and collision version), i.e., the 
current baseline for the high-luminosity upgrade of the LHC. Although the optical 
configuration for Run II has not been defined, these optics allow a global analysis to 
be performed, using the best knowledge to-date. 
 
Installing the BGV in a location where the beam is round (i.e. βx ≈ βy) allows the same 
measurement precision to be achieved in both transverse coordinates. Having the two 
transverse beam sizes different and, as intended, using a round vacuum chamber 
leads to a worse measurement precision in the coordinate where the beams size is 
smaller. As discussed in Section 3.7, this is related to the dependency of the 
measurement precision on the distance to the beam and the actual beam size, and to 
the fact that the larger of the transverse beam sizes is used for determining the 
minimal aperture. 

Table 1: Longitudinal space reserved for BGV (from the BGV space-reservation ECR [1]). 

 LHC Cell ID 
DCUM [m] Coordinate wrt IP4 [m] 

start end start end 

Zone 1 C7L4 9753.081 9797.081 –244.0 –200.0 

Zone 2 C7R4 10197.081 10241.081 200.0 244.0 
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Figure 3 shows the longitudinal coordinate of the βx–βy crossing points in the locations 
reserved for BGV. As the LHC optical configuration for Run II is not defined yet, the 
zone with smallest spread of the βx–βy crossing points is preferred. 

 

 

 

 

 

 
Figure 2: LHC β-functions in LSS4, corresponding to Nominal optics [2]. The lower and upper 

abscissas indicate the longitudinal coordinate with respect to IP1 (DCUM) and IP4, respectively. 
The gray bands correspond to the space reserved for BGV (see Table 1). 

 
Figure 3: Longitudinal coordinates of the βx–βy crossing points in Cell 7 left or right of IP4. 

Nominal, HL-LHC-injection and HL-LHC-collision optics [2] are considered. The spread of the 
βx–βy crossing points is minimal for beam 2 on the left of IP4. 
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3.1.3 LOCATION OF THE BGV DEMO 

The considerations discussed earlier in this section were taken into account for the 
choice of a precise location for the installation of the Demo BGV. A beam 2 device at 
DCUM 9775 m is considered best among the available choices. The corresponding 
positions of the BGV gas tank and chambers with reduced aperture are given in Table 
3. A detailed description of the corresponding modifications to the LHC vacuum layout 
is given in Section 3.3. 
 
The electronic components for control, trigger, readout and data acquisition of the 
BGV tracking detector will be installed in the service tunnel UA43, in Rack BY14. 
Currently two options are considered for the installation location of the BGV data 
processing and storage equipment: Rack BY14 or BY13, in UA43, or on the surface, in 
building 2485 (SX4). 
 
The TE-VSC electronic equipment currently installed in racks VY04 and VY20, in UA43, 
will be used for the control and the monitoring of the BGV vacuum sector and gas 
injection line. 
 

3.2 MECHANICAL APERTURE 

Determined in collaboration with the BE-ABP group. The term aperture is used in the 
sense of distance between the beam and the chamber wall, and in case of a round 
chamber it is equivalent to inner radius. 
  
The instruments installed in IR4 have been considered, in order to define a criterion to 
specify the mechanical aperture of the BGV. The devices installed in between Q6 left 
and right of the IP have an inner radius of 30 mm, which is in the shadow of the beam 
screen of the MQY quadrupoles by 1 mm. Another device installed close to the Q7 
quadrupole features an aperture of 24 mm, which is once more in the shadow of the 
beam screen of the MQM quadrupole by 2 mm. 
 

Therefore, assuming that the demonstrator will not change the location in IR4 before 
LS2, a linear interpolation of the inner mechanical apertures of the devices close to Q7 
and those close to Q6 has been performed. This gives a mechanical aperture of the 
BGV of 26.5 mm. 
 
Furthermore, tolerances for the mechanical dimensions and alignment, based on the 
experience with what was done for the LHC magnets, have been derived, namely 0.6 
mm (radial) and 0.9 mm (radial) for mechanical and alignment tolerances, 
respectively. This will ensure enough aperture for the beam as well as optics flexibility 
that is required in IR4. 
 
This should ensure that the aperture seen by the beam will not be smaller than 25 
mm. The values for the tolerances are based on experience with the magnets. If it is 
possible to improve the mechanical construction of the BGV or its alignment, it can be 
removed what is gained on the tolerances from the value of the mechanical aperture. 
 
The sum of the mechanical and alignment tolerances of the BGV is estimated to be 1 
mm (see Section 3.9), leading to mechanical aperture of the BGV of 26.0 mm. The 
proposed modification to the LHC vacuum layout is presented in Table 3. 
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3.3 VACUUM SYSTEM 

Designed by the TE-VSC group. 

The BGV necessitates a dedicated pressure bump in order to create the required rate 
of inelastic beam-gas interactions. A dedicated injection system will provide the 
required gas density inside the BGV gas tank (see Section 3.4), and a dedicated 
pumping system will provide the gas evacuation. According to the BGV requirements 
and for ensuring minimal impact on the LHC operation, the BGV vacuum system is 
designed such that it provides uniform density distribution inside the BGV gas tank, 
and a quick density decrease outside it. 
 
This section provides a detailed description of the Demo BGV vacuum system layout. 
The choice of gas and operational pressure are discussed as well. 
 

3.3.1 SECTORIZATION 

The existing vacuum sector A7L4.R will be divided in 3 vacuum sectors: A7L4.R, 
B7L4.R and C7L4.R (see Figure 4). The BGV injection and pumping systems will be 
installed in the middle sector (B7L4.R) and will be separated from the other vacuum 
sectors with sector valves. The internal vacuum sector A7L4.B (for beam 1) will not be 
affected by the BGV installation. 

 
A schematic layout of the new vacuum sector B7L4.R, housing the BGV demonstrator 
is shown in Figure 5. 
 

 
 
The chosen gas for the BGV demonstrator is Neon, as already used for the BGI in the 
LHC. The pressure inside the tank is fixed to about 6×10–8 mbar of Neon. Four 500 l/s 
ionic pumps will grant a sharp pressure decrease outside the tank and the averaged 

 
Figure 4: Proposed modification of vacuum sector A7L4.R in LSS4. 

 
Figure 5: Schematic layout of the vacuum sector B7L4.R. The element at the center, labelled 

“BGV”, represents the BGV gas tank. On its sides will be installed vacuum chambers with 
reduced diameter and two sets of VAMFQ vacuum assemblies housing the 500 l/s ionic pumps. 
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pressure in the B7L4.R vacuum sector will be in the 10–9 mbar range. At both 
extremities of the BGV tank, 1.1 m of reduced-aperture beam vacuum chambers will 
help to confine the Neon gas in the tank. All the vacuum chambers and also the BGV 
tank will be NEG coated to reduce as much as possible any dynamic pressure increase 
due to synchrotron radiation, ion and electron induced desorption. 
 

3.3.2 BGV INJECTION LINE 

The injection system used in the BGV is exactly the same as the BGI injection system, 
already installed in the LSS4 of the LHC accelerator. A noble gas, which is not pumped 
by the NEG coating, is used. Among the possible noble gas species that can be 
employed, Neon is the choice of preference because it has a low mass and does not 
affect leak detection. The other noble gases could not be used for different reasons. In 
the cases of He and Ar, a small amount may be left after the pump down which would 
reduce the sensitivity of the leak detection. Finally, Kr and Xe have a high mass, and 
therefore a high cross-section for beam-gas interactions. Moreover, the higher the 
atomic mass of the gas, the more saturation effects could happen on the ionic pumps, 
possibly limiting their lifetime with consequently the necessity of their replacement. 
 
A gas container is filled with Neon gas at atmospheric pressure and by a remote 
controlled injection valve the exact quantity of gas will be injected in the tank. Figure 
6 shows the already present injection system in the LSS4 for the BGI as it is 
integrated in the PVSS application. 
 

 
 

3.3.3 LAYOUT UPDATE 

Table 2 summarizes the existing layout for the vacuum sector A7L4.R. 
 
Table 3 summarizes the DCUM, the vacuum sectors, the database new name for the 
new modified vacuum sectors. In yellow are highlighted all the new equipment that 
will be installed or that will need some modification.  
 
 
 
 

 
Figure 6: BGI Injection system as it appears in the PVSS application for remote control of the 

Neon injection. The same injection system will be used in the BGV tank. 
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Table 2: Current layout of vacuum sector A7L4.R. 

DCUM SUBSECTOR LENGTH NAME NOTE 

9736.31 
VACSEC.ARC3-4.B 

0.655 VABBG.7L4.C VGR, VGP :: VPIA, VGP 
VACSEC.ARC3-4.R 

9736.97 VACSEC.A7L4.R 6.7 VCDCH.7L4.R   

9743.67 VACSEC.A7L4.R 0.3 VMAAB.G7L4.R   

9743.97 VACSEC.A7L4.R 7 VCDA.J7L4.R   

9750.97 VACSEC.A7L4.R 0.3 VMAAB.F7L4.R   

9751.27 VACSEC.A7L4.R 7 VCDA.I7L4.R   

9758.27 VACSEC.A7L4.R 0.3 VMAAB.E7L4.R   

9758.57 VACSEC.A7L4.R 7 VCDA.H7L4.R   

9765.57 VACSEC.A7L4.R 0.3 VAMEA.B7L4.R VPI,_,-,_ 

9765.87 VACSEC.A7L4.R 7 VCDA.G7L4.R   

9772.87 VACSEC.A7L4.R 0.3 VMAAB.D7L4.R   

9773.17 VACSEC.A7L4.R 7 VCDA.F7L4.R   

9780.17 VACSEC.A7L4.R 0.3 VAMVD.7L4.R VVFM,VGR,-,VGI (VGI non cable) 

9780.47 VACSEC.A7L4.R 7 VCDA.E7L4.R   

9787.47 VACSEC.A7L4.R 0.3 VMAAB.C7L4.R   

9787.77 VACSEC.A7L4.R 7 VCDA.D7L4.R   

9794.77 VACSEC.A7L4.R 0.3 VAMEA.A7L4.R VPI,_,-,_ 

9795.07 VACSEC.A7L4.R 7 VCDA.C7L4.R   

9802.07 VACSEC.A7L4.R 0.3 VMAAB.B7L4.R   

9802.37 VACSEC.A7L4.R 7 VCDA.B7L4.R   

9809.37 VACSEC.A7L4.R 0.3 VAMVB.7L4.R VVFM,_,-,VGI 

9809.67 VACSEC.A7L4.R 7 VCDA.A7L4.R   

9816.67 VACSEC.A7L4.R 0.3 VMAAB.A7L4.R   

9816.97 VACSEC.A7L4.R 4.863 VCDFL.7L4.R   

9821.83 VACSEC.A7L4.R 0.2 VMAAA.B7L4.R   

9822.03   0.6 BPLH.B7L4.B2   

9822.63 VACSEC.A7L4.R 0.2 VMAAA.A7L4.R   

9822.83   0.6 BPLH.A7L4.B2   

9823.43 VACSEC.A7L4.R 0.2 VCDDS.7L4.R   

9823.63 
VACSEC.A7L4.B 

0.655 VADHA.7L4.C VPIA, VGP :: VVFM, VVRD, VGP 
VACSEC.A7L4.R 
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Table 3: Summary of the new layout for the BGV integration. Indicated are the DCUM, the 
vacuum sectors, the database new name for the new modified vacuum sectors. In yellow are 

highlighted all the new equipment that will be installed or that will need some modification. The 
elements highlighted in red have minimal aperture of 26 mm (see Section 3.2), which is reduced 

compared to the 40 mm aperture of the currently installed vacuum chambers. 

DCUM SUBSECTOR LENGTH NAME NOTE Commnets 
 

9736.3 
VACSEC.ARC3-4.B 

0.655 VABBG.7L4.C VGR, VGP :: VPIA, 
VGP 

No variation 

Vacuum 
sector 
C7L4.R 

VACSEC.ARC3-4.R No variation 
9736.9 VACSEC.C7L4.R 6.7 VCDCH.7L4.R   No variation 
9743.6 VACSEC.C7L4.R 0.3 VMAAB.G7L4.R   No variation 
9743.9 VACSEC.C7L4.R 7 VCDA.J7L4.R   No variation 
9750.9 VACSEC.C7L4.R 0.3 VMAAB.F7L4.R   No variation 
9751.2 VACSEC.C7L4.R 7 VCDA.I7L4.R   No variation 

9758.2 VACSEC.C7L4.R 0.3 VAMVD.7L4.R VVFM,_,VGRB,VGI New module - at 180° 

9758.5 VACSEC.C7L4.R 7 VCDA.H7L4.R   No variation 

9765.5 VACSEC.B7L4.R 0.645 VAEHL.7L4.R VPI,VGP :: VVFM, 
VGR, VGP 

New sector valve - at 
180° 

Vacuum 
Sector 
B7L4.R 

9766.2 VACSEC.B7L4.R 4.243 VCDAH   New NEG chambers 
ID80 

9770.4 VACSEC.B7L4.R 0.3 VAMFQ  -,-,-,VPIC New module with ion 
pump 500 l/s 

9770.7 VACSEC.B7L4.R 2.112 VCDCG    NEG chambers ID80 

9772.8 VACSEC.B7L4.R 0.3 VAMFRQ  -,-,-,VPIC New module with ion 
pump 500 l/s 

9773.1 VACSEC.B7L4.R 0.194 VCTCO   Conical transition  
NEG coated ID80-ID50 

9773.3 
BGV Transition 

chambers 
1.1 BGV.A7L4.R   BGV Transition 

chamber  

9774.4 BGV Tank 2 BGV.B7L4.R VGI, VVFCB BGV tank and  
injection system 

9776.4 
BGV Transition 

chambers 
1.1 VCRLR   BGV Transition 

chamber 

9777.5 VACSEC.B7L4.R 0.194 VCTCO   Conical transition  
NEG coated ID80-ID50 

9777.7 VACSEC.B7L4.R 0.3 VAMFQ  -,-,-,VPIC New module with ion 
pump 500 l/s 

9778.0 VACSEC.B7L4.R 2.112 VCDCG    NEG chambers ID80 

9780.1 VACSEC.B7L4.R 0.3 VAMFQ  -,-,-,VPIC New module with ion 
pump 500 l/s 

9780.4 VACSEC.B7L4.R 7 VCDA.F7L4.R   No variation 
9787.4 VACSEC.A7L4.R 0.3 VMAAB.C7L4.R   No variation 

9787.7 VACSEC.B7L4.R 6.655 VCDAI   New NEG chambers 
ID80 

9794.4 VACSEC.A7L4.R 0.645 VAEHK.7L4.R VVFM, VGR, VGP :: 
VGP, VPI 

New sector valve - At 
180° 

9795.0 VACSEC.A7L4.R 7 VCDA.C7L4.R   No variation 

Vacuum 
Scetor 
A7L4.R 

9802.0 VACSEC.A7L4.R 0.3 VMAAB.B7L4.R   No variation 
9802.3 VACSEC.A7L4.R 7 VCDA.B7L4.R   No variation 
9809.3 VACSEC.A7L4.R 0.3 VAMVD.7L4.R VVFM,_,VGRB,VGI  Add VGRB 
9809.6 VACSEC.A7L4.R 7 VCDA.A7L4.R   No variation 
9816.6 VACSEC.A7L4.R 0.3 VMAAB.A7L4.R   No variation 
9816.9 VACSEC.A7L4.R 4.863 VCDFL.7L4.R   No variation 
9821.8 VACSEC.A7L4.R 0.2 VMAAA.B7L4.R   No variation 
9822.0   0.6 BPLH.B7L4.B2   No variation 
9822.6 VACSEC.A7L4.R 0.2 VMAAA.A7L4.R   No variation 
9822.8   0.6 BPLH.A7L4.B2   No variation 
9823.4 VACSEC.A7L4.R 0.2 VCDDS.7L4.R   No variation 

9823.6 
VACSEC.A7L4.B 

0.655 VADHA.7L4.C VPIA, VGP :: VVFM, 
VVRD, VGP 

No variation 
VACSEC.A7L4.R No variation 
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3.4 GAS TANK 

Designed by the BE-BI and EN-MME groups. 
 
In order to meet the requirements for the application of the beam-gas vertexing 
method, the BGV gas tank was designed to provide: 

• A gas target with a uniform transverse and longitudinal density over a length of 
at least 1 m 

• A “window” for the beam-gas interaction products with radiation length x/X0 of 
about 1% or less that covers approximately the polar angle range [10;100] 
mrad over a large fraction of the gas target length 

 
The longitudinal and transverse dimensions of the gas tank are determined from the 
requirement for the gas target length and the available space for its installation. An 
optimized exit window made of Aluminum (AA2219) is used in order to meet the 
radiation thickness requirement. A 3D view of the BGV gas tank is shown in Figure 7. 
 

Impedance studies were performed already from the start of the gas tank design (see 
Section 3.5), and their results were taken into account in the design process. 
Impedance and vacuum measurements will be performed before the gas tank 
installation. A standard ID80 “replacement chamber” will be produced by TE-VSC, 
which can be installed in the place of the gas tank, in case of gas tank failure. 
 

The gas tank will be equipped with 3 ports (not in Figure 7): 
• DN16 flange for the gas injection 
• DN63 flange for a pressure gauge 
• DN63 flange as a spare (possible use: RF coupler) 

 

3.5 IMPEDANCE 

Studies performed by the BE-ABP group. 
 
Impedance studies were done and will be completed for the final design. These studies 
show that the impedance of the BGV is significant and should be minimized. In 
particular, the tapering angles and the outer diameter should be minimized, but a 
trade-off should of course be found with the performance of the instrument. The 

 
Figure 7: The BGV gas tank. 
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current designs are expected to have longitudinal and transverse impedances that 
would stay in the background of the rest of the machine (<1% of the effective low 
frequency impedance) and both longitudinal and transverse modes should be below 
the limit set for longitudinal instabilities. This will be confirmed with the final layout, 
but the proposed changes are not expected to drastically change these statements. 
Bench measurements will be performed with the final device to validate the simulation 
results. 
 
The device should be dimensioned to withstand several hundreds of W (around 150 W 
are currently predicted from longitudinal modes). Temperature probes should be 
installed on the stainless steel tank to check the temperature during the run. This 
device is a prototype and it was not required to be compliant with HL-LHC parameters. 
 

3.6 RADIATION IMPACT 
The BGV will be installed on beam 2, meaning that the beam-gas interaction products 
are directed towards the Dispersion Suppressor (DS) left of IP4 (i.e. direction opposite 
to IP4). This ensures no radiation impact on the RF and BI equipment installed in 
LSS4. 
 
In collaboration with M. Brugger and A. Lechner, a study was performed in order to 
estimate the radiation dose induced by the BGV, and to asses the impact on the 
electronic devices downstream (i.e. along the path of the BGV interaction products) of 
the BGV. The expected yearly dose 35 m downstream of the BGV is of the order of 
tens of Gy, which is comparable to the doses measured in the “hottest” DS areas of IP 
1,3,5 and 7, and comparable to the dose expected from beam interactions with the 
residual gas in the LSS/DS junctions. 
 
An inspection at LHC tunnel was performed with M. Brugger in order to confirm the 
presence and the exact location of the electronics equipment downstream of the BGV. 
The results of the performed dose estimation and equipment inspection lead to the 
conclusion that the radiation induced by the BGV would not pose a problem for the 
surrounding equipment. 
 
It is planned to install a dedicated monitor for ionizing radiation about 15 m 
downstream of the BGV, at DCUM 9760 m. The request for the installation of this 
radiation monitor is made to EN-STI (G. Spiezia). Together with the currently installed 
radiation monitor SIMA.7L4.4LM09S (DCUM 9734 m, about 40 m downstream of the 
BGV), the new radiation monitor will provide information about the radiation dose 
generated by the BGV. 
 

3.7 DETECTOR 

In this section, a brief overview is given of the BGV detector. Initial estimates of the 
beam-width measurement accuracy are presented as well. A separate and more 
detailed BGV detector document is in preparation. 
 

3.7.1 LAYOUT 

The layout of the BGV is sketched in Figure 1. The following conceptual characteristics 
ensure minimal impact on the LHC performance: 

• Detector external to the vacuum chamber 
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• No movable parts 
• Detector support independent from the vacuum chambers 

 
The BGV will use scintillating-fiber (SciFi) modules (see Figure 8) for the measurement 
of the charged particles produced in inelastic beam-gas interactions. The light 
produced in the scintillating fibers will be measured by Silicon Photomultipliers (SiPM). 
The BGV SciFi modules are being developed by EPFL, Lausanne and RWTH, Aachen, 
and are based on the technology used in other tracking projects of EPFL and Aachen 
(in particular, for the LHCb experiment) [5, 6, 7]. 
 
The beam-gas interaction products will be measured by two tracking stations. The first 
station will be located right behind the gas tank exit window, and the second station – 
1 m downstream. The layout of one tracking station is shown in Figure 10, while the 
integrated BGV layout can be seen in Figure 11. Each tracking station consists of four 
SciFi modules arranged around the beam pipe. Each SciFi module contains two 
mattresses of scintillating fibers, and provides two 1-dimensional position 
measurements, with resolution of about 55 µm. In order to facilitate the pattern 
recognition, the two fiber mattresses are rotated by a 2˚ “stereo angle” with respect 
to each other. In each tracking station, two SciFi modules rotated by 90˚ with respect 
to each other, and placed behind each other, provide two x–y position measurements. 
The charged particle trajectories are determined by a linear fit to the positions 
measured in the two tracking stations. 

 

3.7.2 EXPECTED ACCURACY REACH 

The accuracy estimates discussed here correspond to bunch-by-bunch width 
measurements performed every 5 minutes. 

 

Figure 8: Two BGV scintillating-fiber modules rotated by 90˚ with respect to each other. Each 
module has 2 sensitive layers rotated by 2˚ with respect to each other (“stereo angle”). 

Corner-cutout is introduced, which allows better azimuthal coverage to be achieved. 
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Initial performance estimates were obtained with a dedicated simulation application, 
using beam-gas interactions generated with the LHCb simulation application. The 
effects from multiple scattering and detector hit resolution are taken into account, 
while other effects like detector module mis-alignment are not considered. The 
simulated geometry setup includes a simplified description of the relevant BGV 
components: gas tank and SciFi modules. 
 
The accuracy of the beam-width measurement is dominated by the detector vertex 
resolution, i.e. by the uncertainty of the position of the beam-gas interactions. The 
corresponding relative uncertainty of the beam width 𝛿𝜎𝑏𝑒𝑎𝑚 /𝜎𝑏𝑒𝑎𝑚 is the product of 
the relative uncertainty of the vertex resolution 𝛿𝜎𝑣𝑡𝑥.𝑟𝑒𝑠

 / 𝜎𝑣𝑡𝑥.𝑟𝑒𝑠
  and the relative 

magnitude of the resolution correction 𝜎𝑣𝑡𝑥.𝑟𝑒𝑠
2 / 𝜎𝑏𝑒𝑎𝑚2 : 

 
𝛿𝜎𝑏𝑒𝑎𝑚
𝜎𝑏𝑒𝑎𝑚

=  
𝜎𝑣𝑡𝑥.𝑟𝑒𝑠
2

𝜎𝑏𝑒𝑎𝑚2  
𝛿𝜎𝑣𝑡𝑥.𝑟𝑒𝑠

𝜎𝑣𝑡𝑥.𝑟𝑒𝑠
 

 
For a given geometry configuration, the vertex resolution depends on the distance 
between the vertex and the detector, and on the number of tracks used for the vertex 
reconstruction. According to the simulation studies described above , vertex resolution 
of about 280 µm and 210 µm can be achieved for beam energy of 0.45 TeV and 
7 TeV, respectively [8]. The difference is attributed to the different charged particle 
multiplicity of the beam-gas interactions at different energy. At injection energy, the 
vertex resolution is small compared to the beam size ( 𝜎𝑏𝑒𝑎𝑚  = 600 µm with 
εn = 1 µm), while at top energy the vertex resolution is comparable to the beam size 
( 𝜎𝑏𝑒𝑎𝑚  = 150 µm with εn = 1 µm, 𝜎𝑏𝑒𝑎𝑚  = 260 µm with εn = 3 µm). When 

𝜎𝑣𝑡𝑥.𝑟𝑒𝑠 ≈  𝜎𝑏𝑒𝑎𝑚  the variation of 𝜎𝑣𝑡𝑥.𝑟𝑒𝑠  has a strong impact on the beam width 

measurement uncertainty. This impact was observed in the simulation studies 
described here, when different values were used for the minimal aperture of the BGV. 
The relative uncertainty of the vertex resolution 𝛿𝜎𝑣𝑡𝑥.𝑟𝑒𝑠

 / 𝜎𝑣𝑡𝑥.𝑟𝑒𝑠
  can be determined 

by comparing the vertex resolution determined from data and Monte-Carlo 
simulations. Based on the LHCb experience, 𝛿𝜎𝑣𝑡𝑥.𝑟𝑒𝑠

 / 𝜎𝑣𝑡𝑥.𝑟𝑒𝑠
  < 10 % is 

expected [3, 4]. 

 
The minimal track multiplicity and the measurement periods can be varied in order to 
achieve optimal ratio between the statistical and systematic contributions to the beam 
width uncertainty. The expected relative uncertainty of the absolute bunch width is 
about 5 % for (Ebeam = 0.45 TeV; εn > 1 µm), about 20 % for (Ebeam = 7 TeV; 
εn = 1 µm) and about 10 % for (Ebeam = 7 TeV; εn = 3 µm). Measurement periods of 
about 5 minutes were assumed. 
 
A detailed Monte-Carlo simulation application, based on the LHCb computing 
framework, is in a process of development. It will allow more accurate BGV geometry 
description to be made, as well as detector mis-alignment effects to be considered. 
The developed track and vertex reconstruction algorithms will serve as prototypes for 
the corresponding algorithms of the BGV online event reconstruction. 
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3.8 CABLES 

A “Demande d’Installation de Cable” was sent to the EN-EL group and preliminary cost 
and time estimates are available (see Sections 5.1 and 5.2). The cable installation will 
be followed up directly with EN-EL. 
 
Pre-manufactured cables for the BGV detector will be supplied to the EN-EL group. The 
EN-EL group will provide the rest of the cables and will perform the installation of all 
cables. The cables for the BGV detector will lead to the BY14 rack in UA43, while the 
cables for the vacuum equipment will lead to the VY04 or VY20 racks in UA43. 
 

3.9 INTEGRATION AND ALIGNMENT 

The available space (see Figure 9) was taken into account for the design of the gas 
tank, the detector stations, and the corresponding supporting structures. The 
installation and de-installation procedures are developed according to the available 
space regarding the vacuum chamber of the other beam (beam1) and the QRL (see 
Figure 10). 

 
The QRL bellow closest to the BGV setup is QRIAB.B7L4.Q, occupying DCUM 9770.5 – 
9771.2 m. The distance from this bellow to the closest BGV component (the second 
detector station) is 1.9 m. 
 
A dedicated support structure is designed which allows the independent support and 
alignment of the gas tank and the BGV detector (see Figure 11). Both the gas tank 
and the detector supports will sit on a common support mounted on the tunnel floor. 
The weight of the supported vacuum system elements (gas tank and Al tube) will be 
few 100 kg. Position adjustment will be possible and alignment targets will be installed 
at three points along the gas tank and the downstream Al tube: 

• The downstream end of the Al tube (DCUM 9773 m) 
• Close to the gas tank exit window (DCUM 9774 m) 
• Close to the upstream end of the gas tank (DCUM 9776 m) 

 

 

Figure 9: Transverse section of the LHC tunnel in Cell 7 left of IP4. 
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The detector modules will be installed after the vacuum system elements are aligned 
and all vacuum activities are finished. The total weight of the four detector modules in 
one station is about 4 kg. The detector support will ensure that there is no contact 
between the detector modules and the vacuum system elements. No alignment 
targets will be installed on the detector modules, as their precise position can be 
established from the particle trajectories measured by the BGV. 
 
The BGV modules will reach height up to 400 mm above the beam vacuum chambers, 
which will not be an obstruction for the alignment of other devices in IR4. 
 
 
 
 
 

 
 
 
 

 

Figure 10: Transverse view of one BGV detector station, showing the space available for its 
integration in the LHC tunnel. The QRL is represented by a circle segment on the right. 
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4. IMPACT ON OTHER ITEMS 

4.1 IMPACT ON ITEMS/SYSTEMS 

LHC Layout The LHC Layout database must be modified according to Table 3. After that, 
the vacuum database must be synchronised with the LHC database to allow 
the control of the vacuum equipment with PVSS. 

Installation Drawings LHCLJ___0251 

TE-VSC PVSS 
Application 

Update 

PAXRM.7L4 The impact on this RAMSES Area X-ray Monitor, located about 244 m left of 
IP4, will be discussed with the equipment responsible. 

4.2 IMPACT ON UTILITIES AND SERVICES 

Raw water: No 

Demineralized water: No 

Compressed air: No 

Electricity, cable pulling: Cable installation request (DIC) sent and followed up directly with EN-EL. 
More details can be found in Section 3.8. 

Vacuum (bake outs, 
sectorisation…): 

Divide the existing vacuum sector A7L4.R in three separate vacuum sectors, 
with the BGV in the middle. NEG coating and bake-out of all newly installed 
vacuum equipment. Detailed description given in Section 3.3. 

Special transport/ 
handling: 

The appropriate measures need to be taken for the transportation of the gas 
tank elements before and after their assembly. 

 

Figure 11: 3D view of the BGV system, along with its supporting structure and alignment 
targets. 
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Temporary storage of 
conventional/radioactive 
components: 

Removal of the currently installed vacuum equipment. These chambers will 
have to be kept until LHC restart (end of LS1) in case this ECR is not 
implemented. Afterward they will be stored in a dedicated RP bunker and 
possibly re-used in the LHC. 

Survey: Alignment of vacuum chambers and gas tank. 

Scaffolding: No 

Controls: PVSS in TE-VSC: The BGV injection line must be integrated in the PVSS 
control system as it is present already for the BGI system. 
The controls for the detector will be defined in the coming months. 

Cryogenics: No 

Contractor(s): No 

Others: No 

 

5. IMPACT ON COST, SCHEDULE AND PERFORMANCE 

5.1 IMPACT ON COST 

Detailed breakdown of 
the change cost: 

 

 Item Quantity Total Cost (€) 

Vacuum 
equipment 

Bellows modules 9 40 000 

Vacuum valves 6 60 000 

Ion pumps 4 24 000 

New vacuum chambers 8 40 000 

Sub-total  164 000 

Gas tank 

Materials  Open 

Production  Open 

Sub-total  Open 

Cables 

Cables and connectors (BGV)  10 500 

Cables + Installation (EN/EL)  60 000 

Sub-total  70 500 

Readout and 
DAQ 

electronics 

LV, HV, Control boards in-kind contribution (LHCb) 

DAQ, Switch, CPU, Storage – 20 000 

Sub-total  20 000 

TOTAL Gas tank + 254 500 

 
 

Budget code: 64060 (BE-BI, HL-LHC Beam Instrumentation) 

5.2 IMPACT ON SCHEDULE 

The modifications and updates listed below must be performed during LS1, before the 
commissioning of the BGV vacuum sector. 
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Proposed installation 
schedule: 

W25–W30 2014 (inclusive). Initial discussion of the proposed schedule was 
made with EN-MEF. 

 

Proposed test schedule 
(if applicable): 

 

Estimated duration: 6 weeks 

Urgency:  

Flexibility of scheduling:  

5.3 IMPACT ON PERFORMANCE 

The Demo BGV is designed such as to provide bunch-by-bunch transverse profile 
measurements during the full operation cycle of the LHC. According to the initial 
estimates (see Section 3.7.2), absolute bunch-width measurements can be performed 
every 5 minutes with a relative uncertainty of 5 % and 15 % at injection and top 
energy, respectively. 
 
No impact is expected on the operation with beam. The beam lifetime due to beam-
gas interactions generated by the BGV pressure bump is several years. 
 
The mechanical aperture, the impedance and the radiation impact of the BGV were 
subjects of dedicated studies, whose conclusions are given below. 
 

5.3.1 MECHANICAL APERTURE 

Currently, standard 80/84 mm vacuum chambers are installed in the location intended 
for the BGV. Some of these chambers will be replaced with elements with reduced 
aperture. 
 
The relevant aperture considerations provided by BE-ABP can be found in Section 3.2, 
while the list of elements with reduced aperture can be found in Table 3. 

Table 4: Schedule for the BGV cabling and installation activities. The gas 
tank schedule will be defined in the coming weeks. 
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5.3.2 IMPEDANCE 

Contribution below 1 % of the total LHC impedance. More details can be found in 
Section 3.5 
 

5.3.3 RADIATION 

No impact on the surrounding equipment. More details can be found in Section 3.6. 
 

6. WORKSITE SAFETY 

6.1 ORGANISATION 

Requirement Yes No Comments 

IMPACT – VIC: X   

Operational radiation 
protection  
(surveys, DIMR…): 

X   

Radioactive storage of 
material: 

X  Temporary storage of the dismounted LHC vacuum chambers 
will be needed (see Section 4.2). Space availability to be 
confirmed. 

Radioactive waste: X  If the currently installed vacuum equipment becomes useless 
because of the implementation of this ECR, most of them 
have to be considered as a waste. They could be eventually 
stored in a dedicated RP bunker and possibly re-used in the 
LHC. 

Fire risk/permit (IS41) 
(welding, grinding…): 

 X  

Alarms 
deactivation/activation 
(IS37): 

 X  

Others:  X  

6.2 REGULATORY TESTS 

Requirement Yes No Comments 

Pressure/leak tests:  X  

Electrical tests:  X  

Others:  X  

6.3 PARTICULAR RISKS 

Requirement Yes No Comments 

Hazardous substances 
(chemicals, gas, 
asbestos…): 

 X  

Work at height:  X  
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Confined space working:  X  

Noise:  X  

Cryogenic risks:  X  

Industrial X-ray 
(tirs radio): 

 X  

Ionizing radiation risks 
(radioactive 
components): 

X  Radioactive components – see Sections 4.2 and 6.1. 

Others:  X  

7. FOLLOW-UP OF ACTIONS BY THE TECHNICAL COORDINATION 

Action Done Date Comments 

Carry out site activities:    

Carry out tests:    

Update layout drawings:    

Update equipment drawings:    

Update layout database:    

Update naming database:    

Update Safety File according to 
EDMS document 1177755: 

   

Others:    

 
  

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