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1 Introduction
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Figure 1: A: BGV sketch. B: Simulation setup. C: Z-y view of a detector layer.

The Beam Gas Vertex (BGV) device is a novel non-invasive beam profile monitor that is
currently under development for the High Luminosity upgrade of the Large Hadron Collider
(HL-LHC) at CERN. Its challenging goal is to provide a continuous measurement of

the emittance and transverse beam profile throughout the whole LHC cycle (450
GeV to 7 TeV).

Beam-gas collision products stemming from LHC protons interacting inelastically with
the BGV's gas target installed in the path of each circulating beam, are measured via
tracking detectors. The beam profile is determined from the spatial distribution of the
reconstructed vertices of the collisions.

2 Performance, simulation tools & goals
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Based on extensive simulation studies and what has been learned from the BGV
demonstrator [1] & — design of future BGV.

Goal of simulations: ascertain requirements for tracking detector and gas target
within boundary conditions provided by the feasibility of integrating it into the LHC.

Performance measure: true beam profile is unfolded from spatial distribution of re-
constructed vertices and vertex response of the BGV system. Precise knowledge of the
vertex response is difficult to achieve — keep its width i.e. the vertex resolution o,
low relative to the true beam width. At the foreseen location of the BGV, the smallest
expected beam size will be =~ 200 pm.

Estimation of necessary transverse resolution — o,y < 140 pm [2].

Investigate key design parameters (see Fig. 1) via simulations & vertex recon-
struction.
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3 Vertex resolution

oy, depends on characteristics of the measured tracks corresponding to an interaction:

e Number of tracks: o, \/le_ - which in turn depends on beam energy, gas species,

detector coverage and the distance from the interaction vertex to the detector.

e quality of measured track, which can be studied via the transverse impact parameter
resolution of a single track calculated via [3] o5 = 07, 4. + T4, With the intrinsic
detector contribution o, 4er [4] (dependent on o, and dget). and the multiple

scattering oys in the materials.
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Figure 2: Residual r«x (N¢; = 5). Red line: fit with sum of two Gaussians. Green and blue
dashed lines: core and tail Gaussians. Right: two-dimensional histogram of the ry (N¢y > 2)
vs average total momentum of the tracks stemming from the vertex.

Determining the vertex resolution:

e Reconstruct tracks and vertices via ACTS (A Common Tracking Software) [5, 6].
Tracks are fitted via a Kalman Fitter [7]. Afterwards, the fitted tracks are used to
determine the vertex with the Billoir fitter [8].

e Compute residuals r; = v; fit — V; true With © = {z,y, z}. Fit residuals with a sum
of two Gaussians (core and tail Gaussian [9]) with widths 0. and o;. The vertex
resolution can then be calculated as the weighted average o, = \/fcag + fio?, where
fe and f; are core and tail fractions, calculated via: f; = pcazztj;tat, where p denotes
the amplitudes and o the widths of the Gaussians.

4 Vertex resolution vs number of tracks (Vi)
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Figure 4: Left: histogram of N, (450 GeV) for 500 000 events. Right: oy y versus Ny, for
different detector cases. The size of the error bars is calculated via error propagation of the
fit errors on o¢, o¢, pc and p;. They increase with higher N, due to lower event statistics.

® dyet has been fixed to 250 mm and results for detector resolutions oes = {16,50} pm
and wqg = {1,0.27} mm are shown.
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5 Vertex resolution vs distance between detector layers ( dget)
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For s = 50 um (orange and purple),
a significant increase in resolution is ob-
served with dyet.

for ores = 16 mu, the gain in oy, is
less prominent and shows convergence at
about 250 mm.

These results indicate that a detector T 200 300 400 500
with a high spatial resolution such as a ddet (MmM)
Si pixel detector could allow for a more

compact detector design. Figure 3: oxy for events with N > 5

(points) and calculated orp (dashed line) as
a function of dget.
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Figure 5: Left: o« in dependence of N, for different window thicknesses. Right: compar-
ison of oxy (top) and calculated orp (bottom) versus wew.

e Window thicknesses wgw = {0.05,0.5,1,2,3} mm for a detector with dget = 250 mm,
wg =1 mm and o, = 16 pm.

7 Vertex resolution vs distance between vertex and detector

A detector with dget = 250 mm, wyq =
0.27 mm and o,es = 16 pm is used.

The vertices are grouped together to bins
with a width of 100 mm, as indicated by
the z-axis labels. The data points show
the average o, of events belonging to
the same bin and Ny, > 5 (Fig. 6 top).
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The resolution decreases with distance,
however, this effect is lessened due to the

increase of average track momenta (Fig. Figure 6: oy, and orp (top), the average

6 centre) for events further away from the track momentum (middle), and the number

detector. of events (bottom) as a function of the ver-
tices z-position.
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