
200− 0 200 400 600
z position [mm]

14−

12−

10−

8−

6−

4−

2−

0m
]

µ
T

x
 [

o-30
o-26
o-24
o-20

Fig. 7: Variations of Tx of the VELO modules 
in the left VELO half as a function of z position of 
modules for the different set temperatures. 

Fig. 8: Variations of the VELO half translations as a function 
of temperature (obtained by aligning both the 2 halves and 
the modules), compared with the temperature measurements 
on a single module made in 2010 (yellow line).

Real time alignment
Developed by the LHCb experiment for
 Run2 (2015-2018).
 
The alignment runs automatically 
at the beginning of each fill.

It is updated if the variation are 
significant wrt the alignment
procedure accuracy.

The procedure includes 4 tasks for the 
alignment of the VELO, tracker,
RICH and MUON detectors.

Alignment of the VELO:
- Alignment elements: 2 halves
- Most frequent update due to variation of Tx and Ty larger than 1.5 μm 

The VELO operates at -300 that 
is constant during stable beams.

In October 2018 the set point 
temperature was changed from 
-300 to -200.  
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A linear variation as a function of 
temperature is observed. 
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 Linear fit result Tx vs temp: 
y =p1x + po

 p1 = -0.942 +/- 0.003  μm/0

 po = -28.24 +/- 0.06  μm
 
 

 

Fig. 2: Stability of the alignment constants for the 
VELO (x and y translations).

track
reconstruction 
efficiency > 96%

Variation of the alignment constants is 
evaluated wrt -300 for the halves and 
modules.

Fig. 3: Track reconstruction efficiency as a function 
of the track momentum compared for Run I and 
Run II data.

stability

Fig. 4: PV z resolution as a function of the 
number of tracks in the PV for the  Run 1 
(2012) and Run II (2016, 2017, 2018). 

Fig. 5: Decay time resolution for Bs
0-> J/ψ φ 

decays as a function of momentum compared 
for Run I (2012) and Run II (2015 and 2016).

Fig. 6: Resolution od the x component of 
the impact parameter as a function of the 
inverse of the transverse momentum 
compared for Run I (2012) and Run II 
(2015, 2016 and 2017).

The main variation is along the x 
axis with ~1 μm per degree and 
in good agreement with results 
   from tests on single module.
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Conclusions
 
     Excellent reconstruction performance is          
achieved within > 96 % track reconstruction 
efficiency and a vertex resolution along the 
beam axis of about 77 μm for vertices with 
25 tracks.
 
     The real-time alignment and calibration 
procedure developed by the LHCb 
experiment for Run 2 (2015-2018) for the full 
detector, including the VELO, provided stable 
conditions during the full data taking period.
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Correctly distinguishes primary and 
secondary vertices. 

Improves the quality of the impact  
parameter.

Alignment elements: 2 halves, 42 modules 
and 42 sensors:

   Three translations (Tx, Ty, Tz) and three 
   rotations (Rx, Ry, Rz) known as alignment 
   constants.Fig. 1: The current VELO design.

The LHCb experiment was designed to investigate 
the difference between matter and antimatter by 
studying decays of b and c hadrons. 

The Vertex Locator (VELO) is situated 
in the region of the proton-proton interaction.

The VELO is a silicon detector that provides 
reconstruction of particle trajectories (tracks) 
and at the same time distinguishing between 
primary and secondary vertices.
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