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Vertexing at the LHCb Upgrade(s) 
The prose and cons… 

Daniel Hynds 
On behalf of the BFYS group
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Disclaimer
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LHCb

VErtex LOcator

Outer Tracker
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The LHCb Run1 + Run2 picture
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LHCb

VErtex LOcator

Outer Tracker
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The LHCb Upgrade

VELO Upgrade

Scintillating Fibre Tracker
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The LHCb Upgrade

VELO Upgrade

Scintillating Fibre Tracker
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Detector Channels R/O Electronics To be kept
To be UPGRADED

Upgraded LHCb Detector

DAQ

And now we are doing this?!

Detector Channels

To be kept 
To be replaced



Nikhef Jamboree 2018 !7

The VELO

Silicon sensors 
Seeking answers, look precise  

Beauty seeks beauty 

Utmost performance 
Yet all things end, be re-born 

On to the upgrade!
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Figure 30: The left figure shows the x resolution and the right figure shows the 3D resolution of
the IP. For both VELO segments with 2 < ⌘ < 5 from a primary vertex are used. The segments
were fitted with a Kalman filter using an approximation of the amount of scattering at a fixed
pT. The current VELO is shown with black circles and the upgrade VELO with red squares,
both are evaluated at ⌫ = 7.6,

p
s = 14TeV. The resolutions in x and y are similar. The light

grey histogram shows the relative population of b-hadron daughter tracks in each 1/pT bin.

Table 6: Parameters of a straight line fit to the IP resolution distributions in Figs. 30 and 31.
For long tracks the measured momentum is taken into account during the track fit. As a result
both the o↵set and slope are improved compared to VELO only track segments for which no
momentum estimate is available.

O↵set [µm ] Slope [µm GeV/c ]

VELO only �x 15.0 11.7
VELO only �IP3D 20.2 15.0
Long track �x 11.0 13.1
Long track �IP3D 15.7 16.5

The slope away from the intercept is sensitive mostly to the multiple scattering term.
For equal RF foil thickness (0.25mm) the upgrade VELO slope becomes about 60% that
of the current VELO. In agreement with the ratio of their inner edge distance Rdet (the
silicon material di↵erence also plays a role and makes the ratio somewhat smaller than
1.122 · 5.1mm/8.2mm).

Possible improvements in IP resolution performance with di↵erent foil geometries were
explored. The foil thickness was varied from 0.25mm to 0mm in steps of 0.083mm to
show the residual e↵ect of the foil material. Figure 32 shows �IP for the di↵erent foil

39

Current VELO

Upgrade
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The UpgradeThe VELO Upgrade
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The VELO Upgrade modules

Silicon canals 
Cooling flows, caress sensor 

Protect from damage 

Torrents of data 
The Raven quivers, and asks: 

How to reconstruct?

Radiation dose: 
 ~8⨉1015 1 MeV neq cm-2

Data: > 60 Gb s-1 for hottest module 
> 2 Tb s-1 for sub-detector

Microchannel substrate 
Bi-phase CO2 cooling
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Microchannel cooling

Holds > 200 bar!
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Microchannel cooling

3D-printed Titanium

Holds > 200 bar!
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Module Construction

Mechanical construction Precision tile placement 
ASICs placed to ~10μm Hybrid placement Low voltage attachment 

Wire bonding



Nikhef Jamboree 2018

Mechanical construction

!13

Module Construction
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Module Construction

Precision tile placement 
ASICs placed to ~10μm 
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Module Construction

Hybrid placement

“If it doesn’t work this time, I quit…” 
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Module Construction

Low voltage attachment 
Wire bonding



Nikhef Jamboree 2018 !17

Qualification

At last constructed 
But how well? How will it last, 

Entombed in darkness? 

Extensive testing 
What surprises there await? 

Anticipation
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The long road

Precisely machined connector

Precise machiners

≤ 20 fingers

Path is always long 
At all men the scarecrow laughs 

Improvisation… 
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Enthusiasm abounds

z-position measurements

Enthusiastic engineer

Enthusiastic measurements

Enthusiastic student
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Enthusiasm abounds

z-position measurements Enthusiastic robots

Enthusiastic student

Enthusiastic engineer

Enthusiastic measurements

Enthusiastic robot!
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The real test - October 2018
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VELOscope
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VELOscope



Nikhef Jamboree 2018 !24

Celebration all round!
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The RF foil
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Antique sculpting
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Modern day sculpting
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Modern day sculpting
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The RF foil
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LHCb Upgrade II 

Target: Run LHCb at 2 ⨉ 1034 cm-2 s-1  

The	king	is	dead,	long	live	the	king	

4	PIXEL	2018:	The	LHCb	VELO	Upgrade	II 									10-14	December	2018 	 	Mark	Williams				

Physics	case	for	Upgrade	II,	and	preliminary	investigation	of	potential	detector	systems	

presented	in	a	couple	of	recent	reports	

LHCb	detector	 Upgraded	LHCb	detector	

https://cds.cern.ch/record/2244311/		 https://cds.cern.ch/record/2320509			

A	Vertex	Locator	will	be	an	essential	component	of	any	possible	Upgrade	II	design	
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VELO Upgrade II 

The old stork divines 
Track origins, which vertex? 

Ambiguity 

Our philosophy: 
Keep performance going forward 

No trigger, much work

Primary vertices
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Collaboration on fast timing

More in talk by Martin Fransen
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Looking forward

VELO Upgrade II Workshop 2019

LHCb Upgrade II Workshop 2019 Amsterdam

Now LHCb Upgrade

LHCb Upgrade II?
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Bright eyes look forward 
Much excitement begins now 

Multiple Yoda

Thank you for your attention!

VELO Upgrade II Workshop 2019

LHCb Upgrade II Workshop 2019 Amsterdam


