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TO COME

• What is the LHCb?

• What was the Run 1(II) VELO
• Requirements

• Technology

• Performance

• What did theVELO need to become for Run III(IV)?
• LHCB upgrades?

• The problem with Luminosity

• Requirements

• VELOPIX

• Geometry 

• Cooling

• Predicted Performance



WELCOME TO THE LHCb
• Forward-facing 

spectrometer 
designed to study 
CP violation in 
pp coll ision

• Used primarily 
for charm and 
beauty physics

• Fully 
reconstructs 
events using a 
high granularity 
si l icon tracker 
(VELO) with and 
downstream 
tracking and 
Cherenkov PID

LHCb (Run I and II)
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RUN 1 AND II VELO (A SUMMARY)



TYPICAL LHCb EVENT



RUN 1 AND II VELO (A SUMMARY)



RUN 1 AND II VELO (A SUMMARY)

• Oxygena t ed  n +- on - n  s en sor s  w i t h  a  p+  b a ckp l a t e  fo r  
r ad i a t i on  to l e r ance .

• 1 . 1  MHz  readou t  r a t e .

• F i r s t  a c t i ve  componen t  8 . 2  mm f rom  t he  beam l i ne  when  
c l o sed  .



RUN 1 AND II VELO (A SUMMARY)

• Good  ve r t ex  re so l u t i on  w i t h  i n c rea sed  t r a c k  mu l t i p l i c i t y  (  13μm t r an s ve r se , 71μm beam  ax i s , 25  t r a c k s )

• S t ab l e  dec ay  t ime  re so l u t i on  o f  25  f s  a c ro s s  momen tum  r an ge

• Dependence  on  RF  fo i l  l o c a t i on  c an  s e  s een  i n  t he  I P  re so l u t i on

• Track  recon s t r u c t i on  qua l i t y  a l l owed  fo r  exce l l en t  a l i g nmen t  (  <  5μm d i s a g reemen t )  



UPGRADE 1 LHCb
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UPGRADE 1 LHCb • New VELO

• New Upstream Tracker 
(UT)

• New Scinti l lating Fiber 
Tracker (SciFi)

• New Software ONLY 
trigger



LUMINOSITY

• With increased 
luminos i ty  we 
wi l l see
increased 
chal lenges 
re lated to 
readout rate .

• Increased 
luminos i ty  a lso 
dr ives an 
increase in 
mult ip l ic i ty !



VELO SPECIFICATION 
(ENVIRONMENTAL AND 

MECHANICAL)

• Radiat ion tolerance is a 
v ita l  considerat ion in the 
design and operat ion of 
the detector. neq
increasing by order 10.

• Maintaining VELO
acceptance vita l  for 
physics ins ight!  Both in 
angular coverage and 
geometric ef f ic iency.

• Eff ic ient cool ing, both for 
sensor performance and 
radiat ion tolerance .



LHCb ACCEPTANCE



VELOPIX

• VELOPIX is closely related 
to Timepix3.

• 130 nm CMOS technology.

• 55 x 55 pixel s ize to reach
resolut ion requirements.

• A 40 MHz readout rate .

• Trigger- less binary output to 
reduce readout. 

• Novel Superpixel readout.

• Hits are NOT t ime stamped. 
Completely data driven 
approach.



SUPERPIXELS?

• Each 256 x 256 pixel array 
contains 64 x 128 Superpixels. 
This groups pixels in 2 x 4 grids.

• Superpixels are read out in
column form, takes 64 clock 
cycles to ful ly read out.

• Superpixel packets are only 23 
bits.

• 30% reduction in data volume.



EFFICIENCY (FROM SIMULATION)

• In the hottest ASIC up to 1.6% of data at peak can be lost local ly at the top of 
column.

• Both Latency and Ef f ic iency suf fer when maximum bandwidth is exceeded.



VELO MODULES



MICROCHANNEL 
COOLING

• Cool ing  sy s tem 
des i gned  to  extrac t  40  
W per  modu le  (2  kw for  
the  who le  VELO! )

• CO 2 evapora t i ve  coo l i ng  
sy s tem to  ma in ta in  
opera t iona l  tempera ture  
(be low -20) .

• Operated  a t  14  bar  a t    
-30  degrees , 62  bar  a t  
room tempera ture  and  
tes ted  up  to  187  bar.

• Each  modu le  has  20  
m icrochanne l s  w i th  
l eng ths  var y ing  f rom 
271mm to  332m.



LAYOUT AND OCCUPANCY

• R o t a t i o n  i s  p u re l y  f o r  i n s t a l l a t i o n .

• Pe a k  re a d o u t  o f  1 5 . 1  G b i t / s  f ro m  s i mu l a t i o n .

• I n n e r  a n d  o u t e r  s e n s o r s  s p a c e d  f o r  e q u a l  o c c u p a n c y.

• 1 2 . 5 m m  s i d e  d i s p l a c e m e n t  t o  p rov i d e  c o m p l e t e  
a z i mu t h a l  c ove r a g e .

• R ay  t r a c i n g  u s e d  t o  o p t i m i z e  m o d u l e  p o s i t i o n .



IMPROVEMENTS TO THE 
EFFICIENCY

• Compared to the Run 1( I I )  VELO (b lack)  the 
e f f ic iency in a lmost a l l  areas is  improved.

• Module and fo i l  over lap far improved see ing 
an increase in pseudo rapid i ty  and eta .

• Key reconstruct ion quant i t ies  such as  IP  
resolut ion a lso see improvement .



CLUSTERING IN RUN 3



SUMMARY

• The VELO contains many novel techniques and technologies that allow it to act 
as an efficient VERTEX and TRACKING detector.

• VELOPIX

• Superpixels

• Cooling

• The main questions leading into future upgrades are READOUT, RADIATION 
and RESOLUTION. 


