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LHCb VELO RF Box Workshop 

5-6 february 2015 (CERN): 

a summary 

 Items covered 

 Highlights 

 What next ? 
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RF shield, RF box, ... 

 We need a transparent box that protects the VELO without affecting 

the beams and with no material in the acceptance 

 Challenges: 

– must be zero mass 

– must be electrically conducting 

– must not grossly increase the LHC impedance 

– must be mechanically stable 

– must not interfere with silicon sensors (mechanically, electrically) 

– must not cause beam-induced emission/desorption effects 

– must be safe (interlocks!) 

– must be movable 

– must accommodate silicon detector geometry (complex!) 

– must withstand heavy irradiation 

– must withstand temperature cycles (about -30 to 160 C) 

– etc...  
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All done ! 

 Pressed/deformed Al foils (300 um + 500 um) of very complex 

shape (corrugations, anticorrugations), welded together 

 Coated detector side of foil with insulator (Torlon) 

 Coated beam side with NEG, activated 

 Connected to beam pipe with Au-coated 70 um thick CuBe 

wakefield suppressors, deformable  

 Checked impedance with MAFIA/ABCI... 

 Checked dynamic vacuum / multipacting effects with VASCO 

 Performed extensive RF field measurements with wire-method 

 Checked deformation versus differential pressure 

 Measured overall shape 

 etc... 

 

But it wasn't easy.   It took several years from concept to final boxes. 
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LS2: LHCb upgrade 

 PRECISION PHYSICS or DIE 

 10 x more physics data 

 smaller aperture, closer to the beams 

 different sensors, different geometry 
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Upgrade VELO modules: pixel sensors 

 Active silicon: the closest distance to 

LHC beam will be 5.1 mm (down 

from 8.2 mm). 

 Very high (8x1015neq/cm2 for 50 fb-1) 

& non-uniform radiation (~ r -2.1) 

 Huge data bandwidth: up to ~15 

Gbit/s for central ASICs and 2.9 

Tbit/s in total. 

 Sensor temperature < -20˚C 

 Total dissipation/module is ~26W.  

– ~2W/ASIC and ~2W on the innermost 

sensors. 

– Active cooling area ~ 24 cm2  

– Power density: 1.1 W/cm2 

 Minimal material: cooling substrate is 

retracted 5 mm at the inner region. 

 

 

5 mm overhang 
Cross section view 

microchannel 

substrate 

CO2 @ -30˚C 
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Fluidic connector soldering 

 Attachment of metal (Kovar) connector to 

the silicon substrate. 

 Requirements: 

– No flux (prevent corrosive effects on 

long term and clogging effects) 

– Leak tight 

– No creep effect 

– Maximum force 130N @ 65 bars 

 Reflow solder on vacuum 

 

 Work in progress, solution is in 

common with NA62 Solder 

Foil 

Realistic design of the microchannels 

Connector bottom view 

Slit 
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New layout of VELO (pixel) 

Rotation by 45° of pixel modules 

was introduced to optimize for 

tolerances during insertion into 

RF box and for more useful 

"partial retractability" of 

detectors at run time (detector 

halves can be moved 

independently in horizontal 

direction) 
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New RF box shape "Mont-Blanc Over Lake Geneva" 
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Scope of the workshop 

 Recapitulate all aspects related to the RF shield of the LHCb Vertex 

Locator (VELO), in particular machine interface aspects 

 impedance, dynamic vacuum, operations... 

     but also share experience on critical topics 

 

 Discuss the status and progress of the RF shield R&D work in the 

context of the LHCb upgrade  

 schedule! 

 

 Prepare the road for a successful fabrication, installation and 

exploitation of the upgrade VELO (with the new RF boxes!) 
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Agenda 

cancelled 

https://indico.cern.ch/event/367805/overview 

https://indico.cern.ch/event/367805/overview
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Highlights 

 Impedance  et al 

 Dynamic vacuum 

 Box frabrication and thinning 
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Impedance et al. Olga Zagorodnova (DESY) & Benoît Salvant 
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Impedance et al. Olga Zagorodnova (DESY) & BenoîtSalvant 
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dynamic vacuum and low-SEY coatings 

Christine Yin Vallgren 
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dynamic vacuum and low-SEY coatings 

Christine Yin Vallgren 
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Box manufacturing 
Wouter Hulsbergen et al 
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Box manufacturing 
Wouter Hulsbergen et al 
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Box manufacturing 
Wouter Hulsbergen et al 
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Box thinning 
Lucia Amador 



LHC TREX  26-Feb-2015   CERN Massimiliano Ferro-Luzzi               26 

Box thinning 

thickness  

thickness difference 

"raw - reetched"  

yellow bands ~30um width 

 

NB: here, 3 successive etchings 
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Box thinning 
Lucia Amador 
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Box thinning 
Lucia Amador 
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What next 
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Impedance et al. 

 Just starting. Preliminary tests were done. Structure is very difficult to handle, 

mesh problems. Coarse simplifications needed. Large amount of work to 

redraw and simplify. 

 Olga needs a short model version to be able to calculate with CST MW. Model 

should have a few corrugations and the connections to the same WF 

suppressors. => NIKHEF: make available 

 Olga/Benoît: Preliminary results indicate potential nuisance of a "large" 

longitudinal impedance. To be confirmed and impact assessed. 

– Calculations of the wake potentials on-axis for 3D original model  with sufficient 

accuracy and off-axis for approximate models and for original model for different  

mesh sets. 

– Might be reduced by reducing depths of corrugations ? It was not clear whether that 

is possible at all (mechanical limits). If possible, impact on VELO performance 

should be studied (LHCb MonteCarlo). 

 Benoît: Evaluate local power loss in Al foil as function of distance to beam 

(assuming box moves to beam by mistake). From that, evaluate thermal impact 

on foil (LHCb) => evaluate validity of current foil protection strategy (BCM) 

 Benoît's proposal: look into 2012 VELO temperature data (Eddy Jans) and 

make use of 2015 insertions to try to predict what could happen to the new foil. 
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dynamic vacuum and low-SEY coatings 

 RF box design is OK (performs better than current one!) 

– suggestions made and will be considered 

 For specification of leak-tightness, the key conditions are when 

beam vacuum is under 1atm ultrapure neon and the detector under 

ambient air. Lack of knowledge about SEY of NEG exposed to air at 

low pressures: 

– Mauro Taborelli's group will try to make measurements of the SEY of 

activated NEG exposed 10-100s at 1e-8 mbar and then see what 

happens for longer times 

– Based on this, one could properly define what leak rate is acceptable  

for the RF box (during detector installation, neon/air) 

– If the SEY results come out much worse than for CO saturation, it was 

suggested one could pre-saturate with CO. (to be investigated) 

 Low SEY: carbon could be an option for the VELO, but more 

properties need to be established (like ion desorption yield) 

 Vacuum group would like LHCb to define what dynamic vacuum 

pressure is acceptable for the experiment. => needs beam-gas MC 

simulation (LHCb) 
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Box manufacturing & thinning 

Etching: 

 Leonel Ferreira's team could make good use of toy boxes for testing 

(handling issues, tooling). 

 NIKHEF will deliver a 500um half size box soon (Q2 ?) after it has 

been tested (leaks, deltaP, metrology). Box can be tested for etching 

developments. 

 Full-size 500um proto will come in 2nd half of 2015. Could also be 

shipped for real size etching tests 

 The three CERN samples are at NIKHEF for further testing, in 

particular the DeltaP cycling. 

Material choice: 

 Floriane Leaux: for such critical application (machining in all 

direction, low thickness, vacuum…) advises to use wrought products 

with a fine grain size (<50 um) and isotropic microstructure (3D 

forged blanks). Can be ordered via CERN 

 NIKHEF: define what blocks we want, get price quotation 
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Box manufacturing schedule 
Wouter Hulsbergen et al 
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RF box milestones 

 February 2015: RF box and cooling workshop 

 Q4 2015: RF box EDR (date to be decided) 

 May 2016: Decision on etching 

 September 2016: RF foil PRR (Official LHCC) 

 October 2016: RF box production 

 October 2017: RF box etching (if used) 

 Q1-Q3 2018: low-SEY coating 

 Q1-Q3 2018: integration of system control 

 October 2018: RF box installation, leak testing, bakeout 


