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overall goal of this R&D
is to go from 1-d       to          2D       vertex identification

Efforts in CMS and ATLAS to evaluate usefulness for mitigation 
of vertex merging, Jet-misassociation, 

etc. in HL-LHC environment



Our group has been developing a dedicated fast timing	


solution with Si or MPGD options for end cap	





We focus on timing layer for EndCap 
region of Phase-2 (CMS)

current model in CMSSW matched to:

if tracker extended in Phase2, complementary role?

physics justification for timing layer likely stronger if we can 
extend timing well beyond eta=2.6	



{in fact, ATLAS opportunity only starts at eta~2.6}



pre-existing collaboration with Orsay/Saclay on timing- see D. Breton’s Elba talk:



Our RD51 Project undertaken as a hedge against cost/
raddam issues w. solid sensors.	



very little out there as options:	


• CVD diamond-> ~95 picosecond	


• GTK silicon->150-200 picosecond	


• “LGAD”  (similar t-resolution but rad issues at ~1014 neq/cm2)	


• Our Hyperfast, mesh readout, Si APDs still to be evaluated @>1014 

neq/cm2

what precedent for fast timing with Micromegas?

•at the 2001 Vienna Wire Chamber Conference Charpak, 
Ioannis, et al. demonstrated 680 pico sec rms (single pe) 
{NIM A 478 p.26 (2002)} 

•Could this be developed into a charged particle detector w. 
MgF2 radiator and proper choice of gas/field configuration?



Diffusion limited time jitter

so far, tests in high drift field->10kV/cm,200 micron gap 
->~350 pico sec per photoelectron

however, at these high drift 
fields we also have  
preamplification gain 
-> effective ~factor 2 
reduction in diffusion limit 
->need ~50-60 pe/MIP 
MgF2/CsI->~80pe/cm

(10%)



This initial test used Microbulk technology for amplification structure.!
Potential time jitter reduction with higher pitch.!
Used Ne-Ethane (10%). CF4 possibly will yield lower jitter.!
210 V in 200 micron “drift region” led to limited pre amplification gain.!
440V across micro bulk in run shown below.!
initial test with 10nm Al used as “pc” with very low (~10^-6) qe!
n-photon ~ Cerenkov photon yield in final design
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Detector design
First tests with UV lamp / laser ➔ quartz windows 
Microbulk Micromegas ø 1cm 
➢ Possibility to deposit CsI on the  mesh surface 
➢ Capacity ~ 35 pF  
Ensure homogeneous small drift gap + contacts 
Stainless steel chamber for sealed mode operation



Started with semi-transparent pc concept 
so far, 3 test runs at IRAMIS, Saclay
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Several potential benefits:

cost @ scale 
elimination of Landau jitter



Calibration of N_photoelectrons

EsEmaEon	
  of	
  number	
  of	
  photo-­‐electrons:	
  
	
  	
  
Measurement	
  @	
  IRAMIS:	
  signal	
  ~1300	
  mV	
  
	
  	
  
Measurement	
  with	
  pulsed	
  lamp	
  @	
  SEDI:	
  signal	
  ~600	
  mV	
  
Measurement	
  with	
  candle	
  @	
  SEDI:	
  <signal>	
  ~30	
  mV	
  
	
  	
  
So,	
  we	
  concluded	
  that	
  we	
  had	
  around	
  20	
  photo_electrons	
  at	
  the	
  lab	
  and	
  around	
  50	
  with	
  the	
  
laser.

good collaboration with Thomas Gustavsson of IRAMIS 
improvements in noise environment around TiSa laser 

end of April runs with single pe sensitivity

Method 1 from bench calibration:



method (2) from/200 optical 
attenuator data

single pe data are pretty noisy!
looks like digital noise dominates!
next time need higher sampling!
also setting scope to lower scale would have reduced this

=>

<=

200 psec bins->



Photostatistics from 
attenuator data 

This plot shows extracted N_pe 
distribution 

It is compared to expectation for  
mean of 0.35 and 0.4

correcting for the /200 attenuator 
we find N_pe~60 for normal running 

with no attenuator 
We consider this to be consistent 
with the ~50 result obtained by 

Thomas



Jitter on Single pe
using the same timing algorithm 
as I used for jitter at ~50 pe 
we are noise dominated as shown 
here. 
!
more aggressive fitting/filtering 
is giving closer to expected diffusion 
dominated jitter @1pe 
ie ca.~260 psec 

Thomas Papaevangelu 
->



Plans
• possibly another 1-2 runs w. Saclay chamber for cosmetic 

purposes-> write up proof of concept 

• parallel development here at CERN of other test structures 

• expect to have full, charged particle detector assemblies 
for beam tests at end of summer 

• many interesting issues to follow proof of concept: gas & 
field configuration optimization, rate effects, photocathode 
development , possible benefits of reflective 
photocathode, etc.


