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Outline 

q   High rate tracking needs for forward angle experiments. 
q   Tracking at very high rates: Pixel Sensors – HV - MAPS 
q   MPGD technology for high rate tracking.  
q   GEM  detectors for  forward angle experiments. 
q Future possibilities.  
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•  High rates kHz to MHz per cm2 

•  Good spatial Resolution: ∼0.1 mm 
•  Old wire-chamber technology can’t deliver. 
•  Two possible solutions 

–  Pixel detectors like HV-MAPS promise: 
•   ultra high rates, 
•   very good resolution  
•  affordability.  
•  Very thin 

–  Micro-Pattern Gas Detectors (MPGD)  provide: 
•   Mature technology 
•   high rates 
•  Good resolution  
•  Highly affordable 

Tracking needs  for forward angle experiments 
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High Voltage Monolithic Active Pixel Sensors (HV-MAPS) 

Ivan Perić (I.Perić, P. Fischer et al., NIM A 582 (2007) 876 ) 
•  Use a high voltage commercial process (automotive industry) 
•  Small active region, fast charge collection via drift 
•  Readout electronics directly built on pixel 

•  Resolutions < 38 µm: limited by pixel size 
•  50 µm thin full system chip with sensor and full readout  
•  0.1% radiation length 
•  Ultra fast: 100s of MHz/cm2  

•  Still in development stage 

•  MuPix chip developed 
for  Mu3e exp. at PSI 

•  Large area detector 
planed for P2 @ MESA 

 

The MuPix system-on-chip for the 
Mu3e experiment: http://dx.doi.org/
10.1016/j.nima.2016.06.095 
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STAR Front GEM Tracker 
•  6 triple-GEM disks around beam 
•  IR~10.5 cm, OR~39 cm 

 
  

Micro-Pattern Gas Detectors (MPGD) 



5
 
 

STAR Front GEM Tracker 
•  6 triple-GEM disks around beam 
•  IR~10.5 cm, OR~39 cm 

 
  

Micro-Pattern Gas Detectors (MPGD) 
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STAR Front GEM Tracker 
•  6 triple-GEM disks around beam 
•  IR~10.5 cm, OR~39 cm 

 
  

GEM foil: Electron amplification device  



Why GEMs ? 

•  Rate capabilities higher than many 100s of MHz/cm2 

•  High position resolution ( < 70 µm) 
•  Ability to cover very large areas ( 10s – 100s of m2) at modest cost. 
•  Low thickness (~ 0.5% radiation length) 
•  Already Used for many experiments around the world: COMPASS, Bonus,  
KLOE, TOTEM, Prototypes for CMS upgrade, SBS etc.  
•  Now come in many sizes and shapes: 
•  To go to the highest possible rates need a pixel readout. 
•  With large areas and high resolution needs  lead to impossible channel 
counts 
•  Strip readouts give good resolution with  affordable readout, but lead to 
very high occupancy and multi-hit ambiguity. 
•  Need to come up with creative solutions.  

•  Gas Electron Multiplier (GEM) detectors  provide a cost effective solution 
for high resolution tracking under high rates over large areas. 
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Recent developments: now very large areas possible 

123 cm x 55 cm active area  
GEM detectors for pRad experiment 
during construction at UVa 



pRad Setup 

•  Beam currents up to 100 nA. 
•  But very thin gas flow target. 
•  Rate in GEM detectors ~ 100 Hz/cm2 



pRad GEMs 

The Largest GEM chambers ever built.  



pRad GEMs 
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pRad GEMs 
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One main issue with long strips is  the x and y matching issue 



SoLID-EIC GEM prototype 
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Large Size GEMs in MT6-2B @ FTBF (Fermilab)  
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Solid GEM Prototype test results  

σX	  =	  58	  µm	  



For the future 



For the future 



GEM readout 

•  Currently installing a 120 k chan. APV 25 system (based on an INFN designed 
system) for SBS. 

•  Plan to read at ~ 5  kHz with Jlab CODA 
•  Large amounts of data: need to address bandwidth and data writing limitations. 
•  Online zero suppression/background suppression at FPGA level.  

OC	  
box	  

Op#cal	  SRS-‐adapter	  mezzanine**	  	  
	  for	  ATCA:	  	  	  8	  x	  SFP+	  

APV	  hybrids”=	  frontend	  
ASICs	  with	  SEU-‐hard	  	  
Companion	  chip*	  	  

DETECTOR	   DETECTOR-‐	  FRAME	   CounKng	  room	  

Low	  –dissipaKon	  ,	  clean	  
ASIC	  power	  5mW/ch	  

Bi-‐dir	  opKcal	  fibres	  
<200m,	  	  
1..10	  Gbit	  	  SFP	  
850	  nm	  MM	  fibre	  

High	  radiaKon	  up	  1MRad	  
MagneKc	  fields	  up	  2T	  

Moderate	  radiaKon	  20kRad	  
MagneKc	  fields	  <	  1	  T	  

Low	  	  radiaKon	  
Low	  magneKc	  field	  <	  5	  Gauss	  

4-‐ch	  Buck	  
controller	  

SRS	  –ATCA*	  

FPGA	  

DTCC	  protocol:	  
Data,Trigger,	  
Clock,	  Control	  	  

Unregulated	  power	  
4.5	  	  …	  15	  V	  /10A	  

*EicSys	  GmbH	  
**short	  term:	  ATCA	  /RTM	  	  
	  	  	  	  with	  16	  x	  SFP	  already	  available	  *iniKally	  FPGA	  

Data,	  Trigger	  
Clock,	  Control	  

HDMI	  Micro	  	  
Copper	  link	  5m	  

noisy	  &	  harsh	  	  
environment	  

Cavern	   Online	  

MulK-‐	  
Gbit	  	  
fibres	  

APV25 

APV25 

APV25 

APV25 

APV25 

APV25 



Conclusion 

•  The large area GEM detector + high granularity calorimeter 
provided a powerful combination for forward tracking in 
pRad. 

•  Experiments requiring tracks will need 2-3 layers of GEMs. 
•  Calorimeter + 2-3 layers of GEMs +  pixel detector in front 

will allow forward experiments at very high rates.  



Backup	  
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 Prototype test beam results 
Data with beam scan covering the active area of the GEM module. (average 
particle rate ~ 10 kHz/cm2)	  
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σX	  =	  58	  µm	   σy	  =	  67	  µm	  

Results 
published in  

NIM-A (arXiv:
1409.5393)  

 


