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Motivation 
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Good momentum resolution 

Good impact parameter precision 

Good pattern recognition 

Full angular acceptance 

b,c,t tagging 

barrel 

High jet multiplicity 

Goal 
ILD 

Forward- backward 
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Full angular acceptance 

Forward tracking 
increasingly important 

with higher c.m.s. 
energy 

2009 JINST4 P08002 
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Good momentum resolution 
Real layout ILD inner part 

Complex tracking system: 
- srf  not uniform  
- at angles<40º, N decreases, added  

to shorter L 
- forward tracking, N<10, srf ~7mm 

 
 Multiple scattering contribution depends on 

the material budget. Equals the other term 
at p~50GeV, at large angle 

(ideal) 
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Good impact parameter precision 

1 GeV 

100 GeV 

Functional form, toy detector 
with 0,12% X0 per layer, 3 m  
spatial resolution in rf and z 

Realistic material budget  can 
degrade  notoriously the impact 

parameter resolution 

Mainly cables, 
services… (not 

FTD) 

JINST 8 T06001 2013 
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Good pattern recognition 
OCCUPANCY AT ILD/ILC 

 

FTD1 (eett) average 

FTD1 (eett) peak 

JINST 8 T06001 2013 
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10 cm long, 50 mm wide strips peak occupancy of 6%/BX, too high 
 
Pixels of 25*25 mm2  in the most inner region allows robust pattern 
recognition for a readout time of 50 msec ( about 100 BX) 
occupancy at peak about 10-4, comfortable 
 
Also acceptable pixel CCD detectors 10*10 mm2 integrating 1312 BX 

 

OCCUPANCY AT ILD-ILC ( 500 GeV operation, LoI  results) 
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OCCUPANCY AT CLIC 

BX separated 0.5 nsec, tracking and vertex detector integrating over 
the train duration of 156 nsec. 
 
 To maintain comfortable level of occupancy, time stamping 
with 10 nsec. precision is sufficient 
 Low-mass and low-power hybrid pixel detectors with a pitch of  

aprox.25*25 mm2 and readout architecture based on TimePix are 
foreseen 

Ultra-fast detectors with Time stamping at the level of 1 BX in 
study 
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Good pattern recognition 

JINST 8 T06001 2013 

Microstrip detectors in the 
forward tracker have radially 
oriented strips. To constraint 
the second coordinate with a 
low proportion of ghost hits, 
an stereo angle a of about 

100 mrad will be used 

100*100 mm2 sensors with 25 mm pitch 

a= 100 mrad s(r) = 20 s (rf) 

Moderately precise r-measurements should be needed in all the forward 
tracking  layers to have a robust pattern recognition 
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FORWARD TRACKER STATUS 

Baseline sensor: conventional microstrip sensor with integrated signal routing 
in a second metal layer. 
Baseline operational unit: petal (sensor+standard hybrid board(s) with 
readout, powering and data link circuitry. 
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FORWARD TRACKER STATUS MECHANIC,CABLES 

STUDY, PROGRESSING 
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FORWARD TRACKER STATUS ASSEMBLING 

STUDY, PROGRESSING 



Critical & Beyond the baseline R&D 
— What are the Critical R&D activities mandatory to fulfill  

     the base line design ? 

— What are the R&D beyond-the-baseline RD lines that will 
enhance the detector performance ?  
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R&D Critical Beyond 
Baseline 

Granularity:  
Short strips / Resistive electrodes X 
Thermal management: 
 air(gas) cooling, thermal disipation X 
Front-end: 
R/O chip, data link. X 
Powering: 
Power pulsing, Long term Reliability X 
Mechanics and integration: 
Structural Self-monitoring, alignment X 



Coordinate (three year scale) R&D project 
in preparation + Ciemat (Calorimetry)  
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Instituto de Física de 
Cantabria (IFCA) 

Instituto Tecnológico de 
Aragón (ITA) 

Instituto de Física  
Corpuscular (IFIC) 

Centro Nacional de 
Microelectrónica de Barcelona 
(CNM-IMB) 

Universidad de Barcelona (UB) 

Physics groups 
Technological Centers 

Instituto Nacional de 
Tecnicas Aeronauticas 



Critical R&D: Thermal Management 
— Goal: gas(air) cooling (avoid active cooling burden) 

— Challenging task for inner tracking system. 

— Partial synergy with Belle-II PXD cooling system. 
_ Air cooling system 

_ Small footprint fast optical FBGs sensors for thermal mockup diagnostic. 
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Stainless Steel Cooling Blocks, enclosed with copper foil ladders equipped with 
resistive heaters in the end flanges for both layers. 
A single Si thinned detector with printed Al resistors 
 
Liquid CO2 circulating in the cooling blocks at -35 º C. Injection of N2 gas cooled at 
0ºC towards the sensor region at 3 bar and 15L/min flow rate. The beam pipe is 
kept at 15ºC with a composite liquid coolant 
 
The measurement equipment inside a sealed  
methacrylate box consist of  
 - Infrared thermal imaging camera 
 - Fibber Bragg Grating (FBG) temperature  
 and humidity sensors 
 - Pt110 probes 
 

Thermal 
Management 
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THERMAL MANAGEMENT: 
- Needed more effort to characterize innermost disks 
- Fabrication mock-ups, measurements and simulation 
- We have instalations 

RESULTS 
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FORWARD TRACKER STATUS FRONT END ELECTRONICS 

In an initial phase. Much work to be done 
There are possible fall-back solutions 



Critical R&D: R/O ASIC 
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Critical R&D: R/O ASIC (2) 

— Medium term plans 
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Critical R&D: Pulsed powering .  Medium term plans 
 

5ms/200ms 
20%Pmax 
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Critical R&D: Pulsed powering .   

WORK ONGOING 
SATISFACTORILY  



Critical R&D: Pulsed powering (2) 
Medium term plans 
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ALIGNMENT 

Improved InfraRed 
transparent microstrips 
detectors for tracker 
alignment 

WELL ADVANCED 



Beyond-the-base line R&D:  

Sensors: Two R&D lines 
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 - Low gain p-type 
segmented pixels or 
stripsthinner sensor 
with same S/N 
 
 
 
 

 - Charge division in 
microstrips to reduce the 
complexity of double-
sided sensors  
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Polysilicon resistive detectors 

** V. Radeka, IEEE Transaction on  
Nuclear Science NS-21 (1974) 51 
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Polysilicon resistive detectors, 
integrate routing 

Signal not 
connected with 
iluminated strip 
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Similar to Foster issues 
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Beyond the baseline: Smart Mechanics  

Flexion sensors 

Torsion  
sensors 

Top layer 

Bottom layer 



Beyond the baseline: Smart Mechanics (2) 
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Smart plate able to 
self monitor its 
own temperature, 
torsion and flexion 
deformations & 
vibrations 



Beyond the baseline: Smart mechanics (3) 

— Component-wise characterizations: FBGs calibrations 
and sensibility to nitrogen, humidity atmosphere. 
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FBG on sensor 



Summary 

— Critical R&D lines with different degree of coverage:  

_ Thermal management & cooling 

_ Pulse powering.  

_ Readout  ASIC 

— Enhanced performance via additional R&D: Sensor 
granularity, smart mechanics: 

— Moving from generic or Belle-II oriented R&D 
towards a coordinated and ILD oriented R&D 
project.   
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BACKUP 
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Zgap between the FTD1 and VTX 
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Radiation test for Super-capacitors 

Radiation test has 
been performed at 
Electron Stretcher 

Accelerator  
(ELSA, Bonn) 

— Electrons at 20 MEV 

— Beam spot – 3x3 cm2 

— 4 hours of irradiation. 

— Total dose :  

_ 0.6 Mrad -2.3 Mrad 
(3%) 

— C and ESR were 
measured 

_ 5 capacitors 
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_Bragg grating Multiplexing  

D.Moya, CLIC detector and physics collaboration meeting, 
CERN  Oct. 1st  2013   43 


