
Ø  Impact of background on performance due to 
resolution & efficiency deterioration evaluated with 
Fastsim: performance with striplets in Layer0 seems to 
be still reasonably good in presence of 5x bkg.	

Ø  sizable effect on S per event error:14% worsening with 

x5 bkg. Small change with nominal bkg (3%).	


Ø  Need to add the performance evaluated with Layer0 
based on pixel (thin MAPS or “thin” hybrid pixel):	


Ø  Pixel material budget higher à  worse 
performance with no back. but  deterioration with 
back. expected to be marginal since pixel 
occupancy  ~1/100 of striplets occupancy	


Ø  Efficiency reduction due to analog dead time evaluated for 
electronics: < 90 % in some layers  with x5 safety 
Ø  Small improvements reducing shaping time w.r.t nominal 
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In HEP experiments the use of pixel detectors requires that high power density in the sensitive area should be carried away by efficient thermal systems, eventually integrated in the light mechanical 

support structures. In many cases the dimensions and position of the sensors are such that miniaturization of mechanical support and cooling are strongly necessary, even together at very low 
values of  X0  percentages. Micro-channel cooling technology is featured by high efficient thermal exchange and it can profit by miniaturization technique applied on composite material (CFRP). 

 Advantages of the MICROCHANNELS technology: 
•  due to the high surface/volume ratio, heat exchange  through liquid forced convection is taking 
place efficiently; 
•  contiguity between the fluid and the circuit dissipating power reduces thermal resistances; 
•  micro-channel dimensions allows uniform distribution of the passive material on the sensor 
extension . 

Several module support   prototypes with different geometries have been realized in composite materials. 
Experimental tests have been  performed at TFD test-bench, at the INFN-Pisa laboratory. 

- The microchannel CFRP prototype matches the Super-B Layer 0 pixel detector requirements  about  X0 . Efficient heat evacuation achieved with microchannel technology .  
- Room for further optimization actually in development at the TFD Pisa laboratory : 
!  To reduce the !T along the microchannel module due to the convective  single-phase liquid cooling , special hydraulic interface with input/output coolant in opposite directions. 
!  Evaporative CO2 cooling in CFRP micro-channels to reach constant temperatures along the sensor module length . 

Test results 

Introduction 

In a thermal convective exchange the h film coefficient is:  
Nu = Nusselt number  
K   = Conductive heat transfer coefficient of the liquid  
Dh  = Hydraulic Diameter of the cooling channel   

 Dh minimization "  high pressure drop "(needed a compromise between pressure 
drops and film coefficient value). 

From formulas (1) and  (2), for a Laminar flow fully developed, (Nu=constant), to 
maximize the thermal exchange Q   " means to maximize h   " means to minimize the 
hydraulic diameter :  "  All these considerations brings to the  micro-channel technology. 
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• Because of the growing of the heat dissipation, 
conventional air cooling systems are inadequate for 

removing heat. 
• For the basic concepts behind micro-channels it’s 

important to introduce the Newton’s law for convective 
heat flux 1) and the Nusselt Number Nu which is related 

to the heat transfer coefficient (h) : Kf  :fluid thermal conductivity 
Dh  : hydraulic diameter  
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The micro-channel mechanical supports is designed in particular to match the specifications for the 
planned pixel upgrade of the most internal layer of the  (L0) Silicon Vertex Tracker of the Super-B 
experiment : 

- To evacuate the heat dissipated by the electronics (specific power up to 2 W/cm2) and temperature of the 
sensors below 50°C 

- Material Budget of the pixel support structure (w/o cables/sensors)  below 0.30% X0. 

B"" " decay mode, #$=0.28, beam 
pipe X/X0=0.42%, hit resolution =10 µm 
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Preliminary

3% variation

9% variation

14% variation

Ø  Effects of background (nominal and x5) on 
detector performance being evaluated:  
Ø  Back. From March official production used. New 

shielding configuration give only ~10% reduction in 
SVT  layers. 

Efficiencies 

8

Layer Peaking time 
(ns)

 Bkg (%)
(r-!/z)

Bkg x5 (%) 
(r-!/z)

L0 25 99/99 96/96

L1 100 98/98 88/89

L2 100 98/98 89/89

L3 200 95/95 77/86

L4 500 98/98 89/93

L5 1000 98/98 86/91

• Use efficiencies at nominal peaking times for this study. 
Some improvements are possible using shorter peaking 
times.

Efficiency  

G. Rizzo 1 SVT –Elba, May - 2012 
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In HEP experiments the use of pixel detectors requires that high power density in the sensitive area should be carried away by efficient thermal systems, eventually integrated in the light mechanical 

support structures. In many cases the dimensions and position of the sensors are such that miniaturization of mechanical support and cooling are strongly necessary, even together at very low 
values of  X0  percentages. Micro-channel cooling technology is featured by high efficient thermal exchange and it can profit by miniaturization technique applied on composite material (CFRP). 

 Advantages of the MICROCHANNELS technology: 
•  due to the high surface/volume ratio, heat exchange  through liquid forced convection is taking 
place efficiently; 
•  contiguity between the fluid and the circuit dissipating power reduces thermal resistances; 
•  micro-channel dimensions allows uniform distribution of the passive material on the sensor 
extension . 

Several module support   prototypes with different geometries have been realized in composite materials. 
Experimental tests have been  performed at TFD test-bench, at the INFN-Pisa laboratory. 

- The microchannel CFRP prototype matches the Super-B Layer 0 pixel detector requirements  about  X0 . Efficient heat evacuation achieved with microchannel technology .  
- Room for further optimization actually in development at the TFD Pisa laboratory : 
!  To reduce the !T along the microchannel module due to the convective  single-phase liquid cooling , special hydraulic interface with input/output coolant in opposite directions. 
!  Evaporative CO2 cooling in CFRP micro-channels to reach constant temperatures along the sensor module length . 

Test results 

Introduction 

In a thermal convective exchange the h film coefficient is:  
Nu = Nusselt number  
K   = Conductive heat transfer coefficient of the liquid  
Dh  = Hydraulic Diameter of the cooling channel   

 Dh minimization "  high pressure drop "(needed a compromise between pressure 
drops and film coefficient value). 

From formulas (1) and  (2), for a Laminar flow fully developed, (Nu=constant), to 
maximize the thermal exchange Q   " means to maximize h   " means to minimize the 
hydraulic diameter :  "  All these considerations brings to the  micro-channel technology. 

(1)              

hD
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• Because of the growing of the heat dissipation, 
conventional air cooling systems are inadequate for 

removing heat. 
• For the basic concepts behind micro-channels it’s 

important to introduce the Newton’s law for convective 
heat flux 1) and the Nusselt Number Nu which is related 

to the heat transfer coefficient (h) : Kf  :fluid thermal conductivity 
Dh  : hydraulic diameter  
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The micro-channel mechanical supports is designed in particular to match the specifications for the 
planned pixel upgrade of the most internal layer of the  (L0) Silicon Vertex Tracker of the Super-B 
experiment : 

- To evacuate the heat dissipated by the electronics (specific power up to 2 W/cm2) and temperature of the 
sensors below 50°C 

- Material Budget of the pixel support structure (w/o cables/sensors)  below 0.30% X0. 
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Ø  Effect of radiation damage on sensor (increase on 
leakage current) and S/N degradation with the full life 
of the experiment (75ab-1 and x5) evaluated. 
Ø  S/N a bit marginal with x5 safety 
Ø  Could improve a bit selecting shorter shaping 

time after some accumulated damage 
Ø  Start also to explore extra cooling to lower SVT  

sensor temperature & leakage current 
contribution 

Ø  Effect of high occupancy on reconstruction still need to be evaluated: Fastim cannot be 
used, no time/manpower to do a real study for TDR. 
Ø  In SuperB 3-15% strip offline occupancy and 2-5% cluster offline occupancy  (x10 w.r.t. BaBar)  
Ø  In BaBar 0.2-1% strip offline occupancy and 0.1-0.5% cluster offline occupancy. 

Preliminary  
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SVT – Pixel R&D  INMAPS CMOS MAPS 

•  INMAPS CMOS process with quadruple 
well & high resistivity substrate to 
improve charge collection efficiency and 
radiation resistance 

R&D on pixel: first results on new MAPS 
with INMAPS process: very promising option 
for thin pixel upgrade for Layer0.	

Ø  Noise and gain measured in good agreement 

with simulation: 	

Ø  ENC = 30 e- (~20% dispersion) 	

Ø  Gain=920 mV/fC  (~10% dispersion) 	


Ø  Standard functionality of new readout 
architecture verified in the two operation 
modes available on chip: data push & triggered.	


Ø  Chips with 12 um high resistivity epitaxial layer (more rad hard) ready in June.	

Ø  Start the irradiation with neutrons during the summer and beam test in November.	
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SVT – TDR Status  
Ø  Good progress in the writing:  

Ø  Almost all the sections in the svn repository (not final version!): ~35/70 pages  
Ø  Writing on peripheral electronics and mechanics less advanced (starting this week) 
Ø  Hope to have a complete document in 2 weeks for the internal editing  
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1.  Vertex Detector Overview (10) – G. Rizzo still some text to be written	

2.  Backgrounds (4)  – R. Cenci  outline	

3.  Detector Performance Studies (6) – N. Neri  almost completed	

4.  Silicon Sensors (6) – L. Bosisio  still some text to be written	

5.  Fanout Circuits (6) – L. Vitale almost completed. working on text for L0	

6.  Electronics Readout (20) 	


1.  Readout Chips (8) – V. Re  almost completed	

2.  Hybrid Design (5) – M. Citterio working on text 	

3.  Data Transmission (5)– M. Citterio working on text   	

4.  Power Supplies (2) –M. Citterio working on text 	

SVT DAQ (M. Villa) will be in the ETD section 	


7.  Mechanical Support & Assembly (10) – S. Bettarini/F. Bosi  outline/working on text 	

8.  Layer0 pixel upgrade options (10) – L. Ratti almost completed 	

9.  Services, Utilities (1) 	
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