
Alex Melnitchouk

University of Mississippi

Silicon Detectors at DØ        
Selected Aspects of Construction, 

Testing, and Performance

Accelerator Physcis and Technology                        

Seminar, Fermilab November 3, 2011



Introduction

• This presentation touches upon two sub-detectors                   
of the DØ detector

 Silicon Microstrip Tracker (SMT)

 Layer Ø Detector

• Similarities

 Silicon technology

 Detect hits due to charged particles                                              
 reconstruction of  tracks in a p-p collision at DØ

• Time of operation

 SMT :      2001 (RunII    DØ upgrade) – today*

 Layer Ø : 2006 (RunIIB DØ upgrade) – today*

zoom in 
inside DØ 

DØ Detector

* cosmic data



Outline

1. Silicon Microstrip Tracker (SMT)

2. Case for Upgrade

3. Layer Ø Detector



1. Silicon Microstrip Tracker (SMT)

2. Case for Upgrade

3. Layer Ø Detector

• Mechanical Design

• Detector Assembly

• Alignment

• Positioning Tolerances

• Production Quality Control Chain

• Physics of Silicon Detector Operation

• Radiation Damage Effects

• Monitoring Radiation Damage

• Software Upgrade

• Monte Carlo Simulations

• Tests at Assembly Site

• Tests After the Installation in the Collision Hall

Outline



DØ Event from the Last 

Second of Tevatron Data

hits in silicon detectors

silicon detectors



Part 1

Silicon Microstrip Tracker 

(SMT)



SMT Design Considerations

1. SMT design goal: provide both tracking and vertexing 
over the full solid angle coverage 
of the calorimeter and muon systems

2. Tevatron machine parameters, e.g. bunch size

3. Various detector features necessary to achieve the 
designed tracking performance, e.g. precise alignment   
of detector elements and minimal mass

4. Meet simultaneously electrical, mechanical, and 
thermal requirements 

5. Fit inside the Central Fiber Tracker (CFT)

 Barrel/Disk Design



Isometric View of the SMT

6 Barrels 12 F-Disks   and   4 H-Disks

North South
1/2-cylinder

 50 cm

LØ detector was                    

installed inside                         

the SMT

Barrel/Disk Design



Transverse View of a Barrel

SMT outer                      

support structure

a ladder

beam

line

a track

a hit

bulkhead
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Micron-UK
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Family of DØ
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DSDM
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present here today



Longitudinal View

thin  

blulkhead

barrel

cooling 
system 
outlets

cabling 

a ladder on the 
outermost layer

cross-sectional 

cartoon  of a barrel

cooled 

blulkhead



Cooled (Active) Bulkhead

Ladder 
Locating 

Posts

holes for 
fixating     
a ladder 

with pins



Thin Bulkhead

Ladder 
Locating 

Posts



Close up on a Ladder

locating notches

gray lines indicate 
orientation of               
readout strips

schematic 
cartoon

remain accessible             
for measurements 
after the installation 



Mounting Ladders on Bulkheads

fixating pins inserted into 
the openings in the 
bulkhead post



Alignment

1. determine the position of active material (location of 
readout strips on the silicon sensor in the global 
coordinate system) after the ladder installation ?

2. define positioning tolerances ? 

3. ensure the tolerances are met ?

Let us discuss three aspects of ladder alignment:

How do we



• (assuming no internal deformations)                            
 six degrees of freedom

• Displacement from the nominal global position               
can be described by three shifts and three rotations

• In principle, a known displacement can be corrected  
in the offline track reconstruction software

Correctable Shifts

z

y

x

Example: constant shift along the width of the ladder*

* readout strips run along the length of the ladder



Uncorrectable Rotations

z

y

x
|-(1)

XY|  |+(2)
XY|

correction depends on 
the coordinate which 
is not known (y)

tolerance was determined from the SMT simulation: 

|XY | < 25 m

with analysis of track impact parameter resolution

in case of single-sided ladders (1D axial hit info only)                      
this rotation cannot be corrected for 



Determining Global Position                          

of Silicon Sensor

bulkhead coordinate system 

(global coordinate system )

global position of a sensor = ?



2. beryllium  silicon 

relationship

bulkhead c.s.   

(global c.s.)

sensor c.s. 
sensor

1. Measure accessible features     

of beryllium support structure    

in the global coordinate system

Determining Global Position of 

Silicon Sensor (Cont’d)

3. Combine 1) and 2)

bulkhead c.s.   

(global c.s.)



Measuring Accessible Features 

with Touch-Probe Machine

touch-probe surveys ladders 

on the passive bulkhead side

assembly crew runs touch-probe survey program 

immediately after ladder installation



Touch Probe Survey

(diameter 1mm)



• Silicon sensor position is inferred from touch-probe 
survey data, using  pre-installation  measurements            
of the ladder 

• Optical targets on silicon sensors were linked to 
beryllium surfaces

Optical Measurements

140 μm

metallization 

area

intrinsic axial tilt
needs to be controlled 
during production



Setting Up Quality Control Chain 

• Write a program which

 performs complete analysis of the measurement data

 informs a user whether the ladder meets assembly 
tolerances or not

 stores summary information in the database

• Set up quality control chain

 dedicated computer in the clean room

 instructions for a technician to run the program



Using Data-Processing 

Program

• choose ladder type

• choose to process one(many) ladder(s)

• press START button

• check for misalignments beyond tolerance                       
(will appear in red on the bottom right of the screen)

• press EXIT button



1. Perform optical measurements in the clean room            
at SiDet facility

2. Convert measurement data file from Coordinate 
Measuring Machine OS format into ASCII

3. Run Visual Basic Program to evaluate                                     
the quality of a ladder

4. “Database entry”  is created automatically and sent 
out of SiDet facility over  the network for analysis

5. Analysis of the data processed with VB program

6. Decision if the ladder is suitable for installation

Quality Control Chain

Technician

Physicist



Touch Probe Survey Results 
(after installation)

X

Y

beam direction

Perfect alignment

Tilt relative to the beam

XY

|XY|< 25m

XY ,  mm



Part 2

Case for Upgrade.                

Radiation Damage



• DØ Silicon Microstrip Tracker (SMT)  was built to 

withstand 2 to 4 fb-1 of integrated luminosity      

originally projected for Run II

• 2004 Run II design goals opened the possibility that a 

total integrated luminosity of 8 fb-1 would be delivered 

to Tevatron Collider experiments

• In order to retain physics capabilities of the currently 

installed SMT and improve the  impact parameter                                               

resolution,                                                                        

the addition                                                                      

of a single                                                                      

layer silicon                                                              

detector (LØ)                                                                    

was proposed

• LØ was installed and commissioned                                

in spring – summer  of 2006

Why Layer Ø  ? 

200

100

0

IP, m



p-n Junction

donor dopant

extra -

acceptor dopant

extra +

p n

- +
p-n junction        

(reverse bias      )

depleted region

np
- +

full depletion

• dopant ion space charge

• no mobile carriers 

n

p

n-type

p-type

intrinsic Si

Vb



Silicon Detector Operation

p+ p+ p+

-|Vb|

n- 300 μm

single-sided 

SMT ladder

50 μm

2.12 cm

n+

asymmetric 

p-n junction



How Detector Works

p+ p+ p+

-|Vb|

n- 300 μm

single-sided 

SMT ladder

50 μm

2.12 cm

n+

• space charge in the bulk 

• boundary conditions



How Detector Works

p+ p+ p+

-|Vb|

n-E 300 μm

single-sided 

SMT ladder

50 μm

2.12 cm

n+

• space charge in the bulk 

• boundary conditions

depletion width

distance from 
the junction



How Detector Works

p+ p+ p+

-|Vb|

n-E 300 μm

single-sided 

SMT ladder

50 μm

2.12 cm

n+

• space charge in the bulk 

• boundary conditions

donor  
concentration

depletion width

distance from 
the junction



How Detector Works

p+ p+ p+

-|Vb|

n-E 300 μm

MIP

•  O(100keV)  energy deposited

• 30000 electrons created

103 (same size intrinsic Si)                   

10-20 (noise)

single-sided 

SMT ladder

50 μm

2.12 cm

n+



How Detector Works

p+ p+ p+

-|Vb|

n-B E 300 μm

SVX

 Diffusion

 Repulsion

 Drift in the magnetic filed

 Drift in the electric field

 Charge collection

 ADC output

single-sided 

SMT ladder

50 μm

2.12 cm

n+

MIP



Radiation Damage

Neff = Nacceptors – Ndonors



Radiation Damage (Cont’d)

Neff = Nacceptors – Ndonors

Depletion Voltage



Depletion Voltage versus 

Integrated Luminosity

approximate limit

at the time of   

Layer Ø project:

not enough data 

to distinguish 

between  the                      

two scenarios

?

?



Part 3

Layer Ø Detector



Layer Ø Detector

YDØ

XDØZDØ
ZDØ

1       2   3  4   5  6    7      8
12cm 7cm

Longitudinal View

silicon 
wafer

Transverse
View



Offline Database          

smtutil          silicon_geometry         

LØ Modifications                   

to the DØ Software



Example:  Incorporating LØ

into SMT Data Structure 

Smtl0Barrel

LØ-modifications                 
in green 

Class 
Diagram



Monte Carlo:                        

Verifying LØ Performance                        

in the Full DØ Simulation

Simulated Hits 

Digitized  Hits |

Reconstructed Clusters    

Layer Zero

GEANT Tracks     ----------



Hit Position Resolution                 

(Monte Carlo Simulation)

pitch = 81m

X (GEANT Hit, Reconstructed Cluster)

X

12

pitch
7.0 

12

pitch
7.0 

X, m

X, m

pitch = 71m



Layer Ø’s Role                           

in Higgs Searches

Low mass region

Higgs decays mostly to b-quarks in low mass region

Comput.Phys.  Commun. 

108:56-74,1998 



Higgs Decays at Low Mass

• Signature of  bb decays: displaced secondary vertex

 proper lifetime of a B meson 1.5 ps

 travels on average half a millimeter before decaying

 detecting hits at a small radial distance from the 
collision point (Layer Ø) is crucial for identifying                    
B decays



DØ W Boson Mass Measurement

• W boson lives O(10-25 s)

• W decay to stable 

particles (W→eν) is used

• Electron showers in the 

calorimeter



GEANT View of Simulated 

Passive Material

Carbon Fiber 

Support 

Structure

Cooling 

Channel

Hybrid 

Base 

SVX4 Chips

Incoming Analog Cables

Outgoing Digital Cables

Spacer 



Checking LØ Module Noise Level 
(LØ Assembly Site)

Prototype LØ modules mounted on prototype 

support structure are read out

Layer Ø modules on the support      

structure

Then data are converted  to the standard DØ data 
format,  and processed with offline  DØ software



Testing LØ Modules

LØ Module
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Scintillator 3

Scintillator 2
Scintillator 1

L
Ø

M
o
d
u
le

s 

Scintillator 1

Scintillator 3

Scintillator 2

Cosmic Muon

LØ Cosmic Muon Test              
(LØ Assembly Site)

• use clusters in outer modules – make tracks

• study track-pointed clusters in the inner modules

• trigger when all three                                              
scintillators have signal



Clustered Energy                            

in LØ Modules

noise

MIP 

signal

L
Ø

M
o
d
u
le

s 

Scintillator 1

Scintillator 3

Scintillator 2

Cosmic Muon



Layer Ø is Ready



Layer Ø goes in !                              

(Spring 2006 Tevatron Shutdown)



Layer Ø Cosmic Muon Data                                  
(DØ Collision Hall)

MIP 

signal

noise

Observed Data have the Right Shape !

... coming from where exactly                                           

in the detector ?



Muon “X-Ray” Picture                               

of Layer Ø (DØ Collision Hall)

Global Z                                 

discrete values                              

for Layer Ø barrel locations

Project to XY

3D hits

... from the Right Locations !

ZDØ

1       2   3  4   5  6    7      8



Reconstructing Tracks

Layer Ø

cosmic track

first look at DØ cosmic data suggested that  
Layer Ø channels are flipped



Layer Ø strip flip

Initial Channel Flip in Layer Ø 

Software 



Event Display with a Cosmic 

Track (channel flip fixed)

Offline     
Track 
Reconstruction

Level 2 Trigger 
Track 
Reconstruction

using cosmic data, 
the software was 
debugged and 
prepared for 
collisions, 
including first pass 
tracker alignment



• “Silicon Detectors” Fermilab Academic Lectures             
by Ron Lipton

• “Making Tracks at D0” University of D0 lecture             
by Satish Desai

• References indicated in the above presentations

This presentation borrowed 

material from



BACKUP SLIDES



Depletion Voltage Measurement 

(before installation)



Depletion Voltage Measurement 

(during detector operation)



Optical Survey Results              
(before installation)

Single wafer ladders



• Measurement

 establish coordinate system using leftmost middle and  
rightmost middle  optical targets

 measure  optical targets, beryllium notches,                             
and accessible surfaces

• Data processing

 Rotate and translate from the measurement coordinate 
system to assumed nominal coordinate system                
(minimize                                                                   )

 within each sensor 

 check that the deviations are within 5 microns, 
otherwise discard > |5 microns| points and refit

 repeat for the whole ladder

 express beryllium measurements in the new 
coordinate system

 check for deviations from nominal beryllium 
locations

Quality Evaluation Procedure

])()[( 2

.)

2

.) nomdatanomdata YYXX 
pointsdata 



Charge Drift



More DØ Detector Pictures

6 Barrels
12 F-Disks   and   4 H-Disks

North South
1/2-cylinder



Layer Ø Performance



Layer Ø Impact on DØ Physics 

Bs Lifetime     

Resolution at DØ:

110 fs without Layer Ø        

75 fs   with Layer Ø

Bs Mixing Sensitivity 

DØ PRL of 2006



DØ SMT Readout System


