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Fantastic week with total of 42 talks on all kinds of aspects 
vertexing and tracking with precision detectors: 

S 1 3Session 1-3       Running and commissioning experience

Session  4         R&D on future detectors

Session  5         Tracking and vertexing

Session 6 7 Novel detectors and electronicsSession 6-7       Novel detectors and electronics

Session  8         Performance and data quality

All contributions were really excellent and deserve to be mentionedAll contributions were really excellent and deserve to be mentioned 

However,  its just impossible to summarize all the talks in a fair way

do a bit of a personal choice   (please excuse my ignorance)



Session 1-3   Running and commissioning experience

• D0 has been able to find the right balance between ‘stable operations’ 
and maintenance.   (over 7 years)
• Continued studies with the system also fostered new experts to keep Co t ued stud es t t e syste a so oste ed e e pe ts to eep
up with system knowledge 



Impressive achievment on operating a sizeable silicon system

done by  “young leaders with senior support” 



Hermes Silicon Recoil Detector



• corrected beam induced pedestal drifts

• channel dependent pedestal & crosstalk 
correctionscorrections 

dealt inventive with occuring problems

Finally get very nice calibrated system !

System is as good as it gets calibrated 
and understood



Commissioning CMS Silicon Tracker (very large system)

Many Issues:    Synchronisationy y
Opto-Gain Scan
noisy strips  <1%
Latency scans

In very short period successfully 
installed and brought into operational 
mode (Congratulations)mode  (Congratulations)



CMS YB0 Cabling
Considerable effort  needs top attention

must be at start of planning
lik l t li ith i SLHC

g
likely to live with in SLHC

don’t under estimate cooling !



Commissioning the ATLAS Tracker





Atlas Pixel Detector Installation & Commissioning



Material Budget of LHC Experiments
CMS & Atlas both slipped considerable in keeping  X/X0 originally aimed for !

Atlas CMSCMS

Old argument that Silicon would be too thick is a myth.  “It’s the power & cooling.. stupid..”



Experience in CMS:Experience in CMS: 

• Optical connectons can easily become dirty  absobtion, reflections
• Affect digital just like analogg j g
• Slack management with short optical fibres pieces is terrible



Very neatly done!    All set to go!  Congratulations



LHCb  Velo Installation & Commissioning



Again:  Power supply issues !



CDF silicon cooling:  problems and recoveryCDF silicon cooling:  problems and recovery

With great admiration I observe how difficult situations can be mastered !



Atlas Diamond Beam Conditions Monitor short construction period





Rad. Damage Studies of D0 Silicon Tracking System





CMS Pixel Commissioning



CMS Pixel System has many knobs to turn  non trivial adjustment needed

“Pixel In Box” was extremely usefull to connect to the final DAQ environmentPixel In Box   was extremely usefull to connect to the  final DAQ environment



CMS Track Reconstruction Performance



CMS tracker has excellent performance !!

but . .. .. 



material budget



• gamma ray mapping of sky• gamma ray mapping of sky 

• large silicon tracker pair spectrometer system in space  (~70m2)

• successfully launched  11. June 2008

• now in phase of commissioning follow by 1 year of observation

Note:   seem to have cooling under control





Sout as seen by GLAST

Atlantic 
Anomaly



Silicon Vertex Detectors for FAIR

... tracking nuclear collisionsthe mission ...
CCompressed ompressed BBaryonic aryonic MMatter Experimentatter Experiment

Au+Au interactions, 25 GeV/u, 
10 MHz interaction rate
up to 1000 charged particles/event

g

up to 1000 charged particles/event 
Track densities ≤ 30 cm-2

UrQMD generator: 
Monte Carlo tracks ...

+ micro vertex detection: 
presentation by M. Deveaux



Exploration of a system concept 

STS: 8 low-mass micro-strip station1 T dipole magnet

Development have started    we look forward for future Vertex Conferences !



CMS Tracker  Upgrade programme

• Limited statistics – eg:
– and time to reduce errorsand time to reduce errors

• However, the environment is
very challenging:

1035103510341034

H→ZZ → μμee, MH= 300 GeV vs luminosity

1010

Full LHC luminosity Proposed SLHC luminosity
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Full LHC luminosity
~20 interactions/bx

Proposed SLHC luminosity
~300-400 interactions/bx



Different Strawman layout now under study

• A working idea from Carlo and Alessia
– Take current Strawman A and remove 1 “TIB” and 2 “TOB” layers

Strawman A

Strawman A rStrawman A r--phi view phi view 
(RecHit ‘radiography’)(RecHit ‘radiography’)

4 TOB short strips
Remove 2

2 TOB strixels
Adjust chn count

Remove 2

2 TIB short strips
Remove 1

j

2 TIB strixels
Adjust chn count
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4 inner pixels



Strawman B

• Adjust granularity (channel count) of Strawman B layers
– Keep the TEC for now until someone can work on the endcaps

Strawman B rStrawman B r--phi view phi view 
(R Hit ‘ di h ’)(R Hit ‘ di h ’)(RecHit ‘radiography’)(RecHit ‘radiography’)

iirr--z view z view 
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LHCb Upgrade
Upgrade LHCb detector such that it can operate at 10 

33 2 1

pg

times design luminosity of  ~ 2 x1033 cm-2s-1

Accumulate ~100 fb-1 without detector replacement

looking to use hybrid pixel detectors for VELO replacement

adapt  FPIX chip development for former BTeV experiment



Super Belle  B-factory Vertex Detector















ILC vertex detector

• Precision measurement of jet energies is not enough:  which are b-jets, charm-jets j g g j j
or light quark jets?  For the heavy quark jets, which are quarks and which anti-
quarks?  Latter is most cleanly established by measuring the ‘vertex charge’, 
pioneered with considerable success by SLD

• Achieving the required performance is the task of the most expensive ILC detector• Achieving the required performance is the task of the most expensive ILC detector 
R&D topic – currently 9 options are being pursued



VXD technologies

• All approaches aim for ~3 μm precision and <40 μm 2-hit resolution

• Target material budget is ~0.1% X0 per layer

• They vary from single-bunch time stamping to time integrating with special 
compensating featuresp g

• List them in approximate order of adventurousness – one or two are more 
likely to be candidates for second generation upgrades



FPCCD – Yasuhiro Sugimoto  (Takubo-san, this wkshop)
•CCD with 5 μm pixels read out once per train; 20 times finer pixelCCD with 5 μm pixels, read out once per train; 20 times finer pixel 
granularity instead of 20 time slices

CPCCD – Andrei NomerotskiCPCCD Andrei Nomerotski
•Fast readout of CCD aiming for 50 μs frame rate

•Main novel features are column parallel readout, with bump-bond p , p
connections on 20 μm pitch to readout chip including amp, analogue CDS, 
ADCs, sparsification and memory

CMOS MAPS (MIMOSA) – Marc Winter
•3T architecture, limited to NMOS transistors in pixel

DEEP n-well – Valerio Re  (Francesco Forti, this wkshop)
•Full CMOS in pixel, collecting signal charge o nthe deep n-well that 

OS ( )houses the NMOS transistors (triple-well process)

CAP – Gary Varner
•CMOS MAPS, with signal storage (after charge-to-voltage conversion) on in-
pixel capacitors



DEPFET – Laci Andricek
•Signal charge stored on ‘internal gate’ – unique in-house technology

Chronopixels – Dave Stromp
•Goal is to time-stamp (single bunch) by pixel functionality that can fit into 
a 10 μm pixel (full CMOS wirh 45 nm design rules)

Vertically integrated pixel detectors (SOI & 3D) – Ray Yarema        
(Grzegorz Deptuch, this wkshop)
A i i t t t b lib t d f th t i t f CMOS b•An impressive strategy to be liberated from the constraints of CMOS by 

developing tiered systems

ISIS A d i N t kiISIS – Andrei Nomerotski

Collection pixel

not equal

Read out pixel 



Pad to sensor

Vertical Integration of Integrated Circuits & Pixel Detectors

Sample 1

Pad to sensor

Tier 3
VIP: distribution VIP: distribution 
between layersbetween layers

Sample
1

Sample
2 Vth S. TrigDelay

between layersbetween layers

Tier 3
analog

3D
viasTo analog output buses

Digital time stamp bus5 Tier 2

38 transistors 

Tier 2
Time 

Analog T.S.b0 b1 b2 b3 b4

Write data

Read data
72 transistors 

Stamp
Analog time output bus

Analog ramp bus

In Ti 1Tier 1
Data
sparsification

Test input S.R.
Inject
pulse
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Q

Y address D FF

Pixel
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l
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all
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VIP: layout view withVIP: layout view with 3D Design Tool 3D Design Tool byby Micro MagicMicro Magic::

bonding pad tobonding pad to 
detector

release
data 

HIT 

test p lsetest pulse 
injection 
capacitance 

First chips have been manufactured !!!  yield could improve when going to bulk CMOS











Charge Collection Efficiencies Studies in Silicon

One comment on thin devices  

1.6E15 cm-2

1E16 cm-2

1E16 cm-2

SLHC we will dissipate as much power to sensor as to ROC



3D Detector Structure
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Spectral scan Medipix application 55um pixel sizeSpectral scan
• Monochromatic beam 

Medipix application   55um pixel size

• Threshold scanned through signal into noise
• Charge sharing reduced in 3D detector

x 10
6 Planar - Signal spectrum vs Energy - 15keV

1
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Summary & Conclusion

• The conference was just like the weather   fantastic

• I would like to thank and congratulate all the speakers for 
their excellent talks

• Most of all, I would like to thank Richard Brenner  his people 
that made this conference such a success.

• I wish everyone a good return and a successful continuation 
of their work, hoping that it can be reported and shared in 
VERTEX f tVERTEX conference to come. 


