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Goals of TOTEM
• To gain a better understanding of 

diffractive physics at very highdiffractive physics at very high 
pseudo-rapidity.  

• To determine experimentally the p y
scattering cross-section of 
protons
T b i t d t d th t• To begin to understand the nature 
of pomerons.  



Roman Pots
• Placed directly in the beam 

pipe.  p p
• ~1 μrad deflection with a dist 

to IP of ~1000 m gives us 1 
mmmm

• We can physically get 
detectors to be about 1 mm 
of the beamof the beam.



The Problems

• Large Dead Zones
• Radiation Hardness (i.e. ability to 

withstand large does of radiationwithstand large does of radiation 
and still function)
Eff t f T t Ch• Effects of Temperature Change



Voltage Termination
• The bias voltage will generate 

current if not decreased graduallycurrent if not decreased gradually
• Electrically active imperfections 

along the edge generate current.  
• The problem is typically solved by 

having very large “dead zones”.  



Current Termination
• Instead of having strips which reduce the voltage.  We 

now have bands which take away the current.



Does it Work?
• Yes it does…
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Different Designs…

A2 A3 and BA1 A2 A3 and B



Different Performance…
• In general the a2 

detectors have thedetectors have the 
best performance 
for a given seriesfor a given series.  
Then typically the 
1 b d l tla1 or b and lastly 

comes the a3.  



Th D tThe Data



Plasma Etched Detectors

• Shows little or no improvement
• This one is 2 order of magnitude worse• This one is 2 order of magnitude worse 

than w6a1.  
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Radiation Hardness

• We now turn our attention to the 
radiation hardness of our detectors.  

• To measure radiation hardness weTo measure radiation hardness, we 
radiate our detectors with a specific 
fluence and then measure the effectfluence and then measure the effect



The Plan
• First we irradiated five detectors with difference 

fluences:
– w6a1 (1013 p/cm2)
– w6a2 (4.97x1013 p/cm2)
– w6a3 (1.44x1013 p/cm2)w6a3 (1.44x10 p/cm )
– w8a3 (9.77x1014 p/cm2)
– w10a1 (4.32x1015 p/cm2)

• Next it was necessary to measure how the• Next, it was necessary to measure how the 
current changed.  
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Current Difference
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Quantitative Connection
A f thi h th t i th BR f th• As we can see from this graph, the current in the BR of the 
microchips increases as the fluence increases.  

• Energy deposited by the radiation strikes in center increasing gy p y g
current in BR but having little effect near CTR.  



Annealing

• To restore somewhat the crystal structure 
hi h l t d i th di tiwhich was lost durring the radiation 

process, we can anneal the detectors 
d th l t th land then let them cool.  

• I annealed the radiated detectors for 4 
minutes at 80o C.  



w3a3 15.88%
w6a1 19.69%
w6a2 12 56%

The Results
w6a2 12.56%
w8a1 8.25%
w11a3 9.96%
w12a1 13.92%

• In this graph you 
can see that thecan see that the 
annealing does 
decrease the current 
in the BR
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Accelerated Lifetime Tests

• To test whether the chips could 
withstand the temperatures incurred 
when forming the vacuum, we put g , p
them through bake cycles.   



Analysis

• Nothing happened that couldn’t be 
attributed to water condensation 
and dirty detectorsy



Summary
• My research shows that the TOTEM detectors will be able 

to fulfill their purpose.  
Th d l l d t t bl f• The edgeless planar detectors are very capable of 
terminating the current and thereby maintaining sensitivity 
within 50 microns of the edge.  

• Furthermore the detectors should age well (they only• Furthermore, the detectors should age well (they only 
begin to show serious problems at a fluence of about 1015

p/cm2) provided the beam is not lost in their vicinity.  
• Although annealing does help the detectors somewhat ItAlthough annealing does help the detectors somewhat.  It 

is not sufficient to counteract heavy radiation.  
• It seems that rapid temperature fluctuations do not 

aversely affect the detectors.  y
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What I’ve Done Here
• Made friends
• Traveled around Europe
• Got in a Polish newsletter
• Sleep on a bench and got “attacked” by a Swiss Animal
• Went to Mass with the Royal Family of Liechtensteiny y
• Danced in a Salsa Club
• Ate brain
• Had a BLAST!!!Had a BLAST!!!


