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* Placed directly in the beam
pipe.

~1 urad deflection with a dist
to IP of ~1000 m gives us 1

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




The Problems

* Large Dead Zones

« Radiation Hardness (i.e. ability to
withstand large does of radiation
and still function)

» Effects of Temperature Change
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Voltage Termination™ *

je will generate
ecreased gradually

ve imperfections
je generate current.

IS typically solved by
large “dead zones”.
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Does 1t Work?

* Yesitdoes...

* Active edges 50 um from edge
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Bias Voltage, V




Different Designs...




wéai 3rd BR [A]| ‘wea2 BR [A]' |wéa22nd BR [A]| ‘wea3BR[A] | ‘'wsbBR [A] 'weai BR[A] | wea3BR[A | 'webBR[A | ‘witaiBR[A] | wica3BR[A] | 'wiobBR[A]

3.976-00 4.0520-09 2.538e-09 8.6616-00 2.420-08 1.00438-08 1.39256-08 -3.2390-08 4.021e-09 -4.107e-08 -3.97e-09
9.108¢-09 7.745e-09 6.897¢-09 1.35650-08 4,615¢-08 7.9148-09 1.708e-08 4.2060-08 7.68¢-09 2.998e-08 2.305¢-08
4.2640-08 4.4476-08 2.983¢-05 5.4680-08 3.93e-08 3.4096-08) 4.9626-08 3.9380-08 3101608 2.4120-08 2.9588-08
5.099¢-08 4566008 3.806e-05 5.9082-08 4.4548-08 41742-08 B.1912-08 4.4220-08 3.4643-08 4.3642-08 3.4350-08
5.7176-08 5.2416-08 3.018e-05 7197e-08 4.993-08 4.4420-08 1.20548-07 5.030-08 3.7680-08 5.501¢-08 4.0358-08
7098e-08 5 580-08 0.0002519 1.02058-07 5.561e-08 4.715e-08 1.63526-07 5 764e-08 41338-08 6.7676-08 4 5448-08
8.173¢-08 5.9486-08 4.3e-12 1.1985¢-07 5.1280-08 5.003¢-08) 2.089e-07 5.581e-08 4.534e-08 7.728e-08 5.025e-08
91332-08 6.3736-08 1.86-12 1.38426-07 5.6838-08 5.311e-08 2.6826-07 7.393e-08 4.8542-08 8.5606-08 5.4596-08
9.8436-08 6.8256-08 25612 1.56776-07 7.2356-08 5.6266-08 3.2186-07 B.2570-08 5.1616-08 9.3356-08 5 §700-08
1.05546-07 7.3276-08 52e-12 1.75366-07 7811608 5.06546-08 3.7856-07 3.166-08 5.356-08 1.00682-07 5.096-08
T15606-07 7.89e-08 53612 10446607 B.4496-08 .3336-08 4302607 10074807 5 503608 108076-07 5 436-08
1.0620-07 §.5000-08 T8e-12 21308-07 0.1656-08 6.7276-08 5.0558-07 10084807 5883808 115446-07 71470-08
1.35448-07 0.2256-08 B de-12 2.341e-07 1.0003e-07 7.161e-08 5.421e-07 11917607 5.0526-08 12357607 7601e-08
1.44556-07 1.00596-07 Ble-12 2.5548-07 1.09686-07 7.6556-08 B.5126-07 1.08638-07 5.2316-08 1.3114e-07 B.0586-08
1.53860-07 1.10856-07 86612 2.785¢-07 12122607 §.2456-08| 7.309e-07 1.3860-07 6.5106-08 1.38420-07 B8.5776-08
1.634e-07 1.2265e-07 1.53e-11 3.0380-07 1.3529¢-07 5.904¢-08) B.1496-07 1,49358-07 . 798e- 1.45850-07 9.153¢-08
1.72688-07 1.37816-07 X 3.3218-07 1.5189-07 9.612-08 9.0638-07 152376-07 - 1.5339-07
1.8134e-07 isa 3.6180-07 1.7052e-07 | I N - [40de- 58680-07
1.82426-07
2.0376-07
21450-07

C )

for a given series.
Then typically the
al or b and lastly
comes the a3.
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Plasma Etched Detectors

« Shows little or no improvement

* This one is 2 order of magnitude worse
than woba1.




Radiation Hardness

 We now turn our attention to the

radiation @ ss of our detectors.
' n hardness, we

ith a specific

Jre the effect
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* First we irradiated five detectors with difference
fluences:
wbal (1073 p/cm?)
wba2 (4.97x10'3 p/cm?)
wba3 (1.44x10'3 p/cm?)
w8a3 (9.77x10'4 p/cm?)
w10a1 (4.32x1075 p/cm?)

* Next, it was necessary to measure how the
current changed.




Measurements

 Dramatic increase
In the BR current
(two to four orders
of magnitude)

« Small decrease in
the CTR current




- CQurrent Difference I

1.20E02 -

Current Difference [

2EH15 3EH15 4E+15

Huence [p/cm2]

Quantitative Connection

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
current in BR but having little effect near CTR.



Anneal

* To restore so Wil the crystal structure

which was lost dlllilg the radiation
process, wegfai@nieal the detectors
and then let thefay€ool.

* | annealed the g@diated detectors for 4
minutes at.80%Cy™

-




15.88%
19.69%
12.56%

The Results o0,

13.92%

* In this graph you
can see that the
annealing does

decrease the current
in the BR.

This decrease
* , ranges from 8% to
Voltage, 20% depending on
the chip.
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Analysis

* Nothing happened that couldn’t be
attributed to water condensation
and dirty detectors

W .




Summary

My research shows that the TOTEM detectors will be able
to fulfill their purpose.

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
begin to show serious problems at a fluence of about 10°
p/cm?) provided the beam is not lost in their vicinity.

Although 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.
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