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L_The Collaboration

Introduction

| will present the analysis results of the performance of the Sintef

2E 3D detectors.

This work has been carried out within the T-992 Collaboration.
T-992 collaboration aims to the develop and study radiation hard
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Lput

The main goal of the T-992 collaboration is to investigate

the properties of

Silicon thin planar

Silicon 3D

Diamond

= Several detectors, both irradiated and not, available for testing

My analysis concentrated on a
particular type of Sintef 3D detectors,

the most promising 2E design
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LTelescope Resolution

Tracking and Alignment

8 Plane Telescope, DUT in the
center

DAQ Visualization of the telescope after
the transit of the beam.

Requiring:

Particle detected by all 8 planes )
. x°/DoF < 10
Only one hit per plane

=- Average resolution of ~ 8 um
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LAnalysis Results
LCharge Collection

Charge distribution: Landau (beam perpendicular)

Charge distribution for size 1 clusters without cuts:

Charge distribution for single hits Dut0 | ‘ Charge distribution for single hits Dutl |
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m Unirradiated: M.P.V. = 12830 e~
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Preirradiation value from a sensor from same batch: 14 ke~
— Charge loss: 10.8%
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LAnalysis Results

L Charge Collection

Charge distribution: Landau (2)
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LAnalysis Results
LCharge Collection

Charge distribution: Landau (3)
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LAnalysis Results
LCharge Collection

Charge distribution: Landau (4)

Superimposing the 3 previous distributions:
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LAnalysis Results
LCharge Collection

Charge distribution on cell (beam perpendicular)

‘ Cell charge 2D distribution, second hit Dut0 | ‘ Cell charge 2D distribution, second hit Dutl |
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Charge distribution uniform on the pixel apart from electrodes
where it drops down (~50%).
Obviously:
m The value inside the electrodes is artificially increased by the
telescope resolution.
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LAnalysis Results

LResolution

Size 1 clusters residuals (beam perpendicular)

Residuals computed as difference between measured and predicted coordinate.

X Residuals Y Residuals
- ~ For size 1 clusters the measured coordinate
9 “ - . . .
8 = i is assumed in the center of the pixel.
£ = We expect rectangular residuals convoluted
< .
> e L = with a track error Gauss:
7 -
[
= .
5 .
E e 0] )
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LAnalysis Results

LResolution

Size 1 clusters residuals (beam perpendicular)

Residuals computed as difference between measured and predicted coordinate.

X Residuals Y Residuals

For size 1 clusters the measured coordinate
is assumed in the center of the pixel.

We expect rectangular residuals convoluted
with a track error Gauss:

INEREEN]

Unirradiated

—  Width of rectangular function ~ pixel
pitch - charge sharing region

Irradiated
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LAnalysis Results

LResoluticm

Size 1 clusters residuals (beam perpendicular)

Residuals computed as difference between measured and predicted coordinate.

X Residuals Y Residuals

- O - For size 1 clusters the measured coordinate
8 = i is assumed in the center of the pixel.
£ = We expect rectangular residuals convoluted
> e with a track error Gauss:

—  Width of rectangular function ~ pixel

3 pitch - charge sharing region

3 - — Gauss ¢ — telescope resolution +
T T (possible) charge sharing
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LAnalysis Results

LResoluticm

Size 1 clusters residuals (beam perpendicular)

Residuals computed as difference between measured and predicted coordinate.

X Residuals Y Residuals

- O - For size 1 clusters the measured coordinate
8 = i is assumed in the center of the pixel.
£ = We expect rectangular residuals convoluted
> e with a track error Gauss:

—  Width of rectangular function ~ pixel

3 pitch - charge sharing region

3 - — Gauss ¢ — telescope resolution +
T T (possible) charge sharing

Almost all Gauss os about 8+9 pm: charge sharing very localized
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LAnalysis Results

LResoluticm

Size 1 clusters residuals (beam perpendicular)

Residuals computed as difference between measured and predicted coordinate.

X Residuals Y Residuals

For size 1 clusters the measured coordinate
is assumed in the center of the pixel.

We expect rectangular residuals convoluted
with a track error Gauss:

LA
AENRRRE

Unirradiated

—  Width of rectangular function ~ pixel
pitch - charge sharing region

— Gauss o — telescope resolution +
(possible) charge sharing

L
[EEEEREREE]

Irradiated

Almost all Gauss os about 8+9 pm: charge sharing very localized

Only x residual distribution for unirradiated is wider (~11 pm):
possible deviation from orthogonality
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LAnalysis Results

LResoluticm

Size 2 clusters residuals (beam perpendicular)

X Residuals Y Residuals

m Assuming the measured
coordinate at the divide between
adjacent pixels

Unirradiated
§

m Requiring total charge <30 ke™
to reduce J-ray contamination

Expected residuals resulting from
convolution of charge sharing region
with telescope resoultion Gauss.
Distributions fitted with a Gaussian.

MERTENERE)

Irradiated
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LAnalysis Results

LResoluticm

Size 2 clusters residuals (beam perpendicular)

X Residuals Y Residuals

m Assuming the measured
coordinate at the divide between
adjacent pixels

¥ ¥ 8 8 8

Unirradiated
§

m Requiring total charge <30 ke™
to reduce J-ray contamination

Expected residuals resulting from
convolution of charge sharing region
- with telescope resoultion Gauss.

o =92 pum  Distributions fitted with a Gaussian.

MERTENERE)

Irradiated

— 0o close to telescope resolution (89 pm)
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LAnalysis Results

LResoluticm

Size 2 clusters residuals (beam perpendicular)

X Residuals Y Residuals

m Assuming the measured
coordinate at the divide between
adjacent pixels

¥ ¥ 8 8 8

Unirradiated
§

m Requiring total charge <30 ke™
to reduce J-ray contamination

Expected residuals resulting from
convolution of charge sharing region
- with telescope resoultion Gauss.

o =92 pum  Distributions fitted with a Gaussian.

MERTENERE)

Irradiated

— 0o close to telescope resolution (89 pm)
— Much of the dispersion compatible with a few micron wide
sharing region
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LAnalysis Results

LResoluticm

Size 2 clusters residuals (beam perpendicular)

X Residuals Y Residuals

m Assuming the measured
coordinate at the divide between
adjacent pixels

¥ ¥ 8 8 8

Unirradiated
§

m Requiring total charge <30 ke™
to reduce J-ray contamination

Expected residuals resulting from
convolution of charge sharing region
- with telescope resoultion Gauss.

o =92 pum  Distributions fitted with a Gaussian.

MERTENERE)

Irradiated

— o close to telescope resolution (89 pm)
— Much of the dispersion compatible with a few micron wide
sharing region
— Still, x residuals for unirradiated show wider distribution

(possible angle tilt)
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LAnalysis Results

L Cluster size

Cluster size distribution (beam perpendicular)

[Cluster sizs distbution (standard o Dutt |
10d
. b
) ‘ Unirradiated ‘ Irradiated

1 o Size 1 ratio 9524% 9300%
T Size 2 ratio 421% 614%
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custor size custor size
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2D distributions on pixel for
unirradiated: much of the size 2
TR clusters are localized on the borders. If
b4 the localization was perfect, size 2 ratio
« would be equal to the sharing area
= divided by the total, therefore the
= extension of their area would be given
B by:

| 23
L o

. i 150um - 100pum
Size 2 d=r-
2+ (150um + 1004.m)

Size 1 cluster distribution on pixel Duto
.

Where r is their ratio. From data: d ~ 1.6um 13 /34
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LAnalysis Results

L Cluster size

1D size 2 cluster distribution

X Residuals Y Residuals Size 2 cluster distribution on x (left) and
Dbl s fstrbution X coordnate Buid] [Double it dsiibion Y coordinte o] y (right) for unirradiated (top) and
o o1 irradiated (bottom) sensors.
008~
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h effect from sharing
oz along other
sk coordinate (distance
. from border
% >20pm)
'-(u: ) . Fit with a Gaussian.
= e - v SR ey U R R ey Distribution very localized.
The origin of the coordinate is set at the
oc=286 uwm oc=289 um divide of the pixels.
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LAnalysis Results

L Cluster size

1D size 2 cluster distribution

X Residuals Y Residuals

Double hits distribution - X coordinate Duto Double hits distribution - Y coordinate Duto
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Size 2 cluster distribution on x (left) and
y (right) for unirradiated (top) and
irradiated (bottom) sensors.

Field Electrodes y

@)

Fiducial area cut for
x and y coordinate
applied to avoid
effect from sharing
along other
coordinate (distance
from border
>20pm)

Fit with a Gaussian.

Distribution very localized.

The origin of the coordinate is set at the
divide of the pixels.

Much of the dispersion due to telescope resolution: width of size 2
cluster distribution compatible with few microns.
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LAnalysis Results

L Efficiency on Cell

ED 60
x (um)

Irradiated
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LAnalysis Results

L Efficiency on Cell

Overall efficiency:

Cell efficiency Duto

m Unirradiated: 93.60%
m Irradiated: 94.31%

The electrodes are passive elements: lower efficiency.

S0 40

&
X (um)
Unirradiated

Cell efficiency Dutl

Irradiated

15 /34



Test-beam study of the performance of Sintef CMS-2E 3D pixel detectors
LAnalysis Results

L Efficiency on Cell

Overall efficiency:

Cell efficiency Duto

B

m Unirradiated: 93.60%
m Irradiated: 94.31%

The electrodes are passive elements: lower efficiency

S0 40

~ Considering electrode efficiency 0, calculations
Unirradiated

bring to total efficiency of 95.89%

Cell efficiency Dutl

Irradiated
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LAnalysis Results

L Efficiency on Cell

Overall efficiency:

Cell efficiency Duto

m Unirradiated: 93.60%
g m Irradiated: 94.31%

The electrodes are passive elements: lower efficiency.

S0 40

~ Considering electrode efficiency 0, calculations
bring to total efficiency of 95.89%

Unirradiated

Cell efficiency Dutl

~ Efficiency inside signal electrodes lower than that
inside field electrodes

— Signal electrodes radius larger than design

Irradiated
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LAnalysis Results

L Efficiency on Cell

Overall efficiency:
m Unirradiated: 93.60%
m Irradiated: 94.31%

The electrodes are passive elements: lower efficiency.

~ Considering electrode efficiency 0, calculations
bring to total efficiency of 95.89%

S0 40

60
x (um)

Univeadiated ~ Efficiency inside signal electrodes lower than that

inside field electrodes

Bl — Signal electrodes radius larger than design

Efficiency distribution on cell

Simulation with resolution
o of 8 um:

efficiency value

inside electrodes set

to 0, signal

electrode radius at

10 pm and field

electrode radius at

7 pum

Irradiated
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LAnalysis Results

L Efficiency on Cell

Measurement of signal electrode radius

1D cell Effiiency - X coordinate second hit Duth
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Projecting efficiency along x coordinate and applying fiducial area
cuts we obtain the plots on the left.

The fit function is a constant efficiency outside the electrodes and a constant efficiency inside
them convoluted with a Gaussian smearing function.
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LAnalysis Results
LEfficiency on Cell

Measurement of signal electrode radius

1D cell Effiiency - X coordinate second hit Duth
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Projecting efficiency along x coordinate and applying fiducial area
cuts we obtain the plots on the left.

The fit function is a constant efficiency outside the electrodes and a constant efficiency inside
them convoluted with a Gaussian smearing function.

Irradiated
m Best fit for signal electrode radius value at 10 um
m Efficiency inside electrodes compatible with 0

m Smearing fully consistent with telescope resolution
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LAnalysis Results

L Efficiency on Cell

Measurement of signal electrode radius

Projecting efficiency along x coordinate and applying fiducial area
cuts we obtain the plots on the left.

The fit function is a constant efficiency outside the electrodes and a constant efficiency inside
them convoluted with a Gaussian smearing function.

Irradiated

Y m Best fit for signal electrode radius value at 10 um

m Efficiency inside electrodes compatible with 0

/ m Smearing fully consistent with telescope resolution

Unirradiated
T Yok The problem of angle tilt is obviously present also here.
© @ m;r.) m Best fit for signal electrode radius value at 11 um
m Efficiency inside electrodes compatible with 0
om0 | o |
m Smearing higher than telescope resolution (angle)

16 /34



Test-beam study of the performance of Sintef CMS-2E 3D pixel detectors
LAnalysis Results
LEfficiency on Cell

Measurement of field electrode radius

1D cell Efficiency - Y coordinate second hit Duth

AR [ Repeating the same argument along y coordinate we
- Y/ obtain the plots on the left.

Fit function as before, with only one electrode in the

st g g middle.
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LAnalysis Results
LEfficiency on Cell

Measurement of field electrode radius

1D cell Efficiency - Y coordinate second hit Duth

TR e Repeating the same argument alon coordinate we
o VA peating g gy
- Y/ obtain the plots on the left.

Fit function as before, with only one electrode in the

st g g middle.

Both detectors

L
R - s
038! \“ o/ | +‘

Y 7 m Fit returned radius value of 7um, compatible with
. the design radius

m Smearing fully compatible with telescope resolution
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LAnalysis Results
LEfficiency on Cell

Measurement of field electrode radius

Repeating the same argument along y coordinate we
obtain the plots on the left.

Fit function as before, with only one electrode in the
middle.

Both detectors

m Fit returned radius value of 7um, compatible with
the design radius

m Smearing fully compatible with telescope resolution
Efficiency inside field electrode larger than 0:

~ 25% Unirradiated Be aware of the large error!

~ 37% Irradiated
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LAnalysis Results
LAngle Scan

Efficiency vs Angle

Unirradiated DUT on a rotating plane, irradiated in a cold box:

— angle scan with 5° step from 5° to 25° for unirradiated,
rotation on x axis;

— angle scan only at 10° and 20° for irradiated, rotation on y
axis (not analyzed by now).
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LAnalysis Results
LAngle Scan

Efficiency vs Angle

Unirradiated DUT on a rotating plane, irradiated in a cold box:
— angle scan with 5° step from 5° to 25° for unirradiated,
rotation on x axis;
— angle scan only at 10° and 20° for irradiated, rotation on y
axis (not analyzed by now).

g 93% - o
af > Efficiency Increasing with angle up
ot T to 20°
o5t > Drops down at 25° because of
o3 o threshold effect

25
Angle (deg)
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LAnalysis Results
LAngle Scan

Efficiency on Cell vs Angle

When a particle crosses an electrode, the detectable track-length is
reduced by a geometrical factor depending on the angle and the
effective radius of the electrode.

On top row data, on bottom row simulations

Particle
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L Angle Scan

Efficiency on Cell vs Angle

When a particle crosses an electrode, the detectable track-length is
reduced by a geometrical factor depending on the angle and the
effective radius of the electrode.

On top row data, on bottom row simulations

Particle
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L Angle Scan

Efficiency on Cell vs Angle

When a particle crosses an electrode, the detectable track-length is
reduced by a geometrical factor depending on the angle and the
effective radius of the electrode.

On top row data, on bottom row simulations

Particle
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L Angle Scan

Efficiency on Cell vs Angle

When a particle crosses an electrode, the detectable track-length is
reduced by a geometrical factor depending on the angle and the
effective radius of the electrode.

On top row data, on bottom row simulations

Particle
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LAnalysis Results

L Angle Scan

Efficiency on Cell vs Angle (2)

Cell efficiency Duto

el

0 40 20

Efficiency distribution on cell Efficiency distribution on cell

6 40 20

At high angles, the effect of the signal
electrode is combined with the charge
sharing, decentralizing their position
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LAnalysis Results

L Angle Scan

Efficiency on Cell vs Angle (2

Cell efficiency Duto Cell efficiency Duto
| S

Expected for angle >25°
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LAnalysis Results
LAngle Scan

Charge Sharing: cluster size distributions

Size 2 ratio: 6.0%  Size 2 ratio: 10.0% Size 2 ratio: 15.6%

Size 2 ratio: 22.6%  Size 2 ratio: 30.8%

— Note for example that, for 25°, even though almost all the
tracks cross at least 2 pixels, we obtain only 30.8% of size 2
clusters.

This is clearly due to the threshold cut effect. 22/34
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L Conclusions

Conclusions

Performed beam test of the Sintef 2E detectors

\/ Excellent performance of the detectors

v/ No significant degradation in performance after a radiation
damage up to 1015 neq/cm2 of fluence

\/ Detailed scan of performance indicates that the radius of the
signal columnar implant is larger than design value

\/ The field electrodes appear to have a radius fully consistent
with design value and sizeble detection efficiency

v/ In addition, the lower efficiency of the unirradiated sample
could be due to bad signal electrode fabrication

Looking forward for the next irradiation steps at 5 - 10%°
Neq/cm? and beyond.
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L Backup slides

LOther angle-dependent distributions

Size 1 monodimensional spatial distribution vs angle
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Gauss increase with for small
Gauss o (pum) 6.2 7.7 8.3 10.0 11.7 angle angles
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L Backup slides

L Other angle-dependent distributions

Size 2 monodimensional spatial distribution vs angle

Double hits distribution - Y coordinate Duto

[Double its istrbution - Y coordinate Do ]
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Double hits distribution - Y coordinate Duto

ST L
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‘ 5° ‘ 10° ‘ 15° 20° ‘ 25°
Both
Fit function: Gauss Constant 0.09 0.16 0.47 0.58 0.66 quantities
increase with
Gauss o (um) 7.7 7.8 10.6 12.8 15.8 angle

Different
rotation axis
for small
angles
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Backup slides
L Other Issues

Alignment

X Residual (10 um)

X Residual (10 um)

st
800 1000 1200

400 2
X Coordinate (10 um)

L |
-800 -600 -400 -200 0

200 400 600
Y Coordinate (10 um)

The alignment consists in minimizing
residuals by moving the plane positions and
reconstructing tracks. A quick check of its
reliability is the correlation between
residuals and coordinate, expected to be 0
for a good alignment.

The evaluation of the rotation angles along
the axes perpendicular to the beam line
suffers big errors, since the beam is very
collimated.
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L Backup slides

L Other Issues

Threshold
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Thveashold Thveashold Sigma reashold Threashold Sigma

Not Irradiated Irradiated
threshold = 4100 e~ threshold = 3800 e~
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L Backup slides

LFit Results

Fit Results: Charge distribution

}(2 I'ndf 2036136
Prob 2768025
width w0911
E WPV 12830104 415306401
4000 Area 5.595e+07 + 1.909e+05
E Gsigma 211168
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LFit Results

Fit Results: Size 1 cluster residuals
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LFit Results

Fit Results: Size 2 cluster residuals
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LFit Results

Fit Results: Size 2 cluster distribution
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LFit Results

Fit Results: Electrode radius
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1D efficiency fit function

section along the perpendicular coordinate is

D Given a coordinate x, the length of the electrode
r

r=2-1/R?—(x —x0)?

L L
X
Where R is the electrode effective radius and xp its center
coordinate on x axis. Given h the fiducial area width, A the
efficiency outside the electrode and B the efficiency inside it, the
measured efficiency at x will be:

_ A-(h—r(x;R)) + B-r(x;R) (x; R)
h h

A is what is called "Max Value” and A — B is called "Max - Min”.
This function is then convoluted with a Gauss.

—A-(A-B).-
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L Efficiency Computation

Angle scan efficiency calculation

We assume the particle hitting the detector in the point (xp, yp) with an incidence
angle « along y direction. We take the y-section of the detector on the point xp
(gray circle). The total length ltot is h/ cos(a), where h is the thickness of the
sensor, and the calculation of the undetectable track-length /;,cf (the part of the
track that crosses the electrode) is a simple geometric problem. We simply call the
detectable track-length log (effective length), which is just lrot — linefr-

Note that the distribution of charge released will be scaled from the one at 0° by a
factor ltot /h = 1/ cos(a).

For a track to be detected the charge released ¢, must be greater than the threshold
thr:

I [/ h
c,>thr~>c0»£~e—”>thr:>co>thr»— (1)

h ot lef

where cq follows the distribution at 0°. But we know that such distribution is a
Landau convoluted with a Gauss (see Slide 6), LG(c).

Therefore, the probability that the particle is detected, i.e. the Note that thr is only rapresentative of the threshold: the fact is

efficiency, is

that the charge is released as a Landau L(c) and the threshold
behaves as a Gauss centered in the real value thrg:

+oo
e= / LG(c)de @
thr. 1
eff oo .
where LG is normalized. For my calculation | used the €= /_Oo G(thr — thro)dthr /th h L(c)de (3)

distribution obtained in Slide 6.

EY

e,
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