Beamtests of HPK/KEK nt-in-p pixel sensors
for ATLAS HL-LHC upgrade inner tracker

Daiki Yamaquchi (Tokyo Tech.)

on behalf of
ATLAS-] Silicon Group, ATLAS PPS Collaboration, and
Hamamatsu Photonics K.K

Wednesday, February 18, 15



10th “Trento” Workshop, 18 Feb. 2015

ATLAS-] Pixel development

Develop nt-in-p planar pixel sensors for ATLAS upgrade,
collaborating with Hamamatsu Photonics K.K

Focus on:
— Uniformity of high hit efficiency even after irradiation

Optimize the pixel structures (See Nobu’s talk)

Testbeams
— DESY in Aug. 2013 PolySi Bias rail
— DESY in Nov. 2013
— DESY in Feb. 2014
— SLAC in May 2014
— (CERN in Oct. 2014)
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Testbeam Analysis

Four analysis topics

1) Uniformity of hit efficiency for Non-irrad. sensors
» TB at DESY in Aug. 2013 & in Feb. 2014

2) Uniformity of hit efficiency for irrad. sensors
» TB at DESY in Nov. 2013 & in Feb. 2014

3) Performance of Long Staggered pixel
» TB at DESY in Aug. 2013

4) Performance in dense environment

» TB at SLAC in May 2014
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Testbeam at DESY in Feb. 2014
— Located as close as possible
» Pointing Resolution: ~6 pm

Test samples
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Non-irrad. sensors

Overall Hit efficiency

Sensor Type Hit Efficiency at 15 V [%] |Hit Efficiency at 100 V |[%]
Type 10 88.0877 ¢ oo 99.844 70005
Type 12 88.77170 09 99.80710 0on
Type 14 — 99.72170 000
Type 4 — 99.68810 007
Type 5 — 99.72810 010
Type 19 — 99.67710 0os

more than 99%
Hit Efficiency pixel map
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Uniform hit efﬁuency for all non-irrad. sensors
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Non-irrad. sensors

Influence by Bias rail
— - Hit Eff. in blue - Hit Eff. in black
= influence by bias rail
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— Hit Efficiencies are not affected by the bias rail
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Irrad. sensors

Testbeams at DESY
— Multiple scattering
» Pointing Resolution: ~26 pym

6 Telescopes & 2 DUTs

Test samples

Large Offset
(Type 10)
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Wide P-stop
(Type 13)

Wide P-stop

® Fluence:
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Thickness: 320 pm

No bias
(Type 19)
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Irrad. sensors

Overall Hit Efﬁaency
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Irrad. sensors

Evaluate the hit eff. drop under
the bias rail quantitatively

— Hit Eff. pixel map is projected
into long side

— Normalize, Fit by Gaussian
and calculate the area

Efficiency Loss per pixel
=S /(1.0 x 500 pm)

But we have samples w/
different sensor thickness &
radiation fluences...

Hit Efficiency
(normalized at center)
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Thickness & Fluence Correction

Take the differences of thickness & fluence into account

— Approximately, fit bump side by an error function

— Normalize to

Large Offset sensor with 150 um, 5x1015 neqg cm-2

— calculate transfer function

Bump side (before correction)
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Irrad. S@NSOIrS(Gx10%5 e cm-2, 150 pm)

Efficiency loss per pixel under the bias rail
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Long Staggered Pixel

“Long” = 25 x 500 pm? pixel
“Staggered” = Offset by half pitch

25 um §

Position resolution

— Short side: 25 pym pitch
better position resolution than 50 pym pitch

— Long side : 250 pm pitch
due to staggered geometry 6 Te

lescopes & 2 DUTs

Testbeam at DESY in Aug. 2013

— Non-irrad. sensors
w/ 320 pm thick
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Reconstruction

Convert FE-14 pixel configuration (to “Long” pixel sensor)

— FE-14 chip: 80 col x 336 row pixels (default)
— Long pixel sensor: 40 col x 672 row pixels
Clustering is done with “Long” pixel, not “staggered pixel”

Shift hit positions for odd row pixels (to “staggered” pixel)

' ‘ 1 A .- = o
. " 672 row | e 1_——;
336 row I‘f? ; ——
<
2=20um
SOumt
bump +——
FE-14 pixel configuration Sensor pixel configuration 13
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Reconstruction

Convert FE-14 pixel configuration (to “Long” pixel sensor)

— FE-14 chip: 80 col x 336 row pixels (default)

— Long pixel sensor: 40 col x 672 row pix<,

Clustering is done with “Long” pi:e. nc¢  “scaggered pixel”

Shift hit positions for. odd :ow »iicis (to “staggered” pixel)
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Performance at dense env.

Evaluate performance of new pixel sensors
in dense environment

Testbeam at SLAC in May 2014
— 2.5 GeV e—: ~10 particles/event '

— 13 GeV e—: ~70 particles/event

(particles/event is measured 6 Telescopes
at the most downstream telescope) 3 DUTs

Test samples (Non-irrad. w/ 150 pm thk.)

\(— \f—

PolySi Bias rail PolySi Bias rail

Reconstruction & Analysis are on-going s
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Summary

ATLAS-]J Silicon Group has developed
nt-in-p planar pixel sensors,
collaborating with Hamamatsu Photonics K.K

Optimizing the sensor structures
Testbeam analysis

— Non-irrad. sensors:
uniform hit efficiency more than 99%

— lrrad. sensors:
Hit Eff. under the bias rail is largely improved from
original sensors
Especially, the offset of bias rail helps well

— Long Staggered pixel & Evaluation in dense env.
Reconstruction and Analysis are on-going
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Future

Irradiation at CYRIC in Feb.

— 5 x pseudo-4chip samples w/ 150 pm thick

— Target Fluence: 3 x 1015 neqg cm-2

Testbeam at DESY in March

— untested irrad. sensors:

D E=E ===
A4 Y -

Al bias rail Al bias rail

A

Al bias rail

\ ( [
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Issue about no ref. planes

Trigger
Scintillator

\/

Beam
_
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Trigger signal [] .t

«— 1152 us —0m-—
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Testbeam in Nov. 2013

Without refrence planes

Hit efficiency by the number of tracks per trigger
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Testbeam in Feb. 2014

With reference plane

Categorize tracks by two condition:

— exist hits on reference plane or not
— the number of tracks per trigger
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Residual Problem

Analyzed with TBmon v2.0
and got the hit position Y vs residual Y plot below:

Hit Y Vs. Residuals Y DUT 20

S NlMWWWMMWWn -
MM Ml <
g wmnio) N,

—~~ two residual values for each hit position
/ => clustering or alignment problem

Hit position in Y [um

To solve this problem,

reconstruction is on-going with EUTelescope v1.0.0

— Clustering with long staggered geometry

22
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Reconstruction issue

Recognize hits as noise due to very high multiplicity

Correlatlon TelO vs DUT20

'-r HILALOmeEahon st
i Eniri 206506
N;i:'i |.'-*i et ;ﬁ “ﬂ:.;, Jl" Meanx 3406
it et Meany  0.04992
" g .tll-'. i E'e":T'-*l RMS x 4.475
I A -HMS:.r 7102

X at DUT20

hits at beam center
are masked...

A
X at TelO
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Reconstruction issue

Recognize hits as noise due to very high multiplicity

Correlatlon TeIO vs DUT20 Correlatlon TelO vs DUTZO
Ifj =
) i D
D e # D i
5 2 s
> " >
X at TeIO hits at beam center X at TelO

are masked...

— Threshold to distinguish hits and noise is set larger
(Kimihiko K.)

Further reconstruction and analysis is on-going
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