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e turn sensor to study charge sharing between columns

» incident angle similar to dip angle in CMS
* beam test this week

e first results



CMS: dip angle dependence of z resolution
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track dip angle [°]

e dip angle:
» A =1/2 - 6.

e 2z = column direction

e optimal resolution at
28° = atan(150/285)

» sharing between
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DUT with tllt and turn
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psi46dig pixel readout chip
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Program

e single chip module with psi46dig chip 47

» bump and wire bonded at PSI

» thresholds trimmed to 25, 30, 35, 40, 50, 60, 80 DACs (50 e)

> bias -150V

> fixed tilt angle 19° (like Lorentz angle in CMS)

» 4.4 GeV, typically 500 Hz telescope trigger rate with 9E9 e- in DESY
* Vary turn angle:

> 27°,18°% 45° 36° done. 9° and 0° today.

» take threshold scan at each angle

» two good 5 min runs per point
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DUT clusters

columns per cluster
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column resolution with turn angle

dig chip47, trim 30, run 6208, 4.4 GeV, 27° turn top view:
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column resolution at 27°

fiducial clusters
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beam test vs CMS
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Summary

 QOur test beam setup allows turning in addition to tilting

» study charge sharing in column direction

> extended up to 54° turn angle

* Optimal resolution at 27°:
» 30% improvement by reducing threshold from 4 to 1.5 ke.

« More analysis to follow...

D. Pitzl et al.: beam test with tilt and turn 11 HH CMS pixel upgrade meeting, 8.2.2013



Back up
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DESY Testbeam Schedule 2013 - version of December 14 2012

Week TB21 B22 324/1 :1324
DATURA none elescope CAL elescope PCMAG im:rne
Swapped (telescope) PCMAG I
2 -- -- - -—- - - | --
14-Jan 3 - ITER ele setup |
4 X0 — CALICE AHCAL |
— s|swapped|cmsPixirad CALICE AHCAL — PcMMG  BECAL
g-Feh 6lorder  JcMs Pix-fwd - - eemmGe | —
R——
7 CLICpix SiPM LorAngle | —
8 | — SIW ECAL — SiPM LorAngle — | —
3 - 5c ECAL EUTelescope - - DESY TPC ! -
11 ALICE ITS — DESY TPC ! -
12 [cms Pix-irrad — DESY TPC 1 —
13 lcws pix-ka — LCTPCTime | —
1-Apr 14 | — GRPC-SDHCAL — LCTPCTime —
15 — GRPC-SDHCAL .
17 — SIW ECAL ILCPOL BS GEM 1
18 — SC ECAL BS GEM I
6-May 19 DEPFET --- LorAngle I
20 FE-14 — GridPix I -
21 CMS Pix-ro — IBelle 2 PID
3-Jun 23 CLICpix — — CALICE AHCAL |
24 lcuicpix — MuPix 3 CALICE AHCAL |
25 lavice Ims — APIX 3D — IpICSEL
26 fcms Tk — DIA-SiGe - — IPICSEL
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changes to EUTelescope code

* inclined track:

>x=x0+(z—zo)tam9x
>y=yo+(z—20)ta1ru‘}y

e sensor plane at z defined by normal vector n = (n,, n,, n,)

» plane equation: (7 [A(F-r)) = 0]

e insert track equation into plane equation to get intersect:

> 2,-2y = [n,(2,~2y) = n vy, — n.x|/

nxtx -+ nyty +n,

» get x. and y, by inserting 2z, into track equations
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Rotations and transformations

ZO
cosmw 0O sinw 1 O 0
R, (@) =] 0 1 0 R (a)=|0 cosa —sina
—SsIin w O cosw 0 sina COS

Transform intersect point into sensor coordinates:

X
y'|=R,(¢) R (~a) R (~w) |y| + |a where z' =0
Z

with alignment parameters ¢, a, w, a, a.
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Landau distribution chip 47

» digital chip 47
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RMS(Ax) [um]
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column resolution vs cluster charge
dig chip39, trim 24, run 5559, 4.4 GeV, 26° turn top view:
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e Best resolution for mips
at the Landau peak
around 24 ke

e Poor resolution below 18
ke:

» broken clusters

e Poor resolution in Landau
tail above 40 ke:

» delta rays
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column resolution at vertical incidence

dig chip47, trim 24, run 5474, 4 GeV, 0° turn
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