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muons; AUCle — Accelerating RF frequency: 53 MHz
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— Ring circumference: 11.13 us
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https://ftbf.fnal.gov/

Introduction

The Fermilab Test Beam Facility
provides user a silicon strip based
telescope to reconstruct the
trajectories of the particles

Upstream station

The telescope is composed by 12
planes, 6 upstream and 6
downstream the Detector Under
Test (DUTSs) station

The two arms can be moved to
leave enough space for any
device to be mounted on a
remotely controlled moving table

A dry air system and a chiller +
Peltier cells system can be used
to keep the DUTs at controlled
humidity and temperature
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Downstream station




Sensors

e Each sensor has 640 strips and a
thickness of 320 um

 Strip pitch is 30 um

* The readout pitch is 60 um, exploiting
the capacitive charge-division

e Each station is composed by two
sensors mounted on a support,
rotated by 90 deg relative to each
other

— a 2D hit position can be reconstructed
from each pair of sensors

* The supports are tilted by 15 deg
around the vertical axis

* The overlap area of the two sensors is
3.8 x 3.8 cm?
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Readout chip (

0.25 um CMOS process
128 analog inputs

Independent Beam Crossing
Oscillator (BCO) and readout
clocks

— The BCO has 8 bits and is used to tag the

HHH 128 channels of analog circuits

8 analog channels

To silicon strip detectors

16 sets of logic each handling

> Core Logic

incoming data

— Readout clock runs at up to 70 MHz

Data driven readout: all data that

are above threshold are
transmitted

Both sensors and ROCs are
leftover production for the
cancelled DO Run Ilb
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https://ieeexplore.ieee.org/document/1684129

Telescope readout - 1

 DAQ is based on the CAPTAN hardware (Compact and Programmable daTa
Acquisition Node) designed few years ago at Fermilab

* Simple FPGA board with an Ethernet link
 The DAQ can operate safely up 50 kHz trigger rate
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https://ieeexplore.ieee.org/document/4775101

Telescope readout - 2

* The Fermilab computing division is developing an Off The Shelf Data Acquisition
(OTSDAQ), based on the XDAQ CMS framework

* OTSDAQ is used to take data with the silicon strip telescope and allows easy
integration of any DUT by means of
— a DAQ interface providing standard Finite State Machine functions (“Configure”,”Start”,”Stop”)
— alow level C++ interface to its readout chip

* Most of the CMS Fermilab based experimenters, CMS Inner and Outer Tracker,

CMS Timing, CMS HGCAL have been fully integrated in OTSDAQ and are taking
data synchronized with this telescope

Parameter Setup
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http://otsdaq.fnal.gov/

Track reconstruction and alignment - 1

* Track reconstruction and telescope alignment are performed by means of a
C++ based package called Monicelli, developed and maintained by a FNAL -

INFN Milano - Bicocca team

e A graphical interface guides the user through the steps of the procedure

* The program processes two files: the raw data file and an XML file
containing the geometry of the telescope (p05|t|ons and rotatlons of each
plane and its readout chips) === = B
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https://cdcvs.fnal.gov/redmine/projects/monicelli

Track reconstruction and alignment - 2

¥ Th e a Igo rith m eX p I O itS t h e Ka I m a n fi |te r & Applications  Places  Monicelli: the track reconstruction program of the Fermilab test-beam
to get the best track parameters and

Monicelli: the track reconstruction program of the Fermilab test-beam
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e Control histograms can be produced and
visualized at each step in order to verify | 5w e v e
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* Final ROOT n-tuples contain the
reconstructed tracks and the associated
hits on each plane and DUT e N 1
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* A new geometry file can be produced
containing the updated geometry

£ || [l tbeam@localhost:~/TB_Software/M... || | Monicell: the track reconstruction p...

e Another C++ package called Chewie is
available to analyse the final n-tuples

Davide Zuolo - BTTB9 9


https://cdcvs.fnal.gov/redmine/projects/monicelli/repository/revisions/develop/entry/documents/StripTelescopeAlignmentFormalism.pdf
https://cdcvs.fnal.gov/redmine/projects/chewie

Predicted errors on DUT

IHIPlease note the log-scale!!!
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Checking the predicted errors - 1

x residuals

47645

-0.4148

9.2

70.29 /37

2680 + 16.8
-0.3859 + 0.0333
6.362 + 0.038

 FBK 3D silicon pixel detector for the
CMS tracker phase 2 upgrade

2500

65.18 + 4.33

 Active thickness 150 um o
* Pixel cell 50 x 50 pm? g
e bias voltage 20 V s
e threshold 1200 e t
* DUT tracks residuals distributions W e T %
* Hits on DUT with cluster size 2 S
* Track impact point computed using 43 =
charge weighting
e RMS is 6.4 um 'E
e Subtracting in quadrature the mean E
values of the telescope errors (4.25um) —
the detector resolution results 4.7 um SN0 10 1
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Checking the predicted errors - 2

y residuals

e DUT tracks residuals distributions

* Hits on DUT with cluster size 2 oo
* Track impact point computed using ool
charge weighting ol
* RMSis 5.7 pm ol
e Subtracting in quadrature the mean ool
values of the telescope errors (3.9 um)
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Conclusions

* The strip telescope of the FTBF have been successfully installed
and commissioned in the second half of 2018

* A dedicated track reconstruction and alignment procedure, based
on the Kalman filter approach, has been implemented

* The error on the track impact position at the DUT position has
been measured to be ~ 4 pm
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Introduction - 2

* One of the stations of Pixel station
the pixel telescope
previously installed is
still present

* Itis not used for track
reconstruction but
each reconstructed
track is required to
have an associated hit
on one of these
planes

* This is done to reduce
the fake rate
determined by the
trigger-less readout of
the strip planes
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https://www.sciencedirect.com/science/article/abs/pii/S0168900215015521?via%3Dihub

Telescope readout - 1

e The FSSR2 transmits all data that are above threshold

e Data are internally time-stamped in the chip with a running 8 bit
counter (BCO)

* |n order to correlate these data with a trigger, another counter,
synchronous with the BCO counter of the FSSR, has been
implemented in the CAPTAN FPGA. This counter is used to extend
to 48 bits the native FSSR 8 bits counter but also to time-stamp the
trigger coming from the scintillators.

» Since the trigger is always registered in the FPGA with a fixed delay,
then we can correlate the particle arrival and FSSR BCO with the
constant delayed trigger counter latched in the FPGA.
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Clock distribution scheme

Segment selection index

318 MHz
39.75 MHz l—l I—l

26.5 MHz: external clock

318 MHz, 39.75 MHz, and 13.25 MHz clocks are derived via MMCM from 26.5 MHz clock
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Synchronizing a data driven ROC with a trigger

FSSR Data driven PSI46 Triggered Scintillator
_ | _ i
FSSR DATA *’8146 DATA TRIGGER 1
BCO 1
FPGA FPGA TIMET
COUNTER 1 COUNTER 1
TRIGGER - FSSR BCO
BUILDER ALWAYS 4
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Synchronizing a data driven ROC with a trigger

FSSR Data driven PSI46 Triggered Scintillator
| _ s
*’8146 DATA
SSR DATA
BCO 1
TRIGGER 1
FPGA FPGA ' i
COUNTER 2 COUNTER 2

BUILDER
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Synchronizing a data driven ROC with a trigger

FSSR Data driven PSI46 Triggered Scintillator
*’8146 DATA
FPGA FPGA !
COUNTER 3 COUNTER 3
SSR DATA TRIGGER 1
BCO1
BUILDER
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TIME 3
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Synchronizing a data driven ROC with a trigger

FSSR Data driven PSI46 Triggered Scintillator
| _ s
*’8146 DATA
FPGA FPGA ! Kl
COUNTER 4 COUNTER 4
SSR DATA TRIGGER 1
BCO1 :
BUILDER
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Synchronizing a data driven ROC with a trigger

FSSR Data driven PSI46 Triggered Scintillator
| _ s
*’8146 DATA
FPGA FPGA ! Kl
COUNTER 5 COUNTER 5
TRIGGER 1
SSR DATA
BCO1
BUILDER
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Synchronizing a data driven ROC with a trigger

FSSR Data driven PSI46 Triggered Scintillator
| _ s
*’8146 DATA
FPGA FPGA ! Kl
COUNTER 5 COUNTER 5
RIGGER 1 DATA
CO5
SSR DATA
BCO1
BUILDER
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Synchronizing a data driven ROC with a trigger

FSSR Data driven PSI46 Triggered Scintillator
. . >

”[’8146 DATA

ﬂk
TRIGGER 1

FPGA FPGA | Kl
COUNTER 6 COUNTER 6
SSR DATA RIGGER 1 DATA|
BCO1 : BCO5
TRIGGER - FSSR BCO
BUILDER ALWAYS 4

Davide Zuolo - BTTB9

25



Synchronizing a data driven ROC with a trigger

FSSR Data driven

PSI46 Triggered Scintillator

ﬂk

PSI46 DAT
TRIGGER 1

FPGA FPGA ‘
COUNTER 7 COUNTER 7
SSR DATA RIGGER 1 DATA|
BCO 1 : BCOS5
BUILDER
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TIME 7

TRIGGER - FSSR BCO
ALWAYS 4
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Synchronizing a data driven ROC with a trigger

FSSR Data driven PSI46 Triggered Scintillator
>
FPGA FPGA Kbl
COUNTER 8 COUNTER 8

SSR DATA PSI46 DAT RIGGER 1 DATA
BCO 1 TRIGGER 1 BCO 5
TRIGGER - FSSR BCO

BUILDER ALWAYS 4
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