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@) AlDA Introduct

* During beam-test frequently want to:
* Synchronize a detector under test (DUT) with external
signals

« E.g. scintillators to trigger on beam particles
» Cherenkov detectors (for PID)
» Accelerator (e.g. Spill signals, max-energy)

« Synchronize with other detectors
« E.g. With beam-telescope

i Elic University of
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AIDA  EUDET

* Originally designed for use |
with beam-telescope with  FElEEE
low beam rate i

|

* Handshake designed to
allow independent clocks

* (Optional) transfer trigger
number from TLU - DUT

TRIGGER DO D1 D2 Dn
tcd ,
BUSY

DUT_CLK W
tcp N
Elic University of

¥ = This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 654168. &,‘ BRISTOL




@) AIDA  AIDA-202

« EUDET TLU designed for ILC tests.

. ]'cl'ele_lsc)ope with “rolling shutter” MAPS pixel sensors (Mimosa
amily).

. '5I'lr(ilg_;|ger rate of EUDET system limited by frame readout to ~
Z

« - increasing use of beam telescopes by LHC detectors. Want
higher trigger rate

 No common clock - Difficult to interface to self-triggering
detectors

« E.g. some calorimeters.

« FPGA inside EUDET TLU becoming obsolete.
« >New TLU designed as part of AIDA-2020 project

* Open hardware, Open firmware
(https://www.ohwr.org/projects/fmc-mtlu)

e University of
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- Synchron
AI DA Interface

Scintillators _______ / \ ... /_\
Synchronous Trigger —\— ___________
Clock 1\ | | R | | \ | \
cl
sl

Busy 0000000000000 .

Internal State Acive Vetoed Act
vl

 DUT operates with same clock avt TLU
* Allows faster interface

* Cross check by matching time-stamp and trigger
number

» AIDA TLU can mix asynchronous (EUDET) and
synchronous (AIDA) mode interface B
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@ AI DAZD@Q@ nous Interface

INPUT PULSE

:E,Delay SN N | || || . H H i .."j H H d'l ” '||

[ELIL
¢
Measure P1:dt@Iv(C1.C2) P2:frea(C4) P3:--- P4:--- P5:frea(C4) P6:- - - P7:--- P8:---
value 135.0389 ns 39.6383 MHz
mean 128.499 ns 40.0063 MHz
min 114.7949 ns 38.8166 MHz
max 146.1616 ns 41.2087 MHz
sdev 7984 ns 271.6 kHz
num 14.050e+3 607.737e+3

status v i

10.0 #/div|
5.00 ns/divi

imebase rigger (4
100 ns/div} Stop
20kS 20 GSI/s

X1= -146.10ns AX=
X2= 500 ps 1/AX= 6.821 MHz
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20 Syn chrono
with Trigge

« Synchronous (“AIDA”) interface mode will be
extended to transmit trigger number
e Transmitted by TLU
« Synchronous with transmitted clock.

UL
Trigger / // \
Syne / 2y X D1 X D2//’_X D14 X D15\

i Elic University of
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FPGA Carrier

TLU Daughter card

LED + PMT Power

K University of
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110V —
240V power

PMT POWER

2x16
character

display
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AIDA TLU Para

* Four Device Under Test (DUT) Interfaces

* Five LVDS signals on HDMI connectors
» ( chosen to be compatible with CALICE)
« Converted by passive “dongle” to RJ45 interface used by EUDET TLU
» Converter to/from LVDS available ( thanks to CMS pixel upgrade group)

 Six trigger inputs
* +/- 53V range
» Adjustable threshold +/- 1.3V
 Fully configurable trigger “mask”

» Clock input or output

» Adjustable frequency, typically 40MHz
» LVDS clock input. Either on 2-pole "Lemo” or HDMI

» Optical I/O

» Currently used for protoDUNE
» Hardware compatible with LHC TTC format

EAKC University of
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=) AIDA  Triggeri

« Simple threshold
Sonistor discriminator

TTL

Leading .
1116 Ege finding > ede « Can trigger on any
deserializer LUT time . .
> combination of 6
640MHz 160MHz 8.2508 | n p UtS
Threshold
+/- 1.2V
5| Pulse 5] Pulse |
Stretch ”| Delay
6.25 - 200ns 25ns
i :x6 —> Trigger
' inputs ™77 » Forming »_ Reclock
<6 ! LUT
inputs >  DUT
i 160MHz Interface <::>
40MHz
Logic [0 a
' DUT
i Bl University of
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2020

) AIDA  Product

19 units produced
10 in benchtop, 9 in 19-inch enclosures

o Units delivered to DESY and CERN
o Available to other groups at Euro 2.2k each.

Completed porting of firmware from old to new hardware

Maintain all functionality from old TLU
Tested new functionality (clock generator, discriminators, trigger)

Serial encoded clock / sync / trigger over optical fibre implemented
for protoDUNE ( not TTC format )

[ University of
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AI DA Al.DA TLU int

Integrated with EUDAQ2:

Current version of TLU
producer stable and
working with EUDAQ2

Allows to configure
the TLU and read data

Tested at CERN and
DESY

Aiming for up to
1MHz average trigger

Config

Jusers/phpgb/eudag2/confinewTLU.conf Config
but is not on TLU a

but is not on TLU

GeolD: |0 Terminate
EXTERNAL Status

0 EXTERNAL

Run Number- Events Built

Rate: Triggers

File Bytes: Particles

Scalers

type - name state connection
Producer newTLU oK tcp://127.0.01:43248

rate
Testing/debugging
ongoing
e University of
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DAIDA " Tess

« DESY, October 2017

o Interfaced AIDA-2020 TLU with Mimosa
telescope

. Used EUDET (trigger/busy/trigger-
number) hand-shake

« Successfully took data with telescope

 Demonstrated backwards
compatibility with EUDET TLU

RISTOL
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AIDA  Tests

« CERN, PS (East Area) T9, November 2017
. Interfaced AIDA-2020 TLU with
« Mimosa telescope ( EUDET handshake )
. FE-I4 fast pixel plane ( EUDET handshake )
« Thanks to Andre Rumler
« “TORCH? project ( AIDA / Synchronous handshake )
« AIDA/Synchronous handshake
« Successfully took data with telescope, FE-14 and TORCH
. TLUProducer took data
. Records time-stamp of each trigger issued ( 25ns )

. Records fine-grained time-stamp of each trigger input

. ]Ic?ec):ords which inputs fired ( trigger mask may not demand all inputs
ire

« Some inputs connected to Cherenkov detectors. -yé University of
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 654168. BRISTOL




Area 19

* Used to provide clock and
trigger to non-AlDA2020
beam-test readout ( TORCH)

‘ 9

AIDA-2020 Telescope
Planes (MAPS, Mimosa)

"{‘\ " 1

Y | -'

AIDA-2020 TLU

=
(MInITORCH)

s
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- Differenc
timestam

* Mimosa telescope sets busy until two frames read out (
minimum time 115us, max 230us)

e ... this is what we are trying to avoid with “mixed mode”
Difference in trigger timestamps

2500 — CoarseDelta
: Entries 325724
| Mean 5.644e+05
L Std Dev 2.486e+05
2000 —
1500 —
1000 —
500 —
B 3 .
0 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I X1 O ;1ty Of
0 200 400 600 800 1000 TOL

Time Difference between triggers/ ns



. )20 Difference
AI DA timestamp

 Telescope scintillators in coincidence with downstream timing
detector

« Low trigger-rate
» Most frames contain a particle, few point to timing detector

* Not quite exponential — gap between spills gives high side tail

Difference in trigger timestamps

2500 — CoarseDelta
: Entries 325724
|| Mean 2.411e+06
H Std Dev 2.38e+06
2000
1500 —
1000 —
500 —
. Il University of
" i 1 . g e BRISTOL
1 1 i | F ey 4 byt L L
0y 10 12 14

Time Difference between triggers/ ns



AIDA  TLU Timi

e TLU time-stamps triggers with 1.56ns bins
« Will be changed to 781ps in later firmware

« Take difference between pulses from two trigger scintillators
» Telescope scintillators, CERN East Area T9

« Assume errors in quadrature - precision of single scintillator =

1.5ns
Difference in Scintillator Fine Timestamps
20000 - DeltaFine
B Entries 325725
50000 - Mean ~0.9537
: Std Dev 2.722
40000 :— ¥2 / ndf 7911 /50
N Constant 5.13e+04+ 1.15e+02
30000 __ Mean —-0.9761+ 0.0044
: Sigma 2.472+ 0.003
20000 [—
10000 —
This project has received funding from the Europ: E
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- ~“" Timing —
AIDA pulse ge

Histogram DeltaTime

5000

 Signal from
pulse generator

« Asynchronous “°°f
from TLU ; : ,
clock. 3000 N _—— ]

* Feed into two | ; : |
channels with = | | W I —
time offset

- Time difference ..., | T —
as expected

Entries

i i 0 ; i
%0 22 24 26 28 30
Time (ns)
and innovation programme under grant agreement No 654168. Bﬁfé"“]f‘ﬁ]'_l
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| )20
AIDA™ (TR

 TORCH project doing R&D on particle PID by ToF

« Cherenov light in thin quartz sheet perpendicular to beam
« Guided by TIR to edges.
« Read out by pixelated Micro-Channel Plate based PMTs

Beam Telescope

https://doi.org/10.1016/j.nima.2018.12.007

https://doi.org/10.1016/j.nima.2018.10.099

MCP
PMT 2 2
m -
I ] Threshold S
g? Cherenkov -
/’\é o | 2 §
o . S .
V) o %
QO/\Q = Q/“
C. ‘90/
_ %, f
Mini %, L

TORCH % 10m



https://doi.org/10.1016/j.nima.2018.10.099
https://doi.org/10.1016/j.nima.2018.12.007

Extrapola

* Reconstruct data from
Mimosa telescope with
EUTelescope

. E b
« Select events withonly &}
one track g -l
* Average of ~ 1.5tracks 5
per event e Tk
0 -
« Extrapolate from > —UE
telescope to position of na
timing detector :
» See outline of timing 3
detector 60 ) _
- See talk on East Area B
X Coordinate (mm)
Bl University of
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http://eutelescope.web.cern.ch/
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AIDA TORCH

* Aiming to measure single
photons with a precision of o ~ Blue — light in Cherenkov
70ps Red — no light in Cherenkov

« >Need to know impact point of 1

600

Entries

particle to O(mm)

* For some analysis want to know
particle type (p/n)

« Time of flight measured by small
dedicated detectors

 Threshold Cherenkov detectors in 30
beam

» Get signal for «, but not for protons
* Fed into TLU. Tag event by event -

Chernkov tag: . Jﬁm .

« Compare ToF with/without
028 | .|285| 29 29.5I I30 | 30.5I - |31

TOF measured between two timing stations (ns)

500

N

00

0o

200

TORCH Project Preliminary

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 654168. mm BI 2 IblUL
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" Interface to
Silicon Trac

» Readout chip designed for ILC

« = Short active time, then readout
 More details here
 To reduce dead-time, take data only when

particles are present
« Sinusoidal energy ramp in DESY accelerator.

» Get particles in beam-line only at peak energy of accelerator 3
o
..... ECut N S
) I 5%
% Bear% Spill g Energy dependent spill duration o %) 8
@ — cC o
; Tim E'C\.I
. T_End | O
TOo < > & a
- | i S

KPiX data taking duration R I% University of

g |5 BRISTOL
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https://indico.cern.ch/event/690846/contributions/2852762/attachments/1583330/2502714/2018JanWP5_lycoris_wmq.pdf

Interface t
AI DA Accelerat

* Provide a “spill” signal to AIDA-2020 Silicon strip
tracker (SiTra)

« See The LYCORIS Telescope at the DESY |l Test Beam
Facility

« Use one of TLU inputs to monitor accelerator signal.
« Parameters adjustable by setting registers.

e Could be used at CERN PS/SPS
« Use WWE , WE, EE

* Could be used with Calorimeter readout systems
* Firmware tested in lab.

i

[ University of
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https://indico.cern.ch/event/731649/contributions/3237200/

Beam Telesco
tracks per fra

« Can configure TLU to ignore BUSY from an DUT with
EUDET handshake

* E.g. Mimosa telescope + FE-41:
* |Ignore busy from telescope

« ->Can have more than one trigger sent to FE-14 during
frame readout of Mimosa

« Keep global trigger number (Same trigger number sent out
to both Mimosa + FE-14)
 Whether DUT BUSY vetoes triggers is configurable.

 For DUT where BUSY vetoes triggers, read out consecutive
trigger numbers

 For DUT where BUSY does not veto tritg ers, read out non-
consecutive trigger numbers ( if >1 particle per frame)

 Firmware tested in lab

 Tested at DESY

» See Status of the EUDET-type beam telescope infrastructure

Bl University of
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 654168. BRISTOL
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@ AIDA" summary

» Two batches “production” AIDA-2020 TLUs have been assembled
» Contact David.Cussans@Bristol.ac.uk for further requests

* Have tested with Mimosa Telescope and FEI-4

« Have tested simultaneous use of trigger/busy(EUDET) and
synchronous(AIDA) interface

. ]Ic:irmware in place to allow multiple triggers per Mimosa telescope
rame

« Tested in lab
» Tested at DESY — Mimosa + FE-14
« Order(s) of magnitude higher trigger rate from AIDA beam telescopes
» Have tested simultaneous use of trigger/busy(EUDET) and
synchronous(AIDA) interface
* ( Mimosa telescope + FE-I4 ) + TORCH
» Allows interface beam telescope with CALICE calorimeter.

* Firmware written to interface with DESY accelerator
* Programmable “spill” signal
« allow interface with AIDA-2020 Silicon tracker.

a

B

University of
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@) AIDA  Backup

« Backup Slides

‘ University of
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Cone of Cherenkov photons trapped by
TIR, guided to end of quartz sheet and

focused on to MCP-PMT |
Projection of cone folded by reflection at

40
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AIDA  SPS Spil

* Trigger time-stamps of first few spills in a run

Trigger times

50

40

30

20

B Elic University of
O_II|||IIII|IIII|IIII|IIII| IIIIIIII |||II|IIII|III 68 BRISTOL

0 10 20 30 40 50 60 70 80 90 100
Time /s



@ AIDA

Transition from FPGA Xilinx Series 6 (miniTLU) to Series 7 (v1C and later)

Currently working on bench with Enclustra AX3 FPGA

ARTIX TRIVIAL FMC CARRIER (ATFC)

HTTP://WWW.OHWR.ORG/PROJECTS/ATFC

Designed by Samer Al-Kilani (UCL)
Stand-alone

... but design will eventually be be included in TLU
Bare PCBs produced
Waiting for components,

Then assembly of first two at UCL

of
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http://www.ohwr.org/projects/atfc

@ AIDA

TRIGGER IN

TLU

DUT signal

Testing TLU latency

Measuring minimum latency.

Latency of each input and coincidence window
adjustable up to 400ns in steps of 25ns

Current firmware direct port of miniTLU

Includes multiple registers to suppress
meta-stability

ot yet optimized to reduce latenc 5 o
Y P y Bl University of
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@ AIDA

INPUT PULSE

:E,Delay SN N | || || . H H i .."j H H d'l ” '||

[ELIL
¢
Measure P1:dt@Iv(C1.C2) P2:frea(C4) P3:--- P4:--- P5:frea(C4) P6:- - - P7:--- P8:---
value 135.0389 ns 39.6383 MHz
mean 128.499 ns 40.0063 MHz
min 114.7949 ns 38.8166 MHz
max 146.1616 ns 41.2087 MHz
sdev 7984 ns 271.6 kHz
num 14.050e+3 607.737e+3

status v i

10.0 #/div|
5.00 ns/divi

imebase rigger (4
100 ns/div} Stop
20kS 20 GSI/s

X1= -146.10ns AX=
X2= 500 ps 1/AX= 6.821 MHz

ty of
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@ AI DAZOZO esolution test

* Measure difference in timestamp
between two inputs delayed by known
quantity.

* Granularity = 781 ps

* Work in progress

Bl University of
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@ AIDA

Histogram DeltaTime

5000 T T T T
4000_ ______________________ ___________________ ............................................
3000_ ...................... ................... ............................................
wn : : :
Q :
= :
c ;
u : : :
2000 _ ...................... ................... ..........................................
1000_ ______________________ ___________________ ..........................................
1 ] l 1 1
%0 22 24 26 28 30

Time (ns)
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@ AIDA

Bl University of
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