FTK integration in the ATLAS TDAQ
the Vertical Slice

Alberto Annovi
INFN Frascati
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~ ATLAS Trigger-DAQ concept (1)

Latency Rates
200 - 600 Hz TDAQ slides courtesy of
K. Kordas and S. Kolos

‘/The job of the Trigger and Data Aquisition
(TDAQ) System:

v’ Reduce 40 MHz bunch-crossing (~1 GHz of
proton-proton interactions) to O(400) Hz of
recorded events

v’ Transfer events from detector read-out to the
mass storage

ATL-DAQ-CONF-2007-022; Nucl. Phys. B, Proc. Suppl. 172 (2007)
ATL-DAQ-CONF-2005-025; IEEE TNS V53, Issue 3, Part 1, (2006).
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Latency Rates

* ATLAS has 3 levels trigger system:

3-5 kHz e HW based LVLai:
« 40MHz => 75KHz

e SW based High Level Trigger (HLT):

- LVL2 trigger:
- 75KHz => 3-5KHz
» Event Filter (EF) :
- 3-5KHz => 200-600Hz

:

;

75 kHz

:

40 MHz
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~ ATLAS TrigW

Latency Rates

= I
200-600 Hz Complete events

Event Builder

3-5 kHz
Event fragments
READ-OUT SYSTEM
R/O Buffers
ROI fragments ﬁ ﬁﬂ
75 kHz
ROl info
(physics
objects
found
40 MHz by LVLI)
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- FTKin the

-

Latency Rates

= I
200-600 Hz Complete events

Event Builder

:

3-5 kHz
Event fragments

READ-OUT SYSTEM

ROI fragments ﬁ ﬁﬁ 8 R/O Buffers

75 kHz + FTK full detector

;

ROI info
(physics
objects
found

40 MHz by LVLI)
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The FTK Vertical Slice (up to now)

Install existing FTK prototypes at Point 1
Execute the first part of FTK algorithm
pattern recognition to find low resolution roads
no track fitting (yet)
Goals:
Verify integration of FTK prototypes with ATLAS TDAQ

Verify hardware under normal data taking conditions

Verify that real-time FTK output from collision data
corresponds to FTK simulation
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/FTK block diagram
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Mal Slice block di

RODs

3
2

LVL1 output
~70 kHz
Event rate

S-links

E;Plxels & SCT EDRO

overlap
regions

2Ln—¢ towers

Second stage

Raw data
RQ Bs

~Offline quality
Track data
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“QUEST/FILAR/ROBIN/ROS

Slink data receiver

http://hsi.web.cern.ch/hsi/s-link/

e

S-LINK /O tools

Slink data receiver

ROS PC
With ROBINs
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FILAR or
ROBIN

Roads

- NEW from Pisa ‘

. HBIAMchipi

=
. 6Ab48Vols

270 Watts®1,8) |

.u sl b

Test system in TDAQ lab 4 at CERN,
Pisa, Bologha, Waseda
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Wﬁeration in AM =2 E OS—»

Test system in Bologna: sample run TDAQ Rate
HW hit generation 7 e e
inside EDRO I
. t..|  DAQrates 1Hz -62 kHz stable
to exercise the system g s . .
at low and high rates .l depending on event size
NO TDAQ errors P I030 1032 1034 1036 1038 1040 10;;1%1::;‘210’:46 1048 10:50 10:52 10:54 10:56 10:58 11:00

Mean size = 500 words

Online histograms

Mean roads = 90

TDAQ rate: 28 khz | EY¢ length s 1| N S e
- 1983 mi_ ~ ] RMS 62.38
Repeat - Ilj - AM roads

with full | -

I I l I - JL_LLH‘H
s000 |- -
o r 10000 [— L]
C a] 0—4 L L ZCIO L L L ‘ll L L IR S T S S E— L | 0_1 PR R l—x| L | Ll n f L i I DS TR SR

00 €00 800 1000 0 50 100 150 200 250 300 350

: on 100k events, 9M HW roads, 99% matched in simulation
e Wis&gpcg roads due to event mixing, wrong data transfer or cuts), 0.1% missing End-Events.
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FTK Vertical Slice at CERN



g = -
Dual-output HOLA

* Sends SCT & pixel data
to DAQ & FTK.

* All required boards
produced and tested.

* 32 boards installed at
P1.
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_Installing the dua

|6 pixels + 16 SCT dual HOLAs and fibers installed

OLAS

Preparing FILAR test PC that Mounting dual-channel Connecting FTK fiber to the
reads out the FTK link HOLAs on ROD-BOC boards  dual-channel HOLA
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1 EDRO + 2 FTK_IM

8.6 Gbit/s | «

From Front
End Chips

8.6 Gbit/
v 1 1.2 Gbitls

4.3 Gbit/s

4 pix (L1, L2) + 4 SCT
RODs per tower (0.3<n<1.15)
Total 16 ROLs for 2 towers

Now 1 tower:
4 SCT or 4 QUEST inputs
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Current VS status

Preparation of board prototypes and initial FW/SW development
(Italy, Waseda, TDAQ lab 32 at CERN)

Jan/Feb 2012: dual output HOLA installation
Sep 2012:
e (Crate and boards moves to Point 1
Sep-Oct 2012:
e FTK system integrated in the ATLAS partition
e Data pass-through (little processing)
Oct-Dec 2012:
e Developing SW and FW needed to find patterns w/ SCT
e More TDAQ integration tests
Jan-Feb 2012:
e Inclusion in ATLAS partition for cosmics, stand-by and collisions

e First pattern founds p-p collisions at sqrt(s) = 2.76 TeV
» More information in F. Lasagni’s talk

e Lot to TODO to get system ready for data taking
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lice in lab4

pP_HK Ve

“

| SNNISN————

A.Annovi - March 13th, 2013



PF——HK Vert ice

Single board computer
Sbc-tbed-ftk-0

AM board

9U VME crate

QUEST PC

pc-tbed-ftk-gst-0| \ P
=

Run control PC

pc-tbed-ftk-01 y ‘; '
ROS-like PC | i—
pc-tbed-ftk-02 . sl
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- FTK configuration in

‘000 [X| Oks Data Editor 000 X Oks Class : ReadoutModuleFTK

File Edit Options lindous Help | Class: | ReadouthoduleFTK

Schema Files: Objects:

/atlas/oks/tdaq-04-00-01/daq/schema/RODBusy, schema, xml ﬁ uID LookUpTables

/atlas/oks/tdaq-04-00-01/dag/schema/coca, schema, xml . - ] ]

/atlas/oks/tdag-04-00-01/dag/schena/core, schema, xml / _ Ox1 /det/tdag/Ftk/Ftk_ve/Ftk_edro_l/data/tover0_LUT_
. i P

Data Files:

File Rep Hatching UIDs: I Match case I Reqular expression J
/atlas/oks/tdaq-04-00-01/bcm/segnents/BCH_DOM_PH_tree,data,xml read-only hohe ﬁ 000 X! Oks Object : ReadoutModuleFTK@Edrol
/atlas/oks/tdaq-04-00-01/ctp/su/L1CT_su,data,xml read-only | none Object ID: |Edrol
/atlas/oks/tdag-04-00-01/dag/hu/hosts-bst ,data, xml read-only none

Class: IReadoutHoduleFTK
/atlas/oks/tdag-04-00-01/dag/hu/hosts-1v12,data, xml read-only none |2
=1 T P Data File: | /det/tdagq/ftk/oks/dag/segments/FTK-Segment,data,xml
Matching names of filess |} 1 Match case I Reqular expression Datas
T Y

Attributess:

Classess
PhysAddress I 0

EnableSpy | Ox1

LookUpTables , /det/tdag/Ftk/ftk_v2/ftk_edro_1/data/tower0_LUT_new?_20130123.

SimulatedHits | /det/tdag/ftk/ftk_v2/installed/share/data/ftk_edro_1/inputs/!

PixelMap I.r*detftdaq/Ftk/Ftk_vZ/Ftk_edm_l/data/PixelMap.txt,

SCTMap I /det/tdag/Ftk/ftk_v2/ftk_edro_1/data/SCTHap_20130201_1ink IdExpanded.

IM_Prescale I 0

. «
ngteI'S and a rew I MaxHits | 115
fo Iv e a Ch b O ard SimulatedTriggers I /det/tdag/ftk/ftk_v2/instal led/share/data/ftk_edro_1/inpu
OutBuf I /det/tdagq/ftk/outputs/spybuffer _EDROinput,dat
I ¥/
= - e . I~ ] -
* reading data file "/atlas/oks/tdaq-04-00-01/dag/segments/R0S/ros-specific-config-FTK,data,xr
* laadina 2 rlasess fram File "Zatlasloke/tdan-Nd-NN-N1 /dans=chena /RONMBHsn echema vml "
| T Close!
« - 4

A.Annovi - March T13th, 2013 24



File Commands Access Control Settings Logging Level

Help

j Commit & Reload ”Load Panels -

IR R e ok e O

RUN CONTROL STATE

—Run Contrel Commanas

[ SHUTDOWN | | EOOT |
|  TERMINATE | = imianize |
[ ONCONFIG__ ] | CONFIG ]
| STOP ] | STARI ]
| HOLDTRG | = RESUMETRGC |

Beam Stable 0 |W1rm Start || Warm Stop

Run Infermation & Settings

Lumi Block 3

Number Rate
Level 1 507698 4.68 kHz
Level 2 450352 4.60 kHz
Event builder 4579 44.36 Hz
Event filter Q 0
Recorded 0 Q

Information . Counters . Settings |

[ Run Contral | Segmenis & Resgfurces | Dataset Tags |
Vs

v | RUNNING Rootconfmer

RCD-FTK

ROS-FTK

FTK_AM:pC-Tik- 12pu-test-01

G Ftk_Am_App
L2-Segment-1L:pc-ftk-12pu-test-01

WA

| RootController

Top-LVL2-L2-Segm ent-l-calnenrf
L2SY-Segment- L:pc- k- 12pu-test
L2Sy-1
L2-Segment-1-1:pc-ftk-12pu-t
EBEF-Segment-1:pc-Ttk-12pu-test-01
DFM-1

LVL2ResultHandler-1
Top-EF-EBEF-Segment- 1-Gatherer
EBF-Segment- Lipc-TK-12pu-test-0

Integrated with
runControl

. Infrastructure [ Advanced I

2 ) Show Online Segment Find: |

«| ) M Ib,i

=] [ Match Case Repeats

' Subscription criteria  [v] WARNING [ ERROR [v] FATAL [ INFORMATION [ Expression Subscribe
TIME |  SEVERITT | APPLICATION | [MAM E MESSAGE
Clear B Message format | 5ed | End| Visible rows | 100t={ Current MRS subscription WARNING |[ERROR |FATAL
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FTKSim for validation

FTK vertical slice validated against FTKSim
Offline FTKSim

e Generates configuration files
e Produce list of expected roads/tracks
e See G. Volpi’s talk

Online FTKSim
e Reproduces internal data and output data bit by bit
e HW validation and debug
e See F. Lasagni’s talk

A.Annovi - March 13th, 2013
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Test strategy

Test prototypes at home institutions
Bring prototypes to CERN and test at labg
e With quest
Integrate prototypes in USA1j5
e Standalone tests with quest
e Parasitic tests with SCT and Pixels

« FTK in a separate partition

e Integrate FTK in ATLAS partition

A.Annovi - March 13th, 2013
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Activity during Long Shutdown1l

Long shutdown 1 (LS1) until end of 2014

Using VS rack in USAi15 for prototype tests
 Add ATCA crate
¢ Include final FTK prototypes when available

Prepare for FTK demonstrator installation

Install

Install dual-output HOLAs for Pixel and SCT

Install

| racks in USA15

| crates, fibers and services

Install first production boards when available

Commissioning

A.Annovi - March 13th, 2013



Cards to be integrated
for first stage track finding



« 4 FTK_IM/DF receive ROD’s data and do cluster

/’
» Prototypes produced, tested, and used @P1.

 Few changes needed for DF compatibility.

« Final Production after tests with IBL BOC
(summer)

e Distributes found clusters
to 64 FTK n-¢ towers.
ATCA for complex fiber-to-
tower mapping.

e Designed and being
manufactured.

* First task: test high speed
serial data transfer and
ATCA control functionality.
Firmware being written.

|9|eed ur 3ura3sn|D (NI~ M1 08~
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e 128 PUs do pattern matching and
the 15t stage track fitting.

* APU consists of an Associative
Memory VME board (a)(AMB-
Europe) and a large Auxiliary
Card (b) (AUX-UoC) behind it.

tested
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* Receives DF data, sends
coarse hits to AMB, receives

back roads, and does the 15'-
stage fitting (8 layers).

e Final board design close to
completion.

e Firmware written; testing/
integration in progress.

* Engineering review in March.
* Produce prototype in April.
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Summary

FTK VS with early prototypes integrated integrated in
ATLAS TDAQ

Starting planning of activity for LS1
e Integration of final FTK prototypes

e Preparing for FTK demonstrator
e Get the system ready for data taking

Installation of FTK demonstrator in 2015

A.Annovi - March 13th, 2013



