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L1Calo - Short overview

e Legacy System (Runl & Run2):
Re-commissioning & Re-calibration

L1Calo Ak TOBS ™ Topo

A Electron iore.opticERE o > L1A
(dirita” supercells Feature [ST5 L Excha'fge 9% L1Topo L1CTP
- Q 0 Extractor | |2 [T+ pf Legacy —?
* Phase-I System (New for Run3): "LL1Topo | 3
Jets, T, :ET ETIHISS
. . . . . 0.1x0.1 DAQ & Rol
Commissioning & Calibration oo | 0 et Foature L)
Optic > Extractor El 3 ~
Exchange Tl M
. > Large-R Jets
b 0.2x0.2 DAQ & Rol
Run 2 IegacY L1Calo system will run (8T Gioba il A% Ro
in parallel with Phase-1 system at | Lhaid L
the beginning of Run 3 o Jets, 3
. : DAQ & Rol .
m.0) | JetEnergy - (FELIX) o
|(_::1ralogue) > Processor CMX Counts
[nmcm[TREX] ¥To RODs ¢
Tile—’ Pre-processor &/n Legacy: Run 1
(analogue) ‘ - Cluster L : Run 2
To RODs o1 0_]' Processor ENX s B
(n.¢) 4ToRODs §

30.05.2022 Damir Rallloff — Commissioning & Calibration Requirements, Trifels 2



Why to re-commission & re-calibrate the legacy system?

e New LAr electronics

e New TREX board ] L
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New LAr electronics - Introduction
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New LAr electronics - Run2 overview
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New LAr electronics - Run3 overview
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New LAr electronics — New TBB delays

Phase-l upgrade of LAr leads to slightly changed timing between different layers of LAr

* Calculate & apply new Tower Builder Board (TBB) delays in calibration runs

* Changed TBB delays for actual physics runs predicted & applied

* Done by Thomas (Details in talk)

* Checks during Splashes & Pilot run
(stay tuned)
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https://indico.cern.ch/event/999745/contributions/4222866/attachments/2205395/3731951/TJ_L1Calo_JointMeeting.pdf

Why to re-commission & re-calibrate the legacy system?

e New LAr electronics

e New TREX board ] L
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New TREX board - Run2 & Run3 differences
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New TREX board - Overview

 pLCD: Passive bridge replaces LCD

<+— VME backplane
MPSoC

3x Opt-Tx —— == from Opt_-'_rx
1x Opt-Rx p =) to eFEX & JFEX

@tt = mmm) to gFEX

readout
Opt- | =) to ROD

PREDATOR
FPGA - Bidir. - to/from
<=

* DINO FPGAs: Config & Monit
Duplication and transmission to CP, JEP
& new systems

additional
power,
GND, etc

r/o data from ReM

nMCMs - FPGA

] <= | @ch) FELIX
L4 PREDATOR - :voiam:rzé:::), en:v;:m :?cl_\'}':-zr’c';m’
— Realtime: Data formatting and — s2x
assive 16x
transmission to FEXes o aGaxon|  LOD 32x = 32x + flo > CP
— Readout: Data formatting and prihysing FPGAS
. . 16x (0.2 x 0.2) 16x 16x + flo > JEP
transmission to legacy ROD & FELIX rem TREX

T— Compact PCI connectors —T

* Installed only in Tile crates
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Why to re-commission & re-calibrate the legacy system?

e New LAr electronics

e New TREX board ] L
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New TTC system: ATLAS Local Trigger Interface (ALTI)

With the upgrade: new sub-detectors which need TTC modules, but low on spares of legacy TTC

modules

Replaces the following legacy modules: the Local Trigger Processor Interface (LTPI), the Local Trigger
Processor (LTP), the TTC VMEbus Interface (TTCvi), and the TTC Emitter (TTCex)

Single VME module
All sub-detectors moved to ALTIs
Whole new TTC setup

(changes in calibration & physics timing,
calibration setup, clock distribution, etc.)

TTC SIGNAL DIRECTION DESCRIPTION

BC forward Bunch crossing clock: 40.079MHz, 50% duty ratio.

ORB forward Periodic signal representing one LHC turn. Period is 3564 bunch
crossings, pulse width is 40BC.

L1A forward Level-1 trigger accept signal of 1BC pulse width.

TTRJ[3..1] forward Auxiliary triggers generated locally by the partition.

BGO[3..0] forward Signals for sending B-channel TTC commands.

TTYP[7..0] forward 8-bit trigger type identification word associated with each L1A.

BUSY backward Used to infm"m the CTP to introduce L1 A dead-time, i.e. throttle
L1A generation when the readout buffers are overwhelmed.

CALREQ[2..0] backward 3-bit word issued by the sub-detector and used by the CTP to
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Why to re-commission & re-calibrate the legacy system?

e New LAr electronics

e New TREX board ] L
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Time

* Broken equipment over time: Replace with spare & repairs
» Software updates: OS updates, TDAQ & Run control SW updates, L1Calo SW updates, etc.
e Calorimeter changes (re-calibration needed):

— Repairs & replaces of broken equipment

— Aging of calorimeters & time related effects
— Re-configuration
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How to re-commission the L1Calo legacy system & commission the new

Phase-1 system?

* Legacy system:
— Standalone tests in P1
— Standalone calibrations & combined calibrations with calorimeters
— Combined runs with calorimeters
— In ATLAS: Standalone tests & combined runs with several subsystems
(e.g. during Milestone weeks (M-weeks))

* Phase-1 system:
— Module specific hardware, firmware & software tests in Home
Institutes or Surface Test Facilitiy (STF) at CERN
— Combined slice tests with all Phase-1 modules at STF
= Synchronous readout & event building
=  Transmission through all modules
— Combined runs with calorimeters in P1
— In ATLAS: Standalone tests & combined runs with several subsystems

(e.g. during Milestone weeks (M-weeks)) i
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Re-commissioning & commissioning in ATLAS (1)

Many tests in Home Institutes, STF & P1

Focus on tests in ATLAS especially during M-
weeks

M1 (May 2020):
— First time combined running in ATLAS
since 2018
— L1Calo fully powered & included except
L1Topo & Athena Monitoring

M3 (August 2020):
— L1Topo included

M7 & M8 (May 2021 & June 2021)
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TREX & Stage 1 of ALTI: Milestone week 7 & 8

e M7 (03.05.-07.05.2021):
— TREX installation

e M8 (14.06.-18.06.2021):
— TREX legacy path integrated & validated
= 100 kHz readout to legacy ROD
& error free real-time data to CP/JEP

FARSNE NY

= First Phase-1 L1Calo system : ,/ | ;//"\ , //l)

integrated in ATLAS | {\ \ // ]lf i

_ Stage 1 of L1Calo ALTI setup S — e e FE— ;
= LTP, TTCvi, TTCex replaced . | s — |
= 2x LTPi still used wme e EZZZZZ
ber =
— o p— T — —
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Re-commissioning & commissioning in ATLAS (2)

« M9 (September 2021)

— TREX Phase-1 readout tests I1calo-efcO-rc
— eFEX & gFEX included in ATLAS RUNNIE l1calo-gfco-rc
— Preparation for Pilot Beam » [RUNNING™| 11calo-readout

o~ 33 Infrastructure

ROS-TDQ-CALPP-00
ROS-TDQ-CALPP-01
ROS-TDQ-CALCJ-00
ROS-TDQ-TOPO-00
I1calo-swrod-app-efex

e M10 Pilot Beam (October 2021)

I1calo-swrod-app-gfex

I1calo-felix
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Pilot beam 2021

First LHC beam since 2018

e 18th October - 01st November:
— First week: Splashes
— Second week: Collisions

 Re-commissioning of legacy system:
— Check Tile signals through TREX
— New TBB delays: Check timing

 Commissioning of Phase-1 system:
— FEXes recorded data parasitically

* Legacy Athena Monitoring integrated
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Special runs: Splashes

Special runs with high statistics to check the legacy timing
CMS

TDE
¥,

Splash: Dump beam into collimator 100m from ATLAS
— Shower of particles, every cell is hit

Beam 1: Splash from right side, hits A-side first

Beam 2: Splash from left side, hits C-side first Clearing

TCSG
TCLA
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Splashes: Legacy system

* New TREX board:
— Tile signals were successfully
provided to legacy system

* New TBB delays:
— Legacy timing in a good shape
— Predictions were made correct
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n
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First collisions: Legacy system

* Several collision sessions with I Lt (1) | I
unstable & stable beams during
the 2nd week N '=

10* 1
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Splashes & Colissions: Phase-1 systems

* FEXes recorded data parasitically
during the week (not affecting the
ATLAS partition and the legacy system)

Sererdlyp efex_sigerithes:ermegy. threwheld (38 pe-{1c men-<0.
I 4~ Register: energy_threshold (efex_algorithm)

* TREX providing TILE signals to both
Legacy and Phase-1 systems

= L:::::J
l

: Legacy splash
T _ o PR .
T eFEX rates durmg stable beam | | |
ool L1 T ESES 1S RSN SN SRSy NSRY USSE S8 NS) SURUNSRY USR] y

30.05.2022 Damir Rallloff — Commissioning & Calibration Requirements, Trifels 23



Re-commissioning & commissioning in ATLAS (3)

»  M12 (March 2022) E T T T T T TS
— Last Milestone week 5 oF e
— After: Continuous data taking with € 10— —_—
24h shift coverage B =
— Final ALTI setup (last legacy TTC modules replaced) o | ;
* Another splash session (Start of May 2022) P Beamt ]
L ke oo A S o s bt

— Legacy timing still in a good shape [ e p e H R R R RS

n
after ALTI changes g agp e e
— eFEX readout in ATLAS data stream 3 w m | 408
: B ET »
2 - ] il
. . E 10__ ........ urentit AU SOVUNE SUROUUINE NNUNRTONE USRI SO, ...... -__: 30
* Collisions (Last week) = 1 AR N
£ Ojlﬁ ﬁ . _: o
* Currently fast moving & interesting Phase-1 T B 5
. . . . F 10
commissioning work ongoing 0 Beam 1 | 5
_gol Hadronic Layer  ATLAS Intemal
. . L , , 4 3 2 1.0 1 2 3 4 0
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Summary commissioning status Phase-1 systems

* TREX: | RUNNING |®l1lcalo-rocl-rc
— 100 kHz Phase-1 readout to FELIX with some issues | RUNNING |@l1calo-ttc-rc
— Real-time path to FEXes validated __RUNNING | I1calo-topoo-rc
RUNNING @ Ilcalo-fox-rc
« eFEX included in ATLAS during splashes, jFEX, gFEX & IRRUNNINGE| 0 11 calo-efco-re

| RUNNING |©®I1calo-jfco-rc
. RUNNING | Ilcalo-fix-rc
¢ | RUNNING | Ilcalo-readout

Phase-1 Topo parasitically

e All Phase-1 systems were able to be included recently RUNNING | ROS-TDQ-CALPP-00
into overnight ATLAS low-rate runs (stopless removal . RUNNING | ROS-TDQ-CALPP-01
implemented) . _RUNNING | ROS-TDQ-CALCJ-00

RUNNING = ROS-TDQ-TOPO-00

RUNNING 1 I1calo-swrod-app-trex6

RUNNING \ I1calo-swrod-app-trex7

~ RUNNING ‘ I1calo-swrod-app-efex0

RUNNING I1calo-swrod-app-jfextopo
> RUNNING I1calo-monitoring

>| RUNNING | HLT

* Issues seen with readout especially at high-rates for all
the systems
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Next Phase-1 commissioning steps

* Every Phase-1 system is heavily pushing to get the readout stable
& functional
— Readout is not stable enough yet: A lot of corrupt & dropped
readout packages from all systems
— Issues with new readout interface FELIX
— Stable readout needed for validating algorithms & compare
to simulation

e Validate the full real-time path
— LATOME/TREX input mapping verified
— FEX to Phase-1 Topo links tested: FW work ongoing
— Phase-1 Topo to CTP links to be re-tested
— Latency measurements
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Summary re-commissioning status legacy system

* Legacy system overall in a good state, running stabily in several combined runs, splashes & collisions

* Some smaller issues most probably due to new ALTI setup (Topo busy, CPM errors, etc.) > Mostly
fixable with FW reload

* Legacy physics timing in a good state, detailed analysis with more collision data

* Noisy/problematic tower hunting with LAr & Tile ongoing, already several tower fixed

ogicalll

e Re-calibration of the legacy system ongoing

|
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Legacy calibrations

e Standalone calibrations:
— DAC scan:
= Set the signal pedestal (zero voltage level) to the same value for all channels
= Scan through different DAC offset values to check linear dependence to digitized

ADC values
— PED scan:
=  Measure the mean value and width of the signal pedestal distribution for each TT
* Combined calibrations: [~ =~ " 7" |71

— PHOS4 scan (timing) |~ ~1 1 <~ | < 1 | NN N NN

— Energy scan LA A AAAANA A KA A A A LA
LA A A A A A A NFNININNIN
i i o i b i iy s N N TN e e T
LA A A A A 1A A NN
% % % % “% y % “"""/"‘ 1 ss¥ 067.0) -u/sgw;asi 20256 (40500 | 15261 (R.060.0) mn}:iu{ 772 @350%5.0)
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PHOS4 scan (Timing)

* Need to adjust input timing delays per trigger tower with a precision of ~1ns
e Calorimeter charge injection pulses as input
* Scan pulse by stepwise moving the input timing (1 step = 1.04ns)

 Compare measured peak position to ideal position for 15 ADC slice readout (175ns)

hist_Owverlapexample

A\ peak energy of - Entries 15
[ 1 Mean 183.3
— analogue pulse 350 ‘ T, ﬁ\ AMS 61.67
| ldeal sampled s00b- | \ energy pp0-ppmO0 [0]
\ underestimated! g t—
) [ : /[ 175ns ~peak
200 “ 3 / S
f < r ‘\\
150 ‘ g i ?
J \'L
{ “,
100 [ ™
‘\..L‘_
' g ideal timi
tord s ~ ~ ideal timing
Digitised signal TvTTTw w0 wm w B L e
olal Step Number
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Energy scan

* Energy calibration per trigger tower implemented in analogue receiver gains

e Calorimeter charge injection pulses as input, increase energy every 200 events

: : = = . . __| %/ ndf 35/3
e (Calibrate with respect to the S T amae preliminary | Offset  0.0650.07
. 0! slope  0.91+0.00087

(more precise) energy as = F o

measured by the calorimeter 5200 ]

UJD—
* In offline analysis derive receiver gains 180 .
.

100} 3

o :

50 ..-"" —

o
Oh.. S i g Q. l@ 1 . 1 o el N
0 50 100 150 200 250

E, ADC [GeV]
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Legacy calibrations - Status

After a long debugging phase after ALTI upgrade LAr & Tile
calibrations finally working

Tile calorimeter:
— Timing calibration with final ALTI setup done - Calibration
partition timed in
— Energy scans taken, validation ongoing
— Tile gains seem to be lower, Tile workshop 2" of June

LAr calorimeter:
— Timing calibration with “almost” final ALTI setup done =
Calibration partition timed in
— Energy scans taken, validation ongoing
— Issues seen in FCAL-C, debugging ongoing
— Changes in LAr ALTI setup = Timing calibration re-taken

Noisy/problematic tower hunting ongoing
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Phase-1 calibrations

First thoughts about FEX calibration done

Store parameter in Trigger Menu (stable) & COOL database (changes more often)

Preliminary parameter calculated with MC studies & simulation

eFEX (COOL parameter):
— Noise cuts (depend on several factors)
— Electron cluster calibration (dead material corrections)

* JFEX (COOL parameter): e gFEX (COOL parameter):
— Noise cuts — Noise cuts
— Small-R jet E; calibration — Pile-up parameters
— Tower masks — gTower calibration LUT

— Pile-up parameters
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Back-up Slides



Timing Adjustment — Pilot Run

ADC Counts

ldea:
1. Fit calorimeter signal to data
2. Compare to read out ADC values

3. Difference in time

between max. amplitudes = correction
Adjustment:
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