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ATLAS Liquid Argon Calorimeter

e Used to measure the energies of electromagnetic
particules (photons, electrons) and hadronic particules
in forward region

e Provides signals of triggering

o 40 million events per second

o Electromagnetic shower ionised the liquid Argon
o Induces triangular electric signal in electrode
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LHCto AL-LRC

Increase in luminosity in two phases in 2022 and 2029 to reach the HL-LHC
e Run3pu=50
e Run4p=200

Requires an upgrade of the detectors
e The triggering system for the ATLAS Liquid Argon Calorimeter (LAr) was replaced during phase-I
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Phase-| of the LAr upgrade

A new LAr trigger system for high pile-up environment with a total of 34048 SCs.
e Finer granularity than Triglger Towers.
o Better trigger energy resolution.
e Higher efficiency in selecting physics objects.

Trigger Tower (TT) Super Cells (SC)
e No longitudinal segmentation e Lateral & longitudinal segmentation
e Fixedsizein Anx A =0.1%0.1 e Increased granularity in Front and Middle to
e Upto 60 cells from 4 layers An x A =0.025 x 0.1
e Only~54kTT from 180k cells e Upto 8cellsfrom 1 layer
e Analog trigger e ~34k SCfrom 180k cells

e Digital trigger

Trigger Towers (TT)
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180k channels
100 kHz

o

Tower Builder Board [TBB]
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The entire readout system is affected by this upgrade ‘E"
The front end electronics of the legacy trigger was dismantled
then reassembled, some components replaced: Sl *g
58T
e Baseplane b=
e Front End Board
e Layer Sum Board . 5 L\/zﬁ
. , : 53] H )] 9S4
New cards added for the digital trigger co38|H R D=4
zE g 1L
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Trigger Tower Sum
and Drivers

[ [ =™ 1 3k channels

LAr Trigger Digitizer Board (LTDB)

= J om

o  Send analog signals to Tower Builder Board, digitize analog signals, and send digital

signals to the back-end. A total of 124 LTDBs are installed
e LAr Digital Processing System
o  LAr Carrier
o  LAr Trigger prOcessing MEzzanine
m Receives ADC counts from a LTDB via 40 optical fibers with the speed of 5.12

S| at40MHz  fo

Gbps for each fiber, computes energy and pulse timing in a FPGA
and sends energy to Feature Extractors.
116 LATOMEs are installed.
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Scientific purpose

Thesis subject: Implementation and performance of the reading and triggering system for the
Liquid Argon Calorimeter of the ATLAS experiment

Installation and validation of LTDBs completed by early 2022
All LTDBs operational for the start of data collection
in March 2022

Digital trigger activated on EM objects in May 2023
Analog trigger remains active on other objects.

Trigger digital will be the only trigger in early 2024

e Continue to monitor and control LTDBs
e Target 100% of LTDBs operational

o Study and understanding of problems
e System performance assessment
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E[[lDﬂ LOCic encoder

LTDB phase se

Encoder
To be able to decode the data received by the LATOME from the LTDB Frem GBTX bR . L el e~
vos |_* . -
° and GBTx clk should not be in phase i : W‘%’Aw b cu et
| A FCK Rec | A ok "
> | 3
Develop a calibration to choose the delay between the 2 phases: :___J premig Wl ey o B i
FIFO | z
-
e  Works per pair of fibers (1 LOCx2) g -4 o y
e 64delaysin total - e - g
e  For each delay — look at the number of errors received by the LATOME | * | —o[ V5] __ 8 o
o Iferrors are received — delay is tagged as wrong T = — :
e Should be done after each power cycle

o  Was very instable
o Was done more often (~1/week)

Solution found:

° GBTx reset
° LATOME transceiver reset

0 peak or severals
1 peak only
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L0ss of light optical power

High Limited
radiations : radiations
e Phenomenon observed on EMB (barrel) ‘
Slight effect on EMEC (end-cap) o e
. Cables -
e Seen on control and data fibers L : NI—
e Correlated with LHC luminosity — - 1
x5
Results :
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g 1of P R o Production test — A decrease in light then stabilization after a high dose of radiation
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Study on time shifting

Observation of a time shift (TAU) during a calibration run

e TAU =0 ns — max amplitude of the LTDB ADC pulse
e TAU # 0 ns — energy transmitted to the LATOME and not optimal

The aim of my study is to identify the source of the problem and
quantify the loss in performance caused by this timing shift

e Timing shift occurs when FE FELIX LTDB machines -
are power cycled

e |Itisoftheorderof-5nsto5ns

e Appears within an LTDB, but not on the entire LTDB

o  All SCA/GBTx channels shift in the same way
List of tests that do not induce a time shift ;

LTDB GBTX reset
Switch off clock signal at FELIX input
Deactivate/activate FELIX uPOD light
Reload FPGA FW

Amplitude
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5
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>tudy on time shifting ¢ et e R
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e Power cycle on blue and black machines
e Timing shift appears mainly on the last elinks of device 1 on FELIX boards
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Performance evaluation

Performance of a specific calibration run:

e Pulse simultaneously on all supercells
e Then shift the 32 samples of the 1ns pulse
e Shiftup to +24 ns.

This gives a complete scan of the ADC pulse
from 0 ns to 25 ns, for the 34,048 supercells

For each SCs:

Amplitude

0.8

0.6

0.2

ET[TauOns] -0.2L ; o
e Compute the average energy < —— Enies  7200) —18 Q 500 600
TAU OnS g - Mean x 0.8882 .
o) = - ET[TausnS]i'-‘--h Meany 21450404 || _l4g Time (ns)
= = V X 11.59
o TAU 5ns W 22000(— == g S:g givy 7325 || |
o TAU-5ns = = = & e ——
e Calculate the ratio as a function 215001 - = —12 o .
— —
of the energy a TAUO R L N, .
. 1 = E
Ratio = (1- ET[Tau5ns] / ET[TauOns])) x 100 , [ = ET[Tau-5ns] m 8 2
3 = 6 2
[= = =
SC 956410880 20000 = [, 3
e EMB = i =
e Middle layer e AT e
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Distribution of lost energy in % for all SCs

Energy lost when TAU =+ 5ns Overall Timing shift have a small impact on the SCs energy

e EMB—> 1% reconstruction
e EMEC - 1.5%
e HEC—1.1% Trigger efficiency clearly impacted by this timing shift
o FCAL— 3.4% R
= Entries 33935 § ‘— :!'“WW
2 Mean  1.511+0.004037 E - i i T o0 ]
uE" 1o E Std Dev 07375 +0.002855 Be i -] -0.' - — |
B tnderiaw b 06 B + PreiLAr timing s T .
L Overflow 419 : *0 1 :
10° = il * e a® ATLAS | Intemal 5
2 : { Pot July 10th B eEM26 Medium 4
0.2 B L 15EInis20 7
ok : : :
- ittt e
e 0'90_' R T
C ol by b b b il pi subleading [GeV]
¢ A R R R B e e Tauine Trigger efficiency seen by eFEX in this region 1.54 < |n| =< 2.0
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Digital Trigger status

T T T | T T T | T T T T T T I T T T [ T T

e SCstatusreported on 15July 2023 = .= ATLASPreliminary PN
for a pp collision run atvs = 13.6Tev | M 2033 e\ s I
e 99.7% of SCs (33970 out of 34048) E o £
show (in blue) have no issues and 2 - =
return the expected timing and 'E i =
energy 0= gt E
e 785SCs (in red) are dead, it comes e =
from known problematic Digital aF " =
Trigger Front End Board channels = i 5
(LTDBs or with known calibration ey el a no [a ey Fen nfl po ofo o8

=

issues)
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Energy comparisons DT - main readout

e Supercells transverse energies 3 j:ZATL'ASFlre“m'mary' ST
(Er) are compared to the sum of 9,_ 400?:fMB E
the corresponding LAr cells in ® E
the main readout O o0 E

e The data from the run withthe & E
pp collisionatvs=13.6TeVon @ L E
15 July 2023 is used for the 50 E
comparison 100 E

o Bad SCs are not included 50 =
o Agood agreement is observed N ol TR TR TN TR T TR =
between the two readouts 50 100 150 200 250 300 350 400 450 500

Sum of Cells E | [GeV]
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L1 Efficiency

Phase-| trigger performance

- o ]
0.8 %, 1
[ e L1EM22VHI ]
0.6~ = L1 eEM26M ™ —

e Cell energies correspond well between

calorimeter cells and SCs s . o L

e The single electron triggers for the legacy 02 . i ]
system and the Phase-| system are compared NSOUNETVUUL - ST TURTORIT ORI

e Phase-l EM trigger item shows better e
performance: A APRSEAELSL

o Sharper _efficiency turn-on curve . § 50F  (5=13.6 Tev : F

o Ié$vt\/§:etsr;]g§3r rate (~80% of legacy EM item) at the same o & - f:;:c'i;Tszzz’e\vlw:gzgzgauon . E
Phase-I EM items used as primary trigger now =3 _':: E

e Plan to turned on the rest of the phase-| 20F- E
system beginning of 2024 10F- E
00_ - IO.I5| — :ll — I1.|5| — l2 - I2—.5

Instantaneous Luminosity [10** cm2s]
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Thank you for your attention

Any questions ?
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BACKUP
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LAr calorimeter layers

e LAr cells are the readout units with the finest

granularity =
o  The size of LAr cells is varying in different parts of the
calorimeters
o Intotal there are 182418 LAr cells

Cells in Layer 3
ApxAn = 0.0245%0.05

’ Trigger Towey
Ar] =0,

e The readout units for the trigger are composed of Tigger
the sum of LAr cell signals call trigger tower 890,095,

An x A =0.1x 0.1 P
o Anew trigger system was introduced in Run 3 with a s
smaller units

e The barrel electromagnetic calorimeter consists of: — PR s
o  Presampler: correction of the energy loss caused by dead | ’ "
material 375,“\”:8”“\ -
o  Front layer: fine granularity along n an < 5_36391%:\ A= 0025 ?
o  Middle layer: most of energy deposit ' I:m:ﬂ strip cellsin Layer 1
o  Back layer: recovery of e/y longitudinal energy \2222;1:3025)(0.1
leakage
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Legacy readout electronics

""" | R e e S e A T A e T e A B Pt et e T OIE  L A At e e Vo
: Readout crate (ROC) DAQ : network :
- External triggers >u
. S x
The readout system is composed of front-end (on detector) and 8 E=2a;S| G cTP N
back-end (off detector) electronics. 2l 5 F =358 g FcimaP Ylelp
2} U ] s|- o
. 5 E = | TTC O
Front-end: Y o IS L N(E
& interface =@ Calorimeter N
y I:ronAt EInd Boalrgs (FLEABS)h lified, shaped to bipol I i —
o nalog signals from LAr cells are amplified, shaped to bipolar analo 32 bits
signal%, 2R digitized using 12-bit ADC. P ) P g I 40 MHz A
o Layer Sum Boards (LSB) on FEBs sum the analog signals.
e Tower IIBU|IderI Boarfds (TSBBs): d ekt
o Analog signal sums from LSB are received in TBB, which forms trigger s a
tower% W%:h a granularity of An x A¢ = 0.1 x 0.1 g8 +, Calibration ; Front-end board _: Towgr builder | SPAC bus
------------ Qo= RN
I e e e e e g =7
Back-end: Fl HE ' |
e 1 | Optical link || SPAC slave I N | e
M 1 orX
e Read Out Drivers (RODs): i I i 1 | | Rl
o  RODs receive digital si%nals from FEBs and compute the energy, time ! i —— e | Areset
phase, and guality of the signal. 5 y | B | |
e Level-1 calorimeter (L1Calo) system: 5 No—gl! g ADC o
o Analog signals from trigger towers are sent to L1Calo, = =TI - 5 | |
which |derjt|f|esFPhyS|cs objects and sends the results to the o ? i | B
Central Trigger Processor (CTP). 2 1| reception
l J I I SPAC
Main readout: FEB — ROD : | : .
Legacy trigger: LSB — TBB — L1Calo I I I
| | | Controller
i i board

Time (ns)




Front-end electronics

Baseplane:
New baseplanes provide an additional slot for LTDB and distribute

analog signals of SCs from FEBs to LTDB. S

(HLEALAIY

Layer Sum Board (LSB):
A plug-in card of the FEB provides a sum of analog
signals for SCs. 2328 LSBs are replaced.

LAr Trigger Digitizer Board (LTDB):

Send analog signals to Tower Builder Board, digitize analog signals,
and send digital signals to the back-end. A total of 124 LTDBs are
installed
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Back-end electronics

Intelligent Platform Management Controller (IMPC):
Manage the power, cooling, and interconnect needs of
intelligent devices.

LAr Trigger prOcessing MEzzanine (LATOME):

Receives ADC counts from a LTDB via 40 optical fibers with
the speed of 5.12 Gbps for each fiber, computes energy
and pulse timing in a FPGA and sends energy to Feature
Extractors. 116 LATOMEs are installed.

LAr Carrier (LArC):

Transmit data from LATOMEs to the readout system,
distribute clocks and trigger signals synchronized to the
LHC beam clock. 30 LArCs are installed.
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LATO M E ﬁ rmwa re A?(;J]Eﬁ)uetr:; 1.2GHz/fiber

Input: 5.12GHz/fiber Sum SCs for triggering
40 fibers

8 SCs x 16bit = 128 bit sent g
as 1 frame at 320MHz I =

User Code

remapping

Output
summing
FEX

Input stage

Configurable

FPGA resource occupancy
3 e 91% of logic unit

2

T e e 95% of block memory
Frequency iS reduce to 240MHZ I'l TTTTTrTr[T I"I"I'rT""'I"I"]'I TTTJTTTT r?"[ 7 "‘—l'l"l'T | LI I'T'J
Mapping in function of SCs 3 £ 08 ATLAS Preliminary CoRawac ]
- E § 0.6| March 237 202, Run: 450427 ” ';ap‘s’z::ecgg :::::; o
Epe™ £, p=Pi—b) Q F o e iR ]
Energy reconstruction i=0 TR S sy E
. . . . A = 0ol ]
Bunch Crossing !dentlﬂcatlon R ZB" (=55 ) 5 0% :
Baseline correction £ 8 Dy b
Saturation detection 5 ADC samples from LTDB B0V e R
P — Pedestal level (Cool DB) -04¢ § ]
b — Baseline correction -0.6/- o o .

Ai and Bi — OFCs (Cool DB) 1140 1150 1160 1170 1180 1190 1200 1210 1220 1230

BCID
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Digital Trigger back end slow control & monitoring

ATCA crate

e Fanspeed level

e Region temperature
(left, center, right)

e Rack temperature

LDPB boards

e Monitoring:
o State
m ID
m  Ping
m  Firmware
o Tension/current
o  FPGA temperature
o  Optical power data fiber

Upper FanTray 15.0 Level

&

Lower FanTray 15.0 Level

10 EMBA_EMECA_3

LATOME_EMBA_EMECA S

FPGA global state

Upper FanTray 15.0  Level

ATCA 2

88 8|8

Lower FanTray 15.0 Level

Lower FanTray 15.0 Level

Teve_Feca 6201

aam-ar-tome-144
Tatome ping s vec_om BEBlv  Am_vec N0y

vec onlE8la an_vec2ElA

latome2

LATOME EMBA EMECA 1

url latome
Teve_Fpaa 15801
2am-artome-145

board present board healthy activate state
U TRUE ™E
LArC
url larc
ey Bl 7 A
-arkrc038
LAIC_EMBA_EMECA_3 el newolBlc  recalSEBlc  AwcalEESlv WA
ul rtm + BBy e awcs Sl S
larc ping
RTM-033 avca Sy A A
Current State Mesk 0x0010
latome1 url latome ipmc

url ipme
pmcar-188

1cping

e urlrc
LATOME_EMBA_EMECA_10 LArC_EMBA_EMECA_3 aco-brarc038
place ltome : urlatome :
oing frmware tome2 aamar-atome-145
va';h‘;m latome mapping
e dsplay : () I1calo / tdb mapping
upod temperature and ight ® status
| muo ™u TXRO  TXRL RCL0  RXLL RXRO  RXRL
47480 | 49516 s | deus 51469 | 49656 4653 [ 4738
e = = = | E = & =
802 1001 618 950 641 553 586 588
opt
pow fib1 = = N ) e — C— - — CE—
W 807 644
- G LAR LDPB ATCA LAIC_EMBA EMECA 3 Latome2 upod RX RO, — O X
2 o8 B TmeRange - Vaxes - Omer ~[1:1] g | auto ® 703
b3 = :
80 578
fiba = ]ﬂr._nJ
871 E 795
= i k | oo
L 8 s 10023 Lavg 2073 L5e0 2023 Loc
s « 972012023 10:08:12 A (578)
938 TLLARLOPBL 576
fibs &
926 ] 643
. = = = « = = =
938 on 0 929 917 4% 569 594 72
_ « & « « « - «
77 920 867 %9 334 585 707 640
. = - = = = 5 =
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Digital Output

LTDB ADC calibration = s o s o

. . L T 1.5b ADC
e NevisADC is a pipeline ADC \ LRADC AT LS0/ABE 8b SAR ADC (LSB
o 4 stage of 1.5 bit MDACs 1N -’ S(t;gsz)l P Stage2 [P Stage3 Stage 4 [ =)
o 8bit SARADC
e (alibration constants are loaded {__ﬁ__________ﬁ_-_________ﬁ__________ﬁ___\
in the MDAC units to account for ' Co-Ct c2-C3 C4-C5 C6-C7 |

gain errors

e Miscalibration can cause Differential Nonlinearity (DNL) errors
— will be perceived as ADC jumps in the digitized signal

e DNL is nonlinearity of the code transitions of the converter
It can be measured as the deviation of quantization steps
from 1 LSB

The new calibration constants solve all ADC jumps !

Amplitude (ADC)

DIGITAL |

OUTPUT
CODE

Discontinuity in
the delay pulse

Florent Bernon

Time (ns)

________________________________________

Calibration Constants

MISSING CODE (DNL < -1 LSB)

j
i |
<—1LSB, —»!
i DNL=0 |

i
—» [+— 025LSB,
DNL = -0.75 LSB

H |
j¢—— 15L8B, —»|
H DNL=+05LSB

P

- e 05188,
; DNL=-05LSB
e
ie= 1188, —%
i DNL=0

ANALOG INPUT
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MTP 48 (LTDB#1 to LTDB#4)  n\17p 48 (LTDB#5 to LTDB#8)

FELIX swap fibers
T \
/

. )
pc-lar-felix-ltdb-00 e X
& ma
FELIX-712 board
Barrel
Barrel END-CAP MTP 48 (LTDB#1 to LTDB#4)
pc-lar-felix-1tdb-00 | pc-lar-felix-1tdb-00 MTP 48 (LTDB #5to LTDB #8)
1 ( 3sa0my Y 1320a01L) )
2 31(I02R) 127(A01R)
3 14(1021) 120(A03L) e Swap the blue connector with the pink one
4 27(103R) 116(A03R)
N IN il
5 23(103L) 141(A02Spe0) Expected results:
6 47(104R) 151(A02Spel) | ) ) ) )
7 21004)@>| 179(A02HEC) <@ e |[fLTDB problem — time shift will move with LTDBs
8 12 e If FELIX problem — time shift stays on same elinks

2(105R)‘_|_ 187(A04F0)

LN

<@ Timing shift observed on these links
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— Standard cabling -Obsen/ed timing shift
FEI_lX Swa bers . -Timing shift if LTDB problem
— Swap cabling o o
Example for -Tlmmg shift if FELIX problem
pc-lar-felix-Itdb-00 FELIX card O

B L X
-" modification
R o4 G =
0L Pors T
H0R - Porte T
oL o7 T
JOR - Pots GG

%
B

"
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