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LHC-ATLAS experiment and phase-l upgrade

o Cover the wide range 0 < |n| < 4.9.
o Provide information for level-1 trigger

Aside .. C side
— e

Liquid Argon (LAr) Calorimeter

system.

e W/ ://
. i oy e el mfm:'med'::':“e"”“ﬁmm LAr electromagnetic ~I y
* Level-1 Trigger system o v BREMD) o8
= Used for reduce the event rate from 40 MHz to 100 kHz.

= Use information from both calorimeters and muon detector. f:w» anas T
£l e
* Phase-l upgrade is performed in the second long shutdown (LS2) 5 "t~ . o
from 2019 to 2021. # i 2. Wi hamstonn ety
10?. Runziy “Lh‘:::::::: ..... 3
. . . - Phas{lz I R, w,, cuts “h‘::::::!ﬂ ]
* Run 3 is scheduled to start in April 2022 at the peak T, bbnou, o "
instantaneous luminosity of 3x103*cm™%s~! and the c.m. 1074 455 5

_ L1 EME, [GeV]
energy /s = 13.6 TeV Lower events rate with 95% electron efficiency!
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LAr phase-l upgrade — new readout system

2 10x finer granularity

Back layer
sAr‘xlm = 01xC.1
el
V)

o

el

 New readout system called digital trigger (DT) m‘(\
readout is raised for Run-3.

Middle layer

AnxA® = 0.025x0.1° __

 The new readout cell, Super Cell (SC) ?
with better granularity and multi-
layer structure, are used for the L1
trigger system instead of legacy

Front layer
AxA® = 0.025x0.1

Example: 70 GeV electron shower Presampler

ANxA® = 0.1x0.1

trigger tower. e Elementary Cell trigger tower Super Cell
An x A¢ Ny Xng AN xXA9 nyxng An xAQ
0 presampler 0.025 x 0.1 4x1 4x1 0101
1 front 0.003125x 0.1 32x1 0.1x0.1 8l 002501
2 middle 0.025 x 0.025 4x4 ' ' 1 x4 0.025x0.1
3 back 0.05 x 0.025 2x4 2x4 0.1 x0.1

Granularity of the trigger tower and super cell
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~70 m

Readout paths Front End (FE) - on detector BBack End (BE) - off detector
[ ; Front-End Board P <
5 55
S Bl :
H 3 Y7 = DAQ
 Main readout path = |
> FE: FEB-> calibration boards & —
> BE:RODs g 2 |
 Legacy trigger readout (Trigger Towers) Controller Bosrd ] 1=u s MRS
FEBs = TBBs - L1Calo receivers 7% g 0O R
50 aier Rt S Recaner
L = 8
 New digital trigger readout (Super Cells) § o S(t-T,) ‘— —\f [
» FEB - LTDB - LDPS—> FEX §°
. 1 Calorimeter Trigger
» 124 LTDBs are equipped to readout 34k SCs. . . T Bovee 0w (00| MR time digital processing sm:.“'
» 116 LATOMEs recieves data from LTDBs. 8o axrmet | oo T —
": - " sl 1\ i e o3
& - —AJOME a::wJ
© T - Fex
- (4D ! tomioving paensimane o o
Q. ; 192 fpatad
Analog =2 Digital yud Digital signal > Energy

LATOME(LAr Trigger Processing Mezzanine)
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FE and BE Installation

I llati in Jan. 2019. : : .
nstallation started in Jan  BE installation (LATOME-LTDB connections)

\3% 5’& %@ 3 "y,\ g > Installed at USA-15 counting room.

/ \ :{' EndCap A\?g » 3 Advanced Telecom Computer Architecture (ATCA) are used
;m gg;"jlt’; M oy (comble) = to support 30 LAr Carrier (LArC) with 116 LATOMEs in all.
4’@ 2 i ] > ATCA1 > done

: T IENN
ZE Ml 25 > ATCA2 - done
S i » ATCA3 —> done
3 Barrel C X " i/‘lvi;n‘d' Cap C \ “
I"H (complete) EK (complete) / {j
g o™

4% FE installation

Front—end crate
2022/02/22

1) Base plane exchange. -> done

2) FEB re-installation. -> done

3) 124 LTDBs installation. -> done

4) Cooling hose replacement. -> done

All installation completed in Sep. 2021!
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Research content

* Purpose: Issue the triggers in an appropriate state with the new trigger readouts system.

 What are the basic requirements for issuing the trigger?

We need to know...
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Research content

* Purpose: Issue the triggers in an appropriate state with the new trigger readouts system.

 What are the basic requirements for issuing the trigger?

We need to know... EnergyJ Ireconstructlon‘ of 50 Ge\( /n{eFtI?ulse

S‘ I lllllll | | I P | { T T I | [ I 1 T | T ]
o 501 25ns =
s — Injected E; ]
o - — Sampled signal
o 30 — OFCs computed E
& I .
@ 20F ]
< N
g -
' 10F 3
ot
-10[ E:
L L 1 I IIIIIII

sy e bogss gby Fosea iR Pangiqn 1oy o
1500 1600 1700 1800 1900
time [ns]

‘ * The Energy and pulse phase reconstructed by optimal
filtering algorithm in Back-End:

3 3
i=0 =

a;, b; — optimal filtering coeffient (OFC)

e | |
1200 1300 1400
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Research content

* Purpose: Issue the triggers in an appropriate state with the new trigger readouts system.

 What are the basic requirements for issuing the trigger?

We need to know... What we need to do...
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Research content

* Purpose: Issue the triggers in an appropriate state with the new trigger readouts system.

 What are the basic requirements for issuing the trigger?

We need to know... What we need to do...

e theostonlmatan sl GO ko n o e et

I:> perform by SSW scan (Research 1)

|:> perform by BCID calibration (Research 2)

What the nergy Frand < of thesignal mmp  Caltrate the OFCoused foreneryand puse

|:> perform by calibration run
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Research 1: Connectivity check

Purpose: Provide the correct mapping information of
all SCs from detector to Back-End.



Connectivity check — motivation

Front-End

Front-End crate

Calibration board

lc

alibration pulse

Summed

Front-End board (FEB)|Analog pulse

Shaper switch

LTDB

Serial data

LOCx2 ——

‘digital pulse

ADC

Potential mapping issue:
1) Channel swap in the detector’s electrode and FEB.

2) Fiber routing problem. (including in the LTDB)
3) LATOME remapping functionality problem.

Validation

» Use pulses of the calibration board.

methods:

Check raw adc data to find
the potential mapping issue.

P

~70m

Optical links

>

Back-End

LATOME

Raw data
(channels)

Bipolar Pulse shape

sssssss

2022/02/22

m) Shaper Switch (SSW) scan!
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Connectivity check — validation method (SSW scan)

 Workflow of SSW scan (LTDB by LTDB):

Send pulse to all SCs (up to 320) and control the shaper chip on FEB to switch on the target SC.
FE BE

<

L

LTDB

Calibration board |
|
> LOCx2 > .----"-'1l
. |
. :
|
|

il SCsl target SC

FEB_ | mump ; / i
— 5 \w
i "Raw ADC data
i (offline)

Pulse pattern: All channels - channel 0 - channel 1 ...( repeat for all channels on the LTDB)
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Connectivity check — troubleshooting

 Potential issues in SSW scan:

Calibration board

A SCsl target SC

FEB E—

bad shaper switch
configuration

bad calibration line

ADC 319

fiber link issue

bad ADC
configuration

Sas0
Qo
3a0f
3z0[
300}
280f
260[-
240~
E L
| L L L L L
5 0 75 20 25 30
Sampl

* | have developed specific algorithm using criteria on the right side to

Deformed pulse

Layer 1
n=-169, ¢ =-3.09

les

identify the problematic channels caused by above issues.

2022/02/22

ICEPP symposium

I
e

crosstalk events

1650/

Crosstalk event
FCal C, Layer 1

\r[ = —3.2574 ¢ = 1.6106
Height=275

1416

1408—

1404

1402

1410

5 10 15 20 25 30

Crosstalk event
FCal C, Layer 1

\ n = —3.2165 ¢ = 2.8394
Height=10

—————————— = 1400
Raw ADC data 5 10 15 20 25 30
(offline)
é Bipolar Pulse shape
11an:— Sz
c O Ssamples for Er computation
1100—
ES1||s
o h‘°5°;_ ¥ criteria
eight * height>15
1000E = depth > height
o = crest shape
20 = around pedestal
900
E 1o
Depth”™- o <height/Z |
oll|léllkl1£|||\1|5l|!|2‘0|A||2|51|||3|0|
samples
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Connectivity check — auto-processing system and results

* | have developed a robust tool for this connectivity check using SSW scan.
* The tool has been implemented to the LAr calibration system so that anyone can use it.

)

» 99.9% of the 34048 SCs have been validated. (
» 1348 swapped channels found and fixed. (

validation status
Forward , Endcap \Barrel | Barrel! Endcap | Forward

=4 43 =2 §1.1 B 1, 2 3 a7

(a) Status on 16/09/2021.
2022/02/22

)
» 42 problematic channels with above issue are left to be fixed. ()

validation status
Forward, Endcap |Barrel | Barrel \Endcap | Forward

Igb) Status on 29/12/2021.
ICEPP symposium

—

Connectivity check for
SCs with SSW scan has
been all completed!
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Research 2: BCID calibration

Purpose: Adjust the timing of the new Digit Trigger readout.



BCID calibration — motivation

 The BCID of the pulse determines the timing of signal incidence.
* Bunch-crossing identification (BCID) in main readout and DT readout :
BCID 0 collision

Proton
Bunch

N—
one BC cycle 1 BCID difference
=25ns

i 34 5; . e 1 Il - target BCID, already
§ 30: / :g?:nézlig:g:taeld g L Va“dated in Run_z BCID Of bOth readOUt
§\ns*32=800ns — ‘ should be the same

ol L1\ —— , , to have the correct
_105 Yo \w ,,_.k.-/ BCIDLATOME \nEEd to be calibrated in

phase-l upgrade reconstructed E!

- Critical to the operation of the trigger system
BCID of the sample when signal rise

* To obtain the timing difference between both readout: | BCID,¢fser = BCID arome — BCIDimgin
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BCID calibration — calibration method

* Calibration objective: Set BCIDffser Of all fibers to 0.

 Workflow of calibaration

o The tuning is done fiber by fiber (1 fiber holds up to 8 SCs), not
SC by SC. The BCID of SCs on the same fiber may have a
difference of +1 BC.

o 4458 output fibers of 116 LATOMEs to be set.

 |In order to have a stable result

Serialized ADC SC|sC
0|1

Start of Bunch

o Compute the BCID,srset after taking average samples.
o If the difference between the samples near the crest is
within height/10, the previous sample is taken as the peak.

S 81200
3 Calibration run s

EMBC, Layer 1 /6
= —0.5578 ¢ = —2.3040

Peak sample S,

S3 Calibration run
EMBC, Layer 1
n = —0.5953 ¢ = —2.3040

\%"" |

950

900

w

w

o
II|IIII|IIlI[III||IIII|IIII|IIII|III

T T )
30

(=]
w
(=3
-
w
n
(=3
n
w

L (R i W L it W E PR S L RN 1 TR T T
5 10 15 20 25 30
samples samples

2022/02/22 SCs on the same fiber ICEPP symposium

BCID

8 SCs / fiber
Read by one inptit fiber of LATOME
[
SC|SC|SC SC
2|13 |4 1
BCID 3563 BCID 0
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BCID calibration — results

e Runs with all SCs pulsed after calibration
» Two runs obtained on the same day were used to test the stability of the results.
» BCID,rrser Of almost all fibers are set to 0. Latency fixed.

» The results of calibration are the same for two runs. Stability checked.

adjusted BCID distribution

BCID s et distribution

fibers[ BCID_Piot Fibers
Entries 4458 E
10° = Mean 3461
C StdDev  1.681
. . 10°E
BCID,se Of calibrated fibers £
102; 102?
N 10
o | z
:Illllll\l\lllllllll\‘IIIIIIII|III\|\\ 1§_IIIIJIJII‘I\II‘I\\
3445 3450 8455 3460 3465 3470 3475 3480 R T T R

—

2022/02/22

| mmm Run 408676 (12/29)

I Run 408678 (12/29)

BCID

BCID calibration for SCs has been all completed.
The pulse timing of DT readout is alighed with main readout!

ICEPP symposium
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Conclusion

* Research 1
o Connectivity verification framework has been developed. All LTDBs have been checked. 1348

swapped channels are fixed and 42 problematic channels are remained to be fixed.

* Research 2
o Development of the tool for Timing calibration have done.
o BCID calibration for SCs are all complete in December 2021. The pulse timing of DT readout is

aligned with main readout.
o Currently developing tools that can monitor the stability of pulsing timing.

* Liguid Argon EM Calorimeter Phase-1 upgrade has been completed. Only fine tuning for the system
is remained towards the Run-3 in April 2022.



Thanks for your attention!
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BACK UP

ICEPP symposium
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Closest calorimeters Using liquid argon(LAr)

e EMB T * Linear behaviour

e EMEC « Stability

— In three cryostats o
e HEC * Radiation-hardness

Tile barrel Tile extended barrel
* FCal |
e
LAr hadronic ; I 2
end-cap (HEC) ——2] ll//
7/
LAr electromagnetic ' o
end-cap (EMEC) g
"\

i\ -
LAr electromagnetic N
barrel

Figure 1.3: Cut-away view of the ATLAS calorimeter system.
2022/02/22 ICEPP symposium
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Spectrometer
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Calorimeter
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i
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\
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\
\
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Transition
Radiation
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detector

Neutron

4

*Electron’

B
.
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G

The dashed tracks
are invisible to
the detector

http://atlas.ch
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The precision EM calorimeter

* Accordion structure with several layers
° h : HP H O 2 5 Existing System Phase-1 Upgrade
T ree IN pl’eCISIOH reglon ( < |T’| < " ) Level-1 Trigger Granularity (Trigger Towers) Level-1 Trigger Granularity (Super Cells)
60 cells per Trigger Tower; all layers summed 10 Super Cells per Trigger Tower
* Two in the higher eta region(2.5 < |n| < 3.2) and oS osm0029 e
. (AnxA$=0.05x0.025)
overlap region between EMB and EMEC e T |
EM layer 1 i » x::al:;&ao.ozs)
 FCal provide the EM coverageat3.1 < |n| <4.9 " [ 2 P
i | =
* One more presampler layer in the region 0 < |n| (mar0025:0.1 [
1.8 to measure energy loss in front of the EM "

calorimeters.

2022/02/22 ICEPP symposium 23




LAr phase-l upgrade — Back-End firmware

e LATOME modules:

» Low-level interface: implement all the FPGA device Ips configured in the Quartus tools.

» Input stage: align all 48 input fibers together.

: : . : Embedded chi
» Configureable remapping: reorder input data according to detector topology. /rvn codea P
LVDS GBT XAUI DDR3
» User code: computes Et. (develop by
TDAQ/Monitoring

UTOkyO group) le— — 320MHzxer ——sle— B20MHzTTC —Pl——— 240MHz ———————————— e —— 280MHz xor —— )
» Output summing: builds trigger tower 485.12Gbps UtOkVO group 48"11.2Gbps

energies and transfer to FEX with 48

output fibers.

IPBus controller

GbE

2022/02/22 ICEPP symposium Latome firmware synopsis
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Connectivity check — calibration pulse readout path

» Motivation: make all SCs read out signals properly.

Front-End crate (FEC) % * On LTDB Data link Off-detector electronics
. — : = () —
S ‘ Front-Endrboard a g SPAC bus iLTDB ——) LOCx2 MTx *| ORx LATOMIE
"hdem ahamemnbaninnies it meahmeabada sxlonte Damal [ = - il
- 4---- - 1 - - - T O)
IE 3 Optical ik SPAC slave : .ISPAC slave : ) _— GBTx |+ MTRx [+ I ™ OTRx [¢ *| FPGA2
s o : | | o | k — | \ Cc;ir:‘t':o
) * | - @ ey
::: S . l l ! I
§ | I| Optics | . .
5 ; e —— Calibration pulse path
Rci QLc | l SPAC l é Bipolar Pulse shape
' | '
Calibration '
board
Baseplane
:)—(L-E?“m Offline analysis
Cryostat . . ope .
.8 ] » Validation method: utilize the shaper switch (SSW)
= 1 : :
R é scan performed by the calibration pulse system.

2022/02/22

ICEPP symposium
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Connectivity check — scan validation algorithm
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BCID calibration — motivation

To meet the requirement of the same pulse timing in

both readout, BCIDyfset is required by

BCIDoffset = BCIDparomg — BCIDipgin = 0

In order to determine BCIDLATOME:
» Four samples Sj 1 , 3 are used OF algorithm, where the third
sample S, corresponding to the peak is used to determine the

pulse timing in DT readout by

BCIDLATOME — BCIDSO — BCIDSZ - 2 — BCIDpeak - 2

Bringing the BCID; sromE €Xpression about

BCIDyeq into the calculation of BCID, ¢ fset

-

2022/02/22

Difference between two

samples equal to 1 BC (25 ns)

BCIDyffset = BCIDpeqy,

% 50‘_T l T 5ns o I o ed
O . .
> sl ’K\ b 53 — Injected E; :
e I\ — Sampled signal
o - | — OFCs computed E-
$ b |
5 20 | g
N -

10f :&1 Er =Y ai(Si—p)
\ i=0 ]
of-L-44! s .
£ i9n X e *
—10 0 \‘-—.—0 el SO :
"1200 1300 1400 1500 1600 1700 ’1‘8‘0’(2' '1‘9’{)‘0']
ime NS

— BCID,gin — 2

ICEPP symposium
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Analysis with Pilot run data

Purpose: Confirm the new DT readout system is operational and
adjustable with real particles.



Analysis with pilot run data — pilot run

Event display of beam splqsw

* The pilot beams were circulated at LHC in October 2021. s
» Two kinds of runs are performed: splash and collision. Collimp s

» Splash: The beam hits a collimator located along the beam pipe = K]

L : S ——
which is intentionally closed upstream of the detector and create a NN ——
large shower.

mmm) For illuminating all the subdetectors

Collision run operated with the center-of-mass of 900 GeV. —p
LAr calorimeter was fully powered. T T
First data-taking with real beam for the new DT trigger. -
FCal was not well calibrated at the time. NS
BCID calibration is not fully done at the time, BCID of most fibers ~ - L/F
are adjusted by hand

—~—
-

VVYVYVY

Event display of collision at 900 GeV

2022/02/22 ICEPP symposium 29



Analysis with pilot run data — energy reconstruction

* OFC calibration
» Done by calibration runs
» Need to be performed after the stable latency is set (BCID calibration)

* Energy and timing reconstructed by LATOME: Factor of E;/ADC
3 / Factor to reconstruct peak ADC
Er =) ai(Si— . 3 - ~
! ,;) i(Si=p) {ai =Fpac—mev - FaBc—pacsin 0 X a;, \
3 . o~
Ert=Y bi(Si—p) bi =Fpc—ns - Fpac—sMmev - FADc—sDAC Sin 6 X b;,
i=0 ‘
$ o0 N \ Conversion factor for 7
(9\; 500 ] ;E.‘E,ET’:{YL:{L T e
w ; 77777777777 b P Front g } ’i
300— £ — ;’:d:lp | i E " !
3 —. : cl i-l . 4! ’ 1
20 wpeoo . I
100—i ' H !
-3 AV . .
b ‘sL A NPt ncex
S T Oy e ey s (a) OFC 4; (b) OFC b
n
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Analysis with pilot run data — general check

* Following runs are used for the analysis

Run number Runtype Start time (CEST) Stop time (CEST) Hit/ Active SCs
405396 Collision  28/10/2021 22:33  29/10/2021 06:34 15233/ 34019
405495 Splash ~ 29/10/2021 18:30  29/10/2021 22:24 33970/ 34011
405604 Collision 31/10/2021 18:23 01/11/2021 06:02 11926/ 32771

* The pedestal and noise of the SCs are obtained by the collision run 405604.

» A point corresponding to a SC.

Presampler
| Front layer
° o Middle layer
"“ Back layer

i,
Tl

Pedestals
mmmm) Almost all SCs are active in the pilot run.

2022/02/22

Rms

ICEPP symposium

b € >
Mo w Ao

Presampler

[ Front layer
Middle layer e

Back layer

s
I

I
o

UJ‘ [NENERNRE ]‘H \JH L1 H\‘ H\\\ Ll

Sample RMS




Analysis with pilot run data — Timing check

* BCID,ffser between the DT readout and the main readout is computed to check the pulse timing.
* BCIDdelay t=BCID,ffserX25 NS
e Events with height less than 20 ADC are cut off.

400
S. [ ATLAS Wak in Progress - l
300 Pilot Run, October 2021 - 10*
~ Run 405495, Beam1, Splash Events Bl | =
200— = -
e g = - gt
100 B . =
- m i =
0 = = B - .
= H . 2
- N 10
-100—
200" 0
- FCal Endcap Barrel Endcap FCal
-300 — > < > < > < — < >
_400:1 | . | I | | I | I L 111 I I | | I | I . I | I | | I I I I 1 ‘ BCIDOff'set Of mOSt SCS are around O
-5 4 -3 -2 -1 0 1 2 3 4 5

N
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Analysis with pilot run data — Timing check

* Collisions
» Pulse height cut is 10.
» Noise is still considerable due to the low luminosity and low beam energy.

> Peak samples are around the 3¢, which means the offsets are around -2 BC.

5 X 0° & o 0®
e | ATLAS Work in Progress 5250/ ATLAS Work in Progress
N250! Pilot Run, October 2021 N Pilot Run, October 2021
21 Run 405396, Collision Events 2 | Run 405604, Collision Events
w | Hit events on all regions $200~ Hit events on all regions
2200/ s |
g | S|
: 150,
150 Z
50! == — . 50,

Q00 0 100 200 300 400 500 600 Soo 0 100 200 300 400 500 600
BCID Delay [ns] BCID Delay [ns]

(a) Run 405396 (b) Run 405604

2022/02/22 ICEPP symposium

33



Analysis with pilot run data — energy comparison

* E; reconstruction in offline analysis using DT readout raw data (except for FCal):
» Compute E+ and T with different BCID.

» Pick the BCID where max E+ matches the min 7. (if no BCID matches then skip)

=~ w 80
= S 2
> T 'Zé)hzs' l | - \§ 400 > EMBA, Layero g E EMBA, Layero .'
& S0 _ & g 7 N\ = 0.0625 ¢ = 0.0460 8 eob T 0.0625 ¢ = 0.0460 :
=0 — Injected E; ] % .f : g %
S 40 | S : - 5o : ' g /
s "I | 3 — Sampled signal : g8 I | & oof /
; 30 54— OFCs computed ET—/’@SEEOO; & (Sy, S5, S2/S,) |
— R 7 \) - | /
s 20 P F b
@ L - : 3 '.
" 0p £ 100 %k =]
- S \ ] 0 : xS | £ N e
~10: Ll lAOI i :‘ITTT‘ _.-1-'1‘1_‘1. Tl’l’{i 1 1 r_' L 10 . \.’min T
120013001400150016001700180%m1e9ﬁ1051 L B e e GBC,D °‘é3‘l‘5éaco
3 |
Er = Z a,-(S,- — p) (a) ETselection (b) 7 selection
i=0
nd
2% sample
(SO' 51, SZJ 53)
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Analysis with pilot run data — energy comparison

* Er distribution constructed with DT readout raw data
» 10 luminosity blocks with 20 events are used in the analysis of splash events.
» 1 box represents 1 hit SC.
» Splash events have more energy deposited than the collision events.

» More energy deposition in the downstream of the detector for Beam 1 splash.
Beam direction

A
<
w

= 900 .
3 I \\\\A_TLAS Work in Progress _——
uf - Pilot Run, October 2021 | Frontayr
700 Run 405495, Beam1, Splash Events , :mt:ey:ar A
600 Sunerce"ﬁ_g?;ghg.B_and EMEC e B
= i RN
500 ST

400
300-
200
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Analysis with pilot run data — energy comparison

Er [GeV]

Er distribution constructed with DT readout raw data

gootd'n.Aswammﬂmgmqq g

Splash events

Beam direction

2 : ’ Presampler
- Pilot Run, October 2021 : SeThrroiegy mr:ﬂ.ire,
800 Run 405495, BeamQYSplashEventS-——~ < ‘-—-~—— —~EP Sk laybr

//.’

E; [GeV]

700 Supercells o_g‘ EMW EMEO_:

2022/02/22

Collision events

*._ATLAS Work in Progress
‘Pilot Run, October 2021~

Run 405604, Collision Events

Presampler

|-Frontlayer |

| Middle layer|

Supercells on EMB-and EMEC ——

Back layer

ICEPP symposium
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Analysis with pilot run data — energy comparison

* Reconstructed E+ matches well between DT and main readout.
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‘ The consistency with main readout shows that connectivity checks
and BCID calibration make DT readout work as expected!
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