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Overview \/V’

e The Standard Model and beyond
e [LHC & ATLAS
e ATLAS Liquid Argon Calorimeter and Triggering system

e Possible improvements
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The Standard Model



The Standard Model C\E/RW
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Shortcomings of the SM

CERN

Why is the electroweak interaction
so much stronger than gravity?

* Are there new particles close to
the mass of the Higgs boson?

e |s the Higgs boson elementary
or made of other particles?

¢ Are there anomalies in the interactions of
the Higgs boson with the W and Z bosons?

Why is there more matter than
antimatter in the Universe?

® Are there charge-parity
violating Higgs decays?

¢ Are there anomalies in the Higgs self-coupling
that would imply a strong first-order
early-Universe electroweak phase transition?

¢ Are there multiple Higgs sectors?

What is the origin of the vast range of quark
and lepton masses in the Standard Model?
* Are there modified interactions to the

Higgs boson and known particles?

* Does the Higgs boson decay into pairs of
quarks or leptons with distinct flavours
(for example, H — u*17)?

Several questions
remain unanswered

by the SM

What is dark matter?

¢ Can the Higgs boson provide a portal
to dark matter or a dark sector?

¢ |s the Higgs lifetime consistent
with the Standard Model?

® Are there new decay modes
of the Higgs boson?



Many questions, many possible solutions
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Many questions, many possible solutions

Long-lived
particles
predicted by
many models!
Comprehensive
summary here.
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https://indico.cern.ch/event/714087/contributions/2985914/attachments/1650488/2641192/LHC-LLP_Shuve.pdf

Dark photons

e Hidden Abelian Higgs Model introduce
long-lived “dark photons” Z

e 7 mixes kinetically with the SM hypercharge
with strength €
o If eis small Z  can be long-lived
o  Particle proper lifetimes between
micrometers and several meters.

e  Sizable Z  branching ratio to leptons makes it

possible to examine a broad range of dark photon
masses.

arXiv:1412.0018
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https://arxiv.org/pdf/1412.0018

Dark photons

C

e Z_ canbe produced in direct production/decay of dark
Higgs S

e  [ong-lived light dark photon searches with an S
mediator are so far uncovered.

e  Would provide a long-lived follow up to the prompt
S — Z, 7, —4l analysis [arXiv:2410.16781]
o 3.4 ¢ local excess at (110 GeV, 30 GeV)

e Important to increase sensitivity at trigger level to
catch these particles!
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https://arxiv.org/pdf/2410.16781
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How to look for new particles: The LHC

e The Large Hadron Collider (LHC) collides protons and light/heavy ions @ 40 MHz.
proton-proton integrated luminosity @vs = 7-8 TeV, 13 TeV, 13.6 TeV ~ 355 fb™!
Pb-Pb integrated luminosity @\'s = 2.76 TeV, 5.0 TeV, 5.4 TeV ~200 nb™

O
@)

e Data taking conditions increasingly harsher for detector and data acquisition systems.

]

Integrated Luminosity [fb

O

100

Increasing pileup and radiation.

90
80
70
60
50
40
30
20
10

llllllllllllllllllllllIllllllllIIIIIIIIIIIIIIIII

0
02-Mar

proton - proton data

02-May 01-Jul

2024

2012

- 2011 2015

31-Aug

31-Oct

31-Dec

—
o
o
o

Recorded Luminosity [pb /0.1]

IIII|IIII|IIII|IIII|IIII|IIIIIIII\lJIIIlIIIIlIIII

~

ATLAS Online

[ | 2011-12:<u)/uMPV= 18/14
{s=7,8TeV,26.4 10"

B 2015-18: (u)/uMPv =34/29
{s=13TeV, 1471b"

B 2022-24: (p)/uMPv =54/63

{s=13.6TeV, 183 10"

UoNeIqNED $2/L

[0} IlI|||III|IIII|IIII|IIII|IIIIIIIIQl!IIIlIIIIlIIII_

o

10 20 30 40 50 60 70
Mean Number of Interactions per Crossing

1



LHC Schedule CERN

N
LHC / HL-LHC Plan HiLuM ’
LARGE HADRON COLLIDER
LHC HL-LHC
EYETS 13.6 TeV 13.6 - 14 TeV
13 TeV —e eNeErgy
Diodes Consolldation
8 TeV splice consolidation cryolimit LIU Installation . frinlet HL-LHC
7TeV ——— ""“;;‘;;,‘2;2:}"5 Lok Civil Eng. P1-P5 pilot beam raciation it installation
R N N TR A R R )
ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS < nomlngll(l)_gﬁ?I
PESMPRES omnailum  2Xfomnalluml  ALICE-LHCb | 2 nominal Lum , i
75% nominal Lumi upgrade
5 \ J & Bl 3000 b
' Ex 190 fb A WH_ﬁOSW 4000 fb!
Phase-I Upgrade Phase-II Upgrade
We are here! v A v
1.5 years until the Run 4 (HL-LHC) 12

end of Run 3. starting ~2030



How to look for new particles: Experiments C\E/RW

ATLAS (and CMYS) are general-purpose
detectors, both consisting of several
subsystems, designed to exploit the
physics potential at the LHC.

/
barrel New Small Wheel (NSW) barrel toroid magnet
muon chambers muon chambers

endcap

inner detectors

endcap toroid

magnet
endcap calorimeters
barrel electromagnetic calorimeter
@ solenoid magnet
barrel hadronic calorimeter o .
EXPERIMENT qulHd Argon

(LAr)
calorimeter
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ATLAS trigger system

Raw data from

detector at 40 MHz

Level-1 Trigger (hardware):
Muon chambers and calorimeter
cells with reduced granularity used
Regions of Interest (Rol) defined

100 kHz
—_—

x10%
§ ATLAS Trigger Operations Preliminary == Luminosity —— HLT global rate
= 175 data, May 2024, 1/s = 13.6 TeV B Trigger-level analysis W Other physics ]
% e ’ Y ’ f Main physics Calibration/Monitoring &
= B Hadronic physics I Express
=} mm B-physics and LS
g By o5
)
5
T

01:00 03:00 05:00 07:00 09:00 11:00
Time [h:m]

Level-2 Trigger: 2-3 kHz

Seeded by Level-1 Rol —————3 Eventto tape
Full granularity of the

detector used

Execution time

Luminosity [cm™2 7]
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[LAr Calorimeter
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ATLAS LAr Calorimeter c\@

N,
e Sampling calorimeter
e [ongitudinally segmented (4 layers, presampler, front, middle, back) with different granularities
e (Coverage n|<4.9
Cells in Layer 3
ApxAn = 0.0245%0.05
LAr hadronic
end-cap (HEC) Trigger
ngfb-%b

Square cellsin
Layer 2

LAr eleciromagnetic
end-cap (EMEC)

7/ | <l X
S y i Smmgg- |
LAr electromagnetic ) /7 ; . %03, '
bo"e'(EM B) R /// < Strip cellsin Layer 1
LAr forward (FCal) - ~~—Cellsin PS
AnxAd =0.025x0.1

16



LAr Calorimeter Signals C\E/RW

£1f A\TLAS
Fine granularity readout £ i
e 180k cells are the smallest readout units 08
e Energy and timing are computed by the back-end i
electronics with Optimal Filter Coefficients (OFCs) 0.6 -
Trigger 0.4 I
e Signals from close-by cells are summed to form i
Super Cells (SC) 0.2 |
o Feed L1 Calorimeter Trigger (L1Calo) [
0
pedesta¢ [ ;
- _"q) 1700200 300 400 | 500 600
& Time (ns)
g 8 8
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LAr + L1Calo Trigger Phase-1 Upgrade Overview C\E/RW

Super Cells

Trigger Towers
60
®
10
9

Simulation for a 70 GeV electron

g

g
E (GeV)

3

No longitudinal segmentation e [ongitudinally segmented
Fixed size in An x A¢ = 0.1 x 0.1 e Increased granularity in front and
5.4k trigger towers from 180k cells middle to An x A¢p =0.025 x 0.1

e 34k SCs from 180k cells

Use more information at trigger level to better reject background
Phase-I = Digital Trigger
18



LAr + L1Calo Trigger Phase-1 Upgrade Overview C\E/RW
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arXiv:2401.06630
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Liquid Argon Digital Trigger provides
higher granularity and resolution E. to
L1Calo

L1Calo exploits fine granularity
information from the LAr SCs using
Feature EXtractor (FEX) processors:
electromagnetic, jet and global (eFEX,
JFEX and gFEX)
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https://arxiv.org/pdf/2401.06630

Digital Trigger Performance
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ATLAS Preliminary . Good SCs (99.77%)
15 Jul 2023 . Masked SCs (0.23%)

|IIII|I[II|IIII|IIII|IIII|III[|II]I|I

|IIII|IIII|1III|IIII|IIII|III[|II|I|I

>99.7% coverage during high luminosity pp runs
in 2023
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_ Run 427394
sk Date: 5 July 2022
_ 1=-0.19, $=1.76
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at * Data ]

___ Expected physics
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ATLAS Preliminary -

Run 427394 ]
Date: 5 July 2022
n=4.24, $=0.28 |
FCAL Front layer -

Data
Expected physics

Sample number

e Pulse shape is consistent with expected pulse from
calibration. In FCAL, working on improving the SC

pulse shape modelling

o Obtain the shape from collision data with
special runs with higher effective sampling
frequency (< 25 ns)
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Digital Trigger Performance
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3

g _l 10]] | TTTT ] =l &J I L I P | ] { A | I { I I ¢ I TT 1T l TT 1T Td kT TT17T l_ ;‘ 500 :' TTT | Lz R | TTTT | TTTT | TTTT EE T TTTT | 57 g T G L (\|>
o - ATLAS Preliminary ] & 450 ATLAS Preliminary 100 @
S opgol. 1512023 E = " FEMB Clg
8 P Rundseria ] W 400Ef5 Jul 2023 2 o
= : i @ goHRUN 456714 E R
O 2000 — g = 1= o4
% - g s S00F = RT
s} C 7 o = 3 2
5 1500+ — S 250 = c
Q C ] n = 3= 10° W
= - . 200 E
pa 1000:— _: 150§— —i 102

C ] 1005~ =

500— — = I 10
- . 50}- E
O—I Ll l | i) I | | e I e | | 1 1 | 1l 1 1 ' Ll 1l | L] a 0 155 ] I ! 5 e | l ] I 1111 I | 5 I | | Ll Rsz) | Jeplal | o | | Ltzisl I Llal I: 1
=25 -20 -15 .10 -5 0 5 10 15 20 25 0 50 100 150 200 250 300 350 400 450 500
Siifing ] Sum of Cells E | [GeV]
e Very narrow timing distribution for the SCs e Excellent agreement between cells (main readout)
e Used only for bunch cross identification — and SC cehergy ,
avoiding late or early triggers o  Saturation at high energy expected and
visible
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L1 Efficiency

Digital Trigger Performance

CERN
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e  Sharper turn-on curves with the same thresholds for electrons and jets
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e L1 rate reduction around 10% for the same thresholds due to better discrimination against pileup
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Back-End

Front-End

Digital Trigger Electronics Overview

Cryostat

il

Electrode I 5

New components
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LDPB (LAr Digital Processing
Blade)

LTDB (LAr Trigger Digitizer
Board)

LSB (Layer Sum Board)
Baseplane
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Back-End

Front-End

Digital Trigger Electronics Overview
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Back-End

Front-End

Digital Trigger Electronics Overview

~
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Back-End

Front-End

Digital Trigger Electronics Overview
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Back-End

Front-End

Digital Trigger Electronics Overview

—
DAQ Network DAQ
Readout crate (ROC) ' TTC crate ILDPB crate
. External triggers = -
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—> Calibration

% Main Readout (Samples buffered then
digitized and transmitted at L1A rate 100 kHz)

—> Digital Trigger (SC)

(digitized samples streamed at 40 MHz)

—) Legacy Trigger (TT)

(analog sums digitized in the back-end)

(Decommissioned this year)

CERN
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LAr backend firmware CERN

e  From digitized pulses, LAr computes transverse energy E_ and event time 7 at fixed latency.
e Sends E at 40 MHz to L1Calo trigger system after 7 selection.
VHDL based firmware, divided into several blocks.

L1Muon
—>|
O
Barrel o
NSW Sector
= L | MuCTPI
Muon Trigger —>| Logic "
Processor —
— ° [ o
TTC TDAQ/Monitorin
L1Cal T TOBs « o Y Y =
alo Electron L L1A
supercells Feature [a[a L1Topo L1ICTP|——>
o o 3|0
Extractor |T|x = [ 28 I
Jets, 1, TE; EMiss E 'g E ; i
O.1x0cl ] ® 5a User Code 22
LATOME — i () N Jet Feature = it 5 U,E [ £
LAr LTDB —  optc o )| Extractor |31o Coiifts £ % g © 3 .
| Large-R Jots —0f Legacy = S Realtime
LA L1Topo
o | Global ath
Feature I ‘ ‘ ‘ ‘ p @
Extractor IPBus controller 40MHz
0.2x0.2 Jets, ZE; Epmiss
g Jet Energy |,y —
Processor — 1GbE 4= Avalon® Memory Mapped interfaces
Lo | Avalon® Streaming interfaces
TileCal Q3| nMCM |TREX efy, T
Pre-processor
Q Cluster CMX
Processor

0.1x0.1
(.9) 28



Amplitude
o
™

o
o

0.4

Optimal Filtering c\E/RW

e Optimal Filtering Coefficients (OFCs, A, B,) are derived
from the ideal pulse shape & noise autocorrelation matrix

e Applying OFCs gives

o Amplitude (¢ energy) of the pulse

o  Time shift between pulse & ideal pulse shape
e This means that LAr decides on the timing for the

trigger! Fundamental change wrt. legacy system.
3 . .
Er= Z Ai(Si—p-b) A; Coefficients for energy reconstruction
0 i=0 S; Sampled signal
I 3 B i Coefficients for timing
O g6 500460 56060 ETT:ZBi(Si_p_b) P Pedestal level

Time (ns) i=0
b Baseline correction
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(Super) Cell Energy Computation C\E/RW

Foac—sua

Fua—sMEV

Nsamples

Ecent = Fpac—ua * Fua—MEv - E a; (si —
phys .
Mcah
sampling fraction, converts calibration board DAC counts to current

factor which converts ionisation current in the calorimeter to total deposited E, from test-beam studies
ratio of maxima of physical and calibration pulses with the same input current

cell gain - ADC to DAC from calibration pulse

Optimal Filtering Coefficients (OFCs), derived from predicted pulse shape & noise autocorrelation
samples of the shaped signal digitised in a given electronic gain, measured in ADC counts

read-out electronic pedestal, measured for each gain

Daily/weekly calibration runs and quantities measured during test beam

needed to obtain input for energy computation 0



Baseline Correction

€ Calculated and updated on-the-fly per SC and Bunch Crossing ID (BCID) for digital trigger

N,
;2000—."' — — —r III]IIIIIII]II‘III'I w J_III]IIIIII]IlllIIIIIIIIIIIIIIIITIIIIIIIIITI_].
® 4 ATLAS Preliminary 2017 data IR S - 08" ATLAS Preliminary . RawADC ]
2. [[& 48 bunches subtrain 7 8 B Nl 57 56555, Eiun: 4BidET + Applied Correction =
3 1500 EMB 0.2<[n|<0.4 —e— Prediction — O 06— Ela ‘!:Endcap Preslar:pl;ar. 16<H <17 Baseline Corrected ~ —|
= i e W . < [ <Inst. Luminosity> = 4.62 x 10* cm2s'* ]
:s_; : Data after correction ] 9( 0.4 - < :s> L 42‘;os .:::.cm s E
= 1000{- I & .. ¥ % ]
- Main readout 4 o [ . . A
5001 ! Woa g O e : ; 0 e e ot
B i 1 % Nels o.'. . :. "::
E . E §_0.2 f" Gt e :::' . H B ...o°..:.:g. ..3..': . '_3
OFw - g W ]
: : _0'4 - " oy ® 2 —_.
- - . - Digital Trigger readout T 7
)10 ) PN A N I SN I S I S -0.6— = —
0 20 40 60 80 100 120 140 160 TllllllllllllllllllIlllllllllllllllllllllllll_r
distance from beginning of train [BCID] 1140 1150 1160 1170 1180 1190 1200 1210 122§C1|g30
LAr pulse is significantly longer than distance between two bunch crossings
=>  Out-of-time (OOT) pileup raises the baseline = overall higher reconstructed energies
=>  Bipolar shaping partially compensates in-time with OOT pileup
€  With bunch trains, the cancellation is not perfect, in particular at the start/end of trains
=>  Correction applied both in main readout and digital trigger
€ Applied offline for main readout
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LAr backend firmware

e  Currently, LAr backend firmware being rewritten using an HLS based approach.
o  Two blocks restructured for reducing logic.

o  Ideais to have a pool of people being able to modify and adjust the firmware as needed.

o  For VHDL version: Most developers who worked on it left ATLAS or the field.
e  Plan is to put it into production in 2025!

o  Will need quick and efficient commissioning.

Two blocks being

based approach.
P TTC i

LTDB

User Code

remapping
FEX

Configurable

4 Input stage

&

IPBus controller
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HLS based firmware

e Full firmware already implemented.
e  Most paths tested in calibration and collision runs and
working fine.

Super cell coverage plot from collision run

SC caverage In ALL for unmasked SCs with ADC_max-pedestal > 10°RMS(DB) & good quality bits: ¢ vs 1

Entries. 5.296599e+08
Mean x 0.001661
Meany -0.001498
Std Dev x 1.607
Std Devy 1813

Super cell coverage plot from calibration run

EMBM 1 (new vs. ref)
Run 490163, wilh 4820
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Delayed signals —Late particles C\E/REJ)/

Timing cuts e Timing cuts applied to trigger on correct BC

e Widen timing cuts
o Let also signals that arrive late pass.

o Current cuts for pp running:

Amplitude

o
o

0.6

—8ns<1t<14ns, if ET>10GeV
|T| < 8 ns, if Et <10 GeV

0.4

0.2

° codl -
>

[ e  Main challenges:
early late / o  Keep noise under control
02k 0700 3200 300 400 500 600 o  Still trigger on correct BC

Time (ns)
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Delayed signals —Late particles C\E/REJ)/

e Timing cuts applied to trigger on correct BC

Timing cuts
3 ; e Widen timing cuts
::e:" o Let also signals that arrive late pass.
- o  Current cuts for pp running:
0.6 [ )
—8ns<1t<14ns, if ET>10GeV
0.4 _
7| < 8 ns, f Er<10GeV
! Light late
articles largel
1 e e  Main challenges: fnisse d ey
early late / o Keep noise under control '
=02 k 0700 3200 300 400 500 600 o  Still trigger on correct BC

Time (ns)
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Delayed particle detection efficiency

Reconstructed Et [GeV]

10

Nominal BC
/ T T T T T T T T T
N B B L Ay SR R RN R R RN REE = g 1-2: ATLAS Simulation Internal —— Right Region
L ATLAS Simulatjon | terna/ J 8 L TR 1008V aean e Sentr Pegon
12 channelld - 96843512 k Qo F 3
- n=0. 1 ¢= -1.721 : L H:\’ll'!-ins:f‘;:;s“?.g(?’r
- MiddleLayer . I - 0.8~ il
3 18ns 3 osf
: 2 B - .
6 ” ] L - 041 ‘
3 % = 0.2f
E -14ns -5ns~4ns m C
2 bd a PR T DONUE DL UG 00 ) ST TN e b
= -20 -15 <10 -5 0 5 10 15 20
[~ - g‘ 1.2 vvvvvvvvvvvvvvvvvvvvvvvv | AR AR B ]
. c - ATLAS Slmulaﬁon Intemal
% [ channelld = 956316672-960119296 °°""‘°‘B°'D'"C"‘°"'9f
= 1t~ True E, = 10GeV
O} amcbgmae,,
-50 -40 -30 -20 08k 0.0ns-17.0n6
Reconstructed tau [ns] -
0.4f
BC+1 -
0.2~
Ciaan basisdastdlas ks ! 1
-20 -15 -10 -5 5 10 15 20

] True t -3~2ns

Bt

\Nominal particle

>
True t b~17ns

> g

21 Slow Particle

True T Ons~17ns)

IMore than 95%
{{Correctly identify

f@C J

True Tau [ns]
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Pointing information

e Exploiting pointing information from LAr B
online would be ideal. ——
. 1 m Vertex (SV)
//ii—
e Pointing algorithms (“calo-vertexing”) currently /?/ Ve
. . Primal /LULP
only run offline and use full calorimeter \;enm?w i T
granularity. Have a spatial resolution of about 3-4 v,
cm, and timing resolution < 1 ns. T ;
E 140 ATLAS A~ 135GeV Hyy signal
5 [ s=13Tev -4~ 135GeV Zee signal
5 - -o- Zee MC
e Resolution with trigger readout would be 3-4 times I T - Zeedan ]
worse. Still well worth exploring as it would allow g wop
to capture events that are currently lost at the © el — i
. B e
trigger level. sof- * :i;:k
- b
“Foffline pointing " Vg
20t-resolution o
C *agant
c—IIIIIIIAIIAllllll[llllllllll
-600 -400 -200 0 200 400




Pointing information C\E/RW

e  Super cell pointing could be calculated already on LAr
backend firmware or on eFEX.

e  Special trigger bit to force triggering could be set in case R » barrel
particle track not pointing back to primary vertex.

back
e Limitations L4
o FPGA resources

o One LDPB board does not have full coverage and Rmiddle e biadle
hence all information. Would lose some efficiency.
. Particle 2 &
Particle 1 L R ............................. &
front £ 3
° Position info on one board ¢ Position info spread i /

across boards
° Would be missed

° Can be detected

A
N

/I Board 1 Board 2

"y A
Zy O Zfront Zmiddle Z
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Small signals —Light particles

3 GeV trigger
tower

Calculate ¥ EZ€ and hold it for 1BC

Compare Y EF¢ with BC before

Very challenging to trigger on low pT (thresholds around super cell noise back
levels)
o  New trigger by construction not as suited as legacy trigger. middle 051 05
o  Many energies have high probability to not pass timing cut.
o  Improvement especially important also for heavy ion runs (Ultra
peripheral collisions!) front | 0.5 | 0.5
presampler 1.0
New idea: Peak finder firmware
o  Summing several super cells
without applying timing (?ut. O Peak Finder
o  Deploy peak finder algorithm AnxAg = 0.1x0.1 “Peak Finder®
instead of OFCs on sums. JFEX Energy L
o  Needs significant firmware 2.
changes. and after
o  We believe we would still be

Add SC energy in all of
this area for every BC

Y. E; — Higher

within the latency budget.

(IR RSO P
W+

&

w

o 4

-+

o0 -

O -

g

If the ¥, E;€ is higher than that for
before/after, this BC is selected
(BCID identification). If not, E5¢
is set to 0. Then EfCtransmitted to

the latter stage.
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Final thoughts

e Phase-I is here to stay for HL-LHC.
o  We are still learning and haven’t exploited its full potential yet.

o  Phase-I will then be the legacy system. Good to have a solid baseline.

e We should push for possible improvements of Phase-I now.
o  Last chance to commission with beam for next 4-5 years.
o In Phase-II there will be many other priorities.

e We need to keep people involved in operations and ATLAS at large.
o  Continuous developments are one way of doing that.
o  Losing expertise is one of main problems in operations.
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Search for dark photons in ATLAS EE/RW

- ATLAS — Observed
 {s=13TeV,L=139fb*

[y
(=}

e No excess over the Standard Model observed.

---- Expected

" Expected + 1o
Expected + 26

o  Observed limits:

©  Massless v,;: BR(H—yy ) <2.28%

o Massive y;: BR(H—vy,) within [2.19,2.52]%
e  Long-lived part missing!

T
b
I
4
=3

95% CL limit on BR(H—)yyd) [%]
(o]

N S
|

o
=
o -
[N
-

10 m, [Gev)

ATL-COM-PHYS-2022-691 43



https://cds.cern.ch/record/2824196/files/ATL-COM-PHYS-2022-691.pdf

Cayy/A[TeV~1]

H >(1(—> y;yyy Full Run 2 analysis (iw

N/

Beam dump

SN1987a

e  Limit on branching ratio converted to limit on
photon coupling. Assuming new physics scale
A=1.

e  Allowed parameter space for ALP-based models
that could explain the (g — 2)u discrepancy in
the H — aa — 4y decay mode significantly

—== Obs. limit |CEff| = 0.1

(g—2), Orange shaded area indicates the region favoured by an
ALP explanation for the (g — 2)u discrepancy

Region excluded by this analysis

10"

m;[GeV]
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https://link.springer.com/article/10.1007/JHEP12(2017)044

Physics signals from LA~ cells

m 2.1 mm gap with ~2kV applied

m Particles interact with the absorber
creating secondary particles =
shower

m Secondary particles ionize LAr =
collected by electrodes, drift time
~450 ns,

m Current is read out, amplified and
shaped (CR-RC?)

m Signal then sampled and stored in
analog memory on the Front End
waiting for L1 trigger decision

outer copper layer

inner copper layer
kapton

outer copper layer

stainless steel

glue
lead
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AU,

LAr + L1Calo Trigger Phase-I Upgrade Motivation

L1 Rates [kHz]

107

Use shower information as done in offline analysis to improve
background rejection
Example 95% efficiency on electrons from Z — ee events with Run 3
conditions
e Assuming Run 2 trigger algorithms: to have L1 rate 20 kHz need
E.=28.5 GeV threshold

B R e R R R R
10E E
P ATLAS .
3
107, i ; E
fx - Simulation 3
E A 3
B TR VS=14TeV,u = 80 ]
2 ll .,
10°s I % Electron efficiency = 95% =
E i L 3
E i LS E
C iy ., ]
L i . 3
10 Xxxxl 0....
E i o ==
F e Run2 TExyy oo, E
E Ty, 2% 3
F ix ‘l.... g
v Phasel:R,,w _ cuts Axxxaald 7]
1L W2 “"t!s
Eoa Phase I: R,‘, Wn,z' f3 cuts 3
1 I L1l I L1l I 1111 I 11l ] Ll | L1l I Ll | L1l I L1l

%)
10790715 20 25 30 35 40 45 50 55

L1 EM E, [GeV]

T T
ATLAS

F Simulation

AU,

107

10°

10*

il
10?

T T T T
ATLAS
Simulation

10°
0

e  Using shower shapes from SCs, lower to E. = 21 GeV threshold

- E3x,

R.=
. E7x2

(.,m, 3 f =
; \% ’ Ezor
L Gy, ~ g "\
L %7\\[2//\/\‘ //
n / \} EHad
: Ryaa =
L 4 i ¥ I] L J “ ETot.
T T

LAr supercell structure ina Tile trigger tower

trigger towerof Anxa¢ =.1x.1

Moreover, improved L1 EM resolution = substantially
sharpen the trigger turn-on curves = reduction offline E
threshold and increase acceptance

T
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Super cell noise levels

E, [GeV]

Super cells’ LSBs in some regions/layers are quite high.

®
1.2__ - Presampler
- Lumiblock 500 Zerobias EM Front
C % Middle
11— Back
0.8
0.6
0.2_— M%@gg ;i %
(- XXXK \?af W \KXXX
o_l 111 | L1111 I | | | 1111 | 1111 I [ ] I | 1111 I | | I 1111 | 1111
-5 -3 -2 -1 0 2 3 5
n

rms”sc_lIsb

sc_ped
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Electronics noise
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Data Flow \

CERN

N4
- e R = —-— | ATCA Monitoring — — — — = I
I 119.%(®) - W; ATCA |
I =
I Statuses LDPB Monitoring ' System DEs
: Histos (Histos, Status <1Gbps, o IO
I
ADC Data$40M z e/[FEX Data@40 MHz |
LTDB Data L1 Calo
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25.2 Thps) : e N o 1
ata Monitorin
I 2 PC :
| -
: (ADC Data + Results 2.7 Thps) FARM
| (e e S
: Memory §
I
I T 5
[ ATLAS Event-TDAQ [ —
I FELIX | - TDAQ
I LDPBs ' I 4
————————————————————— Lo
LTDB Monitori - : 5 o ;
onitoring I PM
ELIX i
LTDE o —,  FELIX : . o Epopecs
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|:> AMC Front Panel Links
LTDB: 124 Modules LDPB: 31 Blades ‘Gbg Network
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Additional 1deas for improvement

e  Low pileup OFCs (2-4 instead of 0 pileup?)
o  Compute pileup noise autocorrelation and add it to pedestal
autocorrelation

e  Use S instead of 4 samples for energy/time calculation
o Might be able to better filter out low energy pulses

e  All these studies are being done on data from the 2024 heavy ion run.
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