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ALICE detector in Run 2
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Shutdown/Technical stop
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e @ In Run 2: ~7-10 kHz Pb—Pb interaction
rates with trigger rate < 1 kHz




ALICE detector in Run 2 TUTI

ALICE

2024 2025 2026 2027 2028 2029 Shutdown/Technical stop
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; : H ‘ T ‘ TITTTTTE T “‘ “‘} i Commissioning
h f " s3

Run2: £ PP =1.0 nb-1 Run4: £ i’),lfz“m? = 7.0 nbl

THE ALICE DETECTOR BTV A\ a. ITS SPD (Pixel)

cweeey @ In Run 2:~7-10 kHz Pb—Pb interaction
noe rates with trigger rate < 1 kHz
® Trigger rate limited by TPC

11 P i o TPC has ~90 ps drift time + at least
oo e ey ~200 ps gating grid to collect the
‘ pdt  © - -2 ion backflow
Aty =R | R o trigger rate limited to ~3 kHz
£ o = o For planned 50kHz Pb—Pb a HLT
trigger is not realistic
e Upgrade to continuous readout!

OCONOUEWNE
-
(o)
m

14, Muon Trigger
15. Dipole Magnet
16, PMD

17. AD

18.2ZDC

19. ACORDE
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ALICE HW upgrades for Run 3

New Si Inner Tracker: 10 m? of

MAPS with 29x27um? pixel size

3 inner layers ~0.3% X0 each.

Closer to the beam ’

50-500 kHz continuous readout / e — | Inner Barrel

ALICE

TPC MWPC readout - 4 layer GEM
(Intrinsic ion backflow ~99% blocking)
5MHz continuous sampling

Outer Barrel

«3ise

pad plane

Fast Interaction Trigger (FIT) detector V'ﬁ/“mnggf’a.
Scintillator (FVO, FDD) + Cerenkov (FTO) o =
detectors to provide Min.Bias trigger Al

for detectors with triggered R/O

»
s AT
o d

Muon Forward Tracker
to match muons before
and after the absorber.
Same Si chips as new ITS
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ALICE HW upgrades for Run 3 TN @

ALICE

New Si Inner Tracker: 10 m? of

TPC MWPC readout - 4 layer GEM MAPS with 29x27um? pixel size
(Intrinsic ion backflow ~99% blocking) 3 inner layers ~0.3% X0 each.
5MHz continuous sampling Closer to the beam B
50-500 kHz continuous readout / e |nner Barrel

s
New readout (all except EMCal, PHOS and HMPID) via
CRU(Common Readout Unit, PCle40 /Arrial0 FPGA/,
developed by LHCb)
I Detectors can be read out in continuous or triggered
Scintillator (FVO, F modes,except triggered-only EMCal, PHOS/CPV, TRD
ol (~40kHz)and HMPID (2.5 kHz)

for detectors with

Outer Barrel

1 o 2
Muon Forward Tracker
to match muons before
and after the absorber.
Same Si chips as new ITS
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ALICE raw dataflow in Run 3 TUT]

02/EPN ALICE
O2/FLP (Event Processing Nodes)
(First Level Processors) I‘ S,  ~700GB/s A GeOve GEUSCR
~200 2-socket Dell R740 e CR1  Sub-time frames, 10-20 ms
up to 3 CRU per FLP , ‘
o
©
3 ~170GB/s On-site disk
_______ % P Comressed time frames < buff
) § Calibration data uter
30 (~150 PB)
e i e Data flow during data taking (synchronous phase)

e Datais compressed as much as possible, but all
data collected is written to disk

Central Trigger Processor
Distribution of timing info, heartbeat trigger
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ALICE raw dataflow in Run 3 TUT]

O2/EPN

ALICE

(Event Processing Nodes)
~2000 GPU & CPU

O/FLP
(First Level Processors) s, ~700GB/s
~200 2-socket Dell R740 ||, ub-time frames, 10-20 ms

up to 3 CRU per FLP

~170GB/s On-site disk

Compressed time frames
E— buffer

Calibration data

(~150 PB)

e el e Data flow during data taking (synchronous phase)

e Datais compressed as much as possible, but all
data collected is written to disk

e Skimming runs after reconstruction

Lential Iriggen Froce:sor e If datais not continuously deleted, disk buffer

Distribution of timing info, heartbeat trigger

would fill up and no new data can be taken!
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Interlude: Heart beat and time frame TN @

vs,l-!i?:\tcoBmﬁiEng B) ﬂ <I::rl11 bZ?ein? t? utrirgigded:tectors -':;'?C:rsa-:fe:tes Prosmmene e
triggered modes wilbe sentto L Msled i e HB allows synchronization
to all detectors non-upgraded detectors - 5 1TF =256 HBF and TF Sampling from
Continuous & Triggered read-out detectors with continuous
| l J ‘ ‘ and triggered readouts
gronenaaf | || ] || L e Synchronized with LHC
A ™ clock
Heart Beat Frames (HBF): ! Y Y .
data stream delimited by two HBs Trigger data fragments o HB Frame is the smallest
| — chunk of data which is
i :::;:;zﬁrfgg)(g:s)ggu?\;: lg:BFs from one FLP FLP1 v—’ inSpeCted by CTP and can
a be dropped if the quality
L J :
Y
EPN ;-:::)?ga:‘f‘:I(ITSFT)'I::sfr_om all FLPs for the same time period Y Isslrl;)ga|(: EPN sees
from triggered or continuously read out detectors

non-consecutive TFs
NB: In current ALICE configuration TF is set to 2ms.
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ALICE reconstruction dataflow in Run 3

O2/EPN
(Event Processing Nodes)
~2000 GPU & CPU

B
(L5

Asynchronous ?m' ”"’

processmg

CCDB 2 On-site disk

( conditions) S buffer
database (~150 PB)

Asynchronous
processing

rchival

(ier 0 ¥ Tier 13
archival
=

Analysis Facilities

TM®

ALICE

Data flow during data
reconstruction (asynchronous
phase)

EPNs and Grid resources are
used for reconstruction and
Analysis object files (AODs)
become available on analysis
facilities

anton.riedel@tum.de
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ALICE reconstruction dataflow in Run 3

O2/EPN
(Event Processing Nodes)
~2000 GPU & CPU

} [piwe
Asynchronous ?m' I ”"

processmg

CCDB 2 On-site disk

( conditions) S buffer
database (~150 PB)

Asynchronous
processing

rchival

(ier 0 ¥ Tier 13
archival
=

Analysis Facilities

Data flow during data
reconstruction (asynchronous
phase)

EPNs and Grid resources are
used for reconstruction and
Analysis object files (AODs)
become available on analysis
facilities

AOD are now available for
skimming (i.e. to be analyzed
by software triggers)

anton.riedel@tum.de
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ALICE software trigger TN @

ALICE
FILTER SCALER
filterTables.h

| ‘ ® Analyzers from different working groups
| write analysis tasks which tag events to
| | select events of interest
MM FToM | ... e Data is fully calibrated at this stage so
| l | information from every detector can be
DQ siio | oo | o | o | used, especially PID information from
TPC

e All decisions will be collected and the
bunch crossings of the selected
collisions will be tagged

H F Beauty

CEFP = Central Event Filtering Processor
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ALICE software trigger TUTI

ALICE
FILTER SCALER
filterTables.h
S

from S.Trogolo

CEFP Decision

filterTables.h

MM FTOM \ BCld | CollTime = CefpSel
| true
DQ DiMu > CEFP 1
- L ' : cefpTask.cxx false
HF Beauty / false
H 1 |
. T - x CEFP decides which bunch crossings will be kept!

Code repo: 02Physics/EventFiltering

CEFP = Central Event Filtering Processor
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ALICE software trigger TUTI

ALICE
TOF data stream: stream of hits sorted in time

TRD data stream: triggered readout frames of ~3us

TPC data stream: time bins of 200ns

ITS data stream: readout frames of 198BC

Bunch Crossings

NB: pictorial view of data streams for illustration purposes (Courtesy from M.Puccio)
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ALICE software trigger TUT

ALICE
TOF raw time has a constant shift of ¥z orbit

T // A

Selected TPC time bins cover a full drift time —

T Selected BC + tolerance due to finite collision time resolution

NB: pictorial view of data streams for illustration purposes (Courtesy from M.Puccio)
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ALICE software trigger TUTI

ALICE
TOF raw time has a constant shift of 13 orbit

A // A

Selected TPC time bins cover a full drift time

CEFP tags window around the selected BC:
Timing resolution is finite, allow for
40 window
Collisions are associated to TO signal
which might be off by several BCs

d BC + tolerance due to finite collision time resolution

NB: pictorial view of data streams for illustration purposes (Courtesy from M.Puccio)
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ALICE software trigger processing chain i

Original CTFs

1 118

oeriit00

SL0uT ma

C40aT mas

it Hi : U B Deletion of old CTFs and
‘ archival of new CTFs

Grid, EPNs ’
Data processing - Offline trigger CTF skimming: O(%)
of the original size \

async reconstruction selection (filtering)
R ]W

AO2D analysis

Is the
collision

interesting?
Can be kept

To be discarded

Grid, EPNs

Data processing -

async reconstruction

NB: sizes of symbols/images only for illustration purposes (Courtesy from C. Zampolli)

Triggering Discoveries in High Energy Physics IlI
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ALICE software trigger processing chain

ALICE

Original CTFs

YSSRIIILIE 110,10 ernyen

19011
ol

0

0

0

1

0

v

Deletion of old CTFs and
archival of new CTFs

async reconstruction selection (filtering) of the original size

Grid, EPNs ,
Data processing - Offline trigger CTF skimming: O(%)

Grid, EPNs

AO2D analysis

Is the
collision
interesting?

Data processing -

async reconstruction

oo R P
4 weeks % -

allocated

NB: sizes of symbols/images only for illustration purposes (Courtesy from C. Zampolli)
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ALICE software trig

| CTFs

101

Origina

1 11001

S erryen
1o}

19011
ol
%0

0

0

1

0

v

Deletion of old CTFs and
archival of new CTFs

Grid, EPNs
Data processing - Offline trigger CTF skimming: O(%)
async reconstruction selection (filtering) of the original size
Grid, EPNs

-
Data processing -

Is the async reconstruction
collision
interesting?

4 wee ks Can be kept
Downscalin,
allocated 4 weeks
allocated

NB: sizes of symbols/images only for illustration purposes (Courtesy from C. Zampolli)
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Data accumulation in 2024 (pp data)

EOS Space Monitor (aliceo2) v

0B
04/01 04/16 05/01 05/16

== Used Space (erasure) == Free Space (erasure) == Capacity (erasure)
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Data accumulation in 2024 (pp data)

EOS Space Monitor (aliceo2) v

Deleting old pp data from the disk buffer

140 PB /J“\‘ / /,,,/\A/\/‘]/

120 PB = _ £ \
[
A"

100 P8 Deletions of data accumulated in 2024
Start of data taking: accumulating data

e Reconstruction + Skimming is time sensitive operation
e Perform QA at every step
® Processed almost 200 PB of data in 2024 alone

0B
04/01 04/16 05/01 05/16

== Used Space (erasure) == Free Space (erasure) == Capacity (erasure)
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ALICE trigger menu
ALICE Performance, pp Vs = 13.6 TeV
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ALICE

Examples

ALICE trigger menu

~
n 2
> C
2 o
> >
5 o
L o
er
VI

6o
o =

o
S v
<e
c
>
=
= (@©
).Nh
S5 0
nC|
ehquq
>
F_%..nlu
T T .2
emd
N O &
> =
©
c
< © o

can be downsampled

G
o
[
o .
n X
(7p]
m_b
a ¥
E ©
S ®
—
mw
= &
°

[ejoL

i] fpoge e

1dMoTyoIer
1dubiHyOwer
Jaibuis

"] uono93Iq
;] UOnIg

...............................

nsoérm_ac_w
ybiHnpebuis
d2dYBIHIH
d2WIeya|qnoaiH
deldubIHiH
dehineagiy

drAineagiH

dewseyDaIqnoaiH
XINWIBYQRIGNOQIH
dgWIBYDOAH
dEWIBYDOAH
4oBgIX0] IEgUUBYOIH
INpoRILYBIH
OAJUNNYBIH
INNOIYBIH
1e14014ubiH
INNOAZ2014YBIH
18140A40013UBIH
ol |1dbuipes
ddd

1dd

d

debdddddide

|

'II“-i I

ALICE Performance, pp Vs = 13.6 TeV
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Example: proton-deuteron trigger TUTI @

ALICE
Measurement from Run 3 Preliminary Measurement in Run 3

Phys. Rev. X 14, 031051 (2024)
12—

Increase statistical £ -~ I
F D g r B -
ool M : significance of the " *
- r pp High-mult. Vs=13TeV ] measurement to s ALICE Preliminary
% 0.6 160 p-d ® p-d - 06——* pp Vs =13.6 TeV
B AV18+UIX (full) . H down enUine Or
0.4 [ AV18+UIX (s*-wave) — pln g C O ==
[ Pionless EFT (NLO) 3 3-b d . t t 0.4 _+_ ' pd
0.2 Baseline _: (0] y Interactions E AV18+UIX (2N+3N)
] o 02r Baseline
c"c_‘ _.:~-..'- o] IR E AN I AU I B B
_5'_ o ' . . ‘ 7 0 50 100 150 200 250 300 350 400
0 100 200 300 400 500 600 e i k* (MeV/c)
k* (MeV/c)

Trigger on proton-deuteron pairs with small relative momenta

Rare channel (correlation signal between baryon and light nuclei)

Physics quality reconstruction required (especially calibrated PID from TPC and TOF)
Selection not possible with HLT trigger
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Example: 4-prong beauty trigger TUTI @

x10°
C\(l) i 1T 171 | T T T | | L T I T T T I L | T T |
% . ALICE Performance _
> 7 pp, Vs =13.6 TeV, L, =21 pb"' -
08 t 2<p_<10GeVic
g i
) i T ]
S 0.6_— ]
3 i
: e Data +
0.4+ [ B° - Dx" and charge con. ¢
- —-Comb. background .
T e B® - D™~ {n*, p*}, Bg — Dgm ]
(12__———T0Eﬂﬂt |

ALICE

Trigger on 4-prong beauty decay
First time to observe the B meson
directly in ALICE with the trigger data
Measurement of B mesons at low p_
at mid-rapidity

Physics quality reconstruction
required (especially calibrated PID
from TPC and TOF)

anton.riedel@tum.de
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Example: Charm/Dimuon/Dielectron TUTI

ALICE Performance 1 1<08 ALICE Performance
pp, Vs=13.6TeV A pp, s = 13.6 TeV

D° » K e D° - K- T T

Jy — pu ot ol T

-4 < My < -25

Counts per (7 MeV/c2x 30 MeV/c?)
Counts per (7 MeV/c2x 40 MeV/c?)

1.7

5 1.95 1.9
4 2.05

A
mup (GeV/cz) M KGG\” mee (Ge V/CQ) Max

° DO-J/Psi associated production with large rapidity gap (Double parton scattering):
® Physics quality reconstruction required (especially calibrated PID from TPC and TOF)
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Example: Hypertriton | TUT

ALICE

10°°

Oosx L] T T L] L] L] I T 1 T T T T
S L -
. g
@ 0.5 = —
0.4 1 =
0.3 -
¥ ALICE Preliminary =
02— ¢ Run3,pp Vs=13.6 TeV -
F X “Run2,pp Vs=13TeV -
= 1] B
0.1 4 —— SHM, Ve = 1.6 dV/dy ]
E | | Coalescence, 2-body -
B 1 L 1 1 1 1 l 1 1 1 1 I 1 N

® Twice better precision than
Run 2, well-described by
2-body coalescence
prediction

® Physics quality
reconstruction required
(especially calibrated PID
from TPC and TOF)

<chh/ d 77>|q|<o.5
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ALICE Software trigger in Pb—Pb? TUT &

ALICE

€ 18~ ALICE Performance, 2023 12 All data taken during Pb—Pb runs
2 — . .
9 14/ Pb-PD, {5y =536TeV g is stored to disk!
£ Recorded: 1535.5 b’ 10
3
o 1.2
y.]
®
g 1 .
£

0.8 )

0.6

- 4
0.4|
: 2
0.2 Pb-Pb @50 kHz IR
2 ms drift time
0 . | 0 TPC reconstructed tracks from
05 Oct 12 Oct 19 Oct 26 Oct different colour-coded events
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ALICE Software trigger in Run 47? TUTI

ALICE
High luminosity for ions High luminosity LHC

E Ru:(;% . LS3 . Run 4 .

B

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Tss g

ALICE 2

e With Focal opportunity to trigger on new signals
® With ITS3 improve triggering on heavy flavor signals
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Summary and outlook TUT &

ALICE
5 [ ALICE Performance, Run 3, pp, Vs = 13.6 TeV

e Continuous detector readout and offline %50:— Recorded

trigger selection work very well for ALICE € 1% 198 pbj
e Great success of the 2024 trigger ?: ot 2822; 42:3 23_1

processing campaign: more than 50pb™ % L

ready to be analyzed (pp data) E 301
e Integrated luminosity collect in 2024 is N

more than ALICE ever inspected 20[ -

(Run1+Run2+Run3 until 2023) :
® Discussions about increasing instantaneous 10—

luminosity delivered to ALICE

oL |
Mar Nov Dec
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