The new ALICE asynchronous software
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ALICE upgrade for o oo h

2021 2022 2023 2024 2025 2026 2027 2028 2029
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Protons physics
B Ions
Run 3 ) Long Shutdown 3 (LS3) Commissioning with beam
T Hardware commissioning

High-precision measurements of
quark-gluon plasma (QGP)
properties
» Heavy-flavour hadrons and quarkonia T ——— et o

at very low pr e U
» Vector mesons and low-mass dileptons B}

» High-precision measurements of light
hypernuclei

= |ncreased recorded interaction rate 50 kHz in
Pb-Pb and up to 5 MHz in pp

= Collect x100 MB data in Pb-Pb and x1000
data in pp wrt. Run 1 and 2

= |Improved spatial resolution
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Inner Tracking System 2

= Outer layers

Middle layers

nner layers

. 7 layers of silicon-pixel detectors
. Low material budget
. 2-5 times better spatial resolution

; Fast trigger (latency < 425 ns) !
¢« Low material budget Online luminosity |
|+ measurement
.+ Multiplicity and centrality

Collision time with 0 < 50 ps
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Outer field Central HV
electrode

Outer readout  §
chambers

£
Inner readout }
chambers 3

Inner field
cage

GEM in place of MWPC |
Continuous readout (~50 kHz in Pb—Pb) f:.

Prompt vs. non-prompt charmonia
separation
Extended ptcoverage (ot > 0)
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High-precision tracking and unprecedented data rates

9 sl ALICE Performance, Run 3, pp, /s =13.6 TeV
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 ALICE achieved excellent spatial resolution with continuous readout in Run 3

e Full data volume for Pb—Pb collisions (2023-2024) is stored (83 PB)

e Over 4.6 trillion pp events were recorded (2022-2024) at 13.6 TeV with 660 kHz interaction rate,
generating 310 PB of data —> storing the full pp data volume is not feasible

= New ALICE asynchronous software trigger processing
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Skimmed CTFs
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Deletion of old CTFs and
archival of new CTFs

Grid, EPNs Grid Grid

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

Grid, EPNs

[ AO2D analysis }

Data processing -

s the | async reconstruction
collision
ves interesting? no
R T W
Can be kept To be discarded 1 '

{ Downscaling ]

4 weeks allocated



ALICE asynchronous processing scheme N

Original CTFs Skimmed CTFs
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Deletion of old CTFs and
archival of new CTFs

Grid, EPNs Grid Grid

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

async reconstruction selection (filtering) of the original size

Grid, EPNs

r|# [ AO2D analysis ]
| W

Is the
collision
interesting?

[ w

Data processing -
async reconstruction

no

yes

Can be kept To be discarded 1

[ Downscaling ]

4 weeks allocated

New ALICE asynchronous software trigger

4 weeks allocated



How to do Offline-Trigger Selection Filtering? N

Offline trigger
selection (filtering)

AO2D analysis
R l t w

Is the

collision

interesting? q




Offline-Trigger Selection Filtering W .

FILTERS

Dileptons & quarkonia

CEFP
decision

Light Flavour

Bunchcrossing CEFP
ID Selection

Heavy Flavour

o Iy ~ R A\ )
‘tt[ram jEvm 1456 [ true
Correlations and flow Fi ﬁiﬂ]@ > < < > <
WSSW 3 1460 [ false
(CEFP) . / e
Jets [ W[ h [ )
| ) . )

Electromag. probes

UPC & diffraction




How to perform the CTF skimming after Filtering? J& . 52 |

Skimmed CTFs

Deletion of old CTFs and
archival of new CTFs

Grid

CTF skimming: O(%) /
N\

of the original size

Grid, EPNs

[ w

Data processing -
async reconstruction

% ‘:;;:;':TE:': Rl TW

4 weeks allocated



CTF Skimming

Bunch Crossings

I

TOF data stream: stream of hits sorted in time

TRD data stream: triggered readout frames of ~3 S

TPC data stream: time bins of 200 ns -

P P P P T P T T T T T

ITS data stream: readout frames of ~5 U#S

Sketch of the data stream of 4 barrel detectors



CTF Skimming

Bunch Crossings

L

TOF data stream: stream of hits sorted in time

TRD data stream: triggered readout frames of ~3 U4S

TPC data stream: time bins of 200 ns -

L P P P P P T T P T T

ITS data stream: readout frames of ~5 U#S

Sketch of the data stream of 4 barrel detectors



CTF Skimming

Bunch Crossings

H|HHH||HHHHH|HHH|||HWH\HHHHHH\HHHHHHHHHHHHH\HH||H||HHH|HHHHHHHHHH|HHHHHIHIHH\HHHHHHHH\HHH||HHHHH||HHH|IH|HHH|||HWHHH|HHH||I|H\HHHHH\H|\|HH|HHH|HH

TOF raw time has nstant shift of ¥ orbit

TRD data stream: triggered readout frames of ~3 4S
| Selected TRD data ‘

TOF data stream: stream of hits sorted in time

TPC data stream: time bins of 200 ns Selected TPC time bins cover full drift time

INNENNRNNRNNRENR

ITS data stream: readout frames of ~5 U#S

Selected ITS ROF




CTF Skimming

Bunch Crossings

H|HHH||HHHHH|HHH|||HWH\HHHHHH\HHHHHHH\HHHHHHH||H||HHH|HHHHHHHHHH|HHHHHIHIHH\HHHHHHHH\HHH||HHHHH||HHH|IH|HHH|||HWHHH|HHH||I|H\HHHHH\H|\|HH|HHH|HH

TOF data stream: stream of hits sorted in time TO?/W time has a constant shift of ¥s orbit
TRD data stream: triggered readout frames of ~3 4S

| Selected TRD data ‘
TPC data stream: time bins of 200 ns Selected TPC time bins cover full drift time

INNENNRNNNENEENR

ITS data stream: readout frames of ~5 U#S

Selected ITS ROF

- BC window applied to account for the finite collision time resolution, which can exceed the 25 ns spacing of a single
BC
* For pp collisions at 660 kHz, a window of ~1000 BCs is used around the selected BC.



Data Accumulation Profile

EOS Space Monitor (aliceo2) v

160 PB

Deleting old pp data from the disk buffer

NIV

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

80 PB
- 200 PB data processed at
physics-level in 8-week window!
40 PB
20 PB
0B
04/01 04/16 05/01 05/16 06/01 06/16 07/01 07/16 08/01 08/16 09/01 09/16 10/01

== Used Space (erasure) == Free Space (erasure) == Capacity (erasure)
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Offline Trigger menu: 3 body femtoscopy W
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Offline Trigger menu: Antinuclel biso.zhang@cern.ch

[ ]
ALICE Triggers, pp s = 13.6 TeV, data taking 2024, Menu 2, L, = 23.7 pb’ Carolina Anna Reetz, Mon 14:20
__.E;. 10—3 §|_||||||||| | |||| | FLLLLL G L] l.!-l.!.l.l.J,J_.J.J.J.J,J..I..I..l..I..I..I..I..|..I..I..|..l..I..I..l..l..l.l,l.l.l.l.!.!.!.!.!.!.!.!.!.!.!.!.!_é - — T T T T T T T T T T T T T T T T T T
= Coiiiiiiiiiiiiii .. : Piiiiiiiiiiii S Q .
3 EEEE SR Select1v1ty = (Trlggered events)/(Analyzed events): :iiiiiiiiiiii 3 g ALICE Preliminary
D 7 B R R R L it s T A PO R BRN R RN S 10° = —
@ 107 € L iiEiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii@iiiiiighlllid S e ” KX Run 3 pp, Vs=13.6 TeV =
O B g O g P T g - p —
> B R N S E A R R R R R R R R R R RO B [e] L. =63 pb 7]
'9 _5_l_"'""""""'\.-\.-\.'\.'\.IOH.|.|.|.|.||||||IJJJ el e e et ettt e OO, Lt Lt ettt at ot :0':. ttttt IOIIWIIIIOQI_ l_ - Int —
E 10 oy e e e ey o ekl T e S | oY
S CEESREEEEE SRR S S S S S S SR RS = o | O B + 10% global unc. not shown n
c CoDiiiiiiiiiiiiiiiiiiiiiiiiiiiioliiiiiiiiiiiggiigiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiyn o] I
7) 107 I e et S SO O S SO O S SRS U S SO S ST S0ttt S S SO O S SO O OSSO S S O B IE 7
< SR R R R R S SRR R R R R R = 1—25 -
Coiidoriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiyn 109 _
A O S — ]
L = e e R R R RS SRS A S S S SRS S S SRS R SRS RN R RN = m N _H ]
e S = — ™ e —
SRR R R R R R R R R R R R R R R R R AR R S A SR A RS SRR SRR R SRS RS SRR RS RRESRREREEE |5 B +;H*3He+“+’|y|<1 /\ .
1078 Bt i pir i bbb b L L D b b L - . :E
SR S NS R RS R R = arXiv:2504.02491 (2025)
o iiiiigg il il i i i i i i Congleton Wave Function '
L = R R NN o | $ |
S B 2 BoS BT BRI III AN An Sl 80 ST E A A g B T o A S A B A S G085 55 L LA L6T 558 S 100°F | d-A Gaussian Wave Function =
5655055 0E5202S0S0 PO T EEANE & L Porosssn e natiegnostaan oS gRotor S a0dge | - | | | | | -
E'OhmGJIETODCO *"D""*-’D'*"D'%D'DEIEIE(D &o%_gjc Q_CCSL._EJ:@LCBL%_E_CS_CE@SS GJQE L _505()_5.00800 | | | | | | | | | | | | | | | | | | | | | | |
L o-25mES o A 3AASA =SSP IOAE0 208 To61-2RQ L SRR EEL 5R0R20 oo - I REA0GaT 1 2 3 4 5 6
g 33870 §  5JI98roqaosTledt 2% SEL TISEEesT et T Tosise o onss SrBESSE
& ®_E AT O3T 82w TS o5 TooEQ I3 T359T IS o
5° o T FUSEeLESEE @ 3 S22 TSfer 8 T8g ek <0 p. (GeV/c)
8 S sEEsE8 5 ° sgt T TE% 2 '
= EEGOEE 20 T - () 018 T [rrrryrrrryrrrrrrrrprrrr [ rrrd
5§ &E oD 2] ~ -
0} R 21 > |

ALICE Preliminary
pp Vs=13.6 TeV
| < 0.5 —— Fit m; exponential

e Data

¢ HyperNuclei |

+ 10% normalization unc. not shown

f\ﬁ ~40 times increase in statistics with

T

respect to Run 2

- First “He observation in pp collisions

O L1 1 1 I L1 11 I L1 1 1 I L1 1 1l I L1 1 1l I L1

0 1 2 3 4 ) 6 /
P, (GeV/c)



https://indico.in2p3.fr/event/33627/contributions/155131/

Async. trigger selectivity

Offline Trigger menu: B-hadrons

ALICE Triggers, pp Vs = 13.6 TeV, data taking 2024, Menu 2, L _=23.7 pb’
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* First direct observation of B mesons in ALICE
using triggered data
» Extended B meson production measurement

at midrapidity down to very low pr

d°c/dp dy (ub GeV'¢)
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https://cds.cern.ch/record/2928766?ln=en
https://indico.in2p3.fr/event/33627/contributions/155128/

%% Biao Zhang

N
\O

Summary and outlook

biao.zhang@cern.ch
Upgraded ALICE detector in Run 3 achieved : . ' ALIGE Prliminary §§§F°”§;13_6Tev
 Continuous readout system: handling ~50 kHz Pb—Pb and up to § 1_35 _E&**,f;#
5 MHz pp collisions - :’_ *++
New ALICE asynchronous software trigger: —B . o
10 &~ CMS, Vs =13 TeV (s=136TeV, |y <05 ~ =
» High-speed and efficient processing enabled the successful Ghrht  mRlRtwpiler G
inspection of 2000 times more pp collisions compared to Run 2 O : — ﬂiﬂgmﬂﬁ
v New physics results have been obtained from 1_ e

skimmed pp data

ATLAS/CMS Run2 ATLAS/CMS Run 3

1GeV (um)

|||_ 80 ATLAS Run 4-6
Q ALICE Run 2 \
ﬁs_i 60 ‘@“ A.T’LCA)SMS Run 4-6
Outlook: More trigger channels will be added for 2025/2026 5 C\
. . . % m\;i%zun . . ALICE Run 3
data processing, further extending the physics reach and g S g
S Aucéufiun4\@
improving data handling performance in Run 4! S 0

Acceptance (An)X Pb-Pb interaction rate (kHz)
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Physics results: B-Mesons
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Physics results: Charm excited state
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Synchronous and Asynchronous processing scheme Y bino zhang@cern.ch

Data links from detectors >3 TB/s

Readout nodes
500 GB/s
Synchronous processing =
- Local processing D <
- Event / timeframe building = S
- Calibration / reconstruction =
o
Disk buffer \\
==
Asynchronous processing = %
- Reprocessing with full = 2
calibration a g
- Full reconstruction Compressed

Reconstructed Data Raw Data
Permanent storage <100 GB'/s



