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The ALICE Run 3 detector 2

ALICE

Major upgrades completed for ALICE for the LHC Run 3 started in 2022

Physics motivation

High-precision measurements of quark-gluon

plasma (QGP) properties

— Heavy-flavor hadrons and quarkonia at very low p.
— Vector mesons and low-mass dileptons

— High-precision measurements of light hypernuclei E ' w0

Requirements

— Increase minimum-bias Pb-Pb data interaction
rate of 50 kHz (~1 kHz in Run 2)

— Collect 13 nb™" in Run 3 and 4 — x100
minimum-bias statistics with respect to Run 1 and 2
— Improve tracking resolution at low p.
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ALICE Upgrades for LHC Run 3 3

ALICE
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ALICE Upgrades for LHC Run 3

ALICE

Detector Upgrades
e Inner Tracking System (ITS)
e Time Projection Chamber (TPC)
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Detector Upgrades
e Inner Tracking System (ITS)
e Time Projection Chamber (TPC)

New detectors

e Fast Interaction Trigger (FIT)
e Muon Forward Tracker (MFT)
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ALICE Upgrades for LHC Run 3

ALICE

Detector Upgrades
e Inner Tracking System (ITS)
e Time Projection Chamber (TPC)

New detectors
e Fast Interaction Trigger (FIT)
e Muon Forward Tracker (MFT)

DAQ and reconstruction
e New Trigger/Readout System
e New Online/Offline System (O?)
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ALICE pp program % 7

ALICE

a2 | ALICE Performance, Run 3, pp, Vs = 13.6 TeV

e Regular pp production running at 500 £ 300 _

kHz interaction rate (IR) é i Recorded: 28.2 pb’
o 2022: ~ 1 trillion, 56 PB of 13.6 = 251~
TeV pp data collected g |
o 2023: ~ 650B, 37 PB of 13.6 TeV gzol
pp data collected S
15 -
e ALICE buffer size: 150 PB, to be mostly -
taken by the Pb—Pb sample 10l
o pp data needs to be filtered to §
reduce their size on disk 5[
o offline trigger program -

07 \ \ | | \
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Skimming pp data

ALICE

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

Grid Grid
CTF skimming: O(%)

of the original size

Grid, EPNs
Data processing -
async reconstruction

Offline trigger
selection (filtering)

Grid, EPNs
§ l fw R T w Data processing -

Is the
collision
interesting?

To be discarded

async reconstruction

lew

Can be kept

NB: sizes of symbols/images only for illustration purposes

F. Mazzaschi



selectivity

Skimming pp data

ALICE

Target selectivity

ALICE Performance, pp Vs = 13.6 TeV
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Skimming pp data: selectivity

% 10

Async. trigger selectivity

18
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ALICE Performance, pp Vs = 13.6 TeV

ALICE
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T Target selectivity

—LIIHHIIIHIIIHHIIIHlIIIIHIIIHHIHHIIIHlIIHHIIIHlIIJ—

Trigger quotas divided among the different physics channels ranging from HF
physics to hypernuclei and exotica

o Selectivity achieved 6.4e-4

Original CTFs deleted and skimmed CTFs archived on tape
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Improving data (and MC) reconstruction ’

0.02_|'"'|'"'I""I""J""l""l':

ALICE Performance
Run 3, pp Vs =13.6 TeV

o
=
©

I
Z
(0]
=

Reconstruction software improvements

e TS detector alignment

e TPC space-charge distortion
calibration

e [TS-TPC fake matches rejection
for heavy-ionising particles

e Dead channel time dependent

maps describe loss of 0.01 2_ Run 528292, ITS2 standalone tracks
acceptance in the anchored MC : oae .

. ] Cl eeeeees MC with time-dependent dead chip maps
simulations (ITS, TPC, MFT) 0.011 ... MC with static dead chip maps
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Rare signals in pp collisions @ 13.6 TeV

Heavy-flavour: ¥ **(2520) measured Light-flavour: #,H measured
for the first time at the LHC for the first time in small colliding systems
>< 3 —~~ LI I | | T T T T l T 1T T 71 I LI B | | LI L I L I LI L L I L
(\é 40:\ LI L B B \ll |. T T L — NeW No 14—_ _—
> [ ALICE Preliminary . o N ALICE Performance ]
= 35— pp, (5= 13.6 TeV - > b d N
=l s g | 6 F (@ i3, pp f5 - 126 TeV
g 3 ; 2 ~(2455) and charge conj. ? 8 10 o %ﬁ _ “Fesr* —
c C o u(@) — u(Ad) = (167.23 £ 0.06) MeV/c? ] o C ]
-1 [ C 1 - .
3 25: - 1.2 MeV/c? (fixed) ] o 8 Local p-value: 4.6 6 —
- Signal = 17288 + 435 ~ = ] ]
20— - a6 T
L - +—
C ] c N
15 /. 8<p, <12GeVic - O 4 ‘ 44
- % +(2520) . L 1 - L[] e
10~ H(E) - p(AY) = (231.34 £ 0.53) MeV/c® T | | §
: G = 1 .2 MeV/C2 (fixed) : B 11 | 1111 | | I_‘._ | I | :
5t~ Signal = 24758 + 1558 = Pgo 394 395 396 397
— ;1‘...A1‘..|..4_4/\’..\g\._u!..‘ .E 4Hen+(GeV/C)
£ 4000F E
9 3000F E
S 2000 E
g 1008%‘ B ot a8 e More details in the talks of:
a ARSI NMRARDAGEE , , th .
0T 096 078 07 055 05d 056 058 S. Politano’, Wednesday 5" June, 14:30

M(pKnr) - M(pKn) (GeV/c?) L. Barioglio, Tuesday 4™ June, 15:00 F Mazzaschi



Run 3 Pb-Pb
VSN~ = 5.36 TeV
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ALICE Pb-Pb program

e Regular Pb—Pb production running at 50
kHz interaction rate (IR)
o 50 times higher IR than Run 1+2
o 12 B Min Bias collisions recorded
o ~ 100 PB of Pb—Pb data

e LHC beam background spotted by ALICE
during the Pb—Pb data taking
o collimated flux of particle, locally parallel
to the beam pipe
o collaboration with LHC operators, flux
deviated
o only 6% of the data affected

Integrated luminosity (nb™)
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ALICE Performance, 2023
Pb—Pb, m =536 TeV
Recorded: 1535.5 ub™'
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Reconstruction improvements in Pb—Pb
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Reconstruction improvements in Pb—Pb %

ALICE

ITS alignment + TPC space-charge distortion calibration
e Impact parameter resolution ~ 5 times smaller than Run 2
with the new ITS at low p. ( < 30 pm above 1.5 GeV/¢)

’é Al
=1 ALIULE S HOLTIAarnce
\E Ru 3 Pb'_D y Sklkl — 5.36 Te
o) VNN
= In| < 0.8
5 10
(7]
2 e LO-Projeclio!
o N Ml sl g g
g (N} « Run3data
£ R « Run 2 data
© .. :
(qv] ~
2 10° G
O e
8 \‘\ * -
g "‘Q.. -\“‘.
'"."o.._’. ' * -
At least 1 hit in the; 3 innermost ITS2 layers e
At least 1 hit in theiinnermost ITS layer :
107 1 10
P, (GeV/c)
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Reconstruction improvements in Pb—Pb

ITS alignment + TPC space-charge distortion calibration Improvements in the TOF
e Impact parameter resolution ~ 5 times smaller than Run 2 calibration, performance

with the new ITS at low p. ( < 30 pm above 1.5 GeV/¢) compatible with the Run 1+2 ones
- :(E 006 T T T | T T 1T | T T 1T | T T 1T | T T 1T | T T 1T | T T 1T | LI I_
g ALiC': arrormance g I LHC Run 3 (2023) ALICE Performance |
= Run. 3 Pb-Pb, {s\=5.36Te £ 0.05/-Pb-Pb, {5,,=536 Tev  Time-Of-Flight detector
'% Inl <0.8 = - 1.45<p_<1.55GeV/c ]
S 10° > - ]
A ‘» 0.04— —
2 e LO-Projeclio! B i
- & MLt At - ]
% i ¢ RUN J data B Gaussian model -
% ‘\. ¢ Run 2 data 0.03[~ —o=-68t2ps
= S ; B i

(U ~
o ° L i
210 S . 0.02 -
(@] g & r h
g g B New ]
E ‘....A \e'“u\ r (] b
= ® 0.01- -
"‘..'.” ' X - B ]
At least 1 hit in the: 3 inhermost ITS2 layers o B ]
At least 1 hit in theiinnermost ITS layer 5 0- Ll Ll - R

10” ] 10 -300 -200 -100 0 100 200 300 400 500
p_ (GeV/c) TOF -t (ps)
N
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Heavy flavour signals

Normalised counts / 10 MeV/c?

First signal extraction of D,, D_" meson in Pb—Pb collisions in Run 3
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® Data

— Total fit function

ALICE Performance
0-10% Pb—Pb, \/STIN =5.36 TeV
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ALICE Performance

10-30% Pb-PDb, \/:’::7NN =5.36 TeV
2< p, < 4 GeV/c
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Hypernuclei and heavily-ionising particles

e Hypertriton two-body decay channel reconstruction
[
o PID capabilities of a silicon digital detector !
2,045F @ 2000
> 04 ALICE Performance % 1800
> F Run 3, Po—Pb, sy = 5.36 TeV :
~osE (@ ® un 3, Po-FDb, Ysyy, = 5.36 TeV O 1600
o F “H = 3He+n I
@ 03 2.0<p_<6.0GeV/c s
S osE T 1200F
30.25 -
8k — signal + background 1000k
© 02F ---- background -
8 F 800F
E0.15: C
& oF New 600f
= 0.1:— ......... 400k
0.05;— . 200k
O_ [ S T N (T S T T ST S T [N S TN Y SN N NN SO TR M |
2.97 2.98 2.99 3.01 3.02

M s, (GeV/c?)

New

ALICE

Use of ITS cluster size to tag *He daughter track and reduce ITS-TPC fake matchings

of

— T T T

1

— T T T T

Run 3, Pb-Pb, {5 = 5.36 TeV -

ALICE Performance

SH—-%He +n

3
— 7 « 3 H

T T T T T T

—°He « 3H 1

6 8

10 12 14

(ITS Cluster Size )
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Strangeness tracking

e [|TS2 Inner Barrel has the first three layers within 4 cm
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Strangeness tracking

e [|TS2 Inner Barrel has the first three layers within 4 cm
o Direct tracking of charged weak-decaying particles
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Strangeness tracking
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ITS2 Inner Barrel has the first three layers within 4 cm

ALICE

Direct tracking of charged weak-decaying particles
Applications: non-prompt cascade studies, hypernuclei, exotic bound states

10

cm

Normalised counts

0.03

0.025

0.02

0.015

0.01

0.005

o

[ | T T T T I T T T T I T T T T T T T T | T T T T | T T T T I ]
—ALICE Performance — Gaussian fit -
- Run3,pp Vs=13.6 TeV Fitrange: [-10 um, 10 pm] -
- Strangeness Tracked & + c.C. 6=152+0.3 pm s
T E > A+mandcc. ;g .
- 1<p <10 GeV/e H i RMS=2857+0.03um |
C1<p, | ’
— v s ]
- 4 ] -
C b . N 7
L I ~ ]
B £y Y N
B S Ly ]
L 1“‘"‘?’7‘{ |—’1’ R R ‘|\‘~| m—.‘—‘L b
-150 -100 -50 0 50 100 150

DCA, (um)

F. Mazzaschi



23
Conclusions

e Improvements in the reconstruction software for both data and MC
o tracking efficiency, particle identification, impact parameter resolution ...

e ppatys=13.6TeV and 500 kHz interaction rate (IR)
o working offline triggers to save space on disk
m first preliminary physics results and rare signals observation

e Pb-Pb ats, = 5.36 TeV and 50 kHz interaction rate (IR)
o ~ 1 month of data taking: more statistics than in Run 1 + 2
o first invariant mass spectra of heavy and light flavour particles

e New: strangeness tracking algorithm for measurements of non-prompt cascades,
hypernuclei, exotic bound states
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Strangeness tracking

% 25

ALICE

e [|TS2 Inner Barrel has the first three layers within 4 cm
o Direct tracking of charged weak-decaying particles
e Applications: non-prompt cascade studies, hypernuclei, exotic bound states

Before strangeness tracking

Counts / 0.001 GeV/c?

3.0_10"'|""""I""l"""""""""f
- ALICE Simulation ]
251 pp, Vs=13.6TeV
I SB@Bo)=12+01 1
20— ]
- i AlSH+H X
15F —— Signal + Background
Y I T Background ’
RUERE YL =
O.\."-):_IlllllIIIIIIII|IIIIIIIII|IIII|II.IIII__
296 297 298 299 300 301 302 303 3.04

M(He + 7 and c.c.) (GeV/c?)
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Strangeness tracking %

ALICE

e [|TS2 Inner Barrel has the first three layers within 4 cm
o Direct tracking of charged weak-decaying particles
e Applications: non-prompt cascade studies, hypernuclei, exotic bound states

After strangeness tracking

x10°

SRR e I I L I B T
> F ﬂ ALICE Simulation :
() e —
] Gk pp, Vs = 13.6 TeV .
~— 06— ]
- o F ' SB(8306)=55.9+0.6 7
20 - JT o 0.5 —
o - ]
@ 04F i Tracked SH+ JH
27 3 3He S [ —— Signal + Background 3
AH 83 03¢ Background E
104 02:_ _:
. _ 0.1 =
_ -l | DU .
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