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The ALICE Detector in Run 3

» Dedicated heavy-ion experiment at the LHC designed for
very high multiplicities (up to dNen/d#=8000)

»  B=0.5 T, low material budget, continuous readout

» In Run 3 Pb-Pb 5.36 TeV total luminosity collected 6.9 nb-1:
~120x (Run 1 + Run 2) total!

»  Many new experimental techniques developed for Run 3

Tracker for low-pr tracking down to 150 MeV/c, 35 um
pointing resolution at 1 GeV/c [TS2 9

Two arrays of Cherenkov radiators with MCP PMTs for FT0 < -
event time to with intrinsic time resolution ~5-15 ps
depending on collision system

GEM-based energy loss measurement up to 100 GeV/c TPC srce Runs

RICH detector for high-momentum particles
identification (z/K up to 3 GeV/c, K/p up to 5 GeV/c) AMPID sinee fun

TﬂF since Run 1

~140m2,-09<7n <09, 3.7m <r<4dm
Low noise, high granularity, high efficiency

PID at intermediate momenta (7/K up to 2.5 GeV/c, K/p up to 4 GeV
Continuous readout scheme (upgraded during LS2) to target 50 kHz Pb-Pb inte
15 years of operation!

~28mx 1om t !
10 kt

v ¥ v Vv Vv
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The ALICE TOF MRPCs strip

130mm ALICE
active area »  Double-stack Multi-gap Resistive Plate Chambers
e 74 mm .
I »  Gas mixture: 93% Freon (R-134a) + 7% SFe
»  Strip of 120x7.4 cm2 active area (~900 cm2)
Gy R e ) » 96 pickup pads per strip (~3.5x2.5 cm?) on 2 rows
M5 nylon screw to
hold fishing line H°”e(‘§%°rrr?rg)pa”e'
Clat oab spacer
at cable
differential \ pickup pads (0.8 mm)
signal sent from External glass plates
strip to (0.55 mm)
interface card
. . 7 AT IS Internal glass

Connecting pins ~ t—&_ g ox >~ ==ss e === == = olates (0.4 mm)
to bring cathode ; ‘/" =

signals from PSS LS IS 7777777777777/ /777 7% PCB with anode
external PCB to : = oickup pads (1.6 mm)
central readout : =

PCB 7 TII?IIII I I I 7777777, 5 gas gaps
[ ] (0.25 mm)
PCB with

cathode pickup
pads (0.8 mm)

Thickness are reported in (mm)
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The ALICE TOF detector (l)

ALICE

» 18 supermodules along ¢ for full 2 coverage

» Each supermodule has 5 modules (x1 central, x2
intermediate, x2 external)

»  Central module has 15 MRPC strips, intermediate
and external modules have 19 strips each:
4x19+15=91 strips per supermodule

»  18x91=1638 strips In total facing the interaction
point

» 3 central modules (45 strips) removed at ¢=0 to
reduce material budget in front of the PHOS
(electromagnetic calorimeter for photons)

» (96 pickup padsx1638)-45x96=152 928 readout
channels

Custom crates ; 2
crates read half of
the supermodule
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The ALICE TOF detector (Il)

»  MRPC production finished in 2006

» Installation completed in 2008

> First data taking in mid-2008

» Low dark noise (~0.1 Hz/cm?2) and small intrinsic dead time (~10 ns) detector

ALICE

= d:“" 5

I

L U 4 ':“. :‘

Fhoto of an intermediate module FPhoto of a fully assembled supermodule wo supermodules of the Time of Fight (TOF) and of
the Iransition Radiation Detectors (1RD) installed in their
final position.
R | blished »  “15 years young: the ALICE TOF detector in the LHC Run 37, Strazzi S. for the ALICE Collaboration,
ecently publishe NIMA 1077 170521 (2025) https://doi.org/10.1016/j.nima.2025.170521
performance papers »  “Time resolution of the ALICE time-of-flight detector with the first Run 3 pp collisions at /s =13.6

TeV”, ALICE Collaboration, EPJ Plus 141 914 (2026) https.//doi.org/10.1140/epjp/s13360-026-07626-4
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TOF operation: current

(9]
&)

ALICE

~
ol

lHCRunt  JE LHCRun2  ALICE Performance  Jf LHC Run3 E
EPJ Plus (2013) 128:44 f [ ]

-
(9]
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“n2009 2009 1201, 12015 02011201 1420, 5112015 Yan2g 11201 58020 1 U201 020, 51201 5 20, 32015 Pan20,, 209, An2g,, Mi209y N2y, Mi20o,

» Few nA average current per MRPC
»  Current measured without circulating beams

Current is low and stable since 2009: no signs of aging
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TOF operation: active channels and availability during beam time %

95 Percentage of TOF active channels Percentage of availahility during beam time

ALICE

» 2018 = ~98%

30
» N 2025-2026 Run 3 pp — 99.9%
» N 2025-2026 Run 3 Pb-Pb — stable at
~98% at top interaction rate for ~400
75 hours of readout
»  the missing ~2% is due to readout
inefficiency (triggers in pause to reset the
electronics while running): not to MRPCs!
0o
0o

Start 2022 End 2022 Start 2023 End 2023 Start 2024 BEnd 2024 Start 2025 End 2025 2026

Stable number of active channels and availability during beam time throughout the years
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Upgrade during LS2

(5

During LS2 (2019-2021), many ALICE detectors upgraded to a continuous readout scheme to cope with ALICE
increased luminosity and handle the (targeted) 50 kHz Pb-Pb interaction rate

-

~

Matching window
600 ns

I I L1 L2a

TOF hits

Latency, 7.7 us

Eur. Phys. J. Plus (2026) 747:974)

\-

i TR sk G S i ——f— Time
\_
r

Time

I' ll Il ll Latency
| _ Latency

I+ 1 Il " Asynchronous T

|+ 2 trigger
TOF hits Asynchronous
- - Asynchronous
Matching window :
29.% 1S trigger

¢ uny - | uny

¢ uny

Eur. Phys. J. Plus (2026) 141:914 )

v

TOF readout in Run 1 and 2:

rigger was received by Central
Processor (CTP)

rigger

The TDC opened a latency window of ~8 us
with a matching window of 600 ns

One single collision event

»  TOF upgraded readout in Run 3:
Periodic trigger, asynchronous wrt physics events

30 us large latency window and periodic triggers at
f=3/t; gy . ~33 kHz to cover the full LHC orbit time

orbit

New Digital Readout Module (DRMZ2) designed and

commissioned

INn continuous readout, the event definition coincides

with the collision vertex of reconstructed tracks
The tming information from =10 must match the LHC bunch crossing time
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TOF online and offline calibrations

(73 L L LARLSL I L LU L L L B BB BN
. . = Alier g
> General calibration: S L ppis=136Tev 1 ALICE
, , . GEJ 30: LHC phase shift in 5-minute intervals .
e At the start of each Run (DCS calibration) to get active channels map &  F Clock i
29— _|
- correction 3
e During the data taking (sync calibration) S E =
[racking detectors are also callorated at this stage 15:_ n o E
e Offline (async calibration) with better tracking reconstruction quality - -
and with time slewing correction B g
B =0 lPhys Jl Flus (2|026) 1 4|l7 ‘914 | | | 8
50 10 20 30 40 50 60 70 80
. - - Time from start of run (minutes)
» Time calibrations: 1500 e
e TOF/ALICE clock shift relative to the LHC clock (every 5 min) 5 QPLICE';E il I
: . 1000_. ' = - 10-"
e Channel-by-channel calibrations (global offsets run-by-run, charge 7 = e “ -
dependence via TOT determined over several runs) 5 so0f Y T S|ewmg ».
Usually 100 entries needed per channel 1.e. 5 106 pp callisions (~15 mins of data taking) o § | correction =
3 ’ﬂ' ol
o) y -
£ y 5 1073
3 | :
@ -500 S, ‘ =
*  From Run 1 to Run 2 improvement of the event time resolution from = 0 10
~80 ps to ~60 ps thanks to the refined time slewing calibration ~1000 e l
procedure EUr'PhyS J P/us ,(;"-@26) 141.014 10°
_15000 [ TR T S

Time-over-threshold (n
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TOF discrimination power

» The TOF measures the time of arrival of particles at the detector t7,r 10°

o
»  Under the mass hypothesis: Ny

m _P T 1
TOF — 72

2 2 2 2
5mTOF _ 5_]7 i }/2 5_L 1 }/2 ﬁ
m D L < 10

Dominant at high momenta

»  Considering two different particle masses:
Lc

” 2p2 L J
o | 20
the discrimination power can be written as
Atl,] ) - L1 A A A 1 11"4 L1 | 1 |
n, = 0 1 2 3 4 5 6
OTOF p (GeV/c)
\ | resolution, T momentum limit for PID

intrinsic TOF resolution: MIEFPC (~50 ps), FEE, calibration
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Performance: time resolution (l)

»  Orpp Can be computed (for any collision system) via 2 different methods:

ALICE

() via time difference with event collision time from FTO reference trigger detector (used in plot below)

(I) In a self-consistent measurement: with time difference between 2 tracks matched with TOF in same event under
given mass hypothesis

N
-
o
o

k| Separahon betweenhpartlhcle“
. . speoles vvlth FTO (I)

EX. under & mass hypothesis: considering as reference pion region
o000-700 MeV/c — time difference between two pions— reference
time resolution Oef (square root of the sigma of the fit on time

1500

difference)—from probe pion region you subtract the reference time
resolution from the fit sigma

1000

At high momenta
~ merging is due to time
resolution

uoiba. Qo!d 200Id

o)
o
-

llll|lllllllllJlllllllllIIIII|IIII|IIII

ITOF — texp(7) — tgvo(ps)
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Performance: time resolution (ll)

»  Orpp Can be computed (for any collision system) via 2 different methods:

ALICE

() via time difference with event collision time from FTO reference trigger detector (used in plot below)

(I) In a self-consistent measurement: with time difference between 2 tracks matched with TOF in same event under
given mass hypothesis

Time resolution with FTO (I) Time resolution with only TOF ()

x10° 10°
.9 :I - | B | L | e | R ! | e I | 0 I Yk I_ (/)] i<I 1 L L R L R R T T
S 180 . Plh.s' el s e | ' ' Eur Phys. J. Plus (2026) 141:914 -
3 - ALICE g 3 190 ALICE .
- — O - —]
poE . L n] <05 g
E 1.4 <p < 1.5 GeV/c - 120__ 14 <p <1.5 GeV/c . -
e - - g =80.6+0.4 ps e :
O: —— Data : o + —— Double EMG fit =
B , - i - B p=-2+1ps |
100: tror = time at TOF EMG it . - + e el 5
e detector 1 =36.8+0.6ps i 80— =129+ 6 ps s
L o= expected time 5=779+08ps) - -
L at JOF for a pion - . 60— + \o2-02, =
60— , 7 =85.2+3.5ps £l E d
- lrro=event time at . i -
: WO : B TE —
40— — 40— o
B B B e -
20__ __ 20__ ... .'0 _—
0_ = "'|"'|"'|"'|"'_ 0: crb g e |||.W
-1000-800 -600 400 -200 O 200 400 o600 800 1000 —2000 =1500 —=1000 =500 0 500 1000 1500 2000
FTO
t—texp(n)'tev (Ps) AAtTOF (Ps)

The two methods are in agreement!
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Performance: time resolution (lil)

»  Orop Via event collision time in Run 3 with Pb-Pb collision

ALICE

e becauseo,,,,; = GTOF/\/N’EraCkS in high multiplicity events many more tracks are produced per collision:

TOF time resolution driven by event multiplicity reference/start time precision not by MRPC performance
» Time resolution of ~ 61 ps for high momentum range after refined calibration
» In agreement with Run 2 ~57 ps (with refined TOT calibration)

1600
Here with high momentum. no FID but time ‘ _ )
resolution extraction possible Pb Pb 2026
1400 °®
— | Entries 11418 A
1200 f |
Constant 1370 +26.4 ¢ ¢
1000 , |
— Mean 9.974 +1.358 4
800 |- .
Sigma 61.28 +1.53 |
400 — . \’
- o *
200 ad \*
& ai Se
| S . ®g |
0l el ee eeeceecen®®— B & 41N WAPAPY PAPRPAPPYPR
~-400 -200 0 200 400
n FTO-AC
tor ~texp - 1o (ps)

Excellent and stable time resolution of ~60 ps after more than 15 years of operation!
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The EEE project =7
< e

e, iz co Svalbard Islands

" - 78.56"N
\\ .
&5

The Extreme Energy Events Project is a Centro
Ricerche Enrico Fermi (CREF) & INFN Experiment with
dual role

11.56° E

<
. O
¥

'
I

» Cosmic ray experiment: detection and study of
high energy cosmic rays at ground level, detecting
extensive air showers produced by primary
Interaction in the atmosphere

»  Scientific education: involve high school students in
all the phases of the experiment

A network of >50 muon tracking telescopes, GPS
synchronized, installed inside ltalian high schools, INFN
laboratories, CREF and CERN over an area larger than

3X10° km?2
+ since 2019, some telescopes at Svalbard Islands with scintillators @ School with EEE telescope
and SIPMs are installed as northernmost permanent monitor () School without EEE telescope

Q INFN or CERN site with EEE telescope
Q Site with POLA-R telescope
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The EEE telescope =

» The telescopes are constituted by 3 large area 1 Pick Upsstrips E E
(~160x80 cm?) single stack MRPCs 7
] . . H’ Hopeycomb panel
»  Each MRPC has six gas gaps and is built i 1§ mm thick Readout
S|m|lar‘|y 10 ALICE TOF MRPCS Vetronite panel 1.5 mm (34 readoutSS(;[rips) electronics
Outer glass 1.9 mm \ Scecmx 180 cm
»  MRPC signal pick-up electrodes segmented in / %Inner jass 1.1 mm
/4 S‘trips ---------- I!l ~Outer glass/1.9 mm \
‘;\\\\\\\\\\x\\\\\\\\\\\\\'\\‘1 Vietronite panel 1.5 mm \\ t 2
» ~71 cmspatial resolution and ~240 ps* time Horeycomb pane
resolution with cosmic rays (after time slewing 15 mm thick
correction) De Gruttol et al JINST 14 C05022 (2019) t1

H.V. connector  Aluminium box Gas connector
\
Y -~160cm
Readout . \\
electronics \\
\
\
\
\
] \\
4
T Fishing line spacer T
Gas connector H.V. connector ~80 cm

* The MRPC time resolution in beam test is ~/0-100 ps
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The EEE telescope

»  The telescopes are constituted by 3 large area 1 Pick Upsstrips

(~160x80 cm?) single stack MRPCs ’ va

[ HOpeycomb panel

» Each MRPC has six gas gaps and is built ‘ ‘ I ‘ T8 mm thick

similarly to ALICE TOF MRPCs Vetron egatnel 1|.5 m1m9

uter giass 1.9 mm \

4 MRPC Sigﬂal piCk‘Up eleCtrOdeS Segmeﬂted iﬂ i,!'i %Inner lass 1.1 mm \\\

24 S’[t’ipS ------------ [ uter glass/1.9 mm ‘.

AN N _ Vetronite panel 1.5 mm \\ t2

» ~71 cmspatial resolution and ~240 ps* time Horaycomb pane

resolution with cosmic rays (after time slewing 45 mem thick

correction) De Cruttola et al JINST 14 CO5022 (2019) t 1
»  Until 2020 gas mixture 98% C2oH2oF4 (R-1344a)

and 2% SFe

From 2020’ the teleSCOpeS have d new gas H.V. connector  Aluminium box Gas connector

mixture based on eco-friendly solutions S S—
M. Abbrescia et al 2024 JNST 19 P171005

Readout .

N S S S N S S SN N NS NN

o He“um a't 50% electronics
e (CaFsH2 (R-1234ze) (ECO Freon) at 50%
. v
»  Open loop with ~1 L/h gas injection ! Fishing ine spacer 1

Gas connector H.V. connector ~80 cm

* The MEFC time resolution in beam test is ~/70-100 ps

=
=27 3

Readout

24 readout strips electronics

(2.5 cm x 180 cm)
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Runs overview from 2014 until now

Total number of candidate tracks vs months of data acquisition
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Months of data acquisition

Stable data taking since 2014 with a total of >150x10° candidate tracks!
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Recent tests with gas recirculating system =7

oA

»  Together with CERN Gas Group new prototype of & F .
telescope with a low cost recirculating system featuring & 0.9 ettt e
e Input/loop rotameters ® o sF. _ New gas mixture ’
. £ (50-50 He-EcoFreon),
. umidity sensors before and after the detector 0.7E- ( 0.4 L/h fresh gas, )
e Pressure sensors and buffer volumes before and after = 0 L/hrecirculating, |
the pump 0.6~ 5.4 |/h total flow
e Bubblers *SE |
»  Recent tests with different L/h injection in the recirculating M4
system 0.3~ : —— Bottom MRPC
»  Fresh gas flux of 0.4 L/h (93% recirculating!) 0.22_ — Middle MRPC
Stable operation and efficiency >90%, in agreement 0,15 Top MRPC
with standard and new mixture performance ) 1 | 1 1 1 | 1 1
0 F | 311 1 1 1

. 111200 111300 11400101 111500101 111600101 11170(.';01 11800101 1190601 12100601 |
»  Now trying to go to 0.2 L/h and to have a small
transportable setup in the schools!
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Example of recent scientific resulits

=
=7 3

»  Observation of Forbush decrease in 2024 with uniform response and performance with eco-friendly gas mixtures
(Abbrescia et al, EPJ Plus 147 /790 20206)

»  Preliminary results from a new Forbush decrease in 2026 (see |\, Hasa tak at CHIS-MAC Conference 2020)

15

- == (G4 event

o] —# AREZ

Corrected differential rate (%)

|
¢— BARI —$— BOL5 —6— LAQU —¢— REND
—$— BOL2 —¢— CAR| PISA VIC2

I
|
— - |
10 EE Peak of the |
. 2 event |
~15- |
PRELIMINARY :

18-Jan-26 18-Jan-26 19-Jan-26 19-Jan-26 20-Jan-26 20-Jan-26 21-Jan-26 21-Jan-26

00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00

A Forbush decrease is a
sharp temporary drop in the
intensity of cosmic rays (few to
~20%) caused by coronal
mass ejections (CMES) or
high-speed solar wind streams

Ihe differential rates are pressure-corrected
by the barometric coefficient
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https://doi.org/10.1140/epjp/s13360-026-07922-z
https://agenda.infn.it/event/47822/contributions/292144/attachments/153419/235323/CRISMAC_2026_Rasa_flashtalk.pdf

Summary

4

>1600 MRPC strips with >150 000 readout channels: large area stable and efficient high-performance detector in operation
since 2008

= More than 15 years of operation
Currents low and stable since 2009
= no signs of aging of MRPCs

LS2 upgrade to continuous readout

= No performance loss
Via reliable calibration procedures, event time resolution is improved and stable over time

= ~60 ps time resolution in Run 2 and Run 3 Pb-Pb with refined calibration and through different analysis methods

WHAT'S NEXT Consolidation works during LS3: among others, production, validation and installation to replace faulty TOF TDC

>

Readout Modules (TRMs) with new TDC card based on PicoTDC (instead of HPTDC)

Network of muon tracking telescopes based on MRPCs

Stable data taking since 2014 with >150x10° candidate tracks collected

Transition to eco-friendly gas mixture since 2020 matching the performance of standard mixture

Ongoing R&D on a gas-recirculating system with CERN showing promising >90% efficiency with 93% recirculation
= Joward compact and transportable to schools telescope units

Rich and growing scientific output
= Network’s long-term value as a genuine research instrument not only educational tool

WHAT'S NEXT Complete for all the telescopes the passage to eco-friendly gas system

Two very different scales but common MRPC technology which continues to prove itself as a robust, reliable and long-lived detector technology,

more than 20 years after its original design
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Backup




TOF parameters

Pseudorapidity coverage —09<1n<0.9

Azimuthal coverage 2T H L I C E
Radial position 30 - r = 309 em

Radial thickness X/ Xo =29.5%

Active area (total area) 141 m? (171 m?)

$-segmentation 18-fold o EMCAL | Electromagnetic Calorimeter
z-segmentation 5-fold |

Readout pad geometry 3.5 x 2.5 cm? a FIT | Fast Interaction Trigger

%Ei Eﬁisj zi :tlfi‘;‘sﬂes ) 632 @ HVIPID| High Momentum Particle

Identification Detector
e ITS| Inner Tracking System

157248

Number of readout channels

e MCH| Muon Tracking Chambers

G MFT| Muon Forward Tracker
@ 0 a MID| Muon Ildentifier
-

‘a\‘\l‘b

0 PHOS/CPV| Photon Spectrometer

© roF| Time Of Flight

@ TPC| Time Projection Chamber

pc +7s M T e e e @ @ TRD| Transition Radiation Detector
@E) g —-__
Q ZDC| Zero Degree Calorimeter
CoF I T}f(/f(
e Ip
= e/:Ir @ Absorber
— )

HMPID (RICH) @ Dipole Magnet
TRD @ L3 Magnet
PHOS
MUON

L ! 1 L 1 \\ 110 10

0 1 2 3 4 5 p (GeVic)
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2026 Pb Pb overview

LHC, T12. T18 and Start Beam

jan__ C Feb EF e Mar M omos o
1 2 3 a4 | 5 | 6 7 | 8 ” 9 10 11 12
+ 27th May 2026 - 13rd June 2026 PbPb: s - & I ............ _SL'zl ............. ® 21 .............. O3tk 18. Machine 2»' ............. 2 l .............. 91 ............. l ______________
18 lon days of physics run i 0 i - e I e | e .
............... , ; ; , Hardware ,
+ LHC performance: 49.4% stable beam :' ................. — — s § ............... SN e e
time with average fill lenght ~5.32h e | 1 s " b [ oot

+ ALICE ~89.3% data taking efficiency
(eval as total time in SB / tot running time)

+ Background: preliminary test during ion
setup in -/- magnet polarity configuration
(collimator setting at IP8, introduced in
2025 for LHCDb)

S— ? s, ) Asovsion S __ Highintensity
5 : : 1= : beam test

L T e e L
.

= |n the end same setting as 2025 as

the test showed no difference so S TR 6.9 nb™" (collected)

ALICE took data in -/- configuration ' ~120x Run 1+2 total

up to the end of Run 3 158.1 pb™! (inspected via software triggers)
Pp 136 TeV ~1000x Run 1+2 total

+ EOR dominated by beam dump
Extra: 5.0 nb-' OO0, 0.8 nb-'Ne-Ne, 7.2 nb-'pO @
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ALICE in Run 3 : pp overview and PbPb 2026

Integrated luminosity (pb™)

—

o
—

Run 3, pp, \s=13.6 TeV
/750 kHz levelled

o)
-

——

N
o

T

—
-

IIII‘IIII‘IIII

Recorded
2022: 19.3 pb™
2023: 9.7 pb™
2024: 53.1 pb™
2025: 50.2 pb™
2026: 25.8 pb™

S

S o
D

May Jul Sep Nov

Dec

Minimum : 100 pb-1
Reached: 158 pb-1 (x1000 run1 + run 2!)

—~ T AL
€ | ALICE Performance, Run 3 —185
> f
[z 3[~ Pb-Pb, 'S\ = 5.36 TeV i
C B —
€ [ Recorded og
3 251 . )
o 2023:1.55nb i
8 [ 2024:1.54nb” i
e 2L 1 —15
< — 2025:1.99nDb .
B . - —1 -
1.5 2026: 1.83nb :
B —10
1:— i
E g _—5
0.5 /4 :
% N R R B R
Oo 5 10 15 20 25 0

Days since start of data taking

®

IGE

Number of collisions

Run 3: Delivered: 7.96 nb-1
Total Recorded: 6.91 nb-1 (x120 runi+run2!)




Standard RPC

MRPC
R. Santonico, R. Cardarelli NIM 187 (1981) 377

NIM A 374 (1996) 132, A. Zichichi, C. Williams et al
- HV

Double stack MRPC “
A, . C. Will . CERN-LHCC 2002-016 |
| - H.V.
V. : - H.V. "
[

A A A

RPC vs MRPC vs ALICE TOF double stack MRPC

/I (+)and () HO 65
| /& = V, +6.5 kV to get
g - i Cathons FX 255254332/ FN3kV forevery

T TIT YT TR T  itcker odule in TOF

electrodes L [ Anode

A 4 4 4 A A PItCKUp

E ET 1 1 t electrode

A 4 4 2 4 3 & A 4 A \ /
A 4 4444442334 + H. ""'
| l ] 7
4 4%
+ H.V. \/ + H.V. _ \/
/ Benefits VYVVVVYV VY DIFFERENTIAL
In the simplest configuration the RPC is composed by two increase the rate capability [imit FSFE%IE?FLEL%
parallel resistive plates (electrodes), tipically bakelite (from few tens to few hundreds of T
(volumic resistivity p = 10° - 10! Q2cm) Hz/cm2); Ev vvvvvvy \ A 4 electronics
. o . ® improve the time resolution;

The electric field E is uniform and is ~ 50 kV/cm e increase the gain but at the same

time to find a way to stop the growth

of the

avalanche (no streamer mode)

I_‘ V.V V V V V VY
® reduce the current across the gas
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TOF gas sealing and overlap between two modules

@\k ALICE
/ \

l"l'- B l'\\\\ ¢’1.- e "\\s\

i/(_ | N | RN | R SN i R | | BN

%

=

Silicon glue

V'

. Gas pipes connected : :
to the Gas valves S W2 ol W2 Sl WLUE: o By o

Figure 2.9: Detail of the overlap region between two modules and strip

positioning. R. Preghenella - PhD thesis
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TOF before commissioniqg: test beam results

e 3 ALICE
>99% efficiency

|High Voltage Scanl 80 E e 159
100 — .- - = - E § Mean  99.6
— u\\\ 70 - RMS 0.08126
80 — T :
;\; — \ 60 :— §
> 60 — :
I At13KkV | sm:
S 40 — S
5 C g 40 ‘\A
- = - 2
20 - “30 ¢ = [ B
= S o | ~50 ps resolution
11 11.5 12 12.5 13 13.5 - a | Entries 159
High Voltage (kV) 10 L i Mean 47.93
100 =
90 é._ O :IIIIIII|IIII|I|IIII|IIII|I 30 :-_ RMS 4725
2 80 E- 97 98 99 100 101 102 [
c 10 = Efficiency (%) 25 -
e ———— R e &
3 50 B - 2 0
S 40 E T =
Y = S0 1= i
QE) 30 = w 15
S 20 E- AL 1 3 kV T >
10 E- 10 |
0 —, ] . . . . | . . . . ] . . . , ] . . . . ] ; . . . ] . . i
11 11.5 12 12.5 13 13.5 5 |-
NIM A 602 (2009) 709 High Voltage (kV) i
O —llllllllllllllllllllIIIllIIIIl|IllI 3
0 10 20 30 40 50 60 70 80 90100
NIM A 532 (2004) 611 Time resolution (ps)
Nuovo Cim. B 124 (2009) 235 i : : |
( ) Nicolo Jacazio - FATA 2019 Acireale 9
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TOF module mockup

FEA of

as
aluminlum-=-honeycomb ' HV . 3 x NINO\‘ e Pl Ignlet/outlet
npu

plate card Input

|

S e N R RS
1

-
® ® IR Q1

. E i
e ®

ik d ANSNNISSNISNNSSSEANNAANSS

cage

EEISSSEENSSSSS

screw

R. Preghenella PhD thesis

L £

pulser
splitter

HV flat—cable pull)ser \ flbreglass
distribution (differentlal signal) s cover

Analog signal— 3 x NINOs (amp.+discr.) on every FEA (3 x 8 CHs = max 24 CHs) — you have 10 FEAs/TRM — Considering 10 HPTDCs/TRM — 240 CHs/TRM (pads/TRM)
12 FEAs supplied by a single FEAC.

240 channels/TRM
every TRM 10 FEAs
DRM —>dstirbutes clock to all TRMs and send hits to FLPs (optic fiber)
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Continous readout of TOF %%

ALICE
’UT 100_ | | | | | | | | I | | | | I | | | | | | | | | | ,l\] | r
= - . | S -
c oo LHCorbit=89 ps el eEOR IO L =
= E = =
S 8o S
S - e a
Q ik 3 Kiam
2 7OE O -
S & e =
60 1 (O
<4 = O =
= = D =
O 50 — . S - —
© = ___\ LHC half orbit HPTDG limit ____ il =
= e O
40 S
= = o
[ working point é: E
o =% Q: =
: llowed range for TOF &z o
20— E: O
e : |_
= @A
10 i
O:l | | | I | | | | | | | | | I | | | | | | | | | | | | |
0 50 100 150 200 250 300

Asynchronous trigger rate (kHz)
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Requirements for tof track Hit %

ALICE

Reconstruction requires the use of both the ITS and the
TPC information.
oA minimum of four ITS hits is needed, with at least
two located in the first three layers.

e [racks with < 70 (out of 152) crossed rows in the TPC
are discarded

¢ [0 further ensure quality, the reduced chi-squared of
the track fit quality must be x2/NDF <2.

eOnly primary tracks used for resolution (cuts on DCA)
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Special runs in 2025 PID

ALICE
Consistent for NeNe, OO, pO runs of 2025

Q. Q.
3 S 1 "
O
= = O
0.9 0.9 0.9
0.8 0.8 :
0.8 58
5 0.7 - 0.7 -
0.7 ] ] i
0.6 e T - 0.6 e -
0.6 B T o ALICE Performance £ - ALICE Performance :
ALICE Performance ) 05 | ,;g;, oo sNN_sse TeV - 05 ﬁ 9.62TeV -
0.5 § "o-FD, VS = 536T9V~ 05 1 15 2 55 3 B35 4 455 05 1 15 2* 25' 3 35 4 45 5
, - -
05 1 15 2 25 3 35 4 45 5 p (GeV/c) p (GeVic)
p (GeV/C) ALI-PERF-609017 ALI-PERF-609021
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TOF operation: TOF as luminometer %

ALICE

e Estimate of the interaction rate using average TOF hit multiplicity in 1 min

windows corrected by :Q 0.0041
» Crate and TRM efficiency = ooassh ¥ .
» acceptance - \‘
N | | | 0.003[ ®
» constant empirical factor, estrapolated by comparing TOF luminosity to -
ALICE luminosity via ZDC (Zero Degree Calorimeter) in the same time 0.0025} 2
window -
0.002}
e The TOF hit rate increases linearly with the LHC luminosity with no signs 0.0015F- o
of ageing - : Runs 567927 and 567999
: —e— ALICE (ZDC)
0.001}
- —o— TOF
TOF is an effective luminometer for ALICE! 0.0005~
; 1 1 1 1 1

time
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Self-consistent TOF time resolution evaluation %%

Sum in quadrature of the uncertainty on the 2 tracks

ALICE

01 lttop — O ( P ) 69 OReference The individual uncertainty contributions come from the TOF
resolution and the one from the p dependent time from tracking
(strongly depending on mass of particle, uncertainties are larger
for heavier particles)

o ( P ) — OTOF D o t—exp ( p) | When p>1GeV/c, the second term is negligible

10°

‘.g 900?] 1 | I | I L | L | L | 111 | 11 I:

Reference \/_ o = AlICE :

0] — O P o — 2.0 O 3800 Fur, Phys. J. Plus (2026) 141:914 —]

1 1tT0oF Reference Reference Reference = o, 5= 13.6 TeV .

700 .

Reference Bl e 3

UReference e Ul ll‘TOF /\/5 600_ 0.6 <ptrac <0.7 GeV/c —e— Data _:

| | | | . Do e —— Double EMG fit

With 2 particles in the reference region 600<p< /00 MeV/c - E

500 u=-14+04ps |

B 0 + o =114+ 1ps -

400‘_ =134+ 3 ps =

B =2 =[80.6 + 0.4

3000~ §

e o 200 =

o(p) = oTOF @ Ut—exp(p) = UAA(p) UReference B -

100 |

the analysis can be repeated by varying the momentum of the - .
particles under study to extract: single particle time resolution 000 1000 —500 '(')' Y00 1000500 2000

AAt - (PS)
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Time resolution with FTO

Event collision time H : IC :
UITOF—texp—fg;TO = OTOF D Ut—exp(p) D OETO

(FT0 _ (

cvV

FTOA FTOC
teV + tev )/ 2
IAssuming at p>1GeV/c, the tracking term is negligible .

FDD-C scintillator array
6.9=n=-49 FDD-C

~19.5 m away from IP

FT0-C Cherenkov detector
-34=n=-23
(.8 m away from IP

O 1O —texp—tET0 = OTOF D OFT0

FVO scintillator de

22=n=15.0 {7 0.05— 58 53 8 8 e R B S S

3.5 maway from IP g . _

FT0-A Cherenkov detector 8 0.045—~ ALICE i
3 8=n=50 - = i =

3.5 m away from IP ﬁ 0.04;_ PP, \s=13.6 TeV = _;
FDD-A scintillator array © = . -
47=1=623 £0.035F Sidius s
17.0 m away from IP § E 1 =-2.95+0.06 ps E
FDD-A ) o =16.40+0.05ps -

0.021— =

0.015 —

FT0 time resolution of ~17 pS IS - -

subtracted to get the TOF time ﬂ/)": =

resolution. basically negligible | e =

quadratura e =

e B e e >

0
-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08
{FTOA_4FTOC
ev ev

2

(ns)
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ZDC (Zero Degree Calorimeter)

The ZDC consists in two identical sets of calorimeters located on both sides relative to the interaction point IP2, 112.5

meters away from it. In that region the two LHC beams circulate in two different pipes. Each set of detectors consists of a ALICE
neutron (ZN) and a proton (ZP) calorimeter. The ZN is placed at zero degree with respect to the LHC axis, between the

two beam pipes, while the ZP is positioned externally to the outgoing beam pipe. The spectator protons are separated

from the ion beams by means of the dipole magnet D1, while spectator neutrons fly at zero degree without further

changing direction. The ZDC detector is completed by 2 forward EM calorimeters (ZEM) placed at about 7.35 m from I.P.2,

on A side, covering the pseudorapidity range 4.8 < n< 5.7.

proton ZDC

Made by quartz-fiber spaghetti calorimeters with silica optical fibers as
active material embedded in a dense absorber. Their principle of operation
iIs based on the detection of Cherenkov light produced by the charged
particles of the shower in the fibers. The response is very fast thanks to
the intrinsic speed of the emission process, making such detectors suitable
for triggering purposes.

LHC beam pipes
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TOF as luminometer: relevant parameters

Mean trend of TOF hits TOF hit map
c o 90 - =
(U I = — —
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Agreement between the 2 techniques %

ALICE
7y 110_ I L e e e ) e e ]
& B Eur. Phys. J. Plus (2026) 141:914 5
S ALICE E
B pp, Vs =13.6 TeV :
100 i -
B Ores = 80.6 £ 0.4 ps g
95:_ — o — Lexp(m) - ’ZI : _:
90— i =— AAt. . (reference sub.) —
5 ¢ :
85— -
80 . .
E ¢ ; g
= é 'y A i =
75F S .
B ® & g
70_ b g L e e
0.4 0.6 0.8 1 1.2 1.4 1.6

p (GeV/c)
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Performance in Run 3: trigger

Cosmic rays

»  TOF provides a dedicated trigger for cosmic events and UPCs ALICE
»  Stable TOF trigger rate

"\T2OO I | | I | I I I | I | | I | | I | | I
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‘6 160 ;_ .............................. po Stab|ea|SOdurlﬂgrUﬂ3| ..............................................................
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o
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Discrimination power

t measured by TOF

Mass hypothesis

ALICE
N 22/
; _ B\/ -
O Mo 2_ 6p2 SL\° 5t \°
(— )—(p)"'Y(L)"'Y( )

Dominant term at high

momentum
NP - ic Al
26 e R W e i ea T
“-.. | PID separation power of the TOF detector
R TEIN T A AT depends mainly on the intrinsic time
0 1 2 3 4 : 5 .
resolution
p (GeV/c)

N. Jacazio - FATA 2019
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Time resolution contributions, pp VS PbPb

Time-OFf-Flight
TOF =tz —t

—

" event  ©exp,

Q.
N— B
— _ _\/~2 2
o 130 Ojot _VGTOF + G
o _ ev 40000 |

Time-OFf-Flight resolution

: _ 2 2 2 In Run1
110 |- O7 F_.OO[ FTO T Open = 84.5 pS
i ssociated #trinsic °
100 [ MRPC (~50ps) \ o
: Intrinsic time resolution —NNegligible for p>1 GeV/c
90 -
- 2 2 2 2 2
80 [ Oror =80.0 0.2 ps O; =OumrpcTOrpctT OreeT Ocaib.
7031.&.?218.%???.1“1...1..1.|...[|1...|.... Constant terms
0 5 10 15 20 25 30 35 40 e . -
Fur. Phys, J. Plus (2013) 128: 44 n_y Event collision time resolution
Asymptotic value for large track O event Otmp/\/TOF track multzpl CIty
multiplicities - best event collision time precision Eur.Phys.J.Plus 132 (2017) no.2, 99

Fixed by calibration proc. —> refined for Run 2
N. Jacazio - FATA 2019

B. Sabiu | The long term performance of MRPCs in the ALICE TOF and the Extreme Energy Events detectors



Time resolution : pp VS PbPb

R ALICE
. . & : Olo
Time-OF-Flight or | o
— 110 —
TOF = tT OF tevent texpi 100 -
90 —
Time-OFf-Flight resolutio
2 y) g - A=128+1ps
— 700 b b Lo b Lo Lo Ly
O TOF — OtTOF + Otrk + Oevent Eu(r). Physs. J. Pl1u?5 (201153) 12?3(:) 44 = S?ntracs‘
From FTO or multiple TOF matched tracks.
In PbPb, central/high multiplictiy events, many more
Associated to particles are proauced per collision. Averaging over
intrinsic VRPC many hits/tracks pushes this contribution down as 1/JN

IMRPC, TDC, FEF Negligible at >1 GeV/

electronics,
calibration) (~50ps)

In o, Multiplicity is low: few tracks. less redundancy to
pin down tevent . FT10 has fewer hits to average, the
combinatorial TOF method has few tracks: the resolution
IS higher

Resolution is driven by event multiplicity via start-time precision, not by MRPC performance itself
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Time slewing correction

&

TOF time calibration is based on 3 components:

g i 1 1 1 11 [ | 1 137|839‘LICE
1) Global offset, common to all channels (clock) 5 °%°[ B
2) Channel-by-channel offset (cables lengths,...) £ 400: .- . :
3) Time-slewing correction: 2 Toey i
correlation between the time and charge é 500 _
— TOF system uses Time-Over-Threshold g | |
(ToT) asaproxy for the charge o- :
e el e st
Al i ey »nn_calibration >
flr';l;?nsélg:g Vr",?'e‘gt'me “OT " parametrization with -
) i splines |
___________________________ threshold ~4001~ B
| I | | | | | | l | | | [ | | I | l
= 8 10 12 14 16

Time-over-Threshold (ns)
N. Jacazio - FATA 2019
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Run2 time resolution %

- Fit with non-gaussian tails (exponential) ALICE

% 0.06— LHC Run2 (2015) R\R(01=8 el (ol RN double exponentially modified Gaussian distribution
= ~ Pb-Pb, \s,,=5.02TeV  Time-Of-Flight detector .
- 1 6_7(") 1E 1 P
59 " Ceventtime = O PS TOF calibration . 12” ey s
I . p=1.5GeV/c ‘ standargd It J(x) o me - 2 o2 i x  Htr
.é 0.04— [_]improved ﬁe_%(g) roated
B Gaussian model 7
o —— 0 =56 ps i
Calibration procedure refined —> significant improvement!
Run2 . .
0.02
O |
—200 0 200 400
TOF —t_ (ps)
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Run2 time resolution %

. ALICE
) Ty e elf multiplicity>2, TOF time resolution is
Q ALICE Performance (£ stent g} t
. 107 Time-Of-Flight detector _ ‘aze 'CO;SS‘G? meas# ergen
=8 . ¢[naepenaently rom other detectors
© RUNT  — runt, o is=7Tev and goll'sion ;/ystems (PP, p-Pb, Pb-
—e— Run1, p—Pb \s,, =5.02 TeV B ’ |
" —&— Run1, Pb—Pb \s,, =276 TeV _ D) | -
o, —— Run 2, Pb—Pb {5, =5.02 TeV | eDepends just on track multiplicity
- T -H""""‘*--‘-&__ o 1 o Lror
IRl - < - v | Gevent
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Performance: matching efficiency

—

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

efﬁaency

............. . ............... .:.’:* :

Reconstructed tracks N tracks matched to TOF

TOF Matching Efficiency
o O O O O O
NS 'o|3 N o 'co

At A AR St S SIS S, A TOF matchlng efﬂClency* = | , 3
- total reconstructed tracks
0.3 For p; < 0.3 GeV/c R—u.ﬂ1p Pb January 2013
0.2 particles do not R
- ¢ un2
0.1£*-reach TOF (B=0.5T)-| — ¥ Pb November 2016 1
O_l | l”;7|7”l”71”71”17”[7”17”1”1777li77li7;77lﬂiliﬂlﬁilﬂli”li”l‘ | | 1 1 1 1 I I | I 1 1 1 1 I L1 1 1 I 1 1 1
0 1 2 3 4 S 6 / 38 9 10
. - pT

*accounts for TOF geometrical acceptance (active channels, dead space. . )
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Run3 : published results

pp ALICE

Measurement of the BO-meson production cross section in proton-proton collisions at /s =13.6 TeV
https://alice-publications.web.cem.ch/node/131 /73

Time resolution of the ALICE Time-Of-Flight detector with the first Run 3 pp collisions at /s =13.6 TeV
https://alice-publications.web.cern.ch/node/12 796

Multiplicity dependence of the size of the common hadron emission source in pp collisions at the LHC
https://alice-publications.web.cerm.ch/node/13402

Three-baryon femtoscopy as an effective 3— 3 scattering experiment
https://alice-publications.web.cem.ch/node/1344 7

PbPb

Fvidence of different A, -baryon and D-meson elliptic flow in Pb-Pb collisions at /s nn = 5.36 TeV with ALICE at the LHC
https://alice-publications.web.cern.ch/node/131 74
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https://alice-publications.web.cern.ch/node/13173
https://alice-publications.web.cern.ch/node/12796
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Physics with TOF: recent highlight (not comprehensive!)

TOF is employed for identification of light hadrons as well as of light (anti)nuclei in many analyses across
ALICE and several Physics Working Groups (PWGs)

Antideuteron in pp /s =900 GeV

ALICE
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EEE : performance of MRPCs =7
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EEE telescope: recirculating system =7
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Methods for correction in Forbush decrease analysis

»  Abbrescia et al, == Pus 147 /90 2026 E

—0.01 'B (P—Py) pressure influence on the muon intensity observed at ground level: [p=muon count rate at P; I0=initial
I P — I 0 € count rate at PO; f=barometric coefficient (%/hPa) taking into account the magnitude of the pressure influence
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Methods for correction in Forbush decrease analysis E

»  Abbrescia et al £RJ Flus 147 /790 2026 E
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