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a dedicated heavy-ion experiment at the LHC

Designed to cope with very high multiplicities (dN,,/dn < 8000)
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3D tracking with TPC
moderate B=0.5T
Low material budget

low-p; tracking down to p; ~ 100 MeV/c

Uses all known PID techniques
among which a large area
Time Of Flight detector

L: 28 metres
H: 16 metres
W: 10kt
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M5 nylon screw to hold
fishing-line spacer

flat cable
connector for
differential signal
sent from strip to
interface card
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Connector to bring

cathode signal to
central read-out PCB
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10 mm thick | | pcB with cathode
honeycomb pickup pads
panel
0.55 mm thick
external glass
plates with
¥ actrylic paint

0.4 mm thick

PCB with cathode
pickup pads

E. Cerron Zeballos et al.,
NIMA 374 (1996) 132

1593 MRPCs double stack
Multi-gap Resistive Plate Chamber

e L Y

» Gas mixture: 93% C,H,F, + 7% SF4

* 10(2x5) 250 mm gaps (double stack)

« 120x7.4 cm? strip active area

2 rows of 48 pickup pads per strip (3.5x2.5 cm?)

Built in 2005-2006
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Needs Design |
] e — nl < 0.9 polar acceptance
Hadron identification in 2m full azimuthal acceptance

Pb-Pb collisions at intermediate py cylindrical surface
3.7<r<4.0m

PEERE AW Y CRAYL IRm A\ aVa

- ' 18-fold ¢-segmentation
LT T o-fold z-segmentation

"y Requirements
l;;,,, au R T e B il ,'.. « large coverage (~141 m?)
| (e | pramath e JF 0 - High PID efficiency (> 95%)
‘ B « excellent time resolution (< 80 ps)
To F - high granularity (~105 channels)

- : Noise without beam (~1 Hz/pad)
dEtECtOI’ ==) Based on the multigap

RPC technology (MRPC)

- Example of wide area MRPC application!
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2006 2008 mid-2008
End of MRPC production End of installation First data taking

e p———

91763 ACORDE single muon triggers
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hit time (ns)
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Muon chambers
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Timing performance in old runs

Run 1 Run 2 + calibrations

T T T ‘ T T T | T | T T T ‘ T
|- LHC Run2 (2015) ALICE Performance _|
| Pb-Pb, {5, =5.02 TeV Time-Of-Flight detector |

ntrack 220
<ntrack> =25

G, = 84.5ps]]

" Oeventtime = 5 PS TOF calibration
L p=15GeV/c | standard 4

L ] improved
r Gaussian model 7

arXiv:1806.03825 -

signal (arb. units)

Oror = 80.0+0.2 ps

= + ALICE Performance
A=128+1ps Pb-Pb | sy, = 5.02 TeV
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Recorded triggers / 10°

100

2018, Run 2

[~ ALICE Performance 2018, PbPb \sy, =5.02 TeV ALICE Performance, 2023, Pb-Pb, \'s,,, = 5.36 TeV
C 2018-12:02 17:11:56

Min Bias: 159M 2023-10-30 20:16:57

— Min Bias: = . ' y

- Cent. 0-10%: 133M <o gellve;eccij.- 119600 le_1

— Mid-cent. 30-50%: 118M € 1g0o| Recorded: 1535.5 ub™
E o Compressed: 1484.5 ub

2023, Run 3

pp: 0.02 pb! > 65 pb-1 "9
3250 times higher in Run 3 wrt Run2

PbPb: 800 ub' > 2.16 nb""

3 times higher in Run 3 wrt 2018

| | |
15 Nov 22 Nov 29 Nov 05 Oct 12 Oct 19 Oct 26 Oct

ALICE 2 ALICE 2. o .

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 T

ALICE Upgrade Week — May 2023
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ALICE moved in Run3 to to cope
with the enhanced luminosity

. 600 ns - Run 1 and 2 (physics trigger received)

;Itcig?not et L1 Lo + trigger from Central Trigger Processor (CTP)
‘m atency 88 s » TDC selected matching window of 600 ns
il N

» only one collision event
6.5 us -

o
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30 ps with respect to physics events)

n“ [m !m = Run 3 periodic trigger (asynchronous

l _11 _12 Ao Continuous readout implemented
vl I+ I+ . .

L in TOF with large (30 us) latency

: TOF hits in collision Asynchronous . . . .

| | | trigger window, and periodic triggers to

Matching cover a” the Orbit.
29.8 us
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To achieve this condition the internal
buffering capabilities of the HPTDC are fully
exploited

—> using a matching window of
~ 30 ps and a pseudo-trigger
at a fixed frequency

f; — 3/tLHC—orbit Of 33 kHZ

Matching window length [us]

Allowed region for the C-R/O implementation

LHC orbit = 89 us |

TRM R/O limit

_IIIIIIlIIlIIIIIIIII]IIII]IIII]IIII IAARSRARRBARAAI

150 200 250 300
Asynchronous trigger rate [kHz]

In order to keep up with the increase of the

interaction rate ~ 1 MHz in pp & 50 kHz in Pb—Pb
-> a new Digital Readout Module 2
(DRM2) was designed

RPC2024, 9-13 September 2024
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TOF calibrations are performed at different stages of data taking and reconstruction:

1) Start of the run - from the TOF slow control system storing the TOF active
channel map at the beginning of the run (DCS calibrations)

2) Sync calibration > During the data taking on the EPN farm

3) Offline reconstruction (async calibration) g R T
- performed offline with a better reconstruction wE
quality and updated with the final time slewing
correction

- ALICE
o N o PP NS =136TRV
C TOF Time-slewing calibration

Readout channel = 1000 m

Time slewing correction (ps

[ENETEEN INENIN AT AT AT AT
30 35 40 45 50

Example of time slewing calibration for P TR AT
0 15 20 25

. . 5
a single channel is reported Time-Over-Threshold (ns)
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PERCENTAGE OF ACTIVE CHANNELS DURING TIME

The missing % - due to
electronics (TDC cards) and
HV connectors (not to MRPC!)
ARARAREERRRRNARE Tor
RERERREEEE

= HV map

]

R
RRARRARARRARARRANg —steble
NERRRRNRNANRNNNEEL *

Start 2022 End 2022 Start 2023 End 2023 Start 2024 Now

BEAM TIME EFFICIENCY

2018 > TOF has been in readout 98% of time it K; ‘o0 the upgraded
2024 > So far TOF has been in readout 99.1% of time tharr\eadou’t
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LHC Runt LHC Run2 ALICE Performance

EPJ Plus (2013) 128:44

LHC Run3
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TOF total current (uA)

Time-Of-Flight detector

Total HV current without circulating beams
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average current per MRPC of few nA

Ver | ration r th r .
ery stable operations over the years no ageing effects
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TOF-track matching efficiency at 2.5 GeV using the 2023 dataset (pp, 13.6 TeV)
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. ALICE Performance
PP Vs = 13.6 TeV, 2023 data-taking
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- Very good
TOF Quality Control homogeneity
T Pemene of the TOF

Good quality threshold
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om

m
L = distance from the beam axis
IIIII|ll|l||||||ll|||||||_

L =370 cm -

11 1 | | L1 1 | | I I 11 1 I} 1|

1 2
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Dominant term

6L\ 2
2_
E)

PID separation power of
the TOF detector depends
mainly on the intrinsic

time resolution

Goal - time resolution
as low as possible

Sofia Strazzi



Dominant term

2 2
(5m) 2(5L) "
m L
L = distance from the beam axis
IIIII||III|IIII|IIII|IIII_

PID separation power of
the TOF detector depends
mainly on the intrinsic

time resolution

Goal - time resolution
as low as possible

- 1' - 2| | 1 GeV of difference in p-K separation
going from 80 to 60 ps resolution

Sofia Strazzi
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Separation of the different
particle species achieved
with the TOF as a function of p
computed under the mass
hypothesis of the kaon

—> The pion and proton bands are
clearly visible and separated at low
momenta

Sofia Strazzi
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A measurement of the separation between particle species (tror — teyp, — te))
generated by using the event times acquired from the TOF and FTO detectors

5\1\03\\ \\‘\\\\\\\\

ERRRNRRRRERE
Resolution extracted in the range - ALICE T o
1.4<p<1.5GeV/c Ppofe ST

ﬂ — Gaussian fit
14<p<1.5GeV/ic

* Negligible tracking contribution TOF Ev. mult > 5

« Well separated pions and
kaons peaks 80

OTOF = (81 .7i2.7) pS °0

40

The contribution of FTO detector 20

~ K
(~17 ps) was subtracted ) J L-r’ e -
-2000 -1500 -1000 -500 O 500 1000 1500 2000

t-J[exp (n)'t:—;o (ps)
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A measurement of the separation between particle species (tror — teyp, — te))
generated by using the event times acquired from the TOF and FTO detectors

’r

ALICE -

Resolution extracted in the range £ 5100
' pp, Vs =13.6 TeV |

1.4<p<1.5GeV/c

* Negligible tracking contribution
« Well separated pions and
kaons peaks

OtoF = (81 .7i2.7) pS

The contribution of FTO detector
(~17 ps) was subtracted

III|IIII|IIII|IIII|IIII|IIi
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A self-consistent measurement by employing
Adbop = (tTOF' texpn)Z'(tTOF' texpn)1 =ref

by correlating two tracks matched to TOF in the same event (independent of the
definition of collision) — using tracks in a specific kinematic region (reference) to
provide the “event time” information

PID

O "1oF

~|070F

A

G—)at

rk,expTime ® Gref

0 for large p..

o D 2 2
JTOF_\/(OP ToF = Oref )

Obtained by Measured with high precision
(only tracks in the reference

fittina th ignal
Itting the signa kinematic region, 1=ref)
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x10°

- ALICE - REFERENCE

- pp, Vs=13.6 TeV

The range for the reference is
0.6 < p<0.7 GeV/c

In order to:

* Avoid the effects related to
tracks’ reconstruction

 Have good statistics

— <Reference
@ oRef - GAAITOF / \/E

5000 —1500 —1000 -500 0 500 1000 1500 2000 _ (89+1) ps

AAt (ps)

— Gaussian fit

< 0.7 GeV/c
Uack,
ook S 0.7 GeV/c

u=04=+1ps
o=126 =1 ps

Oper = ORS /12 = 89 ps
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ALICE - baa

pp, Vs = 13.6 TeV 1§

e
~ ALICE

L pp, Vs=13.6TeV

| 06< P, <07 GeVic

[ 06<p <07 GeV/c
track,

w=04=+1ps — Gaussian fit

o=126+1ps

1.4<p<15GeVic /\
Ope = 89 =1 ps

Ore= R /N2=89ps |

u=-0.8=+4ps
o0=126 + 4 ps

0 \\\‘\\\.k | odesssbodesiossstodent
-2000 -1500 -1000 -500 O 500 1000 1500 2000

AAt (ps)

|:> ORes=0/ V2 = (89+1) ps

o(p) = Oxat™ORet

ORe ference = OTOF D OTracking

S

O1oF = (842i27) PS _2000 1500 ~1000 500 0 500 1000 1500 2000

AAt (ps)

F

Consistent results with the two methods!
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: ALICE

pp, (s =13.6 TeV

When particle momentum is high
enough (pions p>1 GeV/c)

- the contribution from Oq,,cking
becomes negligible

- only the TOF component
contributes to the resolution

N p. Higher contribution from
tracking

LI IR

04 06 08 1 12 14 16 ey
p (GeV/c) contribution, we expect to reach a

plateau

7 p. Negligible tracking
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TOF timing performance in Pb-Pb with
refined time-slewing calibration

oror~ 68 ps
’('..Q\0-06_IIIIIIIII[IIIIIIIIIllIIIIIIIIIIIIIIIIII_
< ~ LHC Run 3 (2023) ALICE Performance |
o - . . .
S 0.05_— Pb-Pb, VSNN =5.36 TeV Time-Of-Flight detector —
= - 1.45<p_<1.55 GeV/c
(44 T
S
‘n 0.04

Gaussian model

0.8 — 6=68+2ps

0.02

0.01

llllllllllllll[lllllll

(
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0
-300 -200 -100 0 100 200 300 400 500
TOF -t (ps)

0.92

0.8

0.7

0.6

0.5

e - =

b—Pb, Vs

= 5.36 TeV

M
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S ok ALICE Preliminary _|
& - pp Vs = 13.6 TeV (INEL) -
g - [em +m =
SR . Co1KK ]
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Q - _
&
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- &l _
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(KX |
-1 _ =] ]
10 - Il:thqII == = .
- Eur.Pys.J.C 81(2021)256 = .
L T+, pp Vs =13 TeV L] [
- H'+K', pp Vs = 13 TeV = =
= |

i L
]

10—2 | I | | [ I | | I A | | | I I | | [ I | I I |
0 05 1 1.5 2 2.5 3

—
p_ (GeV/c)
Only TOF used T

Q 14 T 110 T T TT ] 1T I T T TT ] T ! [ T T
S | ALICE performance .
S 1ol pp Vs=13.6TeVv ]
QN) i B=05T ]
= 1.80 < p; < 1.90 GeV/c -
£ 1

S

Z

0.6

|pe=sae=

« Spectra in Run 2 and 3 in agreement

« Also extracted VS multiplicity
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ALICE Performance ~161 Hz/cm?

Time-Of-Flight detector

Only fully efficient readout crates

Average TOF hit
multiplicity (per readout
crate) in 1 us as a function
of the interaction rate in pp

w

N
o

N

MRPC hit rate
increases linearly with
the LHC luminosity

with no sign of
”. 21 Hz/em? deviation (no ageing
., Stendard woning condions ] | efiectafter many years

05 1 15 2 25 3 35 4 45 5 of operation)
Interaction Rate (pp) [MHZz]

—_
Ol

o
o

)
=
~~
72)
=
=,
N
O
—
©
S
&)
S
O
o
>
=
9
o
=
>
S
=
L
LL
O
-
~—

OO

RPC2024, 9-13 September 2024 Sofia Strazzi



high efficiency up to end of Run4

=> Plan: produce 100 new TRM2, replace during LS3 up to 50 broken TRM

Long term project to replace part of TRM damaged with a new TDC card based
on PicoTDC (instead of HPTDC) no longer spares available need to guarantee

Status

prototypes expected by end of 2024

« picoTDC test board (produced in 2023) fully tested coupled to PolarFire FPGA
» advanced status of schematics (INFN-BO) and layout (CAEN) for prototypes: first

RPC2024, 9-13 September 2024
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= The ALICE-TOF detector is a large (active area 141 m?) high-performance
detector based on MRPC technology taking data for 15 years.
= Since its installation until today:
* no loss in performance: time performance in Run 3 already equal or very close
to Run 2!
* no degradation of MRPC Stable for 15 years

- very stable detector of data taking

= Readout upgrade for Run 3
« TOF is now operating in continuous readout due to
increase of luminosity and interaction rate in LHC Run 3

Continuous
readout from

« Calibrations performed are working well Run 3
TOF PID
= Performance shows a time res. of 80 ps in pp (new standalone used in plenty of
method consistent with classical one) and 68 ps in Pb-Pb analyses: nuclei, id-
spectra, HF

= Working for LS3 “upgrade”

RPC2024, 9-13 September 2024 Sofia Strazzi
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1593 MRPCs with a gas mixture of 93% C,H,5F, + 7% SF

Allowed for scientific usage
Gas volume of ALICE-TOF is small compared to other experiments
Closed loop circulation system with minimal losses

- The actual mixture will remain until Run 4 (end of life of TOF)

+— 50% HFO + 50% He
+ 60% HFO + 40% He

oo R&D ONGOING:
7T The EEE Collaboration is testing alternative green mixtures based
on C3H,F, with the addition of He or CO, to be used in RPC.

Time Resolution (ns)

Significant reduction of Global Warming Potential (GWP)
_ Good performance ~ standard ones at moderate voltages
- SESS = S S i I DO P Does not allow ALICE-TOF time resolution requirements

HV_eff (V)

0.5
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ALICE Performance, Run 3, pp, \s = 13.6 TeV

I
(@)

Recorded

2022: 19.3 pb™
2023: 9.7 pb™
2024: 36.1 pb™

w
a1

w
o

Integrated luminosity, pb™

N
(&)
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ALICE pp Vs=13.6 TeV

oy l.;tl' | 'lln""'.'.'l; HI‘I'J" i

l byrnt l I ) m
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TOF hits per collision
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500 1000 1500
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2000 200 3000 3500
Bunch crossing ID

The present TOF
acquisition and calibration
chain allows to follow the
event activity at the level
of a single Bunch
Crossing

Hit multiplicity as a
function of the Bunch
Crossing ID, the
structure of the LHC
filling scheme is
visible in the TOF hit
multiplicity
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The effect of the calibration can be seen from

the very narrow distribution of the the (AAtof)
spread of the AAt g split per n intervals

n intervals
-0.8,-06  —~-0.6,0.8
-0.6,-0.4  —--0.4,0.6
-0.4,-02  —--0.2,04
-0.2,0.0 0.0,0.2
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ALICE

80 bp, Vs = 13.6 TeV

70

IlIIIIIIIII

- 06< P < 0.7 GeV/c

C 1 —— Data
60[-14<p . <1.5GeVic

— Gaussian fit
u=-3.50 +0.01 ps
0=2.93+0.01ps

trac

50

40
70

30

60
20
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50 1 > 3 4 5 6 10

q)(rad) ob L b 1y e NG

-50 -40 -30 -20 -10 0 10 20 30 40
The resolution decreases at larger pseudorapidity (ALt o) (PS)
—> extra smearing of the distribution when integrating over the full n acceptance
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