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Outline

Fast Interaction Trigger system (FIT)
= FTO
= FVO
= FDD

= Front End Electronics (FEE)

= Detector Control System

= Luminosity and Background online

ALICE monitoring

Run 3 Pb-Pb

BN = 5.36 TeV = Laser calibration system

= Run 3 experience

= FIT performance
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Hybrid Forward detector Fast Interaction Trigger

Cherenkov array
3.8<n<5.0
3.5m. from the IP

‘/'.FDD—A

Scintillator array
47<n<6.3
17.0 m. from the IP
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Cherenkov array
-34<n<-23
-0.8 m. from the IP

Scintillator array
-6.9sn=<-4.9
-19.5 m. from the IP

Scintillator array
2.2<n<5.0
3.5m. from the IP




FTO

Purposes

= Collision time determination (used for TOF PID)

= Centrality and event plane determination

= Vertex and multiplicity trigger production

= Luminosity and background events online monitoring and feedback to LHC
= Ultra-peripheral collisions veto, used for diffractive physics

Construction
= One FTO module is assembled with:
= Modified MCP-PMT Planacon XP85012/FIT-Q
= 4 quadrants quartz radiators optically coupled with MCP-PMT
photocathodes -
= Quartz prisms for laser calibration system
= FTO-A
= 24 modules-96 analog channels
= Flat surface
= FTO-C
= 28 modules-112 analog channels
= Curved surface
= Time resolution of the signal for one channel ~13 ps 2 By e
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FVO

Purposes
= Centrality determination with corresponding trigger production
= Event plane determination

Construction
= 5 concentric EJ-204 scintillator rings 4 cm width
= 4 innerrings are separated to 8 sectors
= Quteroneto 16 sectors
= Fine mesh PMT H6614-70-Y001 around for light collection
= Direct signal acquisition without light shift
= 48 analog channels
= Time resolution ~250 ps
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FDD

Purposes
= Studying diffractive physics
= Luminosity monitoring and measurement

Construction
= 8 BC-420 scintillators on each side
= One plane contains 4 scintillators
= Two planes for each side
= Signal acquisition with fine mesh PMTs H8409-70 with WLS plastic bars
and optical Fibers
= 16 analog channels
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Front'End Electl'oniCS input —> counter

- . . readout
All FIT detectors have the same FEE modules L Amplifier == CFD =] TDC =
= Processing modules (PM) ' pea 3
= Trigger Clock and Control module TCM GATE [«— clock =
* ] | e

ADC Trigger

outputs

= The number of PMs is determined by the number of analog
channels (12 channel per PM)
= One TCM per detector - Trigger solution based on digital signal

FEE structure:

| Trigger outputs
ol N HDMI Joeroupy
-> cables
-
-> ALICE clock
- TCM €
- N PMs
-
=> IPbus control
-> < >
-
» ol A
12 detector
channels -
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FIT Detector Control System

10.1016/j.nima.2022.167021

DCS worker node
a
HV crate (CAEN) <\1 OPC UA } OPC UA server < :5
N
B FEE crate (WIENER) < OPC UA } OPC UA server < »
PM|(PM||PM||PM||IPM| .. |PM
4
. A
—t ‘ — local
' J ControlServerapplication (Qt + MSVC) DIM
PM:-link
¢ " ! FEE IPbus interface DIM server > DNS <
- getting/setting regvalues from/to FEE - publishing and N .

4 IPbus + regvalues <> parameters conversion updating services DIM services Wm;C OA

N » checking actual values and settings « handling project
TC T _- + counting rates calculation commands DIM commands I
M — \

/’\ ST . GUI —"“x‘,’i ==3 ‘
Z/:\_\ § - Z . X : | (expert T e
@ El % ] ) use only)
(}) g .g (.h - : I EER |
@ = ) % + access to all parameters (including debug) without WinCC OA
K 7 ~ e g » 2 modes: full control, monitoring only (default)
2 V] [ « saving/loading settings to/from file
Attenuator LASER 4 « not visible if ControlServer is started from WinCC OA project
N 2
: . — N
Serial Device Server (MOXA/Digi) < | uDP Vf
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Instantaneous luminosity estimation

FTO is the primary online luminometer of the ALICE during pp runs due to high time resolution and vertex
insensitivity to background events

Blisis  PROTON PHYSICS : STABLE BEAMS

Sources of luminosity:
| = Vertex trigger for pp runs
3 180+14 = Vertex & (Central | Semi-Central) -
g i Minimum bias trigger @Pb-Pb (optionally)

2.03e+01

1220.868 16431.59
1138.740 Sl Online estimation:
1050.940 34712.34 R
1588.775 1. 06e+01
N,Npln(1 —
ri'b NrNb

L=-—

Ovis
R —source trigger rate
o, = a-n-o—visible cross section
, | including acceptance and efficiency.
T T T T S e e aram |\, — number of LHC orbit revolutions per sec
(11223 for pp @ /s = 13.6 TeV)
g,is auto adjustment depending on /s or /syy and FTO N, — number of colliding bunches
Full or peripheral mode
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Background events rate estimation

For the first time the orbit Fill map is used by forward detector to trigger background events

Elisi5s  pPROTON PHYSICS : STABLE BEAMS

Background events rate determination
2.03+01 3 algorithm:

AUTO / BEAM1 (0) B8 1. The numbers of buckets with injected
1220.868 16431.59 bunches are transmitted to DCS

1138.740 18280.74 2
1050.940 34712.34

DCS calculate orbit fill map and send it to
FEE through IPbus Control Server

3. Control Server calculates the rates of
background counters and publishes ones
by DIM for DCS

1588.775

—background rate from side A(C)

_ ‘ _ given by Control Server
4. DCS algorithms normalize background rate and publish them for LHC w,,, — the number of single (non-colliding)
interface: bunches from A(C) side
N.+N N-+N N, — the number of colliding bunches
Rb — Ra (Ng+Np) + RC (Nc+Np) b
9 bg a bg c
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Laser calibration system

Purposes:
= Amplitude and time detector parameters adjustment

= Ageing control for PMT photocathodes and optical fibers
= Dead channels map measurement

Output optical fibers, Optical
compensating delay before attenuator
ADC gate
. \ |

Input optical fibers

compensating A and C side optical splitters
22.10.2024 delays  ICPPA-2024, Sukhanov M.

Reference MCP-PMT Splitter 1:4



Run 3 experience

Since the beginning of Run 3 (July 2022):

Six channel of the FTO were lost:

Vacuum microleak of the FTA-E2 MCP-PMT. 1
channel off since March 2024. Other channels

experience significant rate drop.
FTC-A4 MCP-PMT HV breakdown. Could not be
recovered since 2023.

Channel lost connection.

Broken MCPs will be replaced after Run3

= Ageing:
= Significant ageing for the innermost quadrants.

= Up to 50% loss in gain and photocathode QE

after collecting 1 C/cm?.

Compensated by HV increase and “self-

annealing” during YETSs.

22.10.2024
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MCP-PMT response (June 2024 /start of RUN3)
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FTO time resolution for pp u Pb-Pb collisions

counts/N,,

C | I | ]
0.04 ALICE Performance g, e
' Run3 —— Data :
- pp Vs =13.6 TeV —— Gaussian fit :
0.035 -
- W = -2.87  0.03 ps 4
0.03F G =17.35 + 0.03 ps -
0.025(— =
0.02— =
0.015F =
0.01 ..' . -
- ..o o.. E
0005 :_ '. .... _:
0/7 l M
-0.05 0 0.05
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_ ALICE performance
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Conclusion

= FIT provides collision time, multiplicity, centrality and event plane data, used for analysis
= FTO shows outstanding collision time resolution (~17 ps. for pp and ~4 ps. for Pb-Pb)
= The FIT triggers are produced every BC event (25 ns) and could be propagated to other ALICE detectors

= Due to high resolution and other properties — FTO is the primary luminometer during pp collisions for the
LHC

= FIT will operate till the end of RUN 4 (at least until 2032)

° Fast Interaction Trigger
" E H




Thank you For your attention!
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Backup slides
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ALICE experiment

= A Large lon Collider Experiment (ALICE) primary
purpose is QGP properties research, induced by
collision of ultra relativistic nucleus at LHC.

= ALICE at 2023 And 2024:
= pp collisions up to 1TMHz at /s = 13.6 TeV.

= Pb-Pb collisions up to 50 KHz at /syy = 5.36 TeV.

= Reference pp collision at/s = 5.36 TeV.

= Fast Interaction Trigger — one of the essential LS2
upgrades.

= FITis a hybrid of three forward detectors (FD).

ALICE
Run 3 Pb-Pb
SNN = 5.36 Te

27 September 2023, 04:5(



ALICE upgrade during LS2

=  MFT - muon forward tracker

= |TS - new Inner tracking system
= New central trigger system

= New TPC readout with GEMs

= Online & offline framework For data
acquisition and analysis - O?

= Hybrid FD system Fast interaction Trigger

10.1016/j.nima.2019.04.070

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

J[FIMAM 3] 3] AlS|oIN[D{3[FiM{AIM] 3] 3[AS[OINID| 3 [FIM AIM] 3] 3[A[S[o]NID| 3 FIM{AIM] 3] 3 [AS[OINTD] 3] FIM{AIM] 3] 3| AlS[CINID 3 | FIMIAIM 3] AlS|OINID 3] FMAM] 3 3 AlS [N 3 [FIMIAIM] 3] 3[Als[oln[D] 3] FiM[AIM] 3] 3 [AlS|OINID] 3 TEMIAMI 3| TATSIOINID] 3 TEMIAIM T3 TASIOINID 3 TEMAIM 3 |3 TA/SIoINIDI

Run 3 [ Long Shutdown 3 (LS3) | Run4 |
LT
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Shutdown/Technical stop
Protons physics

ITons

Commissioning with beam
Hardware commissioning
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Trigger
T

Laser g5 Optical | Rack C33
° ° m" aﬂenuator
Laser calibration system (FTO) ; |
TCM control
. Delay required (applied Oct21)
Construction: g 135om(75em) N FraLcsifib
. . g—105 cm (110 cm) { —|— FTC-LCS-202
= Picosecond laser flash split to the quadrants of reference FTO 1
= 375 cm (309 cm) | FTALCS-205
module — SR 1] —— FTC-LCS-fib
= The signal reaches the quadrants by four ways Ordinary optic fibers FTOLCS HY
= Two fibers through sides of detectors inside ALICE barrel Hard rad. optic fibers
= Other ones outside the barrel . .
Optical splitter 1x4 5050710041
= The time delay is compensated by the fiber length -
= PMT photocathode ageing is determined as detector and ref. g
. . FTA-LCS-3 FTA-LCS-4 FTC-LCS FTC-LCS-5
module amplitude ratio
. . . . . . . 3m (2.6 m) 3m (2.6 m)
= The fiber ageing is determined as ration of the amplitudes from fiber
airs 1x52 splitter 1x60 splitter 1x60 splitter 1x63 splitter
p y #206 (FTA-O) #205 (FTA-I) #201 (FTC-T) #202 (FTC-B)
A ’_:l
96 112
rad-hard . rad-hard
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H be 8| B 8 |78
ot B, 29 3 c 25
< [k 2O
E L 8 Lo :'
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FTO MCP-PMTs photocathode ageing and “self-annealing”

Change in MCP-PMT response (a.u.)

Optical system stability (a.u.)

1 Jun

1 Oct 1 Dec 1 Feb 1 Apr
1.15 . : .

= Average over the 32 FT0-A innermost channels
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0.2 0.4 0.6 0.8 1.0
Integral anode charge from collision products (C/cm?)*
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FTO vertex vs Trackers PV correlation

primary vertex (cm)
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FTO vertex (cm)
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FTO vertex vs FTO collision time
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Corellation sum amplitude FV0 and FTOC
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