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The new ALICE Fast Interaction Trigger
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Fast Interaction Trigger (FIT):

FTO. The FTO comprises two modular Cherenkov detector arrays located on both sides of the

interaction point: FTO-A and FTO-C. The FTO-A is composed of 24 modules and the

FTO-C of 28. Each module has a Microchannel Plate Photomultiplier Tube (MCP-PMT)

photosensor (PLANACON® XP85002/FIT-Q), optically coupled to 4 quartz radiators. The MCP-PMT anode is also
divided into 4 matching sectors so that each module delivers 4 independent readout channels/pixels.



Micro Channel Plates (MCPs) as a MIP
detector [1,2]

Active target-converter

MCP-Amplifier

Readout anodes

[1]A.Baldin,G.Feofilov,F.F.Valiev et al.

Microchannel plates as a detector for 800 MeV/c charged pions

and protons. // JINR Rapid Communications. 1991. No 4/50/-91. p.27-36.
[2] A.A.Baldin, G.Feofilov,Yu.Gavrilov, A.Tsvinev,F.Valiev,

Proposals for a new type of microchannel-plate-based vertex detector// NIM A32:
1992. p. 439-444.

5



Beam Position Monitor (BPM) [1].
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General requirements to functionality
of the beam-beam collisions monitoring at NICA

1) To provide the event-by-event measurements of:
>peam location
>3D-beam profile (2 dimensional + time structure)
>|uminosity monitoring

2) Additional functionality in determination of:
>the reaction plane
>the multiplicity class relevant to the event centrality in nucleus-
nucleus collisions
>T0 --the collision time
>|_ocation of the Interaction Point (IP)
>Possible application in local polarimetry



Two compact detector systems are proposed to meet the challenges of the
fast beam-beam collisions monitoring, event selection and the precise timing
determination in proton-proton and nucleus-nucleus collisions at NICA. Beam Position
Monitor (BPM or Profilometer) and Fast Beam-Beam Collision (FBBC) monitor are
capable to provide the information for each bunch crossing both on the beams location
and on the intensity of collisions, as well as on the azimuthal distribution of the
particles in the event.

The systems use fast Micro Channel Plate detectors (MCPs). The ultra-high
vacuum (UHV) compatibility and low-mass compact design of the BPM and FBBC
components allow one to consider their application inside the vacuum beam line of the
NICA collider. The BPM is based on the effect of the residual gas ionization and
provides high accuracy, fast, bunch-by-bunch measurements of the beam position.
FBBC uses the concept of the fast isochronous timing for the multi-pad readout of
short (~ 1ns) MCP signals, produced by the particles in the collisions of the beams.
Studies of the polarization phenomena in light- and heavy-ion interactions at SPD
NICA is one of the goals of research at NICA, and FBBC is also considered for the
local polarimetry at SPD.

Two configurations are possible: BBC MCP can be installed either in the
vacuum volume of the collider chamber or beyond the vacuum beam line in a special
vacuumed box. In the case of MCP position out of the collider vacuum volume, the
service and replacement of detector elements will be simplified. In this case it is
possible to manufacture specialized PEMs with given pad size and geometry for gjgnal
readout at VTC “Baspik”.



Fast beam—beam collisions monitor for experiments at NICA

(1) Fast monitoring of the beam position
and profile (BPM - Profilometer)

(2) The event-by-event fast monitoring of
beam-beam collisions (FBBC)

(FBBC)

(BPM - Profilometer) ~ ()

. (BPM — Profilometer)
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Profilometer
at the NUCLOTRON
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MCP-based device for fast monitoring of the beam profile (BPM) at
the NUCLOTRON [1]

[1] A.Baldin, A.Berlev, |.Kudashkin, A.Fedorov, Space-time characteristics of
the circulating beams, Letters to ECHAIA, 2014, vol.11, Ne2 (186), p.209-218 y



Profilometer

The question of high vacuum compatibility
of MCP based detectors was answered
positively during the latest Booster and
Nuclotron run in January, 2022. The two-
coordinate profilometer based on MCPs
was used to monitor the time evolution of
the circulating C beam profile and intensity.

Figure__ . Photo of the prototype BBC
MCP mounted in a high vacuum chamber.

The profilometer proved capable of operating in ultrahigh vacuum of the
beam line and provide information on the circulating beam during the whole
cycle from injection into the Booster to transmission into Nuclotron, thus
proving that all the applied materials and technologies are appropriate for
manufacturing detectors for the NICA collider.
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Figure 8 shows an example of C beam acceleration in the Booster from
injection to transmission into Nuclotron (a total time of about 1.5 s).
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Testing of the prototype MCP detectors for
SPD at NICA
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Testing of the prototype MCP detectors for
SPD BBC

In 2020% Testing was performed using the system of dynamic diagnostics of the
Booster and Nuclotron circulating beams, as well as HILAC beams of the
accelerator complex NICA. The objective was to measure the loading
characteristics of chevron MCPs with pad-wise signal readout, similar to the
design to be implemented in BBC MCP. Signals and loading characteristics of
chevron MCP based on PEM TOPAS and PEM SAPFIR were also measured.

All microchannel plates were manufactured by VTC “Baspik” (Vladikavkaz,
Russia). Plates of the following size were chosen for testing: 40x60 mm, 54x54
mm, and circular plates with diameters of 18 mm and 25 mm. The tested plates
had different MCP channel diameters: 6, 8, and 12 mkm, and different resistivity in
a range from 100 MOhm to 1 GOhm. Signals with a duration not larger than 4 ns
and a front of 0.5-1 ns were obtained for all MCP assemblies. Such signals
provide a detector time resolution of at least 50 ps.
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Figure
shows the photo of the specialized
vacuum chamber and its flanges.

A specialized portable vacuum
chamber with thin (50 mkm) Ti
windows was manufactured for
investigation of particle registration
efficiency by chevron MCPs in the
case of particles with minimum
ionizing power; two independent
prototypes of MCP detectors can be
installed in this vacuum chamber. It
is planned to perform full-scale
testing of registration efficiency, time
resolution, and loading
characteristics of such detectors at
extracted beams of Nuclotron and
electron beams of the linear
accelerator LINAC-200 (LNP JINR).

16
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FBBC developments
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FBBC developments: electronics

B pesynbrate TectmpoBaHua getektopos Ha MKI1 ¢ pasHbiMun cuctemamm

cbemMa MHdopmaunmn ansa ganbHenLWwero NpUMeHeHns

BblbpaH anddepeHUnanbHbI COrnacoBaHHbIA TPaKT.

Kak y>xe roBopusnoch Bbllle, Takon BbIBOp CBA3aH C MEHbLUEN YYBCTBUTENbHOCTU

k CBY HaBogkam Ha BogHble TpaKTbl ObICTPOW 3MEKTPOHUKM cbema curHanos ¢ MKIT.
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Puc. 27. Cxema wweBpoHHON cbopku aetektopa Ha MKI1 ¢
andpdgepeHunarnbHbiM CbeMOM CUrHana.

20



[Ona cbopkn Teneckona n3 HECKOSTbKUX AEeTEKTOPOB pa3paboTaHbl 1 N3roToBrEHbl 3 AeTeKTopa
Ha MKT1. lNMpoBepka paboTocnocobHOCTU AETEKTOPOB Oblfia NpoBedeHa Ha anbda-4yactmuax u
KOCMUYECKMX MIOOHaxX. Co3aaH MexaHU4YeCKUN KOHCTPYKTMB AN AETEKTOPOB C BO3MOXXHOCTbLIO
YCTaHOBKW B HEro OT O4HOro 40 TPeX AETEKTOPOB, cogepawmx ot ogHoro go tpex MKIT1
KaXKOblN.

[aHHbIN KOHCTPYKTUB 0becneumBaeT ObICTPbIN POHT HapacTaHusa curHana (nyywe 0.8 He) n
bonbLyo amnnnTyay (HecKosribko coTeH MB). 3yyeHbl opMbl MMMNYNbCOB C AETEKTOPOB,
cobpaHHbIx B Cl10IY.

B mnetekTopax onsa perncrpaunmv curHana ucnosib3oBannchb Knaccu4eCkum u
AanddepeHumnanbHbIM corrnacoBaHHble BBOoAbI. VcnbiTaHnsa getektopoB Ha MKIT co
CbEMHUKAMM Ha KepaMmnKe B KIlaCCUYEeCKOM MUCMNONHeHNN Oblnin NnpoBeaeHbl paHee B JIBO
OUNAN . Beuay BbICOKOM YyBCTBUTENBHOCTU ANEKTPOHUKN C KNAacCU4eCKon CUCTEMON CbemMa
NHJOpMaLMN BO3MOXHa pPeErmcTpaumnsi CBEpPXBbICOKOYACTOTHbIX BHELWHMX HaBodokK. C uernbto
YMEHbLLUEHUS BHELLUHUX HAaBOL4OK Ha BXO4Hble TPaKTbl PEMMCTPUPYIOLLIEN SNEKTPOHUKM CUTHaNoOB
¢ MKI1 geTektopoB Ha gaHHOM 3Tarne npeanoXxeH U ucnbitaH andgcgepeHUnanbHbIU
cornacoBaHHbIN TpaKT. Kpome Toro ans ysenndeHmsa amnnntyabl curHanos ¢ MKIT
OETEKTOPOB Oblf U3MEHEHbLI CbLEMHUKM CUrHanNoB. B pesynsrarte onTumMmsaunm CbeMHUKOB
yaanocb yBennyinuTb aMninTyay CUrHanoB 4O HECKOSIbKMX COTEH MB.
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FBBC developments: electronics
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FBBC developments: electronics

Puc.29. Moaynb YyeTblpexkaHarbHOM Puc.34. ®dotorpadus yctponcrea
ANEKTPOHUKM C andpdepeHumanbHbIMn OBYyXKaHanbHOro Mmoayns obiCTpou
BXo4aMu Ons npoBeaeHNs BPEMEHHbIX ANEKTPOHUKMN. 23
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Test beam facility at LHEP JINR
Experiment SPD

Experimental room
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BBC MCP Prototype
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FBBC developments

Figure : Compact module of the Fast Beam-Beam
Collision Monitor (FBBC) based on the circular
MCPs. Sector cathode readout pads and two MCP
set-ups are embedded into a separate flange with
hermetic 50 Ohm signal feedthroughs

and

HV feedthroughs (the last ones are not shown).
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FBBC developments

MCP2
MCP2

One half of BBC detector

MCP power supply
Anode 32x24 channels

Anode 32x2 channels
Insulator

~—Frame (vacuum chamber wall)

Figure . Schematic diagram of the BBC MCP detector in the Ultra-
High Vacuum (UHV) design.

Puc._KoHuenTyarnbHas cxema KonbLeBoro moayns getekropa Ha MKIT1
B BbICOKOBaKyyMHOM MUCMNofHeHNU. Kepamunyeckne anemMeHTbl
n3onaTopoB obecneumsatoT O6LLYH0 KOHCTPYKLUMIO LUEBPOHHOMN COOPKN
cuctembl MKI1, MHOroaHogHasa cermeHTMpoBaHHas nnatgopma

OOIMKHA MOHTUPOBAaTLCA BHYTPU KONbLEBOIO ornaHua ¢ curHanbHbIMu
BaKyyMHbIMW BbIBO4AMU N BbICOKOBOSIETHLIMM BBO4AMU (HA CXEME He
nokasaHbil) 33



Software for data processing

An important part of experiment preparation at NICA SPD is the development of an
adequate software for event reconstruction and analysis.

The possibility of application of MCP-based FBBC for determination of the coordinate Z (ion
interaction point in an event) by the difference of the times of flight of particles from the
symmetrically situated MCP detectors was studied numerically. The Monte Carlo event
generator DQGSM was used. One million events of Au+Au collisions at Vs=11 GeV were
simulated. A special library FBBClib was applied. The efficiency of charged particle
registration by MCP was taken equal to 90%, the time tagging precision was 50 ps. The Z
coordinate of a vertex event was reconstructed using machine learning, in particular neural
networks and the algorithm of gradient boosting on decision trees XGBoost. These
methods of machine learning are widely used and have proved quite efficient. Learning
samples included the following parameters: average times of particles arrival at separate
MCPs, time of first particle arrival at separate MCPs, multiplicity of charged particles, ratios
of multiplicities at separate MCPs and total event multiplicity. The neural network included 6
layers: the input layer, the normalization layer, three inner layers with the number of
neurons equal to the number of parameters, one summing inner layer, and an output layer.
The maximum decision tree depth in XGBoost was equal to 6. All possible detection
configurations were considered with an ideal time resolution (o = 0 ps) and a realistic time
resolution (o = 50 ps and 100 ps).

The numerical study showed that the root mean square deviation of event vertex coordinate
is on a level of 7 mm and the maximum RMS does not exceed 12 mm even for MCP time
resolution o = 100 ps.
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MopennpoBaHne cO0poK MUKPOKaHanbHbIX
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Application of neural networks for event-wise
evaluation of the impact parameter
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Conclusions-1

> We propose to use the MCP-based Beam Profilometer and the Fast Beam-
Beam Collisions counters (FBBC) as devices potentially capable to extend
the performance and the physics outreach of the SPD experiment at NICA.

> This includes the event-by-event measurements of:
« Beam-beam IP location in z-coordinate
« 3D-beam profile (2 dimensional + time structure)
* Luminosity
* Reaction plane
« Event centrality class in A-A collisions
e TO -- the collision time
 Beam-gas events suppression
* Polarimetry
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Conclusions-2

> We evaluated the effectiveness of the conceptual design of the proposed
FBBC system using Monte Carlo simulation based on event generators
SMASH, LAQGSM and UrQMD

> We show the possibility of increasing the acceptance of the SPD setup
up to 6 units of pseudorapidity by using several MCP-based ring detectors
located inside the beam pipe of the NICA collider. This also provides an
extension of the possibilities for physical measurements.

> The Beam Profilometer was succesfully tested at the NUCLOTRON
beams,

> At the end of December 2020, the first test of a prototype multi-anode
detector of the MCP system, made in the design of ultrahigh vacuum, was
carried out on the line of the circulating helium ion beam of the NICA
collider booster

38



>

>

Conclusions-3

The technology for ultra-high vacuum (UHV) design of MCP detectors was tested. It
allows the application of the MCP detectors inside the vacuum beam line.

The first prototypes were prepared in the UHV and UHF design. The in-lab and in-beam
tests show subnanosecond MCP signal rise time (<800 ps)

We produced, using modern high-speed discrete comparators, the prototype of a
multichannel fast electronics module for time reference to signals from MCP detectors

We proposed to develop a next prototype of a registration system basing on high-speed
discrete comparators of the ADCMP572 /| ADCMP573 type as primary recorders in a
multichannel time-code converter based on the FPGA. These ADCMP572 / ADCMP573
type comparators feature a high switching rates (35 ps) with jitter of the order of 15 ps
with a minimum signal duration of 85 ps.

We applied the machine learning method using event-by-event information from MCP
detectors in our studies of event-by-event selection of the primary collision vertex and for
the fast selection of collision centrality class. We show the method to be feasible for the
bunch-by-bunch crossing analysis at NICA.

39



BACK-UP SLIDES



Micro Channel Plates (MCPs)
as a MIP detector

[1]A.Baldin,G.Feofilov,F.F.Valiev et al. ,"Microchannel plates as a detector for 800 MeV/c
charged pions and protons.” // JINR Rapid Communications. 1991. No 4/50/-91.
p.27-36.

[2] A.A.Baldin, G.Feofilov,Yu.Gavrilov, A.Tsvinev,F.Valiev, “Proposals for a new type of
microchannel-plate-based vertex detector”, // NIM A323. 1992. p. 439-444,

[3]V.Bondila, L.Efimov D.Hatzifotiadou, G.Feofilov, V.Kondratiev, V.Lyapin, J.Nysten,
P.Otiougova, T.A.Tulina, W.H.Trzaska, F.Tsimbal, L.Vinogradov, C.Williams, Results of
in-beam tests of an MCP-based vacuum sector prototype of the TO/centrality detector for
ALICE, NIM A, Volume 478, Issues 1-2, 1 February 2002, Pages 220-224.

[4] G. Feofilov, V. Kondratev, O. Stolyarov, T. Tulina, F. Valiev, and L. Vinogradov,
Development and Tests of MCP Based Timing and Multiplicity Detector for MIPs, ISSN
1547-4771, Physics of Particles and Nuclei Letters, 2017, Vol. 14, No. 1, pp. 150-159. ©
Pleiades Publishing, Ltd., 2017.

[5] A. Baldin, G. A. Feofilov, P. Har'yuzov, F. F. Valiev
NIMA, 958, 162154, 2019, Reported at the VCI2019
DOI:10.1016/j.nima.2019.04.108

41


https://pureportal.spbu.ru/en/persons/%D0%B3%D1%80%D0%B8%D0%B3%D0%BE%D1%80%D0%B8%D0%B9-%D0%B0%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%D0%BE%D0%B2%D0%B8%D1%87-%D1%84%D0%B5%D0%BE%D1%84%D0%B8%D0%BB%D0%BE%D0%B2
https://pureportal.spbu.ru/en/persons/%D1%84%D0%B0%D1%80%D1%85%D0%B0%D1%82-%D1%84%D0%B0%D0%B3%D0%B8%D0%BC%D0%BE%D0%B2%D0%B8%D1%87-%D0%B2%D0%B0%D0%BB%D0%B8%D0%B5%D0%B2

