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1l ntroducti on

1.1 The MPD experiment

The MPD is designed as a-4pectrometer capable of detecting charged hadrons, electrons
and photons in heavpn collisions in the energy range of the NICA collider2],To reach this
goal, the detectowill include a precise B tracking system and a higierformance particle
identification system based on tirokflight measurements and calorimetry. At the design
luminosity, the event rate in themD interaction region is aboutkéiz; the total charged particle
multiplicity exceeds 1000 in the most central Au+Au collisionsat  p pGeV.As the average
transverse momentum of the particles produced in a collisighealICA energies is below
500MeV/c, the detector design requires a very low material budget. The general layout of the MP

apparatus is shown Fig. 1.1.

The Multi-Purpose Detectoronsiss of a barrel part and two endcaps locateside the
magnetic field The barrel part is a shdlke set of various detector systems surroundirgy th
interaction point and aimed agconstrugbnsand identifyng both chargd and neutral particles in
the pseudorapidity regiom f | O[L.3| The endeps are aimedt theprecise tracking over pseudo
rapidity range 1.3 <|d| < 2). The ion beamteractinside the beam pipe located along #axis
with the central interaction point a& 0 in thecenterof the detector. The intaction region covers

aninterval ofd Gm2 5

The barrel part shown in Fid.1 consists oaitracker and particle identification systefte
principal tracker is the time projection chamber (TPC) supplemented by the inner tracker (IT
surrounding thenteraction region. Both subdetectors (IT and TPG)eha provide precise track

finding, momentum determination, vertex reconstruction and pattern recognition.
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Figure 1.1: Cutaway side and cross views of the CentraeBter ofthe MPD with dimensions
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1.2 Particles identification in the MPD

The everntby-event hadrosidentification will provide us with the opportunity to measure,
with high statistics, on a single event basis the yields of pions, kaons and protonatitithus
giving a possibility of comprehensive study as many as possible -ey@vent dynamical
fluctuations and correlations. Consequently, it will provide information on possible instabilities
during phase transitions, on the degree of thermalibguih, on collective flow phenomena and

on expansion dynamics.

Physics goals ahe MPD require particle identification oves large as possible phase space
volume.The MPD has two main identification subsystentgefirst subsystem ikigh performance
time-of-flight (TOF) detector.The TOF together withthe TPC must be able to identify charged
hadrons and nuclear clusters in the bnaguidity range and up to total momentunB8deV/c. The
fast forward detectors (FD) will provide the TOF system with steet signal.The second PID
system is the electromagnetic calorimeter. Its main goal is to identify electrons, photons and meas
their energy with high precision.

1.3 Requirement sfor the TOF system

1.3.1 The basic requirements

Ambitious physics goals ahe MPD require excellent particle identificati@mapabilities over
as large as possible phase coverddentification of charged hadrons (PID) at inteediate
momenta (0.1 2 GeV/c) is achieved by the timd-flight (TOF) measurements which are
complemented bthe energy losdE/dx® information from the TPC and IT detector systems.

The basic requirementsr the TOF system are:

- large phase space coverage

- high granularity to keep the overall system occupancy bef8 1

- good position resolution to provide effee matching othe TOF hits withthe TPC tracks;
- high geometrical effiiency (better than3);

- separatiorof pions and kaons withp top: < 1.5GeV/c;

- separatiorof (anti)protons withup top: < 3 GeV/c;

- TOF detectoelements must function in a50I magnetic field.



1.3.2 The particles separation performance of theTOF

For the chargel particle identification (mass reconstruction), one seé®dmeasure the
following parameters: momentum of the patrticle, its track length and time of flight from interaction
point to the TOF detector:

) n p . (1.1
0 - h
w f P
wheremis themass of the particlg,7 the momenturh  —is thevelocity of a particle respect to

the speed of lightThe widths of the peaks in the masgiared distribution depd on both
momentum and timef-flight resolutions. An analytic forrf8] for the width of m as a function of
momentum resolution and timeof-flight resolution is determined using Ed..1). The error in

thepathlength_ results in an effective timmwidth that is included witthe TOF resolution, ,

” \ ” \
” a4 — 1T —8 (1.2)

A i

The momentum spectra of secondary patrticles at the NICAlicglienergieproduced in
the regiols of pseudorapidityjd| < 1.2 and 1.2<|d|< 2 for minimum (4GeV) and maximum
(11 GeV) colliding energiesire presentedhithe Fig. 1.5. The average momentum of piofts
energy 4GeV is abouB00 MeV/c and for 11GeV is abou#d00 MeV/c.

As is known from the general theory of relativigparticle with massn and momentunp

has a velocity:

T n_ 4 (1.3)

0 . (1.4)

Using these equations, we can say thatparticles separation powasing timeof-flight
methodis determined athe number of standard deviations between twhdlight distributions of

two particles with different magsbutthe samenomentumand track length:

v , (1.5)

5 0 a 68
%) PR Py
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Figure 1.2: Transverse mmentum spectra of pions, kaons and protons in two regions of pseudorz
| &L.2(left)and 1.%| d& R (right) andfor two center of mass energy: 4 GeV (top) and 11 Goit).

The particles separation performance could be estinsatestitutingthe known values into
the EqQ. (12). Thesmallest trackengthfor thetime of flight measurement #te MPD is 15 m. We
expect to have overall time resolutiofthe TOF systa betterthan 100ps. These conditionallow
us reliable separation of pions, kaons and proioriee entire interval of momenta for produced
particlesfor the NICA energies (Figl.3a, 1.3b).
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Figure 1.3a: Calculation of the separation of pwand Figure 1.3b: Separation of pions and kaons a
kaons in units of standard deviation as a functiothei function of secondary particles momenta
TOF base fothe TOF resolutions: 8and 100ps. different fixed basefime resolutioris 100 p3.



In Fg. 1.4 we present the fraction (in percent) of pions and kaons below a particular
momentum as a function tfemomentum. These distributions are obtained for the particle spectra
from Fig.1.2. One may conclude thifite TOF system can separate pions loa level of 9% and

kaonsi almost 986 up to the total momentum ofblGeV/c.

Part of the particles below fixed momentum N/Ny ¢, % | —=— K+

@ et —

: I I l I | l ' : ! : 1 I

EEne ‘f:-_
- t<) —
.””W -

96 ! -

94

92

90 ]
88

NiNgo %

86
84

T I ) N (A | E i (SR RS =) S | S Sl

80 + - : ! |
i n .
78

— —T— T T —T— T T
700 800 900 1000 1100 1200 1300 1400 1500 1600

Momentum, MeV/c
Figure 1.4: Part of the pions and kaons belawarticulamomentum{ Y  p pGeV).

1.3.3 Occupancyand counting rate estimation

For simulation we used AAu interactions \ith total energy 4.5 4.5GeV/n from the
UrQMD generator and GEANTA4 for tracing particles in the detettgpact parameterange for

minimum biasb =071 158 fm, for central collisionb=071 3 fm.
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Simulated occupancygf the proposedTOF systemfor all charged particless shown in
Fig.15. Maximum occupancy does not excegdo perchannelin the barrelevenconsidering
secondary particlesnd crosgalks on tle strips.

For particles rateestimation the anticipated luminosityr Au + Au collisionsL = 10?" ¢

2s1was used. The collision rate for minimum bias events was taken as:

0 , PP Qodi ¢pPmT P T @ T TOD

The interaction rate focentral collisions i9elow 1 kHz. From Fig.1.6 onecansee that
there are 0.005 charged partictbat cross the surfacef 2.6 cnf in one eventThe rumber of
chargel particles per second crossed thenf surface othe TOF is onlyN = 6000Hz x 0.0 / 2.6
= 11.5Hz/cn?. Our rate test othe MRPC prototypeon the extractedoeam of the Nuclotron
demonstrated a good timing performance and its efficient work at particle fluxes upcto?s3
(see Fig2.15). Thus the TOF MPD systernhased orihe MRPChas to demonstrate reliable work
at particle flux bellow 12 Hz/cfn

-10-



2Devel opmekMRP @ ftf loleO F

2.1 Motivation of choosing the MRPCfor the TOF system

Our choice for the TOBystem is the Muigap Resistive Plate ChambersRMC), which
were widely usd in such bavyion experiments as ALICE [#], PHENIX[6], STAR[7],
HADES [8] and is planninghe TOF CBM[9]. Such widespread use of this detector caused by that
the multigap resistive plate chamber lga®d timing characteristicét the samdime, the MRPC
IS quite easy to manufacture aihds relatively inexpensie. Its production requires materials that

are commercially available.

The multigap resistive plate chamloensists of a stack of resistive plates separated one from
the other with equalize spacers creating a series of gas ghfis iHigh voltage coatings made on
the outer surfaces of the outer resistive electrodésrnal plates are left electrically floating. The
voltage of the internal plates appears due to the flow of electrah®ias created in the gas gap.
The resistive electrodes quench the streamer and prevent a spark breakdown. The MRPC oper

at high gain in avalanche mode. Float glass plates are used as resistive plate electrodes.

2.2 Designs of the MRPC prototypes

Two types of MRPCs were considered: with the pad signal readout and with the strip readot
Both options have their specialtraits in terms of assembling and operatidtowever, at low
multiplicity of eventsit makes sense to use a strip electrode for reattaeduceghe numberof
channelsnakingthe systemmorecosteffective.Therefore, strip MRPCs have been chosen for the
barrel part of the MPD. Ahe end cup parts of the detectmd and strip readoutgll be combined

there

The first prototypef a multigap resistive platethambe{MRPC) fortheTOF MPD(Fig. 2.1)
was mademall with pad readoutl]]. A 2 0 8n gésgapis formedby amonofilamenfiishing line
of appropriate thickness. TheadouelectrodesrePCBof1 4 0 I dn2wilth copperrectanglef
1 6 1T 3 5. In total hey makeup two rows of8 padsin each.Iln orderto supplyhigh voltageto
glasseglosestto the readoutelectrodesthey are coated with a graphite conductive layer with a
surface resistance ofi210 Mq per squareSignals fromthe pads are transferred via tiwested
pair cable to the amplifierThe detectoris situatedin a leaktight box (Fig. 22) in which a gas

mixture is injected.

-11-



Honeycomb board
PET Screw
PCB board with “pads” (1.5 mm)

Mylar insulator (100 um)

Outer adhesive glass (700 um)

Inner glass (550 um)

Spacer (fishing line 208 um)

Figure 2.1: Pad MRPC scheme Figure 2.2: Pad MRPC prototype in gas box.

The epected muiplicity of particles in the centrahu + Au collisions at Y  p pGeV
allows using readout electrode areal®® cnt with the maximumoccupancyabout25%. On the
other hand, increasing the size of the electrode can lead to time resalatgeningdue tothe
signal deterioration (front dropsih case of ging readoutlectrode as a long narrow strip and
readingsignal from both sides, &voidsthe need to take the time dependence of the position of the
flight of the particleinto account This method significantly reduces the number of channels of

readoutelectronics without degrading the time resolution.

Thelast and more successftiip prototypewith anactive areaf 600x300 mmhas been
designechndtested on the beariMain feature of thisMRPCarethree stack§l?] of glass and the
readoutfrom the inner stacKFig. 2.3). In order to get good time resolution from MRPC by using
the timeoverthresholdmethod one needs to provide very good teation of impedance between
the strip, the cable and the preamplifier input. Any reflection could causeviloag estimation of
the signal width when the amplitude correction applied. Working with double stack MRPC with
differential signal readout scheme one also has to pay attention to the fact that readout strips
positive and negative signals have différenpedances. The inner strip is surrounded on both sides
by the fiberglass PCB and glass with dielectric constant ~4. The external electrodes have
honeycomb on one side and glass from the other. As a, thgufiositive and negative parts of the
signd propagate with different velocities. This fact can lead to worsening of time resol0ten.
can make the impedance of anode and cathode strips in the double stack MRPC equal by introduc
the honeycomb spacer between two inR@Bs. A singlestack MRPCis the example of good
electrical symmey. However, getting a large signal often requires more than 6 gafuge number
of gaps reduces capacitance of the strip line. A proposed-s$tgde MRPC design igee of the

mentioned above problems
-12-



Each stak of the detector consists of 5 gas gaps width &f 20e m s epar at ed
(280e m) gl ass. Such thickness of the gl ass v
radiation length of the detector, and secondly, it improves the rate capability of the déi&ctor
The active area of the MRPCdstermined by the size of the glass (3@ Qnén). Signals are read
from two sides of 24 readout strips tdn wide using the double twisted pair flat calptay. 2.4).

Figure 2.3: Layout of the strip MRPC. Figure 2.4: Readout fromhreestacks of theRPC.

2.3 Beam setup and cosmic stand for testing detectors

The principal goal of the R&D is to investigate the problems assoaiatiedcaling up from
a small to a full size MRP@ith strip readout electrodegarious issues were addressed, such as:
(a) material and thickness of resistive plates (b) definitiorthef edge of the active area (c)
connection between readoelectrodesand electronics (d) assembly problearsd (e) frortend

electronics. The tests were performed in both cosmic rays and jpexdomnof the Nuclotran

Laboratory with cosmic test setup was organigew). 2.5) for testing detectors in the
intervals between runs of the Nuclotr@@osmic stand include@d-ig. 2.6): scintillation telescope
(S1-S8)which coverthe entire active area tife tested detectors:channel gas system with MKS
Instruments controllers; fast readout electronics based on \AIEC( TDC, TQDC ...); high
voltage and lowvoltage power supplies; the oscilloscdmCroy Wave Runnewith a bandwidth
of 4 GHz; xray tubefast start detector (FFD); slow control system (temperature, gas flow, currents

and voltages of the high and low voltage power supply).

-13-
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Figure 2.5: Appearanc®f the cosmic test setup. Figure 2.6: Diagram of the cosmic test setup.
i T ebeamM P Dfacility [14] is a complete system of equipment and devices for studying

detectors on the beams of partiqldsuterons) from Nuclotron with energy range 4 GeV/n.

It includes(Fig. 2.7):
two platforms made of aluminum profile for fixing and adjustndgtiectors along a beam axis;
the precision positioning device for movement and turn of the tested detector concerning a be:
axis operated by remote control;
threeproportional chambei®WPC 1, 2, 3) with 6 coordinateplanedor tracking and definition of
theprofile of thebeam with an accuracy of determination of coordinate about 1 mm;
five scintillation counters for trigger and to determine the intensity of the beam;
gas system consisting of two independent control panels, allowing torg@tdgagas nxture to
blowing various gasilled detectors with different gas mixtures (MRPC, GEM, 8XC);
data acquisition system (DAQ) based on the standard AWUE Ethernetallowing to control
operation of the detector "dme", as well as to record data filew further processing

The beam room antbntrol mom areprovided with temperature stabilization system.
‘ .l Positioning MWPC 2

devicef™ Fast-start™
' I detect
\

Scint.
coucnte—

Figure2.7:Gener al v i ebeamMP D dethpeduringvaksng in the 51 Nuclotron run.
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2.4 Testresults

Detectors were tested on deuteron bedutine Nuclotron with energy of 3GeV/nucleon.
The gart signal to define the time of flight was generated by the fast Cherenkov detector with micrc
channel photomultipliePhotonisPlanaconXP85012Q. The time resdlui on of t he A s
is about37 ps [L5].

The total time resolution of the system FPRd MRPC was approximately 70 ps (R®).
Thus, the time resolution of the pad MRP®tptype was in the region of ¢& (including the

"jitter" of electronics)hewith particle detection effieincy of about 99% (Fi@.9).

2 ool h_ffd2_dt_p0 <100 : ——— 100
[} E Entri 11382 < “- a
& [ o=V72%37%=61ps niries :
F Mean 0.03179 3 ( c
1400~ € 80 "o {90 &
r RMS 0.07805 b / =
r S 3
1200 £ %2/ ndf 185.6/ 36 kS 2
C Constant 1519+ 18.8 w [
1000 |~ Mean  0.03345  0.00069 60 \ 480 2
= \ -
C Sigma  0.07171+ 0.00057 ¥ =
800 — T\, / i
F 40+ X, 470
600 — !'~\
r B _ &
400 — 20+ A —F 460
B 4
200
L %
Py v B ol Me L 0 e T T T 50
08 -06 -04 -02 0 02 04 06 08 8 9 10 11 12 13
Tore-T{ffd2}, ns HV (kV)

Figure 2.8: The distribution of the differenc Figure 2.9: Efficiency and time resolution of the "pa«
between the start detector and the "pad” MRPC MRPC in dependence of high voltage.

Dependence of the efficiency atiche resolution for strip MRC from applied high voltage
is shown in Fig2.10. Efficiency, due to the large number of gas gaps, quickly reaches a plateau c
99.5%. The best time resolution (~ 42 ps) is observed at approximat&ly [[15].
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Figure 2.10: Efficiency and time resolution of th Figure 2.11: Time resolution in dependence fro

strip MRPCversushigh voltage. position alonghestrip.
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Upon further increasing of the high voltage the number of streamers rises sharply and tt
resolution degrdes. The time resolution of the detector does not change due the position of th
particles tracks along the strip (F&y11). All time resolution results include jittef electronics
which is about 20s.

Particles crosses detector at different anglesregal experiment. Angle between the particle
tracks and the plane of the detector can reach 60 degreles eddge of the barrel. Measurements
of parameters of the detector from the anglg@adsing ofparticles were made (Fig.12). The
efficiency not tbangsat angles from O to 60 degrees. The time resolution varies slightly, but overall
<52 ps.Mean number of fired strips at angle of O degree is 1.28 (Fig. Z-ti8)cluster size goes
up with increasing of angle. Increasing of strip multiplicity deteenby two factors. First factor is

distribution of the charge for a few strips. Second factor is increase of projection of track along tt

detector.
é‘- 901 m  Cluster size. _.-alrip.\‘ | | 14 ; - ><1'03 I‘IhItSV'I
o= Time resolution, ps o E .
= 2 300F Entries 503901
§ 80 - 13 2 g Mean 1.281
e 5 250 RMS 0.673
it L= [
£ 707 12 £ 200
1 - 150
60 ‘ ‘ | 11 3 g
T - 1 g 100f-
) i 1 o -
50 = i i L T 40 h s0[-
z I I 5 -
- z of T Ll
40 ! - : - ; - - - 1 2 3 4 5 6 7
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Figure 2.12: Time resolution in dependenceMRPC Figure 2.13: Distribution of the number of fired
rotation in surface YZacross the strip) strips per event for particles wigeroangle

2.5 Study of rate capabilities of a MRPC

In order to use MRPCs in endcap TOF one need to keep in mind higblicity of particles
(up to D00 particlegen?l )} expected in the regions close to the beam axis for the peripheral
events. It is known that MRPC made of ordinary glass with thickne4@0aficrons are effective
at particles rates up to 1 kHz/énTherefore it is necessary to have detectors operating fat hig
particles intensities. Two case of solving the problem were chosen: reducing the thickness of t

glass[13] and reducing its conductivifit7].

High rate MRPCs made of levesistance "Chinese" glass were tested on the beam of high
intensity in the 47 mu of Nuclotron with a group of physicists from the Tsinghua University
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(Beijing, Ching. Prototype with a low resistance glass showed excellent rate capability, as expecte
Its efficiency was higher than 90 at particles rates up to 1RBlz/cn?. At the sme time resolution
was better than 80s. The time resolution of ©IMRPC reached 5@s (Fig.2.14) at low fluxes of

particles.

The high rate test of MRPC made on thin float glass took place during the 50 run o
Nuclotron[16]. Two prototypes of MRPCs we tested. Both MRPCs have identical construction
but first of them made on glass with thicknes 270 mkm, and second prototype made on glass w
thicknes 400 mkm. Degradation of efficiency and time resolution are showed on %ig.2.1
Prototypes with diffenet thin ordinary glass could be used in area where the particle flux will be
less than XHz/cn?.

10— ———————r 160 100 — . 100,
J:: = Efficiency i [ S L = 1 —= a
‘i =Time resolution : : - 1 -
100 Al 140 & 90 L90 §
i 2o I o ] Efficiency 280 ym 5
90 ! : T 120 © ] o Efficiency 400 um e}
_ H ; L fa E 80__ Time Resolution 280 um T ¥T r80 3
5 80 ‘ _100::; 5 * Time Resolution 400 ym T ;3_{ %
g {i : + 3 70 70 E
g 4 : 80 2 ] =
o { i ‘ F 60 L 60
60 J 60 £ ]
50- *i ------------ ; L 40 50-: +50
404+rrr it —L20 40— ey 40
1 10 100 100 1000 ,
Flux rate (kHz/cm?) Particles flux, Hz/cm

Figure 2.14: Efficiency and time resolution c¢ Figure 2.15: Efficiencies and time resolution ¢
MRPC with lowresistance glass from the be: MRPCs with different glasses from the beam inten:

intensity.
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3.1 Detail layout of the MRPC for the MPD time-of-flight system .

After analyzing the resultsf the prototypedesting,we have fixed the design agdometry
of the MRPC for th&d OF barrel It will be triple stack MRPC with strip readout.

JTE “"S‘Pf IJL WY{‘(FL‘Y\( T A
- Sadad ;"' )
mm % HV-
e Y
FEE E 2
F ) : ‘ HV+
Wy~ : 25
”7 _v )
T ‘ - HV_
Honeycomb (5 mm} ! : 2
PET Screw = v+
Outer PCB (1.5 mm) l ﬁ 5 ‘“ "}"‘}"
Mylar (100pm) ry 7l S e el e el A ' Y
Outer HV glass (400 um) .10, ((12.8 mm pitch)
Inner glass (280(400) um) ~ 300
Spacer (fishing line 200 ym) N 330 >

PCB with “strips” (1.5 mm)

Figure 3.1: Schemeof thetriple-stack MRPQGwith strip readoufor TOF MPD.

A scheme of the MPD TOF detector is presented inFig. The detector consists of three
stacks of 5 gas gaps eadks resistive electrodes we use common float glass. The outer glass
electrodes havéehe thicknessof 0.4mm. The internal glass electrodes hake thicknessof
0.270mm. The fishingihe as a spacer defines the 200h g a p thexall resstvenelectrodes.
The outer part of external glass electrodes is coverdulmpnductive paint with surface resistivity
about 21 10Mq/ 1 to apply high vol t ag eDimemsiors ofitent e
resistive glas are300x 640 mnf. It defines a surfaceof active area of one MRPC.

An important feature of the triplet ack Astri po pr otsarelpgated i
only inside of the detector. Outer PCBs are not metalized. This ensures the symmetry bhetwee
strips, and provides the equal speed of signals on the anode and cathode stripa eesililas

prevens the dispersion of the signal.
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Figure 3.2: ReadouPCB with24 strips10 mm wide

Overall dimensions of the MRP&e650I 3 3 0 | 22&nd inawresponds tethe PCB with
readout electrodd§ig. 3.2). PCBhas 24 strips, 16m wide and 64@nm long. To reducerosstalk,
the gap between strips is 2.5 mhmus,the pitch of electrodes in this case is 12.5 rihe ative

surface of one strip is aboud 8nf. Mean occupancy for this area (see Hi@)should not exceed

15% for central AuAu collisions with energy Y 1 e V

i

> &
Y:2.54mm ‘ Y:10mm
- Y:12.5mm

Y:2.5mm

Figure 3.3 PLH pin connector on the one strip of tREB.

The pickup electrdes made at the inner layer of €B. It is necessary for better electrical
isolation of strips from high voltage lay@ihe signals are output to theteulayer of the anode and
cathode boards in such a way that the differential signal is read throudbLbingin connector

(Fig. 3.3)that combine®oth boards.
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Figure 3.4 Dual twisted pair cable assembly for transferring signals to the FEE.

The dfferential analog signal is transferredm both ends of the stripy the doubledwisted
pair cable(Fig. 3.4) with impedance of 58hmto the front-end electronicsDoubleside readout
provides better time resolution and determination of the coordinatpanticle alonghe strip with
spatial resolutioof ~5 mm. For stiffeningstructurewe gluearamid fiber honeycomb panel with
the thickness of 5mm onthe outer part of the external PCBEhe first prototypes of MRPCs
(Fig. 3.5) for the TOF MPD alreadgissembled and tested.

—— T e T e ey o\

Figure 3.5: First assembled MRPCs for the MPD TOF system
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3.2 Mechanical design of the TOF barrel

an '\'I,II |
\\ o =
\ g &
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Figure 3.6: Main sizes othe TOF barrelin (i direction.

The cylindrical part othe TOF MPD is located in the barrel between the thp®jection
chamber (TPC) and the electromagnetic calorimeter (EUat) TOFbarrelinternalradiusis about
1.5m from the beam axiand outeradius is 1.7 (Fig. 36). The active surface of thbarrel part
of the MPDTOF covers the pseudorapidity rarjge] | 4 aBd~ B30Ai n angle Thetotal surface
of the barrel TOF system is abow& % The TOF detector system is organized in a modular way
in order to minmize the number of componerasd cost.

The detector is segmented (indirectioninto 14 pairs of module®f ~5.9 m length.The
maximum distance betweemo boxes does not exce&dmm. The speciakhapeof module
minimizes the dead area inside gextor The dead area betwesrodules alongi directionis due
to the limited space along the radius of barrel. Thisdaet not allovputting modules with overlap
azimuthally direWide gaps in the horizontal plane are required for support structures for ngounti

theTPC.
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Figure 3.7: Arrangement of MRPCimiside the gas b@salongthebeam direction.

Each TOF module consists of a two separate volumes. The inner region is filled of the ge
mixture and contains 10 MRPCs. The outer one contains the Frontléctdokic (FEE) cards,
cables, high voltage and gas plugs. The both boxes are made of the aluminum profile al
honeycomb 5 mm thick. The same honeycomb panel with thickness of 10 mm is located betwe
inner and outer volumes. It has special holes forrteface Card (I1§; whichprovides connection
of signals from MRPCs to preamplifiers. Holes for gas connectors and the HV connectors are al
provided at this panel. MRPCs are arranged inside the box as shown irv Fgpeial aluminum

fixators (Fig.3.8) are used to set detectors to the desired position.

2 &
] 8

Figure 3.8: Fixing of MRPCsinside the gas bousing special elements
Adjacent MRPCs wilbe positioned inside the modutesuch a way as to create an overlap

of 1-2 readout strips between twojadent MRPCs, at the edge of the active area: this will ensure
the intercalibration of the MRPCs via tracks traversing both of thEme. signals from the piekp

strips on the MRPCs are brought to ftent-end electronicsHEE) via the Interface Cards.felCs

are made of small PCBs and will be glued and fixed to the top cover of the box c¢lesiggs
volumein this way. Each IC will have on one side the connectors facing the MRPC, and the
connectors for th&EEs on the other sideTo add safety to thgystem the perimeter of the IC is

pouredwith epoxy adhesive
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Figure 3.9: Layout of FEE, cables and connectors inside the module

The volumecontainingfront-end electronics and cablesixlosedwithin asamealuminum
honeycomixoverlike for the ga volume Cables taking the signals from the FBEE/ cables gas
tubesand slow control busewill be routed through the center of theodule toits outer ends
(Fig 3.9). Then they will come out from the external sides of the sector andlpasgh specia
holesin the yoke Total surface of one hole is about G9¢°. Crates with readout TDCs planned to
mount directly on the MPD magnet yokad 3.10) opposite both ends of the barrel TOke space
about30cn? (< 5% of total size)is enough in each hole ithe yoke for all cablesubes Signal

cables with a diameterl:3 mm require the most spae€3 cnf) for output.

Figure 3.10: Crates with readout electronics are mounted on the magnet yoke
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Main parameters of the TOF system parts are listed in TableCalculated total sensitive
area of the TOF system is about 51.8 fihe inner radius of the barrel is about 1.5 m. The total
area of a barrel with this inner radius and length of 5.9 m is about5bhis means stimated
geometrical efficiencghould be about 94%.

Table 3.1 Main parameters of thEOF system

Number of Number of Sensitive Number of Number of
detectors | readout strips area, n? FEE cards FEE channels
MRPC 1 24 0.192 2 48
Module 10 240 1.848 20 480
Barrel 280 6720 51.8 560 13440
(1680 chips)

3.3 The occupancy and geometric efficiency of the TOF system.

Figure 3.11: TheTOF detector layout ithe MPDROOT framework

Monte Carlo simulatiomasbeen performed using the MRDOT framework based on the

CERN ROOQOT software The MPDROOT framavork has interfaces tseveral event generators
(UrQMD, QGSM, HIJING etc.)and includes all algorithms for MPi2construction and analysis
thus providing a complete set of instrumentsitoulate iorion collisions.The barrel of the MPD
TOF system is aylinder coveing the region of polar angl¢sif9 0 AG3A d| [L.4). The structure
of the TOF, the inner structure of each module and MRPC detectors have been described in
GEANT 4 package. All simulatiortsavebeen done for geometpyesented itthe previous chapter
The threedimensional modedf the TOFs shown inFig. 3.11.
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Figure 3.12: Multiplicity of primary particles (from Figure 3.13: Multiplicity of all particles (pnnary,
generator) registered by the TOF system inAAu secondary, delta, conversionjegistered by the TOI
collision with energy of 11 GeV. system in AdAu collision with energy of 11 GeV.

Preliminary results of the simulation showed that such geometry of detectors and reado
electrodes satisfies the requirementshefeéxperiment.

The procedure of calculation of occupancy is as follow. We calculate the number of hit:
(taking into account the experimental data for cluster size in dependence on the particle input an
Fig. 2.13) from allMC tracksin central (63 fm) collision of AuAu with maximum NICAenergy

Y p @GeV. As aresult, we can get a distribution of the number of fired stripgFOF. We
obtainedthe distribution presented in the F&12 for the primary trackdt can be seen that for
primary tracks theneanoccupancys only 420/6720=@5% The distribution for all registered in
the TOF particles is in thiéig. 3.12 From this distribution can be obtained the maximum expected
occupancy: 900/6720=13.4% (Mean occupanay this distribution is ~10.5%)Thus, the
contribution of secondary picles is quite significant.

The geometrical efficiency depends on the geometry of whole TOF system and arrangeme
of the MRPCs in the TOF. The efficiency in Fig. 8i4 differential efficiencyd U /) alahg theZ
direction with step of 1 cm and averaged over the ah¢seim of particles for all 14 modules/14).
The same distribution alonigdirection averagedver the beam direction is presented in Fig. 3.15.

It follows from the Fig. 3.4 and Fig3.15that 93,5% of all particles flying in direction of
the TOF fall into the active region of detectors. The others (inefficient) fly through the gaps betwee
the modules.

The origin of the zigzags in the efficiencgn beexplainedas follows The uppe zigzag
peak corresponds to the lower edge of the detector in adjacent modules. In this position, the act
regions of adjacent modules are closest to each other. Therefore, more particles are recorded at
location.
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Figure 3.14: Distribution ofgeometric efficiency alon¢ Figure 3.15; Distribution of geometric efficienc

Z directionintegrated over azimuth angle alongZ directionintegrated over azimuth angle

3.4 Acceptance estimation and track matching .

Pt versus rapidity distributions of theiprary hadrons reaching the TOF barrel are presented

on Fig. 316. The events were simulated by QGSM at ener§y  5GeV and 11GeV. The
produced particles were traced with the GEANT at the magnetidfield.5 T, particle decays are
also taken intoaccount The di stri but i on s Diftere enfpty regionhfa r
pions, kaons and proterare due to magnetic field and polar angle accept&@uweeparticles
beyond the boundaries of the basic structure have a secondary origin from the decays of prim:
particles, and therefore fall into the acceptawicine TOFsystem.

Procedure of matchgitracks with hits in the TOF system @sfind the appropriate timer
each of theeconstructedPC trackghat have reached the TOF barféumber of tkese tracks is
Nrec_tracksfOr the efficiency and contamination calculatiéior a given PC track, ve have then a
set of TOF strips and TOF dead regionsssed by the probe tracksadhreconstructed TPC track
has an extrapolated point with spatial window, determined by the accuracy of the Kalman trac
extrapolation 30). Hits in the TOF- candidates fomatching are selected in each track window.
Such candidates can be more than one in one windibe.nearest to the extrapolation point
candidate selected as matched with this track.

If, as a resulbf matching, the Kalman track and the MC hit corresponzhe particle, then
such track is considered to be well matched or tNig (f matched Kalman track does not
correspond to the correct particle, then such a track is considered-mvetciged ).

Therefore, the matching efficiency is calculatedeffss (Nt+Nw)/Nrec_tracks Contamination

means the ratio of wroAgatched to the sum of wrong and true matched paorg= Nw/ (Ni+Nw).
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Figure 3.14: MPD TOF phasepace for charged hadrons fofY 5 GeV (leftyand Y 11 GeV. From
top to bottom: pions, kaons and protori©00 QGSMcentral eventsB = 0.57T).
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Figure 3.16. The momentum dependence of the contaminaifdhe TPC track matching with TOF hits fo
all charged particles (Y 11 GeV, B = 0.5T).
Table3.2Particl es | os s efercentralAu-Au eollisios with oYr  p@dv< 1. 4

Mean number of primary particles in ‘N KN p
one central collision:
Produced in 4° 410.2 24.3 152.3

Produced in pseud306.4f 1.0 184 | 1.0 | 900 1.0
Registered in TOH¢sesdue to field |201.8{0.66| 8.8 |0.48| 72.3| 0.80
B=0.5T, decay and interactions,
geometry efitiency)

Matched with tracks 186.2| 0.61| 8.4 | 0.46| 66.3 | 0.74

Table3.3Particl es | os s efsrcentralAu-Au eollision with oYh  [LifGe\t 1 . 4

Mean number of primary particles in "N KN P
one central collision:
Produced in 4° 829.1 58.7 153.1

Produced in pseugh5021{1.0 |313 |1.0 |39.2 [1.0
Registered in TOF (loosekie to field | 330.0{ 0.66| 15.1 | 0.48| 30.9 | 0.81
B=0.5T, decay and interactions,
geometryefficiency)

Matched with tracks 303.1{ 0.60| 14.4 | 0.46| 27.8 | 0.74
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The momentum dependence of matchéfficiency for Y 11 GeVis in Fig. 315. The
contaminations presented in Fig. 6. In Tables 3.2 and 3.are summarized the absolute numbers
and the fractions of different gane specie (per event) registered by the TOF detector and matchec
with TPC tracks.

3.5 Time-of-Flight particles identification performance

Particle's mass can be calculated using the information about the reconstructed momentu
track length and timef-flight from the collision vertex to the TOF hit. Detector response was
simulated in accordance with the processes taking place inside thend@He when a charged
particle passing through it, the overall time resolution of the TOF system (including theioasolu
of the start counter) was estimated to be below 10hgsg. 3.17 an example of mass separation
capabilities of the TOF MPD system is presented. The green lines show a suggested way to se
particles, i.e. particles of given type which get algsof the boundary were counted as a loss of
efficiency while those in other area are counted as a contamination. The MPD PID performance c
be considerable enhanced using a combination of ionizationd&sgX from TPC and timeof-
flight measurementAn example PID plot for the momentum interval of 8.p<1.0 GeV/c is

shown in Fig3.18.

As the results of simulation demonstrate for a typical track length of about 1hé
pion/kaon separation will be achieved up to the total momentum d&&el3c one can select

protons from other species upge 3 GeV/c.

3C

P, GeV

35
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dE/dX (keV/cm)

2.5
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F i ¢ 1 1.2
m, GeV m? (GeV?/c’)
Figure 3.17: Mass separation witMPD TOF (99). Figure 3.18: Combined dE/dx and TOF particles

The green lines show boundaries for efficiency i identification br 0.5< p <1 GeV/c region.

contamination estimation.
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3.6 Front -end electronics and data acquisition system

A very important part of the high performance thafeflight system is readout electronics.
For the full exploitation of the excellent timing properties of the Multigap ResiBlate Chamber,
front-end electronics with special characteristiesheeded.The signad from MRPG must be
amplified and discriminated as fast as possibleauthossless.

Leading and trailindimes of the discriminated signahust bedigitized andmeasured with
accuracymuchbetter than the time resolution of the detecReadoutelectronics for the MPD

TOF will consist of thefont-end electronics (FEEanddata acquisition system (DAQ)
3.6.1 Preamplifiers for the TOF MRPC

For the frontend electronis, we decided to use electronics like used in the TOF ALELEh
electronics is very convenient for our TOF system. Since each detector has a 24 strip it was decic
to create a 2¢hannel amidiier on the example of the fror@nd boaraf the TOF ALICEbased on
the NINO ASIC

TheNINO applicationspecific integrated circu{ASIC) (Fig. 3.19) developedn 0.25 micron
CMOS technologyrecently by the CERN LAA project, which combines a fast amplifier,
discriminator and stretcheithe NINO ASIC had to satisfyhe following requirementq18]:
differential input;optimized to operate with 3000 pF input capacitance; LVDdfferentialoutput;
output pulse width dependent on tearge of the input signdhst amplifer to minimize timegitter
(a peaking time ks thari ns); threshold of discriminator adjustable in tiamge 10 100fC; eight
channels per ASIC. Main features of the NINO ASIC are shown in Tadle 3

NS Y ..‘.\\‘\‘. ‘;l;w {

Figure. 319: The NINO ASIC (8 channels) directly bonded on the PC board (no packaging).
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differential
input

Table 3.4: NINO ASIC specifications table

Parameter Value
Number of tiannels 8
Peaking time 1ns
Supplyvoltage 25V
Power consumption 27 mWi/ch
Input signal range 30 fCi 2 pC

Noise (with detector)

<(25i5) & 6ms

Discriminator threshold

10 fC b 100 fC

Differentialinput impedance | 4 0 <¥n< 75
Timing precision < 10ps jitter
Outputs LVDS
) adjustment
NINO ASIC block diagram
Y
Input stage > stage 1 > stage 2 (5> stage 3 > stage 4 pulse L 1VDS output
stretcher driver
L low frequency »
feedback Hysterisis
to control offset
A

—»>

A
other 7 channels

Threshold
adjustment

(offlon) [adjustment )

Figure 3.20: Block diagram of the NINO ASIC.

A block diagram of the NINO ishown in Fig3.20. The input stage is followed bystages
of low-gain high-bandwidth differentiabmplifier (G=6, BW=500Mh32. A slow feedback circuit
supplies currertb ensure that the input stages remain corréeyed. In addition, an offset is added

at this pointthat acts as a threshold adjustment. Theresisedder just before the LVDS output

driver. Thepulse width bafre stretching varies betweemdand 7ns; thedigitizing electronics
based on thelPTDCchip[19] that will be used ithe data acquisition system of the TOF M&dh
only measure both leadingditrailing edges of an inpytulse for widths greater thann& Thus

the pulse stretcher will increase the pwiséth by 10 ns.
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Figure 3.21: Simplified schematic of the preamplifier board for the MPD TOF system.

For the TOF MPDithe 24channeNINO basedreamplifierboardwasdeveloped20]. This
preamplifier boardis adaptedor the two-side strip readout inMRPC at the MPD experiment.
Overall dimensions of the preamplifier are 19630 mnv.

Features of the MPD TOF preamplifier board:

i stabilizedvoltage supplyf the NINQ

i the input impedance matched to impedance of the MRPC;

I overload protectioatinput channels;

I capacitorsaatthe inputs fotwo-sidestrip readout;

i the possibiltytousesa tri gger (parall el Aor o out |
i the threshold monitarg and control,

i the NINO6s voltage monitoring and cont

i the board and the gas space thermal monitoring.

Figure 3.22 24-channel NINO based preamplifier board with the CXP output connector.
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Block-scheme of the frorénd board presented in Fig23. Preamplifier board supplies by
+5V DC via connected bus, then regulating to A2.B5C for amplifiers and to +3.8 DC for
microcontroller. STM8L152C8T6 is used to control +¥.%egulator, threshold and temperature
acquisition from the board and the ggmce. The threshold default value is 18 around base
line 1.25V. The stretcher and the hysteresis circuits adjusted to +1.25 V.

The preamplifierboard haswo DIN 4161296abc (3x 32) connectors as inputs and EX
connector as output (Fig.22,3.23 Each i nput <channel terminat
resistor. It allows changing the preamplifier when the high voltage applied on the detector. |
addition, capacitive coupled by 1 nF capacitor. Differential pairs input impedance designed to mat:
to the i mpedance of the MRPC readout strip

The output preamplifier signal is in the LVDS standdardere is OR logic circuit which

links all NINO and could be used as trigger.

Figure. 323: View of the Molex CXP Interconnect Systerable
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Figure 3.24: LVDS signal after passing throughmblength Molex CXP copper cable 26 AWG, A9div.

Fig. 3.24 show the transmitting output signal from the NINO frend board through the
CXP copper cables. TheXP copper cable assembled by Molex, it has 26 AWG cable size and

provides differential 10 t r ansmi ssi on | ine with good el ¢

Measured jitter between two channels of the amplifier is abpat(Fig.3.25).
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Figure 325: The time distribution between two channels of the NINO FE board measured using

LeCroy 4GHz oscilloscope.
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362 Preamplifierds voltage supply

Stable power supply of the amplifiers and their accessories circuits is an important part,
many paramers depend on it.

We propose the following power supply circuit. ¥ C power supply organized by MPOD
low voltage source moduleéSegMPV 8016) and 2 distribution boards (DB) connected by DC
cable gtranded copper conductor with crasstion of 1.5 mr), then to each DB connect&d
preamplifiers boards in parallel via 4 buses. Each bus controlled independently. Input voltage ¢
preamplifier board regulated to +2.5V DC (MIC373D5WR) and +3.3V DC (MIC37301
3.3WR). To compensate the voltage drop adhables the MPOD LV source has sense pins. Total
current for each channel is about A.

This scheme tested laboratory (Fig3.26). Each amplifier consumes about 0.42 Amps.

Figure 3.26: Testing of the power supply and slow control system onpligamps connected in paralle

363 Preamplifierés control

It is necessary to control the voltage of chips and external circuits of adjustment such ¢
stretch stage and voltage on threshold stage to achieve precise results and efficiency.

Control of the preapiifiers boards is provided by Sle@ontrol System which include from
one side software based on TANGO toolkit and QT SDK, and other side hardware, which include
analogdigital and digitalanalog converters in microcontroller (STM8L152C8T6), which inediall
in all FEE boards to monitor and manage volt&mmunication with the FEE boards is based on
RS-485 fullduplex interface via bus and then via Ethernet by the serial port sever (MOXA NPor
IA-5250) It providesaccess to devices from any authorizedrtlvia Internet connection.
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board (Fig.3.27), where the power channels from the LV sowand the signal lines are distributed

to the buses. To each bus connected four FEE boards where the MAX3070E transceiver install
These transceivers communicate with serial port server (MOXA NPeE2W) via R$485
interface then serial port server \tlze Ethernet with PC. Monitoring and control interface are

avail t he

MPOD
LV Source

Ethernet

4

MOXA
Nport IA-5250

DB-9

RS-485 (F)

20FEE boards areonnected in parallel by the pins twistedpair cable to one distribution

abl

=]

Bus LV+RS-485 (F)

!

Preamplifier 1

Reg. En/Dis
2.5V mes. Thres.
0-2.5V
mes.+2.5V
cnt. Thres.
uC I ol2sv

mes. temp°C

Preamp.5 Preamp.4 Preamp.3 Preamp.2

igure 3.27: Powering Preampilér board and connection scheme.

e

interface (Fig:3.28).

#° MPD FEE Control v0.1

i a

I nternet

simply

us

ng

D thr+  thr-  Vmon DACset tpcb tgas dthr
1 161052 144,56 2507.23 84 29 26 165967
2 160891 1442.14 2505.62 84 29 2% 166772
3 1604.88 1442.14 2500.78 84 30 26 162744
4 1604.88 1438.92 249353 83 30 25 165.967
5 1616.16 1450.2 2509.64 85 29 25 165.967
6 1601.66 1437.3 249031 83 29 25 164,355
7 7 1610.52 1446.17 2506.42 85 30 26 164355
8 8 1609.72 144697 2502.39 85 30 26 162744
9 9 161858 1454.22 2517.7 85 29 25 164355
10 10 162261 145422 2524.15 84 29 24 163334
111 1616.16 144939 2514.48 83 30 25 166772
12 12 1608.91 1442.94 250159 84 29 25 165.967
13 13 1616.97 1448.58 2513.67 84 28 25 168.384
1414 160247 14365 249353 83 27 24 165967
15 15 1604.08 14373 249836 84 28 24 166772
16 16 161133 144536 251045 84 29 25 165967
[10.93.118.54 Connect
saws | [s001 Disconnect
22:18:20 A
connected
22:18:25
11999 1793 311284 28 26
21997 179031108429 26
31992 179031048430 26
41992 1786 30958330 25
52006 1800 31158529 25
v
send

7 iseg SNMP Control Version 1.1.2.0-Beta

File System Module

Channel

Help

2Modules found. Connected to MPV8016 sn. 8860 at Slot 0

Slot 0
8860
Slot 1
8868

| Channel 0
| Channel 1
| Channel 2
| Channel 3
| Channel 4
| Channel 5
| Channel 6
| Channel 7

Vset (V)
6,00
6,00
6,00
6,00
6,00
6,00
6,00
6,00

Vmeasure (V)

6,00
6,00
6,00
6,00
6,00
6,00
0,00
0,00

Vnominal (V)

Iset (mA)
1760 T 200,000
1760 T 2000,000
1760 T 200,000
1760 T 2000,000
1760 T 200,000
1760 T 2000,000
1760 T 200,000
1760 T 200,000

Imeasure (mA)

Inominal (mA)

1736,816 mA 5 050,049

1741,699 mA 5050,049
1735107 mA 5 050,049
1737,549 mA 5030,049
1737,061 mA 5 050,049
1732,422 mA 5050,049

0,000 mA
0,000 mA

5 050,049

Status
On
On
On
On
On,
On
Off

5050049

Module Information

Serial Number: 8860
Firmware Name:

Firmware Release: nfa
Channel Number: 8

Device Class:

Module Summary

MPV8016

-1

Module Control

Module Status M

Module Supplies and Temperature

+5 Volt (V):
+24Volt (V):
- 24 Volt (V):

Temperature (°C):

lodule Event Mask

Channel Control

0.0
0.0
nfa

0.0

Module Settings

Voltage Limit (%): 0
Current Limit (%): 0
Voltage Ramp Speed (%): 0

Current Ramp Speed (%): 0

Channel Status

Connected to 10.93.118.67. Bus status: OK

Figure 3.28: Slow control GUI clients(left side for FEE, right L\b@rce)
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3.6.4 Time-Over-Threshold method

The sgnal amplitude must be taken into accourtinme measurement3.he ime-amplitude
correction can significantly improve the time resolutidine NINO pulse width is somewhat
dependent on theIRPC pulse heightThus the integral of thepulse (charge) can be obtained by
FOVer- me
Th r e s I{ToT) ™dedhod Because this method requires otifge information,it can simplify and

measuring the pulse widtiime correctio using the.VDS pulse width icalledt h e

reducethe cost of readout electronics.

The dependence of theidth of the LVDS pulseon the charge at the input of ti\INO
preamplifier is shown in Fig.3.29. A wide range of width for small amplitudes allowsaking
corrections more accurate in the areas withhighest jitter of thenput signal An example of the
for dhie sttipr redoautt MRP@Is shown in Fig.3.30 This

distribution shoulde reduced to a linear form (to 0) to improve the time resolulioat correction

it iomeet hr eshol do

improves the time resolution of the detector is almost t\(kég. 3.31, 3.32)
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Figure 3.29: Charge dpendencef the width of the Figure 330 Ex amp | e o-bvert he e 8 h i

output LVDS impulse from NINO preamplifier. curve with the timewidth distrbution.
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Figure 3.31: Corrected widtkHime distribution

Figure 3.32 TOF distribution after correction.
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Figure 3.33: Time-to-digital converter TDC72VHL Figure 3.34 Electronicsfor the data acquisitiol
with the CXPinput connector. system in the VME rack.

New VMEG64x timeto-digital converter TDC72VHL (Fig3.33) based on HPTDC chip was
designed for MPD TOF readout. It is used for digitizing LVDS signals coming from the output of
the NINO amplifier. One VMENodule has 72 differential inpu($00q ) and produced with the
same type of connectors as on the preamplifier. Three amplifiers can be connected to one sl
module.Time samplingpf the TDC72VHL is 24.4s per bin. The TDC72VHL provides the ability
of the pr eci s2]syndbnizatien wihaothdr tinting dejvices and can operate in
standalone mod@ne VME rack can hold up t@bf the TDC72VHL(Fig. 3.34). The total amount
of the TDC for the TOF MPD is 196 (14 modules per each of 14 VME crates).

The main estimated parametergiod TOF DAQ are in Table 2. The data rate calculated
from average occupancy ~15% and means trigger rate ~6000 Hz. Average number of fired chann
in one interaction is 6720 I 0.15 & 1000. |
kBytes. Data rafieltd RmMBKkB & @60Q0GHEZS.

Table 3.5: TOF DAQ estimation parameters.

Parameter Value
Raw data information type Lead+trail time, 24.4s/bin
Channel size 12 Bytes
Average event size 24 kBytes
Maximum data rate < 1.2 Gb/s
Maximum number of TDC72VHL 196
Total power 3500 W
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3.7 Weight and material budget of the TOF system

Details of theevaluation of the module weigate given in Table 8. Weight of the one TOF
module not more thaonly 130 kg. It means that tragevicefor installationand servicingf the TOF
modulescould besimple andight. The totalmassof the full TOFbarrel(14 sectorkis thusabout
3700kg.

Table 3.6: Weights of the TOF module components.
Part Weight, kg
1 MRPC 6.5

2 covers and support plgter module | 45

FEE,cables connectorper module 30

Total permodule 140

Total per barrel 3640

The @lculatedcontributionsof all parts of the TORo the radiation length of one average
Module are listed in Tdb 3.7. In overlapregion (less thanl0% of all effectivesurface} of the
MRPCradiation lengthreaches 2.5%. This amount of material will &ct the quality of the ECal
insignificantly. Work to optimize the design of the detector is underway in order to reduce its
radiation length.

Table 3.7: The MPD TOF material budget.

Material Radiation Length X/X, (%) Total contribution of
18 MRPC glass plates 43
2 plates of Honeycomb 0.2 MRPC: 7.5%
4 PC boards 3
Gas box cover 1.1
Central support plate 2.3 box: 4.5%
Top cover 1.1
FEE & IC 1 _
electronics: 2%
Cables 1
Total 14
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3.8 Area for mass-production of the TOF MRPC

Since2014 aredFig 3.35) for the mass productioof detectorss createdn the laboratory
The workshop consists of the several al€ags.3.361 3.41):

ultrasonic cleaning glass;
drying the glass;

painting condative HV layer;
assemblyand checlof the MRPC,;

T assemblyf the modules;

T test of the assembled modules on cosmic

The technology of the assermg of detectors was developatthe beginning of 201when
6 MRPCs was assembled in the area for Apasductian for the BM@N experiment and studying
at the "Test MPD" setuf he cleaning of the glass is carried out in two stages. First, the glasses ar
cleaned in the ultrasonic bath with a special surfactant, and washed with deionizewiiateis
purified by everse osmosis filten a speciatleaning system. After washing, the glass is dried in
special drying ovenand thent comes to the area for assembly detectbiRPC assembly take
place on the tables made of massive granite slabs to avoid detectanat&fo during gluing and
assemblyThe cetailed description of the assembly procedsigiven below

T o=

Glass drying ll Glass washing

I Materials
(Clean room/jl (Clean room)

Warehouse

Glass \\
painting

Modules assembling area

Detectors testing area

Materials . I

Warehouse

MRPC assembling
(Clean room)

Figure 3.35: Scheme of the MRPC mass production workshop.
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Figure 3.36: Ultrasonic cleaningf glass.

Figure 3.38: MRPCsassembling in the clean room Figure 3.39: Checkof the MRPC assembling quality

Figure 3.40: Soldering of the signal cables Figure 3.41: TOF nodule assembling procedure
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3.9 Step-by-step MRPC assemblingprocedure

Materals for the assembly of tiHdRPCare commercially availabl@he st of materials to

produce one detectas shown in Table3.8. The assembly proceduie presentedyraphicallyin

Fig. 3.42

Table 38: Components and materials for the production of oRPPKadetector.

Name of material or component Dimensions Quantity
Aramide floneycomb panekith 0.5mm | 64x300x5 mni 2 pcs
Fiberglass PCB with striggnner) 645x33k2 mm?® 2 pcs
Fiberglass PCB without strips (outer) | 645x330x2 mr# 2 pcs
Float glass (inn@r 640x300x0.27mm® 12 pcs

(outer) 640x300x0.4nn° 6 pcs
Monofilament fishing line A 02mm 100 meters
PET screwsvith nuts M5 x 20mm 40 pcs
Mylar sheets 64x300x0.1 mm 6 pcs
Kapton adhesive tape 10 mm width 10m
Copper adhesive tape 10 mm width 10 cm
Doublesided adhesive tape 20-30 mm width 10 cm
Special conductive paint - 100 ml
Twisted pair cable 3M (16 pairs) 0.25m 6 pcs
Teflon coatedvire 0.35 mnt 2m

Honeycomb

Outer PCB

HV glass

Inner glass

MMonofilament line

Inner PCB with strips

Mylar

PET screw

Readout cables

HV wire

Figure. 342 The sequence of operations of the MRPC assembly.
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There are four main areas (rooms) in the workshop (se8.B4):
Clean roomgor washing and drying glass.
Room for applying theonductivepaint to the glass.
Clean room fothe MRPC detectors assembling.
Hall for modules assembling and testing.
Procedues to do in the area (washing and drying)
The required number of glasses is checked for defects (splits, cracks apdrdirtpeasured
their thickness.
Glasses rinsed ordinary water toshaaway particles of glass dust.
Container with glasses is platmto the ultrasonic bath with special detergent where the glasses
are washed for 10 minutes at the temperature of abdutG0
Glass after cleaning in the ultrasonic bath thoroughly washed under a shower of deionized wa
to wash away the detergent cases.
Container with washed glasseglaced in a drying oven for 1 hourthe temperature of 7.
Glasses in container after drying an@ved from the oven to the closed shelves in the same
room.
Container with clean glasses is transferred to thevddgeoom.
Procedures to do in the area 2Zpainting conductive layer).
Container withcleaneduter glasses brought to the room for applying conductive layer.
Preparation of glass for coating by conductive layer:
2.1.Each glass is taken out from the contaiaed is blown byi i o n forzpeeventing the
adhesion of dust.
2.2.Glasses are placed on the painting surface so that the paint consumption was minimal.
2.3.The highvoltage contact is glued on the glass to the side for painting.
2.4.Glass fixed on the edges by adkediape (35 mm from the edge of the glass).
Prepared glasses are placed in a fume hood.
The first layer of paint applied on the glas=l dried by blowdryer for 5 minutes.
The second layer is appliedhd alsalriedfor 5 minutes.
The glassesareplacedi a drying oven for 12 hours at
Painted and dried glasses removed from the oven.
The adhesive tape removed carefully (so as not to darhagelge of the paint and glass)
Surface resistance mseasured at thei610 points of the anductive layer. It must be within 5
i20Mq/ T .

10. Readyto-assemble glasses transferred to the assembling room.
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Procedures to do in the area 3MRPC assembling):

Honeycomb panels are glued to the PCB

1.1.In the special place outsidbe clean roomthe surfaceof the honeycomb panel treated
sandpaper and wiped with isopropyl alcohol.

1.2.Clean PCB's are transferred on the granite table for gluing with honeycomb panels.

1.3. The surface of the PCB with strips wiped with isopropyl alcohol.

1.4.Epoxy adhesive applied on the fawwe of the honeycomb panel.

1.5.Honeycomb panel is pressed to theer side of th&®CB without strips and pressed down
by the load (for example lead bricks).

1.6. The adhesivériescompletely within 24 hours.

1.7. Surface is checked for flatness by mechanical method.

1.8. Boards with glued panels are ready for assembly.

Preparation ofhe external PCBor assembling

2.1. The ternal PCB with honeycomb parghcedon the granite table.

2.2.The external glassheet igutto the PCBthe surface painted with the resistive paictrig
the PCB

2.3. Wire soldered to high voltage contact and insulated by polyimide tape.

2.4.Glass is glued on the edges to BEBby the10 mm wlyimide (Kapton)adhesiveaape

2.5. Plastic screwsre installed to holeg ¢helong edge of thé°CB.

2.6. Boardis immovablyfixed to the table.

Monofilament diameter of 0.2 mm binds to the first screw.

Monofilament is wound on the screwsthe form of a triangle

Mylar strips (5 mm width) are glued to the both short edges of the inner thin glass.

Inner thin glass (with) placeon the monofilament fishing line.

Steps 4 6 are repeated until the five layers of monofilament fishing line will lie in the stack.

Preparation of thenternal readout electrode:

8.1. Next glass with conductive coating mutonductive paint down on the on€B of the
internal electrode. The higépltage contact must be positioned on the PCB so that the anode
and cathode contacts located on the diagonal.

8.2. Wire soldered tannerhigh voltage contact and insulated by polyimide tape.

8.3.Glass glued around the periteeof a polyimide tape 10 mm-@mm from the edge).

8.4. The nternal electrode is laid glass side down to the 5th layer of the monofilameat line
the first glass staclBeforelying, the both surfaces are blovey ionizer.

8.5.The PCB is pressed tightly to thee.
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9. Third glass with conductive coating pabnductive paint down on the other sidehainternal
electrode in accordance with items 8.2.4.High voltage contact must be at the same position
that on the other side dfeinternal electrode.

10. Seconastack assembleaisthe firstonein order of 3i 7.

11.Second internal readout electrode assembled as the first one in orde®.of 8

12.Third stack assembled as the first and the second in ordérof 3

13.The upper outer board prepared in accordance st&p2 and placed on the last fishing line
layer in thethird stack.

14. The Assembled detectas carefully pressed down by lead brigkd stacks fixed by PET nut

15.The wisted pair cable soldered to each sftyo pairs for one strip)

16.ThelDC-32 connector is $®n the free end of the cable

17.The eady detector checkedrfdefects on the special stand.

17.1. Cracks searched by laser.

17.2. Glass platedintegrity intheassembledMRPCis controlled with video camera.

17.3. The readout differential line checked for the absenceftédations and the quality of the

electrical contacts with generator and oscilloscope.
Procedures to do in the area 4the TOF module assembling):
The module box is placed on the table.
The first detector is fixed to the box in the recess.
The remained dettors are stacked and fixed in a box.
After the installation of the detectors the ikdixed above the box.
Connect all the connectors inside.

Close lid and fix it by screws.

N o g bk~ Db RE

Test module on gas tightness.
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3.10 TOF modules installation

The MPD TOF idightweight constructionCalculation of the mass of the TOF module has
shown that the maximum mass is 150 kg with all accessories.tRimywe can conclude that for
installation and service of the TOF system does not need a complicated and heavyAdewvéde.
structures for fixation of the module inside the barrel could be lightweight and sim@a.this

casethe following variant is proposed.

Figure. 343 The TOF installation into the MPD batrrel

The installation of the TOF will begin afté¢he finishing of the ECal installation. Each
module will be inserted in their position on both sides of the yoke of magne8(#8). This will
be done by means of a mobile support structure. The structure is equipped with adjustable rails
the same kid used inside the MPD barrel. To insert a module into the barrel it is enough to susper
the support structure with the hall crane in front of the chosen services sector and connect the r:
together to form a unique sliding line that will allow pushimg module into the right position. The
supporting structure will be designed in such a way as to allow the positioning of the module at tf
different angles corresponding to the ones of the sedtbestequested positioning precision is not
high (of theorder of a millimeter),s a si mpl e mechani cal refer

position.
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Mounting of the TOF
on the TPC rail

ECal modules

Typical TOF mounting
on the Ecal frame

Figure. 3.44: Two types of the TOF mountirmgils on the ECal frame.

For converent installation of modules inside tharrel, they a equipped witholler guides
(Fig. 3.45) All detectors inside the barrel will be mounted to the ECal frame sindypes of
special rails with slot@Fig. 3.46) In typical casethe TOF modulés set in the corresponding slots
on the rails by means of snap all the way into the stop flange. Tlugmcalgin centers it. The final
fixing is performed by pressing the flange, which is positioned on the rail by means of pins. Such

system facilitates installation and service of the modules.

Figure. 3.45:Roller guideson the TOF module
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Figure. 3.46: Standard fixation procedure of the TOF modutethe ECal frame

In the case of fastening withe horizontal railof the TPC, mounting of modules made
similarly with a typical case. The change affects only construdfotine rail (Fig.3.47). It is
composed of three parts that are tightened by hhit. like in the typical installation of modules,

the final fixing of the modulés performedoy pressing the flange to the pins.

Without clamping flange With clamping flange

TPC support

Flange

Rail

Figure. 3.47: Fixation of the TOF module on the TPC suppait

A special device (slipway) for assembling the module, its transportation and installatior
inside the superconducting solenoid of the MPD is being develjg3.48). The device should
provide reliable fixation of the module during the entire tohassembly, transportation and allow

eay installation the module in the MPD using a crane or a lift.

Figure. 3.48: Assembly and transport device design
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4Service

4.1 Gas system

TheTOF detectors will be operated with a AitemmableFreonrich gas mixtwe containing
90% GH2F4 + 5% C4H10+ 5% Sk. Thetotal gas volume dhebarrel isapproximately8000 liters
taking into accounthe volumeoccupiedby detectorsVolumes ofall elements of the TOF system

arepresented in the Table 4.1

Table 4.1:Volumes of the elements of the MPD TOF.

Number of Gas volume without | Gas volume with
detectors MRPC detectors, liters | detectors, liters
Detector 1 5
Module 10 155 105
Sector 20 310 210
TOF Barrel 280 4340, ~4.3 3 294Q ~3 ¥

4.1.1 Simple gassystemfor testing elements of the TOF

Now we usesimplegas systeswithout reflow for MRPC testsGas systemare almost
identical both at the cosmic stand and at the MPD Test étarhapte?.d). This systenis based
on the MKS 1479A controller. The fbws of component gases will be meteredhsyMKS mass
flow meters which have an absolute precision of 0.3% under constant conditions. Flows will be
monitored by a process control computer, which continuously calculatedpstsahe mixture
percentages supplied to the systdihe flow of the gas mixture cabe adjusted in range from
3 1/hour up to 20/hour but unningflows will be typically about 30% of fucaleflow on the mass
flow controllers.Gas will successivelyplow modules and go out tatmospherghroughthe oil
bubbler

Table 4.2:Parameters of thexisted Test beam MPDO gas syst

Parameter Value
Ga®s C2H2F4, i-C4H10, SFs
Number of channels 4
Maximum flow rate 201/hour
Reflow system No
Working pressue <2bar
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Figure 4.1: The scheme of th®IRPC gas systenatthe MPD Test area: lgas bottls, 21 gas pressurt
regulator; 3 safety gas pressure regulatorii 4controlmanometer; 5 MKS1479A flow meter;
61 MKS647C gas controller; 77 interface ables; 8 gas mixer; 9 detector; 10 oil flap.

4.1.2 Proposedclosed loopcirculation gassystan

Principal scheme of the closed loop gas distribution system is shawig. k2. Proposed
systemwill provide mixture 90% C2H2F4/5%C4H10/5% SF6 to the ToFhambers with proper
pressure and purity. Because of bad influence on environment and high cost of the gases, sys
will work in closed loop circulation mode. Slow Control system will remotely coptaess, while

Data Acquisition system will collect sgsn and gas mixture parameters.

Figure 4.2: Schematiw/iew of the proposed TOF closed loop gas distribution system.
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