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Detector: 1 Tracking: 7
Size: 16 x 26 meters PID: 6
Weight: 10,000tons 4 Calo.: 5




*Full area >140 m?2
*Number of channels 150 000
(~granularity =4x4 cm)

*from 0.5 t0 2.5 B/c L=3.8 m
*0 ~100 ps.
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K TOF ALICE — huge Time-of-Flight system ever done

Pions Kaons

nnnononEEnNnNONOAnaEnnoRnnOnnnnnnOoooannnanannoeonann

ALICE-TOF

Protons

0.8 1 1.2
Mass (GeV/cz)

IniopanannanRRRRRRRRRRRDRRRnERN

1
I T T

e

Kip

ef

yix®

ITE



/ l 100 o = o tr Efficiency [%]
130 mm
-—active area 70 mm —— 100

i % 4 B e

(AT AT 70 %0 N

honeycomb panel 60 N
flat cable connector (10 mm thick) A YooN
diff | | fi
ot s et 50 — 2 \ \
4—/2/ 80 - 4
40 m "-.,\
PC3 wiith 30 | x\'
B8 wri . . . . . . Voo
“““““ anode pickup pads before irradiation after irradiation \ ©
T 20 — ] N B %] 70 - O  MRPC 10 gaps of 220 um
(250 micron thick] < iciency [% iciency [%
Sgms gopn 10 . [1 MRPC 6 gaps of 220 um M
of 250 micron ¢ Resolution[ps] | a Resolution [ps]

PCBwith D
cathode pickup pads 60

10 11 12 13 14 100 1000 10000
Eionoeilgromponnd Voltage applied across 5 gas gaps [kV] Rate Hz/cm?

connection to bring cathode signal
to central read-out PCB




)

—=— Negative HVs
—+— Positive HVs

5

TOF current (LA

s

Averge rate (Hz
% 7or (PS

i B CRPHEISINRLED > [

[l PERFORMANCE OF THE ALICE TIME-OF-FLIGHT DETECTOR AT THE 2N
LHC Y
BCJ‘II/I‘I.I/IHa TOKa CUCTEMBI B TeUEHHE HAObOpa CTa6I/IJ'IHOCTL KOCI/I‘ICCKOI‘O Tpnrrepa CrapToBO€ BpeMsi U BpEMEHHOE pa3pelieHue ITE

toy efficienc
8

O 10000 20000 30000 40000 50000 60000 70000 80000
Time (s)

Jan, 4br “. Jug,  Oetp Abry,, Jilsg Jan,
M“" un 207, 0 20, Oec é‘o 7 Ma, 20 on 207, P ?Dr Oec 20 ey 20
7 17 12 2 2 12 13

DddexTuBHOCTD AeTEKTOpA

2
=\o%or + S,

TOF matching efficiency

Ratio

80 100 120 140
. 5 5 0r=80.0+02ps
TOF current (WA) p; (GeV/o) Am:1 28 +1ps

TOFB  Charged particle rate at TOF (Hz/cnf)

P Egrkepnand (et shasy
misMalch Background Remolale thace|

TOF kann fit
0-80% cantrality
164p 2160V

102030405060?080
Atyloy,

P (GeVIc)






Phosphate glass

foil pick-up
electrode
(anode)

foil high-voltage C eram iC

electrode
(cathode)

cathode (Al)
~— | resistance (SiC)
thin layer o ceramic
of semiconductive = foil anode

ceramics SiC or TiC

cathode pad Cu 0.1 mm
maylar 0.2 mm

glass 2 mm

gmphim;fmw 4 gaps (300 um) p:
e 3*10'° Ohm*cm

fishing line 0 0.3 mm

F e £
N E‘ —Lj—ic-sngnul
L o, =89 ps . _..‘é_ N é‘ aZUU 5 peE—— Q)
3 E H N L 245 gaps __ = — -HV
10°F — S0 §Isof
: —: S160 [
i H w8 b
L i w2140
2| LS r
10 F Ou Sl [E2AR IFA 30 350 400 450 mv EIZO E ?‘, ”2‘5’? 200 100 15
F (- 100 | g%é:s 08583 02 i J
= ) el 180 F
' %= $2 s 50 w0 . et . s g
L r PR Ry L —
10 60 - T g 160 . . 1 -1 =
E L Mean  0.2938-02 [ = 9% = 3 T
N E Sigma 01388 |5 r — = A
w0 DRPC g 140 ¢ . By 2
5 o0 L E o § ] £
I : § ot : . {or 2 {22
E Lol v b e e T i 2 o =
I I 1 0 10 g s [ ] i ] &
; : R 0 05 1 15 2 25 3 35 4 45 = 100 ¢ u cificiency :
—fﬁﬁo ﬂ 2000 3000 Rate! IHz/cm ® time rcsoulution 192 1!
+ 'tails'
] ] ] ] 8 10 12
A. Akindinov, V. Golovine, A. Martemianoy, et al., Nucl. Instr. and Meth. A 494 (2002) 474-479 Rate [kHz/cm?]

A. Akindinov, V. Ammosov, V. Gapienko, et al., Nucl. Instr. and Meth. A 572 (2007) 676-681






CBM TOF
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SI.N, /SIC CERAMIC

Size =20 x 20 cm?

Thickness d =2 mm : s

Thickness uniformity 10 ym '

Surface roughness 100 nm

Bulk resistivity p = 107 - 1012 Q-cm

Permittivity €, = 10 - 20

Rad. hardness proved at 10 n /cm? . Si,N,/SiC composite electrode 10x10 cm’
DC m:as'uret;n:nt (> 1 Clem?) shows st bywegh 1% 3x3 homogenious distributed samples
non-ohmic behavior

L. Naumann et al., NIM A 628 (2011) 138
A. Laso Garcia et al., JINST 7 (2012) 10012

rough ceramics

as sintered:

= @=30cm

= d=35mm

mixing ratio:

= SigN,/SiC
(80%/20%)

sample position
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® ceramics

4x300um gaps U=5.7kV
4 semicond. glass
4x%300um gaps U=5.8kV
= float glass

6x250um gaps U=8.5kV

Four-gap device with 300 mm gas gaps. Resolution 110 ps for U=5.7 kV 7 © slectron ;3;,3.1cm.2 ©
NBut very high level of dark current > 100 pAlll

L. Naumann , R. Kotte, D. Stach, J. Wustenfeld Nuclear Instruments and Methods in Physics Research A 635 (2011) S113-S116
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TESTS WITH PADI ELECTRONICS

Photodetector output, NINO input t

f ! Threshold 8,
A exp(-t/T)

5” 3 ns pulse ! Pulse Width
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64 channels, 32x8 cm active area. Two identical PCB, but one is flipped.

\) e BFTC preproduction module
\j Preproduction BFTC module is being developed.

PCB board design is finished.
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PCB layout

100 Ohm lines to tran
50 Ohm lines for test

|
6 layers PCB. 8 lines for HV

3

" Milimetres

L

A
1

Core1 (Ro4350B)
Prepreg (2xR0o4450B)
Core2 (Ro4350B)

Prepreg (2xR04450B)
Core3 (Ro4350B)

1 Millmetres

Difterential Impedance




A-A
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Endcap part Central part Endcap part

Range system

Electromagnetic
calorimefer

140

g As we see PID should be thin
i Not thick than 50 cm!
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CONCLUSION+PLANS

After very first simulation:

» We can use different TOF-RPC technic and we need to have HMPID:

1. Forward part Ceramic + MRPC (low resistive glass with pads and strips) + MRPC (float glass with strips)
2. Barrel part: MRPC (float glass with strips)

> At next step need more realistic simulation and production of first modules:

O Ceramic:

We have to estimate maximum cell size to avoid double hit

We need to know beam pipe diameter — to define maximum rate we can have

We have to understand maximum input frequency allow for FEE and TDC (rate per cm? * cell area)
Mass-production of Si;N,/SIC was confirmed! German grant for HZDR-IKT(Dresden) started from 1 of

June2019 — liquid phase and hot pressing. Al,O, will be produces in Dubna technologic park by C-Component.
O Glass chambers

Fixed value of resistance (5*1019-1*10) Ohm*cm and maximal size 30x32 cm?

1. Chamber design : no problem for float glass (even 1.2 meter long like in ALICE), but need to know maximum
size for low resistive — if still maximum size about 30 cm?

2. Need to precise define region with rate < 500 Hz/cm? to find border between low resistive and float glass

» All of us should think what kind of HMPID we can use from point of view physics/cost

» First ceramic prototype we are going do design just after we defined cell size. PCB will be the same as for CBM
BFTC.
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