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SINGLE CELL MODULE WITH DOUBLE GAP RPC (ITEP + COIMBRA +CERN)
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Performance of the ALICE Time-Of-Flight detector at the LHC
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Detector design and output charge
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= Size <20 x 20 cm?

« Thickness d =2 mm N AR
= Thickness uniformity 10 ym 5

= Surface roughness 100 nm g w Q

= Bulk resistivity p = 107 - 10'2Q-cm

= Permittivity ¢, = 10 - 20 5 “

= Rad. hardness proved at 103 n./cm? .

= DC measurement (> 1 C/cm?) shows © 5 1w 15 2 2 N B

porcent by weight M.__/ %

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:

= Si;N,/SiC
(80%/20%)

Si,N,/SiC ceramic

5%10° 1
Si,N,/SiC composite electrode 10x10 cm”
3x3 homogenious distributed samples
4x10" -
3x10°

' - - ' ' -
0 2 4 6 8 10
sample position

Four-gap device with 300 mm gas gaps. Resolution 110 ps for U=5.7 kV
But very high level of dark current > 100 pAlll

efficiency / %

80 -

[=2]
[=]
1

~
[=]
1

20 -

@ ceramics

4x300um gaps U=5.7kV

4 semicond. glass

4x300um gaps U=5.8kV

= float glass

6x250um gaps U=8.5kV

10°

10°

T T T T T T T T T T

10* 10° 10°
electron flux / s'cm?

L. Naumann , R. Kotte, D. Stach, J. Wustenfeld Nuclear Instruments and Methods in Physics Research A 635 (2011) S113-S116
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IEJEJ; 005 oy @ Sk Two probes of low bulk resistive plates have been exposed to non-ionizing radiation doses in the order of
10"3 ng,/cm? at the neutron beam of MEDAPP at FRM 11 in Munich. The bulk resistivity of both probes
was measured before and after the irradiation. A factor of 2 decrease of the bulk resistivity has been

Pe

observed. This decrease has no impact on efficiency and time resolution. For the Al,O; electrodes an
irradiation with fluxes up to 10*°n,,/cm? s possible without any degradation of the detector performance.



After some voltage
R=U/1~ 107 Q very similar to

\ resistance of ceramic
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\ T35 4 45

cps/eV.
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The 90%C,H,F,/10%SF4 or 95%C,H,F,/5%SF, binary gas mixtures were used, since the formerly used iso-butane was found to be responsible for whisker formation (photo).

Reason is a few free carbon inside ceramics.
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Tests with PADI electronics
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Maximal dimension
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Small prototype of GRPC GIF 4+ beam tests (may-june 2016)

Characteristics Resistivity measurement with Argon

e Bulk resistivity : 10° Qcm '° 0.0200334.0.000611

e Thickness : 0.5 mm to 2mm * i X

e Thickness Uniformity : 0.02mm ;Z ME

e Roughness : <10nm L '5

e Ohmic behavior : stable (1 Ccm~—2) x:

e Maximal sizes : 32cmx30cm 0 VR ; : o

T o 1000 2000 3000 4000 5000
Applied HV (V)

T _ e Resistivity estimation
SingleCap Cramber 2

: Y _ RS Low Resistivity 1 | 2.4 x 101 2cm
o Electrode Thickness 1 mm o HARDROC2 (64 channels) [ adt = Fioat Glaszy 3.60 X 102 Ocm
® Gas gap 1.2mm e 3 thresholds __ R : electrode Resistivity Low Resistivity 4 | 2.49 x 10 2cm
¢ Dynamical range : 10fC-15pC ‘ S : surface of the electrodes Low Resistivity 5 | 3.94 x 10 2cm

e Ticm =<1 cm:Pads . e electrode thicknesses.

Resistivity is much higher than expected ~1 x 10'° 2cm to
) 5 x 10'% 2cm. Resistivity mesurement in laboratory on bare electrode

Coatest F GRPC 3 increased by ~ x2 after 1 Ccm ™2

Aging GIF++ bea (

Efficiency vs v flux (Single Gap)

CMS gas mixture : 95.2% TFE, 4.5% iso-C H,,, 0.3% SF,
Threshold : 0.13pC

 detection efficiency

GIF ++ test beams 08.2015

A Low Resistive Glass RPC (~ 10'°(2cm)
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*  Float glass RPC (~ 10~ - 10" 12¢m)

a1l L L aal 1 |
10 10t 10*
4 rate at the detector ( Nys 'cm~?)

Efficiency is better than 70% for a flux of ~2kHzcm™—2

Context



Conclusion
After finishing ALICE TOF:

> A few attempts were done with low resistive materials:

1.Ceramic - SiC evaporated layer — DRPC with 10t Ohm/o (too high capacitance and some problem with groove)
2.Glass — phosphate glass 101 Ohm*cm (some tail due to resistance non uniformity and fast surface degradation)

» At next step mostly for CBM TOF R&D two types of technology were developed:

U Ceramic — chambers based on Si;N,/SIC:

1.Problem with aging was confirmed and solved

2.Radiation hardness was proved

3.New technology for mass production of electrodes was established (possible to produce single cell and common
substrate)

4.Minimal resistance value for stabile operation (maximal rate — 160 kHz/cm? for 6-gaps chamber) was found to be
4*10° Ohm*cm.

5.Mass-production of Si3N4/SiC has to be confirmed this year! MISIS(Moscow) — electrosintering, IKT(Dresden) —
hot pressing

L Glass - Low resistive glass made by China

1.Fixed value of resistance 2*10%° Ohm*cm (not confirmed!) and maximal size 30x32 cm?

2.Chamber design almost ALICE TOF type (strips or pads)

3.For 10 gaps chambers maximal rate ~ (40-50) kHz/cm?

4 \Well established mass production — first results from STAR E-TOF expected to be end of this year

» Both technologies accepted for inner and very forward parts of CBM TOF
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Charge induction for pad readout
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3aBUCUMOCTb Be/IMYnHbI cross-talks OT conpoTnBaeHnNA Pe3nCTUBHOIO
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PROBLEM WITH HIGH CROSS-TALK LEVEL
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