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Background

Background

O Future high energy physics experiment:
high luminosity
high energy
O Challenges for (gas) detectors:
high count rates, high time resolution,
eco-friendly gases etc.

The SoLID apparatus in its first (semi-inclusive deep-inelastic scattering)
configuration with the polarized 3He target on the left
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Motivation

TOF (PID, trigger, background suppression, etc.)

O Working in such condition:
requirements (o, < ~30ps , higher rate > kHz/cm2) —
develop a high rate and timing photoelectric gas
detector

O Gas detector’s limitation (greenhouse effect)—
new eco-friendly gases (low GWP value)
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(Gaseous photodetector
PICOSEC-Micromegas RPC-based photodetector
O MPGD(micro patter gas detector) O One electrode — photocathode
O Single photoelectron: o, ~ 44ps eliminating the position fluctuation of primary e-
O IBF~~0(1071) O High and uniform electric field: enhances the

quantum efficiency, large drift v,-
O Immediately avalanche of primary photoelectron

Charged Particle Photon

better time resolution than PICOSEC, but IBF=1

RPC (o,: 102%ps ~ ns)

Cherenkov
Radiator

10 nm Aluminium
Photocathode

pre-Amp/Drift
Region
119 -244 um
e o o o @
Amplification
Region
128 um

E-Field

Mesh @ @ @

E-Field

Anode

Replaced by
http://dx.doi.org/10.1088/1748-0221/15/04/C04053 _ e — | photocathode
https://doi.org/10.1002/9783527698691.ch3 P.47
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electric field

. 0 gas 1215 um glass |715 um
= 1000—
.e. -
800_
600
Pgas = 1e14 Q -cm
4007 — pgl =1e14 Qecm
T P = 1e13 Qecm
200’ pglass =1e12 Qecm
B —— p_=1el1Qecm
glass
——p =1e10 Qecm
O\'\'\.\I‘I\I|'I.|'I\I‘I'gltass.l'l|\l
0 100 200 300 400 500 600 700
Thickness [ um ]
Pgas ° l as
AU, s = HV * = 4
gas s + N
pgas gas pglass glass

Small current in loop, not electrostatic
Presistive plate\" cI)gas 7, Egas 7, Gain /
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Simulation — Comsol

Readout
pad ,1V
B : 120um PCB(FR4)
//' 135um graphite
,
/| 500um glass
// .
. gas: 215 um
/ EAU:':IO.433\/
// PC OV 215um gas
ok i
I e ° Z axis (um) 2000
Ramo’s weighting field theorem
AUy _gas ~ 043V
Tgiass(Thicknees)N, Ty ¢ 7, AUy — gqs 7, induce signal /7
5}
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/i Simulation

Garfield++ Uniform filed inside gas, allows for a grid-based
MC simulation for the avalanche dynamics (fast

simulation)
RPC | Garfield++ (cern.ch)

Time resolusion vs. Q

avalanche — signal — gain, time resolution, etc.

signal
0.2 CFD g "0 s
PC: generate photo e- Initial e- e . [ -g ‘ gas = um | —— Ar/CO, (93/7)
§ i | i 30 o ] 120 E 0
> F E 1 s —=— Ne/CF,/C,H, (80/10/10)
0018 o 4 T [ ] 3 80
o 4 805 ] oot o F i
E . . E signal | - statistic [} £ 70— e R134a/'C4H10/SFs (90/5/5)
W= Microscopic: i E C ] sof |— 3
............ weE ~100 e- ey | | sof
00 . = r ] R
E Grid: 3 r . 60{ :
ﬂ‘[)[)ﬂ:— rest avalanchét = 1.5 ~ ] H f 50? ............................................................................
0.006 — 3 r . 40 SRR S =
0004 — ,; - i_ _i " _ 7 40 :_ ..........................................................................
0002 = = - : H F A
o Rl 3 R | | 30— —
Anode: calculat®’induced signaf o - 0 Tsooecr 1 2 dme [ns‘? %2 = Sl .
20— o
10: \\\I\‘ \\I‘ L ) | | L | |
10° 10° 10° 107
Qg [Ne]

Ot—single e~ < ~30ps @(RPC/Compass gas, 215um)
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https://garfieldpp.web.cern.ch/examples/rpc/

m. Experiment

Detector design and install

ﬂ Readout PCB
Anode (carbon, + HV)

0.5mm resistive glass
9 ' N

spacer ‘—l;- 215 um gas [l PC (5nm Cr, ground)
3 mm MgF2 glass~_ | —
——
Gas out
charge particle {} Quartz window

Laser: 355 nm

Figure 1: Schematic design of detector.

> Resistive glass: 0.5 mm

» Gas gap: 215 um

» Photocathode: 5nm Cr, in lab laser test,
use ordinary quartz glass replace MgF2.
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Read out pad

2 £
¥ vhg A L
- e

Graphite
coating

Signal

Ground

Glass
O 25mm
0.5mm Thick

125um
Insulating
film spacer

Cr
photocathode

Figure 2: Exploded view and photographs of the detector.
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Resistivity materials — float glass

Resistivity test

e L aqal] T [) Corning glass
Several types of float glass c 107k :”)'\ggr;ags'gss
. . - ——
Diameters = 25mm, thickness = 0.2mm, 0.3mm, 0.5mm & - —e— IV) Quartz glass
N — .
arbon tape 1 12 :_ k_‘.—__ﬂ_:
rCadibus :\OPSCm CU 0 E E
10" — —
10 -
_IlIIII|IIII]IIIIIIIII|IIII|IIII|IIII|I_
1000 2000 3000 4000 5000 6000 7000 8000

HV [V]

U=IR, R = p?l = P= IIJ[[:;:Zite]] l[tfl[ii;ili]ss] V7, p> 13
Pworking gas > Pair~107°Q - cm
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Test system

Setup In darkroom

g == EEl.

Laser: 355 nm
pulse width < 600 fs

/Lﬂ— PMT:R5610A F——— "= = s ="
Beamsplitter l | .- -
Attenuator | s e e e W :
Current | s e e e

Amplifier * o+ o o f
Detector ﬁ Oscilloscope + - e

fraser: 1Hz~1000Hz
Change laser intensity by adjusting attenuator 1,2
Two signals are collected on the oscilloscope.

System’s time uncertainty:
Osystem ~ OpMT ~ 10ps

2024/9/13 9




Rate capability of different p ;44
Test amplitude of RPC signal

FiX Ejser, SO the number of primary photoelectrons stays the same.
Test Agppo with different glass in Ar/C0O2(93/7) as a function of pulse frequency.

s 350 T l T T T T T TT1T I ] - 780 V T TTTTT T T T TTTT1T T T T
= - Ejacer puse = CONSL. -~ < - E I = 1. ow relsws ivity glass —~-780V
e - 1) \ovz resistivity glass - I - ggg ¥ -g L ater s = PN ‘)0.‘5 mm, pl~ 1“.‘4(—31|0'° acm |-=1-800V
— r 0.5mm, p ~ 1.410'° Qcm - = -
o 300 1) MRPC glass S -840V o Un H )Ogip”i glfsg“o”ﬂ“:’" : gig ¥
-g N 05mm,p~310"Qem  |—=|]-780V £ | IIl ) BSi glass I
= 250 C IIl ) BSi glass I1-800V [1v L 0.5 mm, p ~ 210'2 Qem = 11-780V
ol — 0.5mm, p~210'% @em Il - 820 V o H II-800V
£ : —11-840V 2 0.8 Il -820V
E u — Il - 800 V © L —11-840V
o 200 Il -820V [0] = — 1l - 800V
c o
5 ] — Il - 840 V 0,6_— l-820 VvV
0 150 1 - — Il - 840 V
E p~1.410" Qcm; 0.4 r p~1.410" Qcm |
100 = = i
50 0.2~ -
- p~210"2 em i ~3.10“Qcm i p-210% Qom ' p~310" Qcm ]
0 | 1 L Ll 1 1 | i i w0 OO B O | L Lol 1 Lol i Ll
1 10 10 10° 1 10 10 10°
Frequency of laser pulse [Hz] Frequence of laser pulse [HZ]
Real amplitude Max amplitude =1
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» Atsame HV:
Pgiass 7*» A, means smaller E g,

» For a same glass
fraser 7> A, and
the smaller pg;q45, the slower A

decreases.
In the later tests, the low resistivity

float glass (1.4 - 10'° Q- cm,
thickness = 0.5 mm) was used.
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Single-photoelectron test

Single-PE signal when &< < 0.1

laser pulse

Typical signal of single-photoelectron collected by oscilloscope.
Signal amplitude, width, rise time are obviously different in different gas.

Ar/C0O2(93/7) COMPASS gas MRPC gas
2 GHz BW due to big S/N Ne/C2H6/CF4(80/10/10) R134a/iC4H10/SF6(90/5/5)

E 10 =
= - 20
— '\_f/\-\H / \ ' M\J
° = \ g :f\rﬂk’mf f\ VAN ﬂ"\ Py | \\J \f\dl/\“]\\'w"\\iﬂ\wf\ [\TA \/ | '/ r\/\/-\/\/\_/\’\’\
C \ o[+ "\"\fﬂbﬂl \ / VW q\\[‘} \1 \J Ij | \ J 0 \/’\-" f\\/\/"‘ [ .J/‘ '\Jf\uﬂ\/m\_d
L - [
+ / f V T
-10- NS 10— | 20 | A I siang
= 5 C =
E _20 E=830v215um E - ‘ E B /
@ L o —-20 — o 40 |
s Ar/CO2 (93/7) 3 N 3 /
5 ; : 3 L | -
-30 Single photoelectron signal O ~
E E 0 j 4E: » ‘I E = 2200V/215
C = um
= \ [ | ~ .
-40 — \ _40— E = 830V/215um . 80 / R134a/iC4H10/SF6 (90/5/5)
- _ | L Single photoelectron signal
r Ne/CF4/C2H6 (80/10/10) | | |
-50— i T & g 50 Single photoelectron signal | AL sigpre -100 \/
1 L 1 ‘ 1 ! 1 ‘ 1 1 Il 1 | L Il 1 | L Il 1 1 Il 1 R L 1 Il | Il 1 1 ‘ 1 Il Il 1 ‘ 1 L L 1 ‘ 1 1 1 I | L 1 1 Il L L 1 Il | Il 1 1 ‘ 1 Il Il 1 ‘ 1 L L 1 ‘ 1 1 1 I | L 1 1 Il
-15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15
Time [ns] Time [ns] time [ns]
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Time resolution — Ar/CO2(93/7) -

CFD: constant-fraction discrimination

_ 2 2
OrRpc = \/Utotal — Usystem(lops)

H_Qsignal 825V 825V/215um [55%, > 6mV]
500
825 \V - . o 8257V70775252
gonst +155412,5 400? siZ:a 0.09598 + 0.00116 CFRPC - 0.55 ' A>6mv
05 5es 300:_ o, = 96ps HV[V] Agignai[Ne] Time resolution[ps]
e E 775 2.3e5 121.9
(®] L
2001 800 4.4e5 100.0
i 825 5.5eb5 96.0
| 100?
\ 850 4.8e5 100.9
5 | | P | | 3 .
0\\\\ | I \\L\Ln\ lo | loof \\\\X10 q\\\\‘\l\\‘l\\[\l\\‘lLL‘\\I\‘I\\\'\\I\
500 1000 _ 1500 _ 2000 2500 3000 0 105 11 115 12 125 13 135 14
signal e TPMT'TRPC [ns]

o best to 96ps at a gas gain of 5e5.
Ar Is not a good working gas, Ag;gng; 1S too small,

noise has a big influence, damages time resolution.
2024/9/13 12
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Time resolution — COMPASS gas  necars/cra@onono;

CFRPC —_ 055

50
L 2x10°

Q VS. HV

45| Time resolusion vs. Q

n
o

c 1 N v

w
(%3]
‘ -

Time resolusion [ps]

8x10*

- : 7x10*

| | | |
830

| |
820

| | | | 1 | L | |
4 4 4 4 5 800
6x10 7x10 8x10" 9x10 10 Qsignal [Ne] HV [V]

‘ L I
790

1 | | ‘ [
770 780

| | ‘
810

| | 1|
840 850

25

onpg=1 = 45~31ps at a gas gain of 6e4 ~ 2e5.
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MRPC gas: photons feedback rizsaicaHiosFsosis)

o5 x10° 0240 C
- 5 (I C - 5 TR & % : I T | | T ey | : :220 3 2500 V )
'a' L 2 photo-e 1 photo-e~ and - Entrigs 4194 50 O = | Entries 4194 |
\ /. ,) NN\ 7 L ~7.2% 1 photon feedback e -~ | Mear| x 0.4706 200 — 1 2 B
—£LOUUV 20— o S125% .0 T . Mearly 7.865+06 C '|l x/ndt 6a67/22 |17
B T : . . 180 1 '| Constant 2028 £5.0 [
- R 1u140 160 — ,4 I Mean 6.832e+06 + 1.335e404
15 _ e 140 || Sigma  6.335e+05 + 1.376e+04 |
- Ly 18=130 = I| signalof1e- E
2 RS B - % - . 1205 [ \ Q -~ 6.8:10° Ne ]
B 1520 8o o | i ¥
\ / \ / B - - } Signal of 2 e 3
T \ s i 60— j Q - 12-10° Ne =
N i 1 photo-e ] = ! A 3
i ~§u.3th i 20 - " \ 2 / L - .
' B | | I T B B B | i | IR T T 0 0 T T P Ll N T |.|' r|--J'-|T ] P Y 1] TR Y T T A U _X1 O
0 0.2 0.4 0.6 0.8 i 1.2 1.4 5 10 15 20 25
Rise time (|T . - Togal) [ns] Q [Ne]

“Double peak”, caused by photon feedback: at high HV, UV photons are produced and excited PC or gas
to generated a new photoelectron, create a new avalanche.

This will make the width and rise time of the signal larger, which is bad for time resolution.

2024/9/13 14
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Reduce photon feedback

Fix SF6 = 5% Select signals of only one primary PE.
Qvs. HV Time resolution vs. Qg
25 107 60

_ |R1saaricp,, /s, 55 - R134a/iC,H,, / SF,
g 20‘_ —e— 90/5/5 ax108 CFRPC — 0 i 2 —e— 90/5/5
g - |—=— 85105 0P 50 i —=— 8510/5
':‘Z i 80/15/5 o108 E 45— 80/15/5
8 15 —¥— 75/20/5 5 c B —¥— 75/20/5
E L |—=— o568 = R134a /iC,H,q / SF, "% 401 \ —=— 70/25/5
s - 3 10°— E
g L O% —e— 90/5/5 § 35—
s 10_ —=— 85/10/5 'g
.; 4x10° 80/15/5 = 30—
E 5 L 3x10° —— 75/20/5 o5
= L o108 —=— 70/25/5 -

- 20}

0 L e T 1 1 L L ‘ L L L ‘ L L L [ 1 | 1 1 1 | 1 ‘ Ll ‘ L 1 L1 | L1 ‘ L1 L 1 L1 | 1 ‘ 15 B L L1 | 1 1 L Iﬁ 1 Ll
2100 2200 2300 2400 2500 2600 2700 2000 2100 2200 2300 2400 2500 2600 2700 2%10° 108 2108 107
HV [V] . HV [V] Qigna [N€]
not exponentially, space
~20.3ps

Increase the proportion of iso-butane ~ charge effect

can effectively reduce photon feedback.

onpg=1 = 50 ~ 20 ps at a gas gain of 2e5 ~ 7e6.

» Increase iso-butane(decrease R134a):
1 Greater gain at same HV
2 The max working voltage became small
3 No significant change in the time resolution
onpg=1 Dest to ~20.3ps (85/10/5)
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Eco-friendly gas test

Test the single-PE performance
gain, time resolution, working voltage

test schedule

R134a CF3-CFH2 1430

1 R134a/iso/SF6
R1234ze CF3-CH=CHF <1
2 SF6->CF3l
R : 3 R134a->R123ze only change the
R1234yf  CF3-CF==CH?2 <1 4 R134a->R1233zd working gas
Iso-butane = 23 5 R134a->R1234yf
SF6 22800 5 R134a->R123ze
CF3l <5 SF6->CF3I

2024/9/13 16
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SF6 — CF3I

Fix iC4H10 = 5%, CF3I = (5,10,15,20,25)%

lal 1 07 [ T T T [ T T T ; T T T I T T T [ _]
2 S, N, S S — ]
O L _
3x10° |- R134a/iC,H,,/ CF,|
2%10° —e— 90/5/5
—=— 85/5/10
6| —+— 80/5/15
10 . —»— 75/5/20
. —— 70/5/25
3x10° .
2X1 05 - S . 0SS S -]
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
1800 2000 2200 2400 2600 2800 3000
HV [V]

Time resolution [ps]

70

60

50

40

30

20

10

R134a/iC,H,,/ CF,|
—— 90/5/5

—a— 85/5/10

—— 80/5/15

—— 75/5/20
—=— 70/5/25

\IIII{IIIIIIIIJIII

10°

e Increase CF3I: Gain \v, HVA~, TR\

2024/9/13
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R134a — R1234ze

Fix SF6 = 5%, R1234ze = (90,85,80,75,70)%

"s n

T [[R1234ze/ SF,/iC,H,y| || @ 0f R1234ze / SF, /iC,H,
£.107 = —e— 90/5/5 = = e 90/5/5

= e —————— = = L
@/ - —=— 85/5/10 7 S 60 I — —=— 85/5/10

N 80,'"5/15 .................................................... - E : —_— 80/5]115

s || —— 75/5/20 i 9 I —+— 75/5/20
3x10 — 70/5/25 P ; @ 50 — 00— e 70/5/25
2><1 06 I S /. ............. — GE) i :
. | = 40 —
10 — — § e = C ]

I A B _ S S ] 30 - —
3x10° - - -
2><1 05 S S S S S — 20 :7 ?

1 1 | 1 | | 1 1 1 | 1 1 1 1 I 1 1 1 1 | | 1 1 | I 1 1 1 1 | 1 1 1 1 1 O : 1 1 1 1 1 | 1 I ‘ :
2500 2600 2700 2800 2900 3000 3100 3200 5 6 6 7
2x10 105 2x10 1
HV [V] Q [NeiJ
* Increase 1C4H10 : Gain 7, HV\, TR/
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R134a — R1234yf

IC4H10 = 5%, R1234yf = 65%, SF6 = 30%
B —e— R134a/iC,H,,/SF, 90/5/5 ratio [%0] =\AN

T T T [ —e— R134aiiC,H,/SF, 90/5/5 7 0
= —=— R1234yf/iC H,/SF, 65/5/30 pe —=— R1234yf/iC H,/SF, 65/5/30 |
c 107 = _ S 60 — 90 2300
I S B B o SN B S : B : 7]
N i o 50 - 80 2600
€ :
[ 40_— ] 65 3000
0 < : )
- ] 30 -
— | 20_ _ o R1234yf2 easy
I N N N D N e . i | 1 discharge.
1800 2000 2200 2400 2600 2800 3000 3200 10° 10° 1o
HV [V] Q [Ne]
HV power supply turn off (rated 1~3 mA),
R134a — R12332d (<3100V) Normal Iloop ~ 10 nA
No signal at all, can’t work. " material breakdown.

(A flat and peaceful curve on oscilloscope until a big discharge at >~3000V)
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R134a — R1234ze, SF6 — CF3l

Fix SF6 = 5%, R1234ze = (90,85,80,75,70)%

Q(Gain) vs. HV

'6‘ T I T T T T T T I T T T I T T T T T T I
210" = —
C L .
3x10° [ 1
2x10° B
10° ey =
| —e— R1234ze/CF,l 90/5 ]
- —=— R1234ze/CF,l 85/10 B
5|  —— R1234ze/CF,l 80/15 i
310 —— R123476/CFl 75120
2x10° R1234ze/CF,l 70/25 7
—— R134a/SF; 90/5 J |
[ T T T T T B T I |

1800 2000 2200 2400

2600 2800 3000
HV [V]

Time resolution [ps]

Time resolution vs. HV

70

60

50

40

30

20

—— R1234ze/CF,l 90/5
—=— R1234ze/CF,| 85/10
R1234ze/CF,l 80/15
—— R1234ze/CF,| 75/20
R1234ze/CF,l 70/25

—=— R134a/SF, 90/5

1 1 1 I 1 1 L J 1 1 1 I 1 1 1

=

-

1 I 1

f

IJIIJIILIIIJlIJIILIIIJILlII\l

L1

10
180

0

2000

2200

2400

2600

2800

3000
HV [V]

Time resolution [ps]

70

60

50

40

30

20

10

* Increase CF3I : Gain \, HV 7, TR ~unchanged
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Time resolution vs. Q

—e— R1234ze/CF,| 90/5
—=— R12347¢/CF,| 85/10
R1234ze/CF,| 80/15
—— R1234z¢/CF,| 75/20
R1234ze/CF,| 70/25
—— R134a/SF, 90/5

i | [ | i | [ | ]
2x10° 10 2x10° d?;\le]

20




Q [Ne]

Result of all gas, fix IC4H10 = 5%

Q(Gain) vs. HV Time resolution vs. HV

1085—-—F{134afSF690/5 A B B B §70-—-—H134afSF690/5 A B B R

| —=— R134a/CF,l 90/5 . ‘= || —=— RI34a/CF,l 90/5 1

L R1234ze/SF, 90/5 4 S 60 R1234ze/SF, 90/5 —

H —=— R1234ze/CF,l 90/5 . =] H{ —— R1234ze/CF,l 90/5 i

— R1234yf/SF_ 65/30 Q[ —— R1234yf/SF_ 65/30 .

107 = = © 50— -

C ] o C ]

: N E C ]

B e — 40 — ]

108 = = 30— —

B 20 — -]

105 —L I 1 I 1 1 1 J I 1 1 I 1 1 1 I 1 1 1 } 1 1 1 I 1 1 | — 10 C I 1 1 I 1 1 1 J 1 1 1 I 1 1 1 I 1 1 1 { 1 1 1 I 1 1 1 ]
1800 2000 2200 2400 2600 2800 3000 3200 1800 2000 2200 2400 2600 2800 3000 3200

HV [V] HV [V]

R1234ze/iIC4H10/CF31(90/5/5) perform best:
low GWP, good TRvsQ, moderate working voltage
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Time resolution [ps]

N W & w [=2] ~l
o o o o o o

—_
_LO
O_I\II‘II\Ill\ll‘ll\lll\l\lll\l_
3}
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Time resolution vs. Q

—e— R134a/SF; 90/5
—=— R134a/CF,l 90/5
R1234ze/SF, 90/5
—=— R1234ze/CF,l 90/5
—— R1234yt/SF_ 65/30

IJIIJIILIIIJIIJIILII

9]
= |

21




"n "
Summary .

1. Develop a photoelectric gas detector protype with RPC structure

2. Rate capability improved 10*~107 times than typical
Cheap low p float glass: p~1.4 - 10*°Q - cm (typical: 1012~10*Q - cm, < kHz/cm?)
(very hopefully for mass production)

3. Oeyppoq = 2220 ps (Q: 2e5 ~ 7e6) in standard RPC gas
Ornpreq = 49~31ps (Q: 6e4 ~ 2e5) in COMPASS gas

4. Eco-friendly gas test:
R1234ze/iCA4H10/CF31(90/5/5) perform best

2024/9/13 22
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Backup: more gas test

Al I

] Ar/CO2 93/7 790 ~850 ~90
Ne/C2H6/CF4 80/10/10 780~840 ~30
90/5/5 2100~2750 ~29
MRPC gas 85/5/10 2100~2620 ~27
R134a(C2H2F4)/SF6/iC4H1  80/5/15 2100~2590 ~26

0 75/5/20 2100~2560 ~26
- 70/5/25 2100 ~ 2530 25
1 R134a/SF6/iC4AH10/CF4 70/5/20/5 2100 ~ 2530 ~29
“ R134a/SF6/iC4H10/C2H6  70/5/20/5 2100 ~ 2530 ~26

2024/9/13 23




System’s time uncertainty

PMT : \oltage = 280V, amplitude ~50 mV without amplifier(many
photoelectrons) (keep constant)
FiX HVgpc, Iincrease E;,ger, OF fiX Ejgger, iINCrease HVpp.

" TN AT
HV compass ga o [V] ] \
80 550 600 650 700 750 850 900 950 PC B
@ A Gas and HV 45 £ R A , Gas i Rl
T 7ol —e— Ar/CO, 720V E e COMPASS
S C Ar/CO, 740V 40— - 92
ER - Ar/CO, 760V . E —=— MRPC gas
? = —+— COMPASS 770V @ 351 =
o - COMPASS 780V = E 3
2 S0¢ ~— COMPASS 790V 2 0 ]
E aob | —— MRPC 2100V = 250 E
: \ \ g S 20E -
30— ; = © - ]
E ] E 151K =
20— X - = 10 E ]
E \\\ E E a9 * o o9 E
10 \"'\ - st E
0 :I Ll I: 0 Z Ll 1 1 | L1l | | - | L1 | | Ll 11 I Ll 1 1 | L1l :
10° 105 105 107 1800 1850 1900 1950 2000 2050 2100 2150 2200
Q [Ne] HV e gas [V]

Osystem ~ OpMmT ~ 10ps
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Signal’s characters

ANCO2 15~ 20 26~29 1.28 ~1.35
Compass gas 25~ 38 0.55~0.59 0.36 ~0.39
Compass gas 30 ~ 650 0.94~0.1.1 0.41~0.49

HVAr/COZ & Compass gas [V] HVAHCDE & Compass gas [V] HVAnCOQ & Compass gas [V]
700, 760 780 800 S 820 o 840 S 860 S 880 - Bﬂgo 3 760 : 780 | 800 N 820 N 840 - 860 880 900 : 760 : 780 S 800 S 820 S 840 S 860 880 900
B Gas \ \ [ ] Lo \ [ [ \ Gas C \ \ I \ I Gas
- |- ACO2(93/7) . - e~ Ar/CO2(93/7) 14— ’//’r,.—. e ANCO2(9377)
600 —#- Compass gas - 25 - & Compass gas N -#- Compass gas
T |-+ MRPC gas Ta B — MRPC gas 12— -+ MRPC gas
500 EE B L
L 1 E 21— 11—
ol —25 o [ B
= ot — 0
£ oo g I E |
_ =} L o) -
§ T —20 & = 15 g 08f
Q N 5 I - = -
# %00 E g osl
< - -1 8 N P NI —at o T
B ] z B -k -__H‘-A—ﬁ-—‘_‘_‘_‘._‘_‘ C LTI TR .
200 — ;104 - 0.4 I ey
r ] - s —8—s—8—8—18 B
100 1 s 03¢ 0.2l
C L L1 1 | | I — | L1 | | | - — | ‘ I N - ‘ L1 1 C L L1 | | | L1 | | - 1 L1 1 | I — ‘ I N - ‘ I — B - L1 | Il Il - | L1 | | | L L1 | Il L1 1 | | - Il Il | | — L1
2%00 2100 2200 2300 2400 2500 2600 270(? 2%00 2100 2200 2300 2400 2500 2600 2700 2?]00 2100 2200 2300 2400 2500 2600 2700
HVMHPC gas [V] HVMHPC gas [V] HVMFIPG gas [V]

25
1
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Time resolution of single-photoelectron

Constant Fraction Timing (CFD)

Orpc = \/ Ototal ~ Tsystem(10PS)  How to decide CF coefficients? eg: Compass gas So in Compass gas,

CFRPC~0'55' CFPMT - 05

840V/215um [55%, > 3mV]

~
o
~J
o

- - W E
g0l G, 09 C g 780V C HV [V]
F Enties 65 65 ol 65 . 780V
- . 790V
of Ne/CZHG/CF4 (S0/1010) | £0Y - Ne/CZHG/CF4 (80/10/10) | 27 L0
n 60— . 830V 60— . 810V
0 :_ - CFyp=0.5 g0V | C CFpyp =05 F== 820V
B @ 55— @ 55
- e f M S F
BOZ_ .5 50— .5 50—
i F § ’ § -
€ 501~ ] o % r
a2 | o 45— o 45
&) E O [}
401 £ r E
B . 40?W‘ =40
30f N
C 35 \_\’/’_7 > y 35
20_ - =S S 2] e
B 30 30
10— E C
: 25\‘\\.I|I\\\.II‘\I'\\III\‘\II'I 25I|II\‘\II\.II‘\\‘II.\II\‘\II'I
obel b Lo d sl e Lo L Lo b L 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8
26 28 3 32 34 36 38 4 42 44 CFeyr CFang

w1 Taec [NS]

FiXx CFrpc = 0.5, change CFpyr Fix CFpyr = 0.5, change CFgpc
C Fpypr has no significant influence. CFrpc~0.55, 0¢p¢1q 1S beSL.



Eco-friendly gas test — fix IC4H10 = 5%

test schedule

1 R134a/1s0/SF6 1 reference
2

2 SF6->CF3l

3 R134a->R123ze
4 R134a->R1233zd
5 R134a->R1234yf

R134a->R123ze
SF6->CF3lI
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