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General Idea

T e Ry

v

Reconstruct the hit position:

Y: The strip which propagates the signal(pulse)

X: (T1-T2)*v/2

v is the transmission speed that need to be calculated.
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Introduction of detector components

1 mm thickness glass

» Glass RPC produced locally @USTC. with 1~3*102 ohm.cm
° Surface: 140cm * 40cm hm thickness spacer and gas #
r—
*  Glued by epoxy adhesive 1 mm thickness glass

ith

3*10*? ohm.cm
» Honeycomb readout panel. -

» ~3.5 mm thickness totally
* Honeycomb paper as medium

«  Characteristic impedance(assembled): 19.5 ohm

» USTC front-end board.
« Working voltage: 2.7V~3.3V
» Gain: 60(maximum)
« 2 stages amplifier
« Both analog(waveform) and digital(with discriminator) output

«  Only analog waveform output is tested now.
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Setup of System

Side View
» 48 channelsareused. SN R4 e _
» v1742(32chs) and N6742(16chs).

» 8 channels*4 for glass RPC = v1742

O - Galss RPC 1.4m*().4m |
» 16 channels = N6742 5 Amm 8 channels 8 channels
i - Galss RPC 1.4m*0.4m | 500mm
] ~ & channels ; 8 channels
Top View ' Bakelite RPC 0.5m*0.5m |
’7 S S IS B BN B B E m m _‘ 16 channels

scintillator

I
| 1 J 2*Glass RPC 1.4m*0.4m

‘Bakelite RPC 0.5m*0.5m
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Waveform analysis

Amplit%géa_[mV]

so £ TTigger channel T et
» Analysis method: :z_ i< Real time information ;i —
. - E— : : —_— adnanrel 5
10" bin to 125" bin to calculate RMS and mean value 600 - | |
. . . . 500 —
« 125% bin to 400" bin as signal region 100 = .
— |
«  Threshold of trigger: 100 mV 300 £ : :
= I I
» Threshold of reference RPC: 6 * rms mg_ : :
100 = I 1
) ThreShOId Of test RPC: 4’ 5’ 6 * rmS - ﬂﬂ:' |EE| ] I4!D| ] |&:}| ] I,B,.:}I ] I1.[I:||:|I ] I12||:|I I |14|.D| I I':.é,[j I1BI|:| I IE.[;DI |- |2:|2I:I
. Width of sianal > 0.8 Amplltlljtgoe [mV] ! ! Time [ns]
= ! = o=
> Time of signal: wE =
« Baseline of trigger channel are calculated channel by channel. L= : :
— | |
* Real time information are calculated based on time of trigger mg N :
500 = I Vo
channel a0~ ; :
*E-Signal channel
ooy =TI ENEPETE AP EFEPEN NP IR EPEEE AP BT B
0 20 40 60 80 100 120 140 160 180

200l .
Time [ns]
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Efficiency

Efficiency [*100%)]

Efficiency calculation: | ]
0.9 -
» Trigger: coincidence of 2 scintillators and = £ -
09 7 :
reference bakelite RPC 07E // E
* Number of trigger as denominator 0.6F /’/ -
> Signal: coincidence of 2 signals from both ends ~ ®°F / * Glass gos gap thd 4 with now FEE

- - 0.4 : ss gas gap 1 with new
of fired strip - I el s e FEE
0.3 - I.-"I‘ Glass gas gap thd 6 with new FEE
* Number of signal as numerator e / Bakelite gas gap at CERN cosmic ray
» Different threshold are tested: 4, 5, 6 rms (| —— e ) -
: /‘?é ]
. . oL S I S e g | ! ! ! ! .

» High voltage is corrected by pressure 4000 4500 5000 5500 6000

HV [V]

Result with 6*rms is almost same as the CERN BB5 cosmic ray result.
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Transmission Speed

Hit position reconstructed by glass RPC vs Hit position reconstructed by bakelite RPC

» Ref Hit_Channel: The hit position found by the bakelite RPC.
» Diff_Time: Time difference between 2 ends of every readout panel from glass RPC.

g Lower panel NI 2 °E Upper panel =
';H.S:— ..... LI —— — i ||| LU SR | SR—— —
5 F i = F -
11— — 1= —
05 = 0.5) 2
of = of- =
05 ] —0.55— —f
1 = - _E
_-||55_..... L DT SN R R S, _E —1.55— —f
L L | ] L | I L | L1 | | | L1 1 | L1 |-| L - (S G N N S e S MM 1 N RN TN I Nl M A S v
32 34 36 38 40 42 44 46 48 32 34 36 38 40 42 44 46 48
Ref Hit Ch I[CH ;
NO. NAME VALUE ERROR Her-Hit Channel[CH] NO. NAME VALUE ERROR  Ref_Hit_Channel[CH]
1 po 0.251482  0.00130799 1 po 0.2559 0.00122028
2 pl -10.1876  0.0502173 2 pl -10.3575 0.0489483
v =2.7cm*2/p0 = 21.47 cm/ns v =2.7cm*2/p0 = 21.10 cm/ns
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Spatial Resolution(Constant Fraction Discrimination)

 Position is reconstructed by the time
difference of 2 ends from the same
panel. > (T1-T2)*v/2

 Difference of position from 2 different
panel is used to fit the sigma.

» According to the efficiency plateau, 6*rms is used..
» Time of 0.5 of the peak value is used.
» According to the transmission speed, the 2 panels are almost same.

¢ BB00 T e e gaﬁﬂ'_ = 3 B oasof T 3
= - 1 S F A E 5 F E
E 6000V /\ | £ o0V N ] g w600V [\ :
B ] asof - \ 3 3505_ / \\ _;
C i i f \\ ] 300[— / \\ -
1500 |— i — s00l ; b . ; / \

B i i /' \ B 250f f( \‘ s
L \ i 150[— / \ 3 200f - f ; X 1
1000 — — [ { & j \ 3
: ] ook /f | \\ k 150} . . / \\ E
5001~ ] 502— i ; \ E 1005 - /! \ E
I i [ 7 b 50 -
B B ol s . \H 1 o _,P/ , \\h E

05— : (IJ — :la : l ' - 6 4 2 0 2 4 & 0§ 4 2 0 2 4
Diff_Position [cm] Diff_Position [cm] Diff_Position [cm]
NO. NAME VALUE ERROR NO. NAME VALUE ERROR NO. NAME VALUE ERROR

1 Constant 2.34429e¢+03 1.31540e+01 1 Constant 3.26593e+02 5.01327e+00 1 Constant 4.38206e+02 5.70460e+00
2 Mean 2.25248e-01 7.74968¢-03 2 Mean 1.86321e-01 2.00176e-02 2 Mean 9.62643e-02 1.71137e-02
3 Sigma 1.70740e+00 5.95892¢-03 3 Sigma 1.58907¢+00 1.45810e-02 3 Sigma  1.57309¢+00 1.16719e-02
c=121cm c=112cm s=1.11cm
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Spatial Resolution(channel by channel)

» 6*rms and 6400V is used.

» Time of 0.5 of the peak value is used.

» According to the transmission speed, the 2 panels are almost same.
» Channel 0 and channel 7 are discarded.

Constant 64.98 98.01 94.70 98.02 64.27 217.58
Mean -0.10 -0.12 -0.11 0.71 0.25 -0.51
Sigma 1.49 1.48 1.55 1.49 1.58 1.55
Spatial 1.05cm 1.04 cm 1.10 cm 1.05 cm 1.12 cm 1.10 cm

Resolution
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Spatial Resolution(EdgeRegion)

» Test the performance at the edge region of detector.
» Time of leading edge(0.5 of peak) is used.
» 6400V and 6*rms is used.

0 i ' ! ' ' 4
% ,,m;_ Edge region —~ _i
3|:-:|§— —i
0 3
zc-:E— —i
153%— _E
":'JE— -E Side View
S N 8 channels 8 channels
Diff_Position [cm]
NO. NAME VALUE ERROR
| Constant 4.07855¢+02 5.60118e+00 8 channels 8 channels
2 Mean 9.87524e-01 1.83646e-02 B m

3  Sigma 1.63190e+00 1.41173e-02

. N 16 channels
scintillator

c=1.1

Lhn

cim
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Time Resolution(Constant Fraction Discrimination)

» According to the efficiency plateau, 6*rms is used..

» Time of 0.5 of the peak value is used.

» According to the transmission speed, the 2 panels are almost same.
» Time information from 1 end of strips.

24500”_L_|"'|"'|"|"'|'_t E :' I 7 é; ’E* ;
SaonfE- e OO End E
- 5 : : - - 4 eoof ]
3500 6 OQV _; 00 = y: E
- ? : = 400(— — 600 =
- F 1 “F E
= - 200 — — 300 =
10(}0;_ _; - R : :
= i 5 = a 1 100f =
oi—— =2 0 2 — & i z E . - o
Dif_Time{ne| Oif Tmefns) 4 -2 0 2 Dt Time[ns]
NO. NAME VALUE = = ERROR NO. NAME VALUE ~ ERROR NO. NAME VALUE  ERROR
]l Constant 4.44840e+03 2.32964¢+01 1 Constant 6.44621e+02 9.45139e+00 | Constant 9.48504¢+02 1.19962¢+01
2 Mean  -3.74544¢-01 4.05027¢-03 2 Mean  -3.48215¢-01 1.00884e-02 2 Mean  -3.35018¢-01 7.99499¢-03
3 Sigma  8.92755e-01 2.41811e-03 3 Sigma  7.97370e-01 6.17848¢-03 3 Sigma  7.17520e-01 4.68885¢-03

o = 893/sqrt(2) cm = 631 ps 6 =797/sqrt(2) cm = 563 ps o = 718/sqrt(2) cm = 507 ps
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Time Resolution(Double-ends improvement)

» According to the efficiency plateau, 6*rms is used..
» Time of 0.5 of the peak value is used.
» According to the transmission speed, the 2 panels are almost same.

2 ends of a single panel are used.

» Averaged time of leading edge from

Advantage: averaged time is not
correlated with hit position.

:._34500__I1Irlllll|ll]rl_l: 2 F 1 ] | i .54000:_. T T r T T I e s e F.._:
54000; i —i EEFOO_—' . S ST /% 15t SRS SR — E B i
ssoaf- 6000V 1 6200V 1 w6400V L HELL L L .
30002— —f - 1 B ' ]
2509:— —: : : - f i
2000 300 _ L _
g - B 3 | ool ]
1500 ~ - N B : 1
E 1 200 = !
1000 — o m A I NN Y A A A .-
5005— —% 100~ = B i
ok G — oy —
Dift_time(ns] 4 Diff Timens] Diff_Time(ns]
NO. NAME VALUE ERROR NO. NAME VALUE ERROR NO. NAME VALUE ERROR
| Constant 4.37827e+03 2.31562e+01 I Constant  6.37540e+02 9.47195¢+00 1 Constant 9.32715e+02 1.18528e+01
2 Mean -3.53389e-01 4.04464¢-03 2 Mean -3.13658e-01 1.00302e-02 7 Mean -3.04847e-01 7.84862¢-03
3 Sigma 8.81388e-01 2.38050e-03 3 Sigma 7.83283e-01 6.12206e-03 3 Sigma 7.18182¢-01 4.67391e-03

c = 881/sqrt(2) cm = 623 ps
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Time Resolution(EdgeRegion)

» Test the performance at the edge region of detector.
» Time of leading edge(0.5 of peak) is used.

8 1200/ — L“L“I”“ﬂ”l_l__L_L_l__L_L_J““L_”ml_"[_lnwnnl__

5 .0 Edgeregion | H
RIS U O O T VS T -
zm:_ ................................... e SRR U S .......... _ Side View
e

Diff_Time [ns] 8 channels 8 channels

NO. NAME VALUE ERROR
|  Constant 1.17638e+03 1.64398¢+01 8 channels
2 2 Mean 1.26428¢-01 6.22083e-03 B
3 3 Sigma  5.65436e-01 4.92479¢-03

8 channels

m

o - \
o = 5605/sqrt(2) cm = 399 ps scintillator 16 channels
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Summary

» Double-ends readout method works well in long strips.
» ~1.04 cm spatial resolution at the best case(channel by channel).
» Overall ~1.15 cm @ edge region.

» 400 ps ~ 500 ps time resolution as expected.
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Amplitude[mV]

848

846

844 :—,_ ................................................................................. ....................................................................................... ............................................................................. __
Z\ Threshold

842/
840

838

—+ 0.2 * peak

40
Time[ns]

Bug found just before the meeting: Width of 0.2*peak>0.8ns instead of ack

width of threshold>0,8 ns. Will be fixed soon.
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Black: Hit position strip by strip
Red: Hit position reconstructed
by double-ends method




Graph
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Mean 0.9896
Std Dev 1.718

Using different speed for different panel
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d_space_0123

Entries 8490
Mean 0.2359
Std Dev 1.715

Using same speed for different panel
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