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Last report: High time resolution
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Result of long scintillator : GaoNengKeDi
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Testing on BC420 for comparison

With Tin foil

Saint-Gobain (5 X 4 X 120 ¢cm?3) 4SiPMsin

triggeri

parallel

SARRNRRRRNLLRLY LR RRRRY RRLRN LELRN RARRI RN

ADC3:ADC4

ADC~130mV

50

100 150 200

250

300 350 400 450

500

Time Difference (ps)

Time resolution from 3+4:

Olong = 87 ps

l 5 | trigger2 E]
|
| — | —
@ = — £ F AT=-7.00£26
E 40 DT = -2466.15 2.0 § ool .{ﬁt} o= 170910
8 E s= 1133 +1.7 4t
350 s00/— [
ol - |1
: L
250[— a0 — f 4
E 4 \
200~ % / t
150 - r \
— 100— [
e -
E g Py \
- - + .
00— L) 1000 500 :‘n - ;l;o ﬁlou .
E Time Difference (ps)
sop- B
E #
L "l T ol L Ve, k
000 3500 3000 2500 2000 1500 1000

' @ siPM PREAMP(S

.2

I)CE
R1C7 R6 (@)C5R3
E=D @'TJ‘ES: @0
e_@ i

WR2Ay .-, G3cs
B EENCA,
NS e

VEE:-2.5V
o

c4 -
O [ ‘IFF“(:(: 11

12 SiPMs in

Counts

parallel
N ) AT=-4924.82:2.7
+' o= 1743+1.9
500|- + L‘l"
g + 1
400 f I"‘
: oot
300 / \
B J .I\ )
200(- * ""
100 7 %
. " ".“ L L }_b,._._ oo obeal
550 5500 5000 4500 4000 =00

Time Difference (ps)

AT between 2+6 and 4 (left), or 1+5 and 3 (right)

Spatial resolution according to AT between 3
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»FE readout: SIPM array, from parallel to series. Improve the rise time.

»New scintillator: attenuation length is much larger. Improve the light
collection.



Array of SiPMs: Series vs. parallel
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Time resolution of short strip
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Time resolution of short strip using two

end readout

Oshort = 0/ \/E

Parallel: ogport = 103 ps

Series:

Oshort = 69 ps

o/2

Time resolution of two triggers  Otrg =

02(AT) = (0 + 02 + 02 +02)/16 + (62 + 02)/4 Parallel . 0y-4 = 73ps

Series:  0yrg = 49ps

* Reduce the hitting position variation of the
cosmic ray and the uncertainty of start time of

the system.

For NDL in Series . dg,0rt = 85.6 ps

Otrg = 60.5ps



Time resolution of long strip: GNKD(3cm)
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Time resolution of long strip: GNKD_new(2cm)

Counts

. g
S: Series |
P: Parallel :
12SiPM(12P)
CH1 chy  12SiPM(12P) |
2 X 5x 100 cm3 c 12SiPM(3P4S)
S _
N
2x5x100cm? —
LO CT ¢ & & F & © d T T 1 & & & & k7 ]
. < > O g 7 ;
CH3 CH4  12SiPM(3P4S) 5cm Zaoof L
300f . ' =
600f— AT=.3528.27 118 ‘% 9005_ + AT=-2702.22 +1.3 200l E
C : = 104.8 +1.8 o Tk : o= 90210 |
E 12P-12SiPM 0 _E 3P45-12SiPM ok =
500 f— E - .
C 700 R S
400 = 100 200 300 400
C 600 . ADC6
300; O’ - 104pS 500;_ O- - 90pS %400:_ T T | T T _:
- . 400;— _ 300 =
200:—O-trg _ 56PS 300 O-t'l‘g - 56pS -
F Olong = 87ps wof- Olong = 70PS 200p B
100|— - r
- i *+ 100~ 100} 5 7
0_L||JL1.|JLL|JA:O1"'.|||||||||||'|“.|...Al||1n.;.|an1_.|1 OZLJ..I leted sioloted oiotaterd 1 1 | 11 1 | v P gtenlagien ) o L 9
—4400 4200 4000 3800 -3600 -3400 3200 3000 —2800 —2600 -3600 -3400 -3200 -3000 -2800 -2600 2400 -2200 -2000 -1800 I I I I
Time Difference (ps) Time Difference (ps) 100 200 300 400



Estimation on the global o,
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Belle TOF for comparison
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Gary Varner's talk, 20 years ago.

TOF Counter (1 of 64)

High B-field Operation

— 24 stages
— 2000 mesh/in.
- G>3x10°in 1.5T field
TSC radius = 118 cm
« TOF radius = 120 cm

Gary S. Varner, BESIII Meeting at IHEP, June 2002

Hamamatsu R6680 Fine Mesh PMTs

Forward

TOF scintillator (BC408)
- FM PMT (R6680)
Base Polyvinyl toluene
- Photocathode Dia. | 39mm (effective)
Density 1.032
Transit Time Spread 2920 DS S
Refractive index 1.58 a 320 ps (rms)
- - Q.E. ~21%
Rise Time 0.9 ns
- e collection 0.6
Decay Time 2.1ns
Rise Ti 3.5 ns
Pulse Width ~2.5ns 5 e 3:518
Fall Ti .5 1S
Atten. Length ~ 300 cm 4 e 4508
- . Pulse Width 6 ns (FWHM)
. Max. Emission 425 nm

Exp5 data
o (TOF) = L00pe
Rl 25GeVi




Time resolution at a new position
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Time resolution of a (new) 1.5 m scint.
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Additional: time resolution of SIPM+Pream
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» The readout is upgraded with new array of SIPMs: series+parallel, hybrid.

»New scintillator from GNKD shows very good improvement in attenuation
length.

»We have achieve time resolution better than 80 ps from 1 meter new
scintillator.

»New 1.5m long scintillator shows a time resolution of 124 ps at the middle.

Thank you!
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*Backup



Status of R&D: Regular design

* GNKD scintillator + Kuraray WLS fibre + NDL SIPM(3mm X 3mm)

3mm X 3mm
NDL SiPM
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number of fired pixels
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Time resolution
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3mm X 3mm allows more fibre to increase the efficiency and the time resolution.
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give out the worst time resolution. =165 ps 21
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