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Measurements on EJ-212 scintillator bars
Attenuation Lengths

Propagation Time

Comparison of PM and SiPM Detectors

* Time Resolution measurements
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EJ-212 Scintillator Bar

« Dimensions: 12,15 mm x 600 mm: thicknesses: 2, 3 mm

» With and without a VM2000 backing, mounted in dark box
* PMT and SiPM touches end of scintillator

» Used °Sr source

Light output measurements: Scintillator
%0Sr Source
D
'
PMor SIPM —» | ﬁ |
Trigger Detector
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QT Attenuation Length
3 x 15 x 600 (mm)
Fit Range (20 — 50 cm)

No VM2000 Backing VM2000 Backing

3mm x 15mm, Fit Range: 20cm - 50cm, Raw Scintillator

3mm x 15mm, Fit Range: 20cm - 50cm, VM2000 Backing

500 550
Fit function: A exp(-ax) A Fit function: A exp(-ax)
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Distance from PMT (cm) Distance from PMT (cm)
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Attenuation Lengths Summary

* The attenuation lengths are much improved as
compared to the EJ-200 bars

* Due to better manufacturing and diamond-milled
edges

* On average, with VM2000 placed at the end of the
scintillator, we see a factor 1.6 better attenuation

length
Scintillator Dim. No VM Backing VM Backing
2 x 15 x 600 (mm) 81.2 cm 135 cm
3 x 12 x 600 (mm) 50.8 cm /6.2 cm
3 x 15 x 600 (mm) 69.6 cm 125 cm

2/2/11 Collaboration Meeting Feb 2011
Start Counter



G O’ Scope Images (SiPM): Source Close to
Detector

VM2000 Backing No VM2000 Backing

>
TokStop e —— i — Tek Stop_| i
: : : LT} : © A 46.8mV T AL 46.8mY
: : : 4 : . @ -5.20mv - ; ; ; ; ; ; ; ; ; ]1@: -5.20mv
: . : . I Ch2 Fall ‘
j i ) : K 17.89ns :
m P : ' '.'.'.'_._._._.__._.'.'.'T'.'.'.'T_._._._T_.'.'.'.:.
. : : : : < Ch2 Fall
. . . Ch2 Ampl . 17.25ns
. . _ ?3.27mv
I _ Ch2 Ampl
& [t bbisied rh1 Amnl e 6334"1\}
: : : T 691.8mV
................. ch1 Ampl
: ; : : ; : 699.4mv
: : + Ch1 Fall : : : : : : i : : : : :
SiPM - ——— . A [ I 4.159ns .. : : ; ; ; i ; ; ; : :
: : i : : : A T . A 7 ChiFall
: : : : : 5 . X ; : : : ©4.275ns
Chi- 200'"\’9 120.0mV$M40.0n5 " A Ch‘ \ 288"“/ ........................................
Math 20 OdB 125kH2 u>v3 20000ns | : Ch1| 200mVQ | 20.0mvVe M|40 ons A| Ch1 L 288mv = reb 2011
— Math [ 20.0dB 125kHz | i§++[3.20000ns | 21:42:28
* VM Backing has factor 1.2 Larger signal size
 Poor fall time for SiPM ~ 17 — 20 (ns)
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amos ) Scope Images (SIPM): Source Far From
. Detector
VM2000 Backing

No VM2000 Backing
Tek Run | F——1 Trig'd TekStop | 1
T T o ggsmy T N A A A AN A saansannn T a6.smy
: 5 : : : : 1@ —-5.20mvy : : : T 1@ —5.20mv
@
Ch2 Fall Ch2 Fall
18.04ns 17.41ns
Ch2 Ampl . Ch2 A |
53.67mV 9'; : ; : ; 3;.82'1?15
chiampl | : ; ; ; i ;
670.4mV : - : : , ; ; : %'1‘3.’%'315'
_______________ Chifall  F o E :
""""""""""""""""""" : : : 4.358ns gl‘;;]()g%lsl
Ch1| J00mv & | 20.0mvVe M|40 ons A| Chi U 288my chA1|' ‘2(‘)(‘“‘"‘\,9' = ‘| ST} 0.nA1\A/<A> ‘M|'4A0 Tl AA|.C|‘11A{ '288m‘v
1Feb 2011 TFeb 2011
Math | 20068 23kHzZ|Ws(3.2000005 21:38:20 Math | 20.0dB _ 125KHz|ii+~[3.20000ns 21:40:28
* VM Backing has factor 1.6 Larger signal size

* No VM signal size when close is factor 1.9 larger than when far away
* VM signal size when close is factor 1.4 larger than when far away
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QT Propagation Time of Light in the
o scintillator bars

6E'(:)Iue = 3x15(mm), Green = 3x12(mm), Raw Scint., Meas. w/ SiPM

A

3x15(mm) = 14.871 +/- 0.259 (cm/ns)

(9]
o
T

AA

AN
o
T

Distance of Source from Detector (cm)
N w
o o

3x12(mm) = 14.089 +/- 0.252 (cm/ns)

=
o
T

AA

96.0 56.5 57.0 57.5 58.0 58.5 59.0 59.5 60.0
Time of Propagation in Scintillator (ns)
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3mm x 15mm, Raw Scintillator, Blue = SiPM, Red = PM

CITATIONS

Comparison of Detector Time Resolutions (PM vs.

SiPM)
3 x 15 x 600 (mm)

No VM2000 Backing
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VM2000 Backing

3mm x 15mm, VM2000 Backing, Blue = SiPM, Red = PM
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@ " Comparison of Detector Time

- PERIMENT

Resolutions (PM vs. SiPM) Summary

« Time Resolution gets worse in the 25 — 45 (cm) range when
measured with the PM and bars have VM2000 backing

» This is not the case when measured with the SiPM
 0(SiPM) = 2.3 * o(PMT)

Scint. Dim.  SiPM (No VM)  PM (No VM) SiPM (VM) PM (VM)

(mm) (ps) (ps) (ps) (ps)
2x15x600 800<0<1000 300<0<350 720<0<820 300<0<400

3x12x600 500<0<700 300<0<360 500<0<600 300<0<400

3 x 15 x 600 550<0<650 220<0<300 520<0<550 270<0<320
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w77 Time Resolution Comparison
(No VM2000 Backing)

PMT SiPM

Raw Scint., Meas. w/ PM, Blue = 3x15, Red = 3x12, Purple = 2x15 11%%w Scint., Meas. w/ SiPM, Blue = 3x15, Red = 3x12, Purple = 2x15
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Time Resolution Comparison

(With VM2000 Backing)

PMT

SiPM

VIXIOZOOOO Backing, Meas. w/ PM, Blue = 3x15, Red = 3x12, Purple = 2x15 VM2000 Backing, Meas. w/ SiPM, Blue = 3x15, Red = 3x12, Purple = 2x
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Time Resolution Comparison
Summary

 The 2 x 15 (mm) bar has the worst time resolution with
the SiPM

 The 3 x12 (mm) and the 3 x 15 (mm) bars have
approximately the same time resolutions with SiPM

 The 3 x 15 (mm) has the best time resolution
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Gl
Summary

» Further measurements need to be made concerning the
SiPM

» Cooling of SiPM so as to reduce noise and improve
timing measurements

* Full wrapping of the 3mm bars with VM2000 (or similar
highly reflective material)

*Begin testing of scintillator coupled to light guide
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Attenuation Length

2 X 15 x 600 (mm)
Fit Range (20 — 50 cm)

No VM2000 Backing

2mm x 15mm, Fit Range: 20cm - 50cm, Raw Scintillator

VM2000 Backing

2mm x 15mm, Fit Range: 20cm - 50cm, VM2000 Backing

320 360
A Fit function: A exp(-ax) A Fit function: A exp(-ax)

300 i
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¥ 280} a= 1.23e-02 [0 a= 7.43e-03
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CITATIONS

Attenuation Length
3 x 12 x 600 (mm)

Fit Range (20 — 50 cm)

No VM2000 Backing

3mm x 12mm, Fit Range: 20cm - 50cm, Raw Scintillator

ADC (arb. units)

200¢

N
(O,
o

Fit function: A exp(-ax)

A= 427

a= 1.97e-02

Attenuation Length :
50.8 cm

15055
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3mm x 12mm, Fit Range: 20cm - 50cm, VM2000 Backing

VM2000 Backing

500
e Fit function: A exp(-ax)
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Time Resolution (ps)
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Resolutions (PM vs. SiPM)
2 X 15 x 600 (mm)

2mm X 15mm, Raw Scintillator, Blue = SiPM, Red = PM

2mm x 15mm, VM 2000 Backing, Blue = SiPM, Red = PM
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Time Resolution (ps)
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CITATIONS

Comparison of Detector Time

Resolutions (PM vs. SiPM)
3 x 12 x 600 (mm)

3mm x 12mm, Raw Scint., Blue = SiPM, Red = PM
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Time Resolution (ps)
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