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Multi-Anode PhotoMultiplier Tube
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Experimental Setup Assembly
Inside the Black Box

Setup Schematic
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Optical System

@ Picosecond Diode Laser ® Pulse frequency: up to 1 MHz
e Monochromatic light 470nm e Beam attenuation: ND filters
@ Short pulse width: 15-50ps

Individual pixel illumination Full face illumination
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® Individual pixel characterization ® Simultaneous illumination

® Scan pixel surface: of all 64 pixels

photocathode uniformity test ® Full coverage of MAPMT surface
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Experimental technique

o leedestal ® Pedestal - Data collected without laser light
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Experimental observables

laser characteristic: NUMBER OF EVENTS
FIXED and CONSTANT for all runs / over 56 of pedestal

a=|fl*xn*xe= Nsg

NO —~TOTAL NUMBER OF EVENTS

f - light source intensity

y» our light source (laser) characteristic. It is specific to experimental setup.
We assume it is stable and constant for all our measurements.

1 - photocathode efficiency

Y» PMT photocathode characteristic, probability of the photoelectron emission.

€ - photoelctron multiplication efficiency

¥» PMT dynodes characteristic, efficiency of the electron multiplier section.
Require the "knowledge" of single photoelectron signal shape.

a - global efficiency

» "final" and most important criteria that is the convolution of all eficiencies.
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Hamamatsu PMT Characteristics

measured and reported by Hamamatsu for each MAPMTS
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Experimental measurements

efficiency
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® Measurements performed for 4 HV

® 1 million events are collected

per each pixel
per 4 HV

per 5 different light intensities

measured

reported by Hamamatsu
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Experimental measurements

Distribution of efficiencies per MAPMT
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SPE Spectrum Analysis model by Pavel Degtiarenko

Typlcal fit of smgle photoelectron spectrum

» new mathematical model for description

18 , Red line:dN/ds =f,,,(s; parameters) . f SPE devel d at Jlab (to b

Y)/NDF = 137 | ©f SPE developed at llab (to be
16 | Scale (channels per 1 phee) = 97.08 + 0,30 . published in NIM) provides the most
wa ] o (channels) = 3.644 + 0.004 | realistic description of MAPMT response.
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a4/(1-a,) = 0.183 + 0.004 |
vy/v; = 0.381 + 0.009 -
¢ =12.00 £ 0.00 |

B = 0.000 £ 0.000

t = 0.000 £ 0.000 |

\% = 9.80 1

dN/ds p.d.f. (arb. units)

» average number of photoelectons per one

event pu (could be converted to quantum
efficiency with calibrated light source)

average

0 50 100 150 200 250 300 350 400 450

s =Amplitude - Pedestal (channels ADC)

» gain is calculated as an average of the
single photoelectron peak Scale

» approximate the true single-photoelectron spectra

» disentangle the characteristics of photocathode and multiplier system
can provide quantum efficiency and collection efficiency within model framework

» parameterized form is well suited for future simulation of detector response
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S P E Spectru m Ana Iysis model by Pavel Degtiarenko
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Pixel surface uniformity
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Pixel surface uniformity

efficiencies at different beam position

- (ZDZS?,?,) > I uniform pixel iIIumjination
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llluminate the whole surface of the pixel to obtain average characteristics!
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Pixel surface uniformity: Hamamatsu response
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H8500 to H12700 comparison

® H8500 is an older model of MAPMT
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® H12700 is designed for better detection of single photon
® H12700 has better cathode sensitivity: better quantum efficiency

® H12700 has less dynode stages: 10 vs 12 (H8500)
but it has similar gain
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H8500 to H12700 comparison

Energy Resolutions of Flat Panel PMTs
Supply Voltage : -1,000 V Energy Resolution (H8500 vs H12700)
Scintillator : LYSO (4 x 4 x 20 mm®) 12.0 e S -
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CA7105 66.6 112 117 8.5 | Source: Cs137 (662 KeV)
H8500 CA7109 52 1 9.76 11.8 Anode: P28 (All the other anodes
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9.5 10 10.5 11 11.5 12 12.5 13 13.5 14
Cathode Blue Sensitivity Index
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® H12700 has higher QE photocathode - better alkali metal application
due the lower number of dynode stages

® H12700 has better secondary emission ratio for first dynode
due to the higher supply voltage
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H8500 to H12700 comparison

efficiency [%]
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First PE Gain (ADC Bins)

First PE Gain (ADC Bins)
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MAPMT Ageing Studies ® Main ageing contributions from aerogel photons and

charged tracks in MAPMT windows

Equivalent Charged Tracks Dose (CLAS12 Years)

In Cap during Aligned during measuring ® Ageing: by multi-p.e. LED to simulate charged tracks; by
agin .
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eference . .
H8500 ® Single p.e. laser measurements to monitor performance
LED/ HB500 and ® Estimated doses calculated from expected event rate of
Laser H12700 50kHz (conservative numbers)
0 APMT Aerogel 3 [maemr Aerogel ] b PP [ A'e ro é|
. *— Aging H8500 g E :9 * - Aging H8500 g 7" — Aging H8500 (1 = 1.20A) 8
*— Aging H12700 photons E %% e Aging H12700 photons §°'°18 ®  Aging H12700 (I_ = 1.12nA) photons ;
| Reference H8500 o7 Reference H8500 %o.ou Reference H8500 (1 = 0.27nA) f
2s0] o6l %omz— = f
[ 0.5 g 0.01 |
v > o % o . S A @ |
3588 1] ‘ i 2 .
f_. L I 3 e o o . —o -9 ——9 035 ] | | EO.OOGL . /
190 oyttt Teper | oo A" /
0.1 : N e _:.,,1
1005 10 20 30 a0 0 ® % He T2 a0 w0 & % 1Lm e S o
Equivalent Aerogel Photon Dose (CLAS12 Years) Equivalent Aerogel Photon Dose (CLAS12 Years) Equivalent Aerogel Photon Dose (CLAS12 Years)
350 —~ 1 . 50007 . :
MAPMT Charged | & _ |waewr Charged | § | Charged
- Aging H8500 2 | Aging H8500 ‘ §°-°°6 T AgingHBS00 (I_=1.2n4) |
00 _, Aging H12700 traCkS i [N Aging H12700 traCkS "0005 ®  Aging H12700 (I = 1.12nA) ‘ traCkS
Reference H8500 07 Reference H8500 % ' Reference H8500 (1,_= 0.27nA)
250(— 08f Eooof—
C] o,sé %
200?70 - e 6 . * * * 04! EO.OOGE -
ot T — —1 03— b — ‘ éo,ooz' f O == .
150* 02} 2 1 : ) —3 : - Fe \ f -
04 Ol)OIr \.[ «\ - \\—/ =
100, 100 200 300 400 500 500 % 100 200 300 400  p— O j00 200 @00 430 *500 00

Equivalent Charged Tracks Dose (CLAS12 Years) Equivalent Charged Tracks Dose (CLAS12 Years)

e No significant systematic effect in signal gain or mean number of p.e. detected
® Any variations comparable with reference PMT fluctuations
® No increase in dark currents observed during pedestal runs
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MAPMT delivery timeline

e 80 H8500 received

03/27/2014 [{] +20 H8500 e 260 H12700 received

04/29/2014 [ 28 H8500

057251201 I +10 H12700 e Total 340 MAPMTs received
06/03/2014 [ 30 H8500 60 heduled t _
09/06/2014 [N + 20 H12700 till the end of year 2015
02/09/2015 [N 10 H12700 |
03/09/2015 [ + 20 H12700 OUTSTANDING QUALITY!

04/08/2015 I + 20 H12700 No defects were found!
05/08/2015s I 30 H12700

06/08/2015 [ N 30 1112700

07/06/2015 [ I 30 H12700

08/11/2015 [ I 30 112700

09/06/2015 [ I 30 12700
10/06/2015 [ I 0 12700
11/06/2015 -

12/06/2015 -
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Conclusion

80 H8500, 260 H12700 MAPMTs received: no defects were found
The new H12700 MAPMTs have better performance

The MAPMTs characterization setup is able to test 10 (12-14 if
necessary) MAPMTs per day with high statistics and different
configuration of high voltage supply and light intensities

The model to describe SPE is implemented and found to be
well suitable for description of MAPMTSs SPE response

The MAPMTs characterization measurements are in agreement
with Hamamatsu specs

We expect to receive remaining MAPMTSs till the end of this year
and we are ready for them....
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