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*   Characteristic measured and recorded on the test ticket of each tube 
** Characteristic for single photoelectrons at 405 nm. 
 

Description 
Window options 
Photocathode 
Multiplier structure 

Schott 8337B or equivalent, UVFS (-Q) 
Bialkali 
MCP chevron (2), 10 m pore, 60:1 L:D ratio 

Anode structure 88 array, 5.9 / 6.5 mm (size / pitch) 
Active area 5353 mm 
Package open-area-ratio 80% 

Photocathode characteristics Min Typ Max Unit 
Spectral range: 

Peak Quantum Efficiency at 380 nm* 
200 
18 

 
22 

650 
 

nm 
% 

Operating Characteristics  Min Typ Max Unit 
Overall Voltage for 105 Gain *  FIG 2800 V 
Total anode dark current @ 105 gain *   2 10 nA 
Spatial Uniformity  2:1   
Rise time**  0.5  ns 
Pulse width**  0.7  ns 

Transit time spread (tts)**  35 60 ps 
Maximum Magnetic Field Operation  2  T 

Recommended Voltage Divider (not included) 

10µm MCP-PMT 
53 mm Square, 8x8 Anode 

- Superior Magnetic Field Immunity 
- Enhanced Timing Performance 
Applications 
 Specialized Medical Imaging 
 Cherenkov – RICH, TOF, TOP, DIRC 
 High Energy Physics Detectors 
 Homeland Security 
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*   Characteristic measured and recorded on the test ticket of each tube 
** Characteristic for single photoelectrons at 405 nm. 
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Typical spectral response 

Typical gain curve 

PLANACON® 

Gain

VmaxVop

Operational Parameters
Vop = -2.7 kV
QE ∼ 20%
8x8 channels
53x53 mm2 active area

407 nm
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Test Setup

θ rotation: [0°, 20°], [0°, -20°]
φ rotation: fixed values of 0°, 90°, 180°, and 270°. 

Z (along B-field)

Y (Y’)

θ

X’
φ

Turntable: rotation 
about Y(Y’) axis Z’ (along sensor’s axis)

φ: rotation about Z’
θ: rotation about Y(Y’)

Holder: balance of 
magnetic torque

Dark Box

ch. 35
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Read-Out and Light Source

Dark	
  Tube

Trigger
Pulser

LED
407	
  nm

MCP-­‐PMT

Diffuser

PreAmp

Discriminator

Trigger	
  BoardfADC250 SyncMVME	
  

Fan	
  In/Fan	
  Out

NIM	
  to	
  ECL
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Gain Determination (Part 1) 
AD

C

Example Signal Shape

-high voltage: -2.7 kV

-B=0 T, θ=0˚, φ=0°

-narrow peak with a very 
long tail

-max. ADC value at sample 
smax = 48

- I9 = ADCi
i=smax−1

smax+7

∑

Time (a.u.)

I9

Time (a.u.)

AD
C
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Gain Determination (Part 2)

	
  E.H.	
  Bellamy	
  et	
  al.	
  Nucl.	
  Instr.	
  and	
  Meth	
  in	
  Phys	
  .	
  Res.	
  A	
  339	
  (1994)	
  468-­‐476	
  

Q = f
A
⋅Q1

G = Q
q ⋅Nphe

= f
A ⋅q

Q1

Q1 :  position of single phe peak
above the pedestal Q0

µ : average number of ph.e.
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Gain Determination (Part 3)
θ=0°, φ=0°

1600 1650 1700 1750 1800 1850 1900 1950 2000
1−10

1

10

210

310

410

510
 / ndf 2χ  35.5160 / 111

Prob   1.0000
      µ  9.3647± 0.0003 

w         0.5777± 0.8344 
    0Q  9.0663± 1712.0906 
    1Q  133.3044± 122.6873 

   α  0.0014± 0.0001 
 0σ  1.6058± 16.6657 
 1σ  88.5625± 0.1578 

Nevents   40871.2461± 211274.7188 

 / ndf 2χ  35.5160 / 111
Prob   1.0000

      µ  9.3647± 0.0003 
w         0.5777± 0.8344 

    0Q  9.0663± 1712.0906 
    1Q  133.3044± 122.6873 

   α  0.0014± 0.0001 
 0σ  1.6058± 16.6657 
 1σ  88.5625± 0.1578 

Nevents   40871.2461± 211274.7188 

-2.5 kV

• Unambiguous fits when single ph.e. peak 
is well separated from pedestal.
• Gain fits work well up to 1 T. Above 1 T, 

gain is prorated from average signal 
area.
• 19.1±0.2 fC/ADCch.

1600 1700 1800 1900 2000 2100 2200 2300 2400 2500
1−10

1

10

210

310

410

510
 / ndf 2χ  28.1083 / 299

Prob   1.0000
      µ  0.0166± 0.0727 

w         0.8572± 0.2459 
    0Q  0.5236± 1684.5497 
    1Q  2.3936± 63.7395 

   α  0.0001± 0.0000 
 0σ  0.2104± 4.7930 
 1σ  1.1173± 25.5716 

Nevents   1043809.5000± 739257.8750 

 / ndf 2χ  28.1083 / 299
Prob   1.0000

      µ  0.0166± 0.0727 
w         0.8572± 0.2459 

    0Q  0.5236± 1684.5497 
    1Q  2.3936± 63.7395 

   α  0.0001± 0.0000 
 0σ  0.2104± 4.7930 
 1σ  1.1173± 25.5716 

Nevents   1043809.5000± 739257.8750 

-2.6 kV

ADC ch

1600 1700 1800 1900 2000 2100 2200 2300 2400 2500
1−10

1

10

210

310

410

510
 / ndf 2χ  50.9135 / 499

Prob   1.0000
      µ  0.0094± 0.0522 

w         0.0016± 0.0055 
    0Q  0.3993± 1685.9630 
    1Q  4.7382± 116.7546 

   α  0.0012± 0.0063 
 0σ  0.1706± 4.6977 
 1σ  3.8034± 58.6123 

Nevents   123579.4766± 751412.3125 

 / ndf 2χ  50.9135 / 499
Prob   1.0000

      µ  0.0094± 0.0522 
w         0.0016± 0.0055 

    0Q  0.3993± 1685.9630 
    1Q  4.7382± 116.7546 

   α  0.0012± 0.0063 
 0σ  0.1706± 4.6977 
 1σ  3.8034± 58.6123 

Nevents   123579.4766± 751412.3125 

-2.7 kV

ev
en

ts
ev

en
ts

ev
en

ts
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Gain Determination (Results)
θ=0°, φ=0°

1.00E+03'

1.00E+04'

1.00E+05'

1.00E+06'

1.00E+07'

0' 0.5' 1' 1.5' 2' 2.5'

theta'='0'deg'

42.6'kV'

42.7'kV'

42.5'kV'Ga
in
 (a

.u
.)

B (T)

High Voltage Dependence
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Gain Evaluation of 10-μm Pore-Size MCP-PMT
Photonis Planacon XP85112  

0.00�

0.01 �

0.10�

1.00�

0� 0.5� 1 � 1.5� 2� 2.5�

phi=0&deg&

theta=0&deg&

theta=10&deg&

theta=20&deg&

B (T)

G B
/G

0

• Measurements 
performed at 96% 
of maximum allowed 
high voltage.
• Data
• Maximum gain at 

0.3 T.
• Bmax = 2.2 T.
• Value of Bmax 

strongly depends 
on orientation.
• The larger the 

polar angle, the 
lower Bmax. 

HV = -2.7 kV
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Gain Evaluation of 10-μm Pore-Size MCP-PMT

Photonis XP85112  
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0� 100 � 200� 300�
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G B
/G

0

φ (deg)

Azimuthal-angle dependence is 
correlated with the polar angle 
• θ = 0° - minimum at φ = 180°
• θ = 10° - minimum at φ = 270°
• θ = 20° - no characteristic 

features
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Gain Evaluation of 10-μm Pore-Size MCP-PMT

Photonis XP85112  

HV, tot. signal
cables

[2]	
  C.I.	
  Coleman,	
  Rev.	
  Sci.	
  Instrum.	
  53	
  (1982)	
  735-­‐748.	
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1600 1800 2000 2200 2400 2600 2800 3000
1−10

1

10

210

310

410

510
 / ndf 2χ  79.2013 / 508

Prob   1.0000
      µ  0.0217± 0.0873 

w         0.0011± 0.0045 
    0Q  0.4565± 1679.7509 
    1Q  4.0707± 119.2913 

   α  0.0012± 0.0059 
 0σ  0.1940± 4.5821 
 1σ  4.0385± 53.1744 

Nevents   144931.2500± 696648.5625 

 / ndf 2χ  79.2013 / 508
Prob   1.0000

      µ  0.0217± 0.0873 
w         0.0011± 0.0045 

    0Q  0.4565± 1679.7509 
    1Q  4.0707± 119.2913 

   α  0.0012± 0.0059 
 0σ  0.1940± 4.5821 
 1σ  4.0385± 53.1744 

Nevents   144931.2500± 696648.5625 

1600 1800 2000 2200 2400 2600 2800 3000
1−10

1

10

210

310

410

510
 / ndf 2χ  49.5663 / 537

Prob   1.0000
      µ  0.0235± 0.1523 

w         0.0018± 0.0010 
    0Q  0.4198± 1680.5732 
    1Q  3.6049± 170.5781 

   α  0.0132± 0.0098 
 0σ  0.1614± 4.9225 
 1σ  2.6037± 65.2204 

Nevents   70845.7188± 426958.3750 

 / ndf 2χ  49.5663 / 537
Prob   1.0000

      µ  0.0235± 0.1523 
w         0.0018± 0.0010 

    0Q  0.4198± 1680.5732 
    1Q  3.6049± 170.5781 

   α  0.0132± 0.0098 
 0σ  0.1614± 4.9225 
 1σ  2.6037± 65.2204 

Nevents   70845.7188± 426958.3750 

Gain and Efficiency Changes with θ
G = f

A ⋅q
Q1θ=0°, φ=90°, HV=-2.7 kV

µ = 0.15
Q1 = 171

0 T 0.3 T

1600 1800 2000 2200 2400 2600 2800 3000
1−10

1

10

210

310

410

510
 / ndf 2χ  49.6303 / 540

Prob   1.0000
      µ  0.0198± 0.1638 

w         0.0006± 0.0002 
    0Q  0.4048± 1679.9951 
    1Q  2.8962± 159.6182 

   α  0.0247± 0.0101 
 0σ  0.1462± 4.9535 
 1σ  1.8965± 54.4919 

Nevents   55903.0195± 395919.7500 

 / ndf 2χ  49.6303 / 540
Prob   1.0000

      µ  0.0198± 0.1638 
w         0.0006± 0.0002 

    0Q  0.4048± 1679.9951 
    1Q  2.8962± 159.6182 

   α  0.0247± 0.0101 
 0σ  0.1462± 4.9535 
 1σ  1.8965± 54.4919 

Nevents   55903.0195± 395919.7500 

0.5 T

µ = 0.16
Q1 = 160

µ = 0.09
Q1 = 119

1600 1800 2000 2200 2400 2600 2800 3000
1−10

1

10

210

310

410

510
 / ndf 2χ  37.5798 / 398

Prob   1.0000
      µ  0.0199± 0.1287 

w         0.5705± 0.4606 
    0Q  0.4945± 1679.7764 
    1Q  2.0982± 87.4278 

   α  0.0000± 0.0000 
 0σ  0.1820± 4.7022 
 1σ  1.3088± 32.9739 

Nevents   2711467.2500± 919133.8750 

 / ndf 2χ  37.5798 / 398
Prob   1.0000

      µ  0.0199± 0.1287 
w         0.5705± 0.4606 

    0Q  0.4945± 1679.7764 
    1Q  2.0982± 87.4278 

   α  0.0000± 0.0000 
 0σ  0.1820± 4.7022 
 1σ  1.3088± 32.9739 

Nevents   2711467.2500± 919133.8750 

µ = 0.13
Q1 = 87

1 T
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1600 1800 2000 2200 2400 2600 2800 3000
1−10

1

10

210

310

410

510
 / ndf 2χ  80.2809 / 675

Prob   1.0000
      µ  0.0185± 0.1002 

w         0.0011± 0.0050 
    0Q  0.3871± 1678.3303 
    1Q  3.7320± 166.9127 

   α  0.0008± 0.0034 
 0σ  0.1628± 4.7758 
 1σ  3.1814± 68.9311 

Nevents   103294.2266± 580712.3750 

 / ndf 2χ  80.2809 / 675
Prob   1.0000

      µ  0.0185± 0.1002 
w         0.0011± 0.0050 

    0Q  0.3871± 1678.3303 
    1Q  3.7320± 166.9127 

   α  0.0008± 0.0034 
 0σ  0.1628± 4.7758 
 1σ  3.1814± 68.9311 

Nevents   103294.2266± 580712.3750 

G = f
A ⋅q

Q1θ=10°, φ=90°, HV=-2.7 kV

µ = 0.10
Q1 = 167

0.3 T

1600 1800 2000 2200 2400 2600 2800 3000
1−10

1

10

210

310

410

510
 / ndf 2χ  106.7435 / 596

Prob   1.0000
      µ  0.0284± 0.1407 

w         0.0008± 0.0041 
    0Q  0.5692± 1681.1067 
    1Q  4.2295± 122.6341 

   α  0.0019± 0.0024 
 0σ  0.2107± 4.7275 
 1σ  2.9218± 46.1934 

Nevents   112082.2656± 558465.9375 

 / ndf 2χ  106.7435 / 596
Prob   1.0000

      µ  0.0284± 0.1407 
w         0.0008± 0.0041 

    0Q  0.5692± 1681.1067 
    1Q  4.2295± 122.6341 

   α  0.0019± 0.0024 
 0σ  0.2107± 4.7275 
 1σ  2.9218± 46.1934 

Nevents   112082.2656± 558465.9375 

0 T

µ = 0.14
Q1 = 123

1600 1800 2000 2200 2400 2600 2800 3000
1−10

1

10

210

310

410

510
 / ndf 2χ  77.9051 / 627

Prob   1.0000
      µ  0.0162± 0.1118 

w         0.6948± 0.4090 
    0Q  0.3660± 1678.0137 
    1Q  2.8857± 148.2672 

   α  0.0000± 0.0000 
 0σ  0.1547± 4.8290 
 1σ  1.6762± 55.1599 

Nevents   779406.2500± 846548.5625 

 / ndf 2χ  77.9051 / 627
Prob   1.0000

      µ  0.0162± 0.1118 
w         0.6948± 0.4090 

    0Q  0.3660± 1678.0137 
    1Q  2.8857± 148.2672 

   α  0.0000± 0.0000 
 0σ  0.1547± 4.8290 
 1σ  1.6762± 55.1599 

Nevents   779406.2500± 846548.5625 

0.5 T

µ = 0.11
Q1 = 148

1600 1800 2000 2200 2400 2600 2800 3000
1−10

1

10

210

310

410

510
 / ndf 2χ  31.4298 / 325

Prob   1.0000
      µ  0.0191± 0.0957 

w         0.1006± 0.0375 
    0Q  0.5019± 1679.4873 
    1Q  2.1813± 75.8556 

   α  0.0002± 0.0001 
 0σ  0.1942± 4.7904 
 1σ  1.0214± 28.7096 

Nevents   130422.3203± 569312.3125 

 / ndf 2χ  31.4298 / 325
Prob   1.0000

      µ  0.0191± 0.0957 
w         0.1006± 0.0375 

    0Q  0.5019± 1679.4873 
    1Q  2.1813± 75.8556 

   α  0.0002± 0.0001 
 0σ  0.1942± 4.7904 
 1σ  1.0214± 28.7096 

Nevents   130422.3203± 569312.3125 

µ = 0.10
Q1 = 76

1 T

Gain and Efficiency Changes with θ
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θ=20°, φ=90°, HV=-2.7 kV

1600 1800 2000 2200 2400 2600 2800 3000
1−10

1

10

210

310

410

510
 / ndf 2χ  73.2588 / 646

Prob   1.0000
      µ  0.0091± 0.0436 

w         0.0008± 0.0043 
    0Q  0.3512± 1679.6285 
    1Q  3.9870± 185.4612 

   α  0.0009± 0.0019 
 0σ  0.1712± 4.7762 
 1σ  3.2025± 81.4968 

Nevents   124541.7812± 631387.5625 

 / ndf 2χ  73.2588 / 646
Prob   1.0000

      µ  0.0091± 0.0436 
w         0.0008± 0.0043 

    0Q  0.3512± 1679.6285 
    1Q  3.9870± 185.4612 

   α  0.0009± 0.0019 
 0σ  0.1712± 4.7762 
 1σ  3.2025± 81.4968 

Nevents   124541.7812± 631387.5625 

µ = 0.044
Q1 = 185

0.3 T

1600 1800 2000 2200 2400 2600 2800 3000
1−10

1

10

210

310

410

510
 / ndf 2χ  85.1343 / 550

Prob   1.0000
      µ  0.0193± 0.0888 

w         0.0029± 0.0084 
    0Q  0.4967± 1679.9231 
    1Q  5.2356± 113.9707 

   α  0.0015± 0.0072 
 0σ  0.2024± 4.4926 
 1σ  5.6899± 56.5899 

Nevents   141409.1406± 729430.8750 

 / ndf 2χ  85.1343 / 550
Prob   1.0000

      µ  0.0193± 0.0888 
w         0.0029± 0.0084 

    0Q  0.4967± 1679.9231 
    1Q  5.2356± 113.9707 

   α  0.0015± 0.0072 
 0σ  0.2024± 4.4926 
 1σ  5.6899± 56.5899 

Nevents   141409.1406± 729430.8750 

0 T

µ = 0.09
Q1 = 114

1600 1800 2000 2200 2400 2600 2800 3000
1−10

1

10

210

310

410

510
 / ndf 2χ  16.4860 / 222

Prob   1.0000
      µ  0.0084± 0.0370 

w         0.0173± 0.0126 
    0Q  0.4574± 1680.6909 
    1Q  2.0641± 59.2346 

   α  0.0003± 0.0003 
 0σ  0.1930± 4.6155 
 1σ  0.9923± 26.1680 

Nevents   131829.8438± 635319.2500 

 / ndf 2χ  16.4860 / 222
Prob   1.0000

      µ  0.0084± 0.0370 
w         0.0173± 0.0126 

    0Q  0.4574± 1680.6909 
    1Q  2.0641± 59.2346 

   α  0.0003± 0.0003 
 0σ  0.1930± 4.6155 
 1σ  0.9923± 26.1680 

Nevents   131829.8438± 635319.2500 

µ = 0.037
Q1 = 59

1 T

G = f
A ⋅q

Q1

1600 1800 2000 2200 2400 2600 2800 3000
1−10

1

10

210

310

410

510
 / ndf 2χ  68.0618 / 552

Prob   1.0000
      µ  0.0065± 0.0374 

w         0.0028± 0.0425 
    0Q  0.3304± 1679.7278 
    1Q  2.9883± 156.6962 

   α  0.0000± 0.0001 
 0σ  0.1649± 4.7523 
 1σ  2.1913± 66.0413 

Nevents   123451.7500± 732161.3125 

 / ndf 2χ  68.0618 / 552
Prob   1.0000

      µ  0.0065± 0.0374 
w         0.0028± 0.0425 

    0Q  0.3304± 1679.7278 
    1Q  2.9883± 156.6962 

   α  0.0000± 0.0001 
 0σ  0.1649± 4.7523 
 1σ  2.1913± 66.0413 

Nevents   123451.7500± 732161.3125 

µ = 0.037
Q1 = 157

0.5 T

Gain and Efficiency Changes with θ
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HV=-2.7 kV
Gain and Efficiency Changes with θ
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0"

0.5"

1"

1.5"
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10"deg,"mu"

0"

0.5"

1"

1.5"

2"
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20"deg,"Gain"

20"deg,"mu"

GB/G0

μB/μ0

μB/μ0

GB/G0

μB/μ0

GB/G0

θ=0° θ=10°

θ=20° P(n) = µne−µ

n!
;  P(0) = e−µ =

Nped

Ntrig

P(1) = µe−µ

1!
=
N1phe

Ntrig

;  

µ = P(1)
P(0)

=
N1phe

N ped

.
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The End
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fADC Calibration 

Charge	
  Generator	
  	
  PS7120
Q(t)

fADC250
ADCch

Q = 1
R

V (t)dt∫

ADCch

Q
 (
pC

)

Q (pC) = (−0.4 ±1.2)+(0.0191± 0.0002) ⋅ADCch

19.1± 0.2 fC/ADCch
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