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More than 40 years ago beginning of works on deep underwater high energy neutrino telescope 

projects (DUMAND and Baikal) inspired development of new photon detectors: large area 

photomultipliers (PMTs), multi small PMT optical modules, small PMTs equipped with 

wavelength shifting plates and rods and even small area solid state photon detectors for such 

kind application. Now days we witness rebirth of the multi small PMT approach and it started to 

compete quite successfully with a single large area photon detector approach. The latter have 

been reigning supreme for almost half century. But recent developments of astroparticle physics 

experiments demonstrated good competiveness of the “multi small PMTs” idea. Several projects 

of astroparticle physics experiments may serve as good examples, Km3NET project and coming 

JUNO experiment among them. We present pros and cons of both approaches.          
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1. Introduction 

 

Vacuum photoelectron multipliers are the most widely used photodetectors in large-scale 

experiments in high energy physics and astroparticle physics, see [1] and all references therein. 

They play particular role in neutrino physics. Practically in all neutrino experiments vacuum 

photomultipliers are basic detecting elements. Presently an overwhelming number of large-scale 

neutrino experiments exploit large area photomultipliers. Despite the fact that for the last ten 

years possibilities to use a big number of small photomultipliers instead of a single large area 

photomultiplier are actively discussed, like in KM3NeT/ORCA [2] and PINGU [3], vacuum 

photomultipliers with large sensitive area are still the most demanded photodetectors for large-

scale neutrino experiments.  

Getting rapid development for the last two decades silicon photomultipliers (SiPM) can 

not presently compete seriously for such kind of applications, first of all, due to their miniature 

sizes and high level of dark current counting rate.  

Recently to get high energy resolution a double calorimetry approach is being developed 

like in JUNO experiment [4, 5]. In this approach small 3-inch photomultipliers are used along 

with large area 20-inch photomultipliers. The central detector of the JUNO experiment is 

viewed by approximately 18 thousands 20-inch photomultipliers and 25 thousands small 3-inch 

photomultipliers.    

Presently high sensitive large area photomultipliers with hemispherical photocathodes not 

less than 20 cm (8 inch) in diameter are produced by only four manufacturers around the world 

– Hamamatsu Photonics (Japan), ET Enterprises Ltd. (UK), NNVT (China) and HZC Photonics 

(China).    

Of course, 20 cm size border for large area photomultipliers is just a convention accepted 

by a community. In the following sections we will review existing large area photomultipliers so 

far. 

 

2. 8-inch photomultipliers.  

 

1. R5912 series of PMTs.  

This series has a famous predecessor – R1408, also 8-inch PMT which was used in a 

number of great neutrino experiments like IMB (IBM-3) [6] (registration of neutrino signal 

form supernovae SN1987A), MACRO [7], and SNO [8]. It is interesting that old R1408 PMTs 

from SNO are being planned to be used still in SNO+ experiment [9].  

R5912 was used in MILAGRO [10] and Daya Bay [11]. Now it is used in HAWC [12] and 

Super-Kamiokande (in muon veto part) [13], TAIGA experiment [14], LHAASO experiment 

[15] etc.   

This PMT has 19 cm in diameter photocathode effective area. Photocathode (bilakali 

K2CsSb) sensitivity region spans from 300 nm to 650 nm. Maximum of photocathode sensitivity 

is at 370-80 nm where its value reaches 28-30%. Mean value of photocathode quantum 

efficiency is ~25%. A modification of this PMT R5912-100 is equipped with super bialkali 
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photocathode with quantum efficiency at sensitivity maximum is more than 35%. There are 

samples of this PMT with quantum efficiency exceeding 40%.  

 

2. ETL9350 series produced by ET Enterprises.   

PMTs from this series were used and still being used in such famous experiments like 

MACRO, SNO, Borexino [16], GERDA [17], Tunka-133 [18], Neutrino-4 [19] etc. 

Effective area of bilakali photocathode has diameter of 22 cm. Sensitivity region is 300-

650 nm. This series of PMTs exploits two types of bialkali photocathodes – K2CsSb and 

Rb2CsSb. The latter has more sensitivity in green region in comparison with the former one. So, 

sometimes the Rb2CsSb photocathode is called like “green-extended” photocathode. Maximum 

of photocathode sensitivity reaching at 360-380 nm is 28%, but direct measurements show 

usually lower value no more than 25%.  

3. There is a new development of Hamamatsu 8-inch PMT – R14688-100 with less than 1 ns 

(FWHM) time resolution (TTS) [40].  

3. 10-inch photomultipliers  

 

Photomultipliers of this size are presented by only one type of PMTs - series of R7081. 

This PMT became a real “working horse” of contemporary large-scale neutrino physics 

experiments. It is used in a great variety experiments in cosmic ray physics and ground based 

gamma-astronomy (Ice-TOP [20], TAIGA-HiSCORE [21], etc), reactor neutrino experiments 

(Double Chooz [22], RENO [23], STEREO [24], etc.) and neutrino telescopes (IceCUBE [25], 

ANTARES [26], GVD [27], etc.), new liquid scintillator experiments like LBNT (Large Baksan 

Neutrino Telescope) [28]. The PMT has a glass bulb with a specially designed shape to get more 

uniform time and amplitude response. So, for that reason the working area of photocathode is 

noticeably less than the outer size of glass bulb 22 cm or even less and 25 cm correspondingly. 

The series includes PMTs with ordinary bialkali photocathode (R7081, R7081-10 and R7081-

20) with maximum quantum efficiency of 25-30% and super bilakali one (R7081-100) with 

maximum quantum efficiency of more than 35%. There are samples of R7081-100 with 

quantum efficiency more than 40%.  

 

4. 20-inch photomultipliers  

 

1. R12860 series of PMTs produced by Hamamatsu Photonics. This series has its famous 

predecessors R1449 and R3600 used in KAMIOKANDE [29] and Super-KAMIOKANDE [30] 

experiments respectively. R7250 17-inch PMT used successfully in KamLAND [31] experiment 

relates also directly to those series of PMTs because it utilizes the same 20-inch glass bulb. It 

should be noted that R7250 PMT continue to be successfully used in KamLAND-Zen [32] 

experiment. 

The PMTs of these series are equipped with conventional bilakali phptocathode. The 

effective area of photocathode is 43-46 cm and 38 cm for R12860 and R7250 respectively. 

Quantum efficiency maximum of 25-30% is reached at 360-400 nm. In contrary to R1449 and 

R3600 series exploiting obsolete venetian-blind dynode system, R12860 PMTs were undergone 

a deep modernization of dynode system and electron optics to get higher collection and photon 
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detection efficiencies. The glass envelope of PMTs was modified too mostly increasing 

curvatures radii to get more resistive to hydrostatic pressure. 

5000 R12860 PMTs will be used in JUNO experiment. This PMT is a good candidate for 

use in Hyper-KAMIOKANDE [33] experiment. 

2. Large area MCP-PMT. 

This MCP-PMT is a large area hybrid photomultiplier using micro-channel plates for 

photoelectron multiplication. It has a bilakali high quantum efficiency hemispherical 

photocathode 50 cm in diameter. Maximum of quantum efficiency is more than 33-35% and 

reached at 380-400 nm. 18000 MCP-PMTs will be used in JUNO experiment [4, 5]. 

 

5. 9-inch, 11-inch and 12-inch photomultipliers  

 

There are very interesting developments of 11-inch (R11780, Hamamatsu) and 12-inch 

(ETL D784UKLFB, ET Enterprises) photomultipliers. Their glass bulbs were developed to 

withstand higher hydrostatic pressure up to 11-12 atm. ETL D784UKLFB PMT is available now 

in its low gain version ET9352K. This PMT was already used in pilot samples of optical 

modules of TAIGA-HiSCORE [21] experiment. 

9-inch XP1805 and 11-inch XP1807 were developed by Photonis, France in 2000s. Later 

their production was revived by HZC Photonics in China.    

6. Small size 3-inch photomultipliers  

 

Relatively recently it has been getting more and more popular an approach to replace one 

single large area photomultiplier by many small area photomultipliers. In this approach one 

optical module consists of several dozens of 3-inch photomultipliers. Presently it is so called 

“Multi-PMTs OM” [35] approach. It should be noted that the approach was discussed actively 

in the 1970s during first deep underwater neutrino telescope development (see [36, 37] and all 

references therein). Esso Flickt revived this approach in 2001 [36, 37]. 

This approach has undoubtedly its advantages and disadvantages. There are a number of 

candidates of 3-inch photomultipliers to be used for such kind of application - R14374 produced 

by Hamamatsu Photonics, XP72B22 from HZC Photonics and “PMT-Sphere” developed by 

MELZ FEU among them. Using many small PMTs instead of a single large area PMT is based 

on proposition that repetitiveness of small PMTs parameters in mass production is as high as in 

semiconductor industry. Unfortunately it is not the case with mass production of vacuum 

photomultipliers where share of hand work is still rather high. Moreover, so far there are no 

proves of a longterm stability and robustness of “multi small PMTs” approach.  

On the other hand there is a “double calorimetry” strategy being implemented in JUNO 

experiment [4, 5] where a great number (~ 25 thousands) of 3-inch PMTs will be used along 

with large area 20-inch PMTs in order to get high energy resolution of the whole experiment.  
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7. Large Area Picosecond Photodetector 

 

For the last decade a LAPPD (Large Area Picosecond Photodetector) [38] was developed. 

LAPPD is a hybrid phototube with flat photocathode and MCP as photoelectron multiplier. 

LAPPD utilizes proximity focusing system allowing very fast time resolution and timing. So far 

the largest area reached is 350 cm
2
 [39]. Flat bialkali photocathode has maximum sensitivity 

~25%. The idea is to cover large area by LAPPDs. But, to use LAPPDs in large-scale 

astroparticle physics experiments, in deep underwater neutrino telescopes in particular, is rather 

dubious due mostly to flat geometry, with technological problems to produce high sensitive 

photocathodes in such a geometry etc.  

8. Conclusion. 

 

We reviewed large and small area photomultipliers used or to be used in large-scale 

experiments in astroparticle physics. One can conclude that it is quite possible that large and 

small area photomultipliers will go together hand in hand forming a kind of “symbiosis” for 

sake of higher sensitive large-scale experiments of the next generation in astroparticle physics, 

in neutrino physics in particular 
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