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PMT options
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๏R11410-21/22, 3'' diameter ๏R12699-406-M4, 2'' square



PMT main parameters
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Table provided by Hamamatsu, for internal use only



R11410 PMTs
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๏Baseline photosensor for XLZD: design book arXiv:2410.17137 

๏Efforts to reduce their overall activity (e.g., reduce radioactivity of the stems)

https://arxiv.org/abs/2410.17137


Motivation

5

XLZD double beta decay study, Journal of Physics G, 2025

๏TPC PMTs and cryostat dominate the materials background contribution 

๏Especially relevant for the -decay search0νββ

Sensitivity estimate for XLZD (60 t active)



Motivation
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Eur. Phys. J. C 75, 546 (2015)

๏The main 238U, 226Ra, 228Ra, 228Th, 40K contributions: from the stems 



R11410 PMT stems
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๏Several versions screened with Gator at LNGS 

๏Low-activity glass stems 

๏Refined metal stems with glas beads 

๏XENONnT stems (2015)

Low-activity glass stems Refined metal stems Geant4 model



R11410 PMT stems
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๏Several versions screened with Gator at LNGS 

๏Low-activity glass stems (67.8 d) 

๏Refined metal stems (42.2 d) 

๏XENONnT stems (2015)

Low-activity 
glass stems

Refined 
metal stems

Analysis by Alex Bismark, UZH



R11410 PMT stems
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Low-activity 
glass stems

Refined 
metal stems

A [mBq/stem] 238U 226Ra 228Ra 228Th 235U 60Co 40K 137Cs

Refined metal 
stems <6.01 <0.18 <0.35 <0.28 <5.05 0.08(2) 0.9(3) <0.06

Glass stems <4.81 1.11(7) 0.27(8) <0.45 <6.3 <0.09 1.6(3) <0.08

XENOnT stems <18.4 1.0(3) <0.81 <0.79 0.46(11) 0.34(5) 1.9(6) <0.40

๏Several versions screened with Gator at LNGS 

๏Low-activity glass stems (67.8 d) 

๏Refined metal stems (42.2 d) 

๏XENONnT stems (2015)

Analysis by Alex Bismark, UZH



New R11410* PMT units
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๏Screened with Gator at LNGS 

๏Eight units placed in 2 PTFE holders;  67 days (after data cleaning) 

๏Sixteen units placed in 4 PTFE holders; 30.7 days  (run ongoing) 

๏Background run with PTFE holders: 57.5 days

Eight units 
Sixteen units 

Francesco 
Piastra, UZH*R17317



New R11410* PMT units
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MC simulations Sensitivity versus time

๏Screened with Gator at LNGS 

๏Eight units placed in 2 PTFE holders;  67 days (after data cleaning) 

๏Sixteen units placed in 4 PTFE holders; 30.7 days (run ongoing)  

๏Background run with PTFE holders: 57.5 days

MC + analysis by Alex Bismark, UZH



New R11410* PMT units
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๏Screened with Gator at LNGS 

๏Eight units placed in 2 PTFE holders;  67 days (after data cleaning) 

๏Sixteen units placed in 4 PTFE holders; 30.7 days (run ongoing)  

๏Background run with PTFE holders: 57.5 days

Analysis by Alex Bismark, UZH



New R11410* PMT units
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๏Screened with Gator at LNGS 

๏Eight units placed in 2 PTFE holders;  67 days (after data cleaning) 

๏Sixteen units placed in 4 PTFE holders; 30.7 days (run ongoing)  

๏XENONnT PMTs (180 units, see EPJ-C 82, 2022)

A [mBq/PMT] 238U 226Ra 228Ra 228Th 235U 60Co 40K 137Cs

8 Units <11.0 <0.40 <0.50 <0.37 <0.31 0.31±0.04 11.8±1.4 <0.19

16 Units <6.0 <0.21 <0.42 <0.24 0.14±0.06 0.33±0.04 11.1±1.4 0.09±0.03

XENONnT PMTs 9±2 0.47±0.02 0.47±0.07 0.46±0.02 0.4±0.1 1.05±0.03 14.2±0.5 <0.14

Preliminary results from 30.7 daysAnalysis by Alex Bismark, UZH



Nomenclature and further steps
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๏PMT with metal stem with glass beads: new name R17317 

๏Further planned reduction in radioactivity 

๏Photocathode with highly pure K used for XMASS (R13111) 

๏Glass beads with low-radioactivity glass used for XMASS (R13111) 

๏Material provided by XMASS when R13111 were produced

R11410-21 and R17317 R11410-21 and R17317

See 2020 JINST 15 P09027

R13111



๏ Most of the 40K in R10789 comes from the photocathode material 
๏ Chemicals used to make photocathode material contain potassium, which 

contains 40K with a natural abundance of 117 ppm 
๏  39K enriched material was used to make the photocathode 
๏  40K in a material reduced to ~1/100

39K-rich Photocathode
15



๏ High purity reagents were obtained from Kojundo Chemical Laboratory Ltd. 
๏ The milling process uses ceramic tools (ceramic balls and a ceramic pot).  We provide high 

purity ceramic materials for them.

A [mBq/PMT] 238U 226Ra 228Ra 228Th 235U 60Co 40K 137Cs

R17317 0.25(4) 0.34(1) 0.015(3) 0.015(2) <0.9x10-3 0.65(2)

R13111 <0.055 <0.011 <0.01 <0.0074 <1.5x10-3 0.13(5)

Glass 　0.765 g/PMT       HPGe measurement @ Kamioka

K. Abe et al. 2020 JINST 15 P09027

Glass beads used for Stem



Production of 3'' PMTs
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๏Lead time: 9 months ARO 

๏then, 50 PMTs per month 

๏if we aim for 2500 units (this includes contingency, 2364 in the DB): 

๏ 58 months ~ 4.8 years 

๏Lead time does not include screening of materials (+ 1 year?)

๏Assume we place the orders in early 2027 

๏production would start late 2027 (9 months ARO) 

๏2027 + 6 years!  

๏this scenario assumes we do not reuse LZ and nT PMTs

๏  Visit  Hamamatsu November  2024 (Laura,  Masaki, Masatoshi, Shingo) 
๏Discussion on 3’’ PMT, 2’’ square PMT, SiPM 
๏  Hamamatsu agreed to use R13111 technologies for XLZD



The 2'' square PMT
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๏Characterisation in LXe (MarmotX) and in a 2-phase TPC (Xams) 

๏2506.04844: UZH and Nikhef  (Alex, Maxi, Marijke) 

๏screening with Gator (Alex) 

๏Leakage issue around the pins (Hamamatsu aims to solve within 2025)

https://arxiv.org/abs/2506.04844


The 2'' square PMT
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๏Long-term gain stability measurements in MarmotX

2506.04844

https://arxiv.org/abs/2506.04844


The 2'' square PMT
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๏Comparison with the 3'' unit

2506.04844

https://arxiv.org/abs/2506.04844


The 2'' square PMT
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๏Screening results

2506.04844

https://arxiv.org/abs/2506.04844


Production of 2'' PMTs
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๏Lead time: 5 months ARO 

๏then, 70 PMTs per month 

๏if we aim for 3750 units (this includes contingency, xxxx needed): 

๏ 58 months ~ 4.8 years 

๏Lead time does not include screening of materials

๏Mixed option: 3-inch PMTs bottom, 2-inch PMTs top 

๏production can proceed in parallel, as production lines are different 

๏we would likely gain ~ two years



๏ LXe test of the 16 units with new stems: where, when? 

๏Can we reuse LZ and nT PMTs (but higher radioactivity)? We need detailed MC 
studies (and also see how many good PMTs are left after 2028) 

๏Quartz fluorescence backgrounds? (arXiv:2505.08067) 
 
→ Comparison of fluorescence properties for different grades of quartz glass is 
ongoing 

๏Base design: compare LZ, XENONnT designs, decide on any required 
improvements (linearity, radioactivity, etc) 

๏See also talk by Alessandro Razeto (re: cold electronics) 

๏Cables, connectors 

๏Support structures

Other considerations

https://arxiv.org/abs/2505.08067


SiPMs: Dark Count

๏ Managed to decrease DCR of VUV4 SiPMs by a factor of 5 - 8 

๏ Reached DCR of O(0.01) Hz/mm2 
→ Hamamatsu is currently developing new SiPMs (“VUV5”) with further reduced DCR

๏At LXe T: huge DC rate is mainly due to the band-to-band tunnelling effect 

๏ Developed VUV SiPMs with decreased avalanche electric field to suppress the 
tunnelling effect

SiPM VUV 4 New VUV SiPM

Operation 
Voltage

40-50 V 80-100 V

Active Area 3×3 mm2

Number of 
pixels

14400	 6400

Pixel size 50×50 µm2 100×100 µm2

Fill factor 58% 74% >> 74 % 

24



SiPMs: PDE & RI

๏ Reducing DCR worsens PDE; can be compensated for with optimised fill factor 
　→ New SiPMs: PDE > 30% depending on over-voltage

๏Concerning RI: Hamamatsu currently develops new VUV SiPMs with TSV chips 
→ No ceramic packaging 

Confidential

๏VUV5 = “lower DCR” + “better PDE” + “lower RI”



The end
Hamamatsu visit, November 2024



Additional slides



3'' PMT screening
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16 PMTs



3'' PMT screening
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16 PMTs



3'' PMT screening
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16 PMTs



10Single-Photon Responses

OV=5V, 50 µm

New
VUV4

New
VUV4

OV=5V, 50 µm

New
New

50 µm

VUV4_1
VUV4_2

New_1

New_2

New

VUV4

Over-
voltage

VUV-4 
50 µm

New 
50 µm

New 
100 µm

breakdown voltage  
@ 165 K [V]


44.4 83.4 84.4

 
 

1pe Gain 
[×106]

3 V 1.0 0.6 1.6

5 V 1.7 1.0 2.6

7 V 2.4 1.4 3.6

Changes w.r.t. the original SiPM

•No significant changes in waveform shapes


•Breakdown voltage increased by 40 V


•1PE gain becomes smaller at the same OVs, but 
it still has ~106 gain



13Cross-talk Probability

50 µm

New (50 µm)

•As expected, cross-talk probability for VUV4 and new SiPMs is almost the same at the same 1PE gain.


•SiPM with a100 um pixel has a smaller cross-talk probability because it has a larger active area (smaller chance for 
infrared photons to propagate to nearby SPADs.)


•No significant temperature dependence was observed.


Optical Cross-talk in SiPMs


•  Optical cross-talk

–  Probability for photons to trigger neighboring cells
–  Few 10s of photons emitted during primary avalanche
–  Results in artificial increase in signal (one incident photon registers as two (or more) 

avalanches)
–  Contributes to excess noise factor
–  Can be significant and problematic in some applications

•  Objective: to learn about cross-talk probability from light emission in SiPMs

IEEE       November 12, 2018 Derek Strom        MPI für Physik 4

2 neighboring SPADs

              ~10 - 100 um

VUV4
New
VUV4
 New

New_1  (50um)

New_2  (50um)

New_1  (100um)

New_2  (100um)

Fig. From D.Strom

50 vs 100 µm



14Afterpulse Probability

Afterpulse probability in this study 
is defined by N(AP) / N(1pe)

•AP probability for new SiPMs is smaller at the 
same 1PE gain, probably due to smaller dope 
concentration.


•100 μm pixel has a bit smaller AP probability


•No significant temperature dependence was 
observed.

50 µm

VUV4
New
VUV4
 New

New_1  (50um)

New_2  (50um)

New_1  (100um)

New_2  (100um)

1pe AP

AP

1pe
2pe

N(AP) N(1pe)




