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ANCIENT HISTORY  
OF EMISSION DETECTORS 
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1969-70 MEPhI:     Two-phase emission detection principle  
 
 

Boris Dolgoshein Boris Rodionov Vadim Lebedenko 

Hutchinson G. W. (1948). Ionization in liquid and solid argon,  Nature, 162, pp. 610-611. 

Долгошеин Б.А., Лебеденко В.Н. и Родионов Б.У. Новый метод регистрации треков ионизирующих частиц в конденсированном веществе, 
Письма в ЖЭТФ, 1970, т.11, стр. 351-353.  
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1970-73  MEPhI:     LAr Emission Spark Chamber 
 

 

B.A. Dolgoshein, V.N. Lebedenko, B.U. Rodionov. JETP Lett. 11 (1970)513-516 
 
B.A. Dolgoshein, A.A. Kruglov, V.N. Lebedenko, V.P. Miroshnichenko, B.U. Rodionov. 
Physics of Elementary Particles and Atomic Nuclei  (in Russian) 4(1973)167-186  
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1977-1979 MEPhI-ITEP:    SKr  emission streamer chamber 
 
 

Bolozdynya, A. I., Egorov, O. K., Miroshnichenko, V. P., Rodinov, B. U. and Shuvalova, 
E. N. (1980). A new possibility to search for low-ionizing particles, Elementarnye 
Chastitsy i Kosmicheskie Luchi, 5, Moscow: Atomizdat, pp. 65-72 (in Russian).  

Bolozdynya, A.I.; Egorov, O.K.; Korshunov, A.A., Sokolov, L.I., Miroshnichenko, V.P., 
and Rodionov, B.U. (1977). The first observations of particle tracks in condesed matter 
obtained by the emission method, Pis’ma Zhurnal Eksp. Teor. Fiz., 25, pp. 401-404 (in 
Russian).  
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1982-1985 MEPhI-ITEP:    2D SXe emission gamma camera  
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5 Egorov, V. V., Miroshnichenko, V. P., Rodionov, B. U., Bolozdynya, A. I., Kalashnikov, S. D. 
and Krivoshein, V. L. Electroluminescence emission gamma-camera, Nucl. Instrum. Meth. 
1983, v.205, pp. 373-374. 
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1994-95 MEPhI-ITEP-SIEMENS:    3D HPXe gamma camera 
 
 

Bolozdynya A., Egorov V., Koutchenokov A., Safronov G., Smirnov G., Medved S. and Morgunov V. A high pressure xenon self-triggered 
scintillation drift chamber with 3D sensitivity in the range of 20–140 keV deposited energy, Nucl. Instrum. Meth. A, 1997, v.385, pp. 225-238. 
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Bolozdynya, Egorov, Miroshnichenko, Rodionov.IEEE Trans. Nucl. Sci. v.42, n.4 (1995) 565-569  

•  sensitive to single electrons 

•  two signals: Sc&EL or S1 & S2 

•  self-shielding 

•  massive 

•  can be used to search for rare 
and low-ionization signals 

1995 MEPhI-ITEP:       Idea of the “wall-less” detector 
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MODERN HISTORY  
OF EMISSION DETECTORS 
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Searching for WIMPs 
 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNiauozUsMgCFcEHLAodn9cJPg&url=http://www.hep.ucl.ac.uk/darkMatter/&bvm=bv.104615367,d.bGg&psig=AFQjCNErlpQMvLQw--5yvITl2752wQyNKA&ust=1444317430881689�
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Direct detection 
 



13 

Two-phase LXe approach 
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Real signals from XENON10 LXe emission detector 
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Self-shielding effect 



2003-2016     G1  LXe emission WIMP detectors 
 
 

XENON10 

 
 

ZEPLIN II  

 
 

ZEPLIN III 

 
 

LUX 

 
 

XENON100 

 
PandaX-I 

 
PandaX-II 

 

http://pandax.physics.sjtu.edu.cn/wp-content/uploads/2012/01/pandax-tpc.png�
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From G1 to G3 



2015-2025     G2 generation experiment LZ (LUX/ZEPLIN)  
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NEW GENERATION OF 
NEUTRINO DETECTORS  



θ
ν,k

ν,k’

q

Neutral current

+

+
+

+

θ
ν,k

ν,k’

q

Neutral current

+

+
+

+ +

+
+

+

24 

10-44

10-43

10-42

10-41

10-40

10-39

0 2 4 6 8 10

C
ro

ss
 S

ec
tio

n 
[c

m
2 ]

Neutrino Energy [MeV]

Elastic Scattering off Ar

Proton Inverse Beta Decay
22244

22
2

elastic

)MeV(cm104.0
4

ν

νπ
σ

EA

ENGF

−×≈

=

A
EE )MeV(eV716

2

recoil
ν=><

nep e +→+ +ν

Large cross-section 

Small recoil energies 

Coherent neutrino scattering off heavy nuclei 

 



25 25 25 IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 50, NO. 5, OCTOBER 2003 
P. S. Barbeau, J. I. Collar, J. Miyamoto, and I. Shipsey 

Recoil spectra from reactor e-antineutrino 
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LN2 
Dewar 

Thermo 
syphon 

Gas 
system 

Xenon 
storage 

Slow 
Control 

RED-100 
Detector 
interface 

RED-100 setup 

DAQ 

Выступающий
Заметки для презентации
… shown on this slide. 
You can see also the infrastructure of the detector:
thermo syphon cooling system with liquid nitrogen vessel, thermo control rack, Xenon storage system containing ~250 kg of xenon, gas purification system, and detector interface.



27 

Устройство детектора РЭД-100:  
 
1 – внешний (тёплый) сосуд криостата,  
2 – внутренний (холодный) сосуд криостата,  
3 – верхняя матрица из девятнадцати ФЭУ типа 
HAMAMATSU R11410-20,  
4 – сетчатый анод и вытягивающая сетка,  
5 – рабочий объем, окруженный тефлоновым 
отражателем со встроенными полезадающими 
электродами,  
6 – сетчатый катод,  
7 – нижняя матрица из девятнадцати ФЭУ,  
8 – нижний центральный теплосъемник с 
термосифоном,  
9 – медная обойма для нижней матрицы ФЭУ,  
10 – медный кожух холодного сосуда криостата,  
11 – один из двух боковых теплосъемников с 
термосифонами,  
12 – медная обойма верхней матрицы ФЭУ,  
13 – гибкий тепловой мост,  
14 – верхний центральный теплосъемник с медным 
диском, на котором конденсируется ксенон,  
15 – теплоизолирующий подвес на основе материала 
Vespel,  
16 – сильфонная тепловая развязка на трубопроводе 
для вывода кабелей.  

 
50 cm 



28 1 GΩ resistor 

Выступающий
Заметки для презентации
The detector assembling is rapidly going in MEPhI.
On these photos you can see assembling of the bottom copper PMT massive holders, meshes and field shaping cage. All this together with the top PMT array will be installed in a titanium cryostat …





Калининская АЭС как место постановки эксперимента 
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http://www.itep.ru/rus/Experiments/GEMMA/ 

КАЭС/ Блок 3:  3 ГВт 



Варианты пассивной защиты для РЭД-100 

10 ÷ 15 cm Pb + 15 cm H2O 
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Simulations of a single electron noise in RED-100 at 100 (A) 
and 10 (B) Hz in comparison to the effect (C) 

D.Yu. Akimov et al. / Physics Procedia 74 ( 2015 ) 423 – 430 
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Simulations of radioactive background (A), cosmogenic neutrons (B) and effect (C) 

D.Yu. Akimov et al. / Physics Procedia 74 ( 2015 ) 423 – 430 
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D.Yu. Akimov et al. / Physics Procedia 74 ( 2015 ) 423 – 430 D.Yu. Akimov et al. / Physics Procedia 74 ( 2015 ) 423 – 430 



35 Neutrino Spectra from fusions 

Monitoring nuclear reactors 
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Conclusion 
1. Two-phase emission detectors originally proposed at MEPhI is the 

most promising technology to search for low-ionization and rare events 

 

2. LXe emission detectors of G2 generation shall either unambiguously 
detect WIMPs or rule out all current theoretical predictions for WIMP 
existence 

 

3. LXe detector of the G3 generation will be used for multiple purposes 
including detection of double beta neutrinoless decay and Solar 
neutrinos. 

 

4. RED-100 LXe detector can be used for the first observation of the 
coherent neutrino scattering in 2018-2019 
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