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ANCIENT HISTORY
OF EMISSION DETECTORS
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1969-70 MEPhI: Two-phase emission detection principle
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Boris Dolgoshein  Boris Rodionov ~ Vadim Lebedenko

HonrowewnH B.A., JlebegeHko B.H. n PognoHoB B.Y. HoBbI MeTog, perncTpaumm TPEKOB MOHU3NPYIOLLMX YacTuL, B KOHOEHCUPOBAHHOM BeELLECTBE,
Mucbma B XKITP, 1970, 1.11, cTp. 351-353.

Hutchinson G. W. (1948). lonization in liquid and solid argon, Nature, 162, pp. 610-611. 3



1970-73 MEPHhI: LAr Emission Spark Chamber
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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 4
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Electron emission from nonpolar dielectrics
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1977-1979 MEPhQI-ITEP: SKr emission streamer chamber
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Bolozdynya, A.l.; 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).

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).
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1982-1985 MEPhII-ITEP: 2D SXe emission gamma camera

SKr
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‘ 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
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Bolozdynya A., Egorov V., Koutchenokov A., Safronov G., Smirnov G., Medved S. and Morgunov V. A high pressure xenon self-triggered 8
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.



1995 MEPhQI-ITEP: ldea of the “wall-less” detector
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wall-less detector for measurements of magnetic momentum
nentrino.

Bolozdynya, Egorov, Miroshnichenko, Rodionov.IEEE Trans. Nucl. Sci. v.42, n.4 (1995) 565-569
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OF EMISSION DETECTORS
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Searching for WIMPs

Electron Recoil
{gammas)

1. Direct detection (scattering XS)

Nuclear Recoil

* Nuclear (atomic) recoils from elastic scattering B rec
¢ (annual modulation, directionality, A- & J-dependence) ~
* Galactic DM at the Sun’s position — our DM! i

* Mass measurement (if not too heavy)

direct 2. Indirect detection (decay, annihilation XS)
-

* High-energy cosmic-rays, y-rays, neutrinos, etc.
e Over-dense regions, annihilation signal o« n?
e Challenging backgrounds

production
indirect

3. Accelerator searches (production XS)
¢ Missing transverse energy, monojets, etc.
* Good place to look for particles...

* Mass measurement poor, at least initially
* Can it establish that new particle is the DM?
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Direct detection

Germanium

Saphire

Tellurium Di-oxide

Xenon

Calcium Tungstate

Argon

Cadmium Telluride

Sodium lodide

Cesium lodide m+M,6

And more Onudem - mi(A +mn)2 A Omwfeon

The interaction produces ionization and/or phonons or
and/or Scintillation light, even noise pulses.
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Two-phase LXe approach
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Real signals from XENON10 LXe emission detector

4 keVee event; S1: 8 p.e => 2 p.e./keV

Hit pattern of top PMTs
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Depth [cm]
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Self-shielding effect
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2003-2016 G1 LXe emission WIMP detectors
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WIMP-nucleon cross section [zb]
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From G1 to G3

18
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2015-2025 G2 generation experiment LZ (LUX/ZEPLIN)

Instrumentation conduits ~_

Water tank

Gadolinium-loaded
liquid scintillator veto

High voltage
feedthrough

Liquid xenon
heat exchanger

7 tonne liquid xenon

lime-projection chamber 488 photomultiplier tubes (PMTs)

Additional 180 xenon “skin” PMTs 19
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) Electron Hecoil Backgrounds in LZ Nuclear Recoil Backgrounds in LZ
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WIMP—nucleon cross section [cm?
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A Conceptual Design for G3 Liquid Xe Experiment
for DM and Neutrino Physics (R&D, 2016-2021)

¢ Large target mass: 30 T LXe target
Shield LXe in/out Anode
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NEW GENERATION OF
NEUTRINO DETECTORS



Coherent neutrino scattering off heavy nuclel
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Recoil spectra from reactor e-antineutrino
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Detector
interface

‘ # RED-100 m
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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.


Yctpouncteo getektopa P3[4-100:

1 — BHeLHW (TENMbIA) cocyq KpnocTarta,

2 — BHYTPEHHUI (XONO4HbIN) cocyq KpuocTaTa,

3 — BepxHaa maTtpuua u3 gesatHaguatv d3Y tuna
HAMAMATSU R11410-20,

4 — ceTyaTbIN aHOA U BbITArMBalLWasa ceTka,

5 — paboumnit 06eM, OKpy>KeHHbIN TeGPTOHOBbLIM
oTpa)kaTernem Co BCTPOEHHbIMU NnonesagatroLmmm
anekTpogamu,

6 — ceTyaTbIn KaToAa,

7 — HWKHAS MaTpuyua U3 gesaTHaguaTtn ®JY,

8 — HWXXHUI LleHTpanbHbIN TENSTOCHEMHUK C
TEPMOCUEOHOM,

9 — megHas oborma onst HKHen matpuubl P3IY,

10 — MeaHbIN KOXYX XONOOHOro cocyaa KpuocTtarta,

11 — oavH 13 ABYX BOKOBbIX TENSTIOCHEMHUKOB C
TepMocuoHamu,

12 — megHas obonma BepxHen matpuubl O3IY,

13 — rmbknn TENNOBON MOCT,

14 — BEpXHUN LEeHTpanbHbIN TENNIOCHEMHUK C MEAHbIM
ANCKOM, Ha KOTOPOM KOHAEHCUPYETCH KCEHOH,

15 — TennonsonupyoLwmnin NogBec Ha OCHOBE MaTtepuarna
Vespel,

16 — cunboHHasa Tennosas passsa3ka Ha Tpybonposoae
Ans BblBoAa kabenewn.

27
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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 …





KanunHnHckaa A9C Kak MecTo NOCTaHOBKU 3KCNMepuMeHTa
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BapuaHTtbl naccuBHou 3awmTtbl gna POA-100
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10 +15cm Pb + 15 cm H,O
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10° 10°
number of photoelectrons

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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10-1 L ........................

10 10°
number of photoelectrons

Simulations of radioactive background (A), cosmogenic neutrons (B) and effect (C)

Component (material ) By “Th WK “Co HiCs
PMT (mBg/unit) 0.4 0.3 8.3 2.0

Cryostat (Titanium) (mBq/’kg) 0.2 0.25 0.93 -

Reflector (Teflon) (mBg/kg) 2 2 15 5 1
PMT support / heat exchanger (Copper) (mBq/kg) 2 1 4 1 0.5

D.Yu. Akimov et al. / Physics Procedia 74 ( 2015) 423 — 430
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Preliminary simulation of antineutrino flux evolution (on the left site) during the 350 days of reactor cycle and simulation of reactor power
monitoring (on the right site) using the coherent neutrino scattering and RED-100 s a tool
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Monitoring nuclear reactors

@ Sandia National Laboratories
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" A
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

36
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