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Emission Detectors
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Probability of the quasi-free electron emission from non-polar dielectrics

P B
08: ++ <}$$## HH‘QNM I 110
L bl sty |
0.64ﬁI ﬁ# + H 40| i

+ # + LXe‘} k S
04 | + %ﬁ + % - 0 0.4 0.8 12 Fkv/m?
T by . -
“r i + % e liquid argon |
0 éﬁ% d i% | | 800 ‘ |
K = faﬁf(ﬁ)dﬁ/ff(ﬁ)dé - T'f-g‘f

t ~(A/v,))expi[V, - 2ed">(1+ AY? ) A"*YF"*/ k,T}



Quasi-free electron emission from nonpolar dielectrics
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I K uo , Vo, Ec, Eo, te
cm2/V/s eV kV/em kV/cm

Emitters of cold electrons
L‘He 1-2 0.03 +1 10s (100V/cm)
Ln-H 300 0.09 +0.09 100 0.03
L iso-O 300 7 -0.18 90 0.15 20 us (1kV/em)
L TMP 297 24 -0.3 50
LAr 84 475 -0.21 0.2 700us (100 V/ecm)
SNe 24 600 +1.1

Emitters of hot electrons
LCH, 100 400 -0.18 1.5 <4
SCH, 77 ~1000 0 <1.5 <0.1 us (>1kV/cm)
LAr 84 475 -0.21 0.2 0.25 <0.1 us (>0.3kV/cm)
SAr 83 1000 +0.3 (6K) 0.1 <0.1 us (>100V/cm)
LKr 116 1800 -0.4 0.08 1.6 <0.1us (>1.6kV/cm)
SKr 116 3700 -0.25 (20K) 0.98 <0.1 us (>1kV/cm)
LXe 161 2200 -0.61 0.05 1.75 <0.1 us (>1.8kV/cm)
SXe 161 4500 -0.46 (40K) 1.25 <0.1 us (>1.3kV/cm)

Note: n-H — normal hexane, iso-O - isooctane, TMP - thetramethylepentane




1970-73 Emission Spark Chamber
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1977 Emission Streamer Chamber
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1980-1990
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" A
1983 Emission Electroluminescence Camera
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1994-95 3D EL gamma camera
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“Wall-less” emission detector
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Fig.4. LXe time-projection scintillating drift chamber as

wall-less detector for measurements of magnetic momentum
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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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Separation of gamma and nuclear recoil signals

log, ,(S2/S1)

Electron recoil calibration (Case data, 13382 at 2.0 kV/cm)
3_50_.?9 12.5 22.6 31.9 40.8

- 2

: nuc|ear’l’é’cbj|bal‘ﬁa centroid
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Energy, keVee

Nuclear recoil calibration (Case data, 252Cf at 2.0 kV/cm)
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Depth [cm]

"
Self-shielding

LUX300v4_R8778H - TopPMTs, BotPMTs
(U 18.00, Th 17.00, K 30.00, Co 8.00 mBq/PMT )

(All Events) (5-25keVee)(RFR=5cm) log, , DRU
1

-20 -10 0 10 20

Radius [cm]
DRU = cts/keVeelkgiday

Self-shielding in liquid Xe TPC
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LXe Neutron Activity vs. Fiducial Mass

*For each detector, three lines are N o
Activity vs. Fiducial

plotted: P (TopPMTs_BotPMTs_alphaN) (EM Veto) (5-25keVr)
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ZEPLIN @ Boulby mine 2004-2009

ZEPLIN-II

ZEPLIN-III
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" A
XENON at Gran Sasso Lab 2005-n
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LUX at Homestake mine (USA)
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Emission WIMP detectors

Detector mass, Sensitivit Location, Status Ref.
Project Total/Feducial, dde2 ¥ Years on duty
10*cm
kg
XENON10 25/5 LXe 8.8 @ 100 GeV/c? GS, 2006-07 Completed a
5.5 @ 30 GeV/c?
XENON100 100/10 LXe 0.2 @ 100 GeV/c? GS, 2008-13 Active b
ZEPLIN 11 31/8 LXe 66 @ 55 GeV/c? BM, 2006-07 Completed
ZEPLIN III 12/6.5 LXe 0.18 @ 55 GeV/c? BM, 2008-11 Completed d
LUX 300/100 LXe 0.07 @ 100 GeV/c? H u/c e
WARP10 10/2.6 LAr 75 @ 100 GeV/c? GS, 2006-2007 Completed g
WARP100 100 LAr 1 @ 100 GeV/c? GS u/c g

Notes:

BM — Boulby mine (England); GS — Gran Sasso Underground Laboratory
(Italy); H — Homestake DUSEL (South Dakota); u/c — under construction;
a —Angle et al., 2007; b — Aprile and Baudis, 2009; ¢ — Alner et al., 2007;

g — Benetti et al., 2008
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WIMP emission detector generations

G3

XAX, LZ20...
20 ton (10 ton)
XENON1ton, <
MAX, LZ3...
G1 XENON100+ '35?3( 2-3 ton (1 ton)
XENON100 (1233 II:g) (100 kg) m
170 kg
ZEPLIN-II (50 ko)
1203k 60cm 60cm
8 15cm |3 e
30 cm 20 cm 30 cm 40 em . . -
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Russian Emission Detectors

P A

POCCHICKHI SMHCCHOHHBI JETEKTOP

AI Bol ozdmyal, D.Yu. Akimov?, LS. Alexandrov?, V.I. Aleshin®, N.T. Antonov’, V.A.
Belov, AE. Bondar *, AF. Buzulutskov *, A.A. Burenkov %, A'V. Derbin’, V.V.
Dmitrenko ', A.G-. Dolgolenko ? E.S.Drachnev’, O.Ya. Zeldovich %, $.V. Ivakhin ',

A K. Karelin *, MLA. Kirsanov ', A.G. Kovalenko %, V.I Kopeikin ? A.V. Kuchenkov %,
E.A. Litvinovich *, IN. Machulin *, V.P. Martemyanov * V.N. Muratova ’, N.N.
Nurakhov ®, M.D. Skorokhvatov *, V.N. Stekhanov %, $.V. Sukhotin *, V.G. Tarasenkov°,
G.V. Tikhomirov', Yu.A. Tikhonov *, A.V. Etenko *, A.S. Cheplu'nov6

'National Nuclear Research Universi ty « MEPhI», Moscow

9$SC RF Institute for Theoretical and Experimental Physics, Moscow
*National Research Centre Kurchatov Institute, Moscow

‘Institute of Nuclear Physics SB RAS, Novosibirsk

Petersburg Nuclear Physics Institute RAS, Gatchina

SInstitute of Nuclear Physics MSU, Moscow



.
6 ) ¥ http://enpl.mephi.ru/ P~ B S X & Naboparopus skcnepumen... X
®Qaiin [paska Buwag WsbpanHoe Cepsuc Cnpaeka
55 &% VLP |I] SkTech £7Moura £]MUON & OLUMK i NEWSru @!Y £]PHN £]p-3kc & C6 £]VolP £]UAM & M0 7 ¥ v E) v % v Crpamuua~v Besonacrocts v Cepeucv @

HauuoHansHpi uccneaoBaTensCkui SaepHbil yansepcuter MSW

Na6bopatopus 3kcnepuMeHTanbHou saepHon pUsnku
HUAY MUDU

mNabopatopus

Obwana uidhopmaumna

Pykosogutens
®otoansbom

[pecca o Hac

Paboyee COBEWAHWE HENTPUHO-
2012

m HayyHas nporpamma u
OeATenbHOCTb

Obwana uidbopmaumna
OTuéThl U NyBnuKauum

CeMuHapbl
P30-100
SKCNEepUMEHT Ha peakTope NPT
T HoBocTn nabopatopuun
33KpbITaA 30H3 * 2013-02-25 04:09:09: Conference in Novosibirsk, Russia: Dark Matter. Dark Energy and Their St ff
Detection urt:
m MpaHT npaBuTenbcTBa PO *2013-02-13 17:30:20: Penoprax c MecTa yCTaHOBKH fleTekTopa LUX Docto rs of SC|ence -2
2011-2013 *2013-01-22 09:01:48: Uroru 2011-2012 rooB, HOBaA CTPYKTYpa naboparopuu, nnaubl Ha 2013 roa Ph D 1 0
3apaun *2013-01-07 08:29:36: MHdbOPMaLHOHHOE COODWEHNE O NPOANEHUH HAYYHbIX HCCNEN0BaHNA S -
Paboune matepuansl 2012 nobenutenei KOHKYPCHOro or6opa 2010 roa B paMkax peanu3aluuu NocTaHoBnexHus MNpaeuTenscrea
Poccuiickon ®enepaunu ot 9 anpens 2010 r. No 220. FaCU Ity = 1 2
w Mone3Hble cChINKU *2013-01-07 08:22:54: P3[1-100 B xypHane "Nature” Ph D Students - 6
Borexino Experiment
KamLAND Bce HoBoCTH Students — 10
ZEPLIN-II
EXO

XMASS




Laboratory for Experimental Nuclear [ ""E/— o
Physics of NRNU MEPhI -NEEs

Advanced detectors lab of 326.8 m? area (bldg.24)
including clean room of 1000 class, cryogenics,
LN, generator, lab work-shop

5 offices of 70 m?total

Exgerimental facility at the Horizontal Ex;l)_erimental
hannel #10 of the research reactor IRT MEPhI

Modern dlgltal and analog electronics, computer I ————
network
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Coherent Neutrino
Scattering



Coherent neutrino scattering off heavy nuclei

Neutral current

Large cross-section
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Small recoil energies
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Recoil spectra from reactor e-antineutrino
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LAr detector @ LLNL

«—— Photomultiplier tube

Light detected
by PMT
Amplification (high E,
& accelerated,
scintillation noble gas)
i e anttup \ Drift (low E, noble
Lo Recoilng nucleus liquid or gas)
/-"'—'-m‘—“-\ )
\-h___________,/

Hagmann, C. and Bernstein, A. (2004).
Two-phase emission detector for measuring coherent neutrino-nucleus scattering,
IEEE Trans. Nucl. Sci. 51, pp. 2151-21535.
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10 kg Ar, 25 m standoff, 3.4 GWt
Signal: estimated after quenching: 1-10 free e-

Signal Rate ~200 per day (1 or
more liquid e-)
Background Rates counts/ dy/10 kg
Dominant: 39Ar 1000
(sim.; depleted Ar reduces
20x)
External U/Th/K: ~ 100
(sim., after 2cm Pb
shield)
External neutrons: ~ 20
(sim. after 10 cm borated
poly shield,)
Internal gammas: ~ 50 per day @ 3 keVee;
(as measured in but ~1 Hz of single liquid
XENON10): electrons

Rates in plot and table simulated@ 20 mwe

Monte Carlo Simulation of signal
and backgrounds in 10 kg Ar, per day
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10 100

Humber of Primary Electrons Nﬁ

Shield: Inner: 2cm Lead
Outer: 10cm borated polyethylene
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Flux of reactor antineutrinos:
1013 v / (cm? sec)

Liquid scintillator filled cells

LLNL-SNL Reactor 2-phase Argon coherent
Monitor:1 Tonne scatter detector : 10 kg
(San Onofre, Calif.) (Proposed )

Both detectors would report similar rates
2-phase detector 100 times smaller!
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RED-1 @ Research reactor of NRNU MEPhI
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Distribution of EL (S2) signals generated by single emitted electrons (green).
Maximum of the Gauss fit is 15 + 5 photoelectrons. Typical gamma event in RED-1
Poisson distribution for 10 and 15 expectations are shown in pink and violet,
respectively.

A.Burenkov, D.Akimov et al.
S0epHas ¢pusuka 72: 693-701, 2009; Phys. Atom. Nucl. 72: 653-661, 2009.
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2.5 MW
Research reactor IRT

N

1 — RED-1

2 — Fe/Al filter

3 — horizontal neutron channel GEK10
4 — starting point of MCNP simulations
5 — cooling water pool

6 — active zone

7 — heavy concrete shielding

MEPAhI
O-4
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Al/Fe filter
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Filtered heam intensity, a.u.

3,5x10° T

3,0x10 "

2.5x¢10°
2,0x10" 1
1,5x10" 1

1,0x10"

5,0x10”

Neutron energy, keV

2 +0.7 keV filter (g/cm?)
10B (85%) Sc 60Nj 54Fe S 59Co Al
0.2 104.6 80.2 39.35 56.0 26.7 0.54
+i 2
10B (85%) S Fe Al
0.95 16.35 236.1 99.86
2
10B (85%) Si S Al
0.2 144.926 36.7 10.796

0.Gritsai, The 3rd International Conference Current Problems in Nuclear Physics and Atomic Energy (NPAE-Kyiv2010) 7 -12 June, 2010, Kyiv, Ukraine
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Scintillation
efficiency
Leff

0.7
Fe-Al

0.35 oy
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40 107
Energy, e/keVnr
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Relative scintillation efficiency of LXe
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Single Electron Noise



" g V2

Observation of single electron noise 0 .

Spontaneous single electron

emission observed in
ZEPLIN-IIl, Xenon-10, RED-1

dl\é /dé)

SE background rate:

 strongly depends on potential barrier at
the interface

» depends on intensity of radioactive
background (5 Hz spontaneous rate in
ZEPLIN-IIl, 40 Hz in RED-1)

+ Single electron count rate could be
reduced by cleaning interface with
tangential electric field

x-y positions of single electron events in a 12 kg emission LXe
detector ZEPLIN-IIl installed in the underground lab

Santos — arxiv 1110.3056v1
antos — arxiv v a4



Waveforms associated with gamma ray (a) and single

electron emission (b) acquired from the RED1 detector
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Typical single-electron noise count rate associated with
a natural radioactive background measured in RED1.
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10 7
0.5 .
0 5‘0 150 150
Fs\//cm
' 0 t 10's
—Ti=A ) /
| \vzz2777222 4
C
Y a T =
G T 7 N = 21
T T
1cm  X-ays A
arb.un

C. AHucumos u 0p.,lNucbma 8 XKOT®, 40 (1984) 829-832

47



RED-100



Electrode
L system

X
_—— PMTs

Electrical
feedthroughs

Vacuum
cryostat

LN,

,CQ‘C‘

‘: \nf/ ‘.

Hamamatsu R11410

RED-100
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~—— 76 mmindia. ——

~—— 64 mm in dia.

v

Component (material) 238 | 232Th | 40K 60Co | 137Cs

PMT, mBg/unit

04 |03 8.3 2.0

120 +/-1.5 =

Copyright © Hamamatsu Photonics K.  All Rights Reserved.

Cryostat (Titanium), mBqg/kg 0.2 0.25 | 0.93
Reflector (Teflon), mBg/kg 2 2 15 5 1
PMT support/heat exchanger, mBq/kg 2 1 4 1 0.5
1
10 — .
\ 205‘31-' @21h)
|\ 214 238 40
> . ’ Bi (38 K
T 10 l \| Wes  S0go ]
~ \ / A ]
-l .
X
~
°
= 1
PRI E
Insulating Plates |5 ° ]
| with very LOW-RI ]
i Ceramic Stem 1072 . A ... Il " '"I"I'
Koval Metal Body . 02 . 03

Energy [keV]

Figure 3. SOLO counting spectra for R8778 (14 live days, blue) and R11410 MOD (19 live days,
red) PMTs, superimposed with a sample background run (21 live days, black). Strong lines in the
R8778 spectrum indicate the presence of 2*U, 22Th, “°K and #Co. The reduced activity of the
R11410 MOD is readily apparent from the lack of distinct features in comparison with the R8778.
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"
RED-100 @ the Kalinin Nuclear Power Plant facility

"
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Antineutrino Spectrum Count Rate
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Kalinin’ NPP facility: &

N
o
~

—_
o
=23

—_
o
S

rate, 1/day/100kg/10phe
o

A: fsee=100Hz
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Fig. 4.2. Neutrino spectra from fission of 235U, 239py, #lpy (measured), and
2381 (calculated).
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Experiment at the SNS facility
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Interface
Instrumentation

Well-logging RED100 detector for 75 condersars
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Ground shielding

40 m from target 10 m below
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RED-100 @ 40 m from the SNS target
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- I
Conclusion

m Emission two-phase detectors are promising technology for
detecting and investigation of Coherent Neutrino Scattering

m CNS is interesting for basic science and possibly for non-
proliferation applications

m Measurement of the ionization yield for nuclear recoils below
~keVr energies is a key element toward the observation of CNS

m Single-electron noise is a factor limiting sensitivity of LXe
emission detectors to low-ionization events

m Recently established experimental facilities allow development
of LXe emission detectors for observation of CNS
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