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Bcé 0uimike K M3MEpPEeHUI0 MacChl HEMTPUHO

OxcnepumenT GERDA, KOTOpBIN TPOBOAUTCS B MOA-
3emHoi naboparopuu I'pan-Cacco (LNGS) B Hranuu,
IIpeiHa3Ha4YeH JuIsl TMOMCKa TUIOTETHYECKOrO SIEPHOTO
Tporecca, Ha3bIBAEMOTO JIBOWHBIM O€3HEHTPUHHBIM Oe-
Ta-pacrazoM. Ero skcmepuMmeHTansHOe OOHapyXeHHe
SIBIISIETCSl 3aBETHOM MEYTON (DU3MKHM DJIEMEHTApHBIX Ya-
CTHI], TaK KaK IO3BOJIUT IMOJYYUTh KIIOUYEBYIO MH(pOpMa-
LIUIO O ITPUPOJIE HEUTPUHO U CTPYKType HEUTPUHHBIX MacC
1 JaXke TIOMOXKET OOBSICHUTD 3araj Ky BceneHHoi o coort-
HOIICHUN MaTepuyd W aHTUMarepuu. J[BoiiHOW Oe3Hei-
TPHUHHBII OeTa-pacmaj 10 cux Mop HUKOMY HE ylaBalloCh
3aperucTpupoBarb, HO sKcnepuMeHT GERDA mnepBbiM
Cpelu BceX KOHKYPUPYIOIIMX MPOEKTOB CyMeN JO0CTHYb
YyBCTBUTENLHOCTH MO MepHOAy Homypacnaga B 1026 rer,
yto B 10000000000 000000 pa3 mpeBblLIacT BO3pacT Ha-
meit Beenennoit [1].

GERDA — nHTepHaImoHanbHas eBponenckas Komua-
Ooparwsi, Bkirovatomiast 6onee 100 ¢pusnkoB u3 benbruwy,
I'epmanuu, Urtamum, Poccun, Tlonpmm u IlBeitnapumu.
Cneunanuctsl OUSAU ¢ camoro Hayana NpUHUMAIOT aK-
THBHOE y4acTHE B TIPOEKTE.

[lonTBepkaeHUE CyLIECTBOBAHUS OCLMILIALUN HEM-
TPHUHO OBLIO NEPBBIM IKCIIEPUMEHTAIBHBIM (PAaKTOM, KOTO-
PpHIi He coBnasai ¢ npeackazanusmu CTaHIapTHON MoJe-
a1 (UBKKHU 3JIeMEHTapHBIX YacTHLl. Tpu THIIa HEUTPUHO
MOTYT MEpPEXOIUTh M3 OAHOTO B JIPYTOM B Tpolecce MX
TIepEeMeIICHUs] B MPOCTPAHCTBE. DTOT (aKT yOCIHUTENb-
HO JI0Ka3bIBa€T HAJMYME HEHYJIEBOW MAacChl y HEMTPUHO,
yT0 mpoTtuBopeuynt nocrynatam CM. Kpome Toro, cyre-
CTBYET JJaBHEE IPEAIOIOKEHUE, YTO HEHTPUHO SIBIISCTCS
MaioOpaHOBCKOW YacTHIIEH, T.€., B OTIAMYHE OT JIPyTUX CO-
CTaBJISIOLIMX MAaTepUH, TaKMX KaK JIEKTPOHBI U KBapKH,
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Closing in on the Neutrino Mass

The GERDA experiment in the Gran Sasso under-
ground laboratory (LNGS) is searching for a hypothetical
nuclear decay called neutrinoless double beta decay which
represents a sort of Holy Grail for elementary particle
physics: if detected, it will give essential information on
whether neutrinos are identical to their antiparticles, on
the origin of their masses and it will help to understand
why there is so much more matter than antimatter in the
Universe. The decay still escapes detection, but GERDA is
the first experiment to reach a sensitivity for the half-life
beyond 10%° yr, 10000000000000000 times the age of
the Universe [1].

GERDA is an international European collaboration of
more than 100 physicists from Belgium, Germany, Italy,
Russia, Poland, and Switzerland. JINR physicists have ac-
tively participated in the project since the very beginning.

The so-called neutrino oscillation is the first estab-
lished experimental observation not consistent with pre-
dictions of the Standard Model of particle physics: the
three known neutrino types can transform into each other
while traveling through space, which proves that neutri-
nos have non-zero masses, a property that contradicts the
Standard Model. Additionally, there is the longstanding
conjecture that neutrinos are so-called Majorana particles:
differing from all other constituents of matter like elec-
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HEWTPUHO U aHTMHEUTPUHO SKBHUBAJIEHTHBIL. B 3TOM City-
Yyae JIOJDKCH IPOMCXOJNTh IBOWHOW OC3HEUTPHUHHBIN Oe-
Ta-pacmaji, B KOTOpOM BOSHUKHOBEHHE MaTePHU U aHTUMa-
Tepuu He cOaaHCHPOBAHBI, KaK BO BCEX APYTHX CIydasx.
ITomoGHbIN nucOamaHc, BEPOSTHO, IOMOKET OTBETUTH Ha
BaXKHEHIIMI BOIPOC, MoYeMy B Haulel BceneHnHol mate-
puU HaMHOTO OOJIBINIE, YeM aHTHMAaTCPHH.

OkcriepumenT GERDA mpenHasHaueH uisi TpoBep-
KU TUNOTe3bl MaiiopaHbl TOCPECTBOM TIOMCKa ABOHHOTO
GesneiiTpunHOrO Gera-pacmaga msorona '°Ge. JlBa Heii-
TpoHa B szpe /°Ge OJHOBPEMEHHO TIPEBPAIIAIOTCS B 1BA
MIPOTOHA C UCIYCKAaHUEM JABYX 3JEKTPOHOB. DTOT MPOLECC
3anpemied B CM, Tak Kak B HEM HE POXJACTCs IBYX aH-
THUHEUTPHHO, T. €. HEOOXOIMUMBIH OaaHC MeX Ty MaTepuei
Y aHTUMaTepuei HapylIeH.

UyBCTBUTEIBHOCTh K OOHAPYXEHHUIO JIBOK-
HOTO O€3HEeHTpHWHHOTO OeTa-pacmaaa TJIABHBIM
00pa3oM 3aBHUCUT OT YPOBHA €CTECTBEHHOTO
panuoakTHBHOTO (DOHA B WHTEPECYIOIIEM HAac
SHEpPreTU4ecKoM HHTepBane. B skcnepumenre
GERDA nocturHyT OecnpereieHTHBIH HHIEKC
(oHa Kak 3a CYET HCIOJIB30BAHUS MMAaCCHBHBIX
METOJIOB 3aIIUTHl (OKPYXAIOMIHUX JIETEKTOPBI
CJIOEB U3 YUCTOU BOJBI M )KUIKOTO apTOHA), TaK 1
JIOTIOJTHUTEIBHBIX, aKTHBHBIX METO/IOB TIO/IaBJIe-

trons or quarks, they could be their own antipar-
ticles. In this case, neutrinoless double beta de-
cay will exist, in which matter is created without
the balancing creation of antimatter. This imbal-
ance would help to explain why there is so much
more matter than antimatter in the Universe.

The GERDA experiment, located in the
Gran Sasso underground laboratory in Italy, is
designed to scrutinize the Majorana hypothesis
by searching for neutrinoless double beta decay
of the germanium isotope "°Ge: two neutrons
inside a 7°Ge nucleus simultaneously transform
into two protons with the emission of two elec-
trons. This decay is forbidden in the Standard
Model because the two normally produced an-
tineutrinos — the balancing antimatter — are
missing.

The sensitivity to detect neutrinoless double
beta decay largely depends on the level interfer-
ing signals from environmental radioactivity.
GERDA has reached the lowest level of those
by shielding with pure water and liquid argon
and additional methods to reject the remaining
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HUs (poHOBEIX coObrThit. Ha ceromuss GERDA sBisiercs
MEPBBIM IKCIIEPUMEHTOM, B KOTOPOM YIAJIOCh MPEBLICUTH
3HAUEHNE YyBCTBUTEIBLHOCTH IO IEPUOJY MOiypacrana
B 1020 1et umm, ApyruME CIOBaMu, IPOBEPHTH, YTO HCKO-
MBIH TPOIECC UMEET TEPHOJ] TONypachaia Mo MEHBIIEH

026 niet, uToO Ha 16 MOPAIKOB GOJIBIIE, YEM BO3PACT

Mmepe |
Hauieil Beenennoil. Takol mpenen 03HA4aeT, YTO UHTEH-
CHBHOCTB pacrmajia MeHblue, ueM 1 cobbitie B 1 kr 7°Ge
3a 18 jer.

B cranmapTHOW HWHTEpIIpeTanuy JBOHHOTO Oc3HEH-
TpUHHOTO OeTa-pacraja Mepuoj MoJypacrnaia CBs3aH
C TaKk Ha3bIBa€MOW MaHOpaHOBCKOM Maccoi HEUTPUHO.
Hcnonp3ys npeaen Ha nepuoj Nonypacnana, HoIy4eHHbIH
B GERDA, a Takke B APYrHX 3KCIIEPUMEHTAX IO JBOM-

COopka MaccuBa repMaHHUEBBIX JETEKTOPOB
B YHCTOI KOMHaTe B 1MO/3eMHOi1 1aboparopun [ pan-Cacco

Assembling an array of germanium detectors in a clean room
in the Gran Sasso underground laboratory
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HOMY OeTa-pacrajy, MOXKHO 3aKIIOYHTh, YTO 3Ta Macca
noskHa O61Th HIke 0,07-0,16 sB/C2.

IIpenen Ha apyroil BapMaHT Maccbl HEUTPUHO IIO-
mydeH kommaboparmert Planck, wm3ywaromeit xocmmue-
CKUIl MUKPOBOJTHOBOW (POH — PEITUKTOBOE M3ITyUEHHE OT
Bonbiioro B3pbIBa: CyMMa MacC BCEX HM3BECTHBIX THIIOB
HeiiTpuHo He mpesbimaer 0,12-0,66 5B/c%. B skcnepu-
meHnTe KATRIN B Texnonornueckom uncturyte Kapacpys
(I'epmanmst), B KOTOPOM HCCIIEAyeTCsS pacmaja TPUTHS,
B Ommxaifiiie ToAp! OyIeT M3MEpeH elle OAWH BApPHaHT,
a IMEHHO Macca 3MeKTpoHHoro HeiTpuHo. KATRIN mua-
HUpYeT J0CTHYb 4YyBCTBUTENLHOCTH okono 0,2 »>B/c2.
Hecmotpst Ha TO, 9TO Macchl, MOTYYEHHBIE B CTOJIb PA3HBIX
9KCTIEPUMEHTaX, CPAaBHUTh HANPSIMYIO HENb3s, BCE 3TH
HCCIIEJOBaHMS TIO3BOJISIIOT OCYIIECTBUTH IMEPEKPECTHYIO
MIPOBEPKY TMIIOTE3bl O MallOPaHOBCKOM MPUPOJE HEUTPU-
HO. JI0 cMX TIOp HUKaKUX HECTHIKOBOK C JJAHHOH TMIIOTE-
30if 0OHAPYKUTH HE YIAIOCh.

B Teuenne meprona HaKOIUIEHHS AAHHBIX, KOTOPOMY
nocssmena crarbst B Science, B GERDA ucnons3oBajcs
MacCHB T€pMaHUEBBIX JETEKTOPOB 00IIei Maccoi 35,6 KT.
I'epMaHuii, U3 KOTOPOIrO M3rOTABIMBAIUCH AETEKTOPHI,
6611 oboramen uzotonoM °Ge 10 yposHs Gomee 85%
(coneprkaHue B ecTecTBEHHON cMmecu — 7,8 %) st yBe-
JIMYCHNS 9yBCTBUTENIHOCTH K MEPHOLy nonypacmaza. Ha
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CJIE/IyIOIIEM 3Tarle UCCIIEAOBaHUI Oy/eT yBelMueHa Mac-
ca M30TOIa, HO, KPOME TOr0, HEOOXOAMMO ajbHeiIee
CHIDKEHHE €CTECTBEHHOTO PaIMOAKTHBHOTO (hoHA. DTOTO
TUTAHUPYETCS IOCTUYB 3a CUET YIIydlleHus MICHTU(HKa-
MU 9acTHUII 110 (pOopMe CHTHAJIa ¥ TIPUMEHEHUS erie Oomnee
paJHaliOHHO YUCTBIX KOHCTPYKIIMOHHBIX MaTE€pHasioB
BOMM3M TEPMaHUEBBIX JETEKTOpOB. [l mampHEHIIEero
TIPOJIBIKCHHUS B JeNie MOWCKa JBOIHOTO OE3HEUTPHHHO-
ro 6era-pacnana °Ge cosmana xomta6opanus LEGEND.
IlepBas das3a HOBOTO IKCTIEPUMEHTA OyHET MPOBOIUTHCS
Ha Oa3e momgmupuimpoBanHoit mHPpacTpykTypsl GERDA
B LNGS u onepuposars ¢ 200 kr merektopoB u3 '°Ge.
YyscTButenbHOCTh B 10?7 et GysieT JOCTMTHYTa mocie
5 ner Habopa gaHHBIX. CTapT SKCIEPUMEHTA 3arIaHupPO-
BaH Ha 2021 .
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interfering signals. It is now the first experiment that has
surpassed a sensitivity for the half-life of the decay of
1026 years, or in other words, has proven that the process
has a half-life of at least 10%° years, 16 orders of magni-
tude longer than the age of the Universe. This half-life lim-
it corresponds to a rate of less than one decay per 18 years
for 1 kg of 7°Ge.

In the standard interpretation of neutrinoless double
beta decay, the half-life is related to a special variant of
the neutrino mass called the Majorana mass. Using the
GERDA limit and the ones from other double beta decay
experiments, this mass has to be below 0.07-0.16 eV/c2.

A limit on another variant of the neutrino mass is
available from the Planck collaboration investigating the
cosmic microwave background radiation — the relic of
the Big Bang: the sum of the masses of all known neutrino
types is below 0.12-0.66 eV/c2. The tritium decay exper-
iment KATRIN at the Karlsruhe Institute of Technology
(Germany) is measuring in the upcoming years yet anoth-
er variant, the electron neutrino mass. KATRIN will reach
a sensitivity of about 0.2 eV/c2. The masses deduced from
these different investigations cannot be compared directly
but, most interestingly, allow a cross checks of the par-

adigm that neutrinos are Majorana neutrinos. So far, no
tension has been observed.

During the data collection period, reported in the
Science paper, GERDA operated germanium detectors
with a total mass of 35.6 kg. The fraction of the isotope
76Ge is enriched from the natural abundance of 7.8% to
more than 85% to increase the half-life sensitivity. As the
next step, the mass will be increased and an even further
reduction of interfering signals is required. The latter will
be achieved by improving the identification of these sig-
nals and by further reducing the radioactivity of material
close to the germanium detector. The LEGEND collabo-
ration was formed to pursue this goal starting with 200 kg
76Ge and using the existing GERDA infrastructure at
LNGS. The sensitivity will reach 107 years after about
5 years starting in 2021.
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