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HUrpa B IpATKU: CTEPUIbHbIEC HEUTPUHO

0CTATCH HEYJIOBUMbIMH

Konmaboparmuss «Daya Bay» — wmexayHapogHas
rpynna YYeHbIX, HM3y4YalolUX MPEBpalleHUus HEUTPHUHO,
nyOJIMKYeT CBOW IEPBbIN Pe3ysbTaT Mo IMOMCKY TaK Ha3bl-
BAaCMbIX CTEPHIIBHBIX HEHTPHHO — BO3MOXKHOTO HOBOTO
TUIA HEUTPUHO 3a MIpeieraaMU U3BECTHBIX TPeX HEHTpUH-
HbIX «apoMaToB». CyI_HeCTBOBaHI/Ie HCYJIOBUMBIX YaCTHII,
€CJIH €TO JJOKAa3aTh, TNTyOOKO MOBIIMSIET HAa HAIIIE TOHUMAHHUE
Bcenennoit, a Taxke Ha INIaHUpOBaHUE OyyIINX HEHTPHH-
HBIX OKCIICPHUMEHTOB.

DKCIEPUMEHT MTPOBOIUTCS BOIU3M aTOMHBIX AJICKTPO-
craniuii «Daya Bay» n «Ling Ao» B Kurae, B 55 xwuo-
MeTpax K CEeBepO-BOCTOKY OT [OHKOHTa. DTH peakTOpsl
CO3MAIOT CTAOWJIBHBIN IOTOK AHTHHEHTPHHO, KOTOPBIN
yueHble koiutabopaimu «Daya Bay» ncnons3yror st uc-
CJIEZIOBAaHMH MPH MOMOIIH AETEKTOPOB, PACIIOIOKEHHBIX B

D. V. Naumov

TpeX IKCIIEPUMEHTANIbHBIX 3aJlaX Ha Pa3IMuHBIX PAacCTOs-
Husx (o1 360 M 10 1,8 kM) oT peakTopoB. B xomraboparmto
BxoauT Oostee 200 y4EeHBIX U3 ILIECTH CTPaH.

OkcniepumenT «Daya Bay» Hadan paboty 24 nexaOps
2011 . Bekope mocite 3Toro Kosmtabopariust oIy OIuKoBaia
CBOH IEpBBIN pe3yJbTar: HaOII0IEHHE HOBOTO THIIA OCILIUII-
JSIIUi — JA0Ka3aTeNbCTBO TOTO, YTO YaCTHUIIBI CMEIINBAIOT-
Csl ¥ MEHSIIOT CBOH THII, M BEICOKOTOUYHOE M3MEPEHUE HEM-
TPUHHOTO «yIJIa CMEIIMBAHUSY 0, 5, UTO SBIISETCS OKOHYA-
TENBHBIM MTOATBEPKICHUEM CYIIECTBOBAHUS CMEIIMBAHUS
KaK MUHHMYM TpeX MacCOBBIX COCTOsIHUI HelTpuHo [1-3].

®daxT, 9TO HEUTPUHO BOOOIE MMEIOT Maccy, — OT-
HOCHTEIIBHO HOBOE OTKpBITHE, Kak W HaOmonenne «Daya
Bay» Toro, uTo 31€KTpOHHOE HEHTPUHO — 3TO CMECH MO
KpailHel Mepe Tpex MaccoBbIX cocTosHMil. [loka yueHbie

Hide & Seek: Sterile Neutrinos Remain Elusive

The Daya Bay Collaboration, an international group of
scientists studying the subtle transformations of subatomic
particles called neutrinos, is publishing its first results on
the search for a so-called sterile neutrino, a possible new
type of neutrino beyond the three known neutrino “flavors,”
or types. The existence of this elusive particle, if proven,
would have a profound impact on our understanding of the
universe, and could impact the design of future neutrino ex-
periments.

The Daya Bay Experiment is situated close to the Daya
Bay and Ling Ao nuclear power plants in China, 55 kilo-
meters northeast of Hong Kong. These reactors produce a
steady flux of antineutrinos that the Daya Bay Collaboration
scientists use for research at detectors located at varying
distances from the reactors. The collaboration includes
more than 200 scientists from six regions and countries.

The Daya Bay experiment began its operation on
24 December 2011. Soon after, in March 2012, the collabo-
ration announced its first results: the observation of a new
type of neutrino oscillation — evidence that these particles
mix and change flavors from one type to others — and a

precise determination of a neutrino “mixing angle,” called
0,5, which is a definitive measure of the mixing of at least
three mass states of neutrinos [1-3].

The fact that neutrinos have mass at all is a relatively
new discovery, as is the observation at Daya Bay that the
electron neutrino is a mixture of at least three mass states.
And while scientists don’t know the exact values of the neu-
trino masses, they do know that these particles are dramati-
cally less massive than the well-known electron, a member
of the same particle family.

These unexpected observations have led to the possi-
bility that the electrically neutral, almost undetectable neu-
trino could be a special type of matter and a very important
component of the mass of the universe. Given that the na-
ture of matter and in particular the property of mass is one
of the fundamental questions in science, these new revela-
tions about the neutrino make it clear that it is important to
search for other light neutral particles that might be partners
of the active neutrinos, and may contribute to the dark mat-
ter of the universe.
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HE MOJIYYWJIU TOUHBIX 3HAUCHUH Macc HEMTPUHO, HO OHU
3HAIOT, YTO 9TH YaCTHUIIBI KY/Ia MEHEE MAaCCHUBHBIL, UEM XOPO-
110 U3BECTHBIN NEKTPOH, YJIEH TOTO K€ CEMENCTBA YaCTHIL.

OTH HEOXXHIAHHbIE HAOIIONEHMS NMPUBEIH K IPE.IIo-
JIOKEHUI0, YTO NIEKTPUUECKU HEHTpalIbHbIE, MPAKTUYECKH
HEOOHAPYXUMBIC HEHTPUHO MOTYT OBITH OCOOBIM BHUJIOM
MaTepuy M OYeHb Ba)KHOM vacTbio Macchl Beenennoit. C
YYETOM TOTO, YTO MPHUPOIa MaTEPUH BOOOIIE U CYIIECTBO-
BaHUE MACCHl B YaCTHOCTH — OAHH W3 (PYHIaMEHTAIBHBIX
BOIIPOCOB B HAayK€, HOBbIE OTKPOBEHUS O IIPUPOJIE HEUTPU-
HO SICHO JalOT MOHSATh BaXKHOCTh IOUCKA JAPYTUX JIETKHX
HEHTpATBHBIX YaCTHUI], KOTOPBIE MOTYT OBITH MapTHEPAMH
AKTHUBHBIX HEUTPHUHO U J1aBaTh BKJIaJ B TEMHYIO MAaTEPHUIO.

[lepBrlil IOUCK CTEPUIIBHBIX HEUTPUHO B SKCIIEPUMEH-
Te OBLT MpPOBEIEH Ha OCHOBE SHEPreTHUECKOrO CIEKTpa
JIETEKTUPOBAaHHBIX PEAKTOPHBIX 3JIEKTPOHHBIX AHTUHEH-
TpHHO. B mpenenax mccrieayemMoro auama3oHa Macc MpH-
3HAKOB CYIIIECTBOBAHUS YETBEPTOTO MACCOBOTO COCTOSHUS
HEUTPHUHO OOHApYKeHO He ObLIo [4].

ITouck cTepuIbHBIX HEUTPUHO IPOBOAWICS TPEMS He-
3aBUCHMBIMH TPYIMIAMH, OJJHa U3 KOTOPbIX — rpymnmna ¢u-
3uKoB u3 Jlaboparopuu siiepHbIx 1podiaeM OObeANHEHHOTO
UHCTUTYTa snepHbix uccinegosanuit (M. B. bytopos,

The first search for sterile neutrinos was performed in
the experiment on the basis of the energy spectrum of de-
tected reactor electron antineutrinos. But no evidence for
the existence of the fourth mass neutrino state was obtained
within the mass range under study [4].

The search was conducted by three independent groups.
One of them is a group of physicists from the Dzhelepov
Laboratory of Nuclear Problems of the Joint Institute for
Nuclear Research (the “sterile” group included I. Butorov,
M. Gonchar, and D.Naumov). The scientists in the group
developed their own software and methods of data analysis
of the Daya Bay experiment, and took an active part in the
data analysis and the preparation of the paper of the col-
laboration. For over a year the joint work was very active.
As a result, the findings of all the three groups turned out to
be in good agreement.

Thus, the result of the Daya Bay experiment, the best
world’s limit on sterile neutrino parameters in a wide range
of masses, is in the agreement with the existing standard
three-flavor picture of neutrino oscillations. It is one of the
most important tasks in neutrino physics to check the exis-
tence of sterile neutrinos and determine their parameters. A
big number of experiments are aimed at solving this task.
The new result of the Daya Bay experiment considerably
narrows down the unexplored region.

M.O. I'onuap, [I.B. HaymoB), pa3spaboraBiias coOCTBEH-
HOE IIPOrpaMMHOE 00ecIeYeHe W METO/bl aHalIu3a JaH-
HBIX KcrepuMeHTa «Daya Bay» um akTUBHO y4acTBOBaB-
masi Kak B aHaJIN3€ AaHHbIX, TAK U B HAMCAHUU CTAaTbU OT
kosutabopanuu. MHTeHCHBHAs M Jipy)kHash pabora Benach
Gomnbine rosa. B urore pesynpraThl Bcex Tpex IpyIil oKasa-
JICH B XOPOLIEM COITIACUU JIPYT C IPYTOM.

Pesynbrar skcnepumenta «Daya Bay» — nydmumid
MUPOBOM MpeneNn Ha NapaMeTphl CTEPUIbHBIX HEUTPUHO B
IIMPOKOM JMama3oHe Macc, TaKUM 00pa3oM, HaXOAWUTCS B
COINIACHH C CYIIECTBYIOMIEH KapTUHON TPEeXHEHTPHHHBIX
ocunsusinuid. [IpoBepka cyiiecTBOBaHUS CTEPUIIbHBIX HEl-
TPHUHO U ONIPEACICHUE UX TTapaMEeTPOB SBISETCS OTHOH U3
BOXKHEWIINX 33724 (PU3UKU HEHTPHHO, HA PELICHUE KOTO-
POt ceromHs HaIeJIeHO OOBIIOE KOJTUIECTBO IKCIIEPUMEH-
ToB. HoBBlil pesynbrar sxcniepuMenTa «Daya Bay» no3so-
JSIET 3HAYUTEIBHO COKPATUTH HEHCCIIEA0BAHHYIO 00IacTb.
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