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BEPXHUM Mpeaes Ha JONMOJTHUATEIbHbIC
THKEIbIE COCTOAHUA
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PaccyxaeHust 0 BOSMOKHOM HAIUYUU JOMOJTHUTEIbHBIX
COCTOSIHUM HEUTPUHO CTAJIM YK€ YUCOHBIMU

Particle Data Group
lv) = Z Ui lvsipi), l=ep,T,

If the number n of massive neutrinos v; 1s bigger than 3 due to a mixing between the
active flavour and sterile neutrinos. one will have additional relations similar to that m
Eq. (13.5) for the state vectors of the (predominantly LH) sterile antineutrinos. In the
case of just one RH sterile neutrino field v g(x), for instance, we will have in addition to

Eq. (13.5):

4 4
o) =Y Ui lvispy) 2 U vy, Lipy) (13.6)
j=1 j=1

where the neutrino mixing matrix U is now a 4 x 4 unitary matrix.



LEP experiments through the measurement of the invisible width of the Z boson N, = 2 0%40 + 0.0082

Yu.l. Izotov, T.X. Thuan, arxiv:1001.4440.

[To pacnpoctpan€nHocty “He Ha cTajiuu SIEPHOTO CHHTE3a BO BPEMsl OOJIBIIIOTO
B3pbIBa APHEKTUBHOE YUCIIO HEUTPHUHO JIOTAKHO OBITH YBEJIUYECHO:
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Fic. 2.— a) Joint fits to the baryon-to-photon number ratio, 10, and the equivalent number of light neutrino species N., using a 2
analysis with the code developed by Fiorentini et al. (1998). and Lisi et al. (1999). The value of the primordial He abundance has been
set to ¥, = 0.2565 (this paper), that of (D/H), is taken from Pettini et al. {2008) and that of ("Li/H), from 5yr WMAP measurements
Dunkley et al. (2009). A neutron lifetime 7 = 8854 £ 0.9s from Arzumanov et al. (2000) has been adopted. Thin and thick solid lines
represent respectively 1o and 20 deviations. The experimental value N, = 2.993 (Caso et al. 1998) is shown by the dashed line. b) The
same as in (a), but with a neutron lifetime 7, = 878.5 & 0.8s (Serebrov et al. 2005, 2008).
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The Reactor Antineutrino Anomaly

G. Mention,! M. Fechner,! Th. Lasserre,!:2:* Th. A. Mueller,® D. Lhuillier,* M. Cribier,!:? and A. Letourneau?®

YCEA, Irfu, SPP, Centre de Saclay, F-91191 Gif-sur-Yuvette, France
% Astroparticule et Cosmologie APC, 10 rue Alice Domon et Léonie Duquet, 75205 Paris ceder 13, France
YCEA, Irfu, SPhN, Centre de Saclay, F-91191 Gif-sur-Yuvette, France
(Dated: August 9, 2011)

Recently, new reactor antineutrino spectra have been provided for ***U, 2*9Pu, ?*'Pu, and **U,
increasing the mean flux by about 3 percent. To a good approximation, this reevaluation applies
to all reactor neutrino experiments. The synthesis of published experiments at reactor-detector
distances < 100 m leads to a ratio of observed event rate to predicted rate of 0.976+0.024. With our
new fux evaluation, this ratio shifts to 0.943+0.023, leading to a deviation from unity at 98.6% C.L.
which we call the reactor antineutrino anomaly. The compatibility of our results with the existence of
a fourth non-standard neutrino state driving neutrino oscillations at short distances is discussed. The
combined analysis of reactor data, gallium solar neutrino calibration experiments, and MiniBooNE-
v data disfavors the no-oscillation hypothesis at 99.8% C.L. The oscillation parameters are such that
|Ampew| > 1.5 eV? (05%) and sin®(2fnew) = 0.14 £ 0.08 (95%). Constraints on the 13 neutrino
mixing angle are revised.
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.._ V. N. Gavrin JINR, Dubna, 8-9 December 2011
Hints for High Am?~1 eV?2 Oscillation| Sterile Neutrinos? or Something Else?

* Positive indications:
— LSND/MiniBooNE v — v, appearance signal

— MiniBooNE low-energy excess (v,— v, ?)

— Reactor disappearance anomaly (v.— v, )

— Gallex-Sage reduced calibration source rate (v, disappearance?)
* Negative indications:

— CDHS and MiniBooNE restrictions on v, disappearance

— MiniBooNE restrictions on v, disappearance

— Karmen restrictions on v — v,

— Other negative results

Experiments with Am’ ~1eV? sensitivity

Positive indications Negative indications
_ | Channel | L/E (m/MeV) | Channel = L/E (mMeV)
LSND (DAR) Appear Ve Ve | 30/[2055]  |Karmen2 (DAR) Vi  Appesr | Vi Ve | 17/[2055]
.LSND (DIF) v, \Appear. [V, V| 30/ [20-55) MiniBooNE v, |Appear. [V, — ‘1.',2_541 / [475-1500]
II\‘Ii.n.iEnnNE vy (low En) Appear Yy Ve 541/]200-475] | MiniBooNE -NuMIv , | Appear v, — V. T45/-800
‘MiniBooNE F#I_f# Appear. | vy — v, | 3417[200-3000] |Karmen v, \Disappear. (v, — v, 17/[20-55]
IG:!J.I.iu.m _Dlsappea.r Ve VYV, 1/0.75 MintBoolNE Vy [fﬁ IDisappeaJ' Yy VY, .541 /[200-3000]
Reactor (new) Disappear | ve v, | [9-100]/4 CDHS Disappear. |V, — V, [130-885]/ 1000
Bugey Lisappear | ve v, | [15-95]/4
Chooz Disappear. | Ve —> 1y 1050 B4
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IIpenmaraercs TakKe BBOAUTH HECKOJIBKO
CTEPUJIbHBIX HEUTPHUHO...
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Figure 1. Schematic description of the neutrino spectrum beyond three-neutrino mixing with one m
more relatively heavy additional massive neutrinos which are mainly sterile.

Carlo Giunti, arxiv:1110.3914
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CMEIIMBaHUE B CIy4ae CYIIECTBOBAHUSA
CTEPUJIbHBIX HEUTPUHO
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IlonbITKa UCTIONB30BAaTh HAIIIA JAHHBIC JIS OLICHKH Ol"paHI/I‘IeHI/Iﬁ

Ha CTEPUJIBHBIE HEUTPUHO:

Carlo Giunti and Marco Laveder, arxiv:1005.4599
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FIG. 5. .-'l}Lz as a function of mg. The horizontal lines corre-
spond to the indicated value of confidence level. The dashed
and dotted lines have been obtained, respectively, from the
results in Eqs. (20) and (21) of the Mainz and Troitsk Tn-
tium F-decay experiments. The solid line 1= the result of the
combined fit.

I

Re + °H

//aa_z?% CL. (10)
3+ 9545% CL. (20)

——— 99.73% C.L. (30)

= n TTT
10
g
o o -
E - s ==
‘L"'——-—-_
1 Z_{..____ _—_g:-_; -]
C <
1'::'-1 il L |>|%|I 11
107 107 107" (
sin“20

CormocTaBlIcHUE

PCAKTOPHBIX JAHHBIX MU I10

pacnagamM TPUTHS



Mbui 3aa61a1u 0 npodONIEME CMEPUNLHBIX HEUMPUHO
ewe 6 mapme 2011....
MaiiH1 yke IIpOBOJIUT 00pabdOTKY CBOUX CTAPBIX

CIEKTPOB: OKTIOpH 2011
L Sterile neutrino limits from the

— — WEETHA

Wonsran, = Mainz Neutrino Mass Experiment

Do same analysis (same data sets, same programs, same way to treat systematic uncertainties)
on Mainz phase 2 data as in Ch. Kraus et al., Euro. Phys. J. C40 (2005) 447
now only small mass region with more fits and a bit different evaluation program
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reactor + gallium calibration data new
from G. Mention et al., arXiv:1101.2755

(work by Ch. Kraus, A. Singer, K. Valerius, ChW)
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Kak nposiBUTCS B O€Ta-CIIEKTPE pacmnajia TpUTUS
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IIpoBepka CUMYJIUPOBAHUEM:

60 Difference between "pure" spectrum and
B spectrum with heavy neutrinos for m =50eV
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1. Jins kaxmoro ceaHca npu GUKCHPOBAHHOM 3HAYCHUH My, CTPOHMIIACH

(byHKITHS TPaBAOMOA00US 110 Py, -

2. CymmapHas pyHKIUs TpaBAonoA00Ms BEIYUCISAIACH KaK ITPOU3BEICHHE
(yHKIMI TTpaBa0NIo 001 OT/ICIBHBIX CEaHCOB.

L(P,,,)=[L(X,IP,,,.N,bkg, E,)dN d(bkg)dE,

eavy

L(Pheavy ) = H Li (Pheavy )

eavy?
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NuaTerpupyercs QyHKIuUs paBaono00us 10 3HaueHu 90% u 95%.

[Tonydyaem 3Ha4YEHUsS BEPXHEW TPAHULIBI BEPOSITHOM NMPUMeECH
TSKEJIOTO HEUTPUHO
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[Tomyyaem pa3peni€HHy10 001aCTh 3HAYEHUH MACChl U IIPUMECH
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Harmr pe3ynbpTatr Ha BEpXHIOK TPAHUILY
BEPOATHOCTH IIPUMECH IS PA3HBIX MAaCC
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CpaBHenue Carlo Giunti ¢ HAIIUM PE3yJIbTaTOM
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CpaBHEHHE ¢ 00pabOTKOM B Mainz
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reactor + gallium calibration data new

from G. Mention et al.. arXiv:1101.2755
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IIpodaema npu macce okoJ10 S0 >B:
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CyMMHMPOBAHHE IO BCEM (paitiam:

1.0 - -
m’, = 2500 eV’ all data

Equation y=y0+A*exp(-0.5*((x-xc)/w)*2)

0.8
Adj. R-Square 0.99804
Value Standard Error
yo 0 0
Probability xc 0.00492 2.35261E-5
w 0.00202 2.35471E-5

0.6 -

0.4

Posterior probability

0.2 -

0.0 T T —trtrr
0.00 0.01 0.02 0.03 0.04

heavy
Ha YPOBHC Haleu 9YBCTBUTCIIBHOCTU ITOSABJICHHUC TAKOI'O BKJIdJld HC BJIUSCT
Ha OMYO0JHUKOBAHHYIO OLICHKY KBaJpara MAaCChI AJIEKTPOHHOIO HEMTPHUHO
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IIpoBepku Ha BIUAHME:

TOJIILIMHBI MICTOYHMKA,

TPEINUHT AJIEKTPOHOB B HCTOYHUKE,

ceKTp KoHeuHbIX coctosHuii (FSS) mouepneii Mmoaekysasl T?He

+3%
—-3%
trap 80%

—FSS

Baugaus
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N3menenune HuxHer rpanuiibl ¢ 18400 mo 18300 sddexra He gaér

run 24_2 Elow = 18300
h ---- run 24_2 Elow = 18400
N run 33 Elow = 18300
' ---- run 33 Elow = 18400

T T T T T T T 1
0.00 0.01 0.02 0.03 0.04
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" A
B npuHIune, n3BecTHa CUCTEMAaTHKa, KOTOpas MOXKET
yopath 1K 1pu S0 3B — 3T0 100aBIcHUE IMHUM B
CIIEKTD KOHEYHBIX COCTOSIHUU
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IIpoBepka MoaeTUPOBAHUEM, 3aKJIaIbIBASl «pPyKaMU» IPUMECH
pa3HbBIX Macc:
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IIpOoCTO B KaUECTBE HHTPUTH: BBIYMCIICHUE
a(pPpexTuBHOrO BKIaaa maccol ~50-100 3B nipu
BEPOSATHOCTH €€ nmpuMecH B ~0.005 marot
3pageHne ~0.25-0.5 »B, uTro coBmagaer ¢

s dexruBHOM Maccoii B 230V pacmane
Heidelberg - Moscow Experiment on Neutrinoless
Double Beta Decay

(my,) = (0.24 — 0.58) eV (99.73%c.l.) eee
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B KadyecTBe NPOBEPOYHOIr0 YIIPAKHEHUS : 33/1aTh
ImapaMeTpbl KICTOYHUKA TPUTHUS KaK B IPEAbIAYIICH

00pa0OTKe (YMEHBIIICHHAS TOJIIMHA) U J0OABUTh
«CTYIICHBKY»
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[Tuk Ha 50 5B yxouT...
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... HO TIOSIBJISIETCS Ipyrov Ha 5 5B
(3TO B AOIOJIHEHHUE, TIOBEPX «CTYIICHBKU»)
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" J
BreiBOEBI

m AHanu3 nony4yeHHbIX OaHHbIX NO3BONSeT
YCTaHOBUTb BEPXHWE Npeaernbl Ha Maccy U
npumMmechk 4-ro HEUTPUHO

m Pe3ynbTaTt XOpOoOLUO corfacyeTtcda c
npegBaputenbHomnm obpaboTkon B Mainz

m [lybnukauunsa yxe 0onro TopMo3nTcCo
(HENPUATHBLIM) Hann4nem Hekoero nuka npm~ 50 aB

m Hageemcsa 4epes Heaerno y3HaTb, kak Tam Mainz...
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