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First Results from KamLAND: Evidence for Reactor Anti-Neutrino Disappearance

K. Eguchi,! S. Enomoto,! K. Furuno,! .J. Goldman,! H. Hanada,! H. Ikeda,! K. Ikeda,! K. Inoue,! K. Ishihara,!
W. Itoh,! T. Iwamoto,! T. Kawaguchi,! T. Kawashima,! H. Kinoshita,’ Y. Kishimoto,! M. Koga,! Y. Koseki,!
T. Maeda,! T. Mitsui,! M. Motoki,! K. Nakajima,! M. Nakajima,! T. Nakajima,! H. Ogawa,! K. Owada,!
T. Sakabe,! 1. Shimizn,! J. Shirai,! F. Suckane,! A. Suzuki,! K. Tada,! O. Tajima,! T. Takayama,!

K. Tamae,! H. Watanabe,! J. Busenitz,? Z. Djuréi¢,? K. McKinny,? D-M. Mei,2 A. Piepke,? E. Yakushev,?
B.E. Berger,® Y.D. Chan,> M.P. Decowski,® D.A. Dwyer,® S.J. Freedman,® Y. Fu,® B.K. Fujikawa,?

K.M. Heeger,® K.T. Lesko,® K.-B. Luk,® H. Murayama,® D.R. Nygren® C.E. Okada,* A.W.P. Poon,?
H.M. Steiner,® L.A. Winslow,> G.A. Horton-Smith,* R.D. McKcown,* J. Ritter,® B. Tipton,* P. Vogel,*
C.E. Lane.® T. Miletic,® P.W. Gorham,® G. Guillian,® J.G. Learned,® J. Maricic,® S. Matsuno,® S. Pakvasa,®
S. Dazeley.” S. Hatakeyama,” M. Murakami,” R.C. Svoboda,” B.D. Dieterle,® M. DiMauro,® J. Detwiler,’

G. Gratta,? K. Ishii,® N. Tolich,® Y. Uchida,® M. Batygov,!® W. Bugg,!° H. Cohn,'’ Y. Efremenko,!?

Y. Kamyshkov,'® A. Kozlov,!® Y. Nakamura,'® L. De Braceckeleer,!! C.R. Gonld,’! H.J. Karwowski,!?
D.M. Markoff,!! J.A. Messimore,** K. Nakamura,'! R.M. Rohm,!! W. Tornow,!! A.R. Young,!! and Y-F. Wang!?
(KamLAND Collaboration)

Y Research Center for Neutrino Science, Tohoku University, Sendai 980-8578, Japan
2 Depurtment of Physics and Astronomy, University of Alabama, Tuscaloosa, Alabama 35487, USA
¥ Physics Department, University of California at Berkeley and
Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
4 W. K. Kellogg Radiation Laboratory, California Institute of Technology. Pasadena, California 91125, USA
5 Physics Department, Drexzel University, Philadelphia, Pennsylvania 19104, USA
S Department of Physics and Astronomy, University of Hawaii at Manoa, Honolulu, Hawaii 96822, USA
T Department of Physics and Astronomy, Louisiana State University, Baton Rouge, Louwisiana 70803, USA
& Physics Department, University of New Megzico, Albuquerque, New Memico 87131, USA
9 Physics Department, Stanford University, Stanford, California 94305, USA
Y0 Department of Physics and Astronomy, University of Tennessee, Knowxville, Tennessee 37996, USA
W Priangle Universities Nuclear Laboratory, Durham, North Carolina 27708, USA and
Physics Departments at Duke University, North Carolina State University,
and the University of North Carolina at Chapel Hull
12 Institute of High Enerqy Physics, Beijing 100089, People’s Republic of China
(Dated: December 6, 2002)

KamLAND has been used to measure the flux of 7.'s from distant nuclear reactors. In an exposure
of 162 ton-yr (145.1 days) the ratio of the number of observed inverse §-decay events to the expected
number of events without disappcarance is 0.611 % 0.085(stat) % 0.041(syst) for D, cnergics > 3.4
MeV. The deficit of events is inconsistent with the expected rate for standard 7. propagation at
the 99.95% confidence level. In the context of two-flavor neutrino oscillations with CPT invariance,
these results exclude all oscillation solutions but the ‘Large Mixing Angle’ solution to the solar
neutrino problem using reactor v, sources.

PACS numbers: 14.60.Pq, 26.65.+t, 28.50.Hw, 91.65.Dt

The primary goal of the Kamioka Liquid scintillator
Anti-Neutrino Detector (KamLAND) experiment [1] is
a search for the oscillation of 7,’s emitted from distant
power reactors. The long baseline, typically 180 km, en-
ables KamLAND to address the oscillation solution of the
‘solar neutrino problem’ using reactor anti-neutrinos un-
der laboratory conditions. The inverse J-decay reaction,
Pe 4 p = et + n, is utilized to detect #.'s with energies
above 1.8 MeV in liquid scintillator (LS) [2]. The de-
tection of the e* and the 2.2 McV v-tay from neutron
capture on a proton in delayed coincidence is a powerful
tool for reducing background. This letter presents the
first results from an analysis of 162 ton-yr of the reactor
. data.

KamLAND is located at the site of the ecarlier
Kamiokande [3], with an average rock overburden of

2,700 m.w.e. resulting in 0.34 Hz of cosmic-ray muons
in the detector volume. As shown in Fig. 1, the neutrino
detector /target is 1 kton of ultra-pure LS contained in
a 13-m-diameter spherical balloon made of 135-pm-thick
transparent nylon/EVOH (Ethylene vinyl alcohol copoly-
mer) composite film. The balloon is supported and con-
strained by a network of kevlar ropes. The LS is 80%
dodecane, 20% pseudocumene (1,2,4-Trimethylbenzene),
and 1.52 g/liter of PPO (2,5-Diphenyloxazole) as a fluor.
A buffer of dodecane and isoparaffin oils between the bal-
loon and an 18-m-diameter spherical stainless-steel con-
tainment vessel shields the LS from external radiation.
During the filling procedure a water extraction and ni-
trogen bubbling method [4], optimized for IKamLAND,
was used to purity the LS and bufter oil; PTPO prepurifi-
cation was especially important.
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SNO NC provided direct evidence of neutrino oscillation.

Extracted ¢, =3.41* 0.66 4 is 5.30 above zero.

Combining all results LMA is favored at ~36 level.

KamLAND can verify the LMA with man-made reactor neutrinos.



