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Reactor v ’s derive from [3-decay
of n-rich fission fragments

Most of v ’s are soft, deriving from long
lived isotopes.

Detected v spectrum
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Only the high energy tail (from short lived
isotopes) is above detection threshold
forvp->etn [ismev]

Detected v flux tracks closely reactor’s power
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Reactor power excursions (usually due to refueling)
can be used to x-check background subtraction
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Data presented here collected in 98 and 99:

- 146.9 days full power
- 31.3 days with reactor at 890m off
- 23.4 days with reactor at 750m off

» Phys. Rev. Lett. 84 (2000) 3764
» hep-ex/0003022 (Phys. Rev. D)
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Palo Verde detector
Muon Veto Central Detector
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- Active target segmented in 66 cells
- 1m thick water buffer (nand 7Yshield)
- Hermetic cosmic-ray veto
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Endcap Veto-Detector open
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remarkably stable
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L .+ degrades by less than 10%/year
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Energy spectrum also is modified by oscillations....
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..but the sensitivity limit is reached through an
absolute rate measurment

Good calibration essential !



Detector Calibration

2 - Timing/position - Blue LEDs on cells ( A/Z)
§ - Fiberoptics for TDC walk

- Energy - PMT gain -> single p.e. peak
‘%’ - PMT non-lin. -> fiberoptics
= - Energy scale -> 137Cs, %5zn, 2281h sources

- Scint. transparency ->228Th scan with Z

é - Absolute effic. - Trigger thresholds ->22 Na source
= - e * eff. -> Calibrated 22Na source
3 (-> 7% Ge source dissolved)
g -n eff. -> Y-tagged AmBe source
L

Monte Carlo simulation (based on GEANT 3,
FLUKA and CALOR) tuned down to low energy



Energy calibration from different sources
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Trigger thresholds well simulated * "

Lo threshold: 50 keV Hi threshold: 0.5 MeV
- 1 p.e. from the middle - seeds trigger cluster
-annih. Y’s signal - e* energy
-n Y -cascade edge -n Y-cascade core
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MC tracks well efficiency for & and n

in different regions of the detector
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*Na Efficiency at 60 Positions (v culs): /
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AmBe Efficiency at 27 Positions (v cuts):
Data/MC p=0.986 6=3.9%
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Spread used in systematics
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[ v selection cuts ]

- e* and n same triple condition:
- 1 hit with E > 1 MeV
- 2 other hits with E > 30 keV

- 2 triples within At<200 us
- 2 triples within Al<1m
- reject is cosmic < 150 us before

- for e* part only:
annihilation Y ’s must have E < 0.6 MeV
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An asymmetry results from the kinematic

boost from the neutrino
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Good agreement with non-oscillation
energy spectrum
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“on - off" makes poor use of the data: 1
- only 1 reactor out of 3 used for signal
- "off" periods limit statistical accuracy

4

-> Develop alternate method to reject background
based on symmetries of the events
hep-ex/0002050 (Phys. Rev. D Jul 2000)

Normal
selection Ni=Bynct+Bnn +B np* N,
et andn
swapped No=Bynct Bpn + €1Bpp + €2Nv
e, ¢, efficiencies of swapped cuts
1 for np bkgnd and v
Measure

Ni-No=(1- €9Bppt(1- €9 Ny

Better variable since: -B .is largerthanB .,
= €4 0
= €9 0



Contains most of the v but cancels most of bkgnd

Easy to find from MC

RN

(1- e9Bnppt(1- €9 Ny

.

Ni{-N,

The hard part since there is no good MC

Main sources of fast neutrons: - pspallation
- L capture

Measure Bpp from data for E > 10 MeV (no v'’s)
Use MC to rescale in the region of interest

below 10 MeV

wide range of spectra:

-1. -0.5 -2.0 =
£ 86 EO E eEl39
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p-recoil spectra for the different n-spallation
spectra used
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90 % CL, Feldman & Cousins
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Palo Verde is due to stop data-taking

in July 2000

- Total data collected ~ 2 xdata presented
(both at full and low power)

- Final calibrations (including 7°Ge)
- Final results fall 2000

aaaaaaaaa
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Palo Verde
VE et vx
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Single Event Display:
Muon track with possible spallation
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Correlated background stability
(all cuts but A t of previous cosmic)
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Time correlation between events and
the previous activity in veto

- -1/500ps
Fit to aIe +aQe +a3

5 Time since last muon in veto

E = 7.0
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