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Abstract. AMANDA-II, the second phase of the AMANDA geometric area of the array and improve the technical per-
program to detect high energy neutrinos from astrophysicaformance of the system by incorporating new technologies
sources was completed in February, 2000 and has taken dafar signal transmission using high-bandwidth optical cables.
routinely since that time. About one year later, during the One string includes technology(Goldschmidt, 2001) that dig-
next Antarctic campaign, detector calibration studies wereitizes signalsn situ, and transfers information over electrical
performed. This paper outlines the scientific program of thecables by standard digital communication techniques. Ad-
AMANDA-II detector and describes the potential contribu- ditional information on the performance, operation, and de-
tion to each goal. Detector performance, such as the efscription of the AMANDA-II detector can be found in these
fective area as a function of muon energy and zenith angle@roceedings(Wischnewski, 2001).

and angular resolution, is used to estimate the minimum de- The primary science objective of the AMANDA-II neu-
tectable flux for several specialized analysis procedures. Astrino telescope is the search for astrophysical sources of high
suming several years of livetime, AMANDA-II has the ca- energy neutrinos. The science reach depends on the response
pability to observe neutrino fluxes from diffuse and point of the detector to signal events and is limited by poorly recon-
sources that are at least an order of magnitude below curstructed atmospheric muons and intrinsic backgrounds due
rent limits, and in the case of diffuse sources, reach backto atmospheric neutrinos. The response of the detector is
ground limited operation for neutrino energies belew 0 related to the effective area of the detectdy, , which de-
TeV. The time-integrated effective volume for muon neutrino pends on the muon energ¥,,. Fig. 1 presents a prelimi-
detection is expected to reach 1ynfor £, > 10> TeV. At-  nary assessment of. s, for neutrino-induced muons (i.e.,
mospheric neutrinos will provide a high statistics calibration upward-traveling muons) withy, = 10 TeV at their closest

of the detector performance from zenith to near the horizonapproach to the center of the detector. The trighygty of the

At EHE energies, the muons producedibyinteractions can  detector, defined by the majority logic trigger implemented
be differentiated from atmospheric muons. The exposure ofn hardware, exceeds)® m?. Independent of the physics
AMANDA-II approaches 1 kriyr for E,, > 10° TeV. objective, the ultimate sensitivity to-induced muons with

E, = 10 TeV cannot exceed the sensitivity inferred from
this curve. The curves labeled "Am-Il GRB Cuts” and "Am-

Il Point Cuts” showA. s, expected for analysis criteria op-
timized to search for Gamma Ray Bursts (GRB) and contin-

The second phase of the AMANDA detector, AMANDA-II, uous emission fr.o.”.‘ point sources, respe_cnv_e!y. Clearly, the

o : . achievable sensitivity depends on the scientific goal. Those

consisting of 19 strings and 677 optical sensors (OMs), was , . . . . .

) . objectives with relatively small background, such as transient

completed in February 2000 and calibrated between Decem- . " LT

. .emission from a known direction in the sky, can be probed

ber 2000 and January 2001. The OMs for physics analys%ith a sianificant fraction of the triqger area
are located between 1500m to 2000m beneath the surface g 9 )

The bottom two curves comparé.;; for AMANDA-II

of the South Pole in Antarctica. The nine new strings of d AMANDA-B10 (the f h fthe d .
AMANDA-II are arranged in a circular pattern when viewed an o (the |rstp ase of the etecj[or, consist-
from the surface, 200m in diameter, and concentric with the'"9 of 10 strings and 302 optical sensors) for similar analy-

initial 10 strings of AMANDA. The new strings increase the SEs. Fo_r Bl_O, there is rather strqng decrease near the hori-
zon, which is a consequence of inadequate background re-

Correspondence tdS. W. Barwick jection for horizontal muons traversing the narrow region of
(barwick@cosmic.pdf.uci.edu) instrumented volume. For AMANDA-II, the slight increase
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Fig. 1. Effective area of AMANDA-II as function cos(zenith) for . .
E, = 10 TeV at the distance of closest approach to the detector.Fig- 2. Average effective volume of AMANDA-II as a function of
See text for explanation of the labeled curves. Cos(zenith)=-1 indi-Neutrino energy. The effective volume for G£; interactions, av-

cates the direction for vertical upgoing events. Statistical errors aréraged over the upgoing hemisphere, was obtained after application
shown. of the analysis procedure to search for point sources.

) ) . ) 2 Anticipated Flux Sensitivity of AMANDA-II
in A.¢s toward the horizon for the trigger and point source

curves reflects the tall cylindrical geometry of AMANDA-II.  Since the scientific goals and associated energy spectra of
At the energy shown, the angular acceptance of AMANDA- signal and background are diverse, analysis methods are tai-
Ilis much improved compared to AMANDA-B10. lored to the physics objective, which impacts the detection

The muon effective area was determined using the simulagfficiency as a function of energy. For example, the dif-
tion package, AMASIM, developed for AMANDA-B10 and fuse source analysis was designed to maximize the sensitiv-
extended to include the response of the analog (mostly) optty to relatively hard spectra (e.g;~?). We adopted the non-
tical OMs on nine additional strings of AMANDA-II. While ~ optimized analysis procedures developed for AMANDA-B10
AMANDA-II is physically larger than AMANDA-B10, the  and assumed atmospheric neutrinos provide the only source
low energy response was de_emphasized |n|t|a||y to decreas@f background events to estimate the minimum detectable
the sensitivity to atmospheric background and reduce the ded@x.
time of the data acquisition system. However, specialized, o )
string-based trigger conditions were implemented in Januang-1  Flux Sensitivity: Diffuse Sources
2001 to improve the performance at low energy while min-

imizing the impact on deadtime. Finaliyl.;(E,,) should Representative predictions, upper bounds, and experimental

increase as the understanding of the detector improves. Fgfata for a diffuse flux of high energy neutrinos are shown in

example, many of the selection parameters are inappropriatg'g' 3'. .The dotted horizontal lines represent an estimate of
for the larger detector. the minimum detectable flux for the AMANDA-II and Ice-

o o Cube detectors based on their anticipated sensitivities. The

A gaussian fit of the distribution foA6 = 6,cco — mc atmospherie flux (solid curve) is averaged over angle. The
yieldsoap = 1.6°, whereb,.., is the reconstructed zenith  gashed curve for atmospheridakes energy resolution into
angle and/c is the true zenith angle. The simulation as- gccount, assumed to be characterized by a log normal distri-
sumed an input spectrum proportionalffo. bution. The region to the right of the vertical line indicates

The effective volume for,, detection by AMANDA-II is  the onset of significant attenuation by the earth.

shown in Fig. 2, although the reader should keep in mind Fig. 3 indicates that the search for continuous diffuse emis-
the preliminary nature of the current state of AMANDA- sion is constrained at low energies by the atmospheric neu-
Il analysis. The time integrated value approaches #ykm trino background and at high energies by the absorption of
for E, > 10% TeV after several years of operation. The the earth. At energies beyoridd” GeV, the search for,,
implication is obvious for searches for. and v, neutrino  in the downgoing direction is preferred. The sensitivity of
flavors, which are usually detected by cascades containeAMANDA- Il is adequate to cover most of the observable
within the instrumented volume. Non- observationgfsig- ~ window after 2-3 years of livetime.
nal by AMANDA-II places severe constraints on the detec- While the theoretical predictions in Fig. 3 are differen-
tion rate ofv. andv, neutrino flavors. tial, the experimental flux limits should be interpreted with
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Fig. 3. Diffuse Flux: Representative survey of theoretical Fig. 4. Point Source: Representative survey of theoretigaflux
flux predictions and experimental limits for diffusely distributed predictions and experimental limits. AMANDA-B10 result taken
sources. Models: GRB(WB, 1997), AGN core(SS, 1996), andfrom Young (2001). The dotted horizontal lines present prelimi-
atm. v (Agrawal, 1996). Upper bounds: EG bound(Mannheim, nary estimates of the minimum detectable flux for the AMANDA-
2001) and WB bound(WB, 1999). AMANDA-B10 preliminary Il and IceCube detector(Spiering, 2001). The atmospheric neu-
limit(Andres, 2000) and IceCube expectation(Spiering, 2001) re-trino fluxes(Agrawal, 1996) were computed for circular bins of 1
scaled to 1 year. (lower) and 3 radius. The upper atmospheticzurve is also equiv-
alent to the curve for thelsky bin after taking into account the
effect of neutrino energy resolution. Models: 3C273(Nellen, 1993),

caution. For the assumed—2 spectrum, the minimum de- Crab(BP, 1997), and AGN core(SS, 1996). Curve Mk501 assumes
tectable flux produces of order 10 events per year in the sourdBa tze _neu_ttnnf? s_pectrhum fci,'\llowi thezrgggsured gamma ray spec-
bin. Unless energy-dependent selection criteria are imposeéfum uring its flaring phase(Weekes, )

the majority of detected neutrino events have energies be-

2 4 ; .
tween 10 » 107 Gev'. Therefore, energy resolution be 2001) and a few representative models. The detection of
comes a critical concern since the energy dependence of thﬁlkSOl is hampered by the effect of finite energy resolu-

atmospheric- background is very steep. tion. However, the measured photon spectrum may be signif-
e icantly softer than the neutrino spectrum due to reprocessing
2.2 Flux Sensitivity: Point Sources near the core of the source or due to absorption by intergalac-

. . tic photon fields.
Fig. 4 shows the expected sensitivity of AMANDA-Il to £ AMANDA-II, the minimum integrated flux above 1
point sources after one year of livetime. The AMANDA- TeVis5x 10~ cm~2s~, which is slightly below the gamma
”. limits were obtained by applying the point source analy- fiyx limits from a recent all-sky survey(Wang, 2001). The
sis developed for AMANDA-B10, and by assuming atmo- |5qest integral flux emitted from a known HE gamma sources
spheric neutrinos generate background events, which domiy _, 19-11 ¢i25-1 for E > 1.5 TeV, during the flaring
nate at the lowest observable energies. The sensitivity im'phase of Mk501(WeekesWZOOO). Thijs AMANDA-II can

proves Iinearly with time if low energy events are removed probev / ratios as small as five in HE gamma sources.
by the analysis procedure. The atmospherftux % is

shown for a circular bin of Bradius(left curve, appropriate

for AMANDA-II), and 1° circular bin (appropriate for Ice- 3 Gamma Ray Bursts (GRBS)

Cube). The rightmost curve includes the effect of finite en-

ergy resolution folog(dE, /E,) ~ 0.45, which convolves A widely discussed version of a relativistic fireball model
0E,, and uncertainties associated with the distance to the inpredicts high energy neutrino emission from GRBs, which
teraction vertex. The search for continuous sources is limitedlepends on the relative ratio of protons and electrons in the
to 10* < E, < 107 GeV. The atmospheric neutrino back- fireball. This parameter can be estimated by assuming that
ground limits the search for continuous sourceBto>3x10* the GRBs are the source of the observed cosmic ray flux
GeV . Of course, the background for episodically recurring at the most extreme energies(Waxman, 1995). Shocks re-
or transient sources is proportionally less, but flux sensitivitysponsible for gamma rays also accelerate protons to relativis-
improves slowly with the extension of the energy window to tic energies(WB, 1997). Subsequent interactions between
lower energies if the source spectrum~isE—2. The sensi-  protons and~ MeV photons produce neutrinos with, >

tivity of AMANDA-II is compared to the B10 limit(Young, 102 TeV. At these energies, neutrinos should produce distinct
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signatures in AMANDA, which has been the focus of cur- 5 Future Directions

rent analysis(Hardke, 2001). Recently, Meszaros and Wax-

man(MW, 2001) predict a significant flux of neutrinos at en- Next season, modifications to the AMANDA data acquisi-
ergies greater than a few TeV from the pre-cursor to the bursttion electronics will improve the integrated dynamic range
In this scenario, a neutrino burst may not be accompanied’}apabi”ties. For detectors embedded in a medium with non-
by an observable signal in gamma rays. Without an opticainegligible scattering, as is the case with AMANDA, the spread

trigger, experimental detection is more difficult. However, in the arrival time of the Cherenkov photons becomes much

the observation of 2 or more neutrinos from the same direc/'9€r than the intrinsic timing resolution of the PMT (the

tion within a short time span can be differentiated from atmo-S€NSing element in the AMANDA array). Under these con-

spheric background, even without an electromagnetic triggerditions, the waveform structure produced by the PMTSs for
With coincident gamma emission, the experimental searct{!E Muon and cascade events can be quite complex. Approxi-
for neutrino emission from a GRB is greatly simplified be- mately 50 channels of waveform recorders will be installed to

cause the cosmic ray background is dramatically reduced ifva/uate the improvement to energy and angular resolution.

the burst time and direction is obtained from another detec/n @ddition, new electronics will provide high quality infor-

tor. The atmospheric neutrino background flux is diffusely Mation from existing string of digital OMs, which comple-
distributed in direction and uniform in time, according to ments the waveform—enhanced optical channels by recording
patm 1077E—%5V cm2s-!sr!. Atmospheric back- waveforms every 12m in depth.
ground in a source bin localized with an uncertainty in the AMANDA-Il will play an important role during the con-
space angle ob deg and restricted to a search window of t struction phas_e of the proposed IceCube detector since the
seconds relative to the onset of gamma emission is given b/"St Strings will be located around the AMANDA-II site.
F, ~ 3 x 10~ (¥ /deg)?(t/sec) E; %5, cm~2. Since the ombining results from AMANDA-II and IceCube will en-

" v Tey sable the neutrino sky to be probed with increasing precision

intrinsic background is undetectable, the sensitivity improve - )
during the construction of IceCube.

linearly with the number of bursts in the sample. Moreover,

Fig. 1 suggests that.s; ~ 0'5AZ"Z;' Fortunately, BATSE AcknowledgementsT he author acknowledges support from the U.S.
V\{as (briefly) operational aftgr AMANDA-II yvas COMMIS-  National Science Foundation Physics Division and UC-Irvine AE-
sioned, so several 10’s of triggers are available for studyneas Supercomputer Facility.

Non-observation of neutrino emission would constrain pos-

sible variation of model parameters, such as the bulk Lorentz

motion, T, total fireball energy, and distance(AHH, 2000). References
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