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Abstract. We describe the theoretical modeling and analysis teclesigssociated with a prelim-
inary search for correlated neutrino emission from GRB@3a7 which triggered the Burst and
Transient Source Experiment (BATSE GRB trigger 6891), gisirchived data from the Antarctic
Muon and Neutrino Detector Array (AMANDA-B10). Under thesasption of associated hadronic
acceleration, the expected observed neutrino energy fldiréstly derived, based upon con-
fronting the fireball phenomenology with the discrete seblo$erved electromagnetic parameters
of GRB980703a, gleaned from ground-based and satelliteresisons, for four models, corrected
for oscillations. Models 1 and 2, based upon spectral aisallgaturing a prompt photon energy fit
to the Band function, utilize an observed spectroscopishit for isotropic and anisotropic emis-
sion geometry, respectively. Model 3 is based upon averbgesi parameters, assuming isotropic
emission. Model 4, based upon a Band fit, features an estinatishift from the lag-luminosity
relation with isotropic emission. Consistent with our AMBN-11 analysis of GRB030329, which
resulted in a flux upper limit of 0.150 GeV/cn¥ /s for model 1, we find differences in excess of an
order of magnitude in the response of AMANDA-B10, among theaus models for GRB980703a.
Implications for future searches in the era of Swift and lge€are discussed.

1. GRB030329 & THE CASE FOR A NEW PARADIGM

Canonical fireball phenomenology, in the context of hadragiceleration, predicts cor-
related MeV to EeV neutrinos from gamma-ray bursts (GRB¥#al for detection are

~ TeV-PeV muon neutrinos, which arise as the leptonic decagumts of photome-
son interactionsf{+y — A" — " +[n] — uT + vy — € + Ve+ vy + vy) within

the internal shocks of the relativistic fireball. Since thrempt y-rays act as the am-
bient photon target field, these neutrinos are expected tm spatial and tempo-
ral coincidence, with invertédenergy spectra (see Equatidn 2), which trace the pho-
ton energy spectra (see Equatidn 1), due to the intrinsiestwuid requirement that
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4(1+2)%gpgy > (ME, —m3) [Z,,. Constraints imposed by coincidence are tantamount
to nearly background-free searches in neutrino obseteatsuch as AMANDA and
IceCube (see Tabld 1). The former, which has been calibwitbdatmospheric neutri-
nos, has demonstrated the viability of high energy neutaistoonomy using the ice at
the geographic South Pole as a Cherenkov medium since 1887after, AMANDA's
km-scale successor, is currently under construction vaticipated completion by 2010.

A positive detection of such high energy neutrinos wouldficonhadronic accel-
eration in the relativistic GRB-wind, providing criticatsight to the associated micro-
physics of the fireball, while possibly revealing an astygibal acceleration mechanism
for the highest energy cosmic rays. AMANDA analyses havel asdiffuse formulation
[], predicated on an ensemble of average GRBs, to prodecentist stringent upper
limits upon correlated multi-flavored neutrino emissith [Rowever, over 30 years of
ground-based and satellite electromagnetic observatiawvesdocumented the following
facts: (i) the electromagnetic parameters of GRBs are cteraed by distributions, of-
ten spanning multiple orders of magnitude, which diffetmtiong and within bursts of
different classes (i.e. short, long, x-ray rich, etc.), sfdeviation from averaged values
is often not accommodated by the inherent uncertainty osoneanent; (i) GRB satel-
lite detectors exhibit a large dynamic range of threshofdssensitivities which impart
statistical sample bias via selection effects. These factder the notion of aaverage
GRB incompatible with the observational record. Furthenend has been argued that
electromagnetic variations may lead to variations in theiper of expected neutrino
events associated with GRES [3]. This reasoning has led ®snamodeling paradigm
for correlated neutrino emission searches, which is baped the notion of aliscrete
GRB, i.e. one that is described by a unique set of electroetagparameters.

The quantitative effects on the expected neutrino numbergy and subsequent con-
straints upon astrophysical models (due to null detectiosyed upon multiple models
of emission geometry and electromagnetic characterizatvere initially illustrated in
an analysis of GRB030329 with AMAN DA-II|:[4]. For GRB030329,peak effective
area for muon neutrinos ef 80 n? and~ 700n? at~ 2 PeV and an effective area for
muons of~ 100,000 n? and~ 1 kn? at ~ 200 TeV were achieved for AMANDA-II
and predicted for IceCube, respectively. Principal resuticluding neutrino flux up-
per limits for each model tested, are summarized in TableutthEr details regarding
this analysis may be found elsewhere [4]. Here, supplemeteour conference pre-
sentation, we extend the paradigm by taking a first look at @&RB03a, one of the
BATSE bursts currently under investigation using AMANDAhived data from 1997-
2000 [5,[6], using models 1 (discrete-isotropic), 2 (digeiet), 3 (average-isotropic)
and 4 (lag-isotropic). Model 4 demonstrates that the laghhosity relationl[i7] provides
a reasonable redshift estimate.

2. GRB980703A: EXTENDING THE DISCRETE GRB PARADIGM

Since the expected neutrino emission relies on the micgipsyassociated with the
prompty-ray emission phase, a complete electromagnetic chazatien of the GRB
is compulsory. Spectral analysis, resulting in a promppay photon energy spectrum,



TABLE 1. Summary of results for GRB030329 [4].

Model  np, nj* Ns, Ns, n," Nobs, Nys™ Flux Upper Limit: 5%
1 17.44,0.06 0.1308, 0.0202, 0.0156 15,0 0.150
2 17.44,0.06 0.0691, 0.0116, 0.0092 15,0 0.039
3 17.44,0.06 0.0038, 0.0008, 0.0006 15,0 0.035

* Number of background events expected during a 40 seconitnensearch window beforay) and
after () quality selection (optimized for discovery [8]), inclumj restriction to a search bin radius
(space angle between the reconstructed muon trajectorther®RB’s position) of 11.3

T Number of neutrino signal events expected on-time for I1d@0Ns) and AMANDA-II (ng, ng).

** The number of observed events in AMANDA-II beforg,fs) and after () quality selection.

* Based upon null detection in AMANDA-II. The effects of ndntr flavor oscillations have been
included. For more details on GRB030329’s electromagretitneutrino parameterization, sBe [4].
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FIGURE 1. Left Plate - Prompt photon energy spectral fit to the Band function (sgeaion[1) for
GRB980703a using the observed discrete electromagnetongters (solid black - used in models 1, 2,
and 4), and average values (solid red - used in model 3). iihsstates the regime of the photon break
energy €P) for the discrete parameter fit. Note that the disagreenetmtden the curves is not resolved by
the uncertainty in the discrete fit, illustrated as dashed confidence bands (assuming propagated errors
with trivial covariance). See Tabl€b 2 add 3 for fit paranefight Plate - The prompt photon energy
spectral Band fit, convolved with BATSE detector responsdiddine), is compared to the measured
BATSE photon count rate (data points with error bars) forahtre (fluence) emission of GRB980703a.

illustrated in Figurd1l, was performed via convolving anuassd spectral model with
the BATSE detector response and comparing the fit with oleskedata. Our spectral
assumption is characterized by an empirical model knowheBand function [d]:
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Multi-wavelength afterglow observations have resultea imore comprehensive elec-
tromagnetic characterization of GRB980703a, such as aeredd spectroscopic red-



shift, zys, Via analysis of the host galaxy [10]. Since the blast wawdtgion is sensitive
to intrinsic burst properties such as the explosion enexgyssion geometry and cir-
cumstellar densityn, the afterglow has been used to deduce anisotropic emigsion

a jet break timetje, and the relative energy fractions imparted to both elestre.,
and the magnetic fieldg. The best fit solution is consistent with the canonical fileba
model, with a jet emission geometry that is inferred by asagm relativistic outflow,
beamed into an ambient medium of constant density, withiollartated jet of half an-
gle, Bt [L1]. A beaming fraction correctiorfg, is then used to correct isotropic values

for luminosity, L'°, and energyE!°, into beam-corrected (jet) values dft and E{,et,
respectively. Electromagnetic observables are sumnthirizéabld2, while the electro-
magnetic parameterization of each model is given in Table 3.

TABLE 2. Observed electromagnetic properties of GRB980703a (BATiRiger #: 6891).

Par ameter () Value Reference
RA, DEC, or (°) [J2000] 359.777775417, 8.585303861 813107 [12]
T (UTCS), Too (s)* [50-350 keV] 15765.22, 411.65 9.27 [13]
F,°t@! (ergs/crd) [50-350 keV] (6.2240.43) x 10°° [13]
dPeak(ergs/cni/s) [20-1000 ke Vi (1.56+0.07) x 10°° [6]
a, B, €2 (keV) [50-350 keV1* —~1.02+0.20,—2.33+0.57, 223+ 96 [6]
e, &) (keV) [50-350 keV] 293+ 185, 219+ 104 [6]
Zobs+ 0.9660-+ 0.0006 [10]
d 8 6219+ 2843 Mpc~ (1.9240.88) x 10?8cm [6]
€, €8 0.27+0.03,00018" 20504 [14]
tiet (days) 3.43+0.50 [11]
n (cm3) 28+10 [11]
Bet! ~ (10.10+1.36)° ~ (0.176+ 0.024) rad 16]
fg = 1 — cOSBiet 0.016+ 0.004 [6]

* The start of thégg interval, with respect to the trigger tim&), was -6.14 seconds [13].
1

1 1 1 3 ; —
tir \ 8 8 8 [(142)] 8 EIs© 8
6~ 010110 £5) " (&) (52 ) " [452] (05) with £ ~ 0.20*9%3 (see [T5)).
T We take the energy band pass of 20-1000 keV as bolometric.
Ay = (1.97+0.43) x 10~2 photons/crilkeV/s, x2 ~ 0.80, and signal/noise 4.11 (see Equatidd 1).
¥ Based upon an average from emission and absorption (Dogalehift) lines from the host galaxy [10].
§ Acpwm cosmology: B = 72+ 5 km/Mpc/s,Qm = 0.29+ 0.07,Q, = 0.73+ 0.07 [16], is utilized throughouit.

The neutrino spectral parameterization is given in Equdﬂcﬂ]. Values from Ta-
bles2 and13 have been substituted into Equdfion 2 to protheceaiues of the neutrino
parameters and the number of neutrino events expected inMDAAB10 (via simula-
tion) for models 1-4, given in Tablé 4. The response of AMANBAO to GRB980703a
models 1-4, including effective areas for neutrinos and msus illustrated in Figuri 2.
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TABLE 3. Electromagnetic parameterization for GRB980703a nemitrindels.

Par ameter Model 1*  Model 21 Model 3**  Model 4*
z SeeTable@  SeeTablel ~1 0.6378'9322
di (Mpc) SeeTableD  SeeTablel@ 64912887 37305255

Ly (10°t ergs/s) [20-1000 keV] ~ 21+6.60 011+0.11 1008+897  238"22°
Ey (102 ergs) [20-2000keV] ~ 1F7+1268 021+0.21 1514+1.35 6577525
£ SeeTabled  SeeTable@  03370%]  0.33%5%]
- SeeTablell SeeTabled 03309 0.33'9%7

* Based upon discrete electromagnetic parameters, assisotngpic emission.

T Based upon discrete electromagnetic parameters, assteamged (jet) emission.

** Using averaged GRB valueg:~ —1, B ~ —2, €0 ~ €0 ~ & ~ 1 MeV, F,/°@ ~ 6 x 10~ ergs/cni, z~ 1,
and®beak~ 2 x 1078 ergs/cnd/s [1]. Under the assumption of isotropic emission.

; eai ; ; PR ; 0.14
¥ Isotropic emission and estimatedia the lag-luminosity method, with, = 0.39f0_20 seconddl]7].

TABLE 4. Prompt muon neutrino flux parameterization and event nurfidp€8RB980703a.
Par ameter* Model1  Mode 2 Model 37 Model 4

1

Mouk = 276|Lysat, Le, (1+2)|° ** 293£45  146+23 310446 [300] 24333

-~ Ly‘52 +0.40
fr~02x o —F2 e 0.34+043 009+0.11 011+0.12[0.20] 034'339
~ _ Ryt 0.37 12.36
A, % o, (1070 GevienPls) 6494827 1624213 016337 5.27123
7x10° T2
€0~ Rl 522 (10° GeV) 529+371 132+093 168+050[1] 525388
(1+2 €y Mev '
108 /el ety 415 2.16 0.75 0.64
e~ ﬁv; (108 GeV) 537741 268318 0.46'275[0.1]  0.40'3%;
njMANDA-BIO (10-4) 6.08 2.79 0.32 4.95

* Wherely = Ly s, 10°2ergs/s] =p5- 1075ty =t,_5-10ms gl = 53Mev -1MeV, andej™ = g%, - 100 MeV.

T Bracketed values indicate nominal values used in averade @Rameterizatior [1].
** Super-Eddington luminosity within a compact source rezgia lower bound to ensure transparent optical depth.

+ Events expected in AMANDA-B10, on a background-~a8.17, for an on-time search window of 420.92 seconds
within a search bin radius ef 9.5°. Estimated event selection attenuates signal efficiency B$%, while rejecting
~ 99.7% of the background. These values are preliminary estBnatill analysis is currently in progress.

3. DISCUSSION & FUTURE OUTLOOK IN THE SWIFT ERA

Consistent with our results for GRB030329, we find that thestheoitical parameters,
which translate into an observable variation in detectspoase, are the electromagnetic
fluence F,, and spectral characterization in the vicinity of the pmdboeak energ)ef,’.
The former is related to the number of neutrinos expectedhéndetector, while the
latter affects the mean neutrino energy of the events. Tatsets on neutrino energy
flux, which exceed one and two orders of magnitude in the coisgraof models 1 and
3, in GRB980703a and GRB030329, respectively, may be tjréretced back to the
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FIGURE 2. Left Plate - Prompt neutrino energy fluxUpper panel) and AMANDA-B10 detector
responsel(ower panel), for GRB980703a models 1, 2, 3, and 4, indicated by solidihldashed blue,
dot-dashed red, and hatched magenta curves, respediighy.Plate - Effective area of AMANDA-B10
for muon neutrinospper panel) and muonsl{ower panel - as a function of energy at closest approach
to the detector). Color code is identical to left plate. Sakld3 for selection and signal efficiency details.

variance in their electromagnetic characterization, Whiicectly affects the constraints
placed upon astrophysical models in the case of null deteclihe consequences of
this reality are both unequivocal and apropos, since a laalrof the Swift era is the
acquisition of a more complete electromagnetic charaagon of fewer bursts (relative
to the age of BATSE). With an order of magnitude increase fiectif’e area for GRBs
[E], realized by km-scale detectors such as IceCube, it istrikely that either the
first evidence for correlated neutrino emission or the fiesi constraints on associated
hadronic acceleration will come from the analysis of an pkoeal (local) discrete
GRB, rather than an aggregate of hundreds with average iemissis interesting to
note that model 4, based upon an estimated redshift fromatiiduminosity relation,
was consistent with model 1, which was based upon the ol$eedshift. Future work
includes the analysis of a subset of BATSE GRBs from 1997046(6], using Band
function fits and (lag-luminosity relation) estimated reifts. Ultimately, a synergy of
gamma-ray and neutrino astronomy may be realized, witherctintext of GRBs, via
multi-wavelength and multi-messenger correlative obetgznal campaigns in an era of
superior scientific instruments such as IceCube and Swift.
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