L VY A A [ S S T D St
LA-UR- 93-1¢04

Title: Scarch for Ultra-High-Energy Radiation from y-ray
Bursts

Author(s): D. E. Alexandreas, G. E. Allen, D. Berley, S. Biller,

R. L. Burman, M. Cavalli-Sforza, C. Y. Chang,

M.-L. Chen, P. Chumney, D. Coyne, C. L. Dion,

G. M. Dion, D. Dorfan, R. W. Ellsworth, J. A.
Goodman, T. ). Haines, M. Harmon, C. M. Hoffman, I..
Kelley, S. Klein, D. E. Nagle, D. M. Schmidt, R.
Schnee, C. Sinnis, A. Shoup, M. J. Stark, D. D. Weeks,
D. A. Williams, J.-P. Wu, T. Yang, G. B. Yodh, and
W. P. Zhang

Submifted to: Proceedings of the International Cosmic-Ray

Conference, Calgary, Canada, July 19-30, 1993

MASTER

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED

Los Alamos

NATIONAL 1 ABORATORY

Lon Alamos Natonitl | abotatry, an atfirmative scttionegual oppaoriumity amphiyer v operaied by the Umiveraity of Califorrua tor the U G Depaitmant of | nmgy
under contract W 7465 | NG 38 [y acospiarnce of Tha athicle the publisher iecognizaen that the U S Clovermaent retains a neossclusiva, oyuly fras i anae o
Patiinh o regrockace the publshed form of e coniiulion, e o allow othaers o go ro for 1S Goverme purporas The o= Alamor Natiaoal |ateratory
racuients that tha pubiinhes identify this sticke as wurk peitormed utider the atisgicen of the U 5 Depattoant -f | nergy
Panh Ny AW T
ShaN


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


DISCLATMER

Vhiv aeport waus prepured ay an account of work sponsored by an ngency of the United States
Ciov=mment Neither the Umited States Government not any agency thereol, nor any of theit
employres, makes Loy wierant 7, eapress ot imphied, or asumes any legal finbility o1 responst
iy for the accuracy, completeness, o usefuiness of uny information, apparatus, prsduct, ot
provess discfosed, o tepresents thiat ite use woukl not infrnge privately owned 1ights Refer
ence herein to way specific cammerol product, process, ot service by tude e, tiademark,
wmanufacty <1, o5 otherwise does not necessanly constitute ot mply iy endorsement, recom
mendation, o1 bavoring by the Unded States Government ot any agency theteal The viewa
and opintony of anthory expressed herein do not necessanly stute o relleat those of the
United States Gavernment or wny agency thereof



Search for Ultra-High-Energy Radiation from +-ray Bursts

The CYGNUS Collaboration
D.E. Alexandreas,!'” G.E. Allen,? D. Berley,*®* §. Biller,! R.L. Burman,®
M. (‘avalli-Sforza,® C.Y. Chang,2 M.-L. Chen,? P. Chumney,! D. Coyne,*
(’.L. Dion,* G.M. Dion,'? D. Dorfan,> R.W. Ellsworth,' J.A. Goodman,?
T.J. Haines,?> M. Harmon,! .M. Hoffman,® L. Kelley.® S. Klein,> D.E. Nagle?
D.M. Sckmidt,® R. Schnee,® C. Sinnis,® A. Shoup,' M.J. Stark,2 D.D. Weeks,*
D.A. Williams,? J-P. Wu,® T. Yang,® G.B. Yodh,! and W.P. Zhang*'?

! The University of California, Irvine
2 The Unwersity of Maryland, Cullege Park
3 Los Alamos National Laboratory, Los Alamos, New Mezico
4 George Mason University, Fairfur, Virgina
5 The University of Califorrua, Santa Cruz
8 The University of California, Riverside
" Now at Instituto Nazionale di Fisicu Nucleare, Padova, ltaly
% National Science Foundation. Washington, D.C.
9 Now at ICRR, Unwersily of [okyo, Tokyo, Japun
10 Now at NASA Goddard Space Flight (‘enter, Greenbelt, MD

Presented by Richard W. schnee
Abatract

iIsing data from the CYGNUS extensive air shower array, we have searched for
evidence of emission of ultra-high-energy radiation coincident with y-ray bursts
observed by the BATSE instrument on the Compton Gamma-Ray Observatory.
No statistically significant excess was found for any point in the sky within 47
of BATSE's best location coordinates for any of the 56 bursts examined. Fur-
thermore, no events were scen in the 2.2 radius ciccular bin surrounding v-ray
barst GRB 920720, whose location was determined accurately by the Comp-
ton/Ulysses/PVQ Interplanetary Network of satellites, Flux upper limits de-
pend greatly on the actual zenith angle of the bhurst. ‘l'ypical fluence upper
limits above 100 TeV are ~10 % erg em ?. The flurnce upper limit for GRB
920720 is 2 x 10 Yergem 2.

Introduction._ ‘The Burst and ‘Transient Source Experiment (BATSE)! has
heen detecting v-ray bursts at a rate of about ane per day since it began oper-
ating in 1991 April2. BATSE has a flux threshold of 10 Tergem 24 ' and a
sensitivity to y-rays in the energy rauge of 20 keV to 2 MeV3,

The CYGNUS-I extensive air shower array? has heen operating since 1986
April, at a trigger rate of about 1.5 s ! sinee upgrades in summer 1989, The
energy threshold depends strongly on the zemith angle of the incident particle.
The medinn energy of detected 7 rays is about 5 TeV for showers ove-head,
abont 100 TeV {or showers with zenith angle ¢ 30", and about 1000 ‘T'eV for
showers with # - 60",

We hiave examined the CYGNUS data set for evidence of uiten-high energy
(UHE) ermsrion coincident with bursts detected by BATSE. We considered the

260 bursts detected by BATSE in it tiest vear of operation?; 56 of these



bhursts had # < 60° and so were visible to the CYGNUS array. In addition,
we included cne burst (GRB ¥20720) whose locaticn was well determined by
the Ulysses/("fompton/PVO Interplanetary Network®. We searched for UHE
emission during the time BATSE received 90% of the burst tlux, rounded up
to the nearest second (hurst durations vary from Lundredths to hundreds of
seconds).

Method of Search  The 56 bursts from the BATSE catalog* have 1o location
errors ranging from 4° to ~20°. However, the BATSE group does not expect
the errors to be (raussian, particvlarly for weaker bursts, An area 4 times as
large as the lo area may be needed for a 95% confidence level!. The angular
resolution of the CYGNUS array is 0.7°%. For the small number of background
cvents expected during the bursts, the optimally sized square bin® is 2.6° on a
side, much smaller than the BATSE crror box. Therefore, we divide an area of
sky 4 times the quoted le error box around each burst into a non-overlapping
grid of square bins with dimensions 2.6° in declination (8) by 2.6°/ cos § in right
ascension («a). We test whether any of these {~150 to ~1000) bins contains
more events during the burst period than would be expected from background
luctuations. To ensure sensitivity to a source near the edge of a bin on this
grid, the process is repeated with the grid shifted 1/2 of a bin width in «, then
1/2 of a bin width in 8, then 1/2 of a bin width in both.

The expected number of background events in a bin with declination ¢ and
hour angle HA is computed from
No(d, 1A T

R'.!nun

wp(d, HA)
N' p( ) Nlot 120s8ec¢

(1
Here N, (8, HA) is the number of events falling in the bin during the rest of the
run containing the burst (a run varies in duration from 3 to 10 hours), while
Nar 18 the total number of events observed during the rest of the run, Ropy, is
the total number of events detected during the two minutes around the bursi,
and 7' is the burst duration in geconds. This formula is used hecause the overall
event rale varies over the course of a run, but the efliciency as a function of loeal
coordinates does not.

The probability of background yielding at least the number of observed
events is determined for each bin in enach of the four large grids, taking into ac.
count the uncertainties in the expected background. For each burst, the smallest
probability, Pyin, is designated the pre-tral probability of the burst. We then
Jdetermine the probability Py of backgronnd fluctuations yielding at least one
pre-trial probability as small ns P,,,. ‘1o test the distrib tion of final burst
probabilities Py, we determine whether the distribution’s most significant ex
cesa is consistent with no signal. The probabilities I, are sorted into ascending
order Py, %, ..., 'se, where ' in the i wimallest probability of any burst in the
sample, For each P, we calculate the probabnlity that { or iore bursts would
have probabilities leas than or equal to 1)

Results  Figure | shows the integral distribution of the final burst probabilities
I’y The most significant. exeess in the disteibution corresponds to 33 bursts with
P’y - 0.42. The probability of so many bursts baving I this low is 0.6%. Afller
including a trinls factor (determined from Monte Carlo simulation® to he 13 4)
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Figure 1. Integral number distribution of the 56 BATSE catalog bursts as a
function of post-trial burst probability P;. The dashed line shows the expected
distribution, which exhibits a discontinuous jump at - log,, F - 0.0 due to the
finite number of bursts expected to have no events in the entire area searched.

to account for searching the distribution for the most signiiicant deviation, the
probability is 8%, consistent with the hypothesis of no signal.

Flux Limits The (90% CL) upper limit on the flux of photons above an
energy E is given by

Ny fol> E)0 "
Nesp RP

where N, is the (90% CL) upper limit cn the number of source events, f..(> F)
is the all-particle cosmic ray flux (above the energy F), {1 is the angular size of
the hin 1sed, J is the fraction of source events expected to fall in this tin, and
R, is the ratio of the efficiency of detecting source photons to that of delecting
cosmic rays. We take f.. from the measured values of the cosmic ray proton
flux and the ratio of of the all-particle flux to the proton flux®:

Fa(>FE) -

" 170
fer(>E) = 1.8 x 10 li( ,’:I :) cm Pa ler ! (3)
1 TeVy
A Monte Carlo simulation that takes into account uncertainties in the source
pusition within a bin predicts J  0.77. The value of R, dependa on the source
zenith angle, the source apectrum at earth, and the assumed cosmic-ray compo-
sition. For extragalactic sources, absorption® by the microwave background'-!!
and the infrared background'? drastically reduces B, (see rof. 13 for quantita-
tive vosulta). Here we asnume no absorption and a source spectrum the same as
the coumic ray spectrum. We use a cosrnic ray componition of 4 parts I, 4 parts
He, 2 parts N, 2 parta My, | part CL, and | part Fe (based on ref. 8). Flux
litits for sonrces with small zenith angles nnd moderate durations are typically

Fa( 100 TaV) 2+ 10 Yo 15 Y )



The fluence upper limit ¢,; depends strongly on the assummed spectrum. For a
differential power-law spectrum dV,;dE x F “,

[
but(> E) = Ful> EYTE™— | (51
(R4

where T is the burst duration. For a spectrum the same as background cosmic
rays, typical fluence limits @y(> 100 TeV) = 107% erg an ?

GRB 820720 The accurately located burst GRB 920720 (BATSE trigger
#1711)occurred at (1950 coordinates) a = 19:4.94°, and ¢ = 37.01°, which yield a
zenith angle of 35.5°. The burst lasted 7 seconds, during which time we observed
no events within 2.2° of it. The flux upper limit for this burst f,;(> 100 TeV) =
8 x 10719 ¢m 2 sec '!; the fluence upper limit ¢ (> 100 TeV) = 2 x 107 erg
em 2,

Conclusion For the 57 visible bursts, we saw no evidence of emission of

ultra-high-energy radiation.
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