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Search for ultra-high energy photons and neutrinos using Telescope Array surface detector
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Abstract: We search for ultra-high energy photons by analyzing geocagtproperties of shower fronts of events reg-
istered by the Telescope Array surface detector. By makasgafi an event-by-event statistical method, we derive upper
limits on the absolute flux of primary photons with energibe\@10'° eV. We report the results of down-going neutrino
search based on the analysis of very inclined events.
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1 Introduction physics. Neutrino flux is constrained by several experi-
ments, see [21] and references therein.

Telescope Array (TA) experiment [1] is a hybrid detector

operating in Utah, USA. TA consists of a surface detectoi Photon search

array of 507 plastic scintillators with 1.2 km spacing cever

ing 700 kn? area (Fig. 1) and three fluorescence detectors. ) )

The purpose of thiFalk is to present photon and neutrinoThe Tel_escope Array surface d_etector stations contain plas

search capabilities of Telescope Array surface detectbr afic Scintillators of 3 nt area which detect both muon and

to place the limits on the integral fluxes in energy regiof§/€ctromagnetic components of the extensive air shower
abovel0f eV. and therefore are sensitive to showers induced by primary

Several limits on the UHE photon flux have been Sthotons (see e.g. Ref. [22] for discussion). We use the

by independent experiments, including Haverah Park [Zzhower front curvature as a composition-sensitive param-
AGASA [3], Yakutsk [4, 5] (see also reanalyses of the ter (C-parameter) and we use a modification of event-by-

AGASA [6] and AGASA+Yakutsk [7] data at the highest event statistical method [23] to constrain the photon inte-

energies) and the Pierre Auger Observatory [8, 9, 10], bg{al flux above the given energy. For the energy-sensitive

no evidence for primary photons found at present Photd:harameter (E-parameter), we use the scintillator signal de
P yp P ) Sity at 800 m core distanc8 = Sgog. The comparison

limits may be “S?d to constrain the parameters of top-dovxér} event-by-event statistical method with “photon median”
models [11] and in the future photon search may be used Rethod [9]is presented: the results are in the mutual agree-
select between different Greisen-Zatsepin-Kuzmin [12, 1 '

cut-off scenarios which predict photons as everpresent sec

ondaries. Moreover, results of the photon search severely

constrain the parameters of Lorentz invariance violation 2.1 Simulations

Planck scale [14, 15, 16]. Finally, photons with energies _ ) ) o
above~ 10'8 eV might be responsible for CR events corAir showers induced by primary photons differ signifi-

related with BL Lac type objects on the angular scale sigkantly from the hadron-induced events (see e.g. [24] for a
nificantly smaller than the expected deflection of proton&View). Atthe highest energies there are two competitive
in cosmic magnetic fields and thus suggesting neutral p,@_ﬁects responsible for the diversity of showers induced by
maries [17, 18] (see Ref. [19] for a particular mechanism)Pfimary photons. First, due to the Landau, Pomeranchuk
. . [25] and Migdal [26] (LPM) effect the electromagnetic
Ultra-high energyneutrinosmay be generated by the de- C o 19
. S ross-section is suppressed at energies 10’ eV. The
cay of charged pions produced as a secondaries in G

M effect leads to the delay of the first interaction and
process [20], by beta-decay of unstable ultra-hugh en- .
. X the shower arrives to the ground level underdeveloped. An-
ergy nuclei or by some mechanism related to the new
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2.2 Dataset

We use Telescope Array surface detector dataset covering
dates from 2008-05-11to 2011-03-06. Surface detector has
been collecting data for more than 95% of time during that
period [34].

We reconstruct each event with a joint fit of the geome-
try and lateral distribution function (LDF) and determine
Linsley curvature parameter™ along with the arrival di-

. rection, core location and signal density at 800 meters
BR(B]‘ack Rock) S = Sgpo. The same reconstruction procedure is applied to
L both data and Monte-Carlo events.

For each real event “i” we estimate the energy of hypo-
thetical photon primary!, = E.(S%,6%,4'), i.e. the av-
erage energy of the primary photon, inducing the shower
with the same arrival direction anfl. The look-up ta-
ble for E,(S, 6, ¢) is built using photon MC set; the de-
pendence on azimuthal angles relevant for events with
E, > 10'95 eV where geomagnetic preshowering is sub-
stantial.

Photon-induced showers are naturally highly fluctuating
and consequently the accuracy of determinatiodofis

other effect is the® pair production due to photon interac- 0% at . level. In th i &S d
tion with the geomagnetic field above the atmosphere. Seg- " atone sigma [evel. In the presen _a}na ys/ss use
pr event selection only and therefore it's fluctuations are

ondary electrons produce gamma rays by synchrotron ra . o
ation generating a cascade in the geomagnetic field. T ee” acgoupted In exposure calculation: the re_sult OT these
probability of this effect is proportional to the squareod t fuqtuatlonlls a fra}ctlon of lost photons [23] which will be
product of photon energy and perpendicular component glsumated in Section 2.4.

geomagnetic field. The shower development therefore déhe following cuts are applied to both data and MC events:
pends on both zenith and azimuthal angles of photon arrival
direction.

Event-by-event method requires us to have a set of simu- 2. The number of detectors triggered is 7 or more;
lated photon-induced showers for the analysis of each real
shower. We simulate the library of these showers with dif- 3
ferent primary energies and arrival directions. For théhig

est energy candidates (events which may be induced by4
photon with primary energy abov®'°-> eV) we simulate '
individual sets of showers with fixed zenith and azimuthal 5.
angles.

We use CORSIKA [27] with EGS4 [28] model for elec- The cuts determine photon registration efficiency which is
tromagnetic interactions, PRESHOWER code [29] for gehigher that 50% for showers induced by primary photons
omagnetic interactions, QGSJET Il [30] and FLUKA [31]With energy above0'® eV.

for high and low energy hadronic interactions. There is

no significant dependence of the hadronic model because3 M ethod

only photon-induced simulated showers are used in calcu-

lations. The showers are simulated with thinning and th®o estimate the flux limit we use event-by-event method.
dethinning procedure is used [32]. Linsley curvature parametéa” is used as a C-observable

Detector response is accounted for by using look-up tabl@§dS = Ssoo is used as E-observable. For each real event
simulated with GEANT4 [33]. Real-time array configura-‘i" We estimate the pair of parameterSy, ay;) and the

tion and detector calibration information are used for eac@tival direction ¢*, ¢*) from the fit of shower front geom-
simulated event. Monte-Carlo (MC) events are produced @try and LDF.

the same format as real events and analysis procedures e select a simulated gamma-induced showers compatible
applied in the same way to botfPhoton-inducedC set  with the observed’, ¢’ andS?,, and calculate the cur-
containg-10° triggered events based on 3380 independerhture distribution of the simulated showqiis(a) as dis-
CORSIKA showers [32]. No proton simulations are use@ussed in Ref. [23]. For each event, we determine the quan-
in calculating the flux limits.
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Figure 1: TA surface array

1. Zenith angle cutd5° < 6 < 60°;

Shower core is inside the array boundary with the
distance to the boundary larger than 1200 meters;

Joint fit quality cuty?/d.o.f< 5;
E,(S§00, 0", ¢") > 10" eV.
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tity The statistical method (Eq. 2) gives the constraint on the
s expected number of photons in the datasé¢hus leading
ci / Fi(a)da to the following result
Y
— 00 ﬁ
Fo<—— 4
which is the value of the integral probability distribution T Ageom (1= X) @)

function for the observed curvature.

Though the distributionﬁ,ﬁ(a) vary with energy and arriva
direction,C? for gamma-ray primaries would be distributed
between 0 and 1 uniformly by definition.

Since the simulations of hadron-induced showers depend

strongly on the hadronic interaction model, we do not us8 Neutrino search

the hadronic showers simulations in calculation of thetlimi

Suppose that the integral flux of primary photons over & opposed to hadron and photon-induced showers,

| The result does not depend on the choice of hadronic in-
teraction model, nor on possible systematics in the energy
determination of hadronic primaries.

given energy range ig,. Then we expect to detect neutrino-induced shower may be originated in any part of
the atmosphere. Therefore very inclined young showers
n(Fy) = FyAgeom(1 = A) (1) may be considered as a neutrino candidates. We search for

) ) _young showers with zenith angle above 70 degrees using
photon events in average, whefg.,, is the geometri- Tglescope Array SD data. We calculate the exposure us-

cal exposure of the experiment for a given datasetaisd g CORSIKA Monte-Carlo and obtain ultra-high energy
fraction of “lost” photon (i.e. photons with primary ener-yqtrino flux limit.

gies within the interesting region which failed to enter the
dataset due to cuts).

Let P(n) be a conservative probability to hawephotons 4 Results

in a dataset which is defined as a maximum over all subsets
of n real events: Limits on the photon and neutrino fluxes abaM@® eV

will be presented at the conference.
Pn)=_ max P{i1,...,in}),

11 <i2<...<in
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