OG 10.6.15

THE TELESCOPE ARRA

Y PR

OJECT

(The T elescop e Array collab oration)

S.Aiso

3

, M.Chik a w a

9

, Y.Hay ashi

1

, N.Hayashida, K.Hibino

4

, H.Hirasaw a, K.Honda

5

,

N.Hotta

14

, N.Inoue

3

, F.Ishik a w a, N.Ito

1

, S.Kab e

10

, F.Ka jino

2

, T.Kashiwagi

4

,

S.Kaw ak ami

1

, Y.Kaw asaki

1

, N.Kaw asumi

5

, H.Kitamura

8

, K.Kuramo chi

17

, K.Kurata

2

,

E.Kusano

3

, H.Lafoux, E.C.Loh

6

, Y.Matsubara

12

, T.Matsuyama

1

, Y.Mizumoto

11

,

K.Mizutani

3

, M.Nagano, D.Nishik aw a, J.Nishimura

4

, M.Nishizaw a

16

, T.Ouchi, H.Ohok a,

M.Ohnishi, T o.Saito

15

, N.Sak aki, M.Sak ata

2

, K.Sakumoto

18

M.Sasaki, M.Sasano

1

,

H.Shimo daira, A.Shiomi

3

, P .Sokolsky

6

, T.Sugiyama

2

, T.T ak ahashi

1

, S.T a ylor

6

, M.T eshima,

I.Tsushima

5

, Y.Uchihori

7

, T.Y amamoto, Y.Y amamoto

2

, S.Y oshida, H.Y oshii

13

, and T.Y uda

Institute for Cosmic R ay R ese ar ch, University of T okyo, T okyo 188, Jap an.

1

Dep artment of Physics, Osaka City University, Osaka 558, Jap an.

2

Dep artment of Physics, Konan University, Kob e 658, Jap an.

3

Dep artment of Physics, Saitama University, Ur awa 338, Jap an.

4

Dep artment of Engine ering, Kanawaga University, Y okohama 221, Jap an.

5

F aculty of Educ ation, Y amanashi University, Kofu 400, Jap an

6

Dep artment of Physics, University of Utah, USA

7

The 3r d R ese ar ch Gr oup, National Institute of R adiolo gic al Scienc es, Chib a 263, Jap an

8

Dep artment of Physics, Kob e University, Kob e 657, Jap an

9

R ese ar ch Institute for Scienc e and T e chnolo gy, Kinki University, Osaka 577, Jap an

10

National L ab or atory of High Ener gy Physics, Tsukub a 305 ,Jap an

11

National Astr onomic al Observatory, T okyo 181, Jap an

12

Solar-T err estrial Envir onment L ab or atory, Nagoya University, Nagoya 464-1, Jap an

13

F aculty of Gener al Educ ation, Ehime University, Ehime 790, Jap an

14

F aculty of Educ ation, Utsunomiya University, Utsunomiya 321, Jap an

15

T okyo Metr op olitan Col le age of A er onautic al Engine ering, T okyo 116, Jap an

16

National Center for Scienc e Information System, T okyo 112, Jap an

17

Informational Communic ation, KOKUSAI Junior Col le ge, T okyo 165, Jap an

18

F aculty of Scienc e and T e chnolo gy, Meisei University, T okyo 191, Jap an

ABSTRACT

The current status of the T elescop e Array pro ject and the results of the development

work will b e rep orted. Prototyp e telescop es were installed at the Akeno observ atory and Utah

Fly’s Eye site. A seven telescop es array

, the prototyp e T elescop e Array will b e completed at

Utah Fly’s Eye site in the summer of 1997. The T eV gamma rays from the Crab Nebula and

Mkn501 were successfully observed with these prototype telescop es.

1. INTR

ODUCTION

Recently

, the highest energy cosmic rays ab ove 10

20

eV were discovered by the Fly’s

Eye exp eriment(Bird et al 1995) and the AGASA exp eriment (Hayashida et al. 1994). These

cosmic rays hav e macroscopic energies of 50J and 30J, resp ectively . W e �nd it di�cult to

explain their origins. Their tra jectory must b e straight in intergalactic space and in our galaxy

b ecause of their high rigidities. The propagation length is also limited due to the Greisen

(1966), Zatsepin and Kuzmin (1966) e�ects. Therefore we exp ect nearby large accelerators

(active astronomical ob jects) in their arriv al direction. But we hav e failed to identify likely

candidate sources. Their nature is a mystery

. The T oplogical defect mo del which explain the

Figure 1: The conceptual design of detector station arrangement. Each station has 40 �xed

directional telescop es which are dedicated for the detection of the highest energy cosmic rays.

The central station (CFD) has also 80 steerable mount telescop es capable of doing T eV gamma

ray astronomy .

highest energy cosmic rays as a decay pro ducts from cosmic strings and monop oles, and the

relation with GRB’s are discussed seriously

. Anyw a y , in order to study the highest energy

cosmic rays more quantitatively

, we need a detector with a larger ap erture.

In the last 10 years, several T eV gamma ray sources hav e b een identi�ed by the Whipple

(Cawley et al. 1990), CANGAROO(Hara et al. 1993) and HEGRA IACT(Aharonian 1993)

exp eriments. The Crab Nebula is one of the prominent T eV gamma ray sources. The origin

of the gamma rays from Crab Nebula can b e well explained by the S.S.C. (Synchrotron Self

Compton) mo del, though there is the p ossibility of the existence of additional comp onents as

discussed by Aharonian and Ato y an (1995). More precise measurement of energy sp ectrum

is required to obtain conclusive emission mechanism. Another astonishing discovery is the

identi�cation of the BL Lac typ e AGN’s as T eV gamma ray sources. The strong T eV gamma

ray ares of Mkn501 were observed by Whipple T elescop e, HEGRA, CA

T, and T

A prototyp e

detectors. The results from T

A prototype detectors will b e rep orted in this conference. The

studies of v ariabilities of gamma ray ux will give us the informations ab out the high energy

phenomena around the Black Hole existing at the center of AGN.

The improv ement and the developmen t of new detectors which hav e sensitivities greater

than the current detectors by an order of magnitude in b oth energy regions are highly required.

2. TELESCOPE ARRA

Y DETECTOR DESIGN

In �gure 1., the conceptual design of the station arrangement for the full scale T elescop e

Array is shown. It consists of seven stations with a separation of 30km b etw een each adjacent

station. This station arrangement (the num b er of stations and the distances b etw een stations)

is optimized for the detection of the highest energy cosmic rays. The estimated ap erture for

10

20

eV cosmic rays is larger than 30; 000k m

2

str .

Each station consists of 40 �xed directional telescop es with a camera of 1

�

pixel. Their

�eld of view is 16

�

� 16

�

. They will cov er 2� azimuth and 32

�

elev ation of the sky near the

horizon. Each telescop e has a 3 meter diameter main dish consisting of seven segment mirrors.

The b oundary six stations are dedicated for the studies of the highest energy cosmic rays and

the deeply p enetrating air show ers initiated by high energy neutrinos.

The central station also has 80 steerable telescop es which hav e 1024 pixel (0:25

�

p er

pixel) high resolution cameras and a 3m diameter main dish segmented 19 mirrors. This

design gives the central station the capability to study not only the highest energy cosmic rays

but also the high energy gamma rays with cerenko v mo de. 80 telescop es are divided into 20

lo cations, and at each lo cation, four telescop es are installed close together. The trigger will b e

generated using the signals of four telescop es. It will minimize the e�ect from the background

photons and reduce the threshold energy for gamma ray detection to 100 GeV, giving us a

wide energy band. These multiple telescop e system in the T eV gamma ray astronomy will give

us the sp ecial opp ortunity

, doing survey observ ation in the all sky

, monitoring the AGN’s and

searching GRB’s in T eV energy region.

Figure 2: The telescop e arrangement of a seven telescop e array (T elescop e array prototype)

under construction at the Utah Fly’s Eye site. Three telescop es are already in op eration. This

prototyp e will b e completed in the summer of 1997. The distance b etw een this prototyp e and

the HiRes I and HiRes I I is ab out 22km (Al-Seday et al. 1996). Stereoscopic observ ations of

the highest energy cosmic ray can b e done with these three stations. This prototyp e works as

a T eV gamma ray detectors, to o. The stereoscopic observ ation and intertelescop e triggering

metho d for the T eV gamma rays will give us the b etter angular resolution, the b etter hadron

rejections, and low er threshold energy .

3. PRESENT ST A TUS

The development work is progressing for the T elescope Array pro ject. The steerable

mount telescop e, the photomultiplier camera, the data acquisition system, the online sky mon-

itoring system, and the shelters are under developmen t.

The main dish of prototyp e telescop e consists of 19 hexagonal shap e segment mirrors

coated with aluminum and then ano dized. T otal mirror surface area is 6m

2

. The mirror base

is made of pyrex glass. The sp ot size of each segment mirror is ab out 1mm. The re ectivity

at 400nm is ab out 90%. At the fo cal plane of the telescop e, the prototype camera of 256ch

is installed. The camera consists of pack ed 64 multi ano de photomultipliers, each with four ano des. The optical �lter of shott BG3 with a thickness of 4mm are held on the photomultiplier

head with optical glue.

F or the online monitoring of the sky condition, a lidar system is under developmen t. A

Nd:Y A G laser with a third harmonic at 355nm gives a b eam which is very close to the ma jor

line of air scintillation light. The Nd:Y A G laser has b een used to simulate the air scintillation

light from the giant air show ers at Akeno observ atory

, and we found that the accuracy of arriv al

direction determination with our telescop es is b etter than 0:03

�

.

The prototyp e detectors hav e b een constructed at the Akeno observ atory and at the

Utah Fly’s Eye site. The T eV gamma ray observ ation were carried out and the gamma rays

from Crab Nebula and the gamma ray ares of Mkn501 were successfully detected as presented

in this conference. The intensit y of gamma rays from Mkn501 b ecame stronger than the Crab

by a factor of 2-4. The transient phenomena something like a AGN ares and GRB’s can b e

studied e�ciently with wide FO

V system or a system with many telescop es. The telescop e

array prototyp e and the central 80 alt-azimuth telescop es in the full scale system will b ecome

the p ow erful instruments for the study of the transient phenomena.

After the current developmen t work, we hop e to start the construction of the full scale

telescop e array around 2000. The total amount of the construction cost is $60M, for which we

exp ect fruitful results on cosmic ray physics in a wide energy range. The site survey for the full

scale telescop e array contin ues, but the �rst candidate site is the same site as the north Auger

array

, Millard county

, Utah.

The adv antage to installing the T elescop e Array in the same site of the Auger array

is to con�rm the determination errors of the show er parameters b etw een tw o quite di�erent

metho ds. The longitudinal show er developmen t, the lateral distribution of shower particles,

and the ratio of the num b er of muons and electrons in the show er can b e measured by the �ne

resolution optical detector (T elescope Array) and the ground array (Auger array). In order to

clarify the origin of the highest energy cosmic rays, the study of the chemical comp osition plays

a key role.

ACKNO

WLEDGEMENTS

This work is supp orted in part by the Grants-in-Aid for Scienti�c Research (Grants

#07247102 and #08041096) from the Ministry of Education, Science and Culture. The au-

thors would like to thank Mrs.B.Jones, Mr.R.Smith, Mr.S.Thomas and Mr.A.Larsen for their

technical supp orts, and the p eople at Dugwa y for the help of observ ations.

References

Aharonian, 1993, Pro ceedings of the Int. W orkshop \T ow ards a Ma jor Atmospheric Cerenkov

Detector I I", Calgary

, Edited by R.C.Lamb, p81. Bird D. et al. 1995, Ap. J. 424, p491.

Cawley et al. 1990, Exp er. Astr. 1 p173.

Greisen K. 1966, Phys. Rev. Lett. 16, p748.

Hara et al. 1993, Nucl. Inst. Meth. Phys. Res. A 332, p300.

Hay ashida N. et al. 1994, Phys. Rev. Lett. 73, p3491.

Al-Seady M. et al. 1996, Pro ceedings of the Int. W orkshop \ Extremely High Energy Cosmic

Rays: Astrophysics and F uture Observ atories", T oky o, Edited by M.Nagano, p191.

Zatsepin G.T. and Kuzmin V.A. 1966, Pisma Zh. Eksp. T eor. Fiz. 4 p114.