OG 4.3.7

TEV GAMMA RA

YS FR

OM MARKARIAN 421

(The T elescop e Arra y collab oration)

S.Aiso

3

, M.Chik a w a

9

, Y.Ha y ashi

1

, N.Hay ashida, K.Hibino

4

, H.Hirasa w 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.Kashiw agi

4

, S.Ka w ak ami

1

,

Y.Ka w asaki

1

, N.Kaw asumi

5

, H.Kitam ura

8

, K.Kuramo c hi

17

, K.Kurata

2

, E.Kusano

3

, H.Lafoux,

E.C.Loh

6

, Y.Matsubara

12

, T.Matsuy ama

1

, Y.Mizumoto

11

, K.Mizutani

3

, M.Nagano,

D.Nishik a w a, J.Nishim ura

4

, M.Nishizaw a

16

, T.Ouc hi, 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 .Sok olsky

6

, T.Sugiyama

2

, T.T ak ahashi

1

, S.T a ylor

6

, M.T eshima, I.Tsushima

5

, Y.Uc hihori

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

ABSTRA CT

Observ ation of T eV gamma ra ys from Mark arian 421 w ere ac hiev ed using t w o Cherenko v

imaging telescop es of the T elescop e Arra y protot yp e detectors with 3 m diameter at Ak eno

Observ atory in Japan. Gamma ra ys from Mrk 421 were observ ed on Ma y 12, 1996. This date

is very close when the Whipple group observ ed rapid bursts.

1. INTR

ODUCTION

More than 50 activ e galactic nuclei(A

GNs) ha v e b een detected as gamma-ray sources b y

the EGRET detector on b oard the Compton Gamma Ra y Observ atory with energies ab o v e 100

MeV. (Hartman et al. 1992, 1994; Fich tel et al. 1994) In contrast, only tw o of them, Mrk 421

and Mrk 501, are iden ti�ed as the gamma-ra y sources in the T eV energy range by atmospheric

Cherenk o v exp erimen ts.(Punc h et al. 1992, P etry et al. 1996, Quinn et al. 1996) Both of them

are kno wn as nearb y BL Lacertae class of the A

GNs, which is a subset of the broader blazar

class. Gamma ra y v ariabilit y for these sources has b een observed.(Kerric k et al. 1995, Buc kley

et al. 1996) Extremely rapid bursts of T eV gamma ra ys from Mrk 421 w ere observed on Ma y

7 and 15, 1996 b y the Whipple Observ atory collab oration. (Gaidos et al. 1996) The ux of the

gamma ra ys together with the time scales of the ux v ariation will giv e strong constrain ts on

the emission mec hanism.

W e hav e b een observed Mrk 421 since No v em b er 1995 till Ma y 1996 using t w o 3m diameter

Cherenk o v telescop es at an altitude of 900 m (920 g/cm

2

in atmospheric depth) at Ak eno

Observ atory in Japan (138

�

30’E and 35

�

47’N). Our data set with 35 min observ ation time on

Ma y 12, 1996 whic h is close to the date the Whipple Observ atory collab oration observ ed the

rapid burst, also indicated a signature of gamma ra y are.

2. EXPERIMENT

AL METHOD

Two Cherenk o v telescop es w ere installed at Ak eno Observ atory with a distance 40m apart.(Fig.1)

Figure 1: Two Cherenk o v telescop es installed at Akeno Observ atory .

The telescop es are protected b y shelters in order to a v oid dust, rain and ligh t in the da y-

time. Re ector of the telescop e consists of 19 hexagonal shap e segmen t mirrors coated with

alumin um and then ano dized. T otal mirror surface area of the telescop e is 6m

2

. Sp ot size of

eac h segmen t mirror is around 4 mm. Re ectivit y of eac h segmen t mirror is measured to b e

ab out 90% at 400 nm.

The telescop e has altazim uth moun t and is con trolled b y VxW orks lo cal computers which

is mounted on the telescop e. The computers read the enco der outputs with an accuracy of

0:001

�

to estimate the tracking error, then feedback of this error is sen t to the next step con trol

for the telescop e sp eed and the acceleration sp eed. These con trol cycles are done ev ery 0.1

second and all trac king information is sen t to the host computer. By scanning bright stars with

photom ultiplier camera, tracking accuracy w as found to b e b etter than 0:02

�

.

Figure 2: F ron t and side view of the Cherenko v telescop e

At the fo cal plane of the telescop e, a 256 pixel camera is moun ted. The camera consists

of 64 multiano de photom ultipliers(PMT), Hamamatsu R5900-03-M4, eac h of whic h has four

c hannels of ano des. Quan tum e�ciency of the PMT is o v er 20 % b et w een 300nm and 450nm.

Field of view of a pixel of the PMT corresp onds to 0:25

�

� 0:25

�

, then the �eld of view of the

camera corresp onds to 4

�

� 4

�

The optical �lter of Shott BG3 with a thic kness of 4 mm are held on the PMT head with

optical glue. This �lter eliminates background ligh t and accepts light b et w een 300nm and

450nm. The internal transmission of the �lter is b etter than 90% b et w een 300 nm and 430

nm. It has a tap ered shap e: the windo w is 28mm � 28mm, and the plane contacting the PMT

head is 24mm � 24mm. Therefore, it works not only as a �lter of the ligh t but also as a light

collector. With this optical �lter/collector, more than 90% of the light fo cused on the camera

cluster is guided to the PMT photo catho de. The optical and the electrical cross talk b et w een

four channels in the multiano de PMT was examined and found to b e less than 3%.

Signals from the PMTs are ampli�ed and then fed to data acquisition system at the telescop e

moun t. Output charges and timings of the pulses from the PMTs are measured for eac h of 256

c h. Threshold lev el of discriminators w ere con trolled b y a computer to ha v e a constan t coun ting

rate from eac h PMT, and were set to voltages corresp onding to around sev eral photo electrons

for the presen t exp erimen t. W e required at least �v e hit channels in a sub cluster of 4c h�4c h

PMTs for triggering even ts. Gain of the PMTs and ampli�ers w ere monitored by using a blue

LED which ushed ev ery 1 min.

A new trac king metho d called the ’raster scan’ is emplo y ed. During the raster scan the

cen ter of the �eld of view of the camera scans inside a square region of 1

�

/cos(dec)�1

�

in righ t

ascension and declination plane cen tered the target of Mrk 421.

W e ha v e observed Mrk 421 for 31.04 hours in total from Mar 1996 un til Ma y 1996. W e

lab eled the data set into three categories of ’excellen t’, ’go o d’ and ’p o or’ dep ending on weather

condition. W e used only the ’exellent’ data set of 8.42 hours on Mar 22, Apr 11,12,16 and Ma y

12 for the present analysis.

3. RESUL TS

Image pro cessing to select ev en ts for whic h the image concen trates in geometry and timing

w ere made to reject bac kground photons coming from the nigh t sky

. Usual image analysis

(W eek es et al. 1989) w as carried out.

A distribution of the alpha parameter for Mrk 421 on May 12, 1996 for 35 min observ ation

Figure 3: Distribution of the alpha parameter for Mrk421 on Ma y 12,1996.

time is sho wn in Fig. 3 for which the alpha distribution for t w o telescop es are added. Clear

excess of ev en ts w ere found at small alpha region less than 15

�

in this distribution.

A map of signi�cance v alue of the excess ev en ts for this date is sho wn in Fig. 4. The

excess ev en ts are found to b e concen trated at the cen ter of the map where Mrk 421 exists.

Chance probabilit y to ha v e excess even ts at the center in the map will b e very small. Whipple

Observ atory collab oration observed v ery rapid bursts on Ma y 7th and 15th and no signi�cant

are on 12th and 13th. Observ able time range is di�erent at Akeno and Whipple. Therefore

there w ould b e strong burst on Ma y 12th again based on our data. Although we also examined

other av ailable ’exellen t’ data set similarly , w e did not �nd such kind of signature at all.

Figure 4: Map of signi�cance v alue of excess ev en ts in righ t ascension and declination plane of

5

�

� 5

�

cen tered at the p osition of Mrk 421 on Ma y 12, 1996.

Besides the presen t detection of the gamma-ray signature from Mrk 421, w e ha v e successfully

detected gamma ra ys from Crab Nebula and Mrk 501 using data observed b y t w o telescop es

at Ak eno Observ atory and tw o at Utah Fly’s Eye site. (Aiso et al.

a

1997) Three Cherenko v

telescop e w ere constructed in 1996 and in op eration at presen t at Utah Fly’s Eye site. F our

more telescop es are under construction at the same site. (Aiso et al.

b

1997) W e will b e able to

observ e man y celestial ob jects such as activ e galactic n uclei, sup erno v a remnan ts, pulsars and

so on in very near future.

A CKNO

WLEDGEMENTS

This w ork is supp orted in part by the Gran ts-in-Aid for Scien ti�c Researc h (Gran ts #07247102

and #08041096) from the Ministry of Education, Science and Culture and also b y the Science

Researc h Promotion F und of Japan Priv ate Sc ho ol Promotion F oundation.

REFERENCES

Hartman, R.C., at al. 1992, ApJ, 385, L1.

Hartman, R.C., at al. 1994, AIP Conf. Pro c. 304, Second Compton Symp osium,563.

Fic h tel, C.E., et al. 1994, ApJS, 94, 551.

Punc h, M., et al. 1992, Nature, 358, p477.

P etry

, D., et al. 1996, Astron. Astroph ys. 311,L13.

Quinn, J., et.al. 1996, ApJL. 456, L83.

Kerric k, A.D., et al., 1995, ApJ, 438, L59.

Buc kley

, J.H., et al., 1996, ApJ, 472, L9.

Gaidos, J.A., et al., 1996, Nature, 383, p319.

W eek es, T.C., et al., 1989, ApJ. 342, p379.

Aiso, S., et al.

a

1997, Pro c. 25th ICR

C, OG 4.1.8 (1997).

Aiso, S., et al.

b

1997, Pro c. 25th ICR

C, OG 10.6.15 (1997).