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7H9 �VN\ �P DS

* DODFWLF�VRXUFHV

ƒ 3 (2) Pulsar nebulae (plerions)

ƒ 3 (0) Supernova remnants

ƒ 1 (0) X-ray binary

ƒ 1 (0) Unidentified source " " "

( [ WUDJDODFWLF�VRXUFHV

ƒ 7 (4) AGNs (blazars)

ƒ 1 (0) Starburst Galaxy

� � �VRXUFHV�

�� �FRQILUP HG�



( OHFWURQ��LQWHUDFWLRQV

ƒ 6\ QFKURWURQ�UDGLDWLRQ

ƒ %UHP VVWUDKOXQJ�

ƒ ,QYHUVH�&RP SWRQ�VFDWWHULQJ
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3XOVDU�1 HEXODH��SOHULRQV�

3OHULRQ��6XSHUQRYD�5 HP QDQW�
FRQWDLQLQJ D�\ RXQJ�SXOVDU�

7KH�HOHFWURQV�DFFHOHUDWHG�E\ �
WKH�SXOVDU�ILOO�WKH�QHEXOD�DQG�
HP LW�V\ QFKURWURQ�UDGLDWLRQ
�IURP �UDGLR�WR�; UD\ V�

7H9 �SOHULRQV

ƒ &UDE�1 HEXOD

ƒ 365 �� � � � � � � �

ƒ 9 HOD���WR�EH�FRQILUP HG�

7H9 HP LVVLRQ� HOHFWURQ�,QYHUVH�&RP SWRQ�



&UDE�1 HEXOD

5 DGLR��� ,QIUDUHG 2 SWLFDO ; �5 D\ V

6\ QFKURWURQ�
UDGLDWLRQ

,QYHUVH�
&RP SWRQ



6KHOO�W\ SH�6XSHUQRYD�5 HP QDQWV

ƒ 7KH�UDGLDWLRQ�LV�SURGXFHGE\ WKH�LQWHUDFWLRQ�RI�WKH�H[ SDQGLQJ�
VKHOO�ZLWK�WKH�LQWHUVWHOODU�P HGLXP

ƒ * DODFWLF�FRVP LF�UD\ V�DUH�EHOLHYHG�WR�EH�DFFHOHUDWHG�E\ �61 5 �
VKRFN�ZDYHV

61 �� � � � D

; �UD\ V by Chandra
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7H9 6XSHUQRYD�5 HP QDQWV

6RXUFHV�RI�FRVP LF�UD\ V��" " " " 61 �� � � �

&DQJDURR

5 ; �- � � � � � � � �

&DQJDURR

&DV�$

+ HJUD

7H9 �HP LVVLRQ�

ƒ ( OHFWURQ�,QYHUVH�&RP SWRQ�VFDWWHULQJ"

ƒ S� GHFD\ �IURP �SURWRQ�LQWHUDFWLRQV��"



$ FWLYH�* DODFWLF�1 XFOHL��$ * 1 V�
1 XFOHXV�ZLWK�KLJK�OXP LQRVLW\ ��
�XS�WR�� � � � HUJ�V��

6RXUFH�RI�HQHUJ\ ��

VXSHU�P DVVLYH�EODFN�KROH� �
DFFUHWLRQ�GLVN

0 %+ a � � � ��VRODU�P DVVHV

) XHO��� � � � �VRODU�P DVVHV��\ HDU

�� � � � �5 DGLR�TXLHW�± 1 R�- HWV

ƒ 6H\ IHUW* DOD[ LHV

ƒ 4 XDVDUV

�� � � � �5 DGLR�/ RXG�± - HWV�

ƒ 5 DGLR�* DOD[ LHV

ƒ 5 DGLR�4 XDVDUV

ƒ %OD] DUV



%OD] DUV

%OD] DUV���UDGLR�TXDVDUV�ZLWK�D�MHW�SRLQWLQJ�WRZDUGV�XV�

6\ QFKURWURQ��HP LVVLRQ�IURP UDGLR�WR�;

* DP P D�HP LVVLRQ�

ƒ HOHFWURQ�EHDP �P RGHOV���,QYHUVH�&RP SWRQ�VFDWWHULQJ�

ƒ SURWRQ�EHDP �P RGHOV����S� GHFD\ �

Ÿ QHXWULQR�HP LVVLRQ

4 XHVWLRQV�

ƒ + RZ�WKH�MHW�LV�IRUP HG�"

ƒ : KLFK�LV�WKH�FRP SRVLWLRQ�RI�WKH�MHW�"

ƒ : KLFK�LV�WKH�RULJLQ�RI�YDULDELOLW\ �"



7H9 �%OD] DUV

0 DUNDULDQ� � � �VSHFWUXP
0 DUNDULDQ� � � �� IOX[ �YDULDELOLW\

Synchrotron
Inverse 

Compton

ƒ Markarian 421    z = 0.031

ƒ Markarian 501    z = 0.033

ƒ 1ES 1959+650    z = 0.047

ƒ 1H1426+428      z = 0.129 

To be confirmed:

ƒ 1ES 2344+514   z = 0.044

ƒ PKS2155-304    z = 0.117

ƒ 3C66A               z = 0.44
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* DP P DUD\ �GHWHFWLRQWHFKQLTXHV

' HWHFWRUVRQ�
VDWHOOLWHV &HUHQNRY�

7HOHVFRSHV
( $ 6�DUUD\ V
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,P DJLQJ�&HUHQNRY�
WHFKQLTXH &DQJDURR

,, WHOHVFRSH

J UD\ ��������������������FRVP LF�UD\

6KRZHU�
LP DJHV



,P DJLQJ�&HUHQNRY�WHFKQLTXH

ƒ / RZ�HQHUJ\ �WKUHVKROG���( �! �� � � � � � � � * H9 �

ƒ 6XFFHVIXOO�UHMHFWLRQRI FRVP LF�UD\ V

ƒ * RRG�VHQVLWLYLW\

/ LP LWDWLRQV�

ƒ 6P DOO�ILHOGRI YLHZ �IHZ VTXDUHG�GHJUHHV�

ƒ 6P DOO�GXW\ �F\ FOH��| � � � �

1 RW�VXLWDEOH�WR�

ƒ ' LVFRYHUQHZ VRXUFHV

ƒ ' HWHFW�XQSUHGLFWDEOH�HYHQWV�$ * 1 IODUHV� * 5 %V����



( $ 6 DUUD\ V

0 DQ\ �GHWHFWRUV�RI�DUHD�� � � � �P � ��

VSUHDGRYHU�DODUJHDUHD��� � � � � � � �P � �

7KH\ �GHWHFW� �� �±� �� RI�WKH
VKRZHU�SDUWLFOHV����

EASTOP array 

6KRZHU�6L] H�������1 H! �� � �

7 \ SLFDO�SULP DU\ �HQHUJ\ ��( �! �� � � � � � 7H9



( $ 6�DUUD\ VWHFKQLTXH

ƒ / DUJH�ILHOGRI YLHZ �WKHHQWLUH�RYHUKHDG�VN\ �

ƒ / DUJH�GXW\ �F\ FOH��| � � � � �

ƒ 3RVVLELOLW\ �WR�REVHUYHDJLYHQ�VRXUFH�DOOWKH\ HDU

/ LP LWDWLRQV�

ƒ + LJKHQHUJ\ �WKUHVKROG���( �! �� � � � � � 7H9 �

ƒ 1 RW�VXFFHVIXOO�UHMHFWLRQRI FRVP LF�UD\ V

ƒ 7RR�ORZ�VHQVLWLYLW\ �IRUWKHH[ LVWLQJ�VRXUFHV



+ RZ�WR�ORZHUWKHWKUHVKROG
RI DQ( $ 6 DUUD\ ��"

� � : RUNLQJ�DW�KLJK�P RXQWDLQDOWLWXGH

WR�DSSURDFK�WKH�OHYHO�ZKHUH�WKH�ORZ�HQHUJ\ �VKRZHUV�
UHDFK�WKH�P D[ LP XP �GHYHORSP HQW

K�� �� � � � �P � ( WK a�� � �7H9 �

K�� � � � � �P � ( WK a�IHZ�7H9

( [ DP SOH������7LEHW�$ 6�J DLUVKRZHU�DUUD\

K� �� � � � �P D�V�O� ( WK a�� �7H9 �



7LEHW�$ 6�J

� � � �VFLQWLOODWLRQ�FRXQWHUV����

< DQJEDMLQJ���� � � � �P �



2) 8 VLQJ DODUJH³ IXOOFRYHUDJH́ �GHWHFWLRQVXUIDFH

WR�P D[ LP L] HWKHQXP EHURI GHWHFWHG�SDUWLFOHV

6KRZHU�VL] H�

6DP SOLQJ�GHWHFWRUV 1 H! �� � �

) XOOFRYHUDJH�GHWHFWRUV������1 H! �� � �� � � �

( [ DP SOH� 0 LODJURZDWHU�&HUHQNRY�GHWHFWRU�

1 HZ�0 H[ LFR���� � � � �P D�V�O�

ZDWHU�SRQG��� � u � � u � ��P �

( WK a � 7H9



Milagro
: DWHU�SRQG�� � � u � � u � ��P �

$ OWLWXGH���K� �� � � � �P �D�V�O�

� � � �30 7V



$ 5 * 2 �< %- LVWKH�ILUVW( $ 6 GHWHFWRUFRP ELQLQJ�

ƒ KLJK DOWLWXGH �� � � � �P �D�V�O��

ƒ IXOO�FRYHUDJHGHWHFWLRQVXUIDFH

( QHUJ\ �WKUHVKROG� IHZ�KXQGUHGV�* H9

ƒ ILHOGRI YLHZ� a � � � �VU

ƒ GXW\ �F\ FOH�a � � � �

$ 5 * 2 �<%- �LV�VXLWDEOH�WR�P RQLWRU�WKH�
JDP P D�UD\ �VN\ ��VHDUFKLQJ�IRU�QHZ�VRXUFHV�DQG��
XQH[ SHFWHG�HYHQWV��$ * 1 �IODUHV��* 5 %V�����
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/ RQJLWXGLQDO�GHYHORSP HQW�RI JDP P D�UD\ �LQGXFHG�( $ 6�
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Yangbajing valley
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...more photos at    www.to.infn.it/argo
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Installed detector (Dic 2002) = 1650 m2

Detector:  a layer of 
Resistive Plate Counters
(RPCs)

covered by a 0.5 cm Pb

Total area = 6700 m2

ƒ Full coverage carpet

78 x 75 m2  

(95 % of active surface)

ƒ Sampling ring

surrounds the carpet up to

111 x 99  m2  

(20 % of active surface)

7KH�GHWHFWRU



56 x 62 cm21.3 x 2.8 m27.6 x 5.7 m2

Ÿ � � � � � ��3$ ' V

' HWHFWRU�FRQILJXUDWLRQ



Simulation of one 
gray shower
on the detector

E g= 10 TeV

ARGO-YBJ can 
provide a detailed 
space-time picture of 
the shower front



RPC carpet

5 3&V

December 2003
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December 2003



) LUVWV�HYHQWV���� � �FOXVWHUV�

Feb 2003
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• 3URWRQ���DQWLSURWRQ�UDWLR�LQ�FRVP LF�UD\ V

• 6XQ�DQG�KHOLRVSKHUHSK\ VLFV��&5 �P RGXODWLRQ��* / ( �



( $ 6�HYHQWV

Trigger condition   Npad > 20-30

Tigger rate » 20000 s-1

Event reconstruction:

ƒ shower core position

ƒ arrival direction

ƒ EAS size

ƒ g/ hadron discrimination

6LQJOH�SDUWLFOH�HYHQW�UDWH

Acquisition of the single 
particle rate every Dt = 0.5 s

Single particle rate» 5.5  106 s-1

· Gamma ray sources 

· GRBs

· Cosmic rays

/ RZHU�HQHUJ\ �VWXGLHV

· GRBs

· Solar physics



6HQVLWLYLW\ �WR�D�&UDE�OLNH�JDP P D�UD\ �VRXUFH

ƒ Simulation of showers in the atmosphere and in the detector

· gamma rays (Crab-like spectrum  µ E-2.5)

· cosmic rays (protons, Helium)

ƒ Reconstruction of the events with Npad ³ 30

· core position (selection in a fiducial area 80 x 80 m2)

· arrival direction

ƒ Evaluation of the expected event rate

· from thesource

· from the background



$ QJXODU�UHVROXWLRQ

Opening angle
for gamma ray 
sources 
observations



' DLO\ �HYHQW�UDWH

zenith angle  q < 30º

observation time  T = 4.3  hours / day

gammarays 
median energy



6WDWLVWLFDO�VLJQLILFDQFH�RI�WKH�&UDE�VLJQDO

oneyear of 
measurement



0 LQLP XP GHWHFWDEOH�IOX[

1 year

5 s

Timenecessary to see
asignal at ns = 5 s :

T µ F-2

F = 0.5 x Crab
T » one year

F = Crab-like 
T » 3 months

F = 5 x Crab
T » 3-4 days

F = 10 x Crab
T » 1 day

: LWKRXW�DQ\ �J���KDGURQGLVFULP LQDWLRQ���



: LWK�JDP P D���KDGURQGLVFULP LQDWLRQ.....

Cosmic ray EAS can be recognized 
from gammarays induced EAS due
to thedifferent pattern of particles
in theshower front.

HS= fraction of protons  identified 

HJ = fraction of gammas identified 

Statistical significance   QVo I QV

Observation time 7�o I �� 7

I� �HJ � � � � HS� � ��

Preliminary studies with  neural 
networks:

I��| � �� �± � ��

gray proton

E = 1 TeV



+ LJK�HQHUJ\ �* DP P D�5 D\ �%XUVWV

ƒ ( * 5 ( 7�GHWHFWHG� � �* 5 %V�

ƒ 3RZHU�ODZ HQHUJ\ �VSHFWUD��DYHUDJH�VORSHD  �� �� �

ƒ � �* 5 %V ZLWK�VRP H�SKRWRQV�RI�HQHUJ\ ( �! �� �* H9

ƒ 0 D[ LP XP �HQHUJ\ � � � �* H9

+ DYH�DOO�* 5 %VD�KLJK�HQHUJ\ �FRP SRQHQW�" " "



$ EVRUSWLRQ�RI�JDP P D�UD\ V�LQ�WKH�LQWHUJDODFWLF�VSDFH

µ E-2

3DLU�SURGXFWLRQ�ZLWK�
H[ WUDJDODFWLF�VWDUOLJKW�
SKRWRQV

J�J H� H�

G1 �G( � �G1 � �G( H�W�( �] �

W� �( �] �  �RSWLFDO�GHSWK



* 5 %V�UHGVKLIWGLVWULEXWLRQ

� � �* 5 %V



2) 6LQJOH�SDUWLFOH�WHFKQLTXH

Measurement of the number of  
single secondary particles vs. time

· No reconstruction of the arrival 
direction and energy of the showers

· The GRB is observed as an excess 
over the all sky cosmic ray flux

· Background: all sky secondary 
cosmic rays rate     B  » 5.5  106 s-1

' HWHFWLRQ�RI�* 5 %V

ARGO-YBJ can search for high 
energy GRBs with 2 techniques:

1) / RZ�P XOWLSOLFLW\ �WHFKQLTXH

Detection of very small showers

· Npad ³ 20

· Angular resolution  y =  2.7o

· Expected cosmic ray background  in 
a window of radius y

B  » 22.4  s-1  

(at zenith angle q = 20o )



6HQVLWLYLW\ �WR�* 5 %V

Assumed GRB spectrum:

with an intrinsic cutoff energy  ( P D[

The sensitivity depends on :   . ��� D � ] ��� ( P D[ � ' W��� T

We determine the value of . necessary to give a 4 s signal, as a function of D

ƒ energy cutoff    100 GeV < Emax < 1 TeV

ƒ redshift              0 < z < 2

ƒ GRB duration Dt = 1 s            (the sensitivity scales as Dt-1/2)

ƒ zenith angle       q = 20o 

Absorption factor

dN/dE  =  K   E-a e -t (E,z)



6HQVLWLYLW\ �WR�* 5 %V

. �YHUVXV�D

14 Egret 
GRBs

6LQJOH�3DUWLFOH�
7HFKQLTXH

/ RZ�0 XOWLSOLFLW\ �
7HFKQLTXH



$ 5 * 2 �WLP H�VFKHGXOH

· 1998 – test with a 50  m2  RPC carpet at Yangbajing

· 2000 October – start of detector assembly

· 2002 July – assembled 870 m2  (12% of the carpet)

· end 2002 – assembled 1960 m2  (28% of the carpet)

· 2003 summer - start data acquisition

· 2004 – installation of the full carpet 

· 2005 – installation of the guard ring



6HQVLWLYLW\ �WR�JDP P D�UD\ �VRXUFHV

Timenecessary to seeasignal at ns = 5 s : 

Crab-like source T » 3 months

0.5 x Crab T » one year

10 x Crab: T » few hours

Without any gamma / hadron discrimination !!!

E
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1

1
Q == ns = statistical significance 

Ds = source events / day

Db = background event / day 

2
2
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E
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collaboration

$ 5 * 2 �<%- �&ROODERUDWLRQ�,QVWLWXWHV
,WDO\

,1 ) 1 �DQG�8 QLYHUVLWD¶��/ HFFH
,1 ) 1 �DQG�8 QLYHUVLWD¶��1 DSROL
,1 ) 1 �DQG�8 QLYHUVLWD¶³ 5 RP D�7UH́ ��5 RP D
,1 ) 1 �DQG�8 QLYHUVLWD¶³ 7RU�9 HUJDWD́ ��5 RP D
,1 ) 1 �&DWDQLD
,1 ) 1 �3DYLD
,) 6, �� &1 5 �DQG�,1 ) 1 ��7RULQR
,$ 6) �� &1 5 �3DOHUP R�

&KLQD
,+ ( 3��%HLMLQJ
6KDQGRQJ 8 QLYHUVLW\ ��- LQDQ
6RXWK�: HVW�- LDRWRQJ 8 QLYHUVLW\ ��&KHQJGX
7LEHW�8 QLYHUVLW\ ��/ KDVD
< XQQDQ8 QLYHUVLW\ ��. XQP LQJ
=KHQJKRX8 QLYHUVLW\ ��+ HQDQ


