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(1 J�^
)F0
�rj
� $[|� 830046)
(2 J�^
 - Jy�"�JY�	)FDL $[|� 830046)
(3 DJ0
�Jy�"�$[|��"& $[|� 830011)

(4 DJ0
�JydPDL ,Æ 710600)�� I��?dt 25 m E|���� 1.54 GHz ��
hIP PSR J0034-0721!a4hI�XQE8�T�ahI�8���X 1 h E8m�C�8h 116 4N �
RSN≥5 na4hINS�� 1.54 GHz ���8hna4hI RSN X 5 h 10.5,  5YN�\�*hI 5YNn 14∼29 ���C�yS hI!�
��*hI!�n��,GhIn!��h�0d�%Xq^��	Xlh�8m α = -4.3±0.4. �VE8

RSN≥5 na4hI�8a� 3%, 
 RSN≥10 na4hI�8a�� 0.08%. ,GhIn� 87 (W50) X 1.6 h 8 ms, �*� 3.9 ms. �8hn(℄�m!ahI�E;�lC�0��*hIe<n 5;�P�dp�8hL4 RSN>8.5 n!hI;����*hIe< 5;� 33 ms `��'w!hI�E'2��L4�%X�2� 40 MHz U
111 MHz ��nE8
L�d 1.54 GHz ��n�*hIe<;4Xr4C��t{l z������h��qd��p�x� P145; Æ�
	�� A

1 �� �gHO`3gHBm� gH (`3gH�4XM�N�)d; (AP)�4XMpN�H<:.) 5�[�>-�m5��u0m+B5��:gHO�gH [1] �aP�5D{� (RRATs) m��VgH [2−3] vm Weltevrede p [4] �5m PSR B0656+14 �Dm.Æ���gHm�> #j�-gm� D{`gH��p�gHO�gH[E`O{Z�m� ��VD{gH�D��gH
2[W CrabgHOB�5m [5]. }��5m 1 800�-gHOB���gH5�mgHO:� 11-�~m[ PSRs B0218+4232[6] � B0531+21[7] � B0540-69[8] � B0656+14[9] � B1821-24[10] �
B1937+21[11−12] � J1823-3021[13] � B1957+20[6] � J0034-0721[14] � B1112+50[15] T
J1752+2359[16], �B� 6 -�7g X D7#D�[ 3 -:� 111 MHz mv1mrÆÆ��D7�3�1���gH�D [9].
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 � 51 %xRm�gH�> �1v[g�)gH �m��vA�#E`O{j��O%q���tMo�H<D7g�to�� [1], PtgHO PSR B1937+21 �gHO �.[ 1039 K[17], Crab m�gHO �1v.[ 1038 K[1], [u0O �^.m
�(E5��}�3��.Æ�gHO�
gH�xR�gH[WgHOS:Gv�M'��Dm���D&�T X D7�<:.�m#D&q= [18].

PSR J0034-0721 mWPH� 0.943 s, =;M DM 	B�� 11.38 pc·cm−3. W P − Ṗ�,�~h�.>gHO�
"�	\m�-�U 3.66×107 yr. Kuzmin p [19] 
N�
111 MHz Æ�	 PSR J0034-0721mD7�5P� m`gH��+3Æ�^ `gH�4XM[g AP �4XMm 120 ��(�4�N 50 m`3gH\�l 250 3H��JqU�+FgHZ#�:�kB� AP LB�mBK&��gH�Z$W�gHm�w�y[ Kuzmin p [14](v1}A KE04) � 40 MHz T 111 MHz bP�q2D7� 40 MHzÆ�D7gm^ `gH�4XM[g AP �4XMm 400 ��}m3�yQD7Æ`m"z�+FgHm �ev1��.Æ1�%�D7g�T�DxR�gHmgHO:�� PSR J0034-0721 �Gv�M'�S=B� Blc=7 Gs, KE04 7K+F�gHm�D�?T�~gHO�gH�D�?1�.Æ�{(h�KB.ÆBRm�gH�	(�m gH�	.Æ�mD7-3[�>!nm��!�0PH�#Z{�
!% 25 m D{���� 1.54 GHz Æ�	 PSR J0034-

0721 m`3gHD7g��K��!u 2 �Gw�CPD7ND�u 3 Tu 4 ��)�CPSROENDT7KPD7�K�u 5 �	D7�KbP�f��u 6 �Y�P�!mg�;b�
2 vg

2007 � 8 � 6 4�S�BI/b�Ix
!�#Z{�
!%�>
sm 25 m D{����	 PSR J0034-0721 � 1.54 GHz Æ��WD7�(k 1 h ��NA=;OEmÆUD7SR��>
sm 25 m D{���[[.+81T.���D7S�m
af[BKÆ` 1.54 GHz moj℄�C
af��7j℄D7xV�=WgHOmD{MR� 25 m
7ak��+�O�9�s6�C
af�o\MR�N�\�b-T`Æ[ (`ÆÆ` 1.38 GHz), BÆMR
N{>s6D7_�mgHOA=;F���D7S�mgHOD7F�["� 256 
jmA=;.� [20]. ��
afs=mK\7j℄MR�6A=;.�[�l\m 320 MHz _6mMR��B 128 3Æ`
j�l
j_6 2.5 MHz. �D7m5m{2� 0.5 ms, A=;.�	l3Æ`
jmMRb 1 �M℄�K\j℄? 256 
jml��M℄ZN�D7swf}
���[`OE��D7�7 PSR J0034-0721B RSN≥5 m`3gHMR�̀ 3gHD7TgHO APmD7.Æ�[)1
N	A�3`gHm?g��.D7Vu��:e��Esi?g�O{���gHOgHZ#�|v`3gHD7℄nS�Z�mg�O{�v�.
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D7Vu��r�D7Vu�1�1Vsw
Smin =

2RSNβk(Trec + Tsky)

ηA
√

npτ∆f
, (1)�B RSN=5 [�7m^rM��
 β =

√

π/2 [ 1 �M℄zMyV
 k [,ÆRj>l
Trec T Tsky �)[
af� T
3�� ��Trec+Tsky=27 K; np=2[j℄l

τ=0.5 ms [5m{2
∆f= 320 MHz [D7_6
 η ∼56% [ 1.54 GHz Æ�m
7E`
 A=490.87 m2 [
7sg�
NAVsw10�D7gm	 RSN=5 m`3gHmXM�� 2.9 Jy.

3 ��k�y�ns�j
gegOt�AW�{V=;E{m|=�gHOD7l�6Æ`
j{Z��=;M DM &�m=;iF�n�7ggHOm`3gHMR�
2n	D7l�bA=;OE�	6Æ`
jl�{m=;iF�W*.�
�ss�O%%7{,0o"�gH�-�|vl�OEB&�=WgHOm`gHMRT�O%%7{,0B�C��
PSR J0034-0721 m DM � 11.38 pc·cm−3, �4&�����ggHO1{Ot3{mW�{Vo��:	gHO=p�%7{,0�D�DD7���[�>�m�� DM� 0. gHO=;MT%7{,0=;Mm.Æ��<Pq3&)%7{,0T`3gHMRm�E���	D7SRW DM=0 pc·cm−3 g 45.52 pc·cm−3 v2?� 1.138 pc·cm−3 bq.SA=;OE�kg 40 3A=;ml�X�%7{,0mgH�MkB� DM � 0 ml�XB�� RSN ^.�yQ DM mK�"\�l�XB,0MR�M.�n;�RSN K�~B�
gHOgH�M� DM=11.38 pc·cm−3 ml�XB^�kB�gHMRm RSN^.�yQ DM W+34K�"\b~B�gH�M)K�n;�MRm RSN o.�~B��� PSR J0034-0721 m DM :		B�	� DM bA=;ml�XB�x.,0gHMR�Mu��|n;�
t.1�,0gHMR�
NU0�+MRy DM m#℄�1�)K=WgHOm`3gHMR�kg+FgH[�
Nb`gHg[O{�+�1	=W+-gHOm`3gHb�q2m-3���	`3gH	(gHO#DR4m:�C.�	A=;[m 1 h D7l�X��'D7O(gHOm`H��W(}�kg AP.

4 |wW 1 h mD7l�B�Y?�7g PSR J0034-0721 m 116 3 RSN≥5 m`3gH��B^ gH RSN [g 10.5. � 1 $WP�7gmq3 `3gH�(gHO AP (^7) &-m#DR4�m:��W�B,K�+3 gHK5� AP m�4�?�&v(gH#D=W`7<Nm#D&3�mBK�?�	 AP m6�:��+3 gH#�D7O PSR J0034-0721 m`H�� 0.942 88 s, 1 h mD7Y??z 3 818 3H�k
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 � 51 %g AP. AP m RSN=22.4, W50=36 ms. �UD7�7gm RSN=5 mgHm�4 ��[
AP �4 �m 14 ���7g^ m`3gH RSN=10.5, �[ AP �4 �m 29 ��gHOm�
`3gHm �q�.�N� AP �4 �m 10 ���N 10 �m1�[.Æ��
`3gHm gH��D7�7gm 116 3`3gH�4 �[ AP �4 �m 14∼29 ��{([�)�(O�
`3gHm `3gHMR���D7Vu�mÆy� PSR J0034-0721 m�
`3gH��I�&fk� 25 m D{���%�3
�7g� KE04 � 40 MHz 	(O�7g�N AP �4 � 100∼400 �m `3gH��
111 MHz �7g�N AP �4 � 30∼120 �m `3gH�&v+FgH �yQÆ`mK.
1��

� 1 �9io PSR J0034-0721 o"b5iJ (Q9). )iJ�F<�� AP (_9) !6<�s>
Fig. 1 A strong detected single pulse (solid line) is compared with the average pulse (AP) (dashed line) of

PSR J0034-0721. This pulse is localized at the phase of the AP peak� 2 B7KP�7gm 116 3`3gH RSN - :��/ (� (a)), vm�UD7�H�(}kgm AP (� (b)). �B^77WP AP m�4�?:��W� 2 B1v,K�PSR J0034-0721'\�l `3gHkB� AP m�4:�'�m&����7gK3 `3gHK5� AP �"jm:�O� RSN \� 8.5, &v#D `3gHm&�1��K3�$W KE04 
NK3rÆÆ�D7m�K� KE04 �
40 MHz Æ�7kK3�D&{$�� 100 ms, � 111 MHz �� 55 ms. � 1.54 GHz Æ���g�7kK3&{$�� 33 ms. .Æ� 40 MHz m AP, � 1.54 GHz D7m AP:3WKq3B���D7 AP �j:�O gH�7`� AP �4'�&�rZ��K)�4B� 0.02.�y3 �vA�7gm`3gHYl Nsp 	D7BYgHl (bYH�l) Npall1���~PD7B( �vAm`3gHm�7`��'H��1 hD7m Npall=3818.�� 3 B7KP.Æ � (RSN) m `3gHm�7`�/��D7 gH�7`��
3%, �B�7g RSN>10 m`3gH� 3 3��7`�� 0.08%. KE04 � 40 MHz �7 � AP �4 100 �m gH�7`�� 1%, � 111 MHz �7 � AP �4 30 �m 



51 � OG$|��a|~q� PSR J0034-0721 "b5iJoF9h� 257gH�7`�� 2%.

� 2 �9io 116 5b5iJ RSN - <�� (a) wn AP (b). _99Y AP o!6<�
Fig. 2 The RSN-phase diagram of 116 detected single pulses (a) and the AP (b). The dashed lines

indicate the phase of the peak of AP� 3 Bm`3gH �?g�/\=$Wp℄�/��B7KP^v�W�K��7l α=-4.3±0.4. ��D7gm gHl+.��+3�W7Km�K	�Y
�KE04	 40 MHz T 111 MHz m�K�W�)kg α � -4.5 T -4.8, T�!kgm�K[$Wm��D7kgm`3gH�Z#�7Mkg+FgHmW50 W 1.6 ms g 8 ms, �)�� 3.9 ms. KE04 
NrÆD77K W50 �)�� 6 ms, �D7�.ÆA7km�K�}mm�K#�+$WÆ` - 6�l℄C.�� 4 [+ 116 3`3gHD7kgm W50�/���Ot�AQfE{vm5mO{pyu�D7gmgH�=65��gHO�DmgH6� Wi 	D7gmgH6� W �51C.

W = (W 2

i + t2samp + ∆t2DM,ch + ∆t2scatt)
1/2 , (2)�B� tsamp [D7m5m{2� ∆tDM,ch [��A=;G�l3Æ`
j�q�_6!BmL�=;iF	d;=6m>6�∆tscatt [��Ot�A;DE{	d;=6m>6�[K>1�)&k51


∆tDM,ch = (8.3µs)DM∆fMHzf
−3
GHz , (3)VB DM � 11.38 pc·cm−3; ∆fMHz [v MHz �`�mA=;.�mVÆ`
j_6�
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� 3 b5iJ"�Ai�1�[J℄�9iz"�wB"iJZn�F9�|ZI�n2 �Q98L_wr_�
YÆM��9n α=-4.3±0.4

Fig. 3 The cumulative distribution of the RSN of the single pulses. The histogram has roughly a power-law

distribution with a slope of α=-4.3±0.4

� 4 116 5b5iJo�!98 W50 �1 (��Y>8\/)

Fig. 4 The distribution of half peak line breadth W50 of 116 single pulses (W50 is not corrected after

broadening effect)
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fGHz [v GHz �`�mV
jBKÆ`�kgm6;Oiv µs �`��
∆tscatt = (

DM

1000
)3.5(

400

fMHz
)4(s) , (4)�B fMHz [v MHz �`�mD7mBKÆ`�kgm ∆tscatt m`�[ s. �D7m5mO{ tsamp=0.5 ms. �� DM B�∆tDM,ch T ∆tscatt ZB�|=1\
�� (2)∼(4) Vsw10�D7mgHd;=6� 0.5 ms.

5 ��
PSR J0034-0721� 1.54 GHz Æ�m`3gH6�#��[�)gHd;m 1/10,�4 �[g AP �4 �m 14∼29 ��9�Vu�=VBs^ m`gH�4XM
�

6 Jy, +FgH1�[.Æ��
`3gHm gH�KE04	 40 MHz T 111 MHz m^ `gH|Bsm�4XM�)[g 1 100 Jy T 530 Jy, �W 1.54 GHz m�K�1Y
Bs+F `gHm�7l\�� -1.5. +34[Z.-�m�q�sy�K3rÆÆ���gHOÆ��Pm&��Wq�s7Km^ gHm �+.[ÆOD7akm�gH{m;x__=Z\m*;�℄n�ÆÆOD7v-�+F `3gHmÆ��Ot�Am ;Dz�mOt�q_<JgHMR �m�&��BkDV�qO%����Eo [21], (DV�qO%	?�O%WBOg
 [22]. 	� PSR J0034-0721�
3 3Æ�D7gm`3gH�(OH�O%�5T m�&.��,�Ot�q�^�xRm�gH5�[6Æ_m5��� �q�[��)gH �mA�� [23].

KE04 � 40 MHz T 111 MHz �)�7g �[g�)gH � 400 �T 120 �m `3gH�3� PSR J0034-0721 m+F `3gH"��gHm�w�� 1.54 GHz mD7�7g^ m`gH �[�)gH �m 29 �� ��r�xR�gH�1�
WQ+F gH	xR�gH[�&)m�"�xR�gH�DmD{gHO�5�%gHO CrabTPtgHO PSR B1937+21,

Blc �Z �+�3�[<J�gH�DmGn�� [18]. Knight p [13] 3�\mWP�zQ` Ė 1�[<J�gH|!℄m�� 5 7KP ATNF (Australia Telescope National

Facilities) O&gHOm Ė-Blc �/��B&�O[ 7 -�DxR�gHmgHO�M 2-����7g X D7#D�+ 7 -Om Blc �\� 105 Gs, �B 5 -h�PtgHO�+FO�)[.>gHO℄TPtgHO℄B Ė ^\m�
	Ak 7 -gHO:��
PSR J0034-0721 m Blc BZ��MP PSR J0034-0721��}�3���gHm 11 -gHOB�^� PSRs B0656+14 � J1752+2359 T J1115+5030o"�	Bm Blc, + 3 -Oo:[
N 111 MHz Æ�mD73���gHmZ��+ 4 - Blc BmgHO�� 5B�9�UWK��B PSR B0656+14 m Blc=770 Gs, [+ 4 -OB Blc ^\m�o[�B�q�7g X D7#Dm��� 5 B^��*%KP}�u7�H�TH�flm 3- RRATs[2]. RRATs -gm`gH�Z �
#	#�D7k��7g�)gHd;�5K(���
gH�D�+F gH��)gH p��H<:. [2].

Kuzmin p [9] 3� PSR J0034-0721 ��m+ 4 -Om�gHT~mm�
gH#
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 � 51 %D&q=���W�Sj&m�{/&�
.�Gv�M'�m�{/&�+F gH{([h�.ÆBRm�gH� Weltevrede p [4] �5P PSR B0656+14 �Dm.Æ���gHm�> #j�-gm� D{`gH���7K7(O$D\A��D7ZA1�T RRATs qm��� 5 B PSR J0034-0721 � J1752+2359T J1115+5030 m�/	 3 - RRATs �	
��~mm gH�D[""�?Z℄n�q2m�ÆD7=-3�}�	u0gHOBm� `gHmtd[Z.G�m����D`Zr�|vZ��	�O{mD7|�5�	u0gHOm� `3gHmt{	3R+B-�Z�m�Df�[Z�!nm�

� 5 iJQo Ė-Blc �1 ()X ATNF Q(). '�Q�:�VV�+�*(Y#�zT!iJ�FoiJQ�
Blc Do!iJ�FiJQV 3 . RRATs

Fig. 5 Ė versus Blc diagram of known pulsars (from ATNF database). Pentacles, triangles and circles

indicate the classical giant-pulse (GP) pulsars, GP pulsars with small Blc and three RRATs, respectively

6 �|H��>
s 25 m D{���� 1.54 GHz Æ�D7P PSR J0034-0721 m `3gH�+[u 40 MHz T 111 MHz Æ�	(O `3gHmD7[�
U�	.D{Æ�mD7�S�`3gH�7qi�� 1 h D7l�B��7g 116 3 RSN≥5 m`3gHMR�� 1.54 GHzÆ��7gm`3gHm�4 ��[�)gH�4 �m 14∼29��
KE04 � 40 MHz T 111 MHz �7gm+34�)� 100∼400 T 50∼120 ��1v,K+F `3gH	�)gHm ��yQÆ`mK.
~B��UD7�7gm^ `3gH RSN=10.5, (gH�4XM
� 6 Jy, +FgHm �?g�/$Wp℄���Wkg�7l α=-4.3±0.4. �D7	 RSN≥5 m`3gH�7`� 3%, 	 RSN≥10 m`



51 � OG$|��a|~q� PSR J0034-0721 "b5iJoF9h� 2613gH�7`�� 0.08%. W+FgH:	��)gH �m�4yQD{Æ`mK.
5v1�=,�~m{([.Æ�(O�
`gHm `3gH��UD7�7gm
W50 � 1.6∼8 ms ���)� 3.9 ms, ��� AP W50 m 1/10. 3 3Æ�m�K3W`3gH6�yD7Æ`m�r�|"z�$WgH6�yÆ`ml℄C.�

PSR J0034-0721'\�l `3gH�D:�kB�/��)gHd;m�4:�O����(:� 33 ms '�o�7g 2 3 RSN>8.5 m `gH�1�&v+3gHO gH�D&�K3�� 1.54 GHz Æ�K&:�:;� 33 ms. �D7��)gHd;�j:�Om gH�7`� AP �4'�&�rZ��K)�4B� 0.02. x. KE047K 40 MHz D73W(gHO�)gHd;"�K3B��:�:;� 100 ms, +#�K3B�:�O��7g`3gH�
 1.54 GHz Æ�m�)gHd;:3WPq3B��
3 3Æ�mD7�K3W PSR J0034-0721m `3gH�D&{(����
gHm�D&��1��WgHOSj&m�{/&�+	q�3�mgHO�gH�WGv�M'�m�{/&[�&)m�:	��xR�gH�DmgHO�+-Om BlcB�x.gHmD7�-�rÆ��Br1O�
+F gH1�h�.Æ��gHmBR�(Om gH	 RRATs �Dm gH[""�?Z�℄nb�q2m�ÆD7=-3��� -I�>
s;Dqi1�	�D7mHN�e ~ 
 �
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An Observational Study of the Strong Single Pulses of
PSR J0034-0721

NIZAMDIN Buhalqem1,2 ESAMDIN Ali3,2 LIU Zhi-yong4

WANG Na3,2 ZHAO Cheng-shi4

(1 Department of Physics, Xinjiang University, Urumqi 830046)

(2 Xinjiang University-National Astronomical Observatories Joint Astrophysics Center, Urumqi 830046)

(3 National Astronomical Observatories/Urumqi Observatory, Chinese Academy of Sciences,

Urumqi 830011)

(4 National Time Service Center, Chinese Academy of Sciences, Xi’an 710600)

ABSTRACT Using the Urumqi 25 m radio telescope on Aug. 6th 2007, the analysis results

of strong single pulses of PSR J0034-0721 observed at 1.54 GHz are reported. 1-hr data is

collected. Using the single-pulse searching method, 116 strong pulses of PSR J0034-0721

with signal-to-noise ratios (RSN) above 5σ threshold are detected. The RSN values of the

detected pulses are from 5 to 10.5 and the peak fluxes of these pulses are approximately

14 to 29 times that of the average pulse (AP). However, these values are much less than

those of the classical giant pulses. The cumulative distribution of the RSN of these pulses

has roughly a power-law distribution with a slope of -4.3±0.4. The detectivity of the pulses

with RSN≥5 and RSN≥10 are 3% and 0.08%, respectively. The half peak line breadths W50

of these pulses range from 1.6 ms to 8 ms, with an average value of 3.9 ms. Most of the

pulses cluster in the narrow region centering at the peak of the AP. However, two strong

pulses with RSN>8.5 are detected at the phase about 33 ms earlier than the phase of the

AP peak. This may indicate that there are two strong-pulse emitting regions.
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