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VARIABLE GAMMA-RAY SKY AT 1 GeVM. S. Pshirkov a;b;
*, G. I. Rubtsov b;daSternberg Astronomi
al Institute, Lomonosov Mos
ow State University119991, Mos
ow, RussiabInstitute for Nu
lear Resear
h, Russian A
ademy of S
ien
es117312, Mos
ow, Russia
Push
hino Radio Astronomy Observatory of Lebedev Physi
al Institute, Russian A
ademy of S
ien
es142290, Push
hino, Mos
ow Region, RussiadNovosibirsk State University630090, Novosibirsk, RussiaRe
eived July 5, 2012We sear
h for the long-term variability of the gamma-ray sky in the energy range E > 1 GeV with 168 weeksof the gamma-ray teles
ope Fermi-LAT data. We perform a full sky blind sear
h for regions with variable �uxlooking for deviations from uniformity. We bin the sky into 12288 pixels using the HEALPIX pa
kage and usethe Kolmogorov�Smirnov test to 
ompare weekly photon 
ounts in ea
h pixel with the 
onstant �ux hypothesis.The weekly exposure of Fermi-LAT for ea
h pixel is 
al
ulated with the Fermi-LAT tools. We 
onsider �uxvariations in a pixel signi�
ant if the statisti
al probability of uniformity is less than 4 � 10�6, whi
h 
orrespondsto 0:05 false dete
tions in the whole set. We identi�ed 117 variable sour
es, 27 of whi
h have not been reportedvariable before. The sour
es with previously unidenti�ed variability 
ontain 25 a
tive gala
ti
 nu
lei (AGN)belonging to the blazar 
lass (11 BL La
s and 14 FSRQs), one AGN of an un
ertain type, and one pulsarPSR J0633+1746 (Geminga).DOI: 10.7868/S00444510130100701. INTRODUCTIONTime domain astronomy at di�erent wavelengths,from radio to very high-energy gamma rays, is 
ur-rently developing very rapidly. In the high-energy (HE)range (� 100 MeV), great progress was a
hieved withthe advent of the gamma-ray teles
ope Fermi-LAT [1℄.Its high sensitivity and almost uniform sky 
overageallow studying the variability of a large number ofsour
es at these energies on time s
ales from se
ondsto years. Sour
es that demonstrate the most variablebehavior are a
tive gala
ti
 nu
lei (AGN), primarily ofthe blazar type [2℄. It is well known that these sour
esexhibit variability on di�erent time s
ales and at di�er-ent wavelengths [3�12℄. Studies of the time variabilityof these sour
es are very important for better under-standing the AGN engines; they are also essential forassessing the quality of spe
tral energy distributions*E-mail: pshirkov�gmail.
om

obtained from multiwavelength observations made atdi�erent epo
hs.In this paper, we perform a full sky blind sear
h forvariable sour
es. We bin the sky into equal-area pix-els and sear
h for deviations of photon number 
ountsfrom the uniformity in time.2. DATA AND METHODThe LAT Pass 7 weekly all-sky data publi
ly avail-able at the Fermi mission website1) were used in thiswork. The analysis 
overs the time period of 168weeks from August 04, 2008 to O
tober 18, 2011, 
or-responding to the mission elapsed time (MET) from239557417 s to 340622181 s. We use the �Pass 7 Sour
e�event 
lass photons with E > 1 GeV and impose anEarth relative zenith angle 
ut of 100Æ and ro
king an-gle 
ut of 52Æ.We bin the data week by week using the HEALPIXpa
kage [13℄ into a map of resolution Nside = 32 ingala
ti
 
oordinates with the �RING� pixel ordering.1) http://fermi.gsf
.nasa.gov/ss
/data/a

ess/70
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Week N0Fig. 1. Plot of the 
umulative fun
tions P(t) (1 ) andE(t) (2 ) for pixel � 54 (l = 261Æ, b = 82:Æ69). Thedi�eren
e 
an be easily seen, and the probability thatthe photon rate is 
onstant is only P = 4 � 10�80The total number of pixels is equal to 12288 and thearea of ea
h pixel is 3.6 sq.deg, 
hosen a

ording tothe size of the Fermi-LAT point-spread fun
tion (PSF)above 1 GeV, whi
h is approximately 1Æ. We estimatethe integral weekly exposure for ea
h pixel using thestandard Fermi-LAT tools �gtlt
ube� and �gtexp
ube�(S
ien
eTools-v9r23p1-fss
-20110726).For ea
h pixel, we 
ount the number of photons inea
h of the 168 weeks and 
onsider the 
orrespondingvalues of weekly exposure. Typi
ally, there are 2�10photons in a pixel per week ex
ept pixels with thebrightest sour
es. Cumulative distribution fun
tions(CDFs) P(t) and E(t) for both photon 
ounts and expo-sure are 
onstru
ted. In the absen
e of variability, thephoton 
ounts would represent a random pro
ess withthe CDF proportional to E(t), and therefore P(t) wouldfollow E(t) with deviations 
aused by a �nite numberof observed photons. Otherwise, P(t) would not bestatisti
ally 
ompatible with E(t). The Kolmogorov�Smirnov (KS) test is a natural and straightforwardway to examine statisti
al 
ompatibility of the observedphoton 
ounts with the distribution given by the CDFE(t). The probability that both sets represent the samedistribution 
an be estimated from the maximal valueof the distan
e between the fun
tions P(t) and E(t). Anexample CDFs for one of the pixels is shown in Fig. 1and the 
orresponding �ux is shown in Fig. 2.The implemented KS test is most sensitive to thevariability at long s
ales (longer than a week), whiletransient bursts and �ares at shorter time s
ales maybe missed if they are not overwhelmingly strong. Onthe other hand, our method is sensitive to gradual mod-erate 
hanges in photon �uxes without any prominentbursts, whi
h 
ould be missed by burst sear
hing te
h-niques.
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Fig. 2. The �ux of photons with energies larger than1 GeV for pixel � 54 (4C+21.35, see Fig. 1). The �uxis in photons � 
m�2 � s�1 unitsThe KS probability is 
al
ulated for ea
h pixel, weare interested in pixels with probabilities smaller thanthe threshold value P0 = 4 � 10�6. This threshold valueis set to allow for penalty 
oming from the large num-ber (Npix = 12288) of trials: the dete
tion 
riterion is
hosen in su
h a way that the entire sear
h would givea single false dete
tion with the probabilityP0Npix � 0:05:A map of the probabilities is presented in Fig. 3.3. RESULTSThe total number of pixels with probabilitiessmaller than the threshold value P0 is 151. The sour
eidenti�
ation for ea
h of these pixels is performed asfollows. We 
onsider the photons that arrived duringseveral weeks at the epo
h of the maximal �ux. The
enter of mass of the spatial distribution of these pho-tons is used as an initial estimate of the sour
e lo
a-tion. We sear
h for sour
es from the 2FGL [14℄ 
at-alog in the 
ir
le with a radius equal to the error ofthe 
enter-of-mass estimation, whi
h is usually about100�150 for approximately 20 photons). For 34 pix-els, no sour
e is found with the initial estimate: in31 of them, the variability time pattern and photonspatial distribution lead us to the identi�
ation of thesour
e lo
ated in the neighbouring pixel and alreadyidenti�ed there. In three 
ases (pixels 2877 and 2749,PMN J1532-1315, and pixel 2299, SBS 0846+513), wehave found no 
ounterpart in the 2FGL 
atalog andused the Simbad astronomi
al database. Gamma-ray71
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−40 0Fig. 3. Map of the Fermi-LAT variability at 1 GeV in gala
ti
 
oordinates. Pixel 
olor represents base-10 logarithm of theKolmogorov�Smirnov probability of the uniformity of the observed �ux. The gala
ti
 
enter is at the 
enter of the �gure,l = 180Æ is on the left�ares from the latter two sour
es (PMN J1532-1315 andSBS 0846+513) have been re
ently reported by Fermi-LAT [15, 16℄, but the a
tivity period is outside the timeregion of the 2FGL 
atalog. To avoid false identi�
a-tions, we performed an additional 
he
k in four 
aseswhere two di�erent sour
es were residing in adja
entpixels: a signi�
ant di�eren
e in the observed luminos-ity 
urves 
on�rms that these dete
tions are real. Theresults are presented in Table 1. The table 
olumns l; bare the gala
ti
 
oordinates of the 
enter of the pixel,Nphot is the total number of photons observed in thepixel, ��8 is the average �ux from the pixel in unitsof 10�8 photons�
m�2 � s�1, and P is the KS proba-bility. The notations for the identi�ed sour
e in theliterature and in the 2FGL 
atalog are in the 8th and9th 
olumns. Previous referen
es to the variability ofthe sour
e are presented in the last 
olumn: P standsfor paper [2℄, P2 for [17℄, P3 for [18℄, ATNNNN forATel #NNNN, and BNNN indi
ates that the outburstfrom the sour
e was mentioned on the Fermi blog in theNNNth weekly report. ATNNNN with a pre�x VHE orIR indi
ates that a �are was observed (and reported inthe 
orresponding ATel) in some other energy range:at a very high energy (larger than 100 GeV) or in theinfrared. All the referen
es for the ATels are listed inthe Appendix.The total number of identi�ed sour
es is 117; vari-ability of 55 of them was reported in [2, 17, 18℄, 35 addi-tional dete
tions were made in numerous Astronomers'stelegrams (ATels; see the Appendix) and on the Fermi-

LAT blog2). That leaves us with 27 sour
es for whi
hthe variability has not been previously dete
ted (see Ta-ble 2). We have expli
itly 
he
ked that the �ux fromthese sour
es is not 
ontaminated with the 
ontributionfrom the Sun.For 
onvenien
e, we assign a variability type to thesour
e: a gradual 
hange in the photon �ux is referredto as �rate�, if the whole variability is dominated byone or several �ares, we 
all it a ��are�, and if these�ares are observed over a more or less prolonged timespan (typi
ally, more than 20 weeks), we designate it as�a
tivity�. This morphologi
al distin
tion is not totallyunambiguous: several bright 
onsequent �ares 
ouldbe de�ned as �a
tivity�. On the other hand, gradual
hanges 
ould o

ur on time s
ales of several dozens ofweeks, thus �tting the �a
tivity� type as well.The BL La
s and the �at-spe
trum radio quasars(FSRQs) are represented almost equally in the set ofpreviously unidenti�ed sour
es: there are 11 BL La
s,14 FSRQs, and one AGN of un
ertain type (PKS 0644-671). Also, there is one pulsar (Geminga) in the list(see Table 2 and Fig. 4). Both BL La
s and FSRQsdemonstrate two types of variability: gradual 
hangeof the photon �ux (10 out of 25) and �ares or in-
reased a
tivity (15 out of 25). The variability of sev-eral sour
es was observed before in other energy ranges:a �are in the near-infrared region was observed forB2 1732+38A (ATel #3504 [19℄, 1 July 2011), VHE�ares of 1ES0806+524 were observed by MAGIC (ATel#3192 [20℄, 24 February 2011), and EGRET observed2) http://fermisky.blogspot.
om/72



ÆÝÒÔ, òîì 143, âûï. 1, 2013 Variable gamma-ray sky at 1 GeVTable 1. List of pixels demonstrating variability ex
eeding the threshold value. See text for des
ription� Pixel � lÆ bÆ Nphot ��8 P Sour
e 2FGL Ref.1 23 345.0 85.6 264 0.29 2:8 � 10�13 MG2 J130304+2434 J1303.1+2435 AT21102 44 81.0 82.7 454 0.48 6:5 � 10�14 OP 313 J1310.6+3222 P3 51 207.0 82.7 467 0.50 1:4 � 10�6 W Comae J1221.4+2814 P4 54 261.0 82.7 1700 1.86 4:3 � 10�80 4C+21.35 J1224.9+2122 P25 66 97.5 81.2 194 0.20 3:9 � 10�6 5C 12.291 J1308.5+35476 76 247.5 81.2 935 1.02 2:4 � 10�159 4C+21.35 J1224.9+2122 P27 77 262.5 81.2 475 0.52 1:3 � 10�27 4C+21.35 J1224.9+2122 P28 103 250.7 79.7 216 0.23 1:4 � 10�6 4C +21.35 J1224.9+2122 P29 129 196.9 78.3 783 0.84 7:7 � 10�40 Ton 599 J1159.5+2914 P10 335 162.7 70.9 468 0.48 1:9 � 10�16 S4 1144+40 J1146.9+4000 B16511 373 61.1 69.4 188 0.20 1:8 � 10�9 J1424+3615 J1424+361512 378 93.2 69.4 332 0.33 4:2 � 10�10 B3 1343+451 J1345.4+4453 AT379313 381 112.5 69.4 433 0.43 1:9 � 10�11 GB 1310+487 J1312.8+4828 AT231614 438 111.0 67.9 343 0.33 2:1 � 10�22 GB 1310+487 J1312.8+4828 AT231615 532 295.3 66.4 461 0.54 7:3 � 10�9 MG1 J123931+0443 J1239.5+0443 AT344516 564 108.5 64.9 201 0.19 1:4 � 10�7 CLASS J1333+5057 J1333.5+505817 571 145.6 64.9 370 0.36 7:5 � 10�61 OM 484 J1153.2+4935 B15318 598 288.5 64.9 855 1.00 3:3 � 10�56 3C 273 J1229.1+0202 P19 670 292.5 63.4 301 0.35 2:1 � 10�6 3C 273 J1229.1+0202 P20 998 304.8 57.4 1925 2.26 5:1 � 10�57 3C 279 J1256.1-0547 P21 1014 9.8 55.9 967 1.10 6:3 � 10�123 PKS 1502+106 J1504.3+1029 P22 1106 9.4 54.3 598 0.68 2:0 � 10�62 PKS 1502+106 J1504.3+1029 P23 1107 13.1 54.3 1414 1.60 4:1 � 10�212 PKS 1502+106 J1504.3+1029 P24 1159 208.1 54.3 443 0.48 3:4 � 10�11 MG2 J101241+2439 J1012.6+2440 P25 1203 12.6 52.8 358 0.41 4:1 � 10�24 PKS 1502+106 J1504.3+1029 P26 1448 148.3 49.7 744 0.64 3:5 � 10�60 S4 1030+61 J1033.9+6050 P27 1483 265.0 49.7 321 0.38 2:0 � 10�10 PKS 1118-05 J1121.5-0554 B7128 1499 318.3 49.7 310 0.36 8:1 � 10�7 PMN J1332-1256 J1332.5-125529 1585 236.2 48.1 267 0.31 3:0 � 10�12 PMN J1016+0512 J1016.0+0513 P30 1631 23.3 46.6 374 0.42 7:6 � 10�10 PKS 1551+130 J1553.5+1255 P31 1654 94.7 46.6 465 0.40 1:4 � 10�9 GB6 J1542+6129 J1542.9+6129 P32 1700 237.4 46.6 283 0.33 3:3 � 10�12 PMN J1016+0512 J1016.0+0513 P33 1798 175.5 45.0 729 0.73 1:2 � 10�44 S4 0917+44 J0920.9+4441 P34 1970 320.8 43.4 538 0.62 8:3 � 10�15 PMN J1344- 1723 J1344.2-172335 2005 60.5 41.8 1193 1.23 2:7 � 10�22 4C+38.41 J1635.2+3810 P36 2006 63.3 41.8 808 0.82 1:7 � 10�6 NRAO 512 J1640.7+3945 P337 2237 351.6 40.2 2977 3.47 1:5 � 10�61 PKS 1510-08 J1512.8-0906 P38 2299 167.3 38.7 276 0.26 8:1 � 10�13 SBS 0846+513 AT345273



M. S. Pshirkov, G. I. Rubtsov ÆÝÒÔ, òîì 143, âûï. 1, 2013� Pixel � lÆ bÆ Nphot ��8 P Sour
e 2FGL Ref.39 2338 277.0 38.7 527 0.60 2:4 � 10�33 PKS 1124-186 J1126.6-1856 AT320740 2392 67.5 37.2 254 0.25 1:1 � 10�7 B3 1708+433 J1709.7+4319 AT302641 2475 300.9 37.2 940 1.06 1:4 � 10�11 PKS 1244-255 J1246.7-2546 P42 2520 68.9 35.7 498 0.50 1:9 � 10�26 B3 1708+433 J1709.7+4319 AT302643 2569 206.7 35.7 551 0.60 8:9 � 10�12 OJ 287 J0854.8+2005 P44 2683 165.9 34.2 258 0.24 4:7 � 10�7 1ES 0806+524 J0809.8+5218 VHE AT319245 2749 351.6 34.2 628 0.73 1:4 � 10�77 PMN J1532-1319 AT357946 2810 164.5 32.8 254 0.24 1:9 � 10�7 1ES 0806+524 J0809.8+5218 VHE AT319247 2811 167.3 32.8 537 0.51 9:6 � 10�16 1ES 0806+524 J0809.8+5218 VHE AT319248 2815 178.6 32.8 735 0.74 1:2 � 10�6 S4 0814+42 J0818.2+4223 P49 2844 260.2 32.8 290 0.33 1:3 � 10�7 1RXS J102658.5-174905 J1026.7-174950 2877 353.0 32.8 431 0.50 3:9 � 10�15 PMN J1532-1319 AT357951 2903 64.7 31.4 404 0.41 2:1 � 10�16 B2 1732+38A J1734.3+3858 IR AT350452 2916 101.2 31.4 466 0.38 9:2 � 10�21 S4 1749+70 J1748.8+7006 AT317153 3043 99.8 30.0 830 0.67 4:0 � 10�8 S4 1749+70 J1748.8+7006 AT317154 3150 39.4 28.6 371 0.40 1:9 � 10�21 PKS 1717+177 J1719.3+1744 P55 3187 143.4 28.6 1845 1.49 4:0 � 10�10 S5 0716+71 J0721.9+7120 P56 3194 163.1 28.6 756 0.69 1:7 � 10�50 GB6 J0742+5444 J0742.6+5442 AT344557 3246 309.4 28.6 451 0.50 2:7 � 10�10 PKS 1313-333 J1315.9-3339 B12258 3489 272.8 25.9 247 0.28 1:3 � 10�7 PKS B1043-291 J1045.5-293159 3540 57.7 24.6 557 0.58 1:1 � 10�16 RX J1754.1+3212 J1754.3+321260 3554 97.0 24.6 896 0.73 1:1 � 10�50 S4 1849+67 J1849.4+6706 P61 3598 220.8 24.6 439 0.50 1:4 � 10�7 PKS 0829+046 J0831.9+042962 3963 165.9 20.7 462 0.44 5:9 � 10�9 GB6 J0654+5042 J0654.5+5043 P63 4000 270.0 20.7 325 0.36 1:7 � 10�15 PKS 1021-323 J1023.8-324864 4021 321.1 20.7 813 0.90 1:8 � 10�44 PKS 1454-354 J1457.4-3540 P65 4092 170.2 19.5 457 0.45 5:9 � 10�10 B3 0650+453 J0654.2+4514 P66 4097 184.2 19.5 613 0.64 9:7 � 10�8 B2 0716+33 J0719.3+3306 P67 4110 220.8 19.5 324 0.37 2:0 � 10�8 OJ 014 J0811.4+014968 4116 237.7 19.5 412 0.48 5:7 � 10�8 BZQ J0850-1213 J0850.2-1212 B102,11469 4149 330.5 19.5 463 0.51 2:6 � 10�7 PKS 1454-354 J1457.4-3540 P70 4402 322.0 17.0 1495 1.63 7:8 � 10�36 PKS B1424-418 J1428.0-4206 AT2104,258371 4541 351.6 15.7 1505 1.69 1:5 � 10�19 PKS 1622-253 J1625.7-2526 P72 4614 198.3 14.5 338 0.37 1:2 � 10�6 MG2 J071354+1934 J0714.0+1933 P73 4616 203.9 14.5 799 0.88 4:0 � 10�19 4C+14.23 J0725.3+1426 AT224374 4625 229.2 14.5 402 0.46 1:1 � 10�6 PKS 0805-07 J0808.2-0750 AT2048,213675 4742 196.9 13.2 413 0.44 5:7 � 10�17 MG2 J071354+1934 J0714.0+1933 P76 4744 202.5 13.2 353 0.38 1:9 � 10�6 4C+14.23 J0725.3+1426 AT224374



ÆÝÒÔ, òîì 143, âûï. 1, 2013 Variable gamma-ray sky at 1 GeV� Pixel � lÆ bÆ Nphot ��8 P Sour
e 2FGL Ref.77 4753 227.8 13.2 707 0.82 5:5 � 10�16 PKS 0805-07 J0808.2-0750 AT2048,213678 4881 229.2 12.0 556 0.64 3:4 � 10�14 PKS 0805-07 J0808.2-0750 AT2048,213679 4932 11.2 10.8 1337 1.54 2:7 � 10�16 PKS 1730-13 J1733.1-1307 AT300280 5119 178.6 9.6 619 0.64 9:9 � 10�8 B2 0619+33 J0622.9+3326 AT282981 5165 308.0 9.6 1011 1.06 2:6 � 10�7 PMN J1326-5256 J1326.7-525482 5637 195.5 4.8 52455 56.6 2:3 � 10�7 PSR J0633+1746 J0633.9+174683 5248 180.0 8.4 1212 1.26 1:1 � 10�46 B2 0619+33 J0622.9+3326 AT282984 5777 227.8 3.6 2002 2.3 3:2 � 10�12 PKS 0727-11 J0730.2-1141 AT286085 6596 12.7 �4:8 1854 2.1 4:6 � 10�7 PKS 1830-211 J1833.6-2104 AT294386 6608 46.4 �4:8 1198 1.3 3:6 � 10�7 RX J1931.1+0937 J1931.1+093887 6711 336.1 �4:8 1717 1.8 2:6 � 10�9 PMN J1650-5044 J1650.1-504488 6724 11.2 �6:0 1945 2.2 2:9 � 10�15 PKS 1830-211 J1833.6-2104 AT294389 7101 351.6 �8:4 1553 1.71 5:4 � 10�38 PMN J1802-3940 J1802.6-394090 7155 144.8 �9:6 696 0.67 3:4 � 10�7 4C+47.08 J0303.5+471391 7265 92.8 �10:8 1664 1.65 1:9 � 10�46 BL La
 J2202.8+4216 P92 7413 150.5 �12:0 931 0.93 1:2 � 10�8 NGC 1275 J0319.8+4130 P93 7494 16.9 �13:2 868 0.98 1:2 � 10�7 PKS B1908-201 J1911.1-2005 P94 7542 151.9 �13:2 1202 1.21 6:7 � 10�9 NGC 1275 J0319.8+4130 P95 7569 227.8 �13:2 539 0.61 2:3 � 10�8 PKS 0627-199 J0629.3-2001 B17496 7662 130.8 �14:5 868 0.84 9:1 � 10�23 OC 457 J0136.9+4751 P97 7750 16.9 �15:7 801 0.91 7:5 � 10�36 TXS 1920-211 J1923.5-2105 P98 7921 139.2 �17:0 2228 2.2 3:6 � 10�10 3C 66A J0222.6+4302 P99 7993 341.7 �17:0 512 0.54 3:5 � 10�6 PKS 1821-525 J1825.1-5231100 8030 84.4 �18:2 677 0.70 5:8 � 10�17 B2 2155+31 J2157.4+3129 P101 8197 195.5 �19:5 896 1.01 4:9 � 10�20 TXS 0506+056 J0509.4+0542102 8525 36.6 �23:3 431 0.50 8:0 � 10�16 PKS 2023-07 J2025.6-0736 P103 8653 38.0 �24:6 563 0.65 1:3 � 10�31 PKS 2023-07 J2025.6-0736 P104 8675 99.8 �24:6 658 0.68 4:8 � 10�23 B2 2308+34 J2311.0+3425 AT2783105 8867 278.4 �25:9 508 0.50 1:1 � 10�13 PKS 0644-671 J0644.2-6713106 9074 140.6 �28:6 428 0.44 1:4 � 10�17 B2 0200+30 J0204.0+3045 B134107 9077 149.1 �28:6 821 0.86 1:2 � 10�31 4C+28.07 J0237.8+2846 AT3670108 9094 196.9 �28:6 466 0.53 1:6 � 10�22 PKS 0440-00 J0442.7-0017 AT2049109 9197 128.0 �30:0 512 0.53 1:1 � 10�17 4C 31.03 J0112.8+3208110 9369 250.3 �31:4 3416 3.67 1:6 � 10�90 PKS 0537-441 J0538.8-4405 P111 9431 66.1 �32:8 395 0.44 1:1 � 10�8 PKS 2144+092 J2147.3+093 P112 9477 195.5 �32:8 588 0.67 1:9 � 10�15 PKS 0420-01 J0423.2-0120 AT2402113 9498 254.5 �32:8 946 1.01 7:7 � 10�101 PMN J0531-4827 J0532.0-4826 AT2907114 9615 222.2 �34:2 259 0.30 3:6 � 10�8 PKS 0454-234 J0457.0-2325 P75



M. S. Pshirkov, G. I. Rubtsov ÆÝÒÔ, òîì 143, âûï. 1, 2013� Pixel � lÆ bÆ Nphot ��8 P Sour
e 2FGL Ref.115 9616 225.0 �34:2 341 0.38 7:5 � 10�14 PKS 0454-234 J0457.0-2325 P116 9743 223.6 �35:7 1282 1.43 5:8 � 10�118 PKS 0454-234 J0457.0-2325 P117 9776 316.4 �35:7 483 0.50 2:4 � 10�17 PKS 2142-75 J2147.4-7534 AT2539118 9822 84.4 �37:2 782 0.85 5:2 � 10�23 3C 454.3 J2253.9+1609 P119 9823 87.2 �37:2 1832 1.98 1:5 � 10�72 3C 454.3 J2253.9+1609 P120 9904 315.0 �37:2 530 0.55 1:8 � 10�15 PKS 2142-75 J2147.4-7534 AT2539121 9947 77.3 �38:7 500 0.55 4:2 � 10�13 CTA 102 J2232.4+1143 P122 9951 88.6 �38:7 417 0.45 1:8 � 10�6 3C 454.3 J2253.9+1609 P123 9950 85.8 �38:7 10048 11.0 7:4 � 10�539 3C 454.3 J2253.9+1609 P124 9975 156.1 �38:7 1097 1.19 7:5 � 10�247 AO 0235+164 J0238.7+1637 P125 10094 129.4 �40:2 838 0.89 4:4 � 10�8 S2 0109+22 J0112.1+2245 P126 10104 157.5 �40:2 522 0.57 4:0 � 10�37 AO 0235+164 J0238.7+1637 P127 10108 168.8 �40:2 564 0.62 1:8 � 10�12 PKS 0306+102 J0309.1+1027128 10173 351.6 �40:2 648 0.70 8:4 � 10�11 PKS 2052-47 J2056.2-4715 P129 10368 187.3 �43:4 339 0.39 4:1 � 10�15 PKS 0336-01 J0339.4-0144130 10386 239.5 �43:4 1411 1.54 1:8 � 10�50 PKS 0426-380 J0428.6-3756 P131 10387 242.4 �43:4 440 0.48 8:9 � 10�7 PKS 0426-380 J0428.6-3756 P132 10508 241.5 �45:0 683 0.75 1:3 � 10�6 PKS 0426-380 J0428.6-3756 P133 10692 91.6 �48:1 289 0.32 4:8 � 10�9 PKS 2325+093 J2327.5+0940 P134 10711 152.7 �48:1 569 0.63 6:2 � 10�22 MG1 J021114+1051 J0211.2+1050 P135 10775 358.4 �48:1 582 0.64 1:1 � 10�12 MH 2136-428 J2139.3-4236 P136 10779 11.7 �49:7 263 0.29 1:2 � 10�7 PMN J2145-3357 J2144.8-3356137 10840 215.0 �49:7 186 0.21 1:1 � 10�7 PKS 0347-211 J0350.0-2104 P138 10847 238.3 �49:7 337 0.37 3:5 � 10�6 PKS 0402-362 J0403.9-3604 AT2413139 10889 19.0 �51:3 1101 1.24 6:0 � 10�8 PKS 2155-304 J2158.8-3013 P140 10965 282.1 �51:3 294 0.29 2:9 � 10�7 PKS 0235-618 J0237.1-6136 AT2669141 10992 16.2 �52:8 1217 1.36 2:2 � 10�7 PKS 2155-304 J2158.8-3013 P142 11131 163.1 �54:3 454 0.52 7:3 � 10�17 PKS 0215+015 J0217.9+0143 P143 11495 213.7 �60:4 572 0.64 5:2 � 10�11 PKS 0301-243 J0303.4-2407 P144 11506 263.2 �60:4 470 0.51 9:1 � 10�8 PKS 0244-470 J0245.9-4652 P145 11572 210.8 �61:9 563 0.63 1:9 � 10�9 PKS 0250-225 J0252.7-2218 AT1933146 11586 277.1 �61:9 625 0.67 3:5 � 10�13 PKS 0208-512 J0210.7-5102 P147 11597 329.2 �61:9 267 0.28 3:2 � 10�11 PKS 2326-502 J2329.2-4956 AT2783148 11598 333.9 �61:9 508 0.55 1:5 � 10�27 PKS 2326-502 J2329.2-4956 AT2783149 11670 332.5 �63:5 805 0.87 9:0 � 10�62 PKS 2326-502 J2329.2-4956 AT2783150 11680 23.8 �64:9 387 0.43 2:1 � 10�7 PKS 2255-282 J2258.0-2759151 11933 65.8 �70:9 953 1.09 1:4 � 10�90 PMN J2345-1555 J2345.0-1553 P76



ÆÝÒÔ, òîì 143, âûï. 1, 2013 Variable gamma-ray sky at 1 GeVTable 2. List of sour
es with previously unreported variability. Additional 
olumns des
ribe sour
e type: BL La
 (B),FSRQ (Q), AGN of un
ertain type (AGN), or pulsar (PSR), the variability type: gradual in
rease or de
rease in the photon�ux rate (R), �ares (F), or longer period of in
reased a
tivity (A); in 
ase of �ares or a
tivity, the temporal lo
alizationof events is given in the last 
olumn� Pixel � lÆ bÆ Nphot ��8 P Sour
e Type Var. Weeks1 66 97.5 81.2 194 0.20 3:9 � 10�6 5C 12.291 Q A 30�602 373 61.1 69.4 188 0.20 1:8 � 10�9 J1424+3615 B A 140�1603 564 108.5 64.9 201 0.19 1:4 � 10�7 CLASS J1333+5057 Q R �4 1499 318.3 49.7 310 0.36 8:1 � 10�7 PMN J1332-1256 Q R �5 1970 320.8 43.4 538 0.62 8:3 � 10�15 PMN J1344-1723 Q R �6 2811 167.3 32.8 537 0.51 9:6 � 10�16 1ES 0806+524 B R �7 2844 260.2 32.8 290 0.33 1:3 � 10�7 1RXS J102658.5-174905 B R,F 1768 2903 64.7 31.4 404 0.41 2:1 � 10�16 B2 1732+38A B F 40�509 3489 272.8 25.9 247 0.28 1:3 � 10�7 PKS B1043-291 Q A 100�12010 3540 57.7 24.6 557 0.58 1:1 � 10�16 RX J1754.1+3212 B F 149�15311 3598 220.8 24.6 439 0.50 1:4 � 10�7 PKS 0829+046 B F 7312 4000 270.0 20.7 325 0.36 1:7 � 10�15 PKS 1021-323 Q R �13 4110 220.8 19.5 324 0.37 2:0 � 10�8 OJ 014 B R �14 5165 308.0 9.6 1011 1.06 2:6 � 10�7 PMN J1326-5256 B F 9.3215 5637 195.5 4.8 52455 56.6 2:3 � 10�7 PSR J0633+1746 PSR R �16 6608 46.4 �4:8 1198 1.3 3:6 � 10�7 RX J1931.1+0937 B R �17 6711 336.1 �4:8 1717 1.8 2:6 � 10�9 PMN J1650-5044 Q R �18 7101 351.6 �8:4 1553 1.71 5:4 � 10�38 PMN J1802-3940 Q A 60�10019 7155 144.8 �9:6 696 0.67 3:4 � 10�7 4C+47.08 B A 100�14020 7993 341.7 �17:0 512 0.54 3:5 � 10�6 PKS 1821-525 Q R �21 8197 195.5 �19:5 896 1.01 4:9 � 10�20 TXS 0506+056 B A 137�140, 169�17222 8867 278.4 �25:9 508 0.50 1:1 � 10�13 PKS 0644-671 AGN R �23 9197 128.0 �30:0 512 0.53 1:1 � 10�17 4C 31.03 Q A 30�50, 14824 10108 168.8 �40:2 564 0.62 1:8 � 10�12 PKS 0306+102 Q F 141�14725 10368 187.3 �43:4 339 0.39 4:1 � 10�15 PKS 0336-01 Q F 13126 10779 11.7 �49:7 263 0.29 1:2 � 10�7 PMN J2145-3357 Q A 74, 91, 12127 11680 23.8 �64:9 387 0.43 2:1 � 10�7 PKS 2255-282 Q A 60�80, 136a very bright �are of PKS 2255-282 in De
ember 1997[21℄. Pulsed 
-rays from the Geminga pulsar were ob-served with 1 year of the Fermi-LAT data [22℄, whilethe sour
e were 
onsidered nonvariable.In this paper, the long-term �ux 
hange of theGeminga pulsar is dete
ted with the KS probabil-ity 2:3 � 10�7. In the present study, Geminga is theonly pulsar demonstrating variability above our thresh-
old. For 
omparison, the respe
tive KS probabili-ties for pixels 
ontaining Vela, PSR J1709-4429, andCrab pulsars are 25%, 78%, and 1.2%. In the Crab
ase, it was shown that the observed variability is
aused by pro
esses in the Crab nebula rather thanin the pulsar itself [23℄. The Fermi-LAT 
ollaborationalso presented results of observations of three othergamma-ray pulsars (J1836+5925, PSR J2021+4026,77
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Fig. 4. The �ux of photons with energies larger than1 GeV for pixel � 5637 (Geminga). The �ux is inphotons � 
m�2 � s�1 units. The 
orresponding 
urvesfor all variable pixels listed in Table 2 are available athttp://arxiv.org/pdf/1201.3625v1and PSR J0007+7303) where no �ux variability wasobserved [24�26℄.A

ording to 2FGL [14℄, an una

ounted instrumen-tal e�e
t may 
ontribute to the apparent �ux variabil-ity at the level of about 2%. The e�e
t may be relatedto the 55-day time s
ale 
orresponding to the pre
es-sion of the LAT orbital plane. The systemati
 e�e
tof this magnitude may be statisti
ally signi�
ant forthe brightest sour
es only, and therefore, among thesour
es in Table 2, only Geminga may be potentiallya�e
ted. The observed variability of Geminga 
orre-sponds to a 7.2% gradual �ux de
rease over 168 weeks.On the other hand, the KS test is not sensitive to the55-day stru
ture of the �ux (integration over 8-week in-tervals does not signi�
antly 
hange the result). This issupported by the fa
t that the other bright pulsars donot show signi�
ant variability in our study, althoughthey possess 55-day variations a

ording to [14℄. Still,we may not ex
lude that the apparent Geminga �uxvariability may be the result of una

ounted systemat-i
s on the 3-year time s
ale.We note that while the 2FGL 
atalog 
ontains 577unidenti�ed sour
es (out of 1873), 153 of whi
h havethe �ux higher than 2 � 10�9 photons � 
m�2 � s�1, noneof them shows variability above our threshold.It is also worth noting that sour
es not in
luded inTable 2 be
ause of being reported either in ATels or onthe Fermi blog 
ould have the variability patterns thatdi�er 
onsiderably from the reported one. As an exam-ple, the �are from the sour
e MG2 J130304+2434 thato

urred on 3 July 2009 (week � 56) was reported inATel #2110 [27℄. On the other hand, Fig. 5 shows that
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Fig. 5. The �ux of photons with energies larger than1 GeV for pixel � 23 (MG2 J130304+2434). Changeof rate 
an be easily seenthe �are o

ured during the high state of the sour
e,with its �ux slowly in
reasing from the start of theFermi observations until approximately the 80th weekwhen it began to de
rease.4. CONCLUSIONSA method for dete
tion of variable sour
es is pro-posed that uses the KS statisti
al test. The methodis implemented for a full sky blind sear
h for regionswith variable �ux at energies above 1 GeV using theFermi-LAT 168 week data. The sear
h leads to identi-�
ation of 117 variable sour
es, the variability of 27 ofwhi
h has not been reported before. Among the sour
eswith previously unidenti�ed variability, there are 25AGNs belonging to the blazar 
lass (11 BL La
s and 14FSRQs), one AGN of un
ertain type (PKS 0644-671),and one pulsar PSR J0633+1746 (Geminga).APPENDIXThe following ATels are 
ited in the text: ATel#1933 [28℄, ATel #2048 [29℄, ATel #2049 [30℄, ATel#2104 [31℄, ATel #2110 [27℄, ATel #2136 [32℄, ATel#2243 [33℄, ATel #2316 [34℄, ATel #2402 [35℄, ATel#2413 [36℄, ATel #2539 [37℄, ATel #2583 [38℄, ATel#2669 [39℄, ATel #2783 [40℄, ATel #2829 [41℄, ATel#2860 [42℄, ATel #2907 [43℄, ATel #2943 [44℄, ATel#3002 [45℄, ATel #3026 [46℄, ATel #3171 [47℄, ATel#3192 [20℄, ATel #3207 [48℄, ATel #3452 [16℄, ATel#3445 [49℄, ATel #3504 [19℄, ATel #3579 [15℄, ATel#3670 [50℄, ATel #3793 [51℄.78
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