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Outline

• Recent progress on Extragalactic Background Light (EBL) 
study

• Redshift determination of PKS 0426-380

• Fermi-LAT detection of 2 VHE (E>100 GeV) events from 
directional vicinity of the z=1.1 blazar PKS 0426-380

• Possible presence of additional flat spectrum component 
above several tens of GeV

• Summary



Fermi Gamma-ray Space Telescope

Large Area Telescope (LAT)
- 20 MeV-300 GeV
- Scan all-sky every 2 orbits (~3 hours)

Gamma-ray Burst Monitor (GBM)
- 8 keV-40 MeV
- Detect transient events 

• Launched on June 11, 2008

• Science operation has 
continued without any problem

2-year catalog (2FGL)
includes 1873 srcs:

Extragalactic sources 
(b>10 deg) are mostly 

blazars (BL Lacs, FSRQs)



Large Area Telescope

Si-strip Tracker with tungsten foil converter: 

                             Measure the photon direction 

CsI Calorimeter: Measure the photon energy,  

                             Image the shower 

ACD (Plastic scintillator):  

                             Reject charged-particle background 

γ
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4 x 4 modular array 
3000 kg,  650 W 

Pair-conversion telescope�

•  Large effective area (9000 cm2 @ 1 GeV, 

normal incidence)  

•  Large field-of-view (2.4 str)  

•  The entire sky is observed every ~3 hours 

•  Energy range: 20 MeV – 300 GeV 

•  Angular resolution (68% contaminant radius): 

0.6 deg @ 1 GeV 

CsI Calorimeter 

Tracker ACD 



How to detect flaring flazars

• Automatic pipeline analysis for 6-hour/1-day binned LAT data. 

• Flare Advocate(s) also analyze the data manually and check the result, 
once flaring objects (Flux>1.0x10-6 photons/cm2/s for E>100 MeV) are 
detected

• After the confirmation, Astronomers Telegram are issued



TOO Pointing-mode

• About 95% of observing time is all-sky survey mode

• But if interesting phenomena (Strong blazar flare, GRB, Novae 
etc) are detected, TOO pointing-mode is triggered

Ackermann+10
(CA: YTT, C. Dermer, L. Escande, B. Lott)

Pointed

Survey mode



• Flat spectrum radio quasars (FSRQs): Bright disk -> External 
compton dominant

• BL Lac: Disk and BLR are faint (no optical emission line) -> SSC

FSRQ

HBL

Blazar emission 
in gamma-ray band (E>~1022 Hz)

Donato+01



Extragalactic Background Light

• Level of EBL intensity, which is difficult to measure directly, can be 
estimated by absorption feature in sub-TeV~TeV gamma rays

γγ→e+e-



Fermi-LAT constraint on the EBL

Statistical study of the Fermi-LAT BL Lac data 
revealed the minimal level of EBL intensity, 
which was expected by e.g., Franceschini+08, 
Dominguez+11, Inoue+13

Ackermann+12



Further observational constraints

• Again, consistent with the lowest level EBL intensity

Abramowski+13

From HESS data

Dominguez+13

Estimation of gamma-ray horizon 
based on SED modeling



Distant VHE (E>100 GeV) sources

Current VHE detection is still limited to z<1.0, while the low-intensity 
EBL models imply a z~1 horizon for ~100 GeV gamma-rays (e.g., 
Franceschini+08, Dominguez+11, Inoue+13)

3C 279 at z=0.536

Aleksic+08

KUV 00311-1938
at z=0.61(?) PKS 1424+240 

at z>0.6035

Becherini+12 Acciari+10,  Furniss+13



Robust redshift of PKS 0426-380
Optical spectrum taken by 

8m VLT (Sbarufatti+05)

✦ 3 Emission Lines
✓ Mg II λ2798 at z=1.112
✓ C III] at z=1.098
✓ [O II] λ3727 at z=1.099

✦  2 Intervening systems 
at z=1.030 and 0.559

✦  No Host galaxy in HST 
image,  consistent with 
high redshift (Urry+00)



Location of 2 VHE events

• 134 GeV and 122 GeV ULTRACLEAN events 
were detected from close vicinity of PKS 0426-380

LAT PSF (0.12 deg)
for 100 GeV photons

50-100 GeV 
events are  shown
by yellow crosses

Count map of 5-300 GeV 
Ultraclean events  
(0.05° per pixel)



Detailed description of 
the 2 VHE events

• ULTRACLEAN class (highest probability of being gamma-rays)

• Angular separations are within 0.021 deg at most



Arrival times of 
E>50 GeV ULTRACLEAN events

• All of the seven E>50 GeV events were detected during 
high state of the source



Daily LAT flux (E>100 MeV, red) 
and Power-law index (black)

around 2 VHE events

• Apparent spectral hardening at the day of the 1st VHE event (Γ~1.4)

• No significant spectral and flux change during the 2nd VHE event

1st VHE event 2nd VHE event



Sharp break and Hint of additional flat 
spectral component

LAT spectrum accumulated
over the ~8 months high state

Γlow=1.91+/-0.04
Γhigh=2.72+/-0.17

EBreak=8.0+/-0.9 GeVSee also
Senturk+13



Emission from BLR cloud 
photo-ionized by accretion disk

BLR line energy

XSTAR simulation

• Poutanen & Stern (2010) considered absorption of gamma-
rays by these BLR optical/UV photons



Threshold of pair creation due 
to photon-photon collision

E�EBLR =
�
mec

2
�2

Poutanen+10

Intrinsic PL gamma-ray spectrum is modified 
by absoption of BLR photons

Ebreak = 4.8 GeV
�

54.4 eV
EBLR

�



Possible additional flat component 
above several tens of GeV

• First of all, the detection is still 
tentative, so future follow-up 
by IACTs is necessary

• Electron pile-up by efficient 
and continuous acceleration 
(Stawarz+08, Lefa+11)

• Cosmic-ray and gamma-ray 
induced cascade emission 
(Essay+10, Murase+12, Takami
+13)



MAGIC detection of VHE gamma-rays 
from the z=0.95 blazar S3 0218+035

• Can we see a similar spectral hardening at VHE range?



High minimum electron energy

• Proton cyclotron or other hadronic scenarios, 
rather than one-zone Sync+SSC?

1ES 0347-121
(Tanaka+14)

γmin=2x104

δ=50-60
B=1-3 mG

(see also e.g. Tavecchio+10)



Summary

• Fermi-LAT detected 2 VHE events from directional vicinity of 
PKS 0426-380 at z=1.1, making it the most distant VHE 
emitter known to date

• Detection of VHE events from the z=1.1 blazar is consistent 
with the minimal level of EBL intensity revealed by recent 
theoretical and observational works such as Ackermann+12, 
Franceschini+08, Dominguez+11, and Inoue+13

• The EBL-corrected LAT spectrum above several tens of GeV 
suggests possible presence of an additional flat component

• Follow-up by HESS II and future CTA during high state for 
PKS 0426-380 is strongly encouraged


