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A low level of extragalactic background light
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The diffuse extragalactic background light consists of thesum of the starlight emitted by galaxies
through the history of the Universe, and it could also have anmportant contribution from the first
stars, which may have formed before galaxy formation beganDirect measurements are difficult and
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not yet conclusive, owing to the large uncertainties causely the bright foreground emission associ-
ated with zodiacal light'. An alternative approach?®=® is to study the absorption features imprinted
on the v-ray spectra of distant extragalactic objects by interactons of those photons with the back-
ground light photons®. Here we report the discovery ofy-ray emission from the blazars H 2356—309
and 1ES 1101232, at redshifts z=0.165 and z=0.186, respectively. Thainexpectedly hard spectra
provide an upper limit on the background light at optical/near-infrared wavelengths that appears to
be very close to the lower limit given by the integrated lightof resolved galaxie®. The background
flux at these wavelengths accordingly seems to be strongly mhinated by the direct starlight from
galaxies, thus excluding a large contribution from other sarces — in particular from the first stars
formed®. This result also indicates that intergalactic space is mar transparent to v-rays than previ-
ously thought.

The observations were carried out with the High Energy $smrepic SysteM? (H.E.S.S. ), a system
of four imaging atmospheric Cherenkov telescopes operairenergiedy > 0.1 TeV. These two blazars
are at present the most distant sources for which spectealdie®n measured at these energies (Tab. 1).

Intergalactic absorption is caused by the process of pholhaton collision and pair production. The
original spectrum emitted by the source (which we call firdic”) is modified such that the observed flux
Fos(E) = Fu(E) - e=7®), where the optical depth(E) depends on the Spectral Energy Distribution
(SED) of the Extragalactic Background Light (EBL) (Fig. Details are provided in the Supplementary
Notes and Figures. For any reasonable range of fluxes atiolea(UV) and optical/near-infrared wave-
lengths (O-NIR);(E) — and thus absorption — is larger at 1 TeV with respect to O\2 This difference
makes the observed spectrum steeper (thatjsg, > ', for a power-law modetiN/dE « E~') The
spectral changAI'=I",,s — I'iny Scales linearly with the EBL normalization, and becomesanpponounced
at larger redshifts. Thus more distant objects provide a&mensitive diagnostic tool.

In general, if the intrinsic spectrum were sufficiently wetlown, 7(E) — and thus the EBL SED —
could be effectively measured by comparing intrinsic wibserved spectra. Blazars, however, are char-
acterized by a wide range of possible spectra, and the gresderstanding of their radiation processes is
not yet complete enough to reliably predict their intrinsicay spectra. But for these two sources, with
O-NIR fluxes at the level of the “direct” estimates, the imtic spectra needed to reproduce the H.E.S.S.
data become extremely hard (that is, they have small valuE}, at odds with the currently known blazar
physics and phenomenology. This can be avoided by reducegriergy dependence of the optical depth,
assuming either very low O-NIR fluxes (reducingt 1 TeV) or very high UV-0 fluxes (increasingat
0.2 TeV). The latter case, however, would require unredsgrmgh UV fluxes (as discussed later). We can
then derive an upper limit on the EBL by requiring the intiinspectrum to be compatible with the present
knowledge of blazars.

To determine such a limit, a plausible shape for the EBL SE&ssumed. As a reference shape in
the 0.1-10um range we adopted the phenomenological curve used it Yefavhich is designed to be in
general agreement with the EBL spectrum expected from galmissiod? 13 This curve, labelled P1.0 in
Figs 1 and 2, was originally normalized to match the “direxgtimates at 2.2 and 3.&n (refs 1419, Here
we leave its normalization as a free parameter, scaling IBA1different factors P (labelled accordingly, the
curve scaled by.45x is “P0.45”) down to the lower limit obtained by the resolvealaxy count’ (~P0.4).

To reproduce the excess around Lib claimed from the Infrared Telescope in Space (IRTS)atalso
argued by ref), an additionalad hoc component was considered, labelledyig”. This feature is not
expected from standard galaxy evolution models, and coeilithéd spectral signature of radiation produced



in the early universe, for example by the first stars formeetéinfree massive stars, called ‘Population III’;
see e.g. refs1d),

The intrinsic source spectra (Fig. 2) have been reconsaudirectly from the observed ones using
the assumed EBL, withoat priori assumptions on the blazar spectrum. EBL evolution effexts due to
galaxy evolution) were not included: these effects, ndgkgat low redshifts, become important as redshift
increases, but for the range considered here: (0.165 — 0.186) their impact is still limited to a factor of
< 10% (AP < 0.1; see Supplementary Information). The reconstructed spacé generally compatible
with a power-law {N/dE « E~T), but the EBL densities P1.0+f and P1.0 both yield extremely hard
photon indicesI(;; < 0, see Fig. 2 and Supplementary Fig. SI-2), implying a pilesupine-like feature
in the blazars’ SED around 1-3 TeV. We obtain the same regudbhsidering the NIR excess added to the
galaxy counts limits (e.g. P0.4kfx, see Supplementary Fig. SI-3). This is because a lower ERLofhly
in the UV=0 band decreases the absolute valueshoft increases the contrast between 0.2 and 1 TeV.

Such hard spectra have never been seen in the closest, $esbebTeV blazars such as Mkn 421 and
Mkn 501221 (> ~ 0.03, T'iy ~ 1.5 — 2.8 using the same EBL SEDs), and are difficult to explain within
the present standard leptonic or hadronic scerfafimsblazar emission. In shock acceleration models,
the hardest index obtained for the accelerated particles=s1.5 (see e.g. réf). In the case of protons
interacting with ambient plasma, the resultingay spectrum has the same slopg,; = 1.5. In the
case of electrons, the spectrum of theays emitted through inverse Compton scattering is exjlettd
be steeper thah,; = 1.5 under most circumstances. Only if radiative cooling is ritective and the
blazar Compton emission is wholly within the Thomson limitirlikely at such high energies — one finds
Tine = (s+1)/2 = 1.25. We thus assume in the following discussion that the trueagpeintrinsic spectrum
was not harder thah;,; = 1.5, although later we also address the possibility of hardectsa.

To be compatible witlH';,; > 1.5, the EBL flux has to be scaled down to P0.45 to explain both
objects’ data, with 1ES 1164232 providing the most stringent constraints thanks to #téeb statistics at
high energies and the larger redshift. With a fixed EBL shtye is a direct link between the normalization
P andl';,;. The one-sigma statistical and systematic uncertaintigh®H.E.S.S. spectral measurement can

then be translated to an equivalent uncertainty kP~ +0.15 (see Supplementary Information).

This limit (P0.45) is robust with respect to a different EBhestral shape, as long as it maintains an
overall maximum around 1-2m. Below 1um, lower fluxes than our template tend to harden the intrinsic
spectrum more, while even a flat slope from A down to 0.1um would soften it by onlyAT" ~0.1.
Above 2um, the slope cannot be much flatter than our template — a fldtiee €ould explain in part the
“direct” measurements at 3;bn (Supplementary Fig. SI-4) — because this would again impigw, very
hard componentl{,; < 0) in the intrinsic spectrum, rising at a few TeV (Supplementéig. SI-5). In this
respect, this H.E.S.S. dataset gives the same indicatitiheadEGRA dat&' on H 1426+428 (z=0.129),
which show a flattening feature above 1 TeV naturally prodidg a starlight EBL between 3 and 1on
(SEDx A7 1).

Therefore, the conservative and self-consistent assangptif both not unusual blazar specfrg,{ >
1.5) and a galaxy-like EBL spectrum allow the EBL flux around L#2 to be constrained at the level of
< (14 £ 4)nW m~2 sri(that is, < 0.55 4 0.15 xP1.0). This corresponds to P(0.45+0.1) to allow for
galaxy evolution effects. Coupled with the lower limits ided from galaxy counts given by the Hubble
Space Telescofe~9.0-9.77%5 nW m~2 sr 1), the H.E.S.S. spectra lead to conclude that more than 2/3
of the EBL in the O-NIR band is resolved into single sourcehis Tesult is completely independent of
any “direct” measurement of the EBL. Remarkably, it is inesevconflict with the claims of high EBL flux



at NIR wavelength$:17 and, to a lesser extent, with the reported detections atri23&umb 1> The
H.E.S.S. upper limits agree instead with the most recemtrétieal calculatiors of the EBL, as well as
with recent theoretical argumefts’® against high EBL fluxes due to Pop Ill stars.

This result is also rather insensitive to small changesaragsumed intrinsic slope. A different value,
if proved more likely by future results, will shift the lim#ccordingly, but only strong spectral differences
would qualitatively change our conclusion: even a valug;gf = 1.0 would loosen th@.55x limit only to
<0.7xP1.0.

Alternative scenarios which could reconcile the measupetttsa with high O—NIR fluxes formally
exist, and would represent a major discovery in their owhtrigut we consider them very unlikely, given
their exotic implications. Higher UV fluxes would make thérimsic spectra softer, but the huge values
required & 300 nW m—2 sr !, see Fig. 1, for example) are not supported by other measmignt®, and
could not be accomodated within any reasonable cosmolagiodel.

A more viable alternative is that such hard spectra are ameal feature of the TeV blazar emission.
Possible mechanisms have already been envi§aged example, the inverse Compton scattering of mono-
energetic electrongyy, such as cold plasma with very large bulk motion Lorentzdg¢interacting in deep
Klein-Nishina regime with a narrow-band photon field (susla@lanck-type distribution) may lead to very
flaty-ray spectra with a sharp pile-upgt~ Ej, reproducing spectra like the ones in Fig. 2. However, such
features should become directly visible in the observedtspef the closer, less absorbed objects of the
same type, like the well-studied Mkn 421 and Mkn 501jf; was~ 0, they should shoW ;s < 0.5). This
is in contrast with observatiots2% unless we assume a dependence of the source parametedskift re
such that the corresponding features always disappeapdtlt absorption. It is difficult to justify such a
fine-tuning on a relatively small redshift range, althougbrenobjects and observations are needed to settle
this issue definitively, given the still-limited sample.

Other possibilities include the non-cosmological originbtazars’ redshifts and the violation of
Lorentz invariance (see e.g. #&f However, both scenarios imply dramatic revisions of modghysics
and astrophysics, which we do not consider to be justifiechbge data alone.

A low EBL level, in agreement with the expectations from sli@ml galaxy evolution models, is the
simplest and most likely explanation of the H.E.S.S. data.
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Source z Exp. Sig. En.range Tobs No X2 4/d.0f.
(hrs) (o) (TeV) (cm—2s71Tev)

1ES1101-232 0.186 43 ~12 0.16-3.3 288+0.17 4.44+0.74-10713 0.62/11
H 2356—309 0.165 40 ~10 0.16-1.0 3.06+0.21 3.08+0.75-10"'% 0.66/6

Table 1: Main parameters of the H.E.S.S. observations These observations were performed in
June—-December 2004 for H2356—309, and March—June 2004 & 2005 for 1IES1101—-232. The
table gives the total exposure after selection for good quality data, significance of the detected ~-
ray signal, energy range used for the spectral fits and the result of a single power-law fit (dN/dE =
No(E/TeV)~Ters). The spectra have been calculated applying the technique described in reflC,
Errors are 1o statistical. The systematic uncertainty on the flux and photon index are estimated
to be ~15% and ~0.1, respectively. Details of these observations will be published elsewhere;
here we have focused on the cosmological implications of the measured spectra. Compared to
the previous observations of TeV blazars, these H.E.S.S. spectra provide significantly stronger
constraints on the EBL because of the combination of a hard spectrum and relatively high redshift
(see Supplementary Information).
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Figure 1  Spectral Energy Distribution of the EBL in the wavelength band most affecting these
H.E.S.S. data (0.1-1Q:m). The EBL data are from a review compilation® (errors 1¢), unless other-
wise stated. Open symbols correspond to the integrated light from galaxy counts, and thus must
be considered lower limits for the EBL: in the UV-0 range, from Hubble data (green, red®):; in
the NIR, from Spitzer (blue?®) and I1SO data. Note that these data are also lower limits for the
total emission from galaxies, because of various observational and selection effects in the detec-
tion and counting of faint galaxies. The possible missed light in the the UV-0O band has been
estimated?® to be < (2-3) nW m~2 sr~!. The upper limits (purple) are 20 estimates!. Direct mea-
surements are shown as filled symbols: IRTS data from the NIR Spectrometerl® (blue), and data
from COBE/DIRBE (green’®, magental’ and red triangles). Red squares correspond to tentative
detections in the optical®® with corrections according to ref3. The curves show the EBL shapes
used to reconstruct the intrinsic spectra. P1.0 gives 26, 23 and 14 nW m~2 sr—'at 1.25, 2.2 and
3.5 um, respectively. The thick line shows the range most effectively constrained by the H.E.S.S.
data. In the long-dashed regions, higher fluxes than P0.55 would not be in conflict, as long as the
flux in the 1-3 ym range is within or around the limit. The short dashed line shows the additional
UV component needed by P1.0 to soften the intrinsic spectrum downto I' = 1.5 (see Supplemen-
tary Fig. SI-5; Enir Would require even higher fluxes). This example is the most energetically
economic solution, limited to the narrow range ~ 0.2 — 0.4 um to have the maximum effect on the
~-ray spectrum with the minimum UV flux and the minimum impact on the overall attenuation.
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Figure 2 The H.E.S.S. spectra of 1ES 11064232, corrected for absorption with three different
EBL SEDs, as labelled in Fig. 1 Red: observed data. Blue: absorption-corrected data. The
data points are at the average photon energy in each bin, also used to calculate the optical
depth for reconstruction. For the calculation, a flat A-dominated cosmology was adopted, with
Hy = 70 km/s/Mpec, Q,, = 0.3, Q4 = 0.7. Error bars are 10, statistical errors only. Between
1.3 and 3.3 TeV, the overall detection is 40. The lines show the best-fit power laws to the recon-
structed spectrum (AN/dE = Ny(E/TeV) Int), and the corresponding shapes after absorption.
The Xfed/d.o.f. (calculated by integrating the absorbed power-law model over each observed data
bin) are (from left to right): 1.20/11, 0.54/11, 0.47/11. We note that possible spectral variability
does not weaken our conclusions because it would imply states with even harder spectra than the
average one (by definition). Note also that the X-ray spectrum (which in blazars usually samples
the synchrotron emission of TeV electrons) measured during simultaneous observations in June
2004 and March 2005 does not show such hard slopes, but is similar to the historical values (Aha-
ronian et al. 2006, in preparation). For H2356—309, the same EBL SEDs yield I';,; = —0.6, 0.7
and 2.0, respectively (Suppl. Fig. SI-2). The NIR excess onto the galaxy counts limits (P0.4+Enr)
yields I'y,; =~ —0.7 and —0.4 for the two objects, respectively (see Suppl. Fig. SI-3).



Supplementary Information

In this paper we have derived an upper limit on the Extradial&ackground Light (EBL) in the optical to
near infrared band (O—-NIR). This is done by examining theatfdf absorption, caused by interaction with
EBL in this band, on the-ray spectra of two newly-detected distant blazars: 1IES4232 (z=0.186) and

H 2356-309 (z=0.165). Here we provide additional details on themsaim which EBL absorption modifies
the source spectrum, and on the impact on the derived lintiiefincertainties in the-ray measurements
and of galaxy evolution effects. We also explain why presidieV blazar detections did not provide a
comparably strong limit, and present supplementary figtodsetter illustrate the cases described in the
paper. At the end, we provide a table with the H.E.S.S. spled#ta for the two sources.

1 Supplementary Notes

EBL absorption

Absorption modifies the intrinsic source spectrum accgrdnF,,s(E) = Fin(E) - e 7B, The optical
depth7(E) is obtained by convolving the EBL photon density distribatin(e) with the pair production
cross-sectiow (E, €), and integrating over the-ray photon path from the source to the observer:

7(E) = / ") / (o (B, O de, 1)

0 €thr

(wheredl(z) = cdt(z) is the proper line element,( E, ¢) is already integrated over angles for an isotropic
field of background photons, and the photon density and e&sedgpend on redshift). The energy depen-
dence ofr(E) strongly depends on the spectrum of the background phoseese(g. ref[19]). For example,

if n(e) oc ¢! (or equivalently the EBL SEDI, « A~!), the optical depth appears constant with energy,
while for n(e) « e72 (i.e., vI, = constant), the optical depth-(E) « E. Note that in the first case, the
observed spectrum simply reproduces the spectrum emigtdeelsource, attenuated by a constant factor.
The energy dependence of the optical depth translatesaiogsinodifications of the source spectrum even
with relatively small differences i, due to the exponential dependence. For example, giventiamsin
power-law spectrund N/dE oc E~ =, a difference of only one unit in between 0.2 and 1 TeV increases
the spectral index bAT" = 'y, — TN'ing = 0.62. Figure SI-1 shows the attenuation factor as a function of
energy in four relevant cases (P1.0, P0.4, POy EP1.0+UV).

For a~-ray photon of a given energl, because of the threshold effedd > (m.c?)?), only EBL pho-
tons of energy above threshold (i..,< Ay,,) contribute to the absorption. Also, because of the redativ
narrowness of they — e*e™ cross-section, for broad-band EBL spectra more than halfeointeractions
occur with a narrow interval of target photos\ ~ (1 4+ 1/2)\* (ref[6,19]) around the cross-section peak,
where\* ~ 1.4 (E,/1TeV) pum (this relation is illustrated on the upper axis in Fig. Slil&51-4, as a
guideline). Thus, the optical depth-at0.2 TeV is controlled only by the EBL fluxes at UV-O wavelengths
(below 1 micron), since NIR photons are below the energystiokel, while the optical depth at 1 TeV is
controlled mainly by the NIR flux. The UV-0 band has a moret@diimpact on~ 1 TeV photons since the
interactions occur far from the cross-section peak. Angase or decrease of the UV-O flux alone changes
the optical depth at 0.2 TeV much more than at 1 TeV.

Therefore, it is possible to reduce the energy dependendgeaiptical depth (and thus to avoid the hard
reconstructed spectra) by assuming either very low O—NbRfreducing: at TeV energies) or very high
UV-0 fluxes (increasing at sub-TeV energies; e.g., see Fig. SI-1, right panel).



Comparison with earlier observations

These two new objects provide significantly stronger cairsis on the EBL than any previous TeV blazar
because of a favourable combination of hard observed spe@nd relatively high redshift. For sources at
smaller redshifta\T" is smaller, while at the same redshift a softer spectrum eamibinterpreted as a hard
spectrum which has been more heavily absorbed. Both cdseshé EBL to have a wider range of possible
fluxes without yielding implausible values in the reconsted blazar spectrum. This is the reason why the
TeV spectra of the two previous most distant objects, 1IES$4428 [11] (z=0.129]' s ~ 3.5 + 0.4)
and PKS 2155304 [10] (z=0.116]"yhs ~ 3.3 — 3.4 4+ 0.06), did not provide such strong constraints as
these two new sources, even when measured with much higjmal-$0-noise ratio (PKS 215504). The
intrinsic spectra of H1426+428 and PKS 2154 start to become very harfl (< 1) for EBL fluxes
around P1.0+kKr and above.

Statistical and systematics errors

The determination of an EBL limit from gamma-ray spectradse®® take into account the statistical and
systematic errors of the spectral determination, whichiarmfor these data — at therlevel —toAI' ~ 0.2
and 0.1, respectively. In addition, the absolute energlesafaCherenkov telescopes is only determined
to ~ 15%. The EBL limit can be different, therefore, because fornepke the true blazar spectrum can
be softer than the H.E.S.S. value, and the photon energies.ldJsing the sameg;,; = 1.5 limit on the
intrinsic spectrum, these errors can be translated intoqaivaent uncertainty for the scaling factor P:
namely, by finding the values for whidh,; + ATy stat = Al'inesys = 1.5, and shifting the bin energies
+15%. For the 1ES 1104232 spectrum, which provides the most stringent consgathe errors i
translate toAP ~ +0.1 (the relation is linear, and is approximatehP ~ 0.34AT’), and the energy scale
error into AP ~ 40.05. All three contributions {10 statistical, +-0.1 systematic,=15% energy scale
uncertainty) combined yieldhP ~ +0.15.

Galaxy evolution effects

In the calculation of the optical depth, we have not incluttedleffects of galaxy evolution between0 and

z = 0.165 to 0.186. That is, we assume a constant (rather than demgeagth redshift) EBL co-moving
energy density. This corresponds to the assumption thiteabackground photons seen today were already
in place at the source redshift. To estimate the impact efapproximation in the redshift range considered
here, we used the model by Primack [12] in 2001, interpaladirset of EBL SEDs as a function of redshift
(kindly provided by the authors). Including galaxy evoduj the intrinsic spectra becordd™ < 0.2 softer
than without evolution, thus loosening the limit on the swalfactor P by less than 0.1. Note, however,
that this effect can still be safely ignored when testinghac®s where the EBL is dominated by additional
radiation produced in the early universe (for which our agstion fully holds).
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Figure SI-1 Attenuation factor e=" for the redshift of 1ES 1101-232 (z=0.186), assuming different EBL
SEDs. Left panel: P1.0, P0.4, P0.4 with Exigr added on (Fig. SI-3). Right panel: P1.0 and P1.0+UV.
These curves would correspond to the observed TeV spectrum for a source with a flat power-law emission
spectrum (e.g., for a source spectral energy distribution E2dN/dE with T';,, = 2). Above 0.2 TeV, the
increase of 7 with £/ steepens the spectrum, up to 1-2 TeV. Left panel: the thick lines (corresponding
to P0.4, P1.0) show how an increase of the EBL normalization steepens the 0.2-1 TeV spectrum. The
dashed line (P0.4+En1r) shows how the addition of a NIR excess around ~ 1um dramatically steepens the
spectrum, due to the increase of 7 for 0.8—1 TeV photons, while photons at 0.1-0.3 TeV remain unaffected.
Above 2 TeV, the absorption curve corresponding to P0.4+Enr even hardens with energy since P0.4+Exir
is characterized by a slope steeper than A~! between 2 and 6 ym. The right panel shows how an increase
in the UV flux reduces the energy dependence of the optical depth, at the price of a higher attenuation
overall.
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Figure SI-2 The H.E.S.S. time-averaged spectrum of H 2356—309 (green), and the absorption-corrected
data (blue) with the same EBL SEDs as for 1IES 1101-232 (Fig. 1 and 2). The data points and the 99%
upper limit are at the average photon energy for each bin, also used to calculate the optical depth for recon-
struction. Error bars are 1o statistical errors. The lines show the best-fit power laws to the reconstructed
spectrum (dN/dE = No(E/TeV)~Tint), and the corresponding shapes including absorption. The 2 ,/d.o.f.
are (from left to right): 1.94/6, 0.86/6, 0.59/6.
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Figure SI-3 Effect of the NIR excess onto the galaxy counts limits. Left: EBL SED with the same data
as Fig. 1. The full line shows the EBL shape with the NIR excess added on to P0.4, while the right
panel shows the corresponding absorption-corrected ~-ray spectrum for 1ES 1101—-232. Also, for this EBL
SED, the intrinsic spectrum is extremely hard (I'i,; = —0.7 between 0.1 and 2 TeV), with a very sharp rise
between 0.3 and 1.5 TeV where the intrinsic slope becomes as hard as I';,; = —1.2. This is due to the
strong difference in optical depths at these two energies, because the gamma-ray photons below 0.3 TeV
are insensitive to the NIR excess > 1 um (since they are below the energy threshold for the vy — ete™
process), whereas ~ 1TeV photons are fully affected since the interaction takes place near the peak of
the vy — eTe™ cross-section. The exclusion of the the IRTS data points between 1.4 and 2.2 ym (dashed
line) is not enough to avoid very hard spectra (I'y,; = 0.2): significantly lower NIR fluxes are needed, as
described in the main text. We note that ref[25] argues that the shape of the NIR excess between 1 and
4 um is almost identical to the spectrum of the zodiacal light, and could therefore be of local instead of
extragalactic origin.
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Figure SI-4 Effect of modifications to the EBL SED in the UV and IR bands, for the same data as
Fig. SI-2. The short dashed line shows the additional UV component needed by P1.0 to soften the intrinsic
spectrum down to I';,¢ = 1.5, as shown in Fig. SI-2. This is the most energetically-economic solution, limited
to the narrow range ~ 0.2—0.4 um to have the maximum effect on the ~-ray spectrum with the minimum UV
flux and overall attenuation. The inclusion of Exir would require even higher UV fluxes, in the case of both
P1.0+Enir and PO.4+Enir. Above 2 um, a slope much flatter than our template (e.g. +IR, dot-dashed line)
is not supported by either the H.E.S.S. (see Fig. SI-5) or HEGRA results [11], which instead suggest an
EBL spectrum around o A~ L. If this is the case, it would constrain the EBL to be near the recent Spitzer
source counts [28], meaning that we are close to resolving the diffuse background also up to ~ 8 yum.
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Figure SI-5 The H.E.S.S. spectrum of 1ES 1101232, corrected for absorption with the EBL SED shown
in Fig. SI-4. The P1.0+UV panel shows the spectral softening given by the additional UV component, at
the price of increased energetic requirements: the intrinsic TeV flux would be 3 orders of magnitude higher
than that observed, and ~ 1.5-2 orders of magnitude above the blazar synchrotron peak, as indicated by
simultaneous X-ray data (Aharonian et al. 2006, in preparation). The P0.55+IR panel shows the hardening
given by an EBL spectrum above 2um which is flatter than our template (Fig. Sl-4, dot-dashed line).
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Table SI-1: H.E.S.S. spectral data. Tha table gives the differential flux @ in different energy bins, for
both objects. E.,,, is the average photon energy energy in each bin. The upper limit for H 2356-309
is given for the overall energy range [1.041 — 3.292] TeV, with a confidence level of 99%.

Energy Bins 1ES1101-232 H 2356-309
Elow — Ehign Eavg o+ AD Eave O+ AD
[TeV] [TeV] [cm~2s~1TeV] [TeV] [cm~2s~1TeV]

0.165 — 0.208 0.184 5.38 £1.88 x 101! 0.184 458 +£1.34 x 10!
0.208 — 0.262 0.232 2.93 +0.78 x 10~ 11 0.232 3.08 £0.66 x 10~!1
0.262 — 0.329 0.292 1.67 +£0.39 x 10~ 0.292 1.37 £0.33 x 107!
0.329 — 0.414 0.367 9.00 +2.08 x 10~!2 0.367 5.40 £1.57 x 1072
0.414 — 0.522 0.462 457 +£1.04 x 10712 0.462 4.60 £0.94 x 10712
0.522 — 0.657 0.582 1.41 +£0.54 x 10~ 12 0.582 1.54 +£0.52 x 10712
0.657 — 0.827 0.733 1.17 £0.37 x 10712 0.732 5.94 £2.96 x 10713
0.827 — 1.041 0.922 4.22 +2.34 x 10713 0.921 3.64 +1.89 x 1013
1.041 — 1.311 1.161 1.59 +1.13 x 10713
1.311 — 1.650 1.462 1.83 £1.02 x 10~ 13 1.572 <5.03 x 10714
1.650 — 2.077 1.840 1.17 £0.56 x 10713
2.077 — 2.615 2.316 8.49 +3.87 x 1074
2.615 — 3.292 2.916 4.73 £3.03 x 10~
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