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1. hadronic interpretation tor UHE-frequency-peaked
BL Lacs (extreme blazars)
with Matteo Cerruti, Andreas Zech, Catherine Boisson

2. gamma-rays (+UHECRs?) from ultra-fast outflows
(AGN winds) with Ruoyu Liu




hadronic interpretation for
UHE-frequency-peaked BL Lacs
(extreme blazars)

Matteo Cerruti, Andreas Zech, Catherine Boisson, SI
MNRAS, submitted



UHF- peaked BL Lacs (extreme blazars)

o 1 - hard TeV spectra
iy IES 0229+200 | E,>~TeV
N 1 - limited evidence
_ SE of variability
A ' 1 SSC interpretation
5= .1 requires:
T = '3 highy . ~10%-10°
- 1 <->normally y,_. ~<103
= 3 high >~50
< F e 1 <> normally 8~10-30
= 20

10 15
frequency [Hz]

stochastic electron acceleration?
Lefa+ 11, Tramacere+ 11, Asano+ 14...

intergalactic CR-induced cascades
Essey & Kusenko 12, Murase+ 12, Tavecchio 14...



proton-induced emission in blazars Mannheim 93

e+B—e+y, & Aharonian 00
p+y; g =N+ 70, T+ E, _ ~1017-101% eV Miicke+ 02,03....
=2y mr—utv—oet+3v , .
1Byt also p-p
u gt | Y muon synchrotron if dense enough
THLE—CC electron-positron Romero+
eto+ Bsete 4y Sync. cascade

p+B—p+y proton synchrotron

15

potential issues J:

1. low radiative efficiency 13

generally high L. required

12F ¢

log(vF,/Jy Hz)

2. poor fit to broadband spectra?

3.t t, too long to explain
<day timescale X-TeV correlations ¢
in HBLs o

10 15 20 25 30

10E




leptonic+hadronic emission model
Cerruti, Zech, Boisson, SI, MNRAS submitted; see also arXiv:1111.0557

leptonic processes: updated version of Katarzynski+ 01

- one zone synchrotron+SSC

- electron spectrum: power-law injection K.y, ¢ (Ve min<Ve< Ye.max)
+ break via syn.+SSC losses

- internal yy pair production

hadronic processes

- proton synchrotron

- photomeson interactions (SOPHIA)

- sync.+IC emission by all secondary pairs (py + vY)
- muon synchrotron

- Bethe-Heitler pair production

- proton spectrum: power-law injection Ky, " (1<y, <Y, ja0)s 0L,=0k
break via syn. losses

max via accel vs radiative/adiabatic losses
parameters: 90, R, B, o .=a K.. K,

EBL.: Franceschini+ 08

p° Ye,min ’ Ye,max,



leptonic+hadronic emission: example  Mrk 421
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leptonic+hadronic emission: example  Mrk 421
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UHF BLL: proton synchrotron
RGB J07104+591 simul. Fermi+VERITAS
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*ug [erg cm™>]  0.04 — 320
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UHF BLL: py cascade+SSC

RGB J0710+591

simul. Fermi+VERITAS
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UHF BLL: parameters RGB J0710+591
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interpretation possible with
plausible range of jet luminosities



UHF BLL: proton synchrotron
1ES 02294200 nonsimul. Fermi+VERITAS

Energy (eV)
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UHF BLL: py cascade+SSC
1ES 02294200 nonsimul. Fermi+VERITAS

Energy (eV)
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UHF BLL: parameters 1ES 0229+220

- chi-square . 2
radius \;EBB field - O up/uBVi_lL}lJa‘;anSlty

18 48
17.5 N
i 4?.5_
17
- 47
,-JB'E—_ =
p— L "‘g-}‘
o 16 —46.5
g >
15,5} -
B 46
15
- 4550
14.5_— B
:||||||||||||||||||||||||||||||||| N T T T
14 1 05 0 05 1 15 2 g% 4 =2 0 2 6 8
Log(B [G]) Log(u, / ug)

L= ﬂRZCriulk(uB +ue +up) Tpuie = 20.

interpretation possible with
plausible range of jet luminosities




UHF BLL: model parameters

1ES 02294200 1ES 0347-121 RGB J0710+591

proton synchrotron

Yemin [10%] 1.6 - 20 3.2 -38 0.01
Aol = @p 1.3 1.7 1.35
yAp,max[log] 4.8 - 57 / 4.8 — 56 / 39—-47
py cascade+SSC

Yemin [10?] 0.01 47 — 108 0.01
Qo] = Ap ] 1.3 1.7 1.5

Y pmax[10°] 0.06 — 0.3 0.15 — 0.45 0.1 -0.15

1ES 1101-232

4.3 -50
1.7
4.8 - 56

100 — 150
1.7
0.6-1.0

interpretation possible with plausible y ., jet power

BUT hard proton spectra required o,,<2
-> CR-modified shock? Reconnection?
What distinguishes UHF BLLs?

E__ <~10! eV, insufficient for highest E UHECRs

p.max

1ES 12184304

3.4 27
1.7
3.5-26

37-103
1.7
0.08 -0.4



gamma-rays (+UHECRSs) from
ultra-fast-outflows (UFOs ~ AGN winds)

Ruo-Yu Liu, SI, in prep.



ultra-fast outflows (UFOs) in AGN
blue-shifted X-ray absorption lines

- ~40 % of all AGNs

both radio-quiet/radio-loud
- fast outflow: v~0.05-0.3¢c

- highly 10nized:
Fe XXV/XXVI
£~10°-10%erg s! cm

- high column density:

N~10%2-10%* cm
- variable: t , >~ks
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ultra-fast Outﬂ_o\yS (UFOs) in AGN
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UFO external shock Faucher-Giguere & Quataert 12

v,=30,000 km/s

\shocke'd : — -
ar::;Z?:m 1011 — été{omp(lT) Etp,cool(ZT)
shocked : :
wind \ 1010 _
vy, \ o 2T structure? |
= 10°}.--
/ 1 < F
QSO ¥ > I =108
~
| 10’
/
Rsw / 102 10° 10* 10° 10° 107 10® 10°
/ t (yr)
Re expected radi1t R ~0.1-10 pc
R 5

- mechanical/thermal feedback on host galaxy gas
> origin of Mgy - Oy, coOrrelation?
- particle acceleration and nonthermal emission?



radio-quiet AGN Wlth UF() ESO 323 G77

10* F— T I T I T — 5
10% | ESO 323-G077/2FGL J1306.9-4028

NGC 6814/ :
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log10(v:frequency [Hz])
2/120 Seyferts with GeV association -> chance coincidence?

correlation with Auger UHECR event Nemmen+ 10, Jiang+ 10

known (relatively slow) UFO -> UFO as UFO?



UFO shocks: electron & proton acceleration Liu & SI
n prep.
Mg =108M_ ,v ,=0.1c,L,. =10% erg/s ~0.1 L_y,

B%/8n=¢, L. /ATt R? v,

dynamical t; ,=R/v,, t; =R/c=500 s

out?

acceleration t,..~10 (v /c)? E/ceB

electron loss
_ 2.3
tesyn=3 M “C°/40ugE,
53
t.c=3 m_,=C /4(STuphEe

proton loss
_(K C)-l
f (X)O’ (X)X dx J nph(x)dx)‘1 x=hv/m_c?



UFO external shock R=0.1 pc ->B,~3 G,n ~5x10° cm

8 I \ T \ [ \ ‘ [ ‘ ‘ \

teEC

+ | 6 T 8 o lb -
E [GeV]
electrons up to ~1 TeV, cooling for ~<10 MeV NB: yy

protons up to ~3x10'% eV (Fe up to ~10%° V)




model results R=0.03pc, B=1G (g;~0.1) ESO 323-G77
L.=2x10* erg/s, L =10% erg/s
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GeV steepening by KN effects? (possibly also yy)
necessary L, rather high?




model results R=0.03pc, B=3G (g;~1)
L.=2x10* erg/s, L =10% erg/s

ESO 323-G77
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X-ray nonthermal?

B=3G may allow UHECR acceleration with Fe?

NB variability possible

10



UHECR events: correlations with LAT AGN Nemmen+ 10
Blue: Auger events E>57 EeV also Jiang+ 10
Black: AGN with z<0.048 (GZK) in Auger FOV

5.40 correlation on 17deg scale

AT AR
Ak

x’*’: . ’ \
3-G77.

@




radio-loud AGNs with UFOs
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2/18 broad 11ne radlo galaxies detected at GeV
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Kataoka+ 11
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stronger than average core radio emission
-> jet emission at intermediate viewing angle?

50+-20% radio-loud galaxies found to have UFOs

Tombesi+ 14



model results R=1pc, B=10*G (ez~10*) 3C120
L.=3x10% erg/s, L, =10% erg/s
1048 —— " — —

. 3C120 dust+jet? nucleus+jet? i
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GeV steepening by KN effects? (possibly also yy)
necessary L, rather high?
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hadronic emission from UHF-peaked BL Lacs

- SSCETIIVTIXRE 1Y, in, ODENDHE
- proton synchrotron or py cascade+SSCIC kS 5#BA DS AT BE

HIBDR W, 0, LTOK
N—RIEBFARINVZHE > IR 2
UHECR (3 A &
- FERNICERBIDBARINLVTER > CTA
gamma-rays (+UHECRSs) from ultra-fast outflows
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=k (JEIRDEE]) ., 587 (Lo, DEE]) Doutflow
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(+UHECR&EDHES?)
UFOfESE R ERA] 3C12042EDGeV yvH?
> CTAL S D555 8 (CHATE

m




