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generation and observation of B

magnetogenesis

- reionization *Basa remnant.

- structure formation * probe early universe

- first stars through B. .

- primordial fluctuations | p.rese.rved in voids

- phase transition | tmy_ér% gener_alIS

- inflation (10 ~10"°G)
observation

- Faraday rotation
- CMB anisotropy

‘ sensitivity ~ 1072 G

Secondary gamma-rays (pair echo) from blazars
and GRBs can be used to measure tiny B.
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3 approaches

1. spectral modification

2. extended halo
3. lightcurve (time delay)

(a) Counts Map (3-10 GeV)
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‘ comparison ‘

spectral extended time delay
modification |halo

target blazar blazar blazar flare
(quiescent) (quiescent) GRB
sensitivity 10 “°- 10 *¢ 10'°-10"c 10%% 10 %
advantage known target known target ho assumption
on past TeV
emission
disadvantage assumption *PSF subtlety s*transient
on past TeV kassumption *confusion
emission on past TeV with other

emission components



‘GRB and TeV blazar

GRB

— TeV emission is theoretically natural
but has not been observed due to the sensitivity
and mobility of the current TeV telescopes.

— prompt emission and afterglow

TeV blazar
— TeV emission is already observed.
- lightcurve is complicated (flare and quiescent emission)

[et s start with GRBs.



‘GRB@I pair echo spectrum | KT+, 08,09
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‘GRB@Z pair echo lightcurve

lightcurve (@1GeV)

stronger B => dimmer and longer—lasting pair echo
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‘GRB@Z pair echo lightcurve
lightcurve (@100GeV)

stronger B => dimmer and longer—lasting pair echo
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‘GRB@I dependence on cutoff and EBL
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‘detectability of pair echo

dN, JdE, > EZ**, for 0.1 TeV < Ey < Eq =10 TeV
E2%0.1.10) = 3 X 10> erg
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log[flux (/GeV/cm”*2/sec)]

afterglow

afterglow
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pair echo from high-z GRB

high-z GRB (z > 10)

log(flux [GeV/cm? /sec])

- purely primordial B

- target of pair annihilation is only CMB
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‘GRB and TeV blazar

GRB is a simple example to consider.
But we should be lucky to observe TeV emission of GRB.
We have to wait...

We already know TeV emission of blazars.
This is more promising observationally.

[et’ s move on to TeV blazar.



‘Mk].’l421 ‘ Nearest, hardest, best—observed TeV blazar
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‘Mk].’l421 ‘ Nearest, hardest, best—observed TeV blazar

log normal distribution
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‘Mkl’l421 ‘ Nearest, hardest, best—observed TeV blazar
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How distant past is important‘?

log[flux * time (arbitrary unit)]

O — ——
B = 10‘21(} 16205G 10 %G, 16195G 10 2G
1} > ) -_
_2 - _
-3 - ]
i \ \\ \
| @1GeV \ \ \ \ ]
A} | | ~ \ -
_ \ \x \E \
\ \ \ \
\ \ \ \ .
\ \x \ \1 i
. . | . . | . . H:\ ] . . IE\ ] . . HI:'« ] \ l:‘. ] I||I'L
3 A 5 6 7 3 9

log[time to ¥ (sec)]



Dermer et al, 20100 |
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Dermer et al., 2
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mock Mkn421 data@ |

What is the lightcurve of pair echo from blazars®?
Demonstration with a mock TeV lightcurve of Mkn421

' "Mkn421_lightcurve_mod.dat" us 1-($2*1.52e-8)
"Mkn421_lightcurve_mod_zero dat" us 1:($2*1.52e-8) *
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mock Mkn421 data@ |
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‘mock Mkn421 data i{r primary (TeV)

flux (GeV/icm"2/sec)
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Mkn501 flare®|

Abdo et al, 2010

multiwavelength observation for 480 days
flare for (more than) 3 days
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Mkn501 flare® |

lightcurve of 1-10GeV

log flux (/cm"2/sec)

_? L [ [
Fermi data (7-days average)
_ = primary, flare echo, quiescent echo
A N AN —
-8 _—= [ : J l | I E ' i l I |
RS l !
quiescent pair echo
9 -
| flare palr echo
- B — 10_19’ 10_195’ 10_20 G
-10 l L | |

10 20 30 40
time from flare (day)

50



‘Mkn501 ﬂare@‘ lightcurve of 1-10GeV

log flux (/cm"2/sec)
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=> Larger flux error.

'Constraint on B?

'If obtained, it is a robust constraint
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summary

» Pair echo (halo) can probe the weakest B.
- 3 ways to observe pair echo.
- spectral modification
- extended halo
- time delay
- Time delay has an advantage that it does not
need to assume TeV activity in unobserved past.
- Robust constraints could be obtained by
simultaneous observations of blazars

in GeV-TeV range.
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KT+ 06 i

maghetogenesis from primordial fluctuations
- KT+, 05, 06, 07, 08
— Pitrout+, 10

Are we consistent?
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