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Abstract Fast radio bursts (FRBs) are a type of newly-discoveredsiean astronomical phenomenon.
They have short durations, high dispersion measures argheelient rate. However, due to unknown dis-
tances and undetected electromagnetic counterpartseatwévebands, it is difficult to further investigate
FRBs. Here we propose a method to study their environmerdghetic field using an indirect method.
Starting with dispersion measures and rotation measuifds),Rve try to obtain the parallel magnetic field
componen@n which is the average value along the line of sight in the hatxy. Because both RMs

and redshifts are now unavailable, we demonstrate the depep of§|| on these two separate quantities.
This result, if the RM and redshift of an FRB are measured,ldvbe expected to provide a clue towards
understanding an environmental magnetic field of an FRB.
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1 INTRODUCTION counterpart at other wavebands remains undetected. In this
paper, we investigate the dependence of an environmen-

Fast radio bursts (FRBs) are a type of transient radigal magnetic field of FRBs by using dispersion measures

pulse mostly detected in the high Galactic latitude region(DMs) and rotation measures (RMs).

Lorimer et al. (2007) reported a 5ms radio pulse with a  Thig paper is organized as follows. In Section 2, we

high dispersion measure in excess of the Galactic contris, o\ that FRBs are extragalactic sources by comparing

bution, which suggested that FBRs have a cosmologicgyyis of the Milky Way (MW) with the total DMs. In

origin. They also found that it was observationally unre-gections 3 and 4, we attempt to study the contribution

peatable and not associated with any published gamma-ray, ., mw and the intergalactic medium (IGM) to the total

bursts (GRBs) or supernovae. Thornton et al. (2013) listey\1s and RMs of FRBs. In particular, when considering

fouilFRlﬁ and obtained a high event rate of abtllt® ;5 My component, we discuss some typical models of

gal™" yr~, which is inconsistent with the rates of GRBS, ¢ Gajactic magnetic field (MF). In Section 5, we obtain a

SNe or neutron star mergers. These observational propgg ma describing3), i.e. the environmental MF compo-

ties of FRBs indicate their unusual origins. nent of FRBs averaged along the line of sight, and provide

So far, several models have been proposed to eXyrther discussion.

plain FRBs at cosmological distances. Soft gamma-ray re-

peaters could produce FRBs due to tearing mode instability

in the magnetar magnetosphere (Popov & Postnov 2007,

Thornton et al. 2013). Another promising candidate is theé FRBS, THE EXTRAGALACTIC ORIGINS

coherent emission generated by energy loss from magne

breaking in the evolution process, e.g., that occurs after t

merger of double neutron stars (Totani 2013), the merger

binary magnetized white dwarfs (Kashiyama et al. 2013),

or the collapse of a supramassive neutron star (Falcke &

Rezzolla 2014). In addition, the steep decays after the shal ~ Atobs = At(1+ 2)

low decay phases during X-ray afterglows of some GRBs 2 < 1 1 ) / ne W

142"

t4-I“he DM is defined from the delay in arrival times of ra-
io waves at two observed frequencies/Qfs andvs obs
ybicki & Lightman 1979; Deng & Zhang 2014)

imply they are collapses of supramassive neutron stars, =
leading to the suggestion by Zhang (2014) of a connec-

tion between FRBs and some GRBs. Thus FRBs would

provide a new possibility to explore activities associatedvhere n. is the free-electron number density of the
with these compact objects. However, it is difficult to un-medium through which radio waves propagatis,the red-
derstand FRBs in a direct way when any electromagnetishift and! is the path length in the intervening medium.

2 )
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The RM is extracted from the formula for Faraday rotationof pulsars near the Galactic plane and from extragalactic

angle (Rybicki & Lightman 1979) radio sources respectively.
03 B The disk field is arranged parallel to the Galactic plane
Ap = e . / el di, (2)  since the vertical component is about one order of magni-
m2cwo, ) (14 2)? tude smaller than the horizontal one (Han & Qiao 1994).

wherewqy,. is the angular frequency in the observer frameThe general horizontal structure follows a spiral pattern

: .« that can be divided into two classes, axi-symmetric spiral
and B|| means the MF component along the line of sight. ) .
Then we introduce the general definition of observed DM(ASS) and bi-symmetric spiral (BSS) (€.9., Han etal. 1999,

and RM 2006; Sun et al. 2008). Han et al. (1999, 2006) showed that
there are field reversals near the spiral arms, which support
DM — / e the BSS model. However, Sun et al. (2008) preferred the
1+z 3) ASS model because this model matches the RM distribu-
neB tion well betweerl = 100° and! = 120° at low latitudes.

I
RM =081 / (1+ z)2d ’ We adopt two typical models, the ASS model plus rever-
o ) 5 o sals in rings (hereafter Disk 1) and BSS model (hereafter
wheren, is in units of cm®, ['is in pc, and Bjj is i pigk |1; Sun et al. 2008) and show the field configurations
uG. From the above definition, DM (ipc cm~3) actu-  jp Figure 1.

ally represents the distance with a known electron distri- ¢ sign antisymmetry of extragalactic RMs about the
bution. Therefore, if the electron nur2nber densityand  Gajactic plane indicates that the halo field is distributed
the distance are known, RM (imd m ™) reflects the MF oy nterclockwise above the Galactic plane and clockwise
componentalong the line of sight. _below the plane (Han et al. 1997). But as a whole, RM pro-
There remains a problem of how to measure the lumifiies in the middle latitude region versus longitude show an
nosity distances of FRBs when their host galaxies have nefsymmetric MF structure with respect to the Galactic plane
yet been detected. However, we can use DM as a proxy fofg the Galactic center, respectively (Sun et al. 2008),

distance to judge whether FRBs are in the MW. which inspires different forms of fitting to the field dis-

InTable 1, we show seven FRBs with obseri®do.  {ripution. We consider four halo models collected by Mao
(Thornton et al. 2013; Burke-Spolaor & Bannister 2014;q¢ 4. (2012), a double-torus halo field (ProuzaSénida

Spitler et al. 2014; Petroff et al. 2015) alMyw from  2003; hereafter Halo 1), a spiral configuration (Jansson
the code that is part of the NE2001 model (Cordes & 4. 2009; hereafter Halo II), a toroidal structure plus
Lazio 2002, 2003). Assuming that the contribution of theyertical component (Ruiz-Granados et al. 2010; hereafter
source is small enougi)M;. beyondDMyw indicates a0 [11) and a toroidal field in the central region (Mao
that FRBs originate from extragalactic sources. et al. 2012; hereafter Halo IV). It should be noted that in-

_ We can divideDM andRM of FRBs into several spa- stead of the NE2001 model, Halo IV is used with a sim-
tial components, including the MW component, the IGM pje glectron density distribution as Mao et al. (2012) of-
component, and the host galaxy component with an infereq. The different halo field configurations are shown in

significant source component Figure 2.
_ Since the MF is modeled by components of the disk
PMioc = DN+ DMcar D Mo and halo, the two disk models and four halo models are
_ / n.dl +/ e actually combined into eight kinds of field configurations.
MW cMm 1+ 2 We show the RMs in different models in Figure 3 and list
1 the RMpw of all the configurations along the directions
A r— /host nedl, (4)  of FRBs in Table 2.

RMio: = RMyw 4+ RMian + RMipot 4 CONTRIBUTION FROM IGM

neBj| Planck Collaboration et al. (2014) provided the cosmolog-
081 /MW neBydl +0.81 /IGM (1+ z)?dl ical parameters o), = 0.315, 5 = 0.685, h = 0.673
and€, = (0.0458,0.0517). We adopt the average value
+0.81 m/ neBydl. (5) 0.0488 forQ,. The mean free-electron density in inter-
ost) Jhost galactic space can be described as (e.g., Inoue 2004)
3 CONTRIBUTION FROM THE MW
3HZQ,
The electron density distribution of MW is well described Ne = 8rGm, Xe
by the NE2001 model, which can be integrated along
the path to obtaidMyw. It is widely accepted that the Since the neutral fraction of IGM at < 5.5 is less than
Galactic MF consists of two independent parts: a disk field 04, we consider all baryons as being fully ionized, i.e.
and a halo field. They have been identified from the RMghe ionization degreg.(z < 1) = 1 (e.g., Fan et al. 2006).

()1 +2)°. (6)
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Fig. 1 Two disk field configurations at 1 kpc above the Galactic psieeen from the north Galactic pole.
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Fig. 2 Four halo field configurations at 1 kpc above the Galacticglsseen from the north Galactic pole.
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Table 1 We listinformation about some FRBs that was acquired thnaliservations. This includes Galactic longitufjeaid latitude
(b), and DM. We can calcula®Myw and DM of the extragalactic contributioDMg).

FRB 011025 110220 110627 110703 120127 121102 140514
1(°) 356.6 50.8 355.8 81 49.2 175.0 50.8
b(°) -20.0 -54.7 -41.7 -59 —66.2 -0.223 -54.6
DMot (pc cm™3) 790 944.38 723 1103.6 553.3 557.4 562.7
DMyrw (pe cm™3) 110 34.9 47.6 32.3 32 188.5 34.9
DMg(pc cm™3) 680 909 675 1071 521 368.9 527.8

Table 2 RMyw (rad m™2) of FRBs by calculating Galactic MF models listed above. Fsris of parameters for Halo | have been
applied to obtain th& Muw (Sun et al. 2008; Jansson et al. 2009; Sun & Reich 2010; Rehétal. 2011).

FRB 011025 110220 110627 110703 120127 121102 140514
Disk I+Halo I (Sun et al. 2008) 11.9 -31.9 0.545 -29 -19.3 31.2 -32
Disk llI+Halo | (Sun et al. 2008) 6.93 -30.3 1.15 -28.4 -18.4 6.56 -30.4
Disk I+Halo I (Jansson et al. 2009) 2.14 -21.5 -1.5 -20.5 -13.4 32.1 -21.6
Disk lI+Halo | (Jansson et al. 2009) -0.232 -20.4 -0.299 -20 -12.8 7.44 -20.5
Disk I+Halo | (Sun & Reich 2010) 2.69 -19.8 -1.9 =-17.7 -12.3 31.9 -19.8
Disk lI+Halo | (Sun & Reich 2010) -2.29 -18.2 -1.29 -17.1 -11.4 7.26 -18.2
Disk I+Halo I (Pshirkov et al. 2011) 2.38 -22.1 -1.61 -20.3 -13.7 31.5 -22.1
Disk llI+Halo | (Pshirkov et al. 2011) -2.6 -20.5 -1 -19.7 -12.8 6.85 -20.5
Disk I+Halo Il 4.56 —24.2 -1.76 -22.2 -14.9 32.1 -24.3
Disk I1+Halo 11 2.19 -23.1 -0.513 -21.7 -14.2 7.44 -23.2
Disk I+Halo Ill 12.0 -20.8 4.1 -19.1 =11 321 -20.9
Disk II+Halo Ill 6.98 -19.2 4.8 -18.5 -10.1 7.46 -19.3
Disk I+Halo IV -1.64 -11.7 -1.6 -11.1 7.4 37.6 -11.7
Disk Il+Halo IV -3.69 -10.8 -15 -10.7 -6.7 0.772 -10.9
40~
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Fig. 3 RMicwu profiles averaged for Galactic latitude intervals between® and—70°.

As for the intergalactic MF, it is reasonable to considet tha ~ The redshifts of FRBs can be roughly constrained to
the field is frozen in the IGM (Vallee 1975), which means be less than 1, according to the extragalactic contribution
in Table 1 of DMg < 103 pc em™3 which corresponds
B = By(1 +z2)?, (7)  toz ~ 1. We show in Figure 4 how botbMqy and
9 s RMiaqm evolve withz (between 0 and 1), wheig, adopts
whereB, roughly ranges from0~" uG 0 10 uG (€.9.,  the upper limit ofl0—3 uG. As can be seen from Figure 4,
Schleicher & Miniati 2011; NeronO\{ & Vovk 2010; I?olag RMic is on the order of ad m—2, which is negligible
etal. 2011; Dermer et al. 2011). With the assumption thatompared to the extragalactic components listed in Table 1.
the intergalactic MF points towards the observer, we can
derive the integral formula @M, which is larger than

the actual values.
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Fig.5 The dependence on redshifthH for FRB 140514 wherR M. is fixed to —10 000 (left) and —100 rad m™2 (right). The

parameters for Halo | are quoted from Sun et al. (2008).
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5 RESULTS AND DISCUSSIONS

whereRMicn is small enough to neglect. However, ac-
curate values oRM;; and redshift remain unavailable. If

Based on Equation (4) and Equation (5), we obtain the paiene of them is fixed, we could get the relationship between
allel MF component3|| averaged along the path where thethe parallel field component and the other quantity.
radio wave propagates in the host galaxy

B)| = 1.23(1 + Zhost)

1.23(1 + Znost)

RMhost
DMhost

RMtot — RMMW
DM;iot — DMmw — DMiam '’

(8)

In the following, we take FRB 140514 as an exam-
ple with constraints of redshift < 0.534 and|RM;t| <
1.18 x 10° rad m 2 (Petroff et al. 2015). We show|| ver-
sus redshift for giveiRM;, in Figure 5 and can see that
the field strength increases monotonically with redshift. |
particular as redshift approaches the limit whbid, . iS
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near zero, the field strength can approach infinity. The re€ordes, J. M., & Lazio, T. J. W. 2002, astro-ph/0207156

sult forRM;; = —10000 rad m~2 indicates that the de- Cordes, J. M., & Lazio, T. J. W. 2003, astro-ph/0301598

pendence of field strength on different Galactic MF modelsDeng, W., & Zhang, B. 2014, ApJ, 783, L35

can be neglected. Dermer, C. D., Cavadini, M., Razzaque, S., etal. 2011, AR3, 7
Figure 6 shows thaB, scales linearly withRM;oy L21

when redshift is evaluated for both 0.3 and 0.53.pglag, K., Kachelriess, M., Ostapchenko, S., & Tomas, R120

Comparing the cases that have different redshifts, we find ApJ, 727, L4

that the larger the redshift is, the fastey; increases with Falcke, H., & Rezzolla, L. 2014, A&A, 562, A137

RMot. According to the above numerical calpulaticﬁ]* Fan, X., Carilli, C. L., & Keating, B. 2006, ARA&A, 44, 415
varies from0.1 uG to several orders of magnitude higher goyoni, F., & Feretti, L. 2004, International Journal of Mod
than1 nG. Considering the fact that there are field rever- Physics D, 13, 1549

sals alo_ng the path, 'Fhe numer_ical result is the lower "mitHan, J.L., & Qiao, G. J. 1994, AGA, 288, 759
on the ﬂel.d strength in the environment O.f FRES. The MFHan, J. L., Manchester, R. N., Berkhuijsen, E. M., & Beck, R.
observed in the hotspots and knots of active galactic nuclei
(AGN) jets spans a similar range as our results (e.g., Zhan 1997, A&A, 322, 98 ,
etal. 2010). It can be ruled out that the sources of FRBs ar&!a™: J- L. Manchester, R. N., & Qiao, G. J. 1999, MNRAS, 306,
located in the extended regions of AGN because the spec- 371

As is well known, the MF significantly contributes to  Astrophys.), 2, 293
the structure of galaxies. The theory of MF equipartitionHan, J. L., Manchester, R. N., Lyne, A. G., Qiao, G. J., & van
implies that the energy density of MF is roughly equal Straten, W. 2006, ApJ, 642, 868
to that of relativistic particles derived from galactic syn Inoue, S. 2004, MNRAS, 348, 999
chrotron luminosity (e.g., Govoni & Feretti 2004). In other Jansson, R., Farrar, G. R., Waelkens, A. H., & EnRlin, T. A20
words, this field strength reflects the injection rate of rel- 5 cosmol. Astropart. Phys., 7, 21
ativistic particles and the star formation rate, which is angashiyama, K., loka, K., & Mészaros, P. 2013, ApJ, 776, L39

important property to classify the galaxies. Beck (2009)( orimer, D. R., Bailes, M., McLaughlin, M. A., Narkevic, D.,J
listed the equipartition MF of different types of galaxies, ¢ ~... <14 E 2007 Science 318. 777

e.g., about @G for r.adlo ffmnt gala).(les, 20-30G in the Mao, S. A., McClure-Griffiths, N. M., Gaensler, B. M., et al.
spiral arms of gas-rich spiral galaxies, and 50—{.0bfor
starburst galaxies. Thus we can constrain the type of galax- 2012, ApJ, 755, 21 .
ies that host FRBs by our results, i.e. the parallel field com-Neonov: A., & Vovk, 1. 2010, Science, 328, 73
ponent. On the other hand, since the MF equipartition g etroff, E., Bailes, M., Bar, E. D., et al. 2015, MNRAS, 447,
derived from radio synchrotron emission, it mainly reflects 246
the field component perpendicular to the line of sight (HanP!anck Collaboration, Ade, P. A. R., Aghanim, N., et al. 2014
& Wielebinski 2002). Our results can be combined withthe A&A, 571, A16
equipartition field to describe the rough 3D structure of anPopov, S. B., & Postnov, K. A. 2007, arXiv:0710.2006
extragalactic field. Moreover, largg| suggests a strong Prouza, M., &Smida, R. 2003, A&A, 410, 1
environmental MF. Then the search for FRBs can be narPshirkov, M. S., Tinyakov, P. G., Kronberg, P. P., & Newton-
rowed down to a strong field. Conversely, it is an effective  McGee, K. J. 2011, ApJ, 738, 192
way to look for a strong field through the signals of FRBS. Ruiz-Granados, B., Rubifio-Martin, J. A., & Battaner, B1@,

In summary, we have shown that FRBs can act as a pga 522, A73
probe of their environmental field, which in turn provides rypicki, G. B., & Lightman, A. P. 1979, Radiative Procesges i
a clue to unveiling mysterious FRBs. Since FRBs have a
high event rate, we expect that observations in the futureS
will offer more information that can be used to test the fea-
sibility of our ideas and advance the study of FRBs.
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