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ABSTRACT

Long duration gamma-ray bursts (GRBs) are thought to beymediby the core-collapse
of a rapidly-rotating massive star. This event generateglalyhrelativistic jet and prompt
gamma-ray and X-ray emission arises from internal shocksdijet or magnetised outflows.
If the stellar core does not immediately collapse to a blaale hit may form an unstable,
highly magnetised millisecond pulsar, or magnetar. Asittsgdown, the magnetar would in-
ject energy into the jet causing a distinctive bump in the GigBt curve where the emission
becomes fairly constant followed by a steep decay when tlgnetar collapses. We assume
that the collapse of a massive star to a magnetar can lauadtitial jet. By automatically fit-
ting the X-ray lightcurves of all GRBs observed by Bwift satellite we identified a subset of
bursts which have a feature in their light curves which wéarainternal plateau — unusually
constant emission followed by a steep decay — which may bephby a magnetar. We use
the duration and luminosity of this internal plateau to plimits on the magnetar spin period
and magnetic field strength and find that they are consistithtthhe most extreme predicted
values for magnetars.
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1 INTRODUCTION

GRBs are thought to be caused by a violent event such as tlapselof a massive star (for long duration bursts) or theesoahce of two
compact objects (for short duration bursts). These progeniesult in the immediate formation of a black hole whiciwprs a relativistic
jet pointing in the direction of the observer. In the staddfreball model variability in the Lorentz factor of the owtff causes internal
shocks which produce the prompt flash of X-ray and gammairayston (Rees & Mészaros 1994; Sari & Piran 1997). Whemelativistic
outflow sweeps up a sufficient amount of external material gflecta is decelerated causing a forward shock which isgpilyrresponsible
for the multi-wavelength afterglow emission (Katz 1994ed#aros & Rees 1997;Sari, Piran & Narayan 1998).

Alternatively there is a model that suggests a black hole noaype formed immediately, but instead that a transitorlgignagnetised
rapidly rotating pulsar, or magnetar, may form (Usov 1992oMipson 1994), before the star collapses to a black holes{Rap& Ramirez-
Ruiz 2003). Proto-magnetars have very high magnetic fiesthgths ofl0'*G (Duncan & Thompson 1992; Duncan 1998) which are thought
to be a consequence of millisecond rotation at birth in a-colapse supernova. Values up EaI0'7 G are implied by observations (Stella
et al. 2005). Such objects are considered a possible centralef@itGRBs due to their large rotational energy reservais; EAlso they
can be associated with supernovae, as are long GRBs, anavthds are thought to become relativistic like a GRB jet.

Zhang & Mészaros (2001) investigated the observatidgabsure of a spinning-down magnetar as the GRB centrahengidopting an
approximate magnetic dipole radiation model, they infat the spindown power of the proto-magnetar could produaiaghof prolonged
constant luminosity followed by &2 decay. They considered the modification of the forward shiyelamics by magnetar spindown and
predicted a distinct achromatic feature. A similar modes @scussed earlier by Dai & Lu (1998) who considered theggniajection to the
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Figure 1. The left panel shows the light curve in the BAT and XRT for GRBB10B and the right panel displays a more typical burst; ®R&427. The
green line represents emission from the burst (prompt) hadlue line emission from the afterglow, as given by the igkle et al. (2007) model. The
portions in red in the left panel are the data (flares andnatgrlateaus) which the model does not fit.

forward shock by a millisecond pulsar with much a weaker natigrfield. This model is one of the candidates to interpretrttajority of

the X-ray plateaus observed in many Swift GRB afterglowsafthet al. 2006; Nousek et al. 2006). This model does not mtlok internal
dissipation of the magnetar wind. On the other hand, if thgmetar wind indeed dissipates internally before hitting ltastwave, it is
possible that it would generate an "internal” X-ray plat@gwose X-ray luminosity tracks the spindown luminosity iétbnergy dissipation
and radiation efficiency remain constant. If the magnetdetgoes direct collapse into a black hole before spin ddwem the X-ray plateau
would be followed by a very steep decay. This is the lightvedeature we investigate and hereafter we call this feamrénternal plateau”.

In the Swift era the early X-ray light curve, observed within the first fesurs of the GRB, has been found to be complex (e.g. Nousek
et al. 2006; O’'Brienet al. 2006). The so-called canonical X-ray light curve obsenred significant fraction of GRBs (Evare al. 2009)
has a short period of fast decay, often with flares superieghoshich are usually over within the first hour after the bursis is followed
by a shallower decay period lasting from a few hours up to axgtya temporal decay index [0.b (where the X-ray flux, 1Pt~
andg is the spectral index). After this X-ray plateau there is @ath transition to a modest power law decayof 11 1.5.

Willingale et al. (2007) found that the X-ray light curve of most GRBs, inchglithose of the canonical form, can be represented
by two components — the prompt and afterglow — plus flaresti@e®). However, we find that in a small minority of bursts aipé
of relatively constant emission (compared to the geneghitdurve) followed by a steep decline can be identified wihichs not fit this
phenomenological model. The observed feature insteatht#es the proposed signature of a magnetar spin down. &teja(2007) found
such a feature dominates the X-ray light curve of GRB 0701&th#= 1,000 — 20, 000 seconds in and proposed it was due to a spinning
down millisecond pulsar. Starlingt al. (2008) found a similar, earlier feature in GRB 070616 endihg@bout 600 seconds. Liang et al.
(2007) systematically analyzed a sample of X-ray plateaukidentified several more plateaus that are followed by yteedth slopes
steeper thamx = —3. It is the combination of a plateau followed by a steep dechichvdistinguishes these from the canonical behaviour.
We regard these objects as candidate internal plateaus.

We have conducted a systematic investigation of the GRByXlight curves observed b$wift up to the end of 2008. Using an
automated fitting procedure in this paper we identify 10 tsuvghich may have an emission component powered by magr@tadswn
dominating the light curve for some period of time in the fasfran internal plateau. Assuming this internal plateau issed by the spinning
down of a magnetar we use its properties to constrain the atiagiield and initial spin period of the magnetar. The ciiétdor selecting
those GRBs with internal plateaus is discussed in Secti@e2tion 3 compares the properties of the internal platedtistiie magnetar
model and we discuss the implications in Section 4.

2 THE FUNCTIONAL FORM OF SWIFT LIGHT CURVES

Over 90% of GRB X-ray light curves are well described by a temponent model with a prompt and an afterglow component scrithed

in Willingale et al.(2007). These components are described by an exponemtiakthxes into a power law; this function can be expressed fo
the prompt component as shown in Equation 1. Large flares mvas&ed out of the fitting procedure. Although apparentlgtitisuch flares
account for only about 10% of the total fluence in most cashe. pfrompt emission rises with the time constgnand later the emission
transitions from an exponential to a power law at poirg,(fFp), where the subscript refers to the prompt component of the emission
(Willingale et al. 2007). The exponential and power law decay are both coettdiy the indexyp.
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fo(t) = Fpexp (Oép_t%p) exp(=2), t<Tp
. 1
fot)= Fp (%) eXP(%%)v t2>Tp

For this investigation we are interested in those GRBs wisasky X-ray emission could not be adequately fitted by thdikgale
model. Thus we fitted all thBwift GRBs with the model and then examined all cases where thelifziide

The X-ray light curves were derived from the BAT and XRT dasang the methods described in O’'Brienal. (2006) and Willingaleet
al. (2007). BAT & XRT light curves were derived for each GRB usthg NASA's HEASARC software. The BAT data were extractedrove
the 15-150 keV band and the BAT spectra were produced usingslik batbinevt. An estimate of the fractional systematiarén each BAT
spectral channel from the BAT calibration database (CALIB} added to the spectra using the batphasyserr commandoiresponding
response matrices were generated by the command batdrixig&rdata were extracted over the 0.3-10 keV band. The lightesuwere
corrected for Point Spread Function (PSF) losses and empesuiations. The XRT spectra were extracted using theegssbftware and
the spectra was grouped to have at least 20 counts per ch@healelevant ancillary response files were generated tisettask xrtmkarf .
UVOT data were extracted using the task uvotevtic. The V, Bnd white magnitudes were corrected for Galactic extinctiong the line
of sight and then converted to monochromatic fluxes at thea@lemavelength of each filter. The effective mid-waveldngias taken to be
445 for the White filter.

In Fig.[d we show an example of a GRB that the Willingale modshiell (GRB 060427) and one which it does not (GRB 060510B)
and instead demonstrates an internal plateau where theeffnains constant with small fluctuations for about 360 sesotichas been
suggested that instead of a plateau there is a group of flargsclose together, however maintaining a high level of floxHundreds of
seconds with the peak of each flare having almost identicalsiiems unlikely. Some of the GRBs for which the model failsentbose
where a pre-cursor triggered tBsvift BAT instrument or where very large flares were not fitted. Waneixied all of the fitted light curves
to remove such cases. To be included in the internal plaiaple a GRB must have

(i) A lightcurve that could not be adequately fitted by the liNgale model.

(ii) A significant period of time during which the X-ray flux relatively constant, i.e. at least a third of a decade long.

(iii) A convincing steep decline following the internal pd&u which falls by a factor of ten where> 4, so that the emission is likely
caused by central engine activity and is not the canonicady{plateau.

This gives 10 GRBs with light curve internal plateau feasutieat resemble the spin-down magnetar model discussedangZ&
Mészaros (2001).

3 GRBSWITH AN INTERNAL PLATEAU

The 10 GRBs which form our internal plateau sample and valfiegerest such as the redshift and plateau limunosityiasted in Table 1.
For the GRBs with an observed redshift in Table 1, the meashifids 3.96, significantly higher than tt&wift mean redshift of 2.22 for
all GRBs with measured redshift. A K-S test with a confiderael of 90% could not prove the that the distribution of these redslaifts
inconstient with theSwift redshift distribution for all GRBs with measured redshifihe GRBs which display an internal plateau are shown
in Fig.[2 and are discussed briefly below.

GRB 080310 has emission that could be an internal platedowfed! by a steep decline, which seems to rise above the wiutgrl
emission. Also shortly after the internal plateau there fiai@ which peaks at the same flux as the internal plateau.é/iththis GRB the
proposed internal plateau could be due to a multiple numbiéares (O’Brienet al. in preparation), we include it in our sample.

GRB 071021 has a possible internal plateau dominating tt Xaay lightcurve. This is the shortest proposed intéplateau in the
sample lasting about 105 seconds.

GRB 070721B has a possible internal plateau that dominatésie the lightcurve. Flaring dominates over the intefplateau emission,
during the middle of this time interval. This could signifyoeief period of accretion onto the proto-magnetar. Igngtime single flare the
emission is similar to that for other internal plateau cdatis, so it has been included in the sample.

GRB070616 is intriguing in that the emission rises reldgiaowly over 100 seconds to a peak, then persists at a feagtant level
before showing a very rapid decline.

GRB 070129 is similar to GRB 070721B in that it has a possibternal plateau that is interrupted by a flare followed byegegt
decline.

GRB 070110 displays a canonical early light curve with atiahsteep decline, but then exhibits a period of relativagstant emission.
Following this plateau the decay is surprisingly steepI(7) decay (Trojaet al. 2007). Thus in this case the proto-magnetar survived for
much longer than in most of the other GRBs.

GRB 060607A appears to follow the canonical lightcurve waitmormal” X-ray plateau with multiple flares preventing aoddit with
the two component model. However at late times the decagviiallg the plateau is too steep for an afterglow and is caesistvith o 41
This is unlikely to be explained by anything other than calnéngine activity and thus has been included in the intgrleéau sample. As
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Figure 2. The GRB light curves displaying internal plateau behavidine green line represents emission from the burst (proamgt)the blue line emission
from the afterglow, as given by the Willingale et al. (2007 del. The portions in red are the data (flares and intern&guls) which the model does not fit.

in GRB 070110, the internal plateau seen in GRB 060607A datesithe burst emission unusually late starting at abous866nds when
(from Table 1) most of the other internal plateaus have ended

GRB 060510B (also shown in Figl 1) is very similar to GRB 0786h both cases the proposed internal plateau dominatesission
from the burst very early on.

GRB 060202 displays unusual emission attributed to annateslateau between 325 and 766 seconds. The fluctuationgydbis
plateau are unusually regular.

GRB 050904 has multiple flares at early and late times, bult@ite230 seconds there is a period where the emission apedatrgely
constant followed by a steep decay, leading it to be includédde sample as a possible internal plateau.
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Table 1. The observed properties of the GRBs with an internal plateau

GRB Redshift Flux Luminosityl  End Timel  Steep Decay
1072 ergenm 2 s71 0.3-10 keV ergs?t s
080310  2.426 5.39 2.6e+50 401.9  11.21°0°9%
071021 5.0 2.45 6.6e+50 2483  9.187 307,
070721B  3.626 0.24 3.0e+49 802.9 10.31%3¢%s
070616  2.22 11.44 4.4e+50 585.6  5.07°0717
070129  2.22 2.24 8.6e+49 683.0  7.7170%
070110  2.352 0.02 8.8e+47 21887.1 6.9870 10
060607A  3.082 0.15 1.3e+49 13294.7 3.437097
0605108 4.9 6.58 1.7e+51 362.9 10.43*3-%5
060202  2.22 2.69 1.0e+50 766.0  5.707071¢
050904 6.29 153 7.1e+50 488.8  9.3647775;

* Where no measurement is available the redshift is assunteslttte mean aBwift GRBs taken from the website maintained by P. Jakobsson
http://raunvis.hi.isi-pja/GRBsample.html
1 These are parameters related to the plateau, i.e. the eadstiime time the plateau ends before the steep decline begins

To further investigate the nature of the internal plateaucampared the X-ray data to optical/UV data from the UVOT. TReBs
within the sample with near-simultaneous optical/UV andaX-light curves are shown in Fid.] 3. While an early rise in tip¢ical can be
seen in some cases, the optical emission does not show tleetsdraviour as the X-ray. The internal plateau and folloveitegp decay are
significantly more prominent in X-rays. For example in GRB6I6, the optical is constant from before the plateau in thay<and until
after the steep decline.

In Fig. [2 if the plateau seen in each of the X-ray lightcunsesfian external origin, then the X-ray and optical light&ishould be
related to each other in a manner consistent with the extehogk model, i.e. the breaks should be achromatic. Howéwe X-ray and
optical emission components are not related to each otlierasharp decay in X-ray but no break in optical, this stipsgggests that the
X-ray emission is not external or a jet-break but rather imtg#rnal origin.

In Trojaet al. (2007) for GRB 070110 four spectral energy distribution&S) were examined during the initial decay, the beginning
and end of the plateau and during the shallow decay aftetalkp siecline. These SEDs were constructed by extrapoligng-ray spectrum
to the lower energies. During the initial decay the optiabdare not consistent with the extrapolation of the X-racspim to low energies.
During the internal plateau, the optical and X-ray spedistributions are also completely inconsistent with onether, implying different
origins for the optical and X-ray photons.

For GRB 080310 and GRB 070616 the extrapolation of the X-pgcsum is also inconsistient with the optical during thiinal
plateau (Beardmoret al.in preparation, Starlingt al. 2008). Likewise, for GRB060607A extrapolating the X-ragsfum to the optical in
a similar way to Trojeet al. (2007) gives a poor fit to the optical (reducgtiof 15.1). From this we conclude that during the internalesat
the X-ray and optical emission have separate origins fofdheGRBs for which we have multi-wavelength data. Hendifare concentrate
on the X-ray behaviour of our sample.

As the time at which the internal plateau ends differs maygkédf. GRB 070110 and GRB 070616) it is possible they have a differen
origin. Thus we further sub-divide the sample into those GRBwhich the constant emission phase ends before or affé@@&econds.
Those which end before 10,000 seconds are denoted as havipgnéernal plateaus whereas those ending after this hiave late internal
plateaus. In the next section we compare the results foe thes groups to determine if their properties are consistgtht being caused by
the same physical process and whether that process is temsigth being due to a magnetar. Of the 8 GRBs in the eargriat plateau
group 5 have a redshift measurement as do both GRBs in thplé&au group. For the 3 GRBs with no redshift measuremergdeet a
redshift of 2.22, the mean redshift 8ivift GRBs to determine the luminosity. Our conclusions are nasisige to this choice.

4 THE MAGNETAR MODEL

In order to generate the intense magnetic fields requirea ffooto-magnetar a massive star's magnetic field must bedsed as it collapses
through magnetic-flux conservation or efficient dynamoaac{Dai & Lu 1998). This can be used to make a prediction forittiteal period
of the proto-magnetar; every time the star collapses ingvayth factor of two the magnetic fields are increased by afattour. To build
up sufficient dynamo action on the surface the star needsitéad motation period of< 10ms (Usov 1992). Another method to predict the
shortest rotation period is to use the breakup spin-pedod fieutron star, which iz 0.96ms Lattimer & Prakash (2004). The inital rotation
period of milliseconds are thought to differentiate betwagroto-magnetar and a neutron star. From a theoretigalagstthe limits set for
the expected strong magnetic field are=BL0**G (Thompson 2007).

To place limits on the central object we assume the GRB jetLindhed by the collapse of a massive star to a magnetar wiricives
for a short period of time before it collapses to a black heke(Thompson 2007 for a review on the magnetar GRB centralengpdels).
A transitory proto-magnetar could cause the flux to remailghty constant throughout the plateau until the proto-neéayrhad spun-down
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Figure 3. Combined BAT, XRT, and UVOT light curves for the 4 GRBs with lthwavelength data during the internal plateau. The eattdashed lines
indicate the time interval over which the internal plateunittates the emission. The optical data have been scaled llpaifactor of 10 for Figure 3a and c.

enough for the rotational energy to be insufficient to supfioe star. It would then collapse to form a black hole ceatfiregplateau-like
emission and causing the steep decay following the plat€aves during the plateau-like emission or the steep dedan arise from
accretion onto the central object. We use equations 2 anée34sang & Mészaros., 2001) to relate the continuous tisje¢uminosity of
the plateaul., and the rest-frame time at which the plateau breaks dew, the magnetar magnetiec field and initial period.

L CI0%B 5Py *3Re  ergs? 2
T=2.05%10°Iss B, 5sP5 3R s )

We use the GRB spectral shape and a k-correction (Blebml. 2001) to convert the observed 0.3-10 keV flux to the restdéram
1-1,000 keV luminosityB, is the magnetic field strength at the poles whBgis = Bp/10™® G, Po,_3 is the initial rotation period in
milliseconds,lss is the moment of inertia in units afo*® g cn? and Rs is the stellar radius in units dfo® cm. If we use standard values
for a neutron star (Stairs 2004) of maBsSLi M and Rs [11hen using Equations 2 and 3 we can infer the central objiitial rotation
period and magnetic field strength. The correlation betvieemlerived period and the magnetic field is shown in[Hig. 4.

In theory there should be GRBs in the lower right portion af.E with a relatively long period and low dipolar field strémgFrom
Equation 2, a lower luminosity is expected for these GRBslamte it may be the internal plateau is too faint to be obbsv&RBs are
unlikely to be present in the top-left as they would requixeeame magnetic fields.

The derived periods are close to the sub-millisecond brgmkmits for a neutron star, so it could be that most starsioasupport a
temporary magnetar and collapse immediately to a black Hdlee initial rotation of the proto-magnetar was violategthe break-up limit
for a neutron star’s period it is unlikely it could becomebd¢aenough to survive for the lengths of time given in Tabl&His results in a
natural boundary on the left-side of Fig. 4. Thus only a smalup of GRBs may produce an observable plateau and thid eaplain the
apparent correlation in Fif 4.

The rotational energy reservoir of the magnetar given in€ldlwas calculated using Equation 4 wit R 1 and is consistent with the
total power of the internal plateatl(so,p1at) as it should be given the way magnetic field and initial pgdoe calculated.

Erot =2% 1052M1.4R§P({f3 ergs ()

The plateau energyy iso, was calculated assuming that the radiation is emittedapitally but it is almost certainly collimated by a
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Figure 4. The initial period and magnetic field for each of the GRBs exaah. In the left-hand panel it was assumed that energy vieased isotropically,
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for which the redshift has been assumed to be equal to theameelilshift of theSwift sample, meaning their parameters are more uncertain. gitegiey
shaded regions show limits based on the magnetic field amodpéenits discussed in the literature. See text for detdilse darker grey shaded region shows
where a progenitor would be violating the breakup spinquedf a neutron star.

relativistic wind flowing through a cavity produced by themdation of a bubble of plasma and magnetic field (Bucciaetial.2007). This
can be corrected for using

Ey = fo > Eyiso wherefy, = (1 — cosbj) = 0.5 % 0,—2 ®)

whered); is the opening angle of the beam. The maximum beaming afigte {8°) was estimated by assuming the fastest possible
period as the break up spin-period of a neutron star. Takirgangle as the beaming angle for each GRB, the corresppibgiaming-
corrected energies are shown in Table 2 along with an exanfiphe beaming-corrected energies derived using a beamijig af 4 degrees
(Frail et al. 2001). A factor which effects the comparison of these ewsrig that the true initial rotation period is likely to be dimathan
that derived from Equation 4 (Thompson 2007),5: could be larger.

The correlation between plateau luminosity and duratiaévn in Fig[h, which suggests that higher luminosity @ateare generally
of shorter duration. There are too few GRBs in the late irgtlgplateau group to draw any firm conclusions. Their lumitiesiare lower, but
not much lower than that of the early internal plateau group.

5 DISCUSSION

We have identified a small number of GRBs which display a plsfdime during which the X-ray emission shows a smooth plafellowed
by a steep decline. The internal plateau is challengingtegpnet using accretion models as it requires a constanépjivcomponent with
a roughly constant radiation efficiency. This possibiliastbeen examined by Kumetral. (2008a), who suggest that the prompt emission of
a GRB may be caused by the accretion of the outer regions eflarstore and that the X-ray plateau could be caused by thbdek and
accretion of the stellar envelope. This model has probleznsumnting for the steep declines seen after the plateaun &suming a sharp
edge to the region being accreted, the steepest declinetexpea: [ 2.5 (Kumar et al. 2008b).

Here we argue that a more natural explanation may come frenmgngnetar model which predicts a period of constant spivido
power. This model starts with the assumption that the nawgtar accretor can power the GRB prompt emission which wintecertain, is
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Figure5. The relationship between the length of the internal plaaission and its luminosity in the observers frame, whena& assumed that energy was
released isotropically in the left panel and beamed withmening angle of 4 degrees in the right panel. GRBs with reetffifiircles have known redshifts and
their internal plateaus occur during the prompt emissidRB& shown by blue filled squares have known redshifts and ititernal plateaus occur after the
prompt emission. The GRBs shown by green filled triangle® laternal plateaus that occur during the prompt emissiomiabown redshifts.

Table 2. The different beamed energies found for the plateau foewdifft opening angles compared to the energy of the actual@BBhe energy availiable
in the rotational energy resevoir. All energies in Table@iarergs, the opening angles used to find the beamed eneppctiesly are 4 and 18 degrees. The
Eiso values were derived from lightcurves with the 0.3-10 keVdan

GRB IsotropicPo  IsotropicBp BeamedP, BeamedBp  FEiso Erot Eisoplat BEyiplat Ey2plat

ms x10'eG ms x10'eG 65 =4 0;=18
080310 0.7 0.3 13.8 55 2.91e#53 3.90e+52 4.00e+52 9.75e+49 5.29e+51
071021 0.7 0.5 14.1 9.9 3.53e#53 4.15e+52  4.25e+52 1.04e+50 8.45e+51
070721B 1.1 0.4 22.3 7.7 1.72e+53 1.64e+52 1.69e+52 4.11e+49 1.27e+51
070616 0.6 0.2 12.0 5.0 2.47e¥54 5.74e+52 2.93e+53 7.13e+50 1.50e+52
070129 0.9 0.3 18.7 6.9 3.98e53 2.34e+52 1.07e+53  2.62e+50 5.51e+51
070110 1.1 0.06 23.2 1.3 7.08ef52 1.61e+52 1.65e+52 4.02e+49  1.07e+51
060607A 0.6 0.04 12.4 1.0 2.13e+53 5.35e+52 5.48e+52 1.34e+50 8.89e+51
060510B 0.2 0.1 4.2 2.5 1.09e+54 4.64e+53 4.76e+53 1.16e+51 1.78e+52
060202 11 0.4 22.0 6.9 3.08e+53 1.70e+53 8.33e+52  2.03e+50 4.27e+51
050904 0.4 0.2 7.1 4.0 2.51e94 1.61e+53 1.65e+53 4.0le+50 3.17e+52

1 Tuelleret al. 20082 Barbieret al.20073 Palmeret al. 20074 Satoet al.2007° Krimm et al. 20078 Cummingset al. 20077 Tuelleret al.20068 Barthelmy
et al. 2006° Hullinger et al. 200610 Sakamoteet al. 2005

feasible (Usov 1992; Thompson 1994; Buccianéihal. 2007). Comparison of the luminosity and duration of therimi plateaus observed
in our GRB sample with the dipolar spindown law (Zhang & M 2001) implies upper limits to the magnetic field stthaglose to the
maximum allowed for such objects and initial spin period®allose to the maximum allowed to maintain neutron stacstral integrity.
The upper limits for the dipolar magnetic field of the magneta particularly strong if the emission is strongly beamed

The largest magnetic fields implied for isotropic emissioa eonsistent with field strengths ef101°G which can be generated in
magnetars born with spin of a few milliseconds (Thompson &&n 1993; Duncan 1998). A giant flare from SGR 1806-2@0H
December 2004 demonstrated that unless such flares are mmerhthran the rate implied by detecting one, magnetars nusstegs a
magnetic field strength of _T0'®G or higher. Indeed values up 10" G could not be ruled out (Stelk al. 2005). For the GRB sample
in this paper this could allow beaming factors correspagdinjet opening angles of 4-10 degrees, consistent witlegadierived from Frail
et al. (2001).

The number of GRBs that display internal plateau behavi®wery small. This perhaps is not surprising as we would exheen to
only be detectable for quite a narrow combination of magretid strength and initial spin period. These rare featdeprovide limits on
the magnetic fields surrounding the central engine aroua@RB, and can help advance understanding of the mechaneamralprompt
emission.
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