arXiv:0706.2139v2 [astro-ph] 11 Jul 2007

Astronomy & Astrophysicenanuscript no. LHS1070 © ESO 2021
August 26, 2021

Spectral type dependent rotational braking and strong magn etic
flux in three components of the late-M multiple system LHS 107 0

A. Reiners:*, A. Seifahrt3, H.U. Kauff, R. Siebenmorgehand A. Smetté

1 Universitat Gottingen, Institut fur Astrophysik, Fdegch-Hund-Platz 1, D-37077 Gottingen, Germany
e-mail: Ansgar.Reiners@phys.uni-goettingen.de
2 Universitat Jena, Astrophysikalisches Institut unditog-Sternwarte, Schillergasschen 2, D-07745 Jenan@ey
3 European Southern Observatory, Karl-Schwarzschild2SD-85748 Garching, Germany
4 European Southern Observatory, Alonso de Cordova 3103ll&£49001, Santiago 19, Chile

Received 29 May 2007Accepted 14 June 2007
ABSTRACT

We show individual high resolution spectra of componentsBAand C of the nearby late-M type multiple system LHS 1070.
Component A is a mid-M star, B and C are known to have massé® dhteshold to brown dwarfs. From our spectra we measure
rotation velocities and the mean magnetic field for all trwemponents individually. We find magnetic flux on the ordeseferal
kilo-Gauss in all components. The rotation velocities & tio late-M objects B and C are similar ¢ini = 16 kms?), the earlier

A component is spinning only at about half that rate. Thisgesgs weakening of net rotational braking at late-M spéttpee, and

that the lack of slowly rotating late-M and L dwarfs is realirfhermore, we found that magnetic flux in the B componenbiaua
twice as strong as in component C at similar rotation ratés dicates that rotational braking is not proportionairtagnetic field
strength in fully convective objects, and that &elient field topology is the reason for the weak braking in loasmobjects.
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1. Introduction B and C, Leinert et al| (2000) determined masses at the lomit t

) ) ) ) _ brown dwarfs.
The rotation of Sun-like stars is braked following an empiri | this paper, we measure rotation velocities and magnetic
cally determined braking law with o< t-% (Skumanich, 1972; fiyx of LHS 1070 A, B, and C individually. Because all com-
Barnes| 2007). At several Gyr they have lost most of their aP(‘)nentS are probably coeval, this gives direct insight gcspl

convective stars, however, are apparently not braked thahm

and field dwarfs of spectral type late-M or L rotate more ripid
than their higher mass siblings (Mohanty & Basri, 2003). 2. Data

Stars are believed to lose angular momentum due to a mﬂg[;—zooe the three components LHS 1070A, B, and C were

netic stellar wind after the first phase of star formationgAlar fearly exactly lined up on the sky, 2 most suitable configomat

momentum loss critically depends on the star’s magnetid fi bor simultaneous long-slit spectroscopy. We observedripist
and its geometry (Mestel, 1944. Kawaler. 1988, Chahoyefiet In the night of October 09, 2006 during a science verification

1995; Sills et al!, 2000). The mechanism of magnetic fielcegen S

ation is of crucial importance since it determines magrfetid rL_lnh(Progl.IItZ_) 60[@[?9078) tOf the Qec\;vé);;é)énr(nﬁ&ﬁnfdlAC’)a‘gg
strength, hence braking, and how it reacts on angular \lylocr?‘:ii“”;ﬁs(%$ i())r:)f the ;S/pL'el'CornOg:rear?o Paranal. | aufl etial., 2
changes. Since the mechanism of magnetic field generatio Separations of LHS 1070AB and AC are about YA

believed to change at the threshold to fully convectivesstiar ) X ) .
can be expected that a change in the braking law appearslas V%%Tlg rhzﬁisrggfg\\;glrﬁ;g? ti%eét;angrce; (s:gzr?rg?cl)lxg\rﬁ! gz‘;g’ﬁgt‘i"gas
_ The lack of slowly rotating objects of spectral type latearth | oo carried out in order Bd/i with on-target AO, total expo-
mid-M CO‘."Id be a consequence of_a chan_ge_ n _the net braknggre time of was 480s. We chose a slitwidth of'O.’ié.le. a nomi-
These objects, however, are so faint that it iSiclilt to probe -, o61ing power of 50 000. Data reduction followed tizmst
a sample that is unbiased to luminosiffeets, i.e. aluminosity .4 orocedure of dark subtraction and flatfielding. Afterar
limited sample will always contain more .b”ght (hence youngackground subtraction to remove the OH airglow emissien th
and less braked) low mass objects than fainter ones. . spectra where extracted using an adaption of the optimed@xt
_ The close hierarchical system LHS 1070 (GJ 2005) is g@n algorithm of Robertsorl (1986). The chosen spectrat win
ideal probe for rotational evolution of late-M objects. #tsli- 4oy is clear of telluric lines on a 2% level. Thus we do not need
vidual components can be spatially resolved; the A compongg se a standard star for correction. Instead we deterntireed
is a mid-M star (M5.5) while the two fainter components B anghsiryment response from the flatfield spectra and remowed th
C are cooler (around M9). Measuring the astrometric orbit obmaining tilt by minimal rectification of the pseudo-contum.
Wavelength calibration was performed using a ThAr spec-
* Emmy Noether Fellow trum in comparison to an updated line list (Kerber, priv.com
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Fig. 1. A part of our CRIRES data in the three components LHS 1070 Agrigl C (from top to bottom), smoothed by a 3 pixel
box-car.

Flux contamination of the B and C components was found to béa magnetic field The spectrum of GJ 1227 was also taken
much smaller than the intrinsi¢l$ratio. Thus we do not see anywith HIRES at Keck but at higher resolving pow& { 80 000).
reason to doubt on the spectral purity of any of the companeiithe template spectra were degenerated in order to matcaghe r
in LHS 1070 for the subsequent analysis. A part of our dataddution of our CRIRES data. We find that both strategies ftevi
shown in Fig[lL, at 9920 A the spectrum falls on a gap betwebighly consistent results on the values/aini for all three com-
two of the four chips. ponents of LHS 1070, i.e. fierences are within 1 knt& For

the following, we rely on the low resolution set of templaes

] cause they provide a much more consistent data set, and their

3. Analysis and Results resolution is entirely sficient for our purposes.

3.1. Method

Our observations were carried out in the Wing-Ford bang?- Rotation

of molecular FeH (starting at 9900A), which shows shange show our best fits over the 30 A-wide region used for fit-
absorption features in mid- to late-M dwarfs. Some of thgg a5 red lines in all three components of LHS 1070 in[Big. 2.
lines are strongly magnetically sensitive while some are ng@moothing our spectra to match the lower resolution of the
(Reiners & Basri| 2006b). Thl_s makes the region ideal for th@mplate spectra strongly reduced tlfieetive noise level. Bl
analysis of rotational broadening and the measurement gf M@tios per resolution element are now on the order of 70 for
netic fields in ultra-cool objects. Our analysis follows 8teat- | 145 1070 A, 35 and 30 for LHS 1070 B and C, respectively.
egy used by Reiners & Basti (2007a) and Reiners et al. (2007B)ferences in projected rotation velocity can be distingudshe
Ve ]Hse Speth ofdtwo_ templgteh M-s;ars, r?ne_wnhout art‘Xgeye for example at 9939 A where two neighbored lines are
f5|gns Of Zeeman t:oa de””.‘g’ and t er:)t ers |0W|ng strong gt separated in the A-component but already blended in com
ects of Zeeman broadening. First, the template spectra é%entsBand C. The two latter objects do not show any obvious
scaled according to an optical depth scaling law to fit th@es  4igarence in the width of individual lines.
apTlorBtlondstreggth. Therr:’ rt]he two template spelctrg :rnfe &t \we derive projected rotation velocities ofsini = 8, 16
cially broadened to match the targets rotation velocitpahy, 1 . P
. L and 16 kmsin LHS 1070 A, B, and C, respectively. The over-

we se.arch for the Ime_ar comblnatlor_1 of the two .template'speca" fit quality is rather good particularly in tﬁe A-coympone]ﬁ
that simultaneously fits the magnetically sensitive anchtlag- the system. In the two late-M components B and C, the fit has

netically insensitive lines. From the interpolation paeden, we , .
determineBf, the product of the mean magnetic field and thgome Weﬁknesses WT)'Ch W? atTrlbute to t(;‘g mﬁCh stront?mer ab-
filling factor, assuming a linear relation between Zeemanaby sorpIJ_tmn ;[_' at may r}ot € per e<|:ty cz;\ﬁtgr_e th yt el_(:pt_lcp €

. 5o N ! scaling. However, for our analysis efsini the quality is en-
enwESatr;(nj?fIS:esRee (':rt]re; Sv%eBS; é" dzftge gf é(?]ozg)o'z M5.5) ofirely suficient. A formaly? analysis shows that the uncertainty
Gl 873 (MSE) 5) takr:an Wi£h HIRES at Keck observa rjodth IN"v sini is on the order of 1km$ for the three objects. The

e bsolute uncertainty is somewhat higher since the zenotdet
1

stars have sini < 3kms . Because the template spectra Wergends on the resolution we adopt for the template spectra and

taken at lower spectral resolving pow&¢ 31 000), we applied ur target spectra. We estimate that absolute uncertsigtéeon

a Gaussian broadening function to our data in order to mateh .
resolution of the templates. This is a crucial step sincet# the {)he order of 3km'', but that does notféect the comparison of

zero-point for the calibration of rotational broadening order rotation velocities between the three components of LH107

to check our results, we carried out the analysis withféedént Basri & Marcy (1995) have measuredsini in a spatially unre-

. X solved spectrum of LHS 1070. They findsini = 8 + 2kms?
set of templates observed at higher resolution. We useda sp : .
trum of GJ 1227 (M4.5y sini < 3km s2) for the field-free tem- I excellent agreement with our result for LHS 1070 A, which

plate, and a sunspot spectrum for the spectrum in the preseﬂ%mmateS the spatially unresolved spectrum.

1 We thank G. Basri for providing the template spectra. 2 ftp://ftp.noao.edu
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Fig. 2. Data (black) and fit (red) in the entire region we used fd¥ig. 3. Portion of the spectral range that shows tifee of mag-

the fit in the three components LHS 1070, A, B, and C (from tapetic flux. Green bars mark magnetically most sensitivesline

to bottom). The data was degenerated in resolution to match Top to bottom: LHS 1070 A, B, and C. Black lines are the target

resolution of the template spectf@£ 31 000). spectra, red lines mark spectrdiegted by strong magnetic flux
(GI873), blue lines spectra without magnetic flux (GJ 1002).
Green lines are our best fits. Note that in the B component the

3.3. Magnetic flux red line is covered by the green one.

Magnetic flux was determined by searching for a linear inter-

polation between a field free template spectrum and a templag!e 1. Parameter of the three components LHS 1070 A, B, and
spectrum fiected by magnetic Zeeman broadening. For the Idt- SPectral types are from Leinert et al. (2000).

ter, we use a spectrum of Gl 873 and we adopt a magnetic flux

of Bf = 3.9kG (see Reiners & Basri, 2007a). This implies thatComponent ~ SpType V J vsini Bf

our results cannot exceed values-of kG. [km/s1]  [KG]
At every wavelength, the interpolation lies between the WO iS1070 A M55 1542 925 8 20

template spectra. In magnetically insensitive regions,di- | 1570708 M85 ' ' 16 4.0

ference is very small while at wavelengths that afecded by | Hs1070Cc M 9.0 16 20

Zeeman broadening, aftirence proportional to the magnetic
flux occurs. We show a representative region of our spectra at
the wavelength range 9946-9956 A in Fiy. 3. Here, we highligh i . i
three absorption lines that are particularly sensitive ¢erian Molecule causes the main uncertainty in the determination o
broadening. We plot the target spectra in black and ovetpiot Magnetic flux using this molecule as a tracer. On an absolute
(rotationally broadened) template spectra of GJ 1002 (ng_mécale,_we estimate our uncertainties in magnetic flux onrtlblgro
netic flux) in blue, and the one of Gl 873 (strong flux) in rec?f @ kilo-Gauss. However, the main result of our magnetic flux
The interpolation that best fits the data is overplotted gegr ~ analysis is already seen in a rough comparison of the these sp

A very accurate fit is achieved in the spectrum gira: All three components show a substan_tfﬂaet (_)f magnetic
LHS 1070A, from which we derive a magnetic flux of 2.0 kGflUX on the spectral Ilnes_, and the magnetic flux in LHS 1070B
The fit quality in the spectrum of LHS 10708 is not as ad$ Stronger than the flux in LHS 1070 A and LHS 1070C.
curate. However, it appears that the two sensitive absorpti
lines at 9948 A and 9954 A are strongly smeared out, posgi-
bly even more than in the template spectrum of Gl 873. This
indicates very strong magnetic flux, and we adopt a value we have isolated high-resolution spectra of the three cempo
Bf ~ 4kG for component B (note that the red line is covereflents of the multiple M-object system LHS 1070. From each
by the green fit in this panel). The presence of strong magnedpectrum, we have determined the projected rotation vigloci
flux can also be seen by comparing the spectrum of LHS 107@Bin and the mean magnetic field over the entire star. Thetsesul
to the one of LHS 1070C in the third panel. Here, the fit quabf our analysis are summarized in Table 1. We find a projected
ity is much higher again, we deduce a magnetic flux of 2kfgtational velocity of sini = 8 km st in the hottest component,
as in the A-component. Comparing this spectrum to the one|gfiS 1070 A, while rotation in LHS 1070 B and C is about twice
LHS 1070B (particularly the lines at 9948 Aand 9954 A), it apas rapid. Under the reasonable assumption that the ensitensy
pears that the magnetically sensitive absorption linesraren LHS 1070 was formed at the same time, we are facing three dif-
weaker in LHS 1070 B than they are in LHS 1070 C. ferent objects that have evolved from the same initial ciors.

As discussed in_Reiners & Basri (2006b, 2007a), our ladkisc orientations in pre-main sequence stars (Monine2@06)
of knowledge about the Zeeman splitting patterns of the Feithd orbit orientations in multiple systems (Sterzik & Tokos,

Summary and Conclusions
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braking law in LHS 1070A is still Skumanich-type ¢ t°°,

20F ] Skumanich, 1972), and that the exponent of the braking law is
i ] gradually decreasing towards lower temperatures.
5L + + 1 For this purpose, we calculate the rotational evolutiont-sta

ing at an age of 10Myr and an initial rotation velocity of

<0 70km s, For our spectral type dependent braking law, we chose

é 1ok ] v « t~* with gradually decreasing = 0.5-0.3 in the spectral

e + e range M5-M9. Our results are overplotted as dashed lines in

I e ] Fig.[4. Four lines for ages of 1, 2, 5, and 10 Gyr are shown (top
5p T T 5 to bottom). The assumed spectral type dependent scaling law

Sl ] can reproduce the fierence in rotation velocities as measured
I ] in LHS 1070, and at the same time generate the rise in mini-
0 — ‘ ‘ ‘ — mum rotational velocities consistent to measurements@Na
M5 Me M7 M8 M9 stars ((Mohanty & Basri, 2003). We thus conclude that braking
Spectral Type in late-M stars is spectral-type dependent, and that tHe dc
(glowly rotating late-M dwarfs is not a selectioffect due to a

Fig.4. Projected rotation velocities of LHS 1070A, B, and,ias towards young rapid rotators.

C. We Qverplot.rotatlon velocities according to a mOdIerL The age estimated from our approachis on the order of 1 Gyr.
Skumanich braking law at 1, 2, 5, and and 10 Gyr (top to bg&zqri ¢ Marcy [1995) found a high velocity component perpen-
tom). dicular to the galactic plane that suggests higher age. Wik th
that this point deserves further attention. Although agienedes
from space velocity are rather uncertain, this may hint tafan
2002) are partially correlated, and Bate et al. (2000) firat thsolute scale of the braking lawftBrent to the one used here.
strong misalignments are unlikely in binaries with segarst All three components of LHS 1070 show strong magnetic
< 100AU. Thus, we may assume that the inclination angleslux suggesting that in fully convective objects, the fieleagth
of LHS 1070A, B and C are comparable (see also Leinert/et alges not strongly depend on rotation. Leinert et al. (2000né
2001). As long as they fier the same rotational braking, wesigns of magnetic activity in components A and B, but not in
would expect comparable rotation velocities in all compdae C. This is consistent with our results in the sense that thg-ma
We observe comparable rotation rates in the components B agdic flux in LHS 1070B is much stronger than the one in
C, which are of very similar spectral type. However, thetiota LHS 1070C. Nevertheless, one expects that the C component
velocity in LHS 1070A is about a factor of two smaller. Thisalso exhibits K emission, which may still be below the detec-
can probably be attributed to afifirence in the rotational brak-tion limit of Leinert et al. (2000).
ing during their evolution. Interestingly, the dference in magnetic flux between
Mohanty & Basri (2003) showed that in the field the frackHS 1070 B and C does apparently notinfluence rotationalbrak
tion of slow rotatorsy sini < 3kms™) later than spectral type ing. It is generally believed that angular momentum loss de-
M6 is much smaller than among early-M dwarfs, which genepends on magnetic field strength with an exponent given by
ally rotate very slowly/(Delfosse etlal., 1998). Howeveg dam- the field geometry (Mestel, 1984). This coupling, however, d
ple ofMohanty & Bas!il(2003) could be biased to bright (hengeends on the field generation mechanism (Kawaler, |1988), and
young) objects that are still more rapidly rotating thanirtheangular momentum loss becomes saturated at a certain level
older (hence fainter) siblings. Reiners & Basri (2006a)nfdu (Chaboyer et al., 1995). According|to Chabrier & Kiiker (€10
slow rotation in a miglate-M subdwarf, and very rapid rotationlarge scale magnetic fields of equipartition strength (a K&y
(vsini = 65kms?) in a late-L subdwarf. Since late-type subcan be generated by arf dynamo. These authors predict the
dwarfs are probably the oldest relics of the early galaxyirigav field topology to dffer from an organized dipole field, which
spun down for several Gyr, this is another argument for Iés ecould explain our result that rotational braking does natwgr
cient rotational braking at later spectral type. with magnetic field strength. It would imply that field geomyet
In LHS 1070, we see three objects offdrent spectral type is the reason for lower rotational braking in low mass olgject
that are probably of same age. We plot the projected rotation , _ o
velocities of LHS 1070A, B, and C in Fi@. 4. As stated abov cknow_ledgements We like to thank the CRIRES science verlfl_catlon team,
- . - . or their work on CRIRES and for the execution of the obséoves, and
the two later ObJeCtS show hl_ghel’ rotation rates th_an thm,ar the referee, Subu Mohanty, for a very constructive repoR. #&knowledges
A-component. One explanation may be #efience in the ini- financial support through an Emmy Noether Fellowship frora Deutsche
tial conditions, but together with Mohanty & Basri (2003)sth Forschungsgemeinschaft under DFG RE 1864
would suggest that later objects in general stértatating more
rapidly, which is unlikely. On the other hand, the rotatiatia
ity connection seems to vanish around late-M spectral ffjpis.
is likely connected to a modified wind-law and consequerttly Barnes, S.A., 2007, ApJ, in pressstro-ph:0704.3068
different rotational braking. Batsri, ,S 8; l\/llar;:é/,0 g.v&/.’{lé%gg 3A1J7' 17079?,’ 762
H H H H H e, M., etal., , s s
by gre];at')lloevdef IeT(Li:at(lfglgs?f é?ltlztlecinaal'l ?nglélg)g -\Il-vr? er;:j gi?/refoaz.n;? haboyer, B., De_marque, P., & Pinsonneault, M.H., 1995, Apl, 875
LNaboy al. (19995); etal._{ ). ©habrier, G., & Kilker, M., 2006, A&A, 446, 1027
scription for a wind-braking law in stars at given angulalogze Delfosse, X., Forveille, T., Perrier, C., & Mayor, M., 19098%A, 331, 581
ity, and they show that the braking law in fully convectivarst Kaufl, H. U., etal. 2006, The Messenger, 126, 32
requires dfferent treatment (to fit observations in the Hyadél_sggz::' g”ét”:{d'zl(:)'é?l;g?l's 2; 8;;36‘“50*‘"“' P. H.0R0, A&A, 353, 691
they had to tune their value @f.; [Sills et al.,. 2000). In this Kawalér, S,.D., 1é88, AbJ, 33‘3’ 236

work, we do not intend to give a full description of the brakin mestel, in Third Cambridge Workshop on Cool Stars, Steligstems, and the
law in fully convective objects. Instead, we assume thatite  Sun, ed. S.L. Baliunas & L. Hartmann (New York: Springer), 49
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