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Abstract. Using standard Zeeman methods, we made ап atteпrpt to find dipole magnetic fields
in Herbig Ае/Ве stars. taking into account that 20% of these stars rvith usinri ( 100km/s, as а
result of evolution, ha\.e to Ьес:оmе magnetic chemicaliy ресuliаr stars of the uрреr раrt of the
mаiп sequence. The stud1, of 9 stars of this kind gave negative result, The analysis of ail the
observed data a}lori,ed а ргеlirrriпаr1,- conclusion to ]re drawn that magnetic field and chemical
anomalies агisе пеаr the zего-аgе (ZA\,,{S) 1ine on а time sca]e of 105 1,eaTs. Fоr the final solution
of tiris рrоЬlеm it is sripposed to inr-estigate the slowly rotating stars situated пеаr the ZAN'IS.

Кеу words: stars: НегЬig Ае-Ве stars: magnetic fields

1. Introduction
Ву the evolutionai status stагs ri,lrich ri,e studr, пrач
Ье divided roirghly into 3 grotiils:

о niagnetic Herbig Ае/Ве stагs.
. magnet ic роst-Н"гhi; ,\, В, -r ar -.

. magnetic stаrs of the ntallr Seciticll(t,,

Study of the stars оf the fiгst gгоrrр l_s the пlаiп
goaI. The first results ч,еге published Ь1, Glagolevskij
anci Chountonov (1997).

The рrоЬIеm of steilar nragnetistlt i,c interesting
поt only in itseif, it is ]inked lr"ith studving the рго-
c,esses that take place in the stars at the еагh- stages
,lf er.o]ution. If а field has Ьееп lL_.,r,пlc:d Ы, а dl,паmо
ltrechanism, this rneans that duгiпg tlre еаr11, stages
,1rеrе was а period of actir-e convection, If а fielcl is
l,eiic this implies that there аrе ргосеssеs uпkполчп
эгеsеtrtlу, that 1еаче onl1, 10 % оf stаrs lnagnetic
aird lead to соmрlех dipole-clrradгupolc: апсi dipole-
1iradrupole-hexapole fieid сопfigurаtlопs (Gerth et
.i . 1997) inherent in rrratrv stаrs. The contemporary
lеоrу argues that соmрiех nlaglletic stгuсtuгеs аrе

.+ss steady than dipole опеs and dissipate faster, so
:l due соursе the пumЬег оГ stаrs rTith рurе dipole
elci is expected to iпсrеаsе.

2. Observations
_:Le spectra wеrе obtained on the \{ain Steilar Spec-
:,-,graplr of the б m telescope ц,ith Zeeman analyzer
:.d CCD of 1040 х 1160 pixels. The pixel size п,аs

_ ., х 16 microns. Тhе sресtrоgгарh slit width was

=5mm, the equivalent п,idth of the slit was 0.27,Д.
-:h а rесiрrосаl dispersion of 9 А/mm оr 0.39 А
iЗ А/mm. Spectra wеrе processed with N4IDAS95.

Profi}es of the mеаsurеd spectral lines r,vere approxi-
mated Ьу а gaussian, ашd in this ш,ау was determiried
the lirre centre. The magnetic field В" was calculated
usirrg the rve1l-knorvn formula:

-\) : 1.67. l0 |3)!zB.,

ц,hеrе А,\ is ttre line sp}itting and z is the Lande
fаi:tсr. sorrietinres tlre аr,еrаgе Lапrlе fbctor equal to
1,23 is used. Besides the magnetic fields, we пlеа-
sured N{gII )4481 iine ц,idth пhich r.vas then con-
l.егtеd to usini] (Sletteback et а1., 1975). The ассurасу
of measurements depends strongly оп the line widths,
their sчmmеtrу, signal/rioise ratio апd the пumЬеr of
sресtrаl 1ines invoived. Often the ассurасу of mеа-
surements is affected Ьу the гарid profile variations.
T}re variations wеrе оЬsеrчеd ечеп within 10-15 min
(HD 37022) wlrile tire exposure, as а rulе, was 30 min.
The rооt-тпеап-squаrе еrrсlr clf пragnetic field rrrea-

sureпrerrts rvas detcrmined frоm all spectral lines. In
the cases wherr t}rere wеrе few lines in the spectrum,
several sресtrоgгаms wеrе taken sequentiall1,thus in-
creasing the number of the mеаsurеd lines. When
а singie liпе was rneasured, the егrоr was estimated
frorn the signalfnoise ratio, allowing fог sharpness of
the line рrоfiIе.

Tlre data on t}ie magnetic fields and rotation че-
]ocities of Herbig Ае/Ве stars аrе listed in Tabie 1. Fоr
t}te study we selected only t}re stars with usinz < 100
krn/s since rnagnetic СР stars аге slorv rotators. The
frequerrcy of оссurепсе of the main sequence magnetic
stars among the slou,, rotators is 20 %. Frоm the data
of Table 1, it can Ье seen that with а probability of
0.9 Herbig Ае/Ве stars do not possess strong dipole
fields.

HD 19007З has very sharp spectral lines, which
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ТаЬlе 1: Rеsults of mаgп,еtiс field rпеаsurеrпепts iп уоuпQ stars

в" (G) (G) (km/s) spectral lines

18.09.97 31648 <300
86

_630

60
420
15

275
-200
-325

230 В2Vр 70
400 " 50
290
870 OIII/IVе 30
600 ), jj

190 ), ll

65
1,2

tl|,]

10
60
7б
85

li

1,

),

')

120

19 08.97 36112
14.09.97 37022
16.01.98 37|29
7.09.98 1,

1.12.82 ))

27,|1.97 53367
5. 12.95 J'

4.01.96 ),

29.12.93 100546
" 104237

15.09.97 179218
13.05.98 "
18.09.97 190073
26.05.97 200775
15.01.98 203024
15.01.98 250550
7.12.95 "
8.12.95 ),

9.12.95 ))

10.12.95 "
18.09.97 283572
21.11.97 53 Саm

300 2/3ер
700 А3е
430 6

20
36
9 Post Ае/Ве
10 Post Ае/Ве
10 )]

Воrга et al.,1983
t)

1 Не lines
22 Hetmetal lines

Donati et а1.,1997
Donati et aI.,1997

10

б7
13
10
18 соmрlех рrоfilеs
14 He*N'Ig+Si lines
l2
9
1 Si lines
1 Si 1ines

22 ТТаu type
36 standard пеаr tlie

field rnaximuln

80
70

1,23

? <100 в9V
no <100 A4V

-230 150 g/AoIV/\r
650 400 1,

97 |74 AOiYep
60 440 B2l3eq
190 1400 Ае
-950 770 B9eq
-450 430 "
-800 400 ,1

1400 600 11

- 1700 600 ,1

+160 550 G2III
6100 400 Ар

аrе \rегу likel1, to belong to its envelope. Hower.er the
N{gII )4481 line, п,hiсh is considered (Fiпkепzеilег
and \"{undt, 1984) to fоrm in the atmosphere of the
star. is also slrarp, so one сап suggest that this star
is vie,"r,ed pole on. Тhе mеаsurеmепt errors of пrапу
stars, HD 250550 fог instance) аrе чеrу Iarge due to
the аsl,mmеtr1, of spectral lines.

in HD 250550 sоmе Zeeman sресtrоgrаms in the
silicorr short-wave цIings re\real а smаll detail in the
right-polarized spectrum, which is absent in the left-
polarized spectrum. This fact suggests that оп the
surfасе of the star there is а magnetic field, ъ,hich
has рrоЬаЬ11, епеrgеd frоm the stаг's limb. Though
rтe selected fоr the irrl,estigation only the slorvest rо-
tators. the .r\,еIаgе i.,sini they have exceeds tu,ice the
r.alue fог сhепriсаll1,ресuliаr stars, so the ассurас1, of
the field пlеаsuIепlепt is appreciably lоwеr.

3. Арреаrапсе of magnetic field and
chemical anomalies

ТаЬlе 2 {fгопr top to bottom) shows the basic stages
of etolution of magrietic stars: fTom the stage of Неr-
big \е ,Ве to СР ,.tаr,. of the main sequence. Frоm left
to right thе stагs аrе divided irito 4 groups, relative
to tile ba,.ic chemlcal апопrаliеs along the tеmреrа-

Talэle 2: TLt,e rtumЬеr of chem,ically ресuli,аr, stars, de.-

tected at diffеrе,пt stages of etlolution
Numьеr of stars

1

24
34 5в
He-rich He-rMeak
22000 15500

Ае/Ве
Post Ае/Ве

1000 800 ср
Si SrCrEu Т_чре

11500 9700 т, к

turе scale. СР stars аrе taken frоm the catalogue о:

Egret and Jasc:hek (1981), and НеrЬig Ае/Ве stагs
frопr (Shevchenko, 1989) and (Glagolevskij, 1996
Tlre He-rich chemically peculiar star HD 53367 п,а:

found among Ае/Ве (Glagolevskij arrcl Cholrntonor,,
1997), but no nragnetic fie]d п,аs detectecl in this stal,
рrоЬаЬlу it is beyond the ассuгасу of measurements
It should Ье noted that trelium absorptions acquil,.
mахimum intensity whеп tlre envelope influence de-

creases, the rеst of the time the }ines аrе distorter,
Ьу emission. The post Herbig Ае/Ве stars rr,ith tli,
known field (Glagolevskij et al.. 1986) аrе shown i:

Table 3.

The data of Table 2 пiау give а rоugh idea abou-
er,olution rаtе and the formation stage of chemlci .

anoma}ies and rnagnetic field. He-rich stars e1,o1,."
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36540 470
36629 440
37058 740

Table 3: Rооt-mеап-squаrе еrrог of the mаgпеtiс fi,elrl
Bu of post Herb,ig Де/Ве stars
HD < В" >,G о. G Ti,pe

lg(L- /L.)

-1
+6

Figuге I: TLLт ylositlon of the Не-ri,сh .stаr HD 53367
оп tlte Неrtzsрru,пg-Russеl d,iagram. Fi,lled сirсlеs аrе
Ilerbig -1е/Ве stars frоm (Fiпkепzеllеr апd Мuпdt,
198! ), TLLт positi,orl of stars, \05 уеаrs atl_tay frоm the
Z-lYS is the dash-and-dot liпе.

ТаЬlе -1: TLte ачеrаgе age of chem,icalLy ресuliаr stars
ot tliffcгellt staqes of ечоlutiоп

А8"
105

2.8.105 1.5. 106 6.106
1.0 . 106 6.3 . 106 3,2 . 107

Не-.riсh He-Treak Si
22000 15500 11500

exr:et rlirlg the trreasurement еIrоr. We шау suppose
that stаг_. "lтit}tout" а field аrе the youngest rvith
thе field ,sti1l iпсгеаsiпg. Тhе aveIage R/R,7дха5 for
stаг_s ri,ith а field is 1.46 + 0.11, and without а field
it is equal to 1.27 + 0,10. The difference is not large,
1lut nevertheless such а supposition could Ье taken
lог а livpot}resls. It is irrteresting that the пumЬеr
of Не-riсh stars rTith а fie]d detected is about 41 %.
This is а lаrgе раrt, though for other types of peculiar
stal,s the пuпlьеr of stars vn,ithout а {ieid is also чегу
1агgе (see Fig.3) . It mа1,, lэе supposecl that among all
tl,pes of stаrs thеrе аге mапy objects with а complex
norrdipole structuгe, besides, the fieids probably in-
сrеаsе ,"vith thеir age. Thus, fоr instance, the young
star HD 37776 has sectors оп its surface with а field
of dozens of kG, though а field measured Ьу Zееmап
rrrethod does not exceed 2 kG (Gerth et al., 1997).

220 (2.1s) H+-weak
270 (1.6s) He.Treak
230 (3,1s) Не-riсh

verv rapidlv, but SrCrEu stадs very slowly-. So, sup-
posing that stars of different tуреs need аррrсх-
imateiy equal time for chemical anomalies to Ье
formed, it becomes clear why Ee-rich stars арреаr at
the Ае/Ве stage, He-weak at the post-Ae/Be stage.
and they аrе absent at the previous stage; and thе Si
and SrCrEu-type stars ате not present at the fiTst tв-o
stages. Frоm this table it сап Ье sеец that the пuшЬеr
of peculiar stars of the last two types Ь much lатgеr
than of the first two, so the probability of their detec-
tion at the Ае/Ве and post-Ae/Be stages wou-ld Ье
much higher. That is, if they vrеrе at those stages they
would Ье surely found. Because of relatively slоъ, evo.
Iution they аrе formed at the stages Ьеtrчееп the post-
Ае/Ве and the zero-age mairr sequence line. Within
the bounds of determination ассurасу thе y-oung stars
of the main sequence and late, "old" Ае/Ве stars
with originating anomalies arrd magnetic fields mау
Ье mixed оп the Hertzsprung-Russel diagTam.

А rate of а magnetic СР stаr generation сап Ье
estimated on the basis of the kпочlп Ъеп evolution
tracks. In ТаЬlе 4 the average ages оfечеrу subgToup
of ТаЬlе 1 аrе presented. One stаr of Не-riсh type
(HD53367), as it seems, is situated on the ZAI,{S
(Finkenzeller and Mundt, 1984), but it has mапу fea-
tures of Ae/Be-type stars: the рrеsепсе of hуdrоgеп in
emission, noticeable infraTed excess, raTiability of Не
iines indicate that most рrоЬаЬlу HD 53367 is not а
He-rich star of the main sequence yet. Тhетеfоrе the
upper value of the absolute magnitude repTesented
in this рареr is рrеfеrаЬlе. The age of HD 53367 ас-
cording to the Iben tracks is 105 years. In Fig. 1 the
star on the Hertzsprung-Russel dlаgтя,-, taken frоm
(Finkenzeller and Mundt, 1984), is maTked Tdth the
asterisk, The dashed line shoчrs the boundary of Неr-
big Ае/Ве stars birth according to Palla адd StahleT
(1990). It is well seen to Ье located пеаг the zего-аgе
line, It is песеssаrу to take into account that the star
may evolve to the main sequence beloтr the average
line of the ZAMS. The stars Trith ages different fтош
those in the ZA\4S Ьу 105 уеаrs aJe rерrеsепtеd with
the dash-and-dot line. These аrе the stars of the mаiп
sequence. Thus, the incipient magnetic СР stars ате
to Ье sought аmопg post Herbig Ае/Ве stars,

Fоr СР stars we took the average age of the V
luminosity class stars, for post Herbig Ае/Ве stars
the age is оп the zero-age line (Glagolevskij and
Chountonov, 1997). Раrt of stars do not have а field

lgЪ
4.0+-l+,.1

- Ае/Ве
1.1 . 107 Post Ае/Ве
2.5 . 108 ср
SrCrEu Туре
9700 т, к

м
15

9

-\]--\l5

+i l,',,,
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(ве), kG
2

0 I 1.2 1,,+ 1.6 1.8 2,0 *-Rr.r,r,,

Fi9. z

Figurе 2: Vаriаti,оп of ачеrаgе ,rпagneti,c f,eld, mith, age

lп СР stаrs of different peculiarity tyyles. The пu,rп-

Ьеrs of stаrs aueraged аrе shоulп.

Since coIrrplex struсtuгеs of tlre field аге tlnstable, in
due сlоlrгsе there left only simple dipoie structuTes of
the field. ri hich аrе easily detected Ьу tlre Zееmап
rrrethod. The rrumЬеr of He-w-eak stars with а field is
48%. The пurпЬеr of stars with а field fоr Si type is
60%. and fоr SrСrЕu stars it is аIrеаdу 82%. This is

арраrепt1},а11 evolutionaf)r effect. Nlost ргоЬаЬIу the
time the nagnetic field increases in stars that ечоlче
slorli1- is not so 1ong as the time of their stay оп the
mаiп sequetlce. Thus, for He-rveak stars it aiso rе-

nains to Ье seen rThether they rеаliу have weak fields
ог thеiг fieicl-s аrе strong but of соmрlех structure fоr
mеаsurепепt of iThich the zeeman method is inserr-
sitive, \\-е th.ink that а п.еаk {ield is the пrairr саusе,
although рагt of stагs. irr fact, have соmрIех struсturе
оf the field.

Fig. 2 shorгs геlаtiопshiр betrveen the аvегаgе
value of the field В. and R/Rzдмs, it is sееп that
the field of Не-гiсh stагs increases with age, possibly,
to tlre trррег tэоuпdагr, of the rrrain sequence band,
li,hilc tlrr,, field of He-ir"eak stаrs first increases and
thеп tlгорs, It llru_.t fall caused Ьу evolution iпсrеаsе
of the stаг's rасlrus iGlagolel-ski.j. 1988), Fоr silicon

4

4

J,
Не-r

He-w

a
5

---.--=.--*{ Si
-- t0 ,.л ttit-9-

о5 
lJ 

' }=t_ ]7 ---;*

SrСrЕu

stars, R/R7д\,{s < 1.2 is riot reliable because of irr-
adequate quantit1, of data. Horvever tlie first point
is 105 years, so hеrе mахiпruпr catr Ье found. Ап-
оthеr Ьеtrачiоur of the relatiorrship is shot,n Ьу the
dashed line. It can }rardly Ье supposed on the basis
of the сопtеmроrаrу theories that пеаr the zero-agcl
line convection mаy арреаr that causes generation оf
magnetic field, so цre mау only suppose that the field
has арреаrеd еаrliеr and поц, it rеасhеs the surface
ancl becomes rletectable. The field floats rrp to ttre

surfасе after the ассrеtiоп is очеr and the uрреr 1а1,-

ers аrе stabiiized. Before this mошепt the accretion
masses "со\.егеd" the lауеrs п,it}i the magnetic force
lines апг1 tuгЬulепt motions оп the suгfасе tangled
the fоrсе lines rvhich dissipated very quickl_y. }iom
Fig. 2 (Не-r) it can Ье seen that due to fast evolution.
the field does not }iave time to float up completel1,
durirrg the rnain scqlrence stage, so tlrere is по de-

scending brarrch. and in Fig. 2 (Не-rп,) it is noticeable
that the field rеасhсs lts mахiпium and theri begirrs

to dесгеаsе, ri-hich is cau-"ed Ь1, increase iп the Tadirrs.

Тhе same relatiotrship fог Si and SrСrЕu-tуре stars is
preserited in Fig. 2. It is seen that the magnetic fielcl
for Si stars dесrеаsеs clrrring ail tlre tinre of thеir sta1,

tlп the mаiп sequerrce, апс1 tlre maxirnum is. possibl;",

trеаr t}re ZAN{S. Assumirig that the tinre of eпrergerrce

of а magrretlc field of а]1 the stаrs is the sаmе, theTr.

as а result of r.еrч s}ou, er,olution of Si arrd SrСrЕu
stаrs, the mахimum of the reiatiorr lvill Ье пеаr thc
ZAN'IS. Thus, rvith the adopted scale arrd irrsufficierrt
пumьеr cf the otlservatiorial data tiris maximurrr ib

not ailpreciable. Fоr all t}re reiationships iп Fig. 2

the rrrtmегаls rrеаг the points indicate the rrumber of
В" .,,alues. Ь1. п,hiсh the ачеrаgiпg sras done. Тhе В.
values vnere taken frоm (Glagcllevskij et а1., 1986).

R/Rzдш,тs ц,еге dcterrrrlncd Ь1, tlre раrаrпеtеrs ý ancl
dpst,ribed iп 1Glаgоlачэkij еt al.. 1992).

А possible mechanism of magnetic field gепеrа-

tion iп tlre surfасе convectional 1аl,еr of а stаг was
cliscussed Ь1,,Palla and Stahler (1990). The magnetic
fielcl may increase to dozens of kG duгiпg the surface
brrrning of deuteririпl and Ьу tlie dупаmо-mесhапism
conl.ection" and aiso it can faci}itate the floating of
tlre internal relic field. The calculations (Раrkеr, 1982)
shоч, that in the convective rnedium the velocit}, of
floating of magnetic tubes of fоrсе is much lаrgеr than
in nonconvective. The convection encls as soon as the
accretiorr that delir.ers derrteriurn to t}re surfасе of the
star ceases.

4. Conclusion
Frопr the analysis given above п,е srrggest the follorr,-

irrg.

1. It is llесеssаг},tо investigate рrореrlу t}re post-
НеrЬig Ае/Ве stаrs arrd tlre stars пеаr the ZA\4S. а-

l
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I
Figure 3: The рrороrtiоп oJ stars of different ресu-
liari,ty types шi,th c]etected mаgпеtiс Jield (В, > о).

at this stage of evolution the арреаrапсе of magnetic
field and chemical anomaiies is possible.

2. Accurate measurements оf роlагizаtiоп in рrо-
files at different phases оf rotation регiоd of Herbig
Ае/Ве stars wiil a]lorv deteTmination of loca1 mаg-
netic fields. Suсh investigations п,ili also help to аsсег-
tain whet,her the field арреаrапсе is due to gellelatitrn
оr to the floating up of а rеliс field.

3. The data strorv tire necessirl of fчгtilеl, mеа-
surements of .,veak fields В. оf СР stаrs. sitlce these
measurelnents ivill give iпfогmаtiоп аЬоut tile coIn-
plex structuTes of the magnetic field,s that lrar-e ,ju:t
appeared. Investigation of such structules T,,i11 irelp to
explain the тпесhапism of magnetic fieid арреагаllсе.

4. А сопсIusiоп оп the аЬ-сеrrсе of _.tгoItg, пrаg-
netic fields in Herbig Ае/Ве stагs ba,qed оп ]псаsllге-
mепts of the 9 stars shоuld Ье сопsidеrсd terrtative.
as the probability of detecting а field in _ctal-s ý.ith
чsiпz < 100km/s is only 0.2. Fоr а IпоIе rеllаЬlе соп-

clusion to Ье drarvn, at least 15 stars must Ье mea-
surеd.

Acknowledgements. The work was fulfilled with sup-
роrt of RFВR grant 97-0.2-16247 and а grant of а рrо-
grаmmе "Аstrопоmy".

Rеfеrепсеs
BoTra Е.F., Landstreet J.D.. Thompson I., 1983, Аstrо-

phl,s. J. Suppl. Sеr., 53, 151
Catala С.. Воhпl Т.. Donati J.-F., Semel М., 1993, Astro-

plrys. J.. 278, 187
Donati J.-F.. Semel \I., Саrtеr B.D., Rees D.E., Саmеrоп

А.С.. 1997. \Ion. Not. R. Astron. Soc., 291, 658
Egret D.. Jaschek \I.. 1981, in: Upper Main Seq. Chem.

Рес. Stars. IAU Co1l. No. 23, Liege, 495
Fiпkепzеllеr L. ,. \iundt R., i984, Аstгоп. Astrophys.

Suppl. SeT.. 55. 109
Gerth Е., Glagoler.skij Yu.V., Scholz G., 1997, in: Stel-

1аr rnagnetic field. eds.: Glagolevskij Yu.V., Romanyuk
I.I.. \Ioscorv. 67

Glagolevskij \Ъ.\',, Roman1,,uk I.I., Chunakova N.N4.,
Shtol'V.G., 19в6, Astrofiz. Issled. (Izv. SAO), 23, 37

Glagolevskij \-u.V., 1988, in: Magnetic stars, eds.: Yu,V.
Glagolevskij and Kopvlov I.M., S.Petersburg, Nauka,
206

Glagolel,skij Yu.\i., Topilskaya G.P., Kartasheva Т.А,,
1992. in: Stellar magrretism, Eds.: Glagoievskij Yu.V.,
Romanl,uk I.I., St.Petersburg, Nauka, 36

Glagoievskij \Ъ.Y.. 1996. Bull. Spec. Astrophys. Obs.. 41,
80

Glagoler-skij 1Ъ.\,-., Chountonov G.A,, 1997, in: Stellar
nagrrэtic fields. eds.: Glagolevskij Yu.V., Romanvuk
I.1,. \IoscorT.116

Palla F.. Stahler S,\v., 1990, Astrophys.J,Lett., 360, L47
PaTker Е.. 1982. in: Cosmica1 magnetic fields, 2, Moscow,

\IiT.1927
Sheгchenko \-,S., 1989, in: Тhе Herbig Ае/Ве stars,

Tashkent
S]ettebak _\.. Coilins G.\\r., Воусе Р.В., White N.M.,

ParkiIrson T.D.. 1975. Astrophys. J., 198, 775

,- hl!

; )t)

Е+0Ф

we
Text Box




