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A B S T R A C T 

We report a peculiar variable blue star in the globular cluster (GC) NGC 6397, using Hubble Space Telescope optical imaging. 
Its position in the colour–magnitude diagrams and its spectrum are consistent with this star being a helium-core white dwarf 
(He WD) in a binary system. The optical light curve shows a periodicity at 18.5 h. We argue that this periodicity is due to the 
rotation of the WD and possibly due to magnetic spots on the surface of the WD. This would make this object the first candidate 
magnetic He WD in any GC, and the first candidate magnetic WD in a detached binary system in any GC and one of the few 

He WDs with a known rotation period and of magnetic nature. Another possibility is that this system is an He WD in a binary 

system with another WD or another degenerate object, which would make this object one of the few candidate non-accreting 

double-degenerate binaries in any GC. 

Key w ords: white dw arfs – stars: magnetic field – globular clusters: individual: NGC 6397 – binaries: general. 
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 I N T RO D U C T I O N  

GC 6397 is the closest (2.5 kpc) core-collapsed Galactic globular
luster (GC). Due to its proximity and low reddening, E ( B −V) =
.18 (Harris 1996 ; McLaughlin & van der Marel 2005 ; Baumgardt &
asiliev 2021 ), NGC 6397 has been e xtensiv ely studied at different
avelengths. One particular population that has been studied is the
hite dwarfs (WDs), in large part due to the capabilities of the Hubble
pace Telescope ( HST), especially its angular resolution that makes

t capable of studying sources in crowded regions such as GCs (e.g.
ool, Piotto & King 1996 ; Richer et al. 2006 , 2008 ; Hansen et al.
007 ). HST has allowed the study of the cooling sequence of isolated
arbon–oxygen WDs (CO WDs) to determine, among other things,
he age and distance of the cluster (Hansen et al. 2007 ; Richer et al.
008 ). 
Besides CO WDs, a more exotic and less studied population of
Ds with helium cores (He WDs) is known to exist in NGC 6397

Cool et al. 1998 ; Edmonds et al. 1999 ). He WDs are not expected
o be the typical outcome of single stellar evolution because the
niverse is not old enough for the very low mass stars (i.e. stars of
 E-mail: mpichardomarcano@amnh.org 
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oo low a mass to fuse helium into carbon) to finish their lifetimes.
he He WDs thus must be produced from stars that have had their
volution halted during binary evolution. In the Milky Way field,
hey are predominantly found in binary systems ( � 70 per cent; e.g.

arsh, Dhillon & Duck 1995 ; Brown et al. 2011 ), and in particular
ll extremely low mass He WDs ( � 0.2 M �) are known to be
embers of binaries (e.g. Brown et al. 2020 ). Characterizing the

utative binary population of He WDs is important as these objects
re potential sources of low-frequency gra vitational wa ves (e.g.
elemans 2013 ; Kremer et al. 2021 ) as well as progenitors/members
f AM CVns or ultra-compact X-ray binaries, in which a more
assive compact object accretes mass from a Roche lobe filling He
D (e.g. Nelemans et al. 2010 ). 
Except for the enhanced mass-loss scenario during single star

volution (e.g. Castellani & Castellani 1993 ), all other formation
hannels proposed for the origin of single He WDs involve a compan-
on, such as mass ejection by massive planets (e.g. Nelemans & Tauris
998 ), Type Ia supernova stripping (e.g. Justham et al. 2009 ), double
e WD mergers (e.g. Saio & Jeffery 2000 ), and dynamically unstable

ataclysmic variable (CV) merger (e.g. Zorotovic & Schreiber 2017 ).
In NGC 6397, three He WD candidates were first identified by

ool et al. ( 1998 ) as ultraviolet (UV) stars significantly bluer than
he main sequence (MS) but lacking the flickering generally seen
© 2023 The Author(s) 
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Table 1. Table with the magnitudes and measurements of the candidate magnetic He WD. Magnitudes are not deredened. 

Source ID RA, Dec. (J2000) a r (arcmin) b Pre vious/ne w IDs Period (d) δ F336W (mag) Mean F336W (mag) μαcos ( δ) (mas yr −1 ) c μδ (mas yr −1 ) c P (per cent) d 

HUGS: 11 228 17:40:37.072 – 53:40:08.99 0.8 HACKS: 10 097 
ACS: 11 691 

0.769 ± 0.01 0.25 19.65 −0.11 −0.57 97.9 

a Coordinates from the HUGS catalogue (Piotto et al. 2015 ; Nardiello et al. 2018 ). 
b Distance from the centre of the cluster. 
c Data from the HACKS catalogue (Libralato et al. 2022 ). 
d Membership probability from the HUGS catalogue. 
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n CVs. He WDs lie abo v e the CO WD sequence, due to their
nusually large radii (a direct consequence of their low masses, 
ombined with the degenerate nature of WDs), in the gap region 
etween the MS and the CO WD sequence. In the H α − R colour–
agnitude diagram (CMD), they are redder than the MS showing 

trong H α absorption, in contrast to CVs that generally show H α

xcesses. One candidate was later confirmed via spectroscopy by 
dmonds et al. ( 1999 ) to be a low-mass He WD. Further studies by
aylor et al. ( 2001 ), using photometry from HST ’s narrow H α filter,
ound nine additional sources deficient in H α and thus good He WD
andidates. Currently, there are 24 good candidate He WDs in NGC 

397 found by Strickler et al. ( 2009 ) based on their position in the
MDs. Strickler et al. ( 2009 ) determined photometric masses in the

ange of 0.2–0.3 M �, and based on the locations of the objects within
he cluster, determined dynamical masses similar to those of the 
lue stragglers. The difference in the masses argues that these must
ypically be in binaries with companions that are rather heavy for GC
bjects; given that the colours of these objects are not affected by their
ompanions, the companions are likely to be other compact objects. 

Here, we present the optical counterpart and light curve of a 
andidate binary He-core WD in NGC 6397 that shows a periodicity 
f 18.5 h. We interpret this periodicity in the light curve as the
otation period of the WD and hence as evidence for magnetism in
his system. This would make this object the first magnetic candidate 
e-core WD in any star cluster, and one of the few He WDs with
oth a known rotation period and a magnetic nature. 

 DATA  ANALYSIS  A N D  RESULTS  

.1 Data 

his object was found as a variable and blue object in the Surv e y for
ompact Objects and Variable Stars (SCOVaS; Pichardo Marcano 
t al., in preparation). SCOVaS is a surv e y for CVs and compact
inaries in Galactic GCs using multiwavelength archi v al data from
ST . The details of the surv e y will be published in a future paper. 
For NGC 6397, we use Wide Field and Planetary Camera 2 

WFPC2) data from the parallel field that observed the core of the
luster from the HST large programme GO-10424 (PI: H. Richer; 
icher et al. 2006 ). The data set consists of 126 orbits, where each
rbit is divided into three exposures in three different filters ( F 814 W ,
 606 W , and F 336 W ). For this work, we use the 126 individual
xposures in the filter F 336 W , with exposure times ranging from 500
o 700 s, taken between mid-March and April 2005 (2005 March 
3 to 2005 April 8). The minimum separation between consecutive 
ata points is 74 min, the maximum separation between consecutive 
ata points is 3.2 d, and the total baseline is 26 d. 
We also use the GO-10257 data set (PI: Anderson), which provides 

dvanced Camera for Surv e ys, W ide Field Channel (A CS/WFC)
maging of the central region of NGC 6397 in the filters F 435 W ( B ),
 625 W ( R ), and F 658 N (H α). 
For the photometry of both data sets, we used the software package

OLPHOT (Dolphin 2000 ). For the WFPC2 data, we supply DOLPHOT 

ith the calibrated single-exposure image data (c0m) WFPC2 files 
nd the drizzled.drz image as the reference frame for alignment, and
or the ACS/WFC we supplied the CTE-corrected.flc images and 
.drz image as reference frames. The final output for both runs from
he software lists the position of each star relative to the reference
mage, together with the measured aperture-corrected magnitudes 
alibrated to the Vega system for the individual exposures, along 
ith some diagnostic values. We limit the data to measurements con-

aining an error flag of zero, meaning that the star was reco v ered e x-
remely well in the image without contamination due to cosmic rays.

We also made use of the HST UV Globular Cluster Surv e y (HUGS;
iotto et al. 2015 ; Nardiello et al. 2018 ) (programmes GO-10775
nd GO-13297) and the Hubble Space Telescope Atlases of Cluster 
inematics (HACKS; Libralato et al. 2022 ) (programme GO-10257). 
he HUGS catalogue 1 provides photometry in five different bands 
 F 275 W , F 336 W , F 438 W , F 606 W , and F 814 W ). The HACKS data
et also provides a photometric ( F 435 W , F 606 W , F 625 W , F 814 W ,
 336 W , F 438 W , and F 606 W ) and proper motion catalogue for the
C NGC 6397. 2 We used both public catalogues to build CMDs of

he cluster to confirm that our photometric results are consistent with
revious studies, and to confirm the membership of our sources. 
We used publicly released spectra from the Multi Unit Spectro- 

copic Explorer (MUSE; Bacon et al. 2014 ). MUSE is an optical
ntegral-field spectrograph operating in the visible wavelength range 
t the Very Large Telescope (VLT). We used the data from NGC
397 3 as published in Husser et al. ( 2016 ) and Kamann et al. ( 2016 ).
he data consist of short ≤60 s exposures to a v oid saturation of the
rightest cluster giants. 

.2 Photometric results 

he CMDs in Figs 1 and 2 (a) identify the optical counterpart to the
eculiar variable blue star as a red point. The left-hand panel of Fig. 1
hows the source in the gap region between the CO WD sequence
nd the MS. The position of the source on the CMDs and its proper
otion (matching the cluster value) are consistent with it being an
e WD. 
The right-hand panel of Fig. 1 shows the source to the right of

he MS, consistent with a stronger H α absorption line. Ho we ver, as
his object is bluer than MS stars of the same brightness, a more
ppropriate test is to construct a colour–colour diagram, contrasting 
ts H α − R and B − R colours. Fig. 3 shows that in such a diagram,
his source does not show evidence for H α emission or greater-than-
verage absorption. A finding chart for this source is shown in Fig. 4 .

.3 MUSE spectrum 

his source is included in the public data release 4 of MUSE sources
Star ID: 11691) as published in Husser et al. ( 2016 ) and Kamann
MNRAS 521, 5026–5032 (2023) 
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M

Figure 1. HACKS CMDs for the central regions of NGC 6397. The red 
triangle shows the position in each CMD of the candidate magnetic helium- 
core WD. 

e  

d  

1  

o  

c  

T  

t  

G  

W  

b  

W  

e  

s  

H  

d  

a  

r  

−  

t  

F  

N  

t  

O  

t  

b

2

T  

o  

u  

r  

a  

u  

a  

a  

o  

s  

c  

a  

w  

3

3

B  

t  

i  

H  

f  

A  

T  

a  

n  

o  

g  

w  

(  

a  

e  

c  

i  

o  

g  

m  

b  

H  

W  

S  

o  

i  

(  

h  

o  

m  

n  

a  

s  

W  

T  

c  

w  

a

3
m

W  

b  

P

f

 

W  

a  

o  

l  

a  

t  

t  

t  

r  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/521/4/5026/7075881 by Am
erican M

useum
 of N

atural H
istory user on 29 M

ay 2023
t al. ( 2016 ). The data reduction of the released public spectra was
one using the official MUSE pipeline (in versions 0.18.1, 0.92, and
.0; Weilbacher et al. 2012 ). The spectrum has a signal-to-noise ratio
f 5.9 and an exposure time of 25 s. We smooth the spectrum by
onvolving it with a Gaussian with a standard deviation of 1.5 Å.
he smoothed spectrum for this source is shown in Fig. 5 along with

he Gaussian fit to the H α and H β lines as insets. We fitted the
aussians using the ASTROPY (Astropy Collaboration 2013 ; Price-
helan et al. 2018 ) built-in routine after detrending the spectrum

y fitting a polynomial to the continuum, excluding the fitted line.
e used the Levenberg–Marquardt algorithm to find the best fit and

stimated the errors following Lenz & Ayres ( 1992 ). The spectrum
hows the H α and H β lines in absorption. The best Gaussian fit to the
 α line shown in the inset has a mean of 6558.63 Å and a standard
eviation of 6.03 Å. Using the single available spectrum, we measure
 radial velocity for the H α line of −200 ± 22 km s −1 . This value is
easonably close to the radial velocity obtained using the H β line of
282.2 ± 23 km s −1 . To check the wavelength calibration, we used

he atmospheric ozone absorption bands centred at 6870 and 7605 Å.
or their centres, we get 7605.10 ± 0.01 and 6868.83 ± 0.01 Å. For
GC 6397, Husser et al. ( 2016 ) reported a mean radial velocity for

he cluster population of 17.8 km s −1 with a dispersion of 5.0 km s −1 .
ur large radial velocity, compared to the mean radial velocity of

he members, implies that this source is either a non-member or in a
inary. 

.4 Light cur v e and timing analysis 

he HST F 336 W light curve shows clear variability of the order
f 0.1 mag. We performed a periodicity search on the light curve
sing the Lomb–Scargle method (Lomb 1976 ; Scargle 1982 ). The
esulting periodogram is shown in Fig. 6 . The periodogram shows
 significant peak with a false-alarm probability of 1.4 × 10 −8 ,
sing the method described in Baluev ( 2008 ), which allows getting
n upper limit that is valid for alias-free periodograms and in the
bsence of strong aperiodic variability. The peak is at 0.769 ± 0.01 d
r 18.46 ± 0.24 h. The uncertainty on the period was estimated by the
tandard deviation of the best-fitting Gaussian to the peak. The light
urve folded at 0.769 d is shown in Fig. 7 . Given that the data set spans
bout 35 cycles of the period, and that the sampling is fairly dense,
e can be confident that this is a real period and not due to red noise.
NRAS 521, 5026–5032 (2023) 
 DI SCUSSI ON  

.1 A candidate He WD 

ased on the position of the star in the CMDs and the lower limit on
he radial velocity of this source, this system is a candidate He WD
n a binary system. To estimate the mass and the age of the candidate
e WD, we use the theoretical evolutionary sequences, calculated

or the metallicity of NGC 6397 ([Fe/H] = −2.03), published by
lthaus, Miller Bertolami & C ́orsico ( 2013 ) as shown in Fig. 8 .
hese authors used a statistical approach to create a grid of masses
nd ages for extremely low mass He WDs. Such an approach is
eeded due to the fact that the different cooling tracks cross each
ther, and this leads to no unique solution for mass and age for a
iven log g and T eff . To fit the available photometry for our target,
e use model atmospheres described at length in Rohrmann et al.

 2012 ) and references therein. This model atmosphere code was
lso used to derive the outer boundary conditions for the mentioned
volving models. Synthetic magnitudes in the HST photometry are
alculated using the zero-points derived from the Vega spectrum
nte grated o v er the passband for each filter. The input parameters
f model atmospheres are the ef fecti ve temperature, the surface
ravity (e v aluated from the stellar mass and radius of the evolutionary
odels), and the chemical composition, which we assume here to

e pure hydrogen. In the F 435 W − F 625 W CMD, the candidate
e WD (triangle) lies near the tracks predicted for a 0.16 M � He
D, with log g = 4.9, and an age of 0.11 Gyr. As we showed in

ection 2.4 , this is a variable object and we expect that the position
n the CMD is phase dependent and could introduce some bias
n the deri v ation of the exact physical parameters. The light curve
Fig. 7 ) shows clear variability of the order of 0.1 mag. The right-
and panel of Fig. 8 shows the location of the candidate He WD
n the F 275 W − F 336 W CMD assuming an average dereddened
agnitude of m F 336 W 

= 18.54. The candidate He WD (triangle) lies
ear the tracks predicted for a 0.16 M � He WD, log g = 4.7, and
n age of 0.068 Gyr. Assuming that the colour F 275 W − F 336 W
tays the same, a 0.1 mag variability changes the estimate to an He

D with a mass of 0.16 M �, log g = 4.8, and an age of 0.088 Gyr.
he differences in the estimated parameters do not change any of the
onclusions of the paper, and all positions in the CMD are consistent
ith an He WD. For the rest of the paper, we assume an He WD with
 mass of 0.16 M �, log g = 4.9, and an age of 0.11 Gyr. 

.2 Can the periodic variability be explained by orbital 
odulation? 

e consider the possibility that the 0.76 d periodicity observed may
e the orbital period of the system. Assuming it is the orbital period
 , we can calculate the mass function for the companion 

 ( M ) = 

P K 

3 
wd 

2 π G 

= 

M 

3 
c sin 3 i 

( M c + M wd ) 2 
, 

where K wd is the semi-amplitude of the radial velocity for the
D, M c is the mass of the companion, M wd is the mass of the WD,

nd q = M wd / M c . Using the values for this source, an orbital period
f 0.76 d and a radial velocity of ∼250 km s −1 , this would give a
ower limit for the companion of ∼1.23 M � (assuming M wd = 0
nd inclination i = 90 ◦). At this orbital period and radial velocity,
his value for the minimum companion mass already indicates that
he companion is not an MS star, as this mass value is larger than
he turn-off mass for the cluster ( ∼0.8 M �; Richer et al. 2008 ). The
elation between the mass function of the companion, given above,

art/stad722_f1.eps
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Figure 2. CMDs of stars from the HUGS catalogue. The red point indicates the position of the candidate magnetic helium-core WD. 

Figure 3. HACKS colour–colour diagram for the central regions of NGC 

6397. The red triangle shows the position in the CMD of the candidate 
magnetic helium-core WD. 

Figure 4. F 336 W image centred at the candidate magnetic He WD. The 
red circle is 0.5 arcmin in radius and centred at 17:40:37.07, −53:40:08.99 
(J2000, epoch 2015.0). The position is from the HUGS catalogue (Piotto et al. 
2015 ; Nardiello et al. 2018 ). 

a  

o  

c  

h  

w  

o  

K  

o  

m  

s
w  

n
o

 

o  

b  

M  

c  

M  

c  

i  

d  

t
t  

T  

t  

u
o

 

t
o  

o
−  

t  

7  

M  

0  

l  

o  

p  

a
 

i
S
K  

X  

p  

i
p
i
f  

(  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/521/4/5026/7075881 by Am
erican M

useum
 of N

atural H
istory user on 29 M

ay 2023
nd its actual mass is M = f ( M )(1 + q ) 2 sin −3 i . For an exactly edge-on
rbit, if the WD mass is 0.16 M � as given above, the mass of the
ompanion would be 1.5 M �, allowing only a neutron star or black
ole as a possible companion. From the MUSE spectrum (Fig. 5 ),
e measure a radial velocity of ∼250 km s −1 . Given that there was
nly a single measurement from MUSE, it is most likely that the
 wd value for the WD is actually substantially larger than the value
btained during that one measurement. The 18 h period is orders of
agnitude longer than that at which a WD can fill its Roche lobe,

o no measurable ellipsoidal modulations would be expected if this 
ere the orbital period, yielding an additional problem, that there is
ot a clear mechanism for producing photometric modulation on the 
bserved time-scale. 
We arrive at a similar conclusion when we estimate an upper limit

n the mass of the companion based on the reddest photometric
and available, F 814 W . In redder bands, a putative non-degenerate,
S, companion to the He WD would dominate. This is not the

ase, as seen in Fig. 2 (b), where the object remains bluer than the
S in the redder bands. Assuming all the red light comes from the

ompanion, we can get a lower limit for the absolute magnitude
n F 814 W . Assuming an extinction of A F 814 W 

= 0.33 towards the
irection of the cluster (Richer et al. 2008 ), we get a lower limit for
he absolute magnitude of M F 814 W 

= 6.44. This value corresponds 
o a K6 star with a mass of ∼0.7 M � (Pecaut & Mamajek 2013 ).
he mass upper limit from the brightness in the red band is lower

han the lower limit from the mass function, making the companion
nderluminous for its mass and thus probably a second compact 
bject. 
Another possibility is that the orbital period is 1.52 d, twice

he peak found in the periodogram, due to ellipsoidal modulation 
f a stripped star, and implies we have a stripped star, instead
f a WD, that is near Roche lobe filling. A star with colours V 0 

I 0 = 0.29, where V 0 and I 0 are the dereddened magnitudes in
he F 606 W and F 814 W filters, respectively, would have a T eff of
400 K. From this estimate for T e ff , and the absolute magnitude,
 F 814 W 

= 6.44, calculated abo v e, we can estimate a radius R =
.13 R �. Using the well-known density–period relation for a Roche
obe filling star ( ̄ρmean ≈ 0 . 185 g cm 

−3 P orb ), this would imply a mass
f 2 × 10 −4 M �, a mass comparable to a planet. This rules out the
ossibility that the periodicity is due to the ellipsoidal modulation of
 stripped star. 

Many He WDs are found in binary systems as companions to NSs,
n either ultra-compact X-ray binaries (e.g. Nelemans, Jonker & 

teeghs 2006 ) or detached millisecond pulsar binaries (e.g. van 
 erkwijk et al. 2010 ; Ri v era-Sando val et al. 2015 ). An ultra-compact
-ray binary can be immediately ruled out from the suggested orbital
eriod, which is far too long to permit Roche lobe o v erflow ( < 1 h
n ultra-compact X-ray binaries). He WDs in detached millisecond 
ulsar binaries can show sinusoidal optical modulations, due to 
llumination of the companion by gamma-rays and/or pulsar winds 
rom the pulsar, as in the millisecond pulsar (MSP) 47 Tuc U
Edmonds et al. 2001 ). The lack of detected radio emission does not
MNRAS 521, 5026–5032 (2023) 
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Figure 5. Observed MUSE spectrum for the candidate magnetic He WD. The spectrum clearly shows the H α line in absorption. The insets to the upper right, 
and lower left, show the best fit to the H α and H β absorption lines, respectively. The centroids of both lines are blueshifted, sho wing e vidence that the WD is 
part of a binary system. 

Figur e 6. Lomb–Scar gle periodogram for the candidate magnetic helium- 
core WD. The periodogram shows an isolated peak at 18.4 h or 0.769 d. The 
false-alarm probability of the peak is calculated to be 1.4 × 10 −8 using the 
method described in Baluev ( 2008 ). 
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Figure 7. Light curve ( F 336 W filter) of the candidate magnetic helium-core 
WD folded at a period of 18.4 h or 0.769 d. 
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et constrain the MSP hypothesis, as radio continuum observations
Tudor et al. 2022 ) do not approach the faintest MSPs yet known
Wang et al. 2021 ). 5 Ho we ver, the lack of X-ray emission from this
bject indicates that an MSP nature is unlikely. Bogdanov et al.
 2010 ) placed an X-ray upper limit of L X (0.5–6 keV) = 10 29 erg s −1 

consistent with Bahramian et al. 2020 ). Lee et al. ( 2018 ) and Zhao &
einke ( 2022 ) identify no MSPs (among 47 field MSPs and 68 GC
NRAS 521, 5026–5032 (2023) 

 Another faint MSP was recently detected in NGC 6397 by Zhang et al. 
 2022 ). 

 

c  

a  

n

SPs, respectively) with L X (0.5–6 keV) < 10 29 erg s −1 ; the least X-
ay luminous MSPs identified are PSR J0636 + 5129 [ L X (0.2–2 keV)
 1.3 × 10 29 erg s −1 ; Spiewak et al. 2016 ], PSR B1257 + 12 [ L X (0.3–
 keV) = 3 × 10 29 erg s −1 ; P avlo v et al. 2007 ], and PSR J0645 + 5158
 L X < 3 × 10 29 erg s −1 ; Spiewak et al. 2016 ). This object would thus
e the least X-ray luminous MSP yet kno wn. Additionally, gi ven the
ide separation, the companion star would be occupying a small solid

ngle from the point of view of the putative neutron star, meaning
hat it would be hard to obtain a 10 per cent flux modulation of the
tar via the heating from the faint, distant pulsar. 

All this leads us to conclude that the modulation we see in the light
urve is probably not due to the orbital period. Future spectroscopic
nd photometric follow-up can determine the orbital period and the
ature of the binary companion of this system. 
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Magnetic He WD in NGC 6397 5031 

Figure 8. Dereddened CMD of stars from the HACKS catalogue of NGC 

6397. The black small circles represent stars in the clusters, and the black 
triangle indicates the position of the candidate magnetic helium-core WD. 
The solid blue and purple lines represent the theoretical cooling sequence 
from Althaus et al. ( 2009 ) for WDs of masses M wd = 0.22 and 0.52 M �, 
respectively. The coloured circles are the theoretical evolutionary tracks from 

Althaus et al. ( 2013 ) for WDs with M wd < 0.21 M �. The candidate magnetic 
He WD (black triangle) lies near the tracks predicted for a 0.16 M � He WD, 
0.24 R � radius, an age of 0.11 Gyr, an ef fecti ve temperature of 7586 K, and 
a surface gravity of log g = 4.9. 
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.3 A candidate magnetic He WD 

nother possibility we consider is that the periodic modulation is 
ue to the magnetism of the WD. WDs with a high enough magnetic
eld ( > 10 4 G) can show modulation in the light curve of the order of
 0.1 mag due to surface magnetic spots in the WD, via the process of
agnetic dichroism (Landi Degl’Innocenti 1976 ). We argue that this 

s what might be happening in this system and interpret the periodicity 
n the light curve as a periodic modulation due to a magnetic spot on
 rotating He WD. 

If the periodicity is due to the rotation of a magnetic WD, we
an estimate the initial rotational period of the system. Assuming 
hat magnetic dipole radiation is solely responsible for the spin- 
own of the system, the evolution of the system can be written
s �̇ = −K�3 , where � and �̇ are the angular velocity and its
eri v ati ve, respecti vely, and K is a proportionality constant. For a
on-varying dipole magnetic field, the age ( t ) can be inferred from

he abo v e equation to be t = τ
[ 
1 − (

P 0 
P 

)2 
] 
, where τ ≡ P 

2 ̇P 
, and τ

s the characteristic age, P 0 is the initial spin period, P is the spin
eriod, and Ṗ is the period deri v ati ve. In cgs units, assuming that
he radiation luminosity is equal to the rotational energy loss rate, 
he period evolution can be written as Ṗ = 

8 π2 

3 
B 2 ×R 6 

c 3 IP 
sin 2 α, where α

s the unknown inclination angle between the rotation and magnetic 
xes, R is the radius of the WD, B is the magnitude of the magnetic
eld, and I is the moment of inertia. 
Magnetic fields of isolated WDs are observed to lie in the range

f 10 3 –10 9 G (Ferrario, de Martino & G ̈ansicke 2015 ), while
rinkworth et al. ( 2013 ) show that there are often measurable
odulations due to spots in WDs with magnetic fields as low as

0 5 G. For a 10 9 G magnetic field, assuming an angle of 90 ◦

etween the rotation and magnetic axes, the characteristic time-scale 
ould be 0.000 25 Gyr (i.e. 250 kyr). This is much shorter than the

stimated cooling age for the WD (0.11 Gyr), obtained by comparing 
o theoretical models. This suggests that the magnetic field is weaker 
o get a shorter Ṗ . We can get an upper limit on the magnetic field of
he He WD, assuming that the He WD started its life spinning very
apidly. To get a characteristic age of 0.11 Gyr, the magnetic field
annot be larger than 3.4 × 10 7 G. This gives an estimated range for
he magnetic field of this system of B ∼ 10 4 to 3.4 × 10 7 G, with the
ower end of the range possible only if the WD was initially rotating
uch slower than its break-up velocity. 
For this range of B field, the linear or quadratic Zeeman effect

ould dominate the spectrum depending on the value of the B field.
or values below B < 10 × 10 6 G, the linear Zeeman effect produces
 triplet pattern, and abo v e B > 10 × 10 6 G, the quadratic Zeeman
ffect dominates and causes a blueshift in the wavelength of all lines
n the spectra that varies as ∝ λ2 n 4 and can be approximated by �λq =

7.5 × 10 −23 λ2 n 4 B 

2 (Jenkins & Segr ̀e 1939 ; Preston 1970 ). For H α

 n = 3) and H β ( n = 4), for a B = 5 × 10 6 G the shifts correspond
o −296 and −696 km s −1 , respectively. We do not see such a strong
ifference between H α and H β, suggesting that the shifts are due
o orbital variations and not due to the Zeeman effect. The small,
tatistically marginal discrepancy between the wavelengths for the 
wo lines provides intriguing, but non-conclusive evidence that the 
uadratic Zeeman effect may be responsible for the differences, but 
etter data would be required to make that measurement clearly and
onvincingly. 

 C O N C L U S I O N  

e report a variable blue star in the GC NGC 6397. The position
n the CMDs and the spectrum is consistent with the star being
n He WD in a binary system. The optical/near-UV light curve
hows a periodicity at ∼18 h. We speculate that this periodicity is
ue to the rotation of the WD and possibly due to magnetic spots
n the surface of the WD. This w ould mak e this object the first
andidate magnetic He WD in any GC, the first candidate magnetic
D in a detached binary system in any GC, and one of the few
e WDs with a known rotation period. We propose that the large

adial velocity is due to the WD being in a binary system with
nother compact object. Future observation of higher resolution 
ptical or infrared spectra to see the Zeeman splitting could confirm
he magnetic nature of this system, and follow-up photometry or 
hase-resolved spectroscopy could determine the orbital period for 
his system and help identify the companion for this magnetic He WD
andidate. 
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