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Table 1. CHANDRA HETGS AND LETGS X-RAY OBSERVATIONS

Obsid Start Date Start Time MJD Exposure Count rate Grating

[UT] [UT] [d] [ks] cts s�1

104 Sep 16 2000 14:57:01 51803.62 39.5 2.41 HETGS

3504 Jun 03 2003 02:30:01 52793.10 94.8 1.68 HETGS

11058 Jan 14 2010 11:53:01 55210.50 76.9 6.80 HETGS

16686 Jul 08 2014 15:47:48 56846.66 23.0 3.21 LETGS

15765 Jul 11 2014 01:05:13 56849.05 59.4 3.66 LETGS

16637 Jul 13 2014 19:09:00 56850.80 49.5 3.65 LETGS

17448 Jun 11 2016 03:26:40 57550.13 48.9 4.86 HETGS

19782 Dec 31 2017 21:03:24 58118.88 19.9 4.24 HETGS

20909 Jan 03 2018 18:12:05 58121.76 25.1 4.80 HETGS

21686 Dec 28 2018 16:06:41 58489.67 45.9 3.95 HETGS

24768 Nov 12 2021 20:54:18 59530.87 17.1 3.48 HETGS

26204 Nov 13 2021 07:14:56 59531.30 17.1 3.40 HETGS

24700 Jan 05 2022 21:50:43 59584.91 11.8 2.88 HETGS

26250 Jan 06 2022 06:23:35 59585.27 12.7 3.00 HETGS

The spectral analysis was performed using the latest135

version of ISIS3 (Houck & Denicola 2000) with im-136

ported Xspec.v12 functions for spectral modeling. Un-137

certainties are 90% confidence limits calculated using the138

multi-parameter grid search utility conf loop in ISIS.139

3. LIGHT CURVES, RATES AND X-RAY FLUX140

Figure 1 shows the light curves of all nine HETGS ob-141

servations taken since the 2008 torque reversal. In order142

to optimize the comparative power of comparing obser-143

vations with significantly di↵erent exposures, we limited144

the time scale of each panel to 50 ks as most observa-145

tions taken after torque reversal were much shorter than146

obsid 11058 which was already described in Schulz et al.147

(2019). The top panel shows most of the light curve148

shown there, which includes intense flaring and the 31.5149

quasi-periodicity. The next panel (obsid 17748) was ob-150

served six years later and still shows the flaring and the151

periodicity. While the observation in 2017 (obsid 19782)152

still shows the intense flaring, the ones year later (ob-153

sids 20909 and 21686) have significantly quieted down154

with obsid 21686 still showing some reduced activity,155

obsid 20909 more or less quiescence. All observations156

after 2018 appear to be not only lower in flux but also157

completely quiet. This shows that the intense flaring158

activity lasted for about 7 to 8 years after torque rever-159

3 see http://space.mit.edu/ASC/ISIS

sal and in terms of activity has returned to pre-torque160

reversal quiescence.161

It should be noted though that the rates in these qui-162

escent phases are still significantly higher than they were163

after the 1990 torque reversal. The first HETG obser-164

vation obsid 104 was performed about 10.5 years after165

the torque reversal event but the count rate of 2.4 cts/s166

was already far below the 3 cts/s we recorded 14 years167

after the 2008 torque reversal. The e↵ect is even larger168

when the e↵ect of focal plane contamination is included,169

which should have further eroded the rates after the 2008170

torque reversal.171

It is thus more appropriate to look at the evolution of172

the actual source flux as shown in Table 2. It appears173

the source flux remained quite steady for about 2200174

days, maybe it even increased slightly. After that it175

shows a quite similar downward trend as it appeared176

before torque reversal. The flux levels confirm what the177

rates showed that the source is still at a much higher178

flux level than it was at the same time after the 1990179

torque reversal.180

4. SPECTRAL ANALYSIS181

Figure 2 shows the integrated photon spectrum of all182

HETG observations listed in Table 2. The LETG ob-183

servations were not included. There are several items184

we can identify, most of them were already described185

in Schulz et al. (2019) and Hemphill et al. (2021). The186

top panel shows the medium to soft energy band. Most187

prominent are the N X, Ne IX, as well as O VIII and O188
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appeared inside the disk co-rotation radius naturally ex-70

plaining the change from spin-down to spin-up episodes.71

Hemphill et al. (2021) presented an analysis of Chan-72

dra/LETGS observations of 4U 1626–67 continuation of73

analyzing the Chandra gratings data after torque rever-74

sal. Here the analysis also focused on the extremely-75

low- mass, hydrogen-depleted donor star which provides76

a unique opportunity to study the properties and struc-77

ture of metal-rich accretion plasma. They report on78

strong, double-peaked emission features of O VII–VIII79

and Ne IX–X and no other identified emission lines were80

detected. This by itself is a telling result as the missing81

carbon print limits the lower temperature component82

of the hated plasma. From line-profile fitting the incli-83

nation of the system was constrained to 25–60° and an84

inner disk radius to 1500 gravitational radii consistent85

with the previous HETG study (Schulz et al. 2019). It86

allowed to constrain the donor mass to 0.026 Msun and87

confirm previous reports of a high neon abundance, es-88

tablishing a Ne/O ratio in the system of 0.47 ± 0.04,89

while simultaneously estimating a very low Fe/O ratio90

of 0.0042 ± 0.0008 and limiting the Mg/O ratio to less91

than 1.92

In this paper we present and analysis of a series of93

HETG observations taken over more than a decade after94

the 2008 torque reversal event. The main goal of these95

observations was to look for variability in the hot plasma96

properties as well as defining properties of the disk line97

shape. However, there were also other spectral features98

that needed tracking, naming a narrow Fe K line fea-99

ture (Koliopanos & Gilfanov 2016; Schulz et al. 2019),100

a highly ionized Fe XXV line (Iwakiri et al. 2019), and101

an unidentified line feature near 16 Å (Hemphill et al.102

2021).103

2. OBSERVATIONS AND DATA REDUCTION104

In this paper we look at all Chandra HETG and LETG105

observations that have been performed since the launch106

of the observatory in 1999. These are listed in Table 2.107

Exposures vary between 12 ks and 95 ks with single ex-108

posures getting shorter with observatory time due to109

more stringent scheduling constraints. The total ex-110

posure to date is 554 ks. Summed count rates in the111

HETG first orders range from 1.7 cts s�1 at the low-112

est data point before the torque reversal in 2008 to 6.8113

cts s�1 shortly after torque reversal. The source has114

dimmed since then by about 50%. At source fluxes of115

a few time 10�10 erg cm�2 s�1 we expect the zero or-116

der to be highly piled up and the 1st order with some117

minor pileup at full frame exposures. All HETG ob-118

servations thus had a 512 row sub-array applied, which119

reduced the CCD frame time by half. The HETG 1st120
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Figure 1. Light curves of all involved OBSIDs. The data are

binned by 10 second bins.

order spectra were generally put on an MEG grid (0.021121

Åresolution) and all 1st orders were co-added. For the122

data taken before 2016 in most instances we applied the123

published results from previous analyses (Schulz et al.124

2019; Hemphill et al. 2021).125

All observations were processed using CIAO4.9 (Frus-126

cione et al. 2006) with the most recent CALDB products127

and the on-line transmission grating catalog (TGCAT1
128

(Huenemoerder et al. 2011)) processing procedures. The129

zero-order point spread function (psf) is heavily piled up130

in most observations and an improved zero-order posi-131

tion was determined using findzo.sl which uses the in-132

tersection of the psf read-out streak and the HETG dis-133

persion tracks 2.134

1 see http://tgcat.mit.edu/
2 see also http://asc.harvard.edu/ciao/threads/
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Table 2. C0NTINUUUM FIT PARAMETERS

Year NH Apl AGamma Rbb kTbb fx chi2

(1) (2) (3) keV i(4)

2000 1.30 ± 0.14 1.21 ± 0.01 0.870 ± 0.010 405.0 487.0
335.0, 0.230 ± 0.010 2.200 0.940

2003 1.21 ± 0.15 0.82 ± 0.01 0.790 ± 0.010 465.0 536.0
381.0, 0.210 ± 0.010 1.700 1.050

2010 1.25 ± 0.05 3.82 ± 0.02 1.180 ± 0.010 90.0 94.0
86.0, 0.480 ± 0.010 4.600 1.250

2014 1.53 ± 0.12 3.80 ± 0.40 1.180 ± 0.060 114.0 175.0
95.0 , 0.520 ± 0.030 5.200 1.110

2016 1.71 ± 0.34 2.94 ± 0.27 1.060 ± 0.060 146.0 171.0
127.0, 0.420 ± 0.020 4.300 1.170

2017/18 1.26 ± 0.44 3.07 ± 0.31 1.110 ± 0.060 162.0 200.0
137.0, 0.410 ± 0.020 4.200 1.220

2018 1.08 ± 0.47 2.34 ± 0.27 1.010 ± 0.070 147.0 175.0
126.0, 0.430 ± 0.020 3.800 1.090

2021/22 1.11 ± 0.53 2.54 ± 0.27 1.155 ± 0.065 135.4 165.5
113.5, 0.420 ± 0.022 3.335 1.109

(1) 1022 cm�2; (2) 10�2 photons cm�2 s�1; (3) R2/D2
10kpc; (4) erg cm�2 s�1; 2017/18 = co-added obsids 19782 and 20909; 2014

= co-added obsids 15785, 16636 and 16637 (LETG); 2021/22 = co-added obsids 24700, 24768, 26204, 26250;

Table 3. APED HIGH TEMPERATURE FIT PARAMETERS

APED parameter units 2010 2014 2016 2017/18 2018 2021/22

Te MK 10.2(0.8) 13.4(0.8) 9.8(1.7) 9.3(2.0) 9.4(1.9) 10.5(2.9)

norm 10�2 cm�5 0.91(0.15) 0.44(0.05) 0.60(0.21) 0.54(0.17) 0.37(0.14) 0.31(0.16)

We detected three di↵erent H-like disk lines in the in-310

tegrated data, O VIII, Ne X and Mg XII. The latter311

is very weak in the individual observations, it can be312

clearly seen in the integrated data from 2010 to 2022.313

O VIII is also not detected in data beyond 2016, after314

which the line becomes suppressed due to increasing con-315

tamination in the Chandra focal plane. Figure ?? shows316

the integrated data and line fits for the three lines. Ta-317

ble 3 shows the relevant fit parameters for all the lines318

and some combinations of close observations with re-319

spect to time. Overall parameters are consistent within320

observations of di↵erent H-like line species.321

4.3.1. The Ne X Diskline322

Ne X is the brightest line and not significantly a↵ected323

by focal plane contamination. For this line we could per-324

form more detailed time monitoring. Figure 5 shows the325

development of the disk line parameters over the last 22326

years. The x-axis shows time in units of days from the327

torque reversal event. Positive days mark the develop-328

ment after, negative days before torque reversal. The329

top panel shows the progression of the line flux. While330

there does not seem to be much change in the first 2500331

days, the line flux steadily drops with time. This is not332

unlike the observed behavior of the total continuum flux333

reinforcing the notion that normal incidence radiation is334

causing the hot plasma. The q parameter appears to re-335

main close to the -3.6 value within uncertainties. The336

bulk of the values are between -3.2 and -3.8, the 90%337

uncertainties allow for values as high as -2, there is no338

obvious trend with time other than that this parameter339

shows no change. The width of the lines places the bulk340

of the emission within ± 4000 km s�1. Such velocities341

are expected close to the innermost disk radius (Schulz342

et al. 2019) and contain the emissions to a small volume343

in the inner disk at all time.344

The change in inner disk radius rin right before to345

after the torque reversal has been reported by Schulz346

et al. (2019). The monitoring shows that until after347

day 2000 this value appears to remain constant within348

the 90% uncertainty limits. However, after day 3000,349

values show a trend of moving towards the co-rotation350

radius. The outer disk radius rout is less constrained351

in the fit and has larger uncertainties. Within these it352

also appears be constant, however again with a trend to353

larger values as observed before torque reversal.354

4.3.2. The O VIII Disk line355

The O VIII disk line is as strong the Ne X disk line,356

however it cannot be used much for long term monitor-357

ing during these Chandra observation cycles because of358

focal plane contamination. O VIII emissions were not359
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Figure 3. Continuum parameters over a time span of about 20 years..

a↵ecting the normalization. The problem lies in the fact265

that in the observations after 2010 O VII and for most O266

VIII were hardly detected and a direct determination of267

the low temperature component becomes problematic.268

Thus we do not direct directly fit the low temperature269

contribution but fix them to the parameters from the270

2010 analysis (Schulz et al. 2019).271

To proceed we also pre-determined the abundance pa-272

rameter for magnesium. For that we determined the273

continuum of the co-added spectrum from all HETG274

observations after 2008 as described in Sect. 4.1. We275

then added the APED contributions with only the power276

law parameters, the APED high temperature compo-277

nent and the APED magnesium abundance as free pa-278

rameters. After the fit the result hardly di↵ered from the279

2010 result but it determined a magnesium abundance280

contribution of 0.5±0.1 to the total spectrum. We re-281

peated that procedure for the individual observation pe-282

riods using the continua from Table 4.1 and a fixed mag-283

nesium abundance. Table 4.2 shows the fitted APED284

parameters of the high temperature plasma component.285

It shows the red and blue averaged temperature and286

normalization parameters. The HETG temperatures do287

not appear to change within the 90% uncertainties. The288

average normalization, though, shows a downtrend from289

9.1±1.3⇥10�3 in 2010 to 3.1±1.6⇥10�3 in 2022.290

4.3. Diskline Analysis291

For the disk line analysis we again utilize the model292

used in Schulz et al. (2019) and Hemphill et al. (2021).293

It is based on the diskline model for line emission from294

a Keplerian accretion disk (Fabian et al. 1989) and is295

implemented in XSPEC. The model parameters include296

the line rest wavelength, the disk inclination angle (i),297

the inner and outer disk radii (rin and rout) for the line298

emitting regions, and a line emissivity index (q). The299

line function was created to study relativistic line emis-300

sion, but it can also be used for radii where rin and rout301

cover a non-relativistic regime. Schulz et al. (2019) find302

a value of 38 degrees for the disk inclination and we fix303

the inclination angle to this value throughout this study.304

In the disk line monitoring we primarily focus on the q,305

rin and rout parameters. For the underlying continuum306

of the disk line we use the fitted broadband continuum307

for each observations (see Sect 4.1), however in a narrow308

region around the line.309

2003	

2010	
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Figure 2. The co-added HETG spectra from 2010 to early 2022.

VII disk lines as expected. New are the Mg XII line, an189

Fe L line complex and the Fe XXV line. It should be190

noted again that there are no discrete line detection be-191

tween 2 and 8 Å. In the following we provide a detailed192

analysis of all spectral components involved,193

4.1. Spectral Continuum194

As done in previous we modeled the spectral contin-195

uum by omitting the broad line regions for Ne X, Ne196

IV, O VII, and O VIII. To be consistent we analyzed all197

observations as shown in Table 1 except for the LETGS198

observation. Here we relied on the result presented in199

Hemphill et al. (2021). The spectral model consists of200

a hard power law component plus a soft blackbody and201

interstellar absorption. For the latter we used the tbabs202

model as now available in XSPEC and which includes203

the high resolution structure of the O K, Fe L and Ne K204

edges as had been measured with the Chandra HETGS205

instrument (Juett et al. 2004, 2006).206

Table 2 and Figure 4.1 show the development of all207

the model fit parameters over the last 22 years. The fig-208

ure also marks the time of the 2008 torque reversal. It209

shows the dramatic change in the continuum and source210

flux before and after torque reversal. While the source211

flux remained quite steady for about 2000 days after212

torque reversal, it is now on a similar downward trend213

as it was before torque reversal. As expected the overall214

column density before and after torque reversal is con-215

sistent with no change. The uptick between the 2000216

and 3000 day mark is statistically still consistent with217

the overall trend. The power law normalization basi-218

cally follows the trend observed in the overall source219

flux. The black body normalization not so much as it is220

constantly high before and constantly low after torque221

reversal. The power law index as well as the blackbody222

temperature do not seem to change before and after223

torque reversal but are significantly di↵erent before and224

after. The index before reversal is around 0.8, after its225

is around 1.2, even though the small uncertainties in the226

values before reversal might indicate a downward trend.227

Such is trend is not observed after reversal. The black-228

body temperatures are low at 0.22 keV before and high229

at 0.45 keV after reversal. The latter also might include230

a downward trend from about 0.50 keV to 0.42 keV over231

a characteristic timescale of about 2000 days, but even232

though it appears systematic, it is not supported by the233

actual uncertainties.234

4.2. Collisional Plasma Analysis235

One of the main results of the analysis in Schulz et al.236

(2019) was that the line radiating plasma had to be col-237

lisionally ionized. In this section we repeat this analysis238

for all the monitoring observations. As we did in the239

continuum analysis we paired some of the observations240

that were done within close time periods which leaves six241

statistically viable observation periods after torque re-242

versal. For the LETG observation we do not refit those243

but rely on the published result (Hemphill et al. 2021).244

However, as can be seen in Fig. 2 (top panel), the spec-245

trum which results from co-adding all observations after246

the 2008 torque reversal shows that we now also can de-247

tect a Mg XII line indicating the presence of magnesium.248

For that we will refit the 2010 observation from Schulz249

et al. (2019) with the di↵erence of including magnesium.,250

We apply the same five-component collisional model251

consisting of two temperatures and two line wings (blue252

and red) plus one un-shifted component. In the previ-253

ous studies it has been pointed out that a single plasma254

electron temperature could fit most of the lines except255

OVII. Specifically the latter is hardly observed any more256

due to progressing focal plane ACIS filter contamina-257

tion. However we decided to stick with the two tempera-258

ture approach for two reasons. Fig. 11 in Hemphill et al.259

(2021) shows that there are likely very small but still260

non-zero ion fractions of the low temperature compo-261

nent for the emissions from neon and magnesium. More262

importantly the low temperature component also con-263

tributes to the bremsstrahlungs continuum correction264

Integrated	396	ks	spectrum	
(year	2010	or	later):	
	
•  O	VII,	O	VIII		disklines	
•  Ne	IX,	Ne	X	disklines		
•  Mg	XII	diskline	
•  Fe	XXV	diskline	
•  Fe	L	fluorescence	
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Figure 4. Disk lines over a span of about 12 years after torque reversal. Mg XII, Ne X and O VIII lines are are present at all times, the

Mg XII line during the 2021-2022 observations is weak but remains present.

recorded after 2017. However the line fit produced a q360

parameter of -3.9 and very similar rin and rout values361

manifesting that the emission emanate from the same362

volume as Ne X.363

4.3.3. The Mg XII Diskline364

This disk line has not been observed before and it is365

a factor 3 weaker than Ne X and O VIII. It is too weak366

to be detected in single observation pieces and it has367

not been reported in Schulz et al. (2019) and Hemphill368

et al. (2021). In the 2010 observation it appears at a 1 �369

level. The line is significantly detected during the 2010370

- 2018 observations, but only appears significant in the371

integrated data. Flux dropped in the 2021/2022 data372

and the combined exposure was only about 60 ks, but373

the line is detected barely at a < 3� level. Figure 4 (left374

panels) shows the relative strength of the line signals375

with respect to the continuum. The velocity width of376

the Mg XII line is similar to the Ne X and O VIII lines377

indicating a similar origin.378

4.3.4. The Fe XXV Line379

We also detect excess line emission at the location380

where we expect Fe XXV emissions. The limited reso-381

lution as well as statistical limitations does not allow us382

to model the line triplet with the disk line model but383

simply detect the emissions. The line was detected with384

a centroid of 6.839 Å (1.813 keV) and a flux of 1.1±0.2385

photons cm�2 s�1. The available band pass at the high386

energy end is restricted to 1.7 Åwhich does not allow us387

to study possible Fe XXVI line emissions as well.388

4.4. The 16Å Feature389
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Figure 5. Ne X disk line parameters over a time span of 20

years.
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Some	results	from	the	line	fits:	
	
!	Besides	the	disklines	we	do	not	see	
					any	RRCs	in	the	spectrum	
	
!  Line	ratios	match	up	more	with	a	
					collisional	rather	than	photo-ionized	
					spectra		
	
!	The	diskline	fit	pins	the	bulk	of	the	
						emissions	tightly	to	the	innermost	
						parts	of	the		disk	
	
	Line	emission	is	collisional	in	nature	
-		
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Figure 6. Fe L region featuring broad Fe L fluorescence emission and Fe L II and III edge absorption.

ishima et al. 1988; Chakrabarty et al. 1995; Murray457

et al. 1999), as well as high-mass X-ray binaries such as458

Vela X-1 (Nagase 1989), OAO 1657-416 (Bildsten et al.459

1997; Barnstedt et al. 2008; Jenke et al. 2012) and 4U460

1907+09 (Fritz et al. 2006). The standard magnetic ac-461

cretion theory by Ghosh & Lamb (1979) describes such462

an e↵ect where large mass accretion rates push the mag-463

netospheric boundary towards smaller radii. The obser-464

vational problem always was how to track the inner disk465

versus the magnetic boundary and vice versa in the X-466

ray emissions. The disk line dynamics as observed in467

4U 1626-67 (Schulz et al. 2019) directly revealed this468

process for the first time.469

A monitoring campaign that followed the 2010 ob-470

servations until early 2022 observed 4U1626-67 about a471

dozen times with the Chandra HETG and LETG high472

resolution spectrometers. The central issue of the cam-473

paign was to identify changes in the disk line parameters474

as the source approaches the next torque reversal. The475

broad Keplerian profiles of the disk lines demand that476

the lines arise in the innermost accretion disk Schulz477

et al. (2019). The disk is truncated in the vicinity of478

the pulsars magnetosphere, which puts the truncation479

radius somewhere around a few ⇥108 cm Chakrabarty480

(1998) with a pre-torque reversal inner disk radius be-481

ing about twice the post-torque reversal inner disk ra-482

dius. The Ne X line flux after torque reversal appears483

to tightly follow to the overall X-ray flux evolution,484

i.e. both show a steady decrease after about 6.5 years.485

Whether this delay is real is hard to assess because486

there are subtle systematic uncertainties between mea-487

surements with the HETG and the LETG. Such a grad-488

uate decrease at a nearly constant line to continuum489

flux ratio was also observed before the torque reversal,490

though there we only have three data points, one ob-491

served with ASCA (Angelini et al. 1995) and two with492

the HETG and XMM-Newton (Krauss et al. 2007). A493

more complete history of the continuum flux before 2008494

Hemphill	et	al.	2021	
reported	unidentified	
line	emission	between	
16	A	and	18	A.	
	
! Broad	Fe	L	line	
						fluorescence	
! Absorption	lines	
						match	Fe	L	II	&	III		
						edge	absorption	
	
	
	
" This	can	only	be	the	case	if	the	broad	Fe	L	line	also	has	a	diskline	shape.	
	
	Supports	the	assumption	that	the	inner	disk	is	heavily	fragmented		
	allowing	for	illuminated	hot	parts	and	cool	shadowed	regions	
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Figure 4. Disk lines over a span of about 12 years after torque reversal. Mg XII, Ne X and O VIII lines are are present at all times, the

Mg XII line during the 2021-2022 observations is weak but remains present.

recorded after 2017. However the line fit produced a q360

parameter of -3.9 and very similar rin and rout values361

manifesting that the emission emanate from the same362

volume as Ne X.363

4.3.3. The Mg XII Diskline364

This disk line has not been observed before and it is365

a factor 3 weaker than Ne X and O VIII. It is too weak366

to be detected in single observation pieces and it has367

not been reported in Schulz et al. (2019) and Hemphill368

et al. (2021). In the 2010 observation it appears at a 1 �369

level. The line is significantly detected during the 2010370

- 2018 observations, but only appears significant in the371

integrated data. Flux dropped in the 2021/2022 data372

and the combined exposure was only about 60 ks, but373

the line is detected barely at a < 3� level. Figure 4 (left374

panels) shows the relative strength of the line signals375

with respect to the continuum. The velocity width of376

the Mg XII line is similar to the Ne X and O VIII lines377

indicating a similar origin.378

4.3.4. The Fe XXV Line379

We also detect excess line emission at the location380

where we expect Fe XXV emissions. The limited reso-381

lution as well as statistical limitations does not allow us382

to model the line triplet with the disk line model but383

simply detect the emissions. The line was detected with384

a centroid of 6.839 Å (1.813 keV) and a flux of 1.1±0.2385

photons cm�2 s�1. The available band pass at the high386

energy end is restricted to 1.7 Åwhich does not allow us387

to study possible Fe XXVI line emissions as well.388

4.4. The 16Å Feature389
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Figure 5. Ne X disk line parameters over a time span of 20

years.
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Figure 7. The Ne X disk line parameter rin after the 2008 torque reversal. The blue lines project a non-linear quasi-quadratic evolution

of the inner disk line radius towards the value of the disk co-rotation radius. The thick black line is the resulting window for the projected

next torque reversal event. The dotted vertical line marks the next torque reversal even based on time between the 1990 and 2008 event.

The red lines mark a linear evolution of the inner disk line radius.

was presented by Camero-Arranz et al. (2010) support-495

ing a continuous decline in flux towards torque reversals,496

but also showing that reversals in X-ray flux evolution497

is not exactly tied to torque changes. In that picture498

our monitoring sequence should compare best to what499

happened from 1978 to 1987 in early observations of 4U500

1626-67. The long term light curve presented in Camero-501

Arranz et al. (2010) then predicts that even with a rever-502

sal from spin up to spin down looming in a few years the503

source continuum and line fluxes should decline for the504

next two decades until another change from spin down505

to spin up comes up.506

However, there are several developments in the disk507

line parameters that require some more scrutiny. One508

of the signature results of the Schulz et al. (2019) study509

was that the line emission originates from a collisionally510

ionised plasma heated by normal incidence X-ray illu-511

mination of the innermost part of the accretion disk. In512

the monitoring data we could only fit the high temper-513

ature component of the emitting plasma. That showed514

that there is no change in plasma temperature over time,515

only a reduction in emission measure. Together with516

the trend observed in Fig. 5 of the inner disk radius rin517

slightly increasing this simply points to a continuous ero-518

sion of the inner disk during spin-up. The fact that the519

high plasma temperature is not changing is supported by520

Swiftamd NuStar observations where the Fe XXV line521

was detected at the same flux than in our monitoring522

campaign (Iwakiri et al. 2019).523

The discovery that the mysterious emission feature524

around 16.9 Åas reported by Hemphill et al. (2021) can525

be resolved into a complex of a broad emission line asso-526

ciated with Fe L fluorescence emission and line absorp-527

tion likely associated with Fe L edge absorption becomes528

important. While details about possible scenarios are529

still uncertain, the fact that only a disk line shape of530

the Fe L emission can accommodate Fe L edge contin-531

uum absorption is of interest. It would point towards a532

matter distribution in which a cool neutral plasma co-533

exists with the hot 10 MK collisionally ionized plasma.534

An inner disk origin of Fe K fluorescence has been sug-535

gested before by Koliopanos & Gilfanov (2016) where it536

was predicted that such emission was suppressed during537

spin-down where the pulsar emission involved a pencil538

beam that switched to a fan beam, however that case539

did not address the fact the detected K like did not540

show any dynamic structure. The fact that the cool541

Fe L line shape could be as dynamic as the hot ionized542

line leaves only one one conclusion, which is that matter543

at the inner disk radius has to be heavily fragmented544

and clumped. Such matter structure has been recently545

identified in optically thick hot star winds Torrejón et al.546

(2015) and Wolf Rayet Huenemoerder et al. (2015) stars.547

The evolution of the inner disk radius with time itself548

has some quite interesting consequences. Based on the549

torque reversal history in the last 40 years at appears550

that torque reversals happen every 18 years (Camero-551

Arranz et al. 2010). Unfortunately so far only one rever-552

sal has been observed in each direction, thus to predict553

the next reversal to be in 2026 is uncertain. We can actu-554

ally use the evolution of the inner disk radius to predict555

possible torque reversal events. The baseline argument556

is that as soon as this parameter crosses the co-rotation557

radius, a torque reversal should happen. Based on our558

measurements, Figure 7 suggests possible developments.559

The increase of the inner disk parameter over the last560

12 years appears rather subtle. We distinguish between561

two approaches. The first one assumes that the radius562

increases linear, which is shown as the red hatched lines.563

The lines represent the upper and lower 90% uncertainty564

envelope of the inner radius approaching the co-rotation565

radius. If that would be the case the the next torque re-566
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We	monitored	the	disklines	(Ne	X)	over	
the	last	decade	and	studied	the	relation	
of	the	diskline	parameters	with	observed	
torque		reversal	events.	

Torque	reversal	of	2023	(spin	down	to	spin	up)	
Most	recent	Chandra	HETG	DDT	
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Summary		-	A	quick	history	of	HETG	studies	of	4U	1626-67	
	
1.  Schulz	et	al.	2001,	ApJ,	563,	941	
														The	detection	of	double	peaked	line	emission	establishing	the	Ne	and	O	lines	
														detected	by	ASCA		(Angelini	et	al	1995,	ApJ,	449,	41	)	as	Doppler	lines	
2.  Krauss	et	al.	2007,	ApJ,	660,	605	
														Confirming	the	double	peaked	line	shapes	and		placing	constraints	on	Ne	and	
														O	abundances.	Predicting	that	4U	1626-67	would	enter	quiesence	in	the	next	
														decade.	
3.  Schulz		et	al.	2019,	arXiv191111684S	
														Provided		a	strong	case	that	plasma	is	collisionally		ionized	and	fitted	the	double	
														peaked	lines	with	diskline	functions.	Furthermore	it	was	argued	that	collisional	
														APED	models	work	better	than	photo-ionized	XSTAR	models.	Demonstrated	that	
														the	inner	disk	radius	crosses	the	co-rotation	radius	during	torque	reversal	to		
														to	spin	down.	
4.  Hemphill	et	al.	2021,	ApJ,	920,	142	
													Confirmed	the	collisional	nature	of	the	plasma	emissions.	Discovered	unexplained	
													emissions		between	16	A	and	18	A	in	LETG	data.	
5.  Schulz	et	al.	2023,	ApJ	in	preparation	
													Presents	a	decade	long	monitor	of	continuum	and	diskline	properties,	Attempts	
													to	relate	diskline	properties	to	torque	reversal	events.		Provides	possible	evidence	
													to	enhanced	Fe	L	diskline	emission	and	Fe	L	absorption.	
													Provide	evidence	for	inner	disk	fragmentation.	

Chandra	HiRes		Workshop	2023,	Aug..	3,		Cambridge,	USA	


