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Detection of the white-dwarf spin of the long-orbital period magnetic cataclysmic variable V1082 Sgr
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ABSTRACT21

We report on the discovery of circular polarization modulated with a period of 1.943 ± 0.002 h in22

the cataclysmic variable V1082 Sgr. These findings unambiguously reveal the rotation of a magnetic23

white dwarf and establish its intermediate polar (IP) nature. Along with its extraordinary long orbital24

period (Porb) of 20.8 h, the spin period (Pspin) places this system in an extreme position of the Pspin25

versus Porb distribution. The circular polarization phase diagram has a single peak and an amplitude26

smaller than 1%. These data were used to model the post-shock region of the accretion flow on the27

white-dwarf surface using the CYCLOPS code. We obtained a magnetic field in the white-dwarf pole28

of 11 MG and a magnetospheric radius consistent with the coupling region at around 2 – 3 white-dwarf29

radii. The Pspin/Porb value and the estimated magnetic field momentum suggest that V1082 Sgr could30

be out of spin equilibrium, in a spin-up state, possibly in a stream accretion mode.31

Keywords: Close binary stars (254) — Cataclysmic variable stars (203) — Starlight polarization( 1571)32

— White dwarf stars (1799) — Stellar magnetic fields (1610) — Stellar accretion (1578)33

1. INTRODUCTION34

V1082 Sgr is a cataclysmic variable (CV) with an35

unusually long orbital period, Porb, of 20.82 h and a36

complex photometric variability (Cieslinski et al. 1998;37

Thorstensen et al. 2010; Bernardini et al. 2013; Tov-38

massian et al. 2016). Porb was determined from ra-39

dial velocity modulation of the absorption lines from40

a K-type secondary star (Thorstensen et al. 2010; Tov-41

massian et al. 2016, 2018a). Porb is also detected in42

photometry when the system is in the deep low-state43

(Tovmassian et al. 2018b, using Kepler K2 data). The44

system features strong single-peaked emission lines of45

hydrogen and helium, except when it is in a short-lived46

very low state, when no emission line is detected. In the47

last years, mounting observational evidence points to48

the presence of a magnetic white dwarf (WD). A strong49

He II λ4686 emission line and hard X-ray emission, typ-50

ical of magnetic CVs, have been reported by Cieslinski51

et al. (1998), Thorstensen et al. (2010) and Tueller et al.52

(2010). In this regard, Bernardini et al. (2013) detected53
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a transient modulation with a time-scale of about 2 h54

in the XMM-Newton X-ray light curve. Given its tran-55

sient nature, they discarded its relation with the WD56

spin, and associated it to the mass transfer mechanism.57

Their X-ray spectrum is consistent with a multitemper-58

ature optically thin thermal plasma, often found in mag-59

netic CVs. The object is highly variable in optical, UV,60

and X-ray bands, mostly irregular, showing some un-61

stable periodic or cyclical variations on different time62

scales. A quasi-periodic photometric variability of about63

29 days, probably associated with variations in the ac-64

cretion rate, was detected by Tovmassian et al. (2016,65

2018b).66

There are two main classes of magnetic CVs. Polars67

have WDs that rotate (Pspin) synchronously or near-68

synchronously with Porb and Roche-Lobe filling sec-69

ondary star’s rotation (Cropper 1990), whereas the in-70

termediate polars (IPs) have asynchronous WDs and71

most of them have Pspin/Porb ≈ 0.01 – 0.6 (Patterson72

1994). The IPs evolve to shorter Porb hence its spin-73

orbital period ratio is expected to increase (e.g., Norton74

et al. 2008). Two subtypes of polars are the prepolars75

and Low Accretion Rate Polars (LARPs) (Schwope et al.76

2002, 2009). Both of them are synchronous systems.77

Historically, some objects now understood as prepolars78

were believed to be LARPs. Presently, these two types79

are considered to represent different evolutionary stages80

of a magnetic CV. LARPs are polars that undergo pro-81

longed low-accretion states in temporarily detached sys-82

tems (e.g., Ferrario et al. 2015). On the other hand,83

prepolars are short Porb systems (i.e., Porb < 6 h) in84

which a M type secondary star does not yet fill its Roche85

lobe, but can show some accretion fed by the secondary’s86

wind. Given recent discoveries of detached AR Sco-like87

systems, with magnetic WDs, prepolars can eventually88

evolve into polars (e.g., Schreiber et al. 2021).89

In a seminal work, Tapia (1977) found that the linear90

polarization of AM Her, the polar prototype, varies with91

its Porb. Since then, many other polars showing variable92

linear and/or circular polarization were identified. The93

polarized emission from a magnetic CV is originated by94

cyclotron radiation produced in the so-called post-shock95

region (PSR) and the variable polarization is the re-96

sult of a changing view of the PSR (Stockman 1977).97

Cyclotron emission can also be established from the de-98

tection of cyclotron humps in the spectral continuum99

or spectropolarimetry. Polarization is usually high in100

polars (tens of percent). Some IPs (e.g., Butters et al.101

2009) and prepolars (e.g., Hakala et al. 2022) exhibit102

small values of polarization, which is interpreted as a103

confirmation of magnetic accretion.104

The exact classification of V1082 Sgr has not yet been105

settled. It was initially classified as a symbiotic system106

(Cieslinski et al. 1998), while Thorstensen et al. (2010)107

and Bernardini et al. (2013) argue in favor of a magnetic108

CV interpretation. Tovmassian et al. (2016, 2018b,a)109

consider the classification as a detached system: it would110

be one of the first long-period prepolars, i.e., a prepolar111

with an early-K companion. However, Xu et al. (2019)112

proposed an evolutionary model in which V1082 Sgr is113

an IP with a Roche Lobe filling K-type secondary.114

(Replaced: Until now, there was no detection of polarization115

replaced with: No previous study has detected116

polarization) in V1082 Sgr that would be an unques-117

tionable evidence of a magnetic WD in the system and118

useful to disentangle its classification. Here(Added: ,)119

we report on the results of circular photo-polarimetry120

of V1082 Sgr. We detected circular polarization in this121

system modulated with a period of 1.943 h(Added:122

,) which we interpret as the spin period, Pspin, of the123

WD, characterizing it as a long-period IP. (Replaced:124

We describe the observations and the corresponding data reduction in Section 2.125

replaced with: Section 2 describes the observations126

and data reduction.) The results and the data anal-127

ysis are shown in Section 3. Section 4 presents the mod-128

eling (Added: of) the cyclotron emission of V1082 Sgr.129

The discussion and conclusions are presented in Sec-130

tion 5 and Section 6, respectively.131

2. OBSERVATION AND DATA REDUCTION132

V1082 Sgr was observed in 10 nights spread over Au-133

gust and September 2020 using the 0.6 m Boller and134

Chivens (B&C) telescope of the Observatório do Pico135

dos Dias (OPD) operated by the Laboratório Nacional136

de Astrofísica (LNA), Brazil. Table 1 presents a sum-137

mary of these observations. The polarimeter IAGPOL138

(Magalhães et al. 1996; Rodrigues et al. 1998) was con-139

figured with a quarter-wave retarder plate and a Savart140

plate. The observations were carried out using the CCD141

Ixon 4335, which has a pixel size of 13.5 × 13.5 µm.142

The plate scale is 0.34”/pixel in the above instrumental143

setup.144

All datasets were obtained in white light (i.e. no fil-145

ters were used) in order to maximize the count rates.146

As pointed out by Bruch (2017), an estimate of the147

effective wavelength of the white light bandpass is148

5530 Å, which is close to (Added: the) effective wave-149

length of the Johnson V band (5500 Å). We there-150

fore calibrate the V1082 Sgr magnitude using the star151

NOMAD 0692-0848091 (α2000.0= 19h:07m:17.17s and152

δ2000.0 = -20◦:47′ :33.02”), which has 13.9 mag in V band153
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(Zacharias et al. 2005). V1082 Sgr has an average V154

magnitude of 14.7 mag in NOMAD catalog.155

The data reduction was performed using bias frames156

and dome calibration flat-field images to account for the157

detector(Added: ’s) zero noise level and sensitivity.158

We also used polarized and unpolarized standard stars159

measurements to correct the linear polarization angle to160

the equatorial reference system and to verify the pres-161

ence of spurious instrumental polarization. All proce-162

dures used the IRAF1 and the PCCDPACK_INPE2163

(Pereyra et al. 2018; Pereyra 2000) packages. Ta-164

bles A1 and A2 show the (Deleted: values of) lin-165

ear and circular polarization (Added: values) of166

six standard stars from the southern hemisphere, ob-167

served on the same nights as V1082 Sgr. (Replaced:168

Based on those values, we replaced with: We) con-169

firmed that the instrumental circular polarization is neg-170

ligible (Added: based on those values). The polar-171

ization was calculated from (Deleted: the ratio of)172

the ordinary and extraordinary ray fluxes (Added: ra-173

tio) as described in Rodrigues et al. (1998). A correction174

for different efficiencies from ordinary and extraordinary175

counts was applied using a normalization factor as de-176

scribed by Lima et al. (2021). Each circular polarization177

point is calculated using differential flux measurements178

of a moving set of 8 images gradually displaced across179

the time series. The circular polarization signal is not180

calibrated, i.e., the real signal of the circular polariza-181

tion can be the inverse of the (Added: one) presented182

here.183

3. RESULTS AND DATA ANALYSIS184

3.1. Photometry185

The light curve of V1082 Sgr is shown in the upper186

panel of Figure 1. The system shows an average magni-187

tude of 14.1 mag in the clear band calibrated to V band188

as explained in the previous section. Table 1 shows the189

average magnitudes for each night. The photometric190

behavior of the system changed after the gap: the sys-191

tem shows a rapid brightness decline, then the system192

reaches its maximum flux in our observations, and then193

1 IRAF (Image Reduction and Analysis Facility) is distributed by
the National Optical Astronomy(Added: ,) which (Replaced:
are replaced with: is) operated by the Association of Universities
for Research in Astronomy, Inc., under (Added: a) cooperative
agreement with the National Science Foundation (Tody 1986,
1993).

2 PCCDPACK_INPE can be downloaded from https://github.
com/claudiavr/pccdpack_inpe/

it evolves in a steady decline in the last nights (see Fig-194

ure 1).195

Our photometric data show no definite periods. The196

precise Porb of the system (20.82 h) was determined from197

the spectroscopy (Thorstensen et al. 2010; Tovmassian198

et al. 2018a). Porb was also detected in the photometric199

time series obtained by K2 mission (Tovmassian et al.200

2018b), but only at a very low luminosity state dur-201

ing small fractions of the time. In the same 80 days202

long continuous monitoring of the system brightness by203

K2, there was no clear Pspin signal. Tovmassian et al.204

(2018b) noted a relatively significant peak at 11.2 cy-205

cles/day in the power spectrum, proposing it might be206

the optical counterpart of the frequency detected by207

Bernardini et al. (2013).208

3.2. Polarimetry209

The polarimetric observations of V1082 Sgr were ob-210

tained over ten nights, which were divided into two211

blocks – Block A (first six nights) and Block B (last212

four nights) – separated by a gap of two nights. The213

small angular distance to the moon during observations214

in Block B caused the background to be higher, there-215

fore Block A data have higher quality than Block B.216

Our polarimetry is shown in the lower panel of Fig-217

ure 1. The circular polarization degree measurements218

of V1082 Sgr are clearly variable in the range from -219

0.5% to 1.5%, but the individual points have larger220

errors. To search for periodicities, we calculated the221

power spectra of the circular polarization data using222

the Lomb-Scargle (LS) (Lomb 1976; Scargle 1982) proce-223

dure, which was performed for the entire data set as well224

as separately for Blocks A and B (Figure 2). The power225

spectrum of Block A data shows a dominant peak at a226

frequency of 12.352 cycles d−1, or a period of 0.081 d.227

We interpret this as the spin frequency of the WD in228

V1082 Sgr. In the case of Block B, there is a series229

of 1-day aliases peaks around ∼13 cycles d−1 (in both230

blocks(Added: ,) data were obtained nightly), consis-231

tent with the strongest peak found in Block A, while the232

highest power is located at (Added: the) frequency233

of 1.154 cycles d−1, corresponding to the orbital move-234

ment.235

In Figure 3(Added: ,) we show the circular polar-236

ization degree curves for Blocks A (top) and B (bot-237

tom). The curves present a fast modulation (∼0.08 d)238

superposed on long-period trends. This ∼0.08 d pe-239

riod is obviously related to the peaks seen in the power240

spectra. The longer trends were modeled by sinu-241

soidal functions whose frequencies were defined by the242

main low-frequency peak in each power spectrum, i.e.243

f2=0.185 cycles d−1 for Block A (which roughly cor-244
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Table 1. Summary of the observations.

Date Obs. Exp. time Time span Mean mag.

(s) (h) (mag)

2020 Aug 22 200 4.5 14.0 ± 0.3
2020 Aug 23 120 6.2 14.2 ± 0.2
2020 Aug 24 120 5.6 14.1 ± 0.1
2020 Aug 25 120 5.9 14.2 ± 0.1
2020 Aug 26 100 6.1 14.1 ± 0.1
2020 Aug 27 130 2.8 13.9 ± 0.1
2020 Aug 30 150 6.1 14.2 ± 0.2
2020 Aug 31 150 5.7 13.7 ± 0.2
2020 Sep 01 150 2.6 14.2 ± 0.1
2020 Sep 02 150 6.1 14.5 ± 0.1
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Figure 1. Photometry and circular polarimetry of V1082 Sgr over ten nights of observations. The measurements were taken
in white band. The magnitude values were calibrated to the V band, as explained in the text.

responds to the length of the block) and f2=1.154 cy-245

cles d−1 for Block B. The sinusoidal fits (gray lines in246

Figure 3) were then subtracted to detrend the data.247

The LS power spectra of the detrended data show the248

same peaks as the original data, specially the peak at249

frequency 12.352 cycles d−1, or 1.943 h. We supple-250

mented the time series periodicity analysis with other251

methods such as the Generalized Lomb-Scargle (GLS),252

the Discrete Fourier Transform (DFT), the Date Com-253

pensated Discrete Fourier Transform (DCDFT), and the254

Phase Dispersion Minimization (PDM), all available in255

the software PERANSO (Paunzen & Vanmunster 2016).256

The periods obtained are all consistent with each other,257

pointing to P=0.08096 ± 0.00005 d (=1.943 ± 0.002 h),258

where the error is the standard deviation of the esti-259

mates using the different methods.260

The phase diagram of the detrended circular polariza-261

tion degree, folded at the 1.943 h period and adopting T0262

from the spectroscopic stellar conjunction (Tovmassian263

et al. 2018a), is displayed in Figure 4, for each block.264
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Figure 2. Power spectra of the circular polarization curves
before de-trending. The (Replaced: dark blue replaced
with: black) line corresponds to the LS periodogram of
Block A; the (Replaced: light green replaced with: blue)
is for Block B, and the (Replaced: orange replaced with:
red) corresponds to the entire data set. The vertical green
arrow indicates the orbital frequency(Deleted: , which is)
only detected in Block B. The spin frequency is marked with
a (Replaced: red replaced with: orange) arrow.

Both curves present one maximum and one minimum265

per cycle, and do not show changes in signal (the best-266

fitting sinusoids are always positive). However, there267

are differences in the amplitudes between the blocks, the268

amplitude in Block A being about twice that of Block269

B.270

(Replaced: We also analyzed the polarized flux to271

replaced with: To) explore the pres-272

ence of Porb in the circular polariza-273

tion degree data from Block B(Deleted:274

, we also analyzed the polarized flux). The po-275

larization degree is the ratio between the polarized flux276

and the total flux, so it is affected by changes in the277

total flux that can come from different parts of the278

system. The circularly polarized flux, on the other279

hand, is an emission purely from the PSR. Within280

the uncertainties, the results of the timing analysis of281

the polarized flux and polarization degree in Block A282

are essentially the same. Block B data, however, do283

not show the Porb modulation in the polarized flux,284

so we conclude that it is due to the total flux and it285

(Replaced: is not originated replaced with: does286

not originate) from the PSR. The Pspin is present in287

the polarized flux of Block B, but with a smaller power288

than in Block A. Therefore, the consistent presence of289

the 1.943 h period across both data segments, as well290

as in both the degree of polarization and the polarized291

flux, confirms that it represents the rotational period of292

a magnetic white dwarf.293

4. MODELING THE CYCLOTRON EMISSION OF294

V1082 SGR295

The polarized emission from magnetic CVs is due to296

the cyclotron radiation from the PSR. This region is lo-297

cated in the end of the magnetic accretion column near298

the magnetic poles of the WD. It is formed by the com-299

pression caused by a shock that occurs just above the300

WD surface. To estimate some properties of the PSR in301

V1082 Sgr, we performed a modeling of its circularly po-302

larized flux. For that, we used the cyclops code, which303

solves the radiative transfer in a 3D PSR (Belloni et al.304

2021; Silva et al. 2013; Costa & Rodrigues 2009). The305

temperature and density profiles are consistently calcu-306

lated considering the physical and geometric properties307

of the system as described in Belloni et al. (2021). Some308

model parameters are the WD mass, the mass accretion309

rate, and the WD magnetic field, to cite the most rele-310

vant ones.311

In the modeling, we use only Block A data. The312

input values to the model are circular polarized fluxes,313

which were obtained multiplying the observed flux314

(in arbitrary units) by the circular polarization de-315

gree. No detrend was applied to the data. The result316

was then folded in 50 bins of spin phases. The to-317

tal flux of V1082 Sgr is very variable, and it does not318

present any evidence of modulation with the Pspin, as319

found in the polarization. Therefore, we chose not to320

model the total flux since the contribution from the321

PSR should be negligible (Replaced: in comparison322

replaced with: compared) with the emission from323

other (Replaced: structures of the system re-324

placed with: system structures). (Replaced:325

The polarized flux, on the other hand replaced326

with: On the other hand, the polarized flux)327

comes only from the PSR and (Deleted: it) is a328

clean signal from this region. The emission was as-329

sumed monochromatic and calculated for a wavelength330

of 500 nm.331

The top panel of Figure 5 presents the model su-332

perposed on V1082 Sgr observations. The model pa-333

rameters are presented in Table 2. The reader can334

find a proper explanation of all parameters in Costa &335

Rodrigues (2009) and Belloni et al. (2021). The val-336

ues of WD mass, the mass-accretion rate, and the in-337

clination are considered fixed according to Xu et al.338

(2019), which provides the most updated estimates.339

Using the values of Tovmassian et al. (2018a) and340
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Figure 3. V1082 Sgr circular polarization observations for Block A (top panel) and Block B (lower panel). The blue line
represents the data, with error bars, and the orange line is the fit with Pspin + f2, where f2 is a low-frequency curve. In Block A,
it roughly corresponds to the time length of Block A, and in Block B, f2= Porb. The f2 curve is presented as a gray line.
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Figure 4. The circular polarization degree folded with the
1.943 h Pspin of the magnetic WD in V1082 Sgr. Data in
Blocks A and B are represented by blue and orange points,
respectively. The values have been subtracted from long-
term trends as explained in the text. The amplitudes are
shown in the box. Phase zero corresponds to the spectro-
scopic orbital T0.

Bernardini et al. (2013) to those parameters, we obtain341

(Replaced: a very similar model replaced with: a342

similar curve and the overall properties of the343

PSR are the same. For example, the magnetic344

field strength of the best fit model changes to345

9.4 × 106 G). The cyclops code considers a centered346

dipolar magnetic field, whose axis can point to any direc-347

tion. But, to minimize the number of free parameters,348

we adopted a magnetic axis parallel to the WD rotation349

axis. The model provides a WD magnetic field strength350

of approximately 107 G, a value within the standard351

range of IPs. The temperature in the modeled PSR352

ranges from 1.2 to 17.1 keV in the base of the PSR and353

in the shock front, respectively. This is consistent with354

the fit of the XMM-Newton and Swift spectra presented355

by Bernardini et al. (2013), who uses two MEKAL com-356

ponents of 0.12 keV and 13.2 keV. Using the same data357

but a different modeling, Xu et al. (2019) estimated a358

Tmax of 35+14
−9 keV, which is considerably larger than our359

results, but yet barely consistent considering the differ-360

ent approaches of the modeling.361

In a dipolar magnetic geometry (as adopted by cy-362

clops), there can be two PSRs: each of them associ-363

ated with one magnetic hemisphere. Our V1082 Sgr364

model adopts a single PSR region (Added: ,) and this365

does not imply any approximation because a possible366

second PSR associated with the magnetic pole point-367

ing backward(Deleted: s) is always hidden from the368

observer view (see Figure 5, bottom panel). This is369

mainly a consequence of the small inclination of the sys-370

tem, but it also results from the angle between the WD371

rotation axis and the PSR. Therefore(Added: ,) a sec-372

ond PSR cannot contribute to the observed flux, even if373

(Deleted: there are) two accretion columns (Added:374

exist).375

To fit the observed shape of the polarized flux phase376

diagram, it is necessary to consider an azimuthally377

elongated PSR: the emission map of the PSR is pre-378

sented in the middle panel of Figure 5. As the PSR379

footprint reflects the threading region (i.e., the region380

in the equatorial plane from where the accretion flow381

begins to follow the WD magnetic field lines) geom-382

etry, the coupling of the flux with the magnetic field383

lines should occur along an extended region in the384

equatorial plane. Moreover, this PSR is observable in385

all spin phases, so no modulation due to self-eclipse386

by the WD is possible in this model. The (Added:387

changing view of the PSR causes the) vari-388

ation of the optical circular polarization(Deleted:389

is caused by the changing view of the PSR),390

since the cyclotron emission depends on the angle be-391

tween the magnetic field and the observer.392

The cyclops code considers the entire geometry of393

the magnetic accretion column. In particular, the model394

geometry is built from the threading region. Our model395

leads to a threading region located at 2.1 WD radii396

(RWD) from the WD surface. Using the model pa-397

rameters, the magnetospheric radius of V1082 Sgr is398

3.2 RWD (considering the expression of Ferrario et al.399

1989), which is similar to the threading region value of400

our model providing a consistent picture to the system401

configuration.402

5. DISCUSSION403

Tovmassian et al. (2016) and Tovmassian et al.404

(2018b,a) argued that V1082 Sgr could be a prepolar.405

The arguments in favor of the prepolar hypothesis for406

V1082 Sgr are the very long Porb, at which it is dif-407

ficult to form a Roche-lobe filling CV with a K-type408

secondary, and the very irregular, fast variability, as-409

sociated (Replaced: to replaced with: with) the410

changing accretion rate. The counter-argument is that411

even a fast-rotating, magnetically active K-star could412

hardly provide stellar winds of the order of 10−9 −413

10−10 M⊙ yr−1 needed to explain the high luminosity,414

larger than 1034 erg s−1, of V1082 Sgr. Xu et al. (2019)415

proposed an alternative scenario in which the system416

underwent a thermal time-scale mass-transfer episode417

in the past(Deleted: ,) and currently is a Roche-lobe418
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Table 2. Parameters of the PSR of V1082 Sgr modeled using the cyclops code. See text for details.

Parameter Value Source

Fixed parameters

Inclination 18◦ Xu et al. (2019)
WD mass 0.77 M⊙ Xu et al. (2019)
Mass-transfer rate 1.2 × 10−9 M⊙ yr−1 Xu et al. (2019)

Free parameters

Angle between the center of the PSR and the WD rotations axis 44◦ From the fit
Magnetic field in the magnetic pole 11 × 106 G From the fit
Longitudinal extension of the threading region 103◦ From the fit
Radial extension of the threading region 0.16 RWD From the fit

Some quantities obtained from the model

Shock temperature 17.1 keV Calculated from the model parameters
Threading radius 2.1 RWD Calculated from the model parameters
PSR height 0.023 RWD Calculated from the model parameters
Latitudinal extension of the PSR 4.3◦ Calculated from the model parameters

Note—RWD: white-dwarf radius.

filling IP with a low-mass secondary(Added: ,) which,419

however, has a temperature corresponding to an early420

K-type star. The circular polarization in magnetic CVs421

comes from a structure anchored on the WD, so the422

period of 1.943 h found in V1082 Sgr is certainly the423

WD Pspin. It rules out a polar or a prepolar classifi-424

cation since these are synchronous systems. Therefore,425

V1082 Sgr should be a long orbital-period IP in line with426

the scenario proposed by Xu et al. (2019).427

Unlike the polars, which have large and ubiquitous cir-428

cular polarization levels of several tens of percent (e.g.,429

Oliveira et al. 2019), IPs have low level circular polariza-430

tion or even non-detected polarized flux. For example,431

V2731 Oph (Butters et al. 2009) is one of the most po-432

larized IPs: the spin-folded circular polarization curve433

show(Added: s) a (Replaced: peak to peak re-434

placed with: peak-to-peak) amplitude of 8.26 ± 1.56%435

in B band (and about 3% in U, V, R and I bands). For436

V1082 Sgr, we found an amplitude for the circular polar-437

ization of around 1.0%, in agreement with typical values438

found in other IPs.439

V1082 Sgr has Pspin/Porb equal to 0.093, which is a440

typical value for an IP (King & Lasota 1991; Mukai441

2017). Moreover, that Pspin makes V1082 Sgr the IP442

with the third longest Pspin, after RX J2015.6+3711443

(Coti Zelati et al. 2016) and Paloma (Schwarz et al.444

2007; Joshi et al. 2016; Thorstensen et al. 2017(Added:445

; Littlefield et al. 2023)) with 2 h and 2.27 h446

(Deleted: (or 2.43 h)), respectively. Paloma has a447

value of Pspin/Porb larger than 0.85, which is very odd448

for an IP. It is a member of a (new) group of several mag-449

netic CVs whose WDs rotate with frequencies around450

90% of the orbital one (Pradeep et al. 2024). On the451

other hand, RX J2015.6+3711 is also a long orbital-452

period IP, with a period of around 12.76 h (Halpern453

et al. 2018). Table 3 enumerates the IPs having the454

longest (≳ 10 h) Porb. Figure 6 shows the distribu-455

tion of currently confirmed IPs in the Pspin versus Porb456

plane from Mukai’s Intermediate Polars Homepage3.457

We added to this plot the location of V1082 Sgr, which458

is close to the Pspin = 0.1 × Porb line and in the upper459

right limit of this distribution. We also highlighted in460

this plot other long orbital-period IPs.461

The accretion mode/geometry of IPs is an old and462

complex subject (see for instance, Hellier 1991). Norton463

et al. (2004) and Norton et al. (2008) shed some light464

on this topic through simulations of accretion onto mag-465

netic white dwarfs. These studies showed numerically466

that Pspin/Porb can be used to unravel the accretion467

modes of IPs. We can have a hint whether V1082 Sgr468

is in spin equilibrium, understood as the balance of an-469

gular momentum in the accretion process, by checking470

its position in Figure 2 of Norton et al. (2004). This471

figure shows the results of simulations for Porb from472

3 https://asd.gsfc.nasa.gov/Koji.Mukai/iphome/iphome.html
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Figure 5. (Top) A model for the circularly polarized
flux from the PSR of V1082 Sgr (blue line). (Replaced:
The observations are represented by black points.
replaced with: Black points represent the obser-
vations.) (Middle) 2D maps of the total intensity and
circularly polarized flux in 12 spin phases separated by
30◦. The flux scale increases from black to white, passing
through orange. (Bottom) A projected view of the PSR
region (in blue) over the WD surface in two phases of the
WD rotation separated by half a cycle. The magnetic axis
is shown as a green line and the magnetic field line that
crosses the center of the PSR is shown as a red line. See
Section 4 for details of the model.

80 min to 10 h, so some extrapolation should be con-473

sidered for Porb = 20 h: the model line for such a474

period should be to the right of the models lines de-475

picted in the figure. Considering a magnetic moment of476

4.3 × 1033 (Replaced: Gm−3 replaced with: Gcm3),477

V1082 Sgr would be placed above the spin equilibrium478

line. In case it is true, the WD should be in a spin-up479

state, i.e., evolving to shorter Pspin to achieve the spin480

equilibrium. The corotation radius, Rco, of V1082 Sgr481

for a Keplerian period equals Pspin is 69 RWD. Rco is482

not exactly the equilibrium radius for the magnetic ac-483

cretion, but they are assumed to be similar (see Norton484

et al. 2004, and references therein). The circularization485

radius, Rcirc, of V1082 Sgr is around 40 RWD, so much486

smaller than the Rco. These numbers are consistent with487

V1082 Sgr not being a synchronous system, situation in488

which Rmag should also be larger or around Rcirc. Our489

estimate of Rmag is approximately 3 RWD, which is con-490

sistent with this scenario. Moreover, the huge difference491

between Rmag and Rco also points to a system out of492

equilibrium.493

An evaluation of the accretion geome-494

try of V1082 Sgr can be done (Replaced:495

by verifying its position on Figure 5 replaced496

with: based on the results) of Norton et al. (2008).497

(Added: Their Fig. 2 illustrates the possible498

accretion structures for an asynchronous mag-499

netic CV as a function of Pspin and magnetic500

field for Porb = 4 h and a mass ratio (q = M2/M1)501

equal to 0.5. The central panel of this figure502

shows that the stream-like accretion can occur503

for any value of magnetic moment. In partic-504

ular, a stream-like geometry (i.e., with no disk505

at all - top left panel of that figure) can occur506

for small values of the magnetic field, if Pspin is507

long enough. In this case, the threading region508

is located near the WD. To verify if this could509

be the case for V1082 Sgr, we should inspect510

Norton et al. (2008)’s Figure 5.) (Replaced:511

For a mass ratio (q = M2/M1) of 0.5 and spin equilibrium512

replaced with: For q = 0.5), values of Pspin/Porb ≲ 0.1513

correspond to disk-like accretion. V1082 Sgr has514

Pspin/Porb (Replaced: equals replaced with: ra-515

tio of) 0.093 and (Replaced: a replaced with:516

an estimated) mass ratio of around 0.7 (Xu et al.517

2019): this mass ratio decreases the aforementioned518

limit. So this system would be in the limit be-519

tween a disk-like and stream-fed accretion. (Deleted:520

However, q can be as small as 0.25 (Tovmassian, G. et al., in preparation). This would place V1082 Sgr completely inside the stream-accretion region. A grain of salt in this discussion is that those simulations are valid for spin equilibrium.)521

(Replaced: Even so replaced with: Therefore), we522

could suppose that V1082 Sgr is located in a region523

where stream accretion is possible. A stream geometry524

is more prone to strong changes in the accretion states525

because there is no disk to act as a material reservoir.526

For example, the substantial alterations in brightness527

observed in polars are likely due to this phenomenon.528

Therefore, it is possible that the variability of the ac-529

cretion rates of V1082 Sgr is related to the absence of530

(Added: an) accretion disk in the system. (Added:531

Moreover, a stream-like geometry is consistent532

with a spin-up WD (Norton et al. 2008), as dis-533

cussed in the previous paragraph. ) (Added:534

Resumo do Trabalho (12642194)         SEI 01340.001347/2025-48 / pg. 14



10 Lima et al.

However, the conclusion that V1082 Sgr is a535

stream-fed system should be taken with a grain536

of salt because q can be as small as 0.25 (Tovmas-537

sian, G. et al., in preparation), placing V1082 Sgr538

in the disk-accretion region.)539

Bernardini et al. (2013) reported an extensive study of540

X-ray data of V1082 Sgr obtained with XMM-Newton,541

Suzaku, and Swift from 2008 until 2012. The light542

curve of XMM-Newton-PN data, with energies ranging543

between 0.3 and 15 keV, shows a modulation with a544

period of about 2 hours, which was only present dur-545

ing some (Replaced: intervals of the observation546

replaced with: observation intervals). This modula-547

tion is energy-dependent(Added: ,) with a pulsed frac-548

tion decreasing towards higher energies. A similar, ∼2-h549

modulation was also detected during a Suzaku observa-550

tion and less significantly during Swift pointings. This551

2-h modulation was not persistent, so it was interpreted552

as due to non-coherent transient accretion.553

We argue that the intermittent 2-h modulation seen554

in X-rays is also related to the WD spin. Important ra-555

diative cooling processes in the PSR of magnetic CVs556

are the cyclotron emission, responsible for the opti-557

cal polarization, and bremsstrahlung, which contributes558

with an important fraction of X-ray emission. While559

the cyclotron emission is intrinsically anisotropic and,560

therefore, can be modulated with the WD Pspin, the561

bremsstrahlung emission is usually optically thin and562

isotropic, so there should be external mechanisms to563

produce flux variability. In magnetic CVs in general564

and in IPs in particular, the modulation of the X-565

ray emission can be produced by the self-occultation566

of PSR by the WD or by phase-dependent absorp-567

tion/scattering of the PSR emission by structures ly-568

ing between the PSR and the observer, as the upper569

portion of the magnetic column (Norton 1993; Belloni570

et al. 2021). (Replaced: The self- replaced with:571

Self) occultation is a geometric effect and does not572

depend on (Deleted: the) energy. On the other573

hand, photoelectric absorption depends on (Deleted:574

the) energy, decreasing from soft to hard X-rays, con-575

sistent with the pulsed-fraction energy dependence re-576

ported by Bernardini et al. (2013). Moreover, the in-577

clination of V1082 Sgr and the proposed location of its578

PSR prevent any modulation due to self eclipse. How-579

ever, (Deleted: it remains to be explained) the in-580

termittence of the X-ray modulation (Added: remains581

to be explained). It could be connected with the582

(Deleted: very) extreme variation of the accretion583

rate, which can occasionally drop to negligible values584

in V1082 Sgr (Tovmassian et al. 2016). The accretion585

rate affects not only the density of the PSR itself but586

also the density of (Added: the) “upper” structures587

responsible (Replaced: by replaced with: for) the ab-588

sorption. In particular, a stream-accretion geometry is589

more susceptible to reflect the mass-accretion variations.590
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Figure 6. Pspinversus Porb for IPs. V1082 Sgr and other
long Porb objects discussed in the text are highlighted in
blue, while the nearly synchronous, short Porb IP Paloma is
depicted in orange. The vertical lines are the period gap in-
terval of 2 to 3 h and the diagonal lines represent Pspin = Porb

(solid) and Pspin = 0.1 × Porb(dashed). Data, except for
V1082 Sgr, from Mukai’s IP Homepage (see text).

6. CONCLUSIONS592

We have detected a periodicity of 1.943 ± 0.002 h in593

the circular polarization of V1082 Sgr, with an ampli-594

tude smaller than 1%. We interpret this period as the595

rotation of a magnetic WD, since the polarized flux is596

produced by cyclotron emission from the post-shock re-597

gion near the WD surface. This indicates that V1082 Sgr598

is an IP, in agreement with the suggestion of Xu et al.599

(2019). Also, the intermittent period near 2 h found600

in X-ray data by Bernardini et al. (2013) is possibly601

related to the WD spin and could be associated with602

phase-dependent absorption structures in the accretion603

column.604

The cyclops model of the cyclotron emission of605

V1082 Sgr yields a magnetic field strength of 107 G606

and temperatures that vary from 17 keV in the top of607

the PSR to 1 keV in its bottom, in line with X-ray608

determinations by Bernardini et al. (2013). Accord-609

ing to the model, the threading region is placed at a610

distance of 2.1 RWD from the WD surface, roughly611

at (Replaced: the replaced with: a) similar posi-612

tion (Replaced: of replaced with: to) the estimated613
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Table 3. IPs with Porb longer than ∼10 h.

Object Porb Pspin Pspin/Porb Circular Polarization

(h) (h) (h) (%)

GK Per 47.92 0.097 0.002 +0.03 ± 0.10 (1)
V1082 Sgr 20.82 1.943 (2) 0.093 0 to 1 (2)

Swift J2006.4+3645 17.28 0.048 0.003 −
V2731 Oph 15.42 0.035 0.002 -4 to +4.26 (3)

IGR J17014-4306 12.82 0.516 0.040 0 to -2.5 (4)
RX J2015.6+3711 12.76 1.998 0.156 −

V1062 Tau 9.98 1.056 0.106 −

Note—The values of Porb and Pspin are from the Mukai’s IP Homepage and references therein.
(1) Stockman et al. (1992), reported the mean value.
(2) This paper.
(3) Butters et al. (2009), for B band.
(4) Potter & Buckley (2018).

magnetospheric radius. Considerations about this ra-614

dius and the expected corotation radius indicate that615

V1082 Sgr is out of spin equilibrium. This conclusion616

is reinforced by (Added: a) comparison of the values617

of the Pspin/Porb ratio and the estimated magnetic mo-618

ment with published simulations, which indicate that619

the WD is in a spin-up state. In spite of the reason-620

able cyclops fitting, more restrictive modeling of the621

PSR should be based on (Replaced: multi band re-622

placed with: multi-band) emission(Deleted: ,) since623

the cyclotron emission is highly dependent on the fre-624

quency. The Pspin versus Porb relation also points to a625

possible stream accretion mode on V1082 Sgr, which in626

turn could be associated (Replaced: to replaced with:627

with) the recorded highly variable optical brightness628

states and intermittent X-ray periodic modulation due629

to the absence of a disk as a mass reservoir. (Deleted:630

Better understanding of the accretion geometry in V1082 Sgr would benefit from a Doppler tomography study.)631

V1082 Sgr (Replaced: would be replaced with: is),632

therefore, the known IP with the second longest Porb633

and with the third longest Pspin, which places it as an634

important case to the understanding of the evolution of635

magnetic cataclysmic variables. (Added: We fore-636

see many additional studies for this systems as,637

for instance: an observational verification of the638

WD spin-up; a better constrained model for its639

PSR; and Doppler tomography to better define640

the accretion geometry.)641
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Software: IRAF (Tody 1986, 1993),669

PCCDPACK_INPE (Pereyra et al. 2018; Pereyra670

2000), PERANSO (Paunzen & Vanmunster 2016).671

APPENDIX672

A. OBSERVATIONS OF POLARIMETRIC STANDARD STARS673

In this appendix, we present a summary of the measurements of polarimetric standard stars obtained in the same674

observational run of V1082 Sgr. Table A1 shows the average linear and circular polarizations of linearly polarized stars.675

The position angle values are not calibrated to the equatorial system. The circular polarization values are consistent676

with zero. Table A2 shows the results for unpolarized stars. Again the values of circular polarization are consistent677

with zero. These results demonstrate that our measurements are not affected by instrumental circular polarization in678

a level of 0.1% or smaller.679

Table A1. Average polarization measurements of linearly polar-
ized standard stars.

Object Pl PA PC Number of

(%) (deg) (%) observations

HD 161056 3.64 ± 0.11 46.6 0.08 ± 0.07 6
Hilt 785 4.08 ± 0.05 154.2 0.03 ± 0.03 5
Hilt 781 3.81 ± 0.05 152.3 0.02 ± 0.03 6
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INSTITUTO NACIONAL DE PESQUISAS ESPACIAIS
Coordenação-Geral de Gestão Organizacional
Coordenação de Administração
Serviço de Compras, Recebimento e Importação
Grupo de Instrução Processual
 
 

 

Memorando nº 5544/2025/INPE
 

Ao Senhor Amarildo José Pereira - SECAC
 
 
Assunto: Publicação de Artigo Científico
 
Considerando a dúvida exarada quanto à correta instrução para o prosseguimento
da Requisição de Compras nº DIAST-004/2025 (Publicação de Artigo Científico),
solicitamos desse Setor de Capacitação por Competências - SECAC, análise e
manifestação quanto ao referido objeto, se será atendido através do formulário
INPE-012 - "Solicitação de Capacitação" ou por via de Requisição de Compras ora
apresentada nos autos. 

 
 

Atenciosamente, 
 
 
 

(assinado eletronicamente)
José Aristeu de Souza Ruas

Chefe do Serviço de Compras, Recebimento e Importação - SECRI
SIAPE 664036

 

 

Documento assinado eletronicamente por José Aristeu de Souza Ruas,
Chefe do Serviço de Compras, Recebimento e Importação, em
11/04/2025, às 14:13 (horário oficial de Brasília), com fundamento no § 3º
do art. 4º do Decreto nº 10.543, de 13 de novembro de 2020.

A autenticidade deste documento pode ser conferida no site
https://sei.mcti.gov.br/verifica.html, informando o código verificador
12755698 e o código CRC B45D984C.

Anexos
Não Possui.

Referência: Processo nº 01340.001347/2025-48 SEI-INPE nº 12755698
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INSTITUTO NACIONAL DE PESQUISAS ESPACIAIS
Instituto Nacional de Pesquisas Espaciais
Coordenação de Ensino, Pesquisa e Extensão
Divisão de Extensão e Capacitação
Setor de Capacitação por Competências
 
 

 

Memorando nº 5558/2025/INPE
São José dos Campos, 11 de abril de 2025

Ao Senhor Chefe do Serviço de Compras, Recebimento e Importação - SECRI
 
Assunto: Publicação de Artigo Científico
 
Em atenção ao Memorando nº 5544/2025/INPE (SEI 12755698), após analise dos
documentos do processo 01340.001347/2025-48, este Setor de Capacitação por
Competências constatou que não se trata de inscrição em evento no qual dá
direito à publicação de artigo. Trata-se somente do pagamento de publicação de
artigo científico, podendo ser atendido via Requisição de Compras DIAST-
004/2025-RC (SEI 12642192).
 
Atenciosamente,
 

(assinado eletronicamente)
 

Amarildo José Pereira
Chefe do Setor de Capacitação por Competências - SECAC

SIAPE 0673265
 

Documento assinado eletronicamente por Amarildo José Pereira, Chefe
do Setor de Capacitação por Competências, em 11/04/2025, às 14:39
(horário oficial de Brasília), com fundamento no § 3º do art. 4º do Decreto nº
10.543, de 13 de novembro de 2020.

A autenticidade deste documento pode ser conferida no site
https://sei.mcti.gov.br/verifica.html, informando o código verificador
12756167 e o código CRC 8E3C2F55.

Anexos
Não Possui.

Referência: Processo nº 01340.001347/2025-48 SEI-INPE nº 12756167
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SQRNVZRWXV]QVLM[JTQÔOP_VMTOM[JTQV̂YT]QVLM[JXL̀ RQXVOVMJRJaYOVMaYRQJLYTQLMJaYRJVWXVZÒ JZVQRTOJLY

VWZVQRTÒ RWTRJWOJRbRXYcULJZLJL̂dRTLe

HIHIfIJgJSQLSLMTOJZRNRQ]JXLWTRQJZRXPOQOcULJZRJaYRJXL̀ SQRRWZRJOJVWTR\QOPVZOZRJZLMJXYMTLM

SOQOJOTRWZV̀RWTLJZLMJZVQRVTLMJTQÔOP_VMTOMJOMMR\YQOZLMJWOJhLWMTVTYVcULJiRZRQOP[JWOMJPRVM

TQÔOP_VMTOM[JWOMJWLQ̀OMJVWjQOPR\OVM[JWOMJXLWNRWckRMJXLPRTVNOMJZRJTQÔOP_LJRJWLMJTRQ̀LMJZR

OdYMTÒ RWTLJZRJXLWZYTOJNV\RWTRMJWOJZOTOJZRJRWTQR\OJZOMJSQLSLMTOMI

HIHIlIJmMJSQRcLMJLjRQTOZLM[JTOWTLJWOJSQLSLMTOJVWVXVOP[JaYOWTLJWOJRTOSOJZRJPOWXRM[JMRQULJZR

RbXPYMVNOJQRMSLWMÔVPVZOZRJZLJjLQWRXRZLQ[JWULJP_RJOMMVMTVWZLJLJZVQRVTLJZRJSPRVTROQJaYOPaYRQ

OPTRQOcUL[JML̂JOPR\OcULJZRJRQQL[JL̀ VMMULJLYJaYOPaYRQJLYTQLJSQRTRbTLI

HInIJoRJLJQR\V̀RJTQV̂YT]QVLJZOJR̀ SQRMOJV̀SPVXOQJLJQRXLP_V̀RWTLJZRJTQV̂YTLMJR̀ JSRQXRWTYOVMJNOQV]NRVM[

OJXLTOcULJOZRaYOZOJMRQ]JOaYRPOJXLQQRMSLWZRWTRJpJ̀qZVOJZLMJRjRTVNLMJQRXLP_V̀RWTLMJZOJR̀ SQRMO

WLMJrPTV̀LMJZLsRJ̀RMRMI

HItIJuWZRSRWZRWTR̀ RWTRJZLJSRQXRWTYOPJZLJTQV̂YTLJaYRJXLWMTOQJZOJSPOWVP_O[JWLJSO\Ò RWTLJMRQUL

QRTVZLMJWOJjLWTRJLMJSRQXRWTYOVMJRMTÔRPRXVZLMJSRPOJPR\VMPOcULJNV\RWTRI

HIvIJgJOSQRMRWTOcULJZOMJSQLSLMTOMJV̀SPVXOJL̂QV\OTLQVRZOZRJZLJXỲ SQV̀RWTLJZOMJZVMSLMVckRMJWRPOM

XLWTVZOM[JR̀ JXLWjLQ̀VZOZRJXL̀ JLJaYRJZVMSkRJLJwRQ̀LJZRJxRjRQyWXVOOMMỲ VWZLJLJSQLSLWRWTRJLz{

XL̀ SQL̀ VMMLJZRJRbRXYTOQJLMJMRQNVcLMJWLMJMRYMJTRQ̀LM[ĴR̀ JXL̀ LJZRJjLQWRXRQJLMJ̀ OTRQVOVM[

RaYVSÒ RWTLM[JjRQQÒ RWTOMJRJYTRWM|PVLMJWRXRMM]QVLM[JR̀ JaYOWTVZOZRMJRJaYOPVZOZRMJOZRaYOZOMJp

SRQjRVTOJRbRXYcULJXLWTQOTYOP[JSQL̀ LNRWZL[JaYOWZLJQRaYRQVZL[JMYOJMŶMTVTYVcULI}

SQOsL ZO ~MRMMRWTO�HI�IJmJ JZRJNOPVZOZRJ JSQLSLMTOJWULJMRQ]JVWjRQVLQJOJt�} JZVOMJOJXLWTOQJZOJZOTOJZRJMYO�

OSQRMRWTOcULI

HI�IJKLJXOZOMTQÒ RWTLJZOJSQLSLMTOJVWVXVOP[JLJjLQWRXRZLQJZRNRQ][JTÒ q̂̀ [JOMMVWOPOQJwRQ̀LJZR

gXRVTOcUL[JR̀ JXÒ SLJSQ�SQVLJZLJMVMTR̀ OJRPRTQ�WVXL[JQRPOTVNLJpMJMR\YVWTRMJZRXPOQOckRM�

HI�IfIJaYRJVWRbVMTR̀ JjOTLMJV̀SRZVTVNLMJSOQOJMYOJ_ÔVPVTOcULJWLJXRQTÒ R[JXVRWTRJZO

L̂QV\OTLQVRZOZRJZRJZRXPOQOQJLXLQQyWXVOMJSLMTRQVLQRMe

HI�IlIJaYRJRMT]JXVRWTRJRJXLWXLQZOJXL̀ JOMJXLWZVckRMJXLWTVZOMJWLJgNVMLJZRJhLWTQOTOcULJ�VQRTO

RJMRYMJOWRbLMe

HI�I�IJaYRJMRJQRMSLWMÔVPVsOJSRPOMJTQOWMOckRMJaYRJjLQR̀ JRjRTYOZOMJWLJMVMTR̀ O[JOMMỲ VWZL�

OMJXL̀ LJjVQ̀RMJRJNRQZOZRVQOMe

HI�IHIJaYRJXỲ SQRJOMJRbV\yWXVOMJZRJQRMRQNOJZRJXOQ\LMJSOQOJSRMMLOJXL̀ JZRjVXVyWXVOJRJSOQO

LJOQTIJ��JZOJ�RVJW�J�Ilf���fQRÔVPVTOZLJZOJ�QRNVZyWXVOJoLXVOP[JZRJaYRJTQOTOJ I

HI�InIJaYRJWULJR̀ SQR\OJ̀RWLQJZRJf�JOWLMJR̀ JTQÔOP_LJWLTYQWL[JSRQV\LMLJLYJVWMOPŶQRJRJWUL

R̀ SQR\OJ̀RWLQJZRJftJOWLM[JMOPNLJ̀RWLQ[JOJSOQTVQJZRJfHJOWLM[JWOJXLWZVcULJZRJOSQRWZVs[JWLM

OQTV\LJv�[J���uuu[JZOJhLWMTVTYVcULTRQ̀LMJZLJ e

HIf�IJmJjLQWRXRZLQJLQ\OWVsOZLJR̀ JXLLSRQOTVNOJZRNRQ]JZRXPOQOQ[JOVWZO[JR̀ JXÒ SLJSQ�SQVLJZL

OQTV\LJftJZOJ�RVJW�JfHIf��[JZRJl�lfIMVMTR̀ OJRPRTQ�WVXL[JaYRJXỲ SQRJLMJQRaYVMVTLMJRMTÔRPRXVZLMJWLJ

HIffIJmJjLQWRXRZLQJRWaYOZQOZLJXL̀ LJ̀ VXQLR̀ SQRMO[JR̀ SQRMOJZRJSRaYRWLJSLQTRJLYJMLXVRZOZR

XLLSRQOTVNOJZRNRQ]JZRXPOQOQ[JOVWZO[JR̀ JXÒ SLJSQ�SQVLJZLJMVMTR̀ OJRPRTQ�WVXL[JaYRJXỲ SQRJLM

OQTV\LJ��JZOJ�RVJhL̀ SPR̀ RWTOQJW�Jfl�[JZRJl��tQRaYVMVTLMJRMTÔRPRXVZLMJWLJ [JRMTOWZLJOSTLJOJYMYjQYVQ

��Jf�JOLJ��ZLJTQOTÒ RWTLJjONLQRXVZLJRMTÔRPRXVZLJR̀ JMRYMJOQTMIJHlJOJH�[JL̂MRQNOZLJLJZVMSLMTLJWLMJ

ZLJOQTIJH�[JZOJ�RVJWI�JfHIf��[JZRJl�lfI
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I

�J�K��L�ML�N�O�L�

PQRQSTSUVWXYWSZVSZVXVS[S\]ŴWY]S[_XV̀[a[bYZ]_Sc[_X[STdY_]SZ[Se]cXWVXVfg]ShYW[XViSVS_[__g]SUj̀aYbV

_[ŴSVkX]lVXYbVl[cX[SV̀[WXVSU[a]S_Y_X[lVSUVWVS]S[cdY]SZ[SaVcb[_SUj̀aYb]_S[S_kb[__Yd]_i

[mbak_YdVl[cX[SU]WSl[Y]SZ]S_Y_X[lVS[a[XWncYb]iS_[cZ]S[cb[WWVZ]Sc]S\]ŴWY]SZ[SoYcVaYpVfg]SZ[

aVcb[_SXVl̀ qlSr̂SUW[dY_X]Sc[_X[SVdY_]Q

PQsQStcYbYVZVSVS[XVUVSb]lU[XYXYdViS]_So]Wc[b[Z]W[_SZ[d[Wg]S[cbVlYc\VWSaVcb[_S[mbak_YdVl[cX[SU]W

l[Y]SZ[S_Y_X[lVS[a[XWncYb]iS_[cZ]SYl[ZYVXVl[cX[SYco]WlVZ]_SZ]S_[kSW[b[̀Yl[cX]S[SZ]SdVa]W

b]c_YucVZ]Sc]SW[uY_XW]Q

PQsQRSvSaVcb[S S_[WS]o[WXVZ]SU[a]S wZ]SYX[lQZ[d[Ŵ xyz{|}~����|�{}

����}�}�{|�����{|}�{�����}�{��|�}{��|���|}xyz{|}����|�{|}{~}��|����~yz}��}����{��{}�~��|�{|}y{

�z���{}zy���}�{|}�z�}{��|�y�{}�}|�����|y�{}��z{}������y�

PQ�QRQSvSo]Wc[b[Z]WSU]Z[ŴS]o[W[b[WSaVcb[_S_kb[__Yd]_SYukVY_S]kS_kU[WY]W[_SV]SaVcb[S�k[

[_X[rVSd[cb[cZ]S]Sb[WXVl[iSZ[_Z[S�k[SYco[WY]W[_SV]Sl[c]WSU]WS[a[S]o[WXVZ]S[SW[uY_XWVZ]SU[a]

_Y_X[lViS_[cZ]SXVY_SaVcb[_SZ[oYcYZ]_Sb]l]S�aVcb[_SYcX[Wl[ZŶWY]_�SUVWVS]_SoYc_SZ[_X[STdY_]SZ[

e]cXWVXVfg]ShYW[XVQ

PQ�QsQSvSYcX[WdVa]Sl�cYl]SZ[SZYo[W[cfVSZ[SdVa]W[_S]kSU[Wb[cXkVY_S[cXW[S]_SaVcb[_iS�k[SYcbYZYŴ

XVcX]S[lSW[aVfg]SV]_SaVcb[_SYcX[Wl[ZŶWY]_S�kVcX]S[lSW[aVfg]SV]S�k[Sb]̀WYWSVSl[a\]WS]o[WXVSq

Z[���������{}�{|}����{�

PQ�QwS�Vd[cZ]SaVcb[_SYukVY_SV]Sl[c]WSr̂S]o[WXVZ]iSUW[dVa[b[ŴSV�k[a[S�k[So]WSW[b[̀YZ]S[SW[uY_XWVZ]

UWYl[YW]Sc]S_Y_X[lVQ

PQPQSeV_]S]So]Wc[b[Z]WScg]SVUW[_[cX[SaVcb[_iSb]cb]WW[ŴSb]lS]SdVa]WSZ[S_kVSUW]U]_XVQ

PQ�QShkWVcX[S]SUW]b[ZYl[cX]iS]_So]Wc[b[Z]W[_S_[Wg]SYco]WlVZ]_iS[lSX[lU]SW[VaiSZ]SdVa]WSZ]Sl[c]W

aVcb[S]kSZ]SlVY]WSZ[_b]cX]SW[uY_XWVZ]iSd[ZVZVSVSYZ[cXYoYbVfg]SZ]So]Wc[b[Z]WQ

PQ�QStl[ZYVXVl[cX[SVU�_S]SXqWlYc]SZ]SUWVp]S[_XV̀[a[bYZ]SUVWVSVSoV_[SZ[SaVcb[_iS\Vd[ŴS]S_[k

[cb[WWVl[cX]iSb]lS]S]WZ[cVl[cX]S[SZYdkauVfg]SZ]_SaVcb[_iSU[a]S_Y_X[lViS[lS]WZ[lSbW[_b[cX[SZ[

baV__YoYbVfg]Q

PQ�QRQSvS[cb[WWVl[cX]SZVSoV_[SZ[SaVcb[_S]b]WW[ŴSZ[So]WlVSVkX]l̂ XYbVSU]cXkVal[cX[Sc]

\]ŴWY]SYcZYbVZ]iS_[lS�kVa�k[WSU]__ỲYaYZVZ[SZ[SUW]WW]uVfg]S[Scg]S\Vd[cZ]SX[lU]SVa[VX�WY]

]kSl[bVcY_l]S_YlYaVWQ

	J� �N��¡LO¢£�L���L¤¢�¥¦£�M���§̈ £§£�¢��

�QRQS©cb[WWVZVSVSoV_[SZ[SaVcb[_iS�kVcZ]SVSUW]U]_XVSZ]SUWYl[YW]Sb]a]bVZ]SU[WlVc[b[WSVbYlVSZ]

UW[f]Sl̂ mYl]S]kSV̀VYm]SZ]SZ[_b]cX]SZ[oYcYZ]SUVWVSVSb]cXWVXVfg]iS]SUW[u][YW]SU]Z[ŴSc[u]bYVW

b]cZYfª[_SlVY_SdVcXVr]_V_Q

�QRQRQS«[_X[SbV_]iS_[ŴS[cbVlYc\VZVSb]cXWVUW]U]_XVSV]So]Wc[b[Z]WS�k[SX[c\VSVUW[_[cXVZ]S]

l[c]WSUW[f]S]kS]SlVY]WSZ[_b]cX]iSUVWVS�k[S_[rVS]̀XYZVSVSl[a\]WSUW]U]_XVSb]lUVX�d[aS[l

W[aVfg]SV]S[_XYUkaVZ]SU[aVSTZlYcY_XWVfg]Q
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HIJIKILMLNOPQRSTUVQLWQXOYZL[OYL\OS]TLRQ̂ LQ[LXÔ TS[L\QYNOROXQYO[LR_T[[S\SRTXQ[̀L

LYO[WOS]TXTLTLQYXÔ LXOLR_T[[S\SRTUVQ̀LabTNXQLQLWYŜOSYQOcR_b[SdT̂ ON]OLWQYL̂OSQLXQL[S[]Ô T̀

RQ_QRTXQ̀L̂ O[̂ QLTWe[LTLNOPQRSTUVQ̀L\QYLXO[R_T[[S\SRTXQLÔ LYTfVQLXOL[bTLWYQWQ[]T

WOŶTNOROYLTRŜTLXQLWYOUQL̂ZcŜQLQbLTgTScQLXQLXO[RQN]QLXO\SNSXQLWTYTLTLRQN]YT]TUVQI

HIKILĥ LabT_abOYLRT[Q̀LRQNR_biXTLTLNOPQRSTUVQ̀L[OLjQbdOỲLQLYO[b_]TXQL[OYZLXSdb_PTXQLTL]QXQ[LO

YOPS[]YTXQLNTLT]TLXQLWYQROXŜON]QLXTLXS[WON[TLO_O]YkNSRT̀LXOdONXQLO[]TL[OYLTNOcTXTLTQ[LTb]Q[LXQ

WYQRO[[QLXOLRQN]YT]TUVQI

HIlILmQN[]T]TXTLTLRQ̂ WT]SgS_SXTXOLON]YOLQLdT_QYLXTLWYQWQ[]TLOLQLO[]SWb_TXQLWTYTLTLRQN]YT]TUVQ̀L[OYZ

[Q_SRS]TXQLTQL\QYNOROXQYLQLONdSQLXTLWYQWQ[]TLTXOabTXTLTQLn_]ŜQL_TNROLQ\OY]TXQLQbLTQLdT_QY

NOPQRSTXQ̀L[OL\QYLQLRT[Q̀LTRQ̂ WTNjTXTLXQ[LXQRb̂ ON]Q[LRQ̂ W_Ô ON]TYO[̀LabTNXQLNORO[[ZYSQ[I

HIoILhNROYYTXTLTLO]TWTLXOLNOPQRSTUVQ̀L[OLjQbdOỲLQLWYOPQOSYQLdOYS\SRTYZL[OLQL\QYNOROXQY

WYQdS[QYST̂ ON]OLR_T[[S\SRTXQLÔ LWYŜOSYQL_bPTYLT]ONXOLp[LRQNXSUqO[LXOLWTY]SRSWTUVQLNQLROY]T̂ Ò

RQN\QŶOLWYOdS[]QLNQLTY]ILJoLXTLrOSLNsLJoIJlltKuKJ̀L_OPS[_TUVQLRQYYO_T]TLOLNQ[LS]ON[LlIlLOL[OPbSN]O[

XO[]OLMdS[Q̀LO[WORST_̂ON]OLabTN]QLpLOcS[]vNRSTLXOL[TNUVQLabOLŜWOUTLTLWTY]SRSWTUVQLNQLWYQRO[[Q

XOLRQN]YT]TUVQLXSYO]TLQbLTL\b]bYTLRQN]YT]TUVQ̀L̂OXSTN]OLTLRQN[b_]TLTQ[L[OPbSN]O[LRTXT[]YQ[w

HIoIJILxymMz{|

HIoIKILmTXT[]YQL}TRSQNT_LXOLĥ WYO[T[LyNSXkNOT[LOLxb[WON[T[L~Lmhyx̀L̂ TN]SXQLWO_T

mQN]YQ_TXQYST~�OYT_LXTL�NSVQL�j]]W[wtt���IWQY]T_]YTN[WTYONRSTIPQdIgYt[TNRQO[tROS[�{LO

HIoIlILmTXT[]YQL}TRSQNT_LXOLĥ WYO[T[L�bNSXT[L�Lm}h�̀L̂ TN]SXQLWO_TLmQN]YQ_TXQYST~�OYT_

IPQdIgYt[TNRQO[tRNOW�IXTL�NSVQL�j]]W[wtt���IWQY]T_]YTN[WTYONRST

HI�ILMLRQN[b_]TLTQ[LRTXT[]YQ[L[OYZLYOT_SfTXTLÔ LNQ̂ OLXTLÔ WYO[TL\QYNOROXQYTLOL]T̂ g�̂ LXOL[Ob

[eRSQL̂T�QYS]ZYSQ̀LWQYL\QYUTLXTLdOXTUVQLXOLabOL]YT]TLQLTY]SPQLJKLXTLrOSLN�L�IoK�̀LXOLJ��KI

HIHILmT[QLRQN[]OLNTLmQN[b_]TLXOLxS]bTUVQLXQL\QYNOROXQYLTLOcS[]vNRSTLXOL�RQYYvNRST[LŷWOXS]SdT[

yNXSYO]T[̀LQLeYPVQLXS_SPONRSTYZLWTYTLdOYS\SRTYL[OLjQbdOL\YTbXOLWQYLWTY]OLXT[LÔ WYO[T[LTWQN]TXT[LNQ

�O_T]eYSQLXOL�RQYYvNRST[LŷWOXS]SdT[LyNXSYO]T[IL�y}LNsLltKuJ�̀LTY]ILK�̀LRTWb]�

HIHIJILML]ON]T]SdTLXOLgbY_TL[OYZLdOYS\SRTXTLWQYL̂ OSQLXQ[LdiNRb_Q[L[QRSO]ZYSQ[̀L_SNjT[LXO

\QYNORŜON]QL L̀XON]YOLQb]YQ[IL�y}LNsLltKuJ�̀LTY]ILK�̀L�Js�I[ŜS_TYO[

HIHIKIL�L L LRQNdQRTXQLWTYTL̂ TNS\O[]TUVQLWYOdST̂ ON]OLTLb̂ TLOdON]bT_\QYNOROXQY[OYZ

XO[R_T[[S\SRTUVQIL�y}LNsLltKuJ�̀LTY]ILK�̀L�Ks�I

HIHIlILmQN[]T]TXTLTLOcS[]vNRSTLXOL[TNUVQ̀LQL L[OYZLYOWb]TXQLSNTgS_S]TXQ̀LWQYL\T_]TLXO\QYNOROXQY

RQNXSUVQLXOLWTY]SRSWTUVQI

HI�IL�OYS\SRTXT[LT[LRQNXSUqO[LXOLWTY]SRSWTUVQ̀LQLPO[]QYLOcT̂ SNTYZLTLWYQWQ[]TLR_T[[S\SRTXTLÔ

WYŜOSYQL_bPTYLabTN]QLpLTXOabTUVQLTQLQg�O]QLOLpLRQ̂ WT]SgS_SXTXOLXQLWYOUQLÔ LYO_TUVQLTQL̂ZcŜQ

O[]SWb_TXQLWTYTLRQN]YT]TUVQLNO[]OLMdS[QLXOLmQN]YT]TUVQL�SYO]TLOLÔ L[Ob[LTNOcQ[I

HI�ILxOYZLXO[R_T[[S\SRTXTLTLWYQWQ[]TLdONROXQYTLabOw

HI�IJILRQN]SdOYLdiRSQ[LSN[TNZdOS[{

HI�IKILNVQLQgOXOROYLp[LO[WORS\SRTUqO[L]�RNSRT[LWQŶONQYSfTXT[LNO[]OLTdS[QLQbLÔ L[Ob[

TNOcQ[{

HI�IlILTWYO[ON]TYLWYOUQ[LSNOcOabidOS[

HI�IoILNVQL]SdOYL[bTLOcOabSgS_SXTXOLXÔ QN[]YTXT̀LabTNXQLOcSPSXQLWO_TLMX̂ SNS[]YTUVQ{
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HIJIKILMNOPQPRSMOLTPQUVRWVOXYTMTPLUVXLZ[MYQZ[POLV[SOMQLP\Y]̂RUYMQLTPQSPLM_YQVLV[LQP[Q

MRP\VQ̀LTPQTPLZ[PLYRQMRa_PbI

LVLWVORPUPTVOLRcVLUVRQP][YOLUVXNOV_MOLZ[PLNVQQ[YLV[LNVQQ[YOaLOPU[OQVQLQ[WYUYPRSPQHIdILe[MRTV

NMOMLP\PU[SMOLMLUVRSPRSVLVLVfgPSV̀LQPOaLUVRQYTPOMTMLYRP\PZ[h_PbLMLNOVNVQSMLTPLNOPiVQLV[LXPRVO

bMRUPLZ[Pj

HIdIkILWVOLYRQ[WYUYPRSPLNMOMLMLUVfPOS[OMLTVQLU[QSVQLTMLUVRSOMSMicV̀LMNOPQPRSPLNOPiVQL]bVfMbLV[

[RYSaOYVQLQYXflbYUVQ̀LYOOYQlOYVQLV[LTPL_MbVOLmPOV̀LYRUVXNMSh_PYQLUVXLVQLNOPiVQLTVQLYRQ[XVQLP

QMbaOYVQLTPLXPOUMTV̀LMUOPQUYTVQLTVQLOPQNPUSY_VQLPRUMO]VQ̀LMYRTMLZ[PLVLMSVLUVR_VUMSlOYVLTM

TYQNPRQMLRcVLSPRnMLPQSMfPbPUYTVLbYXYSPQLXhRYXVQ̀LP\UPSVLZ[MRTVLQPLOPWPOYOPXLMLXMSPOYMYQLP

YRQSMbMioPQLTPLNOVNOYPTMTPLTVLNOlNOYVLWVORPUPTVÒLNMOMLVQLZ[MYQLPbPLOPR[RUYPLMLNMOUPbMLV[Lp

SVSMbYTMTPLTMLOPX[RPOMicVI

HIdIqILMNOPQPRSMOL[XLV[LXMYQL_MbVOPQLTMLNbMRYbnMLTPLU[QSVLZ[PLQPgMXLYRWPOYVOPQLpZ[PbPQ

WY\MTVQLPXLYRQSO[XPRSVQLTPLUMOaSPOLRVOXMSY_VLVfOY]MSlOYV̀LSMYQLUVXVLbPYQ̀LXPTYTMQLNOV_YQlOYMQ

PLUVR_PRioPQLUVbPSY_MQLTPLSOMfMbnVL_Y]PRSPQI

HIkrILsPLnV[_POLYRThUYVQLTPLYRP\PZ[YfYbYTMTPLTMLNOVNVQSMLTPLNOPiV̀LV[LPXLUMQVLTMLRPUPQQYTMTPLTP

UVXNbPXPRSMOPQPQUbMOPUYXPRSVQL L̀NVTPOcVLQPOLPWPS[MTMQLTYbY]̂RUYMQ̀LNMOMLZ[PLVLWVORPUPTVO

UVXNOV_PLMLP\PZ[YfYbYTMTPLTMLNOVNVQSMIt

HIkkILuOOVQLRVLNOPPRUnYXPRSVLTMLNbMRYbnMLRMvVLUVRQSYS[PXLXVSY_VLNMOMLMLTPQUbMQQYWYUMUwMvVLTM

NVTPOMxNOVNVQSMILyLNbMRYbnML LQPOLMg[QSMTMLNPbVLWVORPUPTVÒLRVLNOMmVLYRTYUMTVLNPbVLQYQSPXM̀LTPQTP

Z[PLRcVLnMgMLXMgVOMicVLTVLNOPiVI

HIkkIkILzLMg[QSPLTPLZ[PLSOMSMLPQSPLTYQNVQYSY_VLQPLbYXYSMLMLQMRMOLPOOVQLV[LWMbnMQLZ[PLRcV

MbSPOPXLMLQ[fQS{RUYMLTMQLNOVNVQSMQ|

HIkkIqIL}VRQYTPOM~QPLPOOVLRVLNOPPRUnYXPRSVLTMLNbMRYbnMLNMQQh_PbLTPLUVOOPicVLMLYRTYUMUwMvVLTP

OPUVbnYXPRSVLTPLYXNVQSVQLPLUVRSOYf[YUwVvPQLRMLWVOXMLTVLsYXNbPQL�MUYVRMb̀LZ[MRTVLRcVLUMfh_Pb

PQQPLOP]YXPI

HIkqIL�MOMLWYRQLTPLMRabYQPLTMLNOVNVQSMLZ[MRSVLMVLU[XNOYXPRSVLTMQLPQNPUYWYUMioPQLTVLVfgPSV̀LNVTPOa

QPOLUVbnYTMLMLXMRYWPQSMicVLPQUOYSMLTVLQPSVOLOPZ[YQYSMRSPLTVLQPO_YiVLV[LTMLaOPMLPQNPUYMbYmMTMLRV

VfgPSVI

HIk�ILsPLMLNOVNVQSMLV[LbMRUPL_PRUPTVOLWVOLTPQUbMQQYWYUMTV̀LQPOaLP\MXYRMTMLMLNOVNVQSMLV[LbMRUP

Q[fQPZ[PRSP̀LP̀LMQQYXLQ[UPQQY_MXPRSP̀LRMLVOTPXLTPLUbMQQYWYUMicVI

HIk�IL�M_PRTVLRPUPQQYTMTP̀LMLQPQQcVLQPOaLQ[QNPRQM̀LYRWVOXMRTV~QPLRVL�UnMS�LMLRV_MLTMSMLP

nVOaOYVLNMOMLMLQ[MLUVRSYR[YTMTPI

HIkKILuRUPOOMTMLMLMRabYQPLZ[MRSVLpLMUPYSMicVLTMLNOVNVQSM̀LQPOaLYRYUYMTMLMLWMQPLTPLnMfYbYSMicV̀

VfQPO_MTVLVLTYQNVQSVLRPQSPLy_YQVLTPL}VRSOMSMicVL�YOPSMIt

��������������

�IkILzQL LMLQPOPXLP\Y]YTVQLNMOMLWYRQLTPLnMfYbYSMicV̀LTVU[XPRSVQ ��������������������������� ���

LUVRQSMXLTVL¡POXVLTPL¢PWPÔRUYMLPLQPOcVLQVbYUYSMTVQLTVLWVORPUPTVOLXMYQ£�¤��¥�¦§�¦̈ ©̈����� �¦©

fPXLUbMQQYWYUMTVLRMLWMQPLTPLbMRUPQI

�IqILyLnMfYbYSMicVLTVQLWVORPUPTVOPQLQPOaL_POYWYUMTMLNVOLXPYVLTVLsª}y«̀LRVQLTVU[XPRSVQLNVOLPbP

MfOMR]YTVQI
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IJKJLJMNMOPQPRMOSMTSRUPVPOSRMWXYWZ[\WRM]RPQ[Ŵ PUXPMW_MVŜ ]RSQẀaP_MVSU_XWUXP_MOSMbcdef

]WRWMgYPMP_XPhŴ MQ[iPUXP_MUWMOWXWMOWMWjPRXYRWMOWM_P__kSM]ljZ[VWmMSYMPUVŴ [UnWRmMgYWUOS

_SZ[V[XWOSmMWMRP_]PVX[QWMOSVŶ PUXẀkSMWXYWZ[\WOWJ

IJKJKJMoMOP_VŶ ]R[̂PUXSMOSM_Yj[XP̂ MWV[̂WM[̂]Z[VWRpMWM[UWj[Z[XẀkSMOSMTSRUPVPOSRmMPqVPXSM_P

WMVSU_YZXWMWS_M_rX[S_MPZPXRsU[VS_MST[V[W[_MP̂ [__SRP_MOPMVPRX[OaP_MZSiRWRMtq[XSMP̂ MPUVSUXRWRMWu_v

VPRX[OkSuaP_vMQpZ[OWu_vJ

IJwJMxWMn[]yXP_PMOPMUPVP__[OWOPMOPMPUQ[SMOPMOSVŶ PUXS_MVŜ ]ZP̂ PUXWRP_mM[UO[_]PU_pQP[_Mz

VSUT[R̂ẀkSMOS_MhpMW]RP_PUXWOS_M]WRWMWMnWj[Z[XẀkSmMSYMOPMOSVŶ PUXS_MUkSMVSU_XWUXP_MOSMbcdefmMS

KTSRUPVPOSRM_PRpMVSUQSVWOSMWMPUVŴ [Unp{ZS_mMP̂ MTSR̂WXSMO[i[XWZmM]SRM̂P[SMOSM_[_XP̂ WmMUSM]RW\SMOPM

nSRW_ WRXJML|mM}Mw~mMOWMcxMbPiP_���MU~M�ImMOPMK�KL�_SjM]PUWMOPM[UWj[Z[XẀkSJMu vJ

IJ�JMbŜ PUXPMnWQPRpMWMUPVP__[OWOPMOPMVŜ ]RSQẀkSMOSM]RPPUVn[̂PUXSMOPMRPgY[_[XS_M̂ PO[WUXP

W]RP_PUXẀkSMOS_MOSVŶ PUXS_MSR[i[UW[_MUkS{O[i[XW[_MgYWUOSMnSYQPRMOlQ[OWMP̂ MRPZẀkSMz

[UXPiR[OWOPMOSMOSVŶ PUXSMO[i[XWZJ

IJ�JMxkSM_PRkSMWVP[XS_MOSVŶ PUXS_MOPMnWj[Z[XẀkSMVŜ M[UO[VẀkSMOPMdx���d�fMO[TPRPUXP_mM_WZQS

WgYPZP_MZPiWẐPUXPM]PR̂[X[OS_J

IJ�JMbPMSMTSRUPVPOSRMTSRMWM̂WXR[\mMXSOS_MS_MOSVŶ PUXS_MOPQPRkSMP_XWRMP̂ MUŜ PMOWM̂WXR[\mMPM_PMS

TSRUPVPOSRMTSRMWMT[Z[WZmMXSOS_MS_MOSVŶ PUXS_MOPQPRkSMP_XWRMP̂ MUŜ PMOWMT[Z[WZmMPqVPXSM]WRWMWXP_XWOS_

OPMVW]WV[OWOPMX�VU[VWmMPMUSMVW_SMOWgYPZP_MOSVŶ PUXS_MgYPmM]PZWM]Ry]R[WMUWXYRP\Wm

VŜ ]RSQWOŴ PUXPmMTSRP̂ MP̂ [X[OS_M_Ŝ PUXPMP̂ MUŜ PMOWM̂WXR[\J

IJIJMbPRkSMWVP[XS_MRPi[_XRS_MOPMdx��MOPMTSRUPVPOSRM̂WXR[\MPMT[Z[WZMVŜ MO[TPRPÙW_MOPMUl̂ PRS_MOP

OSVŶ PUXS_M]PRX[UPUXP_MWSMdx�MPMWSMd�f�f��bmMgYWUOSMTSRMVŜ ]RSQWOWMWMVPUXRWZ[\ẀkSMOS

RPVSZn[̂PUXSMOP__W_MVSUXR[jY[̀aP_J

IJ�JM�WQPUOSMUPVP__[OWOPMOPMWUWZ[_WRM̂ [UYV[S_Ŵ PUXPMS_MOSVŶ PUXS_MPq[i[OS_mMWM_P__kSM_PRp

_Y_]PU_WmM_PUOSM[UTSR̂WOWMWMUSQWMOWXWMPMnSRpR[SM]WRWMWM_YWMVSUX[UY[OWOPJ

IJ|JMbPRpM[UWj[Z[XWOSMSMTSRUPVPOSRMgYPMUkSMVŜ ]RSQWRM_YWMnWj[Z[XẀkSmM_PhWM]SRMUkSMW]RP_PUXWR

gYW[_gYPR OSVŶ PUXS_MOS_M MPq[i[OS_mMSYMW]RP_PUXp{ZS_MP̂ MOP_WVSROSMVŜ MSMP_XWjPZPV[OSMUP_XP

eQ[_SMOPMdSUXRWXẀkSM�[RPXWJ

IJ|JLJMxWMn[]yXP_PMOPMSMTSRUPVPOSRMUkSMWXPUOPRMz_MPq[itUV[W_M]WRWMWMnWj[Z[XẀkSmMSMyRikSMSY

PUX[OWOPMPqŴ [UWRpMWM]RS]S_XWM_Yj_PgYPUXPmMPMW__[̂M_YVP__[QŴ PUXPmMUWMSROP̂ MOP

VZW__[T[VẀkSmMWX�MWMW]YRẀkSMOPMŶ WM]RS]S_XWMgYPMWXPUOWMz_MP_]PV[T[VẀaP_MOSMSjhPXSMPMW_

VSUO[̀aP_MOPMnWj[Z[XẀkSJ

IJLLJMdSU_XWXWOSMSMWXPUO[̂PUXSMz_MPq[itUV[W_MOPMnWj[Z[XẀkSmMSMTSRUPVPOSRM_PRpMnWj[Z[XWOSJ

����������������������������

�3"�(&��D$! �8

�

����������������������������������

�3"�(&��D$! �8

�
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I

��J��KLMN�M�OPK

QRSQSTUVWXTYTZ[\[][̂Y_̀[TaTYbcdbefY_̀[gTfYX[TXaTf[hf]dYTVa]YTf[hijYiY_̀[gTXajkTlej\Yb[Tmaj\[Tba

n[hijYi[T[dTa\eieb[TehXijd\ahi[TaodepY]ahiaS

QRSqSTrTYbcdbefYikje[TiajkT[TVjYs[TbaTtuvwxyz{|}zx~�}���x��Tf[hiYb[XTYTVYjiejTbYTbYiYTbaTXdY

[d�f[hp[fY_̀[gTVYjYT~��xy~�}{}����{}z�}�{y��~�{} ~w�x�~�}xy������y�{}���x�~��y���}w{y�{���}{}w~�{

v�{�~}z�}����y�{��~��~}�{y��~�{����{�x�~��{|�}X[�TVahYTbaTbafYejT[Tbejaei[T�Tf[hijYiY_̀[gTXa\

Vjacd�s[TbYXTXYh_�aXTVjapeXiYXThaXiaTUpeX[TbaTn[hijYiY_̀[T�ejaiYS

QRSqSQSTU]iajhYiepY\ahiaT�Tf[hp[fY_̀[TVYjYTf[\VYjafajTVajYhiaT[TWĵ [̀T[dTahiebYbaTVYjYTY

YXXehYidjYTb[Tmaj\[TbaTn[hijYi[gTYTUb\eheXijY_̀[TV[bajkTahfY\ehZk�][TVYjYTYXXehYidjYg

\abeYhiaTf[jjaXV[hb�hfeYTV[XiY]Tf[\TYpeX[TbaTjafa�e\ahi[T�U� gTbeXV[he�e]esY_̀[TbaTYfaXX[

�TXeXia\YTbaTVj[faXX[Ta]aij¡hef[TVYjYTaXXaTle\T[dT[dij[T\ae[Ta]aij¡hef[gTVYjYTodaTXacY

YXXehYb[TaTbap[]peb[Th[TVjYs[TbaTR¢�fehf[ TbeYXgTYTf[hiYjTbYTbYiYTbaTXadTjafa�e\ahi[T[dTbY

beXV[he�e]esY_̀[Tb[TYfaXX[TY[TXeXia\YTbaTVj[faXX[Ta]aij¡hef[S

QRSqSqSTrTVjYs[TVjapeXi[Th[TXd�eia\TYhiaje[jTV[bajkTXajTVj[jj[̂Yb[gTV[jTêdY]TVaj�[b[gTV[j

X[]efeiY_̀[TcdXielefYbYTb[TYbcdbefYikje[TaTYfaeiYTVa]YTUb\eheXijY_̀[S

£t¤¥¤}¦}�w�x��}z~}�{�~}z�}����y�{}{�}z{}xy������y�{}���x�~��y���}��x�xz~}~{}�{�y�w�z{�

~z§�zxw~z{�}x���xw~}{}��w{y��wx��y�{}z�}���̈

£t¤¥¤£¤}�����xz~}�{�~}���©}��ª��x��xyz{}{}w{y��~�{�}~��xw~yz{«��}¬}���~��{}z�}y�­®wx{�}~�x

���~ª���wxz~}~�}zx��{�x�̄��}z~}°�x}y±}£²¤£¥¥�}z�}³t³£́

£t¤¥¤³¤}~}w{y��~�~z~}��}�xyw��~}¬}��~}��{�{��~}�}¬�}����x�̄��}w{y�xz~�}y{}��x�{}z�

�{y��~�~��{}µx���~}�}����}~y�¶{�́

£t¤¥¤¥¤}~}w{y��~�~z~}��w{y��w�}���}~�}�x�®�����}z�}���wx��{}��{}~����~�}����x��~�}y{�

~��x­{�}£¥·}�}£¥̧}z~}°�x}y±}£²¤£¥¥�}z�}³t³£}�}��w{y��w�}{�}zx��x�{�}z~}�z�xyx���~��{

����x��{�}y{�}~��x­{�}£¥·}~}£¥¹}z~}����~}°�x¤

QRSºSTrTVjYs[TbaTpê�hfeYTbYTf[hijYiY_̀[T»T[TaXiY�a]afeb[Th[Tmaj\[TbaT�alaj�hfeYS

QRS¢ST¼YTYXXehYidjYTb[Tf[hijYi[T[dTb[TehXijd\ahi[TaodepY]ahiaTXajkTa½êebYTYTf[\Vj[pY_̀[TbYX

f[hbe_�aXTbaTZY�e]eiY_̀[TaTf[hijYiY_̀[Tf[hXêhYbYXThaXiaTYpeX[gTodaTbapaj̀[TXajT\YhiebYXTVa][

l[jhafab[jTbdjYhiaTYTpê�hfeYTb[Tf[hijYi[S

I

��J�¾L¿N�OÀÁ��Á���LOÀÁ���ÂÃ¾L¾�MN�M¾Ä��

I

QQSQS�Tn[\aiaTehljY_̀[TYb\eheXijYiepYT[Tl[jhafab[jTodaTVjYiefYjTodYeXodajTbYXTZeVWiaXaXTVjapeXiYX

h[TYjiSTQ¢¢TbYTÅaeThÆTQºSQÇÇgTbaTqRqQgTodYeXTXacY\È

ÉQQSQSQSTbYjTfYdXYT�Teha½afd_̀[TVYjfeY]Tb[Tf[hijYi[

QQSQSqSTbYjTfYdXYT�Teha½afd_̀[TVYjfeY]Tb[Tf[hijYi[TodaTfYdXaT̂jYpaTbYh[T�TUb\eheXijY_̀[g

Y[Tldhfe[hY\ahi[Tb[XTXajpe_[XTVÊ�]ef[XT[dTY[TehiajaXXaTf[]aiep[É
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HHIHIJIKLMNKOMPQMKRKSTUVUOPWXYKZYZM[KLYKOYTZNMZY\

HHIHI]IKLUSVMNKLUKUTZNÛMNKMKLYOP_UTZMWXYKUVŜSLMK̀MNMKYKOUNZM_U\

HHIHIaIKTXYK_MTZUNKMK̀NỲYQZMbKQM[cYKU_KLUOYNNdTOSMKLUKeMZYKQP̀UNcUTSUTZUKLUcSLM_UTZU

fPQZSeSOMLY\

HHIHIgIKTXYKOU[UhNMNKYKOYTZNMZYKYPKTXYKUTZNÛMNKMKLYOP_UTZMWXYKUVŜSLMK̀MNMKMKOYTZNMZMWXYb

iPMTLYKOYTcYOMLYKLUTZNYKLYK̀NMjYKLUKcM[SLMLUKLUKQPMK̀NỲYQZM\

HHIHIkIllUTQUfMNKYKNUZMNLM_UTZYKLMKUVUOPWXYKYPKLMKUTZNÛMKLYKYhfUZYKLMKOYTZNMZMWXYKLSNUZM

QU_K_YZScYKfPQZSeSOMLY\

HHIHImIKM̀NUQUTZMNKLUO[MNMWXYKYPKLYOP_UTZMWXYKeM[QMKUVŜSLMK̀MNMKYKOUNZM_UKYPK̀NUQZMN

LUO[MNMWXYKeM[QMKLPNMTZUKMKLSQ̀UTQMKU[UZNnTSOMKYPKMKUVUOPWXYKLYKOYTZNMZY\

HHIHIoIKeNMPLMNKMKLSQ̀UTQMKU[UZNnTSOMKYPK̀NMZSOMNKMZYKeNMPLP[UTZYKTMKUVUOPWXYKLYKOYTZNMZY\

HHIHIHpIlKOY_̀ YNZMNqQUKLUK_YLYKSTSLnTUYKYPKOY_UZUNKeNMPLUKLUKiPM[iPUNKTMZPNUjM\

HHIHIHpIHIKrYTQSLUNMqQUKOY_̀ YNZM_UTZYKSTSLnTUYbKUTZNUKYPZNYQbKMKLUO[MNMWXYKeM[QM

iPMTZYKRQKOYTLSWsUQKLUK̀MNZSOS̀MWXYbKiPMTZYKMYKUTiPMLNM_UTZYKOY_YKtuvuwwKYPKY

OYT[PSYKUTZNUKYQKeYNTUOULYNUQbKU_KiPM[iPUNK_Y_UTZYKLMKLSQ̀UTQMbK_UQ_YKM̀xQKY

UTOUNNM_UTZYKLMKeMQUKLUK[MTOUQI

HHIHIHHIlK̀NMZSOMNKMZYQKS[yOSZYQKOY_KcSQZMQKMKeNPQZNMNKYQKYhfUZScYQKLUQZUKOUNZM_UI

MNZIKazKLMK{USKTzKH|Im]gbKLUKHzKLUKM̂YQZYKLUK|pHJIHHIHIH|IK̀NMZSOMNKMZYK[UQScYK̀NUcSQZYKTYl

HHI|IK}KeYNTUOULYNKiPUKOY_UZUNKiPM[iPUNKLMQKSTeNMWsUQKLSQONS_STMLMQKTYQKQPhSZUTQKMTZUNSYNUQKeSOMN~

QPfUSZYbKQU_K̀NUfPyjYKLMKNUQ̀YTQMhS[SLMLUKOScS[KUKONS_STM[bKRQKQÛPSTZUQKQMTWsUQ�

M�K�LcUNZdTOSMK̀U[MKeM[ZMKLYKQPhSZU_KHHIHIHKLUQZUK�cSQYKLUKrYTZNMZMWXYK�SNUZMbKiPMTLYKTXY

QUKfPQZSeSOMNKMKS_̀ YQSWXYKLUK̀UTM[SLMLUK_MSQK̂NMcU\

h�KtP[ZMKLUKHp�K�LUjIK̀YNKOUTZY�QYhNUKYKcM[YNKUQZS_MLYKLY�Q�KSZU_�Q�K̀NUfPLSOMLY�Q�K̀U[MK

OYTLPZMKLYKeYNTUOULYNbK̀YNKiPM[iPUNKLMQKSTeNMWsUQKLYQKQPhSZUTQKHHIHIHKMKHHIHIH|\l

KO�K�_̀ ULS_UTZYKLUK[SOSZMNKUKOYTZNMZMNTYK�_hSZYKLMK�L_STSQZNMWXYKw�h[SOMKLSNUZMKUKSTLSNUZMKLY

UTZUKeULUNMZScYKiPUKZScUNKM̀[SOMLYKMKQMTWXYbK̀U[YK̀NMjYK_~VS_YKLUKJK�ZNdQ�KMTYQbKTYQKOMQYQ

LYQKQPhSZUTQKHHIHI|KlMKHHIHIkKLUQZUK�cSQYKLUKrYTZNMZMWXYK�SNUZMbKiPMTLYKTXYKQUKfPQZSeSOMNKM

\S_̀ YQSWXYKLUK̀UTM[SLMLUK_MSQK̂NMcU

L�K�UO[MNMWXYKLUKSTSLYTUSLMLUK̀MNMK[SOSZMNKYPKOYTZNMZMNbKiPUKS_̀ ULSN~KYKNUQ̀YTQ~cU[KLUK[SOSZMN

YPKOYTZNMZMNKTYK�_hSZYKLMK�L_STSQZNMWXYKw�h[SOMKLSNUZMKUKSTLSNUZMKLUKZYLYQKYQKUTZUQ

eULUNMZScYQbK̀U[YK̀NMjYK_yTS_YKLUKJK�ZNdQ�KMTYQKUK_~VS_YKLUKgK�QUSQ�KMTYQbKTYQKOMQYQKLYQ

QPhSZUTQKHHIHImKMKHHIHIH|bKhU_KOY_YKTYQKLU_MSQKOMQYQKiPUKfPQZSeSiPU_KMKS_̀ YQSWXYKLM

\ÙTM[SLMLUK_MSQK̂NMcU

HHIJIK�KM̀[SOMWXYKLMQKQMTWsUQK̀NUcSQZMQKTUQZUK�cSQYKLUKrYTZNMZMWXYK�SNUZMKTXYKUVO[PSbKU_K�S̀xZUQU

M[̂P_MbKMKYhNŜMWXYKLUKNÙMNMWXYKSTZÛNM[KLYKLMTYKOMPQMLYKRKrYTZNMZMTZUK�MNZIKHagbK�oz�

HHI]IK�YLMQKMQKQMTWsUQK̀NUcSQZMQKTUQZUK�cSQYK̀YLUNXYKQUNKM̀[SOMLMQKOP_P[MZScM_UTZUKOY_KMK_P[ZM

�MNZIKHagbK�kz�I

HHIaIK�TZUQKLMKM̀[SOMWXYKLMK_P[ZMbKQUN~KeMOP[ZMLMKMKLUeUQMKLYKSTZUNUQQMLYKTYK̀NMjYKLUKHaK�iPSTjU�

LSMQK�ZUSQbKOYTZMLYKLMKLMZMKLUKQPMKSTZS_MWXYK�MNZIKHak�
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HHIJIKLMKNKOPQRNKNSQTUNVNKMKNWKTXVMXTYNZ[MWKUN\]̂MTWK_̀aMOKWPSMaT̀aMWKǸK̂NQ̀aKV̀KSNbNOMXR̀

M̂MXRPNQOMXRMKVM̂TV̀KSMQ̀Kc̀ XRaNRNXRMKǸKc̀ XRaNRNV̀dKNQeOKVNKSMaVNKVMWWMK̂NQ̀adKNKVT_MaMXZNKWMaf

VMWÙXRNVNKVNKbNaNXRTNKSaMWRNVNK̀PKWMafKÙ\aNVNKgPVTUTNQOMXRMKhNaRIKHiJdKjklmI

HHInIKoaM̂TNOMXRMKǸKMXUNOTXpNOMXR̀KqKÙ\aNXZNKgPVTUTNQdKNKOPQRNKS̀VMafKWMaKaMÙQpTVN

NVOTXTWRaNRT̂NOMXRMKX̀KSaNỲKOfrTÒ KVMK VTNWdKNKÙXRNaKVNKVNRNKV̀KaMUM\TOMXR̀KVNstuvwxyzu

ÙOPXTUNZ{̀KMX̂TNVNKSMQNKNPR̀aTVNVMKÙOSMRMXRMI

HHIkIK|KNSQTUNZ{̀KVNWKWNXZ[MWKaMNQTYNa}WM}fKMOKSàUMWẀKNVOTXTWRaNRT̂̀ K~PMKNWWMbPaMK̀

ÙXRaNVTR�aT̀KMKNKNOSQNKVM_MWNKǸKc̀ XRaNRNV̀dK̀\WMâNXV̀}WMK̀KSàUMVTOMXR̀KSaM̂TWR̀KX̀K M������

SNafbaN_̀WKV̀KNaRIKHikKVNK�MTKXlKH�IH��dKVMK���HdKSNaNKNWKSMXNQTVNVMWKVMKTOSMVTOMXR̀KVMKQTUTRNaKM

ÙXRaNRNaKMKVMKVMUQNaNZ{̀KVMKTXTV̀XMTVNVMKSNaNKQTUTRNaK̀PKÙXRaNRNaI

HHI�IK�NKNSQTUNZ{̀KVNWKWNXZ[MWKWMa{̀KÙXWTVMaNV̀WKhNaRIKHiJdKjHlm�

HHIH�IKNKXNRPaMYNKMKNKbaN̂TVNVMKVNKTX_aNZ{̀KÙOMRTVN�

HHIHHIKNWKSMUPQTNaTVNVMWKV̀KUNẀKÙXUaMR̀�

HHIH�IKNWKUTaUPXWR�XUTNWKNbaN̂NXRMWK̀PKNRMXPNXRMW�

HHIH�IK̀WKVNX̀WK~PMKVMQNKSà T̂MaMOKSNaNK̀Kc̀ XRaNRNXRM�

HHIH�IKNKTOSQNXRNZ{̀K̀PK̀KNSMa_MTZ̀NOMXR̀KVMKSàbaNONKVMKTXRMbaTVNVMdKÙX_̀aOMKX̀aONWKM

àTMXRNZ[MWKV̀WK�ab{̀WKVMKÙXRàQMI

HHIHiIK�WKNR̀WKSaM̂TWR̀WKÙÒ KTX_aNZ[MWKNVOTXTWRaNRT̂NWKXNK�MTKXlKH�IH��dKVMK���HdK̀PKMOK̀PRaNW

QMTWKVMKQTUTRNZ[MWKMKÙXRaNR̀WKVNK|VOTXTWRaNZ{̀Ko�\QTUNK~PMKRNO\eOKWMgNOKRTST_TUNV̀WKÙÒ KNR̀W

QMWT̂̀ WKXNK�MTKXlKH�Ik�JdKVMKHlKVMKNb̀WR̀KVMK��H�dKWMa{̀KNSPaNV̀WKMKgPQbNV̀WKÙXgPXRNOMXRMdKX̀W

OMWÒ WKNPR̀WdK̀\WMâNV̀WK̀KaTR̀KSàUMVTOMXRNQKMKNPR̀aTVNVMKÙOSMRMXRMKVM_TXTV̀WKXNKaM_MaTVNK�MT

hNaRIKHi�mI

HHIHJIK|KSMaẀXNQTVNVMKgPa]VTUNKV̀Kc̀ XRaNRNV̀KS̀VMafKWMaKVMWÙXWTVMaNVNKWMOSaMK~PMKPRTQTYNVN

ÙOKN\PẀKV̀KVTaMTR̀KSNaNK_NUTQTRNadKMXÙ\aTaK̀PKVTWWTOPQNaKNKSafRTUNKV̀WKNR̀WKTQ]UTR̀WKSaM̂TWR̀WKXMWRM

c̀ XRaNR̀K̀PKSNaNKSà^̀UNaKÙX_PW{̀KSNRaTÒ XTNQdKMdKXMWWMKUNẀdKR̀V̀WK̀WKM_MTR̀WKVNWKWNXZ[MW

NSQTUNVNWKqKSMWẀNKgPa]VTUNKWMa{̀KMWRMXVTV̀WKǸWKWMPWKNVOTXTWRaNV̀aMWKMKW�UT̀WKÙOKS̀VMaMWKVM

NVOTXTWRaNZ{̀dKqKSMWẀNKgPa]VTUNKWPUMWẀaNK̀PKqKMOSaMWNKV̀KOMWÒ KaNÒ KÙOKaMQNZ{̀KVM

ÙQTbNZ{̀K̀PKÙXRàQMdKVMK_NR̀K̀PKVMKVTaMTR̀dKÙOK̀Kc̀ XRaNRNV̀dK̀\WMâNV̀WdKMOKR̀V̀WK̀WKUNẀWdK̀

ÙXRaNVTR�aT̀dKNKNOSQNKVM_MWNKMKNK̀\aTbNR̀aTMVNVMKVMKNXfQTWMKgPa]VTUNKSaêTNKhNaRIKHJ�m

HHIHnI�K�Kc̀ XRaNRNXRMKVM̂MafdKX̀KSaNỲKOfrTÒ KHiKh~PTXYMmKVTNWK�RMTWdKÙXRNV̀KVNKVNRNKVM

NSQTUNZ{̀KVNKWNXZ{̀dKTX_̀aONaKMKONXRMaKNRPNQTYNV̀WK̀WKVNV̀WKaMQNRT̂̀ WKqWKWNXZ[MWKS̀aKMQM

NSQTUNVNWdKSNaNK_TXWKVMKSP\QTUTVNVMKX̀KcNVNWRàK�NUT̀XNQKVMK�OSaMWNWK�XTV�XMNWKMKLPWSMXWNW

hcMTWmKMKX̀KcNVNWRàK�NUT̀XNQKVMK�OSaMWNWKoPXTVNWKhcXMSmdKTXWRTRP]V̀WKX̀K�O\TR̀KV̀KòVMa

�rMUPRT̂̀ K�MVMaNQIKh|aRIKHJHm

HHIHkIK|WKWNXZ[MWKVMKTOSMVTOMXR̀KVMKQTUTRNaKMKÙXRaNRNaKMKVMUQNaNZ{̀KVMKTXTV̀XMTVNVMKSNaNKQTUTRNaK̀P

ÙXRaNRNaKW{̀KSNWW]̂MTWKVMKaMN\TQTRNZ{̀KXNK_̀aONKV̀KNaRIKHJ�KVNK�MTKXlKH�IH��dKVMK���HI

HHIH�IK|WKWNXZ[MWKS̀aKNR̀WKSaNRTUNV̀WKX̀KVMÙaaMaKVNKÙXRaNRNZ{̀KMWR{̀KSaM̂TWRNWKX̀WKNXMr̀WKN

MWRMK|̂TẀI
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��H�I���IJ�KL�JMNO���OP�J�

QRSQSTUVTWXYVTZ[T\VZVYTVYT]V̂_[W[ZV̂[YT̂[Y\X̂[̀ TZ[YWaXYYb]bWXZVYTVcTb_Xdbab\XZVYTef̂VW[Zb̀[_\V

]̂XWXYYXZVghTXTiZ̀ b_bY\̂XjkVTfVZ[̂lm

QRSQSQST̂[fcdabWX̂TVTf̂[Y[_\[TXnbYVTWV̀ Tc̀ XT_VnXTZX\Xo

QRSQSRSTnXa[̂pY[hTfX̂XTXTWV_\̂X\XjkVhTZ[Tf̂VfVY\XTVd\bZXT_XTf[YqcbYXTZ[Tf̂[jVYTqc[TY[̂nbcTZ[

dXY[TXVTf̂VW[Zb̀[_\VhTY[TrVcn[̂hTf̂bnba[sbX_ZVpY[TVYT̀[_V̂[YTf̂[jVYhTY[̀ f̂[Tqc[TfVYYtn[ah

[TZ[YZ[Tqc[TX\[_ZbZXYTuYTWV_Zbjv[YTZ[TrXdbab\XjkVT[wbsbZXYS

QRSQSRSQSTUVTWXYVTZVTYcdb\[̀ TX_\[̂bV̂hTXTWV_\̂X\XjkVTY[̂lTVf[̂XWbV_XabxXZXT]V̂XTZ[Y\[

f̂VW[Zb̀[_\VS

QRSQSyST]bwX̂Tf̂XxVTfX̂XTqc[TfVYYXTrXn[̂TXZ[qcXjkVTZXYTf̂VfVY\XYTVcTZXTZVWc̀ [_\XjkVTZ[

rXdbab\XjkVhTWV_]V̂ [̀TVTWXYVS

QRSRSTiYTf̂VnbZz_WbXYTZVYTYcdb\[_YTQRSQSQT{[TQRSQSRT\X̀ d|̀ TfVZ[̂kVTY[̂Tc\babxXZXYTY[T_kVTrVcn[̂TV

WV̀ fX̂[Wb̀[_\VTZ[TqcXbYqc[̂T]V̂_[W[ZV̂[YTb_\[̂[YYXZVYTef̂VW[Zb̀[_\VTZ[Y[̂\VgS

QRSyST}Xn[_ZVTXT_[W[YYbZXZ[TZ[T̂[XabxXjkVTZ[TX\VTZ[TqcXaqc[̂T_X\ĉ[xXTf[aVYT]V̂_[W[ZV̂[YhTWc~V

f̂XxVT_kVTWV_Y\[TZ[Y\[TinbYVTZ[T�V_\̂X\XjkVT�b̂[\XhTZ[n[̂lTY[̂TX\[_ZbZVTVTf̂XxVTb_ZbWXZVTf[aV

Xs[_\[TWV̀ f[\[_\[TZXTiZ̀ b_bY\̂XjkVT_XT̂[Yf[W\bnXT_V\b]bWXjkVS

QRS�ST�Xd[̂lTXVT]V̂_[W[ZV̂TXWV̀ fX_rX̂TXYTVf[̂Xjv[YhT]bWX_ZVT̂[YfV_Yln[aTf[aVT�_cYTZ[WV̂ [̂_\[

ZXTf[̂ZXTZVT_[s�WbVTZbX_\[TZXTb_VdY[̂n�_WbXTZ[TqcXbYqc[̂T̀[_YXs[_YT[̀ b\bZXYTf[aXTiZ̀ b_bY\̂XjkV

VcTZ[TYcXTZ[YWV_[wkVS

QRS�STUkVTrXn[_ZVT[wf[Zb[_\[TVcTVWV̂ [̂_ZVTqcXaqc[̂T]X\VTYcf[̂n[_b[_\[Tqc[Tb̀f[jXTXT̂[XabxXjkV

ZVTW[̂\X̀ [T_XTZX\XT̀ X̂WXZXhTXTY[YYkVTY[̂lTXc\V̀ X\bWX̀ [_\[T\̂X_Y][̂bZXTfX̂XTVTf̂b̀[b̂VTZbXT�\ba

YcdY[qc[_\[hT_VT̀[Ỳ VTrV̂l̂bVTX_\[̂bV̂ [̀_\[T[Y\Xd[a[WbZVhTZ[YZ[Tqc[T_kVTrX~XTWV̀ c_bWXjkVT[̀

WV_\̂l̂bVS

QRS�ST�YTrV̂l̂bVYT[Y\Xd[a[WbZVYT_XTZbncasXjkVTZ[Y\[Tf̂VW[Zb̀[_\VT[TZĉX_\[TVT[_nbVTZ[TaX_W[Y

VdY[̂nX̂kVTVTrV̂l̂bVTZ[T�̂XYtabXp��hTb_WacYbn[TfX̂XTWV_\Xs[̀ TZ[T\[̀ fVT[T̂[sbY\̂VT_VT�bY\[̀ XT[T_X

ZVWc̀ [_\XjkVT̂[aX\bnXTXVTf̂VW[Zb̀[_\VS

QRS�STUVT~casX̀ [_\VTZXYTf̂VfVY\XYT[TZXTrXdbab\XjkVhTXTiZ̀ b_bY\̂XjkVTfVZ[̂lTYX_X̂T[̂ V̂YTVcT]XarXY

qc[T_kVTXa\[̂[̀ TXTYcdY\�_WbXTZXYTf̂VfVY\XYhTZVYTZVWc̀ [_\VYT[TYcXTnXabZXZ[T~ĉtZbWXhT̀[ZbX_\[

Z[YfXWrVT]c_ZX̀ [_\XZVhT̂[sbY\̂XZVT[̀ TX\XT[TXW[YYtn[aTXT\VZVYhTX\̂bdcb_ZVpar[YTnXabZXZ[T[T[]bWlWbX

fX̂XT]b_YTZ[TrXdbab\XjkVT[TWaXYYb]bWXjkVS

QRS�STiYT_V̂ X̀YTZbYWbfab_XZV̂XYTZ[Y\[TinbYVTZ[T�V_\̂X\XjkVT�b̂[\XTY[̂kVTY[̀ f̂[Tb_\[̂f̂[\XZXYT[̀

]XnV̂TZXTX̀ fabXjkVTZXTZbYfc\XT[_\̂[TVYTb_\[̂[YYXZVYhTZ[YZ[Tqc[T_kVTWV̀ f̂V̀ [\X̀ TVTb_\[̂[YY[TZX

iZ̀ b_bY\̂XjkVhTVTf̂b_WtfbVTZXTbYV_V̀ bXhTXT]b_XabZXZ[T[TXTY[sĉX_jXTZXTWV_\̂X\XjkVS

QRS�ST�YT]V̂_[W[ZV̂[YTXYYc̀ [̀ T\VZVYTVYTWcY\VYTZ[Tf̂[fX̂XjkVT[TXf̂[Y[_\XjkVTZ[TYcXYTf̂VfVY\XY

[TXTiZ̀ b_bY\̂XjkVT_kVTY[̂lhT[̀ T_[_rc̀ TWXYVhT̂[YfV_Yln[aTfV̂T[YY[YTWcY\VYhTb_Z[f[_Z[_\[̀ [_\[

ZXTWV_ZcjkVTVcTZVT̂[Yca\XZVTZVTf̂VW[YYVTZ[TWV_\̂X\XjkVS

QRSQ�ST�̀ TWXYVTZ[TZbn[̂sz_WbXT[_\̂[TZbYfVYbjv[YTZ[Y\[TinbYVTZ[T�V_\̂X\XjkVT�b̂[\XT[TZ[TY[cY

X_[wVYTVcTZ[̀ XbYTf[jXYTqc[TWV̀ fv[̀ TVTf̂VW[YYVhTf̂[nXa[W[̂lTXYTZ[Y\[TinbYVS

QRSQQST�XTY[YYkVTf�dabWXTY[̂lTZbncasXZXTi\XT_VTYbY\[̀ XT[a[\̂�_bWVS

QRSQRST�_\[ŝX̀ T[Y\[TinbYVTZ[T�V_\̂X\XjkVT�b̂[\XhTfX̂XT\VZVYTVYT]b_YT[T[][b\VYhTVYTY[scb_\[YTX_[wVYm
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HIJHIJHJKLMNOPKQKRKSTUVWXKYUKZU[UV\]̂_̀

abcabcacacdefghidjcadkdelmnopqrstnduvdwnxyorz

{
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INSTITUTO NACIONAL DE PESQUISAS ESPACIAIS
Av. dos Astronautas, 1758,   - Bairro Jardim da Granja,

CEP 12227-010, São José dos Campos - SP - http://www.inpe.br/

AUTORIZAÇÃO DE COMPRA/SERVIÇO

AUTORIZAÇÃO DE
COMPRA/SERVIÇO Nº: 23/2025

DE: 90027/2025  
Dispensa
Eletrônica:
184/2025

SÃO JOSÉ DOS CAMPOS, 14
de Abril de 2025

IOP PUBLISHING

CNPJ: IE:

Endereço: N.2 THE DISTILLERY, GLASSFIELDS,AVON STREET,BRISTOL
BS2 OGR UK Bairro: - Cidade/UF: EXTERIOR / EX

Telefone: , Fax: CEP:

Banco: C/C: Agência:

Nome Banco: Contato:

Email: ,

Chave Pix:

 

Item
ATA Código Descrição /

Observação Unid. Qtde. Preço
Unitário IPI % Total

PUBLICAÇÃO DE
ARTIGO
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1 13141 CIENTÍFICO EM
REVISTA
INTERNACIONAL
E NACIONAL .

SV 1.00 R$
4.374,760.00 R$

4.374,76

 Total: R$ 4.374,76

 

Observações:

-CONFORME PRO-FORMA INVOICE
-AMPARO LEGAL: LEI 14.133, ART. 75, INCISO II
-“ESTA AUTORIZAÇÃO DE COMPRA/SERVIÇO, SÓ TERÁ VALIDADE
MEDIANTE A NOTA DE EMPENHO”
"OS PAGAMENTOS SERÃO EFETUADOS EXCLUSIVAMENTE POR MEIO DE
ORDEM BANCÁRIA".

 

Local de entrega: MINISTÉRIO DA CIÊNCIA, TECNOLOGIA E INOVAÇÃO -
MCTI - AV. DOS ASTRONAUTAS, 1758 JD. DA GRANJA SÃO JOSÉ DOS
CAMPOS São Paulo CEP: 12227-010 CNPJ: 01.263.896/0005-98 IE:
ISENTO Telefone: +55(12)3208-6993 Telefone 2: +55(12)3208-6105
Fax:

 

- Condições de Fornecimento -

Prazo de entrega...: 30 dias

Prazo de pagamento...: WIRE TRANSFER

Validade da proposta...: 60 dias

 

O faturamento deverá ser para:

 

Ministério da Ciência, Tecnologia e Inovação - MCTI

AV. DOS ASTRONAUTAS, 1758 JD. DA GRANJA SÃO JOSÉ DOS CAMPOS,
SP CEP: 12227-010

Autorização de compra/serviço AC 23/2025 (12760310)         SEI 01340.001347/2025-48 / pg. 43



CNPJ: 01.263.896/0005-98 IE: ISENTO Telefone: +55(12)3208-6993 Fax:

Documento assinado eletronicamente por José Aristeu de Souza Ruas,
Chefe do Serviço de Compras, Recebimento e Importação, em
14/04/2025, às 16:05 (horário oficial de Brasília), com fundamento no § 3º
do art. 4º do Decreto nº 10.543, de 13 de novembro de 2020.
Documento assinado eletronicamente por Marcos Aurelio Ferreira dos
Santos, Ordenador de Despesas substituto, em 16/04/2025, às 06:59
(horário oficial de Brasília), com fundamento no § 3º do art. 4º do Decreto nº
10.543, de 13 de novembro de 2020.

A autenticidade deste documento pode ser conferida no site
https://sei.mcti.gov.br/verifica.html, informando o código verificador
12760310 e o código CRC 25C75336.

01340.001347/2025-48 12760310v3
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INSTITUTO NACIONAL DE PESQUISAS ESPACIAIS

Serviço de Compras, Recebimento e Importação
Coordenação de Administração

Coordenação-Geral de Gestão Organizacional
Instituto Nacional de Pesquisas Espaciais

ORDEM DE COMPRA
REFERENTE AO PROCESSO Processo de Compra: 90027/2025

 

Ordem de Compra: 23/2025

Fornecedor: IOP PUBLISHING

ItemRequisiçãoMaterialFontePTRES P.I. ND. Qtd
Comprada

Preço
Unitário

Valor
Total

1
DIAST-
004/2025-
RC

13141 1000 233467955656-
PO09 339039921,00000 R$

4.374,76
R$
4.374,76

Total: R$
4.374,76

 

Resumo do Processo: 90027/2025

 

Fonte PTRES P.I. ND. Valor Total

1000 233467 955656-PO09 33903992 R$ 4.374,76

Valor Total das OCs: R$ 4.374,76

Documento assinado eletronicamente por José Aristeu de Souza Ruas,
Chefe do Serviço de Compras, Recebimento e Importação, em
14/04/2025, às 16:06 (horário oficial de Brasília), com fundamento no § 3º
do art. 4º do Decreto nº 10.543, de 13 de novembro de 2020.

A autenticidade deste documento pode ser conferida no site
https://sei.mcti.gov.br/verifica.html, informando o código verificador
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12760320 e o código CRC 7726A828.

Referência: Processo nº 01340.001347/2025-48 SEI-INPE nº 12760320
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Data e hora da consulta:
Usuário:

  16/04/2025 16:02
        ***.821.578-**

Nota de Empenho

      Impressão Completa

Código Nome Moeda

Ano Tipo Número

240106 INSTITUTO NACIONAL DE PESQ. ESPACIAIS-INPE REAL - (R$)

2025 NE 182

Natureza da DespesaEsfera UGRPTRES Plano InternoFonte de Recurso

Célula Orçamentária

1 233467 1000000000 339039 - 955656-PO09

Data de Emissão Tipo Processo Taxa de Câmbio Valor

Código Nome

Descrição

Local da Entrega

Informação Complementar

16/04/2025 Estimativo 01340.001347/2025-48 0,0000 4.374,76

EX3613078 IOP PUBLISHING

PUBLICACAO DE ARTIGO CIENTIFICO EM REVISTA INTERNACIONAL CONFORME REQUISICAO DIAST-
004/2025-RC SEI 12642192, D.E. N. 1842025 SEI 12760310 E AUTORIZAÇÃO DE COMPRA Nº 23/2025 SEI
12760310. PTRES 233467. TED INPE/AEB Nº 955656/2024.

SAO JOSE DOS CAMPOS/SP

24010606001842025 - UASG Minuta: 240106

Artigo

Código

Parágrafo

Modalidade de Licitação

IncísoAto Normativo

Amparo Legal

139 DISPENSA DE LICITACAO

75 - II -

Alínea

LEI 14.133 / 2021

Sistema de Origem

COMPRASNET-ME

Favorecido

Endereço

N.2 THE DISTILLERY, GLASSFIELDS, AVON STREET, BRISTOL BS2 OGR UK

CEP

00000-000

Município UF Telefone

CNPJ

01.263.896/0005-98

CEP

12227-010

Endereço

AV.DOS ASTRONAUTAS, NR. 1.758

Município

SAO JOSE DOS CAMPOS

UF

SP

Telefone

(012) 32086079 - 32086080 - 32086075-32086081

UG Emitente

1  de      2002
Versão Data/Hora

16/04/2025 15:49:19
Operação
Alteração
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Data e hora da consulta:
Usuário:

  16/04/2025 16:02
        ***.821.578-**

Nota de Empenho

      Impressão Completa

Lista de Itens

Natureza de Despesa
339039 - OUTROS SERVICOS DE TERCEIROS - PESSOA JURIDIC 4.374,76

Total da Lista

Subelemento 92 - SERVICOS DE PUBLICIDADE INSTITUCIONAL

001 4.374,76Item compra: 00001 - Publicação Livro / Matéria - Periódica / Oficial

Data Operação Quantidade Valor Unitário Valor Total

16/04/2025 Inclusão 1,00000 4.374,7600 4.374,76

Seq. Descrição Valor do Item

Ordenador de Despesa

MARCOS AURELIO DSO SANTOS

***.037.274-**

16/04/2025 15:49:19

Gestor Financeiro

GENTIL MOURA DA SILVA

***.217.568-**

16/04/2025 15:18:02

Assinaturas

2  de      2002
Versão Data/Hora

16/04/2025 15:49:19
Operação
Alteração
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Correspondência Eletrônica - 12776256

Data de Envio: 
  16/04/2025 16:09:04

De: 
  INPE/Serviço de Controle de Orçamento e Finanças <sesof@inpe.br>

Para:
    aristeu.ruas@inpe.br
    anderson.alex@inpe.br

Assunto: 
  Encaminha Nota de Empenho 2025NE000182 referente à A/C 23/2025 SEI 12760320

Mensagem: 
  Prezados,

Ref. Proc 01340.001347/2025-48

Segue cópia da 2025NE000182 referente à A/C 23/2025 SEI 12760320 (EX3613078) referente a
publicação, para suas providências.

O processo será tramitado para SECRI nesta data.

Atenciosamente,

José Luís A. Barros

Anexos:
    Nota_12776229_2025NE000182_EX3613078_IOP_PUBLISHING_Publicacao.pdf
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