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FIG. 1. Tilling of sky-grid for the frequency band 1240-1250 Hz; dgy = 6.6 X 10~ for this band. In the left panel, we
show the sky-grid points on the celestial sphere; the color-code traces the number of sky-grid points, Ns, as a function of
equatorial latitude 8. The right panel is a polar plot of the northern equatorial hemisphere of the same sky-grid but with
density scaled down by a factor of 4 to allow for better viewing. In the polar plot, § = a and r = Cos(9).

In these regions, depending on the signal parameters, the
detection efficiency might be affected.

| Quantity | Value

Teon (hours) 30.0

Tobs (days) 653.18

Tret (GPS seconds)|847063082.5
Neeg 205

5fe (Hz) 6.71 x 107°
8f (Hz/s) 5.78 x 1071°
5 1399

Msky 0.30

TABLE L. Search parameters for the search. Trer is the refer-
ence time that defines the frequency and spin-down values.

Desprte
i the removal of known disturbances in the

data, th}e,\ data still contains unknown noise artefacts it
produd}u?]: values that do not follow the expected dis-
tribution for Gaussian noise. These artefacts usually
have narrow-band characteristics; we identify such “dis-
turbed” signal-frequency intervals in the search results
and exclude them from further consideration. The ben-
efit of such exclusions is that, in the remaining “undis-
turbed” bands, we can rely on semi-analytic predictions
for the significance of the 0bserved—>2.7—" values, and we
can set a uniform detection Crlt(‘llla,' across the entire pa-
rameter space. It is true that we fowgo the probability
of detecting a signal in the disturbed frequency intervals.
H()W(‘V(‘I‘,,’ in order to perform reliable analyses in these
mtervals, ‘ad-hoc studies and tuning of the procedures

Number of templates
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FIG. 2. Number of templates searched in @O—mHz bands. The
variation in template count arises from the-variation is num-
ber of sky-grid points every 10 Hz in frequency. Each 50 mHz
band contributes roughly 6.3 x 107 templates in frequency and
spin-down (on the finer grid refined by refinement factor ~.)

would need to be performed on each disturbed band sep-
aratel§ land these would be very time-consuming. Since
the undisturbed intervals in data comprise over 95% of
the total data, we believe that ignoring the disturbed
bands for this search is a reasonable choice. In the fu-
ture, a focused effort on the analysis of the disturbed
bands could attempt to recover some sensitivity in those
regions.

The identification of undisturbed bands is carried out
via a visual inspection method. This visual inspection of
the data is performed by two scientists for this search
who look at various distributions of the 2F values in
(f, /) parameter space in 50 mHz bands. They rank these
50 mHz bands with 4 numbers: 0,1,2,3; a ‘0’ ranking
marks the band as “undisturbed”, a ‘3’ ranks the band
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FIG. 4. Highest values of 27 in every 0.5 Hz band as a func-
tion of starting frequency of the band.

02 © Calculated |
0.851 meee Linearly-fitted curve
0.3

0.75
0.7
0.65
0.6

Nlrlals/N templates

0.55
0.5

045 1 1 L L L E
1250 1300 1350 1460 1450 1500

f (nHz)

FIG. 5. RatioxR = Nurials/Ntemplates as a function of fre-
quency in/ 10*H7 intervals. The error bars represent the 1-o
statistical errors from the fitting procedure described in the
text, not the linear fit used to draw the blue line shown here.
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FIG. 6. Values\of Ntemplates and Nisiais as a function of fre-
quency in O\Ezgz bands.

candidates in 0.5Hz bands as a function of frequency (top
panel) and theirdistribution (bottom panel).

In this scarch, the overall loudest candidate with 2F =
5.846 is also the most 51gn1ﬁcanj5 ;,andldate, with CR =
3.25. A deviation of 3.25¢ from. expected 2F value would
not be significant enough to@lm a detection if we had
only searched a single 0.5 Hz band; in fact, it is even less
significant considering the fact that a total of 485 0.5 Hz

bands were searched.

We define the p-value associated with a CR as the prob-—
ability of observing that particular value of CR or higher \
by random chance in a search over one Q. 5Hz band, per- }
formed over Nipals number of 1ndependent trials using -
Ngeg number of segments. The distribution of p—\;a_ly_es
associated with the loudest observed candidates in Qiﬂé
bands is consistent with what we expect from noise-only
scenario across the explored parameter space, as shown in

Fig.9. In particular, note that the loudest observed can-
didate with CR = 3.25 is consistent with expectations ?
from noise-only scenario, and in fact, there is no popu- g

lation of candidates with low CR values deviating from
the expectations from noise-only case. Furthermore, we
see in Fig.9 that across.485 0.5 Hz bands searched by our
set up, we expect 4+ 3 o indidates at least as significant
as CR = 3.25 by~ randon chance, which makes our ob-
served loudest (@{na}date completely consistent with e;ce ool ON
ions from tloise N gk
pectatio f\l@ noise-only case. \\ (5 (’F; gyAng(/r(f”’\’ VLG
w7 5°
LA f@/fl
7
S/'fe” Eﬁ/(ﬁL
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FIG. 7. In the top panel, we plotﬁt‘he signiﬁcance{ of. loud-
est observed candidate in every 0\5’1}7 band as a funetion of
starting frequency of the band. In the bottom panel, we show
the distribution of CR values. The significance folds in the
expected value for the loudest 2F and its standard deviation.

V. UPPER-LIMITS

Our secarch results do not deviate from the expecta-
tions from noise-only data. Hence, we set frequentist
upper-limits on the maximum gravitational wave ampli-
tude, %%, from the target source population consistent
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FIG. 10. 90%-confidence upper-limits on the gravitational wave amplitude for signals with frequency within 0.5 Hz bands,
over the entire sky, and within the spin-down range of the search described in section III. The red circular markers denote
0.5 Hz bands where the upper-limit value does not hold for all frequencies in that interval; the list of corresponding excluded
frequencies is given in Table IV. For reference, we also plot the upper-limit results from the only other high-frequency search
[10], on significantly more sensitive $6 data. It should be noted that the PowerFluz upper-limits are set at 95%-confidence
rather than 90%-confidence level as in this search, but also refer to 0.25 Hz bands rather than 0.5Hz bands.

the S6 run data is about a factor 2.4 more sensitive com-
pared to the S5 data used in this search. We can ex-
press the h3°” upper-limits as bounds on the maximum
distance from Earth within which we can exclude a ro-
tating compact object emitting continuous gravitational
waves at a given frequency f due to a fixed and non-
axisymmetric mass quadrupole moment, characterised by

we can recast the h°% upper-limit curves as (f,z| i)

curves parametrised by different values of the distance
d, as shown in Fig.11. We also show the contours of
constant ellipticity for reference. We find that within
100 pc of Earth, our upper-limits exclude objects with

ellipticities higher than roughly 2.8 x 10~

71 10%%kg mz}
I b
corresponding to GW-spindown values between roughly
4.0 x 10720 and 1.0 x 10-942/% .

The scarch presented here isprobably the last all-sky
search on S5 data, and by inspecting the higher frequency
range for continuous gravitational wave emission, it con-
cludes the Einstein@Home observing campaign on this
data. Consistent with the recent results on S6 data [10],
we _also find no continuous GW signal in the S5 data.

~However, Inechanisms for transient or intermittent GW
emission have been propesed; [." VL ]“that would, not a*, ;fﬂl CS
(priori_exclude a signal durmg‘lSo run but not dumng‘,‘%

¢I, with I being the principal moment of inertia, and ¢
the ellipticity of the object. The GW-spindown is the
fraction of spin-down, z|f|, responsible for continuous
gravitational wave emission [12]. The ellipticity ¢ of the
compact object necessary to sustain such emission is then
given by,

o(f2lf]) =

where, ¢ is the speed of light, ¢ is the Gravitational con-

stant. Moreover, since the gravitational wave amplitude run; this makes the search presented here meaningful.
for an object at a distance d, with an ellipticity € given w0 (?/g ?
5), is sse ©
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Appendix A: Tabular data

1. Upper-limit h2°% values

f (in Hz)|h3°% x 102*4| |f (in Hz)|h3°% x 10%%| |f (in Hz)|h3%% x 10%¢| |f (in Hz)| hJ°% x 1024
1249.717 | 5.1 4 1.0 1250.217 | 5.0 £ 0.9 1250.717 | 5.1 4 1.0 1251.217 | 5.1+ 0.9
1251.717 | 5.1+ 0.9 1252.217 | 5.2 4 1.0 1252.717 | 5.0 £ 0.9 1253.217 | 5.0 £ 0.9
1253.717 | 5.0+ 0.9 1254.217 | 5.0 £ 0.9 1254.717 | 5.2 4+ 1.0 1255.217 | 5.0 £ 0.9
1255.717 | 5.0+ 0.9 1256.217 | 5.0 &£ 0.9 1256.717 | 5.0 + 0.9 1257.217 | 5.0 £ 0.9
1257.717 | 5.0 £ 0.9 1258217 | 524 1.0 1258.717 | 5.0 £ 0.9 1260.717 | 5.0 £ 0.9
1261.217 | 5.1 + 0.9 1261.717 | 5.0 £ 0.9 1262.217 | 5.2+ 1.0 1262.717 | 5.0 £ 0.9
1263.217 | 5.0 £0.9 1263.717 | 5.1 £ 0.9 1264.217 | 5.0 £ 0.9 1264.717 | 5.0 £ 0.9
1265.217 | 5.0+ 0.9 1265.717 | 5.0 £ 0.9 1266.217 | 5.0 & 0.9 1266.717 | 5.0 + 0.9
1267.217 | 5.1+ 1.0 1267.717 | 5.1 &+ 0.9 1268.217 | 5.1 4 0.9 1268.717 | 5.0 £ 0.9
1269.217 | 5.1 4 0.9 1269.717 | 5.1 £ 0.9 1270.217 | 51+ 1.0 1270.717 | 5.1 4 0.9
1271.217 | 514 0.9 1271717 | 514 0.9 1272.217 | 53 £ 1.0 1272.717 | 514 0.9
1273217 | 524 1.0 1273.717 | 514 0.9 1274.217 | 5.1 4+ 0.9 1274.717 | 5.1+ 0.9
1275.217 | 5.1 4 0.9 1275.717 | 53+ 1.0 1276.217 | 5.1 £ 0.9 1276.717 | 5.1+ 1.0
1277.217 | 5.1 4 1.0 1277.717 | 51+0.9 1278217 | 5.1+ 1.0 1278.717 | 5.0 £ 0.9
1279.217 | 5.0 £ 0.9 1279.717 | 5.0+ 0.9 1280.217 | 5.2 4+ 0.9 1280.717 | 5.0 £ 0.9
1281.217 | 5.0 £ 0.9 1281.717 | 5.2 4 1.0 1282.217 | 5.3 4 1.0 1282.717 | 5.0 £ 0.9
1283.217 | 514 0.9 1283.717 | 5.1+ 0.9 1284217 | 524 1.0 1284.717 | 514 0.9
1285.217 | 5.1 409 1285.717 | 5.1 4 1.0 1286.217 | 5.3+ 1.1 1286.717 | 5.2+ 1.0
1287.217 | 514£09 1287.717 | 5.1 & 0.9 1288217 | 514 0.9 1288.717 | 5.1 4 0.9
1289.217 | 5.2 4+ 1.0 1289.717 | 53+ 1.0 1290.217 | 5.1 4 0.9 1290.717 | 5.1 4+ 0.9
1201.217 | 514 0.9 1291.717 | 54+ 1.1 1292.217 | 5.1 4 0.9 1292.717 | 51409
1293217 | 51409 1293.717 | 5.2 4 1.0 1294.217 | 5.2 4 1.0 1294.717 | 51409
1295.217 | 5.1+ 1.0 1295.717 | 5.140.9 1296.217 | 5.1 4 0.9 1296.717 | 5.2 4 1.0
1297.217 | 5.1+ 0.9 1297.717 | 53 4 1.0 1298217 | 534 1.0 1298.717 | 5.1 4 0.9
1299.217 | 5.1 4 0.9 1299.717 | 54 £ 1.0 1300.217 | 5.2 4 1.0 1300.717 | 5.1+ 0.9
1301.217 | 5.3 4 1.0 1301.717 | 5.1+ 0.9 1302.217 | 52+ 1.0 1302.717 | 52409
1303.217 | 5.2 4+ 0.9 1303.717 | 52+ 1.0 1304217 | 52+ 1.0 1304.717 | 524 0.9




£ (in Hz)|[h2°% x 10%4| |f (in Hz)|h3°% x 102¢| |f (in Hz)|h3°% x 10%*| |f (in Hz)|hJ"” x 10?4
1407.217 | 5.6+ 1.0 1407.717 | 58 £ 1.1 1408.217 | 55+ 1.0 1408.717 | 5.6 & 1.0
1409.217 | 5.5+ 1.0 1409.717 | 5.5 % 1.0 1410217 | 55+ 1.0 1410.717 | 55+ 1.0
1411.217 | 5.5 £ 1.0 1411.717 | 5.6 £ 1.0 1412.217 | 5.5 4 1.0 1412.717 | 5.6 + 1.0
1413.217 | 5.5+ 1.0 1413.717 | 5.5+ 1.0 1414.217 | 55+ 1.0 1414.717 | 5.6 + 1.1
1415.217 | 5.5 4 1.0 1415.717 | 5.6+ 1.1 1416.217 | 5.7 4 1.0 1416.717 | 5.6 + 1.1
1417.217 | 574 1.0 1417.717 | 5.6 = 1.0 1418.217 | 5.6 4 1.0 1418.717 | 5.7+ 1.0
1419.217 | 5.6 £ 1.0 1419.717 | 5.6 £ 1.0 1420.217 | 56 4+ 1.0 1420.717 | 5.6 + 1.0
1421.217 | 58+ 1.1 1421.717 | 5.6 £ 1.0 1422.217 | 5.6 % 1.0 1422.717 | 5.6 + 1.0
1423.217 | 5.6 £ 1.0 1423.717 | 5.6 £ 1.1 1424.217 | 5.8+ 1.1 1424.717 | 5.6 £ 1.0
1425.217 | 5.6+ 1.0 1425.717 | 5.6 + 1.0 1426.217 | 5.6 &+ 1.1 1426.717 | 5.8 + 1.1
1427.217 | 58+ 1.1 1427.717 | 5.6 £ 1.0 1428.217 | 58+ 1.1 1428.717 | 5.8 £ 1.1
1429.217 | 57+ 1.1 1429.717 | 58 £ 1.1 1430.217 | 5.6 £ 1.0 1430.717 | 5.6 £ 1.0
1431.217 | 5.6 + 1.0 1431.717 | 5.6 £ 1.0 1432.217 | 5.6 £ 1.1 1432.717 | 57+ 1.1
1433.217 | 5.6 £ 1.0 1433.717 | 59+ 1.2 1434.217 | 57+ 1.1 1434.717 | 5.8 + 1.1
1435.217 | 5.6 £ 1.0 1435.717 | 5.6+ 1.0 1436.217 | 58+ 1.1 1436.717 | 58+ 1.1
1437.217 | 5.6 £ 1.0 1437.717 | 5.8 £ 1.1 1438.217 | 5.8+ 1.1 1438.717 | 5.7+ 1.1
1440.717 | 57+ 1.1 1441.217 | 574 1.0 1441.717 | 5.7+ 1.0 1442.217 | 5.8+ 1.1
1442.717 | 5.9 £ 1.1 1443.217 | 5.6 4 1.0 1443.717 | 5.6 + 1.0 1444.217 | 5.7+ 1.1
1444.717 | 57+ 1.0 1445.217 | 57410 1445717 | 5.7 £ 1.1 1446.217 | 5.7+ 1.0
1446.717 | 5.7+ 1.1 1447.217 | 5.7+ 1.0 1447.717 | 5.7+ 1.0 1448.217 | 5.7+ 1.0
1448.717 | 5.9+ 1.1 1449.217 | 58 + 1.1 1449.717 | 5.7+ 1.0 1450.217 | 5.7+ 1.1
1450.717 | 5.7 £ 1.1 1451.217 | 5.7+ 1.0 1451.717 | 5.9+ 1.1 1452.217 | 5.7+ 1.0
1452.717 | 57+ 1.0 1453.217 | 5.9+ 1.1 1453.717 | 5.7+ 1.1 1454.217 | 5.7+ 1.1
1454.717 | 5.7+ 1.0 1455.217 | 58 £ 1.1 1455.717 | 5.7+ 1.0 1456.217 | 6.0 & 1.2
1456.717 | 5.8 £ 1.1 1457.217 | 57+ 1.1 1457.717 | 574 1.0 1458.217 | 6.0 + 1.1
1458.717 | 5.7+ 1.0 1459.217 | 5.8 + 1.1 1459.717 | 5.7+ 1.0 1460.217 | 5.8 + 1.1
1460.717 | 5.7 4 1.0 1461.217 | 5.8+ 1.1 1461.717 | 5.8+ 1.1 1462.217 | 5.8 + 1.1
1462.717 | 58+ 1.1 1463.217 | 5.7+ 1.0 1463.717 | 5.8+ 1.1 1464.217 | 58 + 1.1
1464.717 | 5.7+ 1.0 1465.217 | 5.9+ 1.1 1465.717 | 5.9+ 1.1 1466.217 | 5.7 + 1.0
1466.717 | 5.8 £ 1.1 1467.217 | 5.7+ 1.0 1467.717 | 58 £ 1.1 1468.217 | 5.8+ 1.1
1468.717 | 5.9+ 1.2 1469.217 | 58+ 1.1 1469.717 | 58 £ 1.1 1470.217 | 6.0 + 1.2
1470.717 | 5.7 £ 1.0 1471.217 | 5.7+ 1.0 1471.717 | 5.8 £ 1.0 1472.217 | 58+ 1.0
1472.717 | 58+ 1.1 1473.217 | 6.1+ 1.2 1473.717 | 5.9 4+ 1.1 1474217 | 59+ 1.1
1474.717 | 6.1 £ 1.3 1475.217 | 5.8 £ 1.1 1475717 | 6.1 £ 1.2 1476.217 | 6.0 + 1.2
1476.717 | 5.8 &+ 1.0 1477217 | 58 £ 1.1 1477.717 | 6.1+ 1.1 1478.217 | 5.8+ 1.1
1478.717 | 5.8 + 1.0 1479.217 | 59+ 1.1 1479.717 | 6.0 £ 1.2 1480.217 | 5.8+ 1.0
1480.717 | 59+ 1.1 1481.217 | 5.8 £ 1.0 1481.717 | 58 £ 1.0 1482.217 | 58+ 1.1
1482.717 | 58+ 1.1 1483.217 | 5.8 £ 1.0 1483.717 | 5.8 £ 1.1 1484.217 | 59+ 1.1
1484.717 | 5.8 £ 1.0 1485.217 | 6.1+ 1.2 1485.717 | 6.0 &+ 1.2 1486.217 | 5.8 £ 1.0
1486.717 | 5.9+ 1.1 1487.217 | 5.8+ 1.0 1487.717 | 5.9 £ 1.1 1488.217 | 5.8 &+ 1.0
1488.717 | 5.9+ 1.1 1489.217 | 6.1+ 1.2 1489.717 | 58 £ 1.0 1490.217 | 5.9+ 1.1
1490.717 | 5.8 £ 1.0 1491.217 | 59+ 1.1 1491.717 | 5.8 &+ 1.0 1492.217 | 5.9 £ 1.1
1492.717 | 58 £ 1.0 1493.217 | 5.9+ 1.1 1493.717 | 59 + 1.1 1494.217 | 58 4+ 1.0
1494.717 | 5.9+ 1.1 1495.217 | 5.8 4 1.0 1495.717 | 6.1+ 1.2 1496.217 | 58+ 1.0
1496.717 | 5.8 £ 1.0 1497.217 | 5.9 4 1.0 1497.717 | 6.0 + 1.1 1498.217 | 59+ 1.1
1498.717 | 6.3+ 1.3 - - - -

Pl

11

TABLE I1. Left columnn denotes the startin% frequency of each §.5Hz signal-frequency band in which we set upper-limits; right
column states the upper-limit value i.e. hg”’, for that 0.5 Hz band. Note: the th% values quoted here include additional 10%
uncertainty introduced by data calibration procedure.
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4. Omitted 50 Hz bands from Signal-frequency

Setart (in Hz) | fena (in Hz) | Type | fetart (in Hz) | fena (in Hz) | Type
1258.617 1258.717 D 1259.217 1260.767 C
1291.017 1291.067 D 1292.567 1292.867 D
1293.267 1293.567 D 1293.917 1294.217 D
1296.367 1296.817 D 1297.517 1297.717 D
1298.667 1298.967 D 1313.467 1313.517 D
1318.567 1318.667 D 1319.217 1320.767 C
1372.867 1373.167 D 1376.417 1376.817 D
1378.517 1378.617 D 1379.217 1380.767 C
1382.567 — D 1387.317 - D
1387.767 1388.217 D 1388.417 1388.567 C
1389.467 — D 1389.767 1390.217 D
1390.467 1390.867 D 1390.967 1391.117 D
1395.217 1395.467 D 1398.417 1398.667 D
1399.967 1400.867 D 1400.967 1401.267 D
1438.417 1438.517 D 1439.217 1440.767 C
1453.467 1453.517 D 1454.967 1455.067 D
1498.317 1498.467 D 1499.267 1499.417 C

o

TABLE V. 593:1[—17 search-frequency bands that were identified as “disturbed” based on Visual Inspection (D), or where the
results were produced from “All Fake Dalta,’":_as detailed in table IV (C). Both sets of bands (D and C) were excluded from the
analysis. The first two columns list the starting frequency of the first and last é&ﬁle band in the contiguous range of excluded

bands.
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