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Chi2 prob. = 1.3e-04, KS prob. = 2.4e-05 ✦ Telescope Array surface detector

✦ Largest cosmic ray detector in 
northern hemisphere

✦ 700 km2, Utah, USA

✦ Data: 2008/05/11 - 2020/05/11 (12 yrs)

✦ 6518 events above 8.8 EeV

Data set for dipole search Upper limits of dipole structure

Summary

Sky-map calculation

Dipole search result above 8.8 EeV

✦ Search for large scale anisotropy using 12 yrs data of the 
Telescope Array surface detector

✦ No significant dipole structure

✦ Need more statistic

✦ Consistent result with Auger reported dipole 

✦ Further data collection by TA and the on-going upgrade of 
TA×4 will be essential for further studies

Energy dependent search
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(a) 4 EeV  ⇢ < 8 EeV (b) 4 EeV  ⇢ < 8 EeV
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(c) 8 EeV  ⇢ < 16 EeV (d) 8 EeV  ⇢ < 16 EeV
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(e) 16 EeV  ⇢ < 32 EeV (f) 16 EeV  ⇢ < 32 EeV
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(g) 32 EeV  ⇢ (h) 32 EeV  ⇢

Figure 3: Preliminary results of the same figures of Figure 2 in four energy ranges; (a,b) 4 EeV  ⇢ < 8 EeV,
(c,d) 8 EeV  ⇢ < 16 EeV, (e,f) 16 EeV  ⇢ < 32 EeV and (g,h) 32 EeV  ⇢ .
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Figure 4: Preliminary result of equatorial dipole amplitude and phase measured with Telescope Array
experiment (black filled circles), compared to Auger reported result (red open squares) [16]. The phase
toward the Galactic center (GC) is indicated as a dashed line.

gradually increased and phase is also located far from the Galactic center. Table 1 is the summary
of preliminary results and their corresponding upper limit on amplitude with 99% confidence level.

⇢ [EeV] ⇢med [EeV] # AU [%] qU [�] AUL
U [%]

8.8  ⇢ 13.0 6518 3.1+1.6
�1.6 134 ± 34 7.6

4  ⇢ < 8 5.3 13361 1.8+1.2
�1.0 202 ± 38 4.8

8  ⇢ < 16 10.3 5446 3.5+1.7
�1.9 146 ± 33 8.3

16  ⇢ < 32 20.2 1623 3.6+3.2
�2.7 189 ± 57 13.2

32  ⇢ 43.2 595 4.6+5.0
�4.2 97 ± 70 20.7

Table 1: Preliminary dipole search result of 12 years TA SD data. The energy range, median energy, number
of events, the dipole fitted results and the corresponding upper limits (UL) amplitude at 99% confidence level
in each energy ranges are summarized.

4. Conclusion

We report the large-scale cosmic-ray anisotropy search and also its energy dependences using
13 years of TA SD data from the Northern sky. There are no significant large-scale anisotropies with
the current limited statistics. We have evaluated a 99% confidence-level upper limit of AUL

U = 7.7%
above 8.8 EeV on the amplitude of a dipole structure in a projection of the right ascension. Although
the tendency of amplitude and phase of the dipole structure shows a similar one reported from Auger,
further statistics from TA are required to distinguish the two hypotheses. Further data collection by
TA and the on-going upgrade of TA⇥4 will be essential for further studies.
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Figure 4: Preliminary result of equatorial dipole amplitude and phase measured with Telescope Array
experiment (black filled circles), compared to Auger reported result (red open squares) [16]. The phase
toward the Galactic center (GC) is indicated as a dashed line.

gradually increased and phase is also located far from the Galactic center. Table 1 is the summary
of preliminary results and their corresponding upper limit on amplitude with 99% confidence level.

⇢ [EeV] ⇢med [EeV] # AU [%] qU [�] AUL
U [%]

8.8  ⇢ 13.0 6518 3.1+1.6
�1.6 134 ± 34 7.6
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16  ⇢ < 32 20.2 1623 3.6+3.2
�2.7 189 ± 57 13.2
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�4.2 97 ± 70 20.7

Table 1: Preliminary dipole search result of 12 years TA SD data. The energy range, median energy, number
of events, the dipole fitted results and the corresponding upper limits (UL) amplitude at 99% confidence level
in each energy ranges are summarized.

4. Conclusion

We report the large-scale cosmic-ray anisotropy search and also its energy dependences using
13 years of TA SD data from the Northern sky. There are no significant large-scale anisotropies with
the current limited statistics. We have evaluated a 99% confidence-level upper limit of AUL

U = 7.7%
above 8.8 EeV on the amplitude of a dipole structure in a projection of the right ascension. Although
the tendency of amplitude and phase of the dipole structure shows a similar one reported from Auger,
further statistics from TA are required to distinguish the two hypotheses. Further data collection by
TA and the on-going upgrade of TA⇥4 will be essential for further studies.
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(a) Equatorial dipole (b) Residual-intensity sky-map

Figure 2: (a) Residual intensities of UHECRs with energies above 8.8 EeV observed with 12 years of TA
data as a function of the right ascension. The black curve is the TA fitted dipole result and and the red
dashed curve is the Auger reported dipole result. (b) Sky map of residual intensities between TA data and
an isotropic distribution shown in the Equatorial and the Galactic coordinates. The arrival directions are
oversampled with a 45� radius cylindrical function. The galactic plane (G.P.) and the super-galactic plane
(S.G.P.) are shown as thick and thin dotted curves, respectively. The galactic center (G.C.) is indicated by
the open square.

Before investigating large-scale cosmic-ray anisotropy, consistencies of the parameter distribu-
tions between observed data and MC simulation are confirmed for a sanity check. Figure 1 shows
distributions of zenith angle, azimuth angle, declination and right ascension between the observed
data of 12 years TA SD and expectation evaluated from the time-dependent MC simulation. The
observed data are in a good agreement with the expectation.

3. Result

Figure 2(a) shows the residual intensity as a function of right ascension between 12 years of
TA SD data and the isotropic expectation calculated from the time-dependent MC simulation. The
residual intensity is fitted to AU cos(G � qU), where AU is the amplitude of the dipole and qU is the
phase. The obtained dipole structure has an amplitude of 3.1±1.8% with a phase of 134� ± 34�.
The TA SD data points are also compared with an isotropic distribution and the dipole structure
reported from Auger, which has a 4.7% amplitude with a phase of 100�. With current statistics,
the obtained TA SD result is consistent with an isotropic distribution. Since there is no significant
dipole structure, an upper limit is evaluated for a chance probability of 1% that a fluctuation of
an isotropic source distribution would yield an amplitude greater than the measured value. The
obtained 99% confidence-level upper-limit on amplitude is 7.6% for TA data above 8.8 EeV.

Figure 2(b) is the sky map of residual intensities with oversampling of 45� top-hut function to
see the structure of the dipole components. Although no significant results, a direction of the dipole
enhancement is far away from the Galactic center, thus it could be supported to be an extragalactic
origins. Furthermore, we search an energy dependence of the dipole components to divide four
energy ranges above 4 EeV as shown in Figure 3. There is no significant component of dipole
structure in all energy ranges. Figure 4 shows the obtained preliminary result of amplitude and
phase using 12 years TA SD data compared to the Auger reported result [16]. The amplitude is
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