· Savcheva et al. 2007


( ADDIN EN.CITE )

Hinode XRT obs.: 60 jets/day, outward velocity160km/s
1. The averaging methods: velocity: 70 km/s to 400 km/s (order of sound speed) [previous statistical studies of jets (Shimojo et al. 1996; Shibata et al. 1992; Canfield et al. 1996; Dobrzycka et al. 2002)]
2. The brightness method: velocity 600-1000km/s (will publish in other paper)

jets are situated inside the polar coronal hole. We did not notice any correlation between the jet parameters and their positions relative to the coronal hole boundary.
**Mechanism for jet, ref: Shimojo et al. 1996; Shibata et al. 1992; Canfield et al. 1996; Alexander & Fletcher, 1999

=============================================================
· 
 ADDIN EN.CITE 
(Glesener et al. 2012)

The first observation sees several HXR coronal sources in an interchange reconnection type jet event (on 2003 August 21, 417 ± 73 km/s).  Nonthermal HXR emission spatially and temporally coincident with the EUV jet.  Energy deposition by nonthermal electrons is sufficient to provide the thermal, kinetic, and potential energies of the jet.
1. If electrons are accelerated in the corona, travel downward, and lose all their energy in the jet source, then the jet HXR emission can be considered a coronal thick target.  In this scenario the electrons never reach the chromosphere.  (The ambient density averaged over the source is>1.2×1011 cm−3)  The energy deposited by accelerated electrons in a thick-target jet volume is 4×1028 erg.  

The total jet energy is >= 1 × 1028 erg, which is less than the energy deposited by accelerated electrons in the jet volume.
2. For jet densities lower than ~1011 cm−3, the downward traveling energetic electrons would not lose all their energy in the HXR source. In this case the electrons pass through the region and instead deposit most of their energy in an occulted chromospheric footpoint, the jet thus originates from the chromosphere.  Thin-target energy deposition in this case is 1 × 1028 erg. 

3. An alternative interpretation to those just presented is that the jet HXR source is produced by upward-moving nonthermal electrons. These electrons must be accelerated in the base of the jet and travel upward along the jet path. Fletcher & Hudson (2008) proposed a flare model in which energy is transported from the reconnection site to footpoints by Alfv´en waves, not particle beams, and reviewed various mechanisms for acceleration in the footpoints.

---
1. Shimojo et al. (1996) performed a statistical study of Yohkoh jets, measuring the lengths, lifetimes, and velocities of 100 jets. Apparent velocities were determined to be 10–1000 km s−1, with 200 km s−1 the average value.
2. More recently, Kim et al. (2007) performed a study of three Hinode jets with overlapping Transition Region and Coronal Explorer (TRACE) coverage, finding velocities from 90 to 310 km s−1. 
3. Hinode observations of the polar coronal holes (Savcheva et al. 2007; Cirtain et al. 2007) have found tens to hundreds of X-ray jets per day, with multiple jet velocity components of ~200 and ~800 km s−1.
4. The jet velocity of 417 ± 73 km s−1 is faster than most of the Yohkoh jets studied by Shimojo et al. (1996; average 200 km s−1) and the Hinode jets studied by Kim et al. (2007; 90–310 km s−1).  Bain & Fletcher (2009) found a similar velocity (~500 km s−1) for a TRACE jet which also showed RHESSI nonthermal HXR emission

5. Numerous events characterized by loop brightenings with overlying jet-like phenomena were observed (Cirtain et al., 2007; Culhane et al., 2007; Savcheva et al., 2007; Shimojo et al., 2007).

=============================================================

· 
 ADDIN EN.CITE 
(Hannah et al. 2011)

This review surveys the statistics of solar X-ray flares, emphasising the new views that RHESSI has given us of the weaker events (the microflares). 

The distributions of these (SXR flux and energy) and other flare parameters, such as emission at other wavelengths and for other durations, have the further striking property that they all can be well represented by a power law of the form

f (x; α) = Cx−α, (1.1)
where f is the probability density function (PDF; this is often called the flare frequency distribution) of the flare parameter x, α >0 is the power-law index and C is a scaling constant. In the case of the flare’s energy U, the quantity f (U)dU is the fraction of events per unit time releasing energy between U and U +dU. This power-law nature of the frequency distribution has long been observed, first noticed in solar radio bursts by Akabane (1956).
The answer to this question requires knowledge of the total power that is contained in the flare distribution, i.e.

P =integral from Umin toUmax f (U; α)UdU = C/(2−α) [Umax 2−α −Umin 2−α]. (1.2)

Since Umin << Umax, we can see that in the case α > 2 in (1.2) the low-energy half of the distribution would contain the most energy (Hudson 1991b).  
We summarize the reported X-ray flux and fluence (the time-integrated flux) distributions in Table 2. Most of the power-law indices α fall below the critical value of 2.0, meaning that the energetic events dominate, rather than the microflares.
---
1. Jets are sometimes observed from XBPs, particularly in polar regions (Shibata et al. 1992; Shimojo et al. 2007; Cirtain et al. 2007; Savcheva et al. 2007) where there is easy access to open field lines.
=============================================================
· Akabane 1956()

The nature of solar radio bursts at frequencies around 3000Mc/s is studied statistically.  It is found that the number of bursts does not increase monotonously with decreasing intensity but shows a maximum for bursts with the intensity of 5 to 10 units (1 unit is 10-22 w.m.-2(c/s)-1).  The number of bursts decreases as I-1.8 for bursts with intensity greater than 5 units, where I is the intensity of a burst.  
=============================================================

· 
 ADDIN EN.CITE 
(Yang et al. 2011)

SDO/AIA and HMI observations of the coronal hole boundaries (CHBs). At the CHBs, many extreme-ultraviolet jets are observed in the 193 Å images, and some jets occur repetitively at the same sites. 
=============================================================
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(Cirtain et al. 2007)
  2007 January 08-21 period 

(http://www.sciencemag.org/content/suppl/2007/12/06/318.5856.1580.DC1)
Hinode observations of polar coronal holes reveal that x-ray jets have two distinct velocities: one near the Alfvén speed (~800 km/s) and another near the sound speed (~200 km/s). Many more jets were seen than have been reported previously; we detected an average of 10 events per hour up to these speeds, whereas previous observations documented only a handful per day with lower average speeds of 200 km/s. The large number of events, coupled with the high velocities of the apparent outflows, indicates that the jets may contribute to the high-speed solar wind. The x-ray jets in our observations have lifetimes ranging from 100 to 1500 s.

X-ray jets, in which a burst of hot plasma is driven into the solar corona along an open magnetic field line, are thought to be a different manifestation of the reconnection process.  It appears as though at least some fraction of these outflows has sufficient kinetic energy to leave the corona and propagate into the inner heliosphere.
Two types of outflows are possible during the post–magnetic reconnection phase of a jet. In the first case, an outflow at the local sound speed (Vc), resulting from energy deposition that rapidly heats the dense chromospheric plasma, expands into the overlying low-pressure corona. The second case is when plasma is accelerated by the formation of an Alfvén wave during the relaxation of the magnetic field, and the plasma is forced to flow out along the field at about the Alfvén speed (Va). These observations of coronal jets provide useful insight into the formation of hot, collimated, high-velocity outflows, which are likely a large scale contributor to the mass loading of the fast solar wind.

The observed outflow velocity in these studies was typically 200 to 600 km s–1. Here we report Hinode X-ray Telescope (XRT) observations of polar coronal hole jets and show that at least some jets have two velocity components. According to current theories of magnetic reconnection, an Alfvén wave should be generated by the reconnected magnetic field line as it proceeds from a highly curved geometry to a relaxed configuration. This Alfvén wave could drive plasma along the field at speeds of 600 to 1000 km s−1, depending on the local plasma density and field strength. There are multiple velocity components for each of the jets. One component of the jet velocity is consistent with the previously reported spatiotemporal average velocity of ≈ 200 km s−1 (1). However, a much higher velocity is also observed, roughly~800 kms−1 at the start of each event. We interpret this as evidence for material being ejected at Va during the relaxation of the magnetic field after reconnection. 

The mass loading to the fast solar wind:

Each event has an average mp loss of 1 × 1037. For both north and south polar coronal holes, XRT recorded, on average, 10 jets per hour. This produces a net flux of 1 × 1012 protons m−2 s−1 at 1 astronomical unit. Current estimates of the average solar wind flux are only a factor of 10 more than the value of this jet mass-loading contribution (5, 10).

---

Previous work (5–9) has suggested that Alfvén waves may play an important role in driving the solar wind.  
5. S. R. Cranmer, G. B. Field, J. L. Kohl, Astrophys. J. 518, 937 (1999).

6. S. R. Cranmer, A. A. van Ballegooijen, Astrophys. J. Suppl. Ser. 156, 265 (2005).

7. S. R. Cranmer, A. A. van Ballegooijen, R. J. Edgar, Astrophys. J. Suppl. Ser. 171, 520 (2007).

8. W. H. Matthaeus, G. P. Zank, S. Oughton, D. J. Mullan, P. Dmitruk, Astrophys. J. 523, L93 (1999).

9. M. Velli, Astron. Astrophys. 308, 228 (1993).

Using observations from the NASA mission Ulysses, Wang (10) found that the fast solar wind originated from the polar coronal holes and was nearly continuously present, but there was no direct evidence for the mechanism producing the fast wind.
10. Y.-M. Wang, Astrophys. J. 410, L123 (1993).
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(Shibata et al. 1992)

Yohkoh Soft X-ray jets. The translational velocity: 30-300 km/s. The corresponding kinetic energy: 1025 ~ 1028 erg. The mass of jet: 1011 ~ 1013g. Many of the jets were found to be associated with flares in X-ray bright points, emerging flux regions, or active regions, and they sometimes occurred several times from the same X-ray feature, recurrence at the same location. 
=============================================================
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 ADDIN EN.CITE 
(Shimojo et al. 1996)

Yohkoh SXT 100 X-ray jets from 1991/11~1992/04

Most are associated with small flares (microflares--subflares) at their footpoints. The apparent velocities are 10--1000 km s-1 with an average velocity of about 200 kms-1. The lifetime of the jet extends to ~ 10 hours, powe-law index=1.2.

=============================================================
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 ADDIN EN.CITE 
(Shimojo et al. 2007)

Hinode XRT X-ray jet on 2006/11/23 and 2006/12. The expanding loop appeared near the footpoint of the jet when footpoint brightening was observed. The X-ray jets began just after the expanding loop "breaks''. Other fine structures discovered by XRT are thread-like features along the axis of the jets. Almost all X-ray jets occur on X-ray bright points or active regions, and transient brightenings (small flares) are always associated with X-ray jets (Shimojo et al. 1996).  

The range of apparent velocities observed by Yohkoh is 10–1000km s-1, and the average velocity is only 200 km s-1 (Shimojo et al. 1996). [The interpretation of the high speed up to 1000km/s here is based on the assumption that the jet is the outflow after the magnetic reconnection.  The outflow speed is Alfven speed.]
=============================================================
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(Shimojo & Tsuneta 2009)

With careful co-alignment between these images (Hinode and SOHO), we found that the X-ray jets, the X-ray bright points, and the coronal loops in the polar coronal hole appear around the relatively large magnetic concentrations near the kG-patches with minority polarity (produced by the interactions of the kG-patches with the emerging minority polarities near the kG-patches).

With the Solar Optical Telescope, Tsuneta et al. (2008b) found that many vertically oriented magnetic flux tubes with field strength as strong as 1 ~ 1.2 kG (kG-patches) are scattered in latitude between 70◦ and 90◦ and all the fluxes have the same sign consistent with the global polar field.  If the flux tubes extend to the interplanetary space, there will be a possibility that they serve as the guide fields for X-ray jets, coronal plumes, and the fast solar wind.

The kG-patches provide all the open magnetic fields that serve as the channels of the fast solar wind (Tsuneta et al. 2008b). If the X-ray jets provide the energy for the acceleration of the fast solar wind, the X-ray jets have to occur at around almost all of the kG-patches. However, most of the kG-patches are not associated with the X-ray jets.  Thus, it is unlikely that the polar X-ray jets provide sufficient energy for the acceleration of the fast solar wind. The energy may be provided by week activities without involving coronal X-ray jets.

---

Savcheva et al. (2007) found that polar X-ray jets around the south pole occur at very high frequency, about 60 jets per day on average. Cirtain et al. (2007) revealed that polar X-ray jets have two components and that the velocity of the faster component is close to the local Alfv´en speed. They suggest that the Alfv´en wave is generated by the jets. It is possible that the Alfv´en waves generated by numerous X-ray jets contribute to the acceleration of the fast solar wind.
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(Paraschiv et al. 2010)

We have found more than 10000 white-light jets in SECCHI-COR1 during the 2007 - 2008 minimum of solar activity.  Most jets originate in polar coronal holes.  The speeds that were obtained vary, with an average of ≈300 kms−1. The majority of jets have speeds ranging from 180 to 380 kms−1.
=============================================================

· Pariat et al. 2009()

We propose a model for the jetting activity that is commonly observed in the Sun's corona, especially in the open-field regions of polar coronal holes. Using 3D MHD simulations, we produce massive, high-speed jets driven by nonlinear Alfvén waves. 
=============================================================

· Nisticò et al. 2009()

SECCHI EUV 79 polar coronal jets during the March 2007 to April 2008. The appearances of the coronal jets were always correlated with underlying small-scale chromospheric bright points. In summary, the observations support the assumption of continuous small-scale reconnection as an intrinsic feature of the solar corona, with its role for the heating of the corona, particle acceleration, structuring and acceleration of the solar wind remaining to be explored in more detail in further studies.
(High time cadence observations on 5 – 19 May 2007, and on 7 – 20 January 2008 the time cadence was 75 s in the 171 channel. Polar jets on 2007/11/17, 2007/10/12, 2008/02/08, equatorial jet on 2007/11/01)
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(Raouafi et al. 2008)

Observations from the Hinode/XRT telescope and STEREO/SECCHI/EUVI are utilized to study polar coronal jets and plumes (2007 April 7-8). The study focuses on the temporal evolution of both structures and their relationship. Over 90% of the 28 observed jet events are associated with polar plumes. EUV images (STEREO/SECCHI) show plume haze rising from the location of approximately 70% of the polar X-ray (Hinode/XRT) and EUV jets, with the plume haze appearing minutes to hours after the jet was observed. ---> [Jets open the channel ??]
The remaining jets occurred in areas where plume material previously existed, causing a brightness enhancement of the latter after the jet event. Short-lived, jetlike events and small transient bright points are seen (one at a time) at different locations within the base of preexisting long-lived plumes. --->[2011 June 17 Jet propagates along plume ??]
These observations provide evidence that X-ray jets are precursors of polar plumes and in some cases cause brightenings of plumes. 

X-ray jets occur almost everywhere in the solar corona (see Shibata et al. 1992), in particular in the polar holes. They are characterized by their transient nature and often appear as a collimated high-temperature emissive beam guided by open magnetic flux (Cirtain et al. 2007). In contrast, polar coronal plumes are observed to be hazy in nature without sharp edges, as seen in extreme-ultraviolet (EUV) images from SOHO/EIT (Delaboudinie`re et al. 1995) and STEREO/SECCHI/EUVI (Howard et al. 2008). Plumes are also observed to be significantly wider than X-ray jets and reach several solar radii in height (see DeForest et al. 1997). Plumes are brighter and cooler and the plasma outflows are smaller than in interplumes (see DeForest et al. 1997; Wilhelm et al. 1998; Raouafi et al. 2007).
EUV images showed a faint haze several hours after the X-ray event (xj9, see Figs. 4d–4i). GONG magnetograms show that the flux at the base of xj9 weakened during the event’s lifetime. It is likely that jets play a key role in the formation process of polar plumes. Both coronal structures share numerous common characteristics, i.e., a magnetic field of mixed polarities at the base, leading to magnetic reconnection. We believe that the magnetic flux emergence causes the jet, and opening of previously closed flux results in a plume. Jet eruption seems to be the result of gradually emerging magnetic flux from the solar interior that suddenly reconnects on a small scale with the ambient photospheric field, leading to a collimated beam of plasma rising in the corona (e.g., Yokoyama & Shibata 1995).  EUV images show that coronal plume haze is observed following the jet events. On the one hand, the jet eruption is the result of fast and explosive dissipation of magnetic energy on a short timescale. On the other hand, the plume might be the result of a pressure gradient within the open flux, which would lift the plume material in the corona.

The line-of-sight chromospheric magnetogram (Ca ii 8542 ) of the south pole on 2007 April 7 recorded by the SOLIS/VSM instrument (Henney et al. 2008).

=============================================================

Sako et al. 2012()

We detected 848 polar X-ray jets occurred in the north polar region. The averaged maximum length: 2.91×104 km, the width: 4.42×103 km, the lifetime: 608 s for and the apparent velocity: 180 km/s. If we assume that the frequency distribution of the lifetime and the footpoint flare show the power-law distributions, and the index is -1.80 ± 0.20 in the coronal hole and -1.84 ± 0.17 in the polar quiet region. 
Savcheva et al. (2007) reported the number of jets in the south polar coronal hole is about 60 jets day−1. Based on our results, the averaged number of jets in north polar coronal hole is 50.0 jets day−1. It indicates that there is no-difference of the jet’s productivities between the north and south polar coronal hole.

The intensity of the footpoint flare is defined as the total X-ray intensity of the footpoint flare region. The peak intensity subtracted the back ground level. 
=============================================================
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