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What we did

● We developed an analytical method to 
approximate:
1) arrival of shocks associated with halo CMEs, 
and
2) in-situ transit profiles (synthetic transits) of 
plasma sheath

● All the method's inputs are initial data from the 
event, save the quotient between initial densities 
of CMEs and ambient solar wind.

● This is an experimental tool of SCiESMEX for 
space weather forecasting.



  

Why we did it

● Space Weather Service Mexico (SCiESMEX) is a Regional 
Warning Center of the International Space Environment Service 
(ISES). SCiESMEX closely works with mexican government 
agencies, centers and services like Mexican Space Agency 
(AEM), National Center for Prevention of Disasters 
(CENAPRED), National Meteorologic Service (SMN), and others.

● We require to provide and share data and services with our 
partners and costumers. The method that we present in this talk 
is one of our experimental tools for space weather forecasting.

● We need as many tools as possible to study solar phenomena 
and for space weather forecasting. The yours are welcome also.

● Analytical tools are: easy to implement, OPEN & FREE.



  

How we did it

Walk through:
● Farris & Russell [1994]. → Present the full -general- polytropic jump conditions for 

plasmas.
● Canto et.al. [2005] → Work surface (WS) analytical model: interacting parcels of fluid 

for studying ICME accelerations.
● Corona-Romero & Gonzalez-Esparza [2011] → Compare WS model with 

hydrodynamic simulations. They develop the “Piston-Shock” model by incorporating 
the effects of forward shock and find the way to use it to approximate CMEs 
propagation departing from measured data. Solution of shock shows geometrical 
issues.

● Corona-Romero & Gonzalez-Esparza [2012] → We address the geometrical issues 
and now the Piston-Shock model simultaneously approximates CME and shock 
propagation as well their in-situ arrivals.

● Corona-Romero, et.al. [2013] → Piston-shock model simultaneously approximates 
arrivals and trajectories of both CMEs and shocks, as well type II radio bursts.

● Corona-Romero et.al. [in revision] → Piston-shock and polytropic jump 
conditions to calculate in-situ synthetic transits of shocks and plasma 
sheaths.



  

How we did it

● We use data from coronagraph images (SOHO Catalog) and in-situ 
registers (OmniWeb Plus). The first as initial conditions of CMEs and 
the last for boundary conditions of solar wind. We also require the X-
ray profile associated to the solar flare (GOES-15).

● We calculate the in-situ arrivals of CMEs and associated shocks (TT 
and AS) using the model and the commented data as model's inputs.

● We forced the model to match the TT of CMEs by selecting the 
quotient between initial densities of CMEs and solar wind. This was 
our only free paramter.

● We use the solar wind data and calculated AS of shocks to 
approximate the synthetic transit of plasma sheath by the polytropic 
jump conditions.

● The plasma sheath material is enclosed by the shock's front -arrival- 
and CME's leading edge -arrival-.



  

Our analysis
● We analyzed 9 fast (Vcme0>800km/s) -Earth 

directed- not stealth ;) halo-CMEs.



  

Our results
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Pathway for prediction?
● Piston-Shock model has one free parameter related with initial density of 

CMEs. This parameter might guard a relation with input data. If this probe to 
be true,  we could estimate the free parameter from the very beginning of 
the event. This would lead to a forecasting process.



  

Our conclusions

● We present a method to estimate in-situ synthetic transits of 
shocks/plasma sheaths.

● The method is a collage of works already present in literature (polytropic 
jump conditions for plasmas and Piston-Shock model).

● The method requires a number of inputs related with initial conditions 
of CMEs, solar wind and associated solar flare.

● The results are highly sensitive to inputs. Thus it is more suitable for quiet 
periods of solar activity.

● Calculated synthetic profiles of magnetic fields and speeds of plasma 
sheaths showed, in average, consistencies of about 83% and 89%, 
respectively. Those variables are of main interest for space weather 
purposes.

● We found a possible way to use the method for forecasting applications.
● We require further estudies to confirm/reject the relation between our 

free parameter and initial inputs.



  

Thank you!!!



  

Sketch of the system



  

Our Equations - CME



  

Our Equations - Shock



  

Our Equations – Plasma Sheath



  

More results
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