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;********************************************************************








The calculation of the fluxes is done according to the algorithm:





        J_particles(M;M+dM) = SUM_over_events_in_dT_dE_dM /dE 


									/dT


									/GEOM_FACTOR


									/Efficiency





;Below in the representation of mathematical formulae an IDL type of notation is used





;NORMALYZE WITH:


				





I) THE GEOMETRIC FACTOR


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


				OF HSTOF 	A_OMEGA	= 0.22   	[CM^2*STER]  


		        		OF  STOF   	A_OMEGA 	= 0.10 		[CM^2*STER] 


ONLY 2 HYBRIDS(OUT OF 4) 


				OF STOF   	A_OMEGA 	= 0.05   	[CM^2*STER]  





II) THE TOTAL MCP EFFICIENCY  is a function of the following quantities:


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





II A)  FACTOR FOR THE MCP EFFICIENCY of HSTOF at MCP_start=170 and MCP_stop=170


	the tables below are the result of calibration measurements


ELEMENT�
EPS_mcp_TOTAL�
EPS_START�
EPS_STOP�
REFERENCE ENERGY [keV]�
�
 PROTONS �
0.07           �
0.45�
0.15       �
 60  �
�
 He          �
0.05           �
0.40�
0.12        �
 50  �
�
 Ne           �
0.09           �
0.60�
0.15            �
150  �
�
 Ni,Fe�
0.40           �
0.80�
0.50           �
4000 �
�



    FACTOR FOR THE MCP EFFICIENCY  STOF at MCP_start=170 and MCP_stop=170





ELEMENT�
EPS_mcp_TOTAL�
EPS_START�
EPS_STOP   �
REFERENCE ENERGY [keV]�
�
PROTONS         �
0.08�
0.35�
0.25       �
60 �
�
He          �
0.09�
0.40�
0.23        �
50  �
�
Ne              �
0.18           �
0.60�
0.30           �
150  �
�
Ar              �
0.21           �
0.70�
0.30           �
220  �
�



                 �
                                                                      


;********************************************************************


II B) TIME DEPENDENT EFFICIENCY FACTOR for [STOF,HSTOF]: time_eff = [x, y]


Here the time_eff function has values X and Y for STOF and HSTOF which are time dependent coefficients accounting for the efficiency degradation with time. They have been deduced from cross calibration with other instruments measuring in the same energy range. The specific values for each specific moment can be calcluated via interpolating the values from the tables in the last appendix of this document


;********************************************************************


;LOGARITHMIC  ENERGY  STEP with dE / E  = kkk - defined below:





const3 = (E_max/E_min)^(1./119.d)





kkk = 24*(const3-1.)   


;the coefficient for the logarithmic stepping of the energy in the flux formula 


;here 24 is a  variable number of logarithmically equidistant energy steps in  


;the interval  E_min - E_max





DATA_XX  = FINDGEN(2+FIX(ALOG(X_MINMAX(1)/X_MINMAX(0))/ALOG(1+KKK)))


DATA_XX  = X_MINMAX(0)*(1+KKK)^DATA_XX		


								;defines logarithmically spaced energy axis





;********************************************************************


Arrays for the fluxes and their errors:





DATA_YY  	= REPLICATE(0.,N_ELEMENTS(DATA_XX)) 


								;DIFFERENTIAL PARTICLE FLUX


REL_ERROR	= REPLICATE(0.,N_ELEMENTS(DATA_XX)) 


								;RELATIVE  FLUX ERROR


;********************************************************************


E_norm = 1.e-3  defines the energy units: 


if E_norm eq 1.e-0 then Energy unit = 'keV': The ion flux is measured in:  [1/(cm^2-s-sr-MeV/nuc)]'


if E_norm eq 1.e-3 then Energy unit = 'MeV':  The ion flux is measured in:  [1/(cm^2-s-sr-MeV/nuc)]'





;====================================================================


FOR I_ELEMENT=1,4 DO BEGIN;	begin a loop for the fluxes of different elements:





  if  i_element eq 1 THEN ELEMENT = 'HYDROGEN'


  if  i_element eq 2 THEN ELEMENT = 'HELIUM'


  if  i_element eq 3 THEN ELEMENT = 'CNO'


  if  i_element eq 4 THEN ELEMENT = 'IRON'     


;********************************************************************


CALCULATE ENERGY LOSSES IN:


	a)the entrance foil of the ToF section	(idl routine: XLOSS_CFOIL_AZ)


		Carbon foil for STOF, Composite foil for HSTOF


		E_loss_C_ENERGY,	E_loss_C_REF_ENERGY,


	b)the dead layer of the SSD-Detector  	(idl routine: XLOSS_SI)


		E_loss_Si_ENERGY,	E_loss_Si_REF_ENERGY 





XLOSS_CFOIL_AZ,    ENERGY,      Znuc,      Anuc,       D_Cfoil_instr, E_loss_C_ENERGY 


XLOSS_CFOIL_AZ,	REF_ENERGY,Znuc_ref,Anuc_ref,D_Cfoil_instr, E_loss_C_REF_ENERGY 


XLOSS_SI,  	   ENERGY,                  Znuc,      Anuc,       D_deadlayer,   E_loss_Si_ENERGY 


XLOSS_SI,      REF_ENERGY,          Znuc_ref,Anuc_ref,D_deadlayer,   E_loss_Si_REF_ENERGY 





Here:


E_loss_REF_ENERGY  	is the energy loss of the reference element (Znuc_ref,  Anuc_ref) 


				which was measured during the calibration experiments at the 


REF_ENERGY      		reference energy  


E_loss_ENERGY  		is the energy loss of the particle of species (Znuc,  Anuc) 


				which was measured in flight 


ENERGY      			the energy of the particle  


D_Cfoil_instr			the thickness of the entrance foil of the respective sensor


;********************************************************************


�



;The total MCP efficiency is calculated according to the following formula








EPS_mcp_TOTAL =   time_eff(INSTR_ID) $


		*(1 - EXP(- EPS_START*E_loss_C_ENERGY   /  E_loss_C_REF_ENERGY )) $


		*(1 - EXP(- EPS_STOP   *E_loss_Si_ENERGY  /  E_loss_Si_REF_ENERGY)) $ 


		/(1 - EXP(- EPS_START))*EPS_START $


		/(1 - EXP(- EPS_STOP   ))*EPS_STOP       


                                                             


LIMITING CASES:


E_loss_ENERGY /E_loss_REF_ENERGY  ~ 0 ==> EPS_mcp_TOTAL ~ 0


E_loss_ENERGY /E_loss_REF_ENERGY  = 1 ==> EPS_mcp_TOTAL = EPS_START*EPS_STOP


E_loss_ENERGY /E_loss_REF_ENERGY  >>1 ==> EPS_mcp_TOTAL = 


					EPS_START/(1 - EXP(- EPS_START))


                                       	         *	EPS_STOP  /(1 - EXP(- EPS_STOP )) ~ 1





;********************************************************************


 


;DATA REDUCTION:


;Take only data from array DUMMY belonging to the mass interval of a given species:





DUMMY  = WHERE(((M gt M_min) and (M le M_max)), DUMMY1)         


    


   IF DUMMY1 NE 0 THEN BEGIN 


                                     


DATA_X       		=  ENERGY(DUMMY)


TRANSMISSION 	=  TRANSMISS_HSTOF(DUMMY)


				;transmission function: 1.0 for STOF and < 1 for HSTOF


				;See Appendix on “HSTOF Transmission”


EPSILON      		=  EPS_mcp_TOTAL(DUMMY)


MASS	     		=  M(DUMMY)





	FOR I=0,N_ELEMENTS(DATA_XX)-2 DO BEGIN; loop for the energy ranges





   	dE =  (DATA_XX(I+1) -  DATA_XX(I))*E_norm





Take data for given species belonging to a specified energy interval dE:





   choice = where( (DATA_X GT DATA_XX(I)) AND (DATA_X LT DATA_XX(I+1)),choices)


  if choices ge 2 then Calculate the flux for (E,E+dE):





   		DATA_YY  (I)    = TOTAL(1./TRANSMISSION(choice)/EPSILON(choice))/dE


		REL_ERROR(I) = 1./SQRT(choices) 





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


	ENDFOR (close the energy loop)


�



;NORMALYZE THE FLUXES:


;Below: 





A_OMEGA  is the geometric.factor as defined at the beginning;


((t2-t1)*3600.)    is the time interval in seconds;


120 is the number of equal time steps which the electrostatic analyzer of STOF covers;


Anuc  is the atomic mass 





       IF INSTR EQ STOF then  ;STOF


	DATA_YY  =DATA_YY    / 	A_OMEGA  / ((t2-t1)*3600./120.)*Anuc   


       IF INSTR EQ HSTOF AND GAIN EQ 0 then  ; HSTOF


	DATA_YY  =DATA_YY    / A_OMEGA  / ((t2-t1)*3600.*(36./120.))*Anuc   


       IF INSTR EQ HSTOF AND GAIN EQ 1 then begin ; HSTOF


	DATA_YY  =DATA_YY    / A_OMEGA  / ((t2-t1)*3600.*(84./120.))*Anuc   


       IF INSTR EQ HSTOF AND BOTH GAINS then begin ; HSTOF


	DATA_YY  =DATA_YY    / A_OMEGA  / ((t2-t1)*3600.)*Anuc   


 


;====================================================================





  DATA_XX = DATA_XX*E_norm/Anuc * sqrt(1+kkk)


	;GO OVER TO ENERGY/NUCLEON AND 


	;CENTRE THE ENERGY IN THE GEOMETRIC MEAN OF THE ENERGY INTERVAL





  nel = n_elements(DATA_XX)





  plot,    DATA_XX, 	DATA_YY  ,/YLOG,/XLOG  	


  errplot, DATA_XX, 	DATA_YY*(1-rel_error)>min_flux,$


		    	DATA_YY*(1+rel_error)<max_flux


;===========================================================	 


ENDFOR; END OF I_ELEMENT





�



HSTOF TRANSMISSION FUNCTION











;DEFINE HSTOF TRANSMISSION FUNCTION ========================================================





IF INSTR_ID EQ 1 THEN BEGIN


    A2 = ROUND(M2)


    Z2 = ROUND(M2/2.)





    DUMMY1 = WHERE(((M2 GT 0      )   		AND 	(M2 LE M_H_He      )), DUMMYN1)


    DUMMY2 = WHERE(((M2 GT M_H_He )   	AND 	(M2 LE M_He_CNO )), DUMMYN2)


    DUMMY3 = WHERE(((M2 GT M_He_CNO)  AND   (M2 LE M_CNO_Fe )), DUMMYN3)


    DUMMY4 = WHERE(((M2 GT M_CNO_Fe)			                         ), DUMMYN4)





    IF DUMMYN1  NE 0 THEN Z2(DUMMY1) = 1


    IF DUMMYN1  NE 0 THEN A2(DUMMY1) = 1





    IF DUMMYN2  NE 0 THEN Z2(DUMMY2) = 2


    IF DUMMYN2  NE 0 THEN A2(DUMMY2) = 4





    IF DUMMYN3  NE 0 THEN Z2(DUMMY3) = Z2(DUMMY3)*aver _charge(0); 


								aver _charge(0) for CNO group ~0.9


    IF DUMMYN4  NE 0 THEN Z2(DUMMY4) = Z2(DUMMY4)*aver_charge(1)


								aver _charge(1) for Fe ~0.5


                                                  


    EperQ2 = ENERGY_E2/ Z2





if year eq '96' and (doy gt 260 and doy le 271) then EperQ2 = EperQ2 * 5.8; higher effective E/q


;in the period defined above the HSTOF deflection voltage was reduced from nominal ch#=58 to ch#=10


                                                                                                      








TRANSMISS_HSTOF2 = $    ;sigma=     0.016663877     


  +0.012924486   	* EperQ2^0  $


  -0.0053650213  	* EperQ2^1  $


  +7.1614071e-05 	* EperQ2^2  $


  -2.5358668e-07 	* EperQ2^3  $


  +4.1113471e-10 	* EperQ2^4  $


  -3.1674714e-13 	* EperQ2^5  $


  +9.3849230e-17 	* EperQ2^6 


                                


; at E/q=825 keV/e the transmission fit has a maximum =0.93 


DUMMY  = WHERE(EperQ2 GT 825.,DUMMY1)


IF DUMMY1 NE 0 	THEN  TRANSMISS_HSTOF2(DUMMY) = 1





;below E/q=110 keV/e the fit has negative values:


DUMMY  = 


WHERE(((EperQ2 LT 110)OR(TRANSMISS_HSTOF2 LE TRANSMISS_CUTOFF)),DUMMY1) 


IF DUMMY1 NE 0 	THEN  TRANSMISS_HSTOF2(DUMMY) = 0.


				; ZERO INPUT IN THE FLUXES from particles with E/q < 110 keV/e


				;and transmission value below TRANSMISS_CUTOFF





IF INSTR_ID EQ 0 THEN TRANSMISS_HSTOF2 = REPLICATE(1.,N_ELEMENTS(ENERGY2)); UNIT VALUE FOR STOF-SENSOR


�



Efficiency calculations (STOF & HSTOF)











The following text explains the algorithm for calculation of the efficiency coefficients used in the flux calculation formulae. The algorithm reflects the way the time of flight and the SSD-energy are measured in either of the two sensors.  





Let the  initial flux incident on the entrance of the sensor  be J  [1/cm^2/s/sr] . It produces a primary count rate on the START foil of the ToF section : 





�EMBED Equation.3���  [particles/s]





Above   �EMBED Equation.3���  is the geometric factor [cm^2.sr] for the entrance foil





The start  count rate (SF)  produced on the front MCP is 





�EMBED Equation.3���, 			(1)


here F stands for Front and   �EMBED Equation.3���  is the start MCP efficiency.





�EMBED Equation.3���				(2)





�EMBED Equation.3���





with


�EMBED Equation.3���, 			(3)





here FR stands for    �EMBED Equation.3��� - the count rate which is produced by Double Coincidence of counts on both MCPs and �EMBED Equation.3��� stands for     - the Stop MCP count rate which is produced by counts on the Stop MCP;


�EMBED Equation.3���     are the electron production efficiency for the ions going through the start foil and incident on the SSD detector and the Stop-MCP efficiency respectively.





From (1) and (2) we get:





�EMBED Equation.3���					(4)





additionally we can express the stop count rate as a sum








�EMBED Equation.3���





Now by comparing of �EMBED Equation.3��� one can obtain also the start efficiency:





�EMBED Equation.3���				(5)





Finally the total efficiency with which the sensor counts the particles incident on the start foil in the tripple coincidence regime is:








�EMBED Equation.3���





and can be derived from the measurable quantities used in (4) and (5).











The Efficiency as Function of    �EMBED Equation.3���








Let �EMBED Equation.3��� be the measured partial (Start or Stop) efficiency for a given element �EMBED Equation.3��� at energy �EMBED Equation.3��� and �EMBED Equation.3��� be the efficiency for a species �EMBED Equation.3��� at energy �EMBED Equation.3���- see the figure below.





�








The question is how to estimate the latter efficiency if we have a limited number of reference measurements at fixed energy Eo and for a given element. One possibility is to use the scaling of the efficiency with energy loss in the material of the foil and SSD which can be described most generally by the following formula.





�EMBED Equation.3���


The assumption above is that the efficiency with which a particle is registered is a monotonous function of the particle’s energy loss in the two media which produce the electrons for the triggering of the Start and Stop MCPs, namely the entrance (carbon/composite) foil and the surface layer of the SSD. A good and simple ansatz for the analitycal representation of the function with the above properties would be:





�EMBED Equation.3���





Accounting for:





a) the start MCP  (C-foil dependence) and 


b) the stop MCP (Si-dead layer dependence) 





we can write the total efficiency in the following form: 





�EMBED Equation.3���





where the indices have the meaning described above. this is in fact the formular used for the efficiency calculation in the flux algorithm.


�



Temporal Variation of the Efficiency
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