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1.  Introduction

In a solid-state charged particle telescope such as EPHIN, the only quantities one has available to identify a particle penetrating the telescope are the energy deposited in the various detectors of the stack as it comes to rest, and the incident direction of the particle. EPHIN consists of 5 detectors A through E of varying but known thicknesses, whose signals are energy analysed.

The detector F and the anticoincidence detector G ensure that the particle entered from the good direction, has deposited all its energy and not escaped unseen. Their signals must exceed a threshold above the noise level, but otherwise are not energy analysed.

Knowledge of the angle of incidence of the particle relative to the stack normal direction is needed to determine the increase of the pathlength in a detector as this increases the energy deposit. To separate electrons, protons, and heavier nuclei,

it is sufficient to limit the half angle opening cone (42° for EPHIN). To separate protons, deuterons, tritons, 3helium nuclei , and 4helium nuclei, the angle should be less than 25° (accomplished by segmenting A and B detectors in EPHIN).

2.  The dE/dx vs. total energy method

A particle of charge z and mass m enters a telescope made up of a thin front and a thick rear detector. It will deposit energy (E in the front and E* (= total energy – (E) in the rear detector. The mean energy loss per unit path length dE/dx is given by the Bethe-Bloch formula and can be approximated in the EPHIN energy range by
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where v is the velocity of the particle. The total kinetic energy of the particle is

[image: image5.wmf](

)

÷

ø

ö

ç

è

æ

D

=

¢

D

×

=

¢

=

=

Þ

°

=

+

-

=

¢

+

=

¢

D

=

=

E

E

y

E

E

x

y

x

y

y

x

x

E

y

E

x

log

707107

.

0

log

707107

.

0

2

1

cos

sin

45

cos

sin

sin

cos

log

log

j

j

j

j

j

j

j


Taking the product of these two quantities yields mz2, which is independent of the particle's velocity, only a function of its mass and charge:
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A plot of dE/dx vs. E over a range of velocities forms a band of hyperbolas of constant mz2. Tracks for different elements have a wider spacing, with several more closely spaced tracks corresponding to different isotopes of the element. This results from the quadratic dependence on z and the linear dependence on m.

3. Application to EPHIN Flight Data

For EPHIN, the derivative dE/dx can be approximated by the energy deposit in detector A, while E can be approximated by the sum of the energy deposits in detectors A through E.  Figure 1 demonstrates the dE/dx vs. E method with flight data from 21-SEP-1999 (day 264). This particular day was chosen, because CHANDRA was outside of the radiation belts, and a small solar flare generated energetic particles starting around 12:00 GMT. Each dot in the matrix corresponds to a particle which stopped in the telescope. Penetrating events are excluded. The track in the upper right corresponds to helium between 20 and 200 MeV (5 – 50 MeV/n), the branch in the middle are protons between 5 and 50 MeV, the area in the lower left are electrons between 0.1 and 10 MeV. Electrons, because of their multiscattering ability, are not organized along tracks. The nuclei tracks show a broad distribution, as all incidence directions are accepted (half cone angle 42°). The effect of further limiting the angle of incidence can be judged from Figure 2, where the half cone angle is limited to 25°. If hydrogen and helium isotopes were present, they would clearly be separable.
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Figure 1: EPHIN/CHANDRA PHA events from particles coming to rest in the detector stack on 21-SEP-1999 (day 264). All particles from the viewcone (half angle 42°) are accepted. Calibration tracks for protons and helium nuclei are superimposed. The A1 threshold is used in the coincidence network to discriminate electrons from nuclei.

During quiet time periods, nearly every incident particle is pulse height analyzed. During high fluxes, only a sample is pulse height analyzed due to AD converter dead time. However, nearly all incident particles are counted in the coincidence channels. In the coincidence conditions, a threshold in the A detector at A1=270 keV is used to separate electrons from nuclei. It is evident from Figures 1 and 2 that a modest amount of electrons will be mistaken as protons. Whether it is negligible depends on the ratio of electrons to protons in the particle event. The correction method described in section 4 uses in the first step masks around the nuclei tracks and determines the ratio of entries inside these masks to the total matrix entries. In a second step this ratio has to be normalized with the associated counting rates.
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Figure 2: EPHIN/CHANDRA PHA events from particles coming to rest in the detector stack on 21-SEP-1999 (day 264). Only parallel incident particles (half angle 25°) are accepted.

4. Correction Algorithm

4.1 How to decode EPHIN science data

The EPHIN science data buffer contains 1290 bytes with information on EPHIN status, counting rates, and PHA collected during an accumulation interval of 65.6 s (for counting rate decoding see Reasbeck 1997).

Byte Pos.
Contents
Remark

1-5
digital status
not needed for extracting PHA

6
low byte priority pointer
separates PHA buffer in two parts

7
high byte priority pointer


8-139
rates and histograms
not needed for extracting PHA

140-1290
PHA data buffer
organized in bytes

The 1151 byte PHA data buffer is dynamically filled from the top with any pulse height analysed event arriving in a given accumulation period (statistical buffer). Note that the PHA events are composed of a varying number of bytes, between 4 and 9 bytes depending on the penetration depth of the particle. If fewer events are analysed than can be stored, the remaining bytes are zero. Once filled up, only high priority events are allowed to overwrite part of the PHA data buffer starting from the bottom (priority buffer). Each particular priority pulse height event is stored in forward direction, though. The priority pointer contains the information of the divison line, namely the address of the last PHA event of the priority buffer. Note that the last PHA event in the statistical buffer may be corrupted by this process.

A PHA event has the following format:

Coincidence
PHA format
No. of bytes

E150, P4, H4
K, R, A, B
4

E300, P8, H8
K, R, L, A, B, C
6

E1300, P25, H25
K, R, L, A, B, C, D
7

E3000, P41, H41
K, R, L, S, A, B, C, D, E
9

INT
K, R, L, S, A, B, C, D, E
9

K contains coincidence type, two LSBs for A, and two LSBs for B:

MSB

K3
K2
K1
K0
A1
A0
B1
B0

K3
K2
K1
K0
Coincidence

0
0
0
0
E150

0
0
0
1
E300

0
0
1
0
E1300

0
0
1
1
E3000

0
1
0
0
P4

0
1
0
1
P8

0
1
1
0
P25

0
1
1
1
P41

1
0
0
0
H4

1
0
0
1
H8

1
0
1
0
H25

1
0
1
1
H41

1
1
0
0
INT

1
1
0
1
not allowed

1
1
1
0
not allowed

1
1
1
1
not allowed

R contains incidence direction and high/low gain flags for A and B:

MSB

RA2
RA1
RA0
RB2
RB1
RB0
SA
SB

RA2
RA1
RA0
Detector

0
0
0
A00

0
0
1
A01

(
(
(


1
0
1
A05

RB2
RB1
RB0
Detector

0
0
0
B00

0
0
1
B01

(
(
(


1
0
1
B05

SA
amplifier status channel A

0
high gain (= low energy deposit)

1
low gain (= high energy deposit)

SB
amplifier status channel B

0
high gain (= low energy deposit)

1
low gain (= high energy deposit)

A contains eight MSBs of pulse height for detector A:

MSB

A9
A8
A7
A6
A5
A4
A3
A2

B contains eight MSBs of pulse height for detector B:

MSB

B9
B8
B7
B6
B5
B4
B3
B2

C contains eight MSBs of pulse height for detector C:

MSB

C9
C8
C7
C6
C5
C4
C3
C2

D contains eight MSBs of pulse height for detector D:

MSB

D9
D8
D7
D6
D5
D4
D3
D2

E contains eight MSBs of pulse height for detector E:

MSB

E9
E8
E7
E6
E5
E4
E3
E2

L contains two LSBs and amplifier status for detectors C and D:

MSB

C1
C0
D1
D0
SC
SD
 x
 x

SC, SD:
compare SA
x:

not used

S contains two LSBs and amplifier status for detector E:

MSB

E1
E0
SE
 x
 x
 x
 x
 x

SE:
compare SA
x:
not used

There is no fixed format for the PHA data buffer. An example is given below:

Byte Pos.
Format
Remark

0
K
1. PHA event (statistical)

1
R


2
A


3
B


4
K
2. PHA event (statistical)

5
R


6
L


7
A


8
B


9
C


10
D


(((




K
last  PHA event (statistical)


R



A
Corrupted !

Pointer
K
last PHA event (priority)

Pointer+1
R


Pointer+2
A


Pointer+3
B


(((



1145
K
1. PHA event (priority)

1146
R


1147
L


1148
A


1149
B


1150
C


4.2 How to apply EPHIN calibration results

Calibration data from ground testing with radioactive sources, cosmic ray (-mesons, and particle accelerator runs are used to determine the conversion factors of the EPHIN analogue signal chains: Sensor signal – preamplifier- main amplifier- ADC converter pulse height  (see Mueller-Mellin et al. 1997, 1995). The following conversion factors apply when converting the telemetered pulse height TLMi into energy deposit PHAi in MeV for detector i:
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where Factori can be either the low range factor or high range factor, depending on the High/Low flag of the telemetered pulse height word.

Detector pulse height
Low range factor
High range factor

PHA_A
3.00
30.00

PHA_B
3.00
45.00

PHA_C
16.07
166.70

PHA_D
20.00
225.00

PHA_E
20.00
225.00

4.3 How to determine the proton and helium tracks in the matrix

In the double logarithmic representation of Figure 2, the helium track shows a linear dependence with a negative slope of -1, i.e. the characteristic 1/v2 or 1/E  behaviour expected from the Bethe-Bloch formula. The slight deviation at its low energy end results from the breakdown of the assumption, that (E in detector A can serve as a good approximation for dE/dx, as these particles lose a large fraction of their energy already in the first detector. It can be approximated by a hyperbola with a pole at x=a. Hence we have fitted the function
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to specifically selected flight data with low electron contamination after parameterizing the logarithm of the energy deposits in a two-dimensional 400 * 200 field (method used for EPHIN/SOHO data evaluation, see A. Posner, private communication). The coordinates x0 and y0 are picked from the linear branch of the curve, the variables m,z, and a are determined from the curve fitting procedure. The best fit for the helium track is obtained by
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Scaling back to energy in MeV we obtain for the energy deposit in detector A:
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and for the total energy deposit in detectors A through E:
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with x varying between 178 and 578. This approximation is shown by the solid line in the helium scatter plot of Figure 2. The corresponding proton curve is calculated by scaling (E and E with the factor ¼, which results from 1/z2. Note how excellent also protons are fitted!

4.4 How to apply the proton masks

In a first step, the logarithms of the (E vs. E matrix will be rotated by 45°, applicable to both the helium calibration track described in Section 4.3 and to the EPHIN/CHANDRA PHA events condensed in detector A energy deposit y and total energy deposit x. The coordinate transformation is
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The matrix after rotation is shown in Figure 3.
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Figure 3: (E vs. E matrix after rotation by 45°.

In a second step, the horizontal distance of a given PHA event to the helium calibration curve is calculated. The event is classified as electron, proton, or helium nucleus according to the following mask:

Particle species
Mask

electron
distance < - 1.5

proton
-1.5 < distance < - 0.5

helium and heavier
distance > - 0.5

A histogram generated from the entries in Figure 3 is shown in Figure 4.
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Figure 4: Mass histogram.

The priority scheme of the EPHIN pulse height analysis system does not alter the relative abundances for a given coincidence. Thus, the ratio of the events within the mask to the total number of entries in the matrix yields a correction factor between 0 and 1, which allows to correct the corresponding rate channel.

An example of uncorrected versus corrected P4 rates is given in Figure 5 along with the correction factor, number of particles in the P4 matrix and number of particles in the proton mask. Note that the increase after noon on day 264 is caused by genuine protons (correction factor above 90 %). Upon entry in the electron belt (outer belt) before noon on day 265, EPHIN does not detect any protons in the P4 matrix let alone on the good track. This is due to the saturating anticoincidence counter (correction factor 1 must be disregarded). The proton belt (inner belt) is detected around noon, however this is not always guaranteed at other radiation belt transits due to EPHIN counting limitations (see Mueller-Mellin 1998).The IDL program for this task is given in Section 4.5.
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Figure 5: Flux in P4 channel (5-8 MeV protons, top panel), uncorrected (black) and corrected (red). The correction factor (second panel) is the ratio of events in the proton mask (bottom panel) to the total number of events in the P4 matrix.

4.5 IDL source code

;Program l2cor.pro

;IDL program to correct AXAF EPHIN proton channels using PHA information.

;Input:  Level-1 rates files: platte_b1:[axaf.l1]ayyyyddd.sci

;Input:  Level-1 pha files:   platte_b1:[axaf.l1]ayyyyddd.phx

;Output: corrected proton channel in ASCII file: ephin_px_ddd.dat

;Output: corrected proton channel in plot file: acor_px_ddd.ps

;

;R. Mueller-Mellin 21-FEB-2000

;

;

;

pro separation,xcal,ycal,phaword,coinc,period,totbox,protbox

; Procedure converts ADC counts to MeV, calculates distance to calibration

; curve and increments total box count and proton box count for each

; interval

; input: xcal,ycal,phaword,coinc,period

; output: totbox,protbox

if phaword(8) eq 0 then factor=3.0 else factor=30.

adet=phaword(7)/1023.*factor

if phaword(10) eq 0 then factor=3.0 else factor=45.

bdet=phaword(9)/1023.*factor

if phaword(12) eq 0 then factor=16.07 else factor=166.7

cdet=phaword(11)/1023.*factor

if phaword(14) eq 0 then factor=20.0 else factor=225.0

ddet=phaword(13)/1023.*factor

if phaword(16) eq 0 then factor=20.0 else factor=225.0

edet=phaword(15)/1023.*factor

tot=adet+bdet

totbox(period,coinc-4)=totbox(period,coinc-4)+1

;protons in matrix

if coinc eq 5 then tot=tot+cdet

if coinc eq 6 then tot=tot+cdet+ddet

if coinc eq 7 then tot=tot+cdet+ddet+edet

if adet gt 0. and tot gt 0. then begin 
 
;only non-zero ADC results

 xp=0.707107*alog10(tot*adet)

 yp=0.707107*alog10(tot/adet)

 i=0

 while (ycal(i) lt yp) and (i lt 399) do i=i+1
;find first point >= yp

 dist=xp-xcal(i)

 if dist lt -0.5 and dist gt -1.5 then

$

  protbox(period,coinc-4)=protbox(period,coinc-4)+1
;protons in box

endif                                           ;end non-zero ADC results

return

end             

;main program

dis=''

doy=''

jahr=0

anf=0

daynumber=0

mittel=1

koinz=''

koinznam=['P4','P8','P25','P41','invalid']

geofac1=[5.14,5.14,4.77,3.8]
;large geometric factor for protons

geofac2=[0.18,0.18,0.18,0.18]
;small geometric factor for protons

l1dat={l1
$

 ,pb5:lonarr(3)
$
;year [yyyy], doy [ddd], ms of day [ss sss sss]

 ,min99:0.
$
;minutes since 20-JUL-99 0:00 (doy 201), planned launch

 ,epoch:0.d
$
;ms since ad

 ,count:lonarr(56)
$
;counts of coincidence channels

 ,bins:lonarr(32)
$
;histogram bins

 ,stat:lonarr(8)
}
;40 EPHIN status bits in 5 words, 3 spare words





;(0) = bits  0- 7
mode, error, frame cntr





;(1) = bits  8-15
CPU status





;(2) = bits 16-23
FMA





;(3) = bits 24-31
FMB





;(4) = bits 32-39
FMC-G, power





;(5-7) = spare words

phaword=fltarr(18)
;contains pulse height word

xcal=dblarr(400)

;helium calibration curve, total energy

ycal=dblarr(400)

;helium calibration curve, energy loss

for x=178.,577. do begin
;helium calibration curve

gde=10.^(0.3+x/200.)

ade=10.^(-0.7+(138.9-0.389*(x-250.)+668./(x-147.6))/100.)

;xcal(x-178)=gde                                        ;x-axis not rotated

;ycal(x-178)=ade                                        ;y-axis not rotated

xcal(x-178)=0.707107*alog10(gde*ade)                    ;x-axis rotated

ycal(x-178)=0.707107*alog10(gde/ade)                    ;y-axis rotated

endfor

read,dis,prompt='Screen or Printer [S,P]? '

dis=strupcase(dis)

read,jahr,prompt='Year [Integer]? '

read,anf,prompt='Day of year [Integer]? '

read,daynumber,prompt='Number of days [Integer]? '

read,mittel,prompt='Averaging period in minutes [Integer]? '

nochmal1:

read,koinz,prompt='Koinzidenz [P4,P8,P25,P41]? '

coi=0

while koinznam(coi) ne koinz and coi lt 5 do coi=coi+1 ;find coincid. index

if coi eq 4 then goto, nochmal1



;falsche Eingabe

year=string(jahr,format='(i4)')



;ASCII year

day=anf







;count days

period=0



;count accumulation periods

accum=daynumber*1440/mittel ;total number of accumulation periods (integer)

anzahl=0.



;count number of 65.6 s intervals per period

proton=fltarr(accum+1,5) ;output buff. time and 4 channels P4,P8,P25,P41





;highest index needed for subscript, but not used

sumcount=fltarr(4)

;sum over 3 directions for 4 proton channels

totbox=fltarr(accum,4)

;stores protons in matrix

protbox=fltarr(accum,4)

;stores protons in box

tageseitstart=day-201

;valid for 1999

if jahr eq 2000 then tageseitstart=tageseitstart+365

if jahr eq 2001 then tageseitstart=tageseitstart+365+366

anfzeit=1440.*(tageseitstart)
;define start time in minutes since 20-JUL-99

for i=0,accum do proton(i,0)=anfzeit+mittel*i

for i=1,daynumber do begin

 doy=string(format='(i3.3)',day)

 scinam='a'+year+doy+'.sci'

 print,'oeffnen ',i,' von ',daynumber,' : ',scinam

 openr,1,filepath(scinam,root_dir='platte_b1:'


$

  ,subdir=['axaf','l1','sci'])

 while not eof(1) do begin

  readf,1,l1dat







;read rates

  sumcount(0)=l1dat.count(17)+l1dat.count(18)+l1dat.count(19)
;P4

  sumcount(1)=l1dat.count(20)+l1dat.count(21)+l1dat.count(22)
;P8

  sumcount(2)=l1dat.count(36)+l1dat.count(37)+l1dat.count(38)
;P25

  sumcount(3)=l1dat.count(39)+l1dat.count(40)+l1dat.count(41)
;P41

  if l1dat.stat(2) eq 255 and l1dat.stat(3) eq 127 then
$

   geofac=geofac1 else geofac=geofac2
;small or large geometric factor

   sumcount=sumcount/geofac

  if l1dat.min99 ge proton(period+1,0) then begin

   proton(period,1:4)=proton(period,1:4)/65.6/anzahl

   anzahl=0.

   period=period+1

  endif

  proton(period,1:4)=proton(period,1:4)+sumcount

  anzahl=anzahl+1.

 endwhile

 proton(period,1:4)=proton(period,1:4)/65.6/anzahl
;finish up this day

 anzahl=0.

 period=period+1

 day=day+1







;next day

 close,1

endfor

day=anf







;count days

period=0






;count accumulation periods

for i=1,daynumber do begin

 doy=string(format='(i3.3)',day)

 phanam='a'+year+doy+'.phx'

 print,'oeffnen ',i,' von ',daynumber,' : ',phanam

 openr,2,filepath(phanam,root_dir='platte_b1:'

$

  ,subdir=['axaf','l1','pha'])

 while not eof(2) do begin

  readf,2,phaword







;read pha

  min99=phaword(3)

  coinc=phaword(4)

  if coinc gt 3 and coinc lt 8 then



$
;only protons

   separation,xcal,ycal,phaword,coinc,period,totbox,protbox

  if min99 ge proton(period+1,0) then period=period+1

 endwhile

 period=period+1

 day=day+1








;next day

 close,2

endfor

zero=where(totbox eq 0,cnt)




;find zero elements

if cnt ne 0 then totbox(zero)=1



;and set to one

zero=where(protbox eq 0,cnt)




;find zero elements

if cnt ne 0 then protbox(zero)=1



;and set to 1

openw,3,'EPHIN_'+koinz+'_'+string(anf,format='(i3.3)')+'.dat'










;write ASCII File

timetag=proton(*,0)/1440.+201



;convert to decimal day

if jahr eq 2000 then timetag=timetag-365

if jahr eq 2001 then timetag=timetag-365-366

for i=0,accum-1 do







$

 printf,3,jahr,timetag(i),proton(i,0)




$

  ,proton(i,coi+1),proton(i,coi+1)*protbox(i,coi)/totbox(i,coi)
$

  ,protbox(i,coi)/totbox(i,coi),format='(i4,f10.5,f10.1,3f15.5)'

close,3

if dis eq 'P' then begin

 set_plot,'ps'

 device,/color







$

  ,filename='Acor_'+koinz+'_'+string(anf,format='(i3.3)')+'.ps'

endif

!p.multi=[0,0,4,0,0]

tvlct,[0,255,0,0],[0,0,255,0],[0,0,0,255]

plot,timetag(0:accum-1),proton(0:accum-1,coi+1)


$


,title='AXAF EPHIN, University of Kiel, '


$


+string(mittel,format='(i3)')+' min Average'

$


,ytitle=koinz+' [counts/s/cm2/sr]'



$


,xrange=[anf,anf+daynumber],xstyle=1


$


,yrange=[1.0e-4,1.0e5],/ylog,ystyle=1

oplot,timetag(0:accum-1)





$


,proton(0:accum-1,coi+1)*protbox(*,coi)/totbox(*,coi)
$


,color=1

plot,timetag(0:accum-1),protbox(*,coi)/totbox(*,coi)

$


,ytitle='correction factor'




$


,yrange=[0,1],ystyle=1

plot,timetag(0:accum-1),totbox(*,coi)



$


,ytitle='protons in matrix'

plot,timetag(0:accum-1),protbox(*,coi)



$


,xtitle='Day of year '+year




$


,ytitle='protons in box'

if dis eq 'P' then begin

 device,/close

 set_plot,'x'

endif

end
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