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APPENDICES

The optimization of the ion imaging detector was performed with Simion 3D, a

computer program developed by the Idaho National Engineering Lab.  The

complexity of the shapes of the elements in the ion imaging detector and the critical

timing between the pulsed voltages applied to each element, required the creation of

the geometry file in A.1 and the simulation program in A.2.  Further details for the

simulations may be found in section 2.5.2.

A.1 Flyswatter Geometry File

NSFGEOM1.gem

;Define Repeler
 Electrode (1)
 {Fill{Within{Cylinder(83,39.5,10.625,36.5,36.5,0.625)}
       Within{Box3d(62.1,.675,10,103.9,10.675,10.625)}}}
;       Notin{Cylinder(63.625,3.25,10.625,1.5625,1.5625,0.625)}
;      Notin{Cylinder(102.375,3.25,10.625,1.5625,1.5625,0.625)}}}

;Define the bottom edges of the repeller
Locate (49.5,25,0,1,0,-63,0)
    {Electrode(1)
         {Fill{Within{Box3d(0,0,10,27.5,5,10.625)}}}}
;               Notin{Cylinder(25.75,2.5,10.625,1.5625,1.5625,0.625)}}}}

Locate (104,0.5,0,1,0,63,0)
    {Electrode (1)
        {Fill{Within{Box3d(0,0,10,27.5,5,10.625)}}}}
;              Notin{Cylinder(1.75,2.5,10.625,1.5625,1.5625,0.625)}}}}
;Locate (0,0,0,1,0,0,0)
;    {Electrode (1)
;        {Fill{Within{Cylinder(63.625,3.25,10.625,1.6,1.6,0.625)}
;              Notin{Cylinder(63.625,3.25,10.625,1.5625,1.5625,0.625)}
;              Within{Cylinder(102.375,3.25,10.625,1.6,1.6,0.625)}
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;              Notin{Cylinder(102.375,3.25,10.625,1.5625,1.5625,0.625)}}}}

;Define the top point of the repellar
Locate (63.5,63,0,1,0,35,0)
    {Electrode (1)
    {Fill{Within{Box3d(0,0,10,27.5,6,10.625)}}}}
;          Notin{Cylinder(26,3.5,10.625,1.5625,1.5625,0.625)}}}}

Locate (80,79,0,1,0,-35,0)
{Electrode (1)
    {Fill{Within{Box3d(0,0,10,27.5,6,10.625)}}}}
;          Notin{Cylinder(1.125,3.5,10.625,1.5625,1.5625,0.625)}}}}
Locate(0,0,0,1,0,0,0)
{Electrode(1)
    {Fill{Within{Cylinder(83,80.25,10.625,1.6,1.6,0.625)}}}}
;          Notin{Cylinder(83,80.25,10.625,1.5625,1.5625,0.625)}}}}
;Define the 3 screws (0-80) and the three nuts per screw
Electrode (1)
    {Fill{Within{Cylinder(83,80.25,10,1.125,1.125,1.25)}
          Within{Cylinder(83,80.25,35,0.75,0.75,25)}
          Within{Cylinder(83,80.25,12.875,2,2,1.125)}
          Within{Cylinder(83,80.25,19.375,2,2,1.125)}
          Within{Cylinder(83,80.25,25.5,2,2,1.125)}
          Within{Cylinder(63.625,3.25,10,1.125,1.125,1.25)}
          Within{Cylinder(63.625,3.25,35,0.75,0.75,25)}
          Within{Cylinder(63.625,3.25,12.875,2,2,1.125)}
          Within{Cylinder(63.625,3.25,19.375,2,2,1.125)}
          Within{Cylinder(63.625,3.25,25.5,2,2,1.125)}
          Within{Cylinder(102.375,3.25,10,1.125,1.125,1.25)}
          Within{Cylinder(102.375,3.25,35,0.75,0.75,25)}
          Within{Cylinder(102.375,3.25,12.875,2,2,1.125)}
          Within{Cylinder(102.375,3.25,19.375,2,2,1.125)}
          Within{Cylinder(102.375,3.25,25.5,2,2,1.125)}}}

;Define Grounded Grid Plate
Electrode (2)
{Fill{Within{Cylinder(83,39.5,22.375,36.5,36.5,1.75)}
        Notin{Cylinder(83,39.5,22.375,26.5,26.5,1.75)}
        Notin{Cylinder(83,39.5,22.375,28.125,28.125,1)}
        Within{Box3d(62.1,.675,20.625,103.9,10.675,22.375)}}}
;        Notin{Cylinder(63.625,3.25,22.375,1.5625,1.5625,1.75)}
;       Notin{Cylinder(102.375,3.25,22.375,1.5625,1.5625,1.75)}}}
Locate(49.5,25,0,1,0,-63,0)
{Electrode (2)
    {Fill{Within{Box3D(0,0,20.625,27.5,5,22.375)}}}}
;          Notin{Cylinder(25.75,2.5,22.375,1.5625,1.5625,1.75)}}}}
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Locate(104,0.5,0,1,0,63,0)
{Electrode (2)
    {Fill{Within{box3d(0,0,20.625,27.5,5,22.375)}}}}
;          Notin{Cylinder(1.75,2.5,22.375,1.5625,1.5625,1.75)}}}}
;Locate(0,0,0,1,0,0,0)
;{Electrode(2)
;    {Fill{Within{Cylinder(63.625,3.25,22.375,1.6,1.6,1.75)}
;          Notin{Cylinder(63.625,3.25,22.375,1.5625,1.5625,1.75)}
;          Within{Cylinder(102.375,3.25,22.375,1.6,1.6,1.75)}
;          Notin{Cylinder(102.375,3.25,22.375,1.5625,1.5625,1.75)}}}}

;Define the top point of the grid plate
Locate(63.5,63,0,1,0,35,0)
{Electrode (2)
    {Fill{Within{Box3d(0,0,20.625,27.5,6,22.375)}}}}
;          Notin{Cylinder(26,3.5,22.375,1.5625,1.5625,1.75)}}}}
Locate(80,79,0,1,0,-35,0)
{Electrode (2)
    {Fill{Within{Box3d(0,0,20.625,27.5,6,22.375)}}}}
;          Notin{Cylinder(1.125,3.5,22.375,1.5625,1.5625,1.75)}}}}
Locate(0,0,0,1,0,0,0)
{Electrode (2)
    {Fill{Within{Cylinder(83,80.25,22.375,1.6,1.6,1.75)}}}}
;          Notin{Cylinder(83,80.25,22.375,1.5625,1.5625,1.75)}}}}

;Define inner tube
Locate(0,0,0,1,0,0,0)
{Electrode (3)
    {Fill{Within{Cylinder(83,39.5,81.125,25,25,58.75)}
         Notin{Cylinder(83,39.5,81.125,23.5,23.5,58.75)}}}}

;Define Outer Tube
Electrode (4)
    {Fill{Within{Cylinder(83,39.5,68.25,30,30,46.875)}
         Notin{Cylinder(83,39.5,68.25,26.5,26.5,46.875)}}}

;Define the outer tube holder
Electrode (4)
    {Fill{Within{Cylinder(83,39.5,68.25,37.5,37.5,1.75)}
          Notin{Cylinder(83,39.5,68.25,26.5,26.5,1.75)}}}

;Define the tube around the CEMA Plates
Electrode (4)
    {Fill{Within{Cylinder(83,39.5,93.25,37.5,37.5,25)}
          Notin{Cylinder(83,39.5,93.25,32.5,32.5,25)}}
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;Define the CEMA Plate
Electrode (5)
    {Fill{Within{Cylinder(83,39.5,84.75,25,25,0.5)}}}

;Define the end of the flight tube
Electrode (4)
    {Fill{Within{Cylinder(83,39.5,93.25,37.5,37.5,1.625)}}}

;Define some points for grid 1
Electrode (3)
    {Fill{Within{Cylinder(83,39.5,81.125,23.25,23.25,0)}}}
Electrode (3)
    {Fill{Within{Cylinder(83,39.5,22.375,23.25,23.25,0)}}}
Electrode (4)
    {Fill{Within{Cylinder(83,39.5,20.0,26.5,26.5,0)}}}

;Define Deceleration Lens #4
Locate (0,0,31.25,1,90,0,0)
{Electrode (6)
    {Fill{Within{Cylinder(15.625,39.5,6.25,15.625,15.625,6.25)}
          Notin{Cylinder(15.625,39.5,6.25,3.125,3.125,6.25)}}}}
;Define Deceleration Lens #5
Locate (0,0,31.25,1,90,0,0)
{Electrode (7)
    {Fill{Within{Cylinder(15.625,39.5,34.375,15.625,15.625,25)}
          Notin{Cylinder(15.625,39.5,34.375,5.4625,5.4625,25)}}}}

;Define Deceleration Lens #6
Locate (0,0,31.25,1,90,0,0)
{Electrode (8)
    {Fill{Within{Cylinder(15.625,39.5,43.75,15.625,15.625,6.25)}
          Notin{Cylinder(15.625,39.5,43.75,3.125,3.125,6.25)}}}}
Locate (122,0,31.25,1,90,0,0)
{Electrode (9)
    {Fill{Within{Cylinder(15.625,39.5,3,5,5,3)}}}}

;Define the ceramics that isolate the grid plate from the screws
;Locate(0,0,0,1,0,0,0)
;{Electrode (10)
;    {Fill{Within{Cylinder(83,80.25,24.375,2.5,2.5,5)}
;          Notin{Cylinder(83,80.25,24.375,1.5625,1.5625,5)}
;          Within{Cylinder(63.625,3.25,24.375,2.5,2.5,5)}
;          Notin{Cylinder(63.625,3.25,24.375,1.5625,1.5625,5)}
;          Within{Cylinder(102.375,3.25,24.375,2.5,2.5,5)}
;          Notin{Cylinder(102.375,3.25,24.375,1.5625,1.5625,5)}}}}
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A.2.  Simion“ Simulation TOF Program

TOF-ProgramFile.txt

;Create a program that will adjust the electrode potentials
;after a specified TOF (after leaving the surface)

;-----------define the adjustable variables----------------------
defa Swat         3             ;swat delay in microseconds
defa Repeller     970           ;final voltage for repeller
defa Flight_tube -840           ;final voltage for the flight tube
defa rise_time    0.02         ;rise time for swat
defa PE_update    0.05          ;pe surface update time step in usec

;----------define the static variables
defs first              0       ;first call flag
defs rep_volt_slope     1       ;voltage ramp slope for repeller
defs ft_volt_slope      1       ;voltage ramp slope for flight tube
defs final_ramp_time    0       ;time at end of ramp
defs time_delay         0       ;time delay before starting ramp
defs time_excite        0       ;time at end of excite phase
defs tmark              0       ;time for next transition
defs color              1       ;ion color after transition
defs next_pe_update     0       ;next time for pe update

;----------------------Start the time step adjustment----------------

SEG Tstep_adjust                ;used to precisely approach both the
                                ;ramp start and stop transitions
    1 sto color                 ;assume next color is red
    rcl time_delay
    sto tmark                   ;assume initial delay transition
    rcl Ion_time_of_flight      ;get ion's current time of flight
    x>=y goto tran2             ;if TOF is greater than tmark (swat)
                                ;jump to the transition subroutine
    - rcl Ion_time_step          ;compute the time to the transition
    x<=y Exit                   ;if the TOF is greater than the time step exit
    x><y sto Ion_time_step   ; else use for the time step
    exit

lbl tran2                       ;test for ramp stop transition
    2 sto color                 ;assume next color is green
    rcl time_excite
    sto tmark                   ;assume final ramp transition
    rcl Ion_time_of_flight      ;get ion's current time of flight
    x>=y exit                   ;exit if at or beyond the first transition
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    - rcl Ion_time_step         ;compute the time to the transition
    x<=y exit                   ;exit if TOF is greater than the time to the transition
    x><y sto Ion_time_step   ;otherwise use for the time step
    exit

;------------control for the repeller and flight tube voltages---
seg Fast_Adjust
    rcl first                   ;recall the first pass flag
        x=0                     ;if this is the first time through
        gosub init              ;setup factors first---> init

;-----------check if the time is greater than the swat delay-----
    rcl time_delay                  ;recall start ramp time
    rcl ion_time_of_flight      ;get ion's time of flight
    x<=y                        ;check for the end of the delay time
    goto Start_Voltages         ;if the time is less than or equal to
                                ;the swat delay then use start voltages

;---------check for end of ramp time---------------
    rcl time_excite         ;recall the end of the swat delay
    rcl Ion_time_of_flight      ;get ion's time of flight
    x>y                         ;check for end of ramp time
    goto constant              ;if the time is after ramp time---->constant

;-------calculate the repeller voltage for each time step--------
    rcl Ion_time_of_flight      ;get ions flight time
    rcl time_delay -                ;calculate the time into the ramp
    rcl rep_volt_slope *            ;multiply the time by the slope to
                                ;obtain the new repeller voltage
    sto adj_elect01             ;change the repeller voltage

;-------calculate the flight tube voltage for each time step----
    rcl Ion_time_of_flight      ;get the ion's time of flight
    rcl swat -                 ;calculate the time into the ramp
    rcl ft_volt_slope *        ;obtain the new flight tube voltage
    sto adj_elect03             ;change the flight tube voltage
    exit

; -------initialize parameters for the ramp---
    lbl init
        1 sto first                 ;entry point for init routine

;------calculate the voltage slopes---
        rcl repeller
        rcl rise_time /         ;repeller divided by the rise time
        sto rep_volt_slope      ; equals the slope for the repeller
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        rcl flight_tube
        rcl rise_time /         ;flight_tube divided by the rise time
        sto ft_volt_slope       ;equals the slope for the flight tube

;------calculate stop times for the ramp---
        rcl swat
        sto time_delay
        rcl rise_time
        + sto time_excite      ;add to the delay time and store in
                                ;time excite (end of voltage ramp)
        rtn
        ;set repeller and flight tube to zero volts
    lbl constant                ;constant voltage
         rcl repeller           ;set the repeller to the desired pulsed value
         sto Adj_elect01
         rcl flight_tube        ;set the flight_tube to the desired
         sto Adj_elect03        ;pulsed value
         exit

     lbl start_voltages         ;starting voltages
         0
         sto Adj_elect01       ;set repeller and flight tube
         sto Adj_elect03        ;voltages to zero
         exit

;--------transition color control---------------

seg Other_actions
    rcl Next_PE_Update          ;recall time for next PE update
    rcl Ion_time_of_flight      ;recall ion's time of flight
    x<y goto next_test          ;if the tof is les than next pe update
    rcl PE_update               ;recall pe update increment
    + sto next_pe_update        ;add to tof and store as next pe update
    1 sto update_pe_surface     ;request a pe surface update

    lbl next_test
        rcl Ion_time_of_flight  ;get ion's time of flight
        rcl tmark               ;recall transition time
        x!=y exit               ;exit if not at transition
        rcl color sto Ion_color ;set ion's after transition color
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A.3.  Br+ Curve Fits at Ts = 25º C

The following graphs represent the results from a series of curve fits to Br–

product velocity–, polar– intensity, and polar energy– distributions described in Sect.

3.3.2 for Br+ scattered on Pt(111) at 25º C across the 14 eV – 104 eV incident energy

range.  Briefly, the velocity distributions shown in Figures A.3.1-A.3.13 (a) are fit to

a series of three Gaussian functions, a, b, and g, according to equation 3.2. For the

polar intensity plots in Figures A.3.1-A.3.13 (b), the a, b , and g components are

calculated according to equation 3.6 with the width parameter, ni, for each component

held constant across the incident energy range.  The polar energy curve fits are

calculated from the polar intensity fits and the average energy values obtained from

the velocity distribution fits.
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A.4.  Br+ Polar Velocity Maps at Ts = 25º C

The following graphs compare the parameterized fits to the experimental data for

Br–(1S0) products when Br+ scatters on Pt(111) at 25º C. Figures 3.14-3.17 only

represent the data and calculated polar velocity maps for 29, 44, 64, and 84 eV

collision energies, respectively.  This appendix completes the data set for the 14 – 104

eV Br+ incident energy range.  Briefly, the fitting parameters obtained from the

Br–(1S0) velocity- and polar–distributions are combined to calculate the polar velocity

maps for each of the components, a, b, and g, according to equation 3.9 and the

results are shown in A.4.1-A.4.10 (c), (d), and (e), respectively.  For each collision

energy, the sum of the polar velocity maps for the three components is calculated

according to equations 3.10 and the results are shown in A.4.1-A.4.10 (b),
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Figure A.4.1. Comparison of the parameterized fits to the experimental data for the
Br–(1S0) product intensity versus polar exit velocity at 11 eV incident energy.  (a)
Experimental data and (b) parameterized fit all three components combined, (c) a
component only, (d) b component only, and (e) g component only.  Red indicates the
highest product yield and white indicates the lowest intensity.

(a)

(e)

(b) (c)

(d)



200

  

Figure A.4.2. Comparison of the parameterized fits to the experimental data for the
Br–(1S0) product intensity versus polar exit velocity at 14 eV incident energy.  (a)
Experimental data and (b) parameterized fit all three components combined, (c) a
component only, (d) b component only, and (e) g component only.  Red indicates the
highest product yield and white indicates the lowest intensity.

(a)

(e)

(b) (c)

(d)
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Figure A.4.3. Comparison of the parameterized fits to the experimental data for the
Br–(1S0) product intensity versus polar exit velocity at 19 eV incident energy.  (a)
Experimental data and (b) parameterized fit all three components combined, (c) a
component only, (d) b component only, and (e) g component only.  Red indicates the
highest product yield and white indicates the lowest intensity.

(a)

(e)

(b) (c)

(d)
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Figure A.4.4. Comparison of the parameterized fits to the experimental data for the
Br–(1S0) product intensity versus polar exit velocity at 21.5 eV incident energy.  (a)
Experimental data and (b) parameterized fit all three components combined, (c) a
component only, (d) b component only, and (e) g component only.  Red indicates the
highest product yield and white indicates the lowest intensity.

(a)

(e)

(b) (c)

(d)
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Figure A.4.5. Comparison of the parameterized fits to the experimental data for the
Br–(1S0) product intensity versus polar exit velocity at 24 eV incident energy.  (a)
Experimental data and (b) parameterized fit all three components combined, (c) a
component only, (d) b component only, and (e) g component only.  Red indicates the
highest product yield and white indicates the lowest intensity.

(a)

(e)

(b) (c)

(d)
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Figure A.4.6. Comparison of the parameterized fits to the experimental data for the
Br–(1S0) product intensity versus polar exit velocity at 34 eV incident energy.  (a)
Experimental data and (b) parameterized fit all three components combined, (c) a
component only, (d) b component only, and (e) g component only.  Red indicates the
highest product yield and white indicates the lowest intensity.

(a)

(e)

(b) (c)

(d)
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Figure A.4.7. Comparison of the parameterized fits to the experimental data for the
Br–(1S0) product intensity versus polar exit velocity at 54 eV incident energy.  (a)
Experimental data and (b) parameterized fit all three components combined, (c) a
component only, (d) b component only, and (e) g component only.  Red indicates the
highest product yield and white indicates the lowest intensity.

(a)

(e)

(b) (c)

(d)
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Figure A.4.8. Comparison of the parameterized fits to the experimental data for the
Br–(1S0) product intensity versus polar exit velocity at 74 eV incident energy.  (a)
Experimental data and (b) parameterized fit all three components combined, (c) a
component only, (d) b component only, and (e) g component only.  Red indicates the
highest product yield and white indicates the lowest intensity.

(a)

(e)

(b) (c)

(d)
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Figure A.4.9. Comparison of the parameterized fits to the experimental data for the
Br–(1S0) product intensity versus polar exit velocity at 94 eV incident energy.  (a)
Experimental data and (b) parameterized fit all three components combined, (c) a
component only, (d) b component only, and (e) g component only.  Red indicates the
highest product yield and white indicates the lowest intensity.

(a)

(e)

(b) (c)

(d)
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Figure A.4.10. Comparison of the parameterized fits to the experimental data for the
Br–(1S0) product intensity versus polar exit velocity at 104 eV incident energy.  (a)
Experimental data and (b) parameterized fit all three components combined, (c) a
component only, (d) b component only, and (e) g component only.  Red indicates the
highest product yield and white indicates the lowest intensity.

(a)

(e)

(b) (c)

(d)
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A.5.  Br+ Curve Fits at Ts = 400º C

The following graphs represent the results from a series of curve fits to Br–

product velocity–, polar– intensity, and polar energy– distributions described in Sect.

3.3.2 for Br+ scattered on Pt(111) at 400º C across the 14 eV – 104 eV incident energy

range.  Briefly, the velocity distributions shown in Figures A.3.1-A.3.13 (a) are fit to

a series of three Gaussian functions, a, b, and g, according to equation 3.2. For the

polar intensity plots in Figures A.3.1-A.3.13 (b), the a, b , and g components are

calculated according to equation 3.6 with the width parameter, ni, for each component

held constant across the incident energy range.  The polar energy curve fits are

calculated from the polar intensity fits and the average energy values obtained from

the velocity distribution fits.
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