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Summary and Conclusion
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e Bulk etch rate in plastic detectors varies significantly
e during etch time (CR 39)
e |ocally by 10% to 25% (CR 39 and cellulose nitrate)

e Precision of dose equivalent measured thereby
limited to perhaps 20% or more

(neglecting other sources of error)
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Overview

Historical background — motivation
2D measurement technique

3D measurement tec
3D measurement tec
3D measurements — accuracy/precision
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Nnique — experimental
nnique — theoretical analysis

Local bulk layer data (cellulose nitrate, D1 mission)

Local bulk layer data (CR 39, ISS mission/HIMAC)

Global bulk layer data (CR 39, ISS/HIMAC, mechanical thickness)
2D — 3D comparisons (CR 39)
Implications for dosimetry
Puzzles (a few, for me)
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Background
BIOSTACK concept
Nuclear Track Detectors
( e.g. Nuclear emulsions, AgCI crystals, Plastjc Detectors)
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Monolayers of Biological Tests Systems
(e.g. Plant seeds, Plants, Insect eggs/embryos, Bacterial spores)
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Localization of particle tracks
in biological test organisms
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Co-ordinate systems involved in STHA&H) .
microscopic track measurements -
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Xg, X -
Microscope
Stage System

X, %
Detector

Foil System

X?.. }ﬁ’" . Etch Track System
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Position and orientation of etch
tracks in the detector system
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detector # /7
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measurement technique
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Relative etchrate R=v, /v, = 1/sin0

R = V{ (2A/H)2 [ [1-(B/H)?]2 + 1}
A, B: semi- major, minor ellipse axis
H: bulk etch layer = const. in space and time !
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3D
measurement technique

experimental
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Geometry of etch track types assigned for measurement program
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Measurement points for etch tracks type 1
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Co-ordinates in the track system, T, of track measuring points for type 1 tracks

Point X1i Yo Zy;

No.

1 -A 0 0

2 0 -B 0

3 0 +B 0

4 +A 0 0

5 I, 0 —(l—x)*tg(3)
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Co-ordinates in the track system, T, of track measuring points for type 3 tracks

Point No. X1 Yri Zr;

1 A 0 0

2 0 -B 0

3 0 +B 0

4 +A 0 0

5 I, 0 —(l—x)*tg(d)

6 |, 0 —(1, %) *tg(d)

7 I 0 —(1—A’=2x )*tg(d)
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Measurement points for etch tracks type 4
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Co-ordinates in the track system, T, of track measuring points for type 4 tracks

Point No. | Xq; Yo Zy;

1 -A 0

2 -B 0

3 0 +B 0

4 +A 0 0

5 l, b —(l—=x.)*tg(0)

6 I, +b —(l—x)*tg(d)

7 I 0 —(1,-A’-2x_)*tg(3)
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Measurement points for etch tracks type 5
+Z

P A

Pl el '

3 .
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Co-ordinates in the track system, T, of track measuring points for type 5 tracks

Point No. | Xq; Yri Zi

1 A 0 0

2 -B 0

3 0 +B 0

4 +A 0 0

5 | T ~(1=%)*19(3)
6 | +r ~(1%)*tg(3)
! 1, 0 —(lx,)*tg(3)
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3D

measurement technique
theoretical analysis
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Transformation of co-ordinates
from the track system, T, into the detector system, F.

X = X;; cos(a) — Yq; sin(a) + X,
Yei = Xg;sin(a) + Y ; cos(a) + Y,
Le; =Ly tZ,
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Co-ordinates in detector system, F, of track measuring points for type 1 tracks

STRA..EN
BIOLOGIE

Point No. | X; Yei Z;
1 X,—A*Cos(a) yo—A*sin(a) Z,
2 X,+B*sin(a) y,—B*cos(a) Z,
3 X,—B*sin(a) y,+B*cos(a) Z,
4 X, +A*cos(a) yo+tA*sin(a) Z,
5 X+l *cos(a) Yo+l xsin(a) Zo—(1—x.)*tg(d)
Free parameters for track type 1:
XO) y01 ZO ’ a1 As B1 61 XC1 |t
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Co-ordinates in detector system, F, of track measuring points for type 3 tracks
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Point No. | X; Yei Ze;

1 Xo—A*cos(a) Yo—A*sin(a) Z,

2 X, +B*sin(a) y,—B*cos(a) Z,

3 X,—B*sin(a.) y,+B*cos(a) Z,

4 X, +tA*cos(a) Y tA*sin(a) Z,

5 X+l xcos(a) Yo+l xsin(a) Z,—(l—x.)*tg(3)

6 X+ *cos(a) Yo+l #sin(o) z,—(1,—X.)*tg(d)

7 Xyt 4*cos(at) Yotlg*sin(a) zo—(1;-A’-2x ) *tg(d)

Xo» Yor Zg » O A, B, 0, X

C

Free parameters for track type 3:

;Itslus |d1A

13th WRMISS

3-dimensional etch-cone measurements

Krakow, Sept. 07/2006

28



i DLR

i NN

l stitute of

STRA..EN
BIOLOGIE

Co-ordinates in detector system, F, of track measuring points for type 4 tracks

Point No. | X; Yei Z;

1 X,—A*Cos(a) yo—A*sin(a) Z,

2 X,+B*sin(a) y,—B*cos(a) Z,

3 X,—B*sin(a) y,+B*cos(a) Z,

4 X,+A*cos(a) yotA*sin(a) Z,

5 X+l xcos(a)+b*sin(o) Yo+l xsin(a)-b*cos(a) Zo—(l—x.)*tg(3)

6 X+l *cos(o)—b*sin(c) Yo tl*sin(a)+b*cos(a) Z,—(1.—X,)*tg(d)

7 Xo+l*cos(a) yo+lg#sin(a) Zo—(1—A’-2x.)*tg(d)

Free parameters for track type 4:

Xor Yor Zg » @ A, B, 9, X I, b, |, A’

C’
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Co-ordinates in detector system, F, of track measuring points for type 5 tracks
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Point No. | X ; Ye; Ze;
1 X,—A*cos(a) Yo—A*sin(a) 7
2 X +B*sin(a) Y,—B*cos(a) 7
3 X,—B*sin(o) y,+B*cos(a) Z,
4 X, +A*cos(a) Y tA*sin(a) Z,
5 Xotlxcos(a)+r xsin(a) | y,tlEsin(a)-r *cos(a) | z;—(l—x)*tg(d)
6 Xotlxcos(a)-r *sin(a) | y,tlsin(a)+r *xcos(a) | z—(l—x)*tg(d)
7 Xo+(l 41, )*cos(a) Yo+ (l+r)*sin(a) Zo—(1—Xx.)*tg(d)
Free parameters for track type 5:
Xor Yor Zg » O A, B, 0, X |, 1
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Parameters are sought for the maximum of the
likelihood function A, resp. its logarithm.

—2*log A = nmxlog2n + nk*logV,, + n(m-k)+*logV,
i azlzk(Maa/ ny) + a:k+lzm(Maa/ Vz)

Vyy = (A/nK) * 112 X(Myy); variance of x,y measurement

V, = (1/n(m-k)) * __,..,2™(M_,);variance of z measurement
“Objective function” ¥(M) is minimized

(M) =[ nklog( ,-12X(M,,) ) + N(M-K)*10g( oops12"(M,,) )I/2
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Matrix of moments M

M(®) =¢¢el
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vector of residuals/errors ¢

g' = (Xy(@)Xy,... Xy (@) Xy, Y1(®)-Yy,....Yo(O)-Y, Z,(B)-2y,....2(©)-2,)

X.(09), Y.(0), Z(©) = model coordinates

X;, Yi,» Z; = measured coordinates

=1...n

13th WRMISS

3-dimensional etch-cone measurements

Krakow, Sept. 07/2006

32



# W
DLR  Tred

parameter vectors ©

@ = (XO’ yoy ZO y Oy A, B! 85 xc; It);
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type 1

O = (Xq Yos 29, o5 A, B, 6, x5 I, 1,, 14, A’);  type 3

® = (Xg, Yo» 29, 0 A, B, 3, X I, b, 13, A’);  type 4

O = (XO! y05 Zo y Oly A! B’ 8’ xc; It’ rk )’

type 5

13th WRMISS

3-dimensional etch-cone measurements

Krakow, Sept. 07/2006

33



-
/=t BIOLOGIE

constraints for parameters

linear:
A>B>0; x.>0; B>r,>0; B>b>0

C

nonlinear ‘constraint’
A/B = cos0 / V(cos20-cos2d)

leads to the Langrange equation:

N,(A, B, 5, 8) = (A2-B2)(1+tg25)-A2(1+tg28) = 0
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Determination of cone angle, 0, from track parameters
tg(8) = {V[ B%(I—w)? — (A2-B?)(B>-w?)] — w?(l~w) }/

/ [(1—w)? — (A2-B2)] * V(1-B2/A?2)
8>0

w = b for type 4; w = r, for type 5; w=0 otherwise

Determination of local bulk layer, H, from track parameters

H=Ax*(sind+sinB)/cos0
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H=A*(siné + sinB)/cosoO
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3D measurements —
accuracy/precision
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Screen shot of type 1 sTRAMLEN
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measurement with schematic

] (o x]]
Batel Kamera Hilfe

2181.15 D43.84 B10.85 T12.05 1.51.95 T0 LD 2 Rxl0 v12 z1lé RERA. 789885‘
#447 noch mal messen (L:alles loeschen; 0/ ;le _J

>
&

+:zurueck, A:abbrechen
12345
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4.0 measurement with schematic

B TRACK - Projekt: trainingC /test; Detektor: HIMETEST

Datel Bearbeften Kamera Hile
12182.83 D44.31 B57.03 T10.350 L313.03 T7.75 L423.08 4Rx135y56 2276 RERD.488683
Messung fuer %7 0.K. (0/1/ T:anderer Typ)?
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D61.45 B52.95 T0.57 1.288.94 T0.48 1344.35 3Rx58 y38 z42 RER100.0660
Messung fuer #370 0.K. (0/1/ T:anderer Typ)?
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measurement errors (CN)
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counts per 0.025 um interval
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Precision of co-ordinate measurements; 3D vs. 2D
(CR 39, standard deviation of residuals)

3D
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Precision of ellipse semi axes - 3D
(CR 39, standard deviation of repetitions)
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Precision of local bulk layer measurements - 3D
(CR 39, standard deviation of repetitions)

DLR
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Summary and Conclusion

e Bulk etch rate in plastic detectors varies significantly
e during etch time (CR 39)
e |ocally by 10% to 25% (CR 39 and cellulose nitrate)

e Precision of dose equivalent measured thereby
limited to perhaps 20% or more

(neglecting other sources of error)
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