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Calculated Fission-Barrier Height 
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Calculated Fission-Barrier Height 
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Calculated Energy Window for Neutron-Induced Fission 
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Microscopic minus Macroscopic Saddle Energy 
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171Nd   Saddle Shape

σ1 = 3.1404   σ2 = − 0.4848   σ3 = 1.0000   α2 = 0.0000   α3 = 0.0000



Microscopic minus Macroscopic Saddle Energy 
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JR: NPF 2010 

Brownian shape mo.on 

Nuclear deforma5on energy:  Edef(i,j,k,l,m) 
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Five Essential Fission Shape Coordinates

M1 M2

$  5 315 625 grid points % 306 300 unphysical points

$  5 009 325 physical grid points

Bias poten5al:  Vbias(i) = V0 (Q0/Q2)
2 

Scission:  Cri5cal neck radius c0 ≈ 2.5 fm 

Level density parameter:  aA = A/(8 MeV) 

Temperature T:  E*‐ Edef = aAT
2 

Metropolis walk:  

P. Möller et al, Nature 409 (2001) 785 
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m 

=>  V(χ) = Edef + Vbias 

Change shape:  χ  －>  χ’ ? 
V(χ’) < V(χ):  move with P = 1 

V(χ’) > V(χ):  move with P = exp(‐ΔV/T) 

χ 

N. Metropolis et al, J Chem Phys 26 (1953) 1087 
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Exp. 235U(n,f)        
Calc. (6.54 MeV) 236U 
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172W  E* =  28.05 (MeV) 
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173W  E* =  29.14 (MeV) 
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174W  E* =  29.86 (MeV) 
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175W  E* =  30.88 (MeV) 
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176W  E* =  31.60 (MeV) 
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177W  E* =  32.75 (MeV) 
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178W  E* =  33.56 (MeV) 
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179W  E* =  34.62 (MeV) 
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180W  E* =  35.32 (MeV) 
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181W  E* =  36.21 (MeV) 
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182W  E* =  36.42 (MeV) 
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183W  E* =  36.92 (MeV) 
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184W  E* =  36.70 (MeV) 
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185W  E* =  37.13 (MeV) 
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186W  E* =  37.37 (MeV) 
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187W  E* =  38.18 (MeV) 
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188W  E* =  38.74 (MeV) 
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189W  E* =  38.24 (MeV) 
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191W  E* =  38.47 (MeV) 
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192W  E* =  38.98 (MeV) 
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193W  E* =  39.22 (MeV) 
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200W  E* =  45.54 (MeV) 
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203W  E* =  40.93 (MeV) 
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176Re E* =  27.92 (MeV) 
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177Re E* =  28.90 (MeV) 
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178Re E* =  30.20 (MeV) 
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179Re E* =  30.91 (MeV) 
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180Re E* =  32.00 (MeV) 
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181Re E* =  32.65 (MeV) 
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182Re E* =  33.59 (MeV) 
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184Re E* =  34.03 (MeV) 
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187Re E* =  34.60 (MeV) 
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188Re E* =  35.63 (MeV) 
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189Re E* =  36.21 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



190Re E* =  37.59 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



191Re E* =  37.98 (MeV) 
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192Re E* =  38.19 (MeV) 
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193Re E* =  38.50 (MeV) 
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203Re E* =  41.66 (MeV) 
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205Re E* =  37.89 (MeV) 
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50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



171Os E* =  20.61 (MeV) 
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178Os E* =  24.99 (MeV) 
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180Os E* =  27.19 (MeV) 
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181Os E* =  28.27 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



182Os E* =  29.21 (MeV) 
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183Os E* =  29.92 (MeV) 
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184Os E* =  30.07 (MeV) 
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185Os E* =  30.25 (MeV) 
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186Os E* =  30.30 (MeV) 
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187Os E* =  30.67 (MeV) 
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191Os E* =  34.17 (MeV) 
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192Os E* =  35.75 (MeV) 
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193Os E* =  36.53 (MeV) 
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201Os E* =  43.28 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



202Os E* =  43.73 (MeV) 
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204Os E* =  41.13 (MeV) 
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210Os E* =  30.78 (MeV) 
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50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



190Pt E* =  26.08 (MeV) 
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50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



187Au E* =  20.53 (MeV) 
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207Au E* =  38.18 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



208Au E* =  36.58 (MeV) 
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173Tl E* =  11.11 (MeV) 
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174Tl E* =  10.96 (MeV) 
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181Tl E* =  10.86 (MeV) 
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197Tl E* =  26.16 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



198Tl E* =  27.57 (MeV) 
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228Tl E* =  18.22 (MeV) 
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229Tl E* =  18.18 (MeV) 
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230Tl E* =  18.64 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



231Tl E* =  18.38 (MeV) 
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175Pb E* =   9.62 (MeV) 
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176Pb E* =   9.58 (MeV) 
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177Pb E* =   9.74 (MeV) 
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178Pb E* =   9.99 (MeV) 
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179Pb E* =  10.15 (MeV) 
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180Pb E* =  10.47 (MeV) 
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181Pb E* =  10.48 (MeV) 
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182Pb E* =  10.63 (MeV) 
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183Pb E* =  10.65 (MeV) 
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184Pb E* =  10.92 (MeV) 
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185Pb E* =  11.12 (MeV) 
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186Pb E* =  11.61 (MeV) 
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187Pb E* =  11.83 (MeV) 
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188Pb E* =  12.51 (MeV) 
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189Pb E* =  13.01 (MeV) 
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190Pb E* =  13.89 (MeV) 
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191Pb E* =  14.69 (MeV) 
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192Pb E* =  16.56 (MeV) 
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193Pb E* =  17.71 (MeV) 
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194Pb E* =  19.19 (MeV) 
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195Pb E* =  19.64 (MeV) 
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196Pb E* =  21.06 (MeV) 
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197Pb E* =  22.18 (MeV) 
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198Pb E* =  23.65 (MeV) 
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199Pb E* =  24.94 (MeV) 
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200Pb E* =  26.23 (MeV) 
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201Pb E* =  27.47 (MeV) 
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202Pb E* =  28.76 (MeV) 
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203Pb E* =  29.45 (MeV) 
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204Pb E* =  31.06 (MeV) 
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205Pb E* =  32.93 (MeV) 
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206Pb E* =  34.30 (MeV) 
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207Pb E* =  35.62 (MeV) 
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208Pb E* =  35.92 (MeV) 
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209Pb E* =  34.35 (MeV) 
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210Pb E* =  32.66 (MeV) 
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211Pb E* =  31.00 (MeV) 
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212Pb E* =  29.23 (MeV) 
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213Pb E* =  27.79 (MeV) 
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214Pb E* =  26.61 (MeV) 
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215Pb E* =  25.50 (MeV) 
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216Pb E* =  24.72 (MeV) 
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217Pb E* =  23.97 (MeV) 
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218Pb E* =  22.93 (MeV) 
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219Pb E* =  21.81 (MeV) 
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220Pb E* =  20.52 (MeV) 
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221Pb E* =  19.13 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



222Pb E* =  17.92 (MeV) 
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223Pb E* =  16.62 (MeV) 
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224Pb E* =  15.97 (MeV) 
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225Pb E* =  15.88 (MeV) 
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226Pb E* =  15.74 (MeV) 
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227Pb E* =  15.68 (MeV) 
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228Pb E* =  15.46 (MeV) 
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229Pb E* =  15.82 (MeV) 
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230Pb E* =  16.13 (MeV) 
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231Pb E* =  16.51 (MeV) 
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232Pb E* =  16.27 (MeV) 
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178Bi E* =   7.33 (MeV) 
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179Bi E* =   7.40 (MeV) 
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180Bi E* =   7.69 (MeV) 
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181Bi E* =   7.73 (MeV) 
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182Bi E* =   8.40 (MeV) 
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183Bi E* =   8.53 (MeV) 
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184Bi E* =   9.16 (MeV) 
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185Bi E* =   9.38 (MeV) 
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186Bi E* =   9.75 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



187Bi E* =   9.75 (MeV) 
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188Bi E* =  10.14 (MeV) 
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189Bi E* =  10.60 (MeV) 
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190Bi E* =  11.15 (MeV) 
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192Bi E* =  11.99 (MeV) 
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193Bi E* =  12.95 (MeV) 
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50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



197At E* =  10.63 (MeV) 
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205At E* =  20.66 (MeV) 
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50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



210At E* =  27.99 (MeV) 
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211Th E* =  12.17 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



212Th E* =  13.06 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



213Th E* =  14.15 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



214Th E* =  14.69 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



215Th E* =  15.75 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



216Th E* =  15.48 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



217Th E* =  13.64 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



218Th E* =  11.99 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



219Th E* =  11.17 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



220Th E* =  10.45 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



221Th E* =  10.27 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



222Th E* =   9.99 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



223Th E* =  10.20 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



224Th E* =   9.85 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



225Th E* =   9.59 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



226Th E* =   9.20 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



227Th E* =   8.98 (MeV) 

50 60 70 80 90 100 110 120 130 140 150 
Fragment Mass Number Af 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Y
ie

ld
 Y

(A
f) 

(%
) 



228Th E* =   8.52 (MeV) 
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