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Reactor vs. spallation sources

— P. Böni, W. Petry; to be published 2



Most spallation sources are pulsed

— https://europeanspallationsource.se/ess-mandate 3

https://europeanspallationsource.se/ess-mandate


X-rays have an advantage here. . .

— https://erdit.web.cern.ch/content/synchrotron-applications 4

https://erdit.web.cern.ch/content/synchrotron-applications


ANTARES @ MLZ
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Porosity or precipitates? (x-ray)

— www.mitos.de 6

www.mitos.de


How do fish hear? (x-ray)

— DOI: 10.1371/journal.pone.0042292 7

https://doi.org/10.1371/journal.pone.0042292


Large penetration depth: neutrons

— R. Gilles, measurements at PSI 8



Sensitive to hydrogen: neutrons

— Paul Scherrer Institut, Switzerland 9



Car engine

— B. Schillinger et al., ANTARES @ MLZ 10



Car engine

— B. Schillinger et al., ANTARES @ MLZ 10



Car engine

— DOI: 10.1016/j.physb.2006.05.250 11

https://doi.org/10.1016/j.physb.2006.05.250


Glue in a car door

— I. Wehmeyer (Ford), B. Schillinger, R. Gilles (MLZ) 12
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Si doping

— Topsil 13



Si doping

~1 mm

100%

150%

Conventional doping technology

Neutron transmutation doping
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Si doping

— W. Schürmann, TUM 13



30Si + n → 31Si*
T1/2=2.62 h
→ 31P + e- + γ

— https://www-nds.iaea.org/relnsd/vcharthtml/VChartHTML.html 14

https://www-nds.iaea.org/relnsd/vcharthtml/VChartHTML.html


Activation Analysis

— Zsolt Revay 15



PGAA

Periodic Table for PGAA
H
1

1.00794
0.3326 b

82.02 b

He
30.00014 4

4 .002602
0.007 b
1.34 b

Li
67.5 792.5

6.941
70.5 b
1 .37 b

Be
9

9.0122
0.0076 b
7.63 b

Element

stable isotope

atomic weight
s - capture
s - scattering

Detection Limit [ppm]
n 0.01-1
n 1-10
n 10-100
n 100-1000
n >1000
o no data

B
1020 1180

10.811
767 b

5.24 b

C
1299 131.1

12.011
0.00350 b
5.551 b

N
14 15.37

14.00674
1.9 b

11.51 b

O
16 170.038 180.2

15.9994
0.00019 b
4.232 b

F
19

18.998
0.0096 b
4.018 b

Ne
2091 210.26 229

20.1797
0.039 b
2.628 b

Na
23

22.98977
0.530 b
3.28 b

Mg
2479 2510 2611

24.305
0.063 b
3.71 b

Al
27

26.9815
0.231 b
1.503 b

Si
2892 294.7 303.1

28.0855
0.171 b
2.167 b

P
31

30.9738
0.172 b
3.312 b

S
3295 33 344 36

32.066
0.53 b
1.026 b

Cl
3576 3724

35.4527
33.5 b
16.8 b

Ar
36 38 4099.6

39.948
0.675 b
0.683 b

K
3993 40 417

39.0983
2.1 b
1 .96 b

Ca
4097 42 43 442

46 48
40.078
27.5 b
23.5 b

Sc
45

44.9559
27.5 b
23.5 b

Ti
468 477 4874

495 505

47.867
6.09 b
4.35 b

V
500.25 51

50.9415
5.08 b
5.10 b

Cr
504 5284 5310

542

51.9961
3.05 b
3.49 b

Mn
55

54.9380
13.3 b

2.15b

Fe
546 5692 572 58

55.845
2.56 b

11.62 b

Co
59

58.9332
37.18 b
5.6 b

Ni
5868 6026 611.1

623.6 640.9

58.6934
4.49 b

18.5 b

Cu
6369 6531

63.546
3.78 b
8.03 b

Zn
6449 6628 674

6819 70
65.39
2.75 b
6.38 b

Ga
6960 7140

69.723
2.75 b
6.83 b

Ge
7020 7227 738

7437 768

72.61
2.20 b
8.60 b

As
75

74.9216
4.5 b
5 .50 b

Se
74 769 778 7824

8050 829

78.96
11.7 b
8 .30 b

Br
7951 8149

79.904
6.9 b
5 .90 b

Kr
78 802 8212 8312

8454 8617

83.8
25 b

7.68 b

Rb
8572 8728

85.4678
0.38 b
6.8 b

Sr
84 8610 877

8883

87.62
1.28 b
6.25 b

Y
89

88.90585
1.28 b
7.70 b

Zr
9052 9111 9217

9417 963

91.224
0.185 b
6.46 b

Nb
93

92.90638
1.15 b
6.255 b

Mo
9215 949 9516

9710 9824 9910

95.94
2.48 b
5.71 b

(Tc)
(98)

20 b
6.3 b

Ru
966 982 9913 10013

10117 10232 10419

101.07
2.56 b
6.6 b

Rh
103

102.9055
144.8 b

4.6 b

Pd
102110411 10522

106
27 10827 11012

106.42
6.8 b
4 .48 b

Ag
10752 10948

107.8682
63.3 b
4 .99 b

Cd
1061 1081 11013 11113

11224 1131211428 1168

112.411
2520 b

6.5 b

In
1134 11596

114.818
193.8 b

2 .62 b

Sn
112 1 114 115 1161 5

117 8 118 2 4119 9

1203 21225 1246

118.71
0.626 b
4.892 b

Sb
12157 12343

121.76
4.91 b
3.90 b

Te
120122312311245

1257 126191283213035

. 127.6
4.7 b
4 .32 b

I
127

126.90447
6.15 b
3.81 b

Xe
124 126 1282 12927

1304 13121 1322 7

1341 01369

131.29
23.9 b
-

Cs
133

132.90545
29.0 b
3 .90 b

Ba
130 132 1342 1357

1368 1371113872

137.327
1.1 b
3 .38 b

La
138 13999.9

138.9055
8.97 b
9.66 b

Hf
174 1765 17719

17827 17914

180
35

178.49
104.1 b
10.2 b

Ta
180 18199.99

180.9497
20.6 b
6 .01 b

W
180 18226

18314 18431

18629

183.84
18.3 b
4.60 b

Re
18537 18763

186.207
89.7 b
11.5 b

Os
184 1862 1872

1881 31891 61902 6

1924 1

190.23
16.0 b
14.7 b

Ir
19137 19363

192.217
425 b
14 b

Pt
190 1921 19433

195
34 19625

1987

195.08
10.3 b
11.71 b

Au
197

196.96655
98.65 b
7.73 b

Hg
196 1981019917

2002320113 20230

2047

200.59
372.3 b
26.8 b

Tl
20330 20570

204.3833
3.43 b
9.89 b

Pb
2041 20624

20722 20852

207.2
0.171 b

11.12 b

Bi
209

208.98038
0.0338 b
9.156 b

(Po)
(209)

-

(At)
(210)

-

(Rn)
(222)

-

(Fr)
(223)

-

(Ra)
(226)

12.8 b
13 b

(Ac)
(227)

-

104 105 106

Ce
136 138 14089

14211

140.115
0.63 b
2.94b

Pr
141

140.90765
11.5 b
2 .66 b

Nd
14227 14312144241458

14617 1486 1506

144.24
51 b
16.6b

(Pm)
(145)

168.4 b
21.3 b

Sm
1443 1471514811 14914

150715227 15423

150.36
5922 b

39 b

Eu
15148 15352

151.965
4530 b

9.2 b

Gd
152 1542 15515 15620

1571615825 16022

157.25
49700 b

180 b

Tb
159

158.92534
23.4 b
6 .84 b

Dy
156 158 1602 1611 9

1622 61632 51642 8

162.5
994 b

90.3 b

Ho
165

164.93032
64.7 b
8 .42 b

Er
162 1642 16633

16723 16827

17015

167.26
159 b

8.7 b

Tm
169

168.93421
100 b

6.38 b

Yb
168 1703 1711417222

1731617432 1761 3

173.04
34.8 b
23.4 b

Lu
17597 1763

174.976
74 b

7.2 b

Th
232

232.03805
7.37 b

13.36 b

(Pa)
(231)

200.6 b
10.5 b

U
2350.72 23899.3

238.0289
7.57 b
8.9 b

(Np)
(239)

175.9 b
14.5 b

(Pu)
(244)

1017.3 b
7.7 b

(Am)
(243)

(Cm)
(247)

(Bk)
(247)

(Cf)
(251)

(Es)
(252)

(Fm)
(257)

(Md)
(258)

(No)
(259)

(Lr)
(261)
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NAA

Periodic Table for NAA

No light elements!
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Tracing the origin of stones

— R. B. Firestone et al., Journal of Siberian Federal University. Engineering & Technologies 2010, 3(1), 30-62 18
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Tracing the origin of stones
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Boron concentration in multicrystalline Silicon

10B + n → 7Li (0.840 MeV) + α (1.470 MeV) + γ (0.482 MeV)

— DOI:10.1007/s10967-018-5880-7 21



Boron concentration in multicrystalline Silicon

— DOI:10.1007/s10967-018-5880-7 21



10B neutron detectors: BF3 gas

10B + n → 7Li (0.840 MeV) + α (1.470 MeV) + γ (0.482 MeV)
10B: σabs = 3835 barn at 1.8 Å

— https://www.ncnr.nist.gov/resources/n-lengths/ 22

https://www.ncnr.nist.gov/resources/n-lengths/


10B neutron detectors: solid state

— DOI: 10.1063/1.4905716 23

https://doi.org/10.1063/1.4905716


3He detectors

3He + n → 3H (0.191 MeV) + p (0.573 MeV)
3He: σabs = 5333 barn at 1.8 Å

spins of neutron and 3He antiparallel: ∼10660 barn
spins of neutron and 3He parallel: ∼9 barn

— M. Batz et al., J Res Natl Inst Stand Technol 2005, 110(3): 293-298 24
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3He spin filters

— http://www.tunl.duke.edu/nucldata/figures/figures.shtml 25

http://www.tunl.duke.edu/nucldata/figures/figures.shtml

