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Detecting Special Nuclear Material

= Special Nuclear Material (ﬂNucIear and radioactive material )
(highly enriched) uranium| Will always attract malevolent
(weapon grade) plutoniur] interest from terrorists and other

criminals. We can never relax our

= SNM out of regulatory co| guard. Even countries with little or

Smuggling no nuclear or other radioactive
Blackmailing material on their territory must
Use in an remain vigilant.”

unconventional explos
(aka. radiological disp{ Statement Direktor General

Improvised nuclear We\R. Grossi, IAEA, Vienna, February 2020 J

= Capability for SNM detection is necessary for thread mitigation

\
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https://www.bfs.de/SharedDocs/ExterneLinks/BfS/EN/organisationen-international/iaea-statement-director.html

Detecting Special Nuclear Material (SNM)

Our focus on Response to Nuclear Security Events

= Scenarios
Intelligence indicate illegal activities involving
radioactive or nuclear material
unknown suspicious object found

https://www.s-bahn-muenchen-

= RDD or IND? magazin.de/herrenloses-gepackstlick
Questions:

= |n-situ measurement = |s SNM present?

= Non-destructible = What mass?

= Restricted time for measurement = Oxide or metal?
= |s shielding or moderator present?

= All equipment must be man-portable = Any indication of high explosive?

\
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Detecting Special Nuclear Material (SNM)
Passive detection

Plutonium Uranium

= 769 keV gammas from Pu-239 = 1001 keV Gamma line
Plus several low energy lines PR - SR 1 1/ DU B AR W B Y o

= Always Pu-240 intermixture
Large number of spontaneous fission neutrons Shielding of HEU is relative easy
WGPuU emits less

= Shielding needs large amount of material , -
U-235: 15 n/s

\
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Gamma Spectrum of an actual nuclear weapon
1989 “Black Sea Experiment” - Soviet SLCM in launch tube (Slawa / Moskwa)
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S. Fetter, T. B. Cochran, L. Grodzins, H. L. Lynch, and M. S. Zucker, “Measurements of Gamma Rays from a Soviet Cruise Missile,” Science, 248, 18 May 1990, pp. 828-834
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Vorführender
Präsentationsnotizen
Sea-launched cruise missle
Slawa: guided missile cruiser


If passive detection (of HEU) does not work, what else?

Active Interrogation

Use

Neutrons

Continuous
or
Pulsed

Photons
> 5MeV
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Interrogate

>

Public

Detect

Delayed Neutrons
Prompt Neutrons
(resonant) Absorption
FP Gammas

Capture Gammas

Photofission Neutrons
Delayed FP Gammas
Nuclear resonance fluorescence

Radiography
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Ophotofission (Darn)

Signatures from active interrogation

Fission

= Clearly the major signature

= Photofission needs E,,, ~ 3-5 MeV

= Yields v =2.5-3 Neutrons, 6-7 Photons
1% delayed neutrons (0.1 — 60 s)

Photons from fission products (various T, ;)

100
1072
104
1076

Delayed

l y

(6 groups)

1078 —

10° 0 2

Energie (MeV)
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Neutron Energy (MeV)

Public

Various nuclear Reactions
= (n,y), (n,n"), (n,p), (n,d), (n,t), (n,a0), ....

Normally leaves an exited nucleus -> Characteristic gamma line
= (n,y) / PGNAA commonly employed, can identify many isotopes

Nuclear resonance fluorescence

= resonant y absorption / reemission
= Line width of meV

= Bremsstrahlung source is good

= Complex detection

Strength (eV-b)

Neutron absorption spectroscopy

= Radiography with isotopic contrast
Neutron absorption in resonances
TOF energy discrimination

= Needs very short pulsed neutron source

30

N
o

=
o

235U

f

" doi:10.1016/j.nima.2011.09.052]

239Pu

i

i i

1.75 2 2.25 2.5
Energy (MeV)

dio:10.1088/1748-0221/4/05/P05016
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Active interrogation sources Japan - R&D

Photons
RF frequency 9.3 GHz
— Beam focusing RF focusing
X-ray Intensity 2 Gy/minat1lm
RF source 9.3 GHz Magnetron

Cargo inspection

1.3MW, Pulse width 4us
Repetition rate 200 pps

r — i . - \ ith f’gosr:\!ildmg)
,4 o
b1 'é . 100 kg
No photon system suitable for US Arm
4 Nuclear Security Event | y
Responders
Not commercially available
https:/www.linevsystems.com/ Medi(
<1600 kg \_

| https://www.cma.army.mil/high-energy-xray-generator/

https://www.oem-products.siemens-
healthineers.com/linear-accelerator
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Active interrogation sources
Neutrons

= |sotope sources (Am/Be, 2°2Cf)

= Neutron generator

Compact accelerator

fusion reaction
Deuterium-Deuterium: 2,5 MeV
Deuterium-Tritium: 14,1 MeV

Sealed designs available

Several vendors

Source strength: 108 — 10'% n/s (DT)

Continuous or pulsed emission

No emission in off state

(relative) reliable technology
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Selection of different neutron generators

Starfire nGen 300

1A IMUuUsStries
k
2 § ids - :
= iny o i; ';I 47 S

Public

Adel

phi DT 110

1. Neutron emission ur
2. Switching unit
3. Power supply and cc

= Connection cables u
(included)
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Vorführender
Präsentationsnotizen
Adelphi: 1e10
VNIIA: 2e10
Sodern: 2e8
Starfire: 5e8
miniGen: 3e8



Envisioned measurements
Subject to detailed numerical modeling

= neutron generator source

= Precondition: use existing neutron and gamma detectors
High efficiency mobile 3He multiplicity counter
High efficiency HPGe

Delayed neutrons Gamma spectrum

2000

o U in PE

1400 ~

Uin
PE

1200

1000

" Ul |
200: e = I—= ’ - MALMAL
3s 70 s 300s o .
Rosenstock et.al. IAEA symposium Oct. 1997 = Use (n,y) 1o |dent|fy several ISotops

= Measure fission product delayed gamma
= Easy to implement
= HPGe susceptible to neutron damage

= Especially useful to detect HEU
= \ery easy to implement
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Counts

Feynman Variance
1000 [ A

800 |
600

400

200 P

00 500 1000 1500 2000

= Detect correlations (fission neutrons)
= Data interpretation challenging

Differential-die-away

5
10 w ——HEU
Active Background
Background
10%

of e
f

102 \%IFI'.M W%WNWM\ bl
. qﬂl.&\‘-\m.wﬂ\ i "','v (‘L *"p"."f\l'l‘ﬂnf b WWWWM !
| i I
|

Time, ps

DOI:10.1109/TNS.2009.2014760

= Detect prompt fission neutrons from HEU
= Pulsed neutron emission
= Data interpretation challenging
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Preliminary results
Delayed neutrons

MCNP Simulation

= Signal / noise optimization
= Determination of minimum detectable mass
= different test objects

400

avg. count rate (cps)
— — ] M wJ W
o ul o ul o ul
o o o o o o

un
o

irradiation

E

o
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many short cycles are better

13.12.2023
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HHﬁED?i)Of cycles in 900 s
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10!

100

Initial experiments

= Fraunhofer INT generator

= measured depleted uranium vs. lead

L R R R R Y

Startup
oscillations

-400 -200 0 200

Time (s)

Delayed neutrons

400 600
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Counts

Preliminary results
Differential-die-away

MCNP Simulation } Experiment
106 - . . . . I . . . . I I . ; , , 3 10_1 B 1 v v v 1 v v v 1 v v v 1 v v v 1 v v v 1 i
g EU ] F — bu 5
] —— tungsten
10°
f 10-2 - E
104 | E]
3 =
>
B w103k =
_ o ]
103 £ 5 F
F <
102 10 ¢ .
" Bare sample
101 sy — 1 L L L 1 L L L 1 L L L 1 L L L 1 L L L 1
0 1000 2000 3000 4000 5000 5 200 200 00 200 7500
time (ps) time (ps)
= Difference exists
= Determination of background difficult
= More modeling and experimental effort is needed
__—
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Preliminary results
Feynman variance

What ist the Feynman Variance?

Ereignisse

1E+06

1E+05 |

1E+04 |

1E+03

1E+02

1E+01

1E+00
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Data
Gatewidth 312 ps

Poisson

| " P MR PP EPET AT A i
0 2 4 3 ] 7 2 9 10
Multiplett #
13.12.2023 © Fraunhofer INT

yo_ My 1M,
M, 2 M,
—

= Measure of deviation from Poisson
statistic

= Captures correlation in detected
events, specially fission neutrons

= Susceptible to dead-time, double
pulsing, count rate variations, etc.

Public

W2F (%46)

Bare Detector | |

—— Messdaten

— 1M Fit
1T=47.0 s

— 2MFit
2T=574us

200 300 400 500

Gatewidth (us)

100
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Preliminary results
Feynman variance

Feynman Variance with pulsed interogation

10_1? —— DU = Starting of gate relative to trigger
tungsten signal of neutron generator
0l | = Feynman Variance is 2D function
o ] of Gate Length T, and time
= ' ] relative to trigger signal AT
£ ol | = Gate has to fit within pulse
Gate
107 ]
Gate \\A“/ :
(I] III ZKI)O III 4[;10 III 6EIJO III 8(I)0 II I’IO:OO

\
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Preliminary results
Feynman variance

Simulation results

HEU device
1000 j_ | T T T T T T __
800 | -

[ Effectof ]
~ 600 Effect of varying correlated -
\% count rate neutrons
> 400 .

200 J
0
0 500 1000 1500 2000

Delay AT (us)
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natural Uranium device

1000

No indication ]
of correlated
Effect of varying neutrons
count rate

800

600

400

200

0 500 1000 1500 2000
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Gate length Tq (us)

Very preliminary results
Feynman variance

— DU
—— tungsten |

= Neutron generator show
some fluctuations

= DU drops little bit slower
; than tungsten

= More tests needed with new
generator.

500 ps | longer pulse time

100 200 300 400 500
AT (ps)

Experimental results '
10'F
800
600
100
400 F varying
| count rate
200 I
I 1L T =
i 10 : g
B I
0
0 200 400 0
Gate dels
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Next steps

= More tests with the new generator

= Perform gamma measurements
Simulations are challenging

Coupling of neutron and photon transport NEUTRONS

Data for e.g. (n,y) for SNM could be improved

= Perform measurements with actual SNM

\
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Conclusions

= Passive detection of SNM is in many cases possible
= |t is challenging in the case of (shielded) HEU
= Active interrogation

provides further measurement opportunities

is more involved

has the chance for increased detection of SNM

AL
asss|

might provide additional information
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et exit vulnareus plexus. Sit itum caiusticus aurum eum explindus. Status landum it exus rius laudanum ibis. Let exit vulnareus plexus causticus
imanenter Status ex landum. Staus ex landuam it wexus rius laudanum ibisw tum. Dolor situs cum habilitarum exlan dum it exus rius laudanum ibis
tum itum caiusticus auru rius laudanum ibis tum. Lorem et exit vulnareus plexus. m eum explindus. Lorem et exit vulnareus plexus. Sit i laudanum

ibis tum. Lorem et exit vulnareus tum.

\
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Headline, Frutiger LT Com Bd, 24 pt, two columns with images and text
Subline, Frutiger LT Com Lt, 20 pt

Example image
5
©
Headline, Frutiger LT Com Bd, 16 pt Headline, Frutiger LT Com Bd, 16 pt
Copy Frutiger LT Com Lt, 14 pt. Dolor situs cum habilitarum itum alusi Copy Frutiger LT Com Lt, 14 pt. Dolor situs cum habilitarum itum alusi
causticus imanenter Status ex landum it exus rius laudanum ibis tum. causticus imanenter Status ex landum it exus rius laudanum ibis tum.
Lorem et exit vulnareus plexus. Sit itum caiusticus aurum eum Lorem et exit vulnareus plexus. Sit itum caiusticus aurum eum
explindus. Status landum it exus rius laudanum ibis. explindus. Status landum it exus rius laudanum ibis.

\
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Headline, Frutiger LT Com Bd, 24 pt, two columns with information boxes
Subline, Frutiger LT Com Lt, 20 pt

Headline, Frutiger LT Com Bd, 16 pt

Headline, Frutiger LT Com Bd, 16 pt

—_— Copy Frutiger LT Com Lt, 14 pt. Dolor situs cum habilitarum itum alusi
causticus imanenter Status ex landum it exus rius laudanum ibis tum.
Lorem et exit vulnareus plexus. Sit itum caiusticus aurum eum
explindus. Status landum it exus rius laudanum ibis. Let exit vulnareus
plexus causticus imanenter Status ex landum.

1. Copy Frutiger LT Com Lt, 14 pt. Dolor situs cum habilitarum ittim
alusi causticus imanenter Status ex landum it exus rius laudantm
ibis tum.

. Sit ite causticus aurum eum explindus. Staus ex landuam it
wexus rius laudanum ibisw tum. Dolor situs cum habilitartum

exlan dum it exus rius laudanum ibis tum itum caiusticus auru Headline, Frutiger LT Com Bd 14 pt

: i . = Level 1
rius laudanum ibis tum. Lorem et exit vulnareus plexus. m eum

: . Yy y = Level 1
explindus. Lorem et exit vulnareus plexus. Sit | laudanum ibis tum . Lovel 1
exus rius laudanum ibis tum. Sit i laudanum ibis tum exus rius

> . 4 . = Level 2
laudanum ibis tum. Dolor situs cum habilitarum exlan dum it Level 3
[ |

exus rius laudanum ibis tum itum caiusticus auru rius laudanum
ol . 4 . = Level 1
ibis tum. Lorem et Dolor situs cum habilitarum exlan dum it exus. . Lovel 1

/
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Example image

Headline, Frutiger LT Com Bd, 24 pt
Subline, Frutiger LT Com Lt, 20 pt

Headline, Frutiger LT Com Bd, 16 pt

Copy Frutiger LT Com Lt, 14 pt. Dolor situs cum habilitarum itum alusi
causticus imanenter Status ex landum it exus rius laudanum ibis tum.
Lorem et exit vulnareus plexus. Sit itum caiusticus aurum eum
explindus. Status landum it exus rius laudanum ibis. Let exit vulnareus
plexus causticus imanenter Status ex landum.

Headline, Frutiger LT Com Bd, 14 pt

- Level Headline, Frutiger LT Com Bd, 16 pt
= Level 1 e
= Level 1 D >
Level 2 Copy Frutiger LT Com Lt, 14 pt. Dolor situs cum
Level 3 habilitarum itum alusi causticus imanenter Status ex
= Level 1 landum it exus rius laudanum ibis tum. Lorem et exit

vulnareus plexus. Sit itum caiusticus.

© Markus Jurgens

\
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Example image

Headline, Frutiger LT Com Bd, 24 pt
Subline, Frutiger LT Com Lt, 20 pt

Headline, Frutiger LT Com Bd, 16 pt

Copy Frutiger LT Com Lt, 14 pt. Dolor situs cum habilitarum itum alusi
causticus imanenter Status ex landum it exus rius laudanum ibis tum.
Lorem et exit vulnareus plexus. Sit itum caiusticus aurum eum
explindus. Status landum it exus rius laudanum ibis. Let exit vulnareus
plexus causticus imanenter Status ex landum.

Headline, Frutiger LT Com Bd, 14 pt

. teve:l Headline, Frutiger LT Com Bd,
= olLeve
= Level 1 ~ 22 pt, dolorx cumatia ex
evel 2 landum.«
Level 3

= Level 1 Max Mustermann,

Lorem ipsum

¥© Markus Jiirgens

\
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Headline, Frutiger LT Com Bd, 24 pt, two columns with text and images
Subline, Frutiger LT Com Lt, 20 pt

Headline, Frutiger LT Com Bd, 16 pt

Example image

Copy Frutiger LT Com Lt, 14 pt. Dolor situs cum habilitarum itum alusi
causticus imanenter Status ex landum it exus rius laudanum ibis tum.
Lorem et exit vulnareus plexus. Sit itum caiusticus aurum eum
explindus. Status landum it exus rius laudanum ibis. Let exit vulnareus
plexus causticus imanenter Status ex landum.

Headline, Frutiger LT Com Bd, 14 pt
= Level 1
= Level 1
= Level 1
Level 2
Level 3
= Level 1

©
[=
()
o
i
e
=
%)
-
~
©
©
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Headline, Frutiger LT Com Bd, 24 pt, two columns with text and graphics

Subline, Frutiger LT Com Lt, 20 pt

Headline, Frutiger LT Com Bd, 16 pt

Copy Frutiger LT Com Lt, 14 pt. Dolor situs cum habilitarum itum alusi

causticus imanenter Status ex landum it exus rius laudanum ibis tum.
Lorem et exit vulnareus plexus. Sit itum caiusticus aurum eum

explindus. Status landum it exus rius laudanum ibis. Let exit vulnareus

plexus causticus imanenter Status ex landum.

Headline, Frutiger LT Com Bd, 14 pt
= Level 1
= Level 1
= Level 1
Level 2
Level 3
= Level 1
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Lorem et exit vulnareus plexus. Sit i laudanum ibis tum. Lorem et exit
vulnareus tum caiusticus s cum habilitarum exlan dum it exus rius
laudanum ibis tum itum aurum eum explindus. Status laus rius
laudanum ibis. Status laus rius

Duis arcu,
sipit eget

At vero
accusam

Crasedu

ultrici eu
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Headline, Frutiger LT Com Bd, 24 pt, bullet list

Subline, Frutiger LT Com Lt, 20 pt

Option 1, 16 pt
LT Com Lt, 14 pt. Dolor situs cum habilitarum
itum dolor situs ipsum est

Option 2, 16 pt
LT Com Lt, 14 pt. Dolor situs cum habilitarum
itum dolor situs ipsum est

Option 3, 16 pt

LT Com Lt, 14 pt. Dolor situs cum habilitarum
itum dolor situs ipsum est

Headline, Frutiger LT Com Bd, 16 pt

Copy Frutiger LT Com Lt, 14 pt. Dolor situs cum habilitarum itum alusi
causticus imanenter Status ex landum it exus rius laudanum ibis tum.
Lorem et exit vulnareus plexus. Sit itum caiusticus aurum eum
explindus. Status landum it exus rius laudanum ibis. Let exit vulnareus
plexus causticus imanenter Status ex landum.

Headline, Frutiger LT Com Bd, 14 pt
= Level 1
= Level 1
= Level 1
= Level 2
= Level 3
= Level 1
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Headline, Frutiger LT Com Bd, 24 pt, bullet list
Subline, Frutiger LT Com Lt, 20 pt

Copy Frutiger LT Com Lt, 14 pt. Dolor situs cum habilitarum itum alusi causticus
imanenter Status ex landum it exus rius laudanum ibis tum. Lorem et exit vulnareus plexus.

Frutiger LT Com Bd,
16 pt, Lorem et exit
vulnareus plexus. Sit i
laudanum ibis tum.
Lorem et exit vulnarus

Copy Frutiger LT Com Lt, 14 pt. Dolor situs cum habilitarum itum alusi causticus
imanenter Status ex landum it exus rius laudanum ibis tum. Lorem et exit vulnareus plexus.

tum caiusticus s cum
habilitarum exlan dum
it exus rius laudanum
ibis tum itum aurum
eum explindus.

Copy Frutiger LT Com Lt, 14 pt. Dolor situs cum habilitarum itum alusi causticus
imanenter Status ex landum it exus rius laudanum ibis tum. Lorem et exit vulnareus plexus.

Copy Frutiger LT Com Lt, 14 pt. Dolor situs cum habilitarum itum alusi causticus
imanenter Status ex landum it exus rius laudanum ibis tum. Lorem et exit vulnareus plexus.

\
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Headline, Frutiger LT Com Bd, 24 pt, three columns
"
Subline, Frutiger LT Com Lt, 20 pt

Headline, Frutiger LT Com Bd, 16 pt 1. Level 1
2. Level 1
Copy Frutiger LT Com Lt, 14 pt. Staus ex 3. Level 1
landuam it wexus rius laudanum ibisw tum. 4. Level 1
Dolor situs cum habilitarum: 5. Level 1
6. Level 1
= Level 1 Level 2
= Level 1 Level 3
= Level 1
Level 2
Level 3
Highlights, Frutiger LT C L7
alanenter status ex land ;
Oy
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Headline, Frutiger LT Com Bd, 24 pt, three columns with text and images
Subline, Frutiger LT Com Lt, 20 pt

Copy Frutiger LT Com Lt, 14 pt. Dolor situs
cum habilitarum itum alusi causticus
imanenter Status ex landum it exus rius
laudanum ibis tum. Lorem et exit vulnareus
plexus. Sit itum caiusticus aurum eum

Headline, 16 pt

Example image

1. Copy Frutiger LT Com Lt, 14 pt. Dolor

explindus. Status landum it exus rius situs cum habilitarum itum alusi
laudanum ibis. Let exit vulnareus plexus causticus imanenter Status ex landum
causticus imanenter Status ex landum. it exus rius laudanum ibis tum.
2. Sit ite causticus aurum eum explindus.
Headline, Frutiger LT Com Bd Staus ex landuam it wexus rius
1. Staus ex landuam it wexus rius laudanum laudanum ibisw tum. Dolor situs cum
ibisw tum. habilitarum exlan dum it exus rius

2. Dolor situs cum habilitarum exlan dum it
caiusticus auru rius laudanum ibis tum.

3. Lorem et exit vulnareus plexus. m eum
explindus.

laudanum ibis tum itum caiusticus auru
rius laudanum ibis tum. Lorem et exit
vulnareus plexus. m eum explindus.

n
=
(]
o
S

=

=2
0
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=
=
©
>
©
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Headline, Frutiger LT Com Bd, 24 pt, three columns with text and images

Subline, Frutiger LT Com Lt, 20 pt

©

Headline Headline

Copy Frutiger LT Com Lt, 14 pt. Dolor situs Copy Frutiger LT Com Lt, 14 pt. Dolor situs
cum habilitarum itum alusi causticus cum habilitarum itum alusi causticus
imanenter Status ex landum it exus rius imanenter Status ex landum it exus rius
laudanum ibis tum. Lorem et exit vulnareus laudanum ibis tum. Lorem et exit vulnareus
plexus. plexus.
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Example image

Headline

Copy Frutiger LT Com Lt, 14 pt. Dolor situs
cum habilitarum itum alusi causticus
imanenter Status ex landum it exus rius
laudanum ibis tum. Lorem et exit vulnareus
plexus.
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Headline, Frutiger LT Com Bd, 24 pt, four columns with text and images
Subline, Frutiger LT Com Lt, 20 pt

© Markus Jurgens

Headline 14 pt

Copy Frutiger LT Com Lt, 14 pt.

Dolor situs cum habilitarum itum
alusi causticus imanenter Status
ex landum it exus rius laudanum
ibis tum. Lorem et exit vulnareus
plexus.
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Headline 14 pt

Copy Frutiger LT Com Lt, 14 pt.
Dolor situs cum habilitarum itum
alusi causticus imanenter Status
ex landum it exus rius laudanum
ibis tum. Lorem et exit vulnareus
plexus.

Public

Headline 14 pt

Copy Frutiger LT Com Lt, 14 pt.

Dolor situs cum habilitarum itum
alusi causticus imanenter Status
ex landum it exus rius laudanum
ibis tum. Lorem et exit vulnareus
plexus.

Example image

Headline 14 pt

Copy Frutiger LT Com Lt, 14 pt.

Dolor situs cum habilitarum itum
alusi causticus imanenter Status
ex landum it exus rius laudanum
ibis tum. Lorem et exit vulnareus
plexus.
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Headline, Frutiger LT Com Bd, 24 pt, four columns with text and images
Subline, Frutiger LT Com Lt, 20 pt

© Markus Jurgens

Headline 14 pt

Copy Frutiger LT Com Lt,
14 pt. Dolor situs cum
habilitarum
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Headline 14 pt

Copy Frutiger LT Com Lt,
14 pt. Dolor situs cum
habilitarum

Public

Headline 14 pt

Copy Frutiger LT Com Lt,

14 pt. Dolor situs cum
habilitarum

Example image

Headline 14 pt

Copy Frutiger LT Com Lt,
14 pt. Dolor situs cum
habilitarum
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Headline, Frutiger LT Com Bd, 24 pt, pie and bar chart, 24 pt
Subline, Frutiger LT Com Lt, 20 pt

Frutiger LT Com Bd, 16 pt Dolor Frutiger LT Com Bd, 16 pt
situs cum habilitarum itum. Dolor situs cum habilitarum itum.

4th quarter 6700

8020

3rd quarter

8345

2nd quarter

12350

1st quarter

0 2000 4000 6000 8000 10000 12000 14000
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Headline, Frutiger LT Com Bd, 24 pt, bar chart
Subline, Frutiger LT Com Lt, 20 pt

Category 4
Category 3

Category 2

m Data series 1

Data series 3

m Data series 4

Page 63 13.12.2023 © Fraunhofer INT

\

|~
public ~ Fraunhofer

INT



Headline, Frutiger LT Com Bd, 24 pt, bar chart
Subline, Frutiger LT Com Lt, 20 pt

Copy Frutiger LT Com Lt 14 pt
Dolor situs ipsum dolorem cum habilitarum itum.

14000

12350
11750

12000

10000 9850

8345 8200 8020 7930

I I :

1st quarter 2nd quarter 3rd quarter 4th quarter

8000

6700 6350

6000
4567

4000
2680

2000

(@]

m2021 w2020 =2019
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Headline, Frutiger LT Com Bd, 24 pt, Table

Subline, Frutiger LT Com Lt, 20 pt

Headline, Frutiger Bd, 14 pt, Sitiorepudae ommos voloraum

Headline Fact 1 Fact 2 Fact 3
Copy 0 000 000 0 000 000 0 000 000
Copy 0 000 000 0 000 000 0 000 000
Copy 0 000 000 0 000 000 0 000 000
Copy 0 000 000 0 000 000 0 000 000
Copy 0 000 000 0 000 000 0 000 000
Copy 0 000 000 0 000 000 0 000 000
Copy 0 000 000 0 000 000 0 000 000
Copy 0 000 000 0 000 000 0 000 000
Sum 0 000 000 0 000 000 0 000 000
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Headline, Frutiger LT Com Bd, 24 pt, Table

Subline, Frutiger LT Com Lt, 20 pt

Headline, Frutiger Bd, 14 pt, Sitiorepudae ommos voloraum

Headline Fact 1 Fact 2 Fact 3 Fact 4 Fact 5
Copy 0 000 000 0 000 000 0 000 000 0 000 000 0 000 000
Copy 0 000 000 0 000 000 0 000 000 0 000 000 0 000 000
Copy 0 000 000 0 000 000 0 000 000 0 000 000 0 000 000
Copy 0 000 000 0 000 000 0 000 000 0 000 000 0 000 000
Copy 0 000 000 0 000 000 0 000 000 0 000 000 0 000 000
Copy 0 000 000 0 000 000 0 000 000 0 000 000 0 000 000
Copy 0 000 000 0 000 000 0 000 000 0 000 000 0 000 000
Copy 0 000 000 0 000 000 0 000 000 0 000 000 0 000 000
Sum 0 000 000 0 000 000 0 000 000 0 000 000 0 000 000
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Headline, Frutiger LT Com Bd, 24 pt, 4-part pie chart

Subline, Frutiger LT Com Lt, 20 pt

%
Headline 14 pt

Copy Frutiger LT Com Lt, 14 pt
Dolor situs cum habilitarum

Headline 14 pt
Copy Frutiger LT Com Lt, 14 pt
Dolor situs cum habilitarum
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Headline 14 pt
Copy Frutiger LT Com Lt, 14 pt
Dolor situs cum habilitarum

Headline 14 pt
Copy Frutiger LT Com Lt,
14 pt
Dolor situs cum

habilitarum
Headline 14 pt

Copy Frutiger LT Com Lt, 14 pt
Dolor situs cum habilitarum

GON
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Headline, Frutiger LT Com Bd, 24 pt, 8-part pie chart
Subline, Frutiger LT Com Lt, 20 pt

Headline 14 pt
Copy Frutiger LT Com Lt, 14 pt

Headline 14 pt

Headline 14 pt Copy Frutiger LT Com Lt, 14 pt
Copy Frutiger LT Com Lt, 14 pt

Headline 14 pt

Copy Frutiger LT Com Lt, Headline 14 pt
Headline 14 pt 14 pt Copy Frutiger LT Com Lt, 14 pt
Copy Frutiger LT Com Lt, 14 pt Dolor situs cum

habilitarum

Headline 14 pt

Headline 14 pt Copy Frutiger LT Com Lt, 14 pt
Copy Frutiger LT Com Lt, 14 pt

Headline 14 pt
Copy Frutiger LT Com Lt, 14 pt

\
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Headline, Frutiger LT Com Bd, 24 pt, schedule
Subline, Frutiger LT Com Lt, 20 pt

I
Lorem ipsum “H“““"““H“.H
= Lorem ipsum Lorem |psum

= Lorem ipsum

v

A\

= Lorem ipsum

I
Lorer ipsum -/, ! /| |
= Lorem ipsum

1
i
= Lorem ipsum I Lorem ipsum
. | :
= Lorem ipsum : Lorem ipsum

| ]
Milestone 1 Milestone 2

\
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Headline, Frutiger LT Com Bd, 24 pt, cycle
Subline, Frutiger LT Com Lt, 20 pt

Headline, Frutiger LT Com Bd, 16 pt
Lorem ipsum 1,
Copy Frutiger LT Com Lt, 14 pt Dolor situs cum habilitarum itum alusi 16 pt
causticus imanenter Status ex landum it exus rius laudanum ibis tum.
Lorem et exit vulnareus plexus. Sit itum caiusticus aurum eum
explindus. Status landum it exus rius laudanum ibis. Let exit vulnareus
plexus causticus imanenter Status ex landum.
Lorem ipsum 5, Lorem ipsum 2,
Headline, Frutiger LT Com Bd, 14 pt 16 pt 16 pt
= Level 1
= Level 1
= Level 1
Level 2

Level 3 :
= Level 1 Lorem ipsum 4,

16 pt

\
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Headline, Frutiger LT Com Bd, 24 pt, organization chart
Subline, Frutiger LT Com Lt, 20 pt

Name
Position
Name Name Name
Position Position Position
| |

| | Name || L_ Name -

Position Position

Name
Position

Name
Position
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Headline, Frutiger LT Com Bd, 24 pt, horizontal organization chart
Subline, Frutiger LT Com Lt, 20 pt

{ Position 4
Position 2 Position 4

Lorem Ipsum

Position 2
Lorem lpsum

Position 2
Lorem Ipsum

— Position 4

\
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Headline, Frutiger LT Com Bd, 24 pt, process
Subline, Frutiger LT Com Lt, 20 pt

Lorem Ipsum

= Lorem ipsum dolor sit

» Lorem ipsum dolor sit

Lorem Ipsum
= Lorem ipsum
dolor sit

= Lorem ipsum
dolor sit

Lorem Ipsum
= Lorem ipsum
dolor sit

= Lorem ipsum
dolor sit

Lorem Ipsum
= Lorem ipsum
dolor sit

= Lorem ipsum
dolor sit

Lorem Ipsum
= Lorem ipsum
dolor sit

= Lorem ipsum
dolor sit
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Headline, Frutiger LT Com Bd, 24 pt, process
Subline, Frutiger LT Com Lt, 20 pt

= Lorem ipsum dolor sit
= Lorem ipsum dolor sit

= Lorem ipsum dolor sit
= Lorem ipsum dolor sit

= Lorem ipsum dolor sit
= Lorem ipsum dolor sit

= Lorem ipsum dolor sit
= Lorem ipsum dolor sit
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Headline, Frutiger LT Com Bd, 24 pt, infographic
Subline, Frutiger LT Com Lt, 20 pt

Headline 14 pt

] Dolor situs cum habilitarum
Headline 14 pt

Dolor situs cum
habilitarum

PowerPoint Contents
Presentation Here

PowerPoint

Presentation

Headline 14 pt
Dolor situs cum
habilitarum

Headline 14 pt
Dolor situs cum habilitarum
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Headline, Frutiger LT Com Bd, 24 pt, general icons
Subline, Frutiger LT Com Lt, 20 pt
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Headline, Frutiger LT Com Bd, 24 pt, icons for Fraunhofer lead markets
Subline, Frutiger LT Com Lt, 20 pt

Digital economy Mobility sector  Plant, mechanical and Health care sector ~ Chemical industry Food industry Energy sector Construction Aerospace
vehicle engineering industry economy
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Headline, Frutiger LT Com Bd, 24 pt, icons for FSF

Subline, Frutiger LT Com Lt, 20 pt

Bioeconomy Next Generation Digital

Computing

&) &

\ \ S
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Resource Efficiency and
Climate Technologies

Hydrogen
Technologies
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