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Outline

• Inelastic Scattering
• nELBE source
• nELBE detector setup and electronics
• Experimental results on 56Fe
• Outlook
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Inelastic neutron scattering

� more explicit way:

detect emitted g-ray and scattered neutron in 
coincidence

Fe56
26

usual way to measure � detect emitted g-ray

� Problem: Ambiguity

� several levels contribute to one g-ray energy
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nELBE – neutron facility at ELBE (Klug et al. NIMA 577 (2007) 641)
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nELBE – neutron facility at ELBE (Klug et al. NIMA 577 (2007) 641)
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nELBE – neutron production

nELBE
neutron beam
nELBE
neutron beam

ELBE
elektron beam
ELBE
elektron beam

� Arnd Junghans, Session IX
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nELBE – Detector Setup

neutron beam

BaF2 array for gamma detection
(42 crystalls, 20 cm, Ø 5.3 cm)

sample: natFe (99.8%) � 91.754% 56Fe
mass: 19.82 g � 18.15 g 56Fe

flight paths:
source – sample:
600 cm
sample – BaF2:
30 cm
sample – Plastics:
100 cm

235U fission chamber
for neutron flux determination

4 plastic scintillators
for neutron detection
(1 m, 11 x 43 mm2)

Neutron detection 
threshold = 25 keV,
20-40 % intrinsic 
efficiency

Beyer et al.,

NIMA 575 (2007) 449
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The electronics setup

Plastic Branch:
• high gain PMT & low CFD threshold

��� � 25 keV neutron detection threshold
• TDC,QDC, Scaler
• logical AND of both PMTs ��� � Trigger

BaF2 Branch:
• TAPS modules:
��� � measure long gate and short 
gate integrals (with two different 
gains 1x and 5x) for Pulse Shape 
Disc. of Alpha Background
� deliver CFD siganal for time 
measurement
� deliver LED for Trigger 
generation
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The electronics setup

Fission Chamber Branch:
• ADC ��� � pulse height information to reject aaaas from natural 
decay
• CFD ��� � time measurement
• SCA ��� � trigger
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The electronics setup

Accelerator Branch:
• TDC ��� � time measurement
• Gate Generator ��� � Veto to reject Triggers 
from gggg-flash
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The electronics setup

Plastic Branch:
• high gain PMT & low CFD threshold

��� � 25 keV neutron detection threshold
• TDC,QDC, Scaler
• logical AND of both PMTs ��� � Trigger

BaF2 Branch:
• TAPS modules:
��� � measure long gate and short 
gate integrals (with two different 
gains 1x and 5x) for Pulse Shape 
Disc. of Alpha Background
� deliver CFD signal for time 
measurement
� deliver LED for Trigger 
generation

Fission Chamber Branch:
• ADC ��� � pulse height information to reject aaaas from natural 
decay
• CFD ��� � time measurement
• SCA ��� � trigger

Accelerator Branch:
• TDC ��� � time measurement
• Gate Generator ��� � Veto to reject Triggers 
from gggg-flash

Dead Time Branch:
• Veto for trigger generation
� derived from busy signal of QDC, TAPS and 
ADC modules, gggg-Veto and readout Dead Time
• Scaler & 10 MHz Pulse Generator
� measurement of Total Dead Time
���� mean dead time  ~150 mmmms/event

Trigger Branch:
• FPGA Logic:
� Trigger generation from Plastic, FC and BaF 2
signals ��� � usually Logical Or of Plastics and FC
� Veto from Total Dead Time
� downscaling and inhibiting of input channels 
possible
� “Event Trigger” starts TDC match windows 
and gates for QDC, ADC and TAPS modules
� “Readout Trigger” triggers readout of data 
from multi event buffer of the modules every 
32nd “Event Trigger”



Institute of Radiation Physics � Roland Beyer � www.fzd.de � 29.04.2009

EFNUDAT – Scientific Workshop  (Geel, 28-30 April 2008)

The electronics setup



Institute of Radiation Physics � Roland Beyer � www.fzd.de � 29.04.2009

EFNUDAT – Scientific Workshop  (Geel, 28-30 April 2008)

Time of Flight Spectra
natFe,   treal = 3536 s, tlive = 2489 s
empty, treal = 3535 s, tlive = 2522 s

Plastic 3

Plastic 3

BaF2 1
(triggered by plastics)

Fission
Chamber

Fission
Chamber

complete
spectrum

gammas BaF2 1
(triggered by plastics)
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nELBE – neutron facility at ELBE (Klug et al. NIMA 577 (2007) 641)
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Experimental method
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Experimental method

Fe)n'Fe(n, 5656 g n'FenFe *5656 +®+
�FeFe 56*56 +®{
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Experimental method

Fe)n'Fe(n, 5656 g n'FenFe *5656 +®+
�FeFe 56*56 +®{

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

���������

n
e-

g

neutron
source

neutron
detectors

n'

chamber

sample

-detectorsg

fission

absorber
Integral at target: 2x104 n/s/cm2

measurement time:
34,9 h with sample
32,2 h without



Institute of Radiation Physics � Roland Beyer � www.fzd.de � 29.04.2009

EFNUDAT – Scientific Workshop  (Geel, 28-30 April 2008)

Experimental method
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Data Analysis
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Data Analysis
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Data Analysis
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Data Analysis
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The 56Fe(n,n’g) cross section for 1st excited level
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Background Sources

• false coincidences from elastic scattering
• multiple processes inside target � reduction of incoming 

and scattered neutrons
• beam halo from collimator
• direct and secondary radiation produced by electron beam
• …

� MCNP simulations ongoing (E. Birgersson, Session VII)
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Outlook

En,out vs. En,in

En,out-En,in vs. En,in

ToFn,out vs. ToFn,in
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Summary and Outlook

• nELBE is intended to deliver data on fast neutron induced reactions

• the ELBE electron beam delivers high neutron flux,
new injector will deliver ~60 times more

• first experiments were performed on inelastic neutron scattering using a
double time of flight setup

• further investigations have to be done to determine and reduce all   
sources background
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Spare Slides
(End of Talk was one slide before)
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The detector setup

• Target:
– natFe: 52 mm diam., 41 g � 20 g in beam

• Absorber:
– Pb: 60 mm diam., 10 mm length

• ELBE beam:
– 32.8 MeV

– 1.7 – 2.3 mA
– 101 kHz

• time of signal from BaF2 gives the energy
of the incoming neutron (DE/E ca. 1 %)

• time difference between BaF2 and plastic
signals gives the energy of the outgoing
neutron (DE/E ca. 10 %)
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Inelastic neutron scattering - kinematics

Ein,kin … incoming neutron energy
mn … neutron mass
mFe … target mass
Ex … excitation energy
q … scattering angle
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nELBE Neutronenspektrum

• Elektronenstrahlenergie 33 MeV 
• Simulationsrechnung stimmt gut mit der Messung überein
• Neutronenspektrum wie in einem schnellen Reaktor
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2D – energy spectrum without target
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2D – energy spectrum with target
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2D – energy spectrum with target

Projected spectrum for Ex = 847 keV Incoming neutron flux
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2D – energy spectrum with target
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Experimental methods and results - Transmission
e- beam

Pb target

sample
changer

neutron
detector

primary
n beam

co
lli

m
at

or

transmitted
n beam

6 MeV
2 MeV 0.1 MeV

...������ � )(n,p)(n,� )(n,� )n'(n,n)(n,total +++++=
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Total neutron cross section of 27Al

good agreement 
with high 
resolution data

�
nELBE works fine 
for transmission 
measurements
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Total neutron cross section of 181Ta

nELBE could close 
gap between 0.6 
and 2.0 MeV

further investi-
gations with 
different sample 
thicknesses are 
ongoing
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Neutron beam intensity comparison

Facility
CERN
n-ToF

CERN
n-ToF

Phase-2

LANL
NSC

ORNL
SNS

FZK
VdG

ORNL
ORELA

IRMM
GELINA

nELBE
nELBE with

SRF-gun

Pulse charge / nC ca. 103 ca. 103 4×103 3×104 0.01 ca. 100 ca. 100 0.08 1.8

Power / kW 10 10 60 1000 0.4 8 7 5 40

Pulse rate / s-1 0.4 0.4 20 60 2.5×105 500 800 5×105 5×105 

Flight Path / m 183 Ca. 20 60 84 0.8 40 20 4 4

n-pulse length / ns >7 >7 125 100-700 ca. 1 >4 >1 < 0.4 < 0.4

Emin / eV 0.1 0.1 1 0.1 103 10 10 2×105 2×105

Emax / eV 3×108 3×108 ca. 108 ca. 108 2×105 5×106 4×106 7×106 7×106

resolution at
1 MeV / %

0.5% 5% > 10 % > 20 % ca. 5 % < 1 % < 2 % ca. 1 % ca. 1 %

n flux density / 
s-1cm-2 (E decade)-1 105 ca.107 ca. 106 106 -107 ca. 104 104 4×104 1×105 3×106


