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1. Neutron Energy E in eV corresponding to channel I in TOF
L: flight path length
T: time of flight

2. Experimental Set up

3. Neutron Transmission rate

4. Total Cross Section
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2. Pohang Neutron Facility2. Pohang Neutron Facility
u Electron accelerator based Time of Flight system

ü electron energy = 50 ~ 70 MeV
ü repetition rate = Below 30Hz
ü pulse width = 1 ~ 2 μs
ü peak beam current = 30 ~ 60 mA
ü TOF flight length = 11.5~12m 
ü

u Target + water moderator : to produce neutron pulse
ü Ta plates + cooling system

Neutron Open Spectrum at PNF

Neutron Arrival Time (us)

Neutron generation



3. Current TOF DAQ3. Current TOF DAQ
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4. Flash ADC TOF DAQ (1) 4. Flash ADC TOF DAQ (1) 

One 100 MHz 10-bit 
8 channel FADC
Module in VME crate

DAQ
Computer

•TOF Signal Data without Noise is possible 
due to the pulse shape analysis

Simple 
DAQ SYSTEM

Neutron Signal
Channel 2

Gate Channel 1



4. Flash ADC TOF DAQ (2)4. Flash ADC TOF DAQ (2)

15 Hz (66.7ms)

PAL 1~2 us

Beam Pulse First Signal Noise

0 second
of Period

Time of Flight

Last Signal~~~~

Noise

Gamma Flash due to 
Bremsstrahlung

SignalSignal

Noise Rejection using a Software Noise Rejection using a Software 
is possible and easy using FADCis possible and easy using FADC

Gate



4. Flash ADC TOF DAQ (3)4. Flash ADC TOF DAQ (3)
Recorded GATE channel Recorded SIGNAL channel
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Beam Pulse
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4. Flash ADC TOF DAQ (4)4. Flash ADC TOF DAQ (4)
Recorded GATE channel Recorded SIGNAL channel
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4. Flash ADC TOF DAQ (5)4. Flash ADC TOF DAQ (5)
Recorded GATE channel Recorded SIGNAL channel
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£ 7 Parameters are studied to find best cuts 
to separate Signal and Noise

£ 21 cases are studied and 4 are selected as a 
best conditions for a better S/N

1. timeTOF : triggered time[us] from GATE 
2. Sigave: Average ADC values
3. sigSE: Standard Error(SE) of Signals
4. pedSE: SE of pedestal in first 20 bins
5. drvave: Average of first derivative of ADC 
6. drvSE: SE of drvave
7. MinSigDrv: Minimum value of first derivative

5. 5. Signal and Noise separation (1)Signal and Noise separation (1)



5. 5. Signal and Noise separation (2)Signal and Noise separation (2)



5. 5. Signal and Noise separation (3)Signal and Noise separation (3)



5. 5. Signal and Noise separation (4)Signal and Noise separation (4)



5. 5. Signal and Noise separation (5)Signal and Noise separation (5)



5. 5. Signal and Noise separation (6)Signal and Noise separation (6)



5. 5. Signal and Noise separation (7)Signal and Noise separation (7)

Cut 1.
Sigave > -0.5 Cut2.

Sigave -1+7* drvSE/3>0

Cut3.
Sigave -0.5+8.5* sigSE/12>0

Cut4.
sigSE -8(drvSE-0.4)/2.6<0

4 cuts => S/N = 448.4,  Signal Loss=1.19 %, Noise Rejection = 98.7 %4 cuts => S/N = 448.4,  Signal Loss=1.19 %, Noise Rejection = 98.7 %

NoiseNoise

Signal

Signal

Noise

Noise
Signal

Signal



6. Neutron Energy Calibration6. Neutron Energy Calibration
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Equation y = a + b
Adj. R-Squa 0.99996

Value Standard Err
B Intercept 3.15784 0.29537
B Slope 11.5779 0.01169

7. Flight Length and t7. Flight Length and t00 FittingFitting
2

0

72.3 [ ] [ ]
[ ]
L mE eV

t t sm
æ ö´

= ç ÷-è ø
Using a linear fitting of four energies from Notch Filter, L and t0 are found

0
72.3 [ ][ ]

[ ]
L mt s t

E eV
m ´

= +

L=11.578L=11.578±±0.012 [m]0.012 [m]

tt00=3.158=3.158±±0.295 [us]0.295 [us]

2
72.3 11.578 [ ]
[ ] 3.158

E eV
t sm
æ ö´

= ç ÷-è ø



8. Dysprosium TOF Spectrum8. Dysprosium TOF Spectrum
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1. SAMMY-8 Introduction
2. Pre_SAMMY Run
3. Input Data Preparation
4. SAMMY fitting

Neutron Resonance Analysis Neutron Resonance Analysis 
using SAMMY using SAMMY 

Contents 2Contents 2



1. SAMMY Introduction (1)1. SAMMY Introduction (1)



1. SAMMY Introduction (2)1. SAMMY Introduction (2)
http://www.ornl.gov/sci/nuclear_science_technology/nuclear_data/sammy/



1. SAMMY Introduction (3)1. SAMMY Introduction (3)
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1. SAMMY Introduction (4)1. SAMMY Introduction (4)



1. SAMMY Introduction (5)1. SAMMY Introduction (5)

SAMMY will calculate Resonance Energy,
Gamma-Neutron, Gamma-Gamma, etc.

lG

El



• SAMMY is a multilevel R-matrix code for fitting neutron time-of-flight cross-
section data using Bayes’ method.

• The resonance analysis with SAMMY code provides complete information on  
the covariance for the resonance’s parameters

• The main feature of SAMMY code is analysis of neutron resonance paramet-
ers based on neutron transmission and capture experimental data

Resonance Parameters Deduced by SAMMY

å --
=

l lgl

ll

g
gg

2

'

' iEE
R cc

cc

c,c`: particle channel except for capture channel
γ : reduced-width amplitude

Γ : reaction width

Γλc = 2Plγ2
λc      for neutron channel

Γλc = 2γ2
λc          for fission channel

Γλc = 2α2
λ for gamma channel

Pl : penetrability(penetration factor)

R-matrix formula



2. 2. Pre_SAMMYPre_SAMMY Run(1)Run(1)
£ To make *.DAT, *.INP, *.PAR for Pre_Sammy run

£ Pre_Dat file: (N, G)file_MT102 of ENDF_VII for Dy 156, 158, 160, 161, 162, 163, 164

£ http://www.nndc.bnl.gov



2. 2. Pre_SAMMYPre_SAMMY Run(2)Run(2)
£ Manual options:[-]èEnergy  -> eV로변환è Repaint è See: plotted data

1. Save the plotted data to 
Dy156.dat.ori and convert it to 
“TWENTY” format. 
2. Repeat these steps for all isotopes



2. 2. Pre_SAMMYPre_SAMMY Run(3)Run(3)
£ *.PAR è Input for Variable Parameters

http://www-nds.iaea.org/exfor/endf.htm



2. 2. Pre_SAMMYPre_SAMMY Run(4)Run(4)
£ *.PAR è Input for Variable Parameters

1. Save the rectangular
part as Dy156.ENDF
to extract parameters
using SAMMY.
2. Repeat these steps
for all isotopes



2. 2. Pre_SAMMYPre_SAMMY Run(5)Run(5)
£ *.INP è Input for Pre-SAMMY Run

1. Only change name and 
atomic weight from 
Dy156.inp for all isotopes
2. Repeat these steps
for all isotopes

[sammy@linux Dy156] 0.samprerun.sh 0.0001 1000.0

Pre-SAMMY Run



2. 2. Pre_SAMMYPre_SAMMY Run(6)Run(6)
£ Result of Pre-SAMMY Run 

è
£ SAMNDF.INP & PAR
£ Repeat Pre-SAMMY Run 

for all isotopes
£ Combine these result to 

make real DyNAT.PAR file



3. Input Data Preparation (1)3. Input Data Preparation (1)

£ SAMMY Input Data: *.DAT, *.INP, *.PAR

£ *.DAT è Modify an experimental data using 
one of three data formats 

£ *.INP è Input for FIXED Parameters

£ *.PAR è Input for Variable Parameters: 
Resonance Energy, Gamma-neutron, 
Gamma-Gamma, Gamma-Fission 



3. Input Data Preparation (2)3. Input Data Preparation (2)

£ Experimental Data Formats
1. “USE CSISRS FORMAT FOr data”

2. “USE TWENTY SIGNIFICAnt digits for experimental data”

3. “USE ENDF/B ENERGIES and cross sections MAT=abcd”

if ( format == "CSISRS" ) {
// Make CSISRS format [ E1  Y1  YE1 ]
//                                             [ E2  Y2  YE2 ]
//                                             [ ..  ..  ... ]
//                                             [ 11f 11f 11f ] without blank space 

if (  (Energy > Emin) && ( Energy < Emax) ) {
FORMAT = Form(" %10.4e %10.4e %10.4e", Energy, Barn, BarnError); 
out1 << FORMAT << endl;

}
}
else if ( format == "TWENTY" ) {

// Make TWENTY format [ E1  Y1  YE1 ]
//                                            [ E2  Y2  YE2 ]
//                                            [ ..  ..  ... ]
//                                            [ 20f 20f 20f ] without blank space 

if (  (Energy > Emin) && ( Energy < Emax) ) {
FORMAT = Form("%20.10f%20.10f%20.10f", Energy, Barn, BarnError); 

out1 << FORMAT << endl;
}

}

else {  // format == “ENDF/B”
// Make old default format [ E1 Y1 YE1/Y1 E2 Y2 YE2/Y2 E3 Y3 YE3/Y3 ]
//                         [ E4 Y4 YE4/Y4 E5 Y5 YE5/Y5 E6 Y6 YE6/Y6 ]
//                         [ ...................................... ]
//                         [ " "14f" "14f7.5f" "14f" "14f7.5f " "14f" "14f7.5f  ]

if (  (Energy > Emin) && ( Energy < Emax) ) {
FORMAT = Form(" %14.8e %14.8e%7.5f", Energy, Barn, BarnError/Barn); 
out1 << FORMAT;
j++;
if ( (j%3) == 0 ) { out1 << endl; }

}
}



3. Input Data Preparation (3)3. Input Data Preparation (3)

£ *.INP è Input for FIXED parameters
£ DyNAT.INP

Dy EPITHERMAL TRANSMISSION - Dynat
DynatDynat 162.5       0.10000   6000.            5 162.5       0.10000   6000.            5 
PRINT THEORETICAL VALUES
PRINT ALL INPUT PARAMETERS
DO NOT SUPPRESS ANY INTERMEDIATE RESULTS
PRINT REDUCED WIDTHS
SOLVE BAYES EQUATIONS
TWENTY
EV
YIELD
FGM
GENERATE PLOT FILE AUTOMATICALLY
REICH-MOORE FORMALISM IS WANTED

293.0  11.51727  0.002260 0.1500000  -0.01800
0.01000    40.01000    4
6.47906 256.000    30.10087 128.000    75.09176  64.000   6.47906 256.000    30.10087 128.000    75.09176  64.000   

1000.07062  32.000 1000.07062  32.000 
7.500000 1.5824E-3                       0.00100 

TRANSMISSION

GROUPING partGROUPING part

*SOLVE *SOLVE èè Data FittingData Fitting
**DO NOT SOLVEDO NOT SOLVEèè
Theoretical Value CalculationTheoretical Value Calculation
Using Parameter filesUsing Parameter files



3. Input Data Preparation (4)3. Input Data Preparation (4)
£ *.INP è Input for FIXED parameters
Continued of DyNat.INP

1      1    0  0.5 0.0006     0.0   Dy156
1    1    0    0       0.5

2      1    0  0.5 0.0010     0.0   Dy158
1    1    0    0       0.5

3      1    0  0.5 0.0234     0.0   Dy160
1    1    0    0       0.5

4      1    0  2.0 0.1891     2.5   Dy161
1    1    0    0       2.0

5      1    0  3.0 0.1891     2.5   Dy161
1    1    0    0       3.0

6      1    0  0.5 0.2551     0.0   Dy162
1    1    0    0       0.5

7      1    0 -0.5 0.2551     0.0   Dy162
1    1    0    1       0.5

8      1    0 -1.5 0.2551     0.0   Dy162
1    1    0    1       0.5

9      1    0 -2.0 0.2490    -2.5   Dy163
1    1    0    0       -2.0

10      1    0 -3.0 0.2490    -2.5   Dy163
1    1    0    0       -3.0

11      1    0  0.5 0.2818     0.0   Dy164
1    1    0    0       0.5

12      1    0 -0.5 0.2818     0.0   Dy164
1    1    0    1       0.5

13      1    0 -1.5 0.2818     0.0   Dy164
1    1    0    1       0.

Look for Dysprosium of Wiki 
or Use Pre-SAMMY Run results



2. Input Data Preparation (5)2. Input Data Preparation (5)
£ DyNat.PAR è Input for Variable Parameters

El gG 1cG 3cG2cG



3. Sammy Fitting (1)3. Sammy Fitting (1)

Grouping

Transmission

Sammy Fitting using Input files

Cross Section and Resonance Parameters

sammy DyNat.inp DyNat.par DyNat.dat 0.1 200

SAMMY Run

OUTPUT
SAM_ASCII.PLT è Fitted Cross Section 
SAM_ASCII_2.PLT è Fitted Transmission Rate
SAMMY.PAR è Fitted variable parameters
SAMMY.LPT è Total SAMMY Fitting Report



3. Sammy Fitting (2)3. Sammy Fitting (2)

First
SAMMY
Fitting 
Result



3. Sammy Fitting (3)3. Sammy Fitting (3)

SAM_ASCII_2.PLT è Fitted Transmission Rate

SAM_ASCII.PLT è Fitted Cross Section SAMMY.PAR è Fitted variable parameters

SAMMY.LPT è Total SAMMY Fitting Report

First RESULTS of SAMMY

El gG 1cG



3. Sammy Fitting (4)3. Sammy Fitting (4)

Second
SAMMY
Fitting 
Result



3. Sammy Fitting (5)3. Sammy Fitting (5)

SAM_ASCII_2.PLT è Fitted Transmission Rate

SAM_ASCII.PLT è Fitted Cross Section SAMMY.PAR è Fitted variable parameters

SAMMY.LPT è Total SAMMY Fitting Report

Second RESULTS of SAMMY

El gG 1cG



£ Neutron Capture Cross-section
£ BGO Crystal Study
£ 4p BGO Gamma Detector
£ BGO detector modules
£ BGO Temperature Compensation
£ DAQ system using FADC
£ Current Status

Development of Capture Cross Development of Capture Cross 
Section Measurement System of Section Measurement System of 

Pohang Neutron FacilityPohang Neutron Facility
Contents 3Contents 3
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Relation between neutron capture yield and cross sections:
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Y(Ei): neutron capture yield
N: atomic density of sample
t: thickness of sample
σt(Ei): neutron total cross section
σc(Ei): neutron capture cross section
fc(Ei): correction function for neutron scattering and/or self-shielding in sample 

If the thickness of sample is thin enough, capture cross section is
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Neutron capture yield in sample: 
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CS(Ei): Counting rate for the sample by the detector system 
eS(Ei) : Gamma detection efficiency of the sample
f(Ei)  : Neutron flux impinging on the sample as a function of neutron energy

Measurement with a total energy absorption detector 
by TOF method



Scintillator BGO NaI (Tl) CsI (Tl)

Wave length of 
max. Emission 

[nm]
480 410 560

Decay constant 
[ns]

300 230 1000

Reflactive index 2.15 1.85 1.79

Scintillation efficiency 
[%]

8 100* 136.8 ~ 47.3

Specific Gravity 7.13 3.67 4.51

Non-
hygroscopic

Hygroscopic Hygroscopic

* The scintillator efficiency of NaI (Tl) is normalized to 100%

Characteristics of CrystalCharacteristics of CrystalCharacteristics of CrystalCharacteristics of Crystal

w4



슬라이드 47

w4 in the simulation code, the physical processes include general physics process;electron magnetic process and optical process.em 
include photonelectron effect,compton effect and pair production,for electron ,there are ionization, multiscattering, anni. 
wang, 2007-10-16



Different Crystal 5x5x7.5cm3

(BGO, CsI, NaI)
Different Discrimination Level

(BGO Array Detector)

Detection Detection Efficiency using Geant4Efficiency using Geant4Detection Detection Efficiency using Geant4Efficiency using Geant4
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슬라이드 48

w5 we simulated the total intrinsic efficiency of detector array for different crystals materials under 15MeV.from comparison the highest 
efficiency were given by BGO crystal case.
wang, 2007-10-17



44pp BGO Gamma BGO Gamma Detector 1Detector 1
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Setup2

44pp BGO Gamma BGO Gamma Detector 2Detector 2

Neutron
Path

BGO detectors

Neutron

Setup1



BGO detector BGO detector modules 1modules 1

PMT : Hamamatsu Photomultiplier (H7195)

BGO made by SHANGHAI SICCAS HIGH TECHNOLOGY Corporation



BGO detector BGO detector modules 2modules 2

Preparation of 
Module frame

Light Shield
For BGO

Cleaning BGO
And PMT

Optical 
Connection

Fabrication
Of a Module

Assembly Process of a module of BGO gamma detector 



GNDDATA

6.2V 1N5818

3.9V

GND

Temperature Sensor Using DS1820

1.5k Ohm

1N5818

TDX

DTR

Reference : Digital Temperature Sensor Module for Linux
http://www.digitemp.com

BGO Temperature BGO Temperature & Energy 1& Energy 1
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Our BGO Light Yield of 
Temperature Dependence 
From 16 oC to 26 oC
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[ REFERENCE  ]

Saint Gobain BGO :
[SGC_BGO_Data_Sheet.pdf]

-1.2%/oC

Naisen Zhang et al. :
[IEEE Trans. On Nuclear science
Vol 37, No 2, April 1990]

From 5 oC to 40 oC

-0.9%/oC @ 5 oC
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~20% @ 400 keV, ~12% @ 1 MeV, ~8% @ 2.5MeV  
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 Allometric2 Fit of Energy Resolution
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Value Standard Error
Energy Resolution a -0.74714 1.34183

Energy Resolution b 402.74196 54.28986

Energy Resolution c -0.5 0
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[ REFERENCE  ]

Naisen Zhang et al. :
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Final BGO Module Test ResultFinal BGO Module Test Result
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44pp BGO BGO gg--detector FADC detector FADC DAQ 1 DAQ 1 

2 * 100 MHz 10-bit 
8 channel FADC
Modules in VME crate

DAQ
Computer

12 BGO PMTs

•TOF spectra (TIME) + Pulse Height spectra (Signal Shape)
•Possible for Pulse shape analysis

•It needs fast computing system

Very Simple 
DAQ SYSTEM



BGO BGO gg--detector FADC DAQ detector FADC DAQ 22

VME ADC V792 Notice Korea 100 MHz FADC

Better Peak Separation

Different DAQ result using same BGO detector

More than 10 times better Charge Resolution

Co60

1173.2 keV 1332.5 keV

2505.5 keV

200pC



£ 12 BGO detector modules are made and 
tested for Temperature, Linearity, and 
Resolution functions.

£ Basic FADC DAQ system has been tested 
during Total Cross-section measurement and 
BGO module test.

£ FADC DAQ system for Capture experiment 
will be arrived this year.

£ The DAQ software to record 12 BGO signals 
will be tested next year.

£ The on-line spectrum monitoring software 
will be developed next year.

Current StatusCurrent Status


