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Data measured with slowing-down spectrometers (Modifier SDT)
Lead slowing-down (time) spectrometers (LSDS) are neutron spectrometers on time of slowing-down in lead, and have been utilized to measure neutron-induced cross sections, mainly for fission cross sections of minor actinides. Data measured with LSDS has been flagged by the method code SLODT in the relevant EXFOR entries.

LSDS measurements can be done nearby neutron sources, and allow us to perform measurements with a small amount of sample under intense neutron beams. However its energy resolution is worse than conventional time-of-flight method. An example of comparison of cross sections from LSDS data, TOF data and evaluated data is shown in Fig.1 for 237Np(n,f) cross sections (LSDS data from KURRI, TOF data from n_TOF). Point-wise cross sections (e.g., cross sections in ENDF libraries) must be broadened according to the LSDS resolution function before comparison with LSDS data. To utilize LSDS data in EXFOR in validation of point-wise cross sections, I propose to include resolution functions under the keyword INC-SPECT.

Another question is the modifier for data averaged over the LSDS resolution function. During finalization of 14259.002 (TRANS.1385), Otto Schwerer mentioned that the modifier SPA could not be compatible with the heading EN. Actually 14259.002 does not give computer readable resolution information (e.g., EN-RSL), and I agree with him. I would propose a new spectrum modifier (e.g., SDT, or any other good code?) for data broadened by the LSDS resolution function.
Dictionary 34 (Modifiers)
SDT
Slowing-down time average
Except for the RPI (RINS) cases [2-4] and a few cases of KURRI (KULS) and INR (SZR-100) cases [13,19], it is difficult to find parameters determined by the experimentalists in their final publications. T. Nakagawa et al. compiled resolution functions [1] for RPI and KURRI data for comparison with JENDL-3.3, and we can see the resolution function for KURRI (KULS) [5] received by T. Nakagwa from K. Kobayashi in 1999. Motivated by this compilation, I also have compiled resolution functions for LSDS cross sections from INR (SZR-100) with V. Shorin in October 2011 for the IAEA CRP “MANREAD”. These are tabulated in this memo.
V. Shorin informed me LSDS data taken at Kurchatov Institute [21] which reports their resolution function approximated by “Pearson distribution”. Their energy dependent cross sections were digitized from [21] and compiled in EXFOR 41369.
Table: Resolution functions for the lead slowing-down (time) spectrometers (E in eV)
	EXFOR
	Target
	Ref.
	Emin
	Emax
	ΔEFWHM/E
	φ(E)
	Plot

	12788.002
	244Cm
	[2]
	1.4-1
	8.0+4
	(0.0746+0.130E-1+2.52×10-5E)1/2
	?
	RPI1

	12788.003
	246Cm
	[2]
	1.4-1
	8.0+4
	
	
	

	12788.004
	248Cm
	[2]
	1.4-1
	8.0+4
	
	
	

	12991.002
	242Cm
	[3]
	1.1-1
	9.8+4
	
	
	

	12991.004
	238Pu
	[3]
	1.0-1
	9.8+4
	
	
	

	13197.002
	247Cm
	[4]
	1.2-1
	9.8+4
	(0.0835+0.128E -1+3.05×10-5E)1/2
	?
	RPI2

	22422.005
	243Am
	[6]
	5.6-2
	7.9+3
	0.162899E-1/2+0.352787+7.599×10-5E

Note that a factor E is missing in p101 of [1] (informed by T. Nakagawa in 10 Dec. 2012).


	?
	KUR1

	22479.002
	241Am
	[7]
	9.5-2
	1.1+4
	
	
	

	22644.003
	242mAm
	[8]
	2.8-2
	1.3+4
	
	
	

	22647.003
	231Pa
	[9]
	8.9-2
	1.3+4
	
	
	

	22647.004
	229Th
	[9]
	1.3-2
	1.0+4
	
	
	

	22731.002
	237Np
	[10]
	1.1+0
	4.6+3
	
	
	

	22858.003
	237Np
	[11]
	1.5-1
	1.3+3
	
	
	

	23186.002
	237Np
	[12]
	1.0-1
	2.2+3
	(0.111+0.214E -1+0.003 E 1/2)1/2
Fitting performed by K. Hirose to Table 3 (exp. data) of [5]. 
	LN
	KUR2

	23186.003
	242mAm
	[12]
	1.0-1
	2.2+3
	
	
	

	23186.004
	245Cm
	[12]
	1.0-1
	2.2+3
	
	
	

	41503.003
	236U
	[13]
	1.1+0
	1.9+4
	(0.302 + 3×10-5 E + 0.025/E)1/2
	TN
	INR1

	41523.002
	242mAm
	[14]
	2.9-2
	2.1+4
	2.345(0.1322 + 7.5×10-5 E + 0.044/E)1/2

These parameters were determined for 235U and 239Pu [15]. No detailed analysis was done for 242mAm and 245Cm.
	
	INR2

	41523.004
	245Cm
	[14]
	2.8-2
	2.1+4
	
	
	

	41524.002
	244Cm
	[16]
	7.4-2
	2.3+4
	(0.3082 + 1.1×10-4 E + 0.24/E)1/2
	
	INR3

	41578.002
	243Am
	[17]
	3.0-1
	8.7+3
	(0.332 + 1.1×10-4 E + 0.178/E)1/2
	
	INR4

	41532.002
	243Cm
	[18]
	3.1-2
	1.4+4
	The parameters were not determined.
	
	

	41533.002
	246Cm
	[19]
	1.4-1
	2.1+4
	(0.322 + 1.1×10-4 E + 0.178/E)1/2

These parameters are given in [20].
	
	INR5

	41533.007
	247Cm
	[19]
	3.0-2
	2.0+4
	
	
	

	41533.008
	248Cm
	[19]
	1.2-1
	2.1+4
	
	
	


[image: image1.emf]
Fig.1 Comparison of LSDS data (22731.002) with TOF data (23126.004) and JENDL-4.
[image: image2.emf]
Fig.2 Energy dependence of energy resolution.
In the table, φ(E) = LN and TN are for lognormal and truncated normal distribution.
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Proposed revision to LEXFOR “Spectrum Average”

Spectrum Average

Cross sections averaged over a broad incident-projectile energy spectrum may be entered into EXFOR using the proper modifier to REACTION SF8
. The type of spectrum and its characteristic should be entered in free text under the keyword INC(SPECT.
The following spectrum types are defined:
…

Slowing-Down Time Spectrum Average
REACTION coding:  SDT in SF8. 

Slowing-down time spectrum averaged cross section is defined as
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For a given slowing-down time t, the corresponding average neutron energy E is expressed by <E> = K / (t0 + t)2, where K is the slowing-down constant and t0 is a correction factor to account for the time it takes neutrons to slow down from source energies. The flux distribution φ(E) is typically approximated by the Gaussian distribution centred at <E> with its standard deviation σ(<E>). The average energy quoted will be, typically, EN. The width information (e.g., FWHM) is essential for comparison with better resolution data sets, and must be given under the keyword INC-SPECT. Compilation of some FWHM values determined by experimentalists is seen in [x]. 
REACTION coding:  SIG in SF6; SDT in SF8. 
…
Reference
[x] T. Nakagawa, O. Iwamoto, Report JAERI-Data/Code 2002-025 p.101 (2002).
Proposed revision to LEXFOR “General Quantity Modifiers”

General Quantity Modifiers

The general quantity modifiers (reaction SF8) are flagged with ‘GENQ’ in Archive dictionary 34 of and are listed in the beginning of Archive and TRANS dictionary 236.  They can be added to any quantity without requiring an entry in Dictionary 236.  Some of them require clarification:
…
Spectrum Average Modifiers
Used for data measured over a broad incident energy spectrum.  For such data one of the spectrum modifiers are used BRA, BRS, EPI, FIS, FST, MXW, SDT, and SPA; see Spectrum Average for details. The spectrum average modifier must be coded before other general quantity modifiers.
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� Cross sections measured as a function of energy and then averaged over a discrete energy range are entered as average (modifier AV). See General Quantity Modifiers.
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