ENDF - 102 Formats and Procedures

April 2001 B. 1

APPENDIX B

Definition of Reaction Types

Reactiontypes(MT)areidentifiedbyanintegernumberfrom1through999.Version6ofthe

ENDF format supports incident charged particles and photons in a manner consistent with the definitions of MT ’s used in previous versions of the ENDF format to the extent possible. Users should beware of the few differences. In the following table, those MT numbers restricted to neutronsincidentarelabeled(n,xxx);thosethatarelimitedtoincidentchargedp articlesandphotons are labeled (y,xxx) and those that allow all particles in the entrance channel are labeled (z,xxx), wherexcanrepresentanyexitparticle.SeeSection0.0forcompletedescriptionsofMTnumbers.

RefertoSections3.4(incidentne utrons)and3.5(incidentchargedparticlesandphotons)forthelist of MT numbers that should be included in each evaluation.

For the ENDF - 6 format, all particles in the exit channel are named (within the parenthesis)

except for the residual. The identi tyof this residual can be specified explicitlyin File 6 or

determined implicitlyfrom the MT number. In cases where more than one MT might describe a

reaction, the choice of MT number is then determined bythe residual which is the heaviest of the

parti cles(AZ,A)intheexitchannel.Forexample, 6 L

Li(n,nd)áreactionratherthanMT=22.Sequentialreaction mechanism descriptions can be used, where necessary, for reactions such as X(n,np)Y. These are described in Secti ons 0.5.3 and 0.5.4.

B. 2 April 2001

ENDF - 102 Data Formats and Procedures

MT

MT

Description Comments

1 (n,total) Neutron total cross sections. Sum of

MT=2, 4, 5, 11, 16 - 18, 22 - 26, 28 - 37,

41 - 42, , 44 - 45, 102 - 117.

Redundant. Undefined for incident charged particles.

2 (z,z

0

) Elastic scattering cross s ection for incident particles.

3 (z,nonelastic) Nonelastic neutron cross section.

Sum of MT=4, 5, 11, 16 - 18, 22 - 26,

28 - 37, 41 - 42, , 44 - 45, 102 - 117.

Redundant. For photon production only.

4 (z,n) Production of one neutron in the exit channel. Sum of th e MT=50 - 91.

Redundant. For incident neutrons, this is inelastic scattering (MT=50 is undefined).

5 (z,anything) Sum of all reactions not given explicitlyin another MT number.

This is a partial reaction to be added to obtain MT=1.

Each particle can be i dentified and its multiplicity given in File 6. Not allowed in Files 4, 5.

6 - 9 Not allowed in version 6. 9 Be(n,2n) in version 5.

10 (z,continuum) Total continuum reaction; includes all continuum reactions and excludes all discrete reactions.

Redundant; to be used for derived files only.

11 (z,2nd) Production of two neutrons and a deuteron, plus a residual.

12 - 15 Unassigned.

16 (z,2n) Production of two neutrons and a residual 1 . Sum of MT=875 - 891, if theyare present.

17 (z,3n)

18 (z,fission)

19 (n,f)

20 (n,nf) Second - chance fission 2 .

21 (n,2nf) Third - chance fission 2 .

22

(z,ná) Production of a neutron and an alpha

particle, plus a residual.

23

(n,n3á) Production of a neutron and three alpha particles, plus a residual.

24 (z,2ná) Production of two neutrons and an alpha particle, plus a residual.

1 The"residual"istheremainderafterthereactionspecifiedbyMThastakenplace(forexample,A - 1after an n,2n rea ction on target A). This "residual" maybreak up further if LR>0.

2 Note that the partial fission cross section are not defined for incident charged particles.

B. 4 April 2001

MT

MT

Description Comments

25 (z,3ná) Production of three neutrons and an alpha particle, plus a residual.

26 Not allowed in version 6. Version 5: (n,2n) isomeric state; used in file 8 and 6, 9, or 10.

27 (n,abs) Absorption; sum of MT=18 and

MT=102 through MT=117

Rarelyused.

28 (z,np) Production of a neutron and a proton, plus a residual.

29 (z,n2á) Production of a neutron and two alpha particles, plus a residual.

30 (z,2n2á) Production of two neutrons and two alpha particles, plus a residual.

31 Not allowed for version 6. Used onlyas an LR flag.

32 (z,nd) Production of a neutron and a deuteron, plus a residual.

33 (z,nt) Production of a neutron and a triton, plus a residual.

34 (z,n 3 He) Production of a neutron and a 3 He particle, plus a residual.

35 (z,nd2á) Production of a neutron, a deuteron, and 2 alpha particles, plus a residu al.

36 (z,nt2á) Production of a neutron, a triton, and

2 alpha particles, plus a residual.

37 (z,4n) Production of 4 neutrons, plus a residual.

38 (n,3nf) Fourth - chance fission cross section 2 .

39 Not allowed for version 6. Used onlyas an LR flag.

40 Not allowed for version 6. Used onlyas an LR flag.

41 (z,2np) Production of 2 neutrons and a proton, plus a residual.

42 (z,3np) Production of 3 neutrons and a proton, plus a residual.

43 (Unassigned)

44 (z,n2p) Production of a neutron and 2 protons, plus a residual.

45 (z,npá) Production of a neutron, a proton, and an alpha particle, plus a residual.

46 - 49 Not allowed in Version 6. Version 5: description of 2 nd neutron from 9 Be(n,2n) reactions to excited states.

ENDF - 102 Data Formats and Procedures

April 2001 B. 5

MT

MT

Description Comments

50 (y,n

0

) Production of a neutron, leaving the residual nucleus in the ground state.

Not allowed for incident neutrons; use MT=2.

51 (z,n

1

) Production of a neutron, with residual in the 1st excited state.

52 (z,n

2

) Production of a neutron, with residual in the 2nd excited state.

¼

¼

90 (z,n

40

) Pro duction of a neutron, with

residual in the 40th excited state.

91 (z,n

c

) Production of a neutron in the

continuum not included in the above

discrete representation.

92 - 100 (Unassigned)

101 (n,disap) Neutron disappearance; equal to sum

of MT=102 - 117.

Rarelyused.

102

(z,ã) Radiative capture.

103 (z,p) Production of a proton, plus a residual. Sum of MT=600 - 649, if theyare present.

For incident protons, this is inelastic scattering (MT=600 is undefined).

104 (z,d) Production of a deuteron, plus a residual. Sum of MT=650 - 699, if theyare present.

For incident deuterons, this is inelastic scattering (MT=650 is undefined).

105 (z,t) Production of a triton, plus a residual. Sum of MT=700 - 749, if theyare present.

For incident tritons, this is inelastic scatterin g (MT=700 is undefined).

106 (z, 3 He) Production of a 3 He particle plus a residual. Sum of MT=750 - 799, if theyare present.

For incident 3 He particles, this is inelastic scattering

(MT=750 is undefined).

107 (z,á) Production of an alpha particle, plus a residual. Sum of MT=800 - 849, if theyare present.

For incident alpha particles, this is inelastic scattering

(MT=800 is undefined).

108 (z,2á) Production of 2 alpha particles, plus a residual.

109 (z,3á) Production of 3 alpha particles, plus a residual.

110 (Unassigned)

111 (z,2p) Production of 2 protons, plus a residual.

112 (z,pá) Production a proton and an alpha particle, plus a residual.

B. 6 April 2001

MT

MT

Description Comments

113 (z,t2á) Production of a triton and 2 alpha particl es, plus a residual.

114 (z,d2á) Production of a deuteron and 2 alpha particles, plus a residual.

115 (z,pd) Production of proton and a deuteron, plus a residual.

116 (z,pt) Production of proton and a triton, plus a residual.

117 (z,dá) Production of deuteron and an alpha particle, plus a residual.

118 - 119 (Unassigned)

120 Not allowed for version 6. Version 5: target destruction - nonelastic minus total (n,n

¢ ã)

121 - 150 (Unassigned)

151 (n,RES) Resonance parameters that can be

used to calcu late cross sections at

different temperatures in the resolved

and unresolved energyregions.

Incident neutrons only.

152 - 200 (Unassigned)

201 (z,Xn) Total neutron production. Redundant; use in derived

files only.

202

(z,Xì + ) Total ì + production. For use in high - energy evaluations.

ENDF - 102 Data Formats and Procedures

April 2001 B. 7

MT

MT

Description Comments

212 (z,Xì - ) Total ì - production. For use in high - energy evaluations.

213

(z,Xê + ) Total ê + production. For use in high - energy

evaluations.

214 (z,Xê 0

(long)

Total ê 0

(long) production. For use in high - energy

evaluations.

215 (z,Xê 0

(short)

) Total ê 0

(short) production. For use in high - energy

evaluations.

216 (z,Xê - ) Total ê - production. For use in high - energy

evaluations.

217 (z,X p) Total anti - proton production. For use in high - energy

evaluations.

218 (z,Xn) Total anti - neutron production. For use in high - energy

evaluations.

219 - 250 (Unassigned)

251 (n,...)

L

m , average cosine of the scattering

angle (labora torysystem) for elastic

scattering of neutrons.

Derived files only.

252 (n,...)

î, average logarithmic energy decrement for elastic scattering of neutrons.

Derived files only.

253 (n,...)

ã, average of the square of the

logarithmic energydecrement

divided bytwice the average

logarithmic energydecrement, for

elastic scattering of n eutrons.

Derived files only.

254 - 300 (Unassigned)

301 - 450 (z,...)

Energyrelease parameters,

Version 5: (ã, n).

533 Atomic relaxation data. Version 5: total photonuclear

534 K (1s 1 / 2

) subshell photoelectric or electro - atomic cross section.

MT

MT

Description Comments

535 L1 (2s 1 / 2

) subshell photoelectric or elctro - atomic cross section.

536 L2 (2p 1 / 2

) subshell photoelectric or elctro - atomic cross section.

537 L3 (2p 3 / 2

) subs hell photoelectric or elctro - atomic cross section.

538 M1 (3s 1 / 2

) subshell photoelectric or elctro - atomic cross section.