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A bstract

TheSupersym m etry LesHouchesAccord (SLHA)providesa universal

set of conventions for conveying spectraland decay inform ation for su-

persym m etry analysisproblem sin high energy physics. Here,we propose

extensions ofthe conventions ofthe �rstSLHA to include various gener-

alisations: the m inim alsupersym m etric standard m odelwith violation of

CP,R-parity,and 
avour,aswellasthesim plestnext-to-m inim alm odel.

1 DAM TP,CM S,University ofCam bridge,W ilberforce Road,Cam bridge,CB3 0W A,United King-

dom

2 SchoolofPhysics,M onash University,M elbourne VIC 3800,Australia

3 LAPTH,CNRS,UM R 5108,Chem in de Bellevue BP110,F-74941,Annecy-le-Vieux,France

4 University ofBonn,Physics Institute,Nussallee 12,D-53115 Bonn,Germ any

5 Harish Chandra Research Institute,Chhatnag Road,Jhunsi,Allahabad 211019,India

6 Laboratoire de Physique Th�eorique,Universit�ede ParisSud XI,Bât.210,F-91405,Orsay,France

7 Universit�a diTorino and INFN,sez.diTorino,10125 Torino,Italy

8 Indian Institute ofScience,Center for TheoreticalStudies,Bangalore 560012,Karnataka,India

9 Theory Group,IPNS,KEK,Tsukuba,305-0801,Japan

10 Universitatde Barcelona,Dept.de Fisica Fonam ental,Diagonal647,E-08028 Barcelona,Spain

11 Tata Institute for Fundam entalResearch,Hom iBhabha Road,M um bai,India

12 M PI,W erner Heisenberg Inst.,F�ohringer Ring 6,D-80805 M unich,Germ any

13 IFCA (CSIC{UC),Avda. de losCastros s/n,39005 Santander,Spain

14 LPTA,Universit�e M ontpellier II,F-34095 M ontpellier,Cedex 5,France

15 CERN,Departm entofPhysics,Theory Unit,CH-1211,Geneva 23,Switzerland

16 SLAC,Stanford University,Stanford,CA 94309,USA

17 Laboratoire de Physique Subatom ique etde Cosm ologie (LPSC),UJF Grenoble 1,CNRS/IN2P3,

53 Avenue desM artyrs,F-38026 Grenoble,France

18 The University ofEdinburgh,SchoolofPhysics,Jam esClerk M axwellBuilding,King’sBuildings,

M ay�eld Road,Edinburgh EH9 3JZ,United Kingdom

19 TheoreticalPhysics,Ferm ilab,P.O.Box 500,Batavia,IL 60510-0500,USA

�Corresponding author: Peter Skands (peter.skands@ cern.ch),CERN PH-TH,G eneva 23,CH-1211,

Switzerland;tlph: + 41-2276-72447;see http://home.fnal.gov/�skands/slha/ for updates and exam -

ples.

1

http://arxiv.org/abs/0801.0045v3


20 ETH Zurich,CH-8093 Zurich,Switzerland

21 University ofSoutham pton,SchoolofPhysics and Astronom y,High�eld,Southam pton

S017 1BJ,United Kingdom

22 Departam ento de F��sica Te�orica,Universidad de Zaragoza,E-50009,Zaragoza,Spain

23 Institut f�ur Theoretische Physik und Astrophysik, Universit�at W �urzburg, 97074

W �urzburg,Germ any

24 Skobeltsyn Inst.ofNuclear Physics,M oscow State Univ.,M oscow 119991,Russia

25 Durham University Inst. for Particle Physics Phenom enology Ogden Centre for Fun-

dam entalPhysics South Road Durham DH1 3LE,United Kingdom

26 Univ. G�ottingen, Inst. f�ur Theoretische Physik, Friedreich-Hund-Platz 1, D-37077

G�ottingen,Germ any

27 Univ.degliStudidiRom a,La Sapienza,Dipt.diFisica G.M arconi,PiazzaleAldo M oro

2,I-00185 Rom e,Italy

28 PaulScherrer Institute,5232 Villigen PSI,Switzerland

C ontents

1 Introduction 3

2 Extensions ofSLH A 1 5

3 M odelSelection 8

4 G eneralM SSM 9

4.1 FlavourViolation ................................ 10

4.2 R-Parity Violation ................................ 17

4.3 CP Violation ................................... 22

5 T he N ext-to-M inim alSupersym m etric SM 24

5.1 Conventions .................................... 25

5.2 Input/OutputBlocks ............................... 26

5.3 ParticleM ixing .................................. 27

6 C onclusion and O utlook 28

A PD G C odes and Extensions 30

2



1 Introduction

Supersym m etric(SUSY)extensionsoftheStandard M odelrankam ongthem ostprom ising

and well-explored scenarios forNew Physics atthe TeV scale. Given the long history of

supersym m etry and thenum berofpeopleworking in the�eld,severaldi�erentconventions

forde�ningsupersym m etrictheorieshavebeen proposed overtheyears,m anyofwhich have

com einto widespread use.Atpresent,therefore,no unique setofconventionsprevails.In

principle,thisisnota problem . Aslong aseverything isclearly and consistently de�ned,

a translation can alwaysbem adebetween two setsofconventions.

However,the proliferation ofconventions does have som e disadvantages. Results ob-

tained by di�erentauthorsorcom putercodesarenotalwaysdirectly com parable.Hence,

ifauthor/codeA wishesto usetheresultsofauthor/codeB in a calculation,a consistency

check ofalltherelevantconventionsand any necessary translationsm ust�rstbem ade{ a

tediousand error-pronetask.

To dealwith thisproblem ,and to createa m oretransparentsituation fornon-experts,

the originalSUSY LesHouchesAccord (SLHA1)wasproposed [1]. Thisaccord uniquely

de�nesa setofconventionsforsupersym m etric m odelstogetherwith a com m on interface

between codes.Them ostessentialfactisnotwhattheconventionsareindetail(theylargely

resem ble those of[2]),butthatthey are consistentand unam biguous,hence reducing the

problem oftranslating between conventionsto a linear,ratherthan a factorial,dependence

on the num ber ofcodes involved. At present,these codes can be categorised roughly as

follows(see[3,4]fora review and on-linerepository):

� Spectrum calculators [5{8],which calculate the supersym m etric m ass and coupling

spectrum ,assum ing som e(given orderived)SUSY-breaking term sand am atching to

known data on theStandard M odelparam eters.

� Observables calculators [9{19]; packages which calculate one or m ore of the fol-

lowing: collider production cross sections (cross section calculators),decay partial

widths(decay packages),relicdark m atterdensity (dark m atterpackages),and indi-

rect/precision observables,such asrare decay branching ratiosorHiggs/electroweak

observables(constraintpackages).

� M onte-Carlo eventgenerators[20{28],which calculatecrosssectionsthrough explicit

statisticalsim ulation ofhigh-energyparticlecollisions.Byincludingresonancedecays,

parton showering,hadronisation,and underlying-event e�ects,fully exclusive �nal

statescan bestudied,and,forinstance,detectorsim ulationsinterfaced.

� SUSY and CKM �tting program s[29{32]which �tm odelparam etersto collider-type

data.

Atthetim eofwriting,theSLHA1hasalready,toalargeextent,obliterated theneed for

separately coded (and m aintained and debugged)interfacesbetween m any ofthese codes.

M oreover,ithasprovided userswith inputand outputin a com m on form at,which ism ore

readily com parable and transferable. Finally,the SLHA convention choicesare also being
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adapted for other tasks,such as the SPA project [33]. W e believe, therefore,that the

SLHA projecthasbeen useful,solving a problem that,forexperts,istrivialbutfrequently

occurringand tedioustodealwith,and which,fornon-experts,isan unnecessary headache.

However,SLHA1 was designed exclusively with the M SSM with realparam eters and

R-parity conservation in m ind.Som e recentpublic codes[6,7,17,18,34{38]are eitherim -

plem enting extensionsto thisbase m odelorare anticipating such extensions. Ittherefore

seem s prudent atthis tim e to consider how to extend SLHA1 to dealwith m ore general

supersym m etric theories.In particular,wewillconsiderR-parity violation (RPV),
avour

violation (FLV),and CP-violating (CPV)phasesin them inim alsupersym m etric standard

m odel(M SSM ).W e willalso consider next-to-m inim alm odels (i.e.,m odels in which the

M SSM �eld contentisaugm ented by a gauge-singletchiralsuper�eld)which we shallcol-

lectively labelby theacronym NM SSM .

Ratherthan giving exhaustive historicalreferencesforallconceptsused in thisarticle,

weprovidealistofusefuland pedagogicalreviewstowhosecontentsand referencesin turn

werefer.Forthevarioustopicstreated in thearticle,thesereviewsare:

� SUSY [39],

� FLV [40],

� Neutrinos[41],

� RPV [42,43],

� CPV [44],

� NM SSM [45],

� SUSY Tools[3,4].

There isclearly som e tension between the desirable goalsofgenerality ofthe m odels,

easeofim plem entation in program s,and practicality forusers.A com pletely generalaccord

would be uselessin practice ifitwasso com plicated thatno one would im plem entit.W e

haveagreed on thefollowing forSLHA2:fortheM SSM ,wewillhererestrictourattention

to either CPV orRPV,butnotboth.ForRPV and 
avourviolation,weshallwork in the

Super-CKM /PM NS basis,asde�ned in sections 4.1 and 4.2. Forthe NM SSM ,we de�ne

onecatch-allm odeland extend theSLHA1m ixing only toincludethenew states,with CP,

R-parity,and 
avourstillassum ed conserved.

Tom aketheinterfaceindependentofprogram m inglanguages,com pilers,platform setc,

theSLHA1isbased on thetransferofthreedi�erentASCII�les(orpotentially acharacter

string containing identicalASCII inform ation): one for m odelinput, one for spectrum

calculatoroutput,and one fordecay calculatoroutput. W e believe thatthe advantage of

im plem entation independenceoutweighsthedisadvantageofcodesusing SLHA1 having to

parseinput.Indeed,therearetoolsto assistwith thistask [46{48].

Care wastaken in SLHA1 to provide a fram ework forthe M SSM thatcould easily be

extended to the cases listed above. The conventions and switches described here are de-

signed tobeasupersetofthoseoftheoriginalSLHA1and so,unlessexplicitly m entioned in
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thetext,wewillassum etheconventionsoftheoriginalaccord [1]im plicitly.Forinstance,

alldim ensionfulparam etersquoted in the presentpaperare assum ed to be in the appro-

priate power ofGeV,allangles are in radians,and the output form ats for SLHA2 data

BLOCKsfollow those ofSLHA1. In a few casesitwillbe necessary to replace the original

conventions. Thisisclearly rem arked upon in allplaceswhere itoccurs,and the SLHA2

conventionsthen supersede theSLHA1 ones.

2 Extensions ofSLH A 1

Sinceits�rstpublication,afew usefulextensionstotheSLHA1havebeen identi�ed.These

are collected here for reference and are independent ofthe m ore generalSUSY m odels

discussed in subsequentsections.(Also note therecentproposalfora jointSLHA+LHEF

form atforBSM eventgeneration [49,50].)

Firstly,we introduce additionaloptionalentries in the SLHA1 block EXTPAR to allow

forusing eitherthe A 0 orH + pole m asses asinputinstead ofthe param eterm 2
A(M input)

de�ned in [1].

Secondly,toallow fordi�erentparam eterstobede�nedatdi�erentscales(e.g.,� de�ned

atM EW SB,therem aining param etersde�ned atM input)weintroducea new optionalblock

QEXTPARwhich,ifpresent,overridesthedefaultMINPAR and EXTPARscalechoicesforspeci�c

param eters,asde�ned below.

W hile there isno obligation on codesto im plem entthese extensions,we perceive itas

usefulthattheaccord allowsforthem ,enablingawiderrangeofinputparam etersetstobe

considered.Theentriesde�ned in EXTPAR and QEXTPAR in theSLHA2 arethus(repeating

unchanged EXTPAR entriesforcom pleteness):

BLOCK EXTPAR

Optionalinputparam etersfornon-m inim al/non-universalm odels.Thisblock m ay be en-

tirelyabsentfrom theinput�le,in which caseam inim altypeoftheselected SUSY breaking

m odelwillbe used. W hen block EXTPAR is present,the starting point is stilla m inim al

m odelwith param etersasgiven in MINPAR [1]butwith each value present in EXTPAR re-

placingthem inim alm odelvalueofthatparam eter,asapplicable.IfMINPAR isnotpresent,

then allm odelparam etersm ustbe speci�ed explicitly using EXTPAR.Allscale-dependent

param etersareunderstood to begiven in theDR schem e.
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Inputscale

0 :M input. Inputscale forEXTPAR entries in SUGRA,AM SB,and general

M SSM m odels.Ifabsent,theGUT scalederived from gaugeuni�cation

willbe used as input scale. Note that this param eter has no e�ect in

GM SB scenarios where the input scale by de�nition is identicalto the

m essengerscale,M m ess.A specialcaseiswhen Q = M EW SB �
p
m ~t1

m ~t2

isdesired asinputscale,since thisscale isnotknown beforehand.This

choice can be invoked by giving the specialvalue M input = �1. To

de�nean alternativeinputscaleforoneorm orespeci�cparam eters,see

QEXTPAR below.

Gaugino M asses

1 :M 1(M input).U(1)Y gaugino (Bino)m ass.

2 :M 2(M input).SU(2)L gaugino (W ino)m ass.

3 :M 3(M input).SU(3)C gaugino (gluino)m ass.

TrilinearCouplings

11 :A t(M input).Top trilinearcoupling.

12 :A b(M input).Bottom trilinearcoupling.

13 :A �(M input).Tau trilinearcoupling.

HiggsParam eters

| Only one ofthe param etersets(m 2
H 1
,m 2

H 2
),(�;m 2

A),(�;m A 0),or(�;m H + )should be

given,they m erely representdi�erentwaysofspecifying thesam eparam eters.

21 :m 2
H 1
(M input).Down typeHiggsm asssquared.

22 :m 2
H 2
(M input).Up typeHiggsm asssquared.

23 :�(M input).� param eter.

24 :m 2
A(M input). Tree{levelpseudoscalarHiggsm assparam etersquared,as

de�ned in [1].
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25 :tan�(M input).Ifpresent,thisvalueoftan� overridestheonein MINPAR,

and theinputscaleistaken asM input ratherthan m Z.

26 :m A 0.PseudoscalarHiggspolem ass.M aybegiven instead ofm 2
A(M input).

27 :m H + .Charged Higgspolem ass.M ay begiven instead ofm 2
A(M input).

Sferm ion M asses

31 :m ~eL (M input).Left1
stgen.scalarlepton m ass.

32 :m ~�L (M input).Left2
ndgen.scalarlepton m ass.

33 :m ~�L (M input).Left3
rdgen.scalarlepton m ass.

34 :m ~eR (M input).Rightscalarelectron m ass.

35 :m ~�R (M input).Rightscalarm uon m ass.

36 :m ~�R (M input).Rightscalartau m ass.

41 :m ~q1L (M input).Left1
stgen.scalarquark m ass.

42 :m ~q2L (M input).Left2
ndgen.scalarquark m ass.

43 :m ~q3L (M input).Left3
rdgen.scalarquark m ass.

44 :m ~uR (M input).Rightscalarup m ass.

45 :m ~cR (M input).Rightscalarcharm m ass.

46 :m ~tR
(M input).Rightscalartop m ass.

47 :m ~dR
(M input).Rightscalardown m ass.

48 :m ~sR (M input).Rightscalarstrangem ass.

49 :m ~bR
(M input).Rightscalarbottom m ass.

OtherExtensions

51 :N 1 (GM SB only).U(1)Y m essengerindex (de�ned asin ref.[51]).

52 :N 2 (GM SB only).SU(2)L m essengerindex (de�ned asin ref.[51]).

53 :N 3 (GM SB only).SU(3)C m essengerindex (de�ned asin ref.[51]).
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BLOCK QEXTPAR

Optionalalternative input scales forspeci�c param eters. This block should norm ally be

absent,in which case the defaultinputscale orM input (see EXTPAR 0)willbe used forall

param eters.W estressthatm ostcodescannotbeexpected to allow form ultiple arbitrary

scalechoices,so therelevantm anualand outputshould becarefully checked to m akesure

thedesired behaviourisobtained.Currently de�ned entriesare:

1 :Q M 1
.InputscaleforM 1.

2 :Q M 2
.InputscaleforM 2.

3 :Q M 3
.InputscaleforM 3.

11 :Q A u
.Inputscaleforup-typesquark trilinearcouplings.

12 :Q A d
.Inputscalefordown-typesquark trilinearcouplings.

13 :Q A ‘
.Inputscaleforcharged slepton trilinearcouplings.

21 :Q m 2
H 1

.Inputscaleform 2
H 1
.

22 :Q m 2
H 2

.Inputscaleform 2
H 2
.

23 :Q �.Inputscalefor�.

24 :Q m 2
A
.Inputscaleform 2

A,asde�ned in [1].

25 :Q tan �.Inputscalefortan�.

31 :Q m ~‘L

.Inputscaleforallleft-handed slepton m assterm s.

34 :Q m ~‘R

.Inputscaleforallright-handed slepton m assterm s.

41 :Q m ~qL
.Inputscaleforallleft-handed squark m assterm s.

44 :Q m ~uR
.Inputscaleforallright-handed up-typesquark m assterm s.

47 :Q m ~dR

.Inputscaleforallright-handed down-typesquark m assterm s.

3 M odelSelection

To de�ne the generalpropertiesofthe m odel,we propose to introduce globalswitchesin

theSLHA1 m odelde�nition block MODSEL,asfollows.Notethattheswitchesde�ned here

arein addition to theonesin [1].

BLOCK MODSEL

Switches and options for m odelselection. The entries in this block should consist ofan

index,identifying theparticularswitch in thelisting below,followed by anotherintegeror

realnum ber,specifying theoption orvaluechosen:
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3 :(Default=0)Choiceofparticlecontent.Switchesde�ned are:

0 :M SSM .Thiscorrespondsto SLHA1.

1 :NM SSM .Theblocksde�ned in section 5 should bepresent.

4 :(Default=0)R-parity violation.Switchesde�ned are:

0 :R-parity conserved.Thiscorrespondsto theSLHA1.

1 :R-parity violated.Theblocksde�ned in section 4.2should be

present.

5 :(Default=0)CP violation.Switchesde�ned are:

0 :CP isconserved. No inform ation even on the CKM phase is

used.Thiscorrespondsto theSLHA1.

1 :CP is violated,but only by the standard CKM phase. All

otherphasesareassum ed zero.

2 :CP isviolated.Com pletely generalCP phasesallowed.Im ag-

inary partscorresponding to the entriesin the SLHA1 block

EXTPAR can be given in IMEXTPAR (together with the CKM

phase). In the case of additionalSUSY 
avour violation,

im aginary parts ofthe blocks de�ned in section 4.1 should

be given,again with the pre�x IM,which supersede the cor-

responding entriesin IMEXTPAR.

6 :(Default=0)Flavourviolation.Switchesde�ned are:

0 :No(SUSY)
avourviolation.ThiscorrespondstotheSLHA1.

1 :Quark 
avour isviolated. The blocks de�ned in section 4.1

should bepresent.

2 :Lepton 
avourisviolated. The blocksde�ned in section 4.1

should bepresent.

3 :Lepton and quark 
avourisviolated. The blocksde�ned in

section 4.1 should bepresent.

4 G eneralM SSM

Forconvenience,wehererepeatthede�nitionsofthe�eld content,superpotentialand soft

SUSY-breaking potentialoftheM SSM in thenotation of[1].

Speci�cally,thechiralsuper�eldsoftheM SSM havethefollowing SU(3)C 
 SU(2)L 


U(1)Y quantum num bers

L : (1;2;� 1

2
); �E : (1;1;1); Q :(3;2;1

6
); �U :(�3;1;� 2

3
);

�D : (�3;1;1
3
); H 1 : (1;2;� 1

2
); H 2 :(1;2;

1

2
); (1)

thesuperpotential(om itting RPV term s,seesection 4.2)iswritten as

W M SSM = �ab

h

(YE )ijH
a
1L

b
i
�E j + (YD )ijH

a
1Q

b
i
�D j + (YU )ijH

b
2Q

a
i
�Uj � �H

a
1H

b
2

i

; (2)
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and thetrilinearand bilinearsoftSUSY-breaking potentialsV3 and V2 are

V3 = �ab
X

ij

h

(TE )ijH
a
1
~Lb
iL
~e�jR + (TD )ijH

a
1
~Q b
iL
~d�jR + (TU )ijH

b
2
~Q a
iL
~u�jR

i

+ h:c:; (3)

V2 = m
2
H 1
H

�
1a
H

a
1 + m

2
H 2
H

�
2a
H

a
2 +

~Q �
iL a
(m 2

~Q
)ij ~Q

a
jL
+ ~L�

iL a
(m 2

~L
)ij~L

a
jL
+

~uiR (m
2
~u)ij~u

�
jR
+ ~diR (m

2
~d
)ij~d

�
jR
+ ~eiR (m

2
~e)ij~e

�
jR
� (m 2

3�abH
a
1H

b
2 + h:c:); (4)

wherea tildeoverthesym bolfora quark orlepton super�eld denotesitsscalarcom ponent

(note however that we de�ne,e.g.,~u�R as the scalar com ponent of �U). Throughout this

section,we denote SU(2)L fundam entalrepresentation indices by a;b = 1;2 and genera-

tion indices by i;j = 1;2;3. Colourindices are everywhere suppressed,since only trivial

contractionsareinvolved.�ab isthetotally antisym m etric tensor,with �12 = �12 = 1.

4.1 Flavour V iolation

4.1.1 T he quark sector and the super-C K M basis

W ithin the M SSM there are in generalnew sources of
avour violation arising from a

possible m isalignm ent ofquarks and squarks in 
avour space. The severe experim ental

constraintson 
avourviolation have no directexplanation in the structure ofthe uncon-

strained M SSM which leadsto thewell-known supersym m etric 
avourproblem .

TheSuper-CKM basisofthesquarksisvery usefulin thiscontextbecausein thatbasis

onlyphysicallym easurableparam etersarepresent.In theSuper-CKM basisthequarkm ass

m atrix isdiagonaland thesquarksarerotated in parallelto theirsuperpartners.Actually,

oncetheelectroweak sym m etry isbroken,a rotation in 
avourspace

D
o = VdD ; U

o = Vu U ; �D o = U
�
d
�D ; �U o = U

�
u
�U ; (5)

ofallm attersuper�eldsin the(s)quark superpotential

W Q = �ab

h

(YD )ijH
a
1Q

bo
i
�D o
j + (YU )ijH

b
2Q

ao
i
�U o
j

i

(6)

bringsferm ionsfrom the interaction eigenstate basisfdoL;u
o
L;d

o
R;u

o
Rg to theirm asseigen-

statebasisfdL;uL;dR;uRg:

d
o
L = VddL ; u

o
L = VuuL ; d

o
R = UddR ; u

o
R = UuuR ; (7)

and the scalar superpartners to the basis f~dL;~uL;~dR;~uRg. Through this rotation, the

Yukawa m atricesYD and YU arereduced to theirdiagonalform ŶD and ŶU :

(ŶD )ii= (U
y

dY
T
D Vd)ii=

p
2
m di

v1
; (ŶU )ii= (U y

uY
T
U Vu)ii=

p
2
m u i

v2
: (8)

Tree-levelm ixing term sam ong quarksofdi�erentgenerationsaredueto them isalignm ent

ofVd and Vu,expressed via theCKM m atrix

VCK M = V
y
uVd ; (9)
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which isproportionaltothetree-level�uLidLjW
+ ,�uLidR jH

+ ,and �uR idLjH
+ couplings(i;j=

1;2;3).Thisisalso trueforthesupersym m etriccounterpartsofthesevertices,in thelim it

ofunbroken supersym m etry.

In thesuper-CKM basisthe6� 6m assm atricesfortheup-typeand down-typesquarks

arede�ned as

L
m ass
~q = � �y

u M
2
~u �u � �

y

dM
2
~d
�d ; (10)

where �u = (~uL;~cL;~tL;~uR;~cR;~tR )
T and �d = (~dL;~sL;~bL;~dR;~sR;~bR )

T. W e diagonalise the

squark m assm atricesvia6� 6 unitary m atricesR u;d,such thatR u;dM
2

~u;~d
R
y

u;d arediagonal

m atriceswith increasing m asssquared values.The
avour-m ixed m assm atricesread:

M
2
~u =

0

@
VCK M m̂ 2

~Q
V
y

CK M + m 2
u + D u LL

v2p
2
T̂
y

U � �m u cot�

v2p
2
T̂U � ��m u cot� m̂ 2

~u + m 2
u + D u R R

1

A ; (11)

M
2
~d
=

0

@
m̂ 2

~Q
+ m 2

d + D dLL
v1p
2
T̂
y

D � �m dtan�

v1p
2
T̂D � ��m dtan� m̂ 2

~d
+ m 2

d + D dR R

1

A : (12)

In theequationsaboveweintroduced the3� 3 m atrices

m̂
2
~Q
� V

y

d m
2
~Q
Vd; m̂

2
~u � U

y
u m

2
~u

T
Uu ; m̂

2
~d
� U

y

d m
2
~d

T
Ud; (13)

T̂U � U
y
u T

T
U Vu ; T̂D � U

y

d T
T
D Vd; (14)

wheretheun-hatted m assm atricesm 2
Q ;u;d and trilinearinteraction m atricesTU;D aregiven

in theinteraction basis.

Them atricesm u;d arethediagonalup-typeand down-typequark m assesand D f LL;R R

aretheD-term sgiven by:

D f LL;R R = cos2� m 2
Z

�

T
3
f � Q f sin

2
�W

�

1l3; (15)

which are also 
avour diagonal. Here,Q f is the electric charge ofthe left-handed chiral

superm ultiplet to which the squark belongs,i.e.,it is 2=3 for U and �2=3 for U c. Note

that the up-type and down-type squark m ass m atrices in eqs.(11) and (12) cannot be

sim ultaneously 
avour-diagonalunless m̂ 2
~Q
is 
avour-universal(i.e., proportionalto the

identity in 
avourspace).

4.1.2 T he lepton sector and the super-PM N S basis

Forthelepton sector,weadopta super-PM NS basis,asde�ned in thissection.

Neutrino oscillation data haveprovided a strong indication thatneutrinoshavem asses

and thatthere are 
avour-changing charged currentsin the leptonic sector. One popular

m odeltoproducesuch e�ectsisthesee-saw m echanism ,whereright-handed neutrinoshave

both M ajorana m assesaswellasYukawa couplingswith theleft-handed leptons.W hen the

heavy neutrinosare integrated outofthe e�ective �eld theory,one isleftwith three light

approxim ately left-handed neutrinos which are identi�ed with the ones observed experi-

m entally. There are otherm odelsofneutrino m asses,forexam ple involving SU(2)Higgs
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triplets,that,once the triplets have been integrated out,also lead to e�ective M ajorana

m assesforthe neutrinos. Here,we coverallcasesthatlead to a low energy e�ective �eld

theory with M ajorana neutrino m assesand onesneutrino perfam ily.In term softhislow

energy e�ective theory,the lepton m ixing phenom enon is analogousto the quark m ixing

caseand so weadapttheconventionsde�ned aboveto theleptoniccase.

After electroweak sym m etry breaking,the neutrino sector ofthe M SSM contains the

Lagrangian pieces(in 2{com ponentnotation)

L = �
1

2
�
oT(m �)�

o + h:c:; (16)

where m � isa 3� 3 sym m etric m atrix.The interaction eigenstate basisneutrino �elds�o

arerelated to them asseigenstateones� by

�
o = V��; (17)

reducing them assm atrix m � to itsdiagonalform m̂ �

(m̂ �)ii= (V T
� m �V�)ii= m �i: (18)

The charged lepton �elds have a 3� 3 Yukawa coupling m atrix de�ned in the (s)lepton

superpotential

W E = �ab(YE )ijH
a
1L

bo
i
�E o
j; (19)

wherethecharged lepton interaction eigenstatesfeoL;e
o
R garerelated tothem asseigenstates

feL;eR;g by

e
o
L = VeeL and e

o
R = UeeR : (20)

Theequivalentdiagonalised charged lepton Yukawa m atrix is

(ŶE )ii= (U y
eY

T
E Ve)ii=

p
2
m ei

v1
: (21)

Leptonm ixinginthechargedcurrentinteractioncanthenbecharacterised bythePM NS

m atrix

UP M N S = V
y
eV� ; (22)

which isproportionalto thetree-level�eLi�jW
� and �eR i�jH

� couplings(i;j= 1;2;3).This

isalso trueforthesupersym m etric counterpartsofthesevertices,in thelim itofunbroken

supersym m etry.

Rotating the interaction eigenstates ofthe sleptonsidentically to theirleptonic coun-

terparts,we obtain the super-PM NS basis for the charged sleptons and the sneutrinos,

described by theLagrangian1

L
m ass
~l

= ��y
eM

2
~e�e � �y

�M
2
~���; (23)

1W e hereneglectthepossible term �T

�
M̂ 2

~�
��.
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where�� = (~�e;~��;~��)
T and �e = (~eL;~�L;~�L;~eR;~�R;~�R )

T.M 2
~e isthe6� 6 m atrix

M
2
~e =

0

@
m̂ 2

~L
+ m 2

e + D eLL
v1p
2
T̂
y

E � �m etan�

v1p
2
T̂E � ��m etan� m̂ 2

~e + m 2
e + D eR R

1

A ; (24)

and M 2
~� isthe3� 3 m atrix

M
2
~� = U

y

P M N S m̂
2
~L
UP M N S + D �LL; (25)

whereD eLL and D �LL aregiven in eq.(15).In theequationsaboveweintroduced the3� 3

m atrices

m̂
2
~L
� V

y
e m

2
~L
Ve; m̂

2
~e � U

y
e m

2
~e

T
Ue; (26)

T̂E � U
y
e T

T
E Ve; (27)

where the un-hatted m assm atricesm 2
L;e and the trilinearinteraction m atrix TE are given

in the interaction basis. W e diagonalise the charged slepton and sneutrino m assm atrices

via theunitary 6�6 and 3� 3 m atricesR e;� respectively.Thus,R e;�M
2
~e;~�R

y
e;� arediagonal

with increasing entriestoward thebottom rightofeach m atrix.

4.1.3 Explicit proposalfor SLH A 2

As in the SLHA1 [1],for allrunning param eters in the output ofthe spectrum �le,we

propose to use de�nitionsin the m odi�ed dim ensionalreduction (DR)schem e. The basis

is the super-CKM /PM NS basis as de�ned above,that is the one in which the Yukawa

couplingsoftheSM ferm ions,given in theDR schem e,arediagonal.Notethatthem asses

and vacuum expectation values(VEVs)in eqs.(8),(18),and (21)m ustthusalso be the

running onesin theDR schem e.

The inputforan explicit im plem entation in a spectrum calculatorconsists ofthe fol-

lowing inform ation:

� By default,allinput SUSY param eters are given at the scale Minput as de�ned in

the SLHA1 block EXTPAR (see above). In principle,advanced codes m ay also allow

forseparate inputscalesforthe sferm ion m assm atricesand trilinearcouplings,via

the block QEXTPAR de�ned above,butwe em phasise thatthisshould be regarded as

non-standard.

� For the SM input param eters,we take the Particle Data Group (PDG) de�nition:

lepton m assesareallon-shell.Thelightquark m assesm u;d;s aregiven at2 GeV,and

the heavy quark m assesare given asm c(m c)
M S,m b(m b)

M S and m on� shell
t . The latter

two quantitiesare already in the SLHA1. The othersare added to SMINPUTS in the

following m anner(repeating theSLHA1 param etersforconvenience):

1 :�� 1em (m Z)
M S. Inverse electrom agnetic coupling atthe Z pole in the M S

schem e (with 5 active
avours).

2 :G F .Ferm iconstant(in unitsofGeV
� 2).
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3 :�s(m Z)
M S. Strong coupling at the Z pole in the M S schem e (with 5

active
avours).

4 :m Z,polem ass.

5 :m b(m b)
M S.bquark running m assin theM S schem e.

6 :m t,polem ass.

7 :m �,polem ass.

8 :m �3,polem ass.

11 :m e,polem ass.

12 :m �1,polem ass.

13 :m �,polem ass.

14 :m �2,polem ass.

21 :m d(2 GeV)
M S.d quark running m assin theM S schem e.

22 :m u(2 GeV)
M S.u quark running m assin theM S schem e.

23 :m s(2 GeV)
M S.s quark running m assin theM S schem e.

24 :m c(m c)
M S.cquark running m assin theM S schem e.

TheFORTRAN form atisthesam easthatofSMINPUTS in SLHA1 [1].

� VCK M : the input CKM m atrix in the W olfenstein param eterisation2,in the block

VCKMIN.Note that present CKM studies do not precisely de�ne a renorm alisation

schem e for this m atrix since the electroweak e�ects that renorm alise it are highly

suppressed and generally neglected. W e therefore assum e that the CKM elem ents

given by PDG (or by U T Fit [31]and C K M Fitter [32],the m ain collaborations

thatextracttheCKM param eters)referto SM M S quantitiesde�ned atQ = m Z,to

avoid any possibleam biguity.VCKMIN should havethefollowing entries

1 :�

2 :A

3 : ��

4 : ��

TheFORTRAN form atisthesam easthatofSMINPUTS above.

� UPM N S: the input PM NS m atrix,in the block UPMNSIN.It should have the PDG

param eterisation in term sofrotation angles[52](allin radians):

1 : ��12 (thesolarangle)

2 : ��23 (theatm osphericm ixing angle)

2FortheW olfenstein param etersweusethePDG de�nition,eq.(11.4)of[52],which isexacttoallorders

in �.
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3 : ��13 (currently only hasan upperbound)

4 :��13 (theDiracCP-violating phase)

5 :�1 (the�rstM ajorana CP-violating phase)

6 :�2 (thesecond CP-violating M ajorana phase)

The FORTRAN form at is the sam e as that of SMINPUTS above. M ajorana phases

have no e�ecton neutrino oscillations.However,they have physicalconsequencesin

thecaseof,forexam ple,��0� decay ofnuclei.

� (m̂2~Q )
D R
ij , (m̂ 2

~u)
D R
ij , (m̂ 2

~d
)D Rij , (m̂ 2

~L
)D Rij , (m̂ 2

~e)
D R
ij : the squark and slepton soft SUSY-

breaking m assesattheinputscalein thesuper-CKM /PM NS basis,asde�ned above.

They willbegiven in thenew blocksMSQ2IN,MSU2IN,MSD2IN,MSL2IN,MSE2IN,with

theFORTRAN form at

(1x,I2,1x,I2,3x,1P,E16.8,0P,3x,’#’,1x,A).

where the �rst two integers in the form at correspond to i and j and the double

precision num bertothesoftm asssquared.Onlythe\uppertriangle"ofthesem atrices

should be given. Ifdiagonalentries are present,these supersede the param eters in

theSLHA1 block EXTPAR.

� (̂TU )
D R
ij ,(T̂D )

D R
ij ,and (T̂E )

D R
ij : the squark and slepton soft SUSY-breaking trilinear

couplingsattheinputscalein thesuper-CKM /PM NS basis.They willbegiven in the

new blocksTUIN,TDIN,TEIN,in thesam eform atasthesoftm assm atricesabove.If

diagonalentriesarepresentthesesupersedetheA param etersspeci�ed in theSLHA1

block EXTPAR [1].

Fortheoutput,thepolem assesaregiven in block MASS asin SLHA1 (note,however,that

som e PDG num bers have di�erent assignm ents in SLHA2,see below) and the DR and

m ixing param etersasfollows:

� (m̂2~Q )
D R
ij , (m̂ 2

~u)
D R
ij , (m̂ 2

~d
)D Rij , (m̂ 2

~L
)D Rij , (m̂ 2

~e)
D R
ij : the squark and slepton soft SUSY-

breaking m asses at scale Q in the super-CKM /PM NS basis. W illbe given in the

new blocks MSQ2 Q=...,MSU2 Q=...,MSD2 Q=...,MSL2 Q=...,MSE2 Q=...,with

form atsasthecorresponding inputblocksMSX2IN above.

� (̂TU )
D R
ij ,(T̂D )

D R
ij ,and (T̂E )

D R
ij : The squark and slepton softSUSY-breaking trilinear

couplings in the super-CKM /PM NS basis. Given in the new blocks TU Q=...,TD

Q=...,TE Q=...,which supersede theSLHA1 blocksAD,AU,and AE,see[1].

� (̂YU )
D R
ii ,(ŶD )

D R
ii ,(ŶE )

D R
ii :thediagonalDR Yukawasin thesuper-CKM /PM NS basis,

with Ŷ de�ned by eqs.(8)and (21),atthe scale Q. Given in the SLHA1 blocksYU

Q=...,YD Q=...,YE Q=...,see [1]. Note thatalthough the SLHA1 blocksprovide

for o�-diagonalelem ents,only the diagonalones willbe relevant here,due to the

CKM /PM NS rotation.
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� TheentriesoftheDR CKM m atrix atthescaleQ.Therealand im aginary partsare

given in VCKM Q=... and IMVCKM Q=...,respectively. The form atofthe individual

entries is the sam e as for m ixing m atrices in the SLHA1. Note that the com plete

m atrix should beoutput,i.e.,allentriesshould beincluded.

� The entriesofthe DR PM NS m atrix atthe scale Q. The realand im aginary parts

are given in UPMNS Q=... and IMUPMNS Q=...,respectively,with entriesde�ned as

fortheVC K M outputblocksabove.

� The squark and slepton m asses and m ixing m atrices should be de�ned as in the

existing SLHA1,e.g.extending the~t,~band ~� m ixing m atricesto the6�6 case.M ore

speci�cally,the new blocks R u =USQMIX R d =DSQMIX,R e =SELMIX and the 3� 3

m atrix forR � =SNUMIX specify the com position ofthe m asseigenstatesin term sof

thesuper-CKM /PM NS basisstatesaccording to thefollowing de�nitions:

0

B
B
B
B
B
B
B
B
@

1000001

1000003

1000005

2000001

2000003

2000005

1

C
C
C
C
C
C
C
C
A

=

0

B
B
B
B
B
B
B
B
B
@

~d1
~d2
~d3
~d4
~d5
~d6

1

C
C
C
C
C
C
C
C
C
A

m ass� ordered

= DSQMIXij

0

B
B
B
B
B
B
B
B
B
@

~dL
~sL
~bL
~dR
~sR
~bR

1

C
C
C
C
C
C
C
C
C
A

super� CK M

; (28)

0

B
B
B
B
B
B
B
B
@

1000002

1000004

1000006

2000002

2000004

2000006

1

C
C
C
C
C
C
C
C
A

=

0

B
B
B
B
B
B
B
B
@

~u1
~u2
~u3
~u4
~u5
~u6

1

C
C
C
C
C
C
C
C
A

m ass� ordered

= USQMIXij

0

B
B
B
B
B
B
B
B
@

~uL
~cL
~tL
~uR
~cR
~tR

1

C
C
C
C
C
C
C
C
A

super� CK M

: (29)

0

B
B
B
B
B
B
B
B
@

1000011

1000013

1000015

2000011

2000013

2000015

1

C
C
C
C
C
C
C
C
A

=

0

B
B
B
B
B
B
B
B
@

~e1
~e2
~e3
~e4
~e5
~e6

1

C
C
C
C
C
C
C
C
A

m ass� ordered

= SELMIXij

0

B
B
B
B
B
B
B
B
@

~eL
~�L
~�L
~eR
~�R
~�R

1

C
C
C
C
C
C
C
C
A

super� PM N S

; (30)

0

B
@

1000012

1000014

1000016

1

C
A =

0

B
@

~�1
~�2
~�3

1

C
A

m ass� ordered

= SNUMIXij

0

B
@

~�e
~��
~��

1

C
A

super� PM N S

: (31)

N ote!A potentialforinconsistencyarisesifthem assesandm ixingsarenotcalculated

in the sam e way,e.g.ifradiatively corrected m assesare used with tree-levelm ixing

m atrices.In thiscase,itispossiblethattheradiativecorrectionsto them assesshift

the m ass ordering relative to the tree-level. This is especially relevant when near-

degenerate m assesoccurin the spectrum and/orwhen the radiative correctionsare

large. In these cases,explicitcare m ustbe taken especially by the program writing
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thespectrum ,butalsoby theonereadingit,toproperly arrangetherowsin theorder

ofthem assspectrum actually used.

� O ptionally,we allow forthe possibility ofthe scalarand pseudoscalarcom ponents

ofthesneutrinostobetreated separately.In thiscase,wede�neseparatePDG codes

and m ixing m atricesforthescalarand pseudoscalarsneutrinos,asfollows:
0

B
@

1000012

1000014

1000016

1

C
A =

0

B
@

~�1S
~�2S
~�3S

1

C
A

m ass� ordered

= SNSMIXij

0

B
@

p
2Ref~�egp
2Ref~��gp
2Ref~��g

1

C
A

super� PM N S

; (32)

0

B
@

1000017

1000018

1000019

1

C
A =

0

B
@

~�1A
~�2A
~�3A

1

C
A

m ass� ordered

= SNAMIXij

0

B
@

p
2Im f~�egp
2Im f~��gp
2Im f~��g

1

C
A

super� PM N S

: (33)

Ifpresent,SNSMIX and SNAMIX supersede SNUMIX.

4.2 R -Parity V iolation

W ewritetheR-parity violating superpotentialin theinteraction basisas

W R PV = �ab

�
1

2
�ijkL

a
iL

b
j
�E k + �

0
ijkL

a
iQ

bx
j
�D kx � �iL

a
iH

b
2

�

+
1

2
�
00
ijk�xyz

�U x
i
�D
y

j
�D z
k; (34)

wherex;y;z= 1;:::;3arefundam entalSU(3)C indicesand�xyz isthetotallyantisym m etric

tensorin 3 dim ensionswith �123 = +1.In eq.(34),�ijk;�
0
ijk and �i break lepton num ber,

whereas �00ijk violate baryon num ber. To ensure proton stability, either lepton num ber

conservation or baryon num ber conservation is usually stillassum ed,resulting in either

�ijk = �0ijk = �i= 0 or�00ijk = 0 foralli;j;k = 1;2;3.

ThetrilinearR-parity violating term sin thesoftSUSY-breaking potentialare

V3;R PV = �ab

�
1

2
(T)ijk~L

a
iL
~Lb
jL~e

�
kR + (T0)ijk~L

a
iL
~Q b
jL
~d�kR

�

+
1

2
(T00)ijk�xyz~u

x�
iR
~d
y�

jR
~dz�kR + h:c: : (35)

Note thatwe do notfactoroutthe � couplings(e.g.asin Tijk=�ijk � A �;ijk)in orderto

avoid potentialproblem s with �ijk = 0 but Tijk 6= 0. This usage is consistent with the

convention fortheR-conserving sectorelsewhere in thisreport.

ThebilinearR-parity violating softterm s(alllepton num berviolating)are

V2;R PV = ��abD i
~La
iLH

b
2 +

~L
y

iaLm
2
~LiH 1

H
a
1 + h:c:: (36)

W hen lepton num berisnotconserved thesneutrinosm ay acquirevacuum expectation

values(VEVs)h~�e;�;�i� ve;�;�=
p
2. The SLHA1 de�ned the VEV v,which attree levelis

equalto 2m Z=

q

g2 + g02 � 246 GeV;thisisnow generalised to

v =
q

v21 + v22 + v2e + v2� + v2� : (37)
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Theaddition ofsneutrinoVEVsallowsforvariousdi�erentde�nitionsoftan�,butwehere

chooseto keep theSLHA1 de�nition tan� = v2=v1.

Forinput/output,we use the super-CKM /PM NS basisthroughout,asde�ned in sec-

tion 4.1 with thefollowing considerationsspeci�cto theR-parity violating case.

Firstly,thed-quark m assm atricesaregiven by

p
2(m d)ij = (YD )ijv1 + �

0
kijvk : (38)

wherevk arethesneutrinoVEVs.Secondly,in thelepton num berviolatingcase,thePM NS

m atrix can only be de�ned consistently by taking into account the 1-loop contributions

induced by the lepton-num ber violating couplings (see,e.g.,[43]). W e here restrict our

attention to scenarios in which there are no right-handed neutrinos and,thus,neutrino

m asses are generated solely by the lepton num ber violating couplings. In this case,the

PM NS m atrix isnotan independentinputbutan output.

Forde�niteness,and tokeep thechangeswith respecttotheR-parityconservingcaseas

lim ited aspossible,wede�nethesuper-CKM basisastheonewheretheYukawa couplings

YD and YU arediagonal.ThePM NS basisisde�ned asthebasiswhereYE isdiagonaland

theloop-induced neutrino m assm atrix isdiagonalised.In thisway oneobtainsa uniquely

de�ned setofparam eters:

�̂ijk � �rstV�;riVe;sjU
y

e;tk ; (39)

�̂
0
ijk � �

0
rstV�;riVd;sjU

y

d;tk ; (40)

�̂i � �rVe;ri ; (41)

�̂
00
ijk � �

00
rstU

y

u;riU
y

d;sjU
y

d;tk ; (42)

where the ferm ion m ixing m atrices are de�ned in section 4.1. The Lagrangian for the

quark-slepton interactionsthen takesthefollowing form :

L = � �̂
0
ijk~�i

�dR kdLj + �̂
0
rskU

y

P M N S;riV
y

C K M ;sj
~lL;i�dR kuLj + h:c:: (43)

Sim ilarly oneobtainsthesoftSUSY breakingcouplingsin thisbasisby replacingthesuper-

potentialquantitiesin eqs.(39){(42)by the corresponding softSUSY breaking couplings.

In addition wede�ne:

m̂
2
~LiH 1

� V
y

e;irm
2
~LrH 1

: (44)

4.2.1 Input/O utput B locks

Asm entioned above,weusethesuper-CKM /PM NS basisthroughout,forboth superpoten-

tialand softSUSY-breaking term s. Thisappliesto both inputand output3. The nam ing

convention forinputblocksisBLOCK RV#IN,where the ’#’characterrepresents the nam e

3A code m ay need to convertinternally the param eters to the interaction basis. In this case it m ust

supply { or take as additionalinputs { the individualrotation m atrices ofquark and lepton super�elds

entering eqs.(39){(42).
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ofthe relevant outputblock given below (thus,forexam ple,the \LLE" couplings in the

super-PM NS basis,�̂ijk,would begiven in BLOCK RVLAMLLEIN).

DefaultinputsforallR-parityviolatingcouplingsarezero.Theinputsaregiven atscale

M input,as described in SLHA1 (again,ifno M input is given,the GUT scale is assum ed),

and follow theoutputform atgiven below (with theom ission ofQ= ...).In addition,the

known ferm ion m assesshould begiven in SMINPUTS asde�ned in section 4.1.3.

Thedim ensionlesssuper-CKM /PM NS couplings �̂ijk,�̂
0
ijk,and �̂

00
ijk aregiven in BLOCK

RVLAMLLE, RVLAMLQD, RVLAMUDD Q= ... respectively. The outputstandard should cor-

respond to theFORTRAN form at

(1x,I2,1x,I2,1x,I2,3x,1P,E16.8,0P,3x,’#’,1x,A) .

wherethe�rstthreeintegersin theform atcorrespond toi,j,and k and thedoubleprecision

num beristhecoupling.

T̂ijk,T̂
0
ijk,and T̂

00
ijk are given in BLOCK RVTLLE, RVTLQD, RVTUDD Q= ... in the sam e

form atasforthe �̂ couplingsabove.

The bilinearsuperpotentialand softSUSY-breaking term s �̂i,D̂ i,and m̂ 2
~LiH 1

and the

sneutrino VEVs are given in BLOCK RVKAPPA, RVD, RVM2LH1, RVSNVEV Q= ... respec-

tively,in theform at

(1x,I2,3x,1P,E16.8,0P,3x,’#’,1x,A) .

Theinputand outputblocksforR-parity violating couplingsaresum m arised in Tab.1.

AsfortheR-conservingM SSM ,thebilinearterm s(both SUSY-breakingand SUSY-respect-

ingones,including�)and theVEVsarenotindependentparam eters.They becom erelated

by thecondition ofelectroweak sym m etry breaking.Thus,in theSLHA1,onehad thepos-

sibility either to specify m 2
H 1

and m 2
H 2

or � and m 2
A. Thiscarriesoverto the RPV case,

where notallthe param etersin theinputblocksRV...IN in Tab.1 can be given sim ulta-

neously.Speci�cally,ofthelast4 blocksonly 3 areindependent.Oneblock isdeterm ined

by m inim ising the Higgs-sneutrino potential. W e do nothere insiston a particularchoice

forwhich ofRVKAPPAIN,RVDIN,RVSNVEVIN,and RVM2LH1IN to leaveout,butleaveitup to

thespectrum calculatorsto acceptoneorm orecom binations.

4.2.2 Particle M ixing

In general,theneutrinosm ix with theneutralinos.Thisrequiresa changein thede�nition

ofthe 4� 4 neutralino m ixing m atrix N to a 7� 7 m atrix. The Lagrangian containsthe

(sym m etric)neutrino/neutralino m assm atrix as

L
m ass
~�0 = �

1

2
~ 0T

M ~ 0
~ 0 + h:c:; (45)

in the basis of2{com ponent spinors ~ 0 = (�e;��;��;�i~b;�i~w
3;~h1;~h2)

T. W e de�ne the

unitary 7� 7 neutrino/neutralino m ixing m atrix N (block RVNMIX),such that:

�
1

2
~ 0T

M ~ 0
~ 0 = �

1

2
~ 0T

N
T

| {z }

~�0T

N
�
M ~ 0N

y

| {z }

diag(m
~�0
)

N ~ 0

|{z}

~�0

; (46)
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Inputblock Outputblock data

RVLAMLLEIN RVLAMLLE ij k �̂ijk

RVLAMLQDIN RVLAMLQD ij k �̂0ijk

RVLAMUDDIN RVLAMUDD ij k �̂00ijk

RVTLLEIN RVTLLE ij k T̂ijk

RVTLQDIN RVTLQD ij k T̂0
ijk

RVTUDDIN RVTUDD ij k T̂00
ijk

NB:Oneofthefollowing RV...IN blocksm ustbeleftout:

(which oneup to userand RGE code)

RVKAPPAIN RVKAPPA i�̂i

RVDIN RVD iD̂ i

RVSNVEVIN RVSNVEV ivi

RVM2LH1IN RVM2LH1 im̂ 2
~LiH 1

Table 1:Sum m ary ofR-parity violating SLHA2 data blocks. Allparam etersare given in

the Super-CKM /PM NS basis. Only 3 out ofthe last 4 blocks are independent. W hich

block to leave outofthe inputisin principle up to the user,with the caveatthata given

spectrum calculatorm ay notacceptallcom binations. See textfora precise de�nition of

theform at.

where the 7 (2{com ponent) generalised neutrinos ~�0 = (�1;:::;�7)
T are de�ned strictly

m ass-ordered,i.e.,with the 1st,2nd,3rd lightest corresponding to the m ass entries for the

PDG codes 12,14,and 16,and the fourheaviest to the PDG codes 1000022,1000023,

1000025,and 1000035 (seealso appendix A).

N ote! although these codesare norm ally associated with nam esthatim ply a speci�c


avourcontent,such ascode12 being �e and so forth,itwould beexceedingly com plicated

to m aintain such a correspondence in the contextofcom pletely generalm ixing,hence we

donotm akeany such association here.The
avourcontentofeach state,i.e.,ofeach PDG

num ber,isin generalonlyde�ned by itscorrespondingentriesin them ixingm atrixRVNMIX.

Note,however,thatthe
avourbasisisordered so astoreproducetheusualassociationsin

thetrivialcase(m odulotheunknown 
avourcom position oftheneutrinom asseigenstates).

In thelim itofCP conservation,thedefaultconvention isthatN bea realm atrix and

oneorm oreofthem asseigenstatesm ay havean apparentnegativem ass.Them inussign

m ay berem oved by phasetransform ationson ~�0i � �i asexplained in SLHA1 [1].

Charginos and charged leptons m ay also m ix in the case ofL-violation. In a sim ilar

spiritto theneutralino m ixing,wede�ne4

L
m ass
~�+ = � ~ � T

M ~ +
~ + + h:c:; (47)

inthebasisof2{com ponentspinors ~ � = (eL;�L;�L;�i~w
�;~h�1 )

T,~ + = (�eR;��R;��R ;�i~w
+;~h+2 )

T,

where ~w � = (~w 1 � ~w 2)=
p
2. Note thatin the lim itofno RPV the lepton �eldsare m ass

4Note that the absence ofa factor1=2 on the r.h.s.ofeq.(47) correctsand supersedesthe published

version ofthispaper.
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eigenstates.

W e de�ne the unitary 5 � 5 charged ferm ion m ixing m atrices U;V ,blocks RVUMIX,

RVVMIX,such that:

� ~ � T
M ~ +

~ + = � ~ � T
U
T

| {z }

�� T

U
�
M ~ + V

y

| {z }

diag(m
~�+

)

V ~ +

| {z }

�+

: (48)

Thegeneralised charged leptons ~�� � (e1;e2;e3;e4;e5)arefour-com ponentDiracferm ions,

and the left-handed and right-handed partsofei are the two-com ponentferm ions�
�
i and

��+i ,respectively. They are de�ned asstrictly m assordered,i.e.,with the 3 lighteststates

correspondingtothePDG codes11,13,and 15,and thetwoheaviesttothecodes1000024,

1000037.Asforneutralinom ixing,the
avourcontentofeach stateisin noway im plied by

itsPDG num ber,butisonly de�ned by itsentriesin RVUMIX and RVVMIX.Note,however,

that the 
avour basis is ordered so as to reproduce the usualassociations in the trivial

case. Forhistoricalreasons,codes11,13,and 15 pertain to the negatively charged �eld

while codes1000024 and 1000037 pertain to the opposite charge. The com ponentsof~��

in \PDG notation" would thus be (11,13,15,-1000024,-1000037). In the lim it ofCP

conservation,U and V arechosen to berealby default.

R-parity violation via lepton num ber violation im plies that the sneutrinos can m ix

with the Higgsbosons. In the lim itofCP conservation the CP-even (-odd)Higgsbosons

m ix with real(im aginary) partsofthe sneutrinos. W e write the neutralscalars as�0 �
p
2Re

n

(H 0
1;H

0
2;~�e;~��;~��)

T
o

,with them assterm

L = �
1

2
�
0T
M

2
�0�

0
; (49)

whereM 2
�0
isa5� 5sym m etricm assm atrix.W ede�netheorthogonal5� 5m ixingm atrix

@ (block RVHMIX)by

� �
0T
M

2
�0�

0 = � �
0T
@
T

| {z }

� 0T

@M
2
�0@

T

| {z }

diag(m 2

� 0
)

@�
0

|{z}

� 0

; (50)

where �0 � (h01;h
0
2;h

0
3;h

0
4;h

0
5)aretheneutralscalarm asseigenstatesin strictly increasing

m assorder(thatis,we use the labelh forany neutralscalarm ass eigenstate,regardless

ofwhetheritism ore \Higgs-like" or\sneutrino-like"). The statesare num bered sequen-

tiallybythePDG codes(25,35,1000012,1000014,1000016),regardlessof
avourcontent.

Thesam econvention willbefollowed below fortheneutralpseudoscalarsand thecharged

scalars.

W ewritetheneutralpseudo-scalarsas��0 �
p
2Im

n

(H 0
1;H

0
2;~�e;~��;~��)

T
o

,with them ass

term

L = �
1

2
��0TM 2

��0
��0 ; (51)

whereM 2
��0
isa 5� 5 sym m etricm assm atrix.W ede�nethe4� 5 m ixing m atrix �@ (block

RVAMIX)by

� ��0TM 2
��0
��0 = � ��0T �@T

| {z }
�� 0T

�@M 2
��0
�@T

| {z }

diag(m 2
�� 0
)

�@��0
|{z}
�� 0

; (52)
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where ��0 � (A 0
1;A

0
2;A

0
3;A

0
4)arethepseudoscalarm asseigenstates,again in strictly increas-

ing m ass order. The states are num bered sequentially by the PDG codes (36,1000017,

1000018,1000019),regardlessof
avourcom position.The Goldstoneboson G 0 (the\5th

com ponent") has been explicitly left out and the 4 rows of�@ form a set oforthonorm al

vectors.

If the blocks RVHMIX, RVAMIX are present, they supersede the SLHA1 ALPHA vari-

able/block.

The charged sleptons and charged Higgs bosons also m ix in the 8 � 8 m ass squared

m atrix M 2
��

by a 7� 8 m atrix C (block RVLMIX):

L = � (H �
1

�
;H

+
2 ;~e

�
Li
;~e�R j

)C y

| {z }

� +

CM
2
�� C

y

| {z }

diag(M 2

� �
)

C

0

B
B
B
B
@

H
�
1

H
+
2

�

~eLk

~eR l

1

C
C
C
C
A

; (53)

where i;j;k;l2 f1;2;3g,�;� 2 f1;:::;6g and �+ = �� y � (h+1 ;h
+
2 ;h

+
3 ;h

+
4 ;h

+
5 ;h

+
6 ;h

+
7 );

thesestatesarenum bered sequentially bythePDG codes(37,1000011,1000013,1000015,

2000011,2000013,2000015),regardlessof
avourcom position.The Goldstoneboson G +

(the \8th com ponent") has been explicitly left out and the 7 rows ofC form a set of

orthonorm alvectors.

R-parityviolation m ayalsogeneratecontributionstodown-squarkm ixingviaadditional

left-rightm ixing term s,

1
p
2
v1T̂

y

D ;ij � �m d;itan��ij +
vk
p
2
T̂
y

�0;kij (54)

where vk are the sneutrino vevs. However, this only m ixes the six down-type squarks

am ongstthem selvesand so isidenticalto the e�ectsof
avourm ixing. Thisiscovered in

section 4.1 (along with otherform sof
avourm ixing).

4.3 C P V iolation

W hen adding CP violation to the M SSM m odelparam eters and m ixing m atrices (for a

recent review see, e.g., the CPNSH report [44]), the SLHA1 blocks are understood to

contain therealpartsoftherelevantparam eters.Theim aginary partsshould beprovided

with exactly thesam eform at,in aseparateblock ofthesam enam ebutprefaced by IM.The

defaultsforallim aginary param eterswillbezero.Thus,forexam ple,BLOCK IMAU, IMAD,

IMAE, Q= ... would describe the im aginary parts ofthe trilinear soft SUSY-breaking

scalarcouplings.Forinput,BLOCK IMEXTPARm aybeused toprovidetherelevantim aginary

parts ofsoft SUSY-breaking inputs. In cases where the de�nitions ofthe current paper

supersedetheSLHA1 inputand outputblocks,com pletely equivalentstatem entsapply.

Onespecialcaseisthe� param eter.W hen therealpartof� isgiven in EXTPAR 23,the

im aginarypartshould begiven in IMEXTPAR 23,asabove.However,when j�jisdeterm ined

bytheconditionsforelectroweak sym m etrybreaking,onlythephase’� istaken asan input

param eter. In this case,SLHA2 generalises the entry MINPAR 4 to contain the cosine of
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the phase (as opposed to just sign(�)in SLHA1),and we further introduce a new block

IMMINPAR whoseentry 4 givesthesineofthephase,thatis:

BLOCK MINPAR

4 :CP conserved:sign(�).

CP violated:cos’� = Ref�g=j�j.

BLOCK IMMINPAR

4 :CP conserved:n/a.

CP violated:sin’� = Im f�g=j�j.

Notethatcos’� coincideswith sign(�)in theCP-conserving case.

W hen CP sym m etry is broken,quantum corrections cause m ixing between the CP-

even and CP-odd Higgsstates. W riting the neutralscalarinteraction eigenstatesas�0 �p
2(RefH 0

1g;RefH
0
2g;Im fH 0

1g;Im fH 0
2g)

T wede�nethe3� 4 m ixing m atrix S (blocks

CVHMIX and IMCVHMIX)by

� �
0T
M

2
�0�

0 = � �
0T
S
T

| {z }

� 0T

S
�
M

2
�0S

y

| {z }

diag(m 2

� 0
)

S�
0

|{z}

� 0

; (55)

where �0 � (h01;h
0
2;h

0
3)
T are the m asseigenstates;these statesare num bered sequentially

by the PDG codes (25,35,36),regardless of
avour com position. That is,even though

thePDG reservescode36 fortheCP-odd state,wedo notm aintain such a labelling here,

noronethatreducesto it.Thism eansonedoeshavetoexercisesom ecaution when taking

theCP conserving lim it.

The m atrix S thus gives the decom position ofthe three physicalm ass eigenstates in

term softhe fourinteraction eigenstates,allin one go,with the Goldstone boson G 0 ex-

plicitly projected outand the3 rowsofS form ing a setoforthonorm alvectors.

Forcom parison,intheliterature,theprojecting-outoftheGoldstonebosonisoftendone

asa separatestep,by �rstperform ing a rotation by theangle�.(Thisis,forinstance,the

prescription followed by C PsuperH [13]). In such an approach,ourm atrix S would be

decom posed as:

S�
0 =

0

B
@

0

O 3� 3 0

0

1

C
A

0

B
B
B
@

1 0 0 0

0 1 0 0

0 0 � sin� cos�

0 0 cos� sin�

1

C
C
C
A
�
0

| {z }

(
p
2R efH 0

1g;
p
2R efH 0

2g;A
0
tree;G

0
tree)

T

; (56)

whereO 3� 3 givesthedecom position ofthethreephysicalm asseigenstatesin term softhe

interm ediate basis ~�0 = (
p
2RefH 0

1g;
p
2RefH 0

2g;A
0
tree)

T,with A 0
tree denoting the tree-

levelM SSM non-Goldstone pseudoscalarm asseigenstate. Note thata sim ple rotation by
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� su�cesto translatebetween thetwo conventions,so whicheveristhem orepracticalcan

easily beused.

A second alternative convention,e.g.adopted by FeynH iggs [11,38],isto also rotate

theCP-even statesby theangle� aspartofthe�rststep.In thiscase,ourm atrix S would

bedecom posed as:

S�
0 =

0

B
@

0

R 3� 3 0

0

1

C
A

0

B
B
B
@

� sin� cos� 0 0

cos� sin� 0 0

0 0 � sin� cos�

0 0 cos� sin�

1

C
C
C
A
�
0

| {z }

(h0;H 0;A 0;G 0)Ttree

; (57)

with � de�ned asthem ixinganglein theCP-even Higgssectorattree-leveland R 3� 3 giving

thedecom position ofthethreephysicalm asseigenstatesin term softheinterm ediatebasis
~�0 = (h0;H 0;A 0)Ttree,that is in term s ofthe the tree-levelm ass eigenstates. In order to

translate between S and R 3� 3,the tree-levelangle � would thus also be needed. This

should begiven in theSLHA1 outputBLOCK ALPHA:

BLOCK ALPHA

CP conserved:�;precisede�nition up to spectrum calculator,seeSLHA1.

CP violated: �tree. M ust be accom panied by the m atrix S,as described

above,in theblocksCVHMIX and IMCVHMIX.

For the neutralino and chargino m ixing m atrices, the default convention in SLHA1

(and hence forthe CP conserving case)isthatthey be realm atrices. One orm ore m ass

eigenvalues m ay then have an apparent negative sign,which can be rem oved by a phase

transform ation on ~�i as explained in SLHA1 [1]. W hen going to CPV,the reason for

introducing thenegative-m assconvention in the�rstplace,nam ely m aintaining them ixing

m atricesstrictly real,disappears.W ethereforeheretakeallm assesrealand positive,with

N ,U,and V com plex.Thisdoeslead to a nom inaldissim ilarity with SLHA1 in thelim it

ofvanishing CP violation,butwenotethattheexplicitCPV switch in MODSEL can beused

to decideunam biguously which convention to follow.

5 T he N ext-to-M inim alSupersym m etric SM

The�rstquestion tobeaddressed in de�ning universalconventionsforthenext-to-m inim al

supersym m etric standard m odelisjustwhat�eld contentand which couplingsthisnam e

should apply to. The �eld contentisalready fairly wellagreed upon;we shallhere de�ne

the next-to-m inim alcase ashaving exactly the �eld contentofthe M SSM with the addi-

tion ofone gauge-singletchiralsuper�eld. Asto couplingsand param eterisations,several

de�nitions exist in the literature (for a recent review see,e.g.,the CPNSH report [45]).

Ratherthan adopting a particularone,ortreating each specialcase separately,below we

choose instead to work atthe m ostgenerallevel. Any particularspecialcase can then be
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obtained by setting di�erentcom binationsofcouplingsto zero. Forthe tim e being,how-

ever,we do specialise to theSLHA1-like case withoutCP violation,R-parity violation,or


avourviolation.Below,weshallusetheacronym NM SSM forthisclassofm odels,butwe

em phasisethatweunderstand itto relateto �eld contentonly,and notto thepresenceor

absenceofspeci�ccouplings.

5.1 C onventions

W ewritethem ostgeneralCP conservingNM SSM superpotentialas(extendingthenotation

ofSLHA1):

W N M SSM = W M SSM � �ab�SH
a
1H

b
2 +

1

3
�S

3 +
1

2
�
0
S
2 + �F S ; (58)

where W M SSM isthe M SSM superpotential,eq.(2). A non-zero � in com bination with a

VEV hSiofthe singletgeneratesa contribution to the e�ective � term �e� = � hSi+ �,

wheretheM SSM � term isnorm ally assum ed tobezero in NM SSM constructions,yielding

�e� = � hSi. The sign ofthe � term in eq.(58) coincides with the one in [16,37]where

the Higgsdoubletsuper�elds appearin opposite order. The rem aining term srepresenta

generalcubic potentialforthe singlet;� isdim ensionless,�0 hasdim ension ofm ass5,and

�F hasdim ension ofm asssquared.ThesoftSUSY-breaking term srelevantto theNM SSM

are

Vsoft = V2;M SSM + V3;M SSM + m
2
SjSj

2+ (��ab�A�SH
a
1H

b
2+

1

3
�A�S

3+
1

2
m

02
S S

2+ �SS + h:c:);

(59)

whereVi;M SSM aretheM SSM softterm sde�ned in eqs.(3)and (4),and wehaveintroduced

thenotation m 02
S � B 0�0.

At tree level,there are thus 15 param eters (in addition to m Z which �xes the sum

ofthe squared Higgs VEVs) that are relevant for the Higgs sector ofthe R-parity and

CP-conserving NM SSM :

tan�;�;m 2
H 1
;m

2
H 2
;m

2
3;�;�;A�;A �;�

0
;m

02
S ;�F ;�S;� hSi;m

2
S : (60)

Them inim isation ofthee�ectivepotentialim poses3 conditionson theseparam eters,such

that only 12 ofthem can be considered independent. W e leave it up to each spectrum

calculator to decide on which com binations to accept. For the purpose ofthis accord,

we note only thatto specify a generalm odelexactly 12 param etersfrom eq.(60)should

be provided in the input,including explicitzeroes forparam etersdesired \switched o�".

However,since � = m 2
3 = �0 = m 02

S = �F = �S = 0 in the m ajority ofphenom enological

constructions,forconvenience we also allow fora six-param eter speci�cation in term s of

thereduced param eterlist:

tan�;m 2
H 1
;m

2
H 2
;�;�;A�;A �;� hSi;m

2
S : (61)

5Note thatthe factors1=2 in frontofthe �0 and m
0

S
term sin eqs.(58)and (59),respectively,correct

and supersedethe published version ofthispaper.
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To sum m arise,in addition to m Z,the input to the accord should contain either 12

param etersfrom the listgiven in eq.(60),including zeroesforparam etersnotpresentin

thedesired m odel,oritshould contain 6 param etersfrom thelistin eq.(61),in which case

the rem aining 6 \non-standard" param eters,�,m 2
3,�

0,m 02
S ,�F ,and �F ,willbe assum ed

to be zero;in both cases the 3 unspeci�ed param eters (as,e.g.,m 2
H 1
,m 2

H 2
,and m 2

S)are

assum ed to bedeterm ined by them inim isation ofthee�ectivepotential.

5.2 Input/O utput B locks

Firstly,as described above in section 3,BLOCK MODSEL should contain the switch 3 with

value1,corresponding to thechoiceoftheNM SSM particlecontent.

Secondly,forthe param etersthatare also present in the M SSM ,we re-use the corre-

sponding SLHA1 entries.Thatis,m Z should begiven in SMINPUTS entry 4 and m 2
H 1
;m 2

H 2

can begiven in theEXTPARentries21and 22.tan� should eitherbegiven in MINPAR entry3

(default)orEXTPAR entry 25(user-de�ned inputscale),asin SLHA1.If� should bedesired

non-zero,itcan begiven in EXTPAR entry 23.Thecorresponding softparam eterm 2
3 can be

given in EXTPAR entry 24,in theform m 2
3=(cos� sin�),see[1].The notation m

2
A thatwas

used forthatparam eterin theSLHA1 isno longerrelevantin theNM SSM context,butby

keeping thede�nition in term sofm 2
3 and cos� sin� unchanged,wem aintain an econom ical

and straightforward correspondence between thetwo cases.

Further,new entriesin BLOCK EXTPAR havebeen de�ned fortheNM SSM speci�cinput

param eters,asfollows. Asin the SLHA1,these param etersare allgiven atthe com m on

scaleM input,which can eitherbeleftup tothespectrum calculatororgiven explicitly using

EXTPAR 0 orQEXTPAR (seesection 2):

BLOCK EXTPAR

Inputparam etersspeci�cto theNM SSM (in addition to theentriesde�ned in section 2)

61 :�(M input).SuperpotentialtrilinearHiggsSH 2H 1 coupling.

62 :�(M input).SuperpotentialcubicS coupling.

63 :A �(M input).SofttrilinearHiggsSH 2H 1 coupling.

64 :A �(M input).SoftcubicS coupling.

65 :� hSi(M input).Vacuum expectation valueofthesinglet(scaled by �).

66 :�F (M input).SuperpotentiallinearS coupling.

67 :�S(M input).SoftlinearS coupling.

68 :�0(M input).SuperpotentialquadraticS coupling.

69 :m 02
S (M input).SoftquadraticS coupling (som etim esdenoted �0B 0).

70 :m 2
S(M input).Softsingletm asssquared.
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Im portantnote:only12oftheparam eterslisted ineq.(60)should begiven asinputat

anyonetim e(includingexplicitzeroesforparam etersdesired \switched o�"),therem aining

onesbeing determ ined by them inim isation ofthee�ectivepotential.W hich com binations

to accept is left up to the individualspectrum calculator program s. Alternatively, for

m inim alm odels,6 param etersofthoselisted in eq.(61)should begiven.

For non-zero values, signs can be either positive or negative. As noted above, the

m eaning ofthe already existing entries EXTPAR 23 and 24 (the M SSM � param eter and

corresponding softterm )arem aintained,which allows,in principle,fornon-zero valuesfor

both � and hSi. The reason forchoosing � hSiratherthan hSiasinputparam eter65 is

thatitallowsm oreeasily to recovertheM SSM lim it�,� ! 0,hSi! 1 with � hSi�xed.

In the spectrum output, running NM SSM param eters corresponding to the EXTPAR

entriesabovecan begiven in theblock NMSSMRUN Q=...:

BLOCK NMSSMRUN Q=...

Outputparam etersspeci�cto theNM SSM ,given in theDR schem e,atthescaleQ.Asin

the SLHA1,severalofthese blocksm ay be given sim ultaneously in the output,each then

corresponding toa speci�cscale.Seecorresponding entriesin EXTPAR aboveforde�nitions.

1 :�(Q)D R.

2 :�(Q)D R.

3 :A �(Q)
D R.

4 :A �(Q)
D R.

5 :� hSi(Q)D R.

6 :�F (Q)
D R.

7 :�S(Q)
D R.

8 :�0(Q)D R.

9 :m 02
S (Q)

D R.

10 :m 2
S(Q)

D R.

5.3 Particle M ixing

IntheCP-conservingNM SSM ,theCP-eveninteractioneigenstatesare�0 �
p
2Re

n

(H 0
1;H

0
2;S)

T
o

.

W ede�netheorthogonal3� 3 m ixing m atrix S (block NMHMIX)by

� �
0T
M

2
�0�

0 = � �
0T
S
T

| {z }

� 0T

SM
2
�0S

T

| {z }

diag(m 2

� 0
)

S�
0

|{z}

� 0

; (62)
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where�0 � (h01;h
0
2;h

0
3)arethem asseigenstatesordered in m ass.Thesestatesarenum bered

sequentially by the PDG codes(25,35,45). The form atofBLOCK NMHMIX isthe sam e as

forthem ixing m atricesin SLHA1.

In theM SSM lim it(�,� ! 0,and param eterssuch thath03 � RefSg)theelem entsof

the�rst2� 2 sub-m atrix ofSij arerelated to theM SSM angle� as

S11 � � sin� ; S21 � cos� ;

S12 � cos� ; S22 � sin� :

In the CP-odd sector the interaction eigenstates are ��0 �
p
2Im

n

(H 0
1;H

0
2;S)

T
o

. W e

de�nethe2� 3 m ixing m atrix P (block NMAMIX)by

� ��0TM 2
��0
��0 = � ��0TP T

| {z }
�� 0T

PM
2
��0
P
T

| {z }

diag(m 2
�� 0
)

P ��0
|{z}
�� 0

; (63)

where ��0 � (A 0
1;A

0
2)arethem asseigenstatesordered in m ass.Thesestatesarenum bered

sequentially by thePDG codes(36,46).TheGoldstoneboson G 0 (the\3rd com ponent")

has been explicitly left out and the 2 rows ofP form a set oforthonorm alvectors. An

updated version NMSSMTools [37]willfollow theseconventions.

IfNMHMIX, NMAMIX blocksarepresent,they supersedetheSLHA1ALPHA variable/block.

The neutralino sector ofthe NM SSM requires a change in the de�nition ofthe 4� 4

neutralino m ixing m atrix N to a 5� 5 m atrix. The Lagrangian containsthe (sym m etric)

neutralino m assm atrix as

L
m ass
~�0 = �

1

2
~ 0T

M ~ 0
~ 0 + h:c:; (64)

in the basisof2{com ponentspinors ~ 0 = (�i~b;�i~w 3;~h1;~h2;~s)
T. W e de�ne the unitary

5� 5 neutralino m ixing m atrix N (block NMNMIX),such that:

�
1

2
~ 0T

M ~ 0
~ 0 = �

1

2
~ 0T

N
T

| {z }

~�0T

N
�
M ~ 0N

y

| {z }

diag(m
~�0
)

N ~ 0

|{z}

~�0

; (65)

wherethe5 (2{com ponent)neutralinos ~�i arede�ned such thattheabsolutevalueoftheir

m assesincrease with i. Asin SLHA1,ourconvention isthatN be a realm atrix. One or

m ore m ass eigenvalues m ay then have an apparent negative sign,which can be rem oved

by a phasetransform ation on ~�i.Thestatesarenum bered sequentially by thePDG codes

(1000022,1000023,1000025,1000035,1000045).

6 C onclusion and O utlook

Atthe tim e ofwriting ofthe SLHA1,a large num ber ofcom puter codes already existed

which used M SSM spectrum and coupling inform ation in one form oranother. Thishad

severaladvantages: there was a high m otivation from program authors to produce and
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im plem entthe accord accurately and quickly,and perhapsm ore im portantly,the SLHA1

wastested \in anger" in diversesituationsasitwasbeing written.

W e �nd ourselves in a slightly di�erent situation in term s ofthe SLHA2. There are

currently few program s that utilise inform ation in any ofthe NM SSM or CP-violating,

R-parity violating,ornon-trivial
avourviolating M SSM scenarios. Thuswe do nothave

the bene�tofcom prehensive sim ultaneous testing ofthe proposed accord and the strong

m otivation that was present for im plem entation and writing ofthe originalone. W hat

we do have are the lessons learned in connection with the SLHA1 itself,and also several

alm ost-�nished codeswhich arenow awaiting the�nalisation ofSLHA2 in orderto publish

their�rsto�cialreleases. Concrete tests involving severalofthese were thus possible in

connection with thiswriteup.

W e have adhered to the principle ofbackward com patibility wherever feasible. W e

thereforeexpectthattheconventionsand agreem entsreached within thispaperconstitute

a practicalsolution thatwillproveusefulforSUSY particlephenom enology in thefuture.
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A PD G C odes and Extensions

The existing PDG nom enclature for(s)particle nam esisbased on the lim itofthe M SSM

in which CP,R-parity,and 
avour are conserved. Severalofthe m ass eigenstates are

therefore labeled to indicate de�nite R,CP,and/or
avourquantum num bers. W hen the

corresponding sym m etries are broken,such a labeling becom es m isleading. Throughout

thispaperwehaveadopted theconvention ofassigning a com m on labelto allstateswhich

carryidenticalconserved quantum num bersin thegiven m odel.W ethen re-usetheexisting

PDG codesforthosestates,arranged in strictly increasing m assorder.

Thisim plies that,while the PDG num bers rem ain unaltered,theirlabelschange,de-

pending on which scenario isconsidered.ThePDG codesand labelsarediscussed in detail

in the individualsections on 
avour violation,R-parity violation,CP violation,and the

NM SSM .In the tablesbelow,we sum m arise the PDG num bersand suggested labelsrele-

vanttoeach distinctscenario,forsquarks(Tab.2),charged colour-singletferm ions(Tab.3),

neutralcolour-singletferm ions(Tab.4),charged colour-singletscalars(Tab.5),and neutral

colour-singlet scalars (Tab.6),respectively. Note that these extensions are not o�cially

endorsed by thePDG atthistim e.Codesforotherparticlescan befound in [52,chp.33].

ScalarQuarks

FLV N o Y es N o N o Y es Y es

RPV N o N o Y es N o Y es N o

CPV N o N o N o Y es N o Y es

N
M
S
S
M

1000001 ~dL ~d1 ~d1 ~dL ~d1 ~d1 ~dL
1000002 ~uL ~u1 ~u1 ~uL ~u1 ~u1 ~uL

1000003 ~sL ~d2 ~d2 ~sL ~d2 ~d2 ~sL
1000004 ~cL ~u2 ~u2 ~cL ~u2 ~u2 ~cL

1000005 ~b1 ~d3 ~d3 ~b1 ~d3 ~d3 ~b1
1000006 ~t1 ~u3 ~u3 ~t1 ~u3 ~u3 ~t1

2000001 ~dR ~d4 ~d4 ~dR ~d4 ~d4 ~dR
2000002 ~uR ~u4 ~u4 ~uR ~u4 ~u4 ~uR

2000003 ~sR ~d5 ~d5 ~sR ~d5 ~d5 ~sR
2000004 ~cR ~u5 ~u5 ~cR ~u5 ~u5 ~cR

2000005 ~b2 ~d6 ~d6 ~b2 ~d6 ~d6 ~b2
2000006 ~t2 ~u6 ~u6 ~t2 ~u6 ~u6 ~t2

Table2:Particlecodesand corresponding labelsforsquarks.Thelabelsin the�rstcolum n

correspond to thecurrentPDG nom enclature.
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Charged Leptonsand Charginos

FLV N o Y es N o N o Y es Y es

RPV N o N o Y es N o Y es N o

CPV N o N o N o Y es N o Y es

N
M
S
S
M

11 e� e� e
�
1 e� e

�
1 e� e�

13 �� �� e
�
2 �� e

�
2 �� ��

15 �� �� e
�
3 �� e

�
3 �� ��

1000024 ~�+1 ~�+1 e
+
4 ~�+1 e

+
4 ~�+1 ~�+1

1000037 ~�+2 ~�+2 e
+
5 ~�+2 e

+
5 ~�+2 ~�+2

Table 3:Particle codesand corresponding labelsforcharged colour-singletferm ions. The

labels in the �rst colum n correspond to the current PDG nom enclature. Note that,for

historicalreasons,codes 11,13,and 15 pertain to negatively charged �elds while codes

1000024 and 1000037 pertain to theoppositecharge.

Neutrinosand Neutralinos

FLV N o Y es N o N o Y es Y es

RPV N o N o Y es N o Y es N o

CPV N o N o N o Y es N o Y es

N
M
S
S
M

12 �e �1 �1 �e �1 �1 �e

14 �� �2 �2 �� �2 �2 ��

16 �� �3 �3 �� �3 �3 ��

1000022 ~�01 ~�01 �4 ~�01 �4 ~�01 ~�01
1000023 ~�02 ~�02 �5 ~�02 �5 ~�02 ~�02
1000025 ~�03 ~�03 �6 ~�03 �6 ~�03 ~�03
1000035 ~�04 ~�04 �7 ~�04 �7 ~�04 ~�04
1000045 - - - - - - ~�05

Table 4: Particle codesand corresponding labelsforneutralcolour-singletferm ions. The

labelsin the�rstcolum n correspond to thecurrentPDG nom enclature.
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Charged HiggsBoson and Charged ScalarLeptons

FLV N o Y es N o N o Y es Y es

RPV N o N o Y es N o Y es N o

CPV N o N o N o Y es N o Y es

N
M
S
S
M

37 H + H + h
+
1 H + h

+
1 H + H +

1000011 ~e+L ~e+1 h
+
2 ~e+L h

+
2 ~e+1 ~e+L

1000013 ~�+L ~e+2 h
+
3 ~�+L h

+
3 ~e+2 ~�+L

1000015 ~�+1 ~e+3 h
+
4 ~�+1 h

+
4 ~e+3 ~�+1

2000011 ~e+R ~e+4 h
+
5 ~e+R h

+
5 ~e+4 ~e+R

2000013 ~�+R ~e+5 h
+
6 ~�+R h

+
6 ~e+5 ~�+R

2000015 ~�+2 ~e+6 h
+
7 ~�+2 h

+
7 ~e+6 ~�+2

Table 5: Particle codes and corresponding labels for charged colour-singlet scalars. The

labelsin the�rstcolum n correspond to thecurrentPDG nom enclature.

NeutralHiggsBosonsand ScalarNeutrinos

FLV N o Y es N o N o Y es Y es

RPV N o N o Y es N o Y es N o

CPV N o N o N o Y es N o Y es

N
M
S
S
M

25 h0 h0 h01 h01 h01 h01 h01
35 H 0 H 0 h02 h02 h02 h02 h02
36 A 0 A 0 A 0

1 h03 A 0
1 h03 A 0

1

45 - - - - - - h03
46 - - - - - - A 0

2

1000012 ~�eL ~�1 (~�1S) h03 ~�eL h03 ~�1 ~�eL
1000014 ~��L ~�2 (~�2S) h04 ~��L h04 ~�2 ~��L
1000016 ~��L ~�3 (~�3S) h05 ~��L h05 ~�3 ~��L
1000017 - (~�1A) A 0

2 - A 0
2 - -

1000018 - (~�2A) A 0
3 - A 0

3 - -

1000019 - (~�3A) A 0
4 - A 0

4 - -

Table6:Particlecodesand corresponding labelsforneutralcolour-singletscalars.Thela-

belsin the�rstcolum n correspond tothecurrentPDG nom enclature.Thelabelsin paren-

thesis denote the optionalseparation ofsneutrinos into separate scalar and pseudoscalar

com ponents.
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