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Abstract
Supersymmetric(SUSY)spectrumgenerators,decaypackages,Monte-
Carloprograms,darkmatterevaluators,andSUSYfitting programsof-
tenneedto communicatein theprocessof ananalysis.TheSUSYLes
HouchesAccordprovidesacommoninterfacethatconveysspectraland
decayinformationbetweenthevariouspackages.Here,weproposeex-
tensionsof the conventionsof the first SUSY Les HouchesAccord to
includevariousgeneralisations:violationof CP,

�
-parityandflavouras

well as the simplestnext-to-minimal supersymmetricstandardmodel
(NMSSM).

1. Introduction

Supersymmetricextensionsof the StandardModel rank amongthe mostpromisingandwell-
exploredscenariosfor New Physicsat theTeV scale.Giventhelong historyof supersymmetry
and the numberof both theoristsandexperimentalistsworking in the field, several different
conventionsfor definingsupersymmetrictheorieshave beenproposedover theyears,many of
which have comeinto widespreaduse. At present,therefore,thereis not oneuniquedefini-
tion of supersymmetrictheorieswhich prevails. Rather, differentconventionsareadoptedby
differentgroupsfor differentapplications.In principle,this is notaproblem.As longasevery-
thing is clearlyandcompletelydefined,a translationcanalwaysbemadebetweentwo setsof
conventions,call themA andB.

However, the proliferation of conventionsdoeshave somedisadvantages.Resultsob-
tainedby differentauthorsor computercodesarenot alwaysdirectly comparable.Hence,if
author/codeA wishesto usetheresultsof author/codeB in a calculation,a consistency check
of all therelevantconventionsandany necessarytranslationsmustfirst bemade– atediousand
error-pronetask.

To dealwith this problem,andto createa moretransparentsituationfor non-experts,the
originalSUSYLesHouchesAccord(SLHA1) wasproposed[1]. Thisaccorduniquelydefinesa
setof conventionsfor supersymmetricmodelstogetherwith acommoninterfacebetweencodes.
The mostessentialfact is not what the conventionsarein detail (they largely resemblethose
of [2]), but thatthey arecompleteandunambiguous,hencereducingtheproblemof translating
betweenconventionsto a linear, ratherthana quadratic,dependenceon the numberof codes
involved. At present,thesecodescanbecategorisedroughlyasfollows (see[3,4] for a quick
review andonlinerepository):� Spectrumcalculators[5–8], whichcalculatethesupersymmetricmassandcouplingspec-

trum,assumingsome(givenor derived)SUSYbreakingtermsanda matchingto known
dataon theStandardModelparameters.
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� Observablescalculators[9–15]; packageswhich calculateoneor moreof thefollowing:
collider productioncrosssections(crosssectioncalculators),decaypartial widths (de-
cay packages),relic dark matterdensity(dark matterpackages),and indirect/precision
observables,suchasraredecaybranchingratiosor Higgs/electroweakobservables(con-
straintpackages).� Monte-Carloevent generators[16–22], which calculatecrosssectionsthroughexplicit
statisticalsimulationof high-energy particlecollisions. By including resonancedecays,
partonshowering,hadronisation,andunderlying-eventeffects,fully exclusivefinal states
canbestudied,and,for instance,detectorsimulationsinterfaced.� SUSYfitting programs[23,24] whichfit MSSM modelsto collider-typedata.

At the time of writing, the SLHA1 hasalready, to a large extent, obliteratedthe need
for separatelycoded(andmaintainedanddebugged)interfacesbetweenmany of thesecodes.
Moreover, it hasprovided userswith input and output in a commonformat, which is more
readily comparableand transferable. Finally, the SLHA convention choicesare also being
adaptedfor other tasks,suchas the SPA project [25]. We believe therefore,that the SLHA
projecthasbeenuseful,solving a problemthat, for experts,is trivial but oft-encounteredand
tediousto dealwith, andwhich, for non-experts,is anunnecessaryhead-ache.

However, SLHA1 was designedexclusively with the MSSM with real parametersand�
-parity conservationin mind. Somerecentpublic codes[6,7,26–29]areeitherimplementing

extensionsto this basemodelor areanticipatingsuchextensions.It thereforeseemsprudentat
this time to considerhow to extendSLHA1 to dealwith moregeneralsupersymmetrictheories.
In particular, we will considerthe violation of

�
-parity, flavour violation and CP-violating

phasesin theMSSM.Wewill alsoconsiderthenext-to-minimalsupersymmetricstandardmodel
(NMSSM).

For theMSSM,wewill hererestrictourattentionto eitherCPVor RPV, but notboth.For
theNMSSM, we extendtheSLHA1 mixing only to includethenew states,with CP,

�
-parity

andflavour still assumedconserved.

Sincethereis a clearmotivation to make the interfaceasindependentof programming
languages,compilers,platformsetc,aspossible,the SLHA1 is basedon the transferof three
differentASCII files (or potentiallya characterstringcontainingidenticalASCII information,
if CPU-timeconstraintsarecrucial): onefor modelinput, onefor spectrumcalculatoroutput,
andone for decaycalculatoroutput. We believe that the advantageof platform, and indeed
languageindependence,outweighsthe disadvantageof codesusing SLHA1 having to parse
input. Indeed,therearetoolsto assistwith this task[30].

Much carewastakenin SLHA1 to provide a framework for theMSSM thatcouldeasily
beextendedto thecaseslistedabove. Theconventionsandswitchesdescribedherearedesigned
to bea supersetof theoriginal SLHA1 andso,unlessexplicitly mentionedin thetext, we will
assumethe conventionsof the original SLHA1 [1] implicitly. For instance,all dimensionful
parametersquotedin thepresentpaperareassumedto bein theappropriatepowerof GeV.

2. Model Selection

To definethe generalpropertiesof themodel,we proposeto introduceglobalswitchesin the
SLHA1 modeldefinitionblockMODSEL, asfollows. Notethattheswitchesdefinedherearein
additionto theonesin [1].
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BLOCK MODSEL

Switchesandoptionsfor modelselection.Theentriesin this block shouldconsistof anindex,
identifyingtheparticularswitchin thelisting below, followedby anotherintegeror realnumber,
specifyingtheoptionor valuechosen:

3 : (Default=0)Choiceof particlecontent.Switchesdefinedare:
0 : MSSM.

1 : NMSSM.As definedhere.

4 : (Default=0)
�

-parityviolation. Switchesdefinedare:
0 :

�
-parityconserved.Thiscorrespondsto theSLHA1.

1 :
�

-parity violated. The blocksdefinedin Section3.1 shouldbe
present.

5 : (Default=0)CPviolation. Switchesdefinedare:
0 : CPis conserved.No informationevenontheCKM phaseis used.

Thiscorrespondsto theSLHA1.
1 : CP is violated,but only by the standardCKM phase.All extra

SUSYphasesassumedzero.
2 : CPis violated.CompletelygeneralCPphasesallowed. If flavour

is notsimultaneouslyviolated(seebelow), imaginarypartscorre-
spondingto theentriesin theSLHA1 blockEXTPAR canbegiven
in IMEXTPAR (togetherwith the CKM phase). In the general
case,imaginarypartsof theblocksdefinedin Section3.2 should
begiven,whichsupersedethecorrespondingentriesin EXTPAR.

6 : (Default=0)Flavour violation. Switchesdefinedare:
0 : No (SUSY)flavour violation. Thiscorrespondsto theSLHA1.

1 : Flavour is violated. Theblocksdefinedin Section3.2 shouldbe
present.

3. General MSSM

3.1 R-Parity Violation

Wewrite thesuperpotentialof
�

-parityviolating interactionsin thenotationof [1] as
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where5 3�67398:	 � 34;9;4;939< arefundamentalSU(3)= indicesand

 #/.10

is thetotally antisymmetric
tensorin 3dimensionswith


/> ,@? 	 � � . In eq.(1), �A����� 3 �  ����� and
( � breakleptonnumber, whereas

�   ����� violate baryonnumber. To ensureprotonstability, either leptonnumberconservation or
baryonnumberconservation is usuallystill assumed,resultingin either �A����� 	 �  �B��� 	C( � 	CD
or �   ����� 	ED

for all F 3�G+34HI	 � 3 � 3J< .
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Thetrilinear
�

-parity violating termsin thesoft SUSY-breakingpotentialare
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Rb3�R  and
R   mayoftenbewrittenas

R �����
�A�����dc

egf L �B��� 3
R  �����
�A�����hc

egfJi L ����� 3
R   �����
�������dc

ejfki i L �����ml nporqts�uvoxw�yJz F 31G+3 (3)

TheadditionalbilinearsoftSUSY-breakingpotentialtermsare

KA����� , 	{&U
P��|% �9V�
�
��X *

, �}V��~� � XA� , �XA�B��� *
�> ��_ ;Sa4; (4)

andareall leptonnumberviolating.

Whenleptonnumberis broken, the sneutrinosmay acquirevacuumexpectationvalues
(VEVs) � V�J� L ��L ��� c}� � L ��L �+���

�
. The SLHA1 definedtheVEV � , which at treelevel is equalto� ��� � � , � �  ,�� �����

GeV; this is now generalisedto

�
	

�
, > � �

,, � �
,� � �

,� � �
,� ; (5)

Theadditionof sneutrinoVEVs allow variousdifferentdefinitionsof �m� n�� , but weherechoose
to keepthe SLHA1 definition �m� n�� 	

� ,[� � > . If one rotatesthe fields to a basiswith zero
sneutrinoVEVs, onemusttake into accounttheeffectupon�m� n�� .

3.11 Input/OutputBlocks

For
�

-parityviolatingparametersandcouplings,theinputwill occurin BLOCK RV#IN, where
the ’#’ charactershouldbe replacedby the nameof the relevant output block given below
(thus, for example,BLOCK RVLAMBDAIN would be the input block for �A����� ). Default in-
puts for all

�
-parity violating couplingsare zero. The inputs are given at scale ���¡ x¢x£t¤ , as

describedin SLHA1, and follow the output format given below, with the omissionof Q=
.... The dimensionlesscouplings ���B��� 3 �  �B��� 3 �   ����� are included in the SLHA2 conventions
asBLOCK RVLAMBDA, RVLAMBDAP, RVLAMBDAPP Q= ... respectively. The output
standardshouldcorrespondto theFORTRAN format

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

wherethefirst threeintegersin the format correspondto F , G , and
H

andthe doubleprecision
numberto thecouplingitself.

e ����� 3 e  ����� 3 e   ����� areincludedasBLOCK RVA, RVAP, RVAPP
Q= ... in thesameconventionsas ���B��� 3 �  �B��� 3 �   ����� (exceptfor thefact that they aremeasured
in GeV).Thebilinearsuperpotentialandsoft SUSY-breakingterms

( � , % � , and� , �XA�B��� arecon-
tainedin BLOCK RVKAPPA, RVD, RVMLH1SQ Q= ... respectively as

(1x,I2,3x,1P,E16.8,0P,3x,’#’,1x,A).

in FORTRAN format. SneutrinoVEV parameters� � aregiven asBLOCK SNVEV Q= ...
in an identical format, wherethe integer labels1= Y , 2=¥ , 3=¦ respectively and the double
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Table1: Summaryof § -parity violating SLHA2 datablocks. Input/outputdataaredenotedby ¨ for an integer, ©
for afloatingpointnumber. Seetext for precisedefinitionof theformat.

Input block Outputblock data
RVLAMBDAIN RVLAMBDA F GªH �A�����
RVLAMBDAPIN RVLAMBDAP F GªH �  �����
RVLAMBDAPPIN RVLAMBDAPP F GªH �   �����
RVKAPPAIN RVKAPPA F ( �
RVAIN RVA F GªH e �B���
RVAPIN RVAP F GªH e  �B���
RVAPPIN RVAPP F GªH e   �B���
RVDIN RVD F % �
RVSNVEVIN RVSNVEV F � �RVMLH1SQIN RVMLH1SQ F � , �X��«� �

precisionnumbergivesthe numericalvalueof the VEV in GeV. The input andoutputblocks
for

�
-parity violatingcouplingsaresummarisedin Table1.

As for the
�

-conservingMSSM, the bilinear terms(both SUSY breakingand SUSY
respectingones,andincluding ¥ ) andtheVEVs arenot independentparameters.They become
relatedby theconditionof electroweaksymmetrybreaking.Thus,in theSLHA1, onehadthe
possibility either to specify � , ��� and � , ��¬ or ¥ and � ,  . This carriesover to the RPV case,
wherenot all the input parametersin Tab. 1 canbegivensimultaneously. At thepresenttime
we arenot able to presentan agreementon a specificconvention/procedurehere,andhence
restrictourselvesto merelynoting theexistenceof theproblem.An elaborationwill follow in
thenearfuture.

3.12 Particle Mixing

The mixing of particlescan changewhen � is violated. Phenomenologicalconstraintscan
oftenmeanthatany suchmixing hasto besmall. It is thereforepossiblethat someprograms
may ignorethemixing in their output. In this case,themixing matricesfrom SLHA1 should
suffice. However, in the casethat mixing is consideredto be importantand includedin the
output,we herepresentextensionsto themixing blocksfrom SLHA1 appropriateto themore
generalcase.

In general,the neutrinosmix with neutralinos.This requiresa changein the definition
of the 4 by 4 neutralinomixing matrix ® to a 7 by 7 matrix. The Lagrangiancontainsthe
(symmetric)neutralinomassmatrixas

¯±°7²@³´³�µ�¶ 	·& �� V¸g¹|º�» �¼ ¶ V¸g¹ ��_ ;Sa4;�3 (6)

in thebasisof 2–componentspinors V¸ ¹ 	½Q �9� 3 � � 3 � � 34& F@V ¾ 34& F V¿ ? 3 VÀ > 3 V À , T º . Wedefinetheunitary
7 by 7 neutralinomixing matrix ® (blockRVNMIX), suchthat:

& �� V¸ ¹|º » �¼ ¶ V¸ ¹ 	E& �� V¸ ¹|º ® º�µ ¶@Á
® Z » �¼ ¶ ® ~Â � ²@ÃJÄÆÅUÇÈ ¶kÉ

®ÊV¸ ¹�µ�¶
3

(7)
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wherethe 7 (2–component)generalisedneutralinos VË � aredefinedstrictly mass-ordered,i.e.
with the1Ì�Í ,2ÎJÏ ,3ÐPÏ lightestcorrespondingto themassentriesfor thePDGcodes12, 14, and
16, andthefour heaviestto thePDGcodes1000022, 1000023, 1000025, and1000035.

Note! althoughthesecodesare normally associatedwith namesthat imply a specific
flavour content,suchascode12 being � � andsoforth, it would beexceedinglycomplicatedto
maintainsucha correspondencein thecontext of completelygeneralmixing, hencewe do not
make any suchassociationhere. The flavour contentof eachstate,i.e. of eachPDG number,
is in generalonly definedby its correspondingentriesin the mixing matrix RVNMIX. Note,
however, thattheflavour basisis orderedsoasto reproducetheusualassociationsin thetrivial
case(modulotheunknown flavour compositionof theneutrinomasseigenstates).

In thelimit of CPconservation,thedefaultconventionis that ® bearealsymmetricmatrix
andtheneutralinosmayhave anapparentnegative mass.Theminussignmayberemovedby
phasetransformationson VË ¹ � asexplainedin SLHA1 [1].

Charginosandchargedleptonsmayalsomix in thecaseof � -violation. In asimilarspirit
to theneutralinomixing, wedefine

¯ °7²@³Ñ³�µ�Ò 	·& �� V¸rÓ º » �¼ Ò V¸ÕÔ ��_ ;Öa9;�3 (8)

in thebasisof 2–componentspinors V¸ Ô 	×Q Y  Ô 3 ¥  Ô 3 ¦  Ô 39& F V¿ Ô 3 VÀ Ô, T º , V¸ Ó 	CQ Y  Ó 3 ¥  Ó 3 ¦  Ó 39& F V¿ Ó 3 VÀ Ó> T º
where V¿ÙØ 	CQ V¿ >ÛÚ V¿ , T � � � , andtheprimedfieldsarein theweakinteractionbasis.

We definethe unitary 5 by 5 chargedfermion mixing matrices
2Ü34K

, blocksRVUMIX,
RVVMIX, suchthat:

& �� V¸rÓ º » �¼ Ò V¸ÕÔ 	·& �� V¸ÕÓ º 2 º�µAÝ Á
2 Z » �¼ Ò K ~Â � ²@Ã9ÄÆÅ ÇÈ Ò É

K V¸rÔ�µ�Ò
3

(9)

where VË Ø� aredefinedasstrictly massordered,i.e.with the3 lighteststatescorrespondingto the
PDGcodes11, 13, and15, andthe two heaviest to thecodes1000024, 1000037. As for
neutralinomixing, the flavour contentof eachstateis in no way implied by its PDG number,
but is only definedby its entriesin RVUMIX andRVVMIX. Note,however, thattheflavourbasis
is orderedsoasto reproducetheusualassociationsin thetrivial case.

In thelimit of CPconservation,
2Ü34K

arebechosento berealby default.

CP-even Higgs bosonsmix with sneutrinosin the limit of CP symmetry. We write the
neutralscalarsas Þ ¹ � c � ��ß y Q * ¹> 3 * ¹, 3 V�J� 3 V� � 3 V� � T º

¯ 	·&à�� Þ ¹ º » , á ¶ Þ ¹ (10)

where
» , á ¶ is a5 by 5 symmetricmassmatrix.

Onesolutionis to definetheunitary5 by 5 mixing matrix â (blockRVHMIX) by
& Þ ¹/º�» ,á ¶ Þ ¹ 	E& Þ ¹/º â ºã ¶@Á

â Z » , á ¶ â ~Â � ²@ÃJÄÆÅ ¬ä ¶ É
âÛÞ ¹ã ¶

3
(11)

where å ¹ c
Q * ¹ 3 À ¹ 3 V� > 3 V� , 3 V� ? T arethe masseigenstates(note that we have herelabeledthe

statesby whatthey shouldtendto in the
�

-parityconservinglimit, andthatthisorderingis still
underdebate,henceshouldbeconsideredpreliminaryfor thetimebeing).



7

CP-oddHiggs bosonsmix with the imaginarycomponentsof the sneutrinos:We write
theseneutralpseudo-scalarsas

�Þ ¹ � c � ��æ u Q * ¹> 3 * ¹, 3 V�9� 3 V� � 3 V� � T º
¯ 	·& �� �Þ ¹/º�» , çá ¶ �Þ ¹ (12)

where
» , çá ¶ is a 5 by 5 symmetricmassmatrix. We definetheunitary5 by 5 mixing matrix

�â
(blockRVAMIX) by & �Þ ¹/º » , çá ¶ �Þ ¹ 	E& �Þ ¹/º �â ºçã ¶@Á

�â Z » , çá ¶ �â ~
Â � ²@ÃJÄÆÅ ¬ èä ¶ É

�â �Þ ¹çã ¶
3

(13)

where
�å ¹ c

Q�é ¹ 3 e ¹ 3 V� > 3 V� , 3 V� ? T arethemasseigenstates.
é ¹

denotestheGoldstoneboson.As
for theCP-evensectorthisspecificchoiceof basisorderingis still preliminary.

If the blocksRVHMIX, RVAMIX arepresent,they supersedethe SLHA1 ALPHA vari-
able/block.

The charged sleptonsand charged Higgs bosonsalso mix in the 8 by 8 masssquared
matrix

» , áJê
by an8 by 8 unitarymatrix ë (blockRVLMIX):

¯ 	·&�Q À Ó> 3 À Ô, Z 3 VY XA� 3 VY �íìtT ë ºÄÆî Ý L � Ý L ��tï É
ë Z » , áJê ë º
Â � ²@Ã9ÄÆð ¬ä ê É

ë Z
À Ó> Z
À Ô,
VY ZXpñ
VY Z��ò

(14)

wherein eq.(14), F 3�G+34Hp34óÛôöõ � 3 � 39<ø÷ , ù 3 � ôúõ � 34;4;9;93 � ÷ , é Ø aretheGoldstonebosonsandthe
non-bracedproducton theright handsideis equalto

Q�é Ô 3 * Ô 3 VY/û T .
Theremay be contributionsto down-squarkmixing from

�
-parity violation. However,

this only mixesthesix down-typesquarksamongstthemselvesandsois identicalto theeffects
of flavour mixing. This is coveredin Section3.2(alongwith otherformsof flavour mixing).

3.2 Flavour Violation

3.21 TheSuperCKM basis

Within the minimal supersymmetricstandardmodel (MSSM), thereare two new sourcesof
flavour changingneutralcurrents(FCNC),namely1) contributionsarisingfrom quarkmixing
asin theSM and2) genericsupersymmetriccontributionsarisingthroughthesquarkmixing.
Thesegenericnew sourcesof flavour violationareadirectconsequenceof apossiblemisalign-
mentof quarksandsquarks.Thesevereexperimentalconstraintson flavour violation have no
directexplanationin thestructureof theunconstrainedMSSM which leadsto thewell-known
supersymmetricflavour problem.

The SuperCKM basisof the squarks[31] is very useful in this context becausein that
basisonly physicallymeasurableparametersarepresent.In the SuperCKM basisthe quark
massmatrix is diagonalandthesquarksarerotatedin parallelto their superpartners.Actually,
oncetheelectroweaksymmetryis broken,a rotationin flavour space(seealsoSect.III in [32])

%ýüú	 K Ï %)3 2þüú	 KAÿ�2à3 �% ü�	 2 ZÏ
�%)3 �2bü'	 2 Zÿ �2 3

(15)

of all mattersuperfieldsin thesuperpotential

� 	 
P�1 Q����jT �B� *
�> "
 ü� �% ü� � Q���� T �B� *

, "
� ü� �2 ü� & ¥ *

�> *
, 3 (16)
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bringsfermionsfrom thecurrenteigenstatebasis
õ \ üX 3 ^ üX 3 \ ü� 3 ^ ü� ÷ to theirmasseigenstatebasisõ \ X 3 ^ X 3 \ � 3 ^ � ÷ :

\ üX 	{K Ï
\ X 3 ^ üX 	·KAÿ ^ X 3 \ ü� 	·2 Ï

\ � 3 ^ ü� 	{2Ûÿ ^ � 3 (17)

andthe scalarsuperpartnersto the basis
õ V\ X 3 V^ X 3 V\ Z� 3 V^ Z� ÷ . Throughthis rotation,the Yukawa

matrices
���

and
���

arereducedto their diagonalform
	���

and
	���

:

Q 	����T ��� 	 Q�2 ~Ï
���jK Ï T �B� 	 � � � Ï �

� >
3 Q 	���íT �B� 	}Q�2 ~ÿ ���íK�ÿ�T ��� 	 � � � ÿ �

� ,
;

(18)

Tree-level mixing termsamongquarksof differentgenerationsaredueto themisalignmentofK Ï and
KAÿ

which canbeexpressedvia theCKM matrix
K�
���·	vK ~ÿ K Ï [33,34]; all thevertices�^ X7� –\ X-� –� Ô

and
�^ X-� –\ � � –* Ô ,

�^ � � –\ X-� –* Ô (F 3�G 	 � 3 � 39< ) areweightedby theelementsof
theCKM matrix. This is alsotruefor thesupersymmetriccounterpartsof thesevertices,in the
limit of unbrokensupersymmetry.

In this basisthesquarkmassmatricesaregivenas:

» , �ÿ 	 K�
��� 	� ,B�� K ~
��� � � , ÿ � % ÿ X�X � ,
	R�� & ¥ Z � ÿÜa o � �

� ,
	R ~� & ¥ � ÿ�a o � � 	� , �ÿ � � , ÿ � %Uÿ���� 3

(19)

» , �
Ï

	 	� , �� � � , Ï �
% Ï X�X � >

	R�� & ¥ Z � Ï �m� n��
� >

	R ~� & ¥ � Ï �m� n��
	� , �Ï � �

,
Ï �

% Ï ���
;

(20)

wherewehavedefinedthematrix

	� , � c
K ~Ï �

,B�� K Ï (21)

where� ,«�� is givenin theelectroweakbasisof [1]. Thematrices� ÿ L Ï arethediagonalup-type
anddown-typequarkmassesand

%�� L X�X L ��� aretheD-termsgivenby:

%�� X�X L ��� 	·a o�q � � � , � R ?� & " � q��Ön ,���� ��� ? 3 (22)

whicharealsoflavour diagonal.

3.22 LeptonMixing

The authorsregret that thereis not yet a final agreementon conventionsfor the chargedand
neutralleptonsectorsin thepresenceof flavour violation. Wedo not,however, perceive this as
a largeproblem,andexpectto remedythisomissionin thenearfuture.

3.23 Explicit proposalfor SLHA

We take eq. (18) as the startingpoint. In view of the fact that higher order correctionsare
included,onehasto bemoreprecisein thedefinition. In theSLHA [1], we have agreedto use� ß

parameters.We thusproposeto definethesuper-CKM basisin theoutputspectrumfile as
the one,wherethe u- andd-quarkYukawa couplings,given in the

� ß
scheme,arediagonal.

ThemassesandtheVEVs in eq.(18)mustthusbetherunningonesin the
� ß

scheme.

For theexplicit implementationonehasto give,thus,thefollowing information:
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� Q 	����T � M��� ,
Q 	����T � M��� : thediagonal

� ß
Yukawasin thesuper-CKM basis,with

	�
definedby

eq. (18), at the scale " , see[1]. Note that althoughtheSLHA1 blocksprovide for off-
diagonalelements,only thediagonaloneswill berelevanthere,dueto theCKM rotation.� K�
���

: the
� ß

CKM matrix at thescale" , in thePDGparametrisation[35] (exactto all
orders).Will begivenin thenew blockVCKM Q=..., with entries:

1 :
� > , (theCabibboangle)

2 :
� ,@?

3 :
� > ?

4 : � > ?
Notethatthethree

�
anglescanall bemadeto lie in thefirst quadrantby appropriatero-

tationsof thequarkphases.� Q 	� , �� T � M��� ,
Q 	� , �ÿ T � M��� ,

Q 	� , �Ï
T � M��� : the squarksoft SUSY-breakingmassesin the super-CKM

basis,with
	� � definedby eq.(21). Will begivenin thenew blocksMSQ Q=..., MSU

Q=..., MSD Q=...� Q 	R�� T � M��� and
Q 	R��jT � M�B� : The squarksoft SUSY-breakingtrilinear couplingsin the super-

CKM basis,see[1].� Thesquarkmassesandmixing matricesshouldbedefinedasin theexistingSLHA1, e.g.
extendingthe V and V ¾ mixing matricesto the6 ! 6 case.Will begiven in thenew blocks
USQMIX andDSQMIX, respectively.

A further questionis how the SM in the model input file shall be defined. Here we
proposeto takethePDGdefinition: thelight quarkmasses� ÿ L Ï L Ì aregivenat2GeV, �#" Q �#" T

%$
,

� [Q � �T
%$

and �'&   Ó ³)( �+*�*Í . The latter two quantitiesarealreadyin theSLHA1. Theotherscan
easilybeaddedto theblockSMINPUTS.

Finally, we needof coursethe input CKM matrix. PresentCKM studiesdo not define
preciselythe CKM matrix becausethe electroweakeffectsthat renormaliseit arehighly sup-
pressedandgenerallyneglected.WethereforeassumethattheCKM elementsgivenby PDG(or
by UTFIT andCKMFITTER, themaincollaborationsthatextract theCKM parameters)refer
to SM ,.- quantitiesdefinedat " 	 ��� , to avoid any possibleambiguity. Analogouslyto the
RPV parameters,we specifythe input CKM matrix in a separateinput block VCKMINPUTS,
with thesameformatastheoutputblockVCKM above.

3.3 CP Violation

WhenaddingCPviolation to mixing matricesandMSSM parameters,theSLHA1 blocksare
understoodto containthe real partsof the relevant parameters.The imaginarypartsshould
be providedwith exactly the sameformat, in a separateblock of thesamenamebut prefaced
by IM. The defaults for all imaginaryparameterswill be zero. Thus, for example,BLOCK
IMAU, IMAD, IMAE, Q= ... would describethe imaginarypartsof the trilinear soft
SUSY-breakingscalarcouplings.For input, BLOCK IMEXTPAR maybe usedto provide the
relevant imaginarypartsof soft SUSY-breakinginputs. In caseswherethe definitionsof the
currentpapersupersedestheSLHA1 inputandoutputblocks,completelyequivalentstatements
apply.

The Higgssectormixing changeswhenCPsymmetryis broken,sincetheCP-even and
CP-oddHiggsstatesmix. Writing theneutralscalarsasÞ ¹ � c � � Q ß y õ * ¹> ÷Ü3 ß y õ * ¹, ÷Ü3 æ u õ * ¹> ÷Ü3
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æ u õ * ¹, ÷�T wedefinetheunitary4 by 4 mixing matrix / (blocksCVHMIX andIMCVHMIX) by

& Þ ¹|º » , á ¶ Þ ¹ 	{& Þ ¹/º / ºã ¶@Á
/ Z » , á ¶ / ~Â � ²@ÃJÄ Å ¬ä ¶ É

/ÜÞ ¹ã ¶
3

(23)

where å ¹ c
Q é ¹ 3 * ¹> 3 * ¹, 3 * ¹? T arethemasseigenstates.

é ¹
denotestheGoldstoneboson.We

associatethe following PDG codeswith thesestates,in strict massorder regardlessof CP-
even/oddcomposition: * ¹> : 25, * ¹, : 35, * ¹? : 36. That is, eventhoughthePDGreservescode
36for theCP-oddstate,wedonotmaintainsucha labelinghere,noronethatreducesto it. This
meansonedoeshave to exercisesomecautionwhentakingtheCPconservinglimit.

Whetherandhow to includethemixing in thechargedHiggssector(specifyingthemake-
up of

Q�é Ô 3 * Ô T in termsof their
Q * Ô> 3 * Ô, T components)hasnot yetbeenagreedupon.

4. The Next-to-Minimal Supersymmetric Standard Model

4.1 Conventions

In the notationof SLHA1 the conventionsfor the Lagrangianof the CP conservingNMSSM
areasfollows: TheNMSSM specifictermsin thesuperpotential

�
aregivenby

� 	{&U
P�� � / *
�> *

, � �< ( / ? ; (24)

Hencea VEV ��/ � of thesingletgeneratesaneffective ¥ term ¥ �+0 	 � �1/ � . (Notethatthesign
of the � termin eq.(24) coincideswith theonein [15,29] wheretheHiggsdoubletsuperfields
appearin oppositeorder.) Thenew soft SUSY-breakingtermsare

K ³ & 2 ¤
	 � , $43 / 3 , � Q�&U
P�1 � ejf / *

�> *
, � �< ( e65 / ? ��_ ;Sa4;ÖT�; (25)

Theinput parametersrelevantfor theHiggssectorof theNMSSM (at treelevel) are

� 3g( 3 ejf 3 e75 3 �m� n�� 	 � * ,4��� � * > � 3 ¥ �+0 	 � �1/ � ; (26)

Onecanchoosesignconventionssuchthat � and �4� n�� arepositive,while
(
,
ejf

,
e75

and ¥ �+0
mustbeallowedto haveeithersign.

4.2 Input/Output Blocks

TheBLOCK MODSEL shouldcontaintheswitch3 (correspondingto thechoiceof themodel)
with value1, asattributedto theNMSSM alreadyin SLHA1. TheBLOCK EXTPAR contains
theNMSSMspecificSUSYandsoftSUSY-breakingparameters.Thenew entriesare:

61 for �
62 for

(
63 for

ejf
64 for

e65
65 for ¥ �+0 	 � ��/ �
65 for 8
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Note that themeaningof theswitch23 (theMSSM ¥ parameter)is maintainedwhich allows,
in principle, for nonzerovaluesfor both ¥ and ¥ �10 . The reasonfor choosing¥ �+0 ratherthan
��/ � asinput parameter65 is that it allows moreeasilyto recover theMSSM limit � ,

(:9 D
,

��/ � 9 ;
with � �+/ � fixed.

ProposedPDGcodesfor thenew statesin theNMSSM (to beusedin theBLOCK MASS
andthedecayfiles,seealsoSection5.) are

45 for thethird CP-evenHiggsboson,
46 for thesecondCP-oddHiggsboson,
1000045 for thefifth neutralino.

4.3 Particle Mixing

In the CP-conservingNMSSM, the diagonalisationof the
< ! <

massmatrix in the CP-even
Higgssectorcanbeperformedby anorthogonalmatrix / �B� . The(neutral)CP-evenHiggsweak
eigenstatesare numberedby Þ ¹ � c � ��ß y Q * ¹> 3 * ¹, 3 / T º . If å � are the masseigenstates
(orderedin mass),the convention is å � 	 / ��� Þ ¹ � . The elementsof / �B� shouldbe given in a
BLOCK NMHMIX, in thesameformatasthemixing matricesin SLHA1.

In the MSSM limit ( � ,
(<9 D

, andparameterssuchthat À ? � / � ) the elementsof the
first

� ! � sub-matrixof / ��� arerelatedto theMSSMangle ù as

/ >@> � a o�q ù 3 / , > � q��Ön ù 3
/ > , � & q=�´n ù 3 / ,@, � a o�q ù ;

In the CP-oddsectorthe weakeigenstatesare
�Þ ¹ � c � ��æ u Q * ¹> 3 * ¹, 3 / T º . We define

theorthogonal3 by 3 mixing matrix > (blockNMAMIX) by& �Þ ¹|º�» , çá ¶ �Þ ¹ 	{& �Þ ¹/º > ºçã ¶PÁ
> » , çá ¶ > º
Â � ²@Ã4ÄÆÅ ¬ èä ¶ É

> �Þ ¹çã ¶
3

(27)

where
�å ¹ c

Q é ¹ 3 e ¹ > 3 e ¹, T arethemasseigenstatesorderedin mass.
é ¹

denotestheGoldstone
boson. Hence,

�å � 	 > ��� �Þ ¹ � . (Note that someof the > ��� are redundantsince > >@> 	 a o�q�� ,
> > , 	{& q=�´n�� , > > ? 	½D

, andthepresentconventiondoesnotquitecoincidewith theonein [15]
whereredundantinformationhasbeenomitted. An updatedversionof [29] will include the
SLHA2 conventions.)

If NMHMIX, NMAMIX blocksarepresent,they supersedetheSLHA1ALPHA variable/block.

The neutralinosectorof the NMSSM requiresa changein the definition of the 4 by 4
neutralinomixing matrix ® to a 5 by 5 matrix. The Lagrangiancontainsthe (symmetric)
neutralinomassmatrixas ¯±°7²@³´³�µ ¶ 	·& �� V¸g¹|º�» �¼ ¶ V¸g¹ ��_ ;Sa4;�3 (28)

in thebasisof 2–componentspinors V¸ ¹ 	ÊQ�& F V ¾ 3�& F V¿ ? 3 VÀ > 3 VÀ , 3 V? T º . We definetheunitary5 by
5 neutralinomixing matrix ® (blockNMNMIX), suchthat:

& �� V¸j¹|º�» �¼ ¶ V¸g¹ 	E& �� V¸g¹|º ® º�µ ¶@Á
® Z » �¼ ¶ ® ~Â � ²@ÃJÄÆÅUÇÈ ¶ É

® V¸g¹�µ ¶
3

(29)

wherethe 5 (2–component)neutralinos VË � aredefinedsuchthat their absolutemasses(which
arenotnecessarilypositive) increasewith F , cf. SLHA1.
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Table2: SM fundamentalparticlecodes,with extendedHiggs sector. Namesin parenthesescorrespondto the

MSSM labelingof states.

Code Name Code Name Code Name
1 d 11 e

Ó
21 g

2 u 12 �9� 22 @
3 s 13 ¥ Ó 23 A ¹
4 c 14 � � 24

� Ô
5 b 15 ¦ Ó
6 t 16 � �
25 * ¹> ( À ¹ ) 35 H

¹, ( * ¹ ) 45 * ¹?
36

e ¹ > (
e ¹

) 46
e ¹,

37 * Ô 39 G (graviton)

5. PDG Codes and Extensions

Listedin Table2 arethePDGcodesfor extendedHiggssectorsandStandardModel particles,
extendedto include the NMSSM Higgs sector. Table3 containsthe codesfor the spectrum
of superpartners,extendedto includetheextra NMSSM neutralinoaswell asa possiblemass
splitting betweenthe scalarandpseudoscalarsneutrinos.Note that theseextensionsarenot
officially endorsedby the PDG at this time — however, neitherare they currently in usefor
anythingelse.Codesfor otherparticlesmaybefoundin [35, chp.33].

6. Conclusion and Outlook

This is a preliminary proof-of-concept,containinga summaryof proposalsand agreements
reachedso far, for extensionsto the SUSY Les HouchesAccord, relevant for CP violation,�

-parity violation, flavour violation, andthe NMSSM. Theseproposalsarenot yet final, but
shouldserveasusefulstartingpoints.A completewriteup,containingthefinalisedagreements,
will follow at a laterdate.Severalotheraspects,whichwerenotenteredinto here,areforeseen
to alsobeincludedin thelongwriteup,mostimportantlyagreementsonawayof parametrising
theoreticaluncertainties,on passinginclusive crosssectioninformation, andon a few other
minor extensionsof SLHA1.
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Table3: Sparticlecodesin the extendedMSSM. Note that two masseigenstatenumbersareassignedfor each

of the sneutrinosBC�DFE , correspondingto the possibility of a masssplitting betweenthe pseudoscalarandscalar

components.

Code Name Code Name Code Name
1000001 V\ X 1000011 VY X 1000021 V�
1000002 V^ X 1000012 V� > � X 1000022 Ë ¹ >
1000003 V? X 1000013 V¥ X 1000023 Ë ¹,
1000004 VG X 1000014 V� > � X 1000024 Ë Ø>
1000005 V ¾ > 1000015 V¦ > 1000025 Ë ¹?
1000006 V > 1000016 V� > � X 1000035 Ë ¹H

1000017 V� , � X 1000045 Ë ¹I
1000018 V� , � X 1000037 Ë Ø,
1000019 V� , � X 1000039 Vé (gravitino)

2000001 V\ � 2000011 VY �
2000002 V^ �
2000003 V? � 2000013 V¥ �
2000004 VG �
2000005 V ¾ , 2000015 V¦ ,
2000006 V ,



14

References

[1] P. Skandset al., JHEP07 (2004)036, (SeealsoLesHouches‘Physicsat TeV Colliders
2003’ Beyond the StandardModel Working Group: Summaryreport,hep-ph/0402295),
[hep-ph/0311123].

[2] J.F. Gunion,H. E. Haber, Nucl. Phys.B272 (1986)1, [Erratum-ibid.B402, 567(1993)].

[3] P. Skands,A Quick Guideto SUSYTools, hep-ph/0601103.To appearin theTeV4LHC
workshopPhysicsLandscapessummaryreport.,2006.

[4] P. Skandsetal., A repositoryfor Beyond-the-Standard-Modeltools,FERMILAB-CONF-
05-521-T. In LesHouches‘Physicsat TeV Colliders2005’ BSM Working Group: Sum-
maryreport,hep-ph/0602198.Seealso:
http://www.ippp.dur.ac.uk/montecarlo/BSM/.

[5] H. Baer, F. E. Paige,S.D. Protopopescu,X. Tata,1999,hep-ph/0001086.

[6] B. C. Allanach,Comput.Phys.Commun.143 (2002)305,[hep-ph/0104145].

[7] W. Porod,Comput.Phys.Commun.153 (2003)275,[hep-ph/0301101].

[8] A. Djouadi,J.-L. Kneur, G. Moultaka,2002,hep-ph/0211331.

[9] W. Beenakker, R. Hopker, M. Spira,1996,hep-ph/9611232.

[10] A. Djouadi,J.Kalinowski, M. Spira,Comput.Phys.Commun.108 (1998)56.

[11] S. Heinemeyer, W. Hollik, G. Weiglein, Comput.Phys.Commun.124 (2000)76, [hep-
ph/9812320].
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