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Abstract

Supersymmetri€SUSY) spectrungeneratorsgecaypackagesivionte-
CarloprogramsgdarkmatterevaluatorsandSUSY fitting programsof-
tenneedto communicaten the procesof ananalysis.The SUSY Les
HouchesAccordprovidesacommoninterfacethatcorveysspectrabnd
decayinformationbetweerthevariouspackagesHere,we proposeex-
tensionsof the corventionsof the first SUSY Les HouchesAccord to
includevariousgeneralisationsviolation of CP R-parity andflavouras
well asthe simplestnext-to-minimal supersymmetrictandardmodel
(NMSSM).

1. Introduction

Supersymmetriextensionsof the Standardviodel rank amongthe mostpromisingandwell-
exploredscenariogor New Physicsatthe TeV scale.Giventhelong history of supersymmetry
andthe numberof both theoristsand experimentalistsvorking in the field, several different
corventionsfor definingsupersymmetritheorieshave beenproposedver the years,mary of
which have comeinto widespreadise. At presentthereforethereis not one uniquedefini-
tion of supersymmetritheorieswhich prevails. Rathey differentcornventionsare adoptedby
differentgroupsfor differentapplicationsIn principle,thisis notaproblem.As long asevery-
thing is clearly andcompletelydefined,a translationcanalwaysbe madebetweerniwo setsof
corventions call themA andB.

However, the proliferation of corventionsdoeshave somedisadwantages. Resultsob-
tainedby differentauthorsor computercodesare not always directly comparable.Hence,if
author/codeA wishesto usethe resultsof author/codeB in a calculation,a consisteng check
of all therelevantcornventionsandary necessaryranslationsnustfirst bemade— atediousand
errorpronetask.

To dealwith this problem,andto createa moretransparensituationfor non-experts,the
original SUSY LesHouchesAccord(SLHAL) wasproposedl]. Thisaccorduniquelydefinesa
setof conventionsfor supersymmetrimodelstogethemwith acommoninterfacebetweercodes.
The mostessentiafactis not what the conventionsarein detail (they largely resemblethose
of [2]), but thatthey arecompleteandunambiguoushencereducingthe problemof translating
betweencorventionsto a linear, ratherthana quadratic,dependencen the numberof codes
involved. At presentthesecodescanbe cateorisedroughly asfollows (see[3, 4] for a quick
review andonlinerepository):

e Spectruntalculatord5-8], which calculatethe supersymmetrimmassandcouplingspec-
trum, assumingsome(givenor derived) SUSY breakingtermsanda matchingto known
dataonthe Standardviodel parameters.



e Obsenablescalculator§9-15]; packagesvhich calculateone or moreof the following:
collider productioncrosssections(crosssectioncalculators) decaypartial widths (de-
cay packages)relic dark matterdensity (dark matterpackages)andindirect/precision
obsenables,suchasraredecaybranchingratiosor Higgs/electraveakobsenables(con-
straintpackages).

e Monte-Carloevent generator§16—22], which calculatecrosssectionsthroughexplicit
statisticalsimulationof high-enegy particlecollisions. By including resonancelecays,
partonshavering,hadronisationandunderlying-&enteffects,fully exclusivefinal states
canbestudied,and,for instancedetectorsimulationsinterfaced.

e SUSY/fitting programd23,24] which fit MSSM modelsto collider-typedata.

At the time of writing, the SLHA1 hasalready to a large extent, obliteratedthe need
for separately}coded(and maintainedanddehugged)interfacesbetweenmary of thesecodes.
Moreover, it hasprovided userswith input and outputin a commonformat, which is more
readily comparableand transferable. Finally, the SLHA corvention choicesare also being
adaptedor othertasks,suchasthe SFA project[25]. We believe therefore that the SLHA
projecthasbeenuseful,solving a problemthat, for experts,is trivial but oft-encounterednd
tediousto dealwith, andwhich, for non-eperts,is anunnecessarfiead-ache.

However, SLHA1 was designedexclusively with the MSSM with real parameterand
R-parity conserationin mind. Somerecentpublic coded6, 7,26—29]areeitherimplementing
extensiongo this basemodelor areanticipatingsuchextensions It thereforeseemsrudentat
thistime to considethow to extendSLHAL to dealwith moregenerakupersymmetritheories.
In particular we will considerthe violation of R-parity, flavour violation and CP-violating
phasesn theMSSM.Wewill alsoconsidethenext-to-minimalsupersymmetristandaranodel
(NMSSM).

FortheMSSM,wewill hererestrictour attentionto either CPV or RPV, but notboth. For
the NMSSM, we extendthe SLHA1 mixing only to includethe new stateswith CR R-parity
andflavour still assumeadonsered.

Sincethereis a clearmotivation to make the interfaceasindependenbf programming
languagescompilers,platformsetc, aspossible the SLHAL is basedon the transferof three
differentASCII files (or potentiallya charactesstring containingidentical ASCII information,
if CPU-timeconstraintsarecrucial): onefor modelinput, onefor spectrumcalculatoroutput,
andonefor decaycalculatoroutput. We believe that the advantageof platform, andindeed
languageindependencegutweighsthe disadwantageof codesusing SLHAL having to parse
input. Indeed therearetoolsto assistwith this task[30].

Much carewastakenin SLHA1 to provide a framework for the MSSM thatcould easily
beextendedo thecasedistedabove. Thecorventionsandswitchesdescribederearedesigned
to bea supesetof theoriginal SLHA1 andso, unlessexplicitly mentionedn the text, we will
assumehe corventionsof the original SLHAL [1] implicitly. For instance,all dimensionful
parametersgjuotedin the presenpaperareassumedo bein theappropriatgoower of GeV.

2. Modd Selection

To definethe generalpropertiesof the model, we proposeto introduceglobal switchesin the
SLHA1 modeldefinitionblock MODSEL , asfollows. Notethatthe switchesdefinedherearein
additionto theonesin [1].



BLOCK MODSEL

Switchesandoptionsfor modelselection.The entriesin this block shouldconsistof anindex,
identifyingtheparticularswitchin thelisting below, followedby anotheiintegeror realnumber
specifyingthe optionor valuechosen:

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

1 : NMSSM. As definedhere.

4 : (Default=0) R-parity violation. Switchesdefinedare:
0 : R-parity consered. Thiscorresponds$o the SLHAL.

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

5 : (Default=0) CPviolation. Switchesdefinedare:

0 : CPisconsered.No informationevenonthe CKM phaséds used.
This corresponds$o the SLHAL.

1 : CPis violated, but only by the standardCKM phase.All extra
SUSY phasesassumedaero.

2 : CPisviolated.CompletelygeneralCP phasesllowed. If flavour
is notsimultaneouslyiolated(seebelow), imaginarypartscorre-
spondingo theentriesin theSLHA1 block EXTPAR canbegiven
in | MEXTPAR (togetherwith the CKM phase). In the general
casejmaginarypartsof the blocksdefinedin Section3.2 should
be given,which supersedéhe correspondingntriesin EXTPAR.

6 : (Default=0)Flavourviolation. Switchesdefinedare:
0 : No (SUSY)flavourviolation. This correspondso the SLHAL.

1 : Flavouris violated. The blocksdefinedin Section3.2 shouldbe
present.

3. General MSSM
3.1 R-Parity Violation
We write the superpotentiabf R-parity violating interactiongn thenotationof [1] as

1 _ _
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wherex,y, z = 1,...,3 arefundamentaSU(3). indicesand¢®¥* is the totally antisymmetric
tensorin 3dimensionsvith ¢'** = +1. In eq.(1), Ajx, \;; andx; breakleptonnumberwhereas
Al Violate baryonnumber To ensureprotonstability, eitherleptonnumberconseration or
baryonnumberconserationis usuallystill assumedresultingin either\;;; = A, = x; = 0
or Xj;, = 0foralli, j, k=1,2,3.



Thetrilinear R-parity violating termsin the soft SUS¥-breakingpotentialare
V3,RPV = Cab [(T>ijkE?LZ’?LéZR + (T/)ijkf/?LQ?'LCZZR
ey (T )it pdlrdis, + hec. (2)
T, T" andT” mayoftenbewritten as

!/ "
= ANijks = AN ijks h\
ijk

= Ay ijk; no sum over i, j, (3)

Aijk Nijk

Theadditionalbilinearsoft SUSY-breakingpotentialtermsare

Vrpva = _GabDiZ/?LHg + ﬂaLm%iHl HY + h.c. (4)
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andareall leptonnumberviolating.

Whenleptonnumberis broken, the sneutrinosmay acquirevacuumexpectationvalues
(VEVS) (Zer) = Vepr/V2. The SLHAL definedthe VEV v, which at treelevel is equalto

2mz/\/ g%+ g'* ~ 246 GeV, thisis now generalisedo

v:\/vaLv%—l—vg—l—vﬁ—l—vE. (5)

Theadditionof sneutrinovVEVs allow variousdifferentdefinitionsof tan 3, but we herechoose
to keepthe SLHA1 definitiontan 5 = wvy/v;. If onerotatesthe fields to a basiswith zero
sneutrinoVEVs, onemusttake into accounthe effectupontan .

3.11 Input/OutputBlodks

For R-parityviolating parameterandcouplingstheinputwill occurin BLOCK RV#I N, where
the '#’ charactershould be replacedby the nameof the relevant output block given below
(thus, for example, BLOCK RVLAMBDAI N would be the input block for \;;;). Default in-
puts for all R-parity violating couplingsare zero. The inputs are given at scale M., as
describedin SLHA1, and follow the output format given below, with the omissionof Q=

The dimensionlesscouplings Az, Aj;,, Ajj;, areincludedin the SLHA2 corventions

asBLOCK RVLAMBDA, RVLAMBDAP, RVLAMBDAPP (= ... respectrely. The output
standardshouldcorrespondo the FORTRAN format

(1x,12,1x,12,1x,12, 3x, 1P, E16. 8, OP, 3x, " # , 1x, A) .

wherethe first threeintegersin the format correspondo 7, j, and k andthe doubleprecision
numberto the couplingitself. A;jx, A}, A7, areincludedasBLOCK RVA, RVAP, RVAPP
Q= ... inthesameconventionsas\;;x, A, Ay, (exceptfor thefactthatthey aremeasured
in GeV). Thebilinearsuperpotentiahndsoft SUSY-breakingtermsx;, D;, andm?2 _ arecon-

L;H
tainedin BLOCK RVKAPPA, RVD, RVMLH1SQ Q= ... respectrely as '
(1x,12,3x, 1P, E16. 8, 0P, 3x, ' #', 1x, A) .

in FORTRAN format. SneutrinoVEV parameters; aregivenasBLOCK SNVEV Q= ...
in an identical format, wherethe integer labels 1=¢, 2=u, 3=7 respectrely andthe double



Tablel: Summaryof R-parity violating SLHA2 datablocks. Input/outputdataaredenotedby ¢ for aninteger, f
for afloating pointnumber Seetext for precisedefinitionof theformat.

Input block Outputblock | data
RVLAMBDAI N RVLAMBDA ik Aijk
RVLAMBDAPI N | RVLAMBDAP | i j k Xjj),
RVLAVBDAPPI N | RVLAMBDAPP | i j k A7y
RVKAPPAI N RVKAPPA i K
RVAI N RVA ijk Aijk
RVAPI N RVAP iJk Ay,
RVAPPI N RVAPP ij kA,
RVDI N RVD i D;
RVSNVEVI N RVSNVEV i v;
RVMLH1SQ N RVMLH1SQ im%q_ i,

precisionnumbergivesthe numericalvalueof the VEV in GeV. The input and outputblocks
for R-parity violating couplingsaresummarisedn Table1l.

As for the R-conservingMSSM, the bilinear terms (both SUSY breakingand SUSY
respectingones,andincluding ;) andthe VEVs arenotindependenparametersThey become
relatedby the conditionof electraveaksymmetrybreaking.Thus,in the SLHA1, onehadthe
possibility either to specifym?; andm3;, or u andm?. This carriesover to the RPV case,
wherenot all the input parametersén Tah 1 canbe given simultaneously At the presentime
we are not ableto presentan agreemenbn a specificcorvention/proceduréere,and hence
restrictourselhesto merelynoting the existenceof the problem. An elaboratiorwill follow in
thenearfuture.

3.12 Particle Mixing

The mixing of particlescan changewhen L is violated. Phenomenologicatonstraintscan
often meanthatarny suchmixing hasto be small. It is thereforepossiblethat someprograms
may ignorethe mixing in their output. In this case the mixing matricesfrom SLHA1 should
suffice. However, in the casethat mixing is consideredo be importantandincludedin the
output,we herepresenextensiongo the mixing blocksfrom SLHA1 appropriatgo the more
generakase.

In generalthe neutrinosmix with neutralinos. This requiresa changen the definition
of the 4 by 4 neutralinomixing matrix NV to a 7 by 7 matrix. The Lagrangiancontainsthe
(symmetric)neutralinomassmatrix as

1- -

E;loass = —EQ/JOTM@)'(,DO + h(‘ s (6)
in thebasisof 2—componenspinors)® = (v, v,,, v, —ib, —iti®, h1, hy)". We definetheunitary
7 by 7 neutralinomixing matrix N (block RVANM X), suchthat:

1- . 1 - -
__¢OTM1L0'€Z)O - __ ¢OTNT N*MJ)ONT N¢0 ’ (7)
2 2 S ——

X diag(mgo) X



wherethe 7 (2—componentpeneralisecheutralinosy; are definedstrictly mass-ordered,e.
with the 1#¢,2"¢ 374 |ightestcorrespondindo the massentriesfor the PDG codesl12, 14, and
16, andthefour heaviestto the PDG codes1 000022, 1000023, 1000025, and1000035.

Note! althoughthesecodesare normally associatedvith namesthat imply a specific
flavour content,suchascodel?2 beingv, andsoforth, it would be exceedinglycomplicatedo
maintainsucha correspondencm the context of completelygeneralmixing, hencewe do not
make ary suchassociatiorhere. The flavour contentof eachstate,i.e. of eachPDG number
is in generalonly definedby its correspondingentriesin the mixing matrix RVNM X. Note,
however, thattheflavour basisis orderedsoasto reproducehe usualassociation#n thetrivial
case(modulothe unknownn flavour compositionof the neutrinomasseigenstates).

In thelimit of CPconseration,thedefaultconventionis that NV bearealsymmetricmnatrix
andthe neutralinosmay have an apparennegative mass.The minussign may be removed by
phaseransformation®n y? asexplainedin SLHA1 [1].

Chaginosandchagedleptonsmayalsomix in thecaseof L-violation. In a similar spirit
to the neutralinomixing, we define

1~ ~
LY = =507 Myt +he., (8)

in thebasisof 2—componergpinorsyt = (¢/*, (/' 7', —iw™, h)T, = = (&7, )W/~ 7', —i~,

wherew® = (0! + w?)/v/2, andthe primedfieldsarein the weakinteractionbasis.
We definethe unitary 5 by 5 chaged fermion mixing matricesU, V', blocks RVUM X,
RWM X, suchthat:

1- ~ 1 - .
—S¥ T Mt = =5 U UM VI VYT 9)
S ——

wherey; aredefinedasstrictly massordered;.e. with the 3 lighteststatescorrespondingo the
PDGcodesl1, 13, and15, andthetwo heaviestto the codes1000024, 1000037. As for
neutralinomixing, the flavour contentof eachstateis in no way implied by its PDG number
butis only definedby its entriesin RvUM X andRVVM X. Note,however, thattheflavour basis
is orderedsoasto reproducehe usualassociation#n thetrivial case.

In thelimit of CPconseration,U, V' arebechoserto bereal by default.

CP-even Higgs bosonsmix with sneutrinodn the limit of CP symmetry We write the
neutralscalarsas¢? = v2Re {(HY, HY, D, 7, ;)" }

L= 56" M (10)

whereM?, is a5 by 5 symmetricmassmatrix.
Onesolutionis to definethe unitary 5 by 5 mixing matrix X (block RvHM X) by
—QSOTMioQZ)O — ¢OTNT N*MéoNT N¢O ’ (11)
S ——

HOT fold

diag(mio)
where®® = (HY h°, 1y, 1, 3) arethe masseigenstategnote that we have herelabeledthe
statedy whatthey shouldtendto in the R-parity conservindimit, andthatthis orderingis still
underdebatehenceshouldbe consideregreliminaryfor thetime being).



CP-oddHiggs bosonsmix with the imaginarycomponentsf the sneutrinos:We write
theseneutralpseudo-scalaras¢) = /2Im {(HY{, HY, e, D, 7-)"' }

L=~ MEE (12)

Where/\/l%0 is a5 by 5 symmetricmassmatrix. We definethe unitary 5 by 5 mixing matrix &
(block RVAM X) by
_g)OTM%O&o _ qz*SOT&T &*M(%o&T &Q’SO ’ (13)
S~ ———
07 diag(méo) o0

where®® = (G°, A°, ;, 1y, 13) arethe masseigenstates® denoteghe Goldstoneboson.As
for the CP-evensectorthis specificchoiceof basisorderingis still preliminary

If the blocksRVHM X, RVAM X arepresentthey supesedethe SLHA1 ALPHA vari-
able/block.

The chaged sleptonsand chaged Higgs bosonsalso mix in the 8 by 8 masssquared
matrix M?. by an8 by 8 unitarymatrix C' (block RVLM X):

L=—(h,hi" e, ép)C" C*MLCTCH | (14)

(G H ) diag(M2 ) 2

wherein eq.(14),i, 5, k,l € {1,2,3}, o, B € {1,..., 6}, G* arethe Goldstonebosonsandthe

non-bracegroducton theright handsideis equalto (G*, H*, é5).

Theremay be contritutionsto down-squarkmixing from R-parity violation. However,
this only mixesthe six down-typesquarksamongsthemselesandsois identicalto the effects
of flavour mixing. Thisis coveredin Section3.2 (alongwith otherformsof flavour mixing).

3.2 Flavour Violation
3.21 TheSuperCKM basis

Within the minimal supersymmetricstandardnodel (MSSM), thereare two new sourcesof
flavour changingneutralcurrents(FCNC),namelyl) contributionsarisingfrom quarkmixing
asin the SM and2) genericsupersymmetricontributionsarisingthroughthe squarkmixing.
Thesegenericnewn sourcesf flavour violation area directconsequencef a possiblemisalign-
mentof quarksandsquarks.The severeexperimentalconstrainton flavour violation have no
directexplanationin the structureof the unconstrainedMSSM which leadsto the well-known
supersymmetriflavour problem.

The SuperCKM basisof the squarkg31] is very usefulin this context becausen that
basisonly physically measurablgparametersre present.In the SuperCKM basisthe quark
massmatrix is diagonalandthe squarksarerotatedin parallelto their superpartnersictually,
oncetheelectraveaksymmetryis broken,arotationin flavour spacgseealsoSect.lllin [32])

D° =V,D, Uve =V,U, D°= U;D, U= UU, (15)
of all mattersuperfieldsn the superpotential

W = e |(Y), HIQID} + (Yu),, HAQL T — pHEH], (16)



bringsfermionsfrom thecurrenteigenstatdasis{d;, u9 , d%, u%} to theirmasseigenstatdasis
{dLa ur, dR7 UR}:

d% == ‘/ddLa u% == VuuL, d(})% == UddRa U% == UUUR, (17)
andthe scalarsuperpartnerto the basis{dy, i, d%, ip}. Throughthis rotation, the Yukava
matricesYp andYy arereducedo theirdiagonalform Y, andYy;:

Mg

(Yp)u = (UlYpVa) = V2—2 | (Yo)i = (USYu Vi) = V2

U1 V2

My 4

(18)

Tree-level mixing termsamongquarksof differentgenerationgredueto the misalignmentof
V,; andV,, which canbe expressedia the CKM matrix Vexy = V.1V, [33,34]; all the vertices
ur—dp ;=W andug;—dr;—H™", ur;—dr ;—H™ (i, j = 1,2, 3) areweightedby the elementf
the CKM matrix. Thisis alsotruefor the supersymmetricounterpart®f thesevertices,in the
limit of unbrolensupersymmetry

In this basisthe squarkmassmatricesaregivenas:

Vormma Vi +m2 + Dypp Ty — w*m, cot B
ME = Q CHM , (19)
ng[E — pm,, cot 3 m2 +m?2 + Dyrr
m2 +m2+ DgyrL U1TD — p*mgtan g3
M2 = Q : (20)
v T} — pmgtan 3 m§~ +m2 + Dagr
wherewe have definedthe matrix
g = VimiVy (21)

Wheremé is givenin the electraveakbasisof [1]. Thematricesm,, ; arethe diagonalup-type
anddown-typequarkmassesind Dy, ;, rr arethe D-termsgivenby:

DfLL,RR = COS 25 m2Z (T;c)) — Qf Sin2 ew) ]13 s (22)

which arealsoflavour diagonal.

3.22 LeptonMixing

The authorsregret that thereis not yet a final agreemenbn conventionsfor the chagedand
neutralleptonsectoran the presencef flavour violation. We do not, however, perceve this as
alarge problem,andexpectto remedythis omissionin the nearfuture.

3.23 Explicit proposalfor SLHA

We take eq. (18) asthe startingpoint. In view of the fact that higher order correctionsare
included,onehasto be moreprecisean thedefinition. In the SLHA [1], we have agreedo use
DR parametersWe thusproposeto definethe superCKM basisin the outputspectrunfile as
the one, wherethe u- andd-quark Yukawva couplings,givenin the DR schemearediagonal.
Themassesindthe VEVs in eq.(18) mustthusbetherunningonesin the DR scheme.

For the explicit implementatioronehasto give, thus,thefollowing information:



e (Y4)PR, (v)PR: thediagonalDR Yukawasin the superCKM basiswith Y definedby
eg.(18), atthe scale@, see[1]. Note thatalthoughthe SLHA1 blocksprovide for off-
diagonalelementspnly thediagonaloneswill berelevanthere,dueto the CKM rotation.

e Voku: theDR CKM matrix atthe scale, in the PDG parametrisatiofid5] (exactto all

orders).Will begivenin thenew block VCKM Q=. . . , with entries:
1 : 0 (theCabibboangle)

2 . 923
3 . 613
4 . 513

Notethatthethreed anglescanall be madeto lie in thefirst quadranby appropriateo-
tationsof the quarkphases.

. (mé)gR, (m3)i", (m2)p": the squarksoft SUSYbreakingmassesn the superCKM

basis,with 7 definedby eq.(21). Will begivenin thenew blocksMs5Q Q=. . ., MSU
Q...,M5D Q...

. (TU)g.R and (Tp)gR: The squarksoft SUSY-breakingtrilinear couplingsin the super
CKM basissee[1].

e Thesquarkmassesandmixing matricesshouldbe definedasin theexisting SLHAL, e.g.
extendingthe ¢ andb mixing matricesto the 6x6 case.Will begivenin the new blocks
USQM X andDSQM X, respectrely.

A further questionis how the SM in the modelinput file shall be defined. Here we
proposeo takethe PDGdefinition: thelight quarkmassesn,, 4, aregivenat2 GeV, m..(m.)M5,
my(my)MS andm™ ! The lattertwo quantitiesarealreadyin the SLHA1. The otherscan
easilybeaddedo theblock SM NPUTS.

Finally, we needof coursethe input CKM matrix. PresentCKM studiesdo not define
preciselythe CKM matrix becausehe electraveak effectsthat renormalisdt are highly sup-
presse@ndgenerallyngglected.We thereforeassumehatthe CKM elementgivenby PDG (or
by UTFIT and CKMFITTER, the main collaborationghat extractthe CKM parametersjefer
to SM MS quantitiesdefinedat Q = m, to avoid ary possibleambiguity Analogouslyto the
RPV parameterswe specifythe input CKM matrix in a separatenput block VCKM NPUTS,
with the sameformatasthe outputblock VCKMabove.

3.3 CPViolation

WhenaddingCP violation to mixing matricesand MSSM parametersthe SLHAL blocksare
understoodo containthe real partsof the relevant parameters.The imaginary partsshould
be provided with exactly the sameformat, in a separatélock of the samenamebut prefaced
by I M The defaults for all imaginary parameterwill be zero. Thus, for example, BLOCK
| MAU, | MAD, | MAE, Q= ... would describethe imaginarypartsof the trilinear soft
SUSY¥breakingscalarcouplings. For input, BLOCK | MEXTPAR may be usedto provide the
relevantimaginarypartsof soft SUS¥-breakinginputs. In caseswvherethe definitionsof the
currentpapersupersedethe SLHAL inputandoutputblocks,completelyequialentstatements
apply.

The Higgs sectormixing changesvhen CP symmetryis broken, sincethe CP-ezen and
CP-oddHiggsstatesnix. Writing theneutralscalarsas¢? = v2(Re { '}, Re {HJ} , Im {HV},



Im { HY}) we definethe unitary 4 by 4 mixing matrix S (blocksCvHM X andl MCVHM X) by

—¢"T M3o¢” = — ¢ S" S M, ST S¢° (23)
S ——

(I)OT HO

diag(mio)

where®® = (G° HY, HY, HY) arethe masseigenstatesG® denoteghe Goldstoneboson.We
associatehe following PDG codeswith thesestates,in strict massorder regardlessof CP-
even/oddcomposition: HY: 25, HY: 35, HY: 36. Thatis, eventhoughthe PDG reserescode
36for the CP-oddstate we do not maintainsuchalabelinghere noronethatreducegoit. This
meannedoeshave to exercisesomecautionwhentakingthe CP conservindimit.

Whetherandhow to includethe mixing in the chagedHiggssector(specifyingthe make-
upof (G+, H*) in termsof their (H;", H,") componentshasnotyetbeenagreedupon.

4. TheNext-to-Minimal Supersymmetric Standard M odel
4.1 Conventions

In the notationof SLHAL the corventionsfor the Lagrangianof the CP conservingNMSSM
areasfollows: The NMSSM specifictermsin the superpotentiall” aregivenby

1
W = —epASH{HE + gms?’ : (24)

HenceaVEV (S) of thesingletgeneratesin effective i term p.q = A (S). (Notethatthesign
of the A termin eq.(24) coincideswith theonein [15,29] wherethe Higgs doubletsuperfields
appeain oppositeorder) Thenew soft SUSY-breakingtermsare

1
Viott = ma|S|> + (—eaq NANSHHY + g/@4,@53 +h.c.). (25)
Theinput parameterselevantfor the Higgs sectorof the NMSSM (attreelevel) are
)\a K, Ax\: Am tanﬁ = <H2>/<H1>7 Heft = )\<S> . (26)

Onecanchoosesign cornventionssuchthat A andtan  arepositive, while k, Ay, A, and g
mustbeallowedto have eithersign.

4.2 |Input/Output Blocks

TheBLOCK MODSEL shouldcontainthe switch 3 (correspondingo the choiceof the model)
with valuel, asattributedto the NMSSM alreadyin SLHAL1. The BLOCK EXTPAR contains
theNMSSM specificSUSY andsoft SUS¥-breakingparametersThe new entriesare:

61 for A

62 for x

63 for A,

64 for A,

65 for peg = A (S)

65 for &



Note thatthe meaningof the switch 23 (the MSSM . parameter)s maintainedwhich allows,
in principle, for non zerovaluesfor both 1 and .. Thereasonfor choosingu.g ratherthan
(S) asinput parametel5 is thatit allows moreeasilyto recoer the MSSM limit A\, k — 0,
(S) — oo with A (S) fixed.

Proposed®DG codesfor the new statesn the NMSSM (to beusedin the BLOCK MASS
andthedecayfiles, seealsoSection5.) are

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

4.3 ParticleMixing

In the CP-conservindNMSSM, the diagonalisatiorof the 3 x 3 massmatrix in the CP-even
Higgssectorcanbe performedby anorthogonalmatrix S;;. The (neutral)CP-ezenHiggsweak
eigenstatesre numberedby ¢! = 2Re {(H{, HJ, S)"}. If ®; arethe masseigenstates
(orderedin mass),the corventionis ¢, = Sijqﬁ?. The elementsof S;; shouldbe givenin a
BLOCK NVHM X, in thesameformatasthe mixing matricesin SLHA1L.

In the MSSM limit (A, x — 0, andparametersuchthath; ~ Sg) the elementsf the
first2 x 2 sub-matrixof S;; arerelatedto the MSSM anglea as

Si1~ cosa, So1 ~sinar,

Sia~ —sina, Sog ~ COS Qv .

In the CP-oddsectorthe weakeigenstatesre ¢! = 2Im {(H}, H}, 5)"}. We define
theorthogonal3 by 3 mixing matrix P (block NVMAM X) by
" M2¢" = — " PT PM2,PT Pg° (27)

PoT Ho

diag(mio)
whered®’ = (G°, A9, A9) arethe masseigenstatesrderedin mass.G° denoteghe Goldstone
boson. Hence,®; = Piqu(}. (Note that someof the P;; areredundantsince P;; = cos 3,

Py, = —sin 3, P13 = 0, andthe presentorventiondoesnot quite coincidewith theonein [15]

whereredundaninformation hasbeenomitted. An updatedversionof [29] will includethe
SLHAZ2 corventions.)

If NMHM X, NMAM Xblocksarepresentthey supesedegheSLHA1 ALPHA variable/block.

The neutralinosectorof the NMSSM requiresa changein the definition of the 4 by 4
neutralinomixing matrix N to a 5 by 5 matrix. The Lagrangiancontainsthe (symmetric)
neutralinomassmatrix as

1- -
Lo = _EQpOTMd;O;z;O +h.c. (28)

in the basisof 2—componenspinorsy® = (—ib, —iw?, hy, hs, 5)”. We definethe unitary5 by
5 neutralinomixing matrix NV (block NMNM X), suchthat:

1- i 1 - -
—§¢0TM¢077Z)0 _ _5 77Z)OT]VT N*MTLONT N¢0 ’ (29)
" —— v~o

T diag(mxo ) X

X

wherethe 5 (2—componenthpeutralinosy; aredefinedsuchthattheir absolutemassegwhich
arenot necessarilyositive) increasewith 7, cf. SLHAL.



Table2: SM fundamentalparticle codes,with extendedHiggs sector Namesin parenthesesorrespondo the
MSSM labelingof states.

Code| Name | Code Name Code| Name
1 d 11 e 21 g
2 u 12 Ve 22 ¥
3 S 13 o 23 A
4 C 14 Yy 24 W+
5 b 15 T

6 t 16 v,

25 | HY (%) | 35 HY (H°) 45 | HY
36 | A9(A% | 46 A

37 H* 39 | G (graviton)

5. PDG Codesand Extensions

Listedin Table2 arethe PDG codesfor extendedHiggs sectorsand StandardModel particles,
extendedto include the NMSSM Higgs sector Table 3 containsthe codesfor the spectrum
of superpartnergxtendedto includethe extra NMSSM neutralinoaswell asa possiblemass
splitting betweenthe scalarand pseudoscalasneutrinos. Note that theseextensionsare not

officially endorsedyy the PDG at this time — however, neitherarethey currentlyin usefor

arything else.Codedfor 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,
R-parity violation, flavour violation, andthe NMSSM. Theseproposalsare not yet final, but
shouldsene asusefulstartingpoints. A completewriteup,containingthefinalisedagreements,
will follow atalaterdate.Severalotheraspectswhich werenotenterednto here,areforeseen
to alsobeincludedin thelong writeup, mostimportantlyagreementsnaway of parametrising
theoreticaluncertaintiespn passinginclusive crosssectioninformation, and on a few other
minor extensionsof SLHAL.
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Table 3: Spatrticlecodesin the extendedMSSM. Note that two masseigenstatenumbersare assignedor each
of the sneutrinosy;,, correspondingo the possibility of a masssplitting betweenthe pseudoscalaand scalar
components.

Code | Name| Code | Name| Code Name
1000001| d; |1000011f ¢, | 1000021 i
1000002| @y | 1000012 4., | 1000022 5%
1000003| s; | 1000013| fr | 1000023 3
1000004| ¢, | 1000014| 7y, | 1000024 i
1000005 b, 1000015 7 1000025 3
1000006| ¢, 1000016| 7;,; | 1000035 X
1000017| 5 | 1000045 X2
1000018| 7, | 1000037 5
1000019| 7, | 1000039| G (gravitino)
2000001| dp | 2000011 eép

2000002 up
2000003| sip | 2000013 jig
2000004 c¢p

2000005, b, | 2000015 7
2000006| t,
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