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1 IntrodutionThe preise nature of the Higgs mehanism thought to be responsible for eletroweaksymmetry breaking remains unknown. To disover and study the properties of one ormore Higgs bosons is therefore a hallenge | and one of the major objetives | for theexperiments at the running Large Hadron Collider (LHC). Most of the Higgs boson searhstrategies to date are designed to probe the Higgs setor of the Standard Model (SM), orits minimal supersymmetri extension (MSSM) [1, 2℄.There are several theoretially appealing arguments for weak-sale supersymmetry tobe realized in nature: it solves the hierarhy problem of the SM Higgs mass, it enables gaugeoupling uni�ation, and with R-parity onservation it also provides a natural dark matterandidate. On the other hand, the realization of weak-sale supersymmetry in terms of theMSSM is not free of theoretial problems, suh as the sale for the bilinear �-parameterentering the MSSM superpotential with positive mass dimension. This parameter hasno natural values besides MGUT or zero, while at the same time it must be lose to theeletroweak sale for a phenomenologially aeptable theory. To solve this problem in anelegant way the MSSM an be extended by a omplex salar singlet, giving the so-allednext-to-minimal supersymmetri model (NMSSM). In this model an e�etive �-term of
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the right size an be generated dynamially from supersymmetry-breaking operators. Fora general introdution to the NMSSM we refer to the reent reviews [3, 4℄.The NMSSM is haraterized by an enlarged Higgs and neutralino setor as omparedto the MSSM, giving rise in partiular to a riher Higgs phenomenology. While it is wellknown that in ertain senarios of the MSSM with omplex parameters a light Higgs, withmass muh below that of the Z boson, is unexluded by the searhes at LEP [5℄ and theTevatron [6℄ (see [7, 8℄ for reent reevaluations with improved theoretial preditions), suha senario an our even more generially in the NMSSM. In order to be ompatible withthe limits from the LEP Higgs searhes, in partiular the ouplings of suh a light Higgsstate to gauge bosons must be heavily suppressed. As a onsequene of the presene of aHiggs singlet, in the NMSSM suh a situation happens whenever a light Higgs state has asuÆiently large singlet omponent.The searh for a heavier Higgs state with SM-like (or only moderately suppressed)ouplings to gauge bosons is ompliated in suh a senario by the fat that often thedeay of this heavier Higgs state into a pair of lighter Higgses is kinematially open, givingrise to unusual deay signatures and to a large suppression of the standard searh hannelsfor a SM-like Higgs. It should be noted in this ontext that the observation of a deayof a heavier Higgs into a pair of lighter Higgses would provide an opportunity for gainingexperimental aess to triple-Higgs ouplings, whih are a ruial ingredient of eletroweaksymmetry breaking via the Higgs mehanism.While in the NMSSM the ase of a very light pseudo-salar, MA1 < 2mb, has foundonsiderable attention in the literature, in partiular in the ontext of \ideal" Higgs se-narios [9{14℄, we will fous in the following on senarios with a light CP-even boson with20 GeV < MH1 < MZ . Within the MSSM the best known example of a light Higgsthat is unexluded by the present searh limits is the \hole" in the overage of the CPXbenhmark senario [15℄ for MH1 � 45 GeV and moderate values of tan � [5℄, see [8℄ fora detailed disussion of the dependene of the unexluded parameter region on the hoieof the various MSSM parameters. It will be diÆult to over this parameter region withthe standard searh hannels at the LHC [16{18℄. Various other (non-standard) searhhannels have been proposed whih may provide additional sensitivity in the quest to losethis \CPX hole" [16, 19{26℄.In our analysis within the NMSSM we will investigate the prospets for the produtionof light Higgs bosons in asade deays of heavy SUSY partiles at the LHC. Suh ananalysis, where Higgs bosons are produed in assoiation with | or in deays of | otherstates of new physis, is neessarily more model-dependent than the Higgs searh in SM-like hannels. On the other hand, investigating Higgs physis in onjuntion with theprodution of other states of new physis o�ers additional experimental opportunities andmay also be more realisti, in the sense that in order to extrat a Higgs signal bakgroundsboth from SM-type and new physis proesses have to be onsidered. In the ase of theMSSM with real parameters, for a Higgs with a mass above the LEP limit for a SM Higgsof 114:4 GeV [27℄, a detailed experimental study for Higgs boson prodution in a SUSYasade has been arried out by the CMS Collaboration [28℄, involving a full detetorsimulation and event reonstrution. These results, obtained for the benhmark point{ 2 {



LM5, annot be diretly translated to the ase of searhes for a Higgs boson with massfar below MZ , sine in the latter ase the b jets resulting from the Higgs deay tend to besofter. Further phenomenologial analyses of Higgs prodution in SUSY asades in theMSSM with real parameters (and Higgs masses above the LEP limits) have been arriedout in [29{31℄, with reent developments fousing on jet substruture tehniques to identifyhighly boosted Higgs bosons and enhane the disovery signi�ane [32, 33℄. The ase ofa lower mass Higgs has been onsidered in [23℄, and it has been pointed out that in theCPX senario there is a signi�ant rate for produing a light MSSM Higgs boson in SUSYasades, but no simulation of signal and bakground events was performed. The potentialimportane of SUSY asades to establish a signal for a light CP-odd Higgs in the NMSSMhas been pointed out in [34℄.We generalize and extend the investigations arried out in [23, 34℄ by alulating thespartile deay modes in a general NMSSM setting and performing a Monte Carlo simula-tion of the signal and the dominant bakground to the level of fast detetor simulation. Asimple ut-based analysis is performed to demonstrate that signal and bakground an beresolved in the b�b+jets hannel. The observation of the Higgs deay in the b�b �nal statewould be of interest also as a diret manifestation of the Higgs Yukawa oupling.The outline of our paper is as follows: the next setion begins with a brief reapitulationof the NMSSM, presenting the senario with a light CP-even Higgs boson in some detail.In setion 3, we desribe the prodution of squarks and gluinos at the LHC and theireventual deay into Higgs bosons through eletroweak asades involving neutralinos andharginos. Setion 4 desribes a phenomenologial Monte Carlo analysis of these asadeproesses and ontains the main results of this work in terms of kinemati distributionsdemonstrating the separation of signal and bakground. The onlusions are presented insetion 5.2 The Next-to-Minimal Supersymmetri Standard ModelIn this setion we review briey the elements of the NMSSM whih di�er from the MSSM.Our onventions for the other setors | that remain unhanged when going to the NMSSM| follow those of [35, 36℄.2.1 The Higgs setorThe Z3-symmetri version of the NMSSM is given by the sale-invariant superpotentialWNMSSM = YuQ̂L �HuÛ L + YdQ̂L �HdD̂L + YeL̂L �HdÊL + �ŜĤu � Ĥd + 13�Ŝ3; (2.1)where �̂ denotes a hiral super�eld with salar omponent �. The omplex gauge singlet Ŝis a new addition with respet to the MSSM. To have a omplete phenomenologial modelthe soft SUSY-breaking terms must also be spei�ed. These are extended by ouplings ofthe singlet �eld, giving new ontributions to the salar potentialV NMSSM = V MSSM +m2SS2 + �A�SHu �Hd + 13�A�S3: (2.2)
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The NMSSM Higgs potential, whih is derived from the usual F -terms, D-terms and thesoft-breaking potential given by Equation (2.2), allows for a minimum where the singletdevelops a vauum expetation value (vev) vs = hSi. This indues an e�etive bilinearterm � hSiHu � Hd, thus providing a dynamial explanation for the � parameter of theMSSM in terms of �e� = �vs.Eletroweak symmetry breaking (EWSB) proeeds similarly to the MSSM, and thetwo Higgs doublets are expanded around the potential minimum aording toHd =  vd + 1p2 (�d � i�d)���d ! ; Hu =  �+uvu + 1p2 (�u + i�u)! : (2.3)Equivalently, the singlet �eld has an expansionS = vs + 1p2 (�s + i�s) : (2.4)Using the minimization onditions for the potential, the salar mass parameters m2Hu , m2Hd ,and m2S an be traded for M2Z = g2v2 = 12 �g21 + g22� v2;tan � = vu=vd;�e� = �vs;where the doublet vevs ful�ll v2 � v2u + v2d = (174 GeV)2. Assuming a CP-invariant Higgssetor, all parameters are taken to be real. The number of parameters is inreased fromthe MSSM. In addition to MA (or MH�), and tan �, the values of �, �, and A� an behosen as free parameters.After EWSB, the addition of a omplex salar �eld gives rise to additional partilesin the NMSSM spetrum with respet to the MSSM: two additional Higgs bosons (oneof whih is CP-even, the other CP-odd) and their fermioni partner, the singlino. Theelements of the tree-level mass matrix M2H for the CP-even Higgs bosons are given in thebasis (�d; �u; �s) by �M2H�11 =M2Z os2 � +B�e� tan �;�M2H�22 =M2Z sin2 � +B�e� ot �;�M2H�33 = �v2A�vs os� sin� + �vs (A� + 4�vs) ;�M2H�12 = �2�2v2 �M2Z� os � sin� �B�e� ;�M2H�13 = �v [2�e� os � � (B + �vs) sin�℄ ;�M2H�23 = �v [2�e� sin� � (B + �vs) os �℄ ; (2.5)
where B � A�+�vs. This matrix is diagonalized by a real 3� 3 matrix with elements Sij,suh that the Higgs mass eigenstates Hi are given by Hi = Sij�j . For the CP-odd states,
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the mass matrix elements in the basis (�d; �u; �s) an be written�M2A�11 = B�e� tan �;�M2A�22 = B�e� ot �;�M2A�33 = �v2vs (B + 3�vs) os � sin� � 3�A�vs;�M2A�12 = B�e� ;�M2A�13 = �v (B � 3�vs) sin�;�M2A�23 = �v (B � 3�vs) os �: (2.6)
Similarly to the CP-even ase, the massive eigenstates Ai an be written using a mixingmatrix Pij as Ai = Pij�j. One degree of freedom is massless and orresponds to the neutralGoldstone boson providing the longitudinal degree of freedom to the Z boson. For somepurposes it an be onvenient to introdue the CP-odd mass parameterM2A = B�e��s� ; (2.7)whih orresponds to the mass of the CP-odd Higgs boson in the MSSM limit of theNMSSM.1No additional harged salar is introdued in the NMSSM, but the relation of thephysial harged Higgs boson mass to the CP-odd mass parameter gets modi�ed. Attree-level the harged Higgs mass is now given byM2H� =M2A +M2W � �2v2: (2.8)2.2 The neutralino setorAs a result of introduing the new singlet super�eld Ŝ, the NMSSM omes with an addi-tional fermion partner of the omplex salar S, the singlino. The singlino mixes with theexisting four neutralinos of the MSSM. The resulting 5 � 5 mass matrix derives from thebilinear terms L = �12( ~ 0)TM~�0 ~ 0 + h::; (2.9)and in the basis (�i ~B;�i ~W; ~Hd; ~Hu; ~S) it is given byM~�0 = 0BBBBBB� M1 0 �g1vdp2 g1vup2 00 M2 g2vdp2 �g2vup2 0�g1vdp2 g2vdp2 0 ��e� ��vug1vup2 �g2vup2 ��e� 0 ��vd0 0 ��vu ��vd 2�vs

1CCCCCCA : (2.10)The upper left 4 � 4 submatrix is idential to the neutralino mass matrix in the MSSM.The neutralino masses an be diagonalized by a single unitary matrix N suh thatD = diag(m~�0i ) = N�M~�0N y (2.11)1The MSSM limit is obtained by taking �! 0, �! 0, while keeping the ratio �=� and all dimensionfulparameters �xed. { 5 {



is real and positive with the neutralino mass eigenvalues in asending order. Alternativelyone an use a real mixing matrix N , and allow D to have negative elements. In this asethe physial neutralino masses are given by jm~�0i j and the neutralino ouplings inorporatethe additional phase shift on the neutralino �elds.2.3 The squark setorWe adopt a universal value MSUSY for the soft SUSY-breaking salar mass parameters.This means that, for eah squark pair ~qL, ~qR of a given avour, the mass matrix attainsthe formM2~q =  M2SUSY +m2q +M2Z os 2�(Iq3 �Qqs2W ) mqXqmqXq M2SUSY +m2q +M2Z os 2�Qqs2W ! :(2.12)Heremq is the mass of the orresponding quark, Iq3 the third omponent of the weak isospin,and Qq the eletri harge quantum number. For the weak mixing angle we introdue theshort-hand notations sW � sin �W and W � os �W . The o�-diagonal elements ofM2~q arerelated to the soft trilinear ouplings Aq as Xq = Aq � �e� ot � for up-type squarks, andXq = Aq � �e� tan � for the ase of down-type squarks, respetively. The mass eigenstates(~q1, ~q2) are obtained by a diagonalization of the mass matrix. A generi squark mass willbe denoted M~q below.2.4 Senarios with light Higgs bosonsAs mentioned above, we will fous in the following on the ase where the lightest CP-evenHiggs boson of the NMSSM, H1, has a mass muh below MZ . The fat that suh a lightHiggs, possessing a heavily suppressed oupling to gauge bosons as ompared to the Higgsboson of the SM, may be unexluded by the urrent searh limits is known already fromthe ase of the MSSM with omplex parameters [5, 7, 8℄. In the NMSSM suh a situationhappens more generially, in partiular also for the ase where the SUSY parameters arereal. If the mass eigenstate H1 has a large omponent of the singlet interation state �s,its ouplings to gauge bosons (and also to quarks) will be orrespondingly suppressed. Wewill investigate the prospets for deteting suh a light Higgs state through its produtionin SUSY asades.In the numerial analysis, we shall use a senario derived from the \P4" benhmarkpoint de�ned in [37℄. This benhmark an be realized in models with non-universal Higgsmass parameters (mHu 6= mHd) at the sale of grand uni�ation, and it is ompatible withthe data on the old dark matter density. As originally de�ned, the P4 benhmark ontainsa very light CP-even Higgs boson (MH1 = 32:3 GeV). In order to explore the full rangeMH1 < MZ , we slightly modify the senario to allow hanging the value of MH1 , with theremaining phenomenology essentially unhanged. To this end we set � = 0:6 and allowA� to take on values in the range 0 GeV < A� < 300 GeV.2 The soft SUSY-breakingparameters are de�ned diretly at the SUSY-breaking sale, allowing us to onsider a more2The original P4 benhmark point is reovered for � = 0:53 and A� = 220 GeV.
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Higgs setor parameters� 0:6 � 0:12tan� 2.6 �e� �200 GeVA� �510 GeV A� 0 { 300 GeVGaugino massesM1 300 GeV M2 600 GeVM3 1000 GeVTrilinear ouplingsAt = Ab = A� = 0 GeVSoft salar massMSUSY = 750 GeV, 1 TeVTable 1. Values for the NMSSM input parameters at the SUSY-breaking sale in the modi�ed P4senario.
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same mass as reently disussed in [51℄. The H2 has a more ompliated deay pattern, inpartiular for low A� where H2 ! b�b dominates and several ompeting modes (H2 ! �� ,gg, WW ) eah have a branhing fration around 10%. In this region H2 is SM-like, and thesame searh strategies as devised for the SM Higgs (and the lightest MSSM Higgs bosonin the deoupling limit) should apply. This situation hanges radially when the hannelH2 ! H1H1 opens. When this is the ase, the H2 ! H1H1 mode beomes ompletelydominant. Finally, the lightest CP-odd Higgs A1 deays predominantly into b�b, with alarge fration going into the mode A1 ! H1Z when kinematially aessible.In the neutralino setor the mass spetrum is independent of A� (andMSUSY) at lowestorder, f. equation (2.10), and therefore remains �xed at:M~�01 = 97:6 GeV; M~�02 = 227 GeV; M~�03 = 228 GeVM~�04 = 304 GeV; M~�05 = 616 GeV:There is a lear hierarhy in the mass parameters, whih leads to a small mixing betweenthe neutralinos. The heaviest neutralino is almost exlusively wino, and ~�04 is mostlybino. The intermediate mass states ~�02, and ~�03 are predominantly Higgsino, while thelightest neutralino ~�01 is the singlino. The lightest neutralino is also the overall lightestsupersymmetri partile (LSP) in these senarios and thereby a andidate for old darkmatter.3 Higgs prodution in the light H1 senario3.1 Standard hannelsThe rate for diret prodution of a light singletH1 in gluon fusion, gg ! H1, is proportionalto its redued (squared) oupling to quarks. Compared to a SM Higgs boson with the samemass, the dominant top loop ontribution ontains the additional fator jS12j2= sin2 �. Thesize of jS12j2 is limited from above by jS12j2 � 1�jS13j2, where S13 is the singlet omponent.For MH1 � MZ , where jS13j ! 1, the rate for this proess gets heavily suppressed. Theross setion for H1 in weak boson fusion, involving the oupling of H1 to gauge bosons,is similarly suppressed. In senarios where MH1 > MZ (orresponding to the mass rangebelow the LEP limit on a SM-like Higgs whih is unexluded in the MSSM with realparameters) the suppression of gg ! H1 an be overome by an inreased branhing ratiofor H1 !  [51℄.For A� & 200 GeV in the modi�ed P4 senario, H1 is light enough to be produedthrough the deay of the SM-like H2 ! H1H1, whih an be dominant, see �gure 2. Theprodution of H2 in standard hannels is not suppressed. The resulting two-step deayhain leads to \unusual" �nal states for H2: 4b (about 82% of all deays), 2b2� (17%), and4� (0:6%). These �nal states make it diÆult to establish a Higgs signal, as it has beendemonstrated, for instane, by the numerous attempts [52{56℄ to establish a \no-loose"theorem for NMSSM Higgs searhes when deays of the SM-like Higgs into lighter Higgsesare open.
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Another possibility to produe H1 in Higgs deays would be through the deay A1 !H1Z. However, the singlet nature of A1 in the modi�ed P4 senario leads to a suppression ofA1 prodution similar to that for H1, and this mode is therefore not likely to be aessible.The diret prodution of the heavy Higgs bosons H3, A2, and H� is in priniple notsuppressed with respet to the MSSM ase, but at a mass lose to 600 GeV and low tan �the observation of those states at the LHC will be diÆult even at high luminosity. A largefration of the heavy Higgs bosons in this senario will deay into lighter Higgs bosons,neutralinos and harginos. A detailed investigation of these hannels ould possibly be ofinterest for a study assuming a very high luminosity at 14 TeV, but is beyond the sope ofthe present paper.In summary, it will be problemati to produe and reonstrut the light H1 in any ofthe standard hannels proposed for Higgs prodution at the LHC. We shall fous insteadon the possibility to produe H1 in the deays of supersymmetri partiles.3.2 SUSY asadesAs disussed in the previous setion, inlusive prodution of the heavier state H2 withsubsequent deay H2 ! H1H1 may be diÆult to observe at the LHC. However, therelated proess where a heavier neutralino deays into a lighter neutralino and a Higgsboson (and the orresponding mode of the deay of the heavier hargino) may o�er betterprospets. In fat, a light Higgs boson in the mass range below MZ may our in alarge fration of asade deays of heavier SUSY partiles that are produed via stronginteration proesses. The hard sale assoiated with the spartile prodution an lead toevent signatures whih are more learly separable from the SM bakgrounds than those ofinlusive Higgs prodution followed by a deay into a pair of H1 states. The proesses ofinterest are ~�0i ! ~�0jHk; ~�0i ! ~�0jAk; (3.1)~��2 ! ~��1 Hk; ~��2 ! ~��1 Ak; (3.2)where Hk (Ak) denotes any of the CP-even (CP-odd) Higgs bosons. As mentioned abovewe do not onsider senarios where the heavier H� is produed in the asades. The partialwidth for the neutralino deay (3.1) is given at tree-level by�(~�0i ! ~�0jHk) = jSijkj216�m3~�0i �1=2(m2~�0i ;m2~�0j ;m2Hk)�m2~�0i +m2~�0j �m2Hk + 2m~�0im~�0j� ; (3.3)with a CP-even Higgs in the �nal state and�(~�0i ! ~�0jAk) = jPijkj216�m3~�0i �1=2(m2~�0i ;m2~�0j ;m2Ak)�m2~�0i +m2~�0j �m2Ak � 2m~�0im~�0j� (3.4)for the deay into a CP-odd salar. The K�all�en funtion �(x; y; z) = (x � y � z)2 � 4yz,and the oupling fators areSijk = e2W sW h(Sk1Ni3 � Sk2Ni4) (WNj2 � sWNj1)i��p2hNi5 (Sk1Nj4 + Sk2Nj3) + Sk3Ni4Nj3i+ �p2Sk3Ni5Nj5 + i$ j; (3.5)
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and �iPijk = e2W sW h(Pk1Ni3 � Pk2Ni4) (WNj2 � sWNj1)i+�p2hNi5 (Pk1Nj4 + Pk2Nj3) + Pk3Ni4Nj3i� �p2Pk3Ni5Nj5 + i$ j; (3.6)where the mixing matries Sij, Pij , and Nij are de�ned in setion 2.1. Equations (3.3){(3.6) assume a real neutralino mixing matrix Nij and signed neutralino masses. Competingneutralino deay modes are into vetor bosons, ~�0i ! ~�0jZ and ~�0i ! ~��j W�. For brevitywe refrain from giving expressions for these (and the orresponding hargino deay modes)here; they an be found in [57℄. A detailed analysis of the W� mode is performed in [58℄.Sine the squarks and sleptons are assumed to be heavy, there are no open two-body deaymodes of the neutralinos into the sfermion setor. Also slepton-mediated three-body deays| whih an dominate over the two-body deays in ertain senarios | are numeriallyirrelevant for the same reason.The branhing frations for the relevant deay hannels have been omputed at leadingorder using FeynArts/FormCal [59, 60℄ and a purpose-built Fortran ode.3 Results for theneutralino branhing ratios in the modi�ed P4 senario are shown in �gure 3. The deaymodes of ~�02 and ~�03 (upper row of �gure 3) | whih are both Higgsino-like | show similarpatterns for large values of A�. The dominant mode is always ~�0i ! ~�01Z with a branhingratio of about 50%, but the Higgs hannels are also signi�ant with BR(~�0i ! ~�01H1) & 0:3and BR(~�0i ! ~�01H2) � 0:15. An important point to note here is that the branhing ratiosof ~�02 and ~�03 are quite insensitive to hanges in MH1 (A�). For the heavier neutralinos,~�04 and ~�05 (lower row of �gure 3), whih also arry a larger gaugino fration, the deaypattern is more ompliated. Of largest interest for Higgs prodution is the sizable rate for~�04 ! ~�03H1 (one A� is suÆiently large to make this deay mode kinematially possible),and the fat that diret deays of ~�05 to the LSP are suppressed. This will lead to neutralinodeay hains with intermediate (Higgsino) steps. Everything taken together, we an expeta large number of light Higgs bosons to be produed in neutralino asade deays.The light hargino ~��1 deays exlusively into the LSP and a W boson, while theorresponding deay hannels for the heavier hargino ��2 are shown in �gure 4. Even ifthe dominant mode is ~��2 ! ~��1W�, independently of A�, there are several hannels witha branhing fration of order 20% of interest for Higgs prodution. These inlude the mode~��2 ! ~��1 H2 and the deays into intermediate-mass Higgsinos, ~��2 ! ~�02;3W�.The heavier neutralinos and the heavy hargino, from whih a Higgs ould emerge asdeay produt, an either be produed at the LHC diretly or in the deay of a heavierSUSY partile. The ross setion for diret prodution of neutralino pairs is small, onlyO(fb) at ps = 14 TeV, and the reah in these hannels will be rather limited even forhigh luminosity. The large ross setions for prodution of strongly interating spartiles(squarks and gluinos), on the other hand, are potentially more promising as a soure of theheavier neutralino states and the heavier hargino. Exploiting asade deays of this kind3A FeynArts model �le for the NMSSM has been obtained using FeynRules [61℄ and SARAH [62℄. Detailson this implementation will be presented elsewhere.
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2Figure 4. Branhing ratios of ~��2 in the modi�ed P4 senario. Neutralino �nal states ~��2 ! ~�0iW�(solid) are shown with the same olor oding as for �gure 3. Modes with a �nal state ~��1 are shownin red: ~��2 ! ~��1 Z (solid), ~��2 ! ~��1 H1 (dashed), ~��2 ! ~��1 H2 (dotted), ~��2 ! ~��1 A1 (dot-dashed).furthermore has the advantage that additional high-pT jets are produed, whih failitatestriggering and event seletion.We use Prospino to alulate the NLO ross setions for prodution of pp ! ~g~g,pp ! ~q~q, pp ! ~q~�q, and pp ! ~g~q aording to [63℄, with CTEQ6 [64℄ parton distributionsand a ommon hoie of renormalization and fatorization sales as the average mass of the�nal state (SUSY) partiles. Numerial results are given in table 2 for the two entre-of-
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Masses (GeV) �LO (pb) �NLO (pb)M~g M~q ~g~g ~q~q ~g~q ~q~�q � ~g~g ~q~q ~g~q ~q~�q �ps = 7 TeV750 750 0:03 0:23 0:25 0:05 0:56 0:07 0:27 0:39 0:08 0:821000 750 0:002 0:19 0:06 0:05 0:31 0:006 0:21 0:10 0:07 0:391000 1000 0:001 0:03 0:02 0:004 0:06 0:005 0:04 0:04 0:006 0:08ps = 14 TeV750 750 1:18 1:67 5:20 1:06 9:11 2:21 2:06 6:78 1:53 12:61000 750 0:15 1:41 1:86 0:96 4:38 0:32 1:59 2:44 1:34 5:691000 1000 0:14 0:42 0:87 0:18 1:61 0:31 0:51 1:19 0:26 2:271500 1500 0:01 0:04 0:05 0:01 0:10 0:01 0:05 0:07 0:02 0:15Table 2. Total prodution ross setions for pp ! ~g~g, pp ! ~q~q, pp ! ~g~q, and pp ! ~q~�q at LOand NLO SUSY-QCD from Prospino. The squark ross setions are summed over the four \light"squark avours. No kinemati uts have been applied here.mass energies 7 TeV and 14 TeV. The ross setions for pp! ~t~�t and pp! ~b~�b [65℄ are alsoalulated and inluded in the analysis, but sine they turn out to be signi�antly smallerthan �(pp ! ~q~�q) they are not shown in the table. In order to give some indiation of theexpeted hange in the number of events for di�erent senarios, the results are presentedfor several values of the squark masses, M~q, and the gluino mass, M~g. The mass ranges areseleted to respet the published limits from ATLAS [66{70℄ and CMS [71{74℄ based onthe 2010 data. Taking into aount also the most reent results [75, 76℄, theM~q = 750 GeVase appears to be under some pressure. We present the results of our analysis below forthe two ases MSUSY = 750 GeV and MSUSY = 1 TeV (the leading order squark massesare obtained from MSUSY through eq. (2.12), to whih higher order orretions are thenadded).The nearly mass-degenerate squarks deay preferentially into the SUSY-EW setor.Diret deays into Higgs bosons (or Higgsinos) are negligible for squarks of the �rst twogenerations due to the small Yukawa ouplings. In ontrast to the MSSM, the neutralinosalso have a singlino omponent to whih no squark ouples. The left-handed squarks deaymainly into the wino, ~qL ! ~W 0q, ~qL ! ~W�q0, while the right-handed squarks deay mostlyto the bino, ~qR ! ~Bq. Numerially, this leads to squark deay modes listed in table 3 forthe ase with a soft salar mass of MSUSY = 750 GeV. The squark deay pattern forMSUSY = 1 TeV is qualitatively similar.4 Sine the gaugino omponents are largest in thetwo heaviest neutralinos, the neutralinos produed in the squark deays tend to give riseto asade deays with several steps.Finally, we note that the gluinos deay `demoratially' through ~g ! ~q�q into allavours, with rates governed only by the available phase spae.4The main numerial di�erene is an inrease of BR(~uL ! q0 ~��2 ) to 60% at the expense of a reduedBR(~uL ! q0 ~��1 ) = 3:9� 10�2.
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Final state ~uL ~uR ~dL ~dR~q ! q ~�01 2:9� 10�3 2:6� 10�3 6:3 � 10�3 2:6 � 10�3~q ! q ~�02 8:1� 10�3 5:4� 10�3 1:6 � 10�2 5:4 � 10�3~q ! q ~�03 1:9� 10�3 4:5� 10�2 2:0 � 10�2 4:6 � 10�2~q ! q ~�04 6:6� 10�2 0:95 2:9 � 10�2 0:95~q ! q ~�05 0:29 { 0:32 {~q ! q0 ~��1 9:6� 10�2 { 3:3 � 10�4 {~q ! q0 ~��2 0:54 { 0.61 {Table 3. Branhing ratios for the �rst and seond generation squarks into neutralinos and harginosin the modi�ed P4 senario with MSUSY = 750 GeV. Results for hannels with a branhing ratiobelow 10�4 are not shown.4 LHC analysisIn order to assess whether the proess disussed in the previous setion an be useful as aHiggs searh hannel at the LHC we perform a Monte Carlo simulation. Here we use asbenhmark the modi�ed P4 senario with the two di�erent settings for the soft salar mass:MSUSY = 750 GeV and MSUSY = 1 TeV. The DR value of the gluino mass parameter isset to M3 = 1 TeV. We selet A� suh that MH1 ' 40 GeV, whih also a�ets MH2 , MA1and the branhing ratios in the two ases as disussed in setion 3. We have hosen thisvalue of MH1 as an illustrative example of our senario with 20 GeV < MH1 < MZ andin order to make ontat with the analyses of the \CPX hole" in the MSSM with omplexparameters. Our results however depend only very mildly on the spei� hoie for MH1 .The simulation results are presented below both for LHC running at entre-of-mass energiesof 7 TeV and 14 TeV.The squark and gluino-indued asades in general give rise to a �nal state with highmultipliities and several hard jets, as well as large missing transverse momentum due tothe presene of the LSP at the end of eah deay hain. The minimal signal asades(de�ned to be those with at least one Higgs boson present) generated by the prodution ofa single squark or gluino orrespond to~q ! q ~�0i ! q ~�01Hk ! q ~�01b�b; nj � 1; nb � 2; (14 a)~g ! g~q ! gq ~�0i ! gq ~�01Hk ! gq ~�01b�b; nj � 2; nb � 2: (14 b)Equations (14 a) and (14 b) show the minimum number of light and heavy avour (b-) jetsexpeted in the signal. Eah event ontains prodution of a pair of spartiles and theirassoiated jets, meaning that the full signature for prodution of at least one H1 in thehadroni �nal state will be nj � 2, nb � 2. Sine diret deays of the heavier (mainlygaugino) neutralinos into the singlino LSP are pratially absent (f. �gure 3), most signalasades will ontain an intermediate Higgsino step whih will add further partiles in the�nal state. The typial jet multipliity will also be higher due to additional QCD ativity,in partiular for gluon-initiated proesses.
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4.1 Event GenerationFor the event generation, we use MadGraph/MadEvent 4.4.44 [77℄ to alulate the leadingorder matrix elements for pp! ~g~g; ~q~q; ~g~q; ~q~�q; ~t~�t, and ~b~�b. The di�erent event ategories areweighted by the orresponding NLO ross setions to produe an inlusive SUSY sample.The resonane deay hains are then generated with PYTHIA 6.4 [78℄ using the NMSSMdeay rates alulated above as input through the SUSY Les Houhes aord [36℄. ThePYTHIA generator is also used to produe additional QCD radiation through initial- and �nalstate parton showers, for parton fragmentation, and to generate multiple interations for theunderlying event. This produes fully dressed hadroni events whih are passed through thefast simulation of the ATLAS detetor performane implemented in the Delphes pakage[79℄.5 Hadroni jets are lustered using the anti-kT algorithm [80℄ with a jet radius measureof R = 0:4.Sine for the lightest Higgs boson the deay to b�b is favored, the probability �b toorretly identify jets originating from bottom partons (b-tagging eÆieny) beomes aruial quantity for the analysis. Based on [81℄ we parametrize this eÆieny as a onstant�b = 0:6 with respet to both the detetor geometry and the jet energy sale. Only jets inthe entral traking region j�j < 2:5 an be tagged. The rate for misidenti�ation as a b-jetis assumed to be � = 0:1 for harm jets, and �q = 0:01 for jets produed by light quarksand gluons. The atual tagging algorithm implemented in the Delphes simulation is notbased on a partiular experimental method to identify b-jets. The algorithm determines ifa jet is lose enough in �R to a \true" b parton. When this is the ase, the eÆieniesgiven above are applied to determine if the tagging is suessful or not.4.2 BakgroundsBased on the event signature, SM prodution of t�t with at least one hadronially deayingW boson (or additional jet ativity) onstitutes an irreduible bakground to the Higgssignal. We an a priori expet this to be the most important SM bakground sine thesale for the SUSY-QCD proesses is high (> 1 TeV). In priniple there are other souresof bakground from prodution ofW +jets (b�b), Z+jets (b�b), diret prodution of b�b+jets,or from QCD multijets. The ross setions for these proesses are large ompared tothe signal ross setion, with QCD multijets the largest and thereby potentially the mostserious. However, for QCD jet prodution to onstitute a bakground to the Higgs signalsimultaneously a double misidenti�ation of heavy avour jets and a large mismeasurementof the missing transverse energy is required. It is furthermore diÆult to simulate thisbakground reliably, sine extreme kinematial utuations | or experimental e�ets |would be neessary to produe the signal-like events. A detailed study of the experimentale�ets would require a full detetor simulation, whih is beyond the sope of the presentpaper. However, the dominane of the t�t bakground over other SM proesses, suh asW + jets or Z + jets, for our �nal state has also been demonstrated experimentally by theresults from SUSY searhes with b-jets and missing ET [68℄. We therefore proeed under5Running the same Delphes analysis with the \CMS" detetor setup and similar parameters for jets andheavy avour tagging, no signi�ant di�erenes are observed in the output.
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Figure 5. Transverse momentum distribution of the hardest (non-b) jet at 7 TeV (left) and 14 TeV(right) for the inlusive SUSY sample with MSUSY = 750 GeV(dashed) and SM t�t bakground(solid). The histograms are normalized to unity.the assumption that the uts devised to suppress the irreduible t�t bakground will also beeÆient for suppressing the other SM bakgrounds as well.For the normalization of the t�t bakground we use the NLO ross setion �(pp !t�t) = 902 pb (ps = 14 TeV) and �(pp ! t�t) = 162 pb (ps = 7 TeV), omputed withthe HATHOR pakage [82℄ for mt = 173:3 GeV and MSTW2008 PDFs [83℄. In this way aonsistent NLO normalization is used for both the signal and bakground events. The t�tbakground is generated in the same Monte Carlo framework as already desribed for thesignal.In addition to the SM bakgrounds, the proess we are interested in reeives an im-portant bakground from the SUSY asade itself. Any �nal state ontaining two b-jetswhih do not result from an intermediate Higgs boson ontributes to this bakground.Attempting to suppress the SUSY bakground events would require additional uts thatdepend on the kinematis of the deay hains. This is something whih may indeed bepossible to devise one information on the supersymmetri spetrum has beome available,but sine we do not want to make any partiular assumptions on the pattern of the SUSYspetrum, no seletion will be applied aiming to redue the SUSY bakground. Instead wewill onsider the inlusive b�b mass spetrum diretly after applying the uts designed toredue the SM bakground to determine if a Higgs signal an be extrated.4.3 Event SeletionAs a �rst step, we perform a preseletion of the expeted event topology, demanding nj � 2,nb � 2. All reonstruted jets are required to have a minimum pT � 25 GeV.Figure 5 shows the pT distribution for the hardest jet in eah event, omparing theinlusive SUSY events (withMSUSY = 750 GeV) to the t�t bakground. We show the resultsfor the two ases ps = 7 TeV (left) and ps = 14 TeV (right). In order to illustrate thee�et of applying uts to this variable, eah histogram is normalized to unity. From �gure 5it is lear that the leading jet from the SUSY events has a muh harder sale ompared tothe t�t events. This an be understood as a result of the large boost obtained by the light
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Figure 7. Missing transverse energy at 7 TeV (left) and 14 TeV (right) for the inlusive SUSYsample (dashed) and SM t�t bakground (solid). The histograms are normalized to unity.quark jets originating from squark deays. It an also be seen that there is only a minorsaling di�erene in the jet pT distribution between the 7 TeV and 14 TeV ases. Thesame is true for the seond hardest (light) jet, for whih the orresponding pT distributionis shown in �gure 6. Similar di�erenes between signal and bakground an be observedalso for the third and fourth jet when they are present.With eah asade ending in the stable LSP, a large missing transverse energy =ETis expeted for the signal events. This distribution is displayed in �gure 7, and showsindeed that the SUSY distribution peaks at high =ET values (& 200 GeV). This is thereforean important disriminating variable to suppress the bakground from t�t events, wherethe missing transverse energy is due to neutrinos from leptoni W deays. As alreadymentioned, a hard ut on =ET is also neessary to suppress the bakground from ordinaryQCD multijet events and diret prodution of b�b. A further advantage of the large =ET isthat it an be used for triggering.The �nal kinematial distribution we are going to onsider is displayed in �gure 8. It
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Figure 8. Distribution in �R(b�b) at 7 TeV (left) and 14 TeV (right) for the inlusive SUSYsample (dashed) and SM t�t bakground (solid). The histograms are normalized to unity. In eventsontaining more than two b-jets, all possible ombinations have been inluded.MSUSY = 750 GeV Inl. SUSY Signal BakgroundGenerated events 18 465 8 261 10 195nj � 2, nb � 2 4 048 2 786 1 262pjet1T > 250 GeV, pjet2T > 100 GeV 2 436 1 738 698=ET > 150 GeV 1 735 1 211 524min [�R(bb)℄ < 1:5 1 014 774 240Total eÆieny 5:5� 10�2 9:4� 10�2 2:4 � 10�2MSUSY = 1 TeV Inl. SUSY Signal BakgroundGenerated events 20 671 10 923 9 748nj � 2, nb � 2 5 313 4 344 969pjet1T > 250 GeV, pjet2T > 100 GeV 4 642 3 828 814=ET > 150 GeV 3 705 3 036 669min [�R(bb)℄ < 1:5 2 544 2 170 374Total eÆieny 0:12 0:20 3:8 � 10�2Table 4. Number of events remaining after eah step of the event seletion at ps = 7 TeV. TheSUSY events are lassi�ed as signal or bakground based on the presene of (at least one) Higgsboson in the deay hain. The total number of generated events in the inlusive sample is arbitrary.shows the separation in �R = p(��)2 + (��)2 between pairs of b-jets. For events withnb > 2 all possible ombinations have been inluded. The signal distribution is seen to peaknear the minimum separation of �R = 0:4 set by the jet measure, while the t�t bakgroundprefers the b-jets to be more bak-to-bak and peaks at �R � �.The preise uts applied | and their e�et on the event seletion | are shown forthe SUSY events in table 4 (for the 7 TeV ase) and table 5 (14 TeV). Table 6 gives theorresponding information for the SM t�t bakground. Note that the number of generatedevents in these tables does not orrespond to any partiular luminosity, but is rather
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MSUSY = 750 GeV Inl. SUSY Signal BakgroundGenerated events 23 771 10 874 12 897nj � 2, nb � 2 5 009 3 610 1 399pjet1T > 250 GeV, pjet2T > 100 GeV 3 287 2 422 865=ET > 200 GeV 1 935 1 400 535min [�R(bb)℄ < 1:2 991 775 216Total eÆieny 4:2� 10�2 7:1� 10�2 1:7 � 10�2MSUSY = 1 TeV Inl. SUSY Signal BakgroundGenerated events 20 232 10 557 9 675nj � 2, nb � 2 5 428 4 338 1 090pjet1T > 250 GeV, pjet2T > 100 GeV 4 852 3 924 928=ET > 200 GeV 3 392 2 719 673min [�R(bb)℄ < 1:2 1 983 1 673 310Total eÆieny 9:8� 10�2 0:16 3:2 � 10�2Table 5. Events remaining after eah step of the event seletion at ps = 14 TeV. The eventategories are similar to those in table 4. The total number of generated events in the inlusivesample is arbitrary.seleted to give adequate statistis for the event seletion. The inlusive SUSY sample issplit into signal and bakground, where the signal onsists of the events ontaining at leastone Higgs boson (as determined from Monte Carlo truth information). In the last row wegive the aumulated total eÆienies of all the uts. Looking �rst at table 4, we see thatan eÆieny of 5:5� 10�2 is obtained for the ase with MSUSY = 750 GeV. This eÆienyis more than doubled (0.12) for the ase with MSUSY = 1 TeV, sine the heavier squarksgive harder jets as deay produts whih leads to more events passing the jet pT uts. Thelarger boost given to the LSP at the end of the deay hain also leads to an inreased =ET .The same qualitative features are visible at 14 TeV, as an be read o� table 5. Due to thefavorable signal statistis at 14 TeV,6 we an a�ord slightly harder uts on =ET and �R(bb)in this ase, something whih is also needed to maintain a good bakground suppression.One should therefore not be disouraged by the somewhat lower eÆienies reorded inthis ase (4:2�10�2 forMSUSY = 750 GeV vs. 9:8�10�2 forMSUSY = 1 TeV). The signaleÆienies an be ompared to those for the t�t bakground, given in table 6, whih areat the 10�5 level for both energies. It is lear from this table that the hard uts on thejet pT and the =ET distribution are the most important handles available to suppress thebakground.As disussed in the previous setion, we do not apply any spei� uts to suppressthe bakground from SUSY events that do not involve a Higgs boson. The numbers givenin tables 4 and 5 show that nevertheless our event seletion gives rise to an improvementalso in the ratio of signal events over SUSY-bakground events. The largest di�erene in6Going from 7 TeV to 14 TeV, the signal ross setion for MSUSY = 750 GeV inreases by a fator 14:5,while the t�t ross setion is only inreased by a fator 5.
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SM t�t bakground 7 TeV 14 TeVGenerated events 900 000 2 000 000nj � 2, nb � 2 259 110 576 232pjet1T > 250 GeV, pjet2T > 100 GeV 1 120 5 189=ET > 150 GeV (7 TeV), > 200 GeV (14 TeV) 102 405min [�R(bb)℄ < 1:5 (7 TeV), < 1:2 (14 TeV) 12 61Total eÆieny 1:3� 10�5 3:0� 10�5Table 6. SM t�t bakground events remaining after eah step of the event seletion at ps = 7 TeVand ps = 14 TeV. The total number of generated events is arbitrary.seletion eÆieny between the SUSY signal and bakground arises from the typial numberof b quarks produed in the two ases, whih is larger for the events where Higgs bosons areprodued, leading to a stronger redution of the SUSY bakground by the jet multipliityut. The ut on �R also ontributes to the di�erene. This ut has the pleasant \sidee�et" to enrih the SUSY sample in Higgs events sine the jets resulting from H1 ! b�bdeays are more likely to show up for small �R than those from two unpaired b-jets.4.4 ResultsFigure 9 shows the resulting b�b mass spetra after �nal event seletion for an integrated lu-minosity of 5 fb�1 at 7 TeV. For events with nb > 2 only the b-jet ombination minimizing�R(bb) has been inluded. This redues e�ets of ombinatoris and inreases the sensi-tivity for disovering resonanes in the low mass region. For the senario with relativelylight squarks (MSUSY = 750 GeV) shown in the left plot, we observe two peaks lose to themasses of the Z boson and H1, respetively. There is also a ontinuous distribution witha tail towards muh higher values for Mb�b. This results from false pairings, fake b-jets, orfrom b-jet pairs of non-resonant origin suh as t or ~b deays. The same qualitative featuresare visible in the signal for MSUSY = 1 TeV (right plot), but the statistis is rather poordue to the low signal ross setion. In �gure 10 we show the Mb�b distribution at 14 TeV,again for an integrated luminosity of 5 fb�1. Here the signal statistis is muh higher, sothat a lear distintion of the H1 resonane from the bakground should be possible bothfor MSUSY = 750 GeV (left) and MSUSY = 1 TeV (right).The same distributions are shown in �gures 11 (for the LHC at 7 TeV) and 12 (for14 TeV), but here with staked histograms to more losely resemble \real" data. Here wehave furthermore split up the inlusive SUSY sample into signal events (displayed in red),haraterised by the presene of (at least) one Higgs boson in the deay hain, and theremaining SUSY bakground events (blak). The latter onstitutes an additional soure ofbakground besides the SM t�t bakground (light gray). In �gure 11 we see that the moststriking feature is the H1 peak. Although the t�t bakground peaks at roughly the sameposition as the signal, the statistis of signal events should be suÆient for establishing asignal over the bakground. In the 14 TeV ase, �gure 12 illustrates the features observedalready in �gure 10. The H1 peak stands out learly above the bakground distribution,both for MSUSY = 750 GeV and MSUSY = 1 TeV.
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Figure 9. Invariant mass of b-jet pairs after �nal event seletion for the inlusive SUSY sample(red, dashed) and SM t�t bakground (solid) at 7 TeV in the modi�ed P4 senario with MSUSY =750 GeV (left) andMSUSY = 1 TeV (right). The histograms have been normalized to an integratedluminosity of 5 fb�1.

00

2020

4040

5050

6060

8080

100

100

100

100 150150 200200 250250
Mbb̄ (GeV)Mbb̄ (GeV)

E
v
en
ts

/
5
G
eV

E
v
en
ts

/
5
G
eV ∫

L = 5 fb−1

√
s = 14 TeV

MSUSY = 750 GeV

00

2020

4040

5050

6060

8080

100

100

100

100 150150 200200 250250
Mbb̄ (GeV)Mbb̄ (GeV)

E
v
en
ts

/
5
G
eV

E
v
en
ts

/
5
G
eV ∫

L = 5 fb−1

√
s = 14 TeV

MSUSY = 1 TeV
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Figure 12. Invariant mass of b-jet pairs for SUSY signal (red), SUSY bakground (blak) andSM t�t bakground (light gray) in the modi�ed P4 senario with MSUSY = 750 GeV (left) andMSUSY = 1 TeV (right) at 14 TeV for an integrated luminosity of 5 fb�1.tis available in the low energy running, and the more oarse binning in Mb�b required toobserve the peak.The number of signal and bakground events in the peak region is obtained by inte-grating Mbb over the interval [MH � �MH ;MH + �MH ℄, orresponding to �1� of theGaussian distribution. As explained above, the ombined bakground inludes both theevents from SM t�t and the part of the inlusive SUSY sample ontaining no Higgs bosonsin the asades. The event numbers are ombined into the ratios of signal/bakground(S=B) and S=pB given in table 7. We use S=pB as a simple illustration for the expetedsigni�ane and in partiular for omparing between the four example ases we onsiderhere and with other theoretial studies using the same riterion. Clearly, laiming anatual disovery would require a more sophistiated statistial treatment. We regard itnevertheless as enouraging that a signi�ane of S=pB > 5 is ahieved for three of thefour ases onsidered in table 7. The only exeption is the ase MSUSY = 1 TeV for the
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ps MSUSY (GeV) MH (GeV) �MH (GeV) S=B S=pB7 TeV 750 41:6 12:2 3:4 8:27 TeV 1000 37:7 17:6 1:4 3:914 TeV 750 39:5 8:0 4:5 29:714 TeV 1000 39:4 9:7 4:3 29:3Table 7. Mean valueMH and width �MH extrated from a Gaussian �t to the b�b mass peak. Theorresponding number of signal (S) and bakground (B) events is reorded in the ��MH intervalaround the �tted resonane mass. All results are presented for an integrated luminosity of 5 fb�1.LHC at 7 TeV, where S=pB = 3:9 with 5 fb�1. A somewhat higher luminosity (or aombination of ATLAS and CMS data) would be needed in this ase in order to reah asigni�ane S=pB � 5. The very high signi�anes of about 30 obtained for the 14 TeVase illustrate the qualitative features already observed in the disussion of �gures 10 and12: there should be no problems in establishing a signal in this mass region.5 Summary and ConlusionsThe NMSSM is both theoretially appealing as an extension of the SM and interestingphenomenologially, as its spetrum may ontain Higgs bosons with mass muh below thelimits in the SM or the MSSM. We have investigated an NMSSM senario with a lightCP-even Higgs in the mass range 20 GeV < MH1 < MZ . Senarios like this may be missedwith the standard Higgs searh hannels at the LHC, in partiular due to a potentially largebranhing ratio of the heavier H2 state, that has SM-like ouplings to gauge bosons, intoa pair of light Higgses. We have pointed out that there are good prospets for disoveringsuh a light Higgs boson in SUSY asade deays at the LHC.We have performed a Monte Carlo simulation of the signal and the dominant bak-ground to the level of fast detetor simulation, taking into aount also bakground fromother SUSY events that do not involve asade deays ontaining a Higgs boson. Forour numerial analysis we adapted the \P4" benhmark point proposed for the NMSSM,hoosing MH1 = 40 GeV as example value for the mass of the light Higgs. Prodution ofsquarks and gluinos via the strong interation at the LHC may give rise to asade deaysinvolving heavy neutralinos and harginos deaying into lighter ones and a light Higgs. Wehave investigated the impat of various kinematial variables on disriminating betweenthe inlusive SUSY signal (inluding events both with and without a Higgs boson in theasade) and the SM bakground from t�t prodution. A set of simple uts has been devisedthat turned out to be eÆient for establishing the inlusive SUSY signal. We did not as-sume any spei� knowledge about the bakground from SUSY events without a Higgs inthe asades. Aordingly, besides favoring events ontaining the light H1 by seleting theombination minimizing �R(bb) in on�gurations with multiple b-jets, we have not appliedany partiular uts for suppressing the SUSY bakground.Our results show that reonstrution of the deay of the light Higgs into b�b may befeasible. Suh an observation would be a diret experimental sign of the bottom Yukawa
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oupling, whih is diÆult to aess in standard searh hannels. We have investigated twovalues of the soft SUSY-breaking parameter in the squark setor, MSUSY = 750 GeV andMSUSY = 1 TeV, while we set the gluino mass parameter to 1 TeV. A modest integratedluminosity of 5 fb�1 has been onsidered for LHC running both at 7 TeV and 14 TeV. We�nd a statistial signi�ane for the H1 mass peak of S=pB � 4 for MSUSY = 1 TeV atps = 7 TeV. This signi�ane inreases to S=pB � 8 for MSUSY = 750 GeV at 7 TeVand reahes a level of almost 30 for both values of MSUSY at 14 TeV. While the examplevalues that we have hosen for MSUSY and the gluino mass are lose to the urrent searhlimits from the LHC, the large statistial signi�ane that we have found for the 14 TeVase indiates that there is ertainly sope to extend our analysis to senarios with heaviersquarks and gluinos or to senarios with redued branhing ratios of the neutralinos intoHiggs bosons. Sine the high-energy run of the LHC is not imminent, we leave a moredetailed analysis of this reah for future work.The results presented here have been obtained in a spei� benhmark senario, but it iseasy to see that they are more generally appliable. First of all, the value MH1 = 40 GeVused in our numerial analysis was hosen just for illustration. Our results are ratherinsensitive to the preise value of MH1 . Sine the prodution relies on the deay of heavierSUSY states, with branhing ratios largely independent of MH1 , the Higgs produtionrates remain similar for the whole mass range MH1 < MZ . The event seletion and signalidenti�ation through H1 ! b�b proeeds along similar lines as we have disussed.Conerning the settings of the other SUSY parameters, our results will be similar forother senarios ful�lling a few simple riteria: Obviously, the neutralinos and harginoshave to be suÆiently lighter than the squarks and gluinos in order to be produed at allin the asade deays of the latter. The squark deays also provide the hard jets utilizedin the event seletion. With the present limits from the LHC searhes on the masses of thegluino and the squarks of the �rst two generations this riterion is almost automatiallyful�lled for any model of interest. Furthermore, the neutralino and hargino mass hierarhyand mixing harater must be suh that the squark deays go through heavier neutralinosor harginos, and the deays of the latter into a light Higgs and a lighter neutralino orhargino are open. Suh a senario is disfavored if the LSP is gaugino-like. In order togenerate a suÆient number of Higgs bosons in the asade deays, it is also advantageousfor (at least one of) the gauginos to be heavier than the Higgsinos, so that an intermediateHiggsino deay step an be present. In the NMSSM suh a situation an be realized quiteeasily if the LSP is singlino-like.While the results presented in this paper are based on a rather simple-minded analysis,involving for instane just a fast detetor simulation, we nevertheless regard them as veryenouraging, motivating a further exploration of the potential for deteting a light non-SMtype Higgs in SUSY asade deays. In fat, there exists the exiting possibility that thedisovery of a SUSY signal ould go hand in hand with the disovery of one or more Higgsbosons.
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