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First LHC Constraints on Neutralinos
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AbstratThe ATLAS and CMS ollaborations have reently reported tantalizing hints of the exis-tene of a 125 GeV Higgs{like partile, whose ouplings appear to math well the StandardModel (SM) expetations. In this work, we study impliations of this observation for theneutralino setor of supersymmetri models, assuming that the Higgs signal gets on�rmed.In general, the Higgs deay into neutralinos an be one of its dominant deay hannels.Sine a large invisible Higgs deay branhing ratio would be in onit with the data, thispossibility is now onstrained. In partiular, we �nd that most of the region � < 170 GeV,M1 < 70 GeV at tan� � 10 and � < 120 GeV, M1 < 70 GeV at tan� � 40 is disfavored.
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1 IntrodutionThe LHC experiments have given a possible �rst indiation of the Higgs boson at a mass around125 GeV [1{7℄. The main prodution mehanism in the Standard Model (SM) is gluon fusiongg ! h [8℄. At the subleading level, vetor boson fusion qq ! qqh also ontributes [9℄. The CMSand ATLAS searhes are based on several deay hannels of the Higgs: h!  [10℄, h!W+W�[11{13℄, and h ! ZZ [12℄. The dominant deay mode of a 125 GeV mass Higgs is h ! b�b,for whih the bakground is however too large. In this paper we are interested in a potentialinvisible deay width of the Higgs boson. The total deay width of the SM Higgs is about�h � 4:2MeV for a Higgs mass of 125 GeV [14℄. This is below the resolution of the LHC andan thus not be diretly measured in the resonane hannels h !  and h ! ZZ, where the�nal state an be reonstruted. A disrepany from the theoretial value for the total widthwould be a diret indiation of additional ontributions beyond the SM. All the same, in a givenprodution and deay hannel, the event rate is proportional to the prodution ross setiontimes the deay branhing ratio, e.g.Rate = �(pp! h+X)� BR(h! )�L; (1)where X depends on the prodution mehanism and L is the luminosity. Thus, via the branhingratio the total width enters indiretly in the event rate. If we take a given model, for examplethe SM, and extend it by adding a hypothetial invisible deay width to the Higgs boson as afree parameter �inv = �(h ! inv:), we an perform a �t of �inv to the observed event rates,assuming the Higgs mass and the SM Higgs prodution mehanisms. Two suh global �ts havereently been performed in (a) Ref. [15℄ and (b) Ref. [16℄, resulting in the upper bounds(a) BRinv < 0:15 (0:30) (2)(b) BRinv < 0:37 (0:69) (3)at 68% (95%) CL (see also [17℄). As the statistis are not suÆient to laim the Higgs bosondisovery, these onstraints should be interpreted with aution. Nevertheless, one may alreadyexplore impliations of these results for new physis. For example, the bounds on the invisibleHiggs deay set rather strit onstraints on Higgs{portal dark matter models [18℄ where BRinvan be as large as 80% or more [19℄. Early work on invisible Higgs deays in minimal extensions ofthe SM also employed other Higgs prodution mehnaisms: tth Higgs strahlung [20℄, assoiatedZh or Wh prodution [21℄, [22℄, and in Ref. [23℄ vetor boson fusion.Here we wish to explore the impliations of the onstraints in Eqs. (2), (3) for the minimalsupersymmetri standard model (MSSM) [24℄ and, in partiular, for the neutralino setor thereof.Due to LEP, Tevatron and LHC onstraints it is lear that if supersymmetry exists, most of the2



superpartners are heavy, i.e. well above the purported Higgs mass sale. However, it is wellknown, that there is no lower limit on the mass of the lightest neutralino [25{28℄. Therefore, theinvisible deay of the Higgs boson to two neutralinos is open and an even be dominant. In thenext setion we disuss the Higgs deay to neutralinos and the onstraints on the supersymmetriparameter spae resulting from Eqs. (2), (3). In Set. 3 we onlude.2 Higgs deay into neutralinosThe Higgs deay into neutralinos has been studied in Refs. [29{32℄ (see also [33,34℄). In general,it an be the dominant deay hannel if kinematially allowed. The main onstraint on thissenario omes from the invisible Z{deay, whih has been measured very preisely. However,the unertainty in the invisible Z{deay width ��invZ = O(1MeV) is omparable to the totalSM Higgs width �h, ��invZ � �h : (4)Therefore, O(1) invisible Higgs deay branhing ratio an be ompatible with the Z{pole data.(Further onstraints are imposed if the neutralino is assumed to be thermal dark matter [32℄).To make our analysis more transparent, we will assume that the sfermions, gluinos andharged Higgses are suÆiently heavy (TeV{sale) so that the prodution ross setion for thelightest Higgs h is SM{like. This is ertainly onsistent with (and perhaps hinted by) theurrent LHC bounds on superpartners (see also [35℄). Spei�ally, in terms of the FeynHiggs[36℄ variables, we hoose MSUSY = MA = 1 TeV and adjust At for a given tan� to obtainmh = 125� 1 GeV. We use the FeynHiggs version 2.8.6 with the default settings and mt = 172GeV.The Higgs deay width into the lightest neutralinos �01 is given by [29℄�(h! �01�01) = GFM2Wmh2p2� �1� 4m2�01=m2h�3=2 ��Ch�01�01 ��2 ; (5)with Ch�01�01 = �N12 � tan �W N11�� sin� N14 � os � N13� : (6)Here tan � = hH02 i=hH01 i and Nij is the orthogonal1 matrix whih diagonalizes the neutralinomass matrix [24℄: N M�0 NT = diag (m�01 ;m�02 ;m�03 ;m�04) (7)withM�0 = 0BB� M1 0 �MZ sin �W os� MZ sin �W sin�0 M2 MZ os �W os � �MZ os �W sin��MZ sin �W os � MZ os �W os � 0 ��MZ sin �W sin� �MZ os �W sin� �� 0 1CCA : (8)1We assume CP{onserving soft terms. 3



The analogous Z{width is given by [37℄�(Z ! �01�01) = �3MZ �1� 4m2�01=M2Z�3=2 ��CZ�01�01��2 ; (9)where CZ�01�01 = 12 os �W sin �W �N214 �N213� : (10)The relevant LEP onstraint is [38℄ �(Z ! �01�01) < 3 MeV (11)at 95% CL. We observe that both the Higgs and Z deay rates involve ouplings to the Higgsinoomponents of the neutralino N13; N14 and as suh vanish in the pure bino limit. For typialvalues of tan� � 10, the Higgs deay is ontrolled by the H2 Higgsino omponent N14, whereasthe Z deay involves both N13 and N14. As the bino mass M1 dereases, N14 beomes smallwhereas N13 remains substantial2. In this limit, the Z{width imposes a strit onstraint. Onthe other hand, for higherM1 and espeially above the kinemati limit for Z ! �01�01, the Higgsinvisible width an be omparable to the SM Higgs width without violating the Z{bound. Herewe treat M1 and M2 as free parameters and do not impose the supersymmetri grand uni�edtheory onstraintM1 = (5=3) tan2 �WM2. Therefore, the striter PDG boundm�01 > 46GeV [39℄does not apply.The other relevant ollider onstraints are imposed by the hargino mass boundm�+ > 94 GeV (12)and the LEP bound on the neutralino prodution [40℄�(e+e� ! �01�02)� BR(�02 ! q�q�01) < 50 fb : (13)The dominant neutralino prodution mehanism is due to the t{hannel slepton exhange [41℄.This is however strongly suppressed for slepton masses lose to 1 TeV. The s{hannel produtionmediated by the Z{boson is insigni�ant and, in the parameter region of interest, we �nd thatthe onstraint (13) is never violated one the other bounds are satis�ed. A similar onlusionwas reahed in [27, 42℄.In the left plot of Fig. 1, we present our results in the (M1; �) plane for tan � = 10 andM2 = 300 GeV. The thik (red) lines represent onstraints from �invZ (solid) and the harginomass (dashed) suh that the area below them is exluded. For �xedM2, the hargino onstraintis a bound on � whih only allows for values of � above approximately 106 GeV. �invZ exludes2Unlike N14, N13 does not vanish as M1 ! 0, os � ! 0. This limit orresponds to the massless bino{H1-Higgsino �01. 4
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Figure 1: Left: ontours of BR(h ! �01�01) = 0:15; 0:4; 0:5; 0:65 for tan� = 10 and M2 = 300 GeV. The areabelow the thik (red) lines is exluded by the �invZ (solid) and hargino mass (dashed) onstraints. Right: samefor tan � = 40.low M1 and � values, where the lightest neutralino has a substantial Higgsino omponent.Given the onstraints, we see that BRinv an still be signi�antly above 65%. The shape of theonstant BRinv ontours an be easily understood. At low M1, the Higgs deay into the lightestneutralinos is suppressed due to the small N14. If � is also relatively small, deays h! �01�02 andh ! �01�03 beome kinematially available, whih redues BR(h ! �01�01) further and aountsfor the kinks in the �invZ {exluded region. BRinv peaks at M1 � 30� 60 GeV, where N14 is stillsigni�ant and the kinemati suppression �1� 4m2�01=m2h�3=2 has not yet set in. In this range,m�01 varies between 20 and 50 GeV. For M1 > 80 GeV, the invisible Higgs deay is stronglyonstrained by the hargino mass bound and beomes insigni�ant. In summary, we �nd thatif we take BRinv < 40% as the bound, most of the region � < 170 GeV and M1 < 70 GeV isdisfavored by the invisible Higgs deay.We onlude that the Higgs deay bound is stronger than the Z{bound for intermediateM1 � 30 � 70 GeV. The reason for this is two{fold: (a) kinemati suppression of Z ! �01�01 inthis range, (b) linear dependene of the Higgs{neutralino oupling on the Higgsino omponent(N14; N13) as opposed to the quadrati suppression in the Z ase. Therefore, the Higgs deayovers a new territory, not explored by other experiments.It should be noted that the massless neutralino senario of [27℄ is not exluded by theseonsiderations. Choosing M1 = M2M2Z sin 2� sin2 �W�M2 �M2Z sin 2� os2 �W ; (14)one �nds that m�01 = 0 at tree level. For values of � allowed by the �invZ {bound, the masslessneutralino is mostly a bino and BR(h ! �01�01) is typially around 10-20% for tan� � 10. A5
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Figure 2: Left: as in Fig. 1 for tan � = 10 and � < 0. Right: maximal allowed BRinv as a funtion of M2 fortan � = 6; 10; 40 (top to bottom).stronger experimental bound on BRinv is neessary to onstrain this senario.Below we summarize the dependene of BRinv on the other parameters:� M2: lowering M2 pushes up the hargino bound on � thus eliminating parameter spaewith the largest BRinv.� tan�: inreasing tan � redues the Higgs oupling to �01, mostly due to the term os� N13.As a result, BRinv dereases. For example, at tan� = 40, the disfavored region redues to� < 120 GeV and M1 < 70 GeV (Fig. 1, right panel).� sign �: for � < 0, the lighter hargino mass inreases, relaxing the hargino bound.On the other hand, the Higgs{neutralino oupling dereases due to a partial anellationbetween sin�N14 and os �N13. BRinv drops below 10-20% (Fig. 2, left panel) imposingno signi�ant onstraint on parameter spae. Around M1 � 20 GeV, the anellation isalmost perfet and BRinv is negligible.We thus �nd that BRinv imposes a signi�ant onstraint on the neutralino setor of SUSYmodels, assuming that the Higgs signal gets on�rmed. h ! �01�01 an be the dominant Higgsdeay hannel with BRinv reahing 75% for moderate tan � and M2 > 200 GeV (Fig. 2, rightpanel). Values above 40% are disfavored by the LHC Higgs signal whih allows us to plaeonstraints on � and M1. These onstraints are the strongest for � > 0 and low tan�, overingthe M1 values in the kinematially allowed range for h ! �01�01 up to 80 GeV, and values of �up to 200 GeV. 6



It is lear that the onstraints will get signi�antly stronger when the experimental limiton BRinv reahes a 10% level. For example, most of the parameter region shown in Fig. 1(left) would be exluded. The massless neutralino senario would also be strongly onstrainedsine the typial BRinv is around 10-20% in this ase. Further bounds on invisible Higgs deayan ome from monojet analyses (see e.g. [43℄), although their impat is expeted to be lesssigni�ant.3 ConlusionThe tentative Higgs signal reported by the LHC ollaborations appears to agree well with the SMexpetations. In this paper, we have studied impliations of this observation for the neutralinosetor of SUSY models. The SM{like Higgs an deay into a pair of the lightest neutralinos withthe branhing ratio up to 75%. As invisible Higgs deay is onstrained by the existing data, we�nd that most of the parameter region � < 170 GeV, M1 < 70 GeV at tan� � 10 and � < 120GeV, M1 < 70 GeV at tan � � 40 is disfavored.This onlusion depends only weakly on the other SUSY parameters. In partiular, theurrent bounds on superpartners suggest that the sfermion/gluino masses are in the TeV range.It is therefore a good approximation to assume that the lightest MSSM Higgs is very similarto the SM Higgs. The drasti di�erene however ould appear in its invisible deays, if thedeay into neutralinos is kinematially allowed. This allows us to set onstraints on the Higgs{neutralino oupling, whih is ontrolled mostly by � and M1. It is important to note that theseonstraints are \diret" in the sense that they do not rely on further assumptions suh as gauginomass uni�ation or spei� SUSY deay hains, unlike many previous analyses [39℄.Aknowledgements. The work of JSK is supported by the ARC Centre of Exellene forPartile Physis at the Terasale. The work of HKD was supported by the BMBF Verbund-projekt HEP-Theorie under the ontrat 0509PDE. JSK thanks A. Williams for reading themanusript.Referenes[1℄ S. Chatrhyan et al. [CMS Collaboration℄, Phys. Lett. B 710 (2012) 403.[2℄ S. Chatrhyan et al. [CMS Collaboration℄, Phys. Lett. B 710 (2012) 26.[3℄ S. Chatrhyan et al. [CMS Collaboration℄, Phys. Lett. B 710 (2012) 91.[4℄ S. Chatrhyan et al. [CMS Collaboration℄, arXiv:1202.1997 [hep-ex℄.[5℄ G. Aad et al. [ATLAS Collaboration℄, Phys. Lett. B 710 (2012) 49.7
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