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AbstratWe perform the �rst systemati analysis of partile spetra obtained from heteroti stringompati�ations on non{Abelian toroidal orbifolds. After developing a new tehnique to om-pute the partile spetrum in the ase of standard embedding based on higher dimensionalsupersymmetry, we ompute the Hodge numbers for all reently lassi�ed 331 non{Abelianorbifold geometries whih yield N = 1 supersymmetry for heteroti ompati�ations. Surpris-ingly, most Hodge numbers follow the empiri pattern h(1;1) � h(2;1) = 0 mod 6, whih mightbe related to the number of three standard model generations. Furthermore, we study the fun-damental groups in order to identify the possibilities for non{loal gauge symmetry breaking.Three examples are disussed in detail: the simplest non{Abelian orbifold S3 and two moreelaborate examples, T7 and �(27), whih have only one untwisted K�ahler and no untwistedomplex struture modulus. Suh models might be espeially interesting in the ontext of no{sale supergravity. Finally, we briey disuss the ase of orbifolds with vanishing Euler numbersin the ontext of enhaned (spontaneously broken) supersymmetry.
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1 IntrodutionTen{dimensional superstring theory is perhaps the most promising andidate to yield an ultravioletompletion of partile physis and to explain some persisting osmologial puzzles. One usefulmehanism to overome the hallenge of reduing the number of dimensions while preservingN = 1supersymmetry and other phenomenologially appealing features is to ompatify the six extraspatial dimensions on a toroidal orbifold.Toroidal orbifolds o�er a fairly simple geometrial struture that allows one to deal with theompati�ation in terms of the onformal{�eld framework of string theory [1, 2℄. Moreover,in reent years these onstrutions have beome a fruitful soure of semi{realisti models in theheteroti strings1. The resulting senarios an simultaneously reprodue the matter spetrum of theminimal supersymmetri version of the standard model [15, 16, 17, 18℄ (or its singlet extensions [19℄)and provide new approahes for solving puzzles suh as the existene of hierarhies [20, 21℄, familysymmetries [22℄ and proton stability [23, 24℄.Despite these enouraging features, not all possible toroidal orbifold geometries have been ex-plored. In the past, several e�orts have led to partial lassi�ations of orbifold geometries. The�rst attempts were restrited to ZN orbifolds [25, 26℄. Muh later, Z2 � Z2 orbifolds inludingso{alled roto{translations2 were suessfully lassi�ed [28℄ (see also [29, 30℄). However, it is evi-dent that more general orbifolds, whih inlude not only Abelian (i.e. ZN and ZM �ZN ) but alsonon{Abelian point groups (for example, Sn for n = 3; 4 and D2n for n = 2; 3), ould also lead toappealing physis. Only reently a full lassi�ation of all (symmetri3) toroidal orbifold geometrieswhih preserve N = 1 SUSY in the ontext of heteroti ompati�ations has been ahieved [32℄.Even though most of the N = 1 heteroti orbifolds of Ref. [32℄ (331 out of 469) are based on thedisrete ation of non{Abelian point groups, the geometrial aspets and phenomenology of thesenon{Abelian orbifolds have been studied only in few ases [33, 34℄. The purpose of this paper is toprovide the �rst tools to address these questions.With this goal in mind, after a brief desription of orbifold ompati�ations of the heterotistring, we develop a tehnique to systematially determine all twisted setors and their �xedpoints/tori of all toroidal orbifolds in Setion 2. Further, for the so{alled standard embeddingof the orbifold ation into the gauge degrees of freedom, whih leads to an E6 gauge group, wedevelop a tehnique based on supersymmetry in four and six dimensions to ompute the number of27 and 27 matter representations. This provides, as is known, the Hodge numbers h1;1 and h2;1,respetively. Furthermore, we determine the fundamental groups of all non{Abelian orbifolds inorder to identify the possibility of non{loal GUT breaking [35, 36, 37℄. Setion 3 is devoted to adetailed study of three sample non{Abelian orbifolds, with point groups S3, T7 and �(27), whihillustrate the main properties of these onstrutions. Finally, we disuss our �ndings in Setion 4.Our most important results are summarized in Table 3 for a list of all non{trivial fundamentalgroups and Table 2 for a list of Hodge numbers and their geometrial origin.1Referenes for other suessful onstrutions are for example (see also referenes therein): for the free fermionionstrution [3℄, for Gepner onstrutions [4℄, for type II with D{branes [5, 6, 7℄, for M{theory on G2 manifolds [8℄and for Calabi{Yau spaes [9, 10℄. For the onnetion between (singular) orbifolds and (smooth) Calabi{Yau om-pati�ations, see e.g. [11, 12, 13, 14℄.2They are also known as shift orbifolds; see e.g. Ref. [27℄ for type IIA string theory on shift Z2 �Z2 orientifolds.3For a reent work on asymmetri orbifolds, see e.g. [31℄.1



2 Heteroti non{Abelian orbifoldsWe onsider ompati�ations of the ten{dimensional heteroti string on (symmetri) toroidalorbifolds [1, 2℄, where points on the six{dimensional torus T 6 are identi�ed under the ation of theso{alled orbifolding group G, i.e.
O = T 6=G = R6=S : (1)Equivalently, the orbifold O is de�ned as R6 with an identi�ation of points under the ation ofthe so{alled spae group S. An element of S onsists of a rotational part and a translation. Indetail, g = (#; �) 2 S ats on x 2 R6 as g x = # x+ � ; (2)where � is a shift of x in R6 and # 2 SU(3) � SO(6) a rotation. Then, g x � x for all g 2 S isthe equivalene relation that de�nes O. The pure{translational elements of S have the form (11; �),where � an be expanded in terms of six basis vetors ei as � = niei with integer oeÆients niand summation over i = 1; : : : ; 6. Hene, the pure translations de�ne a lattie � and hereby thetorus T 6 = R6=�. On the other hand, for # 6= 11 there an additionally be elements (#; �) 2 S with� 62 � (i.e. with frational ni), whih are alled roto{translations [36℄.The rotational part # of all elements g = (#; �) 2 S forms a group, the so{alled point groupP . We further de�ne the orbifolding group G as the group generated by all g = (#; �) 2 S, wheretwo elements that are related by a pure lattie translation are identi�ed. Therefore, the orbifoldinggroup G is equivalent to the point group P if no roto{translations are present.The Abelian ase is well studied, resulting in many phenomenologial interesting models in, forexample, Z6-II [38, 15, 16, 17, 18℄, Z12-I [39℄, Z2�Z2 [40℄ and Z2�Z4 [41℄ (there were also earlierphenomenologial studies in Z3 and Z7, e.g. [42, 43℄). In this paper we deal with non{Abelianorbifolds, i.e. with orbifolds whose point groups P are non{Abelian. We onsider all inequivalentpoint groups (also known as Q{lasses), all inequivalent latties (alled Z{lasses) and all roto{translations (i.e. aÆne lasses)4. We use these six{dimensional spaes to ompatify the 10DE8 � E08 heteroti string to four dimensions.On heteroti orbifolds, there are two kinds of losed strings whih ontribute to the masslesspartile spetrum of the resulting four{dimensional e�etive theory: (i) untwisted strings thatlose already in at R6, and (ii) twisted strings that lose only on the orbifold due to a non{trivialrotation # (and possibly a translation �) in the respetive boundary ondition, e.g. a twisted stringgenerated by g = (#; �) loses under the boundary ondition X(�; �+2�) = # X(�; �)+2�� for thebosoni string oordinate. It follows that twisted strings are loalized at the �xed points/�xed toriof the orbifold geometry. In the ase of standard embedding (whih is a spei� hoie of how theorbifold ats in the gauge degrees of freedom of the heteroti string), the matter spetrum onsistsof 27{, 27{plets and singlets of the four{dimensional observable gauge group E6. As we desribein more detail in the next setion, ounting the numbers of the non{trivial representations of E6allows us to ompute the Hodge numbers of these heteroti ompati�ations, whih is the primarypurpose of this paper.4For further details on the de�nitions of these lasses, we suggest Refs. [44, 45, 32℄.2



2.1 Hodge numbersThe Hodge numbers (h(1;1); h(2;1)) ount the K�ahler and omplex struture moduli, respetively,whih orrespond to deformations (of size and shape) of the geometry. For the heteroti orbifoldsunder onsideration, we an split these numbers into ontributions from the untwisted setor andfrom the twisted setors, (h(1;1); h(2;1)) = (h(1;1)U ; h(2;1)U ) + (h(1;1)T ; h(2;1)T ) ; (3)and ompute them as we explain in the following.2.1.1 Contributions from the untwisted setorsIn this setion, we demonstrate that the number of untwisted moduli an be omputed diretlyfrom the point group P using representation theory of �nite groups.The 4D untwisted K�ahler and omplex struture moduli, ounted respetively by h(1;1)U andh(2;1)U , originate from the nine plus nine internal omponents of the 10D supergravity multiplet ofthe heteroti string, whih orrespond to the following string exitationsjqiR 
 ~��|�1j0iL for K�ahler moduli, (4a)jqiR 
 ~�j�1j0iL for omplex struture moduli, (4b)where j = 1; 2; 3 and jqiR denotes the ground state of the (supersymmetri) right{mover with(bosonized) momenta q = (0;�1; 0; 0) ; (5)where the underline denotes permutations. Furthermore, ~��|�1 or ~�j�1 exites the left{moving groundstate j0iL in the j{th omplex plane spanned by the omplex oordinate �z�| or zj .On the orbifold only the invariant ombinations of these (untwisted) states survive as un�xedmoduli. As untwisted moduli are unharged with respet to the gauge group, they transform onlyunder the ation of the point group P . From Table C.2 in Ref. [32℄ we know the expliit form ofthe point group as a three{dimensional, in general reduible representation � of P , with P beinga �nite sub-group of SU(3). Under the ation of the point group P the right{moving ground stateand the osillator exitations transform asjqiR transforms as � (6a)~��|�1 transforms as � (6b)~�j�1 transforms as � : (6)Hene, using Equations (4) and (6), one an ount the number of untwisted moduli (h(1;1)U ; h(2;1)U )from the tensor produts�
 � ! h(1;1)U �0 � : : : and �
 � ! h(2;1)U �0 � : : : ; (7)where �0 denotes the trivial singlet representation of P and h(1;1)U and h(2;1)U are the multipliitiesin the respetive deomposition. These multipliities an be omputed most easily using haraters3



(the harater of an element g 2 P in the representation � is given by ��(g) = Tr(�(g))). Ingeneral, a deomposition of a tensor produt reads �1 
 �2 = Li=1 ni�i, where  is the numberof inequivalent irreduible representations, whih are denoted as �i, and ni are the orrespondingmultipliities. Then, ��1
�2(g) = Pi=1 ni��i(g) and one an ompute the multipliities ni usingthe orthogonality of the rows of the harater table, see e.g. Setion 4.2 of Ref. [32℄.We use the software GAP [46℄ and Mathematia to perform these omputations. The resultsare listed in Table 1. Note that there are many ases with only one untwisted K�ahler modulus (i.e.only the overall volume of O is un�xed) and no omplex struture modulus (for example P = T7,see Setion 3.2), whih might be espeially interesting in the ontext of no{sale supergravity [47,48, 49, 50℄. This is in ontrast to orbifolds with Abelian point groups where always at least thethree K�ahler moduli (assoiated with the sizes of the ompat spae split in three omplex planes)survive the orbifold projetion (see e.g. [51℄).untwisted moduli(h(1;1)U ; h(2;1)U ) non{Abelian point groups(2,2) S3, D4, D6(2,1) QD16, (Z4 �Z2)oZ2, Z4 � S3, (Z6 �Z2)oZ2,GL(2; 3), SL(2; 3) oZ2(2,0) Z8 oZ2, Z3 � S3, Z3 oZ8, SL(2; 3)�I, Z3 �D4,
Z3 �Q8, (Z4 �Z4)oZ2, Z3 � (Z3 oZ4), Z6 � S3,
Z3 � SL(2; 3), Z3 � ((Z6 �Z2)oZ2), SL(2; 3) oZ4(1,1) A4, S4(1,0) T7, �(27), Z3 �A4, �(48), �(54), Z3 � S4, �(96),�(36�), �(108), PSL(3; 2), �(72�), �(216)Table 1: List of non{Abelian point groups with spei�ed number of untwisted moduli (h(1;1)U ; h(2;1)U ).For example, orbifolds with point group S3, D4 and D6 have two untwisted K�ahler moduli and twountwisted omplex struture moduli, i.e. (h(1;1)U ; h(2;1)U ) = (2; 2).2.1.2 Contributions from the twisted setorsThe twisted setors of the orbifold yield some twisted K�ahler moduli (also known as blow{upmodes) and twisted omplex struture moduli (whih desribe the shapes of unorbifolded �xedtori, as explained in more detail later).In order to determine their numbers, we analyze the standard embedding of the E8�E08 heterotistring, whih results in a four{dimensionalN = 1 theory with E6�E08 gauge group [34℄ (for Abelianpoint groups, the gauge group inludes additional model{dependent gauge fators, suh as U(1)2,SU(2) � U(1) or SU(3)). Due to the (2,2) world{sheet supersymmetry, the number of twisted27{plets orresponds to h(1;1)T and the number of twisted 27{plets gives h(2;1)T [52, 53℄. In order toidentify the number of twisted 27{ and 27{plets we �rst have to onsider the orbifold �xed pointsand �xed tori in some detail, with a speial fous on four{ and six{dimensional supersymmetry(see also Ref. [54℄ for a related disussion). 4



Twisted setors. In Abelian orbifolds, the twisted setors are labeled by their point groupelements, e.g. for a ZM�ZN point group with generators # and ! we use Tk;`, with k = 0; : : : ;M�1and ` = 0; : : : ; N � 1, to denote the (twisted) setor produed by #k!` 2 P . In ontrast, for non{Abelian orbifolds a twisted setor is haraterized by a onjugation lass [#℄ for # 2 P and heneit is denoted as T[#℄.Fixed points/tori. For a given twisted setor T[#℄, a spae group element g = (#; �) 2 S with# 6= 11 is alled a onstruting element of a massless string if the �xed point equation assoiatedwith g, g f = f , # f + � = f for f 2 R6 ; (8)has a zero{ or a two{dimensional solution f . In the former ase, f is alled a �xed point, while inthe latter it is alled a �xed torus.Equivalene of �xed points/tori. Di�erent solutions f an be geometrially equivalent in theompat spae due to the symmetries indued by the ompati�ation. Equivalenes between thesolutions are easily identi�ed via their orresponding onstruting elements. We distinguish twodi�erent kinds of equivalenes:(i) Equivalene on the torus. Take two onstruting elements of massless strings with thesame point group element, i.e. g1 = (#; �1) 2 S and g2 = (#; �2) 2 S. They are saidto be equivalent on the torus if g1 and g2 are in the same onjugay lass with respet totranslations, i.e. g1 = hg2h�1 for some h = (11; �) 2 S : (9)In other words, g1 � g2 on the torus if � 2 � exists suh that �1� �2 = (11� #) �. Then, theorresponding �xed points/tori di�er by a lattie vetor. Using this de�nition of equivaleneone an determine for eah twisted setor T[#℄ all inequivalent onstruting elements on thetorus.(ii) Equivalene on the orbifold. Fixed points/tori that are inequivalent on the torus an beequivalent on the orbifold, i.e. �xed points/tori of a given twisted setor an be identi�edby a further orbifold ation. Again, this equivalene an be determined using the onept ofonjugay lasses, now allowing for general h 2 S, i.e.g1 � g2 if g1; g2 2 [g℄ = fhgh�1 for all h 2 Sg : (10)Fixed points/tori assoiated with elements of the same onjugay lass are identi�ed on theorbifold. In more detail, take g1; g2 2 [g℄ withg1 f1 = f1 and g2 f2 = f2 ; (11)where f1; f2 2 R6 denote the �xed points/tori. As g1; g2 2 [g℄ there exists an elementh 2 S suh that g2 = hg1h�1. Then, �h�1f2� = �h�1g2� f2 = �g1h�1� f2 = g1 �h�1f2�.Consequently, f1 = h�1f2 and we see that the �xed points/tori f1 and f2 are identi�ed onthe orbifold. 5



Massless twisted matter. After obtaining all inequivalent onstruting elements on the orbifoldwe start with the determination of the assoiated twisted matter spetrum. Eah onstrutingelement g = (#; �) 2 S de�nes a boundary ondition for a losed string on the orbifold, i.e.Z(�; � + 2�) = g Z(�; �) = # Z(�; �) + 2�� : (12)For eah twisted setor one an hoose a basis of the three ompati�ed omplex oordinates Zisuh that the twist # 2 SU(3) beomes diagonal. Using this basis, the twist an be expressed bythe so-alled twist vetor v = (v1; v2; v3), whose omponents are the rotational phases in units of2�. These twist vetors are analogous to the well{known ones for the ase of Abelian point groups(see e.g. Table 1 in Ref. [2℄ and Table 5.2 in Ref. [32℄). Furthermore, the gauge embedding anbe diagonalized suh that its ation is parametrized by a shift, similarly as in the Abelian ase.For the standard embedding, we hoose V = (v1; v2; v3; 05)(08). In order to ompute the twistedmatter, one may need a basis hange for eah twisted setor of a non{Abelian orbifold. However,for eah individual setor one an use the standard tools and the intuition developed from thewell{known Abelian ase, suh as the usual masslessness equations for left{ and right{movers andtheir solutions.Invariane of twisted matter. In this way one an onstrut the Hilbert spae H[g℄ of masslesstwisted strings with onstruting element g. However, not all states from H[g℄ are neessarilyinvariant under the full orbifold ation. One has to onsider projetions, i.e. one has to projetthe Hilbert spae H[g℄ of massless strings to the invariant subspae with respet to all spae groupelements h that ommute with the onstruting element g, gh = hg. The set of ommuting elementsis alled the entralizer of g. It is important to note that the rotational part of g and h and theirgauge embeddings an be diagonalized simultaneously, as they ommute.For eah onstruting element g 2 [g℄ one distinguishes two ases:1. In the �rst ase, g is related to a �xed point (not a �xed torus). Then, ten{dimensionalN = 1supersymmetry is broken down to N = 1 in four dimensions at the �xed point of g, and theHilbert spae H[g℄ only respets 4D N = 1. Fixed points with these properties ontributeonly one twisted 27{plet, whih an be related to one twisted K�ahler modulus (i.e. blow{upmode), but no 27{plet and therefore no twisted omplex struture modulus. In other words,the onstruting element g yields a ontribution (1; 0) to the Hodge numbers (h(1;1)T ; h(2;1)T ).Let us point out that H[g℄ and H[g�1℄ are not independent, sine H[g�1℄ ontains the CPTonjugate partners of H[g℄. Thus, it suÆes to onsider only H[g℄ in the omputations.2. In the seond ase, g has a �xed torus. Considering only the ation of g (and g�1) on theinternal spae, the theory on this �xed torus has N = 1 in six dimensions (i.e. 4D N = 2)with E7 observable gauge group and a twisted 56 hypermultiplet (or half{hypermultiplet). Interms of 4D N = 1 this twisted 56{plet originates from the setor g ontributing a left{hiralsuper�eld, whih transforms as 56 of E7, and from the setor g�1 ontributing another left{hiral super�eld, whih transforms in the omplex onjugate representation, e.g. as a 56{pletwith negative U(1) harge. However, in the ase g = g�1 (or [g℄ = [g�1℄) the twisted 56{pletis real, e.g. a 56{plet with zero U(1) harge. Hene, it transforms as a half{hypermultiplet.6



From the full 4D perspetive the E7 is broken to E6 and the left{hiral 56{plet from g branhesinto 27�27 plus two singlets. Thus, 4D matter originates from N = 2 (half{)hypermultipletsand in terms of 4D N = 1 a onstruting element g with �xed torus ontributes both, onetwisted 27{plet and one twisted 27{plet, to the Hilbert spae H[g℄. This would result in onetwisted K�ahler modulus and one twisted omplex struture modulus per �xed torus.However, in the whole orbifold one has to perform the projetion on invariant states: if thereis (at least) one element in the entralizer of g whih breaks N = 1 in six dimensions toN = 1 in four dimensions, the twisted 27{plet is removed from H[g℄ and, onsequently, thetwisted omplex struture modulus of this orbifolded �xed torus is projeted out. Then, the�xed torus of g ontributes (1; 0) to the Hodge numbers. On the other hand, if all elementsof the entralizer keep N = 1 in six dimensions, the twisted 27{ and 27{plet and henethe respetive moduli survive this projetion. In this ase, the �xed torus is not orbifoldedfurther by the ation of the entralizer and the twisted omplex struture modulus desribesthe shape of this torus. Then, the �xed torus of g ontributes (1; 1) to the Hodge numbers.Based on these observations, we notie that it is enough to know the geometrial aspets (spaegroup, onstruting elements, et.) of the orbifold and not the details of the gauge embedding inorder to arrive at the Hodge numbers. As a test, we have �rst used this proedure to orroboratethe Hodge numbers for all 138 orbifolds with Abelian point groups of Ref. [32℄ (originally obtainedusing the orbifolder [55℄). Then, we applied this proedure to the 331 orbifolds with non{Abelianpoint groups. The results are listed in Table 2 of Appendix A. We disuss three examples in detailin Setion 3. It is interesting to note that, like in the Abelian ase of Ref. [32℄, also the Hodgenumbers of most non{Abelian ases satisfy the empiri ruleh(1;1) � h(2;1) = 0 mod 6 ; (13)for whih we have not found an explanation yet (see also Ref. [26℄). In the ases where Equation (13)is satis�ed and the Euler number � = 2(h(1;1) � h(2;1)) does not vanish, it seems oneivable thatthe addition of disrete Wilson lines [2, 56℄ an lead to andidate models with three generations ofstandard model partiles.2.2 Fundamental groupThe fundamental group �1 of a toroidal orbifold is given by the following quotient group [1, 57℄�1 = S=hF i ; (14)where S is the spae group that de�nes the orbifold, F is the set of all onstruting elements andhF i is the group generated by the elements of F .There are two possible origins for a generator of �1: either it arises from a roto{translation(i.e. from the orbifolding group G) or from a pure translation (i.e. from the lattie �). In orderto identify this, we ompute in addition to �1 = S=hF i also G=GF and �=�F , where GF � G isgenerated by the roto{translations of hF i and �F � � is the lattie of hF i.In total we �nd that 38 out of 331 orbifolds with non{Abelian point group and N = 1 have anon{trivial fundamental group, for example �1 = Z2, Z3, Z2 � Z2 and Z3 � Z3. They are listed7



in Table 3 of Appendix A. In the next setion we disuss one of them in detail. Combined withthe results of [32℄ we have a omplete list of (toroidal, N = 1) orbifold geometries whih o�er anon{trivial fundamental group: there are 69 ases out of 469. These ases are of speial interestfor phenomenology as they may allow for non{loal GUT breaking [35, 36, 37℄. Therefore, thegauge embeddings of the (freely{ating) elements of the fundamental group and the onditionsfrom modular invariane must be analyzed, f. [11℄.Example: D4 orbifold. Let us disuss the ase D4{1{5 (i.e. Z{lass #1, aÆne lass #5) withHodge numbers (6; 6) in detail. D4 is generated by # and ! ful�lling #2 = !2 = (#!)4 = 11. In thease (1{5) the spae group S is generated by g1 = (#; 12e1 + 14e5) and g2 = (!; 0), where#e = 0BBBBBB� 1 0 0 0 0 00 0 0 �1 0 00 0 �1 0 0 00 �1 0 0 0 00 0 0 0 �1 00 0 0 0 0 �1
1CCCCCCA and !e = 0BBBBBB� 0 0 1 0 0 00 1 0 0 0 01 0 0 0 0 00 0 0 �1 0 00 0 0 0 �1 00 0 0 0 0 �1

1CCCCCCA ; (15)and by the lattie � = fe1; : : : ; e6g.On the other hand, the group hF i is generated by two roto{translations5h1 = (!; 0) and h2 = g1g2g1 = (#!#; 12(e1 + e3 + e5)) (16)and six translations (11; ei) for i = 2; 4; 5; 6, (11; e1 + e3) and (11;�e1 + e3), whih de�ne a (six{dimensional) sublattie �F � �.As a subgroup of G the roto{translations h1 and h2 generate GF = Z2 �Z2 and one an showthat D4= (Z2 �Z2) = Z2, whih is generated by g1 using g21 = (11; e1) � (11; 0) in the orbifoldinggroup. Furthermore, one an take the quotient of the respetive latties and obtains �=�F = Z2,whih is generated by (11; e3) using (11; e3)(11; e3) = (11; 2e3) � (11; 0) (or equivalently generated by(11; e1) using (11; e1)(11; e1) = (11; 2e1) � (11; 0)).The full fundamental group �1 = S=hF i of the orbifold D4{1{5 is generated by g1. Then,g21 = (11; e1) (not identi�ed with (11; 0) in �1), g31 = (#; 32e1+ 14e5) and g41 = (11; 2e1) � (11; 0). Thus,we �nd �1 = Z4, see Table 3.3 ExamplesIn this setion we disuss three examples of orbifolds with non{Abelian point group in detail. The�rst example in Setion 3.1 onsiders S3 [34℄, the easiest non{Abelian ase, whih unfortunatelyyields only non{hiral spetra. Then, in Setion 3.2 we disuss a T7 orbifold whih yields hirality.Furthermore, this model has the interesting property of having just one untwisted K�ahler modulusand no untwisted omplex struture modulus. Last, in Setion 3.3 we desribe a �(27) orbifoldwhih possesses a non{trivial fundamental group and gives hirality.5Note that ! and #!# belong to the same onjugay lass of D4.8



3.1 The heteroti S3 orbifoldThe symmetri group S3 is generated by two generators # and ! of orders 2 and 3, i.e. #2 = !3 = 11.They ful�ll the relation #!# = !2. S3 has 3! = 6 elements whih split into three onjugay lassesas follows: [11℄ = f11g ; v[11℄ = (0; 0; 0) ;[!℄ = f!; !2g ; v[!℄ = �13 ;�13 ; 0� ;[#℄ = f#; #!; #!2g ; v[#℄ = �12 ;�12 ; 0� ; (17)where we listed for later use the orresponding twist vetors related to the orresponding SU(3){ompatible point{group generators given below in Equation (19) (obtained by hoosing appropriatebases that diagonalize the respetive rotation matries).From rystallography [45, 32℄, we know that for this Q{lass (i.e. point group P = S3), there aresix Z{lasses (i.e. inequivalent latties) and in total eleven aÆne lasses (i.e. for eah lattie exeptfor lattie #6 there are two aÆne lasses: �rst the trivial aÆne lass without roto{translations anda seond aÆne lass where g! is a roto{translation), see Table 2.Let us disuss the �rst aÆne lass, i.e. S3{1{1. In this ase the generators of the S3 orbifoldinggroup are g# = (#; 0) and g! = (!; 0), where#e = 0BBBBBB� 1 �1 0 0 0 00 �1 0 0 0 00 0 0 �1 0 00 0 �1 0 0 00 0 0 0 �1 00 0 0 0 0 �1
1CCCCCCA and !e = 0BBBBBB� �1 1 0 0 0 0�1 0 0 0 0 00 0 0 1 0 00 0 �1 �1 0 00 0 0 0 1 00 0 0 0 0 1

1CCCCCCA ; (18)given in the lattie basis as matries from GL(6;Z), for example, #ee1 = e1. One an go to theSO(6) form by a basis hange # = Be #eB�1
e

and ! = Be !eB�1
e
, where the olumns of Be are thebasis vetors ei, i = 1; : : : ; 6. In the SU(3) basis these generators read (see Table C.2 of [32℄)#(3) = 0� �1 0 00 0 10 1 0 1A and !(3) = 0B� 1 0 00 e�2� i 13 00 0 e2� i 13 1CA : (19)These matries generate a reduible three{dimensional representation 3 of S3, whih deomposesinto irreduible representations as 3 = 2� 10. Furthermore, there exists one additional irreduiblerepresentation of S3: 1, the trivial singlet.As disussed in Setion 2.1, the number of untwisted K�ahler and omplex struture moduli isdetermined by the tensor produts of the three{dimensional representation of Equation (19), i.e.3
 3 = �2� 10�
 �2� 10� ! 2� 2� 2� 10 � 1� 1 ; (20a)3
 3 = �2� 10�
 �2� 10� ! 2� 2� 2� 10 � 1� 1 : (20b)Sine Equation (20a) ontains two trivial singlets 1, there are two orbifold{invariant untwistedK�ahler moduli from the states given in Equation (4a). Further, also Equation (20b) ontains two9



singlets 1 and hene there are also two orbifold{invariant untwisted omplex struture moduli fromEquation (4b). In total, we �nd (h(1;1)U ; h(2;1)U ) = (2; 2) : (21)Next, we disuss the ontributions from the two twisted setors of the S3 orbifold, spei�edby the inequivalent onjugay lasses given in Equation (17). The [!℄ twisted setor has nineinequivalent onstruting elements g(i) 2 S, i = 1; : : : ; 9 on the torus,g(1) = (!; 0) ; g(2) = (!; e4) ; g(3) = (!; 2e4) ;g(4) = (!; e2) ; g(5) = (!; e2 + e4) ; g(6) = (!; e2 + 2e4) ;g(7) = (!; e1 + e2) ; g(8) = (!; e1 + e2 + e4) ; g(9) = (!; e1 + e2 + 2e4) : (22)These onstruting elements by themselves lead to a six{dimensionalN = 1 supersymmetri theory,where the six dimensions inlude the unompati�ed 4D spae along with the two{torus de�ned bythe basis vetors e5 and e6.Finally, the [#℄ setor has four inequivalent onstruting elements on the torus,(#; n5e5 + n6e6) with n5; n6 = 0; 1 ; (23)whih are also inequivalent on the orbifold. As the [!℄ setor, the [#℄ twisted setor yields an N = 1supersymmetri theory in the six dimensions omposed of the unompati�ed 4D spae and thetwo{torus de�ned by the basis vetors e1 and e4 � e3.The entralizer elements of the onstruting elements of both twisted setors do not furtherbreak supersymmetry in their respetive six{dimensional N = 1 theories. Therefore, all 9+ 4 �xedtori are endowed with both a 27{ and a 27{plet in four dimensions, ontributing with as manytwisted K�ahler and omplex{struture moduli as the number of inequivalent onstruting elements.In summary, the Hodge numbers are (h(1;1); h(2;1)) = (15; 15) arising from the various setors as(2; 2)U + (9; 9)T[!℄ + (4; 4)T[#℄ ; (24)on�rming the results of [34℄. Unfortunately, in the standard heteroti CFT desription the S3orbifold neessarily leads to a non{hiral spetrum in 4D, as we an see from the Hodge numbersh(1;1) = h(2;1). Hene, the S3 orbifold seems phenomenologially not promising. It might be possibleto irumvent this by introduing magnetized tori [54℄.3.2 The heteroti T7 orbifoldThe Frobenius group T7 is generated by two generators # and ! of orders 3 and 7, i.e. #3 = !7 = 11.They ful�ll the relation !# = #!2. T7 has 21 elements, they split into �ve onjugay lasses, i.e.[11℄ = f11g ; v[11℄ = (0; 0; 0) ;[!℄ = f!; !2; !4g ; v[!℄ = �17 ; 27 ;�37� ;�!3� = f!3; !5; !6g ; v[!3℄ = ��17 ;�27 ; 37� ;[#℄ = f#; #!; #!2; #!3; #!4; #!5; #!6g ; v[#℄ = �13 ;�13 ; 0� ;�#2� = f#2; #2!; #2!2; #2!3; #2!4; #2!5; #2!6g ; v[#2℄ = �13 ;�13 ; 0� : (25)
10



where, as in the S3 example, we provide for later use the orresponding twist vetors assoiatedwith Equation (27).From rystallography [45, 32℄ we know that for this Q{lass (i.e. point group P = T7), thereare three Z{lasses (i.e. inequivalent latties) and in total three aÆne lasses (i.e. for eah lattiethere is only the trivial aÆne lass without roto{translations), see Table 2.Let us disuss the �rst Z{lass, i.e. T7{1{1. In this ase the generators of the T7 orbifoldinggroup are g# = (#; 0) and g! = (!; 0), where#e = 0BBBBBB� 0 �1 0 0 �1 00 �1 0 1 �1 00 1 0 �1 1 �1�1 0 0 0 0 �10 0 �1 0 1 01 0 0 0 1 0
1CCCCCCA and !e = 0BBBBBB� 0 �1 0 0 0 �11 �1 0 0 0 �1�1 1 0 0 �1 11 0 1 0 �1 0�1 1 0 0 0 0�1 1 0 �1 0 0

1CCCCCCA ; (26)given in the lattie basis as matries from GL(6;Z), for example, #ee1 = �e4 + e6. One an go tothe SO(6) form by a basis hange # = Be #eB�1
e

and ! = Be !eB�1
e
, where the olumns of Be arethe basis vetors ei, i = 1; : : : ; 6. In the SU(3) basis these generators read (see Table C.2 of [32℄)#(3) = 0� 0 1 00 0 11 0 0 1A and !(3) = 0B� e2� i 47 0 00 e2� i 27 00 0 e2� i 17 1CA : (27)These matries generate an irreduible three{dimensional representation 3 of T7. Furthermore,there exist four additional irreduible representations of T7: 3 is the omplex onjugate of 3, 10and its omplex onjugate 10 are two non{trivial one{dimensional representations and, �nally, 1 isthe trivial singlet.One an think of the T7 orbifold as a standard Z7 orbifold generated by ! with an additional,non{freely ating Z3 generated by # that permutes the three omplex planes (z1; z2; z3) as z1 7!z3 7! z2 7! z1.As disussed in Setion 2.1, the number of untwisted K�ahler and omplex struture moduli isdetermined by the tensor produts of the three{dimensional representation of Equation (27), i.e.3
 3 ! 3� 3� 1� 10 � 10 ; (28a)3
 3 ! �3� 3�s � 3a ; (28b)where s and a denotes the symmetri and anti{symmetri part, respetively. As Equation (28a)ontains one singlet 1, there is one orbifold{invariant untwisted K�ahler modulus from Equation (4a).Furthermore, Equation (28b) does not ontain the singlet 1 and hene there is no orbifold{invariantuntwisted omplex struture modulus from Equation (4b). In summary, we �nd(h(1;1)U ; h(2;1)U ) = (1; 0) : (29)Next, we study the ontributions from the four twisted setors of the T7 orbifold arising from itsonjugay lasses (see Equation (25)). The [!℄ twisted setor has seven inequivalent onstruting11



elements g(i) 2 S, i = 1; : : : ; 7, on the torus:g(1) = (!; 0) ; g(2) = (!; e1 + e2) ;g(3) = (!; e1 + e2 + e6) ; g(4) = (!; e1 + e3 + e5 + e6) ;g(5) = (!; 2e1 + 2e2 + e6) ; g(6) = (!; 2e1 + e2 + e3 + e5 + e6) ;g(7) = (!; 2e1 + e2 + e3 + e5 + 2e6) : (30)They are also inequivalent on the orbifold. The orresponding �xed points are given in the e� basisby f (i) = 17 f̂ (i)� e�, i = 1; : : : ; 7, withf̂ (1) = (0; 0; 0; 0; 0; 0) ; f̂ (2) = (2; 4; 1; 1; 2; 1) ; f̂ (3) = (1; 2; 4; 4; 1; 4) ;f̂ (4) = (4; 1; 2; 2; 4; 2) ; f̂ (5) = (3; 6; 5; 5; 3; 5) ; f̂ (6) = (6; 5; 3; 3; 6; 3) ;f̂ (7) = (5; 3; 6; 6; 5; 6) : (31)As these are �xed points (and not tori) and the entralizers of gi are trivial, the [!℄ twisted setorombines with the inverse twisted setor [!6℄ = [!3℄ and gives seven left{hiral 27{plets plus theirCPT onjugate partners. Hene, this setor ontributes with (7; 0) to the Hodge numbers.The [#℄ twisted setor has one inequivalent onstruting element with assoiated �xed torus,(#; 0) with f = (f1; f2; 0;�f1 + f2;�f1 � f2;�f2) ; (32)where the torus is parametrized by f1; f2 2 R. As the entralizer of this setor is trivial, the [#℄twisted setor feels the full N = 1 in six dimensions and hene ontributes (1; 1) to the Hodgenumbers.Finally, the [#2℄ is very similar to the [#℄ twisted setor. It has one inequivalent onstrutingelement with assoiated �xed torus,�#2; 0� with f = (f1; f2; 0;�f1 + f2;�f1 � f2;�f2) ; (33)where the torus is parametrized by f1; f2 2 R. Again, as the entralizer is trivial, it gives rise toone twisted K�ahler and one twisted omplex struture modulus and therefore ontributes (1; 1) tothe Hodge numbers.In summary, the Hodge numbers are (h(1;1); h(2;1)) = (10; 2), distributed in the various setorsaording to (1; 0)U + (7; 0)T[!℄ + (1; 1)T[#℄ + (1; 1)T[#2℄ : (34)
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3.3 The heteroti �(27) orbifoldThe group �(27) is generated by two generators # and ! both of order 3, i.e. suh that #3 = !3 = 11.�(27) has 27 elements, they split into the following eleven onjugay lasses[11℄ = f11g ; v[11℄ = (0; 0; 0) ;[!℄ = f!; #!#2; #!2#2!2g ; v[!℄ = �13 ;�13 ; 0� ;�!2� = f!2; #!2#2; #!#2!g ; v[!2℄ = �13 ;�13 ; 0� ;[#℄ = f#; !#!2; !2#!g ; v[#℄ = �13 ;�13 ; 0� ;�#2� = f#2; !2#2!; !#2!2g ; v[#2℄ = �13 ;�13 ; 0� ;[!#℄ = f!#; !2#!2; #!g ; v[!#℄ = �13 ;�13 ; 0� ;�!#2� = f!#2; #2!; !2#2!2g ; v[!#2℄ = �13 ;�13 ; 0� ;�!2#� = f!2#; #!2; !#!g ; v[!2#℄ = �13 ;�13 ; 0� ;�!2#2� = f!2#2; !#2!; #2!2g ; v[!2#2℄ = �13 ;�13 ; 0� ;�#!#2!2� = f#!#2!2g ; v[#!#2!2℄ = �13 ; 13 ;�23� ;�#!2#2!� = f#!2#2!g ; v[#!2#2!℄ = �13 ; 13 ;�23� ;
(35)

where we also give the orresponding twist vetors obtained, as before, by hoosing bases in whihthe rotation matries are diagonal, as in Equation (37).One again, it is known that there are three latties and a total of ten aÆne lasses (threeorbifolding groups without roto{translations and seven ones whih inlude them) for the pointgroup P = �(27).Let us disuss the fourth aÆne lass of the �rst Z{lass, i.e. �(27){1{4, see Table 2. In thisase the generators of the �(27) orbifolding group are g# = (#; 13(2e2+e3+2e5)) and g! = (!; 13e1),where#e = 0BBBBBB� 0 1 0 0 1 00 0 0 0 0 10 1 0 �1 2 10 0 1 �1 1 10 0 0 0 1 01 0 0 0 �1 0
1CCCCCCA and !e = 0BBBBBB� 1 1 �1 0 0 �10 �1 1 �1 0 10 0 0 �1 0 �10 0 0 0 �1 �10 1 0 0 0 �10 �1 0 1 �1 0

1CCCCCCA ; (36)given in the lattie basis as matries from GL(6;Z), for example, #ee1 = e6. One an go to theSO(6) form by a basis hange # = Be #eB�1
e

and ! = Be !eB�1
e
, where the olumns of Be are thebasis vetors ei, i = 1; : : : ; 6. In the SU(3) basis these generators read (see Table C.2 of [32℄)#(3) = 0� 0 1 00 0 11 0 0 1A and !(3) = 0B� 1 0 00 e2� i 13 00 0 e2� i 23 1CA ; (37)whih generate an irreduible three{dimensional representation 3 of �(27).The number of untwisted moduli orresponds to the number of invariant singlets within thetensor produts of the three{dimensional representation and its onjugate:3
 3 ! 10 � 11 � 12 � 13 � 14 � 15 � 16 � 17 � 18 ; (38a)3
 3 ! 3� 3� 3 ; (38b)13



where only 10 in Equation (38a) denotes a �(27){invariant singlet. Therefore, by using Equa-tion (7), we onlude that there is only one orbifold{invariant untwisted K�ahler modulus and noorbifold{invariant untwisted omplex{struture modulus, i.e.(h(1;1)U ; h(2;1)U ) = (1; 0) : (39)The only nonvanishing ontributions to the Hodge numbers from the twisted setors arise fromthe 27 �xed points of the T[#!#2!2℄ setor, whih are inequivalent on the torus. The onstrutingelements assoiated to these �xed points are g(i) = �#!#2!2; �(i)� with:�(1) = 13 (�2e1 + 5e2 + e3 � e4 � e5 + 5e6) ; �(2) = 13 (�2e1 + 5e2 + e3 + 2e4 � e5 + 5e6) ;�(3) = 13 (e1 + 2e2 + e3 � e4 � e5 + 2e6) ; �(4) = 13 (e1 + 2e2 + e3 + 2e4 � e5 + 2e6) ;�(5) = 13 (e1 + 2e2 + e3 + 5e4 � e5 + 2e6) ; �(6) = 13 (e1 + 5e2 + e3 � e4 � e5 + 2e6) ;�(7) = 13 (e1 + 5e2 + e3 + 2e4 � e5 + 2e6) ; �(8) = 13 (e1 + 5e2 + e3 + 5e4 � e5 + 2e6) ;�(9) = 13 (�2e1 + 5e2 � 2e3 � e4 � 4e5 + 5e6) ; �(10) = 13 (�2e1 + 5e2 � 2e3 � e4 � e5 + 5e6) ;�(11) = 13 (�2e1 + 5e2 + e3 � e4 � 4e5 + 5e6) ; �(12) = 13 (�2e1 + 5e2 + e3 + 2e4 � 4e5 + 5e6) ;�(13) = 13 (�2e1 + 8e2 � 2e3 � e4 � 4e5 + 5e6) ; �(14) = 13 (�2e1 + 8e2 + e3 � e4 � 4e5 + 5e6) ;�(15) = 13 (�2e1 + 8e2 + e3 + 2e4 � 4e5 + 5e6) ; �(16) = 13 (e1 + 2e2 � 2e3 � e4 � 4e5 + 5e6) ;�(17) = 13 (e1 + 2e2 � 2e3 + 2e4 � 4e5 + 5e6) ; �(18) = 13 (e1 + 2e2 + e3 + 2e4 � 4e5 + 5e6) ;�(19) = 13 (e1 + 5e2 � 2e3 � e4 � 4e5 + 5e6) ; �(20) = 13 (e1 + 5e2 � 2e3 + 2e4 � 4e5 + 5e6) ;�(21) = 13 (e1 + 5e2 + e3 � e4 � 4e5 + 2e6) ; �(22) = 13 (e1 + 5e2 + e3 + 2e4 � 4e5 + 2e6) ;�(23) = 13 (e1 + 5e2 + e3 + 2e4 � 4e5 + 5e6) ; �(24) = 13 (e1 + 5e2 + e3 + 5e4 � 4e5 + 2e6) ;�(25) = 13 (e1 + 8e2 � 2e3 � e4 � 4e5 + 5e6) ; �(26) = 13 (e1 + 8e2 � 2e3 + 2e4 � 4e5 + 5e6) ;�(27) = 13 (e1 + 8e2 + e3 + 2e4 � 4e5 + 5e6) :
(40)

Out of these 27 onstruting elements, only three are inequivalent on the orbifold. We hooseg(1); g(2) and g(3). The orresponding �xed points are loalized at f (i) = 19 f̂ (i)� e�, i = 1; 2; 3, withf̂ (1) = (1; 1; 6; 5; 6; 7) ; f̂ (2) = (1; 1; 3; 8; 6; 7) ; f̂ (3) = (4; 1; 6; 2; 3; 1) : (41)Sine these are �xed points (and not tori) and the entralizers of g(i) are trivial, the T[#!#2!2℄twisted setor ombines with the inverse twisted setor T[#!2#2!℄ yielding three left{hiral 27{pletsplus their CPT onjugate partners. Hene, the only twisted ontribution to the Hodge numbers is(3; 0).In summary, the Hodge numbers are (h(1;1); h(2;1)) = (4; 0) originating from the various setorsas (1; 0)U + (3; 0)T[#!#2!2℄ : (42)The main feature that distinguishes this ase from the previous examples is the existene ofa non{trivial fundamental group �1 = S=hF i. The group hF i generated by the set F of theonstruting elements listed in Equation (40) ontains the full lattie � of the spae group S anda (normal subgroup) Z3 � �(27) generated by #!#2!2. Thus, we identify the fundamental groupof the �(27){1{4 orbifold as�1 = S=hF i = �(27)=Z3 = Z3 �Z3 : (43)14



4 Summary and DisussionWe have omputed systematially the number of (untwisted and twisted) moduli and fundamentalgroups of all 331 reently lassi�ed [32℄ N = 1 non{Abelian (symmetri) orbifold ompati�a-tions of the E8 � E08 heteroti string with standard gauge embedding. We have developed thetools that allow us to determine the number of K�ahler and omplex{struture moduli by usinggroup{theoretial and geometrial properties of the orbifolds rather than by diret omputation.Our results are presented in Table 2, where the Hodge numbers, lassi�ed by setor, are displayed.Furthermore, we list all 38 non{trivial fundamental groups in Table 3. Further details (suh as orb-ifold generators, onstruting elements, non{trivial entralizer elements, ompati�ation latties,et.) are made available athttp://einrihtungen.physik.tu-muenhen.de/T30e/odes/NonAbelianOrbifolds/in a Mathematia{ompatible format.Most of the fundamental groups (35 out of 38) are Abelian (see Table 3), suh as Z2, Z3, Z4 and
Z2�Z26. In 14 ases the fundamental group is generated by translations, in 16 ases all generatorsare rotations and in the remaining 8 ases the fundamental group is generated by translationsand rotations. From a phenomenologial point of view, orbifolds with non{trivial fundamentalgroups are very interesting as they may allow for non{loal GUT breaking, whih an improvegauge oupling uni�ation. Furthermore, it would be interesting to study the onnetion of theseorbifolds to smooth Calabi{Yau spaes [40, 11℄, sine the standard model gauge group (espeiallythe hyperharge) an survive a full blow{up of the orbifold to a smooth Calabi{Yau when thefundamental group of the orbifold is non{trivial and the gauge group is broken non{loally.Besides the fat that, like almost all Abelian ases, most non{Abelian orbifold geometriessatisfy the relation � = 0 mod 12, for whih we have no explanation, we observe that, in ontrastto Abelian orbifolds, there is a large number of geometries (and a greater number of models) withthe overall volume modulus as the only untwisted modulus available. These models should befurther analyzed in the ontext of no{sale supergravity. Note also that this might be a positivefeature for moduli stabilization, although unfortunately it prevents anisotropi ompati�ations,whih are desirable to solve the tension between the string sale and the GUT sale [60, 36℄.An interesting observation is that 42 out of the 331 orbifold geometries have vanishing Eulernumbers � (i.e. h(1;1) = h(2;1)). In these ases we note that we have h(1;1)U = h(2;1)U and h(1;1)T = h(2;1)T ,independently. The latter, h(1;1)T = h(2;1)T , is related to higher{dimensional supersymmetry. Hene,4D hiral spetra an never be obtained in these ases using standard heteroti orbifold CFTtehniques alone. The inlusion of magnetized tori [61, 54℄ may o�er a plausible way to irumventthis hurdle. However, their desription is only known in blow{up, but not on the singular orbifold.Furthermore, it would be interesting to analyze the ases of vanishing Euler numbers in theontext of [62℄, whih states that type II string theory ompati�ed on Calabi{Yau threefoldswith vanishing Euler numbers leads to N = 4 enhaned supersymmetry (spontaneously broken toN = 2). Translated to the ase of heteroti orbifolds with standard embedding and vanishing Eulernumbers, one might expet N = 2 enhaned supersymmetry (spontaneously broken to N = 1). Inaddition, we �nd ases where h(1;1)T = h(2;1)T = 0, for example, D4� 1� 6 has only untwisted Hodge6This is in ontrast to smooth Calabi{Yau spaes, whih have a muh wider variety of fundamental groups, seee.g. [58, 59℄ for fundamental groups of omplete intersetion Calabi{Yau threefolds.15
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numbers (2; 2) (see Table 2) and there are few other similar ases in Abelian orbifolds [32℄. Onemight onjeture that these ases give even higher enhaned supersymmetry, i.e. (spontaneouslybroken) N = 4. On the other hand, there are ases of orbifolds with vanishing Euler numbers wherethe orbifold intuition naively ontradits the general results of [62℄: e.g. onsider the �rst ase ofTable 2, S3{1{1, with Hodge numbers (15; 15) deomposed as (2; 2)U + (4; 4)T[#℄ + (9; 9)T[!℄. Inthis ase, the two twisted setors T[#℄ and T[!℄ both feel N = 2 supersymmetry, while the untwistedsetor U is N = 1 in four dimensions. However, T[#℄ has di�erent N = 2 than T[!℄, as one aneasily verify by notiing that the generators # and ! leave untouhed di�erent two{tori. Thisimplies that the full ation of the orbifold breaks expliitly (not spontaneously) N = 2 to N = 1supersymmetry, even though � = 0.In addition, we have presented the details of three sample models with the point groups S3(on�rming the results of Ref. [34℄), T7 and �(27). We have hosen these point groups beausethey illustrate the main properties of non{Abelian orbifold ompati�ations and beause of theirrelevane in partile physis, for example in the ontext of neutrino mixing and family symmetries(see e.g. [63, 64, 65℄). As in the Abelian ase, we expet the (non{Abelian) point group of theorbifold to be in lose onnetion with the family symmetry of the 4D e�etive theory via string{seletion rules [22℄. If this was the ase, our examples would be of phenomenologial interest. Yetthe spei�s of the string seletion rules for non{Abelian orbifolds should still be worked out.The results of this work lay the foundation stone of future phenomenologial studies based onnon{Abelian orbifolds and an be extended in various ways. Partiularly, it would be interesting toextend this study to type IIA strings on orientifolds [66, 67, 27℄, where appealing phenomenologyan also emerge. Likewise, it might be desirable to apply our tehniques to ompati�ations ofthe heteroti strings on four{dimensional orbifolds, in order to reveal further onnetions to K3manifolds [68, 69℄. Finally, one is now in position to takle the tehnial details of the gaugeembedding in order to possibly arrive at promising onstrutions. In this respet, it is phenomeno-logially relevant to emphasize that in general the rank of the gauge group shall be redued fornon{Abelian orbifolds, whih is in ontrast to the situation in Abelian orbifolds, where the rank isalways 16 after ompati�ation. This an help avoiding multiple Higgs mehanisms to arrive atphenomenologially viable onstrutions from string theory.AknowledgmentsWe would like to thank Sebastian Konopka, Jan Louis and Mihael Ratz for useful disussions.The authors thank the Bethe Center for Theoretial Physis in Bonn, where part of this projetwas done, for hospitality and support. P.V. is supported by SFB grant 676 and is grateful tothe Institute of Physis, UNAM, for hospitality and support. S.R-S. is partially supported byCONACyT grant 151234 and DGAPA-PAPIIT grant IB101012. M.F. is supported by the DeutsheForshungsgemeinshaft (DFG) through the luster of exellene \Origin and Struture of theUniverse".
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A ResultsIn this appendix we list the generators of the orbifolding group, the total Hodge numbers, their ontributions from thevarious twisted and untwisted setors and the mehanism of higher{dimensional gauge group breaking (loal or non{loal,see Table 3) for all 331 orbifolds with non{Abelian point group. For example, onsider the S3 point group with Z{lass #6 and aÆne lass # 1 (i.e. no roto{translations and the orbifolding group is generated by (#; 0) and (!; 0)). The higher{dimensional gauge group is broken loally in higher dimensions, whih orresponds to a trivial fundamental group. TheHodge numbers are (7; 7), where (2; 2) originate from the untwisted setor U , (4; 4) from the twisted setor T[#℄ and, �nally,(1; 1) from T[!℄.

Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))S3 1 1 (#; 0); (!; 0)[6; 1℄ loal (2; 2)U + (4; 4)T[#℄ + (9; 9)T[!℄ (15; 15)2262 2 (#; 0); (!; 13e5)non{loal (2; 2)U + (4; 4)T[#℄ (6; 6)2 1 (#; 0); (!; 0)loal (2; 2)U + (4; 4)T[#℄ + (9; 9)T[!℄ (15; 15)2 (#; 0); (!; 13e5)non{loal (2; 2)U + (4; 4)T[#℄ (6; 6)3 1 (#; 0); (!; 0)loal (2; 2)U + (4; 4)T[#℄ + (3; 3)T[!℄ (9; 9)2 (#; 0); (!; 13e1)non{loal (2; 2)U + (4; 4)T[#℄ (6; 6)4 1 (#; 0); (!; 0)loal (2; 2)U + (4; 4)T[#℄ + (9; 9)T[!℄ (15; 15)2 (#; 0); (!; 13e5)loal (2; 2)U + (4; 4)T[#℄ (6; 6)5 1 (#; 0); (!; 0)loal (2; 2)U + (4; 4)T[#℄ + (3; 3)T[!℄ (9; 9)2 (#; 0); (!; 13e1)loal (2; 2)U + (4; 4)T[#℄ (6; 6)6 1 (#; 0); (!; 0)loal (2; 2)U + (4; 4)T[#℄ + (1; 1)T[!℄ (7; 7)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))D4 1 1 (#; 0); (!; 0)[8; 3℄ loal (2; 2)U + (8; 0)T[#℄ + (8; 0)T[!℄ + (4; 4)T[#!℄ + (9; 1)T[#!#!℄ (31; 7)4682 2 (#; 12 e1); (!; 0)loal (2; 2)U + (8; 0)T[!℄ + (4; 4)T[#!℄ + (7; 3)T[#!#!℄ (21; 9)3 (#; 12 e1); (!; 12 e2)non{loal (2; 2)U + (4; 4)T[#!℄ + (5; 5)T[#!#!℄ (11; 11)4 (#; 14 e5); (!; 0)loal (2; 2)U + (4; 4)T[#℄ + (4; 4)T[!℄ (10; 10)5 (#; 12 e1 + 14e5); (!; 0)non{loal (2; 2)U + (4; 4)T[!℄ (6; 6)6 (#; 12 e1 + 14e5); (!; 12e2)non{loal (2; 2)U (2; 2)7 (#; 12 e5); (!; 0)loal (2; 2)U + (8; 0)T[#℄ + (8; 0)T[!℄ + (9; 1)T[#!#!℄ (27; 3)8 (#; 12 (e1 + e5)); (!; 0)non{loal (2; 2)U + (8; 0)T[!℄ + (7; 3)T[#!#!℄ (17; 5)9 (#; 12 (e1 + e5)); (!; 12 e2)non{loal (2; 2)U + (5; 5)T[#!#!℄ (7; 7)2 1 (#; 0); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (8; 0)T[!℄ + (2; 2)T[#!℄ + (6; 0)T[#!#!℄ (22; 4)2 (#; 12 e5); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (4; 4)T[!℄ + (3; 1)T[#!#!℄ (13; 7)3 (#; 0); (!; 12e1)loal (2; 2)U + (4; 0)T[#℄ + (2; 2)T[#!℄ + (4; 2)T[#!#!℄ (12; 6)4 (#; 12 e5); (!; 12 e1)non{loal (2; 2)U + (4; 0)T[#℄ + (3; 1)T[#!#!℄ (9; 3)5 (#; 14 e3); (!; 0)loal (2; 2)U + (2; 2)T[#℄ + (4; 4)T[!℄ (8; 8)6 (#; 14 e3); (!; 12 e1)non{loal (2; 2)U + (2; 2)T[#℄ (4; 4)7 (#; 12 e3); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (8; 0)T[!℄ + (6; 0)T[#!#!℄ (20; 2)8 (#; 12 e3); (!; 12 e1)non{loal (2; 2)U + (4; 0)T[#℄ + (4; 2)T[#!#!℄ (10; 4)3 1 (#; 0); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (2; 2)T[#!℄ + (5; 1)T[#!#!℄ (17; 5)2 (#; 12 e3); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (4; 0)T[#!#!℄ (14; 2)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))3 (#; 14 e1); (!; 0)loal (2; 2)U + (2; 2)T[#℄ + (2; 2)T[!℄ (6; 6)4 (#; 12 e1); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (5; 1)T[#!#!℄ (15; 3)4 1 (#; 0); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (1; 1)T[#!℄ + (4; 0)T[#!#!℄ (15; 3)2 (#; 12 e3); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (2; 2)T[!℄ + (2; 0)T[#!#!℄ (10; 4)3 (#; 12 e3); (!; 12 e4)loal (2; 2)U + (2; 2)T[#℄ + (2; 2)T[!℄ + (1; 1)T[#!#!℄ (7; 7)5 1 (#; 0); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (16; 0)T[!℄ + (4; 4)T[#!℄ + (10; 0)T[#!#!℄ (36; 6)2 (#; 0); (!; 12e1)loal (2; 2)U + (4; 0)T[#℄ + (4; 4)T[#!℄ + (6; 4)T[#!#!℄ (16; 10)3 (#; 14 e5); (!; 0)loal (2; 2)U + (2; 2)T[#℄ + (8; 8)T[!℄ (12; 12)4 (#; 14 e5); (!; 12 e1)non{loal (2; 2)U + (2; 2)T[#℄ (4; 4)5 (#; 12 e5); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (16; 0)T[!℄ + (10; 0)T[#!#!℄ (32; 2)6 (#; 12 e5); (!; 12 e1)non{loal (2; 2)U + (4; 0)T[#℄ + (6; 4)T[#!#!℄ (12; 6)6 1 (#; 0); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (8; 0)T[!℄ + (2; 2)T[#!℄ + (6; 0)T[#!#!℄ (22; 4)2 (#; 0); (!; 12e4)loal (2; 2)U + (2; 2)T[#℄ + (8; 0)T[!℄ + (4; 0)T[#!#!℄ (16; 4)3 (#; 0); (!; 12e1)non{loal (2; 2)U + (4; 0)T[#℄ + (2; 2)T[#!℄ + (4; 2)T[#!#!℄ (12; 6)4 (#; 0); (!; 12 (e1 + e4))non{loal (2; 2)U + (2; 2)T[#℄ + (2; 2)T[#!#!℄ (6; 6)5 (#; 14 e3); (!; 0)loal (2; 2)U + (2; 2)T[#℄ + (4; 4)T[!℄ (8; 8)6 (#; 14 e3); (!; 12 e1)non{loal (2; 2)U + (2; 2)T[#℄ (4; 4)7 (#; 12 e3); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (8; 0)T[!℄ + (6; 0)T[#!#!℄ (20; 2)8 (#; 12 e3); (!; 12 e1)non{loal (2; 2)U + (4; 0)T[#℄ + (4; 2)T[#!#!℄ (10; 4)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))7 1 (#; 0); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (1; 1)T[#!℄ + (4; 0)T[#!#!℄ (15; 3)2 (#; 0); (!; 12e4)loal (2; 2)U + (2; 2)T[#℄ + (4; 0)T[!℄ + (2; 0)T[#!#!℄ (10; 4)8 1 (#; 0); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (4; 4)T[#!℄ + (7; 3)T[#!#!℄ (21; 9)2 (#; 14 e5); (!; 0)non{loal (2; 2)U + (2; 2)T[#℄ + (2; 2)T[!℄ (6; 6)3 (#; 12 e5); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (7; 3)T[#!#!℄ (17; 5)9 1 (#; 0); (!; 0)non{loal (2; 2)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (2; 2)T[#!℄ + (5; 1)T[#!#!℄ (17; 5)2 (#; 14 e1); (!; 0)non{loal (2; 2)U + (2; 2)T[#℄ + (2; 2)T[!℄ (6; 6)3 (#; 12 e1); (!; 0)non{loal (2; 2)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (5; 1)T[#!#!℄ (15; 3)4 (#; 0); (!; 12 (e2 + 12 e3 + e5))loal (2; 2)U + (2; 2)T[#℄ + (2; 2)T[!℄ + (2; 2)T[#!#!℄ (8; 8)5 (#; 0); (!; 12e3)loal (2; 2)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (2; 2)T[#!℄ + (5; 1)T[#!#!℄ (17; 5)A4 1 1 (#; 0); (!; 0)[12; 3℄ loal (1; 1)U + (1; 1)T[#℄ + (3; 1)T[!℄ + (1; 1)T[#2℄ (6; 4)4893 2 1 (#; 0); (!; 0)non{loal (1; 1)U + (1; 1)T[#℄ + (8; 0)T[!℄ + (1; 1)T[#2℄ (11; 3)2 (#; 0); (!; 12 (e1 + e2))non{loal (1; 1)U + (1; 1)T[#℄ + (1; 1)T[#2℄ (3; 3)3 (#; 0); (!; 12 (e1 + e3))loal (1; 1)U + (1; 1)T[#℄ + (4; 4)T[!℄ + (1; 1)T[#2℄ (7; 7)3 1 (#; 0); (!; 0)loal (1; 1)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (1; 1)T[#2℄ (7; 3)4 1 (#; 0); (!; 0)non{loal (1; 1)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (1; 1)T[#2℄ (7; 3)2 (#; 0); (!; 12 (e1 + e3))non{loal (1; 1)U + (1; 1)T[#℄ + (2; 2)T[!℄ + (1; 1)T[#2℄ (5; 5)5 1 (#; 0); (!; 0)non{loal (1; 1)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (1; 1)T[#2℄ (7; 3)2 (#; 12 (e1 + e5)); (!; 12 (e2 + e5))loal (1; 1)U + (1; 1)T[#℄ + (2; 2)T[!℄ + (1; 1)T[#2℄ (5; 5)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))6 1 (#; 0); (!; 0)loal (1; 1)U + (1; 1)T[#℄ + (16; 0)T[!℄ + (1; 1)T[#2℄ (19; 3)2 (#; 0); (!; 12 (e2 + e4))non{loal (1; 1)U + (1; 1)T[#℄ + (1; 1)T[#2℄ (3; 3)7 1 (#; 0); (!; 0)loal (1; 1)U + (1; 1)T[#℄ + (8; 0)T[!℄ + (1; 1)T[#2℄ (11; 3)2 (#; 12 (e1 + e3 + e5)); (!; 12 (e1 + e2))loal (1; 1)U + (1; 1)T[#℄ + (1; 1)T[#2℄ (3; 3)8 1 (#; 0); (!; 0)loal (1; 1)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (1; 1)T[#2℄ (7; 3)9 1 (#; 0); (!; 0)loal (1; 1)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (1; 1)T[#2℄ (7; 3)D6 1 1 (#; 0); (!; 0)[12; 4℄ loal (2; 2)U + (4; 0)T[#℄ + (1; 1)T[!℄ + (4; 0)T[#!℄ + (5; 5)T[!2℄ + (5; 1)T[!3℄ (21; 9)2258 2 (#; 0); (!; 16e5)loal (2; 2)U + (2; 2)T[#℄ + (2; 2)T[#!℄ (6; 6)3 (#; 0); (!; 13e5)loal (2; 2)U + (4; 0)T[#℄ + (4; 0)T[#!℄ + (5; 1)T[!3℄ (15; 3)4 (#; 0); (!; 12e5)loal (2; 2)U + (2; 2)T[#℄ + (2; 2)T[#!℄ + (5; 5)T[!2℄ (11; 11)2 1 (#; 0); (!; 0)loal (2; 2)U + (4; 0)T[#℄ + (1; 1)T[!℄ + (4; 0)T[#!℄ + (5; 5)T[!2℄ + (5; 1)T[!3℄ (21; 9)2 (#; 0); (!; 16e5)loal (2; 2)U + (2; 2)T[#℄ + (2; 2)T[#!℄ (6; 6)3 (#; 0); (!; 13e5)loal (2; 2)U + (4; 0)T[#℄ + (4; 0)T[#!℄ + (5; 1)T[!3℄ (15; 3)4 (#; 0); (!; 12e5)loal (2; 2)U + (2; 2)T[#℄ + (2; 2)T[#!℄ + (5; 5)T[!2℄ (11; 11)

Z8 oZ2 1 1 (#; 0); (!; 0)[16; 6℄ loal (2; 0)U + (4; 0)T[#℄ + (8; 0)T[!℄ + (10; 0)T[#2℄ + (4; 0)T[#!℄ + (4; 0)T[#2!℄ + (5; 1)T[#4℄ (37; 1)6222 2 (#; 12 (e2 + e4)); (!; 12 (e1 + e2 + e3 + e4))loal (2; 0)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (6; 0)T[#2℄ + (4; 0)T[#!℄ + (2; 2)T[#2!℄ + (5; 1)T[#4℄ (27; 3)3 (#; 0); (!; 12 (e5 + e6))loal (2; 0)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (6; 0)T[#2℄ + (4; 0)T[#!℄ + (5; 1)T[#4℄ (25; 1)4 (#; 12 (e2 + e4)); (!; 12 (e1 + e2 + e3 + e4 + e5 + e6))loal (2; 0)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (6; 0)T[#2℄ + (4; 0)T[#!℄ + (5; 1)T[#4℄ (25; 1)2 1 (#; 0); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (6; 0)T[!℄ + (8; 0)T[#2℄ + (4; 0)T[#!℄ + (2; 0)T[#2!℄ + (4; 0)T[#4℄ (30; 0)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))2 (#; 12 (e2 + e4 + e5)); (!; 12 (e2 + e3 + e4 + e6))loal (2; 0)U + (4; 0)T[#℄ + (2; 2)T[!℄ + (6; 0)T[#2℄ + (4; 0)T[#!℄ + (3; 1)T[#4℄ (21; 3)3 (#; 0); (!; 12 (e1 + e3))loal (2; 0)U + (4; 0)T[#℄ + (6; 0)T[!℄ + (8; 0)T[#2℄ + (4; 0)T[#!℄ + (2; 0)T[#2!℄ + (4; 0)T[#4℄ (30; 0)3 1 (#; 0); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (3; 0)T[!℄ + (7; 0)T[#2℄ + (4; 0)T[#!℄ + (1; 0)T[#2!℄ + (3; 0)T[#4℄ (24; 0)2 (#; 12 e1); (!; 12 (e1 + e3 + e4 + e6))loal (2; 0)U + (4; 0)T[#℄ + (1; 1)T[!℄ + (6; 0)T[#2℄ + (4; 0)T[#!℄ + (2; 0)T[#4℄ (19; 1)4 1 (#; 0); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (12; 0)T[!℄ + (10; 0)T[#2℄ + (4; 0)T[#!℄ + (4; 0)T[#2!℄ + (6; 0)T[#4℄ (42; 0)2 (#; 12 (e3 + e4)); (!; 12 (e1 + e2 + e3 + e4))loal (2; 0)U + (4; 0)T[#℄ + (6; 0)T[#2℄ + (4; 0)T[#!℄ + (2; 2)T[#2!℄ + (4; 2)T[#4℄ (22; 4)3 (#; 0); (!; 12 (e5 + e6))loal (2; 0)U + (4; 0)T[#℄ + (8; 0)T[!℄ + (6; 0)T[#2℄ + (4; 0)T[#!℄ + (6; 0)T[#4℄ (30; 0)4 (#; 12 (e3 + e4)); (!; 12 (e1 + e2 + e3 + e4 + e5 + e6))loal (2; 0)U + (4; 0)T[#℄ + (6; 0)T[#2℄ + (4; 0)T[#!℄ + (4; 2)T[#4℄ (20; 2)5 1 (#; 0); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (6; 0)T[!℄ + (8; 0)T[#2℄ + (4; 0)T[#!℄ + (2; 0)T[#2!℄ + (4; 0)T[#4℄ (30; 0)2 (#; 12 (e1 + e2 + e3 + e4)); (!; 12 (e1 + e6))loal (2; 0)U + (4; 0)T[#℄ + (6; 0)T[!℄ + (8; 0)T[#2℄ + (4; 0)T[#!℄ + (2; 0)T[#2!℄ + (4; 0)T[#4℄ (30; 0)3 (#; 12 (e1 + e2)); (!; 12 (e1 + e2 + e3 + e4 + e5))loal (2; 0)U + (4; 0)T[#℄ + (6; 0)T[#2℄ + (4; 0)T[#!℄ + (3; 1)T[#4℄ (19; 1)6 1 (#; 0); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (4; 1)T[!℄ + (7; 0)T[#2℄ + (4; 0)T[#!℄ + (1; 0)T[#2!℄ + (3; 0)T[#4℄ (25; 1)2 (#; 12 (e1 + e2 + e4)); (!; 12 (e1 + e4 + e5 + e6))loal (2; 0)U + (4; 0)T[#℄ + (6; 0)T[#2℄ + (4; 0)T[#!℄ + (2; 0)T[#4℄ (18; 0)QD16 1 1 (#; 0); (!; 0)[16; 8℄ loal (2; 1)U + (4; 4)T[#℄ + (4; 0)T[!℄ + (5; 2)T[#2℄ + (8; 0)T[#!℄ + (3; 1)T[#!#!℄ (26; 8)5650 2 (#; 12 e6); (!; 0)loal (2; 1)U + (4; 0)T[!℄ + (5; 2)T[#2℄ + (8; 0)T[#!℄ + (3; 1)T[#!#!℄ (22; 4)3 (#; 12 e1); (!; 0)loal (2; 1)U + (4; 4)T[#℄ + (4; 0)T[!℄ + (5; 2)T[#2℄ + (8; 0)T[#!℄ + (3; 1)T[#!#!℄ (26; 8)4 (#; 12 (e1 + e6)); (!; 0)loal (2; 1)U + (4; 0)T[!℄ + (5; 2)T[#2℄ + (8; 0)T[#!℄ + (3; 1)T[#!#!℄ (22; 4)2 1 (#; 0); (!; 0)loal (2; 1)U + (2; 2)T[#℄ + (4; 0)T[!℄ + (4; 1)T[#2℄ + (8; 0)T[#!℄ + (2; 0)T[#!#!℄ (22; 4)2 (#; 12 e1); (!; 0)loal (2; 1)U + (4; 0)T[!℄ + (4; 1)T[#2℄ + (8; 0)T[#!℄ + (2; 0)T[#!#!℄ (20; 2)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))3 (#; 12 (e2 + e3 + e6)); (!; 0)loal (2; 1)U + (4; 0)T[!℄ + (3; 0)T[#2℄ + (8; 0)T[#!℄ + (2; 0)T[#!#!℄ (19; 1)3 1 (#; 0); (!; 0)loal (2; 1)U + (4; 4)T[#℄ + (8; 0)T[!℄ + (6; 1)T[#2℄ + (8; 0)T[#!℄ + (3; 1)T[#!#!℄ (31; 7)2 (#; 12 e6); (!; 0)loal (2; 1)U + (8; 0)T[!℄ + (6; 1)T[#2℄ + (8; 0)T[#!℄ + (3; 1)T[#!#!℄ (27; 3)3 (#; 12 (e1 + e2)); (!; 12 e1)loal (2; 1)U + (4; 4)T[#℄ + (4; 3)T[#2℄ + (8; 0)T[#!℄ + (3; 1)T[#!#!℄ (21; 9)4 (#; 12 (e1 + e2 + e6)); (!; 12 e1)non{loal (2; 1)U + (4; 3)T[#2℄ + (8; 0)T[#!℄ + (3; 1)T[#!#!℄ (17; 5)4 1 (#; 0); (!; 0)loal (2; 1)U + (2; 2)T[#℄ + (4; 0)T[!℄ + (4; 1)T[#2℄ + (8; 0)T[#!℄ + (2; 0)T[#!#!℄ (22; 4)2 (#; 12 e1); (!; 0)loal (2; 1)U + (4; 0)T[!℄ + (4; 1)T[#2℄ + (8; 0)T[#!℄ + (2; 0)T[#!#!℄ (20; 2)3 (#; 12 (e2 + e6)); (!; 0)loal (2; 1)U + (2; 2)T[#℄ + (4; 0)T[!℄ + (4; 1)T[#2℄ + (8; 0)T[#!℄ + (2; 0)T[#!#!℄ (22; 4)(Z4 �Z2)oZ2 1 1 (#; 0); (!; 0); (�; 0)[16; 13℄ loal (2; 1)U + (8; 0)T[#℄ + (8; 0)T[!℄ + (16; 0)T[�℄ + (4; 0)T[#!℄ + (4; 0)T[#�℄ + (4; 0)T[!�℄5645 +(8; 0)T[#!�3℄ + (7; 0)T[�2℄ (61; 1)2 (#; 12 e5); (!; 0); (�; 12 e5)loal (2; 1)U + (8; 0)T[#℄ + (4; 0)T[!℄ + (8; 0)T[�℄ + (4; 0)T[#�℄ + (4; 0)T[#!�3℄ + (7; 0)T[�2℄ (37; 1)3 (#; 12 (e1 + e3)); (!; 0); (�; 12 (e1 + e3))loal (2; 1)U + (8; 0)T[!℄ + (8; 0)T[�℄ + (2; 2)T[#!℄ + (2; 2)T[#�℄ + (4; 0)T[!�℄ + (4; 0)T[#!�3℄+(6; 1)T[�2℄ (36; 6)4 (#; 12 (e1 + e3 + e5)); (!; 0); (�; 12 (e1 + e3 + e5))loal (2; 1)U + (4; 0)T[!℄ + (4; 0)T[�℄ + (2; 2)T[#�℄ + (4; 0)T[#!�3℄ + (6; 1)T[�2℄ (22; 4)5 (#; 12 e1); (!; 0); (�; 12 (e1 + e4))loal (2; 1)U + (8; 0)T[!℄ + (8; 0)T[�℄ + (2; 2)T[#!℄ + (2; 2)T[#�℄ + (4; 0)T[!�℄ + (5; 2)T[�2℄ (31; 7)6 (#; 12 (e1 + e5)); (!; 0); (�; 12 (e1 + e4 + e5))loal (2; 1)U + (4; 0)T[!℄ + (4; 0)T[�℄ + (2; 2)T[#�℄ + (5; 2)T[�2℄ (17; 5)7 (#; 12 (e3 + e5)); (!; 0); (�; 12 (e3 + e4 + e5))loal (2; 1)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (4; 0)T[�℄ + (2; 2)T[#�℄ + (6; 1)T[�2℄ (22; 4)8 (#; 12 e6); (!; 0); (�; 12 (e5 + e6))loal (2; 1)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (4; 0)T[�℄ + (4; 0)T[#!�3℄ + (7; 0)T[�2℄ (25; 1)9 (#; 12 (e1 + e3 + e5)); (!; 0); (�; 12 (e1 + e3))loal (2; 1)U + (8; 0)T[!℄ + (8; 0)T[�℄ + (4; 0)T[!�℄ + (4; 0)T[#!�3℄ + (6; 1)T[�2℄ (32; 2)10 (#; 12 (e1 + e3 + e6)); (!; 0); (�; 12 (e1 + e3 + e5 + e6))loal (2; 1)U + (4; 0)T[!℄ + (4; 0)T[�℄ + (4; 0)T[#!�3℄ + (6; 1)T[�2℄ (20; 2)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))11 (#; 12 (e1 + e5)); (!; 0); (�; 12 (e1 + e4))non{loal (2; 1)U + (8; 0)T[!℄ + (8; 0)T[�℄ + (4; 0)T[!�℄ + (5; 2)T[�2℄ (27; 3)12 (#; 12 (e1 + e6)); (!; 0); (�; 12 (e1 + e4 + e5 + e6))non{loal (2; 1)U + (4; 0)T[!℄ + (4; 0)T[�℄ + (5; 2)T[�2℄ (15; 3)13 (#; 12 (e2 + e4)); (!; 0); (�; 12 (e2 + e4))loal (2; 1)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (4; 0)T[�℄ + (2; 2)T[#!℄ + (2; 2)T[#�℄ + (2; 2)T[!�℄+(4; 0)T[#!�3℄ + (7; 0)T[�2℄ (31; 7)14 (#; 12 (e2 + e4 + e5)); (!; 0); (�; 12 (e2 + e4 + e5))loal (2; 1)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (4; 0)T[�℄ + (2; 2)T[#�℄ + (4; 0)T[#!�3℄ + (7; 0)T[�2℄ (27; 3)15 (#; 12 (e1 + e2 + e4)); (!; 0); (�; 12 (e1 + e2))loal (2; 1)U + (4; 0)T[!℄ + (4; 0)T[�℄ + (2; 2)T[#!℄ + (2; 2)T[#�℄ + (2; 2)T[!�℄ + (5; 2)T[�2℄ (21; 9)16 (#; 12 (e1 + e2 + e4 + e5)); (!; 0); (�; 12 (e1 + e2 + e5))loal (2; 1)U + (4; 0)T[!℄ + (4; 0)T[�℄ + (2; 2)T[#�℄ + (5; 2)T[�2℄ (17; 5)17 (#; 12 (e2 + e4 + e6)); (!; 0); (�; 12 (e2 + e4 + e5 + e6))loal (2; 1)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (4; 0)T[�℄ + (4; 0)T[#!�3℄ + (7; 0)T[�2℄ (25; 1)18 (#; 12 (e1 + e2 + e4 + e5)); (!; 0); (�; 12 (e1 + e2))non{loal (2; 1)U + (4; 0)T[!℄ + (4; 0)T[�℄ + (2; 2)T[!�℄ + (5; 2)T[�2℄ (17; 5)19 (#; 12 (e1 + e2 + e4 + e6)); (!; 0); (�; 12 (e1 + e2 + e5 + e6))non{loal (2; 1)U + (4; 0)T[!℄ + (4; 0)T[�℄ + (5; 2)T[�2℄ (15; 3)20 (#; 12 e1); (!; 12 (e1 + e4)); (�; 12 e4)loal (2; 1)U + (4; 0)T[�℄ + (2; 2)T[#!℄ + (2; 2)T[#�℄ + (2; 2)T[!�℄ + (4; 3)T[�2℄ (16; 10)21 (#; 12 (e1 + e5)); (!; 12 (e1 + e4)); (�; 12 (e4 + e5))non{loal (2; 1)U + (4; 0)T[�℄ + (2; 2)T[#�℄ + (4; 3)T[�2℄ (12; 6)22 (#; 12 (e1 + e6)); (!; 12 (e1 + e4)); (�; 12 (e4 + e5 + e6))non{loal (2; 1)U + (4; 0)T[�℄ + (4; 3)T[�2℄ (10; 4)2 1 (#; 0); (!; 0); (�; 0)loal (2; 1)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (10; 0)T[�℄ + (2; 0)T[#!℄ + (2; 0)T[#�℄ + (2; 0)T[!�℄+(6; 0)T[#!�3℄ + (5; 0)T[�2℄ (37; 1)2 (#; 12 e6); (!; 0); (�; 12 (e5 + e6))loal (2; 1)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (6; 0)T[�℄ + (2; 0)T[#�℄ + (3; 0)T[�2℄ (19; 1)3 (#; 0); (!; 0); (�; 12e1)loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (6; 0)T[�℄ + (2; 0)T[#!℄ + (6; 0)T[#!�3℄ + (5; 0)T[�2℄ (25; 1)4 (#; 12 e6); (!; 0); (�; 12 (e1 + e5 + e6))loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (4; 0)T[�℄ + (3; 0)T[�2℄ (13; 1)5 (#; 12 e6); (!; 12 (e2 + e6)); (�; 12 e5)loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (4; 0)T[�℄ + (1; 1)T[#!℄ + (2; 2)T[#!�3℄ + (3; 0)T[�2℄ (16; 4)6 (#; 12 e1); (!; 0); (�; 12 e1)loal (2; 1)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (6; 0)T[�℄ + (2; 0)T[#�℄ + (4; 0)T[#!�3℄ + (5; 0)T[�2℄ (25; 1)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))7 (#; 12 (e1 + e6)); (!; 12 (e2 + e6)); (�; 12 (e1 + e5))loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (4; 0)T[�℄ + (2; 2)T[#!�3℄ + (3; 0)T[�2℄ (15; 3)3 1 (#; 0); (!; 0); (�; 0)loal (2; 1)U + (3; 0)T[#℄ + (3; 0)T[!℄ + (7; 0)T[�℄ + (1; 0)T[#!℄ + (1; 0)T[#�℄ + (1; 0)T[!�℄+(3; 0)T[#!�3℄ + (4; 0)T[�2℄ (25; 1)2 (#; 12 (e2 + e6)); (!; 0); (�; 12 (e2 + e6))loal (2; 1)U + (3; 0)T[#℄ + (3; 0)T[!℄ + (7; 0)T[�℄ + (1; 0)T[#!℄ + (1; 0)T[#�℄ + (1; 0)T[!�℄+(3; 0)T[#!�3℄ + (4; 0)T[�2℄ (25; 1)3 (#; 14 (e1 + 2e2 + 2e3 + 3e4 + 3e5 + 3e6)); (!; 0);loal (�; 14 (e1 + 3e2 + e3 + 2e4 + 3e6))(2; 1)U + (1; 1)T[#℄ + (1; 1)T[!℄ + (4; 0)T[�℄ + (1; 1)T[#!�3℄ + (1; 0)T[�2℄ (10; 4)4 (#; 12 (e1 + e4 + e5 + e6)); (!; 0); (�; 12 (e1 + e2 + e3 + e6))loal (2; 1)U + (3; 0)T[#℄ + (3; 0)T[!℄ + (7; 0)T[�℄ + (1; 0)T[#!℄ + (1; 0)T[#�℄ + (1; 0)T[!�℄+(3; 0)T[#!�3℄ + (4; 0)T[�2℄ (25; 1)4 1 (#; 0); (!; 0); (�; 0)loal (2; 1)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (12; 0)T[�℄ + (4; 0)T[#!℄ + (3; 1)T[#�℄ + (3; 1)T[!�℄+(12; 0)T[#!�3℄ + (7; 0)T[�2℄ (51; 3)2 (#; 12 (e1 + e2)); (!; 0); (�; 12 (e1 + e4))loal (2; 1)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (8; 0)T[�℄ + (2; 2)T[#!℄ + (3; 1)T[#�℄ + (3; 1)T[!�℄+(5; 2)T[�2℄ (31; 7)3 (#; 0); (!; 0); (�; 12e5)loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (8; 0)T[�℄ + (4; 0)T[#!℄ + (12; 0)T[#!�3℄ + (7; 0)T[�2℄ (37; 1)4 (#; 12 (e1 + e2)); (!; 0); (�; 12 (e1 + e4 + e5))loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (4; 0)T[�℄ + (2; 2)T[#!℄ + (5; 2)T[�2℄ (17; 5)5 (#; 12 e6); (!; 0); (�; 12 e6)loal (2; 1)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (6; 0)T[�℄ + (3; 1)T[#�℄ + (8; 0)T[#!�3℄ + (7; 0)T[�2℄ (32; 2)6 (#; 12 (e1 + e2 + e6)); (!; 0); (�; 12 (e1 + e4 + e6))loal (2; 1)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (6; 0)T[�℄ + (3; 1)T[#�℄ + (5; 2)T[�2℄ (22; 4)7 (#; 12 e6); (!; 0); (�; 12 (e5 + e6))loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (4; 0)T[�℄ + (8; 0)T[#!�3℄ + (7; 0)T[�2℄ (25; 1)8 (#; 12 (e1 + e2 + e6)); (!; 0); (�; 12 (e1 + e4 + e5 + e6))loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (4; 0)T[�℄ + (5; 2)T[�2℄ (15; 3)5 1 (#; 0); (!; 0); (�; 0)loal (2; 1)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (10; 0)T[�℄ + (2; 0)T[#!℄ + (2; 0)T[#�℄ + (2; 0)T[!�℄+(6; 0)T[#!�3℄ + (5; 0)T[�2℄ (37; 1)2 (#; 12 e1); (!; 0); (�; 12 e1)loal (2; 1)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (6; 0)T[�℄ + (2; 0)T[#�℄ + (4; 0)T[#!�3℄ + (5; 0)T[�2℄ (25; 1)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))3 (#; 12 (e2 + e3 + e4 + e5)); (!; 0); (�; 12 (e2 + e3 + e4 + e5))loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (6; 0)T[�℄ + (2; 0)T[#!℄ + (1; 1)T[#�℄ + (1; 1)T[!�℄+(6; 0)T[#!�3℄ + (5; 0)T[�2℄ (27; 3)4 (#; 12 (e1 + e2 + e3 + e4 + e5)); (!; 0); (�; 12 (e1 + e2 + e3 + e4 + e5))loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (4; 0)T[�℄ + (1; 1)T[#�℄ + (4; 0)T[#!�3℄ + (5; 0)T[�2℄ (20; 2)5 (#; 12 (e3 + e4)); (!; 0); (�; 12 (e2 + e3))loal (2; 1)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (6; 0)T[�℄ + (1; 1)T[#!℄ + (2; 0)T[#�℄ + (1; 1)T[!�℄+(4; 1)T[�2℄ (22; 4)6 (#; 12 (e1 + e3 + e4)); (!; 0); (�; 12 (e1 + e2 + e3))loal (2; 1)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (6; 0)T[�℄ + (2; 0)T[#�℄ + (4; 1)T[�2℄ (20; 2)7 (#; 12 (e1 + e2 + e5)); (!; 0); (�; 12 (e1 + e4 + e5))loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (4; 0)T[�℄ + (1; 1)T[#�℄ + (4; 1)T[�2℄ (15; 3)8 (#; 12 (e2 + e6)); (!; 0); (�; 12 (e2 + e6))loal (2; 1)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (8; 0)T[�℄ + (2; 0)T[#!℄ + (2; 0)T[#�℄ + (1; 1)T[!�℄+(6; 0)T[#!�3℄ + (5; 0)T[�2℄ (32; 2)9 (#; 12 (e2 + e3 + e4 + e6)); (!; 0); (�; 12 (e3 + e6))loal (2; 1)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (8; 0)T[�℄ + (1; 1)T[#!℄ + (2; 0)T[#�℄ + (2; 0)T[!�℄+(4; 1)T[�2℄ (27; 3)10 (#; 12 (e5 + e6)); (!; 0); (�; 12 (e2 + e4 + e5 + e6))loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (4; 0)T[�℄ + (1; 1)T[#!℄ + (1; 1)T[#�℄ + (1; 1)T[!�℄+(4; 1)T[�2℄ (17; 5)11 (#; 0); (!; 0); (�; 12e1)loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (6; 0)T[�℄ + (2; 0)T[#!℄ + (6; 0)T[#!�3℄ + (5; 0)T[�2℄ (25; 1)12 (#; 12 (e3 + e4)); (!; 0); (�; 12 (e1 + e2 + e3))loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (4; 0)T[�℄ + (1; 1)T[#!℄ + (4; 1)T[�2℄ (15; 3)13 (#; 12 (e2 + e6)); (!; 0); (�; 12 (e1 + e2 + e6))loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (6; 0)T[�℄ + (2; 0)T[#!℄ + (6; 0)T[#!�3℄ + (5; 0)T[�2℄ (25; 1)14 (#; 12 (e2 + e3 + e4 + e6)); (!; 0); (�; 12 (e1 + e3 + e6))loal (2; 1)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (4; 0)T[�℄ + (1; 1)T[#!℄ + (4; 1)T[�2℄ (15; 3)

Z3 � S3 1 1 (#; 0); (!; 0)[18; 3℄ loal (2; 0)U + (9; 0)T[#℄ + (3; 0)T[!℄ + (15; 0)T[!2℄ + (9; 0)T[#2!2℄ + (2; 1)T[!3℄ + (9; 0)T[#2!4℄ (49; 1)4235 2 (#; 0); (!; 13 (e3 + e4))loal (2; 0)U + (3; 3)T[#℄ + (3; 0)T[!℄ + (6; 0)T[!2℄ + (2; 1)T[!3℄ (16; 4)3 (#; 13 (e5 + e6)); (!; 0)loal (2; 0)U + (3; 0)T[!℄ + (6; 0)T[!2℄ + (3; 3)T[#2!2℄ + (2; 1)T[!3℄ + (3; 3)T[#2!4℄ (19; 7)4 (#; 13 (e5 + e6)); (!; 13 (e3 + e4))loal (2; 0)U + (3; 0)T[!℄ + (6; 0)T[!2℄ + (2; 1)T[!3℄ (13; 1)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))2 1 (#; 0); (!; 0)loal (2; 0)U + (3; 0)T[#℄ + (3; 0)T[!℄ + (9; 0)T[!2℄ + (3; 0)T[#2!2℄ + (2; 1)T[!3℄ + (3; 0)T[#2!4℄ (25; 1)2 (#; 13 (2e1 + e5)); (!; 13 (2e2 + e3))loal (2; 0)U + (3; 0)T[!℄ + (6; 0)T[!2℄ + (2; 1)T[!3℄ (13; 1)3 1 (#; 0); (!; 0)loal (2; 0)U + (5; 2)T[#℄ + (3; 0)T[!℄ + (9; 0)T[!2℄ + (3; 0)T[#2!2℄ + (2; 1)T[!3℄ + (3; 0)T[#2!4℄ (27; 3)2 (#; 0); (!; 13 (e1 + e3))loal (2; 0)U + (3; 3)T[#℄ + (3; 0)T[!℄ + (6; 0)T[!2℄ + (2; 1)T[!3℄ (16; 4)3 (#; 13 (2e5 + e6)); (!; 0)loal (2; 0)U + (3; 0)T[!℄ + (6; 0)T[!2℄ + (1; 1)T[#2!2℄ + (2; 1)T[!3℄ + (1; 1)T[#2!4℄ (15; 3)4 (#; 13 (2e5 + e6)); (!; 13 (e1 + e3))loal (2; 0)U + (3; 0)T[!℄ + (6; 0)T[!2℄ + (2; 1)T[!3℄ (13; 1)4 1 (#; 0); (!; 0)loal (2; 0)U + (3; 0)T[#℄ + (3; 0)T[!℄ + (9; 0)T[!2℄ + (3; 0)T[#2!2℄ + (2; 1)T[!3℄ + (3; 0)T[#2!4℄ (25; 1)2 (#; 0); (!; 13 (e2 + e4))loal (2; 0)U + (1; 1)T[#℄ + (3; 0)T[!℄ + (6; 0)T[!2℄ + (1; 1)T[#2!2℄ + (2; 1)T[!3℄ + (1; 1)T[#2!4℄ (16; 4)3 (#; 13 (e5 + e6)); (!; 13 (e1 + e2))loal (2; 0)U + (3; 0)T[!℄ + (6; 0)T[!2℄ + (2; 1)T[!3℄ (13; 1)5 1 (#; 0); (!; 0)loal (2; 0)U + (1; 0)T[#℄ + (3; 0)T[!℄ + (7; 0)T[!2℄ + (1; 0)T[#2!2℄ + (2; 1)T[!3℄ + (1; 0)T[#2!4℄ (17; 1)6 1 (#; 0); (!; 0)loal (2; 0)U + (5; 2)T[#℄ + (3; 0)T[!℄ + (9; 0)T[!2℄ + (3; 0)T[#2!2℄ + (2; 1)T[!3℄ + (3; 0)T[#2!4℄ (27; 3)2 (#; 13 (2e5 + e6)); (!; 0)loal (2; 0)U + (3; 0)T[!℄ + (6; 0)T[!2℄ + (1; 1)T[#2!2℄ + (2; 1)T[!3℄ + (1; 1)T[#2!4℄ (15; 3)Frobenius T7 1 1 (#; 0); (!; 0)[21; 1℄ loal (1; 0)U + (1; 1)T[#℄ + (7; 0)T[!℄ + (1; 1)T[#2℄ (10; 2)2935 2 1 (#; 0); (!; 0)loal (1; 0)U + (1; 1)T[#℄ + (7; 0)T[!℄ + (1; 1)T[#2℄ (10; 2)3 1 (#; 0); (!; 0)loal (1; 0)U + (1; 1)T[#℄ + (7; 0)T[!℄ + (1; 1)T[#2℄ (10; 2)

Z3 oZ8 1 1 (#; 0); (!; 0)[24; 1℄ loal (2; 0)U + (4; 0)T[#℄ + (3; 2)T[!℄ + (6; 0)T[#2℄ + (4; 0)T[#3℄ + (4; 0)T[#2!℄ + (3; 1)T[#4℄6266 +(1; 0)T[#4!℄ (27; 3)SL(2; 3)�I 1 1 (#; 0); (!; 0)[24; 3℄ loal (2; 0)U + (3; 0)T[#℄ + (4; 4)T[!℄ + (3; 0)T[#2℄ + (12; 0)T[#2!℄ + (5; 1)T[!2℄ (29; 5)6743 2 (#; 0); (!; 12e5)loal (2; 0)U + (3; 0)T[#℄ + (3; 0)T[#2℄ + (12; 0)T[#2!℄ + (5; 1)T[!2℄ (25; 1)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))2 1 (#; 0); (!; 0)loal (2; 0)U + (3; 0)T[#℄ + (4; 4)T[!℄ + (3; 0)T[#2℄ + (12; 0)T[#2!℄ + (5; 1)T[!2℄ (29; 5)2 (#; 0); (!; 12e5)loal (2; 0)U + (3; 0)T[#℄ + (3; 0)T[#2℄ + (12; 0)T[#2!℄ + (5; 1)T[!2℄ (25; 1)3 1 (#; 0); (!; 0)loal (2; 0)U + (3; 0)T[#℄ + (4; 4)T[!℄ + (3; 0)T[#2℄ + (12; 0)T[#2!℄ + (5; 1)T[!2℄ (29; 5)2 (#; 0); (!; 12e5)loal (2; 0)U + (3; 0)T[#℄ + (3; 0)T[#2℄ + (12; 0)T[#2!℄ + (5; 1)T[!2℄ (25; 1)4 1 (#; 0); (!; 0)loal (2; 0)U + (3; 0)T[#℄ + (1; 1)T[!℄ + (3; 0)T[#2℄ + (12; 0)T[#2!℄ + (4; 0)T[!2℄ (25; 1)
Z4 � S3 1 1 (#; 0); (!; 0)[24; 5℄ loal (2; 1)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (3; 1)T[#!℄ + (1; 0)T[!2℄ + (4; 0)T[#!6℄ + (8; 0)T[!3℄3414 +(3; 1)T[#!11℄ + (3; 2)T[!4℄ + (4; 1)T[!6℄ (36; 6)2 (#; 0); (!; 12e5)loal (2; 1)U + (2; 0)T[#℄ + (4; 0)T[!℄ + (1; 0)T[!2℄ + (2; 0)T[#!6℄ + (4; 0)T[!3℄ + (3; 2)T[!4℄+(4; 1)T[!6℄ (22; 4)(Z6 �Z2)oZ2 1 1 (#; 0); (!; 0)[24; 8℄ loal (2; 1)U + (4; 0)T[#℄ + (8; 0)T[!℄ + (4; 4)T[#!℄ + (4; 1)T[!2℄ + (4; 0)T[!3℄ + (4; 1)T[#!#!℄3408 +(1; 0)T[#!#!5℄ (31; 7)2 (#; 0); (!; 14e5)loal (2; 1)U + (2; 2)T[#℄ + (6; 0)T[!℄ + (4; 1)T[!2℄ + (2; 0)T[!3℄ (16; 4)3 (#; 0); (!; 12e5)loal (2; 1)U + (4; 0)T[#℄ + (8; 0)T[!℄ + (4; 1)T[!2℄ + (4; 0)T[!3℄ + (4; 1)T[#!#!℄ + (1; 0)T[#!#!5℄ (27; 3)2 1 (#; 0); (!; 0)loal (2; 1)U + (4; 0)T[#℄ + (8; 0)T[!℄ + (4; 4)T[#!℄ + (4; 1)T[!2℄ + (8; 0)T[!3℄ + (5; 0)T[#!#!℄+(1; 0)T[#!#!5℄ (36; 6)2 (#; 0); (!; 14e5)loal (2; 1)U + (2; 2)T[#℄ + (6; 0)T[!℄ + (4; 1)T[!2℄ + (4; 2)T[!3℄ (18; 6)3 (#; 0); (!; 12e5)loal (2; 1)U + (4; 0)T[#℄ + (8; 0)T[!℄ + (4; 1)T[!2℄ + (8; 0)T[!3℄ + (5; 0)T[#!#!℄ + (1; 0)T[#!#!5℄ (32; 2)

Z3 �D4 1 1 (#; 0); (!; 0)[24; 10℄ loal (2; 0)U + (6; 0)T[#℄ + (2; 0)T[!℄ + (3; 0)T[#!℄ + (6; 0)T[!2℄ + (2; 0)T[!#!℄ + (2; 0)T[!3℄4326 +(2; 1)T[#!3℄ + (2; 0)T[#!#!℄ + (4; 0)T[#!#!5℄ (31; 1)2 1 (#; 0); (!; 0)loal (2; 0)U + (2; 0)T[#℄ + (2; 0)T[!℄ + (3; 0)T[#!℄ + (6; 0)T[!2℄ + (2; 0)T[!#!℄ + (2; 0)T[!3℄+(1; 0)T[#!3℄ + (2; 0)T[#!#!℄ + (2; 0)T[#!#!5℄ (24; 0)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))
Z3 �Q8 1 1 (#; 0); (!; 0)[24; 11℄ loal (2; 0)U + (2; 1)T[#℄ + (3; 0)T[!℄ + (3; 2)T[!6℄ + (3; 0)T[#!℄ + (3; 0)T[!2℄ + (3; 0)T[#!8℄6735 +(6; 0)T[!8℄ + (2; 1)T[!3℄ + (2; 1)T[#!3℄ (29; 5)2 1 (#; 0); (!; 0)loal (2; 0)U + (1; 0)T[#℄ + (3; 0)T[!℄ + (2; 1)T[!6℄ + (3; 0)T[#!℄ + (3; 0)T[!2℄ + (3; 0)T[#!8℄+(6; 0)T[!8℄ + (1; 0)T[!3℄ + (1; 0)T[#!3℄ (25; 1)S4 1 1 (#; 0); (!; 0)[24; 12℄ loal (1; 1)U + (1; 1)T[#℄ + (4; 4)T[!℄ + (4; 0)T[#!℄ + (10; 0)T[!2℄ (20; 6)4895 2 (#; 14 (e1 + e3)); (!; 14 (e1 + 3e2))loal (1; 1)U + (1; 1)T[#℄ + (2; 2)T[#!℄ (4; 4)3 (#; 12 (e1 + e3)); (!; 12 (e1 + e2))loal (1; 1)U + (1; 1)T[#℄ + (4; 0)T[#!℄ + (10; 0)T[!2℄ (16; 2)2 1 (#; 0); (!; 0)loal (1; 1)U + (1; 1)T[#℄ + (2; 2)T[!℄ + (4; 0)T[#!℄ + (6; 0)T[!2℄ (14; 4)2 (#; 0); (!; 12e5)loal (1; 1)U + (1; 1)T[#℄ + (4; 0)T[#!℄ + (3; 1)T[!2℄ (9; 3)3 (#; 14 (e1 + e2)); (!; 14 (e2 + 3e3))loal (1; 1)U + (1; 1)T[#℄ + (2; 2)T[#!℄ (4; 4)4 (#; 12 (e1 + e2)); (!; 12 (e2 + e3))loal (1; 1)U + (1; 1)T[#℄ + (4; 0)T[#!℄ + (6; 0)T[!2℄ (12; 2)3 1 (#; 0); (!; 0)loal (1; 1)U + (1; 1)T[#℄ + (2; 2)T[!℄ + (4; 0)T[#!℄ + (6; 0)T[!2℄ (14; 4)2 (#; 12 e4); (!; 12 (e5 + e6))loal (1; 1)U + (1; 1)T[#℄ + (2; 2)T[#!℄ + (4; 0)T[!2℄ (8; 4)3 (#; 14 (e1 + e2)); (!; 14 (e2 + 3e3))loal (1; 1)U + (1; 1)T[#℄ + (2; 2)T[#!℄ (4; 4)4 (#; 12 (e1 + e2)); (!; 12 (e2 + e3))loal (1; 1)U + (1; 1)T[#℄ + (4; 0)T[#!℄ + (6; 0)T[!2℄ (12; 2)4 1 (#; 0); (!; 0)loal (1; 1)U + (1; 1)T[#℄ + (1; 1)T[!℄ + (4; 0)T[#!℄ + (4; 0)T[!2℄ (11; 3)2 (#; 0); (!; 12e4)loal (1; 1)U + (1; 1)T[#℄ + (4; 0)T[#!℄ + (2; 0)T[!2℄ (8; 2)5 1 (#; 0); (!; 0)loal (1; 1)U + (1; 1)T[#℄ + (1; 1)T[!℄ + (4; 0)T[#!℄ + (4; 0)T[!2℄ (11; 3)2 (#; 12 e2); (!; 12 e1)loal (1; 1)U + (1; 1)T[#℄ + (2; 2)T[#!℄ + (2; 0)T[!2℄ (6; 4)3 (#; 12 (e4 + e5)); (!; 12 e4)loal (1; 1)U + (1; 1)T[#℄ + (4; 0)T[#!℄ + (2; 0)T[!2℄ (8; 2)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))4 (#; 12 (e2 + e4 + e5)); (!; 12 (e1 + e4))loal (1; 1)U + (1; 1)T[#℄ + (2; 2)T[#!℄ + (1; 1)T[!2℄ (5; 5)6 1 (#; 0); (!; 0)loal (1; 1)U + (1; 1)T[#℄ + (1; 1)T[!℄ + (4; 0)T[#!℄ + (4; 0)T[!2℄ (11; 3)2 (#; 12 e4); (!; 12 e3)loal (1; 1)U + (1; 1)T[#℄ + (2; 2)T[#!℄ + (2; 0)T[!2℄ (6; 4)�(27) 1 1 (#; 0); (!; 0)[27; 3℄ loal (1; 0)U + (3; 0)T[#℄ + (3; 0)T[!℄ + (3; 0)T[#2℄ + (3; 0)T[#!℄ + (3; 0)T[#2!℄ + (3; 0)T[!2℄2864 +(3; 0)T[!#!℄ + (3; 0)T[!#2!℄ + (11; 0)T[#!#2!2℄ (36; 0)2 (#; 13 (e2 + e5)); (!; 0)loal (1; 0)U + (1; 1)T[!℄ + (1; 1)T[#!℄ + (1; 1)T[!2℄ + (1; 1)T[!#2!℄ + (3; 0)T[#!#2!2℄ (8; 4)3 (#; 13 (2e1 + 2e2 + e5)); (!; 13 e1)non{loal (1; 0)U + (3; 0)T[#!℄ + (3; 0)T[!#2!℄ + (5; 0)T[#!#2!2℄ (12; 0)4 (#; 13 (2e2 + e3 + 2e5)); (!; 13 e1)non{loal (1; 0)U + (3; 0)T[#!#2!2℄ (4; 0)2 1 (#; 0); (!; 0)loal (1; 0)U + (1; 0)T[#℄ + (9; 0)T[!℄ + (1; 0)T[#2℄ + (1; 0)T[#!℄ + (1; 0)T[#2!℄ + (9; 0)T[!2℄+(1; 0)T[!#!℄ + (1; 0)T[!#2!℄ + (11; 0)T[#!#2!2℄ (36; 0)2 (#; 13 (2e3 + e4)); (!; 13 (e1 + e4))loal (1; 0)U + (1; 0)T[#℄ + (1; 0)T[#2℄ + (1; 0)T[#!℄ + (1; 0)T[#2!℄ + (1; 0)T[!#!℄ + (1; 0)T[!#2!℄+(5; 0)T[#!#2!2℄ (12; 0)3 1 (#; 0); (!; 0)loal (1; 0)U + (3; 0)T[#℄ + (3; 0)T[!℄ + (3; 0)T[#2℄ + (3; 0)T[#!℄ + (3; 0)T[#2!℄ + (3; 0)T[!2℄+(3; 0)T[!#!℄ + (3; 0)T[!#2!℄ + (11; 0)T[#!#2!2℄ (36; 0)2 (#; 13 (e2 + e4 + e6)); (!; 0)loal (1; 0)U + (3; 0)T[#℄ + (3; 0)T[!℄ + (3; 0)T[#2℄ + (3; 0)T[!2℄ + (7; 0)T[#!#2!2℄ (20; 0)3 (#; 13 (2e2 + 2e4 + e5 + e6)); (!; 0)non{loal (1; 0)U + (3; 0)T[!℄ + (3; 0)T[!2℄ + (5; 0)T[#!#2!2℄ (12; 0)4 (#; 13 (e2 + e4 + e5)); (!; 13 (e1 + e3))non{loal (1; 0)U + (3; 0)T[#!#2!2℄ (4; 0)(Z4 �Z4)oZ2 1 1 (#; 0); (!; 0)[32; 11℄ loal (2; 0)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (9; 0)T[#2℄ + (4; 0)T[#!℄ + (3; 1)T[#2!℄ + (6; 0)T[#4℄6337 +(12; 0)T[#3!℄ + (4; 0)T[#7!℄ + (9; 0)T[#!#!℄ + (4; 0)T[#!#3!℄ (61; 1)2 (#; 12 e6); (!; 12 e5)loal (2; 0)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (3; 0)T[#2℄ + (2; 0)T[#!℄ + (6; 0)T[#4℄ + (8; 0)T[#3!℄+(2; 0)T[#7!℄ + (7; 0)T[#!#!℄ (36; 0)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))3 (#; 12 (e1 + e3)); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (7; 0)T[#2℄ + (3; 1)T[#2!℄ + (4; 0)T[#4℄ + (4; 0)T[#3!℄+(7; 0)T[#!#!℄ + (2; 0)T[#!#3!℄ (37; 1)4 (#; 12 (e1 + e3 + e6)); (!; 12 e5)loal (2; 0)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (3; 0)T[#2℄ + (4; 0)T[#4℄ + (4; 0)T[#3!℄ + (5; 0)T[#!#!℄ (24; 0)5 (#; 12 e5); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (7; 0)T[#2℄ + (4; 0)T[#!℄ + (6; 0)T[#4℄ + (12; 0)T[#3!℄+(4; 0)T[#7!℄ + (9; 0)T[#!#!℄ + (4; 0)T[#!#3!℄ (54; 0)6 (#; 12 (e1 + e3 + e5)); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (5; 0)T[#2℄ + (4; 0)T[#4℄ + (4; 0)T[#3!℄ + (7; 0)T[#!#!℄+(2; 0)T[#!#3!℄ (30; 0)2 1 (#; 0); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (7; 0)T[#2℄ + (2; 0)T[#!℄ + (2; 0)T[#2!℄ + (4; 0)T[#4℄+(8; 0)T[#3!℄ + (2; 0)T[#7!℄ + (5; 0)T[#!#!℄ + (2; 0)T[#!#3!℄ (42; 0)2 (#; 12 e5); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (5; 0)T[#2℄ + (2; 0)T[#!℄ + (1; 1)T[#2!℄ + (4; 0)T[#4℄+(8; 0)T[#3!℄ + (2; 0)T[#7!℄ + (5; 0)T[#!#!℄ + (2; 0)T[#!#3!℄ (37; 1)3 (#; 12 e2); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (5; 0)T[#2℄ + (2; 0)T[#!℄ + (4; 0)T[#4℄ + (8; 0)T[#3!℄+(2; 0)T[#7!℄ + (5; 0)T[#!#!℄ + (2; 0)T[#!#3!℄ (36; 0)4 (#; 12 (e1 + e3)); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (4; 0)T[#2℄ + (1; 1)T[#2!℄ + (3; 0)T[#4℄ + (4; 0)T[#3!℄+(4; 0)T[#!#!℄ + (1; 0)T[#!#3!℄ (25; 1)5 (#; 12 (e1 + e3 + e5)); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (6; 0)T[#2℄ + (2; 0)T[#2!℄ + (3; 0)T[#4℄ + (4; 0)T[#3!℄+(4; 0)T[#!#!℄ + (1; 0)T[#!#3!℄ (30; 0)6 (#; 12 (e1 + e2 + e3)); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (4; 0)T[#2℄ + (3; 0)T[#4℄ + (4; 0)T[#3!℄ + (4; 0)T[#!#!℄+(1; 0)T[#!#3!℄ (24; 0)3 1 (#; 0); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (8; 0)T[!℄ + (10; 0)T[#2℄ + (2; 0)T[#!℄ + (4; 0)T[#2!℄ + (5; 0)T[#4℄+(8; 0)T[#3!℄ + (2; 0)T[#7!℄ + (6; 0)T[#!#!℄ + (3; 0)T[#!#3!℄ (54; 0)2 (#; 12 e5); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (6; 0)T[#2℄ + (2; 0)T[#!℄ + (5; 0)T[#4℄ + (8; 0)T[#3!℄+(2; 0)T[#7!℄ + (6; 0)T[#!#!℄ + (3; 0)T[#!#3!℄ (42; 0)3 (#; 12 e6); (!; 12 e5)loal (2; 0)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (3; 0)T[#2℄ + (1; 0)T[#!℄ + (5; 0)T[#4℄ + (6; 0)T[#3!℄+(1; 0)T[#7!℄ + (4; 0)T[#!#!℄ (30; 0)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))4 (#; 12 (e1 + e3)); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (3; 0)T[#2℄ + (2; 2)T[#2!℄ + (4; 0)T[#4℄ + (4; 0)T[#3!℄+(3; 0)T[#!#!℄ + (1; 1)T[#!#3!℄ (27; 3)5 (#; 12 (e1 + e3 + e5)); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (3; 0)T[#2℄ + (4; 0)T[#4℄ + (4; 0)T[#3!℄ + (3; 0)T[#!#!℄+(1; 1)T[#!#3!℄ (25; 1)6 (#; 12 (e1 + e3 + e6)); (!; 12 e5)loal (2; 0)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (3; 0)T[#2℄ + (4; 0)T[#4℄ + (4; 0)T[#3!℄ + (3; 0)T[#!#!℄ (24; 0)7 (#; 12 e4); (!; 12 (e1 + e2))loal (2; 0)U + (4; 0)T[#℄ + (6; 0)T[#2℄ + (2; 0)T[#!℄ + (2; 2)T[#2!℄ + (4; 1)T[#4℄ + (8; 0)T[#3!℄+(2; 0)T[#7!℄ + (6; 0)T[#!#!℄ + (3; 0)T[#!#3!℄ (39; 3)8 (#; 12 (e4 + e5)); (!; 12 (e1 + e2))loal (2; 0)U + (4; 0)T[#℄ + (6; 0)T[#2℄ + (2; 0)T[#!℄ + (4; 1)T[#4℄ + (8; 0)T[#3!℄ + (2; 0)T[#7!℄+(6; 0)T[#!#!℄ + (3; 0)T[#!#3!℄ (37; 1)9 (#; 12 (e4 + e6)); (!; 12 (e1 + e2 + e5))loal (2; 0)U + (4; 0)T[#℄ + (3; 0)T[#2℄ + (1; 0)T[#!℄ + (4; 1)T[#4℄ + (6; 0)T[#3!℄ + (1; 0)T[#7!℄+(4; 0)T[#!#!℄ (25; 1)10 (#; 12 (e1 + e3 + e4)); (!; 12 (e1 + e2))loal (2; 0)U + (4; 0)T[#℄ + (3; 0)T[#2℄ + (2; 2)T[#2!℄ + (3; 1)T[#4℄ + (4; 0)T[#3!℄ + (3; 0)T[#!#!℄+(1; 1)T[#!#3!℄ (22; 4)11 (#; 12 (e1 + e3 + e4 + e5)); (!; 12 (e1 + e2))loal (2; 0)U + (4; 0)T[#℄ + (3; 0)T[#2℄ + (3; 1)T[#4℄ + (4; 0)T[#3!℄ + (3; 0)T[#!#!℄ + (1; 1)T[#!#3!℄ (20; 2)12 (#; 12 (e1 + e3 + e4 + e6)); (!; 12 (e1 + e2 + e5))loal (2; 0)U + (4; 0)T[#℄ + (3; 0)T[#2℄ + (3; 1)T[#4℄ + (4; 0)T[#3!℄ + (3; 0)T[#!#!℄ (19; 1)4 1 (#; 0); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (7; 0)T[#2℄ + (2; 0)T[#!℄ + (2; 0)T[#2!℄ + (4; 0)T[#4℄+(8; 0)T[#3!℄ + (2; 0)T[#7!℄ + (5; 0)T[#!#!℄ + (2; 0)T[#!#3!℄ (42; 0)2 (#; 12 (e2 + e3 + e4 + e5 + e6)); (!; 12 (e1 + e2 + e4))loal (2; 0)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (3; 0)T[#2℄ + (2; 0)T[#4℄ + (4; 0)T[#3!℄ + (2; 1)T[#!#!℄ (19; 1)3 (#; 12 e3); (!; 12 e2)loal (2; 0)U + (4; 0)T[#℄ + (2; 0)T[!℄ + (4; 0)T[#2℄ + (1; 0)T[#!℄ + (4; 0)T[#4℄ + (6; 0)T[#3!℄+(1; 0)T[#7!℄ + (5; 0)T[#!#!℄ + (1; 0)T[#!#3!℄ (30; 0)5 1 (#; 0); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (3; 0)T[!℄ + (5; 0)T[#2℄ + (1; 0)T[#!℄ + (1; 0)T[#2!℄ + (3; 0)T[#4℄+(6; 0)T[#3!℄ + (1; 0)T[#7!℄ + (3; 0)T[#!#!℄ + (1; 0)T[#!#3!℄ (30; 0)2 (#; 12 (e1 + e2) + 14 (e3 + 3e4)); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (1; 1)T[!℄ + (3; 0)T[#2℄ + (1; 0)T[#4℄ + (4; 0)T[#3!℄ + (1; 0)T[#!#!℄ (16; 1)ontinued . . .

32



Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))3 (#; 12 (e3 + e4)); (!; 0)loal (2; 0)U + (4; 0)T[#℄ + (3; 0)T[!℄ + (5; 0)T[#2℄ + (1; 0)T[#!℄ + (1; 0)T[#2!℄ + (3; 0)T[#4℄+(6; 0)T[#3!℄ + (1; 0)T[#7!℄ + (3; 0)T[#!#!℄ + (1; 0)T[#!#3!℄ (30; 0)
Z3 � (Z3 oZ4) 1 1 (#; 0); (!; 0)[36; 6℄ loal (2; 0)U + (5; 0)T[#℄ + (3; 0)T[!℄ + (3; 0)T[!2℄ + (6; 0)T[#2!2℄ + (2; 1)T[!3℄ + (9; 0)T[!4℄4353 +(6; 0)T[#2!4℄ + (3; 0)T[!5℄ + (3; 1)T[!6℄ + (1; 0)T[#2!6℄ + (6; 0)T[#2!8℄ + (2; 1)T[!9℄ (51; 3)

Z3 �A4 1 1 (#; 0); (!; 0)[36; 11℄ loal (1; 0)U + (1; 0)T[#℄ + (2; 0)T[!℄ + (1; 0)T[#2℄ + (1; 0)T[#!℄ + (1; 0)T[#2!℄ + (5; 0)T[!2℄2875 +(1; 0)T[!#!℄ + (1; 0)T[!#2!℄ + (6; 0)T[!3℄ (20; 0)2 1 (#; 0); (!; 0)loal (1; 0)U + (1; 0)T[#℄ + (2; 0)T[!℄ + (1; 0)T[#2℄ + (1; 0)T[#!℄ + (1; 0)T[#2!℄ + (5; 0)T[!2℄+(1; 0)T[!#!℄ + (1; 0)T[!#2!℄ + (2; 0)T[!3℄ (16; 0)3 1 (#; 0); (!; 0)loal (1; 0)U + (1; 0)T[#℄ + (2; 0)T[!℄ + (1; 0)T[#2℄ + (1; 0)T[#!℄ + (1; 0)T[#2!℄ + (5; 0)T[!2℄+(1; 0)T[!#!℄ + (1; 0)T[!#2!℄ + (2; 0)T[!3℄ (16; 0)

Z6 � S3 1 1 (#; 0); (!; 0)[36; 12℄ loal (2; 0)U + (2; 0)T[#℄ + (1; 0)T[!℄ + (9; 0)T[#2℄ + (2; 0)T[#!℄ + (2; 0)T[#3℄ + (6; 0)T[#2!℄4356 +(2; 0)T[#3!℄ + (5; 0)T[!2℄ + (6; 0)T[#2!2℄ + (6; 0)T[#4!2℄ + (3; 0)T[!3℄ + (2; 0)T[#2!3℄ (48; 0)2 (#; 0); (!; 13 (e5 + e6))loal (2; 0)U + (2; 0)T[#℄ + (4; 0)T[#2℄ + (2; 0)T[#!℄ + (2; 0)T[#3℄ + (4; 0)T[#2!℄ + (2; 0)T[#3!℄+(2; 1)T[#2!2℄ + (2; 1)T[#4!2℄ + (3; 0)T[!3℄ + (1; 0)T[#2!3℄ (26; 2)2 1 (#; 0); (!; 0)loal (2; 0)U + (2; 0)T[#℄ + (1; 0)T[!℄ + (6; 0)T[#2℄ + (2; 0)T[#!℄ + (2; 0)T[#3℄ + (6; 0)T[#2!℄+(2; 0)T[#3!℄ + (3; 1)T[!2℄ + (3; 0)T[#2!2℄ + (3; 0)T[#4!2℄ + (3; 0)T[!3℄ + (2; 0)T[#2!3℄ (37; 1)2 (#; 0); (!; 13 (2e5 + e6))loal (2; 0)U + (2; 0)T[#℄ + (4; 0)T[#2℄ + (2; 0)T[#!℄ + (2; 0)T[#3℄ + (4; 0)T[#2!℄ + (2; 0)T[#3!℄+(1; 0)T[#2!2℄ + (1; 0)T[#4!2℄ + (3; 0)T[!3℄ + (1; 0)T[#2!3℄ (24; 0)�(48) 1 1 (#; 0); (!; 0)[48; 3℄ loal (1; 0)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (1; 1)T[#2℄ + (9; 0)T[!2℄ + (4; 0)T[!3℄ + (12; 0)T[#!2#2!3℄ (32; 2)2774 2 (#; 12 (e1 + e2)); (!; 12 (e1 + e3))loal (1; 0)U + (1; 1)T[#℄ + (1; 1)T[#2℄ + (5; 0)T[!2℄ + (4; 0)T[#!2#2!3℄ (12; 2)2 1 (#; 0); (!; 0)loal (1; 0)U + (1; 1)T[#℄ + (2; 0)T[!℄ + (1; 1)T[#2℄ + (5; 0)T[!2℄ + (2; 0)T[!3℄ + (8; 0)T[#!2#2!3℄ (20; 2)2 (#; 0); (!; 12 (e1 + e3))loal (1; 0)U + (1; 1)T[#℄ + (1; 1)T[#2℄ + (2; 1)T[!2℄ + (4; 0)T[#!2#2!3℄ (9; 3)3 (#; 12 (e1 + e3)); (!; 0)loal (1; 0)U + (1; 1)T[#℄ + (1; 0)T[!℄ + (1; 1)T[#2℄ + (5; 0)T[!2℄ + (1; 0)T[!3℄ + (6; 0)T[#!2#2!3℄ (16; 2)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))3 1 (#; 0); (!; 0)loal (1; 0)U + (1; 1)T[#℄ + (2; 0)T[!℄ + (1; 1)T[#2℄ + (5; 0)T[!2℄ + (2; 0)T[!3℄ + (8; 0)T[#!2#2!3℄ (20; 2)4 1 (#; 0); (!; 0)loal (1; 0)U + (1; 1)T[#℄ + (1; 0)T[!℄ + (1; 1)T[#2℄ + (3; 0)T[!2℄ + (1; 0)T[!3℄ + (6; 0)T[#!2#2!3℄ (14; 2)2 (#; 12 (e1 + e3)); (!; 12 (e1 + e2))loal (1; 0)U + (1; 1)T[#℄ + (1; 1)T[#2℄ + (1; 0)T[!2℄ + (4; 0)T[#!2#2!3℄ (8; 2)GL(2; 3) 1 1 (#; 0); (!; 0)[48; 29℄ loal (2; 1)U + (5; 5)T[#℄ + (8; 0)T[!℄ + (4; 0)T[#!℄ + (3; 1)T[!2℄ + (1; 1)T[!#2!℄ + (3; 0)T[!4℄ (26; 8)5713 2 (#; 13 e6); (!; 13 e6)loal (2; 1)U + (8; 0)T[!℄ + (4; 0)T[#!℄ + (3; 1)T[!2℄ + (3; 0)T[!4℄ (20; 2)3 (#; 12 e2 + 23e5); (!; 12e2 + 23 e5)loal (2; 1)U + (8; 0)T[!℄ + (4; 0)T[#!℄ + (3; 1)T[!2℄ + (3; 0)T[!4℄ (20; 2)4 (#; 12 e2); (!; 12 e2)loal (2; 1)U + (5; 5)T[#℄ + (8; 0)T[!℄ + (4; 0)T[#!℄ + (3; 1)T[!2℄ + (1; 1)T[!#2!℄ + (3; 0)T[!4℄ (26; 8)SL(2; 3)o Z2 1 1 (#; 0); (!; 0)[48; 33℄ loal (2; 1)U + (4; 0)T[#℄ + (4; 0)T[!℄ + (3; 0)T[!6℄ + (4; 0)T[!7℄ + (1; 0)T[!2℄ + (3; 2)T[!#!℄5712 +(8; 0)T[!3℄ + (8; 0)T[!2#!℄ + (3; 2)T[!4℄ + (1; 0)T[!10℄ (41; 5)2 (#; 12 (e1 + e3)); (!; 12 (e1 + e3))loal (2; 1)U + (2; 2)T[#℄ + (4; 0)T[!℄ + (2; 1)T[!6℄ + (4; 0)T[!7℄ + (1; 0)T[!2℄ + (3; 2)T[!#!℄+(4; 0)T[!3℄ + (3; 2)T[!4℄ + (1; 0)T[!10℄ (26; 8)3 (#; 12 (e1 + e2 + e3 + e4)); (!; 12 (e1 + e2 + e3 + e4))loal (2; 1)U + (2; 2)T[#℄ + (4; 0)T[!℄ + (3; 0)T[!6℄ + (4; 0)T[!7℄ + (1; 0)T[!2℄ + (3; 2)T[!#!℄+(4; 0)T[!3℄ + (4; 0)T[!2#!℄ + (3; 2)T[!4℄ + (1; 0)T[!10℄ (31; 7)�(54) 1 1 (#; 0); (!; 0); (�; 0)[54; 8℄ loal (1; 0)U + (2; 1)T[#℄ + (9; 0)T[!℄ + (1; 0)T[�℄ + (3; 0)T[#�℄ + (1; 0)T[!�℄ + (1; 0)T[!2�℄2897 +(7; 0)T[!�2!2�℄ (25; 1)2 (#; 0); (!; 13 (e1 + e2 + 2e3 + 2e4 + e5 + e6));loal (�; 13 (e1 + e2 + 2e3 + 2e4 + e5 + e6))(1; 0)U + (2; 1)T[#℄ + (1; 0)T[�℄ + (3; 0)T[#�℄ + (1; 0)T[!�℄ + (1; 0)T[!2�℄ + (4; 0)T[!�2!2�℄ (13; 1)2 1 (#; 0); (!; 0); (�; 0)loal (1; 0)U + (2; 1)T[#℄ + (3; 0)T[!℄ + (3; 0)T[�℄ + (3; 0)T[#�℄ + (3; 0)T[!�℄ + (3; 0)T[!2�℄+(7; 0)T[!�2!2�℄ (25; 1)2 (#; 13 (2e1 + e2 + e3 + 2e5)); (!; 23 (e1 + e3 + e4));loal (�; 23 (e1 + e3 + e4))(1; 0)U + (2; 1)T[#℄ + (3; 0)T[�℄ + (3; 0)T[#�℄ + (3; 0)T[!2�℄ + (5; 0)T[!�2!2�℄ (17; 1)3 (#; 13 (2e1 + 2e3 + e4 + 2e5 + e6)); (!; 13 (2e2 + 2e3 + e6));loal (�; 13 (2e2 + 2e3 + e6))(1; 0)U + (2; 1)T[#℄ + (3; 0)T[#�℄ + (3; 0)T[!2�℄ + (4; 0)T[!�2!2�℄ (13; 1)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))4 (#; 0); (!; 13 (e2 + e3 + e4)); (�; 13 (e2 + e5 + 2e6))loal (1; 0)U + (2; 1)T[#℄ + (3; 0)T[#�℄ + (3; 0)T[!�2!2�℄ (9; 1)3 1 (#; 0); (!; 0); (�; 0)loal (1; 0)U + (2; 1)T[#℄ + (3; 0)T[!℄ + (3; 0)T[�℄ + (3; 0)T[#�℄ + (3; 0)T[!�℄ + (3; 0)T[!2�℄+(7; 0)T[!�2!2�℄ (25; 1)2 (#; 13 (2e1 + e3 + e4 + 2e6)); (!; 13 (2e1 + 2e3 + e4));loal (�; 13 (2e1 + 2e3 + e4))(1; 0)U + (2; 1)T[#℄ + (1; 1)T[�℄ + (3; 0)T[#�℄ + (1; 1)T[!2�℄ + (3; 0)T[!�2!2�℄ (11; 3)3 (#; 13 (e2 + e5)); (!; 13 (e2 + 2e3)); (�; 13 (e2 + 2e3))loal (1; 0)U + (2; 1)T[#℄ + (3; 0)T[#�℄ + (3; 0)T[!2�℄ + (4; 0)T[!�2!2�℄ (13; 1)4 (#; 13 (e1 + e2 + e3 + e4 + 2e6)); (!; 13 (2e1 + e2 + 2e3 + e4));loal (�; 13 (e1 + 2e3 + 2e4 + 2e5 + e6))(1; 0)U + (2; 1)T[#℄ + (3; 0)T[#�℄ + (3; 0)T[!�2!2�℄ (9; 1)
Z3 � SL(2; 3) 1 1 (#; 0); (!; 0)[72; 25℄ loal (2; 0)U + (3; 0)T[#℄ + (3; 0)T[!℄ + (3; 0)T[#2℄ + (3; 1)T[#!℄ + (6; 0)T[#2!℄ + (3; 0)T[!2℄6988 +(1; 0)T[!#2!℄ + (2; 1)T[!3℄ + (6; 0)T[#!3℄ + (6; 0)T[!4℄ + (3; 0)T[!#2!3℄ + (3; 0)T[#!5℄+(3; 0)T[!6℄ + (1; 0)T[#!7℄ + (3; 1)T[!#2!7℄ (51; 3)2 (#; 13 (e5 + e6)); (!; 13 (e5 + e6))loal (2; 0)U + (1; 0)T[#℄ + (3; 0)T[!℄ + (1; 0)T[#2℄ + (4; 0)T[#2!℄ + (1; 0)T[!2℄ + (2; 1)T[!3℄+(4; 0)T[#!3℄ + (2; 0)T[!4℄ + (1; 0)T[!#2!3℄ + (1; 0)T[#!5℄ + (3; 0)T[!6℄ (25; 1)

Z3 � ((Z6 �Z2)oZ2) 1 1 (#; 0); (!; 0)= Z3 �GAPID[24; 8℄ loal (2; 0)U + (2; 0)T[#℄ + (4; 0)T[!℄ + (6; 0)T[#2℄ + (3; 0)T[#!℄ + (2; 0)T[#3℄ + (4; 0)T[#2!℄[72; 30℄ +(2; 1)T[#3!℄ + (1; 0)T[#4!℄ + (4; 0)T[!2℄ + (4; 0)T[#2!2℄ + (4; 0)T[#4!2℄ + (4; 0)T[!3℄4533 +(2; 0)T[#2!3℄ + (1; 0)T[#2!5℄ + (2; 0)T[#!#!℄ + (3; 0)T[#!#5!℄ + (4; 0)T[#!#!5℄+(1; 0)T[#!#5!5℄ (55; 1)

Z3 � S4 1 1 (#; 0); (!; 0)[72; 42℄ loal (1; 0)U + (1; 0)T[#℄ + (3; 0)T[!℄ + (2; 0)T[#!℄ + (2; 0)T[!2℄ + (1; 0)T[#2!8℄ + (2; 1)T[!3℄2924 +(2; 0)T[!2#2!℄ + (4; 0)T[!4℄ + (1; 0)T[!2#2!8℄ + (4; 0)T[!6℄ (23; 1)2 1 (#; 0); (!; 0)loal (1; 0)U + (1; 0)T[#℄ + (3; 0)T[!℄ + (2; 0)T[#!℄ + (2; 0)T[!2℄ + (1; 0)T[#2!8℄ + (1; 0)T[!3℄+(2; 0)T[!2#2!℄ + (4; 0)T[!4℄ + (1; 0)T[!2#2!8℄ + (2; 0)T[!6℄ (20; 0)3 1 (#; 0); (!; 0)loal (1; 0)U + (1; 0)T[#℄ + (3; 0)T[!℄ + (2; 0)T[#!℄ + (2; 0)T[!2℄ + (1; 0)T[#2!8℄ + (1; 0)T[!3℄+(2; 0)T[!2#2!℄ + (4; 0)T[!4℄ + (1; 0)T[!2#2!8℄ + (2; 0)T[!6℄ (20; 0)�(96) 1 1 (#; 0); (!; 0)[96; 64℄ loal (1; 0)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (3; 1)T[#!℄ + (9; 0)T[!2℄ + (4; 0)T[!2#2!℄ + (6; 0)T[!4℄2802 +(4; 0)T[#!3#!℄ (32; 2)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))2 (#; 12 (e3 + e4)); (!; 12 (e4 + e5 + e6))loal (1; 0)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (3; 0)T[!2℄ + (2; 0)T[!2#2!℄ + (4; 0)T[!4℄ (15; 1)3 (#; 0); (!; 12 (e4 + e6))loal (1; 0)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (7; 0)T[!2℄ + (2; 0)T[!2#2!℄ + (6; 0)T[!4℄ + (4; 0)T[#!3#!℄ (25; 1)2 1 (#; 0); (!; 0)loal (1; 0)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (2; 0)T[#!℄ + (7; 0)T[!2℄ + (4; 0)T[!2#2!℄ + (4; 0)T[!4℄+(2; 0)T[#!3#!℄ (25; 1)2 (#; 12 (e1 + e2)); (!; 12 (e3 + e4 + e5))loal (1; 0)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (4; 0)T[!2℄ + (2; 0)T[!2#2!℄ + (4; 0)T[!4℄ + (1; 0)T[#!3#!℄ (17; 1)3 (#; 0); (!; 12 (e1 + e3 + e6))loal (1; 0)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (3; 0)T[!2℄ + (2; 0)T[!2#2!℄ + (2; 0)T[!4℄ (13; 1)3 1 (#; 0); (!; 0)loal (1; 0)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (2; 0)T[#!℄ + (7; 0)T[!2℄ + (4; 0)T[!2#2!℄ + (4; 0)T[!4℄+(2; 0)T[#!3#!℄ (25; 1)2 (#; 12 (e2 + e3 + e4)); (!; 12 (e4 + e5 + e6))loal (1; 0)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (1; 1)T[#!℄ + (5; 0)T[!2℄ + (2; 0)T[!2#2!℄ + (4; 0)T[!4℄+(2; 0)T[#!3#!℄ (20; 2)3 (#; 0); (!; 12e4)loal (1; 0)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (5; 0)T[!2℄ + (2; 0)T[!2#2!℄ + (4; 0)T[!4℄ + (2; 0)T[#!3#!℄ (19; 1)4 1 (#; 0); (!; 0)loal (1; 0)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (1; 0)T[#!℄ + (5; 0)T[!2℄ + (3; 0)T[!2#2!℄ + (3; 0)T[!4℄+(1; 0)T[#!3#!℄ (19; 1)2 (#; 14 (3e1 + 3e2 + 3e3 + e5)); (!; 14 (3e2 + e5))loal (1; 0)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (3; 0)T[!2℄ + (1; 1)T[!2#2!℄ + (1; 0)T[!4℄ (11; 2)3 (#; 12 (e1 + e2 + e3 + e5)); (!; 12 (e2 + e5))loal (1; 0)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (1; 0)T[#!℄ + (5; 0)T[!2℄ + (3; 0)T[!2#2!℄ + (3; 0)T[!4℄+(1; 0)T[#!3#!℄ (19; 1)SL(2; 3)o Z4 1 1 (#; 0); (!; 0)[96; 67℄ loal (2; 0)U + (3; 2)T[#℄ + (8; 0)T[!℄ + (4; 0)T[#!℄ + (2; 0)T[#2!℄ + (6; 0)T[!2℄ + (4; 0)T[!#!℄6512 +(2; 0)T[!2#!℄ + (1; 0)T[#2!3#!℄ + (3; 0)T[#2!3#2!℄ + (6; 0)T[#!#!℄ + (3; 0)T[#!#2!#!2℄ (44; 2)2 (#; 12 e1); (!; 12 (e1 + e2 + e3))loal (2; 0)U + (3; 2)T[#℄ + (4; 0)T[!℄ + (4; 0)T[#!℄ + (3; 0)T[!2℄ + (4; 0)T[!#!℄ + (1; 0)T[#2!3#!℄+(1; 1)T[#2!3#2!℄ + (3; 0)T[#!#!℄ + (2; 0)T[#!#2!#!2℄ (27; 3)�(36�) 1 1 (#; 0); (!; 0)[108; 15℄ loal (1; 0)U + (1; 0)T[#℄ + (3; 0)T[!℄ + (2; 1)T[#2℄ + (3; 0)T[#!℄ + (1; 0)T[#3℄ + (3; 0)T[#!#!℄2806 +(3; 0)T[#!#3!℄ + (3; 0)T[#!#!#3!℄ + (5; 0)T[#!#!#!#!℄ (25; 1)ontinued . . .
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Q{lass (P ), Z{ aÆne generators of GGAPID, lass lass,arat index (�) breaking ontributions to (h(1;1); h(2;1)) from U and T setors (h(1;1); h(2;1))2 (#; 23 (e1 + e4)); (!; 13 (e1 + 2e2 + 2e3 + e4 + e5 + e6))loal (1; 0)U + (1; 0)T[#℄ + (2; 1)T[#2℄ + (3; 0)T[#!℄ + (1; 0)T[#3℄ + (3; 0)T[#!#!℄+(3; 0)T[#!#!#3!℄ + (3; 0)T[#!#!#!#!℄ (17; 1)2 1 (#; 0); (!; 0)loal (1; 0)U + (1; 0)T[#℄ + (3; 0)T[!℄ + (2; 1)T[#2℄ + (3; 0)T[#!℄ + (1; 0)T[#3℄ + (3; 0)T[#!#!℄+(3; 0)T[#!#3!℄ + (3; 0)T[#!#!#3!℄ + (5; 0)T[#!#!#!#!℄ (25; 1)2 (#; 13 (2e3 + e4)); (!; 13 (e1 + 2e4 + 2e5 + 2e6))loal (1; 0)U + (1; 0)T[#℄ + (2; 1)T[#2℄ + (3; 0)T[#!℄ + (1; 0)T[#3℄ + (3; 0)T[#!#!℄+(3; 0)T[#!#!#3!℄ + (3; 0)T[#!#!#!#!℄ (17; 1)�(108) 1 1 (#; 0); (!; 0)[108; 22℄ loal (1; 0)U + (1; 0)T[#℄ + (4; 0)T[!℄ + (1; 0)T[#2℄ + (1; 0)T[#!℄ + (1; 0)T[#2!℄ + (4; 0)T[!2℄2810 +(1; 0)T[!#!℄ + (1; 0)T[!#2!℄ + (4; 0)T[!3℄ + (4; 0)T[!4℄ + (2; 0)T[#!4#2!5℄+(1; 0)T[#!3#2!4℄ + (4; 0)T[#!2#2!3℄ + (1; 0)T[#!4#2!℄ + (5; 0)T[#!2#2!4℄ (36; 0)PSL(3; 2) 1 1 (#; 0); (!; 0)[168; 42℄ loal (1; 0)U + (1; 1)T[#℄ + (4; 0)T[!℄ + (7; 0)T[#!℄ + (1; 1)T[#2!#!℄ (14; 2)2934 2 (#; 0); (!; 12 (e3 + e6))loal (1; 0)U + (1; 1)T[#℄ + (1; 1)T[!℄ + (7; 0)T[#!℄ (10; 2)3 (#; 0); (!; 12 (e1 + e2 + e3 + e5))loal (1; 0)U + (1; 1)T[#℄ + (2; 0)T[!℄ + (7; 0)T[#!℄ (11; 1)�(72�) 1 1 (#; 0); (!; 0)[216; 88℄ loal (1; 0)U + (1; 0)T[#℄ + (3; 0)T[!℄ + (2; 1)T[#2℄ + (3; 0)T[#!℄ + (1; 0)T[#2!℄ + (1; 0)T[#3!℄2846 +(3; 0)T[!2℄ + (3; 0)T[!#2!℄ + (3; 0)T[!#3!℄ + (4; 0)T[!4℄ (25; 1)2 1 (#; 0); (!; 0)loal (1; 0)U + (1; 0)T[#℄ + (3; 0)T[!℄ + (2; 1)T[#2℄ + (3; 0)T[#!℄ + (1; 0)T[#2!℄ + (1; 0)T[#3!℄+(3; 0)T[!2℄ + (3; 0)T[!#2!℄ + (3; 0)T[!#3!℄ + (4; 0)T[!4℄ (25; 1)�(216) 1 1 (#; 0); (!; 0); (�; 0)[216; 95℄ loal (1; 0)U + (1; 0)T[#℄ + (2; 1)T[!℄ + (1; 0)T[�℄ + (2; 0)T[#!℄ + (1; 0)T[#�℄ + (4; 0)T[#2�℄2851 +(3; 0)T[!2℄ + (2; 0)T[!�℄ + (3; 0)T[#2!3�℄ + (1; 0)T[!�#!3�2℄ + (4; 0)T[!2�#!2�℄+(4; 0)T[!�!�℄ + (2; 0)T[!3�!3�℄ (31; 1)Table 2: Hodge numbers of heteroti orbifolds with non{Abelian pointgroup.
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point group P Z{ and Hodge numbers origin of �1 generators: fundamental group(Q{lass) aÆne lass (h(1;1); h(2;1)) G=hGF i �=�F �1 = S=hF iS3 1{2 (6; 6) 11 Z3 �Z3 Z3 �Z32{2 (6; 6) 11 Z3 Z33{2 (6; 6) 11 Z3 Z3D4 1{3 (11; 11) Z2 Z2 Z2 nZ21{5 (6; 6) Z2 Z2 Z41{6 (2; 2) D4 Z6 S1{8 (17; 5) Z2 11 Z21{9 (7; 7) Z2 �Z2 Z2 (Z2 �Z2)nZ22{4 (9; 3) Z2 11 Z22{6 (4; 4) Z2 Z2 Z42{8 (10; 4) Z2 11 Z25{4 (4; 4) Z2 Z2 �Z2 Z4 �Z25{6 (12; 6) Z2 11 Z26{3 (12; 6) 11 Z2 Z26{4 (6; 6) Z2 11 Z26{6 (4; 4) Z2 Z2 �Z2 Z4 �Z26{8 (10; 4) Z2 Z2 Z2 �Z28{2 (6; 6) 11 Z2 Z29{1 (17; 5) 11 Z2 Z29{2 (6; 6) 11 Z2 Z29{3 (15; 3) 11 Z2 Z2A4 2{1 (11; 3) 11 Z2 Z22{2 (3; 3) 11 Z4 Z44{1 (7; 3) 11 Z2 �Z2 Z2 �Z24{2 (5; 5) 11 Z2 Z25{1 (7; 3) 11 Z2 Z26{2 (3; 3) 11 Z2 Z2QD16 3{4 (17; 5) Z2 11 Z2(Z4 �Z2)oZ2 1{11 (27; 3) Z2 11 Z21{12 (15; 3) Z2 11 Z21{18 (17; 5) Z2 11 Z21{19 (15; 3) Z2 11 Z21{21 (12; 6) Z2 11 Z21{22 (10; 4) Z2 �Z2 11 Z2 �Z2�(27) 1{3 (12; 0) Z3 11 Z31{4 (4; 0) Z3 �Z3 11 Z3 �Z33{3 (12; 0) Z3 11 Z33{4 (4; 0) Z3 �Z3 11 Z3 �Z3Table 3: List of all non{trivial fundamental groups for orbifolds with non{Abelian P . The �rstolumn spei�es P and the seond olumn enumerates the respetive Z{ and aÆne lasses. Inthe third olumn we list the Hodge numbers in order to identify those ases whih allow for hiralspetra, .f. [54℄. The forth and �fth olumn help to identify the origin of the generators of �1from the orbifolding group G and from the lattie �, respetively. Finally, the last olumn lists �1.
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