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We extend the conc;ept of matter parity PM = ( -1) 3(B - L) to non-supersymmetric theories 
and argue that PM is the unique explanation to the existence of Dark Matter of the Universe. 
The argument is general but we motivate it using constraints on GUT particle content from 
lower-dimensional field theories. The non-supersymmetric Dark Matter must be contained in 
scalar 16 reprcsentation(s) of SO( lO), thus the unique low energy Dark Matter candidates 
arc PM-odd complex scalar singlct(s) S and inert scalar doublct(s) H2 . We have calculated 
the thermal relic Dark Matter abundance of the model and shown that its minimal form may 
be testable at LHC via the SM Higgs boson decays H1 -• DM DM. The PAMELA anomaly 
can be explained with the decays DA1 � vlvV induced via seesaw-like operator which is 
additionally suppressed by Planck scale. Because the SM fermions arc odd under matter 
parity too, Dark Matter sector is just our scalar relative. 

1 Introduction 

While the existence of Dark Matter (DM ) of the Universe is now established beyond doubt 1 , 
its origin, nature and properties remain obscured. In most models beyond the standard model 
(SM ) , such as the minimal supcrsymmetric SM, additional discrete Z2 symmetry is imposed by 
hand to ensure the stability of the lightest Z2-odd particle. There is no known general principle 
for the origin of DM which could discriminate between DM models. 

In this Letter we propose that there actually might exist such a common physics principle 
for the theories of Dl\1 . It follows from the underlying unified symmetry group for all matter 
fields in grand unified theories (GUTs) and does not require supersyn1mctry. One can classify 
all matter fields in Nature under the discrete remnant of the matter symmetry group which is 
nothing but the matter parity PM . Thus the existence of DM might be a general property of 
Nature rather than an accidental outcome of some particular model. As a general result , there 



is no "dark world'. decoupled from us, rather we arc part of it as the SM fermions arc also odd 
under the matter parity PM .  

We argne that. assuming all matter fields t o  respect 80( 10) 2 , the gauged GUT group 
SU (5 ) 3 is complemented by an additional discrete symmetry Zri . For the simplest case, n = 2 ,  
the GUT symmetry is  broken to SU (5) x PM and all the fermion and scalar fields of  the GUT 
theory. including the S:tvI particles plus the right-handed neutrinos Ni , carry wdl dPlim�d d ist:reti� 

quantum numbers uniquely determined by their original representation of SO( 10) . Therefore 
uon-supcrsymmctric DM candidates can come only from 16 scalar representations of 80(10) , 
awl tJ1p 1 1uiquP low energy DM fields am new SU(2)L x U ( l )y  P.�r-odd scalar doublet (s) H2 1 
and singlct (s) 8 5 ·6 .  

While our argument is general, we motivate it with an example new physics scenario called 
less-dimensions. In the less-dimensional scenario new physics effects arise from lower-dimensional 
quantu1n field theories ( QF'T) as opposed to the extra din1ensions in \vhich nc\v �pace dirncnsions 
arc adcfod. The consistency of fidd tlwory in three dimensions implies constraints on the number 
of fermions and gauge bosons of the theory. The 3-dimcnsional constraints apply also in 4-
climensions 7 if one space dimension is very small and compactified to a circle, and the number 
Df for111io11 generations is odd . During infiation t.he cornpactifiPd dimension can be expanded as 
t11ud1 as 1weded in ordc�r to achieve tlw present flat and homogeneous Universe. However, particle 
physics "remembers'' the initial conditions. It is interesting that the Wl'vlAP observations indeed 
point to a preferred direction in space 8·1 . 

We formulate and study the minimal matter parity induced phenomenological DM model 
which contains one inert doublet H2 and one complex singlet S. We show that the observed 
Dl'vI thermal freeze-out abundance can be achieved for wide range of model parameters. We 
cdso show that the PAMELA 9 and ATIC 10 anomalies in e+ / ( e- + e+ ) and e - + e+ cosmic 
ray fluxes can be l�xplaincd by DM decays t.o the SM leptons via Planck scale suppressed P,r.,,1 -
violating seesaw-like operator of the form m/(ANAfp)LLH1H2 ,  where m/11vfp i s  P,u-violating 
heavy neutrino mixing. In this model the SM Higgs boson H1 is the portal 1 1  to the D?vl. We 
'how that for well motivated model parameter values the D}'vI abundance predicts the decay 
H 1 ___, DM DAI. which allows to test the model at LHC 12 . 

2 Less-dimensions 

l'o simplify tlw presentation we first discus;; our example ;;ccnario and then present the general 
ugument . If the topology of our 1-dimensional space-time is actually M3 x 81 . 'i .e . ,  the usual 

\1 inkowski space-time with one spatial coordinate compactified to a circle, topological anomalies 
Jccur in non-Abelian gauge theories with odd number of massless fermion generations in a direct 
1nalogy with the corresponding theories in three dimensions 7 . Therefore the consistency of QFT 
n four dimensions must follow from the consistency of 3-dimensional QFT. In three dimensions 
.here occur topological Chern-Simons terms in total non-Abclian gauge action as well as in 
:he gravitational action which myst be quantized 13 . At one loop level , corrections to the 
�ravitational Chem-Simons term require 14 

( 1 )  

.vhere NF,G i s  the number of fermions and gauge bosons, respectively. Eq. ( 1 )  implies constraints 
m the number of fermions as well as on the gauge group of the theory. 

At early Universe at very high energies the M3 x 81 space-time topology leads to CPT 
1iolation and generates a topological mass for the photon. However, today, after infiation, the 



space is almost fiat and homogeneous. The Chern-Simons-like photon mass is estimated to be 7 

m � 10 e --__ 35 V 
( a ) ( 1 .5 · 10 10 lyr) 

1 1 /137 R 
. (2) 

where R is the radius of the compact spatial coordinate. For the observable Universe, Robs . m-, 
is a factor 0(102) smaller than the present experimental bound. Since inflation can generate 
R » Robs, the topology of the Universe may remain unknown. Nevertheless, the WMAP results 
may support this scenario 1 .  

3 Matter parity as the origin of DM 

An immediate consequence of Eq. ( 1 )  is that chiral fermionic matter must come in multiples of 
sixteen. This is in a perfect agreement with experimental data as there exist 1 5  SM fermions plus 
right-handed N for the seesaw mechanism 1 5 ,  and fermions of every generation naturally form 
one 80( 10)  multiplet 16i ,  i = 1 ,  2, 3. As a result , Eq. ( 1 )  implies that there must be 24 gauge 
bosons. This is the dimension of adjoint representation of 8U(5) and suggests that 8U(5) is the 
gauge group of GUT. In that case, if all matter fields, fermions and scalars, respect 80( 10 ) ,  the 
group theoretic branching rule, 

80( 1 0) --> 8U(5) x U(l )x --> 8U(5)  x Z2 , (3 ) 

implies that every 8U(5) GUT matter multiplet carries an additional uniquely defined quantum 
number under the (global or gauged ) U ( l )x symmetry. The U ( l ) x  symmetry is further broken 
to its subgroup Zn by order parameter carrying n charges of X 16. The simplest case Z2 , which 
also allows for the seesaw mechanism induced by heavy neutrinos N; 15 ,  yields the new parity 
Px with the field tra11sfonnatio11 <I> -->  ±<I>. Therefore the actual GUT group is S'U(5)  x Px . 

Of course, the group theory in Eq. (3) is general and docs not necessarily require less­
dimensions nor global U ( l )x because the Z2 can also be gauged 16•17 . We do not speculate on 
details of GUT model building here and adopt the breaking chain (3) .  

Under Pati-Salam charges B - L and T3R the X-chargc is decomposed as 

X = 3 (B - L) + 4T3R, (4) 

while the orthogonal combination. the SM hypercharge Y, is gauged in 8U(5 ) .  Because X de­
pends on 4T'.1R which is always an even integer for T3R = 1/2 .  1 ,  . . .  , the Z2 X-parity of a 
multiplet is determined by 3 (B - L )  mod 2. Therefore one can write 

Px = PM =  (- l )3(B-L) , (5) 

and identify Px with the well known matter parity 18 •  which is equivalent to R-parity in super­
symmctry. While U ( l ) x ,  X = 5 (B - L) - 2Y, has been used to consider and to forbid proton 
decay operators 1 0 ,  so far the parity (5)  has been associated only with SUSY phenomenology. 

Due to Eq. (3) a definite matter parity PAI is the general intrinsic property of every matter 
multiplet . The decomposition of 16 of 80(10 )  under (3) is 16 = 1 16 (5 )  + 516 (-3) + 1016 ( 1 ) ,  
where the U(l )x  quantum numbers of the 8U(5) fields arc given i n  brackets. This implies that 
under the matter parity all the fields 1016 ,  516, 1 16 are ode!. At the Hame time, all other fields 
coming from small 80(10)  representations, 10, 45, 54, 120 and 126, arc predicted to be even 
under PM . Thus the SM fermions belonging to 16i arc all PM-odd while the SM Higgs boson 
doublet is PM-even because it is embedded into 510 and/or 510 ,  and 10 = 510 (-2) + 510 (2) .  
Although B - L  i s  broken in nature by heavy neutrino Majorana masses, (- l )3(B-L) i s  respected 
by interactions of all matter fields. 
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Figure 1 :  Allowed :la regions for predominantly singlet DM in (ms . >.8111 ) plane for bs = 5 GcV, m110 = 450 GeV. 

As there is no Dl\.1 candidate in the SM, we have to extend the particle content of the model 
:JY adding new SO(lO) multiplets. The choice is 'Uniq'Ue, only 16 contains PM-odd particles. 
i\dding new fermion 16 is equivalent to adding a new generation, and this docs not give DM. 
rims we have only one possibility, the scalar(s) 16 of 5'0(10) . Because DM must be electrically 
icutral, 16 contains only two DM candidates. Under SU(2)L x U(l )y those arc the complex 
>inglet S = 1 16 and the inert doublet H2 E 516 . 

1 DM predictions of the minimal model 

' 
JUT synunetry groups are known to be very useful for classification of particle quantum num-
Jers, and this is sufficient for predicting the D.VI candidates. Unfortunately GUTs fail , at least 
n their minimal form, to predict correctly coupling constants between matter fields. Therefore 
IVC cannot trust GUT model building for predicting details of DM phenomenology. Instead we 
;tudy phenomenological low-energy Lagrangian for the SM Higgs H1 and the PM-odd scalars S 
mrl H2 , 

v 

+ 
+ 

+ 

+ 

-µiHl H1 + >-1 (Hf H1 )2 + µ1sts + >-s(st 5')2 

ASH, (S't S') (Hf H1 ) + µ�HJH2 + .\2 (HJH2)2 ' t t t >-:1 (H[H1 ) (H2H2) + .\4 (H1H2) (H2H1 ) 

.\25 [ (Hf H2)2 + (HJH1 )2] + b; [s2 + (St )2 ] 
A ' (st S') (Ht H ) + µsn [st Ht H + S'Ht H l SH2 2 2 2 1 2 2 1 ' 

(6) 

vhich respects H1 --> H1 and S --> - S, H2 --> -H2 . The doublet terms alone form the inert 
loublct model 4. To ensure (S) = 0, we allow only the soft mass terms bs , µs11 and the .\5 term 
o break the internal U ( 1 )  of the odd scalars 6. Thus the singlet terms in ( 6) alone form the 
nodel A2 of 6 .  The two models mix via >-srr , µs11 terms. Notice that mass-degenerate scalars 
ere strongly constrained as DM candidates by direct searches for DM. The .\5 ,  bi and /lSJJ terms 
n Eq. (6) arc crucial for lifting the mass degeneracies. 
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Figure 2· Allovv·c,d ( rrl ffn · µ 2 )  para111c t cr spa<'e fur 1 1 s n  - ll ilTld di fferent vnlne::; of rns rt;prc::;cn1 <�d Ly colur'cod<.' . 

In the fo1lnwi11g we assrn nc th;tt D \ f  is a 1J1crrnal rdic a n d  calcu l ate' i ts ahurnl;tnc(' 11si ng 
l\ I in01\! EGA;; packag•� �u Th(' DTvl i 11 t crn<'l ions ( 6) were calcula tr'd using FcynRulcs package 21 . 

To pr<�H�lli 111m1erica l (:xarnple,; Wl: fix LhP do11bl(-•I. p:-1rn rneten; fol lowing Rd'. 2� as Ill Ao ··- m 11,, = 
1 fl Ge V, 111 11 + -- m Ifo �c 3U Ge V and l.rca t. 1n ff,, and /1"2 as free pararncl<_·r,; .  For prt'dorn inanlly 
si nglet Div1 we present in Fig. 1 t he alknn•d :_lo· regions i 11 t he rn�. •= 11� ! >-.c:Hi v2 /2 - h�- and 
>-s1 1 ,  plane for bs =c 5 GcV . m 110 =' :[:JU GcV und the \'alucs of �1811 a s  indirn tcd in the figure. 
1-!Jr comparison we a lso plot the concsponding prediction of the real sutlm model ( light green 

l mnd ) .  For t hosr.: parameters t he ol iscrvccl D\l u l mndarwc ca n \)(' ubtai rn•d for r n _,. < 111 11, , . Dtll' 
to t he rnixi11g para1nctcr l '·Sfl , large r('gion ill the ( rns . .  \ s 11 1 ) pla l l(' l 1( '1:omPs viabk. 

To :>l.lldy D:\I (kpcnd l'llC(' on doulikL param<'l ( 'l'S Wt' p trsl 'll t i ll Fig. :2 1.l1c (m.110 , p 2 )  para m('-

1 cr space for which the obsl'rvcd D:\1 abundmtl'l' can hl' obt ained . Val ues ol' the si nglet mass arc 
present ed hy t he ('Olour code and we· lake /l ')l-1 = 0, /1s .c-c .") C cV .  \.V i t ho ut. siugle1 S'. in llw inert 
dou bll't model n _ the allowed parameter space is the narrow region on the diagon a l uf Fig. :2 
,<tarring at mH" "'-' G7CJ GcV. ln our model much larger parameter space bet'omcs available.  

5 PAMELA, ATIC and FERMI data 

PA:vlELA s;u('l l i i.r• has obs1�r\'('d a st 1:ep risl' of e+/ (c- + 1·+ )  cosmic rn.Y ihtx w i t h  < 'lH'rgy :wd 

no l�Xf'f'f->S i n  i>/p rat io ' 1 .  ATlC cxpcrirnellt claims a peak in ' + 1 + cosmic my fl1tx an nmd 
700 CcV J u ,  a claim t.hat. wil l  b e  checked b:v FEH.\11 satell ite soon. To t'xp l ain t he cosmic c� 
excess with ann ihilating D:\l requ i res enhancement uf t he annihi lat ion cruss section by a factor 

rn:3 ·l compared to what b pred icted for a thermal relic. l\ on-obscrvat ion of photonc; ussuciatccl 
wit h rnrn ihila t ion ?:; and l he H hsl'llC<' of hnclrunic mrnihilat iou lfl < Jdcs 2'1 con:-:trn int< t.h i:-: scenario 

very strongl,v. H uwc:vcr, the PA:\TEL\ auonrnly can also lie exp l a ined with dl ·r:ayiug t.lwrrna l  

rdit '  D :\ f  wi t h l i l'ct imc rn"f's 10 . �'>- body d cl'a:vs i 1 1 ow· l'iiS( ' .  

ln u u r  St ' l : 11ar i t J  tit(• µ;lolial Z2 nmi i<'l' parit y  n rn  l H'  brnlwn l iy I'la ul'k sca le dfoci s J G  H thl'['(' 
exis t s , at Planck scale, a SO ( lO )  krmiu11 si11glct N ' .  i t.s mixing wit.h t he .'3L' ( ';i )  P,\1-udd si 11gkt 
m·ut rinus N via a mass term m;V i\'' break:.; 1-\1 1.'Xpl i citly but sofi l:v. The exchange of JV uow 
i nduces a lso a seesaw-like 15 operator 

( 7) 
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vlwn' Wt' hctvc' t ak<'n \,,· ·� L i\1 ,v �- 1 0 1 -1 Gc:V and T/I .. _, r ·� 1 00 Ge\/ .  S11cli n snw l l  Pff<'cti V(' 

(1 1kc11,va c ·01 1p l i ng i :xplaius t hl' long Dl\J l i fct im< '  1 0'2fis .  

LHC phenomenology 

n our scenario tlw D:\I couples l" the S :\ l  unl�· \'ia the H igg� boson !·rn1pl i 1 1gs Eq. ((i ) .  '[ licrl'forc, 

l i �l·overing .,_. l TcV D :\l particles at LHC is very dmllcnginc�. How<'ver_ ii D \ 1  is rdat i vl'l.v l ight 

hl' S\l  H iggs d<:rnys H 1  ---" [) JJ /)J\[ hC'1·nml' k i 1 H'Hrntic1lll .v allowC'd < 1 1 1 cl th<'  S'l l I-fig.gs hrn rwhinµ: 

;1 l i 1 >s an: st rongly a fl'•:ct < 'd .  S1 lcl1  ;i  SC!' U < 1 r i c >  !ms l wc'll st 1 1d i ed hy L H C  l'Xpe r i l lH'! l l s l'2 aud can 

)(' I N 'd t o  d i sc:ovc'r l igh t sntl11rs. 

fn < il l !' Tllt ldcl srn: l i  il  sc1'rn1ri" is n'a l izcd for /J.c: = 0. snrnll  /J.') -:?'. 1 '  mid l wav\· dou lil<'t . fn 

l i b  rnsr: 1. l 1l' D\[ i s  prC'dorn i 1 1 11111. ly  spl it siugl . : t  <11 Hl , in add i t i ! J l l .  t h« D \ f  ;1 l l 1 111 darn·c' rl'L1 t r:s 
I H' D'II 1 1rnss :�, A_,w , 1 ·" /'2 __. /J�. t u  1.lic S 'l l  H igg:-: hos!Jn mass rn n , . as s1 :cn i n  Fi.l',. :; . For 
n u ,  � 1:20 G c V .  h� = cl C cV wv 1m ·d ict 1 1 1s = 48 (;,;V w i l h  ti re' H iggi' l mn l( 'h ing ra t ios 
J H! ll 1  - 1  /1!1 r (  I -- 1 ·1 .2 11{. , JJ HUJ 1 ······ 1Ji\l DM ) ··� ·12 . ·1% and U H ( ll1 ..  /-,'c .'-/2 ) - ,, 1'2 . 1 '.�r . 
_' lw S('r · 1rnd lin\\·icst s i ugk't S2 w i th L i iv  mass 1 1 1'1_,., ""' 1\sfl , 1 ·'2/'2 ; hi. rl< 'ca,v;.; via L iH' S'-1 H igg.s 

xd 1 a ngl' to S2 ---· Di\l p /l or Sc --� /) J\1 1' (  with a lmost l'(llt <J l  bnrncliing ra t ios . Thus t he SJ\I 
-Iigg� hnson dr:rny mrnlr's arc very strongly modilit'rl. 'fhis makes 1 .lw 11 1 disr:l)V!'ry nwrc diifk1 1l t  

. t  LHC hut. ,  <>ll the o t her h and , ;dlows t he scenario t o \)(' t c·st l'd \'ia t h e  J-l i ggs p ( )rtal  1 1 .  

Con<' l 1 1sions 

\ f'  i . , t \ ·r ·  cxtcndl'r! 1.hf' ('(lJ!CCpl. or z� ma t t er  p<ir i ty. V\ r = ( - l ) 'l ( J i-l. J ,  t < J  ] l( lll-,,UjH >l'S,YYl l rl H' l. ri c  

; \ . T,; and argllcd t h at P,11 is t.hc 1 l lliq11c origi 11 ol' DJ\I of t.he U n i wrsc. As:ourning t hnt .'<( J ( J t l )  is 

lw m111 tcr symmct rv group, 1 lw mat ter parity of a l l SU ("i )  G rT mat tcr rnult i p lcts is d<'tcrrni11cd 

•V their U ( J ) \ clmrgc under Lq. ( :J ) .  \Ve h ave rnot i \·ated this scenario w i t h  the con;;t n1 int Eq. ( 1 ) 

rn11 1 lmvr'r-d i 1 rn · 1 1s io1 w l  df'< : C 't i \'<' l i c · ld t li f :ori !'S l m t  01 1r  arg 1 1 1 tH ' J i 1  i:-< l',<'t teral . C'onscq11cntlv, t he 

<m-;-;11 rH:r�yrn11wtr ic  D:\T 1 1 1 11s t lw conLti nt �d i n  t h<' srnhrr rcprcscllt;r t i f > ll 16 ol' SI ) (  1 1 1 '!  T h i ;-;  

npl i v;-; t ha t t b11 t. l l! '< H'\' qf D '\ [  l HXf •ll!CS c ·ornpki dy pn:d i c l. i w  a nd t he on l y  possible ! rm· <'n1:rgv 

)T\J e<1 1 1 d ida l cs an· t l lf' P\1-<ldrl srnla r "iHglct ( s )  S ;wd douhlr'L ( s )  Ii� .  \Ve have cak 11l< r i l'r l I.I l l '  



Dl\I abundances in the minimal Dl\1 model and shown that it has a chance to be tested at LHC 
via Higgs portal. Planck-suppressed PM breaking effects may occur in the heavy neutrino sector 

leading to decays DAI _, ul \-V which can explain the PAJ\IELA and FERMI anomalies. 
Our main conclusion is that there is nothing unusual in the DM which is just scalar relative 

of the SM fcrmionic matter. Although B - L is broken in Nature by heavy neutrino Majorana 
masses, ( - 1  ) 3(8 · L) is respected by interactions of all matter fields implying stable scalar DM. 
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