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Neutrino clustering in the galaxy with a global monopole
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In spherically symmetric, static spacetime, we show that ¢riyl/2 fermions can satisfy both Einstein’s
field equation and Dirac’s equation. It is also shown that neutrinos are able to have effective masses and cluster
in the galactic halo when they are coupled to a global monopole situated at the galactic core. The astronomical
implications of the results are discussed.
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[. INTRODUCTION ken toU(1) at the ground state of the scalar potential in the
shape of a Mexican hat, we can have a global monopole
In the Barriola-Vilenkin global monopole solutigd] to  solution similar to that of Barriola and Vilenkin. Being
Einstein’s field equation, scalar fields with glot@{3) bro-  coupled to a global monopole situated at the galactic center,
ken symmetry are minimally coupled to gravity and theneutrinos are then able to have effective masses and cluster
background spacetime has deficits of angle. Nucamenali i the galactic halo.
[2] suggested that the global monopole solution could ex-

plain the flat rotational velocity curve@RVC) of stars in Il GLOBAL O(3) SYMMETRIC MODEL FOR NEUTRINO
galaxies because its energy density is proportional t8 1/ CLUSTERING
and hence it can be dark matter in the galatic halo. Even A. General relativistic formulation

though some questions were raisg®] about the global
monopole solution for FRVC, various generalized versmnshe
of the global monopole were studied as models for dark mat-
ter and dark energj4].

Neutrino clustering was studied by some authors includ-
ing one of us[5] to explain the continuation of the cosmic SIJ d*x\—-gc, (1)
ray spectrum beyond the GZKGreisen-Zatsepen-Kuzmin
cutoff. The origin of the GZK cutoff is degradation of the
proton energy by the nuclear resonant scattering process onL=— - g*"9,®"3,dM— V(CI>2)+ (‘Pny VoV,
the cosmic microwave background radiation. If the highest
energy protons come from a rather nearby source, proton _ _ 9
energy is not lost significantly. It seems likely that there are =V Wy W) — My W oWt —= PO W, (2)
not enough sources within 50 Mpc to explain the observed
GZK-violating  events, challenging standard theory.yherev(®?) is a scalar potentiatp?=d™d™, and the last
Neutrino-antineutrinog- v) annihilation to az° boson is one term is the scalar-neutrino interaction for which we assume
possible explanation for the phenomena, because neutrindse first leading order term preservinQ(3) symmetry,
can propagate unimpeded from distart100 Mpc) sources scaled by the symmetry breaking scalef the more funda-
of the highest energy to Earth. But ferv annihilation into ~ mental theory. Varying the action with respect to the fields,
a Z° boson to produce enough super GZK air shower, ave obtain following equations for scalar fields" and neu-
neutrino flux atE,=10"' eV with m,~ a few eV and a trinosW¥:
significant clustering of the relic neutrino density in our ga-

lactic halo are requirefb]. “ my gy m_
V- Yo, D \If a,dM=0,
,L( 99 Som

The action of the globaD(3) symmetric model of scalar
Ids®™ and massive neutrinok,(m,n=1,2,3) minimally
coupled to gravity is given by

In this article we investigate if neutrinos can coalesce into
neutrino clouds in a curved spacetime. Considering fermions (3)
coupled to arD(3) triplet of scalar fields in the most general
static metric with spherical symmetry, we show that only the
total angular momentunj=1/2 fermions can satisfy both
Einstein’s field equation and Dirac’s equation. When the glo-
bal O(3) symmetry of the Lagrangian is spontaneously bro-where they? matrices satisfy the Clifford algebra in a locally
flat inertial coordinate
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The covariant derivative

Va=e3(d,+1,) (7

is constructed from the vierbeie“, and spin connection

I',,, which we give explicitly in Eqs(A4)—(A11).

Using the standard definition of the energy-momentum

tensor

L2 5 €., 65

=— =— = 8
W= g sg dete] ge ®

we have
T,,=9,8M9,0M—g,,[37PDT3,dM+V(D?)]
- _
- Z[(\Pn'yﬂvv‘l’n_vv\yn'yuq,n)

+(puev)]. 9

The energy-momentum tensor allows us to construct the Ein-

stein equation

Gu=rT .., (10
whereG,, is the Einstein tensor
G,uV: RMV_ %gMVR' (11)

R, is the Ricci tensor anat=87G.

B. Ansatz for the global O(3) model in the spherically
symmetric spacetime

When we consider the following potential of scalar fields:

V(®?)= %(‘Dz— 7%)?, 12

with a constanty, the globalO(3) symmetry is spontane-
ously broken tdJ(1). Thescalar field configuration describ- h
ing a global monopole is known to be given by the hedgehog

ansatz
Xm
dDm:F(r)T, (13

with a real function F(r) and r=(XyXmy)Y?=(x>+y?
+22)l/2.

Assume the line element of the spherically symmetric,

static spacetime as

2

ds?=—6%(r)a?(r)dt’+ dr

+r2d 6%+ r?sirf 6d ¢2.
a(r)

(14
In the Cartesian coordinates
xt=(t,xM=(t,x,y,z) for m=1,2,3, (15

the line element can be written as
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ds’=g,,dx“dx”, (16)

with the metric tensor

1 XX
= — 82028, 8+ 5mn+(?—1) :‘2” s,
(17)
and its inverse
XX
g"'= = 5 40" ot (a® = 1) :"2” 8"y
(18)

From the standard definition of Christoffel symbols

1

FgﬂzEgﬂv(gvaﬁ—’—gvﬁ,a—gaﬁ,;})! (19)

the non-zero components are

It zﬁ 52-r+a21r
tmo2r| 52 a2’

2
X«
I'y= _IZI’ (202, + 82,,a?),

: (20

where 6%,,=(98%/dr), ... and the relations
982 98 or

98 X
MKy O Xy IF T

=52, Xt . ..

ave been used for simplicity.
In the metric given in Eq(14), the scalar field equation
reads

2 +a2F 52,,+2a2,r 4\ 2F oV
L L B R e S T
29, —
4 %\panﬂl::o, 21)

where F,,=(dF/ar),F,,=(6°Flor?), ... . Equations of
motion for neutrinos and Einstein equation in the spherically
symmetric, static spacetime will be given in the next section,
and calculations of vierbeirg*, and spin connectionk,, in

the spacetime will be given in the Appendix.

Ill. SPHERICAL SYMMETRY AND j=% FERMIONS

Using the results of the Appendix, we can show that neu-
trino field equations
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iyae“a((9M+FM)‘I’n—mn‘I’n+%@2‘Ifn=0, (22
become
i - D\If i cosé v
’y 5(9t +’y i +‘y (?g'f‘m n
+3i 9,V — gycplef =0, (29
Y rsing?¢tn

in the spherically symmetric and static metric in Ed4).
Equivalently, we can write the last equation as

oW, =Av¥,, (24)

where the Hamiltonian is defined as

A=as yoyl?f)pt )/1%R+ ¥l m,— %qﬂ) } (25)
with
. 1 1(68%, a?,
D,=d,+ +Z( 2 2) (26)
Here we have defined the operatoas[7,8]
k=i7%y ( lJ_‘? lesmg ) 27)
which commutes with the Hamiltonian operaﬁbr
[k,A]=0. (28

Taking the representation of matrices to be direct prod-

ucts of independent Pauli matrices, p; (i.e. p® o represen-
tation) [7,8],

7’3: —ip3oq,
(29

Y=ps, ¥'=ip1, Y*=—ipzos,

we can represerkt in 2-dimensionalr space

k= I\/_a gNSiNO+ o1 —— sma (30
and we can solve the eigenvalue equation
kVR(0,6)=kV{(0,9), (31)

for the 2-dimensional spinor spherical harmorig
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0 opl2
U 2wl (j—m)! sinfmg | dcosd
" sirfl g (t 0)”2 32
—| ta Uy,
2G-rl 2
where
1 (|k|) (33
ERETALYS
with k=*(j+3) andj =1+ 3. In the representatiof29) for

v matrices, the Hamlltoman is expressed in terms of
2-dimensionalp matrices

H=ad

. 1. o]
Psi_Dr"‘Ple"‘Pz m,— yq)z” (34

The eigenfunctions of botlii and k can be written as
direct products of thep-space spinory{™ and o-space
spinor Yy,

=m

Vot 0,¢)=e Bt D gt yNe,¢), (35
L&

and the neutrino equationg, V= I:|\Ifn then read

E . k g
S = TB ™+ oo ma B2 e
(36)
Moreover, if we put
1
Yrm(n=(a?6%) " VRED(r), (37)
since
R 1
Dr¢gkm):F(a252)_l/45ngkm) , (38)
then we get
E a k g
a_;R%km):%i_ﬁrR%km)*' piptpz2( M _Fyq)z) RY™.
(39
Setting
(km)
@n
Xn

we obtain the coupled equations

En . k Oy
a—§+|ao"r)go§]km)=[r—l(mn—7¢2 ngm)
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En . k Oy
(a_5_|a8r>)($1km): F_H(mn_;(bz (ngm).

(41)

asymptotic solutions to which are given in the following sec-

tion.

Einstein’s equatiorG,,,= «T,, can be rewritten as

RMV: K(T,u,v_%gp,vTaa)' (42)

Substituting Eq(9) into the Einstein’s equation in E@42)
gives

[—
R,,= k| d,®"3,d"+g,,V+ S SVAR S

Y% 4gMV

—V Yy, Yo+ Vo, V=V, y, V) |, (43)
with

2= e“c(\I_In '}’Caaq,n_ 00[\?” ')’cq}n)- (44)
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1 1 a? &2

- 2.2 _ il

5(1—a%) Cat T o 5
= F2+V+ | p3 i v,
2 4 2rsm0( Y0y
—94V W) | (48)

The first in above equations is thé¢ ) component of Eq.
(43), the second ther(r) component, the third thef(6)
component, and the last the(¢) component.

The (0, 6) component of the Einstein equation is same as

the (¢, ») component of the Einstein equation if
q_,n'yzaoqfn_&eq_,n’yzlpn

1 _
:m(q,nysaqsqfn_agban?’sq}n)- (49)

Using 5@5 representation fory matrices and the math-
ematical identities,

[
03&03)?:( *ozmecoto= Ulm)ykm

+oge” N(jEm+ D) (jFmYRTY, (50

Elements of Ricci tensor calculated from metric coefficients

in Eqg. (14) and the ansatz fob™ in Eq. (13) are substituted

into Eq. (43), to give the set of equations.

2 2 2 2 2
i(gzaz),”_(éa )rr 51r+£(5a )!r
26° i
i — _
=Kk| —V-— ZE‘Fm(wn'}’oat\Pn_at\Pn'yo\Pn) )
(45
S (626(2)”&_1 2
252( )1I’r 452 52 ra 1
i
a?(F,)?+V+ ZE
e — T
- ?(\Pn'y V=0 Voy V)|, (46)
1 a? 82
T2y 2 _ = T
r2(1 a’) ra,r TR

F? i
=K —+V+ E——(‘I’ny P U —80‘Ifn'yz\lfn)]

(47

this condition becomes

km’ k
2 ™ p g™
m,m’

ylm'( + g3(M—m’)cotd

Lsin a]yk

=PI et (jEm+ 1) (jFm) Yl

TV ot fEm + 1) (jFm )PP

=2 MmN o Smeyk
(51
The condition(51) can be satisfied if
m=m’,
m+m’'=2m==*1
=z (52)
since
y;(]llzI/Z) (53

Moreover, explicit calculations show us that
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1 1 2 52
12 Nty T Y N L
(k=120 V(= 112) 4’ r_z(l a®) Fat T o p%
sind k F2 1( q q
+1/2 =12 _ "~ | o M1
(yk(J 1/2)) O'lyk(J:]_/z) __477 |k| . (54) =K r2 +V 4r (52a2 5 y (64)
These make Eqg45)—(48) 6 and ¢ independent, which is  and the scalar field equation is
consistent with the spherically symmetric metric in Etd),
when we consider onlyj3,m=3) or (j=3,m=—13) fer- o2 2, o’ 4\ 2F v
mions. aZF,rr+7F,r St ot %
For the case j(=3,m=3) or (j=3,m=—3) with k= o as U)o
+1, the neutrino wave function is
29 % (65)
Wo(tr,0,0)=e Etyle =t Yt o,4). (55 v r?a
_ (k112 k,—1/2
Let yn(r) =y ¥2(r) or ¢~ *(r) and IV. ASYMPTOTIC SOLUTIONS FOR LARGE r
1 @n As in the case of the global monopole solutidi, one
()= F(a252)‘1’4( ) . (56)  componentx(r) of the metric in Eq(14), far away from the
Xn galactic core, can be asymptotically taken as
In this case the terd in Eq. (44) reads oM
2 2_
a"=a =C— T, (66)
i i i
S=————0qo+—0;+ , 5
r2a?s? do r25ql 2a5Qk 57 with a constant when
with v
F=7 V(7%)=0, —=(n")=0. (67)
Q0= 4 2adynin= _(‘P“ en X Xn), (58 Analyzing Eqs.(62—(65) with the assumption thag;’s in
Egs.(58)—(61) areO(r°), we can get an asymptotic solution
i for another component of the metric in H44) as
i
A1= 7@ d(ihpadr¥n= drdnpathn)
r
. Azln( ) (68
—! * * * * 2M
:E(‘Pn&r@n_ar@n‘Pn_Xnaan"'O"anXn)a (59
with a constanfA. In this limit with the help of Eq(56) the
1 K 1 kK neutrino equatiori4l) becomes
- gt A *
Ok 27Tra5|k| Yapr¥n=5— K] (Xn ent @1 Xn), P — ) ©9
(60) rPn= q ®n s
1 i with
a2 =4—I' a’5¢’np2l/fn (Xn $n— ‘P:Xn)- (61) 5
E
. o . . A=\ 52— (70
Using the last equations Einstein’s equations are given by o“ay 5
2,2 (82a?),, &, 1 (8%a?),, andm, ,=m,—(g,/v) 7>,
E( Jire— 18 & t 2 In the region
2
1 G , %, % O<In< r ) < (70)
a_2 2. ) _— i % X a - we have an asymptotic solution to E§9)
r 2 Kl @ Py 2\ 5202 &) o ~A, el 1B g A"
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X zI_[A (E_a q(r))eﬂq(r)r pipy. = Jd3 _q':z(r) (74)
oMol Magd ° < >TF_(27T)3 M= 372
E .
+B, a—n§+aoq(r)>e"q(’)r . (72 where the Fermi distribution,= 6(gg—q). From Eq.(74)
(o}

and the time-dependent Dirac's equatieg ,.=E, ¥, we

With above asymptotic solutions to Dirac’s equation for neu-¢an put
trinos, theq; in Egs.(58)—(61) are given by

- _
E2 <m(wn70&twn_&twn'yown)>
_Enl 42 n 2.2 TF
Ho” m Bn|1+ mzo.n<a§52+aoq (r))} 2
o | Cane@eo=pn. @9

+ABL(1+ mzo,n)cos(qu)l,
wherep is the energy density of neutrinos asty=1/5a.

oE 2 The stress tensor of neutrinos has the following diagonal
q.= _“Bﬁ% elements in the vierbein basis:
a
o — —
2k asq | <_-(\I,n71(9r‘yn_‘9r\l,n'qu,n)> =P1,
0= e ] By, SIN2a1), 2 T
q ZL[A B C0$2qr)+82] <%(\I_’n72‘?0wn_aaq_,n72q}n)> :p2|
2 My nad N n TF

(76)
with real constant#\, andB,, such thatA,|=|B,|. Theg;'s
areO(r% or less and so are consistent with the assumptior"?lnd
of Eq. (68). Forr>r, with In(r/2M)=E%/A?a?m?, ,, q(r)
in Eqg. (70) is pure imaginary and then wave functions of <
neutrinos become multiplied by exponentially decaying fac- 2ir sing
tors. Therefore we geteutrino clusteringwith the radius .
Taking r ,= 107 cm which corresponds to the radius of our respectively.
galaxy and assuming that there exists a supermassive black We assume, in the spherically symmetric spacetime we
hole at the center of the galaxy with a malkgy=3  consider, thatp;=p,=ps=p(r). From Dirac’s equation
X 10PM ¢, [12], we can estimate the energy of neutrinos as(24) and its Hermitian conjugate, we have the relation
E,=5m,,, where we have wused the relations,

E2/A%2a’m?, =In(ry/2M sg) andA2a2=0(1).

<\?ny3a¢\vn—a¢\17ny3wn>> =ps, (77
TF

[ _
50 (Yn? o W= ¥ny W)
V. ASYMPTOTIC SOLUTIONS FOR SMALL r L= = 3
] +ia(V,y 0, V,—a,Vyy ¥y)
Next let us study the smatlbehaviors of components of _
the metric in Eq(14), « and§. For smallr near the galactic n ' V2 T -2
o - gV — gV, y P
core we adopt the Thomas-FerfiiF) approximation as was r( AR )
done in the case of fermion stdi%—11]. In the TF approxi-

mation there is at each point in space a Fermi sea of massive :

+ (VY20 ¥ = 0,V YW
neutrinos with the local Fermi momentugg(r), which de- rsing LY 9e¥n= dg¥ay )
pends only onr because of spherical symmetry. We thus —
have the energy density and the pressure of neutrinos which =2Meef(r) W Wy, (78)

depend only orr. ) . )
with meﬁ(r):mn—(gy/v)Fz(r). Since the left hand side of

F the local tion | Wy, T o
3 ri)/m_ € \/Ei ﬂconserva lonlaw, =0V y*¥),, above equation is same 85 in Eq. (44), we have the fol-
=(N=0)d,(V—g¥y*¥), we have the conserved, total |,ing relation in the TF approximation:
number of neutrinos

i v
sz d3x\/—g@yt\lf=f d3x\—g¥Twel,. (73 §<2>TFEP—3D=meff2—ng, (79

The number density of neutrinos in the TF approximation iswhere we have defined)(Zgy)Q(r)E(@nllfnﬁ,:. Thus in
given by the TF approximation the Einstein equatidd$)—(48) read
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2 2 2 2 2
L Sy, - (T O 1),
262 45> 52 1 &
=k[=V+3p+pl, (80)
1 (52az)vr 52![‘ 1
(82,2 ~ oz =2
22 I T TS T T
=«x[a*(F,)?+V+3p—3p], (81
L 1-a?)- Loz @O _ I:2+V+1 !
r_2( —af) et oo 2 N 5P~ 5P,
(82
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where we have re-parametrized the time\gt—t. These
solutions are consistent with the results in fermionic stars
with a global monopol¢11], even if they[11] takeF=0 for
smallr. The value ofyp, is determined by the matching con-
dition thatF(r) should be continuous at=r., which is the
upper bound for small. This gives us the relation

(87)

We might putr ,=2Mggy, WhereMggy is the mass of the
supermassive black hole at the center of our ga[d#).

Ml c= 7.

VI. NEUTRINO CLUSTERING

In Z-burst models to explain the continuation of the cos-
mic ray spectrum beyond the GZK cutoff, Weilg8] and

which are consistent with those in the case of fermion star&argion[13] assumed that the relic neutrinos cluster in gal-

[9]. The scalar field equatiof21) reads

2F

a? 52,r az,r 4
?er ?4—2 > +F —r_2_

N o QF=0
F QR0

(83

a®F, +

If we assume that there exist regular solutions of the met
ric components, scalar fields, and the energy density anBY

pressure of neutrinos for smaillwe can make series expan-
sions of

a?=2 ar", %=, br"
n=0 n=0
F=2 nar", p=2 par™
n=0 n=0
p=n§O Par". (84)

Substituting these expansions into E@D)—(83), we get the
following values for the coefficients:

1N, 1,
a0=1, a1=0, A= —K §p0+ 1—277 +§7]1 s

b;=0, b,=bok[3po+3Po+3 73],
(85)

v
=0, =0, M,=—Qu=po—3pPy... .
7o 72 nzngO Po—°Po

We thus have solutions in the smaltegion which are

F=nr+0(rd),

1 A 1
a’=1—« §p0+ 1—27]4-1-57]% r2+0(rd),
1 1 A
Sa’=1+« 6p0+§p0—1—2774 r2+0(r®, (86

axies a few times the normal relic density, and found that the
required flux of cosmic ray neutrinos is larger than previ-
ously suggested. Blanco-Pilla@b al. [ 14] suggested that the
relic neutrino density in the clustering might be?a0*
times the mean relic density, =54 cm . Independently in
Ref.[5] a neutrino cloud was considered as a sphere with no
diffuse boundary such that the relic neutrino density is given

n,(r)=ngf(R—r)+ny6(r—R), where ng=10"
0'® cm 2 andR=10"—10?° cm. This can moderate the
required incident flux of ultrahigh energy neutrinos.

From the results in the previous Secs. IV and V, we can

have a cluster of neutrinos with a diffuse boundary such that
the density of the relic neutrinos is

N, (r)=ncO(re—r)+ng(r)o(r—re)o(ro—r), (89)

wheren. is the constant neutrino density for sma(l<r,
~2Mggp) as in the Sec. V, ando(r)zncrglr2 is the neu-
trino density forr.<r=<r, as in the Sec. IV. Herea,
=107 cm (the radius of our galaXyr,=2Mgg,~=10" cm

(the Schwarzschild radius of a supermassive black hole at the
center of the galaXy andn,=10°(me¢f/1 eV)3 cm 3 [15].

VII. SUMMARY AND DISCUSSIONS

In the most general static spacetime with spherical sym-
metry, we explicitly show that only=1/2 fermions can sat-
isfy Einstein’s equation, in the® o representation of ma-
trices [7]. It is also possible to demonstrate this result in
other representations of matrices. Considering neutrinos

coupled toO(3) scalar fields®™ via ®?¥W¥ interaction
term, we had a global monopole solutifit] of scalar fields
and asymptotic solutions of the metric components to Ein-
stein’s equation in Eqgs(66) and (68), for large r. The
asymptotic solution of one metric componeéit can be
given in series of more general functions a¥(r)
=3, f2(r)In"(r/2M) with f,(r—o)=const, which do not
change the asymptotic behaviors of other solutions in this
limit.

We adopted the TF approximation for smakxpansions
of the energy density, pressure of neutrinos, and so on. Since
only s waves are considered in the TF approximation, small
r expansions in the Sec. V are consistently related to
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asymptotic solutions obtained for largén the Sec. IV. More  and their inverse
rigorous connection between two asymptotic solutions can

be made by numerical methods. With the simple assumption, 1

Eq. (88), about the radial dependence of the relic density of — 0 0 0
neutrinosn,(r) clustered in the galactic halo, further studies ad

of Z-burst models shall be possible. Other realistic calcula- g7 =| 0 asinfdcos¢ cosfcos¢ —sing

tions forn,(r) are included in a recent wofl 6] on Z-burst : : :

models, ev(er)1 if they16] used a method based on the colli- 0 asingsing cos&§|n¢ cos¢
sionless Boltzmann equation to calculatgr) and the re- 0 @ cost —sing 0

sultant radial dependence of the neutrino density is a little (A5)
different from ours. For smalt solutions in the Sec. V to

have astronomical meaning, the glob@l(3) symmetry 1

breaking scaley and the scalar self-coupling constantn 25 0 0 0

Eq. (12) should be very small, which might be realized in =

some Majoron modelgl7]. In these models a scalar field is 0 X1 ax™ 1 oxm
introduced to provide a Majorana mass for neutrinos. Scalar Yo r g0 rsing do¢

fields of this type can then provide the neutrino-scalar inter- (AB)

actions we have introduced here. The global lepton number
of particles in the models is spontaneously broken with alhe vierbein satisfy the relations
massless Nambu-Goldstone boson, Majoron, and realistically
small neutrino masses imply a small value of the lepton e ety =58%, (A7)
number 2violation scale. In such a case the deficit angle 1
c=«n° in Eq. (66) is negligible[1]. eet, = o, . A8)
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APPENDIX: CALCULATIONS OF VIERBEINS AND SPIN
CONNECTIONS We calculate the spin connections from E@0) and Eg.

We rewrite the line element in Eq14) as (A9), and obtain

I =37"7"(2a%5,+ 8a%,)
ds’= 7,pe%e", (A1)
a COSH COS¢

with inverse of»®°, 7,,=Diag(—1,1,1,1), and '

1 ,C0s0 sing 1

) ,asing

3

dr ) "2V Trsing +2yy r’
eV= a5dt, e1=z, e?=rdg, e®=rsindde. (A2)
1 a cosfsing
T 1.2
Putting Ly=57 ;
1 COs# cos¢
e?=e? dx*, A3 VY —
K (A3) T2 T rsine
we find the vierbein given by 1,  acosd
57’ Y r )
ad 0 0 0
01_0 1_0_ 1 0 1“_112asin¢9 ALL
e"‘#z Zsm COS¢ ;sm sing Zcos , TRV T (A11)
O cosfcos cosfsing —sinf which satisfy the Cartan structure equation
0 —sing COS¢ 0

(A4) (Y Lul=7" 0 (A12)
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