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Bulk viscosity in neutron stars from hyperons
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The contribution from hyperons to the bulk viscosity of neutron star matter is calculated. Compared to
previous works we use for the weak interaction the one-pion exchange model rather than a current-current
interaction, and include the neutral curremt«— nA process. Also the sensitivity to details of the equation of
state is examined. Compared to previous works we find that the contribution from hyperons to the bulk
viscosity is about two orders of magnitude smaller.
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l. INTRODUCTION n—p+l+y, p+l—n+y, 2

The bulk ViSCOSity of matter in neutron stars has recentlyrnay also be allowed depending on whether or not the proton
received considerable attention in connection with dampingyaction exceeds the Urca limit of,~0.11[8]. The contri-
of neutron star pulsations and gravitational radiation drivempution of this process to the bulk viscosity was computed
instabilities, especially in the damping bfnodes[1]. If the  py Haensel and Schaeffdi9] for npe matter and by
r modes are unstable, i.e., if the damping time scales due tqaenselet al. [2] for npeu matter. Compared to the modi-
viscous processes in neutron star matter are longer than thigd Urca process a smaller number of particles are involved
gravitational radiation driving time scale, a rapidly rotating which lead to a weaker temperature dependeride; T4 As
neutron star could emit a significant fraction of its rotationala consequence at typical neutron star temperatufes,
energy and angular momentum as gravitational waves, which. 10°— 1010 K, its contribution to the bulk viscosity is typi-
could be detectable. cally four to six orders of magnitude larger than that from the

It has been showf2—6] that the bulk viscosity in a neu- modified Urca process. The largest difference compared with
tron star is caused by energy dissipation associated with nofhat from the modified Urca process is reached at the low
equilibrium weak interaction reactions in a pulsating densgemperatures.
matter. Strong interaction processes do not play a role, be- At about the same densities hyperons may appear in the
cause the strong interaction equilibrium is reached so fasieutron star core, first thB~ and A hyperons, followed by
that these processes can be considered to be in thermal eqei® =~ and S* at higher densities. Here we will restrict
librium compared to the typical pulsation time scales ofgyrselves to th&~ andA hyperons. In addition to the semi-
10_4—10_3 s. The relevant nonequilibrium weak interaction |eptonic hyperon processes, weak n0n|eptonic hyperon pro-
reaction rates and the magnitude of the bulk viscosity depengesses also occur, specifically the processes
on the density and the composition of neutron star matter.

In a relatively low density neutron star composed mainly nN+Nnep+37, 3)
of neutronsn with admixtures of protong, electronse, and
muons u, the bulk viscosity is mainly determined by the

reactions of the nonequilibrium modified Urca process, p+nep+A, (4)

and
N+n—N+p+l+y, N+p+l—=N+n+y, (1)
n+n<n+A. (5)

with N=n,p andl=e, u. The bulk viscosity was studied by
Sawyel] 7] for npematter and by Haenset al. [3] for npeu
matter. For the process in Ed.) the relaxation time, i.e., the
time it takes to restore equilibrium in case of a perturbation
is strongly temperature dependent, namety T,

At densitiesng of a few times saturation densitgg (ng
~0.15 fn73), the direct Urca process,

At low temperatures these processes contribute more effi-
ciently to the bulk viscosity than the direct Urca process and
the semileptonic hyperon ones, because they contain no neu-
trino phase space factor; at typical neutron star temperatures,
T<109K, the phase space of neutrinos is almost negli-
gible compared to that of baryons. Hence, for the weak
nonleptonic hyperon processes of E43)—(5) the tem-
perzature dependence of the inverse relaxation time s

o T?,
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More recently the contribution to the bulk viscosity from instead of the contad/ exchange description in the nonlep-
the various weak nonleptonic hyperon processes has begonic weak hyperon processés) to include the weak neu-
reconsidered by several authors using a modern equation @fl currentnnnA process, andii) to examine the sensitivity
state(EoS. Haensekt al. [4] studied the bulk viscosity for of the bulk viscosity to the EoS. The starting point of our
the nnp=~ process within the nonrelativistic limit, and they derivation of the bulk viscosity for thenpS~, pnpA, and
found the bulk viscosity to be several orders of magnitudennnA processes is the finite temperature Green’s function
larger than that of the direct and the modified Urca pro-formalism in the quasiparticle approximatiq®PA). The
cesses. Also, applying the contact interactioMoéxchange  coupling constants for these processes using OPE can be
Lindblom and Owen[6] calculated the contribution of the eified from pionic hyperon decay experiments. The appli-
pnpA process in %dd'“on to _that of thenp=" process. cation of these coupling constants gives the correct order of

One may question the validity of th& exchange process. magnitude for the rate of nonmesonic hyperon decay in large

First there is noNV exchange contribution to thennA pro- . . . .
cess and therefore it has not been considered in the abO\r/]é( pemuclel. Covariant expressions for the matrix elements

L are derived.
approache$4,6,17. On the other hand it is well known that . . -
in nuclear physics experiments on weakdecay in large . The plan of this paperIs as follows. The E0S is dlspus§ed
hypernuclei thennnA process is found equally important as I Sec. II. The bulk viscosity for neutron star matter is dis-
the pnpA process. Second, Jones noticed already several ofussed in Sec. lll. Section 1V is devoted to the collision rate
ders of magnitude difference between,, and the theoret- Of the weak nonleptonic hyperon process as in E8g«5).
ical W exchange based value gf, - [5]. This is interesting, The results are presented and discussed in Sec. V. Finally the
because the rate for tmmnA process must depend on a very conclusion is given in Sec. V.
wide class of possible weak hadronic processes. Because
most of these processes also contributerip>™~ process, the
Tanps- N reality is probably of the same order of magnitude Il. EQUATION OF STATE

as Thnm- ) o In this paper we use the equation of state constructed by
However, in quclear physics it is customary to model theBaIberg and GaJ12]. It is a generalization of thenpe EoS

W:ak nor1_|epton|dd\IkY—>NNr[])rocesshln terms c;f ”.‘ejon exk- of Lattimer and Swesty13]. The energy density is param-

change(pion and kaoh with one phenomenological weak oi;q4 in terms of the densities of the constituents. The pa-

T]NY 8r KNNdverte>k<.dIn this approfat;h or:jebcan dhe_scrlbe_ bOthrameters for the nucleon-nucleon interactions are fitted to the
the observed weak decay rate of theand branching ratios i 4ing energy, symmetry energy, and incompressibility of

in hypernuclei quite wel[11). Therefore, in the following we saturated symmetric nuclear matter. The values of the param-

will calculate the bulk viscosity using the meson exchange . :
. ) . eters for hyperon-nucleon and hyperon-hyperon interactions
picture to describe the hyperon processes in E3)s{(5). yp yp yp

| tice th ‘ 50 d q the details of thmainly rely on experimental data from hypernuclei. The
n practice the rates also depend on the detalls o quilibrium fractions are obtained in the standard manner, by
equation of state, e.g., the hyperon fractions as a function g

. . ; ssuming a given nucleon densityand solving the imposed
the density. A.vanelty of mOdF'-" equations of state has beeEonditions of baryon conservation, charge neutrality, and
constructed with widely varying properties during the IastWeak equilibrium:
decades, some of these based upon a microscopic free space
NN and NY interactions while others are phenomenological Ng=Ny+Np+Ng-+nNy, (6)

parametrizations of the energy density to higher densities. In

particular the relativistic mean field approaches, as used in N = N+ Meoe 7)
Refs.[4,6], although microscopic in nature, do not start from p= et En

a realistic nucleon-nucleon interaction. Here we employ the

effective EoS based on the work of Balberg and @&J. To Mp = Mn = Me (8)
get some idea about the sensitivity of the bulk viscosity to

the details of the EoS we consider two different parameter Me= My 9
sets for the density dependence of the multibody potential

energy. Ms== pnt e, (10

Superfluidity can also influence the bulk viscosity. Below
the critical temperature, superfluidif,6] suppresses the re- fn = (11)

action rates by roughly a factor exp\/T) with gap energy
A. It generally leads to a smaller bulk viscosity. Above the To obtain some idea about the sensitivity of the resulting
critical temperature, it has no influence on the reaction rateulk viscosity to details of the EoS we use two parametriza-
Many properties of superfluid matter such as the gaps antions which differ in the density dependence of the contribu-
the critical temperatures are still known with large uncertaintions of the nucleongé) and hyperongy) to the energy
ties, e.g..T.~10°-10° K. Hence, the bulk viscosity is only density, specifically given by the parameter sgts5=2 and
considered here for nonsuperfluid matter. For recent paperg=6=5/3, respectively(Figs. 1 and 2 The difference be-
about the effects of superfluidity we refer to Haensehl.  tween the two parametrizations of the equation of state has
[4] and Lindblom and Owefg]. no influence on the particle fractions in the nuclear sector.
The main goal in this study is threefold) to compute the For densities below the appearance density of the hyperons
viscosity using the more realistic one-pion exchag@®B  the neutrons are abundantly preséxi>0.9). The leptons
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n Ill. THE BULK VISCOSITY

In general bulk viscosity is a dissipative process in which

NS the compression is converted into heat. It is due to the in-

ol b //L/.f/— == stantaneous differencg betweeD the local physical pregsure
e A and the thermodynamic pressipe

H:/“/“\/\"\ | T P=P=-{V v,

0.01 4 L { \‘
|
|

fraction
\

S wherev is the local velocity. In neutron star matter one is
al ~. interested in describing small deviatiofgscillationg &
[ N =x,—%; around the thermodynamic equilibrium, characterized
0.001 / . — — by the variablegdensitie$ ;.
o1 0z 03 04 We will now turn to the calculation of for the specific
baryon density ny, (fm?) case of a neutron star with hyperons. Since the three reac-
tions (3)«5) involve neutrons the fluctuation of the neutron
FIG. 1. The particle fraction as a function of the baryon numberfrgction X, can be used as the primary parameter. For this
density(Balberg and Ga[12] case 1 withy=46=2). situation a general expression for the bulk viscosity has been
derived in Ref[6],

are present because of charge neutrality to compensate the
positively charged protons, although they are expensive in _ g7 (ﬂ) %
X, annB’

terms of energy density. The appearance of the hyperons cre- 1-iwr (12

ates the possibility to lower the neutron excess without lep-

ton formation, whereas the negatively charged hyperons a|- . N .
low charge neutrality to be maintained within the baryonW'th 7 the relaxation timew the pulsation frequency of the

. neutron starp the pressure, andg the baryon density.
sector. Therefore, the appearance of the hyperons is accom We restrict ourselves to the densities, at which nucleons,

panied by a strong deleptonization. . \ . S
The first hyperon to appear is ther, followed by the is s, andA’s are present. We define the chemical imbalance

lower massA. This can be explained by the higher chemical
potential of theX™ due to its negative charge, which com-
pensates the mass difference of about 80 MeV. However, the X=2 pn= fp~ Pz = M~ Has 13
growth of theZ™ number density fraction is soon hindered by

charge-dependent forces, which disfavor an excess™&f  and assume that in first order the differen\dg, between the
over>*s and a joint excess af’s and neutrons. Tha is  rates for the various direct reactiohig and inverse reactions
not affected by charge-dependent forces and its fraction corFa in Egs.(3)—(5) is proportional toy,

tinues to increase. For the EoS with the smaller values for
6=v=5/3 theonset of the various hyperons occur at higher
densities and the corresponding hyperon fractions are
smaller.

AT =2 Al =)y, (14)

with A determining the viscosity. Hence, the relaxation time
7 can be expressed in terms of the variation of the imbalance
1 n with the neutron density fluctuation,

..... T: nBX =~ nB
p A T AT(dyldx)  Mdyldx,)”

(15

e —

e /\\\( Thus the main task is to evaluate tdg/dx,. We wish to
W ./..A/.\ | - inplqde several weak nonleptonic hyperon reactions. To do
0.01 - : this in a proper way one has to take into account that the four
/-' z,/ T\ relevant baryon number densitigs, x,,X,, andxs are re-
. { . lated to each other by the following three constraints: baryon
:/ | . conservation, charge neutrality, and chemical equilibrium for
0.001 [ . | . l strong processes and in particular for the reactiem\ < p
01 02 03 04 +>7. By using these conditions one can expres$s terms of
the fractionsx; and assuming that all leptonic reaction rates
are much smaller than those which produce the hyperon bulk
FIG. 2. The particle fraction as a function of the baryon numberviscosity, one obtains in the density region with>~ matter
density(Balberg and Gaf12] case 2 withy=6=5/3). [6]

e —

fraction
\

baryon density ny (fm™)
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&n =2 ay,— (apn +as-n+ appt aps-) + (1/2)(app +as-p N, CII;IIY' Y N, ng' v
| |
| |
+ apE‘ + aE_E_)y (16) : T : T
. . . — | |
and in the region witmp=~A matter N, ? N' N, ? N'
d_)( _ + (Bn— BA)(anp_ Qpp T ps-— as-) _ F F
dx, ~ 2B\~ Bp— Bs- @An FIG. 3. The pion exchange diagrams in Born approximation for
the weak nonleptonic hyperon processes with only one hyperon
~ (280 Bp — Bs-)(anp — app) 17) involved.
2B\~ Bp— Bs- ,
) ; ot Fn = ' (22
where thea's correspond to the partial derivatives of the NN T ONN Y5

chemical potentials with respect to the various fractions To compute the rates in the medium one needs to account

m for Pauli blocking; it is convenient to use the optical theorem
@ = <§> : (18)  to convert the free space diagrams of Fig. 3 to the closed
17 k] diagrams of Fig. 4. Using finite temperature Green’s func-
and tions in the QPA, one can express the collision rate as
Bi = ant api ~ api — as-, (19 . _1( d'pmd'pre d*pn d*py —
wherei andj stand forn, p, =, andA. These quantities are NN S 2t (2m)t (2m)* (2m)°
obtained from the EoS.
>< + - = ).
The real part of the hyperon bulk viscosity is 5 (P * Prz = Py = Pv) (23
-n JP\d In Eq. (23) one has
Re(=—2 (—)—X” (20) e@3
1 +w ’TZ z?Xn dnB
Z2=7%+27", (24)
wherer is given in Eq.(15). The core of the neutron star is
assumed to pulsate with a frequency of abowt \yith
~10°-10* s, In the high frequency limit ¥ w7 the bulk
viscosity { is proportional to the inverse of the relaxation _ 4 S — of
time, {7 1o\, whereas in the low frequency limit 1 2% =Tr [Gua(Prny) Fran: Gy (Pnr) P ]
> wr the bulk viscosity is proportional to the relaxation — W ot wh 20
time, {o= r<\7L. In the following section the difference in X Tr [Gra(Pr2) Fray: Gy: (Pyr)Fray: 1D A(KD)
the rates given byAI' in Eq. (14) in first order in y is +{N; < Ny} (25)

derived, from which\=AI'/y can be obtained.

with D, (k?) =1/(kK>+n2), andk; =py;— Py (for i=1,2), cor-

IV. COLLISION RATE responding to the diagram on the left in Fig. 4, and
In this section the various ratesl'ynonyr fOr the pro- b_ e S — o
cessesN;+N,«N’+Y’ are considered, where the is a 27 = Tr [Ga(Pna) P Gy (Pnr) oy
nucleon and ther is a hyperon. First we consider the one- . W e wh ) )
pion exchange in Born approximation. For completeness the X Gra(Pr2) Fray: Gy (Py) Py 1D (k) D (ko)
rates using the contatV exchange interactiof6] are given +{N; < N} (26)
in Sec. IV B.

corresponding to that of the right in Fig. 4. The symmetry
factor S for the pnpA process isS=1 and for thennp® and

] ] . nnnA processe$=2. After evaluation of the® integrals in
In order to obtaiMAI'yinonryr, first the ratel'yinonyr IS the QPA, one obtains

considered. The relevant free space diagrams are shown in
Fig. 3. The strangeness changing weak vertex is given by +

A. One-pion exchange

Fuy = GemZ(Anys + By ¥s), (21) v
for which the constant& and B determine the strengths of
the parity violating and parity conserving— N+ ampli-
tudes, respectively, and are specified in Sec. V. The strong
vertex is FIG. 4. The two types of closed diagrams at the two-loop level.
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v , /=f d®pay d®pne n z n A
NINZ= Y 2 my;(2m)3 2 myy(2m)3
d3py d3py/
X
2 my(2m32 my,(2m)3 n p p p

FIG. 5. The diagram of the conta¢t exchange interaction for

1
X = ’ 2 - ’ - !
S|MN1N2N Y| afa(1 = fr) (3 = fv) thennpX~ process and thpnpA process.

X (2m)*8(Epg + Eng = Enr = Ey) 8%(Prg + Pz
(27)

namic equilibrium. However, small deviations from thermo-
dynamic equilibrium occur just after a neutron star is born.
For the bulk viscosity the small deviations from the weak
chemical equilibrium are important. For this purpose we
need to consider Al\inonry =Inanznry =Ty ninzs

; ()] _
where the inverse rate Syy_nina=1"y \onry ! (—6)- There-

fore, in the linear approximation, valid for small deviations
|€|=|x|/T<1 one has

- pN/ - pY’)!

wherep; and E; are the particle momentum and energy, re-
spectively, andf;={1+exp[(g-w)/T]}"* is the Fermi-
Dirac distribution function. The matrix element is

_ s — W — 2
Mpanonryr = [UN’FNlN'uNluY’FNzyfuNZDw(kl)

- UN’ FiIZN’ UNZUY’ FLvlnyNqu-r(kg)] . (28)

(V)
The evaluation of 'y, .nyr With the standard technique Alnanany = Eranany Al (34
[14] takes advantage of the strong degeneracy of the particiyi,
pating particles in neutron star matter. The multidimensional o
integral is decomposed into an energy and an angular inte- Al=1(H-1(-9= ?g. (35

gration. All momentgp; are placed on the appropriate Fermi
spheres wherever possible. Furthermore, we introduce t

dimensionless quantities

_E&6 T M X

L= , &==. 29
Yi= 7 £=7 (29
The rate in Eq(27) can be factorized in the form
Fnane—nryr = FﬂNZNIYJ@), (30)
with
4 4
” e An%E+ &
1o =11 d)/if(Yi)tS(E Yi+§) ST i
i=1 - i=1 e~ - 1 6
(31
and
re :Mfda da, 2L &)
1
X =2 [Myananryr |2, (32

Sspin

wherepgy; is the Fermi momentum of baryas;, 6y is the
angle betweemy; andpy, 6y is the angle betweepy; and
Pys, and

C(Onr, 0y1) = [~ Pina — p;Z:Nr - p|2:Y' +2 Peng Pene COS6yr)
+2 Pena Pryr COS6yr)
=2 Piy Phys COSOy)COS By)
+ PEnal/[2 PRy SIN(Oy)sin(oy,)].

The conditions in Sec. I, Eq$6)—(11), apply in thermody-

(33

h‘Fhe Al is the same for the weak nonleptonic hyperon pro-
cesses of Eq93)—(5). The total rate considered for the hy-
peron bulk viscosity is

ATl = AT popy + Al + 2AT -+ (36)
This result is inserted into Eq15) to obtain the relaxation
time.

B. Contact W exchange interaction

In order to illustrate the difference between the pion ex-
change approach and the cont@¢texchange picturgFig.
5), we also consider the latter. The rates\/@exchange have
been calculated before by Haeneehl. [4] and by Lindblom
and Owenl[6], however, in the angle-averaged approxima-
tion. Performing an analogous derivation as in the preceding
section, one obtains the expression in Etp). For conve-
nience of the reader here we give the simpler matrix ele-
ments in the nonrelativistic limitfor the general expression
for the matrix elements we refer to R¢6]):

|Mnnp2_|2 = 8G,2: Sir? (2 6’C)mr21mp ms-(1 +3chP CRE_)Z

(37
and

[Mpnpa|? = 8GE sir? (2 c)m, m2 my (1 +3cp?cR* ),
(39

respectively. Note that no meson propagat@yé?) are
present in Eqs(37) and(39), i.e., in the medium these ma-
trix elements have a different density dependence than the
OPE ones. TheannA process has no simpl/ exchange
contribution. The results are shown in the following section.
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35

T=10°K
- -
© v
£ @
s £
g =
= 8
8
v
s 8
E .
61~ —— pnpA (OPE)
....... nonrelativistic W exchange 4 o0+ paPA (nonrelativistic W exchange)
51 — — relativistic W exchange 2 — — pnpA (relativistic W exchange)
—* nnnA (OPE)
0 T T T r 0 T T T T T T
0.30 0.35 0.40 0.45 0.34 0.36 0.38 0.40 042 0.44 0.46 0.48
. 3
baryon number density n, (fm?) baryon number density ny (fm™)
FIG. 6. The equilibrium rat& for n+n— p+X~ as a function of FIG. 7. The equilibrium ratd” for p+n—p+A andn+n—n
the baryon number density @t 10° K. +A as a function of the baryon number densityTat10° K.

The difference can be attributed to larger values of the cou-
plings, Ayy',Bny: @and gyn >1, in the OPE case. At low
Some remarks about the differences between the mesdRomentum transfefiow density, this effect would be com-
exchange and the/ exchange picture are appropriate. Firstpensated for by the-wave character of thelNN coupling,
in the OPE(in which phenomenological input is used for ¢-k. However, for momenta relevant in neutron stars this
both the weak and strongNN couplingg the pion exchange does not happen. In addition, a stronger density dependence
leads to a finite range interaction and the pseudoseaddd  is observed, which is related to finite range pion exchange in
coupling to the presence of momentum dependent term&q. (28).
pi/m. These effects are absent in the simjepoint cou- Because of the rapid increase of thefraction after its
pling. Hence, in addition to a different overall strength oneappearance, the proton adif fraction drop abruptly and
also expects to find a different density dependence of thalso their Fermi momenta. Therefore, the kink in the rate can
matrix elements for the two processes in the medium. Sedse attributed to the appearance of theat ng=0.33 fni3,
ond, the neutral current process, sucmasA process, can- The rates fopnpA process are shown in Fig. 7. As men-
not be described in the simpW& exchange approach. tioned above the OPE shows a stronger density dependence
The EoS applied for the following figures is given by because of the presence of the meson propagator. Although
Balberg and Ga|12] with parametrizationy=6=2 (case }  at baryon densities where the hyperons are present a partial
and alsoy=6=5/3(case 2. In the calculation for the case of cancellation between the direct and exchange OPE matrix
pion exchange we use the following values for the strong an@lements occurs, the overall OPE rate is about one order of
weak verticeszgﬁn/(47-r):14.2 andgn,=12g,, The values magnitude larger than the one obtained withexchange,
As-=193, A=-1.07, A,,=1.46, B-=-0.63, By, which again can be attributed to the larger values of the
o Jneson couplings.

V. RESULTS AND DISCUSSION

=-7.19, andB,,, =9.95 are based upon the experimental dat

on pionic decay of hyperongl5,1§. In the W exchange 10"

picture the standard values of the weak coupling constantt T=10K - P““n‘;f(flf;’

are chP=-g,=-1.26,c}*=-0.72, andcy> =0.34 andG is 1021 ——— mA©FD)
the Fermi weak coupling constant. These values are alsc _ mpg(Wexf.',a.,ge)
used by Lindblom and Owefg], while Haenselet al. [4] Z 10%4 pnph (W exchange)

— —_  sum of W echange processes

treat the interaction matrix as a free parameter. Compared t
the work of Lindblom and Owelii6] and Haenseét al. [4]
effects of superfluidity are not taken into account and there is
no angle averaging in this work.

In Fig. 6 we compare the rates for then—p+>~ pro-
cess for theV exchange and the pion exchange as a function
of density for case 1 of the EoS. Concerning Wexchange,
we note that the nonrelativistic result is a poor approximation
to the relativistic result since there is an almost complete
cancellation between the leading order vector and axial-

vector contributions(1+3ciPch> )2~ 1/16. The overall rate
calculated with OPE is almost two orders of magnitude FIG. 8. The relaxation time as a function of the baryon num-
larger than the one corresponding to relativisiiexchange. ber density aff=10° K.

10

xation time T

rela:

10 4

10

107

02

baryon number density n; ( fm? )
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102 102
T=10"K
case 1(8=y=2)
"""" case 2 (8=y=5/3)
109 e ——— — _,{\\ ¢
N T
'-.'E E
\:.’9 10% - 2
- an
2 il
= ‘R
o Q
2 2
> -4
2 ———— L =
B _9__ B 107
1026 4 sum of OPE processes (T=10" K)
~~~~~~~ nnpE (OPE) (T=10°K)
— — sum of W exchange processes (T=10"K)
—- sum of W exchange processes (T=1010 K)
1027 T T T T T T T T
0.30 0.35 0.40 0.45 0.30 0.35 0.40 0.45
baryon number density ny (fm™) baryon number density ny (fm's)

FIG. 9. The bulk viscosity as a function of the baryon number FIG. 10. The bulk viscosity as a function of the baryon num-
density. ber density for different equations of stateTat 101° K.

As mentioned above the neutral curreminA process VI. CONCLUSION
does not receive a contribution froi exchange. In the OPE
approach the magnitude of this rate is a factor 2-3 smaller |n this paper the bulk viscosity due to weak nonleptonic
than that of thepnpA process. We note that there exists hyperon processes has been studied. This viscosity is rel-
experimental information on the ratio of thenA andpnpA  evant in connection with damping of neutron star pulsations,
processes in the weak decay of hypernuclei which suggestsspecially in the damping af modes. In particular we con-
that the simple OPE mechanism is not sufficiently accuratgidered pion exchange, which is based upon empirical input,
[11]. The inclusion of other mesons, such as kaons, couléh Born approximation to describe the weak nonleptonic hy-
improve the situation. peron processes instead of téexchangeg4—6]. The con-
The relaxation time is shown as a function of the baryonclusions are the following:
density in Fig. 8. One sees that the relaxation time in the (i) The bulk viscosity in the OPE picture is about one to
OPE picture is about two orders of magnitude smaller than inwo orders of magnitude smaller than that in Weexchange
the W picture. In the latter case after the appearanc®of  picture.
the relaxation time is determined by thap>~ process; after (i) The rates of thexnp> and pnpA process are of the
the occurrence of thd, the pnpA process takes over and it same order of magnitude using OPE. This result is in con-
dominates the relaxation time. Therefore, a drop in the relaxtrast with the case diV exchange, because thepA process
ation time occurs at the appearance density ofAhén the s one order of magnitude larger thanpS process.

OPE picture after the appearance of thethe nnpX~ pro- (iii) ThennnA process can be included in the calculation
cess remains the most important process for the relaxatiofor the bulk viscosity using OPE.

time. Therefore at the appearance density of sha small (iv) The bulk viscosity is rather insensitive for the EoS
abrupt increase in the relaxation time occurs. used except with respect to the appearance ofithe

To compute the viscosity one needs to assume a value for Therefore, the contad¥/ exchange interaction is probably
the frequency; typical values of the frequency of the pulsatoo naive for quantitative calculations. In a more realistic
tions arew=10°~10" s™*. We have usedh=10* s*in Fig. 9.  OPE approach the contributions of the hyperons to the bulk
For the OPE picture, the high frequency limit is applicable.viscosity are less pronounced.

Whereas foW exchange aT=10° K and at low density we

are even in the low frequency limit. The bulk viscosity in the

OPE picture is about one to two orders of magnitude smaller ACKNOWLEDGMENTS
than that in theV exchange picture.
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