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1. Introduction

Observations in X-ray and optical suggest that mergers of sub-clusters with
galaxy clusters are quite common (for Coma see e.g., White et ale 1993;
Colless & Dunn 1996; Ishizaka & Mineshige 1996). A merger leads to violent
relaxation of the dissipationless dark matter resulting in a time-dependent
gravitational potential. This in turn generates large-scale flows and shocks
in the collisional baryonic intracluster gas (Takizawa & Mineshige 1997).
Both the large scale flows and the shocks will excite turbulence in the gas.
We focus here on turbulence generated by shocks, which is less dependent
on the specifics of the merger. This paper is based on a more detailed work
(Goldman 1997).

2. Intracluster Turbulence Generated by Shocks

For a shocked region of size f'V 0.8 Mpc and merging velocities of f'V 1000 km
s-l, we obtain for the largest turbulence scale and the corresponding tur-
bulent velocity: 10 f'V 250 Kpc and Vo = Vturb( 10 ) f'V 250 km s-l, respectively.
The turbulence timescale is thus TO f'V .fu.. f'V 1Gyr.'Vo

The energy input to the turbulence is mainly to the largest eddies.
The non-linear eddy interactions result in an energy cascade to the small
scales, down to a scale where it is dissipated. Over more than a decade

in wavenumbers, the spectrum is a power-law vel) = Vo (k)m with the

Kolmogorov value m = 1/3. In case of stable stratification the spectrum is
quasi two dimensional with m = 1. In case that the local rotation rate is
high, m = 1/2.
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The heating rate per unit mass is € rv 1; rv 0.02 erg gr-1s-1 and the

resulting luminosity is Lturb = EMm g f'V 4 x 1044 (l~iJ0) erg s-1 with
Mm g denoting the merged gas mass. Thus, the turbulence is potentially an
important heat source for the intracluster gas.

The turbulence timescale, on spatial scale I, is r(l) f'V ;(;y. For I = 10

Kpc and Kolmogorov spectrum it is "oJ 108 yrs. Given that the available
time for the turbulence is TO "oJ 109 yrs, amplification of magnetic fields by
a large factor is possible. If the magnetic field is amplified to equipartition
with v(l), it can reach a level of "oJ 1 J-LG.

Turbulent heat conduction and turbulent mixing will be effective in
smoothing out temperature and abundance gradients over a spatial scale
I < 10, if the available time exceeds T(l). For truly stationary turbulence
this could have occurred also on scales> 10, provided time spans exceeding
TO were available. However, the lifetime of the turbulence is itself of the
order of TO. Thus, one may expect that scales S 10 f'V 250 Kpc will be
affected.

3. Concluding Remarks

The observations suggest occurrence of multiple mergers, so a turbulent
region could be shocked again. As a result, the largest turbulence scale will
decrease by rv 1.4 and the corresponding turbulent velocity will increase by
a similar factor. This will increase the heating rate of the intracluster gas
by a factor of "oJ 4, will shorten the turbulent timescales by a factor of "oJ 2
and thus could boost up magnetic field amplification.

Future X-ray spectrometers with high spectral and spatial resolutions
could measure the underlying turbulence spectrum and thus decide on its
nature. This could help to constrain the parameters of the merger, notably
the amount of angular momentum in the merged gas, and stratification.

If a strong enough magnetic field is present, it can trap the cascaded
turbulent energy before it reaches the viscous scales, and thus generate a
magnetic turbulence. In such a case, a change in the turbulence spectrum
is expected to be observed at a scale ~ 10 Kpc.
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