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The amplitude-modulated Langmuir waves are frequently observed in the solar wind, the earth electron foreshock, magnetc
sphere, ionosphere and so on. The past humerical studies suggest that some of Langmuir turbulence in these regions and in t
[l solar radio bursts are consequences of the electron beam - plasma instabilities.

In the case of weak electron beam - plasma interaction, it was suggested that the mechanism of the amplitude modulation
due to the beam electrons nonlinearly trapped by the excited waves (Akimoto et al, 1996). Recently, Vlasov simulations of weal
electron beam - plasma interaction has suggested that Langmuir waves may not be directly modulated by the nonlinear trappir
but be modulated by nonlinear interaction between the most unstable primary Langmuir mode and its sideband modes (Umed
2006; 2007). Silin et al (2007) suggests that the temporal change of velocity distribution function of beam electrons due to the
nonlinear trapping and plateau formation leads that the linearly growing modes shift to the higher wave numbers and results i
the broadband wave number spectrum.

On the other hand, the linear theory used in Silin et al (2007) is invalid at the nonlinear stage that the primary wave mode:s
are saturated. Actually, omega - k spectrum at the nonlinear stage in Silin et al (2007) does not agree with the linear theory. |
the present study, we analyze the data sets produced by one dimensional Vlasov-Poisson simulation of the weak electron bear
plasma instability in order to discuss the nonlinearity of the Langmuir turbulence. We find that (i) the instantaneous frequencies
of the linearly unstable modes are controlled by the linear processes, (ii) nonlinear interactions among Fourier modes play mor
important roles in evolution of the system than the linear instability after the primary wave modes saturate, (iii) nonlinearity in the
system comes from the advection rather than ponderomotive forces. These results suggest that the estimation of the nonlinear
possibly declare the origin and evolution processes of the Langmuir turbulence observed by the space craft, and the previo
theories of Langmuir wave instability, which assume the weak-turbulence and/or focus on the nonlinearity of the ponderomotive
forces, may be invalid even in Langmuir turbulence excited by the weak electron beam - plasma interactions.

goboooobooooobooooooooooooboobooboobboboooboboobbooobooDooDOobDo
ooboooooboooooooobooooboooooboooobbooooboooooboooobooobboobooOooooooboooon
oboooooooooboobbooooooooooboobooooboooooobooboobobooooooooooOon
gbooobooooboboooboooooon

goooobobboooooooobooooooobooooooobobobooooooboobooboooooooDon
00000000000000000000000000O00000000D0O0AkKImotoetal, 1996 0000000
00000000O0000o0O000oOo00ooO0o00oOo00oOoO0o00ooO0OO0OOonOndUmeda(2006,2007)
boooooooooboboboboooobooooboooboobOoboboboooobooooobobooooooon
0000000000000 0O0000ODO0O0OoOoOoO0O0oOoOOOSiinetal(2007 00000000000 0OOO
goooooooboboooboooooobobooooboooobobobOooboooooobDobobooooo
oooooo

go0O0Siinetal(2007 000000000000 O0QOQOOOOOOOOOOOOODOOOOODOOOOOOOO
0000000 Silinetal (2007 0000000000000 OOO0OOOO-0000O0O0O0OOOOOOOOOOO
00000000000000000Umeda(2008 0000 000000000OOOPICOODOO)O0O0O0OO0O0O0O
gooooooooboooboobobooooooboooobooboooobooooooboDoboboboboobooooDoDo
00o000o00odoooOOo0oooOoO(GUUUoooOODOO00UU00O0DOOODOOO0OUOOOOOOODOOOOd
() 00O000000o0oooOooooooooooooooooooOoOOOOOODODODOOOOOOE OoOoOoOO
ubooooooobobobooooooooooboboboboooobooooboobOobobobooooboooba
ubooooooobobobobooooooooobobobobooooboobobobobooooboooobooDa
goooooobooboboooooooobobooobooooobobobooboooDobobbooboobooDOoD
goooboobooobooboboboobooboooobobooboobobooboobooboobobobooonog



