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Abstract

In this research, we consider formation of micro-bunches as the longitudinally discrete structure in a single bunch,

which are potentially useful for coherent radiation or dielectric acceleration driver (DLA). Such micro-bunches training

around THz-band can be obtained by applying an emittance exchanger (EEX) to a beam modulated transversely, where

the initial transverse structures are projected to longitudinal one with a certain compression. Two most interesting points

of this technique are final parameters such as frequency or width of micro-bunches are widely and easily tunable and the

EEX can be made using conventional techniques. In this research we prove such micro-bunch generation is possible in

frame of linear optics and by using particle-tracking simulations (GPT). A similar study was already carried out by Y.

Sun(Fermilab-conf-08-408-APC), but we have conducted this research independently and we put more interests in DLA.
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Figure 1: real-space particle distribution of transversely

shaped beam by the slit (a) and longitudinaly discrete beam

attained by phase-space control (b)
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Figure 2: frame format of the EEX, which is composed of

two doglegs, (MD) and a rectangular TM210 cavity (MC );

D, S1, S2, S3� L0 and α are the dimention of the EEX,

and MD and MC are the transfer matrixes
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Figure 3: the z−x particle distribution just after the slit (top

left), and 10 cm after the EEX (top right)� the generation

of micro-bunch is affirmed

Table 1: Typical set of the simulation parameters and re-

sults

micro-bunch repitition fmic 6.25 THz

FWHM of micro-bunches Δt 34 fs

maximum electric current Imax 77 A

energy of the bunch E 15 MeV

inititial charge Q0 100 pC

initial transverse emittance γεr0 1 µrad

Gaussian radious of initial bunch σr0 2 mm

opening of the slit Δopn 0.08 mm

pitch of the slit Δintvl 0.34 mm

resonant frequency fc 2586 MHz

total cavity length S3 315 mm

number of cells nc 6 �

wave propagation π/2 mode
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Figure 4: micro-bunch phase tuning by slit shifting; the

timings each micro-bunch arrives are tuned with half period

by shifting the slit with the coresponding amount.
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Figure 5: comparison of deterioration coming from space-

charge effect when the beam energy is 15 MeV; from the

left, the initial bunch charge (before the slit) is 100 pC, 1

nC,
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ω (9)
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��� f = 3 GHz����������� �����
��� R = 5.0× 107 ω ���� � f = 10 THz���
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R = 3× 109 ω (11)
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�����
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1× 10−12

1× 10−13
W (12)

= 1.5× 109 W (13)
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1.5× 109 · 3× 109 V/m (14)

= 2.1× 109 V/m (15)
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