>

The Cockcroft Institute

of Accelerator Science and Technology

David Dunning, Brian McNell & Nell Thompson

NMoving FEL outoput
t he atomi c uUuni-t

University of

Cl SAC 2 November 2009 StrathClyde



P .
&ckcroﬁ Institute O Utl | n e

of Accelerator Science and Technology

ABrief summary of 6conven
lasers

A Mode formation & locking in a SASE FEL amplifier
A 3D & 1D simulations in XUV & VUV

A Application to High Harmonic attosecond structure
A Improved models

A Conclusions

MANCHESTER

i hnol:
&' T Coneir sy www.cockcroft.ac.uk

J& ® LIVERPOO


http://www.cockcroft.ac.uk/

dq>

The Cockcroft Institute

of Accelerator Science and Technology

Brief summary of
odoconventi onal
locked lasers

Sci & Technol
@' e com, www.cockcroft.ac.uk

LANCAS] J& ¥ 1viRrOO!



http://www.cockcroft.ac.uk/

Ultra-short pulse generation

This history of short pulse
generation 1 n
lasers has developed from
the first mode-locked lasers,
through dye-lasers,
Ti:Sapphire and now to High
Harmonic Generation in gas
jets. Since 1964, pulse
durations have been
reduced by ~ 5 orders of
maghnitude to ~130 as and
more recently* to ~80 as.

*E. Goulielmakis et al., Science
320,1614 (2008)



Cavity modes*

perimeter = S

A repeated waveform generates a spectral comb

AEnvelope is atomic linewidth: gain bandwidth of
lasing medium

AMode spacing aer =2" ¢/s

ANo of modes g = bandwidth/mode spacing

"A.E. Siegman, Lasers (University Science Books,
Sausalito, USA, 1986). See Chap. 27.



Cavity mode-locking

A Mode-locking occurs when a fixed phase relationship

develops between the axial modes.

i Application of e.g. cavity length modulation causes axial modes to develop
sidebands.

i Cavity modulation at round trip frequency causes sidebands at mode
spacing = z . Neighbouring modes couple and phase lock.

i The the output consists of a one dominant repeated short pulse.
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Axial Modes from an amplifier FEL

A For cavity FEL, gain bandwidth ~ 1/2N,, } Eg: s =10m, =10 nm,
A No of modes within bandwidth g = s2N, & N,=50 Y q=10
A Too many modes to resolve & needs optics*

A Alternative: synthesise axial mode spectrum without cavity

"A. Abramovich et al, Phys.Rev.Lett., 82, 5257 (1999).

: Total shift 5 = Sfl'
" 1 1
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i Example: &=12.4nm,N,, = 12,
U=551nmY s=700nm

total slippage between modules # of modes: g = 2.35



Axial mode analysis
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AR 5
I =05d =0.7t =054 =2 The analysis demonstrates that the axial
|T ! o1 R modes generated are formally identical to
ik ! l / . those of a cavity.
mn;- !i | LD;: H‘ : The o6cavityo, however
Jos ol SN LY SRR PSR shorter, so that only a few modes may fall
0.4 [l : o4l i ] . .
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o e . A | ) ) ) )
T T I This now allows coupling via a modulation
u e _:ﬁﬂi&mﬂ.a introduced at a relatively large frequency.
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Similarities to DOK: V. N. Litvinenko, Nucl. Instrum. Methods Phys. Res., Sect. A 304, 463 (1991).



Modal structure of Spontaneous Emission

N=4
Starting from 1D wave equation derive spontaneous 1 : _ :
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Axial mode coupling in the XUV
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A modulation amplitude of 5.8 MeV was induced by
seeding a 10 period modulator undulator, A, = 75 mm,
Sidebands

by a 230 MW 755 nm laser.



Mode-locking: pulse train position

(a) Slippage in undulator Slippage in chicane
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XUV Parameters

TABLE I. XUV and x-ray simulation parameters.

X-ray

14.3
3.4
1.2

! I

| :

Bunch energy E (GeV) : :

Bunch peak current [ (kA) I I
Normalized emittance €, (mm-mrad) : :

RMS fractional energy spread o, /7y, : P 8 X 1072
Undulator period A, (cm) I 3. : 3
Resonant wavelength A, (A) : 124 I 1.5
Undulator module length (units //A,) | : 72
FEL parameter p : 15X 1074
Chicane delay N, = 8/A, I L2028
Modulation period (units of A,) : : 303
Modulation amplitude (MeV) I I 14.3
Slippage enhancement §, ! ' 5
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XUV SASE FEL amplifier with mode-locking

Modulator

Modulation
laser
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Iy =s/c From conventional cavity analysis: 7, ~ 0.5/v/No fm
s = 00A,

f,, the modulation frequency N, is the number of oscillating mode:

T, =~ 2.48 fs




