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Beam-Laser interaction in an undulator

 Hamiltonian (for accelerator physics)

H=(1+8)— (1+5)2—< —ﬁ>2—i
- %) TR

a, = a, coskys +a; cosk;z

2

ds ps(ps + 1+ 6)

e Solved by Runge-Kutta integration for example.



Symplectic expression (simplest)

da,

e Expand H and take 2"9 order (forg = 0)
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* Well-known 1D analytic equation is based on
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HGHG
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Transformation in phase space for HGHG

 Continuity equation in phase space (Liouville theorem or Collisionless
Vlasov equation)

e Map sotosi, x; = f(xg), the distribution function is transferred as
P(x, 51) = P(f (%), So)
For initial distribution 1 ( 52 )
exp

Y(x, so) = [2mos 252
i Map 61 = 60 + Asin kLZO Z1 = Zp + R5661
* Inverse map 6, = &; — Asink; (z;— Rs¢dy) Zo = Z1 — R5604

e Phase space distribution
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e Real space (z) distribution
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e Fourier components, bunching factor
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Cooled HGHG (symplectic system)  pioe s oes,
* Transverse Gradient Undulator is installed in a dispersive section.

da,

a, =a, +a; =a, (1+ ax)coskys +d; cosk;z x
dx

= @, acos k,s

X =10
a, () = a,(0)(1 + and)

* Energy at the exit of the undulator
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Evolution of phase space distribution
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Effect of transverse emittance, €,=10" m

e Depend on dispersion, 1.
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Simulation Example: 100 asec use EEHG
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Coherent Thomson scattering

e Electron recoil energy << scattered photon energy in electron rest
frame. Classical treatment is available, Thomson scattering.

* Electrons, which oscillate in the electro-magnetic field of (laser) pulse,
emit radiation.

* For Pre-micro-bunched beam, coherent Thomson scattering



Collision of two beam pulse

Electron beam Laser pulse
> T
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amiltonian for particle-laser
interaction (classical)

®Colliding photon, traveling -s direction

a 1 a
H = 1—|—5—\/1—|—62— — )24+ =
(140) =4 /A+0)*=(p= )" =5+ 7
(s +ct)?
a; = ag exp [— 207 —1k(s + ct)
(2s — 2)% |
= ag exp [— 207 —1k(2s — 2)

ay =0



Equation of motion for particles

m;:a_H:pm_% ‘yf:a—H:py_?y
ap:r: Ps apy Ps
oOH OH
= 0 == =0
P Ox Py Oy
, OH 1+0
2 =—=1- P
9o Ps psE\/(1+6)2—(p—:) -
5 — O0H 1 Gz \ OQy
9z VPs Pa 0z

®The trajectory is solved by Runge-Kutta method.

®The trajectory has to be represented by function of t
to be used in Feynman expression.

R
t=t1;—|—E=>s—z1-—|—R—ct=0



Radiation

E(:}B f})_ € RE—I-R%d Ri +1d2 Ri
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®t: Observer time, R(t): motion seen by the observer
®Determine ti and s for given t and z;,.



s(t), zi(t) for each particle

®New Raphson method

Assume Xi<<Xo Yi<<Yo

f(s,2zi(s),ct) = s — z;(s) + \/(.’EO —zi(8))2 4+ 2+ (sp—8)° — ct

fils,z(8),ct) = 5 — z:(s) + a2 + 42 + (50— 8)° — ct = 0
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Beam orbit in Thomson scattering

-43
-43.5 - o | 58 | |
.
-44 [ 111 .
‘E —~ I'I|I||||||'I n 575 F I. |I
S -445 e YV T SN
* (] - 57 | N .I |
“ i II"I E. - ‘\v l'.l :. | | I| | [ [
. = [ |
-45.5 x 565 L V]| I.
(|- || 'I
A U I I
46 | |
10 5 0 5 10 56 /
s (mm) s . l I
-6.5 -6.4 6.3
ct (um)

®Beam motion along s. "3 - -

1125 |

®Beam motion in the
. 112 I
observer time. N

um)

/
<
7

111.5

vt |
111 B 'Illl 11 III I.I V

1105 — |



Electric field produced by sampled electrons
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Electric field for the echo beam
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Atto pulse generation

2
®Modulator Az/c=50 asec Az = — 2 AS
® Laser A.=800 nm, a.=1.3x1073. kLa“aLL“
® Undulator Au=2cm, au=1.46, Lu=4 cm, B=0.77T _
. Ad before 3rd modulation
® Slippage

Ad = 305
®Colliding laser A=0.6mm

R®_ (B A _ Kiawar
00 dz 22



Aplp

Ex (V/m)

0.004

0.003
0.002
0.001

=
-0.001
0.002 = Y

-0.003
-0.004

-0.005
-1

300000

200000

100000

-100000
-200000

-300000

Atto pulse generation

Ex (V/m)

0.004
0.003
0.002
0.001

Ap/p

-0.001 [
-0.002

-0.003 |

-0.004

-0.005

03 035 04 045 05 055 06
Z (um)

300000
200000 |
100000 |-
0 ~ra“nl.
-100000 |

-200000

JI"“'
(il

\U

-300000
-0.45



Summary

* Pre-micro-bunching using HGHG, cooled-HGHG, EEHG is evaluated.

e Coherent Thomson scattering with the pre-micro-bunched beam is
evaluated.

e Very short pulse is generated by Thomson scattering.
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