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Laser Phase Errors in Harmonic Seeding

Outline

1. What is laser phase?

2. Laser phase effects on harmonic seeding

 High Gain Harmonic Generation (HGHG)
 Echo-Enabled Harmonic Generation (EEHG)

3. Measuring and controlling phase in the UV



Laser Phase Errors in Harmonic Seeding

o1 A~

Dk AN

Laser Phase

Spectral domain: /\N\M

(w w0)2

Bw)=¢ il (w—wo)®H R w=wr ...

Time domain:

v
t2

E(t) — ¢ 4Tte—Z[wot—|—92t ]

3



Laser Phase Errors in Harmonic Seeding

ol A

e AN

Laser Phase

Carrier Chirp

Time domain: frequency
b = -—
_t_2 ) 92
|

AEKE) 1%

Linear Chirp =» Quadratic Phase!

‘ LiTrack, LCLS parameters



Laser Phase Errors in Harmonic Seeding

=l A

Intensity (arb. units)

-
(6}
T

-
o

(¢}
T

o

D AN

Transform Limited Pulses

Time Domain

- Seeded

QIR

SASE

-50

0 50
Time (arb. units)

100

al
o
o

Intensity (arb. units)

Frequency Domain

N

o

o
T

w

o

o
T

=

o

o
T

Seeded

A —

SASE

Aﬂﬂ»

095 105

Frequency (arb units)

Time Bandwidth Product = AT Aw
Flat Phase = Minimal TBP*

5

* For the given spectrum!



Laser Phase Errors in Harmonic Seeding

>
)

N

r=
(.

Laser Phase Studies

Effect of finite pulse length and laser frequency chirp on Analytlcal studies of constraints on the
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Model for HGHG Seeding
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Model for HGHG Seeding
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Phase Errors in HGHG

Higher Order phase

No analytical solution =» use simulation
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Higher Order phase

No analytical solution =» use simulation
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FERMI Experimental Results

(Preliminary)

Seed laser pulse length FWHM: Aseed=150fs
Seed laser harmonic number: N

FEL bandwidth FWHM: AE
FEL pulse length FWHM: AFEL=Aseed / VN
Transform limit (Gaussian pulse): 1840 meV fs
Lambd AE AEXAFE
mbda | Ay | N | aFeLfs) | aExareL | (AEXRFEL)
——
26 61.8 10 47 .4 2929 =1.6 A
325 50.1 8 53 2655 =1.44 _
433 338 6 61.2 2069 =1.12 :
|1st/|3rd = 160
52 318 5 67.1 2134 =1.16 ,
65 28.8 4 75 2160 =1.17 o — e

Allaria, Fawley, Ferrari, Spezzani + FCT + PADReS + CR people - H C. Svetina, N. Mahne
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Echo Enabled Harmonic Generation

Laser 1 Laser 2
1) (2)
g R56 R56
e
Modulator 1 Modulator 2
5
S SRR E T e ks 1 E >
o
%
-5 1 1 1 | 1
0 0.5 1 1.5 2 25 3

Longitudinal- Position (z/\)

19



Laser Phase Errors in Harmonic Seeding

L =g
9
Echo Enabled Harmonic Generation
Laser 1 Laser 2
1) (2)
€ Rse R —>
Modulator 1 Modulator 2
_ 0.02r | | <I> o Simulation, No Phase
g O % | —— Analytical, No Phase
S O « Simulation, f on Laser 1
g 0.015kF First stage A Analytical, f2 on Laser 1
S decrea_ses Y| 4 Simulation, f, on Laser 2
QO O
T bunching 1 Analytical, f , on Laser 2
2 0.01r 5 5
3 Q** v x Second stage incr¢ases
S 0.005F y , * bandwidth
o % O O ¥
2 * 5 %
Ll ** ~ e,. . O SF
oL5® & Q@ % Q¥ ,.“'E‘!/ ! \ev‘M“’--:;‘v' PERED Q% wd
9.85 9.9 9.95 10 10.05 10.1 10.15

Harmogic Number

r=

x



Laser Phase Errors in Harmonic Seeding

Pulse Intensity

Practical Example

Measured Laser Pulse

Central Wavelength 800 nm
Bandwidth (FWHM) 73 nm
Pulse Duration 22 fs
Second Order Phase (GDD) 0.5 fs?

Third Order Phase (TOD) | 2.4 x 103 fs?
Fourth Order Phase (FOD) | —4.6 x 10* fs*
Fifth Order Phase (50D) | —1.2 x 106 fs®
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0.5} A Pulse with . '§ 8 TBP = AT'Af TBP, Measured »
1.4l Z€10 phase Measured | % ' phase =
| equivalent Phase 16
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Phase Measurement Methods
What are prospects for measuring phase in the UV?
Frequency Resolved Optical Gating (FROG)
N '
AI P Review of ' // ///
Scientific Instruments / " / g A
/¥ [ f
Measuring ultrashort laser pulses in the time-frequency domain using
frequency-resolved optical gating
Rick Trebino, Kenneth W. DeLong, David N. Fittinghoff, John N. Sweetser, Marco A. Krumbiigel et al.
& (a) o ¥
E®) (N G(t-1) PG-FROG | LlMichelson ° © Spectro
] 5 425 wp d
w E 375 (b) e
\ |:> g 55 SHE-ROG A fMichelson A Spectro
= 325
(c) @
275 A X
hul 100 50 0 50 100 XFROG %:I oo
1 5Time (fs)5 1 A e

22 Figures from A. Monmayrant, S. Weber, and B. Chatel
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Phase Measurement Methods

What are prospects for measuring phase in the UV?

Spectral Phase Interferometry for Direct Electric-field Reconstruction
(SPIDER)

1314  OPTICS LETTERS [/ Vol. 24, No. 18 / September 15, 1999

Characterization of sub-6-fs optical pulses with spectral phase
interferometry for direct electric-field reconstruction

L. Gallmann, D. H. Sutter, N. Matuschek, G. Steinmeyer, and U. Keller

Ultrafast Loser Physics Laboratory, Institute of Quantum Electronics, Swiss Federal Institute of Technology,
ETH Henggerberg-HIPT, CH-8033 Zirich, Switzerlond

C. Iaconis and L. A. Walmsley
The Institute of Optics, University of Rochester, Rochester, New York, 14627
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Phase Measurement Methods

What are prospects for measuring phase in the UV?

Challenges for extending techniques to short wavelengths:
* Need high intensities for nonlinear effects

* Few nonlinear materials

« Spectrometers more challenging

k endi
VOLUME 90, NUMBER 7 PHYSICAL REVIEW LETTERS 21 FE%ERSER::'IEZDUS

Attosecond Spectral Shearing Interferometry

E Quéré,* J. Itatani, G. L. Yudin, and P. B. Corkum

Steacie Institute for Molecular Sciences, National Research Council of Canada, Ottawa, Ontario, Canada KI1A OR6
(Received 18 December 2001; published 21 February 2003)
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Measurements in the UV
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Summary

Laser phase affects both EEHG and HGHG
Time-bandwidth product scales linearly or sub-linearly
Even order phase has greater effect than odd order
Need to develop new techniques for measuring and
controlling UV laser phase

Thanks for Listening!
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Gaussian Laser Profile
How does time domain change effect of laser phase?
Averaged Bunching Factor Slice Bunching Factor
1 NT 1 Nslice(z)
b k = — e_ikz‘j b lice k|2 ) = eikzj
( ) NT jZ::l slice, ( ) Ng]jce(Z) Jzzjl

Longitudinal Position (z/ *) Longitudinal Position (z/ »)
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Phase Measurement Methods

What are prospects for measuring phase in the UV?

Multipulse Intrapulse Interference Phase Scan (MIIPS)

April 1, 2004 / Vol. 29, No. 7/ OPTICS LETTERS 775

Multiphoton intrapulse interference. IV. Ultrashort laser
pulse spectral phase characterization and compensation

Vadim V. Lozovoy, Ipor Pastirk, and Marcos Dantus

Department of Chemistry and Physics, Michigon Stote University, Eost Lonsing, Michigen 48834-1322
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Fig. 1. Experimental setup of the MIIPS.
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Practical Example

Spectral Power/Phase

Measured Laser Pulse
Central Wavelength 800 nm
Bandwidth (FWHM) 73 nm
Pulse Duration 22 fs
Second Order Phase (GDD) 0.5 fs?
Third Order Phase (TOD) | 2.4 x 103 fs?
Fourth Order Phase (FOD) | —4.6 x 10* fs*
Fifth Order Phase (50D) | —1.2 x 106 fs®
— Spectral Power 0.6k
- - = Spectral Phase
. > 05} 7 Pulse with |
?
Spectral g 04 Z:rli’i\f’;:gif Mgisured -
power £ o3t k / ase
G.J
0.005F | =2 oz
Spectral phase A’
AL N 0.1
09 0s2 04 0% 0% 1 102 104 106 108 11 0 :
-0 Time 82/%) >0

Frequency (w/w0) 30
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Time-Bandwidth Product/

Practical Example

Measured Laser Pulse

Central Wavelength 800 nm
Bandwidth (FWHM) 73 nm
Pulse Duration 22 fs
Second Order Phase (GDD) 0.5 fs?

Third Order Phase (TOD) | 2.4 x 103 fs?
Fourth Order Phase (FOD) | —4.6 x 10* fs*
Fifth Order Phase (50D) | —1.2 x 106 fs®

2 - - - - - =
TBP = ATAf TBP, Measured p g *-=rumscon
1.8} =H (© 0.1} ——Measured (22 f5)
< phase c 008 —a— Doubled Phase (25 fs)
T 1.6} £0.
_% cal § 0.06
I D 0041
m 1.2} TBP, flat phase-é S 00
1 - - - - - g
0 5 10 15 20 o5 30 = -0
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