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First demonstration (THz pulses): Jiang and Zhang, Appl. Phys. Lett. 72, 1945 (1998)

Electron bunch: Wilke et al. , PRL 88, 124801 (2002)

CSR pulses (SLS): F. Mueller et al. PRSTAB 15, 070701 (2012)
Inside a storage ring (ANKA): N. Hiller et al., MOPMEO14, Proc.IPAC'13, Shanghai,

China (2013).
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Single-shot electro-optic sampling using spectral encoding

probe directly EO crystal
the electron bunch A | ; pO. {,p‘,cs
near-field with a laser chirped laser pulse time
(ANKA) e
/ — \‘

( or probe the emitted coherent THz pulses

Time to spectrum conversion

typ. tens of ps

with a laser (SOLEIL)

EO crystal
chlrped laser pulse tlme

v e ~ »—4
typ. tens of ps

spectrum analyzer
(grating +camera)

wavelength

+: single-shot, pico/sub-picosecond resolution

-: repetition rate limited by camera aquisition rate

= Upgrade to high repetition rate?
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Electro-Optic detection principle

o The Pockels effect:
An external e-field modifies the refractive indexes of a birefringent crystal.

o The induced birefringence is probed using a laser pulse.

THz
O(ps)
probe W
laser pulse
polarization of the ouput pulse
depends on the THz field value

Electro-optic “’\/\IV\N\”\‘
crystal
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Existing EO setups and their limitations: based on delay scan

Scanning-type electro-optic sampling (EOS)

THz pulse

AJ\/\,

P QWP
Short ” _ ,\—I Iy —
laser pulse A BD §
L |_|T *:\”OL\I B -l | &
Delay line EO
crystal WP

Delay

[Yan et al., Phys. Rev. Lett. 85, 3404 (2000)], [Katayama et al., App. Phys. Lett. 100, 111112 (2012)]

v

o Balanced detection — high sensitivity ()
@ Not single-shot (-)
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Existing EO setups and their limitations: based on spectral encoding

Spectrally-encoded electro-optic detection (EOSD)

THz pulse

TO Tc

o T e | [
7w

Spectrometer
crystal HWP

Stretcher

[Wilke et al., Phys. Rev. Lett. 88, 124801 (2002)], [Miiller et al., Phys. Rev. ST Accel. Beams 15, 070701 (2012)],

[Hiller et al., IPAC'13, p. 500 (2013)]
v

Resolution ~ v/ To Tc

No balanced detection (-)
Single-shot (+)

Acquisition rate: 100 kHz max. (-)
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Photonic Time-Stretch

Dispersion Modulator Dispersion
Laser @ A N @ Photodetector
Fiber L1 Fiber L2
Time Time Time Time
Short Chirped Time-to-wavelength Stretched signal
laser pulse laser pulse mapping
[Coppinger, F. et al., IEEE Transactions on Microwave Theory and Techniques, 47, 1309 (1999)],
[Han, and Jalali, Journal of Lightwave Technology, 21, 3085 (2003)]
v

o Stretch factor: To = MTy = (1 + Lp/L1) Ty
o Resolution: Tpin = +/87f2l1 =~ /ToT1

o Photodetector speed: up to 70 GHz

o Possibility of balanced detection [Wong et al., Journal of Lightwave Technology, 29, 3099 (2011)]
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Application to the detection of coherent synchrotron radiation in storage
rings

Emission of CSR during the microbunching instability

o Coherent synchrotron radiation
in the THz frequency domain:

S e sub-ps/ps structures,
with spontaneously H

(thfgL’;‘.;‘{;{??,ﬁ’;{,’Eﬁ},‘%’ﬁmg o At high-repetition rate:

instability process; . .

vP revolution frequency in the MHz
range.

Electro-optic strategy for THz CSR pulse measurements in storage rings:
UVSOR-II:  [Katayama et al., App. Phys. Lett. 100, 111112 (2012)]
SLS: [Miiller et al., Phys. Rev. ST Accel. Beams 15, 070701 (2012)]
ANKA: [Hiller et al., IPAC'13, p. 500 (2013)]
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“Photonic time stretch” upgrade at ANKA (EOS of the e-bunch near field)
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EOS of CSR pulses at SOLEIL

Time stretch spectrally-encoded EOS with balanced detection

THz pulse

”WPS

To T,
(50Fs) (tens of ps) (ns range)
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TS-EOSD setup on the AILES infrared beamline
THz CSR

Yb fiber laser
1040 nm




Experiments at ANKA and SOLEIL
O000@00000000

Successive single-shot CSR pulses recordings

Synchrotron SOLEIL, single-bunch, nominal-alpha operation,
I =15 mA (above microbunching instability threshold)
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Fiber lengths: Ly =10 m, L, = 2 km — Stretch factor M =1+ L,/L; = 201
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Comparison with traditional CSR measurements

Number of round-trips
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Details of temporal evolution of the CSR pulses

o Beginning of the burst
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Temporal evolution of the CSR spectrum
o Temporal evolution of the CSR pulses (L; = 10 m)
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Temporal evolution of the CSR spectrum

o Temporal evolution of the CSR pulses (L1 =5m)
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Temporal evolution of the CSR spectrum

o Temporal evolution of the CSR pulses (L; = 20 m)
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Temporal evolution of the CSR spectrum
o Temporal evolution of the CSR pulses (L; = 40 m)
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Trade-off between acquisition rate and stretch factor
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Bandwidth limitation and acquisition time window
Transfer function of the photonic time-stretch:
H(f,) = cos’ (27T2ﬂ2L—,V2,f,,2,)
~ cos’ (27r2ﬂ2 Ly f,,z,)
Bandwidth at 3 dB:
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From phase-space to THz CSR pulse

Simulations of the longitudinal electron bunch dynamics under the influence of the
shielded CSR wakefield using macro-particles code.
[Evain et al., Europhys. Lett. 98, 40006 (2012)], [Murphy et al., Part. Accel. bf 57, 9 (1997)]

Longitudinal position z (cm)
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Note: THz electric field — may be viewed as a “high-pass filter”
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Temporal evolution of THz CSR pulses

Longitudinal phase-space:

CSR wakefield:

energy p
longitudinal position q

RIS o]
longitudinal position q time (0.1ms/div)
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Temporal evolution of THz CSR pulses

Numerical simulations
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Conclusion

Experimental results

o A relatively simple upgrade of existing single-shot EOS setups can enable
high-acquisition rates (easily up to many tens of Mega pulses/s).

o The strategy works for monitoring either electron bunch near field, and THz
CSR radiation

y

Test of the model

o Qualitative good agreements with the simulations based on macro-particles
tracking combined with shielded CSR wakefield.

4

o Use in EOS setups of high rep. rate LINACs?

o Possibility to use the "time-stretch upgrade" in other diagnostics? (e.g.,
transient reflectivity).

v

Current works

o Improvement of SNR, Bandwidh, time window

o Systematic studies of the microbunching instability

E. Roussel et al, Scientific Reports 5, 10330 (2015)
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Characteristics of the TS-EOSD setup

o Electro-optic effect in the GaP crystal — phase retardation AP
10011
EO crystal )
/' (110)-plane n,

AP = 2rd nara1 EThz

A

’ [-110]
o Balanced detected signal:

/det = Io sin AP ~ /0A¢

o Sensitivity of the setup:
Minimum phase retardation A®,,;, = 3.2 - 1073 radians
— Theoretical electric field sensitivity = 3.7 kV/m



	Introduction
	Electro-optic detection principle
	Photonic time-stretch for high-acquisition rate
	Experiments at ANKA and SOLEIL
	Numerical simulations

	0.0: 
	0.1: 
	0.2: 
	0.3: 
	0.4: 
	0.5: 
	0.6: 
	0.7: 
	0.8: 
	0.9: 
	0.10: 
	0.11: 
	0.12: 
	0.13: 
	0.14: 
	0.15: 
	0.16: 
	0.17: 
	0.18: 
	0.19: 
	0.20: 
	0.21: 
	0.22: 
	0.23: 
	0.24: 
	0.25: 
	0.26: 
	0.27: 
	0.28: 
	0.29: 
	0.30: 
	0.31: 
	0.32: 
	0.33: 
	0.34: 
	0.35: 
	0.36: 
	0.37: 
	0.38: 
	0.39: 
	0.40: 
	0.41: 
	0.42: 
	0.43: 
	0.44: 
	0.45: 
	0.46: 
	0.47: 
	0.48: 
	0.49: 
	0.50: 
	0.51: 
	0.52: 
	0.53: 
	0.54: 
	0.55: 
	0.56: 
	0.57: 
	0.58: 
	0.59: 
	0.60: 
	0.61: 
	0.62: 
	0.63: 
	0.64: 
	0.65: 
	0.66: 
	0.67: 
	0.68: 
	0.69: 
	0.70: 
	0.71: 
	0.72: 
	0.73: 
	0.74: 
	0.75: 
	0.76: 
	0.77: 
	0.78: 
	0.79: 
	0.80: 
	0.81: 
	0.82: 
	0.83: 
	0.84: 
	0.85: 
	0.86: 
	0.87: 
	0.88: 
	0.89: 
	0.90: 
	0.91: 
	0.92: 
	0.93: 
	0.94: 
	0.95: 
	0.96: 
	0.97: 
	0.98: 
	0.99: 
	0.100: 
	0.101: 
	0.102: 
	0.103: 
	0.104: 
	0.105: 
	0.106: 
	0.107: 
	0.108: 
	0.109: 
	0.110: 
	0.111: 
	0.112: 
	0.113: 
	0.114: 
	0.115: 
	0.116: 
	0.117: 
	0.118: 
	0.119: 
	0.120: 
	0.121: 
	0.122: 
	0.123: 
	0.124: 
	0.125: 
	0.126: 
	0.127: 
	0.128: 
	0.129: 
	0.130: 
	0.131: 
	0.132: 
	0.133: 
	0.134: 
	0.135: 
	0.136: 
	0.137: 
	0.138: 
	0.139: 
	0.140: 
	0.141: 
	0.142: 
	0.143: 
	0.144: 
	0.145: 
	0.146: 
	0.147: 
	0.148: 
	0.149: 
	0.150: 
	0.151: 
	0.152: 
	0.153: 
	0.154: 
	0.155: 
	0.156: 
	0.157: 
	0.158: 
	0.159: 
	0.160: 
	0.161: 
	0.162: 
	0.163: 
	0.164: 
	0.165: 
	0.166: 
	0.167: 
	0.168: 
	0.169: 
	0.170: 
	0.171: 
	0.172: 
	0.173: 
	0.174: 
	0.175: 
	0.176: 
	0.177: 
	0.178: 
	0.179: 
	0.180: 
	0.181: 
	0.182: 
	0.183: 
	0.184: 
	0.185: 
	0.186: 
	0.187: 
	0.188: 
	0.189: 
	0.190: 
	0.191: 
	0.192: 
	0.193: 
	0.194: 
	0.195: 
	0.196: 
	0.197: 
	0.198: 
	0.199: 
	0.200: 
	0.201: 
	0.202: 
	0.203: 
	0.204: 
	0.205: 
	0.206: 
	0.207: 
	0.208: 
	0.209: 
	0.210: 
	0.211: 
	0.212: 
	0.213: 
	0.214: 
	0.215: 
	0.216: 
	0.217: 
	0.218: 
	0.219: 
	0.220: 
	0.221: 
	0.222: 
	0.223: 
	0.224: 
	0.225: 
	0.226: 
	0.227: 
	0.228: 
	0.229: 
	0.230: 
	0.231: 
	0.232: 
	anm0: 
	0.EndLeft: 
	0.StepLeft: 
	0.PlayPauseLeft: 
	0.PlayPauseRight: 
	0.StepRight: 
	0.EndRight: 
	0.Minus: 
	0.Reset: 
	0.Plus: 


