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 CSR from "femtoslicing".

* CSR by seeding the microbunching instability.
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* A. A. Zholents, M. S. Zolotorev, Phys. Rev. Lett. 76, 912, (1996)

In operation at the ALS since 1999, and in the last few years also at
BESSY Il, SLS and UVSOR, ... 3
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K2 Ao, Right before
1+K2/2 Aw, modulation

E, =4rnaE ho,

E, = beam energy 5 =(E-E,)/E, = beam energy
E, =laser pulse energy o =e”[Ans,hc =1/137 "
E,, =energy modulation z = particle longitudinal position

Right after

K = wiggler parameter .
seter p modulation

w, |27 = laser frequency
Aw, = laser bandwidth
Aw,, = wiggler radiation bandwidth

For a few GeV electron beam, laser pulses with several mJ per pulse :
are required. This limits the max rep-rate to the order of few KHz 4
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From Density

13

The characteristic length of these
density modulations is about the
laser pulse length (~100 fs) after the
energy modulation, becomes of the
order of the ps after ~ a turn and it is*
completely absorbed by the bunch in
the next few turns.
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Such density modulation
radiate intense CSR in the THz
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rsamibale  [leasurements at the ALS

Parameter BL BL
5.3.1 1.4
Modulation-observation 84 | 1495
point distance [m]
Energy [GeV] upto 1.9
Current per bunch [mA] up to 30
Ring length [m] 196.7
Dipole bending radius [m] 4.957
Nominal momentum compaction 0.00137
Relative energy spread 0.001
Relative energy modulation 0.006
Laser pulse duration FWHM [fs] 75
Laser repetition rate [pps] 1000

BL 5.3.1: provisional THz Port (~ 3 x 3 mrad? acceptance)
BL 1.4: ALS IR beamline (~ 40 x 10 mrad? acceptance)-
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Bolometer

FTIR Spectrometer ],_,_,%

]

TOo computer

CSR

laser shicing

fs laser

e-Bunch

* FTIR spectrometer: IFS 66V, Bruker.
 Bolometer: 4.3 K He, HD3, Infrared Laboratories Inc.

BW ~ 1 KHz - Frequency response from ~ 5 - 200 cm-1
» Lock-in amplifier: SR844, SRS

8
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rngs-Part['imMe Domain Measurements Iq‘fs

AU
THz CSR pulses during slicing were indeed measured at the ALS.
The figure shows the bolometer signal measured at the two different

beamlines in the ring.

T | T |
4w BLAA L 10 mA sngle anch =

:
ab 1 The 1 kHz structure due
2l 1 to the slicing laser

.| ) repetition rate is clearly
: visible.

~ b L. 14,1 mA single buach By switching off the laser
: the signal disappears

Bolometer Signal [mV )
= =

The CSR signal is now one of
the main diagnostics for the
5 K 0 tune-up for the slicing

t[ms] experiment.
(J.M.Byrd et al., PRL 96, 164801, 2006.) 9

[ B

Accelerator-Based Sources of Coherent Terahertz Radiation — UCSC, Santa Rosa CA, January 21-25, 2008



THz from Storage Frequency Domain

Rings - Part Il

F.Sannibale Measurements
300 '
200+ : ‘\ mm= (Calculated |
150+ M ” f| .
Z 100} L |
E 50+ ‘.v" r'lhl L "II ||1|r|||u i ‘r““r'-',-.,. ,L .
S opwsianet WA WA, | The agreement with
i 50 100 150 200 calculations is
B [ 1 | [ [
: ok ! 4 reasonable, but the
= °F BLi4speen | 7| quality of the measured
4 wor Coeaed] spectra is poor...
ol

Wave number [cm l]

Similar results (but with better quality spectral) have been obtained at BESSY II:
K. Holldack et al., PRL 96, 054801 (2006) and K. Holldack et al., PRST-AB 8, 040704 (2005). 10
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BL 1.4 Spectra:

[}

L]
L]
L}

* Instrumentation bandwidth
« Vacuum chamber cutoff

BL 1.4 Spectra:
M easured —
mwmm (Calculated

=2
R R R R

dP/dw [UW cm)
I

]

Only the high frequency part of \
the spectrum can be measured m 0 20 20

-1
Wave number [cm ]

BL 5'3'1 SpeCtra: _ 3;]{;: __.»"'J”‘.‘»‘ BL 5.3.1 Spectra: —
E - s . mmm Measured
* Fine structure due to water absorption. = lgg w 11 | : === Caleulated i
| oEer A
- Larger structure due to interference with = 1o ,’ I”” '| e -
. S0+ |
the vacuum chamber (‘Waveguide effect’). o o i A ',-M '““' J LIA o '4 a,mL
' 5{} 100 ISD 21}[}

-1
Wave number [cm ]
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_ Circular Aperture SRW Simulation Layout
._% 6 b ddlarn. “Size" of the model limited by computer memory
— = CWHICICW) Width of the waveguide limited by SRW

Distance window-source: 2.95 m
\\x\ Rectangular Aperture
{Required by SRW)
12 x 40 mm?

Qualitative agreement.

Beam Trajectory

- ggen Waveguide —
Actual geometry difficult 10 x 33 x 500 mm? ﬁ
- (vacuum chamber) Distance aperture-source: 0.45 m

tO SImUIate' Distance waveguide-source: 0.45 m
1 ] 1 ] m =
ALS 1.5GeV - 1 ma. g - g Image Plane
Waveguide Length [m] 0.5 :
250x10° H Wmijd.e 1;;:?; [ET;-,].,] 33 = E 10 WI n d owgrros Itl on Eoth Polarizations
3 Waveguide Heigth [mm]) 10 x With Waveguide
@ i B 0
< £ .10
S 4 >
E =204 — - |
E . -0.10 -0.05 0.00 0.05 0.10 0.15m
P Horizontal Position

Wavefront for photons with wavenumber
5 = > 7 of 50 cm-! at the window position

Wavenumber [cm-1)

12
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Controlling the

F.Sannibale CSR SpeCtrum

The CSR spectrum and intensity
can be controlled by acting on
slicing parameters such as:

 modulating laser pulse width

 modulating laser intensity

 bunch current

 storage ring momentum
compaction

» distance modulator-radiator

dP dw [wem]

dP/dw [W em)
L)

Y

[ ]

3
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—
:J.

f—
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......

~ (LO0137 momentum compaction
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Longitudinal Distribution Modulation at Radiator

» Laser Modulation: 6 times the
energy spread

- Laser pulse width: 50 fs FWHM I\ s

* Distance modulator-radiator: 2.5 m -

e Current per bunch: 10 mA

1.4}

-0.15 =0.1 =0.05 005 0.1 0.15

* Horizontal Acceptance 100 mrad % sl P
(single mode) g
D.6

IDJ SR h t — x =

a "l
Tl TN [ ] | Eneray per pulse: 8.5
B — [sees 'Slicing o’ i = =
Tl N || |+ Electric field ~ 1 MV/cm
2 | 12| |=—— Ultra-stable SET 3| _.*" \ |
o Ml ; kB | |+ Rep. rate: 10 - 100 kHz

10" - - _ 1 | * Pulse shaping capability

10" - “-X----" ]

7 1 2 3 4.5 Géaé%mm; [c:;]_i:]j 67 1 2 3 4 567 14
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meromsone " Multicolor” Experiments Iqj’s

In the described femtoslicing experiment, several mutually synchronous
photon beams with very different wavelengths are simultaneously
available:

* X-ray pulses with ~ 100 fs length
* Near-IR or visible ~ 100 fs pulse from the slicing laser

 THz CSR synchrotron radiation pulse with transform limited length

This opens the possibility for many interesting combinations of "pump
and probe" experiments where one of the beams is used for exciting the
sample while another is used for measuring its characteristics during the

excitation transient.

By varying the delay between the pulses, one can reconstruct the whole

sample response with resolution of the order of ~ 100 fs. .
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F.Sannibale Probe Experiment U

THz from Storage Example Of Pump and Isr{s

Self-synchronized Electro-optic sampling

- provides functionality of benchtop setup w/1.5 GHz rep-rate
 use inherent synchronization of optical and THz beams

- optical source can be dipole (very weak) or undulator

+ self-mixing techniques also possible.

/ optical beam \

Delay Etag-;e

Computer|—— Lock-in
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Experiments interested in exciting samples in the nonlinear regime require
electric fields on the sample >~ 1 MV/cm. Such fields can be obtained by focusing
photon pulses of energy >~ 10 uJ down to their diffraction limited beam size.

In our case, because the input pulses are coherent, it is possible in principle
to resonate the signals to gain high pulse power levels at a reduced
repetition rate.

gi

QD3

T. Smith, et al., NIMA 393 (1997) 245-251.

Input CSR pulses
Peak power limited by cavity Q and phase stability of pulses 17
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F Sannibale of the THz Pulse

One additional interesting possibility of this
scheme is the ability of tailoring the electric
field of a terahertz pulse by an appropriate
shaping of the slicing laser pulse.

The example shows how by using a train of
laser pulses instead of one single pulse one
can concentrate the CSR power within a
narrow bandwidth.

The number of pulses defines the bandwidth
while the distance between pulses defines
the central frequency of the peak.

Enenzy medulation iz,

Relanve charge density

In principle by this technique, arbitrary
spectrum shapes can be obtained

An example of application that could benefit
from this capability is the control of complex
chemical reactions where the shape of the
exciting radiation is dynamically adjusted for
optimizing the reaction.

Amplitnde (arb. umi=)

(J.M.Byrd et al., PRL 96, 164801, 2006.)

35
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F.Sannibale IS Really Possible!
(/ OR Output from auto-correlator CSR spectrum

5
MR 1

I Band width ~ 1lem-1
1 £ L 1
i oo | 3
Tl MM : -
Laser pulse duration = i “‘M\ :> - |
Z oo | |4 %: 0.5 |
: : |
60ps : ™ E A
. & 3 R T o W,
(much beating)  * ** i it i i
" TH T T T 1 " I
time [ps} Ll
- .. Band width ~ 4cm-1
TS ool
-g 0.4 ,,fl.[l{llllfr o 1 £ 41 [ mR .
Y F B, = 1K I o I. s
Laser pulse duration? & i :> = At ===
: ) g
1~2 ps £ oon ,-u""‘"'ﬁ 7 My :
- o - £ AAGLM B Bt e
(IESS baufing) -% (AT = f = = o 1.-._192'.Ill!"f'\-frJ 'I'l'";l-".:&'?"-r*”J.'ﬁy::i{;ﬁ%
b 4.3

L i i 1 i i i i
[LL] 1 1] au [} [ [4] 0 i ] i
cm

Institute for Molecular Science
A. Mochihashi et al., UVSOR Workshop on THz CSR (September 2007) 1°
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Laser Seeding of the MBI

Bolometer Signal [V]

Bolometer Signal [V]

During the experiments for characterizing the CSR from femtoslicing, we
discovered that if the beam is sliced above the MBI threshold the instability can

- |
H
—
—

:..I'r
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,....
o
N

0.0

[eudd
. —
—

Cr

"

1
e

[

—
f——
'

L

—

j—
I-—
e

be seeded.
| | 1 -

{i ]i | ]i | | | [ALS 15GeV -0 ~2.7 107 j The figure?howshthe slignal as
i i | i i i | i Eu_mp.-\ Snngl&ﬁunth i measured from the bo om?ter.
SRR | Slicing OFF 4 The CSR THz bursts associated
EERENIENY LTI T T with the microbunching
1 | { .Y . aps
RARE | _J:\ M instability \(,Ii\giBbll)eare clearly
0o 2 4 6 B 10 12 14 16 18 20

t [ms]
TP T T T TT T The bursts appearance is
20,0 mA Single Bunch . usually random (top part) but
| Slicing ON 1 when the slicing laser is turned
|| EEEER | on most of the burst become
L] TN B synchronous with the laser

- (bottom part).

0 2 4 6 8% 10 12 14 16 18 20

t [ms]

The slicing laser repetition rate is 1 kHz

20
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F.Sannibale Freq uency Domain

The figures on top show the Fourier transform of the bolometer signal.

" 0
-3
5 _ ALS 1.5 Gev - BL 1.4 - Wiggler gap closed 5x10°7
800x10" i u S Bursting - =27 107 ‘ {
4“ mll 4 2 ¥ Bolometer - Gain 200 B : }1} |

ALS 1.5 GéV - o, ~2.7 107
Single Bunch - Slicing ON
BL 1.4 Slow Bolometer - G = 200

i 1 i . = E 3 - -
B i TR Slicing OFF 5 Slicing ON
5 i) — g 30 5 21 o
=7 MM} — 1 15 =
- Sl P20 1] :
1< Ibunch [mA] 16 I[mA]

0 1000 2000 3000 400 5000

0 500 1000 1500 2000 2500 3000
Frequency [Hz]

1 [Hz]
T T T JPCTe e = - T T T
=1 L| + ShemgON (Jan 10, 2005) fw (4 v T[T A" =00/ 1+ A= =
C # Shcing OFF (Jan 39, 2005) iqi | E 10_! K [T, wep{l J'};, [ " expb )
] ot L2 3 i Y, =210
<] s Int ted = = Y, =00035
2 ntegrate o1 2 i | A =6510" . 7
'.-4:.- # g FE 1 E b =13 1 kHZ Ilne
g . ower o 107 F -
201} ¢ P " k & power
B ’ I : g w0tk 1
£ & " o [ALS15Ger-BL 14- Wig gap closed| [* .g e [ALs 15 Gev-e, 27107 ]
& & ﬁ‘f CSE Bursting - e = 27 107 0,01 = w607 [ | single Buch - Slhicing O8N ]
S T & x T-'_t+ ¥ 4 2 K. Bolometer - Gam 200 r o |BL 1.4 Slow Bolometes - G = 200
+ *§ i+ 6 = E
l 1 1 1 Lo | . L L L
15 20 25 30 10 15 20 13
Siede Bunch Current [ma] Crurent ]

The slicing does not impact the dependency of the MBI from current but
makes it synchronous with the slicing (1 kHz harmonics)
The CSR power correlated with the laser slicing scales exponentially with the
current per bunch. 21
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F.Sannibale MBI Threshold

53107 ALS 1.5 GeV - o_~2.7107
l { i Single B1u1cl1fS]jci11g ON TOtaI Power: ~ flat below MBI
47 JikiiL BL 1.4 Slow Bolometer - G = 200 threshold
Z 3
K 2
=
i kHz line Power: ~ quadratic
o with current below MBI
0 500 1000 1500 2000 2500 3000 threshold
f [Hz]
10 - | |
: ALS 1.5 GeV -, ~ 2.7 107 _ |
I Smele Bunch - Shicng ON = L
1E BL 1.4 Slow Bolometer - G = 200 o 5
¥ E E[Y + A%exp(b*X0] / [1 + ATY.* exp(b™ N 0.01
= 01F o ::p ' 5 o . -
& T E Y, =000025 ] gV i
E F Y, =208 = o
I;-"D-l 0.01 ;_.Ian. =4 ]0'“ _i E "[H”_
b=15 '::. : 4E
— * - o - - »
- sy A &#ﬁ"‘ = Dashed Curve: P(1)= 11 x10°°1°
L r , , : i | | |
15 20 25 10 15 20 25
Curent [

fiingic Bunch Current [mA]
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I ' ' ! oo - : I I oD o
1k w 10° ,. +  Measurement Set 1 16 -
- +  Mleaswrement Sef 1 M £ o Measmrement Set 2 POPD 3
| o Measurement Sef 2 £ ';' 3 E o 3
— 0L @ = 10 ;;"ﬁ 3
2 3 8. b 5
gu.m - F % 6 fﬁ
i d‘g ALS 1.5 GeV - ¢~ 2.7 107 g e dﬂp ARFLICEN = g 210 L
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a0 b, q%%gﬁ- i ﬂ'ﬁrﬂi}gﬂ;ﬂ;ﬁ:&%&ﬁfim 107 r 2 o EL 1.4 Slow Bolometer - G = 200 1
-+ ﬂ'ﬂll."' i i E‘l‘ i ]
15 20 25 r ; Y
Current [mA] L ';‘Lme;lf[m,ﬂu.] 2!
The measurement is very reproducible.
1u'6 E_ I | I | ] T = T q}a-[:l:?
b [Asiscevoa 27107 %m%" 3 The measured saturation is real.
ingle Bunch - Slici 3 : i
S i | g i Itis not due to the strumentation.
10" F E
3 i) 3
O 3

1 kHz PFT Line [a.u.]

10 A Cutting by ~ one half the signal at

%

L " T memaaampom=m0 ;|  the bolometer input cuts the signal
| + 3 er iy = ] .
whp et PR amplitude by the same amount
1z 14 16 18 20 2 24 %6
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SLOp I % = ~ Run [ ] Trig'd
-~

A - Average Mode

| i !
A \ ~ Correlated Bursts

" CSR from slicing

Bursts . |
Syt i 1.00V MI10,0Us A Ch2 o 2,60 V|
CSR fromslicing | | i |
[Ei%] 1.00v M 10,08 A ChZ - 2.60 W N S S D . L 110 R S
1 Mod Horizontal Resat
i 19.80 % t ode Resolution|Horizontal Autoset sample Ri
Average marmal [yes ey TOOMSs s

* The correlated bursts do not start immediately after the
slicing.

* In this particular case the correlated bursts peaks after
~ 45 us.

Hot electron bolometer ~800 kHz BW, ~10 — 1000 cm-! frequency response
(Infrared Laboratories Inc.) 24
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 Run oD ] Trig'd Tek A5 e @ Sop M Pos: 212005 ERFASSUNG
b i = T
. _.'IH 1 Morrnale
n-vm_. T i . Abtastung
ALS ]
(
BESSY I g
1 Mittelwerte
bl .00 W MIT0.0s A& Ch2 F 2.60 W x . . .
P Ty Courtesy of K. Holldack. :.... .. ]
Mode :'IIEC‘.;;:II.T:;}EEFI! Hﬂriiezs:llt'lta| A Utoset Sample L4 ."Il"'-'|‘:Jl|-|i||l.l.l.I.J..I..J..;IIIIIE_llII::l.ll.lg||||§|-|..“
AVErage BT | Dalay 100MS/s CHT 20.0mY  CH2 100y M 5008 CH2 & -400mY

Single bunch 7 mA
MBI threshold ~ 3.5 mA.

BESSY Il observed the same phenomenon.
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F.Sannibale

In the framework of the Heifets-Stupakov MBI theory (PRST- |
AB 5, 054402, 2002) the micro-bunching can be represented by p = /3@"
the linear combination of “modes” with shape:

(a)t—kz)

In the “cold beam” approximation, the authors | 3 S
derived an analytical expression for the k< ~[(2mronsR"7 ) /(e y&5L)]

dispersion function between @ and k=27/1 . R = dipole bend radius

L =ring length
I'2/3) Jargngye R

_ 2/3 [ . bty
w =k 1‘ E [ﬁ: ) oL !

From that, the growth rate a and the velocity
v for the mode can be calculated:

n, = particle linear density

O = momentum compaction

0, = relative energy spread
y = energy in rest mass units

v, = classical electron radius

¥

dk

312 /3) 173 { 21°(2/3) 2 RV?
0 —Im[w] = a2 [T @/3) 2mromacRE ) ge [ﬁ} = E'k_m\/ ?I{: Wrﬁﬂbfr
2 yL 3 Y
These last two equations show that the unstable mode when excited (by noise or
seeding) starts moving along the beam with velocity v and grows exponentially
with rate a. 26
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rigs-Parti A Theory for the Seeded MBI

F.Sannibale

The accurate analysis of the microbunch evolution should be
done (and in fact has been done by Heifets and Stupakov, SLAC- A —i(ot—ke)
PUB-11815, 2006) by considering the sum of all the unstable pe
modes at that current.

In a more simplified analysis, we will assume that one mode is dominant (the one
with the highest growth rate) and we will investigate the evolution of this mode
only.

In a bunch, the charge density », depends on the position 7 along the bunch and
because the perturbation moves, its position ; depends on +.

If n, at the perturbation position changes slowly with ¢, the .
amplitude of the mode can is obtained as the solution of: dp/dt = alz(1)]p

» p(z) = ﬁexp[ f E @df] and using the » p(z) = pexpl[y/27/4kz]

0 v(2) previous results
27
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rigs-Parti A Theory for the Seeded MBI
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The perturbation typically originates at the bunch peak and then starts moving
and growing exponentially, but when it arrives at a bunch position where n, < than
the MBI threshold the CSR wake cannot sustain the amplitude growth anymore
and the modulation starts to decrease and is gradually reabsorbed by the bunch.

For the case of a Gaussian bunch with rms length ¢, the instability threshold is
situated at the distance z, from the bunch peak:

N - where [ is the bunch current and 7 is the
I ”E\/Eln(ﬁbf’ﬂé} = 02In(l/I7), MBI current threshold.

I Using this result in the previous expression
for the perturbation and considering that the
radiated power is proportional to the square

of the perturbation amplitude one finally finds:
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Rings - Par Comparing with Data
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J.M.Byrd et al, PRL 97, 074802, 2006

I . . - ]
I Dashed curve: F‘[l] =P+ A -.'1n;|1:l.fn A0 sqrt] 345 Ing | [T'l":l-{-
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C I
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The comparison of this
simple model predictions

with the ALS
experimental data

i

b rpaiil I i

Total Power [a.u.]

0 I-—ﬂ’_ 107 [m] i
T EL =130 [mA] showed a good
e + ] agreement up to a certain
Al + 1 current (~19 mA).
 + | |
10 15 20 2 S
Single Bunch Current [mA] Pogp ﬁz explko./54In(I/1)]

Above this value, the experimental points show a saturation effect that we
think is due to the fact that at high currents, the MBI goes in the nonlinear
regime before the perturbation arrives at the threshold point.

29

Accelerator-Based Sources of Coherent Terahertz Radiation — UCSC, Santa Rosa CA, January 21-25, 2008



THz from Storage

Rings - Par Comparing with Data
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The model can also account for the time structure shown by the CSR power signal
in measured by the fast bolometer.

Rumn E i 1 Trig'd

As previously said, the slicing seeds the
perturbation that starts at the bunch peak,
¢ assumes its maximum amplitude at z,, and after
that is gradually reabsorbed. The CSR power
| : radiated by the perturbation must show the same
& oo ~woous s oz - 2e0v]  fime structure, and the figure seems to confirm

L1950 %

" Horizontal  Reset | o T this scenario.

At‘pﬁ";ee Resolution Horizontal Autoset Sample R:
rage Marrmal D lay 100MS/5

In a more quantitative comparison, we can use the fact that the distance in time
between the peaks of the two pulses in the bottom part of the figure should
coincides with the value ¢, that takes for the perturbation for going from the

bunch peak to the point z,.

tr = [o dz/v

By calculating this value for our case, we estimate ¢, ~ 31 pus not far from the 45 ps

of the figure. Apart from the accuracy of the model, we think that the discrepancy

is also due to the fact that the signal in the figure was taken with a current higher
than the ~ 19 mA at which the linear regime breaks. 30
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Rings - Part Il

F.Sannibale Minimize the Effect

At the ALS we also tried to characterize the MBIl power dependence on current
using a different lattice with the momentum compaction reduced to about half its
value (1.37 x 1073)

' [ l ++I+ e i ﬂu.L‘s.l:r'el | | ;
é 1 : ALS L5 Ge(-«_- 3
. i + J [ [+
4 ,.-_|_"I"'|'+++++| H,+++¢M - I Smegle Bunch = z i
g o - T 3 BL 1.4 Slow Bolometer - G = 200 E
= 1 Tl ALS 1.5 GeV - : s 3
= r - : v 103 - [ . :
ok ¥ Wiggler gap closed - .= 1.37 10 W B Y =[Y, + A%exp(b*30] / [1 + /Y, * exp(d=3))

!'. 1! g . 4 T : [ '}l E- -é
g 4 ; CSE. Bursfing - 4.2 = E Y, =0.00025 ]
T t 5 F v.=208 ]
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The exponential growth above the MBI threshold is still observed but it saturates
much earlier than in the larger momentum compaction case.

As a consequence, we did not observe any measurable enhancement of the

intensity of the CSR pulses induced by the slicing.
31
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Rings - Part I Possible Applications
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The graph shows how the 1 kHz power

(synchronous with the laser) loses the the seeded CSR burst is about two
quadratic dependence for currents

orders of magnitude larger than for
above the MBI threshold. the “conventional” slicing case, but

T shows very large power fluctuations.
i Pump and probe and other
experiments not requiring shot to
o0l . shot intensity stability could benefit
: g - B -% from this several orders of magnitude
et A S increase in power.
N ]Esing]u Bunch {EF:erum|ln_‘l] »
In a more speculative scenario, part of the THz signal could be brought back
into the ring to co-propagate the bending magnet with a subsequent electron
bunch, modulating its energy and seeding the MBI that generates a new burst
that is then used in the loop for seeding a new fresh bunch. By this process,
that continues involving all the bunches, one can in principle bring the CSR
emission to a stable high power saturation regime where all the bunches
radiate coherently.
Other FEL-like schemes exploiting the MBI gain are possible as welk2

At saturation, the average power of

4

001

4

Power at 1 kHz [a.u.]
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CSR by Laser Slicing

J.M.Byrd et al., PRL 96, 164801, (2006.)
K. Holldack et al., PRL 96, 054801 (2006)
K. Holldack et al., PRST-AB 8, 040704 (2005).

CSR from Seeded MBI:

S. Heifets, G. Stupakov PRST-AB 5, 054402, (2002)
J.M.Byrd et al, PRL 97, 074802, (2006)
S. Heifets and G. Stupakov, SLAC-PUB-11815, (2006)
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In a slicing experiment, define the energy that a laser pulse at /=852 nm
must have in order to generate in an electron beam of 1.9 GeV an energy
modulation six time larger of the beam relative energy spread. Assume that
you are using a wiggler with parameter K=2. Assume also that the relative
energy spread of the beam is 103, that the laser pulse length is 50 fs
(FWHM), and that the wiggler relative bandwidth is 1/N,, (where N, is 50 and
is the number of periods in the wiggler).

For a slicing experiment, list the system parameters that allows to control
the CSR spectrum and explain their effect.

Calculate the growth rate and the perturbation velocity for the MBI mode with
A=6 mm for a beam in a storage ring with the following characteristics. Beam
energy 1.5 GeV, momentum compaction 2,7 x 103, ring length 197 m, bending
radius R=55m and particle density n = 10° electrons per cm. I'(3/2)~1.354.
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Physical Constants

Rings - Part I .
F.Sannibale (SI U n ItS)
Relatve std.
{Juantity Svmbol Value Unat uncert. u.
speed of light in vacuum €, €0 299792458 ms! {exact) .
magnenc constant o dx » 10°7 NA-% From:
1“' 566370614, x 1077 NA“® (exacty  http://physics.nist.gov
electric constant 1/uoc? € 854 187 817... = 10-1% Fm~! {exact)
Newtonian constant
of gravitation i G.6T428(67) » 10~Y m*kp~ts* 1.0x 104
Planck constani h &, E:-Enlh.rﬁq'r::"i'*ij ¥ 10=% I3 5.0 % 10-%
h/2n i 1054571 628(53) x 107 Js 5.0 x 10°%
elementary charge € l.ﬁﬂlﬂl'r'ﬁ 487(40) x 10 ¢ 2.5 % 10°%
magnetic fux quantum h/2e t 2,067 833 667(52) » 107 Wb 25 % 107F
conductance quantum 2/ h Gy 7.748 001 TOO4(53) = 107* § 6.8 x 10~
electron mass ™M, 9.109382 15(45) = 107 kg 50 % 108
proton mass Ty, 1.672621637(83) % 1077 kg 50 % 1078
proton-electron mass ratio m.fm, 1836152672 47(80) 4.3 % 10740
fine-structure constant e/ dephe o 7.297 352 5376(50) % 10~* 6.8 x 10~
inverse fine-structure constant o~ ! 137,035 999 679(94) 6.8 x 1019
Rydberg constant o* r e/ 2h R 10973 731.568 527(73) m~! 6.6 » 1014
Avopadro constant Na,L  6.02214179(30) x 10%* mol ! 50 % 10°°
Faraday constant Ve F 06 485.3390(24) Cmol™* 25x 1078
molar gas constant R 8.314472(15) Jmol=t K= T %10t
Boltzmann constant KIN, k 1.2306504(24) x 10742 JK™ 1.7 % 107"
Stefan-Boltzmann constani
(n 1600k B o 5,670 400{40) x 1078 WmK™* 70x107" 35
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