
2 FILL 4399, FS=8.36 KHZ, ITHR � 0.2875 MA

Figure 5: Substructures in spectrogram at low frequencies

Figure 6: Substructures in spectrogram around 40 kHz
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Applications of short pulses

Short electron pulses emit incoherent X-rays 
and coherent THz radiation

Applications for both X-rays and (coherent) 
THz radiation

Examples for ultrafast science

Time domain spectroscopy 
regaining phase information

Pump-probe studies 
intermediate states of chemical reaction
time resolved x-rays: watching nuclear motion 
in phonon excitation or chemical reactions 
(thermal e-phonon equilibration time typ. 1–10 ps)

2
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Overview short pulse generation

3

long bunch

shortened bunch

transverse-longitudinal 
coupling

laser-based methods

slicing

modulation

radiation pulseelectron bunch

100 fs - 10 ps

100 fs - 1 ps

100 fs
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Overview short pulse generation
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long bunch

shortened bunch

transverse-longitudinal 
coupling

laser-based methods

slicing

modulation

radiation pulseelectron bunch

100 fs - 10 ps
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The field is too wide to be covered 

exhaustively therefore the key issues are 

discussed by means of selected examples. 
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Low-αc optics

Definition of momentum compaction factor αc

Manipulate D to reduce αc

4

I. Martin et al., IPAC2010, THPE037

DIAMOND

�L/L = ↵c �p/p0

↵c =
1

L

I
ds

D(s)

⇢(s)

↵c = ↵0 + ↵1
�p

p0
+ ↵2

✓
�p

p0

◆2

+ . . .

Momentum dependence:

good control of higher order terms
αi  needed

typ. bunch lengths down to 1 ps 
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Storage rings with low-αc operation

Many storage ring light sources around the world can run with reduced 
momentum compaction factor, e.g. 

ALS 
ANKA
Australian Synchrotron
BESSYII
DIAMOND
Elettra
MLS
NewSUBARU
SLS
SOLEIL
SPEAR3

5

poster 
I. Martin et al., 
MOPEA070 
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Simultaneous long & short bunches

Simultaneous operation with buckets of different bunch lengths using 
higher order terms of alpha

6

M. Ries et al., IPAC2011, TUOAB02

Figure 2: Measured dispersive orbit of the B± electron beams with α1 = 0, x describes the horizontal displacement, s
the longitudinal position. The dispersion in the straight of the cavity (at s = 36 m) is zero.

ω2
B± =

ω2
rf

F

(
2α0 −

α1
2

2α2
± α1

2α2

√
α1

2 − 4α0α2

)

︸ ︷︷ ︸
αeff

, (8)

where the sign of ω2
B±,C is connected to cos (φB,C) indi-

cating, at which phase the oscillation is stable. αeff can be
interpreted as the effective momentum compaction factor
around the FP. It is worth noting that ωC is independent of
α1, α2. By tuning α1 → 0 the Hamiltonian becomes sym-
metric in δ and ωB becomes independent of α2, which can
be used as an experimental control mechanism. For α1 = 0
the tune ωB is a factor of

√
2 larger than ωC . For the sym-

metric case of even higher orders α(δ) = α0 + α2nδ2n

this tune factor is
√

2n. Bunch lengths can be calculated
using the small oscillations approach as above yielding the
known relation:

σB±,C =
αeff

ωB±,C
δ0 =

αeff

2πfB±,C
δ0, (9)

where δ0 is the natural momentum spread (rms). When
the momentum acceptance of the α-bucket is comparable
to the momentum spread to be stored, the nonlinear bucket
has to be taken into account for the calculation of the bunch
length.

MEASUREMENTS AT THE MLS
To confirm the above results, buckets of the type shown

in Fig. 1 were created at the MLS. Different bucket char-
acteristics were measured while varying E0, α0, α1 and
α2. Measurements were performed at standard opera-
tion energy of E0 = 629MeV with δ0 = 4.4 · 10−4

and −14 < α2 < 14. Additionally a smaller energy
E0 = 250MeV was chosen to provide a smaller momen-
tum spread of δ0 = 1.7 · 10−4 and higher octupole impact
−35 < α2 < 35.

Orbit Separation
The beam stored in bucket C stays on the reference or-

bit. Whereas the two beams stored in the bucketsB± travel
along paths, that are defined by the dispersion function
D and the FP δB± . Fig. 2 shows two consecutive orbit
measurements by BPMs, where either B+ or B− buck-
ets were populated. The symmetry of the B+ and B− or-
bits breaks, when α1 $= 0 is included (Eq. (3)). A mea-
surement by a source point imaging system can be seen in

Fig. 3 showing simultaneously populated B± and C buck-
ets (triple beam) while varying the longitudinal chromatic-
ity ξs = −αq ∆fs

∆frf
, whereas ξs ∝ α1.

Figure 3: Triple beam measured by a source point imaging
system at a D > 0 location, while varying ξs.

α-Bucket Tunes
To verify the bunch shortening / lengthening a streak

camera measurement was attempted, but the orbit separa-
tion of the two buckets was too large to be able to mea-
sure both bunch lengths at the same time without a com-
plete realignment of the beamline setup. However, a tune
measurement was conducted to conclude on the bunch
lengths in the corresponding buckets. Fig. 4 shows the ra-
tio fB±/fC , which corresponds to the bunch length ratio
σB±/σC (Eq. (7,8,9)) depending on ξs. The measured ratio
fB−/fB+ increases up to a factor of 2.7 for 250MeV and
is limited by a lifetime decrease.This factor is significantly
lower for 629MeV, as the increased momentum spread re-
quires a larger momentum acceptance around the FP (see
next section). The horizontal dashed line shows the start-
ing tunes at α1 = 0 which corresponds to

√
2fC .

Machine Limitations
The real machine adds additional constraints to the

asymmetric α-buckets. There is a natural momentum
spread, which has to be available to a certain extend around
the FP. For the long bunch, that travels along large δ, the

TUOAB02 Proceedings of IPAC2011, San Sebastián, Spain
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Simultaneous long & short bunches

Proposal for BESSY II

flexible fill pattern, I<300 mA
15 ps & 1.5 ps pulses simultaneous at all beam ports
low-αc: bunches of ~300 fs

7

G. Wüstefeld et al., IPAC2011, THPC014

talk
M. Ruprecht,
WEOAB101

BESSYVSR
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Femtoslicing

Short radiation pulses from laser-induced density modulation
‘Femtoslicing’ established at ALS, BESSY, SLS, UVSOR II
~100 fs pulse lengths (but relatively low photon rates)

8

Holger Huck                                 Ultrashort Radiation Pulses at Storage Rings DPG 2013, Regensburg 

12 Femtoslicing 

modulator dipole
 magnet

radiator

fs laser pulse fs x-ray pulseelectron bunch

aperture

principle:  A. A. Zholents, M. S. Zoloterev, PRL 76 (1996), 912 
ALS:  R. W. Schoenlein et al., Science 287 (2000), 2237 
BESSY:  S. Khan et al., PRL 97 (2006), 074801 
SLS:  P. Beaud et al., PRL 99 (2007), 174801 

 very low photon rate 

 (~10-8 lower than normal SR) 

• established at ALS, BESSY, SLS 

• fully tunable photon energies and 

polarisation (dependent on undulator) 

• pulse length ~100 fs 

• already successful experiments, e.g. 
Stamm, C. et al., Nature mat. 6 (2007), 740 
Radu, I. et al., Nature 472 (2011), 205 

A. A. Zholents, M. S. Zoloterev, PRL 76 (1996), 912
R. W. Schoenlein et al., Science 287 (2000), 2237 (ALS)
S. Khan et al., PRL 97 (2006), 074801 (BESSY II)
P. Beaud et al., PRL 99 (2007), 174801 (SLS)
M. Shimada, et al., Jpn. J. Appl. Phys. 46(12), (2007), 7939 (UVSOR II)

H. Huck

S. Khan, J. Mod. Optic., 55(21), (2008), 3469
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Femtoslicing

Short radiation pulses from laser-induced density modulation
‘Femtoslicing’ established at ALS, BESSY, SLS, UVSOR II
~100 fs pulse lengths (but relatively low photon rates)
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energy modulation translates into spatial 
separation in dispersive section: rapidly 
decaying dip of few 100 fs width in charge 
density radiates in the THz range

poster 
P. Ungelenk et al., 

MOPEA014 



ANKA Synchrotron Light Source at KITA.-S. Müller - Short-Pulse Operation of Storage Ring Light SourcesShanghai, 14 May 2013

Femtoslicing

Short radiation pulses from laser-induced density modulation
‘Femtoslicing’ established at ALS, BESSY, SLS, UVSOR II
~100 fs pulse lengths (but relatively low photon rates)

Further developments:
short and intense VUV pulses from 
Coherent Harmonic Generation (CHG) and 
Echo Enabled Harmonic Generation (EEHG)

Other option:
electron-electron interaction

10

next talk
L. Yu,

 TUOAB201

posters CHG @ DELTA: 
R. Molo et al., TUPWO007 & 
H. Huck et al., WEPWA005 

Holger Huck                                 Ultrashort Radiation Pulses at Storage Rings DPG 2013, Regensburg 

15 

generating short and intense VUV radiation pulses by 
modulating the electrons with a laser field 

energy  
modulation 

density  
modulation 

chicane 

modulator radiator   / n 

Coherent Harmonic Generation (CHG) 

                  VUV-pulses: coherent => intense 
 ultrashort  (50 fs) 
 synchronous to laser 
  

femtosecond 
laser pulses 
(800 nm) 

ACO (Orsay, France) 
UVSOR (Okazaki, Japan)  
ELETTRA (Trieste, Italy) 
DELTA (Dortmund, Germany) 

B. Girard et al., PRL 53 (1984), 2405 
M. Labat et al., PRL 101 (2008), 164803 
E. Allaria et al., PRL 100 (2008), 174801 
S. Khan et al., SRN 24 (2011), 18 

H. HuckDELTA

energy modulation causes 
density modulation after a 
chicane
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Transverse-longitudinal coupling

Bunch rotation by RF orbit deflection
successful use of crab cavities for HEP (e.g. KEKB, under study for LHC)
under development for the Short Pulse X-ray project at APS

11

Holger Huck                                 Ultrashort Radiation Pulses at Storage Rings DPG 2013, Regensburg 

7 Bunch Tilting 

1. transversely-deflecting cavity: bunch tilted vertically 
2. oscillation through magnet lattice 
3. second cavity after n betatron periods to cancel oscillation 

A. Zholents, P. Heimann, M. Zolotorev, J. Byrd, NIM A425 (1999) 

Holger Huck                                 Ultrashort Radiation Pulses at Storage Rings DPG 2013, Regensburg 

8 

not yet demonstrated, planned for APS and SPring-8… 
 
• s.c. rf cavities required 
• emittance growth (rf/phase errors) 
• pulse length > 1 ps 

angular slicing spatial slicing pulse compression with 
asymmetrically-cut crystal 

longitudinal-transversal  correlation… 

H. Huck

A. Zholents et al., 
NIM A 425 (1999) 385
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Other methods

Pseudo single bunch
camshaft bunch kicked 
on a different orbit
e.g. at ALS and SOLEIL

Synchrobetatron coupling
tested e.g. at APS

Injection of short pulse into storage ring
short bunch for a few turns
injection from linac  (e.g. newSUBARU,
Y. Shoji et al., EPAC’06, MOPCH055) 
or Laser Wakefield Accelerator (LWFA)

12

poster 
S. Hillenbrand et al., 

WEPEA012

W. Guo et al., 
PAC’05, RPAE073

C. Sun et al., PRL 10 (2012) 264801

Pseudo-Single-Bunch with Adjustable Frequency: A New Operation Mode
for Synchrotron Light Sources

C. Sun,* G. Portmann, M. Hertlein, J. Kirz, and D. S. Robin
Lawrence Berkeley National Laboratory, One Cyclotron Road, Berkeley, California 94720, USA

(Received 2 August 2012; published 27 December 2012)

We present the concept and results of pseudo-single-bunch (PSB) operation—a new operational mode

at the advanced light source—that can greatly expand the capabilities of synchrotron light sources to carry

out dynamics and time-of-flight experiments. In PSB operation, a single electron bunch is displaced

transversely from the other electron bunches using a short-pulse, high-repetition-rate kicker magnet.

Experiments that require light emitted only from a single bunch can stop the light emitted from the other

bunches using a collimator. Other beam lines will only see a small reduction in flux due to the displaced

bunch. As a result, PSB eliminates the need to schedule multibunch and timing experiments during

different running periods. Furthermore, the time spacing of PSB pulses can be adjusted from milliseconds

to microseconds with a novel ‘‘kick-and-cancel’’ scheme, which can significantly alleviate complications

of using high-power choppers and substantially reduce the rate of sample damage.

DOI: 10.1103/PhysRevLett.109.264801 PACS numbers: 29.20.db, 29.20.dk, 41.60.Ap

The success of storage ring based synchrotron light
sources is due in large part to the ability to simulta-
neously serve multiple users with a diverse set of
requirements such as high-photon flux and brightness,
large range of wavelengths, variable polarization, and
relatively short (10–80 ps) pulses. A major limitation
of synchrotron light sources is the inability to serve
two classes of experiments simultaneously, namely,
brightness or flux limited experiments and timing experi-
ments. High brightness operation requires filling most of
the rf buckets with electrons, thus maximizing the total
current while minimizing the current per bunch. In such
a multibunch filling pattern, the bunch spacing is typi-
cally only a few nanoseconds between electron bunches.
On the other hand, timing experiments require longer
times between x-ray pulses. For example, in the case of
laser-pump x-ray-probe timing experiments, it is desir-
able to have only one x ray pulse per laser pulse. Since
such lasers operate between kHz and MHz rates, this
implies a distance between pulses of ms to !s.

For timing experiments, synchrotron light sources
occasionally operate in a low current few-bunch mode.
In such a few-bunch mode, the maximum spacing
between x-ray pulses is a few hundred ns to a !s, being
limited by the storage ring orbital period. The Advanced
Light Source (ALS) operates about 10% of the time in a
lower current (35 mA) two-bunch mode [see Fig. 1(a)]
where two electron bunches circulate on opposite sides of
the ring spaced by 328 ns. The ALS operates 90% of the
time in a brightness optimized high-current (500 mA),
multibunch mode [see Fig. 1(b)]. In this mode, a train of
276 (out of a possible 328) buckets are filled with elec-
trons, with a gap of 100 ns where an isolated camshaft
bunch is filled with 5 mA.

The concept of using a camshaft bunch in multibunch
operations started many years ago and originated out of the
desire for some timing experimenters to operate during
multibunch mode. However, most timing users can not
use the camshaft due to the short 100 ns gap. The ones
that do must use gated detectors or expensive mechanical
choppers to reduce the background from unwanted
bunches. These choppers are challenging to fabricate and
operate, and for beam lines that operate without a mono-
chromator they have to absorb about a kW of power while
rotating at high speeds. Furthermore, the rotating frequen-
cies of choppers constrain the repetition rate of the external
laser.

FIG. 1 (color online). ALS fill patterns and pseudo-single-
bunch operation: (a) 35 mA two bunch, (b) 500 mA multibunch
with single 5 mA camshaft, (c) pseudo-single pulse of light
generated when collimating all light except that emitted from the
displaced camshaft bunch.

PRL 109, 264801 (2012) P HY S I CA L R EV I EW LE T T E R S
week ending

28 DECEMBER 2012

0031-9007=12=109(26)=264801(5) 264801-1 ! 2012 American Physical Society

ALS
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Physics & phenomenology
Common issues for all types of
short bunches in e- storage rings
CSR spectrum

high radiation power
strong e.m. fields
self-interactions

Instabilities
micro-bunching instability above a 
threshold current
threshold depends on, e.g. RF voltage, vacuum chamber geometry, bending 
radius, but also on the filling pattern
really short bunches only for low bunch currents

Key issues for short bunch studies 
high resolution (ps) - high rate (500 MHz) - long term observation (secs - hrs)
2 categories:
indirect: detection of coherent and incoherent radiation (microwave - vis)
direct:   detection of bunch Coulomb fields

13
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Micro-bunching instability threshold

Theoretical predictions verified at many machines

14

stable. It becomes unstable, when the first pair of complex
value emerges as the current increases.
The matrix elements are given by

Mαβ
lm = l(δlmOαβ

(l) − Cαβ
lm ) (23)

and

Oαβ
(l) =

∫ ∞

0
dK

ω(K)

ωs
e−Kf (l)

α (K)f (l)
β (K), (24)

Cαβ
lm =

√
2Ince−Vmin

√
πκσz

×Im[

∫ ∞

0
dν

Z(ν/σz)

ν
gαl (ν)g

β
m

∗
(ν)], (25)

where

gαl (ν) =

∫ ∞

0
dKe−Kf (l)

α (K)hl(ν,K). (26)

Now, the problem of analyzing the instability of bunched
beam is reduced to first evaluating the integrals in Eqs. (17),
(26), (24), and (25), and then finding the eigen values and
eigen vectors of the matrix M.

Instability Driven by the CSR in Free Space
For the impedance given by Eq. (4), a complete analysis

of the stability of the Haissinski distribution as a function
of the current was carried out[12]. As shown in Fig 4, the
threshold of the instability is at ξth = 0.482.
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Figure 4: Imaginary part of the eigen values for Ω/ωs as
a function of the scaled current, ξ = Inρ1/3/σ

4/3
z , for the

impedance driven by the CSR in free space.

Threshold of the CSR Instability with Shielding
Similar analysis is carried out using the impedance de-

fined in Eq (8). Because of the additional parameter h
and the scaling property in the impedance formula, the
threshold becomes a function of the shielding parameter,
χ = σzρ1/2/h3/2, as shown in Fig. 5 as the green stars.
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VFP simulation
Bunched beam theory
Coasting beam theory

Figure 5: Threshold ξth as a function of the shield-
ing parameter χ. The circles are the result of the VFP
simulation[7].

The solid line in the figure is plotted using the formula,
ξ = 3

√
2χ2/3/π3/2. It can be derived from the coast-

ing beam threshold in Eq. (12) using the definitions of ξ
and χ and Eq. (19). Clearly, the agreement between the
simulation and the coasting beam theory is excellent when
χ > 2. Finally, the bunched beam theory confirms the dip
at χ = 0.25, seen first in the simulation.
Finally, for the theoretical ξth, one may simplify the re-

sult in the figure to

ξth(χ) = 0.5 + 0.34χ, (27)

except the dip at χ = 0.25. This linear relation was first
obtained by fitting to the result of the VFP simulation[7].

COMPARISON TO THE
MEASUREMENTS

Although the bursting phenomenon at THz was observed
under various momentum compaction factors, RF voltages,
bunch lengths, and energies in many synchrotron light
sources, its threshold current Ithb satisfies a simple scaling
law[13] with respect to the bunch length σz (in MKS units),

σ7/3
z =

c2Z0

2πF31/3
Ithb ρ1/3/(Vrffrffrev), (28)

where F is a constant. Note that σz is the bunch length at
zero current not at the threshold current. This scaling prop-
erty with F = 7.456 was derived[14] based on the coast-
ing beam theory developed by Stupakov and Heifets[1]. It
agrees very well with the BESSY II measurement[15].
A similar equation can be derived easily from the

bunched beam theory. Starting from ξ = Inρ1/3/σ
4/3
z and

using Eqs. (19), (14), and (13), we obtain (in MKS units)

σ7/3
z =

c2Z0

8π2ξ
Ibρ

1/3/(Vrf cosφsfrffrev). (29)

Here we have usedZ0 = 4π/c to change fromCGS units to
MKS units. So far, this is merely a general relation between

Proceedings of IPAC2011, San Sebastián, Spain FRXAA01
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Micro-bunching dynamics

Dynamic sub-structures & effective bunch length blow-up

15

poster 
E. Roussel et al., 

WEPEA005 
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C. Evain et al., EPL, 98 (2012) 40006

simulation of long. phase space (SOLEIL)

streak camera measurements

Spatio-temporal dynamics of relativistic electron bunches etc.

Fig. 2: (Color online) (a), (b) Absolute value of the Fourier
transform of the experimental temporal THz signals vs. the
current. Details (c), (d), (e), (f) at I = 0.22, 0.23, 0.27 and
0.29mA (blue, green, velvet, orange line, respectively). (a), (c),
(d) Frequency between 0 and 5 kHz and (b), (d), (f) between
5 and 45 kHz. Signals shifted vertically for figure clarity.

number (n+1), the coordinates of the particle i are
calculated according to the following formulas [11]:

zi(n+1) = zi(n)−αCδi(n), (1)

δi(n+1) = δi(n)+
VRF
E0
cos

(
2πfRF
c
zi+1−φs

)
− U0
E0

−δi(n)du1+du2× ξ+
Vwf [zi(n)]

E0
. (2)

The electron position z changes vs. its relative energy
δ at a rate proportional to α and to the ring circum-
ference C. The energy loss due to synchrotron radiation
includes a constant component (U0 =

2e2

3×4πε0 γ
4 2π
R with ε0

the vacuum permittivity, R the bending magnet radius,
γ =E/m0c2, m0 the electron mass and c the speed of
light), a damping term (du1 =

2
3r0γ

3 [2I2+ I4], with r0
the electron radius and I2 and I4 the radiation inte-
grals [11]), and a random part, due to quantum properties
of the photon emission (with ξ a random Gaussian distri-

bution, du2 =
√
2Cqγ2

1
2+I4/I2

1
Rdu1, Cq =

55
32
√
3
!c
mc2 and !

the Planck constant). To compensate the energy losses
induced by the synchrotron radiation, the electrons are
accelerated in the Radio-Frequency (RF) cavities, with a
frequency fRF and a voltage VRF . The synchronous phase
φs corresponds to the constant loss part equal to the RF
cavities gain: φs = acos(U0/VRF ). Finally, the interaction
of the electrons with their own electromagnetic field is
taken into account with the term Vwf :

Vwf (z) = −
2πR

4πε0
eNe

(∫ ∞

0

2

(3R2)
1
3

dρ(z− z′)
dz

1

(z′)1/3
dz′

− 1

2h2

∫ +∞

−∞
ρ(z− z′)G2

[
1

2h

(
R

h

)1/2
z′

]

dz′
)

.

(3)
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Fig. 3: (a), (b) Typical longitudinal phase-space f(z, δ) at (a)
I = 0.5mA and (b) I = 1mA. White lines: iso-contour of the
electron-bunch distribution associated to a value of 30macro-
particles (grid: 150× 150). (c), (d) Associated profile from inte-
gration (black line) over all the energies (i.e. ρ(z)) and (grey
line) over a small energy range (−1.27 10−3 < δ<−1.33 10−3,
cf. white dashed line in (a), (b). Amplitude ×40). Parame-
ters: I = 0.5mA,Np = 10

6, α= 4.4× 10−5, VRF = 3MV, fRF =
352.2MHz, E0 = 2.75GeV, σE = 10

−3E0, R= 5.36m, I2 =
1.17, I4 = 5.53× 10−4, h= 1.25 cm, C = 354m, Nbin = 2000,
∆z = 0.1mm.

For simplicity, only the CSR wakefield is considered,
when an electron bunch is circulating along a circular
trajectory of radius R [24] between two infinite parallel
plates separated by a height 2h [23], modeling the vacuum

chamber (ρ(z) =
∫ +∞
−∞ f(z, δ)dδ, with f(z, δ) the electron

bunch distribution and G2(z) from [23], eq. (5.22b)). The
first term on the right-hand side of eq. (3) accounts for
the free-space term and the second term accounts for
the shielded effect induced by the parallel plates. The
contributions to the wakefield by resistive walls, broad-
band and narrow-band impedances (from storage ring
components like vacuum walls, tapers, Beam Positions
Monitor, etc.) are neglected. For numerical calculation,
the longitudinal positions z are distributed along a grid
composed of Nbin cases, centred on z = 0 and separated
by a step ∆z.
The numerical integration of eqs. (1), (2) and (3) at

α= α0/10 for a sufficiently high current enables to observe
some sub-structures in the bunch distribution, as shown in
figs. 3(a), (b). Instead of being Gaussian in the two direc-
tions of the phase-space, the electron bunch distribution
f(z, δ) presents some sub-structures in the lower-energy
area, which evolve in time with a rotating movement
(counterclockwise) due to the synchrotron rotation. Those
sub-structures translate into a micro-bunching in the
associated bunch profile ρ(z) (figs. 3(c), (d)), leading to
a coherent emission in the THz frequency range.
Figure 4 shows in (b) the evolution of the emitted coher-

ent power PCSR(t) at I = 0.5mA over 3000 storage ring
turns, with PCSR(t) given by PCSR(t) =

∫ νf
ν0
|ρ̃(ν, t)|2dν,

40006-p3

0.5 mA 1 mA
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Bunch length and current

bunch lengthens before threshold
complex dynamics makes
threshold determination hard 
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Bursting patterns
Dynamic sub-structures lead to bursts of CSR
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V. Judin et al., IPAC2010, WEPEA021

THz signal measured with an 
ultra-fast detector system
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function of bunch current
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Impedances & wakes
Geometric impedance (e.g. a scraper) and the filling pattern influence 
the bursting threshold and radiation power (-> form factor change)
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Beam Dynamics Newsletter 57 (2012) 154

THz signal of a single bunch as a 
function of single bunch current with and 
without the influence of a scraper

THz signal individual bunches in a bunch 
train as a function of single bunch current
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Long range bunch-bunch correlations
More information by use of ultra-fast 
detectors & data acquisition
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Ultra-fast simultaneous detection of THz signal 
from all bunches over many revolutions
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Direct detection of bunch fields

Electro-optic (EO) methods measures
wake field (EO sampling)
bunch shape (EO spectral decoding, single shot!)

20
Nicole.Hiller@kit.edu - Electro-optical bunch length measurements at the ANKA storage ring

DPG Spring Meeting, Dresden 3rd-8th March, 2013
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Spectral decoding (single shot) - EOSD
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λ/4: compensate intrinsic birefringence of crystal
λ/2: control transmission through crossed polariser N. Hiller

EOSD principleEO set-up in the ANKA 
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EO sampling: wake field

EOS measurement of the E-field 
induced birefringence inside GaP 
crystal from passing bunch

21

-500 0 500 1000 1500 2000 2500
Time in ps

0.45

0.55

Ph
ot

od
io

de
 s

ig
na

l i
n 

V

bunch
wake-fields

ANKA

posters 
H. Hiller et al., MOPEA014

B. Kehrer et al., MOPEA015



ANKA Synchrotron Light Source at KITA.-S. Müller - Short-Pulse Operation of Storage Ring Light SourcesShanghai, 14 May 2013

EO spectral decoding: bunch shape

Single shot EOSD measurements indicate dynamic sub-structures
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N. Hiller
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Summary

Strong science case for short pulses (THz to X-rays)

Many different ways to generate short photon pulses from ...
short bunches (e.g. low-αc, simultaneous long and short 
bunches using higher order terms of αc)
rotating bunches (e.g. crab cavities, synchrobetatron coupling)
ultra-short modulation on longer bunches 
(e.g. slicing, CHG, EEHG)

New developments, e.g. simultaneous long and short bunches with 
strong alternating RF focussing scheme (BESSYVSR)

Physics & phenomenology
micro-bunching causes bunch lengthening & dynamic substructures 
studies require:
high resolution (ps) - high rate (500 MHz) - long term observation (secs - hrs)
new developments in diagnostics: turn-by-turn and single shot measurements
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100 fs - 1 ps
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