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KIT synchrotron lightsource & accelerator test facility
until 2015 known as „ANKA“

Key parameters
Circumference: 110.4 m
Energy range: 0.5 - 2.5 GeV
RF frequency: 500 MHz
Revolution frequency: 2.715 MHz
Beam current up to 200 mA
RMS bunch length: 

45 ps (for 2.5 GeV) 
down to a few ps (for 1.3 GeV)

Single or multi-bunch operation

Karlsruhe Research Accelerator (KARA)

www.ibpt.kit.edu/kara

2

Image: U. Herberger

25 April 2022



B. Härer, E. Blomley – Experience at ANKA/KARA and possible beam tests Institute for Beam Physics and Technology (IBPT)

Operation modes in 2022:
0.5/2.3/2.5 GeV user optics, 0.5/1.3 GeV low-alpha, 0.5/1.3 GeV negative alpha
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User optics:  𝞪c = 9 ×10-3 Negative alpha optics: 𝞪c = -8 ×10-3
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Asymmetry in the spin-flip probability due to emission of synchrotron radiation 
à build-up of transverse polarization 
Spin vector precedes in presence of electric and magnetic fields

If a vertical excitation with spin-tune resonance is applied, the polarization is resonantly 
destroyed.
The resonance is very narrow, so if the frequency of the depolarizer field is swept slowly, 
the resolution is very good.

If depolarization occurs, spin tune and beam energy can be determined.

25 April 20224

Resonant spin depolarization – reminder 
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Since 2004: Setup to measure beam energy at ANKA/KARA with resonant spin depolarization
A.-S. Mülller et al., “Energy calibration of the ANKA storage ring”,
https://accelconf.web.cern.ch/e04/PAPERS/THPKF022.PDF

2008: New frequency generator for the stripline kickers
T. Bückle, diploma thesis (German)
https://publikationen.bibliothek.kit.edu/1000022044

2014: Setup updated: frequency generator replaced by bunch-by-bunch feedback system, new Matlab 
scripts for automated procedure including analysis

Setup in operation since then: Measurement campaigns in 2015, 2020, 2021 
momentum compaction factor and drift of beam energy

25 April 20225

Resonant spin depolarization – history 

<latexit sha1_base64="XoCgfuvyuxF/KizQ3IwrCnIwMYI="></latexit>

) �E

E
= 2.88⇥ 10�5

https://accelconf.web.cern.ch/e04/PAPERS/THPKF022.PDF
https://publikationen.bibliothek.kit.edu/1000022044


B. Härer, E. Blomley – Experience at ANKA/KARA and possible beam tests Institute for Beam Physics and Technology (IBPT)25 April 20226

Resonant spin depolarization – setup 

3. Messaufbau

Abbildung 3.4 zeigt den Bleiglaszähler einmal allein und einmal eingebaut in seiner Halterung
am Speicherring.

(a) (b)

Abbildung 3.4.: Zwei Bilder des Bleiglaszählers mit Photomultiplier: a) allein mit einem Line-
al zum Größenvergleich. Der Zylinder am linken Ende ist der Photomultiplier
mit dem Signalkabel. b) eingebaut in seiner Halterung am Speicherring.

3.2.2. Diskriminator

Das Signal des Photomultipliers wird in der Diskriminatoreinheit (CAEN N842) in ein NIM-
Signal umgewandelt. Der NIM-Standard hat ebenfalls einen negativen Pegel, eine logische 1
wird hier durch eine Spannung von ca. �800 mV dargestellt.

Am Diskriminator lassen sich der Schwellwert für das Eingangssignal und die Pulsdauer des
Ausgangssignals festlegen. Der mögliche Einstellbereich der Schwelle geht dabei von 0 bis
255. Ein Skalenteil entspricht hierbei �10 mV, d.h. die Schwelle 2 entspricht einer Schwell-
spannung von �20 mV. Zur Festlegung eines geeigneten Schwellwerts wurde die Zählrate,
angegeben in der Einheit Ereignisse pro Minute, für verschiedene Einstellungen bestimmt.
Die Zählrate kann je nach Betriebsparametern des Speicherrings deutlich abweichen, für die
Festlegung des Messbereichs ist aber der Absolutwert nicht relevant, so dass für die Auswer-
tung in Abbildung 3.5 die y-Achse als willkürliche Einheit zu verstehen ist. Die Ergebnisse
dieser Messung sind in Tabelle 3.1 aufgeführt. Der Fehler auf die Zählraten ergibt sich als
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Die Zählrate kann je nach Betriebsparametern des Speicherrings deutlich abweichen, für die
Festlegung des Messbereichs ist aber der Absolutwert nicht relevant, so dass für die Auswer-
tung in Abbildung 3.5 die y-Achse als willkürliche Einheit zu verstehen ist. Die Ergebnisse
dieser Messung sind in Tabelle 3.1 aufgeführt. Der Fehler auf die Zählraten ergibt sich als
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multiplier

Lead-glass 
block

Change in Touschek lifetime because Møller 
scattering is dependent on polarization 
à Change in loss rate visible at depolarization

Logging lossrate and 
excitation frequency
Monitoring the vertical 
beam size to ensure 
that there is no 
betatron resonance

Toushek sensitive region
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Step function fit to determine frequency at which depolarization occurs

Matlab script automatically
scans excitation frequency,
creates Elog entry, saves data
fits step function and creates plot.

Typical relative energy uncertainties 
determined from the width 𝜎d are of 
the order of 2 × 10-5.
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Resonant spin depolarization – analysis  

5.2. Resultate
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Abbildung 5.1.: Beispieldarstellung der Messdaten: Frequenzintervall 1.68 � 1.72 MHz,
Sweepdauer 1800 s, in der Mitte ist deutlich ein Sprung in der Zählrate zu er-
kennen; Neben der Zählrate wurde noch der Strahlstrom eingezeichnet, deut-
lich sichtbar der parallele Abfall

Messung bedingt.

Aus den Messdaten wird durch einen Fit mit einer abgewandelten Froissart-Stora-Funktion
[31, 32]

r(t) = a� b · t +
�r

1 + exp

⇣
� t�td

�d

⌘ (5.2)

die Zeit der Depolarisation bestimmt. Hier ist r(t) die zeitabhängige Zählrate. Die Parameter
a und b beschreiben den linearen Abfall der Zählrate durch den sinkenden Strahlstrom. �r

gibt die Größte der Änderung der Zählrate durch den Sprung an, td ist der Zeitpunkt der
Depolarisation und �d ihre Breite, also die Zeit, die zur Depolarisation benötigt wird. Wird
der lineare Zusammenhang des Stromverlaufs nicht betrachtet, sondern nur der Term mit der
Exponentialfunktion im Nenner, ist zu sehen, dass diese Funktion einen Anstieg mit oben
genannten Parametern zeigt, wie in Abbildung 5.2 deutlich wird. Die Funktion hat Ähnlichkeit
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Resonant spin depolarization – results 

E = 2490 MeV Oct 2014
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Important: Resonant 
depolarization also occurs 
on side bands!
Variation of RF voltage 
changes synchrotron tune, 
but not beam energy
Side band: excitation 
frequency shifts
Energy band: excitation 
frequency stays the same
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Results from 2021
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A reliable setup for resonant spin depolarization is installed and in 
operation
Typical time for polarization build-up at 2.5 GeV: 10 min 
Matlab scripts are available that allow fully automated measurements

Change of beam energy via frequency modifications
Change of RF voltage
Scans of side bands
Read-out, analysis, visualization, and documentation

à Measurements can be performed overnight
à No idle time during polarization build-up

25 April 202210

Resonant spin depolarization at KARA
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Scripts are currently written in Matlab but will be migrated to python

A new BLM system is currently being installed, evaluations are going on, 
if it can be used for resonant spin depolarization

Resonant spin depolarization at 2.3 GeV

What are you interested in?

25 April 202211

Outlook
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Precise energy measurement was required for lower energies (low alpha operation)
RSD not feasible because of long polarization time

Doctoral dissertation of Cheng Chang: “Precise determination of the electron 
beam energy with Compton backscattered laser photons at ANKA” (2016)
https://publikationen.bibliothek.kit.edu/1000051914

IPAC’15 contribution C. Chang et al., “First Results of Energy Measurements with a 
Compact Compton Backscattering Setup at ANKA” (2015)
https://accelconf.web.cern.ch/IPAC2015/papers/mopha040.pdf

25 April 202212

Compton backscattering at “ANKA”

https://publikationen.bibliothek.kit.edu/1000051914
https://accelconf.web.cern.ch/IPAC2015/papers/mopha040.pdf
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FIRST RESULTS OF ENERGY MEASUREMENTS WITH A COMPACT 
COMPTON BACKSCATTERING SETUP AT ANKA* 

C. Chang, E. Bründermann, E. Hertle, N. Hiller, E. Huttel, A.-S. Müller, M. J. Nasse, M. Schuh, J. 
L. Steinmann, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany, H.-W. Hübers, H. 

Richter, Deutsches Zentrum für Luft- und Raumfahrt (DLR), Berlin, Germany 

Abstract 

An electron energy measurement setup based on the 
detection of Compton backscattered photons, generated 
by laser light scattered off the relativistic electron beam, 
has been proposed and developed for operation at the 
ANKA storage ring of the Karlsruhe Institute of 
Technology (KIT). In contrast to conventional methods 
based on head-on collisions, the setup at ANKA is, for the 
first time, realized in a transverse configuration where the 
laser beam hits the electron beam at an angle of ~90°. 
This makes it possible to achieve a relatively low-cost and 
very compact setup since it only requires a small side-port 
instead of a straight section. This development could 
benefit storage rings with restricted space or where no 
straight sections are available, for example due to 
interferences with existing beamlines. The setup and the 
first measurement results are presented in the paper. 

MOTIVATION 

The ANKA storage ring [1] is operated from 0.5 GeV 
to 2.5 GeV.  In the short bunch operation mode, typically 
at 1.3 and 1.6 GeV, coherent THz synchrotron radiation is 
generated [2]. Previously, precise energy calibration at 2.5 
GeV was successfully achieved by resonant spin 
depolarization [3]. For lower energies, however, this 
technique requires very long measurement times. Here 
Compton Back-Scattering (CBS) is more suitable as it 
does not require a polarized electron beam. So far, several 
facilities have reported energy measurements based on 
CBS using a head-on collision geometry (φ=π) with 
relative accuracies reaching 10-4 to a few 10-5 [4-9]. 
Compared to the traditional CBS method, we have for the 
first time developed and measured with a transverse 
configuration (φ=π/2). This setup has several advantagesμ 
It is very compact and can therefore also be used at rings 
with restricted space. Furthermore, the transverse setup 
reduces the energy of Compton edge photons by a factor 
of two, which either makes measurements and detector 
calibration much easier, or enlarges the measurable range 
of a specific setup considerably. The transverse 
configuration can in principle also be converted easily 
into a versatile laser wire diagnostics tool. 

METHOD PRINCIPLE  

If monochromatic (laser) photons (energy EL) scatter 
off of relativistic electrons (energy Ee), the scattered 
photons with energy Es follow the kinematics illustrated 
in Eq. 1 and Fig. 1, where φ is the collision angle between 
the incoming laser and the electrons and θ is the scattering 
angle between the scattered photons and the initial 
electrons. The electron velocity divided by the speed of 
light is denoted by βμ 

 L
s

L e

E (1- cos )
E

1 cos E / E [1-cos( - )]

 


   
. (1) 

 

Figure 1: Scheme of CBS. 

For θ=0, the energy of the scattered photons reaches its 
maximum Emax and forms a sharp cut-off edge (Compton 
edge) in the energy spectrum. 

For typical CBS measurements at storage rings we have 
Ee>>mc2>> EL (mc2 is the electron rest energy) and φ>0. 
The electron beam energy Ee can then be determined from 
the known values of mc2 and EL, and the measured φ and 
Emax using 
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Its relative uncertainty can be calculated as  

   2 2 2max
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[ ] [ ] [ ]
2 2 tan( / 2) 2
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LE EE

  
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Here σEL/EL is the relative uncertainty of the average 
laser photon energy. 

 ___________________________________________  

*Work supported by the European Union under contract PITN-GA-
2011-289191  
 

6th International Particle Accelerator Conference IPAC2015, Richmond, VA, USA JACoW Publishing

ISBN: 978-3-95450-168-7 doi:10.18429/JACoW-IPAC2015-MOPHA040

MOPHA040
876

C
o
n
te

n
t
fr

o
m

th
is

w
o
rk

m
a
y

b
e

u
s
e
d

u
n
d
e
r

th
e

te
r
m

s
o
f

th
e

C
C

B
Y

3
.0

li
c
e
n
c
e

(©
2
0
1
5
).

A
n
y

d
is

tr
ib

u
ti
o
n

o
f

th
is

w
o
rk

m
u
s
t
m

a
in

ta
in

a
tt
r
ib

u
ti
o
n

to
th

e
a
u
th

o
r(

s
),

ti
tl
e

o
f

th
e

w
o
rk

,
p
u
b
li
s
h
e
r,

a
n
d

D
O

I.

6: Beam Instrumentation, Controls, Feedback, and Operational Aspects
T03 - Beam Diagnostics and Instrumentation

Energy of the scattered photons

With measured 𝜑, Emax and known mc2, EL

Relative uncertainty
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National Research Center of the Helmholtz Association 

Compton Back-Scattering (CBS) 
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¾ With measured φ, Emax & known mc2 and EL Î Ee can be determined 
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Advantages Challenges 
Compact and integrated setup  Lower interaction time 

Lower Emax Î Easier measurement  More sensitive to alignment errors 
Versatile instrument  Match between laser and electrons 

Setup at ANKA 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
¾ Gamma ray detection system 
• High purity Ge (HPGe) spectrometer (ORTEC GEM-M5970)  

• Crystal section shielded by lead blocks 

• Pre-aligned by laser tracker 
 

¾ CO2 laser and optical system 
• CO2 laser (λ ~10.2 μm @ 10R22): Emax within the sensitivity range of our HPGe 

• CW, ~20W, frequency specially stabilized (σEL/EL~10-6): PID loop + FPI (DLR) 

• Laser coupled through an ion pump 

• Cylindrical lens: laser focused to ~600 μm (4σ) vertically 
 
 
 
 
 
 
 
 
¾ Compared to conventional head-on collision (φ = π): 

Determination of Collision Angle  
¾ Reference line (RL): mechanical centers of two quadrupoles 
 
 
 
 
 
 
 
¾ Laser direction: 
• Camera position measured with laser tracker: 91.648°  

• Beam centroid monitored by the camera 

 

 

 

 

• Laser beam is 91.630 ° ± 0.010° relative to the RL 
¾ Electron beam orientation 
• BPM reading: -0.010° relative to the RL 

• Uncertainty estimation < 0.1 mrad/0.006° 
¾ Collision angle φ = 91.620° ± 0.012°, σφ/tan(φ/2) = 2.0 × 10-4 

 

 

Determination of Emax by edge fitting 
 
 
 
 
 
 
 
¾ (a) laser off; (b) laser on. S/N~3 

 

¾ Compton edge curve fit by a six-parameter erfc-like function 
  

¾ Emax = 1580.44 keV ± 0.28 keV, σEmax/Emax = 1.8 × 10-4 (χ2/ndf~524/555) 

  pos1 pos2 

X center of 10000 samples (µm) 13901 14285 

ΔX (4σ) (µm) 557.62 634.64 

Distance between pos. 1 and 2 (m) 1.2010 

Preliminary results 
¾ 1.3 GeV: Ee ± σEe= 1287.0 MeV ± 0.2 MeV (above) 

 

¾ 0.5 GeV: Ee ± σEe= 495.65 MeV ± 0.06 MeV (bottom left) 
 

¾ 1.6 GeV: Ee ± σEe= 1582.1 MeV ± 0.2 MeV (bottom right) 
 
 

90° collision angle
0° scattering angle
Very compact setup (laser coupled in via ion getter pump port)
Detector used a temporarily free 0° frontend
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Measurement of the collision angle

Collision angle crucial for 
energy precision
Reference line: center of two 
quadrupoles
Angle between laser direction 
and reference line measured 
with laser tracker and camera
BPMs measure electron beam 
orbit relative to reference line

 

 

the laser direction relative to the RL with a laser tracker 
(Leica Absolute Tracker AT401) and a camera (Spiricon 
Pyrocam IV). We also use Beam Position Monitors 
(BPMs) to monitor the electron orbit orientation relative 
to the RL. The collision angle φ can then be determined.  

 The main part of φ is between the RL and the vector 
set by the two camera positions. It is measured as 91.648° 
with the laser tracker. After consideration of the offset of 
the beam centroid centers shown in Table 1, the laser 
direction was determined to 91.630° relative to the RL.  

Table 1: Centroid Measurement  

Since the laser tracker is very accurate (maximum 
permissible error: ±15 µm + 6 µm/m) compared to the 
beam centroid stability (ΔX in Table 1), its measurement 
uncertainty is negligible. If we assume the worst case that 
ΔX is solely caused by angular drift rather than parallel 
beam movement, the angular uncertainty of the laser 
direction can then be determined as 0.18 mrad = 0.010°. 

So the laser beam is 91.630 ° ± 0.010° relative to the RL. 
According to the readings from BPM_1 and BPM_2, 

the electron beam orientation relative to the RL is -0.17 
mrad = -0.010°. The uncertainty of this angle mainly 
comes from: mismatch between the magnetic and 
mechanical centers of the quadrupoles < 0.05 mrad; 

electron orbit drift during measurement < 0.01 mrad; 

calibration of BPM based on beam based alignment < 0.1 
mrad/0.006°. 

The collision angle φ is 91.620° ± 0.012°, which gives 
σφ/tan(φ/2) = 2.0 × 10-4. 

Edge Fitting 

According to [7] and [9], the Compton edge curve can 
be fit by a six-parameter function (similar to a 
complementary error function, erfc) to determine the 
average value of Emax. For Fig.6 (b), the edge fitting gives 
Emax as 1580.44 keV ± 0.28 keV, as shown in Fig. 8. 
Given that the systematic uncertainty from the detector 
calibration should be smaller than 10-4, then the statistical 
uncertainty dominates σEmax/Emax, which is 1.8 × 10-4. 

Preliminary Result 

 Using mc2 = 0.5109989 MeV, EL = 0.1211591 eV and 
the measured values φ = λ1.620°, Emax = 1580.44 MeV, 
we can calculate Ee = 1286.95 MeV using Eq. 2. We can 
also get σEe/Ee = 1.3 × 10-4 using Eq. 3. Subsequently, we 
can determine the energy we measured at 1.3 GeV is Ee ± 
σEe= 1287.0 MeV ± 0.2 MeV. 

SUMMARY 

Compared to the conventional CBS methods of energy 
measurement, we have for the first time developed a 
compact setup based on transverse scheme at ANKA. The 
signal to noise ratio agrees well with the designed value. 
Besides the result shown in the paper, measurements 
around 0.5 GeV, 1.6 GeV and 2.5 GeV also give 
promising initial results. Furthermore, longer 
accumulation time has shown the statistical uncertainty of 
determining Emax can be reduced down to a few 10-5. 
Further studies need to be carried out to improve the 
deviation of the collision angle. 

ACKNOWLEDGMENT 

We like to thank R. Klein at MLS for the inspired 
discussion, as well as S. Kaminski at SUM/KIT for 
valuable instructions. We also acknowledge all colleagues 
at ANKA, in particular: N.J. Smale, R. Lang, A. Völker, T. 
Fischböck. S. Marsching, J. Schmid, M. Hagelstein, D. 
Bachelor, B. Kehrer, M. Ahmad and D. Breitmeier. 

REFERENCES 
[1] D. Einfeld et al., WPPH094, PAC2001. 

[2] A.-S. Müller et al., Beam Dynamics Newsletter 57, ICFA, 

p. 154, 2012. 

[3] A.-S. Müller et al., THPKF022, EPAC2004. 

[4] R. Klein et al., Nucl. Instrum. Methods Phys. Res., Sect. A 

384, 293 (1997). 

[5] R. Klein et al., Nucl. Instrum. Methods Phys. Res., Sect. A 

486, 545 (2002). 

[6] R. Klein et al., Phys. Rev. ST Accel. Beams 11, 110701 

(2008). 

[7] V.E. Blinov et al., Nucl. Instrum. Methods Phys. Res., Sect. 

A 598, 23 (2009). 

[8] C. Sun et al., Phys. Rev. ST Accel. Beams 12, 062801 

(2009). 

[9] J.Y. Zhang et al., Nuclear Physics B Proceedings 

Supplement 00, 1-11 (2011). 

[10]  C. Chang et al., IPAC 2014, THPME112. 

 

Figure 7: Determination of collision angle. 

 pos1 pos2 

X center of 10000 samples (µm) 13901 14285 

ΔX (4σ) (µm) 557.62 634.64 

Distance between pos. 1 and 2 (m) 1.2010 

 

Figure 8: Zoom into Compton edge of Fig. 6 (b) and 
curve fitting at 1.3 GeV, χ2/ndf = 524/555. 
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𝜑 = 91.620° ± 0.012°
𝜎𝜑/tan(𝜑/2) = 2.0 × 10-4
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The angular deviation σφ comes from the drifts and 
measurement uncertainties of both electron beam and 
laser beam. For the transverse setup, this term has an 
impact on energy measurement accuracy [10]. 

The determination of the relative uncertainty of average 
Emax consists of two parts: systematic uncertainty comes 
from the energy calibration of the detector; statistical 
uncertainty is given by fitting the Compton edge. 

SETUP AT ANKA 

Figure 2 shows the transverse CBS setup for energy 
measurements currently implemented at ANKA. The 
interaction point is located at one long straight section. 
The gamma photons generated by CBS propagate in a 
narrow cone along the direction of the electron beam. The 
photons with energy Emax are concentrated on the 
propagation axis. We use a tungsten collimator in front of 
the detector to collect these photons and reduce the 
background level.  

 

Figure 2: The compact CBS setup for energy 
measurement at ANKA. 

The detector is a High Purity Germanium (HPGe) 
spectrometer (ORTEC GEM-M5970, nominal relative 
efficiency 38%), as shown in Fig. 3. Its crystal section is 
shielded by lead blocks in the experimental environment. 

 

Figure 3: Gamma ray detection system. 

As shown in Fig. 4, a monochromatic CO2 laser, on 
loan from DLR (Ȝ: 10.2 ȝm, ~20 W) covers the detectable 
range of our HPGe. Its frequency is specially stabilized 
through a PID loop and a Fabry-Perot interferometer to 
about 10-6 (σEL/EL). The laser is tightly focused by a 
cylindrical lens to ~600 ȝm (4σ) vertically to match the 
electron beam and maximize the signal rate (Fig. 5). We 
take advantage of an ion pump port to couple in the laser, 

therefore it does not require any dedicated section of the 
storage ring. 

 

Figure 4: Laser and optical system of the CBS setup. 

 

Figure 5: Laser profile at the focal plane with the vertical 
beam size much smaller than the horizontal one. 

MEASUREMENT 

Figure 6 shows a typical CBS spectrum with a distinct 
Compton edge compared to the radiation background. The 
signal to noise ratio is around 3, which agrees well with 
the design value [10]. 

 Collision Angle   

We use the mechanical centers of two quadrupoles as a 
Reference Line (RL) as shown in Fig. 7. We can measure 

 

 

Figure 6: Spectrum at 1.3 GeV for over 120 seconds: (a) 
radiation background (laser off, e- beam ~10.7 mA); (b) 
CBS signal + background (laser on, e- beam ~9.3 mA). 
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Compton backscattering – Evaluation 

 

The angular deviation σφ comes from the drifts and 
measurement uncertainties of both electron beam and 
laser beam. For the transverse setup, this term has an 
impact on energy measurement accuracy [10]. 

The determination of the relative uncertainty of average 
Emax consists of two parts: systematic uncertainty comes 
from the energy calibration of the detector; statistical 
uncertainty is given by fitting the Compton edge. 

SETUP AT ANKA 

Figure 2 shows the transverse CBS setup for energy 
measurements currently implemented at ANKA. The 
interaction point is located at one long straight section. 
The gamma photons generated by CBS propagate in a 
narrow cone along the direction of the electron beam. The 
photons with energy Emax are concentrated on the 
propagation axis. We use a tungsten collimator in front of 
the detector to collect these photons and reduce the 
background level.  

 

Figure 2: The compact CBS setup for energy 
measurement at ANKA. 

The detector is a High Purity Germanium (HPGe) 
spectrometer (ORTEC GEM-M5970, nominal relative 
efficiency 38%), as shown in Fig. 3. Its crystal section is 
shielded by lead blocks in the experimental environment. 

 

Figure 3: Gamma ray detection system. 

As shown in Fig. 4, a monochromatic CO2 laser, on 
loan from DLR (Ȝ: 10.2 ȝm, ~20 W) covers the detectable 
range of our HPGe. Its frequency is specially stabilized 
through a PID loop and a Fabry-Perot interferometer to 
about 10-6 (σEL/EL). The laser is tightly focused by a 
cylindrical lens to ~600 ȝm (4σ) vertically to match the 
electron beam and maximize the signal rate (Fig. 5). We 
take advantage of an ion pump port to couple in the laser, 

therefore it does not require any dedicated section of the 
storage ring. 

 

Figure 4: Laser and optical system of the CBS setup. 

 

Figure 5: Laser profile at the focal plane with the vertical 
beam size much smaller than the horizontal one. 

MEASUREMENT 

Figure 6 shows a typical CBS spectrum with a distinct 
Compton edge compared to the radiation background. The 
signal to noise ratio is around 3, which agrees well with 
the design value [10]. 

 Collision Angle   

We use the mechanical centers of two quadrupoles as a 
Reference Line (RL) as shown in Fig. 7. We can measure 

 

 

Figure 6: Spectrum at 1.3 GeV for over 120 seconds: (a) 
radiation background (laser off, e- beam ~10.7 mA); (b) 
CBS signal + background (laser on, e- beam ~9.3 mA). 
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the laser direction relative to the RL with a laser tracker 
(Leica Absolute Tracker AT401) and a camera (Spiricon 
Pyrocam IV). We also use Beam Position Monitors 
(BPMs) to monitor the electron orbit orientation relative 
to the RL. The collision angle φ can then be determined.  

 The main part of φ is between the RL and the vector 
set by the two camera positions. It is measured as 91.648° 
with the laser tracker. After consideration of the offset of 
the beam centroid centers shown in Table 1, the laser 
direction was determined to 91.630° relative to the RL.  

Table 1: Centroid Measurement  

Since the laser tracker is very accurate (maximum 
permissible error: ±15 µm + 6 µm/m) compared to the 
beam centroid stability (ΔX in Table 1), its measurement 
uncertainty is negligible. If we assume the worst case that 
ΔX is solely caused by angular drift rather than parallel 
beam movement, the angular uncertainty of the laser 
direction can then be determined as 0.18 mrad = 0.010°. 

So the laser beam is 91.630 ° ± 0.010° relative to the RL. 
According to the readings from BPM_1 and BPM_2, 

the electron beam orientation relative to the RL is -0.17 
mrad = -0.010°. The uncertainty of this angle mainly 
comes from: mismatch between the magnetic and 
mechanical centers of the quadrupoles < 0.05 mrad; 

electron orbit drift during measurement < 0.01 mrad; 

calibration of BPM based on beam based alignment < 0.1 
mrad/0.006°. 

The collision angle φ is 91.620° ± 0.012°, which gives 
σφ/tan(φ/2) = 2.0 × 10-4. 

Edge Fitting 

According to [7] and [9], the Compton edge curve can 
be fit by a six-parameter function (similar to a 
complementary error function, erfc) to determine the 
average value of Emax. For Fig.6 (b), the edge fitting gives 
Emax as 1580.44 keV ± 0.28 keV, as shown in Fig. 8. 
Given that the systematic uncertainty from the detector 
calibration should be smaller than 10-4, then the statistical 
uncertainty dominates σEmax/Emax, which is 1.8 × 10-4. 

Preliminary Result 

 Using mc2 = 0.5109989 MeV, EL = 0.1211591 eV and 
the measured values φ = λ1.620°, Emax = 1580.44 MeV, 
we can calculate Ee = 1286.95 MeV using Eq. 2. We can 
also get σEe/Ee = 1.3 × 10-4 using Eq. 3. Subsequently, we 
can determine the energy we measured at 1.3 GeV is Ee ± 
σEe= 1287.0 MeV ± 0.2 MeV. 

SUMMARY 

Compared to the conventional CBS methods of energy 
measurement, we have for the first time developed a 
compact setup based on transverse scheme at ANKA. The 
signal to noise ratio agrees well with the designed value. 
Besides the result shown in the paper, measurements 
around 0.5 GeV, 1.6 GeV and 2.5 GeV also give 
promising initial results. Furthermore, longer 
accumulation time has shown the statistical uncertainty of 
determining Emax can be reduced down to a few 10-5. 
Further studies need to be carried out to improve the 
deviation of the collision angle. 
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Figure 7: Determination of collision angle. 

 pos1 pos2 

X center of 10000 samples (µm) 13901 14285 

ΔX (4σ) (µm) 557.62 634.64 

Distance between pos. 1 and 2 (m) 1.2010 

 

Figure 8: Zoom into Compton edge of Fig. 6 (b) and 
curve fitting at 1.3 GeV, χ2/ndf = 524/555. 
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Compton edge curve fit by a six 
parameter erfc-like function
Emax = 1580.44 keV ± 0.28 KeV
𝜎Emax/Emax = 1.8 × 10-4 (χ2/ndf~524/555)

laser off

laser on

Signal/noise ~ 3
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0.5 GeV:   Ee±𝜎Ee = 494.11 ± 0.06 MeV
1.3 GeV:   Ee±𝜎Ee = 1288.5 ± 0.2 MeV
2.5 GeV:   Ee±𝜎Ee = 2472.6 ± 0.4 MeV
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Compton backscattering – results  
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Figure 6.2: Compton edge and curve fitting for around 42 mA at 0.6 GeV for 120 seconds live time 
with the RF frequency of 499.7170 kHz, 7 mm aperture centered at -5.5 mm. Electron beam around -

0.0109° relative to the RL and 0.888 mm transverse offset at the CP. ϕ = 91.619°, χ2/ndf = 396/145, 
Emax ± σEmax = 337.01 keV ± 0.05 keV, Ee ± σEe = 594.29 ± 0.08 MeV.  

 

Figure 6.3: Compton edge and curve fitting for around 36 mA at 0.75 GeV for 120 seconds live time 
with the RF frequency of 499.7170 kHz. 7 mm aperture centered at -5.5 mm. Electron beam is 

around -0.00975° relative to the RL and 0.773 mm transverse offset at the CP. ϕ = 91.620°. χ2/ndf = 
606/295, Emax ± σEmax = 514.04 keV ± 0.12 keV, Ee ± σEe = 734.0 ± 0.1 MeV.  

 

Figure 6.4: Compton edge and curve fitting for around 34 mA at 1.0 GeV for 120 seconds live time 
with the RF frequency of 499.7170 kHz. 7 mm aperture centered at -5.5 mm. Electron beam is 

around -0.00835° relative to the RL and 0.826 mm transverse offset at the CP. ϕ = 91.622°. χ2/ndf = 
316/295, Emax ± σEmax = 931.04 keV ± 0.44 keV, Ee ± σEe = 987.8 ± 0.3 MeV.  
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Figure 6.9: Compton edge and curve fitting for around 3.4 mA at 2.3 GeV for 600 seconds live time 
with the RF frequency of 499.7170 kHz. 7 mm aperture centered at -5.0 mm. Electron beam is 

around -0.0141° relative to the RL and 0.752 mm transverse offset at the CP. ϕ = 91.616°. χ2/ndf = 
605/595, Emax ± σEmax = 5025.3 keV ± 1.3 keV, Ee ± σEe = 2294.9 ± 0.4 MeV.  

(a) 

 
(b) 

 

Figure 6.10: Compton edge and curve fitting for around 3.4 mA at 2.5 GeV for 1200 seconds live 

time with the RF frequency of 499.7170 kHz. 

(a) -5.5 mm: Electron beam is around -0.0140° relative to the RL and 0.757 mm transverse 

offset at the CP. ϕ = 91.616°. χ2/ndf = 657/595, Emax ± σEmax = 5833.4 keV ± 1.5 keV, Ee ± σEe 

= 2472.6 ± 0.4 MeV. 
(b) -5.0 mm: Electron beam is around -0.0108° relative to the RL and 0.882 mm transverse 

offset at the CP. ϕ = 91.619°. χ2/ndf = 638/595, Emax ± σEmax = 5832.0 keV ± 1.8 keV, Ee ± σEe 

= 2472.2 ± 0.5 MeV.  
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(a) 

 
 

(b) 

 

Figure 6.5: Compton edge and curve fitting for around 3.8 mA at 1.3 GeV for 120 seconds live time 
with the RF frequency of 499.7170 kHz. Electron beam is around -0.0109° relative to the RL and 
0.838 mm transverse offset at the CP. ϕ = 91.619°. (a) -5.5 mm: Emax ± σEmax = 1584.13 keV ± 0.42 
keV, χ2/ndf = 617/494. Ee ± σEe = 1288.5 ± 0.2 MeV.  (b) -5.0 mm: Emax ± σEmax = 1583.71 keV ± 0.34 
keV, χ2/ndf = 576/495 Ee ± σEe = 1288.3 ± 0.2 MeV. 

 

Figure 6.6: Compton edge and curve fitting for around 3.5 mA at 1.6 GeV for 120 seconds live time 
with the RF frequency of 499.7170 kHz. 7 mm aperture centered at -5.0 mm. Electron beam is 
around -0.0118° relative to the RL and 0.920 mm transverse offset at the CP. ϕ = 91.618°. χ2/ndf = 
672/593, Emax ± σEmax = 2394.02 keV ± 0.52 keV, Ee ± σEe = 1584.0 ± 0.2 MeV.  

 

0.5 GeV

1.3 GeV

2.5 GeV
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90° collision angle reduces 
overlap of laser and electrons

à Elliptical laser beam shape

25 April 202219

Challenges of our setup

 

The angular deviation σφ comes from the drifts and 
measurement uncertainties of both electron beam and 
laser beam. For the transverse setup, this term has an 
impact on energy measurement accuracy [10]. 

The determination of the relative uncertainty of average 
Emax consists of two parts: systematic uncertainty comes 
from the energy calibration of the detector; statistical 
uncertainty is given by fitting the Compton edge. 

SETUP AT ANKA 

Figure 2 shows the transverse CBS setup for energy 
measurements currently implemented at ANKA. The 
interaction point is located at one long straight section. 
The gamma photons generated by CBS propagate in a 
narrow cone along the direction of the electron beam. The 
photons with energy Emax are concentrated on the 
propagation axis. We use a tungsten collimator in front of 
the detector to collect these photons and reduce the 
background level.  

 

Figure 2: The compact CBS setup for energy 
measurement at ANKA. 

The detector is a High Purity Germanium (HPGe) 
spectrometer (ORTEC GEM-M5970, nominal relative 
efficiency 38%), as shown in Fig. 3. Its crystal section is 
shielded by lead blocks in the experimental environment. 

 

Figure 3: Gamma ray detection system. 

As shown in Fig. 4, a monochromatic CO2 laser, on 
loan from DLR (Ȝ: 10.2 ȝm, ~20 W) covers the detectable 
range of our HPGe. Its frequency is specially stabilized 
through a PID loop and a Fabry-Perot interferometer to 
about 10-6 (σEL/EL). The laser is tightly focused by a 
cylindrical lens to ~600 ȝm (4σ) vertically to match the 
electron beam and maximize the signal rate (Fig. 5). We 
take advantage of an ion pump port to couple in the laser, 

therefore it does not require any dedicated section of the 
storage ring. 

 

Figure 4: Laser and optical system of the CBS setup. 

 

Figure 5: Laser profile at the focal plane with the vertical 
beam size much smaller than the horizontal one. 

MEASUREMENT 

Figure 6 shows a typical CBS spectrum with a distinct 
Compton edge compared to the radiation background. The 
signal to noise ratio is around 3, which agrees well with 
the design value [10]. 

 Collision Angle   

We use the mechanical centers of two quadrupoles as a 
Reference Line (RL) as shown in Fig. 7. We can measure 

 

 

Figure 6: Spectrum at 1.3 GeV for over 120 seconds: (a) 
radiation background (laser off, e- beam ~10.7 mA); (b) 
CBS signal + background (laser on, e- beam ~9.3 mA). 
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Biggest uncertainty from drifts of the 
laser spot over time
Longer integration times at higher 
energies
Detector needed to be recalibrated 
when it warmed up
Detector calibration above 3 MeV 
required dedicated sources
Alignment of collimator & detector
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We had a setup with 90° collision angle that worked with 10-4 precision 
and provided a compact alternative to small-angle setups.

Setup was decommissioned in 2016 (new undulator has been installed 
and frontend was no longer available)

We are happy to share our experience, especially if a setup with 90°
collision angle is of interest for FCC-ee.

25 April 202220

Compton backscattering – summary
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Measurements of resonant spin 
depolarization

Turn-by-turn and bunch-by-bunch 
diagnostics @KARA

25 April 202221

Potential beam tests at KARA

Get in touch with us! J
bastian.haerer@kit.edu

phase space tomography
Complete phase space 
image reconstructed 
from time interval of 
61 μs
“Randon morphing“ 
between independent 
measurement

S. Funkner et al. arXiv preprint, arXiv:1912.01323

mailto:bastian.haerer@kit.edu
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Thank you for your attention!
Thanks a lot to E. Blomley, M. Brosi, A.-S. Müller, M. Nasse, M. Schuh 
for their contributions and the discussions during preparation of this talk!
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