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Abstract 
Radiation detectors based on microchannel plates 

(MCP) are used for characterization of the Free-Electron 
Laser (FEL) radiation and measurements of the Self-am-
plified spontaneous emission (SASE) gain curve at the Eu-
ropean XFEL. Photon pulse energies are measured by the 
MCPs with an anode and by a photodiode. There is one 
MCP-based detector unit installed in each of the three pho-
ton beamlines downstream of the SASE1, SASE2, and 
SASE3 undulators. MCP detectors operate in a wide dy-
namic range of pulse energies, from the level of spontane-
ous emission up to FEL saturation. Their wavelength oper-
ation range overlaps with the whole range of radiation 
wavelengths of SASE1 and SASE2 (from 0.05 nm to 
0.4 nm), and SASE3 (from 0.4 nm to 5 nm). In this paper 
we present results of SASE gain-curve measurements by 
the MCP-based detectors. 

MCP DETECTORS 
An important requirement to photon diagnostics [1] at 

the European XFEL is to provide quick and reliable shot-
resolved pulse energy measurements, which can be used 
for fine online tuning of the FEL amplification process. 
This requires a detector with a wide dynamic range, con-
trollable tuning to the required wavelength range, and sup-
pression of the spontaneous radiation background (which 
is rather strong at the European XFEL). The JINR-XFEL 
collaboration manufactured MCP-based photon detectors 
as a primary tool for the search of initial signs of SASE and 
for fine-tuning of the SASE process. Three MCP-based de-
tector units [2, 3] were installed in the European XFEL tun-
nels, one in each of the photon beamlines downstream of 
the SASE1, SASE2, and SASE3 undulators.  

Three different tasks can be fulfilled with these MCP-
based photon detectors [2, 3]: study of the initial stage of 
the SASE regime, measurement of the photon pulse en-
ergy, and measurement of the photon beam image. The 
MCP detector can resolve each individual pulse at a repe-
tition rate of up to 4.5 MHz, which is the maximum possi-
ble intra-pulse train rate of the European XFEL. The MCP-
based detectors cover the following wavelength ranges: 
0.05-0.4 nm at SASE1 and SASE2 and 0.4-5 nm for 
SASE3. 

The MCP detectors at SASE1 and SASE2 are installed 
just downstream of the deflecting mirror pair [4-6]. The 
offset mirrors play an important role for the correct func-
tion of the detector. Firstly, they essentially cut higher har-
monics of the spontaneous emission radiation, thus reduc-
ing the background on the detector. Secondly, they can 

serve as additional attenuators of the radiation intensity by 
appropriate tuning of the reflection angle.  

The MCP detector for SASE1&SASE2 consists of a sil-
icon photodiode, three MCPs equipped with an anode as 
pulse energy monitor, and one MCP detector for photon 
beam imaging. The first MCP detector port houses one sil-
icon photodiode and two F4655 Hamamatsu MCPs of 
18 mm outer diameter and 14 mm diameter of active de-
tector area.  

The MCP detector for SASE3 has an additional third 
port upstream of the other two ports. A vacuum manipula-
tor allows inserting to the beam several semi-transparent 
mesh targets to produce scattered FEL radiation similar to 
those used at FLASH [7-9].  

A CCD camera (Basler avA1600-50gm) with a large 
field of view of about 90 mm in diameter (MCP diameter 
of 40 mm and vertical displacement of ±20 mm) and a suf-
ficiently small number of pixels per mm was installed in 
the BOS-MCP port for recording the phosphor screen im-
age. This camera will allow direct observation of the SASE 
signature at low intensities. This camera is limited to 10 Hz 
and thus integrates over the entire pulse trains. A future up-
grade is planned to allow fast gating of the BOS-MCP sup-
ply high voltages in order to image selectively individual 
pulses in the pulse trains. 

The SASE1 MCP detector was calibrated in the X-ray 
wavelength range at the DORIS BW1 beamline before in-
stallation in the EuXFEL tunnel [10, 11].    

The SASE1 MCP was installed in the EuXFEL tunnel in 
November 2015. The SASE3 MCP was delivered to the 
EuXFEL tunnel at the end of 2016. The SASE2 MCP de-
tector was installed in the EuXFEL tunnel in 2018 [12]. 

FIRST SASE MEASHUREMENTS BY MCP 
DETECTORS 

During the first EuXFEL experiments [13] the electron 
beam had an energy of 14 GeV, the bunch charge was 
250 pC, the peak electron current was 5 kA, and the nor-
malized slice emittance was 0.6 mmmrad. At a photon en-
ergy of 9.3 keV, with 500 bunches at 4.5 MHz per bunch 
train, and an average pulse energy of up to 1.5 mJ, the av-
erage power of 6 W of hard X-rays was produced by 
SASE1 [13].  

The SASE3 MCP detectors were commissioned in sin-
gle- and multi-bunch modes [14-16]. The minimum pulse 
separation inside an X-ray pulse train of the EuXFEL can 
be as short as 220 ns. The temporal resolution of the MCP 
detectors was verified for this case of 4.5 MHz repetition 
rate by demonstrating clear pulse separation. A fast ADC 
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provides the pulse energy in each individual pulse operat-
ing at 125 MHz sampling rate. 

The absolute values of the SASE radiation pulse energies 
are obtained by cross-calibration with X-ray Gas Monitors 
(XGMs) [17, 18]. There are six XGMs in the EuXFEL pho-
ton beamlines, which perform online monitoring of the 
photon beam position and pulse energies. An XGM con-
sists of four vacuum chambers named XGMDh, HAMPh, 
HAMPv, and XGMDv, which are placed on a common 
girder. The XGM can record shot-to-shot pulse energies, 
as well as the absolutely calibrated average (time scale of 
about 10 seconds) pulse energy and beam position. The 
XGM is based on photoionization of dilute gases. The 
photo-ion currents are coupled out directly. The HAMP 
(Huge Aperture Open Multiplier) is also based on the de-
tection of photo-ions. A repeller accelerates the photo-ions 
towards a multiplier. This multiplier amplifies the ionic 
signal to an electron signal, which is electronically ampli-
fied and measured with a digitizer. 

An example of single-shot SASE3 FEL pulse energies in 
one train is presented in Fig. 1. The XGM and MCP data 
panels shown the distribution of the pulse energy over a 
train of 200 X-ray pulses. Pulse-to-pulse energy fluctua-
tions of the FEL are due to the statistical nature of SASE 
radiation.  

 

Figure 1: Single-shot SASE3 FEL pulse energies measured 
by the MCP and XGM for each X-ray pulse of a train of 
200 pulses.  

 
The SASE 3 pulse energy measurements by the MCP 

and XGM detectors for different trains are given in Fig.2.  
There is good agreement between the MCP and XGM data. 
The linear correlation of the MCP and XGM pulse energy 
signals is presented in Fig. 3. 

The MCP detectors were used for gain curve measure-
ments at SASE2. The FEL pulse energy versus the number 
of active undulator cells is shown in Fig.4. The length of 
each undulator module is 5 m, and each undulator cell has 
the length of 6.1 m which includes a segment and an inter-
section. 

MCP pulse energy measurements (red line is MCP mean 
data) were performed by increasing the MCP voltage while 
decreasing the number of active undulator cells (green 
line). The MCP voltage is 1800 V for 2 undulator cells (at 
the level of spontaneous emission). The MCP voltage is 
1240 V for undulator cells from 17 to 28, which corre-
sponds to the saturation regime. 

 

 
Figure 2: SASE3 FEL pulse energy measured by the MCP 
and XGM over 6000 consecutive pulse trains.  

 
Figure 3:  Correlation plot of average MCP and XGM sig-
nals.  

 
Figure 4: Dependence of the MCP pulse energy signal (red 
squares) and the MCP voltage (green squares) on the num-
ber of active (closed) SASE 2 undulator cells. The uncor-
rected raw data (red line without symbols) is shown for ref-
erence where the MCP gain was changed. 

The MCP gain versus the MCP voltage was obtained in 
these and previous calibration measurements [9]. The 
measured gain curve was obtained on the basis of the raw 
MCP data and calibration measurements by measuring 
twice - before and after each MCP voltage change - at each 
cell where the MCP voltage had to be changed to increase 
gain due to largely decreasing signal levels at reducing 
number of active cells. The saturation regime is obtained 
with 17 active undulator cells. 

A comparison of the measured gain curves performed by 
the MCP and XGM detectors is presented in Fig. 5. The 
XGM gain curve measurements are performed with the 
two different diagnostic subcomponents XGMD and 
HAMP. The XGMD photon flux (in green) is the abso-
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lutely calibrated average (in a timescale of about 10 sec-
onds) pulse energy in J. In single-bunch mode, the 
XGMD is not sufficient to perform gain measurements 
with a small number of active undulator cells since they 
produce only a low FEL pulse energy compared to the 
spontaneous emission background at the initial exponential 
part of the gain curve. However, the XGMD photon flux 
data is in good agreement with the HAMP signals (in red) 
when the pulse energy is over 100 J.  

 

 
Figure 5: The dependence of corrected MCP pulse energy 
(blue), corrected HAMP (red) and XGM photon flux (in 
green) and the mean value of the pulse-resolved XGM data 
on SASE 2 undulator length. 
 

The HAMP and MCP gain curve data are in good agree-
ment at the exponential part where pulse energy is lower 
than 100 µJ. When undulator length is about 90 m, the 
HAMP indicates a transition to the SASE saturation re-
gime.  The MCP data show that the SASE saturation re-
gime starts when the undulator length is about 100 m. This 
first measurement with MCP, HAMP and XGMD of the 
SASE2 gain curve is planned to be repeated in the near fu-
ture.  
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