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Availability in 2019?

 Week
DATURA DURANTA PCMAG Telescope in 

PCMAG
AZALEA

7-Jan-19 2

14-Jan-19 3

21-Jan-19 4

28-Jan-19 5 Startup

4-Feb-19 6 CMS-Pixel-Phase2 X STRIDENAS LYCORIS X

11-Feb-19 7 CMS-Pixel-Phase2 X STRIDENAS LYCORIS X

18-Feb-19 8 CLIC PIXEL X TELEALPID X LYCORIS X

25-Feb-19 9 ELAD X

4-Mar-19 10 ATLAS-X0 X

11-Mar-19 11 CMS-Pixel-Phase2 X ATLAS-ITk-Pixel X

18-Mar-19 12 CMS-Pixel-Phase2 X ATLAS-HGTD X CALICE AHCAL

25-Mar-19 13 CLIC PIXEL X ATLAS-HGTD X ATLAS-BCM

1-Apr-19 14 TBMST X ATLAS-ITk-TJCMOS X Belle-II X

8-Apr-19 15 CMS-Pixel-Phase2 X ATLAS-ITk-TJCMOS X Belle-II X

15-Apr-19 16 CMS-Pixel-Phase2 X TELEALPID X Belle-II X

22-Apr-19 17 MD Setup Time Setup time

29-Apr-19 18 ATLAS-ITk-Strips X Mu3e X LYCORIS+TPC

6-May-19 19 CMS Outer Tracker X Mu3e X TOTEM X

13-May-19 20 CMS Outer Tracker X ATLAS-HGTD X CALICE AHCAL

20-May-19 21 CMS-Pixel-Phase2 X ATLAS-ITk-Pixel X CMS-BCM1F X

27-May-19 22 CMS-Pixel-Phase2 X ATLAS-ITk-Pixel X NICA-MPD

3-Jun-19 23 MD Setup Time Setup Time

10-Jun-19 24 CLIC PIXEL X ATLAS-ITk-Strips X T2K

17-Jun-19 25 TBMST X ATLAS-ITk-Strips X T2K

24-Jun-19 26 CMS-Pixel-Phase2 X AFP-TOF X CALICE-SiW-ECAL

1-Jul-19 27 CMS-Pixel-Phase2 X Mu3e X CALICE-SiW-ECAL

8-Jul-19 28 TELEALPID X LYCORIS X

15-Jul-19 29 CLIC PIXEL X LYCORIS X

22-Jul-19 30 X-Ray-Crystal-Rad X ATLAS-ITk-Pixel X LYCORIS X

29-Jul-19 31 MD

5-Aug-19 32 SummerStudents X SummerStudents X CALICE AHCAL X

12-Aug-19 33 BL4S X SummerStudents X BL4S X

19-Aug-19 34 TBMST X CBM-TRD

26-Aug-19 35 TBMST X ATLAS-HGTD X CBM-TRD

2-Sep-19 36 MD CMS-Pixel-Phase2 Setup Time

9-Sep-19 37 CMS-Pixel-Phase2 X ATLAS-ITk-Strips X CEPC-STCF X

16-Sep-19 38 AFP-TOF X Mu3e X CEPC-STCF X

23-Sep-19 39 CLIC PIXEL X ATLAS-ITk-Pixel X TPEX TOTEM X

30-Sep-19 40 X-Ray-Crystal-Rad X ATLAS-ITk-Pixel X TPEX

7-Oct-19 41 MD

14-Oct-19 42 BL4S X SHiP-SplitCAL ATLAS-ITk-TJCMOS

21-Oct-19 43 BL4S X SHiP-SciFi

28-Oct-19 44 CMS-Pixel-Phase2 X SHiP-SciFi SHiP-Emulsion+Ship-SBT

4-Nov-19 45 CMS-Pixel-Phase2 X ATLAS-HGTD X LHCb-ECAL X

11-Nov-19 46 FCAL X ATLAS-HGTD X LHCb-ECAL X

18-Nov-19 47 MD Setup Time

25-Nov-19 48 CMS Outer Tracker X ATLAS-ITk-Strips X ATLAS-ITk-Pixel X

2-Dec-19 49 CMS Outer Tracker X ATLAS-ITk-Strips X ATLAS-ITk-Pixel X

9-Dec-19 50 ELIOT CMS-Pixel-Phase2 X Mu3e X

16-Dec-19 51 Beam till 20/12 0800 ELIOT CMS-Pixel-Phase2 X CLIC PIXEL X

23-Dec-19 52 MD

30-Dec-19 1 MD

Startup

Shutdown

TB24

Shutdown

TB21 TB22 TB24/1
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N
CED

Startup Startup
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N
CED

Summer Shutdown
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16-Sep-19 38 AFP-TOF X Mu3e X CEPC-STCF X

23-Sep-19 39 CLIC PIXEL X ATLAS-ITk-Pixel X TPEX TOTEM X

30-Sep-19 40 X-Ray-Crystal-Rad X ATLAS-ITk-Pixel X TPEX

7-Oct-19 41 MD

14-Oct-19 42 BL4S X SHiP-SplitCAL ATLAS-ITk-TJCMOS

21-Oct-19 43 BL4S X SHiP-SciFi

28-Oct-19 44 CMS-Pixel-Phase2 X SHiP-SciFi SHiP-Emulsion+Ship-SBT

4-Nov-19 45 CMS-Pixel-Phase2 X ATLAS-HGTD X LHCb-ECAL X

11-Nov-19 46 FCAL X ATLAS-HGTD X LHCb-ECAL X

18-Nov-19 47 MD Setup Time

25-Nov-19 48 CMS Outer Tracker X ATLAS-ITk-Strips X ATLAS-ITk-Pixel X

2-Dec-19 49 CMS Outer Tracker X ATLAS-ITk-Strips X ATLAS-ITk-Pixel X

9-Dec-19 50 ELIOT CMS-Pixel-Phase2 X Mu3e X

16-Dec-19 51 Beam till 20/12 0800 ELIOT CMS-Pixel-Phase2 X CLIC PIXEL X

23-Dec-19 52 MD

30-Dec-19 1 MD

Startup

Shutdown

TB24

Shutdown

TB21 TB22 TB24/1

AN
N

O
U

N
CED

Startup Startup

AN
N

O
U

N
CED

Summer Shutdown

DESY Test Beam Schedule 2019 - Version 8 02/08/2019 
Ralf Diener, Norbert Meyners, Marcel Stanitzki - DESY Test Beam Coordinators 

FRR No longer 
available

Parasitical 
user !



3 testbeams: T21, T22, T24-T24/1
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T24

T21

T22
PCMAG

T24/1
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Beam energies/intensities  -- but depend on main user!
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Main user is Mu3e  -- some questions/answers

• Material in beam?

• 4% X0 in total (Thick ATLASPix3 layers, Mimosa, scintillators)

• Will you be using DESY Mimosa telescope? YES

• What beam energy? 

• 3-4 GeV (mainly 3 GeV as it provides highest possible rate)

• Note that beam in T24 will be further reduced somewhat by secondary 

collimator in between T24 and T24/1 areas

• Running around the clock?

• Stable during the night; During day: expect longer phases without 

beam for hands-on interventions

• How many people in counting room (limited space)?

• Hut may be rather crowded with 4+ people; have ~10 people total. But 

some people during day in “blue hut”.
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Do we want to use this opportunity as 1st trial test of 8 quads?
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Some info on T24/1 facilities:

• PCMAG: 1 Tesla (superconducting) solenoid; no (iron) yoke, so rather large stray 
fields closely around!
• My opinion: if at DESY, we must use it ALSO

• Because of much lower diffusion, and study of ExB effects

• There is T2K gas bottle supply (however) in T24 area + monitoring by computer
• There is (NIKHEF manufactured) CO2 cooling installation (!), but should probably 

not use it now
• The complete PCMAG setup is movable in horizontal, vertical and angle in hor. 

plane
• A non-magnetic support frame is available to install one of the Mimosa telecopes

inside the PCMAG
• The PCMAG coil/wall thickness is ~20% X0
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Some pictures

Sept. 30, 2010
EUDET Annual 
Meeting 2010

Klaus Dehmelt 2

The Present

• PCMAG: 

superconducting 
magnet, up to 1.25 T
• e- test beam 
@DESY
(1GeV/c<p<6GeV/c)

Cosmic Trigger
Setup

LP as half part
of a TPC
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Sept. 30, 2010
EUDET Annual 
Meeting 2010

Klaus Dehmelt 41

PCMAG Modification

Cryo-modules

Modification planned for 2011 → ~6 months 
duration, after “finishing” beam tests
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LP Mechanics

Actuation and Control
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The DESY II test beam facilityI
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A B S T R A C T

DESY Hamburg operates a test beam facility with three independent beam lines at the DESY II synchrotron. It is
world-wide one of very few facilities providing test beams in the GeV range. To this end, it offers electron/positron
beams with user-selectable momenta from 1-6GeV_c. The available infrastructure for the users is unique,
including a high field solenoidal magnet and permanently installed high-precision pixel beam telescopes. This
publication gives a detailed description of the facility, the available infrastructure, and the simulated and
measured performance.

1. Introduction

DESY (Deutsches Elektronen-Synchrotron)1 operates a test beam
facility at its campus at Hamburg-Bahrenfeld (Fig. 1). The facility
offers three independent beam lines with electron or positron particles
with selectable momenta from 1–6GeV_c and is located in building
27 (‘‘Halle 2’’), one of the experimental halls at DESY. The beam lines
are attached to the DESY II synchrotron, which typically runs electron
beams with an oscillating energy from 0.45–6.3GeV. This Test Beam
Facility is one of the few worldwide that offers users access to multi-GeV
beams. It has essential infrastructure for the development and testing of
nuclear and particle physics detectors and generic detector R&D.

After the start-up of the original DESY electron synchrotron in 1964
the developments and studies of new detector components were done by
using the primary beam when not used for the recognized experiments.
The place behind the pair spectrometer in beam line 24 was a popular
location which also provided an energy measurement of the electrons.
With the installation of DESY II this possibility ceased to exist and the
current facility started serving the test beam needs of the community.

Since its inception and start of operation simultaneously to the
start of DESY II in 1987, the usage of the DESY II Test Beam Facility
has continuously increased. At the same time, there were continuous
investments into this facility and more infrastructure added, including
a high-field solenoid and two high-precision pixel beam telescopes. All
of these are available to all users of the facility.

The EU has supported both access and enhancements to the DESY II
Test Beam Facility within the FP6-EUDET [1], the FP7-AIDA [2] and
the Horizon 2020-AIDA2020 [3] grants. The transnational access offers

I Paper dedicated to the memory of our colleague Ulrich Kötz
< Corresponding author.
E-mail address: jan-dreyling-eschweiler@desy.de (J. Dreyling-Eschweiler).

1 http://www.desy.de.

travel support for users from outside Germany thus enabling further
groups to use the facility.

This paper is organized as follows: first an overview of the DESY II
synchrotron is given (Section 2), then the test beam generation (Sec-
tion 3), the beam line instrumentation (Section 4), and the individ-
ual beam areas (Section 5) are explained. All additional test beam
infrastructure, like magnets and beam telescopes, is then described in
detail (Section 6). The performance of the DESY II Test Beam Facility
is presented by the results of different measurements (Section 7) and is
compared to simulations of the test beam (Section 8), It is concluded
with a report on the user community (Section 9) and a summary and an
outlook on future improvements (Section 10).

2. The DESY II synchrotron

More than thirty years ago, on the 22nd of March 1985, the first elec-
tron beam in DESY II was circulated [4,5]. After the final connection of
all transport lines and magnet circuits, from spring 1987 on, DESY II has
delivered electron or positron beams with high stability and reliability
up to 7GeV beam energy to DORIS, PETRA, HERA and the DESY II Test
Beam Facility.

DESY II is installed in the DESY tunnel. It is 292.8m long and has
an average radius of 46.6m (Fig. 2). The tunnel houses the DESY II
synchrotron and the DESY III proton synchrotron, which served as an
8GeV proton injector for HERA and was decommissioned in 2007. As
DESY III has been re-using most infrastructure from the original DESY
synchrotron including the dipole magnets, DESY II was designed from
scratch.

https://doi.org/10.1016/j.nima.2018.11.133
Received 27 July 2018; Received in revised form 26 October 2018; Accepted 28 November 2018
Available online 5 December 2018
0168-9002/© 2018 Published by Elsevier B.V.
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Fig. 21. (Color online) Field maps of the measured magnetic field components Bi of the PCMAG [18,19]. Radial direction r is rotated around and perpendicular to the z axis.

6.3. EUDET-type pixel beam telescopes

The DESY II Test Beam Facility is equipped with EUDET-type pixel
beam telescopes which allow to track the test beam particles [20]. These
kinds of test beam trackers were originally developed within the EUDET
project [1] in order to meet most user requirements in terms of easy
integration of the device under test (DUT), precise spatial resolution
and suitable event rates.

At the moment there are seven replicas worldwide located at CERN,
ELSA, SLAC and DESY [21]. At the DESY II Test Beam Facility, the
so-called DATURA telescope is installed in TB21 and the DURANTA
telescope in TB22 (Fig. 22). In addition, a non-magnetic support frame
is available to install one of the telescopes inside the PCMAG in TB24/1
(Section 6.2).

Each beam telescope is composed of two telescope arms incorpo-
rating each three planes. The standard telescope configuration is having
the DUT incorporated by three telescope planes upstream and three tele-
scope planes downstream. Each plane consists of a MIMOSA26 mono-
lithic active pixel silicon sensor [22]. The pitch size is 18.4 �m ù 18.4 �m
and pixels are arranged in 1152 columns and 576 rows, which results in
an active area of about 21.2mm ù 10.6mm. Pixel states are continuously
read out in a rolling shutter by buffering line by line, the on-chip
digitization provides a binary pixel information, and the output data
stream is zero-suppressed. Therefore, the integration time is 115.2 �s per
frame.

Each MIMOSA26 sensor has a thickness of 50 �m silicon and is
shielded from environmental light using 25 �m thick Kapton foil on
each side. This keeps the material budget as low as possible in order
to achieve a high track resolution at 1–6 GeV/c at the DESY II Test
Beam Facility. The intrinsic resolution of a sensor was measured to
be (3.24 ± 0.09) �m [20]. The best track resolution is estimated to
(1.83 ± 0.03) �m using an equidistant plane spacing of 20mm at a 5GeV_c
test beam. The realistic track resolution depends on the beam momen-
tum, the plane spacing and the material budget of the DUT (Fig. 23b).

A EUDET Trigger Logic Unit (TLU) [7] provides timestamp informa-
tion on a particle passage through four trigger devices in coincidence.
Two trigger devices are located in front of the first telescope plane and
two of them behind the last plane. Each trigger device is built up by a
3mm thick and 2 cm ù 1 cm scintillator matching the MIMOSA26 sensor
area and attached to a photomultiplier tube. The TLU and the DAQ of
the MIMOSA26 sensors communicate in a handshake mode, so that if the
TLU asserts a trigger, the MIMOSA26 DAQ raises a busy signal during
readout of the frame. Additional sensors or DUTs can be integrated in
the same way or in a no-handshake mode only accepting triggers.

The entire hardware is integrated in the EUDAQ data acquisition
framework which merges data streams of all components as event-based
data. EUDAQ version 1 works for synchronous DAQ systems requiring
one event per trigger. Thus, the trigger rate is limited by the slowest
device. Running only the telescope without any DUT results in an event

rate of 2.0 kHz at a test beam particle rate of about 10 kHz [23]. Users
can integrate the DAQ of their DUT by writing a EUDAQ component
which matches a defined interface.

DUTs are mechanically integrated between the two telescope arms
at a x-, y-, �-stage system providing a �m-precision. This allows a
geometrical scan of the DUT response in respect of the particle tracks,
which is larger than the 2 cm ù 1 cm active area of the telescope. The
DAQ PCs can be accessed from the huts via a local network connection
and the data acquisition can be monitored with the EUDAQ online
monitor.

7. Performance measurements

The performance of the DESY II Test Beam Facility is determined
by various measurements considering the time structure of the test
beam particles (Section 7.1), the various rate dependencies (Section 7.2)
and the particle momentum calibration and spread (Section 7.3). The
results are dependent on the operation mode and the performance
of the DESY II synchrotron (see Section 2) as well as the settings of
the beam line components (see Section 3). The results are in a good
agreement with the results performed by simulations (see Section 8.4).
All measurements were performed when DESY II was operated atE

max
=

6.3GeV unless indicated otherwise.

7.1. Timing structure

The timing structure of the test beam depends on the performance
and the operation mode of the DESY II synchrotron. Three characteristic
cycles have to be considered:

• the PETRA III top-up ranging from every 30 s to a few minutes
(Section 7.1.1)

• the DESY II magnet or injection cycle every 80ms or 160ms

(Section 7.1.2)
• the DESY II bunch cycle every 0.976 �s (Section 7.1.3)

7.1.1. PETRA III top-up
Every few minutes the DESY II synchrotron provides beam to the

PETRA III storage ring if the beam lines at PETRA III are operated.
During that PETRA III top-up, the beam intensity inside DESY II and
therefore the particle rate of the test beam drop significantly for few
seconds (Fig. 24). The exact timing of this cycle depends on the running
mode of PETRA III.

The particle rate shown in Fig. 24 was set to a corresponding magnet
current for 5.6GeV_c test beam particles and was measured by the test
beam monitor (see Section 4.1.2), the DESY II beam intensity using the
DESY II beam monitoring system (see Section 4.3).
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So, do we want to use this?  (my personal opinion)

• Would need agreement to borrow Bonn Mimosa telescope/equipm.
• Go there only if full 8-Quad Spider readout is available and working
• Will we have problems with acceptance of our equipment?

• Private gas bottles -> could use standard DESY T2K gas bottle system
• Use of glycol cooling inside setup?
• Setup needs to be A-MAGNETIC:

• No close by PC (hard disk), need SSD disk, no fans
• Power supplies HV(?), LV at ~5 m distance
• Fred is looking into a-magnetic moving devices
• Need to check access rules when PCMAG is ON

• Can the beam rate be <1 kHz in T24/1 when Mu3e is running at highest intensity?
• Do WE have enough people to install/check/run during the week 9-15 December 

(Nikhef Annual meeting is 16-17 Dec.!)
• Next opportunity would be at DESY from 17 February 2020 onwards; need to 

submit beam time request SOON.
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