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DESY 50 – Grand Finale of a series of memorable events

> Representatives  from 
all major institutes

> Chancellor A. Merkel 
represented by 
G.Schütte (bmbf)
 profound commitment to 

Basic Research
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Formation of XFEL GmbH progressing

> XFEL GmbH with 12 partners

> XFEL treaty has already been signed 
by
 Denmark, Germany, Hungary, Russia, 

Sweden, Switzerland and Slovakia

> Pending
 France, Greece, Italy, Poland and Spain

 China considering

 UK not joining

> Project
 14 GeV is under discussion as the new 

baseline

 maintain cw-option at 7 GeV

 some (generous) contingency has been used 
to counteract funding constraints
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Civil construction in full swing
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The European XFEL

Civil Construction for the European XFEL 4
3.4km

TTC Meeting, Fermilab, April 19/22, 2010
Hans Weise / DESY
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First XFEL tunnel borer in place
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Arrival in 
Hamburg

Lowering 
into hall

Christening celebration June 30, 2010

TULA
Two borers will 
complete 5.8 km 
tunnel length until 
2012.
Herlind-Tunnel
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FLASH wavelength record at 4.5 nm

> After 5 months shutdown

> 1.2 GeV energy with module PXFEL1

> FLASH wavelength record of 4.5 nm 
(was 6.5 nm)

> FLASH doubles peak bunch intensity 
to 0.3 mJ
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The European XFEL

-module string 31

TTC Meeting, Fermilab, April 19/22, 2010
Hans Weise / DESY

Module PXFEL1 in FLASH
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FLASH longitudinal bunch profile

> 3.9 GHz module
 built at Fermilab

 performing well

> 3rd harmonic
 generates flat beam 

profile
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Installation 
in FLASH

Effect of 
3.9 GHz module
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HERA analyses proceeding

> All three experiments active in analysis
 H1

 ZEUS

 Hermes

 Good commitment of the participating institutes and DESY

> Preparing for summer conferences
 Primary goal is precision

 Parton distribution functions
Highly relevant for LHC

 Flavour separation provides new constraints
Modeling of the hadronization

 Searches for new physics likely to be concluded first

> Data preservation seriously pushed
 Maintain data in state that can be analyzed in the future

 Regular series of workshop involving all recent HEP experiments
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Combination of H1 & ZEUS Analyses

> HERA parton distributions
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Multi-Leptons at HERA
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> Multi-leptons

> Combination of 
analyses improves 
precision beyond 
gain in statistical 
error

> Systematic 
uncertainties are 
considerably 
different between 
experiments and 
hence can be 
reduced 

> Single W-Production
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Physics at LHC – Conference

> International conference with 
first LHC results

> LHC-, Tevatron-, HERA- 
experiments well represented

> G. Schütte bmbf
 underlines the importance of HEP in 

Germany and bmbf commitment
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ATLAS and CMS

> DESY contributes to both experiments

> Significant role in commissioning
 Remote control centers at DESY

> Physics analysis carried out in the framework of the
Helmholtz Alliance Physics at the Terascale
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Terascale Alliance – Midterm report

> The Helmholtz Alliance Physics at the Terascale
 achieves an efficient collaboration between the leading German HEP groups

 world-class results in Terascale physics (at the LHC and beyond)

 Topics
physics analysis
GRID computing
detector R&D
accelerator physics

> successfully attracts top researchers (in particular at start of scientific 
career). 

> highly-motivating framework for students

> Recommendations
 continue along the present lines

 Alliance should continue to play a structural role in the future.

 ascertain the future of the Alliance 
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Review has been carried out winter 

2009/10 by internationally 

renowned experts.

Research Centre ⇔ Universities Alliance
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Status ALPS

> Most stringent 
limits for light 
through walls 
experiments
 Laser 

intensity 
increase 
achieved by 
resonant 
power build-
up

> meV region 
effectively 
covered with 
Ar data

13

Figure 1: Schematic view of the ALPS LSW experiment. See the text for a description.

respectively, provide photon-ALP mixing in a background
electromagnetic field [6], which produces photon-ALP os-
cillations that can be searched for in a variety of contexts
(for a recent review, see Ref. [7]), including dedicated lab-
oratory searches, in particular in light shining through a
wall experiments [8, 9]. Interestingly, puzzling astronom-
ical observations such as the recently reported anomalous
transparency of the universe to gamma-rays, the align-
ment of distant quasar polarizations or the unexplained
scatter in luminosity relations may find their explanation
in terms of such a photon-ALP mixing [10]. Similarly the
fast cooling of white dwarfs may hint at an ALP coupling
to electrons with a comparable strength [11].

The rich phenomenology of photon-ALP oscillations
extends to other well-motivated WISPs, in particular to
so-called hidden photons [8, 12]. In fact, light, extra hid-
den U(1) gauge bosons occur very frequently in unified
theories beyond the Standard Model [13]. In general, these
hidden photons will mix with the standard photon via a
kinetic mixing term,

Lγ�γ = −1

2
χFµνB

µν , (3)

where Bµν is the field strength of the hidden photon, which
can obtain a mass from either a hidden Higgs or a Stueck-
elberg mechanism. The predicted values of the kinetic
mixing, χ, are widespread and depend strongly on the
particular extension of the SM. Typical numbers in string
embeddings of the SM lie in the broad range 10−16 ∼
10−2 [14, 15].

The term (3) can be reabsorbed in the definition of the
electric charge if the hidden photon mass is exactly zero,
effectively removing hidden photons (γ�s) from the theory,
forbidding γ → γ� oscillations. This is, however, not the
case if there are light states charged under the local hidden
U(1) symmetry associated with the hidden photon. In this
case, these particles acquire a small electric charge [16],

eQ = ehχ, (4)

where eh is the unit charge of the hidden U(1), and their

radiative effects in a background magnetic field still allow
γ → γ� transitions [12, 17].

In this paper we report on the results of a search for
photon oscillations into general weakly coupled particles
at DESY: the “Any-Light-Particle-Search” (ALPS). Our
experiment is based on the “light shining through a wall”
concept [8, 9] : laser light is shone through a background
magnetic field onto a wall. We are searching for photons
which seemingly made it through the wall by double con-
version, γ → WISP → γ, through the WISP intermediate
state.

2. Experimental Setup

The ALPS experiment has been already described in
detail in a previous publication [18]. In this section we
summarize the experimental setup and give details of the
crucial upgrades that have made possible the physics re-
sults we present in this paper.

A simplified schematic view of the ALPS experiment is
shown in Fig. 1. Our light source is the MOPA laser sys-
tem producing up to 35 W of 1064 nm laser light [19] used
by us previously [18]. To adapt to the detector efficiency
we double the frequency of the beam with a non-linear PP-
KTP crystal. This beam is directed into a vacuum pipe
in which photon-WISP conversions could occur. Inside
the pipe, an optical resonator is used to increase the laser
power, enhancing proportionally a hypothetically WISP
flux. Any WISPs produced will traverse a thick light ab-
sorber (henceforth, the “wall”) and enter into a second vac-
uum pipe where they can reconvert into photons. The
WISP production and photon regeneration pipes are in-
serted from both sides of a HERA superconducting dipole
magnet. The HERA dipole provides a magnetic field of
5 T in a length of 8.8 m (yellow in Fig. 1), and its presence
allows photon conversions into WISPs with spin different
from one, such as axion-like particles. Photons reconverted
from WISPs appear in the regeneration tube (dashed line
in Fig. 1) with the same beam characteristics as the pho-
tons they are originating from, i.e. with the same fre-
quency and the same TEM00 mode to which the resonator

2

Table 1: Summary table of our data sets and results. Data sets were taken with magnet on or off, laser polarization parallel or perpendicular

to the magnetic field, and different Argon pressures in the production/regeneration tubes, corresponding to different refractive indexes, n.

The number of frames is separated for different signal positions on the CCD. Also shown is the average laser power in each collection of sets

and the 95% limits on the conversion probability. Finally we show the different WISPs probed for in each configuration. The 27 frames

mentioned in row 5 are the same 27 frames collected with magnet on and without Argon.

Magnet Laser Pol. # frames Pressure/mbar n− 1 Power/W Prob. 95% limit 0− 0+ γ� MCP

On Par. 5/6 <10−5 0 1096 2.25×10−25 � - - �
On Par. 8 0.18 5.0× 10−8 1044 10.8×10−25 � - - �
On Perp. 9/5/2 <10−5 0 1088 2.08×10−25 - � - �
On Perp. 8 0.18 5.0× 10−8 954 5.22×10−25 - � - �

Off (1+3) Par.+Perp. 27 <10−5 0 1121 1.14×10−25 - - � -

Off Par. 9 0.11/0.14 3.1/3.9× 10−8 968 3.11×10−25 - - � -
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Figure 4: Exclusion limits (95% C.L.) for pseudoscalar (left) and scalar (right) axion-like-particles as described in this paper from the vacuum

and gas runs. Shown for comparison are results from the BMV [29, 30], BFRT [31], GammeV [32], LIPSS [33] and OSQAR [34] LSW

experiments. Dashed and dotted lines show the bounds on ALP-induced dichroism and birefringence from the PVLAS experiment [35].

other, cf. Fig. 1. As a consequence, the optimal values of

the refraction index (calculated along the lines described

for ALPs) that cover the gaps are also different from each

other, cf. Tab 1.

ALPS clearly sets the most severe constraints in the

∼ meV mass region, not only as compared to other lab-

oratory experiments such as searches for deviations from

Coulomb’s law [40], but also to inferences exploiting cos-

mology or astrophysics, notably solar energy loss consider-

ations and searches for solar hidden photons [41]. Interest-

ingly, a hidden photon in this mass region could appear as

an extra contribution to the cosmic radiation density dur-

ing the epoch after big bang nucleosynthesis and before

recombination [42] – a puzzling possibility supported (al-

beit with less than 2σ significance) by the recent analysis of

WMAP data [43] leading to a value of the effective number

of neutrinos higher than the standard value of three by an

amount ∆N eff
ν = 1.3 ± 0.9. As seen from Fig. 5, the new

data from ALPS exclude this possibility nearly entirely,

up to a tiny region in parameter space, mγ� ≈ 0.18 meV,

χ ≈ 1.4 × 10−6. An easy way to probe for hidden pho-

tons within this region4 is to prolong the lengths of the

production/regeneration tubes in a future experiment.

As mentioned in the introduction, even in the mγ� = 0
case, γ → γ� oscillations are possible in a magnetic field

if there are light particles charged under the hidden U(1),

i.e. mini-charged particles (MCPs). The corresponding

conversion probability is [45]

P (γ ↔ γ�) �

�����
m2

φ

M2

�����
��eik+L − eik−L

��2 , (10)

k± =
1

4ω

�
2ω2(n− 1)−m2

φ ±M2
�
(1±χ2m2

φ/M
2), (11)

where now mφ is the hidden photon effective mass which

can be written as m2
φ = −2ω2∆N(Q,B,mMCP) with

∆N(Q,B,mMCP) the complex index of refraction due to

mini-charged particles of charge Q and mass mMCP . The

explicit expression for ∆N for scalar or Dirac spinor MCPs

is given in Ref. [12]. Our limits on the charge of mini-

4Such hidden photons intriguingly would allow for long distance

communications through oceans or even the Earth [44]

6

Phys.Lett.B689:149-155,2010 

~Axion ~Scalar
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OLYMPUS Physics program

> Resolve p-Form Factor discrepancy

> Measure ratio e+/e- with ~1% accuracy
 Use 100 mA  e+/e- beam of DORIS

 Regular change of polarity

> Unpolarised H-target
 Target cell has to be installed this winter

> Experiment installation July 2011
 Minimal interference with DORIS operation
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Status OLYMPUS

> Reuse BLAST detector
 BLAST detector has been dismounted at 

MIT

 components arriving (4 of 6 shipments in 
Hamburg)

> Drift chambers being rewired at 
DESY

> Experimental site: ARGUS 
removed, pit prepared
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Alexander von Humboldt Professorship for Brian Foster

> AvH Professorship has been 
offered to B Foster (Oxford)

> 5 years generous support for 
research at DESY and 
Hamburg University
 HERA

 Linear Collider

 Advanced accelerator concepts

> Starting summer 2011 
(provided detailed negotiations 
converge).
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ILC cavity gradient yield
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> Global effort

> considerable improvement 
of high-gradient cavity yield

> Sample still small … will 
change with XFEL batch

Gradient MV/m

The European XFEL

Cavities

TTC Meeting, Fermilab, April 19/22, 2010
Hans Weise / DESY

17

Cumulative Yield
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SRF Quality Assurance and Failure Mitigation

> Package of ILC-HiGrade

> Goals: High-Gradient 
Cavities
 Rapid testing

 Fast feedback to manufacturer

 High quality standards

> will use industrial production

18Optical Inspection of 9-cell cavities Handling of Cavities

Correlations of  Temperature 
Map and Optical Features on 
the Nb cavity inner surface
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ILC – FLASH 9mA Experiment

> As a user machine FLASH is typically 
running with a few bunches only

> ILC-like operations mode

> FLASH ran with  more than 2200 
bunches of 3nC @ 3 MHz (for short 
periods

19

TTF/FLASH 9mA Experiment

Full beam-loading long pulse operation ! “S2”

29-Sept-09                                
ALCPG - Albuquerque

Global Design Effort 28

XFEL ILC FLASH
design

9mA 
studies

Bunch 
charge

nC 1 3.2 1 3

# bunches 3250 2625 7200* 2400

Pulse length µs 650 970 800 800

Current mA 5 9 9 9

• Stable 800 bunches, 3 nC at 
1MHz (800 µs pulse) for over 15 
hours (uninterrupted)

• Several hours ~1600 bunches, 
~2.5 nC at 3MHz (530 µs pulse)

• >2200 bunches @ 3nC (3MHz) 
for short periods

TTF/FLASH 9mA Experiment

Full beam-loading long pulse operation ! “S2”

29-Sept-09                                
ALCPG - Albuquerque

Global Design Effort 28

XFEL ILC FLASH
design

9mA 
studies

Bunch 
charge

nC 1 3.2 1 3

# bunches 3250 2625 7200* 2400

Pulse length µs 650 970 800 800

Current mA 5 9 9 9

• Stable 800 bunches, 3 nC at 
1MHz (800 µs pulse) for over 15 
hours (uninterrupted)

• Several hours ~1600 bunches, 
~2.5 nC at 3MHz (530 µs pulse)

• >2200 bunches @ 3nC (3MHz) 
for short periods

comparable requirements
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Conclusion

> XFEL project advancing visibly;
industrial phase has started

> DESY HEP firmly anchored in LHC experiments
 Builds on the legacy of the HERA experiments and the ongoing analyses

 DESY acts as a facilitator for physics analyses in Germany through the Terascale 
Analysis Centre, schools and workshops

> DESY plays a key role in the management of the ILC;
the project is advancing to a TDR in 2012/3 – in phase with strategic 
decisions in the field
 DESY is the only place to provide experience of large scale production of SRF 

cavities

 ILC-HiGrade is dedicated to pushing the gradient in an industrial framework

> DESY's infrastructure comes to bear in precision experiments
 OLYMPUS

 ALPS

20

always welcome
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Calculation of 2-Photon Exchange
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