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Overview of HERA 

9th DITANET Topical Workshop on Non-Invasive Beam Size Measurement for High Brightness Proton and Heavy Ion Accelerators, 2013 

H1

ZEUS

HERMES

HERA-B HERA

PETRA

778 m

6336 m long

DE
SY Polarized Electrons

Protons

H1

ZEUS

HERMES

HERA-B HERA

PETRA

778 m

6336 m long

DE
SY Polarized Electrons

Protons

                              leptons      protons 
              

Beam Energies             27.5 GeV       920 GeV 
Beam Intensities          60 mA           180 x 1011 

Magnetic Field             0.15 T          1.5 T 
Acc. Voltage              130 MV          2 MV 
Circumference             6355 m 
e-Spin Polarization        (50-70)% 
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Milestones 
1966     Star Trek and “Raumpatrouille Orion”  

1981       Hera Proposal 

1984     Start Building 

1985   Kay for HERA 

1991      Commissioning, first Collisions 

1992     Start Operations for H1 and ZEUS  

1993   First light from SR Monitor 

1994     Install 1. spin Rotatorslongitudinal polarized leptons for HERMES 

1996     Install 4th Interaction region for HERA-B 

1998     Install NEG pumps against dust problem, Reliability Upgrade 

1999     High Luminosity Run with electrons 

2001     Install HERAII Luminosity Upgrade, Spin Rotators for H1 and ZEUS 

2001/2 Recommissioning, severe background problems, HERA-B physics Run 

2003    1st longitudinal polarization in high energy ep collisions, high Lumi Runs 

2004    SR Monitor delivered reliable profiles 

2007    Final shutdown of HERAII; after 16 years of running 

 
Courtesy Bernh. Holzer 
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IPM in HERAp 

First circulating beam in HERAp (1991) 
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IPM: Suffers from space charge of small bunches at high charges  

(1011 protons, s < 1mm, Ion collection, no magnetic field) 
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Wire Scanner at HERAp 

 

Wire scanners were the working horse at 

HERAp 

Last HERA run 



Synchrotron light monitor for Protons in HERA: 

1: Where? 
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2: How much light? 

 

Vertical bending magnet (warm) 

 
 

Formula of R. Coisson was used: 
Observing high energy proton beams by synchrotron radiation in 

non-uniform magnetic fields, Proc. Conf. Dubna 1980, p. 141-146  

 

Comparison with CERN: should be 

okay for E>300 GeV 



3: How to get light out? 
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Find the differences 

No Bellow! 



“Intensity of the Synchrotron Light 

 An exact derivation of the theory of the edge effect gives a slightly different 

result than reported in Ref. 8.  The expected detectable intensity is shown in 

Fig. 5. The minimum intensity which is needed to give an usual picture of the 

beam is about 107 photons/s.  This will give a first light spot at about 300 

GeV/c at a current of 160 mA.  The intensity depends linear on the beam 

current.” 
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Needs filters 
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Test of the optics:  

 

Using a 1.7 mrad laser the 

optics and cameras can 

resolve three 250 mm slits of 

500 mm distance  

4: Expected resolution 



BU 1 BU 2 
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5: First measurements with beam 

Juni 1993 (Hera Logbook) 

okay 



6: Improvements 

Setup changes in 2003+05 (G. Kube, Ch. Wiebers): 

Improving optic (avoids reflections) 

Moveable mirrors (bellow!) and camera (2006) 

Filters 

CCD Camera (JAI CV-M300E) + PMT 

G. Kube et al., Proc. of BIW06 (2006), Batavia, Illinois, p.374 



Compared to the intensity of the s  polarization component the p component is 

less by more than one order of magnitude. Nevertheless for purposes of beam 

diagnostics the contribution of the latter polarization component should be 

avoided because the broader angular distribution leads to an increase of 

diffraction broadening, thus spoiling the spatial resolution of a  beam profile 

monitor… The resolution broadening contributions determined are 

  

 .144,84 mm yx msms 
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Photos of the monitor setup. (a) View in the beam tube on the extraction 

mirror. (b) Setup of the spherical mirror. (c) The new detector setup.  The 

camera together with a photomultiplier are mounted on an alignment system 

which consists of three stepper motors used to adjust the detectors in three 

translational degrees of freedom. Two filter wheels in front of the detectors 

allow to attenuate the  intensity  and to select the polarization direction. 

 



Photomultiplier 

Camera with lead shielding 

Light from SR-Monitor 

Flipping mirror 

Shield by Tetraboroxid 
For background shielding 

against neutrons the whole 

setup was installed in a 

box of Tekalen which is a 

material with high 

hydrogen concentration 

and doped with 16.1% 

boron oxide. In addition 

the box is faced with a 

lead shielding against 

gamma background. 
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7: First measurements with new setup  
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8: After some optimisation (moveable!): A real beam profile!!! 
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Collimators were moved to the beam 



9th DITANET Topical Workshop on Non-Invasive Beam Size Measurement for High Brightness Proton and Heavy Ion Accelerators, 2013 



The bunch pattern (with PMT) 

2006:  

“After the improvements and the start up of HERA (with electrons)  … 

proton SR is already detected by the photomultiplier. The multiplier signals 

observed with an oscilloscope reproduce nicely the fill pattern of the 

HERA proton ring. However, the alignment procedure of the imaged beam 

spot onto the chip of the CCD camera through the optical telescope is still 

in process …” 



9 … and here the story finds its final end. 

Quite abrupt  



The End 
 

 

 

 

Thanks to G. Kube for many information 
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