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ZEUSHERAH1 (318 GeV)

HERA-B (42 GeV)

HERMES (7 GeV)

PETRA

HERA under Hamburg
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Superconducting HERA-p + HERA-e
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Luminosity StudiesLuminosity Studies
Specific Luminosity vs Proton Intensity
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HERA III
Polarized protons in HERA e-A in HERA

• Deuteron acceleration:
with same Linac

• Ion Acceleration requires:
- a new Linac
- high energy e-cooling

• Luminosity:

AApA LL 1311 107 ⋅⋅=⋅=

• Polarimeters
• Flattening Snakes
• Spin rotators
• At least 4 Siberian Snakes

Georg.Hoffstaetter@DESY.de
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p beam

p beam

p beam

e

e

e beam
p

e

h5.0=τ

h10=τ

h100=τ

h50=τ

• Beam sizes have to be matched
to let the proton lifetime be long.

• Beams have to meet head on to
about 0.1 sigma to avoid bad
electron lifetime.

• Proton and electron tunes have to
be controlled to about 0.002.

• Tunes were chosen to avoid resonances
Qx=0.293       Qy=0.297

• Crossing angles were avoided.
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Electron bunch current ( A)
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Luminosity for different e currents
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Higher p halo production for higher Ie
Accumulated halo Newly produced halo

Tail scraping at HERA-B

t(s)

p bunch number p bunch number

HERA-B rates HERA-B rates

HERA-B rates
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No reduction of Ls by the second experiment
No reduction of Ls by a larger -funktionen

Ls

Ipp
b

So far no reduction 
of  Ls by the 

bunch current
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• The luminosity depends on
many quantities, many of which
could influence the reduction factor.

• One likely possibility would be a
dependence on the proton brightness,
i.e. the number of proton / emittance
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• The horizontal tune has to be small for good polarization
• Tails of the e-beam on synchro beta resonance leads to proton background
• Core e-tune on synchro beta resonance leads to electron loss 
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Goal: longitudinal polarization at ZEUS (new), H1 (new), and HERMES
using the new spin rotators

Challenges: The experimental solenoid requires longitudinal polarization
at ZEUS & H1, otherwise there is no significant buildup.
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Longitudinal polarization at 3 IRs
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3 Rotator Polarization Studies with Harmonic Bumps May 1,  2003
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54%

First polarization at H1 and Zeus

51% polarization with e/p collisions was possible 
with
Specific luminosities close to the design:Luminosity at H1, Lsp = 1.7 (su) Luminosity at ZEUS, Lsp = 1.4 (su)
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Second e-fills have more polarization

0 1 2 3 54 6 7 8 9

Ip

Ie

pol

Time(days)

Explanation: The first fill and the refilling procedure 
have increased the proton emittances and decreased 
the beam beam force that acts on spins.
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Explanation: Runs with more initiall lumi (that is at the time of 
maximum lumi in this run) have a higher beam beam force than 
runs with lower initial lumi, given that the initial electron current 
is about the same from run to run.

Runs with more lumi have less pol.
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Where are the Beam-Beam Limits?
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Upgrade and Ip=140mA:  emittance starts to grow
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Simulation of large beam beam forces
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Measured lumi
Expected lumi for measured emittance
Simulation
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Dipole modes of Gaussian bunches
• Beam beam tune shift for one particle in the
beam beam field of a Gaussian bunch: )(2 pypxpx

ppb

e

e Nr
exex σσσπγβξ +=
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pypxpx
exexQ

Σ+ΣΣ

+
=∆

σσσ
ξ• Shift in the dipole modes oscillation

Frequency of a Gaussian bunch:

Assumption: the bunches remain Gaussian

This approximation is
justified for a stiff beam hitting
a much less stiff beam when
the first beam creates a small
beam beam kick.
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Beam Beam experiments of Feb. 2003

Higher p current

Lower specific luminosity

Unexplained lumi
change over each 
bunch train:
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