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FAIR facility at GSI



Schematic layout of polarization facility
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Layout of the p-pbar collider

HESR (3 -15 GeV)
L = 682.6 m

12 12 bunches



Luminosity considerations
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Luminosity of p – p_bar collider
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Intra Beam Scattering
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Simulation of electron cooling
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Preliminary parameters of the electron cooler 
for HESR

5 kG (Ee=1.6–7.9 MeV)
2 kG (Ee=0.44–1.6 MeV)

Magnetic field

Cooling section

6.0 mDiameter of high-voltage vessel

13.0 mHeight of high-voltage vessel

2 cmCathode diameter (beam diameter)

500 GMagnetic field

0.5–10 keV/cmElectrostatic field along accelerator column

8.0 mLength

0.44–7.9 MeVElectron energy on the output

Acceleration column

Length 30 m



e-cooler and Siberian snakes
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Optical structure of the cooler/snake insertion
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Magnetic field in the snake
solenoids vs. the beam energy

Snake skew-quads angles 
vs. the beam energy
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“Rotating” quads

an
gl

e

I1/I2



Arc lattice
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Injection insertion

kicker prekickerseptum
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p-pbar electrostatic separator
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Interaction region layout
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Electrostatic “helical” orbit separation



List of the p-pbar collider parameters

1031 cm-2 · s-11/ 2.3 / 5Luminosity Lmax

s10e- cooling and IBS time 

0.03 /0.03/ 0.03Beam-beam parameter, 

01/ 0.1 / 0.1Space charge tune shift, 

02 / 0.6 / 2
Antiproton beam emittance, 

2 / 2 / 2
Proton beam emittance, 

m28.4Distance to first parasitic crossing, 

12Number of bunches per beam, 

1012
1 / 1 / 1

Total number of protons, 

10120.1/ 0.3 / 1Total number of antiprotons, 

MHz0.445Revolution frequency, 

m681.58   Collider circumference,                            l

0f

PN

PN
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Pε

Pε

P,P∆ν

,P Pξ

IBS e-coolτ τ�

10-6 cm · rad.

10-6 cm · rad
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Asymmetric collider option

Polarized protons

p

3.5×15 (GeV)
experiment

p_bar storage

ramping

ramping

1.207 × 3.5 (GeV)
proton injection

CSR



( E = 1.207 GeV)   at proton injection in HESR  ( E = 3.5 GeV)

Sketch of the interaction area
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Schematic drawing of the interaction area
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Asymmetric p-pbar collider parameters 

1030 cm-2 · s-13.7 / 4.8 / 5.5Luminosity Lmax

0.03 / 0.03 / 0.03Beam-beam parameter, 

0.1 / 0.1 / 0.1Space charge tune shift, 

4.5 / 14 / 45
Antiproton beam emittance, 

2.5 / 2.5 / 2.5
Proton beam emittance, 

40 / 10Number of bunches per beam, 

1012
1 / 1/ 1

Total number of protons, 

10120.1 / 0.3 / 1Total number of antiprotons, 

GeV15 / 3.5Beam energies                                EP / EP_bar

m600 /144   Ring circumferences,                      l1 / l2

PN
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Asymmetric p-pbar collider parameters (PAX option)

1030 cm-2 · s-10.57 / 1.74 / 5.7Luminosity Lmax

0.03 / 0.03 / 0.03Beam-beam parameter, 

0.1 / 0.1 / 0.1Space charge tune shift, 

0.25 / 0.75 / 2.5
Antiproton beam emittance, 

45 / 45 / 45
Proton beam emittance, 

40 / 10Number of bunches per beam, 

1012
1 / 1 / 1

Total number of protons, 

10120.1 / 0.3 / 1Total number of antiprotons, 

GeV15 / 3.5Beam energies                                EP_bar / EP

m600 / 144   Ring circumferences,                      l1 / l2
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Asymmetric p-pbar collider with coasting beams
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Longitudinal distribution of the luminosity
(coasting beams)
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Asymmetric p-pbar collider parameters
(coasting beams)

1030 cm-2 · s-17.5 / 12 / 42Luminosity Lmax (I=1m)

0.03 / 0.03 / 0.03Beam-beam parameter, 

0.1 / 0.1 / 0.1Space charge tune shift, 

0.25 / 0.75 / 2.5
Antiproton beam emittance, 

2.5 / 2.5 / 2.5
Proton beam emittance, 

1012
7 / 7/ 7

Total number of protons, 

10120.1 / 0.3 / 1Total number of antiprotons, 

GeV15 / 3.5Beam energies                                EP / EP_bar

m600 /144   Ring circumferences,                      l1 / l2
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Sketch of the interaction area
(β• = 10 cm)
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Polarized proton acceleration at SIS-18
1)     Partial  Siberian snake (pulse solenoid against resonances ν =k

2)     Q-jump on linear intrinsic resonance ν=Qz= 3.28



P_bar polarization study ?
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Conclusion
♦ conceptual study of polarized p-p_bar collider at HESR 
is done

♦ the collider can achieved luminosity  4·1031 cm-2 · s-1 
in symmetric and asymmetric options

♦ symmetric collider can cover energy range 10 – 30 GeV

♦ polarized protons from PPS will be accelerated up to 
3.5 GeV in SIS 18

♦ polarization of antiprotons is terra incognita today 

♦ proper study of the p_bar filtering can be done at 
NESR before construction of an antiproton polarizer

♦


