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Context: the antiproton source & 
the rest of the FNAL program

• Main Injector operation is designed to 
support optimal antiproton production AND 
(almost) optimal neutrino beam production.

• The pbar source is currently 100% devoted 
to the Tevatron collider.



The antiproton source with a 
proton driver

• Presentation by Paul Derwent (to the
Tevatron collider group):
– 5x increase in number of protons delivered by 

Main Injector may translate into 2x increase in 
pbar stacking rate

• The increased stacking rate could be used to 
support >2E32 Tevatron luminosity, or 
could enable additional pbar experiments to 
run concurrently with the collider.



The world context

• Existing pbar sources (2004): FNAL & 
CERN.

• Planned source: GSI
– Antiproton beams play a large part in the GSI 

physics program.
– Summary presented by Diego Bettoni



The GSI FAIR Facility



SIS 100

HESR

SIS 300

CBM

PP Super-FRS

Atom. Phys.

GSI as of today

Elec.Cooler
PANDA

CR+RESR

NESR
FLAIR

FAIR
Facility for Antiproton
and Ion Research



FAIR: Facility for Antiproton and Ion ResearchFAIR: Facility for Antiproton and Ion Research

•1012/s; 1.5 GeV/u; 238U28+

•Factor 100-1000 over present in intensity
•2(4)x1013/s 30 GeV protons
•1010/s 238U73+ up to 25 (- 35) GeV/u

Secondary Beams
•Broad range of radioactive beams up to
1.5 - 2 GeV/u; up to factor 10 000 in
intensity over present 

•Antiprotons 3 - 30 GeV

•Cooled beams
•Rapidly cycling superconducting magnets

Key Technical Features
Storage and Cooler Rings

•Radioactive beams
•e – A collider
•1011 stored and cooled 0.8  - 14.5
GeV antiprotons

Primary Beams



FAIR
Facility for Antiproton 
and Ion Research • Nuclear Structure Physics and

Nuclear Astrophysics with 
Radioactive Ion-Beams

• Hadron Physics with p - Beams

• Physics of Nuclear Matter with
Relativistic Nuclear Collisions

• Plasma Physics with highly 
bunched Laser- and Ion-Beams

• Atomic Physics and Applied 
Science

• Accelerator Physics

research areas:



Antiproton Physics Program
• Charmonium Spectroscopy. Precision measurement of 

masses, widths and branching ratios of all (cc) states 
(hydrogen atom of QCD).

• Search for gluonic excitations (hybrids, glueballs) in 
the charmonium mass range (3-5 GeV/c2).

• Search for modifications of meson properties in the 
nuclear medium, and their possible relation to the 
partial restoration of chiral symmetry for light quarks.

• Precision γ-ray spectroscopy of single and double 
hypernuclei, to extract information on their structure 
and on the hyperon-nucleon and hyperon-hyperon 
interaction.



The GSI p Facility
HESR = High Energy Storage Ring
L = 442 m

• Production rate 2x107/sec
• Pbeam = 1 - 15 GeV/c
• Nstored = 5x1010 p

High luminosity mode
• Luminosity = 2x1032 cm-2s-1

• dp/p~10-4  (stochastic cooling)

High resolution mode
• dp/p~10-5 (el. cooling < 8 GeV/c)
• Luminosity = 1031 cm-2s-1



Other Physics Topics
• Reversed Deeply Virtual Compton Scattering
• Drell-Yan Process – Transverse Quark Distributions (see app.)

• CP-violation (D/Λ – sector)
- D0D0 mixing

SM prediction < 10-8

- compare angular decay 
asymmetries for ΛΛ 
SM prediction ~ 2·10-5

Cross section σ ≈ 2.5pb @ s ≈10 GeV2

L = 2·1032 cm-2 s-1→ 103 events per month
• Rare D-decays:

D+→µ+ν (BR 10-4)
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c

d
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QCD Systems to be studied in 
Panda



The detector

• Detector Requirements:
– (Nearly) 4π solid angle coverage (partial wave analysis)
– High-rate capability   (2×107 annihilations/s)
– Good PID (γ, e, µ, π, K, p)
– Momentum resolution (≈ 1 %)
– Vertex reconstruction for D, K0

s, Λ
– Efficient trigger
– Modular design

• For Charmonium:
– Pointlike interaction region
– Lepton identification
– Excellent calorimetry



Panda Detector Concept
forward spectrometertarget spectrometer

micro vertex
detector

electromagnetic
calorimeter

DIRC

straw tube
tracker

mini drift
chambers

Solenoidal
magnet

iron yoke

muon 
counter





Topics considered by WG5

• Bottomonium formation (Mandelkern, Jackson)
• CP violation in hyperon decays (Rapidis, Kaplan)
• Hadron spectroscopy (Peaslee)
• (Stopping antiproton experiments/antihydrogen)
• Use of the pbar source as a prototype neutrino 

factory (Christian, Flemming).
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(from Diego Bettoni)





Prototype Neutrino Factory

• In normal operation of the pbar source, 
pions as well as antiprotons are captured by 
the debuncher.

• Pi mu e decays yield
– Nu-mu from pi decays
– Nu-mu & Nu-e from Muon decays



(From John Cooper)





CP violation in hyperon decays

• 10-4 may be reached by HyperCP
• P859 (Rapidis, et al) proposed to reach 10-4 

using pbar p lambda, antilambda in 3 
months of running, burning 6 mA/hr.

• If systematics can be handled, 10-5 (100x 
event sample) could be accumulated in a 
few years, even using ½ of the pbars 
(assuming ~80 mA/hr capacity).
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