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• Fermilab Antiproton Source is world’s most intense 
(and highest-energy)

3

Antiproton Sources

...even after FAIR@Darmstadt turns on

1 Introduction

We propose to assemble a simple, cost-effective, yet powerful magnetic spectrometer at
the AP-50 experimental area of the Fermi National Accelerator Laboratory Antiproton
Source, by integrating and suitably augmenting existing equipment. This will capitalize on
Fermilab’s substantial investment in the Antiproton Source, by far the world’s best facility
for producing antiprotons. It will allow unique investigations of charm, charmonium, and
hyperons, studying and searching for rare decays and symmetry-violating effects with world-
leading sensitivities. It may also constitute the only hadron physics carried out at Fermilab
in the years immediately following the completion of the Tevatron program. As such, it will
substantially broaden the Lab’s physics program and multiply the number of available thesis
topics severalfold, thereby playing a valuable role in continuing to attract a cross-section of
U.S. physics students into our field.

Table 1 summarizes the parameters of current and future antiproton sources. It can be
seen that the highest-energy and highest-intensity antiproton source is at Fermilab. Having
formerly served medium-energy antiproton fixed-target experiments, including the charmo-
nium experiments E760 and E835, it is now dedicated entirely to the Tevatron Collider,
but could again be made available for dedicated antiproton experiments upon completion of
the Tevatron program (towards the end of 2011 according to the present schedule, although
the possibility of a Tevatron run extension is under consideration). The CERN Antiproton
Decelerator (AD) provides low-energy antiproton beams at a tiny fraction of the intensity
now available at Fermilab. Germany’s >∼billion-Euro plan for the Facility for Antiproton
and Ion Research (FAIR) at Darmstadt includes construction — yet to be started— of 30
and 90 GeV rapid-cycling synchrotrons and low- and medium-energy antiproton storage
rings [1]. Antiproton operation at FAIR is anticipated on or after 2018.

Table 1: Antiproton energies and intensities at existing and future facilities.
p Stacking: Operation:

Facility Kinetic Energy Rate Duty Hours p/Yr
(GeV) (1010/hr) Factor /Yr (1013)
0.005CERN AD
0.047

– – 3800 0.4

Fermilab Accumulator:
Tevatron Collider 8 > 25 90% 5550 > 150
proposed ≈ 3.5–8 20 15% 5550 17

FAIR (>∼ 2018*) 1–14 3.5 15%* 2780* 1.5

∗The lower number of operating hours at FAIR compared with that at other facilities arises
from the collection ring being shared between the antiproton and radioactive-beam programs.
Due to the modular staging of the FAIR facility, stacking of antiprotons will initially be done
in the experiment ring, leading to the small duty factor shown here. FAIR’s stacking ring is
planned for installation several years after initial operation.

2 Experiment Overview

In the flavor problem, nature presents us with a very challenging puzzle. In the more than
30 years since the Standard Model was established, our failure to discern what deeper theory
underlies it indicates the difficulty of this challenge. Our clues— the behaviors of 6 quarks
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Figure 6: E835 apparatus layout (from [67]).

Figure 7: The DØ solenoid and central tracking system, drawn to the same scale as Fig. 6,
shown as currently installed within the DØ calorimeters (from [68]).
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Our proposal:

• After Tevatron finishes,

- Reinstall E760 barrel calorimeter

}<$10M

Flux Return

- Add small magnetic spectrometer 

- Add precision TOF system

- Add thin targets

- Add fast trigger & DAQ systems

[existing BESS 
magnet from 
KEK &
SciFi DAQ
from DØ               &
FNAL iron]
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TAPAS
(The AntiProton Annihilation 

Specrometer at Fermilab)

2.63 m
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P̅ANDA
ii PANDA - Strong interaction studies with antiprotons
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F. Cappellaro, B. Höistad, T. Johansson, I. Lehmann, A. Lundborg, Y.-N. Rao, Ö. Nordhage,
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Figure 1.3: Setup of the PANDA detector.

• The interaction point is surrounded by a micro
vertex detector (MVD) which has five barrel
shaped layers plus five disk-shaped detectors in
forward direction. The three innermost layers
are composed of pixel detectors to achieve best
resolution and to be able to easily detect decay
vertices displaced from the interaction point.
The outer layers are composed of microstrip
detectors which are easier to handle.

The baseline technology chosen for the pixel
detectors are hybrid active pixel sensors as used
by several LHC experiments. The electronics
still has to be modified to accommodate contin-
uous readout. As alternatives to silicon pixels,
GaAs based detectors are considered as well as
much thinner monolithic pixel sensors where
the problem of radiation hardness would have
to be solved.

• The MVD is surrounded by a cylindrical
tracker. Two options are currently discussed,
a straw tube tracker (STT) consisting of 15
double layers of self-supporting straws and a
time projection chamber (TPC) with continu-
ous readout.

The TPC is the technically more challenging
option since it requires an ungated charge col-
lection based on a GEM readout. However it
has the benefit of less material and offers in
addition particle identification via dE/dx.

On the other hand, the STT is seen as a safe
fall-back solution which should still fulfil the
basic tracking requirements.

In the forward direction circular or octagonal
mini drift chambers are used to track particles
with higher momenta before they enter the for-
ward spectrometer.

• The next detector is a Cherenkov counter based
on the DIRC principle as used in BaBar at
SLAC. It consists of quartz rods in which
Cherenkov light is internally reflected to an ar-
ray of photon detectors in the backwards di-
rection. The readout can be either done by
imaging a 2D pattern of reflections with a large
number of PMTs or APDs or by measuring just
one coordinate and the time of light propaga-
tion inside the quartz very precisely.

In forward direction a disk-shaped Cherenkov
counter with quartz radiator and detectors for
internally reflected light similar as for the bar-
rel DIRC is planned. Its readout should be
located between the solenoid coil and the re-
turn yoke to allow the calorimeter end cap to
be as close as possible.

• An electromagnetic calorimeter is placed out-
side the DIRC. It consists of a barrel part with
11 360 crystals, a forward end cap with 6 864
crystals and a backward end cap with 816 crys-
tals. As detector material PbWO4 is foreseen,
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TAPAS Physics Case

• Hyperon CPV & rare decays

• Charmonium-like mystery states (XYZ...)

• Charmonium spectrum

• Charm mixing, CPV, & rare decays
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in a nutshell:

}World’s
best 
exp’t!

+ (P̅ANDA) nuclear-physics topics: charmed hybrids & 
glueballs, nuclear effects, hypernuclei, p !p Drell-Yan...
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• TAPAS:  ≈20 to 50 MHz of charged particles 
@ 10 MHz interaction rate 
@ KE p ! = 3.5–8 GeV

• P̅ANDA:  ≈20 to 50 MHz of charged particles 
@ (ultimately) 10 MHz interaction rate 
@ KE p ! = 1–14 GeV

• Based on NA-48/2 KABES (tested to 70 MHz), 
TPC can handle this with MPGD readout 
(Micromegas or multi-GEM)

7

High-Rate Experiments!
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P. Colas et al., NIM-A 535 (2004) 226M. Dixit et al., Spatial resolution
Pad size = 2 mm

!= 40 µm

Results from Micromegas TPC R@D

With 1.5 x 4 mm2 pads,
we expect we can have 32 pad rows
with a resolution of about 50 µm

9
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TPC Option 1?

Figure 6: E835 apparatus layout (from [67]).

Figure 7: The DØ solenoid and central tracking system, drawn to the same scale as Fig. 6,
shown as currently installed within the DØ calorimeters (from [68]).
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• Expected interaction rate ≈10 MHz @ 8 GeV p ! K.E.

• Expected track rate up to 50 MHz

⇒ ≈ 1 kB per event with SciFi tracking

• TPC, L ≈ 1 m ⇒ ≈8 µs memory ⇒ ≈80 events pile-up!

⇒ data per event ≈ 3 MB?!

Cylindrical

TPC

• TPC, L ≈ 1 m ⇒ ≈8 µs memory ⇒ ≈80 events pile-up!

⇒ data per event ≈ 3 MB?!
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• TPC, L ≈ 0.15 m ⇒ ≈1.2 µs memory ⇒ ≈12 events pile-up

⇒ data per event ≈ 30 kB?
11

TPC Option 2?

Figure 6: E835 apparatus layout (from [67]).

Figure 7: The DØ solenoid and central tracking system, drawn to the same scale as Fig. 6,
shown as currently installed within the DØ calorimeters (from [68]).
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• Expected track rate up to 50 MHz

⇒ ≈ 1 kB per event with SciFi tracking
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• Expect Level 1 Trigger Accept rate ≈100 kHz

• Pass tracker data to Level 2 Trigger

• SciFi option: needed bandwidth ≈100 MB/s

• TPC option 1:  needed B/W ≈30 TB/s!

• TPC option 2:  needed B/W ≈ 3 GB/s – OK

12

Data Rate
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• Must minimize pile-up &
space-charge effects

 ⇒ want high drift speed

• CH4 @ 900 V/cm suitable

 → vdrift ≈12.5 cm/µs

• Say 
rin = 2 cm, 
rout = 15 cm, 
L = 15 cm

13

TPC Specs
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• At high particle rate, drifting ions will perturb 
drift field due to space charge

• Rough (over?)estimate:  

- treat as cylinder of charge with inner radius a, 
outer radius b:

• Plausible parameter values: 
ρ = 800 nC/m3, r = b = 0.03 m, a = 0.02 m 

 ⇒E(r = 3 cm) ≈ 800 V/m = 8 V/cm

- small w.r.t. 900 V/cm drift field
14

Space Charge

21

Applications of Gauss’ Law
2. Similarly for any cylindrically symmetric 

charge distribution, e.g., line or rod or tube 
of charge (or multiple, concentric tubes) – 
e.g., cylindrical shell –!3 regions:

E = 0 E =
!
2"0r

b2 # a2( )E =
!
2"0r

r2 # a2( ) TPC

p ! beam

r = 15 cm

L = 15 cm

r = 2 cm

< KABES
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• Best experiment ever on hyperons, charm, and 
charmonia may soon be feasible at Fermilab

- including world’s most sensitive charm CPV study?

• World’s best p ̅ source → simple way to broad 
physics program in (pre-)Project X era

• Can small high-rate TPC cost-effectively improve 
experiment performance?

(For more info see http://capp.iit.edu/hep/pbar/.)
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Summary

http://capp.iit.edu/hep/pbar/
http://capp.iit.edu/hep/pbar/

