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Antihydrogen Measurements
 H ̅-in-flight CPT test feasible:

 Interferometric H ̅ gravity test: ∄ direct limit

- simple solution to missing antimatter & dark energy:

→ could matter & antimatter repel gravitationally?

- more generally, quantum gravity can have scalar & vector 
terms as well as tensor

⇒ g̅ / g = 1 ± ε
- measurement feasible with proven technology (trapping, 

atomic interferometer)

- goal: determine ε first to 10–4 (gratings), then 10–9 (lasers)

‣ First test of Equivalence Principle for antimatter

target

Charmonium & XYZ States
 p̅p can directly form states of all non-exotic JPC

 p̅p capable of precision mass & width measts, e.g.:

  FNAL E760
 σm (beam) = 
    0.5 MeV

 Directly study singlet states: ηc, hc,ηc(2S) & other 
non-1-- states (e.g., χc’s)

‣ Are XYZ states 
charmonium or 
hybrids or...?

Charm CPV
 σ(p ̅p → D*D ̅) ~ 1 µb? 
⇒ >1010 events produced

– charm mixing: new physics?

‣ Potential world’s-most-
sensitive measurement

D*D cross-section estimate (after E. Braaten, 

arXiv:0711.1854)

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

3.5 3.7 3.9 4.1 4.3 4.5 4.7 4.9 5.1

!s

s
ig

m
a
 (
"

b
)

Abstract
Fermilab operates the world’s most intense source of antiprotons. 
Experiments have been proposed that can use those antiprotons 
either parasitically during Tevatron Collider running or after the 
Tevatron Collider finishes in about 2011. We summarize the physics 
goals and potential of the proposed experiments. 

New pbar Experiments for Fermilab

We are working on proposals for new experiments at the Fermilab Antiproton Source —
the world's most intense source of antimatter!

So far the collaboration includes:

      

     

     

Some useful documents:

A recent concise paper on this effort

Medium-Energy Antiproton Physics Letter of Intent and Addendum 1, Addendum 2, and P-986 Fermilab Physics Advisory Committee (3/5/09) talk by Dan Kaplan

Antimatter Gravity Experiment Letter of Intent and P-981 Fermilab Physics Advisory Committee (3/5/09) talks by Tom Phillips and Mark Raizen

"Direct Observation Limits on Antimatter Gravitation," by M. Fischler, J. Lykken, and T. Roberts, FERMILAB-FN-0822-CD-T (2008)

Website on antimatter gravitation maintained by Tom Phillips

A talk to the Fermilab Physics Advisory Committee by Tom Phillips (3/28/08) on "Antimatter Gravity Experiment at Fermilab"

A talk to the Fermilab Physics Advisory Committee by Gerry Jackson (3/28/08) on "Antimatter Gravity Experiment at Fermilab"

A talk to the Fermilab Steering Group by Dan Kaplan (6/1/07) on "Low- and Medium-Energy Antiproton Experiments at Fermilab"

A talk by Dave Christian (5/10/07) on "The Antiproton Source and Possible Experiments"

A talk by Dan Kaplan (5/10/07) on "A New Experiment to Study Hyperon CP Violation and the Charmonium System"

Engineering drawing of E760 calorimeter: tot_cal_lay.pdf

Two engineering drawings of the experimental area in AP-50: SC-1, SC-3.

Some useful links:

Hyperon CPV & Rare Decays
 Example Feynman diagrams

(Standard Model):

 tree:

penguin:

 New physics can contribute too!

• Rare decays:

- HyperCP observed 
3 Σ+ ➝ pµ+µ– events

- Consistent with
new low-mass
X0 ➝ µ+µ–

• Aim to start with p ̅p ➝ Ω– Ω̅̅+

• Sensitive to B ~10–6,  CP asymm ~ 10–4

• Probe both parity-conserving and violating 
interactions ⇒ complementary to K & B studies χc1 χc2

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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Proposed Exp’tal Approaches
 FNAL Antiproton Source is world’s most intense – 

even after FAIR@Darmstadt turns on (~2018)

 Opportunity for small, simple experiments soon after 
Tevatron finishes

 Medium-Energy experiment:  “upgraded E835” with
magnetic spectrometry:

‣ use existing E760 calorimeter,
BESS solenoid, & DØ VLPC
photodetectors & DAQ boards

 L ~1032 feasible ⇒ ~108 p ̅p ➝ Ω– Ω̅+ events/year

 Slow-H ̅ expts:  decelerate in MI & degrade into trap

 Possible future upgrade: add small decelerator ring

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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Figure 1: Sketch of upgraded E835 apparatus

as discussed in text: a 1T solenoid surrounds

fine-pitch scintillating-fiber detectors, and is

surrounded by precision TOF counters, all

within the existing E835 Central Calorime-

ter. A possible return yoke is not shown; un-

less the solenoid can be actively shielded, one

is needed for proper functioning of calorime-

ter phototubes.

Figure 2: World average of D0–D0 mixing

parameters x ≡ ∆m/Γ, y ≡ ∆Γ/2Γ: best-

fit values are x = (0.98
+0.24
−0.26)%, y = (0.83 ±

0.16)%, and no mixing (x = y = 0) is disfa-

vored by 10.2σ [25].

in the down-type [5, 26], it is important to carry out such studies not only with s and b
hadrons, but with charm mesons as well — the only up-type system for which meson mixing

can occur.

While challenging to compute from first principles, recent phenomenological estimates

near threshold give the exclusive cross section σ(pp → D∗0D0) peaking, at about 1µb, at√
s = 4.2 GeV [27, 28, 29]. This corresponds to antiprotons of 8GeV kinetic energy (the

Antiproton Source design energy) impinging on a fixed target. At L = 2×1032 cm−2s−1, this

represents some 4× 109 events produced per year. Since there will also be D∗±D∓, D∗D∗,
DD, DDπ,... events, the total charm sample will be even larger, and with the use of a target

nucleus heavier than hydrogen, the charm-production A-dependence [30] should enhance

statistics by a further factor of a few. The total sample could thus substantially exceed

the 109 events now available at the B Factories. By localizing the primary interactions

to ∼ 10 µm along the beam (z) direction, a wire target can also allow the D-meson decay

distance to be resolved, and the low charged multiplicity at these energies [31] implies small

combinatorial background. Medium-energy pN annihilation may thus be the optimal way

to study charm mixing, and to search for possible new-physics contributions via the clean

signature [32, 5] of charm CPV.

We have carried out preliminary simulations of such events with the apparatus of Fig. 1;

key parameters of the simulation are given in Table 3. In particular we simulated pn →
D∗−D0, with subsequent decays D∗− → π−s D0, D0 → K+π−, for which we find the D∗−

geometric acceptance to be 45%, with 0.75% mass resolution and 0.4 MeV/c2 resolution

on the D∗–D mass difference. To estimate the combinatoric background, we rely on a

preliminary analysis of events from the MIPP experiment [33], using a 20 GeV p beam (the

lowest energy for which a useful amount of data was available) and scaling the laboratory-

frame longitudinal momenta of all secondaries by a factor 0.65 to approximate the effect of
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