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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., !c’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)
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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. 

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 !c1 !c2

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

1 T solenoid

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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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 seminar on this effort.

TAPAS (P-986) proposal to Fermilab and talk at Nov. 2010 Fermilab PAC meeting.

Talk and paper given at CPT '10 Workshop

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 (AGE) 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:

Antiproton Physics Workshop at Fermilab, 5/22/10

Antiproton session at 2nd Project X Physics Workshop, 1/25/08

Antiproton session at 1st Project X Physics Workshop, 11/17/07

Fermilab Experiment 835 home page

HyperCP Experiment home page

Proceedings of the pbar2000 Workshop

AEGIS proposal

Back to IIT Center for Accelerator and Particle Physics home page

Back to IIT Physics home page
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