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“Project X”

® Fermilab Steering Group recommends construction
of 8 GeV ILC-like proton linac

- if adopted, will extend life of pbar Source by
obviating need for “Super-NuMI” intensity upgrade

! In this scenario, new pbar expt desirable:

- modest on scale of other projects

- attractive opportunity to keep results flowing &
students involved while other projects under
construction
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Quantum Universe questions:

What is the origin of mass for fundamental particles?

Are there undiscovered principles of nature: new symmetries,
new physical laws?

How can we solve the mystery of dark energy?

Are there extra dimensions of space?

Do all the forces become one?

Why are there so many kinds of particles?

What is dark matter? How can we make it in the laboratory?
What are neutrinos telling us?

How did the universe come to be?

2.
3.
4,
5.
6.
7.
8.
0.

What happened to the antimatter?
Basedn O he QuantumUnivers€)HERPAP 2004
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pbar Physics Overview

® Hyperons — search for new physics via CP, rare decays

QUQ: 1. Are there undiscovered principles of nature:
new symmetries, new physical laws?
4. Do all the forces become one?
9. What happened to the antimatter?

e Charm mixing — is it new physics? |Feasible in pp?
Need measurement!

® Charmonium — test of QCD

! improved understanding of (nonperturbative) QCD

: : ; , QUQ 5
important for interpreting above and other physics

® New charmonium-region states (X,Y, Z...)

Could be important!

® Antihydrogen: CPT & antimatter-gravity tests |QuQ1,2,9
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Hyperon CP Violation...

® NP can amplify them by orders of magnitude:

Asymm. Mode SM NP

Ay Al pr < 107° <6" 104
A =F1 An, A! pr S05" 10*% # 19" 1073
A Q! AK,A! pr  # 4" 107° # 8" 1073
Av Q! =07 2" 107° # 2" 1074+
Al k Q! AK # 1" 10°° # 1" 1073

® -~10%2 @ ppbar = 5.4 GeV/c (comfortable)

| — . .
~10/s I *I P (based on cross-section extrapolation)

< Zsensitive to A ~ 104 (to A: still to be estimated)
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...& Rare Decays

PHYSICAL REVIEW LETTERS week ending

PRL 98,081802(2007) 23 FEBRUARY 2007

Doesthe HyperCP Evidencefor the Decay! ' | pu' u” Indicate
a Light PseudoscalaHiggs Boson?

Xiao-GangHe"
Departmentof Physicsand Centerfor Theoetical SciencesNational Taiwan University Taipei, Taiwan

JusakTandean
Departmentof MathematicsPhysics,and ComputerScienceUniversity of La Verne,La Verne, California 91750,USA

G. Valencid

Departmentof Physicsand Astonomy lowa StateUniversity Ames,lowa 50011,USA (B ~ | 0-8)
(Receved 2 November2006; published22 February2007)

The HyperCPCollaborationhasobsered three events for the decay>' ! pu' u which may be
interpretedasa new particleof mass2143 MeV. However, existingdatafrom kaonandB-mesondecays
provide stringentconstrainton the constructionof modelsthat supportthis interpretation.n this Letter
we show that the @HyperCRarticleOcan be identibedwith the light pseudoscalaHiggs bosonin the
next-to-minimalsupersymmetristandardmodel, the AJ. In this model there are regionsof parameter
spacewherethe AY cansatisfyall the existing constraintsrom kaon and B-mesondecaysand mediate

' 1 opu' u ataleve consistenwith the HyperCPobsenation. o
<ZB(! ® ZButu) =10
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Charmonium

® pp forms all J’¢ (unlike e*e”) <zgood for singlet states

® Superb precision of antiproton beam energy (100 keV)
and momentum spread:

- E760/835 @ FNAL AA made very precise
measurements of charmonium parameters

- best measurements of 7, ¥, h masses, widths,
branching ratios,...

- interference of continuum & resonance signals

® Still more to do!

- e.g., hc and #3mass and width
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New States

® Much interest lately in new states observed in
charmonium region
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XYZ hadronic tr anstions
© Many new states : ?

: Decay M odes Product ion Modes
| PC
ﬂﬂ she el e MM

Belle,CDF, DO, : LH-J/, 1oy

X(3872) Cleq, BaBar 38712+0.5 +i(<2.3) I 4" B decays, ppbar

Belle 3875.4+0.712.5 0 B decays

BaBa 3875.6+0.7+141 5 oD /
Z(3930) Belle 39294542 + i(29+10+2) 2+t D°D°, DD $$

Belle 3943+11+13 + i(87+22+26) "
Y(3940) BaBa 301433854 +16+ (332 £0.60) | I %J/ B decays
X(3940) Belle 3942*76+6 +i(37 *26.15+8) JP+ DD e*e” (recoil againg J /")
Y (4008) Belle 4008+40%72 55 + (226+44 *87 1) 1 LH-g/ e*e (ISR)
X(4160) Belle 41565*25 50+ 15+ i(13911%,+21) JP* D* D* e*e” (recoilagaing J/")

BaBa 4259i8+8-6 + |(88123 +6-4) I +| -J/ n ' Ol OJ/ n
Y(4260) Cleo 42841715 +4 + (73 *39 y5+5) 1 KK ’ e'e” (ISR), ee

Belle 4247+ 12175, + i(108+19+10)

BaBa 4324424 + i(172+33) N )
Y(4350) Belle 4361+9+9 + i(74£15x1( I F @9 e'e (ISR)
Z%(4430) Belle 4433+4+1+ (441713730 1) JP I+ (29) B decays
Y(4620) Belle 4664+11+5 + i(48+15+3) 1 L " (29) e'e” (ISR)

E.Eichten QWG -- 5th In ternational Workshop on Heavy Quarkonia DESY October 17-20, 2007




New States

® Much interest lately in new states observed in
charmonium region

® X(3872) of particular interest b/c may be the
first hadron-antihadron (D° D™ + c.c.) molecule

! need very precise mass measurement to
confirm or refute

| pp " X(3872) formation ideal for this
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Antihydrogen
® CPT tests:

- making antihydrogen in traps is big ongoing R&D effort
at CERN AD (ATRAP, ATHENA, ALPHA)

= cf. relativistic antihydrogen formed “automatically” in
E835 jet target [G. Blanford et al., PRL 80,3037 (1998)]

= can test CPT in flight (e.g., anti-H Lamb shift) thx to

Lorentz-shifted B field in =0.7-T magnet
[G. Blanford et al., PRD 57, 6649 (1998)]

® Unknown whether antimatter falls up or down or
whether g-g =0 or ¢

= in principle a simple interferometric measurement with
slow anti-H beam
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Summary

® Best experiments ever on hyperons, charmonia, and
antihydrogen may run a few years from now at

Fermilab
® Aligned with Project X plan

® More focused than PANDA, could happen sooner &
get more beam:

- from accel. viewpoint, could run as soon as 201 |

= cd run during Project X construction and beyond
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Proto-Collaboration

® Drafting Lol and soliciting collaborators
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