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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



7  Executive Summary: A Plan for Fermilab

The Steering Group recommends the following plan for the accelerator-based particle 
physics program at Fermilab.

¥  FermilabÕs highest priority is discovering the physics of the Terascale by 

participating in the LHC, being one of the leaders in the global ILC effort, and 

striving to make the ILC at Fermilab a r eality .

¥  Fermilab will continue its neutrino program with NOνA as a ß agship experiment 

thr ough the middle of the next decade.

¥  If the ILC remains near the t imeline proposed by the Global Design Effort , 

Fermilab will focus on the above pr ograms.

¥  If the ILC departs from the GDE-proposed timeline, in addition Fermilab should 

pursue neutrino-science and pr ecision-physics opportunities by upgrading 

the pr oton accelerator complex.

 ¥  If the ILC start must wait for a couple of years, the laboratory should under-

take the SNuMI pr oject. 1

 ¥  If the ILC postponement would accommodate an interim major project, 

the laboratory should undertake Project X for its science capability and ILC 

alignment. 2

¥  If the ILC is constructed offshore, in addition Fermilab should pursue neutrino-

science and precision-physics opportunit ies by upgrading current proton 

facilities while supporting the ILC as the highest priority .

 ¥ The laboratory should undertake SNuMI at a minimum.

 ¥  Alternatively, the laboratory should undertake Project X if resources are 

available and ILC timing permits.

¥ In all scenarios,

 ¥ R&D support for Pr oject X should be started now , with emphasis on

  ¥ expedit ing R&D and industrialization of ILC cavit ies and cryomodules,

  ¥ overall design of Pr oject X.

 ¥  R&D for future accelerator options concentrating on a neutrino factory 

and a muon collider should be incr eased. 3

 ¥  The laboratory should support detector R&D and test-beam efforts for 

effect ive use of future facilit ies.

The 
Steering 
GroupÕs 
proposed 
plan

1 SNuMI is an upgrade of NuMI.
2  Project X consists of an 8 Ge V ILC-like linear accelerator and r econÞ gurations of the existing 

Recycler and Main Injector. The accelerator portion would be similar in size and scope to 
the Main Injector. Construction would take four to Þ ve years with a few hundred FTEs per year. 
It would be most ef fectively mounted as an interlaboratory collaboration.

3  The total annual U.S. R&D budget needed for a neutrino factory and a muon collider is estimated 
to be approximately $20M.
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Chapter 2
Fermilab and the 
Quantum Universe

 0.  What is the origin of mass for fundamental particles?

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

 2.  How can we solve the mystery of dark energy?

 3. Are there extra dimensions of space?

 4. Do all the forces become one?

 5.  Why are there so many kinds of particles?

 6.  What is dark matter? How can we make it in the laboratory?

 7. What are neutrinos telling us?

 8. How did the universe come to be?

 9. What happened to the antimatter?

 Based on ÒThe Quantum Universe,Ó HEPAP 2004
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Quantum Universe questions:
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• Hyperons – search for new physics via CP, rare decays

• Charm mixing – is it new physics? 

• Charmonium – test of QCD

! improved understanding of (nonperturbative) QCD 
important for interpreting above and other physics

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

! glimpsing a new form of matter?

• Antihydrogen: CPT & antimatter-gravity tests
4

pbar Physics Overview
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? 

Could be important!

Feasible in pp?
Need measurement!

QUQ 1, 2, 9

QUQ 5
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Hyperon CP Violation...

5

Table 5: Summary of predicted hyperon CP asymmetries.

Asymm. Mode SM NP Ref.

A! Λ ! pπ <∼ 10−5 <∼ 6 " 10−4 [68]
A"! Ξ∓ ! Λπ, Λ ! pπ <∼ 0.5 " 10−4 # 1.9 " 10−3 [69]
A#! Ω ! ΛK, Λ ! pπ # 4 " 10−5 # 8 " 10−3 [36]
∆" π Ω ! Ξ0π 2 " 10−5 # 2 " 10−4 ∗ [35]
∆! K Ω ! ΛK # 1 " 10−5 # 1 " 10−3 [36]

! Once they are taken into account, large final-state interactions may increase this prediction [56].

Tandean and Valencia [35] have estimated ∆" π $ 2 " 10−5 in the standard model but
possibly an order of magnitud e larger with new-physics contr ibutions. Tandean [36] has
estimated ∆! K to be # 1 " 10−5 in the standard model but possibly as large as 1 " 10−3

if new physics contr ibutes. (The large sensitivit y of ∆! K to new physics in this analysis
arises from chromomagnetic penguin operators and Þnal-state interacti ons via Ω ! Ξπ !
ΛK [36].6) It is worth noting that these potentiall y large asymmetr ies arise from parity-
conserving interact ions and henceare limited by constr aints from εK ; they are independent
of A! and A" , which arise from the interferenceof parit y-violati ng and parit y-conserving
processes[56]. Table 5 summarizespredicted hyperon CP asymmetries.

Of course,the experimental sensitivities will include systematic components whoseesti -
mation will require careful and detailed simulati on studies, beyond the scope of th is Letter
of Intent. Neverth eless, the potential power of the technique is apparent.

3.3 Study of FCN C hyp eron decays

In addit ion to it s high-rate charged-parti cle spectr ometer, HyperCP had a muon detection
system aimed at studying rare decays of hyperons and charged kaons [45, 57, 5]. Among
recent HyperCP results is the observation of the rarest hyperondecay ever, Σ+ ! pµ+µ− [5].
As shown in Figs. 5 and 6, based on the 3 observed events, the decay is consistent with being
two-body, i.e., Σ+ ! pX0, X0 ! µ+µ−, wit h X0 mass mX 0 = 214.3 ± 0.5MeV/ c2. At
the current level of statistics this interpretation is of course not deÞniti ve: the probabili ty
that the 3 signal events are consistent with the form-factor decay spectrum of Fig. 6a is
estimated at 0.8%. The measured branching rat io is [3.1 ± 2.4(stat) ± 1.5(syst)] " 10−8

assuming the intermediate Σ+ ! pX0 two-body decay, or [8.6+6.6
−5.4 (stat) ± 5.5(syst)] " 10−8

assuming three-body Σ+ decay.
This result is particular ly intrigu ing in view of the proposal by D. S. Gorbunov and

co-workers [58] that thereshould exist in certain nonminimal supersymmetri c modelsa pair
of Òsgoldstin osÓ(supersymmetric partners of Goldstone fermions). These can be scalar or
pseudoscalarand could be low in mass. A light scalar particle coupling to hadronic matter
and to muon pairsat the required level is ruled out by the failure to observe it in kaondecays;
however, a pseudoscalar sgoldstino with $ 214MeV/ c2 mass would be consistent with all
available data [59, 60, 61]. An alternat ive possibili ty has recently been advanced by He,
Tandean,and Valencia[62]: theX0 could be the light pseudoscalar Higgsbosonin the next-

6Large final-state interactions of this sort should also a! ect " Ξπ but were not included in that predic-
tion [35, 56].

13

• SM predicts small CP asymmetries in hyperon decay

• NP can amplify them by orders of magnitude:

• �- ~1032 @ ppbar = 5.4 GeV/c (comfortable)

" ~10/s  !
—+! Ð (based on cross-section extrapolation)

<zsensitive to ∆ ~ 10-4 (to A: still to be estimated) 
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Doesthe HyperCP Evidencefor the Decay! ! ! p!! !" Indicate
a Light PseudoscalarHiggs Boson?
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The HyperCPCollaborationhasobserved threeevents for the decay!! ! p!! !" which may be
interpretedasa new particleof mass214.3 MeV. However, existingdatafrom kaonandB-mesondecays
provide stringentconstraintson the constructionof modelsthat supportthis interpretation.In this Letter
we show that the ÔÔHyperCPparticleÕÕcanbe identiÞedwith the light pseudoscalarHiggs bosonin the
next-to-minimalsupersymmetricstandardmodel, the A0

1. In this model thereare regionsof parameter
spacewherethe A0

1 cansatisfyall the existing constraintsfrom kaonandB-mesondecaysandmediate
!! ! p!! !" at a level consistentwith the HyperCPobservation.

DOI: 10.1103/PhysRevLett.98.081802 PACS numbers:14.80.Cp, 12.60.Jv, 13.30.Ce,14.20.Jn

Threeeventsfor thedecaymode!! ! p!! !" with a
dimuon invariantmassof 214.3 MeV have beenrecently
observedby theHyperCPCollaboration[1]. It is possible
to accountfor theseeventswithin thestandardmodel(SM)
[2], but the probability of having all threeeventsat the
samedimuonmass,giventheSM predictions,is lessthan
1%. This suggestsa new-particle interpretationfor these
events,for which the branchingratio is #3:1! 2:4

" 1:9 $ 1:5%&
10" 8 [1].

The existenceof a new particle with sucha low mass
would be remarkableas it would signal the existenceof
physicsbeyond the SM unambiguously. It would alsobe
very surprisingbecausethis low-energy region hasbeen
thoroughlyexploredby earlierexperimentsstudyingkaon
and B-meson decays.The challengeposedby a new-
particle interpretationof the HyperCPevents is therefore
manifold. It requiresa new-physicsmodel containinga
suitablecandidatefor the new particle,X, which explains
why it is light. It alsorequiresanexplanationof why X has
not beenobserved by otherexperimentsthat coveredthe
samekinematicrange.Finally, it requiresthat the interac-
tions of X produce the rate implied by the HyperCP
observation.

In this Letterweshow thatthereis amodel,thenext-to-
minimal supersymmetricstandardmodel (NMSSM) [3],
containing a light pseudoscalarHiggs particle that can
satisfyall existingconstraintsandis thereforea candidate
explanationfor the HyperCPevents.The model contains
morethanoneHiggsparticle,andit is thelightestone,the
A0

1, thatcanbe identiÞedwith X.
ThepossibilitythatX mediatedtheHyperCPevents has

beenexploredto someextentin theliterature[4Ð6], where
it hasbeenshown thatkaondecaysplacesevereconstraints
on the ßavor-changingtwo-quarkcouplingsof X. It has

also beenshown [7] that a light sgoldstinois a viable
candidatefor X. It is well known in the caseof light
Higgsbosonproductionin kaondecaythat, in additionto
the two-quarkßavor-changingcouplings,thereare com-
parablefour-quarkcontributions[8]. They arisefrom the
combinedeffects of the usual SM four-quark j"Sj ' 1
operatorsand the ßavor-conservingcouplingsof X. We
have recentlycomputedthe analogousfour-quarkcontri-
butionsto light Higgsproductionin hyperondecay[9] and
found that they canalsobe comparableto the two-quark
contributionspreviously discussedin the literature.

The interplay betweenthe two- and four-quarkcontri-
butionsmakesit possibleto Þndmodelswith a light Higgs
bosonresponsiblefor the HyperCPevents that has not
beenobserved in kaonor B-mesondecay. However, it is
not easyto devise suchmodelsrespectingall the experi-
mentalconstraints.In mostmodelsthat cangenerate#dsX
couplings, the two-quark operatorshave the structure
#d#1 $ "5%sX. Since the part without "5 contributessig-
niÞcantly to K ! #!! !" , their data imply that these
couplingsaretoo small to accountfor theHyperCPevents
[4Ð6]. In some models, there may be parameterspace
wherethe four-quarkcontributionsmentionedabove and
thetwo-quarkonesarecomparableandcancelsufÞciently
to lead to suppressedK ! #!! !" rateswhile yielding
!! ! p!! !" rates within the required bounds.
However, sincein manymodelsthe ßavor-changingtwo-
quarkcouplings #qq0X arerelatedfor different#q;q0%sets,
experimentaldataon B-mesondecays,in particular, B !
Xs!! !" , also provide stringent constraints.For these
reasons,the light (pseudo)scalarsin many well-known
models,suchastheSM andthetwo-Higgs-doubletmodel,
areruledout ascandidatesto explain theHyperCPevents
[9].

PRL 98, 081802(2007) PH Y SI CA L REV I EW L ET T E RS week ending
23 FEBRUARY 2007

0031-9007=07=98(8)=081802(4) 081802-1 ! 2007 TheAmericanPhysicalSociety

...& Rare Decays

(B ≈10-8)

<z B(! Ð"  ΞÐμ+μ–) ≈10-6
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• pp forms all JPC (unlike e+e–) <z good 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 ηc, χc, hc masses, widths,  
branching ratios,...

- interference of continuum & resonance signals

• Still more to do!

- e.g., hc and #c$ mass and width

Charmonium

7
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• Much interest lately in new states observed in 
charmonium region

New States

8
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XYZ ha dronic tr ansit ions
Many new states : ?               (Round t able Fr iday)

State EXP M + i !  (MeV) JPC Decay M odes 
Obser ved

Product ion Modes 
Obser ved

X(3872) Belle,CDF, D0,
 Cleo, BaBar

3871.2±0.5 + i(<2.3) 1++ ! +! -J/ " ,  ! +! - ! 0J/ " , 

#J/ "
B decays,  ppbar 

Belle
BaBar

3875.4±0.7+1.2
-2.0

3875.6±0.7+1.4
-1.5

D0D0! 0 B decays 

Z(3930) Belle 3929±5±2 + i(29±10±2) 2++ D0D0, D+D- $$

Y(3940) Belle
BaBar

3943±11±13 + i(87±22±26)
3914.3+3.8

-3.4 ±1.6+ i(33+12
-8  ±0.60) J++ %J/ " B decays 

X(3940) Belle 3942+7
-6±6 + i(37 +26

-15±8) JP+ DD* e+e- (recoil a gainst J / " )

Y(4008) Belle 4008±40+72
-28 + i(226±44 +87

-79) 1-- ! +! -J/ " e+e- (ISR)

X(4160) Belle 4156+25
-20±15+ i(139+111

-61±21) JP+ D*D* e+e- (recoil a gainst J / " )

Y(4260)
BaBar
Cleo
Belle

4259±8+8
-6  + i(88±23 +6

-4 )
4284+17

-16 ±4 + i(73 +39
-25±5) 

4247±12+17
-32 + i(108±19±10)

1-- ! +! -J/ " , ! 0! 0J/ " ,
 K+K-J/ " e+e- (ISR), e+e-  

Y(4350) BaBar
Belle

4324±24 + i(172±33) 

4361±9±9 + i(74±15±10) 1-- ! +! - " (2S) e+e- (ISR)

Z+(4430) Belle 4433±4±1+ i(44+17
-13

+30
-11) JP ! +" (2S) B decays 

Y(4620) Belle 4664±11±5 + i(48±15±3) 1-- ! +! - " (2S) e+e- (ISR)
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• Much interest lately in new states observed in 
charmonium region

New States

! need very precise mass measurement to 
confirm or refute

! pp "  X(3872) formation ideal for this

• X(3872) of particular interest b/c may be the 
first hadron-antihadron (D0 D*0 + c.c.) molecule

10
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• 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 ε
- in principle a simple interferometric measurement with 

slow anti-H beam
11

Antihydrogen
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• 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 2011

- cd run during Project X construction and beyond

• Help us spread the word!

12

Summary
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• Drafting LoI and soliciting collaborators

• See http://capp.iit.edu/hep/pbar
13
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Abstract

Fermilab has long had the world’s most intense antiproton source. Despite this,
the opportunities for low- and medium-energy antiproton physics at Fermilab have

! Spokesperson. E-mail address: kaplan@iit.edu
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Proto-Collaboration


