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p2000 Worksnhop

* International workshop held at lllinois Institute of Technology (lIT),
Chicago, IL, USA Aug. 3-5, 2000

e 39 participants from

Argonne National Lab. US

Duke Univ. US
Elmhurst College US
Fermilab Us

GSI Darmstadt Germany
T _ ~US
Indiana Univ. Cyclotron Facility US

INFN Genova ltaly

Los Alamos National Lab. US
National Tsing-Hua Univ. Talwan
Northwestern Univ. US
Rutherford Appleton Lab. UK
Ruhr-Univ. Bochum ~ Germany
Univ. lllinois Urbana-ChampaignUS

Univ. Ferrara Italy
Univ. Genova Italy
Univ. Mississippi US
Uppsala Univ. Sweden

 Major guestions:

1. What will be Fermilab’s capabilities pphysics during the next several years?
2. Can astrong physics program be identified to take advantage of these capabilites?



p2000 Worksnhop Motivation(s):

Fermilab starting to define directions for post-LHC era
- broadening the program could be appealing if sufficient clientele

Fermilab has highest-intensgysource and intensity will increase

pp - charmonium,hyperons:
— Improved luminosity & cooling could improve the physics

pp - light-quark resonances:
- could more data clarify glueball & hybrid puzzles?

Trappedd: more beam, better duty factor than AD
— explore new techniques and ideas?

[1 Can physics motivation plustechnical improvementsyield an
attractivep program at Fermilab?



Fermilab p capabilities:
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— Goals:

20 mA/hr  Start of Run Il (March 2001)
100 mA/hr Run 1IB (~2005)
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Fermilab p capabillities (cont’d):

Could deceleratg’s in Main Injector to 2 Ge\d/ (or below?)
Stage 1. Extract through degrader to magnetic bottle
Stage 2: Add 2 GeV/c storage ring with € cooling
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Stage 3: Build bigger ring (1 — 10 GeY/
First applications:

PET isotope production, R&D f@rcancer therapy & interstellar propulsion
(Synergistic Technologies, funded by NASA SBIR)
Ground rule: keep impact on Tevatron luminosity few%

Future possibilities:
Studies of antihydrogen, hyperon decay, glueballs/hybrids, charmonium

O Needf = 10%/cm?/s, maybe possiblein Run 1B
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Preliminary Site Plan

e Under discussion to provide protons for MiniBOOﬁE, NUMI,
Tevatron, and possible Neutrino Factory

 If built,will further increasep production rate
(x47?if production target and collection lens bottlenecks alleviated)



Physics Examples:

6-

1. Search for glueballs & exot

(U. Wiedner, Uppsala)
2. Hyperon CP violation

(DMK) _
3. Hyperon beta decay =

(N. Solomey, IIT) E 3
4. Charmonium “T;

(K. Seth, NWU)

l

5. Trapped-antiproton physics
(M. Holtzscheiter, LANL)
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Mesons and Exotics

Bottom Mesons
B. B,

Charmonium
IV, 3. P(2S)

-l Charmed Mesons -~
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Light Mesons
N, w0,
p.fLahK

‘Two-Body
i Thresholds

P Momentum [GeV/c|

qq Mesons Predicted "Exotics"



Isoscalar 01+ resonances seen by Crystal Barrel

Decay mode
f,(975): M= 580x20 MeV @m
I'= 100+20 MeV
f,(1370): M=1365+50 MeV 7z nn 4n
= 270+ 80 MeV
f,(1500): M=1511+ 8 MeV #wn mm M’
= 11617 MeV K

+ other experiments:

Fi1AENY. K _ 1AAEL o+ &  WAALT Aar Intarnrat n nf fhﬂ | "Q
Ipli4ou). IVMi= 1990 T J  vivy Tiw LRI AR L T o
I'= 56+12 MeV
£(1590): M=1581+10 MeV 7' 1n 4x
[ = 180%17 MeV
f,(1525): M=1525 MeV KK
= 90 MeV - £,(975), a,(980): KK-molecules
[(1710: M=1709+ 5 MeV KK n £ 1370) Nonet member
' = 140+ 12 MeV

f,(1525), £,(1710): Nonet member
f,(1500) = £,(1590) = f(1450): Exotic

0 Conclud: )

— Already much evidence for gluonic exotics, but low-mass region confusing
— Most exotics predicted above LEAR kinematic limit, that’s where
signatures will be cleanest

[1 Want higher-energy storage ring



Charmonium

Confront perturbative QCD icc system

— Confirmation ofd/y, ¢'widths

— Measurement gf. hadronic branching ratios
— Findn/, h
— Improve measurement af at low Q°

c

— Explore region abovBD threshold

— Study charmonium-nucleus cross sections (important for
Interpretation ofl/Y suppression as signature for QGP)



Hyperon Beta Decay

1. V measured in various hyperon and kaon beta decays inconsistent

2. Possible existence of “2class” weak currents — measurable only
In hyperon beta-decay form factors

3. Possibility of=°A mixing — postulated, never confirmed

 Require much larger event samples than currently available



HYPERON CP VIOLATION

e Parity violating, AS = 1 decay of a spin-% strange
baryon into a spin-% baryon and a pion, e.g.

A—>pm
is described by the decay amplitude
MA—prm)=S+Pd5-q

S is the amplitude of the S-wave final state
P is the amplitude of the P-wave final state
gp is the momentum unit vector of the proton



e In the rest frame of the A
the angular distribution of the proton

dn 5
d_Q = E(l + CYAPA : qP)

where P, is the polarization of A
and the decay parameter « is defined as

_ 2Re(S*P)
= SE+1PP

QA
e If CP is conserved

Gy — —OQA

e One can form a CP violating asymmetry

ap + Qy

Ap =

CMA—CVX



ACCESSIBLE IN pp — AAA:

« Compare numbers of decays in which botlp and p above
production planevs. both below

e T I " e
SRR Oy

1=

Production
Plane

« Events with p above, p below and vice versa provide systematics
check



Brief History at CERN:

PS185 at LEAR proposed 1981, begins 1984

pp —» AA proposed for CP: Donoghue, Holstein, Valencia, He,
Pakvasa, 1986

CERN Hyperon CP study group: technique feasibl&0” statistics,
10° systematics

Hsueh and Rapidis propose npwtorage ring at Fermilab 1992
rejected

LEAR shut down 1996, PS185 ends
PS185 publishes world’s best limit to date:

A/\ =0.013+£0.022
Latest:0.006 + 0.015



THEORY & EXPERIMENT

Theory

« SM: A, ~ 10°
« Other models: could be severak 107

Experinfent Decay Mode A

R608 at ISR pp — AX,pp — AX  -0.02 & 0.14
DM2atOrsay ete” — J/¥ — AA  0.01 =+ 0.10

PS185 at LEAR pp — AA 0.006 + 0.015

Experiment Decay Mode Az + A

E756 at Fermilab = — An, A — pm  0.012 & 0.014

E871 at Fermilab = - AmA - pm +=1.4x10"
(HyperCP)



E871 (HyperCP) Collaboration

A. Chan, Y.C. Chen, C. Ho, J.Sheng’, P. K. Teng,
C. Yu' Z. Yu'

Academia Sinica, Taiwan

W. S. Choong, G. Gidal, T. Jones, K.-B. Luk, B. Turko,
P. Zyla

University of California and Lawrence Berkeley National Laboratory

M.Crisler, C. James, J. Volk

Fermi National Accelerator Laboratory

J. Felix, G. Lopez, M. Sosa

University of Guanajuato, Mexico

R. A. Burnstein, A.Chakravorty, D. M. Kaplan,
L.M. Lederman,W. Luebke, D. Rajaram, H. A. Rubin,
C. White, S. L. White

Nlinois Institute of Technology

N. Leros, J.-P. Perroud

University of Lausanne, Switzerland

H. R. Gustafson, M. J. Longo, F. Lopez, H. K. Park

University of Michigan

K. Clark, C. M. Jenkins

University of South Alabama

E. C. Dukes, C. Durandet, T. Holmstrom, M. Huang, L.
Lu, K. S. Nelson

University of Virginia

t Visitors form ITHEP, Beijing



HYPERCP SPECTROMETER
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SUMMARY OF THE 1997 and 1999 RUNS
1997 Run 1999 Run

Number of tapes 9,376 18,838
Data Volume 38 TB 71 TB

Projected number of reconstructed events

- 2 % 109
0.5 x 10°

(11| [1]
+

K+t 0.32 x 10°
K~ 0.13 x 10°

0~ 14 % 10°

0" 53x10°

6(Azpa) = 1.4 x 10~* statistical precision



CP Sengitivity Estimate

tgt days CP
L pbars/hr density | pbar | N_pbar @50% events | = ch
lem”2/s Alcm*2| mA
P859: |1.6E+32| 5.8E+10 | 1.0E+14| 256 |8.0E+11| 88 |[2.3E+09|1.0E-04
1.0E+33| 3.6E+11 | 3.0E+14| 533 |[1l.7E+12| 365 |5.9E+10|2.0E-05
xP859: 6.3 26 51




