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Summary 

Solar System Exploration Division 
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• NASA's Space Exploration Initiative (SEI) 

• Grand -Scale Laboratory Physics 

• Physics In Space (or On The Moon) 

• Quantum Oscillation Physics 
- 1st, 2nd, 3rd Generation Concepts 
- Hilbert Space Mixing 
- Vacuum Oscillation Physics 

• Long -Baseline Experiment. 

• Feasibility Study (NASA) 
- sse Justification 
- Why do it now? 
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Synopsis 

Solar System Exploration Divisioll 
Johnson Space Center 

NASA's Space Physics Division has selected a neutrino telescope 
as one ofthe preliminary experiments which have a scientificjusti
fication at a lunar base in its Space Exploration Initiative (SEI). 
The proposal to conduct long-baseline particle beam experiments 
between the Earth and Moon is examined. In particular, neutrino 
oscillation experiments between the Superconducting Super Col
lider and a lunar-based neutrino detector are discussed. Empha
sis is placed upon the unique capability of measuring the vacuum 
oscillations in quantum physics, which no other known circum
stance provides over such a distance. An SSC-justification is ad
dressed, and NASA's proposed feasibility study of this emerging 
experiment in fundamental physics is presented. 
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A1fven's Universe (1988) 
(Reference 1) 
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1900 

FIGURE 2. Astrophysics in a nutshell. 
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Common Man 
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Comprehension-1 
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Physics In The Next Century 
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Quantum Oscillations - First Principles 
(Schrodinger: Zitterbewegung) (References 2 & 3) 
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Quantum Oscillations - Second Principles 
(References 4,5) 

• Pontecorvo: Quantum oscillations have implications for particle physics, in particular 
neutrinos. 

Quantum Oscillations - Third Principles 
(Refs. 6-10; Reviews 11-14) 

• Quantum oscillations in matter may have significant implications for the Standard 

Solar Model (SSM) and the solar neutrino problem. 

• See this afternoon's Spring Conference session on neutrino oscillations! 
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t 

The Standard Model of Particle Physics 

1st Family 

2nd Family 

3rd Family 

Force Particles 

Photon W Z Gluon 

MaHer Particles 

Quarks 

~Up 
[!)Down 

~Charm o Strange 

[!?lTop 

~Bo"om 

Leptons 

rv;] e-Neutrino 

~ Electron 

, ~ It-Neutrino 

[t]Muon 

rJ T -Neutrino 

[IJ Tau 

t 
See Gilman (Ref. 15) 

for a discussion of 

4th family physics. 



NJ\S/\ Solar System Exploration Division 
Johnson Space Center 

Hilbert Space Mixing 
(New Physics: Hilbert's 6th Problem) 

(Reference 8) 

l{; 
Born's Universe: 1'1'12 = 1 Ve = (COS 8)Vl + (sin 8)V2 

vp. = (cos 8)V2 - (sin 8)Vl 

I Pure 

( ( Time Evolution 
~ Operator 

;:} % 
II 

Axiomatic Closure. 
Completeness 

Use impulse 
approximation to 

get Green's Functions. 

Mixed 

(1) 

Lbn2 L1m2 

L1vph = 2k2 ,L1cp(t) = Llvph • k • t = 2k - t 

VI = (cos 6)ve - (sin 6)",. 

V2 I: (cos 6)v,. + (sin 6)ve 

[ m

2 

°2 ] V i.!!.V = 7ft 
dt 0 tt 

d " v f = (vet V,.)t i-vf=H,-vf dt 

H = Llm
2 

[ cos 28 
/ 2k - sin 2D 

- sin 28J 
-cos 28 

.., 

(3) 

(4) 

(5) 

(2) 
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Vacuum Oscillations 

\ I \ 
\ '\ , I , 

\: \ 
\ I \ 

I \ 
I \ 
I \ 

I \ 
I \ 

, \ . , 
I \ I \ 
I \ ' \ 
I \' \ 
I \' \ I , . 

Fig. 1. The wave packets of mixed ve and vJ1 states. 

(Reference 8) 

"Ie 

"I 
1°', p. A ... ~~e:q,,] I 

, 
~ 

, I , , , , , , , 
• e s >n 

~ ./ , ./ ~ ./ "- Z ~I 

Fig. 2. The flavour decomposition of VI and V2 for 

the V~ state. Solid and dotted lines are waves with 

pure e-flavour and J1-flavour, respectively. 
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The Earth-Moon Laboratory 

, , , , 
r ' Earth . -------------------------~---------------- . 

f mun=3.8440hlo' m (60.336 RE) 

f ml.=3.564x1o'm (55.941 RI ) 

f mu=4.067x1o'm (63.836 RI ) 

E = 0.0549 

/ 
/ 

/ 
/ 

Moon 
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The Earth-Moon Laboratory & Our Sun 

Sun 

Earth -Moon Orbit (l20RE) 

Cenler oJ Sun 
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Long-Baseline Particle 
Physics 

s 
e = EdE". For 11-mesons, 

A= 1 km2 when E" = 1.576TeV. 

For K-mesons, ~ = 12.5 A 11 . 

T" 

v 

Solar System Exploration Division 
Johnson Space Center 

Fig. 12. An Earth-based teva-

tron T beams v's to a Moon- NASA's 
based detector D. High-energy 

Stanford v beams of definite composi-

tion and energy (from resultant Workshop 
secondary 1T and K decay) can 

(1989) be produced by "dumping" a 

proton beam onto a target. 

Particle kinematics from Ref. (Reference 16) 

79 for 1T and K meson sources 

are shown, although chann 

decay has been analyzed. 75 

The beam divergence e is the See L. Volkova 

ratio of meson rest energy to v (Ref. 17, 18) for 

beam energy. A beam at 1.576 analysis of beam 

TeV subtends A = 1km2 (l010 decay geometry. 

cm2) on the opposite side of the 

Earth (at 2 ReJ To hold 

A' = 1 Ian 2 on the opposite side [ e = mn c2/E ] 
v 

of the Moon, a v beam energy 

of 48.57 TeV is required. 
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Beam Dumps & Neutrino Beam Sources 
(Reference 19) 

Neutrinos are produced in weak decays when a high-energy proton beam is "dumped" 
onto a target. For low average target density, the decaying particles that result are 
mostly pions and kaons, with some contributed from /\ and I hyperons. As the density 
is increased, these longer-lived particles are reabsorbed before they can decay, and the 
residual "prompt" neutrinos come mostly from charmed mesons. The latter are expec
ted to produce equal numbers of ve and v~, which can then be identified by charged
current events in detectors placed at large distances from the target. Mter correction 
for differences in efficiencies and subtraction of the nOJlprompt neutrino component, 
any disparity in the cross sections for ve -+ e versus v ~-+ ~ may be evidence for oscilla
tions. In practice, it appears impossible to eliminate the non prompt background. 
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NASA's Stanford Workshop (1989) 

fig. 13. Neutrino oscillations 

can be studied at planetary 

densities in the Earth-Moon 

laboratory. Matter (along Le 

and 4.) and vacuum (along 

Lv) oscillations all can be ad

dressed using a pure v eigens

tate (pulsed accelerator beam) 

in tandem with a lunar-based 

v detector. A relevant feature 

of oscillation studies is the ra

tio LIE, where L is the length 

of the baseline and E is the v 

beam energy. Mean-free path 

A= K-1 em. 

(Reference 16) 

Neutrino Oscillation Studies 
(Earth-Moon Laboratory) 

L -Lv+('-ln+ Le) 

~- Ro+ (Re+ RrJ 

Ro L y 
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Scaling Up The Laboratory 

LIE Ranges 

(E.g. Boehm, Ref. 20) 

It is not true to state that .Fv ,.... 20 TeV is the "wrong" energy for studying 
oscillation physics [Ref. 21]: 

(a) We do not know that neutrino oscillations ~ill actually resolve 
the solar neutrino puzzle. We are "tailoring" the mixing 
parameters, hoping this will provide a satisfactory explanation. 

(b) LIE,.... 10mlMeV (e.g. for Earth-based measurements) is unchanged 
at LIE,.... 108 mIlO TeV (Earth-Moon distance,.... 108m). 
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Proposed Long-Baseline Neutrino Experiment 

Purpose of the Experiment t 

Th measure the vacuum oscillation between the Earth and the Moon 
using a particle accelerator and a neutrino detector on the Moon. No 
other known circumstance appears to provide this unique capability 
of measuring quantum vacuum oscillations over such a distance. 

The ability to pulse the beam and to attain a purer initial particle ei
genstate has marked advantages over using astrophysical sources such 
as the Sun, whose initial neutrino eigenstates are mixed and unknown. 

If a vacuum oscillation measurement is crucial to the ultimate deter
mination of all the neutrino masses, then this long-baseline experi
ment could prove important. 

t 
The emphasis on vacuum oscillations is due to Kenneth Lande. 
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Long-Baseline Physics Experiment 

fatili1J Entm AUlllkmZ} Ad 

UNAC 0.6 GeV • 6.3x 1()9 
LED 1I.IGeV 1.8dOS 
MED 200GeV 6dO· 
liED 2 'rev 565 

SSC 20 TcV 5.65 

Earth 

ILSE = Int'l Lunar Science Experiment 

• Area .r MOOD - 9.S. Itf> km2 



NI\S/\ Lunar & Mars Exploration Program Office ~ 
Mission Development & Operations Office W.( 

Moonrise Geometry I 

MAXIMUM AZIMUTH 
DEVIATION FROM DUE 

EAST: 23°27' +-5°9' 
MOON 
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LUNAR ORBlTAL 

PLANE 

s 
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Earth-Moon Geometry 

TO SUN .. 

ECLIPTIC 
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1f. Moonset periodically 
occurs. 

sse Azimuth Geometry I 1} 
Moonrise periodically 

Moonset always 
occurs. 

Moonset will 
never occur. 

Moonset will 
never occur. 

Centerline: Waxahachie Courthouse Clock lbwer 
-Latitude 32° 23' 07".204 
-Longitude 96° 50' 51".306 

lAJIe 
W ... hKhle 

occurs. 

Moonrise will 

E 

never occur. 

* ** Moonrise always 
occurs. 
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Remote Sites 
(Southern Arc) 
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65 
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Prepared by Thomas Wilson and Kent Joosten 

i Targets of Opportunity I 
sse Remote Site Dependence For Tangential Beam Extraction 

(Example: January 2000) 

----- -----------~----t----J-----
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-
• 
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-

Remote Sites 
(Northern Arc) 

60 
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-----+-----
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Date, (Year 2000) 



Thomas Wilson/NASA, Houston sse: 3 -Dimensional Perspective 

(Relative to the LINAC) 

mst 

North 
East 

148.3' 105' 

HEB 

t . 
LINAC = Lmear Accelerator 
LEB = Low Energy Booster 
MEB = Medium Energy Booster 
HEB = High Energy Booster 

t . 
LINAC IS at ground level. * Tangential East-West Extraction 
Sites ~ Sites: E3 and E8j or 
F Sites: F3 and F8) 

sse 

E4 



NI\SI\ Solar System Exploration Di.'isioll 
Johnson Space Center 

Remote Site Moonrise Limits - Southern Arc 

-itt,PI 
J'.~l Itlld0 ,,,.. ~ I--.. 

:* 

*** Minimum Moonrise Azimuth, 
18ngential Dump 

*: Maximum Moonrise Azimuth, 
18ngential Dump 
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~st 

\ t 
Slope ---~-., :. 

Collider Thnnel 
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Remote Site ILSE Concept 

(Elaborate Configuration) 

E-Site or F-Site 

. . 

East 

/ 

~150fl 

Slope determined by magnets utilized and fee simple problems atlon the surface. 
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Remote Site ILSE Concept 

-:--:> • , 

(Neutrinos Transit Horizontal Cords or The Earth Until Exiting from 150 ft depth) 

.--Ntulrino 
Beam 

(Wesl) 

Collider Thnnel 

* ** 
Pion Decay Thnne! 

* ** 

~lSOfl 

--. Neutrino 
Beam 
(Easl) 
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Thomas Wilson 

David Cline 

Ervin Fenyves 

Kenneth Lande 

t 

Solar System Exploration DiJ'ision 
Johnson Space Center 

t • 
ILSE CollaboratIon 

National Aeronautics and Space 
Administration 

University of California, Los Angeles 

University of Texas, Dallas 

U niverstiy of Pennsylvania 

ILSE = International Lunar Science Experiment 
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sse Justification 

• Beam Focus, Collimation at TeV Energies 

• Luminosity 

• Pulsed neutrino source, clearer understand
ing of pure and mixed eigenstates of the source 
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t 
Colliding Beam Accelerators 

(E.g. John Ellis, Ref. 22) 

r 

(' 

"EXISTING 

"-'" 

----

t 
Old Chart 

- + 

/"", .. 

"FUTURE 
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t 
NASA Feasibility Study of Neutrino Experiment 

(ILSE) 

• Prepare a preliminary conceptual desgin of the ILSE 
experiment. 

• Relate ILSE to SSC goals and objectives. 

• Present report to SSCL (Gilman et al.). 

• Establish Users' Group? 

t 
Today's presentation is not a proposal. 
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-Addenda -

Neutrino Spectra, Detectors, & Proton Decay 

Conceptual SEI Space Physics Strategy 

- References -
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Laboratory & Astrophsyical Neutrino Sources 
(Reference 23) 

-- a' cosmic neulrino (m=O, - - . b, cosmic neutrinos (m=)O eV, 
-- c, WIMP neulrinos (m=2 GeV,v=.OOlc) 
-- d) Solu neutrinos 
-- e) lerrestrial anlineuttinos 
-- 0 supemova n~uttinos (averaged) 
-- ,) supemova neulrinos (10 kpc source) 
-- h) almospheric neutrinos 
-- i) cosmic ray neunlnos (10 kpc source) 
-- j) neutrinos from WIMP annihilalions 

k) reaclor neutrinos (10 melers) 
I) LAMPF neutrinos 
m) CERN collider neulrinos 

, , b) , , 

a) 

c) 

, 

, , , , 

Energy (GeV) 

Krauss' 
Neutrino Spectrum 

g) 
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Charm & The Lunar Surface 

r--, 
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Il 

N ~ 
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(Reference 24) 
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TABLE 1 

NEUTRINO DETECTION TECHNIQUES 

E ..... 10-1 eV - Coherent Interactioas 
with mUlY nuclei 

individual (I [(e+ e _ II. + e) (I ... 10-12 em'] 
(Relic II) 

e.clel 
Coherent (I ex N', N = Ie _,1. 

but detection yery difficult I 

E" ,..., KeV - MeV - Neutrino Processes 

(Solar Neutrinos) 
Coherent 

E .. 10 - 100MeV 

(
s.pernoyo " detectofl -) 
Ditr •••. ",. In window 

E~100MeV-GeV 

- lie + Nucleus -+ N' + e 

(eK. II. + Cl -+ Ar + e - Homestake) 

- II. + e -+ II. + e 

II",r + e -+ II",r + e 

II" + N -+ II" + N 

Ve: v. + p -+ e+ + n C1 ,..., 10-40 cm2 

lie: lie + N -+ e - + N' 
".: ". + N -+ "_ + N~e,'J 

"_ + N -+ e + X ) 
II,. + N _ p + X C1 .... 10-31 em' 
II. + N -+ "_ + X 

E» GeV - LarKe Water Detector - DUMAND for example 

Solar System Exploration Division 
Johnson Space Center 

Neutrino Detection 
Techniques 

(Reference 25) 
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Diffuse Astrophysical Neutrinos - Detection 

-u c 
Q) .g -Q) 
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0 ... ... ., .,-
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CT uc ·c ~.-
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u 8 
~ 

8 ... 
::I 
o 

(/) 

lit 
0 
C ... -::t u 
z 
u .--cu 

O!: 

I 

? ? 
• • 

. 
• , 

(Reference 25) 
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Proton Decay On The Moon (Pati & Salam) 
(References 16 and 26) 

~IOcm 
J.+-----IOm----~ 

~-----------15m---------~·1 
Fig. I 
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Proton Decay & Supernova Neutrino Detector 
at a Lunar Base (Schematic) 

(References 16 & 25) 

Compacted 
Lunar Dust 

Charged Particle 
and Neutron Detectors 
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Monoco 
(Moon Observatory for Neutrinos And l&mics) 

(Reference 25) 

Active Shield 

Lunar 
Soil 

69 Sensitive 
Layers 

Fine-grained calorimeter using 

10m 

lunar soil as absorber, sandwiched with 
sensitive medium imported from Earth. 
(ef. Nuse.'(, Kolar) 

---------

10m 

Speculatiolls abolll the 
possible eOllstmetioll of a 
10J ton detector for v S lind 
other comics Oil the Mooll. 

3.4 m 

X Readout 
Volume 

Y Readout 
Volume 

Critical Parameter is the 
Instrument-Mass-to-Detector
Mass ratio: ",10-3• 



NJ\SI\ Solar System Exploration Division 
Johnson Space Center 

Conceptual SEI Space Physics Strategy 
(Reference 27) 

Enabling Science 

Solar Monitors 
Mars Aeronomy 

Observer 

Space 
Exploration 

Initiative 

Lunar Base 

Mars Outpost 

Unique Science 

Lunar Calorimeter 
Magnetosphere 

Imaging System 
Magnctopause 

Sounder 
Lunar Pinhole 

Occulter 
Lunar Neutrino 

Telescope 
Analog Magnetospheric 

Plasma Laboratory 
Lunar Solar 

Observatory 



1\11\51\ 

Levell: 

SEI Enabling 
Science 

Level II : 

SEI Unique 
Science 

Funding 

Solar System Exploration Division 
Johnson Space Center 

Conceptual Space Physics Phasing 

(Reference 27) 

SHAP 
2,3,4 

'94 "95 '96 "97 '98 '99 '00'01 '02 '03 'O~ '0_5 '06 '07 '08 '09 '10 '11 '12 '13 '14 '15 '16 

Sounder 
(lunar backside) 

'94 "95 '96 '97 '98 '99 '00 '01 '02 '03 '04 '05 '06 '07 '081'09 '10 '11 '12 't:1 '14 '15 '16 

MO&DA+ 
R&A+ 
Theory 

MO&DA+ 
R&A+ 
Theory 

Assumes: Lunar Outpost - 2005, Mars Landing - 2019 
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FUNDING 

1990 

Solar System Exploration Division 
Johnson Space Center 

Conceptual Space Physics Funding 

(Reference 27) 

---------~ SEI ENHANCEMENli 

(e.g., MAO, Global Solar Monitors, Calorimeler,lum 
Mag Imaging, 1 AU NET, elc.) 

INTERMEDIATE MISSIONS 

MODERATE MISSIONS 

Present 

SPO Level 

1995 

Frontier' 
Probes Coupler 

MO & OA for ISTP & MaJor Missions 

MO & OA for Sman Missions 

R&A, Theory 

2000 2005 

YEAR 

Imaging' 
Cluster 

2010 

·Study 
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sse Elevation Summary 
(Reference 28) 

E8 F8 
~~ ~! 

E9 F9 E lOT • FlO' E I FI E3 
!~ ~~ 

F3 E4 F4 ES·~J )'FSo 

r- 800 

C-. 700 

lit 400 a 

0~~~4-+-~-+~4-~~~~'+-~~~4-+-~-+~~+-~-+~~+-~~~~+-~-+~~+-"~~-+~~~ 
o S 10 IS 20 25 30 3S 40 45 50 54. 13 

DISTANCE (HILES' 

LEGEND 

TUNNEL PROFILE ~r 
'-...~--- APPROX I MATE BASE OF EXPER I MENTAL HRLL 

D 

GROUND ELEVATION DETERMINED 
FROM USGS TOPOGRRPHIC HRPS 

CREEKS AT WHICH SO FT. MINIMUM DISTANCE TO 
TUNNEL CENTERLINE OCCURS 

CONTRCT 

'" ,,--- INFERRED CONTRCT , 

I FAULT 

FilUre :U.l.l. Schematic rendering or coUider ring relativ~ 10 Ellis County geology. 



Thomas Wilson/NASA 

Facility 

t 
Ground UNAC LEB 
////// 

Upper Ring sse 
Lower Ring 

t 

Elevation/Depth Summary 
(Relative to the LINAC) 

(Reference 28) 

Depth Delta 
(ft) (m) (ft) (m) 

MEB 
,...,.0 

32m(10Sft) 105 32 

DEB 
105 32 

13.2m( 43.3ft) 
148.3 45.2 43.3 13.2 

Elevation 
(ft) (m) 

668.0 203.6 

563.0 171.6 

519.7 158.4 
517.1 157.6 

LINAC is at ground level [SSCL "Site-Specific Conceptual Design," Page 605 (July 1990)]. 
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Pion-to-Neutrino Beam Geometries 
[ 0 = ml1c1/E ) 

v 
1 

e (rad) Ad = 11/2/4 (km2) Facility Enew E (GeV2) 1= Roe. (km) 
(Ge v 

UNAC 0.1395674 t 0.0194791 1.0 3.844(1( x 105 1.160537xlll ll 

0.6 0.36 2.326I23xlO-1 8. 94164x Jtl4 6. 279488x 109 

tED 11.1 1.232lx101 1.25736x 10-2 4.8333xln3 1.834752x 107 

IIXI 104 1.395674xlO- 3 5.364985x 1U2 * 2.26(616)(105 

MED 100 11J4 1.395674x10-3 5.364985)(102 2.26(616)()()5 

200 4xl1J4 0.697837xlO-3 2.682492x JIl2 5.651 54x1O'4 

liED 200 4x104 0.697837x 10-3 2.682492x 1 02 5.65154)( 1Il4 

2,000 4x 1(J6 0.697837x 10-4 2.682492x 101 5.65154)( 102 

SSC 2,000 4x 1(J6 0.697837x 10- 4 2.682492x 10 I 5.65154x 102 

20,000 4x108 0.697837x 10-5 2.682492 5.65154 
40,000 1.6xlO9 0.348919x10-5 1.341246 1.412885 

tPion rest-mass energy IPanicle Dala Group: Physics Lellers 11239 (1990»). 

SSC 

Earth 

LlNAC - Linear Accelerator 

LED = Low Energy Booster 

MED = Medium Energy Rooster 

HED = High Energy HOOSier 

SSC - Superconducling Super Collider 

* Area or Moon ~ 9.4945Ox106 km2 

Ro= 3.84401xlOS km 

Moon 
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sse Remote Site Allocations 
(Reference 28) 

~~ DOE property owner~hlp 

Strot,fu.d fee e~tote 

H 

t 

Fipre 6.1.1-1. sse land areas. 
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The pp Reaction C~J.;.;;.;;;iN=-____________ _ 

",1 ,,,11 ,,111 

• + • - " + ,'" + If. 
or • + .- + , - fI + Af. 

"+ • - ~JI. + .., 
•• + •• - <tJl, + , +, -or- IB, + 4H, _ '. + .., 

'B, + ,- - 'Li + II. ___ 'B. • , - aB - .., 
'Li + , - 4H, + ts. .. - .. ,- +,. - lit 

.... - .B,- 4Ht 



Main Neutrino Producin" Rear.tions in the Sun, Maximum Neutri:."o En

erlY, and the IDtecrated Flux Predicted by the Standard Solar Model. 2 

Solar Reaction Max. ~eutrino Enerl)' PredicYd Total Flux 

(MeV) (em-1.,.:-I) 

, + , - II + ,. + II, 0.42 1.1 )( 1010 

, • ,- + , - II + II, 1.44 1.5 )( lot 

,- + 'St - 'Li .. II, 0 .• 4.0)( 10' 

IB - 'B, + ,- + II, 14.10 1.1)( .0' 
II.V _ I~ - ,. + II, 1.15 5 )( lot 

Ira _ liN - ,. + II, 1.13 4 x .0' 
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Atmospheric Neutrino Oscillations 

• Atlnospheric neutrinos above 10 Ge V are nlainly vI-" 

• Ve and VT" frolll vI-' oscillatioll have negligible chance of 
being mistaken for vI-" 

==> disappearance experiment JlIA -. Jle ,.,. • 

Look for a deficit of vI-' of energy E after a distance L : 

.2 . 2 (1fhm2L) 
P( JlIA -. Jle,.,.) = SIn 28 SIn 2.5E . 

To study minimum possible 6m2, cut on low energy muons: 

cos8 
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Figure 4: The GRANDE detector. 
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Up-down discrimination 

IJvlB is a prototype! 

1MB: 1 upv;ard v-induced p,/2 days in presence of 
5 x 105 downward jl'S 

=::} up-dov-yn discrimination 5 x 105 in a single layer. 

Opaque Layer 

\ 
o o 

Upward p,: 
typically > 20 P~1T's hit 

per layer 

o o ~ Photomultiplier 
Tubes 

Downward J.L (f) < 48°) : 
typically < 3 - 4 P~1T's 

per layer due to direct hits 

or light scattering 



Accelerator Neutrino Oscillations - sse 
Oscillation studies with a 20 3e V sse heroll at a distance 
of 400 kUl froln GRANDE: 

• Measure lie disappearance via neutral-charged current 
;atio or charged current rate at 2 different distances . 

• Sensitive to sin2 28 ""' 0.005 and 611",,2 "'V 0.003 eV2• 

- Very interesting region theoretically: If the solar 
neutrino deficit is due to MSW oscillations, then 
lIJ1 < 10-2 e V. Given a see-saw Dlechanism, this 
hnplies mil,. ""' 0.2 - 3 e V and 6m2 

"'V 0.03 - 10 e V2. 

- With LIE as high as 20 (compared to typical ac
celerator experiments ill the range:~ ,'E < 1), GRANDE 
will uniquely explore this region of pal'alueter space. 



Figure 1: The Medium Energy Booster (MEB) of 200 GeV protons and the 
two possible beam lines towards GRANDE. 
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E.2 Accelerator Neutrino Oscillations 
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RESULTS FROM ONE THOUSAND DAYS OF REAL-TIME, 
DIRECTIONAL SOLAR NEUTRINO DATA 

K. S. Biral&, K. Inoue, T. Kaji&.&, T. Kifune, Ie. ICilau&, M. Nabhat&, 
K. NUuav&, S. Ohar&, N. Sa&o, Y. Suzuki, Y. To&Rka aad Y. Yapnuma 

l .. fif.fc In C .... ie Ra, Ruc.rcl, U.i.er,i" 01 "-•• Te ••• Ai, Tok,. J II, J.,.. 
M. Mori, Y. 0Jama, A. Suuki, K. Tabla ....... III. Yamada 

JI.';'.aI LaNN'." I.r Bi,A ~.c", PA"iCl (K8X). ,...... Ik,...i JIS. J.,.. 
Y. ICc..hiba 

T. .. U.i.,,,,if,. Aih,., T..,. lSI, J., •• 
T ....... T.~ 

.,., ..... , e/ PA, ..... II ....... '. K.k, .,.,. Uf. J.,.a 

Y. hbd, E. Xoder&, Y. N acuhima aDd M. Ta.lcita 
A,.. s ., .I/,A,.ic., 0 .... U.i.e,.,i", T., •• d., O •• k. SI', J ... 

K. Kaneyuki and T. Tuaimori 
Dc,. ..... e/ /,A"ie" Tok,o I."i'.'e .J TecA •• ,.". II .... , r.k,. I'" J.,.. .... 

E. W. Beier, L L NcI.cMr, I. D. PI " w. ,...1.1. Kia, 
A. X. Mann, F. M. ".-cla ., I.. "- ...... w. DleaC 

Dep_Mme.' .1/,."iCl, U.iN"';".j I ••• ..,.. '., "_111.~ ... , 'A 1111l, U.S.A. 

A data sample of 1040 d.,. from u.. K. . I' II. II cIe&.ect., c. . 'i.C 01 ...... 
plea of 450 days at electron nero tiara ..... E. ~ I.~ MeV ..-I _ .... at E. ~ '7.1 
Me V, yields a clear directional correlation 0( tM eoIar antria.ia ...... tiIIdN'I • e .... 

with respect to the Sun and a measurement of tM 4.erential II taa •• '.U ~ 
bution. These provide unequivocal evidence for tM productioa of" ., h.i _ .. d.e 
Sun. The measured flux of ·B solar DeutriD~ fro. the two ..... , .. relati'ft .. a 
prediction ofthe Itandard 101&1' model iI 0.46:1: 0.0$ (aa&.):I: 0.06 (,)'1&.). 11ae ~ da&a 
sample is lesled {or short·term time variation; wit ... tl.e Itatistical error. 1M) .ilnificut 
n.riation is obeerYed. 

I Now at Loe A~ Natio .. " WMra'«7. Loe Aw.., NM 11'45. U.S.A. 
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Goal Goal 
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non-linearity -
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A new measurement of £'1£ in CP violating KO -> 21t decays 

NA31 experiment at CERN: 

CERN-Edinburgh-Mainz-Orsay-Pisa-Siegen Collaboration 

Present experimental situation: 

Re e'le = ( 3.3 ± 1.1 ) x 10-3 (1988) NA31 at CERN 

== (-0.4 ± 1.5 ) x 1c-3 (1990) E731 at Fermilab 
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NA31 ': CERN-Edinburgh-Malnz-Orsay
Plss-Siegen Collaboration 

R = 0.989 ± 0.005 ± 0.004 

Re £'/e = 0.0019 ± 0.0011 

Signal Events Background 

~->2~ 108000 3.3±O.2% 
Kt, -> 1t+1t- 285000 0.8±0.1 % 

Ks->27f 562000 <.1 ±0.01 % 
K + -s -> 1t 1t 1379000 0.1 ± 0.01 Ok 

4.2 ± 0.22 0/0 

Systematic uncertainties in double ratio R 
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7W I "9'-); 

5cd,~ 

Backgrounds ± 0.22 % ~~~ ~ ~~ J n!/Cat.207l 

Energy scale ± 0.14 % :.-~ : rctn-

Accidentals ± 0.20 % 

Acceptance 

±0.4 Ok 



NA31: CERN-Dortmund-Edinburgh-Mainz
Orsay-Pisa-Siegen Collaboration 

(Burkhardt et al. 1988) 

R = 0.980 ± 0.004 ± 0.005 

Re E'/E = (3.3 ± 1.1 ) x 1 0-3 

Signal Events Background 

~->2~ 109000 4.0 ± 0.20/0 

Kl -> 1t+1t- 295000 0.6 ± 0.1 0/0 

Ks->27t° 932000 <0.1 0/0 

Ks -> x+x- 2300000 <0.1 0/0 

4.6 ± 0.22 0/0 

Systematic uncertainties in double ratio R 

Backgrounds ± 0.3 % 

Energy scale ± 0.3 0/0 
Accidentals ± 0.20/0 

Acceptances ± C.2 0/0 
Varia ± 0.1 0/0 
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Kroll and Wada, PR 98, 1355 (1955) 
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I(x) probes structure of KL---Y---Y* vertex 

I(x) = 1 => B(KL --. e+e-,) = (9.1 ± 0.4) x 10-6 
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Model of Bergstrom et al. PL 1318, 229 (1983) 

I<L==~ 

OK. measures relative contributions of two diagrams 

Sakurai 10K. 1=1.0 PR 156, 1508 (1967) 

Bergstrom et al. 10 K. 1= 0.2-0.3 
applying method of 
Shlfman et al. NP 8120. 316 (1977) 
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General Method for KL -+ 1r°e+e- Search 

• e+ e- define decay vertex 

• position and energy of -yts 
measured with lead glass 

• mass constraints: 
m.y.,. ~ m 11'0, mwee ~ m K 

• reconstructed kaon must come from target: 
8K ~O 

e K 



- time resolution 
- 1r / e separation 
- -r veto 
- '"'T"Y, mwee, 'K 

- require mee > m ° w 

KL ...... ",01r0 

LL e+e-"'Y 

e+e-"'Y 

- charged particle multiplicity 

- m-y-y 

KL ...... e+ e-"'Y + "'Ybrem 

- ,n-y-y, E-y, Be-y 
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QED prediction: 

B(KL --.. e+e-,,) = 5.8 x 10-7 (E~ > 5MeV) 
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P. Franzini, CU-LNF __ -'-, '91 t; 

What is a ¢-factory? A strange factory? A K

factory? 

4>- vs K -factory 

1010 K's/year « K-factory intensity, but: 

1. Pure QM state ... 2 -., Ali. 

2. Tagged K's: short, long, s=l or -1 

3. Almost no background 

4. Ks beam 

5. K and K beams 



P. Franzini, CU-LNF 

e+e- ANNIIDLATIONS 

e+e- ~ ~ ~ e+e- Bhabha 

~ u+u- ~ 
,-,- v point 

~ qq ~ hadrons 

87 nb 2 
O"point = s (GeV2) x e 

JPC = 1--
.~ 

- - - 1000... to 3. leO l.fO 
u(e+e- ~ hadrons) '" 5 jlb at 1020 MeV 



P. Franzini, CU-LNF 

¢ DECAYS 

M = 1019.412 ± 0.008 MeV 

r =4.41 MeV 

ree = 1.37 keV 

¢ ~ K+K- 49% 

KsKL 34% 

p7r 13% 

'91 ,,' 

7r+7r-7r
0 2% l ..... ~ 

1J'Y 1.3% 4 1 -,-r..."'1 
,...., 10-3 % 

E]\.- = 510 ± 0.25 MeV, from beam energy spread 



P. Franzini, CU-LNF '91 - 7 

In the reaction 

C(KOKO) = C(4)) = C(,) = -1. 

Let li)=IKK, t = 0, C = -1), then: 

1
0) _IKO,p)IKO,-p) - t1?O,p)lKO,-p} 
2- v'2 

Assuming CPT, K s and K L, to lowest order in f 

are given, in the usual (wrong) notation by: 

and 

I Ks) = (1 + €)I KO) + (1 - €)I KO) 
v'2y'1 + Ifl2 

I KL) = (1 + €)I KO) - (1 - €)I KO) 
V2y'1 + 1€12 



P. Franzini, CU-LNF 

1 i} = ~ 1 + \€12 X 
y"2 1 - €2 

. '91 411' 

(IKs,-p)IKL,p) -IKs,p)IKL,-P)) 
so that finally we conclude: 

To obtain the amplitude for decay of K(p) into a 

final state 11 at time tI and of K( -p) to 12 at time 

t2 we time evolve the initial KO KO state according 

to: 

1 + 1€21 
1 tb Pi t2, -p} = (1 _ €2)y"2 x 

(I Ks(-p)}1 KL(p) }e-i(Msh+MLtd -

1 Ks(p)}1 K L( -p) }e-i (MsMM Li 2 ») 
where MS,L = MS,L - irS,L/2 are the complex Ks, 

K L masses. Defining 



P. Franzini, CU-LNF '91 -, 

~t =t2 - tl t = tl + t2 

~M =ML - Ms M = ML + Ms 

we get for the amplitude for decay to states 1 and 2: 

. 1 + Ifl2 
(h, t}, Pi 12, t2, -pit} = (1- €2)y'2X 

(hi Ks)( 121 Ks )e-iMt/2 (r/leit1Mt1t/2 - 7]2e-it1Mt1t/2) 

The above implies 

for tl = t2 and il = /2 (Bose statistics). 

A ex "1+- - "100 = 3 X f' -.J 
(£ ,., 10 , --, '" 

.' MI.- 'J 

• 
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P. Franzini, CU-LNF 

At a ¢-factory we can use many (statistically not 

independent) methods, for instance: 

N(+ - +-) (BR(Ks ~ 00) )2 , 
N(OOOO) x BR(Ks -+ +_) = 1+6xRe(f If) 

N( + - +-) BR(Ks ~ 00) , 
N(+ _ 00) x BR(Ks -+ +_) = 1 + 3 X Re(f If) 

in addition to: 

A measurement of CP violation in the decay ampli

tude, unique to a cp-factory is obtained from: 

N(6.t > 0) - N(6.t < 0) = -3 x Re(e1je) 
N(~t > 0) + N(~t < 0) 



P. Franzini, CU-LNF 
'91 "'~ 

CP violation in Ks --+ 31r° 

Mass matrix CP violation::::} BR '" 10-9, but the 

direct term is not suppressed by the ~I = 1/2 rule. 

Still probably very small. 

;:;,..., I J( s ') ~ 11(,,> -I e I ~1. > 
, V/-I/E(1. 

BA (hj ~J""1 =- 2 .11)- , 

o,f tf- !_t."y Il,,,~J.r 

C,...w~~A t.c.1#~ E.~~ ~ ().2 lII' t. 

/J~w~'1 FIJ.J 7 o 8Je--jI. II'f1.TI4 itJ 01: 

?' iNI'l-V tAl' J,(, :b~rAY( 

B~[K -.>Jtr1 ~ fll1 I: G~O(&. _'))rt
A

) 

~ r, 
1tsS{~L.e &E'C~~.e of .. ,~'i 

e 



P. Franzini, CU-LNF '91 .. J~ 

dtr 

CP violation in other channels 

Dalitz plot slope difference in K± ~ 31r 

ti(e;- e,) ric] 
~ I ..,. 3 ('3 -+ .••. 

J (kT~ 1!"1l-r) ~ ! (J(-~'1i-'1-1I")~ /)IIF'T 
cP 

J (kT~ 7fo1i'7T"j =I ) /K:.,Q°7r°ll-} ~ tIt.'lfT. 

~ ~ 10") ~or lty, I: 3"'O-~ B,t'koV:. 't' 
~ 10-"..\0· ... ClJeAl~ '83 

-&.f 
~ .3.;- w I~ 

(NIP J...$w.. •• ) 

A (J~ (I{ ,,") V e{"t'oo) :) J)lllttc T 

32 ('{'"r'-f') =t/'(7'-} - J::""IAI 
X I()() ~tr>4 J. ".s~·16.. QI- f -! IIo.cl-'-1 (4£ ~ 10·; J 
{~td" I< ~ I~ v'Ik 14 r / 



P. Franzini, CU-LNF 

T and CPT 

Kabir, comparison of: 

r(K --+ K) and r(K ~ K) 

1'.J~~~VtF k'!:...> t-l Qt e- =- e."t. 
7i-? ~'1{.: D - '" k aJ. 

... i ~'c.c.~"""a.. 
t- .:r ~:t 

• ,y, 'JtP'r' ..... .e",J../ ,;-.,1 #rlli 0.1-,._ 
• CPL~III(: JIfJ .. ./ ,;. .. f,'l!-,es" 140~ ~C"'-'4' 

• 1- F,u:l-rIJ (-Y 

Jf"~·Ii'V7·t: '" /¥~i eJ'-cl
ilM.~ h Cp T , ... 1Ii / T ~ cP 

1 AT (4l) ,., (,On~ : '" Itt, ) 
t 



P. Franzini, CU-LNF '91 JL 
SlHI- RARE K DECAYS 

fit." M~/F/Q I HI1/AA)I,MA~TIM!"I.I, ]>/I~l.v2"IIiYE~ I 
PF7 ~ 0 AJ< J I, A~ I't 16JJ I 

Teaia Evcnti/anno Espcrimcnto 
attcsi 

K.-tlY 21()-6 (520) (2.4±1.2) 10-6 

K.-tlt+c· 3.2 10" ( 8) 
Ks-t~+Jl· 7.5 10-10 

KL~lY [1~] (6 lot) (ei.9±O.4) 10-4 

KL-tlt+C' 9.1 10-6 (6 IOl) (1.7±{).9) 10-' 

KL~'lt1+W 2.3 10.7 (ISO) (2.Btl.B) 10-7 

KL-tJrOrr 6.8 10-7 (~) < 2.7 10-6 

Ki-tain 5.B 10-7 (1.6 )Ol) <1.0 10-6 

K.-ta'" 3.3 10-1 ( I) 

Ki-taic+c' 10-7 (input teorico) (700. no taC) (2.7±{).5) 10-7 

K±-taiJl+p' 6.1 10-1 (170) <2.3 10-7 

Ks-tXOe+c' 5 10-9 .5 10-10 (S l) <4.5 10-5 

Ks-t~+Jl' 10.9 • 10-10 (S 0.2) 

K±~1t±1t6y liB 2.9 JO.4 (8 lOS) (2.75tO.16) JO.4 

(I.S6±O.3S) IO'S} 
K±~K!J(OyI DE 1.05 10.5 (1.4 I~) (2.0S±0.46) 10. 5 

(2.3±3.2) 10.5 

Kl~1t+x'lllD 1.4 10.5 (9 J03) (t.52±0.16) 10.5 

Kl~r1t'l1 DE (1·8) 100s (2 1()4) (2.R9±O.2R) 10-5 

KS~x+1t-Y liB 2.4 10.3 (6 lOS) (1.R2±O.1O) 10-3 

Ks~x+x-y I DE (2·20) JO.I! ( S) < 6 to·5 



P. Franzini, CU-LNF '91 ~S 

Form Factors in Kf.3' Rates and FF in Kl4 

Resolve experimental discrepancies. Onfr. valid

ity of chirallagrangian methods. 

~'11 / ~ / It' > : t rf '} (J(oI'Yj,.. + I. q C;I'K--7Jc.. 

I ~ 0" ... 4 ttfc- 1'" tJ'/~&-.4 J~.'? 
~o~-

Ali,. )J'-rtN.A:J....~ .... -

~ ';'''. -p .c... r" .J. 0"11,] /t t.. c... -

I
) , k~ 

;.II f- Q.,/~,·, ~ If) IJ 
,.., "f k/3 

• 2 " 



P. Franzini, CU-LNF 

TJ and 7]' 

Mixing angles and gluon content. 

'91 A 

'1) = '7 
',/').- Y!, 

U .. Jd X -
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P. Franzini, CU-LNF '91 te 

The 10(975) 0++ meson 

Radiative transitions, two vs four quark state. 4&.a. ? 
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P. Franzini, CU-LNF 

Photon propagator and muon anomaly. 

The muon anomaly measured to .35 ppm (BNL, 

in construction) could be sensitive to new physics up 
to the 10 TeV scale, but: 
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CALORIMETRY, cont. 
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Particle T-charm Factory * 
(10 fb-1year-1) 

DO (single) 5.8 x 107 (",,") 

D+ (") 4.2 X ,107 (",,") 

D: (") 1.8 X 107 (4.14 GeV) 
r+r- (pairs) 0.5 x 107 (3.57 GeV) 

2.4 X 107 (3.67 GeV) 
3.5 x 107 (4.25 GeV) 

J/"" 1 .. 7 x 1010 

t/J' 0.4 X 1010 



't-CHARM FACTORY 
WIGGLERS/DISPERSION SUPPRESSION I 

RF CA VIT IES 

~----------.~--------~ r '" BUNCH SPACING 
(24 BUNCHES PER RING) ~~----- 30 It 1\ 

VI ' 
~1f I 

~~EaHE:H==~~~+-~ 

.. 

~. 

InERACTJQN REGION 
(10M FREE SPACE) 

e- + 

ELECTROST A TIC 
rVERTICALI SEPARATORS 

/1'tH1 P INSERTION 
/$ClDQ) 

COf'1PENSA TION 
¥ 

[){sPERSIOH CONTROL/ 
VERTICAL BENDS/ 

MOHO CHR OMJ. TOR OPTICS 

FOO~ CELLS/ 
tlJECTION REGION 

7 

Schen1atic design of a tau-charm factory collider from Jowett (1988). 



Particle 

IJO (single) 
D+ (") 
D: (") 
.,.+.,.- (pairs) 

J/,p 
¢' 

ZO Factory t B Factory * .,.-charm Factory * 
(2 fb-1year-1) (10 fb-1year-1) (10 fb-1year-1) 

1.2 x 107 1.5 X 107 5.8 X 107 (,p") 
0.5 X 107 0.7 x 107 4.2 X 107 (,p") 
0.3 X 107 0.3 X 107 . 1.8 X 107 (4.14 GeV) 

0.3 x 101 0.9 X 107 0.5 X 107 (3.57 GeV) 
2.4 x 107 (3.67 GeV) 
3.5 x 107 (4.25 GeV) 

- - 1.7 X 10llr 

- - - 0.4 X 1010 

t Assumptions: L,.., = 2 x 1()32cm-2s-1 

I Ldt = 2 ro-1yu,-1 ,zt = 6 X 107 per year 

• Assumptions: L,.., = 1()33 cm-2.-1 

I Ldt = 10 fb-1yu,-1 

g 
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Test 
Subject Search for Standard Tau-Charm 

New Ph)'lia Model Factory 

UDdentand I-charpd particle modea puule 

UDlanp multiple.' aDd " mode. iD l-charSed particle model " " Precite measurement of B(e",,), B(,.",,), B(.,,), B(".,), 
aDd their ratid to 0.5" ... ..! " ..! 

Precite lDeUuremeat or Cabibbo-.upprelled mode. ..! ..! ..! 
FUll .tudy or dyauniCi or ,. -+ e"", 

,. -+ ,."" aoalosou. to ,. -+ e"" iD detail 
..! ..! ..! 

Detailed itudy or 3-, 5-, .7-charsed particle mode. ..! ..! 
Find and dudy rare allowed mode. auch .. 

radiative deca)'l and IeCODd-clUi curreota 
..! ..! ..! 

Explore rorbiddm decay DIOde. ..! ..! ..! 
Precile meuumneut of ,. liretime ..! ..! 
Explore "r IDUI to a rew Me V I c" ..! ..! ..! 
Detect "r ..! ..! 
Study iDteradioDi or "r ..! ..! 
Precile low eoerlY .tudy of e+e- -+ ,.+,.-, "+"-7 ..! ..! ..! 
POOle hip eo-IY .tudy or e+e- -+ "+"-, "+"-7 ..! ..! 
Study of ze -+ ,.+,.- ..! ..! 
Study of W- -+ ,,-Vr ..! ..! 
Meuure B(D- -+ ,.-l1r ) 1 ..! ..! 

-

Meuure B( D; -+ ,.-;i,.) 1 ..! ..! 
Meuure B(B- -+ ,.-iir ) ., ..! 
Make and study ,.+r- atom ..! " 7 
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Decay channel 

t -+ e \'V 

t -+ J.l \' V 

t -+ hadron \' 
t-+1tV 

t -+ K\' 

t -+ hadron + 2 i' V 

t-+p\' 

t-+K1tv 

t -+ hadron + > 2}'v 

t -+ 7t > 3 7t0 \' 

T -+ 3 hadrons \' 
rr~ 37tr--- --
J 

T -+ 3 (5) hadrons + > 1 (0) i' \' 
T -+ 37t > I1t° \' 
T -+ 5 1t > 01t° V 

t-+K7t7tv 
T -+ Ki(" 
t-+KK7tv 

t -+ 5 7t \' 
t -+ 67t \' 

Sum 

Be ~ reV) ol (?t, '" f 

~. P l1, s. ~ ~ 6 ) 
,37 C f qqo) 

C ELLrJ 

~ 
this ex peririlen t 

18.4 ±0.8±0.4 

17.7 ±0.8 ±0.4 

12.3 + 0.9 ±0.5 
11.1 ± 0.9 ± 0.5 

22.6 + 1.5 +0.7 
22.2 + 1.5 ±0.7 

14.0 +1.2+0.6 
10.0 ±1.5±l.f 
3.2 + 1.0± 1.0 

9.0 +0.7+0.3 -
8.7 + 0.7 + 0.3 

5.8 + 0.7 + 0.2 
5.6 +0.7+0.3 
0.16 ±0.14 

99.8 + 2.6+ 1.2 

;2..\ 

2 
r~.Y,.t:! ,..f. ~ 

I'" -1-. 
. ~.I~. .t.). 

C rcu.j' 

,L 
t 

world avo 

17.5 +0.4 

17.8 +0.4 

10.8 +0.6 
0.7 +0.2 

22.3 + 1.1 
1.4 +0.3 

7.5 +0.9] 
3.0+2.7 

6.8 ±9.61 

4.4 + 1.6 
0.12+0.03 

0.22±0.14 

0.22±0.15 
0.06±0.02 
0.05 ±O.02 

92.8 + 3.6 ------------------------------------------------
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EX~Wlple: 

Prec IS' 0 n Wl e as vre meni o:f 
b rlAVl c..h IV) ~ y- a. t , Os ; 

l/ 

-T ~ ),It +"{'C+V,(.l. 

T=-r \J1'+ rr
T~ V,. +1<-
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Precisio'n branching ratios (cont.) 

• Method: 

- E = 3.57 GeV. 

- 2.5 X 106 single-tagged r's per year (L = 1033). 

- r decays separated kinematically. 

- Calibrate backgrounds «0.1 %) at 3.,56 GeV . 

• Results: 

- cr(b.r.}/b.r. precIsIon: 

I eiJv J.lVV ?TV Kv 
tQday: I 2.30/0 2.30/0 5.6% 29.% 
ref: 
1 year: at 1{)32 0.5% 0.5% 0.6% 2.5% -

3 x Ifr32 0.3% 0.3% 0.4% 1.5% 
1033 0.15% 0.15% 0.2% 0.8% 

Backgrounds and systematic errors will 
dominate these h.r. measurem-ents. 

. . I· 

=> .We choose to run at the energy of lowest 
statistics hut highest systematic preci$ion. 
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WITH RADIATIVE CORRECTIONS 
and COULOMB INTERACTION 

t··f 
THRESHOLD 

1 
, , , , , , , , , 

" ,/, ", 
"I NO RAOIA TJVE 

" CORRECT()NS 
I 

I 
I 

I , 

3.60 3.65 

Ecu (GeV) 

~ 
I 
8 --I 

3.70 

1&(1) 

. ... .. , ... 
p , PfOI'II (~V) 

• 
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EX~vYlp/e: 

Un t a.. n 9 J ~ VYl (/ I t "p len D) ~ 
VYlootes: 

- - 0 

T -7 Vi + IT + 7 + In n 
-:Is there aVl/tl1l~ 
V1~W Vl,dJ~~ here!' 

SE!.CoV\ot-c/as.r W(qk CUyV(Vrt 

b. r'. "'- , 0 -'+ eo lO-' 

31 



Much better measurement ()f maSs . . 
of T neutrino: milT 

-+ Present limit is < 35 MeV / c2 

-+ T-Charm Factory 

use r- ; 11"- + 11"+ + 11"- + 11"+ + 11"- + v~ f~~ 10-4 
f t 

Fit mass (51r) spectrum 

-+ Must also measUre m.,. to :1;0.6 MeV Ic· 

-+ At T-Charm Factoty With 107 T-pairs 

can find, or set v.pper Jjmit: . , 

-----... f mil .. "'" 3 MeVjc2 I 
Hal e.VtU'ltll.{r, pr'L~ 
to f .. ~ H~V/c.2. 



\" ~\J1" + rr-+211.'f

,lYYlh"J 

E =- 3.68 "v' 
100 

50 

mv I: 20 MeV 

(a) 

sUev 
(c) 

rOMeV 

(b) 

1 MeV 
(d) 

o~~~~~~~~~~ 

1.75 1.n 1.75 1.n 1.79 .. mhad (GeV) 



At prese.ni: 

Ilrly < 17 e.V 
e.. 

/YV)" < O.J. 7 Me.. V 
M. 



Exo..m pie.: 

Se<Arc.n es for U.VlCOVlVe.V)tlOVlQ{ 
z 
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PreSt~t Upper limits on branchin, ra
tios for forbidden decay modes of ,. with 
90% CL (Aguilar-Benitez 1990). 

Mode Upper Limit on 
Branching Ratio 

........ 
- 5.5 X 10-4 P ., - 2.0 X 10-4 e ., 

p-wo 8.2 X 10-4 

e-wo 1.4 X 10-4 

p-p.+p.- 2.9 X 10-5 

e-p.+p.- 3.3 x 10-5 

p-e+e- 3..3 x 10-5 

e-e+e- 3.8 X 10-5 

p.-ICJ 1.0 x 10-3 

e-1{-fJ 1.3 X 10-3 

p.-po 3.8 x 10-5 

e-po 3.9 x 10-5 

e-w+w- 4.2 X 10~5 
e+",-w- 6.3 X 10-1 

p.-w+",- 4.0 x 10-1 

p+w-'Jr- 6.3 x 10-1 

e-.+K- 4.2 x 10-5 

e+ .. -1f- 1.2 X 10-4 

p.-w+ 1(- 1.2 x 10-4 

+ -K-I' 'Jr 1.2 x 10-4 

~-K8(892)0 _ 5.4 x 10-5 

1'-1(8(892)0 5.9 x 10-5 

e+p.-p.- 3.8 x 10-5 

p+e-e- 3.8 x 10-5 

- 2.4 X 10-4 
-~ 

e " 

~ 

,. 
WrJ , 
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to 
I D-~(D-8 
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J / 'f P~ys ICS E x a~ pIts: 
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S pee fr~ cr;f Y J ~~Ot.IC.s ••. 
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FO-.c.-to r y M e.et I Vlff 
at . Se v, II a .of; 

29 Aprll-:l MeA. } I q~ J 

M. Perl 
3 M CAy Cf I 

--

• T~e .detector: COV'lClvsloV)5" 

• T~ e CO III cle.r: COV\ c Ivs 10 VIS 



TAU-CHARM FACTORY HISTORY 

-Initial Conceot'Physics Arguments and Machine Design 

-J. Kirkby (CERN-EP-87-210) 
-J. Jowett (CERN-LEP-87-56) 

·SLAC and SLAC User Community Interest Since 1988 

-Replacement For SPEAR Program 
-Competitive With Fixed Target in Year 1995 
-SLAC Macnine Study SLAC-PUB 5180 

• Also Serious Interest at ORSAY - In Late 1989: 

-Davier commissions independent machine study: 
LAURT 90-02 and LAURT 90-05 

-Results and costing similar to SLAC study. 
-Other projects in pipeline for funding 
-Would support project in other countries. 

eln Jan. '90 Spanish Physicists Sign Letter to Spanish Government 
Expressing Interest in the Project 

·SPAIN Requests Technical Advice From CERN & ECFA 

-ECFA Review 2-90 
-CERN Initiated Technical Study of TCF & New Lab 

That Includes VUV Source (CERN/AC/90-07) 



• Complete Report Delivered to Spanish Government (11-90) 

-Authored by CERN, ORSAY, CIEMAT Physicists 
-Endorses technical feasibility of machine 
-Outlines a scenario for construction & staffing 
-Contains a full costing of the facility 

Lab+Machine: 
Detector: 

300 MSF 
90 MSF 

-In Feb.- 91 Spanish Completed Review of this Technical 
Report and Indicated to CERN That They Would Provide the 
Funding for The Tau-Charm Machine and Detector in Spain. 

-- along the lines proposed in (CERN/AC/90-07) 
-- approximately 5yr construction & commissioning 



The. M e.e.-t \ V1 ~ 

pa.rtle \ pa.vrt.s-
Spa.ln: 
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oth(tr Europe~ 
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NON-US INSTITUTIONS WITH 
MEMBERS INTERESTED IN 

TAU-CHARM COLLABORATION 

• CERN 

• SPAIN: 
• CIEMAT - MADRID 

• U.A. MADRID 

• U.A. BARCELONA 

• IFIC - VALENCIA 

• U. SEVILLA 

• U. SANTANDER 

• SANTIAGO de COMPOSTELLA 

• FRANCE: 
• LAL - ORSAY 

• STRASBOURG 

• MARSEILLE 

• GERMANY: 
• U. HEIDELBERG 

• U. HAMBURG 

• U. MUNICH 



THE US TAU-CHARM COLLABORATION 

• MANY OF THE ORIGINAL MARKIII INSTITUTIONS 

• NOW SEVEN UNIVERSITIES PLUS SLAC (3 NSF, 5 DOE) 

• SENIOR COLLABORATION MEMBERS: 

• M. Perl, R. Schindler, D. Coward, D. Stoker 
Stanford· Linear Accelerator Center 

• J. Brau, R. Frey 
University of Oregon 

• T. Burnett, P.Mockett, V. Cook 
University of Washington 

• T. Schalk, W. Lockman, A. Seiden, C. Heusch 
U. of California, Santa Cruz 

• B.Eisenstein, G. Gladding, J. Thaler 
University of Illinois, Champagne-Urbana 

• I. Stockdale, R. Johnson,M.Sokoloff, B.Meadows 
University of Cincinatti 

• R.Yamamoto, R. Cowan 
Mass. In st. of Technology 

• R. Plano, M. Kalelkar 
Rutgers University 
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Meeting on the r-charm Factory 

Detector and Machine 

Universidad de Sevilla, Andalucia, Spain 

29 April - 2 ~ray 1991 

26 April 1991 

PRO GRAMME 1 

Monday, 29 April 1991 

a.m. I~TRODUCTION I (chairman: Jasper Kirkby) 

09:00 - 09:30 Welcome: 

09:30 - 10:30 

10:30 - 11:00 

11:00 - 12:00 
12:00 - 12:30 
12:30 - 13:00 
13:00 - 13:30 

Rector, Univ. de Sevilla 
Vice Rector of Research, Univ. de Sevilla 
Director, Andalucian Plan for Research 
Physics perspectives 

Coffee 

Experimental perspectives 
T physics beyond the Standard Model 
CP violation experiments at the J / t/J 
CERN conceptual study 

Javier Perez Royo 
Manuel Lozano 
Jose Luis Huertas 
Alvaro de Rujula 

Martin Perl 
Jose Valle 
Enrique Gonzalez 
Yves Baconn ier 

p.m. INTRODUCTION II & PANEL DISCUSSION I (chairman: John Jowett) 

15:30 - 16:15 Discussions 

16:15 - 16:45 Tea 

16:45 - 17:00 
17:00 - 18:00 

30' 
30' 

Synchrotron light source at the TcF 
Detector layout & I.R. hall: 
Overview of detector layout 
Assembly issue$ 

18:00 - 19:30 Panel discussion: Industrial 
participation in the T-charm Factory 
Jose Salicio (secretary) 

1 chairmen to be confirmed 

Pierre Marin 

Michael Price 
Claude Hauviller 

Robert Dobinson 
Jose Maria Gimenez Marin 
Greg Loew 
Miguel Angel Rodriguez Borra 
Thomas Taylor 
Edmund Wilson 



Tuesday, 30 April 1991 

a.m. DETECTOR I (chairman: Enrique Fernandez) 

09:00 -10:00 
15' 
15' 
1·5' 

10:00 -10:30 

10:30 -11:00 

11:00 -12:00 
20' 
20' 

12:00 -13:30 
15' 
20' 
15' 
10' 
15' 
.5' 

10' 

Tracking detector: 
Design considerations 
He-based DC gaseSj Santa Cruz tests 
He-based DC gaseSj SLAC tests 
Superconducting solenoid 

Coffee 

Particle identification: 
Time-oj-flight option 
RICH option 
EM calorimeter & small-angle dets: 
Introduction 
Readout electronics 
Calibration issues 
Position measurement 
Leakage, material and albedo effects 
Alternatives to crystal calorimetry 
Open discussion 

Bernard Jean-Marie 
Bill Lockman 
Paschal Coyle 
Thomas Taylor 

Antonio Ferrer 
Rui Ribeiro 

Rafe Schindler 
Martin Suffert 
Vic Cook/ Richard Yama: 
Norbert Wermes 
Ray Frey 
Clem Heusch 
Rafe Schindler/ Martin Sl 

p.m. MACHINE I (chairman: Edmund \Vilson) 

15:30 -16:30 
20' 
20' 
20' 

16:30 -17:00 

17:00 -1 ;:30 
20' 
10' 

17:30 -18:30 

. 

30' 
30' 

evenIng 

Optics: 
Overview of T-charm Factory optics 
Orsay T-charm Factory design 
Soviet T-charm Factory design 

Tea 

Backgrounds & masking: 
Backgrounds & masking Jor the TcF 
Ezperience with the LEP detectors 
Injector: 
Full-energy booster option 
Full-energy linac option 

ANDALUCIAN VISIT (Alcazar palace) 

"John Jowett'~; 
Joel LeDuff 
Alexander Skrinsky 

David Stoker 
Georg Von Holtey 

Michel Sommer 
Greg Loew 



Wednesday, 1 May 1991 

a.m. D ETECTO R II (chairman: Rafe Schindler) 

09:00 - 10:30 
15' 
15' 
10' 

Hadron calorimeter & J1. detector: 
Hadron calorimeter & J1. range aspects 
Multi-wire detector 
Engineering studies 

10:30 - 11:00 Coffee, 

11:00 - 11:50 
20' 
20' 

11 :50 - 12:4(, 
15' 
15' 
15' 
15' 

12:40 - 13:30 
10' 
10' 
10' 

Trigger & data-acquisition: 
General considerations 
Transputers in the T-charm Factory 
Computing & communications: 
Slow control system 
Networkin,g in Spain 
Computing environment 
Overview of general-purpose computing 
Omine analysis & Monte-Carlo: 
OjJline 
Alonte Carlo 
Forward region 

Bernardo Adeva 
Ronen ~lir 
Carlos Burgos 

Luciano Romero 
Robert Dobinson 

Herve ~lilcent 
Antonio Mollinedo 
Ronen Mir 
Les ftobertson 

Pedro Vaz 
Jose Salt 
Javier Cuevas 

p.m. MACHINE·II (chairman: Bernard Jean-Marie) & PANEL DISCUSSION II 

15:30 - 16:30 Vacuum chamber & instrumentation: 
15' Overview of vacuum chamber & inst. 
10' Photon-6timulated desorption 
10' Ion clearing in the e- ring 
10' Trapping of dust particles in the e- ring 
15' I.R. & oooster considerations 

16:30 - 17:00 Tea 

17:00 - 18:00 Beam-current limitations & RF: 
15' Overview of instability limits 
45' Superconducting RF cavities 

18:00 - 19:30 Panel discussion: International 
collaboration on the T-charm Factory 
Bernardo Adeva (secreta.ry) 

Alain Poncet 
Pierre Marin 
Alain Poncet 
Pierre Marin 
Alain Poncet 

John Jowett 
Ernst Haebel 

Juan Antonio Rubio (chairman) 
Roger Cashmore 
Victor Cook 
Michel Davier 
Cayetano Lopez 
M::trt.in Perl 



Thursday, 2 May 1991 

a.m. SUMMARY (chairman: Cayetano Lopez) 

08:30 - 09:30 Machine summary 

09:30 - 09:45 CoffeJ!. 

09:45 - 10:45 
10:45 - 11:30 

Detector summary 
~Ieeting summary 

13:00 MEETING LUNCHEON 

John Jowett 

Jasper Kirkby 
Juan-Antonio Rubio 



So 

OverVI e W Of 

I ~u..- ChOtYWl Fac:lo ry 
IVl Eu.rope: 

H Isto ry A.V\cA StCttU5 
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ELPAIS AND III. NUMERD 71. SEGUNDA £PDCA I MI£RCOLES 8 DE MAYO DE 1991 

Las doce particulas fundamentales 
..J Quarks "Leptones 

'"', ".A. DELANo 

La 'fabricade taus', 
unreto )lla fisica espanola 

EI futuro acelerador de" particulas se caracterizani par su gran precision 
", '- • -", I,' ~ . 

SEBASTIAN SERRANO law. un &eelerador euya principal ca~ "sede suiza un eentro del laboralorio 
La fisica de paniculas es una singular raclerisica sera la precision y cuya europeo. 
disciplina en que las casas no siempre eonslruceion obligaria a la fisiea' de La funcion de eualquier aeelerador 
signilican 10 que aparenlan. Par ejem. panieulas espanola a haeer un esfuerzo de panieuias es generar maleria a par· 
pia. un meson con encanlo no es una para siluarse en Ire Ia elile mundial. lir de Ia energia. dando cumplimienlo a 
fonda paradisiaca: cs una panic::ula fu· EI Comite de Politica Cientifica della celebre formula de Einstein. Para 
gaz y diminula dela que fonna pane el Labonllorio Europeo de Fisica de Par· eUo sc eonsln.ycn unas eonducciones 
quark ehomo (encanto). 50 Irala de Una tieulas (CERN) Ucgo el viemes pasado mas 0 menos circulares -que pucd~n 
espccialidad que practican sOia unos iI Ia conclusion de que conviene cons· "llegar a scr de dca:nas de kilometros
miles de cientilieos en lado el mundo. a truir csa/abriea. pero no avalo lodavia en las que sc erea el vacio mils absoluto 
pcsar de scr bisica para profundizar en la pelieion del Gobiemo de que la ins· y por las que sc haee circular haee. de 
d conocimienlo de las leyes de la fisica talacion sc construya en Espana. La una detenninada panieula -por ejcm· 
y entender el univcrso que nos rodea. decision dcliniliva debe ... lomarla el pia. el elcclron- en una direccion. y de 
Ademas de scr pocos. los invcstigado- eonscjo del CER"N en su reunion de ju. su correspondiente antipanieula '-<I 
res lrabajan agolpados en lomo a unos nio 0 en la de diciembre. Si es posiliva. positron- en la dircccion contraria. 
grandes accleradorcs de partieulas que sc instalara por primera vcz fuera de su AI desplazarse a vclocidades proximas 
pueden eontarse can los ,..-_______________________ -, a I. de la luz. las pani. 

dedos de las manos. Esquema del acelerador lineal de particulas . cui .. acumulan una 
Profundizar en el eona- - _ .. _ gran energia. Y al cha-
c::imiento intimo' de la.......... car entre sit el electron y 
male ria requiere en or· el positron dcsaparccen 
mes inversiones que no como tales. pero la 
permilen la prolifera· energia de ambos se 
cion de laboratorios. suma y da lugar a una 
Pues bien. Sevilla po- pareja de parlieulas 
dria alberlar antes de cuya masa es mucho 

Correo en bits. R.novars. 0 
morir .s .1 I.ma d. los s .... 
vlcios de correos en .8 ma
yor pan. de los pals.s. que 
se plant •• n Incorpora, pau
latinemente las nuevas tee· 
nologlas para atr·aer el 
cli.nte .• nganchado al 1.1. 
lono. al ordenador 0 alIa •. 
EI cariflO que .ienl •• 1 ser 
humano por el media de co-
municaci6n .serito Impedir. 
que muera el servicio de cO
rreos. segun .1 presidenle 
de La Post. Irencesa. que 
aposta por transmitir 18 ma
yor pane de las canas por 
m.dios .Iectronicos y r.Cu· 
perarlas en lorma de papel 
en 81 otro eX1remo. Est. ma-. 
delo .s el que va •• guir al 
•• rvlcio .spallol d. corr80S. 

. fioal de siglo una de mayor que la del elee, 
..... aa.s instalacioncs raer- . tron y el positrOn oriJi. 

vadas a los elegidos. Ia ,. ,-_ nales . 
" ....... dcnominada /dbriea d. "' .... Ia ........ ~ 



FISICA DE AL TAS ENERGIA . . -. . . 

Un acelerador para obtenermascolisiones 
La instalaci6n ayildara a' comprender per que la materia predomina sobre la antimateria 

Viene de la pagina 1 
Apenas hace dos ailos, los fisicos 
lIegaron a la conclusion de que 
todo el universo esta .. construido 
por 12 particulas fundamentales 
-mas sus correspondientes anti
particulas-, que se dividen en 
tres familias de cuatro compo
nentes cada una. Con solo una 
de elias -Ia formada por los 
quarks u (up) y d (down), el elec
trim y el neutrino del electron
puede explicarse la materia que 
nos rodea: el aire, la tierra y el 
mar, los animales y las plantas. 

Las ocho particulas restantes 
solo existen en el ambito de la as
trofisica 0 en el mundo. creado 
por los aceleradores de particu
las. LaJabrica de laus, que impri
mira a sus electrones una mode
rada energi'a de dos gigaelectron
voltios (miles de millones de eIec
tronvoItios) permitira profundi
zar en el estudio de tres de esas 
particulas: el tau y su neutrino 
(similares al electron y su neutri
no pero de mayor masa) y el 
quark c (charm), a traves de algu
nas de las particulas que forma, 
porque ningun quark ha sido ob
servado aisladamente. 

De las 12 particulas fundamen
tales, solo la de mayor masa sigue 
sin ser detectada: el quark t (top), 
que son el objetivo de dos futuros 
enormes aceleradores -uno en 
Ginebra y otro en Texas-- mucho 
mas potentes que los actuales. En 
palabras de Michel Davier, direc
tor del acelerador lineal de Orsay 
(Francia), -esas grandes maquinas 
se situ an en "Ia frontera de la ener
gia", mientras que los acelerado
res de tipo Jtibrica tratan de supe
rar otro limite: "Ia frontera de la 
luminosidad". 

Como sucedia con el meson 
con encanto, la luminosidad no 
significa 10 que parece a primera 
vista. La luminosidad es una ca
racteristica que define a cada 
acelerador y determina el mime
ro de colisiones que se produci
ran en el. Se preve que laJabrica 
de taus sea 100 veces mas lumino
sa que el gran acelerador de Gi
nebra. Ese incremento vendra 
determinado fundamentalmente 
por la construcci6n de dos ani-
1I0s de aceleraci6n de 360 metros 
cada uno (en lugar de uno como 
es habitual) .y por una serie de 
mejoras que permitinin concen
trar mejor el haz de particulas en 
la zona de colision. , 

A proposito de la luminosi
dad. el fisico espailol Antonio 
Ferrer comenta que mientras 

Los fisicos Juan Gomez Cadenas. Juan Antonio Rubio, M. Perl y J. Kirkby, de izquierda a derecha, participaron en 
Sevilla en la reunion que avanzo la. pasada semana en la definicion de la fabrica de taus. 

Estructura de la 'fabrica de taus' 

que en el gran acelerador de Gi
nebra se trabaja con un suceso 
cada segundo, "con la Jabrica de 
taus se habla de hasta 2.000 por 
segundo, 10 que obliga a mejorar 
otros componentes". Ferrer ex
plica que algunos detectores no 

. podT!in usarse por tener un pe-
riodo de respuesta demasiado 
largo y subraya que los equipos 
informaticos tendnin que mejo
rar mucho para aprovechar bien 
las ingentes cantidades de infor
macion que seran generadas. 

Los detect ores. que se colocan 
en forma de capas cilindncas en 

. torno al area de colision;forman 
el componente que ha de ser ca-

paz de registrar la traza de part i
cui as de inusitada fugacidad: el 
'tau, por ejemplo, tiene una vida 
un billon de veces mas corta que 
un segundo. . 

Juan Antonio Rubio, asesor 
cientifico del director general del 
CERN, subraya que laJizbrica de 
taus permitira profundizar en as
pectos no explicados aim por el 
modelo esttindar de la fisica ac-· 
tual. Asi, ademas de establecer 
con mayor precision la masa del 
tau 0 determinar la del neutrino 
del tau (una cuestion que sigue 
totalmente abierta), la observa
cion sistematica de la desintegra
cion de particulas con encanto 

puede ayudar a entender la rup
tura de simetria que hace que el 
mundo este formado de materia 
y no de antimateria. 

Junto aI a~erador, que·costa
ra al menos 22.000 millones depe
setas y sera dedicado a la investi
gaci6n basica, se preve la cons
trua:ion de un anillo generador de 
radiacion sincrotron, que aprove
chara el sistema de .inyea:i6n de 
particulas del acelerador y costara 
unos 3.000 millones mas. Este ani-
110 podra ser utilizado por un am
plio sector de industrias. La defini
cion de 1a maquina se estudio en 
una reunion cientifica la pasada 
semana en Sevilla. 
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Special detector requirements for some measurements at 
a tau-charm factory (I{irkby 1990). 

Detector emphasis 

Experiment Charged Photons 1rI(p eJ.L Herme-
particles Ld. Ld. ticity 

T% physics: 

% 
liT' ,T masses • • • • • 
T -+ llllllT' spectra • • • • 
Precise branching ratios • • • • 
Second class currents • • • 
\\reak hadronic current • • • • • 
T% electric dipole moment • • •• • 
Rare decays .. • • • • • 
D, D. physics: 

Vc., Vcd (semileptonic decays) • • • • 
fD (pure leptonic decays) • • • 
Hadronic decays (CA, CS, DCS) • • • 
DO b O mixing, CP violation • • • • 
Rare decays • • • 
J /'ft7(3.10), 1J1(3.69) physics: 

Spectroscopy (cc, 99, hybrid, uds) • • • 
Rare decays • • • • 
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Hedron VitO end Muon 
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Q 

Fl •. 4. Schematic design or detector lor WI ud charm physiCi research at 
a tau-charm factory. 
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Detect.or: COVlC Ius IOVlS 

• Abov.:t 60 ~~ysrCLsts + 10 e.~fVl t.u.s 
VI ow W 0 rf(J~ OVI ot~!,~m a~,( P..' D : 
B r 1ialt1 

CERN 
F rQ.~ c.e 

Ge..YMat'l'l 

p()rtvr 1 
S pal VI 

£.,{ ~ lit~ 5tetce.S 

• T V\ J.q,:tar/eel.. ote.s:; VI st'}?( 

• E INI phttS ~ e.: 
YY\ I ~'tl1 CAft1 Y\CA W\ btr 07- SvbSj5 te. ... J' 

rll. "tt b.Jd:-, t:(Md rt ,((W'~f1 c7 
vse. COVl vtwtlt1t1tf( t;tcl1"I~r 

vs t IHr1(/sir! sfQIAJqri fr,r eJtct,.,,'CSj ~p"teY. 



Det~c.tor d.e.S!?,VI ~nd R S-D proCU.,(f...,.. 
In SpGtIVl on: 
nQ.dro~ C4lorf~e..tif . 

I: t1 eDt I Dr",.t tt~ 
TOr 
Lt(Wl/"fI$,t, ~ O"lItO..-
S oft lCI«r~ 'lMt{ )1ttwor~ 

Cost,-v 10MSF 
V3 ECA.rof~ 
Y3 5 p~lJ1 
Y3 Unrbtc( stqies 

e L, ttle J LS (ClJJ' IDI1 ()~ S tCOlltl d t.t(c-/;rJr. 

Coll'dtr wIll H.4V( sfaCt fr,r tt secoVl' 
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The Coil, cLe r: 
COVlC IU510VlS 

6} 
S-

Summarizing, there are four required properties 

(i) 3.0 ~ Etot ~ 5.0 GeV 

(ii) L mA% ~ 1033 cm-2" s-} 

(iii) Highly reliable operation 

(iv) ilEtot "'J fe\\' ~1e V 

Pr~se.Vlt ot{S~VI o..olds 
W) 5 yVlCv.rotroYl II!ht sou.rce 

Us 1l-1 J Sc:tm (, l~tc6:w 



Since original -rcF machine design 

J.M. Jowett, CERN lEP-TH/87-56 (1987), 

further machine studies at ... 

• SLAC 

B. Barish et al.. SLAC-PUB 5180 (1990) • 

• lAl-ORSAY 

d. Gonichon et aI., LAL/RT 90-02 (199O) . 

• Moscow/Novosibirsk 

M.V. Daniloyet aI., ITEP 67-90 (1990) . 

• CERN 

Y. Baconnier et aI., CERN/ AC/90-07 (199O). 

All C:ODftrm feasibill'Y or 10='3 cm-2sec-1 

--Pt 
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BVROpm I.dOIlATORY FOR. PAlmCU: PHYSICS 

CERNI ACI'IO-01 

.A. TAU·CHARM FACTORY LABORATORY 
IN SPAIN 

combined with. 
SYNCHROTRON LIGHT SOURCE 

(A conceptual study) 

Y. BKollllier, J.-L. Baldy, J.-P:Delahaye, R. DobiDson, 
A. De Rlijula, F. FUSer, A. Hofmann, J.M. Jowett, 

J. Kirkby, P. Lefevre, D. Mohl, G. Plua, L. Robertlon, 
J. A. Rubio, ·T.M. Taylor ~d E.J.N. Wilson' 

CERN, Geneva, SwitzerlaDd 

F. Dupont aDd J. ie Duff 
LAL, Orsay, FraIlce 

C. Willmott 
CIEMAT, Madrid, SpaiA 

It. C GIl C'IptUl cleeip ... & .,·charm ladorr ucI it. ueoci.&ed labon&ory ia 
siwa. lI'iDcIudeI the pbJaa in __ • & de:lcriptiaD ~ the Icope ucI ~, 
ollhe ... labon&ory iD SpaiD, &be .,-cbum fador7 coWder aDd ~. &be 
iDjedar .,.... aDd & I)'DCIarouoa lip' IOUft'e, ~ with .. im .... of \be 
u..-ec:aIe ..s DeC III ,., reIOW'C& 
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Full enel'lJ 
booster .... 

SynduobOn 
lIpt source 

Tau • Chann Factoay 
Superposed Mil 

RF cavltlel 

t 
I ............. 



Table 4: Typical collider parameter list at its energy of maximum luminosity 

Energy (Ge V) 
Energy (max.)( Ge V) 
Luminosity (cm-2 S-I) 

Circumference (m) 
Bending radius (m) 
RF frequency (MHz) 
N umber of bunches 
Distance between bunches (m) 
Harmonic number 
Momentum compaction 
Horizontal tune 
Vertical tune 
Total current (A) 
SR linear power density (kW·m-1 ) 

Beam-beam parameter 
Disruption 
Peak RF voltage (MY) 
Total RF power (MW) 
Number of RF cavities per ring 
HOM power per cell (kW) 
HOM power dissipated in vacuum chamber (kW) 
Vertical beta at interaction point (m) 
Horizontal beta at interaction point (m) 
Vertical emittance (m) 
Horizontal emittance (required*)(m) 
Bunch length (m) 
Energy spread 
Max. tolerable impedance (Z/no)(w ~ O)(fl) 
Max. tolerable impedance (Z / neft')( effective) ( fl) 
Expected impedance (Z/no)(w ~ O)(fl) 

• Achieved wit.h wiglen. 

2.0 

~ 
360 

10 
500 
[][1 

12 
600 

0.027 
10.xx 
I 1. xx 
10.a1 

1.9 
10.04] 

0.3 
19 

0.24 
8 
6 

100 
[0.01) 

0.2 
2 x 10-1 

4 x 10-" 
0.006 

6 x 10-4 

4.2 
0.28 

2.1 



Comparison with previous machines 

(assuming flat beams and optimum coupling) 

SPEAR SEPC reF 
Number of bunches 1 1 30 
Eff. bunch separation [m] 234 240 12 
Total beam. current, I [mAl 10 50 570 
Vert. {3-fn. at IP, {3; [m] 0.08 0.10 0.01 
Beam-beam tune shift, ey 0.025 0.04 0.04 
Luminosity [cm-2s-1] 2 x 1030 1 X 1031 1 X 1033 



From 84.co~'1ltr ctt "I: 

Cost oJ- Co lllol~r + Ia.borctiory 
e..xcl"ol,~ synchrotroPl (~ht Source ~ 

300HSF [W\o...tctrl"'( 8-p~rs()mtt!J 
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Sheldon StO!1e 

Physics of the B-Factory 
I) Introduction 

A) Definition B-Factory: 
"High Luminosity e+e- Collider Operating in 

the Y region" 

B) Physics: Multitude of topics 
1 . Standard Model tests 
CP.: Violation in B decays 
D-D Mixing 
~ decays - lifetimes, br's 

2. Beyond the Standard Model 
CP-Violation in B decays 
Forbidden 8 decays, i.e. B~J.1e, etc 

Rare B decays, i.e. B~JlJl ... 
3. Measurement of 8M parameters 

Vcb Vub 

v" mass 
4. QeD - Strong Interactions 

B decay br's 
Charm decay br's 
Y decays 



Emphasis is 6P in B Decays 
6P is of fundamental importance in testing 
the 8M a looking beyond, (complementary 
to Higgs sector <=> mass) what is source 
of CKM angles and relation to quark 
masses? 

I I) Manifestations of 6P in B decays 

A) CKM matrix 
In 8M 6P occurs because quark mixing 

ratio is not real and quark masses change 
with generations 

Vud Vus Vub 1-l.2/2 l. Al3(p-rq>' 
I 

Vij= Vcd Vcs Vcb - -l. 1_l.2/2 Al.2 ) -
/ V td Vts Vtb · AA,3(1-p-ilt) _AA2 1 

/ ·10 

This is the 1 st order parametrization of Wolfenstein 

What is known: 
V ud= 0.9744±O.001 0 from Nuclear ~ decay 
V us=O.2205 ±O.0018 from K~1tev and 

hyperon ~ decay 
=> A= 0.22 

2 



Similarly, ts and semileptonic B decay br's 
determine V cb=O.042+0.04 
=> A=O.87 

Left with p and 11 
Information from: 

1) measurements of 
VubNcb from 
CLEO and ARGUS 

2) measurements of 
x=~mtrfrom 
BB mixing. Function 
of mt. 

3) measurements of 
E SP in KO system. 
Also function of mt. 

I ~, .. ....:. 
~~""I '" ... - ·'1'-, I' I 

'." t, ' I .. 
~ LI ", . . 

• 
I 

/t() 

-.~ ,r 
In addition: ~ 
Re(£' /£)=(1.9+ .9)x1 0-3A112[1-.9(mt /140-.5)2] 
Summary plot (fig) 

3 
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8) Predictions of GP in 8 decay 
Unitarity Triangle: 

p~ 
o 1 

Proper predictions of <Pc and <Pu due to 
Kim, Yuan and Rosner (fig) 

These predictions lead to possibly rather 
large ~30% asymmetries! 
(Other solution for large m) f',sf. J,Sc.wJS,., ." .. ~ t 14 4 J~~~ s ~ ~, -I- S. A 
C) GP in Charged B decays a..J LI4.,.U, of s...6t. 

Example: S-~K-1t° versus B+ ~K+1t° 
To getGP two interfering processes are 
always necessary. In this case: 



Spectator Penguin 

VUb 
Vus 

~~}K-b b 
Q u ~~}nO 

for S-: Let Jl=aeiaVUbVUS*' ~beif3VtbVts* 
for S+: Let Jl=aeiaVub *VUS' ~beif3Vtb *Vts 

r-r A=--r+r 
= ____ ~2a~~~si~n(~a~-6~)------

a2A,2(p2+112)+b2/A,2+2abpcos(a-p) 
Requires: 

(1)51=$ 
(2) a;t ~ 
(3) Unequal CKM phases 

How big is A? 
How big is the branching ratio? 
Current upper limits on g'~K-1t+ <9x1 0-5 

Some predictions-few x1 0-5, in some mode 
5 



How many events are needed? 

N+- N-
HereA= N N 

++ -

ForA<1, 6Az1lvN 

Let us require a 4cr effect (s=4) 

AlBA = s = A..JN 

So N=(Sj A)2 
For br=2x1 0-5 and A=1 0%, 

S2 
L= -------

2crbrc A2 
1 .7;b ~ B reconsruction emciency 

= 140 fb-1, a large #, present CESR L (fig) 

If observed interpretation is very uncertain 
theoretically 

6 
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-D) GP via BB mixing 
Here we choose a final state which 

is accessible to both SO and aO decays. The 
second amplitude necessary for interference 
is provided by mixing: 

B f 

~~BO-~ 

In this case we need to determine the flavor 
of the other B in the event at its decay time. 
A convenient tag is provided by a high 
momentum lepton from semileptonic B 
decay. SO~ e +, while 80 --+ e-

At the 1(48), e+e---?y~ BOBo (C=-1) 

Just above, e+e---?y--? 8* 9 or B8* ~ BB 'Y 

In either case 

Po> = i2IBo(k) §o(k» + (-1 f IBo(k) §o(k» 

7 



writing the Pai§.-Treiman relations 
IBL)=pIBO) +qIBO) 
IBH)=pIBO) - qIBO) 
with 

1 1 + cB p-
- :r2 j 1 +ICBI2 

1 1 - cB q-
- :r2 j 1 +ICBI2 

Then defining a=Amp(B--)f) & a=Amp(B--)f) 

A= d rtdtdt'(B~ ~fe+X) - d rldtdt'(B~ ~!e-X} 
dr/dtdf(BB --)fe+X) + dr/dtdf(BB -+fe-X) 

~ 

=2sin~m(t:i:t')Im(.£..q ~a -2) 
lal + lal 

where t is the decay time of f 

and t' is the decay time of of e± 

For CP eigenstates 1=1. 1% = 1. I~ = 1 

A = sin~m(t±t')sin2<p 
8 



For a particular f can easily compute 
sin2<p in terms of CKM matrix elements 
Example B~'VKs 
Color Suppresed Spectator Mixing 

vcb Vtb Vtd 

b--~ 
t -b ----.lIr---____ - d 

-d---....... w w 
-d ----4I"-------Ip.-- b 

t 

Vtd v., 
* 2 * 2 

sin 2~ -1m (Vtb Vtd) (Veb Yes) 
c 2 2 

IVtb Vtdl IVeb Vesl 
= -2ri (1-p )/{ (1-p )2+112} 

Similar expression is derived for B~1t+1t-
KRY predictions are: 

sl'n 2~ = 0.3'2+0.16 
T C -0.11 ,'lisT) 

sin 2 ~ = 0.66+0.30 
TU -0.27 

t 



~.O 

1.0 . 



E) Cho·ice of Machine 
Since A = sin~m(t±t')sin2<p 
Time integrated A=O for C=-1 , :;eO for C=+ 1 
a for BBy from CLEO (fig) 

Conclude that we want to work on 'Y (4S) 
with asymmetric beam energies so that time 
dependent measurements are possible (tiJ) 

The larger the energy difference betwee~ 
the beams the larger the boost .~... ... .., 

-;:,,, 

J3'Y=(Ehigh - Elow)/M4S' where 4Ehigh EIow=M4s 

Thus the physical separation in decay 
vertices between the two 8's is 
z - z' =(31 c(t - t') 
Don't want too much asymmetry because 
too many particles would be lost down 
the beam pipe. 
How much is enough? (fig) 

For 8GeV X 3.5GeV and 'ts=1.24ps, 
z-z' ~ 150Jlm - measurable 

III) Techniques forGP Measurement Using 
Asymmetric Collider 

to 
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A) General Considerations 
Consider CP eigenstates at the Y (4S) 

Individual time dependent rates are: 
dr / dtdrlf(t)e+ (t')]ae-(t+r)(1-sindm (t-t')si n2<p ) 

-e + 
At 1 (48) we can only measure (t-t') not 
(t+1') so integrating over (t+t') we are left 
with: [define T = (t-t')] 
1({T) <X e-ITI(1- sin~mT sin2<p) (for f,e+) 

1({T) <X e-1T1 (1 +sin~mT sin2<p) (for f,e-) 
CP is inherent in these time distributions. 
Need only to measure f, and e+ or e-. Not 
necessary to measure Asymmetry (but 
useful) 
Note ~(T)= 1((-T) 

To measure with maximum accuracy 
construct the sum ~(T) + 7t(-T) 
and fit the distribution (fig) 

11 
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How accurate is this procedure? 
Compare with ''time ordered asymmetry" 
i.e. if T is positive or negative (reversed 
for e+ relative to e-) 
sinamT ~ sinamlTI, now time integral ~ 

Aabs=[x/(1+x2)1 sin2q> = d(x)sin2q> 

since x=~m/r=O.66. d(x)=0.46 and 
Aobs =O.46A 
Empirically fitting generated distributions 
gives d(x)=1.2*O.46=O.55, (providing 
resolution doesn't degrade things) 

8) Formula for required luminosity 
1. Degradations to the measurement 
Vertex measurement accuraecy - will 
discuss this later 
Wrong tagging 
Total tagging efficiency is Etag' a fraction 

of which, ro, are wrong. Then Aobs is 
degraded by a factor of (1-200) 

Background in reconstructed B sample 

rsig =Signal /(Signal + Background) 

12 
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the number of 8's observed is equal to the 
branching ratio f}J / r sig 
Then: 
Aobs=r sig (1-200 )d(x)sin2<p 
and the required luminosity 
L = s2/20" f}J r sig ££tag(1-2ro)2 d(x)2 sin22<p 

~ ~ , 

1.15nb B reconstruction efficiency 
We now need to evaluate these terms 

C) Decay modes and £ for <Pc 
Several classes of decays (fig) 

1. Best mode is ",Ks' CLEO data fig) 

f}J estimate from ",K- => B(",Ks)=4x10-4 
£ estimate from fast MC simulation checked 
with CLEO data 
(fig. of detector) 

Table:vKs 
Mode Branching Ratio, 'E efficiency, £ 'B X £ 

KS~7t+'f 2. 7x1 0-4 0.38 1.4x10-5 

Ks~nOnO 1.3x10-4 0.12 2.2x10-6 

Sum 4.0x10-4 1.6x10-5 
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2. Double D modes 
13 estimate from measured B~OOs modes 

The a ~ .12+.12- mode 
$(O+O-)=$(O+Os)XIV cd/V udI2=3. 7x1 0-4 
(For 13(Ds ~<p1t)=3.1 %) (overall error is 2X) 

Must detect both o± 
total 13 X E to detect one 0+ for all possible 
modes is =9% (K-1t+1t+, Ks1t+ etc ... ) 

Thus 'l3 X E for B ~ D+ D- is 2.2x 1 0-6 

Much smaller than ",Ks 

The a ~ 0.:+.12- (Q+J:L-) mode 
This mode is not a CP eigenstate but is 
similar enough that it can be analyzed 
(See Aleksan, Dunietz, Kayser and Le Diberder, Saclay -
OPhpe-90-17) 
Need to measure separately all 4 reactions 
O*+D-, e+ 
0*+0-, e-
0+0*-, e+ 
0+0*-, e-

14 



need $(8 ~ D*+O-)=2J(B ~ 0+0*-) 
to be within a factor of 4, then lose 1/2 in 
statistical power (fig for pZ~) 

$ X E for B --7 Dir-l-D- + D+D'" is 5.4X1o-B 
The a ~ JL+JL- mode 
This mode is not a CP eigenstate 
An example of a vector-vector decay mode 
Decay can be in S, P or D wave 
P wave opposite CP 
Can use, however if equal mixture lose 
factor of 6 in statistical power 
(Dunietz, Quinn, Snyder, Toki Phys.Rev. 043, 2193(1991» 

t]j X E for B --7 DttT-D'ir- is 4.5X10-6 

3. DO Decays into CP eigenstates 
Example: B~D°1t°, Do ~ K+K-, Ksno,Ks<p .. 
Predict from ratio of color suppressed 
to non-suppressed spectator diagrams 

15 
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rf; ___ ......... __ 
1 

(a) 

Spectator 

~(B~Do(0)0+pO»=1/9 !B{B~D+p-) 
·=1/9(0.90/0)=0.1 % 

However SSW prediction is 1 OX smaller 
making these modes too small to use 
Summary of 1J X E, Table: 
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Table 4.1: Modes 1.: seful for ~teuurin~ fPc 

Mode Branchin~ ratio. B efficiency. ( B .. f 

Cue(a) 

,pK~ 4 x 10-4 

K~ - w-+w-- 2.; x 10-4 0.38 104 x 10- 5 

K~ _ 7°70 1.3 x 10-4 0.12 2.2 x 10-' 

tP'K~ < 3 x 10-4 < 6 x 10-' 

tbK·o(K·o _ K~".O) 4 x 10-4 

K~ - ".+1f- 2.7 x 10-4 0.19 i.l x 10-' 

KO _ 1f01f0 s 1.3 x 10-4 0.062 1.1 x 10-' 

XK~ or XKeO ., ., 

Case(b) 

D+D- 3.7 x 10-4 5.9 x 10- 3 2.2 x 10-' 

De+ D-, D+De- 1.5 x 10-3 3.6 x 10- 3 5.4 x 10-' 

De+De- 1.6 x 10-3 2.8 x 10-3 4.5 x 10-' 

Cue(c) DO - C P eigenstate 

D01fo 8.8 x 10-5 0.008 7.0 x 10- ' 

DOpo 5.6 x 10- 5 0.010 5.6 x 10- 7 

DOwo 5.6 x 10-5 0.007 3.9 x 10- 7 

D·01fO 1.5 x 10-4 0.008 1.2 )( 10- 6 

D·OpO 3.4 x 10- 5 0.007 2.4 x 10- 7 

DeowO 3.4 x 10- 5 0.005 1.7 x 10- 7 
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D) Background Estimates 
1. 'JIKs 

Using CLEO data for WK-, can set a limit 
that background is <2% at go% c.l. 

* * 2. WK 0, K 0 ~ Ksxo (fig) 

Backgrounds not trivial 
Estimate r sig=O.95 
3. Double D modes 

From data find that 0+0- has large 
background but D*+ modes are dean enough 
Backgrounds in all modes are different 
for different B flavor tags 

E) Tagging 
1. High Momentum Leptons -

BO~XQ-v, while BO~XQ+v (fig) 

The sum of the e + Jl br is 20% so this is 
a very good tag 
For PQ>1.4 GeV/c estimate: 

right sign eft, rtag=9.30o/0 
wrong sign eft, Wtag=O.37% 
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tetF( rtag+Wtag)X[ 1_2 Wtag/ ( rtag+Wtag)] 

=etag(1-20l)2 
=9.0% 

2. Low Momentum Leptons 

Below 0.6 GeV/c lepton spectrum is 
dominated by 0 --+XQ+v, need to worry 
about backgrounds, pair conversions etc .. 
but still useful. 
For 1.4>P2>O.6 GeV have a mix of leptons. 

Consider Py. In this P.Q range Pv is much 
larger for a B Decay than for a D decay. 
We can estimate Pv, by calculating the 

missing momentum in the event. (This works 
because we have fully reconstructed one B in 
the event.) (fig) 

If IPQ + Pmissl>2 GeV/c accept as B tag 

IfIP.Q+Pmissl<2GeV/c U "D" 
Table of results: ,. 



Table 4.5: Taginl Efficiencies (in %) 

Tag '"ta, Wtc, f.e! ! 

B lepton, PI >1.40GeV Ie 9.3 0.37 9.0 

D lepton, PI <O.60Ge V Ie 5.7 1.1 3.0 

B lepton,t 0.6 < Pi <1.4GeV Ie 3.3 1.0 1.2 

D lepton,: 0.6 < Pi >1.4GeV Ie 4.8 1.0 2.6 

K%, PK <1.25 GeV Ie 29.4 4.3 18.7 

K%, Aerogel Counter- 33.0 5.5 20.0 

D n7r reconstruction 8.8 0.1 8.7 

t Ipil + 1 Pm; .. 1 >2 GeV Ie 
: Ipil + 1 Pm; .. 1 <2 GeV Ie 
- Not used for luminosity estimates 

rSb 



3. Charged Kaons 
Use b --+c --+5 sequence to tag B flavor 
Unfortunately many wrong sign kaons 
Some from 0 decay others from B ~DDs 
and dikaon production 
For perfect detector but including decays 

and solid angle to rtag = 33%, Wtag = 5.50/0 

4. Partially Reconstructed B decays 
Idea here that is since we have fully 

reconstructed one B and we KNOW that what 
remains is all from the other B, we can use 
kinematic constraints to allow us to find the 
flavor of the other B by reconstructing its 
final state even if we miss one particle 
Ex: B°--+O-1t+ 
look only for 1t+ allow the D- to be missing 
(still a 3C fit) 
How many modes can we get with small 
backgrounds? Work still in progress. 
Table: 
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Table 4.6: Branching Ratios and Efficiencies for Partial Reconstruction 

Mode 8(%) Et", 8 XE t",(%) 

D+ modes 

D+7f'- 0.32 0.90 0.29 

D+p- 0.9 0.54 0.49 

D+-rr+7f'-7f'- 2.0 0.73 1.5 

D·+ modes 

D·+'Ir- 0.32 0.90 0.29 

De+p- 0.8 0.54 0.39 

D·+7f'+7r-'lr- 1.3 0.73 0.95 

D·+ 7f'+ 7f'-7f'-7f'0 4.1 0.44 3.4 

De+ 7f'+ 7f'-7r-7r0-rr0 4.1 0.26 1.1 



Overall tagging efficiency eslimated at 40% 

F) Vertex Resolution 
Recall ~'Y=(Ehigh - EIOW)'M4S = 0.42 
Separation along beam axis of two 8's is 
~z=~y c~t 

maximum difference between (f, e+) and 

(f, e-) occurs at ~tltB=O.88 or ~z=130J.lm 
Vertex separations smaller than 13~m 
will not cause a problem 
Vertex resolutions are in general non
Gaussian, we have found that the sum of 
two Gaussians gives a good descripition (figs) 

Fit CP asymmetry for ",Ks - lepton (fig) 

d(x) gets degraded by the vertex resolution 
Table: 

20 



'It vertex 

2000 

o .......... ·~~--~ .......... • 
-500 -250 250 

800 

400 

-500 -250 0 250 
(JAom) 

800 

~ t,P-4~"" 
(> ~ 1t6'~ I"U.J,J. .... 

(. .... c.c..JS( .. f"\ ~ ~ 
-, "'''" , 

f,f ~ I 

- ) ~ 
400 

, 
.9 ~ 
~ \ 

-250 250 500 



OOS0191-021 

60 

40 

20 
rtT-s. -1---
~..., • .,t! 
.,. .... r.. .... UI ... J 

-500 -250 0 250 500 
(p.m) 

150 

(b) 

100 

50 

--
-500 -250 0 250 500 

(p.m) 

bc 



400 

I 300 
N 

~ 
J! c • > 
L&J 

OOSOI9I-024 

'h~ - """'~ 
1fT) + ~ ( - t: ) 

Vr,.H)I "'s./e4~. 

-5 10 



Table 4.7: Parameters of two-Gaussian Resolution Functions for ~':11 

Tag 0') ("') 0'2 (Jl) ~'o in wider Caussiau d(.c) 

High p lepton 56 130 29 0.53 

p < 0.6 GeV Ic electron gg 314 22 0.44 

Charged kaon 70 240 20 0.46 

D nr partial reconstruction 

n 1l" = 1l" 56 123 24 0.55 

nr = r-ro 68 180 35 0.51 

n1r = 1r+1r-1r- 66 125 "0 0.53 

n1r = 1r'1r-1r-1ru 77 175 16 0.51 



G) Charmless modes - CPu 
1 . Channels - none yet found 
1t+1t- : Best upper limit from CLEO <9x1 0-5 

BSW prediction ~ 2x1 0-5 

efficiency estimates are lowered by necessity 
to reduce backgrounds - sphericity cut 
Background source is exclusively the 
continuum below resonance 

Using CLEO data (fig), we estimate rSig=O.65 
However for high quality tags, high p lepton, 
and partial reconstruction, the background 
is reduced by 30x to a negligible level 
Vertex reconstruction also helps reduce 
the background =40%, useful for "low quality" 
tags 

Background from K1t not a problem with 
1.5 T field and dE/dx system 

P+1t- + P-1t+: BSW prediction 6.7x10-s 
estimate backgrounds using a1 +1t- analysis 
(may be conservative). Can also use p 
polarization. To be conservative use only high 
quality tags, and take 2X loss for non-eigenstb~ 
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Table 4.8: Modes Useful for ~te&Suring t/>. 

Mode B theory{ x 10-5) E{ x 10-5 ) BXE(x10-5 ) Dde .. 

15dr2~1!'·1r-l 

7r+1r- 2.0 0.69 1.4 1 

P±1r~ 6.7 0.40 2.7 1/2 

a±1r~ 
1 5.6 0.25 1.1 1/5 

p+p- 2.2 0.25 0.6 1/9 

J./k 



Table 4.8: ~lodes Useful for l\leasuring cPu 

Mode 8 theory( x 10-5 ) E( x 10-5) BXf(x10-5 ) 
D dei 

Ddea! " .... "'-1 
71"+71"- 2.0 0.69 1.4 1 

P±7r~ 6.7 0.40 2.7 1/2 

a±7I"~ 
1 5.6 0.25 1.1 1/5 

p+p- 2.2 0.25 0.6 1/9 



600 

500 

100 



The area of the (p,ll) plane for which a 4<1 is 
accesible is defined by: 

[ 
sin2 q>~12 + [Sin2 q>u12 = 42 
0.06 ] 0.06 ] 

(fig) 

D) Proposed Machines 
Cornell, KEK, SLAC 
(Plans at DESY) 
Lpeak=3X1033cm-2s-1 

In one year with <Lavg>=1.5x1 033 
and 50% duty cycle 
Can accumulate 25fb-1 
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(0) Spectator External 

/ ~,~ 
~u,c 

W" , 
" b ------- C,U - -u,d -------u, d 

(c) Exchange 

0050191 -004 

(b) Spectator Internal 

c,u 

~
ti,C 

...... w 
b d,s 

U ,d------- u,a 

(d) Annihilofion 

u,c _-------:=: c,u 

~- \w CddtUiitSS 

~u d,s 

te) E -M Penguin Q, + (f) GluoniC Penguin 

Y'- 9 
W _- .... , , , 

" b , \ S b 
u,a u,d' u,d w ti,Ci 

(9) Mixing (h) Mixing 

t, C, U W 
b 1 i d b~---Ed 8° wI Iw 8° + 8° _ t, c, u t, C, u _ 8° 
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Fie.4.13 Tree level decay diaerams for <a> 8° - p;'ft- and (b) 8° - p-1( .... 

but we would be unable to extract a value of tP.a. Henceforth, we will assume that 
these additional amplitudes do not exist and now show how to measure f>. with 
these decays. (For more details see Ref. 61.) 

Equa~io., (2.16) (and (2.17» for the time evolution of 8 0 (and BO) and the 
state J are replaced by the followine equations: 

.,(7) ex e-1T'(1_ RcoszT - DsinzT ain(2" + 60» (for f,l+), (4.3>. 

X,(T) ex e-1T1 (1 + RcoszT + Dsin zT ain(2" + Ao» (for f,l-), (4.4) 

, 1 • 
Recall T = , - t' in units of mean lifetime, R = :;:J' D = ":1' Here p is the 
ratio of the two tree level amplituda M I M' and Ao is the atrone phase dill'erence 
between the 8° and SO amplitudes (or decay into f. There are two additional 
equations for decays into the C P conjueate state 7 

'R.J<,T) cxe-tTl(l-RcoszT + DsinzT sin(2</>,,-6Q)) (forf,r). (4.6) 

By measuring all four distributions we extract values for the four unknowns R, 
D, S aad S, Wkte S = .in(~ + 6Q) and S = sin(2</>1& - ~Q):T We can then 
determiae ... p '0 a lour-fold ambiguity: 

Ta)$ amt."iiy cn ~ Jesol_ eitl.er by using a C P eiecnstate mode, such as 
1(+ft- for a cnule lDeas.femeM or asiae otHr data as discussed in section 1.4. 
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TABLa 2. CLEO _411 A.GUS r.da for ...... ___ • 
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FNAL Experiment 687 

• E687 is an international collaboration of about 
60 physicists from: 

I.N.F.N. Bologna 
Univ. of Colorado 

Fermilab 
I.N.F .N. Frascati 
Univ. of DJjnois 

Univ. of Notre Dame 
I.N.F.N. Milan 
Univ. of Milan 

Northwestern Univ. 
Univ. of Pavia 

Univ. of Puerto Rico - Mayaguez 
I.N.F.N. Pavia 

• 8 months of I11DD1Dg 

• 2 months fire repair 
• 2 months good data (350 GeVe-) 

• 60 million triggers, 1200 data tapes. 

3 
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Particle I.D. Regions 

E deftnlte 

JC or KIP or K/ft ~ 10 QeV 

p definIte 

p or KIP amblpou 

o 25 60' 75 100 
5 CHM Track lIomentum (GeV) 

Method I.D.'ed as e" 

<p --+ K+K- K, KIP, 7 .80 

Ks --+ 1r+1("- 11' cons. .88 

A --+ P1("- P or KIP .75 



Vertex Reconstruetioa 

1 .. Stand alone vertexing 

(a) Description 

(i) Start with 1 vertex hypothesis 

(li) Remove worst tracks 

(iii) Look for secondary vertices with rejected. tracks 

(b) Properties 
• 

for missing neutrals (eg II , ~) 

o specific decay mode required for sJcjrn 

2. Candidate driven 

(a) Algorithm 

(i) Charm candidate forms "seed" track 

(ll) Nucleate tracks around "seed" track 
to find primary vertex 

(b) Properties 

Even 1 track primaries are found 
• 

No efficiency problem at short lifetime 

7 



3. Vertex cuttiDg tools 

(a) significance of detachment (I> 
(b) Vertex confidence levels 

(i) Secondary vertex (DCL) 

(ii) Primary vertex (PCLl 

(iii) Global It requiring the secondary vertex to 
point back to the primary (LCL) 

__ 2. . 

(wJ Se" • ..H.r'1 'Ier\.. .,.\"\·etl 
~~ "#0' tilt a#' iw..,,\. 



d) 

• I.' 

~s ? __ 'Mc.'1 
\ ~~ J kO c:.u~\c.()V 

• L' 
'::>e..~ Q,S l~) 

'" e Gu 4lN\ ko" . 



Kplpll·ELSIG>5) KPlpllELSIG>8) 

H- 1.8880 •• 0004 Y -26Q4.8 .·104.2 1250 H- 1.8677 •• 0004 Y-2142.0. 76.7 
W-ll.SOO • .448D S/N- 1.30381 W-U.640 •• 4058 S/N- 2.40537 

1500 1000 

750 
1000 

500 • 

250 

o ~~~~~~~~~~~~~ 
1.6 1.7 1.B 1.g 2 2.1 

o ~~~~~~~~~~~~~ 
1.6 2.1 

KPlpllELSIG> III KPlpllElSIG>15) 

1000 tt- 1.8875 •• 0004 Y-17Dl.0. 82.18 H- 1.8677 • .0004 Y-1442.2. 51.58 
W-U.24B • .3181 SIN- 3.BBD4Q W-U.171 •• 3807 S/N- 5.01545 

800 

eoo 

1.7 1.8 1.g 2 2.1 1.8 1.9 2 2.1 
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Expression of Intention to Continue the Study of States 
Containing Heavy Quarks Using the Wideband Photon 

Beam and the E687 Multiparticle Spectrometer 

Submitted by the Wide band Beam Photon Collaboration 
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W. IMphwd, UDiversity of Notre Dame. Notre Dame. IN tall. VIA 
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'0 I Proc&.v.CC L C,,",."'M 

Physics of a High Statistics Charm Experiment 
1. DO - DIT Mixing and Doubly-Suppressed Cabibbo De

cays 

(a) Classic Mechanism using the well-known box di
agram predicts mixing at the 10-6 level, but long 

distance effects may be important and estimates ., 

are as large as 5 xl0-4. I " I P (' Ie , .,~ 
(b) Identify several doubly-suppressed modes such as .. ". 

D+ ... rr .. + .. - and D+ ... x+ K-x+ and check model 
predictions. M.,M '-' ttI.",plcr _. 

2. Semileptonic Decays M Ie & 
(a) Measurement of IVai to 1% '" I '" fO·" 
(b) Measurement of IVc.t1 to 2% 

(c) Measurement of IVc.tIIlVal to 1.5% 

(d) Measurement of vector and axial vector form fac

tors might be used to predict the Beauty form 
factors 

3. Leptonic Decays - fD pseudoscalar decay constant 

(a) This involves observing D+ ~ I'",.. 1)4ft.. ". D+ 
4. D7 Decays *V 10' +. V- s • .. 1)+ ,;,.. 

5. At Decays --. 10" P k Ir 1'4-e.,'r 
6. D·· States 

7. Charmed Baryon Spectroscopy and Lifetimes 
-0 -+ - ---'It J-c, 



8. Charm Production Dynamics and compare to Mod-
els 

(a) Double charm events particularly useful ¥ ," l)."~,, 
(b) Try to pin down photon-gluon fusion parameters 

(c) Look for production mechanisms that are not ex-
plained via photon-gluon fusion. Should be gluon 
gluon and quark-quark fusion, but we have seen 
no evidence of this yet. (Associated production 
has been observed.) 

(d) As get more events study relative production of 
ground state versus the excited state production. 

9. Rare Decays 

(a) Set limits for no decays to ,,+,,- and e+e-

10. Forbidden Decays 

(a) ,,+e-

11. CP Violation Sensitivity 

(a) Difference in rates between DO and DO decay: us
ing the D· as a tag 

(b) Polarization tests using D+ ..... KO. K+· 
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Knn [KP7.DCL.L/a>3J 

IV ~ M" I '0" ~'-99~r~ II .'f 
'''0 I Knn [KP7,OCL,L/a>51 ..... e 

H- 1.8638 t .0018 Y-276.17 t 45.90 H- 1.8612 t .0015 Y-224.5Q t 28.93 
W-l0.155 t 1.861 S/N-0.383880 W-ll.161 t 1.569 S/N-0.955201 

150 

200 

100 50 

o ~~~~--~~~~~~~~ 
1.7 1.8 1.9 2 2.1 

o ~~~~~~~~~~~~~ 
1.7 1.8 1.9 2 2.1 

Kn1f [KP7,OCL.L/a>8J Knn [KP7,DCL,L/a>141 

150 80 
M- 1.8626 t .0014 Y-222.02 t 22.77 M- 1.8632 t .0016 Y-172.48 * 17.67 
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100 

50 
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PROGRAM 
Second Annual SSC Spring Conference 

Electroweak and Flavor Physics: Implications for the SSC 
Monday, May 20 - Thursday, May 23 

Wednesday, May 22 

AM 

9:00 

9:40 

10:50 
11:30 

PM 

2:00 
2:40 

3:50 
4:30 

Status and Physics Aims of SSC 
More Future Prospects (non SSC) 
Neutrino Physics at FNAL after the 
Upgrade 
Break 
Bottom Quark Physics 
LEP Results on b quarks 
Recent results and Future Prospects for 
B-Physics at CDF 

Bottom Quark Physics 

Symmetries in Heavy Quarlc Decay 
Rare Decays of Heavy Flavors 

Break 

Chair: E. C. G. Sudarshan 
(V.T.-Austin) 
F. Gilman (SSCL) 

N. W. Reay (Ohio State) 

R. Mount (Caltech) 
D. Amidei (Michigan) 

Chair: F. Gilman 
(SSCL) 
M. Wise (Cal tech) 
A. I. Sanda 
(SSCL/Rockefeller) 

e+ - e- B Factories CLEO, SLAC, KEK P.Oddone (LBL) 
Prospects for Improvement in CKM Matrix D. Hitlin (Caltech) 





sse Laboratory Physics Research Division 

Status of the sse Project and 
Experimental Program 

Fred Gilman 
sse Laboratory 
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Schematic Location of sse Facilities 

Fort Worth 

SSC Campus Site 

Eagle Ford Shale 
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.. sse Laborato!l Conventional Construction 

Conventional Facilities Overview 

Total Cost: $1.2 Billion 

Real Estate: 16,553 Acres 1 ,272 Parcels 

Buildings: 102 Structures 2.1 Million SF 

Excavation: 7.5 Million CY 400,000 LF Tunnels 

Electrical Demand: 185MW 

1/·.,,, I 



• sse laboratory Conventional Construction 

A-E/CM 

• Selection Process 

• Parsons Brinckerhoff/Morrison Knudsen JV 

• Contract Status 

- Letter Contract 

- Definitized Contract 

.,.,.,. 



sse Laboratory Physics Research Division 

SDC Hall Definition 

• Meetings May 8·9 at SSCL with participation of 
SDC, Physics Research Division, Conventional 
Construction Division, PB/MK 

• Conclusion 

- Cut and Cover Construction 
- IR4 
- Width of 31m 
- Length 105m 



sse Laboratory Physics Research Division 

Collider Dipole Ma&net 

vendors Selected - 23 Oct. 90 

Leader General Dynamics Corporation 
Follower Westinghouse Electric Corporation 

• Leader build 15 prototype, 35 pre-production, and 
251 LRIP 

• Follower build 0 prototype 35 pre-production, and 
251 LRIP 

• First production magnet due June 1994 



MAC MftfiItt AI., JO, JffJ 

Quench Performance - SOmm Model Dipoles 

4.35K Quench Performance 50mm sse Wodel Dipoles 
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Quench Sequence 



sse Laboratory Physics Research Division 

COLItIDER QUJ\DRUPOLE MAGNETS 

Vendor selected May 3, 1991 

BABCOCK & WILCOX 

• 147 Superconducting Magnets 

• Eventually 1,664 Quadrupoles 

First Delivery: Fall, 1994 
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sse Laboratory Physics Research Division 

PHySICS/DETEcToR SIMuLATION FACILITy 

First Implementation of the sse Laboratory's 
Computing Strategy for Physics Research 

• Major computing resource for sse detector designers 
worldwide 

• Test platform for .parallel computing conce~ts 









sse Laboratory 

Oyerall Financial Constrain ts 

• $7S2.1M (FY1990 Dollars) in sse project funds for 
detector R&D, detectors, and detector-related 
computing 

• Approximately $625M for detectors themselves 

• Reserve $75M for smaller experiments 

• Leaves approximately $550M for the major 
detectors, including internal SSCL detector project 
management, engineering, detector-specific R&D, 
etc. 



sse Laboratory Physics Research Division 

DetectQf R&D 

• $40M total in sse Project Funds 

• In FY90, $17M allocated to Generic and sse 
Detector Subsystem R&D 

• In FY91, $15M budgeted for Subsystem R&D 

• Budgets for FY91 have been finalized for 25 
Subsystem R&D efforts 



sse Laboratory Physics Research Division 

En&ineerjn&. SySlem5 Inle&ration, and 
Coordination Funds 

• SDC, L*, and EMPACT/TEXAS each received 
$SOOK in FY90 

• An additional $200K was given in December, and 
$300K in January, for a total of $lM to each 
collaboration submitting a Letter of Intent 

• Support being given to SOC to proceed toward a 
proposal: $1.5M given in March and further 
support soon for remainder of FY91. 



sse Laboratory Physics Research Division 

SDe CO:il Beliew Panel 

Formed in March to perform an independent 
evaluation for the sse Laboratory of the SDC cost 
estimate 



sse Laboratory Physics Research Division 

Dennis Theriot 

Ray Stefanski 

P. Clee 
H. Hoffman 
P. Innocenti 
D. Lehman 
R. Johnson 
M. Montgomery 
v. Radeka 

D. Etherton 
M. Harris 

COQsultant 

H. Lynch 

fanel Membership 

(Fermllab) 
Chairman 

(SSCL) 
-Vice Chairman 

(Rutherford) 
(CERN) 
(CERN) 
(DOE) 
(General Dynamics) 
(Martin Marietta) 
(BNL) 

(SSCL) 
(SSCL) 

(SLAC) 



sse Laboratory Physics Research Division 

SDC Cost R~yiew Paoel (coot'd) 

• Panel met April 15·16,1991, analyzed cost 
reference documents and drew up questions for 
SDC 

• SDC response at second meeting of Panel on 
April 29·30,1991 

• Costing done without international participation 
("US Basis") 

• Final Report due in May 



sse Laboratory Physics Research Division 

Th~ Sei:ond D~tector 

• Program Advisory Committee has strongly 
recommended that there be two large detectors as 
part of the initial experimental program 

• One Detector, SDC, is currently being supported 
to proceed toward a formal proposal/design report 

• Great scientific opportunity is presented by a 
second detector and a substantial community has 
indicated Interest in designing and building it 



sse Laboratory Physics Research Division 

ThJ: Secgod DetectQr (coot'd) 

• December and March meetings of the P ~C led to 
consideration of the L* Letter of Intent as the 
candidate for the second detector. 

• Unresolved questions pertaining to funding and 
collaboration management have led the SSCL to 
conclude that L* should not be supported to 
proceed in the preparation of a full proposal 

• Much excellent technical work has been done 



sse Laboratory Physics Research Division 

The Second Detgctor (cont'd) 

• sse Laboratory is inviting all interested parties 
from the international community to discuss with 
us the formation of an international collaboration 
for a second detector that would be part of the 
Initial experimental program 

• As a first step, an open workshop will be held 
June 11·13 at the SSCL to discuss the possibilities 
for such a detector 
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- to p~rmit non-zero crossing angle while avoiding. 
excitation of synchrobetatron resonances, can 
use crab crossing technique 

- transverse deflecting mode of crab cavity 
at ~cp = (n ± 1/4) 2lt from IP tilts head and 
tail of bunch 

Interaction 
Uncrabbing cavity Region 

'-- 1 

"Crabbing cavity 

- required voltage is 

v c = {E/e )CPAc 
2lt~~xc~: 

o for typical parameters, Vc == 2 MV 

- simulations to date give reasonable tolerances 

tV == 1 0%, ~\{I == 5-100 

- prudence dictates small crab angle (== 10 mrad) 

o this does not avoid having common quads 

- technique is promising, but untested 

® 
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Superconducting Super Collider 
Laboratory 

Director's offic~ 

Professor Brad Cox 
Physics DeparDnem 
J. W. Beams Laboratory 
University of Virginia 
McCormick Road 
Charlottesville. V A 22901 

Dear Brad: 

2SSO BcckJeymeade Avenue. MS 1070 
O.lIas. TX 75237·3946 

(2 14) 708·1036 • FAX (214) 708·()()()() 

July 31. 1990 

Thank you for your response 10 the questions posed by the Program Advisory Conunittee 
about your Expression of Inu:rest in an experiment at the sse (EOI-14 - "Super Fixed 
Target Beauty Facility''). The PAC met for a week (July 14-20) at Snowmass-and 
discussed all the EOis and the associated responses. 

The~thJlB:hr~~~e foE =J;CS.~C===E 2"C=>J'&P£" aso felt that the sse has some special capabilities for B pbysici- In its report it sWC(f 
"Given the strong interest of the physics community, it..~C?u~dJ~~ .desirable 10 inco.Ipcrate.8_ 
physics jnto the ir)itial SSC..,program. We note, however, that considenble evohuion of die 
field may OCCUr over the next few years. 'I1!c cost..and technicalIisk associated widla 
C9JUdc;r d~t~~,'-Ql'_for B..physics make i1prcmawtc 10 encourage such a proposal 11 this time.!. 
it may be more appropriarc a few years from now. ~ ~~ iI!~al S~.~ "p~gram a~ed- 4-
ta:rget e~~ may prove.a better choice. tt -., ..•.• - - . ··L 

. -- .. -- - - -- - . _.' - .. -.-.. --. - - - - - -

While the number of produced B's is acknowledged to be at least competitive with the 
sample at other electron-posillOll and hadron colliders likely to be operating at the time of 
tum-on of the sse, the p~e found that the reconstruction efficiency assumed in the EOI 
for seeing the B and the B was far beyond the state-of-the-an with a "live" target. A high 
efficiency will indeed be necessary!O be fully competitive with proposed electron-posirron 
projects. ~scquelUly, the PAC will fQU~~~!C!~ly thCU'bys.~~ fC.sult~ and the..P.'O~ 
that is made.m ~onstru~Qg{ql&&i.~g C!ffici~n9..~~'!l_~I!:~H.tg e~rimen~, includi~g you~ ... ® 
C?w.n. 
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Table I 

ImggOaCI ea[ameUUJi gt aeau~ e[gCUCligc 
in Yadgus Hildmnic EXMdmeDlal CgcfigmatiQCs 

TeY II fixed Tgt Tey I Colljds[ SSC Cgllide[ 

Int Rate 10 7-10 8/sac 105/sec· 107/sec·· 

o (pN-+BB) 10 nb 20~ 200·500 ~ 

BB/10 7 sec 107 -10 8 4x108 2x10 11 ·5x10 11 

o (BB)/o T··· 1/1250000 1/2500 1/500-1/200 

Multiplicity ==15 ==45 -few- hundred 

<Pb> 143 Gev/C 38 GeV/c 51 GeV/c 

<PB> 118 GeV/c 22 GeV/c 43 GeV/c 

<~> 32 GeV/c 13 GeV/c 36 GeV/c 

Median B Smm 1.5mm 3mm 
Decay Length 

MeanB 16mm 4.7mm 13mm 
Decay Length 

ssC Fixed Tgt 

107/sec 

2.5 -10 ~ 

1x10 10 ·5x10 10 

1/7700·1/1 900 ~ ~" .... "'\'\c 
.... ucss 

==20 ~ ~,,~ 
tct...-\~ 

635 GeV/c 

445 GeV/s.., ~ ~;.~~ .• 
.2sn GeV«; .• ~ ~ .... "~h 

~2mm s~ 
_. 1 ~.j.\,~ 
95mm 1 ~ B "...,.. 

-\~~.u 
Present luminosity ::::: 10 30 cm 2 s- 1 for the fermilab Collider. Presuming the 
injector upgrades and corresponding detector upgrades to take advantage of the 
higher luminosity, this may be increased to 5x10 31 cm 2 s- 1. 

1 0 7 imeractions per second is taken as a limit for a high rate 41C B physics collider 
detector to avoid the problem of multiple high multiplicity events per bucket. 

Taking into account the atomic number enhancement of the heavy flavor cross sections 
in heavy targets relative to the total cross section. 

10 
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.1/ t Tri22er Strate2Y 
for SeJectjD2 B's 

pN-> B B +x 
Anything ______ 1 ... 1 ---> J/'I' + x 

.... 1 __ > j.J j.J 

Cumulative BR - .011 x .07 - 0.8x 10-3 

The J/'I' decay modes are extremely nice because of the following features: 

o The Jl.Jl. is easy to trigger on; reductions of 105 in trigger rate relative to total 
cross sections are straightforward to obtain. 

o Observation of a J/'I' at a secondary vertex is an unambiguous signature of 
beauty; cannot be charm. 

o The focus on the muon pair (which forms a J/'I' ) provides a way for searching 
for secondary vertices which avoids combinatorial problems plaguing more 
general searches for the presence of secondary vertices. 

o The J/'I' modes of both B mesons and baryons are more easily reconstructed: 

• They have relatively low multiplicity since the J/'I' both locks up the cc 

in a Jl. pair by definition and the presence of a J/'I' in the event leaves 
relatively little phase space for extra particles. 

• A large number of JI 'I' decays are totally charged 

o Excellent mass resolution is possible since the constraint of the J/'I' mass can be 
used on the final state of the decay. 

o J/'I' modes are expected to have large CP violation (for example, B-> J/'I' KO s) 

o Many of the J/'I' modes (such as B-> J/'I' KO s' B -> J/'I' t, B -> J/'I' 1t 1t) end 
up in final states which are CP eigenstates. CP violation in these final states has a 
particularly elegant and simple signature: 

r B->f - 1 + A i sin (6M * "t' ) 

rS->f - 1 - At sin (6M * "t') 

.. ~,.\ ~~ 13-, ~+a.. r.::ts"I'.ai..l-~ ~~~ '"::i=': ·t=;;"''''~kI !1lS1"Ur ' , 
• :..:..,,~ .......... .:....i. ~~ ~~ '? "'\ t-Q. ...i -r~ .;;.,$ ~ 

-~--.,--. 

fu.t~ T"",,,\- 1 "';i..h,T\, " 
... ,.-'1,&c.- " •• , T\.."'~ 
Mt'Ia.,IIiI\-~ +0 ,~ l .. r~ 
~ '-... ~ ~~ ~ .: .. ~, , 



Single Lepton Trigger Strategy 
for Selecting H's 

pN-> B B +x 

Anything ------, ... ' ---> D Jl (e) v ...... . 

BR -0.24 
(for both e and JJ.) 

o Semileptonic decays are nice because: 

• large branching ratio --> more B's on tape 
• The B events accumulated by this means are already tag&eg (but not 

unimpeachably!) by the charge of the lepton as to the particle or 
antiparticle nature of the parent B. 

G There are b->u transition modes (B->1tJ.l.V or B->pJ.l.v) wifr relatively 
large branching ratios which offer the possibility of zero c reconstruction . 

• Semileptonic decays are more difficult to handle because: 

• Single lepton trigger rates are much higher than the dimuon trigger rates 
because of 1t and K decays. 

• accordingly the trigger requires a cut on the muon Pt at the very first level 
of the trigger (> approximately 1 GeV/c) ... ,olsll",,1'&"~.'''.': 4: 

• More than a muon trigger is required to produce suppressions of trigger 
rate by factors of 1 Os: 

• Multiplicity jump trigger 
• Secondary vertex trigger 
• Presence of several intermediate 
Pt hadrons in the event 

• Irreducible backgrounds from charm 

•. t .• ,,-~,""" -, \ .•... :, ... t- .. ,f 
• 

'~'.:\"'-''''''''f:"' ..... ""t: •. I.T.·~·· 
~~ .',-.a ~ 

At +,.",,~ ... lc"GI. DH-.\JC ,-",.\" .... ~~ .. ,".-\o! 

• In searching for the other B in the even~ the entire track population must 
be interrogated to find the second secondary vertex and all modes are 
sampled (only a few % of all chann decays are fully reconstructable) 

• 
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Level I 

Tab&eIV 
B.....J/'+' -+J.ijL and B-+J1+x 

Muon Acceptances and Efficiencies 

Geometric Acceptance for muon tracks 0.85 
(including steel attenuation) 

Level I detector efficiencies O. 74 
LeVel II 

Level II detector efficiencies 0.80 
Muttlhadron and Secondary Vertex Requirements 0.70 
Level II Pt cut efficiency for muons 0.95 

Composite Acceptance/Eff. for single or dimuons triggers 0.33 

Trigger 
Level 

II 

* I 

Table V 
Expected Trigger 

Suppression Factors 
per Interaction 

DiMuon Trigger 

0(10- 5 ) 

Table VI 

0.87 

0.86 

0.80 
0.70 
0.42 

0.18 

Single Muon Trigger 

5 x 10- 3 

0(10- 4
) 

Beauty Enrichment Factors at Various Levels 

Level DiMuon Trigger 
(signal - B->J/'+' ->1111) 

BB/lnteractlon 1/7.7x10 3 ->1/1.9x10 3 

Produced signaVinteraction 1/5.1 xl 06 -> 1/1 .3x 10 6 

Accepted stgnall Level I 118.1 xl 02 - > 112.0 x 1 0 2 

Accepted signaVLevel 1* Level II 1/150->1/40· 

Offline Step I SigJbackground 

Offline St8f) II Slg.lbackground 

1/1S->1/5 

»10/1 

-This is the enrichment factor for events written to tape 

Single Muon Trigger 
(signal - B->11 +x) 

1I7.7x103->1/1.9xl0 3 

1/3.2x104 ->1/S.2x10 3 

1/2.1x102_>1/S.3x1 0' 

1/2->211 

5/1->20/1 



Table YII 

BOd->J/'f KOs 
, + -

Cgodjtlgn Imposed 

B8 pr'OdIlC8d 
B->J/'i' ->~ (7.7x10-~) 
Trigger Acceptance (.33) 
Hadronjzation to Bd (40%) 
Bg->J/'i' KOs (5% of Bcf->J/'f +x) 
K s->n+n- (69%) 
KO 5 Acceptance (420/.) 

\ ~n 
-->j.Ij.I 

B->J/'f KOs Track Reconstruction (90%/track) 
·Other" B Decay track Acceptance (65%) 
Hadronization to Bu (40%) 
Determination of Charge of Bu (50%) 

--------------------------------------_. 

A:: 

event Sample 

1.3 ->5.2x10 I 0 

2.0 ->8.0x10 7 

0.66->2.6x 10 7 

0.26->1.1 x1 0 7 

1.4 ->5.6x105 
1.0 ·>4.0x105 

0.42-> 1. 7x 105 
0.28->1.1 x1 05 
1.8 ·>7.2x10" 
0.7 ·>2.8x10" CuKp\J\, \ : 
Q..34->1.4X1 0" ~ ~c.ev- .... " 

___ I\..,t t-W\.l 
(U)~~l.,.. 6 .... \ 
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~ K~'~\lv('~~"'+ 0+ ~.+t, I'f\.. ~cl,","J tt~I~\D1o\.s ut.C(U.lI"tr 
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SFT Propos8l Process 

SFT R&D 

Detector 
R&D Prooosal 
PrototuD;nq 
Beam Tests 

Extr8ction s\}stem 
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Test Preo8rations 
Beam R&D Test Run 
Cr\}stal Parameter Test 

SFT Detector 
Component 

Design 
Constructi.>n 
I nst8118tion 

'SC Construction Schedule 
Eest F ootp ri nt 
end crystal extracted 
beam 
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Fixed Target 
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Draft Schedule for SFT 
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Superconducting Super Collider 
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REPORT Of THE WORKING GROUP ON CP VIOLATIt~ ANO RARE DECAYS 

J.W. Cronin, University of Chicago; N.G. Deshpande, University )f Oregon; G.L. Kane, University 
of Michigan; V.C. Luth, Stanford Linear Accelerator Center; M.E. Machacek, Northeastern Univer
sity; A.C. Odian, Stanford Linear Accelerator Center; F. Pfjge~ RrOOkhaven Natigpal Laboratyrv; 
M.P. Schmidt, Yale University; J. Slaughter, Yale UniverSl y; .. Trllllng. Lawrence Berke ey 
Laboratory; M. Witherell, University of California at Santa B,pbara; S.G. Wojcicki, Stanford 
University. 

With respect to the sse, these calculations sug
gest an a-priori two-order-of-aagnitude advantage for 
operation in the collider mode as opposed to the fixed 
target mode. It is conceivable that the acceptance in 
a fixed-target experiment can be bette~ for less cost, 
but it seems doubtful that the t~ orders of .agnitude 
can be regained. For this reas~, we have chosen to 
emphasize experiments in the sse collider ~e. 



B-Physics Proposals to the sse, cont. 

III. EOI-8 'BCD' {N. Lockyer et al.}. 

• Collider experiment with 41r detector based on a 

dipole magnet. 

• Rates '" 25 times those in the fixed-target exper

iments. 

• Cost", 3 times that of the fixed-target experi

ments. 

9 





NN":' --, , , 
I 

PL.A ~,~ 

HALF SECTION o . 
t.I[T£R$ 

I.D. CO~~t'0t·i~I·/T 

I. C~'HRAL VERiE:i DE1'ECTOP z. CENTRAL TRAC/(I~JC 
3. CUITRA\. RIC'" 
4. CENTRAL TR[) 
5. CEIHRAL ior 
G. ,CENTRAL r.ALC81t.AET[R 

I 
7. CEtHRAL MAGNET IRUlj : 
B. CEI~l qAL MAGNE T COIL I 

I 9. INTERMEDIATE RICI-' 
10. INTERMEDIATE TRD I 

I 
II. IIHERMEDIA TE TOF • 
12. INTERMEDIATE C AL.)RIMETER 
13. I~!TERMEDIATE MUON I 
14. FORWARD TRACKING" I 
15. FORWARD MAGNET COIL 
10. FORWAQD MAGNET IRO~ I 
17. FORWARD TRACK!NG "2 
18. FORWARD RICH 
19. FORWARD TRACKING "3 I 
20 FORWARD TRD 
21. FORWARD TOF 
22 FORWARD CALORIMETER ! 
23 FORWARD MUON 
24 LUMINOSIT Y MONITOR 
25 CENTRAL SUPPORT SHELL 

SSC LA80RA TOAY 



cor P"El.W.NARY - ~ ----~------~~--~------------------, 
j ~ 
~ -
i.a 

I-

10 ... 

Moss s 5.279±O.006 GeV 
Sigm - O.~.010 GeV 
N.Events=~ 

SUM 
~t ... r/~~t o..J 
B 0 

... tIt 1<.0'1 

~ +. ~ ~t 
o .. t •••• I .• 1 ••• 1 •• 1 I. I I •• I .1 H 

4.4 4.8 5.2 ~.e e 6.4 6.8 

J/1 K AND J/1 K*' CHANN INY .. ~s (GeV) 



10" 

-102 

pp -+ bX 

'0 '0 t o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

10 

. . . 

-
•••• 

Nason. Da~on. EUb 
=. ... 7e GeV. A.-280 M.V. 
DFLK. ,... - v(m.' +~.) 
4.6<m.<60eV. 180<A.<380KeV, 
J.I.o/2 < IJ.<21J,o 

CCF PreUmlnary 

6. TI • • t .. 
A."u""s 401. of b t-arlcs 
I .... ~"'cftt to S- "'CSOft$ 

• rf'\c.I~,~c £'1«,tl"Of\ ~,.. 
S,a. en"a1"8 aolT81atecl 
ISAJET b/e ratio unmecl . , . , . f . ' . . , . 

20 30 

p,.mm [GeV Ie] 



BCD Ongoing R&D 

• Silicon Vertex Detector 

- BVX readout chip: 1 ADC per channel 

- Robotic assembly of interleaved disks and bar-

rels; air cooling 

- Beam tests of double-sided AC-coupled detec

tor (Micron) 

• Straw Tracker prototype: Penn bipolar preamp 

- 200 channel system test Summer 91 

• RICH Counter: solid CSI-TMAE photocathode 

- 400 channel system test Summer 91 

• Barrel Switch Event Builder 
. 

- 600 event/sec demo in 1/2'crate 

• Processor Farm: high bandwidth network 

- 1991: 512 i860 cpu's on mesh network 

2 



The JLBCD Proposal 

• A 3-D Silicon Vertex Detector/Tracker with 
interleaved 'disks' and barrels.' R = 20 em, "L = 
±160 em, 1171 < 3, 1.5-2M strips on double-sided, 
AC-coupled wafers with next-generation BVX read
out chips. 

• A Ring-Imaging-Cerenkov Counter operat
ing a low pressure with a solid CsI-TMAE pho
tocathode. 20 < R < 25 em, 1r / K separation 
for 0.3 < P < 4 GeV /e, 200k pad channels with 
BVX readout. 

• A Conventional Solenoid Magnet, B = 1.5 
kG, coil at 25 < R < 45 em, flux return at 45 < 
R < 52 em, 10 tons, 1 MWatt. 

• A High-Speed Data Acquisition System, ca
pable of recording 1000 events/sec, via a I-crate, 
64-channel barrel-switch event builder. 

• No Trigger ~ 1 B-B pair/sec. (Equivalent to 
£ = 1033 cm-2sec-1 at an e+~- collider.) 

• Estimated Cost = $7M. 

5 
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Cuts Used in the Fermilab Rate Estimates 

Cut CDF DO BSD BCD 

1Jmax,1r 1.0 2.8 2.8 4.0 
P t ,min,1r (GeV Ic) 0.3 0.3 0.3 0.3 
'T/max,K 1.0 - 2.8 4.0 
Pt,min,K (GeV Ic) 0.3 - 0.3 0.3 
Pmax,K (GeV Ic) 4.0 - 4.0 60.0 
1Jmax,e 1.0 2.8 2.8 4.0 
Pt,min,e (Ge V I c) 2.0 2.0 1.0 1.0 
1Jmax,1I 1.0 2.8 2.8 4.0 
Pt,min,1' (GeV Ic) 2.0 1.0 1.0 1.0 
Pmin,1I (GeV Ic) 2.0 3.0 3.0 3.0 )CIlF 

BSD = Bottom Solenoid Detector. 

BCD = Bottom Collider Detector, based on a dipole 

magnet. 

1 



Table 1: The numbers of tagged, reconstructed B --+ J /1/JKs decays in a run 
Qr lQQQ pb- 1 at CDF, at an upgraded DOt at a Bottom Solenoid Detector 
(B50), and a Bottom Collider (dipole) Detector (BCD) for J/t/J decays to Illl 
and ee and for tagging of the second B via JL±, e± t and, K±. Also listed is the 
minimum value of the C P-violating asymmetry A that could be resolved to 
three .tandard deviations. The numbers in parentheses might be obtained in 
CnF with the addition of }{aon identification, which is not part of the present 
CDF.uPIrade plan. 

=-=- === - _w __ 

Technique CDF DO BSD BCD 
Events Am.in Events Amin Events Anun Events Anlin 

Jl only 50 1.00 140 1.00 140 1.00 200 0.85 

e only 50 1.00 50 1.00 500 0.52 500 0.52 

p+e 200 0.85 400 0.60 1200 0.35 1250 0.34 

p+K (250) (0.76) 1400 0.32 2250 0.25 

e+ K (250) (0.76) 3750 0.20 4650 0.18 

p+e+K (1000) (0.38) 5600 0.16 8400 0.13 

t 
3d' 



Table 4: B-B production at hadron accelerators. In this comparison we suppose that thl 
experiments all operate at 107 interactions/sec, and that corresponding luminosity L can b~ 
achieved. We then consider (J'bb/O"lOl, as the figure of merit of the various accelerator options . 

A eeelerator JS (J'bb (J'lol (J'bb/ (J'lol Cave . N - / 107 sec bb Figure 

(TeV) (pb) (mb) (em -2see-l ) of Ivl eri t 

TEV II (p-W) 0.04 0.003 6 5 x 10-6 1. 7 X 1033 1.7 X 107 1/2500 

SSC (p-Si) 0.2 3 15 1/5000 6.7 x 1032 2 X 10 10 1/25 
RHle (p-p) 0.5 10 40 1/4000 2.5 x 1032 2.5 X 10 10 1/20 
TEV I (p-p) 1.8 40 40 1/1000 2.5 x 1032 lOll 1/5 
LHC (p-p) 16 250 75 1/300 1.3 x 1032 3.3 X lOll 2/3 
SSC (p-p) 40 500 100 1/200 1032 5 x 1011 1 



Table 1: Updale of Table 11 of lite BCD EOI to include a Kaon tag. The lIunitnum valuea 
of liD 2¥'i resolvable \0 three .tandard deYiatioD' iD lOT tee of running at luminosity of 1032 

em -'IeC- I • The factor 1 - 2, i. the &naiyzinl power o( the las which haa a probability p for 
a wrollS tas. "i. the bacqrowad to aipal (or the fillal·.late reconstructiun. The dilution 
(actor D due to rnixinS il siyen by c, coth(1r/2z,)/(1 + z!). 

Aupe Mode 1'ag Taged 1-2p " z, D lilt 2,,0._,30-
Event. 

CPI B: -+ J/"KI e:t 14,400 0.00 0.1 0.7 0.47 0.094 

CPt B: -+ JI"KJ Kt. 110,UOO 0.40 0.1 O.T 0.47 0.053 

V'2 B: -t .. + .. - e:t 60,000 0.60 1.0 0.7 0.47 0.062 

CP2 n; -t .+ .. - Kt 460,000 0.40 1.0 0.7 0.47 0.033 

CP3 lJo -+ p'K' • s et 40U O.GO 1.0 #'tv 10 0.64 0.55 

V'J n0 -t pOK' • s Kt 3500 0.40 1.0 #'tv 10 0.64 0.28 

CPJ 8° -t K+K-• e* 1,560 O.GO AW 0.1 #'tv 19 0.64 0.21 

VJ3 8° -t K+K-• K:t 13,800 0.40· ~'O .. l #'tv 10 0.64 0.10 

B: -+ JI", K'i 160,000 0.40 AoI 0.1 I 
#'tv 10 0.64 0.031 V'4 



Ta.ble 3: The sensitivity of an asymmetric e+e- collider t.o sin2r.p2 a.t 3-0-
st.atist.ical sjgnifica.nc~ via the decay ~ - 1r+'7r-. The BCD sensit.ivity is 0.06 
ill one year _of runwltg. 

.c Running Time ('Years) 
cnl-~sec-l 1 3 10 

1033 U.61 0.35 0.19 

3 x 1033 0.35 0.20 0.11 

1034 0.19 0.11 0.06 

Ta.ble 2: The sensitivity of an asymmetric e+e- collider to sin 21,1', a.t 3-0' 
statistical signi.ficance via t.he decay B: -+ J /t/JK~. A 'year' consists of 101 

sec. The BCD sensHiviiy is 0.05 ill one year of running. 

L, Rwwing Time (Years) 
cm-2sec-1 1 3 10 

1033 0.48 0.28 0.15 

3 x 1033 0.28 0.16 0.09 

1034 0.15 0.09 0.05 



Cuts Used in the SSC Rate Estimates 

Cut C I F BSD 

7Jmin -1.2 1.2 3.5 -2.5 
7Jmax 1.2 3.5 5.5 2.5 
Pt,min,rr,K (GeV Ic) 0.3 0.3 0.3 0.3 
Pmin,K (GeV Ic) 0.3 4.0 7.5 0.3 
Pmax,K (GeV Ic) 4.0 60.0 240.0 4.0 
Pt,min,e,p (Ge V I c ) 1.0 1.0 
Pmin,JL (GeV Ic) 3.0 3.0 

1¢lmax 150 

C = Central dipole detector. 

I = Intermediate dipole detector 

F = Forward dipole detector. 

BSD = Bottom Solenoid Detector. 

4 
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Sensitivity to sin <PI at the sse 

The numbers of tagged, reconstructed B --+ J /'l/JKs 

decays in a run of 1000 ph-I. 

Amin = 12/VN = minimum value of the CP-violating 

asymmetry that could be resolved to three standard 

deviations. 

Technique C+ I F I+F BSD 

Events Amin Events Amin Events Amin Events Amin 

J.L only 420 0.58 190 0.87 1315 0.33 400 0.60 
e only 1195 0.35 160 0.94 1405 0.32 2420 0.24 
J.L, e 3015 0.22 700 0.45 5405 0.16 5145 0.16 
J.L, K 5650 0.16 2550 0.24 14020 0.10 7730 0.14 
e, K 13020 0.11 2520 0.24 14520 0.10 24590 0.08 
J.L, e, K 20007 0.08 5430 0.16 31225 0.07 34650 0.06 

C = Central dipole detector. 

I '= Intennediate dipole detector. 

F = Forward dipole detector. 

BSD = Bottom Solenoid Detector. 

3 



Taule 12: Alternative ddedor configurations that maintain a uroau·uaseu B.physics pro-
gram while expanding tbe solid-angle coverage. Refer to Taule 11 for a description of the 
ddector types. The acceptance for B physics is based on Table 7 of the BCD EOI, and is 
taken as the relative measure of the physics capauility of each detector configuration. The 
cost estimate is uued on Table 23 of tlte BCD EOI and includes contingency uu EDIA of 
40%. 'P /P' is a relative measure of performance/price aJlU is pruportiunal to Acc./Cott. 

Config. Detector Acc. COlt PIP 
IJ. e h IJ. e h e h IJ. e h IJ. e h (SM) 
F F F I I I C C I I I F F F 
1 1 1 1 1 1 2 2 2 2 2 2 

A Y 0.004 66 0.07 

D Y Y 0.007 72 0.11 

C Y Y 0.006 81 0.09 

D Y Y Y 0.012 98 0.14 

E Y Y '0.003 -59 0.06 

F Y Y Y 0.005 63 0.09 

G Y Y Y Y 0.031 109 0.33 

II Y Y Y Y Y 0.055 126 0.50 

I Y Y Y Y 0.027 106 0.29 

J Y Y Y Y Y Y 0.053 133 0.46 

K Y Y Y Y Y Y Y 0.080 155 0.59 

L Y Y Y Y Y Y Y Y 0.106 165 0.74 

M Y Y Y Y Y Y 0.079 160 0.57 

N Y Y Y Y Y Y Y Y 0.103 193 0.61 

0 Y Y Y Y Y Y Y Y Y Y 0.131 200 0.75 
-P Y Y Y Y Y Y Y Y Y Y Y 0.154 208 0.85 

Q y y y y y y y y y y 0.102 182 0.65 

R Y Y Y Y Y Y Y Y Y Y Y Y Y Y 0.204 235 1 



Table 13: Alteruative detector configurations that specialize in reconstruction of B -
J /t/JK~ via emphasis on leptons. Refer to 'fable 11 (or a description of the detector types. 
The acceptance for B physics is based on Table 7 of the BCD EOI, and is taken as the 
relative measure of 'he physics capability o( each detector configuration. The cost estimate 
is based on Table 23 of tbe BCD EOI a.nd includes con'iJlgency and EDIA of 40%. 'P /P' is 
a relative measure of performance/price and is proportional to Acc./Cost. 

Coufig. 

5 
T 
U 
V 
W 
X 
Y 

JJ. e h JJ. 

F F F 1 

DeL ector 

ehe hi' 
1 "I C C 1 

e h JJ. 

I· 1 F 
e h 
F F 

1 1 1 1 1 1 2 2 2 2 2 2 
y 

y y 

Acc. Cost P /F 
(SM) 

0.005 
0.020 
0.020 
0.035 

y y 
y y y 
y y y 

y y y y y 
y y y y y 

Y Y 0.080 

52 0.05 
69 0.14 
67 0.14 
83 0.20 

95 0.40 
0.090 

Y Y Y Y 0.240 
121 0.35 
172 0.67 

v - W - Y - R, or 5 - U - V - X - Y - R. Configurations T, U, and even 5 already have very 
competitive capabilities for measurements o( sin 2IPI and sin 2IP2. 

We consider the mini-BCD to be an important stage towards BCD. It should measure 
B. mixing and provide evidence of C P violation if the latter is fairly strong. 



Schedule for the BCD Program 

1. Bench-top and test beam demonstrations of the 

3-D vertex detector and compact RICH counter 

through 1992. 

2. Installation of prototype segments of the vertex 

detector and RICH counter in CO at the end of 

the 1993 collider run. 

3. Installation and test run of the J.LBCD detector 

in CO for the 1995 collider run. 

4. Installation of the J.LBCD detector as the inner 

detector of CDF or DO for a full-luminosity run 

in 1997. The physics goal would be a study of Bs 

mIXIng. 

5. Construction of a dedicated B-physics experiment 

through "'-19'99, leaiJ.ing to a ,measurement of CP 

violation. 

6 



I. E-SYSTEMS 
GARLAND 

DIVISION 

VOLUME 
JUNE 8,1989 

• EVEN THE HIGHEST DENSITY STORAGE TECHNIQUES WILL 
REQUIRE SUBSTANTIAL STORAGE VOLUMES ... 

ONE 
TERABYTE = 

6369 
9-TRACK 

TAPE 
5000 REELS 

3480-TYPE 
CARTRIDGES t 

500 
0.80 12 FEET 

OPTICAL MEDIUM 500 

1 
TAPE 5 CASSETTES 34 OPTICAL 

REELS LARGE IllALL DISKS 
CASSETTES CASSETTES 

$8,000 14,250 $2,015 $2,560 $100,000 $45,000 $122,285 WASHINGTON 

1 SMALL CASSEnE ccwrAINI 21,500 MEGABYTES or 187 REELS OF TAPE 

1 MEDIUM CASSEn'E CONTAINS 86,625 MEGABYTES or 551 REELS OF TAPE 

1 LARGE CASSETTE CONTAINS 189,875 MEGABYTES or 1,185 REELS OF TAPE 

MONUMENT 
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Observation of B~ ....... J/1/J + K% 

• Find J I'f/J -+ ,,+ ,,- , mass constrain the J I'f/J 

• Beam constrain all other tracks - assume these are 
charged kaons 

• Select all tracks within a cone of 60° about the 
J I'f/J with PT > 2.5 GeV/e 

• Make invariant mass of J I'f/J with these kaon can
didates 

Observation of B2 ..... J /1/J + ](0. 

• Find J I" -+ ,,+ ,,- , mass constrain the J I. 

• Beam constrain all other tracks 

• Select the three highest momentum tracks In a 
cone of 60° about the JI1/J (re~uces combinatorics) 

• Form opposite-signed track pairs, calculate the in
variant mass for both assignments of the K and 11' 

mass. 

• Require M(Kw) to be within 50 MeV of the KO. 
mass 



BCD Ongoing R&D 

• Silicon Vertex Detector 

BVX readout chip: 1 ADC per channel 

Robotic assembly of interleaved disks and bar
rels; air cooling 

Beam tests of double-sided AC-coupled detector 
(Micron) 

• Straw Tracker prototype: Penn bipolar preamp 

- 200 channel system test Summer 91 

• RICH Counter: solid CSI-TMAE photocathode 

- 400 channel system test Summer 91 

• Barrel Switch Event Builder 

- 600 event/sec demo in 1/2 crate 

• Processor Farm: high bandvyidth network 

- 1991: 512 i860 cpu's on mesh network 
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J.G. Heinrich 
K.T. McDonald 

Princeton University 
May 19, 1991 

Peripheral Production of Fermion Pairs in Heavy-Ion 
Collisions 

Recently several groups have made estimates of the Higgs-boson production rate in heavy
ion collisions in which there is no strong interaction, but rather the heavy ions emit a pair of 
virtual photons which collide and materialize as the Hifgs bosonY, 2,3,4,6,8,7) Such processes 
were first considered by Landau and Lifshitz in 1934.[8 The cross section varies as Z", 80 the 
rates can be quite large for heavy ions. 

Here we estimate the rates for the production of various fermion-antifermion pairs, which 
were considered only as backgrounds in Refs. [1-7) (except for Ref. (4]). Such pairs would 
be produced in a collision in which the heavy ions remain intact, and go down the beam 
pipes. That is, pair production by virtual photons in heavy-ion collision is as clean as pair 
production in an e+ e- collider. One would devise a veto on any forward tracks outside the 
beam pipes to reject the unwanted hadronic interactions. If the rates are high enough, a 
heavy-ion collider could be the most favored source of heavy-quark pairs in the future. 

The Landau and Lifshitz cross section, as improved by Racah,(9) for production of a pair 
of fermions each of charge q and mass m in a collision of a pair of heavy ions each of charge 
Z and.., per nucleon in the center-of-mass frame is 

28 Z4 4 2 2 (me) 2 ( 3 2 ) 
O'LL = 277r q Q Te -;:; A - 6.36A + 15.7 A - 13.8 , 

where Te is the classical electron radius, and A = In 4,2. From this expression, rather large 
rates are predicted at RHIC and the SSC, where, = 100 and 8000 per nucleon, respectively. 
However, the Landau-Lifshitz calculation is based on a model of nuclei as point charges, 
which overestimates the actual effect for large masses of the produced particles. 

Here we follow the prescription of Ref. [3J to include a model of the nuclear eleastic form 
factor: 

In this, & is the square of the center-of-mass energy of the heavy ion collision, and z is the 
fraction of the energy of a heavy ion that is taken by the virtual photon. The equivalent
photon spectrum of the field of a Pb~~ nucleus is taken from [3] as 

where M is the mass of the nucleus, Qo ::::: 60 MeV. and Ei(z) is the exponential int~gral 
f.,CO(e-t/t)dt. The spectrum F(z) falls rapidly with increa.sing z to 10-4 of its peak value at 
z = 4 X 10-4 , beyond which F falls extremely rapidly. 

1 



The cross section for fermion-pair production by light was first calculated by Breit and 
Wheeler.['O] We take the cross section from eq. (13-40) of Ref. [l1J as 

u.,.,_J! = iq4r! C;:) 2 ~; [(3 - f3;) In (1';(1 + f3J )2) - 2f3J (1 + ~;)] . 

In this, 1'; = 8/4m2 where s is the square of the center-of-mass energy of the photon-photon 
collision. 

The results of a numerical integration of these expressions are given in Table 1. 

Table 1: The cross sections for fermion-anti fermion production via virtual 
photons in Pb-Ph collisions at RHIC and the SSC. We suppose that the l' per 
nucleon is 100 at RHIC, and 8000 at the SSC. Also shown are the estimates 
of Landau and Lifshitz. The total hadronic interaction rates are a few barns. 

Fermion Mass uzz-zzJ! ULL 

(GeV/Cl) (mb) (mb) (mb) (mb) 
RHIC SSC RHIC SSC 

e 0.000511 1.4 x 108 3.5 X 108 4.0 X 107 3.3 X 108 

P- 0.105 226 2468 940 7716 

T 1.784 3.2 x 10-3 2.6 3.3 26.7 
u 0.333 1.0 32.5 18.5 152 
d 0.333 0.065 2.0 1.1 9.4 
8 0.5 0.014 0.76 0.51 4.2 

c 1.5 1.7 x 10-3 0.79 0.91 7.48 
b 5.0 1.3 x 10-s 1.9 X 10-3 5.1 X 10-3 0.042 

The rate for bb production at RHIC is too low to be of interest, but the rate at the 
SSC, some 10-7 of the (~ 10 b) total hadronic cross section, is almost high enough. If one 
ran with 107 hadronic interactions/sec, there would be about 1 clean bb pairs/sec from the 
virtual photons. This is equivalent to a luminosity of 1033 at an e;+e- collider. However, a 
luminosity of 1028 for heavy-ion collisions at the SSC is ".!ready quite ambitious. This wouid 
yield only 1 bb event every 100 seconds. 
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B-Physics Proposals to the sse 

I. EOI-14 'SFT' (B. Cox et al.). 

• Fixed-target experiment in an extracted beam

line. 

• Detector similar to the successful E-691 experi

ment at Fermilab. 

II. EOI-13 (J. Rosen). 

• Fixed target experiment with a gas-jet target at 

a collider ring. 

• Detector and rates essentially the same as for 

EOI-14. 

• A void the expense of an extracted beam. 

8 
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Abstract 
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General Parameters 

Collider Performance Parameters 

Energy EmaxlEinj 2C1TeVnTeV 
Gamma 1tJlax 21.315.78 
Luminosity L 1 x 1033cm-2s-1 
Luminosity Reduction Factor R 9% 
Events per Crossing Nevent 1.7 (lOOmb) 
Collision Frequency fcollisions 60MHz 
Rotation Frequency frot 3.441 kHz 
Beam/L lifetime tlife (180)/90 hrs 
Number of Interaction Points NIP 4 
Number of Bunches (full) Nb 17.424 (15794) 
Panicles per Bunch N 0.8 x 1010 

Total Number of Panicles Ntotal 1.3xlO14 
Bunch Spacing Sb 5.Om 
Fining Factor Ffilling 0.906 
Circulating Current I 0.072A 
Circumference C 87.120 m 
Ring Spacing dsepa 90cm 
Crossing Angles (typ) , lOOJ.Lrad 
Transverse Emittance rms nonnalized £N(o) I1tmm-mrad 

J3 in Interaction Point (hi L) (med L) ~* 112m. 10m 

a in Interaction Point (hi L) 0* 5tJIIl 
Luminosity per hit L/hit 1.67xl025/cm-2 
Bead On beam-beam Tune Shift 6 vHO (total) 0.004 
Long Range beam-beam Tune Shift ~vLR (tOtal) 0.003 
Synchrotron Radiation Pwr. a1 N tot= 1.3x 1014 Ps 8.9 kW/ring 
Detector Free Space (hi L) (med L) I ±2Om. ±120m 

In the following table. the word "extraction" is often found in the descriptor. For the Collider 
column. this refers to storage. 



Accelerator Parameters Collider HEB MEB LEB Linac 

LA lTlCE PARAMETERS 

Kinetic Energy 20TeV 2TeV 199.1 GeV 11.1GeV 0.6GeV 

Momenrum 20 TeV!c 2 TeV!c 200GeV/c 12 GeV/c I.219GcV/C 

> gamma (ext) 21.322 2.132 213.2 12.79 1.64 

P (ext) 0.79 

Mon<>-bipolar (2 rings) Bipolar Monopolar Monopolar -

SuperconductinglnOl'1'n:ll SC SC Normal ~ Normal 

Harmonic Number 17424x6 2160 792 114 

(faaon:d) (2432 112)6 (24335 ) (233111) (2-3-19) 

Bunch Spacing (m) 5 5 5 5 

Circumference (Ian) 87.12 10.80 3.96 0.57 

Arc Bend Radius (km) 12.032 1.043 .516 .07019 

Types of Dipoles 2+4 spec ., 

~umber of Dipoles 795615041192 ·H2 -'5211 :! .1X 

Effective Dipole Length (m) 15.2/12.7 15.2 6.591/6.065 .1 

Pe3k Dipole Field (n 6.6 6.3962 1.752 1.31 

Bp (TM) 66713 6671 -667.1:! 40.03 

P (km) 10.187 1.043 0.3808 .03056 

Types of Quadrupoles 1 + 9 spec 6 3 ~8 

Number of Quadrupoles arc/special 1664/296 234/44 206124 90 

Effective Quadrupole Length em) 5.2 1.2 2.286 0.57-0.71 

Field Gltldient Quads (TIm) 206 208.55 23.61 14.9 

2 



Accelerator Parameters Collider HE.B MEB LEB Linac 

GENERAL CYCLE TIME PARAMETERS 

Cycle Tune For Collidei' ()pc:ration 4.S min. 7.0 sec. 0.1 sec. 

Cycle Time For Test 8e:un ()per.ltion S.S min. 8.0 sec. 0.1 sec 

Fill Time - coUider op 72 min 6.S sec 1/2 sec 8J.L sec 

Turns at flat bottom I.S x 107 S.S x UP 38.000 

Revolution Time J.lS 290 36.02S 13.2 2.4 

Revolution Frequency KHz 3.441 27.7S8 7S.7 ~17 

Acceleration Time. Up 16.7mln 90sec 3.2sec .OSsec 

Flat Top Time 6.S sec .OS 

Filling Scenario 'baach(1OC.:IJ baachlfillcd 20S7 
8x l962·1IOg 

669 
3 x 6S4-2Sg 

109 
6 x 109' 3g 

baIdl) gap 

Abort gap 198 103 121 

IIEAM CURRENT PARAMETERS 

~ For coUidcr Operation O.7SxlO lO Ix 1010 . IxlOlO I x 1010 

:"litO( for Collider Operation 1.3x 1014 2xlO 13 Hxl0 12 I.IxlO12 

Current - For Collider Operauon «mA) 73 81 X3 93 

~ For Test Beam Operation SxlO lO 5xlO I0 5xlO I0 

Nrot for Test Beam Oper:ltion 1014 ~xl013 5xlO 12 
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