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Why Aren’t We Interested in B Physics?

e C'P violation is expected to be more dramatic in

‘the B-meson system than with K’s.

(Carter and Sanda, 1980)

e The B-meson lifetime is much long than expected,
longer than that of DD mesons.

(Fernandez et al.; Lockyer et al., 1983)

e B, B, mixing is much larger than expected.

(Albrecht et al., 1987)

e The B-pair cross section at the SSC should be
3% of the total, much larger than previously ex-

pected. |
(Collins and Ellis, 1991)




Why Are We Interested in the Higgs Boson?

e The Higgs field can provide the large effective

mass of the gauge bosons W and Z.

(Weinberg, 1967)




Of all known phenomena, CP violation is the only

‘ndication of physics beyond the Standard Model.

Recent Speculation:
(N. Turok et al, P.R.L. 65, 2331 (1990))

The baryon asymmetry of the universe could be gen-

erated by CP violation in a two-Higgs-doublet model.

Phenomenology for the SSC is not yet known.




B Physics Initiatives at Hadron Colliders

e 1984, Snowmass: B physics hard to do with high-
P, trigger (Trilling et al.);

needs new technology (Cronin).

e 1987: Two Letters of Intent to FNAL (Lockyer

et al., Reay et al.);
Berkeley summer study, FNAL beauty workshop.

e 1989: R&D for B detectors: T-784 at FNAL;
various Generic and Subsystem R&D at SSC.

¢ 1990: B — J/¢YK decays reconstructed at CDF;
three EOI’s at the SSC; two proposals at FNAL.

e 1992: Workshops at FNAL and 5SC.




CP Violation in the B-Meson System

e C'P violation occurs via first-order phases in the

CKM matrix.

In the Wolfenstein representation:

Ve Vs Vb Re Re Im
Vekm = | Vea Ves  Veb Re Re Re
Via Vis Vb Im Re Re

e The phase of V;q enters in By (but not B,) mixing

due to top-quark exchange in the box diagram.
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e The phase of V.; enters in b — u (but not b — ¢)

decays.

e Hence there are 4 classes of CP violation in de-

cays of neutral B’s:
1. By decay, b — ¢ (Ba— J/¢YKs) ~ Vig
2. B, decay, b — u (Bg — atr™)  ~ ViV
3. B, decay, b — u (B, — pKs) ~Vu
4. B, decay, b — ¢ (B, — J/1¢) no effect

Ly 4
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C P-Violating Asymmetries

For decays of neutral B’s to C'P eigenstates,
I'(B— f) —I(B — f)
I(B— f)+T(B — f)
where ¢ = phase of the CKM matrix element, and

A(t) =

= sin 2¢ sin xt,

r = AM/T' = mixing parameter.

Three classes of nonzero asymmetries,

= Three measurements of the two CKM phases.
— Can overconstrain the Standard Model.

But, must tag the particle/antiparticle character of

the B by observation of the second B in the event.
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The Einstein-Rosen-Podolsky Effect

If the BO-B° pair is produced in a C(odd) or C(even)
combination, this quantum-mechanical correlation leads

to the combined decay asymmetry

A(t1,ts) = sin 2psin z(t1 F t2).

If we don’t observe the decay times, the integrated

asymmetry 1s

e 0 C(odd)
B ——n(lfg) sin 2¢ C(even)

For B%-BY produced at the Y(45) at an e*e™ collider,
we have only C(odd) states,

— (P violation vanishes unless can observe the time

evolution.

= Need $250M to build an asymmetric e*e™ collider.




C P-Asymmetries at a Hadron Collider

Here, the B%-B? pair is produced as an incoherent

sum of C(odd) and C(even) states,
= The combined decay asymmetry averages to
A(ty, 1) = sin 2¢p sin zt; sin xty,

and the integrated asymmetry averages to

T .
A= 1+ 22) sin 2¢.

The asymmetry is ‘diluted’ by a factor z/(1 + z°)
from mixing of the first B, and by a factor 1/(14z?)

from mixing of the second B.
With z4 2~ 0.7, we would have A =~ (1/4) sin 2¢p.

=  Aminge = 12/ /N for a sample of N events.
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The Need for Kaon Identification

The decisive justification is for tagging the second

B in the event via the sign of Kaon from the decay

chain b — ¢ — s.

A Kaon tag is 5 times as effective as compined elec-

tron and muon tags.

Kaon identification is needed for study of the ma-
jority of exclusive B-decays, particularly those rel-
evant to B, mixing. (See Addendum to P-827 for
preliminary studies of the difficulty of using mass

constraints to reconstruct By and B, without Kaon

ID.)
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B Production at SSC is “Semi-Hard”

Scale Mg >> A but Mg << +/s. Potentially large
next to leading order contributions from a series in

s In (S/Mé)]n

Example:

S o
A :
PESUMMATION 1S REQUIRED

These contributions modify the short-distance cross
section & and the kernel of the evolution equation
for parton densities,and they induce pr of the QQ
pair (Collins and Ellis; Levin, Ryskin, Shabelski, Shuvaev)

At SSC the expected increase of ¢ above the 0(a3)
result is substantial for a conventional gluon distri-
bution (zG — constant) but modest if a singular

gluon density is used (zG — z%)
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B-Production/Decay Kinematics

(P,(B)) ~ Mg, so (P.(daughter)) ~ Mp/4 =1GeV/ec.

Roughly flat in pseudorapidity n = —Intan 0/2,
In] S 4 at FNAL, 5 6 at 55C.

B-pair correlation very weak,

so acceptance for pairs & (An)*.




A B-physics Experiment Must Emphasize:

e P, < Mp=25 GeV/c.
e Wide angular range: |n| < 4 at TEV L
e A 3-D silicon vertex detector.

¢ Momentum measurement and particle ID of 7, K, e

and u.

e High-rate trigger and data acquisition for any

mode but B — J/9X.

e Hadron calorimetry not needed.

— Optimized experiment not like one for W/Z/top/Higgs.

See the BCD Expression of Interest to the SSC.

[
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A detailed B-physics program requires the full

reconstruction of one B decay of the B-B pair.

e Identification of rare (and not-so-rare) decay modes.
e Measurement of proper time for mixing studies.

e Unravelling the CKM matrix elements via study

of several decays to CP eiogenstates.

[}



A B-Physics Program

1. Study nonleptonic decay modes of B mesons and
baryons by measuring the relative branching ra-
tios, differential cross sections, and (hence) gluon

structure functions.

2. Study B,-B, mixing. This is needed for C'P stud-

ies of B, mesons.

3. Study CP effects in self-tagged decays. This may

give first evidence for CP in B system.

4. Study CP violation using CP eigenstates. This
is the most powerful method of studying CP vi-

olation.

Part of Item 1 can be accomplished by CDF.

Ttems 2 and 3 require Kaon ID and high data rates.

Can Item 4 be done by CDF?

5]
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All-Charged Decays of B’s

Following J.D. Bjorken, Estimates of Decay Branch-
ing Ratios for Hadrons Containing Charm and Bot-

tom Quarks (1986):
B.R.(B, — all charged) ~ 0.7%.
B.R.(B; — all charged) ~ 1.6%.
B.R.(B; — all charged) ~ 0.7%.
Average B.R. ~ 1%.

The higher branching ratio for B, arises because
preferentially B, — D**X, By — D*X; and B, —
D*= X, but of the D*’s only D*~ has all-charged de-

cays.
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Study Decays B — J/¢X

Several all-charged modes are accessible:
B, — J/YK™.

By — J/$K* or J/YK3.

B, — J/v¥.

B, — J[ym*.

CDF has a good prospect to discover the B, and B.

in the next run.




B Physics at the TEV I — A BCD View

1. Study of B — J/9pX modes (X = KY, ¢, etc.)

e Increase rapidity coverage.
¢ Add Kaon tagging.
e Need Main Ring Injector upgrade to reach C'P signal.

¢ Vertex detector and high-rate DAQ not critical.
2. Study B — all-charged modes (i.e., B — nt7™)

e Vertex detector critical.
e Triggering difficult, but requires high-rate DAQ.

e Kaon ID needed both for tagging and for exclusive

modes.
e B, mixing likely accessible.

e (P violation in these modes will take major effort.




Can a cred:ble study of CP violation be made

as part of the existing Fermilab Collider pro-

gram?

No! unless major priority is givén to B-physics, en-
tailing several detector upgrades not needed for the

top-quark search.

R&D for vertex detector, particle ID, and high-rate
data acquisition, compatible with later installation
in CDF of DO, could be begun in association with a

modest B-physics program in the CO intersect.

See P-827, the uBCD proposal to Fermilab, Oct. 8,
1990, plus Addendum Jan. 7, 1991. |




Estimate of Rates for CP Violation at CDF

CDF has already reconstructed 10 or so decays B} —
J/YKY (against a large background) from a data
sample of 3 pb~L.

If 1000 events were reconstructed and tagged in
this mode, a C P-violating asymmetry of 0.38 = 12 /N

could be resolved to 3 standard deviations.

Optimistically the efficiency of a Kaon tag could

reach 10%, while a tag on either electrons or muons

could reach 2% efficiency.

Thus 10,000-50,000 reconstructed B — J/$Kj de-

cays are needed for an entry-level study of CP vio-

lation.

Will the needed factor of 1,000-5,000 in data sample |

emerge readily from the existing collider program?

12



Luminosity improvements should provide a factor of

50, acceptance improvements in CDF might provide

another factor of 10.

But no Kaon identification is available at CDF, so
we will likely fall short by one order of magnitude of

the needed 50,000 reconstructed decays at CDF.

13
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BCD (T-784) Ongoing R&D

e Silicon Vertex Detector

— BVX readout chip: 1 ADC per channel.
— Beam tests of double-sided DC-coupled detectors (Mi-

cron).

— Mechanical studies of air-cooled detector with inter-

leaved disks and barrels.
e Straw Tracker prototype: U. Penn bipolar preamp
— 200-channel system test Fall 91.
e RICH Counter: solid CsI photocathode
— 4C0-channel system test Fall 91.
e Barrel-Switch Event Builder
— 600 event/sec demo in 1/4 crate, Summer 91.
e Processor Farm: high-bandwidth network

— 1991: 512 i860 cpu’s on mesh network.




- Silicon Detector Beam Tests

Iowa State U. — U. Oklahoma — Yale U.

e Study position resolution ws. angle of incidence.
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A Silicon Vertex Detector
with Interleaved Disks and Barrels

Fermilab-Langston U.~U. Oklahoma—Princeton U.

e Hexagonal modules with spiral cooling path.
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Precision Straw Tube Tracking

Princeton U.

¢ Characterization of single-electron avalanches.
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' Precision Straw Tube Tracking

Princeton U.

e Work in progress: gain and attachment coefficients.

) W s Calliode [Hale 0.4 nuun‘n-un||||uuuuquu‘;‘unpunn 0.2 prrryv ey T FYTTRITY T

Fie hapin T "i L A D M 1]

Ring ~ | o S U
k| . et S {

Py _ o3 it Bz tem » 3 R S L LIRS R

Focusing }- i Ty, i - * Feh b i ek S ar L

Lens L Sty ! v PoiD doct ‘. [T [
| a%” Tz E E ot Faitd loer N 3 £ [ |
bos” 2] ~ 0.2 O #sa0 torr - = g . -j

’,"’; i A + 1 ' 1.

- a = j
s . Y i E 0.0 .....:-{
Pl = - 3 ,' i]
b 1

L _ 3 H z i

\ Kire Mesh E| N ol
g -0

Nitrogen [~~~ """ T TTTT — -3 < - !
Laser 3 e it i
Beara \ BT ROOTE TIGEE NP 4
Anode Plane -0.1 _o.y L ibs Silaeedn A.cj_l..u,u_l)_n_i.jj
[+] 1 20 3 A0 50 [+] w0 20 30 40 50 &0

/8 (Viem torr) E/P tV/em lorr}
Figure 23: Preliminary measurement of the gas coefficients (a — p)/P as a

function of E/P for () P-10, and {b) CF..
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e New studies of attachment, and of drift velocity.
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Precision Straw Tube Tracking

Princeton U.

e Prototype straw-tube system test (Fall 1991, FNAL).
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RICH Detector with Solid Photocathode
Fermilab — U. San Francisco de Quito — ORNL

U. Pennsylvania — Princeton U. — U. Puerto Rico

e High quantum efficiency in UV with CsI-TMAE photo-
cathode

e Prototype RICH' detector.
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- Barrel-Switch Event Builder

Fermilab

e Prototype demonstration (Summer 1991)

— 8 channels = 1/4 crate.
— 20 MByte/sec per channel.
— Event size = 160 kByte (= present CDF size).

— Throughput = 600 events/sec via 8 channels.

Onking Farm
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Prototype Switch Based Data Acquisition System: syear Hot

(Sobourae 5/501)

e Switch expandable to 10° events/sec in 6 racks.




Online Parallel Computing Farm

U. Pennsylvania — Princeton U. — SSCL - Intel

e Trigger/data-acquisition architecture.

[ Detector @ 10 N[H.ZJ

10 Fibers § 10 Mbyte/Sec/Fiber
[ Hardware Triggcrj
10 Fibers 10° MByte/Sec/Fiber

500 /O Nodes J 4 Mbyte/Sec/Node

( Off-line Storage J

e Mutliprocessor networking.
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iyt

\J/_\ Path from node 7 to node 0.

2
L—XJ Channel Numbers are in [talics .

Node Number: binary (decimal)

Path from node 0 to node 7. E Jocoe - 8
Syt 010 (2)
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B-Physics Proposals to the SSC

I. EOI-14 ‘SFT’ (B. Cox et al.).

e Fixed-target experiment in an extracted beam-

line.

e Detector similar to the successful E-691 experi-

ment at Fermilab.
I1. EOI-13 (J. Rosen).

e Fixed target experiment with a gas-jet target at

a collider ring.

e Detector and rates essentially the same as for

EOI-14.

e Avoid the expense of an extracted beam.




B-Physics Proposals to the SSC, cont.

[11. EOI-8 ‘BCD’ (N. Lockyer et al.).

e Collider experiment with 47 detector based on a

dipole magnet.

e 055/0tt ~ 100 times that in the fixed-target ex-

periments.

e Cost (for coverage An = 11) ~ 3 times that of
the fixed-target experiments.

e = collider experiment thirty times as cost effec-

tive as fixed target.




BCD (EOI0008)

e Designed for maximal coverage of CP-violation

physics at the SSC.

e Dipole geometry with Central, Intermediate, and

Forward detectors.
e |n| <55, P,z203form, K, P,21fore, pu.

e Cost ~ $200M for the full detector.




Procéedings of the 1984 Summer Study
on the Design and Utilization of the
Superconducting Super Collider

June 23-July 13, 1984, Snowmass, Colorado

Editors
Rene Donaldson and Jorge G. Morfin

REPORT OF THE WORKING GROUP ON CP VIQLATION AND RARE DECAYS

J.W. Cronin, University of Chicago; N.G. Deshpande, University of Oregon; G.L. Kane, Universit,
of Michigan; V.C. Luth, Stanford Linear Accelerator Center; M,E. Machacek, Northeastern Univer-
sity; A.C. Odian, Stanford Linear Accelerator Center; F. Paige, Brookhaven National Laboratory:
M.P. Schmidt, Yale University; J. Slaughter, Yale University; G.H, Trilling, Lawrence Berkeley
Laboratory; M. Witherell, University of California at Santa Barbara; S5.6. Wojcicki, Stanford
U-iversity.

With respect to the SSC, these calculations sug-
gest an a-priori two-order-of-magnitude 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 better for less cost,
but it seems doubtful that the two orders of magnitude
can be regained. For this reason, we have chosen to
emphasize experiments in the SSC collider mode.




BCD Program in 1991-1993

e Design lower-cost collider detector (~ $50M).

1. Naive scaling:
Acceptance for both B’s ~ (An)? ~ (cost)?.
= learn how to do better.

2. An — 3 at SSC ~ £ = 10% at ete~ collider.

3. Initial configuration: Central, Intermediate,
or Forward?

4. Preserve option to expand after successful Phase I.

e R&D

1. Silicon vertex detector.

2. Straw-tube tracking.

3. Hadron ID.

4. Online parallel computer farm (trigger, DAQ)




A Generic Experimental Hall at IR-1
DRAFT-2

Ron Hoffmann and Ray Stefanski
Physics Research Division
Superconducting Super Collider Laboratory
2550 Becklemeade Avenue
Dallas, TX 75237

January 20, 1992
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Figiire 5.A.2, Interaction Hall Section Without Assembly-Hall



Central or Forward?

e Central: | < 1.2—1.5-
Low P = poorer secondary-vertex resolution.
Solenoid or dipole?
Solenoid is'poor matcii to 7.>"1.5.
Tracking, P; trigger e‘agiel;-iinE solenoid.
20% loss of azimuth in central dipole.
) Forﬁmd: L.2<n <55
Detectors more accessible, => cheaper.
Vertex detector can use disks only.
Interactions in beam pipe are: tréliblesome.
Good momentum analysis via central dipole.

Compensating dipoles = no net kick for |n| > 5.5.
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Triggering

¢ Lepton-pair trigger viable for B — J/%X modes

at luminosities > 10°? ¢cm~2sec™!.

e Triggering is difficult for non-J /v decay modes:
L = 10% = 107 events/sec;
High-rate DAQ = can write 10° events/sec to
tape; |
Need hardware/software trigger rejection of 10%;
Options:
— Secondary-vertex trigger.
— High- B, trigger.
— Reduce luminosity.

e Need running experience to optimize trigger.

=]




BCD Phase I: Single Forward Arm
1.2<np <55

. Central dipole magnet,
1 T, gap height 4 m, pole tip radius 2 m,

two small forward dipoles.................. $5M

. Silicon vertex detector,

49 disks, 550k channels, $10/channel....... $5M

. Straw-tube tracking,

79 planes, 75k straws, $65/straw........... $5M

. RICH counter,
60k channels, $40/channel ............... $2.5M

. Transition radiation detector (7 < 3.5 only),
50k channels, $50/channel ............ ... $2.5M

. EM calorimeter,

4k cells, 5 samples/cell, $250/channel ...... $5M

6



10.

. Muon detector (n > 1.5 only),

1800 tons, 12k channels.................... $5M

Data-acquisition, barrel-switch event builder,

1000-processor online computer farm...... $10M
.Contingency...........oooi i $10M
Total ... $50M
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Table 3: The sensitivity of an asymmetric ete”
collider to sin 2¢; at 3-o statistical significance via
the decay B} — J/¢K3. A ‘year’ consists of 107
sec. The BCD sensitivity is 0.03 (0.07 for Phase

1) in one year of running.

Runhing Time (Years)

L
cm ™ 2sec™ 1 3 10
1033 0.48 0.28 0.15
3 x10% 0.28 0.16 0.09
1034 0.15 0.09 0.05

Table 4: The sensitivity of an asymmetric ete™
collider to sin 2¢, at 3-o statistical significance via
the decay B} — wtwn~. The BCD sensitivity is
0.02 (0.04 for Phase I) in one year of running.

L Running Time (Years)
cm ™ ?sec” 1 3 10
- 10%° 0.61 0.35 0.19
3x10% 035 0.20 0.11

1034

0.19 0.11 0.06




Summary

e Hadron colliders are the best B-factory invest-

ment in terms of ultimate potential.

e A dedicated B-physics experiment at FNAL could

be comparable to one at an ete™ collider.

e The SSC promises statistical power 2 10 times

that of FNAL or ete™ .

e A Phase I, $50M-experiment at the SSC still has
a factor of 3 statistical advantage over FNAL or

ete
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