L 2

CONf P2 22— S

Ferrﬁi National Accelerator Laboratory

Lo
L. 2

FNAL/C~-92/335-E
DE93 007036

SVX b Physics Prospects

S. Dell'Agnello
for the CDF Collaboration

Fermi National Accelerator Laboratory
P.0O. Box 500, Batavia, Illinois 60510

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial produst, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

November 1992

Published Proceedings Division of Particles and Fields Meeting,

Fermi National Accelerator Laboratory, Batavia, Illinois, November 10-14, 1992 % % E %'E*ER
L

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED
Z

° Opersisd by Universities Ressarch Association inc. under Contract No. DE-AGn-?WWNWM-MNﬁEW



Disclaimer

This report was prepared as an account of work sponsored by un agency of the United States
Government. Neither the United States Government nor ainy agency thereof, nor any of
their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein do not necessarily state
or reflect those of the United States Government or any agency thereof.



CDF/PUB/SEC_VTX/PUBLIC/1389
FERAILAB-CONF-92/335-E

SVX b PHYSICS PROSPECTS

S. Dell’Agnello
University and INFN - Pisa
Via Livornese 582/A, San Piero a Grado, Pisa, 56010, ITALY

for The CDF Collaboration

ABSTRACT

CDF has enhanced its capabilities for b-physics with the installation of a silicon
vertex detector (SVX)!, which provides precise 2-dimensional tracking. The SVX
impact parameter (IP) resolution (~ 13um for P, > 10 GeV) is well suited to
detecting displaced secondary vertices (SV) from b-hadron decays (ctp ~ 390um).
In this paper we show evidence of SV detection using the ¥ — u*u~ sample, which
is b-enriched, and describe some prospects of b physics opened by the SVX with 28
pb~!, the goal integrated luminosity of present run.

1. Vertex Finding with the SVX

The search for SV's takes advantge of the good SVX IP and primary vertex (PV) resolution.
The IP resolution can be parametrised as orp = /(a/P;)? + b3. The P; dependence is due to
multiple scattering and is estimated to be a = 39um GeV from simulation. Given the SYX geometry,
simulation studies predict that b ~ intrinsic position resolution. With current slignment constants,
the position resolution that we extract from track residuals in the data is ~ 13um = b.

At CDF the PV position averaged over a data taking run is known with cpy 2~ 40 um, which
is the sise of the Tevatzon transverse luminous region. If the IP is calculated wrt the average PV,
from the data we measure orp(P; > 5GeV) = 561 +13um without the SVX and 44 :1um with the
SVX (dominated by cpy ). We also try to reconstruct the PV event by event: in a t7 (b§) Montecazlo
sample 35 (13) tzacks are used in the average to determine the PV and ¢py =~ 12um (=~ 35um).
The efficiency of this algorithm (=~ 70%) is dominated by the SVX geometrical acceptance and the
longitudinal spread of the luminous region (~ 30 cm).

We estimated the rate of fake SV’s from the inclusive jet sample, which is -depleted, and
found a result consistent with Montecarlo expectations. We found, instead, s statistically significant
excess of displaced SV's in b-enriched samples, like the inclusive electron and the ¥ — u*pu~ samples.

3. Physics with the ¥ — 4+u- Sample

At the Tevatron Collider a significant fraction of ¥'s come from B-meson decays. Using the
1989 @ sample, CDF identified the exclusive decay B* — W + K% and measured o(b),the b-quark
production cross section?. With current run CDF will enlarge the sise of the ¥ sample thanks to
the improved muon detection, which is providing a factor 5.3 increase of the uu trigger rate. In
addition, the measurement of the ¥ decay length with the SVX allows discriminating B — ¥ from
zero lifetime x — ¥ decays. The expected yield of ¥'s in the SVX (~ 50% acceptance) is of the
order of 45,000. With this sample we will measuze o(b), Fg, the fraction of ¥’s from B, the inclusive
B lifetime and separate B lifeiimes from exclusive decays.

We analysed a limited sample of ®’s (~ 1,000 events) to study the feasibility of a lifetime
measurement. Results reported below are preliminary and not corrected for systematic effects. We
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compute tue utu~ invariant mass requiring the muons to come from a common vertex. We use
SVX + CTC (outer central tracking chamber) and CTC tracking only, getting respectively 17 Mev
and 26 MeV resolution, the improvement being due to the increased tracking lever arm provided
by the inner SVX hits. We define the signal (/Psi) region to be + 50 MeV around the central
vaule of M(u*u~) = 3.093 GeV. We then look at the 3-dim. signed decay length for the signal
and the side band regions, which will serve as a measure of the non-¥ background (fig. 1). We
observe a long tail for positive decay lengths, which is a clear indication of non-sero lifetime in the
sample. Negative decay lengths are due to: 1) non-¥ background and prompt-x contributions, which
we assume symmetric around sero with width equal to the decay length resolution; 2) smearing of
B — ¥ events from the convolution of a falling exponential with the resolution function. In fig. 2 we
show the ¥ decay length after side band subtraction and correction for the average parent b-hadron
B9, determined with the ISAJET+CLEO Montecarlo as a function of P,(¥). This quantity, cr, is
expected to represent the proper b-hadron decay length for cr > 0.05 cm (Montecatlo estimate).
The cr distribution is indeed exponentially falling for large values and within the statistical error
it is consistent with the world average measurement of the inclusive b-hadron lifetime. This result
shows that lifetime messurements at CDF are becoming feasible thanks to the SVX.

The yields of exclusive B decays in the SVX suffer from large uncertainties on Fg for
the P,(¥®) > 3.0 GeV region now accessible with the triggez. We expect approximately 180-360
B* — ¥ + K*, 140-280 B* — ¥ + K* (both already observed by CDF), ~ 40-80 By — ¥ + & —
ptu"K*t*K- and < 100 Ay — ¥+ A — p*u~pr= events. The limit on A, comes from CDF 90% CL
uppet limit on A, production. The SVX will provide excellent combinatoric background rejection by
requiring a common displaced vertex for the decay products. This will be very effective for Bg (four
particle SV plus ¥, ¢ mass constraints). For the A, search the SVX can also help by increasing
the angulaz/P; acceptance with standalone tracking and identifying a A, signal (LEPwise) from the
cascade decay Ay — lvA, — v + pK=. )

2. QCD Topics

The b-quark production dynamics can be tested by studying the spectrum of @, n, P, and
invariant mass correlations of 5 pairs®. For example, study of small §&(b5) for P,(b) > 20 GeV will
allow measuring the amount of gluon splitting® (9 — bb). We estimate that for P;(b) > 20 GeV, the
SVX will provide ~ 600 double b-tags in the inclusive lepton sample.

QCD predicts large variations in the behavior of d-hadron production cross section in jets,
o(jet) BR(jet — b-hadzon+X), vs. the fragmentation variable, s = E(b-hadron);/Eje. Three very
different regimes can be distinguished depending on Ej,: 1) for Eje € 100 GeV the production
rate vs. z follows the Peterson model, with the typical pesk for 3 — 1 due to direct b} production;
2) for Ejy ~ 100 GeV two peaks are predicted (z — 0,1), with the low z peak due to gluon
splitting; 3) for Eje¢ > 100 GeV, the 3 — 1 peak disappers and b production behaves just like the
= fragmentation function, with the important difference that the b-hadron fragmentation function
can be calculated in QCD from first principles. Quantitative predictions for these three regimes sze
known for supercollider energies®, but the same qualitative behavior is expected at the Tevatron®.

4. Conclusions

A preliminary analysis of data taken in three months of running shows that tke SVX is
opening to CDF interesting b physics prospects. With 25 pb~! some of these prospects include
EWK meagurements (inclusive and exclusive b-hadron lifetimes with the ¥ — u+u~ sample), QCD
measurements (b correlations, b production in jets) and identification of Bs and A, hadrons.
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Figure 1: Decay length distribution of the signal (J/®) and side band (S.B.) region.
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Figure 2: ¥ decay length side band subtracted and corrected for kinematics.
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