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1. Supersymmetry and Bottom Quark Production

e Motivation: Cross section for bottom quark production
exceeds the central value of predictions of NLO QCD by a
factor of 2 1o 3 at the Tevatron (pp — bbX) [ Fig)

e New Physics: within the minimal supersymmetric standard
model (MSSM), assume the existence of a low-mass
color-octet, spin-1/2 gluino (g) and a low-mass color-triplet

spin-0 bottom squark [5] Pair production of g:
p+p—g+3+X,
G b+borg—b+b 100% BR

e Masses obtained by “fit" to the hadron collider b data:
- Mg =~ 12to 15(3&\#';1’?15 ~ 210 9.0 GeV

e bisthe lightest SUSY particle, other than b and g, masses
of most other SUSY particles may be arbitrarily large;
m; =~ my; this scenario is NOT mSUGRA, GMSB, ......

e Consistent with all available constraints from precision
measurements at the Z, from low-energy e " e~
experiments, etc., recent ALEPH analysis requires the
lifetime 73 < 1 ns.



2. Comparison of b-Quark Cross Section with Data
10° ———1 ——

3 Sum =

B e QCD ]

H}‘ TEEEEE E_‘b 3.|
'E- m’L s ’
o E @® CDF Data .
N lﬂir 3
& F VS =1.8 TeV ]
= | 1

[

0L m =14 Gev -

- mg = 3.5 GeV 5

1 F m, = 4.75 GeV E
lﬂ'] [} 1 [ | LI i l i 1 - 1 l'I-‘I:I_ 1
10 o 10

Py (GeV)

e Values of mz =~ 12 to 16 GeV produce pr spectra that
are enhanced near p;" ~ m; where data deviate most
from pure QCD; light g is necessary to obtain a b cross
section comparable to the pure QCD rate

e Theoretical uncertainty of roughly +30% (yellow band)
may be assigned to the final curve from variations of the
renormalization and factorization scales i, the b mass,
and the parton densities

. Berger, B. Harris, D. Kaplan, Z. Sullivan, T. Tait, and C. Wagner,
>hys.Rev.Lett. 86,4231 (2001) [hep-ph/0012001)



3. Preaictions and Implicatons

e G decays to bb. bis the LSP, and § is the NLSP

e Since g is a Majorana fermion, it decays with equal
probability to a b quark or a b. There will be an apparent
increase of the time-averaged mixing of B° and B in

hadron collisions
e In DIS or in photoproduction at HERA, and in 77y

processes at LEP, the process g + g — g + g feeds from
the resolved component of the real or virtual 7y. There
should therefore be much less excess rate of bb at HERA
and in ~y7y processes with respect to NLO QCD

e Bottomonium decays: T — b* b. If the b is light enough,
expect an increase of the hadronic widths of T(n.S).

- BR(T(1S) — bb*) ~ 10% for m5 ~ 16 GeV and

my = 4 GeV
Berger and Clavelli, Phys.Lett. B512 (2001) 115-120

o If bis relatively stable, bb* bound states can exist.
Suppose bis stable enough that S = S-wave bound state
exists, 8= gq (I'had < 10 MeV). S could be produced
in radiative decays: T — 1-5' . Branching fraction
~ 10~ Berger, Bodwin, and Lee, Phys. Lett. B552, 223 (2008)

e Higgs boson decays primarily to hadronic jets Berger,
Chiang, Jiang, Tait, and Wagner, Phys. Rev. D66, 095001 (2002)
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