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1. Metivation and Constraints

o Measured cross section for bottom quark production al
hadron colliders exceeds the (central value of) predictions
dMWMWth&WU?
[= Fig.]

o NLO contributions are large, and it is not excluded that
further NNLO effects may do the trick, but ...

e Longstanding discrepancy has resisted satistactory
resolution within the SM — room for new physics?

e Propose a possible explanation within the context of the
minimal supersymmetric standard model (MSSM):
assume exisience of a light color-octet, spin-1/2 gluino ()
and a light color-triplet spin-0 bottom squark (b):

g= b+b

o Masses constrained by “fit” to the hadron collider data:
= mg = 1210 16 GeV; m; =~ 210 5.5 GeV
o bis long-lived on the scale of colliders or it decays



INTEGRATED TRANSVERSE MOMENTUM SPECTRUM FOR b
QUARKS
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DIFFERENTIAL 0-JET TRANSVERSE MOMENTUM
DISTRIBUTION
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LEP Constraints on Bottom Squark Couplings
(Carena, Heinemeyer, Wagner, and Weiglein, hep-ph/0008023)

e Light b weuld be ruled out by LEP1 data uniess its
coupling to the Z boson is small

e Squark couplings to the Z depend on the mixing angle 6
® Lot sinf = s; be the lefi-handed component of the
lightest b mass eigenstate; s, = sin®fw

e Coupling 95,5, ~ (T3 57 — Q; siy]
(@ = =1/2:Q; = =1/3)

® Coupling to Z vanishes for s? ~ 1/6

e Thus, if the light bottom squark is an appropriate mixture
of left-handed and right-handed botiom squarks, tree-level
coupling to the Z can be made small

«Z-b =E,Z=E=Emmmﬂu
. MME > 200 GeV to aveid
e*e=™ = Z* = by + by



Further Considerations

e For a small range of values of s;, Z-peak observables
[z, R.. Ry, Ry, A, Al ; arefit about as well as in the
SM

o Alight b with seme by, component will contribute to 2\
(T parameter), depending on the  sector; constrains the

® Exclusion by CLEO of a light b with mass 3.5 to 4.5 GeV
does not apply since their analysis focuses on b — clv
and b — cl

e ALEPH LEP analysis of 4 jet evenis excludes a § with
mg < 6.5 GeV, but not gluines in the mass range of
interest to us. Light b is not excluded by 4 jet analysis
(Z. Phys C76, 1 (1997))

e Dedes and Dreiner use the renormalization group method
to argue that the existence of a light b goes hand-in-hand
with a comparatively light g, mg ~ 10 GeV
(hep-ph/0009001)



2. Production Processes
e Pair preduetion of ()() = bb. j§ via gg secattering in LO
QCD:
1&1;35_?1‘ Ps

P4

Ke=z:p. M

e Second set of LO diagrams for ¢g initial state, but gg
scaftering dominates at Tevatron energies for the masses
we consider. All contributions are included in our

e QCD NLO caleulation of b cross section with CTEQ4M
p = \/m] + pa,; SUSY-QCD centributions to b
preduction are not included — not available and expected
to be small

e Fully differential NLO calculation of § pair preduetion and
decay § — b+ b does not exist; J contribution computed
atLO; pu = /m} + p};; and multiplied by an overal
NLO enhancement (K') factor

e g+ b= §+ bcontributes less than 2% of o2



3. Differential Cross Section
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" mg = 35GeV
= my = 475GeV

e Values of my > 12 to 16 GeV preduce pr; specira that
from pure QCD; light § necessary to obtain a b eress
section comparable to the pure QCD raie

e The rapidity distribution of the b's and the azimuthal
similar after pr selections in the SUSY and pure QCD



ANOTHER SET OF MASSES
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specira that agree less well with data; choices of 1 and
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4. Ratio of Same-Sign to Opposite-Sign Leptons

* QCD processes produce bb pairs

e Majorana § decays into b and b

 (j{ pair production will generate bb and bb pairs as well as
bb pairs — potential increase in same-sign leplon pairs,
and apparent increased rate of B B mixing

o For highly relativistc §'s, §'s helicity is nearly the same as
its chirality — selection of §'s with py; >> Mg reduces
same sign b's.

ommmmmmmm
§'s and thus, at preduetion, N (bb + bb) =~ N (bb)

o Analyze effect of the new SUSY contribution in terms of
"E:‘?sBﬂAﬁ*B‘*

= £+, “right sign", with probability 1 —
— £~ “wreng sign”, Iﬁwi



o Formg = 14,16 GeV, we compute G = 0.37,0.28
o Adopt average value from PDG: ¥ = 0.118 = 0.005
o Prodict  Xog = 0.17,mg = 14GeV
1% = 0.16,mz = 16GeV
. mmwmmw
no fully NLO caleulation of § pair preduction and decay):
dxXes = £0.02

e CDF measurement is higher than the world average
(PRD 55, 2546 (1997)):

-5 o A~ e ' M O™ 1 Jaa dad S



5. Other Implications and Remarks

5 a) Hadron Reactions

e Most clearcut expectation is pair preduetion of like-sign
Bs: B*BTand BB~

e Very precise measurement of Y at run |l is desirable;
fraction of b's from gluinos also changes with pry SO
there should be a change of  with the eut on prp

o The b jet from §j decay into bb will contain the b —
mwmmmsuhﬁuw
from the b in the b jet

o Existence of light b's means they will be pair-produced
directly — slight increase (< 1%) in the hadronic dijet
rate

. M@hdbmnm(fg — bb) and
in vy — bb at LEP, but perhaps too small if current data

are confirmed; NLO caleulation and betier parton
densities of phoions are needed.



5 b) b lifelime and ebservability

o Simple sealing from z or T lepton decay, 7~ ~ m”,
suggests 7 ~ 1074 s (er ~ 3yum) for m; = 3.5 GeV

oumwummimm
there is an even lighter LSP

e Limits on baryon-number-violating R-parity-violating
couplings A" are relatively weak for 3rd generation ¢'s:
A" < 0.5t 1 (Alianach Dedes Dreiner, PR D60, 076014 (1999))
o MSSM superpotential with baryon-number-violating
R-parity-violation term
Wi, = \ijsUs D Di
e UY and Dy are right-handed-quark singlet ehiral
Mi,j,kmwm
.m&,mmmm b u+s,
213 : b=hc+d.wm boe+s
P - jj) = 39-: A%sl?
i<k
e lfmy = 35@1‘(6#3})—0@“,,;?@

. umazﬁammmbumm
and leave soft jets in the cone around the b; jets with an
exira ¢ are possibly disfavored by CDF; detailed

simsulatian ic nasasss



5 b) b lifetime and observability, continued
o Suppese the b is relatively “stable’, what could happen?
- b picks up a light & and becomes a B~ “mesine” with
J = 1/2, the superpartner of the B mesen, a hadron
with mass ~ 3 to 7 GeV

- The mesine is not a muon but could fake a heavy
muon as it exits the muon chambers; - extra “muons’
in a fraction of the bb event sample, with tracks that left
some trace in the hadron calorimeter?

- The mesino has baryon number 0 but aets like a heavy
P - perhaps detectable with a TOF detector in run Il

- Detailed analyses should be done at hadron colliders
bﬂﬂmsznﬂﬁuﬂmmb
allowed/disfavered, similar to that done for §'s (c.(. Basr,
Cheung, Gunion, PRD 59, 075002 (1899))

- b-onia

— b's will be made in cosmic ray eollisions or in particle
detectors — weird isolopes?



S5¢)ag

¢ Global fit to all observables in the SM provides
as(Mz) ~ 0.119 = 0.006 under SM running

o Light gluine and light bottom squark medify a.s(Mz)
determined by extrapolation from experiments at energies
below 1

o 3 funetion of (SUSY) QCD:

A

o The QCD running of a(Q) is slowed
= b (color-triplet scalar) contributes littie to the running
~ g (color octet fermion) much more significant

e Shift of 0.007 to as(Mz) = 0.125, within the range of
uncertainty but towards the upper end

e Separale issue concerning a.s is gauge-coupling
unification: for gluinos of mass in the hundred GeV range,
as(Mz) predicted from unification is > 0.13, but 15
GeV gluinos reduce the value to < 0.127, in better
agreement



INFLUENCE ON PARTON DENSITIES

o Kinematic range in the (2, 0*) plane of data included in
a typical global analysis of parton densities
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e Slower running of oz (()) means a slower evelution of
parion densities at small z, an effect that might be seen in
HERA data for Q > m;. Under investigation

- ﬂmdmihummm
Callan-Gross relation and yields a non-zero leading-twist
lengitudinal structure funetion Fr (z, Q)



5d) R and Angular Distributions in € ¥ ¢~ — jets
e Deviations of R from SM expectations at large \/s?

— e*e~ — hadrons

e Scalars are produced in a p-wave coupled to the
= Threshelds turn on slowly
- Cross sections are small (~ 1/4 a fermion of the
same charge)
o Compared o “everything else” b contributes
2 \ 2 2
(3) 3 » 2(3) +(3)
2 o=
36 9
e Daia must be accurate to a few % to discriminate

® Angular distributions are potentially more powerful, sin”f
vs. (1 + cos?@); data net inconsistent with a single pair

of charge-1/3 squarks aleng with 5 flavers of ¢q pairs;
(1 + acos®8), with & >~ 0.92



Se)asoaia
e Could be seen as mesonic resonances in 9 reactions
(ie., e"e™ = eTe” X) and in pp formation, with
masses in the 4 to 10 GeV rangeand J*© = 0+, 1-,

e Could show up as narrow states in ™ 11~ invariant mass
spectra at hadron colliders, between the J/v and T

e Atan e’ e collider, the intermediate photon requires

preduetion of a J¥€ = 17~ state.

~ Bound states of low mass squarks with Q= = 2/3
studied by Nappi with a potential model (Phys. Rev. D25,
84 (1982))
# Ug~ 24 eV
¥ I'p ~ 18 keV
% Lyg4y ~ 65 keV

~ The 15 state decays hadrenically

~ Because the lepionic decay widths are too small there
are no bounds for m; > 3@.0;52/3

— For bottom squarks, the situation is stronger
(Qgg =1/3).



5 f) Alternative Scenarios
e Suppose only the b is light
- Assume b decay produets (e.g.. 7¢ via Re-parity
violation) are similar to those in b decay
= O3f = O for my > 3 GeV
- Fails: excess in J/ W channel not produced, and prp
speetrum not reproduced
o Light b and light §, with m; + my, > mg but
mp < mj < Mm;
- § = bsor§ — bd: b = by” (ight ')
- Regquires FV coupling § — b — s to suppress § — gi°
- Killer: o(b + b+ /7 ) mueh too large; excluded at
run |



6. Summary

o There is room in the measured bottom quark production
rate at hadren colliders for new physics

o&Wthwmqu
bottom squarks with 100% branching fraction § — bb
- mg = 1210 16 GeV; mj = 210 5.5 GeV

o Our SUSY scenario with 035/0ged ~ 1/3 helps to
explain the magnitude and shape of the b p- distribution
at the Tevatron

o bb and bb pair production predicted
- Visible as a mismateh of B escillation parameters at

the Tevatron and at b factories

- Tevairon run | Y data help consirain gluino mass
- Should see B™ B™ evenis at run |l

o Seareh for b-onia

e b cress sections at HERA and LEP (yy — bb) bear
watching

e Interesting SUSY consequence: light ¢

e h° — bb* dominates : could modify Higgs bounds



