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Composition of the Group

Theory Group has six permanent staff members:

  E. Berger     (Collider physics, QCD, BSM) 

       G. Bodwin    (QCD, Quarkonium physics)

       D. Sinclair    (Lattice gauge Theories)

       T. Tait          (Collider physics, BSM, Cosmology)

       C. Zachos    (Mathematical Physics)

       C. Wagner   (Collider Physics, BSM, Cosmology)

     The group also counts regularly with three or four postdoctoral fellows  as 
well as a few students.



Productivity
Group has been very productive on a broad range of areas of physics. In the 
last five years, staff members have published 100 articles in   refereed   
journals. This includes many articles published with more than one staff 
member as a co-author.  Independent postdoc   articles also quite 
significant in number (more than 50 articles). 

Theory group is very strong in the areas related to phenomenology of 
particle physics: Collider physics, QCD, Higgs  physics, heavy quarkonia 
and beyond the standard model phenomenology.

The group has  produced many relevant articles in the areas of cosmology  
and astroparticle physics, in particular on the questions of dark-matter and 
baryogenesis, and very recently, dark energy.

The group is also strong in  non-perturbative studies of QCD, as well as the 
analysis of other non-perturbative configurations, like Skyrmions and 
instantons in four and five dimensions.



Postdocs

Activities of the group have been reinforced by several young 
postdoctoral fellows. 

Most of them have found excellent positions an carry successful 
careers after their stay at Argonne

    Notable cases are  John Campbell, Cheng-Wei Chiang, David 
Kaplan, Jing Jiang, Michael Klasen, Jungil Lee, Geraldine Servant, 
Irina Mocioi and Tim Tait.

Excellent group of postdocs joined us in last years: C. Balazs 
(collider   physics, BSM, dark matter), P. Batra ( BSM, 
phenomenology),   B. Lillie (BSM, phenomenology) and              
P. Nadolsky (QCD, collider physics).  C. Balazs is finishing his 
position at Argonne and we just hired X. Garcia i Tormo 
(quarkonium physics), who will join us in September.



Contact with the University of Chicago
One of the staff members, C.W., has a joint position with the University 
of Chicago and is teaching a course per year.  He is now appointed  as  a 
full professor there, holding a tenured, half-time position.

Two students from the UofC, D. Morrissey (last year)  and A. Menon, 
have been working regularly at the Theory Group, and a few more are 
joining the group. Morrissey moved in October to the Univ. of Michigan, 
Ann Arbor and A. Medina joined. N. Shah and J. Shu also worked 
regularly at the group

Successful Argonne/UofC joint postdoctoral program, mantained  for the  
last four years. All the postdoctoral fellows participating in this program 
obtained professorships in different Universities around the world, soon 
after leaving Argonne (Kaplan), or during their stay at the laboratory 
(Chiang, Servant).

Recent postdoc (Mocioiu) got a tenure-track position at Penn State . We 
just hired B. Lillie, a Stanford student, to fill-out the join     postdoctoral 
position.



Organization of Workshops and Schools

The group has organized seven international workshops at the Argonne 
HEP Division in the last five years.

Subjects included 
Higgs, Supersymmetry, extra dimensions (E. Berger, T. Tait and C. Wagner)
Neutrino Physics (E. Berger, M. Goodman, C. Wagner)
QCD in extreme environments (D.K. Sinclair)
Brane Dynamics (C. Zachos)

     It has also hosted Greater Chicagoland Meetings (G. Bodwin, E. Berger, 
C.Wagner) and Lab-wide  Theory Meetings (E. Berger). 

    All these activities have greatly increased the visibility of the group.



Other National services

Ed Berger was the co-Chair of the Executive and Local Organizing 
Committee of the LC Workshop at Snowmass,  August 2005.

G. Bodwin is a convener of the Quarkonia Working Group

D. Sinclair is in the NERSC users’ group executive committee

T.  Tait was a convener of the TeV4LHC Top and Electroweak 
Working Groups

 C. Wagner was in the NSF Review panel  and in the LBNL DOE 
Review panel in Feburary, 2006.

C. Zachos is a Member of the Advisory Panel (in lieu of Editors) of J Phys 
A: Math Gen (IOP).
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                     QCD Analyses
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Heavy flavor backgrounds
to Higgs production

Zack Sullivan (visitor) and Edmond L. Berger (Argonne)
• Contrary to popular lore, isolation cuts do not remove leptons from

b and c decays. Almost 1% survive in ALL hadron collider detectors.
• Real rejection (4–8 orders of magnitude) comes from physics cuts.
• We have done full simulations for bb̄, cc̄, Wc, Wbb̄, Wcc̄, Wb, and

t-/s-channel single-top at D0/, CDF, and ATLAS.
Previously ignored backgrounds
swamp the H → WW signal.

Raising the minimum pT for 2nd/3rd
leptons suppresses this background.

Take away: The minimum lepton pT will have to be raised in ALL
multi-lepton analyses — Higgs, tri-lepton SUSY, etc.

Zack Sullivan, Visitor at Argonne National Laboratory – p.1/1



Reconciling the Light-Cone and NRQCD Approaches

to Calculating e+e− → J/ψ + ηc

GTB, D. Kang, J. Lee

(hep-ph/0603185)

• Belle: σ(e+e− → J/ψ + ηc)× B>2 = 25.6± 2.8± 3.4 fb.

BaBar: σ(e+e− → J/ψ + ηc)× B>2 = 17.6± 2.8± 2.1 fb.

• NRQCD:
σ(e+e− → J/ψ + ηc) = 2.31± 1.09 fb (Braaten-Lee).

σ(e+e− → J/ψ + ηc) = 5.5 fb (Liu, He, Chao).

• Bondar and Chernyak (BC) have calculated the cross section in the light-cone formalism.
σ(e+e− → J/ψ + ηc) = 33 fb.

They attribute the increased cross section to the finite width of the light-cone distribution.

• The NRQCD and light-cone approaches are both believed to be valid approximations in the limit
E >> mc, ΛQCD.

• We have investigated several possibilities to resolve this apparent theoretical conflict.
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BC use an ad hoc model light-cone dist.
We derived a light-cone dist. from a potential model.

It agrees approximately with the BC model light-cone

dist.

The high-momentum tail of the light-cone dist. corre-

sponds to order-αs corrections to the cross section

(potential double-counting issue).

It also lies outside the range of applicability of the poten-

tial model.

When we subtract it, the light-cone cross section is re-

duced by about a factor of 3.

• BC include renormalization factors that have no counterpart in NRQCD.
When we set them to unity, the cross section is reduced by a further factor of 2.

• After these reductions, the light-cone cross section is comparable to the NRQCD cross section.
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Potential-Model Calculation of an NRQCD

Matrix Element of Order v2

GTB, D. Kang, J. Lee

(hep-ph/0603186)

• NRQCD matrix elements that are proportional to ∇2ψ(0), appear in the relativistic (order v2)

corrections to many quarkonium decay and production processes.

• Phenomenological, lattice, and Gremm-Kapustin (binding energy) methods to determine ψ2(0)

have been stymied, owing to large uncertainties. Even the sign is not known with confidence.

New Method:

Compute ψ2(0) in a potential model, using a hard cutoff
as an intermediate step to dim. reg.

ψ(2)
Λ = −∇2ψ(0) for a hard cutoff.

ψ(2)
DR,Λ = −∇2ψ(0) for dim. reg.

Large cancellations occur in the conversion.

Final result (Λ→∞) is well behaved.

• Result is consistent with the NRQCD v-scaling rules. First reliable calculation of∇2ψ(0).
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The universality class of lattice QCD with staggered quarks

• Simulate lattice QCD with 2 flavours
of massless staggered quarks on
N3

s × 8 lattices (Ns = 12, 16, 24)
– finite temperature.

• Use χQCD action to allow mq = 0:
needed to study the phase transi-
tion.

• Universality class of transition to
quark-gluon plasma is expected to
be O(2).

• Fits of lattice QCD ‘data’ to O(2)
spin model measurements are con-
sistent with O(2) universality for
lattice-QCD finite-temperature tran-
sition.

• Extrapolations to infinite volume are
unnecessary – fit to spin model, also
at finite volume.

Figure 1: Fit to O(2) spin model
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QCD at finite temperature and density

• We simulate 3-flavour lattice QCD
at finite temperature and small isospin
density – closely related to QCD
at finite temperature and baryon-
number density.

• We search for the critical endpoint
at quark mass just above the criti-
cal value.

• Early simulations by all groups gave
false signals for the critical endpoint.

• Discretization errors in HMD algo-
rithm are much larger than anyone
expected.

• We now simulate using the new RHMC
algorithm which has no such errors.

• No evidence is found for the criti-
cal endpoint. If it exists, it is not
related to the critical quark mass,
contrary to what others had sug-
gested.

Figure 2: Binder cumulants at Tc
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       Higgs and Beyond the 

 

    Standard Model Physics



σ(bb̄A)×BR(A→ bb̄) # σ(bb̄A)SM
tan2 β

(1 + ∆b)
2 ×

9
(1 + ∆b)

2 + 9

σ(bb̄, gg → A)×BR(A→ ττ) # σ(bb̄, gg → A)SM
tan2 β

(1 + ∆b)
2 + 9

• Searches at the Tevatron and the LHC are induced by production channels 
associated with the large bottom Yukawa coupling.

• Since, depending on the parameters,                            there may be a strong 
deependence on the parameters in the bb search channel, which is strongly 
reduced in the tau tau mode.

• The tau mode provides a more stable definition of the bound on            as 
well as of the future reach of the LHC. 

Searches for non-standard Higgs bosons

∆b ! ±O(1)

tanβ

M. Carena, S. Heinemeyer, G.Weiglein,C.W, EJPC 45 (2006) 797



Searches for non-standard Higgs bosons at 
the Tevatron in the bb and tau tau mode.

M. Carena, S. Heinemeyer, G.Weiglein,C.W, EJPC45 (2006) 797
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Figure 1: Change in the limits obtained from the bb̄φ, φ → bb̄ channel in the mmax
h (left) and

no-mixing (right) benchmark scenarios for different values of µ. The value µ = −200 GeV
was chosen by the D0 Collaboration in Ref. [7]. The other curves indicate the corre-
sponding limits for µ = +200,±500,±1000 GeV. The curves for µ = +500, +1000 GeV
(µ = +1000 GeV) do not appear in the left (right) plot for the mmax

h (no-mixing) scenario,
since for these µ values there is no tan β exclusion below tanβ = 130 for any value of MA.

and mg̃ independently will lead to similar results as those shown here. A scenario where large
compensations are possible between the two contributions entering ∆b, see eq. (15), will be
discussed below. Scenarios with different values of the other supersymmetric parameters
(besides the ones entering ∆b) will reproduce a similar behaviour as those discussed here.

In Ref. [4] the definition of the mmax
h and no-mixing scenarios given in Ref. [3] has been

updated, and the “small αeff” scenario and the “gluophobic Higgs scenario” have been pro-
posed as additional scenarios for the search for the light CP-even Higgs boson at the Teva-
tron and the LHC. The sign of µ in the mmax

h and no-mixing scenarios has been reversed to
µ = +200 GeV in Ref. [4]. This leads typically to a better agreement with the constraints
from (g − 2)µ. Furthermore, the value of MSUSY in the no-mixing scenario was increased
from 1000 GeV [3] to 2000 GeV in order to ensure that most of the parameter space of this
scenario is in accordance with the LEP exclusion bounds [1, 2].

Another scenario defined in Ref. [4] is the “constrained-mmax
h ” scenario. It differs from

the mmax
h scenario as specified in Ref. [4] by the reversed sign of Xt,

XOS
t = −2 MSUSY (FD calculation),

XMS
t = −

√
6MSUSY (RG calculation),

µ = +200 GeV . (32)

For small MA and minimal flavor violation this results in better agreement with the con-
straints from BR(b → sγ). For large tanβ one has At ≈ Xt, thus At and mg̃ have opposite
signs. This can lead to cancellations in the two contributions entering ∆b, see eq. (15). In
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µ, but stronger than those for positive µ. The curve for µ = +1000 GeV is not shown in
the plot, since for this value there is no tanβ exclusion below tan β = 130 for any value of
MA. For µ = −1000 GeV, on the other hand, the radiative corrections lead to a large mass
splitting between the CP-odd and CP-even Higgs boson masses so that the approximation
of adding the two signal cross sections is no longer valid, see the discussion in Sect. 2.3. A
more detailed study would be necessary to incorporate also the case of larger Higgs boson
mass splittings.
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Figure 3: Left: Variation of the limits obtained from the bb̄φ, φ → bb̄ channel in the
constrained-mmax

h scenario for different values of µ. Right: Variation of the limits obtained
from the pp̄ → φ → τ+τ− channel in the constrained-mmax

h scenario for different values of µ.

3.1.2 Limits from the process pp̄ → φ → τ+τ−

The limits obtained from the pp̄ → φ → τ+τ− channel by the CDF Collaboration were
presented in the MA–tan β plane for the mmax

h and no-mixing scenarios as defined in Ref. [4]
and employing two values of the µ parameter, µ = ±200 GeV. According to the discussion
in Sect. 2.3, the limits obtained from the pp̄ → φ → τ+τ− channel are expected to show
a weaker dependence on the sign and absolute value of µ than the limits arising from the
bb̄φ, φ → bb̄ channel. On the other hand, for large values of tanβ and negative values of
µ, the large corrections to the bottom Yukawa coupling discussed above can invalidate a
perturbative treatment for this channel.

The MSSM prediction for σ(pp̄ → φ) × BR(φ → τ+τ−) as a function of tan β has
been evaluated by the CDF collaboration using the HIGLU program [55] for the gluon fusion
channel. The prediction for the bb̄ → φ + X channel was obtained from the NNLO result in
the SM from Ref. [50], and [σ × BR]MSSM / [σ × BR]SM was calculated with the FeynHiggs
program [34–37]. While the full ∆b correction to the bottom Yukawa correction was taken
into account in the bb̄ → φ + X production channel and the φ → τ+τ− branching ratios,
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Measuring the W-t-b coupling at the ILC (P. Batra, T. Tait)

Above threshold,         production is insensitive to the W-t-b coupling

An extended top sector can shift this coupling wtihout opening up new decay channels!
(4th generation, Little Higgs models, Top seesaw, ...)

Crucial test of the Standard Model Electroweak interaction

Can go to virtual        production, below threshold, to gain sensitivity.
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Figure 1: Inclusive rates for e+e− → W+bW−b̄ as a function of the center-of-
mass energy for gWtb = gSM (black solid), gWtb = 2gSM (blue dashed), and
gWtb = gSM/2 (red dotted).

gWtb and Γt below.
Here we restrict ourselves to simple cuts to model the acceptance. To that

end, we require the jets to have pT > 10 GeV and rapidities |y| < 2. We
assume W bosons can be reconstructed with little background and for simplicity
assume perfect b-tagging efficiency and no mis-tags. We improve the purity by
requiring that one of the b quarks and one of the reconstructed W ’s reconstruct
an invariant mass within mt ± 10 GeV, though we do not assume the charge
of either the b or the W can be determined. The dominant background that is
independent of the W -t-b coupling comes from diagrams with an intermediate
Higgs, which can be eliminated by subtracting events with bb̄ that have an
invariant mass close to the Higgs mass, once the mass is known. However, we
do not impose such a cut in order to retain the most statistics possible.

The number of events will depend strongly on the top mass, the Higgs mass,
the top width and gWtb. It is expected that the ILC will determine the top
and Higgs masses to order 100 MeV or better, which is enough to render the
uncertainty in the rates from these parameters much smaller than the expected
statistical uncertainties. The remaining dependence on the width and gWtb al-
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Figure 2: Curve corresponding to the SM rate and its 1σ and 2σ deviations in
the plane of gWtb and Γt. Also overlaid is an expected measurement of Γt from
the on-shell threshold scan with an uncertainty of 100 MeV.

lows us to determine a combination of both these quantities. To illustrate the
results, we assume 100 fb−1 collected at

√
s = 340 GeV. In Figure 2 we present

the contours of constant event numbers in the plane of gWtb and Γt which repro-
duce the expected SM event rate of ∼ 1500 events. Also shown are the contours
corresponding to 1σ and 2σ deviations from such a measurement (assuming that
the SM rate is observed and considering purely statistical uncertainties). The
result is the expected bound one would obtain on gWtb and Γt, which can be
combined with the Γt from the above-threshold scan to extract gWtb itself (or al-
ternately, one can go to lower energies where the sensitivity to Γt is less, though
at the price of the loss of some statistics). From Figure 2, we see that assuming
the width is measured with an uncertainty of 100 MeV, gWtb can be measured
to the 2% level, which would represent better than a factor of 5 improvement
compared to the LHC, and a major improvement in our understanding of the
W -t-b interaction.

Many improvements on these rough estimates are possible. Certainly a more
detailed and exhaustive study of the background would be interesting, as well
as more sophisticated study of the signal, including higher order corrections and

3

A few percent measurement of the W-t-b coupling is possible!
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Corrections to Higgs physics

Gauge higgs coupling suppressed
Fermion KK states coupling to Higgs
enhanced by
Expect enhancements to
Shifts to

KK

2.0

Off-the Wall Higgs in Universal RS scenarios

Hewett, Davoudiasl, Lillie, Rizzo’05



Top-flavor Instantons
Many interesting theories have extended EW 
interactions.  In particular, top-flavor is a 
theory in which the third generation has a 
separate SU(2) weak interaction from the first 
two generations.

Usually, research emphasizes the perturbative
effects of new gauge bosons.  But if the coupling is moderately 
strong, the non-perturbative effects may be interesting as well!

Instantons of the new gauge interactions are unsuppressed when the gauge 
couplings are large.  They mediate baryon-number and lepton-number violating 
processes of the third family:

where now the uL, dL and eL represent the field operators, and in the last line we have
re-expressed the operator in a manifestly Lorentz-invariant form.

It should also be possible to connect up the color indices with an εabc tensor since the
effective operator is expected to be invariant under SU(3)c. Notice that

εabcuaubdc = 2(u1u2d3 + u1d2u3 + d1u2u3). (47)

Therefore, we can combine all the uude operators into

1

2
εabc 1

2

[

(ua
L · eL)(ub

L · dc
L) − (ua

L · dc
L)(ub

L · eL)
]

=
1

2
εabc (ua

L · eL)(ub
L · dc

L). (48)

Exactly the same thing can be done for the uddν operators.
Putting everything together, the effective four-fermion operator corresponding to a single

SU(2)1 anti-instanton is

Oeff =
C

g8
1

e−8π2/g2
1
(µ)

(

1

4π2

)b0/2−1

2b0/2
(µ

V

)b0
Γ(1 + b0/2)

(

π2

3Vg

)

·

·
(

1

V2

)

εabc
[

(ua
L · eL)(ub

L · dc
L) + (da

L · νL)(db
L · uc

L)
]

. (49)

where Vg = 8π2 is four times the group volume, b0 is the one-loop beta-function coefficient,
V "

√
2 u, and the constant C is given in Eq. (18). This operator is also invariant under

SU(2)L, and violates both B and L by one unit each.

4 B + L-Violating Scattering by SU(2)1 Instantons

As a first application of the results of Section 3, we compute the scattering cross section
for bb → t̄ν̄ due to SU(2)1 instantons. We will focus on this particular process because of
all the B + L violating reactions induced by the operator in Eq. (49), this one is expected
to have the largest cross section at the LHC. To see why, note that this operator involves
only third generation fermions. As a result, when the parton-level cross section is convolved
with parton distribution functions (PDF’s) to obtain the total hadronic cross section, it will
be suppressed by the small PDF’s of the third-generation fermions within the proton. This
suppression is fairly strong for the bottom quark, but extremely strong for the top quark.
Therefore, events with only bottom quarks in the initial state are expected to produce the
largest cross sections.

The parton level cross section is computed straightforwardly using the operator from
Eq. (49). Inserting the εabc(ba

L · νL)(bb
L · tcL) operator in the corresponding matrix element,

and squaring, summing, and averaging over spins and colors, we find

εabc(ba
L ·νL)(bb

L ·tcL) →
2

3
[2(p1 ·p3)(p2 ·p4) + 2(p1 ·p4)(p2 ·p3) − (p1 ·p2)(p3 ·p4)] , (50)
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Just as in the SM, the instantons mediate very different kinds of processes than 
occur in perturbation theory, such as proton decay.  This allows us to place 
new kinds of limits on these theories.

Proton Decay

coupling g1, the semi-classical approximation used to derive the effective instanton operator
is expected to break down.

5 Proton Decay from SU(2)1 Instantons

The observed stability of the proton often leads to very strong constraints on theories beyond
the Standard Model which contain baryon number violating interactions. This is true for
the SU(2)1×SU(2)2 extension considered here since the operator of Eq. (49) violates B and
L by one unit, and can induce the decay of the proton into a meson and a light lepton. As
we shall see below, the experimental limit on the proton lifetime implies a lower bound on
the SU(2)1-breaking scale u, and an upper bound on the gauge coupling g1.

For SU(2)1 instanton induced decays to occur, however, the third generation quarks
must be connected with the first generation quarks that make up the proton. Such a link
is provided by the flavor-changing couplings of the quarks with the W gauge bosons. The
Feynman diagrams for the process p → K+ν̄τ generated in this way are shown in Fig. 3.
Both of these are suppressed by two loop factors. A second possibility, that avoids this loop
suppression, is that the light quark mass eigenstates in the proton contain a small admixture
of the third generation gauge eigenstates that couple directly to SU(2)1. This generates a
contribution to the proton decay amplitude that is not suppressed by any loop factors, but
does involve elements of the up and down quark mixing matrices. Since these elements are
unknown (only their product is measured through the CKM matrix), we will ignore this
possibility and focus solely on the contributions involving W boson loops. Barring unusual
cancellations, this will set a lower bound on the instanton-induced proton decay rate.
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Figure 3: Feynman diagrams for anti-instanton mediated proton decay.

The operator responsible for p → K+ν̄τ decay is the εabc(taL ·bb
L)(bc

L ·τL) term in Eq. (49).
By connecting the legs of this operator to first and second generation quarks through W
bosons, as shown in Fig. 3, we obtain a pair of operators that directly mediate proton decay.
Both of these diagrams involve a pair of loop integrations, and in each case the two loops
are independent as a result of the locality of the effective operator.
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where Vf , Lf , and If are given above.
In computing the numerical value of the proton decay rate, we set the renormalizaton

scale in Eq. (62) equal to the symmetry breaking scale, µ = V. This corresponds to a
matching at this scale. In principle, one should also include the running of the effective
operator induced by QCD. However, we ignore this effect, as it is expected to be of order
unity.
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Figure 4: Proton lifetime due to SU(2)1 instantons for u = 2 TeV (solid red), u = 3 TeV
(dotted green), and u = 5 TeV (dashed blue). Also shown in this figure (flat dotted line) is
the 90% c.l. experimental lower bound on the proton lifetime [30].

The instanton mediated proton lifetime as a function of the SU(2)1 coupling is shown in
Fig. 4. Also shown in this figure is the current experimental 90% c.l. limit on proton decay
via p → K+ν̄ [30]:

τp > 2.3 × 1033 yr. (66)

From the figure, we see that g1 ! 1.5 is required to satisfy the proton decay constraint.
This upper limit on the gauge coupling g1 puts an interesting bound on models that make
use of the SU(2)1 ×SU(2)2 gauge structure, such as topflavor and non-commuting extended
technicolor. It also limits the amount by which the Higgs mass may be raised through
D-terms in supersymmetric theories.

The results above were obtained for values of u of the order of a few TeV. The bounds
on g1 may be relaxed by increasing the value of u. However, since the proton decay rate is
proportional to u−4, while it depends exponentially on the value of g−2

1 , a large increase on
u would be necessary to significantly modify the bounds on g1. Alternatively, one can find
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The same operator at tree level mediates the process      
bb --> t + neutrino: a new kind of single top production!

D Morrissey, T Tait & C Wagner, PRD72:095003,2005 
hep-ph/0508123

Current bound on proton lifetime



A Fat Higgs with a Fat Top
• A model which raises the SUSY Higgs mass 

interprets the strong coupling of the NMSSM as a 
compositeness scale.

• A theory with a number of preons charged under a 
confining SU(3) gauge force form composite MSSM 
Higgs bosons, a Singlet, and the  top quark.

• Our understanding of confinement in SUSY gauge 
theories allows us to compute the low energy 
effective super-potential exactly.

• The large Higgs mass and heavy top quark arise 
naturally as residuals of the underlying strong 
dynamics.

• This removes fine-tuning associated with the large 
top mass / Higgs mass in the original Fat Higgs 
models.

• The model leads to exotic charged (heavy) quasi-
stable states which can be detected at the Tevatron 
and LHC for a wide range of masses.

• Run II expects to see charged quasi-stable particles 
provided their production cross sections are greater 
than about 10 pb.

3

A Delgado, T Tait, JHEP0507:023,2005 
[hep-ph/0504224]



The                                constraint on double penguin contributions

to      in MSSM

−+→ µµsB

sMΔ

• For uniform squark masses: 2
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CDF collaboration: hep-ex/0508058

Carena, Menon, Szynkman,Noriega,C.W.’06

Tight upper bound on               within minimal flavor violating SUSY Models. Recent 
D0 result, hep-ex/0603029, consistent with this result.
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hep-ph/0603106



−+→ µµsB γsb→

4101|)()(| −×<→−→ SMsbBrsbBr γγ

|| µ

The                        and                      constraints on
searches at the Tevatron Collider

• Theoretical Uncertainties provide the bound:

• Low Values of       and moderate      or large values of        and 
  are preferred.

tX 0=tX|| µ
Neubert: hep-ph/0408179

Carena, Menon, Szynkman,Noriega,C.W.’06

Top (bottom) lines (countors)
µ = −100 GeV (−200 GeV)

BR(Bs → µ+µ−)

BR( b→ sγ )

hep-ph/0603106
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Lattice Gauge Theory – D. K. Sinclair (with J. B. Kogut (DOE)

Lattice Born-Infeld QED

S = b2
∫

dn+1x[1 −
√√√√− det(gµν + b−1Fµν)]

• n = 9 reduced to n = p → p-brane
with 9 − p transverse directions.

• Monte-Carlo simulations in 4 dimen-
sions (n = 3) with static point charge.

• Lüscher-Weisz method overcomes sign
problem associated with charge.

• D = ∂L/∂E is identical to Maxwell
theory.

• E field is enhanced by quantum
fluctuations and shows short-distance
screening as in classical case (fig.).

• b → 0 (or a → 0) limit is a confor-
mal field theory with LE = |E·B|.

1



C Hill and C Zachos, Phys Rev D71 (2005) 046002
D Fairlie and C Zachos, Phys Lett B620 (2005) 195-199;
F, R Twarock, & Z, J Phys A39 (2006) 1367-1374;
F & Z [hep-th/0603017]

WZW INTERACTIONS IN DIMENSIONAL DECONSTRUCTION
AND ATAVISTIC LIE ALGEBRAS

Dimensional deconstruction reduces higher-dimensional pure gauge
theories into 4D matter-coupled gauge theories, such as current models
for electroweak interactions.

• Anomaly and topological structure of such pure (mesonless) gauge
theories: 5D Chern-Simons terms,

L =
Nc

48π2εABCDE Tr
(
AA∂BAC∂DAE−

3i

2
AAABAC∂DAE−

3

5
AAABACADAE

)

! Wess-Zumino-Witten terms in 4D SU(N) × SU(N) chiral models,

2Nc

15π2f5
π

εµνρσ Tr(π̃∂µπ̃∂νπ̃∂ρπ̃∂σπ̃) + O(π̃7),



required in effective QCD, but, so far, enigmatically, inaccessible to
deconstruction methods.

• Transition of groups along a link from site to site (brane to brane),
leads to the consideration/introduction of an entire class of infinite-
dimensional “Atavistic Lie Algebras”. Effectively, these encompass most

Lie algebras utilized in physics, (GL(N), Classical Lie, Moyal, Pois-
son, Virasoro, Vertex):

[Ja
m1,m2

, Jb
n1,n2

] =

eis(m1e−an2−m2ean1)Ja+b
m1+ean1,m2+e−an2

− eis(n1e−bm2−n2ebm1)Ja+b
n1+ebm1,n2+e−bm2

.

• Applications in deconstruction, noncommutative QFT, and possibly
twisted CFT.



Conclusions
Theory Group is very productive on a broad     range of areas, 
including QCD, collider, Higgs, BSM and quarkonia physics, 
lattice gauge theories, mathematical physics and cosmology.

The Group has contributed to the formation of numerous 
postdocs and students, who, in most cases, have carried 
successful careers after their stay at Argonne.

It has remained quite active in community services and has very 
positively contributed to make Argonne the excellent research 
place it clearly is.
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