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1. Gauge Higgs unification

S.C. Park gave a talk on sone aspects of Gauge Higgs unification.
How does extra dimension offers a protection mechanism to the Higgs masiftudes the basic
idea of Gauge-Higgs Unification (GHU). In this formalism, the Higgs bos@earfrom the internal
components of a higher dimensional gauge field. Thus the higher dimehgauge invariance
affords a protection mechanism. The basic steps of understandingfatioas:

¢ A 5d gauge field\y can be decomposed &8, As), whereu = 0,1,2,3. CanAs be identi-
fied with Higgs?

Let us consider a 5d QED @t/Z, as a simple example. It does not work as none oﬂ&&%
survives as a physical state. Each of them is ‘eaten up’ by the condBrgAﬁ,”) so that the
latter becomes massive.

e Start with SU(3) as a gauge group. Suppose that an orbifold projeatiakbit to SU(2)x
U(1). This can achieved by a projection matFxthat in the fundamental representation, is
P = diag(—1,—-1,1).

Denote the SU(3) generators By wherea = 1,...,8. Now, imposeZ, projection such
that the Lie-algebra valuetl, = A% T, andAs = AfT, fields transform a®A, Pt = A, and
PAsPT = —As.

Due to the relative minus sign between the two sets of transformations, while tstess
gauge bosons transform in the adjoint of SURU(1), the massless scalars transform as
a complex doublet under SU() U(1). This complex doublet can be identified with the
Higgs doublet.

e Of course, the next question is how to generate the electroweak sctdatigh/ involving
this Higgs. This potential is forbidden at tree level due to the shift symmettliyeo§calar
As fields. In other words, higher dimensional gauge invariance forbidgpttential at tree
level.

e The interaction of the Higgs with bulk fermions and gauge bosons will gemareeffective
scalar potentiaV/ at the one loop level. The SU(2) U(1) symmetry will break to U(%h.
The one loop Higgs mass will be given by

e LSV
128m° R2 ’
wherea is some dimensionless parameter which arises from the bulk interactions,eand th
sum is over all KK fields.
e A snapshot of the spectrum is the following:
M = (n+a)/R, MYY = (n+2a)/R, M{" =n/R

The periodicity property demands that the spectrum will remain invariarénmne- o + 1.
This restrictax = [0, 1]. Orbifolding further reduces it ta = [0,0.5]. Experimentallya can
be fixed from thaV mass.
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Clearly, the above scenario does not work as it leads $o-MMyy. Still, it provides the basic
intuitive framework how to proceed.

Instead of getting into the details of a more phenomenologically allowed scéfinee just
mention three most difficult obstacles that one faces. The GHU scenéisodead to (i) too small
a top quark mass, (ii) too small a Higgs mass, and (iii) too low a compactificatitel Sasides
handling these, one has also to worry about generating hierarchikaivéuinteraction starting
from gauge interaction in higher dimension which, of course, is unilersa

2. Little Higgs mechanism

A. Cohen gave a talk and led the discussion, based on the work [[].
Electroweak precision data suggest that the Higgs had better been lightthBus it so? Unlike

the masses of the gauge bosons and fermions the Higgs mass is not prbieatgdsymmetry
in the standard model (SM). The ‘Little Higgs’ (LH) models provide suchrametry conceiving

Higgs as a pseudo-Goldstone boson (pGB) whose mass is protecteddpptiogimate nature of
the global symmetry. The essential points are the following:

e Any LH model has a number of global symmetries, any one of which alon&keap the
Higgs massless. Gauge and Yukawa interactions break the symmetryatijenkliggs mass
at one-loop level. No single operator (spurion) can break all the symmeiribas to be
‘collective’.

e Start with a global grouge which breaks tdd with a decay constarit. The origin of this
symmetry breaking is irrelevant below the cutoff scale- 4rrf. H must contain SU(2k
U(1) as a subgroup so that when a parGa$ weakly gauged the unbroken SM group results.
The Higgs — doublet under the SM group - is a ‘part’ of the Goldstonerboadtiplet which
parametrizes the coset spdggH. [For instance, G= SU(5) and H= SO(5)]. However, the
generators of the gauged part@flo not commute with the generators corresponding to the
Higgs, and thus gauge (as well as Yukawa) interactions induce Higgsathass-loop level.

e We requirem, ~ f /41m~ 100 GeV. Hencd ~ 1 TeV. The cutoff is ther = 4rrf ~ 10 TeV.

e A clever construction of a LH theory should have the following form of thextoweak
sector Higgs potential:

V(h) = —p?(h'h) + A (h'h)?,

where, the bilinear term isuppressedu? ~ %fZIn(AZ/fZ), but, crucially, the quartic
interaction should bansuppressed ~ g?. This is achievable in the SU(5)/SO(5) model.

e Thus the Higgs mass has a log sensitivity to the cutoff at one-loop (butafi@sgensitivity
at two-loop) which is sufficient to keep the electroweak scale of 246 Gevtal. TheSand
T parameters can be kept under control.

e The ‘smoking gun’ signals will constitute a few weakly coupled particles dgaboosons,
top-like quark and a scalar coupled to the Higgs) below a TeV.
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3. WL —W{_ scattering

S.D. Rindani gave a talk and | ed the discussions.

In the absence of a light Higge/W interactions become strong at TeV scaleanif> 700 GeV,
such amplitudes violate perturbative unitarity at high energy and the gaatge becomes strongly
interacting. New interactions can restore unitarity though. Thus, the sfudiVéscattering can
give information of the electroweak symmetry breaking sector and discrimieatebn models. In
general there are large cancellations between the scattering and babhsstrdiagrams. Hence
extraction of WW scattering contribution from the proceB® — W™W~X needs considerable
effort, especially since the equivalent vector boson approximatioftsésia gross overestimation.
Furthermore, the backgrounds need to be reduced by an appropriéte of cuts. It is possible
to extract information okVW scattering from hadronic experiments by concentrating on the large-
invariant mass regior][3].

4. Mass, mass-shifts, Higgs

Y.N. Srivastava gave a talk and | ed the discussions.

The discussion is based on a claim that the masses of heavy particles (ablagav = 246
GeV), such ag andW bosons and top quark, depend on the process by which they are edasur
According to [#,[b], particles producesingly are predicted to have higher masses than when they
are produced in association with other particles (e.g. when they arerpdinged). Based on this,
the speaker discussed a new technique to look for the Higgs boson whictglthits nature as a
field’ induces mass shifts to other particl¢f [6]. The details can be foutiteiabove references.

5. Top quark spin correlations

K. Snol ek gave a talk and | ed the discussions.

With the LHC producing millions of top, various precision studies would beiptesdn particular,
with the top decaying before it hadronizes, its decay products retain itifmmebout its polariza-
tion and, thus, about the production process. For any given decag, tih@dhormalized differential
distribution in8;, the angle, in the top rest frame, between the top polarization and the direttion
motion of the decay produdtcan be parameterized as

1ar 1
rdcosfs 2

(1+ ascosbs) . (5.1)

The coefficienta, called the top spin analyzing power, is a constant betwektand 1. For the
charged leptong;+ = +1 at tree level, whiler, = —0.41 for theb-quark anda,, = —0.31 for the
v, respectively. In hadronic decay modes, the role of the charged lepteplaced by thel or s

quark.

Sincea; is maximal for leptons and since it is easy to distinguish leptons from antiletans,
best way to analyze th# spin correlations is to look for angular correlations in the two charged
leptons, when both andt decay leptonically. The decay distribution above could then be folded
with the production matrix element squared to obtain the requisite density maRiess&mbering
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that, even for QCD production, the numbertbpairs with same helicity for either is not the same
as that with opposite, one may define an asymmetry

s 8 (pdy _ gt +ott) —ot) — o)
B R T A R &2

Clearly, if new physics is relevant in top production at the LHC, the medstakie of</ would
deviate from its SM prediction of 0.319 (when integrated over the entiregpjzesce).
Using the aforementioned density matrix, the double differential distributioa fmarticular
pair of daughters arising from eachtadndt decay can be parametrized as
1 d’N 1

N dcosh; dcosor =3 (1— o/ asa;cosBs cosby) (5.3)

Using an unbiased statistic of the forn = —9(cosO; cosb;), one may then estimate the resolving
power of the LHC for various new physics scenarios. It should bednbézge that, for a given
scenario (including the SM), the value @f is not a constant but depends on the phase space
restrictions imposed. This can, in principle, be used to one’s advantage.

In particular, the above formalism can be used for spis-2hannel) intermediate states in
both gg — tt andqq — tt. Concentrating first on the case of large extra dimensions, the spin-2
particles are nothing but the extremely close-spaced Kaluza-Klein towgrawitons. As is well
known, the summation over the tower must be regularized thereby introdaiciagbiguity in the
expectations. For either case, the expected valuefarould depend on the parameters of the
theory. For low values of the ADD scaley receives very large negative corrections, reaching
downto.wZ ~ —0.02 formapp ~ 600 GeV. For largenapp, the effect expectedly dies down and
reverts to its SM valug]7].

For the Randall-Sundrum case too, the exchange of the spin-2 gravitmissttea large neg-
ative contribution toe. However, since the KK gravitons are well-separated, one may attempt
to increase the sensitivity by measuringas a function of thét invariant mass. Within the SM,
</ (my) decreases montonically with?(500Ge\) ~ 0.42 and.«7(3000GeVf ~ —0.6. The be-
haviour in the RS model is more complex though. While, on an average, it aestto fall, around
each graviton resonanc# oscillates [J]. The amplitude of oscillations expectedly falls for higher
resonances as also with an increasing value of the RS parametex filtip.

In summary, the measurement of top polarization gives an additional asdiweprobe to
new physics process contributingttgroduction. This is particularly true for (though not restricted
to) resonances going intband is demonstrated here in the context of spin-2 gravitons.

6. Single top production at the Tevatron

V. Sinmek gave a talk on single top production at DO [[B] and led the
di scussi ons.

While QCD-mediated pair production is the dominant process for top produatibadronic col-
liders, electroweak processes also for single top production. The dotrdoatributions, at the
Tevatron, accrue from theechannel process+ d — t+ b and thet-channel onei+ g—t+d+ b.
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Summing over the conjugate processes as well, the corresponding N&©serctions are expected
to beo(pp — thX) = 0.8840.11 pb ando(pp — tgb+ X) = 1.98+0.25 pb [,[10].

Such events can be used to study &b coupling, and to directly measure the magnitude
of the CKM matrix elemeniVip|. This, in turn, can be used to determine the partial decay width
I (t — Wb) and thus the top lifetime. Furthermore, given the fact that the SM amplitude isak w
one, this mode is also suitable for studying possible beyond the SM (BS&tieff

The current study is based on 0.9 #of data collected by the DO detector@6 = 1.96 TeV
and with triggers comprising a jet and ah/u*. The final state was required to consist of one
high transverse momenturpy() isolated lepton and missing transverse eneky,(together with
a b-quark jet from the decay of the top quatk-& Wb — ¢vb). The s-channel process has an
additionalb quark, while thet-channel one had an additional light quark anid guark (the last
being rarely reconstructed as it is produced in the forward direction witv ). Backgrounds
emanate fromif W+ jets; (i) tt decaying into the lepton+jets and dilepton final states, with a
jet/lepton not being reconstructedij  multijet production, where a jet is misreconstructed as an
electron, or a heavy-flavor quark decays to a muon passing the isolstienac

The signal was modeled with a combination of haGLETOPNLO Monte Carlo event gen-
erator [1L] andPYTHIA. For thetb search, SMgbwas treated as part of the background, and vice
versa. For theb+tgb search, the SM ratio between thieandtgb cross sections was assumed.
Thett andW-+jets backgrounds were simulated using sn@GEN leading-order MC event gener-
ator [I2] andPYTHIA and a parton-jet matching algorithin [13] used to eliminate double-counting.
The multijet background is modeled using data containing nonisolated leptbasV#jets back-
ground, combined with the multijet background, is normalized to the lepton+jetsatistgparately
for each analysis channel befdrget tagging.

Jets were reconstructed using the cone algorithm with radius /(Ay)2 + (Ap)2 = 0.5
(wherey is rapidity andp is azimuthal angle) to cluster energy deposits in the calorimeter and were
required to havepr > 15 GeV andn| < 3.4. In addition, the leading jet hgsr > (20)25 GeV
and|n| < 2.5 while the second leading jet has > 20 GeV. Events were required to have 45
Fr < 200 GeV and exactly one isolated electron with> 15 GeV andn| < 1.1 or one isolated
muon with pt > 18 GeV andn| < 2.0. Requiring that the direction of tHgr is not aligned or
anti-aligned in azimuth with the lepton or a jet rejects misreconstructed eventsnhiEmce the
signal content, one or two of the jets are required to be identified as origgrfatim long-lived
b hadrons using a combination of secondary vertex information and nestrabrks.

Since single top events would constitute only a small fraction of the selectet sammples,
and since the background uncertainty is large, a counting experimestndbeuffice. Instead,
multivariate discriminants that separate the signal from background asideoed and decision
trees [1}] used. Forming a binned likelihood as a product over all buhstaannels of the decision
tree discriminant, separately for thettgb, tgb, andtb analyses, a Bayesian approach is adopted
for measuring the production cross section. Assuming a Poisson distrifotidhe observed
counts and flat nonnegative prior probabilities for the signal crog®secand accounting for sys-
tematic uncertainties and their correlations by integrating over the signaitaoces, background
yields, and integrated luminosity with Gaussian priors for each, the fin&pasprobability den-
sity is computed as a function of the production cross section.

A 3.40 excess of events over the background was found in the high discrintngmit region.
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Interpreting it as evidence for single top quark production, the resudtass sections ar@(pp —
th+ X, tqb+X) = 4.9+ 1.4 pb, a(pp — tgb+X) = 4.2} ph, ando(pp — th+X) = 1.0+
0.9 pb, with uncertainties including both statistical and systematic componentthéoo+tgb
sample, statistics contribute 1.2 pb to the uncertainty).

While gmeas > Oswm, they are consistent within the (presently large) errors. This, however
can be used to derive a first direct measurement of the strength ofupéngp|Vi, 1| in theWtb
vertex, wheref - is an arbitrary left-handed form factor. Assumiiig|?+ [Vis|? < [Vip|? and a pure
V —Aand CP-conserving/ thinteraction, this yield$, fi-| = 1.3+0.2. Assuming in addition that
f- = 1 and using a flat prior foMp|2 from 0 to 1, one obtains.68 < [Vip| < 1 at 95% C.L. These
measurements make no assumptions about the number of quark families or CikiMungarity.

Finally, it should be noted that an accurate measurement of this chanfgreabimportance
as it constitutes an important background to Higgs search.

References
[1] G. Cacciapaglia, C. Csakiand S. C. Park, JHEBR3(2006) 099 [arXiv:hep-ph/0510366]; G. Panico,
M. Serone and A. Wulzer, Nucl. Phys. B9 (2006) 186 [arXiv:hep-ph/0510373].

[2] N. Arkani-Hamed, A. G. Cohen, E. Katz and A. E. Nelson, B{R07(2002) 034
[arXiv:hep-ph/0206021]; N. Arkani-Hamed, A. G. Cohen, E&tK A. E. Nelson, T. Gregoire and
J. G. Wacker, JHEB208(2002) 021 [arXiv:hep-ph/0206020]; N. Arkani-Hamed, A.@Ghen,
T. Gregoire and J. G. Wacker, JHBR08(2002) 020 [arXiv:hep-ph/0202089]; N. Arkani-Hamed,
A. G. Cohen and H. Georgi, Phys. LettA83(2001) 232 [arXiv:hep-ph/0105239].

[3] See, S.D. Rindani, in this volume, for details.
[4] S. Reucroftand Y. N. Srivastava, Eur. Phys. A1&82006) 781 [arXiv:hep-ph/0509151].
[5] S. Reucroft, Y. N. Srivastava, J. Swain and A. Widom, atkep-ph/0511233.

[6] S. Reucroft, Y. Srivastava, J. Swain and A. Widom, J. Piganf. Ser60(2007) 187
[arXiv:hep-ph/0611066].

[7] M. Arai, N. Okada, K. Smolek and V. Simak, Phys. Rev7§2007) 095008
[arXiv:hep-ph/0701155]; also, Phys. Rev.7D (2004) 115015 [arXiv:hep-ph/0409273].

[8] V. M. Abazovet al.[DO Collaboration], Phys. Rev. Let®8 (2007) 181802 [arXiv:hep-ex/0612052].
[9] Z. Sullivan, Phys. Rev. 0’0 (2004) 114012.

[10] N. Kidonakis, Phys. Rev. D4 (2006) 114012. Fom, = 175 GeV,
o(pp—th+X, tgb+X) =3.21+0.21 pb.

[11] E.E. Booset al, Phys. Atom. Nucl69 (2006) 1317.
[12] M.L. Manganoet al,, J. High Energy Phy€307(2003) 001. We usedLPGEN version 2.05.

[13] S. Hocheet al, in Proceedings of the Workshop on the Implications of HERA K [Physicsgedited
by A. De Roerck and H. Jung (CERN, Geneva, 2005), p. 288.

[14] L. Breimanet al, Classification and Regression Trg@¥adsworth, Stamford, 1984); D. Bowser-Chao
and D.L. Dzialo, Phys. Rev. B7 (1993) 1900;
Y. Freund and R.E. Schapire, Rroc. X111 Inter. Conf. on Machine Learningd. L. Saitta (Morgan
Kaufmann, San Fransisco, 1996), p. 148; B.P. Bioa., Nucl. Instrum. Methods A43(2005) 577,
H.-J. Yang, B.P. Roe, and J. Zhu, Nucl. Instrum. Methods5A (2005) 370.



