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ABSTRACT
We emphasize the effectiveness of gluon fusion into longitu- R
dinal vector boson pairs in probing the strongly interacting sym- 0 | ¢
metry breaking sector. The signal fgy — V.V, in one-family
TC is bigger than the background by an order of magnitude,and ™[ ot

large enough for an easy observation at LHC. The possibility for
a large spin two resonance in this channel is pointed out.
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The processy — 77 in QCD is interesting because it has l C e
been studied experimentally and at low energies compared to O — °06 : o‘: - - - -
the chiral symmetry breaking scale the amplitude for the pro- ’ ' ' o F

cess can be calculated in chiral perturbation theory. Fig.1 is the

integrated cross section from the Crystal Ball [1]. First, we Se%%ure 1: The integrated cross section (mbs 6| < .8) vs. 7

huge resonance about the invariant mgss~ 1.2GeV Wh.ICh invariant massv (GeV) . The resonance arouifl~ 1.2 GeV
is due tof>(1280), and a plateau below/s ~ .7GeV to just is due tof (1280)
2 .

above the pion threshold. One of the reason for the strong vis-
ibility of the spin two resonance is that the unpolarized initial

photons are mostly in helicity two state ( 75 % ). This plateau, g2 i Guwtlt - o — Gond
rather than a rapid decrease, in cross section along with the Eégg(Q1,QQ) = F_Sz (16_2> §ob8 ( pril . 2 . 2u 1") - Als),
T ™ 1492

onance is indicative of the strong underlying dynamics.
Generally the low energy QCD processes involving Golavhere
stone bosons from the QCD chiral symmetry breaking can be

3 .
described in chiral perturbation theory [2]. In the case of A(s) = Zmi (1+2I(ma,s))
vy — w979, the plateau region was shown to be reasonably 3 1. 9 .
well described by the one-loop chiral perturbation amplitude +§ (s + gmja - §m€/> (1421 (maa,s))
[3, 4]. . 5

+§ (S + §(m;2u - m%)) (14 2I(my,9)) ,

. GG — ViV
with s = (¢1 + ¢2) and
The reason for the above short introductionfar — 7%7° . ,
is that an equivalent procegg — ViV, can be considered in / m P
. L X = ————0(1 —z — y)dzd
Technicolor models. The longitudinal vector bosons in strong{)sm’s) 0 xYys —m?+ie (1= —y)dady
interacting symmetry breaking sector are the Goldstone bosons ) ) \/m 2
from the chiral symmetry breaking in technicolor sector, and s (1 (%) — i7r> for s > 4m?,
1—4/1—4m=

play the role ofr®'s in theyy — #«97° , and the gluons to TC =

2
are the photons to QCD. An advantage of this process is that the _rg_z (W — Qarctan 4/ 422 _ 1) for s < 4m?2.
final state is already known, and the gluon luminosity becomes * *

dominant as the accelerqtor energy increases. Of co.urse,.m{/s is the vector boson mass amd,, mea, andm,,; is the
process can be only considered in models where technifermigisss for the color octet, color octet and isospin triplet, and color

carry QCD colors. triplet and isospin triplet pseudo Goldstone bosons respectively.

From the experience of the photon fusion process, we mMgY well known in the photon fusion process, the one-loop chiral
reasonably assume that the gluon fusion process at low energigg|itude is finite.

compared to the chiral symmetry breaking scale in TC sector

can be described in chiral perturbation theory. The one-loop . SIGNAL

amplitude for this process in chiral perturbation was calculated

in [5, 6] in one-family TC. The amplitude fa¥, (¢1)G (g2) — The cross section from the one-loop chiral amplitude is plot-
Vi Vi, is given by [5], ted in Fig.2 for several values of the pseudo Goldstone bo-
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son masses. The dominant background are the quark fusion

qq — V'V and the gluon fusion into vector bosons via fermionic 10°

one-loop diagram. At LHC energies:(14 TeV) the latter is

about one third of the former, and so the quark fusion is the

main background at LHC. 107
We see that the signal at energies below the pseudo Goldstone

boson thresholds is negligible compared to the background, but

- r\ N _
above the threshold larger than the background by a factor of 102 A ) \\\g
O(7 — 40) depending on the energy. As expected, the sig- - Pl TN
nal to background ratio becomes larger as the invariant mass s | 1

10

increases. This is mainly because the self-interactions of the

pseudo Goldstone bosons in the chiral lagrangian are propor-

tional to the invariant mass. Since the signal is so strong, it will

increase the overall vector boson pair production rate above the 10

pseudo Goldstone boson threshold, and this obviates the need

to measure the helicities of the final state vector bosons. 105 | | |
The signal is also large enough for an easy observation at

LHC with c.m. energy/s = 14TeV and the integrated lu- 200 400 600 800 1000

minosity 100fb~! per year. As an example, let us consider

the Z-pair production via gluon fusion with the pseudo Goldrigure 2: The cross sections fdi,-pair production via gluon

stone mass o800 GeV. The integrated cross section with théusion in proton collisions ak. ,,,. = 14Te¢V. The solid lines

invariant mass above the pseudo Goldstone boson thresholdresfor thegg backgrounds, and dotted, dot-dashed, and dashed

o(v/5 > 600 GeV) = 3.4 pb. The most clean signal for thig;,-  lines are for the pseudo Goldstone boson masg56fGeV,

pair production would be four leptons of electrons and muofi80 GeV, and 350 GeV' respectively. The thick dot-dashed

without jets. With the branching ratio o15%, the event rate lines are for the chiral limit.

would bel530 per year. Instead if the signal is two leptons of

electrons or muons with missing mass, then the event rate would

be9180 a year. Clearly this signal should be observable at LH5] T. Lee, FERMILAB-CONF-96/019-T, hep-ph/9601304.

without difficulty. [6] J.Bagger, S. Dawson, and G. Valencia, Phys. Rev. Lett. 67 (1991)
Finally we would like to add a comment on possible spintwo 2256,

resonance in this channel. Assuming that— 77 is indica-

tive of generic characteristics of strongly interacting dynamical

symmetry breaking sector, we may expect a lafg@ 280) -

like resonance around the chiral symmetry breaking sEale

2-3TeV . If indeed there is such a resonance it should be ob-

servable at LHC, and so should be explored at LHC.
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V. CONCLUSION

In conclusion, we have shown that the gluon fusion into longi-
tudinal vector boson pairs can be an effective probe of TC-type
dynamical symmetry breaking sector at LHC. Though the cal-
culation was done in one-family TC model, we think our con-
clusion is general, and that the model dependence is not strong
enough to eradicate the order of magnitude difference in the
signal and the background. We also pointed out an interesting
possibility for a large spin two resonance in this channel around
2-3 TeV.
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