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New Resonances:
Theory and Experiment

e \What are Resonances”?

e “s-channel” Resonances

e Pair-Produced Resonances

 Upcoming Talks



What are
Resonances”?



Resonances: in QM

Analytic Continuation

mcident beam

A 4

scattered beam

(fixed angle or partial wave)

Physical States:
Imp>0

e'pr normalizable

Bound States

Poles of Scattering Amplitude in
Complex Momentum Plane

Re p

Unphysical States:
Imp<O

e'pr not normalizable

v

Resonances



Resonances In E Plane

Im E

Poles of Scattering Amplitude in
Physical Sheet Complex Energy Riemann Surface
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A Cautionary Tale: rim Scattering
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B. Ananthanarayan, et. al., hep-ph/0005297



|=0 nimr Scattering
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‘s-channel”
Resonances



s-channel Resonance
Production

a

Characteristics vs. Observables
® |.|: event characteristics
e Couplings: BR: 0 * BR
) e Mass and width: do/dmap
® Spin: do/dcosBap

Resonance

Ll =u,0,9,Y,W.Z ® 3,b: In each decay channel
| e flavor tagging
a,b — J,t,b,g,V,W,Z,h ® Jet substructure

NB: If a,b can be light quarks,
t-channel process may be relevant



Observation

If you can see it,

Events / (0.1 TeV) can you tell what it is”
14000 - M+T/2
12000f D
1000(): Total What about
i Observed interference?
8000_— Background N See talk by
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New Gauge Bosons
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GUTS, DEWSB, Extra-d,...

Color Octet Vector Resonances

Gauge bosons from extended color groups:
Classic Axigluon: pH. Frampton and S.L. Glashow, Phys. Lett. B 190, 157 (1987).

Topgluon: C.T. Hill, Phys. Lett. B 266, 419 (1991).
Flavor-universal Coloron:ss. Chivukula, A.G. Cohen, & E.H. Simmons, Phys. Lett. B 380, 92 (1996).
Chiral Color with JL # gR: M.V. Martynov and A.D. Smirmov, Mod. Phys. Lett. A 24, 1897 (2009).

NeW AX|g|U0n: P.H. Frampton, J. Shu, and K. Wang, Phys. Lett. B 683, 294 (2010).

Similar color-octet states:

KK gluon: H. Davoudiasl, J.L. Hewett, and T.G. Rizzo, Phys. Rev. D63, 075004 (2001)
B. Lillie, L. Randall, and L.-T. Wang, JHEP 0709, 074 (2007).

Techni-rho: e. rarhiand L. Susskind, Physics Reports 74, 277 (1981).

More exotic colored states:

Color sextets, colored scalars, low-scale scale string resonances...
T. Han, I. Lewis, Z. Liu, JHEP 1012, 085 (2010).
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Third Generation Dilepton Resonances
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Dijet Resonances
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Pair Production of

Resonances

| ] Characteristics vs. Observables

' 5 e i j: event characteristics
\ % : e Couplings: BR: 0 * BRs

N al ¢ Mass: Map VS. Map
/ R . ® Spin: do/dcosBap ab
® a2.b: In each decay channel
L,k =u,d,g,y,W,Z e flavor tagging

® et substructure
a,b =|,t,b,g,v,W,Z,h

Note combinatorial issues!



Anclent History

Nuclear Physics B363 (1991) 83-96
North-Holland

MULTI-JET PHYSICS AT HADRON COLLIDERS

R. Sekhar CHIVUKULA®, Mitchell GOLDEN® and Elizabeth H. SIMMONS®

“Physics Department, Boston University, Boston, MA 02215, USA
bLyman Laboratory of Physics, Harvard University, Cambridge, MA 02138, USA

Received 18 March 1991
(Revised 30 April 1991)

We discuss four-jet and six-jet events at the SSC, LHC and Tevatron. First, the QCD
backgrounds to non-standard physics are presented. Then we investigate multi-jet signals for
hadronically-decaying color-octet pseudoscalars and color-sextet or octet fermions. Finally, the
discovery potential of each collider is estimated.



Modern Implementation:
Four-Jets
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