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• Realistic simulations:
– Can one use large ED generators?

• Monojets and monophotons:
– Instrumental backgrounds
– Good understanding of MET tails

• Virtual exchanges:
– Clean signature
– If a signal found, how to distinguish from generic 

compositeness operator?

– Generally different energy dependence
Unexpected Workshop @ UC Davis Uncovering Unparticles

Experimental Issues
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Alternatives Contributed Talk
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Fig. 4. The differential cross section dσ
d| cos θγ | (e

−e+ → γγ)

versus | cos θγ | at
√

s = 0.5 TeV with a spin-2 unparticle
exchange plus SM contributions. λ2 is set at 5 for visibility
and ΛU = 1 TeV.
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Fig. 5. Cross sections for mono-photon plus unparticle
production at the e−e+ collider with

√
s = 207 GeV for

dU = 1.4, 1,6, 1.8 and 2. The horizontal line of 0.2 pb is
the 95% C.L. upper limit.

of the cross section at | cos θγ | close to 1. When dU is
less than 1.2 the majority comes from the central re-
gion and a dip is formed around | cos θγ | ≈ 0.9. It is
because of the spin-2 structure of the operator.

3.3 Present constraints

The best limit on single-photon production came from
L3 [8], which obtained an 95% C.L. upper limit on
σ(e−e+ → γ + X) # 0.2 pb under the cuts: Eγ > 5
GeV and | cos θγ | < 0.97 at

√
s = 207 GeV. We calcu-

late mono-photon plus unparticle production with the
same cuts in e−e+ collisions with

√
s = 207 GeV ver-

sus the unparticle scale ΛU (with a fixed λ1 = 1) for
dU = 1.4, 1.6, 1.8 and 2 in Fig. 5. We have also drawn
the horizontal line showing the 95% C.L. upper limit
(0.2 pb). Since the production cross section scales as
λ2

1/Λ2dU−2
U , the limits increases very rapidly when dU

decreases from 2 to 1.4 with λ1 fixed.
Since spin-1 unparticle exchanges will lead to 4-

fermion contact interactions, we can use the existing
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Fig. 6. Rescaled limits from existing 4-fermion contact
interactions. LL means only left-left chirality is considered
while V V means LL + RR + LR + RL and AA means
LL + RR − LR − RL. We have chosen P 2

U ≈ (0.2 TeV)2.

limits on 4-fermion contact interactions [9,10] to con-
strain the unparticle scale ΛU . We can compare Eq. (11)
with the conventional 4-fermion contact interactions

L4f =
4π

Λ2

∑

α,β=L,R

ηαβ(ēγµPαe) (f̄γµPβf) , (18)

which results in the following equality:

λ2
1 ZdU

1

Λ2
U

(

−
P 2
U

Λ2
U

)dU−2

=
4π

(Λ95)2
, (19)

where Λ95s are the 95% C.L. limits on the eeqq con-
tact interaction scales obtained by combining global
data [9]. The best limit is on the LL chirality be-
cause the parity-violating experiments, especially the
atomic-parity violation, are very stringent: Λ95

LL(eeuu)
# 23 TeV while Λ95

LL(eedd) # 26 TeV. The results are
shown in Fig. 6.

Phenomenology of unparticle is very rich. While
the underlying theory of unparticle is still needed to be
unraveled by theorists, experimentalists could detect
such a hidden scale invariant sector when the LHC
turns on in 2008.

The work was supported in part by the NSC of
Taiwan and U.S. DOE.
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Unissues
• Well-defined operators, easy to calculate:

• Detection:
– Many studies can be boot-strapped from generic 

searches for extra dimensions
• Triggering: high-pT objects or large MET
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The interference term in the spin-2 unparticle case gives large negative contribution

only in the region where dU is less than 1.3 (see Fig. 1).
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Figure 3: Invariant mass distribution plotted for different values of dU for spin-0 (left)
and spin-2 (right) with ΛU = 1 TeV and λs, λt = 0.9, with an angular cut on the
photons | cos θγ | < 0.8.

We have also studied the effect of λt and λs on the distribution. They are shown

in Fig. 4 for dU = 1.01. From Fig. 3 and Fig. 4, we see that in the region where dU is

below 1.1 and λs above 0.6 the scalar unparticle contribution is substantial even at low

energies. This is in conflict with the Tevatron run II data [17]. However, the choice

dU > 1.2 with λs > 0.6 allows ΛU = 1 TeV to see the unparticle effect.

The invariant mass distribution for higher value of scale ΛU = 2 TeV is plotted in

Fig. 5 for various choices of λκ and dU . Due to the factor Λ−dU
U in Eqs.(8,9) the cross

sections are suppressed as we increase ΛU . In the rest of the paper, we choose λs = 0.6,

λt = 0.9, dU = 1.01 for ΛU = 1 TeV to study other distributions.
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[Rizzo, arXiv:0706.3025]

[Kumar/Matthews/Ravindran/Tripathi, arXiv:0709.2478]
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Interesting signatures
• Photon/lepton mutiplicity vs. jet multiplicity in 

generic high-pT events
– QCD: N(kγ)/N(kj) ~ 103k

– Unparticles: N(kγ)/N(kj) ~ 10αk, α ≪ 1

• “Funny” jets
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