Fermilab

JC
M

FERMILAB-CONF-07-531-E

CDF Searches for New Physics with Photons
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Abstract. We present results of searches for new physics in final states with photons at CDF in
approximately 1fb~! of pp collisions at 1.96 TeV. We give an overview of the data-driven photon
background estimation techniques used for the analyses. We report on a search for diphoton peaks
and signature-based searches for vy + X, ¢y + X (X = e, u, Er, 7) and tty.

PACS. 13.85.Rm Limits on production of particles — 12.60.Jv Supersymmetric models — 13.85.Qk
Inclusive production with identified leptons, photons, or other nonhadronic particles — 14.80.Ly
Supersymmetric partners of known particles — 14.80.-j Other particles (including hypothetical)

1 Introduction

A crucial test of the standard model (SM) of particle
physics [1] is to measure and understand the properties
of the highest momentum-transfer particle collisions,
and therefore to study interactions at the shortest dis-
tances. The major predictions of the SM for these col-
lisions are the rates for the events of a given type, and
their associated kinematic distributions.

Since the predicted high energy behavior of the SM
becomes unphysical at an interaction energy on the
order of several TeV, new physical phenomena are re-
quired. These unknown phenomena may involve new
elementary particles, new fundamental forces, and/or
a modification of space-time geometry. An anomalous
production rate of a combination of the known funda-
mental particles is likely to be a manifestation of the
new phenomena.

The unknown nature of possible new phenomena
(Table 1) in the energy range accessible at the Teva-
tron is the motivation for a “signature-based” search
strategy that does not focus on specific models of new
physics, but casts a wide net for new phenomena.

In the Tevatron Run I, the rare eeyyKr candi-
date event and the measured event rate for the sig-
nature ¢ + v + o, which was 2.7 sigma above the
SM predictions, sparked signature-based searches in
the vy + X [2] and ¢ 4+ X [3] channels. Now in Run
IT we have performed these searches with an order-of-
magnitude larger data set, a higher pp collision energy,
and the CDF II detector [4]. In these proceedings we
report on a search for diphoton peaks and signature-
based searches for vy + X, (v + X (X =€, u, Br, )
and tty.

2 Techniques

High pr photons are copiously produced by decays of
hadrons in jets resulting from a scattered quark or
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Table 1. Some of the models beyond the SM which predict
signatures presented in the talk.

gluon. In particular, mesons such as the 7% or n de-
cay to photons, which may satisfy the photon selec-
tion criteria (see Sec. 2.1). Another important source
of non-prompt (“fake”) photons is an electron that un-
dergoes hard bremsstrahlung or whose track is lost due
to tracking inefficiency and is misidentified as a photon
(see Sec. 2.2).

2.1 Isolation

The backgrounds due to events with jets misidentified
as photons or leptons can be estimated by studying
the total E1 or pr of towers or tracks in a cone in
1 — ¢ space of radius R=0.4 around the photon cluster
or lepton track (see Fig. 2.1). For instance, we esti-
mate the jet-faking-photon background (“j — +”) for
U0~ and ¢y Fr searches [5] by measuring energy in the
calorimeter nearby the photon candidate.

Figure 2.2 (a) shows the distribution in the to-
tal (electromagnetic plus hadronic) calorimeter energy,
ELs2 in a cone of radius R = 0.4 in 7-¢ space around
the photon candidate for the ey i sample. This distri-
bution is fit to the shape measured for electrons from
79 — ete™ decays plus a linear background.
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(a) Tracking isolation

(b) Calorimeter isolation
Fig. 2.1. Tracking isolation is the ) pr of extra tracks
around seed track in an 77 — ¢ cone. Calorimeter isolation
is the Y Et of extra towers around the seed towers in an
n — ¢ cone. Isolation differs for prompt photons and for
"fake’ ones.

To verify the linear behavior of the background
we select a sample of “fake photons” by requiring the
photon candidate to fail the cluster profile criteria. In
addition we do not apply the calorimeter and track
isolation requirements. The distribution of the total
calorimeter energy, EX°, in a cone of radius R = 0.4 in
n-@ space around the fake photon candidate is shown
in Fig. 2.2 (b).

2.2 Phoenix Tracking

If an electron undergoes hard photon bremsstrahlung
or no electron track is reconstructed due to the track-
ing inefficiency, we still can look for track segments
in the silicon tracker. To find a segment we seed a
“Phoenix” track from an electromagnetic calorimeter
cluster and an event vertex and search for hits along
the expected arc.

The probability that an electron undergoes hard
photon bremsstrahlung and is misidentified as a pho-
ton (“e — 7"), Py, is measured from the control sub-
sample of back-to-back ey events consistent with orig-
inating from ZY — e*e” production (Fig. 2.3). The

T T T T T T

00F CDFRUN II E

T T T T

CDF RUN Il 1

N
o
T

N
=}

80 « eyE, DATA, 929 pb™* ] * DATA, 929 pb*

Events/2 GeV.
2
T
L
Events/2 GeV
=
P

o
T

20F —— J

L L L L L L L L L

2 4 6 8 10 2 4 6 8 10
Calorimeter Isolation, GeV Calorimeter Isolation, GeV
(a) Background esti-
mate for ey Fp.
Fig. 2.2. The method and data used to estimate the num-
ber of background events from jets misidentified as photons
for the ey} sample (a). The number of events is plotted
versus the total (electromagnetic plus hadronic) calorime-
ter energy, F1°, in a cone in 7-¢ space around the photon.
This distribution is fit to the shape measured for electrons
from Z° — e*e™ decays plus a linear background, obtained

from a fake photon (“7%” sample) (b).
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Fig. 2.3. The method and data used to estimate the prob-
ability that an electron undergoes hard photon bremsstrah-
lung and is misidentified as a photon, P7.

Er dependence of P._., is obtained from 70 = ete~
simulated sample, and then normalized to data.

3 Searches
3.1 Search for Diphoton Peaks

One of the signatures for new, heavy particles is a nar-
row mass resonance decaying to 7. This signature
could arise from extra spatial dimensions, as in the
Randall-Sundrum (RS) model [6]. The spin-2 nature
of the graviton, decaying by either s- or p-wave states,
favors searching in the v+ channel, where the branch-
ing ratio is twice that of any single dilepton channel.

In the RS model the widths and masses of the reso-
nances are dependent on the parameter k/ M py, where
M py is the effective four-dimensional (reduced) Planck
scale and k is a curvature parameter.

There are two significant components to the dipho-
ton data sample: SM ~~ production and hadronic jets
faking photons. The diphoton mass distribution of the
jet background is derived from a sample of photon-
like jets obtained by loosening the photon selection
criteria, removing events which pass all the signal se-
lection requirements. Figure 3.4 shows the observed
mass spectra compared to the predictions.

The values of k must be large enough to be consis-
tent with the apparent weakness of gravity, but small
enough to prevent the theory from becoming non-per-
turbative. Therefore, we examine 0.01 < k/M p; < 0.1.

To parametrize the background for setting limits,
we fit the mass spectra to the combination of a poly-
nomial multiplied by the sum of two exponentials and
the expected SM diphoton shape. The 95% confidence-

level (C.L.) excluded region in the k/M p; versus graviton-

mass plane is shown in Fig. 3.5.

To conclude, we find no evidence of new physics
in the diphoton distribution. We evaluate 95% C.L.
limits in one model of hypothetical new diphoton pro-
duction and exclude RS gravitons below masses rang-
ing from 230 GeV/c? to 850 GeV/c?, for a coupling
parameter k/M p; of 0.01 to 0.1. This results in a sig-
nificant improvement, at high mass, over the previous
best available limit. Details on this analysis are avail-
able in Ref. [7].
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Fig. 3.4. The mass distribution in the CC (a) and CP (b)
signal regions with the background overlaid. The points are
the data. The dotted line shows the jets which fake photons
as predicted from the photon-like jet sample, and the solid
line shows this background plus the SM ~~.

3.2 Search for vy + X

For the v+ 4+ X search we require two photons in the
central region with E. > 13 GeV in an event. We then
perform inclusive searches for additional objects, such
as Frp, another v, e or p.

The distribution of the Er in v+ events is shown
in Fig. 3.6. At low KErp the background is dominated
by vv, jv and jj (j — <) events with mismeasured
Fr. Intermediate and large Fp regions are populated
by W~ — evy (e — ) and electromagnetic showers
due to cosmic-ray and beam halo muons. The overall
agreement between data and the prediction is good.
For Fp > 50 GeV we find 4 vy 1 events compared to
an expectation of 1.6 &+ 0.3 events.

For the vy~ search we require an additional central
photon with EJ. > 13 GeV. SM triphoton production
is estimated to be 0.80+0.15 events. Fake-photon back-
ground is estimated to be 1.4 4+ 0.6 events. We find 4
vy events compared to an expectation of 2.2 + 0.6.
The distribution for Hr, the sum of the transverse en-
ergies of the photons, jets and K, is shown in Fig. 3.7.
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Fig. 3.5. The 95% C.L. excluded region in the plane of
k/M p; versus graviton mass.
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Fig. 3.6. The distribution for the E, in v+ events.

There is good agreement with the expected SM pre-
diction.

3.3 Search for /v + X

To test whether either the ¢dyyEr or ¢yE+ Run I
results included new physics effects, we have repeated
the £y+ X search in 929 pb~—! of Run II data. Using the
same selection criteria makes this search an a priori
test, as opposed to the Run I measurement.

We find 163 ¢y Er + X events, compared to an ex-
pectation of 150.6 + 13.0 events. The predicted and
observed kinematic distributions for the ¢y K+ X sig-
nature are compared in Fig. 3.8. We observe no ¢y or
euy events, compared to the expectation of 0.62+0.15
and 1.0 £ 0.3 events, respectively.

We observe 74 (/v + X events, compared to an
expectation of 65.1 £ 7.7 events. The predicted and
observed kinematic distributions for the Fp in £0y+ X
events are shown in Fig. 3.9. We find 3 £¢~ events with
Er > 25 GeV, compared to an expectation of 0.6+0.1
events (mostly SM £/~), corresponding to a likelihood
of 2.4%.

We observe no #{v events with multiple photons
and so find no events like the eeyy 1 event of Run L.

The eeyy 1 event thus remains a single event se-
lected a posteriori as interesting, but whether it was
from SM WW~~ production, a rare background, or a
new physics process, we cannot determine. Details on
this analysis are available in Ref. [5].
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Fig. 3.7. Hr distribution in v~ candidate events, where
Hr is the sum of the transverse energies of the photons,
jets and Fo.
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Fig. 3.8. The distributions for events in the ¢y sample
(points) in a) the Et of the photon; b) the Et of the lep-
ton (e or u); ¢) the missing transverse energy, Fr; and d)
the transverse mass of the ¢y system. The histograms
show the expected SM contributions, including estimated
backgrounds from misidentified photons and leptons.

3.4 Search for tiy

We have searched for the anomalous production of
£y Frb events, such as might be produced in the anoma-
lous production of top quarks, using 929 pb—* of data.
SM sources of such events include top quark pairs with
an additional photon, ttvy, as well as W~ production
with b or ¢ quark jets, both of which can result in the
signature of a high-pt lepton, photon, b-tagged jet, and
E+. When one in addition requires large Hr, and > 3
jets, radiative top events dominate the SM prediction.
The search is an extension of a investigation of the
0y + X signature (Sec. 3.3).

We find 10 {yFrpb+ Hy (Ht > 200 GeV) events (6
for the e channel and 4 for the p channel) versus an
expectation of 7.2+ 1.0 events (4.9+0.8 and 2.3+ 0.6
for the e and p channels, respectively). Figure 3.10
shows the distribution for the total number of jets in
{y Kb events with Hp > 200 GeV.

For the search for tty events we require Hp >
200 GeV along with Nje.s > 3. We find 7 such events
(4 for the e channel and 3 for the p channel) versus an
expectation of 3.6 + 0.8 events (2.3 +0.6 and 1.3 +£0.5
for the e and u channels, respectively).
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Fig. 3.9. The E. distributions observed in the inclusive
search for a) uuy events and b) eey events. The histograms
show the expected SM contributions.
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Fig. 3.10. The distribution for the total number of jets in
Ly Erb events with Hr > 200 GeV, where Hr is the total
transverse energy, the sum of the transverse energies of the
lepton, photon, jets and Er. For the search for ¢ty events
in addition to Hr > 200 GeV we also require Njets > 3.
The histogram shows the expected SM contributions.

We find that the numbers of events agree with SM
predictions. With enough statistics, in the context of
the SM a measurement of the radiative decay of the
top quark directly measures the charge of the quark [8].
More generally, events with a top pair with an addi-
tional radiated boson, v, W /Z, or Higgs, both measure
the SM couplings and provide windows with small SM
cross-sections into which to look for physics processes
coupling to the top quark outside the SM [9].

4 Conclusion

The techniques developed and experience gained will
be useful for the Tevatron and for the LHC. We find
that the number of events in the photon searches agree
with the SM predictions. We find no events like the
eeyy¥r event of Run I. There are signatures with
small number of events expected in datasets analyzed,
such as lly+Fr, vy and tty. We look forward to more
data in Run IT to update and improve the sensitivity
of searches for new physics in photon final states.
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