MIT
Libraries | D>pace@MIT

MIT Open Access Articles

Search for Supersymmetry with Like-
Sign Lepton-Tau Events at CDF

The MIT Faculty has made this article openly available. Please share
how this access benefits you. Your story matters.

Citation: Aaltonen, T., S. Amerio, D. Amidei, A. Anastassov, A. Annovi, J. Antos, G. Apollinari,
et al. "Search for Supersymmetry with Like-Sign Lepton-Tau Events at CDF.” Physical Review
Letters 110, no. 20 (May 2013). © 2013 American Physical Society

As Published: http://dx.doi.org/10.1103/PhysRevLett.110.201802
Publisher: American Physical Society
Persistent URL: http://hdl.handle.net/1721.1/79655

Version: Final published version: final published article, as it appeared in a journal, conference
proceedings, or other formally published context

Terms of Use: Article is made available in accordance with the publisher’s policy and may be
subject to US copyright law. Please refer to the publisher’s site for terms of use.

I I I .
I I Massachusetts Institute of Technology


https://libraries.mit.edu/forms/dspace-oa-articles.html
http://hdl.handle.net/1721.1/79655

week endin,

PRL 110, 201802 (2013) PHYSICAL REVIEW LETTERS 17 MAY 2013

Search for Supersymmetry with Like-Sign Lepton-Tau Events at CDF

T. Aaltonen,?' S. Amerio,**® D. Amidei,*?> A. Anastassov,'>* A. Annovi,'” J. Antos,'? G. Apollinari,15 J.A. Appel,15
T. Arisawa,53 A. Artikov,13 J. Asaadi,48 W. Ashmanskas,15 B. Auerbach,2 A. Aurisano,48 F. Azfar,39 W. Badgett,15
T. Bae,>> A. Barbaro-Galtieri,”® V. E. Barnes,** B. A. Barnett,>> P. Barria,*****° P. Bartos,'?> M. Bauce,***4%

F. Bedeschi,*** S. Behari,'> G. Bellettini,*****" J. Bellinger,” D. Benjamin,'* A. Beretvas,'®> A. Bhatti,*® K.R. Bland,’
B. Blumenfeld,?® A. Bocci,'* A. Bodek,* D. Bortoletto,** J. Boudreau,** A. Boveia,'' L. Brigliadori,6""6'3 C. Bromberg,33
E. Brucken,”' J. Budagov,"® H.S. Budd,* K. Burkett,'” G. Busetto,****** P. Bussey,'® P. Butti,****** A. Buzatu,"
A. Calamba,'® S. Camarda,* M. Campanelli,28 F. Canelli,'*!>¢ B. Carls,?? D. Carlsmith,>> R. Carosi,*** S. Carrillo,'®™
B. Casal,”* M. Casarsa,*** A. Castro,*®®® P. Catastini,’ D. Cauz,*** V. Cavaliere,”> M. Cavalli-Sforza,* A. Cerri,>®"
L. Cerrito,”®* Y. C. Chen,! M. Chertok,” G. Chiarelli,*** G. Chlachidze,"> K. Cho,*> D. Chokheli,'* M. A. Ciocci,*****
A. Clark,'® C. Clarke,”* M. E. Convery,15 1. Conway,7 M. Corbo,'> M. Cordelli,'” C. A. Cox,” D.J. Cox,” M. Cremonesi,**
D. Cruz,*® J. Cuevas,”” R. Culbertson,'> N. d’ Ascenzo, > M. Datta,'>#¢ P. De Barbaro,* L. Demortier,*® M. Deninno,®®
M. d’Errico,***%® E Devoto,?! A. Di Canto,****?®* B. Di Ruzza,'>9 J. R. Dittmann,” M. D’Onofrio,?’ S. Donati,****?®
M. D01rigo,49a’49b A. Driutti,*® K. Ebina,> R. Edgar,32 A. Elagin,48 R. Erbacher,’ S. Errede,?* B. Esham,?? R. Eusebi,*®
S. Farrington,39 J.P. Ferndndez Ramos,?’ R. Field,'® G. Flanagan,lS’u R. Forrest,” M. Franklin,?’ J. C. Freeman,"”

H. Frisch,'"' Y. Funakoshi,”® A.F. Garfinkel,** P. Garosi,****** H. Gerberich,?? E. Gerchtein,'® S. Giagu,*’*

V. Giakoumopoulou,3 K. Gibson,** C. M. Ginsburg,15 N. Giokaris,” P. Giromini,'” G. Giurgiu,23 V. Glagolev,13
D. Glenzinski,'> M. Gold,*® D. Goldin,*® A. Golossanov,'> G. Gomez,” G. Gomez-Ceballos,*® M. Goncharov,*®
O. Gonzalez L(')pez,29 L. Gorelov,> A.T. Goshaw,'* K. Goulianos,*® E. Gramellini,®* S. Grinstein,* C. Grosso-Pilcher,
R.C. Group,sz’15 J. Guimaraes da Costa,”® S.R. Hahn,'® J. Y. Han,*> F. Halppzalcher,17 K. Hara,”® M. Hare,”! R. F. Harr,>*
T. Harrington-Taber,lS’" K. Hatakeyama,5 C. Hays,39 J. Heinrich,*! M. Herndon,”> A. Hocker,!® Z. Hong,48
W. Hopkins,ls’g S. Hou,! R.E. Hughes,36 U. Husemann,>® M. Hussein,>>° J. Huston,> G. Introzzi,****?*¢ M. Iori,*"#47°
A. Ivanov,”? E. James,'> D. Jang,10 B. Jayatilaka,15 E.J. Jeon,? S. Jindariani,"> M. Jones,** K. K. J0o,?> S.Y. Jun,'®
T.R. Junk,15 M. Kambeitz,24 T. Kamon,zs’48 P.E. Karchin,54 A. Kasmi,5 Y. Kato,38’° W. Ketchum,”’hh J. Keung,41
B. Kilminster,">*® D. H. Kim,* H. S. Kim,* J.E. Kim,”> M. J. Kim,"” S. B. Kim,*® S. H. Kim,”® Y.J. Kim,*® Y. K. Kim,"!
N. Kimura,53 M. Kirby,15 K. Knoepfel,15 K. Kondo,53’a D.J. Kong,25 J. Konigsberg,16 A. V. Kotwal,14 M. Kreps,24
J. Kroll,41 M. Kruse,14 T. Kuhr,24 M. Kurata,50 A.T. Laasanen,44 S. Lammel,15 M. Lancaster,28 K. Lannon,36’y
G. Latino,****** H.S. Lee, J. S. Lee,” S. Leo,*** S. Leone,** J. D. Lewis,'> A. Limosani,'*' E. Lipeles,*" A. Lister,'®"
H. Liu,5 2 Q. Liu,44 T. Liu, I5g, Lockwitz,5 SA. Loginov,5 °A. Luca, 7D. Lucchesi,“o“"m'3 J. Lueck,24 P. Luj an,26 P. Lukens,15
G. Lungu,*® J. Lys,? R. Lysak,'>® R. Madrak,'> P. Maestro,****** S. Malik,*® G. Manca,”” A. Manousakis-Katsikakis,”
F. Margaroli,47"‘ P. Marino,****?? M. Martinez,* K. Matera,”> M. E. Mattson,>* A. Mazzacane,'> P. Mazzanti,*®
R. McNulty,>”J A. Mehta,>” P. Mehtala,?' C. Mesropian,*® T. Miao,'®> D. Mietlicki,** A. Mitra,' H. Miyake,”® S. Moed, '
N. Moggi,6"1 C.S. Moon,'>* R, Moore, > M. J. Morello,*****¢ A, Mukherjee,15 Th. Muller,* P. Murat,'> M. Mussini,%*¢®
J. Nachtman,15 Y. Nagai,SO J. Naganoma,53 I. Nakano,37 A. Napier,5 'y Nett,48 C. Neu,52 T. Nigmanov,43 L. Nodulman,2
S.Y. Noh,” O. Norniella,* L. Oakes,* S.H. Oh,'* Y.D. Oh,* I. Oksuzian,’* T. Okusawa,*® R. Orava,?! L. Ortolan,*
C. Pagliarone,“gzl E. Palencia,” P. Palni,> V. Papadimitriou,15 W. Parker,”>> G. Pauletta,*****° M. Paulini,'® C. Paus,*®
T.J. Phillips,14 G. Piacentino,**® E. Pianori,*!' J. Pilot,*® K. Pitts,?* C. Plager,8 L. Pondrom,> S. Poprocki,15 8
K. Potamianos,?® A. Pranko,?® F. Prokoshin,'**® E. Ptohos,'”" G. Punzi,****?" N. Ranjan,44 I. Redondo Fernandez,’
P. Renton,*® M. Resc:igno,47a F. Rimondi,®*? L. Ristori,***!> A. Robson,'® T. Rodriguez,41 S. Rolli,>!" M. Ronzani,***4?°
R. Roser,'” J. L. Rosner,'" F. Ruffini,*****° A. Ruiz,” J. Russ,'® V. Rusu,'> W. K. Sakumoto,*’ Y. Sakurai,”” L. Santi,**®4%¢
K. Sato,”° V. Saveliev,!>" A. Savoy—Navarro,lS’aa P. Schlabach, E.E. Schmidt,'> T. Schwarz,*? L. Scodellaro,’

F. Scuri,*** S. Seidel,* Y. Seiya,38 A. Semenov, F. Sforza,****?** S.Z. Shalhout,” T. Shears,”’ P.F. Shepard,43
M. Shimojima,so’V M. Shochet,!' 1. Shreyber—Te(:ker,3 4 A. Simonenko,'® P. Sinervo,’! K. Sliwa,>! J.R. Smith,’
F.D. Snider,"® H. Song,43 V. Sorin,* M. Stancari,’> R. St. Denis,'” B. Stelzer,”' O. Stelzer-Chilton,*! D. Stentz,'>*

1. Strologas,35 Y. Sudo,’® A. Sukhanov,'” 1. Suslov,'® K. Takemasa,>® Y. Takeuchi,® J. Tang,11 M. Tecchio,>* P.K. Teng,1
J. Thom,'># E. Thomson,*' V. Thukral,*® D. Toback,*® S. Tokar,'? K. Tollefson,** T. Tomura,’® D. Tonelli,'>" S. Torre,'”
D. Torretta,'® P. Totaro,*** M. Trovato,*****® E. Ukegawa,”® S. Uozumi,” F. Vizquez,'®™ G. Velev,'” C. Vellidis,"”
C. Vernieri,***** M. Vidal,** R. Vilar,” J. Vizan,”% M. Vogel,>> G. Volpi,!” P. Wagner,*' R. Wallny,® S. M. Wang,'
A. Warburton,*! D. Waters,?® W. C. Wester IIL,'> D. Whiteson,*'"? A. B. Wicklund,? S. Wilbur,'! H. H. Williams,*!

0031-9007/13/110(20)/201802(8) 201802-1 © 2013 American Physical Society



week endin,

PRL 110, 201802 (2013) PHYSICAL REVIEW LETTERS 17 MAY 2013

J.S. Wilson,*? P. Wilson,'®> B. L. Winer,*® P. Wittich,'>¢ S. Wolbers,'> H. Wolfe,*® T. Wright,32 X. Wu,' 7. wu,’
K. Yamamoto,® D. Yamato,*® T. Yang,15 U.K. Yang,“’r Y.C. Yang,25 W.-M. Ya0,%° G.P. Yeh,'> K. Yi,!>" J. Yoh,"
K. Yorita,”® T. Yoshida,*®' G.B. Yu,"* I. Yu,”> A. M. Zanetti,*** Y. Zeng,14
C. Zhou,'* and S. Zucchelli®®®

(CDF Collaboration)"

Unstitute of Physics, Academia Sinica, Taipei, Taiwan 11529, Republic of China
2Argonne National Laboratory, Argonne, Illinois 60439, USA
3University of Athens, 157 71 Athens, Greece
*Institut de Fisica d’Altes Energies, ICREA, Universitat Autonoma de Barcelona, E-08193, Bellaterra (Barcelona), Spain
SBaylor University, Waco, Texas 76798, USA
astituto Nazionale di Fisica Nucleare Bologna, I1-40127 Bologna, Italy
6bUm'versity of Bologna, 1-40127 Bologna, Italy
"University of California, Davis, Davis, California 95616, USA
8University of California, Los Angeles, Los Angeles, California 90024, USA
°Instituto de Fisica de Cantabria, CSIC- University of Cantabria, 39005 Santander, Spain
Carnegie Mellon University, Pittsburgh, Pennsylvania 15213, USA
"Enrico Fermi Institute, University of Chicago, Chicago, Illinois 60637, USA
2Comenius University, 842 48 Bratislava, Slovakia; Institute of Experimental Physics, 040 01 Kosice, Slovakia
3 Joint Institute for Nuclear Research, RU-141980 Dubna, Russia
“Duke University, Durham, North Carolina 27708, USA
SFermi National Accelerator Laboratory, Batavia, Illinois 60510, USA
16University of Florida, Gainesville, Florida 32611, USA
YLaboratori Nazionali di Frascati, Istituto Nazionale di Fisica Nucleare, I-00044 Frascati, Italy
18Um'versity of Geneva, CH-1211 Geneva 4, Switzerland
YGlasgow University, Glasgow G12 8QQ, United Kingdom
Harvard University, Cambridge, Massachusetts 02138, USA
2 Division of High Energy Physics, Department of Physics, University of Helsinki and Helsinki Institute of
Physics, FIN-00014, Helsinki, Finland
22University of Illinois, Urbana, Illinois 61801, USA
The Johns Hopkins University, Baltimore, Maryland 21218, USA
2 Institut fiir Experimentelle Kernphysik, Karlsruhe Institute of Technology, D-76131 Karlsruhe, Germany
ZCenter for High Energy Physics: Kyungpook National University, Daegu 702-701, Korea, Seoul National University, Seoul 151-742,
Korea; Sungkyunkwan University, Suwon 440-746, Korea; Korea Institute of Science and Technology Information, Daejeon 305-806,
Korea; Chonnam National University, Gwangju 500-757, Korea; Chonbuk National University, Jeonju 561-756,
Korea; Ewha Womans University, Seoul, 120-750, Korea
%Ernest Orlando Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
2 University of Liverpool, Liverpool L69 7ZE, United Kingdom
28Um'versity College London, London WCIE 6BT, United Kingdom
P Centro de Investigaciones Energeticas Medioambientales y Tecnologicas, E-28040 Madrid, Spain
OMassachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA
N nstitute of Particle Physics: McGill University, Montréal, Québec H3A 2T8, Canada; Simon Fraser University, Burnaby, British
Columbia V5A 186, Canada; University of Toronto, Toronto, Ontario M5S 1A7, Canada; and TRIUMF,
Vancouver, British Columbia V6T 2A3, Canada
32University of Michigan, Ann Arbor, Michigan 48109, USA
3Michigan State University, East Lansing, Michigan 48824, USA
3 Institution for Theoretical and Experimental Physics, ITEP, Moscow 117259, Russia
35Um'versity of New Mexico, Albuquerque, New Mexico 87131, USA
3The Ohio State University, Columbus, Ohio 43210, USA
¥ Okayama University, Okayama 700-8530, Japan
B0saka City University, Osaka 588, Japan
B University of Oxford, Oxford OX1 3RH, United Kingdom
4Oarsrituto Nazionale di Fisica Nucleare, Sezione di Padova-Trento, 1-35131 Padova, Italy
4ObUm'versity of Padova, 1-35131 Padova, Italy
U University of Pennsylvania, Philadelphia, Pennsylvania 19104, USA
*2astituto Nazionale di Fisica Nucleare Pisa, 1-56127 Pisa, Italy
42bUniversity of Pisa, I-56127 Pisa, Italy
42CUniversity of Siena, 1-53100 Siena, Italy

201802-2



PRL 110, 201802 (2013)

PHYSICAL REVIEW LETTERS

week ending
17 MAY 2013

4245cuola Normale Superiore, 1-56127 Pisa, Italy
Y2 INFN Pavia and University of Pavia, 1-27100 Pavia, Italy
BUniversity of Pittsburgh, Pittsburgh, Pennsylvania 15260, USA
*“Purdue University, West Lafayette, Indiana 47907, USA
SUniversity of Rochester, Rochester, New York 14627, USA
4®The Rockefeller University, New York, New York 10065, USA
47arctituto Nazionale di Fisica Nucleare, Sezione di Roma 1, Italy
475Sapienza Universita di Roma, 1-00185 Roma, Italy
BMitchell Institute for Fundamental Physics and Astronomy, Texas A&M University, College Station, Texas 77843, USA
49arstituto Nazionale di Fisica Nucleare Trieste/Udine, 1-34127 Trieste, Italy
49bUm'versity of Trieste, 1-34127 Trieste, Italy
Y University of Udine, 1-33100 Udine, Italy
50University of Tsukuba, Tsukuba, Ibaraki 305, Japan
STufts University, Medford, Massachusetts 02155, USA
S2University of Virginia, Charlottesville, Virginia 22906, USA
S Waseda University, Tokyo 169, Japan
54Wayne State University, Detroit, Michigan 48201, USA
55University of Wisconsin, Madison, Wisconsin 53706, USA
SOYale University, New Haven, Connecticut 06520, USA
(Received 19 February 2013; published 16 May 2013)

We present a search for chargino-neutralino associated production using like electric charge dilepton
events collected by the CDF I detector at the Fermilab Tevatron in proton-antiproton collisions at /s =
1.96 TeV. One lepton is identified as the hadronic decay of a tau lepton, while the other is an electron or
muon. In data corresponding to 6.0 fb~! of integrated luminosity, we obtain good agreement with standard
model predictions and set limits on the chargino-neutralino production cross section for simplified
gravity- and gauge-mediated models. As an example, assuming that the chargino and neutralino decays
to taus dominate, in the simplified gauge-mediated model we exclude cross sections greater than 300 fb at
95% credibility level for chargino and neutralino masses of 225 GeV/c?. This analysis is the first to
extend the LHC searches for electroweak supersymmetric production of gauginos to high tan8 and
slepton next-to-lightest supersymmetric particle scenarios.

DOI: 10.1103/PhysRevLett.110.201802

Supersymmetry (SUSY) is an appealing extension to the
standard model (SM) of particle physics, as it mitigates the
hierarchy problem, provides a dark matter candidate, and
allows for gauge-coupling unification at high energy [1-8].
Extensive searches for SUSY phenomena have been per-
formed at the LEP [9], Tevatron [10-15], and LHC [16-21]
colliders. To date, no evidence of SUSY has been found.
The LHC analyses provide stringent limits on the SUSY
partners of light quarks and the gluon, the squarks and the
gluino, with mass limits in excess of 1 TeV/c?. Typical
searches assume strong production of squarks and gluinos
with cascade decays to the gauginos (the SUSY partners of
the electroweak gauge and Higgs bosons, the charginos and
neutralinos), followed by hadronic or leptonic decays.
These final-state particles are accompanied by two or
more of the lightest SUSY particle (LSP), that is stable if
R, parity is conserved [22]. In the minimal supersymmet-
ric standard model with gravity mediation, the LSP is often
the lightest neutralino ¥, which provides a cosmological
dark matter candidate. Alternatively, in gauge-mediated
models [23,24], the gravitino plays the role of the LSP,
and the phenomenology depends on the nature of the next-
to-lightest SUSY particles. If these are the SUSY lepton
partners (sleptons), their decays lead to detectable leptons.

PACS numbers: 12.60.Jv, 13.85.Qk, 13.85.Rm, 14.80.Ly

Both models produce an appreciable momentum imbal-
ance in the plane transverse to the beam direction due to the
undetected LSPs [25].

Given the lack of evidence of strongly produced SUSY
particles, searches for direct electroweak production of
charginos and neutralinos are particularly well motivated
at present. This production can lead to the striking signa-
ture of sparse events with two or three leptons and a
transverse momentum imbalance. Most SUSY searches
also assume tanB =< 10, where tanf is the ratio of the
vacuum expectation values for the two Higgs doublets,
which results in similar gaugino decay widths to electrons,
muons, and tau leptons. At high values of tang, e.g.,
tanB = 30, appreciable left-right mixing drives the mass
of the lighter SUSY tau particle (stau, 7) to lower values
and results in enhanced branching fractions to taus as two-
body decays become kinematically accessible. As the
value of tang is a free parameter of the theory, searches
sensitive to tau leptons can play a critical role in the search
for SUSY phenomena. ATLAS [26] and CMS [27] have
recently published searches for SUSY electroweak produc-
tion with leptonic decays. ATLAS searches for trilepton
signals with electrons and muons in the final state and does
not consider tau-enriched scenarios. CMS searches for
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dilepton and trilepton signals including those with had-
ronic tau decays and places bounds on flavor-universal and
tau-enriched scenarios. While these results are generally
more stringent than what is possible at the Tevatron, there
are regions of parameter space still unexplored by the LHC
experiments. These include the high tan8 case, where all
gaugino decays produce taus, and gauge-mediated scenar-
ios with slepton next-to-lightest SUSY particles. The cur-
rent situation provides strong motivation for this analysis,
which probes these unexplored regions for the first time.

This Letter reports the results of a search for chargino-
neutralino (¥;" ¥5) associated electroweak production
yielding tau-dominated final states using data collected
with the CDF II detector at the Fermilab Tevatron pp
collider at a center-of-mass energy of 1.96 TeV. The analy-
sis considers a single W-boson-mediated s-channel ampli-
tude, while the r-channel squark exchange amplitude is
insignificant with the assumption of heavy squarks, as
motivated by the LHC limits. Using a simplified frame-
work [25], we study two distinct cases. In the first, chargi-
nos decay promptly into a single lepton through a slepton
i — "%y, — %" vy, and neutralinos similarly decay
into two detectable leptons g — £ €% — §9¢* €. The
second case assumes the same gaugino decays, followed by
the gauge-mediated slepton decays ¢ — €G, where G is the
LSP gravitino. Both cases yield events with three electri-
cally charged leptons accompanied by undetectable parti-
cles. However, requiring the detection of all three leptons
would degrade the search sensitivity, especially for the
case of decays to tau leptons, which is the focus of this
analysis. Instead, we require detection of either an electron
or muon plus a hadronically decaying tau lepton. Tau
leptons decay hadronically, with a branching fraction of
about 65%, as T — X, v, where X}, is a system of hadrons
consisting of charged and neutral pions or kaons. A like-
sign (LS) requirement on the light lepton (e, w) electric
charge and net electric charge of the tau decay products
efficiently rejects prominent SM backgrounds such as Z
boson, WW bosons, and top-antitop quark production,
which yield opposite-sign (OS) leptons. We perform a
counting experiment, compare the yield of LS lepton-tau
events in data with SM background predictions folded with
sources of misidentified taus, and validate the results with
control samples of OS events. In this Letter, “lepton” and
“tau” (or 7) refer to e or u and hadronically decaying tau
leptons, respectively. The LS signature is common in many
SUSY models. Our search has sensitivity for high tan due
to a dedicated tau reconstruction and since the identified e
or u can result from a leptonic tau decay.

The CDF II detector is described in Ref. [28]. The
innermost components are multilayer silicon-strip detec-
tors and an open-cell drift chamber tracking system cover-
ing || <1 [29] inside a 1.4 T superconducting solenoid.
Surrounding the magnet are sampling electromagnetic and
hadronic calorimeters, segmented in projective-tower

geometry, covering |n| < 3.6. Strip-wire chambers in the
central electromagnetic calorimeter at a depth approxi-
mately corresponding to the maximum development of
the typical electromagnetic shower aid in reconstructing
electrons, photons, and 7° — yy decays in the region
|| < 1.1. At larger radii are scintillators and wire cham-
bers for muon identification: the central muon (5| < 0.6)
and the forward muon (0.6 < |n| < 1) detectors.

Data corresponding to an integrated luminosity of
6.0 fb~!, collected between 2002 and 2010 by a dedicated
online event-selection (trigger) [30], are used. This trigger
requires a charged particle reconstructed with the silicon
and drift chamber detectors with p; > 8 GeV/c matched
to an electron (muon) signal in the central electromagnetic
calorimeter (central or forward muon detector) and an
additional isolated charged particle with p;y > 5 GeV/c
that seeds the tau reconstruction. At trigger level a charged
particle is isolated if no additional charged particles with
pr > 1.5 GeV/c are reconstructed in the annular region
between 10 and 30 degrees around the track direction. No
requirement on the relative charge of the lepton and tau is
imposed at the trigger level, providing a control sample.

The total trigger efficiency is the product of the effi-
ciency for selecting a tau and the efficiency for selecting a
lepton. These are determined by using independent data
samples of multijet and high-p; lepton events [28,31]. Jets
are sprays of hadronic particles produced in the fragmen-
tation and hadronization of quarks and gluons and are
clustered by using a fixed-cone algorithm [32] with a

radius AR=+/(An)*>+(A¢)>*=0.4. Jets with E;>8GeV
and |n| < 2.5 are used. Here, An (A¢) is the difference

relative to the jet axis in 1 (¢) space. Comparison with
simulated Z — 77 events yields a trigger efficiency for real
taus inside the detector-acceptance region of (91 * 3)%
[31]. The trigger efficiencies for reconstructed electrons,
central muons, and forward muons are (96.0 * 0.3)%,
(86.6 = 0.7)%, and (89.9 = 0.7)%, respectively [28].
These efficiencies include a degradation by less than
10% with an increasing number of overlapping pp inter-
actions per bunch crossing that occur at high-luminosity
Tevatron operations.

The event selection proceeds as follows. Electrons
(muons) are required to satisfy an E; (pr) requirement
of 10 GeV (GeV/c), along with quality criteria to increase
the purity of the samples [28]. In particular, electrons and
muons must be isolated in the tracker and calorimeters,
satisfying 3 p;*° <2.0 GeV/c and E*°/E; <0.1 or
E° < 2.0 GeV. Here 3 p,**° is the sum of the transverse
momenta of any additional charged particles in a cone of
radius AR = 0.4 around the candidate lepton, and E™° is
the additional energy deposited in the calorimeters in the
same cone. Hadronic tau decays are identified as systems
of one (“one-prong”) or three (‘“‘three-prong”) charged
particles in a narrow cone, pointing toward a central calo-
rimeter cluster with || < 1. Momenta of photons from
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neutral pions are reconstructed by using the central
shower-maximum detector. The visible transverse energy
of the tau candidate, defined as pr; = 2 pr gacks T 2E7,9,
must be greater than 15(20) GeV/c for one-prong
(three-prong) taus. Upper thresholds on the tau invariant
mass and calorimeter or tracker activity in an isolation
annulus built around the highest p; (leading) track reduce
contamination from quark and gluon jets. Additional
criteria on the ratio of deposited calorimeter energy to
leading track pr reject electrons and muons that could
mimic the signal [33].

The event energy-imbalance transverse to the beam
direction (F7) is defined by ¥y = —3 ,ErA;, where the
sum is over all calorimeter towers with || < 3.6 and #; is a
unit vector perpendicular to the beam axis and pointing at

the ith calorimeter tower. We also define f; = |Er|. To
reduce the considerable backgrounds from the production
of multijet events, we use a requirement on the scalar sum
(Hy) of pr of the tau, p; of the lepton, and £;. We require
Hy > 45 GeV (50 GeV) for one-prong tau plus muon
(electron) events and Hy > 55 GeV for events with
three-prong taus [34]. We require A ¢ (€, 7) > 0.5 to ensure
that the lepton and tau isolation cones do not overlap and
remove events with OS same-flavor leptons consistent with
Z boson decay.

Depending on the relative charges of the lepton and the
tau, events that pass the selection are divided into an OS
control region and an LS signal region. The OS control
region is mainly composed of SM processes yielding real
taus, such as Drell-Yan, ##, and diboson production, plus
events with jets misidentified as taus. These large back-
grounds would overwhelm any potential SUSY signal. For
the LS signal region, events with misidentified jets are
dominant; these include events with a W boson produced
in association with jets (W + jets), multijet production,
and events with photon conversions to ee” pairs.
Because of the kinematic similarity between the SUSY
signal and W + jet events, the latter dominates the back-
ground composition. Backgrounds from lepton or tau
charge mismeasurement are insignificant [28].

Backgrounds are estimated by using a combination of
Monte Carlo simulations and data-driven methods. The
most significant backgrounds after the LS requirement
are due to jet misidentification and are determined directly
from data. We use the PYTHIA 6 Monte Carlo simulation
[35] to generate samples of events that produce genuine
taus from diboson, tf, and Z boson processes, while
W — 71v events are generated by using ALPGEN 2.10° [36]
interfaced with PYTHIA for parton showering and hadroni-
zation. These samples are processed with the CDF II de-
tector simulation based on GEANT 3 [37]. The sample sizes
are normalized to their SM cross sections [38] and are
appropriately scaled to account for Monte Carlo-data dif-
ferences in trigger, identification, and reconstruction
efficiencies.

The jet-to-tau misidentification rate is determined by
using jet-triggered events in data to account for the domi-
nant background processes, extending the treatment in
Refs. [33,39]. As quark jets and gluon jets are misidentified
as taus with different probabilities, we apply a correction
for gluon-jet-dominated y + jets events with y — ee™
[34]. We parametrize the misidentification rates in terms of
7., the number of tracks in the tau signal cone, and the
total E in the tau signal and isolation cones and apply
these rates to jets in events that satisfy the remaining
selection criteria to determine this contribution to the final
event sample. We verify this technique by using data
samples enriched in multijet events, selected by requiring
at least 3 GeV/c (GeV) of additional p; (Ey) in the
tracking system (calorimeters). We also verify this tech-
nique in W + jets events, by requiring a W-like event
topology, and in y + jets events, by requiring y — ete™.

The main source of systematic uncertainty arises
from the jet-to-tau misidentification rate, taken as the
misidentification-rate difference between the leading and
second-highest-p; jets (25%). These jets are the most
likely to be misidentified as taus. Less significant are
uncertainties on the SM background processes cross sec-
tions (ranging from 2% to 10%) and the uncertainty on the
integrated luminosity (6%). The 30% uncertainty on the
photon-conversion-finding efficiency has only a minor ef-
fect on the final result. We consider a possible systematic
uncertainty on the reconstructed tau energy by comparing
pr spectra for one- and three-pronged taus in data and
simulated W — 7v samples. The best agreement is

TABLE I. Backgrounds and observations in data for the OS
control region and LS signal region. The signal region values
include the H; requirement described in the text. For each entry,
the statistical, followed by the systematic, uncertainty is given.
The signal corresponds to the simplified gauge-mediated model,
with o (7 ¥3) = 300 fb, m(¥;) = m(¥3) = 200 GeV/c?, and
m(€) = 160 GeV/c?. For this specific scenario, the optimized
requirement is £y > 98 GeV.

Process OS events LS events (£ > 20 GeV)
Z— 7T 6967 + 56 = 557 10£2=*1
Jet— 7 4527 £ 27 = 1065 1153 £ 15 = 283
Z—= up 263 =20 £ 21
Z— ee 83 *£0+7 s
W— v 372 £ 12+ 36 976 =10
tt 36.3 £0.3 £5.1 0.7+0.0x0.1
Diboson 61*+1*6 43*£02=x04
Total 12308 = 67 = 1202 1265 = 17 £ 283
Data 12268 1116
Signal 64+1*6
Optimized F; requirement (Fr > 98 GeV)
Total background 6x1=*x1
Signal 1011
Data 3
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FIG. 1 (color online). Distribution of (a) tau cluster E; and
(b) Ap(e, Er) for OS e + 7 events. Distribution of (c) £ for LS
(signal-region) u + 7 events. Overlaid is a signal distribution
corresponding to the simplified gauge-mediated model, with
o (¥i x3)=3000fb for visibility, m(y7)=m(¥3)=200GeV/c?,
and m(€) = 160 GeV/c2.

obtained by shifting the tau energy scale in the simulation
by 1%. Finally, the uncertainty on the hadronic jet-energy
scale leads to a 1.5% systematic uncertainty on the recon-
structed tau energy for events with real taus.

The background determination is validated by using
the OS control region. Results are given in Table I and
show good agreement in both the OS control region and in
the LS signal region. Figure 1 shows representative kine-
matic distributions for the OS control region and the LS
signal region.

Given the good agreement between the data and the
background prediction, we interpret the results as exclusion
limits on the rates of SUSY processes. We set upper limits at
95% credibility level (C.L.) on the cross section for

mass (assumed mass degenerate with ¥9), slepton mass,
LSP mass (for the case of the simplified gravity-mediated
model), and branching fraction of the chargino
(and neutralino) to the stau. Limits are extracted by using
a Bayesian technique and incorporating the systematic
uncertainties described above [40]. We generate SUSY sig-
nal samples by using MADGRAPH [41]. For each set of signal
parameters we optimize the f; requirement above 20 GeV
to minimize the median value of the excluded cross section
assuming the observation exactly matches the background
prediction (expected limit). The chosen value accounts for
the various differences between the SUSY particle masses,
while the 20 GeV minimum value is motivated by the
selection in Ref. [10]. Table I also shows a comparison of
an example signal with the background expectation and data
before and after this requirement. Representative cross-
section upper limit contours are shown in Figs. 2 and 3 for
simplified gauge- and gravity-mediated models. We emulate
the effect of raising tanS3 by directly altering the branching
fraction of the chargino and neutralino to a stau and consider
both 33% and 100%, corresponding to lepton universality
and tau-dominated scenarios, respectively. For the simpli-
fied gravity-mediated model, we determine limit contours
for m(¥}) = 120 and 220 GeV/c?. As the chargino and
neutralino masses increase, the cross-section limits for
both models become more stringent due to the increased
acceptance and then vanish at the Tevatron kinematic limit
for new particle production, corresponding to 1.96 TeV for
the mass sum for all produced particles. The gaps in exclu-
sion at high mass between the exclusion curves and the
kinematic limits, shown as diagonal lines, are due to the
tau and lepton py requirements as well as the optimized £
requirements for each mass pair.

In summary, we search for a like-sign lepton-tau signal in
CDF run II data corresponding to 6.0 fb™! of integrated
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FIG. 3 (color online). Expected and observed contours of
constant 95% C.L. cross-section upper limits in the chargino-
slepton mass plane assuming the simplified gravity-mediated
model for BF(y — 7 + X) = 33% and 100%, for two different
values of LSP mass. The shaded regions correspond to cross-
section limits of o(¥;" ¥3) = 5 pb, as functions of the gaugino
and slepton masses.

luminosity. This distinctive signature is expected to be
sensitive to SUSY models with direct chargino-neutralino
associated production. Observing no significant excess of
events in the data over standard model background predic-
tions, we set upper limits on the cross section for this SUSY
process as a function of the sparticle masses and branching
fractions to taus. Our results, presented in simplified
gravity- and gauge-mediated frameworks, are complemen-
tary to SUSY searches that require substantial hadronic jet
activity. This analysis also constrains regions of electro-
weak gaugino production at high tan 8, where decays to taus
dominate, and gauge-mediated parameter space with slep-
ton next-to-lightest SUSY particles for the first time.
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