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SEARCHES FOR NEW PHYSICS
W ITH LEPTONS IN THE FINAL STATE AT THE LHC

M .KAZANA
(on behalf of the ATLA S and CM S C ollaborations)
Lalboratorio de Instrum entacao e F sica Experin entalde Part culas
Av. Ellas Garcia 14,1 ,1000-149 Lisboa, Portugal

F inalstates ncluding leptons arem ost prom ising to detect early signs of new physics processes
when the Large Hadron Collider will start proton-proton collisions at the centre of m ass
energy of 14TeV . The reach for Supersym m etry and Extra D in ension m odels for integrated
lum inosities ranging from 1 to 10’ is reported. Prelin nary results indicate that already
with 1’ ofdata new phenom ena can be detected .

By the end of 2008 the ATLZ—\§II and CM sJZI experin ents at the LHC expect to collect
between 05 and 1fb ! of data each, which should m ake possible the rst searches for new
phenom ena over the Standard M odel (SM ) background. A 1l such searches would require the
precision m easuram ent of the SM processes w ith detailed understanding of the detector perfor-
m ance, reconstruction algorithm s and triggering. Leptons, electrons and m uons, have better
reconstruction e ciency and energy resolution than taus, Fts and m issing transverse energy
(E7 ). They also provide a clean triggering and a high background reduction. A bove all, leptons
m ay indicate signatures of new physics, such as decays of m assive strongly interacting particles
to leptons accom panied by ftsand Et and decays of new m assive resonances to di-depton pairs.
In this report, the prelin inary discovery lim its for Supersym m etry (SU SY ) and Extra D in ension
(ED ) m odels estin ated over a w ide range of param eter space are presented.
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Inclusive SU SY reach w ith leptons

Supersym m et:q}3 isdescribed by m odelsw hich provide a realistic SU SY Joreaking schem e. O neof
the general approaches isgiven by theM inin alSupergraijq}ZLI (m SUGRA )m odelw ith only 5 free
param eters: a com m on scalar (m o) and ferm ion (m ,_,)m asses, a trilinear coupling (& ) and H iggs
sector param eters (tan ;sgn ) at the Grand Uni cation (GUT ) scale. In m SUGRA , assum ing
R—pan’fg}zl, new supersymm etric particles are produced in pairs and the lightest one (LSP) is
stable and neutral. At the LHC, the SUSY production is dom inated by strongly interacting
squarks and gliinos M sysy M gp)r which have long decay cascades with the jt eam ission.
The cascade ends w ith the LSP, which is not detected. T herefore, a generic supersym m etry
signature isamulti-pt nalstatew ith hrge E1 . Them ain backgroundsareQCD and th; W ; Z

w ith Q C D —gt associated production processes, w hich should be estim ated by using an exact LO

evaluation of partonic m atrix elem entsm atched w ith parton show ers at the hard process scale”.
In SUSY cascades, leptons are produced in decays of charginos or neutralinos (eg.e) ! 11 ,
e{ ! eI )and the nalstate consistsofn 4 leptons (+ ets+ Bt ). Pairs of leptons can have the


https://core.ac.uk/display/44183238?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://arxiv.org/abs/0705.3733v2

ATLA S prelin lnary
B.

1000 T = T
! 0 lopton mode —s— | A . 1000
]J 1 lepton mode —-m— % LSP tanf=10,A =0,u>0 CMS
500 I 2 laston mode a 900 with systematics
T 800 m, = 120 GeV 1fb?
!
= 600 ] - B \ iel'H\:IEI\IET
] N eiiiii.., Sy i <= 600 — — usjetsd
e L \:1\ - 2 . sS2u
& 50 {’ \,\‘ Qa\‘ © 50 0s21
B et e—— —— e — e 000 F B N e, e | T 2¢
IN A ] = -"iq 1 E aoof | ST T T e T~ | e Higgs
o g N ‘7"\‘,:\-—.__, 2
5 - Tk, || s
Y ) AP T = 300 top
200 'Y o~ —
] - 200
bl S B
100
0 NO EWSB
D 500 1000 ‘ SDD 200{) oﬂ 200 400 600 800 1000 1200 1400 1600 1800 2000

m, (GeV)

mg (GeV)
Figurel: Them SUGRA discovery reach Inm o-m ;-, planefor xedA,=0,tan =10, >0 rifhb’ with sy stem atic
uncertainties denoted by dash lines for the (A ) and w ith uncertainties already included orCM S (B).

sam e or opposite sign (SS or O S).C onsidering signatures w ith at least one lepton, substantially
reduces the QCD background. The inclusive SUSY searches em ply the follow ing strategy.
First, experin ental signatures are studied for a lm ited num ber of test points of m SUGRA
param eter space (Inm - -, planefor xed A ,tan ,sgn ) using the fulldetector sim ulation and
reconstruction (S& R ) software. Next, the results are extended to other points of the param eter
space using fast S& R . In order to obtain the best signal to background (S=B ) ratio the SUSY
selection cuts are optin ised for each point. The expected discovery reach is evaluated for
param eter sets having at least ve standard deviation (5 ) signalsigni cance™.
TheATLA S collaboration studied them SUGRA modelwith n 2 leptons in the nalstate.
T he cutshave been optin ised w ith fast S& R form (= 1002000G &V ,m ;_,= 100-1500G &V ,tan =5,10,
30,50,A0=0and >0 m odel param eters using the SU SY -sensitive cbservables: £, pftﬁt, ith Ft
Sphericity r . T he background consists of the follow Ing SM processegl: te N (0-3)%ts, W (! 1 )+
N (2-5)Fts, Z2 (! 10, + N (2-5)Fts, N (2-6) QCD Jts. The large cut on#Fy (eg>400GeV) e ec—
tively rem oves the SM background in the wide m ;_, region due to m ass splitting between the
heaviest and the Iightest SUSY particles. The m ajpr theoretical uncertainties of background
cross—sections arise from the low parton pr cutand the sm all renom alization scale. E xperin en—
tal uncertainties of um inosity (5% ), Er scale (5% ) and Pt energy scale Ig5"i) are considered.
T he resulting discovery reach, de ned by at least 10 signaleventsand S= B > 5for1fo !, is
shown in Fig[A .By including uncertainties the discovery potential curves are lower on m ;_, by
about 50G &V forallchannels. T herefore, AT LA S searches forn 1 lepton channels are sensitive
up toM sysy 14TeV orm,., 700G&V.
TheCM S experin ent analysed several signatures characteristic form SUG RZ—\IEI w ith the full
S& R and the event selection criteria optin ised for SU SY . T he discovery potential for integrated

lum inosity of 1o ! is presented in FigllB . The curves show lin its with all system atic uncer-
+ Bt+ Br yields the best results and

tainties included. The inclusive channels, Bt+ B+ and
15TeV asATLA S obtained

allow to probe an existence of SUSY to the sam e level ofM sysy
forn 1 lepton channels. O ther experim ental signatures in the sam e range of param eters m ay

help to con m the discovery. The param eters of m SUGRA can be recovered lhater from the
m easuram ent of several observables such as the reconstructed m asses of SU SY particle.

Four-lepton signal from U niversal Extra D im ensions

The CM S collaboration studied 4-Jepton signatures in the context of Universal Extra D In en—
sjon (UED )m odel. T he phenom enology of UED isvery sin ilar to that of SU SY , although the
origin ofUED com es from the sub-m illin etre ED m odeloftheAD D type. nUED ,allSM elds
are allow ed to propagate along ED s. T herefore, each SM particle hasK aluzaX lein (KK ) excita—

tionsw ith the sam e spin contrary to SUSY particles. In them inin al scenario w ith only one ED :
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Figure 2: The CM S search or mUED signalw ith the 4-Jepton nalstate. A . Signal selection e ciency in the
4-muon channel. B.Them UED 4-lepton discovery potentialas a function of the ED size, R b,

MUEDR !, R ,whereR ! isasizeoftheED and ane ective cuto scale,theKK excitations

exhbit highly degenerate m asses even after radiative corrections. T he KK quarks decay to the
lightest and stable K K -photons in a Iong chain (€% | z¥¥qg;zK% 1 FX1 , KK 1 KK
producing soft leptons and Fts in the detector. T herefore, the 4-Jepton nal state is considered
the best to elin inate the SM background. The CM S study9 has been perform ed w ith the full
S&R for four sets of m UED param eters ( R=20 and R 1= 300,500,700,900G &V ) and for three
Jeptonic channels: 4 ,4e and 2e2 . Two sam e- avour O S isolated lepton pairs were required in

the o ine selection in advance of the b—+tagging and Z-veto rejctions (Fig.[2A ). T he discovery
potential form UED in term s of the integrated lum inosity needed to achieve signal signi cance
of 5 (FigB) extendsup to R '=600G eV for 1fb 'data. T he system atic uncertainties due to
a lim ited understanding of the detector perform ance during initial phase of the LHC data taking
m ay shift the sensitivity ofm UED discovery up to 1fb *.

D i-lepton resonances from Z bosons and R andall-Sundrum G ravitons

The spin-0 2 ° gauge bosons and spin2 KK excitations of the graviton with m asses of the
order of 1TeV are predicted by many EDs and GUT 's theories. At LHC , such resonances are
produced directly and prom ptly decay into pairs of sam e- avour O S leptons. T heirm asses can
bem easured from peaks in the invardiant m ass distrbbution in the tails of the SM background
processes. T his signature has been studied in the CM S experin ent.

T he dom inant background arises from the D rellYan (DY ) lepton pair production, w hereas
contributions from tt and the vector boson pair production (ZZ ; W Z; W W ) are signi cantly
an aller and are highly suppressed by selection cuts. The K -factors related to the NN LO
perturbative Q CD calculations are used to correct cross—sections In function of the di-depton
m ass for the DY and the new boson production. Theoretical uncertainties due to a choice
of the PDF set and various experin ental uncertainties are also considered including e ects of
the m isalignm ent of the muon system i the early (< 1 ') and the late (> 1001 ') phase of
the LHC data taking periods. The m om entum resolution of the detector plays a key role in
separating the signal from the background. New reconstruction algorithm shave been developed
to increase the lepton reconstruction e ciency. For highly energetic electrons, their energy
deposited as an isolated electrom agnetic super<luster is corrected for the energy leaking into
a hadronic calorim eter and for electronics saturation e ects. For very high-pr muons, the
track tting in the tracker and the muon system are optin ised to detect and correct e ects
of their energy lost. The results of the CM S anayses6 obtained with the full S& R of signal
and background are presented in Fig[3. Both, the ZgSM boson origihated from the so-called
Sequential SM and Z° from one ofthe GUT ’sm odelst! can be discovered using 1fb ! ofdata
(above the Tevatron lin it of 1TV )up toM 50 26 TeV (FigBA ).G raviton excitations, G , are
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Figure 3: A .The lum inosity required for 5 discovery as a function of Z° mass. B. The com parison of R S
graviton discovery reach for 10 fb ' fordi erent channels. C.TheRS graviton discovery lin its w ith system atic
uncertainties (dash lines) for the m uon channel.

predicted by the R andall-Sundrum 11 (RS)modelin which only one ED is seen by the gravity
whereas all SM  elds live in the 3-dim ensional Universe. Couplings and the width of G are
given by the param eter c= k=M p anek , Wherek M p nak IS @ m ass scale factor. Tn Fig[3B the
RS graviton discovery reach corresponding to 10fb ! is shown for three decay channels. The
m uon channelhas the low est discovery potentialdue tom om entum resolution e ects. A lthough,
the photon channel has the branching ratio alm ost two tim es Jarger then leptonic ones its reach
is com parable to the electron channeldue to Q CD and prom pt photon irreducible backgrounds.
From Fig3C onecan seethat1fb ! ofdata should besu cient to discoverR S gravitons decaying

to muons with mass up to M ¢ 24TeV . Experin ental m ethods have been proposed to

m easure the spin of such new resonances?.

Sum m ary

Leptons provide the cleanest signature for exotic searches with the st LHC data. Thus,
Inclusive searchesw ith leptons are very prom ising for verifying theoretical predictions for physics
beyond the Standard M odel. Recent studies on the discovery potential for SUSY perform ed
by the ATLAS and CM S collaborations are consistent w ith each other and dem onstrate that
probing the production of squarks and gliinos w ith m asses of the order of 1 5TeV is possible
w ith integrated lum inosity aslow as 1fo '. W ith 1fb ! the searches for ED s can set discovery
lin its at the levelof: R '= 600G &V form UED m odel,M ¢ 24TeV for theR S graviton, and
Myo 2%6TeV formassive Z °bosons.
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