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LQs

Theoretical Motivation

* appear in many unification theories beyond the SM
(GUT, Compositeness, TC, Superstring theories- Fg }

o Color-triplet bosons with Couplings to quarks and lep-
tons

e Scalars (8) and Vectors (V) ; F=0 (e7! g) and F=2 (e ! ¢ )

F=3B + L
® Only family diagonal Couplings
(to avoid FCNC processes ) — LFV also considered {(HERA )

s Chirality conserving LQ)

—> 14 species { 7 Scalars and 7 Vectors)
(BRW effective model : 6 isospin singlets,6 doublets and 2 triplets]

b e(p)
e Pati-Salam LQ)
Search for B; — e pt decay “ LQ

s n(e)
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Buchmuller, Riickl, Wyler
(BRW) model (1987)
* Assumptions:

— LQs only couple to quarks,
leptons and gauge bosons
(with dimensionless
couplings)

— LQ interactions invariant
under SM gauge group
SUB) ®SU2), ®U(1)y

e LQs are classified by:

— fermion number,
F=3B+L =% F=0,2

— spin = J=0 (scalar) or

J=I (vector)

— charge =

Q.= x1/3,+2/3, -4/3, -5/3

BRW model

Intergenerational mixing is
severely restricted by FCNC data
= L.Q appear in 3 quark/lepton
generations

LQ-mediated 7 and K helicity-
suppressed decays not observed »

chiral LQ couplings to fermions

14 chiral LQ species per
generation:

o 7 scalar LQs (3 singlets, 3

doublets, 1 triplet)

o 7 vector LQs (3 singlets, 3
doublets, 1 triplet)

Ist LHeC Workshop

Th. D. Papadopoulou




About L.Q Coupling

Ist LHeC Workshop 5 Th. D. Papadopoulou



LQ species and decays

F' | spin species
couple to £q, v { 2| O | SoriSokiSo.r; S1.1
P € V4 2 1 1if’rl/z,}:.; 1if"r1/2,R§ Tfﬁ/z,L
tq 0 O | Si/2,0:51 /2,75 S1/2.L abed bydweak
Couple to £ d, vq , 2 ; isospin an
0 1 Lh L Vor: Vor V1L lepton helicities
Decays: q
 LQs decay to /~q and/or
viq" with branching ratios Q -----
R R =0 0K 1
Pe Py Uy VUede 1L _
(depending on the B, =P l
quantum numbers) q
e Scalar LQs decay
isotropically LQ-----
* Vector LQs decay ~ By, =1-P
(1+cos0*)? M v
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Overview of LQ production mechanisms
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LQ production at LHC

e Pair production

. g —----- Q@ La g4 LEE R LQ
— Practically }T‘Qm LQ
o e * :
independent O.f | q N g ool . LQ
Yukawa coupling . ¢ g LQ g
. q LQ 4 A T
— Depends mainly on g .-LQ . -a
LQ mass >‘ﬂfﬂ . LG
_ \ IRTSU S LQ
3 la LQ 4

* Single production

— strongly depends on A T
— possible signatures:

o [0+ jet

o fv+jet

« v+ jet _—

*» Both categories (Pair and Single) LQs are complementary for LHC searches
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LQ cross sections at LHC

Pair Scalar LQ production
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Single Scalar LQ production

*Single LQ >

valence quarks

*Single E(j >

sea quarks

A. Belyaev, C.Leroy, R.Mehdieyev, A. Pukhov, Phys. Rev. D59 (1999) 075007

% If the LQ Coupling is of the order of Oy, single LQ production should
be combined with the studies of LQ pair production



. Length: ~44 m
Single LQ The ATLAS Detector Radius: ~12 m

studies with

Weight: ~ 7000 t
Precision Muon Spectrometer a/pl - 10 %al 1 TeV/ic El. Channels: ~10 3
Fast response for trigger Cahles: ~3000 km
Good p resclution (e.g., AFZ" — up, H-> 4u)
[ e e S e ] i@ Eﬂ_ -ﬁh"l:" -

| | reeeign
T e ams Rt

Akl L AL

N
el z

o,

Inner Detector
&/ py -5 el p B 0,001

Good impact parameter res.

- {e.g., H —= bb)
EM Calorimeters o/ E — 10% /NE{GeY) Hadron Calorimeters
excellent electron/photon identification Good jet and E; miss performance
Good E resolution (e.g., H=py) je.g., H =) O E-~350%/“E(GeV) & 0.03

We will probe distances up to 10-° m !
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First LQ study Pair LQ production -ATLAS
— IN ATLAS

+e- -
* Scalar leptoquarks LQ LQ — ete-qq (m_LQ=1500 GeV)

« PAIR Production
— [£jj channel
— vvjj channel
— independent of A
e Simulation tools:
— PYTHIA
* qq > LQLQ
* g2 > LQLQ
— ATLAS fast simulation
(ATHENA-ATLFAST)

=
=
=
E
o
L=
a
=

V.Mitsou, N.Benekos, I.Panagoulias,
Th.Papadopoulou, ATL-COM-PHYS-
2004-071, Cz. J. of Physics,Vol.
54(2004), Suppl. A
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1ljj Signal and Background
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# Signal can be observed for MLLQ ~ 1.3 TeV (50)

Results are presented by V.Mitsou in “Physics at LHC” Conference, Vienna 2004
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Single LQ at LHC
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Interesting aspects !!

+¢ it is possible to probe LQ masses greater than half of the
center-of-mass-energy of the experiment ( Ecm/2)

+¢ this process gives high PT leptons and jets (clear signal)
BUT

¢ the signal extraction is very difficult due to low cross-section !
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Single LQ production with ATLAS

PRELIMINARY RESULTS Evgenia Panagiotopoulou

PhD studies-NTU Athens
» reconstruction of invariant mass LQ
8 § (1) Study of the 2" gen

Single LQ 2 c

Topology : n n jet
and (later)
(2) Study of the 15t gen

Single LQ 2 ue,de

Topology : ee jet
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Baseline selections

common for all ATLAS LQ analyses

Muons | Combimed muons (reconstructed containing track in both mner + muon detectors)
Muon pT > 20 GeV

Muon |n| £2.5

Jets Reconstructed calorimeter towers with AR = 0.4 cone algorithm

JetpT > 20 GeV

Jet |n| <4.5

- o = -

all max pT's > 100 GeV for low LQmass all max pT's > 170, 230 GeV for high LQmass
(300, 400 GeV) (600, 800 GeV respectively)

Cut bets (jets who’s weight 1s > 4)

Invariant mass of the 2 selected muons Mpp > 200 GeV

Sum of max pT's: SPT = pTmaxpl + pTmaxp2 + pTmax;

SPT > L.Qmass+100 GeV SPT > L.Qmass+200 GeV
for low LQmass (300, 400 GeV) for high LLQmass (600, 800 GeV)




Single L.Q Signal efficiencies

PRELIMINARY RESULTS

Single LQ Signal efficiency

1Mass Y T S G
(G€V) = : ..."“!.n

LA L1d L \'A‘.mb‘ DOOL SLAUdSLICS )

13.3% = 0.9% 12.29% + 2.1%

12.49% + (0.49% 17.5% + 2.5%
15.29% + 0.9% 119% + 1.6%
15.7% + 0.7% 10.9% + 1.49%

* for Single Scalar LQ (Q =-1/3)

Ist LHeC Workshop 16 Th. D. Papadopoulou



Single L.LQ Discovery Luminosities

PRELIMINARY RESULTS

50

c*B Generated : Discovery
al
Mio 1O up  singeLQ Signal Background Sign Expected

(GeV) (ob) cvents events events significance [, minosity

(fb-1)
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Cut flow for Single LQ (m=400 GeV)

PRELIMINARY RESULTS

pTmaxpi2>100GeV  SPT> Mpp> LQ mass

[Hapriss Belore - Baselme = i i3100Gev 500 200

b-tag weight < 4 GeV GeV (+20)

window
cuts cuts

4200007

e Single Scalar LQ 2> up (Q=-1/3)

*Optimized for the smallest integrated luminosity needed for a
discovery with 56 and normalized for an integrated luminosity
of 10 fb!

* All other background are neghglble
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VERY PRELIMINARY RESULTS

effect on effect on
signal background

Systematic error

Quadratic sum of all uncertainties
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Events / 10 GeV /10 fb™
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Ist LHeC Workshop

20

Events/ 10 GeV / 10 fb”

—=— Signa' -400 GeV

Z'Crell-van

- .E

16
14
12
10

[ T T = ==

(N EEEEH

—s— Signal - 500 GV
ZCvellran

—

I M! L m_

) EDID 4DG E‘rDD 800 100012001400

Mg [GeV]

x10°



Beyond minimal LQs: SUSY quarks

 Rp can be explicitly broken by trilinear terms in the superpotential

w=4,LLE  +4,LQD,  +4° UDD,

AL #0 AL #0 AB #0
9 Couplings (i # |) 27 Couplings 9 Couplings (] 7!& K)
w (M) ) Ly (77) _ T
B (@) JIES) °_
Y \ A
¥@)  HERA 7 7
o single sparticle production via aﬂAL #0 ora AB #0 operator
o Unstable LSP ! * Resonant squark production

* 1 +(1) + multijets

— fast proton decay is suppressed if Lepton and Baryon number Violating
Couplings not simultaneously present
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Outlook

* Pair and Single LQ studies at LHC are complementary

 First studies on Single LQ with ATLAS/LHC are
underway towards the final results at early LHC

* Results presented are PRELIMINARY

e Use of the LHC results to predictions for the LHeC are
important for the LHeC expectations on the potential of

LHeC New physics
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(Nexps

Expected number of events
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Hunting LQs (!) from
Single LQ

at LEP 1

Th.Papadopoulou
DELPHI Collaboration
Phys. Lett B316 (1993)620
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LQ Exclusion Limits -- comparison with LEP and Tevatron

from 1. Panagoulias’ talk at DIS2008 — work on PhD / NTUA & DESY

Leptoguark Search, HERA LI {448 pb™) Lepiequark Search, HERA [+ (443 pb)

P <
1 1
e
1 5,0, 0] i 1 g, , (0w vd) i
10 -Hup-.u'.-n singhe LG 10 © | H1 proim. single LG
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HERA extends the exclusion region
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Future Perspectives !

LHeC Collider ?

Th. D. Papadopoulou



