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Leptoquark Motivation @

» Symmetry between quark and lepton sectors suggests
a possible link at higher energy scales (e.g. > m,;)

» Theoretical particle which couples to quarks and leptons
- Carries baryon and lepton quantum numbers

- Color-triplet boson with fractional charge

- Two possible spin structures:

Spin O (scalar): couplings are fixed and decays are isotropic
Spin 1 (vector): anomalous magnetic and electric quadrupole moments

» Appears in several beyond-the-Standard-Model theories:
SU(5) GUT, Superstrings, SU(4) Pati-Salam, Composite, Technicolor
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Leptoquark Production @
at the Tevatron

» Pair production: quark/anti-quark annihilation and gluon fusion
*» For scalar case, cross-section depends only on mass

B . dominant
qq - LQ LQ q . q——-»-LQ
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Leptoquark Decays @

» Lack of FCNC suggests decays remain within generation
- Therefore, 1%, 2™, and, 3™ generation leptoquarks (LQ1, LQ3, LQ3)
» Define f = Br(LQ - 1q)

B=1.0 pB=0.0 B=0.0
LO1 LQ1 - ee’dq eV g, V4
LQ2 LQ2 — Hp+qq uiqujqj Vuquiqj
LQ3 LQ3 - TT'qq TV VoV Qi

T

» This talk includes results from all three generations

- Individual channels (3 = 0.0, 0.5, 1.0)
- Combined searches within 1* and 2™ generations using 0.0 < B < 1.0
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LQ1 in eeqq Channel

» Signature and selection:

- 2 isolated ele with E.>25 GeV
Veto: 76 < M_, < 110 GeV/c’

- 2 isolated jets

E;>30 GeV and E;>15 GeV
32-43%

*» Acceptance =

» Backgrounds:
source events

Z + 2 jets: 1.89 +0.44
Top Dilepton: 0.35 +£0.03
Fakes: 3.96 £2.01
Total Bkg: 6.24 £2.106
Data: 4

» Optimized for =

» Mass limit (95% C.L.)
m; 4, > 235 GeV/c?
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LQ1 in evqq Channel @

» Signature: 1 isolated electron and 2 isolated jets

1 ele with E;>25 GeV No 2™ electron candidate
¥..>60 GeV Ap(Ejet;) > 10°
2 jets with E;>30 GeV E+(,) + E(,) > 80 GeV

. M.(ev) > 120 GeV/c? (fights W+2jets bkgd)
*» Requirements to

CDF Run II (203 pb™)
| | 1T | T T T | T

- — CTEQ4M Q=m,
| CTEQ4M Q=0.5, 2m,,
— 95% C.L. Upper Limit

match expected m;

- jet+}'§T transverse mass
- e+jet invariant mass

- 30 “window” cuts defined

o (pb)
I

T T
11l

oo O
o =

10

from simulation

» Acceptance = 2-25% 1

» Optimized for 3 = 0.5 | ﬂx
» Mass limit (95% C.L.)
mLQ1>176GeV/C2 10i..|. o, vV YWY ol

| | | | | | | | | | —
80 100 120 140 160 180 200 2220 240 260 280
Leptoquark Mass (GeV/c))
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LQ1 in vvqq Channel @

» Signature: Missing E; and isolated jets
E.. > 60 GeV 2 jets (E;>40, E;>25 GeV)

No e or p candidates 80° < Ag(jet,-jet,) < 165°
» Excluded mass interval 78-117 GeV/c* with 95% C.L.

CDF Run II (191 pb™)

CDF Run II —
- 2
> | K CDF Upper Limit, 95% CL
O 501 4 a2
E‘ : J. L dt =191 pb NG 10 Theoretical cross section (PRL 79, 1997)
5 Ank x N CTEQ5M, Q=m(LQ)
2 401 —«— Data o
o - CTEQ5M, Q=0.5m(LQ), 2m(LQ)
o | QCD prediction
S0 | +SM EWK/ fi prediction
B LQ(m=125GeV/ )
20
i Observed: 124 events 10 b
102 SM expect: 118.3 £14.5 i
—|_|_‘ 78- 117 GeV/d
U N . L I : : - . rH_‘ . 4 L | = 4 B 1 1 1 1 | 1 1 1 / | 1 I“-“1 | 1 1 1
50 100 150 200 250 300 80 100 120 140
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Combined LQ1 Mass Limits

» Mass limit for a range Search For First Generation Scalar Leptoquarks
of B = Br(LQ- lq) N | -
» Bayesian approach o5
- Product likelihood formed o
from individual channel 0.7 |
likelihoods '§{, ;
- 10k pseudo-experiments at ;
each mass point i“"r’
m

g
'S

- Signal and bkgd yields are
smeared by uncertainties

- Correlations in channel
selections taken into account

for acceptance uncertainties 041 § f :
or aEEb v~ CDF Run II, 203pb"

0 //-J-f'i-/ - ] 1 ! | ! 1 | 1 1 | | 1 | | | 1 | 1
100 120 140 160 180 200 220 240
Leptoquark Mass (GeWcz}
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LQ2 in pugq and uvaq @

» Signature and selection are similar to 1 gen (e « W)

LO21LQ2 - puqq

CDF Run Il Preliminary (198 pb™) |

g " —— CTEQaM Q=m,
"0 L CTEQ4M Q=0.5, 2m,
- —— 95% C.L. Upper Limits
- B=1.0 ]
TE E
107 | =
107 bori 1 R N S L L

L1 | | | | | | | | | | | | | ‘ L1 ‘ | | |
80 100 120 140 160 180 200 2220 240 260 280
Leptoquark Mass (GeV/c’)

* Optimized for 3 = 1.0
m; o, > 224 GeV/c? (95% C.L.)
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LQ2 E—Z - uiqujqj
* Optimized for 3 = 0.5
m; 5, > 170 GeV/c? (95% C.L.)

» Combined LQ2 (i)nf\l)f&?g{j)z

Search For Second Generation Scalar Leptoquarks

/" CDF Run II Preliminary
' (198 pb™) '

0 B L | I | | | I | L1 | L1 | |
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Vector LQ3 1n t1gqQq @

» Various species of vector (spin=1) LQs may exist:

E.g., subset with Q3 - 1t 1t tbthb
B =Br(LQ-lg) =1.0 L charge= -1/3 -5/3 -4/3 |-2/3

» Considering 1.1, bb and t 2 Th bb (46% of total Tt T combos)

» Signature and selection:

1 isolated e with E.>10 GeV or p with p;>10 GeV/c
1 t,, with p;>15 GeV/c (seeded by isolated track)

2 jets with E;>15 GeV

* New MC tools developed to calculate helicity amplitudes
VLQ3 added to GRACE matrix element generator

EPS HEP2005, July 21, Lisboa 11 Aron Soha, UC Davis



Vector LQ3 1n t11qQq @

. . " n . .
 CDF runl limit ) * “Expect” ~3 signal events in
-1 . . .
My o3 > 225 GeV/c 319 pb!, with a limit of
CDF 110 pb™ (1A + 1B) 2
_8_ [ T T T T T T T T ] rough].y mVLQ3 > 320 GeV/C
o oy Vector, k=1, Pythia v5.6 9 E
. oy, Vector, ©=0), Pythia v5.6 = Tevatron Vsi= 1960 GeV
10%E ay, Scalar, Isajet v7.06 - < - O . 1
; CTEQZLO ] Vectorieptogquarks
— Y M(x=0.0, #=0.0)
MG {c=1:0:7=0:0
103 - g -~ min(k=1.3, A=-0.21)
; 95% C.L. Upper Limits ] 10 &
£=100%, A=BR{LO—>T1hb) ;
¥ Vactor, k=1, M > 225 GeV/c® | -
5 ™. © Vector, £=0, M > 170 GeV/c* =
0% . A Scalar, M > 99 GeV/c” E - :
: . ."'. ] -1+
. 10 s
af ’
10 3 - lO g_ """"""""""""""""""""
10 R
1 SIG 7I5 160 1‘.I25 150 1;'5 ;BO 255 5450 lO -43 I I | | | I | | I I | | I R | | B B | | [
” 2 100 150 200 250 300 350
3™ Gen. LQ Mass, GeV/c M, , GeV

» Scalar LQ3 has same signature as R-parity violating SUSY top
CDF search using 200 pb™: mg; 53 > 129 GeV/c?
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4™ Generation Quark: b' B

» Search for long-lived particle (b') that decays to Z°

- Find vertex of Z° - ppu* and study decay length

- Keep this search inclusive by just looking for one displaced Z°
- E.g. Could also be a neutralino in a gauge-mediated SUSY model

where the gravitino is the LSP

-Form,, < m, 70 q Main backgrounds:
q W+ """" - SM Z° (mis-reconstructed p track)
O - Semileptonic B-decays

Require Ap < 175°
- In back-to-back events, a small
mis-measurement of impact
parameter can lead to large
measure of L, (distance from

beam in transverse plane)
o - Rejects 99.8% of large L,, bkgd
- 2 muons with p; > 20 GeV/c - Keeps boosted signal-like Z°s

-81 <m, <101 GeV/c? Look with and without P(Z°) > 30
- Model favors high p;
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@ Number of events is consistent

» Always just one of the two tracks

with background

has large impact parameter

- CDF Run II
" Preliminary

L=163pb"

[
-
[

[EY
)

Events/0.005 cm

Control A

region

!
mEmEmsEm e s s e
I L]

il |

CIsM z°MC
— Data
ps>30 GeV/c

Signal
region

1. [

-0.05 0
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0.1
L,, (cm)

14

» Exclusion region based on
b' model & leading order PYTHIA

107!

100

; EDIE Run I [7]95% CL, without py cut
reliminary  q<o 7
—1= 163 pb ' 11]95% CL, p7 > 30 GeV/c
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4™ Generation Quark: t' B

» Would be consistent with EWK data, and a heavy Higgs
» Where to look: (He, Polonsky, Su: hep-ph0102144)
Natural: t' - Wb', as long as m,. > m,, + m,,
However, precision EWK suggests m.. and m,, may be similar
So, t' - Wb, Ws, Wd (singly, doubly, triply Cabibbo suppressed)
» Signature:
pp - tT - WqgWg—IWvg e/u (pr>20), E;>20, jet (E;>15)
| -qqq 3 jets (E>15)

» Strategy:
- No b-tagging, to keep sensitivity tot' -~ Wsand t' -~ Wd

- Use kinematic quantity, Hy, to separate signal from background
H; = Er(lepton) + missing E; + Ej(jets) [scalar sum]

- Fit data for backgrounds (including tt) and signal (t't'")
Extract a 95% C.L. limit on o(t't")xBr(t' - Wq)*
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t' 1

» Perform maximum likelihood (L) fit to H

» Map out L as a function of o(t't)xBr(t' — Wq)*and integrate
to find 95% CL limit

» Hy shown for m, = 225 GeV/c?
» Repeat for different masses

» Data prefers no t' contribution .

— m. =180 CDF Run 2 195 pb-1
20 . . . . . 210 top t'>Wq, { + =4 jets channel 7
- t'—>Wq search CDF Run 2 (195 pb'1) ; o~ - Preliminary ]
16+ Njet > 4 " Preliminary i g
| T 0
ot = [Myp=170 95%CL
8 12} to 95% CL upper @ upper limit
§ : W-Ejets limit, mp=225 GeV l-'-'_,: 1 _ ]
o g} Il QCD lg_ Cacciari, et al.,
o NLL resummed
© hep-ph/0303085
4r 150 200 250 300 350 200
[ t' mass (GeV)
0 . :
0 100 200 300 400 500 600 Small variation with assumed top mass

HT (GeV)
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Conclusions

» Broad program of searches for leptoquarks and 4" gen. quarks

» Leptoquarks: 95% C.L. Limits (GeV/c?)
LQ1 ee'qq m; o, > 235 o

eVqi Gy  my,, > 176

VeV elid; My < 78 0rm;o, > 117

Combined to
give limits as
function of 3

LQ2  WWad  myy, > 2247 Combined (with v,v,q,q) to

“iquiqj mLQ2 > 170

LQ3 TT17qq In progress
* b' 4 generation quark

- Exclusion region: decay length vs mass
- For example, for ct=10 mm, m,,>173 GeV/c?

» t' 4 generation quark

give limits as function of 8

- Cross-section x branching ratio limits as function of mass

*» Improvements and updates coming soon!
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CDF at the Tevatron %

» The runll Tevatron at Fermilab has delivered > 1.1 fb

» CDF has recorded > 880 pb™ (efficiency has climbed to ~90%)

Year 2002 2003 2004 2005 Year 2002 2003 2004 2005
HMonth 1”4 7 10 1 4 7101 4 7 14 Monthl 4 7 10 1 4 7101 4 7 14

o)
< 100}
-
S I
E 80 I
m b
= ¢
eo 60
.= I
=
3
.é 40 R
= b
[ I A o
200 Delivered | 201 . Store efficiency |
| To tape | L Store efficiency, average of previous
071000 1500 2000 2500 3000 3500 4000 0771000 1500 2000 2500 3000 3500 4000
Store Number Store Number
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VLQ3: Anomalous Coupling

o pb

0.5 0 035 1 .5 2 25 3 35

Tiat VEIsSUS K¢y



Vector LQ3 1n t1gqQq @

» Signal/Background (mostly Z - t1) separation:

Y = pT(e/U) + pT(T h) + ET

1.8
1.6f
1.4}
1.2}
1
0.8}
0.6}
0.4/
0.2 |
0: .

CD

F Run2 Preliminary (319 pb™)

GRACE+PYTHIA
300 GeV/c* VLQ3

PYTHIA
VAR & §

- or - Mass reconstruction,
where missing energy

is split between e/p and 14,

e B T
200

506400
Y1 [GeV]
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Good combo

CDF Run2 Preliminary
Bad combo GR@PPA + PYTHIA

: Vector LQ3 300 GeV/c?
PYTHIA
UV & §

60
a0 l
20 jet
0 [\ eer] = DR g SRS PUTRNNNNTY P 2 s = 1 - SO0y
0 50 100 150 200 250 300 350 400 450 500
M,( e, v.i+v,, jet) [GeV/cT]
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VLQ3: Expected Events

Expected number of
signal events in 319 pb™!

Tevatron Vsi= 1960 GeV
R R S L% 8 ptoga ks

8] pb

—
=]
L

— YM(x=0.0. 240.0)
e N e R0
- mik(k=1.3. h4-0.21)

[ ]

—
=

s A H
LA :
gimitl
# H
. : ;
’ H H
- i i

N of Signals [events]
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-2
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~4:3%@R200-GeVf ¢ 10
7.7% @300 GeV/ 02 o 3
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b': Definition of L,

Z’ Pr

Ife <90°% L,>0

Otherwise, L,, <0

beam

L, of b

» Positive L, : Z° pr is in direction of displacement
» Negative L,: Z° pr is opposite to direction of displacement

» Motivation for this definition:

- Signal would be toward positive L,

- Tracking mis-measurements, which give the largest
background, are symmetric in the sign of L,



t': Projected Limits

- CDF Run 2
2 10k : _
310: t'—>Wgq, { + 24 jets channel ]
o | Projected sensitivity ;
T (statistical improvement only)
=
T
el
@ 95% CL
= 1F expected limits -
s i "
/I\
g_— Cacciari, et al.,
G NLL resummed

hep-ph/0303085

150 200 250 300 350 200
t' mass (GeV)

» This assumes no improvement in systematic uncertainties



