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Motivation

» Symmetry between quark and lepton sectors suggests

a possible link at higher energy scales (e.g. > mtop)

» Theoretical particle which couples to quarks and leptons

[ - Carries baryon and lepton
LQ- quantum numbers
- Fractional charge
q

- Color-triplet boson

- Two possible spin structures:

Spin O (scalar): couplings are fixed and decays are i1sotropic
*Spin 1 (vector): anomalous magnetic and electric quadrupole moments *

» Appears 1n several beyond-the-Standard-Model theories:
SU(5) GUT, Superstrings, SU(4) Pati-Salam, Composite, Technicolor
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Production at the Tevatron

Fermilab Tevatron:
r——— Silicon

TR s W

Drift Chamber

o e

1.4T solenoid

Had. calo.

Muons

/s=1.96 TeV

» Pair production:

- quark/anti-quark annihilation q ~1Q
qq - LQLQ dominant o ’

- gluon fusion
gg -~ LQLQ 3 Lo
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» 3" generation decays:

- lack of FCNC suggests decay
remains within generation

- Define: 3= Br(LQ - {q)

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

E.g., subset with =1

LQ3 - Tt Tt
charge= -1/3 -5/3

» Considering T, T, bb

- Signature: e,l+ T, + 2 jets

- Use a Lepton+Track trigger:

° T pis triggered as lepton
e T, 1s triggered as track
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Tb
~4/3

v, T, (1 or 3 track)
Aron Soha, UC Davis



Existing Limits

CDF 110 pb™" (1A + 1B)

O Vector, k=1, Pythia v5.6
o, Vector, £=0, Pythia v5.6
o Scalar, Isajet v7.06 5

CTEQZ2LO

95% C.L. Upper Limits
F=100%, @=BR{LQ—>Tb) ]

* Vactor, #=1, M > 225 GeV/c? |
. O Vector, =0, M > 170 GeV/c?
A Scalar, M > 99 GeV/c” E

» CDF Run I limits (110 pb™) > o [T

- Assume Br(LQ3 - tb) = 100% °
My o3 > 225 GeV/c*> (Yang-Mills [K=1]) CF
My, o3 > 170 GeV/c*  (Minimal Coupling [K=0])
mg; o3 > 99 GeV/c? 0%

[ F. Abe et al., Phys Rev Lett 78, 2906 (1997) ]
10%F
» DO Run I limits  x,

- Assume Br(LQ3 - v b) =100% '
my; o3 > 216 GeV/c* (Yang-Mills) R
My o3 > 148 GeV/c® (Minimal Coupling)

[ B. Abbott et al., Phys Rev Lett 81, 38 (1998) | S —

50 75

@ Related CDF Run II limit (322 pb™)

- From an R-parity violating stop search

mg; o3 > 155 GeV/c?
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Data & VLQ3 Simulation

@ Data

2322 pb?, at Vs = 1.96 TeV New VLQ3 Simulation

- Lepton+Track trigger iﬁ: ? T l o l o lm {.cizc;drnl'}ufeﬂgltrrfnquaiﬁ"gos% G!e\.f -

= 10y _ e M e

Um 10 i_J ""' ..... q ﬁ*”'—%ma ....... _i

» Signal MC > - TN wowo, W,

- VLQ3 added to GRACE g =

(amplitude calculations) ? 107! §_?N ........................................... _§

+ GR@PPA (computations of I& 102 é_“‘ ........................... _é

primary hadron interactions) B ,paf o T,

+ PYTHIA (decay, fragmentation, = : : ; ; S
and shovering) T a3

+ GEANT (full CDF simulation) Vector LQ3 mass (GeV/c?)

- Calculates helicity amplitudes for LQ pair production and carries through to taus

- Flexible: Can model other LQ generations, and decays to other final states
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Backgrounds

Source Comments

» Physics backgrounds (yielding lepton, 1., + 2 jets)
-tt tt -~ WbWb — £vb T,Vb
-ZUyF Tt + jets in the event

* Faking backgrounds (=1 object 1s misidentified)

uonenuIs HIN
3uIsn pajenyeAr]

-t tt - WbWb — €vb qgb, and jet fakes a T,
-Zly* S eeor i + jets in the event, ... e, |, or 3" jet fakes a T,
- W+jets W - Cv and 3" jet fakes a T,

-WW, WZ, 77 negligible

=

- multi-jet QCD jets fake e/p+ T, --- evaluated by extrapolating g
from non-isolated lepton region to isolated region U&
oo

pawn[e;\g[

- y+jets photon conversions

o

o
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Event Selection

Lepton Hadronic Tau
e (E>10 GeV) T, (E>15 GeV)
or U (pr>10 GeV/c) separated from jet
separated from jet l

Event Selection

Opposite sign charge ( Q(e/M )*Q(T,) =-1)
Conversion removal and cosmic removal

Drell Yan removal using mass window cut ( veto if 76 < M < 106 GeV/c*)
E.> 10 GeV

H, = E(lepton) + E(T,) + E; + LE (jets) > 400 GeV
(optimized for my, ,; = 300 GeV/c* ... but still sensitive to 200 GeV/c?)

N...>2(jetE.> 15 GeV)

jets
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Efficiencies

» Full selection efficiency as a function of mass
;@‘7:'I""|""I""I""I""i":
= e —a——t—8—9—
§ 6; _O__._—'—f:a::g:ﬂ: 2 Includes:
ﬁ 5F :9:_F$:F 4 *“Particle Selection”
= 4}_ g E - triggers
® = . - acceptance
g - "=  GR@PPA+PYTHIA Monte Carlo - P
gk = B(VLQ, —1b) = 100%, CTEQSL - particle ID
i — e e1,:Yang-Mills Couplings - particle isolation and separations
2r —e— KT vang-Mills Couplings 5 ¢ Eyent level requirements
- e —a— e 1, : Minimal Couplings .
1 —4— p 1, : Minimal Couplings —
il T P TP I I PR
150 200 250 300 350 400 ,
Vector LQ; Mass (GeV/c")
» Efficiencies
ey, 1t (|nu| < 0.6) | n14(0.6 < |nyu| < 1.0)
Requirement Efficiency (%) || Efficiency (%) Efficiency (%)
Particle Selection 7.9240.08 i e X U L8 ) 1.84+0.04
Event Selection 81.734+0.19 87.37+0.25 85.834+0.36
Total 6.14 +£0.07 4.5240.07 1.58 +£0.04
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Signal and Control Regions

* Define 3 control regions, 1 safety region, and 1 signal region

N.

jets

>2 1
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_CR2J | SAFE [SIGNAL
tt signal | signal
QCD (m~225) | (m>300)
Z°yE S 1T
CR1J
Z°ly* - 1T, ee, U
W+jets
QCD
CROJ
ZIy¥ - 1T, ee, LU
Wjets
80 250 400 H,

10

o H; > 250 GeV is sensitive to
existing limit (my;; (3 > 225 GeV/c?)

@ Perform optimized search with
highest mass reach by using
simultaneous fit to SAFE region
and SIGNAL region

@ SAFE and SIGNAL regions
left “closed” until selection
and validation finalized
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Validation Using Control Regions

» Control and signal region plots of jet multiplicity
» Hatched region 1s uncertainty on summation of backgrounds

eT, channel ut, channel
300 pp—VLQVLQ— {bti{bT CDF Run Il Preliminary {322 pby 300 pp—VLQVLQ—{bT){bT CDF Run Il Preliminary (322 pb™'}
2 = e, channel 2 L g, channel
_ﬁ B —e— Daa(L=322pb”) E - —a— Data (1=322 pb™l)
= = [ vegvigem=320 Gevicy| 2 B e 320 Ge Y’
L 250 I Zsvtse, =250 % HVIDn=20 GeVi)
oL NI ocp e L “"
g [ g [ BN ocp
& B A & B s
Eonnl — 1 E ool B 2
E 200 E 200 i
= - |:| W jeis = - I:‘ I
: B e B [] Wijers
150 150}
:
[ 1 i ]
100 T 100
50 : 50
Prr occocoaca
|
° 0 1 >2 0
Number of jets Number of jets
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H.. for Control and Signal Regions

» Hy for individual backgrounds and example signal at my; ;=320 GeV/c®
o Forall H, >80 GeV,and N, > 2

jets
eT, channel ut, channel
pp—VLQVLQ- (bt)(b) CDF Run Il Preliminary (322 pb'1j pp—VLQVLQ- (bt)(br) CDF Run Il Preliminary (322 pb'1j

< et, channel < ut, channel
3 10 —— DumE_QE ﬂb'fl {ﬂj‘ 10 - —e— Data (L=322ph™)
0 - (] vLOVLO(m=320 GeVic’) s ] [ VLOVIOm=320 Gevic)
N - . o = L
N B |:| ZTTeT, b B I:I Z3TTT,
% I NN ocp E I B oco "
E B 2 .ﬁ B ¢
2 i (] > B
Q @
ol B _ L] Wajers u— |
o1 T B e o1
Q R Q i
K= = 0 B
= - £ _
3 _ = i
z | z |

10" 10"

10'2||| —‘Hl_‘ 10'2||| ||||||||||||||||||||

0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000

H; (GeV) H; (GeV)
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Systematics

» Systematic uncertainties on signal, for my; ; = 160, 260, 360 GeV/c?

eT, channel ut, channel
Systematics (%) for et, Channel Systematics (%) for p 1, Channel
LUk o3
Source 160 | 260 | 360 Source 160 | 260 | 360
PDF 24 | 1.1 | 0.7 PDF 2T 1.0 | 0.5
ISR >0 | 358 || 25 ISR ad | 5T | B
FSR aq | Ak || S8 FSR 3.6 | 3.6 | 3.6
Jet Scale 1.y | 8% | QY Jet Scale 6.9 | 27 | 0.8
Hr 0.1 | 0.1 | 0.1 Hr 0.0 | 0.1 0.0
Acceptance | 1.7 | 1.7 | 1.7 Acceptance | 1.0 | 1.0 | 1.0
Lepton ID 1.0 | 1.0 | 1.0 Lepton ID 30 | 3.0 || 30
Tau ID 3.0 | 30 [ 3.0 Tau ID 3.0 | 3.0 | 3.0
Isolation 3l | 30 || 30 Isolation 3.0 | 3.0 3.0
Total LS | F0 | T Total 104 | 79 | 7.5

» Additional systematics include 6% for luminosity, + background systematics
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Event Yields

» Expected number of background events in each region,
and observed number of events in data

eT, Channel

CROJ CR1] CR2J SAFE SIGNAL
Background [122.08*51711.31[109.23%33240.27| 3339 50 +4.803.28 7030 £0.52{ 0251 04 £0.05
Data 129 110 36 5 0

ut,, channel

CROJ CR1] CR2J SAFE SIGNAL
Background [147.13%50°£12.20(100.46 7572, £6.74| 30581 02 +3.83| 22500 £0.32{ 0247 2 £0.05
Data 129 79 26 3 0
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Cross Section and Mass Limits

102 CDF Run II Preliminary (322 pb )
— H I I I I I I I T | I I I I | I I I I | I T I I | T H L4 ° 04
| F GR@PPA+PYTHIA Monte Carlo i ° Likelihood fit uses
— = B(VLQ., — tbh)=100%, CTEQSL -
~ [ L e o STEQ 1 results from both
O 10 »n S~ S - Minimal Couplings —
L_—J = ‘n‘h [ Theory Uncertainty (+ {o2o- + o2, g ety and My, channels
Gﬂ - N Observed 95% C.L. Limits- .
S L e . _=- Minimal Goupings .| @ Includes correlations
= Mg = IR P, 1
:,"'\ - B et YenoMills Cowlings3  among systematics
2 SN : .
102 2y _ = 295% C.L limits
° i ey M > 251 GeV/ i
- weE 5 L é 5 = eVie’ " —
A E‘;E»’S IE =G M > 317 GeVic’ e, i
0" 150 200 250 300 350 400 _
Vector LQ, Mass (GeVic")
Minimal Couplings Yang-Mills Couplings
Nominal: 0< 493 fb, M > 251 GeV/c* 0< 344 fb, M > 317 GeV/c*

-16Theory: 0< 610 fb, M > 223 GeV/c’ 0< 360 fb, M > 294 GeV/c*
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Conclusions

» Searched for the pair production and decay of third generation vector
leptoquarks in 322 pb' of Run II CDF data, in the di-tau di-jet channel

» Leptoquarks remain undiscovered, but ...

* Placed the world's strongest 95% C.L. limits on the cross section and mass
for two models:

Minimal Couplings Yang-Mills Couplings
Nominal:  g< 493 fb, M > 251 GeV/c* 0< 344 fb, M > 317 GeV/c*
-16Theory:  0<610fb, M > 223 GeV/c’ 0< 360 fb, M > 294 GeV/c*
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Existing Limits

» CDF Run I limits (110 pb™)

- Assume Br(LQ3 - tb) = 100%
My o3 > 225 GeV/c*> (Yang-Mills [K=1])

>

n
a
&

My, o3 > 170 GeV/c*  (Minimal Coupling [K=0])

Mg o3 > 99 GeV/c?

[ F. Abe et al., Phys Rev Lett 78, 2906 (1997) ]

@ DO Run I limits

- Assume Br(LQ3 - v .b) =100%
my; o3 > 216 GeV/e* (Yang-Mills)
My o3 > 148 GeV/c* (Minimal Coupling)

[ B. Abbott et al., Phys Rev Lett 81, 38 (1998) |

@ OPAL at LEP 11
- My o3> 101 GeV/c®

@ HI at HERA
- My o3> 198 GeV/c?

(but allowing lepton flavor violation)
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103k

102k

0 F

CDF 110 pb™' (1A + 1B)

1 1 I I 1 1 I ]
O Vector, k=1, Pythia v5.6
o, Vector, £=0, Pythia v5.6
o Scalar, Isajet v7.06 5

CTEQZ2LO

95% C.L. Upper Limits
£=100%, @=BR{LQ—>Tb) ]

.. % Vactor, k=1, M > 225 GeV/c”
.. O Vector, =0, M > 170 GeV/c*
A Scalar, M > 99 GeV/c” E

I I I 4 I iy
50 75 100 125 150 175 200 225 250
3™ Gen. LQ Mass, GeV/c’

@ Related CDF Run II limit (322 pb™)

- From an R-parity violating stop search

Mg, o3 > 155 GeV/c?
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Validation Using Control Regions (1I)

» Number of tau prongs in CROJ control region

3 NprOn o5 1, 3 used for measurement, Npmngs= 2, 24 also serve as control
eT, channel ut, channel
pp—VLQVLQ—(bt)(b1) CDF Run Il Preliminary (322 pb ™) pp—VLQVLQ— (bt)(br) CDF Run Il Preliminary (322 pb™)
E140 B et, channel a2 N ut, channel
E B —8— [Dgaia rL=_?22pb"'J 51 60 — —— [ita |’L=j‘22pb"')
> T L) vioviom=320Geve™)| 3 [ ] vLovLOm=320 Gevic?)
“51 o0l N Z-11oet, '15140 — ] Zottout,
- - BEN ocp - .
E B - L—ee E - - ocp
£100|- o 7 g1201 Kl
'.5:"’ : | L] Wjers E B | ]
= —e—— W s 100 —— |:| W4 jers
80 | B | I
| I | L
- . | 80 |
6o | -
40 |
L —
|
—e
0 M ——
1 2 3 4 4 5 6
Number of tracks Number of tracks
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Event Yields: eT, Channel

» Expected number of events, by category and summed, in each region,

and observed number of events in data

eT, Channel

CROJ CR1J CR2J SAFE SIGNAL
Backgrounds:
Z' 51T —er, | 398670014322 | 43.027 8 +£3.80 | 9.091041 £ 1.06 | 0.671(1] £0.15 | 0.04 {5 +0.00
7" — ee 54500+ 112 | 662700 £1.47 | 122700 +0.33 | 0.45754+0.10 | 0.00" 00 £0.00
(.47 1.32 1008 (.12 (.00
QCD 28310551032 | 22,6635 +£5.63 | 15237 12 +3.85 | 0.08" 5 £0.00 | 0.00" 5 +0.00
" (.01 (.06 R (.12 (.04
t 0.01 ", £0.01 0.30" e £0.07 | 0.817 53 +0.22 | 1357152039 | 0.15 " £0.04
W(e+v)+jets | 53.06" 1 3+9.82 | 20207070 +4.87 | 351732 +£1.72 | 0.60",),24+0.29 | 0.07 1 £0.03
W(t+v)+jets | 206871 53+4.43 | 1490737 +£3.73 | 287" 01 £1.99 | 0.14755+0.08 | 0.001) 1 £0.00
7+ jets 0.18 1445 £0.00 1441030 +0.29 | 0.661 5 £0.18 | 0.00" ({1 +0.00 | 0.00" (1 £0.00
Total Background | 122083174 11.31 | 109.23523+9.27 | 33.39" -04+4.80 [[3.28" 50 +0.52 | 0.251)51 £0.05
Data 129 110 36 5 0
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Event Yields: pt, Channel

» Expected number of events, by category and summed, in each region,

and observed number of events in data

ut,, channel

CROJ CRI1] CR2J SAFE SIGNAL
Backgrounds:

Z" st —pur | 420370874291 | 401070824222 | 8.347)2504+0.70 | 0.591 1) £0.06 | 0.09 )12 +0.03
Z" = pp 27.061-15+8.45 | 83910204274 | 2.20M031+0.73 | 0.10100+£0.04 | 0.0000 +0.00
QCD 230100 +0.39 | 16.541 3 +2.91 | 11.58"9242.05 | 0.00" 50 £0.00 | 0.00 175 £ 0.00
t 0.04 7513 +£0.00 | 0.327000+0.07 | 0.677{F£0.13 | 1.24711£0.29 | 0.15 55 £0.05
W(p+v)+jets | 56.60"1230+£7.98 | 21.99" - 15+£4.23 | 436" 33 £1.74 | 0317 1£0.11 | 0.00" 0 £0.00
W(t+v)+jets | 19017157 +£2.71 | 1313738 £2.56 | 3.441070+£2.53 | 0.001 5 £0.00 | 0.00" 1, £0.00

Total Background | 147.13'305412.29 | 100.4632 £6.74 | 30.58" 05 +3.83 |[2.251 55 +£0.32 | 0.24 ") +0.05
Data 129 79 26 3 0
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