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1.1. The Leptoquark (LQ)

 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 numbers
» Fractional charge

> Color-triplet boson ¢
g —<_

> Two possible spin structures:
>Spin 0 (scalar)
>Spin 1 (vector)
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1.2. Scalar and Vector LQs

Scalar : - X |(0j@) (Djfdy) ~ Mo @]

scalars —

. o [ 1 4t UV Sy gy ) ) g ' v K i v
Vector : 1§= ; —Ec;“,,q + My, @) — gy {ql—)\,'ct);r;;@i,%if +Ecgﬂ,ﬁ;a-ﬁgﬂ;ﬁ
vectors L M
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anomalous magnetic moment : w = 5-(2+x-4)

8s

electric quadrupole moment : ¢ =—3p{1-Kk-4)

*k =0, A =0 : Yang-Mills coupling
»k =0, A =1 : Minimal vector type coupling
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1.3. LQ Pair Production

* Feynman diagrams for leptoquark pair production by pp collision.

-
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2.1. 1** and 2" Gen Scalar LQ

1st

Generation
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2.2. 3™ Gen Scalar LQ

3" Generation Scalar LQ limit is fully applicable to RPV stop case.

CDF Run Il Preliminary (322 pb'1}
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LQ | Spin | 3B+L | SU(3)¢ | SU2)w | Ull})y [ Qppm | Channel(s) [couplings(s)]

3. 1 . 3 Gen LQs Sl {} -2 3:: l ?L _l: ‘I‘:ERF [g'lf..ff]- Vf_f!) [—g”_]
, A
| |
A

shol2 s | o | «] <] G
% vit [\_.f'ig; ;_]
e "
. . 8 Y S I a1 o _—
> Various species of LQ3s s/ °| 2| * | ° el v [

> 31 generation decays: ]
*> Define: B = Br(LQ3 - tb) |

T RS —% f'r'.'yg]. ‘v’;_F [;?:;_]
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3.2. Event Selection

Lepton Hadronic Tau

e: EE>10 GeV
H: p>10 GeV/c
separated from a jet

p:>15 GeV/c
separated from a jet

I_;_I

Event Selection

Opposite sign charge ( @£ )*Q(t,) =-1)
Conversion / Cosmic removal

DY removal using mass window cut
(vetoif 76 < m, < 106 GeV/c?)

p‘T > 10 GeV
H_> 400 GeV (*)
N_. = 2(E > 15 GeV)

jets

1 or 3 track(s)

*H = E(8) + E(1,) + . + SE(jets)
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3.2. Event Selection

H. > 400 GeV
Hr = Er(e.u) +Er(t) + Br" + ) Er(jets)

pp—VLOVLQ—(bT)(bt) COF Run Il Preliminary (322 pb )
CDOF Run 1l Preliminary (322 ph'1:| E 3 ) ]
3 PP—VLQ; VLO;—(bT)(bT) ) GR@PPA + PYTHIA
S 10 im =320 GeVic) <ok VLQVLO(m = 320 GeVie')
= GR@PFA + PYTHIA @
E =:=:5:::::::::::5:5 Signal (et, channel)
E ] Signal (ut, channel) 2
% 1 - Backgrounds (et, channel)
g C [ | Backgrounds (ut, channel) 15
E
=
=

107

=
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H_ cut is very strong event selection cut.
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3.3. Signal and Control Regions

jets

>2 T

2007/3/17

CR2) SAFE
° tt * Signal
(M5 ~ 250 GeV/c?)
CR1]
*2°/y* - ttorif
* W+jets
* QCD
CROJ
*Z°/y* - ttoril
* W+jets
80 250 400 H. (GeV)

* Existing limit is m, . > 225 GeV/c? and H > 250 GeV is
sensitive region. So it was blind until cuts finalized
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3.4. Systematic Uncerta

inties

@ Systematic uncertainties on signal, for 160, 260, 360 GeV/c?

et, channel ut, channel
Systematics (%) for e7, Channel Systematics (%) for ut, Channel
mLQ3 L3
Source 160 | 260 | 360 Source 160 | 260 | 360
PDF 24 1 1. | QL3 PDF 27 | 1.0 | 0.5
ISR 30 | 3 | 3ib ISR 3.7 | 3.7 | 3.7
FSR T | T | 25 FSR 36 | 3.6 | 3.6
Jet Scale 1.5 | 28 | D9 Jet Scale 69 | 2.7 | 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 1D a0 | 30 | 30
Tau ID 30 [ 30 | 30 Tau ID 3.0 | 3.0 | 3.0
[solation 30 | 30 | 30 Isolation 30 | 3.0 3.0
Total 105 | 7.6 | 7.1 Total 104 | 79 | 7.5

Syst. = 10% ~ 7%
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3.5. Event Yields (et )

CROJ

CR1J

CR2]

SAFE

SIGNAL

Backgrounds:
72" — 17— o1,
70 — ee
QCD
it

W(e+v)+jets

W(t+ v)+jets

39.86798 1320

—0.85

54593 4112

—0.55

0.47
2.83145£0.32
0.01
0.017)9" +0.01
53.061 113 +9.82

1.43
20.68%143 +4.43

0.88
43.02088 +3.80

0.61
6627001 +1.47

22.667 133 £5.63

0.06
0.30% ¢ =0.07

0.7¢
20.29%1) 70 £ 4.87

1.37
14.90+137 43,73

0.41
9.09+041 +1.06

0.26
1227020 4 0.33

1.08
15.23+10% + 385
0.81%5 09 +0.22
3511032 £1.72

0.64
2.87+004 +1.99

0.67%0 11 +0.15
0.45+51740.10
0.0870 1% +£0.00
1.357015 +0.39
0.607 12 +0.29

—0.15

0.23
0.14") 55 4+0.08

0.047003 4+0.00
0.0009¢ +0.00
0.0070 0% 40.00
0.157001+0.04
0.071007 £0.03

0.14
0.00" "4 £0.00

¥+ jets 0.18%0:18 +0.00 1447031029 | 0.667507+£0.18 | 0.00F( 0 £0.00 | 0.00" ) £0.00
Total Background | 122.0872144+11.31 | 109.23%233 +9.27 | 33397140 £ 4.80 | 3.287039+0.52 | 0.25705¢ +0.05
Data 129 110 36 5 0
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3.5. Event Yields (pt, )

CROJ

CR1J

CR2J

SAFE

SIGNAL

Backgrounds:
Z' — 1t —ur,
7" — uu
QCD
]

W(u+v)+jets

W(t+ v)+jets

).87
42.0370%7 £2.91

27.0671 19 +8.45
2.307)20 +0.39
0.0470-03 +0.00
56.6071% 4 7.98

—1.59

1.37
19.1171374+2.71

0.85
40.1070%5 42,22

8.3910-66 L5 74

—0.60

1.50
16.54*130 + 2,91

0.3210:96 L 0 07

—0.06
21.997113 +4.23

13.137]38 £2.56

8.347030 +0.70
2.2070334+0.73
11.581132+2.05
0.677008 +0.13

0.53
436703 +1.74

0.70
3.447 00 £2.53

0.1¢
0.597) 10 £0.06

0.10
0.10%; s =0.04
0.001) 50 £0.00

0.11
1.24%1, £0.29
0.31717 +0.11

1 =0.11 ’

0.0010 04 £0.00

0.0970-03 +0.03
0.00700° £0.00
0.0070 50 +0.00
0.157003 +£0.05
0.00708 40.00

0.0070 40 £0.00

Total Background

147.137595 4 12.29

100.467331 +6.74

30.587102+3.83

0.32
2254032 +0.32

0.22
0247022 4 0.05

Data

129

79

26
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3.6. Limits of Vector LQ3s

( DF Run ll Plehmmary ( 322 pb )

= 107 5
oY = GR @ PPA+P\ THIA Mcmte C ’11‘]0 E
~ - B(V L() — 1tb)=100%, CTEQSL .
- - Yang-MHls Couplings .
C 10 oo U e Minimal Couplings =
SI - [ 1 Theory Uncertainty (o3, +02_.) 3
0"’ B > Observed 95% C.L. Limits
- b e e --e--- Minimal Couplings _|
> = e e - —s— Yang-Mills Couplings3
i - ‘ ]
L0z - =g 3
©  EZEs 22 N N -
- LD'-E 5 L 25 M>251GeVie e -
e Sl M > 317 GeV/c? 3 ]

10 2 I A [N TR TR T N S PR ET T T T M N s [

150 200 250 300 350 400

Vector LQ, Mass (GeVic?)

c<344fb m,,, > 317 GeV/c’
lovaried 0<354fb m,,, > 303GeV/c?

o< 493 fb m > 251 GeV/c?

VLQ3

l1ovaried 0<555fb m,,, > 235GeV/c
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3. Summary

» List of CDF Run II results for Leptoquarks search.

Spin | Decay | Generation| Mass Limit (95% C.L.) Int. L
1 > 235 GeV/c? 203 pb
B=1 2 > 224 GeV/c? 198 pbt
3" > 155 GeV/c? 322 pb!

0
1 > 176 GeV/c? 203 pb!
3=0.5

2nd > 177 GeV/c? 198 pb!
5 B < 78 GeV/c?, P

=0 | 1%, 2 > 117 GeV/c? 191 pb
5 . > 317 GeV/c*(Yang-Mills) P

L[ B=1 : > 251 GeV/c(Minimal) | 322 PP

2007/3/17
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Calorimeters

Tracking Volume

Beam line

pseudorapidity
Muon Systems CMU & CMP(n<0.6) 0
N = — Intan ( )

CMX (0.6<n<1.0)

e
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TEVATRON

,r — _ MAIN INJECTOR \/S =1.96 TeV =
TEVATRON ' f\:iﬂmEHH \\\ = -
e A
Ir';f-f-— Ly _-,__::- "‘-n__:T-___ ;:_.:;f |
l DZERO "=-1_l:* .Hf%;'ff/TAHGETHALL
N AR famnoron
N o WS
RIS j\g ~ BOOSTER
et P — el LINAC
" COCKCROFT-WALTON
parameter
T b number of bunches (Nz) O 36
bunch length [m] 0.6 0.37
bunch spacing [ns] 3500 396
protons/bunch (N) 2310 [ 2.7 < 10!
antiprotons/bunch (Nz) 5.5x 10" [ 3.0x 10
total antiprotons 3310 [ 1.1 101
B [cm] 35 35
interactions/crossing 2.5 2.3
integrated luminosity [pb~'] 112 450
seak luminosity [em2s~! 2 % 107! 1.2 % 107
2007/3/17 corco L y | |




Shrinking Cone Algorithm

. P Signal Cone (Shrinking Cone)

o<a, (~2.9°-~10°)

0y = min[0.175, max(5 GeV/E 0.05)]

Isolation Cone (Fixed Cone)

a, <8<0.52(~30°)
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Production Cross Section

[ ()

I.-Icl"l-lll-lll"
Vectdr LO2 pair greduction

LYW (=0, 2E0), Tevatropys=1960 dev

"""" R T S Y R i LA e

10

| )

b | ................... I R e s B e N K

S [ S S SRS T S DS SRS Ay e —

o(pp — LQ3LQ3) (pb)

+
+

HI] I IIIIIII| I IIIIIII| I IIIIIII| I IIIIII]] I IIIIIII|
lIJ] | IIIIIII| l IIIIIII| l IIIIIII| I IIIIIlll I IIIIIII|

Sy gy S [y Y S S U R S S DS SR e - S —

-4 11 i 1 1 1 i 1 1 1 1 i | I I . | i 1 1 1 1 i | I I . | i 1 1 1 i 1
L
! 100 150 200 250 300 350 400

LQ3 mass (GeV/c?)
VLQ, signal MC was produced by GR@PPA + PYTHIA
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