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Results
Combined Limits and Conclusions

1st and 2nd generation scalar LQ only

Lepton signatures!
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I heoretical Motivation

Leptoquarks (LQ) are hypothetical
particles which appear in many SM

extensions to explain symmetry
between leptons and quarks
= SU(5) GUT model
= superstring-inspired models
= ‘colour’ SU(4) Pati-Salam model
= composite models
= technicolor

L Qs are coupled to both
leptons and quarks and carry
SU(3) color, fractional electric
charge, baryon (B) and lepton (L)
numbers
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L Qs can have:

—spin O (scalar)
scouplings fixed, i.e., no free
parameters
*Isotropic decay

—spin 1 (vector)
~anomalous magnetic (k;) and electric
quadrupole (Ag) model-dependent
couplings
—Yang-Mills coupling: kg=A =0
—Minimal coupling: K;=1, A 5=0
—Decay amplitude proportional to (1 + cos0’)?

Experimental evidence
searched:
= indirectly: LQ-induced 4-
fermion interactions

= directly: production cross
sections at collider experiments
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[Q at Hadron Colliders

5 ) dependent process

Pair production _+ does not contribute

= Practically mgmﬁcantlywto . & 3“13:””

|ndependent Of generatlon
Yukawa
coupling  (only
g-LQ-LQ vertex)
. @7 LQ g LQ g THTTT LQ
= Depends mainly . g g
on LQ mass §——La o 1 ocaa
q LQ 9 Lq ¢ T ==
>’5‘U£!r5 / 9 zig ‘_,LQ _____ LQ
L= LQ
q LQ . H“LQ SO T LQ
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Leptoquark Decay

Each g - BrilQ—g
decay into 3 final states: P L

Exclusive to the Tevatron |

1QLQ — vvyg MET+2j BR = (1-p)2
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Search ior L@ iR dilepters + jets

e Selection -
o« X\ v 2electrons (CCCF) E.> 25 GeV -t
N < v 2jets, Efj1)> 30 GeV, E(i2)> 15 GeV 7
ai e v ZVeto(76 <M, <110) GeV o G
v Electrons/Jets: E 116V + B j22), 85 GeV  * = et =

v CEL) *+EG,N2+ (ELe,) +E Le,)?) 172> 200 GeV

Selection

% 2 wwons with P, > 25 GeV

* 2 jets with E(j1,j2) > 30,15 GeV

% Dimuon Mass Veto: Oy S
*76<M, <110,M <15 GeV g e e w0

< Edj;) * E(j,) > 85 GeV and P (u,) * P.lu,) > 85 GeV

& (B + EG N2+ (Plp,) + Polu,0)2) 1725 200 GeV
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Backgrounds: eejj wujj

Z + 2 jets (alpgen) 1.89+£0.44 1.7 £0.1
ttbar (Pythia) 0.35 + 0.03 0.22 +0.03
Fakes (data ) 3.96 +2.01 1+1

Total 6.24 £ 2.16 3.0 +1
Observed 4 2
Systematics: signal acceptance and background prediction

Luminosity 6%

pdf 2.1%

statistics of MC  ~1.2%

Jet Energy Scale <1%

muon reco/ele id <1%

Z vertex cut 0.5%
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Search for LQ in dileptens + jets (I/]

e Exclude at 95% CL M, <224 GeV/c? f =1.0
gt ] xclude a 0 — eV/czfor B = 1.
§ %0|== 1t = =
P ——a— Final CC =|
ACIE=E ) ) . e [ CDF Run Il Preliminary (198 pb™) |
g - E g —
2 sob A . ! ) I I I I T Theoretical Cross Sections, Phys Rev Lett 79, 341, '97
E 505— [} 2 N ° : E = B CTEQaM. Q=M g oo
3F . 8 .3 ° - -~ CTEQM. Q=052M, MMJJ
a0 . . " " — .
E . El ——————— 95 9% CL CDF Upper Limit
KIS A . . 10 =
[ E . o E e I
PSS . = E ]
10 " - ' = L ]
o?m.”\..m”.l.”m..\”.l‘F | p=02 |
200 220 240 260 280, 300 320
Leptoquark Mass (GeVIcz)
1 p=03 —
| CDF Run Il Preliminary (203 pb™) | = pooa
— L L e e e e e g B N pmos
2 - ] B N =06 1
= | eeJJ N B p=o07 |
b [ | - p=08
10" |- o
10 — \ — B 1 e L | I A
E gzl 3 80 100 120 140 160 180 200 2220 240 260 280
: . Leptoquark Mass (GeV/c")
- p=02 B Combined Total Acceptances
<2 0-6 [—a—With Tracks
1 = p=03 —] ] —s— No Tracks
E E —— CMX-CMX
F — 05|~ CMUP-CMX
C p=04 ] —— CMUP-CMUP
8205 'S |——CMUP-TRK
B n £ 04| —— CMX-TRK
- p=06 | uor
8, for !
-1 = 9 0.3 |— -
10 E Bt E i ~2.5
Bl 1l a1 [ = ~3x
80 100 120 140 160 180 200 2220 240 260 280 ) 02—
Leptoquark Mass (GeV/c") F I} 2
0.17 & I 58 T +
Ea..
6

Exclude at 95% CL M <235 GeV/cZ for f= 1.0 o siiesdi g

Leptoquark Mass (GeVIcz)
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Search for LQ in dileptons + jets (i)

TABLE I: Efficiencies after all cuts, relative errors and 95%

C.L. upper limits on the production cross section x branching
fraction Br, as a function of Mg, for the two channels.

My (GeV/c?) eeji evjj
€ axBr(pb) € axBr(pb)

100 0.07 £ 0.07 1.11 0.02 £ 0.13 5.71

140 0.12 £ 0.04 (.25 0.058 £ 0.09 0.69

160 0.21 £ 0.04 (.14 0.058 £ 0.09 0.65

200 0.32 £ 0.05 (.09 0.16 £+ 0.08 0.37

220 0.35 £ 0.05 (.08 0.19 + 0.08 0.24

240 0.38 4+ 0.04 0.07 0.20 4+ 0.08 0.23 TABLE I: Efficiencies after all cuts, relative errors and 95%

260 0.40 + 0.04 0.07 0.22 4+ 0.08 .99 C.L. upper limits on the production cross section x branching

fraction Br, as a function of My, for the two channels.
Mg (GeV /c?) i jjj
€ oxBr(pb) € o xBr(pb’
100 0.02 £+ 0.17 1.35  0.005 £ 0.10 -
120 0.05 £ 0.09 0.52 0.07 £ 0.07 (.86
160 0.13 + 0.08 (.18 0.07 £+ 0.08 0.73
200 0.19 + 0.08 0.13 0.11 £+ 0.07 0.41
220 0.21 £ 0.08 0.11 0.13 £ 008  0.24
240 0.24 £ 0.08 (0.10 0.13 £+ 0.07 (.24
260 0.26 £ 008  0.09 0.14 £ 0.07  0.21
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Searehiior L@ n lepton + ME + jets

0 o # 1central electrons with E; > 25 GeV
& MET > 60 GeV
g "‘?,x'< o & Veto on 2nd electron, central loose or Plug
:‘4 a @ 2 jets with E; > 30 GeV
M [ 4 Ad (MET-jet) > 10° CDF Il Preliminary, 203 pb Data
o o & E.(1)+E-(2) >80 GeV e — ton-mmoen
& M. (e-v)> 120 g
& LQ mass combinations 2k
SM background Selection
> W "'Zjefs Z veto (tight/loose pair) 0;7 i
> Top (I + jets and dilepton) Nztin;gsi?n (CHLP, Gt o R N
> QcV/Fakes PT{'_L] S 25 GEV 3§DF Il Preliminary, 203 pb ™’ B f:t:qzzoo .
E.>60 GeV .2
9.9 q 2 jets, @ E,>30GeV s
. ch’ ‘x< » .&.¢(|,|,ET}<1 75°, a¢(ET,jets}>5" é ”’?
:‘4 o E,(jet1)+E, (jet2) > 80 GeV =
a < M, (¥ .Muon) > 120 GeV/c?
o v Mass Cut S R B G e e e
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Search for L@ in lepton, MET + jets ()

TABLE II: Number of events surviving all cuts in the muon,
missing energy and jets topology, compared with background

expectations, as function of the L) mass (in GeV/c®). The Systematics: signal acceptance and background estimate
number for the individual contributions have been multiplied Luminosity 6%

by 10. pdf 2.1%

Mass Wi  top 73 multijets Total Data Statistics of MC ~ ~1.2%

140 9+1 17+£2 2401 3+£3 31+£03 3 Jet energy scale <1%
160 1441 1842 2+02 3+3 37+04 4 Muon reco/ele id  <1%
180 1441 1442 2+£01 3+3 32403 2 7 vertex cut 0.5%
200 16+£1 10+4 2401 3£3 314+£03 0

0

220 16+£1 84+£3 2401 343 29+03 TABLE II: Final number of events surviving all cuts in the

o electron, missing energy and jets topology, compared with
03 B o background expectations, as function of the L} mass (in
3‘.! 3‘.! 2
By Al GeV/c™).
§|.= ‘Eu
B 0 Mass W + 2 jets top Z + 2jets  Total Data

120 1.5+£09 33 +£05 0064001 49+1.0
140 1.5 £ 09 3.1 +£06 008 £0.02 4.7+ 1.0
160 25+ 1.1 284+ 06 008 +£0.02 54+ 1.2
180 25+ 1.1 24405 008 +£0.02 50+1.2
200 25+ 1.1 204+£05 007 +£0.02 46 +£ 1.2
220 20+ 1.0 1.6 £03 006 +£0.02 3.7+ 1.1
240 20+ 1.0 1.1 +£03 006 £0.02 3.1+1.0
260 1.5+ 1.0 0.8 +£03 0044002 24409

Events / 25 GeWie
Events / 25 GeWie

Wi, Goie”
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Search for L@ in lepton, MET + jets, ()

| Combined Total Acceptance |

» 100 (—=—=ree

T cut
90
80

70
60
50
40
30
20
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[

8

0

8 N 1
]

] R '

- s o
- s o

ool bl b b b b g

Kinematics x Geometric x Id/Trigger Efficiencie

T ST AT i FIITI I B
100 120 140 160 180 200 220

Leptoquark Mass (GeVIcZ)

P S AN
240 260 280

| CDF Run Il Preliminary (203 pb™) |

e T T T N RN
2 ¥ 3
o [ L] B
IR ev]] |
ol \ Vv |
1= =
= p=o1
L \\ p=02 |
L \\ =l
N =0.

e AN
10 = N E
SR INRVI BRI ST AT Lo b b b by 1
80 100 120 140 160 180 200 220 240 260 280

Leptoquark Mass (GeVIcz)

Exclude at 95% CL M, <170 GeV/c2for § =0.5

| CDF Run Il Preliminary (198 pb™) |

o (pb)

10

10

Exclude at 95% CL M, <176 GeV/c2for p =0.5
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Theoretical Cross

Sections, Phys Rev Lett 79, 341,97
CTEQ4M, Q=M

CTEQ4M, Q=05,2M,,

95 % CL CDF Upper Limit

Kinematic Acceptance, LQ,
e = e o
r - -2 -] -

o

180 200 220

Leptoquark Mass (GeV/c z)

240

260
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Einall Combined Limits

Joint likelihood formed from the product of the individual channels likelihood.

The searches in the dileptons and lepton + MET channels use common criteria and
sometime apply the same kind of requirements ( for example on lepton identification) so
the uncertainties in the acceptances have been considered completely correlated ( which

gives the most conservative limit).
When calculating the limit combination including also the vvjj channel the uncertainties in
the acceptances have been considered uncorrelated. A correlation factor of 0.5 has also been

considered ( no difference)

O‘LIM - NLIM/ ( € average xZ )

€ verace = (P2E(EC]]) +2B(1-B)e(evij) +B%e(ee as ev) )

—aEEE

§Z\VCI'ElgC

Search For First Generation Scalar Leptoquarks

CDF Run Il Preliminary,203pb

100 120 140 160 120 200 220

Leptoquark Mass (GeV/Zc )
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240

CDF Run Il Preliminary (203 pb")

o (pb)

8 100 120 140 160 180 200 200 240 260 280
Leptoquark Mass (GeV/c’)

| CDF Run Il Preliminary (203 pb™) |

o (pb)

80 100 120 140 160 180
Leptoquark Mass

(

200 220 240 260
(GeVic)
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1

09

08

07

06

05

04

03

02

0.1 sy
M/ CDF Run Il Preliminary, 198pb™
0 i 1 1 I P PRIt PRt

for the 2 channels case and
= (B2e(eej)) +2B-Pelevij) +(1-B)2e(vvijj) +B2e(ee as ev) ) for the 3 channels case.

p

Search For S dG ion Scalar L quark

100

120 140 160 180 22(1) 220
Leptoquark Mass (GeV/c®)

240



Einal Results

TABLE I1I: 95% C.L. lower limits on the first generation
scalar leptoquark mass (in GeV /c?), as a function of 3.The

limit from CDF[7] (eejj) Run 1 (~ 120pb ') is also given.

6] eejj evjj wvrjj  Combined CDF Run I

(.01 - - 116 126 -
0.05 - - 112 134 -
0.1 - 144 - 145 - TABLE III: 95% C.L. lower limits on the second generation
0.2 - 158 - 163 - scalar leptoquark mass (in GeV/c?), as a function of 3. The
0.3 114 167 i 180 - limit from CDF[4] (jepj7) Run I (~ 120pb ') is also given.
0.4 165 174 . 193 ) 3 ppe il gy veji o Combined  CDEF Run 1
0.5 183 176 - 205 - 0.01 ; ) 114 125 ;
0.6 197 174 - 215 - 0.05 i , 110 133 .
0.7 207 167 - 222 - 0.1 ; 137 ; 143 ,
0.8 216 158 - 227 - 0.2 . 155 - 157 -
0.9 226 144 - 231 - 0.3 100 162 - 176 -
1.0 235 - - 236 213 0.4 152 168 - 200 -
0.5 171 170 - 208 -
0.6 154 165 - 213 -
0.7 196 162 - 217 -
0.8 206 155 - 221 -
0.9 215 137 - 224 -
1.0 224 - - 226 202
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Conclusiens

*We have performed the combination of all the COF searches for first and second
generation scalar letpoquarks using Run Il data.

*The results are combined using a procedure based on a Bayesian approach which
takes into account the correlations in the systematic uncertainties.
‘We set 997 CL mass limits for scalar leptoquarks as function of :

Search For First Generation Scalar Leptoquarks Search For Second Generation Scalar Leptoquarks
1¢ .

P S, i 09 &

oe B : . 08

07 00

06 -

05 ©

Branching Ratio p

04

o2l

: CDF Runll Pre[:iminary,m:fipb"
2 ST T T N TN N TS T Y N
0 140 160 180 200 220 240

Leptoquark Mass (Gthc2 )

CDF Run Il Preliminary,203pb

40 160 130 200
Leptoquark Mass (GeVn% )
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GP’s and references

GP’s are:

Frank Chlebana (FNAL, chair)
Allan Clark (Geneva)
Lucio Cerrito  (Oxford)

Web page at:
http://fcdfwww.fnal.gov/internal/physics/lq search/
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Comparisen with Other Colliders

PP ep
d LQ e
LQ
ol e
q L ’q

A dependence
_2* 4:
10 M ngt =
SN el |+
S g 5l |2
- [ =) S
10 el ... . 212 . —
100 200 300 40
- = MLQ
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ChE - ee channel

CDF Run Il Preliminary, 203 pb™

E T ‘ Theoretical Cross Sections, Phys Rev Lett 79, 341, '97
g - CTEQAM, Q=M
(==X
« CTEQ4M, Q=05,2M,
© 1 95 % CL CDF Upper Limit
10 — —]
T m(LQ) > 234 GeV/c2 N
2
10 |— —]
L ol e e ]
200 220 240 260 280 300 320

Leptoquark Mass (GeVIcz)

Luminosity 203pb™

Exclude at 95% CL M, <235 GeV/c?
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CDF — evjj Channel

3/14/05

| CDF Run Il Preliminary (203 pb™) |

p— 10 mmy T | LI ‘ 1 T ‘
-8_ — Theoretical Cross Sections, Phys Rev Lett 79, 341, '97
-~ - CTEGAM, Q=M o
— —
< . CTEGAM, G=052M o
-
E — 95 % CL CDF Upper Limit
o
b 1 — —
[} = -
E]
10 = =
Fm(LQ) > 176 GeV -
2
10 = =
& | | . I Ly | | 7

140 160 180 200 2202 240 260 280
Leptoquark Mass (GeVi/c')

100 120

Luminosity 203pb™

Exclude at 95% CL M, <176 GeV/c?
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ev]] - Mass combination

The peak of the ¢/ histogram is fitted witha

~ distribution in the signal region. =~

Sor wass(120-100-200-240-280)

tested:

3o cut around the nominal mass to select LQ candidates of a given mass

3/14/05

M(g-e) minimal

[_M{g-e) minimal ] LQ_enu200mass31
70 Entries 990
60 Mean 179.7
RMS 53.35

50
22 i ndf 22.61/17
40 Prob 0.1623

Constant 60.72 £3.082

Mean 189.2 £1.154

Sigma  23.42£1.038

T R R T
LQ_enu200mass30
Entries 990
Mean 154.8
RMS 61.5
o} fndf 16.79/21
Prob 0.724
Constant 3781935
Mean  167.6:4.337
Sma 39983315

Simona Rolli
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CDE - uww Channel

| CDF Run Il Preliminary (198 pb™") |
E :I N L L Theoretical Cross Sections, Phys Rev Lett 79, 341, '97
Z
- CTEQ4M, Q = M,
b - CTEQ4M, Q= 05,2 M
10 - 95 % CL CDF Upper Limit _
E Search for Second Generation Scalar Leptoquarks, [} =1 E
1 =
; i m(LQ) > 224 GeVic> )
10 = =
:I\Il\Ill\l\ll\I‘I\I‘Illl\lll\lll\III\lII\lI:
80 100 120 140 160 180 200 2220 240 260 280
Leptoquark Mass (GeV/c")

Luminosity 198pb-"1

Exclude at 95% CL M, < 224 GeV/c?
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CDF Run Il Preliminary (198 pb')

CDF - uvj] Channel

—_— (= | L | 1T | 1T | T . \
-g- | Theoretical Cross Sections, Phys Rev Lett 79, 341, '97
= L CTEQ4M, Q = M,
o] . CTEQ4M, Q=052 M,
95 % CL CDF Upper Limit
10 — =
= Searches for Second Generation Scalar Leptoquarks, = 0.5
1 —
m(LQ) > 170 GeV/c2 i
-1
10 — —
:I Ll | L1l | Ll | Ll | L1l | L L | Ll | L1l | Ll Ll | L1 | I:

80 100 120 140 160 180 200 2220 240 260 280
Leptoquark Mass (GeV/c")

Luminosity 198pb-"1

Exclude at 95% CL M, < 170 GeV/c?
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uyjj - Mass Cut

IM(w,j,) — M| < 20,
ar
IM(w,j,) -~ M_| < 20,

Sigma's determined from
generator-level matched
reconstructed objects.
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2= m mmmnnmmql
Nl Gt

MassFit_jimu MassFit_jamu
nE Entries ur Enries m
L Mean 1632 ue Maan 1821
=) RMS 1032 #E kS FiETd
b o fndf HEI25 uE o Int TELIE
n Constant 2113 = 2310 15E Constant 19,73 = 1,748
q Mean 182 = 1.067 k- Mean  17ES - 14
15[ Sigma 145 = 122 [H Sigma 1033 21352
g f-
e A
i i3
il af
F £ !
! El | Al L
1] a " o™ M M W M ;l.lqugl'v*!!l
m MassFe [2NET
T
(T bwan 714
ANS 4243
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M (¥..j,) > T,(min)

or

M (#..j,) > T, (min)

T,(min) =
20 4+ (M

[
Lo —120) GeWcJ

T,(min) =
20 + (M

—-120)/2 GeWCJ
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At the End of lieVatron Run li

Assumptions:

Sawme acceptances as now

Number of events observed = number of predicted background
Sawe errors

B=1 mass limit up to 250-300 GeV/¢2
B = 0.5 mass limit up to 230-280 GeV/c?

3/14/05 Simona Rolli 25



