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Outline

 One paper to be submitted to PRL cdf7529

* Outline of the analyses
eejj
= Blessed in March 2003/March 2004
evjj
= Blessed in July 2003/August 2004

Combination
= Blessed in July 2003/January 2005

These analyses : lepton signatures only

Combined with: MET + jets (cdf7200 - submitted to PRD)
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Theoretical Motivation

- Leptoquarks (LQ) are ‘LQs can have:

hypothetical particles which —spin 0 (scalar)

appear in many SM extensions to -couplings fixed, i.e., no free

explain symmetry between parameters

leptons and quarks «Isotropic decay
SU(5) GUT model —spin 1 (vector)
superstring-inspired models «anomalous magnetic (k) and electric
‘colour’ SU(4) Pati-Salam model quadrupole (A;) model-dependent
composite models couplings
technicolor —Yang-Mills coupling: kg=A 5=0

—Minimal coupling: Kz=1, A 5=0
—Decay amplitude proportional to (1 + cos0’)?

L Qs are coupled to both - Experimental evidence

leptons and quarks and carry searched:

SU(3) color, fractional electric indirectly: LQ-induced 4-fermion

charge, baryon (B) and lepton (L) interactions
numbers directly: production cross "

sections at collider experiments, L=
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LQ Production

* Pair 44—LQ LQ 2e—~LQ LQ
production
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LQ Decay [p=Br(LQ—lq) |

Each generation can |

decay into 3 final states: Exclusive to the Tevatron |

1QLQ — vvag MET*2j BK § —[3)2
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Search for LQ in dielectron + jets

Selection

v 2 electrons (CC,CF) E.> 29 GeV

v 2jets, EAj1)> 30 GeV, E (i2) > 15 GV

v ZVeto (76 <M, < 110) GeV

v Electrons/Jets: E 111 + E_j2¢2) , 85 GeV

v (6, +EG 0%+ (Ele,) +ELe,D)?) 125200 GeV

_ o
600~ ‘ D LQ m = 200 GeV/c
. SM background

=
|'|'|||

Control Sample: Z + 2 jets

138 events after the 2 jets cut

107 in the Z mass window (66-116)
Predicted: 111 = 15

E;(jet1) + E(jet2) (GeV/c)
'.|=_'
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Search for LQ in dielectron + jets(ll)

[ Combined Total Acceptance

W=7 | 71 Backgrounds: eejj

P e=a . Z+2jets (alpgen) 1.890.44
e PR " ttbar (Pythia) 0.35%0.03
B ~ Fakes (data) 3.96 *+2.01
5 - | Total 6.24 £ 2.16
Pomewm e mww- | Qbserved 4

Systematics: signal acceptance and background prediction
Luminosity 6%

pdf 2.1%

statistics of MC  ~1.2%

Jet Energy Scale <1%

ele id <1%

Z vertex cut 0.5%
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Search for LQ in dielectron + jets (lll)

| CDF Run Il Preliminary (203 pb) |
TABLE : 95% C.L. lower limits on the first generation r-y L L L BN BN DAL BN B ‘ee. T i
scalar lgbtoNuark mass (in GeV/c?), as a function of 3. The e L JJ -
limit frgm CPF[7] (eejj) Run I (~ 120pb ") is also given. CHE .
3 eejj\ evji wrjj Combined CDF Runl 10 = -

0.01 - - 116 126 - = .
0.05 -1 - 112 134 - :
0.1 | 1 . 145 i ]
0.2 - 158 - 163 -
0.3 114 167 - 180 - 1 =
04 | 165 | 174 - 193 E ]
0.5 183 176 - 205 I~ n
0.6 197 | 174 - 215 - ]
0.7 207 167 - 222 -
0.8 \2]6‘/ 158 - 227 - 10" | 0y
0.9 \226] 144 - 231 - SENEET AR AN, A B A A A /sbeieis
1.0 235 _ 236 213 80 100 120 140 160 180 200 220 240 260 280

\ _} Leptoquark Mass (GeV/c")

\J

Other p limits are This analysis is optimized for 3 = 1

obtained using partial
information on the Exclude at 95% CL M, <235 GeV/c?
acceptance o
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% | ISM background
: LQ‘< ex > W *Zjets k-

L_;«\ ‘<q > Top (I + jets and dilepton) :

on > QCD/Fakes e

Selectl o n Transverse Missing Energy ? \i:::;'
& 1central electrons with E; > 25 GeV L —
E CDF Run Il Preliminary (203 p[)1)

& Veto on 2nd electron, central loose or Plug WL
‘ 2 jetS With ET > 30 GeV | Combined Total Acceptance E
& A¢ (MET-jet) > 10° CEE T T 3 i

. . £ 80 1 e ki) E| 1
& E (1) + EL(j2) > 80 GeV : : H”
‘ MT(e'V) > 120 % 50 3 o s 100 180 szH‘ I

& E! Transverse Missing energy

%125‘aio‘ain“aio‘a;a‘aéo‘zaf;“zz‘a; ““zéa‘zéa‘; W + 2jetS
control sample 9
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Search for LQ inelectron,MET + jets (ll)

TABLE II: Final number of events surviving all euts in the

electron, missing energy and jets topology, compared with CDF Il Prefiminary, 203 pb " Data
background expectations, as function of the L) mass (in e —— LQm =200 GeVe?
GeV /c?). 2 .
Mass W + 2 jets top 4L+ 2jets Total Data @2-5?
120 1.5+£09 33+05 006££001 494+ 1.0 6 g 2k
140 1.5+£09 3.1 +06 008 £002 47+ 1.0 4 3155
160 25+ 1.1 284+ 06 008 £0.02 544+ 1.2 4 1
1RO 25+ 1.1 24405 008 £0.02 50+ 1.2 4 osE- LHW
200 25+ 1.1 204+ 05 007 £0.02 46+ 1.2 4 005 5 SRR | i VoL W YN |
220 204+ 1.0 1.6 4+£03 006 £0.02 3.7+ 1.1 2 Invariant Mass e-jet (GeVic ")
240 20+ 1.0 1.1 +£03 006 +£0.02 3.14+1.0 2 CDF Il Preliminary, 203 pb Data
260 1.5+ 10 08+03 004£002 24409 2 v —— Lam=200 Gevic®
25—
Systematics: signal acceptance and background estimate g 2
Luminosity 6% g 1sE
pdf 2.1% E L
Statistics of MC ~ ~1.2% < N
Jet energy scale <1% 05 ”ﬂJ
reco/ele id  <1% L e -
Z vertex cut 0.5% Y A neterse Mass et MET (GeVic)
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Search for LQ in electron,MET + jets (lil)

|__CDF Run Il Preliminary (203 pb™) |
TABLE III: 95% C.L. lower limits on the first generation 5 : e : e
scalar leptoquark mass (in GeV/c?), as a function of 3. The e ..
limit from CDF[W‘&;;' 4) Run I (~ 120pb~") is also given. © e'\/JJ
3  eejj [rij\ vvjj Combined CDF Run I :
0.01 - - 116 126 - -
0.05 - - 112 134
0.1 - 144 - 145 1
0.2 - 158 - 163
0.3 114 167 - 180
0.4 165 174 - 193
0.5 183 176 - 205 4
06 197 | 174 - 215 E
0.7 207 167 - 222 - ;
0.8 216 158 B 297 _ Leptoquark Mass (GeV/c”)
0.9 226 144 - 231 -
1.0 235 - - 236 213

\J This analysis is optimized for = 0.5

Oth limit
obtained tsing partia Exclude at 95% CL M, <176 GeV/c2

information on the
acceptance
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Combined Limit

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/ (Saveragex‘z)
Eavernge = (B7€(ee]]) +2B(1-B)e(evij) +(1-B)*e(vvij) +B3e(ee as ev) )
This is the correct efficiency for ALL £

Single channel limits are obtained using efficiency optimal ONLY
for p = 1 and g = 0.5. All other § values are extrapolations in

the absence of complete information
6/23/05 Simona Rolli
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Combined Limit (ll)

[ CDF Run Il Preliminary (203 pb”) |
CDF Run Il Preliminary (203 pb B o e e e e e
—_ L LI I LA L A N LA L B L L NI Y L B B NLINL N B | & [ dilepton channel limit ]
2 F lepton + met channel
2 T ] ° N o p=03
3 - Single Channel Limit p=1.0 - 10 = N \ E
10 Combined Limit _ I B
= ; = =
= 3
= E 10" L
C m E | A 4 | 1 |
L ] 80 100 120 140 160 180 200 220 240 260 280
Leptoquark Mass (GeV/c’
10" |- -
= IR BRI VRN RV PR AP R e B CDF Run 1l Prelimi 203 55
80 100 120 140 160 180 200 220 240 260 280 ‘ o y(203pb) |
Leptoquark Mass (GeVic) s pPrTTTTTTTTTT T
2 dilepton Channel
lepton + jets channel -
© C:mhineld p=0.7
10
T 'E
[ CDF Run Il Preliminary (203 pb™) | r
B . e e e e R F
2 f i
[ Single Channel | + met n 104
e r N Combination p=0.5 ] E. .. ) v A o]
10 L X | 80 100 120 140 160 180 200 220 240 260 280 jrst Generation Scalar Leptoquarks
E E Leptoquark Mass (GeV/c’ 1 . -
E ] 0.5
L _ 0.8
1 —] 0.7
F ]
[~ 1 0.5
. 0.4
10" |- S E
N I I I I . N\ S, N 03
80 100 120 140 160 180 200 2220 240 260 280
Leptoquark Mass (GeVi/c") o2
b |
CDF Run Il Prelimi Y. pb
“ i

100 120 140 160 140 200 220 240

Leptoquark Mass (GeVﬁ: )
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Final

Result

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

from CDF[7] (eejj) Run I (~ 120pb~") is also given.

3 eejj evjj vvjj  Combined CDF Run I 0.
0.01 < 100 < 100 116 126 -
0.05 < 100 < 100 112 134 -
0.1 <100 144 < 80 145 -
0.2 <100 158 < 80 163 -
0.3 114 167 < 80 180
0.4 165 174 < 80 193 -
0.5 183 176 < 80 205 -
0.6 197 174 < 80 215 -
0.7 207 167 < 80 222 -
0.8 216 158 < 80 227 -
0.9 226 144 < 80 231 -
1.0 235 <100 < 80 236
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CDF Run Il Preliminary.203ph

140 160 180

Leptoquark Mass (GeVFc

200

)

220

240
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Conclusions

*We have performed a search for first generation scalar letpoquarks
using Run |l data.
*All § channels have been included (Run | only the § =1 result was published)

*All channels have been combined (no Run | analogous result)
No LQ’s observed ...

*95% CL mass limits for as a function of f3:

Search For First Generation Scalar Leptoquarks

140 160 1z0 200 220 240
Leptoquark Mass (GeVFc ) 1 5
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Efficiencies

TABLE I: Efficiencies after all cuts with total error (statistical
and systematic) and 95% C.L. upper limits on the production
cross section X branching fraction Br, as a function of Mg,
for the two channels.

Mypq (GeV/c?) eejj evjj
¢ (%) oxBr(pb) ¢ (%) oxBr(pb)
100 705 1.11 2 £ 0.26 5.71
140 12 + 0.5 0.25 8+ 0.7  0.69
160 21 £ 0.8 0.14 8+ 0.7  0.65
200 32 + 1.2 0.09 16 + 1.3 0.37
220 35 £ 2.0 0.08 19 + 1.5 0.24
240 38 £+ 2.0 0.07 20 £ 1.6 0.23
260 40 £+ 2.0 0.07 22+ 1.7  0.22
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Comparison with Other Colliders

2* 4:

10 M 2

- 2|5

: HRE

J| Z S |2
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CDF - ee channel

CDF Run Il Preliminary, 203 pb™
g ‘ ' ' ‘ ' ‘ ' ‘ ‘ ‘ Theoretical Cross Sections, Phys Rev Lett 79, 341, '97
g B CTEQ4M, Q = M,
? CTEQ4M, Q= 0.5, 2 Mg
© 1 95 % CL CDF Upper Limit
10 — —
B TTTe—— H
I~ m(LQ) > 234 GeVic?
10° |- —
. 1 ‘ 1 | 1 ‘ 1 | ' ‘ 1 1 | ‘ | | | | | 1 | | | 1 | ‘ | N
200 220 240 260 280 ) 300 320
Leptoquark Mass (GeV/c’)

Luminosity 203pb

Exclude at 95% CL M, <235 GeV/c?

21
6/23/05 Simona Rolli



CDF - evjj Channel

6/23/05

CDF Run Il Preliminary (203 pb™) |

3 1 0 é IIIII FrrrrrrT Theoretical Cross Sections, Phys Rev Lett 79, 341, '97
(=8 =
-— - CTEQ4M, Q=M 4
?—A _ CTEQ4M, @=05,2M o
g [ 95 % CL CDF Upper Limit
™
X 1 = —
N ]
10" = .
“m(LQ) > 176 GeV’ .
107 | =
: 1 L | L L L ‘ L L L ‘ 1 L 1 ‘ L L " 1 L 1 ‘ 1 L L ‘ 1 L 1 ‘ L L L ‘ L L L | L 1 :
100 120 140 160 180 200 220 240 260 280

Leptoquark Mass (GeVIcz)

Luminosity 203pb

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

The peak of the ¢ histogram is fitted with a

70 Entries 990

gaussian 0

rough estimate of the spread of the s o
distribution in the signal region. 0 o ot

30 Constant 60.72 +3.082

Several masses ( 120-160-200-240-280) ’
tested: Ex

Mean 189.2 +1.154

Sigma 2342 +1.038

i

LAl 7o nnnflonnnilnanablSl b nmnmll
0 50 100 150 200 250 300 350 400 450 500
-
o, 19%.
e LQ_enu200mass30
H Enfries 990
Mean 1548
40
RMS 615
2% i ndf 1679/ 21

Prob 0.724

Constant  37.8+1.935

Mean 167.6£4.337

Sigma  39.98 +3.315

L
— 500 30 400 450 500

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

o
=
=
S
-
=
=]
a0
=N
)
S|
S|
|
o
=
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At the End of TeVatron Run |l

Assumptions:

Sawe acceptances as now

Nuwmber of events observed = number of predicted background
Sawme errors

B=1 wmass limit up t0 250-300 GeV/c?
B = 0.5 wmass limit up fo 230-280 GeV/c?
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