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-
"L LQ Phenomenology
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Leptoquarks LQ) are hypothetical particles
which appear in many SM extensions to explain
symmetry between leptons and quarks

LQ are coupled to botlleptonsand quarks and
carry SU(3)color, fractional electricalcharge
baryon (B) andlepton (L) numbers

LQ interactions areentirelyfixed by the effective
Lagrangian in the assumptions of baryon and
lepton number conservation, gauge invariance,
renormalizability, and chiral couplings

LQ can havespin O ccalar or 1 (vecton

Scalar LQ can be classified dgrmion number
(F=3B+L): S-typeLQ haveF= -2 (3 singlets and
one triplet); R-typeLQ haveF=0 (3 doublets)

LQ appear in3 generationscorresponding to 3
lepton/quark generations; the intergenerational
mixing Is severelyestrictedby FCNC data

B 0,1/20r1




e LO Production at
e HERA

o BothH1[Z.Phys. C74, 191 (197)] andEUS [preprint

DESY 97-025, to appear in Z.Phys. C] have recently
reportedhigh-Q? event excessvhich could be explained

by the production of théirst generation scalar LQwith
the mass of around 200 GeV (vector LQ’s were already
excluded up to much higher mass by/DO)

LQ production at HERA

€ Vs =300 GeV e

\; Lo ‘4

7 coOpMe¥am
A=1: EM coupling

20 pb e*p data:

H1 - 7events (1.0 bck.)
ZEUS - 4 events (0.9 bck.)

1 pb? e pdata:
no excess reported

S-type LQ have much higher production rate inpecollisions,
so HERA data can be explained within the LQ framework
only by R-type LQ with g = 5/3. There are two such LQ’s a
both havef3 = 1. HERA data required = 0.04-0.10.

nd

There isno way to explain HERA datavith f# 1 LQ without
pushing experimental constraints ardding new termgo the
Lagrangian (such as additional fermionsyome attempts to
do this appeared recentp.Hewett,T.Rizzo - private comm.;
Babu, Kolda, March-Russell - hep-ph/9705414].
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€. LO Production at the
"= Tevatron

» At the Tevatron leptoquark pair production vi
gluon splitting (strong interactions) dominate

N
Q

Major backgrounds: W/Z+j,
QCD and top production

q ] ’Q/ | eejj, evjj or vjj channels
>/mm y
@ a8 B=B(LQ -

~ g q//, TV - - ;9% > ~ q///
L : ; |

~ g S - ;;;14 (

o Pair production is insensitive to the value af

since it enters only in the LQ lifetime and for
A > 10%? LQ’s decay within a collider detector

o It depends only o (O B*for eejj, O 2B(1-PB)
for evjj and O (1-PB)  for wvjj)

» It has very little model dependence (such as
PDF choice, etc.) similar to top pair production

<
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€ Next-to-Leading

' 3 Order Theory

NLO theory - add three diagrams to include®

TADVENA

>

Kramer, Plehn, Spira, and Zerwas, hep-ph/9704322

1% N‘NNNN‘NNNN‘NNNN‘NNNN‘NNNN‘NNNN%
: A o, [pb]: pp— LQ+LQ+X
- Vs=1.8 TeV |
- > Oy (200 GeV) =0.18 pb
' LO previously +i'5-GeV\‘*
used by hift
Blimlein et al. shitt ™
! — NLO : u:MLQ

10 |- — u=[M /2, 2M ]
. ---- LO u=M,, {a,a/g: LO}
e LO : p=Vs {a,0/g: NLO}
lll‘llll‘llll‘llll‘llll‘llll‘llll...‘\'flll

150 160 170 180 190 200 210
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= Review of Past
= Results: # Generation

First Generation Limitson M |,

Published :
CDF

eej] PR D48, 3939 (1993): 113 GeV f@@=1
80 GeV o= 1/2

D2
eejj PRL 72,965 (1994): 130GeVi@=1
evjj 116 GeV o= 0.5
HERA (H1)

Z.Phys. C64, 545 (1994): 230 GeV f@=0.5
(A=1, i.e. EM coupling)

Recently presented:
D@ (red #'s are vector LQ with Y-M couplings)

eejj Moriond ‘97: 175298GeV for3 =1
evjj 14770 GeVfor 3 =1/2
WVjj 81GHEV =0

CDFE (switched to NLO cross section)
- Vanderbilt ‘97,
€€|| Wine & Cheese 5/31/97: 210 GeV i = 1
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=2  Review of Past
D Results:24Generation

Second Generation Limitson M | 4

Published:
CDF
uLlj PRL 75, 1012 (1995): 131 GeV i =1
96 G&Y B =1/2
D&
M) PRL 75, 3618 (1995): 119 GeV f@ =1
L] 97 GeV @B 1/2
Recently presented:
CDF
LLLLj] Moriond ‘97: 197 GeViefor =1
D@ (using different Q2-scale for LO c.s.)
M) Moriond ‘97: 167 GeVRfor p=1
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=28  Review of Past
& Results: 3 Generation

Third Generation Limitson M | 5

Published:
CDE (red #s are vector LQ w/ Y-M coupling)

1)) PRL 78, 2906 (1997): 9225GeV for g=4/3 or 2/3

Recently presented:

D@ (using different Q2-scale for LO c.s.)
bbv.v. | Moriond ‘97: 80 GeV for g=1/3
T°T
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=7
e D@ Detector

3 Level
Trigger System

Pseudorapidity:
n = -In tan (6/2)

TRACKING

o(vertex)=6 mm

o(rg) =60um (VTX)
=180um (CDC)
= 200um (FDC)

D@ Detector

MUON

In] < 3.3

%O = 0.20 .003

CALORIMETRY

hi<4
A x Ap= 0% 01
oev) = 15% /e
OHAD) = 50%/L/E

P
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== Search for the First
"L Generation LQ (eeg)))

Since Moriond ‘97 DO/has carried
out an optimized search for the

first generation LQ suggested by
HERA data

An improved particle ID developed
in D@ over the past 5 years was
used In this analysis (including
Information from the TRD)

That allowed for the Initial cuts
applied to the data to be very loose

Advanced multivariate analysis
and cut optimization techniques
developed in the course of top
analysis were used to optimize the
search sensitivity for high masses

DO

11



Trigger and Data
Selection

« Entire Run | statistics (123 pb)
1992-1993 - 14.7 pb(10,10 GeV EM trigger)
1994-1995 - 97.8 ph(16,20 GeV EM trigger)
1995-1996 - 10.5 pbh(16,20 GeV EM trigger)

Trigger is 99.50.5% efficient for M 5 = 200 GeV

o Electrons:

E.> 20 GeV;nJ< 1.1 (CC) or 1.5< < 2.5 (EC)
Significant EM fraction

o “LOOSE’”:

Good energy isolation
Cluster shape typical for the EM object

o “Tight™ (twice the QCD background
_ rejection for a given efficiency
Matching track compared to standard ID)

Combined tracking-TRD-calorimeter info
(electron likelihood) consistent with electron

Require exactly 2 electrons; at least 1 “tight”
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Trigger and Data
Selection (cont’d)

« Jets (R = 0.7 cone algorithm; 2 or more):
E/> 15 GeV; hi|< 2.5

o General:
M., far from the Z-peak

(not in the 82-100 GeV window)
Electrons well separated from jets
(AR > 0.7)
« Data selection (101 events)

Cut Events
Preselection 9451

Two EM objects [4967
EMin CC/EC, |3880

E; > 20 GeV
2 or more jets, [2918
Er > 15 GeV
AR® > 0.7 2496

Mee> 100 GeV |1802
Or Mee < 82 GeV

At least one 225
“tight” electron
“Loose” ID 101
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o
L2

Kinematic Properties

of LQ decay

LQ Kinematic properties (W, = 225 GeV]
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o

"=E' Particle ID Efficiency
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Calculaten-dependent efficiency with Z+2]
events after background subtraction

Check efficiency per event against individual
“tight” and “loose” electron efficiencies

Use actual signah-distribution to calculate

overall efficiency

Em Efficiency

1
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0.1
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;

| x?, EC

O
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X
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Z-events:

€cccc —
74 + 3%

€CC-EC ~
66 + 4%

€EC-EC —

68 + 9%

€ o= 13+4%




¢ Electron ID Efficiency

"= Improvement

Factor of two improvement in efficiency by

using both“tight” and“loose” electrons

45
40
35
30
25
20
15
10

Events/(2 GeV)

50

40

Events/(2 GeV)

30

20

10

o
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Entries 198

x2/ndf 1492 | 20

P1 35.69+ 4.250

P2 91.7%+ 0.3166
Z-peak, 2 tight electrons P3 3.109+ 0.2787

P4 1.458+ 0.3185

“tight”-“tight” sample

o HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘H\

[ NW Lo o H‘Hﬁmﬁ(ﬁ Lo | veh o dd o b
20 40 60 80 100 120 140 160 180 200
M., GeV
— Entries 212
B x’/ndf  11.04 | 20
i P1 37.07+ 5.060
— _ P2 91.91+ 0.2030
- Z-peak, tight-loose electro P3 2.735+ 0.3164
B P4 2.122+ 0.3661
B “tight”-“loose” sample
T Mk s L ] T ) R B S R
0 20 40 60 80 100 120 140 160 180 200

M, GeV
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‘== Optimization Strategy

Y

Very loose cuts

l

Random Grid Searches

Neural Nets
Discovery: Limit:
optimize optimize
SHB SforB =04
: 0 events (70%)

l

Multiple Cross Checks
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& Sighal & Background
' 3 Samples

e Signal:

ISAJET v7.22 + GEANT Detector Simulation
120-260 GeV,; 5000 events per mass point

PYTHIA, 200 GeV; 2000 events (cross checks)

o Z and Drell-Yan Background:

ISAJET v7.22 + GEANT Detector Simulation
¢ 0- 60GeV,; 430K events
¢ 60-120 GeV; 480K events
¢ 120-250 GeV; 100K events
& 250-500 GeV; 50K events

o Top Quark Background:

HERWIG + GEANT Detector Simulation
M, =170 GeV,; 100K events

o« QCD Background:

Data collected with jjj trigger in 1994-1995
400K events (1pb
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Searches

= Random Grid
C. 3

« Use kinematic parameters of MC events for
signal and MC/data events for backgrounds In
order to develop optimal set of cuts

o Test various combinations of individual objeqt
parameters and global parameters of the event

o Fix optimal set of cuts and apply it to the dat

A number of variables were tried:
* Energy variables:
S;=2E.*+ ZE, - scalar E;
S =3E®+ ZE
HTe — ZETe, HTj1 H_|_j12, H_|_j123
e Event shape variables:
Centrality = S /S, Aplanarity
Sphericity, Jet Clustering (  Ngus)
* Invariant mass variables:

M,., pair ej-masses (M °a'b)
 Mass difference variables:
OM/M(LQ), OM /ML) dM ,,/V MO
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o

"= Optimal Cuts

About 50 different combinations of variables were tried
The S was shown to be the single most effective
variable for backgrounds of about 0.4 events

g . .,--*"“’ R ' I aw"" s
o P
2|
= o >=ETE1 20.
...«-*"" I
Lﬁ ? y | >=ETEZ2 20.
Q I >=ETJ1 15.
N o >=ETJ2 15.
ONNE |
I B The best cut: |
@ S >350Gev | fLdt = 123 pb'
= I
Z ' Vary ST (upper dotted line) |
' Vary DM/M(220) (lower dotted line)
; Vary ST and DM/I\/I(220) (sprqad out dots)
o 01 02 03 04 05

Number of Background Everg@ckground

The S cut is about 20% more efficient for
the signal compared to théM/M(LQ)
variable
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o

"= Drell-Yan Background

» Normalize integral under the Z-peak to the
observed number of Z+2j events

» Calculate the background outside the Z-windgw

(o]
o
. 1

¢ -Z Data . .
M-zMC Associated jet

production
regime

equivalent to
S; >350 GeV
cut for D-Y
100 de _ background

: (dominated by
10- ‘9“?‘_.?_?_ high masses) is

1 Tt St understood
1ol

0 50 100 150 200 250 300> ETJ

D-Y Background:

67 + 13 events for &5 0 GeV

0.18 = 0.04 events for:S> 350 Ge\
(error dominated by jet energy scale)
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o

=2 OCD Background

« Determine jet faking electron
probabilities (including direct photons)

Compare number of jets in QCD 3] sample with
the number of 2j+e events

P(j - “tight”) =(3.5+0.4)x10™

P(j - “loose”) = (1.3 +0.1x10°3

(error covers slighty and E;° variations)

« Calculate the QCD background

Two methods:
o Start with 4j sample and apply faking
probabilities twice

o Start with 3j+e sample and apply faking
probabilities once
Excellent agreement; use the first method for the final
numbers due to a better statistics at high S

QCD Background:

24 *+ 4 events for 5> 0 GeV

0.16 = 0.02 events for:S> 350 GeV
(error dominated by P( |- e) uncertainties)|

W&C Seminar 6/6/97 Greg Landsberg, Search for Leptoquarks at D

22




-
=& Top Background

o Apply all the signal cuts to the tt
dileptons MC (includeg-decaying into
electrons)

o Count the number of events which pass

o Calculate background using the top
production cross section measured by

D@:

o(pp - tt) = (5.5 £1.8) pb
and theoretical branching ratio

B(tt— dileptons) = 0.0685

o Studied a possibility to apply a missing
E- cut to reduce top background, but
ended up not applying it since the top
background is already small

Top Background:

1.8 £ 0.7 events forS 0 GeV

0.11 + 0.04 events for:S> 350 GeV
(error dominated by the cross section uncertain

| guny ol

y)
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o

"=2&' Data vs. Background

2 10% " D@ Preliminary S; Cut |Background|Data
5 ] o O Pred. Background (GeV) prediction
P ® Data
' ) 0 93+ 14 | 101
10 4 #*pl 100 86+ 13 | 85
'¢+ | 150 416 | 39
| ¢L 200 13t2 | 15
B ISR 250 | 4.2:06 | 8
|| QCD: 24 +4 300 1.4+ 02 | 3
| . .5 Q
o Top: 1.8+0.7 350 0.44+ 0.06| O
0O 50 100 150 200 250 300 350 400 450
Bayesian Fit to H,i Distributio Mlmmum S (GeV) 400 OZOi 003 0
2/
. 30
o H, fit results: | 3 @ Prefiminary
— Pred. Backgroun
o D-Y: 78+16| & = | o Dan
20 ; QCD: 24 i 14 g E ot LlQOXZ(L)Sn';/i'r?osity
7 “ ﬁ Highest S event
15 [ Is at 312 GeV
ol ok % Mwo= 200 GeV
5 5 “1S: cut
SR o e wo o e w0 w0 0 e
— S; (GeV)
H=2E/
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. Acceptance, Efficiency
C. 3

and Systematics

The kinematical/geometrical acceptance is

with the Z data

calculated from the LQ MC samples and furthe
corrected for particle ID efficiency as measure

100

[(e]
o

70

Signal Efficiency (%)

50 -
40
30
20
10-2

80 1

60 -

] ¢ eKinematic Requirements

1 A Jet(j) Kinematic Requirements
1 O ejlsolation

1 O Zveto

W

36% @ 225 GeV

D@ Preliminary: LQ1, egjj

Signal Systematics

~

0 4
100 120 140 160 180 200 220 240 260 280

LQ Mass (GeV)

Background Systematics

Background Systematics

Drell-Yan 20% (jetenergy
scale)

QCD 15% (Er andn
dependencies)

Top 38% (top cross
section)

Source of error | Error

Particle ID 5%

Smearing in thg 3%

Detector

Jet Energy 2% (260 GeV

Scale 11% (120 GeV|

Gluon 7%

Radiation

PDFand G  |7%

MC Statistics [2%

Luminosity 5%

Total 13% (260 GeV|
16% (120 GeV|

~~>

~~>
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¥ Limits on the First
"L  Generation LQ

« No background subtraction (limits are independent of
the background and its uncertainty) - PDG method

Account for systematic uncertainty on the signal

2 05
g 0.45 D@ Preliminary
: i<
n 04 NLO Theory:
a ; Kramer, Plehn, Spira, Zerwas
S 0.35¢ hep-ph/9704322 (1997)
O
X 03 A == NLO Theory (1997)
. 0
0.25 M o > 225 GeV
0.2 @ 95% CL
0.15
0.1
0.05 95% CL cross section l|m|t+ \
\

0
180 190 200 210 220 230 240 250
B=1/2:M,>176 GeV @ 95% CL | LQ1l Mass (GeV)
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Neural Network
Analysis

3 layer 2-3-1 feed-forward NN

e — e
Input HT - ZET
—» : :
nodes H. = SEJ
T T

Output

Hidden node

nodes

Training:
Signal: LQ(200 GeV) MC
Mixture of QCD, D-Y and Top background1s

Output:
NN discriminant 0 < Q,, < 1 maximized for the signa

The Dy, > 0.95cut corresponds to similar to th
RG analysis background. Overall efficiency |

slightly better than that of the RG analysis. Both
analyses are highly correlated with each othe

and result in essentially the same LQ mass limjts
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== Neural Network
' Analysis

Results of the NN-based optimization

o 103 o 400
c — %\ . .
I_I°>j Last event has T 350 N\ RG Analys|3
102 D=0.92 300 0N\, S; > 350 GeV
250 = LN
10 200 -
150 |
1 100 —
‘ “ 50
101 L “-IJ_\ O:\\\\‘\\\\‘\\\\‘\\\‘\\‘
0 0.2 04 06 0.8 1 0 100 200 300 400
DNI\[?NN >0.95 Background H j
T
) 400 B seses@eam B = (b) 400 \
l_ SN [ ] EEEm ] =\ DNN = 0.95
T o0l nEmNii,., L %N« _p. =090
300 O l!ll.l.l..l : s 300 _
B \ olEEEcEoEE=sm ~ D —080
B NSRRI EEER RN B NN
250 — dHHcEfEEEes moe 250 —
C . ......... Hes -
200 EfEmEEncnnm 200
150 150
100 100 —
50 — 50
:\\\\\\\\\\\\\\\\\‘:1;“( :\\\\\\\\\\\\\\\\\\“x“
0 100 200 300 400 0 100 200 300 400
LQ MC 200 GeV/@ J Data J
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o

e Mass Fit

o Full-fledged kinematic fitterKFIT (based orEQUAW by
O.Dahl) balancing all objects in the event (e, j, unclus-
tered energy)

» 3C-fitter: fits to the LQ-pair hypothesis witbqual mass
constraint. Lowesj? solution is kept. Resolution is 10%
better than that for pure kinematial calculations.

DO Preliminary

‘M, ~ =200 GeV
600 — LQ

i | — ejinv. mass
500 :— i — 3C mass fit
400 } i

i 10% more
w0 narrow
200 }

100 —

O L L ‘ I | ‘ I | ‘ I | ‘ I | —
0 50 100 150 200 250 300 350 400

- . Mass of 225 GeV LQ MC M (G eV)
Also tried 2C-fitter
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o

"L 3C-fit Mass Spectra

2251 NO Sp-cut | o) S, > 250 GeV
20 - 30
i
17.5 [
- 2
15 } 15 .
12,5 - Lp 1 1LQ200
i 05 - o
10 : e
- 06 "F0"""100 150 200 ~ 250 800 350 4qg
i 3C Fitted Mass M Lo1
75
i Background
S
25 -
O: 5‘_'--\___._JJ‘¢\LL\\\\\\\\
0 50 100 150 200 250 300 350 400
3C Fitted Mass M
LO1

Run 63057, Event 1782
=121.2 GeV

Run 90498, Event 13191
= 210.5 GeV

E;%1=29.0 GeV
E®=257 GeV
E/1=36.3 GeV
EJ2=302 GeV
M., =553 GeV
Mo = 244.9 GeV

M,c= 269.7/232.7 GeV

E;%=705 GeV
E®=546 GeV
EJ1=535 GeV
EJ2=31.8 GeV
M., = 129.2 GeV
Mo = 224.7 GeV

I\/I2C 246.7/217.3 GeV
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o

"L ST versus 3C-fit Mass

300 300 DO Preliminary
(/5_ - U’S_ - - - x10 Luminosity
700 ~ Background 700 - R
600 — 600 ~ i o
500 - 500 —
4OOE e Sy Cut 4OOE e S, Cut
0~ 0
200 coocii 200
C | 92.8‘ events - | | 3.1‘events;
0 0 100 200 300 400 0 0 100 200 300 400
Background (DY,t,QCD M 5 LQ1 MC 225 GeVv M 5
800 - . .
w7oo - Data Two events with high
600 High mass events mass seen In the
500 - from previous plot 1-dimensional plot
Jpoy: \ e are nothing like the
= - LQ signal
300 - Qsig
200 £ 4.8 No evidences for the L
Mo e | eis 2 el
0 100 200 300 _ 40 y

3C Fitted Mass M3C
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o

‘=M= DO on HERA EXxcess

high Q°

New DO result is a single most sensitive search forphé
15! generation LQ. It rules out an interpretation of the HERA
event excess with*lgeneration LQ within general
LQ models w/o extra fermions or intergenerational mixingp

05 |
i H1
04 +
% I Q%> 15000, M ¢ > 180
>
3 03
) Summed densities
Q. for observed events
% 0.2
T D@ limit
01 |
=1\ M
0 0 L L I { | N T
175 200 225 250 275

M, (GeV/c))

Events per GeV/c®
o o o
R 0 ~

©
=

0.0 ©

ZEUS
Q?> 15000, Mpp > 180

Summed densities
for observed events

D@ limit

175

W&C Seminar 6/6/97

200 225 250 275
M pa+ M (GeV/c?)
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e LQ Searches in the
' 3 ev]] Channel

o Entire Run | statistics:104 pb of data

o Event selection:
e le, E>25GeV, | <11
® 2j, E;>25GeV,j| <1.0
(3rd jet allowed with |n| < 2.5, E > 25 GeV)
e . > 40 GeV
(jets and E; must haveAg,|r— Ag| > 0.25)
e H. =X E/(> 15 GeV) + E*> 170 GeV
e M.® >100 GeV

e 1 event remains
(a ft-candidate with 4j+e topology)

Expectedoackground: 2.5+ 0.6 events

W+2j: 0.5+0.3
Top: 1.6 £0.5
QCD: 0.4+0.2

o Additional dM/M(LQ) cut on an ej-pair

W&C Seminar 6/6/97 Greg Landsberg, Search for Leptoquarks at D
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o

me& M/M(LQ) Cut

OM/M(LQ) = min(|l\/|ej - I\/ILQ|)/|\/||_Q
Optimize significance SIB for typical LQ mass of 160 Ge\
OM/M, o< 0.2, no events survive above,M140 GeV

<

O S o 35 ! A
S50 M Bkl
240 [ 29 | |
g 20 : M o= 100 GeV 20 1 M o= 120 GeV
= ! 15 1 !
2] 10|
10 5F
0, " 0,
0020406081 0020406081
Lanue 100 OM/M, Lonue 120 OM/M,
0 10 - . T S B S P
% 8 - I 25 ; I
s [ 2 [ .
= 0 i M =160 GeV 15 T 1 M=200 GeV
» 4] 1]
21 05
0pq 0 v
0020406081 0020406081
LONUE 160 5M/M Lonue 200 OM/M, L0
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o

=B 3=1/2 LQ Mass Limits

Limit setting procedure and systematic errors are similar|to

that in the eejj channel

Cross Sectiox23(1-3) (pr

=
o

10

1
=

-2

e |\||_o Theory Klramer

SN Plehn, Spira, Zerwas

""""""""" hep ph/9704322 (1997)
$=0.5] 95% CL limit;
:ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁtff?ﬁéfﬁi}'”"‘7"""""""‘"ﬁﬁﬁﬁﬁﬁ M > 158 GeV
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I |\/|LQ > 192 Gevl ************************* T

100 120 140 160 180 200 220

LQ1 Mass (GeV/é

Combined with our eejj analysis the limit i$:
Mo > 192 GeV, fo3 = 1/2 @ 95% CL
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== Search for Second
'L  Generation LQ

Ly channel

Data: 1994-1996 Tevatron run (94.4
Event Selection:

p:* > 15 GeV, )" | < 1.0,
AR(p,j) > 0.5

2 jets: EJ > 15 GeV, )| < 2.5

pb 1)

2 1solated muons: ;

Ap(ulp2) < 160 if _Standard
INu*+N,l<0.5 {t — dimuon
M., > 10 GeV selection
. H, > 100 GeV

Z-kinematic fit P(x?) < 1%

~® 2 muons and 2 leading jets are
not in the sameg-hemicylinder

O events survive
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. Second Generation LQ
e Mass Limits

Run 1 Data Sample (94.4 pb )
Data: O events, Exp. Bkgd: 0.9 £ 0.2 events

M, o, > 184 GeV @ 95% CL for B =1

T r

©
©

Branching Fraction
O
00

0.7 |
0.6 f : ? | |
05 SlEsE DY Preliminary
E ~ jponly, 94.4 pb7
0.4 | - DA NLO Theory
o3 E S
02 Fm Buv (1A
o b | B OA)
N | CBuppr (1A)
0050 T00 150 200 250

|l eptoquark Mass (GeV/c?)

NLO Theory: Kramer, Plehn, Spira, Zerwas
hep-ph/9704322 (1997)
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2. Search for Third
'L  Generation LQ

g = 1/3 third generation LQ
vvbb channel

e WO Fr>35GeV

o 2 Jets, at least 1 with muon tag
e untagged, E/ > 25 GeV
e tagged, E/ > 10 GeV

 topological cuts

Efficiency = 1.9% (M |43 = 100 GeV/c?)
(3-5% at higher LQ3 masses)

Major Backgrounds:
tt, W/Z+2j, QCD multijets
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€. Third Generation LQ
e Mass Limits

Run 1 Data Sample
Data: 2 events, EXxp. bkgd: 3.1+ 0.9 events

Moz > 98 GeV @ 95% CL for =0, q=1/3
MyLos > 201 GeV @ 95% CL for =0, q=1/3

4
—~ 10" ¢
> c i
a | preliminary
o~ [
% * data, 95% CL Upper limit
‘l — Scalar LQ NLO, CTEQ4M, by Kraemer et al.
\: __ Vector LQ LO theory, by Blumlein et al.
b 1031 CTEQ3M, Yang—Mills coupling

102

10 |- N

*\\ e %
1 E N\
I | I | I | ‘ | L ‘ I | ‘ \\\\\ L ‘ I | ‘ L1
0 50 100 150 200 250 300 350 400

LQ3 mass (GeV/c?)

NLO Theory: Kramer, Plehn, Spira, Zerwas
hep-ph/9704322 (1997)
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- |
"= Conclusions

o The DO Collaboration has performed a search for
scalar LQ and set the following 95% CL lower LQ
mass limits based on the NLO theory:

o First Generation:
o B=1 225 GeV
e B=12 192 GeV T
o Second Generation: & 'm'ts
. B=1 184 GeV geg%';)egl_
e B=12 140 GeV
o Third Generation:
« B=0 98 GeV
o Our measurement in the egjj channel is the single
most sensitive Yukawa-coupling-independent
search for the first generation LQ. It rules out at
95% CL an interpretation of the HERA data with

LQ masses below 225 GeV. This excludes the
large class of models which requifé= 1.

[see J. Hewett, T. Rizzo - hep-ph/9703337 for discussion]

o« Combined Tevatron results are expected to yield
even higher mass limits on the LQ
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"7 3By DAVID KESTENBAUM,, R SR "
. Footprints of a - -
Physicists in Germany may have Leptoquark?
detected a bizarre hybrid particle ptoq
At the DESY accelerator in

called a leptoquark that, if it turns
out to be real, could topple the reign-
ing sclentific mode! of how the world
is put together.

For two decades, particle physt-
clsts have sorted the smallest, ap-
parently indivisible subatomic parti-
cles into two exclusive categories,
quarks and leptons. Quarks are what
protons and neutrons are made of.
Leptons are particles like electrons
and peutrinos. Together, leptons and
quarks make up the atoms that form
all of the material worid.

The leptoguark — half lepton, half
quark — has lived for almost two
decades only In the dreams and
equations of theoretical physicists as
an object that would overturn the
Standard Model, a theory that has
been dominant for so Jong that a
generation of physicists has known
nothing else. The Standard Theory
does not predict leptoquarks, but

Hamburg, Germany a positron,
(thé electron’s antimatter
counterpart) collides with &
quark. in a few spectacular
collisions, the positron nearly -~
makes a U tum. One possible
explanation is the momentary
creation of a strange new
particle called a leptoquark.

-

Positron and a quark Inside
a proton are accelerated
close to the speed of light
and then colfided

Positron

Proton

tracksof a ark may now have The high-energy positron
been seen In a German accelerator. :::'."Yb::'f'“ dlr:'ct:on.
Edevier A leptoquark would have such feptoqua m""'“

enormous peis for w;;‘n-
derstanding ysics that I 't R
dare to dream of it,” said Dr. Ralph | PO;""O" Gt‘(a"‘y
Eichler, a physicist at the Institut filr NARES A i
Tellchenthysik in Switzerland and a )
spokesman for one of two Interna-

* tional teams that reported the lepto-
quark results on Wednesday at the

.uman chromosomes.

ler Untversity who re-

.hed a paper on this phe-
human cells, said that

ate between growing and  _ ojorator, the Deutsches Elek- draw deflnite conclusions about what >
n a "Y'::" equil- |\ ren Synchrotron In  Hamburg, ‘ they might be. The odds that thode ‘&
Je Lange ! s the Germany. Thelr results were sub- Delyis Irom tvo . collisions were produced theaf' By .1
riety of speces use o mitted for. b%caﬂmyuﬁte. NN st ush guatks: chance, they said, s oaly about ¥ ia%q
anism, $aid Dr, Thomas ... pys the DESX Pt ap ALY ol source: ARG 1. ] .- 300, but this Is stifl wel] short of the Tusz
Nobel Prize-winning ‘cell . an%l%}bot e . e a3 wiln-} wmnymm
the University of Colora ¥geqing Just beh random flu- L 3 VER ..m:.-‘” V.8 probie
-r.mmﬂsbed:ep;ﬂ?e; maum.",sawbr.Anencgawen;-. . TeRewy . wrA?eq
physicist at’.Columbla Versity « $ione ~Thé two DESY research t6sihg
TG Wlory M Consis. o a th sjakaman for the other” " gous . e graviigéit . the - Eislyze mu‘ﬁi,xwammm
L RS team, “like getting seven heads % closest thing physicists have to ™ didn compare their results :unil
il leaves the ‘Question row when flipping a coln.” theory of everything” - ©7 7 last week, and they were excitéd t0%>
smerps have any use oth- © - The new. resulti, the oams “l,;y {tive the Standard Model- ind ghat they hagd a Jot in commoa. 3t 11
bufter zones. Dr. Biack-  could also be eyidence for bew par@- - 'blnéomp;ls;h."u)dbr' beerh Lyk- the prépefice of aleptoquark is estabixi
n aneier ¥as imminent.  cles” withis <the quarks, wn equally .. {8 PO maupenim;hﬁ:‘mu- _ Hished, ft Woulld be the heaviedt subds
ers, ghe sald, are about to ", exclting possibility. Dr. Guido Altar- vv:-.:nﬁ’:l ntorview, It Just atomic particle yet observed, wetghtsr .
sers showing that telo- eli, a physicist it the CERN labors-. an ew. - A, ing almost as much as a lead atom.
estions .unan-  Pprevious searches had not gbserved.ig

ssqv“ for puclear divi- _tory’ i Switzeriand, said the data . leaves too many G
cess wnwmme"e‘gqﬂdnsoummum&.;'-weretllexpedwew!ﬂ.ﬂnd-_cnd
" for an even heavier particle, % Jepto- - n It sometime this decade." . -
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into a larger, simpler structure. The
‘ Standard Model will not fall so much
as it will be consumed by a moré
complete theory, he predicted. «”
“If the leptoquark is real,” Dr.*1
Lykken sald, “it will really be 4:q
shock to the whole community.” ‘
At the DESY accelerator, a ring of 4
magnets accelerates protons and
positrons (the electron’s antimatter °/
counterpart) to close to light speed '
and has them collide, The DESY.?*
{nstrument, the only proton-positron '
collider In the world, is ideal for
making leptoquarks, if they exist. +:Q
In most collisions, the positron *
_ bounces off the quarks within the.5
proton, which breaks up to form a
shower of other particles. The two "
research teams, which include col- .d
laborating groups from 18 countries,
monitor the collisions at different '
points around the four-mile ring, 1
each using a house-sized particie de- ‘¢
tector welghing thousands of tons. ¥
_ After examining the data from mil-
Hons of collisions over the last few -
the teams found that some
positrons had emerged at surprising.
ly high energies, a greater number
than predicted by the Standard Mod: .i}
el In these events, Dr. Caldwell said, 5
the positron ‘“‘almost makes a U-
tum.” >
One explanation for that would be )
the momentary formation of a lepto- ~
quark, surviving only a fractionof &
second before decaying back into a
positron and a quark. Because there
were only about 10 of these collisions, /-
the teams said it was impossible to q

A Final Touch

v

o

" .any but could have missed one this O -

_ fieavy. But DESY physicists areto

quark of something else not yet seen. - '™ A new particle like the leptoquark ~ chposing their words cautiously, say-,H
" The Standard Model describes the . would be such'a crack. Leptoquarks  ing leptoquarks are only one possible:ys
workd from the ground up, from the _arise, Dr. Lykken said, in theories . pxplanation. DESY will begin collecty @
. architecture of atoms to the reac- that try to unite leptons and quarks ing more data in March. - . Y. 13q
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