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100 Years of Particle
Physics

1897 - Discovery of Electron
(J.J. Thompson)

Svn y/r ) f”e S

1995 - D/scovery of t-quark
(CDF and D@)

Symmetries - Groups - Transformations
(e.qg., SO(3) - three-dimensional rotations)

l Noether's Theorem:

Symmetries - Invariance - Conservation
Laws

l Higgs Mechanism:

Symmetries - Approximate Symmetries
- Broken Symmetries - Masses
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Mysterious Symmetry
of Generations

3.0 .0RS

+2/30 __+2/3l __+2/3

d|ld|d

-1/3 -1/3 -1/3

® | Colotless

e | z0=0!

One of the ways to solve the mystery of generations i$ to
Introduce theLEPTOQUARKS- exotics objects which
have properties of both leptons and quarks and let the

know of each other’s presence wag-LQ interaction

m

First introduced b y J.C.Pati and A.Salam in 1973

(SU(4) model), these particles became popular in

many extensions of the SM, especiall y in Grand
Unified Theories and composite models
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LQ Phenomenolgy

LQ come In3 generationsand are coupled to
both leptonsand quarksand carry SU(3)color,
fractional electricalcharge baryon(B) and
lepton (L) numbers

LQ interactions areentirelyfixed by the effective
Lagrangian SU(3):-xSU(2) xU(1)y assuming
baryon/lepton number conservation, EGI,
renormalizability, and chiral Couplings

Q0 gy 0y oAy

Mo
BR into charged leptonf can beO 1/2, or 1
only, if no extra fermions are added to the model

LQ can havespin O Gcalar or 1 (vecto

LQ interactions can be classified by tlermion

number (F=3B+L): L=L_, + L,
S-typescalar LQ havd-= -2 (3 singlets and 1 triplet)
R-typescalar LQ have~=0 (3 doublets)
V-typevector LQ havd-= -2 (3 doublets)
U-typevector LQ havd-=0 (3 singlets and 1 triplet)
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Low Energy Limits

o Intergenerationalmixing of LQ is severely
restrictedby FCNC data and other low energy
phenomena:

s K - Te'er, T (S22 vertex)
m B_ooeX
s K - pe decay would receive a large contribution from
LQ coupled to the first and second families
o Chirality of the couplings insuredfrom tight

limits on themt - eV decay and from g-2
measurements

e Limits on the LQ masd$rom low energy data
(atomic parity violation, quark-lepton universa-
lity, etc.):

= Mo/ A >500-2000GeV
o PreviousHERA measurements:
s M o>230-250GeVforA=1

o LEP searches foZ — LQ LQ set coupling-
Independent mass limits (as long as couplings
are strong enough to ensure short LQ lifetime):

m M o>44GeV
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Why Is (was) It so
Exciting?

+ New York Times
1 February 25, 1997

Footprints of a
Leptoquark?

At the DESY accelerator in
Hamburg, Germany a positron
3 {the electron’s antimatter

1 + counterpart) collides with a
20 p b* of e p datal quark. In a few spectacular

collizions, the positron nearly

makes a U turn. One possible
explanation is the momentary
creatlon of a strange new
particle called a leptoquark.

ZEUS: Positron and a gquark inside

a proton are accelerated

4 events close to the speed of light
and then collided
(SM: 0.9)

HERA at DESY
(Hamburg)

1
] i
i I
" Y
et
=

Hi Eun 158577 Event 100110 Date 10/08,/1866

The high-energy positron
nearly reverses direction,
possible avidence of a
leptoguark.

[@F = 31420 GeV?, p = 0.78, M= 200 GeV

Hi:
/ events
(SM: 1.0)
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LQ Production at
HERA

Both H1 [Z.Phys.C74 191 (197) and ZEUS
[Z. Phgs C74 207 (1997) have recently reported
h|g event excesshich could be explained by
the production of thdirst generation scalar LQ
with the mass of around 20GeV (vector LQ wer
already excluded up to much higher mass by DY)

LQ production at HERA
Vs = 300GeV 20 pb™ e*p data:
\‘ / H1 - 7events (1.0 bck.)
ZEUS - 4 events (0.9 bck.)
= .
q o |:| B ()\6)2/41'[ 4 |1pb?epdata.
A : no excess reported
A=1: EM coupling

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 and
both havef3 = 1. HERA data required = 0.04-0.10.

There isno way to explain HERA datavith 3 # 1 LQ without
pushing experimental constraints adding new termgo the
Lagrangian (such as additional fermionsjome attempts to
do so appeared recent]y.Hewett, T.Rizzo - hep-ph/9708419}
Babu, Kolda, March-Russell - Phys. Lett. B408 (1997) 261].
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LQ Production at the
Tevatron

» At the Tevatron leptogquark pair production via
gluon exchange (strong interaction) dominatgs

Major backgrounds: W/Z+jj,
QCD and tt production

N
Q

a »]{ | eejj, evjj or wjj channels
« 49 B=B(LQ - g

I N e
e : N |

( g \\\ KW\S\‘L*%** S 45%4 ( \\\

o Pair production is insensitive to the value af

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

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

» It has very little model dependence (such as
p.d.f. choice, etc.) similar to top pair productign

<
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Next-to-Leading
Order Theory

NLO theory— calculate[ 1100 additional
diagrams to include Qf<°) effects

M.Kramer, T.Plehn, M.Spira, and P.M.Zerwag,
Phys.Rev.Lett. 79, 341 (1997)

Gtot[pb]: pb_’ LQ+L_Q+X
Vs=1.8 TeV
G, o(200 GeV) = 0.18 pb

— NLO : p=M,
10 i — W=[M o2, 2M ]

-T = LO u:MLQ {qu/g LO}
....... LO : p=v8 {o,q/g: NLO}

\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\T.'ﬂ.\\\

150 160 170 180 190 200 210 220 230
MLQ[Ge\d
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3 Level

Trigger System

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

July 98

D@ Detector

TRACKING
o(vertex)=6 mm
o(rg) =60pum (VTX) MUON
= 180um (CDC)
%O = 0.2® .003

CALORIMETRY

n|<4
A xAp=0Xx01
oev) = 15%0/E
oHAD) = 50%//E

P
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Dd is perfectly suited
for identification of:

*Electrons/Photons

Jets

Muons

Neutrinos (Missing

Transverse Energy)

Mostly work with
fransverse energie
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HERA @oqua@

'

Search for LQ at D@:
Optimization Strategy

Improved
particle 10 | VEIY Ioolse Cuts
: Advanced
Random Grid Searches | /.~
Apriori optimization
Discovery: Limit:
optimize optimize
SWB S forB =0.4
0 events (70%)

l

Multiple Cross Checks
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Random Grid and
Neural Net Searches

Random Grid Search:

the optimal cuts

Use kinematic parameters of MC events for signal and
MC or data events for backgrounds in order to find

3 layer 2-3-1 fed—forward NN

Neural Net Search:
Train the net on a
mixture of signal and
background, so that
D= 1 for signal and
D= O for background

Random Grid Search Neural Net Search
X, 4 “g DNN.:
. . Optimizing
e o;. o signal for
o .':oo a fixed
R :° e, background
:.‘::g:%og.o:...:.Signa/ Sidanss,
Background "X, Background
Simpler cut, lower S/B Sophisticated cut, best
possible S/B

July 98
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Data Selection in
ee+jets Channel

o Entire Run | statistics (123 pb)
EM trigger; >99% efficient for offline cuts

o Electrons:

E;> 20 GeV;|n,< 1.1 (CC) or 1.5<1jJ< 2.5 (EC)
Significant EM fraction

e “LOOSE”:

Good energy isolation
Cluster shape typical for the EM object

o “Tight”:
Matching track

Combined tracking-TRD-calorimeter info

(electron likelihood) consistent with electron
N.B. twice the QCD background rejection compared to standard ID

o Require exactly 2 electrons; at least 1 “tight”

o Jets (R = 0.7 cone algorithm; 2 or more):
E-> 15 GeV:|nil< 2.5
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Data Selection In
ee+jets Channel, cont'd

« General:
M. far from the Z-peak

(not in the 82-100 GeV window)
Electrons well separated from jets
(ARe > 0.7)

o Base sample: 101 events

Cut Events
Preselection 9,451

Two EM objects |4,967
EMin CC/EC, 3,880

Er > 20 GeV
2 or more jets, (2,918
E;r > 15 GeV
AR® > 0.7 2,496

M.> 100 GeV (1,802
or Mee< 82 GeV

At least one 225
“tight” electron
“Loose” ID 101
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Kinematic Properties
of LQ decay

LQ Kinematic properties (I\(L2 =225 Gevj

2] 2]
2 =
60
> E(e,) > Er(e))
S 40- g
= 2 40+
< <
20 50 4
0 l """"""""" N Aiaiaia 0 A] ------ T
0 100 200 300 400 0 100 200 300
E.(e), GeV E.(e,), GeV
g ] f’é 60 -
S 40 - I > i
> | ET(J 1) > ET(JZ)
o ©
= 30+ = 40
= =2
< <
20
20
10 | l
0-"'|""|""|FHF|_L" 0-"'|""|"ﬂTn_'F'_‘"|
0 100 200 300 0 100 200 300
E.(,), GeV E/(,), GeV
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Random Grid
Searches

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:

e Energy variables:
S:=2E+ ZE{ - scalar E;
S 12=5E.°+ E{" + E{* - scalar E ;%2
S =3E®+ SE
HTe — ZETe, HTj1 H_|_j12’ H_|_j123

* Event shape variables:
Centrality = S /S, Aplanarity
Sphericity, Jet Clustering ( Ngys)

 Invariant mass variables:

M.., pair ej-masses (M ©alb) j}@

 Mass difference variables: .
6Mm|n/MLQ’ aMmm/[MDBMmm/\/mD /\/Ieljlo:rMerZ
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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

B —

-

S |
3 | >=ETE1 20.
i I >=ETE2 20.
o : >=ETJ1 15.
NEEIE >=ETJ2 15.
O |
SIS B The best cut: |
L S;>350GeV [Ldt = 123 ph'
E 1y |
Z ' Vary ST (upper dotted line) |

. Vary DM/M(220) (lower dotted line)
Vary ST and DM/I\/I(220) (sprelad out dots)
o1 oz 03 04 05

Number of Background Everig@ckground

The S cut is about 20% more efficient for the
signal compared to théM,,;,/M  , cut
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« Normalize integral under the Z-peak to the
observed number of Z+2] events

» Calculate the background outside the Z-windgw

% 0
8 1 ¢ - Z Data . .
2 60- M-ZMC Associated jet
£ ao production
- regime
] equivalent to
0 S; >350 GeV
60 70 80 90 100 110 120}
9 Mee’ GeV CUt fOI‘ D'Y
8 03 de 7 bt background
S .- $ -ZMC (dominated by
§ ey high masses) is
b *fi_ _T_ understood
10'1: ................... T..!.,!.'.. i
J
0 50 100 150 200 ZZEJ(T) ey 30<ZET
D-Y Background:
67 =13 events for 5> 0 GeV
0.18 + 0.04 events for;S> 350 GeV|
(error dominated by jet energy scale)
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QCD Background

o Determine jet faking electron
probabillities (including direct photons)

Compare number of jets in QCD 3j sample with
the number of 2j+e events Po—
P(j - “tight”) = (3.5 0.4)x10™ qg "
P(j - “loose”) = (1.3 + 0.1x10°°
(error covers slighty and E;° variations)

o Calculate the QCD background

Two methods:
o Start with 4] 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)|
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Top Background

o Apply all signal cuts to the tt- ¢¢ + jets
MC (includest-decaying into electrons)

o Count the number of events which pass

o Calculate background using the top
production cross section measured by
DO

o(pp - tf) = (5.5 x1.8) pb
and theoretical branching ratio

B(tt— ¢¢ + jets) = 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 uncertainty in the cross sectign)
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Data vs. Background

Main backgrounds:

Drell-Yan + jets

QCD Multijet fakes

Top production (used to be a signal 3 years ago)

S;=0GeV: S; =350 GeV:

D-Y: 6713 D-Y: 0.18+£0.06
QCD:24+4 QCD: 0.16 £ 0.02
Top: 1.8+0.7 | Top: 0.11£0.04

30
> I D& final
(L(D) - — Pred. Background S; Cut Back.gr.ound Data
q o5 | ® Data (GeV) |prediction
2 N --. LQ200MC 0 93+ 14 | 101
o | 10x Luminosity
D . [ 100 86+ 13 | 85
: Highest § event 150 41+6 | 39
15 | | R 200 13+2 | 15
250 2% 0. 8
: M, = 200 GeV 42206
10 N
_ v 300 1.4+ 0.2 3
, 350 0.44+ 0.06| O
5 [ e
: lST cut 400 | 0.20+0.03| 0
O -lIIII_LLJ.JJ'T'IITII-i IIIIIIIIIII I' ] IIIIIII
100 150 200 250 300 350 400 450 500

S; (GeV)
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Neural Network
Analysis

Results of the NN-based optimization

o 103 o 400 —
c |_ -
2 Last event has T 350 RG Analysis
102 D =0.92 300 S, > 350 GeV
250 :
10 200
150 | - -
1 100 -
“m
50 =
1 VLIJIrL - | | N
10 L | O I | I | I I |
0 02 04 06 0871 0 100 200 300 400
plDnn > 0.95 Background H ]
T
o 400 N\ s sssoBos s @ ()] 400 \
— 5\\ oo e@oo ] - >\ DNN = 0.95
T 0N a0 N Dy =090
— \ [} (- -] oc@o@@e a [} — \
300 AR coJEENoEoERonm 300 =
Fe\Nsco@EEEEc@EEDo o0 -
250 | u \gHE:EEEEsc: oo 250
- ' egEcmmamas-.s :
200 — , 3 Bmoooas e 200 —
150 — = 150 —
100 — 100 —
50 — 50 -
:\\\\‘\\\\‘\\\\‘\\:1;\\\‘ :\\\\‘\\\\‘\\\\‘\\i‘\\‘
0 100 200 300 400 0 100 200 300 400
LQ MC 200 GeV/d j Data j
H+ Hy
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Limits on the First
Generation LQ

o No background subtraction (limits are independent of
the background and its uncertainty)

o Account for systematic uncertainty on the signal

2 05
& 045 DO final, 3 =1
O
% 0.4: M LQ > 225 GeV
7))
% 0,355 @ 95% CL
O
N 0.3 == NLO Theory (1997)
<al
0.95 A 95% CL Cross Section Limit
' NLO Theory:
0.2 Kramer, Plehn, Spira, Zerwas
' Phys.Rev.Lett79 (1997) 341
0.15 Phys.Rev.Lett.
0.1 = 79 4321 (1997)
0.05-2°% CL cross sectlon limit \
CDF (1997) DM[ *

0
180 190 200 210 220 230 240 250
B=1/2:M, > 176 GeV @ 95% CL LQ1 Mass (GeV)
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Mass Fit

o Full-fledged kinematic fitterKFIT (based orb6QUAW by
O.Dahl) balancing all objects in the event (e, j, unclus-
tered energy)

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

DO Preliminary

My =200 Geyf
: | — ejinv. mass

500 - — 3C mass fit

400

10% more
narrow

300

200

L 1 | — 1 | — 1 1 | — —
0 50 100 150 200 250 300 350 400

: - Mass of 225 GeV LQ MC M (GeV)
Also tried 2C-fitter
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S versus 3C-fit Mass

300 300 DO Preliminary
(15_ - (A' - ~ -+ X10 Luminosity
700 -~ Background 700 B
600 600
500 -~ 500 -
400; I Sy Cut 400; oeoe- SpCut
o0 0
200 i 200 10225
108 Fragens 92.8 events 108 | 3.1 events
0 100 200 300 400 O 100 200 300 400
Background (DY, tt,QCD M3C LQ1 MC 225 GeV M3C
4800 ¢ —
200 - Data Two events with high
600 - High mass events TEES SEen 1 e
500 - from previous plot 1-dimensional plot
100 | \  cu are nothing like the
— u -
: LQ signal
300 — Q sig
200 .25 No evidences for the L
108 101 events signal arelse_en In theII
0 100 200 300 40 MassS analysIS as we

3C Fitted Mass M3C
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Combination of the
CDF and D@ Results

CDF has performed an analogous analysis
based on the dOM/M variable and set lower
limit on first generation leptoquark mass of
213 GeVfor3 =1 [PRL 79 (1997) 4327].
We combined the two null results taking
Into account correlated systematic errors.

o

< 400 ¥V D@ (1997), M, > 225 GeV

C

@)

S 300 A CDF (1997), M, >213 GeV

(¢D]

%

B CDF and D@, > 242 GeV

$ 200 Mo

o

O B=1

NLO Theory (1997)
100 A A & A A A
90 -
80L\\\\\“‘-§L\\\\\\
NLO Theory: 701
Kramer, 60
Plehn, Spira, *° |
Zerwas 40 - 1
Phys.Rev.Letts | \
79 (1997) 341
| ‘ L ‘ L1 1 | ‘ A4l | ‘ L ‘ I I | L1 ‘

M > 242 GeV @ 95% CL

July 98
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DO

260

LQ1 Mass (GeV)
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Tevatron on HERA
EXxcess

New D@ result is a single most sensitive search forfrd
15! generation LQ. It rules out an interpretation of the HER

high Q? event excess with*lgeneration LQ within general

LQ models w/o extra fermions or intergenerational mixin

05 |
E H1
% 04 1 Q?> 15000, M ¢ > 180
>
$ 03
o Summed densities
% - for observed events
£ 02 f
z DA limit
01 f
e —— v
0.0 | | | | N SN T
175 200 225 250 275
M (GeV/c?) Combined
CDF/D@ limit
0.5
ZEUS
b 04 Q%> 15000, Mpp > 180
>
® 03
(0]
Q. Summed densities .
‘% 0.2 .for observed events Combmeq ]
2 D@ lim CDF/D@ limit
0.1
0.0

175 200 225 250 275
M pa+ M (GeV/c?)
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Data Selection In
evt+jets Channel

o Entire Run | statistics (115 pb)
EM [+E; [+ jets]] triggers; >99% efficient for
offline cuts
o Electron:

E.°> 20 GeV;jn< 1.1 (CC) or 1.5<|< 2.5 (EC)

m Significant EM fraction

s Matching track
s Combined tracking-TRD-calorimeter info
(electron likelinood) consistent with electron

o Jets (R = 0.7 cone algorithm; 2 or more):
E. > 20 GeV;|ni|< 2.5

o Missing Transverse Energy:
Z:> 30 GeV; minQg(j,#;))>0.25 for <120 GeV

o General:

Muon veto (reduces top background)
M- (ev)> 110 GeV (suppress W+jets background)
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Data Selection In
evt+jets Channel, cont’d

o Base sample: 14 events

Cut Events
Preselection 05,383
One EM object 22,649

EM in CC/EC, E > 20 GeV [18,683
2 or more jets, E> 20 GeV |8,925

Electron ID 3,091
Muon veto 2,963
£ -cuts 1,094
M+(ev) > 110 GeV 14

Total Background: JW
)

17.8 £ 2.1 events (see bel
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QCD Background

» Use jet faking electron probability from
the ee+jets analysis :
P(j - electron =(3.5+0.4x10™
(error covers slight) and E:° variations)

o Calculate the QCD background

o Select single interaction events to ensure
correct vertex (important for/E)

o Start with 3j+F; sample with all other cuts
applied and multiply the number of
combinations passing jet and electron
fiducial cuts by electron faking probability

o Correct for single interaction requirement
Inefficiency (50% + 5%)

QCD Background:

75 = 15 events before Mev) cut

4.1 £ 0.9 events In the base sampl¢
(error dominated by P( }» e) uncertainties),

| =4
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Top Background

o Apply all signal cuts to the tt. ¢ + jets
MC (includes dilepton contribution)

o Correct for muon veto (suppression
factor of 1.9 £ 0.1)

o Count the number of events which pass

o Calculate background using the top

production cross section measured by
DO

o(pp - tf) = (5.5 £1.8) pb
and theoretical branching ratio
B(tt— ¢ + jets) = 0.456

Top Background:

12 + 4 events before Mev) cut

2.0 £ 0.7 events In the base sample
(error dominated by uncertainty in the cross sectign)
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W+jets Background

o Normalize the W+jets MC sample with
all cuts except for M (ev) applied and
the estimated QCD and tt backgrounds
added to the data for M(ev) < 110 GeV

J

102

Events/ 4 GeV/t

10 ﬁ ++

AT m
[ WWWWWWWWWW il

1

0 20 40 60 80 100 120 140 160 180 200
M, GeV/é

W+jets Background:

1010 * 70 events before Mev) cut

11.7 £ 1.8 events in the base sample

(error dominated by the uncertainties in jet energy scale
and MC statistics)
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Neural Network
nalysis in @) Channel

140 GeV

160 GeV
180 GeV
Hidden node %88 ggx

nodes
-Redc_luc_:ed gluon
raaliation syste-
S2=E;*+E +matics
! ! T Essential _
6M /MLQ_ mln(lM eJ-MLQl)/MLQ against the tt

background
Training:
Signal: LQ(M_ ) MC
Mixture of QCD, W+jets and Top backgrounds

min

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

For M o <120 GeV where top background is not an
issue used straight ee+jets-like 12> 400 GeVeut:
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NN Optimization,

180 GeV

Mo =

Constant D ,,, contours for backgrounds,

loose cuts Constant
D, contours
1 1
So09- ... 3 09
< 08 5o, WBackground |+ gg - QCD background
= 07 -gge:- - =07 =%of
= | .5Hs. = 0 Sh..
S 06 .o[Oe - 06 a0 o e
05 - [ oHAE 05 - ;ﬁ%;“;
0.4 - :E]]gg ----- 0.4 - :E‘ I§||:||:||:|
03 - :gg=: 03 5E05.
024 88T 08 02 - .0EET;
01 :E’,EEZ:::K'—OE\ 01+ .:8550[
0 A e — 0 HgHeRe
0 200 400 600 800 0 200 400 600 800
S12, GeV S12, GeV
1 -
S 09 - , o
fos- il Top background That’s why we need
S 07 lcooee-.- Lo 2 :
= R . OM/M, , variable in the
S 06 | .opgopoee-..- - _— Lo
05| 8HHG:::iii | ev+jets channel
04 - igpoo .
03 - oEHHRRoLe
02 | :oto
0.1 - a
0 - 0 ‘
0 200 400 600 800
S/12, GeV
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NN Results
Mo = 180 GeV

Background for D ,,, > 0.85 cut is 0.29 + 0.25 events

1 ; 1 .
s | Background a) s 10x Signal D)
go_Sf o -17.8 events S‘%O.S* (MLQ =180 GeV)
é ] L é ] 27.1 events
S 0.6 cOmna. - S 0.6
0.4 0.4
0.2 0.2 .
| HUEr RO
O ‘ = -1 - -8 ‘ O ‘ |||||||:|I:||:||:|nun
0 400 600 800 O 200 400 600 800
1 4 S;, GeV
- 0 Last event
S Data C) = Dy = 0.7 d)
-0 Q. 14 events 5
Z.0.8 % LO
S c 3¢ Ce)
S Z z
50.6 0o L )\
. o o 2 * & <
zZ
0.4 o
0.2 L 'FJ’l JT |
L LT
Al -
q

0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0 ‘ T T e ———
0 200 400 600 800 O 0.2 04 06 0.8

1
S;, GeV Dyn
Data are consistent with the background hypothesis
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Efficiency

Background and

We vary the R -cut (in 0.05steps) and S4cut (in 50 GeV
steps) and fix it to give the background value closest to tt
desired level of 0.4 events (with the background uncertain
taken into account). As a resulfjo events pasthe chosen

cut for any of the networks or 32 cut.

Background and efficiency

Signal Systematics

Source of error

Error

Particle ID

5%

Smearing in the
Detector

3%

Jet Energy
Scale

2% -10%

Gluon
Radiation

4%

PDF and &

5%

MC Statistics

3-25%

Luminosity

5%

Total

8%-25

Moo |Background Signal
(GeV) | prediction | efficiency
80 0.60+ 0.27| 0.003+ 0.001
100 0.60+ 0.27| 0.012+ 0.002
120 0.60+ 0.27 | 0.025+ 0.003
140 0.54+ 0.25 | 0.067+ 0.010
160 0.61+ 0.27 | 0.109+ 0.012
180 0.29+ 0.25( 0.147+ 0.012
200 0.43+0.27 | 0.194+ 0.017
220 0.41+0.27 | 0.215+ 0.017

Data are consistent with the background hypothesis;

no evidences for leptoquarks are found

July 98
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[Mass Limits in @+jets
Channel

[PRL 80 (1998) 2051]

. D@ final, B = 1/2
I M o > 175 GeV
& @ 95% CL
© = NLO Theory (1997)
> > Kramer, Plehn, Spira, Zerwas
CTL 1 - “a Phys.Rev.Lett79 (1997) 341
= <
©
o
—i
T

(/’

107 %

MLQ > 175 GeM | cpF
N prelim.

80 100 120 140 160 180 200 220
Compare to ee+jets foi3 = 1/2: Mg GeV/é

M, > 176 GeV @ 95% CL
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Data Selection In
. +jets Channel

 Use our published analysis?RL 76, 2222
(1996]): search for stop pair production In

op - tlt1+X Sooxlexl+ X o B+ jets
e This analysis is not optimized for LQ
searches; it also uses only a small fraction

of available statistics: still it Is useful to
extend LQ mass limits t8=0

o Data set:

= 7.4 pb-1, collected with E/; trigger in the
1992-1994 run

o Selection Cuts:
s [£.>40 GeV, E/>30 GeV

= 90° < A@(j,,j,) < 165°

= 10° < AQ(j, 5. Fr) < 125% 10° < AQ(js, i)
m electron/muon veto

o Observed 3 candidate events
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Results in E+jets
channel

« Backgrounds:
s W(eV,UV,TV)+jets (2.98 + 1.14 events)

n Z(MU,TT) [+)ets] (0.51 +£0.27 events)
m Jotal: 3.49 + 1.17 events vs. 3 candidates

« Signal efficiency:

From: 0.45% * 0.10% + 0.00% - 0.05% (M, ,=50 GeV)
To:  6.36% + 0.35% + 0.04% - 0.06% (M ,,=200 GeV)

B=0 .
== NLO Theory (1997) DQ flnal, B — O

Kramer, Plehn, Spira, Zerwas

Phys.Rev.Lett79 (1997) 341 M LO > 79 GeV
@ 95% CL

95% CL Cross Section Limit

(1-[3)2 * Cross Section (pb)

Unique measurement

sensitive to 3 =0,
generation-
independent

Mo, > 79 GeV

Mg, > 79 GeV

M g3 > 79 GeV

10 cle e b e b e e e e by
60 80 100 120 140 160 180 200
LQ1 Mass (GeV)
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Combined Limits on
First Generation LQ

First Generation Scalar Leptoquarks are excluded by
Dd at 95% CL for 3 > 0.4. This closes HERA LQ saga.

For 8 = 1.0, Mg > 225 GeV

DF/D@
B

0 50 100 150 200 250
M, (GeVic)

For 8 = 0.5, Mg > 204 GeV
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Combined Limits on
Vector LQ

Vector LQ are excluded up to much higher masses
V| o Exclusion Contours

] Minimal vector
0.905— (K:1.3, )\=—02)
] Anomalous
080 (k=1, A=0)
] Yang-Mills
] (k=0, A=0)
O
"C—G' 0.60 ]
m -
c)0 50
=
=
o
C 040
©
m 0.30 ]

0 25 50 75 100 125 150 175 200 225 2250 275 300 325 350 375 400
my o (GeV/c?)
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The Aftershock

o After analyzing 1997 data set the significance
of HERA excess did not improve. In fact, 1997
data alone does not exhibit any significant
excess of high ®events

@) 97 pre LP97
1o~ Data o7 . Data %4 - 96 1 W 94-96 + pre LP97 m Post LP97

N < C
H1 Preliminary >’? - ZEUS 04-97 * LI
08 09 - (preliminary)
v . 40000 Gev2
¥ 0.8 F o
0.7} K4 -
~ 0.7 |-
061 Yoo 0.6 |-
05} 05
: 0.4
0.4 r -
i 0.3
0.3 i E
0.2
02 01
017\\\\\\\ L L MRS A D, A O :\\\\i\\\\‘\\\\i\\\\‘\\\\[\\\\1\\\\‘\\\\[\\\\‘\\\\
d50 75 100 125 150 175 200 225 250 275 300 0O 01 02 03 04 05 0.6 0.7 08 0.9
M, (GeV) XDA

H1, 1997 H1, 1994-1997
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Aftershock, cont'd

o Moreover, a joint analysis of the H1/ZEUS
data does not support an explanation of the
HERA results with a single narrow resonance:

[U.Bassler, G.Bernardi,

Z.PhysC76, 223 (1997)

6
= () e
S5 — [J data
- A dota—ZEUS
4;@ mc—DIS
S E T
2 -
=
%F
200 250
M/Gev
6
= (d) )
5
f T
S E -
2B
W_;¥
o E — ‘
200 250
M/Gev
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M /GeV

i(@ ‘)

: ZEUS
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- H1

7 A
M /GeV

120

100

80

60

40

20

0.3

0.2

0.1
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(c) ()
LT mc—LEGO

200 250
M /GeV

(f) W
[ ] smeared data
Frd sm. data—ZEUS

ZEUS
H1

\
200 250

M /GeV

DO 5




Second Generation LQ
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

©
©

©
~

©
o

Branching Fraction
O
o0

D@ Preliminary

0.5 | | 1
C MM only, 94.4 pjb_

—

0.4 1 """ NLO Theory
R
0.2 Fo By (18)
on b |0 B (A
I | CBupruy (1A)
0050 00 Tis0 200 250

Leptoquark Mass (GeV/c?)

NLO Theory: Kramer, Plehn, Spira, Zerwas
Phys.Rev.Lett79 (1997) 341
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Third Generation LQ
Mass Limits

Run 1 Data Sample
Data: 2 events, Exp. Bkgd: 3.1+ 0.9 events

Mios > 94 GeV @ 95% CL for =0, q=1/3
Myioz > 216 GeV @ 95% CL for =0, q=1/3

[Preprint Fermilab-Pub-98/081-E, submitted to PRL]

104 ¢
- e data, 957 C.L. Upper limit
i — Scalar LQ
1031 ---- Vector LQ, Anomalous
- --- Vector LQ, YM
e
2 i CTEQ4M
~ 1072 =
B
o vVbb, =0
10 =
"""" { ] Y NI
1 \
- y |
0 100 200 300 400

My (GeV/c%)

NLO Theory: Kramer, Plehn, Spira, Zerwas
Phys.Rev.Lett79 (1997) 341

July 98 Greg Landsberg, Search for Exotics @ D 47




Leptoquark Searches
Conclusions

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

e First Generation:
e B=1 225 GeV
e B=1/2 204 GeV

oo g;o TGV all limits
o econB fneratllé);.G y are given
° = e 0
e B=12 140 GeV @ s Cr

e B=0 79 GeV
e Third Generation:
e B=0 94 GeV

o Our search for first generation LQ Is the single
most sensitive Yukawa-coupling-independent
measurement. It rules out at 95% CL an
Interpretation of the HERA data with LQ with
masses below 200 GeV afAid> 0.4. This excludes
a very broad class of models.

o« Combined Tevatron results are expected to yield
even higher mass limits on the LQ (242 Ge351)
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Quantization of the
Electric Charge

R.Millikan oil drop
experiment (1909):

Electric charge is
guantized; the ele-
mentary free charge
IS that of the electron|

e=1.101C

We think that fractional electric charge of/3
exists Quarks), but multiple experiments similay
to the original Millikan experiment show that |

seems to be alwaysnfined

One way to explain mysterious quantization of the
electric charge Is to postulate the existence of a
free magnetic charge -a MONOPOLE. First
introduced by Paul Dirac in 1931 and later
developed by J.Schwinger, G.’t Hooft and other
founders of QED, they remain hypothetical
particles despite numerous attempts to find them
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Theory of Magnetic
Monopoles

» Magnetic monopoles restore the

o,F"¥=-j*g BF"=-j"
dF¥=0 H @D F"=-k"
I

%:uv L —FW

symmetry of Maxwell equations:

W e symmetric under
= uality transformation

o They also explain quantization of
the electric charge via famous

July 98

Dirac quantization rule:

eg_1_
411 2

(in Ai=c=1 units)
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Simple Derivation of
Dirac Quantization

3 r h=c=1
4T o
mr=erxB, L=Fxmr J
B
dc _d,.. .. . - eg . (-_-\_d[eg.
—=—(Fxmr)=rxmr = rx\rx =—B—r
dt dt( ) 41 ( ) dt @
Total angular momentum is the
S sum of the particle angular
J=rxmr momentum and thengular
momentum of theeM field
eg_1_ Total angular momentum is quantized,
At 2 hence, second component is quantized!
21N . .
g=——,n==%x1%2,..(In Schwinger
theory n =+2,+4,...)
2 2 2
_ e 1 n
—=——0 a, = J =N < 34n?
4m 137 4 4d
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Dirac String
(Quantum Approach)

July 98

Need a singularity (Dirac String) to
describe the QED in presence of
static magnetic charges (otherwise
gauge invariance is violated)

Dirac string can not be observed
since it Is a mathematical, rather
than a physical object (e.qg.,
Aharonov-Bhom effect is absent
exactly due to Dirac quantization
rule)

Dirac string Is a necessary artifact
of gauge Invariance requirement
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Problems with the
Monopole Theory

o At the current level of theor vy
we do not know If one can
write a full y renormalizable
descri ption of ma gnetic poles:
it was never proved either
right or wron g

e There are ar guments that
mono pole theor y could violate
local U (1) or that mono poles
have to be heav y ((1L0* TeV) in
order not to violate unitarit vy

» One needs a theor y with a
Dirac strin g or its surro gate to
describe QED with mono poles

o Definitel y more theoretical
work on this sub jectis
welcome

July 98 Greg Landsberg, Search for Exotics @ D
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Searches for
Monopoles

el W

ml B e
MF:E.LLATmLﬁLHu::ﬁm -
xh. e

: ; PRI I LICE "'-l.'lll.ﬂluvl'b!l-lllﬂEﬂfl' ] i
4% ale /vol %

Etahlera.d .E Uﬂ
GOTHEB ORG.
____..,?..._.' ‘ -
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Searches for
Monopoles

# MONOPOLE - Netscape

File Edt “iew Go Communicator Help

L

< 2 A DN 2 £ 9 & G

Back Fopward Reload Home  Search  Guide Frint Securty  Stop i
W!v Bookmark.z j{. LI:ICEItiI:Ir'IZIhttl:li.-".-"WWW.FI'IDHEIDD'E.CD.ZE.-" j

HAIR, MAKE-UP & STYLING REPRESENTATIVES

We work m close contact wath
several local production companies
atd should you decide to do your
next production m South Afhica our
services have a numnber of
convincing advantages.

Welcome

We are a South African hair, malke-up and
styling agency and would like to take this
oppottunity to mtroduce ourselves and the
services we can offer you

@ N lonopole @ Booking in South @No hassle @ The work
represents a Africa considerahly with work of all artists
large number reduces your cost permit can be found
of experienced hy saving on applications. on this site
local and airfares and along with a
international accommodation. full C.V. and
hair & portofolio.
make-up

artists and

stylists.

|

| Document: Daone

July 98
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Searches for
Monopoles

- monopole_prices - Netzcape

File Edt “iew Go Communicator Help

*

Back  Fopward Reload Home  Search Guide Frint  Secunty  Stop

W! " Bookmarks j{. Lacation: Ifile:x’x’x’JI.ﬂ'My Dacuments/Monopaoles/monopale_prices. kit

From: htip://www.physics.adelaide.edu.an/~mferrare/best/prices'monopole prices.him
MONOPOLE® PRICES 1

STIRLING SILVER AND GOLD MONOPOLESE

stirling Silver Monopoles®. Fabricated from Italian Stirling Silver 92.5% pure silver and gold plated
4 W inimum quantity 4; ( guantity discount on request )i . All L15 Other shanlk lengths are availahle
to accommodate any apphance wall thickness. Gold Monopoles® are Fabricated from solid 22 Earat
Gold ( =91% Gold )5

Ionopole® Price each in Stirling Silver Price Each in 22 Karat Gold
Maodel: ANL1S { BMinimum Cluantity 4 ) ({ Binimum Quantity 4 )
| MIIMK V| $1,450.00 each | $71,400.00
| MI3MKIV& YV | $1,450.00 each | $66,300.00
| M14 | $1,010.00 each | $52,700.00
| M5 MKIT & MKIIT | $1,280.00 each | $61,200.00
NOTE 6

{7old and Silver Monopoles® are virtually ‘hand done’ allow from & - 9 weeks for delivery.
Gold M onopoles® are special courier delivery to anywhere on the planet.

E | | Document; Done

“« 2 A3 DX 2 £ S & @
HB
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Searches for
Monopoles

From~Journal

COMMUNITY NEWS 15 OUR BUSINESS

¥ Netscape

File Edit “iew Go Comrunicator Help

N Y A D e S & @

Back Fomward Reload  Home  Search Guide Print  Security  Stop

W‘ ” Bookmarks \g&. Metzite: Ihttp:.-".-"www.irnl.u:u:um.-"news.-"ﬂ?.-".]an.-"irn21 140197 htrnl

Hi

Monopoles: Dominating monstrosities

Tdon't want Fairfax County to be dominated by monopoles. I don't want Virginia's natural beauty to be
dorminated by monopoles.

Go up to Mew Jersey, a state that 1z " wired." The central feature of the MNew Jersey landscape 15 the hideous
atd dotminating monopole. There 15 a monopole every mile, and five above even small towns.

Eesidents of Fairfax County and Virgima should wake up to what 15 beginting to happen here. Do we want
these ugly intrusions on the beauty of cur environment? Do we want to take the health risk living under these
monstrosities?

Go and see the one at Lee Highway and Harrizon Street i Arlington. If that ugly monopole 15 the best
technology can come up with, I say get back to the drawing board.

EMILIE BEZEZINSET
IicLean
E | | Document: Done
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Real Searches for
Monopoles

o Flux measurement experiments:

m Always set limits on the flux of the
relic monopoles travelling through
the universe

s EM induction in superconducting
coils

m Scanning materials for ionization
traces (minerals, meteorites, moon
rocks, huge detector volumes)

o Accelerator experiments:

m Can set limits on monopole mass

m Production of monopoles in the lab:
mass reach is inherently restricted
by the machine energy

o Current limits:

m C.5.< 200 pb for M < 850 GeV (EQD)

m M>510GeV (L3, 1995, Z - yyy,
based on a similar idea)
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Effects of the Virtual
Monopoles

|.F.Ginzburg, A.Schiller, PRD 57 (1998) 6599
(original idea by I.F.Ginzburg, S.L.Panfil, 1982)

P.9 Production features:

eLow (Fof the beams
(“yy-collider”)

*Roughly isotropic
scattering angle in
the CM frame, ergo
central photons

ﬁ’ﬁ *Energetic photons:
<E>= 0.3E,

*Cross section drops
as the monopole
mass to the 8 power
- no thorough
optimization is
required

*About a third of the
Sw.____ 1 cross section is due to
------- b - the elastic collisions

—to t | GMV
- total MRRS
—-— elastic
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Theoretical
Assumptions

Theory is applicable to local, or
pointlike , monopoles and not
Polyakov-t Hooft GUT monopoles

Calculations are based on the
perturbation theory with the
effective parameter ¢ [1E'/M
and are valid for g.;<1

Theory assumes under-threshold
production of monopoles, which is
equivalent to perturbativity
assumption

Unitarity requirement is
automatically satisfied in the
perturbative region
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Production Cross
Section

At the Tevatron operating at Vs =1.8 TeV the
Cross section is given by:

_ ~ n
o(PP — WX )_/W'EPEM [TeV] gfb

Significant D085 5=0 M=1TeV,n=1:
spin P:EL39,S=1/2 c=48fb (S=0)
dependence! 5159, S=1 oc=79 fb (S=1/2)
0=91pb(S=1)
Differential cross section under the
assumption of E+(y,) = E+(Y,) IS given by:

d3c HZ 5RE
=oE e H yv2t (v )y2f b
dn.dn,dE. e B (Y1) Y2 T(Y,) 110
obsavables g
1 [] E N N
b = D4— Y, , = T (e—rls +e—r]4)
] — (1’712
] COShZHMHD 2Eb
] O 2. O

R_28PH n g
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Diphoton
Backgrounds

(1) Other yy-scattering diagrams:

9 9

Y
i SAA V=W has the
V' highest contribution

< <

Negligible
[Jikia, Tkabaladze
PLB323(1994) 453

O
~Z
<
<

q
(2) QCD (jj/jyAy)
(3) Dd-specific: Drell-Yan (ee - “W’)
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Data Selection

o Data Sample:

m Entire Run | data taken with an
inclusive single photon trigger with
NO Iinelastic collision requirement
(70 + 4 pb1)
o Data Selection:

s >2 photons (with E;' > 40 GeV):
In/ < 1.1 ¥X?< 100
1ISO <0.10 EMF > 0.95

m Jet veto (to select low Q7 interact.):
No jets with | n;| <2.5and E; > 15 GeV

m Transverse Energy Conservation:
£, <25 GeV

o Problem:
n What to do about misvertexing?
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4-point fit (EM1-EM4): Z ¢, - calorimeter-
based Z-position of the vertex. Typical

resolution in RZ per photon Is:
Or, L1 20 cm (energy and rapidity dependent)

With two photons vertex is known to  [114 cm

for Z - ee events (better for higher E ="
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QCD Background

90 candidate events pass
basic cuts

o Start with |y sample collected with
the same trigger to calculate QCD
background

o Use PYTHIA to obtain fractions of
iiliylyy events as a function of E ;
(do not use cross sections, just
the shapes!)

— 2 2
* B,=N;P"+N, Pe +N, g

ity iy ' yoy
ij =2N Ji Pv +N jvsv

e P(j-y)=(10.5+%1.4)x10™4
o QCD background: 25 *+ 8 events
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Drell-Yan Background

o Fit the diphoton mass spectrum for
/70 < S+ <100 GeV with the sum of a
Gaussian and a fixed shape for the
QCD background
e Letthe two normalizations float
e Plee- “w’) =0.110+0.012
o Use dielectron sample with similar
cuts to obtain DY background
50 H ID ' 1000
~ | DY background : Enties o
G* |63 £ 7 events dorin - omonein
% 30 >F<’21/ o 225520!3532& 0.4293E-03
P2 140.2+ 18.88
20 - i sioe. 02830
10 - g o

Mee, ee Mee , GeV
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S Analysis

S, approach takes care of possible NLO
QED effects which result in partial cross
section “leak” into the final states with
higher photon multiplicity:

ST — z ETy>STmin

Choose background level of 0.4 N %
events (70% probability of not '
seeing any events if there is no
signal) _——
10% e Base sample88+ 11vs. 90
£ : B(S;™"">250GeV) = 0.41+ 0.11
A 10 - No candidates
o i
g S;MM> 250 GeV
T 1 -
i | DY
-1
10 ! ! \ ! ! ! ! \ ! ! ! ! ! ! ! ! ! ! ! \
100 150 200 250 300

min

S; (GeVv)
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S; -Distribution Fit

o A cross check was done by fitting
the differential S + distribution with
the sum of two backgrounds with
the two misidentification
probabilities as fit parameters

o Excellent agreement with the

direct method
- x2/ndf 2929 /| 8
> B | P1 0.1197++ 0.2049E-01
- P2 0.1254E-02+ 0.5492E-03
Q ﬂ‘jﬁ
Q)
~ r
< |
1=
- — 1
— I
10-1\\\‘\\\‘\\‘\ ‘ | \’\O\l\\‘\\\\‘

| I N
100 125 150 175 200 225 250 275

Data ST' GeV
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Efficiency and Cross
Section Limit

Chosen cut: S; > 250 GeV
Background: 0.41+ 0.11 events
Candidates: None
Efficiency:
ISO < 0.10:
EMF > 0.95:

0

0

X2 < 100: 0
No tracks: 0.
0.

0.73

uojoyd Jad

No convrsns:

Total: (per photorn)

f:<25 GeV: 0.99t 0.01fper event

Overall: 0.53+ 0.01 (per event)

95% CL upper cross section limit: 83 fb
(includes systematic errors on the
efficiency and integrated luminosity)
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Monopole Parametric
Monte Carlo

Includes

m [nteraction point smearing ¢ =30 cm
m Vertex position resolution

s EM energy smearing

m Detector acceptance
|

Photon flux via p.d.f. (CTEQ4L, GRV)
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=
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0 ;
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S; (Tev) n"1

N.B. max A = 0.56+ 0.01 (less than 2% in limits)!

o |
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Limits on Heavy
Monopole Mass

Bayesian approach with flat prior and
Gaussian uncertainties on the efficiency,
integrated luminosity and acceptance

30% uncertainty on the theory; use low

theory band

M/n> 610 GeV for S=0

=
o
e

Op5 . 52y (Inl<1.1, §>250 GeV) (fb)

July 98

-
o
LSS

e Aq aseoluaxe

=
o

M/n> 870 GeV for S=1/2

M/n > 1580 G
hep-ex/9803023

3/
N
<L

eV for S=1

to appear in PRL 81 (1998)

AN

i
o

e L3 32V

M/n (TeV)
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Elastic Analysis

An alternative analysis can be done
by noting that about 50% of the

cross section for the monopole loop
IS due to (nearly) elastic collisions

D@ is equipped with luminosity
monitors (Level O trigger) which can
be used as an inelastic collision veto

Such a veto corresponds to virtually
background-free environment: B =
1.8 + 0.4 events (dominated by the
diffractive Drell-Yan) and only one

candidate (consistent with Z — ee)

For S > 100 GeV cut, background is
0.4 events no candidate events pass
this cut

We use this only as a cross check
since the acceptance is small due to
multiple interactions effects and
additional elasticity requirement

73



Double Cosmic
Bremsstrahlung

Extremely rare

Juo double cosmic

bremsstrahlung
event (fails the
T missing E ; cut)

E, =96 GeV
E, =93 GeV
2

no Level O hits

July 98
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Validity of the Theory

o Strictl y speakin g theory is valid
only for under the threshold
production, 1.e. [E [ M

e Hence, our limits are valid for M
above a few hundred GeV. L3
results cover lower masses.

o If the effective parameter of the
perturbation theor y (9. UE, /M)
IS »1, extra photons will be
emitted, but our S - analysis
accounts for that

e When (and if) the hi gher order
theor y Is available DJ results
could be easil y used to set
updated limits
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omparison with Other
Indirect Limits

o Indirect limits on the monopole mass
can be derived from loop corrections

to the (Z, ropagator: M
(Z, y) propag 2\

2N

e The variables most sensitive to this
loop diagram are: g,/da, g, and
M_/M,

o Corrections were calculated by
DeRujula [ Nucl. Phys. B435 (1995)
257] and were shown to give mass
limit of about 0.8 TeV for spin 1/2
monopoles, which is somewhat
worse than the new D@ limits

o Updated LEP results make these
Indirect limits slightly less restrictive
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Monopole Mass Limits
from EW Results

A.De Rujula, NP B435 (1995) 257
2500 ,

2000 (a) 1c

— —r
£n o iy
O O =
0 O =

mi [monopole] (GeY)

O

120 140 160 180 200
my [GeV] < >

DQ 1998

COF - 94

2500

2000

min [monopole] {GeY)

— —
iy = o
= O O
- O O

O

120 140 160 180 200 220 2410
iy [GeV]

July 98 Greg Landsberg, Search for Exotics @ D 77




2 | Monopole Search
Summary

e Experimental u pper cross
section limit:
o(pp -»22y+X, S1>250 GeV, |n,|<1.1) <83 fb
(at the 95% CL)
o« Mono pole lower mass limits:
M/n> 610 GeV forS=0

M/n > 870 GeV forS=1/2
M/n > 1580 GeV forS=1
these are the most restrictive mass limits

on heavy pointlike Dirac monopoles

o Multi ple cross checks show
that the results are ver y stable

e Results to a ppear in
Phys. Rev. Lett. 81 (1998)
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Fermiophobic Higgs
Phenomenology

Several SM extensions allow for an
additional light neutral Higgs boson
with suppressed coupling to fermions
[A.G.Akeroyd, PL B 353 (1996) 89]

Existence of such a fermiophobic or
bosonic Higgs boson would be an
evidence against MSSM

Such a Higgs boson would have a
suppressed bb decay mode at low
masses and an enhanced yy decay
mode through a a virtual W-loop:

Y Y

This decay mode dominates for
bosonic Higgs masses below about
90 GeV
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Fermiophobic Higgs
Production and Decay

« MSSM and fermiophobic Higgs decay
modes:

2 o9

o

‘= 08 [ _ ww*

S o7 | bb

L 06 [

@ o5 [ Minimal Model Higgs

'_(c_) 04 [ BF(yy) < 0.001

g 0.3 [

D 02 |
01 2’7" _
0 | o | . — [T L —

60 80 100 120 140 160

Higgs Mass (GeV/c?)

N
\

ww*

o
0
I

Bosonic Higgs
H—>VV
V=yWZ2Z

Branching Fractions
o o
NN o))
I I

o
Y
I

VAVl

o L

" T | | | | | | | . !
60 80 100 120 140 160
Higgs Mass (GeV/c?)

At the Tevatron an associa-

ted production mechanism  FF
dominates. We focus on the

dijet W/Z decay mode and

diphoton fermiophobic W(2)
Higgs decays
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Data Selection

o Data Sample:

m Entire Run | data taken with an inclusive
diphoton photon trigger (101 + 5 pb1)
o Data Selection:
= >2 photons (with E;Y > 30/15 GeV):
Iny|<1.1orl.5<]|n,|<2.0/2.25
1ISO < 0.10; x?< 100; EMF > 0.96
no tracks or hits in the tracker
s >2 jets (R=0.7, with E;} > 30/15 GeV):
In;| <2.0/2.25
m Additional cuts:
40 GeV < M; < 150 GeV (select W/Z)
ARY > 0.7
o Candidate events:

= 4 j)yy events pass these cuts; highest M,,
in the sample is 55 GeV

July 98 Greg Landsberg, Search for Exotics @ D

81



Backgrounds

« Major background is due to QCD multijet
production with jets faking photons.
Estimated from jj “yy” sample with photons
failing quality cuts by normalizing to the
data for M,, < 60 GeV where the bosonic
Higgs is excluded by LEP: 4.0 £ 1.5 events

o Other important background is due to direct
photon production. Estimated from PYTHIA
by applying jet-faking-photon probability of
(4.3 £1.0)x107*: 2.0 + 0.6 events

o Other considered backgrounds: Wy + jets,
Z + jets, it - ee + jets are less than 0.01
event

o Overall backgroundis 6.0+ 2.1 events,
consistent with the observed  four
candidates
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Data vs. Background
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Limits on
Fermiophobic Higgs

« Since data agrees with the background we
proceed with setting limits on fermiophobic

Higgs mass:

f;/ . | Signal cross section: PYTHIA corrected
c with the K-factor of 1.25 to account for
= L% NLO effects

(] \

A R TRV S N

3 [\ o(H = vy + 2 jets, fusion)

O
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0

M(bosonic) > 81.4 GeV/c* (95% C.L.)
M(bosonic) > 88.4 GeV/c? (90% C.L.)

\ 2 Signal efficiency: 6-10%
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\"~—--~~~:;\\/

-—
- -
-
———eo
-
———-
. - ——————— - - -

...
~.
‘ ! ! ! ‘ ! | T deecia | ! ‘ ! ! ! ‘

6

M,, > 81.

July 98

80 100 120 140 160

4 GeV @ 95% CL  MO7) (Gev/c)

Greg Landsberg, Search for Exotics @ D 84




Conclusions:
Future of D@

e So far we have not found an y
exotics, but we tried hard...

o Currentl y, the DJ detector Is
under going a major upgrade

e We expect to accumulate at
least 20 times more data in the
next Run scheduled to start in
the year 2000

o The upgraded DJ detector with
Improved stren gths will be well
suited for searches for unknown
In the next millenium

o After all, the main reason to do
particle physics is to either find
somethin g new or prove that it
IS not there...

e And we ho pe to find it!
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