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And the Experiments
aren’t doing badly either.

The Accelerator is running
fantastically well.
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Introduction

e The Standard Model of High Energy Physics is widely
believed to be the correct low energy approximation to
reality => But it's also clearly incomplete.

There are many possible extensions to the SM. Super

Symmetric (SUSY) models being the favorite ones at

’{?g r?oment. Those have been discussed by Miguel
idal.

e This talk is somewhat a grab bag of searches
motivated by all sorts of models, and some model
iIndependent.

6 March 2009 Alan Jonckheere - Fermilab 3



Introduction

e Limiting our consideration to analyzes that use > 1 fb
of data (available Aug 06 and later) and not counting
SUSY searches, searches for rare B states or other
such searches, | count 30 published and preliminary
results from the two experiments.

e |Impossible to do justice to them all.
Leptoquarks
Large Extra Dimension
Technicolor
High Mass Resonances

6 March 2009 Alan Jonckheere - Fermilab 4



Leptoquarks

e Connect the Quark < Lepton sectors Dominant diagrams for

Compositeness M, o> 100GeV/c?
SUSY in RPV scenarios

Grand Unified Theories

Extended Technicolor ) w G 5"‘% -
. S~ e ~ .5

e Color triplets
Non-zero lepton (L) and baryon (B) Single LQ production ‘
Fractional charge Q=1/3, 2/3, 4/3,5/3, ...~ possible o
Scalar (spin 0) o M, il ’UW“;“;(_; =
Vector (spin 1) a anomalous couplings Aq 8 ~R o, I Tee
Kg also ] ¢
e At hadron colliders, pair production B=Br(LQ—> I=q) (1-B)=Br(LQ—vq)

through SM gauge couplings dominate.

e Bounds on Lepton number conservation,  oxBr(l*l-qq) o B2
etc imply transitions between generations
are highly suppressed or absent. oxBr(vvqgq) o (1-)?
(

oxBr(lvqq) o 2B(1-P)

6 March 2009 Alan Jonckheere - Fermilab 5



DO Run Il Preliminary, 1 fb’
. Data
I Z > ee
Multijet
0 5 Iivwbb
o Z 5w
. Dib
— Signal (M =250 GeV)

I 5 vvbb
N 2

= Dib
Signar (i, _=250 Gev)

Events/5 GeV

Events/10 GeV

—y
[=]
o

300 350
M,. (GeV)

2 “tight” electrons: pT > 25 GeV; In| < 1.1 or1.5<n| < 2.5;
DCA < 1cm from primary vertex

2 R=0.5 cone jets; > 0.5 from em object; leading jet > 25GeV; n|<2.5

*M(ee) > 110GeV : S; (sum of Scalar E; of e+e+j+j) > 400 GeV
0 data events left: Bg = 1.5 + 0.1 (stat) = 0.12 (syst)

*Set limit on <M,> where the assignments are made to minimize the LQ-LQ mass
difference.

http://www-d0.fnal.gov/Run2Physics/WWW!/results/prelim/NP/N62/
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Scalar LQ Q=1/3, T;=-1/2, hy=e
Minimal Coupling (MC)  kg=1 A5=0

Yang-Mills (YM) Ks=0 Ag=0 TOP 4 =Mg/2
Minus-Minus (MM) Kg=-1 Ag=-
G s (MC)=0.015pDb, G gps v vwn=0-013pb

DO Run Il Preliminary, 1 fb”

0.22
0.2
x 018
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
ok

== Scalar LQ
== MG coupling
= YM coupling
— MM coupling
Expected limit
== =1 Observed limit

LI.I’IIIIIIIII|III|III|III|III

M, o (GeV)
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Leptoquarks - 2" Gen w

. . 1.0 fb 3 - —
e Overview: — pujj B=1.0 op@oaL=in =1,
2 jets: E; > 25GeV, [n|<2.5 Fi =
2 u . ET > 20 Gev E " E;T_Qsignal

(M, =280 GeV,B = 1)

Sp = Sum(Ey pu++)) > 200 GeV "
6 KNN inputs Sy, M(up), M(wj)
e Overview: — uvjj [=0.5

2 jets: ET > 25GeV, n|<2.5 b 33@304&6?0
1u:ET>20GeV: MEt > 30 GeV

M. (uv) > 200 GeV 3 [0 L=1m" Dz 0w e

S; = SUM(E; u+v+j+j) > 200 GeV ? 3 =

6 kNN inputs: S;, M(Met|j,j,w), E L . pae

ﬁgnm
(M, =200 GeV, = 0.5)

M(ulj.J)

kKNN=k Nearest Neighbor

100 200 300 400 500 600 700 800‘

S; (GeV)

0
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6 March 2009

PLB 671, 224 (2009)

Mg > 316 GeV (B=1)
Mg > 270 GeV (B=0.5)

DO, L=1fb"’

o (@=M_)

95% CL
—e— Oypper limit observed
95% CL

upper limit €x pECtEd

1.0 fo-!

LQ,LQ, — ppjj
LQ,LQ, — uvjj
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Leptoquark — 39 GEN w

PRL 101, 241802 (2008)
Charge 2/3 & 4/3

T — uvv and t — h*v 1.05 fo
final state: b+b+u+t+MEt
Bkg

W/Z + light jets (48%)

Top (15%)

QCD (13%)

W/Z + heavy flavors (10%)
Selection

2 1 candidates
e 1,.:1isolated u, E;>15 GeV, |n|<2.0
e 1, Vis E; > 15-20 GeV
NN-based 7 id (tracks + Cal info)
e m <60 GeV
2 Jets
o Eq())>20GeV,n|<25
o B-tagged (optimized NN)

6 March 2009

LQ;LQ; — tTbb

DO 1.05 fb ™"

50 100 150 200 250 300
p!:ad jet (GeV)

* data
D@ 1.05 fb ™"

50 100 150 200 250 300
m* (GeV)

m’ is related to the W mass

Alan Jonckheere - Fermilab 10



e Result:

Use S; and sub-samples (1 b-tag and 2 2 b-tags) to set limits LQ,LQ; — Ttbb

Q=2/3 LQ — tv opens up just at this limit.

e Phase space suppression calculated assuming
B=0.5, My,,= 175GeV

D@ 1.05 fb'1 ==imim Expected limits
—— Observed limits

E MLO cross section (B=1)
MNLO cross section (5=0.5)

6 March 2009 Alan Jonckheere - Fermilab

1.05 fb-!

M, o> 210 GeV
B=1.0:central theory:2/3&4/3
M q > 207 GeV
B=0.5: central theory: 2/3
M, q > 201 GeV

95% low theory: all

11



Leptoquarks — Any Gen

LQ LQ —vvjj
Phys. Lett. B 668, 357 (2008)

-1
2 jets: E;>35GeV; [n|<0.8 (central) 2.5fb
ET”“SS > 75 GeV

Hy and E;™ss optimized for low and high M, q

Bkg: Z — vv + jets
W — v +jets (lepton veto)
dibosons, ttbar

M, >205 GeV, B=0

D@, L=2.5 fb™
B 0N0

-*- Observed
-4- Expected

—h
(=]
%)

-—h
o
T IIIIIII| T IIIIIII|

D@, L=2.5 fb"
* Data
— SM Background
---- LQ Signal

Cross Section (pb)
Events / 25 GeV

-t

T T B B ! i
100 150 200 250 o 50" 100 150 200 250 300 350 400
LQ Mass (GeV
(GeY) E; (GeV)

L
o

6 March 2009 Alan Jonckheere - Fermilab 12



Leptoquarks Any Gen

Limit on all 3 generations : p=0, Q=1/3, 2/3
*Met + dijets
*Veto isolated leptons, 37 jet
2 kinematic regions
Low: H;>125 GeV, E;™ss>80 GeV
High: H;>225 GeV, E;mss>100 Gev

M, q1:M qo>179GeV, M| ;>169GeV

|Cmss—section limits for 1st- & 2nd-gen leptoquarks (95% CL) |

-
=]

©
T

—h=M 2
— =M,

-
(=]
]

— u=2Mg

Cross-section (pb)

—— 95% limit from data

-=---95% a priori limit

CDF Run Il Preliminary (2.0 qu)

L L |
100

1 L | 1 | | L |
120

140 160 180 200 2
Leptoquark Mass (GeV/c')

Bkg: Z — vv + jets (34%)

Events / 10 GeV

W — 1v + jets (29%)
W — v + jets (11%)
Z — |l + jets (1%)
QCD, top... (8%)

+CDF Il Preliminary (2.0 fb™)

f

100 150 20 400 450 500

0 250 300 350
Jet Scalar H; (GeV)

http://www-cdf.fnal.gov/physics/exotic/r2a/20080403.dijetmet/dijet mssm lg/dijet met 2fb.html

6 March 2009 Alan Jonckheere - Fermilab
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Large Extra Dimensions

« Solution to the Hierarchy Problem?
* Arkani-Hamed, Dimopoulos and Dvali (ADD)
» Analysis overview

ml<1.1; E(y)>90GeV; MEt>70GeV

no jet with E;>15GeV

no isolated track with P;>6.5GeV

cosmics veto

EM shower pointing to primary vertex

(6z<10 cm, o~2cm) Mp2~RMp"+2

= 2
e 1.8
D@ Run Il preliminary 2.7 fb' = 1.6
-+ data 1.4

Z+y 1.2
MWW —ev
[ Inon-collision 1
[T misidentified jets 0.8

W+y 0.6
—LEDn =4, M, =870 GeV ’
0.4

0.2
! ! 1 1

+ +,_ 0 3 2 5 6 7 8

250 300 Number of Extra Dimensions

Photon p_ [GeV]
ﬁTtp ://lwww-d0.fnal.gov/Run2Physics/WWW(/results/prelim/NP/N63/

- expected limit
— observed limit

® CDF 2.0 fb! limit
4 | EP combined limit

Events/10 GeV

D@, Run Il preliminary 2.7 fb'

[~

6 March 2009 Alan Jonckheere - Fermilab 14



e PRL 101:181602 (2008) CDF Runll Preliminary, 2.0 b+

e OQOverview N LED a (%) o0, b M®Ps GeV
2 72 847 1030

ETV > 90 GeV; MEt > 50 79 1847 1000
GeV - 76 (804 970

No jet with E; > 15 GeV 73 (827 930

7.2 34.4 1900

No tracks with P+ > 10
GeV Combined with Mono-jet analysis

— Mp > 1040 GeV at n=4.

—
CDF Run Il Preliminary, 206" - ,

Zy, Z—>vv
W elpt >y
[0 yy, losty
I Non-Collision
[0 WiZy, lost e/u/t
— ADD n=4 m=0.8 TeV

CDF Run Il Preliminary |
O CDF y+F (2016 ]
[ CDFJet+f; (11167
<-e- LEP Combined ]

V)

Events/Bin

M, Lower Limit (Te

40 60 80 100 120 140 160 180 >180
Photon E; (GeV)

Number of Extra Dimensions

6 March 2009 Alan Jonckheere - Fermilab 15



Technicolor

jets; > 20 GeV, n| < 2.0

2 silicon b-tagged

1 silicon, 1 jet prob

1 silicon /w NNtg
Central iso e or u, Plug iso e; P>20GeV
Met > 20 GeV (Central) N .
Bkg: Wbbar, ttbar, ... e
Limit: m(W+2j):m(2j):Q=m(p+)-m(m;)-m(W)

CDF Run Il Preliminary (1.9 1b™)

Mr) (GeV)

-

—e— Data

[ Mistag

[ NonW

I Diboson/Z->tt

[ tf(5. 7pb)/Single top
WiHF

—— p*=200,72=115

S Mwem@)

2 silicon tags

A

% Expected Excluded Region
s

== Excluded Region

e b b b bova b b ba
170 180 190 200 210 220 230 240 250
Mip ) (GeV)

0(] 100 200 300 400 500 600 700 800 900 1000
W+2] mass (GeV/c?)

http://www-cdf.fnal.gov/physics/new/hda/results/technicolor 080411/note/Techi.9fb public.pdf

6 March 2009 Alan Jonckheere - Fermilab 16



Fermiophobic Higgs

SM boson coupling, lepton coupling = 0
Gluon fusion forbidden -> x4 lower cross sectior

2 isolated c-c or c-p v: E{Y> 15 GeV
M,, > 30 GeV/c?; P> 75 GeV
Fit M., with smooth function.

h— yy search CDF Run Il Preliminary, 3.0 fo'

1

Central-Central

Entries/2 GeV/c?

200 300

m(yy) (GeV/c?)
Fermiophobic h—y y (3.0 fb™)

CDF Run Il Preliminary
Central-Forward

oxBr(h—vyy)fb

Entries/2 GeV/c?

m(yy) (GeV/c?)

—=— QObserved limit
Epocod bt CDF M, > 106 GeV/c?

1 sigma region

1111 l |?|3ilgr|'n|alrfglicl)r: 111 l 1111 I L1l I L1 i l 11 DO MHf > 1 OO GeV/C2
80 90 100 110 120 130 140
m ., (GeV/c?)

http://www-cdf.fnal.gov/physics/exotic/r2a/20081030.diphoton higgs fermiophobic/HiggsGamGamPub.pdf

6 March 2009 Alan Jonckheere - Fermilab 17



Analysis overview
«2 central muons with Pt > 30 GeV

-Search region M,,,> 100 GeV/c2 CDF Il preliminary [La-2am

Tatal background
— Drell-Yan
— Hadron fakes
Cosmic Aays
WW
|

*Dominant Bkg Drell-Yan

2
K
wn
Lk
S
2
[=
o
:

CDF Run II Preliminary
- data
Drell-Yan
maco
Il Cther SM

2

-1 2
Z00 :uu_l (Ez.uvk%m m;, (c/TeV)

Agree with SM
*Spin-0 Sneutrino

*Spin-1 Z’
100 200 300 400 500 600 VOO 200 500 1000

M(ee) (Gev/c) *Spin-2 RS graviton

6 March 2009 Alan Jonckheere - Fermilab 18



High Mass uu resonances

CDF Preliminary - 2.3 fb™!

-
T

2
T

1 95% of SE
—=— Data

—* a%BR=0.
—

-
e
»

95% C.L. Limits on o x BR(vV=pir ) (pb)
95% C.L. Limits on o x BR(Z—pi ) (pb)

Spin 0 - sneutrino Spin1-2

95% C.L. Limits on o x Br(G*—p) (pb)

CDF Il preliminary

f Lat~2.31b"

-~ Pseudo-Experi

B8% of Pseud:

| 85% of Pseud:

= 0.01
., = 0.015
, =0.025
, = 0.035
., = 0.05
., = 0.07
, =01

ments’ Median -
jo-Experiments
jo-Experiments -

1.2

14
M. (TeV/c?)

Spin 2 - RS Graviton

Mass Limit, 95% CL (GeV/c) ~ Model | Mass Limits, 95% CL (GeVi/c?)
866 Z'(SM 1030
810
731
662
541
441
397

http://lanl.arxiv.org/abs/0811.0053

6 March 2009 Alan Jonckheere - Fermilab

Graviton kiMg,
0.1
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CDF Run II Preliminary

2.5 fb-1

2

=
% .y

—=—data
e OQverview Bt van

mach
i+ Il Cther SM
T+

Everttsi{]0 GeWg}

1 central e, 1 central or plug e:
E;>25GeV:|n| <2.0

Plug e uses calorimeter seeded
silicon tracking

Events/{10 GeV/c’
s

=

2

10750 200 300 400 00 6N 700 &0 9% {000
Miee) (GeVic)

Drell Yan CDF Run II Preliminary
QCD dijet and W+jets with | Cos Secion Upper ik 5% GL. opin 1) |55
mismeasured jets ‘

ZIy — 7, ttbar and diboson
production

-
=

clpp— 21— ') {fb)

Spin 1:
SM Z' < 966 GeV excluded (965 expected)
E¢ Z' < 737-933 Gev depending on model

T T T R T T T
I, (GeV

6 March 2009 Alan Jonckheere - Fermilab 20



Randal-Sundrum Gravitons
*Spin 2

*k = negative curvature

_ Mg > 850 GeV : k/M,=0.1
*Mp, = effective Planck mass

CDF Run Il Preliminary

CDF Run IT Preliminary

J Cross Secion Upper Limits (95°% CL, spin-2) | = 2.5 fi”" |
F —— Dbservation L=251b
—-— Expectation
(=01 - Exduded region al 35%C L.
— kM =0.07
- MEPFU.UE
— kM=0.025
— kM -0.01

kM, vs. RS gravilion mass

2

o{pp— Gl=T{G— ee) {fb)

N 0 4 SN 60 TG b [
I P PR FEE T LT PR T R N T TR hlc;[(;ewci}
20 30 40 500 600 700 800 900 1000

W, (GeVic))
http://www-cdf.fnal.gov/physics/exotic/r2a/20080306.dielectron duke/pub25/cdfnote9160 pub.pdf

6 March 2009 Alan Jonckheere - Fermilab 21



e Signature 2.5-2.9 fb1
RS graviton

H — ZZ (M,, > 180 GeV)

ZZ — Il is clean experimentally
e Overview (2.5-2.9 fb™)
eeee, eeuu, uuup : intermediate masses

EVENTS / BIN

e My >300GeV:y*><50
o Bkg sideband: evts with 2 or 3 fake leptons

X*z7=X1 ,(AM)?/(6%\si+0%p)

eejj, uyjj: very high masses

6 March 2009

EVENTS / BIN

o Bkg sideband: 40 < M; <65 : 120 < M; < 200 GeV

Alan Jonckheere - Fermilab

COMBINED FOUR LEPTON CHANMELS
CDF RUN Il PRELIMINARY
L£=25-29FB"

DATA
BACKGROUND

1 1 1 1 1 1 1 Il

400 500 800 70O B0OO 900 1000 MO0 1200

M, (GeV)

COMBINED DIJET CHANNELS
CDF RUN Il PRELIMINARY
L£=25-29FB"

—_

=

BACKGROUMND

| | 1 | | | | L
400 500 800 700 800 900 1000 100 1200

M,; (GeV)

22



2.5-2.9 fb

RS GRAVITON LIMITS
CDF RUN Il FPRELIMINARY
L =25-29FB"

QBSERVED LIMIT

EXPECTED LIMIT

—
s
e

St

=

2,

l_

L

L

)

L

Ul

O

o

(&

™~

I

1

0

| ] |
400 500 600 700 800 900 1000

GRAVITON MASS (GeV)

RS graviton for k/M,=0.1 : M > 491 GeV/c?

http://www-cdf.fnal.gov/physics/exotic/r2a/20081120.ZZ resonance/public.pdf
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Conclusions

e There Iis a tremendous amount of
enthusiasm and resulting activity at both
CDF and DO

e New results have been, are and will
continue to come out, almost dalily.

e The Standard Model is alive and well.

e But we continue to look for anything
beyond....

6 March 2009 Alan Jonckheere - Fermilab 24



Other results

e Charged Stable Massive Particles
http://arxiv.org/abs/0809.4472

e |intend to add others here from both experiments.
e Suggestions welcome!

6 March 2009 Alan Jonckheere - Fermilab 25



