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* CDF and DY have a wide variety of

results in non-supersymmetry -
related searches F

+ Extra dimensions

* Extra gauge bosons
+ Resonance searches

* Excited Leptons

* | will concentrate on extra
dimension searches and resonance
searches

* Most results use at least 1 fb™ of
data, several results use up to (and
over) 2 fb
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+ This is one method of explaining why gravity is so much
weaker than the other forces (“hierarchy problem”)

+ |[n ADD models, the SM particles are confined to our usual 3
spacial dimensions, while gravity can propagate in extra
dimensions

+ Gravity propagates in 4+6 dimensions, where 6 is the
number of extra dimensions

+ This renders the effective Planck scale small, even though
the fundamental mass scale can be close to the weak
scale

+ “Large” extra dimensions (LED) must be compactified to have
escaped detection by precision gravity experiments

+ Any particle that travels in these extra dimensions will
have quantized momentum, resulting in a tower of energy
states known as Kaluza-Klein (KK) modes
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* Uses 1.0 fb™" of data
+ A Kaluza-Klein graviton is produced
In association with a photon. The
graviton escapes detection, leaving
a monophoton signature in the
detector 3
» Require a photons with p_> 90 Gevg 14; D Run Il Preliminary 1.0 16"
with [n|<1.1and MET > 70 GeV ~ © e
* Use “photon pointing” to require a ' S
vertex to within 10cm =t
+ Use to reject instrumental
backgrounds (cosmics, beam L ] L "
halo, misidentified jets) Preton . [GeV)
Dominant background is
irreducible Z(=>vv)+y
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* Final sample is 29 events in data, with 22.37 £2.50 total
expected background events
+ No significant excess is observed, so limits are set on the
number and size of extra dimensions
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Number of extra 95% CL Limit on
dimensions Fundamental

DZ Runll Preliminary 1.0 fb™ Mass Scale WD) (Gew
— D@ 1.0 fb™", observed limits 2 884
-+=-D@ 1.0 b, expected limits 3 864
4 836
— 5 820
6 797
7 797

6 7 8
Number of Extra Dimensions 8 778
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Events/Bin

¢ Uses 2.0 fb' of data
+ Require a single photon above 50 GeV and missing

transverse energy above 50 GeV. Veto on jets and tracks
over 10 GeV
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CDF Run Il Preliminary, 2.0 fo"

Zy, Z—>vv
P Wselut—y
[ vy, losty
I Non-Collision
[ W/Zy, lost e/u/t
— ADD n=4 m=0.8 TeV

/

/VAﬂ

140

100
Photon E; (GeV)

120 160 180 >180

Michael Eads

Optimized cut for
extra dimensions

search ¢
CDF Runll Preliminary, 2.0 fb™

Channel ~vET > 50 GeV ~ET > 90 GeV
W —e—»v 473+ 51 26+ 04
W — p/m — v |19.1 + 4.2 1.0+ 0.2
Wr — py — ~[33.1 £ 10.2 1.7+ 1.2
W~ — ey —~ 8.0 £ 3.0 0.8+ 0.7
Wr — 1y —~[176+ 16 25+ 0.2
Yy — 1804+ 2.3 23+ 06
cosmics 36.4 4+ 2.5 98 £ 1.3
Zy — vuy 99.7 £ 9.5 252+ 2.8
Total 280.1 + 15.7 46.7 + 3.0
Data. 280 40

University of Nebraska - Lincoln
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* No excess of single photon + MET events is observed, so
limits are set on the cross section and on MD, the fundamental

N N
B l*))

M, Lower Limit (TeV)
o

mass scale

10 March 2008

3
Number of Extra Dimensions
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| |
CDF Run Il Preliminary

— CDF y +§; (2.0

---- LEP Combined

4 9 6

B CDF Jet +E, (1.1 1)

CDF Runll Preliminary, 2.0 fo—1

N LED a (%) |05, b MES GeV
2 72 |847 1080
3 72 |87 1000
4 76 804 (970
5 73 (827 930
6 72 (844 900
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* LED models can also produce a signal of one or
more high p_jets with MET

* Combine with the 1.0 fb™

Improve the limit

1.6

—
N

1.2

M, Lower Limit (TeV)

2
N

CDF Run Il Preliminary  _|

W CDF Jetly + &,
— CDF y +F, (2.0b7)

B CDF Jet+E, (1.1f07) 7

---- LEP Combined

3 4 5 6
umber of Extra Dimensions

Jet+MET search to

CDF Runll Preliminary, Jet/'}erET

N LED |03, fb | M®® GeV
2 263 |1420
3 387 |1160
4 46.9 1060
5 52.7 990
6 56.7 950

incoln

8/19




*+ |n Randall-Sundrum (RS) ED
models, the SM particles are
confined to a 3-brane and
gravity originates at another 3-
brane. Only gravitons propagate
in the bulk between these
branes

* Use 1.0 fb" of data to search for <42
KK excitations of the graviton
that decays to a pair of electrons
or photons

+ Require two electromagnetic
calorimeter clusters with p_> 25

GeV and |n| < 1.1

Rencontres de Moriond Michael Eads

Number of events/10 GeV
3 — —t
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PRL 100, 091802 (2008)

Data

[ Misidentified Events

Total Background

Total Background + Signal

DO 1fb"

100 200 300 400 500 600 700 800 900 1000
M./, (GeV)

Misidentified events have jets faking
electrons/photons. The shape of
this background is estimated from
data by inverting selection cuts.
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+ Count events in a sliding window (varies from 20 to 220 GeV)
In the invariant mass distribution (optimized from simulation)
for graviton masses from 200 to 950 GeV

* observe 88 to zero events, consistent with background

__PRL 100, 091802 (2008) = O
2 i - —— 95% CL r limit S0 N0 | e expected limit
‘i104 g—v DQ 1 fb1 ------- expec:tezll ‘I)i‘:it ~0.09 DO PRL 95, 091801 {2005)
8 - I I k/M,, = 0.1 ’ — — excluded by precision ewk
ool k/M,, = 0.05
o10°g - . e k/M,, = 0.02
o F e e | k/M,, = 0.01
X I Ay
G10*
T f
{3
210
2
IR TR T W e W PO T e Y =
1 200 300 400 500 600 700 800 9001000
Graviton Mass M,(GeV) 0.01 R
Exclude below 900 GeV for kKM = 0.1 200 300 400 500 600 700 800 900
pl Graviton mass M, (GeV)
CDF limit is 889 GeV with 1.13fb™
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+ Search for a new particle
decaying to two Z bosons,
which both decay to
electrons

+ Optimize electron selection
to maximize sensitivity

+ Factor of 2-4 better than
standard selection

¢ Estimate background from
data

* Use low-mass eeee
events and events with
hadronic fakes,
extrapolate to signal
region
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Events /20 GeV
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arXiv: 0801.1129, submitted to PRD
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+ Observe 12 eeee events, none in signal region (m____ > 400

GeV), expect 0.028 £0.009 £0.011 background events in

signal region . 1
CDF Run II Preliomnary, 1.1 fb

10‘3

arXiv: 0801.1129,
submitted to PRD

6 * BF( G — ZZ )(pb)

600 800 1000
m. (GeV)
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* There are a wide variety of models that predict
new particles that would decay to quarks,

leptons, or gauge bosons
+ KK states in ED models, excited quarks or
leptons, new gauge bosons, etc...

* The general strategy for these searches is to look
for deviations from the SM In invariant mass
distributions (dilepton mass, dijet mass, diboson
mass, etc...)

+ A good, old-fashioned “bump hunt”
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* Use 113 fb-1 Of data _ _ CDF E‘.un[[Pt'velmunat'jr 113fb
+* Choose events with two high- o b S— — . [TrerTETETTT)
. . . u° & - - : Prob 0.5127
p.. Jets with rapidity less than z il
1.0. Look for an excess in the :

dijet mass spectrum for
masses above 180 GeV
* Possible signals include

excited quarks, W', Z', and
Randall-Sundrum gravitons

+ Find functional form of of dijet
spectrum in pythia and herwig,
fit to data. Look for “bumps” in
the data minus fit plot

(Data - Fit) / Fit

da
dm
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* No significant resonant structure is observed, so limits are set

on various models

+ Excludes (at 95% CL) excited quarks from 260-870 GeV, W'
from 280-840 GeV, and Z' from 320-740 GeV

3 CDF Run 11 Prelmunary, L13f*!
) k —e— 85% CL limits (for R-S G, Technitho)
", ——e— 95% CL limits (fur the others)
R T e e
. Techrurho :
N — R-8 G (W~ mj]
.E:... [0 ERMPRURUR. U .- M. TR S — Excited quﬂ_rk

Mass [GeV/c’]
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Resonance

* Uses2.5fb? CDF Run II Preliminary
+ Require two electrons with B T oET
p,>25GeVand|n[<2(t 4" Brac —~data
. = 0t i [ |Crell-Yan
least one electron in central  § £ W QCD
regiOn) Eiﬂ’ ar Jll Cther SM
* Dominant backgrounds are £
SM dielectron production, 2 w0
and dijets and W+jets with
the jets misidentified as -
electrons

+ Look for excesses in the
dielectron mass distribution

above 150 GeV S0 200 300 500 800 700 Q0 900 1000
Mice) (GeVic)
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¢ The largest discrepancy shown by an unbinned maximum
likelihood ratio is 3.8c in the range 228 — 250 GeV

+ 0.6% probability of seeing this size discrepancy in the
range 150-1000 GeV o
CDF Run II Preliminary CDF Run II Preliminary

(data-prediction)/'c

mdmhm' 0 ﬂ'*.ﬂ_ Observed 14.38

: | P
T

Events/5 GeVic")

' " 2
.Eﬂﬂ J00 400 EEI:] GO0 700 E-EIEI Eﬂ'ﬂl 'IEI:]I:]
M{ee) GeVic” 0 d 10 v15

20 _ 25 a0
Maxirnum -2 legi.
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¢ Limits are set on RS Gravitons and Z' bosons

CDF Run II Preliminary

Cross Secion Upper Limis (957 C L, spin-2)

L=251f"

I'I%_

cipp— G)=xT{G— =) {fb)
LI ﬁ

— Dhservation
—--- Expectation

kM, =0.1
— kM,=0.07

— kiM,=0.025

— k/M_=0.01

IIIIIIIIIIIIIIIIIII IIIIIII IIIII 11 III_|J
"200 300 400 500 600 700 800 900 1000

M. (GeVic’)

Exclude (at 95% CL) RS Gravitons
below 850 GeV for k/MpI =0.1
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CDF Run II Preliminary
Cross Section Upper Limits (95% C.L, spin-1) |" =25 b’ e
E“F —-- Expaciaion
< E — .E.EMEE
K e
o [\ —ed
| — B2
% Ey T
F"-I '“:"E_
N
[-]
L T
T \

500300400 500 600" 700 600"
My S

Exclude (at 95% CL) Z' with SM
coupling below 966 GeV

Michael Eads
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* While | could only touch on a few analyses, both
collaborations have performed many other
searches

+* Excited fermions, technicolor, leptoquarks,
generic signature-based searches

* Both CDF and D@ currently have about 3 fb™' of
recorded data, so expect more results (and
updates to existing results) soon

* For all public results, visit
+ http://www-cdf.fnal.gov/physics/physics.html
+ http://www-d0.fnal.gov/Run2Physics/WWW/results.htm
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Backup Slides
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Electron acceptance:
In| < 2.0

Muon acceptance:
In| < 1.5

Silicon tracking:
In| <2.0

Calorimetry:
In| <3.6
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Electron acceptance:
Inl < 3.0

Muon acceptance:
In| < 2.0

Silicon tracking:
In| < 3.0

Calorimetry:
In| < 4.2
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1y d\-“

+ Due to fine segmentation of calorimeter, can extrapolate
photon back to beam line and calculate distance-of-closest-
approach (DCA)

+ Mis-identified jets, cosmics, and beam halo have wider DCA
distributions than signal

+ Fit DCA templates to get data composition

0.8
C D@ Run Il Preliminary 1.0 fb™
0.7—
E = genuine photons
0.6
E """ cosmics+halo
0.5
E : misidentified jets
0.4
0.3 |
- | DCA Templates
0.2 SR i
0.1 by
0: [ '".I..:;. ST PR e B e
0 5 10 15 20
DCA [cm]
Rencontres de Moriond
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Events/2 [cm]

22 D@ Run Il Preliminary 1.0 fb™'
20={---,
18 —e— data

University of Nebraska - Lincoln

cosmics+halo
|_T_| misidentified jets

- genuine photons

===: Sum of histograms

Template Fit Results

12 14 16 18 20 22
DCA [cm]
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+ Dominant background is from

jets faking electrons —~

¢ Select hadron-enriched 3
samples from electrons that £ ,

o . A

g

fail E,, /E_ requirement, no :
Isolation s

+ Use five control samples — 1,

S

400 600 800 1000

m,, (GeV/c))

2, 3, or 4 hadronic fakes, and.; ..
low-mass (m <400 GeV) 3 | %,
eeee % lﬂ‘g
sample PR
* Do unbinned max likelihood = mw
fit (of power law) to all five A0 v oo S0 M
samples simultaneously
Rencontres de Moriond Michael Eads
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mv?-E

Events / ( 20 GeV/c")
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200 400 600 800 1000

Events / (20 GeV/c’)
=

m,_, (GeV/c))
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+ Results of dijet mass analysis from CDF QCD group using
same data sample as the dijet resonance analysis

3
2
o
2
— 104% t1,2 = 2.5
“o  F Midpoint, R=0.7, [y " |<1,L,, =113 ~ &
E; 10 E o — e Data -g'
@ o2k LA —&— NLO: NLOJET++, CTEQB.1M o
g §_ ‘s corrected to hadron level 2
2 joL '.* n=pr(jet1,2)/2, R_,,=1.3
'—_'_ — "_._ : Systematic uncertainties
— e
E 107 - -~ 1.5
b 'E_ —a—
© 1{]-2 E ++
1045 - 1
E ——
10 é‘ —, —]
= L = 0.5
10°Lk-  CDF Run II Preliminary
10-5 : 1 | 1 1 | 1 L 1 | 1 L 1 | 1 L 1 | 1 L 1 | 1 L 1 | 1
200 400 600 800 1000 1200 1400
M, [GeV/c']
Rencontres de Moriond Michael Eads

jat1,2

Midpoint, R=0.7, [y <1, L, =1.13fb"

——e— Data/NLO (CTEQ6.1M, p=pT™"(jet1,2)/2=p,, R

I:I Systematic uncertainties

POF uncertainty from CTEQ
--------- a(MRST2004) / o{CTEQB. 1 M)

----- o2 x )/ olu,)
Bap=1 .3)

................. a(without R__,) / o(R

-1.3)

Eap

CDF Run II Preliminary

+6 % luminosity uncertainty not included

200 400 600 800 1000 1200 1409
Mii [GeV/c ]
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i

A — i
CDF Run 11 Preliminary 3 L =25fd
21
L=25ft" = -:||:|E— —=—data
falfsi g F Crell-¥an
[ ]Drell-Yan ! B0—
maQcDh C
[l Cther SM LW ag— - EE C
= ! auf— - Other Sh
agf- -+

d

. Mg} { Dl i)
. Most discrepant |

mass range

10 200 30 400 500 & 700 oS00 90 1000
Mee) (GeVic)
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Perform sliding window search. Size of window
based on mass resolution. No excess observed. probability of the Background Fluctuating to = N, ,

15 E

10°E 5 - .

2 Data = al |

- , 1 410 ¢ =

. 10° e B Tot. Bkg + Uncertainty § = : -

5'; ,maé_ |:| Drell-Yan _; g 102 & | -
3 g = . E . =
It [ ] Jet Background 3% - Expected Range for Min. Obs. Prob. 3
Sy _ }‘ - -
g0 ] e WWWZWayyy 2 10°k :
§ 135 ]
l.ﬁ 1D= E: E - .
= ] © 10% E
e ER" S ]

ok . 10° L 3 o evidence |EHE|_§
1l:l“’:"""""""""""'""""' y I_I - -
G0 100 160 200 250 300 350 400 450 BHOD G&&OD 10"5|||||||||||||||||||||||||||||||||||||||

Electron-Positron Mass (GeV/c?) 150 200 250 300 350 400 450 500 550

Electron-Positron Mass (GeV/c?)
PRL 99, 171802 (2007)
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_CDF RUN Il Preliminary (200 pb_")

T —e— Data
= All
E 10 DY Z-=pp
e B OCD+cosmics _
- L] DY Z->pp, WW, WZ, tt
i 107§
= .
m B
o

10

1 || n
10" I‘ h*. ‘ “ ‘ ‘
| |' |

-2 | | HI I ‘ L L
D 100 200 300 400 500 600 100

Dimuon Mass (GeV/c )
PRL 95, 252001 (2005)
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PRL 100, 091802 (2008)

% 104 Data
O "1 Misidentified Events
g 10° Total Background
_g’, Total BaCKground + Signal From RS graviton
5 102 search in dielectron
> -1 plus diphoton final
2 10 DG 11b state with 1 fb™".
g 1 No excess visible at
2 240 GeV
£ 10"
<

10

100 200 300 400 500 600 700 800 900 1000
Mee/ (GeV)
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> ! l [ [LZRES REEEA [TERTTTT]. o ! [TrrT] [ERZ2S BRZED [TToT]
§10* D@ Run II, 275 pb' §10° D@ Run II, 246 pb' b
= ,275pb a) 3 J un I, 246 p )
: 1 o Data ﬂ o [Data
o 103 : w=== Total Background =) 103 - = SM Background
S | - e ?ﬁiﬁiﬁ% 15 () 300 GeV RS Graviton
- i 7 - i
i 102 ) 300 GeV RS Graviton 3 m 1025_
10 i 10F
1 J 1k
10" 107k
10‘2 hl 10‘2EIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIII
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
DiEM Mass (GeV) Dimuon Mass (GeV)
hep-ex/0505018
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1% generation scalar
LQ, 203 pb"

Search For First Generation Scalar Leptoquarks

. CDF Run Il Preliminary,203pb™

PR TSI AN S BRI S R RAR
100 120 140 160 180 200 220 240

Leptoquark Mass (GeVFc )

PRD 72, 051107 (2005)
ejej, ejvj combined
m > 145 GeV(B=1)

Rencontres de Moriond
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2" generation scalar
LQ, 198 pb"

Search For Second Generation Scalar Leptoquarks

0'1 ....... ................ ................ ................ ................
% i CDF Run Il Preliminary,198pb”

o U L N N T R B S
100 120 140 160 180 200 220 240

Leptoquark Mass (G eVIcz)

PRD 73, 051101 (2006)
ujuj, ujvj combined
m,> 143 GeV (3 =1)

Michael Eads
University of Nebraska - Lincoln

—
=
T

—
=
T T

U(pijLQ3VI__GI+ X) (pb)

5

3" generation vector
LQ, 322 pb"

T LA T SR L P s ) =
—— Yang-Mills Couplings 3

...... Minimal Couplings

Theory Uncertainty |

Observed 95% C.L. Limits 3
---- Minimal Couplings 7
—s— Yang-Mills Couplings_|

e, SEEEE" EEEEY =

1 | 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 | 1 ‘:"l 1 | 1 1
150 200 250 300 350 400
VLQ3 Mass (GeV/c?)

arXiv: 0706.2832, tbtb
my> 317 GevV (3 = 1)
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1% generation scalar
LQ, 252 pb”

g or (a)
HE 1B * ‘]ggl'

ey ?‘MH = NLO Theory

E [ =

E *H " '\'H""'\-.\_\H"_El - 1

o'y T S

g B

G D@ 252ph’ e

g0 200 220 240 280 220
Scalar Leptoquark Mass  [GeWic ]

LQ, 300 pb”

= SBEE  VREERS ARSI EALT AR SELDN
& | 5 ST R L0, e
o LN %, Obsenedimit
A . % o == Expected Imit
1 "“. b= 1wz "
10 - ﬂ.h_ _
b L f=1
- "\-. 1
b . ¢ '
e N
| Do 204 pb” ”‘-. N

"4 generation scalar

Py T Cle 1%
Hﬂ' 160 1“3]]220!“ zmzmm
_ Scalar leptoquark mass m, ; [GeV]

3" generation scalar
LQ, 0.425 pb™' - 1.05 fb"

= 10| LQ3CQ3- bb: 95% CL ox f2[pb] limit.vs. LQ3 mass H
o i —-—-@-—-— exp. limits (single- and double-tags combined)

‘\IEL ——=s—— obs. limits (single- and double-lags combined)
é NLO cross section (f=1)

_ [ ] Emorbandp=1)

o ——--m—--- lower edge of error band (8=1-0.5°F_}

32

o

wn 1

[=7]

DO _preliminary

L=1.05 fb"

180 GaV
L 387 GeV,

10" 920 740 160 180

200 220
LQ3 Mass [GeV]

PRD 71, 071104 (2005)
m > 241 GeV (3= 1)
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PLB 636, 183 (2006), ujuj
me> 247 GeV B =1)

PLB 647, 74 (2007), ujvj
m,, > 274 GeV (3 =1)

Michael Eads
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Preliminary, tbtb
m, > 180 GeV (3 =1)

1.05 fb

PRL 99, 061801 (2007), vbvb

m > 229 GeV (3 = 0)
425pb”



CDF Run Il Preliminary (191 pb '1)

E L
[oR
g CDF Upper Limit, 95% CL
@I_ 2
g 10 = Theoretical cross section (PRL 79, 1997)
: -------------- CTEQ5M, Q=m(LQ)
CTEQ5M, Q=0.5m(LQ), 2m(LQ)
10
I 78 - 117 GeV/&

I | | | I “.‘ | |
80 100 120 140

Leptoquark Mass (GeWc‘?)

PRD 71, 112001 (2005)
m > 117 GeV (§ = 0)
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Cross section x (1-B)” (pb)

10

10

30

DO L=310pb "

TCTEREIE Scalar LQ cross section

—— Observed limit
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90 100 110 120 130 140
m, , (GeV)
PLB 640, 230 (2006)
m, > 136 GeV (3 = 0)
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