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Searches for Exotic Physics

Motivation: General Search Strategies
Search for anomalous Thorough understanding of
PR SM and detector
beha_wor In the data backgrounds
Provu:_le non-susy a_nd . Monte Carlo for SM
non-higgs explanations backgrounds
to open questions in the > DEIEL e [posslaic) o
understanding mis-
Standard Model (SM) identification rates
e Are quarks and leptons Understand model signal
composite particles? acceptances
* Do extra dimensions Optimize analyses for
exist? signal, not according to
o model, prior to looking In

the signal region of the data
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Motivations:

Small source of
background:

Irreducible SM Z/g* (well
understood)

gtjet and multijet events






Most extensions to SM predict new
gauge interactions

Most give neutral or singly charged

bosons

Search for decays: Z ®et*e-

Use dielectron mass M_, and cosg*
Dataset: 448 pb1

Adding angular information helps:
At 448 pb1: use cosqg* © +25% data

(seq. Z))

No evidence of signal:
Set 95% C.L. limits:
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CDF Run Il Preliminary ( 448 pb-1)

SR
General formalism for Z: 3w
4 general model classes that 7
are each defined by 3 S 600
parameters (Carena et al): s00¢
e Mass M 7 4oo§-
« Strength g, 300
e Parameter x so0l
-10 -5 0 5 10 -10 -5 0 5 10
Below black curves are the Z Couplings X Z' Couplings X
LEP Il exclusion regions: This general approach uses
LEP Il indirect search via M., and cosq and allows future
contact interactions models to be easily checked

Carena, Daleo, Dobrescu, and Tait
(PRD 70:093009, 2004)







CDF Run Il Preliminary (200 pb1)

DO Run Il Preliminary
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Composite models depend

dilepton invariant mass and

the compositeness scale L
ds. _ds |  C
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Results for ee search:
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Results for nmsearch:

DS Run Il Preliminary

Limits for ee (271/pb) and mm(400/pb):

oﬁ

MM (400 pb-Y)

Eyents/24,0GaV
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Dimuon Invariant Mass (GeV)

DO Run Il Prelimina

\Il-ﬁ:

Model L- (TeV) L+ (TeV)
ee nm ee mm
LL 6.2 6.9 3.6 4.2
RR 5.8 6.7 3.8 4.2
LR 4.8 5.1 4.5 5.3
RL 5.0 5.2 4.3 5.3
LL+RR 7.9 9.0 4.1 5.0
LR+RL 6.0 6.1 5.0 6.4
LL-LR 6.4 7.7 4.8 4.9
RL-RR 4.7 7.4 6.8 5.1
\AY 9.1 9.8 4.9 6.9
AA 7.8 5.5 5.7 5.5

S. Eidelman et al., Phys. Lett. B592, 1 (2004) 2005 update







Non-susy alternative to the “hierarchy” problem

(MEW << IVIPIanck ?)

Large ED (ADD)  Phys Lett B429 (98)
* increase in cross-section at high mass

Arkani-Hamed, Dimopoulos, Dvali
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Large Extra Dimensions (ee, ggchannels)

d2a

d M deos 8*

he=F/M_*
F is a model dependent dimensionless parameter of order 1
M, Is the UV cutoff = Mp 441 gim)

2
= fsm + fitWe + fKK G

— Fit M., M, and cosg* to extract h;%%
Limits on
Fundamental forl >0, |forl<0Q_
Planck Scale, in he (Tev4) |0.00°* |-0.08-02
Tev heo% (TeV-4) | <0.292 | >-0.432
\ GRW: Hewett: HLZ:F=log(M2/M?), n=2
F=1 F=2/pl=1 F=2/(n-2), n>2
| =+1/-1 n=2 3 4 5 6 7
DO Run Il |1.36 1.22/1.10 156 |1.61]1.36 [1.23 [1.12 |1.08
DO Run I+ Runll |1 43 1.28 / NA 1.67 |1.70 [1.43 |1.29 |1.20 |1.14
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p p G w, ee ; mT] Sf Graviton Searches, 95% C.L. Exclusion Regions
Randall-Sundrum Graviton -

War ped ED (RS) Randall, Sundrum

. Phys Rev Lett 83 (99) 008
e n=1, highly curved =005

* k/IMp,, k: curvature scale

Decay mode
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Diphoton RS Graviton Search: Mass Distribution [77 diphoton (345 pb™)
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Charged Heavy Vector Boson (W’)

CDF Runll Preliminary

N P
() dt= 205 pb E

W en appear in theories
based on the extension of
the gauge group

e.g. Left-right symmetric U Nl ik
mOdeIS: SU(Z)R WR 0 200 400 l\jj(;GZ(ijlclzc;oo 1200 1400

Neutrino from W decayis  corrnieemm
assumed light and stable  * daczsprt 1 || Demonstrates
103i E sound
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2
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Charged Heavy Vector Boson (W)

No signal observed 10 eyt P | Prejminary
above SM expectation  JLat=205p07 o BWoev)g, ]
o 102} (NNLO) i

Set limits on W ~ _ es%moLLmit |
production rate usinga = |
binned likelihood fitting  { | ]
Primary systematics 5 e
are M, dependent: "
event rate: PDF ~14% el

W’ Mass (GeV/c?)

shape: electron
energy scale ~16% Limit M(W ,,)>842 GeV/c?

Compared to Run | result of
M(W ¢,,)>754 GeV/c?
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Many extensions of the SM
assume additional symmetry
between leptons and quarks

Leptoquarks

Carry both Lepton and Baryon
numbers

Couple to quarks and leptons of
the same generation

Three generations
Pair produced at the Tevatron

Decay controlled by
b=BR(LQ [q)
Signature:

lljj, Injj, nnjj
Signal

Resonance in M;; spectrum

Generation 1: eejj, enjj

IgTrr o v o
0o DO
T osf . :
o o7f e =
= 06 z— et ‘ ; R . :
m 0-5 ;_ ,,,,,, . 0

04f
o.3ERunN II: ~250pb™

0.2 E—Hun l: ~120pb™ __,/

= '.-l'
015 cer®

eq)

R(L

_l L L L [ L L L I Il L 'l I L '} I Il il L J L L
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Scalar Leptoquark Mass (GeV/c 2)

For b=1:
DO: Run | + 11, M ,>256 GeV/c?

CDF: Run II, M, , > 235 GeVi/c?
(200/pb)




Generation 2: nmjj, rmyjj, nnjj

nm+ jets

nm+ jets

For b=1: y
DO: Run | + II, M ,>251 GeV/c? | pn+jets
CDF: Run II, M, > 224 GeV/c2 (200/pb)

Generation 3: ttbb
For b=1:

CDF: Run ll, M, > 129 GeV/c? (200/pb)
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The observation of excited states of leptons or
quarks would be a first indication of their
compositeness

PP® e*+e® eg+e

Signature: dielectrons + photon
Signal: Resonance in electron+photon mass spectrum

Contact Interaction Model: Gauge Mediated Model:
q ex "9 q gz € J
q e q e
Depends on M., and Depends on M. and f/
(Compositeness Scale) K . Hagiwara, et. al., Z.Phys.

U . Baur, et.al., Phys Rev D. V42,3 C29:115, 1985




Contact Interaction Model: Gauge Mediated Model:
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CDF and DO have many searches for new
physics underway

Z , W, extra dimensions, leptoquarks, excited
leptons...

No evidence for new physics... yet...

Already have a lot of new data to analyze
and more on the way!

http://www-d0.fnal.gov/Run2Physics/WWW/results/np.htm <{mm

mm) http://www-cdf.fnal.gov/physics/exotic/exotic.html




BACKUP SLIDES







Signature:
Large pulses in Time of Flight
Large ionization in drift chamber
No curvature in r-f
Curvature in r-z

Dedicated trigger for monopoles (~35 pb1)







