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Introduction

e New physics may appear at colliders as events with high
transverse momentum (p;) objects, including photons
or quark/gluon jets

e Two complementary search approaches

Signature based: - Combinations of final state particles
- Sometimes “inclusive” (e.g. yy+X)

- Model-independent

Model based: - Optimized for sensitivity to a particular model

e Specific topics
SUSY: Gauge Mediated SUSY Breaking, split-SUSY, minimal-Supergravity
Leptoquarks: 2" and 3™ generation leptoquarks
4™ generation: b’
Large extra dimensions: Gravitons
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Tevatron

e pp collisions at Vs = 1.96 TeV

e Record initial instantaneous luminosity = 292 x 10°° s'cm™

e Peak antiproton accumulation rate = 22.6 mA/hr

® Tevatron has.-
delivered >2.5 fb

e BothCDF and Df
have collected >2 fb™

Moriond, March, 2007 o = 3 S, s : . =5 f Aron Soha, UC Dayvis




CDF and D@ Detectors

CDF

Trackers " e Cremers

Muon Scintillators

Shielding "1 i
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Calorimeter

Toroid

Calorimeters

e Tracking, calorimetry (electromagnetic & hadronic), muon systems
e [dentify and reconstruct: e, u, t, hadrons, photons, jets
e Calculate missing transverse energy (E.)

photon: shower in EM calorimeter with no associated track
jet: cluster of energy deposited in EM+hadronic calorimeters

Moriond, March, 2007 4 Aron Soha, UC Davis




Searches in yy+ {e, L, v, ET}

Using 1.0-1.2 fb™

e Motivated by anomalous wr  wE:  yre
Run I ee+yy+E event
. SM 22 0.24 6.8 0.7
e Signature based
__ Data 4 1 3 0
e 15— YXH X X—>yX vX, b'b’,
fermiphobic Higgs, ... e Consistent with standard model (SM)
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11 Searchesinly+ {1, vy, B} oom

-\.-\.‘..! I. o

e CDF Run I found 2.70 excess in IYET (expected 7.6 = 0.7, observed 16)
e Signature based: p.(y) and p(e or u) > 25 GeV/c

CDF Run Il (a)
« WE, Data(e+y), 929 pb’
LWy
2y

e fakey

CDF Run I (a)
o Ily Data(e+y), 929 pb™'
Hr4

W Zj, QCD, e fake y, Zyy

B wj, vy, QCD, Zyy, Wyy
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e Consistent with standard model
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[B%) GMSB SUSY in yy+ By om

e 2 neutralinos from SUSY decays — G yG — 2 photons + E..

e A= SUSY breaking scale parameter (other parameters are fixed)
e Neutralino lifetime assumed to be short (prompt photons)

Leading backgrounds are instrumental:

: i D& Run Il Preliminary
Without real E: QCD with photons _
or jets mis-identified as photon

With real ET: W—ev + vy (or jet),
e (and jet) mis-identified as photon

D& Run 1f Preliminary

e vy data
total BG
°©  BG with true MET

| » Signal region

e Expect 2.1 = 0.7, observe 4
e 95% C.L. limits:

m(neutralino) > 120 GeV/c?

Missing E , GeV m(chargino) > 220 GeV/c?
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9B Delayed Photons usigsmom:

e Heavy, neutral, long-lived
particles decaying to photons \
(e.g. GMSB: Neutralino— yG) /

{f:,ff) / CDF Calorimeter

wy ]
prompt y L?’.Y _ /
i 200 T
e Use y+]ZT+Jet channel - %_ é
« EM Calorimeter timing system P &H P
Signal region: 2 <t < 10 ns U }
CDF Run Il Preliminary, 570 pb WL \

- +E + Jet data
— All
Callisions
B Beam Halo
Cosmics.
==« GMSB Signal MC
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e Expect 1.3 + 0.7, observe 2 A
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B % Stopped Gluinos  usigssop:

.

e Long lived gluinos
- Predicted by split-SUSY
- Have time to hadronize, and stop in calorimeter

D@ Preliminary (L=350pb™)
Background
Signal (mG=400 GeV, xs=0.62pb)

- Decay during a later beam-crossing
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e Decay: “stopped gluino” — gyJ
- Signature: jet + H

- Require one jet with E > 90 GeV
in otherwise empty event

e Signal efficiency = 5-10% 500600

Jet energy (GeV)

Background from cosmic muons:

Jets are narrow for muons (vs. wide for signal)
Require wide showers, with no muon

D@ Preliminary (L=350pb'1)
—o Expected Limit
=& Observed Limit

Beam-induced background successfully removed

e Set limits for signal vs. jet energy,
translate to gluino mass limits

e Exclude m(gluino) < ~270 GeV/c?
for example with m(x?) = 50 GeV/c’ IR N

95% C.L. Cross-section Limit {pb)

-
<
%
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L Squarks and Gluinos usig o pv:

P~ P~ I~ P~ I~ P~

e Probe mSUGRA scenarios: pair production (qq, qg, gg)
e Decays (G— qyx? , §— qdy?) give 2,3,4 jets + K.
e 3 analyses combined Theory uncertainty

D@ Preliminary DJ Preliming y, 0.96 fb™
® Data N L N B B
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e no mSUGRA

solution

Squark Mass (GeV)
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H; (GeV)

e m(q) > 375, m(g) > 289 GeV 200 300 400 500 600

e Details in Young Scientist Gluino Mass (GeV)
Forum talk by Samuel Calvet
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11 3" Gen. Vector Leptoquarkss

SU(5) GUT? Superstrings?

e Link between quark and lepton sectors?

e Vg]g()jiOIl‘ LQj: - 1 —W® Taudecaytoeorp
= g i — et
Fractional charge (-2/3) >ngm< ___ - / ,
Carry lepton and baryon EI VLQ3< » Hadronic tau decay
quantum numbers b —p Jet

H =% E (jets) +PH(1) + P(1) + £, e m(VLQ,) > 317 GeV/c” at 95% C.L.

CDF Run Il Preliminary (322 pb")
pp—VLQ, VLQ,—(bt)(bt) pt, channel
—®— Data (L.=322 pb'!)
(] vee,VLQ m=320 GeV/ie’)
D Z—TtTout,
BN ocp
- Z—up
D i

CDF Run II Preliminary (322 pb'l)

GR@PPA+PYTHIA Monte Carlo
B(VLQ_ — tb)=100%, CTEQSL
*Yang-Mills Couplings

Minimal Couplings

[ ] Theory Uncertainty (+ G-E‘,DF +02_ )
Observed 95% C.L. Limits
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310 pb
rd
%) 37 Gen. Scalar Leptoquarks
e Scalar (Spin= ()) LQ’ pair produced Le\z;lvding bac;grgunds:
e Search for SLQ;— v_b, charge 1/3 + jets, Z + jets, top

s i Leading systematics:
e Channel: v_v_bb, signature: ]ZT + 2 b-jets T o

DO Run Il Preliminary SM cross sections

D0 Run II Preliminary

#— Data

— LQ signal
o Signal cross-section, = 1M _
== SM background La

?
g
=
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By [ o2 &) + Ea;DF(G) ], B=1

« [ata
T LQsignal ~e Observed , MHT, 310pb’

== 5M background

-+ Observed , MUJET, 367pb" =213 GeV

Events / 10 GeV

After 2 b-jet

requirement 160 180 200 220 240

M o, GeV

sn510 ) > 213 GeVic at 95% C.L.
(=210 itno 510 —1t)
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%) 2 Gen. Scalar Leptoquark“bl

e Assume 3 = Br(SLQ,— uq) =
e Search for SLQ, SLQ,— uq vq
e Signature: p + 2 jets + ET

- Reduce W(— nv)+jets and QCD:
M.(uv) > 160 GeV/c?

- Require reconstructed SLQ, mass (u,jet)
to be within 100 GeV/c” of expected mass

D@ Run Il Preliminary

— ol IxBR(Q=M )
' L

... 6, xBRemor (G=M )

i L

D@ Run Il Preliminary

a o 1y = ! i
o« BR Q= r."lmj

3
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—e— O - expected

Entries / 20 GeV

-
=]

210 Gev (expected)
214 GevV (Observed)

180 190 200 210 220 230 240

% WoconSfructtdLeploquandivariantmassh _ **ced Scalar Leptoquark Mass (GeV)
e Expect 6.4+ 1.1, observe 6 e m(SLQ,) > 214 GeV/c” at 95% C.L.
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Search for b’ L1

"'..__.i { Wl

e Search for new particles that couple to Z , <u
w;i:,._...;._.
W

e Signature: b'b'-> bZbZ— bllbqq ¢
- Reconstruct Z — ee or Z —uu (lepton p>20 GeV/c)

- Require 23 jets, E.>30 GeV
- Require J = X E(jets) > m(b’)

Leading background:

Z + jets (<3 jets region used to predict
contribution in >3 jets region)

= [.O calculation, with
—e— Data

—— Fit Prediction BR(b’— bZ’) = |

Fit Uncertainty
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e m(b') > 270 GeV/c? at 95% C.L.
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1l Large Extra Dimensions 1w

"-\. 1 i
S I !: -

e Gravitons populating 4+n dim. bulk 05% C.L. limits

(Arkani-Hamed, Dimopoulos, Dvali) = =
e Direct production: o M o iy
aqq —» gG, qg —» gG, gg —» dG 2>t 33 <0.27
« Energetic jet (E; >150) + F. (> 120) 3 109 3110
. limit ot . . o 4 >099 <99x10°
e 1(\)/Iwer zl?én &nz?n ective Plank scale (M) = 0 1 10
Planck D 6 >088 <31 > 10-11
e Expect 819 £ 71, observe 779
Backgrounds: _ _ @ CoFll (1.1 fb)
Z— vv+jets - Ze DO (Runl)
W lv+jets + LED (1-2 Mp=1TeV '
QCD CDF Il Preliminary (1.1 fb™)

A Hypothetical
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Conclusions

e Searches for new physics at D@ and CDF using photons and jets
are constraining a large number of models

e Signature based searches are looking for deviations
from Standard Model

e No new physics to report based on current analyses of <1.2 fb*
- Additional analyses and larger data sets are on their way

e Majority of the data from Tevatron Run II remains to be taken!
- Expect 4-8 fb! by 2009 ( x2 experiments )
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