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Introduction

e Standard Model is an effective theory of particle physics up to the electroweak
scale.

e Precision tests of electroweak theory show no signs of deviation, with extraordinary
accuracy.

e SM predicts the existence of Higgs boson and requires “new physics” to stabilize
the Higgs mass (the hierarchy problem).

e Possible source of new physics

— SUSY and its variants

— Extra dimensions

— Little Higgs (mp &~ my, t' and other Higgs at TeV scale)
— Higgsless ...

e Need experimental inputs for the future direction !
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Higgs Mass Limit
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LEP excludes M;, < 114.4 GeV at 95% C.L.
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Precision measurements of M;,, and My, at Run Il will provide a stringent test of SM and the
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Higgs Production and Search Strategies
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— Excellent b-tag efficiency and dijet bbA /bbh/bbH enhanced by tan 82
mass resolution

o M; > 130 GeV: h — WW*

— Exploit the large 0(gg — h)
— ldentify clean final states with leptons

e Exploit A — bb, 77 with excellent
btagging and 7 ID.

® Need much less luminosity for discovery

compared to SM Higgs !
e Very Challenging...
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Higgs Search at Tevatron (Runl)

SM Higgs Search

e Wh — (lv, q7)bb

o Zh — ("™, viD)bb

® set oy - B < 8 pb at 95% CL
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MSSM Higgs Search

e Due to enhancement of bbh/H /A — bbbb
xsec at large tanf

e Selecting 3 b-jets from multi-jet sample

e set tanB > 50 at 95% CL for my = 100
GeV

CDF preliminary (21 pb™)
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No real sensitivity yet ...
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What’s New
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e New main injector(150 GeV proton

storage ring)

recycler ring for pbar

accumulation

o New storage

e Higher energy collisions at 1.96 TeV (1.8
TeV)

e Increased number of p and pbar bunches
from 6x6 —36x36 (396 ns beam crossing)

at FermilLab

e Upgraded CDF |l Detector
Central Muon Central Calorimeter (EH)
‘Wall Calorimeter (H)
Plug Calorimeter (EM)
Forvard Mugn
= -— '}r;”:"}
Forward Calorimeter (E
Luminosity Monitor
I} | Tirme of Flight
| | ; Central Quter Tracker
| Silicon Vertex Detector
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e Upgraded DO Detector

Forward Mini-drift
chambers
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New Solenoid, Tracking System
Si, SciFi, Preshowers

+ New Electronics, Trig, DAQ
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Run2 Performance
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Tevatron are doing well. The record peak luminosity exceeded 1 x 10%?cm 25~ *

CDF /DO have recorded > 450 pb™! on tape, but the results shown here mostly based on
~ 200pb~ !, up to Sept. 2003.

e Anticipate achieving int. luminosity 1 fb~! in 2005
e Total expected int luminosity 4.4-8.6 fb—1 in 2009
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Recent Run2 Results

e Re-established the top signal in lepton + jets and dileptons, more importantly,
the tools needed for lepton ID, btagging, Jets, and detector simulation.

e Higgs searches still at the engineering stage, more interesting results will emerge
soon.
e SM or SM-like Searches — Challenging

- Wh — lubf_), similar to the lepton+jets
— Zh — vvbb, similar to the met+jets
— h — WW?¥, similar to the dilepton

e MSSM Searches — Best bet !

— A/H/h — bb, 77 in multi-jets

e Other Higgs Searches (Technicolor, Fermiphobic, Topcolor)

— pp — pr — W — lvbb
— h— 7y
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Run2 Search for Wh — [vbb(CDF)

CDF Run Il Preliminary (162 pb')
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e Event Selections: Pr(lepton) > 20, Hp > 20 GeV, 2jet and one b-tagged.
e Applying extra jet and isolated track veto to reduce tt

e Events agree with the expectation.
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Search for Wh — [vbb(CDF)
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e Set a limit on oy, x B(h — bb) as a function of Higgs mass

e Not sensitive to SM higgs yet, but getting close to other new physics, such as
pp — pr — Wrh at a few pb level.
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Search for p7 — Wrl — lvbb(CDF)

CDF Run |l Preliminary (162 pb')
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e Reconstruction of pp (W + dijet) Mass by solving Pz of neutrino with W mass constrain.
e Fitting both m(p7) and m(73.) invariant masses.

e No exclusion limit yet, but getting close to some of theoretical cross section for technicolor
particle production.
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Search for Wh — [vbb(DO0)
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e Select events with W plus two b-tagged jets
e Observe 2 events with expected 2.5 £+ 0.7
e set a limit of oy, X B(h — bb) < 12.4 pb at 95% CL for m), = 115 GeV/c>.

e \W. Yao — Beyond the SM, ICHEP04, Beijing — August 16-22 2004



Search for Anomalous Heavy-Flavor in W+Jets (DO)
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Search for Zh — (v, 1717 )bb(CDF)
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e Select events with large H and two b-tagged jets,
similar to sbottom search (¢q@g — gg — bbbbxoxo).

e Large dijet backgrounds, but less top contributions
e Key is to understand the QCD background

e Most sensitivity channel! (Limit is in progress)
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Search for h - W™W~ — [Tl v
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Search for MSSM Higgs: Abb — bbbb (DO0)
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e bb(h/H/A) enhanced at large tanf3
e Selecting events on multijet trigger (131 pb™1)
e Requiring 4 jets with 3 b-tags

e |nvariant mass of the two highest b-tag jets and set a limit on tan( vs m 4
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Search for MSSM Higgs:h/A/H — 777~ (CDF)
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e Take advantage of enhanced xsec at large tans

e Selecting ditau in Run2 dedicated “lepton—+track” triggers: one leptonic, one
hadronic

e Excellent 7 ID, cross checked using W — 7Tv events
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Search for MSSM Higgs:h/A/H — 77~ (CDF)

E'UI T T T T
CDFRun 2 195 pb1 ; =
40} Preliminary . ” CDF Run2 Preliminary (L, =195 pb )
MSSM Higgs —1tr -3135_
301 - g G
< 16
A—1t $ -
i) i < 14:_ == Expacied
E12;_ — Observed
10} 2 2 Wk
< of
T C
0 4 g 6
B AL
10 4 23_..|...|...|...|...|.
] 120 140 160 180 200
M, (GeV)

e Reconstructed transverse mass m (7 +1-+
1), Z — 777 signal is evident

o Set limit for o(pp — A) x B(A —
TT) VS m 4 mass!

150 200 250
Myjs (GeV)

17



Search for h — ~~ (DO0)

8

r D& RBun Il Preliminary data = 93.0
- cococe

4
7

Events / B GeV
T T I_olllll T
_+_L
B
_+_

bkgd = 524 +- 28.0
o B(h — ’7’7) IS Suppressed In Hﬁ+ D¥= 14+ 13
SM, however many extension of [ _ Yr= 83+ 0.6
SM (Fermiphobic, Topcolor) could M., GV

enhance the decay. PO Run L Preliminey, data = 970
bkgd = 688 +- 458

%) ]

;F

'y
o

'y
=]

Events / 8 GeV

e Selections:

%) ]

-

150

=)

— Two isolated photon with Ep >

M., GeV
25 GeV E - D@ Run Il Preliminary data = 41.0
— P, of diphoton > 35 GeV to :;5; EgRC bkgd = 20.8 +- 10.4
reduce di-jet background 810
: DY= 67+ 3.0
X" r= 10+ 0.1
. Bl sl
v

A
rrrrrrrrrr

W. Yao - Beyond the SM, ICHEP04, Beijing - August 16-22 2004 18



Search for h — ~~ (DO0)
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e No excess of events found in diphoton mass.

e Set a limit as a function of Higgs mass in Fermiphobic Higgs and Topcolor Higgs
model.
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Re-evaluating Higgs Sensitivity CDF + DO

e CDF /D0 were asked by DOE to provide a new estimation of the Higgs Sensitivity
based on current Run Il detector performances last year (2003).

e Focus on the improvement of detector and analysis techniques (btag efficiency,
dijet mass resolution, advanced analysis techniques)

e Finding consistent with SUSY-Higgs Workshop report (1998).
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A Pseudo Experiment with Signal (115) and backgrounds

e Fit the dijet mass with signal and background

e Extract the int. luminosity needed for the 95% CL exclusion limit, and 3 ¢ and
5 o discovery.
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Background Systematic

e Controlling the normalization and shape systematic on each background is crucial.

e Need to fully exploit the potential of Run Il and work with MC experts to ensure
that physics are well described.

e The understanding of the Higgs sensitivity will improve over time as top discovery
during Run | - the final sensitivity was much better than expected.

Observation of WZ and ZZ in Z — bb

e Excellent calibration for low mass
Higgs(mpn, = mz)
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inclusive Z — bb data
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Conclusions

e The Higgs boson remains elusive, but discovery may be just around the corner !

e The Tevatron is at the world’s energy frontier until the LHC era. Already with
200 pb~!, CDF and DO have produced many interesting results.

e There is an extremely rich, exciting physics program ahead of us, every time we
double the integrated luminosity we open a new window for new physics.

e The Higgs sensitivity will improve over time as we get more data, better
understood detector, and getting smarter,but challenging...

e With 5 fb~! data, Tevatron will:

— Exclude SM or SM-like Higgs mass up to 130 GeV/c? at 95% C.L.
— Have a 3 o discovery for Higgs mass up to 120 GeV/c?.
— Set a stringent limit on MSSM or more exotic Higgs in the parameter space

beyond the SM.

e Stay tuned !
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