Frontiers in Particle Physics
90/50/10 Celebration

Sally Dawson, BNL

JLEXPERIMENT

A New Era for Particle Physics has begun



We have a Standard Model




Standard Model Works

« Standard model provides excellent interpretation of
experimental data starting with LEP/SLD

 Where is electroweak symmetry breaking?

Experimental data
consistent with

Standard Model with
single scalar boson, H
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Wanted

« Wanted....gauge invariant way to give mass to W/Z
* Solution is "Higgs Mechanism”
* Relies on broken symmetry

 Physical particle (the Higgs) is
result of symmetry breaking

» Missing link is Higgs boson

Choice of minimum breaks symmetry



Tevatron still surprising us




Just recently at DO

» Measurement of di-muon asymmetry:  A] =
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Is there a new source of CP violation?



Integrated luminosity (fb1)

The Tevatron is still going strong!
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Many Discoveries at the Tevatron

_40'0,Tevatron Run Il, pp at\s = 1.96 TeV
= Jets
=10°] = o CDF Preliminary
k=l 8 3 Heavy Flavor = CDF Published
E"U il " M Theory
$‘1D?;
.6
o 1074
5 405
210 = w
[ - Z
=3 4
510 :i -
2107+ Wg 7z
2 ] 8 o
1074 WWo - <
] tt Wy ingle
10 = o Top
? B zz
1 ~10 orders ? ;
1 of magnitude ; Higds
10 AL new physics
) : :
10 1 Jﬂ.ﬁls Ha;vwl > W;’I e}’l %ﬂ__l Wé ? QI Hﬁl":%j?
J"F;akar
M, =160




Tevatron measured 3 Gauge Boson Couplings
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Minimal SM Very Constrained
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95% CL Limit/SM

What's Wrong with the SM?

 We haven’t seen the Higgs....Maybe we're just seeing the
low energy limit of some more complicated scenario

Tevatron Run i Prellmlnary L=2.0-5.4 fb™
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Need theory for exclusion!



Will the Tevatron Find the Higgs?

~ Combination of two experiments assumed =~ .
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Many Discoveries in Last Decades

Tevatron discovered the top quark

Precision measurements from LEP/SLD/Tevatron
limit new physics possibilities

— Many new physics scenarios excluded

Dark matter and dark energy discovered

— Informed (inspired?) model building

Neutrino masses aren’t zero

Calculational tools greatly improved
— Much better handle on backgrounds

.... ¥+ much more

MANY PREDICTIONS, SPECULATIONS,
& HOPES FOR LHC PHYSICS
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LHC is a gluon collider

F ratios of parton luminosities
- at 7 TeV LHC and Tevatron

LHC 7 TeV
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We have been waiting a long time

« SSC (pp @ 40 TeV) cancelled in 1993

— Physics of the LHC is much the same as the
physics of the SSC
* |s there supersymmetry at the TeV scale?

* What is the source of electroweak symmetry
breaking?

 Are there new Z bosons?
— Of course there are new questions too
* Are there extra dimensions?

 What is the source of dark matter?
 \What do neutrino masses tell us?



The Frontier is at the LHC Now
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Exciting Times

Both ATLAS and CMS have ~16 nb-!

— More data coming quickly (L~102°%/cm?/s)

Both experiments have W's, Z's, are
rediscovering D decays, vy’s,....

Detectors working well
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Today’s status

 LHC is running at Vs=7 TeV until 1 fb-! of data collected
— 2010: L ~10%7 -10%2 cm2s! — total of 100-200 pb’
— 2011: L ~10%2 cm~? s — =100 pb-'/month
— Two heavy ion runs at the end of 2010 and 2011

— What's next?
* 100 b by 2016 at Vs=13-14 TeV
* Many questions will likely remain even with large data sets from
the LHC
 How do we decide the long term future?
« Next year at this time we will be in a very different position



Early LHC Physics uses SM for Calibration

. 1 pb

— 5000 W—ev, uv | + Eqmiss

— 500 Z —e*e, u*'uw e/pn D
« 20 pb

— tt jet energy calibration, b tagging, Eymiss
« 100 pb-?

— 500,000 W—ev,uv
— 50,000 Z —e'e, u'w

Re-discover the Standard Model




Already have W's
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We expect great things at the LHC

SUSY@ 3 TeV
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First we look for the Higgs

gg —> H— ZZ — (4 leptons)
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Possible discovery with <10 fb-t

Golden Mode



Integrated Luminosity ( pb™)

7 TeV Higgs Reach with 1 fb™
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Luminosity [fb~1]
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ATLAS Discovery with Vs=14 TeV

significance

. Discovery:

. Needo probe My=115
GeV

« 10 fb-' gives 50 discovery for
127< M;< 440 GeV
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Significance = 5 is defined as discovery

If the SM Higgs is there.....the LHC will find it!




Is it the Higgs?

« Measure couplings to fermions & gauge bosons

[(H—>bb) _,my" | Substructure/fat jet
F(Hor7z) m, \ methods help pull out

H—bb

* Measure spin/parity

PC _ n++ Angular correlations of decays
J =07 H—ZZ — p*ue*e help (but only
for My > 140 GeV)

« Measure self interactions
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Need some good ideas here
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Why go beyond the SM?

Tensions in fitting unitarity triangle
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Quantum Corrections Connect Weak and
Planck Scales

Tevatron/LHC Energy
Something

new??
GUT Planck

1016 10%° GeV




Quantum Corrections to Higgs Mass

« Higgs mass grows quadratically with scale of
new physics, A

A

2
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‘ Points to 1 TeV as scale of new physics ‘




We expect much at the TeV Scale

Maybe a Higgs (or something like it)
Maybe supersymmetry (lots of new particles)

— SUSY particles can cancel quadratic growth of Higgs
mass

— SUSY particles strongly produced

— Supersymmetric models have at least 5 Higgs particles!
Maybe extra dimensions

— First signal likely to be Z' like object

Maybe other new symmetries

We’re not sure what will be there, but
we’re sure there will be something!




Supersymmetry is Favorite Alternative to SM
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100 pb™' LHC Exceeds Tevatron Reach
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Suppose we find....

« Missing Er, tri-leptons, same sign leptons
— Classic SUSY signatures
 Have to probe mass spectrum
— Usual method is using kinematic endpoints, M;
— Large QCD corrections to shapes
* Prove couplings have SUSY relations
— This is another motivation for future collider

Understanding new discoveries will be the frontier




A lot of new physics looks alike!

Missing Er, jets, b’'s, same sign di-leptons
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Conclusions

he LHC will only begin the
exploration of the TeV Scale

Expect a golden age for particle physics
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