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50th anniversary of CERN

10 TeV collisions could be reached sometime in August



Before the LHC:

Summary of the SM Higgs at Tevatron

=> Limits and expected significance (with improvements)

: Tevatron Run 11 Preliminary =
= 107 ey 1]
R N T 5 2
*g F Tl Wl 1 E
= - 1 o T L o
g L e e _ OFlNa— Hal
-1 10 e ."_',“:"f-' . ) )
= - : & o
o C d
&
it
o

last two accelerators:

Dilccm::} 1
el AW Wi 3055 i

o 16,55 3
e

*Tevatron (2009)

ST NTRTE TR FE TR NN EETE W TR FTR A N
110 120 130 140 130 160 170 180 190

| ]
el e DY e 3L e UA EN

=

2 4 6 & 10 12 14

Integrated Lummosity (b []

- HERA (2007) my (GeV)
= Need to work on further improvements
HERA predictions for W/Z production @ LHC: W cross section, fit uncertainty

c without HERA data  HERA data one experiment HERA combined data
2 i . :
O - b
Q0 15 A
\) - 3
v '_I."' = ]
o %
S e - ;
= = . , ] o

e e S —— ——— Y 3
+20% o E 0% = ——— — 0= - ——

& E Lo e ;ﬂ_ﬁ i 3 2 —_1“_.11__1 T 3 4rg e e 3 F |

AR s Wzr'cqf?lidh:i - W rapidity ) W rapidity

Calin Alexa, Mini-workshop CERN - IFIN, IFA, 23 lunie 2003




Open Questions beyond the Standard Model:

* What is the origin of particle masses?

* Why so many types of matter particles?
* Matter-antimatter difference?

* Unification of the fundamental forces?

* Quantum theory of gravity? Black holes? Dark Matter?

* New state(s) of hadronic matter
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The first Higgs @ LHC ...
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10 TeV collisions could be reached sometime in August
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Physics @ LHC - main goals:

* Explore a new energy / distance scale
* Higgs boson

- Supersymmetry, Extra dimensions, ...
* Heavy Ions

* Find something that the theoretical models did not expect
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If M, ~ O(1 TeV) - Black Hole Production possible at LHC
N.Arkani-Hamed, S. Dimopoulos and G.R.Dvali [hep-ph/9803315]; S.Dimopoulos and 6. Landsberg [hep-ph/0106295]

BH decays with equal probability to all particles

BH evaporates into (qand g : leptons: Zand W :nand 6 : H) =(72%:11%:8%:6%:2%:1%)

(hadron : lepton) is (5 : 1) accounting for t, W, Z and H decays
S.B. Giddings, S. Thomas, Phys.Rev.D65(2002)056010

o ~ RS2 ~ O(100)pb
BH lifetime ~ 1027 - 10-2° seconds

ATLAS Atlantis S o000z ATLAS Atlantis Event full 6.1.0_163 00002
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A quantum theory of gravity?
two major problems have not been resolved yet:

the hierarchy problem and the cosmological constant problem

the existence of new dimensions can help in the
resolution of these two enigmas and might (dis)prove

the fact that gravity becomes strong at sub-millimeter distances

new physics phenomena can be brought to light if we

consider that the fundamental Planck scale could
be as low as 1TeV for "n > 1" (ADD)

only gravity and other non-SM fields propagate
in the full (4+n)-dimensional spacetime;
all SM fields are confined to a 3-brane extended
in the non-compact dimensions

in function of n — deviation of Newtonian gravity
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Astronomers say that most of the matter in the Universe is invisible Dark Matter

Atoms

Is the Dark Matter Supersymmetric? 4.6% E:;‘r‘w
72%
SUSY can provide plausible WIMP Dark matter candidates. Eﬂfm
23%
Cosmological arguments prefer WIMP mass
Combining with Astroparticle & Cosmology measurements,
would reveal the relation of the SUSY LSP to the dark matter 1oAY
Neutrinos E'Izrt‘:er
10% p
Photons
15%
Atoms
12% 13.7 BILLION YEARS AGD
(Universe 380,000 years old)
~0
Lightest SUSY particle (LSP) cannot decay, Z 1

hence potential WIMP Dark Matter candidate
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A Standard Model Higgs boson could be discovered with 5-0 significance with 5fb-!, 1fb-!
would be sufficient to exclude a Standard Model Higgs boson at the 95% confidence level
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Standard Model particles have supersymmetric
partners, differ by 1/2 unit in spin

Supersymmetry: early days @ LHC

Standard particles SUSY particles

Quarks o Leplons . Force particles Squarks ) Sleptons (D g;J:;gmG
- Discovery reach vs time with jets + E;™ss signature (most model-independen
E 1400 T T T T T T 60 - 1/0. .
& o E e Signature ' without SUSY
= i tan( i) = 10, 1 = 0, A, =0 ;
5a discovery curves S0 F
1200 28y,
40 -
band indicates factor + 2 variation i
1000 4 A= :
/| in background estimate 3o E
800 =] ~ 100 days : 20
up to 2.3 TeV : .
P o with SUSY
600 | 1/a,
O = 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
el 0 10° 10" 107
400 : energie in GeV
Discovery reach for °

200

0

0 200 400 600 S00 1000 1200 140

But : it will take a lot time to understand
the detectors and the backgrounds ...

~ "1 day" @ 1033:
up to 1.5 TeV

squarks/gluinos
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Time

mass reach

1 month at 10°3
1year at 1033
1year at 103
ultimate (300 fb1)

~ 1.3 TeV

~ 18 TeV
~ 2.5 TeV
~ 2.5-3 TeV
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Heavy Ions @ LHC

New kinematic range @ LHC Quark-gluon piasma

Initial state Preequilibrium ” and . Hadronization Hadronic phase

New State(s) of Hadronic Matter

Phase diagram probed

in heavy-ion collisions
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What we expect after the LHC?

SLHC?

ILC?

CLIC?

DLHC (double LHC energy)?
TLHC (triple LHC energy)?

Depends on the LHC results

Answers available in ‘2010’
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