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23:59 March 29, 2010... waiting for collisions
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23:59 March 29, 2010... waiting for collisions

the LHC results will set the agenda for future colliders
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Early LHC data: shaping the future of HEP

@ Results from the LHC will drastically improve our knowledge of TeV
scale physics

@ Complexity and size of possible future acceleratorexperiments
= need to plan ahead for future programme

@ LC status so far : there is a strong physics case for a 500 GeV LC as
the next step beyond the LHC, even before we know what the LHC will tell
us (consensus documents, . . .)

@ Early LHC data
= shape the future of par ticle physics

= We will need to reassess our future options in the light of
results of the LHC and the Tevatron

<3 A)e{g/e/n, 7’34(1%&(5@, 2009
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Early LHC data: a possible window of opportunity

@ Exciting results from the early LHC data could open up a window
of opportunity for securing a long-term future of the field:
possibility to bring a new major facility on the way

@ The particle physics community will have to act quickly and speak

with a unanimous voice:

= We will need to come up with a convincing and scientifically
solid conclusion on how to proceed

= It is useful to discuss possible ways ahead already before the first
LHC data become available

<3 Me{g/e/n, T:Saéé(éd, 2009
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Which early data for which physics?

LHC10=LHC2010?, LHC10Tev 10/5?
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Z timeline
"How bounds from existing experiments affect the discovery reach

in the very early phase of the LHC?"
flavour universal anomaly-free Z': 3 parameters (Mz, gy,gs-L)
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more stringent for heavy Z' more stringent for light Z
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GUT-like Z' discovery requires ‘large’ luminosity & energy
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SUSY timeline
J. &/is @ Sz‘r/ngé 2010

All-hadronic Reach project to 7 TeV
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Discovering light SUSY at early LHC is still possible
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SUSY little hierarchy pb

SUSY need new (super)particles that haven't been seen yet
SUSY (at least MSSM) predicts a very light Higgs

@ Tree-level
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requires some fine-tuning O(1%) in mz
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SUSY little hierarchy pb

SUSY need new (super)particles that haven't been seen yet
SUSY (at least MSSM) predicts a very light Higgs
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SUSY benchmark points accessible at early LHC are
either fine-tuned or required a yet unknown dynamics
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Higgs timeline
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Benchmark luminosities

@ 0.1 fb!: exclusion limits start carving into SM Higgs cross sections
@ 1 fbl: discoveries becom possible if my~160-170 GeV
@ 10 fb!: SM Higgs discovered or excluded
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Higgs timeline
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Higgs couplings Higgs self-couplings

not early physics!
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Higgs: elementary vs. composite

SM Higgs

decay rates depends only on my

composite Higgs
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Higgs anomalous couplmgs @ LHC

A (0BR)/(0 BR)

| 0 B % R T
[ cn 112 / f = 1 /4 o(VBE) BR(h—>WW,2Z) -
RO TR 5o SUMN e 1y | Sewess o(tth) BR(h—>yy,
[+ Gl 2/f2 =1/4 = U;h))BR(h(I—Hi)))?) -
T'(h— fNepn =T (h = ff) oy [1— ey + ca)v’/F] 0.5 I =onee o(VBE) BRI—> 1)
['(h— 99)sien = T (R — 99)sm [1 —H{2cy + CH)UQ/fQ] % s _
8 :
RN S, o J
S R i S ;
observable @ LHC? 05 | e T A e -
_____________ :
2.0 :_ agq;ﬂi))%?}h_’n)) 1.0 |; l ik PR RO l g _pictp o) l Futd Nl F l T Rl {
- g 1=y, g T 140 160 180 200
S P A A e e e s o(h) BR(h—>yy,
o A TLAS e oty Bfevil g (GoV)
e vy s s SRRl Lt o(Zh) BR(h—> yy)
L / oz LHC can measure
; >
1.27Es & e )2
1.0 - CHﬁa Cyﬁ
0.8 =
o up t0 0.2-0.4
04 F- l.e.4rf ~5— 7 TeV
0.2 = i ; <
0.0 Bualicealasealo . P otE SR (ILC could go to few % ie

110 115 120 125 “130° %35 130" 108 e test composite Higgs up to 4rf ~ 30 TeV)
mygy (GeV) Duhrssen ‘03

Christophe Grod'ean é-df‘/y LY/C data and Neeo p/ZySI‘CS 7 Ee(“/'/ng, LCWS, March 1%,



Higgs anomalous couplings @ LC

single Higgs production

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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L=1ab !

Aag ~ 0.006 =) Anf ~ 44 TeV

mp=240 GeV
Aag ~ 0.02 =) 4dnf ~ 22 TeV
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Higgs anomalous (self-)couplings @ LC
double Higgs production
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e+ Y, e+ 5
e+ 4 é
Z é/,‘/ é W+ 0 é W+ - é
% ..:\ ; -
2 W ~4 /4 & 7
; Z 3 14 i 14
e e

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

it allows to constrain a
mu=120 GeV i

L=1ab! : | mn=120 GeV
Aag ~ 0.1 =) 4nf ~ 10 TeV
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Higgs anomalous couplings @ CLIC

mn=120 GeV —37Te mn=120 GeV — 3Te

L=1ab !

Aar ~ 0.002 =) 4nf ~ 70 TeV Aag ~ 0.04 =p 4nf ~ 15 TeV

a factor 2 better than ILC
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Composite Higgs search @ LHC

Espinosa, Grojean, Muehlleitner '10

the modification of Higgs couplings and BRs affects the Higgs search
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Composite Higgs search @ LHC

the modification of Higgs couplings and BRs affects the Higgs search
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Composite Higgs search @ LHC

Tevatron

Tevatron

180 200
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No Higgs timeline

What is the scale of strong WW scattering?

S

-ATT—>TT ~ ng(t/s) »ALL—>LL he. ﬁ

f is a rational fct
expected O(1) for t~-s/2

onset of strong scattering at the weak scale ;
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We should expect strong scattering to show up around the weak scale
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Total cross sections
disentangling L from T polarization is hard
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The onset of strong scattering is delayed to larger energies due to

the dominance of TT — TT background

The dominance of T background will be further enhanced by the pdfs
since the luminosity of Wt inside the proton is log(E/Mw) enhanced
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Coulomb enhancement (SM)

the total cross section is dominated by the poles ~ Wy,
in the exchange of y and Z in the t- and u-channels Al |

erkonal limit
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=» T-dominance is the result of multiplicity and larger SU(2) charges <=
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Hard scattering (central region)

we need to look at the central region, i.e. large scattering angle,
to be sensitive to strong EWSB
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Triple gauge boson couplings (TGC) @ LC

Ly = —igcosOwglZ" (W“L”WM_V — W_”Wj,/)—ig (cos Owkz Z"" + sin Oy ky AMY) W:W;

TGC are generated by heavy resonances
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LHC is prepared to discover the "Higgs"

collaboration EXP-TH is important to make sure
e.g. that no unexpected physics (unparticle, hidden valleys) is missed (triggers, cuts...)

Should not forget that the LHC will be a (quark) top machine

If we are lucky we might discover new physics rather early

but if we want to understand the physics responsible for EWSB
we'll certainly need more luminosity

even if LHC sees the Higgs and nothing else, there is a strong
physics case for the ILC to understand the dynamics of EWSB
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