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In many instances LC analyses will be systematics
limited -> Aim at a ~perfect detector

3 outstanding improvements/LEP-SLD can be
fulfilled with LC detectors:
 Improved vertexing : C (>=70% >80% pure),tau tagging
« ?E/E~1/2 LEP 6/8 jets reconstruction
WW/ZZ separation (+ ??)
e ?p/p<~1/10 LEP down to 100 mrad
Also:
« Hermeticity on energetic /e down to 5 mrad
« L, Polarization, ?s very precise (Z physics)
-> Machine Detector interface activity
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Which Scenario for EWSB?

W T
b / £ I/ /
LEP/SLD/Tevatron legacy:
« SM/MSSM compatible with PM et f%ﬁ
e MSUSY 1-10 TeV ~GUT with some Vet GigaZ
small but interesting discrepanc ol |
! _ _ g pancy ' Va=las _—]
-> A light Higgs Is expected <250 GeV  #} s
H owever: 24 00 194196 198 2 203004 ;%‘iﬂnz“:méufnl

e APpg (NuTeV) not understood Th/exp

e Could be a fake (Peskin-Wells) if there are extra
contributions as in alternate schemes to SM/MSSM

3 EWSB scenarios for LC:

MSSM PM on Higgs couplings with ~10° HZ

mH > 200 GeV  Direct/Indirect signals of new physics
S.1. no Higgs PM at TeV primarily with WW final states

-> Can LC can provide sufficient observables, with proper
accuracy, to cope with these 3 scenarios (including GigaZ/W)
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Scenario 1
Is this the MSSM Higgs ?

E. Gross
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D.J. Miller et al.
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Scenario 1
Beyond MSSM (suite) ¢ sodemacta

g

» Detection does not depend on final state BR b
Example Invisible decays: ok
Long list of channels: 06 |
- h->??%ith non-universal gaugino masses 04 |
-?G within GMSB "
- Gravitons GG, Graviscalar mixing | |
- Majorons JJ, ADD ?. ?rkk... R iV
-> High sensitivity 5? BRin=2% Rad/SM_ J. Hewett et al

» Mixing with an other scalar field ol

Radion ?ggat 5%
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Quantum level consistency

LOOO

MuDirect=Mu Indirect ? 100

GigaZ ?sin22w~105 with Pe+ M, -

10 ¥ ¢

WWer 2Mw~6MeV E from Z at 5105 ?s T~
Improved experimental inputs L | | |
Improved theory (Loopverein) TODAY eeSCAN LHC — GLC

?MuIndirect-5% (~50 % at LEP/SLD) Compenents of kinosity theoratical error a LEP1

OTHER (Z, etc.)
Light PAIRS
VAC. POL.
PHOTONIC + TP

(WW+ngives ?Mn ~10%)

Recall that LEP/SLD did much better
than anticipated

1@!91 1922 1993 1994 1995 1996 1997 1902 1099 2000 2001 2002
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Scenario 2
mH > 200 GeV

mH inconsistent with SM/MSSM
-> find the ‘guilty part
With direct evidence at LHC : e.q. Z
-> Decipher the message, Z-Z' mixing
at GigaZ, interference at high ?s
Many scenarios, well separated if
Z’ mass given by LHC
In UED no Z' f coupling, isospin
violation seen with ? at GigaZ
1T no evidence at LHC
-> Use LC to estimate the new scale
Also possible within SUSY (‘Fat Higgs’)
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Little Higgs with mH>200 GeV

-> From LEP/SLD Most Z’ scenarios do not favor mH>200 GeV
What about Little Higgs ?
A viable alternative (hierarchy) to SUSY:

H ~ PG boson of a broken symmetry (several groups
possible), perturbative theory up to 10-100 TeV

Cancellation of quadratic divergences on mH=
-> New objects: BW t' H'..
B’ can contribute to ? and can ‘hide’ a heavy Higgs
mH>200 GeV possible given sinZ2?ers + Mw from LEP/SLD
with mB’' > 2 TeV and adjusting g's/g'sm < 1
If LHC finds e.g. B' -> LC to identify the LH scheme
1T not, LC can predict mB" and indicate upgrade L/?s needed
at LHC (or at future colliders)
-> Strong LHC/LC synergy
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Scenario 3
No Higgs

ECM=800 GeV L=500 b’ ete” — WHW—
| |

LET M =25TeV 1.6TeV
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T. Barklow
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?2s | L | M? LET
GeV | fb! |1.6TeV
LC (05 |300 |167? 3?
LC (0.8 |500 |38? 6?
LC |15 |200 |204? |57
LHC |14 |[100 | 67 57

I J=0,2 1=0,2 resonances
-> use e+e-=??W+W-

also

7? =x\W*\W-

B - Jos
68% C.L.
; -0
Aoy (GigaZ)
- A{l_ — {} ——”‘:}
—0.5 () 0.5
?2

5 TGC conserving P, SU(2)cust
- 3 with WW+ GigaZ

- 2 with ??2WW
??7%?ewss/?)2

*All LC limits reach ?> ? ewss
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The SUSY scenario 7 E

—

SUSY is the leading theory: 1 ExperimenT—Theory

- compatible with PM (light H) 120

- mass hierarchies up to Mpianck BNL Jan 2004

- compatible with GUT Mo GeV

- link to cosmology (e.g. DM) e " Foeds

No unique SSB mechanism ool No BIEE )

Essential goals of LC after GC-2 g8 o Y

SUSY discovery by LHC: 1000 F

- to understand SSB ool ? HIggSAnnl hllatlor:

- to determine mass and e

couplings of the L.SP for ol Co:annl hllaIIOI’}

cosmology

Using mSUGRA, for pedagogy, 100 |- 8 ¢ Charged ISP -

4 regions consistent with DM 50: e
100 200 800 500 700 1000 2000

Myi/> GeV
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Caveat: Flavor constraints

B.E. Sauer

1 O":"} neutron:

electron:
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DM at LC

LC will accurately measure m? and couplings,
l.e. Higgsino/Wino/Bino content (polar.)

-> Essential input to cosmology

-> Input for non-accelerator searches

In the ‘blob’ (B) mSugra scenario, LC ”

H. Baer et al

. mSugra with tanP = 10, A=0.u>0

& €020
@ LEPI excluded

accuracy on m? ~0.1 GeV, m? ~0.6 GeV
-> Prediction of ? pmh=2 with an accuracy
~ CMB anisotropies

-> A mismatch would reveal different sources of
DM (Axions, AXinos...)

Also access to me,, mer. m? up to ~TeV

Less precise, but still possible (cf. LEP2)
In a mass degenerate scenario
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WMAP' | 7%
LHC ~15 %

‘Planck’ ~2 %

LC ~3 %
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LC and SSB

 Model independence (large set of observables LC+LHC) High

accuracy SUSY needed to to access to the underlying SSB
mechanism

e Lesson from LEP/SLD on GUT -1/Mi GeV! G plairetal
e Subtle differences (loops) 0.01
expected on Mi at unification
e LHC Ms error (gluino), due [
to correlations 0.006 |
->with m? from LC ?M;
Improved by a large factor -
-> Reconstruct fundamental param 0.002 |
of an effective string theory '

0.008 |

0.004 |

D 11 1l 11 1l 11 1l 11 11 11 11 11 11 11 11|
100 108 107 10" 10'R'®
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Summary: Why do we need a LC ?

e To provide the full picture on an SM/MSSM Higgs

e To provide an answer on EWSB with difficult or unexpected
scenarios : heavy Higgs, reduced Higgs x-section

e To access to the SSB mechanism with LC+LHC measurements
e To predict precisely, within SUSY, ?7puh=

e To interpret unambiguously an unexpected discovery at LHC,
eg.aZ oraKK?

e To estimate mass scales beyond LC/LHC reach (~LEP/SLD):

- Deviations on PM on Higgs couplings translated into, e.g. mA
or Z' mass

- Test of the theory at the quantum level which can reveal
new mass scales (e.g. LEP/SLD and the Higgs mass)

-> New fTrontier: improved LHC or future colliders CLIC VLHC
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Apologies

Physics with CLIC
SUSY and the neutrino sector

Xtra dimensions: various schemes alternate or combined
with SUSY

Non-commutative effects

Transverse polarization for Gravity induced effects
SUSY and CP violation

e-e-, 7?and 2 physics

QCD
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\| S O &

rh..che
— =
o+ 5= >
C
SJ %2 —
> D &
D o L=




Neutrino Sector and the LC

RP violation could be the answer but then loosing the neutralino
solution for DM (Alternates: Axion, Axino, Gravitino...)

The seesaw mechanism is the favored explanation but seems

Mee not too small??dscillation if ? ;finite)

1t could have very interesting cosmological implications
(Baryogenesis, inflation)

Experimental consequences are parameter dependent (mass of
heavy neutrino, phases) but there could be observable signals:

- Rare decays ?27?7?e?PSI) 72?7?7271 HC, super Bfactory)

- Flavour violation e+e- 222727727777
e+e- ??‘??’79....-.5????’?
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F. Deppisch™®*, H. Pis't, A, Redelbach', R. Rickl', ¥. Shimizu®"
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Figure 6: Correlation of ajete™ — vHu— + 'Ei'f'] at /5 = 800 GeV with Br{r — pu7) in

seenario (from left to righty C, G {open cireles), B and I for the case of very light neutrinces.
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GUT scale effects

e« SUSY-GUT assumes that there is a
‘desert’ from ~1 TeV up to the GUT scale

e The see-saw mechanism suggest that
there could be a new scale > 1019 GeV but
below the GUT scale

-> The slepton masses would not unify
anymore in an mMSUGRA scheme as can be
seen in the example of a LR SUGRA
scenario

 PM of slepton masses at a LC could
provide a window on this new scale and
even lead to its measurement
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P.M. Zerwas et al
Hep-ph/0211076



Restilts for qﬁ” . olete s wrw)

J;n T fd.z-‘ﬂt ete = gata=) Ks)

bare cross section infegrated in the region
D.37 GeV? < M?__ < 0.93 GeV~

KLOE result: 3™ (0.37-0.93) = 378.4 + 08, + 4.9, * 3.04., %38
032% 12% 08% 1%
It wil Jo to . (0.2% 1.O% O.8%

Published CMD-2 result: 3, (0.37-0.93) = 3786 + 2.7, + 2.3, 4.
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