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Goals of physics at the LC

¢ Discovery of New Physics (NP)
- complementary to the LHC
- large potential for direct searches
-~ impressive potential also for indirect searches
¢ Unraveling the structure of NP
- precise determination of underlying dynamics and parameters
- model distinction through model-independent searches
¢ High precision measurements
- test of the Standard Model (SM) with unprecedented precision

- a@ven smallest hints of NP could be observed

—| Beam polarization = decisive tool for direct and indirect searches!
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General remarks for all kind of searches

& Expected: e- polarization of about 90% ....... won't such high P(e-) suffice?

& Precision measurements require:
- high statistics! Often only small rates in new models.......
- determine and testing the properties of the particles
- determination of the kind of interactions
- verify/falsify the underlying model

- some thresholds scans of new particles needed: cost luminosity, can be
optimized via good measurements in the continuum

- deviations from Standard Model predictions may lead to discovery of NP in
indirect searches: high energy and high lumi needed

& Beam polarization of e- and e+: either a) substantial and/or b) lucrative!
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Polarization report
"The role of polarized positrons and electrons in revealing
fundamental interactions at the Linear Collider'

¢ Physics case for polarized e- and e+ established
- 150 pages, ~ 80 authors, ~ 35 institutes (CERN, DESY, Fermilab, KEK, SLAC)
- incl. 90 pages physics, 20 pages machine, 20 pages polarimetry
- GMP et al., hep-ph/0507011, submitted to Physics Reports
- http://www.ippp.dur.ac.uk/~gudrid/power

- Thanks to all authors and special to S. Riemann, P. Osland, N. Paver, R. Pitthan,
P.Schueler, J. Sheppard and M. Woods !

¢ Executive summary, 12 pages, same webpage

¢ News from physics with polarized beams in Standard Model Physics,

Supersymmetry, Extra Dimensions and other kinds of new physics
- focus on use of P(e+) compared to P(e-) only
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General remarks about the coupling structure
& Def.: left-handed = P(e)<0 'L right-handed= P(ex)>0 'R’
¢ Which configurations are possible in annihilation channels?

<«— contributions from LR, RL: SM and(?) NP (y, Z)

<«— contributions only from LL, RR: NP !

« Which configurations are possible in scattering channels?

- <«— depends on P(e+)!

helicity of e- not coupled
b q

_6_

<+ depends on P(e-) !

with helicity of e+ !
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Well-known statistical examples - warm-up

« A warm-up: gain effective polarization P+ and AL p

~= For many processes (V, A interactions) the cross section is given by:

O(Pe- Pey) = (1- Pe. Pey ) 09 [1- Pess ALg]  With Pess = (Pe- - Pes) / (1 - Pe. Pey )

errors completely independent
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¢ P(e+) = strong 'lucrative’' factor . both beams should be polarized!

- P(e+) of about 60% sufficient with AP /P = 0.5% for physics studies
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‘Safe physics' - determination of top couplings

¢ Process:e+e- *>tt (testof couplings t *vy, 2)

r;l? = te{y" [Fll + F)'} ’T ]
+IR[Fyy + Fo°])
¢ Studies at threshold:

Uy — (1 — % EIHEHH.') via A g
— &quHfFlLHW&PEfffpﬁff

= (80%,0)—(80%,60%): factor 3!

e Studies at /s = 500 GeV:

only for F°. so far!!!

estimated:

= (80%,0)—(80%,60%): factor 3!
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Higgs searches in the Standard Model

& Where do we expect the Higgs?

— 0.0275810.00035
== 0.0274910 0001 2
ves incl, low QF data

—> my <207 GeV (95% CL) 5-
(LEP, SLD, CDF, DO + LEP-2 direct limit) 4-

i I8 I
<]
« Light Higgs expected but heavier '
2 ] —
Higgs not excluded! -
1 - =
_ | Excluded "\,
¢ 'Higgs' task for the LC: Ualy © B T -
mass measurement, spin verification,
P m,, [GeV]

couplings determination

—» Establish the mechanism of elctroweak symmetry breaking!
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Beam polarization for Higgs searches

¢ Light Higgs, e.g. mH=130 GeV: HZ and H vv similar rates

¢ P(e’), P(e+) needed for:

- separation ?nnfiguratinn Scalm_ﬂ factors
_ (P, P.+) ee” — Hvb |ete” = HZ
- background suppression (180%, 0] 0.0 087
¢ 6(HZ)/ o (Hw): (—80%, 0] 1.80 1.13
(+80%,0) — » (+80%,-60%) '|:‘|‘8[:| *—tﬁl']?ﬁ! 0.08 1.26
(—80%, +60%) 258 1.70

— improves by factor 4!
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Further Higgs topics

& Mass measurement in the continuum: at LHC up to 100-200 MeV and
at the LC at top threshold (¥s=350 GeV) and at Ys=500 GeV up to 50 MeV !

~ threshold scans (i.e. at ¥s=205-300 GeV) mainly needed for spin verification, but
due to excellent masses from continuum, only about 3 energy steps needed

« Couplings determination: high rates and lumi needed
~ measurement of couplings in Higgs-strahlungs process at Ys=350 GeV
- beam polarization (80%,0)  (80%, 60%): improvement by about 30%

-= triple Higgs couplings: either in HHZ or in HHvv:
at Vs=500 up to 22% and at 3 TeV up to 13% (both cases: unpolarized beams)

~ estimate: further gain of 30%-50% precision if both beams polarized (CLIC rep)

- side remark: P(e+) always helps even if Signals scales like Background in S N B

& Polarized e+ very useful even in Higgs physics (factor 4 in separation, 30%
in couplings, etc.), in particular at ¥s=350 GeV and 500 GeV
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Now new physics - Supersymmetry
¢ One of the most promising candidates for physics beyond the Standard
Model (SM) is Supersymmetry (SUSY)
- model with high predictive power

- every SM particle gets a SUSY partner with the same quantum numbers ( with
the only exception of the spin quantum number)

- all these assumption have to be checked experimentally!

» B "' % T F ] % T % fr v & a8 T+ 3
& In which range do we expect SUSY? | = E
100 . 2
- at least some light particles should 5 : sadtf
. 8 o —
be accessible at 500 GeV s T . % 5" !
" gl e mes ?, CMSSM. =0, m, =172.7 ]
. B - "_ « tanp=10,A_ =0
-= best possible tools needed to get = - i
maximal information out of only the . e  tanB = 10,A,=-m,, :
. L tanp = 10, A, =+2m ]
partial spectrum g SRl
% 'zfl.ru' ' |4-IEH'.‘I-I — 0 'afIJ-r:r' 000

""-:ff,' mi: [GeV]
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Test of SUSY quantum numbers

¢ Association of chiral electrons to cte— st ot .00
= g = B TREp gl PR TR XX
scalar partners €; p <> € p .
and E’EEH = éJ—E',L : 04
) s-channel ) t-EhanneI B P+, P =400
BL}R eR,L BL BL 0z | ]
Y, 2 i . ! 0 i >t
/;\1\ Dg _%-
T ~T T st
€ € € L eff 0.4
RL RL L I b
Fe- 0 PE+ —:{)
1. separation of scattering versus st S
gy 05 [ 4O s = 500 GeV
annihilation channnel wl g V®

0 a0 1ao 150 200 250
cross section [fb]

2, test of 'chirality': only E}+ €, may
survive at P(e-) > 0 and P(e+) > 0!

¢ Even high P(e-) not sufficient, P(e+) is substantial!
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SUSY mass measurement im continuum

& To optimize threshold scans: precise continuum measurements important!
« Worst SM background is WW-pair production
~eg. ete” — [if piip p
Muon energy spectrum: p*y~ events (incl. WTW™) at /s = 50 GeV

« Strong WW-backgr.:

= all edges observable .-
only with P(e-) and P(e+) =

LEEL

- at 65 GeV and 220 GeV mﬁ

—lig

WW backgr. '

R

gon | Wiy bac:kgr.
S /B = 0.07 (+80%,0) |
S /B=0.46 (+80%,-80%) | . Besmarens,
P\ P) = (J80%. +80%) (P Po) = (+80%, +80%)

¢ A(mj,,) ~ few GeV if both beams are polarized !
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SUSY parameter determination

« The 'minimal' SUSY model has already 105 new parameters

- experimental challenge to determine them as model-independent as possible
& Complicated interplay of SUSY parameters

- as many as possible observables needed!

- particularly important if only partial spectrum

accessible oy 8 Pe- = +90%
: : - Ja=1 Vv
— disentangling of channels : ‘/g Sl
. : € s} ™. X0
- P(e+) gain in cross sections up to g w0}
S a5t
factor ~2 wrt to P(e-) only 8 |
- successful examples worked for ¢l -
. E v
LHC/ILC interplay! (hep-ph/0410364) & | 1% ey RS
R s o o w0 g
¢ P(e-) and P(e+) extremely useful ! e P+
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Extended SUSY models (R-parity violation)

« Scalar particle exchange in s-channel: ete- —» v, —» p+u-

—> spin O-GT' favours LL configuration, but e.g. an extra gauge boson Z' in
the extended SM favours LR!

ete” — v, — putpu~ ete” = 2" — ptu~
_'T'Ei' JE8 ER.AE S TRTR L, TR0 L TE R TR T . AL EE_
= | Po— = —80% Py = +60%
eal i 20-
P_=—-80% P4=—60%] :
3 - 4 _ 15 li
18
s o L=}
L = 1
2 1|:|_
: ] = —60%
1| 5]
D g o b oo 0g g ol oo o0y gyl 503 - = - ————
500 550 600 650 00 T50 200 600 G620 640 aa0 GaEO 70O

7 [GeV] Ye[GeV]

¢ direct test of spin in resonance production if both beams are polarized !
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Polarization in indirect searches

& Who guarantees that we will ever reach the new scale?..............

¢ Indirect searches important --- however strongly model-dependent

- e.g. searches for contributions of extra gauge bosons Z'ine+e- > ff:

- 'l
= .
X e = 1.0 TeW
-Q.2 s #'. -“‘«.i {i- ok
’ B Rl ™ '
m’; known e - % 1 a4 m’; unknown
_ﬂ.q' " |I % : .| i ". I| i l"-.\.
BN DU B & i
; I| hﬁ 'I - g l-:.l" § lII,II.‘I
| l_-' i - [r1- ;l:'k " 1 =
_D.E _.-' ¥ ‘"‘:\,:.1 II' .
L e q..'_."..li"‘lr"
= 1.8 :;?'-: g, = 1,0 TaV B TR !
=15 T v hd
1 -—- Fle")=0D | ¢y modsl imy = 5 TaY!
- 0 0.2 0.4
L= 0.1 uru a1 0.z
Oy =T

- determination of couplings and mass: gain factor with P(e+)~1.6 cf. P(e-) only

& E.g. P(et) decisive for model-independent bounds in contact interactions
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Indirect searches: extra dimensions

¢ Transversely polarized beams (only effects detectable of P(e”) and P(e*) !)
- enables to exploit azimuthal asymmetries !

& Distinction between SM and different

models of extra dimension: arbe— _pai
T TR T g5
{ILEIIII._ 1,'- s l- HE |
| - L, swm L
~ asymmetry signals contribution , - e . ]
from spin-2 graviton & sk il J 3
0 S} Do £
0.003 — ADE}-_!,,!'_|‘}l &
_p.004 — 3 |_ J 4
Ilﬂ 1!|5 ﬂll.'.l e I:IIE- = I 1.-I!{|

¢ Access to new CP-violating kind of interactions in tt, yZ, W* W"

—Transversely polarized beams very effective, need polarized e” and e* !
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Last-but-not-least: SM physics tests at GigaZ

¢ Measurement of sinz(-)eff inefe” »Z » ff:

usually A P/ P ~ 0.5% sufficient

SAg llj 2
(maybe A P/ P~ 0.25% reachable !) o s’ ro
9 e 2 _F - _,.; 13 =
ALH = 2(1—4 sin .q.{}.f'.f;l’i }_ - | | PF=08
14+(1—4s1n“ & '!:“. It )2 " I".
Blondel -:.rr:r.’r'.i T, :'_r; to ™ —g* | o L 12 |
= | (e*teEtati+atil)(—a" IrrLI-r et
© with AP/P~  andP(e)=80%only: ‘x\_
= A sin’ ﬂfﬁ =85 x 18" 4 B e~
\ 1
(e with AFP/F =0.25% and F. = 90%: 0 |

Loy A AN A A A | EFETECI A B A A I A L1
0.1 02 03 04 05 0 0.7 05 00 1

AR, = § %3075 y 2 P

¢ with Blondel scheme: [ P(e’),P(e*) ]= [80%,60%] :| = A sin® ﬂf;“. = 1.3 x 1077
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Impact of GigaZ precision for SUSY searches

& Gain of about one order of magnitude in Sinzeeff ;

— Prediction/constraints for my, and mys

GEEE‘_:I I T I T T I T T I T T I T T I ':'.?313!:'1 ] ] I i L] I L] ] I L] ] I L] L] I ] LI I ] ] I

023180 - . g‘,;-.nhl
[ * CMSSM, > 0

%
g A s tanf=10,A =0
= i o taBut0 A wim
023100 - e tanB=10,A,=-m . —
o lanf= 10, A =+2m . -
| -E-;:p-ertﬁe-n‘ual &ffarg.! 1 i '_ E:peﬂmenulerr'cﬂ: 1m|_!|.| 10, Au- 'Em.l.‘! _'
02305 today - I today i
— GigaZ 8%k e polonly . — Giga?, 807 e pol. only
I — GigaZ 80% ¢, 60%e pol. | R —
0.2300 | i | i | i i i S SN Y ST YT YN IS S RSN W SN A (S T O
100 120 140 160 180 200 200 400 600 2 B00 1000 1200 1400
m, [GeY] My [GeY]

«| Gain': bounds on SM my ~ order of magnitude, on my, ~ factor 5!
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Many more examples in hep-ph/0507011

& Summary table of the polarization report:

£k (b By, 717
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" i i . ill.ll—_u

CPFW in g3
REPV in & — ¢ §
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Concluding remarks

¢ P(e+) only gains, independent in which direction the NP points!
- 'enhances luminosity' in direct and indirect searches
- enables separate study of couplings (properties of SUSY particles!)
- improves signal vs background, e.g. factor in light Higgs searches!
- enables 'model-independence’ in indirect searches
- enhances precision in Standard Model tests (GigaZ, WW threshold)

— Polarization more important than 'pure’ luminosity

¢ P(e+) crucial for 'being prepared for the Unexpected'!

— full potential of the ILC could only be realized with P(e”) and P(e*)
—~ in particular important at ¥ s = 500 GeV (‘maximize’ results, outline of upgrades!)

- high accuracy guaranteed: expected depolarization less than ~1% !

— potential of CLIC in the multi-TeV region would also strongly benefit
- high accuracy problem? ... depolarization has to be under control
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Selectron quantum numbers at 3 TeV

& Same scenario, same pairs and same polarization as before

but change Vs =500 GeV —» 3 TeV: - ete—zf prp—ete 90
04 | Fe =409
— gcattering channel kinematically 55l \ eter
suppressed P(e+)
: e
-= Nno separation of wanted €; €, oz
- no test of quantum numbers o4l I -.
08 —
¢ Tunable energy needed, also at 04 | -
multi-TeV region Y ﬂ; | “RER
e_
- here: back to 500 GeV 02
04
55| | Vs=3 TeV
08 - -
0 50 100 150 200 250
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