LC physics program demands precision calculations
* progress on higher-order corrections
¢ 2-loop accuracy for 2 — 2 and 1 — 3 reactions
¢ full 1-loop calculations for 2 — 3,4, ... processes

* progress on simulation tools
¢ Monte Carlo generators for multi-particle final states

This talk: summary of developments (more topical than comprehensive)
achieved since spring 2001 (TESLA TDR) in

— the LoopVerein
(conveners: S. Dittmaier (replacing F, Jegerlehner), W, Hollik)

— the Event Generators Working Group
{conveners: M. Antonelli, S. Jadach, S. Moretti)

Theotetical Tools: §. Dittmaier

oy
I&@ dermlaian Al 2003 vk Cfruaser (W Mumsch ], Thasmica! ool -



2.2 Recent results from the 2-loop frontier
Genuine 2-loop corrections to 2 — 2, 1 — 3 processes

Anastasiou, Gatwmann, Gloeei, | agoita Choat
Feprmudcd, Bmifnoe, Tonak, Ve 10

* Algebraic reduction to master integrals

by integration by parts, Lorentz invariance identities
— calculation of master integrals by ME“IH-—EEIJTIE!E taﬁnaqua

o Temda Yeomans §3 T2

drﬁarenﬂal equations, numermal temnlques

Gertirmarut, Fansuclek O iy, Hsimiels 00

* Direct reduction of full 2-loop amplitudes | P
— higher transcendental functions — mata{i han'nnnm sUms

* Explicit algebraic resulls

¢ 2-loop amplitudes for massless 2 - ! processes
(Bhabha, QCD parton scattering, etc.) =i Sem v ) D freias D

incuke, Gilowtr, Claari Sohmgh
i - remmmra. Wong 19, 9

o E‘IQDP ﬂCD amﬂlmd&s fDI' (LAE t IFFE[S Cearlard . Gehermamm, Glawar I":!.'.II'.:.IIIEP.' =

Mot Feireddi, Ui Somean 3

I—_D-;m Armineian Apil ENG Edalari Dimvimal (WPY Mubich), Mg e’ Teol - i



2.3 Multi-loop calculations in the MSSM
Precision observables in the MSSM

* known: - precision observables in 1-loop order since "94-'96
- Oan,) corrections to Ap

Dijouidi, Gairkvno, Feipmeipeer, Hellis, Jurger, ¥Woiph
e new: corrections to Ap of ("), Oy, ), Olys)
obtained with ~ 1
< induced corrections: ANy~ 2MeN, Asin 0" < 000001

Heinameye: Waiglan '[12

Precision calculations for MS5SM Higgs masses and widths

Feand i ] e s Ll |

* Higgs masses: progress in

- subleading 2-oop corrections
— &Amy, resummation

—new 1-loop renormalization (mainly tan 4)

IRIHIE] '."'.'l'.:_'|'.: HY-

* Higgs decays: progressin ~/OcC4y  and

Dz, Kadndwskl, Solm 9703 Huirmmisgr, Holik, Weigsin 0803

— Higgs and SUSY working groups

Arwineiam. Aprd B000 ol Ditialor 1 blurvion ], Thioormsiosl Tk — 10



2.4 Electroweak radiative corrections at high energies
Sudakov Ingarimms induced by soft gauge-boson exchange

o o

+ sub-leading withis from mass singularities
M!mﬂnzmﬂmmmﬁmlﬁv

1doop 0 4y ol 1-leap
5L () =% S~
o (e, ale

e BT .
1L LT

= Corrections still significant at 2-loop level

NOTE: dilferences lo QED / QCD where Sudakov log's cancel

* massive gauge bosons W, Z can be reconstructed
— no need to add “real W, Z radiation”

~ 16%

o~ —4.2%

* non-Abelian charges of W, Z are "open™ — Bloch-Nordsieck theorem violated
= Alm: universal prescription for improving (e.g. 1-loop) calculations

Apderian Sod Do iedan DFimaler (LIF] ursonl, Thoonoos! Tood - 212



3 Radiative correctionsto 2 — 3.4, . . . processes

3.1 Progressone’e —: 4 since TESLA TDR
W-pair production e"e™ — WW — 4f(++) e

* HacoonlWW  (Denner, 5.0 Roth Wackeroth| w
- anurnalnus triple and quartic gauge couplings
— unweighting procedure and interface fo

® YrESWE  (Jadach Placrek, Slrzypek, Ward)
— combination with - to concurrent MC code
s gross-talk via FIFO files under UNIX/LINUX

* Reliable estimates of theoretical uncertainties (TU) for
— My reconstruction (Jadach etal 01)  AMw < 5MeV
- bounds on anomalous TGC A (Bruneliers etal 02)  AX S 0,005

— State-of-the-art generators include
— full lowest-order matrix elements for ete™ — 4f(++)
—non-universal electroweak corrections in “double-pole approximation”
— improvements by leading higher-order corrections

_—
R D
m Amswithar, Al Jom Edwtan DEimaky (WP Murd]. Theosiics” Fool -5 14




3.2 Electroweak correctionstoe™e™ — vicH
« Fermion-loop corrections (+sfermion loops in MSSM)

Eberl Majmmc. Biams T2 Hahn, Meiteimieyger, Weglen 02

« Full () corrections calculated by different groups

Jegerlehner, Tarasov 02 (only virtual corrections, no numerics)

— diagrams generated by 1~ and reduced with | C 0 TAl

Bélanger, Boudjerna, Fujimota, Ishikawa, Kaneka, Kato, shimizu 02

— diagrams generated and calculated with '

Denner, 5.0, Hoth, Webear 13

- diagrams generated by - 0000

— two independent calculations in "aihean oo (one partially with oo Tools)

Hatin “S8- T

Main complications: pentagon diagrams

.
e
A Calculational techniques
IMproved
—t
"
— S—
ol S ) dmainera, Apet 2085 s T [P Mk, Theomc Too - (67




Total cross section fore* e -« voH

Lowest order: Relative corrections (. scheme):
Troe [h] ;;% =4 [ﬁl Dlevwriai, 5 0O . Rett, Weber 01
AL S R LN P N 4T T T T T
o Bl My =115Ge¥V ..~ 1 - -
5 oo R E 1o - total -
4 ];‘-i- - 2 —"" total ] 5= 4H - -
|| TH i W ----
WW 1 o} THAWW -
ZH+WW ] 5= s =
s ] E 10 | Ty
gy p ] -5} / = -
. j! ] s My = 115GsV =
E E --Eﬂ {y =
P M RN T TN TS NN S —an L b 1 & ‘) 4 |
100 200 300 400 500 600 700 £00 SO0 1000 100 200 300 400 500 600 70O S00 SO0 1000
a [GeV] vz [GeV]

Comparison of results: (/s = 500 GeV, a(0) scheme)
My [GeV]  oues [B] o [b] ol et e — L[9%]

150 GLOT4(T) 60.99(T) 0.2 Balanger et al
61.076(5) 60.80(2) —0.44(4) Denner e al Agraamant
300 10.758(1)  10.30(1) 4.2 Balanger et al.  within CH0H)
10.7552(7) 10.282(4) —a.40(4) Denner el al

e ——— e ———
,_,'___. _._‘ Arvpisrciors, Apr 350 Saokam CFfaier (U1 klpsioh|, Tioowion Raski = w18



“LoopVerein direction” Technique well established

Partial results/special cases

Required for LC physics
(] = leading effects)

+ more ?

0 1 2 3 4 5 6 7 8 9 10#legs |

vaclm graphs seli-epamgies 22, 13 ‘generators
ea—i f —E : :
| = 2decays -
l
sin? @ 77"

man
M Arssmesars Aprk 200 Pty Dot (V) By, Thocvesical T - .55



4 Event generators for multi-particle final states
4.1 Generic generators for parton level
Basic idea: flexible event generator for a large set of final states

Existing programs:
* AMEGI s & ren
Kreusa. Fuhn, Schumaom Saht ‘0107 MIMAME TATE YA group 50
& Afa » OLET i HED &
Mialtam, Shalrer U2 Shelir, Long B4 Pogadopdes [ Manph Panamopaguos
& Wirzaed o (7
Edan 01 Moty 08, Restde M1

HELH g 4 ! Boos e 3 B9 19

Typical features — differences to process-specific generators:
* |owest-order pradictions
improved by universal comrections (parton shower, LL ISR, etc.)
+ many final states. unilorm selup ke diflerent process classes, weal tor studying the
physics potential of colliders

= |ong codes, improvements by radiative corrections problematic / limited
- Usually no! hgh-precision fools

et

[awian Difyrade (WM Mursohl. Theoreios' Teoks - 218




4.3 “True" Monte Carlo event generators

' § A A AT ' W £
I4 (Sjpaband el |, FIEAVYD (Corcellsstali, [OAJC 1 {Bapratal

* Produce actual events as they appear In detectar,
by including parton shower, fragmentation/hadronization, hadron decays

* Mainly based on tree-level 2 - 1, 2 -~ 2 hard scalterings
* Matching of QCD matrix-elements (ME) for one-gluon real emission
to parton shower (e.g., t — bW g, ¢7 — Vg in HERWIG & PYTHIA)
* Recent developments (Extended Study) for LC physics:
o complete 2 — 2 M55M processes available (ALL)
e (X)) ' + Higgs (SM and MSSM)
¢ R-parity violating SUSY in HERWIG & cMSSM in PYTHIA
¢ spin carrelations  3,4-body decay MEs (HERWIG)
* Future/current developments:
¢ some NLO QCD processes (HERWIG, soon PYTHIA)
o progress in C++: HEAWIG+ and PYTHIA

| arusesan apet om St Ditrsnies (WP Munich, Toorsoeal fooks - LE




Many issues for the future:

* complete 2-loop calculations for I —~ 2.3 and 2 — 2 reactions
o Z line shape and Z-pole pseudo-observables (sin® 4.7, etc.)
¢ Bhabha scattering, ete™ — 3jets, elc.

* complete 1-loop calculations for ¢ |/

* improvements in Monte Carlo generators
¢ inclusion of radiative corrections
¢ unweighting procedures
o matching of matrix elements with parton showers in NLO

* general issues
o resummation of leading higher-order corrections
¢ freatment of unstable particles
o parallelization / automatization / standardization

= Many long-termed projects —  continuous support needed !

Eimian s (WP MUnich), Theomiiza! Thom - B




Report from the Higgs Working Group

4 = N
ECFA/DESY i =S - Convenors:
LC workshop M.Battaglia
NIKHEF, K.Desch
Amsterdam A.Djouadi
4/4/03 E.Gross
B.Kniehl
g~
o

Fully simulated+reconstructed HZ event (BRAHMS)

Msus Diasch, Semort from | Higoy Werkiag Greu, ECEAYDESY Workshop Amsbencam, 41400 i




Introduction

TDR conclusion: Higgs mechnanism can be established in all
essential elements

-+ extended study not essential??? No.

Goals:

- close remaining (but essential) corners

- keep up with new theoretical ideas

- further study relation to LHC

- further study yyoption (=A. deRoeck’s talk)

- become more realistic in experimental simulation

Group was (and is) very active!
64 talks (35 exp/29 theo) in 4 workshops

(soery, I canmol mention all of them..)

Many (but certainly not all) goals achieved - good progress

Klaus Deach, Bapodt from e Higge Working Group. BCRYOESY Workshop AmEerdam, 440




Higgs Profile: Quantum Numbers

TDR: Spin from threshold scan
TDR.: CP from angular distributions of ZH

New Ideas:Spin from H=ZZ  miller et al Was, Worek

CP from transverse polarisation correlations in H=11  zower
Observable: pp-acuplanaﬂtf:

Imhof, KD

L,

i 1 :n:uﬁ;um:tu::m GeV, L=1sb"
bath tt - pypy and ©7 — avpv included
CP-even H'
First estimate with detector simulation: w1 CPoddA’ —
> 8o separation between CP+ and CP- L AL L M RESG MASCE SO
for 120 GeV Higgs (350GeV/1 ab1) seosianarity ingla &

Kans. Desch, Report from the Higgs Warkiag Group, ECFRSDESY Workehop Amdlendsm, 41403 ]




Higgs Profile: Decay Modes

New analysis of hadronic BR's has started
using newest tools (ZVTOP, SIMDET4, kinematic fit)

T.Euhl ,FD

study dependen:e on vix Ia*,.ruut
kinematic selection (Z-+hadrons = 1 gEr

and Z-leptons only) not yet optimal E -
0.9

"—IIEM -I.lllll [l !’r'lll'l"l' 'I"l'l'l' :

e | > €[] M=120GeV ] 08 F
22500 . %
: | 0.6 [O-DNPLABYRE. .ff o D
. o eNetdlayer
e TR s (e i

5 0
0.1 0.2 03 04 05 06 0.7 08 09 1
efficiency

preliminary numbers seem to
“sn 8 150 146 168 185 286 ~confirm TDR numbers

M GEV)

Kiars Deasch, Ragon from This Higgs Workisg Group, SCRADEST Workshop Amstendam, 41493




Higgs Profile: Rare Decay Modes

M.Battaglia
H —s bb as rare decay (m, > 160 GeV)
Fusion(800GeV) preferred over Higgsstrahlung(350GeV)
Mg = 200 GeV
; -
g Results for 1ab-1@800 GeV
wt m.(GeV) | S/sqrt(B) | ABR(bb)/BR(bb)
B 180 10.5 11.5%
t 200 7.5 16.5%
L HM |_|| 220 4.1 27.5%
WO W BB “m:ﬁﬁ:::ﬂlﬁ-

Klais Dipsch, Ragort Trom B Higgs Werking Groen, ECFVDESY Warkshap Amsheegam, 4)4/03




Higgs Profile: Rare Decay Modes

Summary of rare decays:

—
*

Rare Higps Dmys!
|

i
e Ty

Branching Eatio

EFS— . P SRS

]

W 9 D M0 1B 20 2 e

[

Kz Deasch, Beport fram the Figgs Wosking Group, E0RRDESY Workshop Amsterdam, 41420 ir




Charged Higgs

Battaglia, Ferrari,Eliskinsn Makxl

new: now with genuine
tbth background

At 800 GeV:
5o discovery up to m=350 GeV

B s Dhsmrh, AepEet i M Fg0n Wiorking Groep, ECFLTREY woncdop Anslindam, 414001 F ]




Theory: new calculations to beat kinematic limit

Heavy SUSY Higgses: pair production dominant = mass reach limited
= explore (supressed) single production modes

1. Charged Higgs:  gre- _, thH- Kniehl et al
Moretrcl et al
e st H
e'e” - WH
2. HEE'I.I"',,:' neutral Higgges Weiglein et al

Tloop, polarized

couple ~cos(f-u) in decoupling limit
=normally no WW-fusion cross
section

Loop effects can enhance the cross sqrt(s)=800 Ge

section (a bit...)
=+ (somewhat) higher mass reach
than for pair production

&l —
400 el 1 100, GO0
A I my(GeV)
a5 Desch, Report from the Higgs Working Groug, ECRADEST Worishop Amgierdam, 4i4m3 | 10



Constraining the MSSM Higgs sector

Ultimate goal: extract the underlying SUSY parameters from
Higgs sector measurements from a global fit

We're not there yet: difficult task since at higher orders,
Higgs sectors depends on many parameters (stop mixing etc.)

Classical example: estimate m, from BR-measurement
Yes! But, BR's also depend on tan f,m.,m,, A,,...,Am, (SUSY - QCD)

We should try to bring the bits and pieces together!

Wiaus Desch, Report from (e Higgs Working Greug, ECFA/DESY Worksaop Amaendam, 474710 a1




Extended Models: XD effects on Hiqqs sector ::‘.E'EZQE;.

Gunicno

LC ability of precise BR measurements allows to distingiush
SM Higgs from mixed state (even if Radion itself is too heavy)

'I theoretically
not allowed

Red contours: deviation of
H-bb BR > 2.50

| Cyan Region: LHC H discovery
Ensured

| Blue contours: LHC Radion
observation in ®=2Z7

theoretically LC regions complementary
E) not allowed to LHC reach

1 S W LI W S
0 160 150 K =0 n ] i

e e ! i

Klaes Desch, Report from the Higgs Woreng Group, BECRADESY Workshaop Bmserdam, 47403 &




Thoughts About The Future

What are the goals for a Higgs working group in the next 2 years??

Experimental:

» Physics studies as crucial input to detector R&D

* Reexamine influence of machine parameters (Luminosity, Energy,
Time structure, Backgrounds) on physics performance

* Become more realistic in simulation of our benchmark processes
(recoil mass, BR's, ZHH)

» Continue quantitative evaluation of the running options
in vy, ey, ee- modes (mass reach, light Higgs couplings, ...)

Kimig Deemhy, Rapor from tha Higgs Werkieg Group, ECTA/DESY Workshop Armsberdem, 4740 42




Thoughts About The Future

Facing Experimental Reality:

o full simulation (BRAHMS/MOKKA) is now really possible for
[J'h‘pfSiCE studies see e.g. V.Saveliev

+ development of appropriate analysis tools might take more time
than the actual physics study (Kin.Fitting, Lepton-ID (esp. t)
algorithms, ISR/BS photon ID, B-tagging, etc. etc.) - but it's
worth the effort!

« Study the dependency of physics observables as a function
of detector/machine parameters (First examples are arriving,
we clearly need more) see e.g. T.xuhl

Rles Desch, Report Fom the Higgs Working Group, ECFADESY Workshop Amsherdam, 474/




Thoughts About The Future
Thggn[:

» match experimental and theoretical precision. Identify,
where particular effort is needed

« Watch new theoretical ideas (models with modified H coupling
now easy to explore =+ general survey?)
General;

« [nternational connections - exchange of ideas, codes,
common projects etc can still improve!

» PhD theses on detector R&D

are much nicer if accompanied by a physics applicability study
(improve possibilities for publications of results?)

Elgim Dencs, Basork froen e Higgh Waeikin] Groep, ECPMDESY Morkighon Armdwrdam, 4740111
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* Gamma-gamma and e-gamma option
- Working group on gamma-gamma/e-gamma collider technology
K. Moenig and V. Telnov
- Working group on gamma-gamma physics
M. Kraemer, M. Krawczyk, 5. Maxfield, ADR, (S. Soldner-
Rembold)
+ 4+2 meetings during this study

+ During ECFA/DESY, integrated with other physics groups/
worked well!

* Many new results
* e-e- option
= No new studies in the context of this workshop/ 2 meetings St
Malo/Amsterdam C. Heusch
* Will remind some key issues based on Snowmass/Jeju reports



ELX

Reaction Remarks hEP*Ph.I'" 0103090

74 =+ hY 4 bl SM or MESM Higgs, My < 160 GeV
Ty =+ b = WIW (W) SM Higes, 140GeV < Me < 100 GeV H|ggs
| vy O 22(22°) SM Higes. 180 GeV < My < 350 GeV
i+ H, A= b MSESM heavy Higgs, foe intermediate tan 3
' i B JrJr_ 1'['?'{:, H+H- large cross !-EELiﬂhu._Frl:m‘lHE oheervations of FCNC SUS\,{
11 =+ S[ft] it stoponium
e+ 7§ M- < 0.9 2Eg - Moo
1~ W= snomalous IV interactions, extra dimensions .
| e =W anomalons W couplings TPI IfquGr‘f
71—+ WWIWH WW 22 strong W scatt., quartic anomalous W, Z couplings
1= i anomalous top quark interactions TGP
e~ =4 DR, anomalous Wik coopling
¥ -+ hadrors total 7y cross section
™ =4 7 X and ¢, X N and 0O structure functions i polarized and anpolarized)
T4 4 4§, ot gluon distribution in the photon QCD
[y =+ d QCD Pomeron

© Being done or ready: should be ready for the writeup
& promised

1




Frum the TDR (Jikia, Snldner—Rembnld] ‘

Production Mechanism for Neutral

b Lﬂﬂaufug

* This workshop

[

I

Study H— WW ZZ

Study model separation power
Study spin of Higgs in H— WW ZZ
Study CP properties of the Higgs

Study MSSM Higgs (H,A): extend e+e- reach

Study of the Charged Higgs (US)

[Heralded as THE

key measurement for

the gamma-gamma option

A[l(h = v7)BR{h = bb)]

L

[C(h = 17)BRA = B8)]

- Study H-s bb, with realistic spectra, background, Ea’mggmg efﬂcrency




Added at/since the Krakow meeting:
@ Non-commutative QED
@ ey for ED's
Light gravitinos
Radions
Gluino production
@Hoy  (USgroups)
@ H-H+H- (US groups)
CP analyses in the Higgs sector

More (as yet uncovered/lower priority at present)
ey—e”
Leptoquarks
Strong WW scattering
ej—eH

‘ As always: still room for volunteers (next workshop)




SUPERSYMMETRY
STATUS REPORT

Jan Kalinowski
Warsaw University

ECFA/DESY Workshop, Amsterdam 2003

SUSY group very active:
14 talks in Cracow, 17 in St. Malo, 11 in Prague, 15 here

« more refined analyses
s effects of CP- violating phases
e radiative corrections

e R, andfor lepton-flavour violating scenarios

o LHC/LC essentiality



Selectron Spectrum |5

NLC - The Next Linear Collider Project

Electron Energy Spectrum
SUSY + WW + 75 ete+ tr(d’e)

e
Lk ]

C Ayiiondin® | ' tepliuelteu” "
80% L 80% R

N | 2z |l R

J. Kalnowsks, SUSY; Status report ECFA/DESY, Amslardam 2




Wby W Sl

7 very interesting object
¢ 7 production and decay different from ¢ and 1 because of
& Tgp—T1 mixing ~ tan

< non-negligible 7 Yukawa coupling

TR \ TLR

=

AY

o coupling sensitive to neutralino composition
o the 7 polarization in 7 — "7 decay measurable

e 7 polarization - a sensitive function of 7 mixing, neutralino mixing and tan

[Mojiri "96, Boos et al., '02]

J

J. Kalinowskl, SUSY: Status report ECFA/DESY, Amsterdam 200




l.'l'khll-.-l-r Ll puda

s

Example: m: = 155 GeV, mz, = 305 GeV, u = 140 GeV, tan § = 20,
A, = —254 GeV

e Assuming /5 = 500 GeV, £ =2501b~", P,- = +0.8 P.. = -0.6

o expected precision: i = 155 = (.8 GeV, cos20, = —(.UBT £ (.U,
Plry = 1) =082+ 0.03

03 04 05 06 07 08 08 1Pﬁ+ff‘
1

= (and =2+ 2 [Moartgal-Pick et al., "03]

J. Kalinowski, SUSY' Status report ECFADESY, Amsterdam 200
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moreover

e verify SU(2)xU(1) quantum numbers of j i by measuring 7;,; with different

beam polarization [Bldchinger et al., '02)
e verify SUSY relations between Yukawa and gauge couplings  [Freitas et al., '02]

I e check (in)equality of ¢ and i ; masses

¢ total and differential cross section for [Blochinger et al., "00-02]
ete” —+ i}, sensitive to M)
1E T E
* complex CP phases [Bartletal,'01]
8
o 08}
T sl
£
m 04
ﬂ.ﬂ 1l P i
] nf2 T
P4,

J. Kalinowskl, SUSY: Status report ECFA/DESY, Amsterdam 200



nl;t..t.mmiul.-unht. Syudi Az

s if (' P phases non-zero

o BRIf) sensitive © measure transverse T polarization
to CP phases inf; = bylu,T
[Hesselbach et al., 03] [Bartl et al., '02]

B 08 ] 15y e
Exampin: 1 - J6and |omé = 003 measured
S BN ) A w0 Te A = 0 Gy
AU = DiiS = &g ) = 006, &4 = F0 G —ﬂa - L .
1l § i i 1
- amblguly I 2, -+ gign of Im{ 4.} -1 [] T
5 Hmmted  ECRASDESY Horioro, Sestwie, S | - &, 001 qs

J. Kalinowskl, SUSY: Status repon ECFA/DESY, Amsterdam 200
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If the scalar top too heavy for the LC

Combine my, my (LC) and mymy (LHC) :

1” T I L . § F'I L R | I LI | II TETY | L L L]
[ edraction of A inSPE 16 |
: i« 20 0oy ]
1251 T0 Am ™ =01 GeY 5
~ im_— -
8 !
EF 1B
1o~ -
.lllllllailllllII.II.JI.J.iI'II-'I' II-II ll|-
1{-'?533 1 ] 50 plL ] 1500
A, [GeV]
= | A¢| indirectly measurable

(sign unclear)

J. Kalinowski, SUSY: Status report

Heinemeyer et al., '02)

ECFA/DESY, Amsterdam 200
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Question: Can we invert without knowing heavy chargino mass?

Early stage of the LC, only e "¢~ — 1{]"){1' [Chaoi et al., "01]

Measure m':EiE andoyp, o

K = ) ey

twofold ambiguity (assuming m; known)
for {cos2¢,, cos2¢y, }

With the mass of |, still unknown:

* in CP-conserving case — two solutions
for tan 3, My, p
can be resolved using transverse beam B T T T TR

polarization or info from other sectors: Higgs, neutralino etc,

e in CP-violating case = two trajectories in {tan 3, M,, u} space parameterized

by unknown M+
1

— exploit neutralinos ¢ ¢~ —+ {1 X5, X212

J. Kalinowskl, SUSY: Staius report ECFA/DESY. Amsierdam 200
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* neutralino masses satisfy the characteristic equation

[ fi 4 7
Moo — BMa0 +F0Mze — Mo +d =
-'l'lu-l ,{|I| ‘{? | i'.t_IIJ j ['

i, b, ¢ and ( are binomials of e 1/, and 111/,

e equation for each miﬂ has the form

(ReMi)? + (SmM)? + w; ReM, + v, ImM, =

[EH pr
e each o defines a circle in {ReM;, SmM, } plane L=
o for y{ and y5: two crossing points =
i

e crossing points will migrate with m .+ § |

Xa s
« use the measured cross section for '{l{’f; AN

to select a unique solution for M/, R T R e IR |

and predict the heavy chargino mass e Lol

» if LC runs concurrently with LHC, ask LHC friends to look for 3

J. Kalinowski, SUSY: Status repart ECFA/DESY, Amsterdam 200
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CP-phases —> masses, cross sections, decay rates,.. [Gaissmaier et al., '03]
best to measure CP-odd asymmetries: I [Bartl et al., '03]
e 1
l2
i
Xi

Define
Tr =ple”) x p(xY) - )
Ty = ple™) x plly) - plla)

and CP-odd asymmetry

o{T >0)—a(T < 0)

A:MT}M+MT{W

\ -

J, Kalinowski, SUSY: Slatus report ECFADESY Amsterdam 200




Ll b YUy oL I

—__[l' =1}

Asymmetries for e’ e — ¥ixn Xy —> frl af VE = B0 Gel;
tan 8 = 10; mg = 10 GeV; P(e™ ) = B0%; Pl(e*) = —60%
grey shaded area: M(¥1) < 104 GeV

Asymmetry 1 in %

0. Kittel, ECFA/DESY Prague, 2002

J. Kalinowski, SUSY: Status report ECFA/DESY, Amslerdam 200
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Electroweak Precision Tests and®Alternative
Theories

Ivlans Monig
|'I.f'.ﬁ - .
- & s

-Zeuthen

Blectrowenk Precisicn Tests wnd Altsmmative Theories 1 Klaas Mionkg



News since the TDR: on Triple Gouge Couplings

Optimal observables study for triple gauge couplings

in eTe™

e study up to now only on parton level

e using optimal observables additional couplings
(e.g. iImaginary parts) can be included without a
loss in precision

e precision on hnaginary parts similar to real parts

e one combination (Illl{_ﬁj{i-l—ﬁ-ﬁ_:]j can only be mea-

sured with transverse polarization
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LC (and LHC) 1s sensitive to effects from KK gravi-
ton excitations (G™)

e [ DR status: visible effects from y =iy
and - O " for Mp < 8TeV (/s =
800 GeV ), similar to LHC
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o recent development: how can one distinguish ex-
tra dimensions from e.g. 2’7

e kev: G has spin 2

e define moments < /7, >= | :f:f—ir Falz)
(Pn, = Legendre polynomials)

e 5 < 1 exchange: < P, >=0forn > 2

e 5 = 2 exchange: < Py >5£1()

.. Il]1i4|ljt' ientibication of s = 2 11}y 1O } — 5 TeV
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Additional possibility: transverse polarization

e with transverse beam polarization there exists an
azimuthal asymmetry depending on cos #

e this asyvuunetry is sviounetric i cos @ for vector
or scalar particle exchange

e [or tensor exchange (gravitons) it receives an
ASVININEe coniponent

= Graviton and Z7 exchange ean be distingnished
up to M < 1y/s

e extra dimensions can be excluded up to Mp <
10(22) TeV for /s = 0.5(1) TeV

(highest reach at next generation colliders)
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Outline for LHC / LC Study Group Working Document

The persons in charge of editing the different parts of the document are indicated in red. Please get in
touch with them regarding your contribution.

The abstracts received for the different sections are linked below.

If ain sbstract 18 mdssing o if you would like 1o have something changed, please wnite o
Feorg. Welglein @ durham.ac. uk

1. Introduction

Physzics case for LHC and LC

Different virtues of LHC and LT phyzics

Summary of further experimenial espects; detector capabilities at LHC and LC,

L-11+8
-2 Heidi Schellman, Fabiola Gianot, Daniel Denegri, Francois Richard

LHC / LC interplay in the context of overlaps between particle physics and cosmology
= Heidi Schellman

Aim of Study Group, summary of main results,
wee e Al

L. Electroweak Symmetry Brieaking (Weakly)
2.1. Scenario where LHC sees a relatively light SM-like Higgs

Abstracts:

M. Battaglia, J. Hewett, T, Rizzo: Radion - Higgs mixing



Batiaglia, Dominici, De Curtis, Gunion: Radion-Higgs search

A, Arande, C, BalVazs, L. DV az-Cruz; Hidden Higgs bosons

2.2, Scenario where Higgs mass found at LHC is considerably above
indirect bound from precision data

2.1.-2.2. (include Radion physics, “Littke }Hm'J:'l
w2 Albert De Roeck

2.3, SUSY Higgs physica: scenario where only a light SM-like Higgs is
found at the LHC

2.4, SUSY Higgs physics: scenario where also heavy Higgs states
are seen af the LHC

Abstructs;
Desch, Heinemeyer, Moortgat, Weiglein: Higgs BR's direct and indirect, tan beta determination

2.5, SUSY Higgs physics: Influence of the $ichi*0_13 mass precision on the $H \to \chi®0_2\chi*0_2%
decay reconstruclion

Abstracts;

F. Moorngar: Heavy MSSM Higgs Decays
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2.6. Flavor-independent Higgs searches

Absirwcts

E. Berger et al; Higgs decay into hadronic jets

2.7. LC input to Higgs coupling measurements at the LHC



