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@ Advantages of e" e~ colliders

initial state quantum numbers well defined

E ., well known ( O(10~* — 10-%) ) and tunable
= SCAN resonances x kinematical thresholds

tunable polarisation of the beams:

o P_=-80%/0/+80% P, =-60%/0/+60%

o essential for spin analyses and (des)activating processes

e™e™ annihilation is democratique
= access to a large variety of final states

signals well defined, easy to separate from backgrounds
beam background of modest influence

beam luminosity well known: O(10~% - 10~)
= gssential for cross-section measurements

B Experimentation quite easy

other collisions accessible
e e e vy, vy, e  Nand e A
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?c’::r::rrrl.a.grxz r:l'J:_ JS = 500 GeV

TESLA NLC JLC- X JLC-C
.FmF [Hz] 5 120 150 loo
N 28 2.1 19¢ 19¢ | %2,
AT, [ns] 337 LY LY 2.8
burnch crossi 4 head on clr-_ﬁ,;;-_. ¢ _:,Jr,;_ ang le
N, /bunch [1°] 2 0.75 07 1.1
U:'f':! [nm] 553/5 2457 2386 3843
Se [%] 3.2 4.7 5.3 3.9
L (107 enc*s™ ] 3.4 2. 2.€ S
P!mﬂ [MW)] 22.¢ 13.2 176 12.6
P [(lnacs) [Mw] 97 132 41 220
-;;;m M v, 235 45 5t €
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Super Concfud-u.nﬂ Cavibies (TESLA):

+ 23.5 M, needed for 500 GeV routinely achcieved wn industny
. 35 MYy, needed for 800 GeV —> 42 MY, achieved oukide TTF
. XFEL delivers a 100wm beam
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Machine proper Lies ,ﬁ Evenk rotes

TesLA Fammaf:er-.s

Center of mass energy OSTeV 08 TeV
Beam properties
"LL;JEGELPZE 10 e s 3.k 5.8
Trains /s 5 &
Bunches [train 2820 4886
Inkerbunch spac ng [ns 337 176
Bunch sizes -
o, /Ty [nm] 553/5  391/2.8
T, [mm] 0.3 0.3
Backgrounds
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THE DETECTOR
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B SEARCH / CHARACTERISE the LIGHT HIGGS BOSON

( standard, supersym., different, fundamental, ... )

origin EW symmetry

of masses breaking mechanism
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= Motivations for a light Higgs boson

> Skandard Model : Uritardsy, Trvialihy | vacusm S’[“E’J‘&i
©130£M, £ 180 GeV f A~ My
® M, $700-800 Gev .,f? Ayp™ © (TeV)

B ex ere.n,!:a.L Ev'u:{enx.e. r Henu;.ne. EW C::FTEC.EQNS
ributnble bo Ehe &:':nﬁdard Higqs bosor. :

53
M, = 887 . GeV

e MH < 196/222 GeV (95% c.L.) or 270 GeV (99%cC.L.)

> '-"-L!:J'E{..i: ..EE.-EIF‘CJL u—f— Hi_ﬂqa anc:un r::"': LEPF :
M

.H-E.; |14 GeV (95% c.L.)

> Su.per&&mml:rg :

e« minitmal : Mh{; (35 QeV
s very genamf,: Mh,'s 205 GeV
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e Global FiE

0 LLsuu_:} LEP1, LEP2Z , SLC, T‘Eucﬂ'r'nn. APV data

and mmﬁm& r.:an.. .r!ht' (2 options)

LEF including  all data except  all data except  all data except all data
LEP-2 My Mw and m, My Ty
my (GeV) 186113 169%42 173.3%%: 1814} 175.8+44
My (GeV) 260+ 40 8110 108+ 12615 88+ %
log( My [GeV) 2.421041 1.913 %% 2.0313% 210455 194102
x*/d.o.f. 15.5/8 18.9/12 19.1/13 22.6/14 22.9/15/gy)
sin®6lF; 0.23162 0.23150 0.23151 0.23139 0.23136
+ 0.00018 + 0.00016 + 0.00016 + 0.00015 + 0.00014
sin?fy 0.22282 0.22333 0.22313 0.22248 0.22263
+ 0.00051 £ 0.00063 + 0.00045 + 0.00045 + 0.00036
My (GeV) | 80.380 + 0.026 80.363 £ 0.032 80.373 £ 0.023 80.406 + 0.023 80.398 + 0.019

all dota = %= 1.0371+ 0.0027

€ = |.00501£ 0.00075 —= 6.5 sk.cev. evidence
-For gamune. EW corr

E.m: - 0.02%C +0.002.2.
Ar= 0.03¢0 + 0.0020

HLﬂﬂS mass: ® B theory lJHEF‘:!".H"'r‘:.: 4
+53 - =
- V i —0.027610.00036
MH 88 =35 Ge i - 0.02738:0.00020
4- ; .
”H < 196-222 GeV fﬂﬁ'.'SCL}qH '
<]
M, < 270 GeY (99% C.L.) 2- -
100 400
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B Making evidence of the Higgs boson

—» My observable and characterisable
for any Higgs decay (even invisible)

» WW fusion (dominates if /s > 500 GeV)

=

R D
Wl H b~ ...
W - _

e” s 1) bT ...

B vy collisions

‘Lk L W L W




=

Recoil Mass

The recoil mass spectrum frome*e™

] ¢ Data
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Ac/o 1 %

AMy =~ 150 MeV




@ Measurement of the Higgs total width

100

% I'y directly measurable | [(H) [GeV]
only if My > 200 GeV 10}
Ty <10 MeV if My <140 GeV) 4|

=3 if MH '£ 200 GeV: o.001

L

My > 115 GeV: _
_ rwwag . BF(H —!"bb)

H  Br(H—=WW*". Br(H —=bb)
My > 140 GeV:

(v coll.) r rz,:g e Br(H —=bk)

" Br(H——yy)+ Br(H—=bb)
_;,%[‘ff‘mfew%furanyMH_




@ Measurement of Higgs production cross-sections

— = access bo the Higgs c.nuphﬁgs

o MS: Ac/o ~ 1% for My < 0.7 /s
(detectable for My < +/s — Mz)

o SUSY: sensitivity to h” for Mo < 0.7 /s
sensitivity to A, H°, H* for M < 0.5 /s (or N Mh}



@ Measurement of the branching ratios — gyvv, Yuyss

=4 check if:

~gnvy = 2 (v5Gp)'* M}
-guft = (V3Gp)Y? m ¢ for each flavour

—— nakure qf Higgs : .M., SUSY, or?

= compare I'y; and X Br;

—=— "misstng’ -fw,a.i skakes 7

MH [GeV] 120 140
S : | % 1%
J Hww % L%
& Hob 2% 2%
chL 3)% Iﬂ?n
g HEL > 3% = 6%

NE%
3 Hag
)\HHH £20% $30%




B Measurement of Y

e role of top quark in EW symmetry breaking ?
(mt = M W M & }

© how to measure Yy when My < 200GeV ?

[+
b

\& E W

.H\- ----- H b
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-
f

g ~ -3

HEE b
AY

HEE . 5-10%



@ Reconstruct the Higgs potential

- V= A(IF1-L0%)"

= Aot H Hh?fzn"
e M = V2 v

\Ye!
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I
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p o
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ﬂffm ~ 15207

& 2 Suw

¢ ﬂ-3 ! ¥ L] | L] L] L] J I L] I E f 1
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B Determination of JF€

o M.S: do /dcosf ~ Asin*@ + 8M?/s (P =+1)

e MSSM: distinguish h° from A (P ? -1)
1 + cos?@

Number of cvants
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BEYOND the STANDARD MODEL

= __SEARCIHEHARACTERISE the PHYSICS

Supersymmetry

Low Scale Quantum Gravity

Technicolour

Extended Gauge Theories



B Supersymmetry:

B> perhaps the best candidate to go beyond the S.M.
coherent, perturbative theory = predictive:

» sin’Ow (GUT) e M) < 135 — 205GeV

p- favoured by present experimental observations:

o sin20%}’ =0.23136+ 0.00014
o 100 < M, < 300 GeV



B Supersymmetry:

B> eTe™ collisions are unique for:
o discovering x*, x°, I (7, 7 ), L, ...

@ characterising all particles accessible (usually m < E)

- oEm e R S —

with the precision needed to understand which supersym-

metric theory was retained in Nature:
1) m, cos0,izy ... —> My, My, tg3, p, ...
010 *-10"%)
2) nature of the breaking of SUSY
mSUGRA, GMSB, AMSB, .., R, ?

B eTe” collisions allow to investigate complicated scenarios
(e.g. dense mass spectrum )

== characterisation of the new particles (e.g. spin !) and
reduction of backgrounds ( from SUSY !) achievable
due to (tunable) beam polarisations and flexible beam

energy



|

@ SUSY: prod. of sfermions (MSSM) ete™ —

> sleptons: I3 LV

gt
+ IFES
o masses of [T, — X1

- distribution of p;+

= scan of o g \

Am

© properties:

= TThresh ™ JB

- do [dcosO

spin(0%), Br, B ~ 0(16%)



- ot o~ - +y© ";f:';“l.u;"l .
"VEREL—-— A R—na-—f[, f'{L Xl i =

g [fh]

a0 264 260 268 270 272 274
Eemi [GeY]

lepton energy E, [GeV]

Y as% ——hfi—F 1, X, ()

VS = 500 GeV
L= 250 fis'

40 80 120
lepton energy E, [GeV]

3/ eet -aﬂ-vv—-—/,tr )( ()(*———:—ﬂ‘v,‘{)

300+ s E
VS = 500 GeV
~ 200 |
L =250 fb !
100}
O 20 40 60 B0 100

leplon energy E, [GeV]



@ SUSY: prod. of sfermions (MSSM) ete~ — ff

» squarks: i, b, ...

3 characterise the £; and its mixing angle :

dr . A - 9%-0r 06
<= R :
dVs - T +T, |

0.58

Amx~ -3 &
(). L:‘ oy I.ﬂ w 10 g 057
m {‘_:' : 0.56 |
.*

0.55|
"'5 u ' B
Pt poluizmtionc/e 0506 %, @ °
ﬂCGS eE O("D ) s 177 178 179 180 181 182 183 184
mistop) (GeV)

LL.ELF‘LS, PT"E.C.{;S& meausurements e
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0](‘ M [ M W ancl. sin S;ﬁf 1O\, =257 Gev, taﬁ >10
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B SUSY: prod. of charginos and neutralinos

B> Observation:
ete™ — xWx? — 4l + F(O
ete™ = xfxi = Fred + E(X?)

B Masses: My+1- oors Epti- gq's OThresh ~ 3

AM -
\b X {_;03

2=
"X
» Properties: o.Br(e), A%,

~ +
L X
X{, v — I’ﬂ'ﬁ;i 10 GeV
— ) G bo VS
—= mixing angles (¢ ,¢) wikhin O(1°)

X, : access bo MM, 10,bys (B

aisa :a*e'

X —e XX — AM <o

— = check L‘F M., =-—E3,9 e
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How sensibive are e'e— .F-FJ w*w‘nra;dn-
to physics beyond the Standard Model %

1- There may be a -se.n\.gfe. gouge group
a’e.-sc.rc,bmﬂ all subabormic rees

. a u,ml?&acﬂ framehrcrk ak f'u.qh energy

—= new gauge bosons (2, 2, We,--)

ete” m&.rur.(ﬁ.om af: TESLA are -SEn.s.sz.'va
to Z2' bosons cyfmm >> Ecm

ce —ff

+ - 3 L=1ab", P=0.8, P,=0.6
ex: ee -F]f Ve=0.5 TeV: ﬁh cmB
Vs=0.8 TeV: = .

e . Vs=1.0 TeV: == EER
‘H"-E EEMLéLVLég, '-:C: t o' 100 '
cfapencﬂs orL HLL Y -ﬁﬁ
qLge, Jowp e 95% c.L.
consedered (‘T;%’LL’QW B lower bounds

— / ’ M !
=z, Z Cou.?::(tmgs n on Mz
> M, S H#-12TeV LR

0o & 10 15 TeV

my, [TeV]
E,+E.-—z- -ﬂtﬂﬂ : CIELEFME. Z,r u::c:u.u.lp{b.wg-s ~ O ("D%)

r:rr.:.cl:cLL -ﬁ:r* z' seen ab LHC



Cka.mcferie&g a 2’ observed akt LHC
ete- —=— 11 (pc:ia.rdsecl beamns)

Ewér‘::u:& a:t,”-af S - VM ‘t,,r'j S
. = .__E — -—i =
LW M-S Lo LY M-8

0.5

% Vs = 0.8 TeV, m,. = 1.5 TeV
! Bl Vs = 0.8 TeV, m, = 2.0 TeV
-0.5- W Vs =0.5TeV, m, =1.5TeV
Bl Vs = 1.0 TeV, m,. = 3.0 TeV

04 02 0 02 04

a,



2. - low Scale Quantum va&t‘.}_f :

o direct #r.és : ete —= G,

EI’IE!EH-— Ff{GI’TIE-ﬂ.ELU'r‘\.

6‘ u 4
M 2 _ % Mz+ mx’: cﬂnaerve.d‘.

D

§-= 2 3 4 5 &6
M= 10+ 63 &1 Ko 3.3 (85%ce)

o virtual effecks

.sen.siéivifﬂ up Lo Mbm 8 TeV

* 7%1' cerbain n:(a..&ses c:a/ modlels Lﬂn,f:om:acﬂ:s el‘aL]
e+a'—-/.4,+!u,' .sen.\sf.ﬁive: uf:: éo_"_ n o Tey

Rearr

(= M~ #5TeV, §=¢)



o are maktter conskifuants e.L&mm!:ar_H ?

ex : n':e.a!:Lng the electrorn. strucbure

da-
A0,

(<> energy scale Acm 150 TeV)

a1 _13
sensctive Lo ro~ 10 cm




Standard precision measurements

ak TESLA are mainly based own :

Ec.m% 160 GeV
> 108 wiw-

E >500 GeV
~ 1074
e -
zt.r
e
et z°
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What is the Higqs mass e
A - determine m, Hw abt kinematical threshold :

1V measure da (ete”—o 23 )

dEm WHW

g/c:leéernulna 7£:>r which value oﬂ my, M,

da , . o
a—é-:iééunc{ard Model) _JE_(@:P)

cm

- o5 O (e'e—=LL)
® 'ér::‘p mass ! tp'j ©

Am <200 MeV f

03 - i

I,-"'_f =~ Standard. Mocel.

(LHC : [3-2.0 GeY) . mb: 100 MeV
01 [
" .346. i JH!.E. i .J;u. i .3&2. L ..3;4-
5 [GeV)
& W mass . E_m[ﬁﬂj

.{EMW ~ 6 MeV

[LHC : 15-25 MeV)



B - de{'ermm SEH?Q;# fm E+E,___,,.... -F-F_

measure A =2 1 ,GI_'G;_

LR
Pﬂtﬂﬁ G'L + G;_

Skandard Model: A = 2 (1= b sin6])

el 2
l+(r-4ac,mw/r‘)
2 i
PI"E.GL:-SLQFL E‘-"Pe-c-rl'eot : ﬂSLFLQJﬁ <0.01%
s’ 6
/ W
e [ S
—H . 5% n e |
MH
m%
MH = MH 33 j

f
o fr o sy
H .




What ts the Nature oF the Physces
basoncf the Skandard Model 7

- f.xampf‘_e. oF «Superaﬂmmaély
quan.kum corrections due Eo new p’vﬂsic.s
well moc:fu,éq He values o/iﬁ sinO and My
(. W

TESLA wil ﬁeverﬂ@ -:c:n.sémi.n Hte vu,éues
070 the mmmé&rz ﬂﬂs.sc:cx:aﬂéec{ Lo the

Minimal &SLLFerﬁﬂmmEtﬁ:C. Medel

99 % c.L. conbours
T T § fF r° 1T . T ¥

Minimal.

&Lﬁser.ﬁqm me
- -

| " i 1

80.2+ i




Top Quark. pmﬁ(.a

B Hle ﬁ:P QLLOr'té Ls .SPe:io.L.--

E
— d'ge.s m,i_ .SEE ayr E.PLEFBH .Sca.ﬂe

e L. > mfﬂ:

w 7£(a.vcu.r“ c{_\c;mms ?
» m.b > MH' ME—

— c‘:(t::e:s é:a P a r'c:(e tn #LL
E.Zecﬁovfeaé[ai\fsgmm&#r_ﬂ 6FEE1AUE§ ?

» measure all poss:léle characteristics oﬁ &Dp:

. rnagne.éf.c and. eleckric cii,pnfa motrmenks :
~v Q%) ~ 10 %.cm

o elecbroweak cnupﬁinf;.s v, a, ~0(%)

o eke.



Gauge Boson Interackons

e are Live o cs beyond Standard
snsibive b phsics bl St

w!a

Tro

Goilge boson

C.ﬂu.panﬂﬁ
wi*
dﬂ“ + W
E::—ushtﬂf+LJ“ ’ fq
cfmaQM( . R
L : :
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