Supersymmetry Physics at Linear Colliders

Hans-Ulrich Martyn RWTH Aachen

Science (fiction?) in the year 201x
Supersymmetry will be discovered

% Physics programme of LC starts

[> associate particle <= superpartner
— spins differ by 1/2
— same gauge quantum numbers ELECTRON linac
— identical couplings
[> precise measurements ~
masses, widths, branching ratios ryegenienel I |
cross sections, couplings
production and decay properties POSITRON linac

- ~33 km

X-ray FEL laboratory

superconducting

experimental hall /
and detector for

particle physics

superconducting

mixing parameters, CP violating phases "dog bone" damping rin

> determine SUSY breaking mechanism

— reconstruction of fundamental theory
— extrapolation to high scales
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Exploration of Supersymmetry

> Tools
— LC performance goals
— Polarisation

— Benchmarks

[> Superpartner spectrum
— Sleptons
— Charginos & Neutralinos
— Scalar top

— Run scenarios

> SUSY scenarios

— MSUGRA R, conserving & violating

— GMSB
— AMSB

SUSY Physics ['Planck or 22
LA
\A
K’World - [’SUSY + ESSB
AN LA
f/ \ ‘
O : S-parameters
S-particles T (Mg, My, W, tanB) ??
\\\‘ ;
A Masses and Mixings of S-particles
| = Experiments LA VT
vy = Theories : Couplings
Y vt

do (Production and Decay)

ECFA/DESY Study e TESLA Technical Design Report (March 2001) @ LC Physics Resource Book for Snowmass (May

2001) e Particle Physics Experiments at JLC (August 2001) ® Snowmass 2001 Summer Study (July 2001)
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LC Performance Goals

i ) parameter TESLA NLC/JLC CLIC
> Collider requirements
cms energy [GeV] 500 800 500 1000 3000
tunable energy
high luminosity accelerating gradient [MV/m] 234 35 48 48 150
low beamstrahlung luminosity L [103*cm™2s™!] 34 58 20 3.4 10
polarised e~ and e™ beams Lint107s [fo~1] 340 580 200 340 1000
beamstrahlung spread [%] 3.2 43 4.7 10.2 31
Oy [fb] 1050 275 35
polarisation P.- =0.80 P.+ =0.60
beam options e e e 7y Y
FTD
LAT 83}/@!@9"”

[> Detector requirements

lepton & quark flavour ID Vertexdetector
excellent energy resolution el |
hermeticity cos@ < 0.996 ﬂ 75 mrad G| | Quadrupole

e, yveto 6 > 5 mrad 2
(ete™ — eTe™ U/mm)

3000 mm

Graphite

Inner Mask
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Polarisation

e e polarisation indispensible P.- = 80%
— associate chiral couplings R, L to superpartners 61_2 — fR and ez — fL
enhance signal ocr(ArpR) > oL (ARAR)

suppress background or(WW) KL o, (WW)

— determine couplings, mixings, ...

e e polarisation highly desirable P.+ = 60%

— further degree of freedom, gain in analysis power

— eZeE, el_%e}: increased event rate, higher sensitivity to rare 'y/Z exchange processes
— eZe}f, 61_261—2 window to new physics of spin 0 particle exchange ete~ — €rén, Uy
o /[fb] o/[b] er P.-=-+80%
1000 1000 p ke
~+ ~_
€r, GR +
100 ¢ 100 ¢ erer y
10 10
Vs = 500 GeV /s =500 GeV
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
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MSUGRA Benchmark Scenarios

TESLATDR RR1&2

Snowmass consensus SPS1-9

mMSUGRA ™mo m1 /2 Ag tan 3
RR 1 typical point 100 200 0 3
RR 2 typical point 160 200 600 30
SPS1 typical point 100 250 -100 10
SPS 2 focus point 1450 300 0 10
SPS 3  coannihilation 90 400 0 10
SPS4 large tan (3 400 300 0 50
SPS5 light stop 150 300 —1000 5
SPS6  non-unified M, 150 300 0 10

GMSB A M ess N, tan 3
SPS7 NLSP=T; 40,000 80,000 3 15
SPS8 NLSP= )Z(l) 100,000 200,000 1 15

AMSB mo ms3 /2 tan 3
SPS9 small Amg, 400 60,000 10

masses and scales in GeV
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Scalar Leptons

ete” — 0T~ et AN
— I)gljg
- Y, Z
- — X% vex” K .
~ "0 g ot e 0, Uy
Ve — X ¥ X
decay lepton energy spectrum
Mass
[GeV] |
150 —
E_ Ey
M 2
E+/_=7£< _—>2<>7(1:|::3) =
7
100 —
parameter method
spin do/d cos 0;, oty < 3° i
mixing, couplings O pol
H-U Martyn SUSY 02, Hamburg, 18 June 2002

=<

1_17[(45)
q7'(55)

RR 1

Pag



Di-muon SUSY signatures

V5 =500GeV, L =250fb~! RR1

100 200 300
di—lepton mass my; [GeV]

Search scalar muons ete™ — atig — utxd p=x°
Signature acoplanar u+,u_ pair and large missing energy
10000 | | | 6000 |
L Y MJFM*Em _
- . VW .
L C 1 Mg/{’% i
L o —
7500 | . 7
B - LYy 4 4000
X3 X _
| - | °
5000 - . f ‘
I ] 2000 J L
2500 F* .
0
0 50 100 150 200
lepton energy E, [GeV]
Mpp = 132 +£5.5GeV myo = 72+ 3GeV Amgo

> negligible SM background SUSY is its own background

_2(1)

= 58.4 £+ 0.25 GeV

[> important: proper choice of energy AND polarisation

H-U Martyn SUSY 02, Hamburg, 18 June 2002

Pag



Scalar Muon Properties

epel — big iy — =% wtxd

I~LL - NXz 5(2 - £+£_ X

1200 w ! w ! w \ w ! ' 150

e uE.. VS5=2320GeV L=160fb" " | o = 500GeV £ =250 fb !
L _Ras L %
Xixe +

25 4y
800 100 -
400 o0 R

O / oy T e Y | O | | | | | | | |
0 40 60 80 100 0 40 80 120
lepton energy E, [GeV] lepton energy E, [GeV]

| ep el — Duiy — pmpt e & ppt 4 I

~ e -+ -

vy — xil_ X1 — o Uy X19 qaq’ X(1) ~ -

e sy /3=500GeV L =250fb"" ¢ m [GeV] X m [GeV]

300 - -

pr 132.0+£0.3 x% 71.9+0.2
fir  176.0+0.3 x9 130.5+0.2

200 | 1 ~ et
v, 160.6 0.2 x; 126.8 0.2
100 - 1
Much higher statistics in e, U, sector!
O — | | | | |

0 50 40 60 80 100 Typical gain of factor 2 in resolution

lepton energy E, [GeV]
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| ,u+u_ momentum correlations I

| minimum mass Mynin (AR) I

My known  construct minimum kinematically
allowed mass My in (AR)
flat background

=> improved resolution dm g, by factor 2

|SpinJ:Oofﬁ,RI

M, and myg known  construct ftg direction
with twofold ambiguity
flat background

= do/dcos 0, o sin® 0,

H-U Martyn SUSY 02, Hamburg, 18 June 2002
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) . 3
™M, from threshold scan oz o< B

width effects non-negligible
consistency test spin J = 0

Mar [GeV]
132.0 4+ 0.08 fixed

FﬁR [GeV]

132.0 077 0.31 1039

Important:

10

[fb]

o

- 4 ~ o~
€peL —> UplR
T T T T T

£ =100fb—1 |

—

0 | 1 L 1 L 1 L 1 L 1
264 266 268 270 272 274

Ecms H:Gev]l

gauge invariant treatment of signal & background cross section calculation

+ — ~ ~ .
e; ep — prppr effect of width
250 et e — (i jig)
=t XX
27 on-shell cross-section
including /i width (gauge inv.)
g 1.5
N
1 L
0.5
0 284 286
Vs [GeV]

H-U Martyn
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o [fb]

all corrections + background + cuts

2.5r ;
At fig Production
etem s putpT+ B P =+80%, Pr = —50%
2r T': # 0, Coul. corr.
—_—T1:=0
1.5¢ background
1 L
0.5¢ T
0 L L L
284 286 288

Vs [GeV]



Selectron Properties

~—

€r €r €r €r
|Association er — erand ey — €y, I
~0 ~0 S wave
4o . Xi Xi o x 3
e’ e — €eRrer
- - =+ + s+
t channel x exchange €R €L €L R
‘chirality’ flow at eex vertex
—>-tag €r, €r, viacharge of decay electron
eher — €, ép efer — €4éL
I T T T T
800 - - 800 - -
— positrons — positrons
— electrons | — electrons
600 - a 600 a
400 |- i . 400 | .
200 |- - 200 -
O Ei O . JJT
0 40 80 120 0 40 80 120
E. [GeV] E. [GeV]
charge symmetric éEéz_%' éJLréZ and background reactions
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€+6_ — éRéL — 6+€_ + Emiss

ete™ — €érér, €rér, €Lér simultaneous production at /s = 500 GeV

eliminate background: subtraction of e_/e"‘ spectra with different polarisations P,—

ex2(96) flat spectrum

ér(143) —
ér(202) — ex$(96) flat spectrum
— v x; (176) soft spectrum
Pe - = —I_O . 8 Pe - = _0 08
5000(— e— \/g — 500 GeV, £ = 2 0 500 fb_l
4000? 1500— SPS 1
%30007 |
1000(—
1000 2% B
o edzoEnergg Dislé?Rigr}? gola%izz%tior%;w Ge:I\.;30 180 200 00 0 :-OEne?goy Disalf)(Lef%?'-eJIar:ilzz:tionj)AoGe\];so 180 20 ﬁ 500 I
g
o S o ;
* 0

#events
w
#events
=

-1000

= 0 20 40 60 80 100 120 140 160 180 200
(e- - e+) Energy Dist. (R - L Polarization) GeV

0
20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
e+ Energy Dist. (Right Polarization) GeV e+ Energy Dist. (Left Polarization) GeV

5mg ~/ 0(0.2 — 0.5 GeV)
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e e Collisions

e €Rr e
~0
Xi
e e — ep€p, €7 €1 .
R®Rs “LcL o= 5 -
large cross section
low background
steep rise Os—s- X 3 175 efer — éien 0.7
- 15
consistency test spin J = 0 b .6
12.5 5
1o .4
7.5 3
but L, .- ~015-L_4_.- . :
.2
2.5 1
0
276
L =50fb~" L =5fb 1
+e— — - 5 .
m ) [GeV] m{ ° ) [GeV] = | eher— eien+eker 2 %%
" =5 b o.
€Rr 137.7 = 0.07 137.7 4+ 0.05 b 0.025
4
er 179.3 £+ 0.30 179.3 £+ 0.28 0.02
3 0.015
2 0.01
' Lot = 50 1 0.005
0 318 320 322 324 &3?@:6\/}
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S wave
ox (3

erer — €rér

L:tot =5 {k

276 278 280

282 \/281

erer — €réy

ﬁtot:5ﬂ
360 362 364 366 368
V'
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e-Sneutrino Production

~ — ot ve= +., <0 =/ =0
Ve > € X1 X1 —£TreXy, 99 X3
di-jet mass mjj < Amii_io V5 =500GeV L = 250fb"
1 1 4000 8000 ———————————— 7
® Vo ® v
ostes’,
L o, | L
3000 ) '.0‘0‘.. 6000 .,
'S .
. o .
b '
2000 - - 4000 - ®
[ ]
[ J
° ¢ d
1000 2000 *
my, 160.6 + 0.1 GeV .
[ [
™ 126.8 £+ 0.1 GeV .
1 .
O.‘\\\\\\\.-. O‘.\\\\\\\\\\\\\"‘
lepton energy E, [GeV] di—jet mass m;; [Ge
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Scalar Tau Properties

L — R mixing in third generation ~ tan 3

TR(L) TR(L) TR(L) TL(R)
T1 cosB;: sinf; TL
~ — . ~ D 1173 70
To —sinf; cos0O; TR B, W H;
production ete™ — A7

oL, OR — Mz, Oz
decay T — 77X
T polarisation P, — 0z, x° mixing, g~
Vs =500GeV £ =200fb"!
R B IR B

T | T T T T |
m[ ] =150 GeV 7
£ 150 — Pr=+1 ] F —
| ™4z, mass from 7 decays I o Hm%}: 100 GeV
™~ OFF =100 |
/2]
— 7Y | |
]
S
@)
& I .
msz, = 150 £ 1.2 GeV & 50 SM BG Best fit n
g I ZZ, eeWW,
™Mo known =
! Z
0 1rd MWlmlqmun.‘.._...___._____,,; by
_ ) 0 25 50 75 100 12 150
usingmszand o = dsinfz ~ 6.5% Emin By« [GeV] Emaz
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| T polarisation P I

T — p v — 7 mY

analyser UV,

energy sharing between v~ /7°
Z.=E,_|E,
=> sensitive to P,

P~ — tan 3 correlation

simplified case study
no mixing T = TR
combined slepton sector

e —f ~—
— = =+ 5—

tan3=15+1.6 M; = 150 GeV

H-U Martyn

V5 =500GeV L =200 b~

tanf

Vs =500GeV L =100fb"1!

T A B R N I T I '
a) Tr - 1 - b) Ty _
TR ] [ T
100 [~ JF_ _________ L
L AN (o
75 | %DHl
50 —
[ } Fit }
25 P, = -0.99+0.08
- “|smBG T
O —.n A Vl‘} A ll/n LA ]I/n AT A ] 1 J
0 0.2 0.4 0.6 0.8
Los = Eﬂx/Ep Lo = E,T:/Ep

BO [ T T \\ T ” T \\\\ T ‘ T (\\ T ‘ T T T \\l\\ T T T ‘ T T T T ]
i \ hye=100GeV, mg =200GeV, ms =150GeV ]
o5 [ e ahagey \\\\¢§:5oocev ]Ld\t\:IOOﬂb’:
I \ \ ) ] mz, = 150 GeV
L ! -0.4 \:
20 — | - - mgo = 100 GeV
i 0~ 1 X1
i =135.2GeV w=1185 1 Mmep — 200 GeV
15 ===~ ****%******’T***** T Gev-
8 nw=1562 -
L GeV 0.4 ">~ ]
10 - e
I P-08 - ]
5 X w=173.7GeV "=
: 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ]
100 125 150 175 200 225 2950
M,[GeV]
Page
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)2(1) — pure Bino

P vs T mixing -
T Polarization in 7,, decays

general MSSM 1

. 20~_(AT_“tan/3)2m‘r "

Sin == m% — m% 0
T1 T2

£ = tan 20
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Testing SUSY Relations in Slepton Sector

e Achievable precisions for sleptons

generation 5m/m couplings

€ER, €L, Ve 0.05 — 0.1 % 5{)2}6,6, ~ 0.25 % (5§V~Veé ~ 1%
AR, L, D, 0.1-05% 8gp,, ~ 1%

7:1, 7:2, 177- 0.5—2% 5.@,347_7,:'\42%

> Check universality, flavour dependence of slepton masses at per mil level

[> Superpartners Vg of right-handed neutrinos?

2 2 —~ 2 2 .
2 (mﬁR — mﬁT) N~ omg, — mz (up to higher orders)

To become observable, present data require 2.5% mass resolutions

[> Determination of tan (3
— 1%t generation tan3 =3.0+£0.1 - 10+t5

2 2 ar2
m; —mg = My, cos2 3

— T sector tan 8 = 30 = 0.3

Ltang = A, — (m%, —m3) sin26;
- T

2Mm-
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Charginos & Neutralinos

P ~ ~— . . + ~_|_
ete” — X;*—Xj [2,7 = 1, 2] e Xi s Xi
~0.-0 S
- Xi X [2,7 = 1,4]
Y, 4
Xi — Z/WXj, hx; e X; > Xj
~+ ~ ~0 —1 ~0
Xi — LToexy, ad’ X3
— Ty — Ty, X5 wor
~0 ~0 — ~0 e
X3 — X%, qax? eVl
1 ~0
— 0 — e x? 300
250 |
parameter method 200 |
mass, width Eye, Ejj, Othr
mass differences  Mge, M4 150 |
spin do/dcos Oz, othy x 3
mixing, couplings  Opot, Spin correlations e e e
100 |- () a5y
Xy 1 ¥ RR 1
50 L
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+ o
eRBL — X1 X1

— 0T 2 jets

XL — Fux? xE — q@ X°

di-jet energy F;; — M, Mg

di-jetmass mj; < Amii_ 20
M+ 127.7 & 0.2 GeV
1
Am._+ g 55.8 = 0.15 GeV
X1 — X1
V5 =3820GeV L =160fb~ !
2000 ————— 11— 1200 ——————— ‘
e X wwW L X wrw-
y ’ * ’
L ** il +
1500 . % ! w #M*
d e 800 A
D . é
] ¢
1000 4 Iy
° L] “ ¢
¢
. ] .
R . ] 400 : .
500 : . R .
[ ]
[ ° .
|- ' . = i i, , -
0 1 A } ! A " 4 7 A A L0/ i
0 40 80 120 0 20 40 60
di—jet energy E; [GeV]

di—jet mass m;; [GeV]

H-U Martyn
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Chargino Properties

Mg+ from threshold scan (o 2y

consistency test spin J = 1/2

m_+
X

127.7 + 0.04 GeV
M+ 345.8 + 0.25 GeV
2

. eRez — X
oo T
Ll ® L =10 fb™/point

[fb]

Ovis

150
100

50

L 1 L L L 1 L L L 1 L L L 1
256 260 264 268
Eoms [GeV]
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mg, dependence of eTe™ — X7 X1 U, exchange in t channel

> polaristion dependent cross section

> spin correlations

—> asymmetry in e’ decay distribution resolves ambiguity
App
Oe[fb] ete” — )21'_)21_ V8 = 500 GeV
' ' ' ' 0.6
500
05
400 +
0.4 t
300
0.3t
200 +
0.2 t
100 |
0.1t
O I I I I 1 1 1 1
0 200 400 600 800 1000 0
ms. [GeV] 0 200 400 600 800 1000

meg [GGV]

omg, ~ 10 GeV uptol TeV
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Neutralino Properties

ete™ — x9x% — 44+ x0x9

~0 — ~0 L m-<o from threshold scan Oswv X 3
X3 — LML~ x]  (E=p,e) X XX
_ consistency test spin J = 1/2
di-lepton energy Fypp — M50, M0
di-lepton mass Mmype < A’mxg—xg’
myo 130.3 = 0.07 GeV
mso 319.8 & 0.30 GeV
M %0 130.3 + 0.3 GeV X3
Amgo_zo  58.6 £ 0.15 GeV %9 +
V3 =320GeV L = 160fb—1 o etel — %9%3
0 _ 0 _ Xa Xz
Wo=1304 0 = 71.9 — solme T
1000 1000 (2 A 2 Tl e L=10m/point
T e
L — tit
|- b>
750 750 |
500 500 -
250 250 - i
@
%0 20 10 60 80 S T T J60 265 270 275
- ECmS [Gev:ﬂ
di—lepton mass m; [GeV] di—lepton energy E; [GeV]
H-U Martyn SUSY 02, Hamburg, 18 June 2002
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— =00 —c0c0
e"'e — XoX7 — e+e X1X1

Production and decay depend on gaugino parameter MV,
> sensitivity to polarised cross sections
> spin correlations => asymmetry in €' decay distribution of X, — e e X3

[> Polarisation resolves ambiguity!

e [fb] ete™ — x99 Arp Vs = ™m0 + ™Mo + 30 GeV
- ()~ (-0)

0.2
0.15
0.1 r
0.05 -

12

10

-0.05 1
-0.1 +
-0.15 |

> CP sensitive observable COS Y = Pheamn * (Pet X Po-)
expected CP asymmetry O(0.1 — 1.5%) challenge to experiment!
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Chargino & Neutralino Systems

e Achievable precisions for charginos & neutralinos

om couplings parameters

Xi» 0.1—05% &gy /g~ 0.01 Mo, p, tan 3
X0 534 01—05% 6gg/g’ ~0.05 M, Mo, p, tan 3

polarised cross sections do ~ O(%N)

[> Reconstructing parameters

overconstrained system of measurements

scenario RR1 scenario RR2
Mo 152 + 1.8 Gev 150 & 1.2 GeV
7] 316 &= 0.9 Gev 263 £ 0.7 GeV
tan 3 3+£0.7 30 139
M4 78.7T £ 0.7 Gev 78.0 & 0.4 GeVv

general case g, My complex = CP phases
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Scalar Top Quark

Scalar top fmay be lightest squark

t, =1t cos 0; + tRsmO~
€+€ — tltl

‘ minimum mass mmin(fl) I

Iy =0
t1 — q X1
Vs=0.8 TeV, my=0.3 TeV, my=50 GeV
015 T T [ T T ‘ T T ‘
L dots W/ smearmg
| no ISR, no QCD
— | £ = 50 fb—1
=
S
~ 0.1 - _
v
g
g
4l
E
< 0.05 -
~
o)
i®;
O L P
0 100 200 300 400

exploit momentum correlations, 1y known

m; = 300 = 2 GeV

H-U Martyn

light mg,

large fR — EL mixing expected due to heavy top mass
< 250 GeV may not be detected at LHC

or, O'R—>m£1, 0{

_|_

6; €r — tltl

0.6
0.59 |

0.58

co::Ht

0.56 |
0.55]

0.541

GE 61'—: — tltl

0.57|

polarlzatlon e/e 0. 8/0 6

177 178 179 180 181 182 183 184

m(stop) (GeV)

m; = 180 = 0.8 GeV
cos 0; =

0.57 4 0.008

SUSY 02, Hamburg, 18 June 2002

El — biit

V35 =500GeV L =2-500fb 1
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LC Run Scenario

Exploration of mSUGRA benchmark SPS 1

Distribution of £ = 1000 fb~* (equivalent @ 500 GeV)
achievable in reasonable time

Accuracy on mSUGRA parameters
mo = 100 = 0.08 GeV  m;,2 = 250 £ 0.20 GeV
Ag =0+ 13 GeV tan3 = 10 £+ 0.5

H-U Martyn SUSY 02, Hamburg, 18 June 2002

Masses from Continuum & Scan

m [GeV] | dme. Jdms Imgps;
eR 143 019 002 002
er, 202 027 030 0.0
iR 143 0.08 013  0.07
i 202 070 076  0.51
i 135 1-2 064 064
T 206 - 086 086
De 186 023 - 0.23
U, 186 70 - 7.0
7 185 = = =
Xy 96 0.07 - 0.07
% 175 1-2 012 012
% 343 85 - 8.5
X4 364 - - -
XT 175 | 019 018 013
X& 364 41 - 4.1

(© LC Program Committee, Snowmass, July 2001
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Other SUSY Scenarios

e R, violating supersymmetry

e GMSB scenario

e AMSB scenario

H-U Martyn

SUSY 02, Hamburg, 18 June 2002

1200
m [GeV]
ool GMSB SPS 8 1400¢ AMSB
. 25, m [GeV]
qr b,
1000
. 1200f
900 L HO,AO Hi
s00 | g 1000 |-
700 |
800 L
600 |
500 _H ,A0=Hi 600 i
400 | % X
Ly T
! 400 L -
300 | Y
X3 xXi
200 | _
in no 200 |
100 L h? X R
0

SPS 9
g —_— -
q —— 02
t
0~ - b
X5 X3 %] '
4
X ——
Ty~
0T
X G
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R-Parity Violation

R, violation R, = (—1)3B+L+25 R, = +1 SMparticles R, = —1 superpartners
%p = \)\zgkLngEkj‘F )‘;JkLngDk + )\;;kﬁzDJDk +¢€; L; Ho
SLF#0 SL#0 5 B0 oL#0
[> single sparticle production ete” -0 — p,_)a"

[> unstable LSP xfl’ — LlL, £qq, qqq, multi-leptons, multi-jets (no E,,iss)

— 10 | | | | |
e
ete” -0, > ete” % 9l ete” = U, —ete”
E .
— -€r e —
narrow resonance production 8 L L
enhanced by ‘unusual’ polarisation efez 7 —
6 —
contact interactions my > /s 5 -
sensitivity
4 mp = 650 GeV
A1j1 = 0.1 my ~ 1.8TeV 5L Tor=1GeV -
)\131 — 005 450 S 9 S 1350
9 | | | | |
500 550 600 650 700 750 800

Eems[GeV]
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ete™ — pFxy — u¥ 3¢

0.1

~

XT = 0tuex® X0 — eev,, pev,

Normalized Number of Events

S channel polarisation enhancement

efer — Xy put or efer — Xip”

Xib -~ A121 = 0.05

mp = 240 GeV

m_4+ =116 GeV
X1

0.06 -

sensitivity 0.04

Ai21 = 107*  m; ~ 150 — 600 GeV

0: L
0 25 50 75 100

125 150 175 200 225

P, (W) (GeVic)
| Multi-leptons & multi-jets in x decays I
A>0 +/s=500Ge
ete™ — Xj )2?, Xi X, signature | X9%9  x9%9  X9XY XX | Signal(f) | Bkgd. (fb
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AMSB Scenario

Anomaly Mediated Supersymmetry Breaking
SUSY breaking may not be directly communicated from hidden to visible sector. Dynamic generation of
gaugino (one loop) and scalar (twoo loops) masses via ‘super—Weyl (superconformal) anomaly’

mSUGRA M7 ~ 0.5 M-

gaugino parameters

LSP = wino-like )2(1)

small Amg, = Mo+ — Mgo

M; = (Bi/gi) m3 /2

almost degenerate with )ﬁt

M1 23M2

™Mo, M3/2, tan 3, sign pu

controls lifetime and decay modes of )at

~ ~—

ete” — X1 X1

() search strategy

|Am5€1 determination I

Vs=600GeV o — 5o fb—1 LC with Vs = 600 GeV
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GMSB Scenario

Gauge Mediated Supersymmetry Breaking M inesss Nmesss A, tan 3, sign u
Gauge interactions at scale vV F' ~ O (100 TeV) serve as messengers

LSP = gravitino G meg ~ (VF/100 TeV)? eV

NLSP unstable ct x (VF)*/(mnLsp)®
):((1) — él fféf —> displaced & time delayed ~y, secondary vertex(?)
it G => long lived heavy leptons

—~

0 _ — <0.c0
X7 = NLSP ete” — X1X1

@ m(§)<1k@v ©)

Vs =500 GeV

displaced -y rate

- NLSP lifetime &4
[ LI
2

)2(1) lifetime log cT [cm]
log No. evts /100 fb— 1!

e'e’ - SUSY - L

r 5

2 , [ 2displaced y+X+E, L
]

. ¢
4 ! ! \ L—— 1 ! ! ! Y O I IO MO NP S o
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1 1
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Method

Summary of Techniques

x{ —£te- G 20 £ =200fb~! @500 GeV
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o b b
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sensitivity on scale v/ F' from lifetime measurements

dery/ety < 10% 30 pum < et < 40m
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Experimentation at CLIC

Completing sparticle spectrum, accessing very heavy squarks or sleptons

may require a multi-TeV LC

CLIC simulation of SPS 2
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Conclusions

Experiments at a future eT e~ Linear Collider are essential to
establish the basic concepts of supersymmetry

The clean environment will enable precise measurements of the
accessible superpartner spectrum

m, ', B, op01, G, JPC mixing parameters
quantum numbers, CP phases

Only high precision measurements will allow a model indepen-
dent analysis of the detailed structure of the underlying super-
symmetry theory, determine its parameters and its symmetry
breaking mechanism

Reliable extrapolations to high energies may indicate the way to
unification and towards energy scales close to the Planck scale
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Perspectives for the year 201x + 5

Complementarity of LC and LHC

Access to Snowmass benchmarks
SUSY parameters at high scales

Discover fundamental SUSY theory
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Support the worldwide project of a eTe™ Linear Collider!
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