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‘ SUSY Scenarios

particle J | SUSY partner J mixed states
leptons ¢, vy "21" sleptons {, Uy 0 7, T
quarks g 2 | squarks  § 0 {1,
gluon g 1 | gluino g o
bosons v, Z, W 1 | gauginos %,Z,W 3 X3 X2 x8, xd
Higgs  h,A,H,H* 0 | higgsinos h, A, H H* 1 ¥ x3
> MSSM 105 + 19 (SM) parameters
> mSUGRA 5 parameters LSP = x? = large
Mo, My/2, Ao, tan B, sign p
M; = (a/acuT) my /2 M, ~ 0.5 M5
> Gauge Mediated Symmetry Breaking LSP = G
Mmessy Nmessy A, t{an/Ba sign u
2
v F
Mg/ = Mpas 2.37 eV
e/ ="Ta (100 TeV

NLSP unstable

cT

100 B \ 100 TeV

Xg — ‘Téa ffé

o5 G

1 vF : ( MNLSP )_5
cm
100 GeV

= displaced & time delayed ~, secondary vertex(?)

long lived heavy leptons
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S Anomaly Mediated Symmetry Breaking'
contribution to soft mass parameters from the
‘'super—Weyl (superconformal) anomaly’

AMSB gives the dominant contributions to the scalar
and gaugino masses if SUSY breaking is not directly
communicated from a hidden sector

LSP = X? wino-like
mo, Mg/2, tan 3, Sign K
M; = (ﬁi/g,;) ma/2 M, ~ 3.2 M,

=> characteristic properties

near mass deneracy of xib and x3

near mass deneracy of £r and £
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SUSY Particle Spectra'

ILlllI!lIll_I_l.l.lli

mSUGRA GMSB AMSB
800 qr t2 g .
- g ———— b Op ;| — ‘}22
N T 1, —— g
600 | !
g. : d s —
3 I ;
g &
€ 400 F by £ e
L I = ,
» X3 — A X2
— EL 1}’!
200 T N i o X3 -3t g h
B tn - X2 X 0 g ERy Ve o 1, i
R - 1 %%t
tan B = 3, sign(u) +
m3UGRA  mg = 100 GeV, my/, = 200 GeV
GMSB A =70 TeV, Myess = 100 TeV, Npess = 1
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Motivation

Why do we need the Linear Collider?
e Discovery of new physics
e High precision measurements of SM

e Determination of new physics

—

Why do we need Beam Polarisation? }

e Beam polarisation « chiral couplings

e Enhancing/suppressing of special channels
— Better statistics
— Extraction of couplings
— Background suppression

Electron Polarisation is well under control
— Experience and know-how from SLC!
- Pe_ = (7734 + 061)% Ch. Baltay, Obernai Oct '99

So why do we need Positron Polarisation?;

G. Moortgat-Pick
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‘New Results
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‘Scalar Leptons

et it ., oL e™ &L ()
o, =k
N, Z xi (X5)

e” lp, 1> VL € €r, L (¥e)

Scalar lepton production

et e — ERrér, €1 €1, ER €L

et e

— HARHR, BL AL
ete™ — Fp¥r, FL 7L
ete™ = Drig
s channel exchange
- o . |
do(et edg;—» It1 ) _ %ﬁ“ sinzﬂlM.,, + My|?
Scalar lePtoh decays (via SM particles)
l‘fﬁﬂ - 1% xg,n.a.4 x; = LSP

T +
It =— V X1,2

o — IFxi,

2 2

-

2

my m

E,mes — ( - m—x) ~v(1x 3) flat spectrum
i

Scalar lepton signature
acoplanar lepton pair [*!~ 4 missing energy

H-U Martyn Linear Collider Workshop, FNAL, October 2000
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THE MReduchions of Parpe of Lcatap

AT THQRESSMAoLh H:"cﬂ?Euf IN An; (O OATE
CLA-L“ - P.!WPTE, Fz ka?)

(ﬁwc ‘Rort' [L4gesp

PReciCion bETERMINAT.ON

ofF Se chmu}
(T YY) HAdL
1200
| g 800
©
. 400

. Cross sections o(epey — IRdy) and o(etey = Ffiy) for my, = 200 GeV and my =
100 GeV. The inset is & magnified view for /4 near threshold. Effects of initial state radiation,
beamstrahlung, and the selectrun width are not included.
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Charginos and Neutralinos -

0
e, x’ x* e xtX
Y Z ﬁe/e{"ﬂ
— 0 —_ —-n, O
e X5 X e X X
Chargino and neutralino production
ete” — xi X; [2,7 = 1, 2]
ete” — xI x_? [, =1,...,4]

s channel exchange
do(ete™ = x x)
ds}

a2
= —3 {(1 + 32 coszﬂ) (o N
4s

+(1—-8%) Q2+ 203 cosb Qs}

Chargino and neutralino decays (via SM particles)

Xk — Z/Wxa

Xf: - Wx? x?: = LSP
x¥ = 1Fp if my < my+

Chargino coupling to gaugino and higgsino
xib = aW* 4+ 3H*

s channel ¢ channel

Polarised beams: es HE* W= W

ep HET — —
H-U Martyn Linear Collider Workshop, FNAL, October 2000
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Teruki Kamon Linear Collider Workshop, Fermilab, October 24-28, 2000

Introduction: A Large tan 3 Scenario

ete” = xixi = *tv ¥ v

[M(&) > M(x¥) > M(75) > M(X)]

e Can we study ;Qli and ﬁi, and X7, if the Nature
choose MIC Pt.#3 (M, = 200, M, = 87.8, M, = 180,
p = —400,tan 8 = 50) 7

MG MGE M) ME)  AM

Point (= M(%) - M(%))
1. 157.5 152.7 86.8 5

2. 162.5 152.7 86.8 10

3. (SUGRA) 172.5 152.7 86.8 20

4. 1925 1527 86.8 40 :

e Three 77 + Jr final states in ete™~ collisions:
= XiX1 = 7Tv T v = (texd)(rrvx?)

— 7T = () (%)
— WTW- — () (77 v)
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Determination of Chargino Mass: L Design I

e Setp 1: Ny.p, = 100,000 —> Ny &~ 37,000
e Step 2: Fit the E(j) distribution:

e M wierror; dM= 20GeV
% 2500 FARY GauSSlan 1 (mSUGRA)
B : dash: dM= 5GeV
- AR dots: dM= 10GeV
dotdash: dM= 40GeV

2000

1500

1000 |-

500

i, Gaussian 2

L . il
BO 100 120 140

I‘H‘SDl l 180. . I2DD
Jet energy (GeV)

e Step 3: Fit the parameters including F; and E,
as a function of M (xX%)— templates

11
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Resultz of chorgino mase fitling

ow
(=]

input chargine mass = 172,5 GeV/o”
LSF mass = 86.8 GeV,/¢*

LI e e

chorging moss [GeV/c)
< 3
o o

rgino mass

~
s
T

é 1705
by vz g7252 5 Gow
. A

\ M, = 752.52 %7 &
152} 'Ed

Tss TR 7o 7e2 ", ¢ y&J’i ? (1 4

160 PRI ERTER S SIN BTN BRI RN
142 144 146 148 150 182 1564

stou mass (Gev/e)
stau mass e
180 Resuits of chargino mass fitting
L B
g 3 input chargine mass = 172.5 GeV /¢’
%175 L. stou masy = 152.7 Gev/e’
3 o
s ,5175 C +3.1 GeV
Bt f
h 174 O
8
ﬁ 172
170 -—
168
166 -—
164 -—
N P N BT S D T T

Al PP B
B7 88 8s a0 21

B6
LSP mass LSP moss (Gav,/e™)

82 83 B4 85
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Figure 5: Contours for the “measured values™ of the total cross section (solid line), P/Q
(dashed line), and P?|Y (dot-dashed line) in the [cos 2¢y, cos 2¢r) plane for the set RR1
[tan 3 = 3, mo =100 GeV, My, =200 GeV] at the ete™ c.m. energy of 400 GeV.

1
0.5
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S 0F {1 of 1 of -
g | _ 6, {22}
-05 | o{ll} | _o05 s \ -
: __1 " 1 " : M I'l a _1 LY e 1 L 1 |; —_ i 1 M 1 i 1 i
-1-050 05 1 -1-050 05 1 -1-050 05 1

Cos20, | cos2¢, cos2¢,

Figure 6: Contours of the cross sections (a) {or{11},01{11}}, (b) {or{12},01{12}}, and
(c) {or{22},00{22}} in the [cos2¢r,cos2¢R] plane for the set RR1 [tanB = 3, mp =
100 GeV, M/, = 200 GeV] at the c.m. energy of 800 GeV.
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O T loenra Ecn

\Total Cross Section O'el

Oe =0 (e+e_ — 5('9558) X BR ()’68 — )'296"'6_)

o./fb G. Moortgat-Pick, 1999
12 .
(+-)
10 |

c N O~ O ©

40 60 80 100 120 140 160
M,/ GeV

See = mi? -+ mfég + 30 GeV
mg, = 161 GeV
mg, = 176 GeV

P_=0,%0.85, Py =0,+0.6 — (sgn(P-), sgn(Py))



Asymmetry Arp of the
decay electron

Te (COSOe > 0) — ge (COS O < 0)
0e (COS O¢ > 0) + ge (COS B¢ < 0)

App =

Arp G. Moortgat-Pick, 1999
0.2

0.15
0.1t
0.05 ¢+

(+-) = (+0)

-0.05 | (10
0.1
-0.15 |
-0.2

(+-)

40 60 80 100 120 140 160
M]_/GEV

mz, = 161 GeV
mg, = 176 GeV

P_=0,40.85, P{ = 0,%0.6 — (sgn(P-),sgn(Py))



Feynman Graphs for
LSP/Selectron Production
and Leptonic Decay

Production :

Decay :

M in Production and Decay:

- Mass m-o
X1

- couplings fa. 14



Total Cross Section
Oce (AL — ::1)

Convoluted cross section in the lab. frame:

Tece (See; Pey, Ak, AL) = fdyP (v) Oey (Sey) X BR (EL/R = i?em)

C"ee/fb

300 F

250 |

200 F

150 p

100 F

50

250 300

M,/ GeV

Vv 3ee = 500 GeV

Pe = 0.8
A = +0.8
A, =+1
AL=-1—--—-

Mg, = 179.3 GeV
Mg, = 137.7 GeV



Polarization Asymmetry A4,

__ Oee (See, Fe, Aky AL) — Oee (See, Pe, Aks *)\L)
L Oee (See; Pe,)\k,)\[,) + Oee (See,Pe,)\k,—/\L)

Ay

Ax

0.3k

L

0.2¢r

0 50 100 150 200 250 300

M;L/GEV

V8ee = 500 GeV
A, = +1

/\k — —|-0.8
Pe=10.8

mg, = 179.3 GeV
Mg, = 137.7 GeV
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LC Werkshop 20000 .

Potential of the LHC and LC to Study \
Degenerate Wino Pairs

John F. Gunion and Stephen Mrenna
UC Davis Institute for High Energy Physics

X Mz < M, |p| is “natural” when:

® gaugino masses are dominated by loop corrections

B O-ll superstring models

A. Brignola, L.E. Ibanez, and C. Munoz
> SUSY-breaking from the conformal anomaly (AMSB)
G.F. Gludice, M.A. Luty, H. Murayama and R. Rattazzi: L. Randall and R. Sundrum

® SUSY is broken by an F'—term that is not an SU(5) singlet

Snowmass® Summer Study
X LSP and NLSP are Winos with nearly degenerate masses

e Radiative corrections favor M 5.~ M ~ > Mg
1 1

S. Mizuta, D. Ng, M. Yamaguchi; A. Papadopoulous, D. Pierce; D. Pierce, J. Bagger, K. Matchev, R.—J. Zhang

See related studies of AMSB-like phenomenology
Guriien, Drass; GQunion, Drase, Chien; Gherghetta, Guidice, Wells; Feng ef al: Gunion, SM;

Paige, Wallz; Baer, Mizukoshi, Tata

Talk available at:
http://moose.ucdavis.edu/mrenna/talks/LCsusy.ps

N

Sisphen Mrenna (UC Davie)-1
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Lepton Collider Overview
¢/ Concentrate on difficult case when scalars are heavy
¢ Amg, < my
aib yields a highly—ionizing or disappearing track
5;" 51_ production will be easily seen‘
e Amg, >2-3GeV
mSUGRA limit at LEP2
X mx <Amg, <2-3GeV
5i|= — Jvl rt decay yields a soft 7 track
STUB (Amy, < 180 MeV)or HIP (Amg, < 1GeV)
> 7y — 77 background makes direct 5{" 5{“ unmanageable
pete” — 75?” 51_ (with v~y background)

v + F + wm signature
pr > 10GeV,10° < 6, < 170°

Disclaimer: We assume background to v + 7(s) signal is small. No
decent Monte Carlo programs, but measured background after cuts at LEP2
is negligible, even without requiring a high impact parameter for at least one
of the 7's.

\ /

Stophen Mrenna (UC Davig)6




/ NLC600 reach for 50 fb—1/1 ab™1 \

NLCGOO

St&m\d SUSY Search

&H (GeV)

10

100 120 140 160 180 200 220 240 260 280 300
Chargino Mass (GeV)

® 10 event min for “background free”
e otherwise S/v/B > 5, 5/B > 0.02

¢ For200 MeV < Amy, < 2GeV, 'ytaglsnecessaryfoftaggm
and reducing background

SNT => terminating chargino track

HIP = soft m with significant impact parameter

\rrﬂ' => two, soft, acollinear pions J

Staphen Mrenna (UC Davig)-7
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at High Energy Scales

Grahame A. Blair -
Royal Holloway, Univ. of London
email: g.blair@rhul.ac.uk

Overview:

¢ Statement of the problem
¢ Top-down approach

¢ Bottom-up approach

¢ Experimental Errors

¢ Numerical Procedure

o Results

o Summary

G.A. Blair, W. Porod, P.M.Zerwas, hep-ph/0007107




© Setting up the Model:

Evaluate MguT
Add SUSY breaking

2-loop RGEs

+ thresholds

Input Gauge, Yukawa Determine sparticle
tanf3 Spectrum

e First determine Mgut (for mSUGRA - M,,, for GMSB) by
evolving RGE’s upwards.

¢ At Mgur, input the values of Mg,My,A, tang3, sign(u).
e Evolve downwards to determine electroweak sparticle spectrum.

o Assume radiative electroweak symmetry breaking:

2 in?2 2 2
9 M%, 8in” B — m4, cos 1
" = —H2 i b _ ~m% + rad.corr.

Z cos 23 2

RGE’s: 5.Martin and M.Vaughn, Phys. Rev. D50, 2282 (1994);
Y.Yamada, Phys.Rev.D50, 3537 (1994); |.Jack and D.R.T.Jones,
Phys Lett B333,372 (1994).

Thresholds: J.Bagger, K Matchev, D.Pierce and R.Zhang,
Nucl.Phys.B491,3 (1997).
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~ Top-down extraction of parameters:

Assuming a top-down approach, where MD,M%,A, tang are allowed
to vary at the GUT Scale assuming mSUGRA led to:

parameter | true value error
My 100 GeV | 0.09 GeV
mi /o 200 GeV | 0.10 GeV
A 0 GeV 6.3 GeV
tan 3 3 0.02
sgn(u) + not fit

Allowing M; and M, to vary independently leads to:

parameter | true value error
mo 100 GeV | 0.09 GeV
M, 200 GeV | 0.20 GeV
M, 200 GeV | 0.20 GeV
Ag 0 GeV 10.3 GeV
tan 3 3 0.04
sgn( ) + not fit

So: Adopt a bottom-up approach:

Conclusion: the top-down approach, combined with LC errors, gives
excellent mSUGRA parameter determination.

BUT: the model assumption could hide the true structure ...
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. Bottom-up approach:

Observe evolution of parameters
Reconstruct Theory

No assumptions about §  2-loop RGEs
SUSY breaking + thresholds

Fit to masses + Extract MSSM parameters
Cross-sections * + error matrix

e Fit to the mass spectrum + cross-sections at EW scale.
e Use conservative estimates for errors (see below).

o Extract MSSM parameters + error matrix at EW scale

EW scale parameters: Mg, M, ,Mp, Mg, My, A, Ay As,
My, My, M; tans, k=1,3, i = 1,2,3

Finally
¢ [nput measured particle spectrum into RGE's.
e Evolve RGE's upwards.

e Importantly: reconstruct theory, without bias.




~ Assumptions Used in Fits:

o L= 100 fb~?! for each scansreceim
e L= 500 fb~? for each polarized cross-section measurement.

e Polarization: e7:80%, e*:60%.

in fit.

mSUGRA model

Particle || M(GeV) A M(GeV)
Mass LHC | LHC+LC
ho 109 0.2 0.05
Al 191 3 1.5
el 133 3 0.11
x) 72.6 3 0.15
v, 233 3 0.1
&l N7 3 0.15
U, 214 3 0.8
i 154 3 0.7
i 466 10 1
t1 377 10 1
7 470 10 10

\_ ' ATLAS TDR, CERN/LHCC/99-15.

® No colour- (or charge-) breaking minima are allowed as solutions

* Representative LHC errors™ assumed for more massive sparticles
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i mighA =

tan 8 = 30, Mp=200 GeV, M1 =190 GeV, Ay=550 GeV, sign(u)=-1

400 400 -

300 300 —

200 200

100 100

0 BT N A ST AN R N Y MY Y Y R Y Y 0

102 10° 10® 10" 104018
Q (Gev)

102 10°

The widths of the bands indicate the 95% CL.

¢ Slepton sector is under very good control

® M3 accuracy limited by the gluino mass precision.

\ e Unification of parameters is reconstructed. /
F——
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tan 3 = 30, M,, =2 x 10° TeV, A =28 TeV, N5 =3, Ay = 0,
sign(u)=-1.

500

400

300

200

100

5 bl N B e,
10° 10" 10™10!

M Q (GeV)

6

The widths of the bands indicate the 95% CL.

e No confusion with mSUGRA.

* Reconstruction of Unification of M7 and M%_ at M,,.

\

i/
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tan 3 = 30, My=200 GeV, M =190 GeV, Ag=550 GeV, sign(u)=-1

M, (GeV)

400 400

300 300

200

200

100 100

G Ll P S S S S O O 0 T Y Y Y 0 |

102 16> 10° 10" 100’8 102 10° 10® 10" 10™10'®

Q (GeV) Q (Gev)

The widths of the bands indicate the 95% CL.

e Assumption of unification is less secure.

e Top-down approach may lead to incomplete picture.




|1 Z.Chacko, M.A.Luty, A.E.Nelson,E.Ponton hep-ph /9911323

i

A Gaugino-Mediated Model

tan 3 = 2.5, My=5 GeV, M% =200 GeV, A;=0 GeV,
Mp, = 300GeV, My, = 200GeV, sign(p)=-11

Y - = 450
¢ ¢ A
= 450 |- = 3
X 400 -
400 |
- 350
350 [ -
- 300
300 | -
- 250 |
250 - L
200
200 o B
- 150 |
150 [ - Ly
100 :_ 100 :‘E1
50 [ 50 |
0 Y I Y Y Y Y I R T T 0 Ll
12 10° 10° 10" 10™10'® 102 10° 1% 10" 10™10®
Q (CeV) Q (Gev)

e Higher efficiency (80%) used for cross-section measurements.

® Experimental errors increased for sneutrinos (invisible decays).
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CONCLUSIONS

e Cosmology provides no useful bounds on
sparticle masses

e In simple scenarios, focusing and low energy
constraints = we should consider mg2 1 TeV

e Ongoing dark matter searches are promis-
ing, highly complementary to other supersym-
metry searches

e In MSUGRA,
SUSY at 500 GeV LC = SUSY before LHC

e Beyond mSUGRA? Quite robust — work in
progress
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* Any claims about the expected values of sparticle
masses based on unprincipled fine-tuning criteria
should be treated with extreme skepticism. In most
cases they should be disregarded.

e Contrary to claims in the literature, | find no
evidence that third generation squarks in the multi-
TeV region are compatible with the absence of
fine-tuning.

e Supersymmetry (in whatever form) if relevant to the
weak scale should provide a multitude of sparticles
kinematically accessible at a 1 TeV NLC.

e Naturalness arguments do not guarantee that
the entire spectrum of superpartners would be
kinematically accessible at 1 TeV NLC.

LCWS 2000, Fermilab : Greg Anderson 21
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