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Step—by—step Strategy

General MSSM parameter from =, ¥°, 7

a) charginos: My, u, ®,, tanp
b) neutralinos: + My, &4

Remember:
only light system, v, (¢, {3 would be sufficient!

— and even Mot predictablel...
2 _
Choi, Kalinowski, GMP, Zerwas, hep-ph/0108117+0202039

However, all mg. and couplings = f(cos243,sin 23)
High tan 3: sin28 — 2gL7 and cos28 — —1

— weak dependend on high tan g

NoO precise determination possible via x; sector!

What to do?
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Possible channels for determining high tang

Higgs sector, e.g.:

e J. Gunion, T. Han, J. Jiang, S. Mrenna, A. Sopczak '01,'02
ete~ — HZ — bbbb, etTe~ — bbh, bbA — bbbb
rates and width = Atans > 10% (small my4)

e V. Barger, T. Han, J. Jiang '00:
ete~ — Htt, Hbb, Atf, A,bb
J.L. Feng, T. Moroi '97:
ete~ — Zh, AH, tbH—, thHT
rates and BR

tanpg BHJ FM
3 2.4-3.6 <5.2
5 4.3-6.3 3—6
10 6.2-12.7 > 6.5
20 14-32 7.5-90
30 18—80 > 8

= high tan g is a problem ...

— Help from 7, T, b sector possible?

= Yukawa couplings: Y, = :zw/(\/icosﬁ).

Y = it/ (V2sin )
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What was already done in the 7, b, 7 sector?

e Masses, rates, BR's, e.q.:

Bartl, Eberl, Kraml, Majerotto, Porod '97,
Bartl, Eberl, Kraml, Majerotto, Porod, Sopczak

Eberl, Kraml, Majerotto
Bartl, Hidaka, Kernreiter, Porod

e Use of 7 Polarisation, e.qg.:
Nojiri
Nojiri, Fujii, Tsukamoto
Guchait, Roy

e Extraction of ¢t polarisation, e.qg.:
Jezabek, Kuhn
Boos, Sherstnev

What are we doing now?
Interplay between 7;,%;,b; < i?‘i sector:

= detailed simulation of 7, t polarisation
= measurement of (high) tanpg
= analysis concerning determination of A,

'00
'97
'99
'02
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'02
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Analysis of the 7 sector

Mixing matrix of 71 o:

B M? + m2 + Lcos(28)m? m,(A; — ptan )
m-(A; — ptan 3) M2 4+ m?2 — Rcos(2B)m?

e Off—diagonal terms depend strongly on tanfg
but also on A;!

e diagonal terms depend only slightly on
(high) tanp

e Mixing:
Fin [ cos@z sinéz \ (7L
(;2) - ( —sin;; Cos 9; ) (?R)

Rates and mixing angle:

o(T;7;) = f(cos2 20=, cos 203)
o(717) = f(sin® 26z, sin 26>)

= C0Ss 20= via light system o(7171) with 2-fold
ambiguity

— Resolving ambiguity via 2nd measurement
— use of beam polarization!

|
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Parameters from the 7 sector

Reference scenario:

mz, | mz, | M | M> I 7] ]tanﬁ [ A,
151 GeV | 305 GeV | 99 GeV | 193 GeV | 140 | 20 | —254.2

Process: ete™ = 7171 = 77~ 4+ 259

Expected accuracy for masses and rates:
Vs =500 GeV, P.- = +80%, P+ = —60%, £ = 250 fb~!
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e QED and beamstrahlung included

e Energy and angle cuts
— Background WW ~ 6%, XiX7 ~ 3%, X9x2 ~ 7%

e Determination of do(7171)/o(7171) ~ 3%!
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The 7 mixing angle

Process: ete™ — 71 7]
(with P(e”) = +80%,P(et) = —60%)

cos26; 8
6
4 B
2 L
1 )
physical range {_10 "
2t
4 | Po=0 { —— ]
6 } Pff+ =0 ]
-8 1 . :
0 50 100 150 200
o(7171) /b

= P+ =0:0(7171) =47 fb

= 2-fold ambiguity!

= P, = 4—80‘%{,13(_24r = —60%: o(7171) = 109 fb
= no ambiguity: cos26- = —.987 £+ 0.08!

Beam polarisation = simple and elegant method
for resolving ambiguities!
Masses known — predictable, which polarisation
would be sufficient!
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Measurement of the P(7; — 1)

Process: ete™ — 7 7] — 7 7%0 = 7 vrn %9

Energy spectra of i (tang = 20)

LS . R S e
>
(4B
O
N
é 0.06 Polarization = E
-
L 82 + .03
QO
O
N
»n 0.04 N
(7))
O
Q
S 0.02 i
0

Yn

— Precise determination of the polarization:
P(7{ = 1) = 82 £+ 3%)!

0.8

Next step: Inversion of P(7; — 7) leads to tanpg!
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Inversion of P(74 — 1)

Polarization measured P(7; — 7) = 82 + 3%:

tans 50
45 +
40 +
35
30 t
25
20 [
156 +

10 l ' : ' b
03 04 05 06 07 08 09 1

= tan 3 = 20 + 2! Pz _;
High accuracy even for high tan g possible!

What's about the XY contributions?

— can be decoupled!
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Determination of A,

Final step:
Since tan B = 20 + 2 already known

= use off—diagonal terms to determine A;:

Ar = 2?%“ (f;rn%1 —m2)sin(20;) + ptanp

T2

Measurement of mz, = 305 GeV:
— analogues to analyses in the TDR:
6(msz,) ~ 2 — 3 GeV expected

However, due to m, < (m,?rl —m%) and sin @z ~ O:
= §(A,) ~ 2700 GeV, ...

No chance for A;7

= strongly dependent on the scenario:
if M; = 300 — 200 GeV — larger mixing angle
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Analysis of the b sector

Mixing matrix of b1 5 ... as usual
y m:w + :5 + m2cos(2B) (13, — eq sin? Oy) my(Ap — ptan 3)
N my, (A, \_;mzmv :m + mi + e;m2cos(23) sin? Oy

= In principle 'same’ tan 3 — A, strategy as before

However, since P(b) is not an prospective observable
study the process: b, — xj

— P(t) needed!

N 2(m2, m?, m2 .
e Q?@. m Hh___y_v.x_m with f1 = W@Wﬁwgysmﬁhﬁawm and fo = SW Wsﬂwﬁ 3m
GN = Inwm 2/5in% 3 4 ¢, “p2/cos? B + 2 — (2v/2c; uy/cos B) sin 26;
|Q+w u\m_: Q+q|m m\QOm 3 — 2) cos 26;
G", GP: = ete.
with qmr = Vi2/Uj1, ¢, = j2/Uj1: again higgsino admixture important!!!

— In principle same procedure applicable




Measurement of the P(b; — t)
Process: ete™ — b;by — Eiift — Eiifbcﬁ

— determine t polarisation via angle correlations!

‘Angle correlation in the t-quark rest framel
‘I evnt

N

40 = \

30—
: \z

20— ~
- P op=-0-44 £0.10 o~
- N,=330

10 —

0 L. 1 1 | 1 ! 1 1 | I 1 1 1 | 1 1 1 cosex1,8

-1 -0.5 0 0.5 1

— Determination of the polarization:
P(by —t) = —44 £ 10%!

— Inversion of P(b; — t) leads to tan g7
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Inversion of P(b; — t)

Polarization measured P(b; — t) = —44 + 10%:

tang 50
45 |+
40 +
35 t
30
25
20 +

-08 -06 -04 -0.2 0 0.2

P‘51—>t

= tanB = 17.5 + 4.5!

High accuracy again for high tan 3 possible!

What about A7

= Same procedure as in the A, case

Ay = ! (-m,abgl — -m%z) sin(26y) + ptan g

T 2my,

but higher precision: §(A)/Ap ~ 60%!
(assuming §(m;) = 2 GeV)
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Conclusions and Outlook

31

In principle: M», u, tan3, M; can be deter-
ined via only the light system!

However, 1, ijt weak dependent on tan j:
— not suitable for determining tan 3 > 10

e step—by—step procedure for 7—{? applicable if
%9 has higgsino admixture
— predictable with input from %9 ,, X3

e Determination of tan /3 with high prec. and A,
without an assumption on the SUSY breaking
scheme!

e For 7; — 7X3 5 4 also valid, only higgsino com-
ponent needed!

e Same method for tan3 from P(b; — tXi5)
— A, A; with higher precision!!!

e Input from LHC constructive?

— high ¢ masses?
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