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e (p1, A1) : l Amplitude (t-Channel)
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: T2 (XR) = g70(p2, )
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| . .
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e (p1, A1) : l Amplitude (t-Channel)
!
: T2 (XR) = g70(p2, )
' (@) (af”" P + b Pg)
' AY(f+ mso)
| . "

\ I 3 (a,” Pr+b” Pg)
e ) I lz
(p2 .2) ‘ > u(pla)\l)
+ ZL —> ZJ

® neutralino exchange = massive fermion propagator

#® Including LR and Flavour Mixing
(Hikasa, 1986; Blochinger et.al., 2002; Arkani-Hamed et al. hep-ph/9704205)
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( MQS%/V + Mlc%/

(Ms — My)swew
0
0

(M2 — Ml)SWcW
MQC%VS‘Q/V
mz

0

Basis: 4, Z, H], Hy; GUT: M1 = 2 tan® 0y My

Wiirzburg

0 0
myz 0
HS2p  —HC2p

—HC2p —MSQﬁ)
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( Mys?, + Mycy,  (My — My)swew 0 0
v (My — My)swew MQC‘Q/VS‘Q/V my 0
0 myz psS23  —HC2g
\ 0 0 —HUC23  —HS2p )
Basis: 4, Z, H], Hy; GUT: M1 = 2 tan® 0y My
Diagonalisation with matrix NV : N*YN—1 = Mp

gives Down-Lepton-Slepton-Neutralino-Couplings

1 1
f;f = V2 [ (5 — sin? 9W> Nio + sinHW]

cos Ow

kR = ﬂsin@w(tanHWng _Nkl)
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2 2 2 2
M2 — M; +m;+ Dy my(A; —ptanB)\  [(mip mip
o 2 2 o 2 2
where D, = (—% + sin? Oyy) cos(2ﬁ)m2z and D = — sin? Oy cos(2ﬁ)m%

Slepton LR-Mixing:

[ costly  sinb; 1
[5 —sinf; cos0; I
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Slepton mass matrix (in MSSM):

2 2 2 2
M2 — M; +m;+ Dy my(A; —ptanB)\  [(mip mip
o 2 2 o 2 2
where D, = (—% + sin? Oyy) cos(2ﬁ)m2Z and D = — sin? Oy COS(2,3)’I’I’L2Z

Slepton LR-Mixing:

[ costly  sinb; 1

[5 —sinf; cos0; I

The couplings are given by

af? = ffcost;  af' = —fisin6;

e2 _ rR - 5 el  rR 5
by, = [fi.'sinb; by, = [} cosb;
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o Ipb
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Production of [pip Production of [.[p
(similar for i} = Threshold: « 3°
= Threshold: x 3 BUT: & g with LR-Mixing
o Ipb o Ipb
12 f _— 08 S
| = VTS T
1y /'/e—é — 0.057 /
I A/ // 0.6
08 | T x
el [ =
06 /// 04 [ 4 0 = 0.057
s [/ /’/“é,:%— / //;/’
’ 021 |f 7 0 =0
0.2 /// | ?/

275 280 285 290 295 300 325 350 375 400 425 450 475 500

Vs 1GeV Vs 1GeV

No beam polarisation necessary!
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i:LOrR, ¢y, ¢4s, ¢4 5 Mixing angles, §: CP-phase (Arkani-Hamed et al. hep-ph/9704205)
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. . . . . 510
o121 ’ 615 01 o okt
W. = e . . . .l . o . . ) . .
i P10k T D01o 70k "0l " T01, 00k T 900270k T0dsC P91,
: . : : . pl _ : . : , : ? , :
61570k T Cla 0857015 ¢ Colo0hs T 9012 0k, T01sC C95: el

i:LOrR, ¢y, ¢4s, ¢4 5 Mixing angles, §: CP-phase (Arkani-Hamed et al. hep-ph/9704205)
Full mixing matrix for all three generations left and right:

Wr 0

W =
0 Wg

Note: Does not include LR-Mixing
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(0 Lp\[{wr o0 My 0 wi oo 0 Lgt
Lr O 0 Wg 0 Mg o wi)\rt o

Affects the couplings: « = 1..3: Lepton, m = 1..3: Slepton, k = 1..4: Neutralino
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To incorporate both Flavour- and LR-Mixing:
M? = LWM3EWIL!
(0 Lp\[{wr o0 ML02W£O 0 Lgt
 \Lrp O© 0 Wgr/) \ 0 Mg o wiL/\rgt o
Affects the couplings: « = 1..3: Lepton, m = 1..3: Slepton, k = 1..4: Neutralino
» Flavour Mixing

L L mao R R (m—+3)
f k7 akW ak akW

(8%
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To incorporate both Flavour- and LR-Mixing:

M? = LWM3EWIL!

2
(0 Lp\[{wr o0 My 0 wi oo 0 Lgt
Lr O 0 Wg 0 Mg o wi)\rt o
Affects the couplings: « = 1..3: Lepton, m = 1..3: Slepton, k = 1..4: Neutralino
» Flavour Mixing

L L mao m—+3)o
Jor = JaxW ak—>f Wi )

(8%

® [ R-Mixing (including Flavour Mixing):

af? = cosOifH W, aft =  —sinf;fL W (m+3)

m2 . ~ am., m1
bt = sinO;f2 WO by

cos 05 f Jyelm+3)
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® Density Matrix Formalism (Bouchiat-Michel-Formulae)
(Nucl. Phys. B 5 (1958) p. 416)

u(p, N)u(p,\) =

/N

1 + 2)@5) 5)\>\/ . ]5

4+ N

DN | —

Y5 (}glO'}\A/ —+ ;5120'§\>\/) . %

Revision: 1.13 - Date: 2004/02/23 12:43:17 — p.10/28



™, Theoretische

' Physik 1I

(1) Polarisation Dependence [T Qs

Wirzburg

® Density Matrix Formalism (Bouchiat-Michel-Formulae)
(Nucl. Phys. B 5 (1958) p. 416)

u(p, N)u(p,\) =

/N

1 + 2)@5) 5)\>\/ . ]5

4+ N

DN | —

Y5 (}glO'}\A/ —+ ;5120'§\>\/) . %

#® massive fermion propagator: o (¢ + myo)
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® Density Matrix Formalism (Bouchiat-Michel-Formulae)

(Nucl. Phys. B 5 (1958) p. 416)

’U/(p, )\/)l_l,(p7 )‘) — (1 +2)‘fy5) 5)\>\’ ) Zd

4+ N

1
5’}/5 (}glO'}\A/ —+ ;5/20'§\>\/) . %

#® massive fermion propagator: o (¢ + myo)

=- Contributions in transverse polarisation?
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Squared amplitude:

¢ T { [u(or, X1, M) + 1) [0(p2 X5)0(02, X)) (f + migg) )
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Squared amplitude:

¢ T { [u(or, X1, M) + 1) [0(p2 X5)0(02, X)) (f + migg) )

Bouchiat-Michel-Formulae yield e.g.:

\ . 4
~"

long. and unpol. contrib. transverse contrib.

B B (qum;(%);-wS‘anb\g,Ag ]52";(%+m>22)
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Squared amplitude:

¢ T { [u(or, X1, M) + 1) [0(p2 X5)0(02, X)) (f + migg) )

Bouchiat-Michel-Formulae yield e.g.:

\ . 4
~"

long. and unpol. contrib. transverse contrib.

B B (qum;(g);-wS‘anb\Q,Ag ]52";(%+m>~<2)

= Contributions linear in the transverse polarisation

Revision: 1.13 - Date: 2004/02/23 12:43:17 — p.11/28



™, Theoretische

' Physik 1I

i 1) Polarisation Dependence J?. \ i

Wirzburg

Squared amplitude:

¢ T { [u(or, X1, M) + 1) [0(p2 X5)0(02, X)) (f + migg) )

Bouchiat-Michel-Formulae yield e.g.:

O B (dmge) e 4105 s o (d + mge)
long. and unpol. contrib. transver;g contrib.

= Contributions linear in the transverse polarisation

Contributions of all polarisation combinations,
transverse as well as longitudinal.
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(k,l = 1..4: Neutralinos; 7,7 = 1, 2 (“L,R"): Slepton, m = 1..3: Slepton flavour)
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® o (1£PEY(1£PL)Y - a5 a™b - [(p1,p2,q) ]

® o« =PI (LEPH) a0 a™a™ - [(4) + Epvpo -]

(k,l = 1..4: Neutralinos; 7,7 = 1, 2 (“L,R"): Slepton, m = 1..3: Slepton flavour)
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® o (1+ P+ PE)-af b a0/ - [(p1,p2,9) ]
® o P (1+ PE) - a b a - ((,) + Epupe ]

® o< £PF (14 PEY) a0 0 b0 - () + €pvpo -+ -]

(k,l = 1..4: Neutralinos; 7,7 = 1, 2 (“L,R"): Slepton, m = 1..3: Slepton flavour)
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o (1 PEY(LEPEY a0 a0 - [(p1,p2.q) -]
o £PE, (14 PF) -a b7 a ap - [()) + Epwpo -]

oc £PT (1 £ PEy) - a0 0707 - [(4) + €ppo -]

© o o o

T pT mi*1mji*1mi mj mji* i mi*imi _mi
o< Pi Py - (a0, b"a;” £a,” b b a™) |-+

(k,l = 1..4: Neutralinos; 7,7 = 1, 2 (“L,R"): Slepton, m = 1..3: Slepton flavour)
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o« £PTH (L= PF) - ap b zm]azmz [Cy0) F Epvpo -]
oc £PL (14 PEy) - a0 077 - () + Epvpo ]

OCPFPT ( kl bm] bmz ‘7:|:CLZL‘7 bmz bm] }nz) []

© o o o o

O(PiTPT ( kj bmz bmz J:‘:azu bm] bm] }ﬂ@) []

(k,l = 1..4: Neutralinos; 7,57 = 1, 2 (“L,R"): Slepton, m = 1..3: Slepton flavour)
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Wirzburg

o (L PE)(L £ PE) - a0 a0 - [(p1,p2,0) -]
o £PE, (14 PF) -a b7 a ap - [()) + Epwpo -]
o £PF (1 £ PLy) - a7 b0 () + Eppor -]

T pT mi*1mji* imi mj mj*rmi*imj _mi
o« P{ Py - (a] ko 0"ap £a bt b a ) -]

© o o o @

T T mj*rmi*1mi mj mi*imji*imji mi
O<P1P2'(ak bt 0" a; " £ ap™ b by a ) L]

(k,l = 1..4: Neutralinos; 7,57 = 1, 2 (“L,R"): Slepton, m = 1..3: Slepton flavour)

With the couplings:

aZ”Q = oS Hzfokao‘m; af',;”l — —sin HifokaO‘(m+3)

b = sin 07 f L W™ bt = cos Hzfolkaa(mJ“g)
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A
T|? TU* T|? TU*
(1+PH)(1 - PL) | 252 c?s? ct —c?52
(1—PH(+ PL) | 252 c?s? st —c?5?
1-PH(a-prL) | & ct c?s? c?s?
1+ PHOA+PF) | st st s2c? s2c?
Pf’:2(1 — PQI,’l)m}Z? c3s CP | s CP | —c?s? CP | —¢’s CP
Pl:l:2(1 + P2L’1)m>~<? s3c CP | s3c CP | —c?s? CP | —c?s? CP
Pl:l:2(1 — P2I:1)m>22 c3s CP | ¢’s CP | —¢’s CP | —¢’s CP
P17:2(1 + Pfl)mxg —s3c CP | —s3c CP | —s?c? CP | —s?%c? CP
PP +c?s? CP | £c?s? CP | £c?s? CP | ct£s* CP
c?s? CP

C = COS 9[ and s = sin 9l~

|U|? and UT* analogous; “CP” marks CP sensitive contributions
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® e e — ii; 2 flavour mixing vertices = low cross section
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® e e — ii; 2 flavour mixing vertices = low cross section

However: Asymmetric Channels only 1 flavour mixing vertex
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® ¢ e — 7;7;  2flavour mixing vertices =- low cross section

® e e — ii; 2 flavour mixing vertices = low cross section

However: Asymmetric Channels only 1 flavour mixing vertex

®» ce — 7~'zéj

® cem — €
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2 flavour mixing vertices =- low cross section

2 flavour mixing vertices = low cross section

However: Asymmetric Channels only 1 flavour mixing vertex

® c e
® c e

E— %zéj

0

Access to Contributions
x PT(1+ Ph)

?) LR-Mixing: 0~

(?) Flavour Mixing: @12, 13
?) Asymmetries
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From the Flavour Mixing Matrix 7 assuming ¢19 = ¢a3 = 0

cos ¢l 5 0 sin¢l,e®
W = 0 1 0
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= Expect only low sensitivity of asymmetries to ¢, for small values
as o o sin” ¢},
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From the Flavour Mixing Matrix 7 assuming ¢19 = ¢a3 = 0

cos ¢l 5 0 sin¢l,e®
W = 0 1 0
—singtze® 0 1

= Expect only low sensitivity of asymmetries to ¢, for small values
as o o sin” ¢},
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Polarisation asymmetry:

O-(PlAaplB)_O-(P2A7P2B)

A, =
o(P{*, PP) +o(Ps', PP)
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A, =
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O-(PlAaplB)_O-(P2A7P2B)

A, =
o(P{*, PP) +o(Ps', PP)

Differential polarisation asymmetry:

dLZQO-(PljélaplB)_dieg(P;‘aPQB)

Ada —
o (P, PP) + Ho(Pst, PP)

If one configuration is P P*":
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O-(PlAaplB)_O-(P2A7P2B)

A, =
o(P{*, PP) +o(Ps', PP)

Differential polarisation asymmetry:

dLZQO-(PljélaplB)_dieg(P;‘vPQB)

50 (Pi, PP) + f5o(Ps', PP)
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If one configuration is P P*":

® Selects the terms linear in P*
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Polarisation asymmetry:

O-(PlAaplB)_O-(P2A7P2B)

A, =
o(P{*, PP) +o(Ps', PP)

Differential polarisation asymmetry:

dLZQO-(PljélaplB)_dieg(P;‘aPQB)

Ada —
o (P, PP) + Ho(Pst, PP)

If one configuration is P P*":

® Selects the terms linear in P*
® Sensitive to LR-Mixing
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From the couplings:

a}?2 = COS Hzf(fk Wwan. aZ”l — — sin ngoek e (m+3)

b = sin 07 Olkao‘m; bt = COS HszkWO‘(mJFS)
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From the couplings:

ap? = cosOrfL W apt = —sin;fl pyem+3)

bzﬂ — sin 07 OlkaO‘m; bZLl = COS HszkWO‘(mJFS)
and the structure of the linear P1-Contributions

mi*imji* mj _mi mi* i mj*pmjrmi
ap bp” aptap, a bbb
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b = sin 07 OlkaO‘m; bt = COS HszkWO‘(mJFS)

and the structure of the linear P1-Contributions
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From the couplings:

ap? = cosOrfL W apt = —sin;fl pyem+3)

bzﬂ — sin 07 Olkao‘m; bZLl = COS HszkWO‘(mJFS)
and the structure of the linear P1-Contributions

mi*imji* mj _mi mi* i mj*pmjrmi
ap bp” aptap, a bbb

= o x cos - sin? 0=

as (- maximal, i. e. ~ /4
= strong dependence on 6x

Revision: 1.13 - Date: 2004/02/23 12:43:17 — p.23/28



Theoretische

' Physik 1I

it 1) o : 0z-Dependence  FET \Gyj-

Wiirzburg

e"e” — T1€p. SPSla-like Scenario, Pl = P = 80%
P12 = P13 = 0.057, @23 = %

o Ifb
120

100

80

60

40

20

III|III|III|III|III|III|

] ] ] I ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] | i_— ] ] ] ]

300 400 500 600 700 800 900 1000
Vs 1GeV

Revision: 1.13 - Date: 2004/02/23 12:43:17 — p.24/28



Theoretische

' Physik 1I

i 1) A 0z-Dependence  FET NGy

Wirzburg

e"e” — T1€p. SPSla-like Scenario, Pl = P = 80%
P12 = ¢13 = 0.057

Ao
0.3
0.251
0.2
0.15F
B —99=010T[
005~ | —6,=0.20m
[ | —6,=0.25m
O —8=035 ~
:III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

300 400 500 600 700 800 900 1000
Vs 1GeV

Revision: 1.13 - Date: 2004/02/23 12:43:17 — p.25/28



Theoretische

' Physik 1I

i 1) A 0z-Dependence  FET NGy

Wirzburg

e"e” — T1€p. SPSla-like Scenario, Pl = P = 80%
P12 = ¢13 = 0.057

AO‘ Adq
031 03
0251 s —68.=001T
[ 020 _
0.2 : —6,=0.10m
g 0.15E —6,2020m
0.15+ C
i 01:_ 9;2 0.25T
04 [—8,=00Ln 0.05F- —6,=035m
- 0
0.051 | —8,=0.20T :
[ |- 8,20.25T 0.05F
Or—_6,=035 -
i T~ 0.1
:I 11 | | | L 111 | 1111 | 1111 | 1111 | L 111 | 1111 | 1111 : | | | | | | | | | | | | | | | | | | | | | |
300 400 500 600 700 800 900 1000 0 0.2 04 06 0.3 1
Vs 1GeV 0/m

Revision: 1.13 - Date: 2004/02/23 12:43:17 — p.25/28



™, Theoretische

(oL ) CP-Violation

Wirzburg

Source: Triple Products

Revision: 1.13 - Date: 2004/02/23 12:43:17 — p.26/28



™, Theoretische

i 4) CP-Violation

Wirzburg

Source: Triple Products

Tr {vsdl¥dd} =4ic,,00"0"c’d” = < abed >

Revision: 1.13 - Date: 2004/02/23 12:43:17 — p.26/28



™, Theoretische

{itlo ) CP-Violation €’

Wiirzburg

Source: Triple Products

Tr {vsdl¥dd} =4ic,,00"0"c’d” = < abed >

Here probably accessible via

® f(ransverse polarisation

® perpendicular to the production plane
l.e. contributions of the form:

< p2sipiq >
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Unfortunately:

® Most C'P-odd contributions o« LR-Mixing
® |n Selectron production very small contributions
® No good observables yet

But:
® ('P-Phase in general Slepton Mass Matrix
® Flavour Mixing: LR-Mixing terms accessible
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= Future investigations necessary
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