Can CP violation be observed
in x5 production and decay?

Based on
J.A.A.-S. PLB 596, 247 (2004)
J.A.A.-S. NPB 697, 207 (2004)

%  Short answer: “yes”
%  Not-so-short answer:

~ ~0 ~0 —
€L — eXo — eXip
> Two processes:

_|_

ete” — X1Xs — Xixilte™

Define CP-violating asymmetries
Observability depends on SUSY scenario

Important backgrounds
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Processes:

*

g b

Selectron cascade decays /
ér — eXs — exipt T

P~ X5
CP-odd, T-odd product Q1 = 5 (p,,— X p,+) \ )

Px3

also: CP-odd T-even product Q2 = 5" (p,— + p,+)

Do+
Xix5 production \
ete” — XXy — XiXalH e P A P A

A

».
-

CP-odd, T-odd product Q1 = p.+ - (Pp— X Pp+) /

also: CP-odd T-even product Q2 = p.+ - (Pp— + Dp+)  Pr
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CP asymmetries

§-(P,- xp,+)  €r decays
@1 =
Pet - (Pe- X Po+)  X1Xo prod.

Asymmetries based on (2 require absorptive parts

% Without background:

A = N(Q >0)+N(Q < 0)
AAl _ 1;\/:/42

with N = number of (signal) events

J. A. Aguilar-Saavedra, IST Lisbon Durham, Sept. 1% 2004



%  With background:
N = S (signal) +B (background)
In case B(Q > 0) = B(Q < 0)

A?ﬁc = 7“./41

AAST ~ \/r AA;
1 (ATT/AASY) = (A1 /AA)
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>0

SUSY scenarios vs CP asymmetry

X5 decay mode
Process Three-body  xy — ¢+ Zﬁ Xy — 0* g:LF Xo — ZXY
¢, decay © © X S
X153 prod. 9 © - -
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We choose:

»  One scenario with X3 — ¢+ (7},

> One scenario with xY 3-body decays

1 Survey of scenarios (x}x9 production):

Bartl et al., PRD 69, 035007 (2004)
Bartl et al., EPJC 36, 233 (2004)
Bartl et al., hep-ph/0406190
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Parameter Scenario 1 Scenario 2

1P1 11
M 101.8 ¢ 102.0°e Approximately:
Mo 191.8 192.0
v 358.5 €' 377.5 i mi /2 = 250 GeV

tan 3 10 10 mo = 100,200 GeV
Mer, Mig 142.5 2924.0 AO — —100, —200 GeV
My, My 200.7 264.5 tan § = 10

M5 08.7 99.1 + phases in My, u

Mg 176.4 178.1

Checked that electron EDM within experimental limits

|¢,.| <0.08 Scenario 1
For 0 < ¢ <27
|| <0.12  Scenario 2

ISy Take ¢, = 0
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CP asymmetry in €, cascade decays
er, decays €7, — exy — exiut ™ used as a source of polarised Y

L=ap & 9P e+a érePr¥y

-0

X5 fixed helicity in €7, rest frame: Reconstruction required
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Q,=35- (ﬁu‘ X ﬁ/ﬁ) — Ay = Indep. of e;, production process

ér decays not considered: Br(ér — ex$) small

+ +

Y9 — eTe Xy, 7777 %) not considered: Reconstruction not possible

Asymmetry nonnegligible only in Scenario 2 (with Y5 3-body decays)

Theoretical values in Scenario 2

0.2 T T T T T T 0.2

0.1 T

-0.1F —

0.2 | | | | ! | ! | \ | \ | 02 | | | | | | | | | | | |
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Processes:
+~0 —~0 + —
e e —erer —e X1€ X2 7€ X1€ X1 M
0 0 +~0 + — —-0
e e —erer — € Xa2€ X1 € Xap B € X1
0 0 +~0 —~0 + —
e e —e€érer — € X1€ X2 7€ X1€ Xip

e e — eRej{ — e X(i e X;’ — e_)Z(i e+)~<(1),u+,u_
Reconstruction of x! momenta possible —— It allows for

Discrimination of €, €, , ég €7, production
Identification of é’j{ , €7 decay modes
Determination of € rest frames

Background rejection
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Backgrounds

+ o= e +o— — ot +.0, —— — -0 +
e'e —Ule—€ X1 € X1 —€ X1l Vpe Xi[t Vp

+ _— ~ % ~ + ~— ~0 +~0 —— ~0 + —
e'e —VlUe—€ X1 VeXz — € X1€ Ve Ve X1Jb [

+ - ~0-0 0 + — ~0, + —
€ € — X2X2 77 X1€ € Xap M

5 times larger than the signals

The calculation

Including finite width and spin effects
Including ISR, beamstrahlung and beam energy spread

Detector simulation with Gaussian smearing of energies
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CM energy: 800 GeV

P.. =0.6, P.- = —0.8
o(éfer) 92 1b Br(é;, — ex?) 0.18
For ¢y =0:  o(e;é;) 9.51b Br(é;, — ex9) 0.30

o(érér) 4.21b Br(x3 — x%utp~) 0.035

Before  After

éfer 0.21 0.18
~_|_ ~—

Signal small but visible “REL 0-061 0.046
éfén 0.027  0.021

Back. reduced with reconstruction
U (xix7)  0.99  0.039

7*U (X7 Xs)  0.24  0.011
X9 0.11  0.0081
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CP asymmetry

0.2

Including ISR, etc.
Summing all contributions

Including backgrounds

_0.2 Il I Il I Il I Il I Il I Il I

Statistical error for 2 years of running

Maximum: 1.8 ¢
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Total cross section

0.50 T T T T T T

045 -

0.30— —

025 _

0.20 e

1> Difficult to extract information on ¢4
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CP asymmetry in x}x5 production

eTe” — XX — Xixqlte

beam polarisation
Q1 = Pet - (Po— X Dot ) — Aq 1  Depends on
CM energy

Problem: large backgrounds
ete” - WTW ™ = Ty, 0™y
ete” — [7+ ;L — XY XY

+o— ot

e” — X1 X1 —>€+l/gxlf UpX O

€
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In general:

P+ + Increases WTW ™ (and £7 07, X7 X7)
—
_r
P — Reduces (¢,
P, — Reduces WTW ™ (and ¢70;7, X7 x7)
—
_r
P + Increases {0,

Backgrounds large for any P.+, P.-
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We study:
% Scenario 1: with ¥J — ¢+ @E (scenario with X3 — ¢* ¢F is similar)

% Scenario 2: with x5 3-body decays
CM energy: 500 GeV

In both cases P,+ = 0.6, P.- = —0.8 enhance CP asymmetry (and signal cross
section)
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CP asymmetry (Including ISR, beamstrahlung, etc. but not backgrounds)

Scenario 1 Scenario 2

0,15 C T T T T T T T T T T T T ] 0.10 T T T T T T T T T T T T

0.10} I
0.05
0.05} I

< 0 < 0
0.05f I
-0.05
0.10f I
R T S S B R N B —
0, 0,
= best results for P.+ = 0.6, P.- = —0.8
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Cross sections for Scenario 1

0=~0
X1X2 100:_ - XIXZ —
- WwW g e WW
100 |- - - W w
- —— SUSY back. - —— SUSY back.
0] == =
3 3
e} e}

1 | | | | | | | |
0 1 2 3 4 5 6 0 1 2 3 4 5 6
0, 0,
] @ [ — ack. :
Unpolarised o

J. A. Aguilar-Saavedra, IST Lisbon Durham, Sept. 1% 2004



Cross sections for Scenario 2

P =06, P-=-08 P+ =-06,P- =08

100
~050

100 =~ X1ka =

- — — W+ W_ -
—— SUSY back.

o """ "7 00000000 —
£ S — X7
o 10 = o e
C - W W
—— SUSY back.
1 —
1= =
| | | | | | | | | | |
0 1 2 3 4 5 6 0 1 2 3 4 5 6
¢, ¢,
100:: 77777777777777777777777777777777 *;
F — %% i
L - Wwo i
L ~—— SUSY back. 1
10F E
Unpolarised ; §
IA
| | | L | | |
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Backgrounds can be reduced

0 —— angle between £ ¢~

Scenario 1

Scenario 2
04

0.4

0.3

o (normalised)
(=}
[\)
I

|
o (normalised)
(=}
[\)
I
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Missing transverse momentum is not useful to separate signal

Scenario 1 Scenario 2
0.20 T T 1 LI I B 0.20 ™
- XIXZ - X(l]Xg
L W wo W W
0.15|- Il 0.151- T
- ava
3 3
£ 0.10 £ 0.10
S 3
£ =
b N
©
0.05 0.05
0 | 1 1 1 l 1 1 1 1 l L 1 L L O 1 1 L -l L 1 L l L L L L
200 250 300 200 250 300
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Require cost > 0.5
Scenario 1: ¢1 = m/3; Scenario 2: ¢1 = 3w /4

Scenario 1 Scenario 2

before after before after

o (Xi%9) 8.18 549  7.83  6.01
c(WTW~) 318.0 54.3 3180 54.3
o(0ti™) 53.1 142 311  1.33

X7 ~107° 2.96  0.56

r 0.022 0.074 0.024 0.097

Scenario 1:  A; = 0.108  AST = 0.0080

Scenario 2:  A; =0.074 AS" =0.0072

J. A. Aguilar-Saavedra, IST Lisbon Durham, Sept. 1% 2004



Observed CP asymmetry

Scenario 1

0.015

0.010 -

0.005

-0.005

-0.010 —

-0.015 1 | 1 | 1 | 1 | 1 |

Including ISR, etc.

Including backgrounds

J. A. Aguilar-Saavedra, IST Lisbon

Scenario 2

0.015

0.010 - —

0.005

-0.005

-0.010 — _

-0.015 1 | 1 | 1 | 1 | 1 | 1 |

Statistical error for 2 years

Maximum: 1.80, 1.50

Durham, Sept. 1% 2004



Summary

*

€L—>

exs — exipp”

Small cross section

Small backgrounds which

can be further reduced

Negligible asymmetry in Sc. 1
Asymmetry O(0.1) in Sc. 2

er, must be produced on shell:

higher CM energy required

J. A. Aguilar-Saavedra, IST Lisbon

*

€

_I_

e

— XIX9 — XixilTe

Large cross section

Huge backgrounds

A1 ~ 0O(0.1) in both scenarios
but AT ~ O(0.01)

Process possible at lower

CM energies

Durham, Sept. 1% 2004



Scenario 2: comparison

er, decays XiX9 production

0.2

0.015

0.010 —

0.005

-0.005

-0.010

02 L | L | L | L | L | L | 20.015 ! | | | | | | | | | | |

Different dependence on ¢4

In €7, decays Ay ~ 0.082 (1.6 0)
For ¢1 ~ 7 /2
In x{x9 prod. A; ~0

J. A. Aguilar-Saavedra, IST Lisbon Durham, Sept. 1% 2004
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