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What is R parity?

* B and L violating terms allowed in superpotential (<> SM)

* B and L violation never observed (proton decay)

- Invent new symmetry which is a combination of B, L (and S)

P = (_1)3B+L+ZS
R

—> SMparticles: P, =+1
—> SUSY partners: PR =-1

Consequences of conservation:
* proton decay prohibited
* sparticles can only be produced in pairs
» SUSY decay products contain odd number of LSPs
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» LSP absolutely stable



What is R parity?

* B and L violating terms allowed in superpotential (<> SM)

* B and L violation never observed (proton decay)

- Invent new symmetry which is a combination of B, L (and S)

P = (_1)3B+L+ZS
R

—> SMparticles: P, =+1
—> SUSY partners: PR =-1

servation: _

rohibited >just break L or B

e sparticle nly be produced in pairs

_ holds for small RPV parameters
ts contain odd number of LSPs

>LSP decays!
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Superpotential

N

W = e, (WQU, AP +hiQPD,Ha + hIPR Ha -

Y
MSSM superpotential bRPV term

- Higgs/Slepton-mixing 1=1.3
- Sneutrinos acquire VEV <Vi > =V

- corresponding RPV soft SUSY breaking term LS;F’V = — Bi E L& |_ia H 5’

masses and mixings of neutral fermions

T _(_; - 11 g2
Basis of neutral fermions: wo = (—IA ',—I/]s, H q H urVes VIJ : Vr)
Mass terms in the Lagrangian are given by: | = _l( O)T M 04 h.c
m 2 (/l Nw s
mT

M,
M, =| ~«
Yl m
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Approximate diagonalization of M MN = X

M N ¢an be block-diagonalized for small RPV parameters via the Seesaw-like

diagonalization: M, =diag(M o M, )

MM N AN, AN,
+ 1
My =-mM m" =19 T829 A A A2 A A,
X 4detM )
CAAA AN N

where /\i = Ein + |J.\/I ,2alignment parameters"”

A final diagonalization of M 4 leads to the neutralino masses M
i
and a diagonalization of [T« leads to one tree level neutrino mass.
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Some results of this model

2 12
. — Mlg + Mzg A 2
* largest neutrino mass at tree level m, = AdetM
0
* 2 mixing angles at tree level al
* remaining masses/angles at 1-loop-level tand,, = h tand,, = - 2/\e 2
« correct scales of mass differences Am;? AW \//\u +A;

How is that connected to colliders?

dominant part of )?10 —W —1. coupling: OiL =N\, 0O (M,M,,utanB,vy,v,) A,

a) Br(uqq')/Br(rqq’)
10 ¢

107 A > Neutrino physics at collider experiments

1072

I PR | ' ' P | L '
% e | 05 1
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ILC potential

Benchmark scenario/ mass spectrum

MSSM — mSUGRA oo} .

S b,

SPS 1a’
my, = 70 GeV 5001
m,,, = 250 GeV
tan 3 =10
sgn(p) =1

A, = -300 GeV

by

400

304

masses (GeV)

bRPV parameters
Fit to neutrino data .00l

(8s)° (&)
5iP; 5P} >

)

(52}~
100+

Spectrum generator

SPheno 3.0beta
(arXiv:hep-ph/0301101)

- Higgs/Slepton mixing (new particle names S, P)
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ILC potential

Production cross section

cross section: ¥, %, production
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[

ee LT | LSP mixing character:
P(e’) =-0.8, P(e") = 0.3 83,9% Bino
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P(e)=0.0,P(e")=0.0 | 0 o o
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P(e)=0.8,P(e") =03 | 8,1% Wino
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1500

- main production processes:
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1000

- ,Selectron® exchange
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ILC potential

Production cross section

cross section: 7, 7, + X production

%500 | - small RPV parameters
S | > LSP decays into SM

2000 - typical SUSY cascades with

LSP decay in the end

1500 - almost all sparticle-production

processes can be used to study
LSP decays

1000

P(e) =-0.8, P(e") = 0.3 5
P(e)=-0.8, P(e") =-0.3|....
P(e)=0.0,Pe)=0.0 |
P(e) = 0.8, P(e’) = 0.3

s.; o ; : : P(e} 08P(e}—03 :
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ILC potential

Decay channels of LSP (BR>0.01)

LSP decay |(Branching ratio

il i - Study neutrino parameters
W T 0.031 . .
- neutrino mixing, ...
v,bb 0.035
ViTH 0.279 . y
mass (endpoint), mixing character, ...
ViTT 0.453

Decay width of LSP
r=377-1013GeV  >1=523 um

Analysis strategy

Looking for: - LFV signal
- two displaced vertices per event (+cascade products from IP)

- high effective mass per event
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ILC potential

Systematical uncertainties (one example)

JL dt =500 fbl (4 years of ILC running)
o,.(500GeV) = 2200 fb
Detection efficiency = 0.5

Signal/background estimation
- tree level cross sections for SM BG

(Whizard 2.0; arXiv:0708.4233 ) | SAB for 3t+1u+MET
- Just looking for similar final states Goool . T . .
for example: 1000:_ ........ ................................. ................................ . , ................................. .. ............
+ - ~0 ~0 Bﬂﬂ‘:— ........ ................................................................... .............
ee - x X - (vrn)(vy) - C .
BOD_ .................... ,\\ .............
+ - L & P{e)=-08Pe)=03 t
e e - S M - TTTV#V 400 :_ C P[ }=-DI3’ P[B.) = ,\\ .............
| ® Pe)=08Pe)=03 . _
_ 200:— & Ple)=08Pe)=-03 | -------------
-o@ . ; .
C. T T RV ST SR,
300 350 400 450 500
\/s/GeV

- Comparable results for almost all decay channels (at least S/sqrt(B) > 10)
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Conclusion, Outlook

Conclusion

bRPV enables access to neutrino parameters
at colliders

Predicted cross sections are quite promising
SM background small
Need for very good vertex detection

Polarisation is a very useful tool to increase
signal over background

ILC is highly capable to look at that kind of
models

Outlook

Implementation of bRPV in Whizard using
FeynRules on the way (Benjamin Fuks)
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Detailed study in progress



Thank you for your attention

Benedikt Vormwald | Bilinear R parity violation at the ILC | 18.-22.10.2010 | Page 14



Backup slides
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cross sections (P(e) = -0.8, P(e*) = -0.3) cross sections (P(e) = -0.8, P(e*) = +0.3)
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cross sections (P(e) = 0.0, P(e*) = 0.0) |

2500 ;
= = production channels
© B e'e’ — bRPV SUSY
~ e e'e .. LSPpair+X
- e« e‘e — chii chi0j
2000 & &' — chisi chij
- e*e’ — S0i POj
~ »  e'e 5545
* obee, e e'e—~q-~q"
1500 ..._.o e, ......
i By ""'m-““-...““““‘
1000+
- ovt
: - o, - l.“““'ﬂ
. o .'..- l““.““"“'“'ﬁm
- o e
(— .... -.' - el
07\“.Ld!'Tl\|\l.n'f-T\|\||\|\|\|HI\1\A‘AAAA
200 300 400 500 600 700 80 900 1000

\s/GeV

Benedikt Vormwald | Bilinear R parity violation at the ILC | 18.-22.10.2010 | Page 17



cross sections (P(e) = 0.8, P(e*) = -0.3) cross sections (P(e) = 0.8, P(e*) = 0.3)
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cross section: neutralino production |
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cross section: chargino production |
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cross section neutral scalar production

2500
--"'6 : e*e’ — chi+i chi-j

B s Ple)=-0.8, P(e") = 0.3

L + P(e)=-0.8,P(e")=-0.3
2000 B s  P(e)=00,Pe") =00

B s P(e)=08,Pe) =03

n s  P(e)=08,Pe’) =-0.3
1500 B
1000

5001 L™
- o,
N | | | | | 1
G0 200 400 600 800 1000
Js/GeV

Benedikt Vormwald

cross section charged scalar production |
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