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R-parity in SUSY

In MSSM super-potential terms that violate B, L are allowed,

fT — ”ij’L L Ek _|_ )\ jkL Q]Dk _|_ ZJkUCDCDk

SU(2) — A antisymmetric in 5. SU(3) — A" antisymmetric in jk.
In order to have stable LSP one imposes R-parity conservation,

R = (_1)3(B—L)—25’.

e Standard model particles — R =1
e Superpartners — R = —1

* Use experimental uncertainties to place bounds on

rigr(fi) = 3 Pijel? /(422G pm% )

Multi-parameter approach to JR-parity violating SUSY couplings — p.2/1



Our approach

* |n the literature assumption that a single coupling
dominates the R-parity contribution to a process (SCD)

* We adopt "multi-parameter” approach to explore new
regions of parameter space

* Reduce the degeneracies by considering many experiments
together

* Adopt new PDG2008 data

* Consider low energy process with SM particles in initial and
final states.

Furthermore,

* A, = 0, avoids proton decay

* Mass basis for the SU(2) doublets
Y M/ — 0
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An example: Muon and tau decays
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Let us consider the two following ratios:
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Muon and tau decays
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SCD bounds from R, visible on the axes of Fig. (a):
— ‘)\ng’ < 0.063 (méRk/lOO GeV), Algk’ < 0.045 (éRk)-
SCD bounds from R :

@ ‘)\23k| < 0.051 (éRk)’

A3k| < 0.048 (Egg)-
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Muon and tau decays
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e G measured in muon decay =
Lifetime gives bound on |Aj9;| < 0.037 (égrk)

e Combine this process with R, ,, R, = 3D plot (Fig. b)
The bulged area is the 20 allowed region
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Muon and tau decays
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e Combined 20 bound correlated parameters:
(The k-indices in Fig. (b) are free to take any value or the sum)

[ A23k| < 0.066 (€Ry) SCD: 0.051

[A13%| < 0.071 (ERk) SCD: 0.048
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List of processes we consider

Leptonic cases:
* Universality in muon and tau decay (previous case)
* v, —e (v, — e) scattering
* v, — e (U, — e) scattering
Semi-leptonic cases:
* Universality in pion and tau decay
* Unitarity of CKM matrix
* Forward-backward asymmetry in ete™ — cc
* Atomic parity violation
* D-meson semi-leptonic decays
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Summary of bounds

A(scale) Experiment Corr. A SCD Bound | Bound(20)
A2k (Me ) Gy none NA 0.037
)\121(mﬂL) Ve(fe)e A131 (m%L) 0.33 0.36
A121(me, ) V@ Aozt (mz, ) 0.138 0.118
A3k (Mme,,) R, Aok (Mey, ), Aask(Mme,,) 0.048 0.071
A131(mz, ) Ve(Te)e A21(mg,) 0.33 0.36
Aask(Mey, ) R, Aok (Mey, ), Ask(me,,) 0.051 0.066
231 (msz, ) V@ A121(me, ) 0.138 0.118
N (m i) || CK Munitary | Mok(meg, ), Nop(myg ) 0.027 0.039
AMog(mg ) App(ce) none NA 0.027
Aoor(mg ) Dy decay Nog(mg ) 0.10 0.090
Ao (M 5..) || (7/T)universai. A1 (Meg, ) 0.032 0.040
Agqp(m i) || (/T )universal. A1 (M) 0.092 0.092
Aj1(may,) APV Aok (meg, ), ANjp(mg 0.024 0.045
Agop(mg. ) D, decay Noor(mg )y Mg (myg 0.34 0.29
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CKM Unitarity (Figs. b, c)
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CKM Unitarity (Figs. b, c)
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Imposing the unitarity constraint,
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CKM Unitarity (Figs. b, c)
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* Dependence on cos(A6}°) = cos(Oys + 012k — 011%) (D)
(Here, k-index common to xyz-axes)

°* The FB asymmetry in e”e™ — cc only involves

* Correction to G from p-decay only involves \qs;..

* Combined 20 gives (€) — |\;,.| < 0.039 (dgs) SCD: 0.027.
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v, — € scattering
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°* CHARM Il has extracted gy, gr individually from o (v,€)

* Antisymmetry in ¢, 5 allows bounds on individual couplings

®* One can use new PDG2008 data for g4, gy to get the 2o
bound

\/[’)\121|(méL)_1]2 + [[A231|(mz,)~1]?2 < 0.130
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v, — e (I, — e) scattering
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e LSND: oy from flavor-diag elastic v.e accelerator data ~ 10 MeV

o /| A121](mp, )72 + [[A131](ms, ) ~1]? < 0.66

e Combine the previous result with

elastic v.e reactor data ~ 1 MeV (Reines, Gurr and Sobel, '76)

o /[ Ma1](mp, )% + [[Ms1]|(ms, ) 712 < 0.38

e Additional resolving power due to term « m.gr,gr (low energy)
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Condition on the masses
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Previous bound gives at 1o:
0.14 < \/[[A1a1](mg, ) 712 4 [[Ais1](mz, ) 1% < 0.34
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Condition on the masses

5| g<

0000000000000000000000000000000000000000 <

< (9] N

Seek consistency with

* G correction from u-decay, |A121](100 GeV) /ms, < 0.037
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Condition on the masses
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And

* rt-decay, |A131](100 GeV)/ms, < 0.071
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Condition on the masses

5| g<
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We get a relation between sparticle masses!

The darkened region is allowed.
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Summary and Conclusions

* Joint analysis of different experiments involving the same
subset of couplings can explore new regions of parameter
space

* The new 20 bounds on individual couplings are generally
different from those obtained by SCD

* In the v.e case we could extract hierarchical relationships
among sfermion masses

* Allowed ranges of parameters were larger by at most factor
2 = Order of magnitude estimate reliable in SCD
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