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Supersymmetry (SUSY) and R-Parity Violation

Consider supersymmetric extension of the Standard Model with
a minimal particle content

— most general superpotential W: W = Wg, + Wy,

WR/IO = R L; HU"‘%)\ijk L; Lj Ek—'_)‘i,jk L; Qj [_)k—l—%)\lljlk Di [_)j [_)k

e xi, A, X' :induce Lepton number violation,
A Baryon number violation
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Supersymmetry (SUSY) and R-Parity Violation

Consider supersymmetric extension of the Standard Model with
a minimal particle content

— most general superpotential W: W = Wg, + Wy,

WR/IO = R L; HU"‘%)\ijk L; Lj Ek—'_)‘i,jk L; Qj [_)k—l—%)\lljlk Di [_)j [_)k

e xi, A, X' :induce Lepton number violation, } lead to rapid
A : Baryon number violation proton decay!

e MSSM: Wg, suppressed by ad-hoc introduced R-parity
— SUSY particles produced in pairs, Lightest Susy Particle IS Stable
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Supersymmetry (SUSY) and R-Parity Violation

Consider supersymmetric extension of the Standard Model with
a minimal particle content

— most general superpotential W: W = Wg, + Wy,

WR/IO = R L; HU"‘%)\ijk L; Lj Ek—'_)‘i,jk L; Qj [_)k—l—%)\lljlk Di [_)j [_)k

e xi, A, X' :induce Lepton number violation, } lead to rapid
A" : Baryon number violation proton decay!

e MSSM: Wg, suppressed by ad-hoc introduced R-parity
— SUSY particles produced in pairs, Lightest Susy Particle IS Stable

e also allowed: R-parity violation (R,) + Baryon-Triality (X/ = 0)
— single SUSY particle production possible, LSP unstable

dy
_ q prod. at ep colliders & ~
v LoB,. dpro | |
i LiQjDx ¢; prod. at hadron colliders
u
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Considered Model: mSUGRA + \j, + 7-LSP

e SUSY has many free parameters ,
O(100) if R-parity is conserved, O(200) if R-parity is violated

e Simplify life: assume boundary conditions at the GUT scale
MSUGRA: Mo, My 2, Ao, tan 3, sgn + N

e |low-energy parameters are given by Renormalization Group
Equations (RGES)

Maike Trenkel:  Single Slepton Production with a #+-LSP DPG 03/2008



Considered Model: mSUGRA + \j, + 7-LSP

e SUSY has many free parameters ,
O(100) if R-parity is conserved, O(200) if R-parity is violated

e Simplify life: assume boundary conditions at the GUT scale
MSUGRA: Mo, My 2, Ao, tan 3, sgn + N

e |low-energy parameters are given by Renormalization Group
Equations (RGES)

Mo = Ag = 0 GeV

e 7.-LSP scenarios arise naturally!

excluded if R-parity is conserved - 1250

since LSP needs to be neutral - 1200

but allowed in R, models , where rF . 2
the LSP may be charged

200 400

3% Iso
600 800 1000 m . /GeV
M, (GeV)

[Allanach, Dedes, Dreiner '04]
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Phenomenology of R, models

e Lepton- or baryon number violating processes take place
e neutrino masses are generated
— bounds on R, couplings ( < ©(0.01) — O(0.1))

e single sparticle production Is possible
e LSP is unstable (— can be charged)

e RGEs include R, effects :
e moderate changes for sparticle masses

e new R, couplings are generated at lower scales
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Phenomenology of R, models

e Lepton- or baryon number violating processes take place
e neutrino masses are generated
— bounds on R, couplings ( < ©(0.01) — O(0.1))

e single sparticle production Is possible
e LSP is unstable (— can be charged)

e RGEs include R, effects :
e moderate changes for sparticle masses

e new R, couplings are generated at lower scales

approx.:
d 7 16 _
167'('2&}\{“( = Aak |:_ 159 392 o _g3 \ =
+ (Yo )ag (26c3 + 63 + 3813 6ka) + (Yu) oy 83 + (Ye) oy 6i3},
d 9 ~
167‘(‘2&)“33 = A\i33 [— gg% — 3g§ + 4(YE)§3] + 3)\Gk (YE)33 (YD)jk . = T
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RGEs: Running of R, couplings

- non-zero coupling at the GUT scale:
. 0.03C~, —— N'(233)=0.01 -
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‘€ 0.02+ e A'(211,212,221,222) =0.01 —
cC .
> L )\, e,
0'01_\ L | L | | L | | | ol ol ol ol
10? 10° 10° 10 10%* 10"
[T T T T T T T T T T T T T T T
. down-type mixing )\ .
4l - —
107 E 233| 3
0 =
ﬁ ?\: ~~~~~ - -
~< - 1 ’
2 10°E~— E
© e ..,\ T — \~\ ]
S AN
() 7 - \HVQ‘~\~\ ~ \ 2y —
(@) 10 = -~ T N\ ".‘ =
E \<~\\\ \ \‘\1\ E
I~ non-zero coupling at the GUT scale: \\\ ‘ N
108 —M\(233) —_N(222) AN E
E . MN(232) - N(223) — - N(212,221) AE
- A(231) -N(213) — - A'(211) -
10-9\ il il il il il il il il | | | | | |
10° 10° 10° 10" 10" 10
scale Q [GeV]
d
1672
dt
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SetA: Mg =0GeV, My, =500GeV,
Ao = 600 GeV,
tan 3 = 13, sgn(u) = +1
one )‘éjk = 0-01|GUT
N up-type mixing E
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Why considering £ prod. in #-LSP scenarios?

Hadronic slepton production (via A5;;) Slepton decay modes:
d d HL

i
Q
o
g
1%
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%
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o<
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Why considering £ prod. in #-LSP scenarios?
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Why considering £ prod. in #-LSP scenarios?

Hadronic slepton production (via A5;;) Slepton decay modes:
d d e
e i (m - ) fiL -
U Oprod X |A,‘2 X A/ G )22
X1-LSP | 4 e #1-LSP | \ d e
] _
/]L B fir ~0 L
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3-bd.-decay d 4-bd.-decay i @7 .
. d
@ a d e
fu _ "
e e @
¥ \ v = can be
xA Gl ' N u = YT important!
— XX 7‘1 .
3-bd.-decay l 2-bd.-decay O<M[
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Like-Sign Dimuon Events
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Like-Sign Dimuon Events

SetA: My =0GeV, My, = 500GeV, Ag = 600 GeV,
tan 8 = 13, sgn(u) = +1
Aéll = 0.002|GUT

T+T1, 7'1 \ _
Ao 100% NOA:% X TT R U

Ujdy — i, > 1L X1, Xi

Oprod (/ZLL_) = 62fb i 7~_i_
Oprod (,LLE_) = 110fb \ 7_-|—u—uj ak

BR(71)
up down

8% 3%

12% 13%

25% 29%
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Like-Sign Dimuon Events

SetB: Mo =0GeV, My, = 700GeV, Ag = 1150 GeV,
tan 8 = 26, sgn(u) = +1
Aéll — 0.0l‘GUT

e
1> "1 \
_ N ._100% NOA% A
u; di > [ > M X1 X1
w% N
Oprod (ﬁl__) = 475fb T '7'1-, '7‘1_ —
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Ur b 49% 49%
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DPG 03/2008 p.8



Like-Sign Dimuon Events

SetB: Mo =0GeV, My, = 700GeV, Ag = 1150 GeV,

tan 8 = 26, sgn(p) = +1 BR(71)
Aéll — 0.0l‘GUT up down
}r Vr b 49%  49%
TFL, Tl _
_ A 100% 0 -0 %31% A\‘ T Uude  01% -
Ude — i, > 0 X1, X1
43% A\
Oprod (ﬁl__) = 475fb T 7""1-, 7'—1‘_ —
~_|_ _ _
Tproa (/i) = 885 b U~ rtpoude 0.4%  0.1%
down Set A SetB up Set A Set B
mix. O o\’ O o\’ mix. | ox BV o O/
Ao, | 4fb 19fb | 290fh  — X, | — 21fb | 283fh  3fb
Xy, | 4fb  4fo | 87fh  — Xy, | —  7.5fb - 83 fb
‘> | 7fb 8fb | 170fb  — ' | — 141 - 162 fb
i | 2fb  5fb | 89fh  — 23 | — 8fb — 85 fb

(YD)jk +0: all A%, generate X233

(Yp),, #0: only A%, generate Azss

Set B/large tan 3: 2-bd.-decays dominate 4-body decays dominate
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Summary

e Model: mMSUGRA + R-parity violation  (Aj, # 0) + 7-LSP

e modified RGEs : dynamical generation of new R, couplings,
Ai’jk generate \s3, relevant for 7-LSP decay

since dominant \” decay is phase-space suppressed
e sleptons can be produced singly at hadron colliders

e interesting final state signatures: like-sign dimuons
7-LSP decays via \,33 contribute considerably
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Backup
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2-body versus 4-body 7-LSP decays

e When do the 2-body decays dominate?

1671'2%)“33 = \i33 [ . ] —+ 3)\Gk (YE)33 (YD)jk

Maike Trenkel:

Z 2-body-BRs
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Single Slepton Production with a +-LSP
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2-body versus 4-body 7-LSP decays ||

e When do the 2-body decays dominate?

m7
r Ao ms <« T A2 11
2body X Aj33 ITl#; 4body X ijk 2 A
ms m.
X f
Set A, down-mixing, A’ # 0| Set A, down-mixing,A’ % 0]
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6 2 4 : _ 2
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LLE induced 2-body decays of the #-LSP

e processes induced by the R, operator L; L; Ey:

_ n
Ui & %
€ v, €y
e ---{ - > — —
e, h e
_ n
Vi ei Y
€ Y, €y
e -—-—-{ > — —
e e e

Maike Trenkel:  Single Slepton Production with a #+-LSP DPG 03/2008 p.13



Single Slepton Production

Oj d — i, — 1~ X3

or

m ~ ~ 0
didk — 7, — vuX1

~0 4+ ~—
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[)"(2 — Tt F] £+£_}

~0 _
X1 —T T,
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T, — U Vs
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Single Slepton Production: Possible Signatures

{i production

Aéjk T pTp JJ
e - — — N Y R -5 |
Ujdk — i — 1= X1 Aozz | TTTT  pT Bt
) or T ppt By
dj dk — lju — I/szcl)
8y PO v, production
/_ + __— .
[5(2 T e*e—} [5(‘1’ o #f e—eﬂ A2ik T EI ﬂ
- . _ -
Aéjk F7 — 7 Uy di FF — 7t dy A233 TiT . Zr
== o~ +id =t ot Ui d T H a
T — T UV, C_ij dy 7 — 70,4 (jk e 2-body decays:
R F1 v purely Ieptonic. final
A233 T =T vy 7l =Tt states
T, =T Uy ﬁ"‘f — 77U,
\_ Tl uvr 7L —w'Pr ) e fiprod.: promising

final state signatures:
like-sign dimuons !
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Dynamical generation of the R, coupling x;

e dynamical generation of x; via Aj

Dy

L ( > Hp Hy
> @ <
/
A > (YD) H

]

® 16#2%/ﬁ =

o [~ 502 — 302 + 3(Yu)2 + (Ye) 2] + 13N (Yo), + Au(Ye);]

e superpotential W
W = WRp + WRp
Wg, = (Ye)j Li Ha Ej + (Yb)ij Qi Ha Dj + (Yu)i Qi Hu Uj + uHa Hy
W|:>>/p = K L Hu‘|‘%>\ijk|—i Lj Ek—i_)‘i/jkLin Dk—"%)‘lljlkol Dj [_)k

i}k family indices; Qj, Li quark—/lepton SU(2)-dublet superfields;
Ui, Di E; up/down-type quark—/lepton SU(2)-singlet superfields; Hy ,p Higgs superfields
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