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Introduction Supersymmetry

Supersymmetry (SUSY)

@ Higgs mass is protected from quadratic divergencies.

e Unification of gauge couplings at Mgyt = O(10%°) GeV.

Q |boson) = |fermion)
Q |fermion) = |boson)

@ Q doesn't change gauge charges.
@ Q doesn't change mass.

No SUSY partners observed so far.

= SUSY must be broken. )
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Introduction Supersymmetry

Particle content of the MSSM

Minimal supersymmetric extension of the SM:

] SM Particles \Superfields\ spin 0 \ spin 1/2 \ spin 1

(_‘?i (DL," dLi) (UL," dl-i)
Quarks U; D,%I_ u,%l_
D dg, 3
Leptons L; (7, &) (vi, eL,)
E 5 o,
Vi BO B
Gauge Bosons Vo Wi, WO w*, wo
V3 ga 8a
Higgs H, (Hi HY) | (Hy, HY)
Ha | (H3 Hy) | (H3 Hy)
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Introduction Supersymmetry

MSSM with R-parity violation (RPV)

General Superpotential of the Minimal Supersymmetric extension of the
SM (MSSM):

Wg, = (Ye)iLiH4E; + (YD)ijQiHaDj + (Yu)ij QiHuU; + pHgH, J

1 - — 1 _
WRp — EAUkLI‘LjEk + Ai’jkLinDk + EAZ’( U,'DjDk =+ lﬁ:,‘L,’Hu .

~~ ALF£O
ALF£O AB#£0 7

The lepton/baryon number violating terms lead to proton decay.
It is sufficient to suppress AL # 0 or AB # 0 terms to keep proton stable.

[Dreiner, Luhn, Thormeier, Phys.Rev.D73:075007,2006]
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Introduction Minimal supergravity (mSUGRA)

Minimal supergravity (mSUGRA)

number of new parameters
e O(100) if R, is conserved.
e O(200) if Ry is violated.

Assume simple boundary conditions at the scale Mgyt = O(10%°) GeV.

mSUGRA parameter space
@ My  : Universal soft breaking scalar mass.
M2 : Universal gaugino soft breaking mass.

Ao : Universal trilinear scalar interaction.

°
°

@ tan( : Ratio of vevs. of the two Higgs doublets H,,, Hy.

@ sgnyu : Solution of EW symmetry breaking scalar potential.

Parameters at the scale Mgy = O(10%) GeV are obtained by RGEs.
Programs: Softsusy, SPheno, Suspect, Isajet etc.
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Introduction Minimal supergravity (mSUGRA)

Running masses in mSUGRA

, hep-ph/9709356]

Mass [GeV]

[Martin
| ——— T T | ———

Sebastian Grab (University of Bonn)
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Log, ,(Q/1 GeV)
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Introduction Minimal supergravity (mSUGRA)

%% LSP versus 7 LSP

[Allanach, Dedes, Dreiner, Phys.Rev.D69:115002,2004]
My = Ag =0, sgnp = +1
60

o If R, conserved:
Scenario is excluded.
(neutral LSP &

mpo > 114 GeV ).

o If R, violated:
150 Most of the 7 LSP
region is allowed.

tachyons

100 |
ol 74 50
200 400 600 800 1000 m . /GeV
112 (G&Y)
Add one parameter at MgyTt: N € {)\,-jk, j.jk, AZ’k}- J

= R-parity violating mSUGRA
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Introduction Minimal supergravity (mSUGRA)

mSUGRA with R-parity violation (RPV)

We add one parameter at MgyT: N € {Ajjk, ;.jk,)\g.k}.

Differences to R, conserving mSUGRA:

@ Further R, violating couplings are generated through RGEs at Mgy .
= 2-body and 4-body decays of 7 LSP.

Single sparticle production is possible.

= single slepton production.

In principle, any SUSY particle could be the LSP.
= 7 LSP region allowed.

R, violating RGEs change the SUSY mass spectrum at Mgy .
= U LSP.

@ Neutrino masses are generated.
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Phenomenology of the stau LSP

What is the phenomenology of a ¥ LSP scenario
at hadron colliders?

@ 7 LSP decays (2-body & 4-body).

[Dreiner, SG, Trenkel, work in progress]

@ First example: Resonant single slepton production.
[Dreiner, SG, Trenkel, work in progress]

@ Second example: Sparticle pair production.
[Allanach, Bernhardt, Dreiner, SG, Kom, Richardson, arXiv:0710.2034]
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Phenomenology of the stau LSP

Typical mass ordering for 7 LSP scenarios.

mg > mg, > Mg, > mi; > mﬁr ~ myg, > m>~<(1) R mp, & Mg > Mz

If A < O(1073)
@ Sparticles are produced in pairs via gauge interactions, e.g. g8, 44.
@ Sparticle undergo 2-body decays to the 74 via gauge interactions.
g —ftt
— {7b
— DH/["
— )2(1)Vu
— 7t
If A > 0O(1072)
@ Single sparticle production may dominate.
@ RPV 2-body decays may alter the decay chains.
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Phenomenology of the stau LSP Stau decays (2-body & 4-body)

RPV decays of the 7 LSP (naive picture)

o The dominant operator is: L3L;Ey,L;L3Ek, L;L;jE3 or L3Q;Dy.
= 2-body decays.

@ The dominant operator is: L;¢3Lj¢3Ek¢3, L;¢3QjDk or U; l_J Dy.
= 4-body decays.

For example Ax33 # 0:

Vr

For example \;; # O:
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Phenomenology of the stau LSP Stau decays (2-body & 4-body)

Dynamical generation of RPV couplings

: SN,
Generation of \;33 via /\ijk

dAiz3

62
dt

=3(Ye)3s N (YD) + -

Assume: Yg = dlag = e.g. if you break only L then L will not be broken via RGEs. J

w/T

Quark mixing: We know Vcxy = VU’LL V.

up-mixing: YU(I\/IZ) X v, = VJCFKMdiag(mu, me, me)V ckm,
Yp(Mz) x vq = diag(mg, ms, mp)

down-mixing: Yuy(Mz) x v, = diag(my, mc, m),

(

YD Mz) X Vg = VCKMdlag(md, ms, mb)VCKIVI
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Phenomenology of the stau LSP Stau decays (2-body & 4-body)

Running of RPV couplings: down-mixing

T
L1

For comparison:

down-type mixing

T

Running of A3,

Y non-zero coupling at the GUT scale:
0.03 ", 1'(233) = 0.01 -
1'(232,231) = 0.01

-------- - N(213,223) = 0.01

L N(211,212,221,222) = 0.01

.

T

Ll

107
8| non-zero coupling at the GUT scale: 10° 10" 10" 10"

107 E —x(233) —-\'(222) scale Q [GeV]

F--a(232) ~A(223) — - A'(212,221) )

[ oo a(@31) —2(213) —- A1)
10-9 1 1 1 1 1 1 1 1 1 L L 1 1 1

102 10° 8 11 10 10'®

scale Q [GeV]
.

bastian Grab (University of Bonn) Bonn, May 2008 14 / 44



Phenomenology of the stau LSP Stau decays (2-body & 4-body)

Running of RPV couplings: up-mixing

F T T T T T T T T T = .
i e ming [ 1| For comparison:
-4 L - —
107 233| 3
& ] . /
Al 7 Running of /\2jk
P~ -~ ] »‘\ ST n(‘:n-zéro clouplling ;I lh; GL‘JT sc‘:ale:‘
. B ~— T 0.03 ", 2’(233) = 0.01 !
10° ~— = N> e 2'(232,231) = 0.01 |
E T E N I - - N(213,223) = 0.01
E__ S B 0.02 .~ — M(211,212221,222) = 0.01
F~— - ] ; -
= i " N |H F
1°F e E
B e AP o T . L T
8| non-zero coupling at the GUT scale: ™~ ] 10? 10° 10° 10" 10 10"
107 (s Sy scale Q [GeV]
F—— (22 y
F ——N(211) A
10-9 1 I L L L L I L 1 L 1 1 1 1 \
10? 10° 108 10 10" 10"
scale Q [GeV]
.
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Phenomenology of the stau LSP Stau decays (2-body & 4-body)

Decays of the 7 LSP

Naive picture

@ The dominant operator is: L3LJ'Ek,L,'L3Ek, L,'LJ'E3 or L3QjDk,
e.g. \o33 # 0 = 2-body decays.

@ The dominant operator is: L,-¢3Lj7g3Ek¢3, L;¢3QjDk or l_J,-l_JjDk,
e.g. gy # 0 = 4-body decays.

But: ijk will generate \o33.

Question: 2-body or 4-body decay dominant?
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Phenomenology of the stau LSP Stau decays (2-body & 4-body)

2-body versus 4-body decays

dy decay), down-mixing

My = 0 GeV, My /> = 500 Gev, Ag = 600 GeV, sgnu=+1

: L e
0.9 1
BRy— -
0.8 1 + r4/r2
0.7 |
§ o with
_Sg 0.6
] 2
% 0.5 /\,233 < r2 XX >\233 m7~.1
o - % _
3 ] - 232 7
o ] : B
Eﬁ/ 0.4 ..... :\\/223 : |—4 N Azjk m
F 03F /222 b > ?
T Agoyo1n
0‘2 ..... Al231 |
0.1 — Abs
| T Ao 1
I i
0 10 15 20 25 =4/l x md,
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Phenomenology of the stau LSP Stau decays (2-body & 4-body)

mz, dependence on tan 3

Recall: T4/l m% J

2
m2 Mm=. m
2 TR TRL''T
Mz = < )

2
Mzp My Mz,

with
mZ, = m?+Mg+0.15M7, —0.23M7 cos2f3 — 2/3X;
mZ, = mZ+ Mg +0.52M; ), —0.27TM? cos28 — 1/3X;
mz, = Ar—ptanf
where

X, = 107*(1+tan® B)(M§ + 0.15M7 , + 0.33A3)
[Drees, Martin, 1995]

tanf increase = mz decrease = BRy = 1/(1 4 '4/I2) increase. J
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Phenomenology of the stau LSP Stau decays (2-body & 4-body)

7 LSP phenomenology

So far: 7 LSP decays.

First Example: Resonant single slepton production.

Resonant single slepton production was only investigated for 9 LSP!
e.g. [Allanach et al., Searching for R parity violation at Run Il of the Tevatron, 1999]

Sebastian Grab (University of Bonn) Bonn, May 2008 19 / 44



Phenomenology of the stau LSP Single slepton production

Single slepton production via )\f-jk

fi, production via X5;:

d
N o
______ l’l/l_
u
(i, decay via \5;:
a Y 311 RPC i, decay:
by "
(ML ----- ) e
u ~0

suppressed if \' < O(1072)

o ) — A7

o {9 decays via \y;;.

(3-body decay) o 71 decays via \q; or Aoss.
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Phenomenology of the stau LSP Single slepton production

Promising signatures at hadron colliders

2 LSP: 7 LSP:

i — p e ud J fif = p p T ud  (4-body decay). J
L .

B —p p Ty, (2-body decay).

= Promising signature: Like-sign muon final states!

= Low SM background: 5 events at LHC for 10fb™! after cuts!
[Dreiner, Richardson, Seymour, Phys.Rev.D63:055008,2001]
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Phenomenology of the stau LSP Single slepton production

Cross sections at hadron colliders.

PP(P) — jif + X via My, = 0.01 at Mgy

[Dreiner,SG,Kramer, Trenkel, Phys.Rev.D75:035003]

T B e e S
& —LO
10 EtY - QCD
B e QUD + SUSY (A=1TeV, my5 = 300 GeV)
Le
T E E
i . VB = 14TV (PP ]
® 102 e \/_ eV (PP) <
107 \ 5
- W, V8 = L96TeV (PP) =3
10 e ] \ =
E CTEQG E
. 1., | ST
0 0.5 15 2

1
m [TeV]

Note: A5y, = 0.01 at Mgyr = Aby; ~ 0.03 at Mgy

Sebastian Grab (University of Bonn)
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Phenomenology of the stau LSP Single slepton production

Numerical example for LHC

My = 0 GeV, Ml/z = 700 GeV, Ag = 1150 GeV, tanf3 = 26, sgnpu = +1.

® Oprod:  Cross section for fi; production.
® O)N:  Oprod X BR(jiL — pFp® + X) & 7 decay via X'
° oy Tprod X BR(fip — pFpt + X) & 7 decay via .

up mixing down mixing
mg, = 470 GeV O prod [fb] (5 [fb] (BN [fb] (5 [fb] (05N [fb]
wopT 476 1.02 99.2 — 100
b =1x1072 putput 885 1.90 184 — 186
woopT 309 61.8 - - 65.1
Ny =1x1072 ptput 105 211 — — 22.2
@ Final state might reveal quark mixing and tan .
@ Ratio (#u*u")/(#1~ 1) can reveal the indices j, k of A, .
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Phenomenology of the stau LSP Sparticle pair production

7 LSP phenomenology

First Example:
Resonant single slepton production.

Second example:
Sparticle pair production at the LHC.

Sebastian Grab (University of Bonn) Bonn, May 2008



Phenomenology of the stau LSP Sparticle pair production

Benchmark scenario BC1

[Allanach et. al., Phys.Rev.D75:035002,2007]

1000
—9
900 — ap, 60 — =
= EIL* SL = gg
800 dR-,SR-,UR-,CR:gZ —
1
BC1 700 |- o
L Mo = AO =0 . —h
600 T HY, AC=—H* -0 B
) )\121(MGUT) = 0.032 - i Xé= \E
500 o= _
e tanf3 =13 *
400 — —
o M1/2 = 400 GeV
300 |- - . _ O .
o sgn(p) = +1. Ve, romm B, firmmm N2
o 200 +— .. —
€Ry lR—_ 7} —
100 |- RO— i
0
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Phenomenology of the stau LSP Sparticle pair production

Branching ratios in benchmark scenario BC1

mass [GeV] | channel BR | channel BR
e 148 ptvee 7= 32% | etoe ™ 32 %
prveett™ 18% | e et 18 %
Er 161 e vy, 50 % | pve 50 %
fir 161 T 51 % | 7=u~ 7" 49 %
0 162 - 50 % | T 50 %
i 265 Y, 67 % | WHH 33 %
Te(D) 266 Wve(v,) 92% | uf(ef)es 75%
& (i) 280 Le (™) 92% | e vu(ve) 81%
7> 283 07 63 % | 207 18 %
hOF, 19 %
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Phenomenology of the stau LSP Sparticle pair production

Signal rates of benchmark scenario BC1

o(total sparticle pair production) = 4.8 pb J
etorput | e orp” | 7" | 77 | p. | event fraction
2 2 2 | 2 | yes 35 %
3 2 2 | 2 |yes 12 %
2 3 2 | 2 | yes 8.3 %
3 3 2 | 2 |yes 7.3 %
2 2 2 | 1 |yes 4.7 %
2 2 3 | 2 |yes 4.3 %
2 2 3 | 3 |yes 1.4 %
4 3 2 | 2 | yes 1.1 %

e Multi-lepton final states (= 8 leptons).

e Multi-tau final states (= 4 taus).

@ 2-4 jets

@ Missing pr due to neutrinos from 7; decay.
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Phenomenology of the stau LSP Sparticle pair production

Benchmark scenario BC2

[Allanach et. al., Phys.Rev.D75:035002,2007]

1000
—9
900 — QL. oL — =
= EIL*§L —— 1?2
800 — dR-,SR-,UR-,CR:ZI;Z -
1
BC2 700 |- .
CJ Mo = Ao =0 —h
/ -7 600 | HY A——H* -0 B
@ Ay (Mgyr)=3.5-10 S0 X 3%
(o) [~ T -
@ tanf =13 e
400 — —
(*] M1/2 = 400 GeV
300 — ~ ~ - - \7g= /Ni{: —
o sgn(u) = +1. Ve, B, i T2 X2
<4200 - o |
€Ry lR—_ 7p Y] —
100 - R'— |
0
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Phenomenology of the stau LSP Sparticle pair production

Branching ratios in benchmark scenario BC2

mass [GeV] | channel BR channel BR
71 148 ud 100 %
&r(fir) 161 Fre (u™)r~ 51% |Ffe (u)rt 49%
% 162 T 50% | 77T 50 %
v, 265 L, 67 % | WHs 33 %
e () 266 Bre(v,) 100 %
& (f) 280 Le (1) 100 %
7 283 B 63 % | 297 18 %
hOF 15 %

Sebastian Grab (University of Bonn) Bonn, May 2008 29 / 44



Phenomenology of the stau LSP Sparticle pair production

Signal rates of benchmark scenario BC2

o(sparticle pair production) = 4.8 pb J
etorput | e orp” | 7" | 77 | p. | event fraction
0 0 1|1 |no 14 %
0 0 2 0 | no 7.1 %
0 0 0| 2 |no 6.8 %
1 0 1 | 1 |vyes 6.5 %
0 0 1 | 1 ]vyes 45 %
1 0 0 | 2 |yes 33 %
1 0 2 | 0 |yes 32 %
1 1 1 | 1 ]vyes 2.4 %

Like-sign 7 events.

6-8 jets

Not necessarily missing pT signature.
Detached vertex, i.e. ¢ - 75 = 0.3 mm.

Sebastian Grab (University of Bonn) Bonn, May 2008 30 / 44



Sneutrino as the LSP

So far:
7 LSP in mSUGRA.

Now:

Sneutrino as the lightest supersymmetric particle
in mSUGRA.

[Bernhardt, Dreiner, SG, Das, work in progress]
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Sneutrino as the LSP Sneutrino LSP parameter space

Effects of RPV

What will change due to one additional RPV coupling at the GUT scale? )

The RGEs get additional contributions.

= Additional RPV couplings at Mgy .
= Sparticle masses can change at Mgy .

running sneutrino mass

d(m2) 6 3
lon* — 7= = —(ggfll\/hl2 + 65 | Ma|? + gng)
+6AF 2, + (M) + (m ek | + 6(hpe)3
with (th),'j = )‘;'jk'AO at Mgy,
S = f(m?).

Note: Contribution of (hpk);j can dominate for negative Ay.
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Sneutrino as the LSP Sneutrino LSP parameter space

What is the LSP?

A non-vanishing coupling N'(MgyT) leads to a new LSP candidate.
For SPS1a:

200
=150
(&)
O,
wn
75}
2}
= 100
S0 .
L v i & 1 o 1 w i 5 i 5 |
0 002 004 006 008 01 0.12
!
>‘221(MGUT)
= 1, LSP; also possible: e & ; LSP. J
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Sneutrino as the LSP Sneutrino LSP parameter space

,, LSP parameter space: Mo-M, > plane
Apo1 (Mgur) = 0.1, Ap = =500 GeV, tan 3 = 10, > 0. |
200
o
o
=150 EI
]
g B
< 100 A
= =
=
50 "
=
<
0
250 450 650
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Sneutrino as the LSP Sneutrino LSP parameter space

,, LSP parameter space: Mo-M, > plane

Different LSP regions because:

o mZ, = Mg+ 0.15M7 , +
rlght handed stau couples only via U(1) charges.)

° m,% = I\//g + 0.52/\/’12/2 +
(left-handed sneutrino couples via U(1) & SU(2) charges.)

o m?, ~ I\/I1 =0. 17/\41
X1
(%2 is bino-like.)

/2"

[Ibanez, Lopez, Munoz, Nucl.Phys.B256,1985]

Sebastian Grab (University of Bonn)
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Sneutrino as the LSP Sneutrino LSP parameter space

,, LSP parameter space: Ap-tan 3 plane

Moo (Mgut) = 0.1, Mg = 50 GeV, My j, = 500 GeV, 1 > 0. J

o8
3

=
|
a8
0
>

=
Il
2

<

-600 -400 -200
Ao [GGV]
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Sneutrino as the LSP Sneutrino LSP parameter space

,, LSP parameter space: Ap-tan 3 plane

Different LSP regions because:

o mZ, = m2+ Mg+ 0.15M;, — 0.23M7 cos 23 — 2/3X;
with

Xr = 107%(1 + tan® B)(M§ + 0.15M7 , + 0.33A3)

@ mz, =A; —ptanf.

dm12;,
o 167° 7 = 6(hpi)j + . ..
with
(th),'J' = )‘;'jk - Ap at MgyT.

Sebastian Grab (University of Bonn) Bonn, May 2008



Sneutrino as the LSP Hadron collider phenomenology

So far:

7 LSP in extended regions
of RPV mSUGRA parameter space.

Now: Phenomenology of a & LSP at hadron colliders.

@ Sparticle pair production.

@ Single slepton production.
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Sneutrino as the LSP Hadron collider phenomenology

Sparticle pair production at LHC

Example: A5, (Mgut) = 0.1, tan8 =10, 4 > 0, My = 110 GeV, My /, = 440 GeV, Ag = —500 GeV.

orHc (PP — 2 Sparticles) = 3.2 pb . ]

Characteristic signatures

@ Not necessarily missing pr.
(22% of events).

@ 4-7 non b-jets and 0-2 b-jets.

@ High pr muon plus high p7 jet.
(10% of events)

mass | channel BR
7, | 135 | 3d 100 %
fif | 157 | ed 100 %
Q| 179 | 9.0, 39 %
fipt 11%
7l 192 [ 97~ 100 %
ve | 316 | X3ve 100 %
dr | 881 | puc 44 %
VS 44 %
Qd 12 %
& | 931 | X{s 55 %
e 27 %
ptd 17 %

Sebastian Grab (University of Bonn)
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Sneutrino as the LSP Hadron collider phenomenology

High-p7 muons

Muon p7 distributions from the decays dr — p-cand & — putd:

00025 [P

0.002 Al B
0.0015 I —
0.001 —

0.0005 —

Ry ARRRRARRRATIPARAATRARARRANARRNTRD
0 100 200 300 400 500

pr [GeV]

my, = 881 GeV, mg = 931 GeV.

IPAEAn n
600 700 800

@ Squark mass can be reconstracted via high pr muon and high pt jet.
@ U, LSP = high pt taus. J
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Sneutrino as the LSP Hadron collider phenomenology

v LSP phenomenology

So far: Sparticle pair production

Now: Resonant single slepton production.

Resonant single slepton production was only investigated for 9 LSP!
€.g. [Allanach et al., Searching for R parity violation at Run Il of the Tevatron, 1999]

Sebastian Grab (University of Bonn) Bonn, May 2008 41 / 44



Sneutrino as the LSP Hadron collider phenomenology

Single ji; and ¥, production via X5y,

ar > x9

250 450 650 -600 -400 -200
M 2 [GeV] Ao [GeV]
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Sneutrino as the LSP Hadron collider phenomenology

Single ji; and ¥, production via X5y,

Moo1(MguT) = 0.1, Mo = 170 GeV, My 5 = 300 GeV, Ag = —500 GeV, tan 8 = 10, 12 > 0.

= M, = 140 GeV, Mﬁ =120 GeV

02 . :
0.18; “— =
- OO /S = 1.96 TeV ]
o(PP — jiy — %u) = 1.2 pb. L i ]
0:A2 = o
O.]; I ;
o(PP — fi, — %) = 29 pb. ]
0.06 [~ =
0.04_— __
= 7 LSP scenarios might be found at 02r ]
the Tevatron! S ST R T S e 30
pr [GeV]
Bottleneck: Small p1 of Muons. Muon pr from PP — i, — ¥0u

at the Tevatron
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Summary and Outlook
Summary and Outlook

@ Including R-parity violation allows 7 LSP in mSUGRA.

@ Including R-parity violation changes RGEs in mSUGRA.
= 2-body versus 4-body 7 decays.
= U LSP possible.

@ Promising hadron collider signatures for 7 LSP:
detached vertices, multi-lepton final states, like-sign leptons.

@ Promising hadron collider signatures for 7 LSP:
high-p7 muons, muons from single slepton production.
= Tevatron might find 7 LSP scenarios.

@ Detailed anlaysis including background, detector simulations and data.
o Additional LSP candidates: &g with )\, #; with \”.
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backup slides
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Summary and Outlook

2-body versus 4-body decay: Ap-dependence

BR(2-body decay), down-mixing

)‘511 = 0.01, My = 0 GeV, M1/2 = 500 Gev, sgnu=+1
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Summary and Outlook

body versus 4-body decay: M, ,-dependence

dy decay), down-mixing

A1 = 0.01, My = 0 GeV, Ag = 600 Gev, sgnu=+1
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Summary and Outlook

2-body versus 4-body decay: My-dependence

body decay), down-mixing

>‘£11 = 0.01, Ag00 = 0 GeV, M1/2 = 1400 Gev, sgnu=+1
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Summary and Outlook
Possible Signatures

71 decay fiy production 7, production

via Ny, | THT popT [T jo| T uT [te) Er o
L R AR =/ R [CFe7] Er f

via A233 T~ no [€+£7] /ET v [€+£7] /ET
Tt ppF [0he] Er T[] Er

with ¢ = e, u if decays %9 — Zﬁﬁ and EE — 777 allowed.

= Multi-lepton final states,
e.g. four y in final state.
= Like sign-muon events.

= D 2 o)
ujdk My — X1,
— T
2 e =
=T ujdy

SM background for u*u* events
+ 4.9 + 1.6 like-sign  events after cuts

A _

—Vr moy
—T T 1

V at the LHC for 10/b~ . [Dreiner,

Tt g dk Richardson, Seymour, Phys.Rev.D63:055008]
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Summary and Outlook
RPV couplings leading to a sneutrino LSP

couplings )‘i'jk with upper bounds of O(0.1 — 1) at Mgy

coupling | LSP

Mip | Pe
Moy Ve

131 Ve
Mo | P
A1 Dy
A1 Uy

312 Ur
A1 Z
A331 Ur

and up-mixing.

Charm physics, e.g. Dy — Do mixing, will test couplings Ny & Ny, J
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(MGUT) =0.1, M1/2 =500 GeV

Running of (hp«); b
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Summary and Outlook
Ao dependence

Moo (Mgut) = 0.149, Mo = 50 GeV, tan 3 = 10.
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Summary and Outlook
U, LSP parameter space

Ny31(Mgyt) = 0.12, Ag = —550 GeV, A331(Mgut) = 0.12, My = 200 GeV,

tanB =14, u > 0. M ,» = 270 GeV, p > 0.
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muon anomalus magnetic moment: da, = a,|exp — au|sm = 2.95 x 1079,
< 3.40 deviation to SM prediction!

Sau|susy = 2.95 x 1079 (red line), +10, +20.
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Summary and Outlook

Single ji; and ¥, production via X5y,

CDF Run II Preliminary, 1.13 !
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Problem: Large QCD background.
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W+ > 2 jets at the Tevatron
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Summary and Outlook

Dijet production at the Tevatron
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Summary and Outlook

pr distributions in benchmark scenario BC1
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pT distribution of the 7 from 7, pT distribution of the neutrinos.
decays.

@ Taus with pr > 30 GeV might be usefull to identify the scenario.
@ Missing pt is less than in the R, conserving MSSM.
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Summary and Outlook

pr distributions in benchmark scenario BC2
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pr distribution of the 7 from {9 pT1 distribution of the d-jets from
decays. 71 decays.
@ Tau identfication is difficult but possible.
@ Reconstruction of the 73 mass is possible via the two jets. J
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Summary and Outlook
Benchmark scenario BC3
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Summary and Outlook
Branching ratios in benchmark scenario BC3

mass [GeV] | channel BR channel BR

i 93 bd 100 %

0 97 Urvy 50 % | Drur 50%

7 105 v,bdr= 37 % | vybdr 37 %
Br 26 %

&r (fin) 146 Ve (p~) 100 %

7 159 0 100 %

9 181 v, 271 % | vy 27 %
Fhr 2% | 7Tt 22 %

e 181 DT 63 % | 7 vr 35 %

Te(i,) 189 Wre(vy) 85% | e () 11%

& (f)) 206 ggegug 48 Zﬁ, Loe(y) 33%
Xoe (™) 19%
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Summary and Outlook
Signal rates of benchmark scenario BC3

o(sparticle pair production) = 4.7 - 10*fb J
et orpu™ | e orp” | 7T | 77 | p. | event fraction
0 0 0 | 0 |yes 27 %
0 0 1|0 |yes 19 %
0 0 0 | 1 |yes 16 %
0 0 1 1 | yes 14 %
0 0 1] 1] no 4.4 %
0 0 2 | 1 |yes 4.0 %
0 0 1 | 2 | vyes 3.0 %
1 0 0 | 1 |yes 1.9 %

@ Most difficult scenario to trigger, although light spectrum.
@ 4.7 million sparticle events at the LHC with [ £ =100 fb~L.
@ b-tagging should be possible.
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Summary and Outlook

pr distributions in benchmark scenario BC3
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@ b-tagging should be possible.
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@ Most of the taus from 7; decays are invisble (p7 < 30 GeV).

pt distribution of the 7 from 74
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Summary and Outlook
Benchmark scenario BC4
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Summary and Outlook
Branching ratios in benchmark scenario BC4

mass [GeV] | channel BR channel BR

71 169 cdst™ 79% | cdsr™ 21 %
er(fir) 236 Frem(u)r~ 58% |FHe (u)rt 42%
B 249 - 47% | 77T 47 %
iy 393 W+# 89 % | Jv, 12 %
De(y) 402 Qve(vy) 100 %

& (i) | 413 | Je(up)  100%

7 417 7% 48% | MOF 38 %

QO 15 %

dr(3Rr) 897 c5(d) 99 % | 9d(s) 1.2 %
¢r 906 5d 95 % | ¥%c 4.7 %
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Summary and Outlook
Signal rates of benchmark scenario BC4

o(sparticle pair production) = 7.1 - 10%fb J
etorput | e orp” | 7" | 77 | p, | event fraction
0 0 1 1 | no 23 %
0 0 0| 0 |no 18 %
0 0 2 2 | no 8.0 %
1 0 2 | 2 |yes 5.6 %
0 0 2 | 1 |yes 4.1 %
1 1 2 2 | no 3.7 %
1 0 1 [ 1 |vyes 3.6 %
0 1 2 | 2 |yes 32 %

@ Many jets in final state (6-8 jets).

@ Very little missing pr.

@ Heavy spectrum.

o First two generations of gr undergo RPV decays.
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Summary and Outlook

pr distributions in benchmark scenario BC4
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pT distribution of the 7 from 7y
decay.

pr distribution of the d-jets from
71 decay.

o Triggering to taus should be possible. )
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Summary and Outlook
Dynamical generation of RPV couplings

Dynamical generation of A Dynamical generation of «;

d
16W2FAikk = (YE)kk[3>\,aq( D)ag + Ain(YE)i]
d
167T2 p ;_jk = )\U/Q(Y YD)k/ + A/Ik[( YDY )IJ (YU YL‘D)IJ]
+3Xag (YD) (YD )jk + Niaa( YE)32(YD)jk
d
16ﬂ2a,§, = uBNag(YD)sg + Ain(YE) -
Breaking of one lepton number does not break the two other lepton
numbers. J
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More pt distributions in benchmark scenario BC1
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)Z?n decays.
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Summary and Outlook
More pt distributions in benchmark scenario BC1
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Summary and Outlook

More pt distributions in benchmark scenario BC2
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pT distribution of the 7. pr distribution of the u-jets from

71 decays.
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Summary and Outlook

More pt distributions in benchmark scenario BC3
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Summary and Outlook
More pt distributions in benchmark scenario BC3
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Summary and Outlook
More pt distributions in benchmark scenario BC4

9000
8000
7000
6000
5000
4000
3000
2000
1000

0
0

pr distribution of the c-jets from

100 200 300 400

[GeV]

71 decay.

500 600

8000

7000

6000

5000

4000

3000

2000

1000

0
0 100 200

300 400
[GeV]

500 600

pr distribution of the s-jets from

71 decay.

Sebastian Grab (University of Bonn)

Bonn, May 2008 73 / 44



Summary and Outlook

More pt distributions in benchmark scenario BC4
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pT distribution of the 7. p1 distribution of the neutrinos.
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Summary and Outlook
More pr distributions in benchmark scenario BC4
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pr distribution of 7 from ¥, pr distribution of the d-jets from
decays. Cr decay.
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