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® Workshop at DESY 4-6 May 2011
(combined with LHC-D SUSY/BSM working group)
® topics in the last year
#® (Flavour-) Symmetries (Bonn, Dortmund)
R-parity violation (Bonn, Dortmund, Wirzburg)
Seesaw models and SUSY (Wirzburg), see also talk by M. Krauss

Models with extended gauge sector (Bonn, Wrzburg), see also talks by F. Staub
and A. Vicente

searches by ATLAS and CMS in the leptonic sector (Aachen, Bonn, Dortmund,
Hamburg, Warzburg)

| I

°

® Future directions

5th anual meeting 'Physics at the Terascale’, Bonn, 8 Dec. 2011 W. Porod, Uni. Wuirzburg —p. 2



julius-Maximitlans-

UNIVERSITAT _
WURZBURG Flavour symmetries |

® general R-parity violation: e.g. allow only for L-violating couplings and reduce their
number

® S5 model for flavour symmetries — interesting Higgs phenomenology
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® general R-parity violation: e.g. allow only for L-violating couplings and reduce their
number

® S35 model for flavour symmetries — interesting Higgs phenomenology

technische universitat
dortmund

A N exem p la ry S3 mo d e l Chen, Frigerio, Ma, Phys. Rev. D70, 073008 (2004)

Lepton doublets RH singlets
(L1,Lp) x 2 L3,£§,li x 1 Z; o< 1’
(Q1,02)x 2 Qs3,u5, uf, d5, d] x 1 us, d5 o< 1’
(1, ¢p2) x 2 ¢p3x 1
Quark doublets 3

Two generations - Sz doublet;
the other - Ss singlet -

6 elements
irreps: 1,1",2

Philipp Leser | DESY, 2011-05-05 6
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hq is special, again
The 3 scalar ha only couples off-diagonally,
always with 3rd generation:
hq — et(db, ut)
FCNC couplings are numerically small and fixed by
fermion masses

a b b c c
0 0 Y(eJLTR Y%LeR Y%LIJR 0 tgLeR ?_LIJR 0
Yh, = 0 0 YIJLTR , Yh = YNLeR YHLHR 0 , Yh, = YuLeR YuLuR 0
a a 0 b 0 0 Yt

hq — ut(sb, ct)

0 0 Y
TLTR

TLER TLHR

14 —

Philipp Leser | DESY, 2011-05-05
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Summary

Scalar sector is an interesting avenue to test flavor symmetries

Sz can explain some mixing angles, comes with an enlarged scalar sector.
Two SM-Higgs-like scalars hy and hc. Decay dominantly into third scalar hq hg
Scalar hq has limited gauge interactions

hq has only off-diagonal Yukawa couplings, involving a lepton or quark from
the third generation

Scalars might already be buried in existing LEP or Tevatron data

Currently expanding the analysis to include all scalar degrees of freedoms

Philipp Leser | DESY, 2011-05-05 21 —

5th anual meeting 'Physics at the Terascale’, Bonn, 8 Dec. 2011 W. Porod, Uni. Wirzburg—p. 5



Julius-Maximilians-

UNIVERSITAT ...
WURZBURG T Partyl

Superpotential of the SSM

R-Parity violating operators in superpotential:

o W D NjliLiEx + Ny LiQiD + riliHy  +  Nj U;D;Dy

Lepton Number Violating Baryon Number Violating
v /' &
Ajjk L Nk K i ik .
>——>———€/f? d/{, -- - Vi ——%—— hg —-»——d;/%
/' W u'

However: LNV + BNV lead to proton decay!
= We will use a model which prohibits UDD (Baryon Triality)

[Dreiner, Luhn, Thormeier, '06]

T. Stefaniak (Bonn University) 8r/fig LSP in RPV-CMSSM LHC-D SUSY/BSM 2011 3/ 26
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A dependence of the ég mass
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A2s1 at Maur

= &r/fir LSP with A\ > O(1072) at MgyT.

T. Stefaniak (Bonn University) 8r/fig LSP in RPV-CMSSM LHC-D SUSY/BSM 2011
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Signatures at hadron colliders

€rR

)'s

1
) < @ Squark and gluino production dominant (at LHC)

" @ Mostly cascade decays into ér-LSP
s Ve

: /<(\ \ . @ ér-LSP decays via Ao3i:

1

s ~

3 c > erR — UV, TV

t

g/\ @ Some other RPV decays via A\»3::

> U, e ut

. q
G ~
v > 71— ey,
m i @ Typical signatures:
L e
2 p
bl - T 2e +2jets+ Fr +< ur
Er 2 T
Ny,
Example cascade decay with A31 # 0 @ Similar signatures for other \j-couplings

= Multi-leptonic events (plus jets)!

T. Stefaniak (Bonn University) 8r/fig LSP in RPV-CMSSM LHC-D SUSY/BSM 2011 11 /26
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Signal efficiency and discovery reach at LHC 7 TeV

LHC at /s =7 TeV
LHC at \/_ =7 TeV 150
150 \ \\\\
0.5 \ O QP \
120 _
0.45 \
120 oy \
L 0.35 & =90 [\ 2t 45 .
= 5 2 g 2
Eo 0.3 — o d o AR
S = H 19 MR 2
60 0.25 £ 60 I} : L %
0.2 'c%o \ GL = :
’ . P Yoo
30 0.15 30 nohE
0.1 = % 8 i i
O 0 | | ‘.'I | I .: |
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350 400 450 500 550 600 650 700
M1/2 [GGV] Ml/g [GGV]

@ Signal efficiency decreases for small AM = Mo —
@ Signal is observable < S > max [5\/?, 5,0.58}
@ Scenarios with My < 1.2 TeV, Mg, < 230 GeV can be tested with 1 ot

@ Analysis is basically flavor independent = same prospects for jig LSP

T. Stefaniak (Bonn University)

8r/fig LSP in RPV-CMSSM
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Neutrino physics in models with broken R-parity

Generating neutrino masses in e;-model

Generation of a Majorana mass term for v; via the L-violating terms
In the basis

(wo)T — (B,Wg,flg,flg,yl,l/g,yg)

one can write £12%%, = —1 (%) M,9° + h.c. with

M, m

@ M, mixes the 4 heavy states
@ m mixes the heavy states with the neutrinos
This leads to an effective neutrino mass matrix mes, which is at NLO given by

(meff)ij = — (mTMglm) = alNiN; + b(Nie; + €i\j) + ceie

(]

1
with AZ: Vi + Vg€ and V) = —;
2 d < > \/§
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LSP properties in models with broken R-parity

Correlation to neutrino mixing angles

Where does the correlation to neutrino physics come from?

Consider the lightest neutralino ¥ = W2 as LSP in the uvSSM.
Two-body decay: At tree level the left-handed W-x?{-1;-coupling reads:

ﬁZEVM (OLiPL + OriPr) XIW,, + h.c.
5
g | g\ € gPuul
Opi ~ L Nz — (& Nis — S Nyjéss
Li~ 5 [det+ 12 (M + 2,udet_|_> 13 ; 1g€zg]

2 2
A

Br(xy = W—u™) |OL2
Br ()2(1) — W_T+) OL3

However: We have to use a NLO neutralino mass matrix.
Problem: The branching ratios of ¥ — W*IT do not always show the tree-
level prediction after the incomplete one-loop correction:

-0

>0
I W

X Ai7 617?

Stefan Liebler 8/14
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WURZBURG %y = 1T W~ onNLO

Correlations between neutrino mixing angles - x? — [TW~

Finally we can compare the ratios of decay widths ¥ — "W~ with the neu-
trino mixing angles:

Bino ¥ = B Higgsino with Singlino fraction %% = H

" Ratio with:
107 T

B B
= =
e e
T F g with N1E I
B [ . 12
Z [ Towith NP UtE VI = 0L
Aol T /M
~ 10"E 1 ~ s
Tk o il 419
= B o
c 2107 =
t 2 TE
o107 S I
= Lot ol =02 d
m e < ‘ mo
r &) tan2 0,4, r
1072 Ll Ll L Covntld Lol I Ll [
10! 109 10! 107! 10 10! tan® Oaum

— The full NLO corrections show the behaviour predicted on tree-level!

Stefan Liebler 13/14
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Models

Do) e (S )

§° 5t /\V2 »0/v2 ot
~ P
\ / S o - \ /
\ / ~.~ \ /
\ / I \ /
| 50
VR //'\ >0
vy, vy, vy, vy, vy, vr
v -1 v2 A 4 1
(Mg ~ 101° GeV) (J‘f—QT ~ 1015 GeV) (Mw ~ 8 x 1014 GeV)

(for Yukawas of O(1) and m,, ~ \/Am32 ~ 0.05 eV)

Laslo Reichert, Universidad Valeng 7127
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Observables

Dependence of slepton and squark masses on mgg

Seesaw II (my : 70, My 5 : 250, tan3 : 10, Ag : —300) Seesaw III (mg : 70, M /5 : 250, tan/3 : 10, Ag : —300)
0 [t a0 [
T1 T1
— 200 er — 200 || e
> Mg _——— > X5 =4
[5) JOR P I - [5) R I e
R e —— i O 150 [k s T S
AN I SRS S o at SOPPPPTE L D B S S e uUUUU SOPRS SYTLL
% 100 R s S =i % 100 _:‘_’___{ ______ e
s | = < S e
E 50 . B 50 e
0 0
10t 10™ 10" 10 10%® 10 10t 10% 106
mgs [GeV] mgs [GeV]
Seesaw II (my : 70, My 5 : 250, tan3 : 10, Ao : —300) Seesaw III (mg : 70, M /5 : 250, tan/3 : 10, Ag : —300)
700 700
mgl ---------
; 600 H mg, ~ 600 |—
My essee
Q qRr [5)
O 500 H mg, O 500 -
1%} mg ———— 172}
2 400 : e 2 400
S .Z pied g
£ 300 A g 300
200 200
1011 1012 1013 101/1 1015 1016 1014 1015 1016
mss [GeV] mgs [GeV]

— Seesaw Il and Il pushes SUSY masses to smaller values!

— MSP-1 (70, 400, 10, —300), MSP-2 (220, 700, 30, 0), MSP-3 (120, 720, 10, 0)

Laslo Reichert, Universidad VaIencLa E 11 /27
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Observables
Dependence of LHC Observables on mgg

Seesaw lli

Seesaw II (myg : 70, My /5 : 250, tanf3 : 10, Ag : —300) Seesaw II (g : 70, M /5 : 250, tan3 : 10, Ag : —300)
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Seesaw IT (g : 70, M 15 : 400, tang : 10, Ag : —300) Seesaw II (my : 70, My /5 : 400, tanf3 : 10, Ag : —300)
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Laslo Reichert, Universidad Valencia - C 13/27
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Results
Errors of myg, M1/2 and mgg against mgg for LHC + ILC (Seesaw llI)

Seesaw IV

Seesaw T (m : 70, My 5 : 400, tan3 : 10, Ag : —300) Seesaw III (mo : 70, M, /5 : 400, tan3 = 10, Ao : —300)

75
S 101 > 725 o T o
> ! - -
g 1 Jr TTLLL é 70 1 TTTW TW =
CTE I 3 i MMMM
& = i a e1s bbb
104 1 65
1014 1015 1016 1014 1015 1016
mgs [GeV] mss [GeV]
Seesaw III (mq : 70, M /5 : 400, tanf3 : 10, Ag : —300)
7 — errors depend strongly on mgg
—. 450 e
T s =TT — distinguishable from mSUGRA for:
= 400 1 IEM Il - 5
S s e | mss <6 —7x 10" GeV for 1o c.f.
< 350 }
° — change in scale mgg
51014 1015 1016
mss [GeV]
Laslo Reichert, Universidad Valencia - | 18/27
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Errors of mg, M1/2 and mgg against mgg for LHC obs. only (Seesaw llI)

Seesaw III (myg : 120, M /5 : 720, tan3 : 10, Ag : 0) Seesaw 11 (mg : 120, My /5 : 720, tan3 : 10, Ag : 0)
1016 160 —
= _ T e 7 71T T 1700
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1200
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S 9007 mss < 5 x 10™ GeV for 1o c.f.
S 800 e T T TT ~
> Zgg 0 i — All errors much larger than for LHC+ILC
500 T
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Laslo Reichert, Universidad Valencia - C 20/ 27
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L I I

Detailed investigation of pseudoscalar Higgs bosons and charged Higgs bosons in S5
models (Dortmund)

Connections between 0v35 and LHC signals (Dortmund)

Specific R-parity signals (Dortmund, Wirzburg)

SUSY models with additional U (1) g_r.: implications for LHC
(Bonn, Warzburg)

Experimental studies (Bonn, Wirzburg)

i
i
i
i

search for R-parity violating signals at ATLAS
displaced vertices in case of R-parity violating

LSP mass reconstruction in case of R-parity violating
searches for lepto-quarks

More infos on (will be updated soon):
https://twiki.cern.ch/twiki/bin/view/Sandbox/NeutrinoMassesLFVatLHC

5th anual meeting 'Physics at the Terascale’, Bonn, 8 Dec. 2011
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