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MOTIVATION FOR SUSY

® Avoids Fine-Tunning for the Higgs mass

® Grand Unification EW + strong interactions

1
a

60 Standard Model ( Minimal
supersymmetnc

extension of
Standard Model

50

40

-
e Le0® 2
_’—‘ -~ 2

e ® : - ... - \ -

20

10

0

. 10" 10° " 10"
Butration Typoberm Em_-.r_q',' GeV Emygy, GeV

® If R-Parity is conserved:

the Lightest Supersymmetric Particle (LSP) has to be stable, neutral and not

strong-interacting: candidate to DM
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R-PARITY

R =(-1)3B*L+2s =

+| for SM particles
- | for SUSY particles

r

renormalizable
conserving symmetries of the system (Gauge, Lorentz...)

(.

® Constructing a theory:-

® There is not a fundamental reason to conserve L, B.

® A hard violation of B and L—— p fast decay BUT soft violation of B OR L keeps p
lifetime ok.

susy particles generation Lin patrs susy stngle particles
Y?Pp 9 P Y gLep
— Stable LSP LSP deca Y

nteracting Massive Stable particle woulol — new signals
form part of atoms. Thelr mass would be
different!!

—  new background

nwo em charge, wo stlyoy\,g Lnteraction no need to be em neutral, can have strong tnt

undetectable =large B, not so Large B, wiss
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BILINEAR R-PARITY VIOLATION

® Lmssm:noknoB — RPC

L-number \/ioLatLV\,@ termes

+ /'t”z]/e U D Dk bilinear terms

B-number \/LoLathg termes

- 3 parameters g n bilinear terms € L Hy, fixing:

- 3 “alignment” parameters: A; = € vy + wv; - ew symmetry breaking and
Vi : sneutrinoe vev’s - neutrino osctlation data
Va : VeV of Hy

| remaining free parameter
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SILIN
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® RPV through bilinear terms (&#0) in the super-potential and the SUSY-breaking potential:
[c.f. M. Hirsch et al., JHEP 0805:048,2008 and references therein]

® LSP = LIGHTEST NEUTRALINO: %<

® Bilinear RPV connected to neutrino physics:

10 Tev, 2 0, SU3 MSUGRA point

BR (Y — T=W)

%< decay modes

MSUGRA polnt SUB:

mo = 100 GeV, m12= 300 GeV
tan3 = 6, Ao =-300 GeV, sgn py = +1

PV para meters:

€1 =102 MeV,
V1=-88MeV, V2=9.0 MeV, V3 =- 8.6 MeV

g2 =-102 MeV, €3 = 102 MeV

Neutrino mixing parameters:
AMatm? = 2.2 - 103 eV?, Amso? = 2.8 - 107° eV?

tanzeatm = 096, tan2930| = 0.64

emma Torrd

Mivw(i:f) = 118 QeV <€

decay length (X9 = 290 um

other MSUGRA polnts A € (0.1, 100) mm

— same decay modes as in

RPC case except for the
LSP decay!!
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SM BACKGROUN

® After trigger mulO jet |18 selection (no cuts):

MET_RefFinal_et —— signal

— tt

st

MET 2fb! =

WW+WZ+277

ATLAS work
In progress

iy g
(=] o
s o

Illllllli I TTI

-

o
w
|

i e

’_I‘\ Meff = MET + pT(4highest jets + electons + muons)
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ATLAS work
In progress
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® Meff = 3 pr(electrons, muons, 4highest jets) + MET'*
® ‘tveto’ VW candidate, reject event

— if [Minv(W,highest jet) - Meop| < 20-40 GeV

10*

10°

102

H

® W candidate: every pair of jets with
inv. mass = Mw £ 5 GeV.

A 5 Y o o [ ] ’J|_|T\ | [ x1 03

2000 4000 5000 6000
Meff(4j+leptons+MET) (MeV)

| | | |
1000

o

Emma Torrd ciudad real, #-11 Sept. 2009



SM BACKGROUND

loose medium tight B0%

# events | eff (%) | # events | eff (%) | # events | eff (%) | # events | eff (%) loose = Meff > | TeV’ MET > 20 GeV’
SUSY signal 4445 66.9 3900 587 | 3481 52.4 3875 58.4 tveto: Meop £ 20 GeV; mulOjet|8
tthar 8346 2.5 3773 1.1 2566 0.8 3858 1.1 medium = M > 1.2 TeV; MET > 25 GeV;
single top 104 0.2 45 0.1 2 0.1 45 0.1 tveto: Mop = 30 GeV; mulOjet!8
W + jets 2426 0.2 1113 0.1 761 0.1 1132 0.1 tight Mes > 1.3 TeV; MET > 30 GeV;
Z + jets 422 0.2 194 0.1 132 0.1 215 0.1 tveto: Mwp * 40 GeV; mulOjet|8
WW - WZ + 27 2 0.2 0 0.0 0 0.0 0 0.0 80% — Meff > I 2 TeV, MET > 30 GeV,

total bk 11300 0.6 5126 0.3 3485 0.2 5250 0.3 .
= tveto: Miwop £ 20 GeV; mulOjet!8
S/B 0.3934 0.7609 0.9987 0.7381

S/VB 41.815 54.475 58.962 53.480

- After medium cuts:

— signal —— signal

MET 2 b« Meff 2 bl

— W+jets — W +jets
Z + jets Z + jets
WW+WZ+ZZ WW+WZ+ZZ

ATLAS work ATLAS work
ILLLL in progress In progress
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ATLAS workK in progress

# truth X /ev.
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WV candidate: every pair of jets with inv
mass = Mw = 5 GeV.
%2 candidate: combination of every W

candidate with all M in the event.
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U || INVARIANT MASS

—— signal

MG =112 gev 2 fo-l| v Meff > 1.2 GeV

st

W +jets MET > 25 GeV

Z + jets ‘M +
WWaWZs 77 tveto: Mep £ 30 GeV

~
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ATLAS work pt(H) > 10 GeV

In progress ARwy < 2.5
ARH <|.5

M(io) =112 GeV signal + background
) = I

ATLAS work
in progress
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With 2 fb-! it is possible to see a
peak in the neutralino mass.
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OQUTLOOK - SUMMARY

® We have studied the possibility to detect R-parity violating SUSY with ATLAS at 10 TeV in the muon

+ jets signature
- simple cuts applied on relatively well-understood objects: muons, jets
- (loose) MET cut not crucial: may be omitted
- S/B ratio ~ |

- main background: ttbar

> With 2 fb™!, the neutralino decay can be seen as a peak in the muon+2jets invariant mass. Analysis

may be improved by:
- applying b-tagging for suppressing ttbar bkg

- use effective mass including taus

» Analysis optimised for bilinear RPV; similar cuts applicable for a general yf; — Hqq decay in RPV

through trilinear terms

®» The possibility to detect displaced vertices O(lcm) would be relevant for this scenario and RPV in

general

» Determination of exclusion / discovery regions in mSUGRA space is in progress

» Analysis on taus + jets in progress
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BACK UP SLIDES
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Removing comb.
background

truth ARwy

only truth Y
and qq
coming from R Y
X— UW ATLAS work in progress
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200 pb-!
U || INVARIANT MASS

signal Meff > 1.2 GeV pT(H) > 10 GeV
sum all backgrounds MET > 25 GeV ARW[,I <25
tveto: Miop + 30 GeV AR < I.5

ATLAS work
in progress

- possible to detect an excess of events in Meff
distribution.
@ peak in the invariant mass distribution visible only

100 150 200 250 300 350 400 if ttbar background is well determined.
Minv_muijj (Me\
—— signal

' packground
signal + background ' tstt
ATLAS work + jets

Z + jets
in P ro g ress WW+WZ+ZZ

ATLAS work
in progress
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