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There is no hint of SUSY
in the LHC 2011 searches



There is no hint of SUSY
in the LHC 2011 searches

Worried?

clepencls on the

scope & reach
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Reach mass exclusion

| nterpretation null results

model clepenclent

simpliﬁecl models and speciﬁc scenarios:

CMSSM, mSUGRA, GMSB, AMSB



ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 2012)

MSUGRA/CMSSM : O-lep +j's + E
MSUGRA/CMSSM : 1-lep +j's + E
MSUGRA/CMSSM : multijets + E

T ,miss

T ,miss

8 T,miss
§ Pheno model : 0-lep +j's + E s
§ Pheno model : 0-lep +j's + E7 e
% Gluino med. %t (@!_) qmi) : 1'|ep + le + ET,miss
% GMSB : 2-lep OSSF + E7 s
S GMSB:1-t +j's + ET e
GMSB : 2-t +j's + ET -

GGM :yy + ET .

. Gluino med.b (§—=bb%.) : 0-lep + b-i's + Er s
3 Gluino med. ¥ (9—>ttx ) 1 1-lep + bej's + B g
2 Gluino med. T (9—>ttx ) P -lep (SS) +'s + Eq miss
‘g) Gluino med. t (9—>tf>~(o) : muIti-j'S + ET,miss
S Direct BB (B,— b,) : 2 bjets + Er e,

Direct Tt (GMSB) Z(5 1) + bejet + E

«y  Direct gaugino (% X — 3IX ) : 2-lep SS + ET,mlss
© Direct gaugino (77 = 31%) :346p + Er s,
AMSB : long-lived x1

Stable massive particles (SMP) : R-hadrons
SMP : R-hadrons

SMP : R-hadrons

SMP : R-hadrons (Pixel det. only)

eeee et e e e eeneeeneeeee. OMOD  StADIO T
S RPV : high-mass eu
& Bilinear RPV : 1-lep +j's + E7 s

MSUGRA/CMSSM - BC1 RPV : 4-lepton + E e,
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q=gmass
9 =g mass
gmass (large my)

g mass (tang < 35)

b mass (m(i?) <60 GeV)
Tmass (115 <m(§?) <230 GeV)

g mass

b mass
t mass

g mass

g mass

Gmass (m@ <2TeV,lighty))  ATLAS
Gmass (m(@) <2 TeV, light%,)
g mass (m(%,) <200 GeV, m(x") =2(m(x 1+m()

g mass (tang > 20)

g mass (tang > 20)

g mass (m(i?) > 50 GeV)

g mass (m(;’Z?) <300 GeV)
g mass (m(;’Z?) <150 GeV)

g mass (m(;'Z?) <210 GeV)

g mass (m(%?) <200 GeV)

o ~0 0 s ~0, o~ ~0 ~0
%; mass ((m(37,) <40 GeV,%;, m(x;) = m(%,), (i) =4(m(z) + m(z)
)’Zf mass (m(i?) <170 GeV, and as above)
ij mass (1 <r(§j) <2ns, 90 GeV limit in [0.2,90] ns)

v, mass (A341=0.10, 4,,,=0.05)

G =g mass (ct gp < 15 mm)

sgluon mass (excl: mgy < 100 GeV msg~ 140 = 3 GeV)

f Ldt = (0.03-4.7) fb
Is=7TeV

Preliminary
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*Only a selection of the available mass limits on new states or phenomena shown

Colored and

1

CW states

10
Mass scale [TeV]



Simpliﬁecl

moclel

Ist anc‘ Znol generation squarks
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Broad scope
Near TeV reach

| HC 2011 Pushing SUSY begoncl EW scale



Es(Srie P
rule of thumb

V8 — +v/s+1TeV

or - increase reach by
100-300 GeV

0

8 TeV, 20 1tb: 300-900 GeV

assuming no new combination, no
improvement



| HC 2011-12 Pushing SUSY well begond EW scale

We do care

Supersgmmetrb s a solution to
e

the hierarclﬂg Problem
(stabilization of the EW scale)

Natural SUSY
nai\/elg
SUSY Partners ~ EW scale




Natural SUSY
=corrections from SUSY breaking to EWSDH
shouldn’t de-stabilize the EW scale

FINE-TUNING Ellis et al 86

shift in mZ due to SUSY loops Barbieri et al ‘38

one~|oop stol:) contribution

3 (m2 —m2)? {12)
2 2 2 bl to ),
16 72 @m{l —|— Lt 492 sin? 3 e mtg1 Mi

EW Yukawa SUSY cutofl: messenger scale

more contributions:

Higgsinos, two-loop gluino, <iie
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de-stabilization
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Or magbe there is a Prob!em
with the scope or

i nterl:)retation of searches

.e. Wha’t Zlae the ways out omc current constraints?



Wag out #]

Compressecl sPectrum



MET +high-pT decay

faill compressed spectrum




| ook for MET+ ISR-FSR
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Monophoton Monojet

Alvarez, Bai. 12045182
Belanger, Heikinhéimo) VSN

Belanger, eikinheimo, Vi

1205.14-6
? . Preparation



Monophoton searches

Model~independent bound on squarks

Onlg one squark and LSP




CMS search monophotonﬂ\/\.’iT
interpretation in LED and DM

B iSic e

Photon quality (PHQ): |n,| < 1.44 , p. > 145 GeV and
Missing energy (MET): Er > 130 GeV .
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Simulation
Parton level MG5
show/had Dgthia
detector sim De Phes_Cl\/\S
Analgsis ROOT Y

N >
e \100\\\ -y
N ~N

o x B xe (fb

0.1+

11111111111111111

mz 2 150 (110) GeV, for any up (down) type squark



Wag out #2

lnterl:)retation
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ATLAS jetstMET

Binl Bin2 Bins3/4 Bin)d

arXiv:1109.6572 [hep-ex]

Signal Region | > 2-jet [ > 3-jet > 4-jet ‘ High mass
Emiss > 130 | > 130 > 130 > 130
Leadingjet pr | > 130 | > 130 > 130 > 130
Second jet pr >40 | > 40 > 40 > 80
Third jet pt - > 40 > 40 > 80
Fourth jet pt — - > 40 > 80
Ad(et, PRy i | > 04 | >04 | >04 > 0.4
ET™ [Meg > 0.3 [ >0.25 > 0.25 > 0.2
-I-lepton st Mef > 1000 | > 1000 [ > 500/1000| > 1100

For each mass point, choose bin highest sensitivity




wWhat it gluinos are Dirac?

ATLAS jets+tMET

arXiv:1109.6572 [hep-ex]

Theorg analgsis
N=2 1n f:egnrules

Parton level M65+5riclge
w/baseline cuts of ATLAS
Pythia V6.4
ATLFAST sim
analgsis ROOT



ATLAS paper: BG in each region and a limit of
0.A.€ for each bin

use validation to obtain the bin w/ highest
sensitivitg for Majorana at each mass Point

= bin used for exclusion

estimate loss/ gain sensitivity

Generate Dirac sample with same gluino mass,
and vary squark mass to get the same number of

events as Majorana



Effect: weaken the sc]uar|< limit
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Wag out #5
The stoP exception



The stol:) saves

' the clagl
Stops could be Iight




The stol:) saves

' the clagl
Stops could be Iight

stop searches are tough
leptonic ¢t + MET

—_—

looks a lot like
leptonic ¢




stop pair in GMSB Natural model
T T T T

No stop direct Procluction limits

searches on their way
Instead, gluino~assistecl, IePtonic~Z+Mff:T..

~ Y% Reference points

;350_ L B T T T T
(o) - ATLAS Preliminary == CL observed limit (95% C.L.) 5
S, - . ---CL, expected limit (95% C.L.)
El%{ 300 = f Ldt=205f,\s=7TeV Expected CL_limit 1o -

L m}.{.o <m,
50 I I S i I1 NN T N T T AT S R NS NN SO N S
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ATLAS-CONF-2012-036 m71 [GeV]

theorg papers

Bai, Cheng, Ga”icchio) Gu. 120%.4815
Han, Katz, Khron and Reece. 1205.5808
Alves, Buckleg, R Lgkken) Yu.
1205.580%5

Kal:)lan) Rehermann, Stolarski. 1205.5816

How light could be the stoP?
Monol:)hoton: BEECES

but also sbottom searches



sbottom/ stop
splitting constrained
by custodial
59mmetr9

NlFEEce =t e
1204.0802




Sbottom searches are simplcn and unclerwag
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Sbottom bound

maximal mixing case



Bound on sbottom: minimum amount o ﬁﬂe—fcuning

Minimum amount of fine-tuning

maximal mixing case
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derived limit on stop

In MSSM Higgs

400 600 800 1000 1200

limit on sbottom



Conclusions

SUSY searches are broad and reaching farin the

natural SUSY scenario

Null results in 2012 would disquali%

natural solution to the hierarchg

SUSY as a
Problem

We need to keep thinking on re~interpreting searches

in a even broader range of scenarios B gluinos,

comPressecl spec’crum)

Stops are keg to SUSY viabilitg, and linked to

existi ng sbottom searches
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