


@ So far Jets+ MET searches at the LHC have already
placed strong limits on the colored MSSM

superpartners in R-parity conserving scenarios




ATLAS: MET + m_g search

CMS: HT+missing HT search Mgiuino > 800 GeV (with decoupled squark)
imi Squark-gluino-neutralino model (m =0 GeV)
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CMS: HT+missing HT search

Improve sensitivity to high multiplicity

final state
Baseline Medium High Hy High Hy

(Hr =350 GeV) | (Hy =500 GeV) | (Hr =800 GeV) [} (Hr =800 GeV)

(Hy >200 GeV) | (Hy >350 GeV) | (Hy >200 GeV) [} (Hy >500 GeV)
Z — v0 from y+jets | 376 +12+79 426 +44+89 ’ . 24+11+05
tt/W — e, u+X 244 2030 127 +33+15 | 225467131 0.8 +0.8 +0.1
tH/W — 5,+X 263 +8+7 17 £2+0.7 1842405 | 073+073+0.04
QCD 3143517 1.3+13%0% | 13541772 [ 0094031409
Total background 928 +103 73.9 £11.9 79.4+122 46+15
Observed in data 986 78 70 3




ATLAS: MET + m g search
M > 800 GeV (with decoupled squark)

gluino

Signal Region [>2jets >3jets >4jets High mass

' >130 >130 >130 > 130 l
Leadingjet pr | > 130 > 130 > 130 > 130
Second jet pr >40 >40 > 40 > 80
Third jet pr = > 40 > 40 > 80
Fourth jet pr — - > 40 > 80
AgGet, EM)in | > 04 > 04 > 0.4 > 0.4

N >03 >025 >025  >02
Mer [OSV] | > 1000 > 1000 > 50071000 > 1100




SUSY variants

“ The bounds have several known exceptions:

R-parity violation : e.g., udd
g — 3q

Searches by CDF and CMS



“ Long cascade decay chain

Softer jets; less missing energy;

< Squeezed MSSM spectrum Aiwall, Le, Lisanti and Wacker; Conley,
Gainer, Hewett, Le, Rizzo; LeCompte, Martin




What I will discuss today:

“ One simple and natural exception: SUSY without
MET

No R-parity violation;
No artificial tuning: SUSY hides SUSY;

< An electroweak scale hidden sector with a naturally
squeezed spectrum (as a result of an approximate




Outline
< Basic mechanism
< Simple example models
< Spectrum and collider signals




Basic Mechanism




Basic Mechanism

Flavor blind
mediation
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Basic Mechanism

Mgpsy ~ Mpw
Mglsy ~ eMpw < Mgsy




Simplest example:

MSUSY ~ Mgw
MéﬁS’Y ~ eMgw <<MSUSY

Low-scale gauge mediation
w/ a light gravitino




E.g., Low-scale gauge mediation with a singlet S

MSSM

Missing energy




SM2
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Recap: basic requirements for model building

2 A nearly supersymmetric hidden sector with SUSY
masses at the electroweak scale

< Portals communicating in between our sector and
the stealth sector

< Alight invisible particle in the hidden sector that
carries away the missing momentum




Qutline

= BVIOTIVATION!

@ eigle piaertinin)

<~ Simple example models
ERSpECtruand collidersigndls:




An example model
@ Stealth sector: a SM singlet S
2 portal: V.Y 545 under sMSU(5)

@ SUSY breaking:
Low-scale gauge mediation: light gravitino

: m
1 )




Integrating out "messengers” Y’s,
< Portal in )\QJWG“W@DS

g—9g+vs
B — v+ s

a aur
sG,, G




Mass splitting
“ Model:
W =ASYY 4+ mgS? +m3YY

@ Soft mass of S is generated at one-loop

Y 2 M2
2 | | (67%% 1+ 47%%) log mess

* 7 T 4m)? m?




W =ASYY 4+ mgS® +m3YY

SYY

m = 100 GeV ﬁ 100 GeV
msq =91 GeV

my = 1000 GeV aeys




Spectrum and decay chain
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“ Missing energy spectrum

Missing Energy

04 sm=1,5,10,20 GeV

MET [GeV]
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SH,Hg4

Scalar S mixes with higgses;

m = 80 GeV mg = 90 GeV  mg = 103 GeV
p =300 GeV mp, = 125 GeV Singlino S mixes with
A=-002 k=05 0y = 022047 higgisino

tan3 =10 my = 700 GeV [, =6x10"% GeV
My = 200 GeV mz = 100 GeV
My = 300 GeV Né(ﬁu,fld) = (—0.014,0.0059)

M = -2TeV - 00 = (0.0063, —0.0058)




@ Seo far we consider models in which the symmetry S is
charged under is broken by small couplings to the
portals.

“ There is another possibility:

S is charged under a symmetry of the MSSM , for instance,
Baryon number !




Example 3: Sudd
< Portals:
W

1
- Azgkuz dj di.S Could be generated by integrating
A out heavy fields, e.g.:

Now scalar S is the R-odd particle! MDD + dDS + udD
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For low-scale gauge mediation w/ light gravitino
Scalar S has to obtain a positive soft mass,

MDD +dDS + udD

—_— — B R -




@ Seo far focus on low-scale gauge mediation,

@ Could a stealth sector exist in the high-scale
mediation schemes with a heavy gravitino,

e.g., my, > 100 GeV

< Stealth sector has to be sequestered from the SUSY
breaking sector

)
---m-----------




“ Decay inside the stealth sector:

R — odd — R — even+?

For high-scale mediations w/ heavy gravitino, add a light N

dd
W = i | mSSSQ—I—)\SQN

A s e A s




“ A more serious problem: stealth u/uB problem
W > uS?

O udS?
V D ,meg/QSZ

2
Conformal compensator ¢ — v m3/2




However, if the u term arises from some dynamically
generated VEVs X $? and X obtains a VEV dynamically, e.g.,
through SQCD

W=XQQ — X°




“ More possibilities

2’ model: One additional U(1) both our sector and
stealth sector is charged under and the U(1) is
spontaneously broken in the stealth sector;

Vector-like confinement sector: strongly coupled
SQCD sector with SM gauge group as the flavor
symmetry of the matter fields.




Qutline

@ Nadsidarn

@ ihisle pideiriniam

@ Shyula acunuld piadals
)




False resonance of jets
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Main challenge: combinatorics
Method: “jet ensemble correlation” R. Essig Ph. D thesis
E.g: for three-jet resonance
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< Cuts: (photon + jets)
Photon: E% > 120 GGV |77‘ < ].44

s Ep>45GeV Y BEr > 200GeV
jets
Diagonal cut:

M o o — o
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More searching strategies
(model dependent)
< Displacedvertex: 5 — g | é
Decay length ranging from mm to several cm;
4

mg mg\ _ mg(dm)”
R




More searching strategies
(continue)

- High multiplicity (of b jets) : Model dependent

~ ~
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= Smoking gun for SUSY? - Spin paradox
b — S — G

SHuHd




Conclusion

© We present a broad class of natural supersymmetric
meodels that preserve R-parity but lack missing
energy signatures.

“ The main feature is the presence of nearly
degenerate fermion-boson pairs at the electroweak
scale due to an approximate supersymmetry.

Even MSSM may have a form of stealth supersymmetry, if the right handed stop
and top have nearly degenerate masses.







ATLAS Searches® - 95% CL Lower Limits (Status: SUSY 2011)
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MSUGRA/CMSSM : 0-lep + j's + E7 e 3=5mass ATLAS
Prelminary

MSUGRA/CMSSM : 1-lep + j's + E; .. §=5mass

MSUGRA/CMSSM : multijets + E; . Fmass (for m(3) = 2m(g)) ILdt =(0.024-1.34) "
\s=7TeV

Simpl. mod. (light z‘:) 20-lep + j's + Ey e

g=gmass
Simpl. mod. (light i‘:) S0-lep +J's + Eq e Gmass
Simpl. mod. (light i:) c0-lep +j's + B e gmass
Simpl. mod. (light ;) : 0-lep + b-jets + j's + E; .., 3 mass (for m(b) < 600 GaV)
Simpl. mod. (B—»t?i',’) t1-lep + bjets +j's + E, . g mass (for m&?) < 80 GeV)
\\; Pheno-MSSM (light i:) :2-lep SS + Ey e gmass
J: Pheno-MSSM (light i:) : 2-lep OssF + E7 mics gmass
Simpl. mod. (§— q@¥’) - 1-lep +j's + E; .0 7° mass (for m(g) < 600 sev.ﬁifﬁ@%l > 12)
R GMSE (GGM) + Simpl. model - yy + E____ & mass (for ’:(bm)x > 50 GaV)

GMSB : stable ©

Stable massive particles : R-hadrons

b mass

Stable massive particles : R-hadrons

Stable massive particles : R-hadrons T mass

Hypercolour scalar gluons : 4 jets, m=m_ sgluon mass {excl: m,, < 100 GeV, my= 140+ 3 GeV)

RPV (4;,=0.01, 4,,,=0.01) : high-mass ep
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10
Mass scale [TeV]

*Only a selection of the available resuits leading fo mass imis shown




Atlas 6-8 jet search

Signal region

7i55 | 8j55 | 6i80 | 7i80

Jet pr

> 55 GeV > 80 GeV

Jet |n]

<28

AR;;

> 0.6 for any pair of jets

Number of jets

>7 | >8 | >6 | >7

ET™ /V/Hr

> 3.5 Gevl/?




CMS preliminary o7 det_nﬂo'1 \'s = 7TeV
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[Pb]

o x BR(pp — 3j + 3j)
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LHC Limit

36 pb™

1 fb™

Stealth SUSY
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2 Aside: Things not to do:

tadpole and high-scale mediation
A tadpole of the singlet S is often generated at one-loop if S is
not charged under any symumetry;
Tadpole is small in gauge mediation and do not change the
calculation of the S soft mass.

However, this will kill attempts to embed SYYbar and SHuHd
models into high-scale mediation scenario.




