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OUTLINE

e Orientation

— Searches and their performance (excellent!) on
simplified models

— Challenges to watch out for in 2011 analyses:
squeezed spectra, cascades = low MET, heavy-
flavor

e Implications for SUSY & the EW Hierarchy

— Quick reminder: radiative stability in
supersymmetric standard model

— Search implications for light-stop scenarios



THE SEARCHES

Many SUSY searches by ATLAS and CMS
What kinds of SUSY can they see? What regions m1%lht they miss?

— Simplified model limits provide performance snaps
(see examples below and many more)
— Also kinematic distributions: essential to test any complementary ideas
— Thanks! We'll try to make useful suggestions based on all this information
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http://arxiv.org/abs/1103.4344
http://arxiv.org/abs/1103.4344

ESTIMATING COVERAGE

e Searches designed for SUSY with stable LSP or GMSB

— main discriminators: HT /Mg and missing Er
— various lepton multiplicities
— several focused on top/bottom sector!

e Considering sensitivity of:

Hadronic 1-Lepton > Multi-Lepton

e D20 ATAs ATEAS 11022357 (1depton).  |-or -7
hadronic, A-D) (multileptons)

CMS-SUS-10-007 (opposite-

ArXiV:1103.4344, (ATLAS B-tag, 0 and 1 lepton) ,
sign leptons)

L 20 lalphal) (many other searches we just
CMS-SUS-10-005 (HT and haven’.t looked at yet' ESpeCially
MHT regions) leptonic, v, and R/ Mg)

O T (mostly) won’t discuss GMSB; see Josh Ruderman’s talk .
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EXPLORING SEARCH COVERAGE

To explore a wider range of signals than were explicitly studied in this
round of searches, made generator-level mock-ups of analysis cuts.
To answer qualitative questions, the below is more than sufficient.

For Signal

We generate events in Pythia 6, build jets from hadron-level MC truth
in fast]et (anti-kt, AR=0.5), match leptons and b-tags to parton-level
truth then apply parametrized ID/reconstruction efficiency + naive
isolation for leptons, and build MET using several methods

A second analysis is done using PGS (cone jets)

We compare to published distributions (Std. Model and signal MC) as
sanity check — should not trust beyond +50% (where we ve checked
agreement is better, w/in 10-20%)

For Background
We only use published limits (except distributions on slides 27-30)

Obviously, everything we do is only an estimate!




BASELINE COMPARISON
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mock-up limit agrees within 50 GeV, efficiefi¢ies also appear consistent =
CMS has results in same planes for R&Mg analysis and for ar analysis




ANOTHER COMPARISON
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Detailed efficiency plots on search website (very much
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REDUCED SENSITIVITY TO
SQUEEZED SPECTRA

— 1 L] L} L L] L} L] 1 L} — Direct DeCa
- 1000 Ecus preliminary s = 7 Tev L=36 pb” 2 600 Y
O  gOOEGG— 4iets +LSPs ® 'Estimated Exclusion
% 800 Sepo Apgpyeeves 5 s00} for 35 pb-1
S F T Omea=3x 0" W00 : 10‘§ " ATLAS loose 2—jet (A)
700E - - — - ATLAS loose 3—jet (C)
E = 4001 ATLAS tight 3—jet (D))
- CMS 07 >HT
600 § a | CMS 0¢ >MHT
E — 3300
500F a = [
- {1 © [
400 F=uuu N 30 200"
o . “\ o) i
300E 5] :
- : 100"
200 i q
1 m :l 1 1 | 1 1 1 1 1 1 1 -1 0 VA T
400 600 800 1000 © 0 100 200
u R — 0
R — ——— -

O < Otop (Set by Mgluino)
PT ~ PTtop (Set by SM)

Squeezed spectra are
more visible at LHC
than Tevatron, but still
a challenge.

= keep an eye on
them when setting
cuts in 2011 analyses

One possibility: hard MET cut, look for ISR events (here

recoil set by Mgluino) — see papers by Wacker and

collaborators (esp. recent w/ Alvez, Izaguirre)



REDUCED SENSITIVITY TO CASCADES
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For robustness against cascades, HT and MET
are complementary; MET /HT can be too harsh

Direct and cascade simplified models are usetul
for designing cut flows. Impact of W mass is
important; useful to disentangle this effect from
gluino mass.
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SUPERPARTNER MASS RANGE FOR
RADIATIVELY STABLE HIERARCHY

ould be higher/lower...
) L 100 TeV<</C
|5mHu| ~ '67'('2mt ln( mW \
- Q3 : Sk 100 TeV
2~ S a2 20 S g
oy | ST o, 2 M; In ( G )

oMy | S my &~ 150 GeV == M3 < 200 — 500 GeV
6m:| < 1y =~ 350 GeV == M3 < 500 — 1200 GeV

Scenarios with light stops/sbottoms (i.e. relatively natural SUSY) are
important to cover thoroughly! Early search results indicate that this
is very doable.

(We presume some physics beyond the MSSM to lift higgs mass above LEP limit) 10



HoOw LIGHT CAN STOPS BE?
(TEVATRON)
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ESTIMATED LHC SENSITIVITY
TO LIGHT STOPS
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ESTIMATED LHC SENSITIVITY
TO LIGHT STOPS

But note that sensitivity is far lower with cascade decays!
— points to need for dedicated analyses of stop &
sbottom production, with and without cascade decay
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STABLE STOP
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Sensitivity to py<1.5 = Probably significant constraints on
gluino — top + (stable stop)

from same analysis — is such a study something the R-hadron

search groups could look into for next round?
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GLUINOS, SQUARKS, AND LIGHT STOPS
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Top Row: L

—approx. gaugino unification (M3:M2:M1 = 6:2:1)

—all light-flavor squarks degenerate at MQ 2 800
— ~tL, ~tR, ~bL soft masses degenerate at 275, 350, 450

600
As above, but all squark/

: : 400 :
(including stop) degenerate. 400 600 800 1000 1200
M3

Already some tension with natural spectrum!
(will be relaxed somewhat for squeezed gaugino spectrum)
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MQ

GLUINOS, SQUARKS, & LIGHT STOPS:
GOOD NEWS FOR 1 FB!

Difficult to extrapolate to higher luminosity...
(more data will improve statistics and systematics, allow tighter cuts)

In this instance, unexplored region is kinematically more
distinct from Standard Model

Quantify “how far” (but not exactly “how soon”) by highest

among searches considered :
) (white boxes)

(U X 6)/(O-Seatrch limit

Est. exclusions, Mg (stop)=275

Est. exclusions, Mg (stop)=450

1400 - 1400 - 1400 -

1200 - 1200 - 1200 -

1000 - 1000 1000 -

MQ
MQ
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400 - 400 - 400 -

800 1000 1400

M3

1200 1400

800
M3

Sub-TeV parameter space should be testable in 2011.
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LOOKING FOR ALLOWED
CORNERS OF LOW-MASS SUSY

g (M3)
Gluino decay to 1 jet+LSP

dominates over 3-body
through off-shell squarks
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GAUGE-MEDIATION-INSPIRED
FINAL STATES W/ COLORED LSP

(other gauginos & g NLSP = g+ G

squarks decoupled) L —

@ g (M3)

700

fRa gLa [;R 600 [~9 NLSP — b & é

ABCD

1/* bOI* bll* |

s
[ . 9 I-\_\ T/ SR,
300 400 500 600 700 800

M3

Limits are comparable to case of stable LSP.
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dE/dx(MeV g’ cn¥)

STABLE STOPS
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WHERE ELSE SHOULD WE
LOOK?

>M color- lightest partner “LSP”

singlets (stable, neutral)
quarks .7
P color-singlet
partners
strongly
Dnteractlng .
partners Common signal of
SUSY-like models:

D R Jets + Missing energy + (leptons?)

~
~

Produce'jets because they’re strongly coupled (well established)
Produce missing energy because there’s nothing for LSP to decay to
(just a guess, motivated by dark matter & minimality)



WHERE ELSE SHOULD WE
LOOK?

Many scenarios with LSP decay:
— low-scale gauge mediation — decay to gravitino and gauge bosons
— light hidden sectors — decay to collimated leptons
— NMSSM — decay to higgs-like scalars
— hidden valleys at 10-100 GeV  — complex multi-jet or multi-track

— R-parity violation — decay to leptons or jets
or anomalous T-parity

Should try to develop robust and/or complementary searches.
Particularly challenging for hadronic/track cases.

Until last few months, backgrounds were highly uncertain.

24



Searching in W+6 jets?

Candidate signal:

— “vanilla” SUSY model with 560 GeV gluino 014

and 700 GeV squarks

— Hadronic RPV: MET distribution falls

dramatically.

— Efficiency comparable to MET searches for
RPC models; clearly much better than MET =

searches for RPV.
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CONCLUSION

e 35pb! ATLAS and CMS searches are complementary, probe
masses ~6—3800 GeV.

— radiative stability of weak scale leads us to expect stop at = 400
GeV, gluino at =1 TeV

— 2011 searches will be exciting, cover much of this range!
* Some “survivors” ~4-500 GeV:
— Ist, 2nd gen. squarks much heavier (e.g. direct mediation)

— parameter ranges where 2-body gluino decays dominate
— squeezed spectra, or long cascades

e Some regions to pay attention to:

— squeezed spectra
— cascade decays, possibly requiring handles besides MET
— stop and sbottom direct searches, and b-rich gluino decay
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gluino 1-jet branching fraction from SDecay, with
M(gluino)-M(bino)=200 GeV
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