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Natural SUSY searches
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Natural SUSY

SUSY with potentially > TeV 18t squarks generation, but lighter
3rd generation (max mixing)

0 T | i
For 10 A) tunlng' ' The “Nuclear Family”
of the Higgs v
one loop: stops<600GeV '
iy
b
two loops: gluinos<1400GeV o o ()
ht — .
Mo (=)

« “Natural” 3@ gen. squarks&gluinos would be produced of LHC
» Still need to find them
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2 b+ MET (P+(x"+x")) 2b+2W+ MET

 Significant background expected (tt, ..)
* Background predictions need to be precise!
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One lepton (2b,2W,MET interpretations)
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to small MET!
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« Diagonal = Compressed spectra:
LSP mass ~ stop-top mass leads

stop mass <400 GeV for LSP<100
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Hadronic o search (two b + MET
mterpretatlon)

———————— 1 Selection: SUS-12-028, 11.7fb"

CMS preliminary, L =11.7 fb", /s =8 TeV _ . . i, .
H=XP+(jets): bins arXiv:1303.2985
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Direct 3'd generation with RPV

RPV SUSY without MET from LSP
» Typically difficult to find! SUS-003-13 19.4 fb"' NEW

Wrpy = N L' LE* + X, L'QD* + X U D’ D* + €L, H>
~ b
{— L/

L Selection:
* isolated leptons (e,u,t)=3,24

~ Vr
T
x5 '—\'</, * Npiag21

« Mass cut to remove Z,J/y

Quite spectacular: ' candidates
« Two extra chargéd * ST=MET+H+XP(¢), bins:
[300,600,1000,>1500] GeV

leptons in stop decay
* Look for many leptons+b
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Direct 3@ generation with RPV
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« Stop mass < 850 GeV excluded
* Further RPV non-zero couplings tested
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Gluino induced natural SUSY searches

“Light” gluinos will decay into the 3" generation

4b, MET,4W (many jets
and leptons)

« Spectacular signal events and tiny background
« Expect sensitivity to compressed spectra of 3" gen squarks
and x" mass (Energy from gluino to stop+top mass gap)
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Hadronic search

SUS-12-024 19.4 fb' NEW

Selection: . T
. T e TmISS e
« No isolated leptons "
° N : >3 1 400 -500 125-150
jets=> (HT1) (MET1)
° >
Nptags (p'””ed) [1,2, 23] 2  500-800 150-—250
« MET (binned) (HT2) (MET2)
* H=(binned) | 3 800-1000 250-350
+ A¢=min(A¢'(jet' ,MET)/ o\,) > 4. (115 B S (METS)
4 > 1000 > 350
(HT4) (MET4)

Control samples for background shape (in 3D(MET,H,N,45)):

* One-leptonic (M;<100 GeV) for top backgrounds

o Z->uu&Z->ee for Z->vv

 Inverted A¢ for QCD

Shape corrections from control to signal region from MC
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Four b-quarks + MET interpretation

Prediction and observation §-g production, §—> bb %, BR: 100%
1 ;‘1000
CMS Preliminary, L =19.4 fb™, Vs = 8 TeV ESSidebandfit  e-Data & - 'CMS ﬁrellmlnary
Npjer = 2, MET4 Ny jor = 3, MET2 Npjet = 3, MET3 Nyjo = 3, MET4 % 900~ s=8TeV — Observed
__g T T T 1 __CE>4OO| T T 1 _g S0 g 20T e 800 Moriond 2013 . Observed - 1Gtshl£,:—{y
‘\@100 ........................... 5350>- E 45__ E 18'- %
§ § § 40F | § L] - 700 - - Expected
w ] WBOOF ey WU I} S
) 35 T 14p g 600
250f ] 30k

12f--

(o2}
o
—

200} " 25F L 10F | 500 |—
40 150RT T 20 LI D 400
— 15-+-- 6F | ] »
100 r
300
10p Qf- 9] -
20 - C
= 4 200
[ ]
s Ytrpr YFaps  YtEre g
TEEE TEEE TEEE TEEE  100F YRR
NO excess® 0:||||||||||||||||||||||||||||||'E|| f 1 Ll
500 600 700 800 900 1000 1100 1200 1300 1400 1500

gluino mass [GeV]

Red: hadronic MET&H- search, previous slide (19.4 fb-1)
Blue: hadronic o & H; search (11.7fb™")

« Excluded gluino mass of 1200 GeV and LSP mass of 600 GeV
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SUS-13-007 19.4 fb' NEW

4\W Branching Ratio
H 0 lepton

H 1 lepton

12 lepton

B 3 lepton

B4 lepton

One lepton channel has
largest BR

One Lepton search

103 CMS Slmulatlon L 19. 4 fb! \/E 8 TeV

Muons
- tt—11 HF;>500 GeV
10%E tt—2I S, >450 GeV -

==

R S— SMS(M§=1 000 MLSP =600)
T SMS(M§=1 1 50,MLSP=300)
—@— SMS(M =125 MLSP=O) E

Events

For semi-leptonic tt lepton
aligned to a boosted W. (cut
Ap(W,0) at 1)
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One lepton search

CMS Simulation, \Vs =8 TeV
I T T T
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Four tops + Met interpretation

0-g production, g— tfio BR: 100%

[ BIaCk: One Iepton SearCh %‘ ||||| ||||||||||||||||||||||||||||||||||||||||||||1|:
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« Excluded gluino mass of 1300 GeV and LSP mass of 550 GeV
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EWKIno searches
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Electroweakinos

200 400 600 800

~0
X X2 ..
O, pbl: pp — SUSY | ‘
VS=8TeV | e
= 1 ~+ ’
E 7 %
~0
. X X2 ..
Ni' o
| Lo | ! L1 pl Xl
1000 1200 1400 1600
maverage [GCV]

« Small production cross-section

« Spectacular signature with many leptons (bosons) and MET

* Interesting for natural SUSY and split SUSY
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Electroweakinos

SUS-12-022, 9.2fb™"

Selection 3 ¢

3D bins in MET,M(¢ ¢ ),
M
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Electroweakinos

Further Selections: SUS-12-022, 9.2fb1
o /+Jets+tMET

CMS Preliminary Vs=8TeV,L =9.2fb"
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Exclusions for electroweakinos masses several hundred GeV
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Long lived sparticles
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EXO-012-024 19.4 fo'' NEW .

Split SUSY

Gluino long lived (virtual squark) and

T velocity < c
. « Different dE/dx than SM particles in
>10 TeV = Scalar Superparticles
tracker
« Different TOF in the muon system
Tracker + TOF CMS Preliminary Vs=8 TeV, L=18.8 fb™'
g 'Il'he;)retlicallPreldictlion I I — Igluilno; '500/'0 §gl I E
o) 102 gluino (NLO+NLL)  —a— gluino; 10% gg =
<3000 Gqu Gll'lillo ”:7:” i’t:I’: l(:":lé_d(D-;?aI:JL()NLO): ISDt::: Prod. stau E
10k o GMSB stau (NLO) —¥— GMSB stau =
Q=2e/3 (LO) Q=2e/3 3
=1e (LO —e— Q=1e —
i Higgsinos 15 ~ “ E
H Electroweakinos F 3
125 Gev - O e
;E _
b " 10 ———g55" '10'0?;' — o '1/55;0)0
o reserves successes o : : 5o T e
o - >
Dark Matter and gauge Glum(_) (long-lived) > 1.2 TeV
coupling unification * More in EXO talk
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Squarks and gluinos
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o analysis, see earlier slides
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“Classical”’ searches
continued

Gluino mass SMS limits
more conservative than
MSSM, as only a single
production mechanism is
considered
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Summary

Natural SUSY:

« Would be produced at LHC, but not yet found.

» Limits get close to 10% tuning (0.6 TeV stop, 1.4 TeV Gluino)
 Compressed spectra or RPV could hide SUSY

starting to significantly constrain compressed & RPV as well
. . Further analysis in pipeline for 2013!
EWKIinos:
« Exclusions up to several hundred GeV EWKIinos
Long lived sparticles:
« Search for long lived gluinos
“Classical” squark-gluino searches:
 Keep searching

Natural SUSY quite constrained, but alive
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