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o Stringent limits established on few constrained models from 7 TeV analysis,
— SUSY was not behind the corner

@ SUSY brings an elegant solution to the hierarchy problem — squark loops exactly cancel

quadratically divergent quark loop corrections to the Higgs mass

@ We chose to focus on natural SUSY ie with minimum fine tuning (and Rparity conserved).

“Naturalness” requires minimal spectrum under ~ 1 TeV

@ In several SUSY models RGE push the lightest stop state to a low mass

— roughly M(LSP) < M(t, &, b)) < M(g) <~ 1TeV)
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Theoritical motivations
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Productions modes 10

@ Gluinos mediated

6, [pbl: pp — SUSY

. . NS =8 TeV
@ Direct squarks production

@ Inclusive searches

Stop decay modes

e 2 body decay t; — g0, t; — bx;" "

@ 3 body decay t; — blv
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Final states signatures from cascade decays

Large hadronic activity measured with Hy = YV Et

Rich in tops (Semi leptonic, dileptonic and hadronic channels)

@ Many jets and m (Combined Secondary Vertex method)

fFr=—|Y EL| (from escaping LSP)
@ + Analysis oriented disciminators (ar, Mz, 0p(W, [)...).




Gluinos mediated production
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Single isolated lepton, multiple jets and b-tags

SUS-13-007 @ 8TeV 19.4 /b

Only 1 decay mode

® pp — §g — tttt — ttg'tty°

Selection
o exactly 1 isolated e or py (P; > 20GeV)
o N PF jets > 6 — ttharbaeckground
o N b-jets > 2 — nen-tthar-background
e Hr >500 GeV

o S — \/pr(W)2 + M (W) bins

In SM, high #7 from W (v) very boosted
— small and peaked A¢

In SUSY, high £+ from LSPs
no ¢ correlation with lepton — flat A¢

2 independant analysis methods

@ Lepton Spectrum method:
Predict £ rdistribution from SM
processes lepton Py spectrum

@ Delta Phi method:
Use correlation between W and lepton
direction as discriminator (Ag(W, [))

L=19.4fb" \s=8TeV
ERRN RS R

10° g_'_'_'_'_rCMS Simulation |
E w Muons
» F 11 H,>5OP GeV ]
£ 102k w21 350<S; <450 GeV _|
[0) E z E|
> £ —&— SMS(M_=1000,M, ,=600)
w r —e— SMS(M=1250M,,=0) 9
1 0 §_ —m— SMS(M, :“5%MLSF:300) ?
signal 1
1E E!
10" [, .- *
1 0 | | |
0 05 15 2

Julien



Gluinos mediated production
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Single isolated lepton, multiple jets and b-tags

Estimation of SM background

N,

Neontrol N eventswithA¢p<1
O Ng;;d(Afﬁ > 1) = Res - Nuata(Ap < 1)
@ Rcs from MC are ~ 10% too small

(evaluated in fewer b-tag region)
— additional corr factor kcs(Npjess)

° RCS _ sig N eventswithA¢p>1 from MC

A\

Muons Res (Np = 1)

Slfp ‘ control | signal ‘ Res
[250,350] 192 9 0.005 + 0.02
(350,450] 55 2 0.004 + 0.03

>450 10 0 <01

Yields for Njer > 6 Nb-jets=2 (s channel)

sler SR pred ‘ SR obs

L
[250,350] | 6.00£24 9
(350,450] | 1.37+11 2

>450 | 00+07 0

| SUS-13-007 @ 8TeV 194 /b |

CMS Preliminary /s =8 TeV 19.4 fo*
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r Sfp, N, search |
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o A¢ Exclusion: Mgluino <1350 GeV
and MLSP< 600 GeV

@ LS Exclusion Mgluino <1200 GeV
and MLSP 450 GeV
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Gluinos mediated production
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2 same sign isolated lepton, 2 bjets and £t

SUS-12-029 @ 8TeV 105 b \

CMS Preliminary,\ s= 8 TeV, L =105 fb"'

‘3250 —¢— Observed
) (4 Charge-flip
@ 2 same sign e or y (Pr(l) > 20GeV) (1200] gy Rare MC
. fa . I Double-Fakes
very rare in SM — sensitive to new physics 150L N Sigle Foken

Total Uncertainty

o N PF b jets > 2 (Pr(jet) > 40GeV) — nentt
@ 3 [ veto when M(l;, ) ~ My — WZZZ
e additional £7 and Hr bins — 9 SR

Main backgrounds
o Fake leptons : leptons from misidentified hadrons, electrons from unidentified y

conversion...
@ Rare SM processes : with high Py iso lepton and 2 b jets — ttW, ttZ, ttWW..

@ Charge flips : electron charge misreconstructed due to bremsstrahlung.

v |
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2 same sign isolated lepton, 2 bjets and £t

] SUS-12-029 @ 8TeV 105 b~ \
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2 same sign isolated lepton, 2 bjets and £t

] SUS-12-029 @ 8TeV 105 b~ \
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Direct production
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Direct stop and sbottom production
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Single isolated lepton, jets and large £ 1

\ SUS-12-023 @ 8TeV 97 fb-" \

o exactly 1 e/u (Pr(l) > 30GeV)
o N PF jets > 4 (Pf" > 30GeV)
o Nbjets > 1

F+ > 150GeV
7 SR in the (£, Mr) plan

several CR to validate
predictions in SR

M > 120GV ——— |

100

Decay modes

o -ty = bW}
ot — byt — bWEP

—e— data
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Single isolated lepton, jets and large £ 1

\ SUS-12-023 @ 8TeV 97 fb-" \

= 40% T e

(0] E —e— data 3

(O I ]

o exactly 1 e/y (Pr(l) > 30GeV) Emf, - i

o N PF jets > 4 (PF* > 30GeV) g - oample

O /\/b/ets >1 signal region ]
o My > 120GeV
o £+ > 150GeV

® 7 SRin the (£7, Mr) plan 50 100 150 200 250 30

@ several CR to validate M [GeV]

predictions in SR

Decay modes

o -ty = bW}
ot — byt — bWEP

) ‘MT = /2L pi[1 — cos(A(L, ET))]‘
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Direct production
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Single isolated lepton, jets and large £ 1

\ SUS-12-023 @ 8TeV 97 fb-" \

= 40% T e
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o exactly 1 e/y (Pr(l) > 30GeV) Emf, - i

o N PF jets > 4 (PF* > 30GeV) g - oample

O /\/b/ets >1 signal region ]
o My > 120GeV
o £+ > 150GeV
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Direct production
ocoe

Single isolated lepton, jets and large £ 1

‘ SUS-12-023 @ 8TeV 9.7 fb~!

Background uncertainties snapshot (in %)

Source SRA | SRD SRG

My peak data and MC (stat) 09 47 15.4
W-jets cross section 17 39 5.1
K3 and Ky Njess scale fact 19 2.1 18
tt— [l (CR4 and CR5 tests) 31 173 245
2nd lepton veto 12 14 12

tt— I (stat) 12 5.1 13.6

top tail-to-peak ratio 125 6.5 6.0
W-jets tail-to-peak ratio 6.4 6.6 17.6
rare cross sections 20 49 7.6
total 149 218 382

v

Muon+-electron channel yields

stop mass in range 230-460 GeV

stop mass in range 150-430 GeV

Main results: excluded masses

;—>t)~(10:

neutralino mass < 130 GeV
t— byt

neutralino mass < 140 GeV

Process SRA SRD SRG
tt— Ll 579+38 39410 | 35+ 18
tt— +jets & singletop 2564131 77451 0.8+ 1.0
Wjets 335482 | 20+£10 | 03+04
Rare processes 594295 7.7+39 11+ 06
total 927+138 5612 57+ 22
data 861 61 3

CMS Preliminary s=8TeV, Ldt=9.7 fbo
T T T T T T T 10
250 LTt ;»J’ NLO-NLL exclusions
[ 50/50t, /1, mixture
200 -
F 1
150 —
100 -
L 10
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Inclusive searches
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All hadronic search using btaging and ar

SUS-12-028 @ 8TeV 11.7 fb™"

Inclusive search

° pp — 43 — qax°qqx’
° pp — 43 — qx°qx°

e pp — bb — bx°bx°

o pp — gg — ttx°ttx°
° pp — g — bbx’bbx’

e Hr > 275GeV + bins

o Nbjets bins [0,1,2,3 and 4]

@ 2 < Njets < 3 or Njets > 4
(Pr(jets) > 50GeV)

@ ar > 0.55
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Esz is the transverse energy of the least energetic jet
(if Njets>2 an equivalent dijet system is formed)

acp QCD  susy
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Conclusions

Conclusions

@ Many final states, search regions and discriminators but still no SUSY in sight.
@ No significant excess observed in many different channels.

@ Very stringent limits already obtained on strong SUSY production.

@ Limits get close to 10% fine tuning on Z mass (0.6 TeV stop, 1.4 TeV Gluino).

° ‘ Natural SUSY quite constrained but still alive ‘

Perspectives

o Combination of direct and gluinos mediated production results under discussion.

@ Many analyses are still processing 2012 dataset, stay tuned for future results.
@ Add tau for leptonic channel searches.

o Adapt current analyses and be prepared for ~13 TeV runs.

LHC France 04.03.2013 Chasserat Julien



CMS preliminary
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Backup
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CMS Preliminary \'s =8 TeV 19.4 fb*
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Backup
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All hadronic search using btaging and ar

> F 3 =
312007 PP —§§,§— qui; m@>>m@) o
= [ Expected Limit +10 exp. °
EZ‘I 000~ ONLO#NLL 1 5 theory S
[ cms Preliminary, 11.7 f6", /s = 8 TeV E
800 g
t g
[ E}
E L
600 o
[ 2
r 3
400
200
o k=1 S P 10°
400 600 800 1000 1200 _ 1400

Myin (GEV)




Backup
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All hadronic search using btaging and ar
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Backup
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All hadronic search using btaging and ar
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All hadronic search using btaging and ar
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All hadronic search using btaging and ar
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Acceptance mainly due
to high-pr ISR jet(s)
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One possible choice: stability of EW scale (identified by MZ) w.rt. model parameters [Nucl.
Phys. B306 (63-76) (1987)]

model parameters

a; Om%(a;)
m2Z oa;

2 2 2
m%, —tan® (3 m
2 2 Hg H,
my = —2u° + 2 max,.
z a tan? 3 — 1 @i (

) i

tolerated fine tuning

@
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