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Introduction

Theoretical Motivation

"s-particles” af their naturalness limit

A Natural Spectrum.

General “bottom-up” viewpoint
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arXiv:1203.6227

Higgs Mass is stabilized w.o. fine-tuning
@ 3™ Gen (Stop) quarks can be lighter than all
@ Wino, Bino, other squarks & sleptons can be

squarks due to large mixing
O(TeV)
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Introduction

3" Gen Searches Strategies

R-Parity conserved R-Parity not-conserved
@ SUSY particles created in pairs @ SUSY part. can be created as
"singles”

@ SUSY particles undergo in (long)
cascades = High pr jets and/or ¢ @ LSP decays as well = no Et

@ LSP is stable = Et sign

Working with —implified ' odels ~ectrum

Main kinematical properties are conserved
Reduce the free parameters (masses & BR)
Feasible to perform an analysis based on a "full” scan of the p.s.

BR is typically assumed to be 100% for a given model

Results are re-interpreted as upper limits on the o X BR for each
model
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Introduction

Production Mechanisms

10 T \ 3
o [pbl pp = SUSY 1
1B VS=8Tev
= | [ ]
= E
2 [ ]
0B E
. ]
0 Lo Ll
200 400 600 800 1000 1200 1400 1600
D [GEV]
Direct production Gluino mediated production
B v 0t
i }///' X1(x1)
1 [
i /()
P, _
: #(b)

5/24



Introduction

ECAL
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Gluino Mediated Searches

Final State Analysis Mode )
A | g - b

gt
Multi-jets + Et (SUS-13-012) v
Razor with b-jets (SUS-13-004) v v
v
v
v
4

Razor with b-jets (SUS-13-004)
1—¢ | Multi (b) jets (SUS-13-007)
SS 7 1 jets (SUS-13-013)

3-s¢ + b tag (SUS-13-008) v
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Gluino Mediated Searches

» SUS-13-016

Preselection : > 2 0S-¢, > 2 Jets, Fr> 100 GeV
Signalregion : Et1> 180 GeV, > 4 Jets, > 2 b-tag Jets, ]et|1'7(|,r , <1

s CUS Premnary L= 197 NS0 Tey OMS Preliminary\§ = Tev, L= 10.7 "
4VE> T T T T T T T ] =
g —— Dat 1
o ata ]
% . SM Prediction 7: Expected = 10,,,5/imon
15[ n
10 5
50 l ]
r E; > 180 GeV : Signal Region -
ol L

100 200 300 400 500 600 700 800
(GeV)

m(g) ~ 1 TeV are excluded for m (%!

1200 1400
m(g) (GeV)

) A 400 GeV

a
95% C.L. uoper limit on o (nb)
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http://cds.cern.ch/record/1623818/files/SUS-13-016-pas.pdf

Direct Stop Pair Production

Final State Analysis Mode
Pt | T— b
0—7 Multi-jets + Et (SUS-13-015) v
1-7¢ v v
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Direct Production Searches

Direct Stop in 1 — ¢ + Bt

Cut & count and an BDT MVA method

Preselection : Exactly 1 — ¢ (Iso), >4 Jets, > 1b — tag, Er> 100 GeV
Variables : 1, minA®, MYy, H#°, ¢ pr, leadb]et, AR(Y, leadb]et)
Signal region : Mt > 120 GeV

Vs =8 TeV, [Ldt=19.5fb"

13F ]
%

VS =8TeV, [Ldt=19.5fb™
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http://arxiv.org/abs/1308.1586

Direct Stop in 1 — £ - Exclusion Plots

cMs Vs=8TeV, [Ldt=195 fo cMS Vs=8TeV, [Ldt=195 fo*

- T - T
% 400 }pp R t? = Observed (unpolarized top) & % 400F PP~ TP T-b ? —— Observed (nominal) —
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=m0 Observed (left-handed top) ] . = = = Observed (7 left WKK)
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m(F) ~ 650 (600) GeV are excluded m(f) ~ 675 (600) GeV are excluded

for m(¥Y) =0 (= 240) GeV for m(¥Y) =0 (= 240) GeV
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Direct Production Searches
°0

Direct Sbottom Pair Production

Final State Analysis Mode
b= bg) | b= tWRY | b— bzg)
0—¢ v
1-/ 1-¢ + b-jet(s) + F7 (SUS-13-011) v v
~1_p |SS-0+]ets +Et1 (SUS-13-013) v
3-¢ + b-jets + E7 (SUS-13-008) v v
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Direct Production Searches

Direct Sbottoms

Use of boost-corrected contransverse mass

mer = v/[Er(h) + Er(J2)2 = [pr(h) — pr(J2)]

Presel : == 2 jets, > 1 b-tags, Hr > 200 GeV Er> 100 GeV
: 1 & 2 b-tags for mcr x (<250, 350, 450 , > 450) GeV

CMS Preliminary, 19.4 fb'l, Vs = 8 TeV

— 600 -
CMS Preliminary, 19.4 o, 8 TeV + Data = pp - bbb - b ;’; NLO+NLL exclusion B

10% w+Jets sample with N, =1 I W(w)+dets \(9, 500 == Observed + 1 Suneory ; 1
= % izziExpected £ 10, ciment =
10? . - = 7
400 :

b
°

95% CL upper limit on cross section (pb)
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'sbottom

m(b) ~ 725 (525) GeV are excluded for m( ) = 0 (=~ 300) GeV
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http://cds.cern.ch/record/1693164?ln=en

Other Searches

RPV Stop Search Stop with Higgs boson
(SUS-13-003) (SUS-13-014)




Other Searches

Direct Stops using monojet + large Et

Aims to f — ¢ ¥} when AM = m;, - myo < 80 GeV (compressed region)

‘ Variable H Cut(GeV)‘ Vi ‘

Leading Jet | pr > 110 | <24
NL Jet pr > 60 | <45
Er > 250 -
= — 3501
& |- CMS Preliminary J'L dt=19.7 ", (5 =8 Tev g r CMS Preliminary ILdl: 19.7 b, {5 = 8 Tev
° s (o L~
5 t- X‘:C NLO+NLL exclusion ------- %5;& CL Expected limits ﬁ 300! ?c NLO+NLL exclusion
w0 I %E‘“ & L Expected limits + 10,,,
+2 0y
—— 959 CL Observed limits F Observed limits £ 10,
L Theory cross section + 10, 2501~
1024 E
a: 200/~
r 150
10 C LEP, 6=0°
E C LEP, 6=56°
£ 100p~ DO: 1fb™
L (m.- m;;) =10 GeVic? CDF: 2.6f
Lo e b b b Lo Ly L T N B S B!
J100 120 140 160 180 200 220 240 50100 150 200 250 300 ;50
m [GeV/c?] m; [Gevic’]

my, < 250 GeV are excluded if AM <10 GeV
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http://cds.cern.ch/record/1644584

The big picture

g-g production, g— tt %D t-t production

= R S e R = 500 [T T T T T T T T T T T T T T T T T
& 900 CMS Preliminary =— sus-13.0120qep &+, 19.5 " 3 ECMS Ié’rellmlnary
o /s =8 Tev = SUS-13-004 0+1-lep (razor) 19.3 fb™ E 4505 = 8 TeV —— Observed
& 800 . —— SUS-13-007 1ep (n = 6) 19.3 b < =
g Moriond 2014 50513016 210p (GS4b) 10.7 1 E 400 SUSY 2013 -~ Expected
% Obse,ved 1 gsusY ——— SUS-13-013 2-lep (SS+b) 19.5 b ] E —— SUS-13-004 0-lep+1-lep (Razor) 19.3tb™* T~ t¥)
2 ooy SO !

- - - Expected - SUS-13-008 3-lep (3I+b) 19.5 ft 350 — sus-z-o11 1-lep (leptonic stop)19.5 fb ™ (T~ &‘:)

300 | —— SUS-13-011 1ep (leptonic stop)19.5 b T - b k', x=0.25)

H . N -

° NS Ao A I
600 700 800 900 1000 1100 1200 1300 1400 1500 200 300 400 500 600 700 800

gluino mass [GeV] stop mass [GeV]
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Summary

o Very competitive results for 3" Gen. searches @ 8 TeV Run
@ More than 12 approved analyses - many already published

e Full public results

e CMS is preparing intensively for the 13 TeV Run

CMS Preliminary CMS Preliminary

1800 <
= r T T T ] S T —J T T A 3
02 F e It E D 00 [ PP T-tK 8TeV, 201 1
O, 1600 - PP~ 99. 9~ “kf 4 [SX [ ideptonchannel ~ ceeeee 14 TeV, 300 fb* (scenario A)
Efx“ I Based on SUS-13-007 ; e | Based on SUS-13-011 - === 147TeV, 300 b’ (scenario B) -
1400 = Estimated 50 discovery reach E E 500 |- Estimated 5o discovery reach -
1200 | " = F //@ff#‘//@\/." ,,»—’-\\ 1
E— 8TeV, 20 fb b 400 |- S’ P v o
1000 |- - 14 TeV, 300 fb* 3 F V]
F ] r v ]
800 [~ E 300 [~ -
F ] E ", v
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o ] r E v
400 |~ = o e
F ] 100 -
200 [~ - b [
0 E ! ! ! ! ! ! S ok I I -
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
http://cds.cern.ch/record/1602525
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OS leptons, multi(b) jets and large E1- Background
Estimation

@ CR : Invert either one of the two SR on the 7 of the two jets

. Nup_jets, SR+ .-
e Extrapolation Factor : Rey. = - in bins of Et
nb—jets,CR
SR _ pObs,nb—jets=2 CR
°N Predicted — Rext x N Obs
‘ Region | Er(GeV) [ Jets [ Jets ™2 | Jet |17] |
Signal >180 | >4 >2 Jetl [57] <1, Jet2 [] < 1
Control >180 | >4 >2 Jetl || > 1 or Jet2 || > 1
Signal for Ryt >180 | >4 =2 Jetl ] <1, Jet2 [y] <1
Control for Rexy | > 180 | >4 =2 Jetl || > 1 or Jet2 || > 1
1 2C)MS Simulation\/s = 8 TeV. CMS SimulationVs = 8 TeV
5 - F T T T T 1 % T T T T T T
,;?:o; 1= i :>j 25 —— sMmc
] F N:i'e:s z S ] - SM Prediction
3 oar ] =
a:so.sf— —f 15 !
o.4f iF: 4 10
0_2; é s -lzT > 180 GeV : Signal Region
07 1(‘)0 2(‘)0 SO‘O 4(‘)0 5(‘)0 GO‘O 7‘00 87 1(‘)0 2&0 30‘0 4(‘)0 580 SO‘O 7(‘)0 800

o
o

E(GeV) Er(GeV) 19/24



Direct Sbottoms with SS leptons

‘ Variable H pr (GeV) for low (high) pr ‘

Electrons / Muons > 10 (20)
Jets > 40
b-tagged Jets > 40

cMs 5=8TeV, L =195" cMms 5=8TeV, L =195" cMs 5=8TeV, L =195M"

<~ — 510" o~ 400———— 210"~ 400———— = 10°
B | Pp-Bpib,~ W NLOWNLL exclusion % |po-bBib- i NOLexuson | ] @ | pp-Biib,- W NLOLL exclusion 2
O 600 g © 350] =Observed L1000 ] g Q bserved+ 10;,,,, g
% g % Expected + 10,y mxflmx; =05 |19 £ % Xpected £ 10, er mxn/mX: =08 2
H] § £ 300 1 &€ ]
I3 2 [ 14 4 ]
S 250 - S 250 g o
0 - EE 11,2 :
: <10 S y0 i F ] 4 H10° 6
300 oA £ r 11 £ £
| 5 150 11 3 : g 5
: o \ g <3 o
H o v =% § aQ
200 : = 3 100 P 11 2 i g 3
H 0 o 14 0 4 0
| : R 50 e B N | - 2
100 I e i) {[F ! ) ; : o
. o 0 T B B | e TERPRNTERPRRND B0 A R ERIVES | PP

250 300 350 400 450 500 550 600 650 350 400 450 500 550 60O 650 350 400 450 500 550 600 650
Morom (GEV) Megrom (GEV) Morom (GEV)
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http://cds.cern.ch/record/1631561

1 — ¢ + multi(b) jets

: 241 models depending if mg > (<) my, = real/virtual #
Strategy : a) extract E7 in high Hr (SR) b) A®(W, ) in SR of St =Fr+ p4

[ Variable | Cut |
leptons 1
Jets |>3&& <5 (CR), > 6 (SR)
b-tag Jets <2 (CR), >3 (SR)

Hr > 400 GeV
- cms 19.3 fbj e 5=8TeY w 10°.SMS. 19.3 fb* (s =8Tev
7 o L AL
@ r H > 1000 Gev o Data b= E™ cep —e— Data 3
O b =3 >0~ Prediction (LS) 3 £ Sr 2450 Gev — .2l §
o 10 ~~~ Prediction (MT)_ - o [ Hr>500Gev =1 i
I E PP - 53, . t 3 102t Nz6, N 23 = -
> - - - (1250,0) 1 E ==npv B
F=S A (1000,600) ] L — ~ . ]
g 1ok PP - §9, § - tix, ]
w1 E E —— (1250,0) El
E ++ (1000,600) 1
- B i —
- - i 1§ _L 3
10t B E F —— T T TS
; J foneennd . 3
102l i N [ ! 1 | i |
200 300 400 500 600 700 800 9001000 1072
E- [GeV] [0} 0.5 1 1.5 2 25 3
-

AW, D1 /24


http://arxiv.org/abs/arXiv:1311.4937

Exclusion limits

CcMs 19.3 fb™* Vs =8 TeV 1400 CcMs 19.3 b Vs=8TeV

il P T T il = < T T T T T il =
3 ’ppaggvgat&f = > ’pp~gg,gatt~t&';m*:50t3ev 4 A =3
o, NLO+NLL exclusion 8 o, [ NLO+NLL exclusion ™ ] 5
= obs. + 1o theor. (Aq) 10° 3 £71200 obs. + 10 theor. (Aq) = 3
exp. + 15 exp. (AQ) & exp. + 10 exp. (A¢) 7 3
2 1310 o
° 1000 - 8
=3 7 G

= 4 1
S 3 =
2 800 41 2
10 E r - E
g 600 3 3
o F - o
=] |- — o
s r B
] 400 — — [s)
fo]= | | I ALK WE-E o L 1 §
400 600 800 1000 1200 1400 RS e t L L 7= =)

7o) 1000 1100 1200 1300 1400
mg [GeV] >
my [GeV]
m(g) < 1.3 TeV are excluded
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Direct Stop with multi-jets

‘ Variable H Cut ‘
Jets > 5, 1&2 > 70 GeV 3&4 > 50 GeV
b-tag Jets >1
AD(piy, =), j = 1,2,3 >0.5,> 0.5,> 0.3
MTZ Z 300 GeV
0.5 -My 4 MLV > 500 GeV

CMS Preliminary, L = 19.4 fb™, {s = 8 TeV CMS Preliminary, L = 19.4 fb?, {s = 8 TeV
3 e I %) 90 FFT T T T T T T T T T TR
o 220 —— Data E O HE —— Data E
R 200 W T+ X = 3 = W T+ X =
~ 1soF W= ep+X 3 - 200 W~ ep+X =
2 E Z-.w 3 8 = Z-.w E|
g 1o - Sanal 680,50 3 & o - Sanel 650,50
A ignal (650, 5 B E e ignal (650, 5 B
W 40k = w = E
£ E 50— =
120 = C 7
100 3 40? *;
80 = 30; —f
60 = = B
= E 20 =
40 - £ B
20 = e
o s - o s
100 200 300 600 700 100 200 0

My, [GeV] 0.5*M>° + M7 [GeV] 23 /24


http://cds.cern.ch/record/1635353

Direct Stop with multi-jets - Exclusion Plots

CMS Preliminary, 19.4 fl”, s = 8 Tev CMS Preliminary, L = 19.4 fb™, Vs = 8 TeV
= —= 1 =
2 **%pp - TLT - t%® NLO+NLL exclusion o &85 4o T T T
&) Observed + 10, q IS $ [ ppo tt:1- t?i Obser\{ed !'m'ts ]
== 12z Expected+ 10, ciment 1 5 = 350¢ —BF(- =10
£ 3s0b 4 7 & Eﬁk F —BFE- ) =09 ]
£ T =1 g 300 BRE- §)=08
800 E s F & —BFE- =07
£ 3 1 = 250 BFE. =06
250 4 4 S F ? ]
E E = 200 —
200F E E E ]
E B @ = E
150F . E s 150¢ -
£ ‘. 5 _— L ]
100 0 '.‘ E — 100; 3
E b ¢ 3 O L 7
50 - X 50; 3
B ‘\\I\\\;\\\:710—3£ el [ M
200 300 400 500 600 700 200 600 800
m: (GeV) m. [GeV]
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