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Outline of presentation

Motivations for searches:
e SUSY and naturalness
e SUSY production classes

ATLAS & CMS SUSY searches:

® Gluinos and squarks: Jets + MET

e 3rd generation squarks: b-jets + MET
e ElectroWeak production

e Generalized searches

Conclusions and outlook
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SUSY introduction
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SM vs. SUSY

The Standard Model (SM) faces problems: . “‘“” | ’ 1 ‘”H'H‘”“ | ‘H'i ’“
e No Dark Matter (DM) candidates. | | Geondidr | (same)
e No Matter-Antimatter asymmetry. na e B f 1
® Extreme fine tuning of Higgs mass. N | ) | | |
Super Symmetry (SUSY) offers a solution: L b | AR
29 sparticles, 4 Higgs’ and R-parity: R = (-1)27#38+L """ 0 “;r,“'q”“_”:‘l!_"{f" | \(\ : -
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If R-parity is conserved (mostly assumed):
® [.SP is stable (i.e. DM candidate).

e SUSY particles are pair produced.

e Final states have MET signatures.

Extra Higgs” may solve asymmetry problem and SUSY
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SM vs. SUSY

The Standard Model (SM) faces problems:
e No Dark Matter (DM) candidates.

® No Matter-Antimatter asymmetry.

® Extreme fine tuning of Higgs mass.
Super Symmetry (SUSY) offers a solution:

29 sparticles, 4 Higgs” and R-parity: R

— (_1)2j+3B+L

If R-parity is conserved (mostly assumed):
® [.SP is stable (i.e. DM candidate).

® SUSY particles are pair produced.

e Final states have MET signatures.

Extra Higgs” may solve asymmetry problem and

SUSY cancels “dangerous” loop terms.
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SM vs. SUSY naturalness

The Standard Model (SM) faces problems:

e No Dark Matter (DM) candidates.

® No Matter-Antimatter asymmetry.

® Extreme fine tuning of Higgs mass.

Super Symmetry (SUSY) offers a solution:

29 sparticles, 4 Higgs’ and R-parity: R = (-1)%+3B+L

If R-parity is conserved (mostly assumed):
® [.SP is stable (i.e. DM candidate).

® SUSY particles are pair produced.
e Final states have MET signatures.

Extra Higgs’ may solve asymmetry

problem and SUSY cancels
“dangerous” loop terms.
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SUSY cross section

At LHC, 1st/2nd gen. squark/
gluino production dominates (if
kinematically accessible).

Naturalness favors light 3rd
generation (e.g. stops).

Electroweak SUSY production is
suppressed at the LHC,

but of course still accessible.

Bonus: Non-SUSY New Physics
often predicts SM partners to

which SUSY searches are sensitive.

In addition: Large tanf3 T and b-
jets, compressed spectra, long
lived particles, etc.

Simplified Models gives sufficient
info for reinterpretations.
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The LHC accelerator, the data
and ATLAS & CMS detectors
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ATLAS & CMS SUSY searches




ATLAS & CMS search overview

A total of 51+31 SUSY analysis to review: Impossible!

ATLAS SUSY Searches” - 95% CL Lower Limits
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ATLAS & CMS search overview

ATLAS SUSY Searches” - 95% CL Lower Limits ATLAS 1 "

: Summary of CMS SUSY Results* in SMS framework SUSY 2013
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Three general subjects will be considered:

e Jets + MET searches (squarks and gluinos).

® Bjets + MET searches (stops and sbottoms).

e Leptons + MET searches (EW production of chargino/neutralino/slepton).

Furthermore, I will discuss the general coverage of SUSY phase space and
one additional interesting analysis (general NP search).
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ATLAS & CMS search overview

ATLAS SUSY Searches” - 95% CL Lower Limits
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Not covered:

Mono- and diphoton searches (see Toyoko Orimoto, this afternoon).

s sowie [T0V)

7 | SUS-13-012 SUS-12-028 L=19.511.7 /ib
% 'SUS-12-005 SUS-11-024 L=4.7 /fb

% 'SUS-13-004 SUS-12-024 SUS-12-028 L=19.3 19.4 /b
'SUS-13-004 SUS-13-007 SUS-13-008 SUS-13-013 L=19.4 19.5 /fb.

SUS-11-011 L=4.98 /fb

%
") | sus-12-004 L=4.98 f1b

SUS-12-010 L=4.98 /ib

'SUS-13-008 SUS-13-013 L=19.5 /b
SUS-11-010 L=4.98 /fb

'SUS-11-021 SUS-12-002 L=4.98 4.73 /fb

r.l‘

Summary of CMS SUSY Results* in SMS framework
mother-m{LSPI=200 GeV

SUS-13-013 L=19.5 /fb
e
7)) | SUS-13-008 SUS-13-013 L=19.5 /fb
G—a7’ | SUS-13-012SUS-12-028 L=19.511.7 /fb
G -q7 | SUS-12-005 SUS-11-024 L=4.7 fib
T-17’ | SUS13-011SUS-13-004 L=19.519.3 /(6 " I i er,
T—-17" | SUS-11-024 SUS-12-005 L=4.7 /fb ]
T—b@ ~W7) | SUS13:011L=195/b S " e
T-b@ —w3) [ISUSH1:0301L=4:98/b I
T-tb (%’ = HG)
bby |ISUSHZ028ILEi17 /b - ]
b —twy SUS-13-008 SUS-13-013 L=19.5 /fb [ ]
b -0z’ | SUS-13-008L=19.5/b ]
o

" | sus-13-006 L=195/1b

° | sus-13-006 L=19.5/1b

3
77 | SUS-13-006 L=19.5 /b ]
)
T—13%° | SUS-13-006 L=19.5 /b |
0 200

SUS-13-006 L=19.5 /b ]

° | sus-13-017L=19.5/b |

'SUS-13-006 L=19.5 /fb

SUSY 2013

Vs=7TeVv
{s=8TeV

CMS Preliminary

1
800

1
1200 1400
Mass scales [GeV]

1
1000

Long-lived particle searches (see Tristan Arnoldus du Pree, this afternoon).
Mono jet searches (see Valerio Rossetti, Thursday afternoon).

Mono W/Z searches (see Andy Nelson, Thursday afternoon).

...and of course much more!
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Gluinos and squarks:
Inclusive jets + MET

NP (] ’ N
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Inclusive jets + MET

The 8 TeV analyses in ATLAS & CMS searching for squarks and gluinos are:

1405.7875

1404.2500

1308.1841
ATLAS-CONF-2013-89
ATLAS-CONF-2013-62
ATLAS-CONF-2013-61
ATLAS-CONF-2013-26
1402.4770

1311.6736
PAS-SUS-12-015

PLB 725 243, 1305.2390
PAS-SUS-13-019

20.3 tb!
20.3 tb!
20.3 fb-!
20.3 tb!
20.3 tb!
20.1 tb!
21.0 tb!
19.5 b1
19.3 b1
19.3 tb!
19.4 b1
19.5 b1

2-6 jets + MET

2 SS leptons/ 3 leptons + MET + b-tag
7-10 jets + MET

2 leptons + jets + MET

1-2 leptons + 3-6 jets + MET
3 b-jets + MET

1 tau + jets + MET

3-8 jets + MET

Lepton + jets + b-tag
Lepton + jets + b-tag

3+ jets + MET + b-tag

Jets + b-tag, MT2 variable
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Inclusive jets + MET

The 8 TeV analyses in ATLAS & CMS searching for squarks and gluinos are:

1405.7875

1404.2500

1308.1841
ATLAS-CONF-2013-89
ATLAS-CONF-2013-62
ATLAS-CONF-2013-61
ATLAS-CONF-2013-26
1402.4770

1311.6736
PAS-SUS-12-015

PLB 725 243, 1305.2390

20.3 fb!
20.3 tb!
20.3 fb-!
20.3 tb!
20.3 tb!
20.1 tb!
21.0 tb!
19.5 fb!
19.3 b1
19.3 tb!
19.4 fb-1

2-6 jets + MET

2 SS leptons /3 leptons + MET + b-tag
7-10 jets + MET

2 leptons + jets + MET

1-2 leptons + 3-6 jets + MET
3 b-jets + MET

1 tau + jets + MET

3-8 jets + MET

Lepton + jets + b-tag
Lepton + jets + b-tag

3+ jets + MET + b-tag

[ will consider the “classic” SUSY signature in slight detail and expand from there.
These assume the R-parity is conserved and neutralino is the LSP!
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ATLAS inclusive jets + MET

Search uses 15 inclusive signal regions (SR) along with 60 control regions
(CR, 4 CR per SR [y,Q,W,T]) and 135 validation regions (VR, 9 VR per SR).

Events are selected on the basis of L7 and mgq = Z pr(jet) + EG™
Lepton veto is applied to all SR. jets

Ldt=203fb" 1s=8TeV

Background estimates in SR obtained
from data by transfer factors: 2it

N(SR,unscaled) | o

N(SR,scaled) = N(CR, obs
(SR, scaled) ( obs) N(CR,unscaled) | ©

n
- W

To assure accuracy, validity is tested
in VRs. Largest discrepancy is 2.40
(13 events compared 6.1+1.3 exp.)
in the Z-VR of the 5j SR.

VRZ VRW VRWv VRW: VRT VRTv VRTt VRQa VRQb
Validity categories
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ATLAS inclusive jets + MET

Two example (2j-loose and 6j-very tight) distributions of effective mass:
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The other 13 Signal Regions also see no excesses...
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ATLAS inclusive jets + MET

Two example limit plots (out of 14), using best exp. SR for each hypothesis:
Left: Exclusion limits for mSUGRA /CMSSM models.
Right: Exclusion limits for a simplified phenomenological MSSM scenario.

MSUGRACMSSM: tanfi » 30, A » 2m,, u>0
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In simplified models we exclude gluinos with masses up to ~1.3 TeV and squarks

with masses upto 850 GeV.

Note: It is interesting to note the strong dependence on the Higgs mass in the mSUGRA /CMSSM model.

TROELS C. PETERSEN (NBI)

ASTROPARTICLE 2014

PAGE 10/25

Monday, June 23, 14



CMS inclusive jets + MET ‘"

A loose baseline selection is applied:

® Minimum 3 jets with pT >50 GeV and Inl<25. Hp = E pT

o H T >500 GeV. jets
® Missing H_T > 200 GeV. B E SIS Sy Z ~
e 3 highest pT jets do not align with missing H_T. A ‘HT | | : pr ‘
® [Lepton veto. Jets
11753 events are divided into 36 exclusive SR (Njets, H_T and missing H_T).
The background is evaluated in a similar data-driven way to ATLAS.

Selection Z vy tt/W tt/W QCD Total Data

Nies Hr [GeV] Hr[GeV] . | e pd X » Tht+X ‘
3-5 500-800 200-300 @ 1821+387 @ 22114448 | 17494210  307+21¢

60884665 | 6159

35  500-800 300450 & 9944218 | 660+133 | 590469 | 35424 | 22781766 305

35  500-800 450-600 | 273463 77417 | 663495 = 13713 | 418166 454

35  500-800  >600 42410 | 95440 | 57413 | 0107 | 5744112 62

35  800-1000 200-300 | 216+46 | 278462 | 192+33 | 92+66 | 777+107 | 808

35  800-1000 300-450 | 124426 | 113427 84+12 | 9.9+74 330440 305

3-5 800-1000 450-600 & 47+11 | 36.1499 | 241436 = 0873 108415 124

3-5 800-1000 >600 | 353+8.8 | 9.0+37 | 103420 | 01°9% | 548497 52

3-5 1000-1250 200-300 | 76+17 | 104426 | 665+9.9 | 59+25 & 305+41 | 335
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CMS inclusive jets + MET

The resulting distributions are compared to estimated background: |y

CMS, L=195M", is=8TeV
3stss H, > 500 GeV, i, > 200 GeV
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No excesses are seen, and so limits
are set.
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ATLAS & CMS inclusive jets + MET

The ATLAS & CMS searches covered are just one of
a whole array with increasing number of leptons
and b-tags.

The SUSY scenarios covered in this way are many!

Model T Y Jets ET™ [Lddm) Mass limit Reference
. x 'T—T—"—T——f—'l'—r L2 ) | e ¥ b B T ™
MSUGRACMSSM 0 26pts  Yes 203 R 1.7 r.vTB ATLAS CONF 2013047
MSUGHACMSSM - SURr - — - = W TN ATLAS CONF 2013062
MSUGHRA'CMSSM 0 10 0ts Ves 203 1] 1.1 TeV oy miy
N, F-of' 0 26pts Yes 203 |9 740 GeV (€] )0 GaV
(S 3% Sl A 0 &0 pets Yes 203 L] 1.3 Tev it WV
T L AT fep 36pts Vs 202 L] 1.18 Tev ~ 200 O -
B2, Rt tl1lv)y Wy 2 0-3 jets 203 L 112 TeV ~ GeV
GMSE (( NLSP), 2e.p 24 ets  Yes 47 TeV 1
GMSH I NLSP 127 02 jets Yo 207 ] 14 Te¥
§ GGM (bino NP 2y Yeos 203 ] 120 TeV -
GGM (wino NESF) lepey Yo o VR aeGaey o
GGM (higggho tmo NLSP) Y 14 Yo 48 ] S0 GeY 1
GGM (hggino NLSP 2e.pD) 03 jots Yo LY. ] ~ LA ~ 2

Summary of CMS SUSY Results* in SMS framework SUSY 2013
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Stops: b-jets + MET
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Stops in b-jets + MET

Exclusion plots for direct stop searches are shown (3 ATLAS + 3 CMS analysis).

s . -~ 0~ 0 ,~ 0 . ~
tt, production, t,—» ¥ /t—-»Wbj} /t—ej Status: Moriond 2014 R 2

;‘ L A S B T I mrr f ]’ Tl I ™r—r-T ]’ TIr=s ]_‘ s sm ttprOdUCtlon
@ ATLAS Prelimina L,=20-21 1" 15=8TeV L, =471 15=7 TV ”"b frrrrprrrrprrreprTe Ty reeTd
@, 400 " < & | CMS Preliminary ]
nl - -.m-‘_."‘i! oL CONF 2013004 0L [1208 244T] : ' _OD“N“ _':
EN L RIS "lé 1L CONF 201307 1L |1 208 29400 — § 4w: \s — 8 Tev :
3501~ w2t 2 100 483) 212094108 - £ 400; SUSY 2013 - - - Expected 1
| -Wbl 2L (1400 4853 . - ]
gOLmonoxetc hqt oct oL mono-jet'ctag CONF-2013.068 : & 8 -—sus-imoupn-upmaw) "’-"‘"“"'i:) b
300 COF 280" [1203.4171) — - 350: 3

. = Observed limits ===+ Expected limits —9"5“““""“"”"“""’"”"’"““'i)

Al mits at 95% CL
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There is quite some structure to them...
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Stops in b-jets + MET

Exclusion plots for direct stop searches are shown (3 ATLAS + 3 CMS analysis).

- -0
~0 Am = m(t,) — m(X
mXy) , . (7,) (X1)
(GeV/c?) . P
- ~0 '." #\\ '.';\_\\\;}‘\ '—\\'\
m(f,) < m(Xp) NS v
N X SN
X . X .7 y X Q
100 - /! N 9 X X
ACNEAY P p /\
‘ / /
N N N
LEP = — -
iR Sl b+ X,
0 - T “- T I >
0 ™™ 100 ™0 200 300 m(F,) [Gevic?

There is quite some structure to them, which comes from the kinematically
allowed decays of the stops and the (large) SM backgrounds near the boundaries.
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Stops in b-jets + MET

Exclusion plots for direct stop searches are shown (3 ATLAS + 3 CMS analysis).

~ ~0
- Am = m(t,) — mX
m(X(l)) “ ,- m = m(t,) fﬂ( 1)

- O
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The stop search program relies on the complementarity
of many analyses, and ideas to cover loop holes.

/ 4 . 7

’ R ’
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LEP = T
At b+ Xy
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There is quite some structure to them, which comes from the kinematically
allowed decays of the stops and the (large) SM backgrounds near the boundaries.
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Stops in b-jets + MET

The razor variables Mr and R are defined studying the dijet topology
resulting from the production of two squarks, each decaying to a

quark and a stable neutralino [CMS SUS-13-004].

Mg = \/(P;+Pp (Ph + PE)? MR
Mmiss MIss =
R — ET (Pl P ) - E¥*™-(Pr +771) K
2
Defining 9 signal regions, the Box lepton
baseline selection is: MuEle | = 1 tight clectron and
> 1loose muon |
MuMu > 1 tight muon and

e With leptons:

> 1 loose muon

. > 1 tight electron and |
Mg > 300 GeV, R2 > 0.15 EeEle | = B o

e Without leptons:

2 MuMultiJet > 1 tight muon
MR > 400 C;e\]I R > 0‘25 MuJet > 1 tight muon
v EleMultiJet 1 tight electron
Mr and R tends to be a peaking . .
EleJet > 1 tight electron
function for signal and a smooth
falling function for background. = ™ one
2b-Jet none

TROELS C. PETERSEN (NBI) ASTROPARTICLE 2014

Requirements
b-tag kinematic
Dilepton Boxes
X (Mg > 300 GeV and R? > 0.1 5) and
> 1b-tag
(Mg > 450 GeV orR > 0.2)
(Mg > 300 GeV and R? O 5)and
» 1 b-t
8 (Mg > 450 GeV orR > 0.2)
N (Mg > 300 GeV and R? 0 5) and
> 1b-tag

(Mg > 450 GeV or R-' > 0.2)

Single Lepton Boxes

> 1b-tag

> 1b-tag

> 1b-tag

> 1b-tag

| (Mg

(Mg > 300 GeV and R? > 0.15) and
(Mg > 450 GeV or R3 > 0.2)

> 300 GeV and R?
(Mg > 450 GeV or R

(Mg > 10()(.(\ and R?
(Mg > 450 GeV orR > 0.2)

(Mg > 3()0 GeV and R? > U.ZS] and
(Mg > 450 GeV or R? > 0.2)

> 0.2)
IJ 5)and

Hadronic Boxes

> 1b-tag

> 2b-tag

[ (Mg

(Mg > 400 GeV and R? >

(Mg > 550 GeV or R?
> 400 GeV and R? >
(Mg > 550 GeV or R?

0.25) and
> 0.3)

> 0.3)

IJ 5)and |

0.25) and

et
> 2 jets
2 jets

> 2jets

> 4 jets
20r 3 jets

>4 jets

20r3jets

> 4 jets

20r3jets
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_ B j2
Mr = \/(piz + piz)z - (plz + ﬁz )2
iS5 (4] 1 2 Emiss (/1 | =72
MR = EF*(pr + pr) — EF™-(Pr + Pr)
r- 2
w =
‘q&; , CMS Preliminary 1s =8 TeV -#-Data
10
@ Razor MultiJet Box f L=19.3 " Total Bkgd
— 1 b-lag
2
10°E — =2 b-tag
10k
et
1} $
1 et
10. = | IR . s e s e e & o s s s s e o &
T 3F
2 2!
E %500 1000 1500 2000 2500 3000 3500 4000
a

Stops in b-jets + MET

The razor variables Mr and R are defined studying the dijet topology
resulting from the production of two squarks, each decaying to a
quark and a stable neutralino [CMS SUS-13-004].

TROELS C. PETERSEN (NBI)

Mg [GeV] -

X
R
_ My
Mg 0
210°F i
- - CMS Preliminary 1s=8 TeV -$-Data
g +— Total Bkgd
@ [, ~efazor Mutidet Box f L=1931b gd |
10 ] —1 b-tag -
- —e— — =2 b-tag ots
102 - s
10 }: ¢ e
E jets
1E pts
r———— bttt etttk ettt ettt ettt —————
% 01: - -~ F WU S —— A - A - -~ , A -~ - - A "
g 04 06 08 1 12 14 .
@) , R?
—— 2btag | Tt > 550 GeVoor R2 > 03) 20r3 jets

ASTROPARTICLE 2014

PAGE 17/25

Monday, June 23, 14




L;)opholes in stop searches...

?,T, production,i—» t’x’o /?,—) Wb io / ?,—; c io Status: Moriond 2014
1 1 1

S' N N B B B N N N B L B

8 s0o— ATLAS Preliminary L, =20-211b"1ss8TeV L, =47 " 157 TeV_]

L ™~ - ~0 -

% - SEOoL!-t) 0L CONF-2013.024 oL [1208.1447] -

£ - =Lty 1L CONF-2013-037 1L [1208.2550] -

350 [ W 2Lty 2L [1403.4853) 2L [1209.4186) .

- —_ 2L.l,—>Wbi? . , 2Ll1403.4859) .

[ B8 OL mono-jevc-tagt,—» € X oL mono-jetic-tag CONF-2013.068 -

300— CDF 2.6 1" [1203.4171) ]

- = QObserved limits === Expected limits N

g0 Al limits at 95% CL -

- &/ .

- X / -

200 — —

- .

150+~ —

- N

100} —

200 300 400 500 600 700
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Loopholes in stop searches...

m_. [GeV]

400

350

300

250

“Stealth stop”
m(stop) ~ m(top) + m(LSP)
= Kinematics like ttbar bkg!

e Shape fits

e BDT analysis

e Search for heavier SUSY
particles decaying to stop.
e Other ideas...

R

P00

50

100

TROELS C. PETERSEN (NBI)

?1?, production,? - t Z? /T,—) Wb i? /?1—> c Z?

Status: Moriond 2014

- ATLAS Preliminary

— OL.E, » t —{Z

=3 L t-ty

2Lty

E2LiWbY ’

# OL mono-jevc-tag,t,— ¢ ¥,
CDF 2.6 ' [1203.4171)

- Observed limits
All imits at 95% CL

JII[I]II]II]IIIIIIIIlll]lllll

300

ASTROPARTICLE 2014

»—IIIIIIlllllllllllll[llllllllll_

L,=20-21fb"1s=8TeV L =47 15«7 TeV_T

oL CONF-2013.024

1L CONF-2013-037

2L [1403.4853)

2L [1403.4853]

oL mono-jet'c-tag CONF-2013-068

===+ Expected limits

400 500
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1L [1208,2550)
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Loopholes in stop searches...

Very light sto tion,?‘—)ti?z’.t‘,—)Wb'i?/-t]—)c'i? Status: Moriond 2014

m(StOp)<mb+mW+m(LSP)]IIII]ITTIIITTT[TIII[II!I]_‘

= 4-body decay w. c-quarks! |S Preliminary L, «20-211"1s«8TeV L, =471 1547 TeV_]
c -

Aty 0L CONF-2013.024 oL [1208.1447]

P o W -8

2 ety 1L CONF-2013-037 1L [1208.250]

- - - Yy =0
< X X1 Aty 2L [1403.4853] 2L [1209.4186]
: i Wby 20 [1403.4853

$\ \ \Z * 1 2 ,‘ - ) ‘[L‘ l -

f mono-jetc-tagt.— ¢ L, 0oL monojetic-tag CONF.2013.063
p W

b
q c

DF 2.6 ' [1203.4171)
hserved limits ===+ Expected limits

* Monojet + MET at 95% Vi
e c-tag + MET Vo
POO}—
“Stealth stop” -
m(stop) ~ m(top) + m(LSP) |sof—

= Kinematics like ttbar bkg!

e Shape fits 100}
e BDT analysis
e Search for heavier SUSY |50

11lllllIJllllllllllllllllllllillllll

particles decaying to stop.‘ 1 -

5 " -
e Other ideas... 0 e =05
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Loopholes in stop searches...

Very light stop

* Monojet + MET
e c-tag + MET

m(stop) < mp + mw + m(LSP) 17 |
= 4-body decay w. c-quarks! |S Prelminary | New variables used to

; W
” - 2 Y .' » l '_" 4 -

X 1 ot CMS: Razor
N 3 0 A Wby . ) _ )
£ ‘ - mono-jetc-tagt.— ¢ Z; oL mono-jet'c-tag CONF-2013-068

D W
b
9 c

3 - Very heavy sto
tion,t, 1% /t—>WI{ = Cross section tiny! .

preserve signal.

.;1 » 1 ]‘

ity | ATLAS: Boosted tech.

DF 2.6 ' [1203.4171)

hgerved limits ===+ Expected limits
at 95% =

*n
”
~ >

“Stealth stop”
m(stop) ~ m(top) + m(LSP)
= Kinematics like ttbar bkg!

e Shape fits

e BDT analysis

e Search for heavier SUSY
particles decaying to stop.
e Other ideas...

P00

150

TTT[TTTT[T

100

TROELS C. PETERSEN (NBI)

50 Wbi‘_’ /, v
oy = 2031 v
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Loopholes in stop searches...

Very light stop

P b W

~/
.

, YL

. MonOJet + MET
e c-tag + MET

o
N |

tion, t, = 1%, /> Wi = Cross section tiny!

Very heavy stop

m(stop) <mp + mw + m(LSP) [
= 4-body decay w. c-quarks! |S Preliminary

1 »Y/.:

{17,

i -l‘/_j

A->Wb%
mono-jetc-tag, ! »C L,

PF 2.6 o [1203.4171)

served limits

“Stealth stop”
m(stop) ~ m(top) + m(LSP)
= Kinematics like ttbar bkg!

e Shape fits

 BDT analysis

e Search for heavier SUSY
particles decaying to stop.
e Other ideas...

TROELS C. PETERSEN (NBI)

150

= Expected limits

T

| New variables used to
preserve signal.

ATLAS: Boosted tech.
| CMS: Razor

vy s

paa ey

(meta-)stable stop

= no decay seen!

Search for stable
massive particles!

I ’l N W

[ T—1 T—3 1 | T3 T I 1T 1 11 | 1

ASTROPARTICLE 2014

400 500 600

m; [GeV]
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ElectroWeak production:
Leptons, jets, MET, etc.




ElectroWeak SUSY production

Searching for charginos, neutralinos, and sleptons

EW SUSY provides “toughest” but perhaps also most interesting SUSY window.
With assumptions, there are 9 parameters: M, My, p, tan 8, m2 ,mzZ_,m2 ,m2 .0z

er,’ ER’ TR

ATLAS Preliminary 20.3-20.7 fb",15=8 TeV  Status: Moriond 2014 CMS Preliminary \s =8 TeV, Lm =19.5fb"

|~y 600 T 7 T T

?‘3 [l valsv ) I, aew sz v = = =« Expected limits S‘ 900 : .] I | o I 5
e — 0T, T, ALV, 20/ w100 5200 —— Observed kmits o 800 —— AP Lk, ial/v)  —— Observed limits -
E\' o — Dl VAtV K | TR 4 o — pp /./ (via7 /¥) e
500 [T — 0 . ATV 25 ATLA Ml - “y = ! :
| pp-—+j , via 1/ ¥ s 700 —— PP, /, (vialy) . "
- PO+, L. I8 WZ. 20/j10 30, w140 5304 4 J— VK (viaTs) =
400 D% . via Wh,  @ubD, ATLAs cone E 600 o l'g ,‘f' e ‘ ) o -.=-\¢ '_,»‘_ ™ .
| pp-— %, L, via wh P T ’ — UND —» / ;(’ * {Z 7.,"-\"' X)) (\\1 R\ > ]
7. 7., via WW 201, aiiv 1400 5294 — OO b 305 H 3 :‘H‘vV‘ :\ Yy -"((\,\. .
ctegalanana="n .. 500 R L K, > (R MW ) ™. - i =
300 | / - SUS-13-006 . -

| 400 AT e
SUS-13-017 g .
200 | 300 =
200 | -
100 =72 e .
w7 100 == =
f N p ¢ I—;IJ ' 'l il l ' 1 1 L A I ' l A A 1:

0 LA . Ll o2 L L 1 A | LS| G WS U CU W N N S S " —"——- . 1
100 200 300 400 500 600 700 m 0150[1? ggr?'l 300 400 500 600 70% 300
= V. » + UL y - 0
my (=m3%) [GeV] ' x L m/ m‘( [ € ]
: ‘ - "

Cascade decays to LSP yields many interesting SM particles: Leptons, W/Z, Higgs
Maximal reach so far is ~700 GeV, dominated by multilepton channels.
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1 of 5 models tested:

Largest discrepancy is in 4 lepton, OSSF1,

= Multi-lepton + MET

3 leptons (e, |, ) are required to have

i % pr > 20, 10, 20 GeV (1st, 2nd, and ).

off-Z, one t, no b-tag and Hr <200 GeV: 2y

3(0.60+024),4(21+05)and 15 (7.5+£2.0) oo ot
events observed (expected). e

CMS Prediminary

.........................

s T
0] :
o 400E
E 3s0f

.........................

TROELS C. PETERSEN (NBI)

O

\s =8 TeV, J'L dt = 195 1"

Stau-(N)NLSP (GMSB)
e cbserved 95% CLs Limits
Theory uncertainty (NLO— 15
sos gupacied 95% CLs Uimas o 21
expeciedtio, !
C-:iifﬁj‘f-\,t‘ g 3 OSSFY O 7 9 2 0.4 1 S 3
expected 3o 4 OSSF OnZ (0% ¢ 20208 | 41 0+
’ 3 . O M
e w M
LS "nJ
....................... = oSS n 1
300 350 400 450 rs "

m, =m, (GeV)
ASTROPARTICLE 2014

CMS

Candidates are then classified according to:
Nlepton, Ntau, b-tag, N OSSFE, on/off Z, Hr, Ex™iss

N O 1 .

o 112

X T,

42 42

L0 L2

2 1 M
‘ ' 11
4 F
18

v 19

" '

L8O .

B "‘

A Lo

o 128

x 113

L= 2 B |

L3¢ - 14

142 ba L%

T 0%

1 15 1
04
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1

CMS Profissinary u.u.v,J‘x dr=105m’
- e e e SR S
' >

6 3(:0,' o Obsarved
o 4 Bkg Uncertairties
= 250¢ +
2 i . T wZ
- Nata.cd
? 200 Data-driven
= 200; 22
- : g -I -

150f —

" LD

* Control channel:

sobtl e
OIE“:-; e _LWZ ame

0 50 100 150 200 250
ET™ (Ge

Largest discrepancy is in 4

4
4
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!
{
{
1
4
4
{
{
1
4
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1
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4
{
1
1
4
4
1

1

V)

lepton, OSSF1, 4 lepton

off-Z, one t, no b-tag and Hr <200 GeV: Ry

3(0.60+0.24),4(2.1+0.5)and 15 (7.5 £2.0) f:'f;:_
events observed (expected).

CMS Prediminary
D 450k
(O] :
=, 400

“50 100 150 200 250

TROELS C. PETERSEN (NBI)

¥ 7

\suBTeV, J'L dt = 195"

.....................

Stau-(N)NLSP (GMSB)
w— observed 95% CLs Limits 3
Theory uncertainty (NLO
sos gxpacied 95% CLs LUimas o
expeciedtio, .
expected 220 __
expecied 30

ey

s
L
-
e

oss
~

300 350 400 450
m, =m, (GeV)
ASTROPARTICLE 2014

final states. Similar table for 3 lepton final states

= Multi-lepton + MET

3 leptons (e, |, ) are required to have
pr > 20, 10, 20 GeV (1st, 2nd, and ).

CMS

Candidates are then classified according to:
500 Nlepton, Ntau, b-tag, N OSSFE, on/off Z, Hr, Ex™iss

. . Ap
Bt i‘
S 112
0 o
04 42
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2 401 1M
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1405.5086

4-lepton + MET

Analysis covers 5 RPV and 3 RPC models (along with 2 GGM models).

Example: { { a > . .
S|ept2n model 9 Signal Regions are defined according the
P /
; N leptons, Z-veto and MET.
P » /\ ¢/ - -
- X1 ¥ Shown is the 4*lepton + MET > 50 GeV Signal Region
U
S - \ | \ 1/
“- 7’ > T T ' ] T L T [ ' T T ] T 14 L ] T . 1 [ L4 T T ]’ T T ' ‘[ T
P ‘ 8 10°E ATLA S SROnozZa ¢ Data2012 44 Total SM E
{ o - Reducible Bzz =
{ / o [ \s=8TeV IL dt=203f" WZ mwz i
RPV Model NLSP Decay > 10 Higgs VW N
Chargino X1 — W) \l:. E E Gesssccssnnny . ."1313 via | m‘x;’ 3.1' >:(450300) GeV ;
L-slepton £y, — £ ilx] g’ - E E . e
a2 X 1 - : . . High number of leptons =
R-slepton b b3 1 : i very few events selected.
T—TXa t E =
Sneutrino eveXi F e 3
l;' d l" i.‘l ............ )
Gluino g qq X1 -
q€udsc 1 0'1 Z////////A
/777777 <
RPC Model Decay y
R-slepton Xz,3 — £ I—;( y £YE° X1
Stau G i A € T I~~~ o o oo v
Z X2.3 = ZUXY = 267 X)

TROELS C. PETERSEN (NBI)
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1405.5086 4-1ept0n + MET

Analysis covers 5 RPV and 3 RPC models (along with 2 GGM models).

Example: { / : . . .
Sleptgn model ’ 9 Signal Regions are defined according the
P
), N leptons, Z-veto and MET.
-’ . A £ . .
- X1 ¥ Shown is the 4*lepton + MET > 50 GeV Signal Region
i)
s 8! A v PP )ﬁ » 3 1 L vl
[ 700 T 7T T T T T T : L T 7T T 1T T T 7T T 1.
| [ 1 | | I | B
p ;= F ATLAS e
O L . Z
/ ), — 600 JLdl:?OSIb.Is:BTeV - o
1= - - o~ -
RPV Model NLSP Decay e " — ), #0  ==Observed (10 ) y .
Chargino X1 — W \':I 500__ w— D # 0 - = Expected & .
I. drplnn i-;‘ y £ \:(x: : — )  # 0 ‘ / 'l‘ :
| Loy 400 === s # 0 rdh =
R-slepton ‘R=2LXL Al limits at 95% CL - .
I * 7 \Z = . :
Sneutrino Ve =~ Vg X 300 — : .
7 v, X1 - . .
Gluino 9 qq X1 = : .
q€u,dsc 200 - f -
RPC Model Decay : :
R-slepton 23 — 4 l-_j( v X 100 -y .
Stau X23 = rT 35 5 rTrEX) :/ -
Z b\-k.v" 'Z.il' "I"\-.' B el VS W o
1 y - 00 200 300 400 500 600 700
o Mok LiLs Ey + X LiQ; Dy + 5 XiuUiD; Dy + KoL Ho m- [GeV]
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PAS-SUS-13-022

O
<
\

Comgact Muon Sosenosd

Higgsino search

H SUSY scenario: X lightest higgsino and G is
c‘_{f __ - LSP (each Higgs boson H decays to b-quarks).

T Selection:
n '\; U 4-5jets, 2+ jets pr > 50 GeV and MET significance, Sver > 30
H No isolated leptons (e,u,t) or tracks with pT > 10 GeV!
Aq)(jet, MET)min > 0.3 (0.5) for Smer > 50 (50 > SmEet > 30)

S 120g T T T T CMS Preliminary, L= 19.3 1b”, 18 =8 TeV 8 g_’f??ge"p\jrja’ry.vtﬁ 193 :b”'.. 38=_t}'l’g\{1 S
i e I ! ) : y 45p e A 3
&S $IG and S8 regions 5 | 4b sample Sigral, m , = 250 GeV | s E 3
= 1009 7 9 10 .. Signal, m', = 400 GeV | T 4E 88 Expected + 10, -
E BOE- .g —0— Data ) i 5 .35;’_ ros Expected =2 o, =
- | e Yh -
- b z (] = Uackground ostmate : £ .: - :.
; el -
EIJ:' - = -
S =
k = B 3
40§ ) 3
o 3
2\3:- —_— - o" . :‘
B T I -
t SB | SIG @ 3

| I - PR | Iy
% 10 1m0 200 250 3

:ﬁml ) (GeV)
Swmet bin Swmer range SM background  Data  SMbackground  Data : e e
(3b-SIG) (3b-SIG) (4b-SIG) (4b-SIG) Higgsino mass m _ (GeV)
1 0<Swr <50 6751757 4 29754 04 4 g : . ’
2 0<Swr<100 116537 15 49133733 7 No significant signal is seen, and
) +0.844056 +03940.09 . . .
3. 1W0<Ser<150 24Me5s 1 0Poxaw 3 limits (not unlike our “old” SM
4 S'\u._—r > 150 1.3):05‘_’032 0 0. -‘-0»14'?0?8 0 h- )
1ggs ones) are set.
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General new physms search

@iz e B Decscn & wp . ghe hopeZ KXY ~--.'k-'~'.' a
Idea: “Automate” SM background W Wwoiin [zoim PWoic Wi e (250ev) .“
./o; tbla_v{ Y145t Yoty .‘nf'q%»-n

estimate for final states, and
compare with data.
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ATLAS Proleinary LA «2030 18«8TeV

Events

Obijects: e, U, v, jets, b-jets, MET.
pr > 25, 25, 40, 50, 50, 150.

Observables: Invariant mass,
effective mass and MET.

Backgrounds: Estimated by
reweighted MC, except fake
lepton rate (from data).
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ATLAS Prelminary LA-2030 15-8TeV

Events

Signal Regions (SR): 697 in total!
All regions with SM expectation
> 0.1 event are considered.

ATLAS-CONF-2014-006
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General new physms search

Largest discrepancies:
v2elj mess: p-value = 0.0013
Exp = 0.7£0.5, Obs = 6
3u Miny: p-value = 0.0071

Exp =16 £5, Obs = 35

Interpretation:
p-value distribution is compared
to pseudo experlment expectatlon
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~|o9\: (pvalue)
“This type of search makes me sleep well at
night!” [Overheard at conference]

TROELS C. PETERSEN (NBI)
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Conclusions

Many SUSY searches performed - SUSY was NOT “just around the corner”!
Limits have already been pushed very far - the work impresses me much.

LHC Run2 might provide the only real chance of observing SUSY!
With Runl experience, we're ready to maximize our reach...

ATLAS-PHYS-PUB-2013-011

T L) 1] . A 1 T' I' T A 'Y ]' T L) L) I'
- ATLAS Simulation Preliminary
g 900 -14 TeV —300 fb”’ (<p> 60) 50 discovery
o \S= e *300 fb"' (<p>=60) 95% CL exclusion
9 800 —3000 b’ (<u>=140) 5¢ discove
. *+3000 fb' (<u>=140) 95% CL exclusion
700 EATLAS 8 TeV (1-lepton): 95% CL obs. limit—
JATLAS 8 TeV (0-lepton): 95% CL obs. limit =
600
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Conclusions

Many SUSY searches performed - SUSY was NOT “just around the corner”!
Limits have already been pushed very far - the work impresses me much.

LHC Run2 might provide the only real chance of observing SUSY!
With Runl experience, we're ready to maximize our reach...

LHC SUSY searches Gluino Squark Slepton  Gravitino

o Jo

Maybe we are just chasing ghosts...
..but it’s the “maybe” that keeps the chase on.
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Bonus slides
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Additional Higgses & BaryoGenesis

Assume the addition of one additional Higgs singlet, which mixes with the SM

Higgs (sinO). Does this allow for a first order phase transition? [PRL or 1305.4362]

Coupling between Higgs states |sin(0)|
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ATLAS inclusive jets + MET

Signal Region
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Perhaps still the best estimate of what lies beyond...
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