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Discovery of a Higgs Boson
* LHCRun1®M/\1S14k

= E T T T T T =
2 e E
G 3500 ATLAS ¢+ Daa 3
o c : =
~ E ——— Sig+Bkg Fit (m =126.5 GeV. 3
& 3000E- 'g+Bkg FiL (m, U
= e Bkg (4th order polynomial) =
9 2500 3
w = 3
2000 ;7 i
1500F- 3
1000 (s=7 TeV, [Ldt=4.8fb " =
5005 (s=8 TeV, [Lat=5.91" H-yy 3
2 7; ;
o L =
@ E
c
[}
=
w

100 110 120 130

140 150 160 0

> E

geop = Data ATLAS Preliminary
3 | [l Background 22" o770l

g L

530; [ Background Z+jets,

L |_| Signal (mH:1 25 GeV)
s
[ %/ SystUnc.

Ns=7TeV:|Ldt= 461"
1sAs =8 TeV: [Ldt = 13.0 fb!

100 150 200

m tGef”

R Z TLWAHFIESM HiggslZ(XIXconsistent

\ \ | \ \
ATLAS Preliminary
W,ZH — bb

Vo= 7TeV: [Lat = a7 1

Vs =8 Tev: [Ldt= 13167
H— 1t

Vo =7TeV: [Ldt 4610

\s = B TeV: ILm[:‘jn o
H—-WW ' — viv

vs-gTev: [Lat- 130’

H— vy

Ve=7Tev: [Lat=48m’
Vs =8Tev: [Lat- 13"
H—zz" - 4l

\s=7TeV: [Ldt- 461"
Vs =g Tev: [Lat- 13"

—

im, =126 GeV

Combined
(5 7TeV: Lt 464870
(s = 8 TeV: [Ldt= 1310

L=130+023

-1 0

+1

Signal strength (u)

201348 H7H

\s=7TeV,L<5.1fb" \s=8TeV,L<19.6f"

CMS Preliminary m,=125.7 GeV
Py, =065
H— bb
= 1454 0.62 —_—
H— 1t
pn=1.10+0.41 =
H— vy
u=077+£027 =
H— WWwW -
1 =0.68+0.20
H— ZZ
1n=092+028 ——
s L e by L Ly
0 0.5

15 2 2.
Best fit G/GSM

EvJ AHF (HLELD)
#m=126 GeVIZHR !

CMS Preliminary, Vs = 7+8 TeV, L = 17 b
: —r—T T T

[-=H 50 T T T
g 95% CL Excluded Reglons
= 45 [ observed

r—— Expected

+1o expected
+20 expected
LEP

N
a
mpmmy -l‘lIIIllllIlllIIIllIIIlllIllllIIIllIIIllIlllI.

MSSM m; > scenario
M =1TeV

susy

EAAES FHFYEFOERE2013

PR
400

| —1
600 800
m, [GeV]

LAL. £Dfth
M Higgs particle
B9 & RIZIE
SDEZAHEN
< MSSM
Higgs exclusion
limit



126 GeV Higgs for SUSY

o« bW/ RAKIF126 GeVEnaivelZEZ .
AHE . SUSYD mass scaleld~10 TeV
- LHC Vs=14 TeVTIZA AT EE (m~g, m~q <

P.Draper, PMeade,
130 M.Reece, S.Shih '11

125

g 120} _
2.5 TEV) F - small A-temi
> HE LHC (vVs="33 TeV) i Ee
THAE[EE~ 6 TeV j
= VHE LHC (Vs=100 TeV)7&5 A EEAY? B R T T I R
Mg [TeV]
ZDizaE. 14TeV LHCT Naturalness?
DEFEFR T ATREM ? Yes No - squark mass ~10 TeV?
gluino mass < 2.5 TeV
stop search Yes No
stop mass < 1 TeV gluino search EW gaugino mass < 1 TeV
YeS NoO
EW gaugino search ZDih

201348A7H HEHMES FHFYEFOERE2013



RP Conservation

topologyZ &I24 1T TR

jets

high multiplicity jets | cascade decay

~g
model independent!ZJi< b-jets
cover
~q lepton
multi-lepton
MET ~t, ~b
tau GMSB, large tanf
~X photon GMSB
multi-lepton
high multiplicity jets
. RPV g plicity |
without MET displaced vertex
kink/disappearing track
Long Lived R-hadron stop

Heavy stable charged track




¢ 2012F MDLHCEERIK T
¢ Vs=8 TeVCDSUSYIFEZE
— MET-based Analysis

* gluino (squark) search

* stop search

— Gluino mediated stop

* EW gaugino search

— Without MET Analysis

* Long lived particle
* Exotic signature

e Vs=14 TeVTDSUSYIER
« F&H




LHC 2012
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Run Number: 189280, Event Number: 170532 E L i
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Mean Number of Interactions per Crossing

1EEH =Y DPileupH D 9%

Pileup~® xt 4L

online trigger
» electron: calorimeter isolation,
hadronic leackage

= = "> lﬁié\ N ,»& offline analysis
=~ aoaP. N IR DN IS . 3 . .
Z->up with 20 pileup event (p,>0.4 GeV jet, MET: pileup subtraction, vertex

tracks are shown, yellow lines show
muons from 2)

201348 H7H

association
» Monte Carlo: pileup reweighting
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MET-based Analysis




Gluino/Squark Search

e ~qrghib~grgE TlLa<topologyZcoverd B1=
I, jet# Z &l Zsignal regionZFEX7E (2-6 q
jets) -

* F[Im_ (=MET+jet pt sum)®DselectionZ &rjet
M EITHE Iz TAZEIZERY ., L0

kinematics regionzcover

n»r-=i>»

Channel

Requirement A (2-jets) B (3-jets) C (4-jets) D (5-jets) E (6-jets)

L | M M| T M | T - L [ M| T
ETs[GeV] > 160
pr(j1) [GeV] > 130
pr(j2) [GeV] > 60
pr(j3) [GeV] > - 60 60 60 60
pr(js) [GeV] > - - 60 60 60
pr(js) [GeV] > - - - 60 60
pr(je) [GeV] > - - - - 60
AdGet, Em) > || 0.4 (i = 1,2, 3 ifpr(js) > 40 GeV))) 0.4 (i =1{1,2,3)).0.2 (py > 40 GeV jets)
EXS [meg(N j) > 02 | - 0.3 0.4 025 | 0.25 0.2 015 | 02 | 0.25
mgg(incl.) [GeV] > (| 1000 | 1600 || 1800 2200 1200 | 2200 1600 1000 | 1200 | 1500

(a) For SR A-medium the cut on ET**/m.g(N j) is replaced by a requirement ET™*/ \/Hr > 15 GeV'/2.
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ckground estimation
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Gluino/Squark Search at ATLAS
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Gluino/Squark Search at CMS

o CMSHERMLZEMAEIFEL

CMS Preliminary, L=19.5 fo'! Vs=8TeV

10

m 4
ﬂz’ —— Data - Z— vvtlets . Witt(e/u+v)+Jets
5 a_}.i,'it -

W10 ng, witi(z, +v)+Jets ] aco :
S Y g tvifeng, .
g —é_ z_ é : o IS %009} ! % Total uncertainty on measured background
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E10°F ££878g i
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o #2200
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e

« Number of jetsZ &lIZ
signal regionZz 7175

« £Njet regionZFS5(ZHT
(=jet pt sum)EMET D 2R T
THIFHIEIZKY ., JELY
kinematics regionZcover

Background estimation(Z[F(X
data-driven

* QCD: jet resolution smearing
« W->1v (hadronic)+jets: y+jets
replacement

« W->e/uv+jets: lepton ID
inversion

« Z2>VV+tjets: y+jets replacemnt
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e HI1EAOHiggs 126 GeVEERBALZE
L ¥Ymodell&non-sense

* |A,|Z[ZX[Xstop@Dmaximal
mixingZ il 1=9 &KDHRY . Higgs
masslZconsistent[ZZF L 1-
model TTDinterpretation.

MSUGRA/CMSSM: tanB = 10, A 0, u>0
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* Stop pair productionH 5 M AR IR 1EFE THmodel (parameter)|Z&>T
kinematicsmMW KELEL S,

[1] mSugra (>0, 8m1/2)

T—bffx?

[2] mSugra(Higgsino) or AMSE

T=b )& —bWy’
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Stop mass (GeV)
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composition|Z &Y HIEBIENEH D,
- Topology base T 95 &2k YUmodel independent|Zcover

[3] GMSE (Higesino-|ike case)
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 1-lepton channel: W, WH\i5 M BRANLLEX AR EL . triggerlZ &

BHlosst V750 5 #EEL=mod

elHvishigh ME

TDtailE TILK

coverC=5

Pre-selection

* 1-electron (pT>30GeV) or 1-muon (pT>25 GeV)
* At least 4-jets pT>30 GeV

* At least 1 b-tagged jet

* MET>100 GeV

* MT>120 GeV
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e BDT results
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stop pair production/) B D c+LSPANDdecayZiE R

Monojet-like selection

« At most 3 jets pT>30 GeV
Ap(jet, MET) > 0.4

leading jet pT >280 GeV
MET > 220 GeV

' ' Le" Datazor2
ATLAS Preliminary

[ Ldi=20.3 b N5 = 8 TeV . e
- I Z (a ) +jets
B 1 (-X) + single top
I dibosons
== miti_)= (200,195) GeV
mugu (200,125) GeV

Stop—~>Charm+LSP

o FLm(~t)-m(~chil0) < m(W)+m(b)%E5 .
stop=>c+~chil0M E Zidecay processIZiiY 25, >

Charm-tagged selection
» At least 4 jets pT>30 GeV
* b-veto to 2nd, 3rd jets

dN/dET®® [ Events / GeV ]
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 c-tag to 4th jet
- A(jet MET)>0.4
* leading jet pT >270 GeV
 MET > 410 GeV
> -
8 ATLAS Preliminary —e— Data 2012
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Charm tagging
+ ~20% efficiency to c-jets

» ~5 rejection to b-jets and ~140

rejection to light jets.
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T, production, T, - b7, 7~ W" % Status: LHCP 2013
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[ TLAS Prelimi p
5 e ATLAS | ot T stop mass eV, neutralino mass
Eﬁ,{  —o.m ﬁ1= m; +5GeV  OLATLAS-CONF-2013-053 > 1 b a

[ 2 e - TR 200 GeV i -ts O) Eiﬁ: é li (i lud

I g 1L.m_ =150GeV 1L ATLAS-CONF-2013-037 - .

400}— 2L mi= m; -10GeV 2L ATLAS-CONF-2013-048 - _ e .I]' e X C u e
L . 1-2L, ﬁlx: = é x mi.; 1L CONF-2013-037, 2L CONF-2013-048 1-2L [1209.2102] =
- = Observed limits Observed limits (-10,,,,) ==== Expected limits |

« Stop mass~neutralino mass® fE1% Tl&
SINDYEL, FFZ5ELMimit AT ULNTULVE
LY

300

200

100

m.<1035GeV

IIIIIIIIIIIIIIIII

m; [GeV]
e A Status: EPS 2013

N S e e e CMS Preliminary (s =8TeV, [Ldt=19.5 fb"
8 400 _—ATLAS PreIiminary Loy =20-211b" 1s=8TeV Ly=47fs=7TeV ; L s S ) BN S L B I L ) I B
l_°.><" T o=moLi—t® 0L CONF-2013-024 OL [1208.1447] ] © 400 I pp—tt* — st —i,u —
é 350~ =W iLf-t 1L CONF-2013-037 1L11208.2590] _: O I 1-lepton channel ?—)b L x=05 ]
- =§t?::'hd ztgziggﬁ _z"“m““] . — 350 SUS-13-011 BDT analysis Xy ’ =
300 -GL‘rr:nnu-]atfc-lag,ﬂ—»c‘;ﬁ 0L mono-jetic-tag CONF-2013-068 ] 9ur F & — Observed m
[ [0 coF26m7(1203.4171) ] E 300 P é\“i‘» //6\ oy, & o Expected j
250: — Observed limits Observed limits (-1o,,,,) ==+ Expected limits ] E ¢ O 1
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200 - - ]
: ] 200 —
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Gluino2>t+t+LSP

e GluinobEITM L. gluino productionh¥dominant
o StopMEXLN=8D . stop~NDdecayMMBE T4 S

2F2FADmodelZiEHE

 stop mass>>gluino mass&L T
gluino>t+tbar+LSP D 3{AFHiE

* gluino mass > stop mass > neutralino
mass&L T, gluinoh b D 1-step decay

ARRED BRI b IE I Ehisignature
TOMRHHARE

* O-lepton, multi-jets (>6)

* O/1-lepton, 3b-jets

« 2-lepton same sign, b-jets

» 3-lepton, b-jets
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Events/ 100 GeV

data/ exp

3b-jets BEHT

* 3b-jetsZEERKT HZ & Tttbar
backgroundZ 1l

O-lepton

* At least 7 jets p:>30 GeV

* MET>{200,350,250} GeV

* M. > {1000,1000,1500} GeV

]
[ ATLAS Preliminary ® Data0i2 ]
10° Jl_dt=2o.1ro' E=8TeV %% smuoal =
E 0-lepton baseline selection - Reducible okg (MM) E
S| Tiets= 30 Gev,2 3 iets > 30 GeV [ imecucide oo o)
10° . - =
E --- GIt {§.) (1300, 100) GeVx 10
10" 3
1=l —
£ 7 3
15E
Z
, ﬂ%ﬁ@%ﬂ@%w%‘% %
0.5 o 7
°E i E
400 BO0 800 7000 1200 1400 1600 ~ 1800 2000

m! [GeV]

0, 1-lepton channel®m 53 7.

1-lepton

* At least 6 jets p;>30 GeV

« MET>{175,225,275} GeV
*mT > {140,140,160} GeV

* My, > {700,800,900} GeV

Events / 150 GeV

data/ exp

T e L s
E  ATLAS Preliminary ® Data 2012 3
A [ Let-20.1f0" yS=8TeV %4 SN otal B
10 ? 1-lepton baseline selection - Reducible bkg (MM) 3:
F m, > 100 GeV l:l Irreducible bkg (MC) 3
107 e channels - GH(GF’) (1300, 100) GeV < 10 5
C by ]
e . -
L P ' ﬁ M|
-|_5E | 1 —— / /
0.5 !
500 1000 1500 2000 2500

mne [GeV]

« Reducible background (fake b-jet events)lddata-driven|Z#f 7€

201348 H7H
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Mgy PT sum of jets (and lepton pT)

mr = \/EI.JTEJ}“SS(I — CosAQ(/, EXSS))

99 production, § — n+/f m(@ >> m(g) L™= 20.1 b, {s=8 TeV

; L | T T T | T | T T T | T ] I| T ‘ ]
S L ATLAS Preliminary === Expected limit 215,
1000 I~ === Observed limit 16527 —]

- 0and1 lepton + 3 b-jets channels
B 0-1 + 3 b-jets, 12.8 fb!

800 All limits at 95% CL

600

400 3
200
L Lo b by ;
600 800 1000 1200 1400
m, [GeV]

gluino, neutralino mass_ L T®
exclusion limit

* gluino production cross-section™T
limitEth 5581 E TIX(Xexclude
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 gluino mass ~ 1400 GeV, neutralino mass = 600 GeVE T%
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§g production, §— ﬁiﬁ m@) >>m(@), \s =8 TeV Lepton & Photon 2013 g-9 prOdUCt|0n g— it x
; LI | TTTT | LU ‘ TTTT I TTTT UL rTTT | LI | TTTT I TTTT
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1000 — -~ Expected g iantons, = 4 jots L, =128M07 | E - EPSHEP 2013 P(SS*h) .
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- ] C & 3
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EW Production

* Direct production®cross sectionHV/NEL V=
& . leptonZF ALV =cleanZIRIE T M

main

* Topology-base T,
— 2-lepton+MET (opposite sign/same sign)
— 2-lepton+2-jets + MET
* 2jets from W or Z hadronic decay

— 3-lepton+MET, with or w/o Z mass veto
— 4-lepton+MET
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Main backgroundhWzT. tLbEBclean’s ¢

channel. p
~0
Event selection b2 BT e < o
— leading lepton (e,mu,hadronic tau) pT>20 . 0
P
GeV y i <
— other two lepton pT>10 GeV
— Include opposite sign same flavor lepton ¢
pair sleptonZ4rL TDdecay
— MET>50 GeV
Events are “binned” in 7
— MII[0, 75, 105, =] GeV i
P2 Xo . &—___ :{,{)
— MET [50,100,150,200,°c] GeV e 1

— MTO, 120, 160, 160] GeV
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Background estimation

WZ
e MET resolutiond vertex2Z{ EHT

(jet pt sum) TR SH&EL Tdata

— 9 HparameterZ iR E
¢ MC samplelZMET resolution®

3-lepton Analysis

&ZMET, MIl, MT®DbinT@Dataé&
estimation® L

CMS Preliminary Vs=8 TeV.L =19.5 fb!

M,. =75 GeV 75 GeV=M,. =105 GeV M. =105 GeV
degradationZH\ [T THETE P LA s
Erms <2 m 2 %ic l %i*] ; Channels:
P ( E‘I‘I‘llbb Z W Ejl‘{hb:- ;'2(?'..]'. el F f } . eié%leme 5
] JE =" 1 e
i ; K3 Wi'e
J . ’ y >E‘1‘.“""_[Ge\-'] HHH
— Fake Iepton %~ « Daa
S . . :::: Z ; i 1 Higgs
* Fake-leptonhiisolation@selectionZz 77 jmmzz
B immzy
BAHFEZRAZQCD dijet eventsTRIFE( ¢ Wz
o) 1 I Non-prompt
%0)1mZ+JEtSI ttbar events:&){ﬁm) & 150200 0 100 150200 DRMEIS:M l
: : - Sl IOV Total bkg
¢ 3-lepton® A 1-leptonMisolation B uncertainty
requirementZ ¥ [ZLf-eventsh 5 3
signal regionlZ5% %events|Zfake rate 7
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EW ProductionZE &8

; 300 L L | L | T T T 71 | L | T T T 7 | L ]
o . ]
o, - ATLAS Preliminary &= observed limit (+1625") ]
gR—ESO R J Ldt=2071b" ys=8 TeVY ----- Expected limit (10, 7
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3 . v
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C 1 (-
100 = I
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’{2' 1
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« {RTE T Blepton BRIZELDT. sensitivityH?

KE<E1E
— #xboptimisticZE 5 & TlE~chil+, ~chi20
mass 740 GeVE T#exclude
— W [ZEEpessimistic (WDleptonic decay)
D5 E(Z1F300 GeVIEE Dexclude

CMS Preliminary Vs=8TeV, L, =195 fb’

S! 800 E L L L L B ]
D - =—pp T, % (1, BF(7)=05) R
O 700 L P
L — E smams PP — 22 2;, ( fR’ BF(f+f_)=1) '.".. E
é’x’ 600 s - -
C e PP — 12 x1, (no/, BF(WZ)=1) - .

500 :_ nimie PP — z: 2’1, UL' BF(/*7)=1) o L —:
400 g =
300( =
200 —
100E4 . % E

. \“\“\\\III\II.'!NHIrll‘;,” ; -: ]
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v 1 1 V2
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Long Lived Particle Search

Motivation
« AMSB Wino LSP
« GMSB stau NLSP
 GMSB neutralino NLSP (=y+~G)
« Split SUSY gluino>R-hadron
« R-parity violation (RPV)

REAE

« Heavy stable charged particle (stau, R-hadron)

« Decay in flight (AMSB wino, RPV)

» Kink/disappearing track
» Displaced vertex
* Non-pointing photon

« Stopped particle

201348 H7H EAAES FHFYEFOERE2013
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ct 0.1mm

Detector Layout

1cm 10 cm 1m

Displaced
vertex

RPV
AMSB
Stau
R-hadron

Muen
Spectrometer

Electromagnetic %
Calorimeter

Solenoid magnet _

Transition
. Radiation
Tracking Tracker

Pixel/SCT detector

201348 H7H

dE/dx in Pixel Kink/disappear | Time of flight
ing track in Calorimeter

Vertex
Pixel
(dE/dx)
' HCal
Muon

EAAES FHFYEFOERE2013

Time of flight in
Muon
Spectrometer

0.1 mm

5-10 cm

50-100 cm
2-4m
5-10 m

Stopped in
detector

0.1 mm
5-100 cm

No
1.5-2.5m
4-6 m

TRT: Transition Radiation Tracker
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Heavy Stable Particle

* B. By. momentumZ{HELY, m=p/ByMBEEZKHD
73

« 2IEFEDBETAIE

— Inner Detector - Calorimeter

* Calorimeter cell timeM 5% . Inner detector CMenergy lossHh o
By. Inner detector Cmomentum# &I %€

* R-hadronM15F & . detectorEABE AL Tcharge A EH S RIEETE
W& 571=-8 . Muon spectrometerdh B ELLEWNC D AENEL
nd

— Inner Detector - Muon Spectrometer

* Muon spectrometer hits&calorimeter cell timeM 5% . Inner
detectorTMenergy lossH 5ByZ . Inner detector&Muon
spectrometerzcombinelL TmomentumZ 8| %€

* sleptonDIFEIZD A iED A EE

201348 H7H EAAES FHFYEFOERE2013

30



ne»r-=p»

vertexZiE &

* Pileup&X AT HT=6. muonhidhbHvertex|ZD

WTHOAIERZEITOTLNS

— ZFE7%backgroundldmis-reconstruction. & & H X

&EDhadronic interaction.

E TT ‘ TTT | T T T 17T
5 10 ATLAS =
(1 preliminary -
m_ 1 fs=7TeV
(o E
ILdt =44fb’ ;
107y 1
107E
10°¢
WWWWWWWWWWWW i
-1 0‘4 1 1 | I | % 1 1 111 Iﬁ 1 Il L 111
1 10 10° 10°

cT [mm]

RPV modelT@exclusion limit

Displaced Vertex

*  Primary vertexmM 5 mm~ #10cmEfi7-

=

&R BEH A Dbackground
MDi54E . vertex masshi/NaE<
H571=8. signal& 4 Bt vl gk

10°E

Vertex mass [GeV]

10E

oo B

ATLAS -

preliminary :

Signal region {s=7 TeV

[l II""“II o
X IIan

det z4.4fb" ]
WData 2011

Signal MC

3 4567810 20 30 40
Number of tracks in vertex

Sample my o mgo <}’ﬁ)j‘|3' CTMC i
[GeV] | [fb] | [GeV] [mm)]
MH 700 | 66.4 | 494 1.0 78 3.0x 107
ML 700 | 66.4 108 3.1 101 1.5 107
HH 1500 | 0.2 494 1.9 82 1.5% 107>

RPV bench mark model®parameter
201348A7H EMMRE RATFYEFOHEE2013
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Tracks

=\

n»r-=i>»

Disappearing Track

 Anomaly Mediated SUSY Braking (AMSB) model

— Mass of Bino:Wino:Gluino~3:1:8
— NLSP,LSP>wino-like, Am(~chil+ -~chi10)~150 MeV =» chargino® F @

[£~0.1-1 ns & O(1-10) cm

i ERRIRHERTHD
=@ .. [RTERESCET
'5 Y e Disappearing track&L T

g ——  BAZh3

TRTTHOEKXE

neutralino 4

108 T T | T T T T | T T T T | T T T T ‘ T T T T | T T T T
107 —e— Data({s=8TeV, |Ldt=203 fv') ATLAS Preliminary
5 SM MC prediction
10 E m,. =200 GeV,,, =0.2ns (Decay radius < infinite)
10° m. =200 GeV,t, =0.2ns (Decay radius < 563 mm)
4
10 o o0,
10? - 0:-0'0l0 .
0? ’ *
1 H .
10 3 +
1
N Y ?/P L1
10—2‘”/|‘...|,,.‘,“...|....
0 10 20 30 40 50 60

Ngr

20134&5H25H

&TRT hit¥ D 7%
Nigr<BZEEKRTHL

TsignalZenhance

BT 5T

q

~+
X1

Event%
triggerd 4%
-8ISR-jet
Z=F A

Lepton veto

Leading jet pT>90 GeV
MET>90 GeV
minAg@(jet, MET) > 1.5
High pt track
Disappearing track
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Tracks / GeV

Data / Fit

ne>r-=>»

« 8TeVTOAEMNHER
Track pt spectrumZbackground&signal M shape? {E > THit
F %ibackground(faketrack&hadron track

AMSBH 5 F Bl B 5 L track pt regionZIFE & [FexcessldZEL
« pure AMSBZZ&E Z =15 & . m(chargino)<270 GeV#&exclude

1 05 T T T T T T 1] T T T T T T T 71T I Ldt=20.3 fb—i, \s =8TeV tanf=5u>0
L. —e— Data — 200 ST U LR .
4 ATLAS Preliminary Total background % 5 Observed 95% CL limit (+1a,,,,)
10 Interacting Hadron s B i\ | e Expected 95% CL limit (+1¢,,)
! Tev. lLd P p_-mismeasured track =_ s ATLAS (15 = 7 TeV, 4.7 fb, EW prod.)
1 03 I\s =8TeV, t=20.3 " Electron éx 190 [ LEP2 exclusion
""""""" MP_O_” 200 GeV, = 0.2ns 4 B Theory (Phys.Lett.B721 (2013) 252-260)
102 % e g M, =300 GeV, 7= 02ns B Tz Swbe’y,

e m _SOOGeV'c _10ns

180 ATLAS Preliminary
170

160

150

1_5; O i i FER AS L ¢ | e 140
q

0.5 L
| | | 1 ? 1 L1 | | | ]' lll l 1 1| — < < = = = =
0 20 30 4050 100 200 300 1000 100 150 200 250 300 350 400 450 500 550 600
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e  Am=160 MeVI(Zlife time~0.2 ns|ZHH

« 14 TeVTlchargino mass 500 GeVE £ & Tdiscovery/exclusion potential W& 5 &
HEE

det=2o.3fb",\s=sTev tanf =5, 1> 0
iy 0 a0 7700
%_ 10 z 7 N Discovery, 20 fb°
o T e . Exclusion, 20 fb™'
i ] " Discovery, 100 fb™
i ] Exclusion, 100 fb™
] i \'s =14 TeV
1= =
| L " ATLAS Preliminary |
‘‘‘‘‘‘‘ Observed 95% CL limit (1 Gmw)
e ......... Expected 95% CL limit (+1 o,,.)
10 g 57 0 ATLAS (15 = 7 TeV, 4.7 b, EW prod.) | | | | |
L e e 100 150 200 250 300 350 400 450 500
100 150 200 250 300 350 400 450 500 550 600 . . . me[ eV]
m.. [GeV] chargino mass vs. life timeTT®
chargino mass vs. life time T discovery (50) reach&exclusion limit

exclusion limit at 8 TeV Mexpecation at 14 TeV




Stopped Particle

e B<<1(MR-hadronMienergyZxkh>T.  EHIJ/MATILEFEY, LIX
H{LTh bdecay T DIETTIER
* Collision backgroundZ 59 1= empty bunch Ttrigger
— empty bunchZ {5 & T, proton/bunch < 108 (filled bunchTl&10%%)
E 7ibackground (X5 B #f &Beam halo

Lil,

T T T
1300 froreopmesebornicon b L e Expected 10
ATLAS Preliminary : xpected o
: - : : : m— (Observed
120050 b1 @ /s=7TevV - =  Expected
2201 @ 5 = 8TeV .
1100k Live time = 380.3 hours
g— g/aa+
,3 1000 L-... Mo = 100 GeV
;’ ) Generic, Leading Jet Energy = 100 GeV : i i
w0 : : : : : : : :
3 : T EEGAIR
g 800 --g -~ data taking
B ol oI .| preriodm b
&) d : REY ~F
= O : : . -~
i %ﬂ% Fll'-'{ﬂ“ (i GO0 e e B .
 bunchfEifan s | —
| sechio, 400 i i i ] ] i L L
_ 10-8 107" 101 10-2 107 10? 101 108 108

Gluino Lifetime (seconds)

20124 |CATLAS THRH St f=signal Gluino massclifetimel %9 &
i exclusion limit
candidate event
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Other Exotic Signature

* RPVDIHZE . LSPICKDHRIRILE—DE0.
KOYITHRGRIREZF AL TERER
— multi-leptons

 neutralino®decayM b D4-lepton+MET
(CDIZEMETHY)

— multi-jets
« ~g pair productionMM b MDdecay - 3jets X 2, 5jets X 2

— resonance

« RPVZZi5single particle production MBI BEIZ7ZL B T=8 . $RIRBED HI
F CTmassZHE & TITTDSUSYHFIF D massZE FB4& Rk vl E

201348 H7H EAAES FHFYEFOERE2013
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« RPVTHAHZEIZLY. naturalness®
SN RS

e F1=MET based search TstopHh\FE R
HETWEIST-FAIEEEEZEE

Event selection

« single particle AR 8
« LSPAYunstable TSM particles
[ZHRIR

1s=8TeV, [Ldt=19.5b"

* 3-leptonl L (tauz =) 2 i

° ST (M ET, j et pT, | ept On pT 0) :}j 1 02 BERSRSRERRHNAHHA
scalar sum)z AL\ Tsignalz

enhance 10

R0 SRR
0-300 300-600 600-1000  1000-1500 >1500

Search Region: SR1
—4— Observed

@ Bkg Uncertainties
- Misid. leptons

[ a

.
Tatetetetets!ate% %%




CMs

Vs=8TeV, [Ldt =105 " CMS {s=8TeV, [Ldt=19.5b"

S“ l ‘ T T T T | T T T T | T T T T | T T T T | T T T T ‘ T T I_ ; _| | T T T T T T T T | T T T T | T T T T | T T I_
Q  Stop RPV A ] = Stop RPV -
o 1200 i observed 05% CLs Limits = 8 1200~ obse)nﬁ 95% Cls Limits ]
= T — Theory uncertainty (NLO+NLL) ] = B —— Theory uncertainty (NLO+NLL)
g 000L o e e e g £710001- s et e Cls timis
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400 - 4000 —:
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oonf- : mass Cdexclusion limit
500F =
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: EPS 2013 [Ldt=(4.4-229)fb" V5=7.8TeV
Model e 7.7 Jets EI® fram] Mass limit Reference
MEUGRACMESM 1] 2-6 jels Yoo 203 migl=riig] ATLAS-COMF-2013-047
MSUGRACMSSM 1en JEjets  Yes 203 any mig) ATLAS-CONF-2013-082
MSUGRACMESM ] TADjets  Yes 203 any mig) ATLAS-CONF-2013-054
q'q i ] Gjels  Yes 203 miF) -0 Gav ATLAS-COMF-2013-047
G ] 26jels Yes 203 mii} =0 Gay ATLAS-CONF-2013-047
gg,g-.qqh - 71 e JGjels  Yes 203 miFY 1<200Gav, miT* =0 Sim{F] 1smiE) ATLAS-CONF 2012062
ER—aaaatt(f )?‘] 2ep(58)  3jets fos 207 miF =650 Gal ATLAS-COMF-2013-007
GMSE (¢ MLSP} 2ep 24jels  Yes 47 tani=15 12084688
GMSB ({ NLSP) 127 0-2jets  Yes 207 tang =18 ATLAS-CONF-2013-026
GGM (bino NLSP) 2y 0 Yos 48 miT] =50 Gev 12090753
GGM [wino NLSF} Teus+y i Yas 48 mif1)=50 Gev ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) ¥ 1h as 4.8 mi] )220 Gav 12111167
GGM (higgsino NLSP) 2ep(Z) 0-3jets  Yes 58 miHy=200 GeW ATLAS-CONF-2012-152
Graviting LSP o mono-jet  Yes  10.5 miE)= 107 gV ATLAS-CONF-2012-147
g_.bii” 0 b Yos 201 miF} <600 Gay ATLAS-COMF-2013-061
g—orﬂa 0 T-0jets  Yes 203 miF]) <200 GV ATLAS-CONF-2013.054
g_.r&,“ 01 e 3k Yes 201 miFld0n Gev ATLAS-CONF-2013-061
FbEF| 01 e R Yes 201 miF} <300 Gy ATLAS-CONF-2013-061
Byby, by — b o 2h Yes 201 mif{1<100Gay ATLAS-CONF-2013-053
by tE] 2epx(38) 04b Yes 207 miF] =2 i) ATLAS-CONF-2013-007
E Hy(lighty, f—biT 12ep 125 Yes 47 mif]]=55 GeV 12084305, 1209.2102
F Ealighty, 1 — WE] 2eyp 0-Zjets  Yes 203 mik]] =i J-miW-50 Gy, miF ) <<mif]} | ATLAS-CONF-2013-048
£ By (medium). ri-ud’ 2ep 2 jets Yas 203 mii{ =0 Gav ATLAS-CONF-2013-065
# Ey(medium), -obh o 2h Wes 2041 w1200 GaV, mif] it =5 Gal ATLAS-CONF-2013-053
T Ty(heavy), q—»tx.b Teu 1k ¥as  20.7 mik] 1= ey ATLAS-CONF-2013-037
T Tytheavy), i —tk) o 2h Yes 205 miF =0 Gav ATLAS-CONF-2013-024
B Boet? 0 mono-jetic-tag Yes 203 miky i} <85 Gav ATLAS-CONF-2013-068
T Iy (natural GMSE) 2e,puiZ) 1k Yes 207 miF] =150 Gay ATLAS-CONF-20M3-025
Bl h—h+ 2 depilZ) 15 Yes 207 mit: bemi 180 Gav ATLAS-CONF-2013-025
FurfL R z_.cn Deu i} Yag 203 miF])=0 Gav ATLAS-COMF-2013-049
JE L (] 2ep i Yes 203 mif] 1=t Gav, mif, 7=, 5[m¢x.1ampﬁ'n ATLAS-CONF-2013-043
JE ] 2t ] Yes 207 ur‘h-nc.w e, E=05im(E ymii i} ATLAS-CONF-2013-028
—»err r{w} L) e ] Yes 207 i I=miE2), miE)=0, mif, Fi=0 SmiE lemiin ATLAS-CONF-2013-035
atI}Z‘Jn dep ] Yes 207 miF j=mid), miit)=0, sleptons decoupled | ATLAS-DONF-2013-035
Direct ¥y 7 prod., long-lived &7 DE-NJD\ et ¥es 203 mif] i =180 MeV, 7(F] =02 ns ATLAS-CONF-2015-069
Stable, stopped § R-hadron 1-5lels  Yes 228 mif] =100 Gav, 10 jm<r(§)<1000 5 ATLAS-CONF-2013-057
GMSE. stable ¥, .r°—u!{a A)eele) 1 ap ] - 188 D<tang=50 ATLAS-CONF-2013-058
GMSE, £, long-lived o Yes 47 D4<r(])<2 ns 1304.6310
Ki—qqu (RPY) ‘ # ] Yes 44 1 mimcer=1 m, § decaupled 12107451
LFV pp—+¥; + X, #r—e +p 2ep ] . 46 Ay =000, y3: =006 12121272
LRV pp—it + X, ¥r—elp) +7 1eu+r ] - 4.6 Ay =010, yzsa=0.05 12121272
Bilinear APY CMS5M 1en 7 lets LcH 4.7 migi=migl. cresps1 mm ATLAS-CONF-2012-140
JET],P-;WP’,I"’-»;@?,, euv, dep ] Yes 207 m(F})>300 G, 4z >0 ATLAS-COMF-2013-038
FiRL A = WH F =i, e, $opsr a Yes  20.7 mITL1=B0 GeN, 433120 ATLAS-CONF-2013-038
E-rqaq ] 6 jels - 4.6 12104813
E—hr h—sbs 2ep(88) 0ab  Yes 207 ATLAS-CONF-2013-007
Scalar gluon ] 4 jets . 4.6 incl. imit from 1110.2693 1210.4826
. WIMP interaction (D5, Dirae y) ] mono-jel  Yes 105 miy <80 GeV, limit of<BAT7 GeV for D& ATLAS-COMF-2012-147

“Only a selection of the available mass limits an new states or phanomena is shown. Al limits quoted are chserved minus 1o theoretical signal cross section uncertainty.
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Plan for 14 TeV LHC

e 13-14 TeVTDLHCEER
— bunch spacing 50 ns 225 ns
— peak luminosity 2-3 X 1034 cm2st | 1[BIDE — LB ZERFED FH K
1%k p~69
e 20204 F TIZ300 fb! (Phase-)
e High Luminosity LHCTT3000 fb! (Phase-Il)
— L=5X103*cm3s?, u~140
* PDFIZd&k Bhigh mass particle@cross sectionD 50
« — A TpileuplZkBresolutionDEBALLE
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Trigger@14 TeV

 High massMSUSY$E & Tldvs=14 TeVTDtrigger

thresholdD LR IZKBAHEEILIZTLEAELLY

e +=-FL.#EEL-model®®°METH LD TILE

L5

TELVEE
— EE:E\ EE.IEE:I

L=2 % 1034 cm2s-1CMDtrigger threshold® % fl{iE

| lthreshold | Offline threshold

single electron (pT) 28 GeV 33 GeV
single muon (pT) 20 GeV 25 GeV
single jet (pT) 100 GeV 250 GeV
pure ETmiss 60 GeV 190 GeV

2013458258 HreE o a5
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Stop Search@14 TeV

e Event selection (for t+LSP)

20134&5H25H

1-lepton (electron or muon)
p>25 GeV

4 jets p;>120,100,50,50 GeV

At least one b-tagged jet p;>40
GeV

E,Miss>225 GeV
m+(lepton, E;Ms5)>140 GeV

Optimum 1st, 2nd jet p;, E;™s,
E.Mss/VH,, m; cuts for each
signal point

[GeV]

M_o

ATL-PHYS-PUB-2013-002

300 fb-1Tlkstop>t+LSPDIBA.

stop mass 800 GeV (LSP mass ~0

GeVDEE) FTHREDAIREEDHY
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:Illlll\.l I!IIII“I'IIIIIIIIIIIIIIII

I
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E mmm 3000 ft” discovery reach

E—300m" discovery reach

TLAS Preliminary (Simulation),\N's=14 TeV

~ ~0 .
t, =7 (m_>>nm): 1-lepton (eu) +jets
' 3000 exciusion 5% C.L. ™0 0 Ay (M. >> M) T-lepton (e41)

mt, > b4 (m -m,. = 20 GeV): 24epton (ep)

[ t+zj (m_>>m) Vs=T TeV, 471"
X

p . W, =

e 7 et 3

v s ", 3

. ) i i
A5 RSP A =
L Sl , 3
/ g‘ -
(“f‘ v =

. —

* -

* -

'o‘ -
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e ]

| ] =

* -

L1 | | .| |'J L1 : I L1 1 1
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m; [GeV]
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https://cds.cern.ch/record/1512933
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https://cds.cern.ch/record/1512933
https://cds.cern.ch/record/1512933
https://cds.cern.ch/record/1512933

Events / 200 GeV

Squark, Gluino Search@14 TeV

* Vs=14TeVTODFHRBREDF A
300 fb-1TlEsquark mass 2.4 TeV,

 Event selection gluino mass 2 TeVEREECE B 0
— No electron or muon (p;>20 GeV) A EettdpY

— At least 4 jets p>60 GeV
— E;™s5/VH;>15 GeV?/?

Squark-gluino grid, m _ = 0. Vs=14TeV METAHT>15GeV "

— Optimum Mg (E;™ +H;) cut for 3 4000F" =77 7777 T T T LT T e g
5 — . . | . : . | . | . . . | . . — (D L - BN 3000 fo discovery reach _| 3 O
107 E L . . E — = L 300 fo ' discovery reach |
= ATLAS Preliminary (simulation) 3 > = % _ 4 = 1072
C . E 3500 - - W W ¥ 3000 fio ' exclusion 95% CL_| =
1 04 ;_ 'll'g =Z'|4>‘-|;GV (simulation) _; : ’t‘ = = = 300 fo " exclusion 95% CL : E
c tf semileptonic 3 B B _ 103
L o ) ] 3000~ =B
107 -=+:m(§)=3200 GeV, m(§)=3200 GeV3 - 1 3
= 1anm(Q)=2800 GeV, m(g)=2400 GeV = = -
= - - o R
1022_ .ﬂll..:r----'l-lb.=1I _§ 2500__ —_ E 10
E ok . = L = -
: I:‘ 1: : = —| _
10 i 1 " = 2000 £n, sys=30% 1 =103
E : L L bk T = L .. . | —| 3
- e = . L ATLAS Preliminary (simulation) 1 3
1 = =1'E::“r“. | | ‘i.-!'ql.'."} IE 1500: | I I I | 1 7 -6
0 5000 4000 6000 8000 10000 2000 2500 3000 3500 4000 10
Mg [GeV] m; [GeV]
M A5t Deuti& 5 ]

Simplified model T % Bl &% E
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- INFEDERBERIOHELI-FAIE
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EWKino

StDpSbeOttClmS EHE-LHC33 300 fb-1

"HL-LHC14 3000 fbt
" LHC14 300 fb1

Squarks/gluinos

0 1

2 3
Mass Reach, TeV 6
CMS Submission to the European Strateqgy Preparatory Group

4 5



http://indico.cern.ch/contributionDisplay.py?contribId=144&confId=175067

e Vs=14 TeVTAOEW

gaugmow%ﬁlu&. 300 fb-1Tl&neutralino2, chargino
e FEvent selection mass 540 GeV (LSP mass ~50 GeV
DEE) FTTRRERDOAREMEHY

— 3 lepton pT>10 GeV, at
least one lepton pT> GeV

~ no b-jet = 70 ATk R e 2

. . @) - Vs=14TeV S

— same flavor, opposite sign L 3000 fb™!, 95% exclusion limit d

. ? 600__ == 3000 fb™', 5 discovery reach 1T =

lepton pair mass > 20 GeV = = =seams 300 fb7, 95% exclusion limit A

] S 500} — 300 fb“, 5c discovery reach S

— E,M>150 GeV : RS

L : 400 1078

— Multivariate of E;™5, mT, - E
300

lepton pT, mil, pT(ll), - 10_22

‘ 200 5

2pT(jet) i 5

100 i

= 10%g

100 200 300 400 500 600 700 800 e

%, and¥, Mass [GeV]




Summary

* LHCVs=8 TeVTMDSUSYIERIZE L\ TZ D Ik
izl
* Higgs 126 GeVZ&E 2 HEEELSUSYITEEL 25
ANBEFARE
* Naturalness (large |A| term): light stop
* Gaugino sector

e« WFMNIZH K. LHCVs=14 TeVTHINFETD
BEHTZ BEE Z Ttopology basel ZIEFR
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