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Introduction

The July 4th discovery of a new
boson opened the new research
line at the Energy Frontiers

1= Unraveling the Higgs-like boson nature is
the major effort at CMS

A Higgs Boson—
The Higgs Boson—
The SM Higgs Boson

5/5+8) Wesghted Events [ 1.5 GaV

1= The SM begins to unravel when probed
beyond the range of current accelerators

2011-12 1= 78 TeV

m search for BSM physics

i Qutline

- Higgs sector measurements

> SUSY searches;

m Dark Matter search in pp-collisions
> other BSM searches

S. Ganjour Higgs and BSM Physics at CMS 2



LHC Performance 2010-2011-2012 ﬂ

15 Stellar performance of the LHC
- extremely successful opera-
tion for these 3 years

w7 TeV collisions are started
in March 2010

b ypgraded  center-of-mass
energy to 8 TeV in 2012

1 Available dataset for the analy-
ses with all subdetectors on

I 7 TeV: §51 fb_l
m 8 TeV: §196 fb_l
w high detector efficiency

LHC restart in 2015 with a
collision energy of ~13 TeV
and increased beam
intensity

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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Observation(ICHEP)

V/$s=8 TeV: 25-30% higher cross section
than /s=7 TeV at low Higgs boson mass
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Detector Layout and Subsystems

ﬁ
/

Silicon Tracker
Microstrips/Pixels

Superconducting
Coil (3.8 Tesla)

ECAL Barrel
PbWO, crystals

Muon Barrel
DT/RPC

HCAL Scin./brass
sandwich

ECAL Endcap
ES Preshower

Muon Endcap
CSC/RPC

S.Ganjour

Higgs and BSM Physics at CMS



Data and Reconstruction Challenge a

CEA - Saclay

CMS Average Pileup, pp, 2012, Vs = 8 TeV
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1 Excellent performance of the CMS experiment in 2012

150

B
(=)
T

m 90% of recorded data with all subdetectors on

w peak luminosity 7 x 10%3cm ™2™
at 8 TeV CM energy

w mean pile-up (PU) 21 events

Recorded Luminosity (pb '/0.04)
w
o

e 5 40 45 20 2% 20 5 o’
Mean number of interactions per crossing
= Particle Flow (PF) algorithm: r T T T T T T T
Legende :
. Muons b
w provides a global event de- Electrons A
e . R ko PR \
scription in form of list of e ® 0
particles

™ improvements In jet, tau

i Trajectograph f T
and E7" measurement . S
. Calorimétre '\ T
: W) étecro- /4
Improves reconstruction e e Amans
7 nansverse i (su ducteurs)
performa nce at h |g h PU Wl:d._. CMS hadronique  HPrACONCUETEEEs ——— Chambres a muons
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B

4 PU Control >,

- Saclay

29 distinct vertices have been
reconstructed corresponding to 29
distinct collisions within a single
crossing of the LHC beam

Leptons and MET are almost
insensitive to pileup

a{ LHC CERN
hulApr 505:47:32°2012 CES

CMS preliminary 2012

T T 1 ‘ T 1 T 71 ‘ T 1 T 171 ‘ T 1
. CMS preliminary Run2012 ¥s=8 TeV %' - —=— MVAPFE, data . 5
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_— ] - CombRellsoPFdB<0.2 | ] O, 7L = MVAPFE simulation 1

S ook E 1 1: 1~ [ — No-PUPFE, data . ig% .

E ' Eére—o+0-0i0. o, , i E T ] EbL | —— No-PU PF E; simulation i ]

] o.sg e g E 1;4 i L T ] 20f+PFETdata 7

0'75 E i i s T S SR P PP ] I —=— PFE; simulation .

06F - E C ] i N

o5k tlectrons E 0.9) . e 1

0_4§ Barrel ET >.10 GeV ; E MllOHS E - ?;;% %,

03k . E 0.8 . i ]

3F =s=Data E r ]

02F & B ] 107 552;7

2F DY (MC) - B — ] -

0.1F = 0.7 - P >20GeV -4-Data ] PPy ]

2t TG SUUIN DU SUNDN U S . E C 4-DataMC 5 | | | | ]

58 = Sn ol di A e e A > R E [ ] Ll Ll Ll Ll Ll Ll Ll

g E E 1.4 [™ ]
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Precise

SM Measurements

4B
%

CEA - Saclay

CMS

CMS Preliminary,\s = 8 TeV

Nov 2012 =
— — - - — CMS prel. (e/p+jets) 228+ 9% £10pb
Q E I I E TOP-12-006 (L=2.8/fb) (val. + stat.+ syst. £ lumi)
o — W : | $ 7TeV CMS measurement (statsyst)]
—_ | : |
- H . ]
5 ' f ' 8 TeV CMS measurement (statlsyst) &
= 100 —o—*¢ 5 Z | E o = CMS prel. (eeipep) 227+ 3+11£10pb
bQ =E : ! —— 7 TeV Theory prediction 3 TOP-12-007 (L=2.4/fb) (v sat sys = o)
N —_—— L. -
| :—1J : ! —— 8 TeV Theory prediction _
- 4 = T ! ] & 5
g 10 E ! o 5‘11 ! = CMS prel. combined I 227+ 3+11+10pb
— > J H = == (val # stat. syst. lumi)
- — 1 = 1
+— — =0 i [ N
5 =N T : : =
@ - 22 | 5 | T o
3 ' R ' ' ' NNLO+NNLL QCD, Czakon et al., arXiv: 1305152205543(52;3()2012’
N 100 =3 - LWy | i = ot sseo GOty
= : = Approx. NNLO+NNLL QCD, Lan . PRD 80 (2009) 054009 (Scale [) PDF uncertainty)
(’) — ! . ! B ! ! —] [ Approx. NNLO+NNLL QCD, Lang .. PRD 80 (2009) 054009 (Scale uncertainty)
7)) = —0— : >3j , o Zy | : : i \ \ \ \
o ! >4i r : ! : : C 0 100 200 300 400
5 102k ; 24 _T : —Oo—wwwz WW ] o) (ob)
c = T : 24 . T o— O L‘ WZ —— t-channel single top quark production
— ’ ! ! : : : [ = T T .
. C_D . ' . : : : 77 v = i ®  CMS preliminary, 5.0 fb* ]
= jet —0— = i
S 10k : EX > 30 Gev | EJ>15GeV ! ; ; b o ek 7 aepmes .
= i | : : | g Y DO,54fb E
=} = jet . . -0 ' A CDF 751" ]
© = In™ [<24 1 AR(y)>07 : - ; , 1
o — 1 1 1 H 1 —1 T
[ — 1 1 1 1 — N
1 1 1 1
D— l — . . . 1 1 _1: —] 10 S NLO QCD (5 flavour scheme) =
= | _ . . 50fb 49fb L 49ft TS g — ]
— ' b 1 ' fb 1 ' 1 ' =] theory uncertainty (scale [ PDF)
: : 36: 19 p : 50 : 35 fb'l 53 fb'l: : Campbell, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042 |
_PAS- 11 | NLO+NNLL QCD N
JHEP10(2011)132 CMS EWK-11-009 CMS-PAS-EWK-11-010 (WZ) 1k oo ety (scale  POP) E
JHEP01(2012)010 CMS-PAS-SMP-12-005 (WW?7), g Kidonalis, Phys RewD 83 (2011 091503 ]
CMS-PAS-SMP-12-011 (W/Z 8 TeV) 007(2Z7), 013(WW8), 014(ZZ8), 015(WV) T T N R N ]
0 2 4 6 8 10
Vs [TeV]

1 Good understanding of the detector and accurate theory predictions

m precise measurements of the SM processes over many orders of magnitude

m ocood knowledge of the background to Higgs analyses and BSM searches
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Higgs Boson

Higgs Boson
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The Standard Model Constrain ﬂ

CEA - Saclay

= Standard Model (SM) is confirmed

to better than 1% uncertainty by
Colliders left I|tt|e space

100’s of precision measurements o 805 T
fr L [l 68% and 95% CL fit contours || miin Tevatron avérage = ]
1> Higgs bOSOH iS the On].y O, B w/o M,, and m, measurements - 7
. . . E; 80.45 — 8% and 95% CL fit contours ]
missing piece of the SM - w/o M, m and M, measurements ]
80.4 N M,, world average + 1o / ‘ ]
1= Mass of W boson is a fundamental T E ges| 3
parameter of the SM: 80.35 / -
B d .
. T 1 C P ]
My = Gpﬂsin OW\/ 1-AR 80.3 — ]
ati - ~ 4% 3 :
Radiative corrections AR ~ 4%: 80.25 | | e
_| 1 1 1 1 1 1 |’1' 1 1 1 F‘-l E 1 1 | 1 1 1 1 | 1 1 | |_
140 150 160 170 180 190 200
m, [GeV]

Indirect constrain from precision
EW measurements

AR ~ m} AR ~ logmy my < 169 GeV at 95% CL

(standard fit)

my = 80385115 MeV
(World Average - Mar 2012)

S. Ganjour Higgs and BSM Physics at CMS 9



Higgs Boson Production ﬂ

874 % C1B6NV 714 1o —
q q 2 r \s=8 TeV E%
& W, Z X 10l —;
gg fusion: > """ H  WW,ZZfusion: ¢ H ? E E )
8 W, Z & 7 ]
© 1= =
,, q
4.9 % 0.6 % ]
9 W.Z g oo t 10°E =
W*, Z*ff;f/ C
W,Zstrahlu/ng>w tt fusion: [ ------ H 102 = | | N
q H 80 100 200 300 400 1000
g o 7 M, [GeV]
iz goH production is dominant iz VBF has clean signature
> |arge k-factor (~2) but low rate
> associated jets are emerged due to m low k-factor (~1.1)
soft gluon radiation at NLO - associated with LO jets primarily
m |arge theoretical uncertainty = |ow theory uncertainty

S. GCL’I?jOUT Higgs and BSM Physics at CMS 10



Higgs Boson Decays

Eg

Very rich mass region but

also very challenging...

1= 5 decay modes exploited:
Y, LZ, WW, T1,bb

1 2 best mass resolution decay
modes (~1%): vv, ZZ

iz Also includes searches in
H — 7~ decays

Branching ratios

LHC HIGGS X5 WG 2010

Decay Exp. Sign. oy /M
at 125.7 GeV

H— vy 3.9 1-2%
H—Z/Z—4l 7.1 1-2% 10-3 ! L1 ! I AN |
HOWWosoly 53 0% 100 120 | 140 160 180 200
H—bb 2.2 10% M, [GeV]
H—rr 2.6 10%

S. GCL%jOUT Higgs and BSM Physics at CMS 11



H — v~ (HIG-13-001)

A discovery channel at Ay~ —Aw /5

¥
low masses

= Low signal rate B ~ 1073

w decay involves virtual loops

m has negative contribution
from the top quark loop g

CMS Experiment at the LHC, CERN

I@ Clean Signature in the detector h Data recorded: 2012-May-13 20:08:14.621490 GMT

Run/Event: 194108 / 564224000

w identified as a narrow peak on
the top of continuous background

1= |nteresting for beyond the SM scenario of

EWSB (2 HDM) and new physics effects

Good performance of ECAL and photon
reconstruction are cornerstones of the
analysis

} - - -

S. GCL’I?jOUT Higgs and BSM Physics at CMS
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H — ~v: Event Classification

N
3l
I

<
. O C B Gluon Fusion
= The MultiVariate Analysis (MVA) classifies S [ ==
. . . S 20— :g:hape Systematics
with a high score events with: s [
. . . - 15
> signal-like kinematic characteristics; i
10
=> predominantly giving high score :
. 5
to high pp"7 g
. . 0= e
m ocood diphoton mass resolution; 0 di_‘;ioton BD1T'°
Il 2 photon—llke Values from the photon < x10°  MC 53 Diphotondets + Photonets + Didets / Data ¥5 = 8 TeV L = 19.62 b’
. . . O 60__ —§— Data
identification BDT S L . e
"GC_'; 50 :_ @ ::;)msr;lg-Prompt .
. . ) o C . pe Systematics
1= MVA input variables are designed S | .
. o 40 / I I
to be mass independent .- .
: : : I I
= Fit m(7y7y) in each of 9 categories: L]
. . F I I
m 4 diphoton M VA categories 10 |
o0 ° (0] L 1.
w2 dijet-tagged categories 1.0 05 0.0 05 1.0

di-Photon BDT
w 2 lepton-tagged categories Divide pre-selected event

sample into event classes based
on MVA output

S. Ganjour Search for the SM Higgs Boson at CMS 13
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H — vyv: S/(S+B) Weighted Mass Spectrum ﬂ

CEA - Saclay

(D) —_ CMS Preliminary —— Data . _— % E CMS Preliminary - S/(5+8) Weighted Data Residuals
Q) [ (s=7Tev,L=51f (MvA) :;BFFi'ttCom S O 200F {s=7Tev, L=5.1 fs (MVA) Fited Signa -
L().4OOO B \E =8TeV,L=19.6 fb‘l (MVA) |:| +1gO p _ L()- - vg =8TeV, L=19.6 fb-l (MVA) I:I +10 Stat+Bkg ]
— - ] — L PR _
-~ i I +20 ) — 150 - B 47 g stateBkg -
- - - c ]
) L | " |
3000 1 g) 100 , 1
L i ;] w s , ;
8 i ] 8 50 e S
=2000- — = 4
o 1 o
~ 1000} 4 = - a0
m i s m -50 .
('}') i ] ('}-) 5 - i
:/ O _| 1 | I N | | 111 | I I | 111 | [ ] :/_100 X 1 1 | 1 1 |_
N 110 120 130 140 150 N 120 140

my, (GeV) m,, (GeV)

1= Signal over background ratio in the combined mass spectrum is driven by worse categories
(endcap and/or converted 7)

Event weighted mass spectrum w.r.t. expected S/(S+B) assuming the
best fitted signal strength makes the peak more pronounced

S. Ganjour Search for the SM Higgs Boson at CMS 14



H — ~v~v: Results ﬂ

CEA - Saclay

CMS\s=7TeV,L=5.1f'\s=8TeV,L=19.6fb"
m 1 EI T TT | T T 1T | T T 1T | T T 1T | T T 1T | T T 1T | T T 1T | T T 1T
3 E' - Ny [} o o
C_G P : !"! MET -l CMS preliminary
> - : ' 1o — Vs =7TeV, L =5.1 fb (MVA)
1 103 LN T 1D Electron [ VS =8TeV, L = 19.6 fb (MVA)
Qlo = Y 4 N\ b T E -
SR o AT = Muon > —l- Event Class
C_G ------------ . :20- . — q) T 3 combined
&) S = Di-jet loose I— m,, = 125.0 GeV
E 3 : — o/ag, = 0.78+0.28-0.26
3 10-2 E_ :. "': _5 D|'Jet t|ght w "."‘
- } ~",f Untagged 3 B -
B H 2 130 Untagged 2 | 1 1
10° - vj S 5
- . -, = Untagged 1 I
i'*.‘ S - - ,"' i Untagged 0 i
4L Q\Q DT - R _ Di-jet R s
10 g .. —— H-yy obs. 3 ontacaed 3| >
- e ~-*]=== Exp.for SMH 340 nmagged s b N
B Ytanaa=*” _ 7] Untagged 2 I_ —H
105 Avre o[ \Ns=7TeV _| L
§ CMS preliminary (MVA) | ... \s=8Tev E Untagged 1| ™~ W
I 111 | L 111 | L 111 | L 111 | I I I | ] Untagged 0 .
110115120125130135140145150 S T .
m., (GeV) -10 5 0 5 10
H ( Best Fit o/o,,

1" Best fitted signal strength at 125 GeV
o/osy = 0.78 4+ 0.28 £ 0.26

15 Excess around 125 GeV appears consis-
tently in 7 and 8 TeV data

Consistent with the SM expectation within uncertainties

15
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H — Z(ll)y, | =(e,u) (HIG-13-006)

CMS Preliminary

H—=2Zv

{s=7TeV,L=5.0fb"

1600~ Is =8 TeV, L=19.6 fb"
1400 - Electron + muon channels
E —@— Data
= B(H — Z~) comparable to B(H — v7), s  bgonationel
. (5 1000—_ —— 9Igna mH= ev X
but B(Z — 11) suppresses signal by ~20 ok =10
2 so- 20
1 Search for a narrow Iy peak on top of a falling & o
background 400
_ 200 8
m events are classified according to topology o . B
00 110 120 130 140 150 160 170 180
of the leptons and the photon, and the m,, (GeV)
photon shower shape 5 O Ra T T T
: O 355 s=7TevL=50fbk TObS?ravned =
m main backgrounds are pp—Z~ and DY O ariomam o Mesmseme
. g._l 30; Electron+mu§n channel$ """ Expected;Z o E
Albeit H — Z~ has not yet reached the SM oJPE VR R S — R—
sensitivity to distinguish SM from background, & =g \ e =
cuirrent limit excludes number of models with & 5 \ .- E
extended EWSB approaches 0 “\\/‘v‘\“
B R =
0 125 10 1B 140 145 150
my (GeV)
S. Ganjour Search for the SM Higgs Boson at CMS 16



H— ZZW, 1= (e,u) (HIG-13-002)

One of the best performing
channels in the whole mass range

Production cross sections

= 8F I
5 Clean signature - golden channel = 13
1 6f >
> [ow background; ﬁ 5F | s
= )
> narrow mass peak; % N é’
m |low branching ratio; [ 13
_ ° 1§ | : H—e'eee { ©
15 Extremely demanding channel for selec- 0500 126 500 300 400 500 600
tion, requiring the highest possible effi- mu [GeV]
ciencies (lepton Reco/ID/lIsolation) . pr of the 4 leptons
s VI
. - HoZZ®—4 E
= P o4 =
™ irreducible: ZZ(*) 006;_ ,_“_ Before the selection E _9
' = pr2 ?___: After the selection &
w reducible: 0.04} Ty 1%
Z+bb, tE, Z+jets, WZ+JetS 0_02% | o :E Z
Straightforward for spin/parity %50 40 60 =55~ G19/0
measurements and includes VBF pr[GeV]
channel
S. Ganjour Higgs and BSM Physics at CMS 17



H — Z7%) — 4l: Mass Spectrum

CMS Preliminary Ys=7TeV,L=5.11";ys=8TeV,L=196"

35 T T T T T T T T T T T T T T T T
S P T T T
. o - ]
CMS preliminary o 30 .Z+X .
> T T T T T T T T 1 — : . :
8 30} * Data \s=7TeV:L= 5.1fb? "g - I:I Zy 22 E
™ ] my=126 GeV s=8TeV:L=19.6 fb’ o 25 §
= O zy* 2z > - |:| m, =126 GeV
a B z+X Ll B .
GCJ I 20 7( ]
§ of ; ;
[ { ﬁ - .
[ Il - ]
ok } l I } 10
B ] | i H b 1 5 :_
e e l !} + L@y ]
R i TR | l
100 200 400 800 0 ——
m, [GeV] 80 100 120 140 160 180
m,, [GeV]
: 4-lepton mass resolution 1-29
15 411 expected events in 100-1000 GeV P L
. Channel de 4u 2e2u 47
5 451 observed events in 100-1000 GeV 7Z background 66408 | 138£1.0 | 181+13 | 385 £18
Z+ X 25+10| 1.6+06 | 40+16 | 8120
All background expected | 9.1+1.3 | 154+1.2 | 220£+2.0 | 46.5 £2.7
mp = 125 GeV 35105 | 68108 | 89+1.0 | 192+14
. . =126 GeV 39406 | 74409 | 9.8+1.1 |21.1+15
event yields in 110-160 GeV — —— T3 >3 = i
S. GCL’I?jOUT Higgs and BSM Physics at CMS 18



H — Z7Z%) — 4l: Angular Analysis a

CEA - Saclay

Decay kinematic fully described by
5 angles and 2 masses

CMS Simulation

Ity
o

— 22,2y
— J°=0" (SM Higgs)
— =0

- Jp=2+

'min

malized '
[T

%I\\u\\uu\\mM\\mmhmhm\uu\uu

0 010.2030.40506070809 1
MELA

Background Signal (my=126 GeV)

CMS preliminary {s=7TeV,L=51f" \s=8TeV,L=19.61b" (s=7Tev,L=5.1f" {s=8TeV,L=19.6 fo™
p ry

CMS prelimin:

¥ = Matrix Element Likelihood Analysis
1*° arXiv:1001.3396, Phys. Rev. D81, 075022(2010)]

—0.6

Prrg(mi, ma, b1, 02, @, 0%, @1|m4z)} -1

0.4
l MFELA = |1+
[ Psig(mi, ma, 01,0, , 0%, 1|my)

—0.2

£00 110 120 130 140 150 160 170 180
m, (GeV) m, (GeV)

?00 110 120 130 140 150 160 170 180
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H — ZZ%) 5 Al: Results ﬂ

Zoomed mass range

Jet categories to measure

Q) 11 E T T TT | I T TT | T T =
= 11(())'2? : é couplings
> .
;5_10'35 é Untagged (0/1 jet): use pr,/my (VBF ~5%)
— -4 . . . . . .
o :llgs Dijet tagged (>2 jets): use Fisher Discr.
ke -SE L é 0
10, SR (mj;, Anj;) (VBF ~20%) |
10 : BTTeuissib! B=STULSIOOm! g, CHSPemy foficooihBooten st
1 0-8 Observed m, L ~ CMS Preliminary ~m,, = 125.8 GeV =3 10; . 68% CL é
1 0'9 Observed m,, K_ - 8; D 95% CL é
-10 Observed m,, K, B fm, or V, 6 ® best fit 3
(== ¢
10_12 '-I:'|.\ ‘.‘ CMS P — N :: 76 Untagged . 2;. ............... E
(A reliminary : ob .
10" HozzZo4l j o E
1 0—14 ‘ . 5=7TeV,L=51 fb']' r Diet ag B b E
1 0-1 5 3 \[I§= 8TeV,L=19.6 ﬂ?“ s: _ T o | E
10-16E v b ¥ s b bl g b ﬂ I R E— T _8-1‘-‘(‘)‘3‘(‘)"‘O‘I‘S‘”:‘L‘H:I‘..MS‘Héué.“S‘HéH‘éi‘S‘H;l
110 120 130 140 150 160 170 180 Best fit o/0g, M

m,, [GeV]

Expected significance at 126 GeV: 7.1o0
Observed significance at 126 GeV: 6.70
Measured signal strength at 126 GeV: pu = 0.92 4 0.28
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H— WW — lvlv (HIG-13-003) ﬂ

High sensitivity, but low mass
resolution channel

1> Characteristics

e highest rate

» manageable background

w there is no mass peak

> basically counting experiment

1= Highly sensitive to a SM Higgs boson
around 160 GeV

15 With the development of tools optimized
for LHC pileup conditions it is possible to
extend sensitivity down to 120 GeV

Signature with two isolated

leptons (electrons or muons) and  Updated result deploys 2D shape technique
large missing energy (E}"™°) for most sensitive categories

S. Ganjour Higgs and BSM Physics at CMS 21



H — WW — lvlv: Analysis Challenge ﬂ

iz Background estimation is the

° . I@) - . :
most important part of analysis Key selection requirements

b QCD, Wijets: pr >10 GeV,
tight identification and isolation

w Drell-Yan: large E, 7 veto

m Top: number of jets, b-jet veto
CMS preliminary,Ns=8TeV, L  =19.5fb*

- data b \VW: my;, Ay small Ay —

[JH(125) - WW H' .
W+jets Ig@s scalarit

WO g8 y

B di-boson
top

M Z+jets
WW

m ynderestimation of backgrounds leads
to a signal-like excess

10°
W- H W+

,lo/l/,? lsfm' l lp,, l l l momentum direction =——————-
Y
angular momentum direction =————

10*

m,

s < /;S[ ang ! m 4 )
T AZO/EOSCU[S Veto =45 Vefo l b_[agr CU[S W Cyg T CU[S I Cup
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H — WW — [viv: Results > a

=10°F - o 30
wn — CMS Preliminary — Observed ] (&) _ CMS Preliminary ... Expected ]
D [ s=7Tev,L=491" - - - Median Expected ] C [ s=7TeV,L=491b" e Observed -
B [ VssTevL=195m" [ ectd= 1 i S o5 \S=BTeV,L=195 1o injection m <125 Gev ]
c | Howwo2i2y 0/1-jet | = 2O H-Ww-—-2i2v 0/1-jet n ]
O |:| Expected = 20 -E | - Injection + 10 _
= 10 Injection m =125 GeV = 1o — (@)) : D Injection + 20 :
S ] ® 20¢ ]
5L i - g
0 | p i ]
. 15 |
S | -
o~ - - i
8 - 101~ 7
10 — 5 :_ .................... _:
i 1 1 1 1 1 1 1 1 | 1111 |||||||||I|||||||||I|||||||||I||||_ 0_
100 200 300 400 500 600 100 200 300 400 500 600

my, [GeV] my, [GeV]

Measured signal strength at Expected significance at 125 GeV: 5.10

125 GeV: pu = 0.76 £ 0.21 Observed significance at 125 GeV: 4.00

Excess is consistent with a SM Higgs boson with a mass around 125 GeV
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H — 71 (HIG-13-00/)

1> Characteristics and importance

m probes coupling to leptons
m sensitive to all production modes
- high o X B at low mass

m enhanced o x B in MSSM

m challenging large backgrounds:
DY— 77, W+jets, QCD

1= Analyze decays of tau pairs:
ey, Wy €Thy UThy ThTh
= Full m(77) reconstruction
% event-by-event estimator of
true m(77) likelihood
m mass peaks at true value

-> 20% improved resolution
with respect to visible mass

1/dm, [1/GeV]

V.
1 _
WS
Ve' VH' u 23%, ThT,
CMS Simulation Vs = 8 TeV Mt

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

H - 1t m,, = 125 GeV

Z - 1T

OO

50

100

150 200 250
m, [GeV]
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H — 77: Results v,

CEA Saclay
CMS Preliminary, Vs = 7-8 TeV, L = 24.3 fb™
; : L I H(125 Gev): T
O L el ey, UT,, T, T, 40F —@- Data - Background
(D 1000 BX] Bkg. Uncertainty
L] L] ~~
Events are classified according to 0 2
+
L] L[] L] L] [d B
jet multiplicity £ soof e
S r
(all categories are fit simultaneously) z . -
© 600 100 150 —
© - my [GeV]
() L .
. . EZ—— H(125 GeV) -
1 No attempt to extract signal from 0-jet = : Pz et
o 400 zon —
: ' - 2 [ = ]
category: constrain energy scales and ef: g : ==L
- . 200 —/3 ocp -
ficiencies @ [ _
(7)) 5 .
CMS Preliminary, Vs=7-8 TeV, L = 24.3fb%, H - 11 CMS Preliminary, Vs=7-8 TeV, L =24.3fb, H - 1 [ s o
T e B T T e e e I 0
© | T observed g E 110 0 100 200 300
S 3.5 —— expected > 10t 7
S  F [+ 10 expected o E G
:‘E 3.0;— l:lizﬁixzii;d ; glo'Zé ___________________________________ /1"' ;0 My [GeV]
8 2.5F . 10°k £ 80 CMS Preliminary, Ys=7-8 TeV, L=24.3 fb™, H- 1t CMS Preliminary, Vs=7-8 TeV, L=24.3 fb™, H- 1t
E A E 3 — T — T 1 — T L
§ 2.0F ’__*/ 10* k ] m,, = 125 GeV m,, = 125 GeV
o 3 E 340 c HH
1.5 ;— —; 10° E —e— p-value observed —e 1-Jet en
1.0 E 10° : ------ p-value expected _; IF
05 — 107 I i 2-det (VBF) o
o E . et
(e —— . T T — O e ———— e
110 120 130 140 110 120 130 140 i ut
m,, [GeV] m,, [GeV] K VH-Tt4 h
. VH - 11+
Combined ]
1 | 1 1 | 1 1 1 | 1 | 1 1 | 1 (u:omublnIEd
0 2 ) 4 0 2 ) 4
best fit for o/ag,, best fit for o/ag,

Reached 1xSM sensitivity: Measured signal strength
clear excess 2.90 at 125 GeV at 125GeV: p=1.1+0.4
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VH — Vbb (HIG-15-012) ﬂ

CEA - Saclay

5 10F 33
s \s =8TeV ¢
&5
x  TEBFHAL v WW = Fvaq 3 £
©  EWHA rvbh WW —I'vly 13
e 2zt
\ ZZ > w3
10? B 2z 11T
3l GH — oD\ \& _
M A AN 5
1= Characteristics and importance A i O W ST
10" 100 150 200 250
e |argest B for my < 130 GeV M, [GeV]
0 2 1 1 s 02—
key piece of the observation puzzle 3 110/ CMS Simulation EORRSRRE
. e R . - - = -V
m tests specific production and decay couplings o, . 7o es) 2o
- B Z + udscg 7
_ — )] - . ]
= Challenge: o(bb) ~ 10" x o x B(H — bb) 0141 TSnoeTR -
>0.12[ =
. . . . Ll - ]
15 Search in associated production with W or Z 01 E
0.08} - E
w5 channels: Z(11)H(bb), Z(vv)H (bb), W (lv)H (bb) :
. 0.065 =
m final states with leptons, E/*% b-jets 0_04;|: E
m boosted vector bosons o.o2d m W
, i 0 50 100 150 200 _ 25
m 2 b-jet mass resolution 9% pt, [GeV]
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VH — Vbb: Results a

CEA - Saclay

o LI L L N L L L L L L B B B T 1T S 6 T T 17 L L L L I N B LI B B
| L .. _ | . ]
~ 80 CMS Prellmlnary ® Data — bm B CMS Pre“mmary 1 —e— CL. Observed 7]
0 | {s= 7TeV,L=5.0fb? § B [ Vs=7TeV,L=50fb ® 195 iniocted ]
Q 1 - VH (125 GeV) n 1 --o- CLgH125 injected -
= - Vs = 8TeV,L=19.0fb . S 5 Vs=8TeV,L=19.0fb ..e- CL_Expected  —
o 60_— pp ~ VH; H - bb B v B et L VH(bb), BDT combined I CLg Expected + 10 _
@] | | E B CLg Expected = 20
% - Sub. MC stat. uncert. | 3 4 B B
(@)} L RS _ 1 = _
r— z===== \/isible MC stat. uncert: B _
g 40 I | Ittt 1 U | |
L _ iS) B _
i i S 3 y
— - Q | —
20 — = - .
[ ] o 2
N _ < - e
0 S b
L 0 e
C | | | | I] © 1—
0 50 100 150 200 250 i ]
MbB [Gev] —I L L L L | L L L L | L L L L | L L L L | L L L L l_
110 115 120 125 130 135
my [GeV]

Diboson excess shows up in the
data and reasonably described by
simulation Observed excess about 2.10 is
compatible with a SM Higgs boson

15 Reached SM sensitivity below 125 GeV

1= Estimated backgrounds from data in ", e ey
control regions: QCD, Vbb, Vjets WILIL & 1Hass arourl e
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Characterization of the Excess: Mass ﬂ

> Allow for free cross sections in three

) HIG-13-005
channels and fit for the common mass | ]

Combine two best mass resolution

w Ho 77— 4] decays vy and 2/

: 10 CMS Preliminary (s =7 TeV, L<51fb \E:STev,Ls 19.6 fb™
. . . . _I 7\ T T T 17T ‘ ‘ 1T T T T 1771 - ‘-l‘ | N N S —

m |imited by statistics = IH.yy+H_zz |— Combines

: % 95 b (GgHttH), oW
Il 2 eXp|O|t m(4|) and kD o 8; 1 (VBF,VH) — H- Z7Z i
m very good control of lepton RS E
energy scale and resolution 6 E
mx = 125.8 £ 0.5(stat) £ 0.2(syst) GeV 50 =
3 -
i H— ~: - ]
2 =
> [imited by systematics i: :
HII» 0.2% due to e % /y uncertainty OE\ I I I S | (- \ (- I I I N I 1 \E
| 124 126 128

> 0.4% extrapolation Z—ee to H— 7 m, (GeV)

myx = 125.4 & 0.5(stat) £ 0.6(syst) GeV myx = 125.7 &+ 0.3(stat) & 0.3(syst) GeV
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Compatibility with SM: Signal Strength ﬂ

CEA - Saclay

[HIG-13-005]

([s=7TeV,L<51fb™" {s=8TeV,L<19.6 fo* ([s=7TeV,L<51fb™" {s=8TeV,L<19.6 fo*
Combined CMS Preliminary m,=125.7 GeV Combined CMS Preliminary m,=125.7 GeV
1=080+014 | Pg, = 0.52 n=080£014| p  =0.65
H - bb =
Untagged & p=115+0.62
n=0.78+0.16
H- 1t
VBF t g H=1.10%0.41 -
agge
H=1.02+0.34 ™
H - yy ——
n=0.77+0.27
VH tagged
n=1.0240.49 H - WW =
n=0.68%0.20
ttH tagged
| H- ZZ
W=-0.15+286 L=0092+0.28 o
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-4 -2 0 2 4 0 0.5 1 15 2 2.5
Best fit o/a,, Best fit o/ay,,

i Overall best-fit signal strength in the Eve.nt yields in different
combination: o /gy = 0.80 + 0.14 production and decay modes are
self-consistent

S. GCL’I?jOUT Higgs and BSM Physics at CMS 29



Spin and CP-Parity ﬂ

1= Same amplitude for production A(VV — X)) and decay A(X — VV):
Spin 0: A(X — VV) = v el e (10, M3 + 22q1,420 + 33€,005000)

1= Parity

> SM CP-even Higgs — ZZ,WW.: gi:% - @ -

- a; 7é0, as NO(10_2), as NO(].O_H) g

“"* BSM CP—Odd HIggS 33 #0 CMS preliminary  Vs=7TeV,L=5.1 5" {s=8TeV, L = 19.6 b’
%) e e L S D B
I Spin £ Ely
0]
% 0.08F — CMS data
. . . . . . . )
> spin O is required if it is a Higgs % 7
. 0.06— -
m spin-1 excluded by H— ~~ decays o
(Landau-Yang theorem) 0.04- :
m spin-2 induced by KK-graviton couplings 002l i
H—Z7Z7—41 is most straightforward ol Ll
-30 -20 -10 0 10 20 30
¥ production comment expect (u=1) | obs. 07 [ obs. J' [ CL; 2xIn(L_/L.)
0~ gg—+ X pseudoscalar 2.60 (2.80) 0.50 33c | 0.16% o0
0, 8¢ —+ X | higher dim operators | 1.7c¢ (1.80) 0.0c 170 8.1%
2nge g8 —+X minimal couplings 1.8¢ (1.90) 0.8c 270 1.5% The data disfavours the O_
2ongg g9 — X minimal couplings 1.7¢ (1.90) 1.8¢ 400 | <0.1% . .
1- qq —+ X exotic vector 2.80 (3.10) 140 >4.00 | <0.1%
1" q9 —+ X exotic pseudovector | 2.3c (2.60) 170 >4.00 | <0.1% hypOtheSIS Wlth 99 * 8% CL
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Spin-0 vs. Spin-2 ﬂ

Spin-0 and 2 are only allowed by |, —————

H— ~v channel S ol @R =W WVV+0_]et Ef*;z*:ﬂ: . '_
- .y ww R on-resonant
D ool X statdsyst ojeten ] 0.1-
1= Discrimination between spin-0 and spin- . &%, 1
2 is straightforward with WW and ZZ: wf e g 0 jet
oo M ﬁgﬁ { 0.05
w \WWW is most significant (0-jet only) | .. |
m modify selections to extend spin-2 en- = | cieeeinitid |
- 0,3 0 L F- i |

100 200 300 0 1 00

. 150
riched phase space e “Ao(leptons) [degrees]

o

CMS preliminary ¥s=7TeV,L=51f" ys=8TeV, L=1961"
T T T [ ro T T 1T T [ T T 17T T

ZZ WW Comb g ool om0
EXP. 68% 14% 02% 2008_ _E:T?sz }
obs. 1.4% 14.0% 0.6% g
& 006}
1 Observed results weaker than expected -
especially for WW due to best fit 1 <1 !
(like having less luminosity) 0.02]
1 Observed better than expected for ZZ 030 ]
due to a fluctuation 2xinL, /Ly
The data disfavours the 2+ The observation is well compatible
hypothesis with 99.4% CL with SM Higgs expectations (0™)
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Couplings to Bosons and Fermions ﬂ

1 Attach a modifier to the SM prediction

.7 k2. k2
I = g Bon g
tot kH
iz Eistimate Higgs boson couplings into

“Vectorial” and “Fermionic” sets:

oB(it > H— ff)~

m resolve H— v loop at NLO predictions

w interference between W and top contributions
lead to linear dependency on ky or kp

b H—> ~~ is the only channel that is sensitive to
their relative sign

=> possible to sort out degeneracy

Lgq ~ ki Loy ~ |aky + Bkr|?

In agreement with the SM within
uncertainties

CMS Preliminary Vs=7TeV,L<5.1fb! (s=8TeV, L<19.6 fb

. o SM Higgs @ Fermiophobic @ Bkg. only
2 —
157 T | gmct
! —
7
é / H-tt
/
1 K
l
- \
0.5 =
H - bb
7
on - l
0 0.5 1 15
Ky
CMS Preliminary Vs=7TeV,L<5.1fb! (s=8TeV,L<19.6fb
. o SM Higgs @ Fermiophobic @@ Bkg. only
2
1
oo
g [
-2 I
0
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Summary of Coupling Measurement ﬂ

Compatibility with the SM Higgs Boson Couplings

(s=7TeV,L<51f" {s=8TeV,L<19.6 " CcMS Pr‘elimi‘nar‘y ‘(§‘=‘7“Tev, L< 5‘.1fb"1 \E =8TeV, L<196 fb1
CMS Preliminary W 68% CL g‘,\ - | | ]
== 95% CL Q | |==68% CL ,
: D 4L |—9s%cCL vt
KW e — Z °
' o W .-
. < A4t
KZ —;*— -’
: 107 E
Ky s — b
Kb _:*_ t
H 10 3 ' E
K+ :t.: p,,, = 0.52 E E
coa o b b b b L ! Lol ! IR AN ST
0 O.‘5 1 1.‘5 ‘2 2.‘5 3 1 2 345 10 20 100 200
parameter value mass (GeV)
The generic
ﬁve—parameter model not Not effective loop
effective loop couplings  couplings as function of
(the SM structure is assumed the mass

for loop-induced couplings)

(s=7TeV,L<51f" {s=8TeV,L<19.6fb"

CMS Preliminary ¥ 68% CL
: == 05% CL
KV =tililn=
-*l
Ks : p,,, = 037
Az el p. =0.41
Il SM
-'*
)\du : Py, = 0-39
'*-
}‘lq ' P, = 0.49
Kg el
« H
y * _
; Pow.2.0:23
BRBSMr_‘ | ﬁ’sm =041

005 1 15 2 25

parameter value

New particles can modify the

loop-mediated couplings and

contribute to the total width
Liot = S Uispm) + I'Bsm

No significant deviations from the SM Higgs boson are found so far
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What do we know today? ﬂ

The boson that we found looks rather [J. EII|s et aI Phys. Lett. B679:369-375 (2009)]

. 350 T T T —— T T T
“standard” scalar at first sight: T f\\
N % i —— Perturbativity bound
check the vacuum stability up to £ a0l . T Binitert metantability bound —
the Plank scale Mp; ~ 1019 GeV [ h=a Shomn e 1o o it oo omars
250 — —
== Experimental clues of the BSM physics . ]
200 — _
w Dark Matter (DM) points to WIMPs E e
. 150 [~ -
- Baryon Asymmetry of the Universe e
requires B processes 1004 T e
- . Iogm(A!GeV)
[
neutrino mass CMS Projection
T T | T T T T | T T T T ‘
° Expected uncertainties on 10 al 5 =7 and 8 TeV —
1= Indirect Searches Higgs boson couplings s
% precision coupling measurement
Cy
C
Ak/k < 1/M3 '
Cg
" . . Cq
additional Higgs Singlet models, com- N | | |
positness, 2HDM (MSSM and NMSSM) T R
0.5 1.0 1.5

i Direct Searches of BSM
w SUSY, DM, heavy resonances Ak/k ~10(1)%=- Ms ~1-1.5(3-4) TeV
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SUSY

SUSY Searches

S.Ganjour

Higgs and BSM Physics at CMS
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SUSY Searches

2

CEA - Saclay

1= Hierarchy Problem

m in the SM the quantum corrections for the
mass of the Higgs boson require a mirac-
ulous cancellation as

O(10%) — O(10%) ~ O(10%)
iz Dark Matter

S— spin
B— barion number
L— lepton number

Pr = —1 for spart.

_ (_1)\2S+3B+L
PR — ( ]‘) PR = +1 for SM part.

R-Parity Conservation (RPC):
1. lightest sparticle (LSP) stable

2. sparticles are produced in pairs

3. cascade decay down to the LSP
(DM candidate)

1= Gauge Unification

Fine-tuning in MSSM—
Natural SUSY

f
A . 7
AM;~ hiz [(mfr—mi)lﬂg(i)]
41 mg

Little hierarchy problem:

large mass of squarks re-introduce

fine-tuning

S.Ganjour
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SUSY: Search Strategy

iz Disclaimers:

w SUSY is broken by unknown mechanism
w introduces many free parameters in theory

m results are presented in a given model us-
Ing assumptions

- most current results are given in Simplified
Models: single decay chain, 100% BR, etc

1= Strategy is based on phenomenology
oriented approach:
m pnatural spectrum in RPC scenario
m strong production in RPC scenario
m R-Parity Violation (RPV) scenario
w extended Higgs sector in SUSY: h,H,A,H*

[arXiv:1110.6926]

m; < 1500 GeV
WL
m-o -+ <350 GeV
X1.2:X1
i,
W Gnbal
..... -
g
gL tr
e
H
natural SUSY decoupled SUSY
Large 1st and 2nd generation squarks,
bino/wino, sleptons can be heavy

without compromising naturalness
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SUSY: Search for Stop in 1 lepton Channel ﬂ

tt — ttxIx? [SUS-13-011]

\3 W Model Parameter Space
------ 9 Am = m(f) - m(X)

~0 A mW) <Am<m(t) Am>m(f)

———— X1 A A
* ) ( \ ( \
W- >
P :

b

m(x°) [GeV]

tt — bbx{x; — bbWTW —xx°

W+
A ..... <

X1

; 7/

PRI | 4 B ~ B
PR ST —=bWi, =ty

(off-shell top) (on-shell top)

-0

. Foewwy |7 e ~0
P, T < i / t—=by — bWk,
W= Z

B 0 m(W) m(t) m(f) [GeV]>

= Similar to tt signature with == Analysis challenge

MET from undetected x| LSP _ _
w small mass (~ my): sizable XS, large tt

w focus on le/y channel — w high mass (>> my): different kin., low XS

large BB and clean

Discriminate against background using BDT optimizatior for kinematical variables
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Higgs and BSM Physics at CMS

SUSY: Kinematical Discriminant >,
Y, [JHEPO07 (2012) 110] Fraction of Hy in same Leading b-jet pr
hemisphere as MET
CMS Simulation Vs =8 TeV, det 195fb‘ CMS Simulation s =8 TeV, [Ldt=19.5fb" CMS Simulation Vs = 8TeV ﬂ-dt 195fb‘
R R R R R L L L R R L L L A T
" Preselection + o _: - Preselection + . - 800— Preselection + 1 top E
1400: M, > 120 GeV = :{_)Z : 500 My > 120 GeV = ::_)'; N 700? M, > 120 GeV = o E
1200~ [ ] w+jets 7 B [ ] wsiets i - [ ] weets
N I rare ] 400} B rare { 600; I rare E
1000:* ...... T-17, (650/50) x100 7: ------ Tt (650/50) x100 500: ------ T--b7(650/500.5) 100
: 300} ] - ]
0 010.203040506070.809 1 O5~"50 100 150 200 250 300 350 400 450 500
M¥V2 [GeV] Hatie (b) [GeV]
background ¢ signal T t ——
t
fi
/! ! gh pT
/ b-jet
v —
miss t ~0 \
Xi—
39
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SUSY: Stop Limait o

50

Limits from BD'I" signal regions Polarization Dependence

CMS Preliminary Vs =8 TeV,[Ldt =19.5 fo CMS Preliminary Vs =8TeV, [Ldt =19.5 fb*
| ] _l T | T T 17T | T T T 7T | T T T 7T | T T T 7T | T T T 7T | T T 17T 102 | | | | _I T I T T T T I T T T T | T T T T | T T T T | T T T T | T T T T ]
% 400 :_ op T t% ==== Observed (ilctheory) g_ % 400 :— pp - Lt - tgl) Observed (unpolarized top) _:
9. E BDT analysis = Expected (+10) = 9. F BDTanalysis ~  ~~~-- Observed (right-handed top) 3
o Observed (9.7 fb) 10 g e 350 E_ -------- Observed (left-handed top) _E
5 E 300 - PPN =
o - 2 4 P .
1 % 250 [ S S _ =
© 200 B S =
10 - E
150 - 3
- oo E
7 E

0 (il 10‘3 0 ‘ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 :I 1 I 1 1 1
200 300 400 500 600 700 800 200 300 400 500 600 700 800

m- [GeV] m- [GeV]

i Analysis sensitive to AM > m; and

1= Signal acceptance depends on top po-
AM < m; but not AM ~ m;

larization from t — ty!

m search for stops in gluino-mediated

w depends on left/right stop mixing
cascade processes

and ¥ composition

m precise subtraction of ¢t background w compare mass limits for unpolarized

Exclude stops m; <625 GeV for (nominal) vs. left/left-handed tops
neutralinos Mo <225 GeV % impact on mass limits about 20 GeV
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SUSY: Gluino Mediated Production t with Single Lepton ﬂ

CEA - Saclay

= |nvolve strong production processes and cascade [SUS-13-007]
decays to the LSP and a single lepton (§ — tt, bb)

> hadronic objects >6jets, >2 b-jets plus MET
m event categorization by Hp, MET and Ny _jes

m Two complementary approaches:
Lept()ﬂ SpeCtrum: MET>250 Gev CMS Preliminary \s =8 TeV 19.4 fb*

. . lep S T I I

Delta Phi: St = pr'®+MET for Ag(W,)>1 Sl wosce ?

9. C Single-lepton ]

. CMsPreiminay  \e-sTev  io4m’ 103 SMS Simulation L =19417 \s=8TeV g @ 600? N6, N.22 B

8 & . Daa ] . — Muons 3 C ]

© — sumpedres - o1l H>500 GeV ] & 500 T

3 o g 10 —— u-2 Sy'>450GeV - :

§ b LSP):(MOOGGVAOOGEV)E g - R gMS(M =1000,M __=600) - 400} -

i} H;>1000 GeV ] —— LsP - N

N._>86, N>2 ] Lu B — SMS(M =1150 MLSP—?:OO) B a

jet i 10 = e SMS(M =1250,M =0) = 300 o ]

L | c € B NLO-NLL exclusions 4

: L 200i === E,+H; Observed+ 10, ., j

1§_ 3 r ET+H Expected + 10, iment ]

E B +A(p Observed £ 10, cory I i B

ey . 100~ ... SI:p+A(pEXpectediloex Co =

gl b \ SEET . 10'1; s P K ]

S0 2 3 - ol I B T RV SR | PR 51 PR A

TE;% of L%fiT % E _ :-i- 0200 600 800 1000 rﬁz?“o) [ (;22/ ]
gt 10°%"" 0.5 15 2 25 3 9

200 300 400 500 600 700 800 900 1000 A W
r[GeV] wW) Mgluino < 1.3 TeV are
Background uncertainty from the MET scale and excluded for neutralino
MC statistics on the single lepton scale factor masses below 0.5 TeV
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SUSY: Gluino Mediated Fully Hadronic o

CEA - Saclay

i i i i b ; Xiv:1305.2390] subm. to PLB
= Gluino mediated pair production of b and ¢ squarks [2rXiv:1305.2390] subm. to

(2] F T T T
. . . . . g 105 - ZL —e— Data B i " _
w hadronic final state: >3jets, >1 b-jets plus MET - T s ESnbeop
L o Tibbbb QCD ]
. . . " (1225, 150) GeV I:IZfrjetS i
s event categorization by Hr = = pr, MET and Ny _jes 10 __DDMS"“
10° E E
Event sample legend S
ZL = Zero Lepton; SL = Single Lepton; LDP =low AD,,; | Zee=Z-> e*e;; | Zmm=27 - p'y; L |
signal sample top & W+jets control QCD control Z to vv control Z to vv control 10 o— E
sample sample sample sample
ZL SL LDP Zee Zmm o .
S 1l2r .
s | +
@ Loose X% o T T T T
x . x 2 E
Npjer=1 S b-jet S 08 ‘ ‘ ‘
T tagging T =1 =2 >3
Nb-jet
E miss axis E miss axis E_miss axis E_miss axis E miss axis
! ! g ’ ! CMS, L=19.4 b, /s = 8 TeV
ZL SL LDP > T T T
Bin  H;(GeV) E;™ (GeV) S e MNedd o T
I
Ny jer = 2 s 1 400-500 125-150 PR | T E
T (HT1) (MET1) g LI | | v
W12 | | [l single top
ETmiss axis ETmiss axis ETmfss axis 2 500 - 800 150 - 250 | | DQ?D
(HT2) (MET2) - I I %Zﬂm
Diboson
2L st Lop 3 800—-1000 250-350 10¢
v (HT3) (MET3)
x L
Nojer2 3 ;k 4 > 1000 >350 il
(HT4) (MET4) % 2i
E™iss axis Emiss axis E;™ss axis 3
T 1
a
: . I N S IR
Background estimated from data control samples: o s o o T 500

e/p+jets (SL), invert A¢™® (LDP), Z— Il (Zee, Zmm) EP= (GeV)
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SUSY: Hr vs MET vs b-tag Fit o

Binned likelihood fit performed simultaneously over all Ht, MET and Nj,_jets bins in signal
and control regions

—e— Data === Full fit
_ 1 _ I Top quark & W+jets [__] QCD
CMS, L=19.41b", Vs =8 TeV [ Z+ets (] Diboson & Drell-Yan
Ny.jr 2 3, MET2 Nyt 2 3, MET3 Ny e 2 3, MET4
o 80 0 o A5 T T 17 o 127 T 1
c c c
: : :
w 70 i i
60
50
40
30
20
10
[ S
Trex
I TTITTT

Events with Nj_;s > 3: most sensitive to the signal
No significant excess in data observed
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95% CL upper limit on cross section (pb)
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CMS,L=19.41fb' s=8TeV

pp - 09, g — tf?; NLO+NLL exclusion
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95% CL upper limit on cross section (pb)

=
S
w

Mglyino > 1200(1025) GeV at low mass LSP for 4b (4t) final state
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SUSY: Summary for b and t Production e

800

LSP mass [GeV]

700

600
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§§production g— bEﬁ(p

_IIII|IIII|IIII|IIII|IIII|IIII|IIII}IIIIIIIII|IIII_

T T TTTT TTTT 71T | TTTT | T T | TTT l—l TTTT | T TT]

C Iﬂrellmmary .

\s =8 TeV —— Observed —

Moriond 2013 Observed 1otshL£\rfy__
- - - Expected

SUS-12-024 0-lep (B, +H.) 19.4 fo™*

SUS-12-028 O-lep (o) 11.7 fb™*

1
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g-g production, g— tf&p

— CMS Pre||m|nary = SUS-12-024 0-lep (E;+H,) 19.4 fbi—
—— SUS-13-007 1-lep (n >6)194fb1
\E—8TeV SUS-12-017 2-I sstb 10.5fb ™t
- — - - - + .
Moriond 2013 °p (SS+b)

m— SUS-12-026 (MultiLepton) 9.2 fb

— Observed

<<<<<<<< Observed -1 025" -
eory - ~

- --Expected

A
1
1
1
1
1
1
1
1
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1
1
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1
1
L}

_IIII|IIII|IIII|IIII|Il::EIEI Igll|IIII|IIIVI1III|IIII_

0
500 600 700 800 900 1000 1100 1200 1300 1400 1500

gluino mass [GeV]

Mgluino > 1.3 TeV at low mass LSP (single lepton g — tty} cascade decay)
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SUSY: Sleptons+b-jet+MET ﬂ

15 (Gluinos and sbottoms may L e
lead to 4\W-+multi-b final states

i 959 Py X1 0

g

1= Sensitive to stop produced in

N Nk i Y
cascade decays n n x
i , \ -
t t i

15 31+b: clean signature, low background CMS Preliminary  \s=8TeV, L, =195 fo*
'_'250““\““§““\ R

St ]

! ! - * cee R

>3 jsolated high-pr leptons & | v fofz :

> >0 > : g 200f=wsseeeeeess s = eel ~

[N _2 JetS, _]. b—Jet éLu'_ - - . A MpE ]

- MET>50 GeV 80 L R v Hup E

n B ]

On-Z+Off-Z events CMS Preliminary {s=8TeV,L =195 fb" BV A + 4leptons -

T P— 7S — .

> > 7 3 g

() 45 —e— data () ) | v ‘2‘ . ]

S o i S >0 At |

0 3o mmi S via0s™0 S ——— ;

" [ ldw — i Ai '. m 7 ]

E E:Efesm 2 B ‘f' =5A - ]

g 77 total bkg unc. GCJ 07‘ ‘ 'v\A \A i o ® L b b L ]
w 7 |_|>J 0 100 200 300 400 500 600 700 800 900 1000

H; [GeV]

100 “150 50 100 150 200 Perform simultaneous event

.= [GeV]

M; [GeV] . . .
countlng in search regions

Event categorization according to
7Z—11 presence [SUS-13-008]
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SUSY: 3l1+b Limits o

Py

Gluino-mediated stop production Shottom pair production wtih b — ty;~

CMS Preliminary, 19.5 fb?, (s = 8 TeV CMS Preliminary, 19.5 fb™, {s = 8 TeV
— —40 < 600 — 7120 ~
%_, 1200/ PP - 90,9 — tf?l’ NLO+NLL exclusion ) (&) pp-b,b*, b, - tWQ; NLO+NLL exclusion =
9 —Observed £ 10, _5 Q 50| —opserved + 10pcoy oo 'S
g =22 Expected+ 10,, oo —35 g 2 5oo| 222 Expectedt 10, ciment g
£ 1000| My = °0 GeV a = M = 50 GeV 3
1 < 1 [7)]
; i 3 g 450 1 e 8
L 1 —30 o (&)
400 -
800 ] c c
- : ] = I 1 60 =
- ; i = 350 . - E
B E 4 —25 f E 5 -
600}~ : = o 300 - 1 a0
: Q 1 : . o
i ; : > 250 L — >
i : I o 140 G
400_ : ] (@) 200 : - — 20 O
L l ] S N ] S
1 o= . ' Te)
| L -l . L ,’T/K% L | L N =15 8 150_! | I | I | || L : | L | L | L =o o
900 950 1000 1050 1100 1150 350 400 450 500 550 600 650
mquino (GeV) msbottom (GeV)
Signal region: >4jets, >2b-jet, Signal region: >2jets, >1b-jet,
large Hr and MET large Hr and MET

Probe gluino up to ~1 TeV Probe sbottoms up to 600 GeV
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R-Parity Violating SUSY ﬂ

15 Search for anomalous production with

= Proton stability forbids .
>3-leptons and at least 1 b-jet

simultaneous Z and B
1z Use event energy scale as sensitive

I - . .
impose R-parity in MSSM observable

m two other possibilities 2 or B

w | SP is not stable (DM candidate?) ST = Yot PT + Yien pT + MET
— e ep
= /: LSP will decay to two leptons

CMS Preliminary Ns=8TeV,L =195 fb*

3-leptons incl. no taus + off-Z + at least 1 b-jet
O 00.9.%
= —$— Observed

Bkg Uncertainties
|:| Data-driven
T -
[«
Tz

“leptonic RPV” “semi-leptonic RPV” 10
et 2
|:|&W

b I,
/ / .
~0 + ~0 -
Xi ¢ Xi 1 101 | o
f v f o 0-300 300-600 600-1000  1000-1500 >1500
— S; (GeV)

No excesses above the SM
background expectation, no
evidence for RPV stops

ALgppy = \ijpLiL;E), + )\;jkLinDk + ...

T T T TTJTIT T TTTTIT T T TTTTT
| | | 1
Il
3l
q
1
1
Il
4'!’
<>
11

Unstable LSP significantly reduces
MET, additional objects
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SUSY: R-Parity Stop Results o

CEA - Saclay

[SUS-13-003]

Leptonic RPV Leptonic RPV Semi-leptonic RPV
A122: €, u— enriched Ao33: W, T— enriched has: W, b, T— enriched

H T w
CMS Preliminary (s=8Tev,L =19.5fb" CMS Preliminary (s=8Tev,L, =195fb™ CMS Preliminary (s=8Tev,L =195fb"
9 l | L LA L S — L L 7] 9 l rrrrrprorrt T T s‘to‘p ‘RP‘\/ )‘\ L LA AL B LR B : g :‘ IS B —T T ™ ‘:
8 1200[ S1°P RPV Az, N - 8 1200 observed 95% CLs Limits O 800 =
= C observed 95% CLs Limits ] = L Theory uncertainty (NLO+NLL)| 9 F A 3]
5 - Theory uncertainty (NLO+NLL) B 5 o o ] ) e expected 95% CLs Limits . F 3
1<1000|— ===--- expected 95% CLs Limits — 11000~ mmm expected +1o, ! — 7> 700~ —
€ [ expected+1o, ey i S C epemen ] S r ]
800~ - 8001 { 600 E
600/ - 600/~ = 500 =
s ] r ] a00F- E
400 ] 400~ ] F SpRPVN'_ ]
: : : ] 00" s e cus L
200~ ] 2001~ ] L = ~ . expected 95% CLs Limits]
R R SRR farne R AR o P B g R B R R 200[ ‘ | | B Pt L0, et |
700 800 900 1000 1100 1200 700 800 900 1000 1100 1200 300 400 500 600 700 800 900
m- (GeV) m- (GeV) m- (GeV)

Probe stop up to kinematic limit about 1.1 TeV
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% R-Parity Violating SUSY with 41 ﬂ

[SUS-13-010] LRPV naturally givzs |
multilepton signatures
[0 — 4

S

1 Search for anomalous production with 4 leptons

m N, - mass of opposite-sign,

same-flavor dilepton around My A121 > 0: electron-enriched

m My - mass of the other lepton pair A122 > 0: muon-enriched

= Defina o L
Define signal regions in My versus M; plane T1+LRPV

q

e suppress ZZ background

CMS Simulation Vs =8 TeV

CMS Preliminary Vs=8TeV L,=19.5fb"

< 200 < S s e S S S
> — .
2 I @) pp - GG ~aXax. X - I'Mv
o U B s - 1A AN . ]
= T pp -G - amk; aaK;, X, - I i
s 150!} L 35 e ==
1 %)
17)
©
IS Eg
H _
1001 o |
- § 1 —
- N A %0 Ay, #0 ]
50 - W™ exclusion g m, exclusion R
- 1 0.5 | ™ exclusion B m; exclusion ]
: o -mlexclusion @qexclusion
s aE = | F e
50 100 150 200 0.2 0.4 0.6 0.8 1 1.2
M, (GeV) mp (TeV)

Npke = 3.0 £ 0.6ev., Ngata = lev. — upper limit 3.4 events
Probe m; ~ 1.5 TeV, m; ~ 1.0 TeV, mg ~ 1.7 TeV
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SUSY: Summary o

Summary of CMS SUSY Results* in SMS framework LHCP 2013

§- ¥

§- ¥

g- b}
gty

§- G- 1150
~ g} - 1R 1K)
~ qq(xt - WE 1K)
gt )
§-aaxt = v %)
§- a9 (- zX)
§- qa(X -y X - wi)
§- qa(X- v¥)

- btwi®

gluino production

squark
ar o

stop
1l -]

sbottom
o
1
=
™

P iy CMS Preliminary

- mv??
For decays with intermediate mass,

P R
= x[h -(1-x)h

EWK gauginos

?%»w2??
g; N ||Tv§P§p mimermediate mother

slepton

1 1 1 1 1 1 1 1 1 1 1 1 1 I 1
0 200 400 600 800 1000 1200
*Observed limits, theory uncertainties not included Mass scales [GeV]
Only a selection of available mass limits

Probe *up to* the quoted mass limit
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SUSY: Neutral Higgs Sector (MSSM) ﬂ

1z EWSB through 2 isospin Higgs doublets Exclusion limits in the MSSM

in MSSM ¢ — 77(¢ = h, H, A): parameter space of mp apd tan 0 in the
my, .. Scenario
o X B ~ tan2 5 < 50 CMS Pll'elirlninlary,l\/§I=7.l|.3 T:ev’-L=|17.fb-1.§. |

c 95% CL Excluded Regions
J f S 45
m event categorization by number of b- [ Observed
; R = Expected
jets and tau lepton final states 40 +10 expected
3 5 +20 expected
* 2 main Production Processes: g 70vTvTTY b LEP
t,b,t,by e ----- hyHL A + ¢ ----- h/H/A
25
» Cross-section increases ~tan 32 g oo T—e—— b
o 10¢ SMSPreliminary, is = 78TeV.L = .17 o Ty 102 SMsPreliminary, Vs = 7- 8Tev L =17 T Th 20
% E T -;'-;--_-10 (160 GeV) - t Ba T
¢ wh = 15
E = max .
g 10 3 bkg. uncer tainty 1 0 MSSM mh Scenarlo
E : oy 0 b_.et o —
S wf Jet 1 s [E Mg Pt B o Msusv 1TeV

13
‘ M I i S
._ | . 200 400 600 800
0200 400 600 800 1000 0100 200 300 400 500 my [GeV]
My [GeV] My [GeV]

10" |-

SUSY modifies tree-level couplings

L. . A is difficult to find at moderate tan 5 ~ 5
tau-pair mvariant mass spectrum Largest effect Ak, /kyp ~ 100% /m3

No excess 1s observed in the
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Dark Matter

Dark Matter

S.Ganjour
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Dark Matter

Dark matter (DM) existence is well established
based on gravitational effects

1 KExperimental constrains

it is neutral and stable massive particle

m ruled out several SM candidates =
no remaining SM candidate

w can interact with SM particles
> in the best case it's cold DM
Weakly Interacting Massive Particle (WIMP)

1= L HC can produce DM through the same process
that is used in direct (DM-nucleon scattering)
and indirect (DM annihilation) searches

w in the detector it's undetectable (as neutrinos)

w | HC can potentially establish its origin through
property measurements

direct detection

thermal freeze-out (early niv.)
indirect detection (now)
-

DM X&' M
DM SM

e ————
production at colliders
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DM: Search Strategy ﬂ

= DM particl duced in pairs after ISR Md\u\"'m
particles are produced in pairs after , & — XDM
w signature with MET and mono-jet/photon [

> dominant background is Z— vv+X
- couplings between SM and DM can be probed

P
and compared with direct detection results \\ YDA
) ) jet, or v+ Hp
= For heavy mediator (M>100 GeV), mono-jet pro- jet, or 7+ 1
duction is about x1000 of direct-detection one o
g ; ; g Te\r/e Iminary E :’t_v_'lv ;
= Universal Extra Dimensions (UED) provides nat- S F Jrewse  EEL E
ural DM candidate through KK-partner of U(1) na e obwezrevses ]
hypercharge boson o e T ST
m signature similar to SUSY (I+jets+MET) o e e T
m KK-partners have same spin as SM particles R, by
Data are consistent with Standard Model = . R I
background expectation & osp TR

200 300 400 500 600 700 800 900 1000
ETSS [GeV]
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DM: Results o

[EX0-12-048]

'\

S

0 T ——

7 ayH
Xv,y )@y )
/\2

|—|1O'274 T T T T T T T T T T |—|10'274 T T T T T T T T o

Al . . (V] . . .

€ 10?°= CMS Preliminary —*— CMS 2012 Vector — £ 10”°F CMS Preliminary —*— CMS 2012 Axial Vector
- \s=8Tev " e CMS 2011 Vector O, ~ Vs=8TeV e CMS 2011 Axial Vector —
— . — — CDF 2012 = 10%° — - CDF 2012 E

c

il J.L dt=19.5fb" —— XENON100 2012 5 ni IL dt=19.5fb™ -=- SIMPLE 2012 E
m --= COUPP 2012 e 107 & CDMSII 2011 B
= SIMPLE 2012 e - e COUPP 2012 ]
- _ -34 1 ]
- e CoGeNT 2011 B 107 - Super-K WW B
i CDMSII 2011 B 109 --= IceCube W'W _
il ---- CDMSII 2010 R B 3 N

v-Nucleon Cross Section [c
3 § 3 3 5 3 g 3
X-Nucleon Cross Sectio

|_\

o

Spin Dependent
IIIIIII| 1 IIIIIII| 1 IIIIIII|_ 10-46 1 IIIIIII| 1 IIIIIII| 1 I I

10 10° 10° 10 10?

0
M, [GeV/c? M, [GeV/c

1= |t is assumed that the DM particles are Dirac fermions

n Independe

Spi

—

QS
N
D

3

i
1

—_ _I| I| I| I| I| I|

|_|\|)O

15 Collider results dominate in spin dependent searches

1 Cover low mass range for spin independent searches
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Exotica

Exotica Searches
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Dilepton Z’ Searches o

10° — .
E 10° cMS Preliminary,STtlaV, 20.6 fb! [EXO'12'061]
5 —e— DATA
€ 10 Cdyz-uw . . .
e T ¢ o, ww, w2, 27,10 Many systematic uncertainties cancel
jets (data) . .
10° s (@2t out in ratio
10
10? R — o(pp— 7'+ X —1+X)
102 o o(pp—=Z+X—=l+X
10°
10 b = = T
70 100 200 300 400 1000 2000
m(uw) [GeV] . Ay 1
104 (_L‘MSI F?relllnl"nr?alry — I8IT?VI, (T,el(1I9.IG .fb, ),Iplpl(ZIO.IG .fb. ). _
% 10° A T . Io § -------- median expected E
© 10° (EiPSL?:ary,sTev, 19610 - I 68% expected -
g 10* [ yiz-c'e 5 B 95% expected ]
£ 10° B  tw, ww, wz, 2z, 1t 107 & Z'ssm 3
102 [ jets (data) Zy .
- —— 95% CL limit ]
10
1 10° -
10t - .
107 - i
10° 107 E
-4 MR | L L L | TR | C o oo v by b b b N L1
10720 100 200 300 400 1000 2000 500 1000 1500 2000 2500 3000 3500
m(ee) [GeV] m(ll) [GeV]

Data/MC agreement over many orders — SM-like couplings: my ggy > 2.96 TeV
of magnitude: no deviations from

Superstring-inspired: my ,, > 2.6 TeV
background estimate
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Lepton+MET W’ Searches

2

Look for Jacobian peak on falling My
distribution:
_ 1 | 'miss EX0O-12-060
Mt = \/2 - prt - ERSS(1 — cos Agyy) [ ]
CMS preliminary, 20 fb, 2012, Vs =8TeV
CMS Preliminary [Ldt=201b" (s=8Tev cMS Preliminary [Ld t=20fb" y5=8Tev EI E “ rerT Observed 95% CL limit
%107““““““““““‘ o -, FLoEN | Observed 95% CL limit W' - ev
o v M=2500 Gev oA — — — Observed 95% CL limit W' - pv
v M=500 Gev 28] 104 i ] == mmmmm Expected 95% CL limit
X E | [ Expected 95% CL limit+ 1o
b C 1 [ Expected 95% CL limit+2 ¢
oL | = Por uncentainty
E Y | e W, with p =10 TeV NNLO
R T - W« with Tl —005 TeV NNLO ‘
102 : 3 ‘ e + Em|ss et E?ISS _
500 1000 1500 2000 00 500 1000 1500 2500 10;_
M; [GeV] M; [GeV] g i
g 10F 3 ¢ 18F -
E gz E g e | l ; -
2 S L I 2 3;-~-~*~«W+H R R R i S S
= 500 1000 1500 2000 2500 = 500 1000 1500 2000 2500 E _
L IIII|IIII|IIIIIIIIIlIIIIlIIIIlIIII
.. ) 500 1000 1500 2000 2500 3000 3500 4000
1> Background prediction given by MC
g P g y My [GeV]
m fit to background with empirical SM-like couplings: myy sqyy > 3.35 TeV
function: |ty = 2 7
' T M2 +bMrp+c)d L
(M +bMz+e) UED second KK excitation (W):

m > 1.7(3.7) TeV for u=0.05(10) TeV

No significant deviations from
background expectation
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Search for tt Resonances

2

CEA - Saclay

1> Two dedicated searches:

w optimized for tt production at the
kinematic production threshold

m optimized for tt production produced
with high Lorentz boosts

CMS Preliminary, 19.6 fb, Vs = 8 TeV

event yield

1000 2000

3000 ]

4000

M, [GeVic?]

50

data / bkg
=
o

i —— H
oo +++++

% 000 2000 3000

4000

5l

event yield

data / bkg

CMS Preliminary, 19.6 fb, Vs = 8 TeV

=000
M, [GeVic?]

1000 2000 3000

50

I R M

1000 2000 3000 4000

00

50!

0

Data/MC agreement over many orders
of magnitude: no deviations from
background estimate

[B2G-12-006]

The 95% CL upper limits on
production cross-section

CMS, L =19.6 fb™, {s = 8 TeV Z' with 1.2% Decay Width

g 102 i_ — Expected (95% CL)
m S Observed (95% CL)
XN SN — - 7' 1.2% width
E 10 g_ \\ l | | Expected+ 1s.d.
é - \k D Expected = 2 s.d.
O 1 RN
@ - —
o 10" I
o

10'2E |

0.5

Topcolor Z', width 1.2%: my > 2.10 TeV
Topcolor Z', width 10%: my > 2.68 TeV
KK excitation of the gluon:

Mg > 2.69 TeV
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FExotica Searches Summary >, a

CEA - Saclay

LQ1, =05
CMSE ; Lot 1o -
XOTICA 95% cL Excrusion Limims (Tev)  H27E=t
. " LQ2, B=1.0
K ‘q?,): (Z'\';\a,; LQ3 (bv), Q=+1/3, B=0.0 | LeptoQuarks
a2 LQ3 (bT), Q=+2/3 or +4/3, B=1.0
q*, dijet pair stop (b1)
a, b/‘\’oséeg 6 0 1 2 3 4 5
E*: A=2 TZV b’ — tW, (31, 2I) + b-jet

Z'SSM (ee, py)

q’, b’/t’ degenerate, Vib=1
b’ = tW, l+jets

Z'SSM (1) B’ — bZ (100%) neration
Z’ (tt hadronic) width=1.2% T — tZ (100%) SlSleue
Z’ (dijet) t' = bW (100%), l+jets

Z’ (tt lep+jet) width=1.2%
Z'SSM (ll) fbb=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

e

t' = bW (100%), I+

C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR
C.l., py, destructve LLIM

A i 01 | C.l., py, constructive LLIM i i
G (@lhz(qa) kM =0.1 ‘ ‘ C.l., single e (HNCM) Con ac
W‘V(\éij(ole\g CANIEMGCIOVIN  [nferactions
W’ (td) C.l., incl. jet, destructive
) ; C.l., incl. jet, constructive
W’— WZ(leptonic)
WR’ (tb) | — |

WR, MNR=MWR/2
WKK p =10 TeV

|

Ms, yy, HLZ, nED = 3
Ms, yy, HLZ, nED = 6

pTC, nTC > 700 GeV
String Resonances (qg) [

|

Ms, Il, HLZ, nED = 3

s8 Resonance (gg) | T , Ms, II, HLZ, nED = 6

; ——r— | i -
E6 diquarks (qq) ; MD, monOJ.et, nED =3
Axigluon/Coloron (qgbar) ——— MD, monojet, nED = 6
gluino, 3jet, RPV _.- [ [ [ [ MD, mono-y, nED = 3

4 5 MD, mono-y, nED = 6
MBH, rotating, MD=3TeV, nED = 2

MBH, non-rot, MD=3TeV, nED = 2

MBH, boil. remn., MD=3TeV, nED = 2

gluino, Stopped Gluino
stop, HSCP
stop, Stopped Gluino

Extra Dimensions

hyper_f(t,a#),/gesrgzc.;zl\/l%s MBH, stable remn., MD=3TeV, nED = 2 & Black Holes
neutralino, ct<50cm MBH, Quantum BH, MD=3TeV, nED =2
0 1 2 3 4 5
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Direct Searches Projection

2

CEA - Saclay

Explored a very vast range of masses,
parameters, signatures
... but let us leave no stone unturned

i It is to early put away a new physics
at the TeV-scale

> always assumptions involved to derive “ab-
solute” SUSY limits (Simplified Model)
w [imits decrease if assumptions are given up

w3 lot of room to look for more signatures
and models

i LHC reuse with ~13-14 TeV will be
a new game

Parton Luminosities:

rise due to steep fall-off of the lower

luminosity ratio

100 ———
[ ratios of LHC parton luminosities:
[ 8TeV/7TeVand 14 TeV/7 TeV

10

energy PDF' at large x

WJS2012

| ——99
[ ---- ¥qq

o ag

LT
.-
-

EWKino -
Stops/sbottoms ~

w significant step toward both small "HE-LHC33
: = HL-LHC14
couplings and large masses Squarks/gluinos * LHC14
m improve sensitivity on mass scale "
: T 2 5 4
about x2 with respect to 8 TeV searches W 6
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Summary :‘1

1 Vigorous update of the main results with the full statistics is available

1= The boson that we found looks rather “standard” scalar at first sight

w» fermionic final states starting to build up excess
mw data disfavor the pseudo-scalar 0~ and spin-2 hypotheses

s couplings are in agreement within uncertainties with the SM predictions
1= Focusing on the 3rd Generation SUSY — no evidence for SUSY

- searches for “light” sbottom /stop target “natural” SUSY scenarios
=> probe stops m(stop) > 650 GeV
=> probe gluinos m(gluino) > 1300 GeV
=> probe sbottoms m(sbottom)> 600 GeV

m RPV searches target multileptons and low MET signature

1= Broad array of Dark Matter and heavy resonance searches
— no evidence for BSM signal

Overall we see so far is very well compatible with the Standard Model
The “14” TeV revamp of LHC will enable us to probe heavier particles, and
potentially open up a new realm of Particle Physics
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Channels’ Sensitivity ﬂ

CMS Preliminary {s=7TeV,L=5.1f0" Vs=8TeV,L=12.2fb"

l]% EXClusion: b% 102§_| T 17T | T T T | T T T | T 17T | T |E;(F;eit|ec|j ll:irrlnt;sjl | - E
< I - ComDbine -

© i H - bb i

_ L(data|ps(mgr)+b) - L 1

qu = 2 log L(datal|fts(mgr)+Db) g - —E:\T/:/ i

E ¥F —hlm |

w= o(mp) _ B -

osm (M) O ‘ I

O\O [ /—-/__

m CLs measures compatibility of the L0 1,&; e AL LI T T -

data with HIGGS hypothesis

e if CLs=0.05 the signal hypothesis is
excluded at the 95% CL 10

=" Blind analysis in 2012 110 115 120 125 130 135 140 145
m, (GeV)

m all selection criteria in the analyses
were fixed before looking at the re- The five decay modes have comparable
sult in the signal region sensitivities for exclusion in low mass

region
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Discovery Potential ﬂ

CMS Preliminary {s=7TeV,L=5.1f0" Vs=8TeV,L=12.2fb"

> P-values:

o L(data|b)
do = —2 log L(data|fis(mgr)+b)

Local p-value
|_\
o

b py measures the compatibility of the 10
data with NO-HIGGS hypothesis ~ Eoo o\ N

=
o

5%

30
40

50
60

70

PTOb(qo > q(())bslmH) 10%° :: e T 80
= Very rich mass region but also o -
very challenging... 1020 —H-w -
| =——H - WW =
w5 decay modes exploited: [l—He2zz o N 4
~~, ZZ, WW, T, bb 110 115 120 125 130 135 140 145

| my, (GeV)
2 best mass resolution decay modes:

~v, ZZ H — ~~ dominates in sensitivity for
discovery below 120 GeV while H — Z
above 120 GeV

Z
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H — ~vv: P-Value and Significance

CMS\s=7TeV,L=5.1fbt\s=8TeV,L=19.6fb* CMS\s=7TeV,L=5.1fbt\s=8TeV,L=19.6fb*
% 1 EI T TT | T T 17T | T T 17T | T T 17T | T T TT | T T 17T | T T 17T | T TT IE % 1 EI T TT | T T 17T | T T 17T | T T 17T | T T 17T | T T 17T | T T TT | T TT IE
—_— — s ; L] e ] — Fa® T\t >t ; 5
o [ : T R | ;
> — ; _..Elo > : !
010K \ I N RS e O 10 e s T =
Io) S R . Io) : N _5
S i R 420 S i Tk K 20
2107 b 2107 PF "
107 \// . 10°F N
-4 L .~~~ ------------- ¢"' — -4 — —
10 E KR = H-,yy obs. 3 10 E — H-yy obs. 3
- e —=4 - Exp. for SM H —540 - ===+ Exp. for SMH _540
51 SEeeect \/§=7TeV N 3l [ RLLLLL \E=7TeV B
10 = CMS preliminary (MVA) |.... Vs =8 TeV E 10 = CMS preliminary (CiC) |.... Vs =8 TeV E
_I | | | | I . | | | | | I . | L1t I_ _I 11 | | I . | | | | | I . | N T T T T T O O T | I_

110 115 120 125 130 135 140 145 150

110 115 120 125 130 135 140 145 150

m, (GeV) m,, (GeV)

Excess around 125 GeV appears consistently in 7 and 8 TeV data
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H — ZZ%) — 41: Event Selections ﬂ

CMS Preliminary ¥s=7TeV,L=5.1f";Ns=8TeV,L=19.6b"
TT T T 1T TTT T rrTrryrrrr[rrrr[rrrrT

= Trigger: di-lepton signatures (ee, e or pu) > 250 ey
2 r * Data .
1= Lepton selection 32000 Wz % ]
§ - [zvzz i
w muons: pr > 5GeV, |n| <24 i

1501 [|m=126 Gev .
m electrons: pr > 7GeV, n < 2.5 _
> jsolated, compatible with PV

100F

501

= Final State Radiation (FSR) recovery algorithm

: G558 86 50 100 110" 120
w applied on each Z for photons near the leptons

mz, [GeV]
m 6% events affected, 2% added in analysis oL A ST TN S R
© B ]
. . . 2 70:_ « Data —:
=" Form Z from opposite-sign and same flavor pairs: S ¢ B ' :
£ 60[ * -
. @ C y
w first Z candidate (Z1) R e E

C [ |m=126 Gev
=> chosen as pair with m(ll) closest to my 40¢

=> apply: 40 < m(ll) < 120 GeV 302
w second Z candidate (Z2) >

=> build from remaining highest pr leptons ]
20 40 60 80 100 120
=> apply: 12 < m(ll) < 120 GeV my; [GeV]

10E
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H— Z2Z%) — 41: m,q versus myo )

4B

- Sacl

lay

1 Peak around 125 GeV got more significant
with extra 7fb~! of data

my; versus mys scatter plot looks as

o CMS preliminary \s=7(8) TeV, L=5.1(19.6) fo!
‘:C: T N /'\120 UL ‘ T 1 T 171 ‘ T 1 T 71 ‘ UL ‘ T 1 T 171 ‘ T 1 T 71 ‘ T 1 T 171 ‘ T 1 T 71
al - 5 > L
=N <] () L
il S, o |
b S g ~—100 :
2L S ~ L | ™ 4e:8TeV/7TeV
o[ . EN i ® /W 41:8TeV/7Tev
1] b
(f”_ B o 8ol ® / m 2e2u:8TeV/7TeV
al © L i
1] [ i 1 —
- i 121. m 130. 1
%{_ > 3 sol 5< my <130.5 GeV ]
o o - -
r~ (=] ° —
"= N N B u - T
- % x N FI L ) i
g_' [m] ﬁ ﬁ- £ %2 40? -3 ‘i |
g -@OD I - ]
@ L | 41 —
o < 201 _
© _\ L1l | | | | L1l | | | | | L1 IW 1 | H L 1 —
8 E 8 8 3 8 8 e o 40 50 60 70 80 90 100 (JéO \/1)20
m e
A®D Z | SjueA] 21

CMS Preliminary ¥s=7TeV,L=51fb";\Ns=8TeV,L=1961"

250I\II|III\|IIII|\Il\lll\llllll‘ll\lll\ll

« Data

DS %
[Nzvzz

[ |m=126 Gev

Events / 2 GeV
N
3

expected: Z2 is off-shell 50

my, [GeV]

T T Y T I TRCT T Y I 7 1
% 50 60 70 80 90 100 110 120

40

35

30

25

20
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H — Z272%) — 41: Statistical Analysis

2

CEA - Saclay

CMS preliminary {s=7TeV,L=5.1fb" {s=8TeV,L=19.6fb"

1
0.9
0.8
0.8
0.7
0.6 06
0.5
0.4 0.4
0.3
0.2 0.2
0.1
L 4' 56
900 110 120 130 140 150 160 170 180

m,, (GeV)

data wrt background expectation

CMS preliminary Vs=7TeV,L=5.1fb" (s=8TeV,L=19.6 fo*

900 110 120 130 140 150 160 170 180
m, (GeV)

data wrt signal (my=126 GeV) exp.

Events

Events / 3 GeV

CMS preliminary Vs=7TeV,L=5.1f" Vs=8TeV,L=19.6fb"

7\ TTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTT \7
g ¢ Data 3
Oz :
"F lzex E
of [Jm=126 GeV E
5F =
4 } ° . —
q) 0.1 0203040506 070809 1
KD
CMS Preliminary ¥s=7 TeV, L =5.1 b’ ys=8TeV,L=19.6fb"
207 IIIIIIII | TTTT | L | TTTT | TT \.I Ia!lé IIIII |
18 -
u B z+x ]
161 . -
r [zvzz 1
T4 [ m,=126 Gev]
125 =
10F -

e

o Nk~ O o
n T

T T
| I I | | I

110 120 130 140 150 160 170 180
my, [GeV]

Analysis performed
using a 2D fit of
likelihood discrimi-
nant and m(4l)

for illustration:
MELA projection in
m(4l) 121.5-130.5
GeV

for illustration:
m(4l) with cut
MELA>0.5
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H — 77Z%) 5 4l: Exclusion Limit a

Zoomed mass range Full mass range
R R R 10 _::::'::::f:::::':::f::::'::::'::::'::::'::::':::|:::':::':::':::':::'::':::'::'::'::l::'::'::'::'::'::':'::'::':.:::':::':::'::?::..::'::':::'::'::'::::::::::!:::::::::-::::::::-::::
10 :::::f::::::::::::::::::::::::::::::::::::::::.:::::::::::::::::::::::: - Ob d B - Ob d
~ CMS Preliminary serve e CMS Prellmlnary serve
: “H L ZZ o AL+ 2120 ] e Expected : A H_ 77 _ 4L + 2|2T_ ----- Expected
I S (s=7TeV,L=51fb" .. - Expected + 10 | e Vs=7TeV,L=5.1"fb" B8 Expected + 10 ------ Z
| - \(§;:8TeV, L;: 19.6fb'1;.... Expected + 20 \(§=8Te\/;, L=19.6fb" _____ Expected + 20

|

|

95% CL limit on o/aog,,
95% CL limit on o/ag,,

=
Q
=
=
Q
=

110 120 130 140 150 160 170 180 100 200 300 400 __ 100C
m, [GeV] m, [GeV]

Expected exclusion at 95% CL: 117-760 GeV
Observed exclusion at 95% CL: 129-810 GeV
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H— WW Background Estimation and Fvent Classiﬁcatz’anﬁ

CEA Saclay

=" Event classification

w 0/1 jet and VBF

w final state lepton flavors

1= Data driven bkg. estimation:

- W4jets: fake rate mea-
sured in QCD enriched data

sample
m DY normalized in Z mass

w Top: b-tagging efficiency
measured in top control re-
gion in data

m WW: extrapolate from
background enriched region
of the phase space

Two main kinematic variables: A¢y and m(ll)

° AL S A LA L B L BN B N L L L L L LI I
S 1601 B IS a ]
- I -e data — m,=125 GeV CMS Prellmmary B o 350 j -~ data — m,=125 GeV CMS Prellmmaryj
*2 140~ = \"/‘\1/25 TWo;jetS Vs=8TeV, L=19.5 fo'—] g F = \"/‘\1/25 Twogets Vs=8TeV,L=19.5fb" ]
- - 1 B - - 17
% 120i-Z/V* WW Vs=7TeV,L=49fb j : 300;-2/\’* WW Vs=7TeV,L=49fb 7:
[ N\ stat.0syst. o-etep j2} X stat.Osyst. O-jetep
100 | . § 200 E
- (0] - 4
L 200 —
80 —] - . 1

- 10 o=

60 |

0 jet - 0 . 0 jet

100
4 — I
0 . + ]
20 ] 50| -, {
b r ESdS :
- o
0 IR R B 0 e ten golee .
25 ‘ ‘ ‘ = 25
Q E 3 o E
s 2 103 2
= 15F S E = 15
I 1 Ey SN S X S o] 1F ;\q‘m‘*&v&k\\\\}*\\*\\\\\
S o5 f - TR E 8 05
0k ‘ ‘ ‘ : 0
0 50 100 150 O
A, [ m, [GeV/c ]
o ‘ ‘ ‘ ‘ T ‘ ‘ ‘ ‘ NO : T T ‘ L I ‘ L I ‘ L I ‘ L ‘ L
9o 160F 1 S 200 =
— I -e- data — m,=125 GeV CMS Preliminary 1 %) | - data — m,=125 GeV CMS Preliminary
g 140 M H125 W+ets s=8Tev,L=195m— O 180 Ml H125 Wriets VS=87TeV, L= 195 i’
r | w Top - - a7 =] - v Top - - a
1) I =7TeV,L=491" ] [ =7Tev,L=49f" J
5 I Il Ziy* Ww fe=7Te 7 2 160 |- I Z/v* ww fe=7Te —
120~ \ stat.Osyst. Ojetep §2] F N stat.Osyst. Lietep J
- c 140 —
S I
] > o
@ 120 —
] 100 —
. 80 . —
1 jet 1 jet -
60 N =
] 40w % =
E _%&ﬁk .
A o r 'Q'm__ e ]
o 2 E| o 25 E|
51.27 . & 3 El.gj ttti RS
e S ) %‘*&*\\\\ """" s 1 fwwoaxw;\&’k \\\*\*\
5] > 5]
S o5 F N 8 05 PR
0k ‘ : ‘ : 0
0 50 100 150 0 100 200
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H — WW — lvlv: Analysis Strategy

2

CEA - Saclay

1" Event classification

m 0/1 jet and VBF

w final state lepton flavors

= Different flavor (DF) are
most sensitive categories

1= 8 TeV data with new 2D shape

analysis

w DF with 0/1 jet

IS shape analysis (mll, mT>

0-jet

1-jet 2-jet

DF
SF

2D shape

2D shape cut&count

cut&count cut&count cut&count

2D kinematic variables:

M, = 125 GeV
CMS preliminary L = 19.5 fb™* (8TeV)

M, (GeV)

o = N W EN 3 o ~ ©

AAAAIIIIF-
70 80 90 100 110

.
120
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Ng L e B B
% [ -e data — m,=125 GeV CMS Preliminary |
O 250 M H125 W+ets (s=8TeV,L=195 fiy'—]
= [ v Top - - a
— - Vs=7TeV,L=4.9f"
- - W 2y wWw 1
g 200 [ W stat.Osyst. O-etep |
2 \ |
P ]
150 N —
100~ i | $ -
*r P E
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&_‘._‘-9-
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il
i\;w&*»m
100 15

r ¥+
25 T T
2 S~
~ AN AR
. %&* % *\%\\g
0 0 56 ‘O ;

200 250

ml¥r [Gevic?]

11— Episs (1)
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H — 77: Di-tau Mass Reconstruction

= 0 7+
/0,
= Full m(77) reconstruction

- event-by-event estimator of CMS Simulation |s = 8 TeV ut,

- < 016
true m(77) likelihood 3  H.trm,=125GeV

. S 0.14

=> Inputs: 4-vectors of visible prod- = o
ucts and x- and y-components of 5 012
i

miss
E T 0.1

=> Matrix Element used for 7 — lvv

=> Phase-Space is used for 7, — 7 o
1= Mass peaks at true value :Zj
m 20% improved resolution |
with respect to visible mass s
m better separation of H from Z % ""% 100 150 20”0]' 1662\/5]0

Di-tau mass resolution 15-20%
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H — 77: Event Classification a

Events are classified according to jet multiplicity
(all categories are fit simultaneously)

CMS Prellmlnary \F 7 8 TeV L 24 3 fb H-t T 30 CMS Prellmlnary W 7 8 TeV L 24 3 fb H rr 50 CMS Preliminary, Vs = 7-8 TeV L= 24 3 fb H TT
I 7 R I ' ' — O T T T T
% 1400 —e— observed —_ %‘ fer,. T BXH(125 GeV) . 1x S 3 L SwH(125 GeV) .11

0] [ €U CJz-tt i O [ 1 h hiah —— ;bserved 8 45 _[J.T —e— observed -
= [0 B clectroweak ] = L1 jet, hi CJz-mu CJz-t E
=i, 1200 _‘0 Jet p - , 5[ J 9 p B Z- ee E 4.0 F 2 jet (VBF) @ clectroweak =
= - C—J ocb e [ B clectroweak o F i (— R 3
- 3 — = E Y C—J Qcep e
_g 1000 %3 bkg. uncertainty -] _g 20 - — t(t)CD e 35 F b B bk, uncertainty 3
E B 7 2 L B2 bkg. uncertainty o 3.0 F 3
S 800 . =S : Z E ]
- . 15 25F E
600 - -] - 20F , E
X ] 10 3 i 3
400 | - - 15F S E
- - 10F i =
200 - °F E i E
i B 05F =3
ol e ok Y 3 P e 3

0 100 200 300 0 100 200 300 o 100 200 300
My [GEV] My [Ge\/] My, [GeV]

0 jet 1 jet VBF

1= Enhanced sensitivity to = Enhanced sensitivity to

1= No attempt to extract sig- ggH production VBF production

nal from this category

| | m improved resolution m 2jets, rapidity gap
w# constrains fit energy

L m» splitting into low and m hiochest sensitivity for
scales and efficiencies P & 8 y

high pr categories mpy < 130 GeV
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Compatibility of Signal Strength ﬂ

CEA - Saclay

Vs=7TeV,L<5.1fb" Vs=8TeV, L<19.6 fb™

Combined o
H=080+014| CMS Preliminary m,=125.7 GeV

1= Event yields in different production times decay H - bb (VH120)| p,, =004 |
. H - bb (ttH tag) ]
modes are self-consistent H - yy (untagged)

H - yy (VBF tag)
H - yy (VH tag)

1= Break down top-quark couplings from H . WW (0L jet)
H - WW (VBF tag)

vector boson H W (VH tog)

. . H - 11 (0/1 jet)

m assume the SM branching fractions H - 1T (VBF tag)

H - 11 (VH tag)

Current combination of channels Woers
V updated analysis V HCP analysis TP " Bestitalo,
. crv:s F‘>rel‘imir‘1ar)‘/ {g :‘7 T‘ev,‘ Ls‘ 51 fb;l \(§ =8TeV, L<19.6 fp'l
untagged | VBF-tag | VH-tag | ttH-tag g ::::,TVW
H — vy v Y =L M
H — bb Vv V : + Howy
H— 711 V \% V i
H—-WW]| Vv V Vv 2r il
H—Z7 V V
Compatible with SM within 10 for each T |
decay channel: looks Higgs-like ’ N |
1 0 1 2 3
uggH,ttH
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Couplings to the W and Z bosons ﬂ

1 Combination of “inclusive” WW (0/1jet)

CMS Preliminary {s=7TeV,L<5.1fb? {s=8TeV, L< 19.6 b
T 1T rrTTr7T 11T prTT, 7T T T T T TTTT]

and ZZ yields gives the ratio of the Higgs o 5.0f R e :

couplings to WW and ZZ, gy/gz, which = a5 "2 47 — Observed

. . < - ! ----Exp.forSMH |

is protected by custodial symmetry o« 4.0F , .

3.5F '-. ! =

Mw aw : ': ; ]

p p— p— p— ]_ 3.0; . ! =

My cosOyw gz cosOw »el ‘; : E

, , , 200 "; E

w o =% 1 is possible in new LsE ". E

physics models 1'0 '\ / E

1= Perform combination of all channels to 05F E

assess \iyz = ki /k

W w/kz %% 05 1 15 2

m |ikelihood scan versus 3 n.d.f.: Az
Awz, kz, and kp gives Consistent with the SM

Awz = [0.62 — 1.19] at 95% CL expectation
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Constraint on BSM ﬂ

rﬂ - %

CMS Preliminary ys=7TeV,L<5.1fb" ys=8TeV,L<19.6 fb™

c) 2.07\ T T 1T 1T 11T ‘ T T 11 1T ‘ TTr 11T ‘ T T T 1T 1T 11T \7
X L ]
1.8 ]
1.6F =
1.4F ]
1.2

1= New particles can modify the loop- LOp-" / @\ -
. . . 0.8F N :
mediated couplings and contribute to the ool | -. :

total width 04k E
0.2] ]

Liot = 2 Uiy + Usu ST

0.0+ -
0.0 0.5 1.0 15 2.0

_______

1= Parametrize the photon and the gluon
loops with effective scale factors (k,,k-)

5.0 CMS Preliminary {s=7TeV,L<5.1fh? ys=8TeV, L< 19.6 fo™
ST T T T T T T T T T T T T T T T T T T T T T TTTT T T
4 57 Ky Kgs BRBSM — Observed E
4.05 ----Exp. for SM H E
° ° ° ° 30; ,’II é
No large invisible branching - E

fraction 5 0F E
1.0 -
o5- E
0.0 L —\’\‘\’\’\’\ | ‘ | | ‘ 1111l 111 ‘ L1l ]

L1l ‘ RN EEEEEN
0 02 04 06 08 1
BRBSM

-2A1InL

> Allow total width to scale as 1/(1-Bi.y)
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Measured CP-Parity with H — ZZ — 4l ﬂ

CEA - Saclay

CMS Preliminary (s=7TeV,L=5.1fb" {s=8TeV,L=19.6fb"
— S e 3 CMS Preliminary Vs=7TeV,L=5.1fb"\s=8TeV,L=19.6 fb"
: H H H H I I I 1 1 I I I 1

< - 4 = °r | | _'1 ®
q 10 L s ............................. ........................... _ - ]
i —CMSData | : ] . "1

gl ---- Expected 1 —ss

— 30

0 0.2 0.4 0.6 0.8 1

Expected separation between
SM 0" and 0™ is 20 Fraction of CP-violating
combination to the decay
Data disfavor J' =0 at 2.50 (< 3% CL) amplitude: f,3 = 07 ¢
J¥' =07 is consistent with observation (0.60)
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Spin-0 vs. Spin-2 ﬂ

Spin-0 and 2 are only allowed by
H— v+ channel

- WW--0jet “Tensorxsp=z«

=MNon-resonant

° RN R R R R AN RN IRRE 0.1-
15 Discrimination between spin-0 and spin- :=W e S

2 is straightforward with WW and ZZ:

e currently WW heavily relies on spin-0
assumption

o L T P IS R A
0 20 40 60 80 100 120 140 160 180

0 i L L L 1
2q, [’ 0 50 100 150

m \A\W is most significa nt (O—jet only) Ad(leptons) [degrees]

\\\‘\\\‘\\\‘\\\\\\\\\\\\
------------ SM-Higgs J°=0"
——— Tensor X J°=2;,
Tensor X J°=2,
Non-resonant qq - yy

m preliminary result with ZZ nonsensi-
tive enough

do(X_ -vyy)/o dQ
-
7

i H— ~~ is highly performing channel, ”i"‘ 1
but extremely damaging for acceptance pa E
0.8 7

16do(X -9 — 0.6 , / N
(Xy=2 = 77) x 14+A xcos? *+B xcos? 6* 0.4k E

5 odf? ol T E
a la KK-graviton couplings 2,7: A=6, B=1 O 8060402 0 0204 0605 1

coso*

About 40 separation before LHC
shutdown combining 3 channels
[arXiv:1208.4018]

Discrimination gets diluted after application
of analysis cuts and background inclusion
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SUSY: Inclusive Search with o o

1" Direct and gluino-mediated production of squarks
1= Hadronic final state: >2 jets plus MET

w event categorization by Hp(>275 GeV),
Niuts (2,3, >4) and Np_iers (0,1,2,3, >4)

CMS, 11.7 ™ Vs = 8 Tev L
—¢—— Data (signal region, n .= 3 n .z 4)
Standard Model * Expected Unc.
--------- SM+pp -~ §G,g~ bBX

(mgz 900 GeV, m&’) =500 GeV)

1

£
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~
12 R
e 10
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>
LLl

10

e
T
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Dijet Multijet
J2
M. 2
T \/1—(Hr/Hr)?
8108““““““\““\““\““I
o 107 CMS, L, =117 fb% Vs =8 Tev
?‘J 2 <3
£10°
>
L 10° ¢ Data
=== Standard model
10* A = = Non-multijet
o ar > 0.55
10?
10
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SUSY: Direct Production t with ar ﬂ

i Interpretations in 6 simplified models

w direct /gluino-mediated pair-production of ¢, bt
e improve expected limits by ~200 GeV w.r.t. 7 TeV

Observed (expected) mass limits
on parent sparticle and LSP
Model Mparent mysp
pp — qq — qqx iy 775(850) 325 (350)
pp — bb* — be1X1 600(675) 200 (250)
pp — tt* — ttXle -(520) - (100)
PP — 88 — dqqaxixy  950(1050) 450 (550)
(700)
(325)

pp — 8¢ — bbbbx?x? 1125(1200) 650
pp — 88 — tttty Iy 950(1075) 325

No observed exclusion for direct ¢ production:
expect to exclude [320-500] GeV for mygp = 50 GeV

< 600fF 1 )T T 10 5
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SUSY: EWKino Models ﬂ

CEA - Sacla

Set limits on the direct production of

' 3 leptons plus MET: OSSF lepton pair, charginos, neutralinos, and sleptons

where the 3rd lepton is either e or u (
1= 4 leptons plus MET: on-Z OSSF x O !
CMS Preliminary ls=8TeV,L=9.2fb" L ~ 0
S FT T T T T T T T T T T T 14 -7 Al
3140__ g ] V f(f I SO \
P C W epup 7 14
Sr20p e )
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603— . _f 9' 800 Ml LEP2 chargin~o limit i
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