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Introduction ,:‘!

i

Discovery of a new boson opened the new era at the Energy Frontiers

15 [he boson that we found looks rather

“standard” scalar at ﬁrSt Slght ls=7TeV, L<5.1 1" Ys=8TeV,L<19.6fb"
CMS Preliminary m, =125.7 GeV
1= Unraveling its nature is the major effort Pt
H— bb
p=1.15+0.62
A Higgs Boson— ]
_>uT:1.10t0.41 _._
" %p‘Y:TO.??i 0.27 +
- H_)V—VOV\:ISS'FOQO +
1= The SM begins to unravel when probed HomE
H—ZZ :
beyond the range of current accelerators R
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1.5 2 25
. . Best fit o/
w no hint of New Physics so far oS s
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LHC Performance 2010-2011-2012 ﬂ

Extremely successful CMS Integrated Luminosity, pp
Operathn Of the LHC fOI' Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
25 T T T
these 3 years

25

T,

Moriond13
15

w2010, 7 TeV, 44.2 pb !
2011, 7 TeV, 6.1 fb '
m— 2012, 8 TeV, 23.3 b !

1> Started with 7 TeV collisions

20

1 Upgraded center-of-mass en-
ergy to 8 TeV in 2012

15

110

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

m 7 TeV: <5.1 fb!
mw 8 TeV: <19.6 fb!
w high detector efficiency

HCP2012
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Date (UTC)

Total Integrated Luminosity (fb ')

Observation(ICHEP)

LHC restart in 2015 with a
collision energy of ~13 TeV — /s=8 TeV: 25-30% higher cross section than 7

and increased beam intensity 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
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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

»
=

m 90% of recorded data with all subdetectors on

m peak luminosity 7 x 10%3c¢m 257!
at 8 TeV CM energy
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N
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m provides a global event de- Huons
ST :  Hadron charge \
scription in form of list of  ““idennewe <
] -=--- Photons @ -".ﬁ‘_.\
particles o Ve | .
™ improvements in jet, T (
and E%ISS measurement Trajectographe
1y Calorimétre 27 /
Remarkably improves W) dearo \\/
. Calorimétre Aimants :
reconstruction performance at - B hadronique _ (supraconducteurs)
. de CMS —_— Chambres & muons ————
high PU
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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
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Precise SM Measurements > a

CEA - Saclay
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1 Good understanding of the detector and accurate theory predictions

 precise measurements of the SM processes over many orders of magnitude

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

Higgs Boson

S.Ganjour

Highlight of Latest Results from CMS



The Global Electroweak Fit of the SM ﬂ

CEA - Saclay

= Standard Model (SM) is confirmed to cws preliminary

0 : ! i .
better than 1% uncertainty by 100's of S 2010 dlepioy
- . CMS 2010 lepton+ets I 173.1% 2.1+ 2.7
p rec I S I O n m ea S u re m e n ts PAS-TOP-10-009 (L=36 pb*) (val. £ stat. + syst.)
CMS 2011 dilepton I 1725+ 0.4+15
arXiv:1209.2393 (L=5.0/fb) (val. + stat. + syst.)
w Higgs boson was the only s 2o epronyjrs N
. ————
missin g piece Of t he S M g\'\sﬂ-%gg}})gltjgtgmb) 1VZ|35§1§057 ;". 13
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rameter of the SM (WA my, = 80385+15 MeV) B T TS
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Observed agreement demonstrates

CMS: m;=173.4+1.0 GeV impressive consistency of the SM

Tevatron: m;=173.2+0.9 GeV
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Higgs Boson Production > a
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Gluon fusion (GF) and Vector Boson Fusion (VBF) are the two most
copious Higgs production processes at LHC: they provide wealth of information on
its couplings to bosons and fermions today
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Higgs Boson Decays

EE

Very rich mass region but
also very challenging...

1= 5 decay modes exploited:
YYs ZZ, WW, TT,bb

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

15 Also includes searches in
H—Zyand H— u"pu

LHC HIGGS X5 WG 2010

Branching ratios

Decay Exp. Sign. oy /M
at 125.7 GeV

H— vy 3.9 1-2% _
H—Z7—4l 7.1 1-2% L v —— T S B A W - '
H_sWW—s2121, 53 20% 100 120 | 140 160 180 200
H—sbb 2.2 10% M, [GeV]
H—7r 2.6 10%
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Higgs Results for 5 Main Channels
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H — Z(ll)~,

[ = (e,u) (HIG-153-006)
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/

Allows test of many models with
alternative EWSB

= B(H — Z~) comparable to B(H — v7),
but B(Z — 11) suppresses signal by ~20

i Search for a narrow Iy peak on top of a falling
background

w» main backgrounds are pp—Z~ and DY

m events are classified according to topology
of the leptons and the photon, and the
photon shower shape

> also includes dijet tagged events with
VBF enriched signature

Albeit H — Z~ has not yet reached the SM
sensitivity to distinguish SM from
background, current limit excludes number
of models with extended EWSB approaches

CMS (s=7TeV,L=5fb*ys=8TeV,L=19.6fb™
1600~ —e— Data H-2Zy
1400F- — Background Model

C — Signal m, = 125 GeV x 75

> 1200
8 L
~ 1000:—
9 8o
c C
CI>) L
) 600:—
400}
Q00 TI0 120 130 140 150 160 1/0 180 190
m,, (GeV)
CMS (s= 7TeV |_ 50fbl {s=8TeV, L= 196fbl
2 40 L I IIIIIIIIIIIIIIII I UL I IIIIIIII
o = H Zy .
S 35F —
c = —— Observed ]
o 30K —
= E == Expected £ 10 3
é 25; -- Expected 2 0 =
— :
O 208
S <
Tp) ts
(o2} I

125 130 135 140 145 150 155 160
my, (GeV)

[ arXiv:1307.5515 accepted by PLB]
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H — pp (HIG-13-007) ﬂ

CMS preliminary SI(S+B) Weighted CMS Preliminary Combination
§ 9000 I \(§:7T91/L: 5.0fb"l &~ baa % 40 E_I\EI:7IT(IEVIL=I5.IOfIlD'1I R
. 8 8000E Vs=8 Tev L=19.7 f? [ Back T 35 F(s=8TevL=197 fol -
Allows direct study of S rowf- - b ]
coupling to two different  &wxf 5
4000:— E E E
: 3000 F- - 20p E
leptons. 20005— do 155_ _E
tests lepton flavor violation sonof- I g
S 10F 3
BH — pp)/BH — 77) =my /m? -y .
) Eglo 120 130 140 150 160 O-Iléol - Iléol - Iliol - Iléol
Mup) [GeV/c?] m, [GeV/c?]
- CMS imi S
5 Search for a narrow "~ peak Gy | e e e
. e [ Vs = 14TeV
on top of a falling background 8§ f
= B et
c
m signal to background marginal 7]
o 4
m main background is Drell-Yan g
>
LIJ 3 ....................

m events are classified according to
number of jets (< 2) and pr (u ™) 2

> includes VBF enriched event class

HL-LHC with 3000fb™" at 14TeV offers new N . S

] e, o 0 500 1000 1500
possibilities

Integrated Luminosity [fb™]
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Compatibility with SM: Signal Strength >, a

[HIG-13-005]

Vs=7TeV,L<5.1fb* ys=8TeV, L<19.6 fb* V\s=7TeV,L<5.1fb* ys=8TeV, L<19.6 fb*
Combined CMS Preliminary m, =125.7 GeV , CMS Preliminary m, =125.7 GeV
n=080£014| p =0.65 Comb_med p_. =0.52
M p=0.80+0.14| Pgy

H - bb -

p=1.15+0.62 Untagged 5

H=0.78+0.16

H- 11

pu=110+0.41 = VBE q

tagge
H pu=102+0.34 ™=
- YY =
H=0.77+0.27
VH tagged

H- WW B B =1.02+ 0.49 =

1 =0.68+ 0.20 .

ttH tagged

H_o ZZ =

u=0.92+0.28 N w=-015+2.86

1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 0.5 1 1.5 _2 25 -4 -2 0 2_ 4
Best fit O'/O'SM Best fit o/cSNI

Event vyields in different production and = Overall best-fit signal strength in the
decay modes are self-consistent combination: o /ogp = 0.80 £ 0.14
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Spin and CP-Parity ﬂ

CMS preliminary  {s=7TeV,L=5.1fb* {s=8TeV, L=19.6 fo*
T 17T T T T L

% 01 | | “0‘—i
Spin and CP-parity hypotheses are £ ggmdt
discriminated by angular analysis g0
E 0.06(- .
1= Spin-0 and 2 are only allowed by H— ~~ b .
1= SM Higgs boson has to be CP-even o :
i WW (0-jet only) is most significant to .

disentangle spin-0 and spin-2 hypotheses S0 A0 };xln(iz_,Lojo’)o

[/ WW Comb

CMS preliminary ¥s=7TeV,L=511f" ys=8TeV,L= 196"
IIII|IIII|IIII| |IIII|IIII|

o'

= o L
exp. 6.8% 1.4% 0.2% [ S
obs. 1.4% 14.0% 0.6% %0.08: O =06%) ]
E 0.06

The data disfavours the 0~ (2;))
hypothesis with 99.8% (99.4%) CL _
The observation is well compatible with SM 0.02}
Higgs expectations (0") '

0.04f

%0 0 20 30
-2 x In(L /L.
( 2n0g) O )
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Couplings to Bosons and Fermions ﬂ

1 Attach a modifier to the SM prediction

|9 P S
oB(it - H — ff)~ —" =0osnp - BSMT’zf
Ftot kH
CMS Preliminary Vs=7TeV,L<5.1fb" {s=8TeV,L<19.6fb*
xq_ : ‘

] ] ] ] I ¢ SMHiggs @ Fermiophobic @ Bkg. only
i Estimate Higgs boson couplings into 2

“Vectorial” and “Fermionic” sets:

m H— ~~ is the only channel that is 1r
sensitive to ky or kp relative sign I
=> possible to sort out degeneracy Ok
Lgg ~ ki Loy ~ |aky + Bkr| 1

In agreement with the SM within
uncertainties
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Summary of Coupling Measurement ﬂ

Compatibility with the SM Higgs Boson Couplings
(s=7TeV,L<5.1fb" {s=8TeV,L<19.6fb™ ~ CMS Pr‘elimi‘nar‘y ‘E‘:‘?‘Tev, Lss‘.lfb"l \(‘ETE%"re‘V‘ L< 196fb1 (s=7TeV,L<5.1fb" {s=8TeV,L<19.6fb™
CMS Preliminary i 68% CL a\ i | | | i CMS Preliminary W 68% CL
= 050 CL (i | |==68% CL _ ; == 95% CL
D 4L |—9wcL b Ky| — el
KW e o r Z . R '
S e A ———
KZ e —— Ky —*—:
: 10t . = :
Ky ——-—— E b E Ky
| T ] Kg| ——etiim—
Kp e e —— Y // | E
: 10 % ] Ky .: p,,, =078
Kz :":—.: =0. sl : <
T T S R L LS pampee
0O 05 1 15 2 25 3 1 2345 10 20 100 200 0051152253354455
parameter value mass (GeV) parameter value
The generic : :
p f ol not New particles can modify the
ve-parameter rnodel 1o ] . .
ﬁpt’ ] y Not eflective loop loop-mediated couplings and
eclirectrive 100p couplings ] ] . .
p coupig couplings as function of  ntribyte to the total width
(the SM structure is assumed the mass

. . Lot = X ism) + I'Bsm
for loop-induced couplings)

No significant deviations from the SM Higgs boson are found so far
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Invisible Higgs Decays B Ry, a

CEA - Saclay

HIG-13-013] VBF

4 ; CMS Preliminary —e— Observe: d

F 5-8TevL=-196f" — Signal 100%BR
L -V+je!s

A non-zero partial decay width &§* - [HIG-13-018] VH
to invisible particles could
provide evidence for NP

15 Current direct 95% CL on BRy,
using VBF and VH channels:

CMS preliminary, ZH - II+MET, s=8.0 TeV, J L=19.6fb*

>g0F " T T T T T T —
3] F T +Jets (data) z-3v ]

(ee+pp) E

- ;
of o + -
[ A ¢+*f+ et =
1567100 150 200 250 300 350 400 450 500

iy .
Channel | obs. | exp. ¢, [GeV] e

VBF 0.690.53

nv

u= [ CMS Preliminary —— Observed
VH 0.75/0.91 @ 14 Combination of VBF and B Expected (68%)
S C ZH,H - invisible | Expected (95%)
Comb. | 0.54/0.46 € “?F \s=8TeV L= 10.6/fb (VBF + ZH)
5 1: s=7 TeV L = 5.1/fb (ZH)
: . O
1= Projected sensitivity to BRj,, for 2 F
0.8—
ZH, 7Z — 11 channel 7 r
0.6—
w if it is combined with the other o2f-
Clo v v b b b by e by

I 140 I I 145
my, (GeV)

1 1 1 1 1 1
120 125 130 135

[
=
(]

SM channels, precision could be

pinned down to 5% Consistent with global coupling fit:

BRiw < 0.52 at 95% CL
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Whole Picture of the SM ﬂ

CEA - Saclay

Oct2013 - CMS Preliminary

I 7 TeVV CMS measurement (L < 5.0 fb‘1)
E 8 TeV CMS measurement (L <19.6 fb‘1)
—7 TeV Theory prediction

RN

o
@)
J

2
FUSURALILNSRRALLL ISR BN .
i

—
(&)
™~

L : —8 TeV Theory prediction
- “.CMS 95%CL limit

—
o
(¥

RN
o

Production Cross Section, o [pb]

e

e

|I||||‘ |I|I||||‘ IIIIIIII‘ Illlllll‘ Illlllll‘ ||||II|I| ||||II|I| |

I

—
<

|w |21j|22]|231|24i| z |21i|22i|23j|24i| tt | 1 | 2 | 3j \lmnhw |nz |W~{|Z'y |ww|wz|zzm%{‘i’l‘l’kvwlgngquﬁ'w' H|
Th. Ao, in exp. Ac

Dedicated test of the SM at new energy regime including the Higgs sector
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What do we know today? ﬂ

CEA - Saclay

[J.Ellis, et al., Phys. Lett. B679:369-375 (2009)]

S 350 L ENL AL DL RNLENL L B LN B B
The boson that we found looks rather § f _ perturbativity bound ]
“standard” scalar at first sight: = a0l _— £ Finite-T metastabiliy bound |
' [ b= oA R AP
Unstable vacuum at the Plank scale! - .
250 — —
17 Experimental clues of the BSM physics - ]
200 — —
H"» Dark Matter E Tevalmnexclusinnm:-!?&%_l_“.,:%
150 — =
m Baryogenesis R 5
m» Neutrino mass W, "% 8 10 12 14 16 18
Iogm(A!GeV}
. CMS Projection FTR-13-002
1" Indirect Searches ——— Hl.[..._‘]
Expected uncertainties on 30005 at 5 = 14 TeV Scenario 1
. . Higgs boson couplings — 3000 o at 5= 14 TeV Scenario 2
% precision coupling measurement
KT —t—A
Ak/k x 1 /M_/zl Ky [
Ky ——+——
e extended Higgs sector K
Kp
m By g — utu”, TGC, etc €.
Ke b——+—
Direct Searches of BSM L L I =

expected uncertainty

Ak/k ~10(1)%=> M, ~1-1.5(3-4) TeV

u SUSY, DM, heavy resonances
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SUSY

SUSY Searches

S.Ganjour

Highlight of Latest Results from CMS
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Direct SUSY Search Strategy

LPCC SUSY 0 WG
= Constrained SUSY models like 7 108 | ~ i &
the CMISSM are put under = F =S
the pressure by the LHC limits: Cz 1_ 104§
mg = my 2 1.4 TeV UT) 101_ . Q%
1= [nterpretation shifts towards %: 25 103§
“Natural SUSY?”, ie. 34 - o _ 102%
generation squark searches 2' 103 1 %
m assumes 100% BR for de- ; 4EI_H_H_H_HH_Hlllfloq:t
cays considered in RPC 1077200 400 600 800 1000 1200 1400 1600

SUSY sparticle mass [GeV]

[arXiv:1110.6926]

mg S 1500 GeV = “St SUSY” e [~ o~
mg;, < 700 GeV ong Fpp = 49/99
mgo o+ < 350 GeV w large o, jets, E7"%°, (leptons)
Large Ist and 2nd generation = “Elektroweak SUSY”: pp — x*{"F)/ i
squarks, bin.o/Wino, s]eptans. can w small o, lepton(s)+ Eqngiss
be heavy without compromising
naturalness
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SUSY: Direct Squark Search o

ﬁ-ﬁproductiona q?i

S‘ 700 | T T T T T 17T T T 17T T T 17T | T T 17T | T T 177 T T T I_
S Preliminey e
@ goo[-\VS =8 TeV 7
£ T EPSHEP 2013 SUS1202B0lep (0 17
CMS Preliminary, L = 19.5 fb, Vs =8 TeV 2 B i
g - Data [l z-. w+Jets - Witt(e/u+v)+Jets] 500 | — Observed ]
55105 _mﬂ.'““ prordets Bl aco - . Observed -1o3u%" ]
é ;\0‘0? ?ﬁ# Total uncertainty on measured background | 400 | - +~ - a - |
2 - -- Expected q +q_(ud,s,c) |
» - ;
300_— ]
102 ' i
200 -
10 i
1 100 _:
10‘1% Njets [3'5]%% Njets [6'7 Nyed 28] b P by FEENLE B |_
800 400 500 600 700 800 900 1000
L. . squark mass [GeV]
= Traditional Jets+E7"° search
> yses simple kinematic variables to Exclusion limit fc~)r Squal:k 1 GGVN
- msysy = Mg Uy, — o
categorize events SUSY — 774 L7 4X1 19 7 9X1
Squark limit 500 750
Observed numbers of events are No limit for myqp 120 300
consistent with the SM expectations
S. GCL%jOUT Highlight of Latest Results from CMS 24



SUSY: Search for Stop in 1 Lepton Channel ﬂ

tt — ttxIx? [SUS-13-011]

Y W Model Parameter Space
______ 2 Am =m(f) - m(x©)

~0 A mW) <Am<m(t) Am>m(l)
e " X1 A A A
/ S f A\ § \
P, w= :

tt — bbx{x; — bbW W —xx°

W+
R ..... <

X1

m(x?) [GeV]

g /
- / _ _ _

=R ST bWi, i —tx’
(off-shell top) (on-shell top)

-0

- T bW g, r S+ =0
7 T < i / t—=by — bWk,
=S :

£ >
_ 0 m(W) m(f) m(f) [GeV]

1= Similar to tt signature with = Analysis challenge

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

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

large B and clean

Discriminate against background using BD'T' optimizatior for kinematical variables
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SUSY: Search for Stop in 1 Lepton Channel

kS

tt — ttx %"

b t-t production
L. 500 T 17T T 17T T 1T T 17T T 17T T 17T T T

> T Tl \ \ \ \ B

P W 8 FCms Preliminary .

- » @ 450 ;\/g =8 TeV —— Observed B

X1 E ,00FSUSY 2013 - - - Expected E

_ <0 &) L SUS-13-004 0-lep+1-lep (Razor) 19.3 fb 1 (- t %) ]

—_—-- X1 2 o v 1

p W 350 g —— SUS-13-011 1-lep (leptonic stop)19.5 fb X (f— t%ﬁ) E

300 ; = SUS-13-011 1-lep (Ieptonic stop)19.5fb X (- b 9; x=0.25) {

b E . Q Q Q E

_— — _ - 250 PN —

CArS,= M/‘F‘]/— il By C L0 & ]

b - .

150 — A -

W+ u .

Pg ..... ‘:/J 100 ; {

S o0 C ]

X1 C . . R H ]

0 S0 53 J =

-7 X E . o '—' - - . : ]

P1 ..... ‘k.\_ ! 07' L1 . |"|‘l"i’l7|' PRI i Rl IR AN 1Y R L1
W 100 200 300 400 500 600 700 800

stop mass [GeV]

i Analysis sensitive to AM > my and

= Similar to tt signature with
AM < m; but not AM ~ m;

MET from undetected ) LSP

w focus on le/p channel — Exclusion limit for stop in GeV

— =0

large BB and clean Msysy = M t —tx;
Stop limit 625
No limit for mrgp | 225
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g-g production, g— q

ax,

T[W’LTTT[TTT

§-g production, §— bb X°

1

600

S‘looo [TTTT N TTTT N T T.T T L TTTT N TTTT N TTTT N T ] S‘ T T T T T T T T T T T T T T T N T
3 £ CMS Preliminary ] 3 - CMS Preliminary Observed
S . = 1000
@ 900 5 =8 TeV Observed ] @ L Vs =8 TeV Observed -105YS"
£ | EPSHEP 2013 Observed -1 oSS 7 g [ susy2013 e
a 800 theory ] a - - - Expected
C 0

i C ---E ted

7001 xpecte 2 800

600

400

-

—— 5US-13-012 0-lep (H_+ ;) 19.5 b

-

=——— SUS-12-028 0-lep (a,) 11.7 fb™

-
ol b b e b L b

SUS-12-028 0-lep (o) 11.7 b

== SUS-13-004 O-lep (Razor) 19.3 fb™*

SUS-12-024 0-lep (E+H,) 19.4 fb™*

il [

200 500 600 700 800 900 1000 1100 1200 1300
gluino mass [GeV]

Signature:
Jets + Ht + EI‘T‘fliSS

600

800 1000

1200 1400
gluino mass [GeV]

Signature:

Jets + btag + E%iSS

g-g production, g— tfglJ

;‘ T{TTTT‘TTTTITTTT‘TTTT‘TTTT‘TTTT[TTTT{TTTT{TTTT*
& 900CMS Prel|m|nary —— SUS-12-024 0-lep (¥, +H,) 19.4 fb'—|
= _ === SUS-13-004 0+1-lep (razor) 19.3 fb'ﬁ
ﬁ 800 \/g =8TeV —— SUS-13007 Lep (n,_ 26)19.4 b
£ SUSY 2013 —— SUS-13-013 2-lep (SS+b) 19.5 b ]
o — Observed =—— SUS-13-008 3-lep (3l+b) 19.5 fb*

% 700 Observed -1 gSUSY

theory

- - -Expected @Q\
&

o]
o
o

bl g

600 700 800 900 1000 1100 1200 1300 1400 1500
gluino mass [GeV]

Signature:
0/1lep + 2btag + Erl‘i‘iss

mgsusy = Hlg

q — qxi

b — b\

t — tx)

Gluino limit
No limit for mrgp

1200
500

1350
300

1300
600
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SUSY: EWK SUSY Production with Leptons ﬂ

X9 with light bleptons xEx° with decays to W/Z

Search for Electroweak SUSY > ~~~~~ \kxo \ - R

Production chargino, neutralino and
sleptons using leptonic states

31, same-sign 21 31, Z(M) V (jj)
GMSB higsino ZZ+EHHSS xTx~ with light sleptons Direct slepton production

Broad array of \ o \ ..... ./[ \ §§§§§ .

. X1
searches targeting e L -
. - 10/ oF T e .'\ _— 1
variety of final states 1 \ / ‘
41, 31, Z() V (jj) opposite-sign 21 opposite-sign 21
CMSPreliminary Vs=8TeV,L =195fb™
> M|:|.<7'SGeIV 7SGeV$M <105(3ev> Ml‘ll.>10'5(3elv (1 Lepton ﬂavor Categories:
338 3 I
63 2
83 % Channels: .
ot : g™ w 3] OSSF pair (shown)
wiyre .
] i m 3|, no OSSF pair
%3 EB%SS
1N
3
% 150 200 100 150 200 150 © 200 Eggfne-gl\(/)lmpt ”"» OS e/’[/—i_ThCLd
-~ ET[GeV] ETS[GeV] ET[GeV] Tot al bkg
3 3 3 ““ uncertainty . .
3 Data consistent with background over range of
J2 2 2 . . . .
= E’ : kinematical regions, lepton categories

S. GCL%jOUT Highlight of Latest Results from CMS 28



SUSY: EWK SUSY Production with a Higgs Boson &

CEA - Saclay

Novel effort search for Electroweak
SUSY Production chargino, neutralino  Search for Electroweak Production of

using in final states with a Higgs boson Gaugino and Sleptons
H CMS Preliminary \s=8TeV,L =195fb"
\ et = 00—
P no L. «—____ ) - —pp - XX, (vial /) —— Observed limits 3
’ 2 X1 O, 8005 —pp - X X, (viaT /%) 3
ey 100 —pp - XX, (vial,) -
Py T eem = XY - F —pp - gl2)91t (Via;R) //((\qx,/’// E
/ . \ 600 o - P¥ - 2w NS *‘M E
W 500 — PP~ XX - HOWX) g, S S
. C ], 7
miss E  SUS-13-006 T ]
Unexplored final state WH-E/ 400F cuetaon e 3
i H — bb, W(lu)W(jj), LA, TT 300¢ E
: 200 E
m signature: 11, SS 21, > 3l 100 E
2 1 11 1 | I 1 121 | I 11 1 | I 1 101 I 11 1 I 1 1 IE
R = 8 | o 100 200 300 400 500 600 700 800
B R ] S’ Bl m; = 0.5mg, + 0.5m, m; = mg [GeV]
@ 121 B w5 = 5 150 . E ' 1 2
5 T A7 S — . y S
o Dy S e Exclusion limit for gaugino in GeV
j IR - wihHh (250/1)7: 10;* ’E NO ~:t ~ ~_
S mgusy = Mygr | pp = XoXi | PP = XX
“+ 1 c [ b Gaugino limit 750 550
gy T, No limit for mygp 400 200
o 50 100 150 200 250 300 350 400 450 500 %100 200 300 400 500 600 700
M,; [GeV] M, [GeV]

Probe sleptons up to m; ~280 GeV
No evidence for a peak in myy,, my;
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Direct SUSY Searches: Summary >, -

Summary of CMS SUSY Results* in SMS framework SUSY 2013

I(Q!(Ql@l
f Lol
o Qa Qo

- = T o o
o> og

«Ql

Ne}

Q

Py
l

!
2
!
- N
3
=3

<
3
=

1
e}
=}

-t - )
g qq&Jt Fv 9’)
CIQ( ~Z )

- whe
~qq(§p q&f? x? ;

- 99 - VX))
g- b(b (& - W)

gluino production
Y

«Ql

squark

sbottom

CMS Preliminary

005 For decays with intermediate mass,
- = xlth -(1-x)th

mmtermedlate mother

EWK gauginos
ﬂ
!
T
=
Py
HPED g

Isp

slepton
1
g

o 200 400 600 800 1000 1200 1400
*Observed limits, theory uncertainties not included Mass scales [GeV]

Only a selection of available mass limits
Probe *up to* the quoted mass limit

Impressive variety of SUSY searches have been peformed, but only limits so far...
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R-Parity Violating SUSY

1 Proton stability forbids
simultaneous £ and B

1 impose R—parity in MSSM
m two other possibilities 2 or B
w | SP is not stable (DM candidate?)

15> /: LSP will decay to two leptons

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

“leptonic RPV”

0
N\\N‘s\ m\\\\\
A A
=

Unstable LSP significantly reduces
MET, additional objects

“semi-leptonic RPV”

15 Search for anomalous production with
>3-leptons and at least 1 b-jet

15 Use event energy scale as sensitive
observable

ST = Yijet PT + Ziep PT + MET

[SUS-13-003]

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

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

-] Bkg Uncertainties

Va

|:| Data-driven
! |:| tt

[ Jwz
ke 2

|:| ttw
ez

I IEIIIIRRRIS
2 ERIIIKIIIIKIIBIXRIIRKKS
| I IR

0-300 300-600 600-1000  1000-1500 >1500

T T T TTJTIT T TTTTIT T TTTIT I
[ [ [ 8
L
(1
KK
<K
<>

101

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

S.Ganjour
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R-Parity Violation SUSY Serches: Summary ﬂ

Summary of CMS RPV SUSY Results* EPSHEP 2013
g-qh A
g-a A
g - alb A s
g - abtw A Prompt LSP decays

g - gbtu A’
- 2
g - qgb A"

- 113/223

9~—> qaq A 12

g - tbs A"

323

g - qqaq A 110
ﬂ ~av A,
g - glv )\12

33

3
~q - qlv )\233
g - gbty A’
_ 23
q - gbty A’

- "23

d, - 9999 A 1
t, — pevt )\12

1
3
2

o 2
t, — vt )\12

3 Vs=7Tev.
t, — thtp A’

N 2 CMS Preliminary
t - bt N

333 | I I — I I I | I I I | I I — | |

400 600 800 1000 1200 1400 1600 1800

*Observed limits, theory uncertainties not included

Onlﬁ a selection of available mass limits Mass scales [GeV]

Probe *up to* the quoted mass limit

3

33

RPYV searches are probing the 1 TeV scale and even beyond...
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SUSY: Neutral Higgs Sector (MSSM) a

CEA Saclay

Exclusion limits in the MSSM
parameter space of ma and tan 3 in the
my. .. scenario

max

1 EWSB through 2 isospin Higgs doublets
in MSSM ¢ — 77(¢ = h, H, A):

g X B ~ tanQ /B CMS Preliminary, H-tt, 4.9 fbat 7 TeV, 19.7 fb™at 8 TeV

I T
- MSSM m™ scenario Mgyg, =1 TeV

tanf

% event categorization by number of b-
jets and tau lepton final states

* 2 main Production Processes: & "00TTo)

‘ 10 :
t,b,t,b4  w----- hHA + - h/H/A 95% CL Excluded: -
— observed -
& _ — SM H injected |
» Cross-section increases ~tan B2 g TTTTTeR—<—— b — expected -
CMS Preliminary, H-1t, 4.9 fb™ at 7 TeV, 19.7 fb™ at 8 TeV 5 CMS Preliminary, H-11,4.9 fb"at 7 TeV, 19.7 fb™ at 8 Tev n
%! — T T T T T Iarr T %! 10 ?H‘Thl LA l_“_l“ ql)#“| — T T T i 10— expected
Q O yp[B-Tag = + 20 expected
— — E [ - ]
= - e LEP
£ £
S g mhax (m, =160 GeV, tanf=8)
© © 1
1 b-jet
1 1 1 1 1 L1
b 100 200 300 400 1000
10'30 - 500 1000 1500 40 500 1000 1500 [HI G-_ ]_ 3_ 0 2 ]_ ] m [ G e\/]
my [GeV] my [GeV] A

SUSY modifies tree-level couplings
: - . A is difficult to find at moderate tan 8 ~ 5
HIVATIAIL A5 SPECLIt Largest effect Ak, p/krp ~ 100%/m%

No excess is observed in the tau-pair
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SUSY: By — ppu~

2

CEA - Sac

lay

1= Rare SM decay known to 10% accuracy

w V¢ and helicity suppression
I3 B(BS — Iu+lu_) ~ 3.8 X 10_9

24% 75%
b w* W — .
~ANAANNNAA b w i)
%
t v 1
W s W- n
S w [

i |arge Sensitivity to New Physics, e.g.

MbQMl2ta116 5}
4
My

BMSSM(B(] — l+l_) X

15 Mass resolution is a key aspect for future
w B(By— ppu”)/B(Bs = p )

An excess of events with respect to
background is observed with a
significance of 4.30 and consistent with
the SM prediction

<
n

-L=5fb*Vs=7TeV,L=20fb* {s=8TeV

[ERY
N

[EEY
N

||||||||||||||||IO

=
o

S/(S+B) Weighted Events / ( 0.04 GeV)

—e— data
— full PDF
Bga Ty

B - uw
----- combinatorial bkg
----- semileptonic bkg
----- peaking bkg

bl

I_IJ]LJL

¢

0 i & o
49 5 51 52 53 54 55 56 57 58 59

m,, (GeV)
LHCb 3fb" |-
' sMm
CMS 256" |- —
neliminary [ ——
R T R S S S S
B(B{— p) [10°]
B(B, — ptp™)=(2940.7) x 107
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Triple Gauge Couplings (TGC) e

New Physics via effective Lagrangians  reas

T L L T T T T atas Limis! T
Charged aTGC By =
1 A different way to look for deviations: Ax, - ww -0.043-0.043 460"
L WV -0.043-0.033 50 fb
] e LEP Combination -0.074 - 0.051 0.7sz:
w no particuar model assumed Ay - o 00480048 415"
_ — wz -0.046 - 0.047 4.6 fp
b access to higher energy scales . b0 Gomblnation 003 - 0.044 281
He- LEP Combination -0.059 - 0.017 0.7 fb
. . . . i WwW -0.039-0.052 4.6 fb’
1= Extending the SM Lagrangian in a linear way: Ag, — ww 0.095-0.095 4.9 "
— w2z -0.057 - 0.093 4.6 b
o DO Combination  -0.034 - 0.084 86 fb™
| e - ‘LEF’ C?on?bi?atilctn‘ -9.05|4-|0.?21| 0;7 f‘b_1.
1 0.5 0 0.5 1 1.5
m . .
. n /AN aTGC Limits @95% C.L.
£<\/§ << A> - ESM+ ; An—4 Z f] Oj Feb 2013
n=>5 J NT a1 e~ S D ariastimis! T —
Neutral aTGC s Lits —
. . z -0.015-0.016 4.6 fo
= Respect SU(2)r, x U(1)y gauge invariance K, - 7 oors-00ms st
. ] —_ Zy -0.022 - 0.020 5.1 fo!
5= Set limits on charged and neutral anoma- | — & 0.013-0014 46 b
. . - Zy -0.003 - 0.003 5.0 "
lous Triple Gauge Couplings (aTGC) cou- 0z 0020-0021 5.1 1"
. o N ¥ — Zy -0.009 - 0.009 4.6 fb’
plings from diboson production hx100 2y 0.001-0.001 501"
HZx100 Zy -0.009 - 0.009 4.6 fb”
m parameterization assumes all parameters |~ 0opien
. -0.5 0 0.5 1 1.5 x10
are zero in the SM aTGC Limits @95% C.L.
w | HC can potentially probe a few TeV scale No deviations from zero are
[Eur.Phys.J. C39 (2005) 293] observed so far...
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BSM Searches

BSM Searches

S.Ganjour
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DM Search with Monojets ﬂ

v, jet, lepton

Md\l\l\l\' XDM
Dark matter (DM) existence is well p ’f\"""""-ﬂ'
established based on gravitational effects .

1 DM particles are produced in pairs after ISR .-

p \

w signature: MET and mono-jet/photon/W/Z U\\ XDM
m dominant background is Z— vv+X jet, or 1+ £t

= Couplings between SM and DM can be PrObed §1°7 ChIASPrelllmlnar;%ljvj&II
and compared with direct detection results : z erdSlesm %iw
m interpretation in spin (in)dependent EFT » e ROz

....... DM A =0.9 TeV, Mx =1GeV
....... UNP d,=1.7, A\, =2 TeV

1 Search for non-SM contribution of hard jets re- W L ey e ou

o . . . - 102 >,
coiling against something invisible Rh L

10 IR

Data are consistent with Standard Model
background expectation 2F

15E
l: - .- +-

0s g MR e S v Y S oy ++$f #4r l - l%

of

Data/ MC

200 300 400 500 600 700 800 900 1000
ETSS [GeV]
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DM Search with Monoleptons > a

1 Search for non-SM contribution of isolated
leptons from leptonic decays of W's recoiling
against something invisible

n® measure transverse mass spectrum

CMS Preliminary 2012 20 fb™ Vs =8 TeV

M; (GeV) M; (GeV)

. N . . _ 17T ‘ T T T TTTT
SR [ Expected limit for £=-1 .
w Data /MC agreement over orders of magnitude ¢ 1o+ xpected limitfor &1 g ip pependent |
o | Expected limit for £&=0 E
~ | P — ]
CMS Preliminary e+Ef™ [Ldt=20fb" Vs=8Tev CMS Preliminary p+E™ [Ldt=20fb" Vs=8Tev @) Expected “.mI.t for &=+1
3107 B oo naioGdy [l laco § D10t fucanoazodel L e - —— Observed limit for £=-1
mlOG Spin Independent Q Spin Independent getop 10—37 Observed limit for EFO
o -~ DM E=+1 .tf +single top.y +jets (3105 DM &=+1 DDY IQCD 8 o
10 —DME=0 [ ]ov [ oiboson F|104 —— bmMiE=1 9 — Observed limit for &=+1
4@104 DM g=-1 dat; syst uncer. 49103 i PmeEse ID“"’S“" o CIL B
§103 §102 <10%E E
(1110” W 108 a8 3
1085 1 N .
10* P i
-39 | ]
107 1078 1077 ]
10° 10° - ]
103 10BN R [ T ]
104 L 10°® 1091 .
500 1000 1500 2000 2500 500 1000 1500 2000 2500 % | | B
1

10

107 10°
No deviations from background estimate My (GeV)

was observed Limit improves when
interference is considered
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DM Search Results

/
[EX0O-12-048] [EX0-13-004]
22 CMS preliminary 2012 20 fb™ Vs = 8 TeV
27 P 10 E T T T T TTTT | T T T T TTTT | T T T T TTT

& 107 [ AL AL —— Observed limit i ]
S 102 CMS Preliminary —s— CMS 2012 Axial Vector— & - ML e CMS monojet 2012 ]
O, — s gTev e CMS 2011 Axial Vector o = 13 ="~ Expected limit R
— 100 ST — _ CDF 2012 — 5 A Expected £ 10 ~77" Super-K W'W E
o b J'L dt=19.5fb" - SIMPLE 2012 4 5§, 1 |Expectedx20 lceCube W'W~
"6' 107°° CDMSII 2011 E b 10 E_Limit in 90 C.L. E
% O A — COUPP 2012 1 © - Spin Dependent  -.-.-.- SIMPLE 2012 7
" 10 -e= Super-K W'W . g 10%7 Lelectron + muon  §=+1 4
8 1073 -== lceCube W'W - S< ; ?

| — ] -
(@) 10728 oo e R 10 3 - E
C [ = ""-':-ﬂ-:'-:'-' ---- -/" = e | :/7 _____________________ l:
D 100 g il B 8 L0 S i
O = (XY, Y X)@"y,9) E - et 3
2 104 N B a0l x'“w..\r_‘.":.—-—""‘_
| » — . = 10 T E
><10™F  Spin Dependent B T i
10-46_| I Ll I Ll | | |||||||_ 10-41—l I ol I L] I -

1 10 10° 10° 1 10

M, [GeV/c’]
1" |t is assumed that the DM particles are Dirac fermions
15 Collider results dominate in spin dependent searches

i Cover low mass range for spin independent searches

10? 10°
M, (GeV)
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Dilepton Z’ Searches o

10° — .
E 10° cMS Preliminary,STtlaV, 20.6 fb! [EXO'12'061]
= —e— DATA
‘2 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 CMS Preliminary 8 TeV, ee (19.6 fb™), "y (20.6 fb™)
% 10° A T . Io E | | | | I median elxpected 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
A L L P S S S S N | C oo v by b b b NNy T
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_Jike couplings: my gq > 2.96 TeV
of magnitude: no deviations from ’

Superstring-inspired: my ,, > 2.6 TeV
background estimate

S. Ganjour Highlight of Latest Results from CMS 40



Search for tt Resonances

2

CEA - Saclay

1> Two dedicated searches:

w optimized for tt production at the

kinematic production threshold

w optimized for tt production produced

with high Lorentz boosts

CMS, 19.7 fb?, Vs =8 TeV

CMS, 19.7 fbt, Vs = 8 TeV

=
Q
S

b-tag

H
-

S R
ST

[Eny
T T

Events / 100 GeV
g,
I

10*

e R REEARES
£ e+uN =0 ¢+ Data E

0 500 1000 1500 2000 2500 3000 3500

[TTTT T LR B I B L IR
- etuN 21 t Data 7
[ 1
, Mothers =
—2Z'2TeV ]

=
Q
£

i ]
Mothers -
—2Z'2TeV |

=

o
)
T

|
Events / 100 GeV
B =

[N
T T 7T

10*

- ]
0 500 1000 1500 2000 2500 3000 3500
(@) M, [GeV] (b) M, [GeV]

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

H
o
)

T IIHIW T IIIHHl IIIIIH“ T IIHIW UL

Upper limit on 0, x B(Z' - tt) [pb]

= =
o o =
N [N [ERN o

=
=
w

[B2G-13-001]

The 95% CL upper limits on

CMS, 19.7 fb%, {s =8 TeV

production cross-section

—— Observed (95% CL)
~ : — - Z' 1.2% width
I 10 Expected
D +20 Expected

-- Expected (95% CL)

Mg > 2.7 TeV

M, [TeV]

Topcolor Z', width 1.2%: my > 2.1 TeV
Topcolor Z', width 10%: my > 2.7 TeV
KK excitation of the gluon:

S.Ganjour
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Ezotica Searches Summary

LQ1, B=0.5
CMSE , oo
XOTl CA 95% CL EXCLUSION LIMITS (TEV) | 35" 05 |
. i LQ2, B=1.0
4 ‘qﬂ): (‘f,”ﬁ; LQ3 (bv), Q=+1/3, B=0.0 | LeptoQuarks
g* (92) LQ83 (b1), Q=+2/3 or +4/3, =1.0
q*, dijet pair stop (b1)
q*, boosted Z . 1 > 3 4 5
e, N=2TeV Compositeness _
ur, A =2TeV b’ — tW, (31, 2I) + b-jet

Z'SSM (ee, uy)

(]

—_

\
2

w
N
(&)

'1

q’, b’/t’ degenerate, Vtb=1
b’ = tW, [+jets

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

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

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

sl

' - bW (100%), I+I

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

Gl M - 0.1 ‘ C.l., py, constructive LLIM
G (ZZ(aa) kM = 0.1 | | C.1. single & (HCM) Contact
W‘V(\éij(gg ARSI ECLIOYVN  [nferactions
W’ (td) C.l., incl. jet, destructive
, ] C.l., incl. jet, constructive
W’ —= WZ(leptonic)
WR’ (tb) — 1

WR, MNR=MWR/2
WKK i = 10 TeV
pTC, TC > 700 GeV

|

|

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

e —— e 112 nED 5
. — ! i =
A — o o e

Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm

|

MD, mono-y, nED =3
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
MBH, stable remn., MD=3TeV, nED = 2
MBH, Quantum BH, MD=3TeV, nED = 2

Extra Dimensions
& Black Holes

-
-
1 2 3 4
| Long
Lived
0 1 2 3 4

Impressive variety of BSM searches have been peformed, but only limits so far...

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 ~

m significant step toward both small "HE-LHC33
couplings and large masses Squarks/gluinos * I|L|I-L|.C|:_1FLC14
m improve sensitivity on mass scale 0 1 3
about x2 with respect to 8 TeV searches e R?;ach!f‘rev 6
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Summary :‘l

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

m data disfavor the pseudo-scalar 0~ and spin-2 hypotheses
m» couplings are in agreement within uncertainties with the SM predictions

1 Focusing on the 3rd Generation SUSY — no evidence for SUSY

m 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= No deviations from the SM in rare B decays and diboson production observed

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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Backup

Backup

S.Ganjour
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H — ZZ%) — 4l (HIG-15-002) P

CMS Preliminary ys=7TeV,L=6.1f";{s=8TeV,L=19.6"

CMS preliminary % 35:| | T T T | T T T | T T T | I.IDlatg T T T l:
%) i ] ] I ] ] ] ] ] ] ] ] (D : :
(D 30} i Data Vs=7TeV:L= 5.1fb? 4 ™ 30__ .Z+X -
m | L] m, =126 GeV Vs=8TeV: L=19.6 fb’ —~ - . 1
NG | O zy* 2z @ - [zvzz .
2B E z+x o 290 196 GeV/-
o I T []m.=126 GV
@ 20 /Qf -
I 151 b
10} - ]
- 100
| -
| s
0 100 400 800 i |
m, [GeV] 0"80 100 120 140 160 180
my, [GeV]
One of the best performing 4-lepton mass resolution 1-2%
channels in the whole mass range
Channel 4e 4u 2e2u 4¢
. Z7Z background 6.6 0.8 | 13.8+1.0 | 181 £1.3 | 385 x1.8
15 Extremely demanding channel for selec- | z:x 25410 16406 | 40+16 | 81420
. . . . . All background expected | 9.1+13 | 154+12 | 220+2.0 | 465 £27
tion, requiring the hlghest pOSSIble effi- my = 125 GeV 35505 | 6808 | 89=1.0 | 192+14
. . . my =126 GeV 39+06 | 74109 | 98£1.1 | 21.1£15
ciencies (lepton Reco/ID/lIsolation) e - —~ - -
1= Straightforward for spin/parity measure- Event yields in 110-160 GeV —

ments and includes VBF channel
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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) :‘l

High sensitivity, but low mass
resolution channel

1= Background estimation is the most
important part of analysis

5107 CMS preliminary\Ns=8TeV, L. =19.5fb*
o * data
COH(125) - WW
. || W+J%]Z)S
10 [ | W+y
I di-boson
top
W Z+jets

10°

10*E

10° = E—.—._

N%won:— Eda{a =Mﬁzseev CcMS N;sj 300; —e— data - background cMS
. . . g C xZZZ :Z:s's (5=8 TeV, L = 19.5 " g 250? :':;:Z;::‘ {5=8 TeV, L= 19.5 "
Signature with two isolated leptons &« & Gimm =ww Y e
(electrons or muons) and large 4
A " : 1 5 § 5oi + ﬁ_%'
miss g g =
Aémissing energy (E7") : e
S T o
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H — WW — lvlv: Results ﬂ

s10%¢ = o 30

n - CMS Preliminary —— Observed ] O ~ CMS Preliminary ... Expected ]
\o B \s=7 TeV, L = 4.9 fb-1_1 - - - Median Expected i % B \'s=7 TeV, L = 4.9 fb-1_1 —e— Observed i
© - \s=8TeV,L=195 _fb |:| Expected = 1o 7] O 251 \'s=8 TeV, L= 19.5 _fb Injection m =125 GeV  _|
(- | H-WW-—-2I2v 0/1-jet _ = | H-=WW-—-2I2v 0/1-jet |
[®) |:| Expected =+ 20 -E B D Injection = 1o _
— | Injection m =125 GeV = 16 __| B Injection = 20 ]
= 10F : = 9 [ [ ]
E o . w» 20 — 7
T § i _
= y 15— ]
O | y) i j
2 F WX 7/ - -
o N gl 7 i 101 .
O) — ‘\\ \ /III ”illl’ "l,,// - B T
L \\ “0 /, - : :

1 0'1 — \\‘\ ,’ = S :_ ______________________ _:

i 1 1 | | I - IIII|IIIIIIIII|IIII|IIII|IIIIIIIII_ 0_ 1 | - IIIIllIIIélIllillllélllllllllélll_

100 200 300 400 500 600 100 200 300 400 500 600

m,, [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

Consistent with a SM Higgs boson with a mass
around 125 GeV
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H — vy (HIG-13-001) ﬂ

A ~ —Aw/5 Y Aw 7
A discovery channel at
low masses : w
, 3 h === t h === W
1= Low signal rate B ~ 10
¢ W
m decay involves virtual loops
. . v Y
m has negative contribution
from the top quark loop
: . 220000 L pretiminary | —e-oaa ]
iz Clean signature in the detector © | s-7rev =511t S48 Fit i
_ To) L {s=8TeV,L=19.6 fbl (MVA) Elfll‘imcomponem §
> jdentified as a narrow peak on 4000k B 20 ]
the top of continuous background 2
03000
T
Good performance of ECAL and gzoooz
photon reconstruction are cornerstones > I
o L
of the analysis -
Y 21000_—
1= Best fitted signal strength at 125 GeV & |
:/ _I | | | Il | | | Il | | | Il | | | Il | | | |
o/osy = 0.78 £ 0.28 £ 0.26 » 0o 120 130 140 150

m,, (GeV)
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H — 71 (HIG-13-00/)

CEA - Saclay

H — 77 probes coupling to leptons oMS Preliminary, /s = 7-8 Tev, L = 243 br*
%‘ : ! a0k EZ H(125 GeV) - 1t |
. L el eT,, UT,, T, T, -@- Data - Background
1= Analyze decays of tau pairs: Q 1000 BED st roran
AR [ 20
e, ity €Thy UThy ThTh & ol
. © - BE
= Full m(77) reconstruction zZ I .
600 - 100 150 -
. © - my [GeV]
> event-by-event estimator of g ; HazsGen -1 ]
. . 400 | —@— observed _
true m(77) likelihood 8 | e :
; R B clectroweak 4
. . m 200 (— e -
Events are classified according to & ; :

jet multiplicity
(all categories are fit simultaneously)

CMS Preliminary, (s=7-8 TeV, L =24.3fb, H - 11

O 1 1 I 1
0 100

CMS Preliminary, /s=7-8 TeV, L =24.3fb™, H - 11

s4.0 T o 1f CMS Preliminary, {s=7-8 TeV, L=24.3 fb™, H- Tt
o’ | —— observed % E E —T— —
B 3.5F — expected 510t - o m,, = 125 GeV
g I [ + 1o expected o = 1
= 3.0F [+ 20expected ] B 02 fe e ] i
E E ] A S B " — 1-Jet
= ”s E ] | 10 E P
o 4 E 3
S 20F ’__*/-‘ 10k ] - 2-Jet (VBF)
o " ] E 40
15 F 3 10° E —— p-value observed
1.0 E T L - p-value expected ] B VH- 1T+
E f f 50
05F 107
E F Combined
oo v v L P M——— R M - | | |
110 120 130 140 110 120 130 140 —— e
m, [Ge m, [GeV .
n[GeV] n[Gev] best fit for o/og,,

200 300
m, [GeV]
CMS Preliminary, Vs=7-8 TeV, L=24.3 fb™}, H- 11
— 1 L B |
m, =125 GeV
hd HH
B ep
— e T,
. et
HT,
. VH - 1T+
Combined
L 1 L " 1 L L L 1
0 2 4

best fit for a/ay,,

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-13-012) a

CEA - Saclay

Lo i L B '. T _' [T T ] S 6_| T T 1 T T LN L L I B B I B B B |_
:| 80_ CMS Pr@llmlnary ® Data — bm B CMS Pre“mmary 1 —e— CL. Observed 7]
n _ Vs= 7TeV,L =5.0fb* i \ - Vs=7TeV,L=5.0fb s o .
() - VH (125 GeV) o » 1 --o- CLg H125injected
= - Vs = 8TeV, L =10.0 b’ ] S 5 !s=8TeV,L=190fb" o ci Expected
S ol PP~ VHiH - bb B v ] = | VH(bb), BDT combined M CLsExpected+ 10
© | | E - CLg Expected £ 20
% i Sub. MC stat. uncert. | 3 4 - N
(@)} L RS _ 1 = _
r— ===22= Visible MC stat. uncert; B _
g 40 I | Ittt 1 O | |
- e .t 3
i S 3 y
- Q_ = .
20— = - -
i > o
N < - e
0 S
- L e
C | | | | I] © 1— .
0 50 100 150 200 250 i ]
MbE [Gev] _I L L L L | L L L L | L L L L | L L L L | L L L L I_
110 115 120 125 130 135
my [GeV]

H — bb is a key piece of the 1= Reached SM sensitivity below 125 GeV

observation puzzle
Observed excess about 2.10 is

= Challenge: U<b6> ~ 107UB(H — bB) compatible with a SM Higgs boson with

1 Search in associated production with W/Z a mass around 125 GeV
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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)

S. GCL’I?jOUT Highlight of Latest Results from CMS 54



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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Detector Upgrade ﬂ

1 Detector upgrade needed

> to withstand radiation dam-
age and pileup

" to maintain or enhance the
current physics performance

1 CMS will undergo a series of
detector and trigger upgrades

> several subdetectors will be
improved or replaced

> trigger is a key component
=> mandated by need to
study the Higgs boson

=> thresholds not too dis-
similar to today

[CMS-NOTE-13-002, arXiv:1307.7135]

CMS Simulation Vs =14 TeV, L =2.2 x 10* cm%s?, 25 ns
T T T T T I T T T I

WH - evbb

WH - pvbb . . .
il

H - et .

R R _,
R s e s e _
o - vy E————————————————— _
O s o e S _
o o ——————————— —|

: 2'0 4'0 6|0 3|o 1(|)0

Efficiency (%)

Current and Phase 1 trigger efficiency:
upgraded trigger system available for data
taking in 2016
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¢ .
% Signal Strength ﬂ

1" First step to assess compatibility to SM

i perform single parameter ﬁt, signal Strength H = O'/O'SM
m group decay channels together and express results as o,/ it

CMS Projection CMS Projection
T | T T T T | T T T T | T T T T ‘ T T T T | T T T T | T T T T | T T T T ‘ T T
Expected uncertainties on 300" at f5 = 14 TeV Scenario 1 Expected uncertainties on 1 300017 at 5 = 14 TeV Scenario 1
Higgs boson signal strength 1 300fb"at fs =14 TeV Scenario 2 Higgs boson signal strength — 3000t at fs=14 TeV Scenario 2
Hoyy } i Hoyy
H— WW } | H— WW
H—o ZZ } | H—o ZZ
H— bb : | Hobb [ — +
Ho1t1 } ] H—o1t1
| | | | | | | | | | | | | | | ‘ | | | | | | | | | | | | | | | L L | ‘ L L
0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15
expected uncertainty expected uncertainty

[Scenario 2, Scenario 1]

L(fb )| vy | WW | ZZ bb TT 7y (L[ inv.
300 |[6, 12] | [6, 11] | [7, 11]|[11, 14] | [8, 14] | [62, 62] [40,42] [17, 28]
3000 [4,8] | [4, 7] | [4, 7] | [6.7] | [5,8] |[20, 24] [14,20] [6, 17]

Not always straightforward to interpret: worth separation of production modes
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Coupling Fit Tools ﬂ

Extracting Higgs couplings requires
assumptions at LHC

= Total width I’y ~ k% is not measurable

m not possible to measure directly a produc-
tion cross section as at a eTe~ collider

1= Follow recommendations and fit models de-
scribed in Yellow Report 3 [arXiv:1307.1347]
w assumed ky = > k;BR;, only for i in SM
=> total width controlled by H — bb

> H — cc is a 5% unaccessible contribu-
tion (assumed to scale with bb)

=> no contributions from BSM
1= (lobal fits targeting the k factors

m do not resolve loops, effective coupling in-

stead (k,, k; and kz,)

CMS Projection, {s=14 TeV
T | T T “II T |
- —— L=300fb ", Scenario 1

2AInL
T

==== L=300fb ", Scenario 2
==== L=3000fb ", Scenario 2

—— L=3000fb ", Scenario 1

Results reported in terms of 68%
uncertainties (-2A1In L=1) on k
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¢ . . : !
% Coupling Fit Results ,‘

CMS Projection

17 Assume no new undetectable modes TR L U S
Higpgs bosan couplings —1 3000 fb"at §s= 14 TeV Scenario 2
m® in an ambitious scenario, ultimate precision is .
about 2% for couplings involved in the main S e —
K; ——+——
decay modes N I
Kb ]
1 Results are more “stable” if total width absorbed K
L R—
by a reference scale factor B

1 L L 1 1 L 1 L ‘ L L 1 L | L 1
0.00 0.05 0.10 0.15
expected uncertainty

m ook at ratios of couplings for
CMS Projection

dlreCt Comparlson Expeclted unc:ertla\int‘ies‘cmI | ;—; 3o$0fb':at i‘§=1;TevI5cer|1ario‘1
Higgs boson couplings ratios 1 3000 fb" at ¥5= 14 TeV Scenario 2
Kg® KZIKH -
HL-LHC can lead to an accuracy of about 5-8% e
for many coupling constants in scenario Swhe [
. . K, Kz A
conservatively covering the range of future g
L e e—
performances .
! TR SR N N NN S S AR I R R N SR R
[Scenario 2, Scenario 1] 0.0 0.05 %;I(gected unc%:tginty
—1

300  |[5 7] [4 6]|[4 6] [6, 8] [10, 13]|[14, 15] [6, 8] | [41, 41] | [23, 23] [14, 18]
3000 |[2,5][25][2 413, 5] [4 7] |[7,10] [[2, 5] /[t0, 12]| [8, 8] | [7, 11]
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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 ﬂ

[arXiv:1110.6926]
iz Disclaimers:

- SUSY is broken by unknown mechanism mg < 1500 GeV
m introduces many free parameters in theory Mg, < 700 GeV
w results are presented in a given model us- my, 5t = 390 GeV
Ing assumptions
% most current results are given in Simplified - L Les
Models: single decay chain, 100% BR, etc o Gmnads
T i
1z Strategy is based on phenomenology j
oriented approach: -
w natural spectrum in RPC scenario ;L ------------
m strong production in RPC scenario g
natural SUSY ~ §  decoupled SUSY

m R-Parity Violation (RPV) scenario
w extended Higgs sector in SUSY: h,H,A,H+ Large st and 2nd generation squarks,
bino/wino, sleptons can be heavy

w indirect searches: Byq — u*u—, TGC _ -~
’ without compromising naturalness
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SUSY: Direct Squark Search

g-q production g- q %D t-t production

'S' 700 T T 17T T T 17T T T 17T | T T 17T | T T 17T | | T 1T | T T 17T ] S‘ 500 T T 1T ﬁ T T 1T T T 1T T T 1T | T T T | T T 1T | T 1T T
S M PNy ey | O, CVS Preliminary. :
‘@ ’ o 450 /o — — Ob d 3
2 coo[-\s =8 TeV ] 5 “7E\s =8TeV serve .
g "L EPSHEP 2013 SN £ ,ooF SUSY 2013 - Expected E
% B ] % | e SUS-13-004 0-lep+1-lep (Razor) 19.3 fb™* (t— t%‘z) ]
— 500 - - - -
- Observed . 350 - — 5US-13-011 1-lep (leptonic stop)19.5 fb ™ ([~ tX) E
- SUSY | = —
o Observed -1032%" i ] 300[- = SUS-13-011 1-lep (leptonic stop)19.5 fb (- b X', x=0.25) -
400 Expected q_+d, (U.d,s,c) i u ' . . .
- ] 2501 -
300 ] - .
- i 200 — —
200 _: 150 :— —:
- 100}~ -
100 = - ]
i 50— =
0 I 11 I“ Il 1 | | I | | | I | | 1 I | 1 I: [ | | I | ] 0 :" 1 1 Ll 1 | | 1 :

300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800

squark mass [GeV]

1= Traditional Jets—I—E{rniSS search

stop mass [GeV]

1" Focus on 1 lepton channel

1= Analysis sensitive to AM > m; and

> yses simple kinematic variables to
AM < m; but not AM ~ m;

categorise events

w main backgrounds QCD, W/Z+jet
and tt are estimated using data-
driven techniques

m search for stops in gluino-mediated
cascade processes

m precise subtraction of ¢t background
62
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background ¢

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 19. 5fb‘ CMS Simulation Vs =8 TeV, [Ldt =19.5 fb” CMS Simulation Vs =8 TeV ﬂ-dt 19.5 fb‘
R R R [T rrrrp T rrprTT rrrpTTTrTTTTT T T L A T
[ Preselection + o ] - Preselection + o - 800— Preselection + I vt E
1400: M, > 120 GeV = ::t_jl ] 500 M, > 120 GeV = :::'; h 700; M, > 120 GeV ] ﬁ;l E
1200~ [ ] w+jets — : [ ] wsiets - [ ] weets
N I rare ] 400 B rare : 600; I rare E
1000:* ...... T-17, (650/50) x100 7: ------ T-t7] (650/50) x100 | 5 00: ------ 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]
signal — t ——
t
~ \

t
/ X1 h high py
i b-jet
miss. T Py
63
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SUSY: Direct Stop Limit o

Limits from BD'I" signal regions

CMS Preliminary Vs =8 TeV,[Ldt =19.5 fo

10°

| ] _I T I T 1 17T I T T 17T I T T 7T I T T 7T I T T 7T I T 1 17T | |
% 400F-pp - Tt7 -t % ==== Observed (+16"°°") 8_
9. E BDT analysis === Expected (+10) =
o Observed (9.7 fb) 10 €
-
3
1 o
5
o

10

107

i -3
0™ %0 300 400 500 600 700 soo 10

m- [GeV]

i Analysis sensitive to AM > m; and
AM < m; but not AM ~ m;
m search for stops in gluino-mediated

cascade processes

m precise subtraction of ¢t background

Exclude stops m; <625 GeV for
neutralinos Mo <225 GeV

Polarization Dependence

Vs =8TeV, [Ldt=19.5fb"
_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 :_ pp - t;ll) Observed (unpolarized top)
E BDTanalysis -~ --- Observed (right-handed top)
-------- Observed (left-handed top)

CMS Preliminary

350

Mgy [GeV]

300

250

200

150

100

50

‘ 1 1 1 1 1 1 1 I
200 300

! L1 |
400

! L1 |
500

600

1 I 1 1 1
700 800

1= Signal acceptance depends on top po-
larization from t — tx}

w depends on left/right stop mixing
and ¥ composition

m# compare mass limits for unpolarized
(nominal) vs. left/left-handed tops

% impact on mass limits about 20 GeV

S.Ganjour
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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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My (GeV)

800

600

400

200

1200

1000

CMS,L=19.41fb! (s=8TeV

pp - 90, g — bBE) NLO+NLL exclusion
—Observed+ 10
-:-Expectedt 10

theory

experiment

’
] | |

-1-

I

p
u
1
.
L
n
1
1
n
1
1
n
1
n
n
1
1

1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1
Z?OO 600 800 1000 1200

m; (GeV)

|

10

107

1400

=
=
w

95% CL upper limit on cross section (pb)

1

600

500

400

300

200

100

CMS,L=19.41fb' s=8TeV

pp - 09, g — tf?; NLO+NLL exclusion
—Observed+ 10
-:-Expectedt 10

theory

experiment

II|IIII|IIII|ITI

IIIIlllIlIIIIlIIIIIIII|III|IIIIIIIIII_

10*

\ll\\\‘

1072

o 163
00 700 800 900 10001100120013001400 10

m; (GeV)

Mglyino > 1200(1025) GeV at low mass LSP for 4b (4t) final state

95% CL upper limit on cross section (pb)
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SUSY: Gluino Mediated Production t with 1 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: 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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Lepton+MET W’ Searches a

CEA - Saclay

Look for Jacobian peak on falling My

distribution:

My = 2 - prl- B - (1 — cos Agy,)

CMS Preliminary [Ldt=20fb" (5=8Tev CMSPreIiminary [Ldl:zofb" Vs=8Tev

L L L L s B B B B B B
v M=2500 GeV

v M=500 GeV

E: ool il " !
500 1000 1500 2000 2500 500 1000 1500 2000

nnnnn

2500

M, [GeV] My [GeV]
= = 10

s 10F 3 S “sf 3
& gE 3 8 6F E
g 3 n E g 4 %HL .
N ] SOOI SRR SR - R Rt i L L L L
ol 0 — ol E
& 500 1000 1500 2000 2500 & 500 1000 1500 2000 2500

1 Background prediction given by MC

w fit to background with empirical

- — "
function: iy, = (EbMpTo)d

No significant deviations from
background expectation

[EX0-12-060]

liminary, 20 fb®, 2012, Vs =8 TeV
Observed 95% CL limit
---------------------- Observed 95% CL limit W' - ev
. — — — Observed 95% CL limit W' - pv
10% & ‘\ ------- Expected 95% CL limit
v Expected 95% CL limit+ 10
. | [C__] Expected 95% CL limit+2¢
LI " SSM W' NNLO
10° ‘... [[ZIZ7] PDF uncertainty
(S I W, With p = 10 TeV NNLO
3 i - Wy with U =005 TeV NNLO

T
1=
E1g)

T T-TTHO
PR [0))]

|J-+ Emiss §

oT

mISS

e+E

=
o
N
T

10

ffff
~.
: ~. :
~,
~

\\\\\\

H T TTI

500 1000 1500 2000 2500 3000 3500 4000
M, [GeV]

SM-like couplings: myy ggn > 3.35 TeV

UED second KK excitation (Wy):
m > 1.7(3.7) TeV for u=0.05(10) TeV
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