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THE NEWCONER

A Higgs-like boson was found, close to the WS 1527100 L= 51" =8 Tev =53
lower bound of the Higgs allowed mass range | |
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GO NATURAL?

the Higgs couplings (signal strength & BRs) could deviate from SM

I[f New Physics has something to do with making
the Higgs light, we expect it @ TeV scale

Natural SUSY

light stop & sbottom, direct or via
gluino decays

Extra dimensions (ADD, RS++)

high-mass KK partners (eg RS
graviton to VV, £7, top pairs, etc)

Compositeness

exotic top partners lighter than 1 TeV
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GO NATURAL?

the Higgs couplings (signal strength & BRs) could deviate from SM

I[f New Physics has something to do with making
the Higgs light, we expect it @ TeV scale

Natural SUSY

light stop & sbottom, direct or via
@no decays > Discussed Today

Extra dimensions (ADD, RS++)

high-mass KK partners (eg RS
<__graviton to VV, ZZtop pairs, etc)

Discussed Today

Compositeness

exotic top partners lighter than 1 TeV
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OR LIVING UNNATURAL?

the Higgs couplings (signal strength & BRs) T —
are SM-like :

[f New Physics has nothing to do with making
the Higgs light, we still expect it to give a DM ; .
candidate, and possibly unification ' e ¥
0(100 GeV)

O(100 TeV)

Split SUSY SM
long-living particles, stopping I —

gluinos, displaced vertices

Standard Model

We will keep setting
limits on new physics for
a while :
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NATURAL SVUSY SEARCH:
NMULTI(B)) ET+NET
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) NMULTI(B)) ET+NAET sus-12-024

Hadronic search for SUSY in multijet+MET

events with btags

Event Selection — pmis
Agbif I

> 3 jets with pT > 50 GeV and Inl< 2.4, >1 bjet, i

>2 jets with pT>70GeV APmin = min(Ad;i/oap,)

Muon & Electron veto (pT > 10 GeV) Oag,i = arcsin(or,/ Emiss)

[solated track veto (pT > 15 GeV)
Aé]\)min > 4.0 (sideband used for QCD)

—_—
HT vs MET vs btag multiplicity 3D space binned MET = ) Er
HT = ¥ | priet|

Control samples used to predict backgrounds
with data + MC scale factors
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NAULTI(B)) ETHENAET sus-12-024

Kinematic plane

BB s
regions in slices of
btag multiplicity
.... Bln HT (GeV) ETmiSS (GeV)
1 400-500 125-150
(HT1) (MET1)
I 2 500-800 150 - 250
(HT2) (MET2)
(HT3) (MET3)
1btag

4 > 1000 > 350

(HT4) (MET4)
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NAULTI(B)) ETHENAET sus-12-024

ZL = Zero Lepton; SL = Single Lepton; LDP = low Afﬁmm; Zee=7—->ee; | ZImm=17 - utyu;
signal sample top & W+jets control QCD control Z to vv control Z to vv control
sample sample sample sample

— QCD

Bkg predicted from data control samples x scal W-jets, tt+jets

factors, bin by bin in 3D space (HT vs MET vs
btag) Npjer = 1

Zee Zmm

Loose
b-jet

tagging >

7MIsS axis 1SS axis

- axis

T aXis

Nb-jet =

Signal contamination in SL reduced with mT cut  « s LDp
and taken into account when not negligible
Other control samples defined signal free

Nb-jet 23

10
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THE ENVIRONMENT CHALLENGE

Hadronic analyses in hadronic environment are challenging

No signal selection (e.g. photon, leptons) comes at rescue

Any possible
detector effect is a
potential signal (e.g.
calorimeter spikes
look like jet&MET to
first sight)

And the high PU

environment does

not help
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PARTIICLE FLOW Q;\g

Combine the information from
all detectors to reconstruct
single particles

photon

charged
: hadron

Provides lists of particles (e,m,g,
charged and neutral hadrons)

|CMSPreliminary|. B .B?.rr.e.l PFT‘O9'OO].

c 0.45f
Improves HCAL resolution With § 0_4; ........... ....... R o o
8 0-35E —— Particle-Flow Jets EEE
tracker g o eI
§ 0,25 v N el e A SO SO S
é 0.2 N
< ‘L 0.15 [ b B b,
Replace the HCAL granularity 2 W,y e
with tracker granularity e TN

Particle Flow converges
to a calorimetric
measurement at high pT

(important for jet substructure)

Factor 2
improvement

D at low pT
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P CORRECTION WITH PF

CMS; 08

We have a wonderful tracker and a 4T
magnetic field

Jets are clustered from PF candidates
(e, Y, charged and neutral hadrons)

Only the charged particles from the
primary vertex are clustered. This
removes the PU contribution from
charged particles

The neutral contribution is subtracted
in average, using FASTJET

13
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Events / bin
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10°

Data/MC

Events / 12 GeV

10

Data/MC

NMULTI(B)) €ET+NET

CMS Preliminary, L =19.4 fb”, Vs =8 TeV
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the analysis
(illustration

only)
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€ ) MULTI(B)) ET+NAET sus-12-024

expected observed yield in

background in control sample
bin ijk

overall normalization (unconstrained nuisance)

CMS Preliminary, L =19.4 o™, {s =8 TeV “Fullfit  -Data

Ny.ior = 2, MET4 Ny jo = 3, MET2 Ny.jer = 3, MET3 Ny.o = 3, MET4
< T T 1 < 40011 < S0 T < 20T T
O o) O o)
%100— """""""""""" R o R 1 o S ' Data agree
(O] (O] (O] (O] 1 [5] EREEES
> > >
L L L L

40+ | { : :

16 most . R A = ‘L ------------ I : with

Rt 200 1 sop I Y : s
sensitive fo wof o d  asbe o wobg| prediction
o - _ - ] 2Jo] 1 — : S| R
bins  « R T T A .
shown 2% 10 S i
- SO ) SR ‘+‘_+%_ ............ + .
0 obr 1% 0

No evidence

for excess
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NAULTI(B)) ETHNAET sus-12-024

CMS Preliminary, 19.4 fb™', Vs =8 TeV
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UNNATURAL §VUSY SEARCH:
HeAVY STABLE CHARCGED
PARTICLES
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SPLIT Y53y 8 HICT

q S
Split SUSY predicts a large mass gap between 1
fermion (light) and scalar (heavy) sparticles O(100 TeV)
The gluino travels through the detector as a
Rhadron (hadronizig or interacting with the
mateial), with or without electric charge ; l
We expect a slow particles traveling across f >
the detector effective coupling —
suppressed by squarlc. & X°
Could start charged and become neutral (or vuglly o

~Y

vice versa) or stay charged all the way g
through (depending on what the gluon picks
when hadronizing)

I8 9

ia)

S ¢ s ¢ s v s ¢ s
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HSCP IN CNAS

Tracker only

Sensitive to any HSCP produced
prompt (irrespective of what
happens after)

Uses dE/dX in tracker to separate
signal from BKG

0

Muon Only

Sensitive to any HSCP crossing muon
detector (irrespective of what happens
before)

Uses TOF to separate signal from BKG

Tracker + TOF

uses both (for HSCP crossing the detector)
19

O
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de/dX IN THE TRACKER

Measure the charge released in the tracker

Compute ionization, which gives a measurement of p/m through
charge-dependent empirical coefficients

cms Preliminary E_a TeV L-18 8 ib

Charge / unit path (fixed k=2)

- Data (&8 TeV)

N
o

(MeV/cm)
—r
(o)

k2 B . B vo.a 400 evic
16E: 1 “ : I MC: Q=2/3 400 GeV/c?
Ih == @7 = - 8 m Excluded
N 14:; .::-' »,. :','2’: . :
2% o )
120 S R oy
10f- e
8f
Ih vs pT distributions OF LT
i 4 [ S
provides S vs B Mo
° ° ° ° 2 _-.'.'v-_'. 1
discrimination Bl

20
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de/dX IN THE TRACKER

Tracker - Only CMS Preliminary Vs=8 TeV, L=18.8 fo'

- Additional discrimination from p- ¢ T T
. . : > 2 ° serve .
value of MIP-ionization pdf (for 8105k | 1 Data-based SM prediction =
data-driven BKG determination) > Foa [ Gluino (M=1000 GeV/c?) -
g0 :
— = [ .
I N
probability MIP to produce <= 10 SN Loose
observed ionization 1021 \ Selection |
3 s i xl:
Iﬂs‘ﬁx<ﬁ+§ Pix@ ZN) ) 10F b E
& . B A i
1F f 5
Measurement of mass from the 10-1;
knowledge of In(p) [measured on :

-2
data sideband] 10%, 500 1000
Mass (GeV/c?)

2.3
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TIME OF FLIGHT

Use arrival time in the muon chambers
to measure the TOF

}/ Drift tubes (DT)
{i /

For a single hit determines (3!

S| Cét
=
2 L

For a track, weighted average of the

single hits
2
2 L [2
It Upr o
DTs (0 ~ 3 ns)

For both o((31)~0.07

22
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HEAVY STABLE CHARGED PARTICLES
EX0-12-026

Tracker + TOF CMS Preliminar y Vs=8 TeV, L=18.8 fb’'
T T

§ E? Ii] Datsae—l::sed SM prediction E
; $ % s 3 %: [ stau (M=308 GeV/c?)
Use ionization and TOF to predict bkg tail g o ! ;
at large m with data B Tight i
e Selection :
Data driven ABCD method based on pairs  *f |J‘ \ E
of uncorrelated variables oo RS ]
o 500 1000
Mass (GeV/c2)
Numbers of events
Selection criteria Vs =7TeV Vs = 8TeV
pT (1) Mass
(GeV/e) s 1/B (GeV/c2) Pred. Obs. Pred. Obs.

>0 i i ) o) 8 3254+ 6.5 41

> 100 6.0+ 1.3 77 26.0 5.2 29

kel e ; 00 bl 0 e

> 300 0.11 £ 0.02 0 0.55 £ 0.11 1

> 400 0.030 #+ 0.006 0 0.15+0.03 0

>0 (S fom ] P T 7 43.5+ 8.7 42

> 100 1.0£0.2 3 56+1.1 7

tracker+TOF > 70 (125 2ot 925 > 200 011 L 0.0 1 0.56 L 0.11 0

> 300 0.020 + 0.004 0 0.090 £ 0.02 0

muon-only > 230 - > 1.40 s = = 5629 3

Q| > 1e - > (0.500 | > 1.200 - 0.15 £ 0.04 0 0.52 £0.11 1

Q] < 1e o WSR2 BT - - 0.12 +£0.07 0 0.99 £ 0.24 0
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o (pb)

HeAVY STABLE CHARGED PARTICLES

Muon - Only CMS Preliminary Vs=8 TeV, L=18.8 fb

ETheoretical Prediction
—— gluino (NLO+NLL)

------ stop (NLO+NLL)

T T T | T T T T | T T T T
—— gluino; 100% gg
—— gluino; 50% gg
—— gluino; 10% gg
—=— stop

only

e — — — — —

N
N
| |I‘II

| | |
1000 1500
Mass (GeV/c?)

L
500

Tracker - Only CMS Preliminary

s=8 TeV, L=18.8 fb"!

- Theoretical Prediction

—— gluino (NLO+NLL)

stop (NLO+NLL)

GMSB stau (NLO)
Q=2e/3 (LO)

Pair Prod. stau (NLO)

—— Igluino; 50% gg

—a— gluino; 10% gg

—— gluino; 10%gg; CS
stop

—=— stop; CS

—e— Pair Prod. stau

—e— GMSB stau

Q=2e/3

only

L
[ I

| |
1500

1000
Mass (GeV/c?)

Tracker + TOF CMS Preliminary

EXO-12-026

s=8 TeV, L=18.8 fb

gTheoreticaI Prediction
—— gluino (NLO+NLL)

--- stop (NLO+NLL)

T T T | T T T T | T T T T
—*— gluino; 50% gg
—a— gluino; 10% gg
—m— stop

Pair Prod. stau (NLO)—=— Pair Prod. stau
GMSB stau (NLO) —— GMSB stau
Q=2¢e/3 (LO) Q=2e/3

Q=1e (LO) —e— Q=1e

cker

L
Loy

| | |
1000 1500
Mass (GeV/c?)

Limits obtained with 8TeV data

24
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HEAVY STABLE CHARGED PARTICLES
EXO-12-026

CMS Preliminary \s=7 TeV, L=5.0 fb™" Vs=8 TeV, L=18.8 fb’" CMS Preliminary Vs=7 TeV, L=5.0 fb™' Vs=8 TeV, L=18.8 fb’
& - | | | | | | ] & B ! ! ! | ! ! ! | ! ! i
<1600 e cms Vs=7TeV, L=5.0fb" (5=8 TeV, L=18.8fb" - 1600 e cmMs (s=7TeV, L=5.0f" Vs=8 TeV, L=18.8fb" —
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— - A ATLAS Vs=7 TeV, L=37pb" e 4 = B ]
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g, I . 1 g, | ]
- - — — —
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o ]

= : v 1 2 - -
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Pair GMSB ch. ch. (f=0.1) (f=0.5) (f=1.0) Charge (e)
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(f=0.1)

Final limit obtained combining 7TeV and 8TeV data
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* DILEPTON SEARCH €SEXO-12-06

Pair of high-pT isolated
leptons with same flavor (e, )

Selection tuned to maximize
significance. S vs B
discrimination from m¢, shape

Bkg shape taken from MC and

normalized to data in the mass
sideband [60,120] GeV

Events / GeV

Events / GeV

27

T T T |
CMS Preliminary, 8 TeV, 20.6 fb

H H —e— DATA
] yv/iz—u'w
[ tw, ww, WZ, ZZ, tt

[ ] jets (data)

IIIIIlII| IIIIllII| IIIIlllI| IIIIllII| IIIIllII| IIIIlllI| IIIIllII| L 111

=
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% T T T T |
; CMS Preliminary, 8 TeV, 19.6 fb"
B —e— DATA
E [ 1z—e'e
_ ], tw, WW, WZ, ZZ, vt

[ ] jets (data)
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m(ee) [GeV]
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HIGH-PT LEPTONS

CMS Preliminary, |'s = 8 TeV, f Ldt=19.6fb"
T T T T T T !¥ _________ =

Leptons at high pT are different than
standard leptons

—

Efficiency

o
©

0.8

pT resolution worse (better) for muons

(eleCtI'OnS) 07—— ..... ........................... S S5V TOVTOON NN VOO0 WO SO V0% WO _:
06:—BarreIE>3SGeV """"""" """ """ """ """""" =
Energy deposits in the hadronic SHEl R

60 70 80 100 200 300 400 500 600 1000

calorimeter could spoil isolation M (GeVic?)

—T 1 1
CMS Preliminary, 8 TeV, 19.6 fb™
—— DATA
1, tw, WW, WZ, ZZ, ¢
[ Juuw, ee, W+jets, jets (data)

Reconstruction and identification tuned
differently

Events / GeV

¢
¢

10"

The effects are well model by the MC, as |
confirmed studying the em mass spectrum _,

1 | 1 1 1 | 1 1 1 |
28 200 400 600 800

1000 120
m(e*u’) [GeV]
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DILEPTON SEARCH € SExo-12-061

mZ’ssm >2960 GeV  mZ’'y > 2600 GeV
CMS Preliminary C >

Combined ee
+up limit

29
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W' —=€v SEARCH ES Exo-12-060

one muon (electron) with pr> 45 GeV (Er>100 GeV)
Muon track-based isolation <15% for AR<0.3 and Apr/pr< 0.3

Electron from isolated ECAL deposits matched to track. Etfrom ECAL

> 7§MS I|°reI|m|nar|y | Ldt= 20f|b1 \s= BT;V CMS Preliminary fLdt=20fb" Vs=8TeVv

< v X 3 1 O I I I I I I I I I I I I I I I I I I T T | T T T T | T T T T | T T T T | T T T T

Fit MT distribution (51 o E W e M=2500 Gev Hwsev  Waco E (51 OZ E_ W v M=2500 GeV Iw SN Iocn
E —— W' —ev M= e 3 10°¢ =
1 h 1171 1 O1 05_5 " e Itt+sing|etop|:|W->rv E_ = 5E Itf+sin le to |:|W—>w ]
with empirica 10" . 1 1 S10%E — wuv meso0 cev gletop .
: - n10%] rlets DY-=>ee = E104:E DY — DY o7
function to predict 4 booon 4 2 f O
Q)1 0 : IDY =TT I Diboson 3 1 03 E
> 2 . 3 : IDiboson * data 3
bkg On the tail Lu10 I * data syst unceré 102 5 EE
10 108 syst uncer. E;
f(Mp) = —— 1
(MT oMy C) 10" 10" i
102 102 . €
10° _ 0o M+ BT EE
500 1000 1500 2000 250 500 1000 1500 2000 2500
M, [GeV] M; [GeV]
% 14 miss
Mr = /2 ph- B (1 — cos Ady,)
30
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W' —=€v SEARCH ES Exo-12-060

mW’ssm >3350 GeV

. CMS preliminary, 20 fb”, 2012, s =8 TeV
o Ey Observed 95% CL limit
E S R ETRREES Expected 95% CL limit
w 10* % | [ Expected 95% CL limit=1c
o) = . | [ ] Expected 95% CL limit= 2
.| p— SSM W' NNLO
107 D PDF uncertalnty
- miss
102k ............ ................... _ e + E
10
1 :
-:|-||||||||||||||||||||||||||||||||||||+
500 1000 1500 2000 2500 3000 3500 4000
My, (GeV)
Mt >1.0TeV Mt >15TeV Mt > 2.0TeV
Electron channel
Data 22 1 1
SM background 26f§:§ 1. 99;8922 0. 218;874835
/ 28 + + +
W, My =25Tev 5153 397458 24107
W, My, = 3TeV 10722 8.03102 5.91+017

. CMS preliminary, 20 fb", 2012, |s=8TeV
o Observed 95% CL limit
o f AN IETEEEEE Expected 95% CL limit
w 10°=%| [ Expected 95% CL limit= 10
B = | [ | Expected 95% CL limit+ 2 ¢
L] ssmwinLo
= [ | PDF uncertainty
102 :_ ......... ................... ........ H + ET
10 E_ e e e
IS s
:II|IIII|IIII|IIII|IIII|IIII|IIII|I;""I"”I”’-1'
500 1000 1500 2000 2500 3000 3500 4000
My (GeV)
Mr >10TeV Mg > 15TV My > 2.0TeV
Muon channel
Data 33 3 1
SM background 26%2 2.27;48;923 0.33;4855
W, My =25TeV 47_+41;85 35_+41;% 20_+31;82
W', My, = 3TeV 9.9%13 74117 SRl
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FURTHER O+NET INTERPRETATIONS

> 104 UED
Ii) i CMS preliminary
3‘ \/g ) 8 Tev ....................... -
f Ldat=208" |
bl
Excluded
1 0'1 E .............................................. .
I I I I | I I I . | ....... I II ...... I ...... | ....... IIII ...... | ...... - I i \
0 0.5 1 1.5
1/R [TeV]
MET
pT = 643.2 GeV
phi = 3.04

Generic signature (I+MET)

allows many interpretations

EXO-12-060

CONTACT INTERACTIONS

CMS Experiment at LHC, CERN
Data recorded: Sat Jl,
Run/Event 1‘,‘4!.]5)0 7 9¢
Lumi section: 843

680537

MT = 1332.8 GeV

Muon

pT =690.5 +- 22.4 GeV
eta = -0.64

phi = -0.09
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DIJET SEARCH Ex0-12-059

- AntiKt jets R=0.5
with pT>40 GeV

Build two wide jets of AR=1.1

: : - Look for secondary
around the two highest-pT jets

jets with AR<1.1 around
the two leading jets

Widejet selection | nw; | <2.5,

—_
o
TTH
Hih

| Anwi | <1.3 S ——om
S = Fit E
R 107 %, QCD MC E
s - g E:: > ; JES Uncertainty ;
Study the di-widejet mass g
T 10° w(teTey) E
spectrum: look for a bump on the e _
105 - A/C@36TeV)
falling QCD distribution 10

CMS Prelimina}y
(s=8TeV,L=19.6f5"
m<25,IAn1<1.3

-8
10 my > §90 Gel{]/ , Wi(l'Je Jetsl

No significant excess seen

§ ...................

g

E

5

g B

~ 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
33 Dijet Mass (GeV)
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Q DIJET SEARCH EXx0-12-059

e — CMS Experiment at LHC, CERN

Lumi section: 32

“ry
T,

C MS Data recorded: Fri Oct 5 12:29:33 2012 CEST
Run/Event: 204541 / 52508234

34

CMS Experiment at LHC, CERMN

Data recorded: Sat May 26 13:25:29 2012 CEST
Run/Event: 195016 / 425646417

Lumi section; 384

== |
" |
ﬁ'f\ !

" Dijet+FSR
topology
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DIJET SEARCH EXO-12-059

I 1 04 EI | 1 | 1 | I | I | 1 1 | I | I | i | I_

O — - -

Q. u CMS Preliminary == string -

~ 1 03 _ --- Excited Quark _

<T = ., \s=8TeV,L=19.61b" éxg_luonllfoloron 5

? u S iquar _
Model-independent . . <28 lan <13 L .
xsec limit on I w -
: X 10 S : =
genericqq, qg, and < @ N, RS Graviton 3
: o I . -
final state = 1 RO . .

85 States g : =
L ) 10 = =
Limit compared to ', E . -
* (o (7)) 2 2e8ess =
specificmodelsto o7 ¢
derive mass lower O 1g3L 95% cL Upper Limit . SRS .
i - —e— Gluon-Gluon Ta T, T ooS99880 3
lmltS 1 0-4 _— —e— Quark-Gluon """"" :‘\ —
- —e— Quark-Quark """ N =

1 0'5 I_I | [ 11 | | [ 11 | | [ 1 1 | | [ 1 1 | | [ 11 | | [ 11 | ! T"I- [ | | [ 1 1 | | [ 1 1 1 | I—

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Resonance Mass (GeV)
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DIJET SEARCH Ex0-12-059

A103||||II|IIII|IIII|IIII|IIIIIIII|IIII|IIII|IIII|I 3103§"K,,I‘I|IIII|IIII|IIII|IIII|HH||III|IIII|IIIII;
Q CMS Preliminary Axigluon/Coloron & 2 i «,‘\' CMS Preliminary -.- String N
< 10 Vs =8TeV, L =196 fb” Eg Diquark < 10 3 \S=8TeV,L=19.6flo! === Excited Quark 3
X 10 ml < 2.5, |Anjj| <13 --=- W X - slnl <25, IAnﬂl <13 a
@ £ - z m 0 E
X 1 - : X 1 - .
- SN . - = A E
210k qq - e Jgg 1
8 - . 8 107 =
D 107 T S :
»w b R . 0 10% g E
8 107 £~ —s— Observed 95% CL Upper Limit : 3 8 g -
5 10_4; I Expected 95% CL Upper Limit _i 5 10° - —e— Observed 95% CL Upper Limit . .
E o E ; ------- Expected 95% CL Upper Limit s, ;
10_5 ;_ - Expected Limit + 16 _; 10_4 _ - Expected Limit £ 1o .
= Expected Limit + 2o = = Expected Limit + 26 . .
10'6_'|""|""l""l""l""|""|""|""|""|'_ 5 b b Lo e b b Loy L d
1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 1071000 1500 2000 2500 3000 3500 4000 4500 5000 5500
qq Resonance Mass (GeV) qg Resonance Mass (GeV)
Model Final State Obs. Mass Excl. Exp. Mass Excl.
[TeV] [TeV]
String Resonance (S) qg [1.20,5.08] [1.20,5.00]
Excited Quark (™) qg [1.20,3.50] [1.20,3.75]
E¢ Diquark (D) qq [1.20,4.75] [1.20,4.50] |
Axigluon (A)/Coloron (C) qq [1.20,3.60] + [3.90,4.08] [1.20,3.87] |

Color Octet Scalar (s8) gg [1.20,2.79] [1.20,2.74]

W’ Boson (W) qq [1.20,2.29] [1.20,2.28]

Z’ Boson (Z)) qq _[1.20,1.68] [1.20,1.87]

RS Graviton (G) qa+gg °0 11.20,1.58] [1.20,1.43]
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DIJET SEARCH Ex0-12-059

31035||HIlllllllllllllllllllllIllllllllllllllllllllf 5\1()25'
\95 102;_ CMS Preliminary ---- 8 Resonance _; & E
< - Vs=8TeV,L =196 fb" s < 10k
X 10 :_ "",’ | < 2.5, |Anij| <1.3 _: X -
m E \,'\” E m :
X : \,,\" 7] X 15_
s 't E s
.-'8 1: : -8 1_
0 102kE _ 0 N
D F - B10°
3 10%E ,, N S &
o SRETTIT Expected 95% CL Upper Limit “, = . B
1 0-4 ;_- Expected Limit + 1o , ,\,\\ _; 1 0 g_
; Expected Limitt2s . ; B
10—5|||||||||||||||||||||||||||||||||||||||||||||||| 10-4|||||||||||||||||||||||||||||||||||

CMS Preliminary

\s=8TeV,L=19.6fb™
nl < 2.5, |Anii| <13

—+&=— Observed 95% CL Upper Limit

--------- Expected 95% CL Upper Limit

- Expected Limit + 16

Expected Limit + 2¢

SIEREYY RS Graviton

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
gg Resonance Mass (GeV)

1200 1300 1400 1500
RS Graviton Resonance Mass (GeV)

Model Final State Obs. Mass Excl. Exp. Mass Excl.
[TeV] [TeV]
String Resonance (S) qg [1.20,5.08] [1.20,5.00]
Excited Quark (q™) qg [1.20,3.50] [1.20,3.75]
E¢ Diquark (D) qq [1.20,4.75] [1.20,4.50]
Axigluon (A)/Coloron (C) qq [1.20,3.60] + [3.90,4.08] [1.20,3.87]
Color Octet Scalar (s8) gg [1.20,2.79] [1.20,2.74]
W’ Boson (W) qq [1.20,2.29] [1.20,2.28]
Z’ Boson (Z) qq [1.20,1.68] [1.20,1.87]
RS Graviton (G) qa+gg 57 11.20,1.58] [1.20,1.43]
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X i ,
o 10 . Ml<25&An<1.3 | o Axigluon/Coloron
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E W [ [ ) \ T
o E Qo Lo v, == String F ;
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10 E << 1 N W\ © — - EgDiqu/ 1k O ., -=" S8 Resonance
F b - ", v o W 1\: = . "",‘/ Y
10 N °.I SR N ESGraVX E l RSS AR AR AR RN R RN
NS x| g I
- N c . < 107°E S :{ 10
1 o) o) = %o ' n
§ R\v'\' R % 10-1 B “~ M. : \ X X !:‘.‘“
: Bt . KN
101 95% CL Upper Limit \"$ - 107 M <25, 1Anl<1.8 % =
E  — Gluon-Gluon 0 ffwmeJms \?‘ ~ é - “;” ____
2~ Quark-Gluon @ ~ 95% CL Upper Limit A P Fos )
10 O -3 DA s, '.: 10 E
—&— Quark-Quark — 10 £ —e— Gluon-Gluon .. O =
Lo by ‘O = =8 Quark-Gluon “ Q@ B
500 1000  15( 107 ~+ QuarkQuark s Dol
R —e— Quark-Gluon 10-4 clov b b by Iy % E [s=8TeV .
es —= Quark-Quark . 1000 1500 2000 2500 3000 355 [ <25, <t v
000 1500 2000 2500 3000 350 Resonance MG 192 s ot ugper L e NS
E == Gluon-Gluon ’ " 3
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‘H:]'4 E- =~ Quark-Quark o=
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0,003
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Lower bound marginally
affected by the increase in
luminosity (and rate)
Thanks to the use of
dedicated triggers running
the analysis selection online
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FLEXIBILITY @HLT

Hardware L1 trigger interfaced to
the detector (standard)

TL%’SQr = Detector Frontend

M' P4 .--- -. ED Builder
el T ] Jee

No L2/L3 trigger. Instead, software- ‘ B ' 1 Resdout Uni Builder (6464 o

based trigger running on PC farm ol T T T BT ke

P4  Filter Farm Network (64xn)

Running online a faster version of = = -
: A C L ]
the offline reconstruction

~ 380 Hz of thsws taleen

In principle (and in practice) one
e : and reconskruckted

could run the analysis selection

i ~ 600 kaken and Fmﬂfeci
for next year (Mot enough
This is what we do to keep the CPU @To)

analyses as etficient as possible
39
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FLEXIBILITY @HLT

T T T T T T

L

Trigger rate ~ kHz for one trigger writing

% 10° = —e— CMS Preliminary (0.13 fb™) _El
o g , . 3 :
g N, T a reduced event content (HLT jet list)
~ S U UL QCD Pythia .
g 1 ; Jet Energy Scale Uncertainty _g
'8 10"% I —;
b Do EX0-11-094 PAS
L
107 = -7
FW\(0.7 TeWp 3
10.4? ||=275T;X|-- 3 i l o 8
oL w Jeif; " 'Scou’.[_lng approach extended Sy
- the dijet search below 1 TeV ol e
8 oF ' ' ' 3 “""103? .............. I . E
S Py 500 1000 | -
500 7000 1500 2000 — 2500 3000 q 1 02:_"- _:
Dijet Mass (GeV) X = - el E
S Tl T
Run for 16h at the end of 2011 run (7TeV) § ol
Collected ~4 times the statistics we had in @
Q@ I
2010 (35 pb!) with equivalent trigger S e
o o 3 % C == Gluon-Gluo
Improved the limit published in 2010 by one R —
=== Quark-Quark ide jets
. 10_1:_| | | | | | | | | | | | | | | | | | |
order of magthde 600 700 800 900 1000
Similar results @8TeV by Summer Resonance Mass (GeV)
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NP SEARCHES IN THE HIGGS ERA

We started the run searching for anything The LHC is a discovery
machine, and CMS a multipurpose experiment

We found something, and we have a better view on the “right”
questions natural NP vs unnatural scenarios becoming quantitative

The run is over, but there is still a lot to learn from these data new
searches for specific scenarios, suggested by the Higgs discovery

The first LHC run was a successful warmup no matter what the
new searches will tell us

But let’s all keep in mind that this is a ~14 TeV machine and the best
might still have to come

41
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Expected collision background

20%

20%

20%

20% 20%

Expected cosmic background

50%

80%

Integrated luminosity

2.2%(4.4%) for \/s = 7(8) TeV

Numbers of events
Selection criteria Vs =7TeV Vs = 8 TeV
pr (1) Mass
(GeV/c) s 1/8 (GeV/c2) Pred. Obs. Pred. Obs.

> 0 7 i o 5 8 3254+ 6.5 41
> 100 6.0+1.3 7% 26.0+5.2 29
Madkoroly 000 Detpn S A A ge
> 300 0.11 4+ 0.02 0 0.554+0.11 1
> 400 | 0.030+£0.006 O 0.154+0.03 0
> 0 85+1.7 7 43.5 1+ 8.7 42
> 100 1.0+ 0.2 3 56 t1.1 7
tracker+TOF > 70 > 0425 1 > 12225 < 200 0.11 4 0.02 1 0.56 - 011 0
> 300 | 0.020+£0.004 O 0.090+002 0
muon-only > 230 - > 1.40 = o = 0 2,209 3
Q| > 1e - > 0.500 | > 1.200 - 0.15 4+ 0.04 0 0.52 +0.11 1
Q] < 1e 255 3 27D - - 0.12 +0.07 0 0.99 4+ 0.24 0

|Q| < 1e | tracker-only | tracker+TOF | |Q| > le | muon-only

Signal acceptance < 31% < 32% < 31% < 29% < 13%
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HSCP

EXO-12-026

Mass

M cut o (pb) (/s =7 TeV) o (pb) (/s = 8 TeV) o /oy, (7+8 TeV)
(GeV/c?) | (GeV/c?) Exp. Obs.  Eff. Exp. Obs. Eff. Exp. Obs.

Gluino (f = 0.1) particles with the tracker-only analysis

300 >100 | 0.0046 0.0063 0.17 | 0.0055 00055 S 045 Bl P 650 107

700 >370 | 0.0028 0.003 021 |77x10"* 82x107* 0.19 0.0016 0.0017

1100 > 540 | 0.0039 0.0039 0.15 0.0011 0.0011 0.14 0.098 0.1

1500 > 530 | 0.0088 0.0081 0.07 0.0021 0.0022 0.07 5 5.4

Gluino ch. suppr. (f = 0.1) particles with the tracker-only analysis

300 > 130 0.035 0.036 0.02 0.013 0.013 e i G e i o o) T o

700 > 340 0.012 0.013 0.05 0.0021 0.002 0.08 0.0044 0.0044

1100 > 410 0.018 0.018 0.03 0.0025 0.0026 0.06 0.24 0.24

1500 > 340 0.034 0.035 0.02 0.0045 0.0046 0.04 11 11
Gluino (f = 0.5) particles with the muon-only analysis

300 - - - - 0.006 0.0065  0.06 | 58 x 107> 6.3 x10°°

700 - - - - 0.0026 0.0022 0.12 0.0062 0.0051

1100 - - - - 0.0024 0.002 0.13 0.24 0.2

1500 - = - - 0.003 0.0024 0.11 7.5 6.2
Gluino (f = 1.0) particles with the muon-only analysis

300 - - - - 0.0066 0.0077  0.05 | 64x10™> 74x107°

700 - - - - 0.0032 0.0027 0.10 0.0075 0.0063

1100 - - - - 0.003 0.0025 0.11 0.3 (25

1500 - - - - 0.0037 0.0031 0.09 9.5 e
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ABCD METHOD

x and y uncorrelated
the observed yield in B,C,
and D gives an estimate of A

Na =N x Np/Nc

45
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MATERIAL BUDGET

() l]]lll]lflfl]]']l]]l'l]l]lilfl]l]]l'l[' (<_ l]l'll]lll'[l'll]lil]l‘]]'lllI]]l'l IIIII
é 2.5/-[_| Support Tube B ToB B Pixel = = 07 Support Tube [} TOB B Pixel =
TEC Bl TiB and TID [ Beam Pipe - TEC B 718 and TiD [ Beam Pipe -

- CMS Simulation . 0.6[- cms simulation =

HCAL.: At eta=0 there is less than 6 interaction lengths of HCAL.
ECAL provides an additional interaction length
ECAL ~25 radiation length (23 cm crystals, 0.9 cm rad length)
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