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LHC Accelerator and Detectors
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Exploded View of CMS
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Total weight: 12500 t
Overall diameter: 15 m

Overall length : 21.6 m
Magnetic field : 4 Tesla http://cmS.cern.ch




CMS Integrated Luminosity in 2011

CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 30 16:10 UTC)
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Standard Model re-established at 7 TeV
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Biggest Evidence for BSM Physics

http://lepewwg.web.cern.ch/LEPEWW G/plots/winter2011

Credit: NASA / WMAP Science Team
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Standard Model

of

Particle Physics
very successful

In explaining
what makes
4% of the

Universe

Measurement Fit — |omeas_oft)gmeas

| 1 2 3
m; [GeV] 91.1875£0.0021 91.1874
[ [GeV] 2.4952 +0.0023 2.4959
o®  [nb]  41540+0.037  41.478
R, 20.767 £ 0.025 20.743
A2 0.01714 +0.00095 0.01643
A(P) 0.1465 £ 0.0032  0.1480
R, 0.21629 = 0.00066 0.21581
R, 0.1721 £0.0030  0.1722
AP 0.0992 +0.0016  0.1038
A 0.0707 +0.0035  0.0742
A, 0.923 £ 0.020 0.935
A, 0.670 = 0.027 0.668
A,(SLD) 0.1513 £ 0.0021 0.1480
sin®0(Q,) 0.2324+0.0012  0.2314
my, [GeV] 80.398 £ 0.025 B0.377
[y [GeV] 2.097 £0.048 2.082
m, [GeV] 172614 172.8

March 2008 0 1 | 2 | 3

Good news!!!
Lots more to discover...
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Beyond the Standard Model

Forces

Extended Gauge
Symmetries,
Fourth generation,
Little Higgs,...
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Dimensions

QN
>

\

Graviton

rta Felcini

Many possible
BSM directions...

Need navigation aid
=>specific BSM models:
Important as a
reference (benchmarks)

to set-up the experimental
search strategies

=> particularly trigger
(on-line) selections

“an event not passing the
trigger is lost forever”

.. but always with an
open mind for surprises

CMS 8



Search for Extra Dimensions

effective field ? transplanckian
regime

theories

Mk M+

RS model | | ADD model with
with AdS5 | | toroidal extra
geometry dimensions

black holes with
semi classical
arguments

single graviton graviton production: multijet based @IS

KK mode to: monojet, monophoton  search
dielectron,dimuon graviton exchange:
diphoton diphoton, dimuon

S. A. Schmitz, 2011 Marta Felcini

CMS Collaboration




Extra Dimensions Models for Interpretation

Large Extra Dimensions - ADD Models

Standard Model confined to a brane
*Gravitons propagate in the bulk

*Broad signal from many KK states
KK-Modes

Exp.tal results interpreted in terms of
= effect. Planck scale: My~ (Mp;? R™)Y(n+2)
= other parameters:
MNMGRW:G.F. Giudice, R. Rattazzi,
1.D. wels |A/]

HLE:T.Han, J.D.Lykken,R. fhang
| M_, 1]

2) J.Hewett [H]

Warped Extra Dimensions - RS Models
"\Warped metrics

—2kr ¢ v
“n,,dx"dx" +r.d¢’

sresonant signal from single KK state

2
ds =¢

Exp.tal results interpreted in terms of

= graviton mass M;  _
= coupling parameter k=k{M_

———_becalabie gl el e conia0e

GGI, Arcetri, Florence, Nov. 8-11, 2011
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Extra Dimensions Phenomenology

Graviton Emission

99 —>gG6,vG
q8—>q9G
gg—gG

Graviton

Recoil:
Monojet

Graviton G undetected leaving a
final state gluon, quark.or photon.
Signature:

single jet or photon + missing E-.

Graviton Exchange

Single G — narrow resonance
Multi KK states— broad enhancement
In yy, e*e- or u* umass distributions

photon gt _a® " photon

graviton

Time

proton s, proton

Space

Interpreting LHC Discoveries
GGI, Arcetri, Florence, Nov. 8-11,
2011

Marta Felcini
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Single photon + missing E;

Search for an excess of events in photon high pT distribution

G
CMS PAS EXO-11-058
¥
o CMS Preliminary | | \'s =7TeV CMIE F'I'F-'“mli"ﬂf'f | N8 = 7": TeVv
I T T T 1 T T T 1T 1T T T ] ? :
© A SM + ADD (M_=1 TeV, n=2) Rl R -1 —— CMS NLO (v+
O 10JLdt 114" o oum I JL‘“' 1.1410 - CMS LO {~.r+ET}ET}_
0 I EZ25E Total bkg uncertainty . e 2: CDF {.':I' _'_21} 1
E 1L Zy— wvy _ E 1.8 :_ = DO (1+E E
QO E I W ey 3 - - -
> B Miss ID Photon (QCD) - — 1.B6f — LEP (y+&)) A
w - Qcoy, Wy 1 @ f ]
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Single jet + missing E;

CMS monojet LO, 1.1 §< M2

=
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o 106: J]_d R ; ry [ Z—vy E CMS PAS EXO-11-059
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Non-resonant U and Yy

CMS preliminary Vs=7 Te'v'.j. Ldt=1.18f"

% 10° B Ziy*— pp TADD = Osm + A6 Gint + BYE 0D
O B ff and Diboson
_ 4
10 Bl ADD, A, =26 TeV 16 =S /M
w 10° | Data log (MT%) if npp = 2
c Fo=
g 102 K—HEDE—E if nppy > 2
L
10
1 Lower limit on Mg (TeV)
10.1 n=2 |n=3 |n=4 |n=% |n=6H |n=7
up | 28 | 31 | 26 | 23 | 21 | 20
102 vy | 3.2 | 34 | 28 | 26 | 24 | 2.2
10°
500 1000 1500 2000 2500 3000
M, [GeV] UU CMS PAS EXO-11-039
YY CMS PAS EXO-11-038
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®Reduced Planck mass scale due to large
EDs — increased Schwarzschild radius —
immediate decay due to Hawking radiation
e Large cross-sections O(100 pb)

e Signature: events with high particle
multiplicities and high transversal
momentum

Interpreting LHC Discoverie
GGI, Arcetri, Florence, Nov
2011

CMS 15



Events / 100 GeV

I I I | I I I I | I I I I ‘ I I I I I I I I ‘ ]
N=6 d) 7
[ ) Data =
Background
Uncertainty
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Black Holes Searches

CMS: PAS EXO-11-071

S~ — T T | T T T | T [
r - ]
o - CMS Preliminary ~ d) ]
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Marta Felcini CMS Collaboration

=reconstructed object multiplicity
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Extended Gauge Symmetries:

— Zsgy IN Sequential Standard Model

— Z' from E6 and SO(10) GUT

— Narrow heavy particles from Technicolor

Extra Dimensions Models
— RS Kaluza Klein Graviton Exchange

Interpreting LHC Discoveries .
. Marta Felcini

GGI, Arcetri, Florence, Nov. 8-11, )

2011 CMS Collaboration
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Diphoton Resonances

CMS: PAS EXO-11-038

\1.1 fb'at7 Tev |
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Dilepton Resonances

CMS: PAS EXO-11-019
CMS preliminary,j Ldt = 1.1fb™

iy ee+uL
: | ' I ' --=k---- median expected
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B 95% expected
0.3 Z'
Y
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0.1
0

|
1500

1%y,
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(TeV)

RS KK Gravitons, k/M;, =0.05-0.1 1.45-1.78
Sequential Standard Model Z'¢,, 1.94
Super-String inspired models, Z',, 1.62
Marta Felcini 19
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Top Pair Resonances

Search in the all hadronic decay channel for top pair CMS PAS-EXO-11-006
Tops are boosted for high mass particle, jets merge
Use fat jet algorithms and apply jet pruning to find sub-jets

= >‘] Exclude KK-Gluons 1<M<1.5 TeV
|

CMs Preumlnary, 886 ph aNi 7Tev
Dnnilmﬂd trpe 1+1 & 1+2 I
Obszerved (95% CL)
—— Expected (95% CL)
+ 15 Expected
[ £ 20 Expected =
= = === KK Gluon, Agashe et al

Jetd:
Pl 47.8 GeVic,
b-ag ciscriminant 4,2

Upper Limit 6, x BR(Z' — tt) (pb)

-k

o

Ma
T T 111115

L 1 11 114H

—_
o

=k

T T IIII__I.I"

i Jat 2: Jot Pruning 1
e Pl 484.3 Gavic.

mass = 6.8 Gelic?
Jat2 + 3 Mass = 167

ot 1 - Top Tagaing
pt 58481 GeVic,

3 subjete,

mass = 186.7 Gellic2,
minMass = B7 2 GeVic2

—
<
—‘-r||||

 Invariant Mass (TeV/c?)
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Heavy W-like Vector Bosons

Look for ng"'"""ch's‘p'r;n:n%n'aa"g':'g_; ~ CMS: PAS EX0O-11-024
Jacobian off et o
peakin ‘;,;“’5 o - Assuming standard-model-like couplings
transverse §'$ and decay branching fractions exclude
mass “’:02 a SSM W’ with mass <2.27 TeV (95%CL)
10 g E T T I T u:m-I ml E:nrm ™
1 & EEMEPI’E[IH"Iin-EﬁF —_— Eie-hﬂh ed it Elect ,.I:I:H'l:lE
) 3 = (s=7TevV | 95% Observed Limit Muon 1.13 18" |
10 g + i F ———— 95% Observed Combined 1
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A= e 1
O JLm=1.13m“ I . vz 2z
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Heavy Bottom-like Quark b’— t + W

®b'b' pair production CMS PAS EX0-11-036
®BR(b'—tW) = 100%
:Decay : PO’ tWIW—bbW+W-W+W-crgss-section upper limit translating into
Same sign dileptons or trileptons b’ mass lower limit M, >495 GeV
for BR(b’— tW)=100%

CMS 2011 Preliminary 1.14 fb’

3
>10F ¢ cam T M, 400 Gev/c? E CMS 2011 Preliminary 114 fb' Vs =7 TeV
QO F mmg I W (2) { — 10 470/ —r——m—"—m—m—"m———"—F———"
O [ [ Single-top B wW—lv 1 £ ~ o -
o L (s o [ diboson | Q. u observed limit 20 ]
81 E same-sign dilepton 1 —~ :"""fn.‘,pf'ed- _____ expected limit 16 .
-E; - g i . r::f:{i()n .
[2 i I hh."-’.,
§ 10 §_ | 3 T 1 — l —
n ' (o} - im, ]
Yo e §
']g— 4 © B ----.............-...-.....,,____"__-r.:,‘m'r-f“" :
: i -
10" 1 0 ]
- ] ~  Limit at 95% CL: M,, > 495 GeV;’(l:z ]
- \ L | L I = | L | L | | | ] | ] | ] | ] | | | | | |
200 400 600 8001000120014001600180 350 400 450 500 550 ,
S, [GeV] M, [GeV/c?]
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Events / 20 GeV

Events

Heavy Top-Like Quark t'—b+W

t't' —=bWbW-—lepton+jets CMS PAS EX0O-11-051

CMS Preliminary U+jets
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Simultaneous t',b’ search for m, =m,,,

Search for multiple b and W FS CMS PAS EXO-11-054
:))t"b_)?/\\//\/t\)lv WWHW Interpretation in terms of
bt—-VDW—BWWh m,=m,. and A =|Vtb[2=|Vt'b'|?
->t't'—-bWbW
-2>b'b'->tWtW—-bWWbWW m(t') = m(b') > 490 GeV for A=1
CMS Preliminary L = 1.1fb" /s = 7TeV CMS Preliminary L=1.1fb" s =7TeV
> ooy s 800 ey
v 2B 2W o
O 4F > dte = | | expected limit 95% C.L.
b= [ =:,.+z 5 bserved limit 95% C.L
e C e o 550 # | observe m N .
3 12| !rlpg:r:upn”xﬂ — i Eﬂ \\ -;m
c - —— t'single (400) (x5) ------.--
D joE - bpair 400) (x5) n : |
m -

— b’ single (400} (x5)

ITTE TS PR T N
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] T D
6 450|
4:— ........ 3 : P
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35%'- iIIIIlIIII.IIII.IIII
BDD 300 400 500 600 T7OO 800 900 3 04 0.5 0.6 0.7 0.8 0.9 1
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Vector-like Heavy Top T— tZ

® Vector-like charge 2/3 heavy top (T) arXiv:1109.4985v1
® FCNC tZ decay
® Decay Chain: TT>tZtZ—bbW+W-ZZ  Cross-section upper limit translating into
® Signature : 3 leptons+jets T mass lower limit M>475 GeV

for BR(T— tZ2)=100%

CMS 114" [s =7 TeV
1 ] 1

o i T

3 ' -data CMS 1.14 fb™ Vs =7 TeV
L'E_”}_} : O7F (3socevic) | L R B L AL N B L
' Evi+w Q | o
= : Slgnal E:.rrz.ljhmnn —_ 10 : e - observed limit [ ]10 ;
E 107 :— @ X - Q@@p . --expectedlimit 2o ]
1 e - .|
L) B o

@ : 0
10 o 1F =
o | ]
: 4 © I :
10 — 1 107 Limit at 95% CL: M.,.>475 GeV/c? :
1 | . - i B (I (S SN [ =
0 100 200 EUUH 4éﬂw 250 300 350 400 450 500 550
r [GeVic] M, [GeV/c?]
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CMS, /1 .
More CMS Exotic Searches Results...

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
And in CDS: http://cdsweb.cern.ch

Home = i = LHC Experiments = CWMS = Search Results: repotnumberE XD 6531 _aData
Search:
reportnumberEXO 6531 _a:Data atry field

Search Tips o Advanced Search

Search collections:

|CI'u'IS Pliysics Analysis 3wmm aries || ¥ add another collection ¥+*

Sort by Display results: Output format:

| bwrsr | [ aws. || - o mcxt - | |50 mwte | | epry oot RET

CMS Physics Analysis Summaries 35 records found Search took 0.03 seconds.

At present 35 Physics Analysis Summaries and much more to come with
full 2011 luminosity (5/pb)

Interpreting LHC Discoveries Marta Felcini
GGI, Arcetri, Florence, Nov. 8-11, 2011 CMS Collaboration



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
http://cdsweb.cern.ch/

Overview of CMS Exotic Searches Results

I755h |l Status hs, vy, GRW, nED = 2

|
GKK 1k b= 0] August 2011 Ms. pp. SR nED =2
GEE yy kS = Q01 Results with Wis, yy. GRW. nED =&

R I kS = 0.0

1to 2 pbt Mz, g, GRIW RED = &
GKE yy kit = 0.05

i O, monojet, nED = 2

Wi b
W dijet WD, monojet, nED =&
VIR, MINR < 1.0TeV TN MD: mono-y, nED =2
W!_} 'u“ul LSRR AR Ces
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WA, == 1L (1 00%)

. . 4tk Shing Resonances

M1, 1= kW 100%F], [Hets e e S

AT, 1= kWY (1008, H Aedghien/ Coloron
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=t A=2 By
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CLA LM [z
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What next¢ LHC Plan for the next 10 years

New rough draft 10 year plan

Not yet approved!

| 2010

| 2011

| 2012

| 2013

2014 | 2015 | 2016

My J A S O WD S FMAMDII A S SN D S FIMAMISA S OMNDDSF MABMI A S|ONID .

FowMjalM 1) |A S O/ D J|F|MAMI I AS G NDIJFMAMYY I AS O ND

LHC
1\ 2012 Machine: Splice Consolidation & &
Collimation in IR3
ALICE - detector complation 2014 and beyond
Ru n at ATLAS - Consolidation and I d
peam pips Run at 13-14 TeV
- CMS - FWD de +
L >
LMCh - consolidations |
#oryo-collimation point |
e o
5P% upgrada 7 5P5 - UMACS connection & 7 PSB energy upgrade
LS3
2016 2017 2018 2019 ] 2020 | 2021 | Installation of
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Misurar cio- che e misuwalbile, e
rendi musuralbile cio- che now lo-e.

Measure what is measurable, and
make measurable what is not so.
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http://en.wikipedia.org/wiki/File:Galileo_Galilei_Signature_2.svg

Thank You

To the Organizers for their kind invitation.

To the colleagues in the CMS Collaborations, for all the
brilliant results | have been presenting on their behalf.

And special thanks to the colleagues from whom |
borrowed ideas and material for this talk:

A. De Roeck, S. Harper, G. Landsberg, Yeong-Jyi Lei, C.
Leonidopoulos, Sh. Rahtlou, S. Schmitz, G. Tonelli
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