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CMS Detector *“i.

Mictostrips (80-180pm)
H

Pixeus 9.6M channels
CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER )
ECAL ~FBk scinillating PEWO, crystals
HCAL
Solenoid : f' .
: \ PRESHOWER
Steel Yoke . ' iy Silicon strips
Muons \ [ g ~16m®  ~137k channels
STEEL RETURN YOKE
~13000 tonnes
SOLENOID
Niobium-titanium coil
carrying ~18000 A FORWARD
CALORIMETER
/ i Steel + quartz fibres
BADRGN CALORIMETER (ACAL) g
Total weight : 14000 tonnes Brass + plastic scinillator ¢ . MUON CHAMBERS
Overall diameter :150m ~TK channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length 287 m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers
Magnetic field 38T

before we go for physics, we need to understand
the physics objects (e, p, T, jets and ET')... J
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Muon Reconstruction

Muon in CMS:
track segment reconstructed in the muon chambers matched with track in silicon tracker

CMS Preliminary
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@ Coverage: |n| < 2.4, n = —1In[0/2] M(u) [Gevic]

@ Tracking System Resolution:

opr/pT ~ 0.015%pT @ 0.5% @ very nice agreement between
Monte Carlo and Data

@ there is a reason why we are called CMS
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Physics Objects: e, 7, jets and EMss

Electron

@ Gauss Sum
Function

@ Coverage:
In| < 1.442 &
1.556 < |n] < 2.5

iy @ Energy Resolution:
3%

VET/GeV

Extrapolated
- track tangents

BremCluste

<

Particle Flow in CMS:

@ reconstructs and identifies all stable particles
within the detector

@ builds jets using the anti-x 1 alg. which are:
infrared & collinear safe

in HCAL
Clusters.

o [[detector >

frer |

L 7 7
3hadrons £ Z 7 7

T=a,v
T>=TIV

1 hadron hadron+strip(s)

\

@ Coverage: |n| < 2.3 Energy Scale: < 3%

@ Missing Energy in
Transverse plane
in CMS: negative
vector sum of all
particle candidates
reconstructed with
the PF algorithm

o foss 9

@ signal efficiency for

:%,W“éﬁé}#};‘r}% N

be estimated from
s signal MC

i
G

' an ET™ cut can

E ]

v,
more details and examples are shown in back-up slides
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CMS BSM/Exotic Searches

Resonances/Leptons

- . @ Stopped HSCP CMS EXO-11-020
. Contact In(t)eractlcjrn.iuu CMS EXO-11-009 @ Displaced photons CMS EXO-11-035
° B*DOStfd A= e B ORI @ Fractionally charged CMS EXO-11-074
e"/p" CMS EXO-11-033/034 @ Multiple charged CMS EXO-11-090
@ ADD i CMS EXO-12-013 €
in ee - @ Long-lived to displaced v CMS EXO-11-101
top & 4t Generation
@ Dark matter CMS EXO-11-059
0 .
@ bjet resonances CMS EXO-11-008 @ W' — tt + jet CMS EXO-11-056
!
@ Three-jet resonance CMS EXO-11-060 ® B' — bZ CMS EXO-11-066
0 -
@ Dijet resonances CMS EXO-12-016 9 7' — tt + jet CMS EXO-11-006
0 =
@ Boosted VV, Vjet CMS EXO-11-095 9 7' — 777~ CMS EX0-11-031
@ b'/t" inclusive CMS EXO-11-050/036,/098
Leptons & Jets @ W' — tb CMS EXO-12-001
O . .. o
LQ1(eejj + evjj) CMS EXO-11-027 8 TeV
@ LQ2(upjj + prjj) CMS EXO-11-028 ,
@ LQ3to T+ b CMS EXO-12-002 @ Wat 8 TeV CMS EXO-12-010
!
@ Heavy Majorana N to £¢ CMS EXO-11-076 @ 27 at 8 TeV CMS EXO-12-015
@ VZto I + jets CMS EXO-11-081 @ Dijet at 8 TeV CMS EXO-12-016
@ RS Graviton in 2020(2/2q) CMS EXO-11-061 @ Heavy neutrino at 8 TeV CMS EXO-12-017
@ Black holes at 8 TeV CMS EXO-12-009
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Z'—ete /u pt: CMS EXO-12-015

@ Models:

9 Sequential Standard Model: Z{,, @ Event Selection:

9 Grand Unified Theories: Zy, e e e e

@ Background Contributions: 9 with 2 isolated leptons
o 20 s ytu—, £ 9 e: pr > 35 GeV/c and

9 other prompt leptons: tW, WW, WZ, O \TI\ < 1>42F2> é‘e\llff(ia;j |‘77|‘ 222‘?1
ZZ and 2° — 77~ = r {ISES

9 jets: one jet mis-reconstructed as a lepton
”

> 105 ] —
) 3
<] CMS Vs=7TeV J-Ldl=5.3fb"2 > 10° T T T T
- | [} - -1
8 t :::ﬂ_ El S g CMS Preliminary, {5 = 8 TeV J Ldt=4.11b
o = _ %)
o [ i + other prompt leptons € 3 —e— DATA
s g 10 w
jets kS O vzow'n
bin size 102 - 1l + other prompt leptons

= 2x detector res I:l j
jets

3

L . .
80 100 200 300

70 100 200 300 1000 2000
m(u*w’) [GeV]

1000 2000
m(ur) [GeV]
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Z'—ete Jupu"

@ unbinned likelihood function
@ shape analysis of the dilepton mass J

8 TeV: ee (3.6 fb')+ py (4.1 fb)

3 10 CMS preliminary 7 TeV:ee (5.0 o)+ p'u (5.3 b7

[ B T T T T T T T T T T T T T T T T T T T T T
=0 FT ‘ ‘ b median oxpected 3
o - 68% expected ]
95% expected T
10° Zoou -
F z, 3
L —— 95% C.L. limit :
10° =
1071, L Cl e TN

500 1000 1500 2000 2500 3000
M [GeV]
Z'+ X = U+ X
@R PP L HXDHUAX,

pp—>Z+X =+ X

@ eliminates uncertainty from integrated luminosity 9 M(Z§SM) > 2590 GEV/C2 at 95% C.L.

@ M(Z}) > 2260 GeV/c? at 95% C.L.

@ reduces dependence on experimental acceptance,
trigger and selection efficiencies

Adrian Perieanu SUSY’12 — BSM - Beijing 16“August '12 8 of 27



W' — (v with e, u: CMS EXO-12-010

@ W’ Models:
9 right-handed with SM couplings @ Event Selection:
9 left-handed (interference) 9 e pr > 90 GeV/c
9 Kalnuza—KIe;in st_ates 9 u: pr > 45 GeV/c
9 excited W™ chiral boson

9 pry and EMS back-to-back

@ Background Contributions: o My = \/2 - pl - Ems . (1 — cos Apy,)
o W — v, WW, WZ, ZZ
o tf, tW and Z° — ¢t0~

v
. e > gy
o 10 c'ﬁz"‘:s""f::"'""" E= Diboson o C':ifo': oret [ Diboson
(oD 10 t T (05 B ovoee
Q \s=8Tev W | Ve =8TeV — Wty
Ny Wy B i +single top ~ W—e Bt + single top
g2 B= acp = = oco
g Ewou a>) EEwsev
o - Data o - Data
WS v M=13TeV W evM=1.3Tev
W v M=23 TeV — WS ev M=23Tev
il & il |
1500 2000 500 1000 1500 2000 2500
M; [GeV] My [GeV]
v v
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W' — (v with

Q10 [T 5% Observea Limt E — LB
Ny 95% Expected Limit z 10 95% Observed Limit
o Expectedt 10 B | 95% Expected Limit
m Expected+ 20 b

3 - Theoretical Cross Section NNLO g - Expected £ 16 il
x 10 PDF uncertainty .
) Theoretical Cross Section for W', o 1 [ ]Expected+2c0 —
c Theoretical Cross Section for W', it = 0.05 TeV o F 3
-2 " [ CMS preliminary [ 1
8 10 E & ombined e + 1 20123
@b [Ldt=3.7 b E E
a K \s=8TeV_ E E
] L ]
S 10

EMS pr y
Combined e + 1 2011 + 2012
[Ldt=50/3.71b"

1§ oy ; . Ns=7/8TeV
S A A D 10 B R i
1000 1500 2000 2500 3000 3500 4000 1000 1500 2000 2500 3000
M, / GeV M, / GeV
v v

@ combined 2011 & 2012, e- and p-channel:
M(Wlg,) > 2.85 TeV/c? at 95% C.L. J

more analyses are shown in back-up slides
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W), — Nif: CMS EXO-12-017

CMS Preliminary 36fb'at8TeV
Z10°F T —— Daia (352)
S E —— (199
o [ Zadets (71)
8 F = Other (24)
o Wé Model: S . My, = 1.8TeV (72)
810°E E
9 Left-Right Symmetric Extensions to SM (g, = ggr) s f
g F f
@ decay mode: 10k J
) W,; — 1Ny — L1405 WE — €1£2qq’ = 2122_1']' E E
(N¢ - heavy neutrino, j - reconstructed jet) r 1
1 3
@ Background Contributions: F jj E
o tT, 2%/ — 0t 02 : :
o W — fv, tW, WW, WZ, ZZ (Others) 51
S e GL 500 1000 1500 2000 2500

M,,; [GeV]

_qasss fb at 58 ToV + 5.0 fb"at (5=7 TeV__CMS Preliminary
T O omor | momz | aa
@ Event Selection: g e T e
@ leading lepton: pr > 60 GeV/c % [ T e e
9 sub-leading lepton: pr > 40 GeV/c 1 E
¥ > 2 jets with pr > 40 GeV/c gﬂf f
@ My, > 200 GeV/c? and Mg > 600 GeV/c? g
v o 107
X F
[
=z f
.
@ M(W}) > 2.8 TeV/c? at 95% C.L. in pujj channel 8102
©
10007500 2000 2500 3000
My, [GeV]
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Heavy Neutrino - W;, — Ny/: CMS EXO-12-017

, CMS Prelminary ; 361" a8 Tev CMS Preliminary ; 36" at8 Tev.
10T Data (310) 310 < Data (352)
o E(199) [0} (19
o Z+Jets (75) = Z+Jets (71)
<] Other (22) 3 Other (23)
S X My, = 1.8 TeV (59) S . My, = 1.8TeV (72)
@ decay mode: g ) g 9,
Wp — LN — b16aWi — bibagq’ — Lrbojj | 8 [ 4 @ oo i
(N¢ - heavy neutrino, j - reconstructed jet) 10 f | 1o
@ Background Contributions: ‘ I L ‘ ‘ ]
9 tf, 2%y — £t !
@ W — tv, tW, WW, WZ, ZZ (Others) g, ‘ = : Q i :
Bl et l %1"”||
8% 500 1000 1500 2000 2500 S% 500 1000 1500 2000 2500
M, [GeV] M,; [GeV]
; 2000 E)M’j:re\imma‘ry 3. 56b’1ai80l:f:xm ;. 22000!\‘/\3‘ P‘rellm\‘na‘w‘ . 5.0 f‘b"‘(7‘TE‘V)‘+‘3.i‘i Qb:[(}i:::) S‘ 20000!\‘/\:‘Pr‘ehl":/\lwl‘1ary , ‘36'1‘1‘6:8[};2!!:“
y £ > My, o Expected [} Expocted ® [ My, >My “Expected
(b, 18000 &2 1 92000 @, 1800 & 1
21600 E 1800 1600 i
= 1400f 4 Ee = 1400 E
1200[ ] 1400 \ 1200 -
1000} ] 1200 k 1000
1 1000 ;
800 ] 800 800
600 = 600 60 E
400 ] 400 400 3
200 ] 200 20! ; E
B Z S 3
L L Il | & T L [ A [S . o e ' | ' ' ' ' U
900 1500 2000 2500 B00 1500 2000 2500 3000 Bo0 1500 2000 2500 ' 3000
My, [GeV] W, [Ge W, [Ge
available leptonic decay channels: available leptonic decay channels: available leptonic decay channels:
only Ne only N, Ne, Ny, N~
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Heavy Majorana Neutrino: CMS EXO-11-076

>
GJ
9
2 20
°
5
2
=4
[
>
w

N
%

Misidentified Muon Bkgnd
SM Irreducible Bkgnd
my =80 GeV, [Vl = 0.025
——— my =130 GeV, [V,[? =0.025
——— my =210 GeV, [V,\l? =025
—+— Data

@ Models:
9 new massive neutrino state N/
@ m, ~ yg vz/mN
¥ - v Yukawa coupling to Higgs;

[

OETTT T T T [T T T [T TTT[TTTT

CMS Preliminary 2011

v - SM Higgs vacuum expectation 10 Ns=7TeV,L =498 b
@ channel with £ = e, u: s { ~
qg — WE — Net - wFeEeE 5 ggetet x l ]
. . L L L I L |
@ Background Contributions: 06700 200 300 400 500 600 700 800 900 1000

o WZ, ZZ, W+, ttW, wEw* qq W,jj invariant mass (GeV)
9 mis-identified lepton background

~ 10
@ Event Selection: = 1 M Pelminary
9@ 2 ¢ with pr > 20(10) GeV/c
@ veto on the third £ 10”7
9 at least 2 jets pr > 30 GeV/c »
o EMs= < 50 GeV/c 10

—— CLs Expected

W CLs Expected +10
CLs Expected +20

—— CLs Observed
L3 Limits

-—- DELPHI Limits

Limits at 95% C.L

@ Majorana-neutrino mixing element:
my = 90 GeV/c?: |V,n[? < 0.07 and |Ven|? < 0.22 10°
y

|

60 80 100 120 140 160 180 200
my (GeV)
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t't — bBWTbW—: CMS EX0-11-050

o 4th Generation “"3 éms‘,s‘.oc‘n"!aw‘&;ﬁv‘ B ‘ E
2 . S | 4 [ Events with eefuuep © Data ]

9@ m, > 350 GeV/c?® - direct searches @ 10 )

0] . i (dileptonic) E

@ decay mode: 3 [ ] ower backorounes
+BW— R0 —= 5 vl — 3 ]
bWTbW™ — bl vbl™ v with £ = e, p £ [ = as0 covier ]
T 2 10° 3

@ Background Contributions: & E

Signal Region
o tf, Z° — tte—
o Z° — T+, ww, Wz, ZZ, tW

ione 200 300
@ Event Selectlor.l. o M (GeV/c?)
@ two opposite-sign isolated leptons

(pr > 20 GeV/c): eTe™, e orptp” gm,— ‘ T oMs, 501 at v Tev -

@ veto on Z° /7 ~ F Theory (HATHOR) [25]

@ at least 2 b-tagged jets pr > 30 GeV/c = eeev 95% CL expeoted limits

o EF™ > 30 GeV/c 1ot o e
@ My,: mass given by a lepton and b-tagged jet e T Expected limits + 20

@ M;": minimum mass of the four possible Mj;, ° _

v |

@ M(t') > 557 GeV/c? at 95% C.L. 10"

350 400 450 500 550 gOO
more analyses are shown in back-up slides M, (GeV/c?)
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4t Generation - Inclusive: CMS EX0-11-098

@ Model
@ my = my and A > 0.66 where
VgL, parameter VA = |Vip| = |V, |
@ decay modes: t’ — bW and b’ — tW in:
t'b, t't’, b't, b't', b’ — bb nW
@ Background Contributions:
9 tt, tW, W — v

@ Event Selection:
@ leading lepton pr > 40 GeV/c
9 ET™ > 40 GeV/c
@ at least 2 jets pr > 30 GeV/c (one b-tagged jet)
W/
® St _E$ISS+PT+PT+F’JT+ZPT “
i=0
- sum runs over reconstructed W4

@ M(q’) > 685 GeV/c? at 95% C.L. where ¢’ = b, t/

CMS reI\mmal"y 51b‘ at \F 7TeV
[ lepton-jets, 2b 1W
| W v
Single top

Events / 50 GeV
g

200

100

T

-t

Other
Signal A=1 (X 8)

" Signal A=0.8 (X 8)
Y Observed

[ Systematic Uncertainty

|+

m = 550 GeV

i3

|
it

berepira
200 300 400 500 600 700 800 900

r (GeV)

CMS preliminary, 5 fb atNs=7 TeV

< 7507 .
[0) L 1
o | ]
£ 700 ]
[ [ +]
= 1
650/~ :
600 -~ obs. limit 95% CL .

t exp. limit 95% CL ]
[@+1o ]

5500 [J+20 .
I R B B |

0.8 0.85 0.9 0.95 1
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(E0F — (0¥~ with ¢ = e,y CMS EXO-11-034

@ Model

9 Excited Leptons Production via
Contact Interactions
(contact interaction scale A)

@ Background Contributions:

0 Z° = FeF, W — v

@ Event Selection:

o

[ 3

<

2 isolated leptons

e: pr > 35(45) GeV/c EB(EE)

p: pr > 45(40) GeV/c

~v: Er > 35 GeV only EB (|n| < 1.442)
AR(v,p) > 0.7 and AR(v,e) > 0.5

M%"X — Mﬂ;": signal region

Limits for Mex (M,,«) € (0.6;2) TeV/c?
@ o X BR less than 1.48-1.24 (1.31-1.11) fb
@ for Mex ~ M« less than 0.73-0.60 fb
@ M(£*) > 1.9 TeV/c? at 95% C.L. for A = M(£*)

Adrian Perieanu

SUSY’12 — BSM - Beijing 16t7August '12

CMS Preliminary, /s = 7 TeV [ Ldt=501b"

[Tev]

* Data
M(*)=0.2TeV

Max
v

o Background

vl b b b b b
n( 005 0.1 015 02 025 03 0|.35 0.
M [Tev]

CMS Preliminary \'s =7 TeV j Ldt=501b"

—__ Observed,u*
= \e, Ta — — Expected, "
= % N Expected : 20
3 [ Expected : 1o
x e 2 b ATLAS results
© Q
102 ¢x
&
: %
10°
) :
o e TN I N N T
02 04 06 08 12 14 16 18
M, [Tev]
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GMSB - displaced v: CMS EXO-11-035

@ Model o Event. Selection:
@ SUSY with Gauge-Mediated Symmetry o I\;O\Ia;e(i Z E7 > 100 GeV/c and
Break'rfg w0 e 9 three jets pr > 35 GeV/c
Long Lived Particles: 2 =" ECAL 9 optimised cuts on -y shower shape and
9 signature: excess in E7° and t] ECAL time

@ Background Contributions:
9 QCD multi-jet, v & jet, 7%, Wty

9 t5, Z2° w* @ M(X?) > 220 GeV/c? and c7z0 > 6000 mm
J
CMS Preliminary 201,486 f0 7 \5=7TeV CMS Preliminary 2011, 4.86 ' 1 \s=7TeV
8
g 10 . T 3 g 10°g 3
= — 1 Jot ta) 1 = 107 I CMS expected with v+ Jets (4861 )
Ay W QCD multijet (data) 5 Y E E|
8 [ + Jet (MC) 3 13} E CMS observed with v + Jets (4.86 b ')
c B DYandW — v (MC) = 108 ]
o WiZ + Jet+ y(MC) 3 E El
w Bkg. stat error = c COF with y y + £, + Jets (26 b ) 3
5 GMSB (100,2000) 1 10° -
E GMSB (100. 250) E . E - DG with prompt vy + E, (6.3 ) E
£ 10
E E 3
10° ~—_ E
102 é— spse é
4 E 3
g 4 108 L3
o 2 E i

£ 9 b . 1= I B R

e 100 150 200 250
2 200 400 600 800 M- [GeV]

E; [GeV] x
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LQ 1% 2" Generation: CMS EX0-11-027/028

@ Models:

2 T P
@ Grand Unified Theories; composite models; E’ 10° grhsni?l; ;gﬁ{‘ifj‘;“s‘"
technicolor; superstring-inspired Eg 5 - 4 S8 (7 [Data Driven e-]
5 10° Ns=7TeV £ Other backgrounds
q _g [ 1 LQ M =600
! LQ 1 Z 10 5
< LQ q
1
@ decay mode: .

7 : _ 1025400 600 800 1000 1200 1400 1600 1800 2000 3200
LQLQ — £qtq(vq) with £ = e, u M, ; (GeV) [Full Sclection]
B= BR(LQ = EQ) optimised selection

L Migz (GeV) 250 | 00 | 450
@ Background Contributions: 5 > (GeV) 320 | 450 | 520 | 610 | 640 | 740 | 770 | 850 | 850 | 850
_ My > GeV) 100 | 110 | 140 | 140 | 140 | 140 | 140 | 140 | 110 | 110
o Z0 — 40T w — v, tt minM(s,jet) > (GeV) | 70 | 130 150 | 170 | 260 350%\57%{
» tW, QCD, WW, WZ, ZZ P B
4 ,_.é F Z
10
£
.. . _— 5
o Optlmlsed Event Selection (eg /"'/"‘..U) 1 - Expected 95% C.L. upper limit
@ pu: pr > 40 GeV/c —+— Observed 95% C.L. upper limit
@ 2 jets with pr > 30 GeV/c 10"
® St > 250 GeV/c E
(scalar pr sum of the two p and two jets)
@ minM(p, jet): smallest p j invariant mass which £

minimize the Mo — M5 10°

more analyses are shown in back-up slides Al 3 G
300 400 500 600 700 800 900
M,, (GeV)
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LQ 3™ Generation: CMS EX0-12-002

g SOEr
@ Models: 5 CMS Preliminary Vs = 7 TeV, 4.8 b
@ Grand Unified Theories; composite models; 2ok ° Eb’: i
technicolor; superstrings E WIZ + jets 1
C ~— Other g
@ decay mode: oF _ Signal M, =450 GeV ]
LOLQ — 7bTb — l1p,qb-jet b-jet with o ]
{=e,pand B =BR(LQ — Tb) r ]
@ Background Contributions: 1o 3
9 tf, Z° + nqg — €4 + njets, 5 — 1
W + nq — fv + njets 100 200 300 400 500 600 700 800 900 1000
o WW, Wz, zZ S, (GeV)
v
# + T channel e+ T channel
i 381+34+49 | 109+18+14
Weets/Z+ets | 116+0.1+26 | B4+01+18
Z(rt/l) 50+£16+07 || 21£15+03
diboson 0501402 || 03£01+01
Total Bkg. 552+£52+84 || 21.8£35L5.6
. Data 46 25
@ Event Selection: = ‘
Slgr\al (450 GeV) | 132+03+09 | 84+02+06
@ 0: pr > 30 GeV/c or 7: pr > 50 GeV/c —— - < —
9 2 b—tagge.d JeFS with pr > 330_G‘_3V/C & 270+30+35 69+£14+09
@ M(7, b-jet) is chosen to minimize My, — M.,.h,bjet Woets/Z+ets 9.1+£01+20 72401416
° o ; Z(rt/H) 50+16+07 | 21415403
St: scalar pr sum of the ¢, Thoq and two b-jets k) Siian i
Total Bkg. 415+48+63 | 164+31+29
Data 36 | 17
Signal (500 GeV) | 6.75£014 =045 || 437 £011£0.29
Signal (600 GeV) | 1.81£0.03+0.12 || 1.23£0.03£008
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LQ 3™ Generation

@ limits estimated using the St variable

@ because f; — 7b has same signal signature one can
estimate limits also on stop pair production

N
o
w

N
o
S

T T

2
—Tb)x
-~ 5

R
B%X Gpery With theory unc., =1 Q

o (pb)

5 B1(E—7 D)7 0y, With theory unc., A=t
£ Br(VLQ357bx 0y, With theory unc.

rrrrr Expected 95% C.L. upper limit

—=— Observed 95% C.L. upper limit

B P B

T T ]

107 1

— E —|

m E |

105 Cs Prefimi e

E re|[m|nary q CMS Preliminary Vs = 7 TeV, 4.8 fb ]

10°L {L dt=4.8 " \ e o emees E

E E .95%0[ excluded ;

4 L TENETE AR L L [ RS RS RS RN R RS EEE
0200 300 400 500 600 700 800 0 250 300 350 400 450 500 550 600

M st (GeV) LQ Mass (GeV)

9 LQ: M(LQ) > 525(370) GeV/c? for 3 = 1(0.5)
@ VectorL@: M(LQ) > 763 GeV/c? for B =1
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Dijets at /s =8 TeV: CMS EX0O-12-016

10 T T

> L cseronmayaony g
g ik — E
@ Models with a narrow s-channel dijet resonance: e N acoryms 3
. . . . E 10k
@ strings, diquarks, excited quarks, axigluons, colorons S E det Energy Scale Uncertainty 3
s8, W', Z’, Randall-Sundrum gravitons... 8 w0k
E w(5Tev)
@ final states with 9§, qq, §g, qg and/or gg 10 : E, diguark (3.5 TeV)

@ Background Contributions:

Ns-8Tev

@ QCD multijet production - fit parametrization: ",”J;?JS;‘”“S
e dets

do  Py(1—x)71 el
_— — 2 3F 5
dmj; xP2+P3 In(x) - SR |

. & St e E
with x = mj;/+/s and four free parameters P; HE |

y 7000 1500 2000 2500 3000 3500

Dijet Mass (GeV)

5 BTy
@ Event Selection: 2’ " ialvoniosiorond
9 jets: pr > 30 GeV/c and |n| < 2.5 x i
9 2 "wide jets”: jet-grooming algorithm QQ - 3
with |n| < 2.5 and Anj; < 1.3 and my > 890 GeV/c s f Re Graviton 3
= 1= -
o g 10 E E
j7d r 5 ]
n 102 [ cwms preliminary (4.0 fb ]

o L m|<zs,|m||<13

@ estimated with pseudo-experiments generated using o 10'3? e ppe

background shapes (fit) [~ quriciuon

y 10 === Quark-Quark

| P IS T NI WS N R v

1000 1500 2000 2500 3000 3500 4000 4500
Resonance Mass (GeV)
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Randall-Sundrum Gravitons: CMS EXO0O-11-061

[ Zivpets
W(h)Hets
. iviets
[ bibosons
G (1250 Gav), kam, =02

@ Models:

@ graviton propagates in the extra dimension, leading
to a Kaluza-Klein tower of states

9@ parameters: Mg and k/Mp; (ratio of the 5d
curvature to reduced Plack mass)

L

o Data

CMS Preliminary

Jra= aze, merrev

Lol

@ final state:
G* = 7°2° = qgui

ME = \/2‘7,_"5:[:-_,’,_,,-55(1 — cos Ap(jet, Emiss))
@ Background Contributions:

Events / 50 GeV

Lol

sl

0 _ . . 10 200 1400 1600 18 2000
® 7"+ nq — v + njets, W + nq — Lv + njets Jet-MET Transverse Mass (GeV)
9 tt, WW, WZ, ZZ

- R A e
C J‘Lm-ulbtﬁ-n-v ]
025 .. corgrsamy |
@ Event Selection: L — ooamsem ]
@ only 2 jets with Ap > 2.8 (veto QCD) D2 T e m——— B
9 leading jet pr > 200 GeV/c and m; > 70 GeV/c? < F s e 1
o EI™ > 300 GeV and M$ > 900 GeV/c? 2 15 [ v E
9 veto on isolated e or p (veto W — fv) | ot 3
Limits at 95% C.L. for M¢ € (1000; 1500) GeV/c? o

i f i T
. . . 600 800 1200 1400
@ o in range 0.047 to 0.021 pb; k/Mp; in range 0.11 to 0.29 Graviton Mass (GeV)
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Microscopic BH: CMS EXO-12-009

@ Extra dimensions: Na
production with almost no mass = they do not
grow, like cosmic black holes, but rather
evaporate

@ signature: large number of energetic final state
particles, ~75% in jets

@ Background Contributions: QCD

E = CMS Preliminary {s =8 TeV, 3.7 ! f)
S’k Multiplicity, N > 8
ZF + Observed
@ Event Selection: 2 r — Background
@ isolated leptons pr > 50 GeV/c e Uncertainty
@ isolated v with Er > 50 GeV/c 10? -Mp =1.5TeV, Mg =5.5TeV,n =6

M, =2.0 TeV, Mgi" = 5.0 TeV, n = 4

9 at least 2 jets with pr > 50 GeV/cand | v Moo= 25ToV Moh 24 5TV n o2
D= e *VBH T T T

In| <2.6

@ St - discriminating variable
(scalar pr sum of jets, leptons, photons with
pr > 50 GeV/c and EF™ > 50 GeV)

1=

. TR TCR R A
2000 2500 3000 3500 4000 4500 5000 5500
S, (Ge
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Microscopic BH

@ 95% C.L. model independent limits @ 95% C.L. dependent on n extra dimensions
@ counting experiments with S > 55,’—7[" @ signal cross-sections: BLACKMAX generator
@ events with > 8 jets of pr > 50 GeV/c @ Mg minimum bh mass
8 CMS Preliminary /s = 8 TeV, 3.7 fb™! f) g E CMS Preliminary /s = 8 TeV, 3.7 fb”"
< T -~ [
} L Multiplicity, N> 8 b L Nonrotating Black Holes
g, F —— Observed 10 o
@t = Expected + 1o E M° 230 Tov.
A T Expected + 26 F M =25TeV.n=6
@ — — Observed, 2011 data E o
O — . Expected, 2011 data Observed Cross Section Limits
E ! —— M= V,n =
F —=— My=30TeV,n=4
i . Mp=25TeV,n=6
|
10 2012,3.7 ", 8 TeV .
107 =
E Nt g™ o e
L 201,47 7 Tev 103:_ 5
ot Lo Ll I N I IR B I W I
2000 3000 4000 5000 4 4.5 5 5.5 6 65
S (GeV) M (TeV)
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+

ADD Extra Dimensions - e"e”: CMS EXO-12-013
, £ =498f7"
@ Model: e
. . ) Mass Background | Signal exp.
9 Arkani-Hamed, Dimopoloulos, Dvali region [TeV] expectation | Ay =30TeV
9 signature: Kaluza-Klein excitations of the graviton Control regions |
= enhance o for fermion and boson pair 0.12-020 | 13017 | 1258742166 =
020040 | 2924 | 2912%470 -
@ Background Contributions: 0.40-0.60 211 25437 15
0, L 0.60-0.80 42| 406168 3
- Z_ /7" —e'e 0.80-1.00 12 92£12 13
9 tt, WW, WZ, ZZ, other multi-jets backgrounds 1.00-1.30 2 317505 12
<" [ Signal region |
. > 130 1] 079%0.15 14
@ Event Selection: ‘ — | - 1 ‘ - |
9 two isolated e: pr > 35(40) GeV/c EB(EE) S'm'lir analysis was perforfnfed also in
. o p~ channel for 2.3 fb™" so far
9 optimized M, cut to expected sensitivity: (CMS EXO-11-087)
Mee > 1.3 TeV/c? -
v
CMS Preliminary Vs =7 TeV,| Ldt=4.98 fb" CMSPnIlmlmry fs=7TeV,[Lat=501"
= 10° ey I T =z 5 T T [ T
[o3 = E 95% CL. Observed Limit E
& <= Data = 45F 5% CL Expected Limit |
; Pz~ ee S 4 e %, Exp.Limit 3
Q tf and diboson (data) S 20 Exp.Limit E
@ B sets(data) B 35E o ;::gx hﬁo E
S ADD, A,=3.0 TeV 2 3F E
> o E E|
@ S 25F E
2E E
. 15 7
e ‘“H_/”-J'HF"‘I‘ M 1= s
' | 05F =
L A | . . . . . |
1500 2000 2500 2000 2200 2400 2600 2800 3000 3200 3400
Mee [GeV] Ar [GeV]
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Monojet & Monophoton: CMS EXO-11-059

10
&‘E = OMS Monolet bMS
S, g = OMS MonoPhoton E=7TeV
S ~—— CDF 2012 J' ;3
@ Si . R XENON-100 Ldt=501
Slgnal 3 10% +CoGeNT 2011 3
@ Dark matter particle: x - a Dirac fermion N COMSII 2011 3
. . 0 CDMSII 2010
@ ADD Extra Dimensions ) 3
6}
c
o
ko3
. . [3]
@ Event Selection (e.g. Monojet): 2
@ one jet: pr > 110 GeV/c = E a) Spin Independent g E
i 45 (. Lol Lol Lol Lo
o EI® > 200 GeV/c 10507 1 10 107 10°
@ no more than 2 jets with pr > 30 GeV/c M, [GeV/c?]
@ lepton veto: no £ with pr > 10 GeV/c o« 10 . .
y. £ = CMS MonoJet CcMS
O, 10 33 == CMS MonoPhoton §=7TeV
~—— CDF 2012
EF (GeV/e) = > 250 > 300 >350  >400 S SIMPLE 2010 Ja-son o
Process Events © 10% CDMSII 2011 =
Z(v7)Hets 5106 £271 1908+143 90094 433L62 ] gOUPinI\‘N
W-ets 26324237 81683 312435 13517 @ W
& 69.8+69.8 22.6+£226 85+85 30+30 <]
Z(€0)+jets 234223 61+61 20420 06+06 6}
Single t 1024102 27427 11+11 04+04 s
QCD Muiltijets 22422 1.3+13 13+1.3 13+13 K
Total SM 7842 £ 367 2757 £167 1225+101 573+ 65 S
Data 7584 2774 1142 522 z
Expected upper limit non-SM 779 325 200 118 = b) Spin Dependent K|
Observed upper limit non-SM 600 368 158 95 BT ) Y R VTY R ERRITY. |
10" 1 10 10° 10°
M, [GeV/c
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instead of conclusions...

@ most of the analyses were designed as model independent as possible - one
can have the number of events in data and the background prediction which
can be compared with its signal prediction

@ there were many "stones” turned in CMS Exotic searches (and not only)

@ so far, under the "stones”, there was nothing that could explain
o/osm(H — vy) =2.1+0.6

@ where to go from here...
9 many final states with e, u, 7, v, jets, E;’J"“, W, Z have been checked
@ time to be more specific in our searches, the Higgs "door" is already open
@ it is also time to prepare analyses with the new boson plus the physics
objects above

9 for 35 fb—! integrated luminosity at the Christmas time
9 and for 13 TeV (~2015) and 14 TeV (~2016)

@ by the way, we have already 10 fb—! recorded so far this year
congratulation to the operation crew at P5

apologise to my colleagues that did not see their analyses today, time is a difficult variable
please take a moment or two, and look also in back-up slides to see many other nice analyses
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Back-Up Slides

Adrian Perieanu SUSY’12 — BSM - Beijing 16“August '12 28 of 27



Overview from CMS Exotic Searches

Z8SM I
Z' S8M tau tau
2', ttbar, hadronic, widtl 2%

Z', ttbar, lep-+et, widl
Z’SSM Il {fob=0.2)

G, dijet

G, ttbar, hadronic

G jet+MET /M = 0.2

Gyy M =0.1

G, Z0NZ(aa), kM=0.1

Wiy

W' dijet

W —td

W'— WZ{leptonic)

WR' — tb

WR, MNR=MWR/2

WKK i = 10 TeV

PTC, nTC > 700 GeV

String Ball M, MD=2.1, Ms=1.7, gs=0.4

String R (qg)

'sB Resonance (gg)

58 Resonance (gg/bb), fob=1
E6 digquarks {qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV

a* (ag), dijet
q’(qw)
q"{ag)

q", dijet pair
o, boosted Z
e A=2TeV
P A=2TeV

Adrian Perieanu

o

b’ = W, (3, 2I) + bjet
q’, b't' degenerate, Vtb=1
b = tW, l+jets

B' = bZ (100%)

T = tZ (100%)

+ = bW (100%), [+jets

t = bW (100%), 1+]

gluino, Stopped Gluino

stop, HSCP

stop, Stopped Gluino

stau, HSGP, GMSB

hyper-K, hyper-p=1.2 TeV
fractional charge, g=2/3e
fractional charge, g=1/3e

multiple charge, g=2e

multiple charge, g=3e

neutralino, ctau=25cm, EGAL time

Lat, p=t5
6 LQ1, B=1.0
L@z, p=0.5

Laz, p=1.0

LQ3, (bbnunu) Br{LQ — bv) = 1
LQ3, (btau) B=1.0

stop (btau)
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Overview from CMS Exotic Searches I

Contact

C.l. A, X analysis, A+ LL/RR ; \nTeFGCﬁOH
C.L A, X analysis, A- LL/RR

C.1., dimuon, destructve LLIM
C.1., dimuon, constructive LLIM

C.1, single lepton (HnCM) |

Black
Holes

MBH, rotating, MD=3TeV, nED = 2, Blackhax
MBH, non-rot, MD=3TeV, nED = 2, BlackMax
MBH, rotating, loss, MD=3TeV, nED = 2, Blackhax
MBH, boll. remn., MD=3TeV, rED = 2, Charybdis
MBH, stable remn., MD=8TeV, nED = 2, Charybdis

MBH, Quantum BH, MD=3TeV, nED = 2

Adrian Perieanu SUSY’12 — BSM - Beijing 16t7August '12 30 of 27




an " Exotic” test, even for the Great Wall

many of us were yesterday at the Great Wall (the rest are happy
with the SM)

this is one of the many pictures taken yesterday (I shoot ~ 100
of them)

do you see anything special in this picture?
(the famous: what is wrong in this picture?)

e 6 ¢ ¢

let's restrict the search area:

do you know that there is camel in this picture? do you see a
camel in this picture? a real camel (BSM), not the Great Wall
(tails in the SM)
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an " Exotic” test, even for the Great Wall

Adrian Perieanu

SUSY'12 — BSM — Beijing 16"

many of us were yesterday at the Great Wall (the rest are happy
with the SM)

this is one of the many pictures taken yesterday (I shoot ~ 100
of them)

do you see anything special in this picture?
(the famous: what is wrong in this picture?)

let’s restrict the search area:

do you know that there is camel in this picture? do you see a
camel in this picture? a real camel (BSM), not the Great Wall
(tails in the SM)

what about in this picture? ohh jaa...

don't worry if you did not see it first time, | needed also 3 shots
of the same side of the Great Wall to see the exotic camel

so far we look mostly where we expect to have no SM
backgrounds... the H — ~y~ was seen on top of a huge
background... what about challenging ourselves to more delicate
phase-space regions? what about the eagle?
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Electron Reconstruction

Electron in CMS:
an ECAL cluster matched with a track reconstructed using the Gauss Sum Function and
addmg the v radiation from Brem Clusters

ECAL CMS Preliminary
Pu \‘ GSF Track [ surface o, 700" e A —
- i % C 18.7pbt at\Vs=8TeV
600 —
lectronCluster o F —— data h ]
Z 500~ Zee ; 4
[%] [ -
gt t E
L% 400 — —
] g o4 g
Extrapolated 300 b =
BremClusterfi\ ™ ~- track tangents F 3
) 200 LA -
F ¢ ’ ]
100 — & + -
@ Coverage: E el Y, 7
o ECAL: |n| < 1.442 & - i Seretesaass eraeed
1.556 < |n| < 2.5 5
- ND e bbby — MU TP
@ Energy Resolution: —=22— "
ergy Resolutiol JEr/Gov 5
o Ey = 45 GeV: 60 80 100 120
oe; /ET = 0.44% M(e'e) [GeV/c?]
— 0.2 GeV @ again nice agreement between Monte Carlo and Data
> @ we could even call ourselves CEMS ®
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Tau Reconstruction

Taus in CMS:
reconstructed using the Hadron Plus Strips algorithm

- 1 CMS Si ‘ | .‘"I, l‘FS‘=7 TgV
2 [ Z—tmtMC 1
:8 GenInl <23 7
Y i i a3
3 hadrons ﬂﬂﬂ Wwﬁ::m,ﬂ,% ]
\‘:\( 0.5 C . g T TP
>-a,v \\‘ 04f =
T>TIv NTepv 03} ®  HPS Looss Comb dp
1 hadron hadr0n+5trip(5) 042;’ HPS Med Comb dfj
0.15 A HPS MVA Loose
1

I Liiusl | il k|
90 20 30 40 50 60 70(G80V )
ent e
@ decays in 1- or 3-prongs (7 ¥) 8 i
@ e & v clustered in strips: 70 reconstruction

(the mass has to be compatible with an a; or p @ different isolations are used

@ corrected for pile-up (df3)

hypothesis) e
. : L @ and combining the Tracker,
@ cleaning with MVA discriminators for: ECAL and HCAL information
e- and p-rejection and Isolation corrected for in working points: Loose,
pile-up Medium, MVA Loose

@ 70% efficiency and 5% fake rate
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° 1.05 CMS Preliminary \s=7Tev
g 1.04 JLdt:t‘l.BOpbl

LOB e

1.02

1.01 —_— i . S S

1

0.99

0.98f —+— patalMC

097 . . Data[MC+5y5 ......................................

og6f 3%

0.95

Inc 1+ EB1+x® EE1+n° 3n

EB: ECAL barrel
EE: ECAL end caps

@ Coverage: |n| < 2.3

@ Energy Scale: < 3%

Adrian Perieanu

dN/dm_. [1/GeV]

CMS Prellmlnary,\/’ 7-8 TeV L 10 fb"': Th

1600 F 0 e - (5><) Hor m,; _125
L —e— observed ]
1400 F Z-tt -
[ @ clectroweak ]
o [ 3
1200 =t ]
1000 |- 3
800 | .
600 | .
400 - 3
200 | .
ok ]

0 100 200 300

m,. [GeV]

@ one 7 decaying into p
and second one into 7 1- or 3-prongs
@ "electroweak” combines contributions
from WE, Z0 — ¢£0F with £ = e, p,
WW, WZ and ZZ
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PFJets Reconstruction

Particle Flow in CMS:

@ reconstructs and identify all stable
particles within the detector
(e, v, p, charged & neutral hadrons)

@ builds jets using the anti-k T alg.
which are: infrared & collinear safe

@ coverage: || < 2.4 for most analyses

® CMS preliminary fs=8TeV

e e — T 1
2 L QCD Monte Carlo ]
o d ANtl-KT R=0.5, PFlow 1
I 1-8___ <13 N
3 [ ]
hd Lo 4-0<Npy<5 ]
160 . 4-5<Np <10
3 b AD<My <15
1.4k 4-15<Ny <20 ]
L Gmaiy<3 ]
190 42BN, <30 |
e 4
L Eu“ullllllln;nﬁ
o8- 7

I I

107 10°
P (GeV)

@ after all corrections:

Fully-Corrected Response

HCAL
N Clusters

[ detector >

<::;3anicle-rlow ["

CMS preliminary s=8TeV

P — 5
L QCD Monte Carlo 4
r Antl-KT R=0.5, PFlow 1
1.8 mi<13 3
L 4-0<Ny=<5 ]
1.6 4 S<Npy<10 ]
r 4 10<Ny <15
1.4 4 15<N, <20 ]
L 4 20<Npy <25 ]
12:_ —§-25<Npy <30 _:
1;.. ]
i ’ LI
0.8 ]

I 1

10° 10°

en

P (Gev)

an independent of pile-up (Npy) good reconstruction of the generated pt jets
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MET Reconstruction

Missing Energy in Transverse plane in CMS:
the negative vector sum of all particles candidates reconstructed with the PF algorithm

CMS preliminary, Vs=8 TeV L =0.7 fb-!

, g * AunAData 2012 Mean = 18.33
W W exp.Z — p'y’ RMS =10.97
2 ~ [ exp. Background Mean = 18,76 + 0.94
00 Sys. Uncertainty RMS =11.35 £ 1.57

X _:‘:
I.IJ_ v‘
miss
Yy =
@ best events to check MET and its 15

resolution: Z° — ptpu~

@ mean of the distribution of —u|/qT e
measures the MET response (sets the
scale), where gt is Z° momentum

@ RMS widths of —uj| — q7 and u are used
to measure the MET resolution

-0.5

Dala - Simulation
Simulation

15 | I

o
g
g

150
EN™ | GaV

@ good agreement between MC and data J
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MET Reconstruction

Missing Energy in Transverse plane in CMS:
the negative vector sum of all particles candidates reconstructed with the PF algorithm
CMS preliminary CMS preliminary
307"‘\"‘\“‘\"‘I“'\"'\"‘\"‘I"'I"‘ 30\I\‘II\‘\\\‘l\\lwwl‘\ll‘\lw‘llwllwllwl

8 L Run 2012A Run 20118 % Run 2012A Run 20118

= | Opyldata) =2.80:002GeV o, (data) = 3.22 0.01 GeV O, [ Op{data) =280£002GeV o, (data) = 3.22 2 0.01 GeV
> =

© =)

[ Gy (MC) =2.92 4 0.01 GeV Oy (MC} = 3.50 £ 0.01 GeV [ &gy (MC) =2.92 + 0.01 GeV Oy (MC} = 3.50 + 0.01 GeV
25— —

Lyl

o

T T
TR A

[~ MC20MB 1 [ - MC2011B

| —* data2011B i [ — data2011B
20— —© MC2012a 20 —© MC2012a

r  —= data 2012A [ —= data 2012A

L 0.8 L s
15— ot 15— o

r & P 1 = N

. . " L . P
L P & )
P Ul o8 ot

Fooos - ot -

0= ¢ 3

=P T T T 1] g v
%,@! I..il_‘.i_._.!.zk E1%‘.....il..i...i.l.l.-.li.2§’.
8. st s ki g Al Hitak
0 2z 4 6 8 10 12 14 16 18 0z 4 6 8 10 iz 14 16 15
9 again good agreement between MC @ better in 2012A due to changes in
and data energy reconstruction (2012B will
@ evolution with PU can be predicted follow)
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7' — 7—7t: CMS EXO0-11-031

9 Models: > T T T T
. . ’ [0 CIEE=7TEV. 4.94 fb”
o Sequentla_l standard _Model,. Zssm (0] o 50y 15,
@ Grand Unified Theories: Z Q i
’ . . — [
9 Z' - could prefer the coupling to 3¢ generation o F 1 Wajets
c r
9 channels: TeTy, TeThad: TuThad: Thad Thad s oL —aco
w E
@ Background Contributions: £ ]
0 -t wi —
OZ_—>2£ with £ = e, u, T E
° tt, W, WW, WZ, QCD £
> 107
Process Tetn o T o £ 3
= T T 2 | | L L ! i L
77 | SIGES8EA | A2 ES6E 20 | BME5IEA | 09E36E43 1025 P —T o 051500
7 ptp - - 208+83+1.1 - mice
7 eten - 20£24%11 - 06640334022 M(t,%,, ET™) (GeV)
W+ Jets 83+15+47 | 181436413 | 450+26+20 | 58+17+1.1 e
ww 556+1.4+10 - 246+08+08 - g T T i T T
wz 5.6+ 0.35 = 0.22 - - - ¢ CMS, 15 =7 TeV, 4.94 T
t4t 06+£1.2+07 [10.8+£2.8+0.946.2+6.0+3.7|0.00+0.76 = 0.15 % 10 s o o ot
QCD 451433400 | 185431410 | 72+18+8 | 467 +26+67 K I s orpocted ange
Total 1015+ 60+ 45 | 1058+ 77+ 35 | 1427 £ 6353 | 504 + 26 + 67 g 26 expected range
Observed 1044 1043 1422 488 & 1 2o
X z,
N o
N 107
a
o
© 102
!
@ M(Zigy) > 1.4 TeV/c? at 95% C.L.
e | | | | | 7
, 400 600 800 1000 1200 1400 1600
@ M(Z}) > 1.1 TeV/c? at 95% C.L. M, (GeV)
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CMS EXO-11-006

@ Background Contributions:

@ "Model": ° 7
@ Z’ resonance with a narrow width (1% of M/) @ QCD multijet production
@ t - full hadronic channel (343 jets)
9 boosted t - decay products inside one jet L35 7w o
o5 67T e 1+

@ Event Selection: Roreios multet
@ single hadronic jet trigger
9 one t reconstructed in each hemisphere
@ Type 1: all 3 jets merged into a single "hard” jet
two jets with pr > 350 GeV/c and |n| < 2.5
9 Type 2: only 2 jets are merged in a jet
PT jet1 > 350 GeV/c, pr jer > 200 GeV/c,
PT jet3 > 30 GeV/c and |n| < 2.5

Events / 100 GeV'c?

—— [
pantdl !

Data - Predicted
Predicied

g

1000 1500 2000 2500 3000 3900 4000 4500 000
1i mass (GeVic?)

CMS. L=5 o' at\s=7TeV

oMS, L= 516", §=7Tev Type 142
3 10 ob: =
K + Observed E|
mBA™A = 83.0+0.7 GeVic? = Homlop multlet E
mic = 825+0.3 GeV/c? PR - STV ohesb
g (2 TeVic) o= 006pb
¢ Data i} ]
10 -
EW+Jets E|
[INon-W M. , 4
ata fit E
== MC fit gl 4
L !
B 4 bt
i aa ki o T
40 60 80 100 120 140 160 180 200 E
g

: vi 500 1000 1500 2000 2500 8000 3500 4000 4500 5000
m(W-jet) (GeV/c?)  mass (GoVich)

Sy’
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7' — tt

= . g ‘Observed (95% CL) E
TExpected SM tt events 194 + 106 129 £ 80 o Expected (95% CL) ]
Expected non-top multijet events 1546 + 45 2271+ 130 X 10 £1s.d. Expected =
Total expected events 1740 + 115 2400 + 153 & N 250, Expected 3
Observed events 1738 2423 = Z', 1.2% width, Harris et al ]
% 1 Z', 3.0% width, Harris et al
. o 5
@ model-independent limits on g8
production cross-section
2l i e
10 15 2 25

12 CMS.L=5 fb"‘at \5=7 TeV.

1% Width Assumption

. 3
tt Invariant Mass (TeV/c?)

_ jgeCMS.L=5 fb"‘at \s=7TeV KK Gluon Assumption e CMs.L=5 fb"‘at Ns=7TeV 1% Width Assumption
8 Observed (95% CL) ] g Observed (95% CL) El
m Expected (95% CL) m — Expected (95% CL) ]
X 10 4 - X 10 + 1 s.d. Expected -
& +1s.d. Expected 3 & I - 2s.d. Expected 3
£ [ +2 s.d. Expected ] = 7', 1.2% width, Harris etal |
5 1 - KK Gluon, Agashe et al E 13 2!, 3.0% width, Harris et al 3
= - 3
[ [0} |
& & ]
> 10! E > 10" —
2 | \ | 2 B N
10 . 2 25 10 15 2 25

Adrian Perieanu

3
tf Invariant Mass (TeV/c?)
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W' — fv with { = e, i

=10 . ST T T T T
S - o IUE ,, s obshves it 3
= CHS pretminary S f CsPrelminary | _ BoecedLimt
= \s =8 TeV < [ ]
=X : L JLdt 23671 [ Expected o i
Jm:aJ ' a [ ] Expected 20 E
9 ::‘: h 1 i \s=§TeV — Theoretical Cross Section
o 910-1 h 4
o aa: ]
i U A i | . L ]
Excluded z channels ’>‘ o 1
T 012
' e 810
10" .. e s | :
; int =507 (II\) 3 B )
P I A I '_10 [ | | i
0 05 1 1 2 25 s 4 5 6 7 8 9 10_n
1/R [TeV] 5 A(TeV)

@ four-fermion contact interaction

@ 95% C.L. lit uni | ext
° on SPIE LNIVETSat extra (Helicity-Non-Conserving model)

dimensions parameters p and 1/R
@ preon binding energy scale:

J A > 8.7 TeV at 95% C.L.

@ considering W,%K width
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tW' — t+t+ d: CMS EXO-11-056

CMSSOIb atr = 7TeV

% 450

@ W’ Models: 3 = E
’ S 400 Wajets E
9 associated production with t %350:— I Single top quark 3
d t d £ E I Multijet events El
£ 300 1 Z+jets E|
d E [[] Uncertainty on bkg
g d 0L 1w 600 GeVic? E
W 200 3
9 £ 150E- E
@ Background Contributions: 100 E
9 tf, tW o . ! E
0 +p— of - E|

O W —tv, Z8 = 7L ) % 200 400 600 800 1000 12 1600'1800 2000 2200 240¢
W'+ mass [GeV/c?]

@ Event Selection: - CMS50fat 5 = 7TeV
> £ ]
@ single lepton and/or 8 % :Iti E
R R ] 8 3500 Wijets 3
smgl.e Ileptodnl& 3 jets trigger s F 0 Single top quark 3
: (e)nepISO;t:E, (?ep\t/o/r:: - § 300F- 5 Multijet events =
L pPT E Z+jets 3
|m| < 1.442 & 1.556 < |n| < 2.5 2505 ] Uncertainty on bkg 3
@ u: pr > 42 GeV/cand |n| < 2.1 2001 E
@ > 5 jets with pr > 35 GeV/c and |n| < 2.5 150 E
9 prjer1 > 180 GeV/c, prjers > 90 GeV/c 1000 E
9 at least 1 b-tagged jet E E
@ E7F™ > 20 GeV o E
® Hr > 700 GeV/c ) 0500 800 1000 1200 1400 1600 1800  2000° 3200
(scalar sum of pr jets, lepton and E™*) Hy (muonsselectrons) [GeVic]
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tW — t+t+d

@ LHC-type CLs method: one-sided prole likelihood ratio test statistics and
applies a Frequentist treatment of nuisance parameters J

CMS Preliminary 5.0 fo' at Vs=7 TeV

a Combined e+ channels
© 25 ———— theory cross section 3
(arXiv:1111.5857) E
——— observed limijt E
= = median imi B
[ 16 limitband ]
+20 limit band 7
ol v b Loy Lo Lo by by
4 500 600 700 800 900 1000 1100 1200
M, [GeV/c?]
Luminosity 5.0fb '
Cross section ~ p+jets etjets
[pb]
t 154 888 =276 734 204
Single top 85 40 +£20 32+ 16
Wiets 31314 49 +25 64 £ 32
Zijets 3048 26  8+4 @ M(W’) > 839 GeV/c? at 95% C.L.
Multijets - 5+5 £ 2
Total background 989 L3579 843 L2309 or coupling constant values gg = 0 and gg = 2
| Signal W’ 600 GeV/c? mass 182 858 723
[Data 904 726
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W't — tb and W'~ — th: CMS EX0-12-001

CMS Preliminary 50fb"at is=7TeV

e+jets N =1

btags [ 11 + Single-Top

@ W’ Model: = It
@ various couplings: W, W, and W, . v rmen
e

@ decay mode:
@ t— bW — bltu withl =e, p

Events / 50 GeV

@ Background Contributions:
@ tt, tW
o W — tv, Z°/y* — tte—, ww, wz, 2z

<

500 1000 1500 2000 2500 3000
W' Invariant Mass [GeV]

CMS Preliminary 50fb"at Vs=7TeV

o(Data-MC)

@ Event Selection:

@ single isolated lepton or
miss

single lepton with E7™ and jets trigger

| ——Du
nejets N, > 1 I 1« SingieTop

@ one isolated lepton oy
@ e pr > 35 GeV/c and T imev

W, 16TeV x20
e W 1.8TeV X 20

In| < 1.442 & 1.556 < |n| < 2.5

p: pr > 32 GeV/c and |n| < 2.1

> 5 jets with pr > 35 GeV/c and |n| < 2.5
PT jetr > 100 GeV/c, pT jer2 > 40 GeV/c
at least 1 b-tagged jet

ET™ > 20 GeV in p-channel and

35 GeV in e-channel

@ Signal (illustration) scaled by a factor of 20

Events / 50 GeV

{72 "3 < “

o(Data-MC)
v o .

=3 i [ | [
/ 500 1000 1500 2000 2500 3000
W' Invariant Mass [GeV
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W't — tb and W'~ — ©b

@ BDT discriminant trained for each mass point
@ individual kinematics, event kinematics and angular variables
CMS Preliminary 5.0 fb" at\s =7 TeV
3500 T T
pejetsN  >q ——Daa CMSs Prellmlnary 50lb at VE 7TeV
3000F blags [ ti + Single-Top 4 o~ CTr o L T
Z ER Wl s 2y I+ W ‘8_ = — Boosel al PLB 655 (2007) 245- 25&
2500F CJaco E| 2 L
" \ B 0TV = [ —— 95% C.L. observed ]
‘€ 2000 ::;:;"‘M‘:;"" E E I D N 95% C.L. expected
o 1500F 3 T [ 1o expected =
1000f E ';m E [] +20 expected 3
500 E i\ r 1
Q F ]
9 2 =
] B 107 3
& -2brrri i i i i i i i r 1
® .08 -06 -04 02 0 02 04 06 08 [ ]
BDT Discriminant L
CMS Preliminary 5.0 b at\s = 7 TeV " BDT Analysis
AR AL AR 10°E e/;u-ielsN >1 E
10°k uejets N, > 1 | = tags E
Bl N B
800 1000 1200 1400 1600 1800 2000 2200
P W'y Mass [GeV]
c
o
>
in}
@ M(W}) > 1.85 TeV/c? at 95% C.L.
g and M(W/) - no interference with SM included
& . .
8 2 ; 1 @ on left- and right-handed couplings
® .08 06 -04 02 0 02 04 06 08
BDT Discriminant
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W't — tb and W'~ — ©b

@ BDT discriminant trained for each mass point J

@ input: individual kinematics, event kinematics and angular variables

CMS Preliminary 5.0 fb" at (s =7 TeV CMS Preliminary 5.0 fb" at (s=7 TeV
o~ D o . e I~ 1= g
« r «

L 1600

0.8 = 11500 0.8
= —1400 &

0.6 = 11300 0.6 N
r —1200 r

0.4 0.4
i —1100 i

0-2 j Invariant Mass Analysis B 1000 0-2 j Invariant Mass Analysis
L 95% C.L. Observed _ 900 L 95% C.L. Expected _ 900

9 T TSN ST MY WERTENN B! . 0 _

0 02 04 0.6 08 1 800 0 02 04 0.6 08 1 800

@ on left- and right-handed couplings
@ zaxis: M(W') in GeV/c?
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W', prc — WZ — 3(v with £ = e, ;: CMS EXO-11-041

CMS 2011
L L
@ W' Models: Ldt=4.981b" *\E/)V' (600 GeV)
. . ata
@ Sequential Standard Model \s=7TeV Cwz

@ Technicolor
M(7rc) = 3/4M(prc) — 25 GeV/c?
M(ptc) < M(77c) + Mw

@ Background Contributions:
o WZ, Z2Z/Z~
o tf, Z° — ¢te-

. 0 200 400 600 800 100012001400
@ Event Selection:

Myz (GeV)
9 double leptons (same flavour) trigger CMS 2011
9 two isolated leptons % Fr T T T 600 Gev) 1
@ ¢(Z2°: pr > 20(10) GeV/c and Oy Jat=48ib" Da,(a :
In| < 1.442 & 1.556 < |n| < 2.5 5 \s=7TeV wz
9 1(Z°): pr > 15(15) GeV/c and |n| < 2.4 212 =%+Jet5
9 myi,— € (60;120) GeV/c and L%» -QMY

veto on second Z° pair

@ (W) pr > 20 GeV/c

9 ET™ > 30 GeV

9 L7 scalar sum of the transverse momenta of the
charged leptons - optimized for each mass point
- for 600 GeV/c2 mass point: L+ > 290 GeV/c
- Mywz w/o Lt cut (up) and with L7 cut (down)

o

O [T

=)

200 400 600 800 100012001400
My (GeV)
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W' prc — WZ — 3lv with { = e, u

CMS 2011 CMS 2011
A R 8310“‘H“H_H“H“HH‘HL
P E P £ [« Obs. Limit ]
Q E ¢ Obs. Limit 7 = L 1
S N - Exp. Limit | I EX"’";':“” ]
Z .l WExp.tlc | o Wl Exp.£ o ]
T 10 [JExp.+26 3 N [1Exp.x 20 )
~N F —w ki = [ — WgWZ Coupling 1
= R AN pTCsin()()% 1 =
TO’IO'Z; — TCsin= B 1F E!
o f s Tresing=l ] % [ ]
s 7 N — £ [ 1
@ 1075 (s=7Tev ~N\F 3 o Vs=7TeV
X £ PN ] L A
o jJ‘L dt=4.98f" O 1 IL dt = 4.98 o
A Y N A S S A ] A B I S B I
107200 400 600 800 1000 1200 1400 107500 400 600 800 1000 1200 1400
MW, p_ ) (GeV) M(W') (GeV)
MW '/prc) Lt wz Ng”kg Data s
Mass Window
(GeV) (GeV) (GeV) (%)
@ m sweo  saor o aa @ M(Wl,) > 1143 GeV/c? at 95% C.L
700 360 620780 1794009 2 48+1 SsM -
%0 a0 i Losow o e 9 M(mrc) = 3/4M(prc) — 25 GeV/c?
100 40 @018 0776006 0 ess2 excluded: M(prc) € (167; 687) GeV/c? at 95% C.L.
1100 400 890-1310 0.55+0.05 0 63+1
W o g s 0 M(ro) < Mlrro) + My
1400 400 1110-1690 0.18£003 0  36+1 excluded: M(prc) € (180; 938) GeV/c2 at 95% C.L.
1500 400  1200-1800 0.1340.02 0 30£1

Adrian Perieanu SUSY’12 — BSM - Beijing 16“August '12 49 of 27



— tW-tW*: CMS EXO-11-036

>10F g [ M, 500 GeV/c® 3
> .
[0} I [ tt+W(2)
Y 4th Generation 8102 [ W/Z/VV/Single Top
2 & 'UE eMS L=sgibtat Vs =7 Tev 3
@ my > 480 GeV/c” - ATLAS > Same-charge dilepton events
p2i 1
@ decay mode: S 10
WEW' — bWEW™ bW~ WH — pEgE(eF)X i
@ Background Contributions: 1
o tf, t12°, ttw*
o tW, WW, Wz, ZZ, W*, Z°/4* 10"
v
1000 1500
S, 1GeV]
% ® data [ M, 500 GeV/c?
ion: I [ tt+W(2)
@ Event Selection: g | &3 Wzwvisingle Top + ]
9 two same-sign or three isolated leptons 810 CMS L=4.9 16" at Vs = 7 TeV
pr > 20 GeV/c = Trilepton events
o h
@ veto on Z%/~* S 10F | E
9 at least 4 jets (2jets) pr > 25 GeV/c o

(one b-tagged jet)
® Sy > 500 GeV/c
(scalar pr sum of jets, leptons and E7"*°)

10"

1000 1500

S, 1GeV]

Adrian Perieanu SUSY’12 — BSM - Beijing 16t7August '12 50 of 27




bb — tWtW+

@ LHC-type CLs method: one-sided prole likelihood ratio test statistics and
applies a Frequentist treatment of nuisance parameters J

CMSL=49fb" at\s=7TeV

— ——————— ———
'8_ observed limit 20
= 1 e expected limit 1c
I;Q ------- Theory (HATHOR) E
e} ]
o | T 1
£ -
S S — E
[ M,, < 611 GeV/c* is excluded at 95% CL A
1 0-2 T S A S S S S S S N |
450 500 550 600 650
2
M, [GeV/c]
Soitoss Sa;’i‘lz;‘l;‘?;ge Trilepton
Same-charge dilepton with a charge-misidentified electron, or | o oo
a misidentified or non-isolated lepton (from data) oS
Prompt same-charge dilepton, or trilepton (simulated) 3606 | 0784021 , > o
Background sum 114£29 | 0782021 @ M(b") > 611 GeV/c” at 95% C.L.
Observed yield in data 2 1
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T' — tZ% CMS EX0-11-005

CMS 1.14fb™" s=7 TeV
T T T e T

@ Vector-like Charged Quarks data
7T (350GeV/c?

. i~ )
@ charge: 2/3, BR :~ 100% Dy

)
>
[0
© .
@ decay mode: e Dwzidiboson
2
2
o
>
w

2 _ Ch
T'T' — t2°t2° — bWt Z°bw—2° ‘

@ Background Contributions:
° T, WW, WZ, ZZ, tW, Z° w*
o t72°, ttw*

@ Event Selection:

@ double leptons trigger % 1,(\)27 [é1é)v/c12]20
9 e pr > 20 GeV/c and
In| < 1.442 & 1.556 < |n| < 2.5 _ CMS 1.14fb" (s=7TeV
9 p: pr > 15 GeV/c and |n| < 2.4 2 T ‘ ‘ ‘ ‘
9 at least one Z°/y*: m,,— € (60;120) GeV/c* | = 10F l —observedlimit 1o
9 at least 3 leptons [l Pegyy-., =" expected limit E2e ]
9 at least 2 jets pr > 25 GeV/c and |n| < 2.4 =T ]
9 Ry >80 GeV/c T
(scalar pr sum of all jets and leptons, except the | &
2 highest pr ones) ©
V.
10tk Limit at 95% CL: M, > 475 GeV/c? ]
25 300 350 400 450 500 550
@ M(T') > 475 GeV/c? at 95% C.L. (Bayesian) M, [GeV/c?]
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B' — bZ°: CMS EX0-11-066

z

@ Background Contributions:
o tf, WW, Wz, ZZ, tw, z2° wt
o t72°, ttw*

Uncertainty on Bk;

=)
S

o, pMS Proliminay 2011 L =49  N5=TTey
@ Vector-like Charged Quarks ‘;’300; —— Data E
9 charge: -1/3, BR :~ 100% 8 [ ]B (350 Gevie?)
Z 250F Jeiots E
@ decay mode: L [ z+jess
B'B' — b7°52° 2 200F [ tets i
[L>’ 3 [ pibosons

%3

200 300 400 500 600 700 800 900 1000
M(u*u +b-jet) (GeV/c?)

@ Event Selection:
9 double leptons trigger CMS Preliminary 2011, L=4.9 fb™! \i=T7TeV
® e pr > 25 GeV/c and T et
| < 1.442 & 1.556 < || < 2.5 = Eer
9 p: pr > 20 GeV/c and || < 2.1 = Expected limit£lo |
9 at least one Z°/v*: m,,— € (60;120) GeV/c? | & Expected limit 26|
with pr > 95 GeV/c g, —— Theory (HATHOR)
9 at least 2 jets pr > 30 GeV/c and || < 2.4 3 B
¥ at least one b-tagged jet with pr > 65 GeV/c w s e
& 1 e
10 =
@ M(B’) > 550 GeV/c? at 95% C.L. (Frequentist) T T e T T R s e e

M(B') (GeV/c?)
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CMS exclusion (36 pb™)
ATLAS exclusion (1.03 fb)

CMS exclusion (5.0 fb)

with theory unc., (B=1)

Expected 95% C.L. upper limit

Observed 95% C.L. upper limit

B Gy

f

e

N&

10"

: - first generation ej

@ LQ
—=— Data, 5.0 fb'
== Z/y* + jets

o
I
o
—
i
o
x
i
n
=
O

CMS 2011

LQ 1st 2nd

Preliminary

\s

SJUSAH JO JoquinN

600 GeV

Other backgrounds

QCD multijets
LQM

242 (T [Data Driven e-p]

7TeV

800 900

M, (GeV)
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300 400

)

104"

1800 2000 2200

1600
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M. (GeV) [Full Selection]

1400
@ M(QL) > 840(650) GeV/c? for B = 1(0.5)

1200

1000
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LQ 15t 2" Generation

Adrian Perieanu

oo o9 o o9 o O

@ LHC-type CLs method: one-sided prole likelihood ratio test statistics and

applies a Frequentist treatment of nuisance parameters

@ limits consistent also with calculations using the Bayesian approach

CMS 2011 CMS 2011

Preliminary Preliminary

Ns=7TeV Ns=7TeV
[95% CL limits 95% CL limits

— CMS ecji + evii (Obs.)
— CMS evjj (Obs.), 5.0 b

— CMS ecjj (Obs.), 5.0 fb'
55 ATLAS obc 103 !

— CMS ppji + pvjj (Obs.)

— CMS pvjj (Obs.), 5.0 fb
CMS ppjj (Obs Ob o
7 ATLAS (Obs.).

NNNENWRRRRRRNARRRNY FRRRARRRNARRRNN ERRRUNRT=)

0

300 400500600 700 800 900
M, , (GeV)

0 300 400 500 600 700 800 900

M, (GeV)

9 ej: M(LQ) > 830(640) GeV/c? for B = 1(0.5)
9 uj: M(LQ) > 840(650) GeV/c? for B = 1(0.5)
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Dijets at /s =7 TeV

0/1/2 b-jets: CMS EXO-11-008 § 1/2 W*/Z°% CMS EXO-11-095

@ additional limits on: @ additional limits on:
° 7 o excited quarks (W=, qZ°)
@ Randall-Sundrum gravitons @ Randall-Sundrum gravitons
(bb) (ww, zz)
9 S8, o W/(W2Z)
3 rrrTTTTTTTTT L TTTTTTTTT — =T LU L L LIS L L |
2 10Eqa/bb 0, 1 and 2 b-tags < g F R ]
i ?\' 28573; 5'12_)0) ; Q; 129 Excited Quark -> qW E
>,£ 1 - O_bf_%f:/;ngpper Limits | S F ]
~ B T 'hEZOS 3 6 [ 1
L aee § o= 0.75 - 1] -
z : g |
éﬂ)":’ . f —:% 3 % [ CMS Preliminary (5.0 fb™) ]
[ cMs Prellmlnary g ] 8 , [ \e =TTV
F J‘Ldl 5 7 B 10 ? —e— Observed 95% CL Upper Limit ?
10° Els=7Tev E F — . - Expected 95% CL Upper Limit 1
F Inl <25, jan| < 1 3 Y ] [ Expected Limit = 10 1
[ Wide Jets 8 1 10°E E!
o8l b B E’“‘J“‘"”’““”j’ J E|
1000 2000 3000 4000 1000 7800 2000 2800 5000
Resonance Mass [GeV] gW Resonance Mass (GeV)
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Fractionally Charged Particles: CMS EXO-11-074

@ No Specific Model:

CMS Preliminary,\s=7 TeV, 5.0 i’
rvi’y—v—v—v—f T T

P
. ) 2 ef ]
9 particles with g = 1e/3 or g = 2e/3, and a L%’ ol i
lifetime of a few ns or more .
@ a non-negligible fraction of these particles can 0 E
escape the detector without decaying 10°F E
i i 102k = 1
) Backgroun.d Contributions: N S —— ]
9 cosmic ray [ 1 4 ctrl sample data
9 pp collisions - control region from Z° - W - fitto ctrl sample E
o
! .
@ Event Selection: 150 ]
@ single isolated u trigger 05‘% — + ]
9 one isolated u: pr > 40 GeV/c and |n| < 1.5 o
9 at least 6 dE/dx measurements in inner tracker B R
hits with dE/dx < 2 MeV/cm
¥ dy <0.1cmandd;, <0.5cm
9 low ionizing hits: dE/dx < 2 MeV/cm - (GMS Preliminary\s=7 TeV, 5.0 f6"
9 N:.E/dx > 6 (veto SM backgrounds) B expected 95% CL.  [+1o
its - c 1 _ 2
y = observed 95% C.L. Dﬂ o
g —— theory (LO)
Cosmic ray background estimate 1.0+0.32 —
pp collisions uncorrelated background estimate 004155 & 10!
pp collisions correlated background estimate 0+e ‘{
Observed events in signal sample data 1 a .
g 1o
©

Limits at 95% C.L.

3%0 400
m, (GeV)

I L I I
150 200 250 300

@ My_1/3 > 210 GeV/c? and M,_5/3 > 330 GeV/c?
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