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LHC Accelerator Status

2010 Vs=7 TeV, 36pb’!

2011 Vs=7 TeV, 5fb"!

2012 Vs=8 TeV, 20fb!
Upgrade to ~14 TeV in 2015

Peak luminosity in CMS
reached 0.77 x 10°* cm2s!
with average PU of 21

CMS Peak Luminosity Per Day, pp, 2012, Vs = 8 TeV
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. Data included from 2012-04-04 22:37 to 2012-12-03 03:58 UTC
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Parked data increases the
available luminosity.



-\ Crystal calorimeter
=8 Silicon tracker

/

- Forward hadron

g l[ /S 2 \'/ = "% W calorimeter
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detector sections
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Superconducting
B solenoid magnet
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Hadron
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CMS Detector Status

al calorimete

hadron

Active Detector Fraction

Magnet
yoke

7 .0One of the 15
detector sections

4

calorimeter chambers



CMS Publications

200 publications based on data (+ performance and detector)

CMS Physics Publications: 200+27

Will cover a selection of recent (Nov 2012-now) results

All public results available at
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults



Hadronic Cross Sections

10° grrr———rrrrr —rrrr

Otot

Tevatron LHC

10°
Gbar R—

10° -
107 Tt E* > 18/20) —
10! Ow j
G-
z

10" jet /

G(E7™ > 100 GeV)
107!
e S

3 -

10 _ ﬂ[tbar
10?4 (‘ith(E-lJet > \/s/4)
105 B Ohigos(Myy = 15
106 |

Opiggs(Mp ‘
10‘7 LA II L LA

0.1 | 10

center-of-mass energy,E_..,,(TeV)

Production Cross Sections span
12-13 orders of magnitude

— Collision rate overwhelmed by
mundane processes

— Background discrimination and
modeling crucial

¢ Wide variety of processes

produced

— Enables rich physics program

Searches for New Physics
— Direct
* model driven or independent

— Indirect through precision tests of
SM



N(B")e,, per 20 MeV

Observation of two structures in the
J/W K*K- spectrum

30—m——7—m——"r 47—
r —— Data
250~ three--body PS
- —— 2 BWs + three--body PS
200 -
150— + + + + -
100 ]
50 :_ + ............. % + e _:
O | | | | | %

1.1 1.2 13 14 1.5
MU WK'K)-m(u'n’) [GeV]

Fitted mass
M, =4148.2 £2.0 (stat.) + 4.6 (syst.) MeV
M, =4316.7 £ 3.0 (stat.) = 7.3 (syst.) MeV

S-wave relativistic Breit-Wigner lineshape over a 3-body
phase-space non-resonant component

Candidates per 5 MeV

2000
1500 —

1000 —

500} J/\A
A L

PR ST R RS N T R N
8_15 5.2 5.25 5.3 5.35 5.4 5.45

CMS Preliminary, ¥s=7 TeV, L=52fo"

L —— Data
L — Fit

— Signal

-« Background
Mass = 5279.6 + 0.6 MeV
Width = 9.7 £ 0.7 MeV
Signal = 2478 + 162

o

MWK KK*) [GeV]

I Candidate for an exotic state?

Angular analyses of the two

structures might help elucidate their

nature. This may become feasible
with more data.

CMS-PAS-BPH-11-026




Inclusive 3-jet to

o 0.45
™

0.4 CMS Preliminary . Data(L =5.01fb")
int

5= 7 TeV NLO ABM11 ® NPC
T (M) =0.1134

0.35

0.3 anti-K, R=0.7  Scale uncertainty

0.25

0.2

0.15

0.1

0.05

—_
N

—
—

Data/Theory

I
|

o
o =

o
o

2-jet x-sections ratio

R;, (in the 400-1400 GeV range) 1s used to
measure o, at the Z mass scale, stringent

test of QCD.

6 O 24 i T T T 1 I T T T T T T T 1 I T T T T T LI I :
~% R CMS Preliminary ]
3 0.22F CMS Ry, : ag(M,)=0.1143""7" —
- ° CMS R,, - ]
0.2 - A DOinclusive jets =
0.18F ) DO angular correlation 7
- [m} -
0.16 —
0.14 —
0.12|— =
0.1 - =
0.08 =
0.06 ? 1 1 I 1 1 1 1 1 1 1 | I 1 1 1 1 1 11 | I ?

10 10? 10°
Q (GeV)

200 400 600 800 1000 00 | 1 4b0
Average pr of the two leading jets (P ) (GeV)

T1,2

NLO using NNPDF2.1, MSTW2008 an

CT10 PDF sets are in agreement with data.

a,(M,)=0.1143 % 000

First derivation of ag (M,) from
momentum scales > 0.4TeV

d

ABM11 PDF sets underestimates data in

the pr; ,< 600 GeV.

CMS-PAS-QCD-11-003




Use jets from di-jet and W/Z(={)+ jets events

Jet Mass and Substructure Studies

CMS-PAS-SMT-12-019

Fraction

0.14

0.12

0.1

0.08 - Most Pruned data RECO
- aooressive =4 T Pruned MC RECO
0.06 ,“gffomin; -[ s Pruned MC GEN
0.04 D Sl - <
s : ij_i ’: ..,;' .-"‘ﬂw.-“: $ ‘—- ameay ) ,- ' L3 : :
O L JJ—'.Li 2 ; L Z'-i :; vl | | .'("r?- | " ..l‘f‘-ii:’.h
0 01 0.2 04 05 06 07 08 0.9 1

|~ Least
[~ aggressive =4 cce--
- grooming peasvaitten

| Moderately
- aggressive = 77T
- grooming o

CMS Preliminary, L=5 fb' at \s = 7 TeV
R | T - - T

Filtered data RECO
Filtered MC RECO
Filtered MC GEN
Trimmed data RECO
Trimmed MC RECO
Trimmed MC GEN

bimodal distribution as chosen parameters require 2 subjets.

Groom
mie! / mie:

Leading-order parton-shower MC predictions
found to be in good agreement with the data.
Important benchmark studies toward the use of
jet substructure tools in new physics searches

2

Unfolded jet mass distribution
ungroomed AK7 jets inW+jets

CMS Praliminary, L=5ib" at Vs = 7 TeV

C 220.0-300.0 (s 1"

4 620.0-000.0 (s 109

T T T N0t FERL R Lt F Bl e

® 3000-450.0{x70] ) 4500-3%000(x10") & 500.0- 6020 (x 125

¥ 2000-%2000(x10% ¥ 1003.3-1500.4 {x 10

50 100 150 200 250 300
mG (GeV)

¢ Study repeated for

various clustering

= algorithms and
3 different grooming

techniques, in V
+jets and dijets.

o Effect of PU also

investigated.



o(tt) (pb)

102

Studies of top quarks

CMS Preliminary, Vs=7 TeV

CMS e/p+jets
TOP-11-003 (L=0.8-1.1/fb)

164+ 3+12+7pb

(val. + stat. syst.£ lumi)

CMS t+jets
TOP-11-004 (L=3.9/fb)

156+12+33+3 pb

(val.  stat.x syst.£ lumi)

CMS dilepton (ee,uu,ep)
TOP-11-005 final (L=2.3/fb)

162+ 2+ 5+4pb

(val. + stat. syst.£ lumi)

CMS dilepton (et,ut)
arXiv:1203.6810 (L=2.2/f)

143+14+22+3 pb

(val.  stat.x syst.£ lumi)

CMS all-hadronic
TOP-11-007 (L=1.1/fb)

136 +20+40+8pb

(val. + stat. syst.:+ lumi)

[ Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
& Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097

[ NLO QCD ‘ ‘ |

| |
50 100 150 200 250
o(tf) (pb)

300

G [pb]

® CMS combined 7 TeV (1.1 fo!
= CMS combined 8 TeV (2.8 fb")
o CDF
o DO

Approx. NNLO QCD (pp)
Scale uncertainty
Scale ® PDF uncertainty
Approx. NNLO QCD (pp)
Scale uncertainty
[ Scale ® PDF uncertainty

MSTW 2008 NNLO PDF, 90% C.L. uncertainty

Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009

2 3 4 5 6 7

9

(s (TeV)

10?

10

t-channel single top quark production

. precision!

T

1 T T 1
CMS preliminary, 5.0 fo '

CMS, 1.17/1.56fb '

DO, 5.4 fb "
CDF.75fb

> 4 & B

NLO+NNLL

URLERLL

NLO QCD (5 flavour scheme)
msssss theory uncertainty (scale  ® PDF)

Campbell, Frederix, Malloni, Tramontano, JHEP 10 (2008) 042

Kidonakis, Phys.Rev.D 83 (2011) 091503

—_

L Illllll

L

[ cMs Preliminary, 5.0 fb" at \'s=7 TeV 3

T T T T

(Data - BG ) Unfolded
Syst. Uncertainty

Powheg parton level

= 0 L
. = T T
] s
==}
] S
8 [
aco s 1
— ° r
. theory uncertainty (scale @® PDF) = 3 [
- 5 0.8~
] 2 —

[ CMS Preliminary, 5.0 fb" at \s=7 TeV

(Data - BG ) Unfolded
Syst. Uncertainty

Powheg parton level

=

604020 j ”“){“"éfc‘i;?fe*fw)‘
Top charge
asymmetry in
dileptons
agrees with

predictions.

| | | | | | | | | | | | | | | | | | | 0.6/~
0 2 4 6 8 10
Vs [TeV]
% 080
CMS Preliminary
CMS 2010 dilepton 1755+4.6+4.6
JHEP 07 (2011) (L=36 pb’) (val. = stat. = syst.)
CMS 2010 lepton+jets 1731+ 2.1+ 2.7
PAS-TOP-10-009 (L=36 pb") (val. = stat. = syst.)
CMS 2011 dilepton - 1725+04+1.5
arXiv:1209.2393 (L=5.0/fb) (val. = stat. = syst.)
CMS 2011 lepton+jets ~ 1735+0.4+1.0
arXiv:1209.2319 (L=5.0/fb, (val. = stat. = syst.)
CMS 2011 all-jets - 173507+ 1.3
PAS-TOP-11-017 (L=3.54/fb) (val. = stat. = syst.)
CMS combination . 173.4+0.4+0.9 <::|
up to L=5.0/fb (val. = stat. = syst.)
Tevatron 2012 combination ‘ 1732+ 0.6+ 0.8
arXiv:1207.1069v2 up to 5.8/fb (val. = stat. = syst.)
CMS combined result

Top mass in
all 3 channels
are single
most precise
to date

| | |
160 165 170

|
185
Moo [GeV]

| |
175 180

10




MC/Data

CMS-PAS-TOP-12-018

Ratio Data/Fit

102

1.5

0.5

Events

Jet multiplicity in tt-{+jets

CMS Preliminary, L=5 fb™ at {s=7 TeV
L I R B

—
C ® Data(combined) = Too = o .
|~ ——— i MadGraph+Pythia B
[ - tf MC@NLO+Herwig -
[~ —— ti POWHEG+Pythia : t ]

| | | | | N
C . [

3 4 5 6 7 >8

Jet Multiplicity
4|||||||||||||||||||I|||IIIIT!!!!!lllll\\\\TIIIIIIIIIIIIIIII
10 MS prellmmary %2 test: 0.364 e Data 2011
T"dt— 51" K test:0.968 - 0p

ft+>2p
[ Single Top
WaJets

[ Z-+Jets
] QCD Multijet
Diboson

u+ 4 Jets u+5Jets

n+26 Jets

0.9

c
g
5038

= 0.7
0.6
0.5
0.4
0.3
0.2
0.1

1.4
1.2

MC/Data

0.8 |-

CMS Prellmlnary L 5 fb at \f_—7 TeV

I!IIIIlIlIIIIIII

® Data (pﬂets)

— tf MadGraph+Pythia

tt MadGraph Q2 scale up

tt MadGraph Q2 scale down

----- tt MadGraph match threshold up

----- tt MadGraph match threshold down

IIIIIIIIIIIlIIIIIIIII|IIII|IIII|IIII

7

T

1 >2
Additional Partons

¢ Simulated events are classified according to the amount of
additional radiation they contain (reduces detector effects).

¢ Fractions of events with 0, 1, and 2 extra hard partons are
extracted from a binned maximum likelihood fit.

10
= g ¢ Excellent agreement with MADGRAPH and POWHEG
10%:_;1?II1IOHH1I5“II—(1)H“3““161 . . . i i .
« | Experimental precision better than variations in
gt tten g o ﬁ# i #H ’:t theory scales, expc?ct to be able to constrain
05t | H these in the future.
0_ 5 10 15 0 5 10 15 0 5 10 15 50

Il




Multi-Boson Production

Diboson
measurements are
a crucial test of the

gauge structure of
the SM

v
[

0.04

0.02

-0.02

-0.04

=~
Y

0.04

0.02

-0.02

-0.04

cms \Vs=7TeV,L=5.0fb"
T T T
—— Observed
{55 Expected * 1o
----- Expected + 26

T T
pp — 2Z — 2121

95% CL

No form factor assumed

ATGC values outside contour excluded
1 | 1 1 |

-0.02 -0.01 0 0.01 0.02

fs
CMS Vs=7TeV,L=5.0fb"

T T T T :
— Observed pp — 2Z — 2121

55 Expected + 16 59, ¢
----- Expected + 20

No form factor assumed
ATGC values outside contour excluded

1 1 1 1 1

-0.02 -0.01 0 0.01 0.02
fZ
5

Nov 2012 CMS
o) = é ! =
o E : W : $ 7 TeV CMS measurement (stat@syst)f
_ 105 | E . 7 i é 8TeV CMS measurement (stat@syst)_:
OQ = § ! —— 7 TeV Theory prediction =
- =] — ! —— 8TeV Theory prediction i

= 4] O A |
S 10 = : =
= S - | ; -
o} s - =2 ! g ! T
@ 10 =B == wy =
A = <> =8 o &y | | =
S 1L M L o WW ]
= >4i : —_—0— & =
< S R = | o Wz =
E= - . o - = ZZ A
© | EX > 30 Gev | E!>15GeV | ; 5 P
S 10 _ ! ; : g N
y®) = In® <24 ' AR(y,))>0.7 = C3
o C : : ' -
E B 1 1 1 1 n
1 = . ; § | 5.0fb" 4.9 4 49" 3
- 36, 19 pb . 50 | 35 M 531 S

CMS-PAS-SMP-12-011 (W/Z 8 TeV)

Limits on
anomalous ZZ7/
77y couplings:

JHEP10(2011)132
JHEP01(2012)010

CMS-PAS-EWK-11-010 (WZ)
CMS-PAS-SMP-12-005 (WW?7),
007(ZZ7), 013(WW8), 014(ZZ8), 015(WV)

CMS EWK-11-009

CMS-PAS-SMP-12-007,
011, 012, 014
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Evidence for VBF Z production

e EW production of Z + jets — with the two jets well separated in
rapidity — important benchmark in the searches for VBF Higgs

¢ Very hard due to dominant DY production, uses advanced
multivariate techniques (BDT) to extract signal

§1°° - CMSpreliminary pji | o O
L = s e B L L o= Z ¢ \s=7TeV,L=5.11b" - o
g £ CMS preliminary ppjj by - 2 == - <
Z [ Ns=7TeV,L=5.1fb" WEWK | 10° e (.D
10°E = ttbar 5 ", 3 av
- = :/szZ:v . 107 C - >
10° =3 e Data 3 . C|D
= = 10 = n
- . _ E U)
10° & N . = 1 =
I ; f Qo
: | e =
10 ;oo : ‘l; —— . N
- : L o
B N 0 1 2 3 4 5 6 7 —
1 E- _§ IT‘n-“izl @
- 1 o(uutee) =154 + 24 (stat.) = 46
% 00 1 (syst.) =27 (th.) = 3 (lum.)fb
| —— D — .
o (Theory: 1661b)
e . W— 7 :
R I e e " = See ~30 evidence for EW
BDTD output production of the Z
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Higgs Updates post-observation

77, WW, bb, and tt channels
updated with 17fb-! and refined
analyses

— In some cases substantial
improvement in the sensitivity has
been achieved

First measurement of the spin-
parity properties of the new
particle

Information on the mass and
couplings
Results extended to high masses,

using an improved lineshape of
the signal

New MSSM Higgs search based
on the Tt channel

I

[ H—=yy y

) b Vs=7TeV,L=511" g | ‘
\s=8TeV,L=53f" @ !

15003 ‘

Events /1.5 GeV

-

o

o

o
———

[ oo Bkg Fit Component
| =10
| I 20

jloyege gy [ | | i
10 120 130 140 150
m,, (GeV)

S/(S+B) Weighted
(4]
o
o

0

m,, = 125 GeV CMS Preliminary

\s=7TeV,L=5.11b"
\s=8TeV,L=531b"

H — bb (VH tag)

H — bb (ttH tag)
H— tt (0/1 jet)

H — <t (VBF tag)

H — 7t (VH tag)

H — yy (untagged)
H— vy (VBF tag)
H— WW (0/1 jet)
H— WW (VBF tag)
H — WW (VH tag)

Ho2ZZ|

2 4 6
Best fit G/GSM

8
H
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local p-value

104
10°
10®

107

H— ZZ—=1{{!

Use MELA kinematic
discriminant based on the
probability ratio of the
signal and background
hypotheses vs 4 lepton
Invariant mass.

Events / 3 GeV

CMS preliminary (S=7TeV.L=511b" ys=8TeV,L=1221"

E I LI l LI L | I | R I rTrri I L) I | L I | I |§»
f ] L]
i1 \ aml n
= =
E k|
N -: 7 N
E = |
g — Observed , 3
- -- Expected : Yo
E ; "
f : ‘.: 4o
3 -" Y
. R
Ll I Ll I || Il‘l I | I Ll I L I:l L1l I | -
110 120 130 140 150 160 170 180

m, [GeV]

CMS preliminary Vs =7TeV, L= 51fb \s=8TeV,L=1221f"

25—| I T T T | T T T I T T I I. Datal T T I—t
[ zx

201 Qe

[ |m=126Gev 7

15[ :

10 -

T

o H

0 80 100 120 140 160 180

m,, (GeV)

p-values for SM Higgs for
77 to 4e, 4u, 2e2u and 2¢e2t.

CMSpreImnary fs=7TeV,L=5.11fb" ys=8TeV,L=122fb"

m,, (GeV)

L |
120 130 140i150 160 170 180

Points represent individual
events. Contours show
signal expectation.

Observed significance is 4.50
(50 expected).

CMS-PAS-HIG-12-041
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Higgs Properties: Spin Parity and Mass

Based on H=>77 = 4/ channel

Use MELA with probability ratio for

two signal hypotheses: SM and pure
pseudo-scalar state J© =0~

CMS Preliminary \Vs=7TeV,L=5.1fb"\s=8TeV,L=12.21fb"

0 ~
£ 3000
GE') - E SM, 0+ "]
‘S 25001
ST [ ]
x | .
S ool f
5 2000 = CMS data
-9 L 1
© L [
© 1500~ |
[ r L]
[0} N {
O] F o
1000 |
[ | 1
L [EHE i
[ | Ll,
500~ =
[ L
- 1
L}
I AR iNENEEN P BT |
B 20 -0 o0 0 20 30

2xIn(L, /Ly,)

The pseudoscalar (vs.
scalar) hypothesis 1s
excluded at the 97.6%
level. Need more data to
distinguish 0 from 2*

Mass obtained from a simultaneous fit of the
mass and of signal strength

CMS preliminary {s=7TeV,L=5.11" ys=8TeV,L=1221fb"
20 4

155
84
16

14

=12

l1o

G/GSM

121 122 123 124 125 126 127 128 129
my (GeV)

Measured mass
126.2 £+ 0.6 (stat) £0.2 (syst) GeV

CMS-PAS-HIG-12-041
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—
o
T

95% CL limit on o/oSM
- o

—
Q

—

H-WW —={¢{vv

Updated the different
lepton flavor analysis
using M, and M as two
discriminant variables.

Results are consistent
with the my; = 125 GeV

signal

. — observed CMS preliminary-
Fo median expected H > WW — 212y 1

- expected + 10 . . .

i expected = 20 L=491fb" (7 TeV) +12.1 fb" (8 TeV):

—signal injection mH=125 GeV = 20 (stat.)

E R A
IS R R ERET] FRRETRRET (ST A
10 200 300 400 500 600

Higgs mass [GeV]

events / 10 GeV/c?

data /MC

o

a a4 g a N
n A O ©® O
o O O O O

o
o

n

-

n A2 O ®
o o o o

oo 4

I\ stat@syst. 120~ \\ stat@syst. -

s - ] 100[~ s .
- E 8o E
B { = 60 [ = .

S 1

Ly e ~ T ——— ]
E EEE .
[ - data — my=125 GeV CMS Preliminary o) | -e data — my=125 GeV CMS Preliminary
- Il H125 Wiiets Vs=8TeV,L=12.1 1" T G 40| M Hi25 Wijets Vs=8TeV,L=12.11b"—
F VvV Top ] o r vV Top ]
F .z ww ] Ny [ mmzv ww
] %]
2
c
[}
>
(]

35N v ﬂ

T E S (50 A

E Tt e . P Yy P — !'ézt:*..._ o

2.5

- 4{++ T T . %) 1.523 \\\\¢* - t .

:**W\*W \\\\}\\;\\i\\\\ \ & § o ; \ S mgfh}\\\\\ N\

0 160 260 300 0 0 56 160 15;0 260 250
m, [GeV/c?] mb¥ [Gevic?]

Observed significance is 3.10
(4.10 expected)

CMS-PAS-HIG-12-042
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95% Asymptotic CL Limit on o/cg,,

Combines W(uv), W(ev),
Z(pp), Z(ee) and Z(vv), all

Higgs to bb.

Results are obtained from fits

to the BDT output distributions

trained separately for each

channel

b-jet energy recalibrated to

true parton energy (regression)

VH - bb

_20\\\\

6

Vs =

5
VH(bb), combined

I CIMSI Plrelimilnalryl o
7 TeV,L=5fb"
Vys=8TeV,L=12.1fb"

—eo— CL Observed
--@- CLgH125 injected
--e- CLg Expected
I CLg Expected = 10
CL  Expected+ 20

O T I T ‘,
10 CMS Prellmlnary ; gﬁ:aa stat. uncert. | o
Z 80 o- 7TeV,L=501b" WEVH(25Ge) | G 04-
2 [ (s=8Tev,L=1211" T IW -
% - pp— VH; H— b 222 MC uncert. (stat.) | 20.35:_
2 60 S
I 0.3
o 1 025
r 0.2F
ool 0.15]
i 0.1
ok 0.05"

©0.45—

A S [P P
- CMS Simulation —Mgreasion -
(s=8TeV,L=12.11fb" E
£ Z(IT)H(bb) ]
i N B e 3
8 80 100 120 140 160 180
M,; [GeV]

)

Improvement in the bb
mass resolution due to
regression

Observed upper limit on
0/0g\=2.5 (1.2 expected)
at 125GeV. Local

significance 2.2 S.D.

L | L L
120

L L L
125

L | L L L L
130

CMS-PAS-HIG-12-044
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H-1tx

CMS, Preliminary, H - t1, L=17 fb" CMS, Preliminary, H— 17, L =17 fb™
T T T T T 7T T T

Combines pty, €Ty, €, TyTh, 570 e I IOV o=
and py. § 4of B moweces |5 aop B
T pair mass reconstruction is - Zi § ol
used as discriminant. 5 iz i 3 :j\ 4//
Events are classified by the ::a LR
number of jets and pr of T - ] ost ]
decay products to increase o T e T

sensitivity.
y Limits obtained for a combined search for HV,

with H to tt and V decaying leptonically.

CMS Preliminary, Vs = 7-8 TeV, L = 17 fb' T, T,
L] T L] L] I L] T T L] T T T

-
N
o

I T T T
------- H(125)>1t
—@— observed
3zt
B clectroweak
 —
C—acp

& Observed upper limit on
' ] 0/0g\=1.63 (1 expected)
at 125GeV.

-—

o

o
I

dN/dm_ [1/GeV]

T a CMS-PAS-HIG-12-043

m, [GeV]
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Higgs Combination

\s=7TeV,L<5.1fb" \s=8TeV,L<12.2fb"

& Comblnes YY9 ZZ) WW7 T CMS Preliminary m, = 125.8 GeV Q
and bb. H - bb (VH tag) (%
) ) H — bb (ttH tag) !
Test of Couplings: Fermion vs Vector I Y,
- H— 1 (0/1 jet) Cj/>)
zu_ CMS Preliminary ys=7TeV,L<5.1fb"' \s=8TeV, L;;)zzial H g (VBF tag) |I
L= =
18 < H — 7t (VH tag) 0
(o H d
e 16 — vy (untagged) t
14 H— vy (VBF tag) Il\)
12 H— WW (0/1 jet) E
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The Hierarchy Problem

We discovered a new boson with
mass ~ 126GeV

— What is stabilizing its mass?
Loop corrections diverge
quadratically

Either there 1s some new
physics which naturally solves
the problem

Or the universe 1f fine tuned
(1.e. 1t 1s a coincidence)

2011 CMS Searches
— not tuned to particular model

cover many possible final states.

Now focusing on natural SUSY

7 TeV

CMS Preliminary Lint

500

CMS preliminary
T1: §—qqx’
Tlbbbb: §—bby’
Titttt: g—tex”
T2: §—q%°
T2bb: b—-b3"
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T3w: g—ge(* >Wi'X°)
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3" Generation Searches

direct sbottom (SS diletons + b)

t

Model Al

AAAAAA
vvvvvvvv

Exclusion shown
for A1 model:
gluino decay via
virtual stop quarks

300

m(z’) GeV

250

200

150

100

AAAAA
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vvvvvvv
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B CMS Prellmlnary, \E 8 TeV L= 10 5 fb1 i
_Model B1
Observed Limit oProd = GNLO+NLL , {

[ m() = 50 GeV

-

A N R A
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stop pairs (1 + jets + ME)

CMS Preliminary Vs =8TeV, det 9.7 fb"
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SUSY Electroweak Production

charginos, neutralinos and sleptons

in leptonic final states:
— 2,3,4 leptons +MET
— 2SS leptons +MET
— 2 leptons, 2 jets + MET

\
\
\
\
]
P
=
-

i

1

CMS-PAS-SUS-12-022

CMS Preliminary Vs=8TeV,L =9.2fb"

| o | IIII|IIII|IIII|IIII|IIII|IIII|II

% B LEP2 slepton limit 7

O, gppl- MM LEP2 chargino limit ]

s - —pp—>’)ZZ§{T,(7L, BF(/*1)=0.5) A

S | e pp =%, %o (T, BFU')=1) |

y 600 pp — 522 %T (no7, BF(WZ)=1) ’ _

.// ; [ pp =T % (T BRET)=1) o :

l> o ill) | . |

S Pt ¢ 400 —
;f, 200

_____ ‘III

m, = 0.5m_. + 0.5m_
X X

00 200 300 400 500 600 700
m.=m., [GeV]
2

1 1 1

Limits on chargino, neutralino
and slepton masses &
Limits on production cross

sections ~01.-0.01 pb
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Searches in MET+0 to 24 b-jets

 Signal regions optimized in bins of N, Ny, and Hy

— 1mproving sensitivity to a wide range of strongly-produced SUSY
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SUSY Alternatives

¢ SUSY is not the only natural
solution to the hierarchy
problem
— Extra dimensions
* Large volume (ADD)
« Compact ED, curvature (RS)
» Kaluza-Klein gravitons
 Black Holes
— Hidden Sectors
— New forces (Z°, W)

Studied at CMS within the
EXOtica group and B2G groups

(exotica searches with top quarks
in the final state).

LQ3J, (bbnunu) BriLQ - bvr) = 1
LQ3, (btau) B=1.0

q" . dijet pair stop (btau)

Z'SsMil [ S— b’ W, (31, 20) + brjet
Z' SSM tau tau " b o te, Vibat
2, ttbar, hadronic, width=1.2% ‘-5 q 0. cegenanie; Whe
Z', dijet [ D bW, lijets 4th
Z', ttbar, lep+jet, width=1.2% — ) B bZ (100%)
Z'SSM Il (1bb=0.2) Generation
G, dijot [N : T 1Z(100%)
G. ttbar, hadronic | ] L ' bW (100%), I+jots
GioteMETWM =02 |Ln] N
P = ﬁ ' bW (100%), I+1
Gyyk/M =0.1 9
G, Z(1N2(qq), k/M=0.1 ; 0 2 3 5 6
Wi M
I 9 [
W' dijet gluino, Stopped Gluino
W e td —_— stop, HSCP
Wi W2foptonic) [ ! *hp 5‘::-:’: ‘G’:s; Long
WR' =t [ siau, .
WR, MNRaMWR2 | ] — ) hyper-K, hyper-p=1.2 TeV Lived
WKK 4 « 10 ToV fractional charge, q=2/3e
pTC, NTC > 700 GoV : | — fractional charge, q=1/3e
String Ball M, MD=2.1, Ms=1.7, gs=0.4 || multiple charge, q=2e
String (ag) ) multiple charge, g=3e
8 Resonance (gg) ) neutralino, ctau=25cm, ECAL time
58 Resonance (gg/bb), fob=1 | u 0 2 3 4 5 .
E6 diquarks (qq) p— )
Axigluon/Coloron (qgbar) S <— e
gluino, 3jet, RPV |8 LQ1, p=0.5
4 5 6 L1, p=1.0
1 TeV g LeptoQuarks
LQ2, p=1.0
0

Q" , boosted Z

e, A=2Tev
WA =2TeV

Compositeness

B 5 6

C.I. A, X analysis, A+ LL/RR

C.l. A, X analysis, A- LURR

Contact
Interaction

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

C.1., single lepton (HNCM)
15

MBH, rotating, MD=3ToV, nED = 2, BlackMax
MBH, non-rot, MD=3TeV, nED = 2. BlackMax Black
MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax H OIeS
MBH, boil. remn., MD=3TeV, nED « 2, Charybdis
MBH, stable remn.. MD=3TeV. nED = 2. Charybdis

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

EXOTICA Summary

25




Microscopic Black Holes

¢ Focus on black hole production in a
model with n large, flat, extra spatial
dimensions (ADD model)

Search for the presence of multiple energetic

jets, leptons, and photons in events with large

total transverse energy Sr.

— Uses 4fb! of 8TeV data & variety of models.

Table 1: Signal Monte Carlo samples and generators used in the analysis.

Sample description

BLACKMAX

CHARYBDIS

Non-rotating BH YES YES
Rotating BH YES YES
Rotating BH with M /] loss YES (10 % loss) | YES (18-30 % loss)
Rotating BH, low multiplicity regime NO YES
Boiling remnant NO YES
Stable remnant NO YES

Set stringent model-independent limits on BSM
production in high-multiplicity energetic final states,
along with model-specific limits on semiclassical
black hole masses in the 4.1 — 6.1TeV range for a

variety of model parameters.
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Theoretical Cross Section
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: 3
DiJet Resonances ¢
¢ Set generic limits on the %
production of resonances with
two spatially- separated jets over
non-resonant QCD background
— Uses 4fb-! of 8 TeV data -
¢ Compare limits with theoretical Z
predictions for various models: v g
— String resonances,
— Scalar di-quarks )
— Exited quarks <
— Axial-vector particles (axigluons) Q
— Colorons, s8 resonances g 1
— New gauge bosons (W', Z'), and RS B v
gravitons D el
(7]
O
Data agrees with SM prediction. S 100
Set lower limits on the mass of )
specific resonances in the 1 to CMS-PAS- ¢
4.7 TeV range. EXO-12-016

Ml < 2.5, |An| < 1.3 . AN

. _] _|- S .
Wide Jets -t +

ETTT LN L B L B L IR L B
E —e— CMS Preliminary (4.0 fb™) 3
E Fit E
e S — QCD Pythia .
E Jet Energy Scale Uncertainty 3
E W (1.5 TeV) 3
E s E; diquark (3.5 Tev) 3
e p 1. I
E i E
© s=8Tev A N 3

1000 1500 2000 2500 3000 3500 4000 4500
Dijet Mass (GeV)

[ J TT TT I‘l,] TTTT TTTT TTTT | TTTT | TTTT [ TT
> . = string
------ Excited Quark

|Ill‘

1111

Axigluon/Coloron

|’I”II| T

N Eg Diquark
F s = s8

R e

E "‘.- w20

C L RS Graviton

CMS Preliminary (4.0 fb 1) BEEEETIER
fs=8TeV - ’
Inl < 2.5, JAn] < 1.3

Cht IlllIII 1 Illlllll 1 Illlllll L 111

95% CL Upper Limit
=&= Gluon-Gluon
=—e— Quark-Gluon

T IlIIIII

X
mml anml

1000 1500 2000 2500 3000 3500 4000 4500
Resonance Mass (GeV)
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¢ Search for narrow high-mass
resonances to uru” or e'e.

DiLepton Resonances

10”7

¢ Upper limits are interpreted in
the context of two Z' models

Uses 4fb'! of 8TeV & 7TeV data. — Most stringent to-date.

8 TeV: ee (3.6 o)+ 'y (4.1 fb™)

CMS preliminary 7 TeV:ee (5.0 fo'y+ p*p (5.3 b

! | I\I ! e mecliian expected E Sequential Standard
- 68% expected | Model with SM-like
= 95% expected 7 couplings
— Z'ssm - ma > 2590 GCV
- z, =
N —— 95% C.L. limit CMS-PAS-
B || Ex0-12-015
I \— Superstring-inspired Z',..
LN ] my, > 2260 GeV
500 1000 1500 2000 2500 3000
M [GeV]
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Top Quark Pair Resonances

>M<

o Studled in the all hadromc

{+jets and dilepton channels.

CMS Preliminary Vs = 7 TeV L =4.4-5.0 fb"
= 10
=¥ Expected limits
IE C — Dilepton
- — Lepton+jets (low mass)
T r Lepton+jets (high mass)
N = All-hadronic
1E
Tk
a C
e
o -
107
-2 ooy ey PR IS S S
1005 1 15 2 25 3
M;; [TeV/c?]

Data agrees with SM prediction
in all channels. Set limits on
mass in the 2-3TeV range.

Run 166864, Event 457688464

Triply-tagged
ttbar candidate!
Top, W, and b!

Events

JHEP09(2012)029
arXiv:1209.4397
arXiv:1211.3338

CMS, 4.4-5.0f" s =7 TeV
T T

350 e
e+, N >1 —e— Data B
300 u -
E tt J
250 i— ’—‘ Other backgrounds —|
A [—— Z'1TeV (1 pb)
200 3
FE mmm - Z'2TeV (1 pb)
150 —— Z'37TeV (1pb)
100
50—
E provees
00 1 2
et
25001 1T 1T T
13 CMs T T +\ Dt T
= F5.0fat 7TV 1
2000?(9“) [ oY b
F [ Other SM Bkg. -
L Z'1000 GeV (x5) ]
1500~ —— Z' 1500 GeV (x20J|
r —— 72000 GeV (x100)
1000F .
500
o

0.6 0.8 1
BNN output
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¢ Search motivated by sequential

o(pp — QQ) (pb)

Pair Production of Heavy Quarks

fourth generation model

— Concentrate on new Q quark cases

— Select events containing an isolated
electron or muon, missing E;, and 4

10!

d-type =2 tW or u-type =2 tZ

jets, of which one is a b-jet.

CMS Vs=7TeV L=5.0fb"

—&— Observed 95% CL

BQ—=tW)=100%  ..... Expected
|:| 68% Expected

|:] 95% Expected
—— Theory (HATHOR)

~~
~~
..
~
.
.
~
~
~.
~
~.
~~
~
S
~
~~.
..
-~
.~
..
-~

-
.....
..
..
-
.
.....

L

| | |

700 750
M, (GeV)

650

600

450 500 550

Events

CMS Vs=7TeV__L=5.,fb"

—e— Data (5.0 fb™)
.....

......

Ca

10

-+vvAf ;JI—F
* it oyt

- + 1

i
900 1500 350 950 155

' QQ - tZIZM =500 GeV)
[ QQ — tWIW (M, =500 GeV)

I Other backgrounds

1
1600 500
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Search is performed by fitting the data to the
distribution of Sras a function of jet multiplicity.

Data agrees with SM prediction.
Assuming strong production, exclude
quark masses below 675 (625) GeV
decaying into tW (tZ).

arXiv:1210.7471
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Summary and Short Term Plans

Following the discovery of a Higgs-like particle the focus is
shifting from search to measurements of the properties.

— Maeasure the spin parity of the particle
— Probe the fermionic couplings: H(tt), VH(bb), ttH

We have not observed any BSM physics yet

— Searches are focusing on finding or excluding SUSY and non-SUSY
natural models.

We continue looking for deviations to the SM with our high-
precision measurements program

. 1 i CMS Preliminary 2012 Z—uu
— Exceeded design performance, , --Muon lsolation. ST T
. .. 8 400 SO T Missing ET -
demonstrating that precision g Tmreereeeedmmm £ P wmrosn resolution ]
b : < 0.98 ] E Fe Daamva . 4 .
thSlCS can be done at hlgh 3096:_Efficiency is stable in | g 205 i Lot ]
luminosity and pileup £ ah P environment 3 _tepT = .
. ©0.94 . -
Lo LooE
— Will continue after data-taking TOZTMUONS  [powame |7 freeee v o T :
0.90+ CMS Preliminary, ys=8TeV E
ends and also benefit from parked b TN
Number of vertices ) ]
data. Number of Primary Vertices
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LHC machine Projections

Energy increase Injecti
LHC 8 TeV to 13/14 TeV 1?:)3(;;;82 HL'LHC

: Luminosity @ Ultimate luminosity .
_[100@25ns| . . 1000.0
PU= - 4.0E+34 | oty ; 3 —
|200@50ns | o —==|ntegrated - 'baseline’+++«Integrated - ultimatg,...- -
ln 35E434 % S L =
£ 30643 | | W08 - . .
S, 25;34 50 ns / * | ‘§ Luminosity-
& o | | e leveled at
_[50@25ns | B | 100 ‘2
PU=|100@50ms| ™ & 20E+34 ‘_‘7; 25 ns S I 25‘ns§ £ 5x10*cm?s?
g LSE3 — | | S inHL-LHC
pU=|25@%ns| o S 1 0E434 | 10 @
|50@50ns| ¢ & s ©
g 5.0E+33 PY l.- il , , a’o
o F. Zimmermann, CMS Upgrade Workshop, 112011 -
0.0E+00 \ w1 €
o i o~ m T ('p] (to) ™~ o0 (o)) o i
S 8 8 8 R %8 R 8 8 &8 8 =¥
LS- Long Shutdown Year Interactlon
region
8x103%3 Hz/cm? 2x1034 Hz/cm? upgrade 103% Hz/cm?
30 fb-1 300 fb! 3000 fb
——— Phase 1 Upgrade_ N/

Phase 2 Upgrade
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CMS Upgrade Plans = &8 EgETEE

LS1 Projects (in production)

* Completion of muon coverage
& improved muon operation

* Replace HCAL photo-detectors

V
LSl LS2

N

Calorimeter Muon
Trigger Trigger

Global

Trigger

1.S3 L1 Accept

1

Phase 1 Upgrades (TDRs)

* Pixel detector replacement

« HCAL electronics upgrade
* Both received CDO0 from DOE
* Preparatory work during LS1

e L1-Trigger upgrade

T

Phase 2: scope to be defined

* Tracker Replacement

* Track Trigger

* ForwardRegion: Calorimetry and
Muons and tracking

* Further Trigger upgrade
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Physics Reach Projections

CMS Projection 300 fb'at ¥s =14 TeV
—T = - -

CMS Projection

o 1.15 , ——— T T
- Expected uncertainties on F— so0tbat 5= 14 Tev
1 10 :_ _ 1.5(3“/"3 Fr?je?tiqn — ‘ I‘!(H‘b“atl ‘Gf“_""?m" Higgs boson couplings [— 3001b"at 5= 14 TeV w/ scaled sys. unc.
l B © 1.42— K,
B 1.3F
1.05 12F Ky
- 11 ; .
1.00— 10F 9
- 0.9F Ky
0.95~ g::%: Ky
- 06F "
0.90 Red: 1SD YR - S ¥ R i S— ’ | | |
0855‘ T Blluef 2TSDI c 000 005 010 't'd 'o.15r't .'t
’ 09 1.0 1.1 CERN_CMS_ expected uncertainty
Cv
—— 2012 systemati .
- halfﬂfgs;;n;;;t?rnaﬁcs NOTE-2012-006 More pronounced increase of
_ ‘ sensitivity for squark-gluinos
EWKino # due to the steep increase with
mass of the parton luminosity
coupling | LHC | HL-LHC | HE-LHC
77 0.0030 | 0.0019 | 0.0013 | °eps/sbotoms ;’ " HE-LHC33
Ay 0.0009 0.0004 0.0004 _ " HL-LHC14
Az 0.0023 | 0.0014 | 00014 | Sauarks/gluinos FEEEE LHC14
iy 0.026 | 0.016 0.019 — 7 ) ) )
Kz 0.037 0.031 0.022 0 1 2 T
3 4 5

Predicted 95% confidence level constraints on
anomalous triple-gauge couplings.

Mass Reach, TeV
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Conclusions

¢ CMS physics output has exceeded all expectations
— Observed ~126GeV boson consistent with SM Higgs Boson
— No evidence for new physics

¢ Physics Goals goals

— Characterization of the Higgs-like boson by precision measurements of its
mass and tree-level couplings to fermions, W and Z bosons, as well as
self-coupling. Is it the SM Higgs?

— Continue SUSY searches. Is SUSY responsible for EWSB?
— Extend search for massive resonances predicted in various BSM models.

— Precision EW measurements in the top and multi-gauge boson sectors.
Provide constraints on the Higgs boson mass and sensitivity to BSM
effects.

— Precise determination of the parton distribution functions, particularly at
very small and large x.
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