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Re-discovery of the Standard Model
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Delivered integrated luminosity (fb~")
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2012 -

CMS Total Integrated Luminosity, 2012, VS = 8 TeV

Data included up to 2012-06-10 07:21:15 UTC

*** CMS Hypernews
Discussion title: CMS Commissioning

Jun 11, 2012,
Dear All,

We just crossed the 5/fb recorded.

Total Integrated Luminosity (fb ™)

We would like to invite you for a drink TODAY at
12:00 at P5 as an appreciation of the data taking
so far and in anticipation of a whole lot more.

Maria / Greg/ Christophe




CMS Operational Status*
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2011 — 2012

/ TeV — 8 TeV

Increased production
o for new physics

B*
1m—0.6m
Increased d//dt
Increased PU

50ns bunch spacing
max.: 1318 bunches

dL/dt (x 1033 cm2s1)
3.5 —= 7.0 (goal)

 CMS Daily Run Meeting
: Minutes - June 3rd 2012

« 1 fill in the past 24hr (2692)

+ Total Delivered: 246.3 pb-1 (RECORD!)

+ Total Efficiency: 97.0%
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‘CMS

New CMSSW software (5.X)

Gain of x 2.5 in speed (~15 s/evt )

Reduction of > 33% of memory

— Avoids limitation our data-taking
rate from Prompt Reco at Tier-0

Rates and CPU times on the HLT Farm:

| Runs 190659, 190688 | ¥? I ndf 0.5994 /3
4000, po -106.5 + 35.29
T F p1 106.8+ 6.73
2900_—
5
§8°°;_Peak rate: ~440 Hz @ 5x1033cm-2s!
$79%-"Average : ~350 Hz
Esoo;—
HoOE
1500;—
400F-
S0E Right on the target of <rate>
2001~ Now running the 7E33 menu
100 with many improvements
X Y

Effective L, [*1E33]

time/event [msec]
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Data Taking Rates

Physics performance
unchanged !
(or even improved)

See J. Varela,
109th LHCC — 21 Mars 2012

Runs 190659, 190683
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- offline .(1 proc.)
-~ online (7 proc.)

— pol1
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120 |

—— expo
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60 [

100 ms per event was close to
___our limit but we upgraded the
"— HLT farm CPU’s by 50% in May
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Effective L., x 1e33 cm s

~ 300 Hz of additional « parked » data collected y



Peak Delivered Luminosity (Hz/nb)

CMS Peak Luminosity Per Day, 2012, /s = 8 TeV

Data included up to 2012-06-10 07:21:15 UTC
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HLT Trigger Menu for 6 x 1033 cm2s

Highlights

Single Muon
Single Isolated muon
Double muon

40
24 (|etal < 2.1)
(17, 8) [13, 8 for parked data]

Single Electron 80

Single Isolated Electron 27 H — vy
Double Electron (17, 8)

Single Photon 150

Double Photon (36, 22)

Muon + Ele x-trigger
Single PFlet

QuadJet

Six Jet

MET

HT

(17, 8), (5, 5, 8), (8, 8, 8)
320

80 [50 for parked data]

(6 x 45), (4 x 60, 2 x 20)
120

750
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HLT Trigger Menu for 6 x 1033 cm2s

Highlights

(Unprescaled) Object Trigger Threshold (GeV) @ 6E33

Single Muon

Single Isolated muon

40
T H—2ZZ* > 4¢

Double muon

(17, 8) [13, 8 for parked data]

Single Electron 80

Single Isolated Electron 27

Double Electron (17, 8)

Single Photon 150

Double Photon (36, 22)

Muon + Ele x-trigger (17, 8), (5, 5, 8), (8, 8, 8)
Single PFlet 320

QuadJet 80 [50 for parked data]
Six Jet (6 x 45), (4 x 60, 2 x 20)
MET 120

HT 750

12



Living with Pile-UP

« Increase of <PU> less important than for Chamonix estimations
<PU>,,;, ~ 13 compare to <PU>,;,;15 ~ 9 and <PU>,,,14 ~5

« Meanwhile: continue deployment of PU mitigation techniques
for physics analysis and evolve to less sensitive observables

— event-by-event corrections based on mean jet energy density
and/or local track matching at primary vertex
— rely on « Particle Flow » reconstruction techniques (jets, lepton isolation, etc ...)
putting more emphasis on « good tracks » which are not affected
— deployment of MVA techniques validated on SM candles
and adjusted on PU-reweighted MC for photon and lepton ID, etc.
(e.g. "BDT"” now used for photons and electrons in Higgs analyses)

After all the hard work the mean pile-up effects on the physics relying on
isolated ¢'s and y's [e.g. EWK and main Higgs boson decay channels]
or high PT jets [e.g. Top physics and BSM at the TeV scale] is well under
control (small effects on PU corrected observables or final sensitivity)

13



QCD Physics  Exotica Searches =~ Supersymmetry B Physics Electroweak
Top Physics  Heavy lon Physics  Higgs Physics = Forward Physics

130 CMS Physics Papers Published
Expect ~100 more on full 2011 dataset
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Candidate New Particle Discovery
event display

Likely the JP=3/2+
companion of the
ol T | o s, Ep baryon
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Measurement of Drell-Yan do/dM and d?c/dMdY

CMS Preliminary CMS Preliminary

% 1 45fb"at\s =7 TeV % 1 45fb"at\s =7 TeV
O, 107 S 10
* *
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9/ q 0~ 5;
= 103 = 03
3 10 Sz 3 10
-8 10 -8 10
N G -+ N
2 10° " ! 2 10°
10° —+— Data (e, 4.5 fb™" in 2011) 10° + Data (w, 4.5 fb™" in 2011)
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Di-jet Invariant mass in W + jets events

§ E o L ;Bk; Sul‘)Dat‘a(4.‘3fb"‘) ]
- Important background for Higgs and BSM & % E
» Extented phase space for hard recoiling jets £ 100f o
« Excess observed by CDF at the Tevatron oot
(not confirmed by DO0) % E
: % l*;tl
. . . 0 | =
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’ 50— 700 ‘C‘DF'zlc?)(I)QL e
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No evidence for a resonance enhancement around ij ~150 GeV
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Top quark Mass Measurements

CMS Preliminary,\'s=7 TeV

——
CMS 2011 dilepton

PAS-TOP-11-016 (L=2.2 fb™)

173.3+x1.2+ 25

(val. = stat. = syst.)

CMS combination
uptoL=4.7fb"

——
CMS 2011 u+jets 1726+ 04+1.3
PAS-TOP-11-015 (L=4.7 fb™) (val. = stat. = syst.)
o
CMS 2010 I+jets 173121+ 2.7
PAS-TOP-10-009 (L=36 pb™) (val. = stat. = syst.)
¢ o )
CMS 2010 dilepton 1755+ 4.6+ 4.6
JHEP 07 (2011) (L=36 pb™) (val. = stat. = syst.)
—(—s

172604 +1.2

(val. = stat. = syst.)

Myop = 172.6 £ 0.4 (stat.) £ 1.2 (syst.) GeV/c?

160 165 170 175

Moriond 2012

180 185
Migp [GeV]

400

200

CMS Preliminary, Vs=7 TeV, L=1.14 fb’

approx. NNLO x MSTWO08SNNLO:
[ Langenfeld et al.
: Kidonakis

Ahrens et al.

190

- Measured cross section
@® Cross section corrected for m:’°'e (Langenfeld et al.)
Measured cross section dependence on m:‘c
Il | ] Il | ] Il Il | I Il | 1 Il | | ] Il | | Il Il | Il
140 150 160 170 180
mf°'e (GeV)
bole
mt /) GeV
-7.3
Langenfeld et al. 170.37 ;>
Kidonakis 170.0j;:§’
Ahrens et al. l67.6j;:?
Approx. NNLO x MSTWO0SNNLO

19
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Test CPT invariance in the top sector

A M = Mtop — Wop

« Reconstruction of the hadronic side:
compare £*+jets and ¢ +jets events

« Use kinematic fit, and event-per-event
likelihood for £~ and £+ separately

Amy = —0.44 £ 046 (stat.) £ 0.27 (syst.) GeV

Most systematic effects cancel out !
— the measurement is stat. limited

World’s best so far

Consistent with SM,
Consistent between e and u

TOP-11-019
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Top Charge Asymmetry Measurements

top
anti-top

Tevatron

« Anomalous charge asymmetries observed at
the Tevatron cDF PRDS3 (2011); DO PRD84 (2011)

« Different definition possible a the LHC n
(asymmetry partly diluted) . HHe mi-top
4 [ | - .'\" Ay —
Ac= Moy >0 = Naw<0) - Aly|=[y[—|y]
N(Ay >0)+ N(Ay < 0) g
New CMS Measurement: Theory Prediction (SM):
Ac = 0.004 + 0.010 (stat.) £ 0.012 (syst) A, = 0.0115 = 0.0006
« No dependence on phase space within uncertainties:
F l+jets — NLO prediction R i l+jets ——— POWHEG Simulation ] [ I+ets — NLO prediction ]
0.05} * 0.05- 4 oos[ N
: . , i f |
= E—— 1 oL ’ o | ]
E E -0.055 | | . | . . . . { -0.05? | o b b L \E
0 0.5 1 Iy:iI'E 0 50 100 pTﬁ[GeV/g:]r)c 300 400 500 600 n::([)GeV/csz?o
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Top Decays: Search for t — H*b

\s=7TeV L=23fb' CMS

> T T T T 3
H + . B O 40 mg. = 120 GeV ® T, +jets data —
77 — hadrons : 20y 2. . - E
i~ ‘ o : [1 multijets (from data) —]
e diagram O B(t—>H'b)=0.05 with H'—tev
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Improves by an previous Tevatron limits on B ( t — H+ b) by ~ O(10)
HIG-11-019



CMS « Higgs » Papers

H— 2y HIG-11-033

H— 27— 4 HIG-11-025
H—2Z2Z—22% HIG-11-028
H—2Z2Z— 2(2v HIG-11-026

H— ZZ — 2(2q HIG-11-027
H—-WW — 2(2v HIG-11-024

H— 2t HIG-11-029

H— 2b HIG-11-031

H Combination HIG-11-032
MSSM H#* HIG-11-019*
CMS Physics Analysis Summaries (PAS)
H—2y "MVA” HIG-12-001 Mar. 2012
H Fermiophobic HIG-12-002 Mar. 2012
H Combination  HIG-12-008 Mar. 2012
WH — v 13, HIG-12-006 Mar. 2012
H— 21, HIG-12-007 Mar. 2012

* L~ 2fbl

PLB
PRL
JHEP
JHEP
JHEP
PLB
PLB
PLB
PLB
JHEP

arXiv:1202.1487v1
arXiv:1202.1997v1
arXiv:1202.3617v1
arXiv:1202.3478v1
arXiv:1202.1416v1
arXiv:1202.1489v1
arXiv:1202.4083v1
arXiv:1202.4195v1
arXiv:1202.1488v1
arXiv:1205.5736v2

CMS Physics Analysis Summaries (PAS)

MSSM & — 2y HIG-12-011
H—> WW — &2q HIG-12-003
VH; H— 2¢2v  HIG-12-014
He HIG-12-005

Full Datasets atvVs=7TeV L~ 4.7-5fb1

Feb.
Feb.
Feb.
Feb.
Feb.
Feb.
Feb.
Feb.
Feb.

2012
2012
2012
2012
2012
2012
2012
2012
2012

May 2012

Jun. 2012
May 2012
Jun. 2012
Mar. 2012
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v 012 9M Higgs Boson Searches in CMS

Number
. Sub- mH . Expected of signal
Channel mn Range Lumi Channels | Resolution Main Background sensitivity events
after cuts
H—=vy 110-150 | 4.8 5 1-3% YY Vi Jj 1.5-2 ~70
H—-TT 110-145 | 4.6 9 20% Z—1t WHjet QCD 2-3 40-90
H—bb 110-135 | 4.7 5 10% V+jet Vbb tt 3-6 0.5-2
H-oWW-=Ilviv| 110-600 | 4.6 5 20% WW DY tt 0.7-7 25-180
H—ZZ— Il 110-600 | 4.7 3 1-2% Z7 Z+jets tt Zbb 0.5-10 l.-16
H—ZZ—lht 190-600 | 4.7 8 10-15% L7 7+jets tt 3-12 0.5-2
H—ZZ—llvv | 250-600 | 4.6 2 7% LZWLZ Z+jets 0.6-2 3-20
130-164 : 5-15 ~15
% +
H—ZZ—llqq 200600 | +6 6 3% Z+jets tt 15 17.70

Background derived from Data

Signal MC: POWHEG, reweighted at NNLO Background: PYTHIA, MadGraph, etc reweighted at NLO
24



bined Results
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H—Z2Z—-4

Events/2 GeV

. CMS Ns=7TeV L=4.7fb

L

—e— Data [e4e, @ 4,262 ] -

— B z+x b) J

= Bl zz _]

4 O mu =120 GeV -

2 — mu=140 GeV ]

8 1

3 ~ —_
©

D d

S d

3 -

2 T) m _

> d

o N

n_ _

1| W 1 R

- N

—e—

—e—

100 110 120 130 140 150 160
M4 [GeV]

o
l

Low Masses

Baseline Selection
50 < M,, < 120 GeV/c?
12 < My, < 120 GeV/c2

e(M,~120) ~ 20% (4€), 40% (4vu), 25% (2€2u)
e(M,~160) ~ 42% (4€), 75% (4u), 55% (2e2u)

Event Yields:

Final state: 4 2e2ll
Obs.events: 3 5 5
Exp.events: 1.7 3.3 4.5

100 < M,, < 160 GeV/c? Observed: 13  Expected: 9.5 + 1.3 events
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Event-by-event

Mass Measurement Uncertainties

CMS Preliminary 2011

4e final state

» 4y final state :
..... +262Mﬁnai.s.tate

L =4.711fb"
int

Experimental resolution
dominates

......

Intrinsic width T

dominates

27



[GeV/c?]

Am4
I

Event-by-event

Mass Measurement Uncertainties

CMS Preliminary 2011

L =4.711fb"

int

S RS He. MR T\ SN I <P IR S H
BN

4e final state

+ 4y final state
..... +262uﬁnai.state

<Amy /my > >
~ 1.1 %

—-—

—
—-—

<Am2e2M/m2e2M> >
~ 1.6 %

.............
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H— vy

Mass Spectra

_||||||||||||||||||||||||||||||||||||||_ _|||||||||||-.||||||||||||||||||||||||||
900 All classes combined E i Dijet-tagged class
3 . 12 CMS \s =7 TeV L = 4.8 fb"
800 CMS\s=7TeVL=4.8fb""] I —+ Data
— 7005 —+— Data 1 ~ 10‘_ — B1kg Model
= — Bkg Model 1> ey
O 600F +10 =IO 8 - — 2xSM m, =120 GeV
N 20 1=
< 500p — 2xSMm,=120GeV ] ~ [ !
(72] C 7 (7)) (S mio [
€ 400F 4 2 6
q>) E E q>) ® ®
200F i
100F ¢ ]

IIII||_LJA|—LI|II|||IIII|IIII|IIII|IIII

100 110 120 130 140 150 160 170 18C
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H — yy Candidate in Dijet-Tag Class

1l TR '

_ Fxperiment at LHC, CERN WP-LES
_Wata" ecorded: Mon Sep 26 20:18:07 2011 CEST ':
‘Run/Event: 177201 / 625786854
Lumi s‘e‘ction: 450
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Low Mass Excess: Anatomy

q:) 1 §I T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T Local Slgn|ﬁcance
© 1o
? 10-1 —~ Pmin - 0-001
o SIS 7 —
Yo LI 120 Zmax_ 3.10
O 1 0'2 — —
9 . E Global Significance
- 13y  Fullrange
1 0'3 g_ """ _§ 1 10_600 GeV/CZ
F ) B Lax= 1.50
107 & — Combined observed E
| ==ea- Expected for SM Higgs 140
= —__foop @710 ] Restricted range
10° o o |l 110-145 GeV/c?
- CMS,\s =7 TeV —_— H—>WW (4.6 fb::) ]
- p —— H—>ZZ—-4 (471" | 4 =2.10
10 L L= 4|1.6-4.8 fbI | | H—I> 2z — 2| 2qI (4.6 fo') max

110 115 120 125 130 135 140 145 Within 1o of unity
Higgs boson mass (GeV)  in the mass range

117-126 GeV !

Broad excess at ~ 1o level from H — bb, tt, ww complemented
by localized excesses from H — 4l and H — yy

Local p-value = probability of a background fluctuation resembling a signal-like excess for a given value of my,
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Low Mass Excess: Anatomy
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Reminder: CMS Input for Chamonix

o 25 —
Qo - - J— 7 TeV significance
c [ CMS Preliminary .
o i [ N T TP 15 /fb
E‘é 20" ~ 10 /fb
%’ | 8 TeV significance
- 20 /fb
- N i 15 ifb
- { e 40 b
15— N o
~ =N
10— ' e Iebvbrbbbtebe S 1%
B - .
You are B
65—
HERE ? ]
B '1115'111'11 :|3lo'Gleivl’l'l l'lll'l'lll‘lll'lll'lll

?00 10 120 130 140 156 160 170 180 190 200
Higgs Mass (GeV/c?)

Note: Very roughly, for M, ~125 GeV, one expects 3 to 4 signal
events per 5 fbl in H — 4¢for a S/B of ~ 2

=> Requires about 20 fb! for 5o in stand-alone
= We should see something starting to build-up already now



Standard Model or Fermiophobic ?
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Search for a Fermiophobic Higgs Boson
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Monitoring of ECAL Response Variations

Luminosity ~  10%  2x10% 3x10% cms
_ | CMS ECAL 2011 - ECAL Barrel:
e [ =% TR o — ] crystals qualified for
- : ) N P <6% loss under 0.15 Gy/h
S : i ] ECAL Endcap:
8= osl ; higher radiation level
05 [ / '
=i [ 1.5<n| <1.8 " | ] « Damage and recovery
Sg 07 1g<m<21 o oy - .
o 0 =i W . L during LHC cycles
8 Bl | 24<n| <27 W%m ] « Steady recovery during
S ro7<m o ‘ ’
| technical stop ] Hequ Ign run (I_OW _
q,' ' ‘b ' 'b" ' (o ' '%' ' /\ ' 'Cb' ' 'q' ' 'Q' ' \ ' q/ ' . luminosity) and in periods
P00 0 0 00 0O D NNVLe without beam
oo o e e

date

e Monitoring data: 1 point/channel/40 min
— Corrections ready for reconstruction in less than 48 h!
— A few iterations with data reprocessing required in 2011
e New diode pumped laser installed in 2012
— Less maintenance intensive - reduced medium term instabilities

T. Tabarelli de Fatis, CALOR 2012 36



Relative E/p scale
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Stability of Response for Electrons: W — e v

- GMS 2011:
F 5=7TeV. L= 498fb

- ECAL Barrel

| 11 1

—— thh LM correotlon
— thhout LM cérrection
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e o e e
Mean 1
RMS 0.0012

Mean 0.98 |7
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1.05
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0.85—

- GMS 2011; 5
_\(‘_ 7. TeV L.=.4. 98 fb ............ c ::9:..w1ihout LM .cmrr.eotton

—— vv:th LM correot|on

—_— /LM correchon

56/04

26/05

5508

55103

5408 531085310
date (day/month)

NP IR PR
0 20 40 60

0 10 20 30 40

Stable energy scale after
monitoring corrections

— Barrel:
e <signal loss> ~ 2.5%,
e RMS stability ~0.12%
— Endcap:
e <signal loss> ~10%,
e RMS stability ~0.45%

Corrections include:
— Barrel : a =1.52
— Endcap: <a>~ 1.28

e Current loss-dependent
optimization for this region

Further tuning of the corrections
in progress:

— Time-invariance of energy flow:
signal loss vs transmission loss
at the single crystal level

- In situ measurement of «
(S/ So) = (R/ Ro)a

(S/S,) = relative response to e’s
(R/R,) = relative resp. to laser light



Stability of the Energy Resolution: Z — e e

~ 2.5 I I ~ 8

| ! C ! ! =

X - | ; 4 o : ! |
2 - | 1 & - 1 | ]
~ _ CMSECALEB 2011 L=4.98 fb™ 1 <= _[ CMSECALEE 2011 L=4.98fb" i o
EN B ) EN 7 e “ m_:
\8 2 " &mﬂ*l"% 1 @ g R W Dﬂ E
© e — gl S ] bo - ad )
B L L P 0,0, bage 5 - " ]
1.5 i | C ,&,‘w B _
3 i 4F S
1 n .
- : i C—— E
0.5; ® with LM correction : 2¢ ® with LM correction -
[ Withpm LM corrgction i 1t A without LM correction -
0. i i . 0 - | | B
0203 G205 0207 V108 911 02-03 02-05 02-07 01-09 01-11
date date

o ECAL resolution (from Z->ee peak width) stability before and after the
application of Laser Monitoring corrections (LM):
o ECAL Barrel: resolution stable within errors
o ECAL Endcap: resolution worsens by ~1.5% in quadrature

- Requires further tuning of corrections and/or pile-up effects
(e.g. in situ measurement of the ‘effective o’ at single crystal level)
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Response dependence on Pile-up

CMS Preliminary 2011 imi
@ 108 e e g 1.03?'.\’.'?.F’F?'.'.r'.“.r‘.a.r.y..2.0.1.1...
8 - ECAL Barrel 1 ® - ECAL Endcaps .
3 [ —— MC - Default 1 [ —— MC - Default ]
Qo 1.02- —— Data - Default 7 o 1.02F- —— Data - Default 7]
L - —— MC - MVA W [ —— MC - MVA i
o - —— Data - MVA 1 o - —— Data - MVA ! % ¢
= 1.01F 71 .2 1.01F 1 11
I I Lo B ; TRE i I3
o) B s 8388 S o O L 5 @ g ¢t o 1]
m - ® ° 8 g s ° ° ® i: D: -l CI’ o § P § § . é g o % o 'y
1:: : g S 8 g 8o & 88838 8 o g : Q: 1_—1 g ? g 8 g ¢ L i o & (5% l % T
[ i N ]
0.99F 4 o99F -
B I N B A B B e B Ty Lyl :
098 =68 10 12 14 16 18 20 098 el b O

Number of vertices

Dependence E .., on N,

Number of vertices

Data (open dots) and MC (full dots) are compared for the default reconstruction (red
dots) and after MC-driven corrections to the energy based on a multivariate analysis of

the energy response including pileup sensitive global event variables
Pileup-resilient clustering algorithms are under study

T. Tabarelli de Fatis, CALOR 2012
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Progress in Understanding ...

e July 2011 (EPS): e March 2012 (Moriond) e July 2012
— FWHM = 4.23 GeV — FWHM = 3.29 GeV (ICHEP)
—~ C ~~ 7 =
N - CMS prelimi N C % CMS prelimi
§ 1.21 Simug;:);mlnary § 6: —%— Simulation SimUIZtri%:]mlnary
Q i : - l
O 1.0 B étriz:zgnes 8 E — Parametric Model All Categories
um) i 0 5F Combined
o - “ C Gy = 1.82 GeVic?
— 0.8} 8 na
4\‘2 I @  FWHM =320 GeVi? [
c 0.67 € 3L '
! > T ik
0.4} woar
0.2} ' s
0? ":::::::::::"::'.5'*5"”:“;':;::' — L. e e o ‘ “ R N R
00 110 120 130 ) 10 110 120 130
m,, (GeV/c) m,, (GeV/c?)

Improved single crystal
and cluster corrections
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Search for SM Higgs: 2011+2012 Data

What do we see in the low mass range ?

CMS is blinded

&l /s = 7 TeV, £ = 5.05 fbl

Vs =8TeV, £ = X.YZ fbt

Analysis improvements:

use MC for optimisation +
use DATA only in background
and SM candles phase space

Events / GeV
N N
o (@)

N
(&)}

Both 2011 and 2012 data have been
blinded for the analysis improvements 1

o

8

o

0 110 115 120 125 130
M, (GeV)

41



CMS « SUSY » Papers  Full Datasets atvVs =7TeV L~ 4.7 -5 fbl

Z + jets + E;miss SUS-11-021 PLB arXiv:1204.3774vl  Apr. 2012
Multileptons SUS-11-013 JHEP arXiv:1202.5341vl  Apr. 2012

CMS Physics Analysis Summaries (PAS)
CMSSM | + jets + E;™ss (Templates) SUS-11-027 May 2012

CMSSM = | + jets + E™Miss SUS-12-010  May 2012
SUSY | + b-jets + E;Mss SUS-11-028  May 2012
SUSY Fully hadronic states SUS-12-002  May 2012
Simplified Models SUS-11-016  May 2012
CMSSM | + jets + E;™ss (NN) SUS-11-026  Apr. 2012
GMSB y’s + E;Miss SUS-12-001  Apr. 2012
CMSSM « Razor inclusive » SUS-12-005* Mar. 2012
¢+ b-jets + E{miss SUS-11-020 Mar. 2012
L*¢ jets + E/™ss (NN) SUS-11-018* Mar. 2012

*L~44fbt * L ~22fbt



Supersymmetry: Constrained Models

CMS Preliminary L  =4.98 fb",Ns=7 TeV

”2@\\/ Z  |tan(p)=10
77 = ~ |A,=0GeV
2 2 |u>0
Z om@) =150 ~|m=173.2GeV

. LEP2 ;}f

m(g) = 1000

|:|LEP2 7 Z

Multi-Lepton

m, [GeV]
Minimal Models (e.g. cMSSM) under pressure ...

500 1000 1500 2000 2500 3000

Limits > 1 TeV
on squarks and
gluinos

SUSY is not dead yet
115-130 GeV Higgs
tailor made for SUSY

More complicated
(and interesting)
“natural” SUSY
models still
plentiful

Explore general mass spectra (e.g. « simplified models ») or
exceptional (e.g. multileptons, mono-photons) topologies !
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Supersymmetry: Simplified Models

S prefminary 7 witac
m(mother)—m =200 GeV z
- ~0

' |4.08 fb~!, gluino

1.1 fb~!, squark -
4.98 fo! gIF

4,98 fb!, gluino

4.98 fb~!, gluino -

TChlSIep X0.x" =’ x" 4.98 fb?, neLIaIino/chargino

0 200 400 600 800 1000
Mass scales [GeV]

CMS performed a comprehensive search with “Simplified Models”
CMS-SUS-11-021  + CMS-SUS-11-016 -




Supersymmetry

Search for Anomalous Product

ion of Multilepton Events

2000 CMS ls=7TeV, L=4.98 fb’
L ST T T T T .
< : 1 Search for anomalous production of
8 1900 =ich R 1 events with 3 or 4 isolated |ept0nS
e : ‘ 1 (e, mu, or tau)
1800 N T . . "
N cMSSM with neutralino or gravitino LSP
7001 5% .. CL Limits 1 SUSY with R-parity violating couplings
- == NLO observed s
1600 | NLO expected+1o........ ,,,,,,,,,,,,,,,,,,,,,,,,,,,, ] -
[ NLO expected +20 1 GMSB in the so-called
) N R S R "slepton co-NLSP" scenario
00 600 700 800 900
m.. (GeV)
Selection N(7,)=0 N(1,)=1 N(1,)=2
obs expected | obs expected | obs  expected
4 Lepton results
4¢ Ess >50, Hy <200, 10 Z 1 0.20 £ 0.07 3 0.59 £ 0.17 1 15406
4¢ EXiss >50, Hy <200, Z 1 0.79 4 0.21 4 2.3+£0.7 0 11407
4¢ EXiss <50, Hy <200, no Z 1 2.6 +1.1 5 39+12 17 106432
40 Emss <50, Hy <200, Z 33 37 + 15 20 17.0 £5.2 62 43 + 16

CMS-SUS-11-013
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Most recent post-Moriond

CMS « Exotica » Papers

EXO-11-019
EXO-11-022
EXO-11-024
EXO-11-006
EXO-11-036

X—=(tr

Long lived Q+

W — (v

Z' — t anti-t

Heavy b’

Heavy t’ (pair prod.)
DM and extra-dim.
Large extra-dim.

u - Black holes

q*

CMS Physics Analysis Summaries (PAS)

X — t anti-t

X —>ZZ—>4u

X—=VZ

G* — ZZ —2I2q

Contact Int.

Full Datasets atVs =7 TeV L ~ 4.7 -5 fbl

EXO-11-050
EXO-11-096

EXO-11-087*
EXO-11-071
EXO-11-017*

EXO-11-093
EXO-11-025
EXO-11-081
EXO-11-102
EXO-11-009

Jun. 2012
May 2012
May 2012
May 2012
May 2012

PLB
PLB
JHEP
JHEP
JHEP
PLB
PRL
PLB
JHEP
JHEP

arXiv:1205.0272v1
arXiv:1204.4764v1
arXiv:1204.2488v1
arXiv:1204.1088v1
arXiv:1203.5410v1
arXiv:1204.0821v1
arXiv:1202.3827v

arXiv:1202.6396v1
arXiv:1202.5535v1

arXiv:submit/0490787 Jun. 2012

May 2012
Apr. 2012
Apr. 2012
Apr. 2012
Mar. 2012
Apr. 2012
Feb. 2012
Mar. 2012
Feb. 2012

* L~ 2fbl

CMS Physics Analysis Summaries (PAS)

W —tb
W —td

EXO-12-001 Apr. 2012
EXO-11-056 May 2012
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x-Nucleon Cross Section (cm?)

Search for Dark Matter

Look for « nothing » + monophoton or monojet
Probe the same effective operators as in

direct detection

High sensitivity to spin dependent couplings

10%
10%

cMS I5reliminary
f Ldt=4.7fb"at (=7 TeV

—— CMS MonoJet 90% CL
——— CMS MonoPhoton 90% CL

............. XENON.100
1 0-32 ....... CoGeNT 2011
CDMSII 2011
10 CDMSII 2010
LIy IceCube 2011 W*W
1 0-36 =imimn IceCube 2011 bb
1038 =
10-40 ""‘:::,"," lllllll |||Il;.'/‘iw/\.:.11
104
10-44 . /I,I““II“’”IHH AT LI LU "
Spin Independent
- 1 IIIIIIII 1 IIIIIIII 1 1 11 1111
10
1 10 10° 10°
2
Mass y [GeV/c?]

Spin-independent couplings
Extend limits to low masses where nuclear recoil
imposes a threshold for direct detection

EXO-11-096

o~
AN

®)
N

x-Nucleon Cross Section

See J. Varela,
109t LHCC - 21 Mars 2012

e

10-28 T T I.I I.IIII T T T IIIIII T T T T TTTT
CMS Preliminary —— CMS MonoJet 90% CL
1020 fL dt=47 1" at (s=7 TeV —— CMS MonoPhoton 90% CL
' CDMSII 2011
1022 Picasso 2009
uuuuuuuuuuuuu COUPP 2011
103 e IceCube 2011 W*W'
i IceCube 2011 bb
10°%
lllllllllllllllllllll :\Iln{\ﬂtuuh\l\v.u‘mm\\l\vl\"‘“”“”””m“
10% e,
10-40 emarrredmre SN
107
10* -
Spin Dependent
= 1 1 1 | I | I 1 1 1 1111 II 1 1 1 L1111
10
1 10 107 10°
v Mass [GeV/c?]

Spin-dependent Couplings
Limits beyond Direct searches
Assume heavy mediator (simple CI assumtion)

Limits weakened for light mediators 47



Search for a Heavy Z’ Boson

] CMS, L= 5fb1 (s=7TeV Type 1+1
%10:?"' T T T L B T Cl) :||||| ........ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE
G r CMS \s =7 TeV f Ldt=5.0fb" ] > [ e Observed ]
~ 10 o - Non-top multijet i
(7)) E + DATA O] I s .
= c .- o 102 — simulation |
S 10° [ zy—ete SsUE | e ---- Z(1TeVic) 5 =1.0pb 3
= E B tt + other prompt leptons Z C P %, T Z'(1.5 TeV/c) 0 =0.18 pb
Ll - ' 2

102 [ ] jets (data) @ R T P Z'(2TeV/c’) 6 =0.06 pb
. S o | i o Z'(3TeV/c) 5 =0.03pb -
10 bin size o 10

~ 2X detector res

IIIIL|,|,|,| IIIIL|,|,|,| IIIII|,|,|,| IIIII|,|,|| IIIII|,|,|,| IIIIL|_|,|,| IIIIL|_|,|,| IIIIL|_|,|,| IIIILI,I,I,I_

10"§
102
.3,E /' — % 9
v e
7|0I 1IOO 260 360 — I1|000 20I00 8 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
m(ee) [GeV] tt mass (GeV/c?)
Z'sem > 2330 GeV Topcolor Z
Z', > 2000 GeV Mass range 1-1.6 TeV
G > 2140 GeV (k/My = 0.1) excluded for oz/m; = 3%
> 1810 GeV (k/Mp, = 0.05)
Most stringent constraints to date 48
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Search for New Heavy Quarks

e.g. b’ - tW tW+ - bWTW bW W+

3 —
%10 @ data
- I
" EEZZ] W/Z/VV/Single Top

E CMS L=4.9b" at Vs =7 TeV
_ Same-charge dilepton events

-
o
N

—
o
LR

[ M, 500 GeV/c?
I tt+W(2)

Events / 200 G

10'1;
500 1000
b' -> tW- :
t->W+b:

0
S, [GeV]

-
o
N

Events / 200 GeV
)

107F

e data 1M, 500 GeV/c? E
- It 1 tt+w(2)
[ W/Z/VV/Single Top

E CMS L=4.9 fb" at \'s =7 TeV
: Trilepton events

1500
S; [GeV]

500 1000

b’ with masses below 611 GeV/c2 excluded at 95% CL
t" with masses below 557 GeV/c2 excluded at 95% CL
SM-Higgs of the SM4 is excluded now by CMS in the range 120-600 GeV

Have to explore Heavy Q in the context of BSM Physics !

EXO-11-036 + arXiv:1203.5410
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Heavy Ions and the QGP in CMS

15 published papers and a wealth of remarkable results !
quarkonia suppression, jet quenching, azimuthal and elliptic anisotropy

Recall (3. Varela, 99t LHCC):

EPJC arXiv:1202.2554
T T T T T TT1T l T T T T T 17T ll T T
2 '_ SPS 17.3 GeV (PbPb) GLV: dN /dy = 400 _'
L O 2° WA98 (0-7%) GLV: dNyfdy = 1400 _
= RHIC 200 GeV (AuAu) GLV: dNy/dy =2000-4000 |
i O x° PHENIX (0-10%) iiﬁ:ﬂfmaup i
1 5 — * I STAR (0-5%) _._ elastic, large P:: —
: SPS LHC 2.76 TeV (PbPb) - :
i 1 ® CMS (0-5%) —_ASW
§ L o) ¢ ALICE (0-5%) PQM: <&= = 30 - 80 GeV3/fm |
o 1 L _
Wi <
L ¢ H’ -
; e
0.5 &t& ¥ g ’Ei ]
ﬁ% k e i
0 i 1 1 1 | | | 1 1 | L1 11 I| 1 1 ]
1 2 34 10 20 100 20
P, (GeV/c)

PLB arXiv:1201.3093

CMS \/s=2.76TeV L, (PbPb)=6.8ub™" L, (pp)=231nb"

2""l""l""l""l""l""l""

i e R,, (0-10%) i

B Systematic Uncertainty ]

1.5 —_ |:| T, scale uncertainty __

11 - poe—

i ——— PbPb(EPS09)/pp(CT10) |

0.5 - PbPb(nDS)pp(CT10) |

r mmms PbPb(HKNO7)/pp(CT10)

: — — EPS09 PDF uncertainties :

o,“.l....l;.n.l..n.lll“l....ll..l
10 20 30 40 50 60 70 80

Photon E_ (GeV)

Hadrons up to p; ~ 100 GeV/c are suppressed ... y's up to E; 80 GeV are not

Raa = (yield in PbPb) / (N equivalent pp collisions X yield in pp )
Raa < 1 — suppression
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Jet Quenching Using Isolated vy + jet

Very recent : use isolated y as a « tag » to probe high p quark
production and characterize its propagation in hot-dense medium

1.1
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 CMS
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part

Rj, = 0.49 4= 0.03 (stat.) == 0.02 (syst.)

= fraction of isolated photons that
have an associated jet passing the

analysis selection
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PP

Events / (0.1 GeV/c?)

Quarkonia Suppression

TTTT[TTTT[TTTT[TTTT[TTTT[TTTT[TTTT

50— .
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Y excited states and J/y are
suppressed in PbPb relative to pp

A ‘thermometer’ of strongly
interacting matter
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Conclusions

The CMS experiment experiment is operating at full regime and very
high efficiency to collect large amount of data at Vs = 8 TeV
> 2 X L5451, already collected !

The discovery (or exclusion) of the SM Higgs boson is in sight
... the analysis have been improved and re-deployed under a
strict blinding policy

Opening of the « box » this week !

High precision measurement of SM candles have been performed
... and stringent constraints on BSM models have been established
BSM Physics remains out of reach for the moment !

(better hopes for Vs = 13 TeV ?)

And to conclude ...
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" Many fhanks fo the LHC d&celerafor
feams, and the many other institufes
and people who made this possible !




Search for B — w+u~ and B® — u*u~ decays

CMS, 5 b \s =7 TeV CMS, 5 fb” \s = 7 TeV
> Srrr T T T ] > ST T L R I
S i 7 S i 7
o Barrel : o Endcap
= —— B2 signal window] S 4 —— B2 signal window]
> e BY signal window > e BY signal window
<5 i ] D i ]
5 o S B — -
© i I © i ]
[ B N c B 7
98] - . 3] L ,
(@) L 4 (&) L i
er 1 7 2r 1 T
| n : " : :
l{w . ’ H ) i H - ’ H H ]
i ‘ L L ‘ L L L Il ‘ L L L ‘ L 1 i L L L ‘ ‘ L L L L L L L ]
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m,, [GeV] m,, [GeV]
Variable | B® — putu~ Barrel | BY — ptu~ Barrel | B — ptu~ Endcap | BY — p*pu~Endcap
Etot 0.0029 £ 0.0002 0.0029 £ 0.0002 0.0016 £ 0.0002 0.0016 £ 0.0002
o 0.24 +0.02 2.70 4+ 0.41 0.10 +0.01 1.23 +0.18
Ngzgk 0.33 £0.07 0.18 + 0.06 0.15 £+ 0.03 0.08 £0.02
Nfgrib 0.40 +0.34 0.59 + 0.50 0.76 = 0.35 1.14 £0.53
NoP 0.97 + 0.35 3.47 + 0.65 1.01 +0.35 2.45 + 0.56
Nobs 2 2 0 4
upper limit (95%CL) observed expected
0 Nup— —9 9
B(B, — pu ) 7.7 x 10 8.4 x 10
B(B° - utpn) 1.8x 1077 | 1.6 x 107
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