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CMS Total Integrated Luminosity, 2012, p-p,

Vs =8 TeV

Data included from 2012-04-04 23:57:30 to 2012-09-17 04:05:03 UTC

I LHC Delivered: 14.99 fb™
|| CMS Recorded: 13.92 fb™

Many thanks
to the LHC!

- - N
o N H

\\\‘\\\‘\\\‘\J\‘\\\\\\\‘

©

Total Integrated Luminosity (fb ™)

01/05 01/07

CM

-

16

14

12

10

Peak Delivered Luminosity (Hz/nb)

S data

~

a-taking 2012

Leak > 7X2033Hz/cm?!

Data included from 2012-04-04 23:57:30 tx2012-09-17 04:05:03 UTC

CMS Peak Luminosity Per Day, 2012, p-p, Vs =8 TeV
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= Detector Status and Operational Efficiency are very good

= Recent fills 96-99% efficiency

= More than doubled the 2012 dataset from that used on July 4%

= \We were not so lucky with infrastructure in a few periods

= 0.5 /fb at B-0 for instance
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Last 2 fills before the recent
technical stop

Delivered: 142.8 pb*
Recorded: 140.5 pb* 98.4%
Delivered: 153.1 pb™* Recorded:
150.8 pb* 98.5%



Detector Performance

Pixels

Strips
Preshower
ECAL Endcap
ECAL Barrel
HCAL Outer
HCAL Forward
HCAL Endcap
HCAL Barrel
muon RPC
muon DT
muon CSC

CMS Subsystem muon CSC  muon DT muon RPC HCAL Barrel HCALEndcap HCAL Forward HCAL Outer ECAL Barrel ECALEndcap Preshower Strips Pixels
%O0perational 97.55 98.6 98.4 99.4 99.96 99.88 96.88 99.11 98.89 96.9 97.61 95.5
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= Delivered 14.4 fb™
= Recorded 13.6 fb? (94.4%)
Certified
Golden 12.1 fb* (84%)
Muon 12.8 fb* (89%)

88-89% of data
delivered is used
for physics
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14000 CMS preliminary 2012
~ Integrated luminosity
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- All runs until 17 Sep 2012
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—  Certified: 12.833 fb”
gooo[- o
6000 —
4000
2000—
- [ 111
s

10 Jul

|
=
=
-
@
o

21 Ap:
07 May

26 Jul
11 Au

23 Ma
24 Jun

2011 final numbers: Delivered 5.602 fb
Recorded 5.189 fb? (93%)
Certified
Golden 4.699 fb* (84%)
Muon 4.965 fb* (89%)

I I Y I

|
o
=
<
~
™~

18 Sep [—

Date



CMS 8E33 menu deployed last week
HLT Single Electron 33

CMS Preliminary, {s = 8 TeV
AL B BRI BRI B

Trigger Performance
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= efy Triggersin 2012 oT [GeV/c]

= ECAL transparency corrections _
|mp|emented -> Sharper turn_ons * JetS:Added a SGEVJet Seed thrEShOId.
, * Greatly improves linearity, no loss in physics

L1 Single EG efficiency

October 1, 2012 CMS Highlights, LHC days in SPLIT

T T T
5 1reMS Preliminary 201 2 - 1| T T T T T 7
> i : 12— : i H
Q - CMS Preliminary 2012 N et
o * . ® 13
= ':_ 1s=8TeV > 30288
w = L1_MTT150 Trigger Cross-section -
08
06—
04—
o2p- 5 GeV jet seed
T P R P P TS I I B P
%000 2500 3000 3500 4000 4500 5000 5500 600D 6500

Instantaneous Luminosity [10%cm?s]



CMS

UCSB/CERN

J. Incandela

October 1, 2012 CMS Highlights, LHC days in SPLIT

= Record Lumi Fill (7.5E33) _|:1- Trlgggr Rates

 _— O — —

= Steady near 100 kHz limit | .
1CS TriggersPhysicsGeneratedFDL: run = 201629

= Deadtime 5% initially but | 95kHz -~ |

very quickly drops

7E33 6E33
prescale prescale

8E33 column has not yet E column column
been used. .
* Atthis luminosity we ‘ 7 BE33 6 7E33

start to impact Higgs | et

and other key physics

channels.

L1 Trigger / Column 9E33 Failsafe column

Single EG 22 S?ngle EG
Single MU (n<2.1) 14 Single Mu (central)
Double MU 10, 3.5 Double Mu

Double MU HighQ (BPH) XXX Double Mu nghQ (BPH)

thresholds

HT XXX HT

MET 50 MET

Double-Jet (central) 64 Double Jet (central)
XXX Quad Jet (central)

Quad-Jet (central)
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HLT Perform

NCE
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S HLT u efficiency increased in 21 : _— T )

§ half of 2012 via introduction of Tau trigger: changed quality criteria on isolation tracks

pileup corrections for isolation * 60% improvement in H — Tt efficiency
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CMS publications

Showall Total QCDPhysicse Exotica Searches = Supersymmetry B Physics
Electroweak Top Physics Heavylon Higgs [orvard Phiysios  Standard Model

http://cmsdoc.cern.ch/~mccauley/cmsphysics/ l
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170 Collision data papers published or submitted
40 now in final stages of preparation for submission

Publications with 2012 data: planning underway

CMS publications

Remaining (planned)
pubs with 2011 data

10

Physics Group | Planned
B2G 10
BPH 19
SMP 22
EXO 1

FWD/FSQ 15
HIG 6
HIN 3
SUS 3
TOP [

72
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= O, (t-channel) at 8 and 7 TeV
* 0, in the dilepton and lepton

+jets channels at 8 TeV
= Also all-hadronic and t+jets at 7 TeV
CMS Preliminary, \'s=8 TeV

TOP-12-006
Otf TOP-12-007
c+:
CMS I+jets (e/u+jets) | 228+ 95 +10pb
TOP-12-006 (L=2.8/fb) (val. = stat. = syst. = lumi.)
c—‘-)

CMS dilepton (ee,uu,eu)
TOP-12-007 (L=2.4/fb)

227+ 3+=11+=10pb

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

CMS combined 227 + 3+11+=10pb

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

s Approx. NNLO QCD, Kidonakis, arXiv:1205.3453 (2012)

[ Approx. NNLO QCD, Cacciari et al., arXiv:1111.5869 (2011)

[ Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale ® PDF uncertainty)
[ Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)

0 100 200 300 400

o(tt) (pb)

0.(NLO) = 225.2 pb calculated using MCFM

Top Highlights: Cross Sections

t-channel single top quark production

G [pb]
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———T—— 1 ¢, (t-channel)
CMS preliminary, 5.0 fb ! —

CMS, 1.171.56 fb &

DO.5.4fb "

CDF.75fb

> 4 & N

TOP-12-011

-------- NLO QCD (5 flavour scheme)

mmmmms theory uncertainty (scale @ PDF)

| llIIIIl

Campbell, Frederix, Malloni, Tramontano, JHEP 10 (2009) 042

NLO+NNLL QCD
theory uncertainty (scale @ PDF)

IIIIII|

Kidonakis, Phys.Rev.D 83 (2011} 091503
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—~350
fe) -
C: Oy
— [ ® CMS combined 7 TeV (1.1 fo') tt
F300— . P
C ® CMS combined 8 TeV (2.8 fb)
250
200(—
150
r NLO QCD
- Approx. NNLO QCD
= Scale uncertainty
100 - Scale ® PDF uncertainty
- Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
- MSTW 2008 (N)NLO PDF, 90% C.L. uncertainty
50 C 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1
6 6.5 7 7.5 8 8.5 9
Vs (TeV)
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TopH

my, = 173.36 + 0.38 (stat.) & 0.91 (syst.) GeV

CMS Preliminary

CMS 2010 dilepton 755+46+46
JHEP 07 (2011) (L=36 p&™) (val. + stat + syst)
CMS 2010 lepton ets . 1731+21+27
PAS-TOP-10-009 (L=36 (val. £ stat + syst)

1725+04+15
(val. + stat + syst)

CMS 2011 dilepton
arXiv:1209.23583 (L=5.0/b)

1735+04+1.0
(val. + stat + syst)

CMS 2011 lepton+jets
arXiv:1209.2319 (L=5.0M

—ag—
—aln—s
—a———
—=m—
L

CMS 2011 all- 1735+07+13
PAS-TOP-11-017 (L=3.54/b) (val. + stat + syst)
CMS combmahon 1734+04+09
uptoL=5.0M (val. * stat + syst)
Tevatron 2012 combination 173.2+06+08
arXiv:1207.1069v2 up to 5.8/ (val. + stat +
CMS combined result
- L J | | | |
170 175 180 185
TOP-11-01
TOP-11-018 | My, [GeV]

Table 2 Cormelation coefficients between the input measurements

Didepton Lepton+jets Drlepton Leptonsjets Allpts
2010 2010 2011 2011 2011
D-lepton 2010 00
Lepton+jets 2010 030 1.00
Di-lepton 2011 038 0.67 1.00
Lepton+jets 2011 026 0.44 0.64 1.00
Allbjets 2011 036 0.59 071 05 100

FCNC top decay limit:

arXiv:1208.0957 |

B(t =2q) <0.24% @ 95%

hts: Pro

(I N alep Tl |

hlig

g

ORE

rties

14

T

T
—e— Data

—— POWHEG Sil

arXiv:1207.0065

m.

= tt differential < ooMs
measurements: [ e
* e.g.Qasymmetry 0.05~
B A —
-0.05;
0 50

P R
100

ptt [GeV/c]

150

= 002 e Pl Lo T O »""-,”;"
Associated % 0018 TOP-12-01C | e+jets
production T i i £
P [H0.014F ! .
tt'l'MET iz 0.012: combined :
— 0.0 it (MADGRAPHY
0.008f =
0.006f~1* ' =
o.oo‘.i_ ﬁ
0.002f a
0 ) P | L P | PN BTSN T 1 -

0 20 40 60 80 100 120 _ 140
Er™ [GeV]

Associated production ttbb

o (tfbb) /o (ttjj) = 3.6 + 1.1(stat.) £+ 0.9(sys.)%
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Electroweak Highlights

W, Z, WW, and ZZ cross sections at 8 TeV
(Spec:al Low PU runs Usedfor WZ at 8 TeV)

fZ

4 SMP-12-007 L

2

=
e — T
& 2 [« cMs,19pb”,8TeV | W, Measured 0 (ZZ)=8.4+1.3pb
o —_— ) CMS, 36 pb™, 7 TeV wW
@ m 10 = CDFRunil W' — SM (NLO) 0 (ZZ)=7.7 x 0.4 pb
) — m] DO Run | j—
= T - Measured o (WW) =69.9 + 7.0 pb

— v UA1 —
© B 7 B SM (NLO) 6 (WW) =57.3 £ 2.0 pb
3
8 1 / =
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107 —
— Theory: NNLO, FEWZ and MSTW08 PDFs =
5 7 1 O 20

k Collider Energy [TeV]
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7% CMS Preliminary \s =7 TeV,L =5.0 fb™ CMS Preliminary \s =7 TeV, L =5.0 fb™
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T
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o
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<2 B and Forward Physics
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140 , Y'(22), Y(25S), Y(3S) polarization |
% Ng, =108=19 ] N P
G120 0=0.021= 0.004,,,, GeV/c® _| < 1 ; &g 1
Q Mg, = 6.265 = 0.004,,,,, GeV/c? | 1 CS, 68.3% CL i I e s, 68.9% CL
S I 1 1 - CS, 99.7% CL 3 s = Cs,99.7%CL|
S100 p,(B,)>10 GeVic | ] |—mxessnoL) ] | TMxsaswaL
g2 I (Bl <16 ] 05| |—HX997%CL| : 0.5 ML XL
<) - N 1 H | i |
G 8ol % ] 1
- BPH-11-003 P . ‘ 0]
60 — ] e ]
a0/~ 0.5 1 0.5 ‘
- 41 cms | j R |
| cMSs preliminary ] pp Vs =7TeV ] cms
20— \5=7Tev 1 t=ae® BPH-11-023J i pp Vs =7TeV
L L=47m" % -1 ﬁ -1 L=49fb"’
Y P S R R RR -1 0.5 0 0.5 1 -1 0.5 0 0.5 1
5.8 6 6.2 6.4 6.6 6 8 Ay A

Jhprtwnt mass (GeV/c?)
No evidence for large transverse or longitudinal polarizations

CMS Js=7TeV pp 36pb’
T T Ty Ty | G | v

12 ) 0
S RASEADS : Observation of
S | B ELEl g —ee  (Q) ] i
o 19 InelEl o ee : elastic e*e
E 8__ B Inel-lnel oy —e'e ] pI’OdUCtIOn
- ; .
e | arXiv:1209.1666 |
L 6 ’l

| " S RPN
% 20 40 60 80 100 120 140
Mie'e) [GeV]

October 1, 2012 CMS Highlights, LHC days in SPLIT




Electroweak Hi gh“ghts

[ | RR D B /N

Z— ¢4l decay _

8.9 o observation | Final state channels de 4y 2e2u | 40 |
> Irreducible background (pp — Zy* — 4f) O 04 016 0.08 | 0.3£0.03
% CMS Preliminary s=7TeV,L=47fb" Other reducible backgrounds 0.01 001 0.05|01+013
5 3 of [zzr-a Expected signal (pp — Z — 4f) 31 123 92 | 246422
Q N - Bz+x Total expected (MC) 32 125 93 | 25.0+22

£ * Data Observed events 2 1410 26
© ‘2 - | Rate from the fit of the observed mass distribution | 136 97 | 254 |
© .
% 8~ . SMP-12-009
S i It CMS Preliminary s=7TeV.L=4.7 "
o _ & e e Standard candle
- r S N X
4—_ E 10; —— 10XSM Higgs 129 ° H %ZZ% 4'
i = F * 10X more events
2_ - u "
; - * Current statistics
6l—
i 1 I 171 [ 0
ol et : +0.5% on m, scale
r SM Higgs(120) X 10

i PR Bt DI Bt w . e i
60 80 100 120 140 160

M, (GeV)
| Requiré;rlent | Quantity of interest | 4e 4u -2_82;4 | 4/ |
partial width, T'; (keV) 2.95 2.95 5.21 11.12
myp > 4 GeV | branching fractions, I'; /T4 1.18-107¢ 1.18-107® 2.09-107° | 445-10°°
relative fractions, f; = I';/Ty 0.2655 0.2655 0.4690
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* Dijet resonance search- highest mass event:
* Three distinct particle-flow jets
* 2 |owest p;jets combined by wide jet algorithm.

* Invariant mass of the two wide jets is 4.5 TeV = tai recorded: sat May 26 13:25.20 2012 cEST
Run/Event: 195016 / 425646417
Lumi section: 384

October 1, 2012 CMS Highlights, LHC days in SPLIT
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Higher +/s translates directly into higher
mass scales: Z', W', Black holes,
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Exotica: Search for Dark Matter
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= Use photon or jet ISR to tag production of DM particles
= Process very similar to that assumed in direct detection experiments
= Exceeds sensitivity of cryogenic searches for DM for spin-dependent DM couplings

= Adds sensitivity to light (M < 10 GeV) DM also for spin-independent couplings
(where direct searches are most sensitive due to coherent scattering ~A2)

M, [GeV/c?]
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= Publication
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Hegyr

B=7ToV,L=511b'

1500"'-;070'/.L_5 i/ . N eW

Events/ 1.5 GeV

gel
2
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2
2
=L
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[
=
w

= Shape- based analysis
= Stronger signal

500
GeV]

http://www.elsevier.com/locate/physletb
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% CMS vy Mass Distribution

= Sum of mass distributions for each event class, weighted by S/B
= Bisintegral of background model over a constant signal fraction interval

UCSB/CERN
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o Signal Strengths

CMS (s=7TeV,L=51f"' {s=8TeV,L=531fb"

UCSB/CERN

n-oeseer | |om Best-fit signal strength to
Mo .— combined data
R o
I B 1 | 2 —0.87+0.23
H—> WW - GSM
How|  —a—g] = Spin-parity
: s b . = Spin one ruled out by 2y decay
§ T T intom,, * Assuming S=0, one can use
g H->ZZ to distinguish between
2 parity states
=
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Characterization of the excess: mass
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= |ikelihood scan for mass and = Toreduce model dependence, allow for

free cross sections in three channels
and fit for the common mass:

M =125.3 + 0.4 (stat) + 0.5 (syst)

LHC ultimate precision:
<100 MeV

signal strength in three high
mass resolution channels

» results are self-consistent and
can be combined
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New H—=WW Shape-Based Analysis

_ g gy oM M W

» Discovery result was based on SF (ee, uw) and DF (eu) cut-based analysis

= Understanding of the SF background dominated by DY+MET is very non-trivial in
the presence of large PU

= Moving away from SF in the future (sensitivity is marginal)
» The shape-based DF analysis will be the basis of future updates
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= Major part of the Higgs program with 2012 data is
measurement of the couplings
= 15% measurement of the signal strength is possible, which

would allow for a confirmation of SM-like nature of the

observed particle or, conversely, that it's not a SM Higgs

CMS Projection
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Higgs:

= Established only the bosonic channels thus far

= Major focus now is the study of fermionic decays
Do they exist and are they consistent with the SM predictions?

CMS Projection, H—1t
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Study of parity in H->ZZ*

s 9 -~

. = Matrix element (MELA) P MELA= [1 + iéH?ZiZilZi]
¢ = for hypothesis discrimination

. " 3.10 by the end of the run (expectation = 1.60 for July 4th sample)
j * depends on assumed yield, ~40 with mean SM expectation

= SM expectation is higher than observed significance in this channel in CMS

» H->ZZ channel most promising for spin-o parity determination
* add H->WW and vv for spin-2 analysis
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_""l""l""l""l""l""l""l""_ 7T e rr rr T T T H—
E g 800:— _: 900E | | | r’l | | E
& £ 700F ﬁ SM, 0+ ' E g 800 D SM, 0+ | E
< — n n - 4
- @ . i - m 700} =
5.% g— 600 P L — - I ]
S wf PS, 0- . i eoof ||| PS,0- |J g
5 © 5001 | = O . ]
P % - i . D 5001 —
5 S 400 = o  f E
2 o) 00; H I ] © 400f J[ =
2 @ 300[ = = S 200l E
2 G =] : & 300|- -
3 200 | ‘H E 200} : =
N N ] - I L R
S 100 J L - 100 I I —
‘:h OELL i 1N Mn |-Lrh_|p"L..|_1_l_|Tj : EA il 1 1y 1 [: 1|-lln‘1n—L L1 [ 1 l\-lLLI_‘-T E
%) -40 -30 -20 -10 O 10 20 30 40 -80 -60 40 -20 0O _ 20
g s =-2xIn(L/L,) s 2o n /L2)




=z

UCSB/CERN

J. Incandela

October 1, 2012 CMS Highlights, LHC days in SPLIT

H->ZZ, WW, W

. . ——
" Follow-up simplified generator study N
= S.Bolognesi et al., arXiv:1208.4018
= WW feature: angle between decay planes
= vyy: production angle
scenario X — ZZ X — WW X — ~vy combined 4
01 vs bkg 7.1 4.5 5.2 9.9 2- .
0,, vs 0~ 4.1 1.1 0.0 4.2 o N T,
+ + -1 -0.5 0 0.5 1
0/ vs 2% 1.6 2.5 2.5 3.9 coao®
spin-2, m r spin-0, parity-odd,

» (Close to 40 separation possible
» for both odd parity and spin-2
= more scenarios are open...

35
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» Upgraded Pixel Detector

Less material, better radial
distribution

New ROC & extra layer recovers
tracking efficiency (and lowers fake
rate)

» Upgraded HCAL

Improve background rejection
Improve MET resolution

Improve Particle Flow via improved
S/N from new photodetectors

Identify depth of shower max
utilizing longitudinal segmentation
and timing

Upgrade
4 barrel layers

Current
3 barrel layers

15 14 13 17 11 0 9 8 7 6 5 4 3 2 1

\\\\m\\
N

Figure 3.1: Current proposed depth segmentation structure for the HB and HE calorimeters,

made possible by the use of SiPM photodetectors.
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» (Right) Improvementin b-tag 2 —— o= (a)
performance w/ new pixel detector, § b | o oo oo |
in ttbar eventsl as a function of E __________________ —— — — S—
pileup E

= (Below) Improvement in tracking @
efficiency (left) and tracking fake rate
(right) w/ new pixel detector, in ttbar
events, as a function of pileup
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H—ZZ -4l
Key channel

Sensitive to lepton
efficiency

H— bb, tT
Crucial to establishing
role in fermion masses

ZH — pubb requires
High muon ID efficiency
High b-tagging efficiency
Good dijet mass
resolution

H — Tt (including VBF)
Improved
= MET resolution
= Forward jet tagging
capability
* |dentification

1.7

Ratio Phase1/StdGeom

[N
]

1.65(—

=g
o a o

oow
w a s

Upgrade’s Imp

e o om

acton Hi

iggs Physics

Improved signal yield (relative to current detector):
shaded regions indicate cuts with biggest gains expected

CMS SLHC Simulation
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Conclusions

GENN RN B O R N S B N B § ey

CMS is running well

Lot’'s of physics results and many more to come!
= Full 20112+2012 data set should be interesting...

Much more study planned

= To understand potential for precision measurements of the new
boson

Lot’s to do for LS1 and upgrades



