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| Welcome to the inverse femtobarn era!

CMS Total Integrated Lum|n05|ty 2011 (Mar 14 09:00 - Oct 30 16:10 UTC)
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= All subdetector components
operation at the level > 98.5%

Cs, |

= Recorded 5.2 fb-1 of 5.7 fb-1 delivered
with > 90% data-taking efficiency

= More than factor of 100 improvement
over the 2010 statistics

= Max. inst. £ = 3.54 x 1033 cm—2s-!

» Data certification for physics analysis:
» 85% for all systems perfect

* 90% for muon analysis
(w/o calorimeters)

» Luminosity uncertainty is 4.5%

Excellent performance of the CMS
detector in 2011
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Challenges of high luminosity

- _w A Y | B u » "

O(10cm)

Event with-> 20 vertices

IJI H;{?H e = High multiplicity of interactions in a single
| 1 e collision of two proton bunches (pile-up)

H Number of vertices
i = Number of reconstructed vertices after

10s after the August Stop increased by factor 1.5
before (B* =1 m) « Fills start with ~15 pile-up interactions
YE (B*=1.5m) « CMS can deal with this: high granularity

Ijq

0 5 10 15 20 25 30 35
vertices

- relatively low occupancies

» Good tracker & vertexing performance: able to efficiently reconstruct vertices
separated in z by less than 1Tmm

» Triggers able to cope with this challenging data-taking conditions

» Offline algorithms subtract activity not coming from event primary vertex

 Protects performance of physics objects like jets, missing energy, and isolated leptons
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CMS CMS

Physics Results

The latest results are available here:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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CMS . . ] _ CMS
DESY-UHH contribution to physics analysis é
Analysis:
Multiparton interactions/UE
MC tuning

Forward energy flow, hard forward/central jets

Tools for analysis:
Drell-Yan and Zbb cross sections

DQM / data certification
Alignment

Btagging

Trigger development

Jet energy calibrations
HERAFitter development

Top-pair (differential) cross sections in
(I+jets, dileptons), all hadronic channels

Cross section ratio o(ttbar)/o(Z)

Simultaneous top mass and JES
measurement in I+jets

Top mass determination from cross section

SUSY searches in single photon,
all hadronic, single tau

SUSY searches in SS and OS dileptons,
single leptons with b-tag

SM and MSSM Higgs searches:
H(A)->tt->1l , bbH(A)->bbbb

Predictions based on HERAPDF,
PDF fits using CMS data
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From the Standard Model to the unknown

Cross sections for key Standard Model background processess

30000 W + jets 180 7~ [ 165 pb approx NNLO
25000 -~ | 1 28000 pb NLO wud 1
20000 10 v b+ X f!'cggs av\df
00 - (r=chamn) wialdowin
15000 - o 63 pb NLO here
tW W+W_
10000 - 60 - 106pb 43 pb
Z— 00 P P
40 -
5000 L
PR
0 - - 0 - EEEnm

Deep understanding of SM processes necessary to
investigate Higgs/New Physics processes
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cMs, !
Inclusive jet production rate
CMS L =34pb’ \s =7 TeV
S0t " e lyl<0.5 (x3125)
81010 o 0.5<lyl<1 (x625
S 10° = 1<lyl<1.5 (x125)
PP o 1.5=lyl<2 (x25)
> 10 + 2<lyl<2.5 (x5)
5 10 s 2.5<lyl<3
%106
5
310
% 10
10°
2
10°F __ NLOeNP
10 (PDF4LHC) \
1E [ Exp. uncertainty
107F Antik, R=05 v )Y
20 30 100 200 1000
PRL 107 (2011) 132001 p_ (GeV)

» Jets with pr up to 1100 GeV and [n| <3

» Good agreement, within uncertainties,
with NLO QCD predictions and up-to-date
PDFs in over 10 orders of magnitude!

| Jet cross-section measurement

Forward energy flow

Cs, |
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Pythia6 Tunes

-------- Herwig++ (UE7-1)
Pythia 8

DIPSY

------- CASCADE

QCD Dijets Vs=7 TeV (p,>20 GeV)

Hard dijets

i Pythia6 DT -no MPI ( || < 2.5 )

B

1.4
1.2)
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MC/Data
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3

3.5

arXiv:1110.0211

* Minimum bias and hard dijets at 0.9, 7 TeV
iNn3<|n| <5

» Sensitive to multiparton interaction modelling
= No model describes data at all energies
=» Valuable input for tuning of MC generators

M. Aldaya
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CMS

Test trilinear gauge couplings, indirect probe for NP,

Electroweak: diboson cross sections (1.1 fb-1)

CMS§

o QMS IPrleliminary 2011 \s=7TeV
35 [ B AL BRI T g
9 - Ldt=1.09f" ]
background for searches S wb WZos3hv <o ={w¢ts E
o L L I B 2 - Aj\4 ‘{_’ .
» First measurements § L e data top CMS preliminary 1 § 25t ( |=e,u ) WZ+Jets EIWZ=3lv E
] 8 60F  ww [lwzz L=t11f6' o A 5ok 3
of WZ, ZZ cross section o | Wz wes g Myitep
-~ 15
at7 TeV! é WW->212v B
S 40 | . :
= Use different leptonic (1=en) :
decay modes Mygilep % 70 80 90 100 110 120
. 20| m, (GeV)
e clean signature, but low BR ] N )
*; -+ | CMS Preliminary,\'s=7 TeV, 1.1 fb
N L L B B AL B L
» Main backgrounds are T ﬁh&#ﬂ ST . ]
! _ . > | My, DATA
estimated using data-driven © 0 100 10 20 G 6 " Bz-a
methods m, [GeV/c’] % 5r Pz +jets
= Consistent with SM predictions: o sl 7Z->4] -
. 5 (l=e,u,x) |
Candidates | Background o (pb) |SM pred (pb)
WW 626 ~202 553 +83 43.0+£2.0 1
WZ 75 ~8 17.0 + 28 19.8 £ 0.1 00 200 300 400 1500 600
ZZ 9 ~1 3815 6.4 £ 0.6 M, (GeV/cd)
CMS-PAS EWK-11-010
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v Summary of electroweak measurements
— —— CMS \/s
2 .l " at\s=7TeV I |
8 10° 36 pb” at Ns=7Te DESY: lumi. uncertainty: +4%
g Z—1Tt—>TT oxB(W) 0.99 + 0.01 gxp % 0.05 theo
e ¥ e Z->tT->u, oxB(W") 0.98 + 0.02 exp + 0.05 theo
- B o data GXB( W- ) 0.99+0.02 exp +0.05 theo
E 10° F 0 zZ-w JHEP 08 oxB(Z) 1.00 + 0.01 exp * 0.05 theo
c m zv : (2011) 117 oxB(Z = 1) 1,03+ 0.10 exp + 0.04 theo
> i B QCD 1 BBV i 1.12 £ 0.18 gxp + 0.08 theo
w oxB(Zy) — 0.97 £ 0.12 gxp % 0.04 theo
10 = oxB(WW ) 1.29 + 0.18 gxp + 0.00 theo
- . § B GXB( Wz ) [ E—— 0.86 +0.13 exp + 0.00 theo
i vields from fit oxB(Z2Z) . 0.59 +0.33 gyp + 0.0 theo
i i Sin°Oeft 0.99 £ 0.01gxp % 0.00 theo
T E DESY: Rwiz i 0.98 +0.02 exp % 0.0 theo
C ] RV\Ii— 0.99 + 0.01 exp +0.04 theo
C Z+b xsec paper o W+21-jet )/o( W) - 1.10 £0.17 gxp £ 0.00 theo
0 50 100 150 200 o WH22-jet Yo W) — 1.13 £ 0.21 gxp £ 0.00 theo
u-u Invariant Mass [GeV] o WH23-jet )/o(W) —_y 1.03 + 0.25 gxp + 0.00 theo
o WH24-jet Yo( W) o . 0.79 £ 0.34 exp % 0.00 theo
= E— g . o(Z+x1+jet )io(Z) — 1.00 + 0.16 gxp + 0.00 theo
-8_ E : ; o(Z+>2-jet )io(Z) —_—— 0.97 £ 0.20 exp % 0.00 theo
& - W : : N o(Z+>34et V(2 ) —— 0.82 £ 0.29 xp + 0.00 theo
10° : 5 : 7 L cMs 95%CL limit o(Z+>44et )/o(Z) , - 0.93 + 0.64 gyp % 0.00 theo
I} EE ' E Q CMS measurement (stat®s) I I
© ~ 5211 ‘_O_E theory prediction 0 1 2
O T .
- 10T 1] : : i
.5 3HE iy : | § Ratio (CMS/Theory)
3] T Wy S . -
) 103 E ' 2 -0 ' i ZY ' ' ' =
w = A o T ' : : ' =
= - 23 ; ; s i | -
8 - >4] ' —o—| WW H i 1 | -
2 . s : : - : : ' :
g 10F - T g ow - So far, very good agreement
c -f* T I S S G with predictions
5 10 | e . = Z
_g - EF' > 30 Gev | E{>10GeV ! : ) Ve 3
: In* <24 | AR(y)>0.7 | : |
e 1 : : : =
o = ) " | ' i
10'1-E§ 36 pb’ .36 pb’ g 1.1fb" 1.7 fb” E_
JHEP10(2011)132 PLB701(2011)535 CMS-PAS-EWK-11-010  CMS-PAS-HIG-11-015

CMS-PAS-EWK-10-012
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CMS

Pairwise production of top and
antitop via qg annihilation or
gluon fusion

s —{

Dominant process at LHC

Top quark physics

Production of single top quarks
via electroweak force

q t
W +
s-channel
q’ b
q' q
w t-channel
b A t
g b
y H t |

, t
tW-channel

CMS

Top quark decays into

b quark and W boson
I*, q
+ ~!
t W V, q
b

Event-classification
depending on W-decay:
- dilepton

- lepton+jets

- allhadronic

M. Aldaya
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CMS CMS§

Top-pair cross section measurements

Dilepton channel (1.14 fb-): 4—W\ ;J:prEtrzlerdletts also

= Update of published 2010 result with 36 pb-1 [ JHEP 07 (2011) 049 ] i ek

» Robust cut-and-count
experiment in the

CMS-PAS TOP-11-005
ee, uu, ue channels

L e s
® data

- CMS preliminary, 1.14 16" g%
ee, uu, eu channels Hw

: - W 2y (I=e,.u)_:
, 2
g™ | S
B M tt signal ]
= Data-driven estimates for Drell-Yan, !
W+jets, QCD backgrounds 1000 ~2'5Ktt3e‘fts
expected |
: c L R \ =2 jet
" Comblned Cross SeCtlon 108% precision 500 T > 1 ‘{)'tag

0 = 169.9 3.9 (stat.) = 16.3 (syst.) = 7.6 (lumi.)pb

(2010 result: o, = 168 + 18(stat) £ 14(syst) + 7(lumi) pb, 14% prec.) o 2 r : -
é 15 F . ‘%
Ma|n SYStematICS from b_tagglng (~5%)’ § 1 é_‘v ........................ + ........................ + ......... _%
lepton selection (~4%), pileup (~4%) 80'2 3 e

0 1 2 3 =4

Differential cross sections in JellEeEN and REHEEH coming up soon! brtagged jet mukiplicity
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Chis, | Chs, |

?‘ Top-pair cross section measurement %

All hadronic channel (1.09 fb-): CMS-PAS TOP-11-007
3 )

= Large branching ratio (~ 45%), } _ *VV_ t g

but suffers from large multijet background

= Selection: 2 6 high-p; jets, 2 b-tags

= Cross section from unbinned maximum _ CMS preliminary, 1.09 fo™ at \'s = 7 TeV
likelihood fit to reconstructed “§13° m e CMS data: 1620 events
top mass distribution 2160 P i cimulation

?,1 40 - QCD estimate from data
= QCD background shape from sideband 2.0 combined 1 and QCD
region in data (zero b-tag) = fo= 0.250%0.036

33% precision 100

o = 136 £ 20 (stat.) =40 (sys.) £ 8 (lumi.) pbjso

\‘\\\‘\\\‘III|\\\‘\\\‘\\\‘\\\‘\\\‘\

60
Main systematics from b-tagging (~16%),

jet energy scale (JES) (~14%), 40
background (~12%) 20

Paper coming up soon! | foo 150 200 250 300 350 400 450 500 550
m,,, (GeV/c?)
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CMS

CMS combined 2011:

8% precision

CMS§

Top-pair cross sections summary 2011 |

rCMS Preliminary,\]§=7 TeV (2010 results in backup)

o,; = 165.8 + 2.2(stat.) 4= 10.6(syst.) & 7.8(lumi.) pb

CMS combined 2010 (36 pb™):
UtE(CMS) = 158 =19 pb. 129 precision

» Measured cross sections in
agreement with each other
and with SM predictions

= All measurements are now
systematics limited by far

Start to become sensitive to
differences between various
approximations to NNLO theory !

166+ 2+11+ 8

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

CMS 2011 combination
TOP-11-024 (L=0.8-1.1/fb)

164+ 312+ 7

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

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

170+ 4+16+ 8

(val. + stat. + syst. + lum)

CMS dilepton (ee,uu,eu)
TOP-11-005 (L=1.1/fb)

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

1362040+ 8

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

[ c— J

149+24+26+ 9

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

CMS dilepton (urt)
TOP-11-006 (L=1.1/fb)

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

1 NLOQCD

I | I I |

50 100 150 200 250 300
oftt) (pb)
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H
H
3

» Select semileptonic ttbar events, requiring

Top quark mass in I+jets (36 pb-1)

CMS Preliminary, L = 36 pb™

% L —+- Data
1 isolated /e, = 4 jets S 60— M
o L M woly
= Kinematic fit to reconstruct top mass foreach £ | — bt
event and each jets combination g0 Qcp
o L
= Event I|!<eI|hood as a function of the top mass é : e+jets
hypothesis 2 L
= Joint likelihood fit over all events to extract top mass |
0 E A ol T 'Wo'nd'alvﬁrag'e' & °o_' | '107-' S0 a0 400 500 600
% 1.14;—:(;’2/I psbfr;“:];njgkv :::s: :;J;:i 3:2429\, —; Fitted Top Mass [GeV]
1:?: cometion=-067 | 3 = Cross check: simultaneous top mass and JES
ooE // measurement in p+jets:
1.06F- = e Template fit of the top mass and the
1.04F ) = jet energy scale (JES) using 3-jet and 2-jet
1,025 N\> = reconstructed mass, requiring
15 —— = 2-btagged jets
... « Consistent with main result
155 160 165 170 175mt [Ge\}?c CMS-PAS TOP-10-009
= Combined etjets & utjets: my = 173.1 & 2.1(stat)f§:§(syst) GeV. Main syst: JES (2.3 %)
: o — 2%
» Combined CMS result (with dilepton): | m; = 173.4 £+ 1.9(stat) + 2.7 (syst) GeV. pr:ec
M. Aldaya 15 LHC Forum, 13.12.11
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CMS . i CMS

!, t-tbar mass difference in ptjets (1.09 fb-1)

CMS Preliminary, 1.09 fo" at\'s = 7 TeV B

_I TT T | TTT7T I TTTT I TT 17T I UL I TT 17T l TTT7T I TTT - w_>}v
-] Wz
350 - i [ Single-Top

v

Test of CPT invariance: particle and
antiparticle must have the same mass

300 E - - ............... ........... + Data

20 deviation reported by CDF [pRL 106, 152001 201 2 F M u.__ﬂets

» Use utjets ttbar events (positive/negative u) 200

* 1 isolated high-pt u, = 4 jets

Nr. of events / 10 GeV

150 [ 5
100 e
sf 0 N T

» Mass reconstructed from hadronic t, tbar decay : o
00 100 200 300 400 500 600 700 800 900 1000

» Kinematic fit from the jet combination with lowest 2 WS Proliminay 1,095’ at\§ =7 ToV (g

S T T D T T O Ty
350F S Single-Top
300 gl | DM

= \World’s best measurement so far!

AmPeasured — 190 4 1.21 (stat) + 0.47 (syst) GeV

2501 :
2oof ......

= Still statistically limited

Nr. of events / 10 GeV

50F ets evts.

JES uncertainty largely cancelled 1oo;
in the mass difference s0f-

CMS-PAS TOP-11-019 00700 200 300 400 500 600 700 800 GO0 1000

Fitted Top Mass (GeV)
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CMS

» Extract the top quark mass, pole and msbar
mass, from the inclusive dilepton cross section:
 provides top quark mass value in an exact definition

e important cross-check, complementary to direct

top mass measurements

» Maximize a joint likelihood of measured and
predicted cross section to extract the top mass

~ 600

(pb

- CMS Preliminary, Vs=7 TeV, L=1.14 fb™

[0

© approx. NNLO x HERAPDF15NNLO
errors: scale variations x 68% CL PDF, , x ag(M,)
400 [ Langenfeld et al.
Ahrens et al.
200 |

- O Measured cross section
® Cross section corrected for m:’°'° (Langenfeld et al.)

Measured cross section dependence on m:"c

o 1 1 1 1 | 1 1 Il 1 | 1 1 Il 1 | 1 L 1 1 ‘ 1 1 1 Il
140 150 160 170 180 190

Top mass from cross section (1.14 fb-1) %

CMS Preliminary, Vs=7 TeV, L=1.14 fb™
Top quark pole mass from cross section

CMS (Prel., L=1.14 fb") approx. NNLO ® MSTW08NNLO

value * theo ® exp ot,(na
—170.3 *6-2+3.8

Langenfeld et al. + L g
Kidonakis + A g
Ahrens et al. + ®

—170.0 +6.6 +3.7

-5.3-4.0

-5.8-4.0

+6.843.3
1676 6136

ATLAS (Prel., L=35 pb"') approx. NNLO ® MSTWOSNNLO

Precision limitations:

Langenfeld et al. ° 166.4 t;g
Kidonakis ° 166.2 -t;g
Ahrens et al. ° 162.2 ".35
DO (L=5.3 fb™") approx. NNLO ® MSTWOSNNLO
Langenfeld et al. —_—— 167.5 +_i$
C M S_ PAS Kidonakis ————— 166.7 +-i§
TOP-11-008 Ahrens et al. — 163 +-i:i
Tevatron direct measurement (July 2011) -e- 1732 *:gg
Ly by b e
140 150 160 170 180 190
mole (GeV)

Good agreement between different calculations
Results consistent also with other experiments

 systematic uncertainty of the measurement

* PDF uncertainty + as uncertainty in the PDF

mP'® (GeV)
M. Aldaya
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CMS /| CMS/ |

Single top in tW mode (2.1 fb-1)

b W Mu

on |
p,=54.1GeV/c |
n=0.70

Test unitarity of CKM matrix (o o |V |?),
background for Higgs searches e

86.5 GeV/c?

= Good/bad news: looks like

Electron

ttbar; easy to observe, but much ¢ i W
ttbar background g

NNLO approx. c=15.6 £ 1.3 pb
» Select di|epton events with (Tevatron: 0.25 £ 0.03 pb) p,=55.3 Gev/c

CMS n=2.22

exclusively one b-tagged jet, Z veto, o
veto evts. with add. loose jets (tagged)

1200 CMS Preliminary,Js =7 TeV | data

) ) " 2.1fb", ee/ew/un LW
= Use two ttbar-enriched sidebands to 1000l =.za,m |

constrain ttbar contribution and
b-tagging efficiency (main syst uncert)

» Drell-Yan bg also determined from data

» Observed significance: 2.7 (1.80 expected)
» Observed cross section:

2217 (stat @ syst) pb

1jet1tag 2 jet1tag 2jet2tag

Signal ttbar control region

M. Aldaya 18 LHC Forum, 13.12.11




cMs, /| cMms, |

| Searches for Supersymmetry

» Potential discovery due to strong production
of squarks and gluinos:

 Large total energy and missing energy (MET)

e Long decay chains possible

» Topology-based searches,
not optimized for any particular model

» Generic MET signatures
e Categorized by number of leptons, photons or jets

» Look for excess production of these signatures wrt SM prediction

= No excess found? - set limits

M. Aldaya 19 LHC Forum, 13.12.11
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» Select events with large hadronic activity:

Hr:zmr‘

jets

MHrzz—pr

jets

= Search in 3 (H, MH;) regions

» Backgrounds from data-driven techniques:
Z->vv+jets, QCD, W+jets, ttbar

= Expect SUSY

CMS preliminary, L=1.1 fo™, \s =7 TeV
T I T T T T T T T T

LSP

Cs, |

CMS-PAS
SUS-11-004

CMS preliminary, L=1.1fb™", s =7 TeV

> T T T T T T E > 104 T T T - T T T ]
to show up in 8 ¢ Data Bkg. predicted from data: 8 ® Data Bkg. predicted from data: 3
. =4 3 B Zsvv+jets 1 3 BN Zvv+jets 1
hetaleoline 2 Vg, | e 12 TR T mdk
i i i i) ! —e/u+ 1 <
distributions Y3 —v 1e ]
So far, no excess 10 m E 10 .
07 .
of events -
1 V1 = 1 =
observed | , 3 _ :
2 1.5 » 7/ /::// Z / Z // 7 g 1.5 é_ ? o/ / %
D o /%%%W%%% ///// e = :
S 05 1 | 1 I 1 1 | |// 1//A/1//4 / “g ~E L 1 1 | ! I 1 7 ?Z L 3
S 500 1000 1500 S 200 400 600 800 1000
H, (GeV) MH (GeV)
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CMS

jets

4.

Xt

(=e/t w234 jets

\

LSP

» Exactly 1 isolated /e

Single Lepton + jets + E;™s (1.14 fb™")

CMS?

Paper coming up soon!

= large H;, large E Miss

L W+j & ttbar L w—SUSY example =
iet % nn _|- o CMS Simulation P % CMS Simulation P
Jets O3 g oo nmE=TTV g§ O350 \N5=7TeV g5
= o (a) . ~ H
23 i :"' 10-1§ = 300 104@
av -'-:l = 2« &% 250 %
. . . " T = =
= Main bg: W+jets, ttbar+jets / I L s
. . n :% 150 ‘é
e Single lepton (dominant): 2 CEI 103
— Exploit the fact that in W+jets events L — » i
.. STV Ty 4 S TR T e YT 10*
I and v have Slmllar pT SpeCtra 0 50 100 150 200 250 3];;):(232‘;!)00 0 50 100 150 200 250 Z;g;)(:gg‘;l)()o
— Use u spectrum to predict shape and E L‘
. . : 10°p CMS Preliminary
miss -
normalization of E = L1 N5 27 TeV
* Dilepton, lepton from t decays 2 Leoru,= 4 jets (40 GeV)
d; . .
2| g Tc_>ta| bg predlctlc?n .
i dilepton + t prediction
= E.miss distribution agrees well with prediction
No evidence of new physics i
CMS-PAS . b
SUS-11-015 100 200 300 400 500 600 700
E. [GeV]
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Limits on CMSSM

CMS Preliminary \s=7TeV, [Ldt=11fb"
(f\ 700 THi—T I l | I' ] 1 I I I I I 1 1 I l I 1 1 a
o ﬁ — 2011 Limits B CDF 3.7, tang=5, uco0-
> 500/ -+-.2010 Limits DO 3,3, tanp=3,u<0
S F  tap=10,A =0, >0 [ LeP2 %] 1
N - — LEP2 T -
= 500 —
= c Jets+MHT .
B .
- Razor (0.8 fb™)
400 7 (1000)GevV]
B ’
- ’
E --------- _
300 » |
............. g ev
...... . ."-.-".t..,_.
MultisLepton s 7" =sxeee, | \
200 / 1210 B S UIUULCL L I
""" TTU U ee§4800)Gev ]
0 200 400 600 800 1000
2
m, (GeV/c?)

Within the constrained SUSY models we have crossed the boundary
of disfavouring gluinos and squarks with masses up to 1 TeV
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Searches for the SM Higgs

£ q q 17 ¢ '

-- H -- H -- H
g q q L !
Gluon Fusion Vector-Boson Fusion Higgs-strahlung Assoc. Prod. (ttH)

... and decay

nggs boson prOdUCtion' .- E 1 0 - https://twiki.cern.ch,‘twiki‘/bin.fview/LHCPh'ysics.'Crosss.iections ' §
T T T T T T T T % .9'- E \ s = 7TeV E
\s=7TevV 78 C - .
1%

3 g X 1 3 WW - Fvgg E
15 b - ]
_ BYaN WW — (Vi N
3 10 g .‘ - S
€ & N

- .' ZZ - I'lqq
= 1 0—2 = ‘\ Z2Z - I'Iw E
- _ H— 1"t N d

27 NN
10° 3
: . WS \BFMott |I=e,n d
| I 1 I ! ! L1 : H— F'vbp A V= Ve’vu’vt 1
100 200 300 400 500 100( ZH— IMbb| \ .\ /' q = udscb -

MH [GeV] 1 0-4 L 1 1 '
100 200 300 400 500

M, [GeV]
M. Aldaya 23 LHC Forum, 13.12.11



CMs, CMs,
| Hot from the press !! |

~ CMS Preliminary,\s =7TeV | —a— Opserved
Comblned, Lint = 4.6'4.7 fb‘1 - Expectedi 1o

Using full 2011 statistics:

» The SM Higgs boson is
disfavoured at 95% C.L.:

—
o

[127 - 600] GeV

» The expected exclusion in
the absence of a signal is

[117 - 543] GeV

—

95% CL limit on /6,

| CMS Preliminary,\'s = 7 TeV
Combined, L =4.6-4.7 fb’

—_
o

—

(&)

. L T T T T
100 200 300 400 500 600
Higgs boson mass (GeV/c?)

Modest, broad excess between
115 and 127 GeV,
visible in 5 channels

95% CL limit on o/c,,

.

Significance < 20

I | PR PRI A

-1 ‘ . .
10410 115 120 125 130 135 140 145 150 155 160  More statistics needed !

—I:hggs_tmsnn_mass_(_Gﬂ//c?\
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CMS. | CMS/ |

| Summary

» The LHC is performing very well

e Entered the 1/fb era and accumulating data fast

= The CMS detector is in excellent shape

e Operation, performance, detector understanding, analysis tools

= CMS has completed a comprehensive set of SM measurements at 7 TeV
« Some have already reached impressive levels of precision

= So far, good agreement with SM predictions

= SUSY searches with sensitivity to squark/gluino masses
in the range 0.5 -1 TeV

» Higgs prospects very promising for 2012

 SM Higgs will either be discovered or ruled out soon

More exciting results to come in 2012, stay tuned !
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CMS CMS§

Additional information
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CMS

CMS

LHC in 201 1

LHC 2011 RUN (3. 5 TeV/beam)

2011 Luminosity Production o ATLAS ‘1
o E 35 & CMS B
] L . O LHCb Reduce &,
- L T O ALICE increase N
£ 5000 — {3 «" 30 HPRELIMINARY
Latest fill included: 2207 |
e C £
IS 4000 - Proton-Proton \f_ 7 TeV o 25F . 50 ns -
E] - - . U increase a
- [ All Experiments: LDGI 12.517 fb — ber b h
g = E 50 | Number bunches . increase N
S 3000 ‘w
o)) - o
3 C £ 15} .
£ - £
2000 | 3
- L 10 - -
- © (o]
- o 13 RS
1000 75 ns o 8
- B o
0 26/03 25/04 25/05 24/06 24/07 23/08 22/09 22/10 0 Mar Apr May jun Jul  Aug Sep Oct
Month in 2011
. Improvements in 2011:
= Around 5.5 fb"! delivered to ATLAS & CMS P

= Peak luminosity increased from
1.2 x 1033 to 3.7 x 1033 cm2 s

= Record weekly luminosity of 550 pb-1

= Collected per (good) day more data
than 4 x entire 2010 run

* 50 ns bunch spacing (started with 75 ns)

 Increase bunch charge up to
N = 1.45 x 10" protons per bunch

* Increase focusing to f*=1m
* Reduction of emmittance g, to ~ 2um

 Max. number of bunches = 1380 at 50 ns

M. Aldaya
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CMS

A slice of CMS

Silicon tracker:

EM Calorimeter (lead tungstate crystals):
o(E)/E ~ 3%/V(E) [GeV] ® 0.3%

o(pp)/pr~15%at 1 TeV |/
Silicon pixel detector: | / |

S

Hadron calorimeter (brass + scintillator):
o(E7)/Er ~ 100%/~ (E;) [GeV] ® 5%

~20um hit resolution /

Muon
Electron

Charged Hagiron (e.g. Pion)
— = — - Neutral Hadron (e.g. Neutrgn)
°°°°° Photon

Electromagnetic
Calorimeter

Hadron
Calorimeter

Transverse slice
through CMS

JINST3:508004 (2008)

Im

Superconducting

Solenoid

am 5m 6m 7m

==—\—====
===

I

Muon system (drift tubes
resistive plate chambers,
cathode strip chambers):
o(pp)/pr < 1% at 100 GeV
o(pp)/pr < 10% at 1 TeV

Wy 2008

s
D Bamey, CE

M. Aldaya
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JES, JER, MET

CMS, L = 36 pb™ Vs =7TeV

?10 T T T T TTTr] T T ||||||| 9 2s—lillllIll]llIlIl]lIlllll]l]ll[lilllll[l-
o ETotal uncertainty 8 [ — type2 caloE, (Data) ]
> —MPF method ~ [ — type2 calof, (MC) ]
c —Photon scale w 20 —t— tcf, (Data) .
] - Extrapolation 3 - —— tcf. (MC) i
; ~ = Offset (2010) s T J = ]
3 ~Residuals 8 i PIE; (Data) -
5 - Jet flavor s 50 PfE; (MC) -
) ¥ b i
S Anti-k; R=0.5 PF N ]
(0] 10— —]
2 - ]
= - -
o L ]
2] 5 —]
< : Z CMS Vs =7Tev ’
20 100 200 1000 ) PP IUTT UUET U IRT I |
P, (GeV) Calibrated pf=E, (GeV)
Jet energy scale known to few % Missing energy resolution
Jet resolution 10-15% improvement with Particle

Flow
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CMS /|

p Detector is sufficiently granular to
reconstruct and identify individual
particles using best combination of
all subdetector information

p “Particle flow” technique

P Redundant information gives better
calibration, resolution, etc.

) Jet energies, missing energies
computed from individual particles

p Leads to relatively small
corrections and thus small
uncertainties on jet-energy scale
(JES), good resolution on jet and
missing energy.

Precise object reconstruction

HCAL

Clusters

ECAL
Clusters

Tracks
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CMS /|

| Electroweak: access to proton PDFs

W->uv charge asymmetry: cns-PAS EWK-11-005

= More W* than W- due to excess of u quarks
over valence d quarks in pp collisions

= Asymmetry = f(n), since u carries higher

fraction of proton momentum

A(1)

_do/dy(Wt = £tv) —do/dy(W™

— 0V
— 07

)

= In terms of valence quarks:

Illﬂv - dfv

A =

~ do/dn(Wt — £+v) +do/dy(W-

uv _|_ d’U + 2usea

= Very sensitive to PDFs

)

CMS preliminary 234 pb™ at \'s =7 TeV
I T 1 T 1 I T T T 1 I T T 1

Cs, |

0.3 7
> —
2 “> 25 GeV ]
- & e "
3 e o
< 0.0 mW— uv /6
% ‘4,'
« & - MCFM:
O g HERAPDF1.5 (prel.) |
S [.....- -~ MSTW2008NLO ]
0.1 B
I 1 | 1 | I | 1 1 | I | 1 |
0 1 2

Muon Pseudorapidity Il

Precision of the measurement good enough
to provide new input to the PDF global fits

M. Aldaya
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p. W lepton charge asymmetry @

Wt —w-
W lepton asymmetry: 4, =
W+ 4+ W-
CMS preliminary 234 pb’' at \'s =7 TeV
I T T T T T T T T T I T T T
0.3
do - -
2 . - d:;H ~ u(xy)d(xs) + d(xy)u(xs)
o ‘> 25 GeV “ i |
= P TN
> e ) Vo x d(x)a(ze) + z)d(z2)
< mW- uv < d:
— U\ - 4 Yy
o 0.2+ A j' 1
> P o | _
2 & .-~ MCFM: in terms of valence quarks:
QC’ ’_.,rf'_.—' HERAPDF1.5 (prel.) |
S ... ---- MSTW2008NLO ] A Uy — dy
—— CT10W E W =

= 01 i Uy + dy + 2Ugeq

T S Ay, sensitive to u and d quarks

Muon Pseudorapidity |

Differences in predictions are related to not well known valence
quarks at low x » LHC data help to constrain PDFs
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CMS

HERAFitter project

HERAFitter: a set of PDF fitting tools jointly developed by the H1 and
ZEUS collaborations for determination of the parton density functions

HERAFitter M|l Go | hosted by CEDAR HepForge
HERAFitter
e Home
e Subversion HERAFitter is a set of PDF fitting tools jointly developed by the H1 and ZEUS collaborations for
determination of the parton density functions. The HERAFitter codes were used to obtain the
o Tracker HERAPDF sets.
o Wiki

The current distribution contains a BETA-version of the first code released within the HERAFitter
package, the H1FITTER program.

Out of the box:
- H1Fitter produces the central fit for HERAPDF1.0

- DY and jet packages can be used to fit pp, ppbar data

- Can be used to study the direct impact of CMS data (jet, DY,
W asymmetry, top) with minimal necessary input from HERA

HERAFitter package available online at http://projects.hepforge.org/herafitter/
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CMS

Top-pair cross section comparison 2010-2011

2010 Results 2011 Results
CMS Preliminary \'s=7 TeV

value + stat. + syst. £+ lum. error
(luminosity)

CMS combined (prel.) ‘ b

CMS Preliminary,\'s=7 TeV

158+10i}§ + 6 CMS 2011 combination 66+ 2+11= 8
TOP-11-001 (uncz cor. £ lum.) (36 pb™") TOP-11-024 (L=0.8-1.1/fb) (val. + stat. + syst. + lumi.)
CMS |+jets+btag (prel.) 150+ 9+ 1; + 6 CMS e/u+jets+btag 164+ 3+12+ 7
TOP-10-003 (36 pb ) TOP-11-003 (L=0.8-1.1/fb) (val. + stat. + syst. + lumi.)

(Y ? .
CMS dilepton (prel.) 3] 16818+ 14 + 7 CMS dilepton (ee uu,eu) 170+ 42162 8
TOP-10-005 g (36 pb'1) TOP-11-005 (L=1.1/fb) (val. + stat. + syst. + lum)
-l
4
4 N K °
CMS I+jets (prel.) % 173+ 14 + gg L7 CMS all-hadronic 136 + 20 + 40 = 8
= P TOP-11-007 (L=1.1/fb) (val. + stat. + syst. + lumi.)
TOP-10-002 & (36 pb™)
<
) — 15 CMS dilepton (ut) 149+24+26+ 9
ATLAS combined (prel.) 180+ 9+ 15 t 6 TOP-11-006 (L=1.1/fb) (val. + stat. + syst. + lumi.)
ATLAS-CONF-2011-040 (35pb™) )
[ Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009 @ Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
MSTW2008(N)NLO PDF, scale® PDF(90% C.L.) unc. l:':, QE%'%‘CBNLO QCD, Ahrena et al., JHEP 1009 (2010) 097
| I | | | | | 1 | |
0 50 100 150 200 250 30C 0 50 100 150 200 250 300

Top Pair Production Cross Section [pb] o(tf) (pb)

Cross sectlon ratio 7(pp =tV = 0.175 £ 0.018 (stat.) & 0.015 (syst.)

ttbar/Z (36 pb'1) U(Pp —Z/7 — e+e_/}l+}l_)
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Top mass from cross section

665
DESY
PN

CMS Preliminary, Vs=7 TeV, L=1.14 fb™
Top quark MS mass from cross section
Approx' NNLO X MSTWOSNNLO erIe / Gev m}\’is / GeV CMS (Prel., L=1.14 fb™") approx. NNLO ® MSTWO0SNNLO value £ theo ® exp * o (m,)
Langenfeld et al. [7] 170.3773 163.175% 457437
9% 6.1 Langenfeld et al. - 1631 4 8.37
Kidonakis [8] 170.07%9 - oo
Ahrens et al. [9] 1676776 | 159.8173 Avensetal, e 199%.62-27
DO (L=5.3 fb") approx. NNLO ® MSTWO8SNNLO
Langenfeld et al. —_— 160.0 +44 :
OIE W Ahrensetal. ———&—— 1545+: :
Approx. NNLO x HERAPDFISNNLO mP / GeV | m™> / GeV
Langenfeld et al. [7] 171.7188 164.37%7
Ahrens et al. [9] 1691+g; 1610-2*13 I R N R
140 150 160 170 180 190
m"® (GeV)
> E)MS Prellmlnary |1'1'4ft|)' _atl\ls” |7|Teyl S
@ ,o3 [ Langenfeldetal. (170.347.3-6.7 GeV) ]
3 - I Kidonakis (170.0 +7.6 -7.1 GeV) 3
E 0.025(— [ Ahrens et al. (167.7 +7.6 -7.1 GeV) —
. . . . 8 oo =
CMS direct (dilepton & |+jets combined) < - .
0.015F =
my = 173.4 £ 1.9(stat) £ 2.7(syst) GeV] ok E
2% prec. 0.005)- £
f50 155 160 165 170 175 180 'ﬁaé' 190
ole G V
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CMS

‘Conpac e sl

ttbar charge asymmetry in I+jets (1.09 fb-")

May indicate BSM top production interfering with SM production TevatronA top

anti-top

= Tevatron (p-pbar collider): Valence (anti)quarks from certain direction
- Forward-backward asymmetry

CDF: 30 excess in Agg for my, .. > 450 GeV n’
" LHC llider): gg symmetric > SM asymmetries more diluted LHC sap
(p'p Colli er)- gg sy y anti-top
* No valence antiquarks, quarks have higher x on average
> Asymmetry in (pseudo)rapidity —s————) |1_4C _ N"— N~
Nt 4+ N— n’
== 04ECMS Preliminary | | L pam | 3 == 045CCMS Preliminary | L pws | 3
— 0350109 fb'at\s =7 TeV A4S NLO prediction  § +._ = 1.09 fb'at\s = 7 TeV &% NLO prediction 3
£ T EAL=-0.016+0.030 12 045a- 0012400265 1 2v— 2 2 7
E 0.3;—|+jets A |Tlt|=‘ IM¢ | = Mtparl E ; 0.35 1 +jets (Y\ )= ¥t* = Yivar E .
b 025 | g os: ; = Af(theory)= 1.3 %
" 0.25— _E é 0255 E A% (theory)= 0.6 %
0151 i= %% E
E - 015 —
01F | 0.15 E T
0.05F - = E .
e Consistent
ez 0 ?ml-lntf oS0 z(yt-yi)%yﬁyj with SM
Observable Raw Ac BG-subtracted Ac | Unfolded (and corrected) Ac / CMIS.PAS
Aln| —0.004 £0.009  —0.009 +0.010 —0.016 = 0.0307 9070 | Topi1014
A(y?) —0.004 £0.009  —0.007 £ 0.010 —0.013 + 0.026 5028
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CMS
: SUSY with photon(s) (1. 14 fb'1) - é
» General Gauge Mediated SUSY breaking (GGM): g maf_ 1i CMS Preliminary \& =7 T, det e
E = + Jet Requiremen E
e LSP is Gravitino (LSP) P ol s J e andidate Sample ]
= = [ Total Background Uncertainty 5
« Decay chain depends on the Neutralino NLSP, o =] Floctroweak s
mixture of Bino, Wino, Higgsino g\ e N
- Signatures with photons + E;Miss . / g 12 ‘ Signal regia
e o ’
= Topology 1: 3 10" | =
« > 2 isolated y 102
e >1 jet bk
e E miss 120
T Er [GeV]
n I_IJIII1>I=3etsIII
€ 10° " oue -
= Topology 2: <l>J - Ldt =1.14fb I +/QcD (from data)
: LLI . e_—» y (from data? =
* 1 isolated y S 1g? Y, = 3j o .
e« >3 jets qh) —— Signal(750/1000/375) E
_ o) 102 Si | —— Signal(1450/700/225) -
° ETmlss E - gna reglon
5 > 10;
= Data-driven backgrounds: -
« QCD dominant CMS-PAS .
« W->ev+jets, with e misidentified as vy sUs-11-009  °|
_0...?||.T..|. N B IR BT
So far, no excess of events observed 200 400 600 800 1000
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CMS CMS

H/¢->tt->pu (1.1 fb1)

= Require 2 OS muons, E miss

» Separate jet categories to exploit characteristics
of production mode:

* SM: 2 jets (VBF) or not
e MSSM: at most 1 b-jet or at most 1 jet (untagged)

= Likelihood fit to m__ visible mass distribution

Channels used: T, T, +T,T+7,T,+7,T,

.
-
S

VBF No-btag CMS Preliminary 2011 1.1 16"  for EPS’11
> L R LA LA L A > L A L L L K ]
[} 12k CMS Preliminary 1 @ CMS Preliminary </ .
o F 1.1 b \s=7 TeV 1 O 40¢ 1.1 b \s=7 TeV
8 1,T,-channel g 1,T,-channel
-~ ~ —e— Observed
3 - —e— Observed 2 ‘]03 ------ 0—>TT m,=120 ,tanB=20
o To) T I (100H-1, me=120]| S CJ Z-pp
> E CazZ-up i > CJzon A A
w i Cazor w 102 t+QCD = L+ /" 95% CL excluded regions

(I ‘g ~/"[C] CMS observed

MSSM

------ +10 theory

........... CMS exmc‘ed

W Do 7.3 fb!

. I LEP

""’ -------- —— CMS 2010 observed
T e CMS 2010 expected

MSSM m[™* scenario, M =1TeV

MR 4 L] Susy
0 100 200 300 400 0 100 200 300 400 000 150 200 250 300 350
m,,, [GeV] m,,, [GeV] m, [GeV]

10 % ... 4  _F ¥ =

SM Higgs

400 450 500

No evidence of any signal is observed CMS-PAS HIG-11-009
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= *MS Preliminarv. Ws = 7 TeV | Expected mits
bw 102 : CMS If’rellmlnary. \s=7 TtiV ........ e
= - Combined, L. =4.6-4.7fb H- bb (47107
b - . T [ e : .t (‘.:57:’)
S ........ H— aw (46 fb>)
-------- HsZZ -4 (471"
-‘é‘ -------- HsZZ 22t (uém"))
-------- Ha2ZZ -2 4611

— 10 H+2Z 2 g\q t‘ 6m" |
O ------------------------- ,----"'.-.
2 T ——— —+ /
m I—- » .
c’ .r“.",' it N .

| et i

e ) R A Lraaans —
.'~ ' . --: _____ ‘“..c\ .....................
'.v-..".. et e
|
i.m"" i i
100 200 300 400 500 600

Higgs boson mass (GeV/c?)

| CMS Preliminary, \'s = 7 TeV | Expeciedfimits
02 reliminary, \'s = 91 ........ COm&m e
¢ ° - . . M (4. ')
: Combined, L =4.6-4.7fb" | Hes 1t (4.6 1)
H-yy (4.7 1o )
........ H- WW 46"
-------- Hs2Z -4 471"
........ H2Z 2212 (46"
10&
S~ e Se— S—— " (| " W
:_' ... .... ¢ CTPIONUNNN SRR T
E.-‘..".'.-...::'---4;.'.. .........................
1 poece,,,. T -
g -...............--.,;;‘
» 1:.:.-.':""«

| | ] . 1
110 115 120 125 130 135 140 145 150 155 160
Higgs boson mass (GeV/c?)

Very close or better than 1xSM in the full mass range.
Optimization of some analyses still ongoing.
Additional sub-channels under study.
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Hot from the press !!

gArSrETTmegy, \s = 7 TeV —— Observed
(e yrs e
10 |== Expected = 20

_ CMS Preliminary, \s =7 TeV —— Observed
Combined, L_=46-4.7 0" BB Epected: 10

OGS =71V o oo ||
o v Expected + 26 -

—
o
T

—
-

Asymptotic 95% CL limit on o/c,,
Asymptotic 95% CL limit on o/c,,
Asymptotic 95% CL limit on o/o,,

1040 115 120 125 130 135 140 145 150 155 160 10 115 120 125 130 135 140 145 110 M5 120 125 130 135 140 145 130

Higgs boson mass (GeV/c?) Higgs boson mass (GeV/c?) Higgs boson mass (GeV/c?)

We cannot exclude the presence of the SM Higgs boson below 127GeV because
of a modest excess of events interesting the region between 115 and 127 GeV

The excess at low mass is produced by a broad excess driven by the low resolution
channels (H2tt, H2ZWW, H2bb, center), modulated by the localized excesses seen
by the high resolution channels (H2yy and H2ZZ, right)
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LHC SM Higgs combination (1-2.3 b

b(% ~ ATLAS + CMS Preliminary, \'s = 7 TeV |—=— Observed
B Lyp, = 1.0-2.3 fb /experiment = Expectedt 1o HCP2011
c 10 HiE SN ITITANN \\\\ \ \\\\\\\\j ....... Expected+ 26
o == S S | 3 LeP excluded
£ . - Qi “‘;‘\‘ﬁ‘ i\\\s ?\\\\ i\\\\iii \\l\\\\ [111Y] Tevatron excluded
= S SN 1111 RN - [ LHC excluded
(—_l) \\Q\i\\;\\§ il \<\ \\<\ Y
o W N
- )R
P = o TR AR NN T | i e— — —
:2 \ \ \\\\\\\ \\\\ \\\\\ \\§
£ MMM
10 -1 .2 .\nmﬂ“\xx I \ \

100 200 300 400 500 600
Higgs boson mass (GeV/c?)

Observed disfavoured mass range at 95% CL: 141-476 GeV
Observed disfavoured at 99% CL: 146-443 GeV
except 3 small regions between 220-320 GeV
Expected disfavoured mass range at 95% CL: 124 — 520 GeV
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