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Outline

CMS presented many SM results with 7TeV data at ICHEP
Few updates with more recent data also covered here

e Soft QCD and Underlying Event
e Jet Physics

e J/PsiandY cross sections

* b cross section

e W and Z production

e Top Quarks
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Charged Hadron Spectra

QCD-09-010 and QCD-10-006
e First CMS publications !

e Charge particle density and <Pt> for sqrt(s)=0.9, 2.36 and 7 TeV
O Three methods: Pixel hit counting, PX tracklets, full tracking, Pt>=100 MeV
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dN/dEta|,,-o = 5.78+/-0.01(stat)+/-0.23(syst.)
at 7TeV for NSD events (higher than most predictions)
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e Measurement at 0.9, 2.36 and 7 TeV for Pt>100MeV (extrapolated
to zero)
O 900GeV data consistent with previous experiments
O 7TeV data higher than extrapolations from lower energies
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e Comparison with models e Violation of KNO scaling
O All (incl. those descrining lower confirmed
energy data) have problems to 0 KNO: normalized multiplicity
reproduce energy dependence moments Cq=<n’g>/<n>"q
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Underlying Event at 0.9 and 7 TeV
QCD-10-001 and QCD-10-010 ﬂ(IT

f Technology

-150 -100 -50 0 50 100 150
_ Ad [degrees]
None of the tunes can describe all features of data

To study UE, look in particular at transverse region ...

e Average charged particle e Average Sum[Pt(ch)] per unit
multiplicity N(ch) vs eta area
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Underlying Event at 7 TeV

QCD-10-010

e Strongincrease in transverse region with Pt(jet), followed by
shallow rise
O Average N(ch) vs Pt(leading track-jet)
O Average Sum(Pt,ch) vs Pt(leading track-jet)
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Underlying Event

QCD-10-001 and QCD-10-005

 Energy dependence not well e QCD-10-005: New approach

described by models which (Cacciari, Salam, Sapeta)
are consistent with Tevatron 0 Median of jet Pt / jet area
. T
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Need for new Tune, better consistent with our data
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New Phythia 6 Tune Z1 (Rick Field) ﬂ(IT

f Technology

e Native Pythia 6.4 tune

O Pt ordered showers, new MPI model

O previous tunes (e.g. D6T, DW) were obtained using Q2 ordered
showers

e Similar to ATLAS tune AMBT1, but
O Using CTEQ5SL instead of LO*

O Varied PARP(82) and PARP(90) [MPI parameters] to best fit
CMS UE data at 0.9 and 7 TeV

e However, slightly overestimates CDF 1.96 TeV data
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"Transverse"” Charged Particle Density: dN/dnd¢

"Transverse” Charged Particle Density: dNIdndq:I

Charged PTsum Density (GeV/c)
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* Interesting Excess of
events with large
transverse multiplicity /
Sum(Pt) at low scales

Next steps:

*Tune Z2 (use CTEQ®6) — used as basis
for next big MC production

*Corrected UE data for use outside
CMS /in global fits
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Inclusive Jet Cross section

QCD-10-011

e |=60nb-1, measure cross section in various rapidity bins
for Pt=18 ... O(500) GeV, using three jet types

O Calorimeter only, Jet-plus-tracks, particle flow

* Good agreement between methods, and with NLO QCD

O NLOJET++
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Inclusive Jet Cross section

QCD-10-011

CMS preliminary, Gl] nb1 Ns=7TeV
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e R3/2 measured vs HT for HT
up to 1TeV

CMS Preliminary
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O Sensitivity to alpha-s in plateau 1.2

regime 1

' "1"'1"'r"'l"'r"'r'"r"Jr"1"'1"'1

e Consistent with PYTHIA and
MADGRAPH within present
uncertainties (dominated by
stat.) 0.2

o
o
IIILIIILIIIIIIIIIIIJ-III_‘

i NP | s i
s \ s s .
: . | i i
H ~ H

S

e Future: use to extract alpha-s
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e 7TeV data, 80nb-1
e Event shapes not affected Central transverse thrust ~ Central thrust minor
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QCD-10-015

e Dijets, Pt>30GeV, |y|<1.1_| & F revs=7Tev
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b-cross section with muons
S BPH-10-007
(

c(pp = b+ X — u+X,p| >6GeV, |y <21)

Cross section from template fits to Pt-rel(mu) distributions

(a) CMS Pnallmln:ar{q.il (b) CMS Prellmlnary
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Data above MC@NLO calculation
Also different rapidity shape ovserved
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BPH-10-009

e Use secondary vertex b- g‘ k:
tagger (>= 3 tracks) E

e Sample purity from MC b- 2"
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Good agreement with PYTHIA for Pt>30 GeV
MC@NLO describes overall fraction of b-jets, but with significant
differences in shape
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Di-Muon Mass Spectrum ﬂ(“-
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Events [ (0.06 mm)

Inclusive measurement:

BR(J/ — u"u~)-o(pp — J/p+X) =
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Prompt and non-prompt
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c 10k —e— CMS data _:
e
m Prompt
o
[ U3 14<|y|<24—§
o ]
E r ]
B L 1
C10E s=7Tev =
[ L=100nb"
102F CMS Preliminary
Lo v b v v by v b v v b v by 0 T
0 5 10 15 20 25 30
p;" (GeVic)

f Technology

Fraction of J/Psi’'s from B-hadrons
agrees well with other Expt’s

e I e
w = @0
|

fraction of J/y from B-hadrons
(=]
by

0.1

] LHC
7 Preliminary

« CMS 100 nb”’
= CMS 100 nb"
¥ LHCb 14.2nb"
4+ ATLAS 17.5nb"

\s =

14<|y|<2.4

Iyl <1.4
25<y<4.0
lyl < 2.25

7 TeV

« CDF ys=
PRD 71 (2005) 032001

1.96 TeV |y| < 0.6

2 4 6 & 10 12

— T T T T T T T T T T T [ T T T T [ T T T T 1
§102 s — B Jiy,FONLL 4
R —— CASCADE
3 f —— PYTHIA
£ 10 —— CMS data E
& f b-decay
¥

li: Q < <247

: 14<ly, | <243
3 - .
B107E 3

F\s=7TeV
o2k L=100 nb”
g CI‘.‘!S pre!iminalry |
0 5 10 15 20 25 30
pV¥ (GeVic)
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Y(15),Y(25),Y(35) (BPH-10-003) R[4 ]|

f Technology

* Inclusive Y(1S) cross i e Proiminary 2-8;:;_‘;’

section at 7 TeV ; 0= 101 MeVie
o(pp — Y(15)X) - B(Y(1S) — p'p~) =
(8.3 £ (0.5)stat. = (0.9)1umi. = (1.0)syst. ) nb ok

_I 111 | 1111 | 1111 | T | T | T | | T | 111 1
oﬂ 8.5 9 9.5 10 10.5 1 11.5 12
p'u- mass (GeVic?)

* Ratio R=[Y(25)+Y(35)]/Y(1S)  3*: o
R = 0.44 % 0.06 £ 0.07 : | — casonor
g 1_ e

o
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W/Z to muons (EWK-10-002) ﬂ(“-

f Technology

e W selection & signal extraction ¢ Zselection & signal extract.

O lIsolated muon, Pt>20 GeV, O Looser ID for 2"d muon
|eta|<2.1, PF or TC MET 0 Low background: N(Z) from
0 N(W) from template fit to MT cut & count
distribution (DD for QCD)
CMS preliminary 2010 s=7TeV CMS prelnmmary 2010 \s =7 TeV
>40 R B B B B B % 'Hl'-ldalt; """ IR RS
-+ dat = S B = A
8 D;:w IL dt=11pb" 2120__ Hzonn IL dt=1.1pb"
(o] ~ i
Yol mem 1 Zo -
= @ T
g 2 801 ]
L4b] S) B
S & 60 ]
2 e I
£ 2 401 | ]
3 L | 4
c L i
20F -
] [ L ]
T % T O A RTENE 1L Iy o X TP
0 20 40 60 80 100 120 60 70 80 90 100 110 120
M; [GeV] M(u" 1) [GeV]
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W/Z to electrons

e Electron

O Et>20 GeV, |eta|<2.5, isolated, conversion veto

e Signal extraction

O similar to muon channel

AN{]]

uhe Insti of Technology

~ 1 J,CHS, Frahrrl'nnary: ?91,']' —_—— ?|='T T?V _CMS preliminary 2010 _ I\EI: 7 TeV
L % I | =
- -1 B _|
2 .[L dt=1099 nb o i _[L dt=1.1 pb" —+ Data .
O 10° —e—Data - N 10°E [Clz—ee 3
| ] — F B aco -
Lo W ey C [N Electroweak |
- B EWK .Eg i B -
B oco —
*2 102 o 10E E
: 5 :
) bS] . T
10 :J-J 1 e =
L = -
S i

=
1 Z 107
10! 1072

0 20 40 60 80 100 120 '142 60 80 100 120
M; [GeV/c9] Mg, [GEV]
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Systematics

Source W channel (%) | Z channel (%)
Muon Muon reconstruction /identification 3.0 2.5
channels Trigger efficiency 3.2 0.7
Isolation efficiency 0.5 1.0
Muon momentum scale /resolution 1.0 0.5
E 1 scale/resolution 1.0 -
Background subtraction 3.5 -
PDF uncertainty in acceptance 2.0 2.0
Other theoretical uncertainties 1.4 1.6
TOTAL (without luminosity uncertainty) 6.3 3.8
Luminosity 11.0 11.0
Source W channel (%) | Z channel (%)
Electron Electron reconstruction/identification 6.1 7.2
channels Trigger efficiency 0.6 -
Isolation efficiency 1.1 12
Electron momentum scale/resolution 2.7 -
E T scale/resolution 1.4 -
Background subtraction 2.2 -
PDF uncertainty in acceptance 2.0 2.0
Other theoretical uncertainties 1.3 1.3
TOTAL (without luminosity uncertainty) 7.7 7.7
Luminosity 11.0 11.0

Dominant uncertainties:
W->mu: bg subtraction (templates) dominating
else: lepton reco/id/isol eff. (from samples used for T&P to derive MC SF)

07/09/2010 F.-P. Schilling - CMS SM Physics Results



AN{]]

RWJ’Z

5 10 15
=o(pp = W+X = v+X )o( pp — 2y +X = lI+X)

uhe Institute « of Technology
CMS preliminary ICHEP2010 s=7TeV CMS preliminary ICHEP2010 Vs=7TeV
T 1 T I T T T | T T T | T T 1 I 1 T T | T T T | T T T | T T T T | T T T T | T 1 1 T |
NNLO, MSTWO08 68% CL prediction ] NNLO, MSTWO08 68% CL prediction, 60-120 GeV
Ldt=198 nb’ 10.44 + 0.52 nb L dt=198 nb’ 0.97 £ 0.04 nb
W— uv ¥ Zfr']’* — LU o——.
9.14+0.33__ +0.58__=1.00, nb 0.88+0.10 ,,+0.04__ +0.10, .nb
W—ev —k—t Z/y* — ee i
9.34+0.36_,+0.70__ =103, nb 0.88+0.12_,+0.08__+0.10, .nb
W=lv {combined) —HH— Zer* — 1l (combined) o
9.22+024  +047_ _+101 . nb 0.88:008 =004 _+010, _-nb
A T R U NN E U R N S N [ E N A
0 2 4 6 8 10 12 0 0.5 1 1.5
o( pp — W+X — v+X ) [nb] o( pp — Z/y*+X = 11+X) [nb]
R — - _ -
CME‘I: prfllmllnary . . . . IC.HEFI’2D1|0 . . . \|sl = ?ITeV .g_ - «  CMS preliminary 2010 W=k
! ! ! o T .o * CDFRunll W*— Py
4 NNLO, MSTW08 68% CL prediction m 10° ® DORunl W
Ldt=198 nb 10.74 + 0.04 * - 4 Ua2 |
- - = UA1
W — v, ZIy* —puu H—Y—H - Z—-1T
10.38+1.34_,_ +0.78 Pp
stat syst
’ 10° _
- e L
W — ev, Zf"‘{* — ee —H——— - _
1057154 +1.20__ B PP
W —=lv, ZIv* = Il (combined) H—@—H )
1046099 +065 10°E Theory: FEWZ and MSTW08 NNLO PDFs
| ) ) ) ) | | E CMS points do not include luminosity uncertainties.

Collidélroenergy (TeV)
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uhe Institute of Technology

CMS praliminary ICHEP2010 -.F 7 TaV CMS preliminary ICHEP2010 JB =7 Te¥
— T T T T T ] | T — T T 1 T L L B R
HHLD, MSTWOE 653 L:meclnﬂm MHLO, METWO8 8% CL prediction
-I-f.l:ll=‘I*.i-:ﬂnlf'I £15+0.95 nb jr.dt=13lr|n"' 4751023 nb
W =p*v e W =pv N
575+026, +038 _+ 063, nb 3392015, 021 +037,_ nb
W™ e’y - W™ —ev 1
518+026, +042 _+057 __ nb 4132024 5034 2045 nb
W™ =17V jsombined) R W™ = 1"V (combined i
550+ 0.18,, 029, + 061, b 3602013, 20.19, £ 040, nb
] . . . ] ] " " " ] ] " " " ] ] L . . ]
0 2 4 _ & E 0 2 4 G [
gl pp =W +X = I"7+X) [nb] glpp =W +X = 1"v+X ) [nb]
CMS preliminary ICHEP2010 -«.r' 7 Tev
LA B B R B L
rﬂLﬂ.HsTmnmc.Lmﬂm
_I-f.nt=13lnn" 143 + 004
W —uv —F—
163+ 002 = 0004
it wpar
W —ev —h—
126+ 010 =005
it wpar
W —= W (combined i
1514 008 ., +0.04,
| |_ |

07/09/2010

ul
0 I].En

R..=0lpp—=W +K—:I WX W pp—}w +:{—}I‘~.I'+:'€:|
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Lepton charge asymmetry :gg(IT
and forward-backward asymmetr

e W lepton charge e Di-muon forward-
asymmetry backward asymmetry
dO.(+) /d _do.(—)/d CMS preliminary 2010 Js=7 TeV
A =——7 o = o T T
dO' /d?’h +dO' /d?’h | & data _[L dt =198 nb' -

0.5 = POWHEG —

CMS preliminary 2010 Ns=7TeV
[ [ I

o
o

lepton charge asymmetry
o
|
—8—
H—p—H
| |

— jL dt =198 nb™ =

|

o

=

I

—8—

I
Uncorrected A

o |
[ ] W — pv data i
0.2 A W evdata '1_,,,|,,,|,,,|,,,|,,,_
. l = lNLO-I-NHLLl[RESBDS'I‘CTEQG.B} 40 60 80 100 120 140
0 0.5 1 15 2 25 M(up) [GeV]
lepton pseudorapidity, fn| Expect deviations from SM in presence
Constraints on PDFs from ~10pb-1 of new neutral gauge boson
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uhe Insti of Technology

e BG subtracted (MT fit) jet multiplicity in W events
O MC normalized to MCFM NLO cross section

CMS5 preliminary 2010 We=T TeV CMS preliminary 2010 Ws=T TeV
— I I T T o T T I T
a8 E T 8 - T
2 1ok ¥ ILdt=1annb"_: 2 w0F b J-Idt=15ﬂnh'1_:
Al F - ] Al - ]
+ i W — ev,uv ] + i . W — evuv ]
2 ek = Er'>15 GeV _ 2 ek Er'>30 GeV
z § z E
— MadGraph L ] - -
" PYTHIA (DET) L 1 - ’ ]
10F — PYTHIA(PO) E 10 —— MadGraph =
F —— PYTHIA (ProPT} ] E —— PYTHIA [DET) 3
normalization: MCFK NLO ] [ normalization: MCFM NLO i
F E e —F
statistical ermors only . | statistical errors only i
| | ] ] 1 ] ] | ]
10" 1 2 3 4 L 1 7 3 2
— 04 B 1 1 T T | P~ 1 T
sfosf  a 2i ]
;':TE - #;_L‘I_!_ E E ' | _
+ |~ ﬂ2 — £y - & | A
=t I = |
5= I 3] = -
o” D 1 1 1 — u 1 1 1 1 1
= 1 2 3 4 = 1 2 3 4
inclusive jet multiplicity, n inclusive jet multiplicity, n

Agreement with simulation within stat. errors
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Top (TOP-10-004 + HCP update) ﬂ(IT

uhe Institute of Technology

e Dilepton e Lepton+lets
O 2 isolated, opposite charge O One isolated high pt e (Pt>30
leptons, Pt>20 GeV, Z-Veto GeV) or mu (Pt>20 GeV)
O Jets with Pt>30 GeV (expect >=2 O Jets with Pt>30 GeV (expect >=4
for Top) for Top)
O tcMET>30 (20) GeV in ee,mumu b-jet jet
(emu)

O >=2 JPT jets, Pt>30 GeV

. A ICHEP results: L=0.25pb-1
>et New: Update with L=0.84pb-1 for HCP
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e No Z-veto, no MET, no N(jets) requirements

CM3 Preliminary
0.84 pb™ atys=T TeV

Data
Events with eefuplep .

Pz 1T
Oazry*—=r3
Oaco ]
Plsingle top
Orw 3
.FF—:»I\.'

W7 signal |

Events/{10 GeV

—e
‘ 1 IIIIIII|

3 =4
Number of jets

1“" II|III|III|III|III|III|III|III|III|II
CMS Preliminary
3 0.84 pb™ aty/5=7 TeV @ Data
10 Events with eeluplep T
B &yttt
Jaco

10°
O

Events/(5 GeVic?)

=
=

107"
10°

-3
105 "20 40 60 80 100 120 140 160 180 200
Dilepton mass [GeV/c?]

10* CMS Preliminary

084 pb™' atys=T TeV

Ewvents with eefuplep .
10°

10 20 30 40 50 60 70 80 90 100
Missing transverse energy [GeV]

] T T T
§ 10° CMS Preliminary
0.84 pb” at\s=7 TeV
11} y @ Data
Events with ee/up!
HpEn Wz I

7 signal

1 2 =3
Number of b-tagged jets

Car te of Technology

Karlsruhe Institute of Technoloc

L=0.84pb!

Rightmost bins
contain overflow
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Dilepton yields: tighter selection ﬂ(IT

te of Technology

e 7Z-veto, N(jets)>=1

L=0.84pb
Sample ee Up ep
Dilepton tt 0.63 + 0.09+0.12 0.70 £0.114+0.13 1.70 £0.26+0.32
VvV 0.05 + 0.03 0.05 +0.03 0.12 +=0.06
Single top - tW 0.04 +0.02 0.05 +0.03 0.12 +=0.06
Drell-Yan 11 0.08 + 0.04 0.13 +0.07 0.19 +0.09
Drell-Yan ee, uu 42+11 50 +1.2 0.04 +0.02
Non-dilepton tt 0.02 +0.01 0.003 +0.002 0.03 +=0.02
Wets 0.06 + 0.03 0.000 +002 0.07 +£0.04
QCD multijets 0 ° 0 0 °
Total simulated 51+11 59+1.2 23+04
QCD data-driven 00 %o Top 00 T Ty 0.0 Top o
W+jets data-driven 0.2 )2 +01 0.0 f9 02 0.0 )8 02
Drell-Yan data-driven 3.6 = 0.6 = 1.8 43 +07 +21 N/A
Data 6 6 2
Systematics:

*Signal and DY: 15% acceptance (conservative), 15% theory, 11% lumi
*Other backgrounds: 50% (conservative)
eData-driven backgrounds: DY,Wijets: 50%; QCD: 100%

Good agreement observed!
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e All cuts applied: Z-Veto, MET, N(jets)>=2

L=0.84pb
ﬁ 3.5_ I I - E" 4_ |||||IIII|IIII|IIII_
E C CMs F'rEIimilllary ;D_ﬂt_ﬂ | ] 2 7 CMS Preliminary ]
C 0.84 pb™ at\/s=T TeV rt signa ] Macl 4 _ i
W 3 Erents with cotuuiby Bz =T S 33'5: 0.84pb” at\s=TTeV
B [ S ok = T Events with ee/up/ep
s [Jaco . g 3C =
251 Bl single top S Elg?tf T
C C1FF ] W25 . Zy— -
2 ® I 7 v ] - vV .
- . 2 BW-
15 . - I Single-Top;
- . 1.5 M tt signal —
1 . s E
0.5 . 0.5 E
0 . 0: '|||||||||||||||||||:
0 1 2 =3 0 50 100 150 200 250 300 350 fOO QI 0
Number of b-tagged jets Pr [&% 'g?

4 clean ttbar candidates observed
~2.1 signal events expected
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|
CMS Experiment at LHC, CERN _

w | Data recorded: Sun Jul 18 11:

222010 CEST
\| Run/Event: 140379 / 136650666 /1
\ 0 .
Er =57 GeV/c, @ = 2.2 \

Lumi section: 160

b-tagged jet

b-tagged jet

[} ‘_._;' ¥ “.I‘\. ]
" IAY, S
U pr=57 GeV/c,n=-14,p=-2.1 I’ ’

U pr=27 GeV/c, n=-2.0,p =-1.9

Preliminarily reconstr. mass in
the range 160-220 GeV/c?

pr=45GeV/c,n=-1.2,p = 0.9

pr=56GeV/c,n=0.7, 9 =1

y [em]

Event passes full selection:

2 muons with opposite charge

IT

Karlsruhe Institute of Technology

2 jets, both w/ good/clear b-tags

(and secondary vertices!)

significant MET (>50 GeV)

03 02 -01 0

CMS Experiment at LHC, CA
CMS . | Data recorded: Sun Jul 18 1
—~ | Run/Event: 140379 / 1366506
Lumi section: 160

0.1 0.2

2010 CEST

- 2ndary- \vertex "5
- 02 6: ellipse ' 023
:— 0.1 1=
» .
y I
02 :
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Jet multiplicity ttbar single top W+jets Ztjets QCD Sum MC Data
M,m?“ 12+ 2 34+04 | 2619+317 | 180+21 658 +73 | 3472+ 326 3434
N 21 1242 31404 | 419+77 | 92+11 436462 | 962499 1022
",m?z 1112 19403 74 +18 19+5 85+22 191+29 183
N,mﬂ 89+18 | 0.70+0.14 1314 33+1.0 14 +5 40+7 43
N, 24 48+12 | 021+006 | 26+11 | 060+023 | 23+1.1 1112 13
‘UE) oy Pre"minalry +| o E MC Uncertainties (table):
0 0.84 pb'at\/s = 7 TeV o - «Jet energy scale (known to 10%)
W 10" petjets,N_ >0 = “W%W = sLuminosity (known to 11%)
B 2ot . *Cross section unc. (scale,PDF)
103 QCDiy+jets =
QCD/#+jets uncertainty—]

102 L:O84pb'1

10

Good agreement observed

' in all Jet bins!

1 | | |
0 1 2 3

>4
Error band: 50% on QCD Jet multiplicity
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Events / 5 GeV

Events / 5 GeV/¢&

N(jets)>=0 N(jets)>=1 N(jets)>=2 L:0.84pb-1

T > T R >
1200f-CMS Preliminary’ ' e ous | 1 B s00-CMs Preliminary’ | B 1 & 5o cis Preliminary” T o =
C 0.84 pblat\s =7 TeV - 7 £ 0.84 pb'at\s =7 TeV - ] F0.84pblatNs =7 TeV - .
I etjets, N_>0 * - o Cetjets, N >1 f n ._"‘3_ [ etjets, N 22 N ]
1000 jets I wosiv - o 250 fets B w-siv - & 40 I Wl -
- Bz 1 € F Bz ] € - Bz ]
800 [ ] QCDir+jets — “>’ 200— [ ] acbigtjets — q>) L [ ] aco+jets _
L QCD/+jets uncertainty_| L C QCD/y+jets uncertainty| w C QCD#+jets uncertainty_|
600 - 150 = - .
400 - 100F = W 1
L e ] C ] A
20075 ] 50 ] ]
E § . [ | Y WY TR | E

20 40 60 80 100 120 140 20 40 60 80 100 120 140 40 60 80 100 120 140
Missing transverse energy [GeV] Missing transverse energy [GeV] Missing transverse energy [GeV]
Missing ET (hard to get right, important for any top quark measurement)
600F FCMS brellmmary ST '+ Data ‘ = g 160 s brellmlnary R e Data ‘ = n-g 30 FCcMS brelnmlnary e ‘+ D;(a' T
F0.84 pblatys=7TeV . D 140 0.84 pb'at\s =7 TeV . i [} F0.84 pb'at\s =7 TeV o 3
Cetjets, N >0 B ] ® etjets, N >1 f 1 © Eetets, N >2 ]
500 ' ets ] v — 0 iets ] Wi 3 e 25F lets N W =
C Bz ] > [ 1 & E Bz ]
400 [] aconsets - b= [ QCOA+jets - *g:‘) 20— QD +ets 7
; QCD+ets uncsrtamly’; L%) QCDj+jets uncertamly_: |_|>J H QCDly+ets uncartamlE
300~ - 3 ]
200 = E E
100 = 3 B
] 3 s |
L L L h . 0 L ——— 100 120 140
% 80 100 120 140 80 100 120 140

M(W) [GeV/d] M-(W) [GeV/c] Mr{(W) [GeV/c]
M (W): transverse W mass (calculated from lepton+MET)

Good agreement Data-Simulation! QCD background important in e+jets!
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Muon+jets

No b-tagging, no MET cut applied

Jet multiplicity fthar single top | W4jets Ztjets QCD Sum MC Data
N,20 13%3 42+04 | 37081448 | 192+29 | 223+25 | 41401450 4142
N 21 13%3 39+04 | 552+106 | 42112 7917 | 690£108 789
N, 22 1312 23103 92+ 24 71t44 10£3 124 £ 25 153
N, 23 102 0.82+0.15 1615 1.3:0.9 1.3£05 295 40
N, 24 56+14 | 024+006 | 31+12 | 025£018 | 0.15£0.07 | 93119 11
£ 10°E s preliminary ! e Data = MC Uncertainties (table):
S [ 084pblat\s=7TeV — E «Jet energy scale (known to 10%)
W AT Euets I Wy = «Luminosity (known to 11%)
10° I Zy I ] *Cross section unc. (scale,PDF)
[ ]acD 3
102 & QcD uncertainty_;
- . 3 L2084pb'1
10 = *
10" Good agreement observed

in all Jet bins!
3 >4

Jet Multiplicity

F.-P. Schilling - CMS SM Physics Results

07/09/2010



IT

uhe Institute of Technology

o T | rrTT I LI I T | T T l T T T ' T T T I =

S 1000 CMS Prellmlnary —a Data ] % - CMS Prellmlnary —a Data -

© 0.84 pb”'at Vs =7 TeV - ] O 4000[_0.84 pb’ aNE 7 TeV z .
O B ] 0 T ot B .

ptets, N - 0 ptjets, N

< B wolv — b B w-iv .

E B Zy I ] € 800 ‘_ Bl Zy*-IT i

& [ aco . g i [Jaco i

O 7] QCD uncertainty | w 600 QCD uncertainty -

1 e :

. 200 -

%o 90 60 80 100

p* [GeV/c] Missing Transverse Energy [GeV]

%Y L L L B = > LA I L LN B
S 900 —CMS Prellmlnary —a Data 3 [T} C CMS Prellmlnary —a— Data ]
> - 0.84 pblat Vs =7 TeV B i 3 O 600-084pb'at Vs=7TeV B =
O 800E pjets, N >0 " =5 w - pjets, N >0 .
n = B woslv = * 500 B Wolv 3
~ 700 =3 B Zy*- = € C B Zy*-IT ]
5 600F [Jacp 4 5 a00f L ]aco -
S 500E QCD uncertainty 3 w - QCD uncertainty
> = 3 300 .
W 400 = - .
300 = 200F =
200F = - .

= 3 100 —

100 = - .

20 60 80 100 120 B % 60 80 100 120 140_ 160

M (W) [GeVIc ] 1ep [C€V]

Excess observed in data at low Pt(mu), MET, MT and HT
Consistent with QCD MC being factor ~2 too low

Error band: 100% on QCD
(from data-driven methods)
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Karlsruhe Institute of Technology

Dot rocorded: Wed Jul 14 03:52:41 2010 CEST Event passes all cuts
%/ Run/Event: 140124 / 1749068 .
| Lumisectiond of full selection
1 high-momentum muon
significant MET>100GeV

m.(W) = 104 GeV/c?
4 high-p; jets,
one of which with good b-tag

CSExwmenn CC
(M“/ 3 msuwwm 0332 1 2010 CEST

an SGBGGVIen o:sssqa-zsa

bt ggadJet
p,=82.2GeVic, n =-1.79, ¢ = 103

=2 E gl “\
]—\ Jet p; = 43.4 GeVic, r| szvm
Z,=119.0 GeV, ¢ = 0.010 Jet p, = 152.2 GeVic, n = 0354

oT = 30.6 GeVic, n =-1.

reconst. top mass around 210 GeV/c?

. : | S | E— —
masses of 2 untagged jets (3 possible I

comb.): 104, 105, 151 GeV/c? I

07/09/2010 F.-P. Schilling - CMS SM Physics Results



* e/mu+jets combined £ [ cMs Preliminary
 10?L0.84 pbatvs =7 TeV _
L = ) [ W-slv (+ light jets) =
- e/utjets, NMagsz 1 [ Veleyx ’
e Secondary vertex tagger [ voosx -
(working point with high 102 Ei’;},‘,ﬂ;;"g"”e's’

QCD uncertainty
t

efficiency and ~1% fake rate)

I EIIHII T T

10

* For N(jets)>=3:
O Observed N(data)=30

O Prediced background
N(BG,MC)=5.3

1 2 3 >4
Jet multiplicity

Seeing ttbar events at a rate roughly consistent with NLO cross section,
considering experimental (JES,b-tagging) and theoretical (scale, PDF, HF
modelling, ...) uncertainties
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Conclusions

e Borad range of Standard Model measurements being performed
by CMS, and presented at ICHEP
O Soft QCD und underlying Event
O Jet Physics
O Quarkonia and b-Production
O Electroweak physics (W and Z)
O First glimpse at the Top

Most using <250nb-1, now have already >3 pb-1 recorded

Exceptionally well working and understood detector, already at
this “early” stage

SM measurement are really the groundwork for new Physics
searches

Expect much more soon (e.g. first Top cross section!)
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SM Physics for ICHEP ﬂ("-

uhe Institute of Technology

e QCD

QCD-09-010 Charged hadrons @ 0.9/2.36 TeV [pub.]
QCD-10-006 Charged hadrons @ 7 TeV [pub.]
QCD-10-004 Charged particle multiplicities
QCD-10-003 Bose-Einstein Correlations [pub.]
QCD-10-001 Underlying Event @ 0.9TeV [pub.]
QCD-10-010 Underlying Event @ 7 TeV

QCD-10-005 Underlying Event from JetArea/Median
QCD-10-002 Cluster properties from two-particle angular correlations
QCD-10-007 Strangeness production

QCD-10-011 Inclusive Jets

QCD-10-012 3-to-2 jet ratio

QCD-10-013 Event shapes

QCD-10-014 Jet transverse structure

QCD-10-015 Dijet azimuthal decorrelations

© 0O 0O oo OO0 oo o o o o

O
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SM Physics for ICHEP (cont.) ﬂ("-

uhe Institute of Technology

e Forward Physics
O FWD-10-001 Observation of Diffraction
0 FWD-10-002 Forward Energy Flow

e B-physics / Quarkonia
O BPH-10-002 J/Psi cross section
O BPH-10-003 Upsilon cross section
O BPH-10-007 Open beauty with muons
O BPH-10-009 b-jet cross section

e Electroweak Physics

0 EWK-10-002 W/Z cross section and more
e Top physics

O TOP-10-004 Top selection and candidates
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Post-ICHEP updates ﬂ("-

jte of Technology

e QCD
O QCD-10-008 Charged hadron Pt spectra
O Z1/Z2 PYTHIA Tunes Rick Field

 TOP
O Updated public plots for 840nb-1 for HCP/PIC

e PAG Jamboree Sept 01-02 (CMS internal)
0 http://indico.cern.ch/conferenceDisplay.py?confld=105457
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Forward Physics

 FWD-10-001  FWD-10-002
O Observation of diffraction O Forward (HF) energy flow

in min. bias events in MB and dijet events
O Sum(E+Pz) calculated from
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BPH-10-007/

oc(pp b+ X — u +X’,p}i > 6GeV, || < 2.1)

prim. vertex

 Cross section measured by _ x10°  CMSPreliminary
fitting templates to Pt(rel) S 35 R
distribution in Pt/Eta bins g 3 . usgtomise |-
o 2_5; VE=T TeV —;
2: L=8.1 nb" __
1.5F ]
g = (1.48 :I: 0.0451:31- :I: 0.2251}:51- :I: 0'1611.11]11) j'/ib £
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Dilepton Event Yields

e Relaxed selection:

L=0.84pb
O No Z-veto, no MET, N(jets) requirements
Process ee Iy ep
Dilepton ft 0.84 £0.13£0.16 0.94 £0.14+0.17 1.75 £0.26+0.33
VvV 0.23 £0.12 0.25 £0.13 0.35 £0.18
Single top - tW 0.06 = 0.03 0.07 = 0.03 0.13 £ 0.07
Drell-Yan 11 0.6 £0.3 0.7 =04 1.3+£07
Drell-Yan ee, up 298 + 74 343 + 86 0.1 +£0.1
Non-dilepton tt 0.02 =0.01 0.004 = 0.002 0.03 == 0.02
W+jets 0.3 £0.1 0.01 £0.01 0.3 £0.2
QCD multijets 0 = 0.00 *} 0+
Total simulated 300 £ 74 345 £+ 86 4.0 £0.8
Data 305 294 6
Systematics:

*Signal and DY: 15% acc*eff (conservative), 15% theory, 11% lumi
*Other backgrounds: 50% (conservative)

Good agreement observed!
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Are we sensitive to Pile-up? ﬂ(“-

uhe Insti of Technology

Do have non-negligible pileup in recent data <N>~0.9
Simulation is without pileup L=0.84pb*
Compare data with one vertex vs data with >=1 vertex

c L L IR B N c  03F L B B B
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B [os4pbiatNs=7TeV —e-Daa@VX=N 1 B FosapbiatVs=7Tev —-Dala V=1 -
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