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Introduction ﬂ("
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e From Tevatron to LHC

QO W,Z,top cross sections much 10° St — ~— — ——;—_ 10°
increased w.r.t. Tevatron 107 ’ :
O Large event samples already early 1o°
. 10°
 Top and EW Physics at the LHC >
O Precision measurements ﬂ
o my,m, |V,] etc. . | |
O Sensitivity to new physics 10° ol B = V5/20) 102
U Background to Higgs,BSM searches_g 10! T 101 L:
e ¥z =
o ° 10 E (e 100 Gev) 10° g
e Use as commissioning tool: ol b vy
O W.,Z: ECAL calibration; B} N
Tracker+muon alignment 10 L
O Ttbar: jet energy scale, btagging 10 : 10°
o Ef™ = VS/4) 104
 All results presented here from CMS ChiggelMy = 150 GEV) | : 0%
Physics TDR, Vol. 2 (2006) 5 .
http://cmsdoc.cern.ch/cms/cpt/tdr/ Ohiggs(Myy = 500 GeV)  / \ 10
*Full GEANT-4 detector simulation T T T
*Systematic error evaluation Vs (TeV)
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The CMS Detector ﬂ("
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Commissoning on the surface: Magnet Test and Cosmic ﬂ(IT
Challenge (MTCC) — Summer 2006 g il

| e o ] § o
« Experiment closed first time § el —— comicmcwing-at] Sk cosmic MC with B=4T
« Magnet commissioning and field 4 B=AT ‘e

mapping r
e Combined operation of full chain: ‘ pon

Detector - Electronics - DAQ - Trigger mé ) jgggr;

— Software 2o . o
e Establish t|m|ng, calibration, T o 25 messurer by O chambers [1 :1: 116 ks et e by B et (0o

operation procedures | e Muon 0, Pt compared with MC

9 : E ; 4 [ 182:00:00 60000000

running time &ny dets
= = nnning time all dets
gviants any dets

188;00:00

50000000

h e event all dets ¥ s
&4 \ \ . 144:00:00 S i : §
: N 1k E : soooonto = ¢
™~ . 120:00:00 s 3
H £ %
\ : s £
2 96:00:00 0000000 E o3
| 5 1 n &
—T " e E . ";
I £ 72:00:00 b
. : 20000000 E
=X E
e I|' e 48:00:00 g
L N — \ 10000000
7 ) \ 24:00:00
Vs 2 _ - r 10e6 MTCC events at 3.8 T
' 0:00:00 == g
' ‘ Cosmic Muon reconstructed in e o -Lontuch CHARASR ALY
1 Tracker, Calo and Muon Detectors e Big success!
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Now: Going Underground ﬂ("

Feb 07: YBO arrlves underground

Mar 07: HCAL msertedﬁ. //;[ P
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Detector Performance ﬂ("

.Physics TDR Vol. 1: Detector Performance Tracker Misalignment
and Software (2006)

‘G(pT)pr vs 1), pr =100 GeWc'

http://cmsdoc.cern.ch/cms/cpt/tdr/ & [ - porectaimment B
- = short-term alignmen
O Physics Objects reconstruction g +__long-ferm_alignment
o Electrons, Photons, Muons, jets and g
missing ET, b- and tau-tagging 10" =
Q Calibration and Alignment Procedures [tiziam e
E,' i 'E=|J BHHll=ss = e R
,I ::' | ffl_.:' ; . / S —— ,')“f_ e g _r—h-_._"_._'_._:_._. P
Wi m E (B) e i reraroraerere ™
g 10°
= 0.0<n<0.2 0 0.5 1 1.5 2 2.5
n
3:_ .............. s
NG NN e LYY T Y 10| S e e -

1+ ]

Calibration Precision (%)
[ %]
(4]

1_5__ ..............................................
1 l: Muon Resolution
SRR : By e Full system
ECAL Calibration > "iuon ystem on
ol_.iji..| i il i R i i
10 10* HLT events1|9:r crystal 10 o ;0 o ‘1 (l)z o 1I{|}3

plGeV/c]
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CMS Note 2006/082

CMS Note 2006/124

W=/Z° Production

IT

Luminosity 10% cm~2s7! 2 % 10% cm 257!
Time few weeks 6 months | 1 day few weeks one year
Int. Luminosity | 100 pb~! 1fb! 1 fb? 10 fb!
W= — p*v TO0K ™ ™ T0M
AR T 100K 1M 1M 10M

Abundantly produced, clean leptonic signatures, c(NLO) known to 4-5%
Already for 1fb-1, the measurement of W+/Z%s is dom. by systematics:

Ao/o(pp—Z+X—-uu+X) ~ (0.13(stat.) + 2.3(syst.) + 10(lumi.))%
Aofo(pp-W+X-uv+X) ~ (0.04(stat.) + 3.3(syst.) + 10(lumi.))%

e Luminosity
measurement!

e |[fL known,
constrain PDFs!

e
o

Efficiency

bt
(4]
TT

— .iﬂm&ﬁ%.;

*C ECAL eff.

A
- (loss
_II 11 | 1111

s E
....... £ 098
¥ e

: shower shape, E/p) 082p

[ 0.8

0 3 ||10|||15 2DIII

v b Lo b
25 30 35 40

¢ [deg]

po 0.9954 +0.1995

z F

" oasf
0.94F
0.92F

088

0.84F

e i e i =
. L= ]
Muon Trigger Eff. -
0o | = =
0.86F —— Muon trigger B
----- Dimuen trigger _:
i «er Single Muon trigger | 5
111 | 111 ‘ 11| | 111 | 111 | 111 ‘ 11| | | I | |
04 06 08 1 12 14 16 18

Large samples of e*,u* to calibrate and commission detector and trigger!
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m,, Measurement ﬂ,("

e Important SM parameter CMS Note 2006/061
(my constraint) e Electron ch. e Muon ch.
« New methods using W/Z ratios and :* Lbe BN e
b e B I
large Z9 statistics at LHC B | S —
10* e £ F - Background (Z—su-u)
O “scaled observables” 3 g :
o Giele, Keller PRD 57 (1998) | 5
10°
o TreatZ as W, rescale according to
mass ratio, use R(W/Z) from theory
d “morphing” o b : :
o Kinematic transformation Z— W R e (GeV)
£ 1)/ A R RN AL RN RAARE RAAAN AR EAAR KRR . ‘ e ===
. W= Data , Z9 Data %a{)no_— '/;  scdedZovents - Z: Twszm e
Ve Y M e Ny 7000 y, + —— Wevents i 0 f
d II' vs., —=£ X Rz X I']I o + ] *
]]'l M W y 50001 fl + ]
L\H,__ _ S ) 4000:; 1‘ §
X X Sl __ :'c' __ 80.2 80.3 804 80.5 80.6 80.7
lo v/ { c—: 2000 3\ ] e
ac  /dg W — p lept, W - .
wZ - Jv v ‘,7 rZ X — pTept /MW mnz_.l....|....|....|....|....|.TTTY.‘:~,-.+-*I il
(l’l (-1 07 0.8 09 1 14 1.2 1.3 1L12%|1“§

* Theor. error dominated by p;(W): 30 MeV, to be improved with NNLO
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Multiboson Production W=Z°, z°9Z° ﬂ(".

 Probes triple gauge boson couplings (non-abelian gauge symmetry)
e Large LHC cross sections: c(WZ)~50pb, c(ZZ)~20pb

CMS Note 2006/108
0 Observable with early LHC data
e Sensitive to new physics
ND :""I""I""I""I"''I""I""IIIII "": N(_'J :""I"" T rrprrrrprrTT
> 167 CMS CWZE) | ] 3 L cMs [z
G 14- -1 it 4 & C L=101fb" .Z“~,-'+tf+z“b5
o .0 .77 0T
o 12 1 © 40f 40 .
g 10 18 | g - <L
L a3 B i q | £ !
+ -t ] 20F <1‘
q LWt C
+ 101
q z° < _ E r
l ] - L1 | IIIII
70 75 80 85 90 95 100 105 110 11! %0 60 70 80 90 100 110 12
M(I",I), GeV/c M(e'e’), GeVic

e WZ(eorpu): 97events @ 1fb! (55 with 150 pb'1!)
o ZZ (4e): 71 events @ 10 fb-?

Large S/B: useful to contrain Higgs backgrounds!
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e Tevatron: 10 ttbar / day (85% qq—tt)

e LHC: 1 ttbar / sec (87% gg—tt)
1.96 TeV 14 TeV
tthar pairs 5.06+0-13 , .. pb 833+32 ., pb
Wij (%) ~1200 pb ~7500 pb
bb+other jets (*)| ~2.4x10° pb ~5x10° pb

(*) with kinematic cuts in order to better mimic signal

Belyaev, Boos, and Dudko [hep-ph/

e LHC: 30 single top / min

Single top
0.88+0.12 pb 10+1 pb
(s-channel) P p
Single top
.98=+0. +
(t-channel) Lot ol 245+17 pb
Single top
0.15+0.04 pb 60+10 pb
(Wt channel) P P

Early Top Quark Physics

(x10)

(x120)

(x400)

800k ttbar and 350k single-top produced in 1 fb-1

IT

‘gggggk—i— t
g t
q X, t
q % t
q t
_ w= =
q. b
s-channel ¢ q gq q
%W * {
b t QED
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t
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b
E] 1;1" +
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Top Cross Section ﬂ,("

* Due to high S/B after selection, Abaia oam

cross section can be measured Statistical Un-::ertainty(lfb_t) 1.2%

. . . Statistical Uncertainty (5fb™") 0.6%
ina Countlng experlment Statistical Uncertainty (10fb~1) 0.4%

° Semi-'eptonic channel S%mulat%on samples (€gim) 0.6%
. Simulation samples (Fgjy, ) 0.2%

O Event Selection: Pile-Up 329

o p;(Lepton)>20 GeV Underlying Event 0.8%

Jet Energy Scale (light quarks) 1.6%

> 0 - L= =

° pT(Jet) e z 120tlL = 1 b [Jsional Jet Energy Scale (heavy quarks) 1.6%

0 b-tags >1 g r [ other Ttbar Radiation 2.6%

o Kinematic fit = 100f Bl W-iets Fraementation - 1L.0%

Q S/B ~ 27 : b-tageing (CONservative]  7.0%

80 Parton Density Functions 3.4%

U Eff.~6.3% - Background level 0.9%

s0r Total Systematic Uncertainty 9.2%

a0k Integrated luminosity (1fb—1) 10%

C Integrated luminosity (5fb—1) 5%

20f Integrated luminosity (10fb—1) 3%
i Total Uncertainty (1fb~—1) 13.7%
o . -1 50,
CMS Note 2006/064 %g 100 150 200 250 3130 350 Total Uncertainty (5ﬂ] ) 10.5%
s (GeV) Total Uncertainty (10fb—1) 9.7%

e Ac/c~1.2% (stat.) = 9.2% (syst.) = 10% (lumi) @ 1 fb-"
e Acloc ~0.4% (stat.) £ 9.2% (syst.) = 3% (lumi) @ 10 fb-1

If b-tag unc. reduced to 2%, total error down to 7% (10 fb-) 2-3 GeV on m, from xs!
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Top Cross Section (cont.) ﬂ("

* Dilepton channel: G0 e . ATz it o/u/ T dit e/
. s L e ISR and FSR 2.5%
0 Event Selection 2 ook | B Jet Energy Scale 3.6%
2 [ b-tag efficiency 3.8%
o PT(Lepton) >20GeV < sol lepton reconstruction 1.6%
0 2b-jets > 30 GeV i By 1.1%
r Pile-Up 3.6%
o MET >40 GeV 40: Underlying Event 4.1%
o Kinematic fit heavy quark fragmentation 5.1%
20 I
. PDF uncertainties 5.2%
0 N=660in 1 fb" I Statistical uncertainty 0.9%
foo 120 140 160 180 200 220 240 260 280 Integrated luminosity 3%

top mass [GeV/c]]

Aclo ~ 0.9% (stat.) + 11% (syst.) + 3% (lumi) @ 10 fb-"
] " QCD
* Fully hadronic channel: é g |ty hadonic
O Selection: T ey g y
o Dedicated b-tag multijet trigger
o >5 Jets, E;>30 GeV [ L
o Topology 10k i
o 2b-tags '
O N=8000 events in 1 fb™"

1
O S/B improvement with Neural Net e

event selection NN output cut

Aclo ~ 3% (stat.) £ 20% (syst.) = 3% (lumi) @ 10 fb1

10

Trarbee

CMS Note 2006/077
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m, fundamental SM param.
Related to m,

Semileptonic channel:

0 A simple gaussian fitis
compared with more
sophisticated “ideogram
method”, also employing
kinematic constraints

Clear gain in precision when
using the fitted ideogram

1 GeV uncertainty
reachable with good
detector understanding

(JES 1.5%, btag 2% etc.)

80F
70E

Nr. events

[\ Mean
\|| sigma  32.11%875 [

TTTT [T T T T [TT1T71]
indf 1018/ 14 |
Constant 77.43%8.20 []
1769%2.0 | ]

60F
50F

40F
30F
20F
10E

o] S B
0 50 100 150

o R b
200 25§ 300 350
reconstructed Miop eV/c)

Top Mass Measurement

IT

o [ 1

= ]

<1 7000F . E
--¥-: gaussian ideogram

60001 == scanned ideogram i

50005 I -

4000 ' —f

A H ' ]

3000F 1 _ E

2000F \ . 5

1000:— \ '-.___‘ ._‘--';, E

n NI 4 ]

0—|...|..1Y"?'?|...|...|.—

120 140 /160 180 00 220 s

M, . (GeV/c)

\ Standg/d Selection ‘[
Gaussian Fit | Gaussian Ideogram | Full Scan Ideogram
Amy Amy JAN I
(GeV/c?) (GeV/c?) (GeV/?)

Pile-Up (5%) 0.32 0.23 0.21
TTndpl'|ying Event 050 035 (025
Jet Energy Scale (1.5%) 2.90 1.05 0.96
Radiation (Agep, @F) 0.80 0.27 0.22
Fragmentation (Lund b, o) 0.40 0.40 0.30
b-tagging (2%) 0.80 0.20 0.18
Background 0.30 0.25 0.25
Parton Density Functions 0.12 0.10 0.08
Total Systematical uncertainty 3.21 1.27 1.13
Statistical Uncertainty (10 fb— ") 0.32 0.36 0.21
Total Uncertainty 3.23 1.32 1.15

Am, = 0.21 (stat.) + 1.13 (syst.) GeV @ 10 fb-"

CMS Note 2006/066
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Top Mass Measurement (cont.) ﬂ("

 Dilepton channel _ S

O Experimental error dominated by jet
energy scale, known to

GeV
—
(=]
T

#events / 9.0
(=]
(=]
T | T T

[=1)
(=]
T T | T T

o 15% at 1 fb': Am ~ 4.2 GeV )
o0 10...3.0% for 1...10 fb-' Am ~ 2.9 GeV a0~ .
o 1.5% longer term: Am~ 1.0 GeV o
Am, =1.5 (0.5) (stat.) £ 2.9 (1.1) (syst.) GeV @ 1 (10) fb-" ;
1)00 120 140 160 180 200 220 240 260 280
2205 T T T T T T T TR T T i 4 top mass [GeV/c?]
200} nicora poon | T GeV /&
e Fully hadronic channel 180 W el = Am, GeV/c]
. . - o 160F wsexzowl ) Pile Up 0.4
*Jet pairing likelihood 2 140- 4 | Underlying Event 0.6
improves S/B from 1/9to  &r20- 1 | PoF 14
1/3 at same efficiency = v, | | IS/FS Radiation 23
#* _C E Fragmentation 09
ig_ E Jet Energy Scale 23
20 1 | b-Tageing 03
0950 400 150 200 250 300 350 L Backeround 2.0
M, [GeVic]
Am, = 0.6 (stat.) + 4.2 (syst.) GeV @ 1 fb"! CMS Note 2006/077

N.B. mass measurement also studied int — | + J/¥ +X decays, see CMS Note 2006/058
Frank-Peter.Schilling@cern.ch 14




Top as commissioning tool  IT

« Light quark jet energy scale from S a0 2
m,, constraint in W— jj in ttbar S g

O Adapt jet energy scale until g E
correct my, is fitted oo E

0 No btag in start-up scenario %0 world average M, E

O Result: Bof

0 AE, (stat.)~1% (for 1 fb) oF /l E

0 AE, (syst.) ~ 3% (pileup) 60 g

. . CMS Note 2006/025 5o
« B-tagging efficiency

determination in ttbar events

O Selection of high-purity dilepton
ttbar events

O Purity of b-content in selected

TTT | TTT | TTT | TTT | TTT | TTT | TTT | TTT | TTT T
0.14 [ | —®— absolute uncertainty for 1 b
[ | -—-®-- absolute uncertainty for 10 !

F | —®— relative uncertainty for 1 !

| - ®---- relative uncertainty for 10 b

b-Tag Uncertainty Barrel
o

sample: 44% + 1.6% (stat.) + SBE N E
1.9% (syst.) 0.06F T~ ]
O Rel. uncertainty on btag eff. 0.041 /:_, D
o 1fb" 6% 0.02F S O g ]

o 10fb-1:40/0 :||||||||||||||||\||||||||||||||||||||:
40 60 80 100120140160180200

CMS Note 2006/013 Calibrated E, b-Jet
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e Sensitive to new physics

* Measurement of |V, |

o D= Wb Vi |2

Single Top Production ﬂ,("

Lt —Wq)  [Vial + [Visl? + [Vis|?

e NLO Cross section ~370 pb
Q 3.7M events in 10 fb~

 t-channel results for 10 fb-1:

0 Optimized event selection (S/N~1.34)
o MET >40 GeV
o Lightjet p;>40 GeV, |n|>2.5
o B-jet p>35 GeV, |n|<2.5
o Topological cuts N

=2400
Aclc = 2.7 (stat.) £ 8.1 (syst.) £ 3 (lumi) %

e Other channels:
U s-channel

evt

Aclc =18 (stat.) + 31 (syst.) £ 3 (lumi) %
a tW-channel
Aclc = 7.4 (stat.) == 18 (syst.) = 3 (lumi) %

HO‘OS_IIIIIIIIIIIIIII-I-IIIIIIIII|I||I||||||IIIIIII
0.07F i, Al 3

Event (Normalized to 1

=t — .
o ! = signa
0.02 H I
E !'"' === ftbar ""i
0.01 T =me whbj b
o
4

[ BE
RTINS FRUTE FETTE FRRTE FRUTE PR B 3
3 -2 -1 0 1 2 3 4 5

n of the light jet

— signal
007 -~ {tbar

11 I 111 I 111 | 111 | 111 | 111 | 111 | 111 I LT T T
0 20 40 60 80 100 120 140_;60 180 20(
=] (GeV/c)

CMS Note 2006/084
CMS Note 2006/086

Frank-Peter.Schilling@cern.ch
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Conclusions ﬂ,("

e Exciting prospects already for 1 fb-!' of LHC data

O Electroweak: Large samples of W,Z events in early phase
o Calibration and monitoring
o Luminosity / PDF measurements
o Combined W-mass measurement with Am,, ~ 50 MeV
o Measurements of W+Jets, Z+Jets, Diboson production

d Top Quarks
o First cross section and mass measurements in all decay channels
o Use for calibration (JES) and commissioning (btag)

 Promising precision measurements
d W-mass: Am, ~ 15 MeV feasible when combining channels
O Top-mass: Am, <1 GeV (with combination of J/'¥ channel)
O Single top cross sections

Many more results to be found in PTDR I+ll and ~150 accompanying (public) CMS Notes!

The CMS Detector will be ready to face these challenges when LHC turns on!

Frank-Peter.Schilling@cern.ch 17



Backup



IT

Drell-Yan Muon Pairs

AT L+ X & P i o i) & CMS Note 2006/123
dﬂ[ggdy l:.plr 162 + ] Z (flfp( 1)f‘j).p( .2) —|— ( j)) | I | | | |
- 3 0304 _ e .
e s-channel y/Z° exchange § o25] - -- QcDscale P
e g ! —EW %
e Sensitivity to PDFs S 020 Detector 7 i
. . . ‘5 1 a
* Measurement of A at high luminosity o 015 7 -
. . oge . %) i P
 High mass region sensitive to new physics Sy e .
005 _ il i
 Cross section calculated for 11 "0 > Theor. err. dominatep
samples withM,  >0.2...5TeV 1000 2000 3000 4000 5000
’ Di-muon invariant mass, GeV/c®
> R ] n s 1 K LR .
S 1 . 4+ a3 [* Misalignment! o™
o :E """""""""""""""" % """" Gomggeem” G""Q--ﬁ.,é__a.g.@_ﬁ < La et
o 098 S N e s
R . - g E e T e e
oes- L S T -1 2 P S
B ) av% ] @ P q
0.94 I i, 107F e With 1fb'1,
B —— lSOlatlona'i g E Misalignment scenarios:
0'92__ ) — ;‘:.T ] E B —a— MNon-misaligned detector | XS Can be
o™ oo g L e measured
T 0 | | 193 2 £ 102 | | 193 ) up to
Di-muon invariant mass, GeV/c Di-muon invariant mass, GeV/c M~1 TeV
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IT

15

~ + jet W fit from tt
® 50% reduced b-tag

\; full b-tag T

20 50 150  (jog scale)
Jet p (GeV/e)

jet energy scale error (%)
—
=)
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ldeogram method ﬂ("

| Ideograms for svent 404 in run 125100002 |

event-by-event likelihood approach F

— conatructad

—— acanmed

@ probability or ideogram of an event
P(y|me) ~ exp (=% - x*(y|me)) with

_ it 2 0.8
yIme) = (5 ) |

0.4

0.8

@ convolution with th. expected probability
density P(m¢|M;) i
).(.:j(Mt) — f P[y\mt) . P{mf|Mt)dmt T T T T

ozl

rec. hadr. m,
P(m¢|M;) includes Breit-Wigner shape of | 7o} | .- gussen g
signal, combinatorial and process 8000} il
background; with M; as the true value of 50001~ ;*
the top mass 4000}
. . B :m:]mf_ - {
@ maximum likelihood method on . A
= i i r
g = . [ & s
combination of all convoluted ideograms oodk. S 1/
: LR ¥
- ‘-"-,'.‘ I
[l-_luuuluuulTl?'é,l.uuuluuuluu
120 140 160 180 200 220 .
M GeVic)
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