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LHC “Official” target: “',.
Deliver at least 1 fb™" perexp at Vs = 7 B
TeV by year end. Likely to get lot more. }

Breaking news: LHC sets new world record
luminosity yesterday: 1.27 1033cms™
— setting new world record -~every
day

— this exceeded the previous world
record of 4.02 103%cm?s™!, which
was set by the Tevatron in 2010

Moving to continuous physics running

— short technical stop in
December, then physics run until
end of 2012

LHC already delivered ~0.5 fb™ per exp.

149& 29/03‘ 14/04]

Peak Luminosity/Day 2011 (Mar 14 09:00 UTC - May 30 11:58 UTC)

I — Max I‘nst 1.27 nb‘;s—l I

1 . .
L2 e s e e ]J‘
1.0 : : : : U ]

.......................................................................

X E— — — L I— o -
0.6 oo S T—

0.8 [ e T il "

02 f1 . B R

I
29/04 15/05 30/05

LHC 2011 RUN (3.5 TeV/beam)

10°
s 10%F
2
>
= 1
w 10" F
(o]
£
£
5 10°
el
Q
© 1
5 10
(]
)
IS 5 ,
8 10°F —@— ATLAS |3
(] ~A— CMS
>
2 193 o —-O— LHCb
o —— ALICE
PRELIMINARY

10 11 12 13 14 15 16 17 18 19 20 21 22

Michele de Gruttola

Week number

(generated 2011-05-30 08:10 including fill 1815)



Outline UF

 Introduction
— CMS 1in a nutshell

— Commissioning of CMS physics objects
— Motivation for EWK@LHC

* CMS plethora of results: already with 2010 data
a full physics program
— Inclusive Z/W cross section
—Drell-Yan, Z to taus, W asymmetry
—Assocliated production with jets, b-
jets, gamma, dibosons _

.... and so on!
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CMS in a nutshell

SUPERCONDUCTING
COIL

Total weight : 12,500 t
Overall diameter : 15 m
Overall length : 21.6 m

CALORIMETERS
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e 1 "
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Basic building blocks for any measurement

Precision electroweak measurement and new physics searches
requires excellent performance from the entire detector and
several reconstructed “objects”
Key objects:

M Electron, muon, photon, jet

M Missing transverse energy (MET)

M Tau

M b quark-jet tagging (b-tag)
Ability to reconstruct W, Z, top, W/Z+jets (including heavy
flavor), and di-boson events and understand their production
rates

2010 data has demonstrated excellent performance of CMS in
reconstruction of these basic objects

Performance in data closely matches expectations based on
simulations (MC) and sometimes exceeds it IA
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A well calibrated detector
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CMS

we can measure
EWK processes

CMS physics
objects ok
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*  Wand Z production in pp collisions proceeds mainly form the scattering <
of a valence quark with a sea anti-quark 8 10 Q
=
e/}

*  Theinvolved parton fractions are low (1073 < x < 107") and scattering
of a sea quark with a sea anti-quark is also important

* W production is charge asymmetric: 6(W*)/o(W~)~1.43 (< 1.5, as from W ‘ f_}v?"':':l """" ‘ """"
valence + sea only) in the Standard Model ' g ]

 Wand Z events produce very clean signals and allow to perform precision

measurements 104 ;_ .......... \E
— Large background control samples available in data reduce the C ! NI ' b
need to rely on simulations 10°F ; easuremnent E
. o Fy= 4 range: |y|<2.5 ]
p * Accurate theoretical predictions are . Y e WS
+ . 10 /v
available F ) s
—~ POWHEG and MC@NLO for NLO event 0'f 107 x <10W5M
generators -
_ 10°
FEWZ, RESB(?S ’ DYNNL(? for NN]:..O 107 10 - ~10° " 10* 10 10 10" }00
cross section and differential ﬁ;tz‘fr-nu T -
distributions Q2 = 10* GeV?2

— Valence and sea PDF uncertainty
are sources of uncertainty in 0.8
theoretical predictions

o
[}
LI I L L L L L ) L

Differential distributions are sensitive to
PDF 0.4
0.2 )
o ul )
10 10° 102 10" 1
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W and Z are also tools to understand and
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backgrounds o2l .D ~+—Data, 2010 |
Studvi EWK K . “tig -=- Simulation |
— udying processes means keeping . CMS Preliminary, NG=7ToV ]
backgrounds under control 0 Ll Cv
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number of events / GeV

o

number of events / 1 GeV
o
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UF

Fully reconstructable, high purity
= MET well understood

- recoil modeling fine
= L epton energy scale and
resolution well measured
= Tiny experimental errors,
luminosity, theory
dominate uncertainty

280000 W’s
0 X BR =10.31 £ 0.02 (stat) + 0.09
(syst) 0.10 (th.) = 0.41 (lumi) nb

20000 Z’s
o0 X BR =0.975 + 0.007 (stat) +
0.007 (syst) + 0.018 (th.) £ 0.039
(lumi) nb
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UF

CMS

CMS-PAS-EWK-10-013
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H—TT, ... = NG
.’ ) . . 2 | | 2T ]
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. . Lﬁ r [ z-w Lﬁ i [ z-w
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. . . . . : ] -
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—>TV L ]

% 50 100 150 200 % 50 100 150 200
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o (pp —Z) x BR(Z - tt) / NNLO prediction
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Comparison with theory

UF

CMS 36pb'at Vs=7TeV CMs 36pb'at Vs=7Tev CMS 36pb” at\Vs=7TeV
- T T , : , . . . ——— T
NNLO, FEWZ+MSTWO08 prediction NNLO, FEWZ+MSTWO8 prediction, 60-120 GeV NNLO, FEWZ+MSTWO08 [PDF4LHC 68% CL] (60-120 GeV)
[with PDF4LHC 68% CL uncertainty] [with PDF4LHC 68% CL uncertainty] At g
stat. H
W—>|V 10.44+0.52 nb Z—)l I 0.97 +£0.04 nb HreH Z — Tt (combined)
syst.
———— Te + Thad
W —ev Db Z— ee —Hef— i
10.48+0.03 , +0.17__ +0.42  .nb 0.992+0.011_,,+0.024 __ +0.040,, . nb \ s Ty + Thad
luni.
W - uv ot Z-uu F—HoH— = Tt Ty
10.18+0.03 , +0.16_  + 0.41, nb 0.968+0.008  +0.020__ +0.039, .nb ——
Wolv (combined) o4 Z- 1l (combined) —HoH— 1
10.31+0.02, + 013 = 0.41, nb 0.975+0.007 = 0.019_ +0.039,, . nb Iof Z—ee,up
EI luminosity uncertainty nol]shown
PR T T I T T [N S S S T S S [ T TR SN N SN M TR S P R RS RSP R BRI S P S SN TR SN S TS TN N T RO ST S SN SR S '
0 2 4 6 8 10 12 0.2 0.4 0.6 0.8 1 1.2 0.5 1 1.5 2 25
o(pp > WX)xB(W—1v) [nb] o(pp—2ZX)xB(Z—1) [nb] o(pp = ZX) x B(Z — tx) [nb]
cMs 36 pb'at \s=7TeV cMs 36 pb'at Vs=7TeV
T T T — T L L LI L R R
NNLO, FEWZ+MSTWO08 prediction NNLO, FEWZ+MSTWO8 prediction
+ - ith PDF4LHC 68% CL taint i 9%, f
O(W )/O(W ) wi uncertainty] O‘(W)/O'(Z) [with PDF4LHC 68% CL uncertainty]
1.43+0.04 10.74 +£0.04
W — ev HH W-oev, Z—ee Hel
1.418+0.008 , +0.036 10.56 012, +0.19
W —uv HH W —uv, Z—uu HeH
1.423+0.008  +0.036 10.52+0.09_,, +0.20_
Wolv (combined) e W-— |V, Z- (combined) HH
1.421%0.006 ., +0.033 _ 10.54 £ 0.07 , + 018,
L 1 1 L 1 1 1 | 1
0 0.5 1 . 1.5 0 2 4 8 10 12 14
R, .= [oxBJW")/[oxBJW") Ruyz=[oxB]W)/[cxB]Z)
* Ratios are not affected by luminosity uncertainty )
+ _ . oy . e 4.
*  W*/W-potentially sensitive to PDF, W/Z has precise prediction
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More comparison with theory

CMS 36 pb'at \s=7TeV z
I lumi. uncert;inty: 1 4% I I 5
@
6xB(W) — 0.987 £ 0.009,,, +0.051, X
' ©
oxB(W*) | 0.982+0.009,,, +0.049,
oxB (W) Fob 0.993+0.010,,, +0.056,
oxB(Z) P 1.003 +0.010 exp. T 0.047,
Rwsz HoH 0.981:+0.010,,, +0.016,,
exp.
R, >|H 0.990+ 0.011,,, + 0.037,, 1
theo.
06 0.8 1 1.2 14
Ratio (CMS/Theory)

10

0-1

~ .« CMS, 36.pb", 2010 e
« CDFRunll x::
DO Runl
.+ UA2
.+ UA1 e

P

N\

Theory: FEWZ and MSTW08 NNLO PDFs

IIIII| 1 | IIIIIll |

Collidl? energy (TeV)

* Good overall agreement with theory predictions at NNLO
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/ differential cross section

Large statistics allows to study differential cross sections vs y and p;

* compared to theory after an unfolding procedure correcting for resolution and final-

state radiation

L B L BRI R B ,QM,S,qrg_lri_nvli'ggp_ . . —_— CMS prlelirrllinéllry — 80 x10° | : | C'I‘AS Pfelliminary
spblatVs=7TeV | T X - 1 = T 36pb’ atVs=7TeV
0.35 H‘+++++++ m 4 ; + T, 36pb™ at \s=7TeV S i p i
; bt S g 13 [ . -
0.3 + + E S i *_H ] ¢ 60 e  data(eandpu combined) —
T10° . o4 =] b e hia D6T .
=.0.25 1 &€ " : -t . Prthia PO -
§ ke - Uy i _8- i — - Pythia ProQ20 i
8 02 ECAL contributes E '§10"‘ 3 » E E 40— — FPythiazz —
o) - to large |y| ] = f 1 5 E i
- 0'15; B 105 e data(e+p combined) —$ . - : :
0.1 2 data (e and u combined) \ E FEWZ NLO § o0l N
- [ PowHEG +CT10 108 L M <21 P, <20GeVic ] i N
0.05[- E . - S I i
- = T - - §
T T T P T T £ 2r ] 0 ' L I l I
% 05 1 15 2 25 3 85 = | m ++ 77 1 § sf 7 ' ' ' —
I N
m - 20 . o
x - _Z e y X < 10 3 % L L L | f , N ] g |
\/E S 20 30 60 100 200 300 600 * i
GeV/c «
g Pr ! o S l | | | | .
Sensitive to PDF at low x 2 0 5 10 15 20 o5 30

Good agreement with FEWZ
prediction (NNLO) at high p;

pr [GeV/c]

Agreement at low p;

requires PYTHIA tunini

- CMS-PAS-EWK-10-010 ‘
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A

\ CMS-PAS-EWK-10-011
CMS preliminary

CMS preliminary

CMS-PAS-EWK-10-007 l o T T T —TT T —
CMS preliminary 05l a) 36pb at VS=7TeV _ 05} b) 36’ atVs=7TeV |
1|F 36 pb™ at \'s=7TeV 4 I [ I
10" 3 Zh* —>pe o
102 4 & i
: 1 < |
10 3 - ]
10*E E L+ data (uncorrected) « data (uncorrected) -
oo cam ] 05F —dr-ow : 05F — e .
107 NNLO, FEWZ+MSTW08 E ] : — ] - :
E " : E 60 100 200 600 60 100 200 600
- uncertainty on modeling 3 M Ge M
ee) [Ge
el e ] " () [GeV] (ee) [GeV]
M(“M) [GeV] d COS 0 8 2(p+P— . P—P+)
Unfolded distribution, corrected Ccos GE‘S = 1°2 1°2
for acceptance, efficiency and Collins-Soper frame adopted \/QZ(QZ + Q2 )
FSR effects (not included in FEW?Z) ] T
More precise measurement also
using y and m? of the di-muon pair distributions W
0..* » -qbar
sin? g = 0.2287 % 0.0077(stat.) &= 0.0036(syst.) d
gbar q /)

[*I CS frame: Z rest frame in which the z axis bisects p,, -p,,
p, and p, being the incoming quark and anti-quark momenta
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- JHEPO4 (2011) 050

W+*/W-ratio measured as a function of the lepton pseudorapidity n

Sensitive to PDF; several uncertainties cancel in the ratio

A(n)

_do/dp(Wt = £tv) —do/dn(W™ — £7D)

section analysis

Two p; thresholds (25, 30 GeV) to
probe different phase space regions

Charge mis-id: 0.1(barrel)-0.4(endcap)%

for electrons, <104 for muons
Statistical uncertainty: ~3%

Systematic uncertainties (~3%) can be
improved with increasing size of Drell-Yan

data sample

— Separate efficiency estimates for + and - leptons

— p; scale and resolution

— Background and signal modeling

~ do/dp(W+t — £+tv) +do/dnp(W— — £~ D)

Similar selection to inclusive cross

0.3

o
no

o
—

o
w

Lepton Charge Asymmetry

o
no

IIIIIIIIII

0.1

IIIIIIIIII

LI

CMS
—

I

a) pTe’“ > 25 GeV/c

— MCFM + CT10W
== MCFM + MSTW2008NLO

36pb’ at Vs=7TeV

8 W puv

errors: stat @ syst

IlIIlIlIlI

theory bands: 90% C.I.
L 1 I | L

I

b) pT‘*’u > 30 GeV/c

TN AT SR E B A

Lepton Pseudorapidity — n|
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W polarization

V-A W-quark coupling imposes L-polarized quarks (for m z0) | CMS-PAS-EWK-10-014 ‘
high W p; = large W f, _arXiv:1104.3829 (> PRL)
Important for searches beyond SM with different W polarization

Polarization should be measured in the W rest frame:

dI’ 3 , , 3 L
= * . " o N _1
Tdcosf* 8 [fR(1‘|‘COSQ )"+ fr(1 —cos8") ] -+ 4fosm 0  fr+ fr+ fo

_pr(l) - pr(W) 14 cost”

— 2 -
[pr(W) 2

- 600 17 11 = 600 T — , — T
(=] -, 1q o - f fa ]
~ I CMS, \s =7 TeV ~ [ ¢ CMS, Vs =7 TeV ] Wi
@ 500 o EWK L. =36pb"’ -4 £ 500~ "o EWK L. =36pb’ .
[ [ —fit result ®data int = 90 P 1 € _  —fit result ®data int = 90 P ]
g - 4 - £
i 400 1]

300f

200¢ /" Lepton

X T projection
100: 100':_ — e teutssanea e ey e B (transverse

AN T N S R I: plane)
% 02 04 06 08 1 12 | a

Ly(w) W p; as lepton

plus missing E;
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UF

- CMS-PAS-EWK-10-012 [

* Important test of perturbative NLO predictions and background to Higgs and many
searches

* Systematics dominates, mainly due to energy scale and unfolding for large n

* Agreement with MadGraph, discrepancies with Pythia observed
2 F — je"umi"ary CMS preliminary CMS preliminary
S F 36pb’ at \Vs=7TeV o P T T T o P T T T
3 10° o N |5 n i ™ B i
5 W_’UV SR I 1 3 36pb” at \s=7TeV 38 basn 3 36pb™ at \s=7TeV
goE - sl 10'F Tl 101 ’ —
2 F E W = v (MadGraph) i A - W —uv 3 i A E Z —uu E
=1 top [~ . - ]
c 10 I other backgrounds + + - jet ] + + - jet ]
T ) ET > 30 GeV — = tocoamassss ET > 30 GeV -
32 | —— 1% | — :
RS 4  10%F E
5 e data — . - * data ]
Q1sF T T - energy scale E = energy scale e
3 1 e l = unfolding . —— — . - unfolding e
Tosk e
VY o 3 F~ —— MadGraph 22 A | 10° F —— MadGraph 22 S,
< - 7 Tov ] - = MadGraph D6T b = === MadGraph D6T ]
D sl at\s=7TeV 7 N —_— . ] N —_— . ]
F: Z—)IJIJ E>30GeV 3 - Pythia Z2 - 5 Pythia 22 T -3
'c;> 1 04; - _; | | [ — | | |
g8 | ) 7 ey - o~ T T T
g 103§ E ill backg(;’:’cllui(:saph) i ’(’T g B I ! I /"T % 0 3
R | et o — 7
El (] ,L 2 — L em emeessmees - QO ;I\ * )
; 'é_‘ 1|— 0 ///E// ,.'.'.'.,”/I/”.'.".‘ é_‘ T m .
§ Ns ;—-—_-- 444444 --:.-'-_ _--—_—-’_7 -_— N502___ ________ | —_— ]
~ +|n 01 1 +[A 01_— ,//}///—-.___.-—;;;;’?;;,—-___“__:
{ |t i N+
Q15 T B2 | ! oN | | | )
NS ] e 0T > 3 7 ° 0/ 2 3 2
B ieive jot mulipiey inclusive jet multiplicity, n inclusive jet multiplicity, n
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CMS-PAS-EWK-10-015

* b pair produced from qq, gg scattering, or single b quark at partonic level

* B-tagging purity determined from template fit to the distribution of the invariant
mass of tracks associated to the secondary vertex

N »s Q —— \N\NZ 4 ———(\/N\N\NZ
e SAUAS AL SR AEL AR RARAN RARAN RALRN RARRS RARN R e L R AR RARRN RARRN RARRN ALY AL LAARS RARL
© | cMs Preliminary 1% [ cms Preliminary ]
§3o} =7 TeV, L =36 pb’ ; E.?Zs - E [\s=7 Te\ll, |'_ =36 pb' ; E:;:s ] Y Y
,"E . [ c-jets : 08’20__ [ c-jets ] Q
S5 B ljets B High purity btagging | § "G00+ ¢ —*—-"DUO"<
E - High efficiency b-tagging{ 5 1 5"_ ] Q
520_— — g L /
@ f Ejt>25Gev ] [ EJ°t > 25 GeV
185 AR ;> 0.5 1 o AR, 0> 0.5 R L 0'(pp—>Z-|—b-|—X)
o(pp—Z+j+X)
[ ;] Results are in agreement with
15 2 25 3 35 4 455 % 05 1 15 2 25 3 35 4 45 5
?econdary vertex mass (GeV/c?) Secondary vertex mass (GeV/c?) the o) ry W|th | n uncerta | nt—i es

Sample R(Z — ee) (%), p5 > 25GeV, |7°] < 2.5 | R(Z — up) (%), plr > 20 GeV, |7#| < 2.1

Data HE 4.3 +0.6(stat) = 1.1(syst) 5.1 + 0.6(stat) + 1.3(syst)

Data HP 5.4 +1.0(stat) &+ 1.2(syst) 4.6 + 0.8(stat) = 1.1(syst) —

MADGRAPH | 5.1+ 0.2(stat) £ 0.2(syst) £ 0.6(theory) | 5.3 +0.1(stat) £ 0.2(syst) & 0.6(theory)

MCFM 4.3 £ 0.5(theory) 4.7 £+ 0.5(theory)
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Events
3

Events / 10 degrees

WW production

- Phys. Lett. B 699 (2011) 25

e Challenging analysis, benchmark for H=WW search

AL R LS B I |

CMSNs=7TeV, Lim =36 pb
* data

mww ]

Bl Z+jets —

’ e, oW ]

[ di-boson

Wjets

L e e e e B i
CMS,Ns=7TeV,L =36pb’
* data
CH(160) > WW
mww
Bl Z+jets
L 3

I di-boson
Wjets

100 150
A ¢11 [degrees]

(\t, C T T T T I T T T T ] T T T T ] T R T T T ]
s 5t CMS,\/§=7TeV,Lim=36 pb?! g
6 * data
mww ]
N4 B Z+ets ]
>~ or B, oW 1
*‘g [ I di-boson
o | Wijets
> 3r .
s3] 3:
2

50 100 150 gdo 0
m, [GeV/c?] LM S e IR I
Iy 5 F CMS, \Ns=7TeV,L_=36pb
13 events selected against a background 2 1sf PTUER TR
H 2 146 E=Sm o, BR(H—> WW —212v),SM ]
eStlmate Of 3'3 1.2 é 16: R gH~BR(H:)>WW:>>212:),SM4 1
- r limit, observed .
oWW = 41.1% 15.3 (stat) £ 5.8 (sys) * 4.5 (lumi) pb T 14; s EESZrum@t, expected £ 1 ]
NLO prediction for SM WW = 43 + 2 pb § 2F e upper limi, expected £ 20 E
10
0 _ T o
AW — (446 +1.66 +0.64) - 104 z 8
ow Sé -
o

Search for H=WW and limits to
Higgs production with a fourth generation

e Limits to anomalous WWy and WWZ couplings set

* Using W decays to electrons and muons
(W—1v signal also included)

* Drell-Yan vetoed (missing E; required,
di-leptons mass far from Z peak)

e Z—TT suppressed: missing E; projection
transverse to closest leptons > 35 GeV

* Top quark veto using number of jets, also using
soft muon and b-tagging veto

00 200 ‘ 300 400 500 600
Higgs boson mass [GeV/c?]
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CMS-PAS-EWK-10-008

arXiv:1105.2758

* Final state common to new physics searches, probes triple gauge coupling
* Fake photon estimate is a key task, performed with data-driven methods ! z
10* g (-

E - CMS, 36 pb™ ] ISR

S 10k Ns=7Tev —*— Daa N _

= o —— Wy MC + backgrounds 3 200 q i

~ 7 % W+Jets ; —l T T T I T T T T I T T Rl I T T L I J T T T el | T T T T I T s | I_

a 102? - | Other backgrounds - [ E 5

§ ) <een aTGC Ak, =0,4, =05 3 O 180 Zy MC . i -

D W e 5 e 7 i

o % E e - — ) —

: // ) = 160F- e Zy—eey Data %~ 3

1e E q tf e Zy—>puy Data A -

E 7 //;, SISV //;, IIIIIY //;, ISV //;, /; /Z Z __ ° L .__

10—15_ nnrfleonflonnllonollonollonnilos E er ® %" .. ]

20 40 60 80 100 120 140 160 180 200 — “Sat, s —

E} [GeV] 1 LI ;. .' T I T .

FTofems e ] S s e T 10F g > B
5=7Tev s =7 TeV 1 PR ey sas 3 . .
02F VS = 0000sE E SOp" 3. e =
o EI E L15e dare CMS 2010,36 pb™ ]

’ E 1 ? i ‘-.I 1 1 1 I 1 1 1 1 I 1 1 11 I 1 1 1 1 I 1 1 11 I 1 1 1 1 I 1 11 ]

o E o E 6%0 60 (4 80 90 100 110 120
01F 3 3 E M, [GeV]
0ok 1 -0.000s- > 3

“r @) ] o 95% CLhmltonZZY o(pp — Wy + X) x B(W — (v) = 56.3 £ 5.0(stat.) & 5.0(syst.) & 2.3(lumi.) pb
-0.3F 4 E — 95% CL lmut on ZY'Y .

B .. |1. L .0|5. L ‘(l)‘ L .0.|5\ A Ii‘ L d 0,001t -()Il . ‘-b,losl . (I) 0.05 . 01 U(pp — Z")/ + X) X B(Z — gf) = 94 + 10(stat) + 06(syst) + O4(lum1) pb
- h, EI > 10 GeV, AR(v,£) > 0.7
Hw = 2Mw 2+ Axy +2y) [:> [ The smallest LHC cross ] )
i section measured so far!
Ow = — . (1 + Ax, — )"Y) Electric W

A\

gquadrupole mom.
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Summary of CMS EW results

36 pb’ at \s=7TeV
|

CMS preliminary
I

lumi. uncertainty: +4%)
oxB(W) 0.988 = 0.009 gxp * 0.050 theo
oxB(W*) 0.982 = 0.017 gxp  0.049 theo
oxB(W) 0.993 = 0.019 gxp = 0.054 theo
oxB(Z) 1.003 = 0.010 gyp * 0.047 theo
oxB(Z — 1) e 1.029 = 0.097 gxp + 0.043 theo
oxB( Wy ) N/, (/B 1121 0.177 exp = 0.077 theo
oxB( Zy) — 0.969 = 0.121 gyp * 0.042 theo
oxB(WW) , d : 0.956  0.381 xp + 0.007 theo
Rw/z o 0.9812 0.018 gxp = 0.015 theo
Rws 0.994 = 0.013 gxp = 0.035 theo
_o(Z+=niets) Wi —>eva ,_,_Hr 0.894 = 0.097 gyp = 0.017 theo
o(Z+=z (n+1)ets) | | Wigt = pv o e 0.833  0.088 exp + 0.017 theo
=a+Bxn| | Ze —>eea : d : 0.992 = 0.199 exp + 0.020 theo
| Ziet —> un o \ . , 1.208 = 0.280 gxp + 0.021theo
Zojet/Ziet(—> €€) 1 . — 1.059 + 0.281gxp  0.167 theo
ZpjetlZjet(— up) — — 1.000 = 0.272 gxp + 0.185 theo
sin®Bw | ,‘]_‘ | 0.989 + 0.037 gxp = o.(l)o1 theo
0.5 1 1.5 2
Ratio (CMS/Theory)
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Conclusions UF

* The LHC Higgs erais upon us

— Machine is performing spectacularly, and so are ATLAS
and CMS

* CMS published lots of papers on the Standard Model EWK

searches

— Already a very good program with 36 pb™! of data
collected in 2010.

— you can imagine what we can do with 0.5 fb
 Starting probing the Tera scale
* Both experiments in discovery mode

* We’re continuing precision EWK physics and we are ready to
start Higgs and new Physics search@LHC

Stay tuned: 2011/12 will be a great biennium for HEP!!!

check here for CMS results:
= https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults_l
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CMS detector
CMS Detector ===

Microstrips (80-180um)
- ~200m? ~9.6M channel
Pixels m channess

Tracker ' —_— CALORIMETER (ECAL)
[-1" "A l — - % ~76k scintilating POWO, crystals

| [@A
Solenoid

P ‘¢ AN Af " OOWER

- - ’ Siiioon strips
- ~ A=
Muons Ja 16m? ~137k channels

~13000 tonnes

SUPERCONDUCTING
SOLENOID
Niobium-titanium cod

carrying ~18000 A FORWARD

CALORIMETER
Steel + quartz fibres

HADRON CALORIMETER (HCAL) ~2k channels

Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0m ~7k channels Bamel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7 m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers
Magnetic field 38T
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CMS preliminary
. ; v

36pb'at Vs =7TeV
I i I

T T T
* Berends-Giele scaling: OZ+=NelS) _; 1pxn
o(Z += (n+1)-jets)
: 2f 1 F 12
G(Z + = n']etS) uncertainties: uncertainties:
= electron efficiency jet energy scale
Z+= (nh)jets) @ +Px" et e
o(Z += (n+1)-jets :
Q.
* Expected ~constant withn = of---smeemmm oS o I S e NG 0
Z—
electrons | Zole | ey
© MadGraph © MadGraph
I ‘ “ data I stat I JES ‘ (—:(f) H Theory I stat. only 68% C.L. contours stat. only 68% C.L. contours
Z |al| 50 | £1.0| 53 | 1309 | 5.04+0.10 2F . _ . 4 E : . : _ -2
Bl 07 | +08 | Fo0% | 102 || 0.45+0.08 4 6 8 B 6. 8
W |a|| a6 | 04| 02 | 085 || 5184 0,09 5 S prefiminary | | | _36pblat\s=7 O
Bl 05 | £04 | 39 | £0.2 || 0.36+0.07 ' oW +znets) _ o .
oW += (n+1)jets) ~ & +Bx uncertainties:
muons nt B ot onergy scale
| uio’er?';}:%y B —> MG+D6T smearing matrix
‘ ’ “ data l stat I JES MC ‘ €(?) l D6T tune H Theory l 1 —D jet energy scale 7] 11
Z |a| 58 |£12| £06 | 0.1 +0.3 48 +0.1
Bl 02 |£10| £03 | +£01 -0.0 0.35 £ 0.09
Wilal| 43 | £03 +02 | £0.2 -0.4 516 £0.09 0.5} 4 } —0.5
B 07 | £0.3 +0.2 | £0.3 +0.3 0.22 £ 0.06 W — ev \ W — uv
® data ® data
o MadGraph o MadGraph
o] only 88% CL. conlours ___ S weYerea- -] |statonly88% ClL contours | .o..... —o
] | ] | ! ! ! ]
E. A. Berends, W. T. Giele, H. Kuijf et al., “Multi-jet production in W, Z events at p anti-p 4.5 5 5.5 4 4.5 5 5.5
colliders”, Phys. Lett. B224 (1989) 237. doi:10.1016/0370-2693(89)91081-2. o o
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W polarization (cont.

More precise measurement with muons

— smaller background: ~250 / 14000
, CMS,\s=7TeV, L =36pb’ ; CMS,\s=7TeV,L_ =36pb’
*o.s '-eo.s _
0.8 0.8
0.7 0.7
0.6 0.6
05 W*—ptv 05 W —puv
0.4 0.4
03 et 03
0.2 Stg- 0.2 @
0.1 syst. \ 0.1
0105060402 0 02 04 06 081 0108060402 0 02 0.4 06 08 1
fL-fa)" (f-fa)"
Uncertainty (fi-fR)" | fo |- | ff
Muon channel
Recoil energy scale +0.029 +0.123 +0.011 +0.092
Recoil resolution +0.012 +0.006 +0.012 +0.004
Muon scale 40.002 40.007 +0.004 +0.008
Total uncertainty +0.031 +0.123 +0.017 +0.099
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Remaining objects: MET & btag RS 3

* neutrino momentum estimated from energy imbalance in the

transverse plane = MET
— Main rejection of QCD di-jets and Drell-Yan (no real MET)
— Necessary for M, measurement (definition of M-(W)) and search for new
physics
— Three methods exploit increasing number of informations:

* pure calorimetric, track-corrected, full particle

First CMS ttPar candidate

03 3

0.2 3

. an®
. ne 2
--------
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x10°% CMS preliminary

@ 1007
[
% 36pb’ at\s=7TeV |
. . ‘E 751 —— data
* W event selection is based on: 8 L
. . ] W
— Loose single-lepton trigger § [ | EWKL ]
— Lepton identification cuts, well understood S0 M aco
— Lepton p,>25 GeV, n within trigger fiducial
volume 25; QCD-(Ienriched ]
. . . . - sample
— Isolation: tracker and calorimeter activity - L .
within IE: . ]
AR=V(A ¢?2+A n?)<0.3 normalized to lepton p, ® o1 02 03 04 05
— Di-lepton veto (Drell-Yan) ' Isolatlo.n.
ﬂ CMS preliminary
° i H I L B
Signal extraction 36 pb" at V8 = 7 ToV j
— W yield from fit to missing E, distribution > 10* ot E
) ata 3
* Parameterized shapes or fixed binned templates 0] f .
. N103 H W — uv E
— QCD shape determined from data 5 E
inverting lepton id / isolation selections § 10° 4
— Lepton efficiencies from Z tag and .g ]
probe as a function of p;, and 7 lepton g
— Missing E, studied using Z recoil =
c
— Momentum scale and resolution
studied from Z—/*/- data
lepton hadronic

recoil
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J

f N — ™
W*—[*v W™ —/v
* Fit separately positive 1o 18— VS prliminary 1o 8 OIS prefiminery
d . I : sspb‘atxf 7Tev ] : F|xed 36pb at\/_ 7Tev ]
and negative lepton 3 o) s 3ol templates *
missing E; spectra to > |3 = wk § o =
extract =y s : |
o(W*) and o(W-) T30
* Alternatively, fit the ;
total yield and ratio to S| RN <
extract o(W) and \ T
G(W"’)/O’(W_) ‘ CMS prellmlnary
. - 36 pb at \s= 7TeV ] - 36 !)b" at\s=7TeV |
* Inthe ratio several 3 cw 1 18R Psramete“zed .
. . 2 ," ata g _ S apes . da}ta ]
uncertainties cancel > |: L mawer 1 12 e = e ]
q) § ;‘ B QcD § . B QcD
© \ ] 5 4 x ]
& & \
;T el T
- e
' x g 3 l'"Q¢v!"vv..‘0‘0¢$vlt‘o".0.07“0’. x g ee "I" vy uI.o “I‘o toy?
l CMS-PAS-EWK-10-005 -50 20 a0 60 80 100 -50' 30 a0 60 80 100
L \ Fr [GeV] ] U Er [GeV] )
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Systematic uncertainties

Data-driven methods to determine efficiencies, background and
signal shapes allow to reduce experimental uncertainties

N
AXfX£

o X B =

— (-

Edata
€sim
Uncert. propagated from
Z T&P to W p;/n spectrum

Lumi. uncert.:

Theory uncertainties affect acceptance determination:

— PDF (PDF4LHC: CTEQ, MSTW, NNPDF),
radiation modeling, higher order effects (ResBos), EWK

corrections, Final-state radiation (Horace),

4%
| CMS-PAS-EWK-10-004

Initial-state

Source Woev Wou |Z—oete |ZouTu
Lepton reconstruction & identification 1.3 0.9 1.8 n/a
Trigger pre-firing n/a 0.5 n/a 0.5
Momentum scale & resolution 0.5 0.22 0.12 0.35
E 1 scale & resolution 0.3 0.2 n/a n/a
Background subtraction / modeling 0.35 0.4 0.14 0.28
Total experimental 1.5 1.1 1.8 0.7
PDF uncertainty for acceptance 0.6 0.7 0.9 1.2
Other theoretical uncertainties 0.7 0.8 1.4 1.6
Total theoretical 0.9 1.1 1.7 2.0
Total 1.7 1.6 2.5 21
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Z— 1l analysis

* Isolated di-lepton pairs with p;>20 (W), 25 GeV (e) and n within trigger
fiducial volume. Mass range: 60<m <120 GeV

* Yield fitted simultaneously with efficiency using different di-lepton

categories (W)
* Cut and count analysis using tag & probe efficiencies (ee)

[ Z_)e+e— \ [ Z_)I.J-l-“_ \

CMS preliminary CMS preliminary
—— ——

10* — 5 .
g 36pb’ at \s=7TeV 10°F 36 pb’ at Ns=7TeV 3

> o0 1 > F .
10" - O]
O E E O10°
— n e data ] o =
L1002 1 Zoe'e i) > [
S E B EWK E c10° |
> - % I ] > =
N ] QL
S 10 i = o 10 |
0] r | ::'i‘.'.||| = o i
Q || ||I‘III‘ e
S I‘ 111 £
2 1 \ E 2 1¢

i
= : i

[
'5|....|....|.... '5I|....|....|....
50 100 150 200 50 100 150 200
\_ M(e'e) [GeV] VAN M) [GeV] J
Michele de Gruttola 34/25




<[[]e]

UF

T > 25GeV/c
Electron Channel Muon Channel
|n| bin [0.0, [0.4, [0.8, [1.2, [1.6, [2.0,]][0.0, [0.4, [0.8, [L.2, [L.5, [1.8,
04] 0.8] 1.2] 1.4] 2.0 2.4]| 0.4] 0.8 1.2] 1.5 1.8 2.1]
Charge Misident. 0.02 0.03 0.03 0.08 0.09 0.10 0 0 0 0 0 0
Eff. Ratio 0.70 0.70 0.70 0.70 0.70 0.70|0.59 0.39 0.92 0.72 0.81 1.17
e/ Scale 0.11 0.09 0.19 0.47 0.40 0.45|0.50 0.48 0.50 0.48 0.50 0.42
Sig. & Bkg. Estim. | 0.16 0.19 0.26 0.33 0.25 0.25|0.23 0.29 0.34 0.40 0.53 0.58
Total 0.73 0.73 0.77 0.90 0.85 0.87|0.80 0.68 1.10 0.95 1.08 1.37
p% > 30GeV/e
Electron Channel Muon Channel
In| bin [0.0, [0.4, [0.8, [1.2, [1.6, [2.0,]]0.0, [0.4, [0.8, [1L.2, [L.5, [1.8,
04] 0.8] 1.2] 1.4] 2.0] 2.4]| 0.4] 0.8] 1.2] 1.5 1.8 2.1]
Charge Misident. 0.02 0.02 0.03 0.07 0.08 0.10 0 0 0 0 0 0
Eff. Ratio 0.70 0.70 0.70 0.70 0.70 0.70|0.59 0.39 0.93 0.72 0.82 1.18
e/u Scale 0.07 0.17 0.26 0.46 0.53 0.55|0.80 0.78 0.83 0.81 0.73 0.77
Sig. & Bkg. Estim. | 0.16 0.19 0.26 0.33 0.25 0.25|0.20 0.20 0.27 0.35 0.51 0.56
Total 0.72 0.75 0.79 0.91 092 093|101 090 1.27 1.14 1.21 1.52—

Systematic uncertainties (%)
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1/0 do/dp; [(GeV/c) ]

(0 0]
o

60

H
o

I I I I I 1 1 l 1 1 1 I 1 1 1

N
o

/ differential cross section

X
—
lo
w

CMS preliminary

® data

36pb'at Us=7TeV ~

wm POWHEG @ NLO g R— ]

+ -

|7],| <21, P> 20 GeV/c

0.3 1

3 10 30
pr(ll) [GeV/c

UF

Disagreement w.r.t.
POWHEG is significant
in some bins

Non-perturbative effects
dominate at low p;, and

are part of the ‘tune’ of

the underlying model
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CMS ad LHCb measurements

o
RO

o
SN

Lepton Charge Asymmetry

o
o

UF

Q? = M, ratio to NNPDF2.1

CMS+LHCb \Ns=7TeV
[ [ | [ [

— P, >20 GeV -~ LHCb, preiim. 16.5p5" |

i g W-uv |

| CMS, prelim. 36 pb™ _
W MCFM+MSTW2008NLO

N ° — UV i

i CMS _

L T T T T 1 | | Iu L

— [ I | I [ Iu —
| | | | \\ |

0 1 2 3 4 5

Lepton Pseudorapidity — [n

CMS complementary w.r.t. LHCDb

13
. NNPDF2Y

1.25

NNPOF2 |« WASY CM5 30 GoV cut

.....

1.2

1.15

11

xd

1.05

0.95
09

llll l llllllll i xllllll

0.85 el
10° 10°

1})'3 . 10 1})"
CMS results already improve
d,u,d,u,s quark PDFs by >40% in—

the range 103 < x < 102!l
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UF

CMS-PAS-EWK-10-013
arXiv:1104.1617

CMS 150 CMS
< S L L L B AL < L B L B
Benchmark for searches using taus (H @ | 36pb’ at s=7TeV | 36pb” at Vs =7 TeV
*—=1v, H—TT, ...) (OD 150 - Z = TT = T, Thag (05 + Z —> TT —> TeThag
Particle Flow: combine tracker and = = 100 i ]
calorimeter measurements to Z . ot i 2 i tan
. . . 100 L4 ata — L a
determine particle candidates L% ! ] zow A L1'>j [ 0 z-w
B Ewk+i ] i B Ewkqi
M<(l, miss. E;)<40 GeV (lep+had) I 50 |- . .
Missing E; < 50 GeV(lep+lep) to i ]
SUppl"ESS W+jets yields from fit | yields from fit |
0 0
Main systematic: tau id eff. in 0 50 100 150 200 0 50 100 150 200
hadronic mode (23%), determined Visible Mass [GeV] Visible Mass [GeV]
°)y
CMS CMS
fromdata 950_""|""|""|""_ 9 [ L L L L L L B
o | 36pb'at\s=7TeV { i 36pb’ at Us=7TeV |
— 300 ,lIIICMS (OD a0l Z—>TTt =TT, ] g Z— 1t —>T,T,
% 36pb’ at\s=7TeV 1 - - 1 - - data R
o - — — . i : * a
= 250 Z — TT = T, Thad E, 1 E 107 ] Zow S
N < e data ] c F B Zh*—pp
%’ 200¢ e data 0>J O Z—1x i g [ Il QCD ]
o [ |:' Z—1t 1 L - _ wl
o 150 B Wiets EWK+t ] 10 .
[ B Ewk+t “ B Qcp 1
100k I Qcb i - yields from fit ]
[ i ] 1
50 ] i yields from fit ] -~
] [ e o
% 20 40 60 80 100 120 % 50 100 150 200 0 50 100 150 200

Mr(u, Er) [GeV]

e-u Invariant Mass [GeV]

u-u Invariant Mass [GeV]
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CMS-PAS-EWK-11-002

* Events triggered a single tau plus missing E;

— challenging, especially as luminosity increases

— Trigger cuts: p, (T ) > 20 GeV, p; (track)>15 GeV, missing E;
>25 GeV

* QCD estimate from control regions
— pe(T) / 2Zpg(all jets) cut inversion

(Selection: \

—~ 100 * p;(t) >30GeV, tightened as offline cut
% 90? ChS P'e"mi"a'_‘: * Tau isolated from other particle-flow
o g L=18.4pb particles
=) 805_ \s=T7TeV * p(t) / Zp;(all jets) > 0.65
PR —+— Data » Missing E; > 35 GeV
‘E 60— “2 Wtaunu
w = Wenu Process Events

40— ZJet _

30 ~ Wmunu W->1tv (sim.) 174 +3

20;_ EWK (sim.) 46 + 2

10— QCD (sideband) 109+ 6

% 60 80 100 120 140 160 180 200 SCi S0

M, (5, ET*%) [GeV]
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o(pp — ZX) x BR(Z — 1) [nb]

1.4

1.2

0.8

0.6

.2TT

 Simultaneous fit of tau id and cross section

Ly

CMS
I 1 | 1 | I I I I 1
36 pb’ at\s=7TeV -
B 68% CL .
[] 90% CL il
[ ] 95% CL

—

NNLO, FEWZ+MSTWO08 -
[PDF4LHC 68% CL] |
(60-120 GeV)

1 1 1 1 1 1

1

TR
0.8 1
Thaa-1D Efficiency (data/sim)

PR SR
1.2 1.4 1.6
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CMS

Fle Edit View

OP Vistars - la Firefox

History Bookmarks Tools Help

LHC Pagel Fill: 1005 E: 3500 GeV 30-03-2010 13:24:16

PROTON PHYSICS: STABLE BEAMS

3500 Gev [ECION 1.88e+10 1(B2): 1.68e+10

Updated: 13:24:16

FBCT Intensity

i

11:30 11:45 12:00 1215 12:30 12:45 13:00
Time

First Collisions at 3.5TeV/bea

Comments 30-03-2010 13:22:57 :
Stable beams!

BIS status and SMP flags
Link Status of Beam Permits
Global Beam Permit
Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams

PM Status B1 BRSL:IRSsENPM Status B2

LHC Operation in CCC : 77600, 70480 ENABLED

] - @ @ ([ tp-s/0p-webtools.web.cern.ch/op-webtools/vistar/vistars. php?usr=LHC1 -] @~ o @ -

[ Most Visited ¥ (@] Scientific Linux CERN @] CERN IT Departme... [®| CERN Home Page [ Linux distributions ¥

[ CERN - AB - OP eLogbook - Vi... x |[<] CERN - AB - OP eLogbook - Vi...  |[<] CERN - AB - OP eLogbook - Vi... x |[<] CERN - AB - OP eLogbook - i... X ‘ @) OP Vistars ‘ M
LHCL | OP Vistars 204

The LHC machine

UF

Circumference (km) 26.7
Number of superconducting Dipoles 1232
Length of Dipole (m) 14.3
Dipole Field Strength (Tesla) 8.4
Operating Temperature (K) 1.9
Current in dipole sc coils (A) 13000
Beam Intensity (A) 0.5
Beam Stored Energy (MJoules) 362
Number of particles per bunch 1.15x101!
Number of bunches per beam 2808
Crossing angle (mrad) 285
Bunch length (cm) 7.55
Norm transverse emittance (mm 3.75
rad)

Beta function at IP 1,2,5,8 (m) 0.55,10,0.55,10

N, = number of proton per bunch

[ — N, g”b.f rev Yr F

n, = number of bunches

f.., = rotation frequency (~ 11Hz)

F = crossing angle factor

Rms transverse beam size =V e B/y
& , = renorm. transverse emittance

B * = optics at beam crossing (m)
v, = relativistic factor

4re, B *



Jets and MET

CMS preliminary, 2.9 pb’ \s=7TeV o . .
S 12 A B AL = Jet and Missing ET reconstruction uses Particle Flow (PF)
_'E 8F particle flow jets *;?\t‘)atL’“:ZE?W technique:
S _f Antik 05807 jg’f‘f‘:;fzﬁg‘l’;; = All tracks/energy deposits sorted into charged|/
§ 6 ~ Residuals neutral hadron, electron, photon, or muon candidates
2 5 = Resulting set of corrected particles input to jet
§ af PF Jet JES clustering, MET determination, HT, MT, etc.
2 3 = Significant improvement over traditional ‘““CaloJets”
E P p
2 2 for ~low-medium pT jets with tracker coverage
< 1
0: L, o T ]
20,30 100 200 10002000
p, (GeV)
>
"Anti-kT clustering with R=0.5 §
used everywhere here © — —n
. i ' ackground |
— JES of PF jets known to £ 100l ‘I‘ o _ ’ _
o () I . -
. 3-4% . o | Calo Type Il 1 | No=7TeV .
— high PU JEC evaluation s | - det=255 nb" |
carried on now 2 el i i
- PFEr ]
MET response with - '
selected W events J.
0 50 100 0 100

Calo Type I, [GeV] 42/25 PF§; [GeV]
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Data-MC comparison for b-tagging observables UF

CMS Preliminary 2010, \Ns=7TeV, L=15nb "’
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Muon reconstruction

* Three different subsystems to detect muons: Drift Tubes (|n|<1.2), Cathode Strip
Chambers (0.9<|n|<2.4) and Resistive Plate Chambers (|n|<1.6)

* two complementary approaches: “global muon’’ (outside-in) and “tracker” (inside-out)

I I T I T I 1 T
om im 2m 3m 6m 7m
Key:
Muon
Electron

am 5m
Charged Hadron (e.g. Pion) ]
— — — - Neutral Hadron (e.g. Neutron) -
----- P
Tracker track g N
- " _._-' e 1

—> Tracker W})‘}\“\"' 2} - Ml.m‘%:ﬁ

sl T e

..... s = T
M) I
) j - Global
n return yoke interspersed / (LI &
ransverse slice with Muon chambers H
through CMS = I I l l lO n

e Asimilar approach is followed for the trigger:

§ T T TT 1]] T T T T llll T T LI lll] T

— L1 muon uses only standalone track info §10.1__ « Tracker-only —4—_

— L2 adds calorimetric inputs = L | = Global * ]

— L3 muon add also tracker hits g ~ | A TPFMS A

£ LY TMR Ce T

¢ goals: momentum measurement: T .

— 1% for p,~100 GeV, 10% for p,=1 TeV £ CMS Collaboration - .

*  cosmic rays runs allowed calibration = | 2010 JINST . ]

. ——

and alignment at the level - 5T03022 . -
expected with o(pb™) of collisions o

102 — - —

E v+ " CMS 2008 -

JI lll

1 1 Ll 11 1 1 1 - lll 1 1 1 - 1
Michele de Gruttola 10 44825 p1TO(BGeV,C)



Electron reconstruction

High granular and precise e.m. calorimetry
allows:
— electron energy measurement

through dynamic clustering
(collection of bremsstrahlung

radiation along @)

— electron-jet separation through

cluster shape in 7

— track seeding from clean ECAL

clusters

high granular pixel + Si strips tracking system
allows:

track pattern modeling with

“Gaussian Sum Filter”

ECAL seeding

precise track-ECAL matching

clusters shape

\Vs=7TeVL,, =198 nb"

Barrel

—4— Data
- Woev

|

— L il " L
0.005 0.01 0.015 0.02 0.02

T

Entries / bin

e

track seeding, complementary to
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