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W and Z production in pp collisions proceeds mainly form
the scattering of a valence quark with a sea anti-quark

The involved parton fractions are low (103 < x < 107") and
scattering of a sea quark with a sea anti-quark is also
important

W production is charge asymmetric: o(\W*)/o(W~)~1.43

(< 2, as from valence + sea only) in the Standard Model
W and Z events produce very clean signals and allow to

perform precision measurements

— Large background control samples are available in data and reduce the
need to rely on simulations

Accurate theoretical predictions are
available

Differential distributions are
sensitive to PDF

EWK processes are also a tool for
detector calibration and

5 backgrounds to searches for Higgs
= My 7z = L1225 and new physics
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W—/v Inc. cross section

W event selection is based on:

Loose single-lepton trigger

Lepton identification cuts, well understood
Lepton p;>25 GeV, n within trigger fiducial volume

Isolation: tracker and calorimeter activity within
AR=(A@2+An2)<0.3, normalized to the lepton p;

Di-lepton veto (no Drell-Yan events)

Signal extraction
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« Parameterized shapes or fixed binned templates S ‘éVW; w7
w —
— QCD shape determined from data g 10° tf 4
inverting lepton id / isolation selections - i
— Lepton efficiencies from Z tag and  lepton g
. £
probe as a function of p; and n 3
— Missing E; studied using Z recoil
— Momentum scale and resolution ,
. L lepton hadrpmc x &4 i, 5
studied from Z—/*/~ data recoil 5 I
0 50 100 150 200
£, [GeV]
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W7 and W™ production

Wity W—=lv
i Flt Separately 8: o Spr'I‘ a;t I\f§'=l7TeV : ’ i leeld I '3'6pl)b‘l‘ at\l§=l71"e\'l : ‘
positive and negative 3 of e 1| B optemplates
lepton missing E; = 2 = S : = o
spectra to extract =N 1 &7 -
i &
o(W*) and o(W-) Tt e _
= [ 84091 £ 291 ] c 56666 + 240
» Alternatively, fit B ] ]
simultaneously the < St g ittt | o ottt aalsttnd g
total yield and ratio to " Rewm " ' R "
extract o(W*) and e oMS prelminary e oMS prelminary
_ N’ 36pb' at\s=7TeV | i 36pb’ at\s=7TeV |
G(W+)/G(W ) E - E 8l Parameterized -
. ,c_f\‘) ® data 2 i Sh apes ® data 1
« In the ratio several = 3 S L TS
o D) § B acp § B Qcp
uncertainties cancel T 8 1 8, :
B : \g1268302] | 5 ' 54703 +249]
JHEP 10 (2011) 132 ’ } ] | i
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/— ([ analysis INFN

 Isolated dilepton pairs with p:>20 (u), 25 GeV (e) and n within trigger
fiducial region. Mass range: 60 <m, < 120 GeV

« Fit simultaneously yield and efficiencies using different dilepton
categories (up)

« Cut and count analysis using tag & probe efficiencies (ee)
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Systematic uncertainties

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

N p= Edata Lumi. uncert.:
o X B == Esim 4%
A X € X »C Uncert. propagated from CMS-DP-2011-002
t Z T&P to W p,/n spectrum
Source Woev | Wouv |Z—oete™ |Z— putu~
Lepton reconstruction & identification 1.3 0.9 1.8 n/a Theory uncertainties
Trigger prefiring n/a 0.5 n/a 0.5 3ﬁ:te0t alcc?.ptance
eterminaton:
Energy/momentum scale & resolution 0.5 0.22 0.12 0.35
PDF (PDF4LHC: CTEQ,
Frr scale & resolution 0.3 0.2 n/a n/a MSTW, NNPDF), Initial-
Background subtraction / modeling 0.35 0.4 0.14 0.28 state radiation modeling,
higher order effects
Trigger changes throughout 2010 n/a n/a n/a 0.1 (RESBOS), EWK
. corrections, Final-state
Total experimental 1.5 1.1 1.8 0.7 radiation (HORACE),
PDF uncertainty for acceptance 0.6 0.8 0.9 1.1 factorization and
) L renormalization scale
Other theoretical uncertainties 0.7 0.8 1.4 1.6 (FEWZ)
Total theoretical 0.9 1.1 1.6 1.9
Total (excluding luminosity) 1.7 1.6 2.4 2.0
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JHEP 08 (2011) 117 ’ L’i’?"
CMS CMS
. i — —~ 150 —————————————————
BenchrPark for searches using S Cepbt at =TTV | | 36pbT at\s=7TeV |
taUS (H —TV, H—)TT, ) (OD 150 Z—>1;1;—>1;u1;had (g + Z — TT — TeThag 1
« Particle Flow: combine tracker = < ool A
. [2]) [2]
and calorimeter measurements to £ , - s | E . dat
determine particle candidates o[ E Z—w i Wz
EWKs+t B Ewkst
« Main systematic: tau id, fit from ol oo 50 W acp
data - _ !
CMS [ yields from fit : yields from fit :
L o e e B B 0 . 0 -
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- 1.2 0 - =~ L L B L A L
% i [ es%CL 15 ; 36pb’ at\Vs=7TeV % L 386pb’ at Us=7TeV |
N NNLO, FENZAMTIOS - ) wob Z— 1T = T, = Z=>TT >,
ne (60-120 GeV) ; B : B
o 1 — i Z i * data
x _- --------------------------------------------- _- 2 4@ 102 E_ D Z—’ﬂ _E
< I A 1z . ] c - B Zy* —>pp
ﬁ s i : (. gafn L% [ I QcD
T o8| — B Ewkstt 10F .
g [ | B acp 3 ]
5 i ) C yields from fit ]

I B N R S B 1E
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W—o1Vv INFN

CMS-PAS-EWK-11-019 ‘ (%

* One tau semi-hadronic decay, challenging trigger on tau plus missing E;:
- pq (1) >20 GeV, p; (track)>15 GeV, missing E; >25 GeV

« 32.4 pb, full 2010 data sample

n 2 [
g | CMS Preliminary 2010 e Data §250 [ CMS Preliminary 2010 ¢ Data
3100 |5 = - 1 - eo = 32.4 pb" L .
wl00™ s =7 Tev,L=32.4 pb — Fitted sum Wt Vs =7TeV,L =324 pb Expectation
- — Wty 200} LW —<v
8o~ iy — Qco i []acp
- S -t : 2z
60— | —-Woev 150 77IW > ev
C + Wy ' W —>uv
a0l ! -h_—l— 100~
B n. N
20 | 501
: o ___.L_.’T_.ﬂ: oS — | N
ozé?—-'f’_._r | ln-._l 1 | 1 i 1 qu“}-mw L %_ - ]
0 0.2 0.4 0.6 0.8 1 0 60 120 140
S oF cang P1 IN EMiss direction/opposite MET-topology m,/G
Channel o(pp - WX) x B (nb) NNLO (nb)

W+ — ttv | 526 4+ 0.39(stat.) T} gg(syst ) £0.21(lumi.) | 6.15+0.29
W~ — t-v | 3.40 & 0.33(stat.) o3 (syst.) = 0.14(lumi.) | 4.29+0.23
R., — oc(pp = WX) x BIWWT — tHv)

=T o(pp — WX) x BIW= = Tv)

(

W — Tv 8.96 & 0.51(stat.) 555 (syst.) + 0.36(lumi.) | 10.44 4 0.52
(
(

= 1.55 4 0.19(stat.) 70 13 (syst.)
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36 pb’at Vs=7TeV CMS

Comparison with theory

)
INFN
C

36pb" at Vs =7 TeV

36pb'at Vs=7Tev CMS
T T T T

T 7 T T T L T T T T T T | L T T T T T L T T T T T T T
NNLO, FEWZ+MSTWO08 prediction NNLO, FEWZ+MSTWO08 prediction, 60-120 GeV NNLO, FEWZ+MSTWO08 [PDF4LHC 68% CL] (60-120 GeV)
[with MSTWOSNNLO 68% CL uncertainty] [with MSTWOSNNLO 68% CL uncertainty] ot :
W— IV 10.44+0.27 nb Z—ll 0.97+0.03 nb Y HeH Z — Tt (combined)
stat. :
}—f—"—|—| Te + Thad
W-ev ot Z-ee F—HoH— §
10.48+0.03,,, +0.17_, +0.42,, nb 0.992+ 0.011,,, +0.024, +0.040,, ., nb \ i |—|—o—|—| Ty + Thad
W - puv ot Z->up F—Hoh— F——e— T+ Ty
10.18+0.03 ,, +0.16,,, +0.41, nb 0.968+ 0.008 ,, +0.019,  +0.039, . nb ——
Wolv (combined) —fod— Z- 1l (combined) —HoH—1 :
fef Z—ee,upn
10.31£0.02,,, +0.13_ + 041, . nb 0.974+0.007 ,, +0.019_ +0.039, . nb ‘
umi. umi. IuminosityI uncertainty not shown
P | Ly o ) L 1 1 1 1 I P T T T | L L R
2 6 8 10 12 0 0.2 0.4 6 0.8 1 1.2 0.5 1.5 2
o(pp=>WX)xB(W—->Iv) [nb] o(pp—=>ZX)xB(Z—- 1) [nb] 0(pp—>ZX)xB(Z—>1;-5) [nb]
CMS 36 pb'at \Vs=7TeV CMS 36 pb'at \s=7TeV
T LI L | — T T T T " T T
NNLO, FEWZ+MSTWO08 prediction NNLO, FEWZ+MSTWO08 prediction
[with MSTWO8BNNLO 68% CL uncertainty] [with MSTWO8NNLO 68% CL uncertainty]
6.15+0.17 nb 4.29+0.11 nb
W* setv ot W 5ev ot
6.15+0.02,, +0.12_  +0.25  nb 4.34+0.02,, +0.09,  +0.17,  nb
W* sputy ot W' >up-v o
5.98+0.02,,, +0.11, +0.24 _ nb 420+002,,, +0.09 +0.17, nb
W* 51"V (combined) —fod— W™ 5 1°V (combined) ek
6.04+0.02,,, +0.10,,, +0.24,, . nb 4.26+0.01,, +0.08,,, +0.17, . nb
1 | 1 1 1 1 1 |
0 0

2 4 6
o(pp>W*X)xB(W*=I1*v) [nb]

« Good agreement with theoretical predictions

« Systematic uncertainty dominates

o pp—>W4'X)x B( W‘—frv) [nb]
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CMS 36pb’at Vs=7TeV CMS 36pb’at Vs=7TeV
NNLO, FEWZ+MSTWO8 prediction NNLO, FEWZ+MSTWO8 prediction
(S(W+) / G(W_) [with MSTWOSNNLO 68% CL uncertainty] G(W) / G(Z) [with MSTWOBNNLO 68% CL uncertainty]
10.74 +0.04 1.43+0.01
Woev, Zoee Hol W o ev FH
10.56+0.12 ,, +0.19 1.418+0.008 ,, +0.036 .,
Wopuv, Z-uu HeH W - puv W
1052+ 0.09,, +0.20_ 1.423:0.008 , +0.036
Wolv, Z- Il (combined) HH W = v (combined) e
10.54+£0.07  +0.18_ 1.421£0.006 ,, +0.032_
0 2 4 6 0 0.5

é 110 112 14
Ryz=[0xB1W)/[cxB](2)

1 15
R,.= [6XxB]W*)/[6xB]W")

« Ratios are not affected by luminosity uncertainty
« W*/W- potentially sensitive to PDF, W/Z has precise prediction

LHC Physics
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Comparison with theory

10

107

. CMS, 36 pb™!, 2010 Wew
* CDFRunll N
» DORunl
s UA2
- UA1 -
y
PP
Theory: FEWZ and MSTW08 NNLO PDFs
1 1 1 1 I 1 1 1 1 1 1 1 1 I 1

Collid?e(r) energy (TeV)
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W charge asymmetry  smeeos aotnyoso | INFN

«  W*/W- ratio measured as a function of the lepton pseudorapidity n
« Sensitive to PDF; several uncertainties cancel in the ratio
Ay = Qo /AnOV = £0) —dojan(W- = 5) s

do/dn(W+ — ¢tv)+do/dn(W— — £~ D) >
« Similar selection to inclusive cross

36pb’ at \s=7TeV

T

a) pTe'ILl > 25 GeV/c

o o

-
S

section analysis , 02 s R T
- Two py thresholds (25, 30 GeV) to £ [ cror:sa Osyst
. : E 01 — MCFM + CT10W -
probe different phase space regions 2 - : MCFM + MSTW2008NLO 7
. . L theory bands: 90% C.I. |
- Charge mis-id: 0.1(barrel)-0.4(endcap)% o  H—————t———————
for electrons, <10 for muons fC; 031" ) pek>30Gevie
« Statistical uncertainty: ~3% g8
| -

« Systematic uncertainties (~3%), limited by
the size of Drell-Yan control samples
— Separate efficiency estimates for + and - leptons
— py scale and resolution
— Background and signal modeling

lllllllllllllll

Lepton Pseudorapidity |
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Lepton Charge Asymmetry

o
o

CM

CMS+LHCb
|

\s=7TeV
|

CMS ad LHCb measurements

)
INFN

L/,

| | |
— pTlLl >20 GeV

g W—-puv

CMS, prelim. 36 pb

,_§_< LHCb, prelim. 16.5 pb™ |

MCFM+MSTW2008NLO

Q? =M, ratio to NNPDF2.1

i o W— v i
__ CMS _
L T T T T 1 I I lu L

— | I | 1 [ ll“l —
| | | | |

0 1 2 3 4 S
Lepton Pseudorapidity  n|

S complementary w.r.t. LHCDb

13

1.25}

1.15

1.2f

NNPOF2 1« WASY CM5 30 GoV cut

Illl

1 1“1
10°
X

1 1] l
102

10"

CMS results already improve
d,u,d,u,s quark PDFs by >40% in
the range 103 < x <107

LHC Physics
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Update with 234 pb™! (muons)  w

* Improved uncertainties with larger statistics and control samples

CMS preliminary

234 pb™" at Ns=7TeV

X 17| bin A =+ stat + sys
> 025 f 0.00,0.20] | 14.7+0.3240.41
e 0.20,0.40] | 15.3+0.33+0.43
£ | [0.40,0.60] | 15.5+0.3240.44
g | 0.60,0.80] | 16.5:£0.32:0.46
© o2 . 0.80,1.00] | 17.9+0.3440.50
s § 1.00,1.20] | 19.3+0.34:0.54
o [1.20,1.40] | 20.2+0.33+0.58
< [1.40,1.60] | 22.3+0.34+0.63
2 4508 § i—i ~ Run2010 (36 pb’") [1.60,1.85] | 23.7+0.3140.64

= Run 201042011 (234 pb") - [1.85,2.10] | 24.9+0.3240.70

- 2.10,2.40] | 25.4+0.3541.50

0 1 2

Muon Pseudorapidity Inl
CMS PAS EWK-11-005
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resolution and final-state radiation

[ J
[ ]
0-4_""I""I""I""I""I""I""_
g : CMS |
0.35[u414 44 -
R 1
0.3F +++ﬂ .
0.253—de’£=36 pbat \s = 7 TeV H‘l’ -
F FWD cal. contributes *
0.2 -
F tolarge |y| ]
0.15F i
0 15_ —=— data (e and p combined)
- E I:‘ POWHEG + CT10
0.05F
:llllllllllllllllllllllIlllllllllll:
0O 05 1 15 2 25 3 35
Iv]
y — Mzpty <
Vs x <1073

Sensitive to PDF at low x

CMS-PAS-EWK-10-010
arXiv:1110.4973,
sub. to PRD

'_I—I 10-1?""'| T T T T T T T T T T TN
— o —— CMS
S b
G 102 :—det=36pb"aN§=7Tev e i
— g o E
B_l— I ..;.
E 3 [ mi<21, p,>20 GeV =
-8 10 g « data (e + u combined) x
2 I rowec + CT10 .k-\
—
10-4 E \_ 3
- 0.06F + N
= 00sf \
10-5 | 8 — + i
3 §0.c 4 \ E
= -+ ]
D.GCI:Q— R
. 4 \ |
10_6 3 +_T_ ~
[ oo ]
- g, 1GeV]
10-7.|-|u| ol R | L
1 10 10°
q, [GeV]

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

FSR unfolded, not included in FEWZ

/. differential cross section

Large statistics allows to study differential cross sections vs y and p+
compared to theory after an unfolding procedure correcting for

— 08—
> - ~36pb"at Vs = g
8 0.07__de1 36pb”at Vs =7TeV CMS E
= - e data (e +u combined)
S 0.06;~ H= POWHEG+PYTHIA 22 :
5= -
.8 0.05F - - PYTHIA 22 =
° - | P PYTHIA ProQ20
E 0.04| — — PYTHIA Perugia 2011

003 T

0.02F

0.01} =

(data - theory)/d,,,,

15

20

25 30
d,1GeV]

Agreement at low p; requires

PYTHIA tuning

Non-perturbative contributions

LHC Physics

Luca Lista
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Drell-Yan spectrum (pp, ee) INFN

CMS Preliminary CMS Preliminary
% 1 45fpb'at\s =7 TeV % 1 45fb"at\s =7 TeV
O, 10 S, 107
= . V¥ Z — uu S . v*Z — ee
ERL 3 10
> -3 > 48
& 10 = 10
-8 10 -8 10
N
L3N10'5 L 10°
10° ~+ Data (i, 4.5 fo" in 2011) 10° 4 Data (e, 45 fo"in 2011)
107 . NNLO, FEWZ+MSTW08 107 . NNLO, FEWZ+MSTW08
108 10°®
£ 1 = s 1M 2
S o5t . g 0S[C =
° 15 30 60 120 240 600 1500 15 30 60 120 240 600 1500
M(uu) [GeV] M(ee) [GeV]

CMS-PAS-EWK-11-007

Unfolded distribution, corrected for acceptance, efficiency and FSR effects (not included in FEWZ)
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Events /0.8 GeV Events /0.1

Events / 0.04

CMS 1.1fb"atNs=7 TeV

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

® CMS data

— fit projection

! )
-2 -1

10°

1 !
0 1 2
Y

CMS 1.1 fb" at\Vs =7 TeV
— —

- ® CMS data

- — fit projection

85 90 — o5
m (GeV)

CMS 1.1 fb"at\s =7 TeV
1

® CMS data

— fit projection

sin“0y, (updated with 1.1fb™1)  mw

 FB asymmetry allows a
measurement of the Weinberg
angle

* More precise measurement also
using Y and m of the dimuon pair
distributions

« Collins-Soper frame adopted!!

d 3
dc;O = §(1 + cos® #) + App cos 6

2(P{ Py — P Pf)
V2 +Q3)

cos g =

PRD84(2011)112002 ’

| | sin? 6, = 0.2287 + 0.0020 (stat.) = 0.0025 (sys% o

gbar q
[*] CS frame: Z rest frame in which the z axis bisects p,, —p,,
p4 and p, being the incoming quark and anti-quark momenta
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Dibosons
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Events / 10 GeV

10!

)

INFN
WD Z _I_ y PLB701 (2011)535‘ L/

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

\Ns=7Tev —* Data :—‘—\ a
—— Wy MC + backgrounds — 200_' AN L N L L d T T Tt
Z “== WHjets % - Z’Y MC g Y .
— aOTﬂcl?(r:l/)sa;f irgtl;ji s 1 O 180 % =% -
__________________________________________________________ ‘—;_ Lo Zy— eey data Qo ]
2: 160 o Zy— puy data Q‘ T
- Is) 6 © .
5 o & e
1401 . —_
B o O'g = ool i
20 40 60 80 100 120 140 160 180 200 120 ° ?36 559 ]
_ E! [GeV] P * e o9l :
Excess at high ET 100 Q.o.@ ]
with anomalous TGC P ]
FSR et o 3@%‘% .
SOD_ G.. & ® 1 |
q Vas C & CMS, 36 pb i
>~Z~<K 70 RSN P N I I S B
] %O 60 70 80 90 100 110 120
’ ! M, [GeV]
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TGC lIimits INFN

« Competitive with LEP and Tevatron limits

apu Pz_q% VAN N7 & Up hzz o« up HpB Z .uapp hf « UBpo
I770 =7 (1 (928" — 928"") + —5 P*[(P-q2)8"" — g3 PP| + h3 €' PP gy +—5- P Ppgay)

myz mz L Z
000 ey CP even
F CMS, 36 pb’ 4 : : . :
\E TeV LEIs Preliminary
0.000sf- - o ]
0;_ —: f:lcﬁ' 0_ _
-0.0005} . E
— ® 95% CL limit on ZZy | 05' — 68%CL g gm .
3 95% CL limitonZyy | [T _9%CL | |
o wETT T Y U N TR NN YN U (N VNN VNN NN NN NN NN VNN UNY AN N -0-5 0 0-5
0.001 0.1 -0.05 0 0.05 0.1 - pa
h "3
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Dibosons: WW, WZ., 727 (N

« Important test of the SM non-abelian structure; benchmark for Higgs search
«  Measured production cross sections of W*W-, WZ, ZZ using leptonic decay modes (1.1fb™")
oc(pp > W™W™ 4+ X) = 553 +£3.3 (stat.) £ 6.9 (syst.) £ 3.3 ( lumi.) pb.
oc(pp > WZ+X) = 17.0£24 (stat.) = 1.1 (syst.) £ 1.0 ( lumi.) pb.

— +1.5 .
WW—lvlv o(pp = 2ZZ+X) = 3.87; (stat.) 0.2 (syst.) 0.2 ( lumi.) pb.
) LA B L B B OIS0 T T T T T T 4
3 [ = daa top CMS preliminary > [ e data top CMS preliminary 1
0] | ww [l wzzz L=11f' ] 0] ww [l wzizz L=11f"
f 150 W Z+iets [ Weiets . f ) Zeiets ) Wejets
e | ' 2400l i CMS Preliminary 2011 _ \s =7 TeV
= = > 3-'"1-"'|""|""|""|-"lg
& | 1 & [ 1 G Ldt=109f"5
1001 ] I ] N WZ—-lvll +Data® BW+lets
| ] I ] E 102 mvv B =
[ - ] 50 - & WZ+lets IWZ—3lv 3
50[- ot . [ * ] Q10 E
ol e e 0-' L nn s #f’l“o”.:‘ J 1E E!
0 20 40 60 80 100 0 50 100 150 = 3
pi™" [GeV/c] pi"™ [GeVrc] 10"
% L L e L S L LR > A B I
S - - data top CMS preliminary 8 L * data top CMS preliminary 102
8 60F « ww |l wzzz L=11f' - o 150} = ww [l wzz L=11Mb"
f - zeets T Wejets g B zsiets [0 Wejets 60 70 20 90 100 110 120
g | & ] m,, (GeV)
€ 40 + 1 100 [ 7
20 N 50 B .+ . ’
. e - = -
0||+|+;¥+ﬁ§ﬁ‘ 0....|..?‘M
0 50 100 150 200 0 50 100 150 2’]

m, [GeV/c?] projected E:‘ss [GeV]
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g INFN
Conclusions N

¢ CMS produced many EWK measurements with the
first 36 pb~! of LHC data at 7 TeV

« Several updates are available with 2011 data

« All measurements are so far in agreement with
theoretical predictions from the standard model
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