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Motivations

» Above 135 GeV, the Higgs boson is searched for at LHC in:
= H_, WW*( - 222v, ¢=electron or muon),

= H_, Z7*( - 40). =TT === -
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> Moreover: M [Go)
= W_ v and Z- «are benchmark processes to assess performances of detectors and develop

reconstruction/identification algorithms,
= Di-bosons (WW, ZZ, WZ) and jet associated productions (W/Z+jets) are important backgrounds

for Higgs searches. Crucial to have single boson under control:
 ex:in H - ZZ*, at the time of discovery, won't have enough ZZ* background events in sidebands.
=> 77" yields will be predicted from single Z.

jim
oz

0.0001

Understanding of W&Z production at LHC therefore of primary importance for Higgs Searches !
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OutLine

Total Integrated Luminosity [nb]

500 . .o~ o T -
- ATLAS Online Luminosity Vs=7Tev 1 2 350
- [ LHC Delivered . - F
400 [] ATLAS Recorded ] =
T Total Delivered: 357 nb” 3 250 -
300—  Total Recorded: 338 nb™ n
i ] 200 — <€
T € > F 1 C
200~  Z Results up to ~230 nb-1. - 150~
C ] 100 f_ ........................
1001 - -
- WResults up to ~17 nb-1. ] 50 [
0_€ M —> ] =
24/03 22/04 22/05 21/06 21/07
Day in 2010

> ATLAS & CMS Performances

= Triggers

" Leptons & MET
> W - & measurements

> Z _ #measurements
> Conclusion

CMS: Integrated Luminosity 2010

Delivered 346 nb"'

Recorded 303 nb™

|_L-f.'—."..|....

Date

Luminosity known to 11% precision (from Van Der Meer scans).
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ATLAS&CMS
PERFORMANCES




Triggering on Leptons

y relative to offline

L1 MUG6 efficienc

» Events are filtered online in 2 (CMS) or 3 (ATLAS) steps.

o e L L L B 7
0.9 hl<1.05 =
08F  ulesm [ ]
07 AT s
0.6F . =
055 i ATLAS Preliminary —
04 f \'s =7TeV, Data 2010 7
03 ¢ E
028 ® Data e

= Minimum Bias MC 3
0-1;_“ 4 -- Single «« MC =

Lg I 1 | 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1]

™™ 15153025 30 35 40

Muon SA P, [GeV]

> Level 1 Electron Trigger efficiency:
= Threshold at 5 GeV,
= Eff w.r.t ET of the ECAL super-cluster
of the electron candidate
= Measured on Minimum bias events
with electrons from conversions.
= Turnon gets sharper with isolated electrons
from W&Z.

> Level 1 Muon Trigger efficiency:

= Threshold at 6 GeV,
= Eff. w.r.t “Stand Alone” offline Muon
(reconstructed only with the Spectrometer)

Efficiency

1T CHMS Preiiminary 2010 (7 ToV) =t —
aii ;{
0_8 L1 EfGamma Trigger {
: Conversion Electrons { #
0 6__L‘:I_:S:i|:|gleEGS: J
s # ECAL Barrel ] E
[ | O ECAL Endcaps
0.4
| T
0.2} é
3| REEHE
1 107
E; [GeV]
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Electrons & Muons (1)

> All aspects of leptons (reconstruction, identification, isolation, 31°F Jiy  CMS Preliminary, \s = 7 TeV
energy scale & resolution) commissioned/measured by looking £ .r pax ¥ . Lipe = 280 nb”!
. : o E V'
at all possible sources of leptons available: -
10°

- leptons in Minimum bias events
(mainly from heavy flavour decays) , -
- benchmark processes (J/(, W and Z bosons).

10 =
'E I
E il L L L L i
» Simple cuts-based selections are used to extract signal 1 10 107, - mass (Gevicly’
from background and study properties of leptons.
E; of e-candidates in Minimum bias events Elp of e-candidates in W _. ev events

> IR L DL B L DL DL LA B = L L L L L L L B
S 10'k  ATLASPreliminary e Data2010 Ws =7 TeV) Q220F CMS Preliminary 2010 ]
o = — Monte Carlo 0 200 f— + Vs =7TeVL,, =198 nb" —f
g - j L=138nb'  [JHadrons 21801 Barrel E
2 1%k [ conversions C :_ E
= g []Prompt electrons W 1605 —4— Data =
EF 1401 B v e E
’ ; ; B ]
T W's. Not included in MC. 120F- B =W backgrounds
= ] 100F- I acp +7 jet E
I ' 801 E
10E E 60— E
E ] 40 E
1 _ 20F- =

= L I L L L L | [
5 10 15 20 25 30 35 40 45 50 03 0 1 2 3 4 5
E; [GeV] E/p
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Electrons & Muons (2)

Relative Momentum Scale

BARREL

elative Momentum Scale

R
S
o
V)

ENDCAP

» Muon Relative) Momentum Scale (left) & Resolution (right).

O.1_|\‘|H||H‘\||‘\I\‘I\\ll\\l\ll‘\ll‘l\_\ g O.1|:H||H|‘||‘H"||\‘||\|\H||\|‘\II‘\I: ) .
0.08 ATLAS Preliminary 1 3 09" arias preimnary - m Measured In Min. Bias events.

C Data 2010.\Ns=7 TeV ] i F Data 2010,\/s=7 TeV 1 .

- ’ 1 Zoos 1 = Qverall good agreement with MC
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P, [GeV] P, [GeV]
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B ATLAS Preliminary - = 2 E . .
0.08 ] = 0.09¢ ]

: Data 2010 = TTev & g U0l L . = Worse resolution in data
0.06:* J-L' 17 3 & 0.08¢ E .
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C . ] < c ] .
002t .. 1 EO008: ‘H—+ [ 3 alignement.

07 RE e ; E § 0'OS;ATLAS Preliminary E
C 3 % 0.04F Data 2010,\s =7 TeV 3
-0.04] 1 2 o.oe,i—.[L= - 3
- * Data 1 i * Data 1
—0.06; 3 ODZ?I"](H)' >1.05 E
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Electrons & Muons (3)

> Very high lepton reconstruction efficiency mandatory for Higgs searches (e.g., H - ZZ* - 41 => €*))

1.2

w% CMS Preliminary 2010 > Electron reconstruction efficiency ratio €zz.o(DATA)/€zeco(MC):
“‘g T \s=TTevL,=198 nb" i = E;>20 GeV, |n|<2.5
v 1.1 ® crecolData)/epeco(MC) ] L] Measured Wlth Z tag & prObe and W flt methOdS(*)

+ 10 2 methods combined

i + i = Barrel: €geco~99%, Endcap: €reco~96%,

(*) The W fit method measures the efficiency with a 1D unbinned

0.9 | maximum likelihood simultaneous fit to the transverse mass

distribution
Barrel Endcap : —
0.8 = = = - gl 07 \ | T

o3 o N0 | =

= L
GC)O.S_— —e— -

> Global Muon (muon chamber+tracker) reconstruction Efficiency 9 ofie

= Measured in J/ events with tag&probe method. Eo6 5

= >99% reached for pT > 6 GeV... ’8“ i
= ... in good agreement with MC. Ghail ]
L i hl<12 |
I il —e- Data, 84 nbt| T
01 -+ Simulation | |
i CMS Preliminary, Ns =7 TeV |

OIO_I_@éE@J4[-1|J|||t|lJL||||||L|

6 8 10 12 14
Probe P, (GeV/o)
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Missing E;

» Key variable for the W — &v analysis.

%107"'.\"'.‘I““I"" L EEULE N ELLE N S B
: : 1 Min bias data Before cleaning
(MET from escaping neutrinos). S 10°F S ——
.g 10° After HF noise cleaning
q>‘., After HB+HE noise filtering
> Very sensitive to noise, pile-up, beam-halo 5
background. g
=> Need dedicated cleaning. 2
1 il 1 il 1000 L0 . IE
0 50 100 150 200 250 300 350 400
. . . . . o Calo £, [GeV]
» Commissioned using Minimum Bias, Dijet (and W — &) events.
MET in Mlnlmum Bias
. _ B ) MET in Duet Events
S ATLAS Prehmmary % 10% [ " ems Prellmnary 201&
Z 10 Data April 2010 g \s=7TeV E
% 10° \'s=7TeV_ Ny —— Data
g L= 0.3 nb” 8 10° - Simulation
TN Inl < 4.5 § .
10° [i] I\DA?;aMinBias "uoj 107
10 et
E 10
10 =2
Il
| SRR L 1T A :
0 10 20 30 40 50 60 ]
ET** [GeV] 0 20 40 60 80 100 120 140

PfE, [GeV]
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W
Measurements

CMS Experiment at LHC, CERN

{| Run 133874, Event 21466935 {\T\ A I LAS ‘ p&fﬁifizgﬁé‘é

| Lumi section: 301 > AN E,"s =24 GeV

Sat Apr 24 2010, 05:19:21 CEST }?ﬁ EXPERIMENT . M. =53 GeV
il 8

Electron p=35.6 GeV/c F X | Run Number: 152221, Event Number: 383185

ME; = 36.9 GeV . § Date: 2010-04-01 00:31:22 CEST
M7 =71.1 GeV/c2 \

{ W-pv candidate in
== R _ ' 7 TeV collisions

Woev cahdidate
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Overview on W/Z at LHC

» WIZ Inclusive cross-section is known up to ~4% (dominated by PDF uncertainties):

NLO _ NNLO  _
Wty — 10.46 nb O-Z;’T*—}f{ = 0.99 nb
= Computed with FEWZ and MSTW2008.
> Produce more W+ than W- (prevalence of u quarks over d quarks). 003':_ CTEQS.6
o9, =6.16 nb 03
o 0250 S
% 2
% 0.2F
X u
%= 0.15¢
0.1/
0.05}
0:

. -5 IH-4‘ =, -3 -2 -1I I ‘
= Charge asymmetry measurement very important (see later). o A

> ATLAS & CMS used different methods to extract cross-sections:
= Cut & count [ATLAS for W&Z, CMS for Z].
= Extraction of yields trough a binned Likelihood fit to a discriminating variable
(simultaneously for Signal + QCD & EWK backgrounds) [CMS for W].
= Acceptance are computed with MC [both], efficiencies from data [CMS] or mostly from MC [ATLAS].

C.Ochando - Higgs Hunting 2010 1



Inclusive W boson measurements: Muon Channel

= Muon Trigger (pT>9 GeV)
= Muon pT>20 GeV, |n|<2.1
= Combined Isolation (tracker, ECAL, HCAL)

= Drell-Yan veto
= (no MET or M cut)

CMS

g =
= Muon Trigger (pT>15 GeV) %% ﬁm

» Muon pT>20 GeV, |n|<2.4
= Track-Isolation
= (+MET>25 GeV +M; > 40 GeV)

CMS preliminary 2010 Ns=7 TeV

number of events / 0.02
)

103E~-|~

det=198nb1

-o-data

[IW—pnv :

B EWK
[ acb

02 03 04 05
Isolation Variable

Transverse Mass: Mr = {/2pr ()t * (1 — cos(Ad,z,))

?5’103 = —e— Data2010(s=7Tev) ATLAS Preliminary 3
o [ Cwow A
; L |:I QCD I L=16.6 nb i
%’ 102 _ - Z-up -
I E |:|W—>rv E

4+t 4
10E

0 20 40 60 80 100 120
m, [GeV]

= \WW and EWK background estimated from MC (POWHEG, Pythia, MC@NLO).

» QCD shape estimated from data

C.Ochando - Higgs Hunting 2010 12




Inclusive W hoson measurements: Muon channel (2)

CMS

9.14 +0.33 (stat) £ 0.58 (syst) £ 1 (Ilumi) nb

o(pp - WX - pv+X) =

10.3 +1.3 (stat) £0.8(syst)£1.1(lumi) nb

@AMAQ

EXPERIMENT

—II

u'v)= 6.6 £ 1.0 (stat) £ 0.5 (syst) £0.7 (lumi) nb
o(W - pv) =3.6 0.8 (stat) £0.3 (syst) £0.4 (lumi) nb

" o(W* - p*v)=5.75%0.26 nb o(W* -

= g(W- - pv) =3.39+0.15 nb

= R(W*W) =1.69 £ 0.12

oS pmI 200 \e=TTeV g CUSprliminary 2010\ =TTeV
(“5’ -+ data det=198nb" . 8 - *data JLdt=198nb'1 .
0 gol- E‘évw;w 1 v gof E‘lrsvw:w -
@ [ macp W+ o [ macp W- |
c I ] € I |
s .
© ©

] ]

o] 0

E E

=] 3

c C

0 20 40 60 80 100 1z 0 20 40 60 80 100 120
M, [GeV] My [GeV]

W+ Yield: 529 + 24 W- VYield: 289 + 13
(statistical error only)

Entries / 5 GeV

Muon pT after all cuts

30:_ —e— Data 2010 \s =7 TeV) -
B |:|W—>uv ]
25 [ Jaco 7
C Bz ]
20:_ |:|W—>1:v _:
E ATLAS Preliminary :
151 -1
. L=16.6 nb 1
10 .
5 g
O ........ .= T T = DU N N -
0 10 20 30 40 50 60 70 80 90 100

p, [GeV]
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Inclusive W boson measurements: Electron Channel (1)

CMS

= Photon trigger (E;>15 GeV),

= Electron E;> 20 GeV,

= |n|<2.5 (excluding Barrel-Endcap transition),

= Combined Isolation,

= Drell Yan rejection.
= (no MET or M cut)

= |1 Calo Trigger (E;>5 GeV),
= Electron pT>20 GeV,

w

EXPERIMENT

=

= (+MET>25 GeV +M; > 40 GeV)

CMS preliminary 2010 Ns=7TeV
> [ T T T | T T T I T T T I T T T | T T T | T _
o .
O 400 Ldt=198 nb™
o B i
~ —e— Data
2 B W—-ev T
€300 B EWK ]
2 B acD )
o
©
© 200
o
0
=
2100

80 100
E; [GeV]

: T T T I T T T | T T T I T T
E - ATLAS Preliminary
Te} i -1
;102JL=‘6.9nb [ Jwoe
8 F [ aco
1= i [ Jwow
LLl

10¢

—e— Data 2010 (\s =7 TeV) -

= \W and EWK background estimated from MC.
» QCD shape estimated from data.

0 20 40 60 80

1 L | L 1 L
100 120
ET™* [GeV]
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Inclusive W boson measurements: Electron Channel (2)

—CMS /1

9.34 +0.36 (stat) % 0.70 (syst) £ 1 (lumi) nb

@AMAQ 7
a(pp - WX - ev+X) = EXPERIMENT
8.5 1.3 (stat) £0.7(syst)£0.9(lumi) nb

= 6(W* . e*v)=5.18 +0.26 nb

O'(W+ - l]+V) -
o(W- - pv)

5.0% 10 (stat) 0.4 (syst) £0.5 (lumi) nb
=3.5+0.9 (stat) 0.3 (syst) £0.4 (lumi) nb

Electron E; after all cuts

—l'lII|IIIIIIIII|IIIIIIIIIIIIII|IIII|IIII|IIII|III'|—

—e— Data 2010 (\'s = 7TeV)_:

« G(W _ ev) =4.13£0.24 nb
= R(W*W) = 1.26 % 0.10
o5 Cl‘u'lls ?rlelin"lir’a:'yl2'01lol _ I\s'=l?'||'9\lf" 250(?[]\.15 preliminary 2010
det=198nb'1 ]
g0l o ] P200f
Sl

B aco .

—.

(=]

[=]
[=]

—_
o

number of evenis / 5 GeV
g

number of evenis / 5 GeV
[4)]
o

0 20 40 60 80 100
Er [GeV]

W+ Yield: 458+23 W- Yield: 339+20

|:|W—>ev

JLdt=198 nb' ]

Entries / 5 GeV

ATLAS Preliminary:
J L=169nb"

l\) ~ O
TTTTT T TTT ] TT T TTT [ TTTTTTTTTTTTTTTTTTTT

i

010720 30 40 50 60 70 80 90 100
E, [GeV]
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W Charge Asymmetry

» W charge asymmetry as a function of lepton pseudo-rapidity will improve our
knowledge of Parton Density Functions (PDFs)

CMS preliminary 2010

do' ) fdn, — do'=) /dn,
¢ fE ¢ TE

(=]
o))

6 ILdt:‘lQ& nb

o
s
|

=)
|

[ ] W — pv data
A W — ev data

lepton charge asymmetry
(=]
M

A =
) do'~) /dng + dol=) /dn,
vs=7TeV >, 1
i g 0.8}
<

——

L ATLAS Preliminary

[ —¢— Data 2010 (=7 TeV)

NLO DYNNLO with MSTW08

| | —— MC@NLO HERAPDF 1.0
0.6 4~ MC@NLO CTEQ66 PDF

. ;ll’/ﬂ/_t 0.45— W — ev —
{ 02 ;

o

0.2 NLO+NNLL (ResBos+CTEQ6.6) | -
l I l L L
0 0.5 1 15 2 2.5 0.3
lepton pseudorapidity, n|
» Remarks:

= Ratio (W*+n jets)/(W -+n jets) theoretically very stable w.r.t EWK parameter values and higher-order

corrections (QCD&EWK)

j L=16.9nb" |

0.5

1 15 2
nl

= Any deviation from SM expectations could sign the presence of charge-symmetric New Physics...
= Note that ttbar — WbWb and H - WW* also produce W*- in equal quantities...
=> Use charge asymmetry as a new tool for searches ?

C.Ochando - Higgs Hunting 2010
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nclusive W boson measurements: Summary

CMS preliminary

W - & cross section

ICHEP2010 \§'S=TTEV LA I B B N B B B B B T T

0 0.5 1 1.5 2
R, =c(pp—=W'+X = Iv+X)o(pp = W+X = 7+X)

T T T | I -g . ATLASPreliminary NNLO QCD (FEWZ)
NNLO, MSTWo8 68% CL prediction —
J-Ldt= 198 nb™* 10.44 £ 0.52 nb = | |
_T 10 eI E
w — JINY —— ; Y . TR ]
9.14+0.33__+0.58__ +1.00 b = s T TE _
stal syst umi 1 5 B o7 et e ATLAS data 2010 's=7 TeV) |
w | ’." e ®/0 W (e/p)v
W —ev ' ——l——i 4 > s _[L=17 nb’ /O Wi (et
+ + +
9.34£0.36_,+0.70_  +1.03, nb % L MDA W (el _
W—=lv (combined) o —H— CaE S W (pB) ® CDFW-lv n
9.221+0.24 ,, 047 ., £1.01,, nb : — W(pp) /0 DO W= (e/u)v :
Sy Dy | o LEs W* (pp) o UATW=Iv
2 4 6 10 12 A W (pp) v UA2W-ev
a3 _>W+X%h'l+x nb -1 oo b b b e b e b o
( PP } [ ] . 10 2 4 6 8 10 12 14
Ratio W+/W- \s[TeV]
CMS preliminary ICHEP2010 NS= 1 1ev
I 1 I I |
NNLO, MSTWO08 68% CL prediction
J-Ldt= 198 nb™ 1.43 £ 0.04
W —pv ——
1.69+0.12__+0.04
stal syst i
CMS, |
W —ev —h— !
1.26£0.10, +0.05_ W2
W — Iv (combined) ——
1.51+0.08,,,+0.04
| 1 1 L L

All the results are in agreement with the Standard Model expectations.

C.Ochando - Higgs Hunting 2010
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Z U
Measurements

. CMS Experiment at LHC, CERN .
CMS /1 Run 135149, Event 125426133
I Lumi section: 1345

Run Number: 154817, Event Number: 968871

Sun May 09 2010, 05:24:09 6ESF o & N '\ \ \ € Date: 2010-05-09 09:41:40 CEST
FFLd A\ M= 89 GeV
Muon p;= 67.3, 50.6 GeV/c &7, \ A\ Z-ee candidate in 7 TeV collisions
Inv. mass =93.2 GeV/c? / 4 :

Z . pu candidate h Z -, ee candidate

C.Ochando - Higgs Hunting 2010 18




Inclusive Z boson measurements: Muon Channel

CMS

= Muon Trigger (pT>9 GeV),

= 2 opposite charge muons, ET>20 GeV,
= Track Isolation

= Muon Trigger (pr>15 GeV), @E}’PER MENT
= 2 opposite charge electrons, ET>20 GeV,
= Track Isolation.

CMSprellmlnary2010 Ns=7TeV % AL 7
% 30 (550__ATLASPreIiminaryjL=229 nb’ o
S 7 o f i
AN K] | —e— Data 2010 \'s=7 TeV)
@ 40 -
5 20 5o [ ]z
> i
(0] 5 30— I _
o i |
E I 20i ]
§ 10 - |
c i L
101 + T .
60 70 80 Q0 100 110 120 %O 70 80 90 100 110 120
M(u 48 ) [GeV] My, [GeV]
77 candidates (60-120 GeV) 79 candidates (66-116 GeV)
CMS
@ ATLAS -
o(pp—Z+X—pp+X) = EXPERIMENT

0.88 +0.10 (stat) +0.04 (syst) +0.10 (lumi) nb

0.89 £0.10 (stat) +0.07(syst) £0.10 (lumi) nb
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Inclusive Z boson measurements: Electron channel

CMsS 15
. i ATLAS
ECAL Trigger (Er>15 GeV) = |1 Calo Trigger (E;>5 GeV), @E}'PEP IMENT
= 2 opposite charge electrons, E;>20 GeV, .
. : = 2 opposite charge electrons, E;>20 GeV.
= Combined Isolation
S CMISpll'eIiI:ninlaryI201IDI |\is=.7T.eV >35J|-||||-|||||..|....|....|....|._
Q 5oL \ 4 - [ - —e—Data 2010 s = 7 TeV)
O I e gata ) Ldt=198nb" 7] CKD) 30E []z— ee -
= F Ezoee % [ ATLAS o
2 151 { - '% 255_ Preliminary J-'—=219”b_ E
% 2ok -
S 1o ’ 15 3
g : +
£ 10E =
2 51 ‘ - -
. e
% 80 100 20 B0 70 80 90 100 110 I15(5
M(ee) [GeV] Mee [GEV]
61 candidates (60-120 GeV) 46 candidates (66-116 GeV)
CMS
@AMA@ —
o(pp—Z+X—eetX) = EXPERIMENT

0.88 +0.11 (stat) £0.07 (syst) £0.10 (lumi) nb

0.72 +0.11 (stat) £0.10 (syst) £0.08 (lumi) nb
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W&Z measurements summary (1)

Z - |l cross section

Ratio W/Z

CMS preliminary ICHEP2010 Ns=T7TeV
—— —
NNLO, MSTW08 68% CL prediction, 60-120 GeV
L dt=198 nb™” 0.97 £ 0.04 nb
Zly* —pp o
0.88+0.10 +0.04__ +0.10,  nb
Z/iv* — ee b
0.88 +0.12 +0.08__ +0.10,  nb
Z/v* — Il (combined) e —
0.88 £ 0.08 _,, £ 0.04 syst 010, nb
| ] | |

0 0.5 1 1.5
o pp — Ly +X = lI+X ) [nb]
CMS preliminary ICHEP2010 Vs=7 TeV
—_———— , —
NNLO, MSTWo08 68% CL prediction
J. L dt=198 nb™ 10.74 + 0.04
W —pv, Ziy* = pp ———
10.38+1.34, +0.78
W —ev, Z/v* — ee o
10.67+1.54, £1.20_
W —=lv, Ziv* = Il (combined) H——n
1046 +0.99,,, + 0.65_
1 L M M L 1 M L M L |

0 5 10 ' 15
Ryz=0(pp = W+X = Iv+X )/o( pp — ZI7*+X — lI+X)

" Compact Muon Solenoid

C.Ochando - Higgs Hunting 2010
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W&Z measurements summary (2)

a x BR (pb)

-
{=]
-

10?

10?

= B ® @

CMS preliminary 2010
CDF Run Il

DO Run |

uAz

UA1

W —
W — I
W — ¥

Z—=1IT

Theory: FEWZ and MSTW08 NNLO PDFs

CMS points do not include luminosity uncertainties.

Gollidélrnenergy (TeV)

Gy X Br(Z/v*— 1l) [nb]

Gy, X Br(W— V) [nb]

- ATLASPreliminary NNLO QCD (FEWZ) -
1= —
- ATLAS data 2010 f\s=7 TeV) n
C LW ® Zy*—ee (66<m <116 GeV) i
- O Zih*—>pu (66 < m,< 116 GeV) —
K ® CDFZh*—ee (66<m <116 GeV)
10 e DOZy*>ee (70<m <110GeV) —|
B t% ® UAIZy*—>ee (m >70GeV) 4
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All the results are in agreement with the Standard Model expectations...
let’s move further!
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More measurements to come !

- =l .[L=291 b ]

; - » With increasing luminosity to come, many more measurements
will be performed:
s [ e = differential distributions,

= forward/backward asymmetry in Z, etc ...

CMS prelil'l'linary 2010 \Ns=T7TeV CMS pre"minary 2010 vs=T7TeV > 22_ ||||||||||||||| [TIT T[T I T T[T TTT[TTT17]
-""\""|""\""I""I"": S 8 E —0—Data2010(\s=7TeV)_:
J‘;[.dt=198nb'1 i > B J\J[,dt=1ga|-|b'1 ] o [ Jw-oev ]
1 — o 1 ~ ]
o 20 -o-data O] 4 -e-data 2 |:|§,C_D>W E
s [1Z > un o L ]Z—up = ]
T 150 ] ¥ o ATLAS Preliminary;
[ © ]
> © 4
> > L=169nb' ]
S 10| . o E
— o) (XXX - B
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L QO 1 ]
E i e} -I_l_L ] —
g 52_ S T 1 3
[ i 107E LI_LE E
0 | | | | N I N AN C ]
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pY [GeV]
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Towards the Higgs...

"y L : | i
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First look at W+jets

»> W+jets important background to Higgs Searches (e.g. H - WW¥). C/\/\S
» Follow selection of inclusive cross section measurements... :
... but add a focus on jets: Anti-kT, D=0.5, |n|<2.5, E;>15 and 30 GeV. ¥

» Comparison to Madgraph & Pythia (with various tunes)

CMS preliminary 2010 Vs =7TeV _ CMS prelirlninary 201(:: : J. I\‘s =7TeV . CMS prelirlninary 201(:: : J. I\‘s =7TeV
> S 5y Ldt=198 nb" 3 e L dt =198 nb" ]
8 10°F J.Ldt=198l1b'1 _E 5 =_|_._ W > evuv 5 E W > evuv
o —e— data 2 ok v Ef'>15 Gev | 2 ok * E'>30 GeV
; L [ ] W= ev,uv (MadGraph) - =  adcrapn . = :
e R B - = T
o : E normalization: MCFM NLO E E normalization: MCFM NLO 1
‘B i 1 - 1 [ _
© 10E F 3 g
0 E | statistical errors only ] | statistical errors only
E X L E— L E—

E i “504— ' ' ' ' . 3% ' ' ' '

1E E% —L—% li =02 -

: N5 o2k — A % [ _._!f'i

0O 20 40 60 80 10C §§ . §§ ol 4‘

Ieadlng IET ET [GeV] 1 2 inc?usive jet n'?ultiplicily, n 1 2 inc?usive jet n'?ultiplicily, n
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Conclusion/Prospects

> After a few months of data taking, ATLAS & CMS started to rediscover the Standard Model:
= First measurements of W&Z cross section at vs=7 TeV with up to 230 nb™! of data, already
performed (in the muon & electron channels).
= All the results ang agreement with theory expectations (within the current uncertainties).

= Ready for tau changels ! (Need (O)10 pb-' for Z - TT observation)
» W&Z (as well as J/Pp) axe used to validate ingredients and strategies for the upcoming Higgs searches.

=104 | | | | | [
2 LHC, pp at\s=7 TeV J
g 10° 4 =
- -
S 10" = -
v = =
2 105 Already first candidates! 7
= = =
Z10°E -
2 - PR Need 50-100 pb-1 =
S 10 = / A \
2 F I \ L
S 10\ sl Exclusion with ~300 pb-1
e E Y-’
102 = i *
= A A
B Fy
10 E | | | | | | & | 4
Jets w Z tt single top WW Wz ZZ H160

The upcoming months will be exciting !
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BACK UP
SLIDES
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W&Z systematic uncertainties: Muon Channel (CMS)

= Reconstruction and Lepton ID from data—driven studies
= Momentum Scale and Resolution from J/Psis, cosmic studies, Z Mass spectrum

= ET scale/resolution from W recoil studies

= QCD Background uncertainty from the difference between isolated MC distribution

and non-isolated data template

= PDF uncertainties evaluated via CTEQ66, MSTWO8NLO, NNPDF2.0 sets

Source W channel (%) | Z channel (%)

Muon reconstruction /identification 3.0 2.5

Trigger efficiency 32 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
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W&Z systematic uncertainties:

Electron Channel (CMS)

Source W channel (%) | Z channel (%)

Electron reconstruction/identification 6.1 Pl
Trigger efficiency 0.6 =

Isolation efficiency 1.1 1.2
Electron momentum scale /resolution 2 -
E 1 scale /resolution 1.4 -
Background subtraction 2.2 -

PDF uncertainty in acceptance 2.4 2.0

Other theoretical uncertainties 1.3 L2

TOTAL (without luminosity uncertainty) 77 7.7

Luminosity i IS 11.0
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Electron Reconstruction Efficiency (execo)

Measured Error MC
Z Tag & Probe efficiency (stat. + syst) efficiency
Reco Eff Barrel 99.3% 1.4% 98.5%
Reco Eff Endcap 96.8% 3.4% 96.1%
The W fit method measures the 0 1.2 CMS Prelimirare 2010
efficiency with a 1D unbinned S e |
maximum likelihood simultaneous fit & "
to the transverse mass distribution ¢ 11— ° f“f;‘i?::::j;?gﬂime 4 B
obtained from requiring an isolated - ) .
and identified ECAL SuperCluster ! +
E>20 GeV and a transverse missing e + """""""""""""""" } """""""""""""
energy in the event such that - .
MET/E+>0.3. Signal from W signal 0.9 |
and background from QCD '
components and their electron - T
reconstruction efficiencies are 0.8 Barral Endcap
obtained from the fit. ' i o i o
= N = N

The reconstruction efficiency is
defined as reconstructed electrons
per reconstructed ECAL
superclusters.

Electron reconstruction efficiency ratio
ereco(DATA) egeco(MC) from Z tag and probe
and Wfit results are compared

Electron Reconstruction and
ldantifinatinn at cartle) = 7 Tall
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Y(1s, 2s and 3s )M+

= — - - — = 10_
:§350_— CMS Preliminary, \s=7TeV|g [ —— PYTHIA
® [ - A&k
8ol L,.; =280 nb % i —— CEM
S o =101 MeV/c? ST —— CASCADE
5250 fﬂ 1= —e— CMS preliminary
c - B
o [ o o [ ly(Y)l<2
£ 001 § y(Y)
. ° o0
- T 10" =
1 + —
3 ATt
0211|||111||||11||||1]||||l||||||11|||11| 10'2"l"'J"'l'lll"'ll"ll"l"'ll'l""
8 8.5 9 9.5 10 105 11 115 1 c 2 4 6 8 10 12 14 16 18 20

u*u- mass (GeV/c?) pY (GeVrc)

The Y family is there and with enough statistics we will be able to resolve well
the Y2s from the Y3s (we have measured 67MeV resolution for |y| <0.7).
Meanwhile we have measured the Y(1s) cross sectionxBR in dimuons and
the corresponding differential cross section.

o(pp —Y(1S)X)-B(Y(1S)—pu+ pu-)=(8.3%0.5%£0.9£1.0)nb

(Assuming no polarization and integrated over |y| <2.0)



Di-muon resonances Full data sample

Jhy

Simple analysis:

O LVL1 muon trigger with
pr ~ 6 GeV threshold
L 2 opposite-sign muons

reconstructed by combining
tracker and muon spectrometer
Q both muons with |z|<1 cm

from primary vertex

I L~330nb"

plw ¢

. Data: ite si
ATLAS Preliminary ° ng; Sﬁﬁlsgi,ﬁ'g”

Opposite Sign muon pairs

ATLAS Preliminary

Data 2010,\s = 7 TeV

mean(Y ) = 9.48+ 0.01 GeV

I Ldt~290 nb”
o(Y, ) =0.17£0.01 GeV

N(Y,q) = 952+ 77

N(Y ) = 259 + 59

1 10

N(Y,s) = 60+ 59

1 12
dimuon mass [GeV]

O Looser selection: includes also muons made of Inner Detector / L
tracks + Muon Spectrometer segments /’ 05

O Distances between resonances fixed to PDG values;
Y(2S), Y(3S) resolutions fixed to Y(1S) resolution




// extrapolation from data

Typical procedure consists of choosing
a control region outside the signal
phase space and then verifying that the
events rate changes according to the
expectations from MC:

B Normalization to the Z = |l data:

N,,/N,; R=(o * e40 ¥ [Ldt)
Né);ediCted(An’Z) _ p(mH) . Ng;zasured (O'ZQZe* . * ﬂ_dt )
N (Am) e, From = Luminosity and (partially) reconstruction
p(my )= —

N MC uncertainty cancellations
8 & * 0.1 million Z->ee events at 200 pb!

= total uncertainty = 0.3 %

"31_4;_”"L.';'z'éillzll"""”"”"Hz‘.,'g"”"”"’
E Normalization to the sidebands: CFF S S

= 1 .
= Luminosity and (totally) reconstruction En.{— .
uncertainty cancellations Loqf ctr |
= 4 ZZ->4l events at 200 pb 2 od- |
= total uncertainty & 58 % 0zf 1
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CMS L1 EG intrinsic efficiency
' S cus iy s T
| . - , Q LT
« from Clementine Broutin S
m . [1 Intrinsic Efficiency
« Sample of ECAL Activity HLT triggers o] 1
(seeded by L1 ZeroBias) RS
— Anomalous ECAL signals removed using standard cuts 0.4:; 25—
 Intrinsic efficiency for finding a L1 candidate,
: . : 0.2
given an ECAL supercluster compatible with
L1 EG algorithm
: e : 1 10 10°
— Supercluster reconstructed time within trigger vewwd E; [GeV]
— Masked trigger towers/regions excluded S — N
— Cover 1 or 2 trigger towers only 17:p.m=yzmc.ﬂ T T

« L1 threshold of 5 GeV (top), 8 GeV (bottom)

Threen ranges shown
— Barrel
— Endcapsi| < 2.23
— Endcapsy| > 2.23

0|8 H L1 E/Gamma Trigger : B

[1 Intirsic Efficiency I

Efficiency

L1_SingleEG8

0'6— * Barrel R
[| v Endcaps (m<223)| @ | @ : +
% Endcaps (n/>2.23)| | i

10°
E; [GeV]



CMS L1 EG Algorithm Geometry

e From Clémentine Broutin

0.0175 N Sliding window centered on all
i N — ECAL/HCAL trigger tower pairs
« Calorimeter geometry —> 1
— 1 tower = 5x5 crystals 0 Candidate Energy:
— 1region = 4x4 towers ¢ Max | Max E of 4
ax Neighbors
« L1 EG algorithm uses 2 tower sum — ——— [ |EIM _// E, > Threshold
ax
ET(L1) = Et(Hit tower) + ET(Max adjacent tower) i Lods o
| | I
0.087 1

» Supercluster offline algorithm will in
general spread over many more towers

« But isolated electron/photon candidates
will have narrower/smaller superclusters




QCD Background Modeling

> QCD (in Electron channel): NS prelminary 2 STV

JL dt = 198 nb™!

N
o

QCD shape is checked in a QCD-enriched sample
selected by inverting cut on isolation & track-cluster
matching.

e
9]

—_
=]

0 20 40
—e— inverted-cut sample
data-driven template

[4)]

fraction of events / 2.5 GeV [%)]

P PR

30 40

OO
N;
]
N
o
[41] ST

0
S 120y E; [GeV]
3 G . —— Daa2010(s=7TeV)
o 100 W .
£ - - L Backgrounds 1
L ) . ]
80 f L=16.6 nb" . P .
1R 4 > Multi-jets background estimation from DATA with the
60 - ATLAS Preliminary - 1 ABCD methOd
40 = MET vs Track Isolation plan.
G ] = Validated in W — v cross-section analysis.
20%:. i .\; s . ]
4y X % ~. R ) a O el
0 11%1’“'1" AR A TR
0 0.5 1 1.5 2 2.5

Track Isolation / P
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