~ Physics with first fb

at Large Hadron Collider

Today:

0 W,Z inclusive
cross-section

0 Asymmetry
O W+jets, Z + jets
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\News from last week(s)

=5.25 fb! pp
collisions

recorded by
ATLAS

Total Integrated Luminosity [fo ]
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- [ LHC Delivered

- [_] ATLAS Recorded

- Total Delivered: 5.61 fb
- Total Recorded: 5.25 fb™

" PbPb run of s
2011 started

01/05

01/07

31/08 01/11
Day in 2011
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Bosons at LHC :::‘:E” e

Well measured by previous o
experiments

2 Inclusive cross sections, R(W+/W-), "
R(W/Z) .

0 Differential distributions, associated %
jet multiplicity, A_., etc. 10

a (nh)

FB’

Yet still educational at the LHC :
o Cross sections at /(s)=7TeV
9 New pdf constraints possible , = 500 50

“Standard candles” for high-p. .

{r'l = 150 Ge\)

analyses (e¥)

0 Calibration, alignment Just departure point for high-p,

2 Independent luminosity Beyond Standard Model analyses
measurements
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The Standard Model

SM measurements are the foundations of all
searches (33 papers on measurements to date)
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Drell-Yan cros

s-section

Keywords:

Q

a

a

- ..’ o
s f A%ad%y fora(ar %) for

Oop = f dx,dx, f

All orders cross section has

; '] .
a/AXas F) JoyB (X,

factorisation pu_ and renormalisation
1, scales

universal parton distribution
functions

LO, NLO, NNLO matrix elements and
DGLAP kernels

also depends on i and

lg, SO as to cancel scale
dependence in PDF’s and o,
to this order

[

g | ~

Xp, OF) Oap—x

v

) A I
Ur) X [0 + as(pg) o1 + -+ lap=x.

no dependence on p.and pu; a

residual dependence remains (to order o "**) for a finite order

(o.") calculations.
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DGLAP equations

= Parton distributions used in hard scattering
calculations are solutions of DGLAP equations

aq;(x, ;{2} s

' dz A .o X 9
Blug,uz 2T il ?IP‘IHI;'{*"QS}(H(;~H )+Pq|-g{s.u Q'S) g[;..,u )].

ag(x, (1) og

]d: P - ) A 2 P - X 2
alngHE T 9 L ?I qu{‘-‘aS)‘ﬁ(;'“' ) + gg{-c..ﬂ's)g{;.ﬁ }I.

Splitting functions have perturbative expansions

i 0),. as _(, .
Pa(x,a5) = PP+ 55 PY )+
e o

Thus, a full NLO calculation will
contain both &, (previous slide)
and P,,(")
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Altarelli-Parisi splitting functions
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W/Z production

Mandelstamm variables :

Cross sections for on-shell W and Z s=(p, +p,)
. . . e F=(p, +p)
production (in narrow width limit) given u:g +E;
by T /
= Ii-f—-'o-u" " 2 : A :
599V — ;\/EGFMWH-W 5(5 — M3), o P : b
- JT > 3 9] ., p
i r_—}z = F4 L 4 N i 3
o9 = ?\/5(; FMz(vq +a )5(s — M3),

Where Vg is appropriate CKM matrix element and V, and
a, are the vector and axial couplings of the Z to quarks

At LO there is no a_dependence; EW vertex only

NLO contribution to the cross section is proportional
to o ; NNLO to o ?; ...
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W/Z p. distributions

N\ &8 N\
Most of W/Z produced at low e Y
P, but can be produced at SAAAAAAW AW
non-zero p, due to the / /
d” d” c

diagrams with emitted gluon

) aAd) .~ W: -

 Wg )2 2 2 8 I"+U" + oMy
ZLMW 1 = J‘TO’S\/EGFfwv.i-'letf’l ) ",
9 fu

o | §2+ 0% +2iM2

MM = s/ 36 M Vo 5
¢ —Siu

Sum over colors and spins in initial states and average over
same in final states

Transverse momentum distribution obtained by convoluting
these matrix elements with pdf's in usual way
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QCD resummation

Resummation: reorganise calculations in terms of large Logs
L(Q?/p,?); reqgularised at low p. range;

Different schemes: CSS which includes also non-perturbative
effects; Sudakov form factors; exponentation;

do .
dg,d yd \

Singular dr

E. Richter-Was

do

dg;
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Cross-section at LHC (7TeV)

pP—() F, q [,q
Wi
p— Vo d' I',q
NNILO '
Ope yp, = 6.151b _
e GNNLO _ 10 45 b oy N, =0.989nb

NNLO _ ;-
O 7, = 4.310b

Test QCD (up to NNLO) in
o(WT) #£o(W™) production

2 Hard and soft gluon emission

Sensitive to parton distribution
functions

W+ production: ud + c3

W™ production: du + sc

Z production: ui + dd + s5 + ¢z + bb
Extract electroweak parameters
o sin®,, m,, quark-boson couplings
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Monte Carlo simulations

Base-line generators:
9 Pythia, Herwig (LO),

0 MCatNLO (NLO)

0 POWHEG (NLO)

Used as components of for
cross-checks

Q

Q

Q

Q

E. Richter-Was

FEWZ: complete NLO, NNLL
ResBos: NNLL resumation
Horace: full 1-loop electroweak

PHOTOS:final state QED
(exponentiated)

Lectures on LHC Physics

d*a/dM/dY [pb/GeV]

d%o/aM/dY [pb/GeV]

pp - W+X
m_. ||||||||| — T T o
[ W~ NNLO L
L AT
b NLO ]
w00~ =
[ Lo
o 2
e Vs = 14 TeV 7
M = My
I H,’zspslzn I
— e
Y
PR - (Zy")H4X
BD—I 'I"".I-""'I""I'_
S m o
= Ve = 14 Te =
M = Mg
M/2 & s
il U e S | |
o 2 4
Y
12



Event selection

W — bv Z — kL

o One e/p with pr > 20 GeV o Two e/p with pp > 20 GeV

o B3 > 25 GeV 0 mypy = 66-116 GeV

o mr(l, EF"™%) > 40 GeV
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Event selection
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Event selecti

Events /1 GeV

E. Richic- vvao
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\Missing transverse energy

* |In pp collisions at the LHC, a
significant, unmeasured
amount of energy escapesin z
direction

* Total initial and final
momentum is zero in
transverse direction

* Imbalance of energy in
transverse direction signals

presence Of Weakly or non- rmn \/(Emns (Emns)
interacting particles such as
neutrinos Jomiss EE

‘1(\) x(y)

particles

Sk- 3E

particles
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QCD background estimation

W — ev: template fit to ER™°. Template derived from data
with inverted electron |D and isolation.
Z — ee: template fit to myy to a sample with looser electron
ID, extrapolated to the signal region.
W — pv: matrix method using track isolation.
Z — pyp: ABCD method with track isolation in m,,, side-band.
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L?:S E aco E @ 2505_|Z|w_>m- _‘
3000 . HOE
[ JL{It:SE pb” i 2000 E
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Cross-section measurement

Nohs—N bke

CTAC-[dtL

Ngps: number of observed events in the signal region
Npkg: estimated number of background events

o

@ EW backgrounds are estimated with Monte Carlo,
constrained to data with performance scale factors.

o QCD backgrounds are estimated with data-driven
methods.

A: kinematic acceptance factor, estimated with generator-level
Monte Carlo.
C': summarizes reconstruction efficiency, estimated with

reconstructed Monte Carlo, corrected with scale factors.
| dt L: integrated luminosity.
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Scale factor tag -and-probe studies

= L TTT TTrrTTTT TTT TTT TTrrTrTT
3 _ ATLAS prellmlnar}f :
Ay L Data 2010, vs=7 TeV, J-Ldfxd-[: pb’ § .
g .l o | tight tag e probe e
0 = — Fit = s 4
C I === Signal (BWCB) 1 -
: ("4 1y : - Background - \_ﬁ -
1@ i #I‘.—J I:II
o o “Tag’ events with sufficient
T TR R o o purity, leaving an unbiased
. Cellapply “probe” object.
> R R R R LR AR ARl LR AL
E | ATLAS preliminary ID & Measure probe ID efficienc
T 10’ Data 2010, Vs=7 TeV, ﬁuram pb = P y
T e oaia E In situ.
= L — Fit i
==~ Signal {template) p .
107 B @ Constrains the perfgrmance
: . of our object identification.
L et |
T i o Derive scale factors for
1 | correcting our simulation.
1
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\Systematic error

Aow+ dow gy Odow_ doz
Trigger 0.4 0.4 0.4 =01
Electron reconstruction 0.8 0.8 0.5 1.6
Electron identification 0.9 0.8 1.1 1.8
Electron isolation 0.3 0.3 0.3 —
FElectron energy scale and resolution 0.5 0.5 0.5 0.2
Non-operational LAr channels 0.4 0.4 0.4 0.8
Charge misidentification 0.0 0.1 0.1 0.6
QCD background 0.4 0.4 0.4 0.7
Electrowealk++#f background 0.2 0.2 02 <01
EPS5geale and resolution 0.8 0.7 1.0 —
Pile-up modeling 0.3 0.3 0.3 0.3
Vertex position 0.1 0.1 0.1 0.1
Cw,z theoretical uncertainty 0.6 0.6 0.6 0.3
Total experimental uncertainty 1.8 1.8 2.0 2.7
Aw yz theoretical uncertainty 1.5 1.7 2.0 2.0
Total excluding luminosity 2.3 2.4 2.8 3.3
Luminosity 3.4

E. Richter-Was Lectures on LHC Physics



W, Z inclusive
measurements

Inclusive in number of jets, allow to reach high accuracy
iIn QCD predictions.

Computation available at NNLO on the total cross-section,
at NNLO error dominated by PDF's

3.5

ofld . BR(W*— I'v} [nb]
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Theory comparison: total
cross-section

e Overall remarkable agreement with NNLO PDF predictions
e A few differences between different PDFs (w/ only 68 % CL PDF errors)

e Comparing total cross sections, the acceptance uncertainty accounts for
effect of different PDFs on the unmeasured phase space . ..

E [ | T T T T | T T T T T T ] E l | T T T T | T T T T T T T ]
S [ ATLAS Preliminary 1 £ | ATLAS Preliminary -
- B . = i ]
J - 1 % R .
s [ 1 2 0 .
[ = _ - 4
o Of 1 92 10 —
535 s J L dt=33-36 pb™' - §s - j Ldt=3336pb"
5.5 — _ i
- @ Data 2010 §5=7 TeV) mm total uncertainty . 9 @ Data 2010 §Js=7Te\V) Bm total uncertainty ]
- o MSTWOS —8—sta@ sys @ acc . T o MSTWOoS —a—sta @ sys @ acc T
5 __ S ABKMOS Uncertaint}r __ : M ABEMOGD Uncenaint}r :
i ¢ JRO9 68.3% CL ellipse area i - ¢ JROD 68.3% CL ellipse area .
B i 8 —
[ | 1 1 1 1 | 1 1 1 1 | 1 1 Bl T | 1 1 1 1 | 1 1 1 1 | 1 1 1 ]

3.5 g 4.5 0.8 0.9 1

ot - BR(W — 1) [nb] ot - BR(Z/y*— I'T) [nb]



Theory comparison: total
cross-section ratios

o W=/Z WT*/W~ ratios profit from exp. and theor. systematics cancellation

e W*/Z ratio measured with total uncert. of 1.5%, W* /W~ with 1.7%

O e B A B B B e e R I B e LA e i oo T
ATLAS Preliminary ATLAS Preliminary
- b . Fa
| Lt -33-36pb" | Lot -33-38 pb”
Data 2010 &5 = 7 TeV) Data 2010 K5 = 7 TeV)
m total uncertainty ™ mm total uncertainty H
exXp. uncertainty EXp. uncertainty
& ABKMOZ &  ABKMOZ
v JRO9 o v JRO9 v
& MSTWOE & MSTWOE
Cl o e b s e iy NP EFEEININ IR R TR AT Ll
9 9.5 10 10.5 1 1.2 1.25 1.3 1.35 1.4 1.45 15
ot
ol 1 oL, Ow- ! O
I LI I LI I LI I LI I 1T I T I T I 1T I T T T I T T T I T T T I T T T I T T I T
ATLAS Preliminary ATLAS Preliminary
| Lt -33-35 pb’ | Lot -33-35pb"
- -
— Data 2010 &5 = 7 Tel) — Data 2010 &5 = 7 Tel)
m total uncertainty = e total uncertainty =
eXp. uncertairty EXp. uncertairty
& ABKMOZ & ABKMOZ
¥ JROS ¥ JRO% -
*  MSTWOE &  MSTWOE
(IR RPN TN N RPN R I B R I TSI RIS BRI i L
5.2 5.4 5.6 5.8 6 6.2 6.4 5.6 3.6 3.8 4 4.2 4.4 46
o5l o, o 105,



Z boson p, measurement

@ Important for modeling
high-pT lepton kinematics.

@ At leading order, p?’/Z =0
| W/Z .
@ Non-zero pp./” is generated
through the hadronic recoil

of ISR, p%.

Q p% reconstructed directly
from pr (1) + pr(p2), while
pr reconstructs pit.

@ Detector and FSR effects
removed with a bin-by-bin
unfolding.

o 3-4% precision per bin.

E. Richter-Was 8 November 2011
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W boson P, measurement

o Necessary for a future precision W mass measurement.

@ Detector and FSR effects removed by inverting a response
matrix parametrizing the probabilistic mapping of pft to pi .

= 07! L L L B L L L ) BB
% 104 T T 1T | L | T T 1T | LI | L | LI I_= % = - - E
G ATLAS Preliminary  +Data 3 9, ok ATLAS Preliminary ]
— . —W—=uv z = J‘ 1 E
£ 10° JLdt= 3ph’ EZI—un :’3 - Ldt=31pb ;
Q —W =1t 3 Z 10t _
o = Jets ] 5 = E
102 .tUD — = - ]
BZ-stw 3 £ 10 ~
10 = 10°  «Data =
E = —RESBOS ]

&
1 E 10 E 1 1 | 1 1 L E
= L= 5
1 . S 14 E
10 - A TS S
= 0.915—' =" T E E
0 50 100 150 200 250 300 § 06E =
R 047 50 T00 TED Z00 750 300

pl [GeV]
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W, Z boson p. reweighting

. 2 T T T 1 T T 11 T T 11 T T 1T T 171 T 171
© The modeling of § C e Combined Data IATLAS|P ) ’ i
W/z 8 Stat. Uncert. reliminary ]
do /dp1 ' can have e A — ALPGEN . ]
. . oY L e MC@NLO Ldt = 31 pb 1
significant effects on the = 16 .. POWHEG .
P = - PYTHIA ]
expected efficiency and § 14 —Risaos E
acceptance. = g
. D 1.2 I — L L —
@ NLO generators MCONLO N P & -I*¥ { T ]
and POWHEG have = 1f§-1=; o T=l

-r IZ - -1IIIIII-"'--| -
deficits at high p = T T 7
@ NLO effects are |mportant oeF T EE
. W/ Z s _

at high pp '~ because the - | | | | |

- . . . {].4 1 1 1 1 1 1 1 1 1 1 1 1 11 11 1 1 1 1 1 1 1 1

W /Z is polarized by higher 0 50 100 150 200 250 300

i
order QCD. pr [GeV]

o W — frand Z — ¢¢ cross section measurements use MCONLO
reweighted to match pT “ for LO Pythia, which agrees with the data
because it has been tuned well to the Tevatron data.
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Z differential

oy
Inclusive production as a S 140
function of the Z %5"120
pseudorapidity. S
Lepton flavours combined 100
together taking into accoun 80
all correlations. 60
Z rapidity reaches |y|<3.5 40
with special electron 20
reconstruction outside s
tracking volume (Jy|<2.5) & 7

2 0.9

g
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—— Uncorr. uncertainty

NNLO pdf sets.

Total uncertainty
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W+ asymmetry

_ " ()=o" (m)
Am) = Sare() o= o

Asymmetry induced by the different flavours contributing
to W* and W- production and by asymmetry in flavour

content of pp interaction

L. KICIILEr-vvds
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Lepton universality

Ew

ow _ Br(W - ev)
ol Br(W - uv)

oz Br(Z - ee)

E ~ Br(Z - pp)

ATLAS Preliminary

-
-
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68.3% CL ellipse area
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BB R; PDG world average
o Standard Model

!
|

o
e
T T T T | T T T T

0.8 0.9 1
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Incredible number of V+jets

events at 7 TeV

plus

th ;
nt" jet
ET >25 Gev raplci!ty,leptonI miss!ng ET

standard cuts on jet (El ntl_KT, R:O‘q‘)

W* — etv or ;,L:I:V 79— eTe™ or ,u+,u,_
Edn = 2 fb—1

o(W*5) =~ 800 pb 1,600,000
o(W*jj) ~ 200 pb 400,000
o(W=*j45) ~ 45 pb 90,000
o(Zj§) ~ 80 pb 160,000
o(Zj§) ~ 20 pb 40,000
o(Zjjj) = 4.8 pb 9,600

E. Richter-Was
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\V+jets dynamics at 7 TeV

¢ Can now easily get events with EfEt > > MW
. “SOftW” enhancement % tend to be jet dominated.

(b) preferred over (a).

W

5 W
" /\éJ

(a) (b)
'Wide dynamic range at LHC

9 |mportance of choosing reasonable scales IJJR}F

l.-g—:}:l

i
g~

yA
J
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\W/Z + Jets physics

® W/Z+jets physics is a fundamental ingredient for
reestablishing the Standard Model (SM) in pp
collisions at 7 TeV

o

¥ larger available energy than at Tevatron:
=> more jets; larger kinematic reach
=> cross sections spanning several orders of magnitude

cross section x BR [nb]

¥ higher relevance of processes initiated by qg and gg

|0-! scattering

=> different contribution to the cross section g
compared to Tevatron

=> processes with heavy flavour in the initial state

102 Wb become important

® compelling test for the new NLO pQCD
5| Z+#b calculations of W/Z+(b)jets
107 fw+>4 (up to 4jet for light- and 2 for b-jets)

E. Richter-Was 8 November 2011
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W/Z + jets

Measure up to 4-5 jets and up

to E. = 300 GeV — 10 , . , : ,
T - -4 We—pv + jots
4 3 1 o? _r Ldt=33 pb @ Data 2010,Ns=7 TeV
107 T T T T T = = v ALPGEM
= W—=ov + jets - ﬁ £ SHERPA
B 2@ Data 2010,\s=7 TeV J = T 1 BLACKHAT-SHERPA
B ¥ ALPGEN . 1 MCFM
= A SHERPA . =2 ATLAS Preliminary
3 & PYTHIA = 1
.11 BLACKHAT-SHERPAS 107 e
MCFM

ATLAS Preliminary

o(W+ EN]at jets) [pb]
S
T TTTTm]

f Ldt=33 pb”

Theory/Data

=0 =1 =22 =3 =4 =5
Inclusive Jet Multiplicity, hL_‘

er . First Jet p [GeV]



W/Z+]ets

® cross section measured as a function of several kinematic

variables (see end of this talk)

o very good agreement with NLO predictions from MCFM and
Blackhat-Sherpa in the total and differential cross sections

¢ good agreement with matched LO prediction from AlpGen
and Sherpa once normalized to the NNLO prediction

o Poor agreement with LO PYTHIA in the high jet multiplicity

dominant systematics

b JES: 8(26)% for Ni=1(4)
b jets from pile-up =7%
b lep. reco. = 2%

» QCD bkgd = 2%

» unfolding = 2%

dﬁfde la(Zfy*(— e'e)+2 0 jels) [1/GeV]

Data /NLO

Data/MC Data/MC

g0, oo Sbohoh D00 chohnt
PR DD VERD Do NBD

Lo, R0 LB SRR [0 T 3 L S ) 5. ) LR L R LN R e 2
C ATLAS Preliminary Ziy*(— e'e) + jets m
I 5§ < Data 2010 N's = 7 TeV) ]
- _[L it = 33 pb AT T
| antik, jets, R = 0.4, —4— Sherpa )
— P> 30 GeV === MCFM =
e a
i _ -

e
i il
F (] [ I B ] b ] (RN

I_ | éldr Da[lazmd{\.s:Jr'TeV}_l
— i thearetical uncertainties™]
b S f////‘:f/I -
Y ke 1 " & ;
E pd ¥ : + =
H ittt -+
"'_ ! e’ Data 2010/ Alpgén _J'
E s Data 2010/ Sherpa T
eegrme ninas - ’/."'.",'/i- o

o p G e e 1

- v g
; TS SR L : PR e WTEa (T RN S ST VT PR A Y B Ly F
He——+HH-- AR
L3N S 3 \Qi\% B/ -
v A T i | | i T (T S I i |- | | o

30 40 50 60 70 80 90 100 110 120

Pt (leading jet) [GeV]
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Rjets = ratio W+1jet/Z+1jet

g
This is the first time T g
this ratio is measured %[
3 Sensitive to new physics %@ 12
9 Very small sensitivity to 10

PDG
CTEQ6.6: 0.5%
MSTW2008: 0.3%

>

Oz 1-jet PT > X)

R;

ets (PT > X) =
16

12

08
06

Data / Theory ratio
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‘IGI |

I T T 1 | T T 1 | I T 1 | T T 1 | T 171 |
—— Data e-) Channels combined i .
Ldt = 33 pb

Total syst. uncertainty
Total syst. @ stat. uncertainty

MCEM ATLAS Preliminary
<25, p_>20 GeV

14F

N T T T T N R T B
£ MCFM E
E . . =

~40 80 80 100 120 140 160 180 200
jet P, Threshold [GeV]

IJ



PDF uncertaintity on Rjets

* Very small uncertaintity on PDF's
CTEQG6.6: 0.5%, MSTW2008: 0.3%

Beiative Uncertainties on Ratio and Cross Sections as Eunctions of Jat1 Pt Relative Uncertainties on Ratio and Cross Sections as Functions of Jet1 Pt

% L e e S s B s A B S Y S S B H; E T T T T T T T T T T T T T T T T T T T T T ]
€ L — - £ 0.02 w— R} -
E [ = W Cross Soction ] 30.01 S5 = W Cross Secfion —
5 0 04_ ] 5 - — 5! ion .
ﬁ | —— Z Cross Section ] i 001:— Z Cross Sectio R
L | = . —_— ——— ]
% 002 "— P ®0.005F 5
[ i T ] & - .
C o OF -
: : 0.005— E
'002_ _ _._-__;‘—_-*_"____ R Te— ; — = = T=:-_—;
P == 0.01 = E
0041 4 o015k =
.U 06_—| L by by e ey |—_ _0-02__ S S T T T E S S S

’ 50 100 180 200 250 50 100 150 200 250
‘ P;[GeV] ‘ P [GeV]

CTEQ6.6 MSTW2008
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W/Z + b-jets: b-tagging

® b-jets are selected exploiting the long lifetime (1.5 ps) and
the large mass of B-hadrons

® The SVO b-tagging algorithm is based on requiring a
displaced secondary vertex reconstructed within a jet with f
a decay length significance > 5.85 / ’f/,

Secondary \l'crtmf_l__}d/

® The b-tagging efficiency and its systematics is estimated by
AN

studying semi-leptonic B decays in QCD muti-jet events, e Dasay Longin
and top events e
Impact Primary Veriex
3:3" I [ T 1 .9']_. 0'D‘:"—"|'"'|'F:m"a'mla?m"''|""I""I""I""I"" =
1.4 0 1 - — g - ATLAS Preliminary 35 pb™, il < 1.2 ]
:g - |L=35pb" g Data ATLAS Preliminary 1 = 0_035:— e MG Pradiction =
= 12 — @ C 3
w L [ Stat + Syst Uncertainty | = 0-03:_ —a— Stat Enars =
1 | : o =
i U Simulation ] 0.025F Full Erors =
o8p e 0.02F sy050 : =
0.6 3 0.015F- _
: —— 3 : - § -
0.4 S — — 0.01— -
—— 1 0.005F- E
0-2f SV050 " E
ol e L e FV N N 0750 700 150 200 250 300 350 400 450 500

20 40 60 80 100 120 140
jet s [GeV] Jet P, [GeV]

Lu. INIULILEL=YVVAD O INOvellber Zull



Events/8.0 GeV

W/Z+Dbjets: backgrounds

The b-tag changes the composition of backgrounds with respect to W/Z+jet measurements

Z+b-jet signal / background > [0
W+b-jet signal / background ~ 0.5

non-VV background

»comes from QCD multi-jet heavy flavour production.
» Tighten lep. ID to keep bkgd <30% with 50% uncertainty

120————— T T = > 1F e o T T T T 8 AR LA RAREN RALLE R MR R R AR LS L=

r ATLAS P'r|a|i|'||'|ima_r)r —-—IDah201U_\§=]:'T9V: :ﬁ - ATLAS Prehmll‘lar[.r —+— Data 2010:5=7 TeV s IEIE-— ATLAS Preliminary —s— Data 2010,,3=7 Ta'ul'_'

- [ 1 w120F Muon + 1 Jet I W+b J a4 = Muon+1or2Jets EEW:b
100F Electron + 1 or 2 Jets T Wac ] 42120: . ] woe = F + 0 Wae

C [ Walight T {0oF [ W+light d 5 10°F [ W+ight -
80F [ aCD 1@ = ccD é 3 e )

N = a0 I = i

F [ Single Top [ Single Top < 0 E [ Single Top E
601 [ Other EW 1 b [ Cther EW 3 2 [ Cther EW

. b C % 2 - =

aof ILdt=35pb‘ 1 deTﬂSD" e _[Ldt=35pb' :
20f - 108 >

E - = 1k T I T T PR P -

0 50 0 180 % 20 40 60 B0 100 120 140 05 0 05 1 15 2 285 3 35 4 4s

Missing E, [GeV] my (W) [GeV)

. Richter-Was

top background

b t-tbar largest background
(partially irreducible)

b single-top estimated with MC
(partially irreducible)

ptop yield measured in the >4
jet bin and extrapolated to [, 2
jet wit MC

Puncertainty =~ 30% (JES)
pb-tag uncertainty reduced to 2%

8 November 2011

Number of Tagged Jets
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W/Z+bjets: extraction of b-
jets fraction

A maximum likelihood fit to the SV0 mass distribution is used to separate b-jets from c- and
light-jets, and extract the flavour fraction on a statistical basis.

* SVO0 mass template are modeled with MC
* template systematics: data vs. MC in multi-jet events enriched in light-, c-, and b-jets.

Z+bjet
» Fit the combined e and Y samples » | b-tagged jet
and each b-tagged jet in the event »about 10% of
P At least | b-tagged jet events have 2 b

S A AN RS RS Rt RS A AR RRRE R
9501 s data 2010 (/5=7TeV]
= I +h ]
- - | FaTH
& - Z+light
40 backgrounds
- de1=EIEipD"
A0+

ATLAS preliminary

7 B 9 10
SV0 mass [GeV]

Events/0.5 GeV

W+bijet
»l or2jet

p fit each jet bin separately
foreand u

A L . | I T L '| T T |' L LI I L | T L
140 ATLAS Preliminary —+— Data 2010,75=7 TeV -

E Muon + 1 Jet . Wb 3
120 [ Wae -

C [ Weight o
100 [ aco -

- B =
8o [ Single Top 2

. [ Other EW w
80— »

. _[ L dt= 35 pb
40— .

s W+ jet
20=

| + 4
% i 2 3 4 5 €

Secondary Vertex Mass [GeV]

UL IRLANLEL A L AL L B IR L
ATLAS Preliminary ~ —s— Data 2010,,5= 7 TeV 3
I Wb 1
Electron + 2 Jets I Wee
I W+light
3 ach
I
[ Single Top
[ Other EW

Ldt=35pb”

+2 jet

3

P [TTT1 RTETI FETRTRTETE IRTE1 FTRTE FRTT1 FARTUNTT!

.
L4

3 4
Secondary Vertex Mass [GaV]



Z+Db-jets: results

NZ?
CoxL,+C,xL,

ag =

Inclusive b-jet production cross section in
association with a Z boson

Jet fitted yield is corrected for all detector
effects with MC LO matched prediction for
Zjet (including heavy flavour) from ALPGEN
and SHERPA

uncertainty: =~ 20% stat.and ~23% syst.
dominant systematics:

® b-tagging & SV mass template ~ 0%
® Z+b-jet modeling =~ 0%

® Jet + bjet energy scale ~4%

MCFM in good agreement with data within
uncertainty

Z+b uncorrected b-jet spectrum

A * Data2010 N5=7 TeV

ATLAS preliminary [ | Z;—-u. u.i + )
—a e +C

[ i +I|ght

“?—bnj + jets
(—pv) + jets
:I Diboson

3 Single top

fL dt=36pb’

—u'u

Jets [ 20 GeV
-
T ||||||||
1 IlIJlJII

T T T
1 JIII]_JI

1 III.]]

10"

| O 4||—-» |..|.|—‘:

20 40 EU BO 100 120 140 160 180 200 220
p (b-tagged jets) [Ge‘v‘]

Experiment  3.55*0-3 (stat)* 023

" oss(syst) £ 0.12(lumi) pb

MCFM 340 £ 0.44 pb
ALPGEN 2.23 + 0.01(stat only)pb
SHERPA 3.33 £ 0.04(stat only) pb




W+Db-jets: results

( “1r m— —
TWwb—jer X B(W — Ly) = 5 - _
- deI Y & [ ATLAS Preliminary Data 2010,s=7 TeV
= + Elaciran Channa -
'_:Ij_J' B + Combined Eleclron and Muon .l.l—[jt = 35 pb 1 N
— 15 —¥— Wuon Channel T
Al i NLO SFNS + ]
. . semeeeeeeee ALPGEN + JIMBMY (bl from ME and PS)
o W+b-IEt cross SECtIDn (event IEVE|) ; B ALPGEMN + JIMMY {b-jal only fraom ME) i
® First measurement in exclusive jet bins ToqQp o PYTHIA A
=
® event fitted yield is corrected for all detector 6

effects with MC LO matched prediction for 5 1 T % i : } "
Wijet (including heavy flavour) from ALPGEN T % ; I l I —

& T T
uncertainty: = 20% stat.and ~25% syst. i = ]
® dominant systematics: 0 1jet | 2 jet O 1+2jet
® b-tagging & SV mass t;emplate ~16% ® NLO prediction obtained in the 5 flavour
® top background ~12% number scheme [F Caola et al. arXiv:1107.3714]

® QCD background ~7%

® W-b-jet modeling ~10% ® NLO agrees within |.50 with the measurements

® Jet + bjet energy scale ~7%

, [pD)
| jet 297050 (scale) 7000 (P |}| U () £ 0.20 (non-pert)
2 '|+ l"::‘:l |‘=I.'{I.],r_- }:II ll ] l)l : I.-I (mg) = 0.13 (non-pert. )
1 +2 jet l_\'I]IZI__'.: (scale) }:I ; (PDF) : } (tng, ) = 0,34 (non-pert.




Summary

The LHC era allowed us to verify QCD in new kinematic
regimes, good testing ground for predictions

Current understanding of detectors allows to do
precision measurements in W/Z sector

Extensive set 0 measurements also in W/Z+jets
differential cross-sections, also with b-tagging

Overall impressive agreement with MC predictions
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Plan

Amazing how much could have been done with only
36pb?t data accumulated in 2010: numbers of results
are still in the pile-line but already theory is being

tested quantitatively.... and is holding its own
(unfortunately)

Top physics

Diboson production and TGS couplings
B-physics and heavy ions

Higgs boson... where we are?

What's new from New Physics searches?
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\ATLAS Detector

THE ATLAS DETECTOR IS
REALLY BIG!

~ 46 m
@ Radius: ~ 12 m
@ Weight : ~ 7000 tons

@ Length :

@ ~ 103 electronic
channels

@ 3000 km of cables

P

A

s
(Jura)
Transverse momentum "
(in the plane perpendicular to the beam) Rapidity:
pr = p sin® 0 = 90°
0 =10°

17=-log (tg 9)

— NnN=0
— N=24

06=170° - n=-2.4
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ATLAS Inner Detector

The mner detector

7| < 2.5 consists of

G2am i .
gt P < o Pixel detectors, semi-conductor
- | tracker (SCT), transition radiation
tracker

o ~ 87 mullion readout channels
o Immersed in 27T solenoidal
magnetic field

\ o o Resolution of
|I "'T.l%dupﬁmlcondmrmckat (]'/]}T — 5 X 10_4 EB 0'015
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\ATLAS Calorimeters

Electromagnetic
Calorimeters:

Tike bamel Tile extended barmrel

e Fine granularity

e N -V ke 0.025 x 0.025 in
it == - central region
end-cap (EMEC)

e Energy resolution
10%/vVE

Hadronic Calorimeters:

barrel

e Granularity
An x A¢g=0.1 x0.1
in central region. less
segmented in forward
region

Electromagnetic and hadronic calorimeters
@ Subsystem technology and granularity <

shower characteristics

@ Transverse and longitudinal sampling ~ e Energy resolution
200000 readout cells up to |n| < 4.9 50% /v E & 0.03

Elzbieta Richter-Was LHC physics with first fb-1
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