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INTRODUCTION

® After 30 years from their discovery ...
why we still measure W and Z bosons

production at LHC?

» LHC is a W/Z factory = produced at high
rates

P clean signatures: isolated leptons, missing
energy

P A stringent test ground of pQCD; LO, NLO,
NNLO at a new energy scale

P Constraints on Structure Functions of the
Proton

» W/Z (+jets) are dominant signal and/or
background in many other analyses and
searches

Mauro lodice — LHC Days in Split - October 4, 2012

1083 -UAl Z>uu candida’re'-._...--"""

ATLAS Run Monh‘oring

MuonTrkPhysMonitoring/NoTrigger/Tr:

300 HN

j f
200 {
i i i
i

100 }
M‘F-(j -
80

Run 209995, 2/express_express

Location in ROOT file:

Muon/MuonTrkPhysMonitoring/NoTrigger/TrackingPerformance/Z_Signal/Muons/m_Z_Mass

/Z_Signal/M /m_2Z_Mass

Assessment Details:

Name: m_Z_Mass
Status: Green
Algorithm: Simple_gaus_Fit
Num. of Entries: 15424.0

MinSignificance: 1.0
MinStat: 100.0
SubtractFromMean: 91.0

Mean

X000KXXT T 0000
1.0 2.0
Sigma
XO00KXXT T 0000
5.0 10.0
Results:

Constant: 282.8 + 6.768
Mean: -0.2572 + 0.05554
Sigma: 3.607 + 0.06629
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DATA AND LEPTON SELECTION

® For the analysis presented here: data from 2010 at V7 TeV
® W, Z measured in the e, u channels using 36.2pb™, 32.6 pb”respectively

* Wraerv, W u*v : —
o _ M_ First Z=> uu candidate in ATLAS
£2e'e, Louu &““ ATLAS
o A EXPERIMENT
Trlgger Run: 154822, Event: 14321500

Date: 2010-05-10 02:07:22 CEST

> Muons: [n,[<2.4
» Electrons: [n,|<2.5

® uselection

4 p;>20 GeV
> In,l<2.4

® e selection I
> p;>20GeV Nu');:s: Gev )= 22
> nel<2.47

Z>uu candidate

excluding 1.37<|n |<1.52 in 7 TeV collisions

Mauro lodice — LHC Days in Split - October 4, 2012 3



DIFFERENTIAL CROSS SECTIONS

do/dly,| [pb]

Theory/Data

® Differential cross sections measured in the e, u channels and combined in the common

fiducial volume:
> Asa function of |Yz| for Z —s (% ¢~ with 2-3% accuracy in the central region
» Asafunction of ,for W* — ¢*y with 2% accuracy in the full range

® Comparison with NNLO calculations show an overall agreement with the considered PDF -
some deviation observed (e.g. for JR09)

S~ These Measurements can reduce the uncertainties on PDF and influence central values

160
140
120
100
80
60
40

© =
o

[(oJ N

I|I\I|I\I‘III’\II‘[II|

I Ldt=33-36pb™

MSTWo08
HERAPDF1.5
ABKMO09
JR09

B$= Data 2010 (is =7 TeV)
A
o]
m]
o

—} Uncorr. uncertainty
[ Total uncertainty

do/dn [pb]

Theory/Data

sog—m——mMm™ ———
- ATLAS W+ Y ALYE
700 A -
S allnla™
5001 =
C ILdt=33-36 pb ! a1
400__ E$= Data 2010 (s =7 TeV) ]
- & MSTWos Uncorr. uncertainty _
300:_ ; ESEAAAEQDHS :Total uncertainty _:
L ¢ JR09 ]
R | EE
1
0.9 , , ‘
0 0.5 1 1.5 2 2.5
m,

600

do/din| [pb]
(@]
o
o

AN

o

o

[ \
<>

>

<

>

<
E_

i

ATLAS

Wiy

3001 ]
- J Ldt=33-36pb” .
2001 E$= Data 2010 (Is = 7 TeV) i
C A MSTWo8 : ]
r o WERAPDF15 —|— Uncorr. uncertainty n
100 O ABKMO9 [ Total uncertainty ]
L ¢ JR09 ]
© ‘ P T R RS R
= 1.7 e T
Q 1
>
o9 ' g - |
2 0 0.5 1 1.5 2 2.5
= |
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!\\i""’ —0_35|||| ——— ——— NN N
AN Sl Q0¥ W C HARG E ASYM M ET RY < | = Da’lta 2010 (\sl= 7 TeV) I—|—Stat. uncelrtainty i
— -~ MSTWo08 tal uncertaint ]
http://atlas.ch 03[ © HERAPDF15 i ’ -
L o ABKMO09 i
PS . + ~ . ¢ JRO9
In pp scattering, W* (W) bosons are mainly -
produced by the annihilation of a u (d) quark I
(valence+sea) in one proton with thed (u) 0.2]-

¢! :
’
W ' _[Ldt=33-36 b
, o ol ATLAS

® Asymmetry in the W* and W~ rapidity i | | | |
distributions sensitive to u,/d, distributions v 05 1 15 2 25

ul

anti-quark (sea) in the other.

® Constrains on u,/d, distributions (PDF) can be
obtained by measuring the W-charge
asymmetry Vs ),

dowy+/dne — dow-/dn,
doy-+/dne + doy-/dn,

0.3— \s _7 TeV ATLAS+CMS+LHCb—
. TN Preliminary-

Ag(me) =

ATLAS (extrapolated data, W — Iv) 35 pb™
CMS (W-> uv) 36 pb’
LHCb (W— pv) 36 pb”
MSTWO08 prediction (MC@NLO, 90% C.L.)
% CTEQ66 predlctlon (MC@NLO, 90% C.L.)

Lepton charge asymmetry
o

=t d

II|II||III|IIII|III||II|I|

® Combined e, u charge asymm. measured
with accuracy 4-8% and compared with NNLO

theoretical predictions ATLAS, CMS, LHCb results extrapolated to 1!

: : ; a common region
Mauro lodice — LHC Days in Split - October 4, 2012
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~>SATI AC

el STRANGE-QUARK DENSITY OF THE PROTON

hitp://atlos.ch

* FLAVOR SU(3) SYMMETRY SUGGESTS THAT THE THREE LIGHT
SEA QUARKS DISTRIBUTION ARE EQUAL.

* HOWEVER STRANGE QUARKS MAY BE SUPPRESSED DUE TO
THEIR LARGER MASS

s+3 distribution at Q% = 1.9 GeV?
NLO PDF (68% C.L.)

—— MSTWO8
%4 CT10

o=~ NNPDF2.1
-+ ABKMO9
£68% HERAPDF1.0

x(s+3)(x, Q% = 1.9 GeV?)

e THE COMPOSITION OF THE TOTAL LIGHT SEA XX =2x(U + d+ S)
IS NOT MEASURED AT 0.001<X<0.1
- LOow X: CONSTRAINTS FROM HERA RESULTS

~~~~~~~~~~
~~~~~~~~~~~~
NN\ AN

IlllllIlllIlllllllllllllllll[llllllllll-

X - ATLAS W AND Z MEASUREMENTS PUT CONSTRAINTS AT
ATLAS data X~0.01 AND HIGH Q?~M ;2 = PROPAGATED AT LOW Q?
Fixed target data THROUGH PQCD EVOLUTION

® Two types of NNLO fit, "epWZ" performed in the HERAFitter framework to
» ATLAS differential o(W) and o(Z) data (Phys. Rev. D85 (2012) 072004 )
» HERA ep DIS data (JHEP 1001:109(2010) )

1) "Fixed strange fit" : s-quark distribution fully coupled to d-sea-quark and suppressed:
§/d=0.5 at Q?=1.9 GeV?

2) "Free strange fit" : Parametrized s-quark distribution (assuming x3 = xs )

Mauro lodice — LHC Days in Split - October 4, 2012 6




AT AC

“j~\" il =i \w
i CYDEDIMENT

http://atlas.ch
COMPARISON OF THE EPWZ FIXED
STRANGE AND FREE STRANGE NNLO FITS

TTT II T T LN B I I T T T T 1T
Q%= 1.9 GeV? ATLAS
—— epWZ fixeds

bsdekod IIII|I1—

% epWZ frees

IIIIIlIIIlIIII|HII|IIII|HII|IIII|IHI|IIIIIII—

TIIIIITIII'IIII'TII |IIII TTEIA

| L |
10 107

—_
o
&

X

r = S(X)*S(X) _ 1 00+0.20(exp) +0.07(mod) *1%(par

S 2d(x)

MORE STRANGE SEA QUARKS
THAN EXPECTED:

AS MUCH STRANGE AS DOWN
SEA QUARKS

Mauro lodice — LHC Days in Split - October 4, 2012

RESULT OF THE FIT AT §?=1.9 GGeV/?, x=0.023 INF

L/v

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

Q%= 1.9 GeV? x=0.023 epWZirees _ ATLAS

4 ABKMO09

= NNPDF2.1 —a—
e MSTWO08 .

v CT10 (NLO) -

total uncertainty

experimental uncertainty
|

02 04 06 08 1 12 14
rS

202 0

+0.06,, . 0.08(th)

-0.15 -0.07 s

* EXP UNCERT. (BOTH STAT AND SYST) DOMINATE

* MODEL UNCERT. FROM VARIATION OF CHARM MASS, Q? CUT AND
STARTING SCALE VALUES

* PARAMETRIZATION UNCERT. BY ADDITIONAL PARAMETERS IN THE
DISTRIBUTIONS

* VARIATION OF O, AND THEOR. UNCERT. ON DIFFERENT
PREDICTIONS OF W,Z PRODUCTION



S ATIAC

[lititd D DISTRIBUTIONS OF W [ Z

http://atlas.ch

e At lowest order W and Z p; =0
e |nitial State Radiation will cause the bosons to
have a finite transverse momentum:
* AT LOW P DOMINATED BY MULTIPLE SOFT PARTONS
* AT HIGH P; DOMINATED BY EMISSION OF ONE OR MORE
HARD PARTONS

e p.distributions of W and Z provides a useful test
of QCD calculations:
- different types of calculations are expected to
provide the most accurate predictions for the
low-pT and high-pT part of the spectrum

Mauro lodice — LHC Days in Split - October 4, 2012

— 10TE =
% n =
(O] B ATLAS ]
- = .[Ldt =~ 31 pb 3
8 C 7
~ 10°E E
& S Data 2010Ns=7TeV 3

o - ]
S 10E E
b C .
~ 10° --Data =
- —RESBOS n

10°E =

n 1'6: E

i L. :

Q12 s 2% 5 3 3 I -

Toosp ' : 3

S o E

o 04y 50 700 750 200 250 300

o

pY [GeV]

Normalized differential cross
section Vs p; compared to RESBOS

RESBOS: resum logarithmically
divergent terms to all orders in o
and use pT-dependent k-factors to
extend to large pT - also tuned to

Tevatron data - not yet to LHQ)
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http://atlas.ch

U) [ T T ‘ A ‘ L T | LI T | T T T T | T T T ]
O 2~ - Combined Data 2010 ATLAS —
2] [ Stat. Uncert. ]
& 18 DYNNLO O(a) J-Ldt ~31pb" ]
o | —-DYNNLOO(a2) B
- I MCFM O(a,) \'s=7TeV
= 16 .. MCFM O(c?) 7
.g - — RESBOS W
QO 14 —
S C
o [
o 12— ]
5§ r } { } PALILILILIL) LILECILRL
8 1!4 ; ;:I ........ L,.z"‘ i Al
~ E ;:i@:';“ ]
08? “““ = wm m\umHHH“”HM"HHMF B
A B
C Il ‘ 11 ‘ Il | 1 | 11 |
0 50 100 150 200 250 300
P [GeV]
(D [ T T T T | TTT ‘ T T T T T rrIT \
8 .. Combined ee+upn ATLAS
o 'O -+ Data 2010 14
< 1.4 S FEWZ O(ay) z ]
= [ #4FEWZ O(02)
.9
T 1.2 | -
B f bl
= Fl | “ | I *
a 1+ + 1A
~ i ' I /
s ! .
S ol N
o o8l \
CIn'l<24
06;p'T>20GeV \ DN \\
"I 66 GeV<m, <116 GeV .
Il 1 Il 1 1111 ‘ Il Il 1111 [ 1 Il
1 10 10°
p% [GeV]

(Data,Prediction) / RESBOS

Data (Prediction) / RESBOS

P+ DISTRIBUTIONS OF W [ Z

_\II\‘\\I\‘II\\'I\\I'I\\\
2 —e— Combined Data 2010

ATLAS -
L Stat. Uncert. i
18 ALPGEN+HERWIG J-Ldt=31 pb™ ]
“F  —-Mc@nLo ‘ 1
ceb M POWHEG+PYTHIA \s=7TeV ]
O wnn PYTHIA ]
- — RESBOS W ]
1.4 SHERPA .
1.2 ! .
A :{ | } { l i
R e o e, 1
: T‘ﬁ “““ methH I !- -----------------
o8- * =" S —
06l —_—— _— —ﬂmﬂmvw‘w“mg
C 11 ‘ Il ‘ Il | 1 | Il | Il
0 50 100 150 200 250 300
P [GeV]
[ T T T 1T \I‘ T T T UL
| Combined ee+uu ATLAS
1.6~ —— Data 2010 4 ]
[ — RESBOS L dt = 35-40 pb
- === PYTHIA
1.4 — MC@NLO Z N
““““ ALPGEN
1.2 l -

- SHERPA

|
R
0'8: <24 R 1 .
065 P, >20 GeV T
i 66 GeV <m, < 116 GeV
1 1 Ll 1 L
pZ [GeV]
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RESBOS: GOOD AGREEMENT WITH
MEASUREMENTS OVER THE ENTIRE
RANGE (IMPORTANCE OF RESUMMATION
EVEN AT LARGE PT).

HIGHER THEN DATA IN RANGE 10-40
GEV AND LOWER FOR PT>40 GEV

NLO PREDICTIONS UNDERSHOOT DATA
AT HIGH PT

NNLO OR HIGHER-ORDER ME
PREDICTIONS RESTORE AGREEMENT

PYTHIA, ALPGEN, SHERPA GooD
OVER ALL Py RANGE

® Z AND W MEASUREMENTS SHOW
SIMILAR TRENDS

® DATA ALLOW TO REFINE PARTON
SHOWER | RESUMMATION MODELS

9



POLARIZATION OF W BOSONS

HELICITY FRACTIONS ARE MEASURED  mm
BY FITTING COS(©,p) DISTRIBUTIONS
WITH WEIGHTED SUM OF TEMPLATES

FOR LONGITUDINAL, LEFT-HANDED

AND RIGHT-HANDED STATES.

e W are produced in three helicity states: f,, fz, f,

o Atsmallp;: ud =W*and du—W-
—> Predominantly left-handed in pp at LHC

P- [ T T T T ‘ T T T T [ T T T T I T T T T ]
— _ _ Q 500 . _ — Fit result Longitudinal_|
e Atlargep;: gu—W'd, gd =W'u and ud—=W'g 3 - ORI e Riont
Given the vector nature of gluons, more complex S a0 Wouv o [La=sip
. . . - p¥ > 50 GeV ATLAS
production mechanism contribute. ] 7
Also longitudinal state (with fraction f,) allowed. 300
—>detailed helicity state calculations are required 2001
Define the “transverse helicity angle” : 100"
—»l* p f?l* Lepton p;in the I
COS '92D _}l* ‘ tranverse W rest frame 0y 0% 0 05 1
d 4 .
Pr pT Pr WpTinthe Lab c03(6;p)

Results of the fit for W*2u*v usin
(0, is the 2D projection of the “helicity angle” onto the transv. . u &
plane) helicity templates of cos(6,;)

— (built from MC@NLO)
Mauro lodice — LHC Days in Split - October 4, 2012 P~



POLARIZATION OF W BOSONS

® Measurements performed in two pT regions 35<p? <50 GeV
py >50 GeV

® Fit results averaged over charge and lepton flavors and compared to NLO calculations
(MC@NLO and POWHEG)

® Uncertainties on f,-f; reduced (partially cancel in W* and W- average)

® Large uncertainties on the longitudinal fraction f,

O0_57III\III\\\II\\II\\\\ 00_5* ||||||||||||||||||||
= : 045 wibes Glezv<5 Gelv A T 0450 b oo ¥ Daaves ey
- - F | > 2.4, T> ’ 16 uncertaint . £ > 2.4, pT> ev, o uncertain
fl- fR consistent 0 4i 50 <m¥ < 110 GeV, o NC@NLO ’ 0 4é 5|o<m¢'< 110 GeV, . :AC@NLZ Y
with predictions E 35<pY <50 GeV B PowHEG E o > 50 GeV B rPowHEG
@ 0.35 ;* [ ] Unphysical area 0.35 ;— T [ ] unphysical area
f, lower than 03 0.35
predictions at 0.25- : 0.25-
= ¥ =
. — C [ ]
hlgh Pr 0'25 ¢ 0.2E "
0.15F 015/ X
Unphysical area 0.1 0.1-
0.05+ 0.05—
- ATLAS E ATLAS
ue O + + = 7II\‘III\‘\\Ill\\lll\\\\lll\\‘II!\‘IIII‘\\III\\II _\III‘III\‘WII\‘\II\‘III\‘II\\‘II\\‘II\\'III\'I\\\
Due to f, +f 1 ot 0
0 0 010203040506 0.70809 1 0 010203040506 0.70809 1
f, - fr fL-Tr
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SEENE S vMARY AND OUTLOOK .

hitp://atlos.ch

® ATLAS precision measurements for W and Z bosons at percent level using 36 pb of
data at 7 TeV have been presented

» provide a significant contribution to the reduction of PDF uncertainties

» Constrain the strange content of the proton

» Test of different aspects of QCD at high and low pT (hard Vs soft processes)

<> Apologies for not being able to present more W, Z analyses - due to time constraints

P ) ) ] o AR RRRRARARRRRARE ARRAD REAR) RN AR AR A
2011 data analyses being finalized: - “’SET ATLAS Prefiminary 2
) ® 4:;. ]
\/S - 7 TeV .£=5 fb ! E 10 E —}— Data 2011 (15 =7 TeV) Jrot=47 3
> Target precision £1%, tightening the 2010 5 0F - vataz0r2 (=8 Tow) fust=5115"
. T =
constraints O — — ; ;
S et b 10F ., E
PY é 18% [ LHC Delivered Stable é C q%%g+ ]
201 2 data: % o [ ATLAS Ready Recorded E 1:5 #ﬂ%ﬁ ' 3
14 F -
3 4 : - + ;
g 120 E 107" # $ El
Vs =8 TeV g 0 ; § H}

1 g i? _; 1O-ZEIIIIIIIIIIIIIII|||I||||IIIIIIIIIIIIIIIIIIIIIa
- & E 0 100 200 300 400 500 600 700 800 900
L >14fb" (todate) =, o

28/03 28/04 30/05 30/06 01/08 01/09 03/10 T

Day in 2012
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http://atlas.ch

BACKRUP SLIDES
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ETNNE \\/ 7 BOSONS SELECTION

http://atlas.ch

. . ) . .
® Single lepton trigger W Single lepton trigger /
. . . ) )
® calorimeter Isolation Calorimeter Isolation
® ETMiss > 25 GeV ® Same flavor, opposite charge leptons
o M, =\|2p.EM*(1-cos(®' - ®*) > 40 GeV ® 66<M, <116 GeV
% 6_ ||||l||||||II|_¢|_|ID'at]alz()"‘()l(\|s'=7'Tle\|/)l % 105§_|||[||||1|1||1|1||1II|II
8 10 g_ j Ldt=36 pb'1 I:lEI éVC—>D ev (D ; E Dzeiauimo Ns=7TeV) J L dt — 33 pb-1
F C CIw—oa : 41
d 10°L ATLAS B 7 ee 0 10 3 E SE)E‘C ATLAS
o g B 7>t -E =
< : I > sl — 3\,_) ,
(O] L B WW, Wz, 77 > 10°E o
Lﬁ 10% L W, Wz, 77

LI lllllll

102
10°

10

T IIIII|I| T III|I|| T TTTT

T T IIIIIIII

10°

IIIIIII| 1111l | IIIIIII| | IIIIIII| | IIIIIII| 1 IIIIIII|

L1 | lIIIIII| | IlIIIIl| | lIIlIIIl | IlIIIII| | IIlIIII| 11

10
1-1
0O 20 40 60 80 100 120 140 0 70 80 90 100 110

m; [GeV] My, [GeV]
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W, Z BOSONS SELECTION

® Single lepton trigger 7
® Calorimeter Isolation

® Single lepton trigger W
® Calorimeter Isolation

® ETMiss > 25 GeV
o M, =\|2p.EM*(1-cos(®' - ®*) > 40 GeV

T

® Same flavor, opposite charge leptons
66 <M, <116 GeV

IIIII|IIIIII]IIIIIIIIl]IIII

105 E_l | T T T | T T T | T T 1 | T T T | T I_E

%) 6l ) —+— Data 2010 {'s = 7 TeV) _: % - ]
(Lg 10 § .[Ldt=36pb %évcgev % (E E Eloza_t)a“imom:ﬂew JLdt=33 pb'1 E
N - ATLAS C W - — 10%*F 3 acb ) -
~ 50 B Z > ee _ 0 - Bz A-'- E
n 10 E Bz 3 =] - = 3 ]
% ; :/fvw, Wz, 7z E 2 10° New 3V—>uv ’(,65 ke"k A _
O 10*E . w - . (\d-\()o 0t
3 _;
10 : &e,@ E
- : x5 -
ol ! d\do ed |
107 g~ W co® m’\(\ot 3
P o 0O
0.00° a1 0 ’Law+*"*j
10E 1 (O\“\ STV §
- A&.ﬂ_‘_l_: 1 -1
o soct Cooﬂd o0 100 120 140 0770 80 90 100 110
‘O\J My [GeV] My [GeV]
Mauro lodice — LHC Days in Split - October 4, 2012 15



INTEGRATED CROSS SECTIONS

® Integrated W+, W, W, Z cross sections measured in the e, u channels

Combined to a common fiducial volume (negligible uncert. in the extrapolation)
P All measured to ~ 1% systematic uncertainty (small stat. uncert.)
P Luminosity uncert. of 3.4% fully correlated between the measurements

® Comparison with NNLO calculations using FEWZ and four set of NNLO PDF
S~ Sensitivity to different predictions, though hindered by luminosity uncert.

3 T T I T T T | T T T I T T E _I T T T T | T T T T | T T T T ]
5" Overall S 35- ATLAS O, Vs O, 1 £ [ ATLAS (o +0, )Vso, A
, = L {1 = L w+ - Z/y"
agreement with £ 2 gl i
T | +|T i ]
predictions = 12 0 ]
. o - ,_/, R = i 1
- validity of S Py 1 = 4 b
PDF evolution ¥t - I Ldt=3336pb" 1 L 4 I Ldt=3336pb" ]
from IOW to | @ Data2010 \s=7TeV) tc:taéauncertainty | 4.5 B @ Data2010 Ns=7TeV) total uncertainty _
O MSTW —@- sta © sys = _@-sta® i
W,Z mass scale T HERAF?[8)F1.5 uncertainty A i 8 '\HA;Z\V;)SF1_5 zr?Cfertz)i,ity
2.5 4 ABKuos 68.3% CL ellipse area | | A ABKMog 68.3% CL ellipse area
Common Fiducial o | | 1 4~ O Jnos g
L L 1 L L L L L [l | 1 I 1 | ! ! L 1 | 1 ! ! L1
volume: 1.8 2 2.2 0.4 0.45 0.5 0.55
pT>20 GeV |n||<2.5 ow - BR(W = [V) [nb] o' - BR(Z/y*— I'T) [nb]
16
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RATIOS OF CROSS SECTIONS — LEPTON UNIVERSALITY

® Ratio of electron and muon cross sections measured in the common fiducial region

® W and Z productions are independent of the flavor of the decay lepton

+
— uv

.BR(W

| | | 1 I | 1 1 |

Ry=0

w - BRW'>ev) /o

> New measurement of ratios of e and u branching fractions:

0.9

T T T T | T T T T
- ATLAS

i I L dt = 33-36 pb ™’

- 68.3% CL ellipse area

| E$® Data 2010 (\s = 7 TeV)
__ = R, PDG world average
- [ R, PDG world average
O Standard Model

| | I 1 |

/R o, Br(Z—ee)

? ot Br(Z-—uu)

Zz

~

=1.018+0.031

World average: 0.9991+0.0024

Oy _Br(W—ev) 4 006:0.024
O,u

w

1 | | 1 1 | | | 1 | 1 | 1 1 |
0.8 0.9 1

P I
1.1

R, =0, -BR(Z— e'e) /o, BR(Z— p'w)

v Br(W —uv)
/

\\Norld average: 1.017£0.019
® Experimental accuracy at few % level:

Close to world average for R, still much
less accurate for R,

® RESULTS confirm e - u universality in
W and Z decays

Mauro lodice — LHC Days in Split - October 4, 2012
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RESULT OF THE FIT AT §?=1.9 GGeV/?, x=0.023

MORE STRANGE SEA QUARKS =

S(x)+S(x THAN EXPECTED:
- S(X)+S(X) _ 4 00.0.20(exp) = 0.07(mod) **°(par) **%¢_=0.08(th)
2d(X) ' ' AS MUCH STRANGE AS DOWN
SEA QUARKS
L e I B e A A DL B
2 _ 2 epWZ free § ATLAS
Q' =1.9 GeV", x=0.023 « EXP UNCERT. (BOTH STAT AND SYST) DOMINATE
A ABKMO09 —A—
= NNPDF2.1 — * MODEL UNCERT. FROM VARIATION OF CHARM MASS, Q2
* MSTWO8 - CUT AND STARTING SCALE VALUES
v CT10 (NLO)
. * PARAMETRIZATION UNCERT. BY ADDITIONAL
[ total uncertainty
experimental uncertainty PARAMETERS IN THE DISTRIBUTIONS
P I S S NN SR R S (NS SR S N S SR R N PRI PR PERTE
-0.2 0 02 04 06 0.8 1 1.2 1.4 * VARIATION OF O(S AND THEOR. UNCERT. ON DIFFERENT
I's PREDICTIONS OF W,Z PRODUCTION
COMPARISON THE EPWZ FIXED STRANGE COMPARISON THE EPWZ FREE SBAR FIT WITH PREDICTIONS FROM N\STWOS,
AND FREE STRANGE NNLO FITS ABKMo09, NNPDF2.1 AND CT10
l: o I C T A = I T T TTT T T TTTTH T T I T T TTT T T TTTTH
* 0.455_ Q%=1.9 GeV? ATLAS—E 1.9 GeV? ATLAS X 2 1.9 GeV? | ATLAS 1
0.4k epWZ fixed s —; epWZ free s NNLO ] epWZ free s NNLO ]
3 [T MSTwo8 NNLO ] [T NNPDF2.1 NNLO ]
0.35 £ epWZ frees E 0.5 rzzZ ABKMo9 NNLO ] 0.5 rzza ctionLO ]
0.3 3 ] ]
0.25F = 0-4¢ ]
0.25 E 0.3} ]
0.15F E
0.1E = 0.2¢ ]
0.05F- = 0.1 [HHEHEIT ]
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RATIOS OF CROSS SECTIONS

® Ratios of Cross Sections measured with high precision
> benefit from experimental and theoretical systematic cancellations

P W+*/W-: sensitive to ratio of u/d valence quarks

P W#/Z: sensitive to flavor composition of quark sea
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MEASUREMENT OF TAU POLARIZATION IN W 2TV EVENTS

® InW =2t v decays, W expected to couple to left-handed v ; W* to right-handed t*

- P _=-1

P Or~0,

® First measurement of Tau Polarization at hadron colliders "5 +o

R L
® The measured process: % llllimAsll
- - 2 100f -
W™ =21 v E = \s=7TeV 1
\—>p' V. 2TV, o " JLdt=24pb'1 E

60 ' @ Data2010
pr [ . —Fit ]
® The “charge asymmetry””: |¥' =2—-—-1 40! | Left-handed
. P; - | .~ Right-handed 1
Measured in all decay modes to a [ | ’
20 T ]
single charged meson inclusively ' .
0—1H”05 0 0.5 1 1.5 2 2.5 3
® Results by a fit of the Y distribution r

to a linear combination of left-handed

and right-handed templates

— 1

T

.06 +0.04(stat) *>°°(syst)

-0.07
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W,Z PRODUCTION IN ASSOCIATION WITH JETS

® W/Z+jets cross section provide tests of pQCD at LHC energy scale

® Processes with high cross-sections and important backgrounds for

many other measurements/searches

Opjets a5 @ function of
jet multiplicity
compared to
predictions:

= NLO BlackHat

= NLO Alpgen and
Sherpa normalized to
NNLO tot cross
section

= As expected PYTHIA
fails to reproduce data
for njet>1

= Multiplicities
generally in good
agreement with NLO
predictions
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Z PRODUCTION IN ASSOCIATION WITH JETS

O et | O ot da/de as a function of the da/dARjj as a function of the
leading jet p; angular separation of the two

drop in the cross section by about
(drop 4 leading jet

a factor 5 for each additional jet)
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W PRODUCTION IN ASSOCIATION WITH JETS

e T . . .
1 &l,!;éé da/de as a function of the Cross section as a function of
R first jet p; y(D)-y(first jet) for events with
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R Sensitivity to PDF
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