Lecture 5

Physics Program

of the experiments at

Large H adron C ollider

Physics with
W and Z bosons:
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Latest news

= 12-18 November: HCP conference in Japan

Data taking with pp for about 4 more weeks Data collected so far:
~18.3 fb~!. Peak luminosity at 7.3 - 1033 |

Data signed off for data up to period H5, this week up to 12
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New schedule: 25ns runs (1-2 fills stable beam) at the end of data-taking
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Retracing history of particle

physics

= With up to 1pb? g ﬁ%
(public results) we 3 oL
made it up to 80's 5

“ Results at sumer 2 1078
conferences 2010 A

= Onia( J/Psi, ¥, Y,...) © 10
+ first hundreds of ~ ATLAS Preliminary
W,Z in the leptonic " Data 2010= 7 Tev

channels 1 10 @
MHM[GEU]
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Bosons at hadron colliders

" So far the primary
channel is through
leptonic decays TR
2 BR(W-ev) ~10% 1953‘/
2 BR(Z- ee) ~ 3% T 128 |

" |t means that we are | s D el |
probing ¢ x BR values ] Fe,fn",?:h LI 2y
orders of magnitude - Fermilab 2008
smaller

" At LHC cross-section
5-10 x higher than at

Tevatron at Fermilab.

: Dbsewatiun qf Bosons at Hadron Cplliders_
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Bosons at LHC o e

= Well measured by previous
experiments 1o e

2 Inclusive cross sections, R(W*/W), "
R(W/Z)

0 Differential distributions, associated

a (nb)

jet multiplicity, A, etc. e -:.1cc|c3a:*£
" Yet still educational at the LHC N
2 Cross sections at /s =TTeV { >/
9 New pdf constraints possible ' . Jq 515;;1}
= “Standard candles” for high-p, 10 B4, 500 060

1y =
18 1 i

analyses
2 Calibration, alignment

9 Independent luminosity
measurements

ve o TeW)

Just departure point for high-p.
Beyond Standard Model analyses
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Drell-Yan cross-section

= Keywords:

o factorisation p. and renormalisation p,
Scales

9 universal parton distribution
functions

0 LO, NLO, NNLO matrix elements and
DGLAP kernels

also depends on i and
lg, SO as to cancel scale

N 2\ £ ; 2y A dependence in PDF's and o,
OAp = [il-rail-lb faja(Xay Q7) foy(Xp, Q7) Oap x . Fhis e :

: i Y
OAp = ftliudib fum(l'mﬁifr) .fhjﬂ(xhﬂi") X [0 + as(ud) 0y + Lo

= All orders cross section has no dependence on p_and p; a
residual dependence remains (to order o "**) for a finite order
(o.") calculations.
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W and Z production

Mandelstamm variables :

" Cross sections for on-shell W and Z s=(p, +p)

o S Felp +p)
production (in narrow width limit) given gk !

by Ny T
é}‘?q_"wz —\/E_GFM q| 6(5 / P
,__
5992 —_\/_GFM (1' +a; )3(3—Mz) ;

= Where V_ 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 %; ...

E. Richter-Was 7 November 2012 7




W and Z p. distributions

" Most of W/Z produced at low
p, but can be produced at W

non-zero p, due to the
diagrams with emitted gluon

A A: -}ME A
Wei2 5 3 8 1 +u~+2MyS§
Zl;qu_" 8 = TTQ’S\/EGFMIHVG?’I ) 75
i
| 1 §2+a%+2iM2
Wq' |2 2 2 B
Zl;-"\/fgq_> z |© = RaS\/EGFMwlqu’l "i 30

® 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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W and Z p. distributions

" Back to 2->2 subprocess,

where Q! is virtuality of u
the W
. w+
~) A 7 A
5 I“+u"+20°s
ud—>W+g (2
L ]

® Convolute with pdf's

2n% Ey E,

o — f dxydxs fu(x1, Q%) f3(x2, 0°)

" Transform into differential cross-section

-

| M|

5

do
dQ%dydpz

1 . 2
o~ ;fd_vg fulx1, Q%) fi(x2, Q)

+P{1—Pg—Pw)

E. Richter-Was 7 November 2012



W and Z p. distributions

u u

® In the limit of leading W W
divergence we can write
d I 335}\
do E 1

- 2 2 . s y)
Lled_vdp% ~ = !:_;r [d)rg fulx1, @7) fi(x2, O7) + (sub—lcadmy

= As p, of W becomes
small, limits on Y, - ; 3
integration are given by Gy » P2
+- log(s*?/p,)

" The results is then

do log(s/p%)

* |t diverges unless we apply a
p,™" cut; final distribution

depends on o, times log
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Shortcomings of fixed order calculations

= Divergent, without cut on p,™, cannot describe the
data

(at NLO)

q- (W)

Transverse momentuin

]
b I
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QCD resummation

= Resummation: reorganise calculations in terms of large Logs
L(Q%p;); regularised at low p, range;

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

do

dgpd W P ‘ 7 J= 7 do |
dg; l
| |
» |
Singular l gy |
. |

5(q) o, -
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Monte Carlo approach example: Parton Shower

Backward Radiation
W (Initial State Radiation)

&

» «— Kinematics of the radiated gluon, controlled by
Sudakov form factor with some arbitrary cut-off.
( In contrast to perform integration in impact
parameter space, i.e., b space. )

The shape of q (w) is generated. But, the integrated rate remains the
same as at Born level ( finite virtual correction is not included ).

Recently, there are efforts to include part of higher order effect in
—  the event generator.

E.F_. . . e eees o




Transverse momenta of charged lepton

a In (ud) c.m. system,

Jacobin factor
dcos@ = 2 1
&

dpg. 1 _ 4%
B

~ dé s 1
dpg. dcos® = /1 4p2. /3

TP T T Jacodin ‘peak’

88
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sensitive region for measuring
My p5 ~ 30 — 45 GeV
I'w: not a good observable
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Cross-section at LHC (7TeV)

I, q
Vp q' I, g
NNLO .
g‘fV“—!*fU f}.]_-,)l'lb NNJT 1'\«1'\‘ LO _ o

J{T{Nigy 4.3 nb
Test QCD (up to NNLO) in production

(ﬂ”r) a(W~) Hard and soft gluon emission

Sensitive to parton distribution functions

W+ production: ud + c3
Extract electroweak parameters

W™ production: du + sc . .
7 production: wii + dd + s5 + cc +bb  SINO, M, quark-boson couplings
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Monte Carlo simulations

“ Base-line generators: o e L it g
1 Pythia, Herwig (LO), s = :
0 MCatNLO (NLO) o : :
2 POWHEG (NLO) ;5 ,..,, :

= Used as components of for ST ol
cross-checks 4”
9 FEWZ: complete NLO, NNLL ool A R R
0 ResBos: NNLL resumation g < e -
2 Horace: full 1-loop electroweak g 5 . :
2 PHOTOS:final state QED z # wosen -

(exponentiated) LT
16
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Measurement: W = 1v

" Signature:

a

Q

Q

Single charged lepton and missing transverse energy (MET)
Leptons are high p, and isolated

MET from neutrino
Peaking at transverse invariant mass

neutrino
—>  missing E

M(W) ~ 80.4 GeV /
\1

charged

ti k
anti quar apion

5 /f—ﬁ,_,-—-'

bJB
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Electrons and jets

M ‘ Number of expected electron events with
1 pb' @ 7 TeV, after reco & id

310 F, - ] ™ There is also lot of true

3 10° Y ~ 250

%132 electrons from

5 s semileptonic decays inside
g:gg Z—ee ~200 Jets

10°

107 [ '—=ee

10° e

10 | 102

pe (GeV)

= Jets can look like electrons
2 Photon conversion from n''s

2 Early showering charged pions
= And there is lot of jets

= Difficult to model in Monte Carlo
0 Detailed simulation in tracking and calorimeter volume
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Event selection

W — fu Z — be
@ One e/p with pp > 20 GeV o Two e/p with pp > 20 GeV
o B3 > 25 GeV Q0 myy = 66-116 GeV
o mr(f, EF™%) > 40 GeV
:?QUDD:""'|""|""|'"'|""|""|""|"'J: } :|||||| |||||||||||||||||:
S 5_ L dt = 38 pb” —4— Data 2010 (5 =7 TeV) _; g 1600F ATLAS Preliminary J
> 8000F : i ]
) . o |:|w-e- L] = - —4— Data2010 {5 =7 TeV) .
o 7000E ATLAS Preliminary [ cco o = @ 1 400:— [] 2 g
8 C - . C ]
S 6000 [Jw-w = 212000 Lo E
L = = 1000 . —
5000 ] - det=33 pb! ]
400" : 800 ;
2000F = 400- .
1000F = 200F ]
40 50 60 70 80 90 100 110 120 0 70 80 90 100 110
m; [GeV] m,, [GeV]
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Event selection

I A e e SSRRARPRE [ BN e M A
1400F - 1 = 8OOF - 3
- C Z— ] ﬂ E Jg— .
£1200F " ATLAS 1 § ?00:—|:| - ATLAS -
E r I:l QD 7 LI::'J r ]
a C Central £ — ea ] 600F 3
o1 1000~ - E 7
: ] 500F =
800 . = .
600F & - :
C ] 300:— 3
400:— —: 200;_ _;
200f E 100E 3
i N N N N N N N N | = : | 1 | _'_|_'_ | L | | |I 1]
70 80 a0 100 110 —2 -1.5 1 05 0 05 1 1.5 2
Mg [GeV] Yz
= L PR A A L B TS B £10] = I IR S I DL I I
@D ' —4— Data 2!110 (\;9=?J'I'e\-"] i B = —4— Data 2010 5 = 7 TeV) } E
E 3505_:|z_.ee _[Ldt=36pb1 _E E A00E [ ]z ee det=3E§pb1 E
> 300E [ aco ATLAS 1 5 aporldoco ATLAS
I= FL Jw—ev . o [ Jw—ew 3
Lig'j 250:_ Forward 72 — ee _: 300 _;
200F = 250 E
150F = 200 E
- : 150 E
100F E 100 E
50F E 50) =
70 80 90 700 110 4T 3 2 a0 71 2 3 y_zl
Mg, [GeV] z
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Electron channel W and Z

events

CMS Experiment at LHC, CERN

CMS Run 133874, Event 21466935
Lumi section: 301
" Sat Apr24 2010, 05:19:21 CEST

] S
Electron p+=35.6 GeV/c / { N _/" ) \
ME; = 36.9 GeV "
Mr=71.1 GeV/c? : ) 2

CMS,

!
|

Electrons py=34.0,31.9 GeV/c
Inv. mass =91.2 GeV/c2

/ - ee

CMS Experiment at LHC, CERN

i Run 133877, Event 28405693

Lumi section: 387
Sat Apr 24 2010, 14:00:54 CEST
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OCD background estimation

W — ev:

Z — ee:

template fit to E25. Template derived from data
with inverted electron ID and isolation.

template fit to myy to a sample with looser electron
|D, extrapolated to the signal region.

W — pr: matrix method using track isolation.

Z — pp: ABCD method with track isolation in m,,, side-band.
}SUDD_IIIIIIIII TTTT TTTT IIIIIIIIIIIIIIIIIIIIIIIIIIIII_ } T T T T T T T T T T T T T | T —T T | T ]
b - - _ . [al) - Data 2010 &5 = 7 TeV) .
D - ata s =7 TeV) - C _ -1 ]
O : —$— Data zot0 T S 350w JLat-sspnt -
"é 40001 |:|w_>m+w.r+n . E 300:_% QcD ATLAS Preliminary 3

- - [ : W— av ]
E‘-‘j B I:lQCD i L% 250F -
3000+ 1 — -
Z _[ L dt - 36 pb i 200F
2000~ ATLAS Preliminary 150;
Z ] 100
10001 - -
N i 50F
C § :
%""10 20 30 40 50 60 70 80 90 100 0730 80 90 100 110

ET'™® [GeV]
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Cross-section measurement

A:
'

| dt L:

- Nobs_kag
A-C- [dtL

number of observed events in the signal region
estimated number of background events

g

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

o QCD backgrounds are estimated with data-driven
methods.

kinematic acceptance factor, estimated with generator-level
Monte Carlo.

summarizes reconstruction efficiency, estimated with
reconstructed Monte Carlo, corrected with scale factors.
integrated luminosity.
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Scale factor: tag-and-probe studies

= ML IS IS IR UL UL I I IR
ﬁ L ATLAS preliminary i
= L Data 2010, ~Js=7 TeV, J'Ldf;:—:l[! pb’ 4 .
I I ~ - | tight tag e probe e
b S A oW, —Fit = s
C e ; ] ' ---Signal (BWCB) 1 -
- -—- Background \ -
1[’ .n..
o “Tag” events with sufficient
purity, leaving an unbiased
mCellapply  “probe” object.
2 I I I IS IR LU I I AL ID
5} -  ATLAS preliminary . .
2 si oot 2016, Ny ToV, Lot / @ Measure probe |ID efficiency
% ; —=— Data ; in situ.
LI:: L — Fit 4
--- i It late) .
1 T e 3 o Constrains the performance
- . of our object identification.
10 R -
=gt Juun R TSON: o Derive scale factors for
it | H J[H correcting our simulation.
o Lowootann bl

il I PRI I PR I N A I
60 7O 80 90 100 10 120 130 140
Mg [GEV]

i
=
gl

[4] ATLAS-PERF-2010-04-001
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Systematic error

ATy OTW L dow _ Doz
Trigger 0.4 0.4 0.4 =0.1
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 energyv scale and resolutiom 0.5 0.5 0.5 0.2
MNon-operational LAr channels 0.4 0.4 0.4 0.5
Charge misidentification 0.0 0.1 0.1 0.6
QCD background 0.4 0.4 0.4 0.7
Electroweal+tf background 0.2 0.2 0.2 =<0.1
EPi55goale 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
Chwyz theoretical uncertainty 0.6 0.6 0.6 0.3
Total experimental uncertainty 1.8 1.8 2.0 2.7
Aw sz theoretical uncertainty 1.5 1.7 2.0 2.0
Total excluding luminosity 2.3 2.4 2.8 3.3
Luminosity 3.4
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W, Z inclusive

measurements

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

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

ofld . BR(W*— I'v} [nb]

I =) T 1 T 1
3*5‘ATLAS Prellmlnary 4 2 [ arnas Prallmmary 1 . ]
1 Z . 1 Fiducial
: 7 1 47% ] cross-section.
_ / g | | Theory
3 el 1 =2 °F 7 1 predictions
- w f“ﬂ 3ss8pt” 1 : g fLm:SS”SEm_‘ - including
ata 2010 4fE=7 Te 4. B 10 NE=T i _
o e +%”£“'“‘” S 8 psx0E=7TeY +%§:“" 1 acceptance.
[ A ABK - ABKMOD in . =g =
25 ¢ JF*WMW 68.3% CL ellpse arsa - I i JF09 68.3% CL elipse area SenSItlve to
ar- pdf's set.
PR I T T | I R T T . T SRR [ T TR SR TR R SRR T
18 2 2.2 0.4 0.45 05 0.55
old - BR(W— [¥) [nb] ol BR(Z4*— IT) [nb]
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Theory comparison: total cross-

section

e Overall remarkable agreement with NINL.O 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 — I T T T T | T T T T T T ] E l I T T T T I T T T T T T T ]
S [ ATLAS Preliminary ] £ t ATLAS Preliminary -
= B ] L _
< 651 % 4 5 11 ]
+T B B % B 1
= L 1 2 i
o — | - _
o o 1 @ qof ]
E*‘; B 4 i %% L a4
] - L dt = 33-36 pb - » L dt = 33-36 pb -
5.5 — L i
= @ Data 2010 §5=7 TeV) B total uncertainty — 9— @ Data2010f/s=7TeV) B total uncertainty ]
B o MSTWOS —a— Sta @ s5ys & acc . B O MSTWOoS —a— sta & sys @ acc 7]
5 | A ABKMO9 uncertainty ] | A ABKMOO uncertainty ]
B & JROZ 68.3% CL ellipse area 7] - & JR0O9 68.3% CL ellipse area -
B i 8 —
C I 1 1 1 1 | 1 1 1 1 I 1 1 1 T I 1 1 1 1 I 1 1 1 1 I 1 1 1 i

3.5 4 4.5 0.8 0.9 1
ot . BR(W — I’ b ot BR(Z/y*— I'T) [nb
Ow (W — 1V) [nb] z (Z/y*— I'T) [nb]
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Theory comparison: total cross-section ratios

o W=/ WH*/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%

7T 7T T
ATLAS Preliminary ATLAS Preliminary
- pid . -
J Lt - 33-36 pb’ J Lot - 33-36 pb’
—— Data 2010 (J5 = 7 TeV) —— Data 2010 (J5 = 7 TeV)
mm total uncertainty Ll mm total uncertainty H
eXp. uncertainty eXp. uncertainty
A ABKMOD A ABKMOZ
* JROZ . * JRO9 .
& MSTWOE ®  MSTWOE
N I T SRS RPN A | PR AP IR BT AP BT R
a 9.5 10 10.5 m 1.2 1.25 1.3 1.35 1.4 1.45 15
ot
ot | oL, Ow- | O
I T T I T T T I T 1T 1 I T 17T I T T T I T T I T I T T T 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
J Ldt - 33-36 pb” J Lot - 33-36 pb”
—— Data 2010 (J5 = 7 TeV) —— Data 2010 (J5 = 7 TeV)
m total uncertainty = m total uncertainty =
EeXp. uncertainty EeXp. uncertainty
A ABKMO9 A ABKMO9
¥ JROS ¥ JROS9 -
®  MSTWOE *  MSTWOE
{ IS S TR T S (NI TR SN AN SR ST NN T T A S 1 L | I 1 L L L 1 L PR 1 L L L 1 L L L 1 L L 1
5.2 5.4 5.6 5.8 -3 6.2 6.4 6.6 3.8 38 4 4.2 4.4 4.6
okt o ot 1 5t
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Z boson p. measurement

@ Important for modeling
high-pT lepton kinematics.

@ At leading order, p?r’fz =0

o Non-zero prt/Z is generated ApanNe T T
P 5 . 3 0085 | ATLAS (a)

through the hadronic recoil = B -

R 0.05F f L dt =35-40 pb' 3

O'F |SR, pT o C I i

7 ) g“? I Combined ee+pp

@ p# reconstructed directly 5 0.04p, v Datazoto 1
) = - — ¥ 7

frorm pr (/1) + pr(p2), while 2 0.03F __ ~RESBOS E
p%’ reconstructs p%. i | ~~"PYTHIA .
0.02F =

@ Detector and FSR effects C <24 W_L"I__I_L
removed with a bin-by-bin 001 5 > 20 Gev E

,F |d C SBGeV{mll-n:HBtI'SeV | | 7
HRTOIEINS. % 5 10 15 20 25 30

@ 3-4% precision per bin. pZ [GeV]
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W boson p. measurement

@ Necessary for a future precision W' mass measurement.

@ Detector and FSR effects removed by inverting a response
matrix parametrizing the probabilistic mapping of p% to p%’.

% 104 LI | LU | LI | LI | LI | LI I_= % I I I I . . I ?
O] ATLAS Preliminary  «Dpata 3 O, o ATLAS Preliminary
— . —W = v = J‘ q =
2 10° JLdI =31 pb’ - ..‘Ej Ldt= 31 pb -
g E 2 107 -
Ll:j ) ] = E
10 E & oo ]
10 = 10° « Data —;

. —RESBOS ]

. B

1 . 10° . . . | | .

E 16p . .

- § 14E =

10" 3 A SEIL I N S SR S
- osg % =

0 50 100 150 200 250 300 § 06E =

pR [GeV] 045 ] T00 20 200 730 300

! P [GeV]

[8] STDM-2011-15
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W, Z boson p, reweighting

The modeling of

do /dph.’? can have
significant effects on the
expected efficiency and
acceptance.

NLO generators MCONLO
and POWHEG have
deficits at high p?ﬁz.
NLO effects are important
at high p?’rf/z because the

W/Z is polarized by higher

order QCD.

m 2 [ I T T1 | I T T 1 | ' T T1 | ' T T1 | I T T1 | I T 171 ]
O - —e— Combined Data o 1
% 18 Stat. Uncert. ATLAS Preliminary ]
Ll [ == ALPGEN A i
— 16 .. POWHEG ]
= - PYTHIA ]
2 14 =—=RESBOS -
L - :
= ~ : T
E 1 ”2 — I I =lllllll" '''' —
B N SR ]
o I } ¥ ]
% 1% l‘lt..----J + 4. .
o [ B .
(}.B | 1 __II IIIIIII u- ...... - 1
0.6+ —
U.4 B 1 1 11 | 1 1 1 | 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ]

4] 50 100 150 200 250 300
Py [GeV]

W — v and Z — ¢/ cross section measurements use MCONLO

reweighted to match pl;”/’z for LO Pythia, which agrees with the data
because it has been tuned well to the Tevatron data.

E. Richter-Was

7 November 2012

32



Z differential

= 16011 L I T
L - L. _
* Inclusive production as a 2 o Amspm“m'"a?’ml_o i cote
function of the Z %ﬂqmoﬁwé_&# o, - PATSEE: 5
pseudorapidity. 8 ¢ *?_’_@—AL_{} .
= Lepton flavours combined 100 LG E
) . 80 fLﬂt:SS—ﬁpr' Z—1IT -
together taking into accoun C .
all correlations GO T D= TTen -
' ~ & MSTWO8 _ by -
= Z rapidity reaches |y|<3.5 40 o Asiuo +$E':“::1"‘? -
with special electron opr ¢ IR =
reconstruction outside P
tracking volume (|y|]<2.5) & ‘f= ot L oeba
= 09 ¢ o ¢ A
g 0 05 1 15 2 25 3 35

ly|
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W+

asymmetry

A(m)

W (n)-o™ ()
WE () +oW ™ (m)

_ o
o

= Asymmetry induced by the different flavours contributing
to Wt and W production and by asymmetry in flavour

content of pp interaction
* Measured as function of lepton n

< 0.35—

03

[ T T ] E L T T T | T T 1T | T T T T T T TT | L | T T 1T | T 1T | T T I_
| L4~ data 2010 (s = 7 TeV) —4Stat unceriainty | @ — \s=7 TeV ey ATLAS+CMS+LHCbH—
B a MSTWOS Total uncertainty i E E e i M Pre"minary;
0.3 o aBkmoo b1 3 027 —
L, d ® ¥ ]
- ~JRO9 _.Fi,;—ﬁ 4 o - .
0.25) 54 1 2 0I-ps20Gev .
K ﬁ—f" 1 8 - Extrapolated :
" Fiducial ) 1 g 0 —
0.2 —4 5 1 B8 T .o« ATLAS (exirapolated data, W — v) 35 pb” .
- L 1 3 01 & cMSW-w) e =
bbb det=33-36pb" ’ T ® LHCb(W-pv)36pb’ ]
0155t ¢ - Q020  MSTWO8 prediciion (MC@NLO, 90% CL ) E
4 » ATLAS Preliminary _ - EEEE CTEQS6 prediction (MC@NLO, 90% C L) .
i . 0,31 6 HERALD prediction (MC@NLO, 90% C.L) E

U 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 L 1 1 | 1 1 1 1 - - L1 11 I L1 1 1 I 1111 | L1 1 1 | L1 11 | L1 11 I L1 1 1 I L1 11 | 111

‘b 0.5 1 15 2 2.5 0 05 1 15 2 25 3 35 4

| |
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Lepton universality

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

e PDG —
Rz = 9z _ M =1.018 +0.014 (sta) + 0.016 (unc) + 0.028 (cor) = 1.018 + 0.031 RW - 1.017 = 0.019

oG Br(Z-pm) R,P°¢ = 0.991+0.0024

Bw =

= 1.006 + 0.004 (sta) + 0.006 (unc) +0.023 (cor) = 1.006 + 0.024

ge? (2sinBew -1) + 4sin20°%w

Rw = g-%/gu* (neglecting loop correction)

gu? (2sinBHw - 1) + 4sin?20Hyy

ATLAS Preliminary

4 data 2010 s = 7 Tev)
B Ay PDG world average

B R; PDG world average
o Standard Model

M PDG 2010 - fit
including LEP data

1.1 _ UAT1 1984
I IL dt = 33-36 pb™ ]
| ] CDF 1992
1 7|
. DO 1995
68.3% CL ellipse area : y
- ATLAS 2010 33 pb

o
)
T T T T | T T T T

Ry =0, BR(W"» av) :"aw. - BR(W*— pv)

1 | 1 1 1 I 1 1 1 I 1 1 1 1 1 1 I 1 1 1 I 1
0.8 0.9 1 1.1 0.4 0.6 0.8 1 1.2 1.4
R; = o, - BR(Z— e'e)} / o, - BR(Z— u'w) FT'(W—=ev)/IT(W-—=nv)
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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

=)

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

N

cross section x BR [nb]

¥ higher relevance of processes initiated by qg and gg
scattering
=> different contribution to the cross section ¢
compared to Tevatron
=> processes with heavy flavour in the initial state
10-2 become important

W+b

ol W+>2j

® compelling test for the new NLO pQCD
4| Z*b calculations of W/Z+(b)jets
107 W4 (up to 4jet for light- and 2 for b-jets)

A~ W
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W/Z + jets

" Measure up to 4-5 jets and up
to E, = 300 GeV

10* T | | T T
W—gv +

5
g Data 2010, J5=7 TeV
v AlLPGEN

& SHERPA

on PYTHIA
=D BLACKHAT-SHERPAS

MCFM

i

ATLAS Preliminary

o(W+zN,, jets) [pb]
o
T T

Theory/Data

] I =3 I =f =5
Inclusive Jet Multiplicity, I‘L‘

=0 =1

= 107 T W—nl- m T
- [TRTIE S
& 107k det:BS pb”’ 9 Data_2010,Ns=7 TeV
v ALPGEM
2 1 0 A SHERPA
— 0 BLACKHAT-SHERFPA,
o 1 MCFM
= ATLAS Preliminary
-8 1 0-1 ] %]

First Jet p [GeV]

E. Richter-Was

7 November 2012

37



W/Z+jets

® cross section measured as a function of several kinematic

variables

¢ 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

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

» QCD bkgd = 2%

» unfolding = 2%

dcfde lalZiy*(— e'e)+2 0 jels) [1/GeV]

Data / NLO

Data/MC Data/MC

10°

oo —_— 0D —_ - o9 —_ 1

Onak D VRERD OB O

3,0 L R 3, S, ) 5. ) P LRl R 0
C ATLAS Preliminary Ziy'(— e'e) + jets m
- 5 < Data 2010 Ns =7 TeV) ]
B J.L dt = 33 pb - Alpgen =
| antik, jets, R = 0.4, —4— Sherpa )
— P > 30 Gev —— MCFM —]
e 1
i : .
S
L /53’ ]
(] I 1 it N NN

I_ | élél DallaEOTA{'-.s=;TeV]_]
= thearetical uncertainties”]
f // Fa —
e } 2, 5

& — + =1
:r_. '..::':.::‘:::":::':;::':::;"::'::.:—T
:'; ' | ' de’ Data QUTdJAngén _i‘
il 58 Data 2010/ Sherpa
o o AN . 4 5 s o
7 _— - — o o r FTTT =1
B T IR it 1% 7l
?. PERT T IR O T PN TSI M N TN T NVRNT TNV S (NN T TN T AT TRNT T S [ B Y | F
e 15,90 e 1
LRSS S N N N =
y S OO [ S O T | P i ) | - R | .“1_'
30 40 50 60 70 80 90 100 110 120

P! (leading jet) [GeV]
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Rjets = ratio W+1ljet/Z+1jet

=l |

“ This is the first time ~ Zf¥
this ratio is measured i{% ;

3 Sensitive to new physics %% 2

2 Very small sensitivity to 10
PDF's N
" CTEQG6.6: 0.5% 8

= MSTW2008: 0.3%

(T'ri*’-l—l-iEI(pT > I) 4

'

Riorg (P17 > X) =
Jets Tz1-jet(PT > X)

16I T T

—+— Data e-p Channels combined

Total syst. uncertainty
Total syst.@ stat. uncertainty

<25, p_>20 GeV

IIII|II|III|III|III
J'Ldt:SSpb"

MCEM ATLAS Preliminary

Data / Theory ratio
[T [ M

o6 . s -
40 60 80 100 120 140 1160 180 200
Jet P, Thrashold [GeV]
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PDF uncertaintity on Rjets

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

Belative Lincertainties on Batio and Cross Sections as Eunctions of Jat1 Bt Relative Uncertainties on Ratlo and Cross Sections as Functions of Jet1 Pt

g L L L S N N B L L N N S % E ! | ! ' ! ! | ! ! ! ' I ! ! ! ! | ! ! ! ! E
= — - = 002 m—Rallio -
Eo0s- ™ 1 8§ F ]
1E:§' © —— W Cross Section . EUD" 5 ;_ — W Cross Sectian _;
< 0.04— - 5 N — Sect .
a | —— Z Cross Section i E 0'01:_k:msswm _.._-—-'-_:
foo2~—0u =]  T0005 o =
© i - ] & - ]
o i . 0F
0f ] - =
C ] -0.005— —
000 —— _ S ]
0.04- ] 0015 =
DUE:_I | | | f i I | | f | I f f | | I i f f _: _0'02:_| I ] ] ] ] I 1 1 ] ] | ] 1 1 1 I 1 ] 1 I_:
B 50 100 150 200 250 50 100 150 200 250
P, [Gev ] P\ Pr[GeV]
CTEQG.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

Jet Axis
® The SVO b-tagging algorithm is based on requiring a
displaced secondary vertex reconstructed within a jet with f
|-
- L] > r‘.
a decay length significance > 5.85 ",Ii
Sacondary\far_tmf_;
® The b-tagging efficiency and its systematics is estimated by
studying semi-leptonic B decays in QCD muti-jet events, ™ ocay Longen
and top events S ‘
Impact Primary Vertex
3 [ T T I i a l:."G‘"—"I'"'I'F:ara'ﬁ.llas,m"''|""I""I""I""I""I""—
e 1.4 ' 4 - — g - ATLAS Preliminary 35 pb™, iyl <12 3
:g - |L=35pb" 4 Data ATLAS Preliminary . = 0_035:— e MG Praciction =
= 1.2 — w - -
w [ Stat + Syst Uncertainty ] S 003 o s 3
1 N L Simulation ] 0.025 ;— Full Errora _;
0.8 E 0.02F 5v050 : =
0.6 - 0015 =
: — ¥ - : $ >
0.4 S — - 001 —
- e : 0.005F- =
0-2¢ SV050 - o -
1 | 1 L L L 1 L | 1 | L 1 1 I L Il I 1 0 T ~— - - ~— T T ET T
O 2660 80" 700750740 50 100 150 200 250 300 350 400 450 500
jet Pr [GeV] Jet P, [GeV]
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W/Z+bjets: 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

top background

pt-tbar largest background
(partially irreducible)

b single-top estimated with MC
(partially irreducible)

b top yield measured in the >4
jet bin and extrapolated to [, 2

jet wit MC
Puncertainty =~ 30% (JES)
P b-tag uncertainty reduced to 2%

120 T T = 21 S ke o T4 @ =R LR LN AR LR LR LS LS LR =
E - ATLAS Pnalirlninary . Datazmo,\E:}I‘TeV: St ATLAS Preliminary = = Data 2010,5=7 TeV £ 5L ATLAS Preliminary ~ —s— Data 2010,38=7 TeV -
< 100[- Electron + 1 or 2 Jets E E*b 1 ©120f Muon + 1 Jat Ex"b 4 d = Muon + 1 0r 2 Jets wab

L +C 4 = N +C 1% o +C ]

2 1 Wolight 1 & 008 ] Wlight E g ot 1 Wlight 3

£ 80p EOCD 4 @ 3 eco 12 T Eocn :

L ff 4 [ 1 3 F f .

F ] Single Top %0 1 Single Top 1Z 10k 1 Single Top =

60 [ Other EW oo I Cther EW ] 2 [ Other EW 3

L N 2 - B -?:— =

aof- ILdt=35pb" 1 o deTﬂS'*' 10 ILm.asph"

: E - 10k .

20' 20__ ; 3

= G:' Pl Y = 1 T FETRE TS PR PRt

0 50 1o 150 (1] 20 40 60 B0 100 120 140 25 3 35 4 45
Missing E. [GeV] my (W) [GeV)

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.

* SV0 mass template are modeled with MC
* template systematics: data vs. MC in multi-jet events enriched in light-, c-, and b-jets.

Z+biet W+b|et
» Fit the combined e and [ samples b | b-tagged jet »lor2jet
and each b-tagged jet in the event »about 10% of M fit each jet bin separately
DAt least | b-tagged jet events have 2 b foreand p
% [N 1 i It T I T I = rll1'||rlll:|11rr[llll[f"1'l|ff'_ LI B S B I S B B R B B B B [ B B B B |
@50 » data 2010 fs=7TeV] & 140 ATLAS Preliminary ~ —— Data 2010\5=7 TeV 3 ATLAS Preliminary ~ —s— Data 2010,,5= 7 TeV 3
S |-§’;§ ] 0 Muon + 1 Jet . Wb ] & Electroni + 2 Jets I Wb 3
a | | Z+light e [ W+e = O Wae =
g . 1w
40 [ | backgrounds 8 [ Welight i e 3 W+ight 3
1 == 1 i
30__ ] [ Single Top 1@ [ Single Top E
s : [ Orher EW Eh [ Other EW E
2’3: ATLAS preliminary J- Ldt=35pb" _E _[Ldt =\3€)ﬂ:'1 E
r . -] +2 |Et 3
10 . . W+ |Et . =
: L+jet = 3
T P T - 3
% 12 s 4 5 8 éwgm?m"]]ﬂ 3 4 5 € 3 4 5 6

Secondary Vertex Mass [GeV] Secondary Vertex Mass [GeV]
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Z+b-jets: results

Np
CoxLe+CyxL,

Z+b uncorrected b-jet spectrum

ATLAS preliminary - %Df—tflf%ﬂ 5=7TeV)
z

+
—-ﬁ ﬁ + light

Jets [/ 20 GeV
2

 —
| —_—
—
[ %&-"ﬂ + jels
O W(—=uv) + jets
3 Diboson

1 Single tep

IL dt =36 pb’

® |nclusive b-jet production cross section in 10
association with a Z boson

® |et fitted yield is corrected for all detector
effects with MC LO matched prediction for

ﬁ-uml Cocnal il

Zjet (including heavy flavour) from ALPGEN
and SHERPA ol
® uncertainty: = 20% stat.and ~23% syst. 20 40 60 80 100 20 10 ‘é‘}, éﬁagggizﬁl[{;e;

® dominant systematics:

® b-tagging & SV mass template =~ 10%
® Z+b-jet modeling =~ 10%
® |et + bjet energy scale ~4%

Experiment  3.55*023(stat)*2 B(syst) + 0.12(lumi) pb

® MCFM in good agreement with data within MCEM 3.40 + 0.44 pb
uncertainty
ALPGEN 2.23 £ 0.01(stat only)pb
SHERPA 3.33 £ 0.04(stat only) pb
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W+b-jets: results

) | R - fwiboior W+b-jet cross sections
TWh—jet X BIW — {v) =

= 20
LD
g [ . -
def Y s :ATLAS PEIrelllrranarly Data 2010,Vs=7 TeV:
dT"‘ - —Ji— Cmmrr}inen Electran and Musn ILdt =35 pb-1 N
f 15_ —¥—  Muon Channel T ]
Al : ——— MNLOSFNS :
® W+b-jet cross section (event level) T e oyt -
¢ First measurement in exclusive jet bins + 10l " PYTHIA = -
g - .
® event fitted yield is corrected for all detector ® | I i I } 1
effects with MC LO matched prediction for o T % | B
Wijet (including heavy flavour) from ALPGEN — T ; T .
uncertainty: =~ 20% stat.and ~25% syst. i i _
|
® dominant systematics: 0 1jet 2 jet 1+2 jet
® 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 ~ 0% ® NLO agrees within .50 with the measurements

® Jet + bjet energy scale =7%

Teis [PD)
| jet '_“’.'.'l:',:'l'l.il." (scale) '_"::'I],i:f (PDF) ::;',:::', (my) + 0.20 (non-pert)
2 jet l'”::tl (scale) r:l,:,l,j (PDF) ::':‘J () = 0,13 (non-pert.
142 jet I.‘\Hllzfl: (scale) +:l,._ (PDF) ::T. (my,) = 0.34 (non-pert.)
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sSummary

" 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

= QOverall impressive agreement with MC predictions
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Next topics

» 14.11 - W, Z bosons:precise measurements
» 21.11 - Top: xsection, mass

» 28.11 - Dibosons and anomalous couplings
» 5.12,12.12 - Higgs

» 19.12 - SUSY

» 9.1 - other searches for New Physics

» 16.1 - B-physics programme

» 23.1 - heavy ion programme
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